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Susceptibility to tuberculosis and progression of the disease depend on interactions between the bacterial agent, host
immune system, and environmental and genetic factors. In this case-controlled study, we aimed to determine the role of
single-nucleotide polymorphisms of interferon-gamma, interleukin-4 and interleukin-17 in susceptibility to tuberculosis.
Genomic DNA was extracted from peripheral blood samples of patients and controls. The association of single-nucleo-
tide polymorphisms in interleukin-4 (�590C/T), interleukin-17 (�152A/G) and interferon-gamma (+874T/A) was inves-
tigated by polymerase chain reaction (PCR)-restriction fragment length polymorphism and amplification refractory
mutation system-PCR. A total of 76 tuberculosis patients and 119 healthy individuals were included in this study. The
interferon-gamma (+874T/A) TA genotype was significantly associated with susceptibility to tuberculosis in patients
compared to controls (OR = 1.76; 95%CI = 0.84–3.71; p = 0.007), while the interferon-gamma (+874T/A) TT genotype
(OR = 0.51; 95%CI = 0.19–1.36; p = 0.007) had protective effects against tuberculosis and was related to a low risk of
tuberculosis development. The difference between allelic and genotypic frequencies of interleukin-4 (�590C/T) between
patients and controls was not significant (p = 0.46). Multivariate logistic regression analysis revealed that the inter-
leukin-17 (�152A/G) AG genotype (OR = 2.27; 95%CI = 1.19–4.34; p = 0.03) and AA genotype (OR = 1.03; 95%
CI = 0.43–2.44; p = 0.03) were significantly different between patients and controls. In conclusion, single-nucleotide
mutations in different cytokine genes may have protective effects or increase the risk of tuberculosis.
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Tuberculosis (TB), known as a communicable and
historical disease, is transmitted by airborne parti-
cles containing Mycobacterium tuberculosis (1).
Despite the great progress in controlling and pre-
venting infectious diseases, TB remains one of the
most important causes of mortality among humans,
and it leads to 1.5 million deaths annually (2). The
majority of infections are acquired from aerosol
particles via the respiratory tract (3). Pulmonary
tuberculosis, a granulomatous disease of the lungs,
is the most common type of disease, but only 5%
of infected people develop the severe form of the

disease with clinical manifestations (4). This phe-
nomenon suggests that the rate of susceptibility to
TB is different among people and that the disease
progression depends on interactions between the
bacterial agent, environmental and host genetic fac-
tors (5).

The immune response against TB is controlled by
complex interplays among lymphocytes, antigen-
presenting cells and released cytokines. Different
mutations in these genes can alter the recognition
site of the transcription factor and can affect tran-
scription activity, which eventually may lead to
variations in cytokine production levels (6). Sev-
eral studies revealed that polymorphisms in the
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promotor or other coding regions of cytokine genes
have vital roles in susceptibility to TB (7–11). Grow-
ing evidence suggests that characterization of the
patient’s genetic determinants may play an essential
role in identifying individuals at risk. Genetic poly-
morphisms in vitamin D genes receptors, toll-like
receptors, interferon-gamma (IFN-c) and inhibitors
of tumor necrosis factor-a (TNF-a) have been iden-
tified as risk factors for TB (12, 13). Cellular immu-
nity is the dominant immune response against
M. tuberculosis, and both alveolar macrophages and
T cells have pivotal roles in eradication of infection.
The cellular immune response directly depends on
releasing different cytokines and the equilibrium
between Th1 and Th2 responses. The predominance
of Th1 responses generally has protective effects in
patients, whereas Th2 responses increase the proba-
bility of disease development with severe clinical
findings. Release of IFN-c from Th1 cells and natu-
ral killer cells (NK cells) play a fundamental role in
macrophage activation and inhibition of M. tuber-
culosis infection (6, 12, 14).

