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Summary 

Breast cancer is the second deadly malignancy worldwide. The occurrence rate of 

breast cancer is more in developing and under-developed. In Pakistan, it is the main cause 

of death in women which is an alarming indicator as these women are unaware of 

different diagnostic procedures and fright from their costs as well. So, the discovery of 

non-invasive and cost effective method of diagnosis and prognosis will provide the 

opportunity to lessen the misery of those who suffered from breast cancer and timely 

diagnosis will surely help them to go for treatment and spend healthy, risk free life. 

Nowadays, many screening procedures are available, but the issue of cost and 

invasiveness will remain the problem. The solution for this problem was given by 

researchers in the form of expression profiling of miRNAs. MicroRNAs are small, non-

protein coding RNA molecules which have role in regulation of cellular mechanisms 

either by activating or inhibiting target genes. These small molecules are known to be 

specific to different tissues of the body and it was revealed by research studies that when 

cancer develops, those tissue specific miRNAs shed in the body fluids i.e., blood as well. 

In present study, five miRNAs were selected which were reported previously to be 

involved in oncogenic activities and their deregulated expression was assumed to be 

highly linked with breast cancer. The use of DNA based primers for the expression 

analysis of these target miRNAs has given cost effective solution. The present study 

reports the highly deregulated expression levels of all five target miRNAs in plasma 

samples of breast cancer vs. healthy control samples, revealing their use as diagnostic 

biomarkers while their aberrant expression association with stages and tumor grade have 

made them good candidate for prognostic biomarkers as well. 

The blood samples were collected from 100 breast cancer patients and 25 age-

matched healthy controls, to investigate the expression of miRNA panel. Plasma was 
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isolated by standard protocol of centrifugation and then isolation of total RNA including 

miRNA was done. Approximately, 100ng of isolated RNA was converted to cDNA after 

addition of poly (A) tailing. Expression profiling was done by using qRT-PCR technique 

in which mir-specific DNA primers were used to increase sensitivity and specificity of 

reaction. Expression of miRNA panel was normalized by using reference miRNA i.e., 

mir-16 and differences in expression of miRNA panel in breast cancer plasma samples 

and healthy control samples were calculated by 2-ΔΔCt method. Further statistical analysis 

was done by SPSS, medcalc and Graphpad prism softwares. Area under curve analysis 

was used to get diagnosis outcome/values of miRNA panel. The miRNA-target genes 

pathway has been proposed by using bioinformatics programs i.e., gene target prediction 

tools (miRwalk, DIANA, mRBD), gene interactions tool (STRING) and other breast 

cancer databases. 

Upregulation of miRNAs i.e., mir-155, mir-376c, mir-10b and mir-17 and 

downregulation of mir-181b, have been seen in the plasma samples of patient samples 

relative to normal control samples. The scatter plots, heatmap and other statistical 

analysis have given differences in expression of miRNA panel with significant p-value (p 

< 0.001) respectively. Kruskal Walis test and Mann Whitney U test have clearly 

displayed significance and association of miRNA panel with clinicopathological 

characteristics of breast cancer, which have revealed their role as diagnostic as well as 

prognostic biomarkers. AUC curve analysis has also remarked their high sensitivity and 

specificity and AUC calculated were 1.000 (mir-155), 0.976 (mir-376c), 0.932 (mir-10b), 

0.797 (mir-17) and 0.964 (mir-181b) respectively, p < 0.001 was showing statistical 

significance. The proposed pathway has displayed the importance of these miRNAs 

having inter-related target genes, which presents these miRNAs as a panel to increase the 

sensitivity of procedure.   
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We have identified that miRNA panel has highly deregulated expression levels in 

plasma of breast cancer patients relative to healthy controls, confirming their role as 

diagnostic biomarkers.  The high expression fold change of mir-155, mir-376c, mir-10, 

mir-17 in early stages and tumor grade of disease and low expression of mir-181b in 

patient samples relative to normal control samples has also made the prognostic value of 

this panel. Secondly, by the use of mir-specific DNA primers, sensitivity of the qRT-PCR 

increases and minimizes the cost of procedure.  
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1.1. Introduction 

Cancer, being a multifactorial disease, having diverse types is related to different 

organs/tissues of the body. Breast cancer stands second with respect to the most 

commonly diagnosed cancers all over the world, with over 40,000 deaths in USA, 

annually (Siegel et al., 2016). In 2018, it was expected that in US, over 269,000 new 

patient cases will be enrolled (Siegel et al., 2018). Breast tumor is a miscellaneous group 

of tumor, emerging from the epithelial cells, covering the lactiferous duct (Polyak, 2011). 

Approximately, fifty women were affected by breast cancer out of 1 lac diagnosed cases, 

which is very high incidence rate in Pakistan (Naeem et al., 2008).  The occurrence of 

fatality from breast tumor is interrelating with deviation in hormonal factors and 

reproduction (Iorio et al., 2005). At present, the greatest dilemma in the cure of breast 

neoplasm is the deficiency of functional and specific neoplasm biomarkers. There are two 

well substantiate biomarkers that are only used in breast tumor nosology, in clinics. First 

one is estrogen receptor, the signalization of endocrine therapy. Other one is epidermal 

growth factor receptor-2 (herceptin-2) which anticipates the response to trastuzumab 

(Herceptin). New markers that can upgrade and supplement the present method for breast 

tumor diagnostics are hastily required (Jiang et al., 2010). 

For timely, initial stage diagnosis of breast tumor/cancer and to minimize the 

chances of mortality, screening has utmost importance. Among non-invasive tools for 

screening, mammography has been found to be right choice, but its cost and expertise 

needed for handling, has reduced its efficiency. The discovery of microRNAs, which are 

small size non-protein coding RNAs, has placed the milestone for early stage diagnosis of 

breast cancer because they are known to have very specific role in regulation of different 

cell processes. Thus deregulation in any of these processes must disturb the expression 
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levels of these miRNAs which play role in tumorogenesis or any other severe disease 

development (He et al., 2007).  

MicroRNAs are a group of evolutionary conserved regions of SS (single stranded) 

19-24 nucleotides of non-coding RNA molecules that can manage gene expression at a 

post-transcription level. MicroRNAs derived from the metabolic processes of long 

ribonucleic acid (RNA) transcripts that inscribed by microRNA genes. Their genes have 

been discovered in animal species, viruses and plants and they are also taking part in 

several cellular activities such as proliferation, metabolism, differentiation and 

necrobiosis (Bartel et al., 2004). In 1993, the very first microRNA was discovered in 

Caenorhabditis elegans (nematode). These miRNAs are small sized transcripts, which are 

present on lin-4 gene and supposed that they have no role in protein coding, but they have 

a distinctive property to inhibit translation by having complementary sequences to lin-14 

gene (Lee et al., 1993). Cancer related miRNAs i.e., mir-15 and mir-16 were discovered 

firstly in 2002 and have shown deregulation of their expression levels in CLL (Calin et 

al., 2002). In 2005, the term ‘oncomir’ was depicted because of the presence of mir-17-92 

cluster, present at 13q21 locus which encodes more than seven oncogenes that are 

involved in many lymphomas (He et al., 2005).  

The general function of oncogenic miRNAs is downregulation of tumor 

suppressor and related cell regulatory genes (Shenouda and Alahari, 2009). In breast 

cancer, some of the first reported oncomirs, which have revealed deregulation, were mir-

125b, mir-155 and mir-21 (Iorio et al., 2005). 

For the expression profiling of miRNAs, different techniques have been 

developed i.e., qRT-PCR, microarrays, northern blotting and deep sequencing etc. (Kong 

et al., 2009). The use of qRT-PCR technology has given highly specific, sensitive and 

reproducible results for expression profiling of miRNAs related to different types of 
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cancers (Mestdagh et al., 2008). This technique has also gain advantage of analyzing very 

low expression quantities of miRNAs, present in circulation/blood (Kozomara and 

Griffiths-Jones, 2011). Following steps are required for expression profiling of miRNAs 

i.e., collection of samples and its processing, profiling of global miRNAs by using qRT-

PCR technique, normalization of data obtained and its analysis and lastly, validation and 

selection of miRNAs which can be used as biomarkers for disease (Kang et al., 2012).  

For normalization of RNA isolation and qRT-PCR, recombinant non-human 

miRNAs (e.g., Caenorhabditis elegans miRNAs) might be helpful especially when 

dealing with plasma or serum samples (Fichtlscherer et al., 2010). Research work on 

normalization strategies of microRNA is limited; these are used to lessen intergroup 

variability. Most research studies presented that endogenous reference genes (miRNAs) 

could be used for normalization of microRNA analyzed by qPCR, as they face same 

variability problems as target miRNAs, through series of experimental steps (Arroyo et 

al., 2011).  

The selection of primers for the quantification of miRNAs is also very critical 

step, until now, different types of primers were exercised but most sensitive and specific 

results are publicized by LNA-based primers and DNA based primers (Balcells et al., 

2011). Due to similarity in sequences of different miRNA families, miRNAs were found 

more conserved across various distant organisms. To overcome this problem, various 

sensitive and specific tools were employed for the expression profiling of miRNAs. The 

binding affinity of oligonucleotides, having incorporated LNAs (high affinity analogs of 

nucleic-acid), will increase with their respective RNA target or complementary DNA 

(Ikenaga et al., 2016). The higher the affinity more will be the melting temperature 

(Latorra et al., 2003; Ahn et al., 2015).  
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qRT-PCR done by using DNA based primers have provided high amplification in 

biological samples when compared with LNA based primers as the use of these LNA 

primers interferes with amplification efficiency of small target templates respectively. 

Thus, representing DNA based primers more specific and sensitive for quantification of 

miRNAs (Balcells et al., 2011). Conversely, the use of DNA primers over LNA-modified 

primers overcomes this limitation (Fratczak et al., 2009). 

The present research has attempted to use a complete approach to classify 

miRNAs in plasma as a panel, for the detection of breast cancer and found that they can 

act as disease specific circulating biomarkers. In this study, we have analyzed set of five 

miRNAs from which four miRNAs were mostly studied and reported, while one miRNA 

was selected on the basis of recent research study done on circulating miRNAs showing 

deregulation in breast cancer. To conduct experiments, firstly, blood samples were 

collected and processed for plasma separation then isolation of miRNAs/total RNA was 

done alongwith quantification. Afterwards, poly-A tailing and reverse transcription has 

been done in order to do profiling of target miRNA panel through quantitative realtime 

PCR reaction. The Ct values obtained from patient samples and normal controls were 

then normalized by using reference miRNA (mir-16). The extracted expression fold 

change of each miRNA was then processed/analyzed through various statistical and 

bioinformatics tools, in order to access the diagnostic and prognostic outcome of target 

miRNA panel.  

This study will help us to identify the panel of miRNAs which can serve as 

diagnostic as well as prognostic biomarkers for breast cancer in local population. 

Secondly, our study focuses to present and confirm the most sensitive, specific and cost 

effective strategy of qRT-PCR using DNA primers to detect expression of circulating 

miRNAs in breast cancer plasma samples. 
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1.2. Literature Review 

1.2.1. Breast Cancer and Genetics 

Breast cancer is caused by many genetic changes and the chromosome instability 

(CIN) usually occurs in the genome of the cells involved in breast cancer (Ingvarsson, 

2001). It is one of the leading malignancies in the women worldwide; with 10% women 

have a risk of developing breast cancer in western countries. In familial breast cancers, 

BRCA1 and BRCA2 play important role in development of breast cancer; their expression 

is deregulated by many germ-line mutations (Parkin et al., 2001).  

Other deregulated factors include the presence or absence of steroid hormones, 

especially estrogen, which is known to play crucial role in development of breast cancer 

and in prognostic outcome of disease (Fishman et al., 1995). Steroid hormones include 

estrogen receptor (ER) and progesterone receptor (PR) respectively. It was concluded that 

ER present on the surface of breast tumor cells can act as predictive markers in response 

to given hormone therapy. About 1/3 of breast cancers diagnosed have no ER present on 

their surface at the time of diagnosis, while in remaining cases ER will lose as the disease 

progresses (Hortobagyi, 1998). 

It was described that three types of hormone receptor cancer cell responses were 

seen during breast cancer i.e., the cells having absence of ER, the cells having ER on the 

cell surface and the cells which have only 10% presence of ER but have no expression of 

PR as well (Goldhirsch et al., 2005). 

In humans, the development of cancer involves difficult practices with diverse 

genetic changes, signaling pathway alterations with other respective aberrant cellular 

processes. These genetic changes will cause activation or inhibition of disease specific 

genes/factors either by amplifying or by creating mutations through addition or deletion 

in deregulated genes (Hanahan and Weinberg, 2000; Michor et al., 2004).  
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The estimated 5-10% women affected by breast cancer have involvement of germ 

line mutations in breast cancer specific genes i.e., BRCA1, BRCA2, PTEN, p53 and 

STK11/LKB1 (Claus et al., 1996).  BRCA1 and BRCA2 were known to be involved in 

DNA repair pathways by targeting other important genes either by activating or inhibiting 

their functions (Abbott et al., 1999). BRCA1 and BRCA2 have different sequences but 

they have same functional roles including RAD51 associated DNA repairing 

mechanisms, regulation of transcription and remodeling of chromatin (Yuan et al., 1999; 

Venkitaraman, 2002). BRCA1 acts as a tumor suppressor and regulates many cellular 

processes i.e., DNA repair mechanisms, apoptosis, transcription, ubiquitination of various 

proteins and also checkpoints of cell cycle respectively (Zhang and Powell, 2005). 

The deregulated activity of TP53 is linked with BRCA1 or BRCA2 which are 

germ-line mutations (Rehman and Stratton, 1998). ATM belonged to checkpoint kinases 

helps in the repairing of DNA damage breaks. When the double-strand breaks occur, 

ATM causes phosphorylation of BRCA1 and p53 which in turn either activates apoptosis 

signaling or causes repair of damaged part by activating other associated genes 

(McKinnon, 2004).  The association of PTEN increases the risk of breast cancer by 20-

30% (Nathanson et al., 2001). Similarly, E-cadherin deregulation may also plays crucial 

role in the development of breast cancer (Salahshor et al., 2001). 

The research data have revealed that most diagnosed cases of breast cancer were 

sporadic but not familial, as most of the cellular damage may occur during women life 

through somatic changes or mutations. Many genes were known to be mutated in sporadic 

breast cancer which can participate in development and progression of disease and they 

may include different growth factors, cell surface receptors, signaling factors, 

transcription factors, regulators of cell cycle, apoptosis acquiring genes/ regulators and 

other cell adhesion genes/factors (Peto and Houlston, 2001).   
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The sporadic breast cancer includes ecological influences i.e., alcohol 

consumption, diet, radiation, lack of exercise and other hormone therapies (estrogen) 

having very strong association with development of breast cancer. Longtime usage of 

estrogen hormone enhances the risk of breast cancer development, especially, in 

postmenopausal women. The steroids produced in ovaries also have an association with 

breast cancer (Forsti et al., 2002).  

The expression levels of all these molecular genetic markers i.e., presence or 

absence of ER and PR, regulation of Bcl-29, HER/neu and p53 along with involvement of  

BRCA1 and BRCA2 mutations in the germ line can offer further prognostic outcome 

(Nathanson, 2001). In order to follow the progress in treatment of patients the ER and PR 

markers can provide clear picture and by categorizing breast cancer cells through ER and 

PR, better therapeutics can be done that can help in better prognosis of disease (Draghici 

et al., 2003). 

1.2.2. Diagnostic Methods use Breast Cancer 

1.2.2.1. Conventional Diagnostic Methods 

Conventional diagnostic methods are basically defined as old methods used for 

diagnosis. Following are the types of conventional methods used for the diagnosis of 

breast cancer: 

a) Mammography 

It is an x-ray based technique. Although digital mammography is now in practice 

but the conventional technique includes the use of film screens (Nounou et al., 2015; 

Kerlikowske et al., 2011). It is a fine tool in which minimum doses of x rays are used to 

diagnose and detect cancer within breast. A problem with mammography is that dense 

tissues are detected as cancers in this technique.  So, it´s a difficult task to diagnose breast 

cancer in young girls who have firm breasts. There is a chance of wrong diagnosis in 
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which a mammograph shows or diagnose something which just mimics or appears to be 

cancer. In this method there are two types of indicators which are used, named as mass 

and micro calcifications. Micro calcifications are easy to detect as compared to masses 

because mass tumors have poor visibility when it comes to imaging (Morra et al., 2015). 

b)  Magnetic Resonance Imaging (MRI) 

MRI can also be used to detect breast cancer, which exhibits enough power to 

produce better quality of images without the need of radiations like x-rays etc. This 

method resembles the method of nuclear magnetic resonance in which the density of 

protons of tissues in an image is held under consideration to produce an MRI. However, 

it’s not commonly used and is done only in particular conditions. MRI can detect early 

stage of breast cancer development. In this method contrast agents like complexes of iron, 

gadolinium etc. are incorporated into the body (Van Goethem et al., 2006).  

c)  Molecular Breast Imaging (MBI) 

In this method, we use tracer which are radioactive in nature and hence allow the 

visualization under scanners. This diagnostic technique has different names like specific 

gamma imaging and Miraluma test etc. (Nounou et al., 2015). This method has better 

result as compared to MRI method because it can detect even small masses of cancer 

(O'Connor et al., 2009). 

d)  Breast Biopsy 

It is the most precise method for breast cancer diagnosis (Nounou et al., 2015). To 

increase the efficiency of this method, triple method that includes breast examination in 

clinics, imaging and biopsy is done (Palmer and Tsangaris, 1993).  

Breast biopsy includes two methods named as core needle biopsy (CNB) and fine 

needle aspiration cytology (FNAC) (Van Goethem et al., 2006). FNAC involves the 

separation of cells from cancer masses (Chaiwun et al., 2007). Whereas in case of CNB a 
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whole clog of tissue is removed and is held under study. Pathologists then do its analysis 

(Neal et al., 2014). 

e)  Immuno-Histo Chemistry 

It is a method that involves antibodies which are used to detect the expression of 

proteins. These antibodies are labeled with fluorescent markers and are easily detected 

(Kroese et al., 2007). 

f)  Ultrasound 

As mammographic method of diagnosis is not widely available around the globe, a 

conventional method of detection of breast cancer includes ultrasonic waves (Berg et al., 

2016). 

1.2.2.2. Advanced Techniques for Breast Cancer Diagnosis 

a)       Hormone Receptor Testing 

Breast cancer samples contain progesterone and estrogen receptors on their cell´s 

surface. The screening is done by examining the expression of these receptors i.e., PR and 

ER, which are present on tumor´s cell surface. The biomarker that has more importance is 

ER. If one or both of the receptors (PR and ER) are positive then the result is positive. 

IHC assay usually known as immuno histo-chemical assay is used for the detection of this 

test. If intensity is greater than 2 then result is positive (Mohsin et al., 2014). The tumors 

positive for PR and ER can be remediated by hormone therapy. In hormone therapy, the 

tumor cells require progesterone and estrogen for growth if the supply of these hormones 

is stopped then the growth of tumor cells stopped (Hagemann et al., 2016). 

b)        HER2/neu Analysis 

HER2, the second most important marker for breast cancer. Cancer cells of breast 

cancer contain HER2, which is a protein. The HER2 gene is over expressed in 
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approximately 25 percent of breast cancers. The death rate is twice due to the over 

expression of HER2 gene as compare to the females with HER2 -ve expressions (NIH et 

al., 2001). FISH (Fluorescence In situ Hybridization) is used for gene and protein 

expression. HER mark assay released by Monogram Biosciences, to improve the ongoing 

methods for neu /HER analysis. If HER2 is positive, then breast cancer patient is treated 

by medicine that are target specific (bind to particular receptor) (Ankur, 2016).  

c)        Prediction using Molecular Signature 

Gene that has prophetic value in breast cancer can be identified with the help of 

genomics. RT-PCR technique is used for miRNA´s level analysis. Quantitative analysis is 

done with the help of mathematical and statistical tools in order to check results (Berse 

and Lynch, 2015).  

d)       Next Generation Sequencing of Breast Cancer Tissues 

NGS helps us in sequencing 100 of genes in tumor cells. “Gene panel testing” is 

used to sequence multiple genes. NGS is preferred over the single gene testing because it 

can sequence big number of genes in single panel. It helps in identifying mutations and 

genetic variation. Irrespective of PR/ER status, it gives results with tissue sample (Zoon 

et al., 2009). 

1.2.3. Discovery of miRNA and their use as Disease Biomarkers  

In 1993, first miRNA was discovered, known as lin-4 which was found in 

Caenorhabditis elegans, it functions in regulation of lin-14 (protein expression) 

(Wightman et al., 1993). Then after seven years, let-7 was discovered in C. elegans 

(Reinhart et al., 2000). In humans, about 700 miRNAs were cloned and these miRNAs 

were supposed to have 45,000 target sites located in the 3′ UTRs with regulation of 60% 

protein coding genes. In animals, approximately 30% of total genes were targets of 

miRNAs (Friedman et al., 2009). It was revealed that one miRNA can regulate numerous 
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genes with predicted hundreds of target genes and have highly conserved regions among 

different species (Zhang and Su, 2008). It was also reported that circulating miRNAs can 

act as stable biomarkers in blood which can act as biomarkers in different diseases 

including cancer (Kroh et al., 2010). 

A superlative biomarker consists of following characteristics i.e., they can be 

easily accessed, highly sensitive and disease specific, having capability to discriminate 

between diseases, permits early stage detection, expression level changes may occur with 

changes in stages of relevant disease, have stability in biological samples and have 

consistent accuracy when detected (Etheridge et al., 2011). In another study, miRNAs 

were confirmed as good biomarkers due to their deregulated expression during disease 

i.e., cancer, with specificity to the tissue of the body of which cancer has been diagnosed 

and in plasma have remarkably high stability (Qu et al., 2011). 

1.2.3.1. Biogenesis of miRNA   

By RNA polymerase II, microRNA genes are transcribed mostly to produce a 

primary miRNA (pri-miRNA), which have stem loop, which may entails hundred 

nucleotides to numerous kilobases. Conversely, RNA polymerase III transcribes some 

miRNAs found in repetitive elements (Borchert et al., 2006; Lee et al., 2004). The 

location of miRNA loci is differently distributed i.e., 40% in intronic region, 40% in 

introns of protein-coding transcripts, 10% in the exonic region of non-coding transcripts 

and 10% are localized in other regions. The fate of miRNAs is decided by alternative 

splicing, i.e., intronic or exonic in nature, their 5ʹ end is capped and 3ʹ end is 

polyadenylated respectively (Bracht et al., 2004). 

 In mammals, miRNAs which are intronic in nature usually spliced before 

processing then these spliced products i.e., pri-miRNAs, are managed within the nucleus 

by a number of proteins (microprocessors), having RNase III enzyme (Drosha), cofactor 
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DGCR8/Pasha and double-stranded RNA binding (dsRBD) protein (Han et al., 2004; 

Denli et al., 2004).  

 These microprocessors cleave the pri-miRNA stem and produce 70-nt hairpin 

precursor miRNA called pre-miRNA. Precursor miRNA is now ready to transport from 

nucleus to cytoplasm with the help of Exportin-5 (a nuclear export factor) driven by Ran-

GTP. Exportin-5 recognizes the 2-nt 3ʹoverhang which is produced by RNase III enzyme 

at the cleavage site (Bohnsack et al., 2004; Yi et al., 2003).    

 In cytoplasm, the pre-miRNA is then cleaved by Dicer which is also RNase III 

enzyme, to produce the mature miRNA: miRNA duplex (22-nucleotide). This duplex 

interacts with the dsRBD, transactivating response RNA binding protein (TRBP) and 

protein activator of the interferon induced protein kinase (PACT) and human 

immunodeficiency virus (HIV) (Chendrimada et al., 2005). 

  In human cells, RNA-induced silencing complex (RISC) was gathered by the 

binding of TRBP with Argonaute protein (Ago2) and Dicer to produce trimeric complex 

which causes degradation of mRNA (Gregory et al., 2005). 

  The miRNA strand at 5´end of this duplex devising poor constancy of base-

pairing is integrated into RISC complex and other strand is usually degraded. Once 

integrated into RISC, the miRNA direct the complex to mark the mRNA by doing base-

pair interactions, so that following actions may be done i.e., degradation of that mRNA, 

repression of translation or up-regulation of targeted mRNA (Maniataki and Mourelatos, 

2005). The process of biogenesis of miRNA is shown in Fig. 1.1.  
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Fig. 1.1. Biosynthesis of miRNAs. MicroRNAs are produced by passing through two steps i.e., 

first converted into pri-miRNA and then its cleavage by microprocessor complex inside nucleus. 

Then it is exported to cytoplasm with the help of Exportin-5, where another protein Dicer binds 

with TRBP and form complex which in turn cleaves pre-miRNA in to mature miRNA. The 

association of RISC and miRNA with target mRNA then causes repression of target gene, 

promote the degradation of that gene or causes inhibition of translation. 

 

1.2.3.2. MicroRNA Interactions with their Target Genes 

MicroRNAs interact with their target gene through the seed region (the region 

where base pairing occur between miRNA and targeted mRNA) (Bushati and Cohen, 

2007). The importance of seed region was demonstrated by many computational and 

validation studies done on miRNAs and their role in numerous cellular processes by 

targeting various genes. The miRNAs having strong binding with seed region of target 

gene has given importance, as these finding will help in therapeutics as well (Krek et al., 

2005). SNP data has described that conserved target region has low density of 

polymorphism (Chen and Rajewsky, 2006).  

 



 

14 

 

1.2.3.3. Methods used for Expression Profiling of miRNAs 

For profiling of discovered miRNAs, several methods were used so that 

expression levels of those miRNAs were checked in disease and normal states. The most 

sensitive method observed was qRT-PCR, for the estimation of miRNAs expression 

levels. Other methods like bead-based flow cytometric method was used to categorize 

poorly differentiated tumors which also helped in profiling of miRNAs in diagnosis of 

cancer. Microarrays were also used to analyze blood samples of breast cancer against 

normal controls, which gives expression of three miRNAs i.e., mir-652, mir-181a and 

mir-29a respectively, accompanied by mammography (Mcdermott et al., 2014). Recently, 

miRNA profiling is reformed by using next generation sequencing technique which gives 

a highly quantitative expression of all miRNAs in related species (Huang et al., 2009; 

Schotte et al., 2011; Dhahbi et al., 2009). Moreover, deep sequencing method has 

improved the detection /estimation of expression levels of miRNAs which are present in 

very less amount (Ryu et al., 2011; Wei et al., 2013; Lu et al., 2009).  

