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ABSTRACT 

Skin is first line of defense against physical, chemical as well as biological 

environment. Human skin conditions are the 4th non-fatal and 18th fatal leading cause 

of global disease burden. Among skin diseases, bacterial infections are responsible for 

66, 500 deaths annually. A number of the antibiotics have been produced to combat 

infectious agents; however, continuous emergence of resistant strains is a big 

challenge for human health and pharmaceutical industry. Skin is an ideal organ to 

study molecular responses to biological infections by virtue of diverse skin cells 

specialized in immune responses. Acne vulgaris is a top 8th multifactorial skin disease 

of Propionibacterium acnes (P. acnes) infected pilosebaceous units with maximum 

prevalence in Asian population. Acne vulgaris is gaining importance as model disease 

to gain insight in molecular mechanisms of infectious and multifactorial skin diseases. 

Several factors involved in acne vulgaris pathogenesis has been investigated, however 

exact mechanisms and key regulators of acne initiation are still unidentified. The 

investigation of skin-microbe interaction using acne vulgaris as model disease would 

be helpful in understanding the host-microorganism relationship.   

Therefore, we used three approaches to investigate skin-microbe interactions 

in acne vulgaris model. First we investigated the role of heredity and dietary factors, 

as well as serum metabolites in acne pathogenesis. Second, skin responses to Gram 

positive bacteria-challenges were studied using microarray metaanalysis approach. 

Finally, differential gene expression in skin exposed to Gram positive bacterial strains 

was compared for further understanding of skin infections. Acne genetics was studied 

in 530 acne patients (329 Female and 201 male) recruited from outdoor patients 

department (OPD) of Islamabad, Rawalpindi and Lahore hospitals from Punjab 

province. For comparison 550 age, sex and ethnicity matched healthy controls (332 

Female and 218 male) were also selected. The association of inflammatory cytokines 

single nucleotide polymorphisms (SNPs), including IL-6 (-174 G/C and -572 G/C), 

IL-1α (-889 C/T), TNF-α (-857 C/T, -863 C/A and -1031 T/C) and adipokine resistin 

(+299 G/A and -420 C/G), with acne vulgaris was investigated using PCR-RFLP 

method. Serum lipid profile was compared in 530 acne patients and 550 healthy 

controls using enzymatic endpoint spectrophotometric method to study importance of 
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dietary factors in acne pathogenesis. In addition serum levels of TNF-α, 

apolipoprotein-a (apo-a) and platelet activation marker platelet factor 4 (PF4) were 

measured in 89 acne patients using enzyme linked immunosorbent assay (ELISA) 

technique. The public repository “GEO Datasets” search for microarray data of skin 

responses to bacterial challenges in mammals presented two different study groups, 

first bovine primary mammary epithelial cells (PMECs) and udder responses to 

mastitis causing bacteria; second human systemic as well as skin and immune cells 

responses to S. aureus and S. aureus components. The more homogenous microarray 

data for bovine mastitis causing bacterial challenges was analyzed using RankProd, 

RMAExpress and DAVID software to optimize metaanalysis methodology. In 

addition, skin biopsies were taken from human skin exposed to P. acnes, 

Staphylococcus aureus (S. aureus), Staphylococcus epidermidis (S. epidermidis) and 

Toll-like receptors1/2 (TLR1/2) agonist (Pam3CSK4), and differentially expressed 

genes were identified using Affymetrix microarray chips. 

 The current study revealed that the genetics background is very important in 

prediction of acne development risk in Pakistani population. The resistin (+299 G/A 

and -420 C/G), IL-6 (-572 G/C), IL-1α (-889 T/C) and TNF-α (-863 C/A) gene 

polymorphisms were strongly associated, whereas TNF-α gene polymorphism at -

1031 T/C was not associated with pathogenesis of acne vulgaris. Furthermore, IL-6 (-

174 G/C) and TNF-α (-857 C/T) gene polymorphisms showed protective role in acne 

risk development. In addition, haplotype analysis showed that resistin polymorphisms 

minor allele combination increased the risk of acne development whereas the 

presence of major allele combination of IL-6 polymorphisms reduced risk of acne 

development in Pakistani population. The lipid profile determination showed that 

levels of total cholesterol (TC) and triglycerides were significantly increased in 

patients than in controls, whereas high density lipoprotein cholesterol (HDL-C) was 

significantly decreased in patients than in respective controls. The apo-a levels did not 

show association with acne vulgaris. These results revealed importance of dietary 

lipids in acne pathogenesis. In addition, TNF-α and PF4 levels were significantly 

increased in acne patients with severe acne symptoms. 

The bovine microarray metaanalysis revealed that bovine mastitis causing 

bacteria suppress metabolic enzymes involved in milk production. Importantly, 

metaanalysis of microarray data from S. aureus- and S. aureus components-
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challenged cells indicated that innate immune process genes were induced while 

adaptive immunity genes were suppressed in the S. aureus challenged cells. 

Conversely, S. aureus components induced adaptive immunity genes and suppressed 

innate immunity genes. In addition, this metaanalysis revealed different 

cytoprotective strategies adopted by S. aureus to evade host immune system mediated 

bactericidal activity.  In this context, live S. aureus, inactivated S. aureus, and 

conditioned media from planktonic cultures of S. aureus induced cellular processes. 

However, S. aureus biofilms conditioned media induced anti-apoptotic genes as 

cytoprotective strategy.   

Importantly, the results for experiment of human skin challenged with 

different Gram positive bacterial strains revealed that P. acnes and S. aureus 

significantly induced cell cycle genes while suppressing keratinocytes differentiation. 

In addition, P. acnes and S. aureus significantly suppressed Golgi and endoplasmic 

reticulum (ER) specific bacterial components processing genes. S. epidermidis, a skin 

commensal, did not induce genes while it suppressed few membrane receptor genes. 

Interestingly, differentially expressed genes in Pam3CSK4-challenged cells were 

similar to those in P. acnes- and S. aureus-challenged cells, except that cell cycle 

genes were not induced and adaptive immunity genes were stimulated. This finding 

suggests that P. acnes and S. aureus induced skin cells proliferation genes through the 

receptors other than, or in addition to TLR1/2. The comparison of differential 

expression between P. acnes- and S. aureus- challenged cells showed that in contrast 

to the P. acnes, S. aureus significantly induced innate immunity system together with 

cell division genes. S. aureus induced innate immune processes and suppressed 

bacterial components processing genes more strongly than P. acnes. This finding may 

explain the pathogenic behavior of S. aureus. Finally, comparison of differential 

expression in P. acnes- vs. Pam3CSK4-challenged cells indicated that cell cycle and 

apoptosis genes were prominently induced by P. acnes while Pam3CSK4 induced 

innate immunity and wounding response genes similar to the changes in S. aureus-

challenged cells. 

In conclusion, this study revealed importance of inflammatory cytokines and 

adipokines genetics, dietary factors and platelets in acne pathogenesis and proposed 

that resistin may be a key regulator of acne initiation. The role of resistin in acne 

vulgaris etiology needs to be further investigated to ascertain the current findings. 
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This study also explained the reason for reduced milk production in cows infected 

with mastitis-causing bacteria. The metaanalysis of S. aureus- and S. aureus 

components-challenged bacteria explained its pathogenic behavior and revealed 

bacterial strategies to induce disease while avoiding the host immune system. 

Furthermore, microarray analysis of skin treated with P. acnes and other Gram 

positive bacteria indicated different infectivity mechanisms of pathogenic, optimistic-

pathogenic and commensal bacterial strains. This study described new insights in acne 

pathogenesis and skin-microbe interaction, and also proposed the questions for further 

research efforts to understand the interaction between a host and its microorganisms. 

 

 

A part of data from current study has been published in following articles: 

• Sidra Younis and Qamar Javed (2015). The interleukin-6 and interleukin-1A 

gene promoter polymorphism is associated with the pathogenesis of acne 

vulgaris. Arch Dermatol Res 307(4):365-370.  

• Sidra Younis, Qamar Javed and Miroslav Blumenberg (2015). Transcriptional 

changes associated with resistance to inhibitors of epidermal growth factor 

receptor revealed using metaanalysis. BMC Cancer 15(1):369. 

• Sidra Younis, Qamar Javed and Miroslav Blumenberg (2015). Metaanalysis 

of molecular responses to mastitis causing bacteria. PLoS One 

11(3):e0148562. 

• Sidra Younis, Miroslav Blumenberg and Qamar Javed (2016). Resistin gene 

polymorphisms are associated with acne and serum lipid levels, providing a 

potential nexus between lipid metabolism and inflammation. Arch Dermatol 

Res DOI 10.1007/s00403-016-1626-y.

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        xvii 



Introduction 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
INTRODUCTION 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        1 



Introduction 

 
1 INTRODUCTION 

Skin diseases are among most common human ailments, with high disease 

burden in south Asia highlighting the impact of poor hygiene and life standards. The 

bacterial skin infections are among leading cause of deaths due to skin ailments 

globally (Hay et al., 2014). Skin and resident microbes have biologically active 

interaction which changes between healthy and pathological conditions. The efforts to 

search for bacterial skin infections remedies are limited by continuously evolving 

skin-microbe interaction. Recently, specific immune deficiencies have been identified 

in immune-compromised humans, which make them more susceptible to bacterial 

infections. Furthermore, modern techniques to characterize microbial diversity have 

provided new insights into the bacterial infection and skin immune responses 

contributing to protection strategies against bacterial infections (Pasparakis et al., 

2014). It is widely accepted that microorganisms are major cause of many skin 

disorders; however, their specific contributions and interactions with other potential 

factors, including genetic and environmental changes, are still controversial. In the 

quest of skin immune responses to bacterial challenges the studies investigating 

differential expression in cell lines, in vitro skin models and skin explants have 

provided valuable information about molecular basis of skin infections. However, 

these findings are constrained due to limited similarity between intact human skin and 

in vitro experimental models. Further investigations into the risk factors of skin 

infectious diseases using conventional and novel experimental approaches would 

offer major advancement in therapeutic strategies as well as would advance our 

understanding of the complex mechanisms important for the host-microbe interactions 

(Grice and Segre, 2011). One such potential disease model to understand mechanisms 

of skin infections is acne vulgaris, one of the most common skin diseases of all ages, 

cultures and ethnic groups. The traditional risk factors like age, gender, obesity, and 

smoking can neither be attributable to overall acne risk, nor can they predict increased 

prevalence in a population. The complex interplay of sebum composition, abnormal 

hyperkeratinization, P. acnes infection and skin immunity mediated inflammation 

contribute cooperatively to acne development. Effective treatment of acne is 

challenging due to its multifactorial nature, which also motivated a search for the 
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crucial regulators affecting these factors (Zouboulis, 2009; Bhate and Williams, 

2013). 

The genetic predisposition of acne vulgaris has been widely accepted through 

several prospective studies in identical and non-identical twins. A recent case-control 

genome wide association study (GWAS) in severe acne patients form United 

Kingdom (UK) has identified three new susceptibility loci for acne vulgaris (Navarini 

et al., 2014). The role of immune mediated inflammation in acne initiation and 

progression has been explored by comparison of inflammatory mediators expression 

in infected and non-infected hair follicles and further elaborated by the association 

studies in different ethnic groups.  There are few publications for genetic association 

studies in acne pathophysiology highlighting the role of skin immune and metabolic 

gene polymorphisms. Although the importance of genetic factors in acne 

pathophysiology has been experimentally established, still there is no definitive 

answer to exact nature and effects of these factors (Szabo and Kemeny, 2011; Younis 

and Javed, 2015). Resistin, an adipokine, has recently been identified in human 

sebaceous glands and cultured sebocytes. It is recognized as a positive inducer of 

primary and secondary cytokines, of innate immune receptor specific for P. acnes, 

and also plays a role in sebocytes proliferation and differentiation (Harrison et al, 

2007).  Therefore, due to these properties and the fact that it can modulate activities of 

keratinocytes, sebocytes, platelets and P. acnes through innate immune specific 

pathogen recognition receptors (PRRs), resistin has been proposed as a potential 

regulator of acne causing factors. The study of inflammatory markers association with 

acne, acne patients serum metabolites and their interaction will may help to further 

understand the regulation mechanisms involved in acne initiation and development. 

Similar to P. acnes, other commensal and pathogenic bacteria have equally 

dynamic interaction with skin immunity where microorganisms modify the skin 

responses to bacterial infection and cutaneous innate immune system can modify the 

skin microbiota. The development of modern techniques for characterization of skin 

microbes has identified a wide range of variable and diverse microorganisms. 

Increased understanding of interaction between skin immunity and microorganisms is 

required to understand the molecular basis of human skin diseases and to introduce 

new therapeutic strategies for their treatment (Nestle et al., 2009).  
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In the current study we have explored the importance of inflammatory 

cytokines and adipokines genetics and metabolic basis of acne vulgaris in Pakistani 

population. Furthermore, we investigated the molecular responses of skin to P. acnes, 

S. aureus, S. epidermidis and Pam3CSK4 using microarray metaanalysis and 

transcriptome analysis approaches. These studies will help us to understand genetic 

and molecular basis of skin microbe interaction during disease and in healthy 

conditions, facilitating development of novel therapeutic strategies. The subsequent 

chapter covers review of molecular basis of skin-microbiome interaction with special 

emphasis on anatomical, immune, genetic and environmental basis of acne vulgaris. 
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2 REVIEW OF LITERATURE 

2.1 Skin 

The human skin is first line of defense between the body and the physical, 

chemical as well as biological environment and has 19 square foot surface area on 

average. The skin has primary role in protecting the body against damage by 

microbial pathogens and toxic substances. The local and systemic skin immune 

responses to foreign assaults are affected by resident commensals. The skin is also 

important in maintaining homeostasis under normal conditions. It is an ideal organ to 

study local and systemic responses to environmental challenges due to its accessibility 

(Cogen et al., 2008).  

It is important to study the skin anatomy to understand role of skin in disease 

development. The skin has multiple layers with a variety of compactly packaged cells 

and appendages. In general it is subdivided into two main layers the epidermis and 

dermis. The epidermis is thin and has four distinguishable layers namely stratum 

corneum, stratum granulosum, stratum spinosum and stratum basale. The 

keratinocytes are the most abundant cell type present in these layers. The stratum 

basale is the inner most layer of epithelium that contains undifferentiated, frequently 

proliferating keratinocytes. These cells divide and replenish the basal cell layer as 

well as differentiate and add to the cells in stratum spinosum. The stratum spinosum is 

characterized by the mature polygonal shaped keratinocytes that produce specific 

keratin proteins. The keratinocytes present in the next layer, stratum granulosum, 

produce keratin proteins and lipid and release them into the extracellular space. This 

layer contains keratohyaline granules distinguished as dark mass of cytoplasmic 

material. The outermost layer is called stratum corneum and is formed of non-viable, 

organelle-free keratinocytes called corneocytes. The epithelial compartment is also 

colonized by the specialized epidermal cells called melanocytes and non-epithelial 

immunocytes such as dendritic T-cells and Langerhans cells. The second major layer 

dermis is more complex and contains a variety of immune cells provided from 

vascular and lymphatic vessels. Furthermore, fibroblasts, macrophages, neurons and 

mast cells are also present in dermis (Krueger and Stingal, 1989). Cutaneous 

appendages and invaginations contain hair follicles, sebaceous glands and sweat 
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glands that are colonized by skin environment specific commensal microbes 

(Leeming et al., 1984).  

 Skin defense and immune system 2.1.1

 The human immunity is distinguished by two connected processes, the innate 

and the adaptive immunity. These immune strategies differ in type of recognition 

receptors and rate of response to potential risk to the host. The cutaneous innate 

immunity is specified by the physical barrier such as epithelium, immune cells and 

soluble factors. The epithelium is covered with free fatty acids (FFAs) that create 

acidic environment and prevent efficient colonization of pathogenic bacteria including 

S. aureus. The pathogens which overcome physical barrier of stratum corneum and 

acidic environment are further restricted by the soluble factors.  The soluble factors 

include complement components, cytokines, chemokines and antimicrobial peptides 

(AMPs). The innate immunity specific cells, for example keratinocytes, macrophages, 

basophils, natural killer cells (NKs), polymorphonuclear cells (PMNs) and 

neutrophils, use pattern recognition receptors (PRRs) to recognize pathogen 

associated molecular patterns (PAMPs) and stimulate immune response against 

pathogens (Nestle et al., 2009).  

In humans 13 ligand and cell specific Toll like receptors (TLRs) have been 

recognized. These signaling pathways when stimulated can elicit inflammation 

resulting in tissue damage, growth cycle changes and local variations in tissue setting 

leading to disease state. The TLRs are present on the innate immune cells surface as 

well as on the intracellular compartments which recognize pathogen specific PAMPs 

including LPS (lipopolysaccharide), flagellin, lipoproteins and zymosan. 

Subsequently, downstream mediators including MyD88, TRIF, MAL, TRAM and 

TAK1 are activated. These mediators stimulate downstream signaling pathway which 

leads to activation of transcription factor NF-κB, which further regulates expression 

of pro-inflammatory and immune-modulatory cytokines for example interleukins 

(ILs) and tumor necrosis factor alpha (TNF-α). The activated cytokines are capable of 

stimulating adaptive immune response. The levels of innate immunity components 

vary between normal and diseased conditions (Hari et al., 2010). 
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 Skin microbiome and diseases 2.1.2

Skin diseases are most prevalent in all cultures, ages and affect 50% of the 

individuals in a population. Some populations have more than 50% risk of cutaneous 

disease development. The skin diseases are 4th non-fatal and 18th fatal leading cause 

of disease burden. Many cutaneous diseases are proposed to have an underlying 

microbial influence as antimicrobial managements rectify the clinical symptoms. 

Notably, bacterial skin infections are responsible for death of 66, 500 individuals 

annually. The skin retains and supports colonization of a diverse group of commensal 

microbes, which shield the host from the pathogenic microbes (Vos et al., 2012; 

Lozano et al., 2012). Many Gram positive and Gram negative bacterial strains have 

been identified that cause cutaneous diseases or aggravate the disease condition once 

cutaneous barrier is breached. The Gram positive bacterial species for example 

Micrococcus, Corynbacterium and Staphylococcus have been identified on the skin 

(Cogen et al., 2008). The Gram negative organisms for example Pasteurella 

multocida, Pseudomonas aeruginosa, Capnocytophaga canimorsus, Vibrio vulnircus, 

Bartonella species, and Klebsiella rhinoscleromatis do not colonize skin typically but 

may cause some skin infections. 

The skin infections can be superficial or deeper involving the dermal 

lymphatic system and sometimes may also involve hair follicles. Superficial 

infections include erysipelas, cellulitis, and necrotizing fasciitis. Erysipelas is a 

superficial skin infection that involves dermal lymphatic conduits and caused by β-

hemolytic streptococcus. Impetigo and ecthyma are also cutaneous infections typically 

caused by S. aureus and occasionally by S. pyogenes. S. aureus is also responsible for 

cellulitis, a disease involving dermal lymphatic system. Atopic dermatitis is also 

associated with S. aureus colonization on normal and affected skin of patients. The S. 

pyogenes is principal cause of necrotizing fasciitis however, in these patients skin is 

colonized by combination of many microbes. Moreover, S. aureus and S. pyogenes 

release toxic agents such as superantigens, which elicit enormous release of cytokines. 

Superantigens mediated skin infections include Staphylococcal scalded skin 

syndrome, scarlet fever and toxic shock syndrome. The common skin infections 

involving hair follicle are folliculitis, furunculosis, carbunculosis and importantly 

acne vulgaris. Folliculitis is frequently caused by S. aureus and sometimes by 
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exposure to Pseudomonas aeruginosa (Chiller et al., 2001; Chambers and Deleo, 

2009).  

Apart from pathogenic Gram positive strains, the non-pathogenic commensals 

have also been identified that become injurious after host immunity is compromised 

by typical virulent pathogen. One of the common examples is Staphylococcus 

epidermidis (S. epidermidis), which frequently causes infections in hospitalized 

immune deficient patients. It usually makes biofilms on catheter or other medical 

instruments (Otto, 2009).  

The Gram positive bacteria P. acnes is associated with development of acne 

symptoms. Acne vulgaris is a very common and widespread inflammatory disease of 

hair follicles associated sebaceous glands. Almost all adolescents are affected with 

acne vulgaris during puberty and many of them are cured without disfigurements and 

special treatment. However, in some persons it persists for long, causing psychosocial 

stigma, stress and suicidal ideation. P. acnes, is a slow growing anaerobic bacterium 

which secretes lipid and protein digestive enzymes including lipases, hyaluronideases 

and proteases that not only damage follicular wall but also stimulate cutaneous innate 

immunity. In addition to the P. acnes, human genetic makeup and serum metabolites 

are important determinants of risk of acne development. Altogether these acne 

causing agents induce complex networks of signaling molecules, complement 

pathways and inflammatory cytokines, which further induce cutaneous innate and 

adaptive immunity (Bhate and Williams, 2013). Acne vulgaris, therefore, due to its 

universality and complexity of causes as well as effects, is a potential model to 

investigate skin disease mechanisms and cutaneous immune strategies against 

bacterial infections (Zouboulis, 2009). 

2.2 Acne vulgaris 

 Acne vulgaris is a worldwide disorder of sebaceous glands and associated hair 

follicles affected by several genetic and environmental factors. The word “acne” is 

derived from the Greek letter meaning “crest” and “anthesis”. Others reported that it 

refers to an ancient symbol referring to “abscess”, “zits” or “inflammation”. The 

severity of acne ranges from mild non-inflammatory to moderate and severe 

inflammatory acne leading to temporary marks or life lasting ice pick scars (Blau and 

Kanof, 1965; Williams et al., 2012).  
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 Prevalence 2.2.1

Acne vulgaris is dominant skin disease in all cultures, ages and ethnic groups. 

Acne vulgaris is ranked 8th in global prevalence of the 50 most common diseases in 

2010 (Vos et al., 2012). The ethnicity and gender determine precise prevalence and 

duration of acne in different regions. 

A recent study on ethnicity based prevalence of acne vulgaris has revealed that 

Asian population is at maximum risk of acne development. The relative percentages 

of acne vulgaris prevalence in different ethnic groups were recorded as following: 

Asian, 39%; African American, 37%; continental Indian women, 23%, Hispanic, 32% 

and white, 24% (Perkins et al., 2011). The acne vulgaris was also consistently ranked 

in top three most frequent cutaneous disorders in the populations of UK, USA and 

France (Rea et al., 1976; Johnson and Roberts, 1978; Wolkenstein et al., 2003). Only 

in USA population 1996 census data predicted 40-50 million residents affected with 

acne.  

The age is an important contributing factor for risk of acne development. The 

85% of adolescents aged 12-24 years are generally at high risk of acne development 

(White, 1998). Despite the fact that acne tends to heal in many instances at maturity, 

50.9% females and 42.5% men continue to suffer from this disease during adulthood. 

Even in some populations 5% of females and 3% of males were reported to have acne 

lesions at age 40-49 (Collier et al., 2008; Cunliffe and Gould, 1979). In another study 

conducted on adult population of Germany, it was found that 64% of the population 

aged 20-29 years and 43% aged 30-39 years present acne symptoms (Schafer et al., 

2001).  

Acne prevalence is also affected by the gender due to difference in hormones 

production in females and males. The acne affects roughly 83%-85% of adolescent 

girls and 95%-100% adolescent boys in teenage (Burton et al., 1971). In Iranian 

population the study of acne prevalence presented that 93.3% of adolescents were 

affected with acne, including 92.0% girls and 94.4% boys (Ghodsi et al., 2009). The 

severity of acne symptoms in teenage boys and girls correlate with pubertal maturity 

and the more than 50% boys, of age 10-11years have at least 10 comedones. In the 

girls this frequency is even higher and 78% girls of age 8-12 years have acne lesions 

(Lucky et al., 1991; Lucky et al., 1997).  
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Acne is responsible for one third of visits to dermatology OPD in Pakistan; it 

is also leading cause of health care visits worldwide (Asim et al., 2014; Pawin et al., 

2007). Treatment for single episode of acne costs approximately $689.06 (Yentzer et 

al., 2010). Only in the USA, more than 3 billion dollars are spent on acne treatment in 

a year (Bickers et al., 2004). The worldwide prevalence and high treatment cost 

necessitates further investigations into acne development mechanism which will lead 

to discovery of novel therapeutic strategies. 

 Psychosocial impacts of acne vulgaris 2.2.2

Many skin conditions, including acne vulgaris, are not fatal; still they give 

significant psychological distress. Importantly, acne vulgaris is an important reason 

for psychological suffering. Almost 30% to 50% of adolescent suffer psychosocial 

difficulties associated with acne for example; physical appearance, shame, social 

deterioration, lack of confidence, frustration, anger and depression (Baldwin et al., 

2002). The acne associated skin deformation has been reported in 21% of the cases, 

these patients are more vulnerable to social assault and psychological disturbances 

(Bowe et al., 2007).  
Big data on correlation of acne vulgaris with anxiety in retrospective studies 

indicated that anxiety is another important factor in initiating acne (Poli et al., 2001). 

The practices of decreasing anxiety improved acne condition and severity (Hughes et 

al., 1983). The stress-full conditions, for example school exams, have been correlated 

with acne symptoms. (Chiu et al., 2003; Halvorsen et al., 2011). Similarly, several 

questionnaire based epidemiological studies suggested that during stress condition 

acne symptoms aggravated in the patients (Ghodsi et al., 2009; Kubota et al., 2010; 

Rizvi et al., 2010; Wei et al., 2010; Suh et al., 2011). Additionally, acne severity 

correlation with stress conditions has also been reported (Yosipovitch et al., 2007). 

The anxiety may stimulate the elevation of neuropeptides that may increase the 

susceptibility of acne in potential patients (Makrantonaki et al., 2011). There is very 

limited data about the effect of acne picking on aggravation of the condition (Gupta et 

al., 1994). Although, acne picking is related to other personality problems than 

severity of the acne lesions (Gupta et al., 1996), picking process also effects the 

duration of acne healing and scarring (Bhate and Williams, 2013).   
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The reports are available for suicidal ideation and suicidal attempts in 

response to the adverse psychosocial influences and disfigurement caused by acne. 

During adolescence family relationships may change and romantic relationships 

become more important (Neinstein, 2002; Costello et al., 2003). The psychiatric 

disorders are more frequent in puberty. Physical and mental health of individuals 

affects communal relationships (Berkman et al., 2000). The persons having suicidal 

ideation are usually segregated and insecure (de Jong, 1992; Ledgerwood, 1999). The 

physical appearance is one of the important factors in social life and self-reliance 

(Dalgard et al., 2008). These studies clearly demonstrate the link between acne 

vulgaris, social life and suicidal ideation/attempts. A cross-section study including 

4744 adolescents of age 18-19 years revealed that suicidal ideation was significant in 

acne patients, and this problem was more prominent in females than males. In 

addition, acne severity was correlated with suicidal ideation. Besides social 

separation, mental health problems, decreased progress in school and lack of romantic 

relationship was found to be associated with severe acne (Halvorsen et al., 2011). 

Therefore, acne itself and its associated physical and psychological problems 

aggravate the acne condition. 

 Causes 2.2.3

 The acne vulgaris is a multifactorial disease and influenced by genetic and 

environmental factors. The environmental factors include androgens levels, dietary 

factors, smoking, sunlight and obesity.  

2.2.3.1 Genetics 

The genetic risk of acne has been investigated in identical and non-identical 

twins from many populations. In German population 115 twins were enrolled to study 

familial risk of acne in retrospective design including 2 monozygotic and 4 dizygotic 

twin pairs with acne symptoms. The study revealed that genetic background is 

associated with acne (Niermann, 1958). In a retrospective study involved 930 pairs 

including 342 mono-, 345 di-zygotic twins and 243 of unknown zygosity with gender 

ratio 63% of female and 37% male twin pairs, of which 19% were affected showed 

significant involvement of genetics with acne (Friedman, 1984). Walton et al. (1988) 

compared sebum excretion rate and acne severity in a total of 40 pairs of 12-18 years 
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old twins including 15 female, 5 male identical twins and 8 female, 12 male non-

identical twins with incident of acne described as 16 affected and 4 non-affected twin 

pairs in each group. They found that sebum excretion rate was similar but acne 

severity varied in identical twins whereas in non-identical twins the sebum excretion 

rate was different. They suggested the sebum excretion is under genetic control and 

acne lesion development is dependent on multiple factors including sebum excretion 

(Walton et al., 1988). In 1997, Sobral-filho and coworkers reported positive 

association of familial history with acne vulgaris in prospective transverse study. This 

study was conducted on 200 twin pairs of age 14-26 years including 52% females, 

48% males and 60% monozygotic and 40% dizygotic twins. They found acne 

prevalence in 98% monozygotic and 50% in dizygotic twins (Sobral-filho et al., 

1997). A cross sectional study on 458 monozygotic and 1099 dizygotic female twins 

reported that 81% of acne differences are defined by genetic components (Bataille et 

al., 2002). Evans et al. (2005) reported that genetic components are important in 

determining acne variance as revealed in analysis of 778 twin pairs in a prospective 

study design (Evans et al., 2005) that was further verified in recent studies (Vink et 

al., 2006; DiLandro et al., 2012). These studies prove that underlying genetic makeup 

of an individual is important in determination of acne development possibility as well 

as acne severity.  

2.2.3.2 Diet 

The research groups primarily investigated association of consumed 

carbohydrates, dairy and chocolates with acne vulgaris. A study on 1925 individuals 

reported positive association of milk intake and acne development (Robinson, 1949). 

However, studies conducted by a number of other researchers in different populations 

reported that acne lesions formation and severity is not affected by dairy or dairy 

products (Grant and Anderson, 1965; Bett et al., 1967; Fulton et al., 1969; Anderson, 

1971). In contrast, studies conducted by Adebamowo and cowerkers in large female 

and male populations revealed that acne development is dependent on the 

consumption of milk, particularly skimmed milk (Adebamowo et al., 2005, 

Adebamowo et al., 2006; Adebamowo et al., 2008). 

The glycemic index is a measure of the effect of food intake on an individual 

blood glucose level.  In a cross sectional study of skin examination conducted on 
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1315 individuals proposed that low glycemic lipids intake may decrease the acne 

formation (Cordain et al., 2002). Similarly, another group reported that the diet 

quality is positively associated with acne (Chiu et al., 2003). The Smith and 

coworkers have also studied the relationship of low glycemic load and acne 

development in male patients of age 15-25 years. They reported that patients with low 

glycemic load (LGL) diet had decreased acne lesions, weight, body mass index (BMI) 

and increased insulin sensitivity. Further, the patients group consuming LGL diet had 

increased saturated fatty acids to monounsaturated fatty acids and less acne lesions 

than non-LGL consuming controls (Smith et al., 2007a; Smith et al., 2007b; Smith et 

al., 2008a; Smith et al., 2008b). A cross sectional questionnaire based worldwide-web 

study including data from 2528 subjects reported that LGL diet consumption 

improves acne symptoms and medication requirement (Rouhani et al., 2009). The 

studies for diet and acne prevalence had limitations for example data collection 

questionnaire based personal assessment or less number of study subjects. Hence, the 

relationship of diet and acne development is still disputed (Bowe et al., 2010). 

2.2.3.3 Smoking, sunlight, obesity and risk of acne development 

The effect of smoking on acne development has also been examined by 

different research groups. Schafer et al. (2001) reported that smoking is important in 

prevalence and severity of acne vulgaris. Another study indicated that smokers have 

less risk of acne formation may be due to the anti-inflammatory properties of nicotine 

(Mills et al., 1993). Conversely, another group reported that tobacco smoking is not 

associated with acne development or cure (Jemec, 2002). The association between 

smoking and acne may be gender specific and may increase the risk of acne 

development in male patients but not in female patients (Chuh et al., 2004). A study 

conducted on a large cohort of male population revealed that male smokers have 

significantly low risk of severe acne development than non-smoker male individuals 

(Klaz et al., 2006). Further noticed that nicotine intake may decrease development of 

inflammatory acne more efficiently in females than in males (Rombouts et al., 2007). 

In contrast Capitanio reported that non-inflammatory acne was more frequent in post-

adolescent female smokers (Capitanio et al., 2007; Capitanio et al., 2009). These 

studies overall suggest that nicotine intake relationship with acne initiation and 

aggravation or cure in both genders is still disputable. 
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There is no evidence of harmful effects of sunlight on acne development 

(Magin et al., 2010). The artificial and sunlight therapy may be beneficial in reducing 

acne symptoms and healing scars (Harrison et al., 2002). The relationship of the 

obesity with acne has been investigated in fewer studies. Average BMI of the acne 

patients was increased as compared to controls without acne symptoms in a group of 

3000, 6-11 years old acne patients (Tsai, et al., 2006). The acne resolved in patients 

on LGL diet as compared to those on high glycemic index diet (Liou et al., 2009). 

Further, obese patients with polycystic ovary syndrome (PCOS) presented more 

severe acne symptoms than non-obese PCOS patients (Chuan et al., 2010). These 

studies suggest that obesity may contribute in acne development indirectly by setting 

the stage for action of acne promoting factors. 

2.2.3.4 Role of androgens in acne pathogenesis 

Androgens shape a range of skin functions, for example hair growth, 

development and differentiation of sebaceous gland, lipogenesis, epidermal barrier 

function, comedogenesis, wound healing and epidermal cutaneous barrier function 

(Pochi and Strauss, 1969; Thiboutot et al., 1998). Androgens participate in activation 

of sebum formation and keratinocytes cell division. The androgens are produced in 

adrenal glands and gonads; and catalyzed to dihydrotestosterone (DHT) and 

testosterone by the enzyme Type 1 5α-reductase in the infrainfundibulum (Thiboutot 

et al., 1995). The androgen receptors are expressed in sebaceous glands and the 

follicular canal. The acne is mainly influenced by androgens due to their effect on 

sebum production. The patients with acne display abnormalities in androgen levels. 

Further, excessive number of androgen receptors and 5α-reductase stimulation is 

found in acne patients than controls. In females, the increased levels of androgen are 

accompanied by severe acne symptoms (Maluki, 2010; Schmidt et al., 1986). In 

addition, local or systemic application of steroids stimulates the activity of sebaceous 

glands (Pochi and Strauss, 1969). The increase in serum level of 

dehydroepiandrosterone during adolescence is commonly accompanied with 

development of microcomedones (Stewart et al., 1992; Lucky et al., 1994). Moreover, 

males with androgen problems, for example pre-pubertal castrated males, do not 

produce sebum as well as lack acne development (Imperato-McGinley et al., 1993). 

The acne infected infrainfundibulum cells produce higher level of type1 5α reductase 
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than non-infected or healthy individuals hair follicles. In addition, patients with acne 

have high level of type1 5α reductase than healthy persons (Thiboutot et al., 1998).  

The exact mechanism through which androgens contribute to acne 

development is still obscured. However, it has been investigated that increase in 

androgen level is accompanied with hyperkeratinization of follicular canal and 

infundibulum. The androgens, growth factors, cytokines and neuropeptides interact to 

initiate the process of comedones development. This process can be stopped by 

blocking IL-1 receptor using antagonists (Guy et al., 1996). The DHT may have role 

in abnormal hyperkeratinization of infundibulum keratinocytes. The role of type1 5α 

reductase in hyperkeratinization is still unknown. Some reports documented that 

comedogenesis can be reduced by anti-androgens. Similarly, contraceptives also 

effect comedones development (Thiboutot et al., 1997). 

 Overall acne is a complex disorder affected by numerous genetic, external and 

internal factors however, finding a central pathway will be a landmark in dermatology 

research and therapeutics. 

 Types of Acne 2.2.4

The acne is disorder of pilosebaceous unit involving the hair shaft, hair 

follicle, sebum producing sebaceous gland and erector pili. The hair follicle has a 

ovoid or pear shaped large structure on the base called papilla, formed of the capillary 

loop and connective tissue (Pawlina et al., 2003). The papilla is surrounded by the 

hair matrix, characterized by the keratinocytes and melanocytes. The hair follicle 

grows in cup shaped structure known as infundibulum. The erector pili muscles, 

sebaceous glands and sweat glands are associated with hair follicle. The sebaceous 

glands produce sebum that is released on the skin surface. In the hair follicle, above 

the intersection of the sebaceous gland canal, the distal segment is called 

infundibulum. It is composed of two parts: The deep infrainfundibulum and the distal 

acroinfundibulum. The differentiation pattern of the infrainfundibulum keratinocytes 

is different than epidermal keratinocytes (Knutson, 1974). 

Under normal conditions flow of sebum along keratinocytes to the skin 

surface keeps balance between new and sloughed off keratinocytes. However, 

hyperproliferation of the keratinocytes lining the infrainfundibulum disturbs this 

balance and keratinocytes are stored inside the follicle (Plewig et al., 1971; Holmes et 
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al., 1972). Increased accumulation of cells results in thinning and stretch of the 

follicular walls resulting in appearance of acne comedones. 

Acne lesions can be classified into several different subtypes depending upon 

size, shape and severity. In general there are two main types of acne vulgaris namely 

non-inflammatory and inflammatory acne, categorized according to lesions size and 

complexity. The non-inflammatory acne is less severe and identified as small sized 

open and closed comedones. The inflammatory acne presents severe large sized 

lesions characterized as nodules and cysts. 

2.2.4.1 Non-inflammatory acne 

The microcomedones are invisible and precursor lesions that can be found in 

non-infected skin of acne-susceptible patients and ultimately develop into non-

inflammatory or inflammatory acne. The density of the microcomedones is parallel to 

the acne severity (Holmes et al., 1972; Norris and Cunliffe, 1988). The abnormal 

differentiation and proliferation of infundibular epithelium, increased sebum 

production and inflammation are the triggering factors for initiation of 

microcomedones (Letawe et al., 1998). The open and closed comedones are visible, 

recognizable non-inflammatory lesions developed from microcomedones (Shalita, 

1998). The open comedones also known as black heads are more visible due to 

melanin deposition on the top.  In these comedones hair follicle is filled with sebum 

and dead keratinocytes and possess wider opening than normal ones.  The keratinous 

material is organized in concentric lamellar fashion in the open comedones. The 

closed comedones also known as white heads are small headed, skin colored and 

usually invisible in normal light. In these lesions the hair follicle is filled with less 

compact keratinous material than open comedones and due to the narrow opening 

melanin is not oxidized and appears white in color (Zaenglein and Thiboutot, 2008). 

2.2.4.2 Inflammatory acne 

The papules and pustules are known as mild form of inflammatory acne. The 

papules are 1mm in size and typically present on the face but can also be found on 

chest, upper neck, upper arms and back. These lesions appear when hair follicle wall 

is ruptured and leukocytes stream inside causing visible inflammation. The pustules 

develop several days after the papules when leukocytes fill up the follicle and 
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protrude to the surface of skin. The pustule is often painful and itchy and takes longer 

time to heal completely. The nodules and cysts are characterized as severe form of 

inflammatory acne. The nodules are larger in size of almost 5mm in diameter and 

appear when follicular wall breaks resulting in large, irritable, exacerbated lesion. The 

cysts appear when leukocytes in nodules raise to the surface and give white 

appearance to lesion. Moreover, the acne lesions are also characterized by their 

physical appearance such as sand paper acne; their location such as submarine acne; 

the causing agents for example drug induced acne, chlorance and acne cosmetica.  

The mechanism of acne initiation and acne severity has been thoroughly studied 

however, the factors responsible for defining different type of acne lesions formation 

are still unknown (Kligman, 1974; Degitz et al., 2007).  

 Acne pathophysiology 2.2.5

Acne vulgaris is a multifactorial disease; its pathophysiology is explained by 

four major hypotheses as hyperkeratinization, P. acnes proliferation, sebum 

production and inflammation. These factors contribute collectively to activate innate 

immunity leading to acne development and inflammation. The stimulated innate 

immunity influences and further aggravates the acne condition. The role of innate 

immunity in major hypothesis of acne pathophysiology is explained in subsequent 

sections. 

2.2.5.1 Hyperkeratinization 

 The keratinocytes hyperproliferate during acne formation (Plewig et al., 1971; 

Jarrousse et al., 2007). Hyperkeratinization of the sebaceous duct and infundibulum 

canal is considered as critical factor for comedones formation. The epithelium 

covering the follicular canal and acroinfundibulum is very thin and permeable. The 

infrainfundibulum has less desmosomes and its epithelium is less thin than of 

acroinfundibulum (Plewig and Kligman, 2002). The cells in stratum corneum are 

loosely attached to each other and are continuously sloughed-off inside the follicular 

canal (Kurokawa et al., 1988). However, during comedones formation corneocytes 

remain interconnected; subsequently many layers of stratum corneum are formed. 

Therefore, the sebum produced by the sebaceous glands is not excreted to the surface 

and is collected in horny cells. The hyaline granules in epithelium related to barrier 
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permeability strikingly decrease in number during comedogenesis as a result of the 

decreased shedding of the corneocytes (Plewig and Kligman, 2002; Knutson, 1974; 

Toyoda and Morohashi, 2001). Subsequently, corneocytes accumulate in the follicle 

canal and block the opening. This leads to hyperkeratosis and retention of sebum. 

The superficial cells (lining the infundibular canal) as well as intermediate 

cells show abnormal keratinization in acne lesions (Kurokawa et al., 1988). The 

protein filaggrin is important in abnormal keratinization of sebaceous duct and 

infundibulum. It is a marker of corneocytes differentiation and also a chief component 

of the keratohyaline granules (Dale and Ling, 1979). In acne vulgaris patients, 

elevated levels of filaggrin were found in sebaceous duct and infundibulum than 

respective controls and different expression of fillagrin was detected in open and 

closed comedones (Kurokawa et al., 2007a). In the closed comedones, high levels of 

filaggrin were observed suggesting that terminal differentiation is important in 

abnormal keratinization during comedones development. Importantly, abnormal 

terminal keratinization and elevated levels of filaggrin were detected in cystic acne as 

well. However, the exact mechanism of closed and open comedones development is 

still obscured (Kurokawa et al., 2007b). 

The levels of keratinocytes proliferation marker “keratins” have also been 

investigated in acne lesions. Increased expression of keratin (6, 16, 17) and Ki 67 was 

found in comedonal infundibulum (Knaggs et al., 1994a; Hughes et al., 1996). 

Similarly in acne-prone patients overexpression of Ki-67 and K16 was observed in 

non-infected follicles (Cunliffe et al., 2000). Moreover, markers of keratin expression 

were increased by treatment of IL-1, interferon alpha (IFN-α) and growth factors such 

as EGF and TGF-α. This indicates involvement of inflammatory cytokines at early 

stage of comedogenesis (Jiang et al., 1993; Jiang et al., 1994).  

The association of markers of the desmosomes that are important in 

keratinocytes attachment was also investigated, however no significant differences 

were found between infected and normal comedones (Knaggs et al., 1994a). On the 

other hand increased levels of extracellular matrix (ECM) glycoprotein, tenascin-C 

were found in acne lesions (Knaggs et al., 1994b). The role of P. acnes in 

hyperkeratinization was also investigated; importantly it induced filaggrin expression 

in an explant skin model (Cunliffe et al., 2003; Jarrousse et al., 2007). In addition, P. 

acnes biofilms increased attachment of keratinocytes (Burkhart and Burkhart, 2007). 
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Therefore, it may also regulate terminal differentiation of keratinocytes during acne 

formation (See results section, 4.9.1). 

Integrins are also important in modulation of proliferation and differentiation 

of keratinocytes (Watt, 2002). The P. acnes induced β1-integrin expression in 

keratinocytes. In addition, peroxisome proliferator activated receptor (PPARγ) which 

regulates the sebocytes proliferation and differentiation, was speculated as potential 

stimulator of hyperkeratinization in follicular canal of acne affected follicles 

(Zouboulis et al., 2005). Moreover, TNF-α, IFN-γ, IL-1α, ICAM-1 induced de-

differentiation of sebocytes into a keratinocyte-like phenotype, leading to the 

hyperkeratinization of infundibulum (Downie et al., 2002). 

Comedones initiation was also found to be affected by the decreased 

desquamation and increased attachment between infundibular keratinocytes (Plewig et 

al., 1971). The production of hydrolytic enzymes in keratohyaline granules promotes 

desquamation and reduction in expression of these enzymes was observed in 

infundibulum during acne development (Knutson, 1974). Overall a number of the 

factors modulate the keratinization of the infundibulum during comedones formation 

resulting in the increased proliferation or decreased shedding of the keratinocytes, 

which ultimately forms microcomedones. 

These studies suggest that first step in comedones formation is 

hyperproliferation of the infundibulum and sebaceous canal keratinocytes. The factors 

affecting the normal keratinization process in pilosebaceous unit, for example P. 

acnes, IL-1α and hormones participate in acne pathogenesis. However, key regulator 

of hyperkeratinization, which could be target for treatment, is yet unknown. 

2.2.5.2 Hyperseborrhea 

 The sebaceous glands are part of hair follicle in skin and exude lipids by 

disintegration of cells, a process commonly known as holocrine secretion. Total life 

span of sebaceous cells is 21-25 days, during this period these cells constantly secrete 

sebum (Plewig and Christophers, 1974). The sebum secreted form sebaceous glands 

contains squalene, cholesterol, triglycerides (TGs), cholesterol esters and wax esters. 

The skin commensal, P. acnes hydrolyzes some TGs, thus sebum secreted on the skin 

includes some mono- and di-glycerides in addition to original secreted components 

from sebaceous glands. The properties of sebaceous gland secreted fatty acids such as 
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TGs, wax esters and cholesterol differ from lipids inside the body organs. In addition, 

human sebaceous glands cannot process squalene to cholesterol (Nicolaides, 1974). 

The sebum secretion effects skin in multiple ways for example develops acne and 

decreases skin dehydration thus keep it moist and smooth. Some reports indicate that 

sebum TGs derived glycerol protects stratum corneum from dehydration (Cunliffe and 

Shuster, 1969; Fluhr et al., 2003).  

Current evidences show that sebaceous gland may participate in skin innate 

immune modulation. The sebum contains immunoglobulin A (IgA) and FFAs which 

may upregulate AMPs and defense genes expression, thus contribute in host defense 

against infections (Gebhart et al., 1989). The expression of AMPs such as 

cathelicidin, psoriasin, and defensin (HBD1, and HBD2) was found in sebaceous 

glands which further favored the involvement of sebum in acne pathogenesis 

(Nakatsuji et al., 2010). Furthermore, active cathelicidin provided antimicrobial 

activity against P. acnes as well as stimulated cytokine production in host cells which 

also lead to the pronounced inflammation (Lee et al., 2008; Lai and Gallo, 2009). 

Moreover, the expression of innate immunity specific PRRs such as TLR2 and TLR4 

as well as co-stimulatory molecules including CD1d and CD14 was also found in 

sebaceous glands (Oeff et al., 2006). The antibacterial activities of sebum itself and 

the expression of AMPs, innate immune receptors and co-stimulatory molecules 

suggest that this gland plays important role in skin homeostasis and any process 

which changes its normal functioning may also change the normal skin status to 

pathogenic one.  

A number of the factors which affect the activity of sebaceous glands 

including androgens, retinoids, PPARs, corticotropin-releasing hormone, 

melanocortins and fibroblast growth factor receptors (FGFRs) have been investigated. 

The hormones mainly androgens are important in acne development due to their 

effects on sebaceous glands activity. Androgen receptors are present in hair follicle on 

outer root sheath as well as on the basal layer of the sebaceous glands (Kariya et al., 

2005). The DHT but not testosterone affects the growth and development of 

sebaceous cells (Pochi and Strauss, 1969). Female acne patients may locally produce 

the androgens affecting the activity of sebaceous glands (Levell et al., 1989; 

Lookingbill et al., 1985). Additionally, less active adrenal hormone DHEAS 

(dehydroepiandrosterone) may also stimulates the activity of sebaceous glands after 
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conversion to more active form by the enzymes present in sebocytes (Chen et al., 

2002). However, in a study with fewer samples stated that activities of the 17β-HSD 

enzymes were not increased in acne patients (Thiboutot et al., 1999). These 

investigations show that androgens may influence sebum production and activities of 

the sebaceous gland. 

The retinoids are important inhibitors of sebum production and extensively 

used for treatment of acne vulgaris. Isotretinoin the most frequently used retinoid, 

reduced sebum production (Stewart et al., 1983) by suppressing the differentiation of 

sebocytes (Hommel et al., 1996). In addition, isotretinoin decreased synthesis of the 

androgen hormones and inhibited cell cycle progression in cultured sebocytes. The 

neutrophil gelatinase associated lipocalin, which is involved in apoptosis of cultured 

sebocytes, was also upregulated by the isotretinoin (Zouboulis et al., 1991, Nelson et 

al., 2008). These facts may explain mechanism of isotretinoin mediated reduction of 

acne symptoms.  

The genes involved in the processes of fatty acids metabolism, cell division 

and differentiation are also stimulated by PPARs (Schoonjans et al., 1996; Kim et al., 

2001a). Four different types of PPARs have been recognized in human sebocytes. The 

PPARs α, β and ζ are produced in basal sebocytes whereas, PPARγ is found in 

differentiated sebocytes (Downie et al, 2004; Trivedi et al., 2006). In an investigation, 

it was reported that the agonist of the PPAR (α, γ) stimulated lipid production in rat 

preputial sebocytes, however PPAR (β, ζ) agonists induced lipid formation in 

epidermal as well as in preputial sebocytes. These observations lead to the proposition 

that PPARα initiates sebum formation, PPAR (β, ζ) increases the lipogenesis and 

PPARγ modulates the differentiations status subsequently. Therefore, PPARs are 

important in regulation of the sebocytes differentiation process (Laurent et al., 1992; 

Rosenfield et al., 1999). Similarly, PPARs effect differentiation and development of 

the sebocytes in humans as well (Trivedi et al., 2006). PPARs are also involved in 

regulation of inflammatory molecules expression and are themselves regulated by 

sebum lipids. 

Melanocytes stimulating hormones (MSH) and adrenocorticotropic hormone 

(ACTH) are important melanocortins. These melanocortins are known to increase 

sebum production in rodents as well as in human sebocyte cultures (Zhang et al., 

2003). Importantly, melanocortin receptors (MC1R and MC5R) were found in human 
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sebaceous glands which proposed that MSH may contribute in acne development 

(Ganceviciene et al., 2007, Thiboutot et al., 2000). This hypothesis was confirmed by 

further investigations and increased expression of MC1R was found in affected and 

non-affected sebaceous glands of the acne patients than controls. On the other hand, 

MC5R was only detected in differentiated sebocytes (Zhang et al., 2006). The 

function of the MC1R and MC5R in the mealonocortins mediated effects on 

sebocytes is still not clear. However, decreased sebum production and dwarf 

sebaceous gland was observed in MC5R deficient transgenic mice which indicated 

potential role of MC5R in modulating sebaceous gland function (Chen et al., 1997). 

There are few studies available on the role of neuroendocrine mechanisms in 

regulating the function of sebaceous gland activity. The corticotrophin releasing 

hormones (CRH), its receptors (CRH-R1, CRH-R2) and associated protein (CRHBP) 

were detected in sebaceous glands and in immortalized human sebocytes. Further, 

CRH treatment enhanced sebum formation in cultured sebocytes (Ganceviciene et al., 

2009; Zouboulis et al., 2002). 

 The expression of FGFR1 and FGFR2 was also found in skin and skin 

appendages. In a patient affected with Apert’s syndrome, mutation in FGFR2 and 

further mutations in the same location produced acne but the underlying mechanism 

of acne development and effect on sebaceous glands is not known (Munro and Wilkie, 

1998; Gilaberte et al., 2003). 

Importantly, P. acnes is crucial for the role of sebaceous glands in acne 

development. The growth of P. acnes is favored by anaerobic environment of 

sebaceous glands. It consumes TGs released from sebaceous glands and produces 

FFAs (Gribbon et al., 1993). These products cause irritation and activate surrounding 

cells such as keratinocytes and sebocytes, to release AMPs as well as cytokines and 

chemokines (Ro and Dawson, 2005). Thus keratinocytes and sebocytes themselves 

participate in the inflammatory events during acne pathogenesis. Moreover, P. acnes 

produces lipases, which hydrolyze sebum TGs and subsequently produce FFAs 

leading to the acne specific changes in hair follicle (Graham et al., 2004; Nagy et al., 

2006). These studies demonstrate importance of sebaceous gland modulators in acne 

pathogenesis however; regulation of sebum production in sebocytes is not completely 

understood. 
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2.2.5.3 Sebaceous gland effects on skin innate immunity 

 The sebaceous gland activity is regulated by many factors meanwhile it also 

contributes in modulation of skin innate immunity. The expression of HBD2, 

chemokine IL-8 and pro-inflammatory cytokines for example IL-1α and TNF-α genes 

were increased in P. acnes challenged sebocytes (Nagy et al. 2005; Nagy et al., 

2006). Importantly, sebum composition is a critical factor in defining sebocytes and 

keratinocytes activity. The neutrophils gelatinase associated lipoclain (NGAL) 

induced isotretinoin mediated apoptosis of the sebocytes (Nelson et al., 2008).  It was 

also reported that sapienic acid, a sebum lipid, reduced S. aureus growth (Drake et al., 

2008). The squalene induced 5-lipoxygenase expression which is involved in IL-6 

production as well as increased proliferation process in keratinocytes (Alestas et al., 

2006). The involvement of squalene in acne development was further supported by 

the observation that inhibition of the squalene oxidation downregulated sebocytes 

fatty acids production, consequently decreased acne symptoms were observed 

(Zouboulis, 2004; Zouboulis, 2009). Similarly, linoleic acid and arachidonic acid 

stimulated interleukins such as IL-6 and IL-8 production which lead to increased 

sebum production; and ceramides, increased integrin expression as well as leukocyte 

attraction to site of injury (Alestas et al., 2006). Moreover, the LTB4 (leukotriene B4) 

that was released from cultured sebocytes supernatant modulated the inflammation 

process by activation of PPAR receptors (Delerive et al., 2001). Thus, the sebaceous 

glands are important in skin innate immune responses during acne development.  

Interestingly, different quantity as well as quality of sebum was observed in 

acne affected and non-affected skin. Many reports have suggested that while 

increased production of the sebum is necessary requirement for acne formation, its 

quality is also important in acne initiation as well as downstream inflammatory 

events. Importantly increased levels of fatty acids, squalene oxide, squalene whereas 

reduced levels of linoleic acid induced hyperkeratinization in a rabbit model. The 

active molecules were isolated from this model which also induced comedogenesis in 

humans (Mills and Kligman, 1982; Kligman and Katz, 1968; Downing et al., 1986). 

Furthermore, increased polar lipids derived from squalene oxidation, were found on 

the skin and comedones of acne patients compared to healthy persons, these 

molecules also induced inflammatory events (Tochio et al., 2009). However, linoleic 

acid reduced the acne specific changes. The decreased levels of linoleic acid induced 
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hyperkeratinization of the follicles and the use of linoleic acid in topical preparations 

decreased microcomedones size (Downing et al., 1986, Letawe et al., 1998). 

Moreover, increased sebum production was accompanied with decreased linoleic acid 

component (Downing et al., 1986). The restorative role of linoleic acid was further 

confirmed by the evidence that isotretinoin medication increased linoleic level 

(Stewart et al., 1986). Thus initial level of the linoleic acid as well as subsequent 

excretion of other components of sebum seemed to affect the activity of linoleic acid 

during acne development (Motoyoshi, 1983). The acne patients and controls showed 

different ratios of the unsaturated and saturated fatty acids on skin surface and 

increased unsaturated fatty acids to saturated fatty acids ratio seemed to induce sebum 

formation (Smith et al., 2008). Interestingly, sebum quantity as well as quality was 

affected by the serum lipids composition suggesting the role of diet in acne 

development (Pochi and Strauss 1969, Downing et al., 1972). 

Overall, these evidences proposed that sebaceous glands are important in 

development of acne vulgaris, as they produce sebum, modify the proliferation of 

keratinocytes and induce inflammation as well as are responsive to P. acnes infection. 

Furthermore, the quantity and quality of the sebum also affects the acne initiation and 

acne severity and itself modified by the diet quality. However, the data available on 

role of diet on acne development is faltered due to the limited studies, less sample size 

and self-assessed questionnaire based study design. Further investigation into the 

dietary factors would be help in elucidating the role of diet as well as their effects on 

sebaceous glands. 

2.2.5.4 Inflammation 

 Although precise sequence of the reactions in acne formation is not clear 

however these changes ultimately result in inflammation that leads to the formation of 

subclinical microcomedones (Kim, 2005). Inflammatory markers are not only 

important in initiation and progression of acne lesions but also in worsening the 

disease condition. The inflammatory mediators are not only the effect but also cause 

of the acne development. Hyperkeratinization, the first visible step of the 

microcomedones development is also affected by the inflammatory mediators. 

Further, these inflammatory events induced signaling, cytoskeleton formation and 

cytotaxis revealing their role in hyperproliferation of skin cells. In this regard IL-1α 
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was found to be an important inflammatory mediator during acne initiation and 

development (Younis and Javed, 2015). The instabilities in keratinocytes induced IL-

1α expression which then promoted leukocytes taxis as well as upregulated selectins 

and fibroblasts. In addition, IL-1α induced the production of IL-1, TNFα, ICAM and 

GM-CSF from keratinocytes. These factors further activated keratinocytes in a cycle 

form (Latkowski et al., 1995; Freedberg et al., 2001; Jeremy et al., 2003). The studies 

on sebaceous gland function in acne inflammation proposed that abnormal production 

of some beneficial lipids disturbs normal excretion of the lipids which leads to the 

injury as well as IL-1 release from the epithelial cells. Consequently, IL-1 due to its 

effects on keratinocytes, initiates the cascade of events involved in the acne 

pathogenesis.  

 The process of inflammation in acne patients was further investigated by 

measuring the levels of inflammatory markers in involved and non-involved skin of 

the acne patients as well as in controls. Interestingly, enhanced expression of IL-1α 

was found in non-infected skin of the acne patients (Kim, 2005). Further, IL-1α 

expression was also found in the follicular epidermis before initiation of 

hyperproliferation and hyperkeratinization of the cells lining the follicular canal 

indicating role of IL-1α in initiation of acne lesions.  Importantly, addition of the IL-

1α to the pilosebaceous units resulted in hyperkeratinization like changes in vitro 

which were reversed by the addition of the IL-1α receptor antagonist (Choi et al., 

2008). IL-1α also induced inflammatory responses and adaptive immunocytes for 

example lymphocytes in the non-infected comedones (Nagy et al., 2005). The 

inflammatory cytokines inside the affected lesions might be responsible for the 

stimulation of endothelium cells to produce vascular inflammatory molecules in non-

infected neighborhood of the affected skin (Kim, 2005).  These studies suggest that 

IL-1α induces acne specific changes in hair follicles. Further study of the IL-1α 

association with acne vulgaris in large population will be helpful in confirming these 

observations.  

2.2.5.5 P. acnes proliferation  

Innate immunocytes recognize P. acnes through PRRs leading to activation of 

antimicrobial activities which limit the pathogens, however meanwhile increase 

inflammation in comedones. In early investigations the Gram positive bacteria P. 
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acnes was studied with relation to acne due to its presence in acne lesions (Unna, 

1896). It was considered the only responsible agent for the acne development in early 

investigations. However, advanced research and investigation into the acne 

development mechanisms revealed that acne vulgaris is a multifactorial disorder and 

P. acnes play critical role in acne development. Importantly P. ances induces 

cytokines, chemokines, integrins genes expression and P. acnes biofilms induce 

hyperkeratinization. Some investigators questioned the requirement of P. acnes in 

acne lesion formation importantly because of its recognition as skin commensal 

(Leeming et al., 1985). However, many studies proved that increased concentrations 

of P. acnes affect sebaceous gland activity as well as skin immunity during acne 

development (Leyden et al., 1998). Therefore, P. acnes importance in acne vulgaris 

pathophysiology cannot be ignored only due to its commensal behavior (Degitz et al., 

2007). P. acnes effects on sebaceous glands activity, keratinocytes proliferation and 

inflammatory events are reviewed in subsequent paragraphs. 

P. acnes is an anaerobic commensal found on the skin of the infected as well 

as healthy individuals. It feeds on the sebum which is produced in pilosebaceous unit 

associated sebocytes. The cell wall of the P. acnes is unique in structure as eukaryotes 

specific phosphatidyl inositol is present in cell wall. The polysaccharide fraction of 

the cell wall contains galactose, galactosamine, mannose, glucose and 

diaminomannuronic acid. The peptidoglycan proportion of the cell wall contains cross 

linked peptide chains with D-alanine and L-diaminopimelic acid where two glycine 

residues are combined with carboxyl and amino groups. Immune cells recognize P. 

acnes as pathogen under certain circumstances due to presence of these features and 

then produce pro-inflammatory cytokines including IL-1β and TNF-α (Kuwahara et 

al., 2005). The chemokine IL-8 is further upregulated by P. acnes (Yamanaka et al., 

2000, Tsutsui et al., 2004). These cytokines and chemokines recruit immunocytes 

including macrophages, monocytes and neutrophils in microcomedones, which further 

produce other inflammatory mediators. The contribution of P. acnes in acne 

development was further supported by the experiments which revealed increased P. 

acnes concentration in acne lesions compared to hair follicle in normal skin. In 

addition, administration of the P. acnes resulted in initiation of inflammatory events 

in vitro (Miura et al., 2010).  
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The P. acnes also stimulated innate and adaptive immunocytes including 

monocytes, lymphocytes through receptors (TLRs) and co-receptors (CD14). 

Importantly, P. acnes induced NF-κB in inert cells after TLR gene transfection 

(Vowels et al., 1995; Kim et al., 2002; Kim, 2005). P. acnes infected immunocytes 

produced IL-8 and IL-12 through TLR2 activation which lead to pronounced 

inflammation. The TLR2 expression was also found in macrophages located in 

follicular canal of acne lesion biopsies and increased with progression of acne 

development. In addition, increased expression of TLR2 was observed in the acne 

patients (Oberemok and Shalita, 2002; Vowels et al., 1995) and P. acnes induced 

expression of these receptors in keratinocytes (Jugeau et al., 2005). These evidences 

propose that P. acnes cell wall components stimulate TLR2 receptors in skin cells and 

immunocytes that leads to cytokine mediated inflammation. 

The expression of matrix metalloproteinases (MMPs) is significantly increased 

in acne lesions (Trivedi et al., 2006). The MMPs are modulators of immune system 

and different types of MMPs (for example, MMP1, MMP3 and MMP9) play 

important role in inflammation, immune system activation, tissue injury and scarring 

in acne pathogenesis. Importantly, P. acnes significantly induced MMP1, MMP2, 

MMP9 and MMPs transcription activator, the activator protein 1 (AP-1) in acne 

lesions (Birkedal-Hansen et al., 1993; Kang et al., 2005; Jalian et al., 2008; Choi et 

al., 2008).  

The AMPs (defensins), that are important in recognition of pathogens, were 

also induced by the P. acnes. The stimulation of pro-inflammatory cytokines by P. 

acnes induced HBD2 (Human β-defensin 2) expression in pilosebaceous units 

(Chronnell et al., 2001; Nagy et al., 2006). Furthermore, IL-8 and HBD2 levels were 

enhanced by P. acnes infection through TLR2 activation in keratinocytes cultures 

(Nagy et al., 2005). In addition, IL-37 (cathelicidin) was also upregulated by P. acnes 

infection in keratinocytes, sebocytes and monocytes (Lee et al., 2008). The HBD2 and 

IL-37 cooperate with psoriasin (another follicular AMP) against P. acnes and 

subsequently stimulated inflammatory reaction (Nagy et al., 2005; Nagy et al., 2006; 

Hong et al., 2008, Ganceviciene et al., 2006). The AMPs mediated reduction in P. 

acnes concentration induced inflammation in acne lesions. The differentiation of CD 

209 expressing macrophages which execute antibacterial activities against P. acnes, 

was also induced by P. acnes (Liu et al., 2008).  
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 In addition to the effects on sebocytes and cutaneous immunity, P. acnes also 

modulates division as well as differentiation of keratinocytes through stimulation of 

filaggrin and integrin expression (Jugeau et al., 2005; Jarrousse et al., 2007). Integrin 

is important modulator of keratinocytes proliferation and differentiation. Importantly, 

alterations in integrin concentration induced acne specific changes in keratinocytes in 

acne lesion biopsies (Jeremy et al., 2003). The presence of integrin (α2, α3) in non-

infected follicles of acne patients, indicated that these integrins may be induced in 

early steps of acne initiation. This may suggest that integrins and inflammatory 

mediators increase in concentration even before hyperkeratinization, the first obvious 

step in acne lesion development. Abnormal terminal differentiation of keratinocytes 

was also correlated with increased fillagrin expression. Importantly, increased levels 

of filaggrin were observed in intermediate keratinocytes layer of sebaceous gland and 

follicular canal in acne patients (Kurokawa et al., 1988). The P. acnes biofilms were 

more resistant to antibiotics than individual P. acnes strains. The existence of P. acnes 

biofilms in hair follicles supported the hypothesis that increased cohesion and 

decreased desquamation of the keratinocytes leads to the hyperkeratinization 

(Brüggemann et al., 2004). 

Thus, P. acnes stimulates inflammatory mediators and influence inflammatory 

events in acne development. In addition, through stimulation of AMPs it contributes 

to innate immunity activation which not only restricts P. acnes proliferation but also 

triggers inflammatory events in acne progression. Moreover P. acnes modulates 

keratinocytes function during acne development. However antibiotics against P. acnes 

have limited efficacy in curing acne symptoms. Therefore further research is required 

to find out the role of P. acnes in acne initiation and progression. 

2.2.5.6 Scarring 

In acne vulgaris scarring is result of hypertrophy or more frequently atrophy of 

the skin tissue. Scarring is significantly associated with acne severity and is more 

common in females than male patients (Goulden et al., 1999; Koo, 1995). Generally, 

scarring is a consequence of complex interaction between inflammatory events, 

matrix remodeling, recurring injury and subsequent defective healing. 

Transcription factors AP-1 and NF-κB, which modulate MMPs expression and 

inflammation are considered important in acne scar formation. The activation of NF-
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κB during inflammatory acne lesion formation stimulates expression of primary 

(TNF-α and IL-1) and secondary inflammatory cytokines (IL-6 and IL-8). These 

cytokines then induce inflammatory events and also activate AP-1 stimulation, which 

then recruits MMPs on skin cells. Inflammatory cytokines attract PMNs as well, 

which then interact with dermal MMPs to degrade matrix at sites of injury. 

Subsequently, matrix synthesis and repair usually results in imperfect healing. 

However, in severe acne lesions visible scars characterized by change in composition 

and organization of matrix proteins with continuous procollagen formation are 

produced. Delayed wound healing or abnormal interaction between the components of 

wound healing can result in manifestation of acne scars (Kang et al., 2005). The 

treatment of acne scars depends upon the scar type and can be surgical, medical, 

procedural, tissue augmentation or laser treatment (Rivera, 2008).  

Fractional ablative carobon dioxide (CO2) laser procedure has been one of the 

laser treatments for acne scarring, photoaging and skin laxity. Therapy with fractional 

CO2 creates microthermal treatment zones in skin that leads to epidermal regeneration 

via keratinocytes which are present at the peripheries of microthermal wounds. This 

results in erythema and edema, which can last for five to ten days. The administration 

of autologous platelet-rich plasma (PRP) has been investigated for its properties of 

wound healing in acne scar following laser treatment (Na et al., 2011; Suh et al., 

2012). 

These studies suggested that acne causing factors interact together in complex 

manner to produce acne lesions. The cutaneous immunity efficiently works against 

recognition and eradication of P. acnes, however induces inflammatory response, 

which further aggravate the disease situation. Recent studies have also revealed that 

inflammatory events precede hyperkeratinization. In addition, P. acnes activates 

sebocytes, keratinocytes and innate immune cells via TLRs. These cells then 

upregulate cytokines, chemokines and MMPs and subsequently initiate inflammatory 

events. Furthermore, the sebaceous gland and sebum lipids contribute in the 

cutaneous immunity and inflammatory events. Conclusively, acne vulgaris is a 

multifactorial immune system related inflammatory condition and identification of 

key regulator of these pathways will provide a potential target for acne therapies. 
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2.3 Importance of inflammatory cytokines in acne 

pathogenesis 

Inflammation seen in acne lesions is a consequence of interplay between P. 

acnes infection and innate immunity through production of cytokines, chemokines 

and antimicrobial peptides from epidermal as well as immune cells. Inflammation is 

not only the sign of injury but also initiation of comedones formation. The ultimate 

effect of P. acnes infection, hyperkeratinization and innate immunity activation is 

prolonged inflammatory events that lead to development of severe acne lesions. 

Although cytokines, the potential inflammation causing agents are found in non-

infected sebocytes however during acne development cytokines expression further 

increases (Nagy et al., 2005; Clarke et al., 2007). The role of primary and secondary 

inflammatory cytokines in inflammatory events of acne pathogenesis is still 

controversial as revealed from cytokines association studies in different populations. 

 Resistin (RETN) 2.3.1

 The adipokines or adipocytokines are the cytokines primarily observed in 

adipose tissue. The common adipokines include resistin, visfatin, leptin and 

adiponectin. Since its first reporting in 2001, cytokine resistin was investigated in 

association with many diseases. Resistin is a pro-inflammatory cytokine initially 

found in macrophages later its expression was also confirmed in adipocytes and, 

importantly, in sebocytes. The role of resistin has been widely investigated in diseases 

with abnormalities in inflammatory process or glucose homeostasis. However, in 

humans pro-inflammatory effect of resistin is more prominent. 

2.3.1.1 Discovery 

Resistin is a cysteine-rich 12.5 kDa protein, discovered independently by three 

research groups studying processes involving adipose tissue or inflammation. The 

resistin was isolated as potent target for thiazolidinedione class of insulin sensitizers 

in adipocytes 3T3-L1 cell lines (Steppan et al., 2001). Another group identified a 

cysteine rich factor secreted from adipocytes (Kim et al., 2001b). Meantime, an 

independent researcher group identified FIZZ1 while studying pulmonary 
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inflammation, a cysteine rich inflammatory protein and named it as “found in 

inflammatory zone 1” (Holcomb et al., 2000).   

2.3.1.2 Signaling and regulation 

The resistin receptors, downstream signaling molecules, adaptor protein, 

transcription factors and regulatory molecules are still under investigation. Four 

possible receptors for resistin have been identified by different research groups. First 

report stated that TLR4 is a potential receptor for resistin, they found that LPS the 

known ligand for TLR4, and resistin compete for binding site on the TLR4 receptor 

(Tarkowski et al., 2010). Daquinag et al. (2011) identified decorin on the surface of 

adipose progenitor cells as potential receptor of resistin (Daquinag et al., 2011). 

Another group found that mouse resistin regulated adipocytes formation and glucose 

uptake in 3T3-L1 adipocyte cell line through mouse tyrosine kinase-like orphan 

receptor (ROR1) (Sanchez-Solana et al., 2012). The decorin and ROR1 are mouse 

receptors and do not induce inflammation in humans. Recently Lee and coworkers 

identified adenylyl cyclase-associated protein 1 (CAP1) as potential receptor for the 

resistin (Lee et al., 2014).  

Resistin, through its receptor, activates secondary signaling molecules, such as 

PI3K, ERK and p38, which further activate, NF-κB binding possibly through 

transcription activators p50 and p65. The resultant increase in NF-κB leads to the 

expression of pro-inflammatory cytokines and adhesion molecules. Resistin mediates 

phosphorylation of inhibitory protein IκBα and p65 subunit of NF-κB; p65 and p50 

subunits of NF-κB are thus translocated from cytoplasm to nucleus (Hu et al., 2007; 

Bokarewa et al., 2005). This translocation results in upregulation of IL-6 and TNF-α 

gene expression (Kusminski et al., 2007).  

Several factors including inflammatory markers and hormones, such as 

steroids, adrenaline, β3 adrenoreceptors, endothelin-1 and insulin regulate resistin 

expression (Kusminski et al., 2005; Lehrke et al., 2004). Resistin expression 

increased by treatment with inflammatory cytokines including TNF-α, IL-1α, IL-6 

and also by LPS, however IFNγ and leptin treatment did not change resistin levels 

(Lu et al., 2002; Kaser et al., 2003). Importantly, in humans LPS treatment increased 

serum levels of resistin significantly (Lehrke et al., 2004). Conversely, PPARγ 
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agonist inhibited stimulation of resistin expression (Patel et al., 2003; Song et al., 

2002). 

2.3.1.3 Resistin functions in inflammation, innate immunity and lipid 

metabolism 

Resistin importance in inflammation and innate immunity has been well 

documented. Resistin strongly induces inflammatory cytokines such as TNF-α, IL-1, 

IL-6 and IL-12 in many cell types through NF-κB activation. Similarly, several 

studies reported that obesity, insulin resistance and over production of TNF-α are 

correlated with resistin levels. As already reviewed, increased expression of 

inflammatory cytokines are found in acne lesions (Alestas et al., 2006; Jeremy et al., 

2003; Ingham et al., 1992). These inflammatory cytokines further promote resistin 

expression (Kaser et al., 2003). This cycle then continues leading to more abrupt and 

augmented inflammatory response. Resistin and inflammatory markers are 

significantly associated with many inflammatory disorders. The levels of resistin 

markedly increased in inflamed joints and synovial fluids of rheumatoid arthritis 

patients (Schäffler et al., 2003), acute inflammation (Fantuzzi, 2005), Crohn’s disease 

and ulcerative colitis (Karmiris et al., 2006; Konrad et al., 2007). Furthermore, 

PPARs that induce anti-inflammatory effects also negatively regulate resistin 

expression.  

Resistin is an important immune mediator as well, and induces chemokines 

(CCL2) and vascular adhesion molecules (ICAM1, VCAM1) in human endothelial 

cells (Silswal et al., 2005; Tilg and Moschen, 2006). Elevated resistin levels have an 

autocrine effect and stimulate its own production as well as enhance the level of 

inflammatory cytokines such as IL-1β, IL-6, TNF-α and CXCL8 in PBMCs 

(Bokarewa et al., 2005); and IL-12 by macrophages (Silswal et al., 2005). Other than 

in adipose tissue, resistin is also expressed in breast, brain, uterus, prostrate, liver, 

kidneys, lungs, heart, thymus, stomach, colon, gingival crevicular fluid (Kido et al., 

2012) adrenal gland (Chumakov et al., 2004; Nohira et al., 2004; Patel et al., 2003) 

and importantly in sebocytes (Harrison et al., 2007). Resistin levels found in most of 

these tissues are thought to be associated with leukocytes population present within 

these tissues. 
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Resistin also plays important role in lipid metabolism as well as pro-

inflammatory changes in adipocytes. Resistin impairs insulin signaling and inhibits 

glucose transport in adipocytes cell line, further it promotes lipid accumulation and 

lipogenesis in human macrophages. Several reports have shown positive correlation 

of increase in fat cells mass with resistin level (Savage et al., 2001; McTernan et al., 

2002a; McTernan et al., 2002b). Increased plasma resistin levels were also observed 

at time puberty due to changes in testosterone and estrogen level (Gerber et al., 2005). 

Some studies have also reported that females have high plasma resistin levels as 

compared to males (Lee et al. 2003, Silha et al. 2003, Yannakoulia et al. 2003). There 

are many evidences which show that regulation of sebocytes and adipocytes 

proliferation by resistin is regulated through similar mechanisms (Harrison et al., 

2007). These observations suggest that resistin may bridge immune, inflammatory and 

metabolic pathways in adipose tissue (Kusminski et al., 2007).  

2.3.1.4 Resistin in acne pathogenesis 

 The proliferation and differentiation of sebocytes is important step in acne 

pathogenesis. Lipids formation and accumulation affects differentiation of the 

sebaceous gland cells (Downie and Kealey, 1998; Zouboulis, 2004). The mechanism 

of sebocyte differentiation is still under investigation.  

 The C/EBPα and PPARγ are important in differentiation of adipocytes in in 

vitro and in vivo (Rosen et al., 1999; Rosen et al., 2002). The C/EBPα, β, and δ, and 

PPARγ are expressed in sebaceous glands and cultured human sebocytes (Bull et al., 

2002; Chen et al., 2003). Further, PPAR agonist has been found to be involved in 

differentiation of sebocytes in rat cells, human sebaceous gland biopsies and cultured 

sebaceous cells (Rosenfield et al., 1998; Downie et al., 2004; Alestas et al., 2006). 

The C/EBP and PPAR are expressed in sebocytes and their role in adipocytes 

differentiation has been extensively studied. These observations lead to the 

proposition that differentiation of sebocytes is controlled by same factors as in 

adipocytes. The activated resistin, galectin-12, SREPP-1 and stearoyl CoA desaturase 

were observed in human sebaceous glands as well as in immortalized sebaceous SZ96 

cell line. These studies suggest that resistin may be involved in proliferation and 

differentiation of the sebocytes leading to the hyperseborrhea, an important 

phenomenon in acne pathogenesis (Harrison et al., 2007). 
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Furthermore, resistin, via its receptor, activates NF-κB and JNK pathways to 

promote transcription of TLR2, IL-1, IL-6, IL-12 and TNFα genes (Tilg and 

Moschen, 2006). Increased expression of resistin may increase the transcriptional 

activity of TLR2, thereby enhancing inflammatory P. acnes effects in keratinocytes 

and sebocytes, leading to acne initiation. 

During bacterial infection, specific LPS interaction with TLR activates a 

cascade of kinases which ultimately results in transcription factor NF-κB activation. 

This NF-κB is implicated in activation of pro-inflammatory cytokines. Resistin may 

works with same mechanism i.e. activates TLR4, leading to stimulation of 

transcription factor and inflammatory cytokines. Further, there is strong evidence that 

resistin is involved in increased sebum production and sebocytes differentiation. 

These observations propose that resistin may link immune, inflammatory and 

metabolic pathways in acne pathogenesis. 

Hyperkeratinization is one of the major events of acne vulgaris (Kurokawa et 

al., 2009). One of the study showed that a strong neutrophil chemoattractant CXCL8 

is stimulated by resistin in PMCs (Bokarewa et al., 2005). This chemoattractant is 

known to stimulate keratinization (Rennekampff et al., 2000). A recent study on skin 

disorder psoriasis, reported that increased keratinization was brought about by 

CXCL8, which is stimulated by resistin and leptin (Johnston et al., 2008). A similar 

mechanism might be involved in the hyperkeratinization during acne vulgaris. 

2.3.1.5 Molecular properties and polymorphisms 

Human resistin gene is located at 19p13.3 position (Yang et al., 2003). There 

are four exons in resistin gene, of which only 3 take part in protein formation. The 

processed RNA of resistin gene has a length of 478 nucleotides (Ghosh et al., 2003). 

Most of the resistin gene polymorphisms are present in the non-coding regions of the 

gene such as UTR (Sentinelli et al., 2002), promoter region (Pistilli et al., 2007) and 

1st, 2nd and 3rd intron (Xu et al., 2007). The polymorphisms associated with resistin 

gene such as +299 G/A, -420 C/G, -638 G/A, -358 G/A and +157 C/T are strongly 

associated with serum resistin level (Asano et al., 2010).  

Functional polymorphisms in the promoter and intron regions of cytokine and 

adipocytokine genes effect transcriptional activity defining the level of proteins in 

biological fluids. Menzaghi et al. (2006) reported that 70% variations in serum 
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resistin levels are due to polymorphisms in RETN gene (Menzaghi et al., 2006). 

Specifically, several polymorphisms in the resistin gene have been described to 

determine plasma resistin concentrations (Cao and Hegele, 2001; Cho et al., 2004). 

Among these, the C/G polymorphism at -420 site of resistin gene is functional and it 

increases transcriptional activity by promoting binding of Sp1/3 transcription factors.  

Moreover, the G allele at -420 has been associated with higher resistin mRNA and 

serum levels (Cho et al., 2004; Osawa et al., 2005). The higher levels of resistin, in 

turn, may increase transcription of TLR-2 through which P. acne can enhance 

inflammatory events in keratinocytes and sebocytes, thus leading to inflammatory 

events, the key steps in pathogenesis of acne (Kang et al., 2007). 

RETN +299 G/A polymorphism is present in intron region between Exon 2 

and Exon 3 (Azuma et al., 2004; Osawa et al., 2002). In RETN +299 G/A 

polymorphism mutant allele A is associated with high levels of plasma resistin and 

enhances promoter activity, whereas wild type G allele is associated with low levels 

of resistin (Osawa et al., 2004; Suriyaprom  et al., 2009; El-Shal et al., 2013). RETN 

polymorphism at +299 G/A site has been studied so far in association with metabolic 

and inflammatory diseases such as obesity (Azuma et al., 2004), cerebrovascular 

diseases (Kunnari et al., 2005), hypertension (Ukkola et al., 2008), T2DM 

(Suriyaprom et al., 2009), metabolic syndrome (Miyamoto et al., 2009) and insulin 

resistance (EI-Shal et al., 2013). The positive association of RETN -420 C/G 

polymorphism has been documented recently however results are constrained due to 

limited sample size (Hussain et al., 2015).  The RETN polymorphisms, importantly -

420 C/G and +299 G/A are functional and effect its serum concentration. Therefore, 

study of the resistin association with acne vulgaris will further improve our 

understanding of acne vulgaris. 

 Interleukin-6 (IL-6) 2.3.2

IL-6 is a pleiotropic cytokine of 26kDa molecular weight, with a variety of the 

biological activities including inflammation, immune regulation, hematopoiesis and 

oncogenesis (Kishimoto, 2005). The IL-6 role in diversity of pathways has been 

explained by virtue of IL-6 receptor and a common signal mediator of many 

cytokines, the gp130 protein (Yamasaki et al., 1988; Hibi et al., 1990). 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        36 

http://www.ncbi.nlm.nih.gov/pubmed?term=Cao%20H%5BAuthor%5D&cauthor=true&cauthor_uid=11558907
http://www.ncbi.nlm.nih.gov/pubmed?term=Hegele%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=11558907


Review of Literature 

 
2.3.2.1 Discovery 

IL-6 was originally identified as a factor capable of inducing antibody 

production in B-cells, stimulated tonsillar mononuclear cells and pleural effusion cells 

from patients with pulmonary tuberculosis (Hirano et al., 1977; Hirano et al., 1981; 

Muraguchi et al., 1981). It was initially assigned a variety of names by independent 

groups depending upon its discovery and role in multiple functions: T-cell replacing 

factor (TRF)-like factor (Teranishi et al., 1982), B-cell differentiation factor type 2 

(Hirano et al., 1986), interferon β2 (Zilberstein et al., 1986), 26-kDa protein 

(Haegeman et al., 1986), hybridoma/plasmacytoma growth factor (Nordan et al., 

1987; Van Damme et al., 1987), and hepatocyte stimulating factor (HSF) (Gauldie et 

al., 1987). 

In 1986, the independent molecular cloning studies of these factors revealed 

these factors are similar and refer to a single molecule (Haegeman et al., 1986; Hirano 

et al., 1986; Zilberstein et al., 1986). Furthermore, molecules identified as 

plasmacytoma/hybridoma/myeloma growth factor and HSF, which regulate the 

biosynthesis of a variety of acute-phase proteins, also appeared to be the same protein 

(Andus et al., 1987; Gauldie et al., 1987; Van Damme et al., 1987; Kawano et al., 

1988; Van Snick et al., 1988). Therefore, Poupart et al. and Yasukawa et al. in 1987 

proposed the name "Interleukin-6" for these molecules for global recognition (Poupart 

et al., 1987; Yasukawa et al., 1987). This name was accepted by the majority of the 

investigators in the field at a conference of the New York Academy of Sciences and 

the National Foundation for Cancer Research at New York in December 1988 (Sehgal 

et al., 1989). 

2.3.2.2 Signaling and regulation 

IL-6 mediates signals using gp130 adaptor through two pathways: The JAK-

STAT (Janus kinase-signal transducers and activators of transcription) pathway and 

Ras/MAPK (mitogen-activated protein kinase) pathway (Akira et al., 1990; Akira et 

al., 1994). The IL-6 receptor (IL-6R) consists of two glycoprotein (gp) subunits: an 

80kDa cognate receptor subunit (IL-6Rα or gp80 or CD126), which specifically 

recognizes IL-6, and a 130kDa ubiquitously expressed signal-transducing element 

(IL-6Rβ or gp130 or CD130). The binding of IL-6 to receptor IL-6Rα is followed by 
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the homodimerization of gp130. Receptor homodimerization activates JAK family 

tyrosine kinases (JAK1, JAK2 and TYK2) which induce phosphorylation of the IL-

6R, as well as the association and activation of STAT1 and STAT3. The 

phosphorylated, active STAT proteins subsequently enter the nucleus and activate the 

transcription of many genes. Phosphorylation of the IL-6R also recruits the Src 

homology 2-containing tyrosine phosphatase (SHP-2) with it. This triggers the 

activation of the Ras protein, which ultimately results in activation of the 

ERK/MAPK pathway (Kamimura et al., 2003). 

The IL-6 expression is important in many physiological activities; however its 

overproduction is often associated with disease conditions. Therefore, negative 

regulatory feedback mechanisms which suppress biological expression of IL-6 are 

also found. The molecules initially recognized as SSI (STAT-induced STAT 

inhibitor) and later named as suppressor of cytokine signaling (SOCS) are identified 

as negative regulators of IL-6 signaling (Naka et al., 1997). The SOCS proteins block 

JAK signaling molecules to inhibit the IL-6 mediated signaling pathway (Endo et al., 

1997; Starr et al., 1997)  

IL-6 expression is increased by a variety of signals in variety of cells and cell 

lines such as serum cytokines [IFNβ1, IL-1, TNF-α, oncostatin-M (OSM), platelet-

derived growth factor (PDGF), TGF-α and TGF-β], complement complex, bacterial 

components (LPS, lipoteichoic acid, and unmethylated CpG dinucleotide motif), viral 

components [double-stranded RNA or poly(I)·poly(C)], activators of the cyclic 

AMP/protein kinase A pathway (forskolin, cholera toxin, and dibutyryl cyclic AMP), 

phorbol 12-myristate 13-acetate (PMA), calcium ionophore A23187, eicosanoid lipid 

mediators (prostaglandins and LTB4), neuropeptides/neurotransmitters (SP, 

epinephrine, norepinephrine, vasoactive intestinal peptide, adenosine, calcitonin, 

serotonin, and histamine), thrombin and angiotensin II. Cross-linking cell surface 

receptors [i.e. Fcε and Fcγ receptors, T-cell receptor (TCR), CD40, CD95 (Fas), and 

certain members of the integrin super-family] with an agonistic antibody or specific 

counter-receptors also induce IL-6 production. However, a variety of the hormones 

and chemokines such as estrogens, androgens, IL-10, somatostatin, 1,25-

dihydroxyvitamin D3 and retinoic acid negatively regulate the IL-6 gene expression 

in various tissues and cells. Importantly, IL-4 and IL-13 inhibit IL-6 expression in 
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monocytes, but enhance its expression in osteoblasts (Nishimoto and Kishimoto, 

2006; Luther et al., 2006; Sun et al., 2008; Chai et al., 2012). 

