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Lack of association between
polymorphism of IL-2 -330T/G
and pulmonary tuberculosis
among Caucasians
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Abstract

This meta-analysis was conducted to assess the consistency and strength of the relationship between polymorphism of

IL-2 -330T/G and susceptibility to pulmonary tuberculosis (TB). PubMed, Web of Knowledge and CNKI were searched to

find eligible studies about the relationship between IL-2 -330T/G polymorphism and susceptibility to pulmonary TB.

A total of eight studies comprising 971 cases and 1519 controls were grouped together for the purpose of elucidating the

relationship between polymorphism of IL-2 -330T/G and pulmonary TB susceptibility. The allele model (G vs. T: odds

ratio (OR)¼ 1.34; 95% confidence interval (CI) 1.05–1.71, Phet¼ 0.001) and the recessive model (GGþGT vs. TT:

OR¼ 1.60; 95% CI 1.08–2.38, Phet¼ 0.0001) showed an increased risk of development of pulmonary TB. However,

the homozygous model (GG vs. TT: OR¼ 1.74; 95% CI 0.98–3.09, Phet¼ 0.0005) and the dominant model (GG vs.

TTþTG: OR¼ 1.30; 95% CI¼ 0.80-2.14, Phet¼ 0.001) failed to show an increased incidence of pulmonary TB. When

analysis was stratified by ethnicity, no obvious associations were identified in the Caucasian subgroup under all four

genetic models. Additionally, heterogeneity disappeared in the analysis of Caucasian subgroup. Our combined data

suggested that there was no association between IL-2 -330T/G polymorphism and pulmonary TB among Caucasians.
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Introduction

Today, tuberculosis (TB) remains a worldwide public-
health problem, associated with an alarming increase
in morbidity and mortality. It is usually caused by
Mycobacterium tuberculosis, accounting for 10.0 mil-
lion incident cases and 1.6 million deaths in 2017.1 It
is estimated that one third of the world’s population is
infected with M. tuberculosis, with a great number of
infections remaining asymptomatic defined as having
latent TB. Of those with latent TB, only 5–10% will
develop active disease.2 The pathogenesis of TB, a
transmittable killer disease, is complex and incom-
pletely characterised, which hampers attempts to
develop new tests, vaccines and treatments. The path-
ogenesis of M. tuberculosis infection likely involves a
complex interplay between environmental factors and
genetic differences in both host and bacterial
pathogen.3

The innate immune response to TB is a double-

edged sword, with one edge clearing infection and the

other triggering tissue damage. The cytokines are pro-

tein/glycoprotein messengers of the immune system.

IL-2, a pro-inflammatory cytokine produced by T

cells in response to antigenic stimulation, promotes
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the growth and differentiation of immune cells. The IL-
2 gene is located in chromosome 4q26–q27 in humans,
which includes five exons and five introns.
Polymorphism of IL-2 rs2069762 (–330T/G) in the pro-
moter region of the IL-2 gene lies near an important
transcription factor which is a nuclear factor of acti-
vated T cells. On the cellular level, the G allele is asso-
ciated with early and sustained enhancement of IL-2
production.4 Polymorphism of IL2 -330T/G might
also affect transcription and translation of the IL-2
gene through activation of the transcription factor.5

Recently, it was estimated that IL-2 polymorphisms
are related to susceptibility to several diseases, such
as chronic spontaneous urticaria6 and Graves’ disease.7

However, there are conflicting results regarding the
impact of IL2 -330T/G polymorphism on the risk of
pulmonary TB.8–10 In this meta-analysis, we aimed to
estimate more precisely the relationship between poly-
morphism of IL-2 -330T/G and pulmonary TB by com-
bining all related publications to date.

Methods

Publication search

PubMed, Web of Knowledge and CNKI were searched
to find eligible studies, using the keywords ‘IL-2’,
‘mutation’, ‘polymorphism’, ‘T330G’, ‘tuberculosis’
and ‘pulmonary tuberculosis’. An upper date limit of
31 August 2019 was applied; no lower date limit was
used. Published studies with full-text articles were
included.

Data extraction

Characteristics of each study, such as year of publica-
tion, name of first author, region, ethnicity, source of
the control, number of cases and controls and distribu-
tion of IL-2 -330T/G genotypes were noted.

Statistical analysis

Crude odds ratios (ORs) with 95% confidence intervals
(CIs) were used to represent the risk of pulmonary TB.