1.2.3.4. Engrossment of miRNAs in Breast Cancer 

Relation between miRNAs and cancer has engrossed many researchers to think 

and work on expression profiling of miRNAs and to find their target genes relative to 

different cancer types, subtypes i.e., breast cancer. Moreover, functional studies have 

displayed specific miRNAs, as tumor suppressor miRNAs and oncogenic miRNAs, which 

can perform their function of cellular regulation by interacting with respective mRNA 

targets. Important miRNAs previously known to involve in breast cancer pathogenesis 

and their experimentally proven targets are enlisted in Table 1.1.  
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Table 1.1. Most Studied miRNAs, their Targets and Source of Study 

miRNAs Targets Source References 

hsa-mir-21 

BCL-2,  

MASPIN, 

PTEN, 

PDCD4, 

TPM1, 

HIF1A 

Tissue Iorio et al., 2005 

Tissue Si et al., 2007 

Cell lines Zhu et al., 2007 

Tissue Blenkiron et al., 2007 

Cell lines Frankel et al., 2008 

Tissue Yan et al., 2008 

Cell lines Cissell et al., 2008 

Cell lines Wickramasinghe et al., 2009 

Tissue Qian et al., 2009 

Cell lines Wickram et al., 2009 

Cell lines Qi et al., 2009 

Serum/Tissue Wang et al., 2010 

Tissue Wang et al., 2011 

Serum Mar-aguiler et al., 2013 

Serum Si et al., 2013 

Plasma Matamala et al., 2015 

Serum Huo et al., 2016 

Serum Asaga et al., 2011 

Serum  Yadav et al., 2016 

 

 

 

 

 

hsa-mir-155 

 

 

 

 

 

 

 

 

 

RHOA, 

SOCS1, 

FOX3, 

TP53INP1 

 

 

 

 

 

Tissue Iorio et al., 2005 

Tissue Blenkiron et al., 2007 

Tissue Yan et al., 2008 

Cell lines   Kong et al., 2008 

Serum/Tissue Wang et al., 2010 

Serum Shaker et al., 2010 

Blood Heneghan et al., 2010;  

Serum Roth et al., 2010 

Tissue Wang et al., 2011 

Blood Wang et al., 2012 

Serum Sun et al., 2012 

Serum Mar-Aguiler et al., 2013 

Serum Eichelser et al., 2013 

Serum Sochor  et al., 2014 

Serum Bašová et al., 2017 

hsa-mir-34a 

CDK6, 

EIF3, 

MYC, 

CCND1 

Tissue Blenkiron et al., 2007 

Cell lines Welch et al., 2007 

Cell lines Sun et al., 2008 

Cell lines Kato et al., 2009 

Cell lines Christofferson et al., 2009 

Serum Roth et al., 2010 

Blood Wang et al., 2012 

Serum Eichelser et al., 2013 
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hsa-mir-10b 

 

 

 

 

 

 

 

HOXD10 

 

 

 

 

Tissue Blenkiron et al., 2007 

Tissue Ma et al., 2007 

Serum Roth et al., 2010 

Cell lines Moriarty et al., 2010 

Cell lines Haque et al., 2010 

Blood Wang et al., 2012 

Serum Mar-Aguiler et al., 2013 

Plasma Chen et al., 2013 

Serum Mangolini et al., 2015 

hsa-mir-17 

AlB1, 

E2F1, 

CCND1 

Cell lines Hossain et al., 2007 

Cell lines Yu et al., 2008 

Tissue Olive et al., 2010 

Tissue Yu et al., 2010 

Cell lines Li et al., 2011 

Serum Eichelser et al., 2013 

Tissue Fan et al., 2014 

Cell lines Jiang et al., 2014 

hsa-mir-181b ATM 

Tissue Blenkiron et al., 2007 

Tissue Yan et al., 2008 

Cell lines Wang et al., 2011 

Serum Sochor et al., 2014 

Cell lines Zheng et al., 2016 

hsa-mir-145 C-MYC 

Tissue Iorio et al., 2005 

Tissue Blenkiron et al., 2007;  

Cell lines Sachdeva et al., 2009 

Serum Mar-Aguiler et al., 2013 

Plasma Ng et al., 2013 

 

 

 

hsa-mir-125a/b 

 

 

 

 

 

 

 

 

HER2/3 

 

 

 

 

 

Tissue Iorio et al., 2005 

Tissue Mattie et al., 2006 

Tissue Blenkiron et al., 2007 

Cell lines Scott et al., 2007 

Tissue Guo et al., 2009 

Tissue Li et al., 2009 

Blood Wang et al., 2012 

Serum Mar-Aguiler et al., 2013 

hsa-mir-221/222 p27Kip1 

Cell lines Zhao et al., 2008 

Cell lines Miller et al., 2008 

Cell lines Shah et al., 2011 

hsa-mir-191 TGFβ2 
Serum Mar-Aguilar et al., 2013 

Cell lines Nagpal et al., 2015 

hsa-mir-451 MIF 
Plasma Ng et al., 2013 

Cell lines Liu et al., 2015 

hsa-mir-200c 
ZEB1/2, 

BMI1 

Cell lines Gregory et al., 2008 

Cell lines Shimono et al., 2008 

Cell lines Dykxhoorn et al., 2009 
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hsa-mir-520c/373 CD44 
Cell lines Huang et al., 2008 

Serum Eichelser et al., 2008 

hsa-mir-195 

ACAC, 

CYP27,  

HMGC, 

FASN 

Blood Heneghan et al., 2010 

Cell lines Singh et al., 2015 

hsa-mir-27a MYT1 
Cell lines Mertens-Talcott et al., 2007 

Blood Heneghan et al., 2010  

hsa-mir-126 IRS-1 
Cell lines Tavazoie et al., 2008 

Cell lines Zhang et al., 2008 

hsa-mir-206 ESR1 

Tissue Iorio et al., 2005 

Cell lines Adams et al., 2007 

Cell lines Kondo et al., 2008 

hsa-mir-210 RAD52 

Tissue Foekens et al., 2008 

Cell lines Camps et al., 2008 

Cell lines Huang et al., 2010 

Cell lines Roth et al., 2011 

hsa-let-7a 

H-RAS, 

PEEP1, 

LIN28, 

HMGA2 

Cell lines Johnson et al., 2005 

Cell lines Yu et al., 2007 

Tissue Yan et al., 2008 

Blood Heneghan et al., 2010 

hsa-mir-16 BCL2 
Cell lines Cimmino et al., 2005 

Plasma Ng et al., 2013 

hsa-mir-196 HOXC8 
Cell lines Hoffman et al., 2009 

Cell lines Li et al., 2010 

hsa-mir-376c ------------ Plasma Cuk et al., 2013 

hsa-mir-409 ------------ Plasma Cuk et al., 2013 

hsa-mir-801 ------------ Plasma Cuk et al., 2013 

hsa-mir-148 ------------ Plasma Cuk et al., 2013 

hsa-mir-146 NF-kB Cell lines Bhaumik et al., 2009 

 

Table 1.1: Representing important miRNAs involves in breast cancer pathogenesis along with 

target genes and source of sample used in research studies. (BCL-2) B-cell lymphoma 2, 

(MASPIN) mammary serine protease inhibitor, (PTEN) Phosphatase and tensin homolog, 

(PDCD4)Programmed Cell Death 4, (TPM1) Tropomyosin 1, (HIF1A) Hypoxia-inducible factor 

1-alpha, (RHOA) Ras Homolog Family Member A, (SOCS1) Suppressor Of Cytokine Signaling 1, 

(FOX3) Forkhead box O3, (TP53INP1) Tumor Protein P53 Inducible Nuclear Protein 1, (CDK6) 

Cyclin Dependent Kinase 6, (EIF3) Eukaryotic translation initiation factor 3, (CCND1) Cyclin 

D1, (HOXD10) Homeobox D10, (ATM) Ataxia-Telangiesctasia mutated gene, (HER2/3) Human 

epidermal growth factor receptor 2/3, (p27Kip1) Kinase Inhibitor P27, (TGFβ)Transforming 

growth factor-beta, (MIF) Macrophage Migration Inhibitory Factor, (ZEB1/2) Zinc finger E-box 

binding homeobox 1, (BMI1) BMI1 polycomb ring finger oncogene, (ACAC) Acetyl-CoA 

Carboxylase, (CYP27) Cytochrome P450 Family 27 Subfamily A, (HMGC) Maleylacetoacetate 

isomerase, (FASN) Fatty Acid Synthase, (MYT1) Myelin Transcription Factor 1, (IRS1) Insulin 

Receptor Substrate 1, (ESR1) Estrogen Receptor 1, (NF-kB) Nuclear Factor Kappa B Subunit 1. 
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1.2.3.5. Functional Studies on miRNAs involved in Breast Cancer 

The first report describing breast cancer-specific miRNA expression profiling on a 

large set of tumor and normal breast tissues has identified 29 differentially expressed 

miRNAs which were able to discriminate tumors from normal tissues with high accuracy 

(Iorio et al., 2005). Among the differentially expressed miRNAs in breast cancer, mir-

10b, mir-125b, mir-145, mir-21 and mir-155 were revealed to be the most consistently 

deregulated (Blenkiron et al., 2007). Ma et al., (2007) found that mir-10b is important 

miRNA that seems to play a vital role in breast cancer. The expression of mir-10b was 

found to be associated with clinical progression and metastasis in breast carcinoma.  

Recently, expression of mir-21 has been linked with the hyaluronan (HA)-induced 

interaction with CD44 and protein kinase C (PKC) epsilon in breast tumor cells 

(Krichevsky and Gabriely, 2009). Another potential gene targeted by mir-21 in breast 

cancer was Tropomyosin 1 (TPM1) and the tumor suppressor PTEN and the protein 

programmed cell death 4 (PDCD4) (Wickramasinghe et al., 2009; Frankel et al., 2008). 

One study has displayed that in breast cancer PTEN and SMAD7 were downregulated. By 

inhibiting PTEN, mir-21 helps tumor cells to proliferate and grow by inducing activation 

of fibroblast protein. It causes inhibition of SMAD7, thus increasing the transition of 

fibroblasts and myofibroblasts along with expression of α-smooth muscle actin, in order 

to help tumor cells to proliferate and invade (Gong et al., 2014). In order to promote 

invasion as well as metastasis, the upregulation of hormone receptors i.e., Her2/neu 

would initiate MAPK signaling which eventually increases the expression of mir-21 

(Huang et al., 2009). To support this finding, another study revealed the upregulation of 

mir-21 is highly correlated with metastasis and advanced stages of breast cancer which in 

turn makes the worse prognosis (Yan et al., 2008). 
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The expression of mir-155 is upregulated in breast cancer. Its upregulated 

expression has shown association with tumor subtypes and high mortality rate (Mattiske 

et al., 2012). Iorio et al., has found high levels of mir-155 while studying 29 deregulated 

miRNAs in breast cancer (Iorio et al., 2005). Its level also found to be increased in serum 

by another study (Sun et al., 2012). One study showed mir-155 association with lymph 

node metastasis, advanced tumor grade and stages has shown its prognostic outcome in 

breast cancer (Cortez et al., 2012). As many expression studies on mir-155 have proved 

that it is upregulated in breast cancer and thus due to its high expression, lot of functional 

studies have been conducted to reveal its targets involved in cell regulation. The 

disruption of these targets would eventually cause cancer progression. The experimental 

studies displayed that mir-155 target some tumor suppressor genes like SOCS1, RhoA, 

FOXO3 and TP53INP1 etc. It directly targets FOXO3, whose function is to downregulate 

pro-apoptotic proteins thus played a role in chemoresistance (Kong et al., 2010). During 

EMT, TGFβ/SMAD4 signaling pathway causes upregulation of mir-155 which in turn 

targets RhoA to play a role in metastasis (Kong et al., 2008). During inflammation, mir-

155 targets SOCS1 which increases the levels of STAT3 signaling pathway, thus initiate 

the progression of cancer (Jiang et al., 2010). Similarly, mir-155 causes downregulation 

of TP53INP1, thus play a key role in anti- apoptosis and increases the proliferation of 

tumor cells respectively (Zhang et al., 2013). Research studies have demonstrated that 

mir-155 has high association with late stage tumors and metastasis of lymph nodes. Due 

to large list of potential targets of mir-155 revealed, many new studies are working on its 

use as therapeutic target in breast cancer (Chen et al., 2012).  

Similarly, one of the first miRNAs implicated as playing a role in metastasis, 

despite some conflicting evidence, was mir-10b. A high level of mir-10b expression was 

reported in the metastatic breast cancer line MDA-MB-231 compared to MCF-7 (which 



 

20 

 

has little capacity to metastasize). Transduction of miR-10b into non metastatic SUM149 

cells resulted in increased size and invasiveness of tumors formed in non-SCID (severe 

combined immunodeficiency) mice, compared with tumors from control SUM149 cells 

(Ma et al., 2007). Although mir-10b–transduced SUM149 tumors invaded the stroma, 

control SUM149 tumors remained within fibrotic capsules. This study also revealed that 

mir-10b is activated by the transcription factor Twist, which in turn causes an interruption 

of homeobox D10 mRNA translation, thus ensuring increased expression of ras homolog 

gene family, member C (RHOC), a gene that promotes cell migration and invasion (Ma et 

al., 2007). The expression of mir-10b in primary breast carcinomas (n=23) compared with 

normal breast tissue correlates with clinical progression. All breast carcinomas from 

metastasis-free patients have showed low levels of mir-10b expression (5 of 5), whereas 

high levels of mir-10b expression were detected in 50% of metastasis-positive patients (9 

of 18). Results of a more recent study of mir-10b, however, were somewhat 

contradictory, whereby mir-10b expression was found to be lower in tissue from patients 

without metastasis (n=114) compared with normal breast tissue (n=10). In contrast with 

the previous study (Yu et al., 2008), here lower mir-10b expression levels were detected 

in patients with distant relapse (n=61), regional relapse (n=11) and local recurrence 

(n=33); these observations suggest that mir-10b does not, infact, correlate with distant 

metastasis or poor prognosis (Gee et al., 2008). Added to these findings, mir-10b 

expression has been associated with the prognostically favorable luminal A subtype 

(Blenkiron, 2007).Upregulation of mir-10b has been found by Ma and his colleagues and 

revealed its relevance with patient´s distant relapse, regional relapse and local recurrence 

(Ma et al., 2007). The high levels of mir-10b have been found in other solid cancers like 

colorectal cancer, hepatocellular carcinomas and glioblastoma etc. (Blenkiron et al., 2008; 
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Ma et al., 2007).  One study described that the high levels of mir-10b expression are 

correlated with disease stage, living status and tumor sizes (Zhang et al., 2018). 

In the pathogenesis of different cancers, mir-17 has very pronounced role i.e., its 

upregulation in ovarian cells downregulates the PTEN (Fang et al., 2015), increases cell 

motility in melanoma cells (Cohen et al., 2015), targets PTEN in triple negative breast 

cancer (Jin et al., 2015), detects recurrence of colon cancer (Conev et al., 2015) and have 

a role in chemoresistance in prostate cancer cells as well (Zhou et al., 2016).  In recent 

study, its overexpression has been seen in breast cancer cells and tissues which has 

depicted its association with poor survival of patients and also showed the cell 

proliferation and increased growth of tumor cells (Yang et al., 2015). The transcription 

factor MYC, increases the expression of mir-17-5p which causes downregulation of 

inhibitors of cell cycle, thus increasing the signaling of Wnt or β-catenin pathway, 

allowing the increased expression of c-myc and CyclinD so that progression, migration 

and invasion of tumor cells occurs respectively (Li et al., 2011). Additional study on mir-

17 has revealed that it targets and inhibits ZBTB4, which is a tumor suppressor 

transcription factor, thus allowing proliferation and incursion of tumor cells (Kim et al., 

2012). 

There were few studies related to mir-376c expression in different cancers has 

been done which have revealed it role as oncogene as well as tumor suppressor in 

different cancers i.e., its upregulation was studied in gastric carcinoma in cell lines and 

gastric tissue samples showing its oncogenic activity (Hung et al., 2017). But in ovarian 

cancer cell lines, mir-376c has displayed downregulation and by direct targeting BMI1, 

causes increase in cell proliferation (Deng et al., 2016). In breast cancer plasma samples, 

its upregulated expression was depicted by Cuk and his coworkers, revealing its role in 

early stage diagnosis of breast cancer (Cuk et al., 2013). 
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In breast cancer, mir-181b expression is deregulated and it is revealed that (high 

mobility group A) HMGA1 activates and increases its expression so that mir-181b targets 

CBX7 which is known to be tumor suppressor and regulates cell cycle by helping in 

progression from phase G1 to phase S respectively, thus making increase in proliferation 

of tumor cell (Mansueto et al., 2010). In recent study, ATM was identified as direct target 

of mir-181b, thus helping formation of sphere in breast cancer cells (Wang et al., 2011).  

In other expression studies, the significant increase in mir-181b expression has been 

observed (Blenkiron et al., 2007; Yan et al., 2008; Scohor et al., 2014).  

Mertens-Talcott et al., (2007) described that mir-27a directly targets the 

ZBTB10/RINZF, transcription factor, which is a presumed suppressor of specificity 

protein (Sp). Upregulated expression of Sp by mir-27a causes an increase in levels of 

vascular endothelial growth factor (VEGF), survivin and VEGF receptor 1 (VEGFR1). 

Other studies revealed its expression is decreased in ER-positive breast tumor tissues 

(Kondo et al., 2008; Adams, et al., 2007). 

The high expression levels of mir221/222 causes the expression of p27Kip1 low 

which in turn causes activation of CDK1, thus causing proliferation of tumor cells 

continuous (Aktas et al., 1997; Lesage et al., 2007).  

The mir-34a is a transcriptionally regulated miRNA by the p53 network, which 

has been shown to be downregulated in multiple cancers (Gaur et al., 2007). A previous 

study has demonstrated that in breast cancer, mir-34a levels are lower in triple negative 

and mesenchymal-type breast cancer cell lines when compared to the normal epithelial 

cell lines (Kato et al., 2009). Another study examined the effect of mir-34a on breast 

cancer development and found that its levels are downregulated in five different breast 

cancer cell lines in comparison to the normal epithelial cell line 184A1. Ectopic 

expression of mir-34a levels in breast cancer cells also led to reduced cell proliferation, 
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invasion, and induced apoptosis. It was also found that mir-34a targets, Bcl-2 and SIRT1, 

are in reverse correlation with ectopic expression of mir-34a. The study concluded that 

mir-34a is able to inhibit breast cancer cell proliferation and migration through 

downregulation of Bcl-2 and SIRT1. Since manipulating mir-34a levels affects radiation 

sensitivity in breast cancer cells, mir-34a could have great potential for breast cancer 

therapy (Li et al., 2012).  

A direct role for mir-34a in breast cancer is thought to exist owing to the common 

loss of 1p36 (Concepcion et al., 2012; Bieche et al., 1999) and CpG methylation of the 

mir-34a promoter (Lodygin et al., 2008), leading to down-expression of the mir-34a in 

comparison with normal tissues. Under-expression of mir-34a was shown to facilitate 

invasion in vitro and metastasis in vivo through suppressing a potential oncogene fos-

related antigen 1 in breast cancer (Yang et al., 2012). Jagged1 and its receptor Notch1 

were targets of mir-34a and the entire signaling pathway, including mir-34a /Notch1/ 

Jagged1/ hairy and enhancer of split 1 (Hes-1), was suggested as an explanation of mir-

34a repression of cell invasion (Kato et al., 2009). In human breast cancer samples, mir-

34a was also downregulated in non-response group with poor prognosis and can be 

served to predict chemotherapy efficacy in breast cancer (Chen et al., 2010). Clinical 

trials focusing on the association between mir-34a and breast cancer have also been 

conducted, resulting in circulating mir-34a being identified as a potent diagnostic marker. 

Circulating mir-34a is specifically elevated in the blood of breast cancer patients with 

metastases from healthy women and also provides information about the prognosis of a 

patient: higher mir-34a levels in patients are considered more aggressive with a poorer 

prognosis (Roth et al., 2010). 

The deregulated expression of mir-146 is caused by (Breast cancer metastasis 

suppressor 1) BRMS1, which was known to have role in regulation of multiple target 
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genes and functions as suppressor of metastasis. Moreover, they have found increased 

expression of mir-146 in metastatic tumor cells. They also revealed that deregulated 

expression of mir-146 permits downregulation of EGFR thus inhibits growth of tumor 

cell, making mir-146 as best candidate for therapeutics (Hurst et al., 2009). 

Another group of miRNA which acts as potent tumor suppressor in breast cancer 

is mir-125a or mir-125b. In breast cancer mir-125a and -b were down-regulated (Iorio et 

al., 2005). Other study revealed that mir-125a or mir-125b may suppress the expression of 

HER2 and HER3, which were established to be frequently deregulated in breast cancer 

(Scott et al., 2007).  

Ng et al., (2013) studied the elevation of mir-16, mir-21 and mir-451 in plasma of 

breast cancer patients has been reported in this study. They were the first to demonstrate 

that reduction of plasma mir-145 level occurred in breast cancer patients. The best 

combination of plasma markers mir-145 and mir-451 in our plasma quantitative assay 

makes a very promising and specific breast cancer screening test possible.  

Jiang et al., (2010) have displayed that mir-155 functions as an oncomir in breast 

carcinomas by targeting SOCS1 and consequently contributing to constitutive STAT3 

activation in breast cancer. Heneghan et al., (2010) demonstrated the specificity of 

elevated circulating mir-195 for breast cancer and the remarkably high sensitivity of mir-

195 in combination with the general oncomirs let-7a and mir-155 for discriminating 

breast cancer cases from controls, thus prompting their potential utility as unique, 

noninvasive breast tumor markers. Roth et al., (2010) studied the significant increase of 

mir-10b, mir-34a and mir-155 concentrations in the peripheral blood of breast cancer 

patients and the observed associations with tumor progression suggest a potential clinical 

utility of circulating miRNAs as a new class of future biomarkers.  
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1.2.3.6. Breast Cancer Molecular Subtypes and MicroRNAs  

MicroRNA which can discriminate between different subtypes of breast cancer 

were defined firstly by Blenkiron and colleagues, they profiled 309 miRNAs in 93 

samples of breast tumors. They found 31 miRNAs that have ability to distinguish between 

different breast cancer subtypes (Blenkiron et al., 2007). de Rinaldis and colleagues found 

consistent results by clarifying that 46 miRNAs were able to discriminate between 

subtypes of breast cancer by using 173 samples of breast tumor tissues (de Rinaldis et al., 

2013). In another study, 29 samples of breast tumor tissue of early stage were taken and 

profiled about 453 miRNAs which were predicators of triple hormone receptors (Lowery 

et al., 2009). 

1.2.3.7. Primer Types used for Profiling of miRNAs 

qRT-PCR, HTS (high throughput sequencing) and microarrays are most 

commonly used approaches to spot the microRNA. RT-qPCR technique is being used 

autonomously, with its special, specific type of primers. The primers used nowadays are 

of two types; stem-loop primers and DNA based primers. As miRNA families display 

close sequence identity because of which miRNAs are more conserved across many 

distant organisms. This point presents major concerns for the development of accurate 

and sensitive tools for miRNA analysis. LNAs are a class of high-affinity nucleic acid 

analogs. Insertion of LNAs into oligonucleotides increases the binding attraction of that 

oligonucleotide to its complementary DNA or RNA target (Ikenaga et al., 2016). The 

higher the affinity more will be the melting temperature (Ahn et al., 2015).  

LNA is an artificial nucleotide which consists of a methylene bridge that connects 

the 2'-oxygen of ribose with 4'-carbon (Ikenaga et al., 2016). This bridge forms locked 3' 

end structure which leads to the minimum structural flexibility. LNA are used as probes 

in qPCR because of their several benefits which includes: Show more accurate gene 
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expression and allelic discrimination (Ballantyne et al., 2008). Recent studies showed that 

quantitative PCR having two micro-RNAs specific primers of DNA showed greater 

competence and amplification (Balcells et al., 2011).   

1.2.3.8. MicroRNA Normalization  

Research work on normalization strategies of microRNA is limited and these 

studies also have intergroup variability. Most of the research studies have shown that 

reference genes could be used for normalization of microRNA analyzed by qPCR. 

Typically one of the most promising technique  is the utilization of ‘housekeeping’ genes 

to normalize qPCR data because they represents  endogenous controls  that have same 

type of sequence variability as proved by different experimental trials (Arroyo et al., 

2011). 

The aim of miRNA expression experiments is to observe distinction between 

“normal” control and a “disease” specimen samples. Thus, the motive of normalization is 

to remove difference between groups aside from that difference that is a result of the 

disease state itself. Different variations that occurred while performing series of steps of 

miRNA expression profiling are due to differences in sample collection handling, RNA 

extraction and target quantification protocols, stabilization of isolated RNA or cDNA, 

thus to reduce these sample-to-sample variations normalization procedures are very 

important (Andersen et al., 2004; Vandesompele et al., 2002). 

 A normalizer is a type of nucleic acid that displays deviating expression across all 

samples, is expressed in the cells of interest along with the target and reveals parallel 

storage stability, extraction and quantification effectiveness as the target of interest. In 

reality, such normalizer does not exist (Vandesompele et al., 2002).  In the case of 

mRNA, multiple reports have been published that argued for the fusion of transcripts or 
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ribosomal RNA (rRNA) normalizers as part of a factual plan to lessen differences 

(Andersen et al., 2004). 

RNA normalizers are not possible to identify without normalizing the data that is 

initiating a reference baseline of expression. This has been proven by using pairwise 

measures. Thus, chosen normalizer should have purification properties similar to those of 

target miRNA (Liu et al., 2008). 

The aim of normalization is to lesson data dissimilarities that can screen or 

amplify biologically meaningful changes, that´s why increasing the accuracy of 

expression measurements. The choice of a normalization plan is insignificant. In 

microarray studies, normalization methods usually solicit and advanced and utilize 

measures of hundreds or thousands of genes. This option is not available in qRT-PCR, 

where analysis is typically designed for multi targets. Moreover this techniques is cost 

effective and materials are easily available that make it to cut off the use of number of 

normalizers (Peltier and Latham, 2008). 

Normalization techniques used for profiling of miRNAs is still not properly 

understood but it was found that endogenous miRNA could be used as a normalizer of 

qRT-PCR profiling of miRNA and that miRNA was named as reference control i.e., mir-

16. The use of set of reference miRNAs can increase the accuracy of quantification 

(Vandesompele et al., 2002). Another study revealed mir-484 as good reference miRNA 

control in breast cancer samples (Kodahl et al., 2014). 

1.2.3.9. MicroRNAs as Diagnostic and Prognostic Biomarkers  

The superlative biomarker should be simply manageable, profound and definite 

which cannot visible in healthy samples. As the expression of miRNAs was known to be 
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specific, relative to different tumor tissues, so they can be postulated as predictive, 

diagnostic as well as prognostic biomarkers. 

a)  MicroRNAs as Diagnostic Biomarkers  

As the diagnosis of breast cancer at early stage makes the prognosis of disease 

better so, the need of non-invasive, cost effective and sensitive method was absolute. The 

discovery of miRNAs as diagnostic biomarkers in breast cancer is definitely big success 

in order to fight against malignancy.  In a recent study, a panel of nine circulating 

miRNAs was detected which can detect early stage of breast cancer (Kodahl et al., 2014). 

Similarly, in other study, mir-155 was revealed as a sensitive and specific biomarker of 

breast cancer (Wang et al., 2014). While in other two studies done on serum and plasma, 

two different panels, consisting of four miRNAs, were depicted that have ability to detect 

cancer at early stages of breast cancer (Chan et al., 2013; Cuk et al., 2013). 

b)  MicroRNAs as Prognostic Biomarkers  

In order to detect prognostic biomarkers in blood, lot of research studies have 

been done on different miRNAs relating to breast cancer. One study have revealed that 

mir-10b, was the first identified metastatic biomarker in breast cancer. They found panel 

of three miRNAs i.e., mir-10b, mir-155 and mir-34a were elevated in breast tumors 

(Zhang et al., 2014). Then in another study, mir-373 and mir-10b were found to be related 

with advanced stage breast cancer (Chen et al., 2013). Many other conducted studies have 

provided number of miRNAs which were helpful in prognosis of breast cancer 

respectively. 
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1.3. Objectives  

Objectives of the proposed research work include: 

a) Collection of blood samples from breast cancer patients (n=100) and age-matched 

healthy subjects as control (n=25) and their grouping/categorization according to 

TNM classification system (tumor size, lymph nodes and metastasis).  

b) Preparation of plasma from collected blood samples, extraction of total 

RNA/miRNA and its quantification using Nanodrop spectrophotometer. 

c) Designing of mir-specific DNA primers for RT-PCR based amplification of cancer-

related miRNAs i.e., mir-155, mir-376c, mir-10b, mir-17 and mir-181b. 

d) PolyA polymerization, reverse-transcription of extracted total RNA/miRNAs. 

e) Real-time PCR analysis of microRNA panels. 

f) Assessing statistical significance of qRT-PCR expression data (Ct values) using 

SPSS and/or GraphPad prism software programs and to determine the clinical 

correlation of up- and/or down-regulated miRNAs with breast cancer progression.  

g) Prediction of target genes of miRNA panel by using different bioinformatics tools 

including target prediction tools, gene interactions tool (STRING) while other 

related breast cancer genetic data will be generated by using Insilco databases. 
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2.1. Study Subjects  

The study population was comprised of 100 breast cancer patients and 25 age-

matched healthy controls. Blood samples of the patient group were collected from the 

Jinnah and INMOL Cancer Research Hospital, Lahore with informed consent of the 

patients, along with history (Annex-1 and Annex-2). The study was duly approved by the 

Ethical Review Board of the School of Biological Sciences [Ref. No. 873/12] (Annex-3). 

Clinicopathological characteristics of the patient group reported here (Table 2.1) are 

based on the chart reviews and information obtained from the hospital´s tumor registry 

service.  

Table 2.1. Clinico-pathological Data/History of the Breast Cancer Patients 

Entities Details Count 

Samples 

Total 125 

Cases 100 

Controls 25 

Age 

25-35 20 

36-45 33 

46-55 30 

56-65 12 

66-75 05 

Family History 
Yes 26 

No 74 

Chemotherapy No 

Types  

Invasive Ductal Carcinoma 91 

Invasive Lobular Carcinoma 03 

Ductal Carcinoma in situ 06 

Stage 

I 05 

II 38 

III 43 

IV 14 

Grade 

I 0 

II 56 

III 44 

Receptors 

Triple Positive 09 

Triple Negative 37 

Mixed 54 

Status 
Pre-operative 84 

Post-operative 16 

Affected Side 
Left 44 

Right 56 
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2.2. Sample Collection and Processing 

Blood samples from the study subjects were collected in 5cc EDTA coated tubes, 

mixed by gently inverting 6-7 times and processed for the preparation of plasma 

according to the approved guidelines. Briefly, the collected samples were centrifuged in 

refrigerated swing bucket rotor centrifuge at 2500 x g for 5 minutes. The plasma thus 

obtained was carefully transferred to a fresh, sterile eppendorf tube and again centrifuged 

at relatively higher speed 4500 x g for 5 minutes to remove residual cellular components 

of the blood, if any. Clarified plasma was dispensed in DNase- and RNase-free microfuge 

tubes as 500 µl aliquots and either stored at -80°C until use or processed directly to 

extract circulating DNA/RNAs, as described infra.  

2.3. Primer Designing 

For designing of DNA primers, miRNA sequences were obtained from miRNA 

database miRBase (www.mirbase.org). The stem-loop sequences of miRNAs with their 

accession numbers were taken and then mature region were selected from which the DNA 

primers has been designed according to Balcells et al., (2011) defined rules (Table 2.2). 

Briefly, for designing of forward primer firstly removed all A´s from 3´-end of mature 

sequence of miRNA and approximately 18 bases long sequence was taken with at least 1-

3 T or A bases at the 3´-end. In order to increase Tm of the forward primer 5 bases were 

added at 5´-end. For designing of reverse primer 4-8 bases were taken from mature 

miRNA sequence which was not complementary with 3´-end of forward primer. Then 3´-

end was elongated by addition of 1-3 T or A bases and 15 T´s were added at 5´-end of 

reverse primer. To increase Tm of primer, 9-base sequence was added as described by 

Balcells et al. (Balcells et al., 2011). 
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Table 2.2. List of mir-specific DNA Primers 

 

Oligo Name Sequence (5'→3') 

mir-specific DNA Primers used in MicroRNA Analysis 

mir-16 
F: CGC AGT AGC AGC ACG TAA ATA T 

R: GGT CCA GTT TTT TTT TTT TTT TCG CCA 

mir-10b 
F:  CAG TAC CCT GTA GAA CCG AAT T 

R: CAG GTC CAG TTT TTT TTT TTT TTT CAC A 

mir-376c 
F: CGC AGG GTG GAT ATT CCT TCT A 

R: CAG GTC CAG TTT TTT TTT TTT TTT AAC A 

mir-155 
F: CGC AGC TCC TAC ATA TTA GCA T 

R: CAG GTC CAG TTT TTT TTT TTT TTT GTT A 

mir-17 
F: AG CAA AGT GCT TAC AGT GCAG 

R: GGT CCA GTT TTT TTT TTT TTT TCT AC 

mir-181b 
F: CGC AGA TTG CTG TCG GTG GGT 

R: CAG CTG CAG TTT TTT TTT TTT TTT CAT TCA TA 

 

2.4. MicroRNA Isolation 

Total circulating RNA including the small microRNAs was isolated from 300 µl 

plasma aliquots using NucleoSpin® miRNA Plasma kit (MACHEREY-NAGEL GmbH 

& Co., Germany). Briefly, sample preparation was done by adding 10 µl of Proteinase K 

(30 ug/ul) in 300 µl plasma sample and incubated at room temperature for 10 minutes. 

