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ABSTRACT 

One third of the world’s population is suspected to be infected with 

Mycobacterium tuberculosis with an estimation of 8-10 million new cases 

diagnosed annually.  Despite low contribution from the human immunodeficiency 

virus, Pakistan is among the 22 high tuberculosis (TB) burden countries 

worldwide.  Among the several factors that contribute towards the susceptibility 

to active tuberculosis, evolution of cytokine and chemokine responses are crucial 

for the disease progression and establishment.  Cytokines modulate the activities 

of target cells and initiate immune response while chemokines are important in 

the recruitment of immune cells to the site of infection.  Polymorphisms in genes 

encoding for cytokines and their receptors can have a broad effect on killing 

mycobacteria, which reside and multiply within the macrophages.  The role of 

interferon gamma (IFN-γ) is to activate macrophages to kill intracellular 

organisms.  Single nucleotide polymorphisms (SNPs) in key cytokine genes may 

affect the functionality of IFN-γ and may result in high and low producer 

phenotypes. 

 

A number of SNPs have been identified in the IFN-γ and IFN-γ modulating genes 

that may predispose to mycobacterial diseases.  However, the relevance of 

polymorphisms within these genes to the common phenotype of TB remains 

unclear.  The frequency distributions of cytokine SNPs in various populations 

have been shown to be highly variable and this may be due to evolutionary 

pressures in different populations.  Therefore, the aim of the current study was to 
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investigate the functional gene polymorphisms in IFN-γ (+874 T→A), IFN-γ 

receptor 1 (IFN-γR1) (-273 to -741) and in IFN-γ modulating cytokines and 

chemokines such as interleukin 10 (IL-10) (-1082 A→G), tumor necrosis factor 

alpha (TNF-α) (-308 G→A), interleukin 6 (IL-6) (-174 G→C) and C-C 

chemokine ligand 2 (CCL-2) (-2518 A→G) to establish the baseline frequencies 

and to investigate their influence on TB disease susceptibility and severity in 

indigenous population.  Moreover, chemokine CCL-2 protein levels were also 

assessed on a subset of samples. 

 

When cytokine genotype frequencies were analysed in healthy individuals, 

Pakistani population seems to have a higher proportion of alleles which were 

associated with high IFN-γ (T), high IL-10 (A), low TNF-α (G), high IL-6 (G) and 

low CCL-2 (A) phenotypes as reported from other Asian populations compared to 

Caucasian and African populations.  This underlines the importance of a ‘local’ 

reference population when evaluating the clinical relevance of cytokine gene 

polymorphisms.  

 

In relation to TB, the IFN-γ T allele was found to be higher in pulmonary TB 

(PTB) patients which was restricted to pulmonary minimal and moderate TB 

groups and increases the odds of developing pulmonary TB by 2-3 folds.  The TT 

genotype was also found to be associated with the first intronic CA11 repeats in 

moderate pulmonary TB group while AA was found to be associated with CA13 

repeats in extrapulmonary disseminated TB (DTB) disease. 
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Two novel SNPs in IFN-γR1 promoter region at positions -255 (C→T) and -129 

(G→A) were found in association with pulmonary advanced (PAD) and 

extrapulmonary disseminated TB patients respectively, which suggest the 

association of these SNPs with TB disease severity.  The IFN-γ modulating 

cytokine SNPs were also found in association with differing susceptibility and 

severity of TB such as IL-10 SNP (-1082) Ahigh allele with protection in 

pulmonary advanced and extrapulmonary TB disease, TNF-α SNP (-308) Ahigh 

allele with susceptibility to extrapulmonary TB disease and IL-6 SNP (-174) Clow 

allele with protection in pulmonary TB disease.  Investigation of CCL-2 

genotype-phenotype relation showed that CCL-2 GG genotype and higher CCL-2 

levels may play a role in TB disease localization.  In terms of mutiloci 

interactions, the combinations of IFN-γ TT high or IFN-γ AAlow alleles with IL-6 

GGhigh allele were the most significant in increasing the odds of developing TB 

disease severity which is in line with the reported function of IL-6 as a part of the 

Th2 network.  Our results suggest that combinations of key cytokine genotypes 

provide more meaningful associations of polymorphisms with TB disease 

susceptibility and severity.  This study also provides useful information with 

respect to genetic biomarkers associated with disease susceptibility and severity in 

TB.  Such information in the future can help National TB control programs for the 

identification of high risk groups in TB. 



VII 
 

LIST OF ABBREVIATIONS  

A   Adenine nucleotide 

ACD  Acid citrate dextrose  

AFB  Acid-fast bacilli 

AP4  Activator protein 4 

ARMS  Amplification refractory mutation system 

ATT  Anti tuberculous treatment 

BCG   Bacillus Calmette-Guérin 

bp  base pair 

C  Cytosine nucleotide 

CBA  Cytometric bead assay 

CCL  C-C chemokine ligand  

cM  Centimorgan 

CT  Computed tomography 

DC   Dentritic cell 

DC-SIGN  Dentritic cell-specific ICAM-3 grabbing nonintegrin 

DMSO  Dimethyl sulfoxide 

DNA  Deoxyribonucleic acid 

dNTPs  Deoxyribonucleotide triphosphates 

DTB  Extrapulmonary disseminated tuberculosis 

EC  Endemic control 

EDTA   Ethylenediaminetetraacetic acid 

ELISA  Enzyme linked immunosorbent assay 

ETB  Extrapulmonary tuberculosis 

Ets  E-twenty-six specific 

G  Guanine nucleotide 

GWAS  Genome-wide association studies 

HHC   Healthy household contact 

HIV   Human immunodeficiency virus  

HLA   Human leukocyte antigen  



VIII 
 

HWE   Hardy-Weinberg equilibrium 

IFN-γ   Interferon gamma 

IFNγR1  Interferon gamma receptor 1 

Jak  Janus kinase 

kDa  Kilodalton 

IL   Interleukin 

IUATLD International Union Against Tuberculosis and Lung Diseases 

LD   Linkage disequilibrium 

LTB  Localized extrapulmonary tuberculosis 

MCP-1  Macrophage chemotactic protein-1 

ml  Millilitre 

MRE  multi responsive element 

MRI  Magnetic resonance imaging 

MSMD Mendelian Susceptibility to Mycobacterial Diseases 

MTB  Mycobacterium tuberculosis 

MW   Molecular weight 

NCBI  National Center for Biotechnology Information 

NOS  Nitric oxide 

NOS-2  Nitric oxide synthetase-2 

ng   Nanogram  

NK   Natural killer cells 

OD   Optical density  

OR   Odds ratio 

PAD  Pulmonary advance tuberculosis 

PBMCs  Peripheral blood mononuclear cells 

pc  Corrected p-value 

PCR   Polymerase chain reaction  

PMD  Pulmonary moderate tuberculosis 

PMN  Pulmonary minimal tuberculosis 

pmol  Picomole 

PPD   Purified protein derivative 



IX 
 

PTB   Pulmonary tuberculosis 

RANTES  Regulated upon activation, normal T-cell expressed and secreted 

SD   Standard deviation 

SE   Standard error 

SNP   Single nucleotide polymorphism 

SPSS   Statistical package for social sciences  

STAT  Signal transducer and activator of transcription 

T  Thymine 

TAE   Tris acetate EDTA  

Taq  Thermus aquaticus 

TB  Tuberculosis 

Th1   T helper 1  

Th2   T helper 2 

TLR   Toll like receptor 

Tm   Melting temperature 

TNF-α   Tumor necrosis factor alpha 

Tregs   Regulatory T cells 

Tris   2-Amino-2-hydroxymethyl-propane-1, 3-diol  

TST   Tuberculin skin test 

U  Units 

UTR   Untranslated region  

UV   Ultra violet 

VNTR   Variable number of tandem repeats 

WBA   Whole blood assay 

WHO   World Health Organization  



X 
 

LIST OF SYMBOLS 

λ  Lamda 

μl   Microlitre  

μM   Micromolar 

3’   3 prime end of the DNA strand 

5’   5 prime end of the DNA strand 

%   Percent  
oC   Degree celsius  

μg   microgram  

χ2   Pearson chi square 

→  Changed to 

≥  Greater than equal to 



XI 
 

ACKNOWLEDGEMENTS 

Firstly, I would like to acknowledge and thank my thesis supervisor, Prof. Rabia 

Hussain, for providing me direction and thorough supervision throughout this 

PhD program.  Her excellent scientific guidance, constant support and 

encouragement throughout the thesis work have contributed significantly to the 

completion of this study.  Thank you for giving me a free hand to explore new 

ideas. 

 

I am deeply grateful to my co-supervisor, Dr. Zahra Hasan for her training, 

guidance and endless support through this journey.  I am thankful to her for 

constant encouragement and valuable advice in experimental setup and resolving 

technical problems.  Her guidance helped me a lot in research, manuscripts and 

writing of this thesis. 

 

I would also like to express my thanks and gratitude to my thesis committee 

members, Drs. Bushra Jamil and Rehana Siddiqui for their expert advisement and 

scientific criticism during different phases of the study.  I am especially grateful 

to Dr Bushra for helping me in diagnosis and characterization of TB patients and 

Dr Rehana for helping me out in statistical calculations and guidance during PhD 

synopsis preparation. 

 

I am also thankful to Drs. Al Nasir Lalani, Farhat Abbas and Anwar Siddiqui for 

generously providing me the facilities and space to work in the JUMA Research 



XII 
 

Lab (JRL) and thesis workstation of the University.  My sincere gratitude goes to 

the JRL laboratory staff and numerous other colleagues for their support.  I would 

also like to thank Dr Naila Kayani (Chair, Department of Pathology and 

Microbiology) and Dr Rumina Hasan (Former Chair of the department) for giving 

me the opportunity to work with the departmental team.  I express my deep and 

sincere gratitude to Ms. Firdous Shahid for her help in bench work, logistic 

support and her guidance throughout the project.  I would also like to thank Ms. 

Maqboola Dojki and other departmental staff for their kind support in logistics 

and administrative work.  

 

My special acknowledgement goes to Drs. Tashmeem Razzaki (Sindh Institute of 

Urology and Transplantation) and Anwar Gilani (Chair, FHS-AKU PhD Program) 

for providing me support and advice whenever I needed it.  I also acknowledge 

Dr. Ghaffar Dawood (Masoomen General Hospital) for recruitment and careful 

characterization of tuberculosis patients and appreciate his team for coordinating 

with sample blood collection.  

 

My sincere thanks go to Mr. Iqbal Azam and Mr. Muhammad Islam from the 

Department of Community Health Sciences and Dr Bushra Chaudhary from the 

Department of Biological and Biomedical Sciences for their excellent support and 

useful comments during statistical analyses. 

 



XIII 
 

I greatly acknowledge the kind help provided by Ms. Regina D’Souza (Patho & 

Micro), Mr. Jack Fernandez (Research Office) and Ali Moosa (Department of 

Biological and Biomedical Sciences) in administrative and secretarial work.  I 

would also like to express sincere thanks to my PhD colleagues with whom I had 

scientific exchanges and acknowledge their great moral support during my 

difficult times.  Special thank you to Mr. and Mrs. Jamshed Arsalan for never 

being too busy to help, give advice or simply listen. 

 

I warmly thank my family for their encouragement and support through my years 

of study.  They have given me love, understanding and the confidence to go my 

own way.  It was not possible to finish this thesis without their support and very 

special thanks to my husband for his faithful support during the final stages of this 

program.  This success would not be possible without his endearing love and 

endless support.  Lastly, I would like to thank my in-laws, especially Mr. and 

Mrs. Faisal Rehman for all their love, encouragement and support in completing 

this thesis. 

 

I also acknowledge and thanks to Higher Education Commission (HEC), Pakistan, 

for giving me indigenous scholarship and supporting my work financially.  My 

final thanks are for all other financial support provided by The Aga Khan 

University Research Council (URC), National Commission on Biotechnology 

(NCB) formerly Ministry of Science and Technology (S &T), Islamabad and 

Pakistan Academy of Sciences (PAS), Islamabad. 



XIV 
 

DECLARATION 

 
 
 

I declare this thesis does not incorporate without acknowledgement any 
material previously submitted for a degree or diploma in any university and 
that to the best of my knowledge it does not contain any material previously 
published or written by another person except where due reference have been 
made in the text. 

 

[If editorial assistance has been obtained, the following should be added]: 

 

The editorial assistance provided to me has in no way added to the substance 
of my thesis which is the product of my own research endeavours. 

 
 
 
 
 
 
 
 
 

 
______________________________ 

(Signature of candidate) 
 
 

____________________ 
Date  



XV 
 

Table of Content 

LIST OF TABLES .................................................................................................... XX 

LIST OF FIGURES ................................................................................................ XXII 

CHAPTER 1 ............................................................................................................... 1 

INTRODUCTION ........................................................................................................ 1 

1.1 Tuberculosis ............................................................................................. 2 

1.2 History of Tuberculosis ............................................................................ 2 

1.3 Global Impact of Tuberculosis ................................................................. 5 

1.4 Tuberculosis Disease and Pakistan .......................................................... 6 

1.5 Tuberculosis Disease Spectrum ............................................................... 7 

1.5.1 Pulmonary Tuberculosis ................................................................... 8 

1.5.2 Extrapulmonary Tuberculosis ......................................................... 10 

1.5.2.1 Extrapulmonary Localized Tuberculosis ........................................ 10 

1.6 Host Control Response to Tuberculosis ................................................. 11 

1.6.1 Innate Immune Response ................................................................ 11 

1.6.2 Adaptive Immune Response ............................................................ 13 

1.6.2.2 Anti-inflammatory Cytokine Response ............................................ 16 

1.6.2.2.2 Interleukin 6 ............................................................................. 17 

1.6.3 Chemokines ..................................................................................... 17 

1.7 Host Genetic Susceptibility to Tuberculosis .......................................... 18 

1.7.1 Murine Models and Tuberculosis Susceptibility ............................. 19 

1.7.2 Mendelian Susceptibility to Mycobacterial Disease ....................... 20 

1.7.3 Twins and Family Genetic Studies .................................................. 21 

1.7.4 Genome Wide Linkage and Association Studies ............................. 21 

1.7.5 Case-Control Association Studies................................................... 23 

1.8 Cytokine Gene polymorphisms .............................................................. 28 

1.8.1 Interferon-γ Polymorphisms and their Chromosomal Location ..... 28 

1.8.2 Interferon-γ Receptor 1 Polymorphisms and their Chromosomal 

Location ........................................................................................................ 30 



XVI 
 

1.8.3 Tumor Necrosis Factor Alpha Polymorphisms and their 

Chromosomal Location ................................................................................. 31 

1.8.4 Interleukin-10 Polymorphisms and their Chromosomal Locations 32 

1.8.5 Interleukin-6 polymorphisms and their Chromosomal Locations .. 33 

1.8.6 C-C Chemokine Ligand 2 Polymorphisms and their Chromosomal 

Locations ....................................................................................................... 34 

1.9 Overall Goal of the study ....................................................................... 35 

1.10 Hypothesis of the Study ...................................................................... 36 

1.11 Objectives ........................................................................................... 37 

CHAPTER 2 ............................................................................................................. 38 

STUDY GROUPS AND METHODOLOGY .................................................................... 38 

2.1 Study Design .......................................................................................... 39 

2.2 Sample Size Determination .................................................................... 39 

2.3 Ethical Consideration ............................................................................. 39 

2.4 Study Groups .......................................................................................... 40 

2.4.1 Tuberculosis Patients Classification............................................... 40 

2.4.2 Selection Criteria for Tuberculosis Patients ................................... 42 

2.4.3 Healthy Subjects .............................................................................. 43 

2.5 Tuberculin Skin Test .............................................................................. 43 

2.6 Materials and Methods ........................................................................... 44 

2.6.1 Reagents and Plastic Ware ............................................................. 44 

2.6.2 Blood Collection ............................................................................. 44 

2.6.3 Collection of Plasma ....................................................................... 44 

2.6.4 Molecular Analyses ......................................................................... 44 

2.6.5 Genotype Validation ....................................................................... 53 

2.6.6 Interferon Gamma CA Repeats, Receptor 1 and CCL-2 

Polymorphisms Screening ............................................................................. 53 

2.7 Assessment of CCL-2 Levels in Plasma ................................................ 54 

2.8 Data Collection and Statistical Analyses ............................................... 55 

2.8.1 Multinomial Logistic Regression Analysis...................................... 55 

2.8.2 Gene Count, Allele and Frequency Calculations ........................... 55 



XVII 
 

2.8.3 Categorical Data Analyses ............................................................. 55 

2.8.4 Sequencing Data Interpretation ...................................................... 56 

2.8.5 Haplotype Analysis ......................................................................... 56 

2.8.6 Genotype Combination Analyses .................................................... 56 

2.8.7 Hardy-Weinberg equilibrium .......................................................... 57 

2.8.8 TB Association Meta-analyses ........................................................ 57 

CHAPTER 3 ............................................................................................................. 58 

BASELINE FREQUENCIES OF CYTOKINE SINGLE NUCLEOTIDE POLYMORPHISMS IN 

PAKISTANI AND OTHER POPULATIONS ................................................................... 58 

3.1 Rationale and Objective ......................................................................... 59 

3.2 Objective ................................................................................................ 59 

3.3 Study Subjects and Methodology ........................................................... 60 

3.3.1 Eligible Studies Selection for Comparison ..................................... 60 

3.3.2 Statistical Analyses ......................................................................... 61 

3.4 Results .................................................................................................... 61 

3.4.1 Hardy-Weinberg Equilibrium ......................................................... 62 

3.4.2 Interferon Gamma SNP (+874 T→A) ............................................ 62 

3.4.3 Interferon Gamma CA Microsatellite Polymorphism ..................... 65 

3.4.4 Interferon Gamma Receptor 1 Polymorphism ................................ 67 

3.4.5 Interleukin 10 SNP (-1082 A→G) ................................................... 74 

3.4.6 Tumor Necrosis Factor Alpha SNP (-308 G→A) ........................... 78 

3.4.7 Interleukin 6 SNP (-174 G→C) ...................................................... 81 

3.4.8 CC chemokine Ligand 2 SNP (-2518 A→G) .................................. 84 

3.5 Discussion .............................................................................................. 86 

CHAPTER 4 ............................................................................................................. 89 

INTERFERON GAMMA AND RECEPTOR 1 GENE POLYMORPHISMS IN RELATION TO 

TUBERCULOSIS DISEASE SUSCEPTIBILITY AND SEVERITY ...................................... 89 

4.1 Rationale and Objectives ........................................................................ 90 

4.2 Study Subjects and Methodology ........................................................... 90 

4.3 Results .................................................................................................... 91 



XVIII 
 

4.3.1 Association of IFN-  and Receptor1 SNPs with TB Susceptibility 

and Severity ................................................................................................... 91 

4.4 Discussion ................................................................................................. 109 

CHAPTER 5 ........................................................................................................... 112 

RELATIONSHIP OF INTERFERON GAMMA MODULATING CYTOKINE GENE 

POLYMORPHISMS WITH DISEASE SUSCEPTIBILITY AND SEVERITY IN TUBERCULOSIS

 112 

5.1 Rationale and Objectives ...................................................................... 113 

5.2 Study Subjects and Methodology ......................................................... 114 

5.3 Results .................................................................................................. 114 

5.3.1 Association of IFN-γ associated genes with TB susceptibility and 

Severity 114 

5.4 Discussion ............................................................................................ 127 

CHAPTER 6 ........................................................................................................... 130 

IFN GAMMA ASSOCIATED C-C CHEMOKINE LIGAND 2 GENOTYPE-PHENOTYPE 

RELATIONSHIP WITH DISEASE SUSCEPTIBILITY AND SEVERITY IN TUBERCULOSIS 

…………………………………………………………………………………. 130 

6.1 Rationale and Objectives ...................................................................... 131 

6.2 Study Subjects ...................................................................................... 131 

6.3 Results .................................................................................................. 132 

6.3.1 Plasma CCL-2 Levels ................................................................... 132 

6.3.2 Frequency Distribution of CCL-2 (-2518) SNP ............................ 134 

6.3.3 CCL2 Genotype Phenotype Relationship...................................... 140 

6.3.3.3 Relationship in Tuberculosis Patients with Differing Severity ..... 144 

6.4 Discussion ............................................................................................ 145 

CHAPTER 7 ........................................................................................................... 148 

MULTI-LOCI CYTOKINE SNP COMBINATIONS WITH INTERFERON GAMMA SNP 

(+874) AND THEIR INFLUENCE ON TUBERCULOSIS DISEASE SUSCEPTIBILITY AND 

SEVERITY ............................................................................................................. 148 

7.1 Rationale and Objective ....................................................................... 149 

7.2 Study Subjects and Methodology ......................................................... 149 



XIX 
 

7.3 Results .................................................................................................. 150 

7.3.1 Combinations of IFN-γ SNP (+874) and IL-10 SNP (-1082) ....... 150 

7.3.2 Combinations of IFN-γ SNP (+874) and TNF-α SNP (-308) ....... 152 

7.3.3 Combinations of IFN-γ (+874) and IL-6 (-174) SNPs .................. 154 

7.3.4 Combinations of IFN-γ SNP (+874) and CCL-2 SNP (-2518) ..... 156 

7.4 Discussion ............................................................................................ 158 

CHAPTER 8 ........................................................................................................... 161 

OVERALL DISCUSSION ......................................................................................... 161 

8.1 Overall Discussion ............................................................................... 162 

CHAPTER 9 ........................................................................................................... 167 

BIBLIOGRAPHY .................................................................................................... 167 

CHAPTER 10 ......................................................................................................... 191 

APPENDICES ......................................................................................................... 191 

Appendix 1: Reagents and Chemicals ............................................................ 192 

Appendix 2: Plastic and Glass wares .............................................................. 193 

Appendix 3: List of Software .......................................................................... 193 

Appendix 4: Buffers, Media and Solutions ..................................................... 194 

Appendix 5: Equipment and Instruments ....................................................... 194 

Appendix 6: Publications ................................................................................ 195 

CHAPTER 11 ......................................................................................................... 196 

CURRICULUM VITAE ............................................................................................ 196 

 

  



XX 
 

List of Tables 

Table 2.1: Demographic characteristics of tuberculosis patients and controls ..... 40 

Table 2.2: Diagnostic modality used for confirmation of tuberculosis ................ 42 

Table 2.3: Primers designed for polymorphism detection through sequencing 

method........................................................................................................... 48 

Table 3.1: Distribution of IFN-γ SNP (+874 T →A) frequency in Pakistani and 

other populations ........................................................................................... 63 

Table 3.2: IFN-γ CA repeats allele frequencies in Pakistani and other populations

....................................................................................................................... 66 

Table 3.3: Association between IFN-γ +874 T→A polymorphism and the number 

of microsatellite repeats in Pakistani population .......................................... 66 

Table 3.4: IFN-γ receptor 1 SNPs studied in Pakistani population ...................... 67 

Table 3.5: Genotypic and allelic distribution of novel promoter SNPs in Pakistani 

healthy controls ............................................................................................. 70 

Table 3.6: Genotypic and allelic distribution of common IFN-γR1 SNPs in 

Pakistani healthy controls ............................................................................. 72 

Table 3.7: Distribution of IFN-γR1 SNPs (-56 T→C & +94 T→C) frequencies in 

Pakistani and other populations .................................................................... 73 

Table 3.8: Distribution of IL-10 SNP (-1082 A→G) frequency in Pakistani and 

other populations ........................................................................................... 75 

Table 3.9: Distribution of TNF-α SNP (-308 G→A) frequency in Pakistani and 

other populations ........................................................................................... 79 

Table 3.10: Distribution of IL-6 SNP (-174 G→C) frequency in in Pakistani and 

other populations ........................................................................................... 82 

Table 3.11: Distribution of CCL-2 SNP (-2518 A→G) frequency in Pakistani and 

other populations ........................................................................................... 85 

Table 4.1: Distribution of IFN-γ SNP (+874) in different clinical forms of TB and 

healthy controls in Pakistani population ....................................................... 93 

Table 4.2: Distribution of IFN-γ microsatellite CA repeats alleles in different 

clinical forms of TB and healthy controls in Pakistani population ............... 98 



XXI 
 

Table 4.3: Association between IFN-γ SNP (+874) and the number of 

microsatellite repeats CA repeats with TB susceptibility and severity in 

Pakistani population ...................................................................................... 99 

Table 4.4: Distribution of IFN-γ microsatellite repeats genotypes in different 

clinical forms of TB and healthy controls in Pakistani population ............. 101 

Table 4.5: Distribution of novel IFN-γR1 SNPs in different clinical forms of TB 

and healthy controls in Pakistani population .............................................. 103 

Table 4.6: Distribution of Novel IFN-γR1 SNPs in Different Clinical Forms of TB 

and Healthy Controls in Pakistani Population ............................................ 106 

Table 5.1: Distribution of IL-10 SNP (-1082) in different clinical forms of TB and 

healthy controls in Pakistani population ..................................................... 116 

Table 5.2: Distribution of TNF-α SNP (-308) in different clinical forms of TB and 

healthy controls in Pakistani population ..................................................... 121 

Table 5.3: Distribution of IL-6 SNP (-174) in different clinical forms of TB and 

healthy controls in Pakistani population ..................................................... 125 

Table 6.1: CCL-2 levels in plasma in relation to TB infection ........................... 133 

Table 6.2: CCL-2 (-2518 G→A) genotype and allele analyses .......................... 135 

Table 6.3: Distribution of CCL-2 SNP (-2518) in different clinical forms of TB 

and healthy controls in Pakistani population .............................................. 137 

Table 7.1: IFN-γ (+874 T→A) and IL-10 (-1082 A→G) gene combinations and 

their association with tuberculosis .............................................................. 151 

Table 7.2: IFN-γ (+874 T→A) and TNF-α (-308 G→A) gene combinations and 

their association with tuberculosis .............................................................. 153 

Table 7.3: IFN-γ (+874 T→A) and IL-6 (-174 G→C) gene combinations and their 

association with tuberculosis ...................................................................... 155 

Table 7.4: IFN-γ (+874 T→A) and CCL-2 (-2518 A→G) gene combinations and 

their association with tuberculosis .............................................................. 157 



XXII 
 

List of Figures 

Figure 1.1: The estimated tuberculosis incidence rates. ......................................... 5 

Figure 1.2: Twenty two high tuberculosis burden countries. .................................. 6 

Figure 1.3: Definition of pulmonary disease severity by lung tissue involvement 9 

Figure 1.4: Images of extrapulmonary localized and disseminated tuberculosis . 11 

Figure 1.5: Interaction between innate and adaptive immune responses to fight 

against tuberculosis ....................................................................................... 14 

Figure 1.6: Chromosomal location of genes implicated in mycobacterial disease 

susceptibility or protection ............................................................................ 25 

Figure 1.7: Possible consequences of cytokine gene polymorphisms .................. 27 

Figure 1.8: Chromosomal location of IFN-γ gene and polymorphisms ............... 29 

Figure 1.9: Chromosomal location of IFN-γ Receptor 1 gene and polymorphisms

....................................................................................................................... 31 

Figure 1.10: Chromosomal location of TNF-α gene and polymorphisms ............ 32 

Figure 1.11: Chromosomal location of IL-10 gene and polymorphisms .............. 33 

Figure 1.12: Chromosomal location of IL-6 gene and polymorphisms ................ 34 

Figure 1.13: Chromosomal location of CCL-2 gene and polymorphisms ............ 35 

Figure 2.1: Examples of electrophoretic patterns obtain for ARMS and tetra 

ARMS PCRs ................................................................................................. 52 

Figure 3.1: Single nucleotide polymorphisms identified in IFN-γR1 promoter 

region. ........................................................................................................... 68 

Figure 3.2: Prediction of transcription factor binding site for SNP -270 T→A. ... 69 

Figure 3.3: Linkage disequilibrium blocks structure and haplotypes of novel IFN-

γR1 promoter region SNPs. .......................................................................... 71 

Figure 4.1: Forest plot of meta-analysis for association of TB with T carriers of 

IFN-γ +874 SNP ........................................................................................... 95 

Figure 4.2: Forest plot of meta-analysis for association of pulmonary TB with T 

carriers of IFN-γ +874 SNP .......................................................................... 96 

Figure 4.3: Forest plot of meta-analysis for association of extrapulmonary TB 

with T carriers of IFN-γ +874 SNP .............................................................. 96 



XXIII 
 

Figure 5.1: Forest plot of meta-analysis for association of TB with A carriers of 

IL-10 SNP (-1082) ...................................................................................... 118 

Figure 5.2: Forest plot of meta-analysis for association of pulmonary TB with A 

carriers of IL-10 SNP (-1082) ..................................................................... 119 

Figure 5.3: Forest plot of meta-analysis for association of extrapulmonary TB 

with A carriers of IL-10 SNP (-1082) ......................................................... 119 

Figure 6.1: Plasma CCL-2 Levels in TB patients with varying severity of 

pulmonary or extrapulmonary TB disease. ................................................. 134 

Figure 6.2: Forest plot for association of TB with G carriers of CCL-2 SNP (-

2518) ........................................................................................................... 139 

Figure 6.3: Forest plot for association of pulmonary TB with G carriers of CCL-2 

(-2518)......................................................................................................... 139 

Figure 6.4: Forest plot for association of extrapulmonary TB with G carriers of 

CCL-2 SNP (-2518) .................................................................................... 140 

Figure 6.5: CCL-2 genotype-phenotype relationship in TB not affected controls

..................................................................................................................... 141 

Figure 6.6: CCL-2 genotype-phenotype relationship in the presence (TST+) or 

absence (TST-) of latency in asymptomatic healthy controls ..................... 142 

Figure 6.7: CCL-2 genotype-phenotype relationship in household contacts and 

endemic controls ......................................................................................... 143 

Figure 6.8: CCL-2 genotype-phenotype relationship ......................................... 145 

  



1 
 

 

 

 

 

 

Chapter 1 

Introduction 

	  



2 
 

1.1 Tuberculosis 

Tuberculosis (TB) is a chronic infectious disease with high rates of morbidity and 

mortality in the endemic countries.  Mycobacterium tuberculosis (MTB) 

predominantly infects the lungs but can disseminate to cause disease at 

extrapulmonary sites.  MTB is able to reside and multiply within alveolar 

macrophages and can also persist in a dormant state in a balance with the immune 

system without overt signs of the disease and this condition is termed as latent 

TB, or asymptomatic TB infection.  Although, individuals with asymptomatic 

infection cannot transmit disease, a small percentage (10%) may develop active 

TB during their lifetime when the immune system becomes compromised.  This 

normally happens in response to the immune compromising events such as 

Acquired Immune Deficiency Syndrome (AIDS), organ transplantation, 

autoimmune diseases or cancer patients receiving chemotherapy.  The remaining 

individuals stay disease-free for the rest of their lives (Bellamy, 2003).  These 

observations highlight the importance of immune response in protection against 

TB. 

1.2 History of Tuberculosis 

Tuberculosis has been present in humans since ancient times.  In humans, it was 

first documented in a Neolithic grave in Heidelberg, Germany and in the 

fragments of the spinal columns from an Egyptian mummy dating back to 5000 

years.  Hippocrates identified TB as the most widely spread disease of the time in 

around 460 BC (Coar, 1982).  Phthisis is a Greek name for TB that means 
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consumption because it seemed to consume people’s lungs with a bloody cough, 

fever and persistent wasting.  Therefore, in the medical encyclopaedia ''The 

Canon of Medicine'' written by Ibn Sina (Avicenna) in 1020s, the study of TB was 

mentioned as phthisiatry.  Pulmonary TB (PTB) as a transmissible disease was 

also identified by him.  He was the first physician to develop the method of 

patients’ isolation in order to limit the spread of pulmonary TB disease (Gruner et 

al., 1970). 

 

In 1689, Dr Richard Morton established that pulmonary TB was associated with 

tubercles.  However, it was not recognized as a single disease until 1820s and in 

1839, the term "tuberculosis" was given by J. L. Schonlein.  In 1882, an MTB 

bacillus was first identified by a German physician, Robert Koch.  He discovered 

MTB using his unique staining technique, which was based on methylene blue 

dye and a counterstain vesuvin.  This staining enabled him to see MTB 

microscopically.  In 1905, Robert Koch received the Nobel Prize in medicine for 

his investigations and discoveries in relation to TB.  Further, the discovery of the 

X-ray technique by Wilhelm Konard (1845-1923) made it possible to screen for 

pulmonary tissue damage by MTB within the host. 

 

In 1906, the first success in immunizing against TB was achieved using the 

attenuated Bacilli Calmette Guerin (BCG) vaccine developed by the French 

bacteriologists, Albert Calmette and Camille Guérin.  They serially passaged a 

pathogenic strain, Mycobacterium bovis for 13 years using a specific culture 
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medium to minimize the virulence of the BCG strain and created the first live 

vaccine.  In 1920, the first human trial of the BCG vaccine was conducted.  This 

vaccine was introduced globally by the World Health Organization (WHO) in 

1965, and is still widely used in various high TB burden countries. 