2.3.2.3 Biological activities of IL-6 

IL-6 is a pleiotropic cytokine that acts on and is produced by many cell types 

to mediate a wide range of biological activities in the body (Naka et al., 2002). In 

young, healthy individuals, serum IL-6 levels remain low under normal conditions. 

The continuous and increased production of the IL-6 results in pathological condition. 

IL-6 production is rapidly induced in the course of acute inflammatory responses 

associated with injury, trauma, stress, and infection (Gebhard et al., 2000; Kamimura 

et al., 2003). Chronic inflammation, often observed in various autoimmune diseases, 

is also associated with overproduction of IL-6 (Ishihara and Hirano, 2002). There is 

strong evidence that with advancing age, plasma IL-6 concentration increases (Wei et 

al., 1992; Hager et al., 1994; McKane et al., 1994; Cohen et al., 1997; Harris et al., 

1999; Ferrucci et al., 2005). Plasma IL-6 also elevates during physical exercise, such 

as running and cycling as well as in proportion to intensity, duration and level of 

exercise (Ostrowski et al., 2000; Petersen and Pedersen, 2005). Obesity is another 

important factor responsible for the IL-6 overproduction by omental adipose tissue 

which accounts for 10%-35% of the body’s basal circulating IL-6 level (Mohamed-

Ali et al., 1997; Fried et al., 1998). The association of IL-6 gene with inflammatory 

condition in various chronic disorders has been investigated. The overexpression of 

IL-6 was observed in cardiac myxoma, a benign heart tumor with multiple 

inflammatory symptoms (Jourdan et al., 1990). In addition, constitutive production of 

IL-6 was observed in the lymph nodes of the Castleman’s disease patients with lymph 

node swellings and severe inflammation (Yoshizaki et al., 1989). Further, the 

surrounding tissues in synovial joints of the patients with rheumatoid arthritis 

continuously produced a large concentration of IL-6 (Hirano et al., 1988).  

2.3.2.4 Role of IL-6 in acne pathogenesis 

The expression of IL-6 is increased during acne development. IL-6 plays a 

significant role in the generation and propagation of immunologic processes and 

inflammation. In models of inflammation, it exhibits two contrasting activities. IL-6 
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has pro-inflammatory profile in models of chronic inflammatory diseases (Alonzi et 

al., 1998; Yamamoto et al., 2000), whereas in models of acute inflammation it 

exhibits an anti-inflammatory activity. However, in a normal host, IL-6 suppresses the 

levels of pro-inflammatory cytokines without compromising the levels of anti-

inflammatory cytokines (Xing et al., 1998; Kaplanski et al., 2003). In normal 

sebaceous glands cytokines are affected by many factors. In an unstressed sebocytes 

culture IL-6, IL-1α, TNF-α and IL-8 are released into supernatant. However, in a 

stressed environment, the amounts of released cytokines increase significantly. In two 

in vitro studies by independent groups, it has been proved that incubation of human 

sebocytes with arachidonic acid, calcium ionophore and calcitriol (vitamin D3) 

induced the expression of the IL-6 and IL-8 cytokines (Alestas et al., 2006; Krämer et 

al., 2009). 

In addition, studies have revealed that CRH, a master coordinator of the 

cutaneous stress response, stimulates the release of both interleukin IL-6 and IL-8 

from human sebocytes in vitro; possibly by activating pathways which affect immune 

and inflammatory processes leading to the development and exacerbation of acne 

(Krause et al., 2007; Ganceviciene et al., 2009). 

In uninvolved follicles of acne prone individuals, sebocytes stimulation 

produces increased sebum and upregulates IL-1 receptors in the epidermis and 

follicular wall. P. acnes antigen activates TLR receptors on keratinocytes and 

dendritic cells (DCs). This results in the release of pro-inflammatory cytokines (TNF-

α, IL-6 and IL-8) by DCs and keratinocytes (Taylor et al., 2011). These cytokines 

promote neutrophil accumulation and further release of IL-6. Neutrophils then shed 

IL-6 receptors (IL-6Rs) from their membranes in response to chemokines (e.g. IL-8). 

A complex of IL-6 and soluble IL-6Rα, formed in a phenomenon known as trans-

signaling, activates endothelial cells of the vasculature around the pilosebaceous 

follicles to release both IL-6 and monocyte chemoattractant protein (MCP-1). IL-6 

trans-signaling also upregulates the expression of leuco-endothelial adhesion 

molecules (E-selectin, VCAM-1 and ICAM-1), thus further promotes transition from 

neutrophil to monocyte recruitment in inflammation (Kaplanski et al., 2003). 

Therefore, IL-6 has been predicted as an important factor in inflammatory events of 

acne progression.  
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2.3.2.5 IL-6 promoter polymorphisms 

The human IL-6 gene, located on chromosomal region 7p21 (Ferguson-Smith 

et al., 1988), is approximately 5 kb long (Tanabe et al., 1988) and consists of four 

introns and five exons (Yasukawa et al., 1987). The expression of IL-6 is controlled 

by several potential polymorphisms in promoter region and specific promoter 

elements (Santhanam et al., 1991; Fishman et al., 1998). Terry and coworkers found 

that IL-6 transcription is cooperatively controlled by complex allelic interactions 

among polymorphic regions (-174 G/C, -373 AnTn, -572 G/C and -597 G/A) in the 

IL-6 promoter (Terry et al., 2000). The human IL-6 gene contains three transcription 

start sites which correspond with three TATA-like boxes. The preferential utilization 

of a specific transcription start site in a variety of cells suggests that distinct regulatory 

mechanisms are responsible for IL-6 gene expression in different tissues (Yasukawa 

et al., 1987). 

The -174 G/C polymorphism is associated with susceptibility to several 

chronic and inflammatory conditions (Yang et al., 2014; Wang et al., 2015) however, 

different research groups reported contradictory results for correlation of IL-6 -174 

G/C variation and subsequent levels of IL-6 protein in different populations. Increased 

levels of IL-6 gene have been observed in IL-6 -174 G carriers of juvenile chronic 

arthritis and colorectal cancer patients (Fishman et al., 1998; Bonafè et al., 2001; 

Belluco et al., 2003). Conversely, Brull and colleagues demonstrated that following 

coronary artery bypass surgery, patients with C allele at IL-6 -174 site show 

significantly high plasma IL-6 levels than carriers of G allele (Brull et al., 2001). In 

addition some researchers reported that IL-6 -174 G/C polymorphism is not 

associated with IL-6 protein levels (Endler et al., 2004). Only two research groups 

investigated the association of IL-6 -572 G/C polymorphism with IL-6 gene 

expression. They reported that increased levels of IL-6 protein are associated with C 

allele at IL-6 -572 G/C polymorphic site (Brull et al., 2001; Malarstig et al., 2007) 

The contribution of IL-6 gene in acne inflammation has been confirmed 

however, association of IL-6 -174 G/C and -572 G/C polymorphisms has not been 

investigated with acne vulgaris in any population. 
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 Interleukin-1α (IL-1α) 2.3.3

IL-1 is a primary cytokine and recognized as central player in inflammatory 

events of many diseases. The IL-1 indicates two cytokines, IL-1α and IL-1β encoded 

by IL-1A and IL-1B genes located within MHC (major histocompatibility) complex 

in the q13-21 area of chromosome 2 (Dinarello, 1988). IL-1α is produced as precursor 

31kDa protein which is then cleaved to produce active 17kDa protein form. The IL-1α 

protein is localized on different places in the cell and the mechanism of its activation 

and secretion also varies. Importantly, IL-1α is constitutively produced by skin and 

immune cells for example keratinocytes, DCs and NKs, and contributes in skin 

immune responses against pathogens. A number of the myeloid cells including 

macrophages, granulocytes, eosinophils and basophils; and lymphoid cells e.g. T- and 

B-lymphocytes as well as platelets are capable of IL-1α production after stimulation 

(Feldmann, 2001; Dinarello, 2006). The constitutive expression of IL-1α in skin cells 

and its role in inflammatory as well as immune mediated reactions makes it a 

potential factor in skin infections. 

2.3.3.1 Discovery 

The investigations into the endogenous fever causing proteins released from 

leukocytes lead to the discovery of IL-1 protein. Starting from 1943 to late 70’s 

researchers found that an endogenous factor produced from leukocytes is a potent 

fever causing agent in rabbits thus named “pyrogen”. The isolation and purification of 

the fever causing factor resulted in finding a 1.4-1.5kD protein from rabbits. Further 

investigations found similar pyrogenic factor production in PBMCs, human 

monocytic leukemia cells and Hodgkin’s and lymphoma cells. This factor was given 

different names such as “lymphocyte activating factor”, “T-cell growth factor” and 

“LP” depending upon source cells or cells that were activated by IL-1α. In late 70’s 

proteins studies proved that these represent a single 1.7kDa pyrogenic protein which 

was named as “Interleukin-1” in 1979 (Dinarello, 2010). Later, it was discovered that 

IL-1α and IL-1β are two different IL-1 proteins which have distinct biological 

activities (March et al., 1985). 
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2.3.3.2 Signaling and regulation  

Both the precursor and active IL-1α are involved in biological activities. The 

IL-1α precursor stimulates receptor independent intracellular signaling. The N-

terminal of precursor IL-1α (a 16kDa moiety) contains NLS (nuclear localization 

sequence) which is required for precursor IL-1α transport to nucleus as well as for 

receptor independent activities. The IL-1α precursor protein is also activated less 

frequently by a calcium dependent protease called calpain (Jacques et al., 2006).  

The mature IL-1α induces its biological activities by activating IL-1 receptor 

type 1 (IL-1R1) that is identified on the surface of many cells. This receptor present 

three immunoglobulin domains outside the cell and one on inner side of the cells 

which has homology with other IL-1 receptors as well as PPRs (TLRs). This 

intracellular domain is also known as Toll like IL-1R (TIR). The activation of the IL-

1R1 through IL-1 binding results in attachment of intracellular IL-1R accessory 

protein to receptor complex. This leads to the activation of a number of intracellular 

mediator molecules, including MyD88, TRAF 6 and IRAK. These mediators further 

activate NF-κB, p38, JNK, ERK mediated signaling cascades leading to the 

transcription of inflammatory and immune modulators. 

The biological effects of IL-1 are strongly regulated by IL-1R receptor 

antagonists as well as inhibitors of endogenous downstream IL-1 signaling molecule 

to inhibit unnecessary inflammatory response. The IL-1 inhibitors include IL-1R 

antagonist (IL-1Rα), IL-1R type II, TIR8, signaling inhibitors and soluble receptors. 

IL-1Rα is a cytokine and competes for binding to the IL-1R with IL-1. The in vitro 

and in vivo studies show that IL-1 and IL-1Rα both have similar affinities for binding 

to receptor however; increased concentrations of the IL-1Rα are required to block the 

receptor. This may be due to the fact that a large number of the receptors are 

expressed on the cell surfaces as well as activation of a few receptor leads to the full 

effects on cellular activities. Four different isoforms of the IL-1R antagonist have 

been recognized, three of which are intracellular including (IL-1Rα1, IL-1Rα2 and IL

‑1Rα3) and one Sil-1Rα has leader peptide thus secreted from cells. The intracellular 

antagonist forms are only released during cellular necrosis. The IL-1Rα knockout 

mouse has shown chronic inflammatory symptoms indicating the importance of these 

antagonists in regulation of IL-1 activities. 
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Furthermore, inhibitors of IL-1 downstream signaling mediators have also 

been recognized. A MyD88 variant, deficient in intermediate domain interferes with 

IRAK-1 activation through phosphorylation thus leading to inhibition of IL-1R/TLR 

triggered signaling. A kinase activity deficient member of IRAK family, the IRAK-m 

restricts the formation of IRAK-TRAF6 complex thus diminishes IL-1 and TLR 

mediated response effects (Weber et al., 2010; Gabay et al., 2010; Dinarello, 2010). 

Many microbes and some substances of non-microbial origin are identified 

that increase the expression of IL-1. Moreover IL-1 expression is also induced by 

integrins, antibiotics, some stress factors, neuroactive substances, inflammatory 

substances like C-reactive protein (CRP) and tobacco antigen, cell matrix like 

fibronectin and collagen, clotting factors, oxidized low density lipoprotein and platelet 

activating factor (Fenton et al.,1988; Jarrous and Kaempfer, 1994). Some anti-

inflammatory drugs such as corticosteroids and cyclooxygenase inhibitors and 

interferon (IFNs) decrease the IL-1 production. Moreover, other anti-inflammatory 

cytokines such as IL-4, IL-10, IL-13, TGFβ can also suppress IL-1 expression 

(Fischer et al., 1992; Santos et al., 1993). 

2.3.3.3 Biological activities of IL-1α 

IL-1 is a pro-inflammatory cytokine that exerts biological effects on local as 

well as systemic level. During severe disease, detectable amounts of IL-1α are 

released into biological fluids from dying cells (Miller et al., 2006). IL-1α is 

important in control of pathogenic infections however, sometimes its activation 

results in septic shock or chronic inflammation, which could be fatal. IL-1 is also 

known to promote inflammation by recruitment of immune cells at site of injury by 

stimulating expression of adhesion molecules as well as release of chemo-attractants 

from stromal cells. Moreover, it activates production of a number of enzymes, for 

example cyclooxygenase 2, phospholipase A2 and nitric oxide synthase, which 

subsequently induce the release of prostaglandin E2 and nitric oxide. These 

inflammatory mediators then induce inflammation locally as well as systemically. IL-

1α also activates production of metallopeptidases which inhibit production of 

proteoglycan and collagen. Moreover, it induces osteoclast growth, leading to bone 

destruction in arthritis disease (Mosley et al., 1987). IL-1 activates systemic responses 

by direct interaction or indirectly through activation of secondary cytokines or 
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mediators (Dinarello, 1996). The systemic responses of IL-1α include fever, 

hypotension, thrombocytosis, neutrophilia as well as induction of secondary 

cytokines. Moreover, IL-1 has been known to activate adaptive immune system 

through production of IL-17 and differentiation of T-helper cells in humans (Acosta-

Rodriguez et al., 2007; Chung et al., 2009). 

IL-1 has been implicated in many genetic auto-inflammatory pathological 

conditions. Many hereditary syndromes with abnormal IL-1 signaling leads to the 

continuous and increased activation of IL-1 mediated responses result in a group 

pathological condition categorized as Cryopyrin-associated periodic syndromes. 

Furthermore, genetic changes which lead to the decreased production of IL-1Rα also 

lead to chronic inflammatory diseases. Other syndromes include Familial 

Mediterranean fever, PAPA syndrome, Hyper-immunoglobulinemia D periodic fever 

syndrome, TNF receptor-associated periodic syndrome and Blau syndrome. In 

addition, many non-hereditary auto-inflammatory syndromes have also been 

recognized including Schnitzler syndrome, Systemic-onset juvenile idiopathic arthritis 

and Crystal-induced arthritis (Gabay et al., 2010). 

2.3.3.4 Role of IL-1α in acne pathogenesis 

Cytokines are the potential mediators of inflammation and have been 

implicated in acne vulgaris pathogenesis. The IL-1 is considered as primary 

inflammatory mediator in acne pathogenesis (Webster, 1995). There are multiple 

reports which demonstrate that IL-1α expression increases in acne lesions in vitro as 

well as in vivo and it also effects keratinoctyes proliferation as well as immune 

mediated inflammation during acne development. Importantly, increased expression 

of IL-1α in peri-follicular epidermis of un-infected skin in acne patient before visible 

hyperkeratinization proposed that IL-1α may contribute in initiation of acne lesions. 

Increased expression of IL-1 has also been observed in microcomedones (Jeremy et 

al., 2003). This observation was further strengthened by the evidence that IL-1α 

induced hyperkeratinization and hyperproliferation of infundibulum in vitro as well as 

in vivo. IL-1α was isolated from pilosebaceous units in vitro (Guy and kealey, 1998). 

Moreover, IL-1α also stimulated characteristic hypercornification in isolated 

pilosebaceous units in vitro, which was reversed by addition of IL-1α antagonist, 

confirming that hyperkeratinization was IL-1α specific (Guy et al., 1996). The 
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involvement of IL-1α in acne initiation was further revealed from the observation that 

IL-1α immunoreactivity increased in comedones and the follicle wall of uninvolved 

skin (Eady et al., 1993). In addition IL-1 induced inflammation in the dermis and 

increased infiltration of CD4+ lymphocytes and macrophages. These immunocytes 

may further activate endothelium to produce inflammatory vascular markers in 

vasculature around uninvolved skin leading to the acne development in surrounding 

areas as well (Jeremy et al., 2003; Ingham et al., 1992). The entire process may be 

initiated by IL-1α itself, however this supposition is still controversial and under 

investigation. 

Hyperseborrhea and relative decrease in linoleic acid may disturb follicular 

canal integrity which results in the elevated expression of IL-1α (Elias et al., 1980; 

Downing et al., 1986; Perisho et al., 1988). The resulting  collapse of the barrier 

function may stimulate immune response and further release of IL-1α molecules, 

which would then lead to induction of adhesion molecules (ICAM-1), inflammatory 

vascular makers (VCAM-1), leukocytes antigen DR (HLA-DR) in the capillary 

system near to pilosebaceous unit. According to one hypothesis, change in quality of 

sebum produced may disturb sebaceous layer, promote skin to act as barrier against 

pathogens (Jeremy et al., 2003, Ingham et al., 1992). This change of function may 

lead to injury in keratinocytes resulting in IL-1 release from keratinocytes in 

infundibulum. The activated keratinocytes in response may proliferate and favor 

keratinization. The presence of IL-1 in subclinical conditions that is before 

comedones appearance may favor the hypothesis of IL-1 as an early innate immunity 

component in acne pathogenesis. 

 The proposition of IL-1 mediated follicular keratinization overlaps with idea 

of the “keratinocytes activation cycle”. In pathological conditions keratinocytes may 

hyperproliferate. In the case where differentiation increases, the proliferation in the 

basal cells decreases; however if proliferation increases then markers of locomotion, 

cytoskeleton and signaling are overproduced. Increased expression of IL-1 in 

wounded keratinocytes leads to the regulation of processes such as lymphocytes 

migration, selectins activation and fibroblasts transport. Furthermore, it also affects 

keratinocytes activities such as movement, proliferation and production of IL-1, GM-

CSF, TNF-α, ICAM-1 and integrins. This further stimulates the keratinocytes 

activation (Latkowski et al., 1995; Freedberg et al., 2001; Jeremy et al., 2003).  
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 This observation may lead to suggestion that inflammatory events particularly 

mediated by IL-1 occur before hyperkeratinization. However, it is not clear which 

factors mediate IL-1α overexpression.  

2.3.3.5 IL-1α gene polymorphisms 

 The -889 C/T and +4845 G/T are common polymorphisms in the promoter and 

intron region of IL-1A and are associated with various inflammatory conditions. The 

association of IL-1A +4845 G/T polymorphism has been investigated in various 

chronic inflammatory diseases and acne vulgaris. The positive association of IL-1A 

+4845 G/T polymorphism with acne vulgaris was found in Central-European 

population in a case-control study and T allele at +4845 site was associated with acne 

pathogenesis as well as with acne severity symptoms (Szabo et al., 2010).  

 Sobjanek et al., (2013) reported positive association of IL-1A -889 C/T 

polymorphisms with acne in 115 patients and 100 healthy controls from Polish 

population. They observed presence of T allele at -889 site increased risk of acne 

lesions development, where T/T genotype and T allele is associated with increased 

serum levels of IL-1α protein (Sobjanek et al., 2013; Dominic et al., 2002). 

Furthermore, association of the IL-1A -889 C/T polymorphism in many chronic and 

acute inflammatory diseases including sepsis (Zhang et al., 2014), contact dermatitis 

(Landeck et al., 2013), osteoarthritis (Kaarvatn et al., 2013) periodontitis 

(Grigoriadou et al., 2010) Alzheimer’s disease (Ribizzi et al., 2010) and coronary 

artery disease (Haroon et al., 2015) has already been investigated. 

 The importance of IL-1α in skin immunity as well as in comedones initiation 

and progression provoked us to further investigate association of IL-1A -889 C/T 

polymorphism with acne vulgaris in large population. 

 Tumor necrosis factor alpha (TNF-α) 2.3.4

 The TNF superfamily and associated receptors are implicated in variety of cell 

functions including proliferation, apoptosis, invasion, angiogenesis, morphogenesis 

and metastasis. Moreover their role in different pathogenic conditions related to 

immune, inflammatory, metabolic and importantly in skin disorder has been 

investigated. 
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2.3.4.1 Discovery 

The presence of an unknown cytokine was first observed in 1962 as produced 

through the activated immune system and had shown significant toxic effects on many 

cancer cell lines and tumor necrosis in in mouse models. In 1984, cDNA cloning and 

structural characterization showed similarity between lymphotoxin and TNF-α. In the 

subsequent years membrane receptors capable of binding with these cytokines were 

also identified. Further investigation revealed that TNF-α is member of TNF signaling 

family containing 19 members and 29 receptors. The TNF-α ligands and receptors are 

expressed in many immunocytes, and also in other cells under normal and 

pathological conditions (Aggarwal et al., 2012). 

2.3.4.2 Signaling 

The TNF superfamily receptors are classified on the basis of their cellular 

location and presence or absence of intracellular death domain. Some of these 

receptors have more affinity for one ligand than other and more than one ligand can 

bind to multiple receptors with different binding capabilities. The ligands and their 

binding capabilities with known TNF receptors are still under investigation. Here, 

TNF-α signaling, regulation, biological activities, polymorphism and importance in 

cutaneous diseases, with particular focus on acne vulgaris is reviewed. 

 TNF-α also recognized as TNFSF2 is expressed in macrophages, NKs and 

lymphocytes. Its receptor TNFR1/2, also designated as TNFRSF1A/B, is expressed in 

immune and endothelial cells. TNF-α induces 5 different signaling cascades including 

NF-κB activation, the apoptosis pathways, ERK, p38MAPK and JNK, mainly via 

TRADD mediator. 

TNF-α activates TNFR1, which results in recruitment of mediator molecules 

including TRADD, FADD, TRAF and RIP. These signaling molecules induce 

effectors molecules for biological functions. The recruitment of TRADD leads to the 

activation of signaling cascade involving TRAF2, RIP, TAK1 and IKK, which 

ultimately induces transcription factor NF-κB. Meanwhile, induction of FADD and 

caspase-8 through TRADD leads to the stimulation of caspase-3 which subsequently 

mediates cell death.  Moreover, the chronological recruitment of TRAF2, RIP, 

MEKK1 and MKK7 activates JNK pathway. The cells exposed to TNF release 

reactive oxygen species (ROS), subsequently activate MKK7 and JNK pathway. The 
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ERK and p38MAPK are induced through TRADD, TRAF2, RIP, TAK1 and MKK3/6 

signaling molecules. TNF-α can also stimulate cell division via transcription factor 

AP-1 activation. 

The autocrine, paracrine and interestingly, reverse signaling, that is transfer of 

signal from receptor to ligand, has also been observed in TNF-α/TNFR mediated 

signaling pathways. TNF-α is produced as a transmembrane as well as a soluble form 

and transmembrane form is believed to stimulate therapeutic cascade, however 

soluble ligand is considered as involved in pathological activities of TNF-α. The 

TNF-α secreted from cancerous cells mainly works via TNFR1 in paracrine and 

autocrine way (Wajant et al., 2003; Aggarwal et al., 2012).  

Recently it has been reported that TRADD can mediate cell signaling via 

TLR3/4, suggesting possible role of TRADD in pathogen mediated responses and 

immunity. Furthermore, unlike other members of TNF superfamily, the TNF-α has 

ability to activate NF-κB in variety of cells, which makes it a widespread pro-

inflammatory cytokine. The presence of TNF-α alone can stimulate apoptosis process. 

The universal expression and its ability to induce apoptosis alone speculate that 

selection of a single process from cell division, cell survival and apoptosis depends 

upon the balance between these signals. Further, apoptosis process is generally 

activated, however for other TNF-α mediated functions additional protein expression 

may be required (Ermolaeva et al., 2008; Cao et al., 2011). 

2.3.4.3 Biological functions and regulation of TNF-α  

TNF-α has the ability to perform its role at all levels: at cellular level it can 

lead to survival and apoptosis of cells, at multi-cellular level it activates the 

inflammatory and immune components, while at organism level it leads to fever and 

loss of appetite (Eigler et al., 1997). The cytotoxic activity and memory response of 

macrophages, lymphocytes, NK cells and monocytes as well as antibody production is 

due to constant expression of TNF-α (Cowley et al., 2007). The cytokines such as IL-

1, IL-6 and IL-10 induced by TNF-α result in high body temperature and sleepiness 

(Tracey et al., 1986). TNF-α contributes in insulin resistance and inhibits adipocytes 

differentiation (Xu et al., 2002). It also increases expression of inducible nitric oxide 

synthase (iNOS) in phagocytes, which releases abundant amount of NO (nitric oxide) 

to destroy pathogen (Sanders et al., 2001).  
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  TNF-α is the primary cytokine and it has important role in inflammatory 

activities. TNF-α activates iNOS and COX-2 gene causing production of NO and 

prostanoids, which results in vasodilation due to apoptosis of endothelial cells 

(Knowles and Moncada, 1994). Moreover, degradation of glycocalyx layer and 

cytoskeleton along with phosphorylation of cadherin molecules in endothelial cells is 

also carried out by TNF-α, leading to partial destruction of endothelial layer and 

edema (Morgan and Liu, 2010). The adhesion molecules E-selectin and P-selectin 

levels are increased by TNF-α, which facilitates chemotaxis of leukocytes, 

neutrophils, monocytes and memory cells at inflammatory sites (Neunaber et al., 

2011). It also favors oxidative stress and fever by up-regulation of NADPH oxidase 

and prostaglandins (Steinman, 2010).  

TNF-α is regulated on genetic, biological, and physiological level. TNF-α 

level is controlled by polymorphisms like microsatellite markers and single nucleotide 

polymorphisms (SNPs). The low levels of TNF-α were found with microsatellite 

allele a2, a6 and a10 expression (Derkx et al., 1993). The polymorphisms at -238G/A, 

-308G/A and 3’ end of TNF-α transcript have been discovered with increased level of 

TNF-α and unstable transcripts (Jacob et al., 1996). TNF-α itself controls TNF-α level 

by feedback inhibition with the help of its receptors TNFR1 and TNFR2 (Peschon et 

al., 1998). Many cytokines and IFN are involved in upregulation of TNF-α 

expression. TNF-α expression is also regulated by bacterial antigens, LPS, immune 

complexes, burns, trauma, inflammation and endotoxins released from virus, fungi 

and parasites (Idriss and Naismith, 2000).  

TNF-α has been implicated in pathogenesis of many diseases, for example 

autoimmune disorders including skin diseases as psoriasis, eczema and atopic 

dermatitis. Many studies were carried out to check the association of TNF-α with 

different inflammatory skin diseases however contrasting results were obtained in 

populations with different ethnicity. The potential role TNF-α promoter 

polymorphisms (-238 G/A, -308 G/A, -857 C/T, -863 C/A and -1031 T/C) has been 

studied in Korean, Indian, Turkish, Caucasian and Hungarian populations in various 

cutaneous disorders including acne vulgaris by different research groups.  
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2.3.4.4 TNF-α polymorphisms importance in acne vulgaris  

The MHC regions where TNF-α is located are the most prominent 

polymorphic regions throughout whole genome in all vertebrates. The individual 

variation in expression of TNF-α level proposed that many SNPs are likely to exist in 

the promoter region of TNF-α. Further investigations in different populations reported 

various SNPs including -162, -237, -238, -274, -308, -375, -575, -850, -863, -857, -

1031 and -1037 in TNF-α promoter region (Allen, 1999).  

Importantly, TNF-α expression was significantly induced in acne patients 

(Holland and Geremy, 2005; See section 4.6.2).  Thus, factors which modulate TNF-α 

expression possibly may affect the acne lesions development. To answer this 

question, the association of TNF-α promoter polymorphisms with development of 

acne risk was investigated in various populations in case control study design. In 

Turkish population, positive association of TNF-α -308G/A polymorphism with acne 

was reported (Baz et al., 2008). However, Sobjanek et al., reported that TNF-α 

polymorphisms at -238 G/A and -308 G/A are not associated with acne vulgaris in 

Polish population (Sobjanek et al., 2009). Szabo et al., published data on association 

study in Hungarian population. They found significant association of TNF-α -308 

G/A polymorphism and protective role of TNF-α -857 C/T polymorphism in acne risk 

development. They also reported that TNF-α -238 G/A, -863 C/A and -1031 T/C are 

not associated with acne development (Szabo et al., 2011). In Caucasian population, 

significant association of TNF-α -308 G/A was observed with adolescent male 

population, confirming that it may be considered as a marker for early onset of acne 

symptoms in male population (Grech et al., 2014). Similarly, significant association 

was found between TNF-α -308 G/A polymorphism and acne vulgaris in Asian 

population (Al-Hilali and Al-Obaidy, 2014). In metaanalysis of TNF-α -308 G/A 

polymorphism, the recessive model G/G vs. G/A + A/A was found to be associated 

with risk of acne development in Caucasian population (Yang et al., 2014). The 

results for TNF-α -238 G/A association were conflicting whereas TNF-α -308 G/A 

polymorphism was consistently associated with acne in different populations.  

Furthermore, TNF-α promoter polymorphisms at -857 C/T, 863 C/A and -1031 T/C 

still require investigations in Asian acne patients. 

The TNF-α gene expression is controlled by many inflammatory and immune 

mediators. Therefore, it is still indeterminate whether the TNF-α promoter 
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polymorphisms work together to determine the TNF-α serum concentration or disease 

specific factors regulate its levels by upregulation of transcription factor NF-κB. The 

role of TNF-α promoter polymorphisms in the etiology of Asian acne patients still 

requires further investigation.  

2.4 Importance of serum lipids in acne pathogenesis  

Lipid profile is a set of serum tests that aids as an initial screening of lipid 

abnormalities for example in triglycerides (TG), total cholesterol (TC) and high 

density lipoprotein cholesterol (HDL-C). These tests identify metabolic abnormalities 

associated with various diseases including cardiovascular diseases, pancreatitis and 

skin diseases. The apolipoprotein a (apo-a) is a main protein component of HDL-C, 

and helps to remove bad cholesterol from blood.  Recently, elevated expression of 

apo-a has been identified in proteome analysis of follicle infundibulum in acne 

affected patients (Bek-Thomsen et al., 2014). 

The importance of sebaceous glands in acne pathogenesis and evidence that its 

activity is modulated by dietary lipids provoked many researchers to study association 

of serum lipids in acne patients. In 1951, Kalz et al., reported significant decrease in 

cholesterol esters with increase in free cholesterol in 50 acne patients after overnight 

fasting.  However, lipid levels before and after taking meals in acne patients were not 

significantly different and increased within normal limits in acne patients after meals 

(Kalz et al., 1951). Vergani and coworkers showed significant decrease in HDL-C 

and apo-a levels in severe cystic acne patients compared to age matched controls, 

whereas, average levels of plasma TC and TG were not significantly different in 

patients and controls group (Vergani et al., 1982).  

In 2007, Akawi et al. compared TC, TG, HDL-C and LDL-C levels in non-

treated acne patients including 83 female and 83 male subjects versus age and sex 

matched healthy controls. In both genders, level of HDL-C was decreases in acne 

patients whereas levels of TC, LDL-C and TG were within normal range in studied 

controls and patients groups. However, levels of LDL-C and TG were significantly 

raised only in acne patients with severe symptoms. They also stated that HDL-C 

levels decreased with increasing degree of acne severity (El-Akawi et al., 2007). 

 The fasting serum lipid profiles were checked in four groups of Saudi female 

population, such as obese acne patients, obese non-acne controls, non-obese acne 
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patients and non-obese acne controls. Increased levels of TG, LDL-C and apo-b were 

observed in acne patients than other groups. Moreover, apo-a and HDL levels were 

significantly decreased in obese acne patients than other studied groups (Abulnaja, 

2009). 

Lipid profile was also measured in 90 acne patients treated with isotretinoin. 

Increased TC and TG levels were found in these patients. Moreover, high levels of 

TG were primarily observed in female acne patients (Schmitt et al., 2010). 

Similarly, lipid profile was measured in 60 patients from India with severe 

acne vulgaris. They observed that when compared with controls, TC and LDL-C 

levels were increased whereas HDL-C levels were decreased in patients (Arora et al., 

2010). These studies suggest that that lipid profile is important in acne patients. 

However, limited number of study subjects and conflicting results from different 

populations require to further explore the correlation of serum lipids with acne 

vulgaris in large number of acne patients. 

2.5 Importance of platelet factor 4 in acne pathogenesis 

The platelet factor 4 (PF4), also known as chemokine ligand 4, is a cytokine 

and chemokine with C-X-C motif. PF4 is small protein of 70 amino acids and its gene 

is present on chromosome 4. The alpha granules of activated platelets release PF4 and 

promote wound healing and inflammation at site of injury. PF4 is a chemoattractant 

for fibroblasts, neutrophils and monocytes, and binds to chemokine receptor CXCR3B 

(Eisman et al., 1990; Lasagni et al., 2003).   

Activated platelets produce chemokines such as PF4 and β-thromboglobulin 

(β-TG). Activated platelets have been implicated in inflammatory events of cutaneous 

diseases including eczema, atopic dermatitis and psoriasis; as well as other 

inflammatory diseases such as asthma, arthritis and inflammatory bowel disease 

(Aubert et al., 1994; Burgers et al., 1993; Watanabe et al., 199).  

Activated platelets are important in stimulation of adaptive immunity 

activation and wound healing. According to one of the hypothesis about initiation of 

acne lesion, change in sebum lipid composition promotes keratinocytes barrier 

function, which is then sensed by inflammatory markers as injury and leads to the 

initiation of complex mechanisms that lead to acne lesion and scar formation. The fact 

that platelets are involved in inflammation, adaptive immunity and wound healing 
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raises the question of their role in acne vulgaris pathogenesis and treatment (Degitz et 

al., 2007; Semple et al., 2011). 

Administration of autologous platelet-rich plasma (PRP) to surgical wounds 

has been revealed to accelerate tissue restoration and decrease post-operative aching. 

Importantly, autologous PRP has already been investigated for its properties of wound 

healing in acne scar following the laser treatment (Griffin et al., 2015).  

These reports propose that platelet activation in response to injury can result in 

activation of immunity and inflammation which may consequently participate in 

healing of the wounds and, in case of acne vulgaris, the lesions. Meanwhile, the 

activated immune and inflammatory system may also worsen the pathological 

situation. The association of PF4 with acne vulgaris has not been investigated. 

2.6 Human skin responses to bacterial infections 

 The skin is primary barrier which protects body from infections by activating 

innate and adaptive immune signaling pathways. The commensal microbes reside on 

skin area where temperature, moisture and pH is suitable for their growth and 

contribution to cutaneous innate immunity (Grice and Segre, 2011). The outermost 

layer of skin epidermis is formed of dead keratinocytes and provides physical 

protection against pathogens (Nestle et al., 2009). This layer also contains the AMPs 

such as HBD2, HBD3, RNase7 and cathelicidins (Schauber and Gallo, 2009). The 

underneath layers express TLRs, NOD like receptors (NLRs) and Rig like receptors 

(RLRs) which recognize PAMPs and are collectively called PRRs. In addition to the 

keratinocytes, other cutaneous and subcutaneous cells such as Langerhans cells, DCs, 

mast cells, lymphocytes, plasma cell, NKs and fibroblasts also express PRRs and 

participate in innate immune response against pathogenic microbes (Nestle et al., 

2009; Kupper and Fuhlbrigge, 2004).  

Adaptive immune system is activated following the pathogens mediated 

stimulation of PRRs and subsequent release of pro-inflammatory cytokines and 

chemokines, which recruit neutrophils. The pro-inflammatory cytokines such as IL-

1α, IL-1β, TNF-α and IL-6; and neutrophils specific chemokines including CXCL1, 

CXCL2, CXCL5 and CXCL8 that bind to neutrophils surface receptor CXCR2, are 

activated. In addition cell adhesion molecule for example, endothelium specific P-
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selectin, E-selectin, and ICAM1as well as neutrophil specific L-selectin and LFA1 are 

also upregulated to assist movement of neutrophils (Ley et al., 2007). 

Futhermore, CD4+ T helper cells such as IL-17, IL-21, IL-22 and IL-26 are 

produced by TH17 cells which play important role in skin immune responses. The IL-

17 induces neutrophil specific chemoattractants and stimulators (G-CSF and GM-

CSF) as well as IL-17 producing T cells, which collectively contribute to cutaneous 

immune response. The TH17 cells differentiation is stimulated by IL-6, IL-21, IL-23, 

IL-1β and TGF-β. IL-17 and IL-22 induce AMPs production from keratinocytes, and 

IL-21 and IL-22 contribute in wound healing by inducing epidermal proliferation 

(Cua and Tato, 2010).  

Activated neutrophils engulf bacteria by formation of  phagosome using Fc 

and complement receptors and mediate bacterial killing by different ways. 

Importantly, after ingesting bacteria ROS are produced, which kill the bacteria as well 

as charge the phagosome membrane to induce enzyme mediated bacterial death. In 

addition, proteinases including cathepsin G, neutrophil elastase, gelatinase, neutrophil 

collagenase, proteinase 3 and acid hydrolases catabolize bacterial protein components. 

The proteins which sequester bacterial growth limiting proteins are also activated. In 

addition, phagosomes contain AMPs with bactericidal activity (Kobayashi and 

DeLeo, 2009). Modern molecular characterization techniques have identified a range 

of skin commensals that modulate skin immunity during healthy and diseased 

conditions. 

 Human skin responses to P. acnes  2.6.1

 P. acnes is a Gram positive skin commensal and particularly concentrated in 

sebaceous glands where it represents 20-70% of skin resident microbes. P. acnes is 

potential target for treatment of acne vulgaris and its role in modification of skin 

immune responses and inflammatory events has been widely investigated. P. acnes 

possess a single circular chromosome which encodes genes for skin tissue 

inflammation, immunomodulation, HSPs and adhesisns (Brüggemann et al., 2004). 

2.6.1.1 P. acnes biofilms 

The genes for biofilm formation, including uridine diphosphate-N-

acetylglucosamine 2-epimerase, glycoltransferase and polysaccharide biosynthesis 
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proteins, have been identified in the P. acnes genome. P. acnes biofilms release 

matrix polymers which promote surface attachment and change phenotypic behavior 

of P. acnes (Li et al., 2014).  

The P. acnes isolated from healthy skin has less tendency to make biofilms 

than infectious ones. P. acnes biofilms stimulate hyperkeratinization, one of the initial 

steps in comedones formation, and are more resistant to antibiotic treatment than their 

respective planktonic cultures (Beylot et al., 2014). The detailed effects of P. acnes 

on skin immunity and inflammation with particular emphasis on acne vulgaris has 

been reviewed in acne pathogenesis section (See section 2.2.5.5).  

 Human skin responses to S. aureus  2.6.2

S. aureus is a Gram positive bacterium found as part of normal flora in 50% of 

population. It is a common cause of skin infections including impetigo, folliculitis, 

cellulitis, infected ulcers, wounds, as well as of respiratory diseases and food 

poisoning. S. aureus releases disease-causing toxins such as superantigens, exfoliative 

and membrane-active toxins including Panton Valentine leukocidin (PVL) (Maslow et 

al., 1995).  

2.6.2.1 Pathological conditions 

 The severity of S. aureus infections can range from local to deeper soft tissues 

infections requiring hospitalization. The S. aureus mediated infections are responsible 

for abnormalities in neutrophils function for example, neutropenia, chronic 

granulomatous disease, leukocyte adhesion deficiency type I, Wiskott-Aldrich 

syndrome and RAC2 deficiency, neutrophil-specific granule deficiency and Chediak-

Higashi syndrome, diabetes mellitus, renal insufficiency, myeloperoxidase deficiency 

and G6PD deficiency. IL-1R and TLR signaling defects, for example, MYD88 

deficiency and IRAK4 deficiency, have been associated with problems due to 

decreased TH17 cell numbers such as hyper-IgE syndrome, atopic dermatitis and 

HIV/AIDS; and IL‑17F and IL‑17RA deficiency that leads to chronic mucocutaneous 

candidiasis (Miller and Cho, 2011). 

A number of antibiotics have been designed targeting bacterial cell wall cross-

linking process. However, antibiotic-resistant forms of pathogenic S. aureus emerged, 

e.g. methicillin resistant bacteria (MRSA), and became a widespread clinical problem. 
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Community associated MRSA (CA-MRSA) is responsible for fatal S. aureus 

mediated infections in the Asian countries (~17%) (Song et al., 2011), United States 

(>50%) (Moran et al., 2006), and Europe (ranging from <1% to 32%, depending on 

the country) (Elston and Barlow, 2009). The most frequent MRSA strain USA300 is 

associated with soft tissue and cutaneous infections. The establishment of MRSA on 

skin increases the probability of invasive cutaneous infections.  Invasive MRSA 

causes about 18,500 deaths in US, which exceeds the annual combined contribution of 

viral hepatitis, influenza and HIV (Boucher and Corey, 2008). Non-complicated 

cutaneous S. aureus infections, such as impetigo, abrasions and folliculitis do not 

need hospitalization and can be cured by topical antibiotics, incision and drainage 

therapy. However, invasive infection including cellulitis, leg ulcers and wounds in 

patients with micro-vascular disorders, need intravenous antibiotics, hospitalization 

and surgery (Moellering, 2010). The understanding of cutaneous immune system 

against S. aureus and S. aureus mechanism to circumvent host immunity will be 

helpful to cure S. aureus mediated infections. 

2.6.2.2 S. aureus infections stimulated skin signaling 

 The S. aureus lipopeptides and lipteichoics acid activate TLR2 and; IL-1α and 

IL-1β activate IL-1R. The activation of these receptors leads to the MyD88 protein 

activation. The MyD88 stimulates NF-κB production through IRAK4 and TRAF6 

activation. MyD88 also triggers activation of C/EBP β/δ and MAPKs such as JNK, 

p38 and ERK1/ERK2. MAPKs further activate multiple transcription factors such as 

ATF1, CREB, ELK1, FOS, JUN and NF-κB. The TLR-2 receptors also use mediator 

molecule TIRAP to induce signaling mechanisms.  

IL-17 activates IL-17RA/IL-17RC complex on epithelial cells and uses NF-κB 

activator 1 to induce MYD88 signaling pathway. A number of cytokines and growth 

factors activate STAT3 transcription factors through JAK1/2 and TYK2 intermediate 

molecules. These TLR, IL-17, cytokines and growth factors initiate signaling pathway 

which leads to the expression of transcription factors. These transcription factors then 

stimulate transcription of pro-inflammatory cytokines and chemokines to induce 

immunity against invading S. aureus infection (Miller and Cho, 2011). 
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2.6.2.3 S. aureus stimulated IL-1 dependent cutaneous immune signaling  

The S. aureus infection leads to the activation of IL-1R1 receptor on the skin 

surface. The downstream signaling pathway results in keratinocytes activation to 

produce IL-1α. The activated IL-1α then increases its production through autocrine 

mechanism. The S. aureus activated IL-1R1 also leads to the stimulation of 

macrophages, dendritic cells to produce IL-1β and inflammasome activation. The IL-

1α and IL-1β activation leads to the gene expression of transcription factor NF-κB as 

well as signaling molecules including C/EBP β/δ and MAPKs. These activated 

signaling molecules stimulate keratinocytes to produce and release AMPs into 

extracellular space, leading to the bactericidal activity. Moreover, the cytokines, 

chemokines and adhesion molecules are also expressed which recruit neutrophils. The 

neutrophils are involved in abscess formation as well as cooperate with antimicrobial 

peptides to remove the invading S. aureus (Miller and Cho, 2011). 

2.6.2.4 S. aureus stimulated IL-17 mediated cutaneous immune signaling  

S. aureus mediated activation of dendritic cells and macrophages leads to 

release of cytokines, for example IL-1, IL-6 and IL-23. These cytokines activate 

epidermal and dermal cells including TH17 cells, γδT cells, NK cells to produce IL-

17. The IL-17 then activates IL-17 receptors located on cell surface of basal 

keratinocytes in the epidermis (Cho et al., 2010). The activation of these receptors 

leads to the production of AMPs in keratinocytes as well as stimulation of neutrophil 

recruiting cells. Both of these processes then result in decrease of infectious S. aureus. 

In addition, IL-17 also activates granulocytes, G-CSF and GM-CSF that leads to 

neutrophils differentiation in the skin as well as in bone marrow. The abscess is 

formed by the neutrophils, which eventually removes S. aureus from the skin surface. 

The production of IL-17 is increased by a positive feedback mechanism by the 

activation of CCL20 and subsequent recruitment of CCR6 expressing TH17 cells 

(Duhen et al., 2009).  

Although the natural cutaneous system is effective in eradicating the S. aureus 

infection, over the period of time S. aureus has developed strategies to escape the 

immune system.  The antibodies based treatment against S. aureus function proved 

promising however, with passage of time new resistant strains emerge. Although 

considerable information is available about S. aureus virulence, key pathways or 
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signaling molecules that may be targeted are still obscured (Chambers and Deleo, 

2009).  

 Human skin responses to S. epidermidis 2.6.3

S. epidermidis is a skin commensal discovered in 1884 and initially named as 

S. albus. S. epidermidis is found on moist areas of the skin predominantly colonized 

in nares, head and armpits. It has acquired the genes to survive in its natural habitat, 

for example under extreme salt concentration and osmotic pressure. It is distinguished 

from S. aureus due to the absence of enzyme coagulase. S. epidermidis has genome 

extensive diversity at strain level, as 74 sequence tags have been identified using 

multilocus sequence typing. 

S. epidermidis normally provides protection to skin against pathogenic 

bacterial strains, for example S. aureus, however, under some conditions it causes 

nosocomial infections. It is common in hospital acquired infections and makes 

biofilms around catheters or cannulas (Begunn et al., 2007). In US at least 22% of 

such infections are caused by S. epidermidis (Chu et al., 2009). This high rate of 

infections is due to the mechanisms adopted by S. epidermidis to colonize on in-

dwelling devices. These infections caused by S. epidermidis cost 2 billion US dollars 

annually (Rogers et al. 2009). The emergence of antibiotics resistant strains has also 

been reported. Moreover, the S. epidermidis possess antibiotics resistant genes which 

makes the treatment difficult as well, as these genes can be transferred to closely 

associated more virulent pathogens such as S. aureus (Mah et al., 2003). S. 

epidermidis has been found in vascular graft, prosthetic joint, surgical site, cardiac 

device infections and central nervous system shunt infections (Otto, 2009). 

S. epidermidis resistant mechanisms which help it to colonize and evade host 

immunity have been extensively studied. S. epidermidis recognizes the innate 

immunity specific bactericidal molecules and responds to them. The presence of 

AMPs is sensed by the S. epidermidis and leads to the expression of ApsS and 

accessory genes which then activate S. epidermidis AMP resistant mechanisms. For 

example, dlt operon, which mediates teichoic acid dealanyltion and MprF mediated 

phospholipids lysylation, is activated (Peschel et al., 1999). Further, VraF and VraG, 

the S. epidermidis exporters are also activated which may function in exporting the 

AMPs from S. epidermidis membrane (Li et al., 2007).  
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2.6.3.1 Biofilm formation 

The biofilm is defined as groups of the microorganisms which are attached to 

some surface. In S. epidermidis basic cell processes including cell wall, nucleic acid 

and protein formation are suppressed during biofilms formation (Yao et al., 2005). 

The hydrophobic character of the bacterial cell surface is important in attachment with 

abiotic surfaces. The Atle35, Bap protein 36 and teichoic acid are important in 

defining attachment, autolysin and hydrophobic characteristics of S. epidermidis cells 

surface adhesion to matrix. In addition, collagens binding protein sdrf, fibrinogen 

binding protein sdrG, elastin binding protein ebp are important biotic surfaces binding 

molecules. The exopolysaccharide, teichoic acids and DNA from lysed cells may help 

bacterial cells to aggregate after attachment with matrix. The poly-N-

acetylglucosamine (PNAG) found in many organisms including S. epidermidis is 

considered critical for biofilms formation in vitro (Heilmann, et al., 1996a; Heilmann 

et al., 1996b). However, mechanisms blocking the PNAG do not stop S. epidermidis 

biofilms formation, as some other proteins which assist biofilm formation have been 

recognized. The role of PNAG in biofilm formations is still controversial. The agr 

system is involved in detachment of S. epidermidis biofilms. These biofilms are 

important in S. epidermidis mediated pathogenesis as well as in protecting it from host 

immunity (Chaignon et al., 2007). 

2.6.3.2 Protective exopolymers 

 The S. epidermidis releases poly-γ-glutamyl acid to resist innate immunity of 

the host. This polymer is important in bacterial protection against neutrophils 

phagocytosis as well as from being disturbed by AMPs (Kocianova et al., 2005). The 

PNAG not only has important role in biofilm formation but also promotes S. 

epidermidis colonization on host skin surface by contributing in its protection from 

host immunity. The PNAG polymer protects S. epidermidis by sequestering AMPs, 

complement components deposition, antibodies, and neutrophil mediated 

phagocytosis (Kristian et al., 2008; Vuong et al., 2004). In addition to the 

exopolymers, the exoenzymes including cysteine proteases, metalloproteases, 

glutamylendopeptidases, serine proteases and lipases are released by the S. 

epidermidis, which either degrade the host specific molecules or modify the S. 
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epidermidis cell surface proteins to prevent from being attacked by host immunity 

(Teufel and Götz, 1993; Dubin et al., 2001). 

2.6.3.3 Toxins and antibiotics resistance 

S. epidermidis toxins have been identified, however these toxins are not as 

dangerous or as pathogenic as those of the S. aureus. The toxins produced by S. 

epidermidis are phenol soluble modulins (PSMs) and are expressed from following 

genes: psmα, psmδ, psmε, psmβ1, psmβ2 and hld. S. epidermidis is resistant to many 

antibiotics including methicillin, rifamycin, fluoroquinolones, gentamycin, 

tetracycline, chloramphenicol, erythromycin, clindamycin, sulphonamides, 

streptogramins, linezolid and tigecycline. The mobile genetic elements in S. 

epidermidis provide resistance against methicillin (Yao et al., 2005; Vuong et al., 

2004; Mehlin et al., 1999).  

It is evident from these studies that S. epidermidis is a commensal by virtue of 

its less toxicity and anti-host immune strategies. Importantly, it is also resistant to a 

number of antibiotics which makes it more difficult to treat when it is pathogenic. 

However, it contributes the cutaneous immunity by competing against the pathogenic 

strains. Furthermore, the resistant mechanisms which help it to colonize the cutaneous 

surfaces also assist to compete with the pathogenic strains. The identification of 

molecular pathways regulated by S. epidermidis would be helpful to understand its 

commensal as well as pathogenic behavior. 

2.7 Pam3CSK4, a synthetic agonist for TLR1/2 

 Human innate immunity recognizes pathogen associated molecular 

patterns through PRRs (TLRs) that are present on cell surface and intracellular 

compartments. To date, 13 TLRs has been identified which recognize different 

pathogen associated molecules. Among these receptors, TLR1 is a specific bacterial 

triacylated peptide receptor and is present on cell surface of monocytes, macrophages, 

a subset of DCs and B-lymphocytes. TLR2 recognizes bacteria specific glycolipids, 

lipoproteins and lipopeptides and also recognizes Gram positive bacteria specific 

lipoteichoic acid. The TLR2 receptor is present on cell surface of innate immunity 

cells such as monocytes, macrophages, neutrophils and DCs. The activated TLR1/2 

signals through MyD88 and MAL adaptors to initiate inflammatory and immune 
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responses. However, the antagonists of TLR1/2 receptors do not block S. aureus 

infection, proposing that other infectivity mechanisms are adopted by S. aureus (Hari 

et al., 2010).  

Pam3CSK4 is a synthetic agonist of TLR1/2 receptors. Pam3CSK4 is a 

tripalmitoylated lipopeptide with chemical name, N-Palmitoyl-S-[2,3-

bis(palmitoyloxy)-(2RS)-propyl]-[R]-cysteinyl-[S]-seryl-[S]-lysyl-[S]-lysyl-[S]-lysyl-

[S]-lysine and its molecular weight and chemical formula are 1509.6 and 

C81H156N10O13S, respectively. Pam3CysSerLys4 (Pam3CSK4) mimics the acylated 

amino terminus of bacterial LPS and is a potent activator of the pro-inflammatory 

transcription factor NF-κB. Recognition of Pam3CSK4 is mediated by TLR2, which 

cooperates with TLR1 through cytoplasmic domain to induce signaling cascade 

leading to activation of NF-κB. This synthetic TLR1/2 agonist has been used by many 

investigators to study relationship between immunity and infections (Meunier et al., 

2015). 

The human skin treatment with Gram positive bacteria and Pam3CK4 will be 

helpful for identification of additional strategies adopted by bacteria to modify 

downstream signaling pathways. 

2.8 Metaanalysis 

 To understand the human immune strategies against bacterial strains on a 

larger scale the metaanalysis procedure is very useful (Mimoso et al., 2014). Analysis 

of data sets with large number of microarrays using metaanalysis overcomes the 

problems which may arise due to combining of data from different groups, various 

cell lines and study approaches. We searched public repositories for molecular 

responses to bacterial challenges and found microarray data for Bovine mastitis and S. 

aureus infection in humans. To optimize and validate the metaanalysis methodology 

bovine mastitis data which was more homogenous and had few microarrays was first 

analyzed.  

 Innate immunity and bovine mastitis 2.8.1

Mastitis is, arguably, the most important disease of dairy cattle (Thompson-

Crispi et al., 2014). It is caused by the infection of mammary gland by various micro-

organisms, including E. coli and S. aureus (Wellnitz and Bruckmaier, 2012). Mastitis 
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causes reduced milk production in affected cows, premature culling, discarding of 

subpar milk, veterinary and labor costs and pervasive use of antibiotics (Deb et al., 

2013).  

Interestingly, the E. coli and S. aureus infections result in different mastitis 

symptoms and responses, as they are typically associated with acute and severe vs. 

sub-clinical and chronic disease, respectively. In bovine PMEC E. coli infection 

induces the receptors TLR2 and TLR4; and inflammatory cytokines TNF-α, IL-1b, 

IL-6 and IL-8, and activation of the NF-κB pathway; on the other hand, S. aureus 

infection induces TLR2 expression and other molecular responses are delayed if 

present at all ( Fu et al., 2013). Mastitis infections can have local as well as systemic 

effects (Blum et al., 2000). The inflammation reaction in udder can be stimulated 

using LPS, which may ameliorate severity of subsequent infections (Shuster and 

Harmon, 1991). LPS can be recognized by TLR4, which may prime the innate 

immune system to recognize Gram-negative pathogens, such as E. coli. (Miyake, 

2004). 

Mastitis is commonly treated with antibiotics (Swinkels et al., 2015), which 

has common disadvantages including development of resistance and need for 

increasing dosage (Bengtsson et al., 2009). Newer approaches include probiotic 

treatment with e.g., non-pathogenic Lactococci  (Klostermann et al., 2008) 

The responses to infection have been studied using transcriptional profiling, 

both in infected udders in vivo, as well as by treating PMEC with heat-inactivated 

bacteria in vitro (Sipka et al., 2014). These studies are hindered by the extensive inter-

individual variety of the cows, even from the same herd, genetic background, age and 

milking history (Akerstedt et al., 2011). While in the same animal responses are 

similar and consistent in repeated infections (Hirvonen et al., 1999), different animals 

respond to E. coli infection in different ways (Vallimont et al., 2009). 
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2.9 Aims of study  

The cutaneous immune strategies against commensals and pathogenic bacteria 

needs to be addressed as clear from the review of published data. Therefore, for 

thorough understanding a multifactorial, widespread and infectious disease, the acne 

vulgaris was chosen and different aspects of the acne vulgaris were studied ultimately 

focusing on the skin immunity against commensals and pathogens. The current study 

has explored following objectives: 

 

• Investigation of adipokine and cytokines association with acne vulgaris 

• Study of the metabolic irregularities in acne pathogenesis 

• Optimization of the metaanalysis procedure to study molecular responses to 

Gram positive bacterial infections using microarray data from Bovine mastitis-

causing bacterial challenges  

• Transcriptome metaanalysis of the human skin and systemic responses to S. 

aureus and S. aureus components infection 

• Investigation of human skin responses to commensals and pathogenic bacterial 

strains and identification of TLR exclusive mechanisms adopted by skin 

commensals and pathogenic bacteria for infection 
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3 MATERIALS AND METHODS 

ACNE GENETICS 
A total of 1080 subjects including 530 acne patients and 550 healthy controls 

were recruited from similar geographical region of Pakistan to study association of 

inflammatory cytokines and adipokines gene polymorphisms with acne patients in 

Pakistan. 

3.1 Sampling of Participants 

A randomized sample of 530 Acne vulgaris patients (329 females and 201 

males) with history of acne predominantly on face was collected from the similar 

geographical region of Pakistan. Blood samples were collected from patients visiting 

OPD of Benazir Bhutto Hospital Rawalpindi (BBH), Pakistan Institute of Medical 

Sciences (PIMS), Wapda Hospital Lahore and Quaid-i-Azam University (QAU) 

students. Age and sex matched healthy controls were recruited predominantly from 

BBH, Armed Forces Institute of Blood Transfusion (AFIC) and QAU students. 

Informed written consent was obtained from each participant of the study in 

accordance with the Helsinki Declaration of 1975 revised in 1997 and a questionnaire 

was filled through personal interviews of the participants (Annexures I and II).  

3.1.1 Inclusion criteria for patients and controls  

Inclusion criteria required participants to have acne on face or back for at least 

six months and absence of acne cosmetic or polycystic ovary syndrome (PCOS). 

Acne severity was rated according to Combined Acne Severity Classification 

developed by Lehmann et al. (2002) i.e., mild (< 20 comedones, or <15 inflammatory 

lesions, or number of total lesions <30), moderate (20-100 comedones, or 15-50 

inflammatory lesions, or number of total lesions 30-125) and severe acne (>5 cysts, or 

total comedone count >100, or total inflammatory count >50, or number of total 

lesions >125). Inclusion criteria for healthy controls included subjects who met the 

following conditions: never had any episode of acne, any other skin or systemic 
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disorder in past, had a few pimples which never persisted for more than a week and 

had not acne marks or ice pick scars on face or back. 

3.1.2 Questionnaire filling 

All the required information of acne patients was obtained with medical doctor 

involvement through proper procedure of filling out questionnaire and personal 

interviews. The questionnaire collected data from every patient on demographic 

factors (name, age and sex), socioeconomic factors (occupation), type of skin, type of 

lesions, family history of acne, questions regarding prior or current treatment, general 

knowledge about causes of acne, and acne severity. The research proposal was 

reviewed and approved by the Institutional Review Board (IRB), QAU Islamabad, 

Pakistan. 

3.1.3 Collection of blood samples 

Peripheral venous blood samples were drawn from acne patients and healthy 

controls in 5mL sterile syringes (Becton Dickinson, Pakistan) using aseptic vein 

puncture technique. For molecular analysis, blood samples (2.5mL) were immediately 

transferred into pre-labeled screw cap ethylene diamine tetra-acetic acid (EDTA) 

vacutainer tubes (BD, USA) to prevent coagulation. After filling with blood, the 

screw cap vacutainers were gently inverted to mix the anticoagulant with blood 

components. Then blood samples were transferred to ice box (4°C) for transportation 

to laboratory. In the laboratory these samples were stored at 4°C for genetic studies. 

3.1.4 Serum extraction  

Sample blood (2mL) was transferred to a labeled gel vacutainer tube (BD, 

USA) for serum extraction and tubes were incubated for 30min at room temperature 

to accelerate clot formation process. These vacutainer tubes were then centrifuged for 

15min at 3000rpm and supernatant was aliquoted in labeled 1.5mL microcentrifuge 

tubes at -20°C for future analysis (Centrifuge 5417R, microcentrifuge tube, 

Germany). 
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3.2 Genetic Testing 

For genetic study, DNA was extracted from 1080 blood samples either by 

standard phenol-chloroform method (Sambrook et al., 1989) or using commercially 

available kit (Jena Bioscience, Germany). 

3.2.1 Genomic DNA extraction (Phenol-Chloroform Method) 

3.2.1.1 Working solutions preparation 

For DNA extraction from blood samples phenol-chloroform method was used. 

Briefly, for preparation of solution A, Sucrose (0.32M), Tris-HCL (10mM) pH 7.5 

and MgCl2 (5mM) were dissolved in 400mL of distilled water, pH of the solution was 

adjusted to 7.5 and volume was adjusted to 495mL with distilled water. Solution was 

autoclaved and after cooling at 37°C 5mL of 1% Triton X-100 was added to make 

500mL of Solution A. Solution B (leukocyte lysis buffer) was prepared by Tris-HCl 

10mM (pH 7.5), NaCl 400mM and EDTA 2mM (pH 8) were dissolved in 300mL of 

distilled water. The solution was autoclaved and brought to final volume to 500mL 

with distilled water. For preparation of Solution C (saturated phenol pH 7.0) phenol 

was melted at 65°C in a hot water bath and 100mL of the phenol was transferred to a 

500mL reagent bottle. Then 100mL of deionized water was added and the bottle was 

shaken vigorously to mix the organic and aqueous phases until they form a fine 

emulsion. This mixture was stored at room temperature (25-37°C) overnight to 

separate the phases. The upper (aqueous) phase was removed on the following day 

without disturbing interface. This procedure was repeated by adding equal volume of 

deionized water until clear interface obtained. Finally, pH 7.0 was adjusted and 

Solution C was stored at 4°C in amber bottle to protect from light-mediated oxidation. 

Solution D (chloroform: isoamylalcohol) was prepared by mixing 1mL of 

isoamylalcohol (100%) and 24mL of chloroform (100%)  to make 25mL of solution. 

Na-Acetate solution (3M) was prepared by dissolving 24.61g Na-Acetate in distilled 

water to make final volume of 100mL. 10% SDS solution was prepared by dissolving 

10g of SDS in distilled water to make final volume of 100mL and  pH of the solution 
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was adjusted to 7.2 with HCl. 70% Ethanol was prepared by mixing 30 mL of 

distilled water in 70mL of ethanol to achieve final volume of 100mL. 

3.2.1.2 Procedure 

Standard phenol-chloroform method was used for genomic DNA extraction 

(Sambrook et al., 1989). From each sample, 750μL of whole blood was taken in a 

1.5mL microcentrifuge tube, mixed with equal volume of solution A by inversion and 

incubated at room temperature for 15min. The microcentrifuge tubes were then 

centrifuged at 13,000rpm for 2min in a microcentrifuge (Microcentrifuge tube 

Centrifuge, Model 5417R, Germany), resulting in formation of pellet on bottom of 

microcentrifuge tube and upper layer of supernatant. The supernatant was discarded 

and the pellet was resuspended in 400µL of solution A, and centrifuged at 13,000rpm 

for 2min. Again the supernatant was discarded and the nuclear pellet was resuspended 

in solution B (400µL), 25µL of 10% SDS solution and 6µL (20mg/mL) of proteinase 

K (Fermentas, England), and incubated at 37°C overnight. 

On the following day, 500μL of fresh mixture of equal volumes solution C and 

solution D was added in the samples, mixed and centrifuged for 10min at 13,000rpm. 

The upper aqueous phase was collected to a new 1.5mL microcentrifuge tube and 

equal volume of solution D was added in it. Centrifugation was then carried out at 

13,000rpm for 10min. Again the upper aqueous phase was collected to a new 1.5mL 

microcentrifuge tube and 55µL of 3M sodium acetate (pH 6) and equal volume of 

isopropanol (500μL, stored at -20ºC) was added to the collected aqueous phase. The 

tubes were gently inverted several times to precipitate the DNA, and centrifuged at 

13,000rpm for 10min. The solvent phase was removed without disturbing the DNA 

pellet, which was then washed with 350μL of 70% chilled ethanol and again 

centrifuged at 13,000rpm for 10min. After removing the ethanol, the DNA pallet 

contained in microcentrifuge tube was left on bench top to dry at room temperature 

for 30min and then dissolved in 250μL of TE buffer. The pellet along with TE buffer 

was left at 37oC in incubator for 24 hours for complete dissolution. On the following 

day, the DNA presence was confirmed on 1% (w/v) agarose gel by gel 

electrophoresis. 
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3.2.2 Genomic DNA extraction (Kit Method) 

Commercially available “DNA preparation from blood” kit (Jena Bioscience, 

Germany) was used for genomic DNA extraction from whole blood. The successive 

steps included cell lysis, protein precipitation, DNA precipitation and DNA hydration. 

For whole blood cell lysis, 300µL from each sample was transferred to an autoclaved 

1.5mL microcentrifuge tube and mixed with 900µL red blood cells lysis solution by 

inverting tubes ten times. After 3min incubation at room temperature, mixture was 

centrifuged at 15,000rpm for 30sec. Supernatant was discarded leaving behind 20µL 

of residual liquid and visible white cell pellet in microcentrifuge tube. The 

microcentrifuge tube was vigorously vortexed (Vortex-T, Gene 2, USA) for 10sec to 

resuspend white cell pellet in the residual liquid. Then 300µL cell lysis solution was 

added to the microcentrifuge tube and mixed by pipetting until clumps disappeared. In 

cell lysate 100µL of protein precipitation solution was dispensed and thoroughly 

mixed by vortex followed by centrifugation at 15,000rpm for 1min. A clear 

supernatant layer was separated leaving a tight dark brown pellet of protein at the base 

of microcentrifuge tube. This clear supernatant was carefully transferred to a new 

1.5mL microcentrifuge tube and mixed with 300µL isopropanol (>99%) by gentle 

inversion for 1min to precipitate DNA. The DNA was appeared as a small white 

pellet after the centrifugation at 15,000rpm for 5min. After discarding supernatant, 

microcentrifuge tubes were drained on a clean absorbent paper to dry the pellet 

completely. The DNA pellet was washed with 500µL ethanol (99%) by inverting 

tubes several times. Ethanol was carefully removed after centrifugation at 15,000rpm 

for 1min and pellet was dried at room temperature. Depending on size of pellet, 

suitable volume of DNA hydration solution (50-100µL) was dispensed and mixed by 

gentle tapping. DNA samples were incubated for 1h at 37°C to accelerate rehydration 

and then stored at 4°C. 

3.2.3 DNA confirmation 

One percent (w/v) agarose gel was prepared by dissolving 0.5g agarose in 

50mL of TBE buffer in a 250mL flat-bottom flask. The mixture was melted in 

microwave oven with occasional swirling for thorough mixing followed by addition 
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of 7μL of ethidium bromide solution (10mg/mL) for staining of the gel. From each 

sample, 5μL DNA was mixed with loading dye and loaded into 1% agarose gel wells. 

Electrophoresis was performed at 120V for 30min in TBE running buffer in 

electrophoresis tank. On agarose gel, DNA bands were visualized under UV light and 

image was captured by gel documentation system (Wealtec-Dolphin Doc). 

3.3 Gene Amplification and Polymorphism Determination 

Functional polymorphisms in genes encoding adipokine (RETN) and primary 

and secondary cytokines (TNF-α, IL-1α and IL6) were studied by amplifying gene 

sequence through polymerase chain reaction (PCR) technique followed by restriction 

fragment length polymorphism (RFLP) using appropriate enzyme. Information about 

forward and reverse primer sequences, annealing temperatures, restriction enzymes 

and digested band lengths are given in Table 3.1.  

3.3.1 PCR water preparation 

All working and stock solutions, PCR and RFLP reaction mixture were 

prepared in PCR water. For preparation of PCR water, millipure water was autoclaved 

and further sterilized with 0.22mm syringe filter, stored at 4°C to use as solvent later. 

3.3.2 PCR reaction mixture preparation  

A total of 25µL reaction mixture was prepared in 0.2mL PCR tubes (Axygen, 

USA) containing 2.5µL 10XTaq buffer [750mM Tris-HCl pH 8.8, 200mM (NH4)2SO4 

and 0.1% Tween 20], 2µL MgCl2 (25mM), 0.5µL dNTP mixture (10mM), 1.25µL of 

each forward and reverse primer (10pM), 0.25µL Taq DNA polymerase (5u/µL, 

Fermentas, England), 100ng of DNA sample and 15.25µL PCR water. The reaction 

mixture was mixed by spinning for 10sec and placed in pre-heated thermal block of 

Applied Biosystems GeneAmp® PCR System 9700 (Life Technologies, USA) for 

amplification of the  target sequence. 
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3.3.3 Programming of the PCR cycler 

The thermal cycler for IL6 (-174) and IL-1α (-889) was set as following: 1. 

DNA denaturation at 95ºC for 5min, 2. 40 cycles of 3 steps: denaturation at 95ºC for 

1min, annealing at 60ºC for 1min and elongation at 72ºC for 1min, 3. final extension 

at 72ºC for 10min. The thermal cycle for RETN (+299, -420) and IL6 (-572) was set 

as following: 1. DNA denaturation at 94ºC for 4min, 2. 35 cycles of 3 steps: 

denaturation at 95ºC for 40sec, annealing at (56ºC, 58ºC and 55ºC, respectively) for 

40sec and elongation at 72ºC for 1min, 3. Final extension at 72ºC for 10min. Thermal 

cycle for TNF-α (-857, -863, -1031) was set as: 1. Double helix denaturation at 94ºC 

for 12min, 2: 35 cycles of denaturation at 94ºC for 30sec, annealing at 59ºC for 1min, 

extension at 72ºC for 2min, 3: Final extension at 75ºC for 2min. 

3.3.4 PCR amplified product confirmation 

Positive amplification and size of PCR products was confirmed on 2% (w/v) 

agarose gel using 1kb DNA marker (MBI-Fermentas, UK). Two percent agarose gel 

was prepared by melting 1g agarose (Sigma-Aldrich Mo, USA) in 50mL of TBE 

buffer in a microwave oven. The solution was kept at room temperature to cool and 

7μL of ethidium bromide solution (10mg/mL) was added to the melted agarose; 

combs were placed in the gel cassette and gel was poured. Once agarose polymerized, 

the combs were removed and 5μL of amplified PCR product mixed with loading dye 

[0.25% bromophenol blue with 40% sucrose solution (MBI, Fermentas, Life Sciences, 

UK)] was loaded into the wells of 2% agarose gel. Electrophoresis was performed at 

120V for 30min in TBE running buffer using gel electrophoresis apparatus (Bio-Rad, 

USA). The bands of amplified PCR products were visualized under UV 

transilluminator and results were recorded by gel imaging system (Wealtec-Dolphin 

Doc, USA). 

3.3.5 Restriction fragment length polymorphism 

The PCR amplified products were cut with appropriate restriction enzymes for 

each polymorphic site (ThermoFisher Scientefic USA), listed in Table 3.1. For single 

reaction 8µL master mixture was prepared by addition of 3µL of appropriate buffer 
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providing 100% activity for respective enzyme (green for HINIII and BbsI, yellow for 

MbiI, AluI and NCOI, red for TaiI) and restriction enzyme (1U) in PCR water to make 

up final volume. This solution was mixed thoroughly by short spin in microcentrifuge 

and transferred to a 200µL PCR tube containing 12µL of PCR amplified product. 

After another short spin, the tubes were incubated at 37°C for 16h.  

3.3.6 RFLP identification by gel electrophoresis 

DNA fragments were separated on ethidium bromide-stained agarose gel 

using appropriate agarose gel concentration [IL-6 -174/-572, TNF-α -857/-863, RETN 

-420 (3%) and TNF-α -1031,  RETN +299 (4%)] by electrophoresis at 120V for 

15min, followed by slow running at 90V for 45min in  TBE running buffer. The 

banding pattern of digested PCR fragments was visualized by placing the gel on UV 

transilluminator and results were recorded by gel documentation system (Wealtec-

Dolphin Doc). Genotypes were determined by comparing band sizes with 1kb DNA 

marker (GeneRulerTM). 

3.4 Lipid Profile 

Lipid profile, including total cholesterol (TC), triglycerides (TG) and high 

density lipoprotein (HDL-C) was determined in acne patients and controls serum 

samples. The levels of TC, TG and HDL were analyzed using commercially available 

kits (AMP diagnostics). 

3.4.1 Determination of total cholesterol (TC) 

The Cholesterol PAP kit (AMP Diagnostics) was used for determination of TC 

concentration in serum samples. The kit included cholesterol standard of known 

concentration (200mg/dL) and reagent solution [PIPES buffer, Sodium cholate, 

Cholesterol esterase (CE), Cholesterol oxidase (CO), Peroxidase (POD), 4-

Aminoantipyrine (4-AA), Phenol, Non-ionic detergents and biocides].  

Enzymatic (oxidase/peroxidase) endpoint method was used for TC 

determination. The cholesterol esters in study samples were catalyzed by CE to 

produce cholesterol and fatty acids. Resultant cholesterol was oxidized by CO to 
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produce cholestenone and hydrogen peroxide. In the presence of produced hydrogen 

peroxide and POD the phenol and 4-AA from reagent were catalyzed to produce color 

product quinoneimine and water.  

3.4.1.1 Procedure 

The standards, serum samples and reagents were brought to room temperature 

(~37°C). The blank, standard and sample solutions were prepared by addition of 10µL 

distilled water, standard and sample solutions in 500µL reagent solution. These 

solutions were then mixed gently and incubated at 37°C for 5 minutes.  Then, 

absorbance of the colored product was read against blank reagent at 37°C, 500nm 

wavelength in 1cm path length cuvette. Chemistry analyzer Roche/hitachi-904 (Roche 

diagnostics, Indianapolis; USA) was used to measure the absorbance. The 

concentration of TC (mg/dL) was calculated using following formula. 
𝐴𝑆𝑎𝑚𝑝𝑙𝑒
𝐴𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑

× 𝐶𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 = 𝑇𝐶 (𝑚𝑔/𝑑𝐿) 

3.4.2 Determination of triglycerides (TG) 

The Triglycerides AMP Diagnostics was used for determination of TG level in 

sample and standard solutions. Commercial kit included standard (glycerol trioleate) 

of known concentration 200mg/mL and reagent solutions [lipoprotein lipase (LPL), 

adenosine triphosphate (ATP), Mg+2,  glycerol kinase (GK), glycerophosphate 

oxidase (GPO) to peroxidase (POD), 4-aminoantipyrine (4-AA), phenol, PIPES 

buffer, Non-ionic detergents and biocides]. 

The enzymatic (glycerol oxidase/peroxidase) endpoint method was used for 

TG determination. The TG in study samples was hydrolyzed by LPL to produce 

glycerol and fatty acids. Produced glycerol was phosphorylated by GK to produce 

Glycerol-3-Phosphate, further oxidized by GPO to produce dihydroxyacetone 

phosphate and hydrogen peroxide. In the presence of produced hydrogen peroxide and 

POD the phenol and 4-AA from reagent are catalyzed to produce color product 

quinoneimine and water.  
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3.4.2.1 Procedure 

The standards, serum samples and reagents were brought to room temperature 

(~37°C). Blank, standard and sample solutions were prepared by addition of 10µL 

distilled water, standard and sample solutions, respectively, in 500µL reagent 

solution. These solutions were then mixed gently and incubated at 37°C for 5min.  

Then absorbance of colored product was read against blank reagent at 37°C, at 500nm 

wavelength in 1cm path length cuvette. Chemistry analyzer Roche/hitachi-904 (Roche 

diagnostics, Indianapolis; USA) was used to measure the absorbance. The 

concentration of TG (mg/dL) was calculated using following formula. 
𝐴𝑆𝑎𝑚𝑝𝑙𝑒
𝐴𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑

× 𝐶𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 = 𝑇𝐺 (𝑚𝑔/𝑑𝐿) 

3.4.3 Determination of high-density lipoprotein (HDL-C) 

The HDL Cholesterol AMP Diagnostics kit was used for determination of 

HDL-C level in sample and standard solutions. The kit included standard (cholesterol) 

of known concentration 50mg/mL and reagent solutions (Polyethylene glycol and 

glycine buffer). Precipitation method was used; sample LDL and vLDL cholesterol 

were precipitated using precipitation reagent. The HDL-C in supernatant was then 

measured by using reagent already described for TC determination.  

3.4.3.1 Procedure 

The samples were prepared by mixing 100µL sample in equal volume of 

reagent solution and centrifuged at 1500rpm for 10min. The HDL-C concentration 

was determined by preparing blank, standard and sample solutions by addition of 

50µL distilled water, standard and sample solutions, respectively, in 500µL reagent 

solution. These solutions were then mixed gently and incubated at 37°C for 5min.  

Then absorbance of colored product was read against blank reagent at 37°C, 500nm 

wavelength in 1cm path length cuvette. Chemistry analyzer Roche/hitachi-904 (Roche 

diagnostics, Indianapolis; USA) was used to measure the absorbance. The 

concentration of HDL-C (mg/dL) was calculated using following formula. 
𝐴𝑆𝑎𝑚𝑝𝑙𝑒
𝐴𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑

× 𝐶𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 × 2(𝑑𝑓) = 𝐻𝐷𝐿 − 𝐶 (𝑚𝑔/𝑑𝐿) 
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3.5 Enzyme Linked Immunosorbent Assay (ELISA) 

We have determined TNF-α, apo-a and PF4 levels in sera of age- and sex-

matched mild to moderate and severe groups of acne patients using ELISA technique. 

3.5.1 TNF-α level determination in patients serum 

We have used commercially available enzyme immunoassay kit (Human 

tumor necrosis factor-alpha, ELISA, Kit, Immunotech, France) for determination of 

TNF-α level in patients groups. The protocol enclosed with kit by manufacturers was 

followed, provided with 5pg/mL as minimum detectable level. The intra- and inter-

assay coefficient ranges were 1.6%-10% and 5.4%-12.8%, respectively. 

3.5.1.1 Principle 

The procedure for TNF-α level was based on one step sandwich ELISA 

technique. The ELISA microtiter plate (96 wells) was pre-coated with the TNF-α 

specific primary monoclonal antibody. TNF-α protein present in samples or 

calibrators was conjugated with immobilized antibody and secondary monoclonal 

antibody linked to alkaline phosphatase. After incubation unbound substances were 

washed with the wash solution. Chromogenic substrate was added and reaction was 

stopped using stop solution. The absorbance proportional to color intensity and TNF-

α level concentration in calibrator and sample was measured.     

3.5.1.2 Assay Procedure 

All reagents provided in the kit and samples were brought to room temperature 

(~30°C) and prepared according to the kit manufacturer’s instructions. The reagents 

and working calibrators were gently mixed for even distribution of contents before 

use. The sample or calibrator (100µL) and equal volume of conjugate solution were 

dispensed in the microtiter plate wells. The plate was covered with covering strip and 

incubated at 18-25°C for 2h with continuous shaking. After incubation, excess of 

conjugate was washed three times with 200µL wash buffer using automated microtiter 

plate washer (AMP Diagnostics, Austria). After washing, the solution in microtiter 
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plate was aspirated and plate inverted firmly several times against absorbent paper to 

remove excess liquid. The microtiter plate was covered with cover strips after 

addition of 200µL chromogenic substrate to each well and incubated in dark for 

45min at 18-25°C with continuous shaking to allow even spreading and proper 

binding. To end the reaction 50µL stop solution was dispensed into each well and 

absorbance was measured at 405nm wavelength on Platos R 496 Microtiter plate 

reader (AMP Diagnostics, Austria). The standard curve was drawn using calibrator 

absorbance on abscissa and relative standard concentrations on ordinate in Microsoft 

excel sheet. TNF-α protein level in acne patients was then calculated using a quadratic 

mode curve fit equation Y = A + Bx + Cx2. 

3.5.2 Apo-a level determination in patients serum 

The level of apo-a in samples was determined using commercially available 

enzyme immunoassay kit [Mercodia apo (a) ELISA)]. The protocol provided with kit 

was followed to determine apo (a) concentrations in study samples. 

3.5.2.1 Principle 

Procedure for apo-a determination was based on the direct sandwich ELISA 

technique in which primary and secondary monoclonal antibodies are directed against 

separate antigenic determinants on the Apo-a molecule. The Apo-a in the sample was 

incubated with peroxidase-conjugated anti-apo-a antibodies and anti-apo-a antibodies 

bound to microtitration well. Unbound enzyme was washed with wash buffer and 

bound conjugate was detected by reaction with chromogenic substrate 3,3’,5,5’-

tetramethylbenzidine (TMB). The reaction was stopped by addition of acid to give a 

colorimetric endpoint that was read spectrophotometrically. 

3.5.2.2 Sample preparation 

Samples and controls were pretreated for the detection of apo-a level. The 

25µL controls/samples were mixed with 25µL pretreatment solution and incubated for 

1h at room temperature. The controls and samples were diluted 202 fold by addition 

of 5mL sample buffer and stored at 4°C for analysis. 
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3.5.2.3 Procedure 

Reagents including enzyme conjugate solution, wash solution and sample 

buffer were prepared according to manufacturer’s instructions. Calibrators and 

controls level were detected in duplicates for accurate results and a calibrator curve 

was drawn for each assay. The microtiter plate provided in kit was pre-coated with 

anti-Apo (a). The calibrator (25µL), pre-treated samples (25µL) and pre-treated 

controls (25µL) were dispensed into microtiter plate. Microtiter plate was incubated 

on a shaker (700-900rpm) for 1h at room temperature (30°C). Each well was washed 

6 times with 700µl wash buffer using an automatic plate washer (AMP Diagnostics, 

Austria) with overflow-wash function, without soaking in between each step, to 

remove unbound reagents and solutions. Then 200µl substrate TMB was dispensed 

into microtiter plate and incubated for 15min. To each well 50µL stop solution was 

added and plate was placed on the shaker for 5sec to ensure mixing of substrate and 

stop solution. The absorbance was measured at 450nm using Platos R 496 Microplate 

reader (AMP Diagnostics, Austria).  

3.5.2.4 Calculation of apo-a levels 

The concentration of apo-a was calculated by computerized data reduction. 

Absorbance of calibrators was plotted on abscissa vs. corresponding concentration on 

ordinate using cubic spline regression to draw standard curve. The absolute level was 

measured by multiplying concentrations with the dilution factor (202). The average 

values for apo-a in patietns and control subjects were compared. The standard 

deviation, maximum and minimum values were also calculated.  

3.5.3 PF4 determination in patients serum 

The level of PF4 was determined using commercially available enzyme 

immunoassay kit IMUCLONE® Platelet Factor 4 ELISA kit (Sekisui Diagnostics) in 

acne patients. The method was performed according to the manufacturer’s protocol. 
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3.5.3.1 Principle 

Procedure for PF4 determination followed direct sandwich ELISA technique. 

The PF4 in diluted samples and standards was conjugated with human PF4-specific 

pre-coated affinity purified rabbit polyclonal antibody. After washing off excess 

reagents, an affinity-purified rabbit polyclonal antibody specific for human PF4, 

coupled to horseradish peroxidase (HRP) was added to the microwells. The 

peroxidase substrate TMB, in presence of hydrogen peroxide (H2O2) was added 

following the second wash step. The subsequent enzymatic reaction yielded a blue 

colored solution. Sulphuric acid was added to stop the reaction which changed color 

to yellow. The concentration of PF4 was determined by measuring absorbance of the 

solution at 450 nm. 

3.5.3.2 Preparation of standard 

The standard solution provided in the kit was diluted with PF4 sample diluent 

to prepare working standard. The 0.50mL, 0.20mL, 0.10 and 0.05mL of 1ng/mL 

standard solution was mixed gently with buffer for complete homogenization to 

prepare 0.5, 0.2, 0.1 and 0.05 times dilution. The standard dilutions were kept at 4°C 

until the analysis was performed. 

3.5.3.3 Procedure  

Reagents and solutions were prepared according to the kit manufacturer’s 

instructions. The control and sample solutions were diluted with sample buffer to 

prepare 1:2 and 1:4 dilutions, respectively. The 200µL standard, diluted sample and 

diluted control were added to the polyclonal antibody-coated microwells in microtiter 

plate and incubated at 25°C for 1h to allow complete binding between PF4 in samples 

and the antibody. The microwells were washed five times with 300µL wash buffer to 

remove unbound chemicals using automated plate washer (AMP Diagnostics, 

Austria). Immediately after washing, 200µL anti-PF4-HRP immunoconjugate was 

dispensed in each well and incubated at 25°C for 1h. Again, excess of antibody was 

washed five times with 300µL wash buffer using automatic washer. The chromogenic 

TMB substrate was immediately and quickly dispensed to each well and incubated at 
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25°C for 5min. Then the stop solution (0.45M H2SO4) was added following exactly 

the same time intervals used for addition of the substrate to stop the enzymatic 

reaction. Microtiter plate was kept at 25°C for 10min to allow stabilization of 

developed color. Absorbance was measured at 450nm using automated Platos R 496 

Microplate reader (AMP Diagnostics, Austria). 

3.5.3.4 Calculation of PF4 level  

A standard curve was constructed by plotting the mean absorbance value for 

each PF4 standard on ordinate vs. its corresponding concentration in ng/mL on 

abscissa. The PF4 concentrations for analyzed samples were deduced from the 

standard curve directly. To find the actual PF4 level in serum, observed concentration 

was multiplied with dilution factor i.e. 4.  

3.6 Statistical Analysis 

The clinical and biochemical features of study population were presented as 

mean ± SD. GraphPad Prism V.05 was used for statistical analyses. For, comparison 

of continuous variables (for example lipid profile) in controls vs. patients analyses 

unpaired t test was used. The frequencies in 2 x 2 and 2 x 3 and 3 x 3 contingency 

tables (gender, genotype, allele, acne severity, acne type, skin type, family history) 

were compared using Fisher’s exact test or Chi-square test according to sample size. 

In haplotype analysis and HWE test, p-Values were calculated with conventional Chi-

square method. The levels of TNF-α, apo-a and PF4 among wild type and variant type 

genotypes of the inflammatory cytokines and adipokine were analyzed using unpaired 

t test. The continuous variables in skin type and acne type groups were calculated 

using one way non-parametric analysis of variance (ANOVA). The p-Values less than 

0.05 were considered statistically significant.  

 

 

 

 

 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        80 

 



Materials and Methods 

 
SKIN RESPONSES TO BACTERIAL CHALLEGNES 

 Skin responses to bacterial challenges were studied using metaanalysis 

approach and treating human breast reduction skin with different bacteria and TLR1/2 

agonist. 

3.7 Metaanalysis Approach 

3.7.1 Metaanlaysis of molecular responses to mastitis-causing 

bacteria 

We performed microarray metaanlaysis of udder tissue and PMECs responses 

to mastitis-causing bacteria to optimize metaanalysis procedure. 