Then 90 μl buffer MLP was added, after that vortexing was done for 5seconds and the 

mixture was incubated for 3 minutes at room temperature. 3.5 μl miRNeasy 

Serum/Plasma Spike-In Control (QIAGEN®, Germany) (1.6 x 108 copies/μl working 

solution) was added and mixed thoroughly.  

In next step, protein was precipitated by adding 30 μl buffer MPP, mixed by 

vortexing for 5 seconds. Incubation was done for 1 minute at room temperature and then 

centrifuged for 3 minutes at 11000 x g (12400 rpm) to pellet the protein. The clear 

supernatant was transferred into a new 2 ml collection tube. For adjusting the binding 

conditions, 400 μl of isopropanol was added to the supernatant, vortexed for 5 seconds 
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and then loaded on spin column already placed on collection tube. Incubation was done 

for 2 minutes at room temperature and centrifuged for 30 seconds at 11000 x g (12400 

rpm). Discarded the flow-through and placed the column back into the collection tube.  

For DNA digestion step, two stepwise washings were done by adding 700 μl 

buffer MW2 to the NucleoSpin® miRNA column which was then centrifuged for 30 

seconds at 11000 x g (12400 rpm) and the column was placed back into the collection 

tube after discarding flow-through. Second washing was done with 250 μl buffer MW2, 

centrifuged for 2 minutes at 11000 x g (12400 rpm) then again flow-through was 

discarded in order to add 50 μl rDNase directly onto the silica membrane of the 

NucleoSpin® miRNA column and incubated at room temperature. 

After digestion three stepwise washings were done by adding 100 μl buffer MW1 

to the NucleoSpin® miRNA column which was centrifuged for 30 seconds at 11000 x g 

(12400 rpm) and the flow-through was discarded for the second washing step by the 

addition of 700 μl  buffer MW2 on the same processing conditions. Third washing was 

done by adding 250 μl buffer MW2 to the NucleoSpin® miRNA Column, centrifuged for 

2 minutes at 11000 x g (12400 rpm) to dry the membrane completely then discarded the 

flow-through and centrifuged again.  

For the elution of small RNA, placed the NucleoSpin® miRNA column in a new 

1.5 ml collection tube, directly added 30 μl RNase-free H2O onto the silica membrane of 

the column, incubated for 1 minute at room temperature and closed the lid for final 

centrifugation of 1 minute at 11000 x g (12400 rpm). The isolated miRNA was stored at -

80° C for further downstream processing. The quantity of isolated miRNA will be 

measured on NanoDrop™ 2000/2000c Spectrophotometer (Thermo Fisher Scientific™, 

USA). Concentration of RNA at 260 nm was measured against RNase free water as 

blank.                      
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2.5. Poly (A) Tailing 

Approximately, 100 ng of isolated miRNA was then used in poly A tailing (-A15) 

reaction in the presence of poly (A) polymerase Cat. # AM2030 (Invitrogen™ by Thermo 

Fisher Scientific™, USA), which adds “A” nucleotides at the 3ʹ-end of the template in a 

sequence independent manner. A 20 µl reaction was set up by mixing 4 µl of 5x PAP 

buffer, 2.5 mM MnCl2, 1 mM ATP and 1 unit of poly-A polymerase in an RNase-free 

PCR tube. The mixture was incubated at 37°C for 60 minutes and the enzymatic reaction 

was inactivated by heating at 65°C for 20 minutes. 

2.6. Synthesis of cDNA 

 The mixture was next processed for the cDNA synthesis using M-MuLV 

RevertAid Reverse Transcriptase enzyme (Thermo Scientific, USA) according to the 

recommended protocols. Briefly, 8 µl of poly (A) polymerized RNA was mixed with 1 

µM of universal RT-primer (5ʹ-CAGGTCCAGTTTTTTTTTTTTTTTGT-3ʹ), incubated at 

65°C for 5 minutes and chilled rapidly on ice. 1 x RT buffer, dNTPs mix (10 mM) and 

M-MuLV RevertAid Reverse Transcriptase enzyme (200 U) were added thereafter and 

the reaction (final volume 20 μl) was preceded with incubation at 42°C for 1 hour. To 

stop the reaction, the mixture was heated at 70°C for 10 min.   

2.7. Selection of Reference Gene 

The selection of reference gene is very important for data analysis of miRNA data 

obtained from different samples, so from previous studies two reference miRNAs i.e., 

mir-16 and mir-484 were selected (Hu et al., 2012; Liang et al., 2007; Davoren et al., 

2008) and their expression levels were analyzed on all the collected samples. Only mir-16 

has shown stable expression through all 125 samples and thus it was chosen as 

endogenous reference miRNA to remove differences in collected samples.   
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2.8. Real-time qRT-PCR Analysis 

For quantitative PCR analysis, Maxima SYBR Green/ROX qPCR Master Mix 

(2X) (Thermo Scientific, USA) was used. The sequence of mir-specific DNA primers, 

designed for this study, is shown in Table 2. The qPCRs were set up in sterile 0.2 ml 

sterile tubes by mixing 1 µl of 10x diluted cDNA with 250 nM of each primer set and 5 

µl of 2X Maxima SYBR Green/ROX qPCR Master Mix fluorescein, in a total volume of 

10 µl. Cyclic conditions set on BioRad CFX96TM Real-Time System were: 95°C for 5 

minutes followed by 40 cycles of heating at 95°C for 10 sec. and annealing at primer 

specific temperatures between 55-60°C for 20 sec. Melt curve analysis (65°C to 95°C) 

were performed at the end of each thermal profile to check the specificity of amplification 

reactions.  

All Q-PCR experiments were performed in replicates and the quantification is 

based on the estimation of threshold cycle (ΔCt value). Raw data was normalized by 

subtracting the CT value of normalizer mir-16 from the test prior to analysis. No template 

control is used as a negative control and mixture of all 125 samples (1µl from each 

sample) was taken as a positive control. The formula 2-ΔΔCt was used to compare the 

relative fold change of miRNA in breast cancer to that of normal controls (Livak and 

Schmittgen, 2001). 

2.9. Statistical Analysis 

Clinical data is presented as mean ± SEM. A student's T-test (for two groups) or 

one-way ANOVA (for three or more groups), Mann-Whitney U test, t-test, two-way 

ANOVA and the significance of differences between groups was estimated by the 

Kruskal–Wallis test for k-group comparisons while Pearson correlation (r2) is also done to 

see correlation between selected miRNA panel by using SPSS version 21.0 (IBM Corp, 

Armonk, NY, USA).  
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Receiver operating characteristic (ROC) analysis was performed by using 

MedCalc for Windows, version 18.0 (MedCalc Software, Ostend, Belgium) Receiver-

operating characteristic (ROC) curves were generated to assess the diagnostic accuracy of 

each miRNA and the sensitivity and specificity of the optimum cutoff point were defined 

as those values that maximized the area under the ROC curve (AUC).  

Scatter Plots and heat map were made by using GraphPad Prism 5 and 7 

(GraphPad, La Jolla, California) in order to define fold change expression of target 

miRNAs. The results were considered to be statistically significant, when p < 0.05. 

2.10. Prediction of Target Genes, their Interactions and Pathway  

Importance of selected miRNAs as a circulating diagnostic and prognostic panel 

has also been confirmed by insilico observations with the help of bioinformatics target 

genes predicted tools, genes interaction software and breast cancer genetic databases. 

Predicted target gene lists were collected from miRwalk, DIANA-microT web server 

v5.0/DIANA-TarBase v8 and miRDB (Dweep and Gretz, 2015; Paraskevopoulou et al., 

2013; Wang, 2016). While STRING software was used to check gene/protein 

interactions, related to miRNA panel of interest (Snel et al., 2000).  

Genes involved in breast cancer were selected from breast cancer genetic 

databases i.e., “Atlas of Genetics and Cytogenetics in Oncology and Haematology” 

(Huret et al., 2013), U.S. National Library of Medicine (https://ghr.nlm.nih.gov/primer) 

and other related literature, possible list of genes were selected (Annex-5), which have 

direct or indirect involvement in breast cancer development and progression as well 

(Ghoussaini et al., 2013). 

 

https://ghr.nlm.nih.gov/primer
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3.1. Selection of miRNA Panel for Expression Analysis in Breast Cancer  

Before performing expression analysis of breast cancer specific miRNA panel for 

the early stage diagnostic and prognostic purpose, the selection criteria of miRNA panel 

was very decisive step. For this purpose, literature review was done since 2005, when 

first time miRNA involvement in cancer development and progression was discovered. 

Especially, the most deregulated circulating miRNAs which have shown deregulated 

expression levels in breast cancer were chosen as panel.  

This panel included five microRNAs i.e., mir-155, mir-376c, mir-10b, mir-17 and 

mir-181b which were known for their oncogenic activity in cancer and were depicted as 

regulators of many cellular processes and thus were supposed to act as diagnostic and 

prognostic biomarkers in breast cancer. So, on the basis of previous literature as shown in 

Table 2.1, in which different experiments were performed on cell lines, tissue samples 

and blood samples of breast cancer to execute the importance of miRNAs, we have 

selected the above mentioned panel in order to study expression levels in plasma of breast 

cancer patients relative to control samples by using DNA based primer sets. 

Two miRNAs (mir-155 and mir-10b) were most studied deregulated candidates of 

this miRNA panel, with their role in cancer development and progression as well, while 

mir-17 and mir-181b were known to have role in progression of breast cancer in many 

studies and mir-376c was reported recently with its upregulated expression in plasma 

samples of breast cancer.  

Thus, in the form of panel, these miRNAs were first time studied together as the 

candidate for circulating diagnostic and prognostic biomarkers in plasma of breast cancer 

patients. The pie-chart is showing important miRNAs with number of studies done 

previously, in breast cancer (Fig. 3.1).   
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Fig. 3.1. Pie-chart representing important miRNAs with their number of studies done in previous 

literature respectively. 

 

3.2. Isolation of miRNA and cDNA with their Quantification 

For the expression analysis of miRNA panel, firstly isolation of circulating RNA 

was done after thawing frozen plasma samples (100 patients and 25 controls) by using kit 

method described in section 2.4. After isolating circulating RNA, the quantification step 

was performed by using NanoDrop™ 2000/2000c Spectrophotometer (Thermo Fisher 

Scientific™ (pvt.) ltd, USA). The concentrations obtained were in the range of 7.09-

29.21(ng/ µl) in patients and ~7.45-23 (ng/ µl) in controls. The quantification of 

circulating RNA was very critical step because 100ng concentration of circulating RNA 

was the basic requirement for downstream polyA tailing and cDNA conversion steps.  

After the conversion of circulating RNA into cDNA by using universal primer as 

described in section 2.6, the quantification of all cDNA samples was again done by using 

NanoDrop™ 2000/2000c Spectrophotometer. The cDNA concentrations obtained were in 

the range of 49.28-169.38 (ng/ µl) in patient samples and 54.26-134.46 (ng/ µl) in control 
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samples. The individual concentration of miRNA and cDNA samples in nanogram per 

microliter (ng/ µl) is enlisted in Annex-4.  

The concentrations obtained by quantification of circulating RNA and cDNA of 

all samples are graphically represented in Fig. 3.2.  

   

Fig. 3.2. Concentration (ng/µl) of miRNA and cDNA. Red bars are presenting cDNA 

concentration while blue bars are presenting miRNA concentration. Concentration values are 

showing at y-axis and no. of samples are at y-axis.   

 

3.3. Quantitative Realtime PCR Expression of Reference Gene mir-16 

For the expression analysis of target miRNAs in breast cancer and to reduce the 

false positive results, selection and then quantitative expression analysis of reference 

miRNA was performed. Two endogenous and reported reference miRNAs (mir-484 and 

mir-16) were put on test and after performing qRT-PCR expression analysis, mir-16 was 

found as a good candidate who can act as endogenous reference miRNA in breast cancer.  

In order to check its expression, qRT-PCR analysis was done in both patient and 

normal control samples, the consistent Ct values obtained from both types of plasma 

samples have confirmed its importance as reference miRNA as shown in Fig. 3.3 a, b.   
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Fig. 3.3. Representative chart of Realtime qPCR expression analysis of mir-16. a) Amplification 

peak with Ct values. b) Melt peaks, which are uniform and have no dimerization.  

 

The scatter plot analysis is also showing approximately equal range of Ct values 

of patient and control samples thus, presenting mir-16 as a stable endogenous reference 

miRNA which can be used for the calculation of delta delta Ct values of target miRNA 

panel (Fig. 3.4). 

 

Fig. 3.4. Scatter plot of mir-16 between control and patient samples with mean Ct values. 
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3.4. Expression Analysis of mir-155   

The expression analysis of mir-155 was done by performing real-time qPCR 

reaction of patient and control samples. The results have revealed clear differences in Ct 

values of patients vs. control samples thus discriminating mir-155 as upregulated 

circulating miRNA in plasma of breast cancer patients (Fig. 3.5 a, b).  

 

     

 

Fig. 3.5. Expression analysis of mir-155 in patient and control samples. a) Amplification curve,   

b) Melt peak. 

 

3.4.1. Relative Expression Fold Change of mir-155 

The 96-well plates for mir-155 expression analysis were set with duplicate 

samples and mean Cq values obtained were then used for the normalization by using 

formula 2-ΔΔCt to compare the relative fold change of miRNA in breast cancer plasma 

samples with control samples (Livak and Schmittgen, 2001). The mean Cq values 

obtained from mir-155 were individually subtracted from reference mir-16 with age 

matched patient and control samples by using following scheme of formulae ΔCtpatient 

samples = (Cttarget miRNA – Ct reference miRNA) and then ΔCtcontrol samples = (Cttarget miRNA –Ct reference 

miRNA). The values obtained from ΔCtpatient samples and ΔCtcontrol samples were then used to get 
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ΔΔCt by using formula (ΔCtpatient samples- ΔCtcontrol samples). Finally, relative fold change has 

been calculated by using formula 2-ΔΔCt (Table 3.1a). 

Table 3.1a. Relative Fold Change of mir-155 in Plasma of Breast Cancer Patients 

 

Sample 
mir-16 

(P) 

mir-155 

(P) 

ΔCt 

(P) 

mir-16 

(N) 

mir-155 

(N) 

ΔCt 

(N) 
ΔΔCt FC = 2- ΔΔCt 

P-1 30.58 28.21 -2.37 31.04 33.36 2.32 -4.69 25.776646 

P-2 30.76 27.70 -3.07 30.90 32.87 1.97 -5.04 32.84519 

P-3 30.88 27.59 -3.29 30.84 33.79 2.95 -6.24 75.462204 

P-4 30.73 28.27 -2.46 30.84 33.79 2.95 -5.41 42.42727 

P-5 30.76 27.51 -3.24 30.90 32.87 1.97 -5.21 37.13379 

P-6 31.04 27.36 -3.68 30.84 33.79 2.95 -6.63 99.376244 

P-7 30.84 27.90 -2.94 31.04 33.36 2.32 -5.26 38.428025 

P-8 30.40 27.77 -2.63 31.15 33.46 2.31 -4.94 30.707998 

P-9 30.95 27.57 -3.38 30.90 32.87 1.97 -5.35 40.829245 

P-10 31.20 27.88 -3.33 30.90 32.87 1.97 -5.30 39.264646 

P-11 31.28 27.37 -3.91 31.04 33.36 2.32 -6.23 74.963754 

P-12 29.97 27.86 -2.11 30.84 33.79 2.95 -5.06 33.27675 

P-13 30.75 27.57 -3.18 30.90 32.87 1.97 -5.15 35.406224 

P-14 30.19 27.85 -2.34 30.84 33.79 2.95 -5.29 39.21149 

P-15 30.41 27.82 -2.59 30.75 33.64 2.89 -5.48 44.653926 

P-16 30.84 27.67 -3.17 30.90 32.87 1.97 -5.14 35.187674 

P-17 30.60 27.22 -3.39 30.75 33.64 2.89 -6.28 77.444125 

P-18 30.30 27.86 -2.44 30.90 32.87 1.97 -4.41 21.327135 

P-19 30.73 27.92 -2.82 30.90 32.87 1.97 -4.79 27.593907 

P-20 31.24 27.90 -3.34 30.90 32.87 1.97 -5.31 39.686154 

P-21 30.95 27.89 -3.06 30.84 33.79 2.95 -6.01 64.544057 

P-22 31.27 28.10 -3.16 31.15 33.46 2.31 -5.47 44.456986 

P-23 31.16 27.92 -3.24 30.75 33.64 2.89 -6.13 70.130382 

P-24 31.39 28.17 -3.22 30.84 33.79 2.95 -6.17 71.987832 

P-25 31.07 27.72 -3.35 30.90 32.87 1.97 -5.32 39.872478 

P-26 30.87 27.56 -3.31 30.84 33.79 2.95 -6.26 76.67118 

P-27 30.13 27.61 -2.52 30.84 33.79 2.95 -5.47 44.177975 

P-28 30.02 27.64 -2.38 30.84 33.79 2.95 -5.33 40.117869 

P-29 30.22 27.58 -2.64 30.90 32.87 1.97 -4.61 24.401586 

P-30 30.88 27.62 -3.26 30.90 32.87 1.97 -5.23 37.62521 

P-31 30.63 27.85 -2.78 30.90 32.87 1.97 -4.75 26.912343 

P-32 30.64 27.93 -2.72 31.04 33.36 2.32 -5.04 32.804243 

P-33 31.07 27.99 -3.07 30.84 33.79 2.95 -6.02 65.039347 

P-34 31.16 27.87 -3.28 31.15 33.46 2.31 -5.59 48.328674 

P-35 30.58 28.21 -2.37 30.90 32.87 1.97 -4.34 20.254792 

P-36 31.18 28.10 -3.08 30.75 33.64 2.89 -5.97 62.533417 

P-37 30.56 27.66 -2.90 31.04 33.36 2.32 -5.22 37.266865 

P-38 30.66 27.91 -2.75 31.04 33.36 2.32 -5.07 33.480798 
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P-39 30.98 27.65 -3.33 30.84 33.79 2.95 -6.28 77.840918 

P-40 30.20 27.68 -2.52 31.04 33.36 2.32 -4.84 28.591576 

P-41 30.49 27.97 -2.53 30.84 33.79 2.95 -5.48 44.520653 

P-42 30.15 27.76 -2.39 30.84 33.79 2.95 -5.34 40.405715 

P-43 29.89 27.44 -2.45 30.84 33.79 2.95 -5.40 42.171941 

P-44 30.61 27.66 -2.95 30.90 32.87 1.97 -4.92 30.226743 

P-45 30.52 28.11 -2.42 30.75 33.64 2.89 -5.31 39.632608 

P-46 31.09 27.77 -3.32 30.84 33.79 2.95 -6.27 77.371626 

P-47 30.71 27.90 -2.82 31.04 33.36 2.32 -5.14 35.213676 

P-48 30.96 27.96 -3.00 31.04 33.36 2.32 -5.32 39.93463 

P-49 30.86 28.10 -2.76 30.84 33.79 2.95 -5.71 52.259222 

P-50 30.46 28.08 -2.38 30.90 32.87 1.97 -4.35 20.4116 

P-51 31.18 27.99 -3.19 30.90 32.87 1.97 -5.16 35.790529 

P-52 30.26 27.96 -2.30 31.04 33.36 2.32 -4.62 24.572973 

P-53 30.65 27.90 -2.75 30.75 33.64 2.89 -5.64 49.719737 

P-54 30.00 28.10 -1.89 30.84 33.79 2.95 -4.84 28.724675 

P-55 30.31 27.01 -3.29 31.15 33.46 2.31 -5.60 48.551176 

P-56 30.37 27.59 -2.78 30.75 33.64 2.89 -5.67 50.989653 

P-57 30.57 27.75 -2.81 30.90 32.87 1.97 -4.78 27.497678 

P-58 31.06 27.58 -3.48 30.84 33.79 2.95 -6.43 86.201788 

P-59 31.03 27.78 -3.25 30.90 32.87 1.97 -5.22 37.304413 

P-60 30.41 27.82 -2.58 30.90 32.87 1.97 -4.55 23.488762 

P-61 30.74 27.51 -3.23 30.75 33.64 2.89 -6.12 69.471074 

P-62 30.82 28.36 -2.46 31.04 33.36 2.32 -4.78 27.496491 

P-63 30.36 27.97 -2.39 30.84 33.79 2.95 -5.34 40.445715 

P-64 30.50 27.98 -2.52 31.15 33.46 2.31 -4.83 28.474576 

P-65 30.50 27.82 -2.68 30.84 33.79 2.95 -5.63 49.571655 

P-66 30.44 28.23 -2.22 30.84 33.79 2.95 -5.17 35.927185 

P-67 30.52 27.66 -2.86 30.90 32.87 1.97 -4.83 28.359396 

P-68 30.55 27.87 -2.68 30.75 33.64 2.89 -5.57 47.470955 

P-69 30.45 28.26 -2.20 31.04 33.36 2.32 -4.52 22.899639 

P-70 30.36 27.59 -2.77 30.84 33.79 2.95 -5.72 52.86468 

P-71 29.89 27.94 -1.95 30.84 33.79 2.95 -4.90 29.809794 

P-72 30.26 27.97 -2.30 30.90 32.87 1.97 -4.27 19.237619 

P-73 30.61 27.71 -2.90 30.90 32.87 1.97 -4.87 29.160615 

P-74 30.90 28.11 -2.79 30.75 33.64 2.89 -5.68 51.404586 

P-75 30.68 28.96 -1.72 30.84 33.79 2.95 -4.67 25.448842 

P-76 30.43 27.59 -2.84 30.84 33.79 2.95 -5.79 55.473119 

P-77 30.81 30.03 -0.78 30.90 32.87 1.97 -2.75 6.7439517 

P-78 30.54 29.51 -1.04 30.84 33.79 2.95 -3.99 15.843171 

P-79 30.94 29.44 -1.50 30.84 33.79 2.95 -4.45 21.850079 

P-80 30.95 29.40 -1.55 30.84 33.79 2.95 -4.50 22.629074 

P-81 31.64 29.88 -1.76 30.90 32.87 1.97 -3.73 13.250026 

P-82 30.60 29.66 -0.95 30.84 33.79 2.95 -3.90 14.89742 
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P-83 31.77 29.63 -2.14 30.75 33.64 2.89 -5.03 32.659406 

P-84 30.71 29.61 -1.11 30.90 32.87 1.97 -3.08 8.4334429 

P-85 30.85 29.93 -0.92 31.04 33.36 2.32 -3.24 9.4477223 

P-86 31.48 30.14 -1.34 30.75 33.64 2.89 -4.23 18.755789 

P-87 31.05 29.51 -1.54 30.84 33.79 2.95 -4.49 22.545938 

P-88 31.12 29.68 -1.44 30.90 32.87 1.97 -3.41 10.631915 

P-89 30.72 29.65 -1.07 30.84 33.79 2.95 -4.02 16.194076 

P-90 30.97 29.39 -1.58 31.04 33.36 2.32 -3.90 14.965547 

P-91 30.96 29.94 -1.02 31.04 33.36 2.32 -3.34 10.118712 

P-92 31.11 30.03 -1.08 31.04 33.36 2.32 -3.40 10.576037 

P-93 30.85 29.63 -1.22 30.84 33.79 2.95 -4.17 17.974135 

P-94 31.12 29.72 -1.41 31.04 33.36 2.32 -3.73 13.238127 

P-95 30.62 29.96 -0.66 31.04 33.36 2.32 -2.98 7.8905302 

P-96 31.21 29.57 -1.64 31.04 33.36 2.32 -3.96 15.5874 

P-97 30.81 29.36 -1.45 30.90 32.87 1.97 -3.42 10.715681 

P-98 31.06 30.06 -1.00 31.04 33.36 2.32 -3.32 9.973863 

P-99 30.99 29.88 -1.11 30.90 32.87 1.97 -3.08 8.4379807 

P-100 31.27 30.19 -1.08 30.84 33.79 2.95 -4.03 16.320175 

 

Table 3.1a. Presenting calculated relative expression fold change of mir-155 in plasma of 

patients. Abbreviations showing (P)=patient samples, (N)=normal control samples, FC=fold 

change, respectively. 

 

Same formula was used to calculate relative fold change of normal control 

samples in order to check variations in miRNA concentration (upregulation or down 

regulation) in normal control samples (Table 3.1b). 

Table 3.1b. Relative Fold Change of mir-155 in Plasma of Normal Control Samples 

Sample 
mir-16 

(N) 

mir-155 

(N) 

ΔCt 

(N) 

mir-16 

(μN) 

mir-155 

(μN) 

ΔCt 

(μN) 
ΔΔCt FC = 2- ΔΔCt 

N-1 31.04 34.13 3.09 31.04 33.36 2.32 0.77 0.5864379 

N-2 30.87 33.16 2.29 31.04 33.36 2.32 -0.03 1.0219296 

N-3 30.71 33.82 3.11 30.84 33.79 2.95 0.16 0.8937606 

N-4 31.11 34.21 3.09 30.75 33.64 2.89 0.20 0.8699614 

N-5 30.92 32.97 2.05 31.04 33.36 2.32 -0.27 1.2098192 

N-6 30.89 33.34 2.45 30.84 33.79 2.95 -0.50 1.4153157 

N-7 30.91 34.23 3.32 30.84 33.79 2.95 0.37 0.7757138 

N-8 31.17 33.75 2.58 30.84 33.79 2.95 -0.37 1.2944172 

N-9 30.87 33.80 2.93 30.84 33.79 2.95 -0.02 1.0139264 

N-10 30.81 33.10 2.29 30.90 32.87 1.97 0.32 0.7993729 

N-11 31.17 32.11 0.95 30.90 32.87 1.97 -1.02 2.0332912 

N-12 31.16 32.10 0.94 30.90 32.87 1.97 -1.03 2.0420243 

N-13 31.16 34.15 2.99 30.90 32.87 1.97 1.02 0.492997 



 

45 

 

N-14 30.48 34.06 3.58 30.84 33.79 2.95 0.63 0.6449215 

N-15 30.64 33.54 2.90 30.84 33.79 2.95 -0.05 1.0365893 

N-16 30.72 33.19 2.47 30.75 33.64 2.89 -0.42 1.3419968 

N-17 29.39 33.82 4.43 30.75 33.64 2.89 1.54 0.3445574 

N-18 30.59 33.15 2.56 30.75 33.64 2.89 -0.33 1.2573628 

N-19 31.30 33.42 2.12 30.75 33.64 2.89 -0.77 1.7013998 

N-20 30.14 34.02 3.88 30.75 33.64 2.89 0.99 0.50373 

N-21 31.07 33.32 2.25 31.15 33.46 2.31 -0.06 1.0419725 

N-22 31.01 34.06 3.05 31.15 33.46 2.31 0.74 0.5990497 

N-23 31.62 33.17 1.55 31.04 33.36 2.32 -0.77 1.7069182 

N-24 31.31 33.70 2.39 30.75 33.64 2.89 -0.50 1.4174593 

N-25 31.65 33.00 1.35 31.15 33.46 2.31 -0.96 1.9489359 

 

Table 3.1b. Presenting calculated relative expression fold change of mir-155 in plasma of normal 

control samples. Abbreviations showing (P)=patient samples, (N)=normal control samples, 

FC=fold change, µ=mean, respectively. 

 

The high expression fold change in patient´s samples relative to normal control 

samples is indicating the upregulation of mir-155 in breast cancer, ensuring its 

deregulation may have important role in pathogenesis of breast cancer. The scatter plot 

analysis was done on the relative expression values obtained which has shown high 

relative expression fold change of mir-155 in patient samples when compared with 

healthy control samples (Fig. 3.6). Calculated p-value for upregulated miRNA is p < 

0.0001 which is statistically significant. 
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Fig. 3.6. Scatter plot analysis of upregulated expression of mir-155. Red dots showing patient 

samples while green dots showing normal control samples while blue bars showing Mean ± SEM, 

respectively. 

 

3.4.2. Receiver Operating Curves (ROC) Analysis of mir-155 

After categorizing that mir-155 has upregulated expression in patient samples, its 

sensitivity and specificity was checked by calculating Area under Curve (AUC) between 

patient samples and normal control samples. The AUC value calculated for mir-155 was 1 

with significant p-value, which is p < 0.001 (Fig. 3.7). Thus, both sensitivity and 

specificity values of mir-155 obtained were 100, calculated by J youden index. 

 

 

p<0.0001 
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Fig. 3.7. Receiver Operating Curves (ROC) representing Area under Curve Analysis with 

sensitivity and specificity of mir-155. 

 

3.4.3. Association of mir-155 with Stage, Grade and T, N, M Staging  

The association of mean expression fold change of mir-155 with stages of breast 

cancer was shown by using box and whisker plot. The box and whisker plot is indicating 

high expression of mir-155 in early stages of breast cancer (Fig. 3.8a). Similarly, in Grade 

II disease samples there is increase in high expression of mir-155 relative to Grade III of 

breast cancer (Fig. 3.8b). 

 

        

b) a) 
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Fig. 3.8. Box and Whisker Plots showing mean expression fold change of mir-155 relative to 

different Stages and Tumor Grades of breast cancer with p-values. a) Shows high expression fold 

change of mir-155 in Stage I and Stage II relative to Stage III and Stage IV. b) Shows high 

expression fold change of mir-155 in Tumor Grade II relative to Tumor Grade III. 
 

The mean expression fold change of mir-155 is high in early T, N and M0 stage 

which kept declining when passed through advanced stages, thus differentiating mir-155 

as early stage biomarker (3.9a-c). 

