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Abstract: 

Introduction: Cytokines play an important role in determining the susceptibility or resistance to 

intracellular pathogen Mycobacterium tuberculosis. The important cytokine IFN play a central 

role in initiating a programmed mechanism to act against the tubercle bacilli. Other cytokines 

such as IL-17, acts a synergy with IFN to acts against pathogen. IL-4 cytokines favor 

intracellular survival of the bacilli. These cytokines production and action on bacilli in turn 

depends upon the presence of single nucleotide polymorphism (SNP) of these individual genes. 

In the present study we aim to determine the SNP of IFN (+874 T/A), IL-17 (-152 G/A), IL-4 

(-590 C/T) in pulmonary tuberculosis patients compared with healthy controls. 

Materials and Methods: A case-control study, genomic DNA was extracted from the peripheral 

blood from the tuberculosis cases as well as from healthy controls. SNP of IFN (+874 T/A), 

IL-17 (-152 G/A), IL-4 (-590 C/T) were investigated by PCR and RFLP. A total of 155 healthy 

controls and 150 tuberculosis cases were included. 

Results:  The IFN frequent genotype found in cases and controls are TA and followed by AA 

and TT, there is no significant between cases and controls. TA associated with TB cases 

(OR-0.638,95%CI-0.376-1.081, P=0.108), The IL-17 (-152 G/A) polymorphism, AG and AA 

genotype were more likely associated with tuberculosis, when compared to the GG genotype 

(OR-1.968, 95% CI- 1.195-3,241, p=0.007). IL-4 (-590 C/T) genotypes, the heterozygote 

genotype CT was statistical significantly higher in tuberculosis cases than controls (OR-4.475, 

95%CI-2.626-7.626, p=0.00001). The gene combination study IFN TT hi IL-17 AG low 

(OR-0.32, 95% CI-0.13-0.74, p=0.006) found more in healthy controls, The gene combination of 

statistically significant combinations, IFN TA Int IL-4 CT hi (OR-7.11, 95%CI-4.03-12.56, 

p=0.00) has been found to be associated with tuberculosis. 
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Conclusion: In conclusion, single nucleotide polymorphisms studied in different cytokines 

IL-17, IL-4 has been found to be associated with the tuberculosis. Multi gene combination 

studies helped us to find the person risk of developing tuberculosis. 

Key Words: Pulmonary Tuberculosis, PCR, Polymorphism 

Introduction 

Immune defense system plays an important role in preventing the  pulmonary tuberculosis and 

cytokines are the significant contributor in arresting the spread of tubercle bacilli. A complex 

relationship exists between the expression of different cytokines, their activation and fate of the 

disease. The interdependence of several cytokines determines the killing or survival of 

intracellular pathogen such as tubercule bacilli as well as disease progression or its regression.1 A 

already known factor that pulmonary tuberculosis is one of the chronic infections caused by 

Mycobacterium tuberculosis, and it remains one of the important factors associated with 

morbidity and mortality. In India, still we are concerned with the pulmonary tuberculosis 

associated with the development of extreme high drug resistance. In such conditions, alteration 

in the immune defense mechanism due to the genetic polymorphism contribute and may worsen 

the outcome of the patient survival.  

Among several cytokines, interferon gamma (IFN) plays an important role in effectively 

regulating the tuberculosis infection, thorough its active role it has ability to eliminate the 

chronic infection. The lower production due to several polymorphisms favors the development of 

tuberculosis. This cytokine encoded by IFNG, produced by T1 helper lymphocytes. It activates 

macrophages, enhances the antigen presentation through induction of major histocompatibility 

complex (MHC) class I and II. It has an ability to activate several transcription factors including 

those of antimicrobial factors. 2 IFN (+874 T/A) located at the 5’end of the CA repeat at the first 

intron of human IFN, associated with the tuberculosis. 3 

Interleukin-17 (IL-17) is a proinflammatory cytokines involves six similar members IL-17A to 

Il-17 F. IL-17A is known to induce protection against the tuberculosis infection through aiding in 

granuloma formation, as well as activation of several cytokines and chemokines, thus regulating 

the immune response towards the TB bacilli, as well as recruiting and directing the inflammatory 

cells towards the infected tissue. 4 Studies found that IL-17 G-152A SNP located at the binding 

motif for the nuclear factor activated T cells, found to be profound effect on the transcription 

regulation of IL-17 and its production. 4 

Intrerleukin-4 (IL-4) is an important cytokine is a major immune regulatory cell. It activates the 