It has been shown that in active TB the amount
of IFN-c produced by peripheral blood mononu-
clear cells is lower than during latent infection.
Individuals with defective IFN-c genes or receptors
are at risk of mycobacterial infections (15, 16). Sin-
gle-nucleotide polymorphisms (SNPs) in IFN-c
(+874T/A) are associated with a high capacity for
releasing IFN-c. In contrast, high levels of inter-
leukin-4 (IL-4) production via a Th2 immune
response suppress the differentiation of Th1
responses, ultimately leading to failure in intracellu-
lar killing of bacteria and progression of disease (6,
12, 14). Interleukin-4 is an anti-inflammatory cyto-
kine, decreases the production of IFN-c and
induces activation of Th2 responses; these interac-
tions result in adverse effects on TB patients. Sev-
eral studies have shown that SNPs in IL-4 (�590C/
T) increase the expression of IL-4 (7, 11, 17–20).
Moreover, interleukin-17 (IL-17) plays an impor-
tant role against intracellular bacterial pathogens,
and high levels of IL-17 expression are accompa-
nied by the active form of TB (6). Since assessment
of genetic factors, such as different SNPs and the
state of immune system responses, influence suscep-
tibility to TB, this study aimed to determine the
association of SNPs in IFN-c (+874T/A) rs2430561,
IL-4 (-90C/T) rs2243250 and IL-17 (-152A/G)
rs2275913 with susceptibility or resistance to TB.

MATERIALS AND METHODS

Patients and blood samples

We designed a case-controlled study to analyze genetic
polymorphisms in the adult Iranian population from June

to December 2015 at different healthcare settings in West
Azerbaijan, Iran. The study groups included 76 TB
patients and 119 normal adult individuals from the same
cities. A written consent was taken from all participants.
Inclusion criteria for TB cases included clinical signs with
typical chest radiological findings and conventional bacte-
riological methods, such as a positive sputum culture,
acid-fast staining and approval by a physician. All sub-
jects were HIV-negative, and no one reported a history of
diabetes mellitus, cancer, heart diseases, renal failure or
any infectious diseases. The healthy individuals were older
than 18 years with no history of TB disease or other infec-
tious diseases, but they had a history of BCG vaccination
in childhood. The ratio of gender and sex was matched
between the case and control groups. This study was
approved by the Ethics Committee of Urmia University of
Medical Sciences (No. IR.umsu.rec.1393.295).

DNA extraction

Peripheral blood samples (1–2 mL) were collected in K3-
ethylenediaminetetraacetic acid tubes from patients and
normal individuals. Total genomic DNA extraction was
performed using a whole blood DNA extraction kit
(Yekta Tajhiz Azma Co., Tehran, Iran), according to the
manufacturer’s instructions, and stored at �20 °C.

Genotyping of IFN-c (+874T/A)

IFN-c (+874T/A) genotyping was performed using ampli-
fication refractory mutation system-polymerase chain reac-
tion (ARMS-PCR) with slight modifications (8). The PCR
reaction solution contained 59 PCR buffer, 1.6 mM of
Mg2+, 0.2 mM of dNTPs, 0.6 U/ll of Taq DNA poly-
merase (Yekta Tajhiz Azma Co., Tehran, Iran), 0.5 lM of
forward and reverse primers (Bioneer, Daejeon, Korea)
and 100 ng of template DNA. For genotyping, allele A,
including primer A and common primer P, and genotyp-
ing allele T, including primer T and common primer P,
were used in 25 lL of PCR reaction. PCR conditions
included an initial denaturation at 95 °C for 1 min, and
10 cycles each consisting of 15 s at 94 °C, 50 s at 62 °C
and 40 s at 72 °C. The second denaturation cycle was 30
cycles each consisting of 20 s at 95 °C, 50 s at 57 °C and
50 s at 72 °C (Bioer Co. LTD, XP cycler, Hangzhou,
China). PCR products were evaluated by electrophoresis
on 2% agarose gel, and a product size of 261-bp was
detected. Primer sequences, references for each primer,
expected PCR product size, and number and size of PCR-
restriction fragment length polymorphism (RFLP) bands
are shown in Table 1.

