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Abstract: Objective: The aim of this study was to explore the effect of human interleukin-27 (IL-27) gene polymor-
phisms -964A/G and 2095T/G on the development of pulmonary tuberculosis (PTB), and its radiographic character-
istics and severity. Methods: A case-control study was performed in 123 PTB patients and 110 healthy controls. Dif-
ferences in genotype and allele distributions of the two polymorphisms were analyzed via chi-square test between
PTB patients and controls, between patients with single- and multi-lobe involvement, and between patients with
and without cavities. Results: Significant differences were found in the genotype and allele distributions of -964A/G
(P<0.05), in which GG genotype carriers were more common in PTB patients. In addition, the -964AA genotype was
more prevalent in patients with single-lobe involvement compare with those with multi-lobe involvement (51.355
vs. 30.30%, P=0.035), as well as the 2095TT genotype (89.19% vs. 71.21, P=0.036). But there were no significant
differences between patients with or without cavitations in either polymorphisms (P>0.05). Conclusion: IL-27 gene
polymorphism -964A/G was correlated with PTB susceptibility, and G allele might be a risk factor for the disease
onset. Furthermore, the -964AA genotype might be associated with a protective role that limits the intrapulmonary
spread of TB in Chinese population. But the role of 2095T/G was not sure.

Keywords: IL-27, tuberculosis, polymorphisms

Introduction Interleukin-27 (IL-27) is a novel IL-12 family
member, which is recently discovered. IL-27 is
composed of two subunits, the Epstein-Barr
virus-induced gene 3 protein (EBI3) and a novel
IL-12 p35-related polypeptide p28 [8]. IL-27 is a
multifaceted heterodimeric cytokine involved in
the immune response as well as in the develop-
ment of inflammation. IL-27 is produced by acti-
vated antigen-presenting cells, it acts as an
early mediator of naive T-cell proliferation and
is a pronounced inducer of interferon gamma
(IFN-y) production, particularly in synergy with
IL-12 [9, 10]. The human IL-27 gene is located
on chromosome 16pl1, and several single
nucleotide polymorphisms (SNPs) have been

Tuberculosis (TB) is an infectious disease with
higher death rate worldwide, and has a long
history in human society. TB remains to be a
leading cause of morbidity and mortality in
developing countries, although the first anti-
tuberculosis drug has been introduced approxi-
mately 50 years ago [1, 2]. It is estimated that
about 60% of the world’s population have been
infected with pathogen mycobacterium tuber-
culosis, however only almost 10% of these TB
infected individuals can present clinical dis-
ease during their lifetime. The remarkable indi-
vidual differences suggest that the pathogenic

factors may relate to nutrition, constitution [3],
specific and nonspecific resistance [4, 5] and
genetic susceptibility [6, 7]. Therefore, identify-
ing the host genes responsible for susceptibili-
ty and resistance to TB may lead us to a better
understanding of the infection mechanism of
TB and development of prophylactic or treat-
ment strategies.

identified [11].

In the previous studies, several SNPs of I[-27
gene have been found to be involved inimmune-
related disease, such as ulcerative colitis and
Crohn’s disease [12, 13]. As we all know, pulmo-
nary TB (PTB) is one of the inflammatory lung
disease with a cell-mediated immune response,
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Table 1. Demographic and clinical characteristics of the study

histological grounds from the

population International Union against
Patients with PTB Healthy controls TB and Lung Disease. Pati-

n=123 (%) n=110 (%) ents with evidence of human

Male/female 43 (22-71) 38 (23-66) immunodeficiency virus infe-
Method of diagnosis 76 (61.8)/47 (38.2) 70 (63.6)/40 (36.4) ction or other immunodefi-

Bacteriological

Positive TB-PCR 117 (95.1)
Clinical diagnosis 1(0.8)
Radiographic characteristics 5(4.1)
Multi-lobe involvement, n/N (%) 66 (64.1)/103
Presence of vacities, n/N (%) 39 (37.9)/103

ciency, or whose PTB status
could not be confirmed were
excluded. 110 healthy sam-
ples that had no history of
chest disease were recruited
as controls.