(http://www.cdc.gov/tb/publications/factsheets/prevention/BCG).  Later in 1946, 

with the development of an antibiotic (streptomycin) from Streptomyces griseus, 

which possessed antimicrobial activity for MTB, effective treatment and cure 

became possible.  However, the single use of this drug led to the development of 

resistance in MTB strains.  Annually, half a million new cases of multidrug 

resistant (MDR) TB are being reported worldwide.  MDR TB is defined as 

resistance to at least two of the first line anti-TB drugs (isoniazid and rifampicin).  

In the 1960’s, John Crofton proposed a multi-drug regimen (Streptomycin, Para-

amino salicylic acid and Isoniazid) to avoid development of drug resistant TB.  At 

the end of 20th century, increasing drug resistance to TB was linked to poor 

treatment compliance.  This led to the introduction of Directly Observed 

Treatment, Short-course (DOTS) for the treatment of TB. 

 

To educate people about the effect and overwhelming consequences of TB on 

developing countries and its impact on global health, the first World TB day was 

sponsored by the WHO and the International Union Against Tuberculosis and 

Lung Diseases (IUATLD) on 24th March, 1982.  Since then, this day is observed 

worldwide with the different activities depending on the locations in which it is 

being held.  However, we are still far from either control or even less from the 
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elimination of TB with >5 million new cases and an estimated 2 billion latently 

infected individuals globally (WHO report, 2011). 

1.3 Global Impact of Tuberculosis 

Tuberculosis occurs in almost every part of the world and annually there are about 

1.4 million deaths due to TB with the majority (95%) being documented from the 

developing countries (WHO report, 2011).  The incidence rate of 128 cases per 

100,000 populations has been reported globally, and approximately 8.8 million 

new TB cases arise every year with most of the cases being reported from the 

South East Asian region (Figure 1.1).  These estimates continue to go up with 

increasing trends for multidrug resistant MTB strains.  Despite the use of the BCG 

vaccine and combined drug therapies, TB continues to be a public health problem 

for national and international TB control programmes (Schurr, 2007). 

 

Figure 1.1: The estimated tuberculosis incidence rates. 
 

(Adapted from WHO report, 2011) 
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Tuberculosis continues to be one of the major public health problems as it affects 

the most productive age group (15-50 years) and accounts for 75% of the TB 

cases from developing countries.  It is also one of the three greatest causes of 

death among women of child bearing age (15 to 34 years) 

(www.womenaid.org/press/info/health/tb).  There are 22 high TB burden 

countries (HBC) in the world that contribute to 80% of the reported TB cases 

every year.  Among these 22 countries, five countries belong to Eastern 

Mediterranean Region (EMR) as defined by WHO (Figure 1.2).  

 

Figure 1.2: Twenty two high tuberculosis burden countries. 
 

Yes, high TB burden countries; No, low TB burden countries (Adapted from WHO Report, 2011) 
 

1.4 Tuberculosis Disease and Pakistan 

Pakistan has a population of 173,593,000 (WHO country profile, 2010) and ranks 

6th among the high TB burden countries and contributes up to 55% to the disease 

burden in EMR.  In addition, Pakistan is estimated to be the fourth highest MDR 
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TB prevalence country globally (www.emro.who.int/pak/programmes/stop-

tuberculosis).  Approximately, 5.1% of the total national diseases burden is 

contributed by TB and ~1.5 million individuals are living with TB in Pakistan.  

The incidence of all forms of TB was reported to be 177 per 100,000 pop/year 

with the prevalence of 364 per 100,000 pop/year.  Every year, 650,000 individuals 

become ill with TB and 34,000 die from the disease (National TB Control 

Program Pakistan (NTP), 2010, http://www.ntp.gov.pk).   

 

Pakistan is included in low HIV prevalence (0.1%) countries (UNAIDS, 2010) 

and therefore, the immune response is relatively uncompromised due to HIV.  The 

failure of BCG vaccine to prevent pulmonary TB in adult Asian populations 

(Trunz et al., 2006) has also resulted in unabated transmission of TB in these 

populations. 

1.5 Tuberculosis Disease Spectrum 

The primary site of MTB infection is the lung, but MTB can spread to any organ 

in the body due to the haematogenous spread.  The disease severity can range 

from localized to disseminated diseases with increasing bacillary load as the 

disease becomes more severe.  This probably reflects the host’s ability to control 

the growth and replication of MTB.  Disease severity can also vary in different 

sites including the primary sites, as discussed in the next section. 
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1.5.1 Pulmonary Tuberculosis 

The most common form of TB is pulmonary which involves lungs, ranging from 

mild cellular infiltration to chronic, cavitary, and severely destructive TB disease.  

This accounts for 85% of the total TB cases because it can be transmitted by 

airborne droplet nuclei containing tubercle bacilli.  These droplets are aerosolized 

and may be inhaled by others in the same environment.  The general symptoms of 

pulmonary TB include cough, excessive night sweating, fatigue, fever and weight 

loss while severe symptoms include, breathing difficulty, chest pain and 

wheezing.  Based on lung tissue involvement, the pulmonary TB disease can be 

classified into minimal (PMN), moderate (PMD) or advanced (PAD) severity 

(Crofton, 1981) (Figure 1.3). 

1.5.1.1 Pulmonary Minimal Tuberculosis 

Pulmonary minimal disease is described as slight to moderate lung involvement 

of one or both apices which is restricted to the above second chondrosternal 

junction and spine of the fourth or the fifth thoracic vertebra. No cavities are 

found in minimal disease. 

1.5.1.2 Pulmonary Moderate Tuberculosis 

Pulmonary moderate TB disease involves disseminated confluent lesions of mild 

density.  Cavities are present but not exceeding more than a total of one lung 

volume with the diameter of 4 cm or less. 
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1.5.1.3 Pulmonary Advance Tuberculosis 

Pulmonary advanced disease has lung tissue involvement exceeding one lung 

volume.  Additionally, it has miliary mottling with multiple cavities present in 

both lungs with the diameter of more than 4 cm.  Lung consolidation is also 

observed in a majority of cases. 

 

 

Figure 1.3: Definition of pulmonary disease severity by lung tissue involvement 
 
(Reference: Standards of the American Thoracic Society for examination of the Chest 
Roentgenograms) 
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1.5.2 Extrapulmonary Tuberculosis 

Tuberculosis may also involve other body sites and 15–20% of the active TB 

cases involve organs such as the lymph nodes, larynx, pleura, brain, kidneys or 

bones and joints.  Extrapulmonary TB (ETB) occurs when the immune system 

fails to localize MTB at the site of infection and dissemination occurs via the 

hematogenous route to different sites in the host.  Extrapulmonary disease 

severity ranking is based on the clinical management criteria and the involvement 

of particular sites (Maher et al., 1997). 

1.5.2.1 Extrapulmonary Localized Tuberculosis 

The less severe or localized form of extrapulmonary TB (LTB) is restricted to 

only one site other than lungs such as the lymph nodes, pleural effusion 

(unilateral) or small bones and joints without lung involvement.  The most 

common form of extrapulmonary localized TB is lymph node TB with swollen 

enlarged lymph node (Figure 1.4A).  Extrapulmonary localized disease can be 

confirmed by tissue histology. 

1.5.2.2 Extrapulmonary Disseminated Tuberculosis 

Extrapulmonary disseminated TB (DTB) involves two or more than two 

extrapulmonary sites with or without lung involvement.  Often disease is 

diagnosed by imaging techniques (Figure 1.4B).  This is the severe form of 

extrapulmonary disease with the primary focus on meningeal, miliary, pericardial, 

peritoneal, pleural, spinal, and intestinal sites. 
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A. Lymph node TB in cervical area B. Computerized tomography of the skull in young adult 
patient with cerebral TB, with hydrocephaly, hypodense central areas, and atrophic lesions. 
(www.tuberculosistextbook.com, pp.487-523) 

 

1.6 Host Control Response to Tuberculosis 

1.6.1 Innate Immune Response 

After inhalation of infected aerosols by the host, the first encounter of MTB is 

with alveolar monocytes and macrophages.  The uptake of MTB by macrophages 

involves the recognition of pathogen associated molecular patterns (PAMPs) such 

as lipoarabinomannan (LAM) which is a major cell wall component present on 

the surface of MTB.  These patterns are recognized by several different receptor 

types such as complement receptors (CR) 1 and 3, Fc receptors, mannose receptors 

(MR), toll like receptors (TLR) and type A scavenger receptors present on the 

surface of the phagocytic cells and collectively termed as Pattern Recognition 

Receptors (PRRs).  Recognition of PAMPs by macrophages occurs mainly 

through TLR (van Crevel et al., 2002).  The TLR is phylogenetically conserved 

Figure 1.1: Images of extrapulmonary localized and disseminated tuberculosis
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transmembrane proteins present on the surface of macrophages and dendritic 

cells, specifically TLR2 which is reported to be responsible for recognizing 

mycobacteria (Texereau et al., 2005). 

 

Uptake of MTB by the macrophages results in activation and migration to the 

nearest draining lymph node where antigen is presented to T lymphocytes.  The 

activated T cells secrete chemokines (Algood et al., 2005) and cytokines (Egen et 

al., 2008). The biological role of chemokines and cytokines secreted by immune 

activated cells is to recruit additional cells to the site of infection which help in 

walling off the infection resulting in an organized structure, termed as granuloma 

which helps in limiting the infection.  Activation of macrophages at the site 

results in killing of intracellular mycobacteria.  Some of the bacilli have the 

ability to go into a dormancy phase and survive.  This state is considered as latent 

infection.  Dormant mycobacteria within the granuloma can persist for decades 

but can be reactivated in case of immunosuppression due to unrelated reasons.  

However, even in the presence of intact immune system, reactivation can occur in 

a small percentage due to as yet unidentified factors (Greenwood et al., 1997). 

 

Mycobacteria often escape from the destruction of lysosomal enzymes by 

inhibiting phagosome-lysosome fusion within the macrophages (Crowle et al., 

1991).  One of the proteins associated with phagosome containing live but not 

dead mycobacteria is a specialized protein known as tryptophan aspartate coat 

(TACO) (Ferrari et al., 1999) which inhibits phagosome-lysosome fusion thus 
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enabling evasion of the cytotoxic effects of the lysosomal enzymes. Therefore, the 

innate arm of the immune response, involving macrophages, is vital for protection 

against pulmonary TB disease.  

1.6.2 Adaptive Immune Response	

Adaptive immunity refers to the antigen-specific defense mechanism which 

develops a few weeks after infection.  The lymphoid compartments (thymus and 

bone marrow) play an important role in the development of adaptive immunity.  

The T cells from thymus are involved in cell mediated immune response and B 

cells secrete antibodies and are part of the humoral immune response.  T cells 

only recognize processed antigen presented in conjunction with the major 

histocompatibility complex (MHC) molecules expressed on the surface of the 

antigen presenting cells (macrophages and dendritic cells).  Activated T cells 

differentiate into two subsets of T cells (T helper and T cytotoxic) with differing 

biological activities.  T helper cells recognize antigens in conjunction with Class 

II MHC and T cytotoxic cells recognize antigens in conjunction with Class 1 

molecules respectively.  In addition, T cells possess different surface molecules 

which act as co-receptors; CD4 on T helper cells and CD8 on T cytotoxic cells 

which bind to either MHC class 1 or MHC class II increasing the fitness of 

antigen binding.  Helper T cells play a central role in the evolution of adaptive 

immunity and are responsible for providing help to both B cells and T cytotoxic 

cells by secreting cytokines which act as the growth and differentiating factors.  In 

addition to cytokines and chemokines secreted by activated macrophages (innate 
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arm), T and B cells (adaptive arm) also secrete both cytokine and chemokines 

providing a network of molecules which can both up regulate or down regulate 

different arms of the immune system (Figure 1.5). 

 

Figure 1.5: Interaction between innate and adaptive immune responses to fight against 
tuberculosis 

 
┬ represents inhibitory effect. (Reproduced from Ottenhoff et al., 2005) 

 

Cytokine nomenclature and classification is based on various different criteria.  

The most common classification is based on their biological activity such as 

tumor necrosis factor (TNF), or Interferon (IFN) which was based on interference 

with viral replication.  Cytokines have also been classified as proinflammatory or 

anti-inflammatory cytokines.  Interleukin 1(IL-1) and interleukin 2 (IL2) are the 

examples of pro-inflammatory cytokines which up-regulate the Th1 arm of the 

immune response.  Interleukin 4 (IL-4) is an example of anti-inflammatory 

cytokine which activates the Th2 arm of the immune response, while interleukin 
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10 (IL-10) another anti-inflammatory cytokine deactivates macrophage responses 

and inhibits cytokine secretion.  Some of the cytokines such as interleukin 6 (IL-

6) which was originally considered a pro-inflammatory cytokine, is now also 

considered an anti-inflammatory cytokine with pro-inflammatory activity during 

the early stages by driving IL-17, and anti-inflammatory during the chronic phase 

by driving Th2 responses. 

1.6.2.1 Pro-inflammatory Cytokine Response 

1.6.2.1.1 Interferon Gamma 

Interferon gamma (IFN-γ) secreted by Th1 cells, plays a crucial role in activating 

macrophages for microbicidal activity against intracellular pathogens (Bidwell et 

al., 2001).  It is mainly produced by activated T lymphocytes and NK cells.  

Humans with defective IFN-γ or IFN-γ receptor (IFN-γR) genes have shown 

extreme susceptibility to mycobacterial infections (Alcais et al., 2005; Jouanguy 

et al., 1996).  Although, IFN-γ production alone is insufficient to control MTB 

infection; it is needed to protect the host from TB infection. 

1.6.2.1.2 Tumor Necrosis Factor Alpha 

Tumor necrosis factor is also an important proinflammatory cytokine.  

Monocytes, macrophages, dendritic and NK cells secrete TNF α while T cells 

secrete TNF β but the biological activities of both cytokines are identical.  TNF is 

reported to be essential for immunity to MTB in both mice (Chan et al., 1992) and 

humans (Schon et al., 2004).  In synergy with IFN-γ, TNF activates macrophages 

to release an inducible enzyme, nitric oxide synthase-2 (NOS-2).  This enzyme is 
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an isoform of nitric oxide synthase and works with superoxide radicals within 

acidic phagosome of macrophages to generate toxic molecules such as nitric 

oxide (NO) which are microbicidal for MTB.  The TNF-α has been shown to be 

crucial for the containment of latent infection (Mohan et al., 2001) and its 

production was also observed at the site of TB disease (Barnes et al., 1993).  

Moreover, rheumatoid arthritis patients treated with anti-TNF-α antibodies also 

showed increased susceptibility to reactivation of TB (Keane et al., 2001). 

1.6.2.2 Anti-inflammatory Cytokine Response 

The proinflammatory response initiated by MTB can be antagonized by the 

production of anti-inflammatory cytokines in TB patients.  The significance of 

one of the anti-inflammatory cytokines in TB is given here: 

1.6.2.2.1 Interleukin 10 

Interleukin 10 (IL-10) is considered to be an anti-inflammatory cytokine produced 

by both activated macrophages and Th2 cells after MTB infection (Gong et al., 

1996).  The human studies have highlighted that IL-10 is essential for reducing 

lung tissue damage caused by proinflammatory cytokines, by diminishing 

macrophage activation and antagonizing IFN-γ function (O'Garra et al., 2004).  

However, over-production of IL-10 may also be deleterious because it may 

enhance mycobacterial survival.  This is further supported by one of the studies 

reported from our laboratory which shows that higher ratio of IFN-γ/IL-10 (>1.0) 

was associated with less severe TB while a lower ratio of (<1.0) was found to be 

associated with severe extrapulmonary TB disease (Jamil et al., 2007)  
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1.6.2.2.2 Interleukin 6 

Interleukin 6 is a multifunctional cytokine that is expressed by a variety of cell 

lineages including macrophages, T cells, endothelial cells, and fibroblasts.  It can 

act as both pro- and anti-inflammatory cytokine and is mainly produced early 

during mycobacterial infection.  IL-6 can mediate inflammatory, and stress 

induced responses, hematopoiesis and T cells differentiation.  The evidence for 

the significance of IL-6 in the initial innate response to the MTB comes from a 

study that demonstrated an early increase in bacterial burden in the lungs of IL-6 

deficient mice (Saunders et al., 2000).  However, as the TB infection progresses, 

the role of IL-6 may be anti-inflammatory as it inhibits the production of TNF-α 

(Schindler et al., 1990) and therefore, promotes the growth of mycobacteria in 

peripheral blood monocytes (Denis, 1991). 

1.6.3 Chemokines	

Chemokines are small molecular weight cytokines (~8-14 kDa) that serve to 

recruit leucocytes and inflammatory effector cells from the blood to the site of 

infection.  Chemokines are the essential components of the innate immune 

response against respiratory tract pathogens.  Chemokines are structurally 

classified into four groups, depending on the spacing of cysteine residues present 

such as (1) C-C chemokines have two adjacent cysteines near their amino 

terminus, (2) CXC chemokines have two amino terminal cysteines separated by 

one amino acid represented with an X, (3) C chemokines having one amino 
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terminal and one downstream cysteine residues and (4) CX3C chemokines with 

three amino acids between the two cysteines.  

1.6.3.1.1 CC chemokine ligand 2 

Mycobacterium tuberculosis infection results in increased expression of C-C 

chemokines ligand 2 (CCL-2), also termed as monocyte chemoattractant protein 1 

(MCP-1).  CCL-2 is produced by monocytes and macrophages.  Since 

mycobacteria reside and multiply within the macrophages, recruitment and 

activation of appropriate effector T cells at the site of infection may play a key 

role in limiting mycobacterial infection at the initial stages.  CCL-2 

predominantly recruits memory T cells to the site of infection and therefore, may 

play an important role in granuloma formation and containment of infection.  In 

this context, monocyte recruitment to the lungs has been reported to be restricted 

in CCL-2 deficient mice when exposed to MTB antigens.  There was also a 

decreased IFN-γ production in the C-C chemokine receptor 2 (CCR-2) deficient 

mice (Boring et al., 1997). 

1.7 Host Genetic Susceptibility to Tuberculosis 

The host genetic factors play a major role in determining differential 

susceptibility or resistance to the development of MTB infection (Moller and 

Hoal, 2010).  To explain the role of host genetic factors, several mutations and 

candidate gene polymorphisms have been studied to date.  The association of 

these factors with susceptibility or resistance to TB has been studied using several 

study designs such as animal models, case-control studies, candidate gene 
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approaches and family-based or genome-wide linkage analyses investigating the 

vital candidate genes responsible for TB susceptibility (Takiff, 2007).  

1.7.1 Murine Models and Tuberculosis Susceptibility 

Several TB genetic susceptibility studies have been performed in transgenic mice 

to understand the knockout effect of key cytokine and chemokine genes.  Murine 

models are practical to work with as mice are easy to breed allowing work with 

homogenous populations.  These models were helpful in the establishment of TB 

infection models and a useful starting point for strong candidate TB susceptibility 

genes.  In murine, IFN-γ has been shown to play a critical role in protection 

against TB infection (Flynn and Chan, 2001) and mice with targeted disruptions 

of the IFN-γ and IFN-γR1 genes have been found to be extremely sensitive to 

MTB infection (Cooper et al., 1997; Flynn et al., 1993). 

 

The role for TNF-α in granuloma formation has also been established in a murine 

model of BCG infection and mice treated with anti-TNF antibodies failed to make 

granuloma and died because of disseminated BCG infection (Kindler et al., 1989).  

In mice deficient in TNF-α or the TNF-α receptor genes, MTB infection has 

resulted in higher bacterial growth which ultimately led to mice death (Flynn et 

al., 1995).  The transgenic mice with mycobacterial infection and constitutively 

expressing IL-10 gene also developed a larger bacterial burden and were unable to 

clear the BCG infection (Murray et al., 1997).  Moreover, it has been reported that 

IL-6 deficient mice exhibits increased susceptibility to MTB infection (Ladel et 

al., 1997).  Deficiency of CCL-2 in mice has been reported to be associated with 
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inhibition of granuloma formation (Lu et al., 1998) and suppressed Th1cytokine 

responses (Boring et al., 1997). 

1.7.2 Mendelian Susceptibility to Mycobacterial Disease 

Patients with rare genetic mutations in IFN-  and IFN-  receptor genes display 

increased susceptibility to mycobacterial infections and have provided critical 

insights into the host immune factors associated with TB disease susceptibility.  

Some of these genes show Mendelian inheritance patterns (Casanova and Abel, 

2002; Ottenhoff et al., 2005).  Such extreme phenotypes in TB affected individuals 

and families also showed susceptibility to nonpathogenic mycobacteria.  

Therefore, the syndrome has been termed as Mendelian Susceptibility to 

Mycobacterial Diseases (MSMD).  The rare mutations found in genes controlling 

the production and regulation of IFN-γ highlights the central role of IFN-γ in 

human susceptibility to mycobacterial diseases.   

 

Children from consanguineous parents have also been studied for the rare 

mutations in families with multiple cases.  Most of the MTB infections found in 

these children were caused by administration of BCG vaccine or infection with 

the atypical mycobacteria that were present in the environment (Petrini and 

Bennet, 2007).  The first genetic defect identified in children with MTB infection 

was a complete deficiency of IFN-γR1 and no in vitro response to IFN-γ was 

observed in these children.  However, in partial IFN-γR1 deficiency, the IFN-γ 

binding receptors were expressed on monocytes, but showed reduced ligand 

binding affinity with reduced IFN-γ signaling.  This decreased binding was 
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reported to be sufficient for granuloma formation, and the TB disease was found 

to be less severe (Jouanguy et al., 1996). 

1.7.3 Twins and Family Genetic Studies 

Twin studies compare disease concordance in monozygotic twin pairs which are 

genetically identical verses dizygotic twin pairs which are only as genetically 

similar as other siblings.  It is assumed that if both types of twins share the same 

environment, any difference in the concordance rates of TB between these two 

pairs of twins could be attributed to genetic factors.  In twin studies, genetically 

identical monozygous and dizygous twin pairs with 50% similarities in the 

genome were compared, and it was found that TB disease rate among 

monozygotic twins was twice than that of dizygotic twins (Comstock, 1978) 

highlighting the importance of underlying genetic factors in determining TB 

disease susceptibility. 

1.7.4 Genome Wide Linkage and Association Studies 

Initially, genome wide linkage studies were carried out to show co-segregation of 

genetic markers at different loci in TB families.  If the identified markers were 

consistently found in TB patients compared to healthy members, the disease 

causing genes and markers were assumed to be very close together, and said to be 

linked.  Therefore, linkage and candidate gene association studies are two 

commonly used study designs to locate the genetic loci linked to TB 

susceptibility.  Several reports have identified different TB susceptibility genes by 

genome wide linkage screening but with different impact on different ethnic 
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backgrounds (Bellamy et al., 2000; Cooke et al., 2008; Mahasirimongkol et al., 

2009; Stein et al., 2008).  Although, linkage approach is systematic and 

comprehensive, it had a relatively low statistical power due to the lack of 

detection of genes with moderate effect of disease risk in different populations.  

To increase the power of the study, it has been estimated that 2498 affected 

sibling-pairs would have to be included to have an 80% power to detect 0.5% risk 

of disease susceptibility (Risch and Zhang, 1996). 

 

Following the sequencing of the human genome, Genome Wide Association 

Studies (GWAS) which scans the entire genome were carried out to find genetic 

variations associated with a particular disease rather than specific loci as done in 

linkage studies thus increasing the magnitude of genetic associations by several 

fold.  In African populations (Ghanaian and Gambian), GWAS has identified a 

novel association of a tagged SNP (rs4331426) at chromosome 18 q11.2 (Thye et 

al., 2010) in TB.  On the other hand, GWAS study performed on Chinese 

population showed rare genetic variation of rs4331426 assigned SNP (Dai et al., 

2011).  A recent GWAS study performed on Indonesian and Russian pulmonary 

TB patients has identified eight SNPs within or near the genes involved in 

immune signalling (Png et al., 2012).  Another study conducted on young Thai 

and Japanese TB patients identified an at-risk locus present on chromosome 20 

(Mahasirimongkol et al., 2012).  However, a large number of GWAS studies 

would be required to replicate the associations reported by TB candidate gene 

studies in the pre-GWAS era. 
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1.7.5 Case-Control Association Studies 

An association is a statistical statement about the co-occurrence of alleles and 

phenotypes and case-control is the most widely practiced model of association 

studies.  These studies have much more statistical power to detect genetic 

susceptibility to a disease when allele is itself directly responsible for a change in 

a disease phenotype compared to the control population, but an association is 

detectable for only smaller regions (Risch and Zhang, 1996).  Differences in the 

genotype frequency distribution between the cases and controls suggest that either 

the polymorphism may be responsible for predisposition to the disease or the 

polymorphism is in linkage disequilibrium (LD) with a disease susceptibility 

gene.  The linkage disequilibrium occurs when a marker allele lies in close 

proximity with the disease susceptibility allele.  These two alleles are inherited 

together in the study population over several generations in the population.  

Therefore, the same allele will be detected in affected individuals from multiple 

unrelated families, but belonging to the same population and thus to the same 

genetic pool.  

 

Association studies have also been conducted on the concept of linkage 

disequilibrium.  With the help of association studies, LD can be measured over a 

genetic distance of one centimorgan (cM) which is a much shorter distance than 

used in family based linkage studies.  Some studies have used the tagged SNP 

approach based on relevant HapMap reference populations to identify LD within 

candidate genes of interest (Stein et al., 2007; Thye et al., 2009; Velez et al., 
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2009; Velez et al., 2010).  The other studies have sequenced genes of interest first 

to identify novel SNPs within the genes and then analyzed the association with 

those SNPs (Dissanayeke et al., 2009; Hawn et al., 2006; Tang et al., 2009; 

Thuong et al., 2007).  

 

The first locus (Ity/Lsh/Bcg) associated with susceptibility to intracellular 

pathogens (Mycobacteria, Leishmania & Salmonella) was identified on mouse 

chromosome 1 (Vidal et al., 1995).  This gene was discovered to be homologous 

to the earlier described gene designated as the natural-resistance–associated 

macrophage protein 1 (Nramp1) in mouse knockout models (Vidal et al., 1993).  

These findings suggested the important role of Nramp1gene in determining 

resistance to mycobacteria and other intracellular pathogens.  An identical 

Nramp1 gene (Figure 1.6) is present on the human chromosome 2.  Studies from 

Gambian and West African populations have also reported a significant 

association of Nramp1 gene polymorphism with TB (Bellamy et al., 1998). 
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(Adapted from www.genecards.org) 

Figure 1.2: Chromosomal location of genes implicated in mycobacterial disease susceptibility
or protection 
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By definition, polymorphism is a monogenic trait, but it can be polygenic 

depending on its involvement in a pathway or a disease (Abel et al., 2011; 

Rousseau and Laflamme, 2003).  Polymorphisms are caused by the presence of 

more than one allele at the same gene and usually involve nucleotide insertions 

and/or deletions.  The SNPs are different from mutations in having the frequency 

of at least 1% in the population while mutations show extremely low polymorphic 

allele frequencies (less than 1%).  Polymorphisms in contrast to mutations have 

not been reported to cause any serious diseases in humans, but it may increase or 

decrease the odds of developing certain diseases such as, individuals with the 

polymorphism in the hemoglobin gene (SNP rs334) are less likely to develop severe 

malarial infection and patient’s chances of survival actually increases if they carry 

sickle-cell polymorphism.   

 

Majority of the polymorphisms reported in cytokine genes and their receptors are 

located in the promoter, intronic or 3’ untranslated (UTR) regions (Figure 1.7). 

Promoter polymorphisms may disrupt the binding of transcription factors such as 

Nuclear Factor kappa Β (NF-κB), Janus Kinase (Jak) or Signal Transducer and 

Activator of Transcription (STAT) to regulatory regions (Figure 1.7).  Therefore, 

most of the efforts have been placed in the characterization of variation in and 

around promoter regions.  Intronic region variation may also affect transcription 

factor binding elements of the gene. 
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Figure 1.7: Possible consequences of cytokine gene polymorphisms 

 

The most widely observed and stable substitution polymorphisms in the human 

genome are single nucleotide polymorphisms (SNPs).  These polymorphisms 

involve a single DNA base insertion or deletion which may affect transcriptional 

activation and subsequent cytokine levels by altering transcription factor 

recognition sites (Pravica et al., 1999; Rees et al., 2002).  The estimated frequency 

of SNP occurrence is one in every 1900 bp (Int. SNP Map Work Group, 2001).  

The NCBI SNP database (dbSNP) has listed 187,852,828 SNPs in human genome 

and 53,558,214 of these SNP have been assigned with reference SNP (rs) ID 

number (dbSNP Build 37).  Microsatellite repeats, another type of 

polymorphisms, consist of the repeated number of di, tri, tetra, penta or hexa 

nucleotides.  These are also termed as Simple Sequence Repeats (SSRs) or short 

tandem repeats (STRs).  These repeats are abundantly present in most of the 

genomes (Gur-Arie et al., 2000; Toth et al., 2000) but are extremely rare in the 

promoter regions.  Microsatellite (CA)n repeats are the common example with n 

representing the variable number of alleles. 
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1.8 Cytokine Gene polymorphisms 

A growing number of association studies have demonstrated the relationship of 

promoter or coding region cytokine gene polymorphisms with susceptibility to 

infectious diseases (Bidwell et al., 1999; Knight, 2003).  In several cytokine genes, 

mostly SNPs or microsatellites repeats have been studied, which may affect gene 

transcription and subsequent cytokine production.  Therefore, functional cytokine 

gene polymorphisms has been an area of investigation and some of the SNPs have 

shown variable association with susceptibility, severity and clinical outcome of 

TB disease (Bidwell et al., 2001; Casanova and Abel, 2002). 

1.8.1 Interferon-γ Polymorphisms and their Chromosomal 

Location 

Extreme phenotypes in human with complete and partial IFN-γR1 deficiency 

(Jouanguy et al., 1996) and murine IFN-γ gene knockout models (Flynn et al., 

1993) demonstrated the critical role of IFN-γ for defense against MTB.  The IFN-

γ gene is 5.4 kb long and contains four exons and three introns.  It is located on 

chromosome 12 at position q14.  Several SNPs have been reported in the 

promoter and intronic regions of the IFN-γ gene and have been studied in relation 

to TB susceptibility (Cooke et al., 2006; Henri et al., 2002) (Figure 1.8). 
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Figure 1.8: Chromosomal location of IFN-γ gene and polymorphisms 

The SNP position -1616 was based on Cooke et al., 2006, -179 & +4766 on Bream et al., 2002, 
+874 & +875 CA repeats on Pravica et al., 2000, +2109 & +3234 on Cooke et al., 2006 and +5644 
on Selvaraj et al., 2008.  Boxed Gene Polymorphisms were selected for the current study 
investigation. 

 

Two of the IFN-γ SNPs were reported in the promoter region at positions -1616 

and -179 (Cooke et al., 2006; Bream et al., 2002), while numerous SNPs have 

been identified in the intronic regions (Bream et al., 2002; Cooke et al., 2006; 

Pravica et al., 2000; Selvaraj et al., 2008).  Pravica et al., has reported a novel 

interchange from nucleotide T to A adjacent to CA repeats in the first intron of 

IFN-γ gene and 874 bp downstream of the transcription start site.  Transcription 

factor, nuclear factor-kappa β (NF-κβ) preferably binds to the DNA sequence 

containing wild type T allele at position +874 and this binding is reported to be 

associated with high IFN-γ production in healthy individuals (Pravica et al., 

2000).  Therefore, a transversion from T to A would modify the binding of NF–κB 

to the IFN-γ gene.  This may result in variable IFN-γ expression, leading to the 

differential protein levels (Lopez-Maderuelo et al., 2003; Sallakci et al., 2007).  
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Furthermore, the first intron of the IFN- gene contains microsatellite CA repeats 

which are highly polymorphic and associated with several autoimmune and 

chronic inflammatory conditions (Pravica et al., 2000) (Figure 1.8).  The T allele 

of IFN- SNP (+874) is reported to be associated with the high IFN- production 

in conjunction with CA12 repeats while allele A is reported to be associated with 

CAnon-12 repeats and the low IFN- levels.  Because of the crucial role of IFN- in 

protection against TB, we have also included IFN- SNP (+874) and CA repeats 

in our study.  

