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ABSTRACT

Objectives: Tuberculosis (TB) is an infectious disease that usually affects the lungs caused by Mycobacterium tuberculosis, TB is the second biggest killer, 
globally. The aim of this study was to examine the association between IL-17A rs2275913 SNP and pulmonary TB susceptibility in Iraqi population.

Methods: From January 2017 to April 2017, 80 pulmonary TB patients were selected as the case group, another 40 healthy control were enrolled as 
the control group. The genotype frequencies of IL-17A rs2275913 was detected using amplification refractory mutation system.

Results: The results of IL-17A serum level demonstrated that there were significant differences (p<0.05) between patients groups. The result showed 
that A allele have a higher frequency (55% vs. 50%) in TB patients than the control sample with OR value of 1.22 and EF value 0.1 and G have lower 
frequency (45% vs. 50%) in TB patients than control sample with OR value of 0.82 with PF value of 0.09, but this difference was not statistically 
significant (p>0.05).

Conclusion: There were no significant associations between IL-17A rs2275913 polymorphism and risk of TB in Iraqi population.
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INTRODUCTION

Tuberculosis (TB) is an infectious disease in which the immune system 
plays an important role [1]. TB is a deadly infectious disease in the 
world, although the incidence of TB has declined in recent years, it is 
out of control in some parts of the world [2].

Moreover, this is a big problem around the world [3]. In addition, 
it is still responsible for a wide range of deaths worldwide [4]. Even 
though DOTS procedure can decrease cost, accomplish powerful 
cure, and save life of TB patients, still patients need to spend for 
other investigations and other drugs [5]. The cytokines represent an 
important part of the immune system that helps to differentiate TB 
infection from the non-infected state [6]. There is a major role for 
cytokines in the development or progression of TB, so be responsible 
for the functions of the SNPs in the impact of TB [7]. Cytokines play 
an important role in the immune response to TB [8]. Implications of 
genetic polymorphisms single-nucleotide polymorphisms (SNPs) 
located on promoter regions or coding regions of cytokine genes as 
host factors influencing susceptibility to TB have been investigated, 
and cytokine production levels may change in TB patients due to some 
mutations in these genes that affect the locations of transcription factor 
regions and then affect the activation of the transcription [9]. Until 
now, many gene polymorphisms have been suggested as being related 
with susceptibility to TB [10]. IL-17A is linked to the development of 
autoimmunity, inflammation, and tumors, which plays a defensive role 
against bacterial and fungal infections in host defenses [11,12]. IL-17A 
is a chief driver of multiple inflammatory and immune disorders [13]. 
Overabundance production during chronic inflammation has been 
related with many inflammatory and autoimmune disorders [11,14]. 
Genetic variations in and IL-17A have been generally connected to 
various diseases. Associations between susceptibility and resistance 
to different infections and SNPs in IL17A have been found [14]. The 
gene polymorphisms of IL-17A is associated with the susceptibility 

to various inflammatory diseases [15]. For these reasons, IL-17A 
is the most sensitive to TB disease [16]. And have an important role 
in host defence against MTB [17]. Some SNPs are considered to have 
normal gene variations that do not cause any disease but may affect the 
function of gene products [7].

MATERIALS AND METHODS

Method
A total of 80  patients with active TB were diagnosed at National 
Reference Laboratory of TB, Baghdad, from January 2017 to April 2017 
for diagnosis and treatment. Patients were divided into three groups, 
multidrug resistant (MDR), recently diagnosed (RD), and old cases 
(OC) as well as forty apparently healthy people were selected as the 
control group. All patients and control group ages ranged between 12 
and 76 years old.

Blood sample
Five milliliters of venous blood samples were collected from both 
patients and healthy human, and it was divided into two tubes (2 ml) 
and (3  ml). The first whole-blood sample was dispense in tube 
containing ethylenediaminetetracetic acid into an EDTA-tube, this 
blood was mixed gently and then stored placed in the freezer at −20°C 
until further processing for DNA extraction. The second tube was serum 
isolated by centrifuge at (3000 rpm) for 10 min.

IL-17A ELISA
Levels of IL-17A from TB patients and healthy controls were measured 
using a commercial ELISA kit (Human IL-17A, Biosource, USA).