Note: PTB = pulmonary tuberculosis; PCR = polymerase chain reaction.

which promotes us to assess the influence of
IL-27 on the development of PTB. In China pop-
ulation, several candidate gene polymorphisms
have been identified to be associated with PTB
risk, such as IL-17, IL-23 receptor (IL-23R) gene
and so on [14, 15]. But few studies have been
performed to explore the correlation of IL-27
gene polymorphisms and PTB susceptibility.

Hence, the aim of our study was to investigate
whether the IL-27 gene polymorphisms affect
the development of PTB in Chinese Han popula-
tion. We selected two common SNPs of -964A/
G and 2905T/G, and their genotype and allele
distributions were analyzed detailedly.

Materials and methods
Study subjects

This case-control study was reviewed and ap-
proved by Ethics committee of Shaanxi Center
for Tuberculosis Control and Prevention. Sam-
ple collection was based on ethics criteria of
national human genome research. Written con-
sents were obtained from all of the partici-
pants. All subjects were Chinese Han popula-
tion, who had no genetic connections with each
other.

A cohort of 233 participants were enrolled in
this case-control study, including 123 patients
with PTB and 110 health controls. All patients
were diagnosed in Shaanxi Center for Tuber-
culosis Control and Prevention from Feb 2013
to Nov 2014, and were confirmed according to
the following standard inclusion criteria: (1) cul-
ture positive for TB and/or (2) clinical TB diag-
nosed based on the clinical radiological and
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Sample collection and DNA
extraction

3 ml peripheral venous blood were collected
from each participant, anticoagulated by 0.5%
EDTA (pH=8.0). Genomic DNA was extracted by
Biospin Whole Blood Genomic DNA Extraction
Kit (Bioer technology CO., LTD, China) according
to the manufacturer’s protocol, and stored at
-20°C for standby application.

Genetic typing assay

For the SNP -964A/G, its genotypes were de-
tected by polymerase chain reaction restricti-
on fragment length polymorphism (PCR-RFLP)
method. Primer sequences were designed by
Primer Premier 5.0, with forward primer: 5’-CC-
CGCCTGGTTTCT-ATCTCAC-3’ and reverse prim-
er: 5-AGTGACCTGGGGCTTTGCTT-3". The PCR
amplification was performed in a total volume
of 25 yl containing 2.5 ul 10 x Buffer, 1.5 pl
MgCl,, 3 ul template DNA, 0.5 pl upstream
primer, 0.5 yl downstream primer, 0.3 ul Taq
DNA polymerase, 2 ul dNTP, and 14.7 ul deion-
ized sterile water. PCR were performed accord-
ing to general procedures with annealing tem-
perature of 63°C. Then the PCR products were
digested with Xhol at 37°C water bath over-
night. Finally, digested DNA products were then
analyzed by 2% agarose gel electrophoresis
and visualized by UV light. The SNP 2905T/G
were genotyped by sequence-specific primer-
PCR (SSP-PCR) [16].

Radiographic extent of tuberculosis
Simple chest X-rays (CXRs) were applied before
the administration of anti-tuberculosis medica-

tions. The degree of TB involvement was con-
firmed by chest computed tomography scans.
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Table 2. Genotype and allele distributions of IL-27 gene -964A/G and 2905T/G polymorphisms in

case and control groups

Genotype/Allele Case n=123 (%) Control n=110 (%) X2 P OR (95% CI)
-964A/G
AA 36 (29.27) 44 (40.00) - - 1
AG 52 (42.28) 46 (41.82) 1.145 0.285 1.382 (0.764-2.499)
GG 35 (28.45) 20 (18.18) 4.540 0.033 2.139 (1.058-4.325)
A 124 (50.41) 134 (60.91) - - 1
G 122 (49.59) 86 (39.09) 5.184 0.023 1.533 (1.060-2.216)
2905T/G
T 71 (57.72) 73 (66.36) - - 1
TG 39 (31.71) 31 (28.18) 0.774 0.379 1.294 (0.729-2.296)
GG 13 (10.57) 6 (5.45) 2.456 0.117 2.228 (0.802-6.184)
T 181 (73.58) 177 (80.45) - - 1
G 65 (26.42) 43 (19.55) 3.085 0.079 1.478 (0.954-2.289)

Two board-certified chest radiologists interpret-
ed the images independently.

