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ARTICLE INFO ABSTRACT

Keywords: Background: Tuberculosis (TB) is the type of chronic infectious disease which majorly caused by Mycobacterium
IFNG tuberculosis (M. TB). Emerging data suggest that interferon gamma (IFNG) and its receptor IFNGR1 may be

IFNGR1 ‘ involved in the risk of TB.
;‘ubercmﬂ)o_ils Methods: A total of 636 TB patients and 608 healthy controls were selected. The association between single
usceptibility

nucleotide polymorphisms (SNPs) and TB was estimated by logistic analyses adjusting for age, gender and
smoking status. SNPs genotyping was done by using the improved multiplex ligase detection reaction (iMLDR).
Results: The IFNG rs1861494 allele C was related to an increased risk for TB (OR = 1.25, 95%CIL: 1.06-1.48;
P = 0.009). Compared with TT genotype, CT (OR = 1.28, 95%CI: 1.01-1.63; P = 0.040) and CC (OR = 1.51,
95%CI: 1.04-2.19; P = 0.031) were also risk factors for TB. In the subgroup analysis, the association was
stronger among participants < 25years (OR = 2.40, 95%CIL: 1.70-3.38; P < 0.001) and male groups
(OR = 1.31, 95%CI: 1.03-1.66; P = 0.030). In addition, IFNG rs1861494 was associated with anti-TB treatment
outcome (OR = 0.70, 95%CI: 0.52-0.94; P = 0.017). We also detected that IFNGR1 rs2234711 influenced the
IFNG production.

Conclusion: IFNG rs1861494 polymorphism was associated with TB, particularly in the younger and male sub-

groups.

1. Introduction

Tuberculosis (TB), caused by Mycobacterium tuberculosis (M. TB), is
still the majorly global causes of morbidity and mortality. The World
Health Organization (WHO) in 2017 reported that almost 10.4 million
TB were diagnosed and 1.7 million died from TB [1]. The one-third
population of the world is detected to be latent infection with M. TB.
However, approximately 5-10% of them will ever develop active TB.
TB is a complex disease and it is not fully known why only some in-
fected individual progress to TB but others do not. It was suggested that
TB development is not only attributed to environmental factors but also
by genetic factors which were proved by Genome-wide association
study (GWAS) [2] and twin study [3].

Previous data demonstrated that the interferon gamma (IFNG) is
essential to control TB infection [4]. IFNG secreted by natural and T
cells is a critical T helper type 1cytokine. The knockout IFNG gene mice
that were infected with M. TB had higher bacilli loads and decreased
expression of reactive nitrogen intermediates [5]. Individuals with
IFNG-mediated immune hereditary diseases tend to be particularly in-
fected with M. TB [6]. IFNG is up-regulated and secreted to activate
macrophages during M. TB infection [7]. Activated macrophages could

increase the production of reactive oxygen and nitrogen intermediates,
then resulting in an unfavourable environment for intracellular myco-
bacteria. Patients with bronchial asthma had a high release of IFNG
induced by bronchoalveolar lavage leukocytes [8]. In severe injuries
patients with infection, IFNG treatment experienced fewer deaths, in-
dicating that IFNG is necessary to control infection [9]. What’s more,
previous studies have demonstrated that IFNG single nucleotide poly-
morphisms (SNPs) were associated with susceptibility to TB [10-12].
Also, a recent meta-analysis of 11 studies reported that IFNG + 874T/A
allele showed a significantly decreased risk against TB susceptibility
[13]. In general, all of the above information suggested that IFNG was a
causal gene for TB risk.

IFNG exert its function via triggering signaling cascades by binding
to two types of receptors including IFNG receptor (IFNGR1 and
IFNGR2). IFNG homodimers interact with the two receptors, which
result in receptor dimerization [14]. IFNGRI located on chromosome
6q23.4 encodes the ligand-binding chain (alpha) of IFNGR. IFNGR1 has
been reported to be associated with numerous diseases such as cerebral
malaria [15], Leishmania donovani [16], gastric carcinoma [17] and
Helicobacter pylori infection [18]. As a critical molecule of IFNG sig-
naling pathway, IFNGR1 has previously been found to play a critical
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Table 1
Demographic distribution of healthy controls and tuberculosis patients.
Parameters Cases, n = 636  Controls, P value
n = 608
Age, (years) 36.8 = 15.7 37.1 £ 15.7 0.677
Male, n (%) 324 (50.9) 302 (49.7) 0.654
Smoking, n(%) 195(30.7) 141(23.2) 0.002
Location of TB, n (PTB/EPTB) 276/360
Acid-fast bacilli stain positive, n 138/360
(positive/negative)
Culture positive n (positive/ 32/126
negative)
TB-DNA positive n (positive/ 122/133
negative)

