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ABSTRACT

This paper has aimed to review the available evidence on the
association between Interleukin (IL) -10 -1082G/A, -592C/A
gene polymorphisms and the risk of human immunodeficiency
virus-1(HIV-1) infection. The data of PubMed updated in May
2021 were retrieved. The HIV infection risks were estimated in
allelic, recessive, dominant, homozygous, heterozygous, over-
dominant models of IL-10-1082G/A and-592C/A gene locus as
odds ratio (OR) with the corresponding 95% confidence interval
(95% CI). The correlation was not significant between -1082G/A
polymorphism and HIV-1 susceptibility (allelic model (G vs. A: OR
(95% CI)=0.968 (0.878-1.067)); recessive model (GG vs. AA+AG:
OR (95% CI)=0.940, (0.771-1.146)); dominant model (GG+AG vs.
AA: OR (95% CI)=0.967(0.846-1.106)); homozygous model (GG
vs. AA: OR (95% CI)=0.971(0.780-1.209)); heterozygous model
(AG vs. AA: OR (95% CI)=0.988(0.797-1.224)) and over-dominant
model (GG+AA vs. AG: OR (95% CI)=0.969(0.781-1.201)). IL-10-
592C/A polymorphism might be related to HIV-1 in allelic model,
dominant model, homozygous model and heterozygous model
(OR (95% CI)(0.796-0.965); OR (95% CI)=0.793(0.664-0.948); OR
(95% CI)=0.755,(0.612-0.930); OR (95% CI)=0.820(0.679-0.991),
respectively), but not to recessive model and over-dominant model
(OR (95% CI)=0.882(0.770-1.010) and OR (95% CI)=1.009(0.897-
1.148)).
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INTRODUCTION

Since HIV infection was first discovered in
1981, it started to spread over the world and
has become one of the most serious public
health problems. In 2020, the World Health
Organization announced that 37.7 million
people live with HIV, 1.5 million new HIV
infections, and 680 000 AIDS-related deaths.
(https:/www.who.int/news/item/01-12-2021-
world-aids-day-2021---step-up-be-bold-end-
aids-end-inequalities-and-end-pandemics).
Finding effective prevention and treatment
methods for HIV/AIDS has already become
a key research direction globally. Some
individuals get readily infected with HIV
while some highly exposed individuals
always remain uninfected (1-3), Kaur et al.
found that genetic variants might regulate
HIV-1 susceptibility (4). Previous studies
have identified 14 AIDS restriction genes,
polymorphic variants that could regulate
disease prevention and progression (5),
suggesting that IL-10 genes might be a key
part in susceptibility to and progression of
HIV-I infection.

Interleukin (IL)-10 is a kind of
multifunctional cytokine largely secreted
by immunocytes, such as monocytes,
macrophages, T helper 2 cells , and B cells,
and it plays a significant role in regulating
immune responses (6, 7). IL-10 gene,
located on chromosome 1q31-32, has three
measurable single nucleotide polymorphisms
(SNPs)—-1082 G to A (rs1800896), -592 C to
A (rs1800872) and-819 C to T (rs1800871)—
in its proximal promoter region (8), which
determines its production (9, 10). Many studies
have demonstrated that IL-10 plays a certain
role in attenuating the decrease of CD4 count
and in inhibiting immune activation steps by
presenting antigen, activating macrophage,
producing cytokine, , proliferating antigen-
specific T cells as well as the viral replication
(11). The level of IL-10 is different in serum
HIV-1 antibody positive and negative patients
and at different stages of AIDS (12). Given
the above-mentioned functions of IL-10, these
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promoter polymorphisms were supposed to
be potential factors for susceptibility to HIV-1
infection.

Up to now, several studies have already
indicated that IL-10 gene polymorphisms
are related to HIV infection, however,
the conclusions were not consistent, even
contradictory. A previous meta-analysis
reported that -529C/A gene polymorphism
might reduce HIV-1 infection risk (13),
nonetheless, the study’s sample size was a
little modest. (12, 14-20). Therefore, this study
updated this meta-analysis by summarizing
a large number of studies to analyze the
relationship between IL-10 gene promoter
polymorphisms and HIV susceptibility.

METHODS AND MATERIALS

Literature Retrieval Strategy

The pieces of literature were systematically
searched from PubMed up to May 2021.
The database was searched up with various
combinations of the following keywords:
“interleukin-107, “Interleukin 107, “IL10”,
“IL-10”, “HIV”, “AIDS”, “HIV-positive”,
“human immunodeficiency virus”,
“acquired immune deficiency syndrome”,
“human immunodeficiency virus-positive”,
“polymorphism”, “polymorphisms”,
“mutation”, “allele”, “genotype”, “genetic
variant” and “genetic”. Furthermore, we
inquired whether there were any additional
potentially relevant papers assessed from
the included research and reviews’ follow-
up references.