Measurement of serum IL-27 levels

Serum samples were collected before the treat-
ment was initiated. IL-27 serum concentrations
were analyzed and compared between patients
with various genotype and disease status, with
the latter defined according to the number of
lobes affected by TB and presence or absence
of cavitations.

Statistical analysis

All data analysis was performed by using PA-
SW statistics 18.0 statistical software. Hardy-
Weinberg equilibrium (HWE) was tested to as-
sess the representativeness of control group.
Chi-square test was carried out to evaluate
the differences in the genotype and allele distri-
bution of -964A/G and 2905T/G polymor-
phisms between various groups. The relative
risk for disease was evaluated by odds ratios
(ORs) and 95% confidence intervals (Cls). The
differences had statistical significance when
P<0.05.

Results
Participant demographics

The baseline characteristics of all participants
were presented in Table 1. As shown, 123
patients with PTB and 110 healthy individuals
were enrolled in this case-control study. The
case group age ranged from 22 to 71 years old,
while the controls aged 23-66 years old. The
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percentage of men in case group was 61.8%
compared with 63.6% in control group. There
were no significant differences between case
and control group in age and gender (P>0.05).
Of the 123 PTB patients, 117 (95.1%) were di-
agnosed bacteriologically, and 103 PTB pati-
ents were characterized radiographically. Am-
ong them, multi-lobe involvement were obse-
rved in 66 patients (64.1%), and 39 patients
(37.9%) presented with cavitations.

Distributions of genotypes and alleles

The genotype and allele frequencies of IL-27
gene -964A/G and 2905T/G polymorphisms
were displayed in Table 2. Via chi-square test,
genotypes distributions of the two polymor-
phisms were all according to HWE in control
group, indicating the representativeness of
participants. Besides, the -964GG genotype
was more common in patients with PTB than
that in controls (28.45% vs. 18.18%, P=0.033).
And the -964G allele was more prevalent than
the -964A allele in case group than that in con-
trol group (49.59% vs. 39.09%, P=0.023). All
results suggested that IL-27 gene -964A/G
polymorphism was associated with PTB sus-
ceptibility, and G allele might be a risk factor for
the onset of PTB (OR=1.533, 95% CI=1.060-
2.216) (Table 2). However, no significant differ-
ences were found in the genotype and allele
distributions of IL-27 gene 2905T/G polymor-
phism between two groups (P>0.05), which
demonstrated that there was a lack of associa-
tion between IL-27 gene 2905T/G polymor-
phism and PTB risk in our cohort.

Int J Clin Exp Pathol 2018;11(8):4147-4152
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Table 3. Genotype and allele distributions of IL-27 gene -964A/G and 2905T/G polymorphisms in PTB
cases according to lobar extent of involvement

Genotype/Allele involvil:wgelr?tlgziﬂ (%) involvc'ev'r:;tr:tk;b=e66 (%) P OR (95% C1)
-964A/G
AA 19 (51.35) 20 (30.30) 0.035 2.428 (1.057-5.575)
AG 15 (40.54) 36 (54.55) - 1 (Reference?)
GG 3(8.11) 10 (15.15)
A 53 (71.62) 76 (57.58) 0.046 1.860 (1.008-3.429)
G 21 (28.38) 56 (42.42) - 1 (Reference)
2905T/G
T 33 (89.19) 47 (71.21) 0.036 3.335(1.039-10.708)
TG 4 (10.81) 18 (27.27) 1 (Reference’)
GG 0 (0) 1(1.52)
T 70 (94.59) 112 (84.85) 0.036 3.125 (1.025-9.523)
G 4 (5.41) 20 (15.15) 1 (Reference)

Note: Reference™* are respectively AG and GG, TG and GG.

nificant differences were also
identified in TT genotype and
T allele distributions of the

2905T/G between groups (P
P OR (95% Cl) <0.05).