Abbreviations: SD, standard deviation; PTB, pulmonary tuberculosis; EPTB,
extra-pulmonary tuberculosis.
* Data are presented as mean * SD.

role in the pathogenesis of TB. Evidence for human genetic components
in susceptibility to TB demonstrated that some genetic polymorphisms
of cytokine genes, including IFNGR1, were associated with other viral/
host-mediated immune responses in TB [19-20]. Moreover, defects in
IFNGR1 confer dominant susceptibility to M. TB infections. IFNGR1
genetic polymorphisms have been associated with the tuberculosis
susceptibility among different populations [21-23].

However, the association of polymorphisms in IFNG and IFNGR1
with TB had not been researched in the west Chinese population. Thus,
the present study aimed to investigate the association between tag SNPs
of IFNG and IFNGR1 and TB susceptibility in this population.

2. Material and methods
2.1. Cases and controls

TB cases and healthy controls were enrolled from those attending
the West China Hospital of Sichuan University. The diagnosis of TB was
based on clinical manifestations, smear/culture/TB-DNA positive re-
sults, radiography and response to anti-TB treatment, following the
guidelines of the WHO [1]. Those participants with HIV, cancer, im-
mune-related diseases and other lung diseases were excluded from this
study. None of them was blood relationship. They were followed up at
least 18 months, and the treatment outcomes categories were defined
according to previous study [24]. All subjects were required to sign the
written informed consent for their involvement in the present study.
The specialized nurses then obtain 2-5ml venous blood samples from
them. Genomic DNA was extracted from blood samples based on the
manufacturer’s instructions (Axygen Scientific Inc, Union City, CA,
USA). Our study was conducted based on the Helsinki declaration. This
study was approved by the Ethics Committees of the West China Hos-
pital of Sichuan University.
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2.2. Snps selection and genotyping

Tag SNPs in the IFNG/IFNGR1 were selected for genotyping. The
selection of tag SNPs was according to following criteria: 1) minor allele
frequency (MAF) =0.1 in Chinese Han population; 2) linkage dis-
equilibrium (LD) r? = 0.8; and 3) Hardy-Weinberg equilibrium (HWE)
test P-value =0.05. SNPs genotyping was done by using the improved
multiplex ligase detection reaction (iMLDR) (Genesky Biotechnologies
Inc., Shanghai, China). For quality control, we randomly chose 5%
subjects to repeat genotype.

2.3. IFNG release assay

A total of 92 active TB patients in this study were detected IFNG
release assay QuantiFERON-TB Gold In-Tube (QFT-GIT) according to
the manufacturer (Cellestis, Carnegie, Australia). The positive and ne-
gative results were obtained based on the cut-off values suggested by
the manufacturer.

2.4. Statistical analysis

Differences in the distributions of continuous variables between
cases and controls were calculated using student’s t-test. HWE and
gender distributions were assessed by ? —test. The association between
SNPs and TB susceptibility was estimated by logistic analyses adjusting
for age, gender and smoking status. The haplotypes and level of LD
were calculated using SHEsis online software (http://analysis.bio-x.cn).
All simulations were done by SPSS version 19 (IBM; Armonk, NY).
Scatter plot was done by GraphPad Prism 5.0 (Graph-Pad Software, San
Diego, CA, USA). P < 0.05 was the cut-off values of statistic differ-
ences.

3. Results
3.1. Demographics of the participants

As showed in Table 1, a total of 636 TB patients (mean age,
36.8 = 15.7 years; 324 males and 312 females) and 608 healthy con-
trols (mean age, 37.1 = 15.7 years; 302 males and 306 females) were
selected. The ethnicity of them was Han Chinese. The distributions of
age and gender between cases and controls were well matched
(P > 0.05). The smoking ratio of cases was higher than that of controls
(P = 0.002).