DNA extraction, SNP primers design, and genotyping
Genomic DNA was extracted from whole-blood samples using Genomic 
DNA Extraction Kit (Promega, USA) according to the manufacturer’s 
instructions. DNA purity and final concentrations were determined using 
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Nanodrop Software (Bioneer/korea) in at (260/280 nm). Amplification 
refractory mutation system-polymerase chain reaction was used for 
the rs2275913 SNP genotyping. Primer sequences were designed 
using allele-specific primers of SNPs online tool from NCBI-GenBank 
database and BatchPrimer design online. The sequences of the primers 
used are: Allele G-specific forward 5´-GAGGTCATAGAAGAATCTCAC -3´, 
Allele A-specific forward 5´-GAGGTCATAGAAGAATCTCTT-3´, and 
Common Reverse 5´-TGAGTAGTTTCCGGAATTGT-3´. The primers used 
in this study were obtained from Macrogen, Korea. The conditions 
included initial denaturation (95°C for 4  min) following a 25  time 
cycles of denaturation at 95°C for 30 s, annealing at 53°C for 30 s, and 
extension at 72°C for 30 s each cycle and the final extension at 72°C for 
7 min. rs2275913 genotypes were assessed from the presence/absence 
of PCR amplicon (320bp), corresponding to the specific allele (A/G) on 
2% agarose gel.

Statistical analysis
All statistical analysis was performed using the Statistical Package for 
the Social Sciences (SPSS) program version 17 for Windows (SPSS INC., 
Chicago IL, USA). Results were expressed as mean±standard deviation 
(SD). Comparisons between two groups were performed using t-test for 
categorical data. p<0.05 were considered to indicate statistical significance.

RESULTS

IL‑17A serum level
The results of IL-17A serum level demonstrated that there were 
significantly decreased (p<0.001) in MDR group than control, while 
RD and OC groups demonstrated insignificantly variation than control. 
Among patients group, there were significant differences (p<0.05) in 
the levels of IL-17A between MDR and RD, MDR and OC, and RD with 
OC as shown in Fig. 1.

DNA isolation
The purity of extracted DNA ranged between 0.96 and 1.98 with 
concentration means±SD was 95.6±45.9 ng.

Genotypic and allelic frequencies of the IL-17A rs2275913 SNP in 
TB and control populations
The genotyping of IL-17A rs2275913 gene polymorphism was 
determined in both TB patients and controls using two sets of allele-
specific primers. The PCR product size was 320  bp. The positive 
amplification of both PCR reactions exhibited a GG genotype, while 
positive amplification in only the first PCR reaction exhibited a GA 
genotype and finally, the positive amplification in the second reaction 
only showed an AA genotype of IL-17A rs2275913 gene polymorphism 
as shown in Figs. 2 and 3.

Testing for Hardy–Weinberg (H–W) equilibrium revealed that MDR, RD, 
OC patients and control groups showed a significant (p≤0.001) variation 
in the distribution of IL-17A genotypes at a position rs2275913. Such 
differences were observed due to differences between the observed 
and expected frequency of GG, GA, and AA genotypes; the homozygote 
GG genotype was observed with 0% frequency, while the expected 
frequency was 20.25% in all patient groups. In the control group, the 
observed frequency was 2.5%, while the expected frequency was 25%. 
The heterozygote GA observed with 90% frequency, while the expected 
frequency was 49.5% in all the patient groups. In the control group, the 
observed frequency was 95%, while the expected frequency was 50%. 
The AA homozygote genotype was observed with 10% frequency, while 
the expected frequency was 30.25% in all patient groups and in control 
group, the observed frequency was 2.5%, while the expected frequency 
was 25% (Table 1). None of the genotypes (GG, GA, and AA) frequency or 
alleles of IL-17A at a position rs2275913 showed significant differences 
between TB patient groups than control group (Table 2).

IL-17A serum levels from TB and control carrying the rs2275913 
SNP variants
The impact of interleukins genotypes on the production of investigated 
interleukins in TB patients and control groups were determined and 

distributed according to their serum level in the three genotypes for 
further understanding of interleukins gene polymorphisms role in 
TB infection. There were no significant differences in serum levels of 
IL-17A between TB patients and controls with different genotypes 
(Table 3).

DISCUSSION

The present study showed a significant difference in serum level of 
IL-17A in TB patients. Such finding is in agreement with Ocejo-Vinyals 
et al. [18] in which similar results were obtained that showed a significant 
difference in serum level of IL-17A in TB patients. Another studies have 
shown that the serum level of IL-17A does not differ between cases and 
controls [19]. Serum of IL-17A level may be adjunctive biomarkers for 
differential diagnosis of active TB [20]. The lower serum IL-17A level of 

Fig. 1: Serum level of IL-17A in tuberculosis patients and controls. 