1.8.2 Interferon-γ Receptor 1 Polymorphisms and their 

Chromosomal Location	

IFN-γR1 gene is located on the long arm of chromosome 6 at position q23-24 and 

spans about 2.8 kb with seven exons and six introns (Figure 1.9).  The IFN-γR1 

gene has been studied in different populations and some potentially novel SNPs 

have been identified in the promoter and downstream regions of the gene (Cooke 

et al., 2006).  The SNP (-56 C→T) located in the 5’ upstream region of the gene is 

the binding site for transcription factor Activator Protein 4 (AP4) and this SNP is 

found in association with susceptibility to some infectious diseases (Bulat-

Kardum et al., 2006; Fraser et al., 2003; Koch et al., 2006; Rosenzweig et al., 

2004).  Furthermore, another IFN-R1 SNP (+95 G→A) located on the splice site 

of exon and intron boundary may have an influence on splicing process of the 

IFN-γR1 gene. 
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Figure 1.9: Chromosomal location of IFN-γ Receptor 1 gene and polymorphisms 

The SNP position -56 & +94 were based on Cooke et al., 2006, -72 on Rosenzweig et al., 2004 
and +47& +129 were taken from Ensembl database (www.ensembl.org).  The novel SNPs (-270 to 
-129) were identified in the current study. 

 

1.8.3 Tumor Necrosis Factor Alpha Polymorphisms and their 

Chromosomal Location 

Tumor necrosis factor α is a pro-inflammatory cytokine that plays multiple roles 

in immune responses against TB.  The gene encoding TNF-α is localized on the 

short arm of chromosome 6 at position p21, next to the major histocompatibility 

complex and contains several regulatory sites.  Many SNPs have been found in 

the promoter region of the TNF-α gene (Figure 1.10) which may be involved in 

the regulation of TNF-α expression (Wilson et al., 1997). 

 

The most studied SNP in the TNF-α gene is a bi-allelic transition from G to A 

identified at position -308 bp (Wilson et al., 1992) in the regulatory region.  The 

TNF-α SNP (-308) wild type G allele has been reported to be associated with 
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higher TNF-α production.  Kroegar and colleagues did the functional analysis of 

TNF-α SNP (-308) and found enhanced binding of a transcription factor to the A 

allele but for the identified factor, further characterization is yet to be done 

(Kroeger et al., 1997). 

 

 

Figure 1.10: Chromosomal location of TNF-α gene and polymorphisms 

The SNP positions -1030 & -863 were based on Delgado et al., 2002, -238 on Fitness et al., 2004 

and  +488 on Vejbaesya et al., 2007.  Boxed SNP was selected for the current study investigation. 
 

1.8.4 Interleukin-10 Polymorphisms and their Chromosomal 

Locations 

Inter-individual variability has been reported in IL-10 production from stimulated 

peripheral blood mononuclear cells (PBMCs) which may be due to the genetic 

polymorphisms in the IL-10 gene.  The gene encoding IL-10 is mapped on long 

the arm of chromosome 1 at position q31-32 (Kim et al., 1992) (Figure 1.11).  
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Figure 1.11: Chromosomal location of IL-10 gene and polymorphisms 

The SNP positions -1082, -819 & -592 were based on from Turner et al., 1997 and +117 on Shin 
et al., 2005.  Boxed SNP was selected for the current study investigation. 

 

Three promoter SNPs at positions -1082 (G→A), -819 (T→C) and -592 (A→C) 

from the transcriptional start site have been identified in IL-10 gene (Turner et al., 

1997) which may produce different haplotypes.  The most widely studied IL-10 

SNP (-1082) lies within an Ets (E twenty six specific) like recognition site and 

reported to be associated with differential IL-10 production (Turner et al., 1997).  

IL-10 has cytokine inhibitory activity which results in decreased secretion of pro-

inflammatory cytokines such as IFN-γ, TNF-α and IL-6. 

1.8.5 Interleukin-6 polymorphisms and their Chromosomal 

Locations 

The gene encoding IL-6 is located on q arm of the chromosome 7 at position p21.  

IL-6 gene contains a few common polymorphisms within the coding region.  A bi-

allelic promoter region SNP at position -174 relative to the transcription start site 
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has been identified in the binding region of a regulatory factor, multiple 

responsive element (MRE).  Therefore, attention has been focused on functional -

174 promoter region polymorphism (Figure 1.12).  Fishman et al., has reported 

the association of IL-6 SNP (-174) CC genotype with low IL-6 plasma levels in 

normal individuals compared with the other two genotypes (GC & GG) (Fishman 

et al., 1998).  Due to the functional significance of IL-6 SNP (-174), it was also 

investigated in this study. 

 

 

Figure 1.12: Chromosomal location of IL-6 gene and polymorphisms 

The SNP position -174 was based on Fishman et al., 1998 and also selected for the current study 
 

1.8.6 C-C Chemokine Ligand 2 Polymorphisms and their 

Chromosomal Locations 

The CCL-2 gene is located on the long arm of chromosome 17 at position q11.2 

(Figure 1.13) which has been found to be associated with susceptibility to TB 
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(Moller et al., 2009).  The functional SNP at position -2518 (G→A) upstream of 

the transcription start site has been identified in the CCL-2 gene.  The G allele of 

CCL-2 SNP (-2518) has been reported as a high CCL-2 producer allele (Rovin et 

al., 1999) and therefore, this SNP was also investigated in the current study. 

 

 

Figure 1.13: Chromosomal location of CCL-2 gene and polymorphisms 

The SNP position -2518 was based on Thye et al., 2009.  Boxed SNP was selected for the current 
study. 

 

1.9 Overall Goal of the study 

Among the preventable diseases, TB is the cause of the highest mortality world-

wide.  Therefore, the identification of individuals at high risk of developing the 

disease is an urgent need of the TB control programs.  A number of SNPs have 

been identified in the IFN-γ and its signaling pathway genes that predispose to 

severe mycobacterial diseases.  However, the association of IFN-γ and IFN-γ 
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modulating cytokine gene polymorphisms with TB is somewhat controversial.  

Most of the studies have been conducted only on pulmonary or in pooled TB 

patients (including both pulmonary and extrapulmonary TB) and have reported 

polymorphisms associated with TB susceptibility rather than disease severity.  

Although, in some regions, family based genetic linkage and population based 

case-control analyses have been used to identify candidate genes for susceptibility 

to TB, there has been no comparable study from Pakistan.  Therefore, we 

proposed to investigate the polymorphisms in IFN-γ (+874 T→A, and +875 CA 

repeats),  IFN-γR1 (-357 to +343) and IFN-γ modulating cytokine genes such as 

IL-10 (-1082 A→G), TNF-α (-308 G→A), IL-6 (-174 G→C) & CCL-2 (-2518 

A→G) to establish baseline frequencies of different SNPs in the indigenous 

population and to study their association with TB disease susceptibility and 

severity. 

 

1.10 Hypothesis of the Study 

Several cytokines and chemokines have been identified to play an important role 

in protection against tuberculosis.  Therefore, this study addresses the question: 

 

“Do SNPs in cytokine and chemokine genes influence cytokine phenotypes affect 

TB disease susceptibility/severity?” 
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1.11 Objectives 

Towards this goal, the following objectives were identified: 

 

Objective 1:  To analyze the functional gene polymorphisms of key cytokine 

genes in healthy individuals to establish baseline frequencies in the indigenous 

population. 

 

Objective 2:  To investigate the influence of the functional cytokine gene 

polymorphisms on tuberculosis disease susceptibility and severity across the 

disease spectrum. 

 

Objective 3:  To determine the chemokine phenotype in relation to genotype 

SNPs in a subset of TB patients and healthy controls.  
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2 Chapter 2 

Study Groups and Methodology 
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2.1 Study Design 

This was a case-control association study, in which the frequencies of cytokine 

gene polymorphisms in TB affected (TBA) patients and TB not affected (TBNA) 

healthy control groups were compared and the differences were subjected to 

statistical analyses.  Chemokine levels were also measured on a subset of cases 

and controls to investigate genotype-phenotype relationship with TB.  

2.2 Sample Size Determination 

Epi info (version 6) was used to estimate the sample size with 95% confidence 

interval and 80% power of the study.  The cytokine frequencies from the Iranian 

population (Bagheri et al., 2006) were used for sample size calculations.  

Minimum sample size calculated was 153 for patients and 153 for healthy 

controls.  We increased the sample size by 25%-30% to reduce variability in 

genotype frequencies. 

2.3 Ethical Consideration 

Written/oral consents were obtained from each participant or his/her guardians in 

case of minors (<18 yrs.) after explaining the purpose of the study.  Ethical 

approval was obtained for the project from Ethical Review Committee (ERC) of 

the Aga Khan University (ERC # 119-Mic/ERC-01, 1452-PATH-ERC, 1451-

Path-ERC-2010). 
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2.4 Study Groups 

Tuberculosis affected patients (TBA=197) and TB not affected healthy controls 

(TBNA=191) were recruited from The Aga Khan University Hospital (AKUH), 

Masoomeen General Hospitals (MGH), Orangi Urban Health Centre (OUHC), 

Indus hospital, the Federal Clinic, Nazimabad private clinics, OJHA and Abbasi 

Shaheed hospitals located in different areas of Karachi, Pakistan.  Demographic 

distribution of the patients and controls is given in Table 2.1. 

 

Table 2.1: Demographic characteristics of tuberculosis patients and controls 
 

Group Studied  Gender Age (years) 
 N Female (%) Male (%) Mean Range 
TB not affected controls (TBNA) 191 91 (48) 100 (52) 28.5 6-70 

TB affected patients (TBA) 197 122 (62) 75 (38) 33.0 7-81 

Pulmonary TB (PTB) 115 65 (57) 50 (43) 32.3 10–81 

Pulmonary minimal (PMN) 19 9 (47) 10 (53) 36.3 15–81 

Pulmonary moderate (PMD) 63 37 (59) 26 (41) 33.0 13–70 

Pulmonary advanced (PAD) 33 19 (58) 14 (42) 26.0 10–69 

Extra pulmonary TB (ETB) 82 53 (65) 29 (35) 33.7 7–80 

Disseminated TB (DTB) 35 18 (51) 17 (49) 35.2 16–80 

Localized TB (LTB) 47 35 (75) 12 (25) 33.3 7–75 

 

2.4.1 Tuberculosis Patients Classification 

All TB patients were classified on the basis of clinical severity and radiological 

involvement where available. 
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2.4.1.1 Pulmonary Tuberculosis 

Pulmonary TB (PTB=115) patients had lung parenchymal involvement 

exclusively.  Based on radiological classification, pulmonary TB patients were 

further divided into three categories: 

2.4.1.1.1  Pulmonary Minimal Tuberculosis 

Pulmonary minimal (PMN=19) TB patients contained slight lesions in lung that 

either involved a small part of one or both lungs.  

2.4.1.1.2  Pulmonary Moderate Tuberculosis 

Pulmonary moderate (PMD=63) TB patients contained moderate lesions in both 

lungs or lesions which were extended throughout the total volume of one lung or 

was equivalent in both lungs. 

2.4.1.1.3 Pulmonary Advance Tuberculosis 

Pulmonary advance (PAD=33) TB patients contained lesions which were more 

extensive than moderate pulmonary TB patients and involved both lungs. 

2.4.1.2 Extrapulmonary Tuberculosis 

The patients with extrapulmonary (ETB=82) site involvements were also divided 

radiologically into two categories: 

2.4.1.2.1 Extrapulmonary Localized Tuberculosis 

Extrapulmonary localized TB (LTB=47) was restricted to one extrapulmonary site 

such as the lymph nodes, genitourinary system, peripheral joints, endobronchial, 

skin or pleural effusions without lung involvement. 
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2.4.1.2.2 Extrapulmonary Disseminated Tuberculosis 

Disseminated TB (DTB=35) had involvement of two or more non-contiguous 

sites with the primary focus as meninges, spinal, intestinal, pericardium, splenic 

or miliary mottling with or without lung involvement. 

2.4.2 Selection Criteria for Tuberculosis Patients 

Patients’ diagnosis and severity of TB were documented at the initial sample 

collection or later after confirmation with consultants.  In all TB patients, 38% 

were either culture or smear positive for MTB and 62% were diagnosed on the 

basis of clinical, radiologic and/or histologic grounds. 

2.4.2.1 Inclusion Criteria 

Patients with sputum microscopy positivity for acid-fast bacilli (AFB) or without 

radiological evidence of lung involvement were included in pulmonary TB group 

while extrapulmonary TB patients were categorized on the basis of CT scans for 

abdominal, skeletal and splenic involvement and MRI for meningeal involvement 

(Table 2.2). 

Table  2.2: Diagnostic modality used for confirmation of tuberculosis 
 

Disease 
category 

N 
% 
(TST>10mm) 

Microscopy Culture Histology ¶Imaging 
Response to 
treatment 

TBNA 191 71 - - - - - 

PTB 115 62 47 26 0 40 2 

DTB 35 41 2 3 5 25 2 

LTB 47 43 1 10 13 10 13 
Note: Primary diagnostic modality used for the diagnosis of tuberculosis.  
¶Imaging tests included chest x rays for pulmonary patients, CT scan and/or MRI for disseminated 
disease.  
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2.4.2.2 Exclusion Criteria 

Patients with immunosuppressive conditions such as HIV, diabetes, previous ATT 

history or on steroids for inflammatory conditions were excluded from the study. 

2.4.3 Healthy Subjects 

TB not affected (TBNA=191) individuals with no signs or symptoms of TB and 

those who were not on immunosuppressive therapies were selected as healthy 

controls.  The TB not affected control group comprised of Healthy Household 

Contacts (HHC=105) from 20 TB affected families and HHC did not develop TB 

over a period of 24 months post exposure.  All 20 TB affected families were from 

a peri-urban area (Kharadar) and were racially Asian Caucasians with mixed 

ethnicity (2nd and 3rd generation of Urdu and Kutchi speaking migrants from 

Central India) but had the similar socio-economic background.  Community 

Controls (CC=86) with no recent history of exposure to TB were also recruited 

during the same period as the control group.  Most of the community controls 

recruited were employees working in various capacities at The Aga Khan 

University Hospital and were also of similar racial and ethnic backgrounds. 

2.5 Tuberculin Skin Test 

Tuberculin sensitivity test (TST) was assessed by administering five tuberculin 

units intracutaneously on the volar surface of the right arm to identify the 

individuals who have previously been exposed with MTB.  An induration of ≥10 
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mm was used as a cut off for positive response (TST+) which is considered to be 

indicative of latent infection.  

2.6 Materials and Methods 

2.6.1 Reagents and Plastic Ware 

Details for all reagents and plastic wares are given in appendices 1 and 2 

respectively. 

2.6.2 Blood Collection 

Two ml of blood was collected from all participants by venipuncture in 

anticoagulant, acid citrate dextrose (ACD) tubes and kept frozen until DNA 

extraction.  Five ml of blood was also collected in sodium heparin (20 U/ml) 

tubes from selected available participants for the chemokine assessment. 

2.6.3 Collection of Plasma 

Five ml of blood collected in heparin tubes was kept at room temperature (25 °C) 

for 1-2 hours and then transferred to 4 ºC for overnight incubation.  Blood was 

centrifuged at 1,500 rpm for 10 min to separate the plasma which was 

subsequently aliquoted into 100µl volumes and stored at -70 ºC until further use.  

Fresh plasma aliquots were used in each chemokine phenotype assay. 

2.6.4 Molecular Analyses 

The selected cytokine and chemokine SNPs (IFN-γ +874 T→A, IFN-γ CA repeats, 

IL-10 -1082 A→G, TNF-α -308 G→A, IL-6 -174 G→C and CCL-2 -2518 A→G) 
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were chosen based on prior evidences of association with tuberculosis disease 

susceptibility or protection.  These SNPs have also been reported to have 

functional consequences on cytokine gene expression or their protein levels. 

2.6.4.1 DNA Extraction 

After proper thawing and mixing of blood collected in ACD tubes, the human 

genomic DNA was extracted from TB affected and TB not affected donors’ blood 

samples.  Extraction was performed at room temperature (25 °C) with commercial 

genomic DNA extraction kit (Promega Corporation Madison, WI, USA) 

according to manufacturer instructions and after some laboratory optimizations as 

follows: 

1. The whole blood (300μl) was mixed with kit cell lysis solution (900μl) in a 

sterile 1.5 ml tube and inverted gently 5-6 times to mix the blood with solution.  

2. The mixture was incubated at room temperature for 10 min.  During incubation, 

the tube was inverted 2–3 times to lyse the red blood cells.  

3. After incubation, centrifugation was performed at 15,000 rpm for 20 seconds.  

Supernatant was discarded without disturbing the pellet. 

4. The steps 1-3 were repeated 2-3 times until a visible white pellet was observed. 

5. The pellet was vortexed vigorously to resuspend the white blood cells.  

6. The kit nuclei lysis solution (300μl) was added to the resuspend pellet and the 

solution was pipetted 5–6 times to lyse the white blood cells.  If clumps were 

visible after mixing, the solution was incubated at 37°C in a water bath for 1 hour.  

If the clumps were still visible after 1 hour, additional 100μl of kit nuclei lysis 

solution was added and incubation was repeated at 37°C for 1 hour. 
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7. After incubation, kit protein precipitation solution was added (100μl) to the 

nuclear lysate and vortexed vigorously for 20 seconds. If additional 100μl nuclei 

lysis solution was added during incubation then a total of130μl kit protein 

precipitation solution was added. 

8. Centrifugation was performed at 15,000 rpm for 4 min.  

9. Supernatant was transferred to a clean 1.5ml tube containing 300μl of room-

temperature isopropanol.  The solution was mixed gently by inversion until the 

white thread-like strands of DNA formed a visible mass. 

10. Centrifuged at 15,000 rpm for 1 min.  

11. The supernatant was decanted and 300μl of room temperature 70% ethanol 

was added to the DNA.  The tube was mixed gently 15-20 times to wash the DNA 

pellet and sides of the tube.  

12. Centrifuged at 15,000 rpm for 1 min. 

13. Ethanol was decanted carefully.  The tubes were inverted on a clean absorbent 

paper and the pellet was air-dry for 10-15 min. 

14. The kit DNA rehydration solution (100μl) was added to the tube and the DNA 

was rehydrated by incubating at 65°C in a water bath for 1 hour.  

15. Finally, the DNA was stored at 4°C until further use. 

2.6.4.2 Gel Electrophoresis 

Five ml of rehydrated DNA was mixed with 1 ml of bromophenol blue loading 

dye.  This mixture was then loaded on 0.8% agarose gel prepared in TAE buffer 

containing 10 mg/ml ethidium bromide.  The molecular weight marker (λ 

Hind/III) was also loaded in one of the wells for reference.  Initially, the 
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electrophoresis was performed at 60 volts for 15 min then voltage was changed to 

80 volts and allowed to run for 90 minutes in an electrophoretic tank filled with 

TAE buffer.  The product bands were visualized on an ultra violet (UV) 

transilluminator and picture of the UV visible bands were taken for interpretation. 

2.6.4.3 Spectrophotometry 

Spectrophotometry was carried out using UV absorbance at the wavelengths of 

260 nm and 280 nm to check the amount and purity of the DNA samples.  The 

reading at 260 nm was used to calculate the concentration of nucleic acid in the 

sample while reading at 280 nm was used to calculate the amount of contaminants 

such as proteins in the extracted samples.  An optical density of 1 at 260 nm was 

considered equivalent to 50 μg/ml of DNA concentration.  The ratio of 

absorbance (A260/A280) was used to assess the purity of the DNA and a ratio of 

~1.8 was considered as a pure DNA. After proper documentation, DNA was 

stored at 4 °C until further use as templates for polymorphism analyses. 

2.6.4.4 PCR optimization 

Conventional PCR with beta globin gene primers was used to check the quality of 

the DNA templates.  Other PCR optimization reactions, including PCR reagents 

and cycling conditions were performed with respective primers.  

2.6.4.5 Primer Designing 

Human cytokine and chemokine reference gene sequences were obtained from the 

National Center for Biotechnology Information (NCBI) database.  Conventional 
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PCR primers for polymorphisms detection through sequencing methodology were 

designed using a high-throughput web application “BatchPrimer3” 

(www.batchprimer3.com) and software “Lasergene version 7.0”.  Each primer 

pair was designed to amplify the part of the gene that covers specific cytokine 

SNPs to yield a product of appropriate size (Table 2.3). 

 

Table 2.3: Primers designed for polymorphism detection through sequencing method 
 
Cytokine Position Primer  Sequence (5’ to 3’) Product 

Size (bp) 
Software 
Used 

      

IFN-* +874 Forward TAT GAT TCT GGC TAA GGA 318 Lasergene 

  Reverse CCC CAA TGG TAC AGG TTT 
CT 

  

IFN- CA Repeats Forward TATTCCGGAACTTCGTTGCT 500 Batch 
Primer 3 

  Reverse TTGCAATGTCACAAATGAG
C 

  

IFN-R1 -357 to +343 Forward CAA GAC AAC CAG GTG 
AAG TCC  

700 Batch 
Primer 3 

  Reverse AGG GAA GAG GCA GGA 
GAA AG 

  

IL-10* -1082 Forward TGT GGA AGG GGA AGG TG 329 Lasergene 

  Reverse TAA AAG ATG GGG TGG 
AAG AA 

  

TNF-α* -308 Forward TCT CCG GGT CAG AAT GAA 
AG  

540 Batch 
Primer 3 

  Reverse GCA CCT TCT GTC TCG GTT 
TC 

  

CCL-2 -2518 Forward TCT GGG AAC TTC CAA AGC 
TG 

351 Batch 
Primer 3 

  Reverse GCCACA ATC CAG AGA 
AGG AG 

  

IL-6* -174  Forward GCC TGT TAA TCT GGT CAC 
TGA A 

356 Batch 
Primer 3 

  Reverse TCA TGG GAA AAT CCC 
ACA TT 

  

Note: * Primers designed for ARMS and tetra-ARMS genotypes confirmation. 

2.6.4.6 PCR Reactions and Cycling Conditions 

All genotyping PCRs were performed in a total reaction volume of 25 μl while 

conventional PCRs for sequencing were performed in 30 µl reaction volumes.  
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Each 25μl reaction contained 100 ng DNA, 1-2 μl of each primer (10 pmol), 1 μl 

of 5% DMSO, 0.25 μl of 25 mM dNTPs, 2.5 μl of 25 mM MgCl2, 1U of Taq 

DNA polymerase and 2.5 μl of 10X PCR buffer.  Reagent volumes were adjusted 

for 30 µl reactions accordingly.  The PCR cycling conditions are given in table 

2.4. 

Table 2.4: PCR conditions used for gene polymorphisms detection 
Gene 
Polymorphisms 

Program 
# 

PCR cycling conditions # of Cycles 

IFN-γ (+874 T→A) 1 95 ºC for 1 min  1 
 2 95 ºC for 15 sec, 65 ºC for 40 sec and 72 ºC for 40 sec  10 
 3 95 ºC for 20 sec, 56 ºC for 50 sec and 72 ºC for 50 sec 25-30 
IFN-γ * 1 94 ºC for 2 min  
 2 94 ºC for 45 sec, 60 ºC for 1 min and 72 ºC for 1 min 30 
 3 72 ºC for 10 min  
IL-10 (-1082 A→G) 1 95º for 1 min  1 
 2 95 ºC for 15 sec, 65 ºC for 50 sec and 72 ºC for 40 sec  10 
 3 95 ºC for 20 sec, 59 ºC for 50 sec and 72 ºC for 50 sec 25-30 
IL-10 * 1 94 ºC for 1 min 1 
 2 94 ºC for 15 sec, 58 ºC for 50 sec and 72 ºC for 40 sec 30 
 3 72 ºC for 7 min 1 
TNF-α (-308 G→A) 1 95º for 1 min  1 
 2 95 ºC for 15 sec, 68 ºC for 50 sec and 72 ºC for 40 sec  10 
 3 95 ºC for 20 sec, 65 ºC for 50 sec and 72 ºC for 50 sec 25-30 
TNF-α * 1 95 ºC for 1 min 1 
 2 95 ºC for 15 sec, 62 ºC for 50 sec and 72 ºC for 50 sec 25 
 3 72 ºC for 7 min 1 
IL-6 (-174 G→C) 1 95 ºC for 2 min 1 
 2 95 ºC for 1 min, touch down 72-63 ºC for 1 min and 72 

ºC for 1 min 
10 

 3 95 ºC for 1 min, 63 ºC for 1 min and 72 ºC for 1 min 25 
 4 72 ºC for 2 min 1 
IL-6 * 1 95 ºC for 1 min 1 
 2 95 ºC for 15 sec, 62 ºC for 50 sec and 72 ºC for 50 sec 25 
 3 72 ºC for 7 min 1 
IFN-γ CA repeats * 1 95 ºC for 1 min 1 
 2 95 ºC for 15 sec, 62 ºC for 50 sec and 72 ºC for 50 sec 25 
 3 72 ºC for 7 min 1 
IFN-γR1* 1 95 ºC for 1 min 1 
 2 95 ºC for 15 sec, 65 ºC for 50 sec and 72 ºC for 50 sec 25 
 3 72 ºC for 7 min 1 

Note: * Primers used to perform conventional PCR and the products were then sent to Macrogen 

(Macrogen Inc, Seoul, Korea) for sequencing.  
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2.6.4.7 Amplification Refractory Mutation System PCR  

Amplification Refractory Mutation System (ARMS) PCR, also been termed as 

allele specific PCR or PCR amplification of specific alleles (PASA) was used to 

detect IFN-γ (+874 T→A), IL-10 (-1082 A→G) and TNF-α (-308 G→A) SNPs 

using published primer sequences (Table 2.5).  

 

Table 2.5: Primers used for ARMS and tetra ARMS-PCR 
 

  

Cytokine Position Primer  Sequence (5’ to 3’) Product 
Size (bp)  

Reference 

      

IFN- +874  Generic 
primer 

TCAACAAAGCTGATACTC
CA 

261 Lopez-
Maderuelo 
et al., 2003 

  Allele-T TTCTTACAACACAAAATC
AAATCT  

  

  Allele-A TTCTTACAACACAAAATC
AAATCA 

  

IL-10 -1082 Generic 
primer 

CAGTGCCAACTGAGAATT
TGG 

258 Perrey et al., 
1999 

  Allele- G CTACTAAGGCTTCTTTGGG
AG 

  

  Allele- A ACTACTAAGGCTTCTTTGG
GAA 

  

TNF-α -308 Generic 
primer 

TCTCGGTTTCTTCTCCATC
G 

184 Perrey et al., 
1999 

  Allele-A AATAGGTTTTGAGGGGCA
TGA 

  

  Allele-G ATAGGTTTTGAGGGGCAT
GG 

  

IL-6 -174 Forward 
Outer 

GACTTCAGCTTTACTCTTT
GTCAAGACA 

326 Ye et al., 
2001 

  Reverse 
Outer 

GAATGAGCCTCAGACATC
TCCAGTCCTA 

  

  Forward-G GCACTTTTCCCCCTAGTTG
TGTCTTCCG 

149  

  Reverse-C ATTGTGCAATGTGACGTCC
TTTAGCTTG 

178  

β Actin Internal 
Control 

Forward 
 

GTGGGGCGCCCCAGGCAC
CA 

540 Auewarakul 
et al., 2006 

  Reverse CTCCTTAATGTCACGCACG
ATTTC 
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Per sample, two separate PCR reactions were set up for the detection of wild type 

and polymorphic alleles separately.  Beta actin (β-actin) gene was used as an 

internal control to check the accuracy of the PCR reactions (Figure 2.1A).  After 

completion of PCR cycles, 5 ml of each PCR product was mixed with 1 ml of 

bromophenol blue loading dye.  Products mixed with dye were then loaded on 1.5 

to 2.5% agarose gel prepared in TAE buffer containing 10 mg/ml ethidium 

bromide.  The molecular weight marker was also loaded in one of the wells for 

reference.  These products were then run for 45 min at 100 volts in electrophoretic 

tank filled with TAE buffer.  Product bands were visualized on a UV 

transilluminator and picture of the UV visible bands were taken for interpretation. 

2.6.4.8 Tetra-ARMS PCR 

 
Tetra-primer Amplification Refractory Mutation System-PCR (tetra-primer 

ARMS-PCR) was used to detect IL-6 SNP (-174 G→C) frequencies.  The PCR 

reaction was set up in a single tube with the outer forward, the forward inner wild 

type, the reverse outer and the reverse inner polymorphism specific primers 

(Table 2.5).  Two amplification allele‑specific reactions occurred in opposite 

directions simultaneously.  Three fragments were generated due to the positioning 

of the outer primers: two small allele specific desired fragments and a large 

control PCR product band.  Amplified fragments were easily distinguished on 

agarose gel electrophoresis (Figure 2.1B).  After completion of PCR cycles, 5 ml 

of each PCR product was mixed with 1 ml of bromophenol blue loading dye.  

Products mixed with dye were then loaded on 2% agarose gel prepared in TAE 
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buffer containing 10 mg/ml ethidium bromide.  The molecular weight marker was 

also loaded in one of the wells for reference.  These products were then run for 45 

min at 100 volts in an electrophoretic tank filled with TAE buffer.  Product bands 

were visualized on a UV transilluminator and picture of the UV visible bands 

were taken for interpretation. 

 

 

 
Figure 2.1: Examples of electrophoretic patterns obtain for ARMS and tetra ARMS PCRs 
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2.6.5 Genotype Validation 

Sequencing was performed on a subset of samples for the validation of genotypes 

obtained from ARMS and tetra-ARMS PCR results.  Firstly, region around SNP 

was amplified by conventional PCR.  The amplified PCR products were purified 

with the QIAquick PCR purification kit according to the manufacturer’s 

instructions.  Purified products were then sent to Macrogen (Macrogen Inc, Seoul, 

Korea) for sequencing with both forward and reverse primers.  A concordance of 

>95% was observed between ARMS, tetra ARMS PCR, and sequencing 

technique results.  

2.6.6 Interferon Gamma CA Repeats, Receptor 1 and CCL-2 

Polymorphisms Screening 

Approximately 700 bp region (-357 to +343) in the first intron of IFN-γR1 gene, 

500 bp region (+631 to +1132) in the first intron of the IFN-γ gene and sequence 

around the CCL-2 SNP (-2518) were amplified using designed primer pairs 

(Table 2.3).  After completion of PCR cycles, 5 ml of each PCR product was 

mixed with 1 ml of bromophenol blue loading dye.  Products mixed with dye 

were then loaded on 2% agarose gel prepared in TAE buffer containing 10 mg/ml 

ethidium bromide.  Molecular marker (100 bp) was also loaded in one of the wells 

for reference.  These products were then run for 45 min at 100 volts in 

electrophoretic tank filled with TAE buffer.  Product bands were visualized on an 

UV transilluminator and picture of the visible bands were taken. PCR products 

(25μl) were sent to Macrogen (Macrogen Inc, Seoul, Korea) for sequencing. 
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2.7 Assessment of CCL-2 Levels in Plasma 

Plasma chemokine levels were assessed in a subset of samples using Flow 

Cytometric Bead Array (CBA).  The CBA technique was based on the sandwich 

multiplexed ELISA with the use of discrete fluorescence intensity beads for 

different chemokines.  Each bead with a single fluorescent intensity was coated 

with a different monoclonal capture antibody and serves to capture the soluble 

analyte present in plasma.  A reporter antibody that is attached to the fluorescence 

molecule of phycoerythrin (PE) was used to quantify the captured analyte of 

interest. 

 

CBA Human Chemokine Kit was used to measure CCL-2 levels in plasma 

samples.  This kit detected five related chemokines (CXCL-8/IL-8; CCL-

5/RANTES; CXCL-9/MIG; CCL-2; CXCL-10/IP-10) (BD Biosciences, San Jose, 

California, USA).  Assay was performed according to the manufacturer 

instructions.  Briefly, test samples (50 μl, 1:5 diluted) and PE detection antibodies 

were incubated with capture bead reagent for 3 hour in the dark at room 

temperature.  All unbound antibodies were washed (1 ml wash buffer), re-

suspended in 300 μl wash buffer before acquisition on the BD bio-analyzer.  All 

five chemokines had single, well-separated peaks.  Five individual chemokine 

standards (range 0–5,000 pg/ml) were also run with each assay.  The sensitivity 

was in the range of 2.5–5.0 pg/ml as given by the manufacturer. 
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2.8 Data Collection and Statistical Analyses 

2.8.1 Multinomial Logistic Regression Analysis 

Multinomial Logistic Regression (MLR) analysis was applied with covariants age 

and sex to determine the effect of these covariants with genotypes.  Statistical 

Software for Social Sciences (SPSS) was used to perform MLR analysis.  A p-

value of greater than 0.05 was considered as non-significant difference between 

covariants (Age & sex) and genotypes.  