3.2. Genotype analyses of the risk of tuberculosis

Two tag SNPs (rs2069718 and rs1861494) within IFNG and four tag
SNPs (rs3799488, rs9376267, rs1327475 and rs2234711) within
IFNGR1 were identified (Table 2). All these tag SNPs were in HWE in
the control group. As showed in Table 3, the IFNG rs1861494 was as-
sociated with TB susceptibility. The allele C was related to an increased
risk for all active TB (OR = 1.25, 95%CI: 1.06-1.48; P = 0.009).

Table 2

Basic information of all SNPs in our study.
Gene/SNPs chromosome Location Functional Consequence MA MAF HWE
IFNG
15s2069718A > G 12 68,550,162 intron3 G 0.138 0.966
151861494T > C 12 68,551,409 intron3 C 0.308 0.863
IFNGR1
1s3799488T > C 6 137,519,780 intron6 C 0.249 0.983
159376267C > T 6 137,531,031 intronl T 0.452 0.319
1s1327475G > A 6 137,536,455 5’FLANKING A 0.116 0.706
1s2234711G > A 6 137,540,520 5’UTR_exonl A 0.407 0.150

Abbreviation: SNP, single nucleotide polymorphism; MA, minor allele; MAF, minor allele frequency; HWE, Hardy Weinberg equilibrium.
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Table 3

Genotype distribution of IFNG and IFNGR1 polymorphisms.
Gene/SNPs Case(%), n = 636 Control(%), n = 608 P OR”(95%CI) IGRA(+), n = 81 IGRA(-) ,n=11 P’ OR"(95%CI)
IFNG
1s2069718A > G
Genotype
AA 467(73.9) 441(72.9) 57(70.4) 8(72.7)
GA 156(24.7) 152(25.1) 0.821 0.97(0.75-1.26) 24(29.6) 3(27.3) 0.775 1.23(0.29-5.18)
GG 9(1.4) 12(2.0) 0.407 0.69(0.29-1.66) 0(0) 0(0) -
Allele
A 1090(86.2) 1034(85.5) 138(85.2) 19(86.4)
G 174(13.8) 176(14.5) 0.575 0.94(0.75-1.18) 24(14.8) 3(13.6) 0.797 1.19(0.32-4.40)
Genetic model
Dominant 0.694 0.95(0.74-1.22) 0.775 1.23(0.29-5.18)
Recessive 0.429 0.70(0.29-1.68) -
1s1861494T > C
Genotype
TT 262(41.5) 291(48.3) 35(43.2) 7(63.6)
CT 288(45.6) 251(41.7) 0.040 1.28(1.01-1.63) 34(42.0) 3(27.3) 0.324 2.08(0.48-8.96)
cC 81(12.8) 60(10.0) 0.031 1.51(1.04-2.19) 12(64.2) 1(9.1) 0.289 3.53(0.34-36.4)
Allele
T 812(64.3) 833(69.2) 104(64.2) 17(77.3)
C 450(35.7) 371(30.8) 0.009 1.25(1.06-1.48) 58(35.8) 5(22.7) 0.271 1.83(0.62-5.35)
Genetic model
Dominant 0.013 1.33(1.06-1.66) 0.249 2.19(0.58-8.27)
Recessive 0.115 1.33(0.93-1.90) 0.644 1.71(0.18-16.80)
IFNGR1
1s3799488T > C
Genotype
TT 354(56.0) 326(53.9) 45(55.6) 7(63.6)
CT 241(38.1) 235(38.8) 0.651 0.95(0.75-1.20) 32(39.5) 4(36.4) 0.593 1.47(0.36-5.96)
CcC 37(5.9) 44(7.3) 0.335 0.80(0.50-1.27) 4(4.9) 0(0) -
Allele
T 949(75.1) 887(73.3) 122(75.3) 18(81.8)
C 315(24.9) 323(26.7) 0.336 0.92(0.76-1.10) 40(24.7) 4(18.2) 0.398 1.66(0.51-5.36)
Genetic model
Dominant 0.474 0.92(0.74-1.15) 0.469 1.67(0.42-6.70)
Recessive 0.333 0.80(0.51-1.26) -
1s9376267C > T
Genotype
cC 182(28.8) 178(29.4) 15(18.5) 3(27.3)
CT 329(52.1) 283(46.8) 0.330 1.14(0.88-1.48) 52(64.2) 6(54.5) 0.442 1.84(0.39-8.66)
TT 121(19.1) 144(23.8) 0.274 0.84(0.61-1.15) 14(17.3) 2(18.2) 0.573 1.96(0.19-20.29)
Allele
C 693(54.8) 639(52.8) 82(50.6) 12(54.5)
T 571(45.2) 571(47.2) 0.332 0.93(0.79-1.08) 80(49.4) 10(45.5) 0.608 1.27(0.51-3.19)
Genetic model
Dominant 0.791 1.03(0.81-1.32) 0.382 1.96(0.44-8.80)
Recessive 0.050 0.76(0.58-1.00) 0.952 1.05(0.19-5.80)
1s1327475G > A
Genotype
GG 486(76.9) 471(77.9) 65(80.2) 8(72.7)
GA 135(21.4) 128(21.2) 0.876 1.02(0.78-1.34) 15(18.5) 3(27.3) 0.492 0.59(0.13-2.65)
AA 11(1.7) 6(1.0) 0.264 1.77(0.65-4.83) 1(1.2) 0(0) -
Allele
G 1107(87.6) 1070(88.4) 145(89.5) 19(86.4)
A 157(12.4) 140(11.6) 0.515 1.08(0.85-1.38) 17(10.5) 3(13.6) 0.667 0.74(0.19-2.87)
Genetic model
Dominant 0.688 1.06(0.81-1.38) 0.559 0.64(0.15-2.84)
Recessive 0.265 1.77(0.65-4.81) -
1s2234711G > A
Genotype
GG 215(34.0) 224(37.0) 29(35.8) 4(36.4)
GA 300(47.5) 269(44.5) 0.241 1.16(0.91-1.49) 42(51.9) 5(45.5) 0.971 1.03(0.23-4.59)
AA 117(18.5) 112(18.5) 0.633 1.08(0.78-1.49) 10(12.3) 2(18.2) 0.327 0.32(0.03-3.13)
Allele
G 730(57.8) 717(59.3) 100(61.7) 13(59.1)
A 534(42.2) 493(40.7) 0.475 1.06(0.90-1.24) 62(38.3) 9(40.9) 0.686 0.82(0.32-2.10)
Genetic model
Dominant 0.283 1.14(0.90-1.44) 0.969 0.97(0.24-3.91)
Recessive 0.967 0.75(0.75-1.33) 0.426 0.49(0.09-2.81)