Genotyping of IL-4 (�590C/T)

PCR-RFLP was carried out for IL-4 (�590C/T). PCR
reaction components and concentrations were the same
used for genotyping IFN-c in a final volume of 25 lL of
specific primers (IL4-F, IL4-R) (Bioneer, Daejeon, Korea).
Amplification was performed in a thermal cycler (Bioer
Co. LTD, XP cycler, Hangzhou, China) for 5 min at
94 °C for the initial denaturation step, 45 s at 94 °C, 60 s
at 58 °C for 38 cycles, 50 s at 72 °C and 10 min at 72 °C
as final extension. The variation in IL-4 (�590C/T) creates
a new restriction site for the enzyme FaqI. In brief, the
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PCR amplicons were digested with FaqI (Thermo Fisher
Scientific, Waltham, MA, USA) restriction enzymes, incu-
bated 20 h at 37 °C and examined by electrophoresis on a
4% agarose gel containing safe stain. IL-4 amplification
was confirmed by the presence of a 254-bp band after elec-
trophoresis. Occurrence of SNPs in IL-4 (�590C/T) makes
a restriction site for the FaqI restriction enzyme (Thermo
Fisher Scientific). In heterozygote (C/T), three fragments
(254, 210 and 44 bp) were visualized; in homozygote (C/
C), two fragments (210 and 44 bp) were visualized; and in
homozygote (T/T), an undigested product of 254 bp was
visualized (21).

Genotyping of IL-17(�152G/A)

PCR-RFLP was applied to determine the SNP in IL-17
(�152G/A), as previously described with minor changes
(9). The thermal cycler program and PCR buffer compo-
nents and concentrations were the same as the IL-4 ampli-
fication reaction. A product size of 344 bp was amplified,
and the resulting amplicons were digested for 20 h at
37 °C with the PdmI enzyme (Thermo Fisher Scientific).
Then, the reaction was terminated by inactivation at
65 °C. The DNA fragments were observed on 2% agarose
gel. The variation in IL-17 (�152G/A) makes a restriction
site for the enzyme PdmI. In heterozygote (A/G), three
fragments (344, 213 and 131 bp) were visualized; in
homozygote (A/A), two fragments (213 and 131 bp) were
visualized; and in homozygote (G/G), an undigested pro-
duct of 344 bp was visualized. In each set of PCR reac-
tions, a negative control (no template DNA) and a
positive control (human growth hormone) that identified a
426-bp fragment were used (22). Finally, any mutations in
the PCR products of IL-4, IL-17 and IFN-c were con-
firmed by direct sequencing (Bioneer, Daejeon, Korea).

Statistical analysis

All data were presented as the mean � standard deviation
(SD) for quantitative variables or percentages for categori-
cal variables. The genotypic and allelic frequencies were
compared using a chi-square test (or Fisher’s exact test)
between case and control groups. The odds ratio (OR)

and 95% confidence interval (CI) for allele and genotype
forms were calculated by univariate and multinomial logis-
tic regression, respectively. Statistical analysis was per-
formed using SPSS software (SPSS17 Inc., Chicago, IL,
USA), and a p-value <0.05 was considered significant.

RESULTS

Study population

Seventy-six TB patients and 119 healthy controls
were included in this study. Of the 76 patients, 54
(71.1%) had pulmonary TB and the remaining 22
(28.9%) had extra-pulmonary TB. All the cases and
controls were from different cities of West Azerbai-
jan province in Iran; we did not find any relation-
ship with geographic distribution in the patients
and controls. The mean age of TB patients was
45.24 � 18.80 years, and the mean age of the con-
trol group was 41.61 � 17.19 years. Other demo-
graphic and related risk factors between the two
groups are shown in Table 2.