2.8.2 Gene Count, Allele and Frequency Calculations 

The genotypes were calculated by simple gene count while alleles were calculated 

by the following formula: 

 

(Homozygous genotype count x 2)+Heterozygous genotype count 

(Sample size x 2) 

 

 The frequencies (%) for each cytokine SNP genotype and alleles were calculated 

by either total count divided by the number of subjects or divided by the number 

of chromosomes respectively. 

2.8.3 Categorical Data Analyses 

Pearson chi square (χ2) and Fisher’s exact tests were used to analyze the 

association between genotype/allele frequencies and studied groups.  Wild type 

homozygous genotype or allele was used as the reference for statistical analysis.  
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Odds Ratio (OR) for the susceptibility or severity to TB was also obtained by the 

χ2 or Fisher’s exact tests.  A value of p<0.05 was considered significant. All 

significant p-values were corrected either by linear-by-linear or Bonferroni 

correction methods.  

2.8.4 Sequencing Data Interpretation 

Sequencing results were analysed by pair-wise and/or multiple alignments of the 

sequences using software, Clustal X (version 1.83).  Genotypes and alleles were 

calculated by referring electropherograms of the sequencing results provided by 

Macrogen (Macrogen Inc, Seoul, Korea). 

2.8.5 Haplotype Analysis 

Haplotyping was performed on IFN-γR1 sequencing data.  Linkage disequilibrium 

was assessed for any pairs of SNP.  Haplotype blocks were defined where the first 

and the last markers were in strong LD with all intermediate markers. 

2.8.6 Genotype Combination Analyses 

IFN-γ SNP (+874 T→A) genotypes were combined with IL-10 (-1082 A→G), 

TNF-α (-308 G→A), IL-6 (-174 G→C) and CCL-2 (-2518 A→G) genotypes to 

determine two gene combination effect.  The combinations were then compared 

between controls and TB patients using χ2 or Fisher’s exact tests.  
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2.8.7 Hardy-Weinberg equilibrium 

Hardy-Weinberg equilibrium (HWE) was tested on each cytokine and chemokine 

genotyping data.  Observed and expected genotype frequencies were compared by 

χ2 test.  A p-value of greater than 0.05 was considered as in equilibrium.  

2.8.8 TB Association Meta-analyses 

For meta-analyses, IFN-γ T allele carriers (+874, TT+TA vs AA), IL-10 A allele 

carriers (-1082, GA+AA vs. GG), TNF-α A allele carriers (-308, GA+AA vs. GG), 

IL-6 C allele carriers (-174, CG+CC vs. GG) and CCL-2 G allele carriers (-2518, 

GG+AG vs AA) were used to calculate pooled odds ratio (pOR) for the TB 

association studies using Pearson χ2 test.  The Subgroup analysis was also carried 

out on pulmonary and extrapulmonary TB studies.  The published studies 

deviated from HWE were also included in meta-analyses.  Meta-analysis 

according to ethnicity was not performed since majority of the reported studies 

were performed on different populations rather than different ethnic groups.  The 

random-effects model was used for meta-analyses.  All calculations were 

performed using STATA version 11.  
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3 Chapter 3 

Baseline Frequencies of Cytokine Single 
Nucleotide Polymorphisms in Pakistani and 

Other Populations 
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3.1 Rationale and Objective 

Genetic polymorphism studies on cytokine and chemokine genes have focused on 

characterization of cytokine SNPs in the promoter and/or coding regions as these 

SNPs can significantly affect gene transcription, thus influencing cytokine 

secretion.  These variations in cytokine secretion have been reported to be 

associated with susceptibility to infectious and non-infectious diseases (Bidwell et 

al., 2001).  However, variable frequencies of cytokine and chemokine SNPs have 

been reported in different populations (Bagheri et al., 2006).  The reasons for such 

variable frequencies have been attributed to the diversity of infections resulting in 

the elimination of highly susceptible genes, inbreeding, racial or ethnic 

differences. It is therefore, important to understand the differences in baseline 

frequencies of key cytokine and chemokine genes in healthy indigenous 

population. 

3.2 Objective 

The objective of this study section was to investigate the functional gene 

polymorphisms in key cytokine and chemokine genes to establish baseline 

frequencies in healthy individuals from a racially and socio economically matched 

population living in Kharadar, Karachi, Pakistan. This population was 

representative of the migrant population from North and Central India in Karachi 

and greater Sindh. The main focus was to study the SNPs in IFN-γ (+874 T→A) 

and first intronic CA repeats, IFN-γR1 (Promoter and first intronic regions), IL-10 

(-1082 A→G), TNF-α (-308 G→A), IL-6 (-174 G→C) and CCL-2 (-2518 A→G) 
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genes in healthy individuals to use as a reference for further studies on the role of 

cytokines and chemokine in the inflammatory and immune responses.  

3.3 Study Subjects and Methodology 

The study subjects and methodology details are available in chapter 2 on pages 

40-53.  The genotyping assay failed for 2 samples of CCL-2 (-2518 A→G), 3 

samples of IFN-γ (+874 T→A) and IL-10 (-1082 A→G), 5 samples of IFN-γ CA 

repeats, TNF-α (-308 G→A) and IL-6 (-174 G→C) SNPs.  In addition to these, 20 

samples were not available for TNF-α (-308 G→A) and IL-6 (-174 G→C) 

genotyping.  Therefore, the total sample size (n) was variable for different 

cytokine SNPs analyses as follows: 189 for CCL-2 (-2518 A→G), 188 for IFN-γ 

(+874 T→A) and IL-10 (-1082 A→G), 186 for IFN-γ CA repeats and 166 for 

TNF-α (-308 G→A) and IL-6 (-174 G→C). 

3.3.1 Eligible Studies Selection for Comparison 

The published studies that examined the association of the IFN-γ (+874 T→A, 

rs2430561), IFN-γ (First intronic CA repeats), IFN-γR1 (Promoter and first 

intronic regions), IL-10 (-1082 A→G, rs1800896), TNF-α (-308 G→A, 

rs1800629), IL-6 (-174 G→C, rs1800795) and CCL-2 (-2518 A→G, rs1024611) 

SNPs in healthy controls alone or in relation to TB were searched (case–control 

designs only) on PubMed. Last search was conducted on 10 May 2012.  The 

search terms used in different combinations were interferon gamma, IFNγ, 

interferon gamma CA repeats, IFNγ CA repeats, interferon gamma receptor 1, 

IFNγR1, Interleukin 10, IL10, tumor necrosis factor alpha, TNFα, Interleukin 6, 
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IL6, CC chemokine ligand 2, CCL2, macrophage attractant protein 1, MCP1, 

single nucleotide polymorphism, SNP, tuberculosis, TB and association study.  

No language restriction was used.  Studies were included in the comparison 

analyses if the number of subjects and genotype and/or allele distributions in both 

cases and controls were available.  Data from reviews and abstracts were also 

included in the comparisons.  Studies that contained overlapping data or published 

by the same authors using the same subjects were excluded from the comparison 

analyses. 

3.3.1.1 Data extraction from Search Results 

The following items were extracted from each published study: first author, 

publication year, studied population, TST and/or BCG status, sample size, HWE, 

genotype and/or allele frequencies and assay used. 

3.3.2 Statistical Analyses 

For comparison analyses, where allele frequencies were missing from the 

published articles, the allele frequencies were calculated by the allele counting 

method: 

(Homozygous genotype count x 2)+Heterozygous genotype count 

(Sample size x 2) 

3.4 Results 

The demographic distribution of the control population is given in chapter 2 on 

page 34.  
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3.4.1 Hardy-Weinberg Equilibrium 

All SNPs were in equilibrium in healthy group except for IL-10 (p=0.000002) and 

TNF-α (p=0.001) SNPs which showed deviation from HWE. The observed 

genotype distribution of IL-10 (-1082) and TNF-α (-308) SNPs were significantly 

different from the expected distribution.  Some of the published studies from Asia 

on IL-10 (-1082 A→G) and TNF-α (-308 G→A) SNPs also showed similar 

deviation from HWE (Ates et al., 2008; Bagheri et al., 2006; Trejaut et al., 2004).  

This deviation could be by chance (random fluctuation) or population specific due 

to more consanguineous marriages in the Asian regions (Lewis et al., 2006). 

3.4.2 Interferon Gamma SNP (+874 T→A) 

In our healthy population, AA genotype of IFN-γ SNP (+874) was observed in 

40.4% of the individuals, TA genotype in 46.3% and TT genotype was observed in 

13.3% of the individuals.  The frequency of the minor A allele was 63.6% while 

the wild type T allele was found in 36.4% of the healthy individuals (Table 3.1).  

The absence of wild type TT genotype with the lowest T allele frequency (3.5%) 

was reported from a previous study on Canadian (Dene) population (Larcombe et 

al., 2008).  On the other hand, the highest T allele frequency (58.7%) was reported 

from Egyptian (Mosaad et al., 2010) population.  The average wild type T allele 

frequency was calculated to be 36.25%, which was closest to the frequency 

observed in the current study population (36.4%).  Two of the SNP studies have 

also reported similar IFN-γ (+874) genotype frequency in Indian (36%) and 

Turkish (37%) populations (Oral et al., 2006; Vidyarani et al., 2006). 
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Table 3.1: Distribution of IFN-γ SNP (+874 T →A) frequency in Pakistani and other populations 
 
 First Author and Year Population TST/BCG 

Status 
N  HWE Genotype % 

     TT             TA         AA 
Alleles % 
   T           A 

Assay Used 

Mosaad et al., 2010 Egyptian TST -ve 46 NA 34.8 47.8 17.4 58.7 41.3 ARMS-PCR 

Mosaad et al., 2010 Egyptian TST +ve 64 NA 25.0 59.4 15.6 54.7 45.3 ARMS-PCR 

Hashemi et al., 2011 Iranian NA 166 NA 19.9 66.9 13.2 53.3 46.7 ARMS-PCR 

Larcombe et al., 2008 Caucasians NA 91 YES 31.0 44.0 25.0 53.0 47.0 ARMS-PCR 

Lio et al., 2002a Sicilian NA 97 YES 25.8 48.4 25.8 50.0 50.0 ARMS-PCR 

Onay et al., 2010 Turkish NA 67 NA 23.8 52.4 23.8 50.0 50.0 ARMS-PCR 

Moran et al., 2007 Caucasians NA 64 YES 25.0 48.0 27.0 49.0 51.0 Sequencing 

Lopez-Maderuelo et al., 2003 Spanish TST +ve 125 YES 24.0 48.0 28.0 48.0 52.0 ARMS-PCR 

Sallakci et al., 2007 Turkish NA 115 YES 23.0 50.0 27.0 47.8 52.2 Pyrosequencing 

Lopez-Maderuelo et al., 2003 Spanish TST -ve 82 YES 22.0 50.0 28.0 47.0 53.0 ARMS-PCR 

Etokebe et al., 2006 Croatian NA 519 YES 19.8 54.3 25.8 47.0 53.1 ARMS-PCR 

Lio et al., 2002b Italian NA 248 NA NA NA NA 46.8 53.2 ARMS-PCR 

Poli et al., 2002 Italian Caucasian NA 363 YES 21.2 46.8 32.0 44.7 55.3 ARMS-PCR 

Amim et al., 2008 Brazilian TST +ve 150 NO 29.0 29.0 42.0 43.5 56.5 ARMS-PCR 

Vallinoto et al., 2010 Brazilian BCG +ve 156 YES 15.4 55.1 29.5 43.0 57.1 ASO-PCR 

Visentainer et al., 2008 Brazilian NA 108 YES 14.2 54.0 31.8 41.2 58.8 PCR-SSP 
Henao et al., 2006 Colombian TST +ve 81 YES NA NA NA 39.0 61.0 ARMS-PCR 

Anuradha et al., 2008 Indian BCG –ve 45 NA 13.3 51.1 35.6 38.9 61.2 ARMS-PCR 

Oral et al., 2006 Turkish NA 50 YES 16.0 42.0 42.0 37.0 63.0 ARMS-PCR 

Ansari et al., 2009 Pakistani TST +ve 188 YES 13.3 46.3 40.4 36.4 63.6 ARMS-PCR 

Vidyarani et al., 2006 Indian NA 127 YES 15.8 40.9 43.3 36.0 64.0 ARMS-PCR 
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 First Author and Year Population TST/BCG 
Status 

N  HWE Genotype % 
     TT             TA         AA 

Alleles % 
   T           A 

Assay Used 

Selvaraj et al., 2008 Indian NA 188 YES 12.9 42.7 44.4 34.0 66.0 ARMS-PCR 
Tso et al., 2005 Hong Kong 

Chinese 
NA 451 YES 12.2 42.1 45.7 33.3 66.7 Sequencing 

Henao et al., 2006 Colombian TST -ve 54 YES NA NA NA 32.0 68.0 ARMS-PCR 

Rossouw et al., 2003 South African 
Colored 

NA 235 YES 11.0 42.0 47.0 32.0 68.0 ARMS-PCR 

de Wit et al., 2011 South African NA 318 YES 10.0 39.0 50.0 29.8 70.2 tetra-ARMS 

Ding et al., 2008 Chinese NA 310 YES 10.3 36.8 52.9 28.7 71.3 Sequencing 
Anuradha et al., 2008 Indian BCG +ve 45 NA 6.7 42.2 51.1 27.8 72.2 ARMS-PCR 

Sodsai et al., 2011 Thai NA 102 YES 12.0 30.0 58.0 27.0 73.0 SNP Typing kit 

Larcombe et al., 2008 Canadian (Cree) NA 42 YES 11.0 30.0 59.0 26.0 74.0 ARMS-PCR 
Moran et al., 2007 African American NA 174 YES 7.0 37.0 56.0 25.5 74.5 Sequencing 

Moran et al., 2007 Hispanics NA 98 YES 10.0 27.0 63.0 20.4 79.6 Sequencing 

Fitness et al., 2004 Malawian NA 703 YES 2.0 31.0 66.0 17.5 82.5 ARMS-PCR 

Cooke et al., 2006 Gambian NA 594 YES 2.2 27.9 69.9 16.2 83.9 ARMS-PCR 

Buijtels et al., 2008 Zambian TST +ve 119 YES 2.6 19.1 78.3 12.2 87.8 RFLP 

Wang et al., 2010 Chinese NA 527 NA 1.9 17.3 80.8 10.6 89.5 ARMS-PCR 

Larcombe et al., 2008 Canadian (Dene) NA 61 YES 0.0 7.0 93.0 3.5 96.5 ARMS-PCR 
Abbreviations: HWE= Hardy Weinberg Equilibrium, N= number of healthy individuals, TST= Tuberculin Skin Test, NA= not available, Table was sorted on the 
basis of wild type allele T frequencies from highest to lowest, results from our study are represented as bold format. 
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3.4.3 Interferon Gamma CA Microsatellite Polymorphism 

A total of seven alleles were observed for the IFN-γ first intronic CA repeats 

ranging from CA10 to CA16 in healthy Pakistani individuals (Table 3.2).  In 

contrast to previous reports (Ding et al., 2008; Pyo et al., 2003; Sahiratmadja et 

al., 2007; Tso et al., 2005), CA17 to CA20 alleles were not observed in our 

population.  The most common allele was CA12 (33.87%) which was reported to 

be associated with high IFN-γ production in healthy individuals (Pravica et al., 

2000).  The IFN-γ CA12 repeats were also reported as the most frequent repeats in 

Indonesian (36.4%) (Sahiratmadja et al., 2007), Hong Kong Chinese (33.3%) 

(Tso et al., 2005) and English (48%) (Perrey et al., 1998) populations.  On the 

other hand, CA13 repeats were reported in higher frequency in German (45.9%) 

(Nieters et al., 2001) and Korean (51.8%) (Pyo et al., 2003) populations.  One of 

the studies from China has reported the highest frequency of CA15 repeats (34.8%) 

in healthy individuals (Ding et al., 2008). 

 

The IFN-γ first intronic CA repeats have also been reported to be correlated with 

the high and low producer alleles of IFN-γ SNP (+874) (Pravica et al., 1999).  

Therefore, in the current study, IFN-γ CA repeats were also analyzed in relation to 

IFN-γ SNP (+874) genotypes (Table 3.3).  The highest frequency of CA12 repeats 

were observed in association with IFN-γ TT genotype (82.7%) followed by 

heterozygous TA genotype (47.65%). The IFN-γ AA genotype was found to be 

associated with CA14 repeats (41.33%) in healthy Pakistani individuals (Table 

3.3). 
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Table 3.2: IFN-γ CA repeats allele frequencies in Pakistani and other populations 

 
First Author and Year Population N Alleles % 

   CA10    CA11     CA12       CA13      CA14       CA15         CA16    CA17    CA18   CA19   CA20

Assay Used 

Perrey et al., 1998 English 164 0 0 48 43 4 5 0 0 0 0 0 PCR-PAGE 

Nieters et al., 2001 German 111 0 0 41.4 45.9 7.2 4.5 0 0 0 0 0 VNTR-PCR 
Sahiratmadja et al., 2007 Indonesian 437 0 0.1 36.4 20.5 0.3 32 0.7 0 9.9 0 0.1 Sequencing 
*Ansari et al, 2012 Pakistani 186 0.5 2.7 33.9 17.2 29.0 13.2 3.2 0 0 0 0 Sequencing 
Tso et al., 2005 Hong Kong 

Chinese 
451 0.1 0.7 33.3 30.3 1.3 28.6 1.7 0.4 3.5 0.1 0 Sequencing 

Ding et al., 2008 Chinese 310 0 0 28.7 30.5 1.9 34.8 2.1 1.1 0.5 0.3 0 Sequencing 
Pyo et al., 2003 Korean 622 0 0.2 12.2 51.8 0.8 32.3 1.4 0 1.3 0 0 PCR-PAGE 
Abbreviations: N= number of healthy individuals, TST= Tuberculin Skin Test, Table was sorted on the basis of CA 12 repeats from highest to lowest; results 
from our study are represented as bold format. * Unpublished results. 
 
Table 3.3: Association between IFN-γ +874 T→A polymorphism and the number of microsatellite repeats in Pakistani population 
 
IFN-γ +874 
Genotypes 

IFN-γ CA Repeats Allele  
   CA10       CA11         CA12          CA13           CA14           CA15          CA16 

TT 0 11.5 82.7 0 3.8 1.92 0 
TA 1.2 2.9 47.6 21.2 25.9 1.2 0 
AA 0 0 1.3 18.7 41.3 30.7 8 
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3.4.4 Interferon Gamma Receptor 1 Polymorphism 

The promoter and the first intronic region of IFN-γR1 gene was also investigated 

for the presence of novel or presence/absence of previously reported common 

SNPs by direct sequencing of the PCR amplified genomic DNA.  Sequencing 

results revealed five novel SNPs in addition to the five previously reported 

common SNPs in the IFN-γR1 promoter region (Table 3.4). 

 
Table 3.4: IFN-γ receptor 1 SNPs studied in Pakistani population 
 

Note: Marker numbers were assigned to the SNPs for ease.  3’ UTR is 3 prime un-translated 
region of the IFNγR1 gene, * SNPs reported in ENSEMBL database but no polymorphism was 
identified in our population. 

 

Marker # SNP 
Position 

Location Nucleotide Change Rs Number Status 

1 -307 Promoter A to T rs55640745 Nonpolymorphic*

2 -270 Promoter T to A - Novel 

3 -255 Promoter C to T - Novel 

4 -228 Promoter A to G rs55961762 Nonpolymorphic*

5 -181 Promoter T to G rs7753590 Nonpolymorphic*

6 -169 Promoter C to A rs17175078 Nonpolymorphic*

7 -133 Promoter G to T - Novel 

8 -131 Promoter C to G - Novel 

9 -129 Promoter T to G - Novel 

10 -72 3' UTR C to T rs17181457 Polymorphic 

11 -56 3' UTR T to C rs2234711 Polymorphic 

12 +39 3' UTR G to A rs2234711 Nonpolymorphic*

13 +41 3' UTR G to A rs17181471 Nonpolymorphic*

14 +47 3' UTR G to A rs11575931 Polymorphic 

15 +94 Intronic T to C rs111514733 Polymorphic 

16 +129 Intronic G to A rs11754268 Polymorphic 

17 +131 Intronic A to G rs55767230 Nonpolymorphic*

18 +136 Intronic G to A rs56198266 Nonpolymorphic*
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Five unique SNPs were identified in IFN-γR1 promoter region in the healthy 

Pakistani individuals compared to the reference NCBI IFN-γR1 gene sequence 

(GenBank accession # AY_594694.1).  The five novel SNPs identified were at 

positions -270 (T→A), -255 (C→T), -133 (G→T), -131 (C→G) and -129 (T→G) 

relative to the transcription start site (Figure 3.1).  Short overlapping peaks were 

observed for regions -133, -131 and -129 which were attributed to a technical 

problem.  However, when the samples were repeated, the same results were 

obtained.  Unfortunately, we were unable to carry sequencing analysis due to 

depletion of the samples. 

 
 
 
Figure 3.1: Single nucleotide polymorphisms identified in IFN-γR1 promoter region. 
 
Boxed nucleotides represent the identified single nucleotide polymorphisms.  Arrows indicate the 
variant nucleotide positions.  (A) -270 T→A SNP (B) -255 C→T SNP (C) -133 G→T, -131C→G, 
-129 T→G SNPs. 
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To assess whether polymorphic alleles of the novel SNPs were associated with 

any transcription factor, the online available program “AliBaba 2.1” 

(http://www.gene-regulation.com/pub/programs/alibaba2/index) was used.  This 

program predicts transcription factor binding sites by constructing matrices on the 

fly from TRANSFAC 4.0 sites.  Predictive analysis showed that a transversion of 

thymine T to adenine A at position -270 upstream of the transcription start site 

creates a binding site for a transcription factor GAL4, involved in positive 

regulator of galactose-induced genes expression.  No change was predicted with 

other novel polymorphisms (Figure 3.2).  However, there is a need to determine 

the influence of these polymorphic alleles on transcriptional activity. 

 

 
 
 
 
Figure 3.2: Prediction of transcription factor binding site for SNP -270 T→A. 
 
(A) Wild type sequence with no predictive transcription binding site (B) Polymorphic sequence 
with predictive GAL4 binding site. 

 

When IFN-γR1 SNPs (-270, T→A; -255, C→T; -133, G→T; -131, C→G; -129, 

T→G) genotype frequencies were analysed, the homozygous wild type genotypes 

were found to be dominant for SNPs -270 (96.34%), -133 (94.76%), -131 
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(78.53%) and -129 (83.25%).  No homozygous genotype of the minor alleles was 

observed for these SNPs (Table 3.5). 

 
Table 3.5: Genotypic and allelic distribution of novel promoter SNPs in Pakistani healthy 
controls  
 
IFN-γR1 SNPs Genotypes % Allele % 

-270 TT 96.3 T 98.2 

TA 3.7 A 1.8 

AA 0     

-255 CC 55.5 C 74.6 

CT 38.2 T 25.4 

TT 6.3     

-133 GG 94.8 G 97.4 

GT 5.2 T 2.6 

TT 0     

-131 CC 78.5 C 89.3 

CG 21.5 G 10.7 

GG 0     

-129 TT 83.3 T 91.7 

TG 16.7 G 8.4 

GG 0     

Note: IFN-γR1 SNPs study was carried out on 191 healthy Pakistani individuals.  

 

All novel SNPs were given a marker number for the ease of haplotyping analysis: 

marker 1 for SNP -270, marker 2 for SNP -255, marker 3 for SNP -133, marker 4 

for SNP -131 and marker 5 for SNP -129.  By haplotype analysis, we observed 

that three of the novel SNPs were in linkage in Pakistani healthy individuals and 

the positions of these SNPs were -133, -131 and -129 in the promoter region.  

This LD generated four haplotypes which were G-C-T (89.3%), G-G-G (5.8%), 

T-G-G (2.6%) and G-G-T (2.4%) that corresponded to the four polymorphic 

patterns present in Pakistani individuals (Figure 3.3).  
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Figure 3.3: Linkage disequilibrium blocks structure and haplotypes of novel IFN-γR1 
promoter region SNPs. 
 
(A) LD block.  Each square box contains haplotype D’ value.  Dark grey boxes indicate the 
statistically higher significant D’ values (up to 1).  White and light grey boxes indicate statistically 
non-significant D’ values of less than 1.  Each block was constructed by two pair of SNPs and 
linked haplotypes are surrounded by a solid line triangle (B) Haplotypes of linked IFN-γR1 
markers. 

 

Five common SNPs in 3’ UTR and intronic region of IFN-γR1 gene were also 

observed in our population (Table 3.6).  In literature, the genotype and allelic 

frequencies of SNPs -56 (T→C) and +94 (T→C) were available on a limited 

number of populations (Table 3.7).  The wild type genotype (TT) frequency 

distribution of SNP -56 was 18.85% in our healthy population which was found to 

be closest to the frequency (17.5%) reported in Iranian population (Piranvand et 

al., 2012).  When SNP +95 was analysed, increased frequency of C allele 

(58.12%) was found in the Pakistani healthy individuals compared to the Chinese 

(44%) (He et al., 2010) and the Gambian (47.95% & 53%) (Awomoyi et al., 

2004) populations (Table 3.7).  
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Table 3.6: Genotypic and allelic distribution of common IFN-γR1 SNPs in Pakistani healthy 
controls 
 
IFN-γR1 SNPs Genotypes % Allele % 

-72 CC 92.7 C 95.5 

CT 5.8 T 4.5 

TT 1.5     

-56 TT 18.85 T 41.1 

TC 44.50 C 58.9 

CC 36.65     

+47 GG 98.9 G 99.5 

GA 1.1 A 0.5 

AA 0     

+95 TT 19.9 T 41.9 

TC 44 C 58.1 

CC 36.1     

+129 GG 27.7 G 49.5 

GA 43.5 A 50.5 

AA 28.8     

Note: IFN-γR1 SNPs study was carried out on 191 healthy Pakistani individuals.  Negative sign 
represents 3’ UTR region and positive sign represents intronic SNPs. 
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Table 3.7: Distribution of IFN-γR1 SNPs (-56 T→C & +94 T→C) frequencies in Pakistani and other populations 
 
First Author and Year Population TST Status HWE N IFN-γR1 -56 Genotype % Alleles % Assay  Used 

          TT TC CC T C   

Cooke et al., 2006 Gambian NA YES 619 31.2 44.9 23.9 53.65 46.35 ARMS-PCR 

Awomoyi et al., 2004 Gambian NA NA 285 27.5 49.1 23.4 52.05 47.95 SNaPshot kit 

He et al., 2010 Chinese NA NA 188 16 55 29 43.5 56.5 Ligase detection reaction 

Ansari et al., 2012 Pakistani* +ve Yes 191 18.9 44.5 36.7 41.1 58.9 Sequencing 

Piranvand et al., 2012 Iranian NA NA 74 17.5 NA NA NA NA PCR-RFLP 

           

     IFN-γR1 +95 Genotype % Alleles %  

     TT TC CC T C  

He et al., 2010 Chinese NA NA 188 30 52 18 56 44 Ligase detection reaction 

Awomoyiet al.,2004 Gambian NA NA 285 27.7 49.1 23.4 52.25 47.95 SNaPshot kit 

Cooke et al., 2006 Gambian NA YES 619 NA NA NA 47 53 ARMS-PCR 

Ansari et al., 2012 Pakistani* +ve YES 191 19.9 44 36.1 41.9 58.1 Sequencing 

Abbreviations: HWE= Hardy Weinberg Equilibrium, N= number of healthy individuals, TST= Tuberculin Skin Test, NA= not available, Table was sorted on the 
basis of wild type allele T frequencies from highest to lowest, results from our study are represented as bold format.  *Unpublished results
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3.4.5 Interleukin 10 SNP (-1082 A→G) 

For IL-10 SNP (-1082 A→G), the homozygous GG genotype showed the 

frequency of 10.64% in Pakistani healthy individuals.  The highest frequency 

(72.34%) was observed for heterozygous AG genotype while wild type AA 

genotype was found in 17.02% of the healthy individuals.  This accounts for 

53.2% of the high producer wild type A allele and 46.8% of the low producer G 

allele in our healthy population (Table 3.8). 

 

Previous reports showed variability in distribution of IL-10 SNP (-1082 A→G) 

genotype and allele frequencies.  The studies from Chinese healthy population 

have reported very low (0.5%) or absence of GG genotype while higher frequency 

of the same GG genotype has been reported in Caucasian (34.4%) (Meenagh et 

al., 2002), Spanish (29.6%) (Lopez-Maderuelo et al., 2003) and German (28.8%) 

(Nieters et al., 2001) populations.  Our results also showed increased frequency of 

G allele (46.8%) compared to the average G allele frequency (32.9%) reported in 

literature.  However, the average G allele frequency calculated for the IL-10 SNP 

(-1082 A→G) was found to be closed to the frequency reported for American 

(46.1%) (Ness et al., 2004) and Caucasians (47.5%) (Larcombe et al., 2008) 

populations (Table 3.8). 
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Table  3.8: Distribution of IL-10 SNP (-1082 A→G) frequency in Pakistani and other populations 
 
 First Author and Year  Population TST/BCG 

Status 
N   HWE Genotype % 

AA        AG          GG 
Alleles % 
 A           G 

Assay Used 

Meenagh et al., 2002 Singapore Chinese NA 83 NA 95 5 0 98 2 PCR-SSOP 

Trejaut et al., 2004 Taiwanese NA 50 NO 94 6 0 97 3 ARMS-PCR 

Yang et al., 2010 Chinese NA 78 YES 88.5 11.5 0 93.8 6.2 SNP Typing kit 

Wu et al., 2008 Chinese NA 122 YES 85.2 14.8 0 92.6 7.4 RFLP-PCR 

Pyo et al., 2003 Korean NA 311 YES NA NA NA 92.6 7.4 ARMS-PCR 

Sodsai et al., 2011 Thai NA 102 YES 85 15 0 92.5 7.5 SNP Typing kit 

Shin et al., 2005 Korean NA 871 YES 84.4 14.6 1.1 91.7 8.3 Primer extension 

Larcombe et al., 2008 Canadian (Cree) NA 61 YES 78 20 2 88 12 ARMS-PCR 

Larcombe et al.,2008 Canadian (Dene) NA 42 YES 70 25 5 82.5 17.5 ARMS-PCR 

Akgunes et al., 2011 Indian NA 30 YES 57 43 0 78.5 21.5 Kit based 

Selvaraj et al., 2008 Indian NA 183 YES 59 37.7 3.3 77.9 22.1 ARMS-PCR 

Kaur et al., 2007 Indian NA 130 YES NA NA NA 77 23 SNP Typing kit 

Ben-Selma et al., 2011a Tunisian NA 95 NA 63 27 9 77 23 PCR-RFLP 

Oral et al., 2006 Turkish NA 50 YES NA NA NA 77 23 ARMS-PCR 

Sunderet al., 2012 Indian NA 102 YES 55.8 42.2 2 76.9 23.1 ARMS-PCR 

Prabhu et al., 2007 Indian NA 143 YES 52.1 43.6 4.3 74 26 ARMS-PCR 

Ates et al., 2008 Turkish NA 80 NO 52.5 40 7.5 72 28 ARMS-PCR 

Delgado et al., 2002 Cambodian TST +ve 106  NA 36.8 60.4 2.8 67 33 ARMS-PCR 

Ness et al., 2004 African Americans NA 179 NA 45.3 42.9 11.8 66.7 33.3 TaqMan protocol 

Meenagh et al., 2002 Omanis NA 80 NA 44.3 41.8 13.9 65.2 34.8 PCR-SSOP 

Meenagh et al., 2002 Mexicans NA 40 NA 46.2 35.9 17.9 64.1 35.9 PCR-SSOP 



76 
 

 First Author and Year  Population TST/BCG 
Status 

N   HWE Genotype % 
AA        AG          GG 

Alleles % 
 A           G 

Assay Used 

Torkildsen et al., 2005 Sami NA 200   NA NA NA 63.2 36.8 Sequencing 

Poli et al., 2002 Italian Caucasian NA 363 YES NA NA NA 63 37 ARMS-PCR 

Costeas et al., 2003 Greek  NA 100 YES 40 44 16 62 38 ARMS-PCR 

Meenagh et al., 2002 South African NA 86 NA 33.4 57.1 9.5 61.9 38.1 PCR-SSOP 

Visentainer et al., 2008 Brazilian NA 108 YES 39.3 44 17 61.4 38.6 PCR-SSP 

Fitness et al., 2004 Malawian NA 541 YES 38 46 16 61 39 FAM-labeled PCR 

Oh et al., 2007 Korean NA 117 YES 38.5 45.3 16.2 61 39 ARMS-PCR 

Uboldi de Capei et al., 2003 Italian  NA 140  NA 34 54 12 61 39 ARMS-PCR 

Bagheri et al., 2006 Iranian NA 40 NO 15 82.5 2.5 57.5 42.5 ARMS-PCR 

Henao et al., 2006 Colombian TST -ve 54 YES NA NA NA 57 43 ARMS-PCR 

Amirzargar et al., 2006 Iranian NA 123 NA 17.6 77.5 4.9 56.4 43.6 PCR-SSP 

Henao et al., 2006 Colombian TST +ve 81 YES NA NA NA 55 45 ARMS-PCR 

Scola et al., 2003 Italian NA 114  NA 21.1 67.5 11.4 54.8 45.2 ARMS-PCR 

Mosaad et al., 2010 Egyptian TST -ve 46 NA 13.1 82.6 4.3 54.4 45.6 ARMS-PCR 

Ness et al., 2004 White Americans NA 396 NA 27.4 52.9 19.7 53.8 46.1 TaqMan protocol 

Ansari et al., 2009 Pakistani TST +ve 188 NO 17.0 72.3 10.6 53.2 46.8 ARMS-PCR 

Larcombe et al., 2008 Caucasians NA 91 YES 25 55 20 52.5 47.5 ARMS-PCR 

Lopez-Maderuelo et al., 2003 Spanish TST -ve 82 YES 25.6 52.4 22 51.8 48.2 ARMS-PCR 

Torkildsen et al., 2005 Norwegian NA 272  NA NA NA NA 51.6 48.4 Sequencing 

Afzal et al., 2011 Pakistani NA 99 NA 4.0 92.9 3.0 50.5 49.5 ARMS-PCR 

Nieters et al., 2001 German NA 111 YES 29.7 41.4 28.8 50.4 49.4 ARMS-PCR 

Turner et al., 1997 Caucasian NA 40 NA NA NA NA 49 51 SSCP 
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 First Author and Year  Population TST/BCG 
Status 

N   HWE Genotype % 
AA        AG          GG 

Alleles % 
 A           G 

Assay Used 

Perrey et al., 1998 English NA 330 NA NA NA NA 49 51 ARMS-PCR 

Lopez-Maderuelo et al., 2003 Spanish  TST +ve 125 YES 24 46.4 29.6 47.2 52.8 ARMS-PCR 

Meenagh et al., 2002 Western European 
Caucasian 

NA 100 NA 19.4 46.2 34.4 42.45 57.5 PCR-SSOP 

Mosaad et al., 2010 Egyptian TST +ve 64 NA 0 84.4 15.6 42.2 57.8 ARMS-PCR 

Abbreviations: HWE= Hardy Weinberg Equilibrium, N= number of healthy individuals, TST= Tuberculin Skin Test, NA= not available, Table was sorted on the 
basis of wild type allele A frequencies from highest to lowest, results from our study are represented as bold format.
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3.4.6 Tumor Necrosis Factor Alpha SNP (-308 G→A) 

For TNF-α SNP (-308), the wild type high producer GG genotype was observed 

in 50% of the healthy individuals while 50% of the individuals were found to be 

heterozygous (GA).  No homozygous AA genotype was observed in healthy 

Pakistani individuals (Table 3.9). These results were comparable with other 

literature reports that showed the homozygous polymorphic AA genotype in a 

very low frequency or absence of AA (Table 3.9).  From most of the Asian 

regions, no homozygous AA genotype has been reported in healthy Chinese (Fan 

et al., 2010; Wu et al., 2008), Indian (Selvaraj et al., 2001), Iranian (Merza et al., 

2009), Omanis (Meenagh et al., 2002), and Thai (Vejbaesya et al., 2007) 

populations (Table 3.9).   