SNPs, single nucleotide polymorphisms; CI, confidence interval; OR, odds ratio; IGRA, interferon gamma release assay.
+ /-positive/negative.

# adjusted by age, smoking and sex status.
in tuberculosis group.
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Table 4

Haplotype analyses in this study.
Gene/haplotype Case(%) n = 1264 Control(%) n = 1210 P OR(95%CI)
IFNG
AC 450.0(35.6) 373.9(30.9) 0.013 1.24 (1.05-1.46)
AT 640.1(50.6) 660.1(54.6) 0.051 0.86 (0.73-1.00)
GT
Other 0.05(0) 0.09(0)
IFNGR1
CTGG 304.6(24.1) 317.6(26.2) 0.310 0.91 (0.76-1.09)
TCAG 152.5(12.1) 139.0(11.5) 0.557 1.08 (0.84-1.38)
TCGA 514.4(40.7) 484.9(40.1) 0.528 1.05 (0.90-1.24)
TTGG 250.6(19.8) 246.4(20.4) 0.886 0.99 (0.81-1.20)
Other 41.9(3.4) 22.2(1.8)

CI, confidence interval; OR, odds ratio.
* Those lowest frequency thresholds (LFT) < 0.03 were pooled in this part.
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Compared with TT genotype, CT (OR = 1.28, 95%CI: 1.01-1.63;
P = 0.040) and CC (OR = 1.51, 95%CI: 1.04-2.19; P = 0.031) were
also risk factors for TB. Besides, rs1861494 was found to be associated
with TB under a dominant model (OR = 1.33, 95%CI: 1.06-1.66;
P = 0.013). None of the polymorphisms within IFNGR1 achieved a
significant difference in the allele and genotype distributions between
TB cases and healthy controls (Table 3).