Inclusion and Exclusion Criteria

Eligible studies met the following four
inclusion criteria: (a) case-control or cohort
study; (b) relevant to the association between
IL-10 gene polymorphisms and HIV-1
susceptibility; (c) available data on allele
frequencies or genotype distributions; (d)
enough data to calculate odds ratio (OR) and
their 95% confidence interval (95% CI).

The excluded studies were (1) repeated
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or overlapped publications; (2) reviews or
abstracts; (3) no frequencies of genotype.

Data Extraction

Two investigators had to independently
extract information from all the qualifying
articles. . The following information had to
be concluded: author, public year, country,
ethnicity, numbers of case and control, as
well as allele and genotype distributions
information. Arguments associated with data
harvesting had to be resolved via consultation
by the review committee.

Statistical Analysis

The crude ORs with their 95% CI were
used to measure the impact of IL-10 gene
polymorphisms on HIV-1 susceptibility. We
evaluated the risk of allelic model (G vs. A),
recessive model (GG vs. AA+AG), dominant
model (GG+AG vs. AA), homozygous model
(GG vs. AA), heterozygous model (AG vs
AA), and over-dominant model (GG+AA vs
AGQG). Stata 12.0 software was applied for data
analysis. Heterogeneity was estimated with
statistic and Cochran’s Q test. /* was used to

Records identified through database
searching(n=296)

quantify the extent of heterogeneity (°<25%
means low heterogeneity, 25</°<50% means
moderate heterogeneity, and /°>50% means
high-level heterogeneity) (21, 22). A fixed-
effects model (Mantel and Haenszel model)
was applied to estimate ORs (95% Cis) with
low or moderate heterogeneity, otherwise,
the random-effects model (Der Simonian and
Laird) was used (23). The Z test was conducted
to estimate the numerical significance of the
combined OR. Hardy-Weinberg equilibrium
analysis on genotype distribution of the control
groups was carried out with a Chi-squared test.
Sensitivity analysis was used to evaluate the
stability of the results (24). The publication bias
was evaluated by a funnel plot and Egger’s test
(25, 26). P<0.05 is considered significant.

RESULTS

Selected Articles and Characteristics

The pieces of literature selected are shown
in Figure 1. 296 articles were identified by
searching the databases above, and we
excluded 245 articles by browsing the titles

Excluded through

titles and abstracts

screening

h 4

Full-text articles assessed for
eligibility (n=51)

(n=245)

Full text of these articles that did

'

Studies for data extraction
(n=15)

not meet included criteria.(n=36)

One study without accurate

\4

Studies included in the quantitative

meta-analysis(n=14)

distribution of genotype(n=1)

Figure 1. Flow chart of studies included in this meta-analysis
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and abstracts. Of the remaining 51 articles,
15 articles were included in this analysis. One
study did not provide accurate information on
genotype distribution, thus, it was excluded
(27). Finally, we included 14 studies in total,
which involved 5 Caucasians, 4 Asians, 2
African-Americans, 1 Indian, 1 Ukrainian,
and 1 unknown (or mixed) population. Among
them, 9 studies provided 1082G/A genotypes,
and 11 studies on 592C/A (alternative
nomenclature: 597C/A) (28), and 6 studies
included both. The details of eligible studies
and the results of Hardy-Weinberg equilibrium
analysis are summarized in Table 1.

All the studies met Hardy-Weinberg
equilibrium except for one study (29).
Although the deviation of the control

groups from H-W equilibrium reflected the
possibility of genotyping errors, population
substructure, or selection bias (30), these
results were not affected by excluding the
study inconsistent with HWE (data were not
shown). In summary, this study was adopted
in the meta-analysis.

Quantitative Data Synthesis
IL-10-1082 G/A Polymorphism and HIV-1
Susceptibility

For -1082G/A polymorphism, nine studies
including 1664 HIV patients and 2357 controls
were involved. The significant heterogeneity
was observed in heterozygous model (AG vs.
AA: P=49.9%, P=0.035) and over-dominant
model (GG+AA vs. AG: P=57.4%, P=0.012),

Table 1. Characteristics of the individual studies investigating the association of 71082G/A and