ARMS-PCR for IFN-c (+874T/A)

The findings of ARMS-PCR revealed a 261-bp
DNA fragment based on specific primers for A and
T alleles (Fig. 1). TA was the most frequent geno-
type in both case and control groups. The next two
most frequent genotypes in TB patients were AA
and TT, respectively, while in the control group,
the TT genotype had a higher frequency than AA.
The distribution of different genotypes in TB
patients and the control group was significant
(p = 0.007). We found that the TA genotype
increased the risk of TB (OR = 1.76, 95%
CI = 0.84–3.71), whereas the TT genotype showed
protective effects against TB (OR = 0.51, 95%
CI = 0.19–1.36). Despite the enhancement effect of

Table 1. Primer sequence and restriction enzymes for the analysis of IFN-c (+874T/A), IL-4 (�590C/T) and IL-17
(�152G/A) polymorphisms

Primer Sequences (50 to 30) Gene Amplicon
size (bp)

Size after
digestion
(bp)

Reference

PeriA TTC TTA CAA CAC AAA ATC AAA TCA IFN-c
ARMS-PCR

261 – (8)
PeriT TTC TTA CAA CAC AAA ATC AAA TCT
ComP TCA ACA AAG CTG ATA CTC CA
IL4-F ACT AGG CCT CAC CTG ATA CG IL-4 254 CC: 210, 44

CT:254, 210, 44
TT:254
Enzyme: FaqI

(21)
IL4-R GTT GTA ATG CAG TCC TCC TG

IL17-F CAG AAG ACC TAC ATC ATG TTA CT IL-17 344 AA: 213, 131
AG: 344,213,131
GG:344
Enzyme: PdmI

(9)
IL17-R GTA GCG CTA TCG TCT CTC T

GhF GCC TTC CAA CCA TTC CCT TA GH 426 – (22)
GhR TCA CGG ATT TCT GTT GTG TTT C
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allele A in TB development, the frequency of alleles
in TB patients and the control group was not sig-
nificantly different (p = 0.23) (Table 3).

Genotyping of IL-4 (�590C/T)

Amplification of the desired region of IL-4 gen-
erates a 254-bp PCR product, and PCR-RFLP
was used for genotyping IL-4 (Fig. 2). The dis-
tribution of different genotypes of IL-4 in TB
cases and control groups showed the same pat-
tern; in the other words, the frequency of
heterozygote genotype CT was the highest, fol-
lowed by the CC and TT genotypes. Analyses
of the frequencies and odds ratios of alleles of
IL-4 (�590C/T) showed that allele T, in com-
parison to allele C, reduces the risk of TB
(OR = 0.71, 95%CI = 0.43–1.18), but the differ-
ence was not significant (p = 0.19). Despite the
same pattern of different genotype distributions
in both TB patients and control groups, we
found that CT and CC genotypes were related
to a risk of TB (OR = 1.94, 95%CI = 0.37–10.08
and OR = 2.56, 95%CI = 0.51–12.86, respec-
tively) (Table 3).

Table 2. Demographic data of TB patients and the control group

Variables TB patients Control group p-value

No. Percent No. Percent

Gender Female 47 61.8 77 64.7 0.68
Male 29 38.2 42 35.3

Marital status Married 61 80.3 97 81.5 0.83
Single 15 19.7 22 18.5

Type of TB Pulmonary 54 71.1 – – –
Extra-pulmonary 22 28.9 – –

TB history Yes – – – – –
No 76 100 119 100

Familial TB Yes 9 11.8 – – –
No 67 88.2 119 100

Smoking Yes 8 10.5 19 16 0.28
No 68 89.9 100 84

Fig. 1. ARMS-PCR for the detection of IFN-c (+874T/
A). Lanes 1, 3 and 5: Allele T of IFN-c (+874T/A). Lanes
2, 4, 6 and 8: Allele A of IFN-c (+874T/A). Lane 7: Nega-
tive for Allele T. Lane 9: 100-bp DNA ladder.