Table 4. Genotype and allele distributions of IL-27 gene -964A/G
and 2905T/G polymorphisms in PTB cases with or without a cavi-
tary lesion

With cavity Without cav-

Genotype/Allele n=39 (%) ity n=64 (%)

964A/G From Table 4, no significant
AA 15(38.46) 24 (37.50) 0.922 1.042 (0.459-2.365) differences in the genotype
AG 20 (51.28) 32 (50.00) 1 (Reference*) and allele distributions of
GG 4(10.26) 8(12.50) -964A/G and 2905T/G poly-
A 50 (64.10) 80 (62.50) 0.817 1.071(0.597-1.923) morphisms were observed
G 28(35.90) 48 (37.50) - 1 (Reference) between PTB patients with
2905T/G and those without cavitations
T 29 (74.36) 50(78.13) 0.661 0.812 (0.320-2.061) (P>0.05).
TG 9(23.08) 13(20.31) 1 (Reference*) Discussion
GG 1(2.56) 1(1.56)
T 67 (85.90) 113 (88.28) 0.617 0.809 (0.351-1.863) TB has been considered as a
G 11 (14.10) 15 (11.72) 1 (Reference) global disease with high mor-

bidity particularly in Africa and
Asia. Although it seems to be

Note: Reference* are respectively AG and GG, TG and GG.

We further compared the genotype and allele
distributions in the PTB patients according to
lobar extent of involvement, and with or with-
out cavitary lesion. As shown in Table 3, the
-964AA genotype carriers were significantly
more than the -964AG and -964GG carriers
in PTB patients with single-lobe involvement
than in those with multi-lobe involvement
(51.35% vs. 30.30%, P=0.035). In addition, the
-964 A allele frequency increased significantly
in cases with single-lobe involvement com-
pared with those with multi-lobe involvement
(71.62% vs. 424.42%, P=0.046). Similarly, sig-
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controlled after the improve-
ment of sanitation condition and the develo-
pment of anti-tuberculosis agent, drug resis-
tant tuberculosis (DR-TB) particularly the em-
ergence of multi-drug-resistant tuberculosis
(MDR-TB) has become a major public health
issue threatening human health nowadays, wh-
ichisremarkable higherin China [17]. Therefore,
there is an urgent need for TB diagnosis and
treatment to be strengthened. Genetic factors
have been identified to play crucial roles in TB
development. Recent years, several candidate
genes have been found to be correlated with
TB, including the tumor necrosis factor alpha

Int J Clin Exp Pathol 2018;11(8):4147-4152
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(TNF-o) gene [18], immunity-related GTPase M
(IRGM) gene [19], Toll-like receptor 2 (TLR2)
gene [20] and so on. These reports suggest the
important role of genetic factors in the develop-
ment of TB. However, the genetic pathogenesis
of TB is still a mystery.

IL-27, is one of the important cytokines, which
regulates the human innate and adaptive
immune system. It is produced from macro-
phages earlier than IL-12, which plays an impor-
tant role in early efficient inducing of Thl dif-
ferentiation until sufficient IL-12 is produced
[24]. It promotes both anti- and pro-inflamma-
tory immune response [22]. Recently, IL-27 has
been reported to play a crucial role in some
immune-related disorders [23]. Furthermore,
several polymorphisms of IL-27 gene have been
suggested to be associated with several auto-
immune disease, such as ulcerative colitis (UC)
and Allergic rhinitis (AR) [12, 24]. The -964A/G
polymorphism is a common mutation of I[-27
gene, which has been widely explored to be cor-
related with the susceptibility to several inflam-
matory diseases, including asthma and inflam-
matory bowel disease [11, 25]. PTB is one of
the inflammatory lung diseases, but its associ-
ation with IL-27 gene polymorphisms has not
been investigated in Chinese Han population.

In the present study, we investigated the distri-
bution of IL-27 gene polymorphisms in a
Chinese Han population and explored its asso-
ciation with PTB susceptibility. The present
stud demonstrated significant differences in
IL-27 alleles or genotypes between PTB patients
and healthy controls, or between patients with
single- and multi-lobe involvement. But the dis-
tributions of IL-27 gene polymorphisms had no
significant difference between patients with or
without cavitary lesion. As shown, the -964GG
genotype and G allele frequencies increased in
case group compared with controls, and the
differences were statistically significantly,
which suggested that IL-27 gene -964A/G poly-
morphism was correlated with PTB susceptibil-
ity and G allele might be a risk factor for the
onset of PTB. Our study turned the attention to
the potential role of IL-27 gene polymorphism in
patients with PTB in China. The local inflamma-
tion of PTB, accompanied by the destruction of
lung tissue, is caused by the interaction bet-
ween a potent immune response and a chroni-
cally persistent pathogen [26]. The extent of
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involvement may be regulated by the interac-
tion between the host and the microorganism,
which finally results in pathological changes of
the lung parenchyma [6, 27]. In this study, the
-964AA genotype and -964A allele occurred
more commonly in patients with single-lobe
involvement compared with patients with multi-
lobe involvement, demonstrating that -964AA
might limit the intrapulmonary spread of TB.
Besides, the same phenomenon was observed
in 2905TT genotype.