Th2 immune response leading to the expression of antibodies and repression of interferon 

gamma (IFN ). Low production of IFN gamma favors the intracellular survival of tubercle 

bacilli. Polymorphism in IL-4 favors the increase expression of IL-4 due to the high activity at 

the promoter region. Studies had found the IL-4 polymorphism at -590 region has been 
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associated with its high expression, effecting the overall survival of intracellular pathogen. 5 IL-4 

high expression has also been related with the other morbidities such as smoking related cancers, 
6 familial Mediterranean fever 7, susceptibility to pneumocystis, 8 breast cancer.9 IL-4 

polymorphism has also been well studied its association with the tuberculosis, a meta-analysis 

study done by Chen et al has found that IL-4 (rs2243250) has been associated with the TB in 

combined analysis.10  

In the present study we aim to evaluate the presence of SNP associated with the genes IFN 

(+874 T/A), IL-17 (-152 A/G), IL-4 (-590 C/T) among the tuberculosis patients and health 

controls, at the Southern region of India. Immune reaction complexity and interaction among 

cytokines helps in understanding the complexity of the tuberculosis disease. In the present study 

we also evaluated the multi-gene combinations among IFN (+874 T/A), IL-17 (-152 A/G), IL-4 

(-590 C/T) to determine the combination may prove a role in development of tuberculosis 

infection.  

Materials and methods 

Study group  

Cases Inclusion criteria TB cases included presence of clinical signs and symptoms with typical 

chest radiological findings, along with positive for acid-fast staining and positive sputum culture 

of appearance of mycobacterium tuberculosis colonies, the exclusion criteria included patients 

with diabetes, cancer, cardiac abnormalities and other infectious diseases. For healthy controls 

the Inclusion criteria were healthy persons without any comorbidities, immunocompromised 

state and other infectious diseases and exclusion criteria were Patients with comorbidities 

including chronic infections, diabetes mellitus, inflammatory and autoimmune diseases were 

excluded. 

The study was approved by the Institutional Ethics Committee of Kamineni Academy of Medical 

Sciences and Research Centre (KAMSRC/IEC/24/2018) and was conducted at Department of 

Microbiology for a period of three years from 2108-2021. A written consent was taken from all 

participants along with demographic data, the questionnaire collected information regarding 

smoking, frequency of smoking, alcohol consumption and the BCG vaccination. 

Statistical analysis: 

All data were presented as the mean standard deviation (SD) for quantitative variables or 

percentages for categorical variables. The genotypic and allelic frequencies were compared using 

a chi-square test or Fisher’s exact test between case and control groups. P value of < 0.05 were 

considered significant for both Pearson and Fisher’s exact tests. The odds ratio (OR) and 95% 

confidence interval (CI) for allele and genotype forms were calculated by univariate and 

multinomial logistic regression was applied respectively. Hardy-Weinberg Equilibrium (HWE) 

was determined by applying the equation (p2+2pq+q2). IFN- +874 T/A, IL-17 (-152 A/G) and 
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IL-4 (-590C/T) genotype combinations with and were used to determine two gene combination 

effect. Statistical analysis was performed using SPSS software. 

DNA extraction and PCR (Polymerase chain reaction) 

Peripheral blood sample 5ml were collected in vacutainers EDTA (ethylenediaminetetraacetic 

acid) tubes from patients and normal individuals. DNA extraction was done by whole blood 

DNA extraction kit (Nucleospin, Microbial DNA, Germany) according to the manufacturer’s 

instructions, and stored at 20 °C. PCR: The PCR (Takara gradient thermal cycler dice. Japan) has 

been carried out INF- ARMS-PCR (Amplification refractory mutation system-Polymerase chain 

reaction) and IL-4 and IL-17 by PCR and RFLP (Restricted Fragment Length polymorphism). 

The individual primer sequence of all the genes under study along with annealing temperature 

and amplified product base pair size and digestive products size has been mentioned in table 1.  

Table1: Details about the gene, polymorphism, primer sequence, ARMS-PCR and RFLP with 

base pair size of amplification product and after RFLP 

 

Results  

Study population: 

A total of 155 healthy controls and 150 confirmed TB cases and were included in the study. The 

age, gender and other demographic parameters were mentioned in table 2, no significant 

difference has been found between the controls and cases. The mean age of the TB patients a 

mean of 47.03(min-18 max-85 years) and mean age of the controls is 39.4(min-19 max-78 years)  

Gene Primer Sequences 5’-3’ (ARMS 

PCR) 

Annealing 

temperature 

Amplic

on size 

Size after 

digestion 

Reference 

IFN 

(+874 A/T) 

Allele A -5’-TTC TTA CAA CAC 

AAA ATC AAA TCA-3’ 