Table 3. Frequencies of alleles, genotypes and odds ratios regarding different SNPs

Type of SNP Alleles or
genotypes

TB patients Control p-value trend OR1 95% CI

No. Percent No. Percent Lower Upper

IFNc+874T/A Allele T 71 46.7 126 52.9 0.23 Reference allele
A 81 53.3 112 47.1 1.3 0.83 2.06

Genotype TA 53 69.7 58 48.7 0.007 1.76 0.84 3.71
TT 9 11.8 34 28.6 0.51 0.19 1.36
AA 14 18.4 27 22.7 Reference genotype

IL-4-590C/T Allele C 123 80.9 179 75.2 0.19 Reference allele
T 29 19.1 59 24.8 0.71 0.43 1.18

Genotype CT 25 32.9 45 37.8 0.39 1.94 0.37 10.08
CC 49 64.5 67 56.3 2.56 0.51 12.86
TT 2 2.6 7 5.9 Reference genotype

IL-17-152 G/A Allele A 52 34.2 69 29 0.28 Reference allele
G 100 65.8 169 71 0.78 0.51 1.21

Genotype AG 32 42.1 29 24.4 0.03 2.27 1.19 4.34
AA 10 13.2 20 16.8 1.03 0.43 2.44
GG 34 44.7 70 58.8 Reference genotype

1Univariate logistic regression analyses.
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Genotyping of IL-17 (�152G/A)

PCR amplification generates a 344 and 426 bp for IL-
17 and human growth factor (as a positive control),
respectively (Fig. 3). Comparison of the frequencies
and odds ratios of alleles and genotypes of IL-17
(�152G/A) revealed that allele G had protective
effects against TB in contrast to allele A (OR =0.78,
95%CI = 0.51–1.21). Additionally, we noticed that
the AG and AA genotypes, compared to the GG
genotype, accelerate the risk of TB development
(OR = 2.27, 95%CI = 1.19–4.34 and OR = 1.03,
95%CI = 0.43–2.44, respectively) (Table 3).

DISCUSSION

Tuberculosis has a high prevalence in low-income
countries and a widespread distribution. Moreover,

during the last decade, an increasing rate of human
TB infections was reported in European countries
(16). Advances in knowledge of the variations in
the human genome have led to identification of
polymorphisms that enhance the risk of TB and
related disorders. In the case of TB infection, vari-
ous cytokine genes have been considered to increase
susceptibility to TB (23–25).

IFN-c, a critical cytokine in the immune
response to TB, plays a vital role in the develop-
ment of Th1 cell and macrophage activation (26).
The transcriptional regulation of the promoter
region of the IFN-c gene is under the control of
factors such as nuclear factor NF-jb, which binds
to the 50 region of the human IFN-c gene and
increases the expression of IFN-c (4). Polymor-
phisms in the IFN-c gene at position +874 T/A led
to genotype TT, TA or AA and might regulate
cytokine production in susceptible individuals (26).
We found that the TA and AA genotype frequency
was higher in TB patients than controls, and the
TT genotype was significantly lower in TB patients
than controls. Statistical analysis showed that geno-
type TA causes a 1.76-fold increase in susceptibility
to TB (Table 3). Our findings are in accordance
with those of previous studies in Taiwanese popula-
tions and populations of southeastern Iran (15, 27,
28).

Point mutation +874 T/A in the promoter of
IFN-c can disrupt NF-jb binding and ultimately
reduce the amount of cytokine production. Individ-
uals with this genotype could have low levels of
IFN-c (genotype AA), which is a risk factor for the
development of TB (29). In a study from Croatia,
the frequency of AA and TT genotypes of IFN-c
+874 were nearly equal in patients with the severe
form of the disease, whereas in patients with the
moderate form, a significant reduction in the fre-
quency of the TT genotype was reported (30).
Additionally, in the present study, the frequency of
the allele A polymorphism of IFN-c (+874 T/A)
was higher in TB patients compared to healthy con-
trols. Despite the increased risk of TB, the differ-
ence was not significant. It has been shown that in
active TB, IFN-c production is lower than produc-
tion in latent TB, and the concentration of IFN-c
is related to the severity of the disease (15). We
observed that the frequency of the homozygous TT
genotype is significantly higher in the control
group, which could be associated with protective
effects for TB. This is consistent with the findings
in the Brazilian population (25).