Haplotypes analyses revealed that IFNG AC haplotype exhibited
significant correlation with TB susceptibility (Table 4). LD mapping
indicates no high LD exists between all SNPs r? < 0.8) (Fig. 1).

3.3. Analyses of polymorphisms and anti-TB treatment outcome

All TB patients were followed-up to obtain the treatment outcomes.
IFNG rs1861494 C allele contributed to a 30% decrease in the falling
treatment outcome (OR = 0.70, 95%CI: 0.52-0.94; P = 0.017)
(Table 5). We also found CT genotype (OR = 0.64, 95%CI: 0.42-0.96;
P =0.030) and dominant model (OR = 0.62, 95%CI: 0.42-0.91;
P = 0.014) were associated with treatment results.

3.4. Stratification analyses of polymorphisms and risk of TB

To assess the association between polymorphisms in the two genes
and TB according to different ages and sexes, we conducted the sub-
group analyses (Table 6). We observed rs1861494 allele C was a risk
factor for TB among male (OR = 1.31, 95%CI: 1.03-1.66; P = 0.030)
and younger subgroups (OR = 2.40, 95%CI: 1.70-3.38; P < 0.001).

11

rs9376267 / H -

chromosomes. The figure shows that IFNG
(left) is located at 681,547,70 — 681,597,41
of chromosome 12 and IFNGRI (right) is
located at 137,197,484 - 137,220,351 of
chromosome 6. The black and gray boxes
represent the exons, and white represent
introns. Locations of the SNPs and the start
and stop codons are indicated by arrows.
Below, linkage disequilibrium (LD) of IFNG
and IFNGRI gene polymorphisms. The r?
values for all pairs single-nucleotide poly-
morphisms (SNPs) are shown as the per-
centage. When pairs SNPs are a complete
link, the r? value is 1.

]

IFNGR1 3°

rs3799488

w
(\e)

4

3.5. Association between polymorphisms and QFT-GIT results

In the 92 active TB patients, we detected 88.0% of them had a po-
sitive QFT-GIT result. We then assessed the association between the six
SNPs and QFT-GIT test results. No significant trend of QFT-GIT-positive
associated with IFNG and IFNGR1 polymorphisms (Table 3). We also
analysed the influence of IFNG and IFNGRI genotypes on the IFNG
production in QFT-GIT. Only rs2234711 genotypes were found to be
associated with IFNG production levels. Compared with rs2234711 AA
genotype, the GA (P = 0.001) and GG (p = 0.002) had higher IFNG
production levels (Fig. 2).

4. Discussion

In the present study, we evaluated the association between poly-
morphisms in IFNG and its receptor IFNGR1 and risk of TB in the
Chinese population. Multiple logistic analysis suggested that IFNG
151861494 allele and genotype were associated with an increased risk
of TB, but there were no significant associations between SNPs within
IFNGR1 and TB.

When M. TB invades a host, IFNG activates macrophages and pha-
gocytose pathogens. IFNG located on chromosome 12q15 exists four
exons and three introns. M. TB infected mice with destroyed IFNG
hardly induced the reactive nitrogen intermediates which could reduce
the growth of the bacilli [5]). It was suggested that SNPs influence the
IFNG expression via regulating the ability of binding with transcription
factors [25-26]. Previous studies have researched the association be-
tween rs1861494 and rs2069718 and TB, with inconsistent results. He
et al. suggested that these two loci were not significantly associated
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Table 5

Association between genotype of IFNG and IFNGR1 and treatment results.
Gene/SNPs Failure, (%), Success, (%), p” OR”(95%CI)