592C/A polymorphisms in IL-10 with HIV-1

Author Year Ethnicity Country No. of case 1-1 (case/ 1-2 (case/ 2-2 (case/ HWE
/control  control) control) control) (P)
1082G/A GG GA AA
Erikstrup C 2007 Shona. Denmark 195/175 22/17 73/82 100/76 0.45
Shrestha S 2013 African- usS 266/532 45/90 136/245 85/197 0.35
Americans
Ramezani A 2015 Caucasians Iran 70/31 10/3 32/15 28/13 0.66
Freitas FB 2014  Caucasians, Brazil 216/294 14/24 79/111 123/159 0.46
> African
Chatterjee A 2009 Asian India 180/305 20/27 60/122 100/156 0.65
Affandi JS 2012 African- Australia 41/114 11/46 25/51 5117 0.64
Americans
Affandi JS 2012  Caucasians  Australia 37/48 7/18 22/16 8/14 0.02
Kallas E 2015 Caucasians Estonia 172/496 32/104 78/251 62/141 0.69
Ramaseri 2012 Asian India 227/102 11/2 120/43 96/57 0.06
Sunder S
Singh S 2016 Asian India 260/260 21/21 119/125  120/114 0.1
592C/A CcC CA AA
Erikstrup C 2007 Shona. Denmark 195/175 80/68 71/81 43/25 0.91
Shrestha S 2013 African- US 266/532 109/234  128/234 29/64 0.64
Americans
Ramezani A 2015 Caucasians Iran 70/31 31/16 35/11 4/4 0.36
Sobti RC 2010 Asian India 300/300 36/34 137/146  127/120 0.29
Chatterjee A 2009 Asian India 180/305 67/140 74/122 39/43 0.05
Konenkov VI 2001 Caucasians Novosibirsk 120/52 79/38 37/14 4/0 0.26
Kallas E 2015 Caucasians Estonia 172/496 113/306 49/167 10/23 0.97
Corchado S 2013  Caucasians Spain 88/51 43/24 38/21 7/6 0.67
Singh S 2016 Asian India 260/260 106/109  115/122 39/29 0.55
Piddubna 2013 Ukraine Ukraine 78/100 42/25 28/5 8/0 0.62
Harishankar M 2018  South Indian India 100/122 27/50 51/54 22/18 0.59

HIV-1, human immunodeficiency virus-1; HWE, Hardy—Weinberg equilibrium
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and random-effects model was conducted
in the two models. Additionally, a fixed-
effects framework was applied to the other
models. The association was not significant
between -1082G/A polymorphism and HIV-
Isusceptibility (allelic model (G vs. A): OR
(95% CI)=0.968(0.878—1.067), P=0.510;
recessive model (GG vs. AA+AG): OR
(95% C1)=0.940(0.771-1.146), P=0.542;
dominant model (GG+AG vs. AA): OR
(95% CI)=0.967(0.846—1.106), P=0.624;

homozygous model (GG vs. AA): OR
(95% CI1)=0.971(0.780-1.209), P=0.796;
heterozygous model (AG vs AA): OR (95%
C1)=0.988(0.797-1.224), P=0.910; over-
dominant model (GG+AA vs AG): OR (95%
CI)=0.969(0.781-1.201), P=0.773). The details
are shown in Table 2 and Figure 2.

IL-10-592 C/A Polymorphism and HIV-1
Susceptibility
For -592C/A polymorphism, 11 studies

Table 2. Meta-analysis of the association between 1082G/A and 592C/A polymorphisms in IL-

10 and the risk of HIV-1

Polymor- Genetic model

phisms

Test of association

Effect
model

Test of
heterogeneity

Egger’s test

OR (95%CI)

Z

P I’%) P, ¢t P

-1082G/A Gvs. A
GG vs. AAtAG
GGtAG vs. AA
GG vs. AA
AGvs. AA
GG+AA vs. AG
Cvs. A
CC vs. AA+AC
CC+AC vs. AA
CCvs. AA
AC vs. AA
CC+AA vs. AC

0.968(0.878,1.067)
0.940(0.771,1.146)
0.967(0.846,1.106)
0.971(0.780,1.209)
0.988(0.797,1.224)
0.969(0.781,1.201)
0.876(0.796,0.965)
0.882(0.770,1.010)
0.793(0.664,0.948)
0.755(0.612,0.930)
0.820(0.679,0.991)
1.009(0.887,1.148)

-592C/A

0.66
0.61
0.49
0.26
0.11
0.29
2.69
1.82
2.55
2.63
2.06
0.14

0.51
0.542
0.624
0.796

0.91
0.773
0.007
0.069
0.011
0.008
0.040
0.890

176 0.281
0.3 0.435
40.3  0.089
0 0.712
499  0.035
574  0.012
413  0.074
364 0.108
141 0310
153 0.298
10.6  0.344
29.5  0.165

-0.05  0.965
-0.24  0.815
0.80  0.447
0.79  0.454
1.09  0.309
-1.40  0.198
-1.51  0.164
-1.75  0.113
-0.45  0.666
-0.53  0.608
-0.05  0.961
-1.91  0.088

o o o R R

HIV-1, human immunodeficiency virus-1; OR, odds ratio; CI, confidence interval; F, fixed-effect model;

R, random-effect model.