 

           

 

 

Fig. 3.9. Pie Charts representing high expression fold change in early stages of T, N and M 

respectively.  
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3.4.4. Predicted Functional Interactions of mir-155 

The predicted protein-protein interactions of mir-155 target genes has been 

identified by STRING software (Snel et al., 2000). For this purpose, firstly different 

bioinformatics target predicted tools i.e., miRwalk, DIANA-microT web server 

v5.0/DIANA-TarBase v8 and miRDB (Dweep and Gretz, 2015; Paraskevopoulou et al., 

2013; Wang, 2016) were assessed to select high score target genes of mir-155, then from 

breast cancer databases “Atlas of Genetics and Cytogenetics in Oncology and 

Hematology” (Huret et al., 2013), U.S. National Library of Medicine 

(https://ghr.nlm.nih.gov/primer) and other supporting previous literature, possible list of 

genes were selected, which have shown direct or indirect involvement in breast cancer 

development and progression as well (Ghoussaini et al., 2013) (Table 3.10).  

 On the basis of miRwalk software (score 1) and then confirmation by other target 

prediction tools, target genes were selected which were placed in STRING software to see 

functional interactions of those selected genes (Fig. 3.10). These genes are known to 

involve in apoptosis, cell cycle arrest, DNA damage response pathways and transcription 

regulation respectively. When mir-155 expression is deregulated, its target genes/proteins 

expression also become deregulated and thus causes initiation, growth and proliferation of 

breast cancer cells. 

  

https://ghr.nlm.nih.gov/primer


 

50 

 

 
Fig. 3.10. The interactions of predicted targets of mir-155 which are involved in breast cancer 

development and progression by STRING software. Nodes are representing different targets and 

interactions are represented with different line colors i.e., sky blue from curated databases, purple 

for experimentally determined, green for gene neighborhood, red for gene fusions, blue for gene 

co-occurrence, yellow for text-mining, black for co-expression and grey for protein homology. 

 

3.5. Expression Analysis of mir-376c 

Second important miRNA was mir-376c which has given expression close to mir-

155. The qRT-PCR results indicated clear difference in Ct values between patients vs. 

control samples, discerning mir-376c also as an appropriate candidate for selection as 

circulating tumor biomarker in plasma of breast cancer patients (Fig. 3.11 a, b). 
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Fig. 3.11. Expression levels of mir-376c in patient and control samples. a) Amplification curve,  

b) Melt peak. 

 

3.5.1. Relative Expression Fold Change of mir-376c 

Relative expression fold change of mir-376c was calculated by taking mean Cq 

values of each duplicate samples which were set on 96-well plates by using formula 2-ΔΔCt 

between plasma samples of breast cancer patients and normal control samples (Livak and 

Schmittgen, 2001). The mean Cq values obtained from mir-376c were then subtracted 

from reference mir-16 with age matched patient and control samples by using formula = 

2-ΔΔCt (Table 3.2a). 

Table 3.2a. Relative Fold Change of mir-376c in Plasma of Breast Cancer Patients 

 

Sample 
mir-16 

(P) 

mir-376c 

(P) 

ΔCt 

(P) 

mir-16 

(N) 

mir-376c 

(N) 

ΔCt 

(N) 
ΔΔCt FC = 2- ΔΔCt 

P-1 30.58 27.53 -3.05 31.04 31.04 0.00 -3.05 8.2765748 

P-2 30.76 27.44 -3.32 30.90 32.80 1.76 -5.08 33.893702 

P-3 30.88 26.98 -3.90 30.84 32.82 1.78 -5.68 51.151464 

P-4 30.73 27.09 -3.64 30.84 32.82 1.98 -5.62 49.200795 

P-5 30.76 27.90 -2.86 30.90 32.80 1.96 -4.82 28.168952 

P-6 31.04 27.32 -3.72 30.84 32.82 1.92 -5.64 49.932562 

P-7 30.84 27.13 -3.71 31.04 31.04 0.20 -3.91 15.054814 

P-8 30.40 26.42 -3.98 31.15 30.35 -0.69 -3.29 9.7917207 

P-9 30.95 27.24 -3.71 30.90 32.80 1.65 -5.36 41.047598 

P-10 31.20 26.93 -4.27 30.90 32.80 1.90 -6.17 72.053743 

b) a) 

Controls 

Patients 

 

Cycles 

-d
(R

F
U

)/
d

T
 

Temperature, Celsius 

R
F

U
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P-11 31.28 27.65 -3.63 31.04 31.04 0.14 -3.77 13.679322 

P-12 29.97 27.39 -2.57 30.84 32.82 1.78 -4.35 20.403856 

P-13 30.75 27.24 -3.50 30.90 32.80 1.90 -5.40 42.317565 

P-14 30.19 26.99 -3.20 30.84 32.82 1.98 -5.18 36.221267 

P-15 30.41 26.34 -4.07 30.75 30.81 -0.09 -3.98 15.743232 

P-16 30.84 26.53 -4.31 30.90 32.80 1.90 -6.21 73.955214 

P-17 30.60 26.96 -3.64 30.75 30.81 0.06 -3.70 13.030266 

P-18 30.30 27.47 -2.83 30.90 32.80 1.90 -4.73 26.469341 

P-19 30.73 26.87 -3.87 30.90 32.80 1.90 -5.77 54.42788 

P-20 31.24 27.23 -4.01 30.90 32.80 1.90 -5.91 60.162694 

P-21 30.95 26.99 -3.96 30.84 32.82 1.98 -5.94 61.494638 

P-22 31.27 27.40 -3.86 31.15 30.35 -0.80 -3.06 8.3605344 

P-23 31.16 27.51 -3.64 30.75 30.81 0.06 -3.70 13.037785 

P-24 31.39 27.33 -4.06 30.84 32.82 2.07 -6.13 69.854905 

P-25 31.07 26.99 -4.07 30.90 32.80 1.96 -6.03 65.562642 

P-26 30.87 27.63 -3.24 30.84 32.82 1.98 -5.22 37.23278 

P-27 30.13 27.64 -2.49 30.84 32.82 1.98 -4.47 22.166419 

P-28 30.02 27.38 -2.64 30.84 32.82 1.98 -4.62 24.576269 

P-29 30.22 27.29 -2.93 30.90 32.80 1.90 -4.83 28.364999 

P-30 30.88 27.35 -3.54 30.90 32.80 1.90 -5.44 43.299688 

P-31 30.63 27.52 -3.11 30.90 32.80 1.90 -5.01 32.209345 

P-32 30.64 27.62 -3.02 31.04 31.04 0.00 -3.02 8.1373808 

P-33 31.07 27.60 -3.47 30.84 32.82 1.98 -5.45 43.774076 

P-34 31.16 27.03 -4.13 31.15 30.35 -0.80 -3.33 10.040789 

P-35 30.58 27.25 -3.33 30.90 32.80 1.90 -5.23 37.467617 

P-36 31.18 27.34 -3.84 30.75 30.81 0.06 -3.90 14.905719 

P-37 30.56 27.76 -2.80 31.04 31.04 0.00 -2.80 6.9641056 

P-38 30.66 27.39 -3.27 31.04 31.04 0.00 -3.27 9.6385048 

P-39 30.98 27.48 -3.49 30.84 32.82 1.98 -5.47 44.457961 

P-40 30.20 27.60 -2.59 31.04 31.04 0.00 -2.59 6.0275931 

P-41 30.49 27.62 -2.87 30.84 32.82 1.98 -4.85 28.835492 

P-42 30.15 27.43 -2.71 30.84 32.82 1.98 -4.69 25.852113 

P-43 29.89 27.55 -2.33 30.84 32.82 1.98 -4.31 19.898249 

P-44 30.61 27.65 -2.96 30.90 32.80 1.90 -4.86 29.124074 

P-45 30.52 27.32 -3.20 30.75 30.81 0.06 -3.26 9.6060274 

P-46 31.09 27.32 -3.77 30.84 32.82 1.98 -5.75 53.708127 

P-47 30.71 26.85 -3.86 31.04 31.04 0.00 -3.86 14.517251 

P-48 30.96 27.35 -3.61 31.04 31.04 0.00 -3.61 12.212962 

P-49 30.86 27.36 -3.50 30.84 32.82 1.98 -5.48 44.525562 

P-50 30.46 27.09 -3.37 30.90 32.80 1.90 -5.27 38.470351 

P-51 31.18 27.87 -3.31 30.90 32.80 1.90 -5.21 37.125772 

P-52 30.26 27.63 -2.64 31.04 31.04 0.00 -2.64 6.2205948 

P-53 30.65 27.40 -3.24 30.75 30.81 0.06 -3.30 9.8783639 

P-54 30.00 27.36 -2.63 30.84 32.82 1.98 -4.61 24.503829 
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P-55 30.31 27.38 -2.92 31.15 30.35 -0.80 -2.12 4.3531115 

P-56 30.37 27.81 -2.56 30.75 30.81 0.06 -2.62 6.1480553 

P-57 30.57 27.77 -2.80 30.90 32.80 1.90 -4.70 25.909681 

P-58 31.06 27.43 -3.63 30.84 32.82 1.98 -5.61 48.699843 

P-59 31.03 27.55 -3.47 30.90 32.80 1.90 -5.37 41.474571 

P-60 30.41 27.80 -2.60 30.90 32.80 1.90 -4.50 22.697591 

P-61 30.74 27.33 -3.41 30.75 30.81 0.06 -3.47 11.055355 

P-62 30.82 29.77 -1.05 31.04 31.04 0.00 -1.05 2.0651118 

P-63 30.36 29.49 -0.87 30.84 32.82 1.98 -2.85 7.2034275 

P-64 30.50 30.13 -0.38 31.15 30.35 -0.80 0.42 0.7451687 

P-65 30.50 29.75 -0.75 30.84 32.82 1.98 -2.73 6.6535663 

P-66 30.44 29.75 -0.70 30.84 32.82 1.98 -2.68 6.3897245 

P-67 30.52 29.39 -1.13 30.90 32.80 1.90 -3.03 8.1752076 

P-68 30.55 29.98 -0.57 30.75 30.81 0.06 -0.63 1.5522734 

P-69 30.45 30.29 -0.16 31.04 31.04 0.00 -0.16 1.1161141 

P-70 30.36 30.12 -0.24 30.84 32.82 1.98 -2.22 4.6468186 

P-71 29.89 29.88 -0.01 30.84 32.82 1.98 -1.99 3.9716221 

P-72 30.26 30.36 0.10 30.90 32.80 1.65 -1.55 2.935968 

P-73 30.61 29.41 -1.20 30.90 32.80 1.90 -3.10 8.5762145 

P-74 30.90 30.02 -0.88 30.75 30.81 0.06 -0.94 1.9215029 

P-75 30.68 29.78 -0.91 30.84 32.82 1.98 -2.89 7.3951901 

P-76 30.43 29.83 -0.61 30.84 32.82 1.98 -2.59 6.0107553 

P-77 30.81 29.54 -1.27 30.90 32.80 1.90 -3.17 8.9802306 

P-78 30.54 29.82 -0.73 30.84 32.82 1.98 -2.71 6.5333216 

P-79 30.94 30.22 -0.72 30.84 32.82 1.98 -2.70 6.5075205 

P-80 30.95 30.09 -0.86 30.84 32.82 1.98 -2.84 7.1540463 

P-81 31.64 29.38 -2.26 30.90 32.80 1.90 -4.16 17.880699 

P-82 30.60 29.91 -0.69 30.84 32.82 1.98 -2.67 6.3677204 

P-83 31.77 30.09 -1.69 30.75 30.81 0.06 -1.75 3.3575898 

P-84 30.71 29.77 -0.94 30.90 32.80 1.90 -2.84 7.1551512 

P-85 30.85 29.74 -1.11 31.04 31.04 0.00 -1.11 2.1613362 

P-86 31.48 29.75 -1.72 30.75 30.81 0.06 -1.78 3.437178 

P-87 31.05 30.14 -0.91 30.84 32.82 1.98 -2.89 7.4199145 

P-88 31.12 29.95 -1.17 30.90 32.80 1.90 -3.07 8.3745419 

P-89 30.72 29.38 -1.34 30.84 32.82 1.98 -3.32 10.014237 

P-90 30.97 29.22 -1.75 31.04 31.04 0.00 -1.75 3.3658523 

P-91 30.96 29.16 -1.80 31.04 31.04 0.00 -1.80 3.4873899 

P-92 31.11 29.34 -1.77 31.04 31.04 0.00 -1.77 3.410773 

P-93 30.85 29.52 -1.33 30.84 32.82 1.98 -3.31 9.9327227 

P-94 31.12 28.98 -2.15 31.04 31.04 0.00 -2.15 4.4253995 

P-95 30.62 29.61 -1.02 31.04 31.04 0.00 -1.02 2.0249271 

P-96 31.21 28.94 -2.27 31.04 31.04 0.00 -2.27 4.8310112 

P-97 30.81 29.57 -1.24 30.90 32.80 1.90 -3.14 8.8242095 

P-98 31.06 29.86 -1.20 31.04 31.04 0.00 -1.20 2.2896538 
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P-99 30.99 29.81 -1.18 30.90 32.80 1.90 -3.08 8.4445388 

P-100 31.27 29.82 -1.45 30.84 32.82 1.98 -3.43 10.757173 

 

Table 3.2a. Presenting calculated relative expression fold change of mir-376c in plasma of 

patients. Abbreviations showing (P)=patient samples, (N)=normal control samples, FC=fold 

change, respectively. 

 

For normal control samples, relative fold change was calculated by using same 

formula in order to check variations of mir-376c expression in normal control samples 

with respect to breast cancer patient’s samples (Table 3.2b). 

Table 3.2b. Relative Fold Change of mir-376c in Plasma of Normal Control Samples 

Sample 
mir-16 

(N) 

mir-376c 

(N) 

ΔCt 

(N) 

mir-16 

(μN) 

mir-376c 

(μN) 

ΔCt 

(μN) 
ΔΔCt FC = 2- ΔΔCt 

N-1 31.04 34.13 3.09 31.04 33.36 2.32 0.77 0.5864379 

N-2 30.87 33.16 2.29 31.04 33.36 2.32 -0.03 1.0219296 

N-3 30.71 33.82 3.11 30.84 33.79 2.95 0.16 0.8937606 

N-4 31.11 34.21 3.09 30.75 33.64 2.89 0.20 0.8699614 

N-5 30.92 32.97 2.05 31.04 33.36 2.32 -0.27 1.2098192 

N-6 30.89 33.34 2.45 30.84 33.79 2.95 -0.50 1.4153157 

N-7 30.91 34.23 3.32 30.84 33.79 2.95 0.37 0.7757138 

N-8 31.17 33.75 2.58 30.84 33.79 2.95 -0.37 1.2944172 

N-9 30.87 33.80 2.93 30.84 33.79 2.95 -0.02 1.0139264 

N-10 30.81 33.10 2.29 30.90 32.87 1.97 0.32 0.7993729 

N-11 31.17 32.11 0.95 30.90 32.87 1.97 -1.02 2.0332912 

N-12 31.16 32.10 0.94 30.90 32.87 1.97 -1.03 2.0420243 

N-13 31.16 34.15 2.99 30.90 32.87 1.97 1.02 0.492997 

N-14 30.48 34.06 3.58 30.84 33.79 2.95 0.63 0.6449215 

N-15 30.64 33.54 2.90 30.84 33.79 2.95 -0.05 1.0365893 

N-16 30.72 33.19 2.47 30.75 33.64 2.89 -0.42 1.3419968 

N-17 29.39 33.82 4.43 30.75 33.64 2.89 1.54 0.3445574 

N-18 30.59 33.15 2.56 30.75 33.64 2.89 -0.33 1.2573628 

N-19 31.30 33.42 2.12 30.75 33.64 2.89 -0.77 1.7013998 

N-20 30.14 34.02 3.88 30.75 33.64 2.89 0.99 0.50373 

N-21 31.07 33.32 2.25 31.15 33.46 2.31 -0.06 1.0419725 

N-22 31.01 34.06 3.05 31.15 33.46 2.31 0.74 0.5990497 

N-23 31.62 33.17 1.55 31.04 33.36 2.32 -0.77 1.7069182 

N-24 31.31 33.70 2.39 30.75 33.64 2.89 -0.50 1.4174593 

N-25 31.65 33.00 1.35 31.15 33.46 2.31 -0.96 1.9489359 

 

Table 3.2b. Presenting calculated relative expression fold change of mir-376c in plasma of 

normal control samples. Abbreviations showing (P)=patient samples, (N)=normal control 

samples, FC=fold change, µ=mean, respectively. 
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The high expression fold change in patient´s samples relative to normal control 

samples is indicating the upregulation of mir-376c in breast cancer, ensuring its 

deregulation have important role in pathogenesis of breast cancer. The scatter plot 

analysis is depicting high relative expression fold change of mir-376c in patient samples 

relative to normal control samples (Fig. 3.12). Calculated p-value for upregulated mir-

376c is p < 0.0001 which is statistically significant. 

 

Fig. 3.12. Scatter plot analysis of upregulated expression of mir-376c. Red dots showing patient   

samples while green dots showing normal control samples while blue bars showing Mean ± SEM, 

respectively. 

 

3.5.2. Receiver Operating Curves (ROC) Analysis of mir-376c 

The upregulation of mir-376c was observed in patient samples of breast cancer 

which has made mir-376c as ideal candidate for biomarker selection, so it was very 

important to check its sensitivity and specificity by calculating Area under Curve (AUC) 

between patient samples and normal control samples. Calculated AUC value for mir-376c 

was 0.976 with significant p-value, which is p < 0.001 (Fig. 3.13). Thus, giving 

p<0.0001 
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sensitivity and specificity values of mir-376c 92 and 96 respectively, which were 

calculated by using J youden index. 

 

Fig. 3.13. Receiver Operating Curves (ROC) representing Area under Curve Analysis with 

sensitivity and specificity of mir-376c. 

 

3.5.3. Association of mir-376c with Stage, Grade and T, N, M Staging  

By using box and whisker plot analysis very close association of mir-376c 

expression fold change was seen in early stages and tumor grades. The box and whisker 

plot is indicating high expression of mir-376c in early stages of breast cancer (Fig. 3.14a). 

Correspondingly, in Grade II disease samples there is increase in high expression of mir-

376c relative to Grade III of breast cancer (3.14b). 
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Fig. 3.14. Box and Whisker Plots showing mean expression fold change of mir-376c relative to 

different Stages and Tumor Grades of breast cancer with p-values. a) Shows high expression fold 

change of mir-376c in Stage I and Stage II relative to Stage III and Stage IV. b) Shows high 

expression fold change of mir-376c in Tumor Grade II relative to Tumor Grade III. 
 

Similarly, in case of T, N and M staging, mir-376c expression fold change is 

higher in early disease stage which kept decreasing when passed through advanced 

stages, thus confirming mir-376c as early stage biomarkers (3.15a-c). 
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Fig. 3.15. Pie Charts representing high expression fold change of mir-376c in early stages of T, N 

and M respectively. a) Tumor size b) Lymph Nodes c) Metastasis. 

 

3.5.4. Predicted Functional Interactions of mir-376c 

The predicted functional interactions of mir-376c with its target genes were 

revealed by using STRING software (Snel et al., 2000). This was done by using different 

bioinformatics target predicted tools i.e., miRwalk, DIANA-microT web server 

v5.0/DIANA-TarBase v8 and miRDB (Dweep and Gretz, 2015; Paraskevopoulou et al., 

2013; Wang, 2016) were used to select high score target genes of mir-376c, alongwith 

breast cancer databases i.e., “Atlas of Genetics and Cytogenetics in Oncology and 

Hematology” (Huret et al., 2013), U.S. National Library of Medicine 

(https://ghr.nlm.nih.gov/primer) and other supporting literature. The possible list of target 

genes was selected, that have direct or indirect involvement in breast cancer development 

and progression as well (Ghoussaini et al., 2013) (Table 3.10).   

On the basis of miRwalk software (score 1) and confirmation by other target 

prediction tools, target genes of mir-376c were selected, and were placed in STRING 

software to find functional interactions (Fig. 3.16).  

c) 

M1

 
 

   M0 

https://ghr.nlm.nih.gov/primer
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These target genes were known to involve in apoptosis, cell cycle arrest, DNA 

damage response pathways and transcription regulation respectively. It has shown that 

deregulated expression of mir-376c is responsible for deregulation of its target genes thus 

proving its role in promoting initiation, growth and proliferation of breast cancer cells. 

 

Fig. 3.16. The interactions of predicted targets of mir-376c which are involved in breast cancer 

development and progression by STRING software. Nodes are representing different targets and 

interactions are represented with different line colors i.e., sky blue from curated databases, purple 

for experimentally determined, green for gene neighborhood, red for gene fusions, blue for gene 

co-occurrence, yellow for text-mining, black for co-expression and grey for protein homology. 

 

3.6. Expression Analysis of mir-10b 

Third important member of miRNA panel was mir-10b, which was known to have 

a role in metastasis of breast cancer cells. So, the expression analysis of mir-10b was 

done by using real-time qPCR technique between plasma samples of patient and control 



 

60 

 

samples. The difference observed in Ct values of patient vs. control samples has revealed 

upregulation of mir-10b in patient´s plasma samples (3.17a, b). 

 

       
     

Fig. 3.17. Expression profile of mir-10b in patient and control samples. a) Amplification curve, b) 

Melt peak. 

 

3.6.1. Relative Expression Fold Change of mir-10b 

After cDNA conversion, the realtime-qPCR reaction was set on 96-well plates 

with duplicate samples by using DNA-based primers and the mean Cq values obtained 

were engaged for the normalization by using formula 2-ΔΔCt. So that relative fold change 

of mir-10b in breast cancer plasma samples and normal control samples can be calculated 

(Livak and Schmittgen, 2001). The mean Cq values obtained from mir-10b were then 

subtracted from reference mir-16 with age matched patient and control samples by using 

following formula 2-ΔΔCt (Table 3.3a). 

Table 3.3a. Relative Fold Change of mir-10b in Plasma of Breast Cancer Patients 

 

Sample 
mir-16 

(P) 

mir-10b 

(P) 

ΔCt 

(P) 

mir-16 

(N) 

mir-10b 

(N) 

ΔCt 

(N) 
ΔΔCt FC = 2- ΔΔCt 

P-1 30.58 27.12 -3.46 31.04 29.56 -1.48 -1.98 3.957256401 

P-2 30.76 26.56 -4.20 30.90 29.22 -1.68 -2.52 5.751941714 

P-3 30.88 25.43 -5.45 30.84 29.49 -1.35 -4.10 17.11602063 

P-4 30.73 27.25 -3.47 30.84 29.49 -1.35 -2.12 4.353409233 

a) b) 

Temperature, Celsius 
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P-5 30.76 26.00 -4.75 30.90 29.22 -1.68 -3.07 8.41074159 

P-6 31.04 26.46 -4.58 30.84 29.49 -1.35 -3.23 9.380286175 

P-7 30.84 26.12 -4.73 31.04 29.56 -1.48 -3.25 9.485319691 

P-8 30.40 27.03 -3.37 31.15 28.83 -2.32 -1.05 2.071182377 

P-9 30.95 26.21 -4.74 30.90 29.22 -1.68 -3.06 8.31964439 

P-10 31.20 26.44 -4.76 30.90 29.22 -1.68 -3.08 8.482633155 

P-11 31.28 26.46 -4.81 31.04 29.56 -1.48 -3.33 10.08465856 

P-12 29.97 26.71 -3.26 30.84 29.49 -1.35 -1.91 3.757594036 

P-13 30.75 26.57 -4.18 30.90 29.22 -1.68 -2.50 5.655628422 

P-14 30.19 26.85 -3.34 30.84 29.49 -1.35 -1.99 3.961216674 

P-15 30.41 27.36 -3.05 30.75 28.47 -2.28 -0.77 1.700698943 

P-16 30.84 26.34 -4.50 30.90 29.22 -1.68 -2.82 7.03795784 

P-17 30.60 26.61 -3.99 30.75 28.47 -2.28 -1.71 3.281128516 

P-18 30.30 27.13 -3.17 30.90 29.22 -1.68 -1.49 2.800254435 

P-19 30.73 25.68 -5.05 30.90 29.22 -1.68 -3.37 10.34503711 

P-20 31.24 25.74 -5.50 30.90 29.22 -1.68 -3.82 14.1070799 

P-21 30.95 24.30 -6.65 30.84 29.49 -1.35 -5.30 39.45298073 

P-22 31.27 27.25 -4.01 31.15 28.83 -2.32 -1.69 3.236764947 

P-23 31.16 28.44 -2.72 30.75 28.47 -2.28 -0.44 1.357426309 

P-24 31.39 22.87 -8.51 30.84 29.49 -1.35 -7.16 143.3429465 

P-25 31.07 23.25 -7.82 30.90 29.22 -1.68 -6.14 70.32428311 

P-26 30.87 26.92 -3.95 30.84 29.49 -1.35 -2.60 6.055041297 

P-27 30.13 28.09 -2.04 30.84 29.49 -1.35 -0.69 1.607939244 

P-28 30.02 27.22 -2.79 30.84 29.49 -1.35 -1.44 2.715666985 

P-29 30.22 26.95 -3.27 30.90 29.22 -1.68 -1.59 3.007949964 

P-30 30.88 26.14 -4.75 30.90 29.22 -1.68 -3.07 8.379915618 

P-31 30.63 22.93 -7.70 30.90 29.22 -1.68 -6.02 65.04029339 

P-32 30.64 25.01 -5.63 31.04 29.56 -1.48 -4.15 17.80602964 

P-33 31.07 24.00 -7.07 30.84 29.49 -1.35 -5.72 52.68443565 

P-34 31.16 24.96 -6.20 31.15 28.83 -2.32 -3.88 14.67774198 

P-35 30.58 25.24 -5.34 30.90 29.22 -1.68 -3.66 12.62187863 

P-36 31.18 25.07 -6.11 30.75 28.47 -2.28 -3.83 14.20334434 

P-37 30.56 24.84 -5.72 31.04 29.56 -1.48 -4.24 18.833397 

P-38 30.66 24.91 -5.75 31.04 29.56 -1.48 -4.27 19.22941211 

P-39 30.98 27.04 -3.93 30.84 29.49 -1.35 -2.58 6.000010103 

P-40 30.20 25.02 -5.18 31.04 29.56 -1.48 -3.70 12.96295326 

P-41 30.49 24.96 -5.54 30.84 29.49 -1.35 -4.19 18.21548261 

P-42 30.15 25.17 -4.98 30.84 29.49 -1.35 -3.63 12.35363173 

P-43 29.89 25.25 -4.64 30.84 29.49 -1.35 -3.29 9.783031644 

P-44 30.61 24.33 -6.28 30.90 29.22 -1.68 -4.60 24.19980686 

P-45 30.52 27.49 -3.04 30.75 28.47 -2.28 -0.76 1.690736359 

P-46 31.09 28.55 -2.54 30.84 29.49 -1.35 -1.19 2.282441479 

P-47 30.71 24.45 -6.26 31.04 29.56 -1.48 -4.78 27.53612157 

P-48 30.96 29.26 -1.71 31.04 29.56 -1.48 -0.23 1.169563405 
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P-49 30.86 27.40 -3.46 30.84 29.49 -1.35 -2.11 4.315413086 

P-50 30.46 27.03 -3.43 30.90 29.22 -1.68 -1.75 3.361996266 

P-51 31.18 27.91 -3.27 30.90 29.22 -1.68 -1.59 3.011370074 

P-52 30.26 26.46 -3.80 31.04 29.56 -1.48 -2.32 4.988885019 

P-53 30.65 27.75 -2.89 30.75 28.47 -2.28 -0.61 1.528693317 

P-54 30.86 27.40 -3.46 30.84 29.49 -1.35 -2.11 4.315413086 

P-55 30.31 29.31 -1.00 31.15 28.83 -2.32 1.32 0.400031011 

P-56 30.37 28.85 -1.52 30.75 28.47 -2.28 0.76 0.592080011 

P-57 30.57 24.50 -6.07 30.90 29.22 -1.68 -4.39 20.94986492 

P-58 31.06 28.05 -3.01 30.84 29.49 -1.35 -1.66 3.151879168 

P-59 31.03 25.17 -5.86 30.90 29.22 -1.68 -4.18 18.09766162 

P-60 30.41 28.17 -2.24 30.90 29.22 -1.68 -0.56 1.473875776 

P-61 30.74 28.77 -1.96 30.75 28.47 -2.28 0.32 0.801871528 

P-62 30.82 27.56 -3.26 31.04 29.56 -1.48 -1.78 3.430214239 

P-63 30.36 27.22 -3.14 30.84 29.49 -1.35 -1.79 3.450468243 

P-64 30.50 27.79 -2.71 31.15 28.83 -2.32 -0.39 1.313775224 

P-65 30.50 28.34 -2.16 30.84 29.49 -1.35 -0.81 1.75322587 

P-66 30.44 27.94 -2.50 30.84 29.49 -1.35 -1.15 2.21721924 

P-67 30.52 26.79 -3.73 30.90 29.22 -1.68 -2.05 4.134056429 

P-68 30.55 28.04 -2.51 30.75 28.47 -2.28 -0.23 1.173761918 

P-69 30.45 24.24 -6.22 31.04 29.56 -1.48 -4.74 26.64118752 

P-70 30.36 28.47 -1.89 30.84 29.49 -1.35 -0.54 1.450787001 

P-71 29.89 24.56 -5.33 30.84 29.49 -1.35 -3.98 15.81726878 

P-72 30.26 28.42 -1.85 30.90 29.22 -1.68 -0.17 1.121824744 

P-73 30.61 24.70 -5.91 30.90 29.22 -1.68 -4.23 18.73986082 

P-74 30.90 24.99 -5.92 30.75 28.47 -2.28 -3.64 12.43263924 

P-75 30.68 27.19 -3.49 30.84 29.49 -1.35 -2.14 4.420234123 

P-76 30.43 24.16 -6.28 30.84 29.49 -1.35 -4.93 30.42076403 

P-77 30.81 24.34 -6.47 30.90 29.22 -1.68 -4.79 27.70526741 

P-78 30.54 24.63 -5.91 30.84 29.49 -1.35 -4.56 23.58344095 

P-79 30.94 28.10 -2.84 30.84 29.49 -1.35 -1.49 2.80629361 

P-80 30.95 24.28 -6.67 30.84 29.49 -1.35 -5.32 40.01120015 

P-81 31.64 24.67 -6.97 30.90 29.22 -1.68 -5.29 39.02171329 

P-82 30.60 24.24 -6.36 30.84 29.49 -1.35 -5.01 32.23541785 

P-83 31.77 24.55 -7.22 30.75 28.47 -2.28 -4.94 30.73093739 

P-84 30.71 24.51 -6.20 30.90 29.22 -1.68 -4.52 22.89066655 

P-85 30.85 24.34 -6.51 31.04 29.56 -1.48 -5.03 32.58740202 

P-86 31.48 24.38 -7.09 30.75 28.47 -2.28 -4.81 28.10922852 

P-87 31.05 27.02 -4.03 30.84 29.49 -1.35 -2.68 6.407987108 

P-88 31.12 27.36 -3.76 30.90 29.22 -1.68 -2.08 4.231879337 

P-89 30.72 27.44 -3.28 30.84 29.49 -1.35 -1.93 3.813307423 

P-90 30.97 26.02 -4.95 31.04 29.56 -1.48 -3.47 11.06127541 

P-91 30.96 26.58 -4.38 31.04 29.56 -1.48 -2.90 7.474667999 

P-92 31.11 25.22 -5.89 31.04 29.56 -1.48 -4.41 21.26812585 
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P-93 30.85 23.82 -7.03 30.84 29.49 -1.35 -5.68 51.21664397 

P-94 31.12 24.69 -6.44 31.04 29.56 -1.48 -4.96 31.02452585 

P-95 30.62 26.73 -3.89 31.04 29.56 -1.48 -2.41 5.328595503 

P-96 31.21 27.07 -4.15 31.04 29.56 -1.48 -2.67 6.357315127 

P-97 30.81 26.97 -3.84 30.90 29.22 -1.68 -2.16 4.483318725 

P-98 31.06 27.57 -3.48 31.04 29.56 -1.48 -2.00 4.009544962 

P-99 30.99 27.80 -3.19 30.90 29.22 -1.68 -1.51 2.843062112 

P-100 31.27 27.15 -4.12 30.84 29.49 -1.35 -2.77 6.811516959 

 

Table 3.3a. Presenting calculated relative expression fold change of mir-10b in plasma of 

patients. Abbreviations showing (P)=patient samples, (N)=normal control samples, FC=fold 

change, respectively. 