Allele T – 5’-TTC TTA CAA CAC 

AAA ATC AAA TCT-3’ 

COMMON PRIMER-5’-TCA ACA 

AAG CTG ATA CTC CA-3, 

62C 

ARMS-PCR 

 

 

261 bp - 11 

IL-4 (-590 

C/T) 

IL-4 F 5’ACT AGG CCT CAC CTG 

ATA CG’3 

IL-4 R GTT GTA ATG CAG TCC 

TCC TG 

60C 

PCR 

RFLP 

254 bp CC: 210, 44 

CT:254, 210, 44 

TT:254 

Enzyme: FaqI 

11 

IL-17 (-152 

A/G) 

IL-17 F 5’CAG AAG ACC TAC 

ATC ATG TTA CT’3 

IL-17 R 5’ GTA GCG CTA TCG 

TCT CTC T’3 

60C 

PCR 

RFLP 

344 bp AA: 213, 131 

AG: 344,213,131 

GG:344  

Enzyme: PdmI 

11 
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Table:2 Patients details of demographic data along with factors favouring TB cases and healthy 

control details 

 

 

 

 

 

Genotyping of IFN (+874 T/A) 

The most frequent genotype found in cases and controls are TA and followed by AA and TT, 

there is no significant between cases and controls but we found TA associated with TB cases 

(OR-0.638,95%CI-0.376-1.081, P=0.108), whereas TT genotype has shown protective against 

the TB cases (OR-1.864,95%CI-0.883-3.934, p=0.14), the allele frequency between A and T 

between TB cases and controls was not significant (p=0.128). (Figure 1, Table 3) 

 

Figure 1: ASO-PCR for the detection of IFN-Gamma (+874T/ A). 

Lanes: AA-homozygous- lane 10-11,12-13,14-15. Allele AT- Heterozygous – Lane- 

1-2,3-4,5-6,8-9,16-17,21-22. Allele TT homozygous- Lane 23-24; Lane 7 and 20 100 bp ladder 

Genotyping of IL-17 (-152 G/A) 

The genotyping of IL-17 (-152 G/A), has found an interesting fact, through application of 

unconditional logistic regression individuals carrying AG and AA genotype were more likely 

associated with the increased risk of tuberculosis, when compared to the GG genotype 

Variables  TB 

Patients 

percent Control 

group 

Gender Female 99 57.2% 51 

Male 74 42.8% 81 

Alcohol Yes 22 88.0% 3 

No 128 45.7% 152 

smoking Smokers 16 80% 4 

Non- smokers 134 47.0% 151 

BCG 

Vaccine 

Vaccinated 112 44.3% 141 

Non-Vaccinated 38 73.1% 14 

Married 

status 

Yes 136 49.8 137 

No 14 43.8 18 
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(OR-1.968, 95% CI- 1.195-3,241, p=0.007). The allele G is more protective compared to the A 

allele (OR-1.275, 95% CI-1.057-1.548, p=0.022) (Figure 2, Table 3). 

 

Figure:2 PCR-RFLP IL-17 (-152G/A) genotyping. 

Lanes: GG Homozygous 1,2,3,4,6,8; Lanes: AG Heterozygous 5,11,12,13; Lane: AA 

Homozygous 7,10; Lane 9: 100-bp DNA ladder. 

Genotyping of IL-4 (-590 C/T) 

Among three variants of the IL-4 genotypes, the heterozygote genotype CT was statistical 

significantly higher in tuberculosis cases than controls (OR-4.475, 95%CI-2.626-7.626, 

p=0.00001), followed by TT were found in controls compared to the cases. The allele frequency, 

T allele is found higher in patients than in controls (OR-1.032, 95% CI-0.87-1.211, p=0.77), 

though not statistically significant. (Figure 3, table 3). 

 

Figure 3: PCR-RFLP of IL-4 (- 590C/T) genotyping. 

 Lanes: CC Homozygous 6,7,10,12; Lanes: CT Heterozygous 1,2,3,4,13,14,15,17,18; 

 Lanes: TT Homozygous 5,8,16; Lane 11: 100-bp DNA ladder 

Table :3 Patients details of demographic data along with confounding factors of TB patient and 

control group 
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       95% CI 

   Cases Controls p value Odds 

ratio 

Lower 

Limit 

Upper 

limit 

IFNγ 

(+874 

A/T) 

Allele A 135 110 0.128 1.086 0.757 1.557 

T 248 231    Reference 

Allele 

        

Geno type AT 98 76 0.108 0.638 0.376 1.081 

TT 15 34 0.14 1.864 0.883 3.934 

 AA 37 45    Reference 

Genotype 

         