3.7.1.1 Metaanalysis procedure 

For the metaanalysis public repositories at databases, including the National 

Center for Biotechnology Information (NCBI) Gene Expression Omnibus, GEO 

(http://ncbi.nlm.nih.gov/geo) and AarrayExpress (http://www.ebi.ac.uk/arrayexpress/) 

were searched using appropriate search term. The overall scheme of our approach is 

shown diagrammatically in Figure 3.1. Appropriate data sets series (GSE) were 

selected for analysis and large CEL or TXT files in data sets, including 

proprietary gene IDs and expression values in various formats, were 

downloaded, unzipped and normalized. Datasets using Affymetrix platform were 

combined and analyzed by RMAExpress (http://rmaexpress.bmbolstad.com/) for 

quality control before further analysis. Microarray data for mastitis causing bacteria 

challenged versus control cell lines in all datasets were combined in single excel 

spread sheet using data-loader (http://www.add-ins.com/).  

3.7.1.2 Downloading and grouping of the data files  

 “GEO Datasets” search for key term “E. coli” and selecting organism “Bos 

taurus” returned 20 data sets as output. In these studies effect of different strains of 

live E. coli, heat-inactivated E. coli or LPS was tested either in udder biopsies or 
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PMECs. We have also searched for “Staphylococcus aureus” in Bos taurus, and found 

13 studies in “GEO Datasets”. We have selected only studies focused on epithelial 

cells responses to bacterium, either conducted in vivo (udder tissue) or in vitro 

(PMEC). We did not analyze the systemic responses in blood cells. Selected studies 

were conducted using platform “Affymetrix Bovine Genome Array” for 

transcriptional profiling, containing 24128 genes. The CEL or TXT files deposited in 

these studies were processed as described before. Datasets obtained were first 

analyzed using RMAExpress for quality control. For each study, data obtained from 

treated or control samples was saved in different columns of excel spread sheets.  

We analyzed: 4 datasets comprising 89 microarrays for control and E. coli-

infected udder biopsies, 3 data sets with 88 microarrays for control and inactivated E. 

coli treated cells, 1 dataset with 12 microarrays for LPS treated and untreated 

samples. For PMEC responses to heat inactivated S. aureus, we found 2 studies with 

75 microarrays from treated and control samples. 

3.7.1.3 Differentially expressed genes identification using RankProd software  

 Bioconductor is free available bioinformatics software for analysis of 

high-throughput genomic data (http://www.bioconductor.org/). It uses R 

statistical programming language for bioinformatics studies. Rank Product 

(RankProd) is a sub-software package in Bioconductor for identifying differentially 

expressed, up- or down- regulated genes with application in metaanalysis. The 

method combines data sets from different origins (metaanalysis) to increase the power 

of the identification using non-parametric method based on the estimated percentage 

of false predictions. This software was downloaded from following link 

(http://www.bioconductor.org/packages/release/bioc/html/RankProd.html). 

The expression values for control and bacterial-challenged samples 

microarrays, based on the hypothesis were arranged in excel spread sheet using data-

loader. This spread sheet was then saved as TXT file for analysis in RankProd. 

Specific commands used for the representative metaanalysis using RankProd software 

are given in Annexure III. Output of RankProd Software produced two tables, 
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including differentially expressed induced genes with p-values better than 0.01 for 

each analysis. 

The first table represented genes overexpressed in bacteria challenged cells 

and second table with genes overexpressed in control group. Detailed procedure for 

microarray metaanalysis using RankProd software was published in previous reports 

(Mimoso et al., 2014 and Younis et al., 2015). 

3.7.1.4 Gene annotations and identification of gene ontologies using DAVID 

software  

The online software Database for Annotation, Visualization and Integrated 

Discovery (DAVID) (http://david.abcc.ncifcrf.gov/) was used for annotation of the 

upregulated genes (10-4) identified by RankProd software. For differentially expressed 

genes in the LPS treated and control PMEC, genes with p-values better than 10-3 were 

chosen. Tables containing information about individual genes; charts representing 

overexpressed gene ontologies and clusters containing groups of ontological 

categories of similar processes were downloaded and saved. We have produced 

specific data for induced and suppressed genes in each comparison.  

3.7.2 Metaanalysis of Human responses to Staphylococcus aureus 

3.7.2.1 Searching for the metaanalysis-appropriate studies in public 

repositories 

Public repository “GEO Datasets” was searched using key term 

“Staphylococcus aureus” for data sets covering effects of S. aureus infection in Homo 

sapiens cells. In these studies effects of live, heat- or UV-inactivated and secreted 

components from S. aureus cultures were studied in epithelial or immune cells. The 

cells were treated for different time periods. In 3 data sets differential expression in 

blood drawn from infected patients and healthy controls was studied.  

3.7.2.2 Global analysis of differential expression in S. aureus-challenged cells 

 Microarray data was synchronized from 15 studies comprising 24 data sets, 

532 microarrays and 15600 genes. These studies used Affymetrix (GPL96, 97, 570, 
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571, 6106 and 6244) and Illumina (GPL10558) platforms. Overall distribution of 

studies based on challenging treatments was as following: 7 studies for live S. aureus, 

4 for S. aureus secreted factors or components and 2 for heat- or UV-inactivated S. 

aureus. In 2 studies RNA expression was observed in blood of S. aureus-infected 

patients vs. controls. These separate studies were conducted on keratinocytes, 

epithelial, endothelial, immunocyte and hepatocellular carcinoma cell lines. The two 

data sets utilizing the Illumina arrays were not used for the global comparison but 

only in analyses of specific subsets due to incomplete overlap of raw data in 

microarrays. 

3.7.2.3 Analysis of differential expression in cells infected with live S. aureus 

 Data from 6 studies, 10 datasets 214 microarrays and 21632 genes was 

combined. In these studies S. aureus infection responses were observed in 

macrophages, neutrophils, leukocytes, human umbilical vein endothelial cells and a 

hepatocellular carcinoma cell line. Affymetrix and Illumina platforms were used for 

differential expression analysis in infected and control cells. For this analysis, two 

data sets were found to be compromised the first due to missing data and the second 

for fewer common genes with other data sets.  

3.7.2.4 Analysis of differential expression in cells challenged with inactivated S. 

aureus  

 Effects of UV- or heat-inactivated S. aureus were studied in bronchial 

epithelial and DC’s respectively. This analysis included 2 studies, 3 data sets, 65 

microarrays and 19679 genes. 

3.7.2.5 Differential expression analysis of S. aureus infected patients blood 

 Three studies containing 3 data sets were found comparing differential gene 

expression in blood of S. aureus-infected patients and healthy controls. These studies 

used Affymetrix (GPL570, GPL571) and Illumina (GPL6947) platforms. After 

combining the data from three different studies, 279 microarrays and 15001 common 

genes were obtained altogether. In this analysis the study using Illumina (GPL6947) 

platform and 143 microarrays was modified before combining. The empty spaces in 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        84 

 



Materials and Methods 

 
data were replaced with “1” to use in RankProd software, as described (Mimoso et al., 

2014). 

3.7.2.6 Expression analysis in cells challenged with S. aureus-secreted 

components 

 This analysis included 4 studies, 9 data sets, 87 microarrays and 22276 genes. 

Affymetrix platforms GPL570 and GPL571 were used in this analysis. Differential 

expression was observed in leukocytes, PBMC’s and keratinocytes challenged with S. 

aureus PVL, inactive PVL (iPVL), superantigens, and cultures from biofilms and 

planktonic S. aureus. Cluster analysis using Multiple expression Viewer software 

(MeV) for average difference between controls and challenged microarrays for 

individual data sets indicated that biofilm and planktonic cultures-treated samples 

cluster together, but separately from the S. aureus PVL- and superantigens-treated 

samples. Hence, these analyses were separated into sub-groups. We separately 

compared 2 data sets challenged with superantigens, containing 12 microarrays and 

54675 genes. For analysis of PVL and iPVL comparison, 2 data sets 42 microarrays 

and 54675 were combined and processed.  

 In biofilm-planktonic combined analysis we analyzed 5 data sets, 33 

microarrays containing 20697 genes. Biofilm and planktonic cultures-treated 

microarrays were also checked in separate analyses.  In biofilm-challenged 

microarrays analysis we analyzed 2 data sets and 12 microarrays containing 22277 

genes. For planktonic culture-challenged analysis we checked 3 data sets, 21 

microarrays and 22277 genes. Biofilm-challenged microarrays vs. planktonic cultures-

treated ones were also compared in a separate analysis. This analysis did not include 

non-challenged, control microarrays and was performed on 2 data sets, 18 

microarrays and 22277 genes altogether. 

3.7.2.7 Metaanalysis procedure 

 The data for transcriptional profiling were found deposited in respective gene 

expression series as CEL or TXT files. These were processed for further analysis 

using RankProd software as described above. We used the RankProd software to 

identify the genes differentially expressed in S. aureus-challenged cells with p-values 
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better than 10-2. RankProd analysis for each study group produced a table representing 

induced or suppressed genes in challenged cells. The DAVID software was used to 

get tables, charts and clusters for the induced or suppressed genes with p-Value less 

than 10-4 obtained from RankProd output tables.  

3.8 Transcriptional Profiling of Skin Challenged with 

Bacteria 

After understanding the transcriptional responses of skin to bacterial 

challenges in bovine and humans using metaanalysis approach, an experiment was 

designed to further understand bacterial infection mechanisms using microarray 

technique.  

Bacterial lipoproteins are recognized by the TLR receptors on cell surfaces. 

However, TLR targeting drugs cannot stop the bacterial infection completely. To 

examine the specific effects of activating TLR2 receptor, we treated breast reduction 

skin with TLR1/2 agonist (Pam3CSK4). We also used 2 commensals and 1 

pathogenic bacterium to find the activated pathways in response to these receptors 

stimulation, using microarray technique. Gram positive and negative skin bacteria 

were used to find out downstream processes stimulated in response to infections. We 

challenged skin with S. aureus, S. epidermidis and P. acnes. Skin biopsies were taken 

and RNA was extracted for microarray analysis. 

3.8.1 Preparation 

3.8.1.1 Bacterial cultures preparation  

The S. aureus strain RN4220 was a kind gift from Richard P. Novick 

(Department of microbiology, Skirball institute, NYU). S. aureus was streaked on a 

glucose agar plate from the -80°C frozen stock, and incubated overnight at 37°C for 

growth recovery. 10mL CYGP broth (10g/liter casamino acids/10 g/liter yeast 

extract/5 g/liter glucose/5.9 g/liter NaCl/60 mM β-glycerophosphate) was inoculated 

with a single colony of S. aureus and incubated at 37°C with shaking on 225rpm until 
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the desired concentration (OD660 1.503) reached. Samples were aliquoted, flash frozen 

with ethanol/dry ice bath and stored at -20°C.  

The P. acnes (provided by Dr. Kenneth Inglima laboratory, Department of 

Microbiology, NYU Langone Medical Center) was streaked on Columbia CNA agar 

plate containing 5% Sheep Blood. A single colony was transferred to 1mL Dulbecco's 

Modified Eagle Medium (DMEM) in 1.5mL microcentrifuge tube and incubated at 

37°C for 48h under anaerobic conditions. The P. acnes culture was then stored at -

20°C for further use.  

The S. epidermidis (provided by Dr. Guillermo Perez-Perez, Department of 

Medicine, NYU Langone Medical Center) was streaked on Mannitol salt agar plate. A 

highly concentrated bacterial culture was prepared by transferring a concentrated 

culture of P. acnes to DMEM (1mL) followed by incubation at 37°C for bacterial 

growth recovery. 

3.8.1.2 TLR1/2 Agonist (Pam3CSK4) stock preparation 

The commercially available synthetic triacylated lipoprotein TLR1/2 ligand 

was provided by InvivoGen. The kit contained Pam3CSK4 (1mg) and endotoxin free 

water (1.5mL). The stock solution of Pam3CSK4 (1mg/mL) was prepared by mixing 

1mL endotoxin-free water and powdered TLR agonist, followed by vortex for 30sec 

to achieve complete solublization. This stock solution was stored in aliquots at -20°C 

for future use. The Pam3CSK4 stock solution was used to prepare working dilution 

(300ng/mL) in DMEM for treatment.  

3.8.1.3 Breast reduction skin processing  

The fresh breast reduction skin was provided by NYULMC core facility, 

transported to laboratory and incubated at 4°C until experiment was performed on 

same day. The skin was placed on absorbent paper in DMEM media in a petri plate. 

The subcutaneous fat and collagen were removed from the skin using sterile scissors 

and forceps. Cleaning was performed in horizontal laminar flow hood under sterile 
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conditions and transferred epidermis side up to another petri plate onto DMEM 

soaked absorbent paper. 

3.8.2 Procedure for bacterial treatments 

Before the final experiment skin permeabilization procedure was optimized to 

ensure diffusion of treated solutions. For this purpose, subcutaneous collagen and fat 

was removed from fresh breast reduction skin without disturbing the intact epidermis 

and transferred to paper towel-containing petri dish (150mm X 25mm). Then cloning 

rings (20mm X 11mm) were greased with Vaseline from below to ensure a good seal 

and avoid leakage of treatment solutions and placed on skin.  

 Epidermis in each cloning ring was incubated with 1mL acetone for 1min; 

this process was repeated three times with 1min break between consecutive 

incubations. A concentrated solution of bromophenol blue dye (BPB) (1mL) was 

dispensed in cloning rings and petri dish was incubated at 37°C for 24h. On following 

day BPB was removed from rings with pipette and rings were carefully removed. The 

epidermis was cleaned with sterilized paper towel to avoid BPB dye leaching, leading 

to misinterpret results. The skin was then turned upside down in new petri plate and 

dermal side was observed for diffusion of BPB across epidermis. After the successful 

optimization of skin permeability protocol, the actual experiments were performed. 

Three bacterial cultures (P. acnes, S. aureus and S. epidermidis) were 

incubated for 2h before experiment at 37°C for growth recovery. The fresh and clean 

breast reduction skin was spread in petri dish on DMEM soaked paper towel using 

sterilized forceps. Five sterilized cloning rings were greased with Vaseline from 

downside and placed on skin with practical distance between individual rings. These 

cloning rings were also greased from outside using spatula to guarantee prevention of 

horizontal leakage. Each ring was incubated at room temperature with 100% acetone 

(1mL) three times, with 1min break in between consecutive incubations and acetone 

was properly aspirated in the end. Then 1mL of each DMEM media, bacterial culture 

from each strain or TLR1/2 agonist (300ng/mL) was dispensed into cloning rings. 
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Every step was performed with sterilized instruments in laminar flow hood. Petri plate 

was covered, labeled and transferred to incubator for 24h incubation at 37°C.  

On the following day the petri plate was shifted back to laminar flow hood and 

solutions from each ring were transferred to pre-labeled 1.5mL microcentrifuge tubes. 

The cloning rings were removed and grease was cleaned with sterilized paper towels. 

Then punch biopsies (8mm) were taken from the center of each ring and transferred to 

pre-labeled microcentrifuge tubes containing 500µL RNAlater and incubated at 4°C 

to deactivate RNAases. The solutions removed from rings were streaked on LB agar 

plate to ensure presence of bacteria cultures and absence of the contaminations in the 

media and TLR1/2 agonist containing rings. The agar plates were then incubated 

overnight at 37°C. Next day results were recorded.  

3.8.3 RNA extraction 

Qiagen RNeasy Mini Kit was used to extract RNA from skin biopsies stored 

in RNAlater solution. All steps were performed at 4°C and for centrifugation 

Eppendorf Centrifuge 5415 was used. 

3.8.3.1 Reagents preparation 

For RNA extraction from skin biopsies, reagents provided with the kit were 

prepared as follows. β-Mercaptoethanol (10µL) was dispensed in RLT buffer (1mL) 

and stored at 4°C. The working solution of RPE buffer was prepared by adding 4mL 

of ethanol (95%) in 1mL RPE buffer, mixed gently and stored at 4°C.  

RNase-free DNase provided by Qiagen, was used for on column DNA 

digestion. DNase stock solution was prepared by injecting 550µL RNase-free water 

into the DNase vial using a sterile RNase-free needle and syringe. The stock solution 

was mixed gently by inversion and 50µL aliquots were prepared to store at -20°C for 

future use. Before use, DNase aliquot was defrost at room temperature and 350µL 

RDD buffer (provided in kit) was added to prepare 400µL DNase working solution 

for on-column DNA digestion. 
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3.8.3.2 Skin tissue homogenization 

Skin biopsies were homogenized using lysing kits containing ceramic lysis 

beads (zirconium oxide) of 2.8mm and 5.0mm in 2mL reinforced tubes (CKMix50-R, 

Bertin Corp). The MINILYS homogenizer (Bertin technologies) was used to grind 

and disrupt skin biopsies (8mm) using high energy 3D acceleration of lysis beads in 

lysing kits containing 700µL cell lysis RLT buffer. 

3.8.3.3 Skin tissue lysate homogenization 

QIAshredder spin columns (Qiagen) were used for rapid homogenization of 

skin tissue lysates. In single use spin columns 700µL tissue lysate was dispensed and 

centrifuged at 10500rpm for 2min. The column was then removed and collection tube 

containing flow through was capped and used for next step. 

3.8.3.4 Ethanol washing 

The 70% ethanol was added to equal volume of tissue lysate (700µL) and 

mixed properly by pipetting. The tissue lysate (700µL) was immediately transferred 

to and RNeasy Mini spin column placed in 2mL collection tube and centrifuged at 

11000rpm for 25 sec in microcentrifuge. The column-bound DNA was digested by 

on-column digestion technique.  

3.8.3.5 On-column DNase digestion 

For washing RNeasy column bound RNA, 350µL RW1 buffer was added, and 

centrifuged at 10500rpm for 25sec. The flow through was discarded and 80µL DNase 

solution was directly transferred to RNeasy column membrane and incubated at room 

temperature (25°C) for 15min to ensure DNA digestion. After incubation, 350µL 

RW1 buffer was dispensed in column, centrifuged at 10500rpm for 25sec and the 

flow through was discarded. 
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3.8.3.6 Washing and elution of membrane-bound RNA 

To wash bound RNA, RPE buffer (500µL) was added to RNeasy spin 

columns, centrifuged at 10500rpm for 25sec and the flow through was discarded. This 

step was repeated with 2min centrifugation. The RNeasy spin column was transferred 

to a new collection tube and centrifuged with open lid at 12000rpm for 1min to dry 

column membrane. Then RNeasy spin column was transferred to a new 1.5mL 

collection tube. To elute RNA, 40µL RNase-free water was directly added to the spin 

columns and centrifuged at 10500rpm for 1min. The collection tube containing RNA 

solution was capped and stored at -20°C for microarrays. 

3.8.3.7 RNA confirmation 

Initially, RNA isolation was confirmed by running 5µL RNA solution on 1.5% 

agarose gel and viewed on Biorad Gel Doc EZ imager. RNA concentration was 

confirmed by nano-drop method.   

3.8.4 Microarrays procedure 

Extracted RNA from skin biopsies was sent to NYULMC core facility for 

microarray analysis. Briefly, RNA (5-8μg) was reverse transcribed and labeled as 

described in already published report (Mahadevappa M and Warrington JA, 1999). 

Labeled cRNA was hybridized to the Affymetrix arrays followed by washing. RNA 

hybridized array was stained with anti-biotin streptavidin-phycoerythrin-labeled 

antibody using Affymetrix fluidics station and then washed again according to the 

Affymetrix protocol. Arrays were scanned using the Agilent GeneArray Scanner 

system (Hewlett-Packard) and Gene Chip 3.0 software to determine the expression of 

each gene.  

3.8.4.1 Array data analysis 

Intensity values were scaled by calculating the overall signal for each array 

type. Only those intensity values were chosen that had a greater relative signal 

intensity than one standard deviation above average for all genes scored as “absent” in 
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the samples to ensure results accuracy. The ratio of signal intensity values from 

challenged and control biopsies were used to determine the differential gene 

expression. The results accuracy was further ensured by strong selection criteria: only 

genes showing a 2 fold greater induction or suppression relative to their 

corresponding controls were considered for further analysis. We have used RankProd 

and DAVID software to analyze data as already explained. 
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Figure 3.1 Flow chart of representative metaanalysis procedure  
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4 RESULTS 

The skin is first physical and chemical barrier that provides immunological 

defense against environmental pathogens. The epidermal and dermal layers of skin 

cells have specialized innate and adaptive immune strategies to combat intruding 

pathogens immediately therefore, it is an ideal model for study of human immune 

responses to bacterial infections. The acne vulgaris, a worldwide multifactorial skin 

disease of pilosebaceous units was selected in current study to understand the skin 

infectious diseases mechanisms. In present study, multiple factors involved in acne 

lesions initiation and progression including genetics, serum metabolites and P. acnes 

infection were explored. In addition, molecular responses of skin to bacterial 

challenges were studied using microarray metaanalysis approach and transcriptome 

analysis of human skin treated with different bacteria and skin PRR (TLR1/2) agonist. 

4.1 Acne patients and controls selection for genetic analysis  

 Acne genetics study was done on 530 patients including 329 females and 201 

males collected from OPD of BBH, PIMS and WAPDA hospitals of Punjab province 

in Pakistan. From similar geographical region age, sex and ethnicity matched 550 

healthy controls including 332 females and 218 males were selected for comparison 

(Table 4.1). Inclusion criteria for patients were; 1) continuous appearance of acne 

lesions for more than six months 2) absence of acne cosmetic and PCOS. Inclusion 

criteria for controls were; 1) healthy subjects without acne scars 2) without any 

history of skin or systemic disease 3) lacking of past history of acne lasting more than 

two weeks. 

4.1.1 Clinical characteristics of study subjects  

The acne patients information about skin type, family history, acne breakout, 

acne type and acne severity was collected using questionnaire method. The properties 

of acne patients including acne breakout location, skin type, family history, disease 

severity and lesions type are represented in Figure 4.1. From 530 patients, majority of 

the patients had acne on face (69%); other patients had acne on neck, shoulders, arms, 

back and chest (31%). The skin type of studied population was determined using 
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online available questionnaire for skin type determination. The observed data revealed 

that majority of acne patients had combination (46%) and oily (30%) skin type. 

Further, patients with dry skin develop acne more frequently than patients with 

sensitive skin type (14% vs. 9%). The data also indicated that patients with normal 

skin (1%) have least chances of acne lesions development. In studied population, 48% 

of acne patients had positive family history of acne whereas, 52% patients showed 

negative family history. The acne patients were classified in three severity groups 

namely mild, moderate and severe. Patients were also grouped according to the 

lesions type in non-inflammatory acne group such as comedonica; and inflammatory 

acne group such as papulopustular and nodulocystic. This data suggested that the 

individuals with oily skin are at high risk for acne pathogenesis. In addition, the acne 

patients with moderate acne symptoms and papulopustular acne type are more 

frequent than other disease severity and disease type groups in Pakistani population. 

There are several causes of acne vulgaris including hyperseborrhea, 

hyperkeratinization, P. acnes infection and inflammation. We have focused on 

inflammation for acne genetic studies and analyzed inflammatory cytokines for 

example, IL-1α, IL-6, TNF-α and adipokine resistin gene polymorphisms. The p-

Values for HWE test in controls and patients for each polymorphism are given in 

Table 4.2. The importance of serum metabolites in acne pathophysiology was also 

investigated by measuring levels of lipid profile, apo-a, TNF-α, and PF4 in acne 

patient using enzymatic end point and ELISA techniques. The differential expression 

of human skin challenged with P. acnes using microarrays was also checked to 

investigate the role of P. acnes in acne pathogenesis. 
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Table 4.1 Clinical characteristics of acne patients and controls 

 

Characteristics Controls (n = 550) Patients (n = 530) p-Value 

Age (years) 23.51 ± 6.17 23.07 ± 7.04 0.278 
Gender 
(Female/Male) 332/218 329/201 0.574 

Female  (n = 332)  (n = 329)  
Age (years) 22.99 ± 5.69 23.46 ± 7.92 0.988 

Male  (n = 218)  (n = 201)  
Age (years) 23.61 ± 7.00 22.45 ± 6.96 0.088 

 

 

Table 4.2 Hardy Weinberg Equilibrium test for studied gene polymorphisms 

in controls and acne patients 

 

Gene and Locus HWE test p-Values 
Controls Patients 

RETN +299 G/A 0.557 0.670 
RETN -420 C/G 0.265 0.758 
IL-6 -174 G/C 0.143 0.997 
IL-6 -572 G/C 0.986 0.096 
IL-1α -889 C/T 0.989 0.194 
TNF-α -857 C/T <0.001 <0.001 
TNF-α -863 C/A 0.306 0.370 
TNF-α -1031 T/C 0.083 <0.001 

 

 

Continuous data is represented as mean ± standard deviation; p-Values were 

calculated using two-tailed unpaired t test; Frequencies were compared using Chi 

square test; p-Values less than 0.05 were considered statistically significant; n, 

Number of subjects; HWE, Hardy Weinberg Equilibrium.  
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Figure 4.1 Acne vulgaris patients characteristics 
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4.2 Analysis of RETN polymorphisms in acne patients 

 Adipocytokines play important functions in inflammation and immune 

processes. Among these, resistin is a 12.5kDa cysteine-rich protein, first observed in 

adipocytes, subsequently in monocytes, macrophages, spleen, (Nogueiras et al., 

2003), and, importantly, in human sebaceous glands and cultured sebocytes (Harrison 

et al., 2007). Resistin is a pro-inflammatory mediator and increases expression of 

primary and secondary inflammatory cytokines (Tilg and Moschen, 2006). 

Considering the importance of resistin in inflammation and its expression in 

sebaceous gland cells, we hypothesized that change in RETN expression affected by 

polymorphisms in its promoter and intron region might affect the pathogenesis of 

acne vulgaris. Therefore, two RETN functional polymorphisms, one from intron 

(+299 G/A) and other from promoter (-420 C/G) region were selected to study the 

possible association of resistin gene with acne vulgaris. The characteristic banding 

patterns for these polymorphisms are represented in Figure 4.2. The Chi square test 

based on 3 x 2 and 2 x 2 contingency tables of case-control genotype counts was used 

to analyze association of resistin gene polymorphism with acne vulgaris.   

4.2.1 Association of RETN polymorphisms with acne patients 

The distribution of genotype and allele frequencies and corresponding 

percentages of RETN +299 G/A and -420 C/G polymorphisms in different penetrance 

models are given in Table 4.3a. We found that RETN polymorphism at +299 G/A was 

significantly associated with acne as clear from general penetrance model (p=0.007). 

The frequency of major genotype (G/G) was high in controls, whereas the frequency 

of heterozygous (G/A) and minor genotype (A/A) was high in patients. The 

distribution of gene and allele frequencies was also statistically significant in additive, 

dominant and recessive penetrance models. Therefore, RETN +299 polymorphism 

was strongly associated with acne vulgaris, as was consistently observed in all 

penetrance models. 

Similarly, the RETN promoter polymorphism at -420 C/G was also 

significantly associated with acne vulgaris (Table 4.3b). The percentage of minor 

genotype (G/G) was high in acne patients whereas the percentage of heterozygous 
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genotype (C/G) and major genotype (C/C) was high in controls group as represented 

in general penetrance model. Frequency distribution was also significantly different 

between patients and controls in additive and recessive models (p=0.013 and p=0.010, 

respectively). The p-Value for the comparison of genotype frequencies between acne 

patients and controls in dominant model of -420 C/G polymorphism was not 

significant however; minor genotype frequency was still high in patients than controls 

as observed in other genotype models for association. These results suggested that 

RETN polymorphisms at +299 G/A and -420 C/G are significantly associated with 

acne vulgaris. 

4.2.2 Association of RETN polymorphisms with acne vulgaris in 

gender based groups 

 The study subjects were grouped according to the gender to study RETN gene 

association with females and males population. The female population included age 

and sex matched 332 controls and 329 patients. In male population age and sex 

matched 218 controls and 201 patients were studied (Table 4.4 and 4.5). 

 We found that in RETN +299 G/A polymorphism genotype and allele 

frequencies of minor allele were significantly high in female patients in general, 

additive and dominant penetrance models (p=0.008, p=0.005 and p=0.045, 

respectively; Table 4.4a). In recessive model minor gene frequencies were increased 

in female patients however, did not reach statistical significance (p=0.280). The study 

of RETN +299 G/A polymorphism in male controls versus patients revealed that this 

polymorphism is not significantly associated with acne disease in male population. 

Although, minor allele frequencies were high in male patients as observed in general, 

additive, dominant and recessive penetrance models however, did not reach statistical 

significance (p=0.250, p=0.198, p=0.108 and p=0.769, respectively; Table 4.4b). 

 In analysis of RETN -420 C/G polymorphism in female population, we found 

strong association in general, additive, dominant and recessive models (p=0.001, 

p<0.001, p=0.026 and p<0.001, respectively; Table 4.5a). The genotype and allele 

frequencies of minor genotype (G/G) were high in female patients whereas the 

heterozygous (C/G) and major genotype (C/C) frequencies were high in control 

group. The increased probability of disease association in female population was 
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indicated with better value of odds ratio (OR). Conversely, this polymorphism was 

not associated with acne vulgaris in male population in general, additive, dominant or 

recessive models of penetrance (p=0.871, p=0.834, p=0.689 and p=1.000, 

respectively; Table 4.5b). Unexpectedly, major allele frequencies were high in male 

patients than controls as observed in all studied models however, OR for this analysis 

was not strong as much as for comparison in female population (General model: OR, 

0.88; CI, 0.51-1.48; p=0.871). These results proposed that resistin gene 

polymorphisms association with acne vulgaris is gender specific. 

4.2.3 Comparison of RETN polymorphisms in acne severity groups 

Acne lesions on face and back of the patients were counted to classify them 

into mild, moderate and severe acne groups. The association of resistin gene 

polymorphisms with acne severity was studied using chi square test based on 3 x 3 

and 3 x 2 contingency tables in general, additive, dominant and recessive models.  

Significant association of RETN +299 G/A polymorphism with acne severity 

was found (Table 4.6a). As presented in the general penetrance model, the minor 

genotype frequency was high in patients with severe disease whereas, the 

heterozygous genotype frequency was more frequent in acne patients with moderate 

disease (p=0.001). Moreover, the major allele G, frequency was high in patients with 

mild acne symptoms than with moderate and severe acne. The major and minor 

genotype frequencies were significantly associated with acne severity as also 

observed in dominant and recessive models. However, in additive model p-Value for 

G and A allele frequencies distribution among acne severity groups was statistically 

non-significant (p=0.058).  

Similarly, RETN polymorphism at -420 C/G is significantly associated with 

severity of acne symptoms (Table 4.6b). As observed in general penetrance model, 

the minor genotype frequency was high in severe disease group and low in mild 

disease group.  The heterozygous genotype frequencies were high in mild acne 

disease group (p=0.027). The additive model clearly represented that frequency of 

minor allele increased whereas, major allele decreased with increase in acne severity 

symptoms (p=0.020). The trend for genotype frequency distribution remained same in 

recessive model as well, however p-Value was non-significant (p=0.050). 
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In general, in both polymorphisms the major allele frequency decreased and 

mutant allele frequency increased with increasing level of disease severity. These 

observations further strengthened our findings that RETN polymorphisms influence 

acne pathogenesis. 

4.2.4 Comparison of RETN polymorphisms in acne type groups 

Acne pathogenesis involves interplay of several factors, such as P. acnes 

proliferation, inflammatory events and hormonal imbalance. These changes results in 

altered chemical and biochemical environment of normal follicle; consequently, 

pimples are formed which can vary in lesion type, from non-inflammatory lesions to 

disintegration of the follicular wall in severe condition.  

We have also analyzed the relationship of RETN polymorphisms in 469 

patients with inflammatory and non-inflammatory acne lesions. Unexpectedly, the 

frequencies of RETN +299 G/A and -420 C/G polymorphisms were not statistically 

different in patients with comedonica, papulopustular or nodulocystic acne types 

(Table 4.7). Interestingly, genotype frequency distribution trend was similar for RETN 

polymorphisms among acne type groups. The percentage of minor allele was 

increased in papulopustular acne group for both polymorphisms in RETN as observed 

in general model. Moreover, the major allele percentage was increased in comedonica 

acne group. The RETN polymorphisms apparently do not determine the disease based 

on acne lesions type.  

4.2.5 Haplotype analysis of RETN polymorphisms 

The haplotype analysis with the studied SNPs in RETN promoter and intron 

region was performed. Table 4.8 describes the frequencies for the all haplotypes 

among acne patients and controls. The most prevalent haplotype, haplotype C-G, in 

the controls as well as acne patients was taken as reference for comparison. 

Interestingly, Haplotype G-A, containing both minor alleles, was significantly more 

common in patients than in controls (p<0.001). Haplotypes C-A and G-G were more 

frequent in the control subjects, but not at statistically significant levels (C-A: 

p=0.067; G-G: p=0.455). These results suggested that haplotype G-A, is associated 

with increased risk for development of acne.  
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Figure 4.2 Banding pattern of restriction enzyme digested PCR amplified 

products of RETN at +299 G/A and -420 C/G sites 

 

 

 
A characteristic ethidium bromide stained 4% agarose gel displaying banding pattern 

obtained after digestion with Alu1 at RETN at +299 G/A site. Lane M represents 1kb 

DNA ladder (Fermentas, Germany) and lane UD represents the undigested 172bp 

PCR amplified fragment. One band of 172bp specify GG genotype, three bands of 

172bp, 97bp and 75bp specify GA genotype and two bands of 97bp and 75bp specify 

AA genotype on the gel. 

 

 

 
A characteristic ethidium bromide stained 3% agarose gel displaying banding pattern 

obtained after digestion with BbsI at RETN at -420 C/G site. Lane M represents 1kb 

DNA ladder (Fermentas, Germany) and lane UD represents the undigested 533bp 

PCR amplified fragment. One band of 533bp specify GG genotype, three bands of 

533bp, 326bp and 207bp specify GC genotype and two bands of 326bp and 207bp 

specify CC genotype on the gel.  

GG      CC      CC       CC     GC      CC      CC      GC     GC        M       UD 

  GA      GG       AA       GA      GA       AA      GG       GG       UD        M 
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Table 4.3 Determination of RETN association with acne patients vs. controls 

using different genetic models 

 

RETN SNPs 
Controls Patients 

OR (95% CI) p-Value n (%) n (%) 
550 (100) 530 (100) 

a) RETN +299 G/A 
General     
G/G 230 (42) 180 (34) 

1.40 (1.09-1.79) 0.007* G/A 264 (48) 270 (51) 
A/A 56 (10) 80 (15) 
Additive     
G 724 (76) 630 (59) 

1.31 (1.10-1.57) 0.002* A 376 (34) 430 (41) 
Dominant     
G/G 230 (42) 180 (34) 1.40 (1.09-1.79) 0.008* G/A + A/A 320 (58) 350 (66) 
Recessive     
G/G + G/A 494 (90) 450 (85) 

1.57 (1.03-1.57) 0.017* 
A/A 56 (10) 80 (15) 
b) RETN -420 C/G 
General         
C/C 121 (22) 97 (18) 

1.26 (0.94-1.70) 0.027* C/G 302 (55) 274 (52) 
G/G 127 (23) 159 (30) 
Additive     
C 544 (49) 468 (44) 1.24 (1.05-1.47) 0.013* G 556 (51) 592 (56) 
Dominant     
C/C 121 (22) 97 (18) 

1.26 (0.94-1.70) 0.150 C/G + G/G 429 (78) 433 (82) 
Recessive     
C/C + C/G 423 (77) 371 (70) 

1.43 (1.09-1.87) 0.010* G/G 127 (23) 159 (30) 
 

Frequencies are represented as number and percentage; p-Values were calculated 

using Chi-square test; p-Values less than 0.05 were considered statistically 

significant; n, Number of subjects; OR, Odds ratio; CI, Confidence interval.  
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Table 4.4 Determination of RETN +299 G/A association with female and 

male acne patients vs. respective controls using different genetic models 

 

RETN +299 G/A 
Controls Patients 

OR (95% CI) p-Value 
n (%) n (%) 

a) Female 332 (100) 329 (100)     
General     
G/G 138 (42) 111 (34) 

1.4 (1.01-1.91) 0.008* G/A 164 (49) 164 (50) 
A/A 30 (9) 54 (16) 
Additive     
G 440 (66) 386 (59) 1.38 (1.10-1.73) 0.005* A 224 (44) 272 (41) 
Dominant     
G/G 138 (42) 111 (34) 

1.4 (1.01-1.91) 0.045* G/A + A/A 194 (58) 218 (66) 
Recessive     
G/G + G/A 302 (91) 275 (84) 

1.32 (0.81-2.14) 0.280 
A/A 30 (9) 54 (16) 
b) Male 218 (100) 201 (100)     
General     
G/G 92 (42) 69 (34) 

1.4 (0.94-2.08) 0.250 G/A 100 (46) 106 (53) 
A/A 26 (12) 26 (13) 
Additive     
G 284 (65) 244 (61) 1.21 (0.91-1.60) 0.198 A 152 (35) 158 (39) 
Dominant     
G/G 92 (42) 69 (34) 1.4 (0.94-2.08) 0.108 
G/A + A/A 126 (58) 132 (66) 
Recessive     
G/G + G/A 192 (88) 175 (87) 

1.10 (0.61-1.96) 0.769 
A/A 26 (12) 26 (13) 

 

Frequencies are represented as number and percentage; p-Values were calculated 

using Chi-square test, p-Values less than 0.05 were considered statistically significant; 

n, Number of subjects; OR, Odds ratio; CI, Confidence interval. 
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Table 4.5 Determination of RETN -420 C/G association with female and 

male acne patients vs. respective controls using different genetic models 

 

RETN -420 C/G 
Controls Patients 

OR (95% CI) p-Value 
n (%) n (%) 

a) Female 332 (100) 329 (100)     
General     
C/C 88 (27) 63 (19) 

1.52 (1.06-2.20) 0.001* C/G 181 (54) 166 (51) 
G/G 63 (19) 100 (30) 
Additive     
C 357 (54) 292 (44) 

1.46 (1.18-1.81) <0.001* G 307 (46) 366 (56) 
Dominant     
C/C 88 (27) 63 (19) 

1.52 (1.06-2.20) 0.026* C/G + G/G 244 (73) 266 (81) 
Recessive     
C/C + C/G 269 (81) 229 (70) 

1.87 (1.30-2.68) <0.001* 
G/G 63 (19) 100 (30) 
b) Male 218 (100) 201 (100)     
General     
C/C 33 (15) 34 (17) 

0.88 (0.51-1.48) 0.871 C/G 121 (56) 108 (54) 
G/G 64 (29) 59 (29) 
Additive     
C 187 (43) 176 (44) 

0.96 (0.73-1.27) 0.834 
G 249 (57) 226 (56) 
Dominant     
C/C 33 (15) 34 (17) 

0.88 (0.51-1.48) 0.689 
C/G + G/G 185 (85) 167 (83) 
Recessive     
C/C + C/G 154 (71) 142 (71) 

1.00 (0.66-1.52) 1.000 
G/G 64 (29) 59 (29) 

 

Frequencies are represented as number and percentage; p-Values were calculated 

using Chi-square test; p-Values less than 0.05 were considered statistically 

significant; n, Number of subjects; OR, Odds ratio; CI, Confidence interval. 

  

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        107 

 



Results 

 
Table 4.6 Determination of RETN association in acne severity groups using 

different genetic models 

 

RETN SNPs Mild n (%)  Moderate n (%)  Severe n (%)   p-Value 
a) +299 G/A         
General     
G/G 73 (42) 65 (29) 42 (32) 

0.001* G/A 78 (45) 133 (59) 59 (45) 
A/A 24 (14) 26 (12) 30 (23) 
Additive     
G 224 (64) 263 (59) 143 (55) 

0.058 
A 126 (36) 185 (41) 119 (45) 
Dominant     
G/G 73 (42) 65 (29) 42 (32) 

0.026* G/A + A/A 102 (59) 159 (71) 89 (68) 
Recessive     
G/G + G/A 151 (87) 198 (88) 101 (77) 

0.013* 
A/A 24 (14) 26 (12) 30 (23) 
b) -420 C/G         
General     
C/C 35 (20) 48 (21) 14 (11) 

0.027* C/G 98 (56) 107 (48) 69 (52) 
G/G 42 (24) 69 (31) 48 (37) 
Additive     
C 168 (48) 203 (45) 97 (37) 

0.020* G 182 (52) 245 (55) 165 (63) 
Dominant     
C/C 35 (20) 48 (21) 14 (11) 

0.032* C/G + G/G 140 (80) 176 (79) 117 (89) 
Recessive 

    C/C + C/G 133 (76) 155 (69) 83 (63) 0.050 
G/G 42 (24) 69 (31) 48 (37) 

 

Frequencies are represented as number and percentage; p-Values were calculated 

using Chi-square test; total number of patients was 530; p-Values less than 0.05 were 

considered statistically significant; SNPs, Single nucleotide polymorphisms. 
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Table 4.7 Determination of RETN association in acne patients grouped 

according to disease type using different genetic models 

 

RETN SNPs 
Comedonica Papulopustular  Nodulocystic 

p-Value 
 n (%) n (%) n (%) 

a) +299 G/A         
General     
G/G 19 (45) 93 (32) 50 (36) 

0.239 G/A 20 (48) 146 (51) 74 (53) 
A/A 3 (7) 48 (17) 16 (11) 
Additive     
G 58 (69) 332 (58) 174 (62) 

0.105 
A 26 (31) 242 (42) 106 (38) 
Dominant     
G/G 19 (45) 93 (32) 50 (36) 

0.247 
G/A + A/A 23 (55) 194 (68) 90 (64) 
Recessive     
G/G + G/A 39 (93) 239 (83) 124 (89) 

0.130 
A/A 3 (7) 48 (17) 16 (11) 
b) -420 C/G         
General     
C/C 13 (31) 53 (18) 27 (19) 

0.331 C/G 20 (48) 140 (49) 71 (51) 
G/G 9 (21) 94 (33) 42 (30) 
Additive     
C 46 (55) 246 (43) 125 (45) 

0.121 
G 38 (45) 328 (57) 155 (55) 
Dominant     
C/C 13 (31) 53 (18) 27 (19) 

0.162 
C/G + G/G 29 (69) 234 (82) 113 (81) 
Recessive     
C/C + C/G 33 (79) 193 (67) 98 (70) 

0.320 
G/G 9 (21) 94 (33) 42 (30) 

 

Frequencies are represented as number and percentage; p-Values were calculated 

using Chi-square test; Total number of patients, 469; p-Values less than 0.05 were 

considered statistically significant; SNPs, Single nucleotide polymorphisms. 
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Table 4.8 Haplotypes analysis of RETN -420 C/G and +299 G/A in acne 

patients and controls 

 

Haplotype  Controls  
n (%) 

Patients  
n (%) χ 2 OR (CI 95%) p-Value 

-420 / +299 550 (100) 530 (100) 

C-G 468 (43) 417 (39) Reference* 

C-A 77 (7) 48 (5) 3.35 0.70 (0.48-1.02) 0.067 

G-G 258 (23) 211 (20) 0.59  0.91 (0.73-1.15) 0.455 

G-A 297 (27) 384 (36) 13.23 1.45 (1.19-1.78) <0.001* 

 

Frequencies are represented in number and percentage; *Combination of major RETN 

alleles from analyzed SNPs was considered as reference for comparison; p-Values 

were calculated using Chi-square test; p-Values less than 0.05 were considered 

statistically significant; n, Number of subjects; χ2, Chi-square; OR, Odds ratio; CI, 

Confidence interval. 
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4.3 Association of IL-6 gene polymorphisms with acne 

vulgaris 

 The IL-6 is a pleiotropic cytokine and has been widely studied in 

inflammatory conditions. This cytokine plays pivotal role in host defense 

mechanisms, regulates immune responses, hematopoiesis and inflammation 

(Kishimoto, 1989). To study the importance of IL-6 in acne vulgaris, the functional 

polymorphisms at -174 G/C and -572 G/C were analyzed in 530 acne patients and 550 

sex and age matched healthy controls using PCR-RFLP method. The characteristic 

banding pattern for each polymorphism produced after digestion of PCR amplified 

product with respective restriction enzyme is given in Figure 4.3. 

The IL-6 gene polymorphism at -174 G/C was not associated with acne 

vulgaris (p= 0.100). The genotype and allele frequencies of -174 G/C polymorphism 

corresponding percentages according to penetrance models for association are given 

in Table 4.9a. The major and minor genotype frequencies were high in control group 

whereas heterozygous genotype frequency was high in acne patients group as 

observed in general penetrance model.  

Interestingly, the IL-6 gene polymorphism at -572 G/C was very significantly 

associated with acne vulgaris (Table 4.9b). The frequency of minor genotype (C/C) 

was 2.1 folds high in patients than control subjects whereas the frequency of major 

genotype (G/G) was 1.7 fold high in controls than patients. Similarly, heterozygous 

genotype (G/C) frequency was 1.42 fold high in patients than controls (p<0.001). 

Furthermore, distribution of genotype frequencies in additive, dominant and recessive 

model for penetrance was significantly different between controls and patients group 

(p<0.001, p<0.001 and p<0.001, respectively). These results suggested that IL-6 gene 

polymorphism at -572 is strongly associated with acne vulgaris. The study of 

polymorphisms at promoter region of IL-6 gene revealed that IL-6 -572 G/C is 

strongly associated whereas IL-6 -174 G/C is not associated with acne vulgaris in 

overall population.  
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4.3.1 Association of IL-6 gene polymorphisms with acne vulgaris in 

gender based groups 

 The IL-6 -174 G/C and -572 G/C polymorphisms were also compared in sex 

and age matched female and male patients versus respective controls. In female 

population, genotype frequencies of IL-6 -174 G/C were different between controls 

versus patients groups as observed in general genotype model however, the p-Value 

for the comparison was very weak (p=0.049; Table 4.10a). The frequencies for major 

and minor genotypes were high in controls whereas heterozygous genotype frequency 

was high in patients group. The p-Values for genotypes comparison in additive and 

dominant model was not significant (p=0.161, p=0.079, respectively). However, as 

shown in recessive model the frequency of genotype group (GG + GC) was 

significantly high in acne patients than controls (p=0.020).  

 The IL-6 polymorphism at -174 G/C was associated with acne vulgaris in male 

population as indicated in general, additive and dominant model (Table 4.10b).  In 

contrast to female subjects, the frequencies of minor and heterozygous genotypes 

were high in male patients than male controls as shown in general model (p=0.027). 

Moreover, the p-Values for comparison of genotype frequencies between male 

controls versus patients were significant in general, additive and dominant models 

(p=0.027, p=0.010 and p=0.016, respectively). The frequency distribution trend 

remained same in recessive model as well but, the p-Value was not significant 

(p=0.160). 

 The genotype and allele frequency distribution for IL-6 -572 G/C 

polymorphism in female and male population is given in Table 4.11. The p-Values for 

comparison of genotype frequency in both genders were very strong (p<0.001). The 

heterozygous (G/C) and minor (C/C) genotype frequencies were high in patients 

group for both genders whereas the frequency of major genotype G/G was high in 

controls than respective patients (Females: p<0.001; Males: p<0.001). Furthermore, 

very significant p-Values were obtained for comparisons in all studied models for 

both genders except recessive model in male controls versus patients comparison. In 

recessive model for genotypes comparison in male population the frequency and 

percentage of minor allele was still high in patients group however, did not reach 

statistical significance (p=0.179). 
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Interestingly, study of IL-6 promoter polymorphisms showed that -572 G/C 

polymorphism was strongly associated with acne disease in female as well as in male 

subjects in Pakistani population. These results also suggested that -174 G/C genotype 

frequency distribution may be important for the risk of acne progression in male 

population. Conversely, in female population, IL-6 -174 G/C minor genotype may 

play protective role for acne risk. 

4.3.2 Association of IL-6 gene polymorphisms with acne severity 

 The frequencies of IL-6 -174 G/C and -572 G/C polymorphisms were also 

compared in 530 acne patients grouped according to disease severity. The genotype 

frequencies, corresponding percentages and p-Values are summarized in Table 4.12. 

 The frequency of IL-6 -174 G/C genotype differ significantly among severity 

based acne patients groups as observed in general, additive and dominant models 

(Table 4.12a). The minor allele frequency was high in patients with mild to moderate 

acne severity whereas major allele frequency was high in severe acne disease group 

(p<0.001). This result again indicated that minor allele C in IL-6 -174 G/C 

polymorphism may has protective role in acne development. The IL-6 -572 genotype 

and allele frequencies were significantly different in acne severity groups as observed 

general, additive and dominant model (Table 4.12b). The frequency of minor allele 

was high in moderate acne severity group whereas major allele frequency was high in 

severe acne group (p=0.012).  

4.3.3 Association of IL-6 gene polymorphisms with acne type 

 The gene and allele frequency of IL-6 gene polymorphisms at -174 G/C and -

572 G/C polymorphisms in inflammatory and non-inflammatory acne type groups are 

summarized in Table 4.13. Together these polymorphisms were not associated with 

acne type. Although p-Values for comparison of genotype and allele frequency in all 

models of penetrance were not significant for both IL-6 polymorphisms still genotype 

frequency was different especially in IL-6 -572 G/C polymorphism.  

In IL-6 -174 G/C polymorphism the percentage distribution of major genotype 

was high in papulopustular acne group whereas, of heterozygous and minor genotypes 

was high in nodulocystic acne group. The minor allele percentage was increased in 
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non-inflammatory comedonica acne group reinforcing our observation that C allele in 

-174 G/C polymorphism has protective role in acne pathogenesis (Table 4.13a). 

In contrast, IL-6 -572 G/C major genotype percentage was high in non-

inflammatory comedonica acne group, heterozygous genotype was increased in 

nodulocystic acne group, and the minor genotype was frequent in papulopustular acne 

group. As represented in additive model, major allele G frequency was increased in 

patients with comedonica and nodulocystic acne while minor allele C frequency was 

high in patients with papulopustular acne (p=0.928; Table 4.13b). These results 

suggested that IL-6 -174 G/C and -572 G/C polymorphisms are not significantly 

associated with non-inflammatory and inflammatory acne types.  

4.3.4 Association of IL-6 gene haplotypes with acne vulgaris 

 The haplotype analysis was carried out for IL-6 -174 G/C and IL-6 -572 G/C 

polymorphisms (Table 4.14). The combination of major alleles of IL-6 SNPs, G-G 

was taken as control for comparison. The frequency of all haplotypes was 

significantly different from control haplotype frequencies. Furthermore, G-G 

haplotype percentage was high in control group whereas G-C, C-G and C-C 

haplotypes percentages were more frequent in patients group (G-C: p<0.001; C-G: 

p<0.001; C-C: p<0.001). These results indicated that acne patients with G-G 

haplotype of IL-6 -174 and -572 polymorphisms are at minimum risk of acne 

symptoms development. 
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Figure 4.3 Banding pattern of restriction enzyme digested PCR amplified 

products of IL-6 gene at -174 G/C and -572 G/C sites 

 
A characteristic ethidium bromide stained 3% agarose gel displaying banding pattern 

obtained after digestion with NlaIII at IL-6 -174 G/C site. Lane M represents 1kb 

DNA ladder (Fermentas, Germany) and lane UD represents the undigested 408bp 

PCR amplified fragment. Two bands of 208bp, 171bp specify GG genotype, three 

bands of 171bp, 122bp and 86bp specify CC genotype, four bands of 208bp, 171bp, 

122bp and 86bp specify GC genotype on the gel. For all genotypes a 29bp band was 

also produced after treatment with restriction enzyme however, not visible on 3% gel. 

 

 

 
A characteristic ethidium bromide stained 3% agarose gel displaying banding pattern 

obtained after digestion with MbiI/BsrB1at IL-6 -572 G/C site. Lane M represents 1kb 

DNA ladder (Fermentas, Germany) and lane UD represents the undigested 251bp 

PCR amplified fragment. Two bands of 146bp, 105bp specify GG genotype, one band 

of 251bp specifies CC genotype and three bands of 251bp, 146bp and 105bp specify 

GC genotype on the gel.  

   GG        GG       GC      GG       GG       CC       CC      GG       UD       M 

  GC      GG     GC       GG     GG     GG      CC      GG     GC      UD       M 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        115 

 



Results 

 
Table 4.9 Determination of IL-6 gene association with acne in patients vs. 

controls using different genetic models 

 

IL-6 SNPs 
Controls Patients 

OR (95% CI) p-Value n (%) n (%) 
550 (100) 530 (100) 

a) IL-6 -174 G/C 
General     
G/G 389 (70) 359 (68) 

1.15 (0.89-1.49) 0.100 G/C 135 (25) 155 (29) 
C/C 26 (5) 16 (3) 
Additive     
G 913 (83) 873 (82) 1.04 (0.84-1.30) 0.736 
C 187 (17) 187 (18) 
Dominant     
G/G 389 (70) 359 (68) 

1.15 (0.89-1.49) 0.292 G/C + C/C 161 (30) 171 (32) 
Recessive     
G/G + G/C 524 (95) 514 (97) 0.627 (0.33-

1.18) 0.159 
C/C 26 (5) 16 (3) 
b) IL-6 -572 G/C 
General         
G/G 324 (59) 189 (36) 

2.59 (2.02-3.30) <0.001* G/C 198 (36) 282 (53) 
C/C 28 (5) 59 (11) 
Additive     
G 846 (77) 660 (62) 2.01 (1.67-2.43) <0.001* C 254 (23) 400 (38) 
Dominant     
G/G 324 (59) 189 (36) 2.59 (2.02-3.30) <0.001* G/C + C/C 226 (41) 341 (64) 
Recessive     
G/G + G/C 522 (95) 471 (89) 

2.33 (1.46-3.72) <0.001* C/C 28 (5) 59 (11) 
 

Frequencies are represented as number and percentage; p-Values were calculated 

using Chi-square test; p-Values less than 0.05 were considered statistically 

significant; n, Number of subjects; OR, Odds ratio; CI, Confidence interval. 
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Table 4.10 Determination of IL-6 -174 G/C association with female and male 

acne patients vs. respective controls using different genetic models 

 

IL-6 -174 G/C 
Controls Patients 

OR (95% CI) p-Value 
n (%) n (%) 

a) Female 332 (100) 329 (100)     
General     
G/G 219 (66) 224 (68) 

0.74 (0.55-1.02) 0.049* G/C 89 (27) 95 (29) 
C/C 24 (7) 10 (3) 
Additive     
G 527 (79) 543 (83) 

0.81 (0.61-1.07) 0.161 
C 137 (21) 115 (17) 
Dominant     
G/G 219 (66) 224 (68) 

0.74 (0.55-1.02) 0.079 
G/C + C/C 137 (34) 105 (32) 
Recessive     
G/G + G/C 308 (93) 319 (97) 

0.40 (0.19-0.86) 0.020* 
C/C 24 (7) 10 (3) 
b) Male 218 (100) 201 (100)     
General       
G/G 170 (78) 135 (67) 

1.73 (1.12-2.68) 0.027* G/C 46 (21) 60 (30) 
C/C 2 (1) 6 (3) 
Additive     
G 386 (89) 330 (82) 

1.68 (1.14-2.45) 0.010* C 50 (11) 72 (18) 
Dominant     
G/G 170 (78) 135 (67) 

1.73 (1.12-2.68) 0.016* G/C + C/C 48 (22) 66 (33) 
Recessive     
G/G + G/C 216 (99) 195 (97) 

3.32 (0.66-16.66) 0.160 
C/C 2 (1) 6 (3) 

 

Frequencies are represented as number and percentage; p-Value were calculated using 

Chi-square test; p-Values less than 0.05 were considered statistically significant; n, 

Number of subjects; OR, Odds ratio; CI, Confidence interval. 

  

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        117 

 



Results 

 
Table 4.11 Determination of IL-6 -572 G/C association with female and male 

acne patients vs. respective controls using different genetic models 

 

IL-6 -572 G/C 
Controls Patients 

OR (95% CI) p-Value 
n (%) n (%) 

a) Female 332 (100) 329 (100)     
General     
G/G 205 (61) 121 (37) 

2.76 (2.02-3.80) <0.001* G/C 115 (35) 172 (52) 
C/C 12 (4) 36 (11) 
Additive     
G 525 (79) 414 (63) 

2.22 (1.74-2.84) <0.001* C 139 (21) 244 (37) 
Dominant     
G/G 205 (61) 121 (37) 

2.76 (2.02-3.80) <0.001* G/C + C/C 127 (39) 208 (63) 
Recessive     
G/G + G/C 320 (96) 293 (89) 

3.28 (1.67-6.41) <0.001* 
C/C 12 (4) 36 (11) 
b) Male 218 (100) 201 (100)     
General       
G/G 119 (55) 68 (34) 

2.35 (1.58-3.49) <0.001* G/C 83 (38) 110 (55) 
C/C 16 (7) 23 (11) 
Additive     
G 321 (74) 246 (61) 

1.77 (1.32-2.37) <0.001* C 115 (26) 156 (39) 
Dominant     
G/G 119 (55) 68 (34) 

2.35 (1.58-3.49) <0.001* G/C + C/C 99 (45) 133 (66) 
Recessive     
G/G + G/C 202 (93) 178 (89) 

1.63 (0.84-3.19) 0.179 
C/C 16 (7) 23 (11) 

 

Frequencies are represented as number and percentage, p-Values were calculated 

using Chi-square test, p-Values less than 0.05 were considered statistically significant; 

n, Number of subjects; OR, Odds ratio; CI, Confidence interval. 
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Table 4.12 Determination of IL-6 gene association in acne severity groups 

using general, additive, dominant and recessive models 

 

IL-6 SNPs Mild  Moderate Severe  p-Value 
n (%)   n (%)  n (%)   

a) -174 G/C 175 (100)        224 (100)               131 (100)   
General         
G/G 125 (72) 151 (67) 116 (89) 

<0.001* G/C 46 (26) 68 (31) 15 (11) 
C/C 4 (2) 5 (2) 0 (0) 
Additive 

   
 

G 296 (85) 370 (83) 247 (94) <0.001* 
C 54 (15) 78 (17) 15 (6) 
Dominant 

   
 

G/G 125 (72) 151 (67) 116 (89) <0.001* 
G/C + C/C 50 (28) 73 (33) 15 (11) 
Recessive 

   
 

G/G + G/C 171 (98) 219 (98) 131 (100) 0.222 
C/C 4 (2) 5 (2) 0 (0) 
b) -572 G/C 175 (100)        224 (100)               131 (100)   
General 

    G/G 66 (38) 73 (33) 67 (51) 
0.012* G/C 87 (50) 126 (56) 53 (41) 

C/C 22 (12) 25 (11) 11 (8) 
Additive 

   
 

G 219 (63) 272 (60) 187 (71) 0.013* 
C 131 (37) 176 (40) 75 (29) 
Dominant 

   
 

G/G 66 (38) 73 (33) 67 (51) 0.002* 
G/C + C/C 109 (62) 151 (67) 64 (49) 
Recessive 

   
 

G/G + G/C 153 (88) 199 (89) 120 (92) 0.507 
C/C 22 (12) 25 (11) 11 (8) 

 

Frequencies are represented as number and percentage; p-Values were calculated 

using Chi-square test; p-Values less than 0.05 were considered statistically 

significant; total number of patients was 530; SNPs, Single nucleotide 

polymorphisms.  
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Table 4.13 Determination of IL-6 gene association in acne patients grouped 

according to disease type using different genetic models 

 

IL-6 SNPs 
Comedonica Papulopustular  Nodulocystic 

p-Value 
 n (%) n (%) n (%) 

a) -174 G/C  42 (100) 287 (100)  140 (100)   
General     
G/G 28 (67) 197 (68) 93 (66) 

0.337 G/C 11 (26) 85 (30) 43 (31) 
C/C 3 (7) 5 (2) 4 (3) 
Additive     
G 67 (80) 479 (83) 229 (82) 0.641 
C 17 (20) 95 (17) 51 (18) 
Dominant     
G/G 28 (67) 197 (68) 93 (66) 0.888 G/C + C/C 14 (33) 90 (32) 47 (34) 
Recessive     
G/G + G/C 39 (93) 282 (98) 136 (97) 0.133 
C/C 3 (7) 5 (2) 4 (3) 
b) -572 G/C  42 (100) 287 (100)  140 (100)   
General     
G/G 17 (40) 105 (37) 54 (39) 

0.928 G/C 21 (50) 148 (51) 73 (52) 
C/C 4 (10) 34 (12) 13 (9) 
Additive     
G 55 (65) 358 (62) 181 (65) 0.740 
C 29 (35) 216 (38) 99 (35) 
Dominant     
G/G 17 (40) 105 (37) 54 (39) 0.848 G/C + C/C 25 (60) 182 (63) 86 (61) 
Recessive     
G/G + G/C 38 (90) 253 (88) 127 (91) 

0.696 
C/C 4 (10) 34 (12) 13 (9) 

 

Frequencies are represented as number and percentage; p-Values were calculated 

using Chi-square test, Total number of patients was 469; p-Values less than 0.05 were 

considered statistically significant; SNPs, Single nucleotide polymorphisms. 
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Table 4.14 Haplotypes analysis of IL-6 -174 G/C and -572 G/C 

polymorphisms in acne patients and controls 

 

Haplotype  Controls  
n (%) 

Patients  
n (%) χ 2 OR (CI 95%) p-Value 

-174 / -572 550 (100) 530 (100) 

G-G 691 (63) 538 (51) Reference** 

G-C 306 (28) 335 (32) 12.19 1.40 (1.16-1.70) <0.001* 

C-G 70 (6) 122 (12) 26.08 2.24 (1.63-3.07) <0.001* 

C-C 33 (3) 65 (6) 18.62 2.53 (1.64-3.90) <0.001* 
 

Frequencies are represented in number and percentage; **Combination of major IL-6 

alleles from analyzed SNPs was considered as reference for comparison; p-Values 

were calculated by Chi-square test, p-Values less than 0.05 were considered 

statistically significant; n, Number of subjects; χ 2, Chi-square; OR, Odds ratio; CI, 

Confidence interval. 

  

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        121 

 



Results 

 
4.4 Association of IL-1α gene polymorphism with acne 

vulgaris 

 The IL-1α is primary inflammatory cytokine and its levels are increased in 

acne lesions (Jeremy et al., 2003). We studied IL-1α functional polymorphism at -889 

C/T site in acne patients and controls to further investigate role of IL-1α in acne 

pathogenesis. The specific banding pattern obtained after restriction digestion with 

enzyme is represented in Figure 4.4. The genotype and allele frequency distribution 

and p-Values of IL-1α -889 C/T polymorphism in different association models are 

given in Table 4.15. The genotype and allele frequencies were significantly different 

between control and patients groups as found in association models including general, 

additive and dominant but not in recessive model (p=0.011; p=0.014; p=0.003 and 

p=0.664, respectively). The heterozygous and minor genotype frequencies were high 

in patients group whereas the frequency of major genotype was increased in controls 

group as indicated in genotype comparison in general model (p=0.011). 

 The distribution of genotype and allele frequencies was also checked in gender 

based groups (Table 4.16). The OR for association analysis in female gender was 

greater than males (Females: OR, 3.57; Males: OR, 0.31). Similar to the genotype 

frequency in overall population, heterozygous and minor genotype frequencies were 

high in female patients (Table 4.16a). However, in male patients the distribution of 

genotype frequencies was different from overall population. Unexpectedly, the 

frequency of minor allele and genotype was high in male controls than patients of 

same gender (Table 4.16b). The results showed that IL-1α -889 polymorphism was 

significantly associated with studied subjects as well as in female patients. The 

distribution of major and minor genotypes was different in female and male subjects 

however; the OR for strength of association was high in females than male 

population. 

 The IL-1α -889 C/T genotypes distribution in patients with varying degree of 

acne severity and different acne types was also compared. The results are given in 

Table 4.17. In the acne severity, the p-Value for the genotype distribution was 

significant in general and recessive model (p=0.022, p=0.004, respectively). The 

major genotype frequency was high in patients with severe, heterozygous in moderate 
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and minor genotype frequency in mild acne disease (p<0.022; Table 4.17a). The 

distribution of IL-1α -899 C/T polymorphism was also analyzed in acne type groups. 

We found that this polymorphism is not associated with different acne types 

(p=0.608; Table 4.17b). 

 In summary, study of IL-1α -889 C/T polymorphism in acne patients 

suggested that this polymorphism is associated with acne vulgaris. In overall and 

female population the frequency of minor allele and genotype was raised in patients 

group. However, in male population the minor allele and genotype frequencies were 

raised in control subjects. The comparison of genotype frequencies in severity groups 

revealed that minor allele frequency was increased in mild acne severity group. 

Further, minor allele frequency was increased in non-inflammatory acne type group 

than either of inflammatory acne type groups. 

4.5 Association of TNF-α polymorphisms with acne vulgaris 

 The TNF-α is a primary inflammatory cytokine and molecular analysis has 

confirmed presence of functional polymorphisms in TNF-α gene promoter. Increased 

levels of this cytokine activate secondary inflammatory cytokines leading to the 

inflammation (Szabo et al., 2011). In the promoter region of primary inflammatory 

cytokine TNF-α, three polymorphisms were genotyped to further investigate 

importance of cytokines in inflammatory events of acne progression. The 

polymorphisms including -857 C/T, -863 C/A and -1031 T/C were genotyped in 

controls and acne patients (Figure 4.4 and Figure 4.5; Table 4.18 and Table 4.19).  

 The TNF-α -857 C/T was genotyped in 297 controls and 468 patients. The 

genotype frequency was significantly different in control and patients group as 

observed in general and dominant model of association penetrance (p=0.048, p=0.018, 

respectively; Table 4.18a). The major genotype (C/C) frequency was high in patients, 

heterozygous (C/T) was increased in patients whereas minor genotype (T/T) 

frequency was same in both groups as observed in general genotype model. 

Furthermore, the major allele frequency was high in patients group than controls as 

shown in additive model (p=0.094). 

 The TNF-α -863 C/A polymorphism was studied in 303 controls and 441 

patients (Table 4.18b). The genotyping of C/A polymorphism at -863 position 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        123 

 



Results 

 
indicated that genotype distribution was significantly different in control and patient 

groups.  Interestingly, frequency of major (C/C) and minor (A/A) genotype was high 

in control group whereas heterozygous genotype (C/A) was more frequent in patients 

group. The comparison of allele frequency in additive model presented that minor 

allele (A) was more frequent in patients than controls however, p-Value was non-

significant. The comparison of TNF-α -1031 T/C polymorphism in 310 controls and 

505 patients showed that this polymorphism is not associated with acne vulgaris 

(Table 4.19). The percentage of major and minor genotypes was high in controls 

whereas heterozygous genotype was more frequent in patients group. 

 The study of TNF-α promoter polymorphisms suggested that TNF-α -863 C/A 

polymorphism is associated with acne vulgaris. The TNF-α -857 C/A polymorphism 

may has protective role in acne disease and TNF-α polymorphism at -1031 T/C is not 

associated with acne pathogenesis in Pakistani population. 

4.5.1 Association of TNF-α gene polymorphisms with acne vulgaris 

in gender based groups 

 The promoter polymorphisms of TNF-α gene were analyzed in gender based 

groups. The polymorphism at -857 C/T site was analyzed in 297 controls (94 females 

and 203 males) and 468 patients (302 females and 166 males), results showed that this 

polymorphism is not associated in female population (p=0.069; Table 4.20a). The p-

Values were not significant for comparisons in different models except for dominant 

model, where frequency of dominant genotype was high in patients than controls. 

Moreover, this polymorphism was not associated with acne in male population and 

the p-Value was non-significant in all association models (Table 4.20b). 

 The polymorphism at -863 C/A site was analyzed in 303 controls (111 females 

and 192 males) and 441 patients (287 females and 154 males). The analysis of -863 

C/A genotypes and allele frequency distribution among gender groups showed that 

this polymorphism was associated with acne in females according to general model 

(Table 4.21a) and in males according to the dominant model of association 

penetrance. Although, the p-Values were non-significant in other models however, the 

frequency distribution remained same in both genders; as major and minor genotype 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        124 

 



Results 

 
frequencies were high in controls and heterozygous genotype was increased in female 

and male patients (Table 4.21b). 

 The polymorphism at -1031 C/A site was analyzed in 310 controls (103 

females and 207 males) and 505 patients (311 females and 194 males). The gender 

based distribution of -1031 T/C genotype and allele frequencies is given in Table 

4.22. The genotype and allele frequencies were not statistically different in female and 

male patients than their respective controls. 

 These results suggested that female and male patients with heterozygous 

genotype at TNF-α -863 C/A site are at risk of acne development. However, TNF-α 

polymorphisms at -857 C/T and -1031 T/C sites are not associated with acne 

pathogenesis in gender based groups. 

4.5.2 Association of TNF-α gene polymorphisms with acne severity 

and acne type 

 The TNF-α polymorphisms at -857 C/T, -863 C/A and -1031 T/C were 

compared in patients groups with varying degree of acne severity. The genotype and 

allele frequencies corresponding percentages and p-Values for these polymorphisms 

association with acne severity groups are given in Table 4.23. As presented in Table, 

TNF-α promoter polymorphisms were not associated with severity of acne symptoms. 

 The association of TNF-α SNPs with inflammatory and non-inflammatory 

acne was also analyzed (Table 4.24). The p-Value for TNF-α -857 C/T genotype 

frequency distribution was statistically significant in dominant model (p=0.019; Table 

4.24a). The genotype frequency distribution was similar in comedonica and 

nodulocystic acne type groups however; in papulopustular group frequency of variant 

genotype (CT + TT) was increased than major genotype. In addition, TNF-α 

polymorphisms at -863 C/A and -1031 T/C were not associated with acne type groups 

(Table 4.24b and Table 4.24c). These results suggested that studied TNF-α 

polymorphisms are not associated with acne severity and acne type. 
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Figure 4.4 Banding pattern of restriction enzyme digested PCR amplified 

products of IL-1α and TNF-α gene at -889 C/T and -857 C/T sites respectively 

 

 
A characteristic ethidium bromide stained 3% agarose gel displaying banding pattern 

obtained after digestion with NcoI at IL-1α -889 C/T site. Lane M represents 1kb 

DNA ladder (Fermentas, Germany) and lane UD represents the undigested 300bp 

PCR amplified fragment. Two bands of 264bp and 36bp specify CC genotype; three 

bands of 300bp, 264bp and 36bp specify CT genotype and one band of 300bp specify 

TT genotype on the gel. 

 

 
A characteristic ethidium bromide stained 4% agarose gel displaying banding pattern 

obtained after digestion with TaiI at TNF-α -857 C/T site. Lane M represents 1kb 

DNA ladder (Fermentas, Germany) and lane UD represents the undigested 128bp 

PCR amplified fragment. One band of 106bp specify CC genotype, two bands of 

128bp and 106bp specify CT genotype and one band of 128bp specify TT genotype 

on the gel. For CC and CT genotypes a 22bp band was also produced after treatment 

with restriction enzyme however, not visible on 4% gel.  

    TT      CT       TT      CT      CT      CC      TT      TT     CT      UD       M 

 CC       CC       CT       CC       CT      CT       TT       CT       M         UD 
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Figure 4.5 Banding pattern of restriction enzyme digested PCR amplified 

products of TNF-α gene at -863 C/A and -1031 T/C sites 

 
A characteristic ethidium bromide stained 4% agarose gel displaying banding pattern 

obtained after digestion with TaiI at TNF-α gene at -863 C/A site. Lane M represents 

1kb DNA ladder (Fermentas, Germany) and lane UD represents the undigested 125bp 

PCR amplified fragment. One band of 125bp specify CC genotype, two bands of 

125bp and 101bp specify CA genotype and one band of sizes 101bp specify AA 

genotype on the gel. For CA and AA genotypes a 24bp band was also produced after 

treatment with restriction enzyme however, not visible on 4% gel. 

 

 
A characteristic ethidium bromide stained 4% agarose gel displaying banding pattern 

obtained after digestion with TaiI at TNF-α gene at -1031 T/C site. Lane M represents 

1kb DNA ladder (Fermentas, Germany) and lane UD represents the undigested 298bp 

PCR amplified fragment. One band of 298bp specify TT genotype, three bands of 

298bp, 190bp and 108bp specify TC genotype and two bands of 190bp and 108bp 

specify CC genotype on the gel.  

    CC     AA     CC       CA     CC     AA      CA      CA     CC      UD       M 

     TC      TT      TT      TT      TT      TC      CC     TC       TT      UD      M 
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Table 4.15 Determination of IL-1α gene association with acne in patients vs. 

controls using different genetic models 

 

IL-1α -889 C/T 
Controls Patients 

OR (95% CI) p-Value n (%) n (%) 
550 (100) 530 (100) 

General     
C/C 277 (50) 219 (41) 

1.44 (1.13-1.83) 0.011* C/T 228 (42) 263 (50) 
T/T 45 (8) 48 (9) 
Additive     
C 782 (71) 701 (66) 

1.26 (1.05-1.51) 0.014* 
T 318 (29) 359 (34) 
Dominant     
C/C 277 (50) 219 (41) 

1.44 (1.13-1.83) 0.003* 
CT + TT 273 (50) 311 (59) 
Recessive     
C/C + C/T 505 (92) 482 (91) 

1.11 (0.73-1.71) 0.664 
T/T 45 (8) 48 (9) 

 

Frequencies are represented as number and percentage; p-Values were calculated 

using Chi-square test; p-Values less than 0.05 were considered statistically 

significant; n, Number of subjects; OR, Odds ratio; CI, Confidence interval. 
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Table 4.16 Determination of IL-1α gene association with female and male 

acne patients vs. respective controls using different genetic models 

 

IL-1α -889 C/T 
Controls Patients 

OR (95% CI) p-Value 
n (%) n (%) 

a) Female 332 (100) 329 (100)     
General     
C/C 235 (71) 133 (40) 

3.57 (3.58-4.93) <0.001* C/T 78 (23) 166 (51) 
T/T 19 (6) 30 (9) 
Additive     
C 548 (83) 432 (66) 

2.47 (1.91-3.20) <0.001* T 116 (17) 226 (34) 
Dominant     
C/C 235 (71) 133 (40) 

3.57 (3.58-4.93) <0.001* CT + TT 97 (29) 196 (60) 
Recessive     
C/C + C/T 313 (94) 299 (91) 

1.65 (0.91-3.00) 0.104 
T/T 19 (6) 30 (9) 
b) Male 218 (100) 201 (100)     
General       
C/C 42 (19) 86 (43) 

0.31 (0.20-0.49) <0.001* C/T 150 (69) 97 (48) 
T/T 26 (12) 18 (9) 
Additive     
C 234 (54) 269 (67) 

0.57 (0.43-0.76) <0.001* T 202 (46) 133 (33) 
Dominant     
C/C 42 (19) 86 (43) 

0.31 (0.20-0.49) <0.001* CT + TT 176 (81) 115 (57) 
Recessive     
C/C + C/T 192 (88) 183 (91) 

0.73 (0.39-1.37) 0.342 
T/T 26 (12) 18 (9) 

 

Frequencies are represented as number and percentage; p-Values were calculated 

using Chi-square test; p-Values less than 0.05 were considered statistically 

significant; n, Number of subjects; OR, Odds ratio; CI, Confidence interval. 
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Table 4.17 Determination of IL-1α gene association in acne patients grouped 

according to disease severity and type using different genetic models 

 

a) IL-1α  
-889 C/T 

Mild   Moderate  Severe   
p-Value 

n (%) n (%)  n (%)  
General     
C/C 70 (40) 91 (41) 58 (44) 

0.022* C/T 79 (45) 118 (53) 66 (51) 
T/T 26 (15) 15 (7) 7 (5) 
Additive     
C 219 (63) 300 (67) 182 (69) 0.180 T 131 (37) 148 (33) 80 (31) 
Dominant     
C/C 70 (40) 91 (41) 58 (44) 0.725 C/T + T/T 105 (60) 133 (60) 73 (56) 
Recessive     
C/C + C/T 149 (85) 209 (94) 124 (95) 

0.004* T/T 26 (15) 15 (7) 7 (5) 
b) IL-1α  
-889 C/T 

Comedonica Papulopustular  Nodulocystic 
p-Value 

 n (%) n (%) n (%) 
General     
C/C 16 (38) 123 (43) 62 (44) 

0.608 C/T 20 (48) 140 (49) 69 (49) 
T/T 6 (14) 24 (8) 9 (7) 
Additive     
C 52 (62) 386 (70) 193 (69) 0.358 T 32 (38) 168 (30) 87 (31) 
Dominant     
C/C 16 (38) 123 (43) 62 (44) 0.778 C/T + T/T 26 (62) 164 (57) 78 (56) 
Recessive     
C/C + C/T 36 (86) 263 (92) 131 (93) 

0.270 
T/T 6 (14) 24 (8) 9 (7) 

 

Frequencies are represented as number and percentage; p-Values were calculated 

using Chi-square test, total number of patients for disease severity comparison was 

530; total number of patients for disease type comparison was 469; p-Values less than 

0.05 were considered statistically significant.  
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Table 4.18 Determination of TNF-α gene association with acne patients vs. 

controls using different genetic models 

 

TNF-α SNPs 
Controls Patients OR (95% CI) 

p-Value 
n (%) n (%)  

a) TNF-α -857 C/T 297 (100) 468 (100)     
General     
C/C 96 (32) 192 (41) 

0.69 (0.50-0.93) 0.048* C/T 192 (65) 261 (56) 
T/T 9 (3) 15 (3) 
Additive     
C 384 (65) 645 (69) 

0.83 (0.66-1.02) 0.094 
T 210 (35) 291 (31) 
Dominant     
C/C 96 (32) 192 (41) 

0.69 (0.50-0.93) 0.018* C/T + T/T 201 (68) 276 (59) 
Recessive     
C/C + C/T 288 (97) 453 (97) 

1.06 (0.46-2.46) 1.000 
T/T 9 (3) 15 (3) 
b) TNF-α -863 C/A 303 (100) 441 (100)     
General         
C/C 187 (62) 228 (52) 

0.77 (0.59-1.00) 0.003* C/A 93 (31) 189 (43) 
A/A 23 (8) 24 (5) 
Additive     
C 467 (77) 645 (73) 

1.23 (0.97-1.57) 0.089 
A 139 (23) 237 (27) 
Dominant     
C/C 187 (62) 228 (52) 

1.50 (1.11-2.03) 0.007* C/A + A/A 116 (39) 213 (48) 
Recessive     
C/C + C/A 280 (93) 417 (95) 

0.70 (0.39-1.27) 0.283 
A/A 23 (8) 24 (5) 

 

Frequencies are represented as number and percentage; p-Values were calculated 

using Chi-square test; p-Values less than 0.05 were considered statistically 

significant; SNP, Single nucleotide polymorphism; n, Number of subjects; OR, Odds 

ratio; CI, Confidence interval.  
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Table 4.19 Determination of TNF-α -1031 T/C association with acne patients 

vs. controls using different genetic models 

 

TNF-α -1031 T/C 
Controls Patients 

OR (95% CI) p-Value n (%) n (%) 
310 (100) 505 (100) 

General     
T/T 159 (51) 251 (50) 

1.07 (0.80-1.41) 0.073 T/C 140 (45) 240 (48) 
C/C 11 (4) 14 (2) 
Additive     
T 458 (74) 742 (73) 

1.02 (0.81-1.28) 0.860 
C 162 (26) 268 (27) 
Dominant     
T/T 159 (51) 251 (50) 

1.07 (0.80-1.41) 0.666 
T/C + C/C 151 (49) 254 (50) 
Recessive     
T/T + T/C 299 (96) 494 (98) 

0.77 (0.35-1.71) 0.535 
C/C 11 (4) 14 (2) 

 

Frequencies are represented as number and percentage; p-Values were calculated 

using Chi-square test; p-Values less than 0.05 were considered statistically 

significant; n, Number of subjects; OR, Odds ratio; CI, Confidence interval.  
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Table 4.20 Determination of Human TNF-α -857 C/T association with female 

and male acne patients vs. respective controls using different genetic models 

 

TNF-α -857 C/T 
Controls Patients 

OR (95% CI) p-Value 
n (%) n (%) 

a) Female 94 (100) 302 (100)     
General     
C/C 26 (28) 123 (41) 

0.56 (0.34-0.92) 0.069 C/T 66 (70) 172 (57) 
T/T 2 (2) 7 (2) 
Additive     
C 118 (63) 418 (69) 0.75 (0.53-1.06) 0.108 T 70 (37) 186 (31) 
Dominant     
C/C 26 (28) 123 (41) 0.56 (0.34-0.92) 0.028* C/T + T/T 68 (72) 179 (59) 
Recessive     
C/C + C/T 92 (98) 295 (98) 

1.09 (0.22-5.34) 1.000 
T/T 2 (2) 7 (2) 
b) Male 203 (100) 166 (100)     
General       
C/C 70 (34) 69 (41) 

0.74 (0.48-1.13) 0.252 C/T 126 (62) 89 (54) 
T/T 7 (4) 8 (5) 
Additive     
C 266 (66) 227 (68) 0.88 (0.65-1.20) 0.432 T 140 (34) 105 (32) 
Dominant     
C/C 70 (34) 69 (41) 0.74 (0.49-1.13) 0.195 C/T + T/T 133 (66) 97 (59) 
Recessive     
C/C + C/T 196 (96) 158 (95) 

1.41 (0.50-3.99) 0.560 
T/T 7 (4) 8 (5) 

 

Frequencies are represented as number and percentage; p-Values were calculated 

using Chi-square test; p-Values less than 0.05 were considered statistically 

significant; n, Number of subjects; OR, Odds ratio; CI, Confidence interval.  
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Table 4.21 Determination of TNF-α -863 C/A association with female and 

male acne patients vs. respective controls using different genetic models 

 

TNF-α -863 C/A 
Controls Patients 

OR (95% CI) p-Value 
n (%) n (%) 

a) Female 111 (100) 287 (100)     
General     
C/C 65 (59) 148 (51) 

1.33 (0.85-2.07) 0.032* C/A 34 (31) 123 (43) 
A/A 12 (11) 16 (6) 
Additive     
C 164 (74) 419 (73) 1.05 (0.74-1.48) 0.858 A 58 (26) 155 (27) 
Dominant     
C/C 65 (59) 148 (51) 1.32 (0.85-2.07) 0.219 C/A + A/A 46 (42) 139 (49) 
Recessive     
C/C + C/A 99 (90) 271 (94) 

0.49 (0.22-1.07) 0.080 
A/A 12 (11) 16 (6) 
b) Male 192 (100) 154 (100)     
General       
C/C 122 (64) 80 (52) 

1.61 (1.05-2.48) 0.064 C/A 59 (30) 66 (43) 
A/A 11 (6) 8(5) 
Additive     
C 303 (79) 226 (73) 1.36 (0.95-1.93) 0.104 A 81 (21) 82 (27) 
Dominant     
C/C 122 (64) 80 (52) 1.61 (1.05-2.48) 0.037* C/A + A/A 70 (36) 74 (48) 
Recessive     
C/C + C/A 181 (94) 146 (95) 

0.90 (0.35-2.30) 1.000 
A/A 11 (6) 8(5) 

 

Frequencies are represented as number and percentage; p-Values were calculated 

using Chi-square test; p-Values less than 0.05 were considered statistically 

significant; n, Number of subjects; OR, Odds ratio; CI, Confidence interval.  
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Table 4.22 Determination of TNF-α -1031 T/C association with female and 

male acne patients vs. respective controls using different genetic models 

 

TNF-α -1031 T/C 
Controls Patients 

OR (95% CI) p-Value 
n (%) n (%) 

a) Female 103 (100) 311 (100)     
General     
T/T 47 (46) 159 (51) 

0.80 (0.51-1.26) 0.074 T/C 49 (47) 145 (47) 
C/C 7 (7) 7 (2) 
Additive     
T 143 (69) 463 (74) 0.78 (0.55-1.10) 0.173 C 63 (31) 159 (26) 
Dominant     
T/T 47 (46) 159 (51) 0.80 (0.51-1.26) 0.363 T/C + C/C 56 (54) 152 (49) 
Recessive     
T/T + T/C 96 (93) 304 (98) 

0.31 (0.10-0.92) 0.051 
C/C 7 (7) 7 (2) 
b) Male 207 (100) 194 (100)     
General       
T/T 112 (54) 92 (47) 

1.30 (0.88-1.93) 0.294 T/C 91 (44) 95 (49) 
C/C 4 (2) 7 (4) 
Additive     
T 315 (76) 279 (72) 1.24 (0.90-1.70) 0.197 C 99 (24) 109 (28) 
Dominant     
T/T 112 (54) 92 (47) 1.30 (0.88-1.93) 0.195 T/C + C/C 95 (46) 102 (53) 
Recessive     
T/T + T/C 203 (98) 187 (96) 

1.90 (0.55-6.56) 0.368 
C/C 4 (2) 7 (4) 

 

Frequencies are represented as number and percentage; p-Values were calculated 

using Chi-square test; p-Values less than 0.05 were considered statistically 

significant; n, Number of subjects; OR, Odds ratio; CI, Confidence interval.  
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Table 4.23 Determination of TNF-α gene association in acne severity groups 

using different genetic models 

TNF-α SNPs Mild  Moderate Severe  p-Value 
n (%)   n (%)  n (%)   

a) -857 C/T 167 (100) 186 (100) 115 (100)   
Genotype         
C/C 67 (40) 70 (37) 55 (48) 

0.199 C/T 96 (57) 111 (60) 54 (47) 
T/T 4 (3) 5 (3) 6 (5) 
Additive     C 230 (69) 251 (67) 164 (71) 0.614 T 104 (31) 121 (33) 66 (29) 
Dominant     
C/C 67 (40) 70 (37) 55 (48) 0.208 C/T + T/T 100 (60) 116 (63) 60 (52) 
Recessive     C/C + C/T 163 (97) 181 (97) 109 (95) 0.365 
T/T 4 (3) 5 (3) 6 (5) 
b) -863 C/A 153 (100) 170 (100) 118 (100)   
Genotype     C/C 76 (50) 90 (53) 62 (53) 

0.980 C/A 68 (44) 71 (42) 50 (42) 
A/A 9 (6) 9 (5) 6 (5) 
Additive     C 220 (72) 251 (74) 174 (74) 0.833 A 86 (28) 89 (26) 62 (26) 
Dominant     C/C 76 (50) 90 (53) 62 (53) 0.822 C/A + A/A 77 (50) 80 (47) 56 (47) 
Recessive 

    C/C + C/A 144 (94) 161 (95) 112 (95) 0.954 A/A 9 (6) 9 (5) 6 (5) 
C) -1031 T/C  173 (100)   204 (100)  128 (100)   
Genotype     C/C 94 (54) 98 (48) 59 (46) 

0.162 C/T 78 (45) 99 (49) 63 (49) 
T/T 1 (1) 7 (3) 6 (5) 
Additive     C 266 (77) 295 (74) 181 (71) 0.187 T 80 (23) 113 (26) 75 (29) 
Dominant     C/C 94 (54) 98 (48) 59 (46) 0.305 C/T + T/T 79 (46) 106 (52) 69 (54) 
Recessive     
C/C + C/T 172 (99) 197 (97) 122 (95) 0.076 
T/T 1 (1) 7 (3) 6 (5) 

p-Values were calculated using Chi-square test.  
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Table 4.24 Determination of TNF-α gene association in acne patients grouped 

according to disease type using different genetic models 

TNF-α SNPs Comedonica Papulopustular  Nodulocystic p-Value  n (%) n (%) n (%) 
a) -857 C/T 38 (100) 249 (100) 120 (100)   
Genotype         
C/C 19 (50) 91 (36) 61 (50) 

0.095 C/T 18 (47) 149 (60) 56 (47) 
T/T 1 (3) 9 (4) 3 (3) 
Additive     C 56 (74) 331 (66) 178 (74) 0.072 T 20 (26) 167 (34) 62 (26) 
Dominant     C/C 19 (50) 91 (36) 61 (50) 0.019* C/T + T/T 19 (50) 158 (64) 59 (50) 
Recessive     C/C + C/T 37 (97) 240 (96) 120 (97) 0.815 T/T 1 (3) 9 (4) 3 (3) 
b) -863 C/A 32 (100) 230 (100) 118 (100)   
Genotype     C/C 17 (53) 122 (53) 56 (47) 

0.266 C/A 15 (47) 93 (40) 58 (49) 
A/A 0 (0) 15 (17) 4 (3) 
Additive     C 49 (77) 337 (73) 170 (72) 0.766 A 15 (23) 123 (27) 66 (38) 
Dominant     C/C 17 (53) 122 (53) 56 (47) 0.600 C/A + A/A 15 (47) 108 (57) 62 (52) 
Recessive 

    C/C + C/A 32 (100) 215 (93) 114 (97) 0.178 A/A 0 (0) 15 (17) 4 (3) 
c) -1031 T/C 40 (100) 272 (100) 132 (100)   
T/T 20 (50) 134 (49) 68 (52) 

0.835 T/C 20 (50) 130 (48) 60 (45) 
C/C 0 (0) 8 (3) 4 (3) 
Additive     T 60 (75) 398 (73) 196 (74) 0.909 C 20 (25) 146 (27) 68 (26) 
Dominant     T/T 20 (50) 134 (49) 68 (52) 0.194 T/C + C/C 20 (50) 138 (51) 64 (48) 
Recessive     T/T + T/C 40 (100) 164 (97) 128 (97) 0.329 C/C 0 (0) 8 (3) 4 (3) 

p-Values were calculated using Chi-square test; p-Values less than 0.05 were 
considered statistically significant; Total number of patients was 469.  
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4.6 Comparison of serum metabolites in acne patients 

versus controls 

Acne is a chronic inflammatory disease of sebaceous glands and changes in 

sebum composition effect inflammatory and immune events during acne initiation. 