 

The highest AA genotype frequency (16%) was reported in English population 

(Perrey et al., 1998) (Table 3.9).  Other TNF-α SNP (-308) studies from Asian and 

non-Asian regions have reported very low frequency (0.8 to 9%) of AA genotype 

(Amirzargar et al., 2006; Bagheri et al., 2006; Ben-Selma et al., 2011a; Buijtels et 

al., 2008; Delgado et al., 2002; Fitness et al., 2004; Larcombe et al., 2008; 

Meenagh et al., 2002; Ness et al., 2004; Nieters et al., 2001; Oh et al., 2007; Oral 

et al., 2006; Poli et al., 2002; Qu et al., 2007; Scola et al., 2003; Sharma et al., 

2010; Sodsai et al., 2011; Trajkov et al., 2009; Trejaut et al., 2004; Uboldi de 

Capei et al., 2003). 
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Table 3.9: Distribution of TNF-α SNP (-308 G→A) frequency in Pakistani and other populations 

 
 First Author and Year Population TST/BCG 

Status 
N   HWE Genotype % 

   GG           GA           AA 
Alleles % 
   G               A 

Assay Used 

Larcombe et al., 2008 Canadian (Cree) NA 42 YES 98 3 0 99.5 1.5 ARMS-PCR 

Larcombe et al., 2008 Canadian (Dene) NA 61 YES 97 3 0 98.5 1.5 ARMS-PCR 

Meenagh et al., 2002 Mexicans NA 40 NA 95 5 0 97.5 2.5 PCR-SSOP 

Merza et al., 2009 Iranian TST +ve 60 NA 93.3 6.7 0 96.6 3.4 PCR-RFLP 

Fan et al., 2010 Chinese NA 113 YES 92.9 7.1 0 96.4 3.5 PCR-RFLP 

Vejbaesya et al., 2007 Thai NA 147 YES 89.8 10.2 0 94.9 5.1 ARMS-PCR 

Henao et al., 2006 Colombian TST -ve 54 YES NA NA NA 94 6 ARMS-PCR 

Buijtels et al., 2008 Zambian TST +ve 119 YES 87 11.3 1.7 93.5 7.4 PCR-RFLP 

Selvaraj et al., 2001 Indian NA 120 YES 85.8 15.2 0 93.4 7.6 Hybridization 

Trejaut et al., 2004 Taiwanese NA 50 NO 86 12 2 92 8 ARMS-PCR 

Meenagh et al., 2002 Omanis NA 80 NA 83.8 16.2 0 91.9 8.1 PCR-SSOP 

Qu et al., 2007 Chinese NA 122 YES 85.6 12.6 1.8 91.9 8.1 PCR-RFLP 

Fitness et al., 2004 Malawian NA 416 YES 83 17 0.2 91.5 8.7 FAM-labeled PCR 

Wu et al., 2008 Chinese NA 122 YES 82.8 17.2 0 91.4 8.6 RFLP-PCR 

Sharma et al., 2010 Indian TST +ve 155 YES 83.9 14.8 1.3 91.3 8.7 Snapshot kit 

Ates et al., 2008 Turkish NA 80 NO 82.5 17.5 0 91.3 8.8 ARMS-PCR 

Kaur et al., 2007 Indian NA 130 YES NA NA NA 91 9 ARMS-PCR 

Uboldi de Capei et al., 2003 Italian  NA 140 NA 84 14 2 91 9 ARMS-PCR 

Delgado et al., 2002 Cambodian TST +ve 106 NA 89.6 1.9 8.5 90.6 9.5 PCR-SSOP 

Meenagh et al., 2002 Singapore Chinese NA 83 NA 77.1 21.7 1.2 88 12 PCR-SSOP 
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 First Author and Year Population TST/BCG 
Status 

N   HWE Genotype % 
   GG           GA           AA 

Alleles % 
   G               A 

Assay Used 

Henao et al., 2006 Colombian TST +ve 81 YES NA NA NA 88 12 ARMS-PCR 

Ness et al., 2004 African Americans NA 179 NA 76.5 22.4 1.2 87.7 12.4 TaqMan 

Poli et al., 2002 Italian Caucasian NA 363 YES 77 22.2 0.8 87.7 12.4 PCR-SSOP 

Scola et al., 2003 Italian NA 114 NA 77.2 21 1.8 87.7 12.3 ARMS-PCR 

Trajkov et al., 2009 Caucasian NA 301 YES 76.4 21.9 1.3 87.4 12.3 PCR-SSP 

Visentainer et al., 2008 Brazilian NA 108 YES 73.8 26.2 0 86.9 13.1 PCR-SSP 

Ness et al., 2004 White Americans NA 396 NA 74.5 24 1.6 86.5 13.6 TaqMan 

Sodsai et al., 2011 Thai NA 102 YES 75 23 2 86.5 13.5 SNP Typing kit 

Ben-Selma et al., 2011a Tunisian NA 95 NA 74 24 2 86 14 PCR-RFLP 

Amirzargar et al., 2006 Iranian NA 123 YES 72.4 26.8 0.8 85.8 14.2 ARMS-PCR 

Nieters et al., 2001 German NA 111 YES 73 24.3 2.7 85.1 14.9 ARMS-PCR 

Oh et al., 2007 Korean NA 117 YES 69.2 30 0.8 84.2 15.8 ARMS-PCR 

Larcombe et al., 2008 Caucasians NA 91 YES 67 31 2 82.5 17.5 ARMS-PCR 

Bagheri et al., 2006 Iranian NA 40 NO 65 32.5 2.5 81.3 18.8 ARMS-PCR 

Meenagh et al., 2002 South African NA 86 NA 62.8 30.2 7 77.9 22.1 PCR-SSOP 

Meenagh et al., 2002 Caucasian NA 100 NA 61 32 7 77 23 PCR-SSOP 

Ansari et al., 2011 Pakistani TST +ve 166 NO 50 50 0 75 25 ARMS-PCR 

Perrey et al., 1998 English NA 106 YES 61 23 16 72.5 27.5 ARMS-PCR 

Oral et al., 2006 Turkish NA 50 YES 66 28 6 61 20 ARMS-PCR 

Abbreviations: HWE= Hardy Weinberg Equilibrium, N= number of healthy individuals, TST= Tuberculin Skin Test, NA= not available, Table was sorted on the 
basis of wild type allele G frequencies from highest to lowest, results from our study are represented as bold format. 
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3.4.7 Interleukin 6 SNP (-174 G→C) 

Healthy individuals from Pakistani population showed increased frequency of 

high producer wild type GG genotype (60.24%) compared to heterozygous GC 

(33.73%) and homozygous CC genotypes (6.02%).  The G and C allele 

frequencies were 77.11% and 22.89% respectively (Table 3.10). 

 

IL-6 SNP (-174 G→C) has been reported to be non-polymorphic in Korean (Pyo 

et al., 2003), Taiwani (Trejaut et al., 2004) and Singaporean Chinese (Meenagh et 

al., 2002) populations. For Canadian Dene (Larcombe et al., 2008), Thai (Sodsai 

et al., 2011), South African (Meenagh et al., 2002) and Hong Kong Chinese 

(Zhang et al., 2012) populations, heterozygous GC and homozygous GG 

genotypes were reported but no CC genotype was found in these populations.  

The C allele was observed in 22.89% of the Pakistani individuals which was 

found closest to the IL-6 (-174 G→C) frequency reported in Indian population 

(15.6-18%) (Kaur et al., 2007). The frequncy of C allele observed in our 

population was also found closest to the average calculated C allele distribution 

(20.86%) (Table 3.10). 
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Table 3.10: Distribution of IL-6 SNP (-174 G→C) frequency in in Pakistani and other populations 
 
 First Author and Year  Population TST/BCG 

Status 
N   HWE Genotype % 

    GG            GC            CC 
Alleles % 
     G               C 

Assay Used 

Pyo et al., 2003 Korean NA 311 NO NA NA NA 100 0 ARMS-PCR 

Trejaut et al., 2004 Taiwanese NA 50 YES 100 0 0 100 0 ARMS-PCR 

Meenagh et al., 2002 Singapore 
Chinese 

NA 83 NA 100 0 0 100 0 PCR-SSOP 

Zhang et al., 2012 Hong Kong 
Chinese 

NA 358 YES 99.7 0.3 0 99.8 0.2 Mass array 

Meenagh et al., 2002 South African NA 86 NA 98.8 1.2 0 99.4 0.6 PCR-SSOP 

Sodsai et al., 2011 Thai NA 102 YES 97 3 0 98.5 1.5 SNP Typing kit 

Larcombe et al., 2008  Canadian 
(Dene) 

NA 61 YES 95 5 0 97.5 2.5 ARMS-PCR 

Meenagh et al., 2002 Mexican NA 40 NA 90 7.5 2.5 93.8 6.2 PCR-SSOP 

Larcombe et al., 2008 Cree NA 42 YES 84 14 2 91 9 ARMS-PCR 

Ness et al., 2004 African 
American 

NA 179 NA 82.5 16.4 1.2 90.7 9.4 TaqMan protocol 

Meenagh et al., 2002 Omani NA 80 NA 76.2 22.5 1.3 87.5 12.5 PCR-SSOP 

Selvaraj et al., 2008 Indian NA 188 YES 70.5 27.9 1.6 84.4 15.6 ARMS-PCR 

Kaur et al., 2007 Indian NA 130 YES NA NA NA 82 18.00 ARMS-PCR 

Ansari et al., 2011 Pakistani NA 166 YES 60.2 33.7 6 77.1 22.9 Tetra ARMS-PCR 

Poli et al., 2002 Italian 
Caucasian 

NA 363 YES 49.7 39.3 11 71 29 ARMS-PCR 

Henao et al., 2006 Colombian TST -ve 54 YES NA NA NA 70.00 30 ARMS-PCR 

Visentainer et al., 2008 Brazilian NA 108 YES 49.3 40.8 9.9 69.70 30.3 PCR-SSP 
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 First Author and Year  Population TST/BCG 
Status 

N   HWE Genotype % 
    GG            GC            CC 

Alleles % 
     G               C 

Assay Used 

Bagheri et al., 2006 Iranian NA 40 YES 40 52.5 7.5 66.25 33.8 ARMS-PCR 

Henao et al., 2006 Colombian TST +ve 81 YES NA NA NA 66 34 ARMS-PCR 

Uboldi de Capei et al., 2003 Italian  NA 140 YES 41 50 9 66 34 ARMS-PCR 

Larcombe et al., 2008 Caucasian NA 91 YES 41 46 13 64 36 ARMS-PCR 

Amirzargar et al., 2006 Iranian NA 123 NA 31.9 59.7 8.4 61.8 38.2 PCR-SSP 

Nieters et al., 2001 German NA 111 YES 38.7 44.1 17.1 60.8 39.2 ARMS-PCR 

Ness et al., 2004 White American NA 396 NA 36.3 44.8 18.8 58.7 41.2 TaqMan protocol 

Oral et al., 2006 Turkish NA 50 YES 55.1 26.5 18.4 54.1 31.7 ARMS-PCR 

Meenagh et al., 2002 Caucasian NA 100 NA 30 48 22 54 46 PCR-SSOP 

Abbreviations: HWE= Hardy Weinberg Equilibrium, N= number of healthy individuals, TST= Tuberculin Skin Test, NA= not available, Table was sorted on the 
basis of wild type allele G frequencies from highest to lowest, results from our study are represented as bold format. 
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3.4.8 CC chemokine Ligand 2 SNP (-2518 A→G) 

For CCL-2 SNP (-2518 A→G), wild type homozygous AA genotype was found to 

be present in 43.92% of the healthy Pakistani individuals while homozygous GG 

genotype was observed in 10.05% of the healthy individuals.  Heterozygous AG 

genotype was present in 46.03% of the healthy individuals.  This makes wild type 

A allele frequency 66.93% and polymorphic G allele frequency 33.07%.  The 

CCL-2 SNP (-2518 A→G) frequency distribution in our population was found 

closest to the frequencies distribution reported in Indian and Iranian populations 

(Alagarasu et al., 2009; Naderi et al., 2011) (Table 3.11). 

 

From literature, the highest frequency (83.45%) of polymorphic G allele was 

reported in Zambian population (Buijtels et al., 2008) and the lowest polymorphic 

G allele (7.7%) was reported in Canadian (Dene) population (Larcombe et al., 

2008).  The G allele of CCL-2 SNP (-2518 A→G) was also reported to be 

overrepresented in the Asian and Mexican populations, compared to Caucasian 

and African American healthy populations.  However, the average polymorphic G 

allele frequency was calculated to be 38.55% and closest to the reported Mexican 

population frequency distribution (Ganachari et al., 2010) (Table 3.11). 
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Table 3.11: Distribution of CCL-2 SNP (-2518 A→G) frequency in Pakistani and other populations 
 First Author and Year Population TST/BCG 

Status 
N   HWE Genotype % 

   AA          AG         GG 
Alleles % 
   A             G 

Assay Used 

Buijtels et al., 2008 Zambian NA YES 119 70.4 26.1 3.5 83.5 16.5 PCR-RFLP 

Thye et al., 2009 West Africa NA YES 2312 64 32 4 80 20 FRED Probe 

Rovin et al., 1999 African American NA NA 36 - - - 78 22 Sequencing 

Ben-Selma et al., 2011b Tunisian NA Yes 150 62 33 5 78 22 PCR-RFLP 

Larcombe et al., 2008 Caucasians NA YES 91 56 42 2 77 23 PCR-RFLP 

Moller et al., 2009 South African NA Yes 482 56 36 8 74 26 SNPlex 

Rovin et al., 1999 Caucasian NA NA 71 - - - 71 29 Sequencing 

Thye et al., 2009 Russian NA YES 1529 52 38 10 71 29 FRED Probe 

Naderi et al., 2011 Iranian NA NA 166 50 41 9 70.5 29.5 tetra-ARMS PCR 

Ansari et al., 2012 Pakistani* TST +ve Yes 189 43.9 46.0 10.1 66.9 33.1 Sequencing 

Alagarasu et al., 2009 Indian NA Yes 206 45.8 39.9 14.3 65.75 34.3 PCR-RFLP 

Flores-Villanueva et al., 2005 Korean NA YES 162 40 46 14 64 36 PCR-RFLP 

Rovin et al., 1999 Asian NA NA 16 - - - 53 47 Sequencing 

Rovin et al., 1999 Mexican NA NA 17 - - - 53 47 Sequencing 

Chu et al., 2007 Chinese NA YES 465 24.9 50.6 24.5 50.2 49.8 PCR-RFLP 

Yang et al., 2009 Chinese NA NA 167 25.2 49.7 25.1 50.0 49.9 PCR-RFLP 

Flores-Villanueva et al., 2005 Mexican NA YES 518 25 48 27 49 51 PCR-RFLP 

Ganachari et al., 2010 Mexican TST +ve Yes 796 12.3 46.5 41.2 35.5 64.4 tetra-ARMS PCR 

Larcombe et al., 2008 Canadian (Cree) NA YES 42 5 31 64 20.5 79.5 PCR-RFLP 

Larcombe et al., 2008 Canadian (Dene) NA YES 61 0.2 15 84 7.7 91.5 PCR-RFLP 

Abbreviations: HWE= Hardy Weinberg Equilibrium, N= number of healthy individuals, TST= Tuberculin Skin Test, NA= not available, Table was sorted on the 
basis of wild type allele A frequencies from highest to lowest, results from our study are represented as bold format. 
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3.5 Discussion 

Various groups have investigated the roles of cytokines as modulators of the 

immune response, as well as their effects on various immunologic disorders 

because the regulatory balance of Th 1 vs Th 2 cytokines may influence the net 

outcome of an immune response.  A wide range of studies in different populations 

have demonstrated differences in the cytokine gene polymorphisms in relation to 

altered cytokine production.  Because of the marked differences in the distribution 

of cytokine and cytokine receptor gene polymorphisms (Hoffmann et al., 2002), 

the data from healthy populations are of special interest for appropriate evaluation 

of susceptibility, prognosis or treatment of the diseases (Costeas et al., 2003; 

Meenagh et al., 2002; Trejaut et al., 2004). 

 

Data on some Asian populations have already been published, but studies from 

the Pakistani population are scarce.  Therefore, in the current study, the 

distribution of key cytokine and chemokine polymorphisms in Pakistani 

population was compared with other populations.  The allelic and/or genotype 

frequencies distribution of IFN-γ (+874 T→A), IL-6 (-174 G→C) and CCL-2 (-

2518 A→G) polymorphisms in Pakistani healthy individuals were found to be 

similar with those reported earlier in Indian and Iranian populations.  Since the 

majority of individuals are of similar ethnic and racial background, we feel that 

our study sample was also representative of the Indo-subcontinent region. 
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The current study also identified the association of IFN-γ (+874) T allele and first 

intronic CA12 repeats with high IFN-γ protein levels which is in concordance with 

reports in literature (Pravica et al., 2000).  A recent study has demonstrated the 

association of a number of IFN-γ first intronic microsatellite repeats with IFN-γ 

SNP +874 and found lower CA repeats to be associated with IFN-γ (+874) T 

allele rather than A allele in Europeans, possibly due to a population specific 

positive selection of the T allele (Manry et al., 2011).  Moreover, five novel SNPs 

which were not reported in literature previously were found in IFN-γR1 promoter 

region of our population with three linked SNPs which generated four haplotypes.  

 

Differences were also found in the IL-10 (-1082 A→G) and TNF-α (-308 G→A) 

SNPs distribution when compared with Asian and non-Asian populations.  These 

differences in cytokine SNP frequencies among different healthy groups may 

reveal an exclusive cytokine profile, which may be helpful in understanding the 

disease prevalence.  Reference functional cytokine genotype frequencies from 

indigenous population would also be helpful for the investigators analysing 

clinical significance of key cytokine polymorphisms. 

 

To summarize the findings of this section, Pakistan and other Asian populations 

seem to have a higher proportion of alleles that were reported to be associated 

with high IFN-γ (T), high IL-10 (A), low TNF-α (G), high IL-6 (G) and low CCL-

2 (A) production compared to Caucasian and African populations.  The analysis 

carried out by the current study also indicates that there is heterogeneity in the 
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frequencies distribution of the cytokine gene polymorphisms among the different 

populations studied so far, and this underlines the importance of a ‘local’ 

reference population when evaluating the clinical relevance of cytokine gene 

polymorphisms.  Moreover, the knowledge of cytokine gene polymorphism 

frequencies in each population is very useful for population genetic studies. 
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4 Chapter 4 

Interferon Gamma and Receptor 1 Gene 
Polymorphisms in Relation to Tuberculosis 

Disease Susceptibility and Severity 
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4.1 Rationale and Objectives 

Most of the studies on IFN-γ and its receptor gene polymorphisms have been 

conducted in either the pulmonary TB patients or in pooled TB patients with all 

forms of TB, which would indicate associations with TB susceptibility rather than 

severity.  Although, family based genetic linkage studies and population based 

case control analyses have been used to identify candidate genes for susceptibility 

to TB in some regions, there has been no comparable study from Pakistan.  

Therefore, the objectives defined in this section were to investigate gene 

polymorphisms in IFN-γ and in the molecule which modulate the IFN-γ responses 

such as IFN-γR1 genes to understand the relationship of these SNPs with TB 

disease susceptibility and severity. 

4.2 Study Subjects and Methodology 

The study subjects and methodology details are given in chapter 2 on pages 40-

53.  Although, the ratio of females was found to be higher in TB affected patients 

compared to TB not affected healthy controls; there was no statistically 

significant association of genotype with age or sex when MLR was performed to 

determine the effect of these co-variants on genotypes in both TB affected and TB 

not affected individuals.  Therefore, gender bias did not seem to be an issue in the 

current analysis. 
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4.3 Results 

Since, healthy household contacts (HC=105) and healthy community controls 

(CC=86) were derived from different strata of the society, we first compared the 

frequencies among these two groups.  There was no statistically significant 

differences in frequencies between HC and CC (IFN-γ; p=0.590, IL-10; p=0.296, 

TNF-α; p=0.535, IL-6; p=0.662).  Therefore, the two control groups 

(HC+CC=TBNA) were pooled as TB not affected reference for comparison with 

TB affected patients. 

4.3.1 Association of IFN-  and Receptor1 SNPs with TB 

Susceptibility and Severity 

4.3.1.1 IFN- SNP +874 in Relation to Tuberculosis 

When healthy controls (TBNA) were compared with TB affected (TBA) group, a 

significant increase in IFN-γ (+874) high producer TT genotype was observed in 

the pulmonary TB group (pc=0.034) compared to TB not affected group (Table 

4.1) indicating that there may be a statistically weak association of IFN-γ (+874) 

TT genotype with disease susceptibility.  When the healthy control group was 

restricted to TST+ (N=133) as a reference control group, TB groups showed a 

much stronger statistical association (pc=0.007) with the TT genotype.  The 

presence of T allele increases the odds (OR=1.46; 95% CI=1.04-2.04) of 

developing pulmonary TB disease (Ansari et al., 2009).  Furthermore, when the 

pulmonary group was stratified on the basis of disease severity, statistically 

significant association was observed with pulmonary minimal (pc=0.01, OR=2.4) 
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and moderate (pc=0.026, OR=1.59) but not with advanced disease (pc=0.587) 

(Table 4.1), suggesting that IFN-γ (+874) was associated with the more localized 

form of the pulmonary disease.  No association was observed with 

extrapulmonary or stratified extrapulmonary TB groups (Ansari et al., 2009).  

This shows that genotype associations were not only different according to the 

disease site (pulmonary TB and extrapulmonary TB) but there was a distinct 

difference between severity within a disease site (pulmonary moderate and 

advanced TB). 

 

In addition to the multiplicative (genotype comparisons) and additive (allele 

comparisons) inheritance models, the dose effect of genotypes was also analyzed 

using the dominant and recessive models for IFN-γ SNP (+874).  The effect was 

found to be again associated with TT genotype (pc=0.015, OR=2.09, 95% 

CI=1.14-3.83) and showed statistically strong association with pulmonary 

minimal (pc=0.001, OR=4.7) compared to moderate TB group (pc=0.025, 

OR=2.22).  These results, therefore, suggest that IFN-γ SNP (+874) has a 

statistically significant effect only when two copies of T allele are present (Table 

4.1).  The dominant model (TT+TA vs. AA) did not show any statistically 

significant relationship with TB.  These observations therefore, verify the results 

obtained by additive and multiplicative inheritance models. 
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Table 4.1: Distribution of IFN-γ SNP (+874) in different clinical forms of TB and healthy controls in Pakistani population 
 

Genotype 
or Allele 

TBNA (188) 
n (%) 

TBA (188) 
n (%) 

PTB (111) 
n (%) 

PMN (19) 
n (%) 

PMD (63) 
n (%) 

PAD (29) 
n (%) 

ETB (67) 
n (%) 

DTB (20) 
n (%) 

LTB (47) 
n (%) 

TT 25  
(13.3) 

39  
(20.7) 

27  
(24.3) 

8  
(42.1) 

16  
(25.4) 

3  
(10.3) 

12  
(17.9) 

3  
(15) 

9  
(19.2) 

TA 87  
(46.3) 

83  
(44.2) 

47  
(42.3) 

6  
(31.6) 

28  
(44.4) 

13  
(44.8) 

30  
(44.8) 

8  
(40) 

22  
(46.8) 

AA 76  
(40.4) 

66 
 (35.1) 

37  
(33.3) 

5  
(26.3) 

19  
(30.2) 

13  
(44.8) 

5  
(37.3) 

9  
(45) 

16  
(34) 

χ2/Fisher  3.86 6.05 10.69 5.58 0.3 0.87 0.29 1.28 

pc-value  0.08 0.034 0.012 0.029 0.588 0.433 0.859 0.278 
T 137  

(36.4) 
161  
(42.8) 

101  
(45.5) 

22  
(57.9) 

60  
(47.6) 

19  
(32.8) 

54  
(57.5) 

32  
(55.2) 

40  
(42.5) 

A 239  
(63.6) 

215  
(57.2) 

121  
(54.5) 

16  
(42.1) 

66  
(52.4) 

39  
(67.2) 

40  
(42.5) 

26  
(44.8) 

54  
(57.5) 

χ2/Fisher  3.2 4.78 6.72 4.95 0.29 0.46 0.032 1.12 
pc-value  0.074 0.029 0.01 0.026 0.587 0.5 0.858 0.274 
OR  1.31 1.46 2.4 1.59 0.85 1.15 0.94 1.29 
95% CI  0.79-1.75 1.04-2.04 1.22-4.72 1.05-2.38 0.47-1.53 0.77-1.72 0.47-1.86 0.82-2.05 

          

Recessive          

TT vs. 
TA+AA) 

 pc 
OR 
95% CI 

0.015 
2.09 
1.14-3.83 

0.001 
4.7 
1.74-12.93 

0.025 
2.22 
1.09-4.5 

    

Note: N for each group is given in brackets. All groups were compared with TBNA using Pearson χ2 or Fisher’s exact test to determine the significance 
of genotype and allele differences and p-values were corrected by linear by linear method.  All significant p values are indicated in bold. 
(Ansari et al., 2009) 
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4.3.1.2 Meta-Analysis of IFN-γ SNP (+874) Association Studies  

Meta-analysis is a new approach to overcome the problem of small sample sizes 

and to increase the statistical power for genetic association studies.  The genetic 

model evaluated for IFN-γ (+874) was TT + AT vs. AA by random-effect model in 

the current study. 

 

From literature, 19 studies were found that investigated the association of IFN-γ 

SNP (+874) with TB, pulmonary TB and/or extrapulmonary TB (Buijtels et al., 

2008; Cooke et al., 2006; Ding et al., 2008; Etokebe et al., 2006; Fitness et al., 

2004; Hashemi et al., 2011; Lio et al., 2002a; Lopez-Maderuelo et al., 2003; 

Moran et al., 2007;  Mosaad et al., 2010; Onay et al., 2010; Rossouw et al., 2003; 

Sallakci et al., 2007; Selvaraj et al., 2008; Tso et al., 2005; Vallinoto et al., 2010; 

Wang et al., 2010; Wu et al., 2008; Yang et al., 2010).  In some studies, results 

were given on the un-stratified TB patients group due to small sample sizes but 

information was provided on stratified pulmonary or extrapulmonary TB patients.  

We therefore, merged the patients appropriately according to the disease site. 

 

The meta-analysis with the pooled TB groups showed that the presence of either 

one or two copies of T alleles decreases the odds of developing TB by 31% 

(pOR=0.69, 95% CI=0.6–0.8), indicating a protective effect of T allele (Figure 

4.1).  When the TB group was stratified according to the site of TB disease, the 

presence of either TT or TA genotypes decreases the odds of developing 

extrapulmonary TB by 52% (pOR=0.48, 95% CI=0.4-0.58) (Figure 4.3), and the 
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odds of developing pulmonary TB by 27% (pOR=0.73, 95% CI=0.66-0.8) (Figure 

4.2).  Previous studies have reported an association of T allele with protection in 

TB patients.  In the current study, T allele was found to be associated with the 

increased odds of developing less severe pulmonary TB indicating an association 

with localization of the disease.  The overall results are therefore, consistent with 

the conclusion that the T allele may play a role in protection against TB. 

 

 
 
Figure 4.1: Forest plot of meta-analysis for association of TB with T carriers of IFN-γ +874 
SNP 
 
Each grey box represents the OR point estimate and bars represent 95% CI.  Area of the grey box 
is proportional to the weight of the study in the pooled results. The diamond and broken line 
represents the overall summary estimate, with CI represented by its width.  The unbroken vertical 
line is set at the null value (OR=1).  n is the total number of TT+TA and N is total number of 
individuals. 