IL-4 cytokine is secreted by Th2 cells and can
induce anti-inflammatory effects by decreasing the
activation of macrophages through the classical
pathway. A SNP in the IL-4 (�590C/T) promotor

Fig. 2. PCR-RFLP pattern of IL-4 (�590C/T) genotyp-
ing. Lane 1: 50-bp DNA ladder. Lanes 2–11: PCR-RFLP
of isolates No. 45–54. Lanes 2, 3, 4, 5, 6, 7, 9 and 10:
Show the CC genotype. Lanes 8 and 11: Show the CT
genotype.

Fig. 3. PCR-RFLP pattern of IL-17 (�152G/A) genotyp-
ing. Lane 1: 100-bp DNA ladder. Lanes 2–11: PCR-RFLP
of isolates No. 31–40. Lanes 2–5, 9 and 11: Show the GG
genotype. Lanes 6–8: Show the AG genotype. Lane 10:
Shows the AA genotype.
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region resulted in high levels of IL-4 production
(31). In the present study, despite the increased risk
of TB development in patients with a CC genotype,
we did not find any differences in IL-4 (�590C/T)
SNPs between the two groups. Additionally, the
differences in frequency of the TT, CC and CT
genotypes in TB patients and control groups were
not significant. These findings are in agreement
with a study in the south of Brazil (32), whereas in
a study from Iran, a significant negative association
with polymorphisms in IL-4 (�590T/T) was
reported. The study also showed that allele C was
significantly over-represented and was associated
with a low production of IL-4 (19). The significant
association between this SNP and susceptibility to
TB was shown in the Turkish people (7). Different
genotypes of IL-4 (�590C/T) SNPs affect the secre-
tion of the IL-4, and the CC (intermediate secre-
tor), CT (high secretor) and TT (low secretor)
genotypes may alter susceptibility to TB (31).

IL-17 is an inflammatory cytokine that plays
an essential role in the induction of chemokines
and initiation of inflammation in the lungs. This
cytokine increases the proliferation of polymor-
phonuclear and mononuclear cells during
mycobacterial infections (33). It is believed that
IL-17 (�152A/G), which is located in the binding
site for nuclear factor activated T cells, is the
main regulator of the IL-17 promotor (9). In the
present study, the AG genotype and allele G were
dominant in TB patients in comparison to the
control group. A study of polymorphisms in IL-
17 (�152A/G) from China has shown that the
AA genotype increases the risk of TB in patients
(34). Additionally, a study from northern Spain
reported that the frequency of the GG genotype
in TB patients was higher than in the control
group (9). However, some studies did not find
any relationship between polymorphisms in IL-17
(�152G/A) and TB (32, 35). The inconsistent
reports about IL-17 (�152A/G) and susceptibility
to TB may come from the different genetic pro-
files of people, the sample size of cases and con-
trol groups, effects of other polymorphisms, and
geographic or ethnic variation that may influence
disease progression (34, 36). Furthermore, due to
the existence of six identical family members of
IL-17, it is possible that the other members play
a role in susceptibility to TB (9). In this regard,
studies with large sample sizes in different popula-
tion groups from various parts of the world are
needed to specify the exact role of this cytokine
in susceptibility to TB. Such studies are poten-
tially important for the identification of new
approaches to drugs and therapeutic intervention
or for prevention in a population.

CONCLUSIONS

Tuberculosis is a multifactorial disease, and differ-
ent factors are involved in the development of the
disease. Identifying people at risk may be an impor-
tant strategy for TB control. The determination of
polymorphisms in IFN-c (+874T/A) and IL-17
(�152A/G) indicated significant differences between
TB patients and the control group, while differences
in the frequency of various genotypes of IL-4
(�590C/T) was not seen. Finally, the CC and CT
genotype of IL-4, the TA genotype of IFN-c and
the AG genotype of IL-17 increase the risk of TB
development. Genotype TT of IFN-c shows protec-
tive effects against TB.
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