Study Study % Study %
) OR(95%CI)  Weight [} OR(@5%Cl)  Weight [} OR(95%Cl) ~ Weight
Erikstrup C (2007) _— 0.8 (063, 1.18)1048 Erikstrup C (2007) —F— 1.18(061,231) 786 Erikstrup C (2007) —_— 0.73(048,1.10)12.34
Shrestha S (2013) —_— 1.11(0.90, 137)19.95 Shrestha S (2013) —_— 1.00 (068, 1.48) 24.66 Shrestha S (2013) —_— 125092, 1.71)16.46
Ramezani A(2015) ———— e 1.15(062,216)224 Ramezani A (2015) — 1.56 (040, 6.10) 176 Ramezani A(2015) —_— 1.08(0.46, 256)2.30
Freitas FB (2014) —_— 089 (067, 1.18)12.41 Freitas FB (2014) —_— 078 (039, 1.55) 940 Freias FB (2014) _— 089 (063,127)15.02
Chatteriee A (2009) —_—— 095071, 1.27)11.55 Chatteriee A (2009) —E— 129(0.70,237) 881 Chatteriee A (2009) —_— 084 (058, 121)14.47
Aftandi JS (2012) _— 080 (048, 1.33)3.95 Affandi JS (2012) —s 054(025,1.19) 881 Affandi JS (2012) — e 126043367144
Affandi JS (2012)  é———— 080 (044, 1.47)2.85 Affandi JS (2012) _— 039(0.14,1.07) 628 Affandi JS (2012) B — 149 (055, 4.06)1.48
Kallas E (2015) —s—r 062 (064, 1.05)16.99 Kalas E (2015) = 0.86 (055, 1.34) 21.56 Kalas E (2015) —— 070(049,1.02)1520
Ramaseri Sunder $ (2012) —— s 152(1.04,223)5.46 Ramaseri Sunder S (2012) —.ﬁ 255(055, 1.70)1.30 Remaseri Sunder S (2012) —_— 1.73.(1.08,277)6.08
Singh S (2016) — 095 (073, 123)14.12 Singh $ (2016) — 100053, 1.88) 955 Singh S (2016) —=— 091(064,129)15.54
Overal (I-squared = 17.6%, p = 0.281) <] 0.97(0.88, 1.07)100.00 Overall (I-squared = 0.3%, p = 0.435) < 094 (077, 1.15) 100.00 Overal (I-squared = 40.3%, p = 0.089) ke 097 (085, 1.11)100.00
T T T T T
437 1 229 0855 1 17 246 1 406
AGVS A B:GG VS, AATAG C: GG*AG VS AR

Study J Study % stugy %

[} OR(95%Cl)  Weight 0 OR(95% Cl) ~ Weight [} OR(95%Cl)  Weight
Erikstrup C (2007) —+— 098(0.49,1.98) 973 Erikstrup C (2007) — 068 (044, 1.04)1161 Erikstrup C (2007) — 147097, 223)11.14
Shrestha S (2013) —_ 116 (0.75, 1.80) 2259 Shrestha S (2013) —— 129 (093, 1.79)14.53 Shrestha $ (2013) —_— 082 (061, 1.10)14.02
Ramezani A (2015) 155 (036, 6.59) 192 Ramezani A (2015) _— 099 (0.40,243)4.53 Ramezani A(2015) S b 1.11 (048, 260)4.82
Freilas FB (2014) 075(037,152) 1136 Freitas FB (2014) — 092 (063, 1.34)13.27 Freitas FB (2014) —_— 1.05(0.73,151)12.32
Chatteriee A (2009) - 116 (062, 2.17) 1097 Chatteriee A (2009) —— 077 (052, 1.14)12.56 Chatterjee A (2009) —-— 1.33(091,1.96)11.81
Affandi JS (2012) —_— 081(0.25,268) 358 Affandi JS (2012) —_————  167(055,5040322 Aftandi JS (2012) —_— 052 (025, 1.07)5.99
Affandi JS (2012) s 068(020,233) 377 Aftandi JS (2012) — 241(082,7.10)335 Aftandi JS (2012)  é——— 034 (0.14,083)4.48
Kales E (2015) —=+ 070(043,1.15) 23.42 Kallas E (2015) —— 071048, 1.0)12.72 Kalas E (2015) -+ 1.23 (087, 1.75)12.70
Ramaseri Sunder S (2012) o 327 (070, 15.26)1.42 Ramaseri Sunder S (2012) — 166 (1.3, 267)1054 Ramaseri Sunder S (2012) —_— 065 (0.41, 1.04)9.94
Singh S (2016) — 0.95(0.49,1.83) 1124 Singh S (2016) —=— 090063, 1.29)13.66 Singh $ (2016) —— 110 (078, 155)12.79
Overal (-squared = 0.0%, p = 0.712) 097 (0.78,121) 100.00 Overal (I-squared = 49.9%, p = 0.035) 0.99(0.80, 1.22)100.00 Overal (I-squared = 57.4%, p = 0.012) 097 (0.78, 1.20)100.00