96 
 

 
 
Figure 4.2: Forest plot of meta-analysis for association of pulmonary TB with T carriers of 
IFN-γ +874 SNP 
 

 
Figure 4.3 Forest plot of meta-analysis for association of extrapulmonary TB with T carriers 
of IFN-γ +874 SNP 
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4.3.1.3 Association of IFN- CA Repeats with TB Susceptibility and 

Severity 

The allele and genotype distribution of first intronic CA repeats were analyzed in 

all groups.  Seven alleles (CA10 to CA16) were found in both TB affected patients 

and TB not affected controls, except CA10 allele which was exclusively present in 

TB not affected controls.  Furthermore, the frequency of CA10 allele was found to 

be very low as compared to the other alleles (Table 4.2).  The most common allele 

was found to be the high producer CA12 repeats in both TB not affected (33.87%) 

and the TB affected (31.58%) groups, followed by low producer CA14 repeats (TB 

affected=26.64% and TB not affected=29.03%).  The only difference in frequency 

distribution was found with the low producer CA13 allele in TB affected group 

compared to the TB not affected group (24.01% vs. 17.2%; p=0.025).and was 

weakly associated with the extrapulmonary form of TB (32.35%, p=0.036) but 

not with pulmonary TB disease. This association showed a statistically strong 

association with the more severe form of extrapulmonary TB disease 

(disseminated extrapulmonary TB=38.5%, p=0.002).  Frequency of CA11 allele 

differed among pulmonary TB patients with differing severity and was associated 

with moderate TB disease (10.77% vs. 2.69%, p=0.012).  This statistical 

significance disappeared when Bonferroni test was applied for multiple 

comparisons (Table 4.2).  
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 Table 4.2: Distribution of IFN-γ microsatellite CA repeats alleles in different clinical forms 
of TB and healthy controls in Pakistani population 
 
 

Alleles TBNA  
(186)  
n (%) 

TBA  
(152)  
n (%) 

PTB  
(94)  
n (%) 

PMD  
(65)  
n (%) 

PAD  
(28)  
n (%) 

ETB  
(51) 
 n (%) 

LTB  
(27)  
n (%) 

DTB  
(24)  
n (%) 

CA10 2  
(0.54) 

0  
(0) 

0  
(0) 

0  
(0) 

0  
(0) 

0  
(0) 

0  
(0) 

0  
(0) 

CA11 11  
(2.7) 

20  
(6.6) 

16  
(8.5) 

14  
(10.8) 

1  
(1.8) 

4   
(3.9) 

1   
(1.9) 

3   
(6.3) 

CA12 126  
(33.9) 

96  
(31.6) 

64  
(34.0) 

45  
(34.6) 

18   
(32.1) 

28   
(27.5) 

14   
(25.9) 

14   
(29.2) 

CA13 64  
(17.2) 

73  
(24) 

36  
(19.2) 

25   
(19.2) 

11   
(19.6) 

33   
(32.4) 

15   
(27.8) 

18   
(38.5) 

CA14 108  
(29) 

81  
(26.6) 

49  
(26.1) 

35   
(26.9) 

14   
(25) 

28   
(27.5) 

15   
(27.8) 

13   
(27.1) 

CA15 49  
(13.2) 

29  
(9.5) 

21  
(11.2) 

10  
(7.7) 

11   
(19.6) 

7   
(6.9) 

7   
(13) 

0   
(0) 

CA16 12  
(3.2) 

5  
(1.6) 

2  
(1.1) 

1   
(0.8) 

1   
(1.8) 

2   
(2) 

2   
(3.7) 

0   
(0) 

χ2/Fisher  13.87 11.34 15.56 2.39 12.81 4.2 19.33 

p-value 
Uncorrected 

 0.025 0.063 0.012 0.876 0.036 0.635 0.002 

p-value 
Corrected 

 0.175  0.084  0.381  0.774 

Note: N for each group is given in brackets; Genotype percentages are given for each group; all 
groups were compared with TBNA; 2x7 contingency tables were used for comparison using 
Pearson χ2 or Fisher’s exact test and p-values were corrected by Bonferroni method. Significant 
percentages and statistics are given in bold. 

 

The IFN-γ CA repeats were also analyzed in combination with IFN-γ SNP (+874) 

(Table 4.3).  The CA12 allele and TT genotype were underrepresented in pooled 

TB groups (62.12% vs. 82.7%; p=0.013).  In the stratified groups according to the 

disease site, this combination was not significantly different in the pulmonary TB 

group but was significantly decreased in extrapulmonary TB group (57.14% vs. 

82.7%; p=0.004).  Low producer CA14 allele in combination with AA genotype 

was found to be increased in extrapulmonary TB patients (47.62%; p=0.02) 

increasing to 50% (p=0.001) in extrapulmonary disseminated TB patients (Table 

4.3).  However, when Bonferroni test was applied for multiple comparison, the 
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only statistically significant differences were observed with CA12/TT combination 

in the extrapulmonary TB group (pc=0.028).  The combination of CA14/AA 

showed statistically strong association with extrapulmonary TB group (pc=0.002) 

which was restricted to disseminated disease (p=0.007).  The remaining 

statistically significant differences were lost when Bonferroni correction was 

applied. 

 

Table 4.3: Association between IFN-γ SNP (+874) and the number of microsatellite repeats 
CA repeats with TB susceptibility and severity in Pakistani population 
 
Study 
Groups 

Genotype IFN-γ Microsatellite Repeats Alleles 
 #10          #11         #12          #13        #14          #15         #16 

 pc-
value 

TBNA  
(N=186) 

TT 0 11.5 83 0 3.8 1.9 0  
TA 1.18 2.9 47.7 21.2 25.9 1.2 0  
AA 0 0 1.3 18.7 41.3 30.7 8  

TBA  
(N=152) 

TT 0 19.7 62.1 12.1 6.1 0 0  
TA 0 5.6 37.3 30.3 22.5 2.8 1.4  
AA 0 0 2.1 22.9 45.8 26 3.1  

PTB  
(N=94) 

TT 0 21.2 63.5 7.7 7.7 0 0  
TA 0 7 34.9 30.2 24.4 2.3 1.2  
AA 0 0 2 12 46 38 2  

PMD  
(N=65) 

TT 0 21.4 61.9 7.1 9.5 0 0  
TA 0 9.7 30.6 27.4 27.4 3.2 1.  
AA 0 0 0 19.2 50 30.8 0  

PAD  
(N=28) 

TT 0 12.5 75 12.5 0 0 0  
TA 0 0 45.8 37.5 16.7 0 0  
AA 0 0 4.2 4.2 41.7 45.8 4.2  

ETB  
(N=102) 

TT 0 14.3 57.1 28.6 0 0 0 0.028 
TA 0 0 43.2 31.8 18.2 4.5 2.3  
AA 0 0 2.38 35.7 47.6 11.9 2.4 0.002 

LTB  
(N=54) 

TT 0 0 66.7 33.3 0 0 0  
TA 0 3.8 38.5 26.9 19 7.7 3.9  
AA 0 0 0 27.3 45.5 22.7 4.6  

DTB  
(N=48) 
  

TT 0 25 50 25 0 0 0  
TA 0 5 45 35 15 0 0  
AA 0 0 5 45 50 0 0 0.007 

Note: N for each group is given in brackets; Genotype percentages are given for each group; 
whole numbers of all groups were compared with respective genotypes of TBNA; 2x7 
contingency tables for each genotype were used for comparison using Pearson χ2 or Fisher’s exact 
test and p-values were corrected by Bonferroni method.  Only significant statistics are given in the 
table. 
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Fifteen genotypes were generated for IFN- first intronic CA repeats using 

individual allele combinations and were compared in the study groups (Table 

4.4).  CA12/CA11 genotype was found to be significantly raised in the pulmonary 

moderate TB group (16.9%; p=0.027) compared to TB not affected (4.3%) 

controls group.  CA12/CA13 genotype was significantly over-represented in 

extrapulmonary disseminated TB patients (37.5%; p=0.006) compared to TB not 

affected control group (4.3%).  CA12/CA11 genotype combination was found to be 

associated with the susceptibility to pulmonary moderate disease, but showed an 

absence of association with either pulmonary advanced or extrapulmonary TB 

disease.  However, the statistically significant differences were lost when 

Bonferroni correction was applied.  Therefore, both corrected and uncorrected p-

values are given in table 4.3.  
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Table 4.4: Distribution of IFN-γ microsatellite repeats genotypes in different clinical forms of TB and healthy controls in Pakistani population 
 

 

Note: N for each group is given in brackets; Genotype percentages are given for each group; whole numbers of all groups were compared with TBNA; 2x16 
contingency tables were used for comparison using Pearson χ2 or Fisher’s exact test and p-values were corrected by Bonferroni method Significant percentages 
and statistics are given in bold. 

Genotype Phenotype TBNA  
(N=186) 

TBA 
(N=152) 

PTB 
(N=94) 

PMD 
(N=65) 

PAD 
(N=28) 

ETB 
(N=51) 

LTB 
(N=27) 

DTB 
(N=24)

CA10/CA11 Low 0.5 0 0 0 0 0 0 0 

CA11/CA13 Low 1.1 2.6 3.2 4.6 0 2 3.7 0 

CA11/CA14 Low 0.0 0.7 1.1 1.5 0 0 0.0 0 

CA12/CA10 Intermediate 0.5 0 0 0 0 0 0 0 

CA12/CA11 Intermediate 4.3 10.5 13.8 16.9 3.6 5.9 0 12.5 

CA12/CA12 High 12.4 7.2 10.6 12.3 7.1 2 3.7 0 

CA12/CA13 Intermediate 16.7 23.7 17 10.8 32.1 33.3 29.6 37.5 

CA12/CA14 Intermediate 21 14.5 16 16.9 14.3 11.8 14.8 8.3 

CA12/CA15 Intermediate 0.5 0 0 0 0 0 0 0 

CA13/CA13 Low 0 0.7 1.1 1.5 0 0 0 0 

CA13/CA14 Low 16.7 20.4 16 20 7.1 29.4 22.2 37.5 

CA14/CA14 Low 2.2 2 1.1 0.0 3.6 2 0 4.2 

CA14/CA15 Low 16.1 13.2 16 13.8 21.4 9.8 18.5 0 

CA15/CA15 Low 1.6 1.3 2.1 0 7.1 0 0 0 

CA15/CA16 Low 6.5 3.3 2.1 1.5 3.6 3.9 7.4 0 

χ2   18.89 17.52 23.24 11.44 18.69 9.01 24.67 

P-value 
Uncorrected  

   0.117 0.164 0.027 0.450 0.061 0.697 0.006 

P-value 
Corrected  

    0.405    0.09 
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4. 3.1.4 IFN- Receptor 1 SNPs in Relation to Tuberculosis 

Five novel polymorphisms were identified in IFN-R1 promoter region at 

positions -270, -255, -133 and -131 with respect to the transcription start site 

(Table 4.5).  In 4 out of 5 SNPs (-270, -133, -131, -129), one of the genotypes was 

missing.  In 3 SNPs (-270, -133, -131), the heterozygous genotype was present in 

very low frequency and none of these 3 SNPs showed differential association 

between the study groups with or without Bonferroni correction (Table 4.5).  The 

IFN-γR1 SNP -129 despite the absence of one of the genotypes (GG) showed 

statistically weak association with an over representation of the heterozygous GT 

genotype in extrapulmonary TB group (pc=0.022).  The IFN-γR1 SNP -255 

showed statistically strong association with pulmonary TB group (pc=0.0000009).  

Furthermore, these associations were much stronger with the more severe disease 

in both TB groups (pulmonary advanced, pc<0.0000001; extrapulmonary 

disseminated, pc=0.018) (Table 4.5).  
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Table 4.5: Distribution of novel IFN-γR1 SNPs in different clinical forms of TB and healthy controls in Pakistani population 
 

SNP 
Position 

Genotype/  
Allele 

TBNA 
 (N=191) 
n (%) 

TBA 
(N=173) 
n (%) 

PTB 
(N=107) 
n (%) 

PMD 
(N=74) 
n (%) 

PAD 
(N=33) 
n (%) 

ETB 
(N=60) 
n (%) 

LTB 
(N=33) 
n (%) 

DTB 
(N=27) 
n (%) 

-270 TT 184 (96.3) 170 (98.3) 106 (99.1) 73 (98.6) 33 (100) 60 (100) 33 (100) 27 (100) 

TA 7 (3.7) 3 (1.7) 1 (0.9) 1 (1.35) 0 (0) 0 (0) 0 (0) 0 (0) 

AA 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

         

T 375 (98.2) 343 (99.1) 213 (99.5) 147 (99.3) 66 (100) 120 (100) 66 (100) 54 (100) 

A 7 (1.8) 3 (0.9) 1 (0.5) 1 (0.7) 0 (0) 0 (0) 0 (0) 0 (0) 

-255 CC 106 (55.5) 105 (60.7) 72 (67.3) 49 (66.2) 23 (69.7) 32 (53.3) 16 (48.5) 16 (59.3) 

CT 73 (38.2) 40 (23.1) 13 (12.2) 12 (16.2) 1 (3.0) 25 (41.7) 14 (42.4) 11 (40.7) 

TT 12 (6.3) 28 (16.2) 22 (20.6) 13 (17.6) 9 (27.3) 3 (5) 3 (9.09) 0 (0) 

χ2  15.19 30.00 16.25 25.02    

pc-value  0.003 0.0000009 0.006 <0.0000001    

         

C 285 (74.6) 250 (72.2) 157 (73.4) 110 (74.3) 47 (71.2) 89 (74.2) 46 (69.7) 43 (79.6) 

T 97 (25.4) 96 (27.8) 57 (26.6) 38 (25.7) 19 (28.8) 31 (25.8) 20 (30.3) 11 (20.4) 

-133 GG 181 (94.8) 165 (95.4) 104 (97.2) 71 (95.9) 33 (100) 55 (91.7) 29 (87.9) 26 (96.3) 

GT 10 (5.2) 8 (4.6) 3 (2.8) 3 (4.0) 0 (0) 5 (8.3) 4 (12.1) 1 (3.7) 

TT 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

G 372 (97.4) 338 (98) 211 (99) 145 (98) 66 (100) 115 (95.8) 62 (93.9) 53 (98.2) 

T 10 (2.6) 8 (2.3) 3 (1.4) 3 (2.0) 0 (0) 5 (4.2) 4 (6.1) 1 (1.8) 

-131 CC 150 (78.5) 133 (76.9) 82 (76.6) 59 (79.7) 23 (69.7) 47 (78.3) 25 (75.8) 22 (81.5) 
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SNP 
Position 

Genotype/  
Allele 

TBNA 
 (N=191) 
n (%) 

TBA 
(N=173) 
n (%) 

PTB 
(N=107) 
n (%) 

PMD 
(N=74) 
n (%) 

PAD 
(N=33) 
n (%) 

ETB 
(N=60) 
n (%) 

LTB 
(N=33) 
n (%) 

DTB 
(N=27) 
n (%) 

CG 41 (21.5) 40 (23.1) 25 (23.4) 15 (20.3) 10 (30.3) 13 (21.7) 8 (24.2) 5 (18.5) 

GG 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

         

C 341 (89.3) 306 (88.4) 189 (88.3) 133 (89.9) 56 (84.8) 107 (89.2) 58 (87.9) 49 (90.7) 

G 41 (10.7) 40 (11.6) 25 (11.7) 15 (10.1) 10 (15.2) 13 (10.8) 8 (12.1) 5 (9.3) 

-129 TT 159 (83.3) 145 (83.8) 83 (77.6) 60 (81.1) 23 (69.7) 57 (95) 30  (90.9) 27 (100) 

TG 32 (16.8) 28 (16.2) 24 (22.4) 14 (18.9) 10 (30.3) 3 (5) 3  (9.1) 0 (0) 

GG 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

χ2     3.45 5.26  5.27 

pc-value     (0.063) 0.022  0.018 

         

T 350 (91.6) 318 (91.9) 190 (88.8) 134 (90.5) 56 (84.9) 117 (97.5) 63 (95.5) 54 (100) 

G 32 (8.4) 28 (8.1) 24 (11.2) 14 (9.5) 10 (15.1) 3 (2.5) 3 (4.55) 0 (0) 

Note: N for each group is given in brackets; all groups were compared with respective genotypes of TBNA; 2x3 contingency tables were used for comparison 
using Pearson χ2 or Fisher’s exact test.  p-values were corrected by Bonferroni method.  Only significant statistics are given in the table except value in brackets 
with approaching significance. 
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We have also analysed previously reported SNPs in IFN-R1 promoter region (-

72 C→T, -56 T→C, +94 T→C, +129 G→A) (Awomoyi et al., 2004; Cooke et al., 

2006; He et al., 2010; Piranvand et al., 2012) (Table 4.6).  Only one of the SNP (-

56 T→C) showed statistically weak association with the less severe form of 

extrapulmonary TB (p=0.022) but this difference was lost after Bonferroni 

correction for multiple comparisons (Table 4.6).  

 

In summary, five novel and four previously reported SNPs were analysed in the 

promoter region of IFN-R1.  Only two novel SNPs showed differential 

association in TB patients with each SNP being associated with disease in 

different site.  The association was strongest in the severe form of pulmonary 

disease.  Therefore, functionality of this SNP (-129) warrants further 

investigations.  
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Table 4.6: Distribution of Novel IFN-γR1 SNPs in Different Clinical Forms of TB and Healthy Controls in Pakistani Population 
 
SNP Position Genotype/ 

Allele 
TBNA  
(N=191) 
n (%) 

TBA  
(N=173) 
n (%) 

PTB  
(N=107) 
n (%) 

PMD  
(N=74) 
n (%) 

PAD  
(N=33) 
n (%) 

ETB  
(N=60) 
n (%) 

LTB 
(N=33) 
n (%) 

DTB 
(N=27) 
n (%) 

-72 CC 177 (92.7) 163 (94.2) 100 (93.5) 69 (93.2) 31 (93.9) 57 (95) 31 (93.9) 26 (96.3) 

CT 11 (5.8) 10 (5.8) 7 (6.54) 5 (6.76) 2 (6.1) 3 (5) 2 (6.1) 1 (3.7) 

TT 3 (1.6)  0 (0)  0 (0)  0 (0)  0 (0)  0 (0)  0 (0)  0 (0) 

C 365 (95.5) 336 (97.1) 207 (96.7) 143 (96.6) 64 (97) 117 (97.5) 64 (97) 53 (98.1) 

T 17 (4.4) 10 (2.9) 7 (3.3) 5 (3.4) 2 (3) 3 (2.5) 2 (3) 1 (1.9) 

-56 TT 36 (18.8) 26 (15) 19 (17.8) 14 (18.9) 5 (15.1) 7 (11.7) 5 (15.2) 2 (7.4) 

TC 85 (44.5) 91 (52.6) 51 (47.7) 35 (47.3) 16 (48.5) 39 (65) 22 (66.7) 17 (63) 

CC 70 (36.6) 56 (32.4) 37 (34.6) 25 (33.8) 12 (36.4) 14 (23.3) 6 (18.2) 8 (29.6) 

T 157 (41.1) 143 (41.3) 89 (41.6) 63 (42.6) 26 (39.4) 53 (44.2) 32 (48.5) 21 (38.9) 

C 225 (58.9) 203 (58.7) 125 (58.4) 85 (57.4) 40 (60.6) 67 (55.8) 34 (51.5) 33 (61.1) 

+94 TT 38 (20) 29 (16.8) 19 (17.8) 15 (20.3) 4 (12.1) 10 (16.7) 7  (21.2) 3  (11.1) 

TC 84 (44) 88 (50.9) 52 (48.6) 34 (45.9) 18 (54.5) 34 (56.7) 18  (54.5) 16  (59.3) 

CC 69 (36.1) 56 (32.4) 36 (33.6) 25 (33.8) 11 (33.3) 16 (26.7) 8  (24.2) 8  (29.6) 

T 160 (41.9) 146 (42.2) 90 (42.1) 64 (43.2) 26 (39.4) 54 (45) 32  (48.5) 22  (40.7) 

C 222 (58.1) 200 (57.8) 124 (57.9) 84 (56.8) 40 (60.6) 66 (55) 34  (51.5) 32  (59.3) 

+129 
  

GG 53 (27.8) 55 (31.8) 34 (31.8) 27 (36.5) 7 (21.2) 21 (35) 11 (33.3) 10 (37) 

GA 83 (43.5) 74 (42.8) 46 (43) 27 (36.5) 19 (57.6) 27 (45) 17 (51.5) 10 (37) 

AA 55 (28.8) 44 (25.4) 27 (25.2) 20 (27) 7 (21.2) 12 (20) 5 (15.2) 7 (25.9) 

G 189 (49.5) 184 (53.2) 114 (53.3) 81 (54.7) 33 (50) 69 (57.5) 39 (59.1) 30 (55.6) 

A 193 (50.5) 162 (46.8) 100 (46.7) 67 (45.3) 33 (50) 51 (42.5) 27 (40.9) 24 (44.4) 

Note: N for each group is given in brackets 



107 
 

Linkage Disequilibrium was analysed for all the IFN-R1 SNPs to assess the 

combined effect of linked genes.  Since, we have observed differential 

association of SNPs with pulmonary and extrapulmonary TB groups; 

haplotype analysis was performed in the TB patients stratified by site (Figure 

4.4).  Two blocks (1 & 2) were generated for pulmonary TB group (Figure 

4.4A) and one block was generated for extrapulmonary TB group (Figure 

4.4B). 

  

In block 1 generated with the pulmonary patients, a strong linkage with three 

novel SNPs was observed [IFN-R1 SNPs -129 (marker 9), -131 (marker 8) & 

-133 (marker 7)].  This resulted in three haplotypes (Figure 4.5A).  The most 

common haplotype was G-C-T (88.3%, marker 7-marker 8-marker 9).  Of 

these three SNPs, only SNP -129 in this block showed the association with 

extrapulmonary TB patients and not pulmonary patients when analysed alone.  

Therefore, linkage of SNP-129 with the other two SNPs resulted in a 

modulatory effect in terms of disease association.  In block 2 of pulmonary TB 

patients (Figure 4.4A), SNPs -56 (marker 11), +94 (marker 15), and +129 

(marker 16) were also in linkage disequilibrium.  The most frequent haplotype 

(45.2%) in block 2 was C-C-A (marker 11-marker 15-marker 16).  Only one 

block was generated with extrapulmonary patients showing a weak linkage 

between marker 11, marker 15 and marker 16 (Figure 4.5B).  In TB not 

affected control group, the distribution of haplotype frequencies were not 

statistically different (Figure 4.5C).  When TB patients and control groups 

were compared, no statistically significant differences were found. 
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Although, linkage disequilibrium was observed between three out of nine 

SNPs examined, there was no association with TB disease.  Therefore, the 

observed linkage could be an artefact of small size but these observations 

warrant further investigation.  

 

 

 
Figure 4.4: Linkage disequilibrium Block structures of studied IFN-γR1 SNPs. 
 
Each square box contains D’ value for the haplotype.  Dark grey boxes indicate statistically 
significant higher D’ value up to 1.  White and light grey boxes indicate statistically not 
significant D’ of less than 1 value.  Each block was constructed by two pair of SNPs and 
linked haplotypes are surrounded by a solid line triangle. 
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Figure 4.5: Haplotypes of IFN-γR1 SNPs in TB patients and controls. 
 

Numbers in the upper panel represent the marker numbers. 
 

4.4 Discussion 

We have made several important observations with respect to IFN-γ and IFN-

γR1 gene SNPs associations with tuberculosis disease susceptibility.  The IFN-

γ SNP (+874) AA genotype has shown an association with TB susceptibility in 

Brazilian (Amim et al., 2008; Vallinoto et al., 2010), Chinese (Ding et al., 

2008; Tso et al., 2005), Egyptian (Mosaad et al., 2010), Iranian (Hashemi et 

al., 2011), Sicilians (Lio et al., 2002a), South Africans (Rossouw et al., 2003), 

Spanish (Lopez-Maderuelo et al., 2003) and Turkish (Sallakci et al., 2007) 

populations; while no statistically significant association was observed with 

SNP +874 in studies reported in the African American (Moran et al., 2007), 

Caucasian (Moran et al., 2007), Chinese (Wanget al., 2010;Yang et al., 2010), 

Gambian (Cooke et al., 2006), Hispanics (Moran et al., 2007), Indian 

(Vidyarani et al., 2006), Malawian (Fitness et al., 2004), South African (de 

Wit et al., 2011) and Turkish (Onay et al., 2010; Oral et al., 2006).  On the 

other hand, the IFN-γ TT genotype was reported to be associated with 

localized pleural (Henao et al., 2006) or paucibacillary TB (Etokebe et al., 
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2006).  Our findings are consistent with these studies with TT genotype and T 

allele being associated with less severe form of pulmonary disease.  

 

The IFN-γ SNP at position +874 is a functional polymorphism resulting in 

high and low producer genotypes (TT= high; AA= low) (Lopez-Maderuelo et 

al., 2003; Sallakci et al., 2007).  Therefore, the reported association of 

susceptibility to TB with the low producer AA genotype and the association of 

TT genotype with localized less severe pulmonary disease are consistent with 

its biological functions as IFN-γ plays a critical role in resistance to TB 

disease.  Meta-analyses further supported our observations that TT genotype 

and T allele (+874) are associated with a protective response in TB. 

 

Our results also highlight the issue of associated genes influencing responses 

of IFN-γ.  The multiple CA repeats are also present in the first intronic region 

of the IFN-γ gene.  Eleven CA repeats with different frequencies have been 

reported in literature.  CA12 repeat is associated with the high IFN-γ phenotype 

(Pravica et al., 2000).  Sahiratmadja et al., have also shown no association of 

CA12 with TB in Indonesian population (Sahiratmadja et al., 2007).  Our 

observation that IFN-γ (+874) T allele in combination with CA12 not associated 

with TB disease is consistent with its biological function.  Association of the 

high IFN-γ (+874) phenotype with CA11 and CA13 resulted in increasing TB 

disease susceptibility  

 

The absence of IFN-γR1 gene resutling in mendelian susceptibility to severe 

TB in a Pakistani family was the first to be described (Casanova & Abel, 
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2002).  Partial deficiency in this gene was reported to be associated with less 

severe form of TB (Jouanguy et al., 1996).  There are only a few reports with 

polymorphisms in the gene encoding for IFN-γR1 and TB susceptibility 

(Awomoyi et al., 2004; Cooke et al., 2006; Fraser et al., 2003; Mansouri et al., 

2005; Park et al., 2004; Rosenzweig et al., 2004; Sahiratmadja et al., 2007)  

We describe five novel polymorphisms in IFN-γR1 genes.  Of these five SNPs, 

three were in strong linkage disequilibrium but not associated with TB disease.  

Two of these SNPs showed strong differential associations not only with 

disease site but also with disease severity despite the application of the 

stringent Bonferroni tests for multiple comparisons.  

 

In conclusion, we have made several new observations with respect to both 

IFN-γ and IFN-γR1 gene SNPs.  Our results have highlighted that TB patients 

with different disease sites and severity should not be pooled as this masks the 

genetic susceptibility factors associated with the TB subgroups.  Secondly, 

other genes associated with IFN-γ SNPs (+874) may have considerable 

influence on the disease phenotype and some of the differences in different 

populations may also attribute to the variable frequency of these associated 

genes.  Finally, we have identified novel genes in IFN-γR1 of which one was 

strongly associated with the severe form of pulmonary disease.  Therefore, 

novel polymorphisms within indigenous populations may also influence the 

severity of TB disease.  Such information could be highly useful for 

physicians as well the TB control programs to identify these individuals for 

early management and treatment. 
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5 Chapter	5	

Relationship of Interferon Gamma 
Modulating Cytokine Gene Polymorphisms 
with Disease Susceptibility and Severity in 

Tuberculosis 
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5.1 Rationale and Objectives 

The levels of pro and anti-inflammatory cytokines determine the final clinical 

outcome of chronic infections including tuberculosis.  In tuberculosis, the pro-

inflammatory cytokines TNF-α in synergy with IFN-γ is reported to activate 

macrophages for recruitment of inflammatory cells to the site of infection.  

The pro-inflammatory effect of TNF-α is counterbalanced by down-regulatory 

cytokines such as IL-10 (Bogdan et al., 1991) which inhibits synthesis of pro-

inflammatory cytokines by macrophages, an essential feature for reduction of 

tissue damage during the chronic inflammatory phase of the TB disease.  IL-6 

is another important multifunctional cytokine required to initiate innate IFN-γ 

response.  In active TB, IL-6 promotes the growth of mycobacteria in 

peripheral blood monocytes by inhibiting the production of TNF-α (Aderka et 

al., 1989). 

 

Different studies have reported the variable association of certain cytokine 

SNPs with TB disease.  This may be due to the differences in the study design, 

sample size or racial and ethnic differences of the populations, resulting in 

variable genetic architecture.  It is important to study association of functional 

gene polymorphisms within indigenous populations.  Therefore, the objectives 

laid out in this study section were to analyze functional polymorphisms in 

IFN-γ enhancing cytokine (TNF-α -308 G→A) and IFN-γ inhibiting cytokines 

[IL-10 (-1082 A→G) & IL-6 (-174 G→C)] in relation to TB disease 

susceptibility and severity. 
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5.2 Study Subjects and Methodology 

The study subjects and methodology details are given in chapter 2 on pages 

40-53. 

5.3 Results 

Genotyping of IL-10 (-1082), TNF-α (-308) and IL-6 (-174) SNPs was 

performed on variable sample sizes compared to the total sample size 

mentioned in chapter 2 (page 64) since there was insufficient quantity of DNA 

or inconsistency in PCR assays for certain samples.  Therefore, pulmonary 

minimal (N=14) and moderate (N=60) TB groups were merged for TNF-α 

SNP (-308) and IL-6 SNP (-174) to increase the statistical power of the study 

groups.  Multiple logistics analyses were applied to assess the effect of gender 

differences among the groups. 

5.3.1 Association of IFN-γ associated genes with TB 

susceptibility and Severity 

 
No statistically significant association of genotypes was observed with age and 

gender when multiple logistics analyses were applied and therefore, no further 

stratification was done for age and gender. 

5.3.1.1 IL-10 SNP (-1082) in Relation to Tuberculosis 

 
There was an overrepresentation of IL-10 heterozygous GA genotype in both 

TB affected patients and TB not affected healthy controls (Table 5.1).  IL-10 

SNPs did not show an association with either TB site or severity in the study 

groups (Table 5.1).  The results remained insignificant even when the healthy 
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controls were restricted to TST+ TB not affected subgroup (TST+ 

TBNA=133) (Ansari et al., 2009). 

 

The IL-10 SNP (-1082) genotypes were also compared using dominant and 

recessive inheritance models (Table 5.1).  The wild type A allele showed a 

dominant effect with a decreasing odds of developing pulmonary advanced TB 

disease by 68% (pc=0.01, OR=0.32, 95% CI=0.12-0.8).  This indicates that 

the presence of single A allele of IL-10 (-1082) is sufficient to decrease the 

odds of developing pulmonary advanced disease.  No significant association 

was observed in the recessive model.   
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Table 5.1: Distribution of IL-10 SNP (-1082) in different clinical forms of TB and healthy controls in Pakistani population 
 
Genotype 
or Allele 

TBNA  
(188) 
n (%) 

TBA 
 (188) 
n (%) 

PTB  
(111) 
n (%) 

PMN  
(19) 
n (%) 

PMD  
(63) 
n (%) 

PAD  
(29) 
n (%) 

ETB  
(67) 
n (%) 

DTB  
(20) 
n (%) 

LTB  
(47) 
n (%) 

AA 32  
(17) 

29  
(15.4) 

21  
(18.9) 

4  
(21.1) 

10  
(15.9) 

7  
(24.1) 

8  
(11.9) 

4  
(20) 

4  
(8.5) 

AG 136 
(72.3) 

132  
(70.2) 

71  
(64) 

11  
(57.9) 

46 
(73) 

14  
(48.2) 

51  
(76.1) 

12  
(60) 

39  
(83) 

GG 20  
(10.6) 

27 
(14.4) 

19  
(17.1) 

4  
(21.1) 

7  
(11.1) 

8  
(27.6) 

8  
(11.9) 

4  
(20) 

4  
(8.5) 

χ2/Fisher  1.25 3.09 2.2 0.05 8.41 0.98 1.85 2.52 

pc-value  0.33 0.489 0.621 0.831 0.374 0.384 0.612 0.437 
G 176 

(46.8) 
186  
(49.5) 

109  
(49.1) 

19 
 (50) 

60  
(47.6) 

30  
(51.7) 

67   
(50) 

20   
(50) 

47  
(50) 

A 200 
(53.2) 

190  
(50.5) 

113  
(50.9) 

19  
(50) 

66  
(52.4) 

28  
(48.3) 

67   
(50) 

20   
(50) 

47  
(50) 

χ2/Fisher  0.53 0.29 0.14 0.025 0.49 0.036 0.15 0.307 

pc-value  0.48 0.58 0.708 0.875 0.486 0.85 0.701 0.58 

OR  1.11 1.01 1.14 1.03 1.22 1.04 1.14 1.14 

95% CI  0.83-1.48 0.79-1.54 0.58-2.22 0.69-1.55 0.7-2.12 0.7-1.54 0.59-2.18 0.72-1.79 

Dominant          

GA+AA 
vs. GG  

    pc 
OR 
95% CI

0.011 
0.32  
0.12-0.8

   

Note: N for each group is given in brackets.  All groups were compared with TBNA using Pearson χ2or Fisher’s exact test to determine the significance of genotype and allele 
differences and p-values were corrected by linear by linear method (Ansari et al., 2009) 
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5.3.1.2 Meta -Analysis of IL-10 SNP (-1082) Association Studies  

Because of the limited sample sizes in different groups, we also carried out meta-

analysis to see if such analysis would substantiate our results.  Twenty one case-

control TB association studies investigated IL-10 SNP (-1082) were included in 

the meta-analyses (Afzal et al., 2011; Amirzargar et al., 2006; Ates et al., 2008; 

Ben-Selma et al., 2011a; Delgado et al., 2002; Fitness et al., 2004; Lopez-

Maderuelo et al., 2003; Ma et al., 2010; Mosaad et al., 2010; Oh et al., 2007; Oral 

et al., 2006; Prabhu et al., 2007; Scola et al., 2003; Selvaraj et al., 2008; Shin et 

al., 2005; Sunder et al., 2012; Taype et al., 2010; Thye et al., 2009; Trajkov et al., 

2009; Wu et al., 2008).  Groups were merged with different disease sites as 

described previously.  The heterogeneity of AA+AG vs. GG was analysed using 

the random-effect model.  