The dietary factors alter sebum production rate of sebaceous glands which then 

contributes to acne initiation. The association between serum lipids such as TC, TG, 

HDL-C and apo-a in acne patients versus controls has not been generally investigated 

(Thiboutot et al., 2009; Rigopoulos et al., 2007). The primary inflammatory cytokine, 

TNF-α expression is regulated by various genetic, immune and inflammatory factors 

in acne pathogenesis (Allen et al., 2001; Zaenglein, 2010). Furthermore, platelets are 

involved in activation of inflammation and adaptive immune system and PF4 is 

released from activated platelets (Semple et al., 2011). To investigate importance of 

serum metabolites in acne patients; serum lipids, TNF-α levels and PF4 levels were 

compared in acne patients with severe acne symptoms versus those having mild to 

moderate acne symptoms using enzymatic end point and ELISA techniques. 

4.6.1 Lipid profile measurements in acne patients versus controls 

Lipid profile was measured in controls and acne patients serum using 

enzymatic end point method (Table 4.25). Levels of TC were significantly high in 

acne patients than controls (p<0.001). Similarly, comparison of TG between controls 

and patients revealed significantly elevated levels in patients than controls (p<0.001).  

Interestingly, acne patients had significantly lower levels of HDL-C than controls 

(p<0.001). The levels of TC, TG and HDL-C were also compared in gender-based 

groups. In female acne patients levels of TC and TG were significantly increased than 

healthy controls subjects (TC, p<0.001; TG, p<0.001). Consistent with results in 

overall population, the HDL-C levels were also significantly lower in female acne 

patients than control population (p<0.001). The TC and TG levels were significantly 

raised in male acne patients as well (TC, p<0.001; TG, p<0.001). The HDL-C levels 

were also significantly different between patients and controls however in contrast to 

overall and female population  HDL-C levels were high in male patients than male 
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controls (p=0.014). In addition, the observed p-Value for HDL-C comparison in male 

patients was weak than p-Values for overall and female acne patients comparisons.   

Overall, the levels of TC, TG and HDL-C were significantly different in acne 

patients than controls. Furthermore, in all studied groups the levels of TC and TG 

were increased in patients than controls.  Elevated levels of HDL-C were observed in 

healthy controls in overall as well as in female population than corresponding 

patients; however, in male population elevated HDL-C levels were observed in acne 

patients than controls. 

4.6.2 Comparison of TNF-α levels in acne patient versus controls 

 The TNF-α protein levels were checked in acne patients using ELISA 

technique. The total of 89 patients were selected and grouped according to the 

severity of acne disease as 45 subjects with mild to moderate acne symptoms were 

taken as control and a total of 44 age and sex matched patients with severe acne 

symptoms were selected as patients group. The comparative values of TNF-α level in 

population and genders based groups (54 female and 33 male subjects) are presented 

in Table 4.26. 

 The TNF-α protein levels were significantly different between control and 

patients groups and; in patients group the level of TNF-α was high than control 

subjects (p=0.014). The level was also significantly different in female patients versus 

female controls (p=0.015). Although, the p-Value for TNF-α levels in male controls 

versus male patients comparison was not significant still in male patients high levels 

of TNF-α protein were observed than respective controls (p=0.377). Furthermore, the 

TNF-α levels were statistically non-significant in comparison of female versus male 

population. These results suggested that TNF-α levels increase significantly in acne 

vulgaris patients than controls.   

4.6.2.1 Comparison of TNF-α level in wild type vs. variant genotypes of RETN, 

IL-6, IL-1α and TNF-α gene polymorphisms 

 The levels of TNF-α protein were compared between wild type and variant 

genotype groups of RETN gene polymorphisms at +299 G/A and -420 C/G sites 

(Table 4.27). Although, p-Value for TNF-α protein levels comparison was not 
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significant between analyzed groups of RETN +299 G/A polymorphism however, 

high levels were observed in variant genotype (p=0.254). Interestingly, we found that 

TNF-α levels were significantly high in RETN -420 C/G variant genotype than wild 

type genotype (p=0.012). 

The comparative value of TNF-α levels in wild and variant groups of IL-6 and 

IL-1α polymorphisms are given in Table 4.28.  Interestingly, we found that TNF-α 

levels were high in wild genotype of IL-6 -174 G/C polymorphism (p=0.670). This 

observation favored our hypothesis of protective role of IL-6 -174 G/C minor allele in 

acne development. For IL-6 -572 G/C and IL-1α -889 C/T polymorphisms the TNF-α 

levels were high in variant genotypes however, p-Values were not statistically 

significant (p=0.213 and p=0.363, respectively).  

The levels of TNF-α protein were compared between wild versus variant 

genotype groups of TNF-α polymorphisms at -857 C/T, -863 C/A and -1031 T/C 

promoter sites. Comparative protein levels and p-Values are tabulated in Table 4.29. 

In each polymorphism protein levels were high in variant genotype than wild 

genotype. However, p-Values did not reach the statistical significance in analyzed 

groups for TNF-α polymorphisms. 

4.6.3 Comparison of apo-a levels in acne patients vs. controls 

 Abnormal lipid and lipoprotein profile has been associated with increased risk 

of skin diseases importantly acne vulgaris (Abulnaja, 2009). Apo-a is a glycoprotein 

linked with apo-b through disulphide bonds in lipoprotein particle. The levels of apo-a 

were compared in 89 acne patients including 46 patients with mild to moderate acne 

symptoms and 43 with severe acne symptoms. The patients group with mild to 

moderate disease was taken as control for analysis. The levels of apo-a were 

compared in following groups, controls vs. patients; female controls vs. female 

patients; male controls vs. male patients and female vs. male groups. The results for 

apo-a levels comparison in mentioned groups are summarized in Table 4.30. 

 The p-Values for comparison of apo-a levels between analyzed groups were 

not statistically significant. As shown in Table 4.30 in acne patients apo-a levels were 

very disperse, ranging from 39.62mg/L to 779.60mg/L. Therefore, median, minimum 

and maximum values of apo-a level were considered for comparison. The median 
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value of apo-a levels was high in controls than patients group. Similarly, in female 

group median value of the apo-a levels was high in controls than patients. In contrast, 

in male population the median value of the apo-a levels was increased in patients 

relative to the controls.  Further, the median, minimum and maximum values for apo-

a levels were similar in female and male groups. 

4.6.3.1 Comparison of apo-a levels in wild types versus variant genotypes of 

RETN, IL-6, IL-1α and TNF-α gene polymorphisms 

 The Apo-a levels in wild types and variant genotypes of the RETN, IL-6, IL-

1α and TNF-α gene polymorphisms are given in Table 4.31-4.33.  

 The levels of apo-a in wild types and variant genotypes of RETN +299 G/A 

and -420 G/C SNPs are summarized in Table 4.31. The p-Values for apo-a levels 

comparison between RETN polymorphisms wild types and variant genotypes groups 

were not statistically significant (+299 G/A, p=0.511; -420 C/G, p=0.558). The 

median value for apo-a levels was high in wild type than in variant genotype of RETN 

polymorphisms.  In RETN +299 G/A polymorphism the minimum and maximum 

values were similar in wild type and variant genotype however, median value of apo-a 

levels was high in wild type. Similarly, in the RETN -420 C/G polymorphism apo-a 

levels were raised in wild type than variant genotype group. 

 The apo-a levels in wild type and variant genotype groups of IL-6 and IL-1α 

gene polymorphisms are presented in Table 4.32. The p-Values for analyzed groups 

of IL-6 174 G/C, IL-6 -572 G/C and IL-1α -889 C/T were not statistically significant 

(p=0.817; p=0.205 and p=0.181, respectively). Moreover, median values of apo-a 

levels were high in variant genotypes of IL-6 and IL-1α polymorphisms. 

The apo-a levels in wild types and variant genotypes of TNF-α polymorphisms 

(-857 C/T, -863 C/A and -1031 T/C) and corresponding p-Values are given in Table 

4.33. Although, the p-Values for compared groups were not significant however, the 

median values of apo-a levels were high in variant groups of TNF-α promoter 

polymorphisms (-857 C/T, p=0.507; -863 C/A p=0.960; -1031 T/C, P=0.868). 

 These results suggested that apo-a levels are very dispersed in studied 

population. The median values of apo-a levels were raised in variant genotypes of 
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TNF-α, IL-6 and IL-1α polymorphisms. In contrast, for RETN gene polymorphisms 

apo-a median values were raised in wild type genotypes. 

4.6.4 Comparison of PF4 levels in acne patients versus controls 

 Platelets are important activator of inflammation, innate and adaptive 

immunity; and PF4 is a marker of activated platelets (Semple et al., 2011). To 

investigate the role of platelets in acne pathogenesis, PF4 levels were checked in a 

total of 89 subjects including sex and age matched 46 controls and 43 patients using 

ELISA technique. The acne patients with mild to moderate acne disease were 

considered as controls and patients group contained the acne patients with severe 

disease symptoms. The PF4 levels were compared in controls and patients in overall 

population as well as in gender based groups. The PF4 levels, statistical analysis 

results and age of analyzed groups are presented in Table 4.34. 

 The PF4 levels were significantly high in patients than in controls (p=0.001). 

Similarly, p-Values for the PF4 levels comparisons were significant in both genders 

(females: p=0.010; males: p=0.020). Furthermore, PF4 levels were significantly high 

in female population than male population (p=0.017). 

4.6.4.1 Comparison of PF4 levels in wild type versus variant genotypes of 

RETN, IL-6, IL-1α and TNF-α polymorphisms 

 To investigate the association of PF4 levels with cytokines and adipokine 

polymorphisms, its levels were checked in wild type and variant genotypes of RETN, 

IL-6, IL-1α and TNF-α polymorphisms. The results are summarized in Table 4.35-

4.37. 

The results for PF4 levels distribution in wild type and variant genotype 

groups of RETN intron and promoter polymorphisms are presented in Table 4.35. In 

RETN +299 G/A polymorphism PF4 levels were elevated in variant genotype group 

however, p-Value was not significant (p=0.321). In RETN -420 C/G polymorphism 

the levels of PF4 were significantly elevated in variant genotype when compared with 

wild type (p=0.005). The PF4 levels in wild type and variant genotype groups of IL-6 

and IL-1α polymorphisms are summarized in Table 4.36. The PF4 levels were not 

different in analyzed groups of IL-6 -572 G/C and IL-1α -889 C/T polymorphisms. 
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However, in IL-6 -174 G/C polymorphism, the levels were significantly raised in 

variant genotype group than wild type group (p=0.025). In the TNF-α promoter 

polymorphisms (-857 C/T, -863 C/A and -1031 T/C), there was no difference in PF4 

levels between wild type and variant genotypes.  

The analysis of PF4 levels in wild type versus variant genotype groups of 

studied polymorphisms showed significant p-Values with RETN -420 C/G and IL-6 -

174 G/C polymorphisms and in both polymorphisms increased levels of PF4 were 

observed in variant genotypes.  

4.6.5 Analysis of TNF-α, apo-a and PF4 levels in acne patients 

grouped according to acne severity and acne type  

 The levels of TNF-α, apo-a and PF4 were also compared in age matched acne 

patients with varying degree of acne severity including 89 patients with mild, 

moderate or severe acne symptoms. The characteristics of acne patients are tabulated 

in Table 4.38. The TNF-α levels were significantly high in patients with severe acne 

disease than in patients with moderate and mild acne disease (p=0.049). Interestingly, 

the highest value was observed in severe acne patients group and lowest in patients 

with mild acne symptoms. The p-Value was non-significant for the apo-a levels 

comparison among acne severity groups (p=0.053). Further, the highest level was 

observed in mild acne patients and lowest in moderate acne patients. Interestingly, the 

expression of PF4 was significantly different in analyzed groups with different acne 

severity (p=0.004). The highest levels of PF4 were observed in severe acne patients 

and lowest levels were observed in mild acne patients. The study of TNF-α, Apo-a 

and PF4 levels in disease severity based groups of acne patients revealed that with 

increase in expression of TNF-α and PF4, acne severity also increases. 

 A total of 81 acne patients with non-inflammatory or inflammatory acne 

lesions including 6 patients with acne comedonica, 51 with papulopustular and 24 for 

nodulocystic were chosen to compare TNF-α, apo-a and PF4 levels in patients with 

different acne types. The observed levels are recorded in Table 4.38b. The p-Values 

for levels of TNF-α, apo-a and PF4 were non-significant in patients with different 

acne types. These results suggested that there is no association between levels of 

TNF-α, apo-a and PF4; and type of acne lesions.  
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Table 4.25 Comparison of Lipid profile in acne patients vs. controls 

 

Characteristics Controls (n = 550) Patients (n = 530) p-Value 

TC (mg/dL) 177.96 ± 22.36 217.80 ± 25.96 <0.001* 

TG (mg/dL) 196.49 ± 29.72 231.04 ± 30.02 <0.001* 

HDL-C (mg/dL) 42.62 ± 7.64 33.03 ± 7.84 <0.001* 

Female Controls (n = 332) Patients (n = 329) p-Value 

TC (mg/dL) 181.6 ± 24.81 217.48 ± 25.78 <0.001* 

TG (mg/dL) 194.79 ± 33.10 239.17 ± 38.05 <0.001* 

HDL-C (mg/dL) 42.28 ± 7.05 33.26 ± 8.23 <0.001* 

Male Controls (n = 218) Patients (n = 201) p-Value 

TC (mg/dL) 172.93 ± 17.57 218.32 ± 26.75 <0.001* 

TG (mg/dL) 200.34 ± 30.17 239.81 ± 39.47 <0.001* 

HDL-C (mg/dL) 28.14 ± 5.45 33.41 ± 7.91 0.014* 

 

Continuous data is represented as mean ± standard deviation; p-Values were 

calculated using two-tailed unpaired t test; p-Values less than 0.05 were considered 

statistically significant; n, Number of subjects; TC, Total cholesterol; TG, 

Triglycerides; HDL-C, High density lipoprotein cholesterol; *Significant p- Value. 
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Table 4.26 Comparison of TNF-α levels in acne patients vs. controls 

 

Characteristics Controls Patients p-Value 

Population 

n (%) 45 (51) 44 (49)   

Age (years) 23.04 ± 7.27 22.39 ± 6.00 0.637 

TNF-α (pg/mL) 73.11 ± 90.21  138.00 ± 149.00  0.014* 
  Med (Min-Max) 36 (0.00-279.00) 64 (10.00-407.00) 

Female 

n (%) 28 (50) 28 (50)   

Age (years) 24.39 ± 8.30 23.03 ± 6.38 0.496 

TNF-α (pg/mL) 73.11 ± 90.21  138.00 ± 149.00  
0.015* 

Med (Min-Max) 26 (0.00-279.00) 65 (10.00-406.00) 

Male 

n (%) 17 (51) 16 (49)  
Age (years) 20.82 ± 4.56 21.25 ± 5.26 0.805 

TNF-α (pg/mL) 92.47 ± 103.6  134.30 ± 159.60 
0.377 

Med (Min-Max) 40 (0.00-279.00) 57 (10.00-407.00) 

 n (%) 56 (63) 33 (37)  
Female vs. Age (years) 23.71 ± 7.37 21.03 ± 4.84 0.065 

Male TNF-α (pg/mL) 100.80 ± 123.30 112.70 ± 133.30 
0.670 

  Med (Min-Max) 39 (0.00-406.00) 47 (0.00-407.00) 
 

Controls group represented acne patients with mild to moderate disease; Patients 

group represented acne patients with severe disease; continuous data is represented as 

mean ± standard deviation; p-Values were calculated using two tailed unpaired t test; 

p-Values less than 0.05 were considered statistically significant; n: Number of 

subjects; Med, Median; Min, Minimum value; Max, Maximum value; *Significant p- 

Value. 
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Table 4.27 Comparison of TNF-α levels in dominant model of RETN intron 

and promoter polymorphism 

 

RETN SNPs Wild Type Variant type 

p-Value +299 G/A G/G G/A + A/A 

n (%) 41 (46) 48 (54) 

Age (years) 22.41 ± 6.99 22.98 ± 6.40 0.691 

TNF-α (pg/mL) 88.59 ± 109.01  119.40 ± 139.10  
0.254 

Med (Min-Max) 36 (0.05-406.00) 52 (0.05-407.00) 

-420 C/G C/C C/G + G/G  
n (%) 27 (30) 62 (70)  
Age (years) 22.59 ± 7.84 22.77 ± 6.11 0.906 

TNF-α (pg/mL) 54.67 ± 78.19  127.20 ± 137.20  
0.012* 

Med (Min-Max) 19 (0.05-279.00) 64 (0.05-407.00) 

 

Continuous data is represented as mean ± standard deviation; p-Values were 

calculated using two tailed unpaired t test; p-Values less than 0.05 were considered 

statistically significant; n, Number of subjects; Med, Median; Min, Minimum value; 

Max, Maximum value; *Significant p- Value. 
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Table 4.28 Comparison of TNF-α levels in dominant model of IL-6 and IL-1α 

promoter region polymorphisms 

 

SNPs Wild Type Variant type 

p-Value IL6 -174 G/C G/G G/C + C/C 

n (%) 53 (60) 36 (40) 

Age (years) 22.79 ± 6.71 22.61 ± 6.62 0.900 

TNF-α (pg/mL) 110.00 ± 125.60  98.22 ± 129.20  
0.670 

Med (Min-Max) 47 (0.05-406.00) 38 (3.00-407.00) 

IL6 -572 G/C G/G G/C + C/C  
n (%) 33 (37) 56 (63)  
Age (years) 22.61 ± 6.30 22.79 ± 6.89 0.902 

TNF-α (pg/mL) 83.39 ± 90.25  118.10 ± 142.80  
0.213 

Med (Min-Max) 44 (0.05-279.00) 39 (1.00-407.00) 

IL-1α -889 C/T C/C C/T + T/T  
n (%) 37 (42) 52 (58)  
Age (years) 24.32 ± 7.57 21.58 ± 5.70 0.054 

TNF-α (pg/mL) 94.87 ± 118.00  119.80 ± 137.80  
0.363 

Med (Min-Max) 35 (0.05-407.00) 57 (0.05-406.00) 
 

Continuous data is represented as mean ± standard deviation; p-Values were 

calculated using two tailed unpaired t test; p-Values less than 0.05 were considered 

statistically significant; SNPs, Single nucleotide polymorphisms; n: Number of 

subjects; Med, Median; Min, Minimum value; Max, Maximum value. 
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Table 4.29 Comparison of TNF-α levels in dominant model of TNF-α 

promoter polymorphisms 

TNF-α SNPs Wild Type Variant type 

p-Value -857 C/T C/C C/T + T/T 

n (%) 38 (43) 51 (57) 

Age (years) 23.05 ± 6.67 22.47 ± 6.68 0.685 

TNF-α (pg/mL) 87.89 ± 110.00  118.10 ± 137.10  
0.267 

Med (Min-Max) 42 (0.05-406.00) 42 (0.05-407.00) 

-863 C/A C/C C/A + A/A  
n (%) 44 (49) 45 (51)  
Age (years) 23.73 ± 7.40 21.73 ± 5.72 0.158 

TNF-α (pg/mL) 82.59 ± 100.20  127.30 ± 145.40  
0.095 

Med (Min-Max) 35 (0.05-400.00) 57 (4.00-407.00) 

-1031 T/C T/T T/C + C/C  
n (%) 37 (42) 52 (58)  
Age (years) 23.65 ± 7.20 22.06 ± 6.20 0.268 

TNF-α (pg/mL) 89.43 ± 104.80  116.40 ± 139.70  
0.323 

Med (Min-Max) 36 (0.05-400.00) 45 (0.05-407.00) 
 

Continuous data is represented as mean ± standard deviation; p-Values were 

calculated using two tailed unpaired t test; p-Values less than 0.05 were considered 

statistically significant; n, Number of subjects; Med, Median; Min, Minimum value; 

Max, Maximum value. 

  

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        148 

 



Results 

 
Table 4.30 Comparison of apo-a levels in acne patients vs. controls 

 

Characteristics Controls Patients p-Value 

Population 

n (%) 46 (52) 43 (48)   

Age (years) 23.04 ± 7.27 22.39 ± 6.00 0.659 

Apo-a (mg/L) 201.80 ± 199.60 198.30 ± 200.40 
0.936 

Med (Min-Max) 131 (39.62-779.60) 89 (45.86-779.60) 

Female 

n (%) 30 (51) 29 (49)   

Age (years) 24.30 ± 8.03 23.03 ± 6.27 0.504 

Apo-a (mg/L) 224.50 ± 202.10  182.10 ± 192.30  
0.413 

Med (Min-Max) 156 (39.62-704.50) 75 (47.13-779.60) 

Male 

n (%) 16 (53) 14 (47)  

Age (years) 20.75 ± 4.70 21.21 ± 5.22 0.780 
Apo-a (mg/L) 159.2 ± 193.9  231.90 ± 219.09 

0.344 
Med (Min-Max) 91 (39.74-779.60) 164 (45.86-685.30) 

 n (%) 59 (63) 30 (37)  
Female vs. Age (years) 23.68 ± 7.18 20.97 ± 4.87 0.067 
Male Apo-a (mg/L) 203.60 ± 196.80 193.10 ± 206.10 

0.815 
  Med (Min-Max) 122 (39.62-779.60) 122 (39.74-779.60) 

 

Controls group represented acne patients with mild to moderate disease; Patients 

group represented acne patients with severe disease; Continuous data is represented as 

mean ± standard deviation; p-Values were calculated using two tailed unpaired t test; 

p-Values less than 0.05 were considered statistically significant; n, Number of 

subjects; Med, Median; Min, Minimum value; Max, Maximum value. 
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Table 4.31 Comparison of apo-a levels in dominant genotype model of RETN 

intron and promoter polymorphisms 

 

RETN SNPs Wild Type Variant type 

p-Value +299 G/A G/G G/A + A/A 

n (%) 39 (44) 50 (56) 

Age (years) 22.31 ± 7.12 23.12 ± 6.20 0.567 

Apo-a (mg/L) 215.90 ± 199.40  187.80 ± 199.50  
0.511 

Med (Min-Max) 157 (39.74-779.60) 74 (39.62-779.60) 

-420 C/G C/C C/G + G/G  

n (%) 26 (29) 63 (71)  

Age (years) 22.62 ± 7.99 22.83 ± 5.99 0.892 

Apo-a (mg/L) 180.70 ± 166.90  208.10 ± 211.40  
0.558 

Med (Min-Max) 131 (39.87-687.90) 91 (39.62-779.60) 

 

Continuous data represented as mean ± standard deviation; p-Values were calculated 

using two tailed unpaired t test; p-Values less than 0.05 were considered statistically 

significant; n, Number of subjects; Med, Median; Min, Minimum value; Max, 

Maximum value.  
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Table 4.32 Comparison of apo-a levels in dominant genotype model of IL-6 

and IL-1α promoter polymorphisms 

 

SNPs Wild Type Variant type 

p-Value IL6 -174 G/C G/G G/C + C/C 

n (%) 55 (61) 34 (39) 

Age (years) 22.80 ± 6.60 22.71 ± 6.68 0.948 

Apo-a (mg/L) 204.00 ± 212.00  193.80 ± 178.40  
0.817 

Med (Min-Max) 73 (39.62-779.60) 162 (39.74-779.60) 

IL6 -572 G/C G/G G/C + C/C  
n (%) 33 (37) 56 (63)  
Age (years) 22.64 ± 6.29 22.84 ± 6.81 0.889 

Apo-a (mg/L) 165.10 ± 170.10 220.70 ± 212.80  
0.205 

Med (Min-Max) 99 (39.62-779.60) 138 (39.87-779.60) 

IL1-α -889 C/T C/C C/T + T/T  
n (%) 38 (43) 51 (57)  
Age (years) 24.29 ± 7.47 21.63 ± 5.67 0.059 

Apo-a (mg/L) 167.30 ± 177.90  224.50 ± 211.50 
0.181 

Med (Min-Max) 74 (39.62-779.60) 141 (39.87-779.60) 
 

Continuous data is represented as mean ± standard deviation; p-Values were 

calculated using two tailed unpaired t test; p-Values less than 0.05 were considered 

statistically significant; SNPs, Single nucleotide polymorphisms; n, Number of 

subjects; Med, Median; Min, Minimum value; Max, Maximum value. 
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Table 4.33 Comparison of apo-a levels in dominant genotype model of TNF-α 

promoter polymorphisms 

 

TNF-α SNPs Wild Type Variant type 

p-Value -857 C/T C/C C/T + T/T 

n (%) 36 (40) 53 (60) 

Age (years) 23.22 ± 6.71 22.45 ± 6.55 0.591 

Apo-a (mg/L) 183.00 ± 221.40  211.70 ± 183.20  
0.507 

Med (Min-Max) 62 (39.74-779.60) 145 (39.62-779.60) 

-863 C/A C/C C/A + A/A  
n (%) 47 (53) 42 (47)  
Age (years) 23.68 ± 7.17 21.74 ± 5.80 0.167 

Apo-a (mg/L) 199.10 ± 205.80  201.20 ± 193.30  
0.960 

Med (Min-Max) 108 (39.62-779.60) 131 (39.74-685.30) 

-1031 T/C T/T T/C + C/C  
n (%) 40 (45) 49 (55)  
Age (years) 23.60 ± 6.93 22.08 ± 6.29 0.282 

Apo-a (mg/L) 196.20 ± 196.30  203.30 ± 202.90  
0.868 

Med (Min-Max) 115 (39.62-779.60) 125 (39.74-779.60) 
 

Continuous data is represented as mean ± standard deviation; p-Values were 

calculated using two tailed unpaired t test; p-Values less than 0.05 were considered 

statistically significant; n, Number of subjects; Med, Median; Min, Minimum value; 

Max, Maximum value; *Significant p- Value. 

  

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        152 

 



Results 

 
Table 4.34 Comparison of PF4 levels in acne patients vs. controls 

 

Characteristics Controls Patients p-Value 

Population 

n (%) 46 (52) 43 (48)   

Age (years) 23.04 ± 7.20 22.39 ± 6.00 0.659 

PF4 (ng/mL) 16.52 ± 9.67 25.84 ± 15.74 
0.001* 

Med (Min-Max) 13 (5.00-49.00) 24 (1.00-53.00) 

Female 

n (%) 30 (51) 29 (49)   

Age (years) 24.30 ± 8.03 23.03 ± 6.27 0.503 

PF4 (ng/mL) 14.03 ± 9.62 23.24 ± 16.24  
0.010* 

Med (Min-Max) 11 (5.00-49.00) 20 (1.33-52.00) 

Male 

n (%) 16 (53) 14 (47)  
Age (years) 20.75 ± 4.70 21.21 ± 5.22 0.780 
PF4 (ng/mL) 21.19 ± 8.10 31.12 ± 13.70 

0.020* 
Med (Min-Max) 22 (10.00-39.00) 28 (8.00-53.33) 

 n (%) 59 (63) 30 (37)  
Female vs. Age (years) 23.68 ± 7.18 20.97 ± 4.87 0.067 
Male PF4 (ng/mL) 18.56 ± 13.97 25.82 ± 11.98 

0.017* 
  Med (Min-Max) 15 (1.33-52.00) 25 (8.00-53.33) 

 

Controls group represented acne patients with mild to moderate disease; Patients 

group represented acne patients with severe disease; Continuous data represented as 

mean ± standard deviation; p-Values were calculated using two tailed unpaired t test; 

p-Values less than 0.05 were considered statistically significant; n, Number of 

subjects; Med, Median; Min, Minimum value; Max, Maximum value; *Significant p- 

Value. 
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Table 4.35 Comparison of PF4 levels in dominant genotype model of RETN 

intron and promoter polymorphisms 

 

RETN SNPs Wild Type Variant type 

p-Value +299 G/A G/G G/A + A/A 

n (%) 39 (44) 50 (56) 

Age (years) 22.31 ± 7.12 23.12 ± 6.20 0.567 

PF4 (ng/mL) 19.37 ± 13.07  22.29 ± 14.19  
0.321 

Med (Min-Max) 15 (6.00-53.33) 20 (1.33-52.00) 

-420 C/G C/C C/G + G/G  

n (%) 26 (29) 63 (71)  

Age (years) 22.62 ± 7.99 22.83 ± 5.99 0.892 

PF4 (ng/mL) 14.71 ± 9.73  23.61 ± 14.32 
0.005* 

Med (Min-Max) 12 (1.33-50.00) 20 (1.33-53.33) 

 

Continuous data represented as mean ± standard deviation; p-Values were calculated 

using two-tailed unpaired t test; p-Values less than 0.05 were considered statistically 

significant; n, Number of subjects; Med, Median; Min, Minimum value; Max, 

Maximum value; *Significant p- Value. 
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Table 4.36 Comparison of PF4 levels in the dominant genotype model of IL-6 

and IL-1α promoter region polymorphisms 

 

SNPs Wild Type Variant type 

p-Value IL6 -174 G/C G/G G/C + C/C 

n (%) 55 (61) 34 (39) 

Age (years) 22.80 ± 6.60 22.71 ± 6.68 0.948 

PF4 (ng/mL) 18.46 ± 12.49  25.13 ± 14.75  
0.025* 

Med (Min-Max) 15 (1.33-53.33) 20 (8.00-52.00) 

IL6 -572 G/C G/G G/C + C/C  
n (%) 33 (37) 56 (63)  
Age (years) 22.64 ± 6.29 22.84 ± 6.81 0.889 

PF4 (ng/mL) 21.32 ± 13.42 20.82 ± 14.00  
0.869 

Med (Min-Max) 15 (5.00-49.00) 18 (1.33-53.33) 

IL1-α -889 C/T C/C C/T + T/T  
n (%) 38 (43) 51 (57)  
Age (years) 24.29 ± 7.47 21.63 ± 5.67 0.059 

PF4 (ng/mL) 20.12 ± 14.21 21.67 ± 13.42 
0.601 

Med (Min-Max) 15 (1.33-52.00) 19 (1.33-53.33) 
 

Continuous data represented as mean ± standard deviation; p-Values were calculated 

using two-tailed unpaired t test; p-Values less than 0.05 were considered statistically 

significan; SNPs, Single nucleotide polymorphisms; n, Number of subjects; Med, 

Median; Min, Minimum value; Max, Maximum value; *Significant p- Value. 
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Table 4.37 Comparison of PF4 levels in the dominant genotype model of TNF-

α promoter polymorphisms 

 

TNF-α SNPs Wild Type Variant type 

p-Value -857 C/T C/C C/T + T/T 

n (%) 36 (40) 53 (60) 

Age (years) 23.22 ± 6.71 22.45 ± 6.55 0.591 

PF4 (ng/mL) 22.21 ± 15.11  20.19 ± 12.75  
0.497 

Med (Min-Max) 20 (1.33-53.33) 17 (1.33-52.00) 

-863 C/A C/C C/A + A/A  
n (%) 47 (53) 42 (47)  
Age (years) 23.68 ± 7.17 21.74 ± 5.80 0.167 

PF4 (ng/mL) 19.47 ± 11.95  22.73 ± 15.40  
0.264 

Med (Min-Max) 17 (1.33-50.00) 20 (1.33-53.33) 

-1031 T/C T/T T/C + C/C  
n (%) 40 (45) 49 (55)  
Age (years) 23.60 ± 6.93 22.08 ± 6.29 0.282 

PF4 (ng/mL) 20.08 ± 12.62  21.77 ± 14.62  
0.565 

Med (Min-Max) 17 (1.33-50.00) 19 (1.33-53.33) 
 

Continuous data is represented as mean ± standard deviation; p-Values were 

calculated using two-tailed unpaired t test; p-Values less than 0.05 were considered 

statistically significant; n, Number of subjects; Med, Median; Min, Minimum value; 

Max, Maximum value. 
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Table 4.38 Comparison of TNF-α, apo-a and PF4 levels in acne patients 

grouped according to disease severity and disease type 

 

 
Continuous data represented as mean ± standard deviation; p-Values were calculated 

using one way non-parametric ANOVA; p-Values less than 0.05 were considered 

statistically significant; SNPs, Single nucleotide polymorphisms; n, Number of 

subjects; Med, Median; Min, Minimum value; Max, Maximum value; *Significant p- 

Value. 

  

a) Disease severity  

 Mild  Moderate Severe  p-Value 
n (%) 25 (28) 20 (22) 44 (50) 89 (100) 
Age (years) 23.92 ± 8.66 21.95 ± 5.04 22.39 ± 5.99 0.555 
TNF-α (pg/mL) 68.60 ± 84.05  78.75 ± 99.30 138 ± 149 

0.049* 
Med (Min-Max) 19 (0.05-279.00) 41 (0.05-279.00) 64 (10.00-407.00) 
n (%) 27 (30) 19 (21) 43 (48) 89 (100) 
Age (years) 23.85 ± 8.34 21.95 ± 5.18 22.44 ± 5.95 0.574 
Apo-a (mg/L) 261.00 ± 225.60 117.50 ± 115.30 198.30 ± 200.40 

0.053 
Med (Min-Max) 178 (39.87-779.6) 41 (39.62-406.40) 89 (45.86-779.60) 
n (%) 25 (28) 20 (22) 44 (50) 89 (100) 
Age (years) 23.92 ± 8.66 21.95 ± 5.04 22.39 ± 5.99 0.574 
PF4 (pg/mL) 15.48 ± 7.46  18.00 ± 12.23 25.81 ± 15.75 

0.004* 
Med (Min-Max) 13 (6.00-39.00) 14 (5.00-49.00) 24 (1.33-53.33) 
b) Disease type 

 Comedonica Papulopustular Nodulocystic p-Value 
n (%) 6 (8) 51 (62) 24 (30) 81 (100) 
Age (years) 21.83 ± 3.66 20.96 ± 5.05 23.08 ± 5.94 0.269 
TNF-α (pg/mL) 146.30 ± 145.40 102.60 ± 128.40 107.80 ± 131.40 

0.740 
Med (Min-Max) 149 (10.00-279.0) 47 (0.05-407.00) 42 (0.05-406.00) 
n (%) 6 (8) 50 (62) 25 (30) 81 (100) 
Age (years) 21.83 ± 3.66 20.94 ± 4.98 23.20 ± 5.82 0.211 
Apo-a (mg/L) 114.40 ± 98.69 212.40 ± 197.70 179.30 ± 224.90 

0.480 
Med (Min-Max) 62 (40.13-247.10) 147 (39.74-779.60) 75 (39.87-779.6) 
n (%) 6 (8) 50 (62) 25 (30) 81 (100) 
Age (years) 21.83 ± 3.66 20.94 ± 4.98 23.20 ± 5.82 0.211 
PF4 (pg/mL) 11.11 ± 9.09 22.47 ± 14.30 23.21 ± 13.57 

0.144 
Med (Min-Max) 11 (1.33-23.00) 18 (1.33-53.33) 21 (2.00-50.00) 
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4.7 Molecular responses of skin to bacterial challenges 

The skin, human’s largest organ, is habitat for sets of microorganisms that are 

distributed depending on the temperature, humidity and pH of skin area. The 

composition of sets of bacteria varies between normal and pathological conditions. 

During infections, pathogenic bacteria for example P. acnes, S. aureus and S. 

epidermidis activate multiple pathways. Although many antibiotics proved promising 

to treat infectious disease, the emergence of resistant strains is a big challenge for 

pharmaceutical industry (Grice and Segre, 2011). Therefore, it is required to find out 

pathogen-stimulated pathways for drug targeting. To accomplish this task we have 

used two approaches first, microarray metaanalysis approach to understand especially 

local skin, but also systemic responses to bacterial infections. Second, we performed 

an experiment to study transcription profiling of human skin challenged with 

pathogenic and commensals bacterial strains. 

 The metaanalysis of microarray data available in public repositories for skin 

responses to bacterial challenges was done first. For this purpose, transcriptional 

microarray data search in “GEO Datasets” for skin responses to bacterial challenge in 

mammals presented two distinct study groups, one in bovine and other in humans. We 

found 10 data sets, 264 microarrays for PMECs and udder tissue responses to bovine 

mastitis causing bacteria. In humans, 24 data sets and 532 microarrays for human cells 

responses to bacterial challenges were found. To optimize metaanalysis methodology, 

bovine data was analyzed first and then larger data sets from human platforms were 

studied using RankProd software and online available DAVID software. 

4.7.1  Metaanalysis of bovine PMEC and udder tissue responses to 

mastitis-causing bacteria 

Mastitis is, arguably, the most important disease of dairy cattle (Thompson-

Crispi et al., 2014). It is caused by the infection of mammary gland by various micro-

organisms, including Escherichia coli (E. coli) and S. aureus (Bradley, 2002; Wellnitz 

and Bruckmaier, 2012). Mastitis causes reduced milk production in affected cows, 

premature culling, discarding of subpar milk, veterinary and labor costs and pervasive 

use of antibiotics (Deb et al., 2013). 
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Microarray data for bovine mastitis was searched, organized and analyzed 

using RMAexpress, RankProd and DAVID software. The clusters of induced and 

suppressed ontologies in analyzed groups were downloaded and analyzed. 

 The “GEO Datasets” were searched for key terms “E. coli”, “S. aureus”, “S. 

epidermidis” and “P. acnes” in Bos taurus. For “E. coli” 20 studies were found, 

containing the transcriptional profiling data for molecular responses of udder tissue 

and PMEC to different strains of E. coli, heat inactivated E. coli and LPS. The search 

for “S. aureus” resulted in 13 studies mainly focused on PMEC responses to 

bacterium. As expected, there were no studies for epithelial cells responses to “P. 

acnes” and “S. epidermidis” in bovine. We limited bovine metaanalysis only on 

epithelial and local tissue responses to bacterial challenge excluding the studies for 

systemic responses in blood. 

    The “Affymetrix Bovine Genome Array” platform containing 24128 genes was 

used in all selected data sets. The CEL files deposited in the selected studies were first 

downloaded and processed using RMAexpress. This software was used to obtain log2 

transformed microarray data in TXT format and to check the quality of data in each 

microarray. In each microarray data set for challenged and control samples was saved 

and labeled in different columns of excel spread sheets. 

 For analysis through RankProd, we arranged the transcriptional microarray 

data in four sets. For live E. coli, 5 datasets comprising 114 microarrays for control 

and E. coli infected udder biopsies were analyzed.  The analysis group for heat-

inactivated E. coli treated PMEC comprised 3 data sets containing 88 microarrays. 

The metaanalysis of PMEC responses to heat inactivated S. aureus included 2 data 

sets with 75 microarrays. We have also compared the microarray data for LPS 

challenged and control samples from 1 dataset comprising 12 microarrays. Details 

about number of microarrays, bacterial strain, cells and tissue type and treatment time 

are given in Table 4.39. RankProd software was used to find out the differentially 

expressed genes with p-Values better than 10-2, when compared with respective 

controls. For each analysis the number of genes induced or suppressed in respective 

comparison is represented in Figure 4.6. Top regulated genes with p-Values better 

than 10-4 were chosen from RankProd analysis output and used in online DAVID 

software for further analysis as described in materials and methods section 3.7.1.4. In 
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the LPS treated and control PMEC, differentially expressed genes were fewer 

therefore genes with p-Values better than 10-3 were chosen. The DAVID software was 

also used to obtain Tables, Charts and Clusters containing differentially expressed 

genes, the over-represented ontological categories and clusters of the ontological 

categories, respectively. The clusters of ontological categories contained extensively 

overlapping sets of genes, which reduced some redundancies in regulated ontological 

categories. Data for induced and suppressed ontological clusters and genes was 

produced in each comparison.  

4.7.1.1 Molecular responses of E. coli-infected udder tissue 

 The induced and suppressed gene ontologies clusters in live E. coli-infected 

bovine udder tissue are given in Table 4.40. The most prominent cluster of 

ontological categories induced by live E. coli comprised response to wounding, 

defense and inflammatory responses (Table 4.40a). The induced defense genes are 

listed in Table 4.40c. Highly prominent in the list were genes encoding CCL and 

CXCL chemokines, 8-10kD polypeptides mediating chemotaxis to invite 

macrophages, mast cells, eosinophils and neutrophils. Additional pro-inflammatory 

polypeptides, such as IL-1α, IL-1β, vanin, were also induced. The taxis cluster, 3rd 

prominent induced by E. coli, Table 4.40a, is of a piece with the responses to 

wounding, as it comprised the set of chemokines listed in Table 4.40c. Similarly, 

vasculature development/angiogenesis was prominent in the induced categories. The 

abundant presence of complement components as defense responses was also notable. 

Importantly, the defensin proteins, which are produced by the epithelia and are 

directly bactericidal or bacteriostatic, were strongly induced by live E. coli; these 

include beta-defensins DEFB10, DEFB4A, BNBD-9, as well as LAP, LBP, LTF, and 

LYZ2. As part of the innate immunity response, the udder epithelia induced CD14, 

TLR2 and PYCARD, proteins that recognize and orchestrate responses to bacterial 

infection. 

 The second most prominent induced cluster comprised extracellular proteins 

(Table 4.40a). Interestingly, “extracellular proteins” was also a very prominent cluster 

suppressed by E. coli (Table 4.40e). The character of the secreted proteins in the two 

sets was diametrically different: while small signaling polypeptides, growth factors, 
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cytokines and chemokines were induced (Table 4.40d), the much larger basement 

membrane, ECM and cell attachment proteins were suppressed (Table 4.40e). 

Essentially, E. coli-infected epithelia express pro-inflammatory signals and 

concomitantly loosen their attachment to the dermal connective tissue. Interestingly E. 

coli induced the expression of several types of intracellular vesicle such as lysosomal, 

melanocytic and endo-phagocytic proteins (Table 4.40a). As shown in 10th cluster, the 

anti-apoptotic genes were also induced in the infected tissue. 

 The genes suppressed by the E. coli infection were as important as the induced 

ones (Table 4.40b). The 1st and 3rd most prominent clusters comprised ECM proteins 

already described. Particularly striking was the 2nd cluster, carboxylic acid/lipid 

biosynthesis: of the 20 genes in this cluster, fully 11 were directly related to milk 

production (Table 4.40f). This result clearly demonstrated the molecular mechanism 

responsible for the reduced milk production in cows affected by mastitis.  

 Furthermore, E. coli infection suppressed several metabolic processes, glucose 

transport, amino acids and cholesterol metabolism, etc. In addition, the differentiation 

of the epithelial cells, specifically keratinocyte differentiation was inhibited. 

Collectively, the healthy milk-producing function of the udder was compromised by 

E. coli-infection at the transcriptional level in the epithelial cells. 

4.7.1.2 Molecular responses to inactivated E. coli-challenged epithelial cells 

 The ontological categories of induced and suppressed genes in epithelial cells 

challenged with heat-inactivated E. coli are recorded in Table 4.41. 

 A set of experiments was performed with heat-inactivated E. coli to define 

their effects on PMEC. The regulated ontological categories are listed in Table 4.41a. 

The most prominent induced genes category comprised ribosomal proteins, the 

translational machinery of the epithelial cell. Detailed study of the category has 

shown enhanced expression of ribosomal structural genes. The 2nd most prominent 

category, the expression of cytoskeletal proteins, may be the outcome of enhanced 

ribosome production. The induced cytoskeletal proteins may play a role in increased 

cell motion, paralleling similar induction in live E. coli-treated udders. In contrast to 

the in vivo results with live E. coli, the 3rd top upregulated ontological category was 

programmed cell death, containing genes involved in positive regulation of apoptosis, 
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namely caspases, hydrolases, peptidases and apoptotic mitochondrial genes. 

Interestingly, we found some bacterial toxins response genes in this category as well. 

In parallel with the in vivo results, PMEC react by elaborating secreted signaling 

polypeptides, in particular angiogenic ones. This category included genes contributing 

to cell substrate binding, morphogenesis and wound healing. We also found that 

ontological category “pigment granules” or “melanocytes” were overregulated; the 

genes present in these categories were principally “heat shock proteins” or 

“chaperones”, which bind to LPS of bacterial origin and initiate inflammatory 

response, including TNF-α secretion. Transcription of the proteasome complex, 

containing threonine-type endopeptidases involved in protein degradation, was also 

increased.  

 Interestingly, inflammatory, defense and wound healing responses, while 

induced, were much less prominent in PMEC, reaching only the 14th category (Table 

4.41a). Similarly, epidermal differentiation markers were present, but comprising only 

the 24th category; this is, most likely, due to the fact that PMECs are, essentially, 

keratinocytes and therefore keratinocyte markers are expected to be statistically 

overrepresented. 

 Signal transduction through IκB kinase/NF-κB is also upregulated and, albeit 

with low magnitude, so are the bacteria recognition mechanisms, namely both the 

TLR and the RLR signaling pathways. 

 In PMECs, the heat inactivated E. coli suppressed production of membrane-

enclosed vesicles, in particular mitochondria and oxidative phosphorylation, but also 

lytic and melanosomal vesicles. Notably, nuclear and cell cycle genes were also 

suppressed. This is distinct from the processes suppressed by live E. coli in vivo. As in 

vivo, in PMEC the ECM and basement membrane proteins are suppressed even by the 

heat-inactivated E. coli (4.41b). 

4.7.1.3 Molecular responses of inactivated S. aureus-challenged epithelial cells 

The clusters containing induced and suppressed ontological categories in heat-

inactivated S. aureus are given in Table 4.42a and 4.42b. In S. aureus-treated PMECs, 

the most prominent induced cluster comprises inflammatory, immune and defense 

responses (Table 4.42a). Heat-inactivated S. aureus is much more proficient in 
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eliciting these responses than E. coli. These defense responses included extracellular 

signaling peptides, cell adhesion molecules, inducers of acute inflammation, 

regulators of lymphocyte-mediated immunity etc. We also noted quite prominently 

induction of receptors responsible for recognition of microbes by innate immunity, 

namely NLRs and TLRs.  

The most prominent ontological categories suppressed by S. aureus involved 

cell migration (Table 4.42b). Related, ECM proteins and focal adhesion components 

were suppressed. Also prominent were proteins embedded in the plasma membrane, 

including growth factor binding receptor tyrosine kinases. Apparently, PMEC down-

regulated responsiveness to other external stimuli until appropriate responses to S. 

aureus infection are completed. 

4.7.1.4 Molecular responses of LPS challenged epithelial cells 

A single study was found using LPS on PMECs and consequently the 

statistical significance of the regulated genes was markedly reduced. The resultant 

clusters of induced and suppressed ontologies are presented in Table 4.43a and 4.43b. 

Nevertheless we found that LPS treatment induced immune, inflammatory and 

defense response in PMEC, including antigen processing machinery (Table 4.43a). 

Proteolysis was also induced by LPS. Interestingly, apoptosis related genes seemed to 

be induced. We looked specifically at the set of LPS-induced genes involved in 

defense and immunity processes (Table 4.43c). Many of these, 6/11, were 

complement genes and antibacterial defense genes also induced by live E. coli (Table 

4.40c, 4.40d). Of the LPS-induced genes not induced by live E. coli, majority were 

involved in MHC antigen presentation process. Very few ontological categories 

suppressed by LPS reached statistical significance, Table 4.43b, but we noted that the 

ECM proteins seem suppressed.  
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Figure 4.6 Induced and suppressed genes in bacteria challenged vs. controls 

cells 

 

 
 

C, Control; LPS, Lipopolysaccharide. 
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Table 4.39 Datasets used in microarray metaanalysis of bovine responses to 

mastitis causing bacteria 

 

  

GSE, Data series; MA, Microarray; C, Control; T, treated; E. coli, Escherichia coli, S. 

aureus, Staphylococcus aureus; LPS, Lipopolysaccharide; PMEC, Primary mammary 

epithelial cells; h, hours. 

  

Sr. Acc. No Total MA MA C+T Bacterial strain Tissue or Cell type Treatment time (h)
a) Live Escerichia coli

1 GSE15020 10 5+5 E. coli  1303 Udder biopsy 24
2 GSE15019 10 5+5 E. coli  1303 Udder biopsy 6
3 GSE24217 49 23+26 E.coli  k2bh2 Udder biopsy 24, 192
4 GSE50685 20 5+15 E. coli Udder biopsy 24, 48
5 GSE15025 15 5+10 E. coli  1303 Udder biopsy 24

b) Heat-Inactived Escerichia coli
6 GSE24560 58 27+31 E. coli  1303 PMEC 1, 6, 24
7 GSE25413 18 6+12 E. coli  1303 PMEC 1, 3, 6, 24
8 GSE32186 12 6+6 E. coli PMEC 6

c) Heat-Inactived Staphylococcus aureus
9 GSE24560 57 27+30 S. aureus PMEC 1, 6, 24
10 GSE25413 18 6+12 S. aureus  1027 PMEC 1, 3, 6, 24

d) Lipopolysaccharide
11 GSE32186 12 6+6 LPS PMEC 6

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        165 

 



Results 

 
Table 4.40 Clusters of ontological categories induced or suppressed by E. coli 

infection in udders in vivo 

 

 
 

Top ten clusters with best enrichment scores are given. The p-Values are noted for 

individual ontological categories in each cluster. 

  

a) Bovine: Live E. coli INDUCED b) Bovine: Live E. coli SUPRESSED
Ontological categories p Value Ontological categories p Value

1 14.88 1 3.81
response to wounding 1.59E-16 polysaccharide binding 6.77E-05
defense response 2.46E-15 glycosaminoglycan binding 9.94E-05
inflammatory response 5.99E-15 2 3.78

2 11.01 carboxylic acid biosynthetic process 7.16E-05
extracellular region 2.40E-12 lipid biosynthetic process 7.53E-05
extracellular space 1.16E-11 3 2.99

3 5.60 extracellular region part 1.01E-04
taxis 6.88E-09 extracellular matrix 6.04E-04
chemokine receptor binding 6.12E-06 4 2.31

4 4.82 glucose transport 3.03E-03
lysosome 1.73E-06 hexose transport 3.96E-03
lytic vacuole 1.73E-06 5 2.09

5 4.61 skeletal system development 5.22E-04
protein dimerization activity 1.21E-06 ossification 3.80E-03
identical protein binding 6.24E-06 6 1.91

6 4.59 aromatic compound catabolic process 3.03E-03
vasculature development 4.64E-06 L-phenylalanine metabolic process 7.39E-03
blood vessel development 1.19E-05 7 1.85

7 3.92 gland development 4.56E-03
carbohydrate binding 8.70E-06 mammary gland development 1.99E-02
glycosaminoglycan binding 1.30E-04 8 1.53

8 3.78 isoprenoid metabolic process 8.22E-03
melanosome 4.61E-05 Cholesterol biosynthesis 2.85E-02
cytoplasmic vesicle 3.53E-04 9 1.46

9 3.66 tissue morphogenesis 2.43E-02
endocytosis 1.11E-05 epidermis morphogenesis 2.47E-02
phagocytosis 9.82E-04 serine/threonine kinase signaling 2.92E-02

10 3.38 10 1.44
negative regulation of apoptosis 7.46E-06 Viral myocarditis 6.94E-03
anti-apoptosis 5.50E-03 MHC class II protein complex 1.62E-02

Sr. Sr.
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Table 4.40 Defense genes induced in udder by live E. coli infection 

 

   

Symbol Name Function
BCL2 B-cell CLL/lymphoma 2 Transcription
BNBD-9-LIKE BNBD-9-LIKE Bactericidal activity
C1S complement component 1, s Peptidase
C3 complement component 3 Complement activation
C4BPA complement component 4 bp, alpha Complement activation
C6 complement component 6 Lytic complex formation
CCL20 chemokine (C-C motif) ligand 20 Chemotactic factor
CCL3 chemokine (C-C motif) ligand 3 inflammation and chemokine
CCL4 chemokine (C-C motif) ligand 4 inflammation and chemokine
CCL5 chemokine (C-C motif) ligand 5 Chemotactic factor
CCR5 chemokine (C-C motif) receptor 5 Chemokine Receptor
CD14 CD14 molecule Mediates response to LPS
CFB complement factor B Complement component cleavage
COTL1 coactosin-like 1 (Dictyostelium) Binding to F-actin
CXCL11 chemokine (C-X-C motif) ligand 11 Chemotactic factor
CXCL16 chemokine (C-X-C motif) ligand 16 Chemotactic response
CYBA cytochrome b-245 alpha Critical in Phagocyte oxidation
DEFB10 beta-defensin 10 Bactericidal activity
DEFB4A beta-defensin 4 Bactericidal activity
FCER1G Fc fragment of IgE Immune response regulation
FGR Gardner-Rasheed feline Catalysis
FN1 fibronectin 1 Cell surface and compounds binding
HMOX1 heme oxygenase (decycling) 1 catalysis
IL1A interleukin 1, alpha Stimulate thymocyte proliferation
IL1B interleukin 1, beta Stimulate thymocyte proliferation
ITGB6 integrin, beta 6 Receptor for fibronectin and cytoactin
LAP lingual antimicrobial peptide Antibacterial and antifungal activities
LBP lipopolysaccharide binding protein Bactericidal activity
LOC504773 regakine 1 Immunoattractant
LTF lactotransferrin catalytic activity
LYZ2 lysozyme C-2 catalytic activity
NCF1 neutrophil cytosolic factor 1 NADPH activation
NFKBIZ NF kappa B-cells inhibitor zeta NFkB signaling
NOS2 nitric oxide synthase 2 catalytic activity
OLR1 oxidized LDL receptor 1 Involved in degradation of oLDL
ORM1 alpha-1 acid glycoprotein Modulate immune system activity
PTAFR platelet-activating factor receptor inflammation
PYCARD PYD and CARD domain containing Promotes caspase-mediated apoptosis
RAB27A member RAS oncogene family GTPase superfamily
S100A12 S100 calcium binding protein A12 Belongs to the S-100 family
SAA3 serum amyloid A3 Major acute phase reactant
SELP selectin P Receptor for myeloid cells
SERPINF2 serpin peptidase inhibitor Plasmin, trypsin, chymotrypsin inhibitor
THBS1 thrombospondin 1 Cell to cell or matrix interaction mediator
TLR2 toll-like receptor 2 Mediates response to LPS
VNN1 vanin 1 catalytic activity

c) Defense genes induced in udder on Live E.coli infection
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Table 4.40 Extracellular region proteins encoding genes induced in live E. coli 

infected bovine udder 

 

Symbol Function
ADM Hypotensive peptide controls circulation SIG
ALB allergic reaction in human
ANGPT2 counteracts blood vessel maturation SIG
ANGPTL4 hypoxia-induced expression in endothelial cells SIG
APOE Mediates the binding, internalization, and catabolism of LPS SIG
C3 Complement activation SIG
CALR interacts with monoglucosylated proteins synthesized in ER
CCL19 inflammatory and immunological responses SIG
CCL2 Chemoattractant for monocytes SIG
CCL20 Chemoattractant for lymphocytes and neutrophils SIG
CCL3 inflammatory and chemokinetic properties SIG
CCL4 inflammatory and chemokinetic properties SIG
CCL5 Chemoattractant for monocytes, T-helper cells and eosinophils SIG
CHI3L1 defense against pathogens or in tissue remodeling SIG
COL1A2 fibrillar forming collagen ECM
CXCL11 Chemotactic for IL-activated T-cells SIG
CXCL13 Chemotactic for B-lymphocytes SIG
CXCL16 Induces chemotactic response SIG
ECM1 promotes angiogenesis, ossification and endothelial cells proliferation ECM
EDN1 Potent vasoconstrictor SIG
FGF1 angiogenic agents and potent mitogens SIG
FGL2 contributes in physiologic lymphocyte functions at mucosal sites ECM
GPX3 Protects cells and enzymes from oxidative damage
HP protects kidneys from damage by hemoglobin ICAM1
ICAM1 ligand for leukocyte adhesion protein LFA-1 SIG
IFNAR2 signal transduction interacting TK-JAK1 SIG
IGFBP4 inhibit or stimulate growth promoting effects of IGFs SIG
IL18 Stimulates natural killer cell activity and IFN-ɣ production SIG
IL1A inflammatory response SIG
IL1B inflammatory response SIG
IL1RN Inhibits activity of IL-1 SIG
LBP Binds to LPS SIG
LGALS1 regulates apoptosis, cell proliferation and cell differentiation SIG
LOC504773 Chemotactic for neutrophils and lymphocytes SIG
MMP9 Functions in bone osteoclastic resorption ECM
ORM1 modulate immune system during acute-phase reaction SIG
PDIA3 Catalyzes rearrangement of -S-S- bonds in proteins
PLA2G7 Modulates action of platelet activating factor SIG
RBP4 Delivers retinol from liver to peripheral tissues SIG
SAA3 acute phase reactant, Apolipoprotein of HDL complex SIG
SERPINA1 Inhibitor of serine proteases SIG
SERPINA3-1 inhibitor of serine proteases SIG
SERPINF1 induces neuronal differentiation and inhibitor of angiogenesis SIG
SRGN lytic vacuole SIG
THBS1 mediates cell-to-cell and cell-to-matrix interactions ECM
VEGFC Belongs to the PDGF/VEGF growth factor family SIG

d) Extracellular region genes INDUCED in live E.coli infected Bovine udder 
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Table 4.40 Extracellular region proteins encoding genes suppressed in live E. 

coli infected bovine udder 

 

 
 

Most induced genes have a signaling function whereas most suppressed genes are 

components of the extracellular matrix. SIG, Signaling; ECM, Extracellular matrix. 

  

Symbol Function
 CCDC80 regulation of cell-substrate adhesion ECM
 CMTM8 cytokine activity SIG
 COL17A1 hemidesmosome integrity and basal keratinocytes attachment ECM
 COL1A2 Focal adhesion ECM
 CRISPLD2 Promotes matrix assembly ECM
 FMOD Affects fibrils formation rate ECM
 EGFLAM Carbohydrate binding ECM
 FGL1 hepatocyte mitogenic activity ECM
 HAPLN1 Stabilizes aggregates of proteoglycan monomers with hyaluronic acid ECM
 KERA functions in corneal transparency and stromal matrix structure ECM
 KIT catalytic activity in oocyte growth
 LOXL1 Active on elastin and collagen substrates ECM
 LOXL4 modulate formation of collagenous extracellular matrix ECM
 LPL catalytic activity
 LPO catalytic activity
 LUM important in development of tissue engineered cartilage ECM
 MFAP4 involved in calcium-dependent cell adhesion or intercellular interactions ECM
 MFGE8 Binds to phosphatidylserine cell surfaces
 MSR1 mediate endocytosis of diverse group of macromolecules
 MSTN Cytokin and growth factor activity SIG
 MYOC trabecular meshwork inducible glucocorticoid response ECM
 NTN4 neuron remodeling SIG
 OGN Induces bone formation SIG
 POSTN important in extracellular matrix mineralization ECM
 PRELP anchor basement membranes to underlying connective tissue ECM
 PRSS2 catalytic activity
 TFF3 Functions as motogen and maintenance and repair of intestinal mucosa ECM
 TGFB2 suppressive effects on IL-2 dependent T-cell growth SIG
 THBS1 mediates cell-to-cell and cell-to-matrix interactions ECM
 VLDLR receptor-mediated endocytosis of specific ligands SIG

e) Extracellular region genes SUPRESSED in active E.coli infected Bovine udder 
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Table 4.40 Metabolic enzymes suppressed by E. coli in bovine udder 

 

 
  

1: PolyS Binding
Symbol Symbol Function
 BSP5  ACACA sheep milk
 CCDC80  ACSM1 Gland development
 CRISPLD2  AGPAT1 Milk production
 EGFLAM  AGPAT6 Milk production
 ENPP3  ALOX15 Inflammatory responses
 LPL  BCAT2 Cellular a.a. catabolism
 POSTN  CBS Sulphur a.a. metabolism
 PTN  COQ2 ubiquinone biosynthesis
 THBS1  FASN effects milk fat content 
HAPLN1  FDFT1 Imp for Milk yield and quality

 GPAM Milk production
 HMGCR Cholestrol synthesis
 LPL Present in milk
 LTA4H FA Biosynthesis
 MVK FA Biosynthesis
 PEMT required for lactation and pregnancy
 PSAT1 VitB6 (comp of milk) metabolism
 PYCR1 Arginine and proline metabolism
 SCD biosynthesis of unsaturated FA
TM7SF2 Steroid biosynthesis

f) Milk production enzymes
2: Carbohydrate and Lipid biosynthesis
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Table 4.41 Top 10 clusters of ontological categories suppressed or induced in 

bovine PMECs by heat-inactivated E. coli 

 
Additional 3 clusters, ranked 14, 24 and 25th, enrichment score better than 2 are 
shown in the induced category for comparison with the data in Table 4.40. R. 
Regulation; PCD, Programmed cell death  

Ontological categories p-Value Ontological categories p-Value
1 20.38 1 14.42

Ribosome 1.84E-30 organelle inner membrane 2.51E-20
translation 1.66E-22 Oxidative phosphorylation 1.62E-15

2 11.81 2 4.23
structural molecule activity 2.62E-20 vesicle 4.18E-05
cytoskeleton 2.28E-04 melanosome 7.65E-05

3 7.11 3 3.77
apoptosis 2.07E-08 cell cycle 4.29E-07
programmed cell death 3.66E-08 mitosis 6.18E-04

4 5.11 4 3.72
pigment granule 8.05E-08 NADH dehydrogenase activity 4.34E-05
melanosome 8.05E-08 oxidoreductase activity 1.57E-04

5 4.76 5 3.60
vasculature development 7.03E-07 membrane-enclosed lumen 3.00E-07
angiogenesis 5.44E-04 nuclear lumen 2.07E-03

6 4.57 6 3.34
proteasome complex 3.62E-08 extracellular structure organization 2.79E-04
proteasome core complex 1.23E-02 collagen fibril organization 8.73E-04

7 3.80 7 3.14
extracellular region part 8.07E-06 translation factor activity 2.70E-04
extracellular region 2.09E-02 translation initiation 6.43E-04

8 3.68 8 2.85
R. of protein kinase cascade 3.35E-05 cell-matrix adhesion 3.97E-06
R. of I-kB/NF-kB cascade 6.59E-05 integrin binding 1.74E-04

9 3.57 9 2.72
positive R. of cell motion 7.29E-05 vacuole 9.78E-04
R. of cell motion 7.64E-05 lytic vacuole 1.05E-03

10 3.28 10 2.67
R. of apoptosis 2.78E-06 extracellular matrix part 6.25E-05
positive R. of PCD 2.49E-04 proteinaceous extracellular matrix 1.05E-04

14 2.68
defense response 8.29E-04
inflammatory response 2.20E-03
response to wounding 5.11E-03

24 2.14
epithelial cell differentiation 7.30E-04
keratinocyte differentiation 6.94E-02

25 2.12
TLR signaling pathway 9.90E-05
RIGI like receptor signaling 7.95E-02

a) Heat inactivated E. coli : INDUCED b) Heat inactivated E. coli : SUPPRESSED
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Table 4.42 Clusters of ontological categories induced or suppressed by S. 

aureus 

 

 
 

R. Regulation; Pos. R., Positive regulation; TLR, Toll like receptor; MHC, Major 

histocompatibility complex.  

a) Heat-inctivated S. aureus:  INDUCED
Ontological categories p Value Ontological categories p Value

1 10.70 1 4.33
inflammatory response 9.84E-14 cell migration 2.36E-05
defense response 6.59E-13 localization of cell 4.06E-05
immune response 1.01E-12 Cell Motility 4.06E-05

2 6.54 2 2.27
extracellular space 5.94E-08 extracellular space 2.12E-03
extracellular region 1.24E-07 extracellular region 1.98E-02

3 4.46 3 2.24
acute inflammatory response 2.23E-07 plasma membrane 2.72E-05
Pos. reg. of cell organization 3.54E-04 plasma membrane part 8.98E-05

4 2.87 4 2.09
Graft-versus-host disease 6.01E-06 striated tissue development 1.48E-03
Cell adhesion molecules (CAMs) 5.94E-03 striated cell differentiation 5.55E-02

5 2.61 5 1.71
pos. reg. of immunity 8.80E-08 receptor TK signaling 6.68E-05
Pos. R. of cell proliferation 4.73E-03 response to peptide hormone 1.91E-02

6 2.34 6 1.64
acute inflammatory response 2.23E-07 receptor complex 1.27E-02
Pos. R. of response to stimulus 1.58E-04 integral to plasma membrane 2.85E-02

7 2.12 7 1.45
Graft-versus-host disease 6.01E-06 Focal adhesion 1.30E-03
Pos. R. of developmental process 1.03E-03 cell junction assembly 3.01E-03

8 2.11 8 1.44
NOD-like receptor signaling 1.27E-03 tissue homeostasis 2.17E-02
response to bacterium 2.03E-03 homeostasis 3.71E-02

9 1.87 9 1.39
skeletal system development 7.64E-03 enzyme linked receptor signaling 8.86E-07
ossification 1.77E-02 growth factor binding 6.41E-03

10 1.51 10 1.37
R. of immune effector process 1.36E-02 MHC protein complex 1.68E-02
R. of lymphocyte mediated immunity 4.22E-02 antigen processing and presentation 2.45E-02

11 1.48
Pos. R. of response to stimulus 1.58E-04
TLR signaling pathway 1.81E-04

b) Heat-inactivated S. aureus: SUPRESSED
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Table 4.43 Clusters of ontological categories induced or suppressed by LPS 

 

 

 
R., Regulation; Pos. R., Positive regulation; Neg. R., Negative regulation; PCD, 

Programmed cell death; PMECs, Primary mammary epithelial cells  

Ontological categories p Value Ontological categories p Value
1 2.59 1 1.52

immune response 2.78E-08 extracellular region 1.31E-02
pos. reg. of immunity 5.27E-03 extracellular region part 1.91E-02

2 2.55 2 1.48
Antigen processing and presentation 3.05E-05 calcium ion binding 8.55E-03
antigen presentation via MHCII 3.62E-03 metal ion binding 4.75E-02

3 2.35 3 0.81
defense response 2.19E-06 Neg. R. of macromolecule synthesis 1.39E-01
immune effector process 3.29E-05 Neg. R. of cellular biosynthesis 1.43E-01

4 2.02 4 0.64
extracellular region 1.63E-03 cytoplasmic vesicle 1.95E-01
inflammatory response 2.24E-03 membrane-bounded vesicle 2.02E-01

5 1.83 5 0.30
Pos. R. of endocytosis 2.10E-03 GTP binding 2.60E-01
R. of vesicle-mediated transport 1.83E-02 purine nucleotide binding 7.15E-01

6 1.56 6 0.21
ISG15-protein conjugation 5.72E-07 plasma membrane 2.74E-01
proteolysis 1.52E-02 integral to membrane 9.32E-01

7 1.25 7 0.15
serine-type peptidase activity 2.61E-02 transcription regulator activity 4.55E-01
peptidase activity 4.39E-02 R. of transcription 7.99E-01

8 1.03 8 0.07
apoptosis 7.89E-02 purine nucleotide binding 7.15E-01
PCD 8.28E-02 nucleotide binding 8.35E-01

a) Lipopolysaccharide: INDUCED b) Lipopolysaccharide: SUPRESSED

Symbol Name Function
CCL5 chemokine (C-C motif) ligand 5 Chemotactic factor
C2 complement component 2 Catalytic activity
C3 complement component 3 Complement activation
CFB complement factor B Complement component cleavage
LTF lactotransferrin catalytic activity
LAP lingual antimicrobial peptide Antibacterial and antifungal activities
BOLA-RDA MHC II, DR alpha Antigen prsentation via MHC II
PTX3 pentraxin related gene regulates innate resistance to pathogens
SAA3 serum amyloid A3 Major acute phase reactant
RSAD2 radical S-adenosyl methionine domain 2 Involved in antiviral defense
TAP1 transporter 1 Peptide transmembrane transport

c) Defense and immunity genes INDUCED in LPS challenged PMEC's
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4.7.2 Metaanalysis of human cells responses to S. aureus and S. 

aureus components challenge 

A total of 57 studies were identified with key term “Staphylococcus aureus” in 

“GEO Datasets” for Homo sapiens. According to our inclusion criteria, namely 

controls vs. challenged comparison in Homo sapiens, we selected 15 specific studies 

with 24 data sets. The selected studies were performed in a range of cell types from 

skin, blood, immune system and in hepatocellular carcinoma cell lines. These studies 

included live S. aureus-, inactivated-, superantigen-, biofilm-, planktonic cultures- and 

PVL-challenged and control microarrays. Two platforms were used in above 

mentioned studies, namely “Affymetrix” and “Illumina”. We studied the gene 

ontologies induced and suppressed in these data sets globally as well as in specific 

groups based on challenging treatment. Detailed information about studies accession 

number, microarrays, cell types, specific challenges and platform is given in Table 

4.44, Table 4.45 and Table 4.46.  

For global analysis microarray data from 15 studies comprising 24 data sets, 

532 microarrays and 15,600 genes was synchronized (Table 4.44). These studies used 

Affymetrix (GPL96, 97, 570, 571 and 6244) and Illumina (GPL10558) platforms. 

Overall distribution of studies based on challenging treatments was as follows: 9 

studies for live S. aureus, 4 for S. aureus secreted factors or components and 2 for 

heat or UV-inactivated S. aureus. In 2 studies RNA expression was observed in blood 

of S. aureus-infected patients and healthy controls. These studies were conducted on 

keratinocytes, epithelial, endothelial, immunocyte and hepatocellular carcinoma cell 

lines. Two data sets utilizing Illumina arrays were not used for global comparison 

because they had fewer genes in common with the Affymetrix data. 

 Microarray data from 6 studies, 9 datasets 214 microarrays and 21,632 genes 

was combined for live S. aureus-infected vs. control cells comparison. The S. aureus 

infection responses were observed in macrophages, neutrophils, leukocytes, human 

umbilical vein endothelial cells and a hepatocellular carcinoma cell line. Affymetrix 

and Illumina platforms were used for differential expression analysis in infected and 

control cells.  In analysis of inactivated S. aureus vs. control cells, data from 2 

studies containing 3 data sets, 65 microarrays and 19,679 differential expressed genes 
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in UV- and heat-inactivated S. aureus challenged bronchial epithelial and dendritic 

cells was used.  

 We also found 3 studies containing 3 data sets comparing differential 

expression in blood of S. aureus- infected patients and healthy controls. These studies 

used Affymetrix (GPL 570, 571) and Illumina (GPL6947) platforms. After combining 

data from three different studies we got 279 microarrays and 15,001 common genes. 

In this analysis the study using Illumina platform (GPL6947) and 143 microarrays 

was modified before combining. The empty spaces in data were replaced with “1” to 

enable the use of RankProd software (Mimoso et al., 2014). Detailed information 

about challenged vs. controls groups of live S. aureus, inactivated S. aureus and S. 

aureus-infected blood is given in Table 4.45a, 4.45b and 4.45c. 

 Expression analysis data in cells challenged with secreted components of S. 

aureus included 4 studies, 9 data sets and 87 microarrays. Affymetrix platforms 

GPL570 and GPL571 were used in this analysis. Differential expression was observed 

in leukocytes, PBMC’s and keratinocytes challenged with S. aureus PVL, inactivated 

PVL, superantigens, biofilms and planktonic cultures. Cluster analysis using MeV 

software for average difference between controls and challenged microarrays for 

individual data sets proved that samples treated with biofilm and planktonic cultures 

clustered together separately from S. aureus PVL and superantigens (Figure 4.7). 

Therefore, we separated this study group into sub groups for better understanding. 

Details about analysis groups are given in 4.46a, 4.46b, 4.46c. We compared 2 data 

sets challenged with superantigen, containing 12 microarrays and 54,675 genes in 

RankProd. For analysis of PVL and iPVL comparisons 2 data sets, 42 microarrays 

and 54,675 were combined and processed.  

 Differential expression in secreted factors from combined biofilm-planktonic 

cultures treated cells, containing 5 data sets, 33 microarrays containing 22,277 genes, 

was analyzed. Biofilm-challenged microarray data was also compared with planktonic 

cultures-challenged data in a separate analysis. This analysis did not include non-

challenged control microarrays and was performed on 2 data sets, 18 microarrays and 

22,277 genes altogether. 

 The downloaded data was processed as described in metaanalysis of bovine 

cells responses to mastitis causing bacteria. Briefly, RankProd software was used to 
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identify the differentially expressed genes (p-Values better than 10-2) in challenged 

versus control cells.  RankProd analysis for each study group produced a table 

representing induced or suppressed genes in challenged cells and a figure showing 

number of these genes. Overall, induced or suppressed genes (p-Value less than 10-4) 

in all investigated groups are given in Figure 4.8. The online available DAVID 

software was used to get Tables, Charts and Clusters for the induced or suppressed 

genes with p-Values better than 10-4 obtained from RankProd output tables.  

4.7.2.1 Global comparison of S. aureus and its components challenged vs. 

control cells: Genes INDUCED by S. aureus 

The gene clusters for global comparison including data from all microarrays 

challenged with S. aureus and its components vs. control are given in Table 4.47a. 

Study of genes in these clusters revealed that innate immune response against Gram 

positive bacteria was activated. Detailed study of the induced genes showed that a 

cascade of events explaining the signaling processes from pathogen recognition to 

processing in lytic vacuoles in cells challenged with S. aureus or its components was 

initiated. The signaling processes mainly included defense responses, responses to 

wounding and inflammatory events. The genes present in clusters 1, 4, 5, 7, 8 and 9 

(Table 4.47a) were mostly overlapping and important in pathogen recognition, 

internalization, processing in lytic vesicles, inflammatory process and immune cells 

activation. 

In the top regulated cluster of global comparison of S. aureus challenged 

microarrays, ontological categories “defense response”, “response to wounding” and 

“response to inflammation” were presented (ES 22.56). Interestingly, the genes 

present in clusters were primarily innate immunity specific PRRs for Gram positive 

bacteria, including TLR (2, 5, 8) and nuclear receptors, such as PPARγ. The TLR-

induced cytokines and receptors for IL-1, IL-2, IL-18 and TNF-α were also induced. 

Important transcriptional activators of immune and inflammatory responses (CEBPB, 

IRF), which specifically bind to an IL-1 response element, were upregulated. 

Additionally, a number of chemotactic factors for immune cells (C-C and C-X-C 

motifs) and complement component system (C2, C3AR1, C5 and C4BPA) that lead to 

inflammation and phagocyte recruitment on microbial invasion, were upregulated. 
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Among defensins, only the neutrophil-expressed DEFA4 was found. We 

found upregulation of TBK1, which forms cell type and stimulus depending 

complexes leading to transcriptional activation of pro-inflammatory and anti-

pathogenic genes. In addition, IFNγ and IFNγ response genes (KYNU, SNCA) were 

upregulated in challenged cells. Most of the upregulated signaling molecules were 

downstream from a MyD88 independent pathway. The calcium binding proteins, 

which may participate in infection response intrinsic cell death pathway, were also 

induced. In wounding response, upregulation of platelet and coagulation factors gene 

expression was observed.  

In 2nd cluster gene ontologies “response to organic substance” and “response 

to endogenous stimulus” were upregulated (ES 9.36). The response genes to the 

glucocorticoid, corticosteroid stimuli, including cells to -cell, and -matrix interaction 

promoting genes, stimulated by IL-1α and SREB were induced. The genes responsible 

for translocation of the toxin in ER and folding of Ig proteins were also upregulated. 

Additionally, genes for the metabolism as well as oxidative stress response 

transcription activators were upregulated, in response to the bacterial components 

processing in the ER.  

Interestingly, we found a number of transcription factors and signaling 

complexes that are important in mediating response to ER stress due to unfolded 

protein were induced. We observed that proteins specific for ubiquitin-proteasome 

mediated degradation of glycoprotein and lipoprotein were upregulated. The 

lysosome-targeted sulfate containing compounds, such as N-Acetyl-D-galactosamine 

hydrolyzing enzymes were also induced. 

The stress recovery genes, reversing the shut-off of protein synthesis initiated 

by stress-inducible kinases, were also induced. Surprisingly, the regulatory genes for 

intracellular calcium level, signaling and transcription factors for processes of glucose 

metabolism, electron transport chain, erythrocytes gap junctions structural component 

and matrix formation were also upregulated. Signaling molecules and transcriptional 

factors, such as IGF mediated processes, which promote gene expression either 

directly by biding DNA elements or by acting as a molecular transmitters linking 

various signaling pathways to positive transcriptional regulation subsequently 

resulting in mitogenesis and differentiation, were also induced. In contrast, some 
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growth-specific transcription repressors were also seen in this cluster. A number of 

genes that bind to carbonic anhydrase, catalyzing the reversible hydration of carbon 

dioxide in erythrocytes, were upregulated. 

In 3rd cluster ontological categories “response to bacterium and LPS” were 

induced (ES 9.08). Interestingly, only Gram positive bacteria specific receptor TLR2 

gene was induced, which appropriately confirms this metaanalysis results. Immune 

and inflammatory stress response cytokines (IL-1B, IL-6, IL-10 and TNF-α), their 

accessory signaling processes proteins and major mediators of inflammation and 

maturation of inflammatory molecules were induced. Additionally, proteins and 

processes positively regulating apoptosis process were induced. Certain SOCS 

proteins, resisting inflammatory process in general or targeting specific cytokines that 

work through Jak-Stat pathway were upregulated. Similarly, chemokines that induce 

processes including TLR gene expression, monocytes attraction and lysis of antigen 

presenting macrophages in phagosomes, were upregulated. Certain anticoagulation 

genes that participate in reaction against pathogens by blood thinning process, leading 

to increased availability of immunocytes at site of injury, were also induced. 

The 4th top regulated cluster in challenged cells contained ontological category 

“extracellular region part” (ES 7.42). It principally included genes which share 

defense response against bacterial challenge by activating the matrix degradation, 

antigen presentation and apoptosis. Similar to the top three clusters, innate immunity 

cells and their regulators including complement system, chemokines with C-C and C-

X-C motifs, calcium mediated signaling, antigen presenting and processing genes 

were the most prominent induced genes in this cluster. In addition, leukocytes and 

neutrophil adhesion and migration supporting genes were also induced. The cytokine 

(EBI3) that regulate T helper cell development, suppress T-cell proliferation, 

stimulate cytotoxic T-cell activity was activated. Further, cytokine (SPP1) important 

in enhancing production of IFNγ and essential in the pathway that leads to type I 

immunity, activating dendritic cells, favoring phagocytosis of challenging entity was 

also induced. Importantly, proteins for the platelet aggregation and blood coagulation 

process were induced. Growth promoting genes inducing cell proliferation were also 

upregulated. 
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In 5th cluster “intrinsic to plasma membrane” and “plasma membrane part” 

ontological categories largely presenting immune specific signaling processes 

including leukocytes, platelets, phagocytosis, and immunoglobulin were upregulated 

(ES 7.22). Specially, scavenger receptor and resistance to bacterial infection were 

induced in this cluster. The key genes for elimination of exogenous toxins and 

endogenous organic cations were upregulated. Importantly, genes participating in 

signaling and transport of materials across membrane by phagocytosis were induced. 

The genes important in vesicle trafficking that may transport antigens from cis-Golgi 

membranes to the ER for association with MHCI molecules were upregulated. We 

also observed that the adhesion proteins which regulate interaction of cell to cell and 

matrix were upregulated. The cytokine IFNγ, critical for innate immunity and against 

viral and some bacterial infections, as well as its downstream immuno-stimulatory 

and immunomodulatory effector molecules was induced. 

In addition, signaling pathway against microbial pathogenicity including 

adenylate cyclase 3 (ADCY3) and its associated regulators were induced. G-proteins 

signaling factor regulate ADCY3 functions by activating a phosphatidylinositol-

calcium second messenger system and also acts as a molecular scaffold for the final 

stage of MHCI folding was also induced. Calcium/calmodulin signaling pathway that 

is important for ADCY3 stimulation was also upregulated. A large number of genes 

participating in platelet adhesion, aggregation and wound, including integrins in 

challenged cells, were also upregulated.  

Some leukocytes-expressed Ig binding genes that form a functional complex 

leading to immune response regulation were induced. Erythrocyte associated antigens 

and housekeeping genes were also upregulated. Unexpectedly, we found that 

potassium-mediated signaling molecules which participate in establishing action 

potential and excitability of neuron and muscle tissue were induced. 

In 6th cluster ontological categories “regulation of apoptosis” and “negative 

regulation of multiple processes” were induced (ES 7.12). We also found number of 

the genes that stimulate apoptosis, e.g. caspases, in this cluster. Importantly, the genes 

that increase peripheral tolerance by antigen-stimulated suicide of mature T-cells were 

induced. The mitochondrial proteins which on stimulation induce apoptotic and 

necrotic cell death were upregulated. Stress-activated pro-apoptotic kinases, that after 
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activation with caspases enter the nucleus and induce chromatin condensation 

followed by inter-nucleosomal DNA fragmentation, were induced. DNA damage 

response apoptosis mediating genes were also found in this cluster. In addition to the 

stress response apoptosis mediating genes, positive and negative regulators of 

apoptosis were induced. Primary cytokine TNF-α and accessory molecules, which can 

mediate a variety of important functions such as apoptosis, development of peripheral 

lymphoid tissues, inflammation and regulation of immune functions, were induced. 

Key regulator (MAPKK 6) central to multiple biochemical signals in response to 

inflammatory cytokines or environmental stress subsequently executing many cellular 

processes such as stress-induced cell cycle arrest, transcription activation and 

apoptosis was also found in this cluster. 

In contrast, hemopoietic anti-apoptotic proteins stimulated by infection 

induced inflammatory cytokines and increase endothelial survival during infection 

were induced. A number of genes which retard apoptosis by preventing recruitment of 

caspases into apoptosome assembly were induced. Some proteins specifically 

functions in the protection of cells from Fas or TNF-α induced apoptosis were 

upregulated. Inhibitors of cell growth and proliferation in response to DNA damage 

stimulus were induced. Cell survival, differentiation and proliferation promoting 

genes are also upregulated. Rho GTPases play a fundamental role in numerous 

cellular processes initiated by extracellular stimuli that work through GPCR. G 

proteins accessory molecules and stimulators of Rho-dependent signals, Rho specific 

GTPase- and AP1- activating proteins were also upregulated. The upregulation of 

apoptosis/anti-apoptosis and cell survival/death processes suggested that during 

infection pathogen-specific immune cells are specifically killed without 

compromising death of other cells. 

The 7th cluster (ES 6.23) and 9th cluster (ER 5.40) presented the genes that 

function in stimulating cytokine gene production. These genes are already discussed 

in the top clusters in setting of foreign body-mediated cascade of events that result in 

inflammation and recruitment of innate immune cells which increase cell survival by 

promoting phagosome mediated digestion of xenobiotics. 

In 8th cluster we found overregulation a number of transcription factor genes 

(ES 5.64). Collectively these were leucine zipper motif-containing and Ras-, Runt-, 
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Fos-, CEBP-related transcription factors. We also observed that cofactors and genes 

for carbohydrate biosynthesis were upregulated. 

In 10th cluster ontological categories “response to oxidative stress” and 

“response to reactive oxygen species” were induced (ES 5.38). These categories 

included critical genes responsive for cellular antioxidant, heavy metal and 

mitochondrial DNA damage stress. 

4.7.2.2 Global comparison of S. aureus and its components challenged versus 

control cells: Genes SUPPRESSED by S. aureus 

In Table 4.47b gene clusters suppressed in global comparison of S. aureus 

challenged vs. control are given. 

The 1st cluster represented ontological category “intracellular organelle 

lumen” principally containing genes for processes as cell division, gene expression 

and cellular enzymes confined to nucleus and mitochondria are represented (ES 

10.05). In this cluster genes principally related to transcription, including DNA 

modification for nuclear and mitochondrial transcriptional regulators, RNA transport 

and post-transcriptional modifiers, were represented. The genes involved in cell 

division processes were also found, principally including cell cycle initiation and 

transition from one phase to other phase during cell cycle progression, kinetochore 

and mitotic spindle organization, DNA replication and recombination, and histone 

modification genes. 

A number of cell enzymes which catalyze different processes inside the cells 

were downregulated in the S. aureus-challenged cells. These enzymes are involved in 

regulation of the glucose, lipid and protein metabolism in the mitochondria. The genes 

for metabolism of ketone bodies, estrogen synthesis and sulfur-containing proteins 

were also downregulated. In addition, the enzymes that are component of ubiquitin-

proteasome mediated degradation of proteins were presented. Enzymes which may 

play a part in DNA damage recognition and/or in altering chromatin structure to allow 

access by damage-processing enzymes were repressed, thus preventing cellular 

apoptosis. Additionally, the genes for enzymes involved in tumor suppression were 

downregulated. Some genes required for regulation of B- and T-cell activation were 

also suppressed. Surprisingly, genes for the IFNγ induced cell death were the only 
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apoptotic genes suppressed by the challenged cells. A few genes for the folding of 

proteins in the ER, tumor markers and actin cytoskeleton were also suppressed. 

Overall, genes involved in DNA repair process, transcription from nuclear DNA and 

posttranscriptional modification of ribosomal proteins, lymphocytes activation and 

IFNγ mediated death associated proteins were suppressed in S. aureus challenged 

cells. 