 

Same formula was used to calculate relative fold change of normal control 

samples in order to check differences in mir-10b concentrations between normal control 

samples and relative to patient’s samples (Table 3.3b). 

Table 3.3b. Relative Fold Change of mir-10b in Plasma of Normal Control Samples 

Sample 
mir-16 

(N) 

mir-10b 

(N) 

ΔCt 

(N) 

mir-16 

(μN) 

mir-10b 

(μN) 

ΔCt 

(μN) 
ΔΔCt FC = 2- ΔΔCt 

N-1 31.04 30.65 -0.39 31.04 29.56 -1.48 1.09 0.468877105 

N-2 30.87 29.54 -1.33 31.04 29.56 -1.48 0.15 0.903725517 

N-3 30.71 30.05 -0.66 30.84 29.49 -1.35 0.69 0.619301361 

N-4 31.11 29.61 -1.50 30.75 28.47 -2.28 0.78 0.583771114 

N-5 30.92 29.61 -1.31 31.04 29.56 -1.48 0.17 0.889098707 

N-6 30.89 30.41 -0.48 30.84 29.49 -1.35 0.87 0.546287326 

N-7 30.91 30.14 -0.77 30.84 29.49 -1.35 0.58 0.667766917 

N-8 31.17 29.19 -1.98 30.84 29.49 -1.35 -0.63 1.543711461 

N-9 30.87 29.06 -1.80 30.84 29.49 -1.35 -0.45 1.369231571 

N-10 30.81 30.02 -0.78 30.90 29.22 -1.68 0.90 0.536736607 

N-11 31.17 27.96 -3.21 30.90 29.22 -1.68 -1.53 2.881549558 

N-12 31.16 29.13 -2.03 30.90 29.22 -1.68 -0.35 1.278487629 

N-13 31.16 29.76 -1.40 30.90 29.22 -1.68 0.28 0.821581858 

N-14 30.48 29.06 -1.42 30.84 29.49 -1.35 -0.07 1.049018827 

N-15 30.64 28.53 -2.11 30.84 29.49 -1.35 -0.76 1.69203927 

N-16 30.72 27.96 -2.76 30.75 28.47 -2.28 -0.48 1.395939231 

N-17 29.39 28.08 -1.31 30.75 28.47 -2.28 0.97 0.509667774 

N-18 30.59 28.57 -2.02 30.75 28.47 -2.28 0.26 0.835956894 

N-19 31.30 28.10 -3.20 30.75 28.47 -2.28 -0.92 1.894742197 

N-20 30.14 28.63 -1.50 30.75 28.47 -2.28 0.78 0.584278164 

N-21 31.07 28.57 -2.50 31.15 28.83 -2.32 -0.18 1.131426189 

N-22 31.01 29.45 -1.56 31.15 28.83 -2.32 0.76 0.591499855 

N-23 31.62 28.43 -3.19 31.04 29.56 -1.48 -1.71 3.270036376 

N-24 31.31 28.31 -3.00 30.75 28.47 -2.28 -0.72 1.646631372 
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N-25 31.65 28.47 -3.18 31.15 28.83 -2.32 -0.86 1.814955753 

 

Table 3.3b. Presenting calculated relative expression fold change of mir-10b in plasma of normal 

control samples. Abbreviations showing (P)=patient samples, (N)=normal control samples, 

FC=fold change, µ=mean, respectively. 

 

The high expression fold change in patient´s samples relative to normal control 

samples is indicating the upregulation of mir-10b in breast cancer, confirming its 

deregulation have important role in development and progression of breast cancer. The 

scatter plot analysis is displaying high relative expression fold change of mir-10b in 

plasma of patient samples (Fig. 3.18). Calculated p-value for upregulated miRNA is p < 

0.0001 which is statistically significant. 

 

Fig. 3.18. Scatter plot analysis of upregulated expression of mir-10b. Red dots showing patient   

samples while green dots showing normal control samples while blue bars showing Mean ± SEM, 

respectively. 

 

3.6.2. Receiver Operating Curves (ROC) Analysis of mir-10b 

After categorizing that mir-10b has upregulated expression in patient samples, its 

sensitivity and specificity was checked by calculating Area under Curve (AUC) between 

patient samples and normal control samples. The AUC value calculated for mir-10b was 

p<0.0001 
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0.934 with significant p-value, which is p < 0.001 (Fig. 3.19). Thus, sensitivity and 

specificity values of mir-10b calculated by J youden index were 85 and 92 respectively. 

 

Fig. 3.19. Receiver Operating Curves (ROC) representing Area under Curve Analysis with 

sensitivity and specificity of mir-10b. 

 

3.6.3. Association of mir-10b with Stage, Grade and T, N, M Staging  

The association of mean expression fold change of mir-10b has been observed by 

using box and whisker plot analysis. The box and whisker plot has indicated high 

expression of mir-10b in late stages of breast cancer (3.20a). Correspondingly, in Grade 

III disease samples, the increased trend in expression of mir-10b has been seen relative to 

Grade II of breast cancer patient samples (3.20b). 
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Fig. 3.20. Box and Whisker Plots showing mean expression fold change of mir-10b relative to 

different Stages and Tumor Grades of breast cancer with p-values. a) Shows high expression fold 

change of mir-10b in Stage III and Stage IV relative to Stage I and Stage II. b) Shows high 

expression fold change of mir-10b in Tumor Grade III relative to Tumor Grade II. 
 

Similarly, the mean expression fold change of mir-10b is high in advance (late) T, 

N and M staging, thus differentiating mir-10b as diagnostic as well as prognostic 

biomarker (3.21a-c). 
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Fig. 3.21. Pie Charts representing high expression fold change of mir-10b in advanced stages of 

T, N and M respectively. a) Tumor size b) Lymph Nodes c) Metastasis. 

 

3.6.4. Predicted Functional Interactions of mir-10b 

 
The prediction of mir-10b target genes has been found by using STRING software 

(Snel et al., 2000). After consulting different bioinformatics target predicted tools i.e., 

miRwalk, DIANA-microT web server v5.0/DIANA-TarBase v8 and miRDB (Dweep and 

Gretz, 2015; Paraskevopoulou et al., 2013; Wang, 2016)  and then breast cancer databases  

i.e., “Atlas of Genetics and Cytogenetics in Oncology and Hematology” (Huret et al., 

2013), U.S. National Library of Medicine (https://ghr.nlm.nih.gov/primer) and other 

supporting reviewed literature on breast cancer, potential list of genes were selected, 

which have direct or indirect involvement in breast cancer development and progression 

as well (Ghoussaini et al., 2013) (Table 3.10).  Then by using score system of miRwalk 

software (score 1) and other target prediction tools, target genes of mir-10b were selected 

and put in STRING software (Fig. 3.22). The targeted genes have shown involvement in 

different cellular pathways i.e., apoptosis, cell cycle arrest, proliferation, DNA damage 

response pathways and transcription regulation respectively. This finding confirmed that 

deregulated expression of mir-10b will definitely change the regulation processes of its 

target genes which results in growth and proliferation of breast cancer cells. 

c) 

M0 

M1 

https://ghr.nlm.nih.gov/primer
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Fig. 3.22. The interactions of predicted targets of mir-10b which are involved in breast cancer 

development and progression by STRING software. Nodes are representing different targets and 

interactions are represented with different line colors i.e., sky blue from curated databases, purple 

for experimentally determined, green for gene neighborhood, red for gene fusions, blue for gene 

co-occurrence, yellow for text-mining, black for co-expression and grey for protein homology. 

 

3.7. Expression Analysis of mir-17 

Fourth miRNA candidate of our panel was mir-17, whose expression levels were 

checked by setting real-time qPCR reaction between patient and control samples. The 

amplification curves and differences in Ct values of patient samples vs. control samples 

show upregulation of mir-17 in plasma of breast cancer patients (Fig. 3.23a, b). 
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Fig. 3.23. Expression analysis of mir-17 in patient and control samples. a) Amplification curve, 

b) Melt peak. 

 

3.7.1. Relative Expression Fold Change of mir-17 

For mir-17 expression analysis, relative fold change was calculated by taking 

mean Cq values and then normalization of data obtained was done by using formula 2-ΔΔCt 

(Livak and Schmittgen, 2001). The mean Cq values of mir-17 obtained were then 

subtracted from reference mir-16 by using age matched patient and control samples 

(Table 3.4a). 

Table 3.4a. Relative Fold Change of mir-17 in Plasma of Breast Cancer Patients 

 

Sample 
mir-16 

(P) 

mir-17 

(P) 

ΔCt 

(P) 

mir-16 

(N) 

mir-17 

(N) 

ΔCt 

(N) 
ΔΔCt FC = 2- ΔΔCt 

P-1 30.58 29.70 -0.88 31.04 30.97 -0.07 -0.81 1.755655423 

P-2 30.76 29.55 -1.21 30.90 31.29 0.39 -1.60 3.033566944 

P-3 30.88 30.05 -0.83 30.84 31.1 0.26 -1.09 2.130784074 

P-4 30.73 29.55 -1.18 30.84 31.1 0.26 -1.44 2.711121591 

P-5 30.76 29.89 -0.87 30.90 31.29 0.39 -1.26 2.393481963 

P-6 31.04 29.71 -1.33 30.84 31.1 0.26 -1.59 3.007412927 

P-7 30.84 29.76 -1.08 31.04 30.97 -0.07 -1.01 2.020771551 

P-8 30.40 29.92 -0.48 31.15 29.83 -1.32 0.84 0.559189568 

P-9 30.95 30.06 -0.88 30.90 31.29 0.39 -1.27 2.419207495 

P-10 31.20 29.91 -1.29 30.90 31.29 0.39 -1.68 3.210241801 

P-11 31.28 29.86 -1.42 31.04 30.97 -0.07 -1.35 2.541915756 

P-12 29.97 30.31 0.35 30.84 31.1 0.26 0.09 0.940689616 

P-13 30.75 29.32 -1.42 30.90 31.29 0.39 -1.81 3.517746327 

P-14 30.19 29.41 -0.78 30.84 31.1 0.26 -1.04 2.062940186 

P-15 30.41 29.80 -0.60 30.75 30.83 0.08 -0.68 1.604490672 

P-16 30.84 29.80 -1.04 30.90 31.29 0.39 -1.43 2.695244076 

P-17 30.60 30.15 -0.45 30.75 30.83 0.08 -0.53 1.44555727 

P-18 30.30 29.91 -0.39 30.90 31.29 0.39 -0.78 1.711408499 

P-19 30.73 30.23 -0.51 30.90 31.29 0.39 -0.90 1.862117694 

P-20 31.24 29.45 -1.79 30.90 31.29 0.39 -2.18 4.545142187 

P-21 30.95 29.90 -1.05 30.84 31.1 0.26 -1.31 2.484421688 

P-22 31.27 30.02 -1.24 31.15 29.83 -1.32 0.08 0.949272854 

P-23 31.16 29.75 -1.41 30.75 30.83 0.08 -1.49 2.816190829 

P-24 31.39 29.65 -1.74 30.84 31.1 0.26 -2.00 3.996857686 

P-25 31.07 30.00 -1.07 30.90 31.29 0.39 -1.46 2.75268324 

P-26 30.87 29.81 -1.06 30.84 31.1 0.26 -1.32 2.501122221 
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P-27 30.13 29.59 -0.54 30.84 31.1 0.26 -0.80 1.743281711 

P-28 30.02 29.67 -0.35 30.84 31.1 0.26 -0.61 1.524608584 

P-29 30.22 29.65 -0.57 30.90 31.29 0.39 -0.96 1.941565503 

P-30 30.88 29.64 -1.24 30.90 31.29 0.39 -1.63 3.105293198 

P-31 30.63 30.18 -0.45 30.90 31.29 0.39 -0.84 1.785463983 

P-32 30.64 29.38 -1.26 31.04 30.97 -0.07 -1.19 2.277981243 

P-33 31.07 29.91 -1.16 30.84 31.1 0.26 -1.42 2.67550484 

P-34 31.16 29.58 -1.57 31.15 29.83 -1.32 -0.25 1.192904921 

P-35 30.58 29.80 -0.78 30.90 31.29 0.39 -1.17 2.250865642 

P-36 31.18 30.21 -0.96 30.75 30.83 0.08 -1.04 2.062657739 

P-37 30.56 29.92 -0.63 31.04 30.97 -0.07 -0.56 1.479165793 

P-38 30.66 30.01 -0.64 31.04 30.97 -0.07 -0.57 1.488543616 

P-39 30.98 30.22 -0.75 30.84 31.1 0.26 -1.01 2.020648377 

P-40 30.20 30.03 -0.16 31.04 30.97 -0.07 -0.09 1.066750665 

P-41 30.49 30.21 -0.28 30.84 31.1 0.26 -0.54 1.456122662 

P-42 30.15 29.99 -0.16 30.84 31.1 0.26 -0.42 1.33684991 

P-43 29.89 30.03 0.14 30.84 31.1 0.26 -0.12 1.088512567 

P-44 30.61 30.27 -0.34 30.90 31.29 0.39 -0.73 1.654095482 

P-45 30.52 30.02 -0.50 30.75 30.83 0.08 -0.58 1.499746181 

P-46 31.09 29.82 -1.27 30.84 31.1 0.26 -1.53 2.891091794 

P-47 30.71 30.00 -0.71 31.04 30.97 -0.07 -0.64 1.563666193 

P-48 30.96 30.03 -0.93 31.04 30.97 -0.07 -0.86 1.820476513 

P-49 30.86 29.63 -1.23 30.84 31.1 0.26 -1.49 2.803498178 

P-50 30.46 29.97 -0.49 30.90 31.29 0.39 -0.88 1.839597838 

P-51 31.18 30.03 -1.15 30.90 31.29 0.39 -1.54 2.903777191 

P-52 30.26 30.24 -0.02 31.04 30.97 -0.07 0.05 0.965622883 

P-53 30.65 30.07 -0.58 30.75 30.83 0.08 -0.66 1.576762358 

P-54 30.00 29.90 -0.10 30.84 31.1 0.26 -0.36 1.283698305 

P-55 30.31 30.26 -0.04 31.15 29.83 -1.32 1.28 0.412516907 

P-56 30.37 30.05 -0.32 30.75 30.83 0.08 -0.40 1.319528912 

P-57 30.57 30.16 -0.41 30.90 31.29 0.39 -0.80 1.738567324 

P-58 31.06 30.06 -1.00 30.84 31.1 0.26 -1.26 2.400630261 

P-59 31.03 30.23 -0.79 30.90 31.29 0.39 -1.18 2.272424252 

P-60 30.41 29.90 -0.51 30.90 31.29 0.39 -0.90 1.868594745 

P-61 30.74 30.25 -0.49 30.75 30.83 0.08 -0.57 1.481245382 

P-62 30.82 29.96 -0.86 31.04 30.97 -0.07 -0.79 1.72531843 

P-63 30.36 30.13 -0.23 30.84 31.1 0.26 -0.49 1.403615619 

P-64 30.50 30.19 -0.31 31.15 29.83 -1.32 1.01 0.496503538 

P-65 30.50 29.83 -0.67 30.84 31.1 0.26 -0.93 1.905967802 

P-66 30.44 30.00 -0.45 30.84 31.1 0.26 -0.71 1.630175774 

P-67 30.52 29.70 -0.82 30.90 31.29 0.39 -1.21 2.306988348 

P-68 30.55 30.07 -0.49 30.75 30.83 0.08 -0.57 1.479517912 

P-69 30.45 29.17 -1.28 31.04 30.97 -0.07 -1.21 2.313754253 

P-70 30.36 30.19 -0.17 30.84 31.1 0.26 -0.43 1.34575398 
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P-71 29.89 29.98 0.09 30.84 31.1 0.26 -0.17 1.123900512 

P-72 30.26 30.24 -0.02 30.90 31.29 0.39 -0.41 1.329693733 

P-73 30.61 30.26 -0.34 30.90 31.29 0.39 -0.73 1.663040764 

P-74 30.90 30.39 -0.52 30.75 30.83 0.08 -0.60 1.51168155 

P-75 30.68 30.14 -0.54 30.84 31.1 0.26 -0.80 1.746577289 

P-76 30.43 29.98 -0.45 30.84 31.1 0.26 -0.71 1.63371698 

P-77 30.81 30.61 -0.19 30.90 31.29 0.39 -0.58 1.499746461 

P-78 30.54 30.46 -0.08 30.84 31.1 0.26 -0.34 1.265240923 

P-79 30.94 30.11 -0.83 30.84 31.1 0.26 -1.09 2.135572594 

P-80 30.95 30.05 -0.90 30.84 31.1 0.26 -1.16 2.234994968 

P-81 31.64 30.55 -1.09 30.90 31.29 0.39 -1.48 2.788197419 

P-82 30.60 30.43 -0.17 30.84 31.1 0.26 -0.43 1.348884221 

P-83 31.77 30.05 -1.72 30.75 30.83 0.08 -1.80 3.490185246 

P-84 30.71 29.73 -0.99 30.90 31.29 0.39 -1.38 2.594263891 

P-85 30.85 30.42 -0.43 31.04 30.97 -0.07 -0.36 1.286804685 

P-86 31.48 30.38 -1.09 30.75 30.83 0.08 -1.17 2.256649368 

P-87 31.05 30.11 -0.94 30.84 31.1 0.26 -1.20 2.29328555 

P-88 31.12 29.97 -1.15 30.90 31.29 0.39 -1.54 2.904678466 

P-89 30.72 30.39 -0.33 30.84 31.1 0.26 -0.59 1.508544336 

P-90 30.97 30.19 -0.79 31.04 30.97 -0.07 -0.72 1.64339696 

P-91 30.96 30.01 -0.95 31.04 30.97 -0.07 -0.88 1.837874043 

P-92 31.11 30.64 -0.47 31.04 30.97 -0.07 -0.40 1.315553913 

P-93 30.85 30.36 -0.49 30.84 31.1 0.26 -0.75 1.676083309 

P-94 31.12 30.37 -0.75 31.04 30.97 -0.07 -0.68 1.607462103 

P-95 30.62 30.05 -0.57 31.04 30.97 -0.07 -0.50 1.418219834 

P-96 31.21 30.15 -1.07 31.04 30.97 -0.07 -1.00 1.995742075 

P-97 30.81 29.98 -0.83 30.90 31.29 0.39 -1.22 2.329345287 

P-98 31.06 30.52 -0.54 31.04 30.97 -0.07 -0.47 1.385290849 

P-99 30.99 30.32 -0.67 30.90 31.29 0.39 -1.06 2.084524877 

P-100 31.27 30.36 -0.90 30.84 31.1 0.26 -1.16 2.237369984 

 

Table 3.4a. Presenting calculated relative expression fold change of mir-17 in plasma of patients. 

Abbreviations showing (P)=patient samples, (N)=normal control samples, FC=fold change, 

respectively. 

 

Same formula was used to calculate relative fold change of normal control 

samples in order to check fluctuations in mir-17 concentrations in normal control samples 

(Table 3.4b). 

Table 3.4b. Relative Fold Change of mir-17 in Plasma of Normal Control Samples 

Sample 
mir-16 

(N) 

mir-10b 

(N) 

ΔCt 

(N) 

mir-16 

(μN) 

mir-10b 

(μN) 

ΔCt 

(μN) 
ΔΔCt FC = 2- ΔΔCt 

N-1 31.04 31.33 0.29 31.04 30.97 -0.07 0.36 0.777149666 

N-2 30.87 30.13 -0.74 31.04 30.97 -0.07 -0.67 1.588226935 
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N-3 30.71 32.18 1.46 30.84 31.1 0.26 1.20 0.43430551 

N-4 31.11 32.45 1.34 30.75 30.83 0.08 1.26 0.417562476 

N-5 30.92 32.45 1.53 31.04 30.97 -0.07 1.60 0.329192814 

N-6 30.89 31.63 0.74 30.84 31.1 0.26 0.48 0.715647784 

N-7 30.91 31.44 0.53 30.84 31.1 0.26 0.27 0.8299983 

N-8 31.17 30.55 -0.62 30.84 31.1 0.26 -0.88 1.838728968 

N-9 30.87 30.95 0.09 30.84 31.1 0.26 -0.17 1.127981699 

N-10 30.81 31.02 0.21 30.90 31.29 0.39 -0.18 1.133772177 

N-11 31.17 31.29 0.12 30.90 31.29 0.39 -0.27 1.205037243 

N-12 31.16 31.76 0.60 30.90 31.29 0.39 0.21 0.864537231 

N-13 31.16 31.08 -0.08 30.90 31.29 0.39 -0.47 1.383118844 

N-14 30.48 30.89 0.41 30.84 31.1 0.26 0.15 0.899750505 

N-15 30.64 30.08 -0.57 30.84 31.1 0.26 -0.83 1.772880686 

N-16 30.72 31.02 0.30 30.75 30.83 0.08 0.22 0.860760016 

N-17 29.39 31.76 2.37 30.75 30.83 0.08 2.29 0.204099532 

N-18 30.59 30.51 -0.09 30.75 30.83 0.08 -0.17 1.123142211 

N-19 31.30 29.35 -1.95 30.75 30.83 0.08 -2.03 4.07078682 

N-20 30.14 30.30 0.17 30.75 30.83 0.08 0.09 0.9404634 

N-21 31.07 29.67 -1.40 31.15 29.83 -1.32 -0.08 1.055510849 

N-22 31.01 30.19 -0.82 31.15 29.83 -1.32 0.50 0.706322048 

N-23 31.62 29.97 -1.65 31.04 30.97 -0.07 -1.58 2.998923924 

N-24 31.31 30.40 -0.92 30.75 30.83 0.08 -1.00 1.9946575 

N-25 31.65 29.64 -2.01 31.15 29.83 -1.32 -0.69 1.618462554 

 

Table 3.4b. Presenting calculated relative expression fold change of mir-17 in plasma of normal 

control samples. Abbreviations showing (P)=patient samples, (N)=normal control samples, 

FC=fold change, µ=mean, respectively. 

 

The high expression fold change in patient´s samples relative to normal control 

samples was the indication that upregulation of mir-17 in breast cancer plasma samples is 

responsible for the pathogenesis of breast cancer. The scatter plot analysis is also 

indicating high relative expression fold change of mir-17 in diseased plasma samples 

(Fig. 3.24). Calculated p-value for upregulated miRNA is p < 0.0001 which is statistically 

significant. 
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Fig. 3.24. Scatter plot analysis of upregulated expression of mir-17. Red dots showing patient 

samples while green dots showing normal control samples while blue bars showing Mean ± SEM, 

respectively. 

 

3.7.2. Receiver Operating Curve (ROC) Analysis of mir-17 

The upregulation of mir-17 in plasma of patient samples has been observed which 

has made it good candidate for biomarker selection. So, its sensitivity and specificity was 

checked by calculating Area under Curve (AUC) between patient samples and normal 

control samples. The AUC value calculated for mir-17 was found 0.797 with significant 

p-value, which is p < 0.001 (Fig. 3.25). Thus, providing sensitivity and specificity values 

of mir-17 as 90 and 68 respectively, which were calculated by J youden index. 

p<0.0001 
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Fig. 3.25. Receiver Operating Curves (ROC) representing Area under Curve Analysis with 

sensitivity and specificity of mir-17. 

 

3.7.3. Association of mir-17 with Stage, Grade and T, N, M Staging  

With the help of box and whisker plot analysis, mean expression fold change of 

mir-17 has been found to be associated with stages and tumor grade of breast cancer. It 

has indicated high expression of mir-17 in early stages of breast cancer (Fig. 3.26a). 

Correspondingly, in Grade II disease samples, increased expression fold change was 

observed relative to Grade III of breast cancer (3.26b). 
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Fig. 3.26. Box and Whisker Plots showing mean expression fold change of mir-17 relative to 

different Stages and Tumor Grades of breast cancer with p-values. a) Shows high expression fold 

change of mir-17 in Stage I and Stage II relative to Stage III and Stage IV. b) Shows high 

expression fold change of mir-17 in Tumor Grade II relative to Tumor Grade III. 
 

The mean expression fold change of mir-17 is approximately consistent through T 

and N stages, while having high expression in M0 stage thus discerning mir-17 as 

diagnostic as well as prognostic biomarker of breast cancer (3.27a-c). 

 

             

 

 

  

 

 

a) b) 

a) b) 
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Fig. 3.27. Pie Charts representing consistent expression fold change of mir-17 in through stages 

of T and N stages, but high expression fold change in M0 respectively. a) Tumor size b) Lymph 

Nodes c) Metastasis. 
 

3.7.4. Predicted Functional Interactions of mir-17 

 
The interactions of mir-17 target genes has been predicted by STRING software 

(Snel et al., 2000). For the prediction of target genes, firstly different target predicted 

tools i.e., miRwalk, DIANA-microT web server v5.0/DIANA-TarBase v8 and miRDB 

(Dweep and Gretz, 2015; Paraskevopoulou et al., 2013; Wang, 2016) were used to select 

high score target genes of mir-17, then from breast cancer databases “Atlas of Genetics 

and Cytogenetics in Oncology and Hematology” (Huret et al., 2013), U.S. National 

Library of Medicine (https://ghr.nlm.nih.gov/primer) and other supporting literature, 

definite list of genes were selected, which have direct or indirect involvement in breast 

cancer development and progression as well (Ghoussaini et al., 2013) (Table 3.10).   

Taking score 1 as a reference of miRwalk software and then by confirmation 

through other target prediction tools, mir-17 target genes were selected which were then 

placed in STRING software in order to see functional interactions between them (Fig. 

3.28). These genes are involved in apoptosis, cell cycle arrest, DNA damage response 

pathways and transcription regulation respectively. These interactions of target genes has 

c) 

M0 

M1 

https://ghr.nlm.nih.gov/primer
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revealed that with mir-17 expression deregulation, its target genes expression also 

become deregulated and thus it increases the growth and proliferation of tumor cells. 

 

Fig. 3.28. The interactions of predicted targets of mir-17 which are involved in breast cancer 

development and progression by STRING software. Nodes are representing different targets and 

interactions are represented with different line colors i.e., sky blue from curated databases, purple 

for experimentally determined, green for gene neighborhood, red for gene fusions, blue for gene 

co-occurrence, yellow for text-mining, black for co-expression and grey for protein homology. 

 

3.8. Expression Analysis of mir-181b 

Fifth important member of miRNA panel was mir-181b. The expression analysis 

of mir-181b was done by using real-time qPCR technique between plasma samples of 

patients and normal controls. Contrary with our four members of miRNA panel, mir-181b 

has shown very low Ct values in patient samples relative to control samples, thus revealed 

its down regulation in plasma of breast cancer patients. The low concentrations of mir-

181b in plasma of breast cancer patients are shown in Fig. 3.29 a, b. 
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Fig. 3.29. Expression analysis of mir-181b in patient and control samples. a) Amplification curve, 

b) Melt peak. 

 

3.8.1. Relative Expression Fold Change of mir-181b 

The downregulated expression of mir-181b was observed by setting realtime 

qPCR reactions on 96-well plates with duplicate samples. Then by taking mean Cq values 

normalization of data obtained was done by using 2-ΔΔCt formula in order to compare 

relative fold change of mir-181b in patient samples and control samples (Livak and 

Schmittgen, 2001). Obtained mean Cq values of mir-181b were then subtracted from 

reference mir-16 with age matched patient and control samples (Table 3.5a). 