 

Meta-analysis showed no significant association between IL-10 SNP (-1082) and 

either TB disease susceptibility (pOR=0.84; CI=0.68–1.05) or with pulmonary 

disease (pOR=0.94; CI=0.78-1.12) (Figure 5.1).  A very weak association was 

observed in extrapulmonary TB group with AA or GA genotypes (P=0.047; 

pOR=0.43; 95% CI=0.29–0.63) (Figure 5.3).  The only strong association that we 

observed in our study groups was with AA or GA genotypes in pulmonary 

advanced TB disease (p=0.011; OR=0.32; 95% CI=0.12-0.8) and since, 

dissemination can occur in this severe pulmonary disease, the meta-analysis also 

support our findings with our study groups. 
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Figure 5.1: Forest plot of meta-analysis for association of TB with A carriers of IL-10 SNP (-
1082)  
 
Each grey box represents the OR point estimate and bars represent 95% CI.  Area of the grey box 
is proportional to the weight of the study in the pooled results.  The diamond and broken line 
represents the overall summary estimate, with CI represented by its width.  The unbroken vertical 
line is set at the null value (OR=1).  n is the total number of AA+GA and N is total number of 
individuals.  
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Figure 5.2: Forest plot of meta-analysis for association of pulmonary TB with A carriers of 
IL-10 SNP (-1082)  
 

 
 
Figure 5.3: Forest plot of meta-analysis for association of extrapulmonary TB with A 
carriers of IL-10 SNP (-1082)  
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5.3.1.3 TNF-α SNP (-308) in Relation to Tuberculosis 

The AA genotype in TNF-α SNP (-308) was absent in TB not affected control 

group (Table 5.2).  Even in TB affected patients, the AA genotype was present in 

very low frequency (0.53%) and no association was found with TB disease 

(p=0.24).  A statistically weak association was found with GG genotype (34.33% 

vs. 50%; pc=0.021).in extrapulmonary TB patients compared to the TB not 

affected controls group. 

 

The TNF-α SNP (-308) allele dosage effect was also analyzed with dominant and 

recessive models.  The recessive genetic model also showed a statistically weak 

association with extrapulmonary localized TB group compared to TB not affected 

controls (2.94% vs. 0%; p=0.03) (Table 5.2).  Therefore, the presence of two 

copies of TNF-α (-308) A alleles may be a prerequisite to restrict extrapulmonary 

TB disease.  The odds ratio could not be calculated for this association since 

frequency of AA genotype was zero in TB not affected control group (Table 5.2). 



121 
 

Table 5.1: Distribution of TNF-α SNP (-308) in different clinical forms of TB and healthy controls in Pakistani population 

Genotype 
or Allele 

*TBNA (166) 
n (%) 

*TBA (187) 
n (%) 

*PTB (102) 
n (%) 

*PMD (74) 
n (%) 

*PAD (23) 
n (%) 

ETB (67) 
n (%) 

LTB (34) 
n (%) 

DTB (32) 
n (%) 

GG 83 (50) 81 (43.3) 51 (50) 41 (55.4) 8 (34.8) 23 (34.3) 13 (38.2) 10 (31.2) 

AG 83 (50) 105 (56.2) 51 (50) 33 (44.6) 15 (65.2) 43 (64.2) 20 (58.8) 22 (68.7) 

AA 0 (0) 1 (0.5) 0 (0) 0 (0) 0 (0) 1 (1.5) 1 (2.9) 0 (0) 

χ2/Fisher  2.29 0.00 0.6 1.87 6.6 4.87 0.92 

pc-value  0.246 1.000 0.439 0.171 0.021 0.085 2.83 

         

G 249 (75) 267 (71.4) 153 (75) 115 31 (67.4) 89 (66.4) 46 (67.7) 42 (65.6) 

A 83 (25) 107 (28.6) 51 (25) 33 15 (32.6) 45 (33.6) 22 (32.4) 22 (34.4) 

χ2/Fisher  1.16 0 0.41 1.22 3.53 1.58 2.42 

pc-value  0.28 1 0.523 0.27 0.06 0.209 0.12 

OR  1.20 1.00 0.86 1.45 1.52 1.44 1.57 

95% CI  0.86-1.68 0.70-1.50 0.54-1.36 0.75-2.82 0.98-2.35 0.82-2.53 0.89-2.79 

Recessive         

AA vs. 
GA+AA 

    pc 
OR (CI) 

0.032 
NA

  

Note: N for each group is given in brackets.  NA, not applicable.  All groups were compared with TBNA using Pearson χ2or Fisher’s exact test to determine the 
significance of genotype and allele differences and p-values were corrected by linear by linear association.  Significant percentages and statistics are given in 
bold.  *(Ansari et al., 2011) 
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5.3.1.4 Meta Analyses of TNF-α SNP (-308) Association Studies  

Relatively large number of association studies were reported in literature for TNF-

α (-308) polymorphism in relation to TB susceptibility (Amirzargar et al., 2006; 

Ates et al., 2008; Ben-Selma et al., 2011a; Buijtelset al., 2008; Correa et al., 2005; 

Fan et al., 2010; Fitness et al., 2004; Kumar et al., 2008; Merza et al., 2009; Oh et 

al., 2007; Oral et al., 2006; Qu et al., 2007; Scola et al., 2003; Selvaraj et al., 

2001; Sharma et al., 2010; Trajkov et al., 2009; Vejbaesya et al., 2007; Wu et al., 

2008; Yang et al., 2010).  Again, there was inconsistency between results from 

different reports.  We therefore, carried out meta-analysis to further substantiate 

our findings.  Meta-analysis for TNF-α SNP (-308) was performed on all relevant 

published studies.  The genetic model evaluated for pOR was AA+GA vs.GG by 

random-effect model. 

 

No significant association was found with the odds of developing TB (95% 

CI=1.0-1.37) in relation to AA+GA vs.GG model of TNF-α SNP (-308) (Figure 

5.4).  Meta-analysis with the stratified pulmonary TB patients also showed no 

association, supporting conclusions with the small sample size.  Meta-analysis 

with studies on extrapulmonary TB patients was not performed because of the 

unavailability of sufficient published studies. 
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Figure 5.4: Forest plot of meta-analysis for association of TB with A carriers of TNF-α SNP 
(-308)  
 
Each grey box represents the OR point estimate and bars represent 95% CI.  Area of the grey box 
is proportional to the weight of the study in the pooled results.  The diamond and broken line 
represents the overall summary estimate, with CI represented by its width.  The unbroken vertical 
line is set at the null value (OR=1).  n is the total number of AA+GA and N is total number of 
individuals. 

 
 
Figure 5.5: Forest plot of meta-analysis for association of pulmonary TB with A carriers of 
TNFα SNP (-308)  
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5.3.1.5 IL-6 SNP (-174) in Relation to Tuberculosis 

IL-6 SNP (-174 G→C) CC genotype was found to be less frequent in TB affected 

patients as compared to TB not affected control group but this difference did not 

achieve statistical significance (pc=0.188) when compared using χ2 test.  

However, a statistically weak association was observed with the presence of C 

allele (pc=0.043) decreasing the odds (OR=0.63; 95% CI= 0.4-0.99) of 

developing pulmonary TB disease.  No association was observed with any of the 

other patient groups. 

 

Dominant and recessive inheritance analyses were also performed for IL-6 SNP (-

174) distribution.  The dominant inheritance model showed an association of C 

allele (either one or two) with pulmonary moderate TB disease (pc=0.041; 

OR=0.57; 95% CI=0.34-0.98) but no association was observed with 

extrapulmonary or stratified extrapulmonary TB groups.  
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Table 5.3: Distribution of IL-6 SNP (-174) in different clinical forms of TB and healthy controls in Pakistani population 
 

Genotype 
or Allele 

*TBNA (166) 
n (%) 

*TBA (187) 
n (%) 

*PTB (102) 
n (%) 

*PMD (74) 
n (%) 

*PAD (23) 
n (%) 

ETB (67) 
n (%) 

LTB (34) 
n (%) 

DTB (32) 
n (%) 

GG 100 (60.2) 130 (69.5) 74 (72.5) 51 (68.9) 18 (78.3) 45 (67.2) 22 (64.7) 23 (71.9) 

GC 56 (33.7) 48 (25.7) 24 (23.5) 19 (25.7) 5 (21.7) 17 (25.4) 10 (29.4) 7 (21.9) 

CC 10 (6) 9 (4.8) 4 (3.9) 4 (5.4) 0 (0) 5 (7.5) 2 (5.9) 2 (6.3) 

χ2/Fisher  3.34 4.21 1.68 2.55 1.66 0.3 1.81 

pc-value  0.188 0.122 0.439 0.285 0.465 0.907 0.416 

         

G 256 (77.1) 308 (82.4) 172 (84.3) 121 (81.8) 41 (89.1) 107 (79.9) 54 (79.4) 53 (82.8) 

C 76 (22.9) 66 (17.7) 32 (15.7) 27 (18.2) 5 (10.9) 27 (20.1) 14 (20.6) 11 (17.2) 

χ2/Fisher  3.01 4.08 1.31 3.47 0.42 0.17 1.02 

pc-value  0.083 0.043 0.252 0.063 0.518 0.679 0.313 

OR  0.72 0.63 0.75 0.41 0.85 0.87 0.70 

95% CI  0.50-1.04 0.40-0.99 0.46-1.23 0.16-1.08 0.52-1.39 0.46-1.66 0.35-1.40 

Dominant         

CC+GC vs. GG   pc 
OR (CI) 

0.041 
0.57 (0.34-0.98)

    

Note: N for each group is given in brackets.  All groups were compared with TBNA using Pearson χ2 analysis to determine the significance of genotype and 
allele differences and p-values were corrected by linear by linear method.  Significant percentages and statistics are given in bold.  *(Ansari et al., 2011) 
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5.3.1.6 Meta Analyses of IL-6 SNP (-174) Association Studies   

There were only a few studies for IL-6 SNP (-174) in literature.  Four published 

studies (Amirzargar et al., 2006; Oral et al., 2006; Selvaraj et al., 2008; Zhang et 

al., 2012) were included in the meta-analyses (Figure 5.6 & 5.7).  No association 

was observed between merged TB groups (pOR=0.75; 95% CI=0.52-1.08) 

(Figure 5.6) but a weak association was observed with pulmonary TB group 

(pOR=0.58, 95% CI=0.42–0.81) (Figure 5.7).  Meta-analysis with stratified 

extrapulmonary TB group was not performed since only one published study 

reported the relationship of extrapulmonary TB with IL-6 (-174). 

 

 

Figure 5.6: Forest plot for association of TB with C carriers of IL-6 SNP (-174)  
 
Each grey box represents the OR point estimate and bars represent 95% CI.  Area of the grey box 
is proportional to the weight of the study in the pooled results.  The diamond and broken line 
represents the overall summary estimate, with CI represented by its width.  The unbroken vertical 
line is set at the null value (OR=1).  n is the total number of GC+CC and N is total number of 
individuals.
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Figure 5.7: Forest plot for association of pulmonary TB with C carriers of IL-6 SNP (-174)  
 

5.4 Discussion 

The most significant association with disease severity was with IL-10 SNP (-

1082).  Our studies show that IL-10 SNP (-1082) GA+AA to be more common in 

pulmonary advanced TB and this is in agreement with studies carried out on 

Chinese (Yang et al., 2010), Hong Kong Chinese (Tso et al., 2005), Iranian 

(Amirzargar et al., 2006), Korean (Shin et al., 2005), Malawian (Fitness et al., 

2004), Peruvian (Taype et al., 2010), South Indian (Prabhu et al., 2007), Spanish 

(Lopez-Maderuelo et al., 2003) and White American (Ness et al., 2004) 

populations.  Since, most of the associations reported were marginally significant, 

meta-analysis also showed no association with TB but stratified meta-analysis on 

extrapulmonary TB studies showed significant results which again highlight the 

protective role of IL-10 in the more severe form of TB. 
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Tumor necrosis factor α plays a key role in the modulation of inflammation.  The 

promoter region SNP (-308) has been investigated extensively in relation to 

different infectious diseases.  The presence of TNF-α -308 A allele has been 

related to clinical susceptibility to cerebral malaria (McGuire, 1994), 

mucocutaneous leshmaniasis (Cabrera et al., 1995) and lepromatous leprosy 

(Santos et al., 2000) with the increase levels of TNF-α circulating in peripheral 

blood.  However, no association with TNF-α SNP (-308) and tuberculosis disease 

susceptibility has been reported in most of the studied populations (Amirzargar et 

al., 2006; Ates et al., 2008; Buijtels et al., 2008; Delgado et al., 2002; Fan et al., 

2010; Fitness et al., 2004; Oh et al., 2007; Qu et al., 2007; Sharma et al., 2010; 

Vejbaesya et al., 2007;  Wu et al., 2008).  On the other hand, a dominant 

significant association has been reported between TNF-α (-308) G allele and 

Iranian pulmonary TB patients (Merza et al., 2009).  A recent report from Tunisia 

(Ben-Selma et al., 2011a) has shown an association of TNF-α (-308) A allele with 

extrapulmonary TB.  The TNF-α (-308) results from the current study are in 

agreement with the later report which shows a recessive association between A 

allele and extrapulmonary TB disease.  

 

In the case of IL-6 SNP (-174), no association has been reported with TB from 

different populations including Colombian (Henao et al., 2006), Hong Kong 

Chinese (Zhang et al., 2012), Iranian (Amirzargar et al., 2006), South Indian 

(Selvaraj et al., 2008) and Turkish (Oral et al., 2006) populations.  In fact, this is 

the first report, indicating a protective role of IL-6 polymorphisms with less 
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severe form of pulmonary TB.  This observation is in line with the reported 

function of IL-6 as part of the Th2 loop (Doganci et al., 2005).  

 

In conclusion, our results bring up the issue of functional SNPs in IFN- 

modulating cytokines especially IL-10 in influencing the outcome of TB disease.  

There are only a few studies reported in literature with these cytokines which are 

restricted to merged TB groups due to limitation of sample size.  Our results 

indicate trends which need to be confirmed on larger sample sizes in stratified TB 

patients.  
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IFN Gamma Associated C-C Chemokine Ligand 
2 Genotype-Phenotype Relationship with 
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6.1 Rationale and Objectives	

Protective immunity in tuberculosis is multi-factorial and other factors may 

contribute to increase the risk of disease progression.  Among the important 

immune markers, chemokines are the earliest immune response to danger signals 

and may be critical in the initial control of infection.  CCL-2 is a small cytokine 

that belongs to the C-C chemokine family.  CCL-2 recruits monocytes, memory, 

and dendritic cells to the sites of inflammation (Carr et al., 1994; Xu et al., 1996).  

Therefore, CCL-2 may play an important role in granuloma formation and 

containment of the infection.  A single nucleotide polymorphism (-2518 A→G) in 

the CCL-2 gene controls the level of CCL-2 protein and therefore, may influence 

granuloma formation.  Although, CCL-2 protein levels have been analyzed in 

relation to tuberculosis disease severity (Hasan et al., 2005; 2006; 2009), there are 

no studies which have addressed the issue of both genotype and phenotype in 

relation to site and severity of the TB disease.  Therefore, the objective of the 

current study section was to analyze CCL-2 SNP (-2518 A→G) and CCL-2 levels 

in relation to TB disease severity.  

6.2 Study Subjects 

The study subjects and methodology details are given in chapter 2 on pages 40-

54. 
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6.3 Results 

6.3.1 Plasma CCL-2 Levels 

Plasma was not available on all samples used for CCL-2 (-2518) genotyping.  

Therefore, a subset of samples was used to assess CCL-2 plasma levels in TB 

affected and not affected individuals.  The not affected control group was further 

stratified on the basis of 1) remote (Endemic controls, EC=65) or recent (House 

hold contacts, HHC=92) infections (Table 6.1) based on TB exposure. 

6.3.1.1 CCL-2 Levels in Individuals with Latent TB Infection 

Tuberculin skin test positivity is considered an indicator of latent infection.  When 

the TB not affected TST+ and TST- groups were compared, a statistically 

significant difference (Mann Whitney U tests; p=0.004) with higher in the mean 

plasma CCL-2 levels was associated with TST+ individuals (Table 6.1).  We next 

compared the “putatively” exposed house hold contact group with the “putatively” 

non-exposed EC group.  There was a trend towards higher CCL-2 plasma levels 

(MWU; p=0.052) in the house hold contact group.  This significance was lost when 

only TST+ individuals in these two groups were compared (Table 6.1).  This 

observation suggests that the higher CCL-2 plasma levels in house hold contact 

group may be associated with the higher rate of latent infection (HHC=74% vs. 

EC=35%; TST+) rather than recent exposure (Hussain et al., 2011). 
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Table 6.1: CCL-2 levels in plasma in relation to TB infection 
 
Groups (N) N Mean (pg/ml) ± SE p= 

TBNA 157 59.8 4.5  
TBNA (+) 91 71.6 6.2  
TBNA (-) 49 47.4 6.3 0.004 
EC 65 45 9.2  
HC 92 70.1 3.7 0.052 
EC (+) 23 67 21.1  
HC (+) 68 73.2 4.4 0.3 

 
Note: EC =Endemic Controls; HC exposed household contacts.  (+) = TST positive (> 10 mm 
indurations); (+) = TST negative (<10 mm indurations).  Significance of differences was assessed 
by applying student t tests (1 tail, type 3).  A p-value of <0.05 was considered significant. 
(Hussain et al., 2011) 
 

6.3.1.2 CCL-2 Levels in Individuals with TB Disease 

CCL-2 levels were also assessed in pulmonary and extrapulmonary TB patients 

and in stratified groups according to disease severity.  Significantly higher levels of 

plasma CCL-2 were measured in both pulmonary and extrapulmonary TB patients 

compared to TB not affected healthy controls (data not shown).  When disease 

severity were compared in TB patients, high CCL-2 levels were associated with the 

less severe form of TB disease in both pulmonary (moderate; p=0.016) and 

extrapulmonary (localized; p=0.047) patients (Figure 6.1).  These results further 

support our hypothesis that CCL-2 levels are associated with granuloma formation 

as TST+ decreases with increasing disease severity (Hussain et al., 1996).  
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Figure 6.1: Plasma CCL-2 Levels in TB patients with varying severity of pulmonary or 
extrapulmonary TB disease. 
 
Horizontal bars represent group means and capped lines are ±1 SEM with sample size for each 
group given in the bars.  Mann Whitney U analysis was performed to determine statistically 
significant differences between pulmonary moderate (PMD) and advanced (PAD) TB disease or 
between extrapulmonary localized (LTB) and severe disseminated (DTB) TB disease.  The p-
value for each pair is shown in the Figure.  A p-value <0.05 was considered significant. 
 

6.3.2 Frequency Distribution of CCL-2 (-2518) SNP 

 
CCL-2 SNP (-2518) was analyzed in relation to TST status in healthy controls 

(Table 6.2) and in relation to TB disease at different sites and differing severity 

(Table 6.3). 

6.3.2.1 Association of CCL-2 SNP (-2518) with Healthy Controls 

 
The only groups that showed statistically significant genotype differences were 

the household contact group compared to the community controls (χ2=8.98; 

pc=0.003) with an overrepresentation of G allele in the household contact group 

(Table 6.2).  There was no difference in genotype frequencies when the groups 
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were restricted by TST + (Table 6.2).  Since, the house hold contact group had 

much higher rate of latent infection compared to endemic controls, these results 

suggest that the household contacts were at higher risk of developing latent TB 

infection due to the presence of CCL-2 (-2518) GG genotype.  

 

Table 6.2: CCL-2 (-2518 G→A) genotype and allele analyses 
 
CCL-2 (-2518) 
Genotype 

TBNA 
(TST+) 

TBNA 
(TST-) 

EC 
 

HHC 
 

EC 
(TST+) 

HHC 
(TST+) 

N 117 67 86 110 34 82 

AA 41.9 49.3 45.4 43.6 44.1 41.5 

AG 43.6 44.8 51.2 39. 50 40.2 

GG 14.5 6 3.5 17.3 5.9 18.3 

χ 2/Fisher  2.39  8.98  2.89 

pc=  vs. TBNA 
TST+  
0.122 

 vs. EC 
0.003 

 vs. EC 
TST+ 
0.089 

Allele       

A 63.7 71.6 70.9 63.2 69.1 62.6 

G 36.3 28.4 29.1 36.8 30.9 38.4 

χ 2/Fisher  2.42  2.6  1.18 

pc  0.21  0.107  0.277 

OR  0.69  0.7  0.72 

95% CI  0.44-1.1  0.46-1.08  0.39-1.31 

HWE p 0.876 0.615 0.957 0.515 0.876 0.615 

Note: TBNA = TB not affected: TBNA Subsets = EC =Community Controls, HC exposed 
household contacts; TST positive = (+); TST negative = (2). TST positivity cut off =$10 mm 
Indurations; HWE = Hardy Weinberg Equilibrium.  P, 0.05 is considered significant. 
 

6.3.2.2 Association of CCL-2 SNP (-2518) with Tuberculosis 

We next compared the CCL-2 SNP (-2518) within healthy community control 

with recently infected household contacts, different forms of TB disease 

(extrapulmonary vs. pulmonary) and also within groups with differing TB disease 
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severity (Table 6.3).  Recently infected but asymptomatic household contacts 

showed an increased frequency of GG genotype which was statistically stronger 

(pc=0.015) compared to TB patients with active disease (Table 6.3).  The 

genotype GG was also found to be elevated in all TB groups compared to the 

community control (CC) group but showed a statistically weaker association 

(pc=0.032) than recently infected household contacts (Table 6.3).  When 

pulmonary TB group was stratified on the basis of severity, much stronger 

association was observed with pulmonary moderate (pc=0.005) compared to 

pulmonary advanced TB disease (pc=0.551).  No significant difference was found 

between genotype distribution of TB groups and household contacts.  When 

dominant-recessive models were applied, GG genotype and G allele showed the 

highest association with recently infected household contacts (p=0.004; OR=5.34; 

95% CI=1.5-18.91) followed by pulmonary moderate disease (pc=0.011; 

OR=4.81; 95% CI=1.31-17.74) (Table 6.3).  In conclusion, these observations 

suggest that in recently infected household contacts and TB patients with less 

severe disease, there may be effective granuloma formation due to the 

overrepresentation of the high producer CCL-2 GG genotype but as the disease 

progresses; there is less effective granuloma formation.  CCL-2 may therefore, 

provide a useful marker for effective granuloma formation. 
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Table 6.3: Distribution of CCL-2 SNP (-2518) in different clinical forms of TB and healthy controls in Pakistani population 
 
Genotype/Allele CC (86)*  

n (%) 
 HHC (105) 

n (%) 
TBA (190) 
n (%) 

PTB (109) 
n (%) 

PMD (71) 
n (%) 

PAD (33) 
n (%) 

ETB (81) 
n (%) 

LTB (46) 
n (%) 

DTB (35) 
n (%) 

AA 39 (45.4)  45 (42.9) 83 (43.7) 49 (44.9) 30 (42.3) 16 (48.5) 34 (42) 19 (41.3) 15 (42.9) 

AG 44 (51.2)  43 (41) 85 (44.7) 45 (41.3) 29 (40.8) 15 (45.4) 40 (49.4) 22 (47.8) 18 (51.4) 

GG 3 (3.5)  17 (16.2) 22 (11.6) 15 (13.8) 12 (16.9) 2 (6.1) 7 (8.6) 5 (10.9) 2 (5.7) 

χ2/Fisher   8.43 4.62 5.88 7.94 0.36 1.97 2.85 0.32 

pc-value   0.015 0.032 0.015 0.005 0.551 0.161 0.091 0.573 

           

A 122 (70.9)  133 (63.3) 251 (66.1) 143 (65.6) 89 (62.7) 47 (71.2) 108 (66.7) 60 (65.2) 48 (68.6) 

G 50 (29.1)  77 (36.7) 129 (33.9) 75 (34.4) 53 (37.3) 19 (28.8) 54 (33.3) 32 (34.8) 22 (31.4) 

χ2/Fisher    1.28 1.25 2.4 0 0.71 0.92 0.13 

pc-value    0.257 0.263 0.147 0.966 0.401 0.34 0.716 

OR    1.25 1.28 1.45 0.98 1.22 1.3 1.12 

95% CI    0.85-1.85 0.83-1.97 0.90-2.33 0.53-1.85 0.77-1.94 0.76-2.23 0.61-2.04 

Recessive 
Model 

          

GG vs. AG+AA pc 
OR  
95 % CI 

 0.004 
5.34 
1.5-18.91 

0.03 
3.62  
1.05-12.45 

0.042 
4.41  
1.24-15.8 

0.033 
4.81  
1.31-17.74 

    

Note: N for each group is given in brackets; Disease severity was not available in 5 PTB patients. * Groups compared with CC using Pearson χ2 analysis to 
determine the significance of genotype and allele differences.  p-values were corrected by linear-by-linear association. All significant p values are indicated in 
bold.   



138 
 

6.3.2.3 Meta Analyses of CCL-2 SNP (-2518) Association Studies 

Eight reported studies were included in the meta analysis (Ben-Selma et al., 

2011b; Chu et al., 2007; Ghanachari et al., 2010; Buijtels et al., 2008; Sterling et 

al., 2007) (Figure 6.2).  The genetic model applied to meta-analyses were the 

random-effect model (GG+AG vs. AA) to calculate pooled odds ratio (Figures 6.2-

6.4).  There was significant heterogeneity among the studies (P heterogeneity 

<0.001, degrees of freedom=5; I2=82.7%).  The random effect odds ratio 

indicated the presence of association between the CCL-2 (-2518) G carriers and 

susceptibility to develop TB disease (pOR=1.37, 95% CI=1.16–1.62, p=0.035) 

(Figure 6.2).  Meta-analysis restricted to pulmonary TB group in different studies 

(Figure 6.3), showed a significant protective association of GG+AG genotypes 

(pOR=0.62, 95% CI=0.57–0.68, p<0.001) (Figure 6.3).  Meta-analysis with 

extrapulmonary TB group in different studies did not show any significant 

association (Figure 6.4).  These results therefore, indicate that despite the small 

group sizes in our study, the trends observed in meta-analysis were consistent.  

The main conclusion we draw from this set of analyses is that CCL-2 (-2518) GG 

genotype plays an important role in granuloma formation and restricting 

pulmonary disease. 
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Figure 6.2: Forest plot for association of TB with G carriers of CCL-2 SNP (-2518)  
 
Each grey box represents the OR point estimate and bars represent 95% CI.  Area of the grey box 
is proportional to the weight of the study in the pooled results.  The diamond and broken line 
represents the overall summary estimate, with CI represented by its width.  The unbroken vertical 
line is set at the null value (OR=1).  N is the total number of GC+CC and N is total number of 

individuals. 
 

 
 
Figure 6.3: Forest plot for association of pulmonary TB with G carriers of CCL-2 (-2518)  
SNP 
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Figure 6.4: Forest plot for association of extrapulmonary TB with G carriers of CCL-2 SNP 
(-2518)  
 

6.3.3 CCL2 Genotype Phenotype Relationship 

6.3.3.1 Relationship in TB Not Affected Controls 

CCL-2 SNP (-2518) GG genotype is reported to be associated with the high 

producer phenotype (Rovin et al., 1999).  When we analyzed CCL-2 (-2518) 

genotypes in relation to plasma levels in TB not affected control group (Figure 

6.5), no statistically significant difference in plasma CCL-2 levels were observed 

in relation to the CCL-2 genotypes (Kruskall-Wallis; p=0.454) (Hussain et al., 

2011) (Figure 6.5). 
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Figure 6.5: CCL-2 genotype-phenotype relationship in TB not affected controls 
 

The number in each genotype is indicated in the brackets.  TBNA is TB not affected control 
group.  Kruskall-Wallis (KW) analysis was applied to determine significant differences across 
groups (Hussain et al., 2011). 

 

6.3.3.2 Relationship in TB Not Affected Controls Stratified by TST 

Status 

Because of the association of GG genotype with latent infection (as shown 

above), we further analyzed the genotype-phenotype relationship in context of 

TST positivity.  The effect of CCL-2 genotypes on CCL-2 plasma level was first 

examined in TB not affected control group according to their TST status (Figure 

6.6).  Donors with AA genotype showed comparable responses in both TST+ 

(N=40) and TST- (N=21) groups.  However, there was a significantly higher level 

of plasma CCL-2 in the TST+ donors (N=36) with AG genotype compared to 

TST- donors (N=24).  In the group with GG genotype, CCL-2 levels were higher 

in TST+ TB not affected control group (N=14) donors compared to TST- TB not 
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affected control group (N=3).  Due to a low number of individuals with GG 

genotype in TST- group, there were insufficient numbers to carry out meaningful 

statistical analysis. However, there was a clear overrepresentation of GG genotype 

in TST+ TB not affected control group compared to TST- TB not affected control 

group. This indicates that individuals with G allele may be at a higher risk of 

developing latent infection and this may be dose dependent.  The association of 

higher CCL-2 levels with TST positivity rather than CCL-2 genotype is consistent 

with its role in granuloma formation. 

 

 

Figure 6.6 CCL-2 genotype-phenotype relationship in the presence (TST+) or absence (TST-
) of latency in asymptomatic healthy controls  
 
TST+ (cut off = 10 mm diameter indurations).  The number in each panel is indicated in the boxes.  
Significant differences were determined by Mann Whitney U analysis between different 
genotypes.  A p value <0.05 was considered significant.  Genotypes were unavailable on 2donors 
and therefore not included.  All other parameters are same as in table 2 and 3. 
 

We also analysed the effect of CCL-2 SNP (-2518) genotypes in TB not affected 

individuals stratified either on the basis of exposure (EC= remote vs. HHC= 

recent) (Figure 6.7A) or TST status (Figure 6.7B).  The differences in CCL-2 
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plasma levels in the household contacts and community control groups were 

much more marked when G allele was present (p=0.007).  This difference became 

less significant (p=0.026) when the groups were restricted by TST positivity 

(Figure 6.7B).  Donors with AA genotype showed comparable responses 

irrespective of the TST status.  These results therefore, show that higher CCL-2 

levels are present in latently infected individual and that the presence of G allele 

may further boost CCL-2 plasma levels in household contacts. 

 

Figure 6.7: CCL-2 genotype-phenotype relationship in household contacts and endemic 
controls 
 
A. Household contacts and healthy community controls irrespective of TST positivity, B. 
Household contacts and healthy community controls restricted by TST positivity.  The number in 
each group is indicated in the boxes.  Significant differences were determined by Mann Whitney U 
analysis between different genotypes.  A p value < 0.05 was considered significant. 
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6.3.3.3 Relationship in Tuberculosis Patients with Differing Severity 

The relationship of CCL-2 SNP (-2518) genotypes with plasma CCL-2 levels was 

investigated in pulmonary (Figure 6.8A) and extrapulmonary TB (Figure 6.8B) 

patients stratified on the basis of differing severity of the disease.  A major 

limitation in the genotype phenotype analysis was that the frequencies of some of 

the alleles were extremely low.  Despite small group sizes, higher CCL-2 levels 

were associated with the less severe TB disease with AA genotype (MWU: PMD 

vs. PAD, genotype, p=0.037; LTB vs. DTB, AA, p=0.015).  The CCL-2 (-2518) 

GG genotype was absent in pulmonary advanced group and therefore, no 

comparison was done.  Despite this, the highest plasma CCL-2 levels were 

observed in the pulmonary moderate group with GG genotype.  The main 

conclusion from genotype-phenotype analysis of CCL-2 is that higher levels of 

plasma CCL-2 is associated with less severe form of the TB disease and the 

presence of GG genotype may boost the CCL-2 plasma levels.  Therefore, our 

phenotype and genotype analyses are consistent and that our results with the small 

groups are also consistent with the meta-analysis carried out on several studies. 
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Figure 6.8: CCL-2 genotype-phenotype relationship 

A. Pulmonary and B. extra-pulmonary TB groups with differing severity. 

6.4 Discussion 

Tuberculosis is a spectral disease and the final clinical outcome is related to a 

balance between different immune biomarkers which are produced during the 

initial and chronic phase of the TB disease.  The CCL-2 SNP (-2518 A→G) is 

associated with the high and low CCL-2 phenotypes and it differentially controls 

the level of CCL-2 protein (Rovin et al., 1999).  In the current study, although 
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plasma CCL-2 levels showed no relationship with CCL-2 (-2518) genotypes in 

the asymptomatic controls, a significant difference in CCL-2 plasma levels was 

detected between TST+ and TST- individuals and which was most marked when 

the G allele was present.  One likely explanation may be the expression of 

specific Prep/Pbx proteins complexes which regulate CCL-2 expression in 

different cells/tissues during different infectious states (Wright et al., 2008).  In 

vivo association studies of CCL-2 SNP (-2518) with susceptibility to tuberculosis 

in different ethnic populations also support the above observations. An 

association of G allele was found with increasing odds of developing TB in 

Mexican and Korean populations (Flores-Villanueva et al., 2005).  The ELISA 

analysis showed that the TB patients homozygous for (-2518) G allele had the 

highest plasma levels of CCL-2 and mycobacterial antigen stimulation of 

monocytes from healthy donors with -2518 G homozygotes yielded higher CCl-2 

levels (Flores-Villanueva et al., 2005) compared to the other genotypes.  The 

current study also identified an association of elevated CCL-2 plasma levels with 

latent tuberculosis and a further effect of GG genotype with increased odds of 

developing latent TB infection.  This association was irrespective of remote or 

recent infection.  Variable associations in different ethnic population may be due 

to both variability in the prevalence of latent infection, as well as variability of 

frequencies of the different CCL-2 genotypes. 