IL-17 

(-152 

A/G) 

Allele A 69 44 0.022 1.275 1.057 1.548 

G 137 150    Reference 

Allele 

        

Geno type AA 13 5 0.023 3.563 1.22 10.392 

AG 56 39 0.007 1.968 1.195 3.241 

GG 81 111    Reference 

Genotype 

         

IL-4 

(-590 

C/T) 

Allele C 118 89 0.77 1.032 0.87 1.211 

T 147 119    Reference 

Allele 

        

Geno type CC 3 36 0.002 0.172 0.049 0.601 

CT 115 53 0.00001 4.475 2.626 7.626 

TT 32 66    Reference 

Genotype 

 

Combinations of IFN (+874 T/A) with IL-17 (-152 G/A) 

 In the present study we found that gene combination study IFN TT hi IL-17 AG low (OR-0.32, 

95% CI-0.13-0.74, p=0.006) found more in healthy controls, indicating protective nature of the 

above-mentioned gene combination, where as another statistical combination has been found 

between IFN TA Int IL-17 GG int (OR-2.37, 95%CI-1.30-4.29, p=0.003) found favouring the risk 

of developing tuberculosis. (Table 4) 

Table 4: Genotypes combination analysis of IFN and IL-17 

  IFN ϒ 

TO IL-17 CASES CONTROLS 

Chi 

Square 

Odds ratio P value 

estimated lower upper 

TT-AA 0 3 2.93 0 -1 -1 0.086 
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0.0% 100.0% 

TT-GG 7 8 0.03 0.89 0.31 2.54 0.841 

46.7% 53.3% 

TT-AG 8 23 7.54 0.32 0.13 0.74 0.006* 

25.8% 74.2% 

TA--AA 8 2 3.92 4.30 0.9 20.63 0.047 

80.0% 20.0% 

TA-GG 39 20 8.38 2.37 1.30 4.29 0.003* 

66.1% 33.9% 

TA-AG 51 54 0.02 0.96 0.60 1.54 0.877 

48.6% 51.4% 

AA-AA 5 0 5.25 -1 -1 -1 0.021 

100.0% 0.0% 

AA-GG 22 34 2.68 0.61 0.33 1.10 0.101 

39.3% 60.7% 

AA-AG 10 11 0.022 0.93 0.38 2.27 0.882 

47.6% 52.4% 

Total 150 155    

49.2% 50.8%    

 

Combinations of IFN (+874 T/A) with IL-4 (-590 C/T) 

The gene combination of statistically significant combinations, IFN TA Int IL-4 CT hi (OR-7.11, 

95%CI-4.03-12.56, p=0.00) has been found to be associated with increased risk of developing 

tuberculosis, whereas IFN TA Int IL-4 TT low (OR-0.47, 95% CI- 0.26-0.88, p=0.016) has been 

found to be not associated with the risk of developing tuberculosis, found more in healthy 

controls compared to that of TB cases. (Table;4) 

Table: 4 Genotypes combination analysis of IFN and IL-4 

 IFN ϒ TO 

IL-4 CASES CONTROLS 

Chi 

Square 

Odds ratio P value 

estimated lower upper 

TT-CT 13 15 0.09 0.88 0.40 1.93 0.759 

46.4% 53.6% 

TT-CC 0 6 5.92 0 -1 -1 0.014 

0.0% 100.0% 

TT-TT 2 13 8.11 0.14 0.03 0.66 0.004 

13.3% 86.7% 

TA-CT 77 20 51.9 7.11 4.03 12.56 0* 

79.4% 20.6% 
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TA-CC 27 38 1.93 0.67 0.38 1.17 0.164 

41.5% 58.5% 

TA-TT 19 36 5.75 0.47 0.26 0.88 0.016* 

34.5% 65.5% 

AA-CC 1 10 7.33 0.09 0.01 0.76 0.006 

9.1% 90.9% 

AA-TT 11 17 1.20 0.64 0.29 1.42 0.271 

39.3% 60.7% 

Total 150 155    

49.2% 50.8%    

Discussion 

Tuberculosis is one of the major health problems mostly related with the underdeveloped and 

developing countries, India is one of the most affected countries associated with pan drug and 

extreme drug resistance. Immune response to the TB is one of the key factors and it is indirectly 

related to the presence of several cytokines, which primarily activates the macrophages and to 

eliminate the infection. Genetic makeup of the individual implies in several aspects, and one of 

them is the amount of cytokine production during infections such as tuberculosis. Single 

nucleotide polymorphisms are the one of the key factors which determine the production of 

cytokines effecting the immune efforts to overcome the infection effectively.  Ethnic group all 

over the world have known to be associated with variants in cytokine genes and their subsequent 

association with the tuberculosis susceptibility. 12 

The activation of macrophages, recruitment of the inflammatory cells, production of 

antimicrobials such as oxygen free radicles and nitric oxide were known to be initiated through 