n =136 n = 496

IFNG
1s2069718A > G
Genotype
AA 97(71.3) 370(74.6)
GA 38(27.9) 118(23.8) 0.299 1.26(0.82-1.94)
GG 1(0.7) 8(1.6) 0.435 0.43(0.05-3.55)
Allele
A 232(85.3) 858(86.5)
G 40(14.7) 134(13.5) 0.592 1.11(0.76-1.63)
Genetic model
Dominant 0.402 1.20(0.78-1.84)
Recessive 0.396  0.40(0.05-3.29)
151861494T > C
Genotype
TT 69(50.7) 193(39.0)
CT 53(39.0) 235(47.5) 0.030  0.64(0.42-0.96)
cC 14(10.3) 67(13.5) 0.067  0.54(0.28-1.04)
Allele
T 191(70.2) 621(62.7)
C 81(29.8) 369(37.3) 0.017  0.70(0.52-0.94)
Genetic model
Dominant 0.014 0.62(0.42-0.91)
Recessive 0.226  0.68(0.37-1.27)
IFNGR1
1s3799488T > C
Genotype
TT 77(56.6) 277(55.8)
CT 51(37.5) 190(38.3) 0.981 0.99(0.67-1.49)
CcC 8(5.9) 29(5.8) 0.923  1.04(0.46-2.38)
Allele
T 205(75.4) 744(75.0)
C 67(24.6) 248(25.0) 0.976 1.01(0.74-1.37)
Genetic model
Dominant 0.986 0.99(0.68-1.47)
Recessive 0.909 1.05(0.47-2.36)
1s9376267C > T
Genotype
cC 45(33.1) 137(27.6)
CT 62(45.6) 267(53.8) 0.139  0.72(0.46-1.11)
TT 29(21.3) 92(18.5) 0.981  0.99(0.58-1.71)
Allele
C 152(55.9) 541(54.5)
T 120(44.1) 451(45.5) 0.768  0.96(0.73-1.26)
Genetic model
Dominant 0.249  0.79(0.52-1.18)
Recessive 0.421 1.21(0.76-1.95)
1s1327475G > A
Genotype
GG 106(77.9) 380(76.6)
GA 26(19.1) 109(22.0) 0.560 0.87(0.54-1.40)
AA 4(2.9) 7(1.49) 0.279  2.01(0.57-7.07)
Allele
G 238(87.5) 869(87.6)
A 34(12.5) 123(12.4) 0.950 1.01(0.67-1.52)
Genetic model
Dominant 0.773  0.94(0.59-1.48)
Recessive 0.265 2.04(0.58-7.10)
152234711G > A
Genotype
GG 46(33.8) 169(34.1)
GA 60(44.1) 240(48.4) 0.651  0.91(0.59-1.40)
AA 30(22.1) 87(17.5) 0.553 1.18(0.69-2.01)
Allele
G
A 0.619 1.07(0.82-1.41)
Genetic model
Dominant 152(55.9) 578(58.3) 0.937  0.98(0.66-1.47)
Recessive 120(44.4) 414(41.7) 0.326  1.27(0.79-2.03)

SNP, single nucleotide polymorphism; CI, confidence interval; OR, odds ratio.
# adjusted by age, smoking and sex status.

Table 6

Subgroup analysis of IFNG and IFNGR1 polymorphisms and TB.
Gene/SNPs Genetic model P’ OR”(95%CI)
IFNG
1s2069718A > G allele
Male 0.392 0.87(0.63-1.20)
Female 0.976 1.01(0.73-1.39)
<25 0.976 1.01(0.73-1.39)
=25 0.887 0.98(0.75-1.28)
151861494T > C allele
Male 0.030 1.31(1.03-1.66)
Female 0.100 1.22(0.96-1.55)
<25 < 0.001 2.40(1.70-3.38)
=25 0.865 1.02(0.84-1.24)
IFNGR1
1s3799488T > C allele
Male 0.493 0.91(0.71-1.18)
Female 0.555 0.93(0.72-1.19)
<25 0.497 088(0.61-1.27)
=25 0.588 0.94(0.77-1.16)
1s9376267C > T allele
Male 0.836 0.98(0.78-1.22)
Female 0.270 0.88(0.70-1.10)
<25 0.119 0.78(0.57-1.07)
=25 0.939 0.99(0.82-1.20)
1s1327475G > A allele
Male 0.797 0.96(0.68-1.34)
Female 0.274 1.22(0.86-1.74)
<25 0.394 1.24(0.75-2.05)
=25 0.822 1.03(0.78-1.37)
1s2234711G > A allele
Male 0.351 1.11(0.89-1.40)
Female 0.926 1.01(0.80-1.27)
<25 0.276 1.19(0.87-1.62)
=25 0.960 1.01(0.83-1.21)

SNP, single nucleotide polymorphism; CI, confidence interval; OR, odds ratio.
# adjusted by age, smoking and sex status.

with TB [27]. A similar study made in Han Taiwanese reported that
rs1861494 confer a risk of TB [28]. This locus has been demonstrated to
be a functional SNP that could modulate DNA methylation and tran-
scription factor complex formation [29]. Accorded with Lee et al., our
results revealed that the C carrier of rs1861494 confers the risk of TB
susceptibility [28]. However, our results were in disagreement with
some other researches [10,30]. Our results were also different from a
previous Chinese GWAS study which revealed three suggestive asso-
ciated loci with TB [2]. The reasons of the discrepancy could be (1) our
study was conducted in the southwest of China populations while
subjects from the previous study were mainly from northern China; (2)
SNPs that may have significance but not reach the genome-wide sig-
nificant level in the previous study [31].