NOTE: Weights are from random effects analysis NOTE: Weights are from random effects analysis
o6ss 1 183 1t 1 71 14 1 714
D:GGVS. AA E:AGVS AR F- GG+AAVS. AG

Figure 2. ORs and 95% CIs of individual studies and pooled data for the association between IL-10-1082G/A polymorphisms and HIV-1 su

(A: G VS. A; B: GG VS. AA+AG; C: GG+AG VS. AA; D: GG VS. AA; E: AG VS. AA; F: GG+AA VS. AG)

Iran J Immunol Vol. 19, No. 1, March 2022

sceptibility.

95



Wang ZH et al.

Study % Study
o OR@ESHC)  Weight o

1 |l
Erikstrup C (2007) = 0.89 (0.66, 1.20) 10.47 Erikstrup C (2007) -
Shrestha S (2013) . i 0.96 (0.77, 1.19) 18.50 Shrestha S (2013) -
Ramezai A 2015 — 100052, 191) 207 Ramezani A @2015) —
Sobti RC (2010) i3 096(0.76,1.22) 1577 Sobti RC (2010) ——
Chatterjee A (2009) *:' 0.71(0.54,0.93) 14.25 Chatterjee A (2009) —*':'
Konenkov VI (2001) *—J» 067 (0.35,1.29) 266 Konenkov VI (2001) —t
Kallas E (2015) —— 1.09 (0.80, 1.48) 9.10 Kallas E (2015) ~
Corcado S 2019 S 1140067, 159 262 Corehado 019 —
Singh S (2016) - 0.90(0.70, 1.16) 14.27 Singh S (2016) --

Piddubna (2013)  é——#—— }

Harishankar M (2018) — |
Overal (-squared = 41.3%,p =0.074) ()

0.23(0.09,062) 253
0.65(0.44,0.94) 745
0,88 (0.80, 0.96) 100.00

Piddubna (2013)  ———4———

Harishankar M (2018) —_—

Overal (-squared = 36.4%,p =0.108) )
i

% Study %
OR(95%Cl)  Weight ) OR(9%CI)  Weight

109072, 168) 950 Enkatup € 2007) =
0.88 (0.66, 1.19) 20.76 ‘Shrestha S (2013) | ]
075(032,1.74) 279 Ramezani A 201

059(0.34,101) 1286
112(070,178) 1257
244(057,1049) 0.79

o
-
Chatteriee A (2009) —_—

107 (065, 1.76) 6.75 Sobli RC (2010) 091(066,126) 2815
070048, 1.02) 1471 059(0.37,096) 1557
071(035,1.46) 408 Konerkov VI (2001)  ——#—}—— 025(001.466) 100
119(0.83,1.71) 12.19 Kallas E (2015) - 079(0:37,169) 523
108 (0.54,2.14) 350 Corchado § (2013) e 154 049, 487) 167
0.95(0.67,1.35) 14.56 Singh S (2016) —— 071(0.43,1.19) 1280

0.23(0.08,0.67) 3.76
0.53(0.30,0.84) 741
088 (0.77,1.01) 10000

Piddubna (2013)  ——————————
Harishankar M (2018) ——
Overal (1squared = 14.1%.p=0.310) ()