In 2nd cluster ontological categories “lymphocyte activation” and “leukocyte 

activation” are represented (ES 8.73). In contrast to the innate immunity genes 

upregulated in challenged cells, we found that adaptive immunity genes, particularly 

lymphocytes activators, were suppressed. Further, while Gram positive bacteria 

specific cell receptors induced in challenged cells, TLR4 which is Gram negative 

bacteria specific receptor, and TLR1 were suppressed. A number of genes responsible 

for B- and T-cell processes, including activation, proliferation, interaction with other 

cell types and MHC1/2 antigens mediated internalization proteins, were suppressed. 

In addition, only IL7R, which participates in lymphoid progenitor cells maturation, 

was suppressed in challenged cells. Furthermore, chemokines specific for 

lymphocytes and leukocyte trafficking were found here.  

In 3rd cluster ontological categories “ribonucleoprotein complex” and 

“Metabolism of proteins” are presented (ES 4.52). The major group of genes in this 

cluster was related to mitochondrial and nuclear ribosomal genes. In addition, genes 

for stabilizing pre-mRNA and SnRNP complex, mRNA and nascent protein 

translocation inside the ribosome, tRNA functional genes and translation activators 

and splicing were repressed. Interestingly, inhibitory regulator of NF-κB and HSC7 

were also presented in this cluster. A large number of eukaryotic specific genes for 

the translation initiation, elongation, translation termination and protein folding were 

also repressed. 

The genes present in the 4th (ES 4.35), 6th (ES 3.53), 8th (3.43) and 10th (3.07) 

clusters were largely related to T-cells signal transduction leading to T-cell mediated 

apoptosis. The genes and processes found in these clusters are summarized here. In 

the ontological category “T-cell receptor (TCR) complex” contained the genes 

specific for receptors in TCR complex and processes. The genes for CD3 subunits 

which probably work in assembly and expression of the TCR complex as well as 
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signal transduction upon antigen triggering after binding TCR/antigen complex were 

suppressed. Additionally, stimulators of T-cell development, activation and accessory 

protein, e.g., stabilizers of MHC1 and MHCII antigen/TCR interaction, were 

downregulated. Moreover, genes important in identification and subsequent killing of 

cytotoxic/suppressor T-cell were suppressed.  

In “positive regulation of signal transduction” we found genes regulating 

TNF-α mediated activation of NF-κB and subsequent induction of apoptotic pathways 

were repressed. Hypoxic response genes, which activate B- and T-cells, were also 

found in these clusters. Moreover, genes for tumor suppression and potassium influx 

inhibition genes were repressed. 

In 6th cluster genes for the T-cell selection, activation and differentiation in 

thymus are represented (ES 3.53). In 8th cluster ontological category “T-cell 

activation” represented the genes for T-cell processes that are discussed earlier (ES 

3.43). Further, adaptive immunity specific genes, e.g., for growth and differentiation 

of lymphocytes and their signaling cascades, were largely suppressed in the S. aureus 

challenged cells. The regulators of B- and T-cells receptors with respective activators 

were also suppressed. Receptor genes for the recognition of MHCI HLA-E molecules 

by NK and cytotoxic T-cells were also found in this cluster.  

In 10th cluster ontological categories such as “positive regulation of immune 

response” and “T-cell receptor signaling pathway” are presented (ES 3.07). This 

cluster contained genes that are involved in B- and T-lymphocyte mediated immune 

processes, as already discussed. 

In 7th cluster ontological categories “non-membrane bound organelle” and 

“cytoskeleton” are presented (ES 3.46). The insight into these clusters revealed genes 

for DNA replication including chromosomal alignment on spindles, centromere 

formation and kinetochore assembly were suppressed. The stabilizer genes for 

transcribable DNA conformation, transcriptional regulators of Th2 cells, mRNA 

transporters were also found in this cluster. Interestingly, enhancers of T-cell 

susceptibility to apoptosis by interacting with MYB and subsequently decreasing 

BCL2 expression were also repressed. We also found actin cytoskeletal genes and 

membrane-cytoskeleton linkers, which participate in the maintenance/targeting of ion 

channels and cell adhesion molecules, structural integrity of membrane by spectrin-
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actin interaction and Rho family of GTPases, which play role in cytoskeletal 

dynamics may be involved in cytoskeletal rearrangements required for phagocytosis 

of apoptotic cells and cell motility, were downregulated. 

We found that in 9th cluster, genes for adaptive immune system involved in 

antigen presentation and processing through B- and T-lymphocytes were present (ES 

3.33). The suppressed genes were essential both for efficient interaction between B- 

and T-cells and for normal antibody responses to T-cell dependent antigens. 

Accessory proteins for MHCII antigen and TCR interaction, which may regulate T-

cell activation and MHCII antigen processing through ER, were also downregulated. 

Integrins that participate in lymphocyte migration were also downregulated. In 

addition, the genes that prevent the apoptosis of pre-activated T-cells and participate 

in cytolytic T-cell interactions with target cells were suppressed. We found that a 

number of the genes that play a critical role in catalyzing the release of class II HLA-

associated invariant chain-derived peptides (CLIP) from newly synthesized class II 

HLA molecules and freeing the peptide binding site for acquisition of antigenic 

peptides were suppressed.  

Genes involved in identification of cytotoxic/suppressors T-cells that interact 

with MHC I bearing targets were also downregulated. We also found the genes that 

play a role as a receptor for the recognition of MHC class I HLA-E molecules by NK 

cells and some cytotoxic T-cells and involved in the immune surveillance exerted by 

B- and T-lymphocytes were repressed. 

Comparison of the immunity processes enhanced or reduced in S. aureus-

challenged cells strikingly showed that innate immunity was activated and adaptive 

immunity was suppressed. Furthermore while different apoptotic pathways including 

apoptosis, necrosis and mitochondria mediated cell death were induced, a large 

number of the genes negatively regulating the apoptosis process were also 

upregulated. This observation may suggest that S. aureus infection maintains a 

balance between cell death and survival which is equally important for host and 

pathogen. 
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4.7.2.3 Comparison of live S. aureus infected vs. control cells: Genes INDUCED 

by live S. aureus 

The S. aureus is a major cause of skin infections including cellulitis, 

folliculitis, impetigo, infected ulcers and wounds (Koziel et al., 2009). We analyzed 

differential expression in endothelial cells, immune cells and hepatocellular 

carcinoma cell lines challenged with live S. aureus. The results for the comparison of 

ontological categories induced and suppressed in S. aureus infected cells are given in 

Table 4.48. 

The clusters containing overlapping ontological categories of genes induced in 

S. aureus-infected cells are presented in Table 4.48a. In the top regulated cluster the 

ontological categories including “Extracellular region part” and “extracellular space” 

were found (ES 14.45). Extracellular region part mainly included PRRs, cytokines, 

chemokines, hematopoeitic, plasminogen and thrombospodins. In addition, genes 

involved in blood coagulation and thrombogenesis, such as inflammatory cytokines 

and chemokines, were also found in this cluster. Overall these genes represent 

processes which involve immediate defensive reaction (inflammation and wound 

healing) to infection or injury caused by chemical or physical agents leading to local 

vasodilation, extravasation of plasma into intercellular spaces and accumulation of 

leukocytes and macrophages. Genes important for the selective interaction and 

response to organic substance, such as proteoglycan of bacterial origin, were also 

induced. 

In addition, we also observed that chemokines mainly associated with innate 

immune response factors, which also modulate the frequency, rate or extent of 

migration of cell or cellular component in response to chemokine were activated. 

Importantly, we found that IL-8R binding chemokines and the downstream G-protein 

that activates a phosphatidylinositol-calcium second messenger system leading to 

neutrophil activation were upregulated. 

The cytokine genes induced in infected cells were primarily inflammatory 

cytokines; they also included chemo-attractants activators for innate as well as 

adaptive immune cells. Most of these genes were specific cytokines for activated 

macrophages. Cell surface TLR response ILs which ultimately stimulate pro-

inflammatory and chemotactic cytokines for NK cells were induced. We also found 
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genes for innate immune cells secreted ILs, which finally activate lymphocytes and 

apoptotic pathway specific genes, were induced. Similarly, genes for the cytokines, 

their receptors and other signaling molecules, which interact leading to formation of 

myeloid leukocytes as fibroblast, granulocyte, and macrophage, were induced. The 

co-stimulatory receptors, CD44 and CD163 expression, which induce lymphocyte 

recruitment and mark macrophages, respectively, were also found in this cluster. The 

extracellular components involved in cell to matrix adhesion and signal transduction 

through the activation of integrins in response to stimulus were upregulated. These 

complexes mainly represent diverse functions important for migration of immune 

cells along ECM to sites of injury and blood clot formation. In addition to the 

chemoattractants, genes for the processes which modulate frequency of the directed 

cell movements in response to a specific chemical concentration were also 

upregulated. 

Interestingly, in cells challenged with live S. aureus, IL-1R and TLR specific 

MyD88 dependent pathway signaling molecules, such as MAPK and its regulators, 

which activate multiple processes in cells as gene expression, metabolism, cell 

division, cell morphology and cell survival, were largely induced. Anti-apoptosis 

genes were also upregulated. 

In 2nd cluster ontological categories “plasma membrane part” and “intrinsic to 

plasma membrane” were found (ES 11.47). This cluster presented genes for receptors, 

specifically GPCRs that activate ligand specific secondary messengers. These 

receptors included secondary messengers for example, phosphatidylinositol-calcium, 

ADCY3 and voltage-dependent potassium channels; after activation these receptors 

induce multiple cellular processes. Negative regulators of ADCY3-mediated signaling 

were also induced. In this cluster, ATP-dependent enzyme responsible for creating 

electrochemical gradient of sodium and potassium, providing the energy for active 

transport of various nutrients were also induced. Unexpectedly, we found neuronal 

receptors and signaling pathways which play role in cell-cell interaction, maintenance 

of synaptic junctions, stimulation and maintenance of excitatory synapses in sensory 

and motor neurons were upregulated. In addition, major inhibitory neurotransmitter 

GABA was also induced. The connexons, gap junction proteins mediating cell to cell 

low molecular weight diffusion were found in this cluster. Important modulators in 
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the MHCII specific antigen presentation pathway by interaction with the HLA-DM 

molecule were also induced. 

In 3rd cluster ontological categories “response to wounding”, “inflammatory 

response” and “defense responses” were found (ES 8.65). The genes present in this 

cluster were largely overlapping with the first cluster; therefore, unique genes were 

selected for further analysis. We found that genes involved in cascade of processes 

i.e., activation of prothrombin complex following stable fibril formation, which 

ultimately results in wound healing by the interaction of coagulation factors, were 

uniquely expressed in this cluster.  Moreover, we found that the genes for 

transmembrane proteins were induced. These included mitochondrial genes NADPH 

oxidase, cytochromes which might participate in mitochondrial mediated cell death 

were induced. Additionally cell surface receptor for glycoprotein, voltage gated 

channels, TNF receptor family, integrins and importantly TLR2 were induced genes. 

This cluster also presented upregulation of the external stimuli response processes 

including chemotaxis, leukocytes and lysosome formation. 

In 4th cluster ontological category “Positive regulation of biosynthesis” and 

“positive regulation of gene expression” are presented (6.42). These ontology 

categories include sequence-specific transcription factors, regulators and enzymes 

involved in gene expression. Histone acetyl transferases, which epigenetically change 

transcription preferences by histone acetylation, were found in the induced genes. The 

genes for following processes were also upregulated; replication, cytoskeleton 

development, ubiquitin-mediated protein digestion, apoptosis, development and 

megakaryocytic differentiation. Transcription of APOA-I, nuclear receptor, steroid 

receptors, PPARγ, thyroid hormone receptor, tetrahydrobiopterin, HLAII antigens and 

mitochondrial genes that contribute to the program of reduced energy expenditure 

were also upregulated. 

The expression of proteins for normal cell processes, such as DNA repair, 

replication, cell division, development, might point the ability of S. aureus to decrease 

apoptosis of infected cells by upregulating cell processes. In contrast, processes e.g., 

apoptosis, cytoskeleton development to improve immunocytes taxis, receptors for 

bacterial components and reduced energy expenditure represented cells defense 

mechanisms against bacterial infection. 
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In 5th cluster ontological categories “cell-cell signaling” and “synaptic 

transmission” were upregulated (ES 6.31). Surprisingly, most of the genes in this 

cluster represented neurological system processes. We found the genes and gene 

processes which were largely involved in regulation of synaptic transmission and 

communication between neurons and target cells (neuron, muscle, or secretory cell) 

were upregulated. 

In 6th cluster we found gene ontologies “cell adhesion” and “cell-cell 

adhesion”, specifying the genes involved in cell to cell communication. Calcium ion 

dependent transmembrane cell to cell junction, cadherin and proto-cadherins proteins 

were upregulated (ES 5.72). Additionally, the genes for the proteins which bind 

cytoskeleton to carry cellular functions, including cell movement, cell division, 

endocytosis, and movement of organelles, were induced. 

In 7th cluster ontological categories “Behavior” and “chemotaxis” were found 

(ES 5.59). The uniquely expressed genes are important in series of events in 

neurological process required for an organism to receive a sensory mechanical 

stimulus, convert it to a molecular signal, and recognize and characterize the signal. In 

addition, we found calcium ion mediated signaling process genes in this cluster. 

The 8th cluster upregulated in S. aureus-infected cells contained ontological 

categories “vasculature development” and “blood vessel development” (ES 5.45). We 

found that genes for transcription factors, enzymes and signaling molecules were 

upregulated, they participate in transcription, replication and vasculature development 

processes. 

In 9th cluster the ontological categories “cell migration” and “localization of 

cell” were found (ES 5.06). In-detail study of these ontologies revealed genes 

contributing in the process of cytoskeleton interaction controlled by calcium-

calmodulin signaling, which play important function in mitosis and receptor-ligand 

interaction were upregulated. Similarly, downstream effector molecules that 

participate in the transmission of signals from tyrosine kinase receptors and small 

GTPases to the actin cytoskeleton were induced. 

In 10th cluster ontological category “regulation of myeloid cell differentiation” 

and “positive regulation of myeloid cell differentiation” were found (ES 5.00). The 

histone cluster and transcriptional factors were upregulated that specifically modulate 
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the myeloid cell differentiation, possibly participating in formation of immune cells 

which provide defense response against external stimulus. 

4.7.2.4 Comparison of live S. aureus infected vs. control cells: Genes 

SUPPRESSED by live S. aureus 

In Table 4.48b the clusters of gene ontologies suppressed by live S. aureus 

infection in human cells are presented. In the top cluster (ES 11.62), gene ontologies 

such as “intracellular organelle lumen” and “nuclear lumen” were found. In S. aureus-

infected cells defense, thrombus formation, immunity and chemotaxis and the gene 

expression processes were particularly suppressed. The genes found in clusters 1, 2, 3, 

5, 6, 9 and 10 were overlapping and involved in the processes confined to nucleus, 

mitochondria and endoplasmic reticulum. These processes were related to the gene 

expression, protein processing and translocation. Nuclear receptor-mediated 

transcription was also repressed. We also found that the proteins for DNA 

modification, including histones, telomeres maintenance and DNA repair process, 

were downregulated. 

Interestingly, we found that the genes present in this cluster were completely 

different from the genes present in ontological category “positive regulation of gene 

expression” (cluster 4) in Table 4.48a. The transcription of the genes involved in 

normal cell growth and processes was suppressed whereas expression of the genes 

that play important role in innate immunity process was induced. 

In 2nd cluster, we found that most of the genes were positive regulators of 

transcription process catalyzed by RNA polymerase II promoter mainly increasing 

expression of zinc finger proteins (ES 3.41). The zinc finger proteins enhance 

expression of T-cells formation and maturation genes. Meanwhile, negative regulators 

of RNA polymerase II promoter-dependent transcription in this cluster were also 

found. 

In 3rd cluster the ontological categories “Regulation of transcription of RNA 

polymerase II” and “Negative regulation of gene expression” presented the genes for 

transcription regulators (ES 2.85). In addition to other regulators, Srb mediator 

complex proteins that interact with the carboxy-terminal domain of the largest subunit 

of RNA polymerase II were found in this cluster. This mediator complex is required 
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for activation of transcription of most protein-coding genes, but can also act as a 

transcriptional co-repressor. In addition, B- and T-cell lymphocyte differentiation 

proteins were suppressed.  

In 4th cluster gene ontologies such as “macromolecule catabolic process” and 

“protein catabolic process” were found (ES 2.80). This cluster presented genes for 

protein catabolism via ubiquitin-proteasome pathway. The precise regulation of gene 

expression is demanding. In the previous clusters we found proteins for transcription 

regulators, general transcription factors and chromatin structure remodeling, that 

ensure the appropriate transcription process were downregulated. All the transcription 

complexes needs to be present at right place and right time, in correct concentrations 

and composition to finally produce appropriate levels of required proteins. One of the 

ways the cells meet with these regulatory challenges includes the ubiquitin-

proteasome system. This pathway, in addition to the degradation of proteins controls 

activities such as receptor internalization, ribosome function, and nucleotide excision 

repair. Subsequently, regulates the activities of transcriptional machinery to meet the 

regulatory challenges imposed by the transcriptional components. Similarly, we found 

that in 9th cluster proteins involved in ubiquitin-proteasome specifically involving ring 

finger proteins mediated proteolysis were presented (ES 1.89).  The 5th (ES 2.65), 6th 

(ES 2.59) and 10th clusters (ES 1.77) again presented the genes that are involved in 

RNA polymerase II promoter dependent transcription process.  

The 7th cluster presented gene ontologies such as “cell death” and “positive 

regulation of programmed cell death” (ES 2.55). These ontologies included genes 

such as caspases that are necessary for the positive induction of cell death. 

Interestingly, we found the genes that modulate myeloid cells apoptosis and also have 

role in development and maturation of lymphoid cells were downregulated. The 

proteins involved in mediating IFNγ induced cell death were also suppressed in the S. 

aureus-infected cells. Furthermore, the proteins that induce apoptosis by inhibiting the 

apoptosis inhibitor proteins were suppressed. This cluster indicated that cell death 

mediating genes were suppressed in S. aureus-infected human cells, reinforcing 

observation that S. aureus survives by inhibiting the immune cells mediated death of 

S. aureus-infected cells. 
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In 8th cluster cytoskeleton specific proteins were represented in gene 

ontologies “non-membrane bound organelle” and “cytoskeleton” (ES 2.10). We found 

the proteins specific for microtubule cytoskeleton formation and regulation were 

suppressed. These may involve in transport of proteins and microtubule nucleation at 

the centrosome by process of ATP-dependent severing of microtubules. The 

cytoskeleton regulatory proteins that promote formation of actin and microtubule 

cytoskeleton were also suppressed. Additionally, proteins required for several dynein- 

and microtubule-dependent processes, such as cell division, differentiation of 

epithelial cell, intracellular contacts, cell migration, maintenance of Golgi integrity, 

apoptosis and tubulin protein folding, were suppressed. Inhibitors of G-proteins 

mediated signaling were also repressed. We have also found that proteins which may 

play an important role in integrin β-1 or BCR mediated signaling in B- and T-cells 

were also suppressed. 

In summary defense, innate immunity, adaptive immunity and wounding 

process genes were induced whereas transcription of normal cell process genes, 

protein catabolism and apoptosis process were suppressed by the S. aureus infection. 

4.7.2.5 Comparison of heat inactivated S. aureus challenged vs. control cells: 

Genes INDUCED by heat inactivated S. aureus 

The live S. aureus and inactivated S. aureus challenged cells present different 

sets of differentially expressed genes (Mayer et al., 2007; Banchereau et al., 2014). 

Therefore, we have compared differential expression of heat inactivated S. aureus 

challenged versus control cells using metaanalysis procedure.  

The clusters of gene ontologies induced in heat-inactivated S. aureus 

challenged cells are given in Table 4.49a. The ontological categories such as 

“response to wounding”, “inflammatory response” and “defense response” are present 

in the top regulated cluster (ES 25.56) as observed in Table 4.47a and 4.48a. Like 

previous comparisons in S. aureus-challenged vs. control cells, we found that innate 

immunity specific Gram positive bacteria receptor present on cell surface, TLR2, or 

general bacterial receptor TLR8 found in intracellular endosomes (Cervantes et al., 

2012) were upregulated. Interestingly, proteins for MyD88-dependent TLR response 

pathway were induced. In addition, proteins involved in leukocytes- and lymphocytes-
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mediated immunity processes were upregulated. This cluster also presented the 

proteins important in processes mainly involving extracellular space were 

upregulated. In contrast to live S. aureus challenged cells where innate immunity 

specific chemoattractant i.e. myeloid cells activators were over represented, in 

inactive S. aureus chemoattractant for innate as well as adaptive immunity specific 

cells were induced.  

Specially, the primary inflammatory cytokine TNF-α and its associated 

receptor family as well as accessory CD molecules were induced. These gene 

complexes are principally released from macrophages, and activate IL-1 cell death 

process. Moreover, a number of macrophages-specific cytokines which could be 

stimulated by the TNF-α complex in macrophages and involved in macrophage-

mediated proliferation were induced. The co-stimulatory CD molecules, that share 

immune response by macrophages internalization, cell adhesion and TCR binding, 

were induced. In wounding response platelet derived growth factors and gene clusters 

participating in platelet aggregation and thrombus formation were upregulated. 

Proteins involved in receptor-mediated endocytosis and regulators of apoptosis were 

also found in this cluster.  

In 2nd (ES 11.01), 3rd (ES 10.95) and 7th (ES 8.13) clusters; negative regulators 

of apoptotic pathways, that lead to increased cell survival were observed. Most of the 

proteins found in this cluster were released from immune cells or stimulated by them. 

Specifically, downstream signaling molecules for NLRs were induced. The major 

genes complexes which regulate anti-cell death processes were induced in this cluster 

including TNF-α and associated proteins, ILs (1, 6 and 10), DNA repair proteins, 

nuclear factors, oncogenes, transcription activators and serine threonine kinases. Cell 

cycle regulation proteins stimulated by MAPK pathways that check the replication 

process during cell cycle progression were also found in this cluster. Cytoskeletal 

proteins involved in cell communication, attachment and locomotion were also 

induced. 

In 4th cluster the cytokine genes involved in activation and proliferation of 

monocytes, neutrophils and T-cells were found (ES 10.50). In addition, growth 

regulators and proteins involved in local inflammatory process were induced. 
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In 5th cluster chemokines and cytokines involved in defense against 

extracellular stimulus dominating the adaptive immune cells were found (ES 9.18). In 

addition, signaling pathways which use GPCR after activation by prostaglandins, 

adrenomedullin and immune cells were induced. 

The 6th cluster presented the signaling mechanisms in “response to bacterium” 

and “response to molecules of bacterial origin” (ES 8.39). The innate immune 

receptor TLR2 and immune response genes including chemokines (C-C motif) 

cytokines (IL-1B, IL-6, IL-10, and IRAK3), cytokines regulators and the proteins that 

might help in transport of the immunocytes by blood thinning (THBS) were 

upregulated. Additional transcription and nuclear factors (FOS, JUN and NFKB1A) 

that participate in extrinsic cell death processes were also upregulated. 

In 8th (ES 7.52) and 10th (ES 6.88) clusters processes involved in “regulation 

of cytokine production” were upregulated. These cytokine mainly represented the 

pathways involving defense response against stimuli of bacterial origin including 

wound healing, cytokine production, inflammation and cell death regulation. 

Specially, co-stimulatory molecules that are involved in dendritic cell maturation 

were induced. 

In 9th cluster, genes for the response systems to endogenous peptide hormone 

stimulus were induced (ES 7.44). We observed that most of the calcium stimulated 

pathways involved in metabolism and signaling to peptide hormone leading to 

initiation of cell death pathways were induced. The peptide hormone might represent 

processed antigens, generated in response to the S. aureus challenge through ER 

confined process. 

4.7.2.6 Comparison of heat inactivated S. aureus challenged vs. control cells: 

Genes SUPPRESSED by heat inactivated S. aureus 

The clusters representing the gene ontologies for suppressed genes in S. 

aureus challenged human cells are given in Table 4.49b. 

The top cluster included ontological categories such as “plasma membrane 

part” and “integral to plasma membrane”. In this cluster the genes for adaptors and 

receptors largely associated with adaptive immune system, including lymphocytes and 

natural killer cells were found. A large number of the antigen-presenting proteins (CD 
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molecules) that binds self and non-self lipids and glycolipid antigens and presents 

them to TCR on natural killer T-cells were also suppressed. Additionally, adaptive 

immunity specific antigen processing proteins for MHCII family were downregulated. 

Adhesion molecules e.g., integrins that mediate immune cells migration specially 

lymphocytes and interact with the cell surface adhesion molecules, were 

downregulated. In addition, dendritic cells specific genes, which regulate process of 

presenting antigens to the T-cells, were suppressed. Th1 regulators were also 

suppressed. 

In addition to adaptive immunity specific genes, ATP dependent constitutive 

or basal glucose transporters and some nucleoside transporters were downregulated. 

Calcium-mediated signaling molecules, G protein receptors, adaptors such as ADCY, 

and chemokines participating in cell proliferation, were found in this cluster. The 

receptors for Gram negative bacteria and IgE Fc fragments were also suppressed.  

In 2nd cluster (ES 3.73) to our surprise the ontological categories “defense”, 

“inflammation” and “immune” related processes were presented. In detail, study 

showed that signaling pathways linked to Gram negative bacteria specific cell 

receptors (TLR4, TLR5) were presented. In addition, chemokines and cytokines 

expressed in hematopoietic cells especially B- and T-cells were found in this cluster. 

Dendritic cells specific cell surface receptors functioning in binding and 

internalization of antigen were downregulated. Lymphocyte specific antigen proteins, 

some myeloid and neutrophil specific proteins that bind TLR4 receptor to mediate 

downstream signaling were downregulated. In addition MYD88 that acts as an 

adaptor downstream of TLR2 and TLR4 receptors was repressed. Some neutrophil 

specific cytosolic genes were also found in this cluster. Positive regulators of taxis, 

immune response, cell activation and chemotaxis proteins were also downregulated.  

In 3rd cluster proteins associated with “lysosome” involved in degradation of 

protein were represented (ES 3.69). These included CD proteins, MHCII complex 

which specify antigen presenting cells recognition and major enzymes important in 

degradation of the targeted molecule such as cathepsins, catalases, lipases and 

peptidases. 

The 4th cluster presented ontological categories such as “membrane 

invagination” and “endocytosis” (ES 2.66). Interestingly, we found that the genes 
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present in this cluster were related to endocytosis of clathrin coated vesicle, which 

suggested that genes involved in phagocytosis of foreign bodies were downregulated. 

In addition, the cell surface proteins involved in lipoprotein binding, phagocytosis and 

processing inside the cells involving Golgi apparatus were downregulated. We also 

found leukocytes activation genes in this cluster. 

In 5th cluster of S. aureus challenge downregulated genes, the genes for 

“negative regulation of DNA binding” i.e. transcription process were principally 

found (ES 1.86). These genes stop transcription initiation by inhibiting DNA binding 

process. The repressed genes were mostly DNA damage-induced transcriptional 

regulator and cytokine production genes. In addition, oxidative stress response 

apoptosis proteins were also downregulated. Surprisingly, we found that carbohydrate 

metabolism i.e., hexose biosynthesis and gluconeogenesis were downregulated.  

In 7th cluster (ES 1.60) we found that GTPase-Ras mediated signaling pathway 

proteins, that participate in endocytosis after binding with cation e.g., zinc, were 

downregulated. In the Ras superfamily, most of Rho-dependent GTPase signaling 

pathway, which are important in positive regulation of cell death were found. In 

addition, stress mediated MAPK molecules and regulators of actin cytoskeleton were 

suppressed. 

In 8th cluster ontological category “response to extracellular stimuli” was 

found (ES 1.56). It included organic substance response genes that lead to activation 

of stress response wound healing proteins were suppressed. In addition, proteins for 

cell death regulation were also downregulated. 

In 9th cluster the “glutathione metabolic process” and “coenzyme metabolic 

process” ontologies were represented (ES 1.53). Glutathione is involved in 

conjugation and reduction processes in non-challenged healthy cells. In challenged 

cells enzymes processing glutathione were downregulated. 

In 10th cluster antibody production and antigen presentation and processing 

activity is represented (ES 1.48). We found that in this cluster MHCII antigen 

presenting and processing proteins as well as adhesion proteins were presented. These 

molecules normally found only on antigen-presenting cells such as dendritic cells, 

mononuclear phagocytes, some endothelial cells, thymic epithelial cells and B-cells.  
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Like activated S. aureus, in heat-inactivated S. aureus challenged cells innate 

and adaptive immune responses to molecules of bacterial origin, cell cycle, growth 
regulators, negative regulators of cell death as well as genes for blood thinning which 
may increase availability of immune cells were induced. Further, among suppressed 
ones genes for adaptive immunity, antibody production, antigen presentation and 
processing were found. However, for apoptosis process nuclear receptors for intrinsic 
cell death and calcium mediated signaling and apoptosis were induced. Surprisingly, 
while glucose metabolism process was induced in live S. aureus challenged cells it 
was suppressed by inactivated S. aureus. Further MyD88 signaling pathway was 
induced by live S. aureus infection whereas suppressed by inactivated S. aureus 
treatment. 

4.7.2.7 Comparison of transcriptional profiles of blood from S. aureus infected 

patients vs. healthy controls: Genes INDUCED by S. aureus infection 

S. aureus is an important human pathogen which causes local as well as 

systemic infections. The study of infected blood transcriptome analysis will provide 

valuable information about systemic changes in molecular expression of leukocytes 

during infection that can be used for rapid diagnosis and therapeutic purposes 

(Banchereau et al., 2012). In present study, the transcriptional microarray data from 

blood of infected neonates and adults was combined and analyzed to identify the 

differentially expressed genes in S. aureus infected versus healthy controls through 

metaanalysis (Table 4.50). 

The clusters of gene ontologies induced in S. aureus infected human blood are 

given in Table 4.50a. In the comparison of differential expression of genes in blood of 

S. aureus infected patients and controls, we found that the; ontological categories 

“defense response”, “response to wounding” and “inflammation” are present in the 

top regulated cluster as observed in previous comparisons (ES 20.21).  

Innate immunity specific PRRs for Gram positive bacteria including TLRs and 

NLRs were upregulated in blood of infected patients. Acute inflammatory response 

genes including complement components, co-stimulatory molecules as CD55 and 

CD163, macrophages specific phagocytic receptor and associated enzymes were 

induced. The chemoattractants released from innate immunoctytes and specific for 

adaptive immunocytes were upregulated. IL-18 released from antigen presenting cells 

and cytokines which affect thymus as well as proliferation of T-cells were also found. 
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In addition, IL-25 was induced which may lead to MyD88-dependent activation of 

NF-κB and also required for cytokine production and response mediation. Innate 

immunity specific phagocytosis, immune cells activators and thrombospodin, 

important in increasing movement of vesicle inside the cell, were also upregulated. 

The 2nd cluster contained gene ontologies such as “intrinsic to plasma 

membrane” and “integral to plasma membrane” (ES 10.57). In this cluster, cell 

surface bacterial specific PRR and C-type lectin family members that detect β-glucans 

and mannan were found. Surprisingly, monocarboxylate-specific solute carrier 

proteins and sodium-chloride dependent neurotransmitter symporters belonging to 

SLC16 and SLC6 superfamily were the most upregulated genes. Some other cell 

surface proteins which participate in solute transport across membrane, such as 

aquaporins, amino acid transport receptors and ABC binding cassettes were also 

induced. In addition, integrins which promote cell-cell and -matrix interaction and 

induce receptors and platelets were also important induced genes. Furthermore, 

metallopeptidases that may increase extravasation of innate and adaptive immune 

cells to site of infection were induced. 

Large molecular assemblies or focal adhesions including ITGα, ITGβ, 

caveolin, RTK and zyxin that mediate the regulatory signaling in response to ECM 

binding were found in this cluster. The genes for IFNγ signaling pathway were 

upregulated in infected patients. The genes for foreign particle processing and platelet 

aggregation were also upregulated. Unexpectedly, the potassium voltage gated 

channels and its regulator were also upregulated. In this cluster most of the membrane 

receptors involved in the transport of the solutes including organic and inorganic, 

signaling mediators in response to changes in ECM, phagocytosis activators, and 

innate immunity response cytokines (IL4, IL5 and IFNγ) were found. These 

inflammatory cytokines are also key activators of humoral and cellular immunity. 

In 3rd cluster gene ontologies such as “cell fraction” and “membrane fraction” 

were presented (ES 7.80). In this cluster, genes for the response to intracellular 

stimulus of organic substance were induced. Secretary granule-specific protein 

complexes that might be involved in protein processing inside the ER and 

translocation to membrane were also upregulated. Fatty acids and hormone, 

glycoprotein metabolic pathways were also overrepresented. Cell to cell signaling 
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mechanisms and its regulatory molecules were induced. Additionally, negative 

regulators apoptotic pathway were also induced.  

In 4th cluster the ontological categories “response to bacterium” and “response 

to LPS” included genes for PRRs and MyD88-dependent signaling pathways (ES 

6.86). Additionally, peptidoglycan processing cytosolic receptors (NOD and CAMP) 

were induced. Cytoskeletal proteins and co-stimulatory molecules which participate in 

vesicle mediated endocytosis were induced. Scavenger receptors for acetylated LDL, 

which also have role in angiogenesis, were upregulated. Principally, myeloid pathway 

stimulators which function in macrophages formation and differentiation were found. 

Neutrophils derived chemoattractants for monocytes and fibroblasts were also 

induced.  

Interestingly, in 5th cluster gene ontologies such as “hemostasis” and 

“complement and coagulation cascade” were upregulated (ES 5.79). The genes 

included in this cluster were mostly involved in hemostasis process, concentrating 

immune cells density at site of injury. The upregulated gene complexes included 

coagulation factors, platelet glycoproteins, plasminogen activators and 

thrombomodulins. These gene complexes stimulated blood coagulation processes 

such as platelet adhesion, activation, platelet pro-coagulant activity and thrombin 

formation. In addition, calcium binding proteins which accelerate ATP mediated 

fibrin formation process were induced.  

The 6th cluster presented ontological categories such as “innate immune 

response” and “adaptive immune response” in the infected patient’s blood (ES 5.29). 

The upregulated genes were C-type Lectins and TLRs (1, 2, 5, 6 and 8) as well as 

innate immunity specific cytoplasmic receptors (NLR and RIG-I), principally those 

which signal through MyD88-dependent NF-κB to activate target genes. A number of 

the complement components and associated proteins were induced. Inflammatory 

cytokines and their receptors (IL-18R, IL-1α) and genes released from activated 

antigen presenting innate immune cells that might be involved in activation of B-cells 

were induced.  

In 7th cluster ontological categories “vesicle” and “secretory granule” were 

found (ES 5.12). The genes involved in the process of phagocytosis and degradation 

of LDL (most probably bacterial components) by formation of clathrin coated vesicles 
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and transport to Golgi apparatus for processing, as well as presenting them on the 

surface of the cells through exocytosis, were induced. The genes involved in attraction 

of platelets, adhesion, coagulation and relative complement system were induced. The 

innate immune process related proteins including macrophage activation and myeloid 

leukocyte pathway activation genes were also upregulated.  

In 8th cluster gene ontologies “response to organic substance” and “response to 

hormone stimulus” were presented (ES 5.11). The immunity genes specific for the 

viral infection response including recognition and intake were induced. The 

chemoattractants for the innate immune cells such as basophils, eosinophils, 

neutrophils and monocytes were also induced. Signaling molecules specifically 

involving GPCR and carbohydrate binding were found in this cluster. The negative 

regulators of cell death and calcium binding process were also induced in S. aureus-

infected patients. 

In 9th cluster genes for the “membrane organization” and “phagocytosis” were 

induced (ES 5.29). Again, we found that the genes for transport of lipoprotein particle 

by membrane invagination and vesicle formation were induced. In addition, genes for 

transport and localization of ingested particles to Golgi apparatus were induced. 

Cytoskeleton and calcium transport genes involved in the process of translocation 

were also induced. 

The 10th cluster presented gene ontologies such as “protein dimerization 

activity” and “homodimerization activity” (ES 4.49). We found that proteins involved 

in process of gene expression were largely upregulated; principally RNA polymerase 

II-dependent transcription was induced. In addition, transcription regulators as well as 

apoptosis mediators were induced. Another process for which a large number of genes 

were found was the fibroblast proliferation pathway. Similarly, cofactors (Ca+2 and 

Zn+2) mediated guanylate cyclase and GTP derived energy process involved in 

processing of pathogen containing cells were induced. 
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4.7.2.8 Comparison of transcriptional profiles of blood from S. aureus infected 

patients vs. healthy controls: Genes SUPPRESSED by S. aureus 

infection 

The top cluster (ES 9.98) of the genes downregulated in S. aureus-infected 

patients included ontological categories “translational elongation” and “gene 

expression” (Table 4.50b). These categories revealed that cytosolic and nucleic 

ribosomal proteins were the major suppressed genes in the top cluster. In addition, 

some translation elongation factors were also suppressed. Surprisingly, in contrast to 

transcription of immunity specific genes induced in the infected patients, the 

ribosomal proteins transcription was largely suppressed. 

In 2nd cluster ontologies such as “lymphocyte activation” and “hemopoiesis” 

were found (ES 7.92). In contrast to innate immunity genes upregulated in infected 

patients, adaptive immunity genes were downregulated. The signaling mechanisms 

which specifically involve T-cells proliferation and differentiation were 

downregulated. Similarly, a large number of the co-stimulatory molecules (CD) that 

function in activation, proliferation and regulation of T-lymphocytes were 

downregulated. The key molecules involved in the activation of Th2 cells, such as 

CD40LG and IL4, were also suppressed. The genes for the activation and 

proliferation of B-cells, which activate neutralizing antibody production (IgG, IgM, 

IgA and IgE) were downregulated. Co-stimulatory and adhesion molecules and 

accessory proteins present downstream in T-cell receptor signaling pathways which 

subsequently activate the two processes were found in suppressed genes: 1) 

expression of certain cytokines that enhance proliferation, differentiation and immune 

response 2) and downregulation of ubiquitin mediated proteolysis. A number of the 

cytokines, transcription factors and proteins responsible for hemopoiesis of B- and T-

cells were also present in this cluster. In conclusion, this cluster presented that 

adaptive immune system involving B- and T-lymphocytes specific processes were 

repressed in S. aureus-infected patients blood.  

In 3rd cluster ontological categories “intracellular organelle lumen” and 

“nuclear lumen” were presented (ES 6.28). This cluster included genes for expression; 

mainly transcription and splicing of nuclear and mitochondrial ribosomal RNA. In 

addition to suppression of gene expression process, the genes for stress response 
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replication process were also downregulated. The proteins for transcription and 

replication necessary for the successive progression of cell cycle were downregulated. 

Adaptive immune cells activation genes, glucose metabolism and positive regulation 

of cell death genes were also downregulated. 

In 4th cluster gene ontologies “regulation of lymphocyte activation” and 

“regulation of T-cell activation” were found (ES 5.66). This cluster included adaptive 

immunity specific genes involved in lymphocytes activation, differentiation and 

regulation, involving both B- and T-lymphocytes. TCR-specific and antibody 

production genes were also downregulated. The critical genes for the activation of 

Th1 (IFNγ) and Th2 (IL-4) lymphocytes were also repressed. 

In 5th cluster ontological categories such as “graft versus host disease”, “cell 

adhesion molecules” and “antigen processing and presentation” were presented (ES 

5.21). The genes involved in maturation of MHCII molecules by removal of invariant 

chain peptides and freeing the peptide binding site for acquisition of antigenic 

peptides and receptors, for presentation on NKs were downregulated. This leads to 

survival of natural killer cells destined to die in response to infection-mediated 

activation. 

In 6th cluster gene ontologies including “T-cell receptor complex” and 

“Regulation of calcium signaling” were found (ES 4.81). The genes for T-cell 

formation associated transmembrane adapters and kinases were suppressed. Proteins 

which have probable role in assembly and expression of the TCR complex as well as 

signal transduction upon antigen triggering were also downregulated. 

The 7th cluster presented gene ontologies such as “plasma membrane part” and 

“intrinsic to plasma membrane part” (ES 4.22). The genes present in these categories 

were plasma membrane integral proteins involved in adaptive immunity activation. 

Principally, cell adhesion and T-cell differentiation molecules, positive regulators of 

T-cell proliferation, B- and T-cells surface receptors e.g., chemokines (C-C and C-X-

C) were downregulated. Co-stimulatory molecules that positively regulate activation 

of T-cell mediated immunity were also downregulated. MHCII complex which 

functions in the assembly of peptides with newly synthesized MHCI molecules was 

downregulated. In addition, adaptive immunity associated lysosome proteins were 

downregulated. Furthermore, a large number of the genes and processes related to 
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adaptive immunity were downregulated. These genes included IL-2 regulators, 

lymphocytes attractants, IL receptors (1, 2, 5, 7) stimulated Jak-stat signaling 

molecules, metal ion transporters (Ca+2, Na+1, K+1), activated T-cells survival 

proteins, T-cell mediated MAPK pathway gens, positive regulators adaptive immunity 

cytokines and genes for IFNγ synthesis. In addition, macromolecule metabolism 

genes and positive regulators of cell death were also suppressed. 

The 8th cluster presented gene ontologies “RNA complex biogenesis” and 

“rRNA metabolic process”, which were downregulated in S. aureus-infected patients 

(ES 3.89). These genes are involved in nuclear processes such as formation of 

ribosomal RNA. In 9th cluster ontological categories “positive regulation of 

apoptosis” and “Positive regulation of PCD” were presented (ES 3.76). In this cluster 

we found that positive regulator of apoptosis, apoptosis-related signaling pathways 

and NKs activated formation of toxicity proteins. The 10th cluster again represented 

the ontological categories “lymphocyte proliferation” and “mononuclear cell 

proliferation” including genes for B- and T-lymphocyte proliferation (ES 3.50). 

In a nut-shell we observed that in the S. aureus-infected patients the genes for 

defense against bacterial infection, innate immunity, solute receptors and anti-

apoptotic processes were upregulated, whereas gene expression, adaptive immunity 

and positive regulators of apoptosis were downregulated.  

4.7.2.9 Comparison of differential expression in S. aureus biofilms and 

planktonic cultures secreted factors challenged keratinocytes: 

INDUCED genes 

S. aureus forms surface associated complex communities characterized as 

biofilms and secretes ECM proteins within these communities. S. aureus biofilms are 

phenotypically different from S. aureus planktonic cultures and are more resistant to 

antibiotics. The S. aureus biofilms associated with chronic skin ulcers are important in 

delaying wound healing process. The regulatory elements for biofilm formation also 

control the gene expression of virulence factors. The influence of biofilm formation 

on S. aureus virulence is disputable (Secor et al., 2011). In following analysis we 

have compared the differential expression in the keratinocytes challenged with 
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secreted factors from S. aureus biofilms and planktonic cultures through metaanalysis 

procedure. 

The Table 4.51 presented keratinocytes responses to secreted factors from S. 

aureus biofilm and planktonic cultures challenge versus control cells. The induced 

gene ontologies clusters in challenged keratinocytes are presented in Table 4.51a. In 

1st (ES 7.22) and 3rd (ES 5.83) clusters, gene ontology such as “RNA polymerase II 

regulation of transcription” was seen. We found that genes participating in nuclear 

transcription process e.g., helicases were upregulated. Some mitochondrial genes 

involved in gene expression were also induced. The genes for myeloid and lymphoid 

cells activation, development and differentiation were upregulated. The genes for 

immunity principally B- and T-lymphocytes activation as well as antibody production 

were induced. The regulatory proteins for the immune cells were also induced. 

Negative regulators of apoptotic process were also found here, favoring stimulation of 

anti-apoptotic process in challenged cells. In addition, bacterial challenge response 

genes as TGF-β and TLR downstream signaling genes (FOS, JUN, IL-6, BCL3, 

NFKBIA and TNF-α) were induced; however, we did not find a single TLR gene in 

this cluster. Nuclear proteins such as receptors and transcription factors which 

participate in response to organic substance stimuli were induced. The growth factor 

VEGFA, important in angiogenesis, and associated proteins were also induced. 

In 2nd cluster gene ontologies “response to organic substance” and “response 

to endogenous stimulus” are presented (ES 5.85). The bacterium and LPS response 

proteins which participate in effector responses as regulation of adhesion, migration 

of cells, secretion, defense response, NLR activation and activation of innate and 

adaptive immunity processes were induced. Retinoic acid response proteins as well as 

positive regulators of defense and inflammatory pathways were upregulated. 

Responses to peptide hormone stimulus and oxidative stress pathway including 

MAPK signaling pathway were upregulated. A number of heat shock proteins and 

processes, involved in immune response and modification of proteins inside the ER, 

were induced. In immune process, activators of NK cells, T-cells and antibody 

production were upregulated. The genes specific for both innate and adaptive immune 

processes were induced; however, adaptive immune process was more prominent. 

Regulators of angiogenesis and positive transcription were also found. Furthermore, 
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cell survival and proliferation related focal adhesion that necessarily involves 

activation by extracellular stimuli and downstream regulation through PI3KT 

signaling was induced. Mitochondrial proteins participating in regulation of cell 

growth were also induced. The positive and negative regulators of apoptotic genes as 

caspases and p53 signaling pathway were induced.  

In 4th cluster ontological categories “Regulation of programmed cell death” 

and “Negative regulation of apoptosis” were observed (ES 5.57). Although, proteins, 

principally caspases for positive regulation of apoptosis process were induced 

however, negative regulators of apoptosis were also found in this cluster. The 

pathways involved in DNA damage response (involving P53) to extracellular stimulus 

leading to cell death induction were particularly overregulated. Mitochondrial outer 

membrane proteins which induce P53-dependent and independent cell death were also 

induced. Genes specific for cell cycle interphase were upregulated. The genes 

mediating lysosome movement assisted by cytoskeleton as well as ubiquitin mediated 

degradation of proteins were also upregulated. Signaling processes that mediate 

activation and differentiation of lymphoid cells were induced. The NK cell-mediated 

cytotoxicity and TCR signaling pathways were also induced. Negative regulators of 

NF-κB expression were also found in this cluster. 

In 5th cluster, the ontological categories such as “death” and “PCD” are shown 

(ES 5.46). The apoptotic genes and regulators of apoptotic proteins were principally 

presented here. Specially, CASP9 and P53 signaling pathway for apoptosis induction 

were upregulated. Interestingly, proteins important in apoptosis-related mitochondrial 

changes involving release of cytochrome c were induced. The genes for pathways 

important in response to bacterial genes, such as macromolecule assembly and 

membrane organization for endocytosis, immune cells formation, cell migration, actin 

cytoskeleton organization and transcription regulation processes were induced. 

Similarly, cellular responses to bacterial stress for example DNA damage, including 

caspases, MHCI polypeptide related sequence A and cytokines as IL-1β and TNF-α 

were induced. Genes for adaptive immune processes such as NK cells-mediated 

cytotoxicity, T-cells activators, and TCR signaling pathway and NLR pathway 

(IκB/NF-κB) were induced. We have also found that wounding response mediated ILs 

were induced. Similarly, responses to extracellular stimuli involving vasculature 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        204 

 



Results 

 
development and maintenance of cellular ion (superoxide) homeostasis pathway were 

upregulated. In contrast to positive regulators of cell death, the signaling molecules 

for pathways that lead to cell survival were also induced.  

In 6th cluster induced genes in S. aureus challenged cells, the ontologies 

“Negative regulation of macromolecule metabolism” and “Negative regulation of 

biosynthesis” were presented (ES 4.59). The genes and pathways which largely 

suppress transcription process were induced. However, some proteins that are 

involved in chromosome organization, cell cycle process, regulation of phosphorus 

metabolism and zinc ion binding were also upregulated.  

In 7th cluster ontological categories “response to extracellular stimulus” and 

“response to nutrient levels” were induced (ES 3.98). The genes found in this cluster 

were principally involved in responses to glucocorticoid stimulus. Furthermore, 

oxidative stress response genes MAPK signaling pathway and responses to cAMP 

were induced. The positive regulators of bacterial LPS and lipid metabolism were 

induced. In addition, signaling pathways for immune system including apoptosis 

regulation, chemical homeostasis, negative regulation of homeostasis, TGF-β 

signaling pathway, cell cycle proteins, and negative regulators of cell cycle were 

upregulated.  

In 8th cluster ontological categories such as “response to inorganic substance” 

and “response to reactive oxygen species” were presented (ES 3.49). The genes which 

participate in response to toxins or corticosterone hormone, such as FOS, JUN, 

CDKN1A, CYP1A1, NR4A2 and PRKCA were induced. LPS mediated immune 

responses including ion transporters, transcription factors and MAPK pathways were 

upregulated. Genes important in response to hypoxia were also induced. Additionally, 

genes involved in innate immune response, such as regulator of endocytosis and 

vesicle mediated transport, cell movement and inflammation, were upregulated.  

Surprisingly, the genes specific for electron transport chain and energy 

production in mitochondria were upregulated. We observed genes involved in 

chemical and cellular homeostasis processes e.g., receptors for transport of sodium, 

iron and calcium were largely induced. Regulators of gene expression and cell 

survival processes were induced. However, genes for the positive regulation of 

apoptosis were also upregulated. 
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In 9th cluster the gene ontologies “tube development” and “respiratory tube 

development” were found (ES 3.26). The genes responsible for vesicle mediated 

transport through membrane invagination were upregulated. In addition, genes 

involved in responses to organic substance, protein transport, ribosomal binding and 

transcription factor activity were induced. 

In 10th cluster, “response to steroid hormone” and “response to estradiol” were 

represented (ES 3.16). The processes involved in response to organic substance were 

induced. Adaptive immune process genes such as stimulators of T-lymphocytes were 

upregulated. Genes for defense response elements for example FOS, JUN, IL-1β, IL-6 

and IL-1R; and MAPK signaling pathway were upregulated. The genes for cytokines 

and chemokines that mediate inflammatory processes were also overrepresented. The 

genes for cell trafficking through endosome and membrane invagination as well as 

transcription process were found in this cluster. The processes which involve ion 

dependent signaling and homeostasis were induced. The positive regulators of cell 

cycle and positive as well as negative regulators of apoptosis were also upregulated.  

4.7.2.10 Comparison of differential expression in S. aureus biofilms and 

planktonic cultures secreted factors challenged keratinocytes: 

SUPPRESSED genes 

The top ten gene ontologies and clusters downregulated in S. aureus 

challenged cells are given in Table 4.51b. The suppressed gene clusters including 

clusters 1 (ES 41.69), 2 (ES 26.78) and 7 (ES 5.91) presented the genes for processes 

as “ribonucleoprotein complex biogenesis” and “splicing of mRNA specifically 

rRNA”. In addition genes important in transcription process as regulators, histone 

acetyl-transferases, helicases and transcription terminators were suppressed. The 

genes for RNA export from cell as well as for tRNA metabolism were presented in 

these clusters. The cytoskeletal proteins such as actin, microtubules formation and cell 

migration were also downregulated. As well, genes for DNA repair, cell cycle 

progression and apoptosis repression were downregulated. Moreover, oxidative stress 

response genes involving signaling pathways such as MAPK and NGF were 

suppressed.  
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In 3rd cluster gene ontologies such as “mitotic cell cycle” and “cell cycle 

phase” were presented (ES 10.77). This cluster included genes principally involved in 

mitotic cell cycle progression. The gene sets for cell cycle processes including spindle 

fiber formation, chromosomal organization, mitotic interphase, cell cycle check point 

and cell cycle regulation were suppressed.  The processes that involve 

ribonucleoprotein complex formation in response to DNA damage were 

downregulated. In addition, genes for ubiquitin mediated protein degradation were 

suppressed. 

In 4th cluster most of the processes which participate in “RNA processing” and 

“RNA splicing” were found (ES 8.49). The genes for post-transcriptional gene 

silencing; tRNA, mRNA and rRNA splicing via splicesome were downregulated. This 

might reflect stress-mediated stimulation of P53 gene, which induces apoptosis and 

inhibits cell survival by activating corresponding regulators.  

In 5th cluster ontological categories such as “response to DNA damage 

stimuli” and “DNA metabolic process” were presented (ES 6.47). The proteins for 

DNA repair in response to mismatch, double stranded break which regulates cell 

cycle were downregulated. In addition chromatin modification, chromosome 

organization and M-phase genes were repressed. Meanwhile, the positive regulators 

of cell death, BAX mediated catabolic processes were downregulated.  

In 6th cluster gene ontologies such as “chromosome” and “chromosomal part” 

were found (ES 6.20). The genes for chromatin modification, nuclear shape 

organization and regulators of transcription process were suppressed. The cell cycle 

proteins required for centrosome and kinetochore formation were reduced. In addition 

to the genes for cell cycle and transcription, the repressors of zinc binding 

transcriptional proteins were also downregulated. This observation suggested that in 

general transcription is a process suppressed in challenged cells, allowing 

transcription specifically from zinc binding transcription factors. 

In 8th cluster gene ontologies such as “cell cycle check point” and “DNA 

damage response” are given (ES 4.55). The genes present in this cluster are all 

involved in cell cycle processes as positive regulators of DNA replication, DNA 

repair and cell proliferation. 
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The 9th gene cluster presented ontological categories “regulation of apoptosis” 

and “regulation of PCD” (ES 4.52). The innate immunity specific signal transducers 

for positive regulation of TLR, RLR and NLR pathways specifically IκB/NF-κB 

cascade were represented here. In addition adaptive immunity pathway genes as B- 

and T-cells signaling including defense, immune, inflammation, adhesion, vesicle 

formation and wound healing processes were also downregulated. We found that Rho 

GTPases, PDGF signaling, positive regulators of taxis, immune response to organic 

substance and peptides were suppressed.  

In 10th cluster ontological category “transcription” and “RNA biosynthesis 

process” are presented (ES 4.46). Study in detail revealed that mitochondrial promoter 

based RNA polymerase II-dependent transcription process was principally reduced in 

keratinocytes challenged with secreted factors from S. aureus cultures. 

In summary we found that adaptive immunity was dominantly induced. 

Moreover, responses to molecule of bacterial origin, cell survival and anti-apoptosis 

processes were upregulated. In addition, apoptosis mediators for example caspase9 as 

well as p-53 mediated mitochondrial apoptosis were induced. While gene expression, 

mitotic cell cycle and apoptotic process genes were suppressed.   

4.7.2.11 Comparison of genes induced in keratinocytes challenged with secreted 

factors from S. aureus biofilms vs. planktonic cultures  

The clusters of gene ontologies induced particularly in keratinocytes 

challenged with secreted factors from biofilms over those challenged with secreted 

factors from planktonic cultures are presented in Table 4.52a. 

In 1st cluster ontological category “nuclear lumen” and “nucleolus” are 

presented (ES 13.91). These ontologies contained genes for transcription process 

inside nucleus. The genes involved in the process of transcription of messenger and 

ribosomal RNA were induced. The positive regulators of cell and DNA damage 

response mediated apoptosis were induced. TGF-β signaling pathway, cell cycle, 

DNA replication and DNA repair proteins were also induced. The 2nd cluster 

presented gene ontologies such as “nucleolus” and “non-membrane bound organelle” 

included the genes for ribosomal gene expression and apoptosis activation processes 

(ES 8.13). 
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In 3rd cluster we found ontological categories such as “blood vessel 

morphogenesis” and “angiogenesis” (ES 6.51). These categories mainly harbored 

genes which play role in aggregation of platelets and membrane repair in response to 

growth factors activity. Similarly the genes which regulate hemostasis, signaling in 

wound healing and injury response immuno-attractants (IL-8) were upregulated. The 

regulatory proteins for cell cycle, cell adhesion, cellular homeostasis and metabolism 

were also upregulated. Furthermore, anti-apoptotic proteins which participate in cell 

proliferation were induced. 

In 4th (ES 6.11) and 5th (ES 4.82) clusters the genes for the apoptosis 

regulation were induced. The positive and negative regulators of macromolecule 

biosynthesis, apoptosis and immune system processes including myeloid cell 

differentiation, chemotaxis, adhesion, TLR pathway, hemopoiesis and wound healing 

genes were upregulated.  

In 6th cluster gene ontologies such as “regulation of mRNA synthesis” and 

“negative regulation of macromolecule synthesis” were presented (ES 4.20). Study in 

detail showed that upregulated genes in biofilm medium-challenged keratinocytes 

were positive regulators of mRNA transcription confined in nucleus and specific to 

thymus. However, some negative regulators of the transcription were also induced. 

The signaling genes for innate immune specific cell surface and intracellular receptors 

were induced. We also found that adhesion and low oxygen response apoptotic 

stimulators were induced.  

In 7th cluster gene ontologies such as “apoptosis” and “programmed cell 

death” were presented (ES 3.89). This cluster presented genes for positive regulators 

of apoptosis principally stimulated by immune pathways. Additionally a large number 

of genes that specify immune response to toxin, such as receptors (TLR, NLR), 

signaling molecules (MAP kinases), adhesion and wound healing, were upregulated. 

The 8th cluster represented ontological categories such as “nucleoplasm part” 

and “nuclear body” (ES 3.88). In these categories genes for the nuclear lumen 

confined processes were found. The genes found in these groups mainly represented 

initiation, elongation and termination steps of transcription process for mRNA 

formation. Additionally the genes participating in maturation of the nascent mRNA 

molecules, such as splicesomes, were induced. The DNA modification genes for 
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transcription initiation process were also induced. Similarly, in the 9th cluster the 

ontological categories “RNA processing” and “mRNA metabolic process” were found 

(ES 3.65).  

In 10th cluster the gene ontologies such as “Regulation of binding” and 

“Negative regulation of transcription factor” were induced (ES 2.71). These 

ontologies contained genes for the RNA-DNA binding specially to initiate 

transcription process. The transcription regulators as well as genes for TGF-β singling 

pathway were induced. 

The genes induced in keratinocytes challenged with secreted factors from S. 

aureus planktonic cultures are given in the Table 4.52b. The top ten clusters presented 

two main processes gene expression and chromosomes. In addition fewer genes for 

protein degradation, cytoskeleton formation and ion transport were also induced.  

The 1st (ES 9.66), 2nd (ES 6.21), 4th (ES 5.04), 5th (ES 4.65) and 7th (ES 3.85) 

clusters presented ontological categories directly related to the nucleus confined 

process of transcription regulation. The first cluster largely presented the genes for the 

transcription, its regulators, post-translational modifiers and zinc finger transcription 

factors. In addition, DNA helicases and histone modification proteins were induced. A 

number of the transcription factors and genes for transcriptional complex formation 

were also upregulated. The genes required to maintain structure of nucleolus and 

events in initiation of transcription processes during cell cycle were also found in 

these clusters. Ankyrin and KH domain containing proteins which inhibit the process 

of translation by preventing eIF4F complex formation and thus functioning as anti-

apoptosis process were induced. The genes involved in lymph organ development 

were also induced. 

In 3rd cluster ontological categories “intra cellular non-membrane bound 

organelles” and “microtubule cytoskeleton” were found (ES 5.54). The genes for 

chromosomal arrangement on spindle fibers were induced.  The actin cytoskeleton 

genes which participate in motion of cells were induced. Adherens junction proteins 

such as cadherins and regulators of cell growth were upregulated. We also found that 

proteins interacting selectively and non-covalently with Rho protein, and member of 

the Rho subfamily of the Ras superfamily of monomeric GTPases were induced. Rho 

subfamily proteins are involved in relaying signals from cell-surface receptors to the 
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actin cytoskeleton. We also found that genes for cell-cell and -substrate interaction 

regulation were induced.  

In 6th clusters we found that ontological categories “chromatin organization” 

and “chromatin modification” were upregulated (ES 4.03). The term “modification” 

referred to the histones acetylation and helicase activity which leads to the opening of 

double stranded DNA leading to the transcription activation. Similarly, protein 

complex which participates in protein-DNA complex assembly during chromatin 

assembly was induced. Positive regulators of transcription and Wnt signaling pathway 

were also induced. Moreover, the genes for inhibiting transcription and DNA repair 

inducers were induced. The genes for lymphoid cells formation were also seen in this 

cluster.  

In 8th cluster genes specific for ubiquitin-proteasome F box enzymes, ubiquitin 

conjugate enzymes as well as ring finger proteins were induced (ES 3.29). The zinc 

finger binding proteins involved in modification of proteins for subsequent 

degradation through ubiquitin proteasome pathway were also induced. 

In 9th cluster, we found that the “zinc ion binding proteins” which function as 

transcription factors were induced (ES 2.86). The genes involved in chromosome 

assembly and disassembly ultimately participating in transcription initiation, were 

also induced. However, some transcription inhibitors were also induced. The genes 

for ubiquitin-dependent proteolysis of the proteins were also upregulated.  

In 10th cluster the gene ontologies such as “chromosomal part” and “nuclear 

chromosomal part” were presented (ES 2.74). These gene ontologies included the 

genes for process of histone modification and transcription repressing by DNA 

packaging. On the contrary, microtubule organization proteins participating in cell 

cycle were also induced.  

In summary, we have found that secreted factors from S. aureus biofilms 

induced angiogenesis and anti-apoptosis genes whereas secreted factors from S. 

aureus planktonic cultures induced mitotic cell cycle and protein catabolism genes in 

keratinocytes. 
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4.7.2.12 Comparison of differential transcription in S. aureus Superantigens 

challenged vs. control cells: Genes INDUCED by S. aureus 

superantigens 

Superantigens are S. aureus toxins that cause toxic shock syndrome and septic 

shock. The superantigens stimulate T-cells much more efficiently than typical 

antigens (Holtfreter and Broker, 2005; McCormick et al., 2001). The clusters of 

ontological categories upregulated in cells challenged with S. aureus superantigens 

are given in Table 4.53a.  

In 1st cluster gene ontologies such as “immune response” and “cytokine 

activity” were found (ES 16.18). The genes for adaptive immune process, such as 

MHCII receptors and antigen presentation, were induced. A number of T-

lymphocytes specific chemokines (C-C and C-X-C motifs) were also upregulated. In 

addition, Th1 and Th2 specific interleukin genes, including IFNγ, IL-4, IL-9 and IL-

27, were induced. The signaling molecules of JAK-STAT cascade were found in this 

cluster. Although the adaptive immunity genes were significantly prominent in this 

cluster, some innate immune response genes, including IgG receptors, complement 

component and lipoprotein transporters, were also induced. Some genes for apoptosis 

stimulation were seen in this cluster.  

The 2nd cluster in this table presented “defense”, “inflammatory” and 

“wounding response” genes (ES 9.89). The DEFB1, which has specific bactericidal 

activity, was also induced. Only T-lymphocytes chemo-attractants genes were 

induced. Similarly, adaptive immunocytes-specific interleukins were induced and 

genes for B-cells activation were also induced. Some genes, such as CD40, CD40LG 

and serpin peptidase inhibitor participating in wound healing process, were found in 

this cluster. 

In 3rd cluster gene ontologies “positive regulation of macromolecule 

metabolism” and “positive regulation of cell proliferation” were induced (ES 8.21). 

These ontologies contained nuclear receptors and proteins which participate in 

regulation of immune cells transcription processes. The regulators of adaptive 

immunity, which also negatively regulate the innate immunity, were induced. The 

function of these immune specific genes is also extended to apoptosis mediation. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        212 

 



Results 

 
Interestingly, cell surface and intracellular receptors (but not TLRs) which transduce 

signal to activate immune response were induced.  

In 4th cluster gene ontologies “asthma” and “signaling in immune system” 

were observed (ES 6.59). The genes for MHCII complex principally involved in 

antigen presentation and immune cells adhesion were induced. In addition the genes 

for processes stimulating antibody based immunity were upregulated. Inflammatory 

and immune responses regulators which preferentially activate IFNγ synthesis and 

inhibit inflammatory cytokine production were also present in this cluster. The B-

lymphocytes activity regulators which activate B-cells by stimulating MHCII 

presentation on resting B-cells were induced. Interleukins which support IL-2 and IL-

4 independent growth of lymphocytes were also upregulated. GM-CSF cytokines 

which controls production and differentiation of granulocytes and monocytes-

macrophages were found in this cluster.   

In 5th cluster the gene ontologies such as “positive regulators of 

macromolecule metabolism” and “positive regulators of gene expression” were seen 

(ES 5.60). The genes for T-cells based and RNA polymerase II-mediated transcription 

processes were induced. In addition, the genes for adaptive immune responses, for 

instance antibody production, T-cells signaling and immunity-mediated apoptotic 

process genes were induced. We also found genes largely ILs; which induce process 

of defense, immunity and wound healing (PDGF receptor) were upregulated. The 

negative regulators of myeloid cells differentiation were also upregulated. In 6th 

cluster we found that ontological categories such as “regulator of immune effector 

responses” and “regulation of lymphocyte mediated immunity” were presented (ES 

4.68). These genes function in positive regulation of natural killer cells-mediated 

toxicity process. Platelet specific proteins which represent activation of wound 

healing process were also upregulated.  

In 7th cluster (ES 4.62), gene ontologies such as “chemokine activity” and 

“chemotaxis” were found. The genes for B- and T-lymphocyte attractants were seen 

here. Specially, known key regulators of IFNγ response chemokine (CXCL10) were 

also induced. In 8th cluster the gene ontologies “regulation of phosphorylation of 

STAT” and “positive regulation of cell proliferation” were found (ES 4.49). These 

ontologies included the genes for proliferation stimulators and positive regulators of 
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adaptive immunocytes. Interleukin and TCR pathways as well as antibody production 

process and B-cells activation genes were induced. Immune cells mediated negative 

regulation of cell death and wounding response was also activated. 

The 9th cluster “regulation of immune effector response” and “regulation of 

immunoglobulin production” were presented as upregulated processes (ES 4.40). The 

activation of T-cells results in further activation of B-cells which then produce 

antibodies. Additionally ILs, such as IL-12 which regulate hemopoiesis, were 

induced. In 10th cluster gene ontologies such as “regulation of immune effector 

response” and “regulation of lymphocyte activation” were upregulated (ES 3.58). 

These ontologies represented proteins responsible for T-cell activation, proliferation 

and differentiation. In addition, regulatory pathways for IFNγ, which further activates 

adaptive immunity pathways, were also induced.  

4.7.2.13 Comparison of differential transcription in S. aureus Superantigens 

challenged vs. control cells: Genes SUPPRESSED by S. aureus 

superantigens 

The clusters of gene ontologies suppressed in S. aureus superantigen-

challenged cells are given in Table 4.53b. Surprisingly, the ontological categories 

“inflammatory response”, “defense response” and “immune response” were found in 

the top cluster suppressed in superantigen challenged cells (ES 4.81). However, 

further study of the genes present in this cluster showed that receptors, transcriptional 

modulators, chemotactic factors specifically which participate downstream TLR4 (the 

Gram negative receptors) and provide defense against bacterial infection were 

reduced. In addition, the innate immunity-specific genes driving the processes such as 

polysaccharide binding, wound healing, chemotaxis, regulation of cytokine 

production, immunity mediated cell death and regulation of cell proliferation were 

downregulated. 

In 2nd cluster the gene ontologies such as “carbohydrate binding” and 

“polysaccharide binding” were found (ES 2.52). The genes included integral 

membrane proteins as sialic acid binding immunoglobulin like lectin proteins that are 

found in natural killer cells. In addition, lectins as well as lipoprotein binding proteins 

which are present in dendritic cells were repressed. 
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In 3rd cluster ontological categories such as “extracellular space” and 

“extracellular region part” were found (ES 1.92). The LPS-binding immune activator 

proteins were downregulated. The innate immune specific chemo-attractants (CXL-2, 

-3, -5, -6 and CC-23) and extracellular matrix proteins such as MMP9, LPL, IGF1, 

TNXB, VEGFA and WNTA5 were also suppressed. In addition, some genes which 

participate in cell proliferation and positive regulation of cell differentiation were 

found in this cluster. 

In 4th cluster ontological categories “locomotory behavior” and “taxis” were 

presented, including genes principally involved in chemo-attraction of innate 

immunocytes and GPCR pathways (ES 1.89). Moreover, membrane-bound receptors 

(cholinergic, formyl peptide and complement component), specific either for 

interaction with molecule of Gram negative bacterial origin or involved in innate 

immunity were suppressed. In 5th cluster the gene ontologies “positive regulation of 

locomotion” and “regulation of locomotion” were seen (ES 1.63). The genes involved 

in processes for the transport of growth and immune specific cells favoring cell 

survival were downregulated.  

In 6th (ES 1.59) and 8th clusters (ES 1.50), the genes presented were largely 

integral membrane proteins. The adherence genes (TNS, SHROOM and NEURL) that 

function in formation of junctions between cell membrane and actin filaments were 

downregulated. The integral membrane receptors and proteins specific for response to 

organic substance, such as moncarobxylase and carbonic anhydrase, were suppressed. 

Similarly, cellular receptors for carbohydrate binding, cell junctions based on actin 

cytoskeleton and responses to inorganic substances including hormones, e.g., 

estrogen, were downregulated. In addition, genes for tyrosine kinase activity, cell 

proliferation, gene expression and wound healing were downregulated.  

In 7th cluster membrane integral adhesion proteins mostly which mediate 

sialic-acid dependent binding to cells are principally presented (ES 1.52). 

Additionally, myeloid cells activators and dendritic cells-specific proteins were also 

downregulated. 

In 9th cluster the targeted transcription process proteins which might be 

involved in the process of hemopoiesis, genes for IGF and its receptor were repressed 

(ES 1.48). These genes primarily belong to organic acid stimulus response mediated 
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cell growth, probably leukocytes formation process. In 10th cluster genes for growth 

factor response processes involved in transcription and chemical homeostasis inside 

the cells were suppressed (ES 1.41).  

Collectively, these results indicated that S. aureus superantigens induce 

activators of adaptive immunity, cell proliferation, gene expression and anti-apoptosis 

while suppressing the innate immunity and molecule of bacterial origin binding and 

processing process in host cells. 

4.7.2.14 Comparison of differential transcription in S. aureus PVL and iPVL 

challenged vs. control cells 

 The emergence of hospital acquired or community associated MRSA gives a 

major problem to pharmaceutical industry and human health.  PVL is a myeloid cells 

specific cytolytic toxin and produced by many community associated MRSA strains. 

In S. aureus infection, PVL is required for pore formation in membrane of myeloid 

cells leading to cell lysis (Graves et al., 2012).  

 We analyzed differential expression in PVL and iPVL challenged versus 

control PMNL cells using metaanalysis procedure. Gene ontologies induced and 

suppressed in cells in response to active and inactivated PVL-treated vs. control cells 

are presented in Table 4.54. The results are described here briefly due to weak 

enrichment scores for clusters and p-Values for ontological categories. 

 The top seven clusters in cells challenged with PVL and iPVL S. aureus toxins 

included the genes for the processes of stress-induced DNA repair and gene 

transcription. In addition, the cytoskeleton genes which are mainly involved in cell 

cycle and DNA replication process were induced. In 8th, 9th and 10th clusters 

responses to the organic substance and hypoxia were induced. The genes for 

processes involved in transcription regulation, cell death initiation, and growth 

regulation were induced. Moreover, chemo-attractant for lymphocytes, cytoplasmic 

cell to cell interaction transducers and iron transferrin receptors were induced. Some 

death regulators as (DUSP, SOCS and SOD) were also upregulated.  

 The top three clusters of suppressed processes in PVL and iPVL-challenged 

cells included the genes confined to membrane part of cells. The membrane receptors 

involved in signaling process, especially GPCR and associated affecters proteins as 
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adenylate cyclase were suppressed. GPCRs are also involved in immune-modulation 

and directly involved in suppression of TLR-induced immune responses from T-cells. 

They also bind inflammatory mediators and engage target cell types in the 

inflammatory response. In addition, the adhesion proteins involving integrins were 

also induced. The 4th and 5th cluster represented the genes for identification and 

activation of immune system. The last five clusters again presented the cytoskeleton 

genes and GPCR-mediated activities. There is growing evidence that GPCRs act as 

signal transducers in signaling pathways including integrins, receptor tyrosine kinases 

and cytokines receptors, such as (JAK/STAT). Although less prominently it was again 

observed that genes for cytoskeleton, DNA repair and adaptive immune processes 

were induced whereas lipid metabolism and innate immunity genes were suppressed 

in S. aureus PVL and iPVL challenged cells. 

The metaanalysis of local and systemic responses to S. aureus challenges in 

humans helped us to understand the immune strategies adopted by S. aureus to resist 

host defense mechanisms. 
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Figure 4.7 Data sets selection for RankProd analysis of S. aureus components 

challenged vs. control human cells 

 

 
 

PVL & iPVL, S. aureus cytotoxin; SEI & SEB, S. aureus superantigen; Plank & 

Biofilm, Secreted factors from S. aureus planktonic and biofilm cultures 
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Figure 4.8 Induced and suppressed genes in human cells challenged with S. 

aureus vs. controls groups 

 

 

 
 

Global analysis include microarray data from all studies; C, Control; Bio., Secreted 

factors from biofilm cultures; Plankt., Secreted factors from planktonic cultures; 

SuperA, Superantigen; PVL, Panton valentine leukocidin; iPVL, inactive Panton 

valentine leukocidin. 
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Table 4.44 Datasets used in global comparison of S. aureus and S. aureus 

components challenged vs. control cells 

 

 
 

GSE, Data series; MA, Microarray; C, Control; T, Treated; PMNL, 

Polymorphonuclear cells; HCCC, Hepatocellular carcinoma cell line; PBMCs, 

Peripheral blood mononuclear cell, S. aureus, Staphylococcus aureus; PVL, Panton 

Valentine Leukocidin; SEB, S. aureus enterotoxin B; SEI, S. aureus enterotoxin I; 

GPL, Gene platform. 

  

Studies Acc. No. MA C+T Cell type Challenge Platform
1 GSE39889 4+4 Neutrophils S. aureus GPL570 [HG-U133_Plus_2] Affymetrix
2 GSE13670 15+15 Macrophages S.aureus GPL570 [HG-U133_Plus_2] Affymetrix
3a GSE13736 1+5 Endothelial cells S. aureus GPL570 [HG-U133_Plus_2] Affymetrix
3b GSE13736 1+5 Endothelial cells S.aureus GPL570 [HG-U133_Plus_2] Affymetrix
3c GSE13736 1+1 Endothelial cells S.aureus GPL570 [HG-U133_Plus_2] Affymetrix
4 GSE16837 20+78 PMNL S.aureus GPL570 [HG-U133_Plus_2] Affymetrix
5 GSE25504 44+17 Blood S. aureus GPL570 [HG-U133_Plus_2] Affymetrix
6 GSE33341 43+32 Blood S.aureus GPL571 [HG-U133A_2] Affymetrix 
7 GSE2405 27+3 PMNL S.aureus GPL96 [HG-U133A] Affymetrix
8 GSE16129 10+42 PBMC S.aureus GPL96, 97 [HG-U133A] Affymetrix
9a GSE44943 3+3 HCCC S.aureus GPL6244 [HuGene-1_0-st] Affymetrix
9b GSE44943 3+3 HCCC S.aureus GPL 6244 [HuGene-1_0-st] Affymetrix
10 GSE6802 3+2 Epithelial cells Inactive S. aureus GPL571 [HG-U133A_2] Affymetrix
11a GSE44720 15+15 Dendritic cells Inactive S.aureus GPL10558 Illumina HumanHT-12 V4.0
11b GSE44720 15+15 Dendritic cells Inactive S.aureus GPL10558 Illumina HumanHT-12 V4.1
12a GSE33939 12+9 PMNL S.aureus PVL GPL570 [HG-U133_Plus_2] Affymetrix
12b GSE33939 12+9 PMNL S.aureus  inactive PVL GPL570 [HG-U133_Plus_2] Affymetrix
13a GSE11281 3+3 PBMCs S.aureus  superantigen SEB GPL570 [HG-U133_Plus_2] Affymetrix
13b GSE11281 3+3 PBMCs S.aureus  superantigen SEI GPL570 [HG-U133_Plus_2] Affymetrix
14a GSE24118 3+3 keratinocytes Secreted Factors S .aureus  Biofilm GPL571 [HG-U133A_2] Affymetrix
14b GSE24118 3+3 keratinocytes Secreted factos from Planktonic Cultures GPL571 [HG-U133A_2] Affymetrix
15a GSE32920 3+3 keratinocytes Secreted Factors S .aureus  Biofilm GPL571 [HG-U133A_2] Affymetrix
15b GSE32920 6+3 keratinocytes Secreted factos from Planktonic Cultures GPL571 [HG-U133A_2] Affymetrix
15c GSE32920 3+3 keratinocytes Secreted factos from Planktonic Cultures GPL571 [HG-U133A_2] Affymetrix
Total 532 MA 15600 Genes

Datasets used in global comparison of S. aueus  and S. aurues  components challenged vs.  control cells
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Table 4.45 Datasets used in live and Inactivated S. aureus challenged vs. 

control cells and S. aureus infected patients vs. healthy controls 

 

 
 

GSE, Data series; MA, Microarray; C, Control; T, Treated; PMNL, 

Polymorphonuclear cells; PBMCs, Peripheral blood mononuclear cell, HCCC, 

Hepatocellular carcinoma cell line; S. aureus, Staphylococcus aureus; GPL, Gene 

platform. 

  

a) Datasets used in comparison of Live S. aureus  treated vs. control cells
Studies Acc. No. MA C+T Cell type Infection Platform
1 GSE39889 4+4 Neutrophils S. aureus GPL570 [HG-U133_Plus_2] Affymetrix
2 GSE13670 15+15 Macrophages S.aureus GPL570 [HG-U133_Plus_2] Affymetrix
3a GSE13736 1+5 Endothelial cells S. aureus GPL570 [HG-U133_Plus_2] Affymetrix
3b GSE13736 1+5 Endothelial cells S.aureus GPL570 [HG-U133_Plus_2] Affymetrix
3c GSE13736 1+1 Endothelial cells S.aureus GPL570 [HG-U133_Plus_2] Affymetrix
4 GSE16837 20+78 PMNL S.aureus GPL570 [HG-U133_Plus_2] Affymetrix
5 GSE16129 10+42 PBMC S.aureus GPL96, 97 [HG-U133A] Affymetrix
6a GSE44943 3+3 HCCC S.aureus [HuGene-1_0-st] Affymetrix Human
6b GSE44943 3+3 HCCC S.aureus [HuGene-1_0-st] Affymetrix Human
Total 214 MA 21632 Genes
b) Data sets used in comparison of inactive S. aureus  challenged vs.  control cells
1 GSE6802 3+2 Epithelial cells Inactive S. aureus GPL571 [HG-U133A_2] Affymetrix
2a GSE44720 15+15 Dendritic cells Inactive S.aureus GPL10558 Illumina HumanHT-12 V4.0
2b GSE44720 15+15 Dendritic cells Inactive S.aureus GPL10558 Illumina HumanHT-12 V4.1
Total 65 MA 19679 Genes
c) Data sets used in comparison of S. aueus  infected vs.  healthy patients
1 GSE33341 43+32 Blood S.aureus GPL571 [HG-U133A_2] Affymetrix
2 GSE25504 44+17 Blood S.aureus GPL570 [HG-U133_Plus_2] Affymetrix
3 GSE30119 44+99 Blood S.aureus GPL6947 Illumina HumanHT-12 V3.0
Total 279 MA 15001 Genes
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Table 4.46 Data sets used in comparison of S. aureus components-challenged 

vs. control cells 

 

 
 

GSE, Data series; MA, Microarrays; C, Control; T, Treated; PMNL, 

Polymorphonuclear cells; PBMCs, Peripheral blood mononuclear cell, S. aureus, 

Staphylococcus aureus; PVL, Panton Valentine Leukocidin; iPVL, Inactivated Panton 

Valentine Leukocidin; SEB, S. aureus enterotoxin B; SEI, S. aureus enterotoxin I; 

GPL, Gene platform. 

  

Sr. Acc. No. MA C+T Cell type S. aureus  component Platform

1a GSE32920 3+3 keratinocytes Biofilm secreted factors GPL571 Affymetrix
1b GSE24118 3+3 keratinocytes Biofilm secreted factors GPL571 Affymetrix
1c GSE24118 3+3 keratinocytes Planktonic secreted factors GPL571 Affymetrix
1d GSE32920 6+3 keratinocytes Planktonic secreted factors GPL571 Affymetrix
1e GSE32920 3+3 keratinocytes Planktonic secreted factors GPL571 Affymetrix

33 MA 22,277 Genes

2a GSE32920+24118 6+12 keratinocytes Biofilm vs.  Planktonic GPL571 Affymetrix
18 MA 22,277 Genes

3a GSE11281 3+3 PBMCs S. aureus  SEB GPL570 Affymetrix
3b GSE11281 3+3 PBMCs S. aureus  SEI GPL570 Affymetrix

12 MA 54675 Genes

4a GSE33939 12+9 PMNL S. aureus  PVL GPL570 Affymetrix
4b GSE33939 12+9 PMNL S. aureus  iPVL GPL570 Affymetrix

42 MA 54675 GenesTotal

a) Biofilm + planktonic

b) Biofilm vs.  planktonic

c) Superantigens

Total
d) Cytotoxin

Total

Total
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Table 4.47 Top ten induced and suppressed clusters and gene ontologies in 

global comparison of S. aureus challenged vs. control cells 

 

 
 

LPS, Lipopolysaccharide; R. Regulation; Pos. R., Positive regulation; ROS, Reactive 

oxygen species; Ca, Calcium; MHC, Major histocompatibility complex; TCR, T cell 

receptor. 

  

a) S. aureus  Challenged: Induced b) S. aureus  Challenged: Suppressed
Gene Ontologies p Value Gene Ontologies p Value

1 22.56 1 10.05
defense response 6.54E-26 intracellular organelle lumen 3.07E-13
response to wounding 2.01E-23 nuclear lumen 1.10E-10
inflammatory response 1.61E-20 2 8.73

2 9.38 lymphocyte activation 3.18E-15
response to organic substance 5.47E-17 leukocyte activation 1.48E-14
response to endogenous stimulus 6.47E-09 3 4.52

3 9.08 ribonucleoprotein complex 2.28E-08
response to bacterium 9.83E-13 Metabolism of proteins 3.69E-06
response to LPS 4.99E-08 4 4.35

4 7.42 T cell receptor complex 2.19E-08
extracellular space 5.31E-10 pos. R. of Ca-mediated signaling 2.16E-05
extracellular region part 5.33E-08 5 4.31

5 7.22 chromosome organization 6.79E-06
intrinsic to plasma membrane 4.86E-09 chromatin modification 8.25E-05
plasma membrane part 6.17E-09 6 3.53

6 7.12 T cell differentiation in the thymus 1.07E-05
R. of apoptosis 1.30E-10 positive thymic T cell selection 1.10E-05
anti-apoptosis 1.42E-10 7 3.46

7 6.23 non-membrane-bounded organelle 9.08E-06
R. of cytokine production 4.36E-08 cytoskeleton 4.88E-01
neg. R. of multicellular process 7.28E-07 8 3.43

8 5.64 T cell activation 6.19E-11
protein dimerization activity 6.35E-09 Pos. R. of immune system 5.01E-10
protein homodimerization activity 3.28E-04 9 3.33

9 5.40 Intestinal IgA production 3.05E-06
R. of cytokine production 4.36E-08 MHC protein binding 4.57E-06
Pos. R. of cytokine production 5.03E-05 Antigen processing and presentation 9.25E-06

10 5.38 10 3.07
response to oxidative stress 2.09E-07 Pos. R. of immune response 6.72E-05
response to ROS 8.48E-05 TCR signaling pathway 8.28E-03

Sr. Sr.
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Table 4.48 Top ten Induced and suppressed clusters and gene ontologies in S. 

aureus infected vs. control cells 

 

 
 

R. Regulation; Pos. R., Positive regulation; PCD, Programmed cell death.  

a) Live S. aureus : Induced b) Live S. aureus : Suppressed
Gene Ontologies p Value Gene Ontologies p Value

1 14.45 1 11.62
extracellular region part 6.03E-19 intracellular organelle lumen 2.20E-13
extracellular space 1.62E-15 nuclear lumen 9.60E-13

2 11.47 2 3.41
plasma membrane part 1.68E-15 R. of transcription RNApolyII 3.00E-05
intrinsic to plasma membrane 1.05E-11 Neg. R. of gene expression 7.26E-05

3 8.65 3 2.85
response to wounding 1.64E-13 R. of transcription RNApolyII 3.00E-05
inflammatory response 3.53E-08 transcription 5.58E-05
defense response 1.96E-06 4 2.80

4 6.42 macromolecule catabolic process 3.42E-04
pos. R. of biosynthesis 1.69E-12 protein catabolic process 3.47E-04
pos. R. of gene expression 4.59E-09 5 2.65

5 6.31 transcription from RNApolyII 3.00E-05
cell-cell signaling 2.92E-13 Pos. R. of gene expression 1.19E-03
synaptic transmission 6.28E-07 6 2.59

6 5.72 specific R. of transcription RNApolyII 2.75E-04
cell adhesion 1.34E-07 R. of gene-specific transcription 7.17E-04
cell-cell adhesion 3.58E-04 7 2.55

7 5.59 cell death 1.07E-03
behavior 1.60E-12 Pos. R. of PCD 1.62E-03
chemotaxis 2.61E-05 8 2.10

8 5.45 non-membrane-bound organelle 9.67E-04
vasculature development 5.67E-07 cytoskeleton 5.28E-01
blood vessel development 7.88E-07 9 1.89

9 5.06 acid-amino acid ligase activity 1.99E-03
cell migration 2.80E-06 ubiquitin-protein ligase activity 1.13E-02
localization of cell 1.82E-05 10 1.77

10 5.00 general RNApolyII activity 1.20E-02
R. of myeloid cell differentiation 5.68E-08 Srb-mediator complex 1.70E-02
Pos. R. myeloid cell differentiation 1.11E-05

Sr. Sr.
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Table 4.49 Top ten induced and suppressed clusters and gene ontologies in S. 

aureus challenged vs. control cells 

 

 
 

R. Regulation; Pos. R., Positive regulation; Neg. R., Negative regulation; LPS, 

Lipopolysaccharide; PCD, Programmed cell death.  

a) Inactivated S. aureus  challenged: Induced
Gene Ontologies p Value Gene Ontologies p Value

1 25.56 1 3.92
response to wounding 5.57E-30 plasma membrane part 8.43E-06
inflammatory response 2.56E-25 integral to plasma membrane 9.33E-06
defense response 1.49E-23 2 3.73

2 11.01 defense response 3.87E-06
R. of apoptosis 1.85E-14 inflammatory response 7.42E-04
Neg. R. of apoptosis 2.83E-10 response to wounding 2.23E-03

3 10.95 3 3.69
R. of apoptosis 1.85E-14 lysosome 4.26E-05
R. of PCD 3.07E-14 lytic vacuole 4.26E-05

4 10.50 4 2.66
cytokine activity 2.07E-14 membrane invagination 4.80E-04
extracellular region part 1.42E-11 endocytosis 4.80E-04

5 9.18 5 1.86
cytokine activity 2.07E-14 Neg. R. of DNA binding 1.31E-03
Signaling by GPCR 9.95E-01 R. of transcription factor activity 1.43E-03

6 8.39 6 1.79
response to bacterium 3.61E-10 hexose biosynthetic process 1.74E-03
response to LPS 4.69E-09 gluconeogenesis 8.87E-02
response to cytokine stimulus 3.54E-07 7 1.60

7 8.13 GTPase regulator activity 6.61E-03
R. of apoptosis 1.85E-14 enzyme activator activity 7.78E-03
Pos. R. of apoptosis 5.24E-07 8 1.56

8 7.52 extracellular stimulus response 1.33E-02
R. of cytokine production 4.28E-10 response to nutrient 3.71E-02
Pos. R. of cytokine biosynthesis 4.33E-07 9 1.53

9 7.44 glutathione metabolic process 6.03E-03
response to organic substance 2.61E-15 coenzyme metabolic process 1.39E-02
response to steroid hormone 1.57E-09 10 1.48

10 6.88 Intestinal IgA production 2.50E-03
R. of cytokine production 4.28E-10 antigen processing and presentation 2.72E-03
Pos. R. of cytokine production 1.83E-06

Sr. Sr. b) Inactivated S. aureus challenged: Suppressed
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Table 4.50 Top ten induced and suppressed clusters and gene ontologies in S. 

aureus infected patients blood vs. healthy controls 

 

 
 

R. Regulation; Pos. R., Positive regulation; Neg. R., Negative regulation; LPS, 

Lipopolysaccharide; PCD, Programmed cell death. 