Table 3.5a. Relative Fold Change of mir-181b in Plasma of Breast Cancer Patients 

 

Sample 
mir-16 

(P) 

mir-181b 

(P) 

ΔCt 

(P) 

mir-16 

(N) 

mir-181b 

(N) 

ΔCt 

(N) 
ΔΔCt FC = 2- ΔΔCt 

P-1 30.58 28.35 -2.23 31.04 23.95 -7.09 4.86 0.034400577 

P-2 30.76 28.71 -2.06 30.90 24.82 -6.08 4.02 0.061458439 

P-3 30.88 29.15 -1.73 30.84 23.92 -6.92 5.19 0.02735605 

P-4 30.73 29.27 -1.46 30.84 23.92 -6.92 5.46 0.02269683 

P-5 30.76 28.06 -2.69 30.90 24.82 -6.08 3.39 0.095695996 

P-6 31.04 27.73 -3.31 30.84 23.92 -6.92 3.61 0.082071414 

P-7 30.84 29.12 -1.72 31.04 23.95 -7.09 5.37 0.024227198 

P-8 30.40 29.52 -0.88 31.15 24.09 -7.06 6.18 0.013808586 

P-9 30.95 28.96 -1.99 30.90 24.82 -6.08 4.09 0.058555539 

P-10 31.20 28.95 -2.25 30.90 24.82 -6.08 3.83 0.070469487 

P-11 31.28 28.79 -2.48 31.04 23.95 -7.09 4.61 0.041078264 

a) b) 

R
F

U
 

Cycles Temperature, Celsius 

-d
(R

F
U

)/
d

T
 

Patients 

 

Controls 
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P-12 29.97 28.40 -1.56 30.84 23.92 -6.92 5.36 0.024423226 

P-13 30.75 29.55 -1.20 30.90 24.82 -6.08 4.88 0.034003844 

P-14 30.19 28.86 -1.33 30.84 23.92 -6.92 5.59 0.020807859 

P-15 30.41 29.54 -0.86 30.75 25.8 -4.95 4.09 0.058839356 

P-16 30.84 28.80 -2.04 30.90 24.82 -6.08 4.04 0.060979111 

P-17 30.60 28.97 -1.64 30.75 25.8 -4.95 3.31 0.100617822 

P-18 30.30 28.28 -2.02 30.90 24.82 -6.08 4.06 0.060005454 

P-19 30.73 29.07 -1.66 30.90 24.82 -6.08 4.42 0.046727316 

P-20 31.24 28.91 -2.32 30.90 24.82 -6.08 3.76 0.074064547 

P-21 30.95 29.92 -1.03 30.84 23.92 -6.92 5.89 0.016887838 

P-22 31.27 29.31 -1.95 31.15 24.09 -7.06 5.11 0.029034963 

P-23 31.16 28.88 -2.28 30.75 25.8 -4.95 2.67 0.156725747 

P-24 31.39 28.01 -3.37 30.84 23.92 -6.92 3.55 0.085610115 

P-25 31.07 28.36 -2.70 30.90 24.82 -6.08 3.38 0.096220108 

P-26 30.87 28.89 -1.98 30.84 23.92 -6.92 4.94 0.03251428 

P-27 30.13 28.45 -1.68 30.84 23.92 -6.92 5.24 0.026482957 

P-28 30.02 28.40 -1.61 30.84 23.92 -6.92 5.31 0.025291934 

P-29 30.22 29.10 -1.11 30.90 24.82 -6.08 4.97 0.031937617 

P-30 30.88 29.20 -1.68 30.90 24.82 -6.08 4.40 0.047447111 

P-31 30.63 28.88 -1.74 30.90 24.82 -6.08 4.34 0.049525908 

P-32 30.64 28.88 -1.76 31.04 23.95 -7.09 5.33 0.024815459 

P-33 31.07 28.82 -2.25 30.84 23.92 -6.92 4.67 0.039294211 

P-34 31.16 28.79 -2.37 31.15 24.09 -7.06 4.69 0.038741626 

P-35 30.58 29.08 -1.50 30.90 24.82 -6.08 4.58 0.041893758 

P-36 31.18 29.18 -2.00 30.75 25.8 -4.95 2.95 0.129253059 

P-37 30.56 28.81 -1.75 31.04 23.95 -7.09 5.34 0.024644452 

P-38 30.66 28.85 -1.81 31.04 23.95 -7.09 5.28 0.025750588 

P-39 30.98 28.45 -2.53 30.84 23.92 -6.92 4.39 0.047751504 

P-40 30.20 28.99 -1.21 31.04 23.95 -7.09 5.88 0.01694399 

P-41 30.49 28.86 -1.64 30.84 23.92 -6.92 5.28 0.025703045 

P-42 30.15 28.51 -1.64 30.84 23.92 -6.92 5.28 0.02571619 

P-43 29.89 27.93 -1.96 30.84 23.92 -6.92 4.96 0.032044731 

P-44 30.61 28.76 -1.85 30.90 24.82 -6.08 4.23 0.053342892 

P-45 30.52 29.08 -1.45 30.75 25.8 -4.95 3.50 0.088090892 

P-46 31.09 29.04 -2.05 30.84 23.92 -6.92 4.87 0.034131661 

P-47 30.71 28.75 -1.97 31.04 23.95 -7.09 5.12 0.028715265 

P-48 30.96 28.40 -2.56 31.04 23.95 -7.09 4.53 0.043353439 

P-49 30.86 28.55 -2.31 30.84 23.92 -6.92 4.61 0.040997145 

P-50 30.46 28.75 -1.70 30.90 24.82 -6.08 4.38 0.04809651 

P-51 31.18 28.93 -2.25 30.90 24.82 -6.08 3.83 0.070542964 

P-52 30.26 27.59 -2.67 31.04 23.95 -7.09 4.42 0.046762184 

P-53 30.65 28.91 -1.74 30.75 25.8 -4.95 3.21 0.107985187 

P-54 30.00 28.74 -1.26 30.84 23.92 -6.92 5.66 0.019722994 

P-55 30.31 28.52 -1.78 31.15 24.09 -7.06 5.28 0.025786058 
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P-56 30.37 29.10 -1.27 30.75 25.8 -4.95 3.68 0.07793188 

P-57 30.57 28.69 -1.88 30.90 24.82 -6.08 4.20 0.054233832 

P-58 31.06 28.52 -2.54 30.84 23.92 -6.92 4.38 0.047971463 

P-59 31.03 28.57 -2.46 30.90 24.82 -6.08 3.62 0.081076014 

P-60 30.41 29.10 -1.31 30.90 24.82 -6.08 4.77 0.036661729 

P-61 30.74 29.82 -0.91 30.75 25.8 -4.95 4.04 0.060983145 

P-62 30.82 29.08 -1.74 31.04 23.95 -7.09 5.35 0.024441786 

P-63 30.36 29.80 -0.55 30.84 23.92 -6.92 6.37 0.012127979 

P-64 30.50 29.03 -1.47 31.15 24.09 -7.06 5.59 0.020768367 

P-65 30.50 29.62 -0.88 30.84 23.92 -6.92 6.04 0.015194032 

P-66 30.44 28.79 -1.65 30.84 23.92 -6.92 5.27 0.025965719 

P-67 30.52 28.29 -2.23 30.90 24.82 -6.08 3.85 0.069156386 

P-68 30.55 29.25 -1.30 30.75 25.8 -4.95 3.65 0.079839346 

P-69 30.45 29.65 -0.81 31.04 23.95 -7.09 6.28 0.012844844 

P-70 30.36 29.47 -0.89 30.84 23.92 -6.92 6.03 0.015296203 

P-71 29.89 29.06 -0.83 30.84 23.92 -6.92 6.09 0.014671533 

P-72 30.26 30.01 -0.25 30.90 24.82 -6.08 5.83 0.017585843 

P-73 30.61 28.73 -1.88 30.90 24.82 -6.08 4.20 0.054347451 

P-74 30.90 29.39 -1.52 30.75 25.8 -4.95 3.43 0.092668113 

P-75 30.68 28.39 -2.29 30.84 23.92 -6.92 4.63 0.040335189 

P-76 30.43 28.83 -1.60 30.84 23.92 -6.92 5.32 0.025017398 

P-77 30.81 28.22 -2.59 30.90 24.82 -6.08 3.49 0.089030073 

P-78 30.54 28.50 -2.04 30.84 23.92 -6.92 4.88 0.03406141 

P-79 30.94 28.37 -2.57 30.84 23.92 -6.92 4.35 0.049053569 

P-80 30.95 28.68 -2.27 30.84 23.92 -6.92 4.65 0.039878956 

P-81 31.64 28.68 -2.96 30.90 24.82 -6.08 3.12 0.114912823 

P-82 30.60 29.45 -1.16 30.84 23.92 -6.92 5.76 0.018425414 

P-83 31.77 28.79 -2.98 30.75 25.8 -4.95 1.97 0.255552933 

P-84 30.71 29.44 -1.28 30.90 24.82 -6.08 4.80 0.035792221 

P-85 30.85 29.23 -1.62 31.04 23.95 -7.09 5.47 0.022546028 

P-86 31.48 28.46 -3.01 30.75 25.8 -4.95 1.94 0.261076651 

P-87 31.05 28.42 -2.63 30.84 23.92 -6.92 4.29 0.051144418 

P-88 31.12 27.92 -3.20 30.90 24.82 -6.08 2.88 0.135403231 

P-89 30.72 28.00 -2.72 30.84 23.92 -6.92 4.20 0.054417752 

P-90 30.97 28.95 -2.02 31.04 23.95 -7.09 5.07 0.029792582 

P-91 30.96 29.89 -1.07 31.04 23.95 -7.09 6.02 0.015458096 

P-92 31.11 28.34 -2.76 31.04 23.95 -7.09 4.33 0.049882844 

P-93 30.85 29.81 -1.04 30.84 23.92 -6.92 5.88 0.016930497 

P-94 31.12 29.01 -2.11 31.04 23.95 -7.09 4.98 0.031654995 

P-95 30.62 28.23 -2.39 31.04 23.95 -7.09 4.70 0.03856828 

P-96 31.21 27.60 -3.61 31.04 23.95 -7.09 3.48 0.089861215 

P-97 30.81 28.65 -2.17 30.90 24.82 -6.08 3.91 0.066301669 

P-98 31.06 27.85 -3.21 31.04 23.95 -7.09 3.88 0.067776703 

P-99 30.99 28.31 -2.68 30.90 24.82 -6.08 3.40 0.094893213 
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P-100 31.27 28.61 -2.65 30.84 23.92 -6.92 4.27 0.051900019 

 

Table 3.5a. Presenting calculated relative expression fold change of mir-181b in plasma of 

patients. Abbreviations showing (P)=patient samples, (N)=normal control samples, FC=fold 

change, respectively. 

 

Same formula was used to calculate relative fold change of normal control 

samples in order to check variations in mir-181b concentrations in normal control 

samples (Table 3.5b). 

Table 3.5b. Relative Fold Change of mir-181b in Plasma of Normal Control Samples 

Sample 
mir-16 

(N) 

mir-181b 

(N) 

ΔCt 

(N) 

mir-16 

(μN) 

mir-181b 

(μN) 

ΔCt 

(μN) 
ΔΔCt FC = 2- ΔΔCt 

N-1 31.04 26.76 -4.28 30.58 28.35 -2.23 -2.05 4.14310225 

N-2 30.87 21.97 -8.90 30.58 28.35 -2.23 -6.67 102.0633398 

N-3 30.71 21.16 -9.55 30.84 23.92 -6.92 -2.63 6.186623261 

N-4 31.11 24.22 -6.89 30.75 25.8 -4.95 -1.94 3.84680433 

N-5 30.92 24.35 -6.57 30.58 28.35 -2.23 -4.34 20.29276858 

N-6 30.89 22.55 -8.34 30.84 23.92 -6.92 -1.42 2.673636263 

N-7 30.91 23.59 -7.32 30.84 23.92 -6.92 -0.40 1.31738526 

N-8 31.17 22.82 -8.35 30.84 23.92 -6.92 -1.43 2.685219438 

N-9 30.87 27.88 -2.99 30.84 23.92 -6.92 3.93 0.065560123 

N-10 30.81 28.29 -2.51 30.90 24.82 -6.08 3.57 0.084346509 

N-11 31.17 27.68 -3.48 30.90 24.82 -6.08 2.60 0.165037732 

N-12 31.16 21.04 -10.12 30.90 24.82 -6.08 -4.04 16.41900123 

N-13 31.16 22.28 -8.88 30.90 24.82 -6.08 -2.80 6.976901121 

N-14 30.48 27.53 -2.95 30.84 23.92 -6.92 3.97 0.063628749 

N-15 30.64 21.87 -8.77 30.84 23.92 -6.92 -1.85 3.611533793 

N-16 30.72 23.34 -7.38 30.75 25.8 -4.95 -2.43 5.399591871 

N-17 29.39 27.83 -1.56 30.75 25.8 -4.95 3.39 0.095553974 

N-18 30.59 27.79 -2.81 30.75 25.8 -4.95 2.14 0.226548019 

N-19 31.30 28.64 -2.66 30.75 25.8 -4.95 2.29 0.204765543 

N-20 30.14 27.62 -2.52 30.75 25.8 -4.95 2.43 0.184938844 

N-21 31.07 22.42 -8.65 31.15 24.09 -7.06 -1.59 3.006113023 

N-22 31.01 22.34 -8.67 31.15 24.09 -7.06 -1.61 3.049065398 

N-23 31.62 22.71 -8.91 30.58 28.35 -2.23 -6.69 102.9759632 

N-24 31.31 21.14 -10.17 30.75 25.8 -4.95 -5.22 37.27336946 

N-25 31.65 27.49 -4.16 31.15 24.09 -7.06 2.90 0.134098457 

 

Table 3.5b. Presenting calculated relative expression fold change of mir-181b in plasma of 

normal control samples. Abbreviations showing (P)=patient samples, (N)=normal control 

samples, FC=fold change, µ=mean, respectively. 
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The low expression fold change in patient´s samples relative to normal control 

samples is indicating the downregulation of mir-181b in breast cancer, ensuring its 

deregulation may have important role in pathogenesis of breast cancer. Then scatter plot 

analysis was done which has displayed relatively low expression fold change of mir-181b 

in patient samples with respect to normal control samples (Fig. 3.30). Calculated p-value 

is statistically significant for downregulated mir-181b i.e., p < 0.0001. 

 

Fig. 3.30. Scatter plot analysis of downregulated expression of mir-181b. Red dots showing 

patient samples while green dots showing normal control samples while blue bars showing Mean 

± SEM, respectively. 

 

3.8.2. Receiver Operating Curves (ROC) Analysis of mir-181b 

After sorting that mir-181b has downregulated expression in patient samples, its 

sensitivity and specificity was checked by calculating Area under Curve (AUC) between 

patient samples and normal control samples. The AUC value calculated for mir-181b was 

0.797 with significant p-value, which is p < 0.001 (Fig. 3.31). Thus, providing sensitivity 

and specificity values of mir-181b as 96 and 84 respectively, which were calculated by 

using J youden index. 

p<0.0001 
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Fig. 3.31. Receiver Operating Curves (ROC) representing Area under Curve Analysis with 

sensitivity and specificity of mir-181b. 

 

3.8.3. Association of mir-181b with Stage and Grade  

The association of mean expression fold change of mir-181b with stages and 

tumor grade of breast cancer has been checked by using box and whisker plot. The box 

and whisker plot has indicated consistent downregulated expression of mir-181b in all 

stages of breast cancer (Fig. 3.32a). Similarly, there is also consistency in expression of 

mir-181b in tumor grades of breast cancer (3.32b). 

 

 

a) b) 
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Fig. 3.32. Box and Whisker Plots showing mean expression fold change of mir-181b relative to 

different Stages and Tumor Grades of breast cancer with p-values. a) Shows consistent expression 

fold change of mir-181b through all Stages of breast cancer. b) Shows consistent expression fold 

change of mir-181b through all Grades of breast cancer. 

 

3.8.4. Predicted Functional Interactions of mir-181b 

 
For the predicted functional interactions of mir-181b, its target genes were 

identified by using STRING software (Snel et al., 2000). So, different target predicted 

tools i.e., miRwalk, DIANA-microT web server v5.0/DIANA-TarBase v8 and miRDB 

(Dweep and Gretz, 2015; Paraskevopoulou et al., 2013; Wang, 2016) were consulted in 

order to select high score target genes of mir-181b, then from breast cancer databases i.e., 

“Atlas of Genetics and Cytogenetics in Oncology and Hematology” (Huret et al., 2013), 

U.S. National Library of Medicine (https://ghr.nlm.nih.gov/primer) and other supporting 

literature, those genes were selected, which have direct or indirect involvement in breast 

cancer development and progression as well (Ghoussaini et al., 2013) (Table 3.10).   

After that by using miRwalk software those target genes were selected which have 

preferably score 1 and then on the basis of high score, confirmation by other target 

prediction tools was also done. The final functional interactions of these target genes were 

found by putting them in STRING software (Fig. 3.33).  

The predicted target genes of mir-181b are known for their involvement in 

apoptosis, cell cycle arrest, DNA damage response pathways and transcription regulation 

respectively. Its deregulation may also affects its target gene functioning which lead 

towards abnormal growth and metastasis of breast cancer cells. 

 

 

 

 

https://ghr.nlm.nih.gov/primer
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Fig. 3.33. The interactions of predicted targets of mir-181b which are involved in breast cancer 

development and progression by STRING software. Nodes are representing different targets and 

interactions are represented with different line colors i.e., sky blue from curated databases, purple 

for experimentally determined, green for gene neighborhood, red for gene fusions, blue for gene 

co-occurrence, yellow for text-mining, black for co-expression and grey for protein homology. 

 

3.9. Heatmap Analysis of Target miRNA Panel  

 After expression profiling and calculation of relative expression fold change, 

heatmap analysis was done for the miRNA panel, that has revealed upregulation of four 

miRNAs i.e., mir-155, mir-376c, mir-10b and mir-17 and downregulation of one miRNA 

i.e., mir-181b. In all 125 samples including patient and controls, there were differences in 

relative expression fold change, which has provided the evidence of deregulation of 

miRNAs is responsible for breast cancer development and progression. By visualizing 

heatmap, one can easily identify expression differences of miRNA panel in patient vs. 

control samples (Fig. 3.34).  



 

86 

 

 

Fig. 3.34. Heatmap Analysis of miRNA Panel. Right side color scale is indicating relative 

expression fold change of miRNAs in patient and control samples.  

 

3.10. Association of Clinicopathological Characteristics of Breast 

Cancer with miRNA Panel 

Biomarkers selection needs clear differences in expression fold change of target 

miRNAs, specific to the disease, in patients vs. control samples and their association with 

clinicopathological characteristics of disease (i.e., breast cancer). These parameters 

includes age, clinical type, stage, grade of disease, pre-op and post-op status of patient at 

the time of sample collection, family history and other disease related important 

information. So, it was very important to apply various statistical tests on these disease 
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specific parameters with the expression fold change of miRNA panel. The results 

obtained from these statistical tests have revealed miRNA panel association is significant 

relative to different clinico-pathological parameters of breast cancer (Table 3.6).  

All age groups have given significant association with mean expression fold 

change of miRNA panel especially, age range 36-55. Types of breast cancer didn’t show 

statistical significance but from prevalence point of view invasive ductal carcinoma is 

more pronounced in our population.  

According to stage and grade, mir-155, mir-376c and mir-17 has given 

significance with increased expression fold change in early stages and tumor grade which 

kept decreasing during advance stages and histological grade III. In case of mir-10b, the 

expression fold change increased with advanced stage and histological tumor grade, while 

mir-181b has shown non-significant expression fold change through all disease stages and 

tumor grades due to its downregulated expression fold change.  

Similarly, with other disease parameters statistical significance was also 

calculated, so that impact of relative expression fold change of miRNA panel can be 

investigated (Table 3.6). 

Table 3.6. Statistical Relevance of Clinicopathological Features with miRNA Panel 

 

Parameters 

  
Patients 

(N) 

mir-155 mir-376c mir-10b mir-17 mir-181b 

(Mean ±  SEM) 

Total 100  

Age  

25-35 20 25.7 ±  3.6 6.3 ±  0.9 13.8 ± 2.2 1.7 ± 0.1  0.03 ± 0.004   

36-45 33 45.1 ±  4.04 24.8 ± 3.4  17.2 ± 4.7 1.9 ± 0.1 0.03 ± 0.003 

46-55 30 27.3 ±  2.1 32.3 ± 3.7   14.4 ± 3.1 2.4 ± 0.1 0.06 ± 0.005 

56-65 12 51.2 ±  4.8 8.6 ± 1.5  8.1 ± 3.2 1.9 ± 0.2 0.12 ± 0.012 

66-75 5 40.1 ±  4.4 7.1 ± 2.0  4.3 ± 2.6 0.7 ± 0.1 0.03 ± 0.004 

p-value  0 0 0.024 0 0 

KW Test 26.837*** 34.471*** 11.267* 29.037*** 49.51*** 

Type 

DCIS 6 39.3 ± 7.5 18.9 ± 9.4  35.0 ± 21.9 2.1 ± 0.4 0.04  ± 0.009 

IDC 91 36.2± 2.14 20.6 ± 2.01  12.7 ± 1.51  2.04 ± 0.1 0.05  ± 0.004 
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LC 3 34.8 ± 7.7 22.5 ±  6.3 9.6 ± 7.3 1.7 ± 0.1  0.06  ± 0.022 

p-value 0.938 0.715 0.42 0.878 0.667 

KW Test  0.129 ns 0.671ns  1.733ns  0.260ns  0.810 ns 

Stage  

1 5 80.5 ± 5.8 46.6 ± 2.7 17.6 ± 9.1 2.5 ± .01 0.04 ± 0.01 

2 38 45.7 ± 2.7 33.3 ± 3.3 15.3 ± 4.3 2.2 ± 0.1 0.05 ± 0.005 

3 43 31.3 ± 1.63 11.1 ± 1.5 11.9 ± 1.9 1.7 ± 0.01  0.05± 0.008 

4 14 10.9 ± 0.8 5.7 ± 0.8 15.1 ± 3.2 1.8 ± 0.14  0.05± 0.01 

p-value 0 0 0.421 0.002 0.896 

KW Test  54.909*** 46.657*** 2.821ns 14.457**   0.602 ns 

Grade  

G2 56 44.5 ± 2.7 28.2 ± 2.8 15.6 ± 3.1 2.1 ± 0.1  0.05 ± 0.005 

G3 44 25.1 ± 2.1 10.7 ± 1.5 11.8 ± 1.9 1.7 ± 0.1  0.05 ± 0.006 

p-value 0 0 0.629 0.002 0.755 

MW U Test  582*** 598*** 1162.5ns 1773**   1277 ns 

ER/PR/Her-Neu  

Triple Positive 9 33.0 ± 7.3 23.5 ± 8.3 36.9 ± 14.6 2.5 ± 0.3 0.05 ± 0.004 

Triple Negative 37 25.5 ± 1.9 17.5 ± 3.1 12.4 ± 1.7 1.8 ± 0.1  0.05± 0.007 

Mixed 54 44.4 ± 2.8 22.1 ± 2.5 11.1 ± 2.0 1.0 ± 0.1   0.07± 0.024 

p-value  0 0.404 0.016 0.049 0.598 

KW Test 20.589*** 1.811ns 8.232* 6.014* 1.027 ns 

Family History 

No 74 39.5 ± 2.4 22.9 ± 2.3 14.1 ± 2.4 1.9 ± 0.1  0.05 ± 0.003 

Yes 26 27.3 ± 3.1 13.9 ± 2.9 13.3 ± 2.7 2.01 ± 0.1 0.06 ± 0.012 

p-value  0.005 0.043 0.994 0.479 0.55 

MW U Test 601** 705* 963ns 1052ns 866 ns 

Status 

Post-operative 16 32.1 ± 4.5 13.2 ± 2.9 18.7 ± 5.1 1.7 ± 0.1 0.05 ± 0.008 

Pre-operaive 84 37.2 ± 2.2 21.9 ± 2.2 13.0 ± 2.1 2.01 ± 0.1  0.05 ± 0.004 

p-value  0.357 0.182 0.749 0.065 0.88 

MW U Test 770ns 814ns 638ns 868ns 656 ns 

Affected side 

Right 44 41.0 ± 3.1 22.0 ± 3.3 14.3 ± 2.2 2.0 ± 0.1 0.05 ± 0.006 

Left 56 32.7 ± 2.5 19.3 ± 2.2 13.6 ± 2.9 1.9 ± 0.1 0.05 ± 0.006 

p-value  0.031 0.851 0.401 0.505 0.972 

MW U Test 921* 1259ns 1111ns 1136ns  1237 ns 

 

Table 3.6. The table is representing mean values and standard error of means calculated by 

normalized expression fold change of miRNA panel. p-values and scores of MW U test and KW 

test are also given. Symbols and notations are given to show which miRNA expression is giving 

statistical significance i.e., KW Test= Independent samples Kruskal Wallis, MW U 

Test=Independent samples Mann-Whitney U test, p-value < 0.05 = *, p-value < 0.01 = **, p-

value < 0.001 = ***, p-value > 0.05 = ns (non-significant). 
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3.11. Association of miRNA Panel with Age Groups 

With different age groups, miRNA panel has shown different mean expression 

fold change. The data obtained has revealed that at the age of 35 and especially after 

menopause age i.e., above 55, chances of breast cancer increases, so screening for breast 

cancer should be done. The range bars are showing relevance of expression fold change 

with miRNA panel (Fig. 3.35).  

 

Fig. 3.35. Expression fold change association of mir-155 (blue), mir-376c (green), mir-10b 

(orange), mir-17 (purple) and mir-181b (yellow) with different age groups.  

 

3.12. Correlation between miRNA Panel and Diagnostic Outcome 

Correlation between miRNA panel (mir-155, mir-376c, mir-10b, mir-17 and mir-

181b) was calculated by using Pearson´s correlation (r2). p-values have revealed the 

significance of these miRNAs to be used as panel and thus can serve as diagnostic as well 

as prognostic breast cancer biomarkers (Table 3.7). 

Table 3.7. Pearson´s Correlation between miRNA Panel 

Correlations 

miRNAs mir-155 mir-376c mir-10b mir-17 mir181b 

mir-155 
r 2 1 .439** .021 .224* .029 

p-value   .000 .837 .025 .773 

mir-376c 
r 2 .439** 1 .236* .606** -.011 

p-value .000   .018 .000 .915 

mir-10b 
 r 2 .021 .236* 1 .289** .122 

p-value .837 .018   .004 .227 
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mir-17 
 r 2 .224* .606** .289** 1 .386** 

p-value .025 .000 .004   .000 

mir-181b 
 r 2 .029 -.011 .122 .386** 1 

p-value .773 .915 .227 .000   

 

Table 3.7. This table shows significant Pearson´s correlation (r 2) between mir-155, mir-376c, 

mir-10b, mir-17 and mir-181b while asterisk (**) shows correlation is significant at the 0.01 level 

(2-tailed) and (*) shows correlation is significant at the 0.05 level (2-tailed). 
 

For calculation of diagnostic and prognostic significance of miRNA panel, 

comparison of their ROC curves was done which has given mean AUC value i.e., 0.946. 

Thus, revealed that this miRNA panel can be used for diagnosis and prognosis of breast 

cancer (Fig. 3.36).  

 

Fig. 3.36. Comparison of ROC curves between mir-155 (maroon), mir-376c (green), mir-10b 

(blue), mir-17 (brown) and mir-181b (pink). 

 

3.13. Trend of Upregulated miRNAs in Triple Negative Breast Cancer 

The expression levels of mir-376c, mir-155, mir-17 and mir-10b were checked by 

using qRT-PCR reaction respectively, these miRNAs were known as significant 

contributors in the pathogenesis of breast cancer. All four miRNAs were found to be 

upregulated in TNBC relative to non-TNBC plasma samples. The Ct values obtained by 
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expression profiling of miRNA panel were normalized by using endogenous mir-16 

which was used as a reference gene.  

The mean expression fold change (FC) of mir-376c, mir-155, mir17 and mir-10b 

observed was 17.38, 26.21, 1.84 and 12.65 respectively in TNBC plasma samples while 

in non-TNBC plasma samples , it was 6.53, 9.57, 1.02 and 6.72 respectively (Fig. 3.37). 

p-values were calculated by Mann Whitney U test (p < 0.05).  

 

Fig. 3.37. Scatter plots are representing high expression fold change of mir-376c, mir-155, mir-17  

and mir-10b in TNBC with significant p-value (p < 0.05). 

 

   p<0.02 

p<0.0001 

p<0.0001 

p<0.0001 
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3.13.1. Clinicopathological Association of TNBC with mir-376c, mir-155, 

mir-17 and mir-10b 

Association of miRNA panel with clinicopathological characteristics of TNBC 

patients were calculated by Independent samples Mann Whitney U test and Independent 

samples Kruskal Wallis test. The expression fold change of miRNAs with respect to these 

individual features was categorized by taking mean and standard error (Table 3.8). 

Standard error is used to measure the accuracy, with which a sample signifies a 

population. Independent samples Mann Whitney U test and Independent samples Kruskal 

Wallis tests were used to see significance of clinicopathological characteristics with 

disease. 