IFNGR1 was also widely researched regarding its association with
TB. Animal and vitro studies demonstrated that IFNGR1 plays a pivotal
role in the progression of TB [32-33]. Individuals with IFNGR1 gene
defect were likely to be infected with M. TB disease [34]. Another study
also reported humans with a Mendelian deficiency in IFNGR1 are more
susceptible to atypical M.TB infection [35]. In the present study, four
tag SNPs were genotyped for analysis. A similar study has been con-
ducted in a Chinese population, which detected a significant association
between rs1327475 and rs2234711 and TB susceptibility. rs1327475
was also reported to be associated with systemic lupus erythematosus
and schistosomal hepatic fibrosis [36-37]. rs2234711, located in the 5’-
UTR of IFNGR1, encodes IFNGR ligand-binding chain I. This locus also
acts as a binding site of transcription factors such as E2F6, ETS1, TBP,
TAF1 and SIN3A, etc. [30]. However, in this study, none of the four tag
SNPs within IFNGR1 were associated with the risk of TB. Further studies
with large sample size are needed to validate our study.

We evaluated whether IFNG and IFNGRI polymorphisms could
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Fig. 2. The influence of IFNGR1 rs2234711 genotypes on the IFNG production.

affect the anti-TB treatment outcome. We found that IFNG rs1861494
had significance in anti-TB treatment results. Compared with falling
treatment outcome group, CT genotype, C allele and dominant model
were protective factors for the successful treatment group. Besides, we
conducted subgroups analysis based on gender and age. Interestingly,
the IFNG rs1861494 polymorphism appears to be more noticeable in TB
patients < 25 years. This finding was in lines with a published study of
TB [38], in particular some other studies suggested that polymorphisms
in STAT4 and TOX affected the risk of pulmonary TB in subjects < 25
years [39-40]. We also detected rs1861494 was related to TB in male
subgroup group, indicating that male is possible to be a phenotypic
factor for those who more easily enter into active TB from M. TB in-
fected status. Thus, more studies regarding the influence of gender and
sex on TB are still needed.

Subsequently, we further revealed the association between IFNG
and IFNGR1 and QFT-GIT results. A total of 92 active TB in our study
were measured QFT-GIT and the sensitivity was 81/92, or 88%. The
result was similar to published data which reported the sensitivity of
QFT-GIT in the diagnosis of active TB ranges from 60% to 89% [41-45].
Dai et al. pooled ten published studies assessing T-SPOT.TB in China
and suggested the combined sensitivity was 88% [46] which was the
same as our result. We demonstrated that there was no significant as-
sociation between IFNG and IFNGR1 polymorphisms and QFT-GIT re-
sults in this study. Our results were in agreement with those reported by
a published study, which indicated that IFNG did not influence QFT-GIT
results [47]. We then analysed the influence of genotype on IFNG
production, suggesting that rs2234711 GA and GG genotypes had the
higher IFNG production than that in AA genotype.

Nevertheless, several limitations should be addressed in this study.
Firstly, our results suggested that only rs1861494 was associated with
TB; however, rs1861494 was not associated with IFNG production le-
vels. Secondly, our study lacks the functional validation of the
151861494 which may alter levels of IFNG mRNA in the affected groups
compared to healthy controls. And finally, the results were not vali-
dated in an independent cohort, which may result in the chance of type
I errors.

In conclusion, we detected that IFNG rs1861494 polymorphism did
influence the susceptibility to TB, particularly in the younger and male
subgroups. In addition, IFNGR1 rs2234711 genotypes could influence
the IFNG production. Further studies with enlarging sample size are
needed to validate the role of IFNG and IFNGR1 polymorphisms in the
risk of TB.
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