  

Gene Ontologies p Value Gene Ontologies p Value
1 20.21 1 9.98

defense response 3.00E-25 translational elongation 9.54E-19
response to wounding 3.39E-20 Gene Expression 3.09E-09
inflammatory response 2.23E-17 2 7.92

2 10.57 lymphocyte activation 3.66E-17
intrinsic to plasma membrane 3.41E-13 hemopoiesis 4.87E-12
integral to plasma membrane 4.78E-13 3 6.28

3 7.80 organelle lumen 8.23E-09
cell fraction 4.19E-09 nuclear lumen 3.80E-06
membrane fraction 2.34E-08 4 5.66

4 6.86 R. of lymphocyte activation 2.99E-13
response to bacterium 4.26E-10 R. of leukocyte activation 3.40E-12
response to LPS 8.48E-06 5 5.21

5 5.79 Graft-versus-host disease 3.09E-11
hemostasis 1.94E-07 Cell adhesion molecules 2.32E-07
Complement&coagulation cascades 1.78E-06 Antigen processing and presentation 6.16E-07

6 5.29 6 4.81
innate immune response 4.50E-13 T cell receptor complex 1.46E-07
adaptive immune response 3.35E-09 R. of Ca signaling 2.93E-04

7 5.12 7 4.22
vesicle 1.94E-08 plasma membrane part 1.37E-06
secretory granule 1.77E-07 intrinsic to plasma membrane 3.32E-05

8 5.11 8 3.89
response to organic substance 1.80E-07 RNA complex biogenesis 2.36E-05
response to hormone stimulus 1.51E-05 rRNA metabolic process 1.15E-04

9 5.09 9 3.76
membrane organization 2.09E-06 Pos. R. of apoptosis 2.73E-06
phagocytosis 2.85E-05 Pos. R. of PCD 3.40E-06

10 4.49 10 3.50
protein dimerization activity 5.90E-07 lymphocyte proliferation 2.18E-05
homodimerization activity 7.39E-05 mononuclear cell proliferation 3.65E-05

Sr. Sr.
a) S. aureus  infected blood: Induced b) S. aureus  infected blood: Suppressed
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Table 4.51 Top ten induced and suppressed clusters and gene ontologies in 

human cells challenged with secreted factors from S. aureus biofilms and 

planktonic cultures 

 

 
 

RNApolyII, RNA polymerase II; R. Regulation; Pos. R., Positive regulation; Neg. R., 

Negative regulation; PCD, Programmed cell death; ROS, Reactive oxygen species. 

  

Gene Ontologies p Value Gene Ontologies p Value
1 7.22 1 41.69

RNApolyII R. of transcription 1.73E-09 nuclear lumen 3.72E-51
Pos. R. of gene expression 2.78E-08 membrane-enclosed lumen 3.70E-49

2 5.85 2 26.78
response to organic substance 6.94E-09 nucleolus 7.12E-33
response to endogenous stimulus 1.33E-07 non-membrane-bounded organelle 8.05E-25

3 5.83 3 10.77
RNApolyII R. of transcription 1.73E-09 mitotic cell cycle 4.90E-14
transcription regulator activity 6.49E-08 cell cycle phase 1.01E-12

4 5.57 4 8.49
R. of PCD 1.56E-08 RNA processing 9.04E-22
Neg. R. of apoptosis 1.78E-07 RNA splicing 3.61E-13

5 5.46 5 6.47
death 2.06E-06 response to DNA damage 1.21E-08
PCD 3.93E-06 DNA metabolic process 1.59E-08

6 4.59 6 6.20
neg. R. of macromolecule metabolism 1.57E-06 chromosome 1.40E-08
Neg. R. of biosynthetic 2.80E-06 chromosomal part 6.13E-08

7 3.98 7 5.91
response to extracellular stimulus 3.87E-06 RNA complex biogenesis 3.17E-10
response to nutrient levels 1.50E-05 ncRNA processing 4.47E-08

8 3.49 8 4.55
response to inorganic substance 9.78E-07 cell cycle checkpoint 5.77E-07
response to ROS 6.55E-04 DNA damage response 1.46E-06

9 3.26 9 4.52
tube development 3.32E-05 R. of apoptosis 2.72E-06
respiratory tube development 8.69E-04 R. of PCD 4.01E-06

10 3.16 10 4.46
response to steroid hormone 2.96E-05 transcription 1.97E-06
response to estradiol 3.28E-03 RNA biosynthetic process 2.78E-06

Sr.
a) Biofilm+planktonic challenged: Induced

Sr.
b) Biofilm+planktonic challenged: Suppressed
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Table 4.52 Top ten clusters and gene ontologies induced in secreted factors 

from S. aureus biofilms vs. planktonic cultures challenged keratinocytes 

 

 
 

R. Regulation; Pos. R., Positive regulation; Neg. R., Negative regulation; RNApolyII, 

RNA polymerase II; PCD, Programmed cell death. 

  

Gene Ontologies p Value Gene Ontologies p Value
1 13.91 1 9.66

nuclear lumen 1.19E-17 transcription 8.97E-14
nucleolus 2.40E-09 R. of transcription 1.04E-13

2 8.13 2 6.21
nucleolus 2.40E-09 Neg. R. of cellular biosynthesis 1.95E-08
non-membrane-bound organelle 1.29E-08 Neg. R. of gene expression 5.26E-08

3 6.51 3 5.54
blood vessel morphogenesis 1.32E-07 non-membrane-bounded organelle 9.07E-08
angiogenesis 2.76E-07 microtubule cytoskeleton 1.58E-06

4 6.11 4 5.04
R. of apoptosis 6.16E-09 nuclear lumen 5.98E-07
anti-apoptosis 1.68E-06 nucleoplasm part 7.52E-07

5 4.82 5 4.65
R. of apoptosis 6.16E-09 RNApolyII transcription R. 4.65E-07
Pos. R. of apoptosis 1.40E-04 pos. R. of biosynthesis 3.92E-06

6 4.20 6 4.03
R. of mRNA transcription 5.48E-09 chromatin organization 3.14E-05
neg. R. of macromolecule synthesis 7.36E-07 chromatin modification 5.32E-05

7 3.89 7 3.85
apoptosis 3.88E-05 transcription cofactor activity 1.84E-06
PCD 5.20E-05 transcription corepressor activity 3.72E-04

8 3.88 8 3.29
nucleoplasm part 2.19E-05 conjugating protein ligase activity 1.18E-05
nuclear body 6.63E-04 ubiquitin-protein ligase activity 3.43E-05

9 3.65 9 2.86
RNA processing 2.82E-08 zinc ion binding 6.34E-06
mRNA metabolic process 1.25E-06 transition metal ion binding 4.89E-05

10 2.71 10 2.74
R. of binding 6.26E-04 chromosomal part 2.08E-04
Neg. R. of transcription factor 9.98E-04 nuclear chromosome part 7.04E-03

Sr.
a) Biofilm challenged: Induced

Sr.
b) Planktonic cultures challenged: Induced
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Table 4.53 Top ten clusters and gene ontologies induced and suppressed in S. 

aureus superantigen challenged vs. control cells 

 

 
 

R. Regulation; Pos. R., Positive regulation; Neg. R., Negative regulation; RNApolyII, 

RNA polymerase II. 

  

Gene Ontologies p Value Gene Ontologies p Value
1 16.18 1 4.81

immune response 1.71E-32 response to wounding 1.18E-07
cytokine activity 9.72E-25 inflammatory response 1.75E-04

2 9.89 defense response 1.80E-04
defense response 4.72E-12 2 2.52
inflammatory response 1.90E-10 carbohydrate binding 4.87E-05
response to wounding 2.34E-09 polysaccharide binding 3.63E-03

3 8.21 3 1.92
Pos. reg. of macromolecule metabolism 2.67E-10 extracellular space 4.76E-03
Pos. R. of cell proliferation 8.98E-09 extracellular region part 7.43E-03

4 6.59 4 1.89
Asthma 3.03E-14 locomotory behavior 5.40E-04
Signaling in Immune system 1.36E-08 taxis 7.69E-04

5 5.60 5 1.63
pos. reg. of macromolecule metabolism 2.67E-10 Pos. R. of locomotion 1.93E-04
Pos. R. of gene expression 1.42E-06 R. of locomotion 5.79E-04

6 4.68 6 1.59
R. of immune effector process 7.14E-10 plasma membrane part 1.07E-02
reg. of lymphocyte mediated immunity 3.01E-07 integral to plasma membrane 3.56E-02

7 4.62 7 1.52
chemokine activity 8.16E-08 sugar binding 3.59E-03
chemotaxis 8.82E-07 cell adhesion 8.63E-02

8 4.49 8 1.50
R. phosphorylation of STAT 1.24E-10 Pos. R. of locomotion 1.93E-04
Pos. R. of cell proliferation 8.98E-09 R. of Pos. chemotaxis 2.21E-02

9 4.04 9 1.48
R. of immune effector process 7.14E-10 R. of gene-specific transcription 5.98E-03
R. of Ig production 5.97E-08 Neg. reg.  RNApolyII transcription 1.35E-02

10 3.58 10 1.41
R. of leukocyte activation 1.35E-07 R. of cell proliferation 5.91E-04
R. of lymphocyte activation 4.30E-07 pos. R. of signal transduction 3.35E-03

Sr.
a) Superantigen challenged: Induced

Sr.
b) Superantigen challenged: Suppressed
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Table 4.54 Top ten clusters and gene ontologies induced and suppressed in S. 

aureus cytotoxin-challenged vs. control cells 

 

 
  

Gene Ontologies p Value Gene Ontologies p Value
1 2.86 1 3.37

non-membrane-bounded organelle 3.50E-04 integral to plasma membrane 2.63E-04
cytoskeleton 2.43E-03 plasma membrane 4.56E-04

2 2.15 2 2.32
sequence-specific DNA binding 3.58E-04 plasma membrane 4.56E-04
R. of transcription 2.99E-03 intrinsic to membrane 1.29E-02

3 1.64 3 1.48
DNA repair 4.56E-03 cell fraction 2.55E-02
cellular response to stress 7.29E-02 membrane fraction 4.20E-02

4 1.64 4 1.48
nuclear lumen 9.18E-03 fatty acid metabolism 4.97E-03
intracellular organelle lumen 1.45E-02 lipid biosynthesis 6.43E-03

5 1.33 5 1.18
ATPase activity 2.01E-02 response to wounding 4.86E-02
helicase activity 4.81E-02 defense response 7.47E-02

6 1.28 inflammatory response 8.20E-02
cell junction 2.48E-02 6 1.06
cell-substrate adherens junction 4.07E-02 actin binding 6.58E-03

7 1.24 cytoskeleton 3.69E-01
microtubule cytoskeleton 3.65E-02 7 1.05
centrosome 5.67E-02 sarcomere 6.38E-02

8 0.98 myofibril 9.11E-02
response to organic substance 5.53E-02 8 1.02
response to glucocorticoid 8.45E-02 purinergic receptor activity, GPC 7.89E-02

9 0.93 nucleotide receptor activity 1.14E-01
response to nutrient levels 4.71E-02 9 1.01
response to retinoic acid 7.04E-02 sterol metabolic process 2.41E-02

10 0.89 steroid metabolic process 1.10E-01
response to gamma radiation 3.67E-02 10 0.99
response to hypoxia 1.02E-01 oxidoreductase activity 9.02E-02

iron ion binding 1.25E-01

Sr.
a) PVL and iPVL challenged: Induced

Sr.
b) PVL and iPVL challenged: Supperessed
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4.8 The molecular responses of human skin to Gram 

positive bacterial challenges  

Human skin innate immunocytes provide immediate protection against injury 

and infection. Annual death rate due to skin infectious diseases is more than 66,500 

individuals globally. Previously, effect of different pathogenic and commensal 

bacteria was investigated in different cell lines or infected patients through 

transcriptome analysis (Hay et al., 2014). We have analyzed differential expression of 

human skin challenged with different bacteria and TLR1/2 agonist to further 

investigate skin innate immune system responses to bacterial infections. 

Fresh human breast reduction skin was treated with different Gram positive 

bacteria including P. acnes, S. aureus and S. epidermidis to investigate the genes and 

processes preferentially induced by P. acnes in infected human skin (Figure 4.9). The 

skin was also treated with an agonist of innate immunity-specific bacterial recognition 

receptor, Pam3CSK4 (TLR1/2 agonist) to examine alternative pathways activated by 

P. acnes infection.  

Skin was incubated with bacteria for 24h and then 8mm punch biopsies were 

taken. The skin biopsies were stored in RNAlater for 12h at 37°C to stabilize RNA. 

On the following day RNA was extracted and its quality was confirmed on 1.5% 

agarose gel (Figure 4.10). The labeled RNA samples were analyzed for transcriptional 

profiling by NYU microarray core facility. The concentration and quality of RNA was 

first checked with NanoDrop method before hybridization to microarrays (Figure 

4.11; Table 4.55). 

Microarray analysis was performed using Affymetrix microarray chip 

(GPL571 [HG-U133A_2]).  We received raw data in CEL files. The raw data was 

processed using RMAExpress and log2 transformed data was saved in excel sheets.  

The box and density plots were also acquired to analyze the quality of microarray data 

(Figure 4.12). The box plot presented that microarray data was symmetrically 

distributed in all chips. Similarly, density plot indicated uniform distribution of signal 

across the microarray chips. This means that the analyzed RNAs and hybridizations 

were of high quality. 
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The hierarchical cluster was obtained using MeV software. As shown in 

Figure 4.13, samples from control and S. epidermidis-treated skin were located on 

single branch of dendrogram, and from P. acnes, S. aureus and Pam3CSK4 were 

located on the other branch. Furthermore, the differential expression of genes was 

more similar between S. aureus- and Pam3CSK-treated skin biopsies than with the P. 

acnes-treated ones. 

The log2 transformed transcriptional microarray data for 22278 genes was 

arranged and labeled in excel sheets. A total of 12409 expressed genes with minimum 

cut off value 6 were selected for analysis. The microarray data was compared in 

following groups; 1) P. acnes vs. Control; 2) S. aureus vs. Control; 3) S. epidermidis 

vs. Control; 4) Pam3CSK4 vs. Control; 5) P. acnes vs. S. aureus 6) P. acnes vs. S. 

epidermidis; 7) P. acnes vs. Pam3CSK4. The number of induced and suppressed 

genes in each group is presented in (Figure 4.14). For each comparison genes with 2-

fold change were selected for analysis using DAVID software. 

4.8.1 Differential expression in P. acnes-challenged vs. control skin  

P. acnes is a skin commensal however, infected pilosebaceous units present 

increased concentration of P. acnes which then modifies skin immunity leading to 

acne progression (Li et al., 2014). The cutaneous responses to P. acnes infection are 

investigated here by challenging human skin with concentrated culture of P. acnes 

and differential expression analysis through microarrays. The top ten clusters of 

induced or suppressed gene ontologies in human breast reduction skin biopsies 

infected with P. acnes are given in Table 4.56. 

Interestingly, 7 out of 10 induced clusters presented the gene ontologies for 

cell cycle. These ontologies included genes involved in microtubule organization, 

chromosome arrangement, DNA replication, mitotic cell cycle and regulation of cell 

cycle. In 2nd and 5th cluster the gene ontology “Extracellular matrix part” was 

important. The genes found in this ontology were extracellular matrix proteins 

including “collagen” and “laminin” in principal (Table 4.56c). In 7th cluster the gene 

ontologies such as “vasculature development” and “blood vessel development” were 

found. These ontologies included the genes for the processes in cell cycle as well as 

macrophages and T-cells specific chemokines. 
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The top cluster of the genes suppressed by P. acnes included ontological 

categories as “ectoderm development” and “keratinocytes differentiation” (ES 9.81). 

Interestingly, the genes represented keratinocytes differentiation makers and full list 

of genes is given in Table 4.56d. These results suggested that while cell division is 

induced in P. acnes-challenged cells keratinocytes, the differentiation is suppressed. 

Second most prominent process suppressed in P. acnes challenged cells was apoptosis 

as represented in 2nd and 5th cluster. The organic substance and oxidative stress 

response apoptosis genes were suppressed. The negative and positive regulators of 

apoptosis were found in this cluster; however, anti-apoptotic genes were prominently 

expressed. In 3rd, 4th, 6th and 7th clusters gene ontologies such as “vesicle”, “cell 

fraction”, “sterol metabolism” and “GTP binding” were found. In these clusters, genes 

for the processes of phagocytosis, clathrin-coated vesicle mediated transport, lipid 

metabolism in Golgi complex, as well as ER were presented. The 8th cluster included 

gene ontologies such as “plasma membrane part” and “intrinsic to plasma 

membrane”. This cluster included genes for receptors involved in multiple processes. 

For example GPCR, thrombin, aquaporin, IL-1 receptor, IFNγ receptor and solute 

carrier family receptors were overrepresented. In this cluster genes for mucin, 

lymphocytes, especially B-lymphocytes, cell junction, cell adhesion, endocytosis and 

differentiation process were also found. In the 9th and 10th clusters gene ontologies as 

“Response to molecule of bacterial origin” and “positive regulation of signal 

transduction” were found. These clusters included the genes for apoptosis regulators, 

cell movement, blood coagulation and response to TLR 3/4 receptor molecules. 

Overall, P. acnes prominently induced keratinocytes division in infected human skin 

while suppressed multiple processes including keratinocytes differentiation, 

apoptosis, receptor mediated bacterial components phagocytosis and processing and 

adaptive immunity . 

4.8.2 Differential expression in S. aureus-challenged vs. control skin  

S. aureus is major cause of skin, soft tissues invasive and life threatening 

infections.  The emergence of methicillin resistant strains further complicates 

treatment with antibiotics (Miller and Cho, 2011). Intensive investigations into S. 

aureus infectivity mechanisms are required to design new drugs targeting central 
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regulatory mechanisms in S. aureus infection. Therefore, we have analyzed the 

differential expression of skin infected with concentrated S. aureus culture. The 

clusters of induced and suppressed gene ontologies found in skin biopsies challenged 

with S. aureus are given in Table 4.57.  

The Table 4.57a showed that among top ten induced clusters “extracellular 

region part” and “extracellular region” were the most frequent ontological categories 

observed in clusters 1, 5, 6 and 7. Complete list of genes from 1st cluster is given in 

Table 4.57c. Most of the genes present in these clusters were extracellular matrix 

genes, including collagen, laminin, integrin, metallopeptidases, insulin growth factor, 

tenascin, fibronectin and thrombospodin. In addition some chemoattractants for 

monocytes, basophils and T-cells were also found. Some inflammatory cytokines 

including IL-6, IL-8, selectin E were also found. The genes for collagen metabolism, 

ectoderm development and glycosaminoglycan binding were also found in these 

clusters. In the 2nd cluster ontological categories “cell cycle process” and “cell 

division” were found. The genes present in this cluster were involved in cell division 

process including spindle formation, chromosomes arrangement and mitotic cell 

division. Similarly, in the 9th cluster genes for transcription, DNA replication, cell 

cycle regulation and mitosis were induced. The 3rd cluster contained gene ontologies 

as “polysaccharide binding” and “pattern binding”. The genes present in this cluster 

were involved in the processes of LPS binding, adhesion response and wounding 

response. In 4th cluster gene ontologies “blood vessel development” and “vasculature 

development” were found, containing genes for angiogenesis and chemotaxis. A few 

genes for RIG, NOD and TLR signaling pathways were also found in this cluster. In 

the 8th cluster ontological categories as “cell migration” and “cell motion” were 

found. It included genes for chemokines similar to those found in ECM genes. In 

addition few genes for inflammation (IL-6 and IL-8) and blood coagulation 

(thrombospodins) were also observed. The l0th cluster included genes for “response to 

organic substance” and “response to endogenous stimulus”. It represented genes for 

extracellular stimulus, such as organic substance and oxidative stress response 

apoptosis genes (Table 4.57d).  

In the Table 4.57b clusters of gene ontologies suppressed by S. aureus in 

breast reduction skin are given. Interestingly, similar to the P. acne (Table 4.56b), the 
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S. aureus suppressed gene ontologies such as “epidermis development” and 

“keratinocytes differentiation”. The full list genes found in this cluster is presented in 

Table 4.57e. The genes present in this cluster were similar to the keratinocytes 

differentiation genes suppressed by P. acnes. As shown in Table 4.57b, in 2nd and 3rd 

clusters gene ontologies for processes in plasma membrane were downregulated. The 

genes involved in vesicle mediated transport of materials to Golgi apparatus and ER 

were found here. In addition genes for cholesterol metabolism were also suppressed. 

In 4th and 7th clusters, again we found the genes for cholesterol, lipids and proteins 

metabolism in vesicle and ER. In addition, genes for positive regulation of cell cycle, 

anti-apoptosis and chemical homeostasis were downregulated. In the 5th cluster the 

gene ontologies “cell-cell junction” and “tight junction” included the genes for 

cellular junction, such as desmosomes, cellular adhesion molecules and membrane 

receptors. The 6th cluster presented ontological categories “response to endogenous 

stimulus” and “response to organic substance” including genes for homeostasis, lipid 

metabolism and anti-apoptosis processes. In contrast, the suppressed genes were very 

different from the genes found in the10th cluster of induced gene ontologies. Full gene 

list is given in Table 4.57d. In the 8th cluster gene ontologies “extracellular space” and 

“extracellular region” were found. The genes for IL-1 family involved in activation of 

NF-κB and IL-18 mediated signaling pathway as well as antagonist of IL-1 receptor 

were found. In addition, IL-18 pathway mediated inflammation, cell proliferation and 

angiogenesis genes were also suppressed. The full list of genes is given in Table 

4.57c. Similar gene set was found in the 10th cluster. In the 9th cluster gene ontologies 

such as “Regulation of cell migration” and “Regulation of locomotion” were found. It 

included genes for processes of signal transduction, coagulation factors and insulin 

receptor substrate. In summary, S. aureus induced cell cycle and innate immunity 

genes which facilitate bacterial infection while suppressed differentiation and 

bacterial metabolism genes and processes to increase S. aureus survival and evade 

skin immunity. 
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4.8.3 Differential expression in S. epidermidis challenged vs. control 

skin  

 S. epidermidis is recognized as human skin commensal. S. epidermidis 

infections are not life threatening however commonly cause indwelling devices 

infections (Otto, 2009). We have treated human skin with S. epidermidis culture to 

identify differential expressed genes and processes in challenged skin cells.  

In the comparison of differential expression in S. epidermidis vs. control cells, 

not a single gene had 2 fold increased expression value relative to controls. Similarly, 

much fewer genes were observed with 2 fold decreased expression value than in 

controls. The clusters of gene ontologies for the suppressed genes are given in Table 

4.58. Only top 5 clusters had ES better than 1; similarly the p-Values of the 

ontological categories were very poor. In summary, in the S. epidermidis-infected 

cells the plasma membrane receptors for icosanoid, prostanoid and GPCR signaling 

pathway were suppressed. In addition, genes for regulation of cell locomotion, such as 

mucin, coagulation factor and angiogenesis inhibitor (vasohibin) were suppressed. 

Some anti-apoptosis genes were also downregulated in infected skin. 

4.8.4 Differential expression in Pam3CSK4 challenged vs. control 

skin  

Human innate immunity recognizes pathogen associated molecular patterns 

through pattern recognition receptors (TLRs) that are present on cell surface and 

intracellular compartments. To date, 13 TLRs has been identified which recognize 

different pathogen associated molecules. Among these receptors, TLR1 is a bacterial 

specific triacylated peptide receptor and present on cell surface of monocytes, 

macrophages, subset of dendritic cells and B-lymphoctyes.  The TLR2 recognizes 

bacteria specific glycolipids, lipoproteins and lipopeptides; and also identifies Gram 

positive bacteria specific lipoteichoic acid. The TLR2 receptor is present on cell 

surface of innate immunity cells such as monocytes, macrophages, neutrophils and 

DCs. The activated TLR1/2 signals through MyD88 and MAL adaptors to initiate 

inflammatory and immune responses. However, TLR1/2 antagonists do not block 

Gram positive bacteria specific molecular responses, suggesting that bacteria possess 
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additional infectivity mechanisms. Pam3CSK4 is a synthetic agonist of TLR1/2 and 

stimulates expression of inflammatory cytokines through transcription factor NF-κB 

activation. Chemically, Pam3CSK4 a triacylated peptide and mimics bacterial LPS 

which is a natural agonist of TLR1/2 (Waltenbaugh et al., 2008; Sabroe et al., 2005; 

Sallusto and Lanzavecchia, 2002).  

We have treated human skin with Pam3CSK4 to identify the genes and 

processes specifically activated through TLR1/2 during Gram positive bacteria 

infection. The clusters of gene ontologies induced and suppressed in Pam3CSK4-

challenged cells are given in Table 4.59. 

Interestingly, we found that the top induced cluster represented ontological 

categories as “extracellular region part” and “extracellular region” similar to the P. 

acnes and S. aureus comparisons (Table 4.59a). In this cluster, we found that genes 

for integrin singling pathway, such as collagen, laminin and tenascin, were induced. 

In addition, genes for wounding response and angiogenesis, for example platelet 

derived growth factor, were induced. The defense and immune response genes, for 

example glycosamine binding, complement components, T-lymphocytes and 

neutrophils chemoattractants, IL-6 and IL-8, NLR signaling pathway, were 

upregulated. Similarly, in the 3rd and 6th clusters genes for ECM and blood 

coagulation were upregulated. In the 2nd cluster gene ontologies “vasculature 

development” and “blood vessel development” were represented. In this cluster genes 

involved in process of regulation of coagulation, endothelin, plasminogen activators 

and platelet derived growth factor signaling, were induced. In addition, the genes 

involved in response to wounding, hypoxia and chemotaxis as well as extracellular 

genes were found. In the 4th, 5th and 10th clusters the gene ontologies such as “cell 

motion”, “regulation of locomotion” and “chemotaxis”, respectively, were presented. 

In these clusters the genes for leukocytes migration, importantly T-lymphocyte taxis, 

were induced. In addition, the genes for pattern (polysaccharide) recognition, NLR 

and TLR signaling pathway were induced. Importantly, the genes for negative 

regulation of apoptosis process were also induced. In the 7th cluster gene ontologies 

“pattern binding” and “glycosaminoglycan binding” were found. In this cluster most 

of the induced genes were involved in polysaccharide binding. In addition, the genes 

for immune cell adhesion and locomotion were also induced. The 8th cluster presented 
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gene ontologies “response to wounding”, “defense response” and “inflammatory 

response”. The genes for chemokines and complement system which ultimately 

induce coagulation process were induced. In contrast to P. acnes and S. aureus 

comparisons, the genes for humoral immune system were induced. In addition, the 

genes involved in signaling process of innate immunity receptors as TLR and NLR 

were induced. In the 9th cluster gene ontologies “vesicle lumen” and “hemostasis” 

were found. Principally, the genes for wounding and immune response vesicle 

activation were upregulated. Moreover negative regulators of proteolysis were also 

induced. 

In Table 4.59b, gene ontologies suppressed in Pam3CSK4 challenged skin are 

given. Interestingly, the top regulated cluster was “ectoderm development” and 

“keratinocytes differentiation” similar to that observed in the suppressed genes by P. 

acnes and S. aureus (Table 4.56b and 4.57b). This cluster included the genes for 

keratinocytes differentiation as described before (Table 4.56d and 4.57e). Similarly, 

the 9th cluster included gene ontologies such as “peptide cross-linking” and “amino-

acyl transferase activity” presented the genes involved in process of differentiation. In 

the 2nd, 3rd, 4th, 6th and 7th clusters, the genes for cholesterol and protein metabolism, 

microsomes, clathrin-coated vesicles, ER as well as Golgi apparatus were suppressed. 

This observation proposed that process of clathrin-coated vesicle mediated transport 

of lipoprotein particle as well as processing through Golgi apparatus and ER was 

suppressed. In the 5th cluster gene ontologies “desmosome” and “apical junction 

complex” were shown. These ontologies presented the genes for cell to cell 

attachment. In the 8th cluster gene ontologies “response to organic substance” and 

“response to hormone stimulus” were found. In this cluster genes for lipoprotein 

mediated JAK-STAT signaling pathway were mainly presented. The genes for 

microsome, cholesterol metabolism and wounding were also suppressed.  In the 10th 

cluster gene ontologies “lysosome organization” and “vacuole organization” were 

found. It presented the genes for endosome and protein localization.  

In general unlike the S. aureus and S. epidermidis, Pam3CSK4 did not induce 

cell cycle genes, however like S. aureus upregulated innate immunity and wounding 

response genes. The suppressed genes were fairly similar to the genes suppressed by 

P. acnes and S. aureus.  Moreover, similar to these bacteria keratinocyte 
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differentiation and vesicle mediated bacterial molecules metabolism were major 

suppressed processes in Pam3CSK4 challenged skin.    

4.8.5 Differential expression in P. acnes- vs. S. aureus-challenged 

skin  

To investigate genes particularly induced and suppressed by P. acnes but not 

by S. aureus, the expression microarray data from P. acnes- and S. aureus-challenged 

skin biopsies were compared. The induced and suppressed clusters of gene ontologies 

are given in Table 4.60.  

The Table 4.60a represents the genes induced by P. acnes more than S. aureus 

or suppressed by S. aureus more than P. acnes. Interestingly, the genes induced by P. 

acnes were principally cytoskeletal genes. This parallels with over represented cell 

cycle process by P. acnes challenge as indicated in Table 4.56a. The top cluster 

included the gene ontologies “cell adhesion” and “biological adhesion”. It presented 

gene involved in cell adhesion regulation, cell to substrate interaction, angiogenesis 

and wounding response. In the 2nd, 3rd, 4th and 10th clusters genes for cytoskeleton for 

example actin and myosin that are involved in formation of contractile cytoskeleton, 

may be involved in spindle formation and chromosome segregation during cell 

division were presented. The 5th, 8th and 9th clusters include genes which are involved 

in the interaction of cell to substrate. The genes for processes of adherens junction, 

actin cytoskeleton organization and cell locomotion were also induced. The 12th 

cluster included gene ontologies such as “death” and “apoptosis”, presenting the 

upregulation of positive regulators of apoptosis in P. acnes challenged skin biopsies. 

The last presented cluster included gene ontologies “extracellular region part” and 

“extracellular space”. This cluster included genes for wounding, defense and 

inflammatory responses. In addition cell processes such as adhesion promoting 

epithelial differentiation and complement component mediated haptoglobin 

processing in ER were upregulated. 

In Table 4.60b the processes which are downregulated in P. acnes-challenged 

skin biopsies over S. aureus-challenged skin biopsies are given. Further, these gene 

ontologies also present the processes upregulated in S. aureus-challenged cells over P. 

acnes-challenged ones. Interestingly, the top cluster of gene ontologies suppressed by 
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P. acnes included “inflammatory response” and “response to wounding”. The acute 

inflammatory process genes including IL-6 and IL-8 were suppressed. The genes 

involved in blood clotting as thrombospodin were also found here. The genes for 

immunity processes including TLR and NLR signaling pathway, leukocytes 

migration, humoral immunity activation and response to molecules of bacterial origin 

as well as apoptosis regulators were also suppressed. The 2nd, 4th and 10th cluster, 

presented genes mainly involved in response to molecules of bacterial origin. As 

already described in the first cluster, it included the genes for defense and immunity 

response as well as positive regulation of apoptosis process. In the 5th cluster gene 

ontologies “blood vessel development” and “vasculature development” were found. 

This cluster included the extracellular genes for polysaccharide binding, response to 

stimuli and cell locomotion. In the 6th cluster the gene ontologies “ectoderm 

development” and epithelial cell differentiation” were represented. We found genes 

for differentiation markers including involucrin and S100A7 here. In addition the 

genes for positive regulation of cell proliferation and apoptosis were suppressed. In 

the 7th cluster gene ontologies “positive regulation of nitrogen compound 

metabolism” and “positive regulation of cellular biosynthesis” included genes specific 

for gene expression process. In 8th cluster the ontologies “regulation of apoptosis” and 

“negative regulation of apoptosis” were represented. Interestingly, the genes for 

negative and positive regulation of T-lymphocyte apoptosis were suppressed. In the 

9th cluster gene ontologies “positive regulation of cell locomotion” and “positive 

regulation of signal transduction” were found. It included signaling pathways 

activated in response to bacterial challenges, for example protein kinase cascades of 

the MAP kinase pathway and IκB/NF-κB pathway were suppressed. In the 11th cluster 

gene ontologies “positive regulation of locomotion” and “positive regulation of cell 

migration” were presented. The coagulation factor thrombospodin, IL-6 and IL-8, as 

well as genes involved in cell adhesion and movement were found in this cluster.  

4.8.6 Differential expression in P. acnes- vs. S. epidermidis-

challenged skin  

The differentially expressed genes in P. acnes vs. S. epidermidis comparison 

were similar to the P. acnes vs. control comparison. This was due to the reason that 
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the expressed genes in S. epidermidis were very similar to the control samples Table 

4.61. 

Briefly, the processes induced in P. acnes challenged skin biopsies were cell 

division, ECM genes such as collagens and laminins, leukocytes migration and clot 

formation (Table 4.61a). Among the suppressed processes, as expected, 

differentiation was at the top. In addition, the vesicle mediated transport of lipoprotein 

and processing in Golgi apparatus and ER were suppressed. The genes, negatively 

regulating the apoptosis process were also suppressed (Table 4.61b).  

4.8.7 Differential expression in P. acnes- vs. Pam3CSK4-challenged 

skin 

Pam3CSK4 is synthetic agonist of P. acnes specific human innate immunity 

cells surface TLR1/2 receptor. The antagonists of these receptors do not block the 

Gram positive bacteria mediated inflammation and immune system activation 

completely suggesting that TLR1/2 is not the sole cell surface receptor for these 

bacteria identification (Miller et al., 2006; Wanke et al., 2011). We have compared 

the differential expression of P. acnes and Pam3CSK4 challenged human skin to 

identify genes and processes specifically upregulated by the P. acnes infection (Table 

4.62).   

In Table 4.62a the gene ontologies induced in P. acnes challenged over 

Pam3CSK4 challenged human skin are given. Most of the gene ontologies induced in 

the P. acnes challenged skin biopsy were related to cytoskeleton, muscle fiber 

contraction and cytoskeleton organization. In-detail study of these clusters revealed 

that the cytoskeleton structure is involved in the cell division process. The genes for 

the process of cell proliferation, vascularization and response to stress were induced. 

In contrast, the 9th cluster presented gene ontologies “cell death” and “programmed 

cell death”. These ontologies included immune response related positive regulators of 

apoptosis process. 

Among the suppressed clusters in P. acnes- over Pam3CSK4-challenged skin 

biopsies, the top one was “ectoderm development” and “keratinocyte differentiation” 

(Table 4.62b). In this cluster differentiation markers such as involucrin and S100A7 

were presented. In the 2nd cluster genes for regulation of cytokine (IL-1β) production, 
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microsome, response to hypoxia and cell migration were found. Similarly, in the 3rd 

cluster genes for chemical homeostasis, nitrogen compound metabolism and 

wounding response were suppressed. Again in the 4th cluster, positive regulation of 

cell proliferation and negative regulation of apoptosis were found. The genes found in 

the 5th cluster were involved in negative regulation of transcription factor activity and 

caspases. Interestingly, in the 6th cluster genes showing mitochondrial mediated-

apoptotic process were found. In addition TCR pathway signaling molecules were 

also suppressed. The 7th cluster presented genes mainly involved in proliferation 

regulation, cellular biosynthesis regulation and PI3 kinase cascade. In the 8th cluster 

gene ontologies “response to wounding”, “defense response” and “inflammatory 

response” were found. We found most of the immunity processes including responses 

to various stimuli, mitochondria mediated apoptosis, leukocyte activation and 

transcription process. In the 9th cluster genes involved in cholesterol biosynthesis 

were found. The 10th cluster presented genes for cell motion, proliferation and 

apoptosis. 
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Figure 4.9 Human breast reduction skin challenged with different bacterial 

strains and TLR1/2 agonist 

 

 

 
 

 

A: Human skin was treated with DMEM media, TLR1/2 agonist (Pam3CSK4) and 

concentrated cultures of P. acnes, S. aureus and S. epidermidis and incubated for 24h 

B: Liquid from cloning rings was streaked on LB agar plate for contamination check  

A 

B 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        243 

 



Results 

 
Figure 4.10 Confirmation of RNA extracted from skin biopsies on agarose gel 

 

 
 

 

 

RNA (5µL) was run on 1.5% agarose gel; A, 1kb ladder; B, RNA extracted from P. 

acnes treated skin biopsy; C, RNA extracted from S. aureus treated skin biopsy; D, 

RNA extracted from S. epidermidis treated skin biopsy; E, RNA extracted from 

Pam3CSK4 treated skin biopsy; F, RNA extracted from DMEM treated skin biopsy 

  

        A             B              C             D             E              F 
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Figure 4.11 Electropherograms representing properties of RNA extracted 

from skin biopsy using NanoDrop method 

 

 

L, Ladder; A, RNA extracted from DMEM media treated skin biopsy; B, RNA 

extracted from S. aureus treated skin biopsy; C, RNA extracted from S. epidermidis 

treated skin biopsy; D, RNA extracted from P. acnes treated skin biopsy; E, RNA 

extracted from Pam3CSK4 treated skin biopsy  

L A

B C

D E
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Figure 4.12 Box plot and density plot of skin biopsies microarray data using 

RMAExpress 

 
 

 

  

   Control S. aureus S. epidermidis   P. acnes      Pam3CSK4
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Figure 4.13 Cluster analysis of bacterial strains and Pam3CSK4 challenged 

skin biopsies microarray data using multiple expression viewer software 
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Figure 4.14 Induced and suppressed genes in human skin challenged with 

different bacteria and Pam3CSK4 
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Table 4.55 NanoDrop method-based determination of RNA concentration and 

quality 

 

Sample ID A260  A280  260/280  260/230  Conc. Factor 
(ng/ul) 

Conc.  
(ng/µL)  

A 9.534 4.449 2.14 1.87 40 381.4 

B 6.126 2.846 2.15 1.71 40 245.0 

C 7.054 3.259 2.16 1.19 40 282.2 

D 2.581 1.234 2.09 0.85 40 103.9 

E 2.581 1.234 2.09 0.85 40 103.2 
 

 

A, Control RNA from DMEM media treated skin biopsy; B, RNA from S. aureus 

treated skin biopsy; C, RNA from S. epidermidis treated skin biopsy; D, RNA from P. 

acnes treated skin biopsy; E, RNA from Pam3CSK4 treated skin biopsy.  
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Table 4.56 Top 10 clusters of induced and suppressed gene ontologies in P. 

acnes-challenged vs. control skin biopsy 

 

 
 

ECM, extracellular matrix; R. Regulation; Pos. R., Positive regulation; Neg. R., 

Negative regulation; Res., Response; PCD, Programmed cell death; LPS, 

Lipopolysaccharide 

  

Gene Ontologies p Value Gene Ontologies p Value
1 9.66 1 9.81

spindle 4.68E-13 ectoderm development 7.75E-15
microtubule cytoskeleton 8.54E-11 keratinocyte differentiation 3.53E-10

2 9.63 2 5.42
extracellular matrix part 1.58E-12 negative regulation of apoptosis 1.10E-06
ECM-receptor interaction 8.07E-10 anti-apoptosis 5.33E-06

3 8.67 3 4.96
cell cycle 1.03E-10 vesicle 3.49E-06
mitosis 3.50E-10 cytoplasmic vesicle 1.17E-05

4 7.58 4 4.47
chromosome 3.05E-10 cell fraction 1.26E-05
chromosomal part 4.09E-09 insoluble fraction 1.27E-05

5 6.80 5 4.16
proteinaceous extracellular matrix 7.41E-11 regulation of apoptosis 7.35E-06
extracellular matrix 4.50E-10 regulation of PCD 9.73E-06

6 6.67 6 4.07
DNA metabolic process 1.34E-08 sterol metabolic process 1.63E-06
cellular response to stress 5.32E-07 cholesterol metabolic process 2.38E-06

7 5.36 7 3.59
vasculature development 6.60E-08 GTP binding 1.68E-04
blood vessel development 9.43E-08 guanyl nucleotide binding 2.64E-04

8 5.35 8 3.39
nuclear lumen 1.33E-07 plasma membrane part 1.40E-05
organelle lumen 2.87E-07 intrinsic to plasma membrane 1.83E-03

9 4.93 9 2.96
cytoskeleton organization 4.12E-07 response to molecule of bacterial origin 4.83E-04
actin filament-based process 5.06E-05 response to lipopolysaccharide 7.65E-04

10 4.88 response to bacterium 3.58E-03
regulation of cell cycle 2.21E-09 10 2.85
regulation of mitotic cell cycle 4.62E-06 positive regulation of signal transduction 3.36E-05

regulation of I-kB/NF-kB cascade 2.94E-03

Sr. a) P.acnes  challenged skin: Induced Sr. b) P.acnes  challenged skin: Suppressed
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Table 4.56 Full list of genes found in gene ontologies “extracellular matrix 

part” and “ectoderm development” 

 

 
  

c) d)
Gene Symbol Gene Name Gene Symbol Gene Name
EFEMP2 EGF-ECM protein 2 ALOX12B arachidonate 12-lipoxygenase
TIMP3 TIMP metallopeptidase inhibitor 3 C1orf68 chromosome 1 ORF68
AGRN agrin CALML5 calmodulin-like 5

C COL1A1 collagen, type I, alpha 1 CDSN corneodesmosin
C COL1A2 collagen, type I, alpha 2 CST6 cystatin E/M
C COL3A1 collagen, type III, alpha 1 elf3 E74-like factor 3 (epithelial-specific )
C Col4a1 collagen, type IV, alpha 1 D emp1 epithelial membrane protein 1
C col4a2 collagen, type IV, alpha 2 ereg epiregulin
C COL4A5 collagen, type IV, alpha 5 D Fabp5F fatty acid binding protein 5-like2
C Col5a1 collagen, type V, alpha 1 D Flg filaggrin
C Col5a2 collagen, type V, alpha 2 IVL involucrin
C COL6A1 collagen, type VI, alpha 1 JAG1 jagged 1 (Alagille syndrome)
C Col6a3 collagen, type VI, alpha 3 KLK5 kallikrein-related peptidase 5
C COL7A1 collagen, type VII, alpha 1 KLK7 kallikrein-related peptidase 7
C Col15a1 collagen, type XV, alpha 1 Krt16 keratin 16
C COL18A1 collagen, type XVIII, alpha 1 D KRT17 keratin 17

DST dystonin KRT2 keratin 2
Fbn1 fibrillin 1 KRT6A keratin 6A
fn1 fibronectin 1 D KRT6B keratin 6B
Hspg2 heparan sulfate proteoglycan 2 LCE2B late cornified envelope 2B

L LAMA4 laminin, alpha 4 LOR loricrin
L LAMB1 laminin, beta 1 OVOL1 ovo-like 1
L lamb2 laminin, beta 2 (laminin S) ppl periplakin
L lamb4 laminin, beta 4 D Psen1 presenilin 1
L LAMC1 laminin, gamma 1 S100A7 S100 calcium binding protein A7

LUM lumican SCEL sciellin
MFAP5 microfibrillar associated protein 5 SFN stratifin
MMRN2 multimerin 2 D SPINK5 serine peptidase inhibitor
nid1 nidogen 1 D Sprr1a small proline-rich protein 1A
SPARC cysteine-rich secreted protein D Sprr1b small proline-rich protein1B
TNC tenascin C SPRR2B small proline-rich protein 2B
TNXA,B tenascin XA & B D TCHH trichohyalin
Tff3 trefoil factor 3 (intestinal) Tgm1 transglutaminase1 (epidermal typeI)

TGM3 transglutaminase3
Tgm5 transglutaminase 5
tp63 tumor protein p63
UGCG UDP-glucose glucosyltransferase
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Table 4.57 Top 10 clusters of induced and suppressed gene ontologies in S. 

aureus-challenged vs. control skin biopsy 

 

 
 

ECM, extracellular matrix; R. Regulation; Res., Response; PCD, Programmed cell 

death; FGFR, Fibroblast growth factor receptor 

  

Gene Ontologies p Value Gene Ontologies p Value
1 11.86 1 8.60

extracellular region part 1.26E-17 epidermis development 6.62E-14
extracellular region 1.96E-10 keratinocyte differentiation 2.97E-09

2 7.70 2 4.21
cell cycle process 2.16E-09 cell fraction 9.80E-08
cell division 2.27E-09 insoluble fraction 2.54E-05

3 6.62 3 3.71
polysaccharide binding 3.07E-08 plasma membrane part 1.52E-05
pattern binding 3.07E-08 intrinsic to plasma membrane 2.98E-04

4 6.58 4 2.08
blood vessel development 8.57E-10 cholesterol metabolic process 1.71E-03
vasculature development 1.61E-09 sterol metabolic process 2.91E-03

5 6.45 5 2.01
proteinaceous extracellular matrix 3.35E-13 cell-cell junction 5.27E-04
ECM-receptor interaction 3.91E-08 Tight junction 1.65E-03

6 6.08 6 1.88
skeletal system development 5.51E-09 response to endogenous stimulus 4.12E-03
bone development 7.76E-06 response to organic substance 4.68E-03

7 5.73 7 1.85
extracellular matrix organization 2.53E-08 cytoplasmic vesicle 2.04E-03
collagen fibril organization 1.14E-04 vesicle 3.43E-03

8 4.78 8 1.77
cell migration 5.85E-06 extracellular space 9.03E-03
cell motion 7.01E-06 extracellular region part 1.75E-02

9 4.38 9 1.72
membrane-enclosed lumen 6.22E-07 regulation of cell migration 1.34E-03
nuclear lumen 2.33E-05 regulation of locomotion 3.42E-03

10 3.88 10 1.59
response to organic substance 1.31E-06 interleukin-1 receptor antagonist activity 4.94E-03
response to endogenous stimulus 4.16E-04 fibroblast GFR antagonist activity 4.94E-03

Sr. b) S. aurues  challenged skin: SuppressedSr. a) S. aurues  challenged skin: Induced

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        252 

 



Results 

 
Table 4.57 Extracellular matrix genes induced and suppressed in S. aureus 

challenged vs. control skin biopsy 

 

Induced Supressed
Gene Symbol Gene Name Gene Symbol Gene Name
HTRA1 HtrA serine peptidase 1 fxyd6 ion transport regulator 6
SPARCL1 SPARC-like 1 ADM adrenomedullin
TIMP1 TIMP metallopeptidase inhibitor 1 Apcs amyloid P component
TIMP3 TIMP metallopeptidase inhibitor 3 BTC betacellulin
ada adenosine deaminase CCL22 chemokine ligand 22
apod apolipoprotein D CHI3L1 chitinase 3-like1
BGN biglycan CHI3L2 chitinase 3-like2
bchE butyrylcholinesterase F3 coagulation factorIII
Ctsk cathepsin K csf1 colony stimulating factor1
CCL19 chemokine ligand 19 ereg epiregulin
Ccl2 chemokine ligand 2 hmox1 heme oxygenase1
ccl21 chemokine ligand 21 IDE insulin-degrading enzyme
CXCL1 chemokine ligand 1 IL1F5 interleukin 1 family
CXCL10 chemokine ligand 10 IL1F7 interleukin 1 family
CXCL12 chemokineligand 12 Il1f9 interleukin 1 family
CXCL2 chemokine ligand 2 KLK5 kallikrein-related peptidase 5
Cxcl3 chemokine ligand 3 PRSS8 protease, serine, 8
clu clusterin SLURP1 secreted protein
COL1A1 collagen, type I, alpha 1 sorD sorbitol dehydrogenase
COL1A2 collagen, type I, alpha 2 TNXATNXB tenascin XB & A
COL3A1 collagen, type III, alpha 1 TGFA transforming growth factorα
Col4a1 collagen, type IV, alpha 1 Vash1 vasohibin 1
col4a2 collagen, type IV, alpha 2
COL4A5 collagen, type IV, alpha 5
Col5a2 collagen, type V, alpha 2
COL6A1 collagen, type VI, alpha 1
COL6A2 collagen, type VI, alpha 2
Col6a3 collagen, type VI, alpha 3
Col15a1 collagen, type XV, alpha 1
CSF3 colony stimulating factor3
cfd complement factor D
CFH complement factor H
CTGF connective tissue growth factor
DCN decorin
Dpt dermatopontin
DKK3 dickkopf homolog 3
Fbn1 fibrillin 1
FGL2 fibrinogen-like 2
fn1 fibronectin 1
Flrt3 fibronectin transmembrane 3
FBLN1 fibulin 1
FBLN2 fibulin 2

c) Extracellular matrix genes

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        253 

 



Results 

 

  

c) Continued..
FBLN5 fibulin 5
FSTL1 follistatin-like 1
gpX3 glutathione peroxidase 3
IGF2INSINS insulin-like growth factor2
igfbp4 insulin-like growth factor4
IGFBP5 insulin-like growth factor5
IGFBP6 insulin-like growth factor6
igfbp7 insulin-like growth factor7
ICAM1 intercellular adhesion molecule 1
IL6 interleukin 6
IL8 interleukin 8
lamb2 laminin, beta 2
lamb4 laminin, beta 4
LAMC1 laminin, gamma1
LGALS1 lectin
LEPR leptin receptor
LIF leukemia inhibitory factor
LUM lumican
lox lysyl oxidase
MGP matrix Gla protein
Mmp1 matrix metallopeptidase1
Mmp2 matrix metallopeptidase2
Mmp28 matrix metallopeptidase 28
MFAP5 microfibrillar associated protein 5
mfap4 microfibrillar-associated protein 4
nid1 nidogen 1
postn periostin, osteoblast specific factor
PLAT plasminogen activator, tissue
PECAM1 platelet/endothelial cell adhesion
PTN pleiotrophin
PCYOX1 prenylcysteine oxidase 1
PCSK5 proprotein convertase
SPARC secreted protein cysteine-rich
SELE selectin E
SEMA3C semaphorin 3C
srgn serglycin
SERPINE2 serpin peptidase inhibitor E
SERPING1 serpin peptidase inhibitorG
Spon2 spondin 2, ECM protein
stc1 stanniocalcin 1
TNC tenascin C
TNXATNXB tenascin XB&A
Thbs1 thrombospondin 1
TFPI tissue factor pathway inhibitor
Tgfbr3 TGF beta receptor III
TNFSF10 TNF lignand superfamily10
VCAN versican
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Table 4.57 Full list of genes found in gene ontologies “response to organic 

substance” and “ectoderm development” from comparison of S. aureus 

challenged vs. control skin biopsy 

 

d) Resposne to Organic substance

Gene Symbol Gene Name Gene Symbol Gene Name
ADAM10 metallopeptidase domain 10 ABCG1 ATP-binding cassette
BAIAP2 BAI1-associated protein 2 ADCY7 adenylate cyclase 7
bchE butyrylcholinesterase ADM adrenomedullin
BCL2 B-cell CLL/lymphoma 2 BCL2L1 BCL2-like 1
BTG2 BTG family, member 2 CCNE1 cyclin E1
C1s complement component 1 Cd24CD24L4 CD24 molecule
CASP1 apoptosis-related cysteine peptidase CGA glycoprotein hormones
Casp3 apoptosis-related cysteine peptidase DUSP1 dual specificity phosphatase 1
CASP8 apoptosis-related cysteine peptidase HMGCS1 HMG-Coenzyme A synthase 1
Ccl2 chemokine ligand 2 hmox1 heme oxygenase1
CCNA2 cyclin A2 IRS1 insulin receptor substrate 1
CFB complement factor B irs2 insulin receptor substrate 2
COL1A1 collagen, type I, alpha 1 ME1 malic enzyme 1
COL3A1 collagen, type III, alpha 1 PRSS8 Serine protease 8
COL6A2 collagen, type VI, alpha 2 SLC18A2 solute carrier family 18
Colec12 collectin sub-family member 12 Sort1 sortilin 1
CYP1A1 cytochrome P4501A1
CYP1B1 cytochrome P4501B1
cyr61 cysteine-rich angiogenic inducer
DDIT3 DNA-damage-inducible transcript 3
Dnajb4 DnaJ (Hsp40) homolog
Egr1 early growth response 1
Egr2 early growth response 2
EIF2AK2 translation initiation factor 
eif2ak3 translation initiation factor
eno2 enolase 2
Fas TNF receptor superfamily
GNG11 G protein gamma 11
GRB10 growth factor receptor-bound protein 10
id1 inhibitor of DNA binding 1
ID2 inhibitor of DNA binding 2
Id3 inhibitor of DNA binding 3
IDH1 isocitrate dehydrogenase1
IGF2 insulin-like growth factor 2
igfbp7 insulin-like growth factor 7
IL6 interleukin 6
irak3 IL-1 receptor-associated kinase 3
KLF10 Kruppel-like factor 10
LEPR leptin receptor
LONP2 lon peptidase 2, peroxisomal
lox lysyl oxidase
MGP matrix Gla protein
NR4A2 nuclear receptor subfamily 4A2

Induced Suppressed
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d) Continued..
pdgfra PDGF alpha polypeptide
Pik3r1 PI3K, regulatory subunit 1 (alpha)
ptch1 patched homolog 1
PTGS2 prostaglandin-endoperoxide synthase2
rhoqRHOQP2 ras homolog gene familyQ
SELE selectin E
SERPINH1 serpin peptidase inhibitorH
SMAD1 SMAD family member 1
socs2 suppressor of cytokine signaling 2
TAF9 TAF9 RNA polymerase II
Tgfbr3 transforming growth factorBR3
Thbs1 thrombospondin 1
TIMP3 TIMP metallopeptidase inhibitor 3
TXNIP thioredoxin interacting protein

Gene Symbol Gene Name
ALOX12B arachidonate 12-lipoxygenase
C1orf68 C1 ORF 68
CALML5 calmodulin-like 5

D CDSN corneodesmosin
CST6 cystatin E/M
elf3 E74-likefactor 3 (epithelial-specific )

D ereg epiregulin
Fabp5 fatty acid binding protein 5-like2

D Flg filaggrin
D IVL involucrin

KLK5 kallikrein-related peptidase 5
KLK7 kallikrein-related peptidase 7
KRT17 keratin 17

D KRT2 keratin 2
D LCE2B late cornified envelope 2B
D LOR loricrin

OVOL1 ovo-like 1(Drosophila)
D ppl periplakin
D S100A7 S100 calcium binding protein A7

SCEL sciellin
SPINK5 serine peptidase inhibitor

D SPRR2B small proline-rich protein 2B
D Tgm1 transglutaminase1
D TGM3 transglutaminase3

UGCG UDP glucosyltransferase

e) Ectoderm development
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Table 4.58 Top 10 clusters of suppressed gene ontologies in S. epidermidis 

challenged vs. control skin biopsy 

 

 
 

GPCR, G-protein coupled receptors; ECM, Extracellular matrix 

  

Gene Ontologies p Value
1 1.67

icosanoid receptor activity 1.59E-04
prostanoid receptor activity 1.59E-04

2 1.60
homeostatic process 4.54E-03
Signaling by GPCR 6.77E-02

3 1.53
regulation of locomotion 7.84E-03
regulation of cell migration 5.05E-02

4 1.27
extracellular matrix structural constituent 5.81E-04
extracellular region 4.43E-02

5 1.20
membrane fraction 4.33E-02
insoluble fraction 4.94E-02

6 0.91
regulation of locomotion 7.84E-03
anti-apoptosis 7.16E-02

7 0.75
cell projection 2.48E-02
neuron projection 4.91E-02

8 0.56
cell death 1.98E-01
death 2.01E-01

9 0.33
metal ion binding 4.01E-01
cation binding 4.14E-01

10 0.23
phosphorylation 5.18E-01
phosphorus metabolic process 6.28E-01

Sr. S. epidermidis  challenged skin: Suppressed
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Table 4.59 Top ten clusters of induced and suppressed gene ontologies in 

Pam3CSK4 challenged vs. control skin biopsy 

 

 
 

R, Regulation; Pos. R., Positive Regulation; Res, Response; ECM, Extracellular 

matrix 

  

Gene Ontologies p Value Gene Ontologies p Value
1 11.45 1 8.48

extracellular region part 6.52E-18 ectoderm development 1.22E-14
extracellular region 6.86E-10 keratinocyte differentiation 2.86E-08

2 7.90 2 4.08
vasculature development 2.09E-11 sterol metabolic process 3.38E-06
blood vessel development 4.49E-11 Metabolism of lipids and lipoproteins 3.88E-06

3 7.89 3 3.94
proteinaceous extracellular matrix 3.47E-16 nuclear envelope-ER network 2.49E-05
collagen 1.40E-11 endoplasmic reticulum 2.59E-05
platelet-derived growth factor binding 3.68E-08 4 2.98

4 7.31 cytoplasmic membrane-bounded vesicle 1.29E-04
cell motion 7.62E-09 membrane-bounded vesicle 2.17E-04
cell migration 1.63E-08 5 2.52

5 7.09 desmosome 3.76E-06
regulation of locomotion 1.09E-08 apical junction complex 7.89E-05
positive regulation of locomotion 2.85E-07 6 2.49

6 5.17 insoluble fraction 1.54E-04
skeletal system development 5.44E-08 membrane fraction 1.63E-04
bone development 2.95E-05 7 2.48

7 4.98 fatty acid metabolic process 1.97E-04
pattern binding 2.10E-06 icosanoid biosynthetic process 3.36E-02
glycosaminoglycan binding 7.81E-06 8 2.47

8 4.95 response to organic substance 2.77E-04
response to wounding 4.36E-09 response to hormone stimulus 1.10E-02
defense response 1.20E-04 9 2.12
inflammatory response 2.76E-03 peptide cross-linking 2.75E-03

9 3.38 amino-acyl transferase activity 9.00E-03
vesicle lumen 9.47E-07 10 1.96
Hemostasis 4.50E-04 lysosome organization 2.37E-03

10 3.31 vacuole organization 1.31E-02
chemotaxis 1.50E-06
taxis 1.50E-06

Sr.
b) Pam3CSK4 challenged skin: Suppressed

Sr.
a) Pam3CSK4 challenged skin: Induced
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Table 4.60 Top ten clusters of induced and suppressed gene ontologies in P. 

acnes vs. S. aureus challenged skin biopsy 

 

 
R. Regulation; Pos. R., Positive regulation; Neg. R., Negative regulation; Res., 

Response; VCMC, ventricular cardiac muscle cell; N, Nitrogen  

Gene Ontologies p Value Gene Ontologies p Value
1 3.63 1 9.07

cell adhesion 3.54E-05 inflammatory response 1.04E-12
biological adhesion 3.62E-05 response to wounding 1.19E-12

2 3.23 defense response 1.41E-09
actin cytoskeleton 4.12E-04 immune response 3.06E-04
cytoskeletal protein binding 4.27E-04 2 8.35

3 2.82 response to molecule of bacterial origin 3.81E-10
cytoskeleton 1.99E-04 response to bacterium 1.96E-09
non-membrane-bounded organelle 5.13E-03 response to lipopolysaccharide 1.23E-07

4 2.35 3 6.65
contractile fiber part 8.69E-06 extracellular region part 5.45E-09
actin cytoskeleton 4.12E-04 extracellular space 1.49E-07

5 2.09 4 6.49
plasma membrane part 6.49E-06 response to organic substance 5.13E-19
integral to plasma membrane 8.08E-03 response to endogenous stimulus 4.68E-09

6 1.83 5 5.62
cardiac muscle tissue development 8.32E-04 blood vessel development 4.76E-07
ventricular muscle cell differentiation 6.99E-03 vasculature development 6.80E-07

7 1.75 6 4.75
negative regulation of cell migration 6.27E-03 ectoderm development 1.17E-07
regulation of cell migration 6.42E-03 epithelial cell differentiation 3.76E-05

8 1.63 7 4.06
adherens junction 2.71E-03 Pos. R. of N compound metabolism 5.64E-08
anchoring junction 4.80E-03 Pos. R. of cellular biosynthetic process 7.49E-08

9 1.42 8 3.86
Vascular smooth muscle contraction 3.10E-03 regulation of apoptosis 2.98E-06
Cytoskeletal regulation by Rho GTPase 7.45E-03 negative regulation of apoptosis 2.33E-05

10 1.40 positive regulation of apoptosis 8.14E-04
cell migration 2.72E-02 9 3.77
cell motion 4.47E-02 Pos. R. of cell communication 8.26E-06

11 1.32 Pos. R. of signal transduction 2.57E-05
cell soma 1.61E-02 10 3.69
cell projection 2.10E-02 polysaccharide binding 2.86E-05

12 1.24 pattern binding 2.86E-05
death 4.85E-02 11 3.43
apoptosis 4.89E-02 positive regulation of locomotion 1.48E-06

13 1.02 positive regulation of cell migration 4.42E-06
extracellular region part 4.03E-02 14 2.53
extracellular space 7.00E-02 epidermal cell differentiation 3.10E-04

keratinocyte differentiation 1.19E-03

Sr. a) P.acnes vs. S. aureus:  Induced Sr. b) P.acnes vs. S. aureus:  Suppressed
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Table 4.61 Top ten clusters of suppressed gene ontologies in P. acnes vs. S. 

epidermidis challenged skin biopsy 

 

 
 

ECM, extracellular matrix; R. Regulation 

  

Gene Ontologies p Value Gene Ontologies p Value
1 9.36 1 8.75

cell division 9.32E-11 ectoderm development 6.53E-14
mitosis 1.66E-10 keratinocyte differentiation 1.81E-08

2 8.48 2 6.96
intracellular organelle 1.78E-11 cell fraction 3.07E-08
microtubule cytoskeleton 1.89E-09 insoluble fraction 6.86E-08

3 7.42 3 6.38
extracellular region part 9.33E-12 vesicle 6.39E-08
extracellular matrix 3.87E-10 cytoplasmic vesicle 8.31E-08

4 6.90 4 4.71
spindle 2.94E-11 anti-apoptosis 1.32E-05
microtubule cytoskeleton 1.89E-09 regulation of cell death 1.62E-05

5 5.81 5 4.56
chromosome 3.91E-08 sterol metabolic process 3.71E-07
chromosomal part 1.04E-07 cholesterol metabolic process 2.30E-06

6 5.44 6 4.36
cell migration 6.71E-07 guanyl nucleotide binding 8.18E-06
cell motion 4.97E-06 guanyl ribonucleotide binding 8.18E-06

7 5.22 7 4.13
extracellular matrix part 3.83E-12 regulation of cell death 1.62E-05
proteinaceous extracellular matrix 1.23E-10 regulation of apoptosis 2.06E-05

8 4.93 8 3.45
cytoskeleton organization 4.83E-07 lipid biosynthetic process 1.57E-05
actin cytoskeleton organization 5.63E-05 fatty acid biosynthetic process 1.64E-04

9 4.04 9 2.97
vasculature development 2.18E-06 ribonucleotide binding 3.40E-05
blood vessel development 3.92E-06 purine ribonucleotide binding 3.40E-05

10 3.82 10 2.90
regulation of cell motion 3.18E-07 cytoskeleton 5.32E-05
regulation of locomotion 3.30E-06 intracellular organelle 6.19E-03

Sr. b) P.acnes vs. S. epidermidis:  SuppressedSr. a) P.acnes vs. S. epidermidis:  Induced
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Table 4.62 Top ten clusters of suppressed gene ontologies in P. acnes- vs. 

Pam3CSK4-challenged skin biopsy 

 

 
 

R. Regulation; Pos. R., Positive regulation; Neg. R., Negative regulation; Res., 

Response 

  

Gene Ontologies p Value Gene Ontologies p Value
1 2.14 1 4.25

cytoskeletal part 2.29E-04 ectoderm development 1.22E-08
cytoskeleton 2.34E-03 keratinocyte differentiation 1.22E-04

2 2.09 2 2.70
striated muscle tissue development 1.67E-04 response to organic substance 2.91E-07
muscle tissue development 2.18E-04 response to endogenous stimulus 9.90E-04

3 2.00 3 2.50
contractile fiber part 1.26E-04 response to oxygen levels 2.58E-04
contractile fiber 1.83E-04 response to hypoxia 1.02E-03

4 1.81 4 2.42
cytoskeleton organization 1.94E-04 regulation of cell proliferation 4.68E-05
actin cytoskeleton 1.06E-02 negative regulation of apoptosis 3.10E-03

5 1.68 5 2.22
regulation of neuron differentiation 2.22E-03 Neg. R. of molecular function 5.84E-04
regulation of neurogenesis 5.72E-03 Neg. R. of transcription factor activity 1.88E-03

6 1.58 6 2.21
blood circulation 9.13E-03 apoptosis 4.88E-03
circulatory system process 9.13E-03 death 5.02E-03

7 1.38 7 2.20
Neg. R. of cell motion 9.15E-04 Pos. R. of cell migration 8.34E-05
regulation of cell motion 2.13E-03 Pos. R. of locomotion 1.53E-04

8 1.36 8 1.93
neuron projection 9.19E-03 response to wounding 1.46E-03
cell soma 2.86E-02 defense response 2.94E-02

9 1.15 inflammatory response 3.82E-02
cell death 5.85E-02 9 1.88
programmed cell death 5.89E-02 cell fraction 3.70E-03

10 1.12 microsome 1.60E-02
Neg. R. of response to stimulus 3.15E-02 10 1.80
Neg. R. of response to external stimulus 4.63E-02 kinase binding 4.25E-03

protein kinase binding 2.58E-02

Sr. b) P.acnes  vs. Pam3CSK4: SuppressedSr. a) P.acnes  vs. Pam3CSK4: Induced
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5 DISCUSSION 

Skin conditions are 4th leading cause of non-fatal disease burden and annual 

death rate due to bacterial skin infections is 66, 500 individuals globally (Hay et al., 

2014). The skin is an ideal example of active innate immunity, providing first barrier 

against diverse range of microbes. It is formed of multiple layers of keratinocytes 

specialized to perform diverse functions principally to protect body from 

environmental assaults. Outer most layer of epidermis provides physical barrier and 

underneath layers contain proliferating and differentiating keratinocytes dedicated for 

skin immunity to sense and respond to variety of stimuli. Modern techniques have 

recognized resident group of diverse microorganisms including bacteria, fungi and 

viruses on areas of skin that are appropriate for their growth. Although these 

commensals modify skin responses and help immune system to combat non-resident 

contagious microbes however, under certain circumstances particularly when skin 

physical barrier is ruptured, these commensals contribute to aggravate skin condition. 

The skin immunity against commensals and pathogenic bacteria has been widely 

investigated that helped to define pre- and post-infection therapeutic strategies. 

However continuous evolution of bacterial genome leading to emergence of antibiotic 

resistant microbes presents a big challenge to biomedical research and pharmaceutical 

industries. An increased understanding of skin immune responses to commensal and 

pathogenic bacterial infections will be helpful to gain insights into the host-microbe 

interaction and also to discover innovative therapies for skin diseases (Miller and 

Cho, 2011; Grice and Segre, 2012). Acne vulgaris is considered as model disease to 

study mechanism of skin infections due to global prevalence and multifactorial 

pathophysiology (Zouboulis, 2009). Acne is a skin disease of sebaceous glands and 

associated hair follicles affected by a number of the factors including genetic makeup, 

hormones, dietary factors and importantly skin commensal, P. acnes infection. The 

Asian population is at the maximum risk of acne development and importantly in 

Pakistan acne vulgaris is the reason of every third visit to dermatology OPD (Perkins 

et al., 2011, Asim et al., 2014). Therefore, study of different factors affecting the acne 
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vulgaris will not only assist in understanding the skin diseases but will also increase 

our knowledge about skin strategies to combat Gram positive bacterial infection.   

The importance of genetics in the acne vulgaris pathophysiology has been 

proved by studies on identical and non-identical twin pairs from different ethnic 

groups (Niermann et al., 1958; Sobral-Filho et al., 1997; Friedman et al., 1984; 

Walton et al., 1988; Bataille et al., 2002). Recently, Navarini and coworkers have 

identified association of three susceptibility loci with severe acne in a genome wide 

association study (GWAS) of large cohort form UK which confirmed that the genetic 

determinants are important in defining susceptibility to acne vulgaris (Navarini et al., 

2014). In previous studies positive association of innate immune mediators and 

steroid hormone metabolic genes polymorphisms with acne vulgaris has also been 

reported (Szabo et al., 2011; Younis and Javed, 2015). However, the exact 

mechanism of acne initiation and progression is still controversial and thus limits the 

efficacy of antibiotics and light based therapies (Gozali et al., 2015). The 

investigation into inflammation mediator genes polymorphisms association with acne 

vulgaris will be helpful in exploring genetic influence on skin immune mediated 

inflammatory events during disease development. 

Interestingly, in current study we have found that RETN gene polymorphisms 

were significantly associated with pathogenesis of acne vulgaris in Pakistani 

population (Table 4.3). Importantly, as previously reported minor alleles of  RETN 

polymorphisms (+299 G/A and -420 G/C)  are significantly associated with 

upregulation of resistin gene expression leading to increased protein level in serum 

(Cho et al., 2004; Osawa et al., 2005). Human resistin is expressed in several tissues 

importantly in human sebaceous glands, cultured sebocytes and keratinocytes 

(Harrison et al., 2006; Patel et al., 2003 and Bull et al., 2002). It is a pro-

inflammatory adipokine that binds to skin innate immune specific PRR, the TLR4 and 

activates gene transcription through NF-κB and JNK pathways. Resistin positively 

influences the expression of primary and secondary inflammatory cytokines including 

TNF-α, IL-1β, IL-6 and IL-12 (Tilg and Moschen, 2006; Tarkowski et al., 2010) and 

importantly upregulates TLR2 expression, a skin innate immune receptor for Gram 

positive bacteria (Kusminski, 2007).  It also induces expression of adhesion molecules 

ICAM, VCAM and monocytes chemokine CCL2 (Verma et al., 2003). These 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        264 

 



Discussion 

 
inflammatory cytokines are involved in initiation and development of acne lesion. The 

stimulation of innate immune specific bacterial recognition receptor, adhesion 

molecules and chemokine mediated signaling by resistin propose that it is an 

important regulatory molecule for innate immunity mediated inflammatory events in 

acne pathogenesis. In addition resistin level is also increased by microbial agents for 

example LPS and pro-inflammatory cytokines such as IL-1, IL-6 and TNF-α 

suggesting that resistin mediated inflammation is further aggravated through feedback 

mechanism (Kaser et al., 2003; Lu et al., 2002).  

In addition to modulation of skin immune mediated inflammation during acne 

pathogenesis, resistin also effects keratinocytes proliferation and lipogenesis process. 

The keratinocytes produce and secrete lipids to skin surface to provide barrier against 

external pathogens. The importance of resistin in lipogenesis of adipocytes has been 

well documented (Ikeda et al., 2013). Increased levels of resisitn in epidermal 

keratinocytes propose that it may also regulates the lipid formation in keratinocytes 

thus contributes in skin barrier function (Harrison et al., 2007). Moreover, positive 

association of resistin levels with psoriasis severity was revealed from the expression 

analysis of skin biopsies from psoriasis patients. Interestingly, resistin stimulated the 

expression of inflammatory cytokines as well as chemokines especially CXCL8 and 

CXCL9 in psoriasis patients. The CXCL8 is a neutrophil attractant and induces 

keratinocytes proliferation further suggests resistin contribution in keratinocytes 

proliferation (Johnston et al., 2008). Provided that keratinocytes may express as well 

as respond to CXCL8 in response to resistin stimulation, resistin probably involved in 

increased proliferation of keratinocytes and thus contribute to hyperkeratinization 

during acne development. 

Interestingly, there are multiple reports which suggest that similar to the 

adipocytes; sebocytes proliferation is regulated by resistin. In adipocytes transcription 

factors C/EBPα and PPARγ regulate resistin, where C/EBPα stimulates and PPARγ 

attenuates its expression. Increased expression of C/EBPα and resistin in basal 

sebocytes further support this hypothesis (Song et al., 2002; Patel et al., 2003; 

Harrison et al., 2007). In addition resistin importance in sebocytes differentiation and 

lipid metabolism has also been documented due to the increased expression of 

C/EBPα, C/EBPβ and C/EBPδ in sebaceous glands (Bull et al., 2002). However, 
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increased expression of the PPARγ in differentiated sebocytes may lead to 

downregulation of resistin gene (Dozsa et al. 2014; Harrison et al., 2007). These 

reports suggest that resistin may contribute in the basal sebocytes proliferation and its 

expression is controlled by comparative levels of C/EBPα and PPARα in basal 

sebocytes. 

Interestingly, in the current study we have also found gender specific 

association of resistin with acne vulgaris. Resistin gene polymorphisms were 

significantly associated with female acne patients whereas minor allele frequencies 

were increased in male patients however, did not reach statistical significance (Table 

4.4 and Table 4.5). These results are in parallel with previous investigations by 

research groups in different populations. The levels of resistin were increased in 

females than males independent of age, weight, pubertal stage, obesity, body fat mass 

and ethnic groups (Lee et al. 2003; Silha et al. 2003; Yannakoulia et al., 2003). In 

contrast to humans, increased resistin levels were observed in male rats than female 

rats (Ling et al, 2001; Nogueiras et al., 2003). The gender discrepancy might be due 

to different sex hormones; however, resistin concentration was reported to be 

independent of female menstrual cycle (Priya et al., 2013). 

Sex hormones effect sebaceous gland activity differently in the acne 

pathophysiology of females and male subjects (Zouboulis et al., 2007). In addition, 

androgens are known to increase RETN expression, while estrogen attenuates it 

(Huang et al., 2005; Ling et al., 2001). Hormones effecting sebaceous gland activity 

are important in pathogenesis of skin diseases such as acne and Hirsutism in female 

patients. Different research groups described dissimilar results regarding the effect of 

androgens on acne development. Zouboulis and coworkers reported that androgens 

can aggravate acne symptoms, whereas estrogen and progesterone are used to treat the 

symptoms in female patients (Zouboulis et al., 2007). In contrast, other groups 

working on androgen levels consistently observed that it does not affect the severity 

of acne symptoms in male acne patients (Placzek et al., 2005). These results mean 

that acne development process may be regulated differently in different genders and 

potentially intrinsic gender-specific changes in lipid and carbohydrate metabolism 

dependent levels of resistin production in females and males could conceal the genetic 

effects of the RETN polymorphisms in males.  
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The association of resistin gene polymorphisms with acne vulgaris was further 

confirmed by analysis of gene and allele frequency distribution among acne severity 

groups. As already described the minor alleles of RETN +299 G/A and -420 C/G 

polymorphisms are associated with increased expression of resistin gene. The acne 

patients with severe acne symptoms had higher frequency of mutant genotype than 

either of the mild or moderate acne severity groups for +299 G/A and -420 C/G 

polymorphisms (Table 4.6). In general, in both polymorphisms the major allele 

frequency decreased and minor allele frequency increased with increasing level of 

disease severity. The association of minor allele with elevated levels of the resistin as 

well as with increasing symptoms of the acne disease in our study suggests that 

resistin influences the acne pathogenesis and severity by accelerating the acne specific 

changes in pilosebaceous units. 

However, we did not find the resistin gene polymorphisms association with 

inflammatory and non-inflammatory type of acne lesions (Table 4.7). In this study 

resistin polymorphisms association with acne severity may suggest that resistin is 

important in initiation and deterioration of acne lesions while independent of the type 

of the lesions. The severity of acne vulgaris is unanimously determined by the number 

but not by the type of acne lesions (Lehmann et al., 2002; Hayashi et al., 2008). The 

anatomy of different types of acne lesions have been studied however, the precise 

regulators which specify the type of lesions in acne patients have not been found. In 

addition, maximum of the reported investigations on the acne pathogenesis considered 

the number but not the type of acne lesions to define acne severity (Williams et al., 

2012). Further investigations are required to determine the genetic and metabolic 

factors decisive for development of different types of acne lesions. 

The haplotype analysis for resistin polymorphisms further supported that the 

minor alleles of the resistin functional polymorphisms are strongly associated with 

acne pathogenesis (Table 4.8). The mutant alleles from analyzed resistin 

polymorphism lean towards the increased expression of resistin subsequently 

cumulative probability of acne initiation and disease severity also increases.  

Overall this data and previous reports suggest that resistin is involved in 

activation of immune mediated inflammatory events, basal sebocytes and 

keratinocytes proliferation, lipognenesis in sebocytes and keratinocytes and also 
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increases P. acnes infection by inducing expression of TLR2 gene. In addition, it also 

activates keratinocytes and sebocytes through interaction with TLR4 receptor. Thus 

due to the involvement of resistin in major hypothesis of acne pathogenesis that is 

hyperseborrhea, hyperkeratinization, immune mediated inflammation and P. acnes 

infection, we strongly suggest that resistin should be considered in acne pathogenesis 

research studies. 

Pleiotropic inflammatory cytokine IL-6 polymorphisms were also analyzed in 

acne pathogenesis in present study.  This is the first report analyzing association of 

IL-6 gene polymorphisms with acne vulgaris. We did not find IL-6 -174 G/C 

association with acne pathogenesis (Table 4.9a). Although the significant p-Values 

were obtained for frequency distribution in gender based groups however, the 

frequency distribution trend was different between control and patients groups for 

both genders. The major allele was frequent in female patients whereas minor allele 

frequency was increased in male patients (Table 4.10). In addition major allele 

frequency was increased in severe acne patients and minor allele frequency was 

increased in mild to moderate acne severity group. The association studies of the IL-6 

-174 G/C polymorphism and corresponding protein levels in various inflammatory 

diseases reported controversial results (Brull et al., 2001; Endler et al., 2004; Gillerot 

et al., 2005; Pereira et al., 2011; Zakharyan et al., 2012). Thus current study and 

previous data suggest that IL-6 -174 G/C polymorphism may not be important in 

determination of disease susceptibility and IL-6 levels might be determined by other 

genetic, disease and ethnicity specific factors. 

Interestingly while IL-6 -174 G/C polymorphism did not show association 

with acne symptoms, the IL-6 -572 G/C polymorphism was not only strongly 

associated with acne in overall population but also in both genders as well as with 

acne severity (Table 4.9b, 4.11, 4.12b). The heterozygous and mutant genotype and 

allele frequencies were raised in acne patients than controls. However, these 

frequencies were increased in mild to moderate acne severity group than group of 

severe acne patients. Previous studies report that heterozygous and homozygous 

minor genotypes of IL-6 -572 G/C polymorphism are associated with increased IL-6 

serum levels (Fragoso et al., 2010; Brull et al., 2001; Malarstig et al., 2007). The lack 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        268 

 



Discussion 

 
of association IL-6 polymorphisms with acne types, especially otherwise strongly 

associated IL-6 -572 G/C polymorphism with acne susceptibility, favored our 

hypothesis that determination of acne severity and acne type are two different 

phenomenal processes and regulated by factors other than components contributing to 

disease severity (Table 4.13). Moreover, haplotype analysis revealed that the 

individuals with combination of wild type alleles of IL-6 -174 G/C and -572 G/C 

polymorphisms have least risk of acne development (Table 4.14). 

Increased levels of IL-6 protein were observed in sebaceous glands of affected 

as well as non-affected areas of acne vulgaris patients than healthy controls (Alestas 

et al., 2006). The levels of IL-6 protein are regulated by the IL-6 gene promoter 

polymorphisms, sebum components and P. acnes infection. The transcription of IL-6 

gene is cooperatively controlled by complex allelic interactions among polymorphic 

regions including -174 G/C, -572 G/C, 597 G/A, and -373 AnTn in the IL-6 gene 

promoter (Terry et al., 2000). Further, the levels of IL-6 in sebocytes are controlled by 

factors affecting the initiation and pathogenesis of acne vulgaris. The sebaceous gland 

lipids for example linoleic acid, arachidonic acid and oxidized squalene induces 

expression of IL-6 directly as well as indirectly through keratinocytes activation 

(Ottaviani et al., 2006; Alestas et al., 2006). In addition activation of TLR receptor by 

P. acnes and elevated levels of resistin, increases NF-κB production which stimulates 

pro-inflammatory cytokines expression including IL-6 (McInturff and Kim, 2005; 

McInturff, et al., 2005; Tilg and Moschen, 2006). Thus IL-6 polymorphisms 

especially promoter -572 G/C variation, and acne specific innate immunity mediators 

upregulate the IL-6 protein levels that is then implicated in the inflammatory events 

during acne development (Younis and Javed, 2015). 

The IL-1α, a primary mediator of inflammation is expressed in 

microcomedones, follicular wall of uninvolved skin in acne patients as well as 

isolated from pilosebaceous units in vitro (Jeremy et al., 2003). The current study 

revealed that primary cytokine IL-1α -889 C/T polymorphism was significantly 

associated with acne vulgaris and minor allele frequencies were increased in patients 

in the comparison of overall population and female group (4.15 and 4.16a). 

Supporting our results, previous study on Polish population documented positive 
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association of IL-1α -889 C/T polymorphism with acne vulgaris (Sobjanek et al., 

2013). The minor allele of IL-1α -889 C/T polymorphism is significantly associated 

with increased levels of IL-1α protein (Dominici et al., 2002). Although positive 

association has been found in overall and female population however, in male group 

the heterozygous and mutant gene frequencies were increased in controls. Similar to 

the IL-6 polymorphisms the mutant allele frequencies were increased in mild to 

moderate acne severity group and decreased in severe acne group. Furthermore, this 

polymorphism was not associated with acne type (Table 4.16b and Table 4.17).  

The IL-1α induces hyperkeratinization of the isolated pilosebaceous unit in 

vitro and activates adaptive immunity (Jeremy et al., 2003, Guy et al., 1996; Ingham 

et al., 1992). The IL-1α levels also increased in keratinocytes even before visible 

pathological changes suggest that initial events in acne development are influenced by 

IL-1α expression however, the IL-1α stimulator in acne pathogenesis is yet unknown 

(Latkowski et al., 1995; Freedberg et al., 2001). This study suggests that resistin is 

important in acne pathogenesis and increases the inflammatory cytokines including 

IL-1α expression through NF-κB and TLR activation directed immune modulation.  

The investigation of TNF-α promoter polymorphisms at -857 C/T, -863 C/A 

and -1031 T/C sites showed that p-Values for the variations at -857 and -863 were 

significant but not for variation at -1031 site (Table 4.18-Table 4.24). In TNF-α -857 

C/T polymorphism mutant allele frequencies were increased in controls than patients 

which proposed that major allele (C) is associated with acne. Similar trend was 

observed for the frequency distribution in female and males. These finding are in 

parallel with already reported data on TNF-α polymorphisms association with acne in 

Central European population (Szabo et al., 2011). We have also found that the 

heterozygous and minor genotypes and alleles were more prevalent in mild to 

moderate acne severity group while major genotype and allele frequencies were 

frequent in severe acne group. In addition, the minor genotype as shown in dominant 

model was associated with papulopustular type of acne. Conversely, Szabo et al. 

(2011) reported that major allele frequencies increased with increasing severity of 

acne lesions. This can be attributed to different ethnicity, acne grading system and 

increased sample size in our study. 
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Importantly, we found that -863 C/A polymorphism was associated with acne 

vulgaris in overall population as well as in both genders; and variant genotypes 

(heterozygous and minor homozygous) were raised in patients. In addition, the 

frequency of minor allele increased with increase in severity of acne disease (Table 

4.18b, Table 4.21 and Table 4.23b). Although TNF-α -863 C/A polymorphism was 

not associated with acne vulgaris in Caucasian population however, similar to the 

current study increased frequency of the mutant allele was observed in patients. In 

addition, similar to current study findings lack of TNF-α -1031 T/C polymorphism 

association with acne vulgaris was found in Caucasian population (Szabo et al., 

2011). 

The TNF-α gene is located in one of the most polymorphic MHC regions of 

the vertebrate chromosomes. The evidence that individuals show wide variations in 

protein expression independent of their ethnicity, age and gender; chains the idea that 

its expression is under control of multiple polymorphisms. In support of this evidence, 

several polymorphisms in promoter region have been identified (Allen, 1999; Allen et 

al., 2001). The expression of the TNF-α protein in an individual is determined 

cumulatively effect of these functional polymorphisms in cutaneous as well as other 

inflammatory diseases (Cui et al., 2012; Prieto-Pérez et al., 2013). 

The inflammation is a crucial step in acne pathogenesis. The TNF-α is an 

important primary inflammatory cytokine and studied in a number of inflammatory 

diseases e.g. inflammatory bowel disease (Neurath, 2014), chronic obstructive 

pulmonary disease (Barnes, 2013), rheumatoid arthritis (Schouwenburg et al., 2013), 

Graves disease (Anvari et al., 2010) and skin diseases (Ettehadi et al., 1994, Kerstan 

et al., 2011). The association of TNF-α polymorphisms was also studied in acne 

patients from Polish, Turkish and Caucasian population (Szabo and Kemeny, 2011). 

However, conflicting results for inflammatory diseases including acne vulgaris 

suggest that the TNF-α promoter polymorphisms are not the only crucial regulators of 

TNF-α expression. Therefore, importance of TNF-α association with acne vulgaris 

was further exposed by measuring its serum levels in mild to moderate versus severe 

acne patients group using ELISA technique. As expected the TNF-α levels were 

significantly elevated in severe acne patients for comparison of overall population as 

well as in female gender. The TNF-α levels were also increased in male patients 
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however, the p-Value was non-significant. The increased TNF-α levels were 

independent of gender as revealed form TNF-α levels comparison between female and 

male gender (Table 4.26). TNF-α levels were increased in variant group of all 

analyzed polymorphisms in RETN, IL-6, IL-1α and TNF-α genes. But for IL-6 -174 

G/C polymorphism TNF-α levels were raised in wild type genotype stating that this 

polymorphism may have protective role in acne pathogenesis. Interestingly, the only 

polymorphism significantly associated with TNF-α expression was RETN 

polymorphism at -420 C/G site (Table 4.27). This observation further supported the 

hypothesis that resistin is may be the primary regulator of pro-inflammatory cytokines 

in acne pathogenesis. 