In conclusion, the -964A/G mutation in the
IL-27 promoter region was identified to be cor-
related with PTB susceptibility. Furthermore,
the -964AA genotype was more prevalent in
patients with single-lobe involvement than that
in patients with multi-lobe involvement. All find-
ings revealed that IL-27 -964AA genotype may
play a protective role in preventing the intrapul-
monary spread of PTB in the Chinese Han pop-
ulation. Although it was the first time to explore
the genetic association of IL-27 gene with PTB
susceptibility in Chinese population, some limi-
tations still presented. Therefore, a lager or dif-
ferent population should be taken into account
to confirm our results, and further studies with
multivariate risk assessments should be
warranted.

Disclosure of conflict of interest
None.

Address correspondence to: Chenyan He, Depart-
ment of Sixth Internal Medicine, Shaanxi Center for
Tuberculosis Control and Prevention, Xi'an 710105,
Shaanxi, China. E-mail: chenyanjiyuter@126.com

References

[1]  Zumla A, George A, Sharma V, Herbert N; Bar-
oness Masham of liton. WHO'’s 2013 global
report on tuberculosis: successes, threats,
and opportunities. Lancet 2013; 382: 1765-
1767.

[2] Lawn SD and Zumla Al. Tuberculosis. Lancet
2011; 378: 57-72.

[3] Narasimhan P, Wood J, Macintyre CR and
Mathai D. Risk factors for tuberculosis. Pulm
Med 2013; 2013: 828939.

[4] LiuJ,YanJ, Wan Q, Ye Q and Huang Y. The risk
factors for tuberculosis in liver or kidney trans-
plant recipients. BMC Infect Dis 2014; 14: 387.

[5] Rajaram MV, Ni B, Dodd CE and Schlesinger
LS. Macrophage immunoregulatory pathways

Int J Clin Exp Pathol 2018;11(8):4147-4152


mailto:chenyanjiyuter@126.com

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

(14]

[15]

(16]

4152

IL27 gene polymorphisms and pulmonary tuberculosis risk

in tuberculosis. Semin Immunol 2014; 26:
471-485.

Azad AK, Sadee W and Schlesinger LS. Innate
immune gene polymorphisms in tuberculosis.
Infect Immun 2012; 80: 3343-3359.

Guo C, Zhang H, Gao Q, He D, Tang M, Liu S,
Deng A, Wang Y, Lu S, Li J, Yin X and Guo Q.
Monocyte chemoattractant protein-1 in spinal
tuberculosis: -362G/C genetic variant and pro-
tein levels in Chinese patients. Diagn Microbiol
Infect Dis 2014; 78: 49-52.
Aparicio-Siegmund S and Garbers C. The biol-
ogy of interleukin-27 reveals unique pro- and
anti-inflammatory functions in immunity. Cyto-
kine Growth Factor Rev 2015; 26: 579-586.
Wang CJ, Jiang JH, Li YQ, Deng SL, Luo DY and
Xiao HY. [Study on carcinogenic activity of sev-
eral nickel compounds in mice]. Hua Xi Yi Ke
Da Xue Xue Bao 1989; 20: 307-310.

Moro K, Kabata H, Tanabe M, Koga S, Takeno
N, Mochizuki M, Fukunaga K, Asano K, Bet-
suyaku T and Koyasu S. Interferon and IL-27
antagonize the function of group 2 innate lym-
phoid cells and type 2 innate immune respons-
es. Nat Immunol 2016; 17: 76-86.

Li CS, Zhang Q, Lee KJ, Cho SW, Lee KM, Hahm
KB, Choi SC, Yun KJ, Chung HT and Chae SC.
Interleukin-27 polymorphisms are associated
with inflammatory bowel diseases in a Korean
population. J Gastroenterol Hepatol 2009; 24:
1692-1696.