0.14(001.243) 174
061(0.31,1.22) 7.61

0.79(0.66,095) 100.00
I

L

T T T

A:CVS.A B: CC VS. AA+AC C: CC+AC VS. AA
% » oy %
o oresey woot [ o oreswo)  wiw D oRESKC)  Wekht
Eritrup C (2007) = 068(038, 123) 1350 Eristrp C (2007) =a| 051(026,092) 1340 Eristrup C (2007) 151(089,229) 784
avesnas 013 103089 160 1552 avestms ot e V21078100 1262 e 2012 085000, 114) 288
R 1 1 194 (043,878) 1.16 Ramezani A (2015) i P, 318068, 14.88) 069 Ramezani A (2015) 055(023,132) 303
Sobti RC (2010) B2 1.00 (059, 1.70) 13.58 Sobti RC (2010) —_— 089(063,1.25) 2061 ‘Sobti RC (2010) —_— 1.13 (082, 1.55) 1536
e A 2000 = 0530021, 059) 008 s ot L 067 040,119 1440 Cratee A 2009 " 055(050,139) 1220
Konenkov VI (2001) _0—‘-'— 0.23 (0.01,4.37) 1.40 Konenkov VI (2001) 0.29(0.01,5.68) 0.97 Konenkov VI (2001) 0.83 (0.40, 1.71) 3.57
ot 015 = 085039, 184675 Kaon 015 i 08700150 556 ol Co15) 127087, 180 1058
Corchado S (2013) —”*— 1.54 (0.46, 5.10) 2.09 hadc 1. : T 1.55(0.46,5.22) 1.73 ‘Corchado S (2013) 0.92 (0.46, 1.85) 3.58
Singh S (2016) — 0.72(0.42, 1.25) 14.98 Singh S (2016) —_— 0.70(0.41,1.21) 1320 Singh S (2016) —_— 1.11(0.79, 1.57) 13.33
Piddubna (2013)  é——————1— 0.10(0.01,1.77) 281 Piddubna (2013) = ———— 030(0.02,6.09) 092 Piddubna (2013)  é——————F 0.36 (012, 1.04) 2,83
Harishankar M (2018) — 0.44 (0.20, 0.96) 9.37 Harishankar M (2018) —_— 0.82(0.39, 1.70) 6.69 Harishankar M (2018) —_— 0.76 (0.45, 1.30) 6.82

Overall (-squared = 15.3%,p=0298) () 0.75(061,0.93) 100.00

Overall (\-squared = 10.6%, p = 0.344) (1
i i

052(0.68,099) 10000 Overal (squared = 20.5%, p = 0.165) 1.01(0.89, 1.15) 100.00

I L
T T T
00543 184 0145 1

D: CCVS. AA

E: ACVS. AA

T T T
688 123 1 813

F: CC+AAVS. AC

Figure 3. ORs and 95% CIs of individual studies and pooled data for the association between IL-10-592C/A polymorphisms and HIV-1 susceptibility.
(A: CVS. A; B: CC VS. AA+AC; C: CC+AC VS. AA; D: CC VS. AA; E: AC VS. AA; F: CC+AA VS. AC)

including 1829 HIV patients and 2424 controls
were involved. Fixed-effects model was
conducted. Broadly, -592C/A polymorphism
was related to HIV-1 infection in allelic
model (C vs. A, OR(95% C1)=0.876(0.796—
0.965), P=0.007), dominant model (CC+AC
vs. AA: OR (95% CI)=0.793(0.664—-0.948),
P=0.011), homozygous model (CC vs. AA:
OR (95% CI)=0.755 (0.612—0.930), P=0.008)
and heterozygous model (AC vs. AA: OR
(95% CI)=0.820 (0.679-0.991), P=0.040),
except recessive model (CC vs. AA+AC: OR
(95% C1)=0.882 (0.770-1.010), P=0.069) and
over-dominant model (CC+A A vs. AC model:
OR (95% CI)=1.009 (0.897-1.148), P=0.890).
Table 2 and Figure 3 show these results.

Heterogeneity and Subgroup Analysis

The result of Cochran’s Q statistic for
heterozygous model (AG vs. AA) of IL-
10-1082G/A showed that the p-value was
0.035 less than 0.1, and ? was 49.9%. For
over-dominant model (GG+AA vs. AG) of
IL-10-1082G/A, p was 0.012 less than 0.1
and F was 57.4% (I”>50%). Therefore, there
existed heterogeneity in these two models.
No heterogeneity was observed in the other
p-values of Cochran’s Q statistic and F°
statistics. Subgroups analysis suggested that
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Figure 4. Publication bias in studies of the association between IL-10 polymorphisms and the risk of
HIV-1 infection by funnel plot for allele model. (A. 1082G/A: B. 592C/A)

ethnicity might not be one of the reasons
for heterogeneity. The details are shown in
Figure S1 and Figure S2 in the supplement.

Publication Bias

Funnel plot and Egger’s test were used
to evaluate publication bias. No publication
bias appeared. The funnel plots of allelic
model in IL-10-1082G/A and -592C/A are
presented in Figure 4. In addition, there were
no circumstances that P was less than 0.05, an
indication that that the publication bias was
not significant (shown in Table 2).

Sensitivity Analysis
As shown in Figure 5, the results of
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Figure 5. Sensibility analysis in studies of the association

model. (A. 1082G/A; B. 592C/A)

allelic model in IL-10-1082G/A were kept
statistically stable. The article that has the
greatest influence on the overall pooled
estimates of allelic model in 1L-10-592C/A
is the one conducted by Chatterjee A et al.
(12). However, the moderate to high stability
was drawn from sensitivity analysis, because
the ORs (95% CI, P-value) were not much
different before and after removing this
article (0.88 (0.80—0.97, P=0.007) vs. 0.90
(0.82-1.00, P=0.056)).