IFN, a prime cytokine, nevertheless mutation or occurring of SNP has been known to be 

associated with the increased severity of the tuberculosis disease, poor formation of granuloma 

and progressive infection.13 In the present study of tuberculosis cases we found high 

heterozygote frequency TA, studies found intermediate production of IFN and prone to develop 

infections. Our study was in concordance with the Mansouri et al 11 and a study conducted by 

Lucia et al.14 Gutlapalli echoed similar results finding the high occurrence of TA in cases 

associated with severity of tuberculosis.15 Contrary to our results, studies has found high 

existence of A allele and AA allele in several studies. These disparity in results in different 

studies may be due to the different in origin, sample size and other immunological factors such 

as presence of TNF alpha, which has a synergetic effect, acts along with the IFN. 16 

IL-17 is multifunctional cytokine, plays a important role in activating epithelial cells, fibroblasts 

cells to secrete several cytokines, promote inflammation.17 It is known to enhance to mucosal 

immunity in the lung against the tuberculosis infection.18 IL-17 (-152 A/G) is located at the 

binding site for the nuclear factor activated T cells, is the main regulator of IL-17 promoter 

region. 19 Our results found genotype AA and AG are associated with tuberculosis, similar to 

study conducted from China, where genotype AA are associated with the severity of 
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tuberculosis. 20 Contrary a study from Spain found GG genotype compared AA+AG genotype 

found more in tuberculosis cases. 21 Study from China didn’t find any correlation of IL-17 -152 

A/G has been found associated with tuberculosis. 22 The discrepancy in different studies is due to 

the different population studies ethnicity as well as other IL-17 group might play a role in 

susceptibility to tuberculosis. 

In the present study we analysed a SNP of IL-4 at in the IL-4 promoter region has been shown to 

be associated with enhanced IL-4 promoter strength. The IL-4 SNP may alter the production of 

IL-4. The IL-4 has been seen associated with the progression of the disease and high expression 

has been noticed in advanced stages of the disease. It was noted that C-T transition at 590 base 

pair has been associated with the increased promoter activity and increased binding of nuclear 

transcription factors to the promoter and increase in expression.23 We noticed frequency of 

heterozygous genotype CT was significantly high in pulmonary TB cases than controls, similar 

the studies conducted by Vidyarani et al 5, Mansouri et al 11 and Faaz et al 24 found CT 

heterozygous genotype in pulmonary TB cases. Contrary to our results a study conducted by 

Trajkov et al 25 observed that homozygous genotypes CC of IL-4 polymorphisms was clearly 

associated with TB infection with while heterozygous genotypes C/T of the same IL-4 

polymorphisms associated with the protective nature. Another study disagrees with our results, 

which found no significant association of IL-4 (-590 C/T) with pulmonary tuberculosis. 26 

The present study  

carried out the different gene combination studies of INF and IL-17 polymorphism and found 

IFN TT hi IL-17 AG low combination found more in controls indicating protective nature, but this 

combination may vary either towards healthy controls or cases based upon the ethnicity of 

different populations as well as the sample size. In multi gene loci study combination another 

important association has been found with the severity of disease is the gene combination of 

IFN TA Int IL-17 GG int, with possible intermediate production of both the cytokines, leading 

less granuloma formation favouring the multiplication of intracellular tubercule bacilli. 

Gene combination study focussing on main cytokine INF and its association with IL-4, which 

play a antagonistic role against INF. The gene combination IFN TA Int IL-4 CT hi, found more 

in tuberculosis cases clearly indicating the high level of IL-4 favours the survival of the bacteria 

through downregulating the Th1 response. 27The gene combination found statistically significant 

IFN TA Int IL-4 TT low combination in healthy controls favouring high production of IFN  and 

low production of IL-4, indicating of high presence of cell mediated immunity in healthy 

controls. 

Conclusion 

Mycobacterium tuberculosis is a chronic infection with high drug resistance has been found to be 

causing high morbidity and mortality. In summary we suggest that the TA of IFN, IL-17AA, 
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AG and IL-4 CT has been found to be associated with tuberculosis. Gene loci combinations has 

thrown a light on the combination of different genes promoting the disease progression. Further 

studies are warranted SNP studies with larger sample size, in different population, as well as 

multi-loci gene interaction studies to evaluate and identify persons prone to develop tuberculosis. 
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