Yamamoto-Furusho JK, Posadas-Sanchez R,
Alvarez-Leon E and Vargas-Alarcon G. Protec-
tive role of Interleukin 27 (IL-27) gene polymor-
phisms in patients with ulcerative colitis. Im-
munol Lett 2016; 172: 79-83.

Koder S, Repnik K, Ferkolj I, Pernat C, Skok P,
Weersma RK and Potocnik U. Genetic polymor-
phism in ATG16L1 gene influences the re-
sponse to adalimumab in Crohn’s disease
patients. Pharmacogenomics 2015; 16: 191-
204.

Zhao J, Wen C and Li M. Association Analysis of
Interleukin-17 Gene Polymorphisms with the
Risk Susceptibility to Tuberculosis. Lung 2016;
194: 459-67.

Jiang D, Hu X, Li S, Julaiti A, Xia Y, Wang J and
Wushouer Q. [Polymorphisms of IL-23 receptor
gene are associated with susceptibility to pul-
monary tuberculosis and drug-resistant pul-
monary tuberculosis]. Zhonghua Yi Xue Za Zhi
2015; 95: 1576-1580.

Peng Q, Qin X, He Y, Chen Z, Deng Y, Li T, Xie L,
Zhao J and Li S. Association of IL27 gene poly-
morphisms and HBV-related hepatocellular
carcinoma risk in a Chinese population. Infect
Genet Evol 2013; 16: 1-4.

(17]

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

(27]

Duan Q, Chen Z, Chen C, Zhang Z, Lu Z, Yang Y
and Zhang L. The Prevalence of Drug-Resistant
Tuberculosis in Mainland China: An Updated
Systematic Review and Meta-Analysis. PLoS
One 2016; 11: e0148041.

Yi YX, Han JB, Zhao L, Fang Y, Zhang YF and
Zhou GY. Tumor necrosis factor alpha gene
polymorphism contributes to pulmonary tuber-
culosis susceptibility: evidence from a meta-
analysis. Int J Clin Exp Med 2015; 8: 20690-
20700.

Yuan L, Ke Z, Ma J, Guo Y and Li Y. IRGM gene
polymorphisms and haplotypes associate with
susceptibility of pulmonary tuberculosis in Chi-
nese Hubei Han population. Tuberculosis (Ed-
inb) 2016; 96: 58-64.

Guo XG and Xia Y. The rs5743708 gene poly-
morphism in the TLR2 gene contributes to the
risk of tuberculosis disease. Int J Clin Exp
Pathol 2015; 8: 11921-11928.

Owaki T, Asakawa M, Morishima N, Hata K, Fu-
kai F, Matsui M, Mizuguchi J and Yoshimoto T.
A role for IL-27 in early regulation of Th1 dif-
ferentiation. J Immunol 2005; 175: 2191-
2200.

Villarino AV, Huang E and Hunter CA. Under-
standing the pro- and anti-inflammatory prop-
erties of IL-27. J Immunol 2004; 173: 715-720.
Wynick C, Petes C and Gee K. Interleukin-27
mediates inflammation during chronic dis-
ease. J Interferon Cytokine Res 2014; 34: 741-
749.

Shen'Y, Yuan XD, Hu D, Ke X, Wang XQ, Hu GH,
Hong SL and Kang HY. Association between in-
terleukin-27 gene polymorphisms and suscep-
tibility to allergic rhinitis. Hum Immunol 2014;
75:991-995.

Chae SC, Li CS, Kim KM, Yang JY, Zhang Q, Lee
YC, Yang YS and Chung HT. Identification of
polymorphisms in human interleukin-27 and
their association with asthma in a Korean pop-
ulation. J Hum Genet 2007; 52: 355-361.
Cooper AM and Khader SA. The role of cyto-
kines in the initiation, expansion, and control
of cellular immunity to tuberculosis. Immunol
Rev 2008; 226: 191-204.

Zuniga J, Torres-Garcia D, Santos-Mendoza T,
Rodriguez-Reyna TS, Granados J and Yunis EJ.
Cellular and humoral mechanisms involved in
the control of tuberculosis. Clin Dev Immunol
2012; 2012: 193923.

Int J Clin Exp Pathol 2018;11(8):4147-4152