DISCUSSION

Although the etiology of HIV infection is not
clear up to this point, it is well known that
genetic factors might be involved in the onset
and disease progression. Numerous research
have already been launched to look at genes
in susceptibility to HIV-1, progression,
outcome, such as chemokine receptor (CCR)
5-32, CCR2-641, CCR5-P1, stromal cell-
derived factor (SDF) 1-3A, mannose-binding
lectin (MBL), HLA-A, -B, and -C (31).
Additional HIV-related genes are presently
being studied.

To date, there have been several reports
on studying the link between IL-10 promoter
polymorphisms and the risk of HIV-1, but
conclusions were contradictory (12, 14-16,
32). Eriksturp C’s study (14) indicated the
protective role of IL-10—1082G while Sobti RC
(16) and Ramezani et al. (32) found different
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results : the promoter polymorphisms in IL-
10 gene were not related to HI'V infection and
AIDS progression. Chatterjee A’s study (12)
firstly reported IL-10—592C/A as risk factors
and draw the same conclusion with Singh S
(17) that 1L-10 5°’A might increase HIV-1
susceptibility and rapid progress to AIDS.
Kallas E (15) suggested the protective roles
of -1082A and -592A in resistance to HIV
infection. The inconsistent results might be
due to inadequate sample size, and different
genetic backgrounds of subjects. Furthermore,
it was reported that there existed a strong
linkage disequilibrium between -819C/T
and -592C/A polymorphisms (33, 34), so we
just investigated the associations of -1082G/
A and -592C/A polymorphisms with HIV
susceptibility.

Therefore, we performed this program
including 1664 patients and 2357 controls
about-1082G/A and 1829 cases and 2424
controls about -592 C/A. Finally, no
significant correlations were found between
-1082G/A and HIV-1 susceptibility. Moreover,
significant differences were found in allelic
model (G vs. A), heterozygous model (AG vs.
AA), homozygous model (GG vs. AA), and
dominant model (GG+AG vs. AA), indicating
that -592C/A polymorphism might be related
to HIV-1 susceptibility.

Susceptibility to HIV was tightly
correlated with the extent of exposure to
the virus (35). IL-10 gene was considered
to be related to the complex pathway of
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HIV-1 entry and replication (36). IL-10,
as a cytokine with anti-inflammatory and
immunomodulatory, was involved in the
stimulation and suppression of balanced
immune responses. Furthermore, previous
studies indicated that carriers with alleles of
-592C or -1082G were related to increased IL-
10 secretion, while -592A and -1082A alleles
involved a low serum level of IL-10 (37-39).
Studies in various populations all suggested
the protective role of high-level IL-10 for HIV
infection (12, 14, 40), and high-levels IL-10
would attenuate the decrease on CD4" T cells
counts, which were the main target of HIV
(41). Our findings were consistent with the
observations above, further suggesting a link
between IL-10 promoter polymorphisms and
HIV-1.

Our study has had several unavoidable
limitations, which must be pointed out. Firstly,
we just reviewed English reports in PubMed,
so, relevant articles in other languages or
published in other databases might be missed.
Secondly, the susceptibilities between
polymorphisms and HIV-1 susceptibility
were analyzed independently, but no gene-
environment and gene-gene interactions were
conformed. Thirdly, there existed various
confounding factors correlated with HIV
susceptibility, such as age, sex, etc., and they
were not taken into consideration. Fourthly,
we found that the sensitivity analysis results
of allelic model in -592C/A gene site were
not very stable based on Chatterjee A’s study.
However, subsequent investigation revealed
that there were no variations in demographic,
sample size, or procedures between this and
the other studies included. Moreover, this
study was evaluated with Newcastle-Ottawa
Scale and the quality was high. Thus, we
could not remove the study because it met the
eligible criteria. Finally, the conclusion might
be influenced by the fact that some controls
had a history of HIV-1 exposure while some
others did not. Aside from these limitations,
there were several positive aspects to this
meta-analysis. The most updated pieces of
literature were strictly selected. Analytical
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results indicate stability with no publication
bias.

CONCLUSION

-592C/A polymorphism might be associated
with HIV-1 infection, while -1082G/A
polymorphism is not. Additional research
should be conducted to investigate the
relationship between the combined impacts
of numerous genes, and HI'V-1 susceptibility
in various ethnic populations.