The role of TNF-α in acne pathogenesis has already been reported. In addition 

to the TNF-α polymorphisms P. acnes infection, resistin and IL-1α also regulate TNF-

α expression in keratinocytes and immune cells.   P. acnes and resistin activate NF-κB 

through TLR receptors; this transcription factor is then involved in increased activity 

at TNF-α promoter (Kuwahara et al., 2005; Tilg and Moschen et al., 2006). Further, 

IL-1α previously recognized as important regulator of acne initiation also activates 

keratinocytes proliferation and further release of TNF-α and adhesion molecules 

(Latkowski et al., 1995; Freedberg et al., 2001; Jeremy et al., 2003). The upregulation 

of TNF-α further activates secondary inflammatory cytokines and chemokines for 

example IL-8 thus participating in inflammatory events of the acne vulgaris. The IL-8 

is a chemoattractant for neutrophils thus TNF-α has indirect role in innate immunity 

stimulation (Sakamoto et al., 2003). These reports indicate that TNF-α 

polymorphisms are not independent determinant of TNF-α levels in acne patients. 

Nevertheless other factors along with functional polymorphisms collectively effect 

the TNF-α levels and thus its contribution in acne pathogenesis.  

Hyperseborrhea is one of the four major etiological factors of acne vulgaris. 

The seborrhea defines changes in sebaceous gland activity which is not only related to 

increased production of sebum but also changes in sebum composition. The 

imbalance between saturated/unsaturated and oxidant/antioxidant sebum lipids is an 

important inducer of inflammation during acne lesions development (Zouboulis et al., 

2014). Several reports suggest that diet influences sebum quantity and quality in 

sebocytes leading to the proposition that dietary lipids may contribute to acne 
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development (Macdonald, 1964). Some studies reported positive correlation of diet 

with acne development (Rasmussen, 1997, Liakou et al., 2013). The changes in diet 

quality and quantity effect sebum composition and excretion rate.  According to one 

investigation low calories diet intake change sebum production rate which can be 

reversed by ingesting high calories diet (Pochi and Strauss 1969, Downing et al., 

1972).  High calorie diet may promote acne development through activation of IGF 

(Melnik and Schmitz, 2009). Further, low calories diet intake decreased number of 

acne lesions as well as sebum composition and enhanced levels of unsaturated fatty 

acids increased chances of acne lesions development (Smith et al., 2008).  

The importance of dietary lipids in acne vulgaris was further explained in 

current study. We investigated levels of TC, TG, HDL-C and apo-a in a large cohort 

of sex and age matched acne patients and controls. Interestingly, the levels of TC and 

TG were significantly increased whereas HDL-C levels were decreased in acne 

patients than controls. The levels of apo-a were very disperse and p-Vaules were non-

significant for patients versus controls comparisons as well as variant genotypes 

versus wild type genotype of the analyzed polymorphisms (Table 4.25 and 4.30). 

Supporting our study results, Abulnaja found that in Saudi female population levels of 

TG, LDL-C and apo-b were increased in obese acne patients compared to obese non-

acne as well as non-obese controls. Similarly, HDL and apo-a levels were decreased 

in same group of acne patients (Abulnaja, 2009). Importantly, another group from 

India measured the lipid profile in sixty female patients with severe acne vulgaris. 

Similar to our results, they found that levels of TC were increased in patients whereas 

the levels of HDL-C were significantly decreased (Arora et al., 2010). 

 Further the Schmitt et al. (2011) reported that levels of HDL-C and TG were 

increased in female and male patients treated with isotretinoin. This research group 

also reported that female patients have increased risk of TG derangements (Schmitt et 

al., 2011). In Pakistani populations the levels of lipid measurements especially apo-a 

were much dispersed. Evidences that serum lipids levels are affected by multiple 

factors for example genetics, diet, hormones and glucose levels explain this variation 

(Rasmussen, 1997; Gil-Campos et al., 2004; Aulchenko et al., 2008 and Drew et al., 

2012). Certainly, regardless of the deranged lipid measurements in current study we 

observed significant difference in TC, TG and HDL-C levels between acne patients 
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and controls. Therefore, we suggest that GI should be considered in acne pathogenesis 

and treatment. Importantly, the mTORC1 and FOXO are sensor of nutrients and 

control skin homeostasis and regulate protein production, lipid formation, 

proliferation as well as differentiation of the skin cells (Melnik, 2010; Melnik and 

Schmitz, 2013). Further, investigation of these factors in relation to acne development 

will be helpful to elucidate importance of dietary factors in acne development. 

 Scar formation is the consequence of abnormal wound healing in acne 

pathogenesis. The platelets are primarily important in wound healing at site of injury 

and activated platelets can also interact with microbes and immune cells. The human 

platelets express a range of bacterial recognition receptors including TLR1-9 and 

some of these receptors are functional in vivo. Importantly, TLR4 activation and 

subsequent stimulation of innate immune system by bacterial antigens suggest that 

TLR4 is functional in platelets. The activation of TLR4 receptors on platelets surface 

leads to the cytokines and chemokines production, neutrophils recruitment, bacterial 

degradation as well as adaptive immunity activation (Fitzgerald et al., 2006a; Semple 

et al., 2011).  

The recruitment of MMP1 and MMP9 by activated platelets at site of injury 

has been demonstrated (Nakano et al., 2011; Kerr et al., 2013). The expression of 

mediators of response to tissue injury and scarring including MMPs (1, 3 and 9), 

antimicrobial peptides and pro-apoptotic enzymes was also found in acne lesions 

(Trivedi et al., 2006). The activators of MMPs transcription were found in acne 

lesions and it was suggested that P. acnes infection is responsible for MMPs 

activation. The mechanism involved in Gram positive bacteria mediated activation of 

platelets has been investigated by many research groups (Fitzgerald et al., 2006b; Cox 

et al., 2011). These evidences propose that platelets play important role in abnormal 

wound healing and scar formation in acne pathogenesis. However, mechanism of P. 

acnes mediated platelets activation and subsequent effects of platelets in skin immune 

mediated inflammatory events during acne development and acne scarring has not 

been previously studied.  

PF4 is one of the important markers of in vivo platelet activation. It acts as a 

chemokine and plays important functions in allergic inflammatory reaction (Kaplan 

and Owen, 1981). In an effort to find the role of platelets in acne pathogenesis we 
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measured the levels of PF4, the platelets activation marker in mild to moderate and 

severe acne patients groups. Interestingly, we found significantly increased levels of 

PF4 in severe acne patients and this trend was independent of their gender. The 

investigations into comparison of PF4 levels in wild type and variant groups of 

studied genes polymorphisms showed strong association with resistin -420 C/G 

polymorphism.  

Results of current study and previous reports suggest that P. acnes infection 

also leads to activation of platelets. The activated platelets recruit MMPs at site of 

acne lesion formation and leads to the wound healing and scarring. The interference 

of other factors of acne pathogenesis may disturb this process and result in abnormal 

wound healing and thus scarring. In addition this study also propose that during acne 

development adaptive immune system which further aggravates the acne severity is 

activated by P. acnes, IL-1α and platelets. P. acnes interaction with keratinocytes and 

sebocytes results in production of inflammatory cytokines as well as chemokines. 

These inflammatory molecules are implicated in activation of innate as well as 

adaptive immunity molecules for example lymphocytes. The lymphocytes activation 

through P. acnes is mitogen and antigen mediated (Jappe et al., 2002; Ben-Sasson et 

al., 2009). The association of PF4 levels with severe acne further suggests that 

platelets mediated adaptive immunocytes activation is another mechanism for 

upregulation of lymphocytes in acne pathophysiology. 

The influence of multiple factors affecting the pilosebaceous unit formation 

has traditionally been viewed as distinct, independent factors that combined 

contribute to acne pathogenesis. Our hypothesis that resistin could be a 

multidimensional acne-causing factor due to facts that, a) it is expressed in sebocytes 

potentially affecting hyperproliferation of sebocytes and sebum formation; b) it is also 

found in keratinocytes and may activate lipogenesis as well as hyperkeratinization 

through chemokines activation c) it is pro-inflammatory, inducing expression of 

cytokines and chemokines  d) it is known to increase TLR2 promoter activity, thus 

promoting infectivity of otherwise non-pathogenic commensal P. acnes e) it activates 

innate immune specific receptor, TLR4 and adhesion molecules f) it can also activate 

platelets through TLR4 receptors. These observations clear that resistin is involved in 

all key factors of the acne pathogenesis. Supporting our hypothesis, we found that 
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functional polymorphisms in the RETN promoter and intron region that affect the 

expression level of resistin in body fluids were significantly associated with acne 

vulgaris. This observation was strengthened further when we found the 

polymorphisms frequencies in patients associated with different levels of acne 

severity. The hormonal influences on acne were also apparent in our data, showing 

strong association in females but not in males. We speculate that androgenic induction 

of resistin expression overshadows the gender influences of the polymorphisms. 

Although at present direct nexus between resistin and P. acnes is not clear, we note 

that resistin does induce expression of TLR2, an important mediator of the bacterial 

effects. In contrast, the type of acne was not associated with RETN polymorphisms; 

apparently different factors determine the clinical presentation of acne in patients that 

determine acne severity and susceptibility. Resistin levels, genetically and hormonally 

determined, therefore, can affect several important causative influences in acne 

formation: sebum production, innate immunity activation, hyperkeratinization as well 

as activity of P. acnes. This places resistin, potentially, at the fulcrum of mechanisms 

important for this widespread disease. The results of current study strongly suggest 

that resistin should be considered in acne pathogenesis and further comparative 

investigations for the resistin levels in infected and non-infected skin will present 

potential target for acne treatment.  

 The study of acne vulgaris helped to understand importance of genetic and 

metabolic components of the skin diseases. Resistin was proposed central to initiation 

of inflammatory and immune system in acne pathogenesis by activation of 

keratinocytes, immunocytes and platelets through TLR4 receptors leading to the 

upregulation of transcription factor NF-κB and subsequent enhanced expression of 

primary and secondary cytokines. Further, resistin was also speculated potential 

stimulator of P. acnes infection through enhancing expression of Gram positive 

bacteria specific innate immune receptor gene (TLR2).  

 We speculate that although P. acnes is present in non-infected individuals 

however its behavior remains inert until some other factors induce TLR2 expression 

and inflammatory cytokines to initiate acne formation. This increase in expression of 

P. acnes specific innate immune receptor in hair follicle and sebocytes may leads to 

increased P. acnes infectivity. This hypothesis is supported by previous studies and 
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further leads to the proposition that acne development is mainly accomplished in two 

steps. First step is the acne initiation which is triggered by increased expression of 

resistin and IL-1α that enhances P. acnes infection probability. The second step is 

acne progression that is mainly regulated by P. acnes infection. We have further 

validated this possibility through microarray based analysis of the genes and 

processes upregulated in P. acnes infected human skin explant. 

 The modern molecular methods have identified diversity of skin 

microorganism. For thorough understanding of skin-microbe interaction we 

performed microarray metaanalysis first and then analyzed the skin immune responses 

to bacterial treatments through transcriptional profiling of Gram positive bacteria 

challenged human skin biopsies. The web search for skin responses to bacterial 

challenges revealed that microarray public repositories contained data for two major 

issues. One was the bovine PMECs and udder responses to mastitis causing bacteria 

and the other was in vivo and in vitro studies for human responses to S. aureus and S. 

aureus components challenges.  

 We optimized metaanalysis methodology using more homogenous data for 

bovine mastitis causing bacteria. The results presented in this analysis attested to the 

power of metaanalysis: the highly variable individual responses to mastitis bacteria 

could be overcome by assembling multiple analyses and thus increasing the studied 

population. Importantly, metaanalysis confirmed the most important findings in 

individual studies, namely response to wounding, inflammatory and defense 

responses (Renaldi et al., 2010; Gunther et al., 2011; Gunther et al., 2012; Brand et 

al., 201; Buitenhuis et al., 2011; Spika et al., 2014; Mitterhuemer et al., 2010). 

Moreover, this metaanalysis provided many additional details, for example by 

identifying the cytokines and additional secreted signaling polypeptides. 

Perhaps the most important novel finding from this metaanalysis concerned 

the specific suppression of milk-producing metabolic enzymes (Table 4.40f). The 

infection would be expected to slow down anabolic processes in most cases, as the 

tissue has to divert energy to fighting infection. However, the unique aspect of this 

slow-down in bovine mastitis was reduction of milk fat production. The 7 marked 

enzymes in Table 4.40f were those that are directly and specifically devoted to milk 
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production. It is quite likely that additional enzymes, e.g., those for amino acid 

biosynthesis, also play important role in milk production. These findings explained, 

on molecular level, the economic consequences of bovine mastitis. 

Additional novel ontological categories shown to be induced in mastitis 

included cellular taxis, cytoplasmic vesicles and anti-apoptosis agents. Cellular taxis 

is predominantly related to the leukocytes infiltrates caused by copious production of 

chemokines and cytokines; at present we cannot exclude enhanced taxis of epithelial 

cells as well, which will have to be examined with bench-top and barn-based 

experiments. The vesicle-associated molecules included those related to lysosomes, 

endocytosis and even melanosomes proteins. The affected cell types were probably 

diverse, although it should be noted that melanosomal proteins were also induced in 

the PMECs. We presume the anti-apoptotic processes are necessary to preserve high 

levels of leukocytes fighting off the infection.  

Conversely, mastitis suppresses several aspects of basic epithelial biology, 

including ECM biosynthesis, mammary gland development markers and epidermis 

morphogenesis, including cholesterol biosynthesis, an integral component of 

epidermal differentiation (Jozic et al., 2014). Importantly, however, the 7 milk 

production-related enzymes mentioned above were not integral to epidermal 

differentiation and thus represent a specific metabolic category suppressed in mastitis. 

The effects of heat-inactivated E. coli on PMECs in vitro were quite different 

from the in vivo effects. Importantly, the inflammatory response, and cytotaxis were 

much attenuated; these were, presumably, induced in vivo in the leukocyte 

compartment, and so were missing from pure cultures of mammary epithelial cells. 

Stimulation of melanosomal genes that are vesicles specific for the epidermal tissue 

was also seen. In these cells apoptosis was induced as a defensive mechanism. 

Interestingly, the innate immunity response, an important function of keratinocytes, 

was induced; this included the NF-κB pathway as well as the TLR and RLR signaling 

pathways. 

These results lead us to propose an unanticipated hypothesis: the treatment of 

cow udders with heat-inactivated E. coli may have a prophylactic effect against 

mastitis. The heat-inactivated E. coli could activate the innate immunity responses 

with attenuated inflammatory responses, thus priming the tissue to fight subsequent 
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infection, without the concomitant damage due to inflammation. Treatment with heat-

inactivated E. coli, if effective, would have major benefits in avoiding widespread use 

of antibiotics, reducing the costs of treatment and, notably, fighting mastitis in the 

third world. In underdeveloped areas, where the use of antibiotics is unavailable or 

prohibitively expensive, heat-inactivation treatments could be properly and easily 

performed in local barns. 

A related approach using endotoxin to elicit a mild form of mastitis in hope of 

avoiding subsequent infections had a limited success (Lohuis et al., 1990). The LPS 

treatment of PMECs induced immune response genes, particularly those related to the 

acquired immunity, including antigen processing by keratinocytes. This is very 

different from the responses to heat-inactivated E. coli bacteria. 

As noted before, we saw significant differences in responses to E. coli vs. S. 

aureus (Fu et al., 2013; Yang et al., 2008; Gunterh et al., 2011; Brand et al., 2011). 

While both caused robust pro-inflammatory and immune responses, S. aureus also 

induced TLR and NLR innate immunity in mammary epithelia, while suppressed cell 

motility, antigen presentation and receptor signaling in general, hallmarks of acquired 

immunity responses. These differences may account for comparatively much milder 

and sub-acute sequelae of S. aureus-triggered mastitis. 

We must emphasize several caveats of bovine-mastitis metaanalysis. Given 

the very individual responses in cows (Akerstedt et al., 2011; Burvenich et al., 2003; 

Green et al., 2015 and Benjamin et al., 2015), our ‘forest’ view might be inapplicable 

to ‘trees’. Second, there were two important distinctions between our largest data sets: 

one used live E. coli in vivo, the other heat-inactivated E. coli on cultured cells. We 

could not, from this perspective, distinguish the in vivo/in vitro from the live/heat-

inactivated dichotomies, especially as the in vivo datasets included mixed populations 

of cells in their microarrays, while the in vitro datasets used pure populations. Third, 

the LPS-responsive dataset was compromised by its relatively small size. Fourth, all 

original data was obtained in western academic settings; this might inadequately 

represent the conditions in the field, especially in less developed lands. Nevertheless, 

the metaanalysis based on large amount of original data represented an important 

contribution to our understanding of bovine mastitis in various aspects and provided a 

solid foundation for the development of new treatments for mastitis. 
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After optimization of metaanalysis procedure, we have analyzed the molecular 

responses of human cells to S. aureus and S. aureus components. The global 

metaanalysis of transcriptional profile from S. aureus challenged cells revealed that S. 

aureus infection intensely stimulates immunity process (Table 4.47). This observation 

is in parallel with previous studies where neutrophils treatment with S. aureus 

produced robust expression of immune modulators specified by cytokines, 

chemokines and bacterial processing genes (Malcolm et al., 2013; Borjesson et al., 

2005). Same research group reported that S. aureus induced necrosis while inhibited 

apoptosis pathway, conversely the current metaanalysis indicated that both cell death 

pathways were induced in infected cells. Interestingly, the upregulation of large 

number of negative regulators of cell death pathways especially those modulated by 

TNF-α and Fas and associated molecules argue that S. aureus is capable to stimulate 

cytoprotective effects which can prevent infected host cells removal and consequently 

ensure intracellular survival and systemic distribution (Koziel et al., 2009). 

Collectively, activation of robust immune response characterized by acute 

inflammation and cytoprotective mechanisms make S. aureus more pathogenic than 

other cutaneous microbes.      

Interestingly, second most prominent finding of current Global metaanalysis 

of S. aureus infected vs. controls microarrays was strong upregulation of innate 

immune process while downregulation of adaptive immune process. Similarly, Stark 

and coworker reported upregulation of innate immunity in endothelial cells by S. 

aureus isolated from blood and anterior nares (Stark et al., 2009). Furthermore, 

supporting results of the current metaanalysis, Ardura et al. published that innate 

immunity especially defined by monocytes was induced while adaptive immunity 

primarily CD4 and CD8 T-cells were downregulated in children infected with 

invasive S. aureus strains (Ardura et al., 2009; Banchereau et al., 2012). Further 

downregulation of cell cycle genes, enzymes involved in multiple cellular processes, 

gene expression and maturation processes proposed that during S. aureus infection, 

normal cell processes are suppressed and all host resources are used for S. aureus 

mediated immune and apoptotic responses.  

Interestingly, the results for metaanalysis of differential expression in infected 

patients blood were generally similar to the global metaanalysis for example innate 
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immunity and negative regulators of cell death were induced while adaptive immunity 

and positive regulators of cell death were downregulated (Table 4.50). However, we 

observed that membrane receptors including symporters, aquaporin’s and solute 

carriers were over-represented in this analysis but not in global metaanalysis. Further 

MyD88-independent signaling pathway was induced unlike the global metaanalysis 

where MyD88-dependent signaling pathway was more prominent. 

 The genes and processes induced by live S. aureus in immune and endothelial 

cells infection were different from Global and S. aureus infected blood comparisons, 

as revealed from metaanalysis (Table 4.48). The live S. aureus induced genes for both 

innate and adaptive immunity, where platelet function and vasodilation dominated in 

immune response. Meanwhile like global comparison, MyD88-dependent signaling 

pathways were induced. Interestingly, unlike previous analyses live S. aureus did not 

modulate the apoptotic process as a cytoprotective strategy; but upregulated genes for 

normal cellular processes for example gene expression, neuron signaling and 

importantly mitotic cell cycle. This survival strategy was already reported in 

obligatory bacteria, which survive either by stimulating cell processes thus providing 

infected human cells resistance to the apoptosis stimulus, or directly regulate 

apoptosis machinery (Hacker et al., 2006). The downregulated processes included 

gene expression, ubiquitin mediated protein catabolism and IFNγ mediated cell death 

processes. Furthermore, transcription process of innate immune response genes was 

induced whereas this process was suppressed for other cell processes (Stark et al., 

2009; Matussek et al., 2005). 

The differential expression in the cells challenged with inactivated S. aureus 

was slightly different from live S. aureus challenged ones as revealed from 

metaanalysis. Similar to the live S. aureus, positive induction of cellular processes 

such as cell cycle and growth regulation was also seen in inactivated S. aureus 

challenged cells proposing the comparable cytoprotective mechanism. Importantly, in 

inactivated S. aureus challenged cells carbohydrate biosynthesis process was 

downregulated whereas this process was upregulated in live S. aureus infected cells. 

Further MyD88 signaling pathway was induced by live S. aureus infection while 

suppressed by inactivated S. aureus treatment thus defining different cellular defense 

strategies against live and inactive S. aureus (Table 4.49). 
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S. aureus is known to form surface associated complex communities 

recognized as biofilms and secretes polymers which differentiate it from relevant 

planktonic cultures (Resch et al., 2005). S. aureus biofilms are resistant to antibiotics 

and delay the process of chronic wound healing. The evidence that genes participating 

in biofilm formation and those which determine virulence are regulated by common 

determinants propose that biofilms and planktonic cultures might have different effect 

on cellular immunity (Stewart and Costerton, 2001; Zhu et al., 2002). Interestingly, 

the metaanalysis of microarray data for secreted factors from biofilm and planktonic 

cultures treated cells showed different results from live- and inactivated-S. aureus 

treated cell lines (Table 4.51). While live- and inactivated-S. aureus induced innate 

immune response and cell cycle, secreted factors from biofilm and planktonic cultures 

predominantly induced adaptive immune process and suppressed mitotic cell cycle. 

Surprisingly, similar trend that is upregulation of cell cycle by live S. aureus and P. 

acnes but not by Pam3CSK4 (TLR1/2 agonist) was observed in current study (See 

section 4.9). This observation may show that secreted factors may induce responses 

through TLR1/2 agonist whereas intact S. aureus and P. acnes use additional 

strategies to induce immune responses. Interestingly, comparison of differential 

expression in keratinocytes challenged with secreted factors from biofilm versus 

planktonic cultures revealed different cytoprotective strategies used by cells infected 

with biofilm cultures- or planktonic cultures-conditioned media. The biofilms 

conditioned media treated keratinocytes upregulated anti-apoptosis genes and 

immunity while planktonic cultures conditioned media treated keratinocytes 

upregulated cell cycle as major process. This analysis reveals that secreted factors 

from S. aureus biofilms stimulate different cell survival strategies and immune 

responses than their planktonic equivalents. The differential gene expression might 

have effects on chronic complications in keratinocytes. Therefore, biofilm formation 

must be considered in studies investigating cause or cure of the bacterial infections 

(Secor et al., 2011; Secor et al., 2012).  

S. aureus is also cause of toxins such as superantigens mediated infections 

including septic shock and toxic shock syndrome. To date, 19 superantigens have 

been identified, of which genes for six superantigens are present in egc region and 

commonly found in commensal strains with deficient potential to cause septic shock 
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or toxic shock syndrome. The SEI (S. aureus enterotoxin superantigen I) is egc and 

SEB (S. aureus enterotoxin superantigen B) is non-egc enterotoxins. In the current 

study, hierarchal cluster analysis showed that differentially expressed genes in SEI- 

and SEB-challenged cells, cluster together (Figure 4.7). The SEI and SEB induced 

similar gene expression, inflammatory mediators and T-cell mitogenic effects 

(Grumann et al., 2008). Similarly, in current study the comparison of differentially 

expressed genes in superantigens (SEI and SEB) challenged vs. non-challenged 

(control) cells using metaanalysis technique produced comparable results. Similar to 

the secreted factors from S. aureus cultures, superantigens induced adaptive immunity 

and suppressed innate immunity in challenged cells. This finding is in parallel with 

previous findings, where superantigens challenged cells upregulated adaptive 

immunity specific genes (Grumann et al., 2008).  

PVL is a S. aureus pore-forming cytolytic toxin for lymphoid cells and 

expressed by many CA-MRSA strains (Baba et al., 2002; Diep et al., 2006). 

However, specific cytolytic concentrations of PVL are required to kill cells that may 

not be reached in vivo (Graves et al., 2010; Badiou et al., 2008). Metaanalysis in 

current study revealed that PMNL cells exposed to PVL and iPVL induce weak 

adaptive immune response whereas suppress innate immune response. This favors the 

observation that S. aureus components induce adaptive immune system as a defensive 

mechanism. However in contrast to superantigens and S. aureus culture secreted 

factors, stimulation of weak immune response by PVL and iPVL challenged cells may 

point out their diminished potential to cause disease. Importantly, these S. aureus 

components increased microbicidal activity in infected cells (Yoong and Pier, 2010). 

Together these properties propose that PVL could be a potential priming agent for 

myeloid cells against virulent S. aureus infections (Graves et al., 2012). Further 

investigations into bactericidal ability of PVL will provide efficient therapy against 

CA-MRSA infections.  

 Following the metaanalysis based study of skin-microbe interaction, for the 

first time, live human skin explant that might resemble the human skin was chosen to 

identify the unique changes induced by different bacteria including P. acnes, S. 

aureus and S. epidermidis in human skin cells during infection. For thorough 

understanding of the mechanisms involved in skin-microbiome interaction we have 
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first investigated the skin immune responses to commensals and pathogenic bacterial 

infections and then compared the differential expressions of skin treated with 

commensals especially P. acnes, S. epidermidis and pathogenic bacteria such as S 

.aureus. In addition, the evidence that TLR1/2 receptors antagonist do not block Gram 

positive bacterial infection (Miller et al., 2006; Wanke et al., 2011) further provoked 

us to find the processes induced by Gram positive bacteria but not through TLR1/2 

activation. Therefore, molecular responses to Pam3CSK4 (TLR1/2 agonist) were also 

checked.  

Interestingly, these results confirmed that P. acnes induced cell proliferation 

as major process in infected skin as reported in previous studies (Isard et al., 2011; 

Jugeau et al., 2005; Nagy et al., 2005). Furthermore, this study showed that while 

keratinocytes proliferation was induced, the differentiation was essentially suppressed 

by P. acnes infection (Table 4.56d). This finding proposed that keratinocytes 

differentiation is essentially regulated in first step of acne development and controlled 

by factors other than P. acnes. The observation is in parallel with previous studies 

which report that IL-1α and androgens are involved in keratinocytes differentiation. 

The inflammatory cytokines especially IL-1α has been unanimously accepted as 

mediator of acne development and increased levels of IL-1α have been observed in 

acne lesions even before hyperproliferation and hyperkeratinization proposing that it 

has important role in stimulation of pathways that lead to acne initiation. In addition, 

IL-1α has role in abnormal keratinocytes differentiation as investigated in isolated 

pilosebaceous units. Further, IL-1α contribution in scaling in many skin disorders has 

also been reported (Guy et al., 1996; Guy et al., 1998; Cunliff et al., 2000; Eady and 

Cove, 2000). Meanwhile, androgens have role in acne development also and proposed 

as contributing factors for abnormal differentiation of the keratinocytes (Thiboutot et 

al., 1997). The role of P. acne in modulating keratinocytes differentiation has also 

been previously investigated however, there are only two studies which analyzed 

direct effect to P. acnes on cell lines and skin explants. In contrast to present study 

Jarrousse et al. (2007) reported that keratinocytes differentiation markers integrin and 

filaggrin were induced in normal human epidermal keratinocytes (NHEK) and deep-

frozen sections of normal human skin explants by P. acnes treatment and also in 

biopsies of acne lesions (Jarrousse et al., 2007). However, in contrast to Jarrousse et 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        284 

 



Discussion 

 
al.(2007) findings, a current report by Akaz et al. (2009) who were working on 

similar cell line established that upregulation of differentiation makers by P. acnes 

infection is still debatable. They found that differentiation markers such as 

transglutaminase and K17 were induced whereas K1 and K10 levels were suppressed 

by P. acnes. Further, some P. acnes strains increased involucrin and K6 mRNA 

expression levels in NHEK and decreased filaggrin, K6 and K16 expression levels in 

vitro (Akaz et al., 2009).  

The present study also showed that genes involved in processing of molecules 

of bacterial origin were suppressed along with differentiation markers. These finding 

may explain P. acnes strategies to infect human skin while smartly evading skin 

innate immunity. For instance increased cell division and decreased differentiation 

may increase bacterial infectivity along with reduced specialization of skin cells and 

thus skin immunity to combat with infection.  This assumption was further supported 

by evidence that genes involved in processing of bacterial components by Golgi 

apparatus and ER were also downregulated. From the previously reported evidences 

and results of current study, we propose that keratinocytes differentiation during acne 

development is regulated by other factors for example IL-1α, androgens and sebum 

composition which  initiate the process of acne lesions formation and later modulated 

by P. acnes infection which ultimately leads to aggravation of the pathological 

condition.  

Likewise, S. aureus induced cell division and suppressed differentiation of 

keratinocytes (Table 4.57). S. aureus is a pathogenic bacteria and causative agent of 

several life threatening skin and soft tissue infections (Miller et al., 2011). While less 

pathogenic, commensal bacteria P. acnes, induced cell cycle as chief process; more 

pathogenic S. aureus induced additional innate immunity and ECM genes along with 

cell division genes. Among induced ECM genes chemokines, collagen, 

metallopeptidases and importantly IGFs were most frequent. S. aureus might induced 

keratinocytes proliferation via upregulation of IGF genes as already reported for P. 

acnes (Israd et al., 2011) and in a separate study for S. aureus infection in bovine 

udders (Dallard et al., 2007). Furthermore, similar to the processes suppressed by P. 

acnes, vesicle mediated metabolism of molecules of bacterial origin was second 

prominent process suppressed by S. aureus proposing similar infection strategies by 
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both bacteria. That is S. aureus suppressed genes for bacterial components 

metabolism thus infecting the host cells without being killed by immune process. In 

addition, the ontologies “response to organic substance” showed multiple immune 

response genes involved in bacterial infection response modulation of apoptosis and 

cell cycle were induced while under the similar ontological term few genes were 

suppressed by S. aureus (Table 4.57d).  

The S. epidermidis is most frequently isolated specie from skin epithelium and 

is known to maintain non-pathogenic relationship with skin. Further it does not 

produce virulence factors and helps to maintain balance of normal skin flora during 

normal and disease conditions (Otto et al., 2009). This study showed that unlike P. 

acnes and S. aureus, the S. epidermidis did not induce any gene, however suppressed 

few genes, representing its commensal behavior. The membrane receptors and 

cytotaxis genes were prominent suppressed genes by the S. epidermidis unlike the P. 

acnes and S. aureus suppressed ones. Importantly we found that genes for mitosis cell 

cycle were the only differentially induced genes by P. acnes and S. aureus but not by 

the Pam3CSK4, a TLR1/2 agonist. This explains that P. acnes and S. aureus induce 

cell division by other mechanisms possibly through IGF mediated signaling pathway 

(Israd et al., 2011). 

The comparison of differential expression by P. acnes and other bacteria 

produced interesting results. The cytoskeleton genes which may represent spindle 

formation and movement of chromosomes on spindle were more prominent in the 

clusters induced by P. acnes. In contrast, innate immune response to molecules of 

bacterial origin and differentiation were relatively prominent in S. aureus challenged 

skin. Interestingly, S. aureus induced apoptosis of T-lymphocytes. We have also 

found that response to wounding, inflammation, defense and apoptosis was induced 

by P. acnes as well as S. aureus, however these processes were more prominent in S. 

aureus treated skin biopsies (Table 4.60). These results suggest that more virulent S. 

aureus induced and suppressed immune processes more strongly than less pathogenic, 

commensal P. acnes. 

Meanwhile, differential expression of comparisons P. acnes vs. S. epidermidis 

and P. acnes vs. control were similar because S. epidermidis- and control-challenged 

skin biopsies presented similar gene expression (Table 4.61). In another comparison 
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between differential expression of P. acnes vs. Pam3CSK4 challenged skin biopsies 

we found that P. acnes induced cytoskeleton and cell death process again showed that 

it activates cell cycle genes more efficiently than Pam3CSK4. However, Pam3CSK4 

comparatively induced many processes like S. aureus including proliferation, 

chemical homeostasis and cholesterol metabolism. Conversely, unlike S. aureus it 

induced TCR pathway and mitochondria mediated cell death (Table 4.62). This study 

found that principal uniquely induced process by P. acnes was cell cycle, by S. aureus 

was innate immune responses to molecules of bacterial origin and by Pam3CSK4 it 

was wounding responses. Moreover, P. acnes and S. aureus induced cell division 

principally through receptors other than TLR1/2. 

The comparison of genes and processes induced by commensals and 

pathogenic bacteria also gave another interesting idea about resident and non-resident 

behavior of these two groups. As observed the commensals P. acnes and S. 

epidermidis did not induce skin immunity while pathogenic non-resident bacteria S. 

aureus strongly induced immune processes. These observations suggest that under 

normal conditions, like in our microarray experiment, the commensals do not induce 

skin immunity even in high concentrations however, when some other factors (for 

example resistin or IL-1α in case of acne) initiate the disease process and upregulate 

genes (for example TLR2 in acne disease) which might support increased interaction 

of commensals with skin cells, only then commensals become pathogenic and induce 

disease phenotype. This further suggests that pathogenic bacteria can induce the 

disease even in lower concentrations because they might do not require pre-infection 

set up while for commensals it might be a necessary requirement. This hypothesis is 

further supported by the observation that cell division was the only common process 

induced by P. acne and S. aureus which was absent in differential expression from the 

skin treated with Pam3CSK4 (TLR 1/2 agonist). Importantly, like S. aureus, 

Pam3CSK4 also induced skin immunity. Thus upregulation of TLR1/2 might be a 

primary requirement for commensals (Gram positive bacteria) but not for pathogenic 

bacteria to induce immune process. Therefore during acne development not the P. 

acnes concentration but TLR-2 expression is limiting factor. This hypothesis also 

explains reduced efficacy of the antibiotics in acne treatment. Moreover, here we also 

explain the reason of already reported observation that the TLR1/2 antagonist cannot 
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completely stop Gram positive bacterial infection (acne lesions formation in case of 

acne vulgaris) because acne initiation is controlled by factors other than P. acnes. In 

addition pathogens like S. aureus do not rely only on TLR1/2 receptor for infection as 

we observed that S. aureus induced intense immune response in S. aureus challenged 

cells than Pam3CSK4 challenged ones. 

Concluding Remarks 

Skin is a home for a number of diverse and variable bacteria that colonize 

specific areas on skin and modify skin immunity under normal and diseases 

conditions. Normally, these commensal bacteria educate skin to fight against non-

resident pathogenic bacteria however under certain situations when skin barrier is 

breached these bacteria can contribute to disease progression. Therapeutic strategies 

are often unsuccessful due to continuously evolving bacterial genome resulting in 

emergence of antibiotic resistant strains. The commensals provide additional 

problems to therapeutic strategies due to natural determinants which ensure their 

survival on skin. Thorough understanding of skin-microbe interaction is required to 

project new approaches against opportunistic bacteria. In such effort we focused on 

various factors affecting acne vulgaris, a worldwide commensal-associated skin 

disease of unknown etiology.  

We propose that acne vulgaris is developed in two steps, namely initiation and 

progression. The acne initiation is controlled by multiple factors including genetic and 

metabolic determinants that increase skin cells susceptibility to P. acnes, the main 

regulator of acne progression.  The molecular basis of skin-microbe relationship in 

disease and normal condition was further explored by metaanalysis of already 

available microarray data in public repositories. The metaanalysis of microarray data 

from bovine-mastitis causing bacteria challenged cells proposed that during infection 

host cells use all available resources to fight against pathogen that compromises their 

normal functioning and thus productivity of host. The metaanalysis of microarray data 

from S. aureus-challenged cells identified distinct skin immune processes and 

cytoprotective strategies regulated by S. aureus and S. aureus toxins in host cells. The 

microarray analysis of commensal and pathogenic bacteria-challenged skin revealed 

that keratinocytes proliferation and differentiation are upregulated by different factors 
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in the skin diseases that show positive stimulation of both processes. The pathogenic 

behavior of non-resident bacteria is principally defined by their ability to induce host 

immunity while evading the host immune bactericidal mechanisms through either 

upregulation of normal cellular processes in infected cells or directly interfering 

apoptotic process. The commensals have also evolved strategies to survive skin 

immunity, however they lack ability to initiate immune processes until and unless 

other factor set a pre-infection environment for them. 

These findings contribute valuable knowledge about understanding of acne 

pathogenesis, which could provide basis for future research governing the acne 

treatment. The data also provided insights into the host-bacterial interaction 

highlighting differences between the diverse effects of commensal and pathogenic 

bacterial strains on skin that lead to pathological conditions. We should note some 

limitations in our study. The significant association of resistin functional 

polymorphisms led us to propose that it is a key regulator of acne initiation, but this 

needs to be confirmed through direct analysis. The lack of sufficient data restricted 

our metaanalysis studies to analyze only two models, bovine-mastitis causing bacteria 

and S. aureus challenged cells. In the metaanalysis of S. aureus, less homogenous 

data from different cell types, study designs and experimental conditions were 

combined together, which might be a limiting factor for findings legitimacy; however, 

the strict selection of top regulated genes and increased number of microarray 

alleviated this heterogenic nature of data to a great extent. The skin responses to 

bacterial challenges might be considered preliminary due to lack of replication and 

single microarray analysis for each bacteria and Pam3CSK4 challenge. However it 

should be noted that due to limited funding we had repeated microarray analysis for 

two conditions, the control- and S. aureus-challenged skin explant, which produced 

similar results as observed before thus confirming the original results. Certainly, the 

results of this study added valuable knowledge for skin-bacteria interaction. 

Future prospects 

This research increased our understanding about acne pathogenesis and skin-

bacteria interaction, subsequently raising many questions. It is now clear that acne 

vulgaris development is regulated in two steps, little is known about the role of 
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resistin in initiation of acne lesions. Further studies through in vivo expression 

analysis and in vitro microarray analysis of skin challenged with resistin will validate 

the findings of current study. The metaanalysis of microarray data from pathogenic 

bacteria broaden our view for skin and systemic responses to pathogenic strains. The 

web search for microarray data from commensal-challenged cells might present 

recently added data which would lead to comprehensive analysis of commensal 

behavior of skin bacteria as well. The microarray analysis of the skin challenged with 

additional commensal and pathogenic strains will assist in identification of 

cytoprotective and infectious strategies employed by other bacterial strains. The 

microarray analysis of skin challenged with additional TLRs agonists will help to 

identify the distinct receptors and pathways used by the bacteria to stimulate a 

particular response.  Briefly, understanding of skin-microbe interaction will guide 

future research efforts leading towards the discovery of novel therapeutic strategies. 

 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        290 

 



References 

 

6 REFERENCES 

Abulnaja KO (2009). Changes in the hormone and lipid profile of obese adolescent 

Saudi females with acne vulgaris. Braz J Med Biol Res 42(6):501-505. 

Acosta-Rodriguez EV, Napolitani G, Lanzavecchia A, Sallusto F (2007). 

Interleukins 1beta and 6 but not transforming growth factor-beta are essential 

for the differentiation of interleukin 17-producing human T helper cells. Nat 

Immunol 8(9):942-949. 

Adebamowo CA, Spiegelman D, Berkey CS, Danby FW, Rockett HH, Colditz GA, 

Willett WC, Holmes MD (2006). Milk consumption and acne in adolescent 

girls. Dermatol Online J 12(4):1. 

Adebamowo CA, Spiegelman D, Berkey CS, Danby FW, Rockett HH, Colditz GA, 

Willett WC, Holmes MD (2008). Milk consumption and acne in teenaged 

boys. J Am Acad Dermatol 58(5):787-793. 

Adebamowo CA, Spiegelman D, Danby FW, Frazier AL, Willett WC, Holmes MD 

(2005). High school dietary dairy intake and teenage acne. J Am Acad 

Dermatol 52(2):207-214. 

Aggarwal BB, Gupta SC, Kim JH (2012). Historical perspectives on tumor necrosis 

factor and its superfamily: 25 years later, a golden journey. Blood 119(3):651-

665. 

Akerstedt M, Forsback L, Larsen T, Svennersten-Sjaunja K (2011). Natural variation 

in biomarkers indicating mastitis in healthy cows. J Dairy Res 78:88-96. 

Akira S, Hirano T, Taga T, Kishimoto T (1990). Biology of multifunctional 

cytokines: IL 6 and related molecules (IL 1 and TNF). FASEB J 4(11):2860-

2867. 

Akira S, Nishio Y, Inoue M, Wang XJ, Wei S, Matsusaka T, Yoshida K, Sudo T, 

Naruto M, Kishimoto T (1994). Molecular cloning of APRF, a novel IFN-

stimulated gene factor 3 p91-related transcription factor involved in the 

gp130-mediated signaling pathway. Cell 77(1):63-71. 

Alestas T, Ganceviciene R, Fimmel S, Müller-Decker K, Zouboulis CC (2006). 

Enzymes involved in the biosynthesis of leukotriene B4 and prostaglandin E2 

are active in sebaceous glands. J Mol Med (Berl) 84(1):75-87.  

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        291 

 



References 

 
Al-Hilali HHA and Al-Obaidy EJS (2014). The association between acne vulgaris 

and Tumor Necrosis Factor- alpha gene promoter polymorphism at position-

308. QMJ 10:17. 

Allen RA, Lee EM, Roberts DH, Park BK, Pirmohamed M (2001). Polymorphisms in 

the TNF-alpha and TNF-receptor genes in patients with coronary artery 

disease. Eur J Clin Invest 31(10):843-851. 

Allen RD (1999). Polymorphism of the human TNF-alpha promoter--random 

variation or functional diversity?. Mol Immunol 36(15-16):1017-1027. 

Alonzi T, Fattori E, Lazzaro D, Costa P, Probert L, Kollias G, De Benedetti F, Poli V 

and Ciliberto G (1998). Interleukin-6 is required for the development of 

collagen-induced arthritis. J Exp Med 187(4):461-468. 

Anderson PC (1971). Foods as the cause of acne. Am Fam Physician 3(3):102-103. 

Andus T, Geiger T, Hirano T, Northoff H. Ganter, U, Bauer J, Kishimoto T and 

Heinrich PC (1987). Recombinant human B cell stimulatory factor 2 (BSF-

2/IFN-β2) regulates β-fibrinogen and albumin mRNA levels in Fao-9 cells. 

FEBS Lett 221(1):18-22. 

Antonicelli R, Lisa R, Rizzo MR, Paolisso G, Monti D and Franceschi C (2001). A 

gender-dependent genetic predisposition to produce high levels of IL-6 is 

detrimental for longevity. Eur J Immunol 31(8):2357-2361. 

Anvari M, Khalilzadeh O, Esteghamati A, Esfahani SA, Rashidi A, Etemadi A, 

Mahmoudi M, Amirzargar AA (2010). Genetic susceptibility to Graves' 

ophthalmopathy: the role of polymorphisms in proinflammatory cytokine 

genes. Eye (Lond) 24(6):1058-1063. 

Ardura MI (2009). Staphylococcus aureus: old bug with new tricks. Rev Chilena 

Infectol 26(5):401-405. 

Arora MK, Seth S, Dayal S (2010). The relationship of lipid profile and menstrual 

cycle with acne vulgaris. Clin Biochem 43(18):1415-1420. 

Asano H, Izawa H, Nagata K, Nakatochi M, Kobayashi M, Hirashiki A, Shintani S, 

Nishizawa T, Tanimura D, Naruse K, Matsubara T, Murohara T, Yokota M 

(2010). Plasma resistin concentration determined by common variants in the 

resistin gene and associated with metabolic traits in an aged Japanese 

population. Diabetologia 53(2):234-246. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        292 

 



References 

 
Asim SA, Ali A, Nisa QU, Salam JU, Siddiqui MH (2014). Dermatological 

manifestations in obese patients presenting in out patient department.  Rawal 

Medical Journal 39(2):141-144. 

Aubert JD, Hayashi S, Hards J, Bai TR, Paré PD, Hogg JC (1994). Platelet-derived 

growth factor and its receptor in lungs from patients with asthma and chronic 

airflow obstruction. Am J Physiol 266(6 Pt 1):L655-L663. 

Aulchenko YS, Ripatti S, Lindqvist I, Boomsma D, Heid IM, Pramstaller PP, 

Penninx BW, Janssens AC, Wilson JF, Spector T, Martin NG, Pedersen NL, 

Kyvik KO,Kaprio J, Hofman A, Freimer NB, Jarvelin MR, Gyllensten U, 

Campbell H, Rudan I, Johansson A, Marroni F, Hayward C, Vitart V, 

Jonasson I, Pattaro C, Wright A, Hastie N, Pichler I, Hicks AA, Falchi M, 

Willemsen G, Hottenga JJ, de Geus EJ, Montgomery GW, Whitfield J, 

Magnusson P, Saharinen J, Perola M, Silander K, Isaacs A, Sijbrands EJ, 

Uitterlinden AG, Witteman JC, Oostra BA, Elliott P, Ruokonen A, Sabatti C, 

Gieger C, Meitinger T, Kronenberg F, Döring A, Wichmann HE, Smit JH, 

McCarthy MI, van Duijn CM, Peltonen L (2009). Loci influencing lipid levels 

and coronary heart disease risk in 16 European population cohorts. Nat Genet 

41(1):47-55. 

Azuma K, Oguchi S, Matsubara Y, Mamizuka T, Murata M, Kikuchi H, Watanabe K, 

Katsukawa F, Yamazaki H, Shimada A, Saruta T (2004). Novel resistin 

promoter polymorphisms: association with serum resistin level in Japanese 

obese individuals. Horm Metab Res 36(8):564-570. 

Baba T, Takeuchi F, Kuroda M, Yuzawa H, Aoki K, Oguchi A, Nagai Y, Iwama N, 

Asano K, Naimi T, Kuroda H, Cui L, Yamamoto K, Hiramatsu K (2002). 

Genome and virulence determinants of high virulence community-acquired 

MRSA. Lancet 359(9320):1819-1827. 

Badiou C, Dumitrescu O, Croze M, Gillet Y, Dohin B, Slayman DH, Allaouchiche B, 

Etienne J, Vandenesch F, Lina G (2008). Panton-Valentine leukocidin is 

expressed at toxic levels in human skin abscesses. Clin Microbiol Infect 

14(12):1180-1183. 

Baldwin HE (2002). The interaction between acne vulgaris and the psyche. Cutis 

70(2):133-139. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        293 

 



References 

 
Banchereau R, Jordan-Villegas A, Ardura M, Mejias A, Baldwin N, Xu H, Saye E, 

Rossello-Urgell J, Nguyen P, Blankenship D, Creech CB, Pascual 

V,Banchereau J, Chaussabel D, Ramilo O (2012). Host immune 

transcriptional profiles reflect the variability in clinical disease manifestations 

in patients with Staphylococcus aureus infections. PLoS One 7(4):e34390. 

Barnes PJ (2013). New anti-inflammatory targets for chronic obstructive pulmonary 

disease. Nat Rev Drug Discov 12(7):543-559. 

Bataille V, Snieder H, MacGregor AJ, Sasieni P, Spector TD (2002). The influence of 

genetics and environmental factors in the pathogenesis of acne: a twin study of 

acne in women. J Invest Dermatol 119(6):1317-1322. 

Baz K, Emin Erdal M, Yazici AC, Söylemez F, Güvenç U, Taşdelen B, Ikizoğlu G 

(2008). Association between tumor necrosis factor-alpha gene promoter 

polymorphism at position -308 and acne inTurkish patients. Arch Dermatol 

Res 300(7):371-376. 

Begun J, Gaiani JM, Rohde H, Mack D, Calderwood SB, Ausubel FM, Sifri CD 

(2007). Staphylococcal biofilm exopolysaccharide protects against 

Caenorhabditis elegans immune defenses. PLoS Pathog 3(4):e57. 

Bek-Thomsen M, Lomholt HB, Scavenius C, Enghild JJ, Brüggemann H (2014). 

Proteome analysis of human sebaceous follicle infundibula extracted from 

healthy and acne-affected skin. PLoS One 9(9):e107908. 

Belluco C, Olivieri F, Bonafè M, Giovagnetti S, Mammano E, Scalerta R, Ambrosi 

A, Franceschi C, Nitti D and Lise M (2003). -174G>C polymorphism of 

interleukin 6 gene promoter affects interleukin 6 serum level in patients with 

colorectal cancer. Clin Cancer Res 9(6):2173-2176. 

Bengtsson B, Unnerstad HE, Ekman T, Artursson K, Nilsson-Ost M, Waller KP 

(2008). Antimicrobial susceptibility of udder pathogens from cases of acute 

clinical mastitis in dairy cows. Vet Microbiol 136(1-2):142-149. 

Benjamin AL, Green BB, Hayden LR, Barlow JW, Kerr DE (2015). Cow-to-cow 

variation in fibroblast response to a toll-like receptor 2/6 agonist and its 

relation to mastitis caused by intramammary challenge with Staphylococcus 

aureus. J Dairy Sci 15: 00029-00026. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        294 

 



References 

 
Ben-Sasson SZ, Hu-Li J, Quiel J, Cauchetaux S, Ratner M, Shapira I, Dinarello CA, 

Paul WE (2009). IL-1 acts directly on CD4 T cells to enhance their antigen-

driven expansion and differentiation. Proc Natl Acad Sci U S A 106(17):7119-

7124. 

Berkman LF, Glass T, Brissette I, Seeman TE (2000). From social integration to 

health: Durkheim in the new millennium. Soc Sci Med 51(6):843-857. 

Bett DG, Morland J, Yudkin J (1967). Sugar consumption in acne vulgaris and 

seborrhoeic dermatitis. Br Med J 3(5558):153-155. 

Beylot C, Auffret N, Poli F, Claudel JP, Leccia MT, Del Giudice P, Dreno B (2014). 

Propionibacterium acnes: an update on its role in the pathogenesis of acne. J 

Eur Acad Dermatol Venereol 28(3):271-278. 

Bhate K, Williams HC (2013). Epidemiology of acne vulgaris. Br J Dermatol 

168(3):474-485. 

Bickers DR, Lim HW, Margolis D, Weinstock MA, Goodman C, Faulkner E, Gould 

C, Gemmen E, Dall T (2006). The burden of skin diseases: 2004. A joint 

project of the American Academy of Dermatology Association and the Society 

for Investigative Dermatology. J Am Acad Dermatol 55:490-500. 

Birkedal-Hansen H, Moore WG, Bodden MK, Windsor LJ, Birkedal-Hansen B, 

DeCarlo A, Engler JA (1993). Matrix metalloproteinases: a review. Crit Rev 

Oral Biol Med 4(2):197-250. 

Blau S, Kanof NB (1965). Acne. from pimple to pit. N Y State J Med 65:417-424. 

Blum S, Sela N, Heller ED, Sela S, Leitner G (2012). Genome analysis of bovine-

mastitis-associated Escherichia coli O32:H37 strain P4. J Bacteriol 

194(14):3732. 

Bokarewa M, Nagaev I, Dahlberg L, Smith U, Tarkowski A (2005). Resistin, an 

adipokine with potent proinflammatory properties. J Immunol 174(9):5789-

5795. 

Borjesson DL, Kobayashi SD, Whitney AR, Voyich JM, Argue CM, Deleo FR 

(2005). Insights into pathogen immune evasion mechanisms: Anaplasma 

phagocytophilum fails to induce an apoptosisdifferentiation program in human 

neutrophils. J Immunol 174(10):6364-6372. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        295 

 



References 

 
Boucher HW, Corey GR (2008). Epidemiology of methicillin-resistant 

Staphylococcus aureus. Clin Infect Dis 46 (Suppl 5):S344-S349. 

Bowe WP, Joshi SS, Shalita AR (2010). Diet and acne. J Am Acad Dermatol 

63(1):124-141. 

Bowe WP, Leyden JJ, Crerand CE, Sarwer DB, Margolis DJ (2007). Body 

dysmorphic disorder symptoms among patients with acne vulgaris. J Am Acad 

Dermatol 57(2):222-230. 

Bradley A (2002) Bovine mastitis: an evolving disease. Vet J 164:116-128. 

Brand B, Hartmann A, Repsilber D, Griesbeck-Zilch B, Wellnitz O, Kühn C, 

Ponsuksili S, Meyer HH, Schwerin M (2011). Comparative expression 

profiling of E. coli and S. aureus inoculated primary mammary gland cells 

sampled fromcows with different genetic predispositions for somatic cell 

score. Genet Sel Evol 43:24. 

Brüggemann H, Henne A, Hoster F, Liesegang H, Wiezer A, Strittmatter A, Hujer S, 

Dürre P, Gottschalk G (2004). The complete genome sequence of 

Propionibacterium acnes, a commensal of human skin. Science 

305(5684):671-673. 

Brull DJ, Montgomery HE, Sanders J, Dhamrait S, Luong L, Rumley A, Lowe GDO 

and Humphries SE (2001). Interleukin-6 gene -174G>C and -572G>C 

promoter polymorphisms are strong predictors of plasma interleukin-6 levels 

after coronary artery bypass surgery. Arterioscler Thromb Vasc Biol 

21(9):1458-1463. 

Buitenhuis B, Røntved CM, Edwards SM, Ingvartsen KL, Sørensen P (2011). In 

depth analysis of genes and pathways of the mammary gland involved in the 

pathogenesis of bovine Escherichia coli-mastitis. BMC Genomics 12:130. 

Bull JJ, Müller-Röver S, Chronnell CM, Paus R, Philpott MP, McKay IA (2002). 

Contrasting expression patterns of CCAAT/enhancer-binding protein 

transcription factors in the hair follicle and at different stages of the hair 

growth cycle. J Invest Dermatol 118(1):17-24. 

Burgers JA, Schweizer RC, Koenderman L, Bruijnzeel PL, Akkerman JW (1993). 

Human platelets secrete chemotactic activity for eosinophils. Blood 81(1):49-

55. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        296 

 



References 

 
Burkhart CG, Burkhart CN (2007). Expanding the microcomedone theory and acne 

therapeutics: Propionibacterium acnes biofilm produces biological glue that 

holds corneocytes together to form plug. J Am Acad Dermatol 57(4):722-724. 

Burton JL, Cunliffe WJ, Stafford I, Shuster S (1971). The prevalence of acne 

vulgaris in adolescence. Br J Dermatol 85(2):119-126. 

Burvenich C, Van Merris V, Mehrzad J, Diez-Fraile A, Duchateau L (2003). Severity 

of E. coli mastitis is mainly determined by cow factors. Vet Res 34(5):521-

564. 

Cao H, Hegele RA (2001). Single nucleotide polymorphisms of the resistin (RSTN) 

gene. J Hum Genet 46(9):553-555. 

Cao X, Pobezinskaya YL, Morgan MJ, Liu ZG (2011). The role of TRADD in 

TRAIL-induced apoptosis and signaling. FASEB J 25(4):1353-1358. 

Capitanio B, Sinagra JL, Ottaviani M, Bordignon V, Amantea A, Picardo M (2009). 

Acne and smoking. Dermatoendocrinol 1(3):129-35. 

Chai SP, Juan CC, Kao PH, Wang DH and Fong JC (2012). Synergistic induction of 

interleukin-6 expression by endothelin-1 and cyclic AMP in adipocytes. Int J 

Obes (Lond) 37(2):197-203. 

Chaignon P, Sadovskaya I, Ragunah Ch, Ramasubbu N, Kaplan JB, Jabbouri S 

(2007). Susceptibility of staphylococcal biofilms to enzymatic treatments 

depends on their chemical composition. Appl Microbiol Biotechnol 75(1):125-

132. 

Chambers HF, Deleo FR (2009). Waves of resistance: Staphylococcus aureus in the 

antibiotic era. Nat Rev Microbiol 7(9):629-641. 

Chambers HF, Deleo FR (2009). Waves of resistance: Staphylococcus aureus in the 

antibiotic era. Nat Rev Microbiol 7(9):629-641. 

Chen W, Kelly MA, Opitz-Araya X, Thomas RE, Low MJ, Cone RD (1997). 

Exocrine gland dysfunction in MC5-R-deficient mice: evidence for 

coordinated regulation of exocrine gland function by melanocortin peptides. 

Cell 91(6):789-798. 

Chen W, Thiboutot D, Zouboulis CC (2002). Cutaneous androgen metabolism: basic 

research and clinical perspectives. J Invest Dermatol 119(5):992-1007. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        297 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Chambers%20HF%5BAuthor%5D&cauthor=true&cauthor_uid=19680247
http://www.ncbi.nlm.nih.gov/pubmed/?term=Deleo%20FR%5BAuthor%5D&cauthor=true&cauthor_uid=19680247


References 

 
Chen W, Yang CC, Sheu HM, Seltmann H, Zouboulis CC (2003). Expression of 

peroxisome proliferator-activated receptor and CCAAT/enhancer binding 

protein transcription factors in cultured human sebocytes. J Invest Dermatol 

121(3):441-447. 

Chiller K, Selkin BA, Murakawa GJ (2001). Skin microflora and bacterial infections 

of the skin. J Investig Dermatol Symp Proc 6(3):170-174. 

Chiu A, Chon SY, Kimball AB (2003). The response of skin disease to stress: 

changes in the severity of acne vulgaris as affected by examination stress. 

Arch Dermatol. 139(7):897-900. 

Cho JS, Pietras EM, Garcia NC, Ramos RI, Farzam DM, Monroe HR, Magorien JE, 

Blauvelt A, Kolls JK, Cheung AL, Cheng G, Modlin RL, Miller LS (2010). 

IL-17 is essential for host defense against cutaneous Staphylococcus aureus 

infection in mice. J Clin Invest 120(5):1762-1773. 

Cho YM, Youn BS, Chung SS, Kim KW, Lee HK, Yu KY, Park HJ, Shin HD, Park 

KS (2004). Common genetic polymorphisms in the promoter of resistin gene 

are major determinants of plasma resistin concentrations in humans. 

Diabetologia 47(3):559-565. 

Choi JY, Piao MS, Lee JB, Oh JS, Kim IG, Lee SC (2008). Propionibacterium acnes 

stimulates pro-matrix metalloproteinase-2 expression through tumor necrosis 

factor-alpha in human dermal fibroblasts. J Invest Dermatol 128(4):846-854. 

Chronnell CM, Ghali LR, Ali RS, Quinn AG, Holland DB, Bull JJ, Cunliffe WJ, 

McKay IA, Philpott MP, Müller-Röver S (2001). Human beta defensin-1 and -

2 expression in human pilosebaceous units: upregulation in acne vulgaris 

lesions. J Invest Dermatol 117(5):1120-1125. 

Chu VH, Miro JM, Hoen B, Cabell CH, Pappas PA, Jones P, Stryjewski ME, 

Anguera I, Braun S, Muñoz P, Commerford P, Tornos P, Francis J, Oyonarte 

M,Selton-Suty C, Morris AJ, Habib G, Almirante B, Sexton DJ, Corey GR, 

Fowler VG Jr; International Collaboration on Endocarditis-Prospective Cohort 

Study Group (2009). Coagulase-negative staphylococcal prosthetic valve 

endocarditis--a contemporary update based on the International Collaboration 

on Endocarditis: prospective cohort study. Heart 95(7):570-576. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        298 

 



References 

 
Chuan SS, Chang RJ (2010). Polycystic ovary syndrome and acne. Skin Therapy 

Lett. 15(10):1-4. 

Chuh AA, Zawar V, Wong WC, Lee A (2004). The association of smoking and acne 

in men in Hong Kong and in India: a retrospective case-control study in 

primary care settings. Clin Exp Dermatol 29(6):597-599. 

Chumakov AM, Kubota T, Walter S, Koeffler HP (2004). Identification of murine 

and human XCP1 genes as C/EBP-epsilon-dependent members of 

FIZZ/Resistin gene family. Oncogene 23(19):3414-3425. 

Chung Y, Chang SH, Martinez GJ, Yang XO, Nurieva R, Kang HS, Ma L, Watowich 

SS, Jetten AM, Tian Q, Dong C (2009). Critical regulation of early Th17 cell 

differentiation by interleukin-1 signaling. Immunity 30(4):576-587. 

Clarke SB, Nelson AM, George RE, Thiboutot DM (2007). Pharmacologic 

modulation of sebaceous gland activity: mechanisms and clinical applications. 

Dermatol Clin 25(2):137-146. 

Cogen AL, Nizet V, Gallo RL (2008). Skin microbiota: a source of disease or 

defence?. Br J Dermatol 158(3):442-455. 

Cohen HJ, Pieper CF, Harris T, Rao KM and Currie MS (1997). The association of 

plasma IL-6 levels with functional disability in community-dwelling elderly. J 

Gerontol A Biol Sci Med Sci 52(4):M201-M208. 

Collier CN, Harper JC, Cafardi JA, Cantrell WC, Wang W, Foster KW, Elewski BE 

(2008). The prevalence of acne in adults 20 years and older. J Am Acad 

Dermatol 58(1):56-59. 

Cordain L, Lindeberg S, Hurtado M, Hill K, Eaton SB, Brand-Miller J (2002). Acne 

vulgaris: a disease of Western civilization. Arch Dermatol 138(12):1584-1590. 

Costello EJ, Mustillo S, Erkanli A, Keeler G, Angold A (2003). Prevalence and 

development of psychiatric disorders in childhood and adolescence. Arch Gen 

Psychiatry 60(8):837-844. 

Cowley SC, Sedgwick JD, Elkins KL (2007). Differential requirements by CD4+ and 

CD8+ T cells for soluble and membrane TNF in control of Francisella 

tularensis live vaccine strain intramacrophage growth. J Immunol 

179(11):7709-7719. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        299 

 



References 

 
Cox DW, Kelly C, Rush R, O'Sullivan N, Canny G, Linnane B (2011). The impact of 

MRSA infection in the airways of children with cystic fibrosis; a case-control 

study. Ir Med J 104(10):305-308. 

Cua DJ, Tato CM (2010). Innate IL-17-producing cells: the sentinels of the immune 

system. Nat Rev Immunol 10(7):479-489. 

Cui G, Wang H, Li R, Zhang L, Li Z, Wang Y, Hui R, Ding H, Wang DW (2012). 

Polymorphism of tumor necrosis factor alpha (TNF-alpha) gene promoter, 

circulating TNF-alpha level, and cardiovascular risk factor for ischemic 

stroke. J Neuroinflammation 9:235. 

Cunliffe WJ, Holland DB, Clark SM, Stables GI (2003). Comedogenesis: some 

aetiological, clinical and therapeutic strategies. Dermatology 206(1):11-16. 

Cunliffe WJ, Holland DB, Clark SM, Stables GI (2000). Comedogenesis: some new 

aetiological, clinical and therapeutic strategies. Br J Dermatol 142(6):1084-

1091. 

Cunliffe WJ, Gould DJ (1979). Prevalence of facial acne vulgaris in late adolescence 

and in adults. Br Med J 1(6171):1109-1110. 

Cunliffe WJ, Shuster S (1969). Pathogenesis of acne. Lancet 1(7597):685-687. 

Dale BA, Ling SY (1979). Immunologic cross-reaction of stratum corneum basic 

protein and a keratohyalin granule protein. J Invest Dermatol 72(5):257-261. 

Dalgard F, Gieler U, Holm JØ, Bjertness E, Hauser S (2008). Self-esteem and body 

satisfaction among late adolescents with acne: results from a population 

survey. J Am Acad Dermatol 59(5):746-751. 

Dallard BE, Ruffino V, Heffel S, Calvinho LF (2007). Effect of a biological response 

modifier on expression of growth factors and cellular proliferation at drying 

off. J Dairy Sci 90(5):2229-2240. 

Daquinag AC, Zhang Y, Amaya-Manzanares F, Simmons PJ, Kolonin MG (2011). 

An isoform of decorin is a resistin receptor on the surface of adipose 

progenitor cells. Cell Stem Cell 9(1):74-86. 

De Jong ML (1992). Attachment, individuation, and risk of suicide in late 

adolescence. J Youth Adolesc 21(3):357-373. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        300 

 



References 

 
Deb R, Kumar A, Chakraborty S, Verma AK, Tiwari R, Dhama K, Singh U, Kumar S 

(2013). Trends in diagnosis and control of bovine mastitis: a review. Pak J 

Biol Sci 16(23):1653-1661. 

Degitz K, Placzek M, Borelli C, Plewig G (2007). Pathophysiology of acne. J Dtsch 

Dermatol Ges 5(4):316-323. 

Delerive P, Fruchart JC, Staels B (2001). Peroxisome proliferator-activated receptors 

in inflammation control. J Endocrinol 169(3):453-459. 

Derkx B, Taminiau J, Radema S, Stronkhorst A, Wortel C, Tytgat G, van Deventer S 

(1993). Tumour-necrosis-factor antibody treatment in Crohn's disease. Lancet 

342(8864):173-174. 

DiLandro A, Cazzaniga S, Parazzini F, Ingordo V, Cusano F, Atzori L, Cutrì FT, 

Musumeci ML, Zinetti C, Pezzarossa E, Bettoli V, Caproni M, Lo Scocco 

G,Bonci A, Bencini P, Naldi L (2012). Family history, body mass index, 

selected dietary factors, menstrual history, and risk of moderate to severe acne 

in adolescents and young adults.J Am Acad Dermatol 67(6):1129-1135.  

Diep BA, Carleton HA, Chang RF, Sensabaugh GF, Perdreau-Remington F (2006). 

Roles of 34 virulence genes in the evolution of hospital- and community-

associated strains of methicillin-resistant Staphylococcus aureus. J Infect Dis 

193(11):1495-1503. 

Dinarello CA (2010). IL-1: discoveries, controversies and future directions. Eur J 

Immunol 40(3):599-606.  

Dinarello CA (2006). Interleukin 1 and interleukin 18 as mediators of inflammation 

and the aging process. Am J Clin Nutr 83(2): S447- S455. 

Dinarello CA (1988). Biology of interleukin 1. FASEB J 2(2):108-115. 

Dinarello CA (1996). Biologic basis for interleukin-1 in disease. Blood 87(6):2095-

2147. 

Dominici R, Cattaneo M, Malferrari G, Archi D, Mariani C, Grimaldi LM, Biunno I 

(2002). Cloning and functional analysis of the allelic polymorphism in the 

transcription regulatory region of interleukin-1alpha. Immunogenetics 

54(2):82-86. 

Downie MM, Sanders DA, Maier LM, Stock DM, Kealey T (2004). Peroxisome 

proliferator-activated receptor and farnesoid X receptor ligands differentially 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        301 

 



References 

 
regulate sebaceous differentiation in human sebaceous gland organ cultures in 

vitro. Br J Dermatol 151(4):766-775. 

Downie MM, Sanders DA, Kealey T (2002). Modelling the remission of individual 

acne lesions in vitro. Br J Dermatol 147(5):869-878. 

Downie MM, Kealey T (1998). Lipogenesis in the human sebaceous gland: glycogen 

and glycerophosphate are substrates for the synthesis of sebum lipids. J Invest 

Dermatol 111(2):199-205. 

Downing DT, Stewart ME, Wertz PW, Strauss JS (1986). Essential fatty acids and 

acne. J Am Acad Dermatol 14(2 Pt 1):221-225. 

Downing DT, Strauss JS, Pochi PE (1972). Changes in skin surface lipid composition 

induced by severe caloric restriction in man. Am J Clin Nutr 25(4):365-367. 

Dozsa A, Dezso B, Toth BI, Bacsi A, Poliska S, Camera E, Picardo M, Zouboulis CC, 

Bíró T, Schmitz G, Liebisch G, Rühl R, Remenyik E, Nagy L (2014). PPARγ-

mediated and arachidonic acid-dependent signaling is involved in 

differentiation and lipid production of human sebocytes. J Invest Dermatol 

134(4):910-920. 

Drake DR, Brogden KA, Dawson DV, Wertz PW (2008). Thematic review series: 

skin lipids. Antimicrobial lipids at the skin surface. J Lipid Res 49(1):4-11. 

Drew BG, Rye KA, Duffy SJ, Barter P, Kingwell BA (2012). The emerging role of 

HDL in glucose metabolism. Nat Rev Endocrinol 8(4):237-245. 

Dubin G, Chmiel D, Mak P, Rakwalska M, Rzychon M, Dubin A (2001). Molecular 

cloning and biochemical characterisation of proteases from Staphylococcus 

epidermidis. Biol Chem 382(11):1575-1582. 

Duhen T, Geiger R, Jarrossay D, Lanzavecchia A, Sallusto F (2009). Production of 

interleukin 22 but not interleukin 17 by a subset of human skin-homing 

memory T cells. Nat Immunol 10(8):857-863. 

Eady EA, Cove JH (2000). Is acne an infection of blocked pilosebaceous follicles? 

Implications for antimicrobial treatment. Am J Clin Dermatol 1(4):201-209. 

Eady EA, Ingham E, Walters CE, Cove JH, Cunliffe JC (1993). Modulation of 

comedonal levels of interleukin 1 in acne patients treated with tetracyclines. J 

Invest Dermatol 101:86-91. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        302 

 



References 

 
Eigler A, Sinha B, Hartmann G, Endres S (1997). Taming TNF: strategies to restrain 

this proinflammatory cytokine. Immunol Today 18(10):487-492. 

Eisman R, Surrey S, Ramachandran B, Schwartz E, Poncz M (1990). Structural and 

functional comparison of the genes for human platelet factor 4 and PF4alt. 

Blood 76(2):336-344. 

El-Akawi Z, Abdel-Latif N, Abdul-Razzak K, and Al-Aboosid M (2007). The 

Relationship between Blood Lipids Profile and Acne. J.Health Sci 53(5):596-

599. 

Elias PM, Brown BE, Ziboh VA (1980). The permeability barrier in essential fatty 

acid deficiency: evidence for a direct role for linoleic acid in barrier function. J 

Invest Dermatol 74:230-233. 

El-Shal AS, Pasha HF, Rashad NM (2013). Association of resistin gene 

polymorphisms with insulin resistance in Egyptian obese patients. Gene 

515(1):233-238. 

Elston JW, Barlow GD (2009). Community-associated MRSA in the United 

Kingdom. J Infect 59(3):149-155. 

Endler G, Marsik C, Joukhadar C, Marculescu R, Mayr F, Mannhalter C, Wagner OF 

and Jilma B (2004). The interleukin-6 G(-174)C promoter polymorphism does 

not determine plasma interleukin-6 concentrations in experimental 

endotoxemia in humans. Clin Chem 50(1):195-200. 

Endo TA, Masuhara M, Yokouchi M, Suzuki R, Sakamoto H, Mitsui K, Matsumoto 

A, Tanimura S, Ohtsubo M, Misawa H, Miyazaki T, Leonor N, Taniguchi 

T,Fujita T, Kanakura Y, Komiya S, Yoshimura A (1997). A new protein 

containing an SH2 domain that inhibits JAK kinases. Nature 387(6636):921-

924. 

Ermolaeva MA, Michallet MC, Papadopoulou N, Utermöhlen O, Kranidioti K, 

Kollias G, Tschopp J, Pasparakis M (2008). Function of TRADD in tumor 

necrosis factor receptor 1 signaling and in TRIF-dependent inflammatory 

responses. Nat Immunol 9(9):1037-1046. 

Ettehadi P, Greaves MW, Wallach D, Aderka D, Camp RD (1994). Elevated tumour 

necrosis factor-alpha (TNF-alpha) biological activity in psoriatic skin lesions. 

Clin Exp Immunol 96(1):146-151. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        303 

 



References 

 
Evans DM, Kirk KM, Nyholt DR, Novac C, Martin NG (2005). Teenage acne is 

influenced by genetic factors. Br J Dermatol 152(3):579-581. 

Fantuzzi G (2005). Adipose tissue, adipokines, and inflammation. J Allergy Clin 

Immunol 115(5):911-919. 

Feldmann M, Brennan FM, Foxwell BM, Maini RN (2001). The role of TNF alpha 

and IL-1 in rheumatoid arthritis. Curr Dir Autoimmun 3:188-199. 

Fenton MJ, Vermeulen MW, Clark BD, Webb AC, Auron PE (1988). Human pro-

IL-1 beta gene expression in monocytic cells is regulated by two distinct 

pathways. J Immunol 140(7):2267-2273. 

Ferguson-Smith AC, Chen YF, Newman MS, May LT, Sehgal PB and Ruddle FH 

(1988). Regional localization of the interferon-β2/B-cell stimulatory factor 

2/hepatocyte stimulating factor gene to human chromosome 7p15-p21. 

Genomics 2(3):203-208. 

Ferrucci L, Corsi A, Lauretani F, Bandinelli S, Bartali B, Taub DD, Guralnik JM and 

Longo DL (2005). The origins of age-related proinflammatory state. Blood 

105(6):2294-2299. 

Fischer E, Van Zee KJ, Marano MA, Rock CS, Kenney JS, Poutsiaka DD, Dinarello 

CA, Lowry SF, Moldawer LL (1992). Interleukin-1 receptor antagonist 

circulates in experimental inflammation and in human disease. Blood 

79(9):2196-2200. 

Fishman D, Faulds G, Jeffery R, Mohamed-Ali V, Yudin JS, Humphries S and Woo 

P (1998). The effect of novel polymorphism in the interleukin-6 (IL-6) gene 

on IL-6 transcription and plasma IL-6 levels, and an association with 

systemic-onset juvenile chronic arthritis. J Clin Invest 102(7):1369-1376. 

Fitzgerald JR, Foster TJ, Cox D (2006a). The interaction of bacterial pathogens with 

platelets. Nat Rev Microbiol 4(6):445-457. 

Fitzgerald JR, Loughman A, Keane F, Brennan M, Knobel M, Higgins J, Visai L, 

Speziale P, Cox D, Foster TJ (2006b). Fibronectin-binding proteins of 

Staphylococcus aureus mediate activation of human platelets via fibrinogen 

and fibronectin bridges to integrin GPIIb/IIIa and IgG binding to the 

FcgammaRIIa receptor. Mol Microbiol 59(1):212-230. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        304 

 



References 

 
Fluhr JW, Mao-Qiang M, Brown BE, Wertz PW, Crumrine D, Sundberg JP, 

Feingold KR, Elias PM (2003). Glycerol regulates stratum corneum hydration 

in sebaceous gland deficient (asebia) mice. J Invest Dermatol 120(5):728-737. 

Fragoso JM, Delgadillo H, Juárez-Cedillo T, Rodríguez-Pérez JM, Vallejo M, Pérez-

Méndez O, Alvarez-León E, Peña-Duque MA, Martínez-Ríos MA, Vargas-

Alarcón G (2010). The interleukin 6 -572 G>C (rs1800796) polymorphism is 

associated with the risk of developing acute coronary syndrome. Genet Test 

Mol Biomarkers 14(6):759-763. 

Freedberg IM, Tomic-Canic M, Komine M, Blumenberg M (2001). Keratins and the 

keratinocyte activation cycle. J Invest Dermatol 116(5):633-640. 

Fried SK, Bunkin DA and Greenberg AS (1998). Omental and subcutaneous adipose 

tissues of obese subjects release interleukin-6: Depot difference and regulation 

by glucocorticoid. J Clin Endocrinol Metab 83(3):847-850. 

Friedman GD (1984). Twin studies of disease heritability based on medical records: 

application to acne vulgaris. Acta Genet Med Gemellol (Roma) 33(3):487-

495. 

Fu Y, Zhou E, Liu Z, Li F, Liang D, Liu B, Song X, Zhao F, Fen X, Li D, Cao Y, 

Zhang X, Zhang N, Yang Z (2013). Staphylococcus aureus and Escherichia 

coli elicit different innate immune responses from bovine mammary epithelial 

cells. Vet Immunol Immunopathol 155(4):245-252. 

Fulton JE Jr, Plewig G, Kligman AM (1969). Effect of chocolate on acne vulgaris. 

JAMA 210(11):2071-2074. 

Gabay C, Lamacchia C, Palmer G (2010). IL-1 pathways in inflammation and human 

diseases. Nat Rev Rheumatol 6(4):232-241. 

Ganceviciene R, Graziene V, Fimmel S, Zouboulis CC (2009). Involvement of the 

corticotropin-releasing hormone system in the pathogenesis of acne vulgaris 

Br J Dermatol 160(2):345-352.  

Ganceviciene R, Graziene V, Böhm M, Zouboulis CC (2007). Increased in situ 

expression of melanocortin-1 receptor in sebaceous glands of lesional skin of 

patients with acne vulgaris. Exp Dermatol 16(7):547-552. 

Ganceviciene R, Fimmel S, Glass E, Zouboulis CC (2006). Psoriasin and follicular 

hyperkeratinization in acne comedones. Dermatology 213(3):270-272. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        305 

 



References 

 
Gauldie J, Richards C, Harnish D, Landsdorp P and Baumann H (1987). Interferon-

β2/B-cell stimulatory factor type 2 shares identity with monocyte-derived 

hepatocyte-stimulating factor and regulates the major acute phase protein 

response in liver cells. Proc Natl Acad Sci USA 84(20):7251-7255. 

Gebhard F, Pfetsch H, Steinbach G, Strecker W, Kinzl L and Brückner UB (2000). Is 

interleukin 6 an early marker of injury severity following major trauma in 

humans?. Arch Surg 135(3):291-295. 

Gebhart W, Metze D, Jurecka W (1989). Identification of secretory immunoglobulin 

A in human sweat and sweat glands. J Invest Dermatol 92(4):648. 

Gerber M, Boettner A, Seidel B, Lammert A, Bär J, Schuster E, Thiery J, Kiess W, 

Kratzsch J (2005). Serum resistin levels of obese and lean children and 

adolescents: biochemical analysis and clinical relevance. J Clin Endocrinol 

Metab 90(8):4503-4509. 

Ghodsi SZ, Orawa H, Zouboulis CC (2009). Prevalence, Severity, and Severity Risk 

Factors of Acne in High School Pupils: A Community-Based Study. J Invest 

Dermatol 129:2136-2141. 

Ghosh S, Singh AK, Aruna B, Mukhopadhyay S, Ehtesham NZ (2003). The genomic 

organization of mouse resistin reveals major differences from the human 

resistin: functional implications. Gene 305(1):27-34. 

Gilaberte M, Puig L, Alomar A (2003). Isotretinoin treatment of acne in a patient 

with Apert syndrome. Pediatr Dermatol 20(5):443-446. 

Gil-Campos M, Cañete R, Gil A (2004). Hormones regulating lipid metabolism and 

plasma lipids in childhood obesity. Int J Obes Relat Metab Disord 28 (Suppl 

3):S75-S80. 

Gillerot G, Goffin E, Michel C, Evenepoel P, Biesen WV, Tintillier M, Stenvinkel P, 

Heimbürger O, Lindholm B, Nordfors L, Robert A, Devuyst O (2005). 

Genetic and clinical factors influence the baseline permeability of the 

peritoneal membrane. Kidney Int 67(6):2477-2487. 

Goulden V, Stables GI, Cunliffe WJ (1999). Prevalence of facial acne in adults. J Am 

Acad Dermatol 41(4):577-580. 

Gozali MV, Zhou B (2015). Effective treatments of atrophic acne scars. J Clin 

Aesthet Dermatol 8(5):33-40. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        306 

 



References 

 
Graham GM, Farrar MD, Cruse-Sawyer JE, Holland KT, Ingham E (2004). 

Proinflammatory cytokine production by human keratinocytes stimulated with 

Propionibacterium acnes and P. acnes GroEL. Br J Dermatol 150(3):421-428. 

Grant JD, Anderson PC (1965). Chocolate as a cause of acne: a dissenting view. Mo 

Med 62:459-460. 

Graves SF, Kobayashi SD, Braughton KR, Whitney AR, Sturdevant DE, Rasmussen 

DL, Kirpotina LN, Quinn MT, DeLeo FR (2012). Sublytic concentrations of 

Staphylococcus aureus Panton-Valentine leukocidin alter human PMN gene 

expression and enhance bactericidal capacity. J Leukoc Biol 92(2):361-374. 

Graves SF, Kobayashi SD, Braughton KR, Diep BA, Chambers HF, Otto M, Deleo 

FR (2010). Relative contribution of Panton-Valentine leukocidin to PMN 

plasma membrane permeability and lysis caused by USA300 and USA400 

culture supernatants. Microbes Infect 12(6):446-456. 

Grech I, Giatrakos S, Damoraki G, Kaldrimidis P, Rigopoulos D, Giamarellos-

Bourboulis EJ (2014). Impact of TNF haplotypes in the physical course of 

acne vulgaris. Dermatology 228(2):152-157. 

Green BB, McKay SD, Kerr DE (2015). Age dependent changes in the LPS induced 

transcriptome of bovine dermal fibroblasts occurs without major changes in 

the methylome. BMC Genomics 16:30. 

Gribbon EM, Cunliffe WJ, Holland KT (1993). Interaction of Propionibacterium 

acnes with skin lipids in vitro. J Gen Microbiol 139(8):1745-1751. 

Grice EA, Segre JA. The skin microbiome (2011). Nat Rev Microbiol 9(4):244-253. 

Griffin JW, Hadeed MM, Werner BC, Diduch DR, Carson EW, Miller MD (2015). 

Platelet-rich plasma in meniscal repair: does augmentation improve surgical 

outcomes?. Clin Orthop Relat Res 473(5):1665-1672. 

Grigoriadou ME, Koutayas SO, Madianos PN, Strub JR (2010). Interleukin-1 as a 

genetic marker for periodontitis: review of the literature. Quintessence Int 

41(6):517-525. 

Grumann D, Scharf SS, Holtfreter S, Kohler C, Steil L, Engelmann S, Hecker M, 

Völker U, Bröker BM (2008). Immune cell activation by enterotoxin gene 

cluster (egc)-encoded and non-egc superantigens from Staphylococcus aureus. 

J Immunol 181(7):5054-5061. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        307 

 



References 

 
Gunther J, Petzl W, Zerbe H, Schuberth HJ, Koczan D, Goetze L, Seyfert HM 

(2012). Lipopolysaccharide priming enhances expression of effectors of 

immune defence while decreasing expression of pro-inflammatory cytokines 

in mammary epithelia cells from cows. BMC Genomics 13:17. 

Gunther J, Esch K, Poschadel N, Petzl W, Zerbe H, Mitterhuemer S, Blum H, 

Seyfert HM (2011). Comparative kinetics of Escherichia coli- and 

Staphylococcus aureus-specific activation of key immune pathways in 

mammary epithelial cells demonstrates that S. aureus elicits a delayed 

response dominated by interleukin-6 (IL-6) but not by IL-1A or tumor 

necrosis factor alpha. Infect Immun 79:695-707. 

Gupta MA, Gupta AK, Schork NJ (1996). Psychological factors affecting self-

excoriative behavior in women with mild-to-moderate facial acne vulgaris. 

Psychosomatics 37(2):127-130. 

Gupta MA, Gupta AK, Schork NJ (1994). Psychosomatic study of self-excoriative 

behavior among male acne patients: preliminary observations. Int J Dermatol 

33(12):846-848. 

Guy R, Kealey T (1998). The effects of inflammatory cytokines on the isolated 

human sebaceous infundibulum. J Invest Dermatol 110(4):410-415. 

Guy R, Green MR, Kealey T. Modeling acne in vitro (1996). J Invest Dermatol 

106(1):176-182. 

Häcker G, Kirschnek S, Fischer SF (2006). Apoptosis in infectious disease: how 

bacteria interfere with the apoptotic apparatus. Med Microbiol Immunol 

195(1):11-19. 

Haegeman G, Content J, Volckaert G, Derynck R, Tavernier J and Fiers W (1986). 

Structural analysis of the sequence coding for an inducible 26-kDa protein in 

human fibroblasts. Eur J Biochem 159(3):625-632. 

Hager K, Machein U, Krieger S, Platt D, Seefried G and Bauer J (1994). Interleukin-

6 and selected plasma proteins in healthy persons of different ages. Neurobiol 

Aging 15(6):771-772. 

Halvorsen JA, Stern RS, Dalgard F, Thoresen M, Bjertness E, Lien L (2011). 

Suicidal ideation, mental health problems, and social impairment are increased 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        308 

 



References 

 
in adolescents with acne: a population-based study. J Invest Dermatol 

131(2):363-370. 

Hari A, Flach TL, Shi Y, Mydlarski PR (2010). Toll-like receptors: role in 

dermatological disease. Mediators Inflamm 2010:437246. 

Haroon J, Hussain S, Javed Q (2015). Heritability of IL-1A Gene Promoter 

Polymorphism in Patients with Coronary Artery Disease: A Trio-Family 

Study. Lab Med 46(1):20-25. 

Harris TB, Ferrucci L, Tracy RP, Corti MC, Wacholder S, Ettinger WH Jr, 

Heimovitz H, Cohen HJ and Wallace R (1999). Associations of elevated 

interleukin-6 and C-reactive protein levels with mortality in the elderly. Am J 

Med 106(5):506-512. 

Harrison S, Hutton L, Nowak M (2002). An investigation of professional advice 

advocating therapeutic sun exposure. Aust N Z J Public Health 26(2):108-115. 

Harrison WJ, Bull JJ, Seltmann H, Zouboulis CC, Philpott MP (2007). Expression of 

lipogenic factors galectin-12, resistin, SREBP-1, and SCD in human 

sebaceous glands and cultured sebocytes. J Invest Dermatol 127(6):1309-

1317. 

Hay RJ, Johns NE, Williams HC, Bolliger IW, Dellavalle RP, Margolis DJ, Marks R, 

Naldi L, Weinstock MA, Wulf SK, Michaud C, J L Murray C, Naghavi M 

(2014). The global burden of skin disease in 2010: an analysis of the 

prevalence and impact of skin conditions. J Invest Dermatol 134(6):1527-

1534. 

Hayashi N, Akamatsu H, Kawashima M; Acne Study Group (2008). Establishment of 

grading criteria for acne severity. J Dermatol 35(5):255-260. 

Heilmann C, Gerke C, Perdreau-Remington F, Götz F (1996a). Characterization of 

Tn917 insertion mutants of Staphylococcus epidermidis affected in biofilm 

formation. Infect Immun 64(1):277-282. 

Heilmann C, Schweitzer O, Gerke C, Vanittanakom N, Mack D, Götz F (1996b). 

Molecular basis of intercellular adhesion in the biofilm-forming 

Staphylococcus epidermidis. Mol Microbiol 20(5):1083-1091. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        309 

 



References 

 
Hibi M, Murakami M, Saito M, Hirano T, Taga T, Kishimoto T (1990). Molecular 

cloning and expression of an IL-6 signal transducer, gp130. Cell 63(6):1149-

1157. 