Data from each study were pooled using both

fixed-effects and random-effects models. Heterogeneity

was assessed using Cochran’s Q statistic. Egger’s linear

regression test was used to inspect the potential publica-

tion bias. Statistical analysis was performed using

Review Manager v5.0 (The Cochrane Collaboration,

The Nordic Cochrane Centre, Copenhagen) and Stata

v10.0 (StataCorp, College Station, TX).

Results

Study characteristics

Our search strategy identified a total of 651 articles.

After reading the titles and abstracts, 29 articles were

selected for full reading. Finally, eight studies compris-

ing 971 pulmonary TB cases and 1519 controls were

included in this study.8–15 The characteristics of studies

are shown in Table 1. Studies were done in different

ethnicities: five studies were performed in

Caucasians,8,9,11,12,15 one study was done in the

Chinese population10 and two studies were conducted

in Indians.13,14 Genotypes and allele frequencies in each

study are shown in Table 2. The frequency of homozy-

gote TT was 29.8% in cases. We observed 51.8% het-

erozygous TG and 18.4% homozygous GG carriers. In

control groups, the following genotypes have been iden-

tified: TT (39.2%), TG (49.1%) and GG (11.7) for

XRCC1 Arg194Trp. The allele frequencies in the case

and control groups were 55.7% and 63.8% for allele C.

Meta-analysis results

A total of eight studies comprising 971 cases and 1519

controls were grouped together for estimation of the

association between polymorphism of IL-2 -330T/G

and pulmonary TB. The allele model (G vs. T:

OR¼ 1.34; 95% CI 1.05–1.71, Phet¼ 0.001) and the

recessive model (GGþGT vs. TT: OR¼ 1.60; 95% CI

1.08–2.38, Phet¼ 0.0001) showed an increased risk of

development of pulmonary TB. However, the homozy-

gous model (GG vs. TT: OR¼ 1.74; 95% CI 0.98–3.09,

Phet¼ 0.0005) and the dominant model (GG vs.

Table 1. The main characteristics of the included studies.

Study Year Ethnicity Region Cases Control Genotyping Control source

Amirzargar 2006 Caucasian Iran 34 118 PCR-RFLP Hospital based

Butov 2016 Caucasian Ukraine 140 30 PCR-RFLP Hospital based

Hu 2015 East Asian China 120 480 ARMS-PCR Hospital based

Malio 2016 Caucasian Brazil 181 165 PCR-RFLP Hospital based

Naslednikova 2009 Caucasian Russia 81 82 PCR-RFLP Hospital based

Selvaraj 2008 South Asian India 164 187 PCR-RFLP Hospital based

Sivangala 2014 South Asian India 176 170 PCR-RFLP Hospital based

Trajkov 2009 Caucasian Macedonia 75 287 QIAGEN Hospital based
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TTþTG: OR¼ 1.30; 95% CI 0.80–2.14, Phet¼ 0.001)

failed to find an association. Large heterogeneity was

observed in allele model (I2¼ 70%, P¼ 0.001).

Subgroup analyses based on ethnicity (Indian and

Caucasian) and Hardy–Weinberg equilibrium (HWE)

were performed to eliminate heterogeneity. When lim-

ited to the studies in accordance with the HWE, no

significant associations were observed in the

Caucasian subgroup under all genetic models.

Detailed results are shown in Table 3.

Publication bias

Publication bias was assessed using Egger’s test. No

obvious publication bias was observed for the G

allele versus the T allele (P¼ 0.314)

Discussion

Meta-analysis is the statistical procedure that integrates

data from several independent studies on the same

Table 2. Distribution of IL-2-330T/G genotypes and allelic frequency.

Study Yr

Case Control

HWEGG GT TT G T GG GT TT G T

Amirzargar 2006 3 16 15 22 46 9 73 36 91 145 0.0009

Butov 2016 51 72 17 174 106 7 5 18 19 41 0.0007

Hu 2015 30 56 34 116 124 44 256 180 344 616 0.0004

Malio 2016 19 76 86 114 248 20 65 80 105 225 0.2369

Naslednikova 2009 7 36 38 50 112 5 28 49 38 126 0.7108

Selvaraj 2008 49 87 28 185 143 41 94 52 176 198 0.9037

Sivangala 2014 11 120 45 142 210 24 88 58 136 204 0.3064

Trajkov 2009 9 40 26 58 92 27 137 123 191 383 0.204

Table 3. Odds ratios (ORs) and heterogeneity results for the genetic contrasts of IL-2 -330T/G polymorphism for pulmonary
tuberculosis.