Fig. 2: Amplification refractory mutation system-polymerase 
chain reaction of IL-17A rs2275913 gene polymorphism. Sample 
No. 64, 65, 66, 68, 69, 70, and 71 show GA genotype while Sample 

No.67 and 72 show AA genotype. L: Ladder DNA

Fig. 3: Amplification refractory mutation system-polymerase 
chain reaction of IL-17A rs2275913 gene polymorphism. Sample 
No. 108, 109, 110, 111, 112, 114, 115, and 116 show GA genotype 

while Sample No.113 shows GG genotype. L: Ladder DNA
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MDR may reflect a weaker Th1 immune response against mycobacterial 
infections [21] which is important in stimulating an optimal immune 
response to Th1. This decrease in MDR-TB is due to non-compliance 
of the patients with commitment to treatment. Furthermore, the rapid 
non-detection of MDR-TB, which is necessary to begin developing an 
appropriate treatment manner to control MDR-TB [22]. Perhaps, due 
to the long path of processing with the second-line anti-inflammatory 
drugs (ATDs) have higher side effects and cost, Shaji et al. and Butov 
et  al. [23, 24] assume that Th1-lymphocyte activity decrease in this 
group of patients. In the present study, decrease level of IL-17A in 
MDR may be due to stopping the treat before the end of the prescribed 
period or leaving some doses and irregularity in the treatment allows 
the bacteria to become resistant to antibiotics, making the disease 
more serious and difficult to treat, affecting the function of the immune 
system, and thus reduce the level of IL-17A in MDR-TB patient. In 
addition, MDR-TB patients infected with resistant strains to TB drugs 
that may be block the action of IL-17A. Basile et al. [25] reported that 
IL-17A has an important and essential role in MDR-TB patients and the 
genetic background of the infecting Mycobacterium tuberculosis strain 
on the Th17 response. Hence, we can use IL-17A as a marker for early 
detection of MDR-TB patients.

TB and control population in the present study did not agree with the 
H–W equilibrium and have ethnic differences. In other studies, there 
were showed H–W equilibrium in PTB and control population for 
rs2275913 SNP in Polish and Argentina population [26, 27]. Du et al. 
and Shi et al. [28, 29] showed that the IL-17A rs2275913 was found to 
be in line with H–W equilibrium in controls in a Chinese population. 
The result showed that A allele have a higher frequency (55% vs. 50%) 
in TB patients than control sample with odd ratio (OR) value of 1.22 and 
EF value 0.1 and G have a lower frequency (45% vs. 50%) in TB patients 
than control sample with OR value of 0.82 with PF value of 0.09. These 
results are in agreement with those obtained by Du et  al. and Shi et 
al. [28,29] in Chinese population which shows that the percentage 
of A allele was higher among TB patients compared to control, while 
the G allele showed a higher percentage of control. These results do 
not agree with a study by Ocejo-Vinyals et al. and Wang et al. [18, 30] 
who demonstrated that frequency A allele associated with the risk of 
TB in Chinese and northern Spain population, respectively. A  study 
by Shi and Zhang [29] showed that AA genotype is associated with an 
increased susceptibility to TB risk. Bulat-Kardum et al. [17] showed 
that the frequency of allele A (32.19%) is higher than the frequency 
of allele G (67.81%) in Chinese population. Mansouri et al. [31] found 

Table 1: Observed and expected number with the percentage frequencies and Hardy–Weinberg (H–W) equilibrium of IL‑17A rs2275913 
genotypes and alleles in TB patients and control groups

Studied groups IL‑17A rs2275913 genotypes or allele H‑W P≤

GG GA AA G A
TB patient groups (N: 80)

MDR (N: 40) n (%)
Observed 0 (0) 36 (90) 4 (10) 36 (45) 44 (55) 0.001
Expected 8.1 (20.25) 19.8 (49.5) 12.1 (30.25) Not estimated

RD (N: 20) n (%)
Observed 0 (0) 18 (90) 2 (10) 18 (45) 22 (55) 0.001
Expected 4.05 (20.25) 9.9 (49.5) 6.05 (30.25) Not estimated

OC (N: 20) n (%)
Observed 0 (0) 18 (90) 2 (10) 18 (45) 22 (55) 0.001
Expected 4.05 (20.25) 9.9 (49.5) 6.05 (30.25) Not estimated

Control Group (N: 40) 
n (%)

Expected 1 (2.5) 38 (95) 1 (2.5) 40 (50) 40 (50) 0.001
Observed 10 (25) 20 (50) 10 (25) Not estimated

MDR: Multidrug resistant, RD: Recently diagnosed, OC: Old cases

Table 2: Statistical evaluations of association between IL‑17A rs2275913 genotypes or allele in TB patients and control groups

IL‑17A rs2275913 
genotypes or allele

Patients (N: 80) 
n (%)

Controls (N: 40) 
n (%)

OR Etiological or Preventive 
Fraction

Fisher’s Exact 
Probability

95% CI

Genotypes MDR (N: 40)
GG 0 (0) 1 (2.5) ‑ ‑ ‑ ‑
GA 36 (90) 38 (95) 0.47 0.5 0.675 0.08–2.69
AA 4 (10) 1 (2.5) 4.33 0.07 0.359 0.01–7.90