Table 3.8. Clinicopathological Parameters of Upregulated miRNAs in TNBC 

 
Parameters                             TNBC           mir-376c           mir-155             mir-17              mir-10b 

N=37                                                  (Mean ±  SEM) 

Age 

25-35 11 5.9±  1.2 21.2 ±  3.6 1.6± 0.0 13.2± 3.3 

36-45 09 15.6 ± 4.9 26.2 ±  3.4 1.6 ± 0.1 11.9 ± 3.4 

46-55 12 31.4 ± 7.1 24.3 ±  3.1 2.2 ± 0.1 13.1 ± 3.3 

56-65 04 10.7 ± 3.73 44.5 ± 14.8 2.2 ± 0.1 10.3± 8.8 

66-75 01 10.1 ± 0.0 48.3 ±  0.0 1.1 ± 0.0 14.6 ± 0.0 

p-value 0.016 0.03 0.020 0.910 

KW Test 12.215** 6.474** 11.691** 0.999ns 

Type 

Infiltrating Ductal  Carcinoma 02 9.15 ± 0.8 37.1± 11.2 1.4 ± 0.2 9.3±  5.3 

Invasive Ductal Carcinoma 34 17.5 ± 3.4 25.4± 2.4 1.8 ± 0.1 12.5 ± 1.9 

Lobular Carcinoma 01 29.1 ±  0.0 30.2 ± 0.0 1.7 ± 0.0 24.1± 0.0 

p-value 0.541 0.400 0.562 0.472 

KW Test 1.228ns 1.833 ns 1.153ns 1.499ns 

Stage 

2 08 44.1 ± 7.9 39.4 ± 4.9 2.3 ±0.2 7.9 ± 2.1 

3 19 12.3 ± 2.2 28.4± 2.2 1.7 ± 0.1 12.3 ± 2.6 

4 10 5.1 ± 0.8 11.6 ± 0.9 1.7 ± 0.1 16.9 ± 3.9 

p-value 0.000 0.000 0.018 0.336 

KW Test 19.31*** 22.05*** 8.09** 2.182ns 

Grade 

G2 14 28.5± 6.7 32.8 ± 3.9 2.1 ± 0.1 11.5 ± 1.9 

G3 23 10.2 ± 2.0 21.9 ± 2.5 1.7 ± 0.1 13.4 ± 2.6 

p-value 0.009 0.025 0.021 0.871 

MW U Test 73** 85** 83** 149ns 

Tumor Size (T) 

T2 12 28.8±7.3 54.8±3.9 2.1±0.1 9.9±2.2 

T3 12 14.3±4.3 24.6±3.7 1.6±0.1 14.3±3.6 

T4 13 9.4±2.7 18.6±2.7 1.8±0.1 13.7±3.4 
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p-value 0.03 0.009 0.079 0.812 

KW Test 6.99** 9.39** 5.066ns 0.415ns 

Lymph nodes (N) 

N0 03 59.1±7.5 35.1±4.2 2.4±0.2 7.2±1.7 

N1 10 21.9±6.5 35.1±4.8 1.9±0.2 8.24±2.5 

N2 14 11.7±2.8 24.2±3.0 1.8±0.2 14.2±3.1 

N3 09 7.1 ±2.5 16.3±3.5 1.5±0.1 16.8± 4.2 

p-value 0.003 0.009 0.09 0.297 

KW Test 13.7** 11.4** 6.40ns 3.68ns 

Metastasis (M) 

M0 27 22.1±4.1 31.8±2.3 1.9±0.1 11.1±1.9 

M1 10 5.1±0.8 11.6±0.9 1.6±0.1 16.9±3.9 

p-value 0.001 0.000 0.230 0.180 

MW U Test 37*** 4*** 96ns 168ns 

 

Table 3.8. The table is representing mean values and standard error of means calculated by 

normalized expression fold change of four upregulated miRNAs. p-values and scores of MW U 

test and KW test are also given. Abbreviations and notations are given to show which miRNA 

expression is giving statistical significance and which is not i.e., KW Test= Independent samples 

Kruskal Wallis, MW U Test=Independent samples Mann-Whitney U test, p-value < 0.05 = *, p-

value < 0.01 = **, p-value < 0.001 = ***, P-value > 0.05 = ns (non-significant) and G= grade. 

 

Overall significance of age group, stage and grade with mir-376c, mir-155 and 

mir-17 was found to be p < 0.005. Clinical types of collected diseased plasma samples 

didn’t showed statistical significance but T, N and M stages have given significant 

expression levels with mir-376c and mir-155 respectively (p < 0.05) as shown in Table 

3.8. The mean expression fold change of mir-376c and mir-155 was found to be increased 

in stage II (44.1 and 39.4, respectively) and then relative decrease of their expression was 

observed in stage III (12.3 and 28.4) and IV (5.1 and 11.6) respectively. Opposite 

expression fold change was observed in mir-10b with decreased expression at stage II 

(7.9) and then subsequent increase at stage III (12.3) and IV (16.9) occurred. But mir-17 

showed increased expression at stage II with constant expression fold change at stage III 

and stage IV respectively (Table 3.8 and Fig. 3.38a). Similarly, with grade II high 

expression fold change was observed in mir-376c, mir-155 and mir-17 and opposite trend 

was seen in mir-10b with high expression fold change at grade III (Table 3.8 and Fig. 

3.38b). 
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Fig. 3.38. Box and Whisker plots representing association of expression levels of mir-155 (blue), 

mir-376c (green), mir-10b (red) and mir-17 (purple) with Stages and Grade of TNBC. a) Showing 

high expression levels of mir-155, mir-376c, mir-10b and mir-17 in Stage 2. b) Showing high 

expression levels of mir-155, mir-376c, mir-10b and mir-17 in Grade 2.  

 

In case of tumor size, involvement of lymph nodes and metastasis, mir-376c, mir-

155 and mir-17 expression fold change was found to be kept decreasing with advanced 

stages i.e., T3-T4, N2-N3 and M1 thus confirming their role in early diagnosis of TNBC 

patients while mir-10b showed its involvement in late stage and advanced metastasis, so it 

acts as prognostic marker as well (Table 3.8 and Fig. 3.39a-c). 
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            p<0.8 

                 p<0.07 

 

 p<0.009 

       p<0.003 

            p<0.2 

                 p<0.09 
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 p<0.02 

       p<0.009 
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Fig. 3.39. Box and Whisker plots are showing tumor size, lymph nodes involvement and 

metastasis association with mir-155 (blue), mir-376c (green), mir-10b (red) and mir-17 (purple) 

respectively, in TNBC patient’s plasma samples. a) Tumor Size b) Lymph Nodes c) 

Metastasis.  

 

3.13.2. Diagnostic Potential of mir-376c, mir-155, mir-17 and mir-10b in 

Plasma of TNBC 

For the selection and validation of upregulated miRNAs as biomarkers for TNBC, 

sensitivity and specificity was checked in the target population samples. Receiver 

operating characteristic (ROC) curve was used to clarify the diagnostic ability of a binary 

classifier system as its discrimination threshold is varied. ROC curve is an example of 

AUC (Area under curve) which is used to classify the two groups and helps to predict 

diagnostic value of target upregulated miRNAs (Fig. 3.40).  

ROC curves have given values of sensitivity i.e., 100, 91.83, 81.08, 94.59 and 

specificity i.e., 73.53, 73.53, 73.53, 50, for mir-155, mir-376c, mir-10b and mir-17 

respectively, which were calculated by J youden index. AUC values obtained were 0.846, 

0.837, 0.788 and 0.655 respectively.  

c) 

 p<0.000 

       p<0.001 

            p<0.1 

                 p<0.2 

 



 

96 

 

Diagnostic and prognostic significance was calculated by Mann-Whitney test i.e., 

p < 0.05 for each miRNA and the comparison of ROC curves between four upregulated 

miRNAs have shown mean AUC value as 0.785 (Fig. 3.40a-e).  

 

 

e) 

a) 

a) 

 

c) 

a) 

a) 

 

d) 
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a) 
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a) 
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a) 

 

a) 

a) 
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Fig. 3.40. ROC representing AUC (Area under Curve) with sensitivity and specificity in TNBC 

vs. non-TNBC. 

 

3.13.3. Correlation between Clinical Parameters and Upregulated 

miRNAs in TNBC Plasma Samples 

To find out correlation between upregulated miRNAs and then with clinical 

parameters as well, Pearson Correlation (r2) was calculated (Table 3.9). Clinical 

parameters have given statistically significant correlation with these upregulated 

miRNAs. Inter-correlation of these upregulated miRNAs has also revealed that they can 

act as diagnostic panel for TNBC patients specifically. 

Table 3.9. Correlation of Clinical Parameters with miRNAs and between miRNAs 

 
Correlations 

Variables mir-155 mir-376c mir-10b mir-17 

Stage 
r2

 -.729** -.700** .298 -.436** 

p-value .000 .000 .078 .008 

Grade 
r2

 -.390* -.470** .089 -.429** 

p-value .019 .004 .604 .009 

T 
r2

 -.525** -.424** .144 -.238 

p-value .001 .010 .402 .161 

N 
r2

 -.520** -.629** .329* -.433** 

p-value .001 .000 .050 .008 

M 
r2

 -.664** -.402* .249 -.210 

p-value .000 .015 .144 .219 

mir-155 
r2

 1 .389* -.369* .268 

p-value 
 

.019 .027 .114 

mir-376c 
r2

 .389* 1 -.188 .554** 

p-value .019 
 

.271 .000 

mir-10b 
r2

 -.369* -.188 1 -.074 

p-value .027 .271 
 

.667 

mir-17 
r2

 .268 .554** -.074 1 

p-value .114 .000 .667 
 

 

Table 3.9. Pearson correlation (r2) is calculated between miRNA panel and also between clinical 

parameters and miRNA panel in TNBC. **. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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3.14. Proposed Pathway of miRNA Panel in Breast Cancer 

3.14.1. Collection of Breast Cancer Associated Genetic Data 

For the construction of proposed pathway, link between miRNA panel and breast 

cancer was developed by first, collecting the most susceptible breast cancer genes list 

from various internet sources available either in the form of databases or through research 

paper. By using breast cancer databases “Atlas of Genetics and Cytogenetics in Oncology 

and Haematology” (Huret et al., 2013), U.S. National Library of Medicine 

(https://ghr.nlm.nih.gov/primer) and other related research literature, possible list of genes 

were selected, which have direct or indirect involvement in breast cancer development 

and progression (Ghoussaini et al., 2013) (Table 3.10). 

3.14.2. Selection of Target Genes of miRNA panel 

Then by putting all those breast cancer susceptible genes in different 

bioinformatics target predicted tools i.e., miRwalk, DIANA-microT web server 

v5.0/DIANA-TarBase v8 and miRDB (Dweep & Gretz, 2015; Paraskevopoulou et al., 

2013, Wang, 2016), lists of target genes were prepared and then top score target genes of 

miRNA panel were selected having score 1 i.e., miRwalk software and greater than 0.8 in 

other target prediction tools (Table 3.10). 

Table 3.10. List of miRNA panel with Predicted Target Genes 

miRNAs hsa-mir-155 hsa-mir-376c hsa-mir-17 hsa-mir-10b hsa-mir-181b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PIK3CA BRCA1 TP53 BRCA2 BRCA2 

ETV1 ETV1 ETV1 CDK6 ESR1 

KDM5B AKT1 MRE11A CDKN2A PTEN 

MDM2 CDKN1B CASP8 EGFR CDKN1B 

ZMYM2 CTSD STK11 CASP8 BAP1 

CDK6 NBN PIK3CA PIK3CA MDM2 

MET MET PTEN BAP1 FGFR1 

KRAS IGF2 TGFBR2 BCL2 ASXL2 

ATM DNMT1 RIT1 NRAS DNMT1 

BRCA2 EGFR EP300 BRIP1 BRCA1 

TFAP2C CHEK2 ZMYM2 ETV1 TET2 

https://ghr.nlm.nih.gov/primer
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MYC BRCA2 ASXL2 KDM5B TP53 

CASP8 TET2 SMAD7 PTPN11 BRAF 

LIMK1 TFAP2C EGFR CDKN1B MKL1 

PIK3R1 ESR1 KMT2D MXI1 NRAS 

PTEN MKL1 ATM EP300 CASP8 

RIT1 MYC GMNN IGF1R DLC1 

IGF1R NRAS DNMT1 MDM2 STK11 

BCL2 CASP8 CHEK2 CDK4 PIK3CA 

MDM4 STK11 TNF SMAD4 PTPN11 

PTCH1 KDM5B BRCA1 NME1 ETV1 

FAM111B BAP1 BRCA2 PTCH1 KDM5B 

CDKN2A EI24 DLC1 FAM111B EI24 

FGFR1 PTEN TET2 NOTCH1 MXI1 

NBN RIT1 ESR1 CTSD TGFBR2 

PGR EP300 MKL1 PGR IGF1R 

BARD1 IGF1R MYC BARD1 RIT1 

NACC1 RB1 LIMK1 ASXL2 EP300 

APC BCL2 PIK3R1 NACC1 RB1 

IGF2 MDM2 BRIP1 ITGB4 BCL2 

DNMT1 MDM4 AKT1 DNMT1 MDM4 

EGFR CDK4 KDM5B CHEK2 CDCA7 

CARS SMAD4 BAP1 RARβ SMAD4 

KMT2D ZMYM2 EI24 
 

ZMYM2 

NQO2 NOTCH1 PTPN11 
 

PTCH1 

CHEK2 CDK6 CDKN1B 
 

FAM111B 

MAP3K1 PGR IGF1R 
 

CTSD 

NOTCH1 BARD1 TSG101 
 

CDKN2A 

 
SLC9A3R1 RB1 

 
NBN 

 
ITGB4 BCL2 

 
PGR 

 
CTNNB1 MDM2 

 
BARD1 

 
APC MDM4 

 
SLC9A3R1 

 
PPM1D SMAD4 

 
ARID1A 

 
KMT2D NME1 

 
SMAD7 
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NACC1 

 
ATM NOTCH1 

 
CTNNB1 

  
CDK6 

 
PPM1D 
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CTLA4 

  
FGFR1 

 
IGF2 

  
PGR 

 
KRAS 

  
BARD1 

 
TNF 

  
SLC9A3R1 

 
EGFR 

  
NACC1 

 
CARS 

  
APC 

 
KMT2D 

  
MET 

 
NQO2 
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PPM1D 

 
ATM 

  
CDH1 

 
CDH1 

    
CHEK2 

 

Table 3.10. List of selected miRNAs with their predicted target genes which are selected on the 

basis of above 0.7 score from different predicted targets software like miRwalk, DIANA-microT 

web server v5.0and miRDB. Highlighted targets are showing significance on the basis of score 

(i.e., score 1 from miRwalk software, < 0.8 from DIANA-microT web server v5.0 and having 

confirmation from more than one software.  

 

3.14.3. Interactions of Breast Cancer Linked Genes by using STRING 

Before going to propose pathway, selected highlighted target genes (having high 

score) were put to STRING software in order to check their functional interactions (Snel 

et al., 2000). These interactions have revealed that targets of miRNA panel were highly 

inter-related and their functions in combination have important role in breast cancer 

initiation, progression and proliferation (Fig. 3.41). 
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Fig. 3.41. The interactions of predicted targets of miRNA panel which are involved in breast 

cancer development and progression by STRING software. Nodes are representing different 

targets and interactions are represented with different line colors i.e., sky blue for rom curated 

databases, purple for experimentally determined, green for gene neighborhood, red for gene 

fusions, blue for gene co-occurrence, yellow for text-mining, black for co-expression and grey for 

protein homology.  

 

3.14.4. Proposed Pathway of miRNA Panel 

After collecting genetic data and revealing their functional importance by String 

software, disease specific pathway has been proposed in order to understand how 

deregulation of miRNA panel can affect their target genes functioning. Thus, disrupting 
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the normal signaling pathways occurring inside normal cells and convert them into tumor 

cells. The target genes of these miRNAs were known to involve in several important 

signaling pathways which are highly inter-linked and involved in pathogenesis of breast 

cancer (Fig. 3.42). 

 

Fig. 3.42. Proposed pathway of predicted targets of mir-155, mir-376c, mir-17, mir-10b and mir-

181b having role in breast cancer tumorogenisis. Purple boxes indicates the targets of four 

miRNAs with highlighted text inside them shows targets for different miRNAs i.e., light green 
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color shows targets of mir-155, sky blue indicates targets for mir-376c, yellow color highlights 

the mir-17 targets, dark grey color shows mir-10b predicted targets and dark purple color 

represents gene targets of mir-181b. Mixed highlighted colors shows same targets of more than 

one miRNAs. 
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Circulating miRNAs were known to have diagnostic, prognostic and therapeutic 

importance in many diseases, which have made them a spangled candidate as disease 

biomarkers. Breast cancer is one of the worse known malignancy, about 1 million cases 

of breast cancer have been revealed annually, worldwide and is major cause of death in 

women as well (Siegal et al., 2012; Maryam et al., 2018). 

There are many screening/diagnostic techniques used to detect breast cancer i.e., 

mammography, which is x-ray based technique but in case of firm or heavy breasts it 

gives false results (Nounou et al., 2015; Morra et al., 2015). MRI imaging technique can 

also be used for screening of breast cancer however, it may causes toxicity due to use of 

toxic elements (gadolinium causes transmetallation) (Van Goethem et al., 2006; Mody et 

al., 2009). Breast biopsy is quite invasive method which can also be used for diagnosis of 

breast cancer (Palmer and Tsangaris, 1993). 

At the present time, detection of hormone receptors in blood i.e., Her/neu, PR and 

ER which are present on surface of cancer cells is one of the non-invasive technique used 

for the detection of early stage of breast cancer (Mohsin et al., 2004; Harvey et al., 1999; 

Hagemann, 2016). With the discovery of miRNAs, new screening method has been 

introduced when Iorio et al., discovered a panel of miRNAs in breast carcinoma to show 

their role in disease occurrence (Iorio et al., 2005).  

The purpose of our study was to validate and propose a novel panel of miRNAs 

which can be used for diagnosis as well as prognosis of breat cancer and can serve as 

non-invasive diagnostic procedure. Secondly, being part of developing country 

(Pakistan), lots of socio-economical problems exists in the lives of people suffering from 

different diseases i.e., breast cancer. So, in our study, we have tried to use the 

methodology which is quite cost-effective, economical and encourage women to go for 
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screening of breast cancer before it would enter in advanced stage and have worse 

prognosis. 

In our study, we have selected five miRNAs as part of our diagnostic as well as 

prognostic biomarker panel i.e., mir-155, mir-376c, mir-10b, mir-17 and mir-181b. 

Selection of miRNA panel was done on the basis of previous literature and functional 

studies done on these miRNAs (Fig. 3.2) and then collecting information of their 

predicted target genes in breast cancer, we also have prorposed disease pathway which 

has supported our miRNA panel as specific and sensitive biomarkers for breast cancer.  

Different studies have validated different miRNAs in the form of panel for 

diagnostic and prognostic  purpose in different malignancies i.e., in one research study, 

mir-103, mir-107, mir-21 and mir-155 were used as panel in pancreatic cancer using 

microarray technique to compare expression in healthy controls and cases (Roldo et al., 

2006). In lung cancer tissues, mir106a, mir17-5p, mir-19a, mir-25 and mir-93 have shown 

high expression as compared to adjacent normal tissue samples (Hayashita et al., 2005).   

The first report describing breast cancer-specific miRNA profiling on a large set 

of tumor and normal breast tissues identified a list of 29 differentially expressed miRNAs 

and was able to discriminate tumors from normal tissues with high accuracy (Iorio et al., 

2005). Among the differentially expressed miRNAs in breast cancer, mir-10b, mir-125b, 

mir-145, mir-21 and mir-155 were revealed to be the most consistently deregulated 

(Blenkiron et al., 2007). Ma et al., (2007) found that mir-10b is another miRNA that 

seems to play a vital role in breast cancer. The expression of mir-10b was found to be 

associated with clinical progression and metastasis in breast carcinoma. Ng et al., (2013) 

studied the elevation of mir-16, mir-21 and mir-451 in plasma of breast cancer patients 

has been reported in this study.  



 

106 

 

In our conducted study, the deregulated levels of miRNAs have been observed in 

the plasma of breast cancer patients in comparison with age matched normal controls. 

Realtime quantitative PCR analysis has been done to validate the deregulated expression 

fold change of miRNAs in plasma by using DNA- based mir-specific primers so that cost 

price for the procedure can be cutoff which will increase many times by using LNA based 

primers.  

4.1. Up-regulation of mir-155, mir-376c, mir-10b and mir-17 in Breast 

Cancer Patients 

The expression analysis of miRNA panel was done by using DNA-based mir-

primers, which also validate these miRNAs to be used as panel for diagnosis and 

prognosis of breast cancer. After performing qRT-PCR reactions, it was found that all 

miRNAs have deregulated expression levels in patient samples relative to normal 

controls. For calculation of relative expression fold change of each miRNA and to remove 

any experimental variability, mir-16 was used as a reference gene because it has given 

consistent Ct values between patient samples and healthy controls (Fig. 3.3 and Fig. 3.4). 

The expression fold change came after subtracting Ct values of target miRNAs from 

reference miRNA has revealed upregulation of mir-155 (Table 3.1a and Table 3.1b), mir-

376c (Table 3.2a and Table 3.2b), mir-10b (Table 3.3a and Table 3.3b) and mir-17 (Table 

3.4a and Table 3.4b) in patient´s plasma samples relative to normal control samples. 

Relative expression of these four miRNAs has ample difference in their fold change 

between patients and healthy controls.   

In mir-155, the calculated expression fold change in patient samples was ranged 

between 6.743-99.376 and mean fold change was approximately 36.362, while in healthy 

control samples expression fold change was ranged between 0.344-2.042 and mean fold 

change was ~1.119. The difference in expression fold change has revealed that mir-155 
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expression levels are very high and confirmed it as upregulated biomarker for breast 

cancer diagnosis. p-value calculated by Mann Whitney test has given statistical 

significance i.e., p < 0.0001 (Fig. 3.5 and Fig. 3.6). 

The second important miRNA which has given high expression fold change in 

patient samples was mir-376c. The calculated expression fold change in patient samples 

was ranged between 0.745-73.955 and mean fold change was approximately 20.533, 

while in healthy control samples expression fold change was ranged between 0.210-3.673 

and its mean fold change was ~1.224. By Mann Whitney test, p-value calculated was 

statistically significant i.e., p < 0.0001 (Fig. 3.11, Fig. 3.12).  

Third candidate of miRNA panel was mir-10b, which has also shown high 

expression fold change in patient samples relative with normal control samples. The 

expression fold change calculated in patient samples was ranged between 0.401-143.342 

and its mean fold change was approximately 13.923, while in healthy control samples 

expression fold change was ranged between 0.468-3.270 and its mean fold change was 

~1.181. Thus, revealed mir-10b as upregulated biomarker for breast cancer. By using 

Mann Whitney test, p-value was calculated which has given statistical significance i.e., p 

< 0.0001 (Fig. 3.17, Fig. 3.18).  

Fourth important upregulated miRNA was mir-17, whose expression fold change 

in patient samples was ranged between 0.412-4.545 and its mean fold change was 

approximately 1.952, while in healthy control samples fold change was ranged between 

0.204-4.07 and mean fold change was ~2.137. p-value calculated by Mann Whitney test 

i.e., p < 0.0001 was found statistically significant (Fig. 3.23, Fig. 3.24).  

It was revealed from calculated expression fold change that mir-155 and mir-376c 

has speckled difference of values between patient samples and healthy control samples, 

while in mir-10b and mir-17 some values of healthy control samples were laid between 
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patient´s expression fold change values, but still upregulation trend has been observed in 

four miRNAs of our panel which can also be observed in scatter plots (Fig. 3.6, Fig. 3.12, 

Fig. 3.18 and Fig. 3.24). The expression fold change observed in these four miRNAs has 

revealed resemblance with other’s research/experimental findings.  

Difference in expression fold change of these miRNAs in patient vs. control 

samples was also represented in the form of heatmap (Fig. 3.34) which is representing 

upregulation of four miRNAs in patient samples as compared to healthy control samples. 

4.2. Down-regulation of mir-181b in Plasma of Breast Cancer Patients  

When we talk about deregulated expression of miRNAs, it means either 

upregulation or downregulation of specific miRNA occurs in samples of disease patients 

vs. healthy control samples. In our panel of study, mir-181b has displayed 

downregulation, as it gives very low expression fold change as compared with healthy 

control samples (Fig. 3.29, Fig. 3.30, Table 3.5a and Table 3.5b).  

\Downregulation of mir-181b in plasma samples of patients was surprisingly 

contradictory to previous expression studies done on breast cancer where mir-181b was 

proved to be oncogenic and have upregulated expression (Bisso et al., 2013; Yan et al., 

2008; Mansueto et al., 2010). In other type of cancers, i.e., glioma, lung, prostate, 

pancreatic, CLL, head and neck and gastric cancer, down regulation of mir-181b has been 

reported (Liu et al., 2014).  

In our knowledge this is the first study in which expression of mir-181b is 

reported as downregulated in breast cancer plasma samples. Further studies may help to 

elucidate its importance and functional roles in breast cancer. 
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4.3. Clinicopathological Relevance miRNA Panel 

In order to see association of the target miRNAs with clinicopathological 

characteristics of breast cancer patients, Independent samples Mann Whitney U test and 

Independent samples Kruskal Wallis have been used. The expression fold change of 

miRNAs with respect to these individual parameters was categorized by taking mean and 

standard error (Table 3.6). Standard error is used to measure the accuracy, with which a 

sample signifies a population. Age groups have shown significance with expression levels 

of mir-155, mir-376c, mir-10b, mir-17 and mir-181b i.e., p < 0.005.  

Clinical types of breast cancer in collected plasma samples didn’t indicated 

statistical significance. Its four stages (IJCC System) and tumor grades have revealed 

statistical significance i.e., p < 0.05 only with mir-155, mir-376c and mir-17.  

Family history has shown statistical significance i.e., p < 0.05 for mir-155 and 

mir-376c only. No statistical significance has been observed in pre-op and post-op (after 

15 days of surgery) collected patient plasma samples. In case of most often affected sides 

of breast only mir-155 has revealed significance i.e., p < 0.05. The summarized data with 

calculated values has been given in Table 3.6. 

4.4. Association between Clinical Parameters and miRNA Panel 

Association of clinical parameters with miRNA panel was observed by Box and 

Whisker Plot analysis by using SPSS software.  Association of Stage I, II, III and IV with 

mir-155, mir-376c, mir-10b, mir-17 and mir-181b was perceived by box and whisker 

plots.  

Clear difference of expression fold change of mir-155 between different stages is 

supporting results of previous studies done on biomarkers identification. It shows up-

regulation and high expression fold change in stage I while stage II and III were also 

giving high expression relative to stage IV patient samples thus giving statistical 
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significant p-value i.e., p < 0.05, calculated by t-test (Fig. 3.8a). While in mir-376c, stage 

I and stage II has been giving high fold change and stage III and IV has approximately 

same expression fold change (Fig. 3.14a). For mir-10b, the expression fold change was 

approximately same throughout all stages except stage IV (metastatic stage) which shows 

slightly higher expression (Fig. 3.20a). In case of mir-17, in stage I and stage II, 

expression fold change was higher relative to stage III and IV (Fig. 3.26a) respectively. 

But in mir-181b, due to its downregulation expression in patient samples, no statistically 

significant expression fold change was observed in any stage of breast cancer (Fig. 

3.32a). Through this information, it has been confirmed that statistically and clinically, 

target miRNA panel can be used as circulating biomarkers for early stage diagnosis of 

breast cancer. 

Tumor grade is also an important clinical parameter of breast cancer, its 

association with miRNA panel expression fold change also helps in biomarkers 

validation. Three upregulated miRNAs (mir-155, mir-376c and mir-17) have statistical 

and clinical relevance with tumor grade 2 relative with tumor grade 3 (Fig. 3.8b, Fig. 

3.14b and Fig. 3.20b), but in case of mir-10b little difference of expression was noticed in 

both tumor grades respectively, which has revealed that its expression was high in grade 3 

as well thus, describing its role in late stage/grade of breast cancer (Fig. 3.26b). p-values 

obtained were statistically significant for both grades i.e., p < 0.005 calculated by student 

t-test. While downregulated miRNA (mir-181b) has not shown any statistical significance 

with tumor grades (Fig. 3.32b) 

Similarly, statistical association of mir-155 and mir-376c was found more with 

T1, T2, N0, N1 and M0 relative to T3, T4, N2, N3 and M1 stages respectively (Fig. 3.9a-

c and Fig. 3. 15a-c). While mir-10b has revealed increased expression levels and showed 

clinical relevance with T4, nodular metastasis and advance metastasis (Fig. 3.21a-c). The 
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expression fold change in mir-17 remained consistent throughout all T, N and M stages 

(Fig. 3.27a-c). Statistical association with different age groups has also given significant 

value i.e., p < 0.005 in mir-155, mir-376c, mir-10b, mir-17 and mir-181b (Fig. 3.35). So, 

we can say that our miRNA panel can serve as good diagnostic biomarkers for all ages of 

women present in Pakistani population. 

4.5. Diagnostic Potential of miRNA Panel in Breast Cancer 

For the selection and validation of biomarkers, their sensitivity and specificity was 

checked in the population samples. For this purpose a receiver operating characteristic 

curve, i.e. ROC curve, was used to clarify the diagnostic ability of a binary classifier 

system as its discrimination threshold is varied. The ROC curve is thus the sensitivity as a 

function of fall-out. ROC curve is an example of AUC (Area under Curve) which is used 

to classify the two groups and helps to predict diagnostic value of target miRNAs. The 

ROC curves have revealed that mir-155 (Fig. 3.7), mir-376c (Fig. 3.13), mir-10b (Fig. 

3.19), mir-17 (Fig. 3.25) and mir-181b (Fig. 3.31) have sensitivity values i.e., 100, 92, 85, 

90, 96 and specificity values i.e., 100, 96, 92, 68, 84 respectively, which were calculated 

by J youden index. While calculated AUC values were 1.000, 0.976, 0.932, 0.797 and 

0.964 respectively. p-values calculated by Mann-Whitney test were p < 0.0001 which 

exhibited statistical significance.  