Population

OR

I2 (%)

P Value,

Q test

Fixed effects

(95% CI)

Random effects

(95% CI)

Alleles

All 1.31 (1.16–1.49) 1.34 (1.05–1.71) 70 0.001

All in HWE 1.19 (1.02–1.39) 1.19 (1.01–1.42) 20 0.29

South Asian 1.22 (0.99–1.51) 1.22 (0.85–1.73) 64 0.1

Caucasian 1.25 (1.04–1.51) 1.34 (0.88–2.04) 77 0.002

Caucasian in HWE 1.16 (0.93–1.44) 1.17 (0.93–1.46) 7 0.34

GG to TT

All 1.79 (1.36–2.36) 1.74 (0.98–3.09) 73 0.0005

All in HWE 1.63 (1.21–2.19) 1.54 (0.87–2.73) 70 0.005

South Asian 1.35 (0.84–2.16) 1.18 (0.32–4.30) 84 0.01

Caucasian 1.62 (1.08–2.45) 1.74 (0.78–3.86) 68 0.01

Caucasian in HWE 1.20 (0.73–1.97) 1.20 (0.73–1.98) 0 0.48

GG to (GTþTT)

All 1.37 (1.08–1.76) 1.30 (0.80–2.14) 71 0.001

All in HWE 1.34 (1.04–1.74) 1.24 (0.68–2.27) 79 0.0003

South Asian 1.01 (0.68–1.49) 0.81 (0.22–2.95) 88 0.004

Caucasian 1.21 (0.81–1.81) 1.21 (0.81–1.80) 0 0.72

Caucasian in HWE 1.07 (0.67–1.72) 1.07 (0.67–1.72) 0 0.62

(GGþGT) to TT

All 1.49 (1.23–1.79) 1.60 (1.08–2.38) 76 0.0001

All in HWE 1.44 (1.18–1.76) 1.44 (1.18–1.75) 0 0.61

South Asian 1.66 (1.18–2.35) 1.66 (1.18–2.34) 0 0.54

Caucasian 1.38 (1.07–1.79) 1.64 (0.80–3.40) 86 < 0.0000

Caucasian in HWE 1.27 (0.95–1.70) 1.27 (0.95-1.70) 0 0.41
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topic, and it is becoming a powerful tool to resolve

discrepancies. Meta-analysis represents a quantitative

analysis, synthesis and evaluation of genuine associa-

tions.16 In this study, we have summarised all currently

available data to examine the relationship between

polymorphism of IL-2 -330T/G and pulmonary TB.

The results showed that polymorphism of IL-2 -330T/

G may not be correlated with pulmonary TB risk in

Caucasians. To our knowledge, this is the first meta-

analysis regarding the relationship between IL-2 -330T/

G polymorphism and pulmonary TB.
Heterogeneity between studies for the overall data

was evidently found in the four genetic models. It is

important to speculate on the causes of heterogeneity

because the heterogeneity might lead to overestimated

effect sizes of the meta-analysis. In case of heterogene-

ity, there were wider CIs for the random-effects model

than for the fixed-effects model.17 From the forest plot

in the allele model, we identified that the studies of

Amirazargar et al.8 and Butov et al.9 might mainly

contribute to heterogeneity as the outliers.
In three studies,8–10 the genotypes distributions in

the control groups were not in accordance with

HWE, indicating population stratification, genotyping

errors or selection bias in the controls. The HWE refers

to a situation in which the frequencies of genotypes

should satisfy the Mendelian law.18 The HWE must

be determined for the compatibility between cases

and controls because genotyping errors can cause devi-

ations from HWE.
In the subgroup analysis of ethnicity, no obvious

relationship was found in Caucasians. The effect of

ethnicity on TB susceptibility was examined nearly 25

yr ago. At the cellular level, the growth ability of M.

tuberculosis in macrophages varies because of the eth-

nicity of the donor.19 Thus, IL-2 -330T/G polymor-

phism may exert different influences on TB risk

among different races. In this meta-analysis, only

three studies involving Caucasians were obtained. The

insufficient number may give rise to limited statistical

power to assess effect of race. It will be of interest in

future studies to identify the association in other

ethnicities.
Because of the limitations of this meta-analysis, our

results should be interpreted with caution. First, among

the studies included in this meta-analysis, most con-

cerned Caucasians, and only one concerned Chinese.

Data regarding Chinese were not sufficient. Second,

subgroup analyses on age, sex and other factors (such

as smoking and diabetes) were not performed in this

study because relevant data were not available in the

primary articles. Third, the number of studies was so

small that we could not perform the corresponding

analysis.

In conclusion, our study indicated that the IL-2

-330T/G polymorphism is not associated with pulmo-

nary TB risk in Caucasians. Therefore, for practical

reasons, more well-designed and large-scale studies

are needed in future to validate or refute the results

of this preliminary study.
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