 

 An increasing susceptibility to pulmonary TB disease was also observed in 

relation to GG genotype which showed higher significance with pulmonary 
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moderate TB group.  The G allele of the CCL-2 SNP (-2518) has also been shown 

to be associated with susceptibility to TB in Chinese (Xu et al., 2009; Yang et al., 

2009), Korean (Flores-Villanueva et al., 2005), Mexican (Flores-Villanueva et al., 

2005; Ganachari et al., 2010) and Tunisian (Ben-Selma et al., 2011b) populations 

but no association was observed with Brazilian (Jamieson et al., 2004), Indian 

(Alagarasu et al., 2009), Iranian (Naderi et al., 2011) and South African (Moller et 

al., 2009) populations.  CCL-2 is also the chemokine which recruits both Th1 and 

Th2 cells to the infected site (Siveke and Hamann, 1998; Taub et al., 1996) and 

therefore, may play a crucial role in localization of infection or decreasing the 

disease severity in the initial phase of TB infection.  Plasma CCL-2 levels from 

this study were found raised in pulmonary moderate and extrapulmonary localized 

TB groups compared to severe forms of TB but significant difference was 

observed in relation to CCL-2 (-2518) AA genotype.  CCL-2 is also critical in 

granuloma formation and maintenance of granuloma architecture which may be 

the reason for higher plasma levels of CCL-2 in less severe TB where they may 

be more effective in granuloma formation.  Our results show that higher plasma 

CCL-2 levels and GG genotype is associated with granuloma formation and TB 

disease localization and plasma CCL-2 levels may also provide a surrogate 

marker for granuloma formation.  
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Multi-loci Cytokine SNP Combinations with 
Interferon Gamma SNP (+874) and their 
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7.1 Rationale and Objective 

One of the reasons for the inconsistency of reports with cytokine gene 

polymorphism association studies in different populations may be that multiple 

alleles or genotypes are involved in TB disease outcome.  Muti-loci interactions, 

also known as epistasis, is the interaction between genes that are present on 

different locus in the genome and one gene may increase (synergistic) or decrease 

(antagonistic) the effect of another gene (Nagel, 2005).  This is a relatively new 

approach to elucidate multifactorial nature of the TB disease.  Only a few reports 

have been published on multi-loci interactions in relation to TB (Ates et al., 2008; 

Ben-Selma et al., 2011a; de Wit et al., 2011; Henao et al., 2006; Moller and Hoal, 

2010; Velez et al., 2009).  Since, IFN-γ is a key player in immunity to 

mycobacterial diseases, our objective was to investigate the combinations of IFN-

γ SNP (+874 T→A) in association with SNPs in other IFN-γ regulatory and 

modulatory cytokine gene such as IL-10 (-1082 A→G), TNF-α (-308 G→A), IL-6 

(-174 G→C) and CCL-2 (-2518 A→G) to analyze if multi-loci combinations 

could explain some of the variability reported for these cytokines SNPs in 

different populations. 

7.2 Study Subjects and Methodology 

The study subjects and methodology details are given in chapter 2 on pages 40-

53. 
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7.3 Results 

The effect of IFN-γ SNP (+874) was analyzed in combination with other cytokine 

SNPs (IL-10, -1082; TNF-α, -308; IL-6, -174 & CCL-2, -2518) (Table 7.1-7.4).  

Nine combinations were generated for each of the cytokines with IFN-γ SNP 

(+874) genotypes. 

7.3.1 Combinations of IFN-γ SNP (+874) and IL-10 SNP (-1082) 

Interleukin 10 indirectly inhibits IFN-γ synthesis from T cells by deactivating 

macrophages.  The IL-10 SNP (-1082) is a functional polymorphism and 

associated with high and low producer phenotypes (Ansari et al., 2009).  The only 

combinations resulting in significant associations are shown in Table 7.1.  The 

IFN-γ TThigh genotype in combination with all three IL-10 (-1082) genotypes (high, 

intermediate and low), showed an association with the less severe form of 

pulmonary TB disease (minimal and moderate).  This highlights the dominant 

influence of IFN-γ TThigh genotype in protection against TB disease.  The strong 

statistically significant association was observed with IFN-γ TThigh‐IL-10 AGint 

genotypes combination in pulmonary minimal TB group (pc=0.009), suggesting 

the role for IL-10 AGint genotype in reducing collateral tissue damage.  The IFN-γ 

AAlow genotype in combination with IL-10 GGlow genotype showed statistically 

strong association with pulmonary advanced TB group (pc=0.005, OR=5.26) 

(Ansari et al., 2009).  Again, these results are in line with the biological functions 

of these two cytokines with low IFN-γ increasing the risk of pulmonary disease 

and the low IL-10 phenotype resulting in increased tissue damage. 
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Table 7.1: IFN-γ (+874 T→A) and IL-10 (-1082 A→G) gene combinations and their association with tuberculosis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: Number in each column indicate the percent of total in each group.  p-values were corrected by linear by linear method. Values in italics indicate protection 
and in bold indicate susceptibility. (Ansari et al., 2011) 

IFNγ-IL10 
Genotypes 

TBNA (188) PMN (19) PMD (63) PAD (29) LTB (47) DTB (20) 

TThigh –GGlow 2.13 10.5 1.6 6.9 4.2 0 
χ2/Fisher (pc-value)  6.66 (0.01)     

OR (95% CI)  6.06 (1.30-28.07)     
TThigh-AGInt 7.98 21.1 17.5 0 12.8 10 

χ2/Fisher(pc-value)  6.82 (0.009) 4.4 (0.036) 8.33 (0.004)   
OR(95% CI)  3.06 (1.08-7.28) 2.50 (1.04-6.1) -   

TThigh-AAhigh 3.19 10.5 6.4 3.5 2.1 5 

χ2/Fisher (pc-value)  4.92 (0.027)     
OR(95% CI)  3.99 (1.08-14.8)     
TAInt-GGlow 5.9 0 4.8 6.9 2.1 10 
TAInt-AGInt 35.11 21 33.3 31 40.4 30 

TAInt-AAhigh 5.32 10.5 6.4 6.9 4.2 0 

χ2/Fisher (pc-value)  4.86 (0.028)     

OR (95% CI)  0.40 (0.26-0.93)     
AAlow-GGlow 2.7 10.5 4.8 13.8 2.1 10 
χ2/Fisher (pc-value)  4.92 (0.027)  7.78 (0.005)  4.03 (0.045) 
OR (95% CI)  3.99 (1.08-14.79)  5.26 (1.46-18.9)  3.59 (0.96-13.47) 

AAlow-AGInt 39.3 15.8 22.2 17.2 29.7 20 
χ2/Fisher (pc-value)  4.85 (0.028)  4.06 (0.044)   
OR (95% CI)  0.45 (0.24-0.93)  0.50 (0.25-0.99)   
AAlow-AAhigh 8.5 0 3.2 13.8 2.1 15 
χ2/Fisher (pc-value)     4.71 (0.03)  
OR (95% CI)     0.21 (0.04-0.98)  
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7.3.2 Combinations of IFN-γ SNP (+874) and TNF-α SNP (-308) 

The combination of IFN-γ TThigh genotype with TNF-α GA int genotype showed a 

relatively weak association with the less severe form of pulmonary TB group 

(moderate; pc=0.018, OR=3.35, 95% CI=1.17–9.62) suggesting that the TNF-α 

GA int genotype may be reducing the protective effect of IFN-γ TThigh genotype.  

The frequency of IFN-γ AAlow and TNF-α GAint genotypes combination was 

decreased in pulmonary moderate disease (pc=0.036, OR=0.4, 95% CI=0.16-

0.96) indicating the protective association with pulmonary moderate disease 

(Table 7.2) (Ansari et al., 2011).  This suggests that elevated levels of IFN-γ may 

be responsible for tissue damage in less severe form of pulmonary TB group.  

This was further supported by the observation that the absence of genotype 

combination of IFN-γ TThigh-TNF-α GGlow showed statistically strong association 

with increasing the odds of developing pulmonary advanced disease (pc=0.01) 

which is in line with the role of TNF-α in localization of the disease to less severe 

TB.  Furthermore, a protective significant association was observed with 

decreased frequency of low producer combination of IFN-γ AAlow and TNF-α 

GGlow genotypes in extrapulmonary TB patients (pc=0.032, OR=0.42) which was 

restricted to less severe form of extrapulmonary TB disease (extrapulmonary 

localized TB; pc=0.017, OR=0.37).  These results, to some extent, may explain 

the statistical association of decreased frequency of IFN-γ AAlow genotype with 

extrapulmonary TB and increased frequency of IFN-γ TThigh genotype with 

susceptibility to pulmonary TB in Pakistani population. 
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Table 7.2: IFN-γ (+874 T→A) and TNF-α (-308 G→A) gene combinations and their association with tuberculosis 
 

IFNγ-TNFα 
Genotypes 

*TBNA (166) *PTB (102) *PMD  (74) *PAD (23) ETB (67) LTB (34) DTB (32) 

TThigh -AAhigh 0 0 0 0 0 0 0 

TThigh-GAint 5.4 12.8 14.9 8.7 9 8.8 9.4 

χ2/Fisher(pc-value)  3.91 (0.048) 5.56 (0.018)     

OR(95% CI)  2.84 (0.97-8.29) 3.35 (1.17-9.62)     

TThigh-GGlow 7.2 10.8 14.9 0 4.5 5.9 3.1 

χ2/Fisher (pc-value)    0.007 (7.25)    

TAInt-AAhigh 0 0 0 0 1.5 2.9 0 

χ2/Fisher (pc-value)        

TAInt-GAint 26.5 24.5 21.6 30.4 28.4 32.4 25 

TAInt-GGlow 21.7 22.5 24.3 17.4 19.4 23.5 15.6 

AAlow-AAhigh 0 0 0 0 0 0 0 

AAlow-GAint 18.1 12.8 8.1 26.1 26.9 17.7 34.4 

χ2/Fisher (pc-value)   4.42 (0.036)     

OR(95% CI)   0.4 (0.16-0.96)     

AAlow-GGlow 21.1 16.7 16.2 17.4 10.5 8.8 12.5 

χ2/Fisher (pc-value)     4.62 (0.032) 5.65 (0.017)  

OR(95% CI)     0.42 (0.19-0.94) 0.37 (0.16-0.86)  

Note: Number in each column indicate the percent of total in each group.  p-values were corrected by linear by linear method. Values in italics indicate protection 
and in bold indicate susceptibility.*(Ansari et al., 2011) 
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7.3.3 Combinations of IFN-γ (+874) and IL-6 (-174) SNPs 

The IFN-γ TThigh genotype in combination with three IL-6 genotypes showed a 

tremendous influence on the protective effect of IFN-γ TThigh genotype.  In 

combination with IL-6 GGhigh genotype, the IFN-γ TThigh genotype showed a 

statistically strong association (pc=0.0005; OR=6) with increasing odds of 

developing pulmonary moderate disease (Ansari et al., 2011).  Furthermore, IFN-γ 

TThigh genotype in combination with IL-6 GGint genotype showed a protective 

effect on developing severe extrapulmonary TB (DTB; pc=0.004) disease while 

the combination of IFN-γ TThigh  of IL-6 GG low genotypes  showed a protective 

effect (pc=0.004) on less severe extrapulmonary TB disease (LTB, pc= 0.032). 

 

The IFN-γ AAlow genotype  in combination with IL-6 GGhigh genotype showed a 

significant association with severe forms of TB (PAD; p=0.014, OR=2.14; DTB; 

pc=0.006, OR=2.33), again suggesting the negative role of IL-6 GGhigh genotype.  

The only genotype combination which showed a significant protective association 

in pulmonary TB patients was IFN-γ AAlow-IL-6 GCint  (moderate; pc=0.06, 95% 

CI=0.01-0.48 & advanced; pc=0.26, 95% CI=0.08-0.81). 
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Table 7.3: IFN-γ (+874 T→A) and IL-6 (-174 G→C) gene combinations and their association with tuberculosis 
 
 
IFNγ-IL6 
Genotypes 

*TBNA 
(166) 

*PTB 
(102) 

*PMD 
(74) 

*PAD 
(23) 

ETB 
(67) 

LTB 
(34) 

DTB 
(32) 

TThigh -GGhigh 4.2 15.7 20.3 4.4 9 8.8 9.4 

χ2/Fisher(pc-value)  8 (0.005) 12.12 (0.0005)     

OR (95% CI)  4.57 (1.47-14.21) 6 (1.97-18.27)     

TThigh-GCint 7.8 6.9 8.1 4.4 1.5 2.9 0 

χ2/Fisher (pc-value)     5.7 (0.035)  8.33 (0.004) 

OR (95% CI)     0.1 (0.01-0.95)  - 

TThigh-CClow 0.6 1 1.4 0 3 2.9 3.1 

TAInt-GGhigh 32.5 30.4 27 34.8 29.9 38.2 21.9 

χ2/Fisher (pc-value)       4.58 (0.032) 

OR (95% CI)       0.51 (0.27-0.95) 

TAint-GCint 11.4 14.7 16.2 13 17.9 20.5 15.6 

TAint-CClow 4.2 2 2.7 0 1.5 0 3.1 

AAlow-GGhigh 23.5 26.5 21.6 39.1 28.4 17.7 40.6 

χ2/Fisher (pc-value)    6 (0.014)   7.4 (0.006) 

OR (95% CI)    2 (1.16-3.96)   2 (1.26-4.29) 

AAlow-GCint 14.5 2 1.4 4.4 6 5.88 6.2 

χ2/Fisher (pc-value)  9.78 (0.002) 12.18 (0.0005) 6.1 (0.013)    

OR (95% CI)  0.13 (0.03-0.57) 0.06 (0.01-0.48) 0.26 (0.08-0.81)    

AAlow-CClow 1.2 1 1.4 0 3 2.9 0 

Note: Number in each column indicate the percent of total in each group.  p-values were corrected by linear by linear methods.  Values in italics indicate 
protection and in bold indicate susceptibility.  *(Ansari et al., 2011) 
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7.3.4 Combinations of IFN-γ SNP (+874) and CCL-2 SNP (-2518) 

The chemokine CCL-2 is important in granuloma formation and localization 

of the infection.  The CCL-2 SNP (-2518) is associated with high and low 

producer phenotypes.  The combination of high producer genotypes of both 

IFN-γ and CCL-2 SNPs (IFN-γ TThigh & CCL-2 GGhigh) was found to be 

overrepresented in less severe forms of both pulmonary and extrapulmonary 

TB groups (pulmonary moderate; pc=0.005, OR=12.2 & extrapulmonary 

localized TB; pc=0.005, OR=11).  None of the other CCL-2 genotypes in 

combination with IFN-γ TThigh or IFN-γ GA int showed significant association 

with TB.  However, the IFN-γ AAlow genotype in combination with CCL-2 

AAlow genotype was found to be weakly associated with extrapulmonary 

disseminated TB disease (pc=0.029). 
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Table 7.3:  IFN-γ (+874 T→A) and CCL-2 (-2518 A→G) gene combinations and their association with tuberculosis 
 
IFNγ-CCL2 
Genotypes 

EC 
(72) 

PTB 
(104) 

PMD 
(71) 

PAD 
(33) 

ETB 
(63) 

LTB 
(31) 

DTB 
(32) 

TThigh -GGhigh 1.4 8.7 11.3 3 7.9 9.7 6.2 

χ2/Fisher (pc-value)   8.86 (0.005)  5.7 (0.017) 7.79 (0.005)  

OR (95% CI)   12.2 (1.54-96.68)  8.6 (1.06-70.17) 11 (1.38-87.64)  

TThigh-GAint 9.7 10.6 12.7 6.1 4.8 3.2 6.3 

TThigh-AAlow 1.4 5.8 7 3 0 0 0 

TAInt-GGhigh 19.4 21.2 19.7 24.2 22.2 25.8 18.8 

TAint-GAint 23.6 21.2 21.1 21.2 23.8 25.8 21.9 

TAInt-AAlow 2.8 3.9 5.6 0 4.8 9.7 0 

AAlow-GGhigh 25 14.4 11.3 21.2 14.3 12.9 15.6 

χ2/Fisher (pc-value)   6.64 (0.01)     

OR (95% CI)   0.37 (0.17-0.80)     

AAlow-GAint 16.7 10.6 7 18.2 19 13 25 

χ2/Fisher (pc-value)   4.74 (0.03)     

OR (95% CI)   0.37 (0.14-0.93)     

AALow-AALow 0 3.9 4.2 3 3.2 0 6.3 

χ2/Fisher (pc-value)       6.19 (0.029) 

OR (95% CI)       - 

Note: Number in each column indicate the percent of total in each group.  p-values were corrected by linear by linear method. Values in italics indicate protection and in bold 
indicate susceptibility. 
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7.4 Discussion 

Functional polymorphisms in cytokine genes have shown variable associations in 

relation to TB disease outcome in different populations and even within the same 

population (Feng et al., 2012; Tian et al., 2011; Wang et al., 2012; Zhang et al., 

2011).  IFN-γ is a critical molecule in activation of macrophages and killing of 

intracellular organisms.  Our results highlight the combinational effect of IFN-γ 

SNP (+874) with several IFN-γ regulatory and modulatory cytokines and their 

association with the outcome of TB disease severity.  The functional SNP at 

position +874 (T→A) is located at the 5’ end of the IFN-γ first intronic CA repeats 

is correlated with high and low IFN-γ expressions. Transcriptional factor, NF-kB 

preferably binds to the DNA sequence containing IFN-γ T allele at position +874 

which increases the expression of IFN-γ gene. 

 

IL-10 is essential in reducing tissue damage (O'Garra et al., 2004) induced by the 

proinflammatory cytokines and the role of IL-10 is particularly important in 

decreasing lung tissue damage.  However, overproduction of IL-10 may reduce 

the protective effect of IFN-γ in TB.  It was therefore, not surprising to see 

differences in TB disease severity with different combination of high and low 

phenotypes of both genes.  The combination of IFN-γ TThigh and IL-10 AGint 

genotypes showed significant association with pulmonary minimal and moderate 

TB groups while the absence of this combination was associated with pulmonary 

advanced TB disease demonstrating the critical role of IL-10 in decreasing lung 
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tissue damage.  On the other hand, IFN-γ AAlow and IL-10 GGlow genotypes were 

associated with extrapulmonary disseminated TB disease.  

 

TNF-α synergizes with IFN-γ for granuloma formation and TB disease 

localization not only during infection but also in maintenance of granuloma and 

preventing reactivation of the TB disease (Keane, 2005).  However, both 

cytokines are pro-inflammatory cytokines and a balance is essential to control the 

collateral tissue damage.  Combination of IFN-γ with different TNF-α SNPs 

showed only weak associations at best but it was clear that different combinations 

were associated with either less or more severe TB disease. 

 

CCL-2 is yet another chemokines which is important in granuloma formation and 

showed a similar association with less severe disease in TB.  IL-6 was initially 

considered a pro-inflammatory cytokine because of its association with sepsis a 

disease of proinflammatory cytokine storm (Hack et al., 1989).  High levels of IL-

6, on the other hand, had a negative effect on the protective ability of IFN-γ.  The 

negative role of IL-6 in mycobacterial disease has only been recently identified 

when it was shown to promote mycobacterial multiplication in monocytes in vitro 

(Denis, 1991) and development of less severe disease in mice deficient for IL-6.  

Our results also highlight the negative role of IL-6 when the high and low 

genotypes of IL-6 are present in combination with IFN-γ TThigh genotype. 
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In conclusion, the pro- and anti- inflammatory cytokine balance is important in 

controlling the TB disease severity.  However, multi-loci gene combination 

studies are necessary in different populations to understand the significance of 

different dominant or recessive phenotype effects on the outcome of TB disease. 
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8 Chapter 8 
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8.1 Overall	Discussion	

Polymorphisms in IFN-γ and IFN-γ modulating cytokine genes may be an 

important genetic risk factor for the development or progression to TB.  The 

relationship of functional SNPs in key cytokine genes has shown variable 

associations with TB and other infectious diseases in different populations around 

the world (Bidwell et al., 1999; Takiff, 2007).  The controversy regarding the 

association between cytokine polymorphisms and TB infection may be related to 

small sample sizes or differences in genetic heterogeneity.  Most of the studies 

have been published on merged TB patients without consideration of site or 

severity of the TB disease.  The strength of the current study was the careful 

characterization of patients according to site and severity of TB disease.  All 

pulmonary TB patients were diagnosed microscopically (sputum positive) and 

radiologically according to the severity of lung tissue involvement.  The extent of 

disease in our population and its relationship with the time of onset using history 

of cough as the primary symptom have been studied previously and found no 

relationship of severity with the duration of symptoms (Hussain et al., 1996).  

Therefore, it is unlikely that patients had advanced disease because of the delayed 

diagnosis.  Despite the statistical limitation of small group sizes arising due to 

stratification, we were able to show significant differences between and among 

subgroups which may have been masked in other studies due to the merging of 

TB patients.  The majority of associations remain significant even when 

Bonferroni correction was applied for multiple comparisons.  In this context, 

some of the significant associations became insignificant such as with CA 
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microsatellite repeats when Bonferroni correction was applied.  Bonferroni test is 

a very stringent test and our uncorrected p-values may still be showing trends.  

This could be again due to small sample sizes or conservative nature of correction 

methods which may result in the exclusion of true susceptible associations in 

complex diseases like TB.  However, larger sample sizes are needed for definitive 

conclusions.   

 

Our observations with functional cytokine SNPs were also consistent with the 

biological functions associated with each of the cytokines analyzed.  IFN-γ plays 

a role in disease localization and the high producer genotype was associated with 

localized pulmonary disease.  IL10 low producer genotype was associated with 

pulmonary advanced disease which is in line with its role in decreasing tissue 

pathology.  These may or may not be causal associations, but these findings 

certainly warrant further investigations. 

 

Cytokine polymorphism data has already been published from some Asian 

regions but studies from Pakistan have been published only for IL-10 (-1082) 

which was performed on a small sample size (Afzal et al., 2011).  Therefore, the 

current study not only served as a comprehensive report on the distribution of key 

cytokine polymorphisms in the healthy Pakistani population, but it also provides 

significant association of different cytokine SNPs with TB disease severity.  

Furthermore, the baseline frequencies for SNPs in the Pakistani population are 

similar to those found in the Indian and Iranian populations which are racially 
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closer to the Pakistani population compared to European and Far Eastern 

populations, and which to a certain extent, validates our findings.   

 

The most important finding of this study is the identification of novel promoter 

IFN-γR1 SNPs that differs in frequencies between TB patients and controls.  

Partial deficiency in IFN-γR1 associated with susceptibility to mycobacterial 

disease was the first to be described in a Pakistani family and it would be 

important to investigate if these polymorphisms are present in other populations 

as well.  The identified novel IFN-γR1 SNPs were not evaluated for their 

functional significance in this study but it is important to explore the functional 

significance of these identified SNPs and their effect on the expression of IFN-

γR1 gene. SNPs affecting the IFN-γ downstream pathway were also not evaluated 

in this study and may be an important avenue for future research. 

 

Previously, it has been reported that IFN-γ/IL-10 protein ratio is a critical 

determinant of TB disease severity (Jamil et al., 2007).  Since, these two 

cytokines showed distinct associations with different sites and severity of TB, it 

was reasonable to assess the association of genotype combinations for these two 

cytokines with respect to severity of TB.  There was an association of IFN-γ TThigh 

genotype with the severity of pulmonary TB disease while IFN-γ AAlow genotype 

was associated with the increased susceptibility to pulmonary advanced and 

extrapulmonary disseminated TB diseases. This is in line with the report from our 

laboratory that showed low IFN-γ/IL-10 ratio being associated with more severe 
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TB disease (Jamil et al., 2007).  We have also consistently observed that 

pulmonary advanced TB patients showed greater similarity with severe 

extrapulmonary TB rather than minimal/moderate TB patients.  This is not 

surprising as dissemination is bound to occur in pulmonary advance TB via the 

hematogenous route due to high bacterial load.  These results highlight the 

importance of not merging patients with TB disease not only at different sites but 

also patient with differing severity within a single site.  

 

To strengthen the associations of cytokine SNPs and groups containing with 

larger sample sizes, meta-analyses were performed on data published from 

different regions of the world.  This enhanced the statistical power to understand 

the human genetic variant effects on TB disease susceptibility.  Meta-analyses 

were available until the end of 2010 on the cytokines under investigations.  

Therefore, for each cytokine SNPs investigated in the current study, the meta-

analyses were updated to 10 May, 2012.  Previous reports had analysed 

susceptibility markers on merged TB patients but information on disease site was 

available in the reports.  Since gene polymorphism frequencies are reported to be 

variable in different racial or ethnic groups, these different genetic inheritances 

may contribute differential susceptibilities making it difficult to interpret the 

results in the merged TB groups.  The strength of the current meta-analysis was a 

careful selection of association studies based on similar study design and patients 

groups for inclusion in the analysis, which was lacking in the previous studies.  In 

addition, we have carried out meta-analysis on both un-stratified and stratified 
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groups to increase the sample size as well as compare our results with what has 

been reported in other populations.  The limitation of the current meta-analyses 

was the inclusion of studies published on populations around the world 

irrespective of ethnicity as was done in previous studies.  Our results are 

consistent with results published in other Asian populations showing a 

significantly decreased risk of TB with IFN-γ (+874) T allele (Tian et al., 2011), 

an increased risk with TNF-α (-308) A allele (Wang et al., 2012) and CCL-2 (-

2518) GG genotype (Feng et al., 2012).  Therefore, meta-analysis should critically 

include study groups with respect to different racial origins and ethnicity.  

However, despite these limitations, our results showed a higher degree of 

concordance with the published meta-analyses with no extreme values.   

 

In summary, this study raised several important issues such as the importance of 

careful characterization of TB groups according to both disease site and severity 

in association studies, indigenous references for genotype frequencies and the 

value of meta-analysis with carefully selected population groups.  The 

establishment of indigenous reference should be expanded to all ethnic groups in 

Pakistan to make sure that the comparisons are appropriate when carrying out 

case control association studies.  This study provides a preliminary starting point 

for the future establishment of cytokine SNP databases, a crucial piece of 

information before establishing their link with disease susceptibility. 
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Appendix 1: Reagents and Chemicals 

 
Reagents    Source 
100 & 50 bp DNA Step Ladder  Promega Corporation Madison, WI, USA 

Agarose Analytical Grade  Promega Corporation Madison, WI, USA 

Bromo phenol Blue   Promega Corporation Madison, WI, USA 

CBA Human Chemokine Kit  BD Biosciences, San Jose, California, USA 

DMSO      Sigma Chemicals, St. Louis, MO, USA 

dNTPs     Life Technologies Corp., California, USA 

EDTA     Sigma Chemicals, St. Louis, MO, USA 

Ethanol     Sigma Chemicals, St. Louis, MO, USA 

Ethidium Bromide   Life Technologies Corp., California, USA 

Genomic DNA extraction kit   Promega Corporation Madison, WI, USA 

Glacial Acetic Acid   Sigma Chemicals, St. Louis, MO, USA 

Go Taq Flexi DNA polymerases  Promega, Madison, WI, USA 

Isopropanol     Sigma Chemicals, St. Louis, MO, USA 

Molecular ladder marker (λ Hind/III)   Promega Corporation Madison, WI, USA 

Nuclease free water   Life Technologies Corp., California, USA 

Primers     MWG-Biotech, Ebersberg, Germany 

Purified Protein derivatives  Sanofi Pasteur Limited, Ontario Canada 

QIAquick PCR purification kit  Qiagen, Hilden, Germany 

Red Hot Taq DNA polymerase  ABgene House, Surrey, UK   

Sodium heparin    Leo pharmaceutical, Ballerup, Denmark 

Trizma Base (Tris)   Sigma Chemicals, St. Louis, MO, USA 
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Appendix 2: Plastic and Glass wares 

 
Plastic wares    Source 
96-well PCR plate   AB gene House, Surrey, UK 

ACD Tubes    VWR Scientific, West Chester, PA, USA 

Eppendorf tubes (0.5ml, 1.5 ml)  Eppendorf AG, Hamberg, Germany 

Falcon tubes (15ml and 50ml)   BD Biosciences, Franklin Lakes, NJ, USA 

PCR strips (0.2ml tube)   MBP Inc., Thornhill, Canada  

PCR Tubes (0.2ml)   Eppendorf AG, Hamberg, Germany 

Pipet Tips (1000ul, 200ul, 10 ul)  Gilson Inc., Middleton, WI, USA 

Plate sealers    AB gene House, Surrey, UK 

Sample mixing trays   VWR Scientific, West Chester, PA, USA 

 

Appendix 3: List of Software 

 
Softwares    Source 
Ali Baba (version 2.1)   www.generegulation.com/pub/programs 
     /alibaba2 
BatchPrimer3    www.batchprimer3.com 

Chromas (version 2.01)   www.technelysium.com.au  

Clustal X (version 1.83)   www.ebi.ac.uk 

Epi Info 2000    CDC, Atlanta, USA 

Haploview (version 4.1)   Broad Institute, Cambridge, MA, U.S.A 

Laser gene (version 7.0)   DNAstar, Madison, WI, USA 

Reference Manager (version 11)  Thomson ISI Research Soft., CA, USA 

SPSS (version 11-19)   IBM Corporation, NY, USA 

Stata (version 11)   StataCorp. College Station, TX, USA 
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Appendix 4: Buffers, Media and Solutions 

 
TAE Buffer (pH 8.3) 

40 mM Tris-acetate  

1 mM EDTA  

TE Buffer (pH 8) 

10 mM Tris-Cl  

1 mM EDTA  
 

Appendix 5: Equipment and Instruments 

 
Equipment    Source 
FACS array bio-analyzer                     BD Bioscience, San Jose, CA, USA 

Centrifuges    Eppendorf AG, Hamberg, Germany 

Foster refrigerator                              Hardwick Industrial Estate, Oldmedow Road, 

King's Lynn Norfolk, PE30 4JU 

Gel Documentation System   BioRad Laboratories, Hercules, CA 

Gel Electrophoresis   BioRad Laboratories, Hercules, CA 

Heat Block    VWR Scientific, West Chester, PA, USA 

IEC-Centra 8R Centrifuge   Bedfordshire IBD, England 

Micro-centrifuge    Netheler Hinz GmbH, Hamburg, Germany 

Nano drop    Thermo Fisher Scientific, Wilmington, DE, 

U.S.A 

PCR machine    Eppendorf AG, Hamberg, Germany 

Revco -80C freezer                             Thermo Fisher Scientific Inc. Rochester, NY, 

USA. 

Ultra Low Temperature Freezer  Wyman Street Waltham, MA 02454 

Vortex Genie 2 Mixer    Orville Drive, Bohemia, N Y, USA 

Water bath    Thermo Fisher Scientific Inc. Rochester, 

NY, USA. 
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 Ansari, A., Hasan, Z., Dawood, G. and Hussain, R. (2011). Differential 

Combination of Cytokine and Interferon Gamma +874 T/A 

Polymorphisms Determines Disease Severity in Pulmonary Tuberculosis. 

PLoS One, 6, e27848 

 Hussain, R., Ansari, A., Talat, N., Hasan, Z. and Dawood, G. (2011). 

CCL2/MCP-1 Genotype-Phenotype Relationship in Latent Tuberculosis 

Infection. PLoS One, 6, e25803 

 Hussain, R., Talat, N., Ansari, A., Shahid, F., Hasan, Z. and Dawood, G. 

(2011) Endogenously Activated Interleukin-4 Differentiates Disease 

Progressors and Non-Progressors in Tuberculosis Susceptible Families: A 

2-year Biomarkers Follow-Up Study. J. Clin. Immunol., 31, 913-923 

 Ansari, A., Talat, N., Jamil, B., Hasan, Z., Razzaki, T., Dawood, G. and 

Hussain, R. (2009) Cytokine Gene Polymorphisms across Tuberculosis 

Clinical Spectrum in Pakistani Patients. PLoS One, 4, e4778 
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