Hirano T, Matsuda T, Turner M, Miyasaka N, Buchan G, Tang B, Sato K, Shimizu 

M, Maini R, Feldmann M and Kishimoto T (1988). Excessive production of 

interleukin 6/B cell stimulatory factor-2 in rheumatoid arthritis. Eur J 

Immunol 18(11):1797-1801. 

Hirano T, Yasukawa K, Harada H, Taga T, Watanabe Y, Matsuda T, Kashiwamura 

S, Nakajima K, Koyama K, Iwamatsu A, Tsunasawa S, Sakiyama F, Matsui 

H, Takahara Y, Taniguchi T and Kishimoto T (1986). Complementary DNA 

for a novel human interleukin (BSF-2) that induces B cell lymphocytes to 

produce immunoglobulin. Nature 324:73-76. 

Hirano T, Teranishi T, Toba T, Sakaguchi N, Fukukawa T and Tsuyuguchi I (1981). 

Human helper T cell factor(s) (ThF). I. Partial purification and 

characterization. J Immunol 126:517-522. 

Hirano T, Kuritani T, Kishimoto T and Yamamura Y (1977). In vitro immune 

response of human peripheral lymphocytes. I. The mechanism(s) involved in T 

cell helper functions in the pokeweed mitogen-induced differentiation and 

proliferation of B cells. J Immunol 119:1235-1241. 

Hirvonen J, Eklund K, Teppo AM, Huszenicza G, Kulcsar M, Saloniemi H, Pyörälä 

S (1999). Acute phase response in dairy cows with experimentally induced 

Escherichia coli mastitis Acta Vet Scand 40(1):35-46. 

Holcomb IN, Kabakoff RC, Chan B, Baker TW, Gurney A, Henzel W, Nelson C, 

Lowman HB, Wright BD, Skelton NJ, Frantz GD, Tumas DB, Peale FV Jr, 

Shelton DL, Hébert CC (2000). FIZZ1, a novel cysteine-rich secreted protein 

associated with pulmonary inflammation, defines a new gene family. EMBO J 

19(15):4046-4055. 

Holland DB, Jeremy AH (2005). The role of inflammation in the pathogenesis of 

acne and acne scarring. Semin Cutan Med Surg 24(2):79-83. 

Holmes RL, Williams M, Cunliffe WJ (1972). Pilo-sebaceous duct obstruction and 

acne. Br J Dermatol 87(4):327-332. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        310 

 



References 

 
Hommel L, Geiger JM, Harms M, Saurat JH (1996). Sebum excretion rate in subjects 

treated with oral all-trans-retinoic acid. Dermatology 193(2):127-130. 

Hong I, Lee MH, Na TY, Zouboulis CC, Lee MO (2008). LXRalpha enhances lipid 

synthesis in SZ95 sebocytes. J Invest Dermatol 128(5):1266-1272. 

Hu WL, Qiao SB, Li JJ (2007). Decreased C-reactive protein-induced resistin 

production in human monocytes by simvastatin. Cytokine 40(3):201-206. 

Huang SW, Seow KM, Ho LT, Chien Y, Chung DY, Chang CL, Lai YH, Hwang JL, 

Juan CC (2005). Resistin mRNA levels are downregulated by estrogen in vivo 

and in vitro. FEBS Lett 579(2):449-454. 

Hughes BR, Morris C, Cunliffe WJ, Leigh IM (1996). Keratin expression in 

pilosebaceous epithelia in truncal skin of acne patients. Br J Dermatol 

134(2):247-256. 

Hughes JE, Barraclough BM, Hamblin LG, White JE (1983). Psychiatric symptoms 

in dermatology patients. Br J Psychiatry 143:51-54. 

Hussain S, Faraz A, Iqbal T (2015). The RETN gene rs1862513 polymorphism as a 

novel predisposing marker for familial Acne vulgaris in a Pakistani 

population. Iran J Basic Med Sci 18:526-528. 

Idriss HT, Naismith JH (2000). TNF alpha and the TNF receptor superfamily: 

structure-function relationship(s). Microsc Res Tech 50(3):184-195. 

Ikeda Y, Tsuchiya H, Hama S, Kajimoto K, Kogure K (2013). Resistin affects lipid 

metabolism during adipocyte maturation of 3T3-L1 cells. FEBS J 

280(22):5884-5895. 

Imperato-McGinley J, Gautier T, Cai LQ, Yee B, Epstein J, Pochi P (1993). The 

androgen control of sebum production. Studies of subjects with 

dihydrotestosterone deficiency and complete androgen insensitivity. J Clin 

Endocrinol Metab 76(2):524-528. 

Ingham E, Eady EA, Goodwin CE, Cove JH, Cunliffe WJ (1992). Pro-inflammatory 

levels of interleukin-1 alpha-like bioactivity are present in the majority of 

open comedones in acne vulgaris. J Invest Dermatol 98(6):895-901. 

Isard O, Knol AC, Ariès MF, Nguyen JM, Khammari A, Castex-Rizzi N, Dréno B 

(2011). Propionibacterium acnes activates the IGF-1/IGF-1R system in the 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        311 

 



References 

 
epidermis and induces keratinocyte proliferation. J Invest Dermatol 131(1):59-

66. 

Ishihara K, Hirano T (2002). IL-6 in autoimmune disease and chronic inflammatory 

proliferative disease. Cytokine Growth Factor Rev 13(4-5):357-368. 

Jacob CO, Lee SK, Strassmann G (1996). Mutational analysis of TNF-alpha gene 

reveals a regulatory role for the 3'-untranslated region in the 

geneticpredisposition to lupus-like autoimmune disease. J Immunol 

156(8):3043-3050. 

Jacques C, Gosset M, Berenbaum F, Gabay C (2006). The role of IL-1 and IL-1Ra in 

joint inflammation and cartilage degradation. Vitam Horm 74:371-403. 

Jalian HR, Liu PT, Kanchanapoomi M, Phan JN, Legaspi AJ, Kim J (2008). All-

trans retinoic acid shifts Propionibacterium acnes-induced matrix degradation 

expression profile toward matrix preservation in human monocytes. J Invest 

Dermatol 128(12):2777-2782.  

Jappe U, Ingham E, Henwood J, Holland KT (2002). Propionibacterium acnes and 

inflammation in acne; P. acnes has T-cell mitogenic activity. Br J Dermatol 

146(2):202-209. 

Jarrous N, Kaempfer R (1994). Induction of human interleukin-1 gene expression by 

retinoic acid and its regulation at processing of precursor transcripts. J Biol 

Chem 269(37):23141-23149. 

Jarrousse V, Castex-Rizzi N, Khammari A, Charveron M, Dréno B (2007). 

Modulation of integrins and filaggrin expression by Propionibacterium acnes 

extracts on keratinocytes. Arch Dermatol Res 299(9):441-447. 

Jemec GB, Linneberg A, Nielsen NH, Frølund L, Madsen F, Jørgensen T (2002). 

Have oral contraceptives reduced the prevalence of acne? a population-based 

study of acne vulgaris, tobacco smoking and oral contraceptives. Dermatology 

204(3):179-184. 

Jeremy AH, Holland DB, Roberts SG, Thomson KF, Cunliffe WJ (2003). 

Inflammatory events are involved in acne lesion initiation. J Invest Dermatol 

121(1):20-27. 

Jiang CK, Flanagan S, Ohtsuki M, Shuai K, Freedberg IM, Blumenberg M (1994). 

Disease-activated transcription factor: allergic reactions in human skin cause 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        312 

 



References 

 
nuclear translocation of STAT-91 and induce synthesis of keratin K17. Mol 

Cell Biol 14(7):4759-4769. 

Jiang CK, Magnaldo T, Ohtsuki M, Freedberg IM, Bernerd F, Blumenberg M (1993). 

Epidermal growth factor and transforming growth factor alpha specifically 

induce the activation- and hyperproliferation-associated keratins 6 and 16. 

Proc Natl Acad Sci U S A 90(14):6786-6790. 

Johnson MT, Roberts J (1978). Skin conditions and related need for medical care 

among persons 1-74 years. United States, 1971-1974. Vital Health Stat 

11(212):i-v, 1-72. 

Johnston A, Arnadottir S, Gudjonsson JE, Aphale A, Sigmarsdottir AA, Gunnarsson 

SI, Steinsson JT, Elder JT, Valdimarsson H (2008). Obesity in psoriasis: leptin 

and resistin as mediators of cutaneous inflammation. Br J Dermatol 

159(2):342-350. 

Jourdan M, Bataille R, Seguin J, Zhang XG, Chaptal PA, Klein B (1990). 

Constitutive production of interleukin-6 and immunologic features in cardiac 

myxomas. Arthritis Rheum 33(3):398-402. 

Jugeau S, Tenaud I, Knol AC, Jarrousse V, Quereux G, Khammari A, Dreno B 

(2005). Induction of toll-like receptors by Propionibacterium acnes. Br J 

Dermatol 153(6):1105-1113. 

Kaarvatn MH, Jotanovic Z, Mihelic R, Etokebe GE, Mulac-Jericevic B, Tijanic T, 

Balen S, Sestan B, Dembic Z (2013). Associations of the interleukin-1 gene 

locus polymorphisms with risk to hip and knee osteoarthritis: gender and 

subpopulation differences. Scand J Immunol 77(2):151-161. 

Kalz F, Janauskas A, Fournier C (1951). Studies on serum lipids in acne vulgaris. J 

Invest Dermatol 17(5):273-279. 

Kamimura D, Ishihara K and Hirano T (2003). IL-6 signal transduction and its 

physiological roles: The signal orchestration model. Rev Physiol Biochem 

Pharmacol 149(1):1-38. 

Kang S, Cho S, Chung JH, Hammerberg C, Fisher GJ, Voorhees JJ (2005). 

Inflammation and extracellular matrix degradation mediated by activated 

transcription factors nuclear factor-kappaB and activator protein-1 in 

inflammatory acne lesions in vivo. Am J Pathol. 166(6):1691-1699. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        313 

 



References 

 
Kang SW, Kim MS, Kim HS, Kim Y, Shin D, Park JH, Kang YH (2013). Celastrol 

attenuates adipokine resistin-associated matrix interaction and migration of 

vascular smooth muscle cells. J Cell Biochem 114(2):398-408. 

Kaplan KL, Owen J (1981). Plasma levels of beta-thromboglobulin and platelet 

factor 4 as indices of platelet activation in vivo. Blood 57(2):199-202. 

Kaplanski G, Marin V, Montero-Julian F, Mantovani A and Farnarier C (2003). IL-6: 

A regulator of the transition from neutrophil to monocyte recruitment during 

inflammation.  Trends Immunol 24(1):25-29. 

Kariya Y, Moriya T, Suzuki T, Chiba M, Ishida K, Takeyama J, Endoh M, Watanabe 

M, Sasano H (2005). Sex steroid hormone receptors in human skin appendage 

and its neoplasms. Endocr J 52(3):317-325. 

Karmiris K, Koutroubakis IE, Xidakis C, Polychronaki M, Voudouri T, Kouroumalis 

EA (2006). Circulating levels of leptin, adiponectin, resistin, and ghrelin in 

inflammatory bowel disease. Inflamm Bowel Dis 12(2):100-105. 

Kaser S, Kaser A, Sandhofer A, Ebenbichler CF, Tilg H, Patsch JR (2003). Resistin 

messenger-RNA expression is increased by proinflammatory cytokines in 

vitro. Biochem Biophys Res Commun 309(2):286-290. 

Kawano M, Hirano T, Matsuda T, Taga T, Horii Y, Iwato K, Asaoku H, Tang B, 

Tanabe O, Tanaka H, Kuramoto A and Kishimoto T (1988). Autocrine 

generation and requirement of BSF-2/IL-6 for human multiple myelomas. 

Nature 332(6159):83-85. 

Kerr BA, McCabe NP, Feng W, Byzova TV (2013). Platelets govern pre-metastatic 

tumor communication to bone. Oncogene 32(36):4319-4324. 

Kerstan A, Bröcker EB, Trautmann A (2011). Decisive role of tumor necrosis factor-

α for spongiosis formation in acute eczematous dermatitis. Arch Dermatol Res 

303(9):651-658. 

Kido J, Bando M, Hiroshima Y, Iwasaka H, Yamada K, Ohgami N, Nambu T, 

Kataoka M, Yamamoto T, Shinohara Y, Sagawa I, Nagata T (2012). Analysis 

of proteins in human gingival crevicular fluid by mass spectrometry. J 

Periodontal Res 47(4):488-499. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        314 

 



References 

 
Kim J (2005). Review of the innate immune response in acne vulgaris: activation of 

Toll-like receptor 2 in acne triggers inflammatory cytokine responses. 

Dermatology 211(3):193-198. 

Kim J, Ochoa MT, Krutzik SR, Takeuchi O, Uematsu S, Legaspi AJ, Brightbill HD, 

Holland D, Cunliffe WJ, Akira S, Sieling PA, Godowski PJ, Modlin RL 

(2002). Activation of toll-like receptor 2 in acne triggers inflammatory 

cytokine responses. J Immunol 169(3):1535-1541. 

Kim KH, Lee K, Moon YS, Sul HS (2001b). A cysteine-rich adipose tissue-specific 

secretory factor inhibits adipocyte differentiation. J Biol Chem 

276(14):11252-11256. 

Kim MJ, Deplewski D, Ciletti N, Michel S, Reichert U, Rosenfield RL (2001a). 

Limited cooperation between peroxisome proliferator-activated receptors and 

retinoid X receptor agonists in sebocyte growth and development. Mol Genet 

Metab 74(3):362-369. 

Kishimoto T (2005). IL-6: from laboratory to bedside. Clin Rev Allergy Immunol 

28(3):177-186. 

Kishimoto T (1989). The biology of interleukin-6. Blood 74(1):1-10. 

Klaz I, Kochba I, Shohat T, Zarka S, Brenner S (2006). Severe acne vulgaris and 

tobacco smoking in young men. J Invest Dermatol 126(8):1749-1752. 

Kligman AM (1974). An overview of acne. J Invest Dermatol 62(3):268-287. 

Kligman AM, Katz AG (1968). Pathogenesis of acne vulgaris. I. Comedogenic 

properties of human sebum in external ear canal of the rabbit. Arch Dermatol 

98(1):53-57. 

Klostermann K, Crispie F, Flynn J, Ross RP, Hill C, Meaney W (2008). 

Intramammary infusion of a live culture of Lactococcus lactis for treatment of 

bovine mastitis: comparison withantibiotic treatment in field trials. J Dairy 

Res 75(3):365-373. 

Knaggs HE, Holland DB, Morris C, Wood EJ, Cunliffe WJ (1994a). Quantification 

of cellular proliferation in acne using the monoclonal antibody Ki-67. J Invest 

Dermatol 102(1):89-92. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        315 

 



References 

 
Knaggs HE, Hughes BR, Morris C, Wood EJ, Holland DB, Cunliffe WJ (1994b). 

Immunohistochemical study of desmosomes in acne vulgaris. Br J Dermatol 

130(6):731-737. 

Knowles RG, Moncada S (1994). Nitric oxide synthases in mammals. Biochem J 

298(Pt 2):249-258. 

Knutson DD (1974). Ultrastructural observations in acne vulgaris: the normal 

sebaceous follicle and acne lesions. J Invest Dermatol 62(3):288-307. 

Kobayashi SD, DeLeo FR (2009). Role of neutrophils in innate immunity: a systems 

biology-level approach. Wiley Interdiscip Rev Syst Biol Med 1(3):309-333. 

Kocianova S, Vuong C, Yao Y, Voyich JM, Fischer ER, DeLeo FR, Otto M (2005). 

Key role of poly-gamma-DL-glutamic acid in immune evasion and virulence 

of Staphylococcus epidermidis. J Clin Invest 115(3):688-694. 

Konrad A, Lehrke M, Schachinger V, Seibold F, Stark R, Ochsenkühn T, Parhofer 

KG, Göke B, Broedl UC (2007). Resistin is an inflammatory marker of 

inflammatory bowel disease in humans. Eur J Gastroenterol Hepatol 

19(12):1070-1074. 

Koo J (1995). The psychosocial impact of acne: patients' perceptions. J Am Acad 

Dermatol 32(5 Pt 3):S26-S30. 

Koziel J, Maciag-Gudowska A, Mikolajczyk T, Bzowska M, Sturdevant DE, 

Whitney AR, Shaw LN, DeLeo FR, Potempa J (2009). Phagocytosis of 

Staphylococcus aureus by macrophages exerts cytoprotective effects 

manifested by theupregulation of antiapoptotic factors. PLoS One 4(4):e5210. 

Krämer C, Seltmann H, Seifert M, Tilgen W, Zouboulis CC and Reichrath J (2009). 

Characterization of the vitamin D endocrine system in human sebocytes in 

vitro. J Steroid Biochem Mol Biol 113(1-2):9-16. 

Krause K, Schnitger A, Fimmel S, Glass E and Zouboulis CC (2007). Corticotropin-

releasing hormone skin signaling is receptor-mediated and is predominant in 

the sebaceous glands. Horm Metab Res 39:166-170. 

Kristian SA, Birkenstock TA, Sauder U, Mack D, Götz F, Landmann R (2008). 

Biofilm formation induces C3a release and protects Staphylococcus 

epidermidis from IgG and complement deposition and from neutrophil-

dependent killing. J Infect Dis 197(7):1028-1035. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        316 

 



References 

 
Krueger GG, Stingl G (1989). Immunology/inflammation of the skin: a 50-year 

perspective. J Invest Dermatol 92(4): S32- S51. 

Kubota Y, Shirahige Y, Nakai K, Katsuura J, Moriue T, Yoneda K (2010). 

Community-based epidemiological study of psychosocial effects of acne in 

Japanese adolescents. J Dermatol 37(7):617-622. 

Kunnari A, Ukkola O, Kesäniemi YA (2005). Resistin polymorphisms are associated 

with cerebrovascular disease in Finnish Type 2 diabetic patients. Diabet Med 

22(5):583-589. 

Kupper TS, Fuhlbrigge RC (2004). Immune surveillance in the skin: mechanisms 

and clinical consequences. Nat Rev Immunol 4(3):211-222. 

Kurokawa I, Danby FW, Ju Q, Wang X, Xiang LF, Xia L, Chen W, Nagy I, Picardo 

M, Suh DH, Ganceviciene R, Schagen S, Tsatsou F, Zouboulis CC (2009). 

New developments in our understanding of acne pathogenesis and treatment. 

Exp Dermatol 18(10):821-832.  

Kurokawa I, Nakai Y, Nishimura K, Hakamada A, Isoda K, Yamanaka K, Mizutani 

H, Tsubura A (2007a). Cytokeratin and filaggrin expression in nevus 

comedonicus. J Cutan Pathol 34(4):338-341. 

Kurokawa I, Umeda K, Nishimura K, Yamanaka KI, Hakamada A, Isoda KI, 

Tsubura A, Mizutani H (2007b). Filaggrin expression and the pathogenesis of 

epidermal cysts. Br J Dermatol 157(2):415-416. 

Kurokawa I, Mayer-da-Silva A, Gollnick H, Orfanos CE (1988). Monoclonal 

antibody labeling for cytokeratins and filaggrin in the human pilosebaceous 

unit of normal, seborrhoeic and acne skin. J Invest Dermatol 91(6):566-571. 

Kusminski CM, da Silva NF, Creely SJ, Fisher FM, Harte AL, Baker AR, Kumar S, 

McTernan PG (2007). The in vitro effects of resistin on the innate immune 

signaling pathway in isolated human subcutaneousadipocytes. J Clin 

Endocrinol Metab 92(1):270-276. 

Kusminski CM, McTernan PG, Kumar S (2005). Role of resistin in obesity, insulin 

resistance and Type II diabetes. Clin Sci (Lond) 109(3):243-256. 

Kuwahara K, Kitazawa T, Kitagaki H, Tsukamoto T, Kikuchi M (2005). 

Nadifloxacin, an antiacne quinolone antimicrobial, inhibits the production of 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        317 

 



References 

 
proinflammatory cytokines by human peripheral blood mononuclear cells and 

normal human keratinocytes. J Dermatol Sci 38(1):47-55. 

Lai Y, Gallo RL (2009). AMPed up immunity: how antimicrobial peptides have 

multiple roles in immune defense. Trends Immunol 30(3):131-141. 

Landeck L, Visser M, Kezic S, John SM (2013). IL1A-889 C/T gene polymorphism 

in irritant contact dermatitis. J Eur Acad Dermatol Venereol 27(8):1040-1043. 

Lasagni L, Francalanci M, Annunziato F, Lazzeri E, Giannini S, Cosmi L, Sagrinati 

C, Mazzinghi B, Orlando C, Maggi E, Marra F, Romagnani S, Serio 

M,Romagnani P (2003). An alternatively spliced variant of CXCR3 mediates 

the inhibition of endothelial cell growth induced by IP-10, Mig, and I-TAC, 

and acts as functional receptor for platelet factor 4. J Exp Med 197(11):1537-

1549. 

Latkowski JM, Freedberg IM, Blumenberg M (1995). Keratinocyte growth factor 

and keratin gene regulation. J Dermatol Sci 9(1):36-44. 

Laurent SJ, Mednieks MI, Rosenfield RL (1992). Growth of sebaceous cells in 

monolayer culture. In Vitro Cell Dev Biol 28A(2):83-89. 

Ledgerwood DM (1999). Suicide and attachment: fear of abandonment and isolation 

from a developmental perspective. J Contemp Psychotherapy 29:65-73. 

Lee DY, Yamasaki K, Rudsil J, Zouboulis CC, Park GT, Yang JM, Gallo RL (2008). 

Sebocytes express functional cathelicidin antimicrobial peptides and can act to 

kill propionibacterium acnes. J Invest Dermatol 128(7):1863-1866.  

Lee JH, Chan JL, Yiannakouris N, Kontogianni M, Estrada E, Seip R, Orlova C, 

Mantzoros CS (2003). Circulating resistin levels are not associated with 

obesity or insulin resistance in humans and are not regulated by fasting or 

leptin administration: cross-sectional and interventional studies in normal, 

insulin-resistant, and diabetic subjects. J Clin Endocrinol Metab 88(10):4848-

4856. 

Lee S, Lee HC, Kwon YW, Lee SE3, Cho Y, Kim J, Lee S, Kim JY, Lee J, Yang 

HM, Mook-Jung I, Nam KY, Chung J, Lazar MA, Kim HS (2014). Adenylyl 

cyclase-associated protein 1 is a receptor for human resistin and mediates 

inflammatory actions ofhuman monocytes. Cell Metab 19(3):484-497. 

 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        318 

 



References 

 
Leeming JP, Holland KT, Cunliffe WJ (1985). The pathological and ecological 

significance of microorganisms colonizing acne vulgaris comedones. J Med 

Microbiol 20(1):11-16. 

Leeming JP, Holland KT, Cunliffe WJ (1984). The Microbial Ecology of 

Pilosebaceous Units Isolated from Human Skin. Microbiology 130:803-807 

Lehmann HP, Robinson KA, Andrews JS, Holloway V, Goodman SN (2002). Acne 

therapy: a methodologic review. J Am Acad Dermatol 47(2):231-240. 

Lehrke M, Reilly MP, Millington SC, Iqbal N, Rader DJ, Lazar MA (2004). An 

inflammatory cascade leading to hyperresistinemia in humans. PLoS Med 

1(2):e45 

Letawe C, Boone M, Piérard GE (1998). Digital image analysis of the effect of 

topically applied linoleic acid on acne microcomedones. Clin Exp Dermatol 

23(2):56-58. 

Levell MJ, Cawood ML, Burke B, Cunliffe WJ (1989). Acne is not associated with 

abnormal plasma androgens. Br J Dermatol 120(5):649-654. 

Ley K, Laudanna C, Cybulsky MI, Nourshargh S (2007). Getting to the site of 

inflammation: the leukocyte adhesion cascade updated. Nat Rev Immunol 

7(9):678-689. 

Leyden JJ, McGinley KJ, Vowels B (1998). Propionibacterium acnes colonization in 

acne and nonacne. Dermatology 196(1):55-58. 

Li M, Cha DJ, Lai Y, Villaruz AE, Sturdevant DE, Otto M (2007). The antimicrobial 

peptide-sensing system aps of Staphylococcus aureus. Mol Microbiol 

66(5):1136-1147. 

Li ZJ, Choi DK, Sohn KC, Seo MS, Lee HE, Lee Y, Seo YJ, Lee YH, Shi G, 

Zouboulis CC, Kim CD, Lee JH, Im M (2014). Propionibacterium acnes 

activates the NLRP3 inflammasome in human sebocytes. J Invest Dermatol 

134(11):2747-2756. 

Liakou AI, Theodorakis MJ, Melnik BC, Pappas A, Zouboulis CC (2013). 

Nutritional clinical studies in dermatology. J Drugs Dermatol 12(10):1104-

1109. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        319 

 



References 

 
Ling C, Kindblom J, Wennbo H, Billig H (2001). Increased resistin expression in the 

adipose tissue of male prolactin transgenic mice and in male mice with 

elevated androgen levels. FEBS Lett 507(2):147-150. 

Liou TH, Yang JH, Hsieh CH, Lee CY, Hsu CS, Hsu MI (2009). Clinical and 

biochemical presentations of polycystic ovary syndrome among obese and 

nonobese women. Fertil Steril 92(6):1960-1965. 

Liu PT, Phan J, Tang D, Kanchanapoomi M, Hall B, Krutzik SR, Kim J (2008) 

CD209(+) macrophages mediate host defense against Propionibacterium 

acnes. J Immunol 180(7):4919-4923. 

Lohuis JA, Kremer W, Schukken YH, Smit JA, Verheijden JH, Brand A, Van Miert 

AS (1990). Growth of Escherichia coli in milk from endotoxin-induced 

mastitic quarters and the course of subsequent experimental Escherichia coli 

mastitis in the cow. J Dairy Sci 73(6):1508-1514. 

Lookingbill DP, Horton R, Demers LM, Egan N, Marks JG Jr, Santen RJ (1985). 

Tissue production of androgens in women with acne. J Am Acad Dermatol 

12(3):481-487. 

Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, Abraham J, Adair 

T, Aggarwal R, Ahn SY, Alvarado M, Anderson HR, Anderson LM, Andrews 

KG, Atkinson C et al. (2012).  Global and regional mortality from 235 causes 

of death for 20 age groups in 1990 and 2010: a systematic analysisfor the 

Global Burden of Disease Study 2010. Lancet 380(9859):2095-2128. 

Lu SC, Shieh WY, Chen CY, Hsu SC, Chen HL (2002). Lipopolysaccharide 

increases resistin gene expression in vivo and in vitro. FEBS Lett 530(1-

3):158-162. 

Lucky AW, Biro FM, Simbart LA, Morrison JA, Sorg NW (1997). Predictors of 

severity of acne vulgaris in young adolescent girls: results of a five-year 

longitudinal study. J Pediatr 130:30-39. 

Lucky AW, Biro FM, Huster GA, Leach AD, Morrison JA, Ratterman J (1994). Acne 

vulgaris in premenarchal girls. An early sign of puberty associated with rising 

levels of dehydroepiandrosterone. Arch Dermatol 130(3):308-314. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        320 

 



References 

 
Lucky AW, Biro FM, Huster GA, Morrison JA, Elder N (1991). Acne vulgaris in 

early adolescent boys. Correlations with pubertal maturation and age. Arch 

Dermatol 127(2):210-216. 

Luther JM, Gainer JV, Murphey LJ, Yu C, Vaughan DE, Morrow JD and Brown NJ 

(2006). Angiotensin II induces interleukin-6 in humans through a 

mineralocorticoid receptor-dependent mechanism. Hypertension 48(6):1050-

1057. 

Macdonald I (1964). Changes in the fatty acid composition of sebum associated with 

high carbohydrate diets. Nature 203:1067-1068. 

Magin PJ, Pond CD, Smith WT, Goode SM (2010). Acne's relationship with 

psychiatric and psychological morbidity: results of a school-based cohort 

study of adolescents. J Eur Acad Dermatol Venereol. 24(1):58-64. 

Mah TF, Pitts B, Pellock B, Walker GC, Stewart PS, O'Toole GA (2003). A genetic 

basis for Pseudomonas aeruginosa biofilm antibiotic resistance. Nature 

426:306–310. 

Mahadevappa M, Warrington JA (1999). A high-density probe array sample 

preparation method using 10- to 100-fold fewer cells. Nat Biotechnol 17:1134-

1136. 

Makrantonaki E, Ganceviciene R, Zouboulis C (2011). An update on the role of the 

sebaceous gland in the pathogenesis of acne. Dermatoendocrinol 3(1):41-49. 

Mälarstig A, Wallentin L, Siegbahn A (2007). Genetic variation in the interleukin-6 

gene in relation to risk and outcomes in acute coronary syndrome. Thromb 

Res 119(4):467-473. 

Mälarstig A, Wallentin L, Siegbahn A (2007). Genetic variation in the interleukin-6 

gene in relation to risk and outcomes in acute coronary syndrome. Thromb 

Res 119(4):467-473. 

Malcolm KC, Nichols EM, Caceres SM, Kret JE, Martiniano SL, Sagel SD, Chan 

ED, Caverly L, Solomon GM, Reynolds P, Bratton DL, Taylor-Cousar 

JL,Nichols DP, Saavedra MT, Nick JA (2013). Mycobacterium abscessus 

induces a limited pattern of neutrophil activation that promotes pathogen 

survival. PLoS One 8(2):e57402. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        321 

 



References 

 
Maluki AH (2010). The frequency of polycystic ovary syndrome in females with 

resistant acne vulgaris. J Cosmet Dermatol 9(2):142-148.  

March CJ, Mosley B, Larsen A, Cerretti DP, Braedt G, Price V, Gillis S, Henney CS, 

Kronheim SR, Grabstein K, et al (1985). Cloning, sequence and expression of 

two distinct human interleukin-1 complementary DNAs. Nature 

315(6021):641-647. 

Maslow JN, Brecher S, Gunn J, Durbin A, Barlow MA, Arbeit RD (1995). Variation 

and persistence of methicillin-resistant Staphylococcus aureus strains among 

individual patients overextended periods of time. Eur J Clin Microbiol Infect 

Dis 14(4):282-290. 

Matussek A, Strindhall J, Stark L, Rohde M, Geffers R, Buer J, Kihlström E, 

Lindgren PE, Löfgren S (2005). Infection of human endothelial cells with 

Staphylococcus aureus induces transcription of genes encoding aninnate 

immunity response. Scand J Immunol 61(6):536-544. 

McInturff JE, Kim J (2005). The role of toll-like receptors in the pathophysiology of 

acne. Semin Cutan Med Surg 24(2):73-78. 

McInturff JE, Modlin RL, Kim J (2005). The role of toll-like receptors in the 

pathogenesis and treatment of dermatological disease. J Invest Dermatol 

125(1):1-8. 

McKane WR, Khosla S, Peterson JM, Egan K and Riggs BL (1994). Circulating 

levels of cytokines that modulate bone resorption: Effects of age and 

menopause in women. J Bone Miner Res 9(8):1313-1318. 

McTernan CL, McTernan PG, Harte AL, Levick PL, Barnett AH, Kumar S (2002). 

Resistin, central obesity, and type 2 diabetes. Lancet 359(9300):46-47. 

McTernan PG, McTernan CL, Chetty R, Jenner K, Fisher FM, Lauer MN, Crocker J, 

Barnett AH, Kumar S (2002). Increased resistin gene and protein expression in 

human abdominal adipose tissue. J Clin Endocrinol Metab 87(5):2407. 

Mehlin C, Headley CM, Klebanoff SJ (1999). An inflammatory polypeptide complex 

from Staphylococcus epidermidis: isolation and characterization. J Exp Med 

189(6):907-918. 

Melnik BC (2010). FoxO1-the key for the pathogenesis and therapy of acne?. J Dtsch 

Dermatol Ges 8(2):105-114. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        322 

 



References 

 
Melnik BC, Schmitz G (2013). Are therapeutic effects of antiacne agents mediated by 

activation of FoxO1 and inhibition of mTORC1?. Exp Dermatol 22(7):502-

504. 

Menzaghi C, Coco A, Salvemini L, Thompson R, De Cosmo S, Doria A, Trischitta V 

(2006). Heritability of serum resistin and its genetic correlation with insulin 

resistance-related features in nondiabetic Caucasians. J Clin Endocrinol Metab 

91(7):2792-2795. 

Meunier E, Wallet P, Dreier RF, Costanzo S, Anton L, Rühl S, Dussurgey S, Dick 

MS, Kistner A, Rigard M, Degrandi D, Pfeffer K, Yamamoto M,Henry T, 

Broz P (2015). Guanylate-binding proteins promote activation of the AIM2 

inflammasome during infection with Francisellanovicida. Nat Immunol 

16(5):476-484. 

Michel A, Agerer F, Hauck CR, Herrmann M, Ullrich J, Hacker J, Ohlsen K (2006). 

Global regulatory impact of ClpP protease of Staphylococcus aureus on 

regulons involved in virulence, oxidative stress response, autolysis, and DNA 

repair. J Bacteriol 188(16):5783-5796. 

Miller LS, Cho JS (2011). Immunity against Staphylococcus aureus cutaneous 

infections. Nat Rev Immunol 11(8):505-518. 

Miller LS, O'Connell RM, Gutierrez MA, Pietras EM, Shahangian A, Gross CE, 

Thirumala A, Cheung AL, Cheng G, Modlin RL (2006). MyD88 mediates 

neutrophil recruitment initiated by IL-1R but not TLR2 activation in immunity 

against Staphylococcus aureus. Immunity 24(1):79-91. 

Mills CM, Peters TJ, Finlay AY (1993). Does smoking influence acne?. Clin Exp 

Dermatol 18(2):100-101. 

Mills OH Jr, Kligman AM (1982). A human model for assessing comedogenic 

substances. Arch Dermatol 118(11):903-905. 

Mimoso C, Lee DD, Zavadil J, Tomic-Canic M, Blumenberg M (2014). Analysis and 

meta-analysis of transcriptional profiling in human epidermis. Methods Mol 

Biol 1195:61-97. 

Mitterhuemer S, Petzl W, Krebs S, Mehne D, Klanner A, Wolf E, Zerbe H, Blum H 

(2010). Escherichia coli infection induces distinct local and systemic 

transcriptome responses in the mammary gland. BMC Genomics 11:138. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        323 

 



References 

 
Miura Y, Ishige I, Soejima N, Suzuki Y, Uchida K, Kawana S, Eishi Y (2010). 

Quantitative PCR of Propionibacterium acnes DNA in samples aspirated from 

sebaceous follicles on the normalskin of subjects with or without acne. J Med 

Dent Sci 57(1):65-74. 

Miyake K (2004). Innate recognition of lipopolysaccharide by Toll-like receptor 4-

MD-2. Trends Microbiol 12:186-192. 

Miyamoto Y, Morisaki H2, Kokubo Y2, Yamanaka I2, Tomoike H2, Okayama A2, 

Yoshimasa Y2, Morisaki T2 (2009). Resistin gene variations are associated 

with the metabolic syndrome in Japanese men. Obes Res Clin Pract 3(2):I-II. 

Moellering RC Jr (2010). The problem of complicated skin and skin structure 

infections: the need for new agents. J Antimicrob Chemother 65(Suppl 4):iv3-

iv8. 

Mohamed-Ali V, Goodrick S, Rawesh A, Katz DR, Miles JM, Yudkin JS, Klein S 

and Coppack SW (1997). Subcutaneous adipose tissue releases interleukin-6, 

but not tumor necrosis factor-alpha, in vivo. J Clin Endocrinol Metab 

82(12):4196-4200. 

Moran GJ, Krishnadasan A, Gorwitz RJ, Fosheim GE, McDougal LK, Carey RB, 

Talan DA (2006). Methicillin-resistant S. aureus infections among patients in 

the emergency department. N Engl J Med 355(7):666-674. 

Morgan MJ, Liu ZG (2010). Reactive oxygen species in TNFalpha-induced signaling 

and cell death. Mol Cells 30(1):1-12. 

Mosley B, Urdal DL, Prickett KS, Larsen A, Cosman D, Conlon PJ, Gillis S, Dower 

SK (1987). The interleukin-1 receptor binds the human interleukin-1 alpha 

precursor but not the interleukin-1 beta precursor. J Biol Chem 262(7):2941-

2944. 

Motoyoshi K (1983). Enhanced comedo formation in rabbit ear skin by squalene and 

oleic acid peroxides. Br J Dermatol 109(2):191-198. 

Munro CS, Wilkie AO (1998). Epidermal mosaicism producing localised acne: 

somatic mutation in FGFR2. Lancet 352(9129):704-705. 

Muraguchi A, KishimotoT, Miki T, Kuritani T, Kaieda T, Yoshizaki K and 

Yamamura Y (1981). T cell-replacing factor (TRF)-induced IgG secretion in 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        324 

 



References 

 
human B blastoid cell line and demonstration of acceptors for TRF. J Immunol 

127:412-416. 

Na JI, Choi JW, Choi HR, Jeong JB, Park KC, Youn SW, Huh CH (2011). Rapid 

healing and reduced erythema after ablative fractional carbon dioxide laser 

resurfacingcombined with the application of autologous platelet-rich plasma. 

Dermatol Surg 37(4):463-468. 

Nagy I, Pivarcsi A, Kis K, Koreck A, Bodai L, McDowell A, Seltmann H, Patrick S, 

Zouboulis CC, Kemény L (2006). Propionibacterium acnes and 

lipopolysaccharide induce the expression of antimicrobial peptides and 

proinflammatory cytokines/chemokines in human sebocytes. Microbes Infect 

8(8):2195-2205. 

Nagy I, Pivarcsi A, Koreck A, Széll M, Urbán E, Kemény L (2005). Distinct strains 

of Propionibacterium acnes induce selective human beta-defensin-2 and 

interleukin-8 expression in human keratinocytes through toll-like receptors. J 

Invest Dermatol 124(5):931-938. 

Naka T, Nishimoto N and Kishimoto T (2002). The paradigm of IL-6: From basic 

science to medicine. Arthritis Res 4(suppl 3):S233-S242. 

Nakano K, Hokamura K, Taniguchi N, Wada K, Kudo C, Nomura R, Kojima A, 

Naka S, Muranaka Y, Thura M, Nakajima A, Masuda K, Nakagawa I, 

Speziale P,Shimada N, Amano A, Kamisaki Y, Tanaka T, Umemura K, 

Ooshima T (2011). The collagen-binding protein of Streptococcus mutans is 

involved in haemorrhagic stroke. Nat Commun 2:485. 

Nakatsuji T, Kao MC, Zhang L, Zouboulis CC, Gallo RL, Huang CM (2010). Sebum 

free fatty acids enhance the innate immune defense of human sebocytes by 

upregulating beta-defensin-2 expression. J Invest Dermatol 130(4):985-994. 

Navarini AA, Simpson MA, Weale M, Knight J, Carlavan I, Reiniche P, Burden DA, 

Layton A, Bataille V, Allen M, Pleass R, Pink A, Creamer D, English J, Munn 

S, Walton S, Willis C, Déret S, Voegel JJ, Spector T, Smith CH, Trembath 

RC, Barker JN (2014). Genome-wide association study identifies three novel 

susceptibility loci for severe Acne vulgaris. Nat Commun 13(5):4020. 

Neinstein LS (2002). Adolescent Health Care: A Practical Guide. Lippincott, 

Williams & Wilkins: Philadelphia. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        325 

 



References 

 
Nelson AM, Zhao W, Gilliland KL, Zaenglein AL, Liu W, Thiboutot DM (2008). 

Neutrophil gelatinase-associated lipocalin mediates 13-cis retinoic acid-

induced apoptosis of human sebaceous gland cells. J Clin Invest 118(4):1468-

1478. 

Nestle FO, Di Meglio P, Qin JZ, Nickoloff BJ (2009). Skin immune sentinels in 

health and disease. Nat Rev Immunol 9(10):679-691. 

Neunaber C, Zeckey C, Andruszkow H, Frink M, Mommsen P, Krettek C, 

Hildebrand F (2011). Immunomodulation in polytrauma and polymicrobial 

sepsis-where do we stand?. Recent Pat Inflamm Allergy Drug Discov 5(1):17-

25. 

Nicolaides N (1974). Skin lipids: their biochemical uniqueness. Science 

186(4158):19-26. 

Niermann H (1958). Report on 230 twins with skin diseases. Z Mensch Vererb 

Konstitutionsl 34(5):483-487. 

Nishimoto N, Kishimoto T (2006). Interleukin 6: from bench to bedside. Nat Clin 

Pract Rheumatol 2(11):619-626. 

Nogueiras R, Gallego R, Gualillo O, Caminos JE, García-Caballero T, Casanueva 

FF, Diéguez C (2003). Resistin is expressed in different rat tissues and is 

regulated in a tissue- and gender-specific manner. FEBS Lett 548(1-3):21-27. 

Nohira T, Nagao K, Kameyama K, Nakai H, Fukumine N, Okabe K, Kitano S, 

Hisatomi H (2004). Identification of an alternative splicing transcript for the 

resistin gene and distribution of its mRNA in human tissue. Eur J Endocrinol 

151(1):151-154. 

Nordan RP, Pumphrey JG and Rudikoff S (1987). Purification and NH2-terminal 

sequence of a plasmacytoma growth factor derived from the murine 

macrophage cell line P388D1. J Immunol 139(3):813-817. 

Norris JF, Cunliffe WJ (1988). A histological and immunocytochemical study of 

early acne lesions. Br J Dermatol 118(5):651-659. 

Oberemok SS, Shalita AR (2002). Acne vulgaris, I: pathogenesis and diagnosis. 

Cutis. 70(2):101-105. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        326 

 



References 

 
Oeff MK, Seltmann H, Hiroi N, Nastos A, Makrantonaki E, Bornstein SR, Zouboulis 

CC (2006). Differential regulation of Toll-like receptor and CD14 pathways 

by retinoids and corticosteroids in humansebocytes. Dermatology 213(3):266. 

Osawa H, Onuma H, Ochi M, Murakami A, Yamauchi J, Takasuka T, Tanabe F, 

Shimizu I, Kato K, Nishida W, Yamada K, Tabara Y, Yasukawa M, Fujii Y, 

Ohashi J, Miki T, Makino H (2005). Resistin SNP-420 determines its 

monocyte mRNA and serum levels inducing type 2 diabetes. Biochem 

Biophys Res Commun 335(2):596-602. 

Osawa H, Yamada K, Onuma H, Murakami A, Ochi M, Kawata H, Nishimiya T, 

Niiya T, Shimizu I, Nishida W (2004). The G/G genotype of a resistin single-

nucleotide polymorphism at -420 increases type 2 diabetes mellitus 

susceptibility by inducing promoter activity through specific binding of Sp1/3. 

Am J Hum Genet 75(4):678-686. 

Osawa H, Onuma H, Murakami A, Ochi M, Nishimiya T, Kato K, Shimizu I, Fujii Y, 

Ohashi J, Makino H (2002). Systematic search for single nucleotide 

polymorphisms in the resistin gene: the absence of evidence for the 

association of three identified single nucleotide polymorphisms with Japanese 

type 2 diabetes. Diabetes 51(3):863-866. 

Ostrowski K, Schjerling P and Pedersen BK (2000). Physical activity and plasma 

interleukin-6 in humans-Effect of intensity of exercise Eur J Appl Physiol 

83(6):512-515. 

Ottaviani M, Camera E, Picardo M (2010). Lipid mediators in acne. Mediators 

Inflamm 2010.pii:858176. 

Otto M (2009). Staphylococcus epidermidis: the 'accidental' pathogen. Nat Rev 

Microbiol 2009 7(8):555-567. 

Pasparakis M, Haase I, Nestle FO (2014). Mechanisms regulating skin immunity and 

inflammation. Nat Rev Immunol 14(5):289-301. 

Patel L, Buckels AC, Kinghorn IJ, Murdock PR, Holbrook JD, Plumpton C, Macphee 

CH, Smith SA (2003). Resistin is expressed in human macrophages and 

directly regulated by PPAR gamma activators. Biochem Biophys Res 

Commun 300(2):472-476. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        327 

 



References 

 
Pawin H, Chivot M, Beylot C, Faure M, Poli F, Revuz J, Dréno B (2007). Living 

with acne. A study of adolescents’personal experiences. Dermatology 

215(4):308-314. 

Pawlina W, Ross MW, Kaye GI (2003). Histology: a text and atlas: with cell and 

molecular biology. Hagerstown, Maryland: Lippincott Williams & Wilkins. 

Pereira DS, Garcia DM, Narciso FM, Santos ML, Dias JM, Queiroz BZ, Souza ER, 

Nóbrega OT, Pereira LS (2011). Effects of 174 G/C polymorphism in the 

promoter region of the interleukin-6 gene on plasma IL-6 levels and muscle 

strength in elderly women. Braz J Med Biol Res 44(2):123-129. 

Perisho K, Wertz PW, Madison KC, Stewart ME, Downing DT (1988). Fatty acids of 

acylceramides from comedones and from the skin surface of acne patients and 

control subjects. J Invest Dermatol 90:350-353. 

Perkins AC, Cheng CE, Hillebrand GG, Miyamoto K, Kimball AB (2011). 

Comparison of the epidemiology of acne vulgaris among Caucasian, Asian, 

Continental Indian and African American women. JEADV 25:1054-1060. 

Perkins AC, Cheng CE, Hillebrand GG, Miyamoto K, Kimball AB (2011). 

Comparison of the epidemiology of acne vulgaris among Caucasian, Asian, 

Continental Indian and African American women. J Eur Acad Dermatol 

Venereol 25(9):1054-1060. 

Peschel A, Otto M, Jack RW, Kalbacher H, Jung G, Götz F (1999). Inactivation of 

the dlt operon in Staphylococcus aureus confers sensitivity to defensins, 

protegrins, and other antimicrobial peptides. J Biol Chem 274(13):8405-8410. 

Peschon JJ, Torrance DS, Stocking KL, Glaccum MB, Otten C, Willis CR, Charrier 

K, Morrissey PJ, Ware CB, Mohler KM (1998). TNF receptor-deficient mice 

reveal divergent roles for p55 and p75 in several models of inflammation. J 

Immunol 160(2):943-952. 

Petersen AMW, Pedersen BK (2005). The anti-inflammatory effect of exercise. J 

Appl Physiol 98(4):1154-1162. 

Pistilli EE, Gordish-Dressman H, Seip RL, Devaney JM, Thompson PD, Price TB, 

Angelopoulos TJ, Clarkson PM, Moyna NM, Pescatello LS, Visich PS, 

Zoeller RF, Hoffman EP, Gordon PM (2007). Resistin polymorphisms are 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        328 

 



References 

 
associated with muscle, bone, and fat phenotypes in white men and women. 

Obesity (Silver Spring) 15(2):392-402. 

Placzek M, Arnold B, Schmidt H, Gaube S, Keller E, Plewig G, Degitz K (2005). 

Elevated 17-hydroxyprogesterone serum values in male patients with acne. J 

Am Acad Dermatol 53(6):955-958. 

Plewig G, Kligman AM (2002). Acne & Rosacea (3rd ed.) Berlin:Springer. 

Plewig G, Christophers E (1974). Renewal rate of human sebaceous glands. Acta 

Derm Venereol 54(3):177-182. 

Plewig G, Fulton JE, Kligman AM (1971). Cellular dynamics of comedo formation in 

acne vulgaris. Arch Dermatol Forsch 242(1):12-29. 

Pochi PE, Strauss JS (1969). Sebaceous gland response in man to the administration 

of testosterone, delta-4-androstenedione, and dehydroisoandrosterone. J Invest 

Dermatol 52(1):32-36. 

Poli F, Dreno B, Verschoore M (2001). An epidemiological study of acne in female 

adults: results of a survey conducted in France. J Eur Acad Dermatol Venereol 

15(6):541-545. 

Poupart P, Vandenabeele P, Cayphas S, Snick JV, Haegeman G, Kruys V, Fiers W 

and Content JB (1987). B cell growth modulating and differentiating activity 

of recombinant human 26-kd protein (BSF-2, HuIFN- β2, HPGF). EMBO J 

6(5):1219-1224. 

Prieto-Pérez R, Cabaleiro T, Daudén E, Abad-Santos F (2013). Gene polymorphisms 

that can predict response to anti-TNF therapy in patients with psoriasis and 

related autoimmune diseases. Pharmacogenomics J 13(4):297-305. 

Priya T, Chowdhury MG, Vasanth K, Vijayakumar TM, Ilango K, Agrawal A, 

Dubey GP (2013). Assessment of serum leptin and resistin levels in 

association with the metabolic risk factors of pre- and post-menopausal rural 

women in South India. Diabetes Metab Syndr 7(4):233-237. 

Rasmussen JE (1977). Diet and acne. Int J Dermatol 16(6):488-492. 

Rea JN, Newhouse ML, Halil T (1976). Skin disease in Lambeth. A community 

study of prevalence and use of medical care. Br J Prev Soc Med 30:107-114. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        329 

 



References 

 
Rennekampff HO, Hansbrough JF, Kiessig V, Doré C, Sticherling M, Schröder JM 

(2000). Bioactive interleukin-8 is expressed in wounds and enhances wound 

healing. J Surg Res 93(1):41-54. 

Resch A, Rosenstein R, Nerz C, Götz F (2005). Differential gene expression profiling 

of Staphylococcus aureus cultivated under biofilm and planktonicconditions. 

Appl Environ Microbiol 71(5):2663-2676. 

Ribizzi G, Fiordoro S, Barocci S, Ferrari E, Megna M (2010). Cytokine 

polymorphisms and Alzheimer disease: possible associations. Neurol Sci 

31(3):321-325. 

Rigopoulos D, Gregoriou S, Ifandi A, Efstathiou G, Georgala S, Chalkias J, 

Katsambas A (2007). Coping with acne: beliefs and perceptions in a sample of 

secondary school Greek pupils. J Eur Acad Dermatol Venereol 21(6):806-810. 

Rinaldi M, Li RW, Bannerman DD, Daniels KM, Evock-Clover C, Silva MV, Paape 

MJ, Van Ryssen B, Burvenich C, Capuco AV (2009). A sentinel function for 

teat tissues in dairy cows: dominant innate immune response elements define 

early response to E. coli mastitis. Funct Integr Genomics 10(1):21-38. 

Rivera AE. Acne scarring: a review and current treatment modalities (2008). J Am 

Acad Dermatol 59(4):659-676. 

Rizvi AH, Awaiz M, Ghanghro Z, Jafferi MA, Aziz S (2010). Pre-examination stress 

in second year medical students in a government college. J Ayub Med Coll 

Abbottabad 22(2):152-155. 

Ro BI, Dawson TL (2005). The role of sebaceous gland activity and scalp microfloral 

metabolism in the etiology of seborrheic dermatitis and dandruff. J Investig 

Dermatol Symp Proc 10(3):194-197. 

Robinson HM (1949). The acne problem. South Med J 42(12):1050-1060. 

Rogers KL, Fey PD, Rupp ME (2009). Coagulase-negative staphylococcal infections. 

Infect Dis Clin North Am 23(1):73-98. 

Rombouts S, Nijsten T, Lambert J (2007). Cigarette smoking and acne in 

adolescents: results from a cross-sectional study. J Eur Acad Dermatol 

Venereol 21(3):326-333. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        330 

 



References 

 
Rosen ED, Hsu CH, Wang X, Sakai S, Freeman MW, Gonzalez FJ, Spiegelman BM 

(2002). C/EBPalpha induces adipogenesis through PPARgamma: a unified 

pathway. Genes Dev 16(1):22-26. 

Rosen T, Unkefer RP (1999). Treatment of pyoderma faciale with isotretinoin in a 

patient with ulcerative colitis. Cutis 64(2):107-109. 

Rosenfield RL, Deplewski D, Kentsis A, Ciletti N (1998). Mechanisms of androgen 

induction of sebocyte differentiation. Dermatology 196(1):43-46. 

Rosenfield RL, Kentsis A, Deplewski D, Ciletti N (1999). Rat preputial sebocyte 

differentiation involves peroxisome proliferator-activated receptors. J Invest 

Dermatol 112(2):226-232. 

Rouhani P, Berman B, Rouhani G (2009). Acne improves with a popular, low 

glycemic diet from South Beach. 67th Annual Meeting of the American 

Academy of Dermatology. Poster 706. San Francisco. 

Sakamoto Y, Harada T, Horie S, Iba Y, Taniguchi F, Yoshida S, Iwabe T, Terakawa 

N (2003). Tumor necrosis factor-alpha-induced interleukin-8 (IL-8) expression 

in endometriotic stromal cells, probably through nuclear factor-kappa B 

activation: gonadotropin-releasing hormone agonist treatment reduced IL-8 

expression. J Clin Endocrinol Metab 88(2):730-735. 

Sambrook J, Fritsch EF and Maniatis T (1989). Molecular cloning: A laboratory 

manual. (2nd ed.): Cold Spring Harbor Laboratory Press, New York, USA. 

Sánchez-Solana B, Laborda J, Baladrón V (2012). Mouse resistin modulates 

adipogenesis and glucose uptake in 3T3-L1 preadipocytes through the ROR1 

receptor. Mol Endocrinol 26(1):110-127. 

Sanders DB, Larson DF, Hunter K, Gorman M, Yang B (2001). Comparison of 

tumor necrosis factor-alpha effect on the expression of iNOS in macrophage 

and cardiac myocytes. Perfusion 16(1):67-74. 

Santhanam U, Ray A and Sehgal PB (1991). Repression of the interleukin 6 gene 

promoter by p53 and the retinoblastoma susceptibility gene product. Proc Natl 

Acad Sci USA 88(17):7605-7609. 

Santos AA, Scheltinga MR, Lynch E, Brown EF, Lawton P, Chambers E, Browning 

J, Dinarello CA, Wolff SM, Wilmore DW (1993). Elaboration of interleukin 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        331 

 



References 

 
1-receptor antagonist is not attenuated by glucocorticoids after endotoxemia. 

Arch Surg. 128(2):138-143. 

Savage DB, Sewter CP, Klenk ES, Segal DG, Vidal-Puig A, Considine RV, O'Rahilly 

S (2001). Resistin/Fizz3 expression in relation to obesity and peroxisome 

proliferator-activated receptor-gamma action in humans. Diabetes 

50(10):2199-2202. 

Schafer T, Nienhaus A, Vieluf D, Berger J, Ring J (2001). Epidemiology of acne in 

the general population: the risk of smoking. Br J Dermatol 145:100-104. 

Schäffler A, Ehling A, Neumann E, Herfarth H, Tarner I, Schölmerich J, Müller-

Ladner U, Gay S (2003). Adipocytokines in synovial fluid. JAMA 

290(13):1709-1710. 

Schauber J, Gallo RL (2009). Antimicrobial peptides and the skin immune defense 

system. J Allergy Clin Immunol 124(3 Suppl 2):R13-R18. 

Schmidt JB, Spona J, Huber J (1986). Androgen receptor in hirsutism and acne. 

Gynecol Obstet Invest 22(4):206-211. 

Schmitt JA, Tavares M, Cerci FP (2011). Adult women with acne have a higher risk 

of elevated triglyceride levels with the use of oral isotretinoin. An Bras 

Dermatol 86(4):807-810. 

Schoonjans K, Staels B, Auwerx J (1996). The peroxisome proliferator activated 

receptors (PPARS) and their effects on lipid metabolism and adipocyte 

differentiation. Biochim Biophys Acta 1302(2):93-109. 

Secor PR, Jennings LK, James GA, Kirker KR, Pulcini ED, McInnerney K, Gerlach 

R, Livinghouse T, Hilmer JK, Bothner B, Fleckman P, Olerud JE, Stewart PS 

(2012). Phevalin (aureusimine B) production by Staphylococcus aureus 

biofilm and impacts on human keratinocyte geneexpression. PLoS One 

7(7):e40973. 

Secor PR, James GA, Fleckman P, Olerud JE, McInnerney K, Stewart PS (2011). 

Staphylococcus aureus Biofilm and Planktonic cultures differentially impact 

gene expression, mapkphosphorylation, and cytokine production in human 

keratinocytes. BMC Microbiol 11:143. 

Sehgal PB, Grienger G and Tosato G (1989). Regulation of the acute phase and 

immune responses: Interleukin-6. Ann N Y Acad Sci 557:1-583. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        332 

 



References 

 
Semple JW, Italiano JE Jr, Freedman J (2011). Platelets and the immune continuum. 

Nat Rev Immunol 11(4):264-274. 

Sentinelli F, Romeo S, Arca M, Filippi E, Leonetti F, Banchieri M, Di Mario U, 

Baroni MG (2002). Human resistin gene, obesity, and type 2 diabetes: 

mutation analysis and population study. Diabetes 51(3):860-862. 

Shalita AR (1998). Clinical aspects of acne. Dermatology 196(1):93-94. 

Shuster DE, Harmon RJ (1991). Lactating cows become partially refractory to 

frequent intramammary endotoxin infusions: recovery of milk yield despite a 

persistently high somatic cell count. Res Vet Sci 51:272-277. 

Silha JV, Krsek M, Skrha JV, Sucharda P, Nyomba BL, Murphy LJ (2003). Plasma 

resistin, adiponectin and leptin levels in lean and obese subjects: correlations 

with insulin resistance. Eur J Endocrinol 149(4):331-335. 

Silswal N, Singh AK, Aruna B, Mukhopadhyay S, Ghosh S, Ehtesham NZ (2005). 

Human resistin stimulates the pro-inflammatory cytokines TNF-alpha and IL-

12 in macrophages by NF-kappaB-dependent pathway. Biochem Biophys Res 

Commun 334(4):1092-1101. 

Sipka A, Klaessig S, Duhamel GE, Swinkels J, Rainard P, Schukken Y (2014). 

Impact of intramammary treatment on gene expression profiles in bovine 

Escherichia coli mastitis. PLoS One 9(1):e85579. 

Smith R, Mann N, Mäkeläinen H, Roper J, Braue A, Varigos G (2008a). A pilot 

study to determine the short-term effects of a low glycemic load diet on 

hormonal markers of acne: a nonrandomized, parallel, controlled feeding trial. 

Mol Nutr Food Res. 52(6):718-726. 

Smith RN, Braue A, Varigos GA, Mann NJ (2008b). The effect of a low glycemic 

load diet on acne vulgaris and the fatty acid composition of skin surface 

triglycerides. J Dermatol Sci 50(1):41-52. 

Smith RN, Mann NJ, Braue A, Mäkeläinen H, Varigos GA (2007a). A low-glycemic-

load diet improves symptoms in acne vulgaris patients: a randomized 

controlled trial. Am J Clin Nutr 86(1):107-115. 

Smith RN, Mann NJ, Braue A, Mäkeläinen H, Varigos GA (2007b). The effect of a 

high-protein, low glycemic-load diet versus a conventional, high glycemic-

load diet on biochemical parameters associated with acne vulgaris: a 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        333 

 



References 

 
randomized, investigator-masked, controlled trial. J Am Acad Dermatol 

57(2):247-256. 

Sobjanek M, Zablotna M, Glen J, Michajlowski I, Nedoszytko B, Roszkiewicz J 

(2013). Polymorphism in interleukin 1A but not in interleukin 8 gene 

predisposes to acne vulgaris in Polish population. J Eur Acad Dermatol 

Venereol 27(2):259-260. 

Sobjanek M, Zabłotna M, Nedoszytko B, Sokołowska-Wojdyło M, Włodarkiewicz A 

(2009). Lack of association between the promoter polymorphisms at positions 

-238 and -308 of the tumour necrosisfactor alpha gene and acne vulgaris in 

Polish patients. J Eur Acad Dermatol Venereol 23(3):331-332. 

Sobral-Filho JF, Silva CN, Rodrigues JC et al (1997). Avaliacao da herdabilidade e 

concordancia da acne vulgar em gemeos. Invest Clin Lab. Terapeutica 72:417-

420. 

Song H, Shojima N, Sakoda H, Ogihara T, Fujishiro M, Katagiri H, Anai M, Onishi 

Y, Ono H, Inukai K, Fukushima Y, Kikuchi M, Shimano H, Yamada N, Oka 

Y,Asano T (2002). Resistin is regulated by C/EBPs, PPARs, and signal-

transducing molecules. Biochem Biophys Res Commun 299(2):291-298. 

Song JH, Hsueh PR, Chung DR, Ko KS, Kang CI, Peck KR, Yeom JS, Kim SW, 

Chang HH, Kim YS, Jung SI, Son JS, So TM, Lalitha MK, Yang Y, Huang 

SG,Wang H, Lu Q, Carlos CC, Perera JA, Chiu CH, Liu JW, Chongthaleong 

A, Thamlikitkul V, Van PH (2011). Spread of methicillin-resistant 

Staphylococcus aureus between the community and the hospitals in Asian 

countries: an ANSORP study. J Antimicrob Chemother 66(5):1061-1069. 

Stark L, Matussek A, Strindhall J, Geffers R, Buer J, Kihlström E, Monnecke S, 

Löfgren S, Lindgren PE (2009). Staphylococcus aureus isolates from blood 

and anterior nares induce similar innate immune responses inendothelial cells. 

APMIS 117(11):814-824. 

Starr R, Willson TA, Viney EM, Murray LJ, Rayner JR, Jenkins BJ, Gonda TJ, 

Alexander WS, Metcalf D, Nicola NA, Hilton DJ (1997). A family of 

cytokine-inducible inhibitors of signalling. Nature 387(6636):917-921. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        334 

 



References 

 
Steinman L (2010). Modulation of postoperative cognitive decline via blockade of 

inflammatory cytokines outside the brain. Proc Natl Acad Sci U S A 

107(48):20595-20596. 

Steppan CM, Bailey ST, Bhat S, Brown EJ, Banerjee RR, Wright CM, Patel HR, 

Ahima RS, Lazar MA (2001). The hormone resistin links obesity to diabetes. 

Nature 409(6818):307-312. 

Stewart ME, Downing DT, Cook JS, Hansen JR, Strauss JS (1992). Sebaceous gland 

activity and serum dehydroepiandrosterone sulfate levels in boys and girls. 

Arch Dermatol 128(10):1345-1348. 

Stewart ME, Greenwood R, Cunliffe WJ, Strauss JS, Downing DT (1986). Effect of 

cyproterone acetate-ethinyl estradiol treatment on the proportions of linoleic 

and sebaleic acids in various skin surface lipid classes. Arch Dermatol Res 

278(6):481-485. 

Stewart ME, Benoit AM, Stranieri AM, Rapini RP, Strauss JS, Downing DT (1983). 

Effect of oral 13-cis-retinoic acid at three dose levels on sustainable rates of 

sebum secretion and on acne. J Am Acad Dermatol 8(4):532-538. 

Stewart PS, Costerton JW (2001). Antibiotic resistance of bacteria in biofilms. 

Lancet 358(9276):135-138. 

Suh DH, Lee SJ, Lee JH, Kim HJ, Shin MK, Song KY (2012). Treatment of striae 

distensae combined enhanced penetration platelet-rich plasma and ultrasound 

after plasmafractional radiofrequency. J Cosmet Laser Ther 14(6):272-276. 

Suh DH, Kim BY, Min SU, Lee DH, Yoon MY, Kim NI, Kye YC, Lee ES, Ro YS, 

Kim KJ (2011). A multicenter epidemiological study of acne vulgaris in 

Korea. Int J Dermatol 50(6):673-681. 

Sun Y, Wu F, Sun F and Huang P (2008). Adenosine promotes IL-6 release in airway 

epithelia. J Immunol 180(6):4173-4181. 

Suriyaprom K, Phonrat B, Namjuntra P, Chanchay S, Tungtrongchitr R (2009). The 

+299(G>A) resistin gene polymorphism and susceptibility to type 2 diabetes 

in Thais. J Clin Biochem Nutr 44(1):104-110. 

Swinkels JM, Hilkens A, Zoche-Golob V, Krömker V, Buddiger M, Jansen J, Lam 

TJ (2015). Social influences on the duration of antibiotic treatment of clinical 

mastitis in dairy cows. J Dairy Sci 98(4):2369-2380. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        335 

 



References 

 
Szabó K, Kemény L (2011). Studying the genetic predisposing factors in the 

pathogenesis of acne vulgaris. Hum Immunol 72(9):766-763. 

Szabó K, Tax G, Teodorescu-Brinzeu D, Koreck A, Kemény L (2011). TNFα gene 

polymorphisms in the pathogenesis of acne vulgaris. Arch Dermatol Res 

303(1):19-27. 

Szabó K, Tax G, Kis K, Szegedi K, Teodorescu-Brinzeu DG, Diószegi C, Koreck A, 

Széll M, Kemény L (2010). Interleukin-1A +4845(G> T) polymorphism is a 

factor predisposing to acne vulgaris. Tissue Antigens 76(5):411-415. 

Tanabe O, Akira S, Kamiya T, Wong GG, Hirano T and Kishimoto T (1988). 

Genomic structure of the murine IL-6 gene: High degree of conservation of 

potential regulatory sequences between mouse and human. J Immunol 

141(11):3875-3881. 

Tarkowski A, Bjersing J, Shestakov A, Bokarewa MI (2010). Resistin competes with 

lipopolysaccharide for binding to toll-like receptor 4. J Cell Mol Med 

14(6B):1419-1431. 

Taylor M, Gonzalez M and Porter (2011). Pathways to inflammation: Acne 

pathophysiology. Eur J Dermatol 21(3):323-333. 

Teranishi T, Hirano T, Arima N and Onoue K (1982). Human helper T cell factor(s) 

(ThF). II. Induction of IgG production in B lymphoblastoid cell lines and 

identification of T cell replacing factor (TRF)-like factor(s). J Immunol 

128:1903-1908. 

Terry CF, Loukaci V and Green FR (2000). Cooperative influence of genetic 

polymorphisms on interleukin 6 transcriptional regulation. J Biol Chem 

275(24):18138-18144. 

Teufel P, Götz F (1993). Characterization of an extracellular metalloprotease with 

elastase activity from Staphylococcus epidermidis. J Bacteriol 175(13):4218-

4224. 

Thiboutot D, Gollnick H, Bettoli V, Dréno B, Kang S, Leyden JJ, Shalita AR, 

Lozada VT, Berson D, Finlay A, Goh CL, Herane MI, Kaminsky A, Kubba R, 

Layton A, Miyachi Y, Perez M, Martin JP, Ramos-E-Silva M, See JA, Shear 

N, Wolf J Jr (2009). New insights into the management of acne: an update 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        336 

 



References 

 
from the Global Alliance to Improve Outcomes in Acne group. J Am Acad 

Dermatol 60(5 Suppl):S1-S50. 

Thiboutot D, Sivarajah A, Gilliland K, Cong Z, Clawson G (2000). The melanocortin 

5 receptor is expressed in human sebaceous glands and rat preputial cells. J 

Invest Dermatol 115(4):614-619. 

Thiboutot D, Gilliland K, Light J, Lookingbill D (1999). Androgen metabolism in 

sebaceous glands from subjects with and without acne. Arch Dermatol 

135(9):1041-1045. 

Thiboutot D, Knaggs H, Gilliland K, Lin G (1998). Activity of 5-alpha-reductase and 

17-beta-hydroxysteroid dehydrogenase in the infrainfundibulum of subjects 

with and without acne vulgaris. Dermatology 196(1):38-42. 

Thiboutot DM, Knaggs H, Gilliland K, Hagari S (1997). Activity of type 1 5 alpha-

reductase is greater in the follicular infrainfundibulum compared with the 

epidermis. Br J Dermatol 136(2):166-171. 

Thiboutot D, Harris G, Iles V, Cimis G, Gilliland K, Hagari S (1995). Activity of the 

type 1 5 alpha-reductase exhibits regional differences in isolated sebaceous 

glands and whole skin. J Invest Dermatol 105(2):209-214. 

Thompson-Crispi K, Atalla H, Miglior F, Mallard BA (2014). Bovine mastitis: 

frontiers in immunogenetics. Front Immunol 5:493. 

Tilg H, Moschen AR (2006). Adipocytokines: mediators linking adipose tissue, 

inflammation and immunity. Nat Rev Immunol 6(10):772-783. 

Tochio T, Tanaka H, Nakata S, Ikeno H (2009). Accumulation of lipid peroxide in 

the content of comedones may be involved in the progression of 

comedogenesis and inflammatory changes in comedones. J Cosmet Dermatol 

8(2):152-158. 

Toyoda M, Morohashi M (2001). Pathogenesis of acne. Med Electron Microsc 

34(1):29-40. 

Tracey KJ, Beutler B, Lowry SF, Merryweather J, Wolpe S, Milsark IW, Hariri RJ, 

Fahey TJ, Zentella A, Albert JD et al. (1986). Shock and tissue injury induced 

by recombinant human cachectin. Science 234(4775):470-474. 

Trivedi NR, Cong Z, Nelson AM, Albert AJ, Rosamilia LL, Sivarajah S, Gilliland 

KL, Liu W, Mauger DT, Gabbay RA, Thiboutot DM (2006). Peroxisome 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        337 

 



References 

 
proliferator-activated receptors increase human sebum production. J Invest 

Dermatol 126(9):2002-2009. 

Tsai MC, Chen W, Cheng YW, Wang CY, Chen GY, Hsu TJ (2006). Higher body 

mass index is a significant risk factor for acne formation in schoolchildren. 

Eur J Dermatol 16(3):251-253. 

Tsutsui H, Yoshimoto T, Hayashi N, Mizutani H, Nakanishi K (2004). Induction of 

allergic inflammation by interleukin-18 in experimental animal models. 

Immunol Rev 202:115-138. 

Ukkola O, Kunnari A, Kesäniemi YA (2008). Genetic variants at the resistin locus 

are associated with the plasma resistin concentration and cardiovascular risk 

factors. Regul Pept 149(1-3):56-59. 

Unna P (1896). The Histopathology of Disease of the Skin. New York: Macmillan 

and Co. 

Vallimont JE, Dechow CD, Sattler CG, Clay JS (2009). Heritability estimates 

associated with alternative definitions of mastitis and correlations with 

somatic cell score and yield. J Dairy Sci 92(7):3402-3410. 

Van Damme J, Opdenakker G, Simpson RJ, Rubira MR, Cayphas S, Vink A, Billiau 

A and Van Snick JV (1987). Identification of the human 26-kD protein, 

interferon β2 (IFN-β2), as a B cell hybridoma/plasmacytoma growth factor 

induced by interleukin 1 and tumor necrosis factor. J Exp Med 165(3):914-

919. 

Van Snick JV, Cayphas S, Szikora J-P, Renauld J-C, Van Roost E, Boon T and 

Simpson RJ (1988). cDNA cloning of murine interleukin-HP1: Homology 

with human interleukin 6. Eur J Immunol 18(2):193-197. 

Van-Schouwenburg PA, Rispens T, Wolbink GJ (2013). Immunogenicity of anti-

TNF biologic therapies for rheumatoid arthritis. Nat Rev Rheumatol 9(3):164-

172. 

Vergani C, Finzi AF, Pigatto PD, Vigotti G, Negri M, Altomare GF (1982). Low 

levels of HDL in severe cystic acne. N Engl J Med 307(18):1151-1152. 

Verma S, Li SH, Wang CH, Fedak PW, Li RK, Weisel RD, Mickle DA (2003). 

Resistin promotes endothelial cell activation: further evidence of adipokine-

endothelial interaction. Circulation 108(6):736-740. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        338 

 



References 

 
Vink JM, Sadrzadeh S, Lambalk CB, Boomsma DI (2006). Heritability of polycystic 

ovary syndrome in a Dutch twin-family study. J Clin Endocrinol Metab 

91(6):2100-2104. 

Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, Shibuya K, 

Salomon JA, Abdalla S, Aboyans V, Abraham J, Ackerman I, Aggarwal R, 

Ahn SY,Ali MK et al. (2012). Years lived with disability (YLDs) for 1160 

sequelae of 289 diseases and injuries 1990-2010: a systematic analysisfor the 

Global Burden of Disease Study. Lancet 380(9859):2163-2196 

Vowels BR, Yang S, Leyden JJ (1995). Induction of proinflammatory cytokines by a 

soluble factor of Propionibacterium acnes: implications for chronic 

inflammatory acne. Infect Immun 63(8):3158-3165. 

Vuong C, Dürr M, Carmody AB, Peschel A, Klebanoff SJ, Otto M (2004). Regulated 

expression of pathogen-associated molecular pattern molecules in 

Staphylococcus epidermidis: quorum-sensing determines pro-inflammatory 

capacity and production of phenol-soluble modulins. Cell Microbiol 6(8):753-

759. 

Vuong C, Voyich JM, Fischer ER, Braughton KR, Whitney AR, DeLeo FR, Otto M 

(2004). Polysaccharide intercellular adhesin (PIA) protects Staphylococcus 

epidermidis against major components of the human innate immune system. 

Cell Microbiol 6(3):269-275. 

Wajant H, Pfizenmaier K, Scheurich P (2003). Tumor necrosis factor signaling. Cell 

Death Differ 10(1):45-65. 

Walton S, Wyatt EH, Cunliffe WJ (1988). Genetic control of sebum excretion and 

acne: a twin study. Br J Dermatol 118(3):393-396. 

Wang Q, Tong X, Ji Y, Li H, Lu W, Song Z (2015). Meta-analysis of the correlation 

between IL-6 -174 G/C polymorphism and polycystic ovarian syndrome. J 

Obstet Gynaecol Res 41(7):1087-1092. 

Wanke I, Steffen H, Christ C, Krismer B, Götz F, Peschel A, Schaller M, Schittek B 

(2011). Skin commensals amplify the innate immune response to pathogens by 

activation of distinct signaling pathways. J Invest Dermatol 131(2):382-390. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        339 

 



References 

 
Watanabe O, Natori K, Tamari M, Shiomoto Y, Kubo S, Nakamura Y (1999). 

Significantly elevated expression of PF4 (platelet factor 4) and eotaxin in the 

NOA mouse, a model for atopic dermatitis. J Hum Genet 44(3):173-176. 

Watt FM (2002). Role of integrins in regulating epidermal adhesion, growth and 

differentiation. EMBO J 21(15):3919-3926. 

Weber A, Wasiliew P, Kracht M (2010). Interleukin-1 (IL-1) pathway. Sci Signal 

3(105):cm1. 

Webster GF (1995). Inflammation in acne vulgaris. J Am Acad Dermatol 33:247-

253. 

Wei B, Pang Y, Zhu H, Qu L, Xiao T, Wei HC, Chen HD, He CD (2010). The 

epidemiology of adolescent acne in North East China. J Eur Acad Dermatol 

Venereol 24(8):953-957. 

Wei J, Xu H, Davies JL and Hemmings GP (1992). Increase of plasma IL-6 

concentration with age in healthy subjects. Life Sci 51(25):1953-1956. 

Wellnitz O, Bruckmaier RM (2012). The innate immune response of the bovine 

mammary gland to bacterial infection. Vet J 192:148-152.  

White GM (1998). Recent findings in the epidemiologic evidence, classification, and 

subtypes of acne vulgaris. J Am Acad Dermatol 39:S34-S37. 

Williams HC, Dellavalle RP, Garner S (2012). Acne vulgaris. Lancet 379(9813):361-

372. 

Wolkenstein P, Grob JJ, Bastuji-Garin S, Ruszczynski S, Roujeau JC, Revuz J, 

Société Française de Dermotologie (2003). French people and skin diseases: 

results of a survey using a representative sample. Arch Dermatol 139:1614–

1619. 

Xing Z, Gauldie J, Cox G, Baumann H, Jordana M, Lei XF and Achong MK (1998). 

IL-6 is an antiinflammatory cytokine required for controlling local or systemic 

acute inflammatory responses.  J Clin Invest 101(2):311-320. 

Xu H, Hirosumi J, Uysal KT, Guler AD, Hotamisligil GS (2002). Exclusive action of 

transmembrane TNF alpha in adipose tissue leads to reduced adipose mass and 

local but not systemic insulin resistance. Endocrinology 143(4):1502-1511. 

Xu JY, Sham PC, Xu A, Tso AW, Wat NM, Cheng KY, Fong CH, Janus ED, Lam 

KS (2007). Resistin gene polymorphisms and progression of glycaemia in 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        340 

 



References 

 
southern Chinese: a 5-year prospective study. Clin Endocrinol (Oxf) 

66(2):211-217. 

Yamamoto M, Yoshizaki K, Kishimoto T and Ito H (2000). IL-6 is required for the 

development of Th-1 cell-mediated murine colitis. J Immunol 164(9):4878-

4882. 

Yamanaka K, Tanaka M, Tsutsui H, Kupper TS, Asahi K, Okamura H, Nakanishi K, 

Suzuki M, Kayagaki N, Black RA, Miller DK, Nakashima K, Shimizu 

M,Mizutani H (2000). Skin-specific caspase-1-transgenic mice show 

cutaneous apoptosis and pre-endotoxin shock condition with a high serum 

level of IL-18. J Immunol 165(2):997-1003. 

Yamasaki K, Taga T, Hirata Y, Yawata H, Kawanishi Y, Seed B, Taniguchi T, 

Hirano T, Kishimoto T (1988). Cloning and expression of the human 

interleukin-6 (BSF-2/IFN beta 2) receptor. Science 241(4867):825-828. 

Yang RZ, Huang Q, Xu A, McLenithan JC, Eisen JA, Shuldiner AR, Alkan S, Gong 

DW (2003). Comparative studies of resistin expression and phylogenomics in 

human and mouse. Biochem Biophys Res Commun 310(3):927-935. 

Yang W, Zerbe H, Petzl W, Brunner RM, Günther J, Draing C, von Aulock S, 

Schuberth HJ, Seyfert HM (2008). Bovine TLR2 and TLR4 properly 

transduce signals from Staphylococcus aureus and E. coli, but S. aureus fails 

to both activate NF-kappaB in mammary epithelial cells and to quickly induce 

TNFalpha and interleukin-8 (CXCL8) expression in the udder. Mol Immunol 

45(5):1385-1397. 

Yang Z, Liang Y, Qin B, Zhong R (2014). A meta-analysis of the association of IL-6 

-174 G/C and -572 G/C polymorphisms with systemic lupus erythematosus 

risk. Rheumatol Int 34(2):199-205. 

Yannakoulia M, Yiannakouris N, Blüher S, Matalas AL, Klimis-Zacas D, Mantzoros 

CS (2003). Body fat mass and macronutrient intake in relation to circulating 

soluble leptin receptor, free leptin index, adiponectin, and resistin 

concentrations in healthy humans. J Clin Endocrinol Metab 88(4):1730-1736. 

Yao Y, Sturdevant DE, Otto M (2005). Genomewide analysis of gene expression in 

Staphylococcus epidermidis biofilms: insights into the pathophysiology of S. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        341 

 



References 

 
epidermidis biofilms and the role of phenol-soluble modulins in formation of 

biofilms. J Infect Dis 191(2):289-298. 

Yasukawa K, Hirano T, Watanabe Y, Muratani K, Matsuda T, Nakai S and 

Kishimoto T (1987). Structure and expression of human B cell stimulatory 

factor-2 (BSF-2/IL-6) gene.  EMBO J 6(10):2939-2945. 

Yentzer BA, Hick J, Reese EL, Uhas A, Feldman SR, Balkrishnan R (2010). Acne 

vulgaris in the United States: a descriptive epidemiology. Cutis 86(2):94-99. 

Yoong P, Pier GB (2012). Immune-activating properties of Panton-Valentine 

leukocidin improve the outcome in a model of methicillin-resistant 

Staphylococcus aureus pneumonia. Infect Immun 80(8):2894-2904. 

Yoshizaki K, Matsuda T, Nishimoto N, Kuritani T, Taeho L, Aozasa K, Nakahata T, 

Kawai H, Tagoh H and Komori T (1989). Pathogenic significance of 

interleukin-6 (IL-6/BSF-2) in Castleman's disease. Blood 74(4):1360-1367. 

Yosipovitch G, Tang M, Dawn AG, Chen M, Goh CL, Huak Y, Seng LF (2007). 

Study of psychological stress, sebum production and acne vulgaris in 

adolescents. Acta Derm Venereol 87(2):135-139. 

Younis S, Javed Q (2015). The interleukin-6 and interleukin-1A gene promoter 

polymorphism is associated with the pathogenesis of acne vulgaris. Arch 

Dermatol Res 307(4):365-370. 

Younis S, Javed Q, Blumenberg M (2015). Transcriptional changes associated with 

resistance to inhibitors of epidermal growth factor receptor revealed using 

metaanalysis. BMC Cancer 15:369.  

Zaenglein AL, Thiboutot DM (2008). Dermatology (2nd ed.) Elsevier. 

Zakharyan R, Petrek M, Arakelyan A, Mrazek F, Atshemyan S, Boyajyan A (2012). 

Interleukin-6 promoter polymorphism and plasma levels in patients with 

schizophrenia. Tissue Antigens 80(2):136-142. 

Zhang AQ, Pan W, Gao JW, Yue CL, Zeng L, Gu W, Jiang JX (2014). Associations 

between interleukin-1 gene polymorphisms and sepsis risk: a meta-analysis. 

BMC Med Genet 15(8). 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        342 

 



References 

 
Zhang L, Anthonavage M, Huang Q, Li WH, Eisinger M (2003). 

Proopiomelanocortin peptides and sebogenesis. Ann N Y Acad Sci 994:154-

161. 

Zhang L, Li WH, Anthonavage M, Eisinger M (2006). Melanocortin-5 receptor: a 

marker of human sebocyte differentiation. Peptides 27(2):413-420. 

Zhu J, Miller MB, Vance RE, Dziejman M, Bassler BL, Mekalanos JJ (2002). 

Quorum-sensing regulators control virulence gene expression in Vibrio 

cholerae. Proc Natl Acad Sci U S A. 99(5):3129-3134. 

Zilberstein A, Ruggieri R, Korn JH and Revel M (1986). Structure and expression of 

cDNA and genes for human interferon-beta-2, a distinct species inducible by 

growth-stimulatory cytokines. EMBO J 5(10):2529-2537. 

Zouboulis CC, Jourdan E, Picardo M (2014). Acne is an inflammatory disease and 

alterations of sebum composition initiate acne lesions. J Eur Acad Dermatol 

Venereol 28(5):527-532. 

Zouboulis CC (2009). Propionibacterium acnes and sebaceous lipogenesis: a love-

hate relationship?. J Invest Dermatol 129(9):2093-2096. 

Zouboulis CC, Eady A, Philpott M, Goldsmith LA, Orfanos C, Cunliffe WC, 

Rosenfield R (2005). What is the pathogenesis of acne?. Exp Dermatol 

14(2):143-152. 

Zouboulis CC (2004). Acne and sebaceous gland function. Clin Dermatol 22(5):360-

366. 

Zouboulis CC, Seltmann H, Hiroi N, Chen W, Young M, Oeff M, Scherbaum WA, 

Orfanos CE, McCann SM, Bornstein SR (2002). Corticotropin-releasing 

hormone: an autocrine hormone that promotes lipogenesis in human 

sebocytes. Proc Natl Acad Sci U S A 99(10):7148-7153. 

Zouboulis CC, Korge B, Akamatsu H, Xia LQ, Schiller S, Gollnick H, Orfanos CE 

(1991). Effects of 13-cis-retinoic acid, all-trans-retinoic acid, and acitretin on 

the proliferation, lipid synthesis and keratin expression of cultured human 

sebocytes in vitro. J Invest Dermatol 96(5):792-797. 

Skin: Acne vulgaris genetics and molecular responses to bacterial challenges        343 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Zouboulis%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=19809423
http://www.ncbi.nlm.nih.gov/pubmed/?term=Journal+of+Investigative+Dermatology+(2009)+129%2C+2093%E2%80%932096


Annexures 

 

Annexure I     

 

PATIENT CONSENT FORM 
 

 
Acne Vulgaris Research Study 

 
Department of Biochemistry, Quaid-i-Azam University, Islamabad 
 
Research Title: Skin: Acne vulgaris genetics and molecular responses to bacterial 
challenges 
Investigator: Dr. Qamar Javed 
Contact Person: Sidra Younis 
 
INVESTIGATOR’S STATEMENT: 
You are being asked to participate in a research study. The purpose of this consent 
form is to explain what will happen if you decide to participate in this study. Please 
read the form carefully. You may ask questions about the purpose of the research, 
what we would ask you to do, the possible risks and benefits, your rights as a 
volunteer, and anything else about the research or this form that is not clear. When we 
have answered all of your questions, you can decide if you want to participate in this 
study or not. Your participation is entirely optional. This process is called ‘informed 
consent’. We will give you a copy of this form for your record. 
 
PURPOSE OF THE STUDY 
The purpose of this investigation is to improve the current understanding of the skin-
microbe interaction using Acne vulgaris as a model disease. 
 
SUBJECT’S STATEMENT: 
This study has been explained to me. I volunteer to take part in this research. I have 
had a chance to ask questions. If I have questions later about the research, I can ask 
one of the researchers listed above. I will receive a copy of this consent form. 
 
Name of subject 
Signature 
Date 
 
Name of Person Obtaining consent 
Signature 
Date  
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Annexure II   

 

Patients Questionnaire 

 

 
  

Biochemistry Department, 
Faculty of Biological Sciences, 

Quaid-e-Azam University, Islamabad, Pakistan 
Acne Questionnaire 

1 Serial No 2 Accession No 

3 Name 4 Gender 

5 Age 6 Age of onset 

7 Duration of disease 8 No. of pimples per week 

9 Treatment (Yes/No) 10 Drugs response (Yes/No) 

11 Acne Breakout Location 12 Type of skin 

13  Scar 14 Redness/Swelling (Yes/No)  

15 Duration of pimples (days) 16 Polycystic ovary syndrome (PCO) 

17 Family History (Yes/No) 18 Occupation history 

19 Any other disease (Yes/No) 20 Cause of acne 

21 Acne severity 

      Mild: 

      Moderate: 

      Severe: 

22 Acne types 

Black heads:       White heads: 

Papules:               Pustules: 

Nodules:              Cysts: 

Ice pick scar: 
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Annexure III 

 
RankProd Commands 

 
 
memory.size(max = FALSE) 
memory.limit(size = 9600) 
library (RankProd) 
data (Human_S.aureus_Inactive_Combined_RI) 
n1 <- 3 
n2 <- 2 
n3 <- 15 
n4 <- 15 
n5 <- 15 
n6 <- 15 
cl <- rep(c(0,1,0,1,0,1), c(n1,n2,n3,n4,n5,n6))  
cl 
rownames(Human_S.aureus_Inactive_Combined_RI)= 
Human_S.aureus_Inactive_Combined_RI [,1] 
Human_S.aureus_Inactive_Combined_RI = Human_S.aureus_Inactive_Combined_RI 
[,-1] 
origin <- c(rep(1,5), rep(2,30), rep(3,30)) 
origin  
RP.adv.out <- RPadvance(Human_S.aureus_Inactive_Combined_RI, cl, origin, 
rand=100) 
plotRP(RP.adv.out, cutoff = 0.01) 
topGene(RP.adv.out, cutoff = 0.01) 
write.table(topGene(RP.adv.out, num.gene = 6000), file = 
"Human_S.aureus_Inactive_Combined_RI") 
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