The comparison of ROC curves of mir-155, mir-376c, mir-10b, mir-17 and mir-

181b with each other has been done, in order to predict that selected miRNA panel as 

diagnostic biomarkers of breast cancer can be used in combination (Fig. 3.36). With 

pairwise comparison, ROC curve has given difference of 0.0664 between areas of mir-

155 and mir-10b with standard error 0.0217 (95% CI=0.0239-0.109) and p = 0.0022. For 

mir-10b and mir-17 pairwise comparison, difference between areas was 0.137 with 

standard error 0.0542 (95% CI= 0.0306-0.243) and p = 0.0116. For mir-10b and mir-376c 
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pairwise comparison, difference between areas was 0.0424 with standard error 0.0242 

(95% CI= -0.0049-0.0897) and p = 0.0792. In mir-155 and mir-17 pairwise comparison, 

difference between areas was 0.203 with standard error 0.0588 (95% CI= 0.0879-0.318) 

and p = 0.0006. Difference between areas of mir-155 and mir-376c was 0.0240, with 

standard error 0.0116 (95% CI=0.0011-0.0468) and p = 0.0392 and the difference 

between areas of mir-17 and mir-376c was 0.179, with standard error 0.0570 (95% 

CI=0.0674-0.291) and p = 0.0017 respectively. The area difference with standard error, 

CI and p-value between mir-181b and mir-155, mir-376c, mir-10b and mir-17 was 

0.0360±0.0170 (95% CI=0.00274 to 0.0693), p = 0.0339, 0.0120±0.0214 (95% CI=-

0.0299 to 0.0539), p = 0.5744, 0.0304±0.0284 (95% CI=-0.0252 to 0.0860), p = 0.2837 

and 0.167±0.0652 (95% CI=0.0395 to 0.295), p = 0.0103 respectively. 

4.6. Correlation between miRNA Panel 

In order to confirm any correlation between mir-155, mir-376c, mir-10b, mir-17 

and mir-181b, Pearson Correlation (r2) was calculated which has provided significant 

correlation of mir-155 with mir-376c and mir-17, while mir-376c has shown significant 

correlation with mir-155, mir-10b and mir-17. Similarly, the significant correlation of 

mir-10b with mir-376c and mir-17 has been observed. Interestingly, mir-17 has shown 

significant correlation with all target miRNAs and but in case of mir-181b only 

significant correlation was observed with mir-17 (Table 3.7). 

4.7. Involvement of Upregulated miRNAs in TNBC 

In present study, it was assumed that the selected miRNAs would show high 

expression in disease state as they were pronounced as ‘oncomirs’ in previous studies and 

would give relevance with clinicopathological features as well. TNBC is the 

heterogeneous malignancy and very hard to cure due to absence of ER, PgR and Her2 
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receptors present on diseased cell surface which hinder the targeted treatment (Blenkiron 

et al., 2007).  

In our study, mir-155 has displayed high expression fold change in plasma of 

TNBC vs. non-TNBC samples (Fig. 3.37b).  Previous studies have demonstrated that mir-

155 is upregulated in breast cancer (O'Day and Lal, 2010; Iorio et al., 2005; Sun et al., 

2012). In another study, which is contrary to our study results, demonstrated that mir-155 

expression in breast tumor has been considerably related with high neoplasm grades, 

lymph node metastasis and advanced cancer stage (Cortez et al., 2012).   BRCA1 is 

associated with functioning of miRNA-155 in breast tumor and has a role in DNA repair 

and cell cycle control system. Anomalies of BRCA1 are associated with increased risk of 

breast tumor. In a recent study, It was described that by over expression of mir-155 in 

BRCA1 wild-type cells demonstrating same phenotype to mutates, thus providing 

evidence Breast cancer1 (BRCA1) can perform functions by controlling mir-155 (Chang 

et al., 2011). 

As TNBC is prominent in familial breast cancer having involvement of BRCA 

genes so mir-155 expression profiling gives the best biomarker for triple negative breast 

cancer. In present study, it showed high expression in early stage and grade so we can 

suggest mir-155 as early diagnostic marker for TNBC plasma samples as well (Table 3.8, 

Fig. 3.38a, b and Fig. 3.39a, b, c). 

Similarly, mir-376c one of the highly upregulated miRNA in our panel (Fig. 

3.37a), was described to be upregulated in plasma of breast cancer (Cuk et al., 2013), 

have given consistent results in TNBC plasma samples with high statistical significance 

with clinicopathological features. It has given high expression in early stage and grade 

without involvement in M1 and late stage lymph node metastasis so it would be our 2nd 

early predictive diagnostic biomarker for triple negative breast cancer (Table 3.8, Fig. 
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3.38a, b and Fig. 3.39a, b, c). High expression of mir-376c in plasma of TNBC is only 

observed in our conducted study. 

Many studies have demonstrated that mir-10b has a role in metastasis and gives 

high expression in metastatic cell lines and tumor tissues, while few studies showed its 

low expression in non-metastatic tissues and cell lines (Ma, et al., 2007; Tang et al., 2012; 

Radojicic et al., 2011). In our conducted study, mir-10b has displayed high expression in 

patient samples (Fig. 3.37d). Current study also revealed consistent results with previous 

studies and has given high expression fold change in late stage and advanced metastasis 

alongwith its high involvement in distant lymph nodes (Table 3.8, Fig. 3.38a, b and Fig. 

3.39a, b, c). In case of mir-17, high expression fold change is observed in TNBC patient 

samples (Fig. 3.37c), its expression levels are relatively higher throughout all stages 

without much difference but didn’t observed to be involved in late stage metastasis (Table 

3.8, Fig. 3.38a, b and Fig. 3.39a, b, c), which is the contradictory observation with respect 

to previous studies which declared its role in aggressive behavior of breast cancer and 

could induce metastasis partially by targeting the extracellular matrix (ECM) proteins 

TIMP2 and TIMP3 (Jin et al., 2014; Yang et al., 2015). 

Diagnostic value of upregulated miRNA panel has been calculated individually by 

ROC curve analysis and the AUC values for mir-155, mir-376c, mir-10b and mir-17 

obtained were 0.846, 0.837, 0.788 and 0.655 respectively.  The comparison of ROC 

curves has given mean AUC value as 0.785, which describes that these four miRNAs can 

be used in panel as a diagnostic as well as prognostic biomarkers in triple negative breast 

cancer in order to increase the specificity and sensitivity of miRNA panel (Fig. 3.40). 

While Pearson correlation between these miRNAs also supported the current hypothesis 

of our conducted study (Table 3.9). 
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It was also established that plasma-based high expression fold change of mir-

376c, mir-155, mir-17 in early stage and grade would consistently be engaged for 

diagnosis and prognosis of triple negative breast cancer and give non-invasive procedure 

to diagnose TNBC at early stage. While mir-10b acts as late stage diagnostic and 

prognostic plasma TNBC biomarker. Still further validation is required by taking high 

sample number and comparison with other subtypes of breast cancer. 

4.8. Comparison of Results with Previous Research Literature 

In our study, we have observed that mir-155 has very high expression fold change 

in plasma of breast cancer relative to normal control samples of same age groups and 

revealed that its high expression in stage I, II and III having high clinical relevance with 

tumor grade II. It has no significant relevance with M1 metastasis or N3 lymph node 

metastasis, making mir-155 as prominent biomarker for breast cancer. Other related 

studies on mir-155 have illustrated its levels were higher in serum (Wang et al., 2010) and 

its upregulation in serum can differentiates between M0 and M1 clinical parameters 

within breast cancer patients from normal samples (Roth et al., 2010). Similarly, its 

expresssion gives significance in PR positive breast cancer (Zhu et al., 2009).   

In our conducted study, mir-376c has also exhibited up-regulation in plasma of 

breast cancer samples relative to healthy control samples. Vesting with mir-155 high 

expression, its upregulated expression is highly associated with stage I, II, III and grade II 

tumor respectively. Similarly, association with early stage tumor and lymph nodes 

involvement makes it powerful candidate for early stage diagnostic biomarker as it gives 

low expression in metastatic plasma samples. Scarcer studies have been done on mir-376c 

expression especially in breast cancer, in recent study conducted by Cuk and his 

colleagues, validation of mir-148b, mir-376c, mir-409-3p and mir-801 expression in 

plasma samples with respect to normal controls has displayed up-regulation and thus 
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suggested as diagnostic miRNA panel in early diagnosis of breast cancer (Cuk et al., 

2013).  

Up-regulation of mir-10b has been observed in our breast cancer plasma samples 

relative to healthy controls, having different expression fold change throughout all stages 

of breast cancer. The high expression fold change in late stages of breast cancer with N2, 

N3 lymph nodes involvement and M1 metastasis, mir-10b can be proposed as prognostic 

biomarker as well. This finding has been supported by many previous studies i.e., the 

study conducted by Chen and his co-workers on high expression of mir-10b and mi-373 

in tumor cells and have association with lymph nodes status (Chen et al., 2013), similarly, 

one more study has revealed high expression of mir-10b in metastatic breast cancer cells 

(Ma et al., 2007) while the study conducted by Iorio et al., have given conflicted results to 

our study showing down-regulation of mir-10b (Iorio et al., 2005). Heneghan et al., 

conducted study on whole blood miRNAs and concluded that mir-10b high expression in 

ER negative breast carcinoma (Heneghan et al., 2010). Roth et al., detected high 

expression of mir-10b in late stage/metastsis (M1), in breast cancer serum samples 

relative to healthy controls (Roth et al., 2010). 

Our fourth and very important miRNA of the panel is mir-17 which has also 

revealed high expression in plasma of breast cancer patients relative to healthy controls. It 

has significant clinical applicability with stage I, II and grade II tumor respectively. Its 

high expression in samples with triple positive hormone receptors has given good 

indication for treatment and better prognosis. In breast cancer, few studies have been 

conducted on mir-17, some functional studies have revealed that mir-17 has very 

pronounced role in the pathogenesis of different cancers like it´s up-regulation in ovarian 

cells down-regulates the PTEN (Fang et al., 2015), increases cell motility in melanoma 

cells (Cohen et al., 2015), targets PTEN in triple negative breast cancer (Jin et al., 2015), 
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detects recurrence of colon cancer (Conev et al., 2015) and have a role in chemoresistance 

in prostate cancer cells as well (Zhou et al., 2016).  In recent study, its overexpression has 

been seen in breast cancer cells and tissues which has depicted its association with poor 

survival of patients and also showed the cell proliferation and increased growth of tumor 

cells (Yang et al., 2015). 

The downregulation of mir-181b has revealed that it´s too low expression in 

plasma of breast cancer patients relative to normal control samples makes it suitable 

diagnostic as well as prognostic biomarker. Its low expression will remain the same in all 

type of collected plasma samples of breast cancer. This finding is quite different from 

previous conducted studies which have reported that it has high expression in breast 

cancer (Wang et al., 2011; Bisso et al., 2013). While in other cancer types, several studies 

have supported our results by revealing downregulation of mir-181b (Jones et al., 2012; 

Conti et al., 2009). So, further work is needed to confirm its deregulation as in our point 

of view it may contribute in breast cancer pathogenesis either by downregulating or 

upregulating its expression controlled by other genes.  

Following the deregulated expression studies on miRNA panel (mir-155, mir-

376c, mir-10b, mir-17 and mir-181b) by using qRT-PCR technique, statistical 

significance was checked by using SPSS, medcalc and graphpad prism software 

programs, respectively. Then to confirm the significance of these deregulated miRNAs in 

breast cancer, their predicted target genes were extracted from online gene prediction 

tools which specifically give targeted gene information with scores. The scoring of these 

target genes was done on specific interaction of seed region of miRNAs with these genes. 

These target genes were then utilized to predict/propose pathway showing involvement of 

these miRNAs in the pathogenesis of breast cancer respectively. 
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4.9. Prediction of Targets and Proposed Pathway for miRNA Panel  

For miRNA panel, predicted target genes pathway has been proposed by using 

different bioinformatics target predicted tools i.e., miRwalk, DIANA-microT web server 

v5.0/DIANA-TarBase v8 and miRDB (Dweep and Gretz, 2015; Paraskevopoulou et al., 

2013; Wang, 2016) and searching different breast cancer databases i.e., “Atlas of 

Genetics and Cytogenetics in Oncology and Hematology” (Huret et al., 2013), U.S. 

National Library of Medicine (https://ghr.nlm.nih.gov/primer) and then by consulting 

other supporting literature, possible list of genes were selected (Annex-5), which have 

direct or indirect involvement in breast cancer development and progression as well 

(Ghoussaini et al., 2013) (Table 3.10).  On the basis of miRwalk software (score 1) and 

confirmation by other target prediction tools some target genes were selected on priority 

basis and pathway is drawn by confirming their functional interactions by using STRING 

software (Snel et al., 2000) (Fig. 3.41).  

The pathway is constituted on interconnected signaling pathways along with 

related genes which can regulate different processes like cell growth, development, 

transcription, translation involved in disease development and its progression etc. 

MicroRNA´s [mir-155 (green), mir-376c (skyblue), mir-17 (yellow), mir-10 (grey) and 

mir-181b (purple)] gene targets has been appeared to involve in various pathways like 

EGFR, RAS-ERK, AKT-PI3K, TGFβ, DNA damage response, apoptosis and other cell 

cycle regulatory processes (Fig. 3.42). The deregulated expression of these miRNAs plays 

important role in deregulating these important signaling pathways thus, disturbing the 

functioning of target genes and contributing in breast cancer initiation, progression and 

metastasis.  

Concisely, the imperative involvement of miRNA target genes in regulation of 

cellular functions and cell cycle regulation has been described here. The role of epidermal 

https://ghr.nlm.nih.gov/primer


 

119 

 

growth factor receptor (EGFR) which belongs to receptor tyrosine kinase family has 

major influence on cancer development and progression as cleared from breast cancer 

etiology. Due to mutations and alterations in kinase domain and extracellular domain of 

EFGR, raised expression levels are mediated which in turn activates pro-oncogenic 

pathways occurring downstream i.e., RAS-ERK and AKT-PI3K pathways.  Thus, 

activating the biological processes which are helpful in cancer cell´s development, growth 

and progression (Morrison, 2012; Lewis et al., 1998). After transphosphorylation of 

receptor the EGFR becomes activated and binds with growth factor receptor binding 

protein 2 (GRB2) and Son of Sevenless (SOS), which in turn activates RAS and thus 

downstream activation of ETS-like gene 1 (ERK1/2) occurs. Then ERK1/2 

phosphorylates and activates c-myc in the nucleus to cause cell proliferation (Lowenstein 

et al., 1992; Buday and Downward, 1993; Jiang et al., 2003; Dhanasekaran and Reddy, 

1998). Activated RAS also activates Ras like without CAAX 1 (RlT1) gene which also 

interacts with ERK1/2 through ETS-like gene 1 (ELK1) (Snel et al., 2000). PI3K pathway 

is also activated by RAS, which has major role in cancer development (Fernandez-

Medarde and Santos, 2011).  

Due to mutations in EGFR family, high expression of PI3K and AKT (Protein 

Kinase B) occurs which are involved in activating many effectors having promoting 

functions like apoptosis and regulating cell cycle especially when DNA damage occurs. 

In this pathway, PTEN acts as an antagonist to PI3K (Salmena et al., 2008). Pyruvate 

Dehydrogenase Kinase 1(PDK1) phosphorylates and activates AKT, which further 

functions by activating caspases to induce apoptosis, phosphorylates B-cell lymphoma 2 

(Bcl2) in order to activate downstream  genes which are involved in cell cycle arrest and 

also phosphorylates Mouse double minute 2 homolog (MDM2)  which is also known as 

E3 ubiquitin-protein ligase thus inhibits or downregulate TP53 (Gao et al., 2005; Datta et 
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al., 1997; Cardone et al., 1998; Feng et al., 2004). Its other important role is interaction 

with Histone-Lysine N-Methyltransferase (MLL2) gene which inhibits estrogen receptor 

gene (ER) having role in transcriptional repression (Wee and Wang, 2017). 

Activation of Transforming growth factor-β receptors (TGFβR) also plays major 

role in cell cycle regulation and other cellular responses by the help of group of Mothers 

against decapentaplegic homolog 1 (SMAD), SMAD7 inhibits the activation of TGFβR1 

which in turn switch off the activation of its partner TGFβR2, thus deregulating its 

downstream processing i.e., transcriptional activation (Cheruku et al., 2015).  

In DNA damage response many genes are involved like breast cancer associated 

gene 1 (BRCA1), breast cancer associated gene 2 (BRCA2), ataxia-telangiectasia mutated  

gene (ATM), checkpoint kinase 2 (CHEK2), tumor protein 53 (TP53),  nibrin (NBN), 

Double-strand break repair protein MRE11 (MRE11A), 1A-associated protein p300 

(EP300) etc. which are recruited to ensure the arrest of cell cycle and growth in order to 

repair the damage and induce apoptosis in case of unresolved damage repair (Huen and 

Chen, 2008). 

TP53 is also involved in activation of cyclin kinase D 6 (CDK6) which activates 

Retinoblastoma 1 (RB1) thus having role in cell cycle progression through inhibiting E2F 

and its co-activator Geminin (GMNN) (Yoshida and Inoue, 2004). Additional sex combs-

like 2 (ASXL2) and BRCA1 associated protein-1 (BAP1) interacts with BRCA1 and has a 

role in proliferation as well as in DNA damage response (Katoh, 2013). Similarly, ETS 

Variant 1 (ETV1) has a role in transcriptional activation through TP53 (Zynda et al., 

2013). TP53 also activates DNA methyltransferase 1 (DNMT1) has role in transcriptional 

repression and DNA damage response (Jin and Robertson, 2013). 

Other targets like Insulin-like growth factor 2 (IGF2) is involved in 

Phosphatidylinositol-4,5-bisphosphate 3-kinase  (PI3K) pathway activation, 
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serine/threonine kinase 11 (SKT11) activates Phosphatase and tensin homolog (PTEN) in 

order to regulate cellular responses, Zinc Finger MYM-Type Containing 2 (ZMYM2) co-

express with  Cyclin- Dependent Kinase Inhibitor 1B (CDKN1B) to play role in cell cycle 

arrest. While Cyclin-Dependent Kinase Inhibitor 2A (CDKN2A) is involved in DNA 

damage response and Cathepsin D (CTSD) has a role in protein breakdown (Snel et al., 

2000).  

The role of fibroblast growth factor receptors (FGFR) includes cell proliferation, 

survival and progression by either activating Phospholipase Cy (PLCy) thus recruiting 

PI3K-AKT pathway or activating RAS-MAPK pathway (Perez-Garcia et al., 2018). 

Estrogen acts as a transcriptional regulator and by interacting with c-src involved in 

cancer cell progression  (Al Saleh et al., 2011).  

Thus we can say that these miRNAs have very strong and inter-connected link not 

only with each other but their targeted genes are also highly dependent on one another´s 

expression in order to regulate cellular functions. Deregulation of miRNAs expression 

will definitely deregulate their target functioning in order to initiate pathogenesis of breast 

cancer and its progression. By use of these miRNAs as early prediction/diagnostic as well 

as prognostic biomarkers will definitely helpful in treatment and better prognosis of 

breast cancer.   

In light of aforementioned arguments, what makes us unique is the fact that no 

such reported studies were done on DNA based analysis of miRNAs by using realtime-

qPCR technique except the one which have given idea of using DNA based primers over 

LNA based primers (Balcell et al., 2011) or after him, his coworker has given idea of 

software which can help in designing DNA primers (Busk, 2014). Our method gives very 

consistent results with respect to previous studies and also encouraged idea of Balcells 

and his co-scientists. We call our research, rational and scientifically authentic, based on 
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very confined experimental procedures. In which we have followed the SOPs of plasma 

sample collection and processed them within 3 hours of collection under same conditions 

of storage and handling along with centrifugation speed which is slow at first round and 

then at high speed to get clear plasma without any remains of cell debris. As all steps like 

isolation of RNA, its quantification, poly (A) tailing and cDNA conversion were done 

step wise and consecutively in a series, in order to remove  error of handling and 

prolonged storage after RNA isolation from plasma samples with proper labeling. To sum 

it all, our intended purpose for cost effective, sensitive and specific results of miRNAs 

expression has been achieved by suitable selection of DNA primers. 

4.10. Clinical Practice Points 

Circulating miRNAs which are present in blood originates from specific tissues 

i.e., breast tissue which shed into blood stream with the occurrence of tumor. Their study 

may help in the diagnosis and prognosis of the disease at its earliest especially, when used 

in panel, the sensitivity of the screening method increases. Previously, different studies 

has been conducted on tumor tissues and cell lines but very few studies were conducted 

on circulating miRNAs in plasma of breast cancer including triple negative breast cancer 

especially on mir-376c, mir-155, mir-17, mir-10b and mir-181b (O'Day, E. and A. Lal, 

2010; Iorio et al., 2005; Sun et al., 2012; Chang et al., 2011; Cuk et al., 2013; Ma, et al., 

2007; Tang et al., 2012; Radojicic et al., 2011; Jin et al., 2014; Yang et al., 2015). Our 

study in Pakistani population is the first ever study on these miRNAs in plasma of breast 

cancer patients including TNBC patients and being developing country and high poverty 

rate there is subsequent need of non-invasive and sensitive screening as well as 

prognostic method in order to give good prognosis and treatment for breast cancer. The 

future for the use of these circulating miRNAs  for diagnosis and prognosis of breast 
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cancer is very brightening but still more validation studies with larger sample size and 

miRNAs are needed in order to get more sensitive and disease specific miRNA panels.  

4.11. Conclusion 

It is concluded that mir-155, mir-376c, mir-10b, mir-17 and mir-181b in the form 

of panel will give very sensitive and specific outcome of disease and can be act as 

circulating diagnostic and prognostic biomarkers as the whole panel has given 

deregulated expression levels when compared with healthy controls. Secondly, the use of 

DNA based primers have cut the cost price of whole technique and has given very 

specific amplification of targeted miRNAs. As refinement is a continuous process, we can 

harness the benefits of this methodology to full extent, once larger sample size and more 

miRNA associated with breast cancer are validated. Being part of clinical practice it can 

timely raise flag (early warning) during diagnosis phase of breast cancer, leading 

ultimately to timely treatment and cure for breast cancer affectees. 
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Annex-1: Consent Form of Patients for Sampling 
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Annex-2: Performa for History of Patients 
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Annex-3: Approval Letter for Sampling from Ethical Committee 
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Annex-4: RNA and cDNA Concentrations Quantified by NanoDrop™ 

2000/2000c Spectrophotometer 

Subjects RNA Conc. (ng/µl) cDNA Conc. (ng/µl) 

P-1 17.46 96.23 

P-2 21.23 112.40 

P-3 20.45 124.70 

P-4 16.76 88.43 

P-5 19.22 105.02 

P-6 15.57 85.56 

P-7 12.37 76.98 

P-8 18.00 102.01 

P-9 22.00 114.56 

P-10 21.09 115.5 

P-11 19.40 104.67 

P-12 17.45 98.00 

P-13 23.20 126.67 

P-14 22.09 130.00 

P-15 18.42 110.76 

P-16 16.76 92.46 

P-17 17.23 95.03 

P-18 19.32 100.43 

P-19 14.63 91.27 

P-20 12.21 76.00 

P-21 16.63 86.76 

P-22 17.43 97.00 

P-23 19.00 102.67 

P-24 21.00 124.67 

P-25 25.00 143.65 

P-26 28.00 154.86 

P-27 17.54 99.79 

P-28 17.34 100.42 

P-29 26.01 154.78 

P-30 24.56 136.66 

P-31 18.24 109.45 

P-32 9.92 68.46 

P-33 10.56 72.45 

P-34 16.78 89.54 

P-35 24.00 120.73 

P-36 21.36 134.60 

P-37 18.58 117.60 

P-38 14.78 87.43 

P-39 12.39 78.46 

P-40 12.90 78.32 
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P-41 13.92 80.13 

P-42 17.54 98.82 

P-43 18.48 100.25 

P-44 19.30 109.47 

P-45 21.00 127.50 

P-46 24.00 130.00 

P-47 18.48 111.34 

P-48 26.01 145.62 

P-49 10.11 68.34 

P-50 8.46 54.67 

P-51 7.76 52.79 

P-52 25.56 143.69 

P-53 16.76 112.47 

P-54 14.49 92.63 

P-55 15.17 92.92 

P-56 18.95 102.56 

P-57 16.78 85.34 

P-58 14.38 78.46 

P-59 18.43 108.32 

P-60 21.67 129.02 

P-61 25.00 156.45 

P-62 29.21 169.38 

P-63 17.10 96.59 

P-64 15.02 86.29 

P-65 7.09 49.28 

P-66 10.20 72.42 

P-67 11.00 75.26 

P-68 14.00 78.12 

P-69 13.00 77.00 

P-70 9.25 58.64 

P-71 9.42 59.21 

P-72 12.2 75.38 

P-73 15.46 80.21 

P-74 19.43 118.40 

P-75 15.78 88.97 

P-76 16.95 89.42 

P-77 14.67 81.00 

P-78 12.43 79.25 

P-79 17.45 98.43 

P-80 14.00 78.21 

P-81 16.56 89.00 

P-82 17.87 97.24 

P-83 15.36 86.38 

P-84 11.09 76.83 
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P-85 14.34 80.24 

P-86 17.47 95.39 

P-87 21.56 126.87 

P-88 21.33 124.90 

P-89 22.45 127.64 

P-90 17.46 98.43 

P-91 18.93 104.64 

P-92 12.34 78.46 

P-93 18.47 108.45 

P-94 12.56 74.42 

P-95 15.34 81.23 

P-96 16.68 82.46 

P-97 19.02 109.40 

P-98 19.23 112.47 

P-99 21.00 124.60 

P-100 25.00 146.27 

N-1 21.00 125.00 

N-2 23.00 134.46 

N-3 17.67 98.43 

N-4 18.34 108.45 

N-5 15.46 87.32 

N-6 12.58 72.67 

N-7 13.74 78.56 

N-8 14.76 79.46 

N-9 7.45 54.27 

N-10 9.42 58.98 

N-11 8.76 56.49 

N-12 10.98 64.20 

N-13 11.78 68.92 

N-14 16.34 72.46 

N-15 18.47 87.47 

N-16 12.56 69.59 

N-17 19.43 105.73 

N-18 12.74 72.45 

N-19 17.46 96.32 

N-20 21.57 134.67 

N-21 20.76 128.45 

N-22 19.49 119.87 

N-23 12.42 72.38 

N-24 14.68 78.64 

N-25 17.95 101.40 
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Annex-5: List of Genes Known to Involve in Breast Cancer 

NME1    NME/NM23 nucleoside diphosphate kinase 1 

ITGB4    Integrin, beta 4 

TFAP2C   Transcription factor AP-2 gamma  

ESR1    Estrogen receptor 1  

CDKN1B   Cyclin-dependent kinase inhibitor 1B  

GMNN    Geminin 

CTSD    Cathepsin D 

TSG101   Tumor susceptibility gene 101 

KRAS    Kirsten rat sarcoma viral oncogene homolog 

APC    Adenomatous polyposis coli 

CDK4    Cyclin-dependent kinase 4 

BRIP1    BRCA1 interacting protein C-terminal helicase 1 

BARD1   BRCA1 associated RING domain 1 

CDH1    Cadherin 1 

SMAD7   SMAD family member 7 

EP300    E1A binding protein p300 

PIK3CA   Phosphatidylinositol-4, 5-bisphosphate 3-kinase 

NBN    Nibrin 

CDK6    Cyclin-dependent kinase 6 

RB1    Retinoblastoma 1 

IGF1R    Insulin-like growth factor 1 receptor 

TP53    Tumor protein p53 

AKT1    V-akt murine thymoma viral oncogene homolog 1 

PIK3R1   Phosphoinositide-3-kinase, regulatory subunit 1 (alpha) 
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EGFR    Epidermal growth factor receptor 

DLC1    Deleted in liver cancer 1 

NOTCH1   Notch 1 Receptor 

ATM    Ataxia telangiectasia mutated 

EI24    Etoposide induced 2.4 mRNA 

BRAF    V-raf murine sarcoma viral oncogene homolog B1 

NACC1   Nucleus accumbens associated 1 

MLL2    Myeloid/lymphoid or mixed-lineage leukemia 2 

CTLA4    Cytotoxic T-lymphocyte-associated protein 4 

PPM1D   Protein phosphatase, Mg2+/Mn2+ dependent, 1D 

CDCA7   Cell division cycle associated 7 

MET    Met proto-oncogene  

ARID1A   AT rich interactive domain 1A 

STK11    Serine/threonine kinase 11 

PGR    Progesterone receptor 

MRE11A   MRE11 meiotic recombination 11 homolog A  

BCL2    B-cell CLL/lymphoma 2 

MXI1    MAX interactor 1 

PTCH1   Patched 1 

LIMK1    LIM domain kinase 1 

NQO2    NAD(P)H dehydrogenase, quinone 2 

PTPN11   Protein tyrosine phosphatase, non-receptor type 11 

SMAD4   SMAD family member 4  

FAM111B   Family with sequence similarity 111 

CTNNB1   Catenin beta 1 
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MKL1    Megakaryoblastic leukemia (translocation) 1 

CASP8    Caspase 8 

TGFBR2   Transforming growth factor, beta receptor II  

DNMT1   DNA (cytosine-5-)-methyltransferase 1 

MDM4    Mdm4 p53 binding protein homolog  

KDM5B   Lysine (K)-specific demethylase 5B 

RIT1    Ras-like without CAAX 1 

NRAS    Neuroblastoma RAS viral (v-ras) oncogene homolog 

PTEN    Phosphatase and tensin homolog 

MYC    V-myc myelocytomatosis  

TET2    Tet methylcytosine dioxygenase 2 

BRCA2   Breast cancer 2 

CARS    cysteinyl-tRNA synthetase  

CHEK2   Checkpoint kinase 2  

ZMYM2   Zinc finger, MYM-type 2 

MAP3K1   Mitogen-activated protein kinase 1 

ETV1    Ets variant 1 

ASXL2    Additional sex combs like 2 (Drosophila) 

IGF2    Insulin-like growth factor 2  

FGFR1   Fibroblast growth factor receptor 1 

CDKN2A   Cyclin-dependent kinase inhibitor 2A 

TNF    Tumor necrosis factor 

BAP1    BRCA1 associated protein-1  

MDM2    Mdm2, p53 E3 ubiquitin protein ligase homolog  

BRCA1   Breast cancer  