Alleles
G 36 (45) 40 (50) 0.82 0.09 0.635 0.44–1.52
A 44 (55) 40 (50) 1.22 0.1 0.635 0.66–2.27

Genotypes RD (N: 20)
GG 0 (0) 1 (2.5) ‑ ‑ ‑ ‑
GA 18 (90) 38 (95) 0.47 0.5 0.595 0.06–3.50
AA 2 (10) 1 (2.5) 4.33 0.07 0.225 0.38–48.86

Alleles
G 18 (45) 40 (50) 0.82 0.09 0.699 0.39–1.74
A 22 (55) 40 (50) 1.22 0.1 0.699 0.58–2.60

Genotypes OC (N: 20)
GG 0 (0) 1 (2.5) ‑ ‑ ‑ ‑
GA 18 (90) 38 (95) 0.47 0.5 0.595 0.06–3.50
AA 2 (10) 1 (2.5) 4.33 0.07 0.225 0.38–48.86

Alleles
G 18 (45) 40 (50) 0.82 0.09 0.699 0.39–1.74
A 22 (55) 40 (50) 1.22 0.1 0.699 0.58–2.60

MDR: Multidrug resistant, RD: Recently diagnosed, OC: Old cases, OR: Odd ratio, CI: Confidence intervals
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that the IL-17 AG genotype and AA genotype in SNP rs2275913 were 
increased the risk of TB. These results are different with reports from 
some other populations. In Chinese, there was significant difference in 
the distribution of the genotype frequencies for the IL-17A rs2275913 
gene polymorphisms between the patients and controls [29]. In 
the community of northern Spain found significant differences in 
the distribution of alleles of the SNP rs2275913 between patients 
and control [18]. In addition, in southern Brazilian population, the 
A allele and GA genotype were associated with increased risk for TB 
development [32]. In Argentina population, Rolandelli et al. [27] found 
positively associated between AA genotypes from the IL-17 rs2275913 
SNP and protection to active TB and finally, in North Indians, it was 
found that the frequency of genotype GA 86 (52.1%) for SNP rs2275913 
is higher than the frequency of both genotype GG 17 (10.3%) and AA 
43 (41.1%) [19]. According to the results of this study, the frequency of 
A and G alleles of IL-17 rs2275913 gene polymorphisms in Iraqi normal 
population were 50% for both alleles. A and G allele frequency in the 
healthy northern Spain population was about 37.22% and 62.78%, 
respectively [18], which differ from that Chinese population in the 
percentage of allele G and A were 5.9% and 46.1%, respectively [30].

The discrepancies in these results may be caused by differences in 
ethnicities, size of community sample, and study design, and also the 
control samples include individuals with latent TB status because the 
test of tuberculin was not done for each control sample. Some of the 
main characteristics, including drinking alcohol and smoking, were not 
available in this study, which caused a bias in the selection of the sample. 
The stage of infection cannot be determined directly from TB, which is 
more affected by IL-17, which supports the study by Zhang et al. [33]. 
Du et al. [28] showed that the selection of patients and control samples 
from one place, which may affect in limitation of the representation of 
other population. The small sample size has limited the statistical power 
of identifying the difference between groups [28,29]. Du et al.  [28] 
showed the development of TB could be influenced by other genetic 
factors. As well as the weak effect of genetic polymorphism, other genes 
work together in an immunity pathway with some environmental 
factors and thus affect the development of TB [30,31].

Few have studied the serum cytokine levels and its implications in the 
context of genotypes of TB patients [18, 27]. Such data on Iraqi population 
are lacking. Therefore, the present study was undertaken to determine the 
impact of cytokine genotypes on the production of investigated cytokines, 
PTB patients and controls were distributed according to their serum 
level in the three genotypes. Our finding suggests a lack of association 
of IL-17A rs2257913 polymorphisms in PTB patients or controls. The 
results agree with Ocejo-Vinyals et al. [18] who showed that no significant 
differences in IL-17A levels were found in PTB patients with different 
rs2275913 genotype in serum samples in northern Spain population. 
However, other data suggested that have associated between the AA 
genotype from the IL-17A rs2275913 SNP and serum level in Argentina 
population [27]. The lack of correlation between IL-17A production and 
IL-17A rs2275913 genotype might be due to the role of other adjacent 
functional IL-17A SNPs which could affect the expression of IL-17. Thus, 
IL-17A rs2275913 SNP would act as a surrogate marker for TB disease 

risk [18]. In conclusion, we suggest that the genotypes of rs2275913 
polymorphisms were not associated with an increased risk of TB.
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