ACKNOWLEDGMENT

This work was supported by Grants National
Natural Science Foundation of China (grant
numbers: 81573217 and 81172764), and
Scientific Research of BSKY from Anhui
Medical University (grant number: XJ201301).

Conflict of Interest: None declared.

REFERENCES

1. Mlisana K, Werner L, Garrett NJ, McKinnon
LR, van Loggerenberg F, Passmore J-AS, et al.
Rapid Disease Progression in HIV-1 Subtype
C-Infected South African Women. Clinical
Infectious Diseases. 2014;59:1322-31.

2. van der Helm JJ, Geskus R, Lodi S, Meyer L,
Schuitemaker H, Gunsenheimer-Bartmeyer B, et
al. Characterisation of long-term non-progression
of HIV-1 infection after seroconversion: a cohort
study. The lancet HIV. 2014;1:E41-ES.

3. Heeney JL, Beverley P, McMichael A, Shearer G,
Strominger J, Wahren B, et al. Immune correlates
of protection from HIV and AIDS - more answers
but yet more questions. Immunology today.
1999;20:247-51.

4. Kaur G, Mehra N. Genetic determinants of HIV-1
infection and progression to AIDS: immune
response genes. Tissue antigens. 2009;74:373-85.

5. O’Brien SJ, Nelson GW. Human genes that limit
AIDS. Nature genetics. 2004;36:565-74.

6. Shete A, Suryawanshi P, Godbole S, Pawar J,
Paranjape R, Thakar M. HIV-infected CD4+T
Cells Use T-bet-dependent Pathway for Production

Iran J Immunol Vol. 19, No. 1, March 2022



Effects of IL-10 gene polymorphisms on HIV risk

10.

11.

12.

13.

14.

15.

16.

17.

18.

of IL-10 Upon Antigen Recognition. Scandinavian
journal of immunology. 2016;83:288-96.
Wagage S, John B, Krock BL, Hall AOH, Randall
LM, Karp CL, et al. The Aryl Hydrocarbon
Receptor Promotes IL-10 Production by NK Cells.
Journal of Immunology. 2014;192:1661-70.

LiJ, Wu S, Wang M-R, Wang T-T, Zhu J-M.
Association of the interleukin-10-592A/C,-
1082G/A and-819T/C gene polymorphisms
with type 2 diabetes: A meta-analysis. Gene.
2013;521:211-6.

Chen Y, Zheng T, Lan Q, Foss F, Kim C, Chen
X, et al. Cytokine polymorphisms in Th1/Th2
pathway genes, body mass index, and risk of
non-Hodgkin lymphoma. Blood. 2011;117:585-90.
Kamali-Sarvestani E, Kiany S, Gharesi-Fard B,
Robati M. Association study of IL-10 and IFN-
gamma gene polymorphisms in Iranian women
with preeclampsia. Journal of reproductive
immunology. 2006;72:118-26.

Mocellin S, Marincola FM, Young HA.
Interleukin-10 and the immune response against
cancer: a counterpoint. Journal of leukocyte
biology. 2005;78:1043-51.

Chatterjee A, Rathore A, Sivarama P, Yamamoto
N, Dhole TN. Genetic Association of IL-10 Gene
Promoter Polymorphism and HIV-1 Infection in
North Indians. Journal of Clinical Immunology.
2009;29:71-7.

Jiang C, Liu S, Liu S, Li Z, Chen P, Chen L.
Association Between the Interleukin-10-1082G/A,
-592C/A, -819C/T Gene Polymorphism and HIV-1
Susceptibility: A Meta-Analysis. AIDS Res Hum
Retroviruses. 2017;33:61-7.

Erikstrup C, Kallestrup P, Zinyama-Gutsire RB,
Gomo E, Butterworth AE, Pedersen BK, et al.
Reduced mortality and CD4 cell loss among
carriers of the interleukin-10-1082G allele in a
Zimbabwean cohort of HIV-1-infected adults.
AIDS (London, England). 2007;21:2283-91.
Kallas E, Huik K, Pauskar M, Jogeda E-L, Karki
T, Des Jarlais D, et al. Influence of interleukin
10 polymorphisms-592 and-1082 to the HIV,
HBV and HCV serostatus among intravenous
drug users. Infection Genetics and Evolution.
2015;30:175-80.

Sobti RC, Berhane N, Mahedi SA, Kler R,
Hosseini SA, Kuttiat V, et al. Polymorphisms of
IL-6 174 G/C, 1L-10-592 C/A and risk of HIV/
AIDS among North Indian population. Molecular
and cellular biochemistry. 2010;337:145-52.
Singh S, Sharma A, Arora SK. Combination of low
producer A A-genotypes in IFN-gamma and IL-10
genes makes a high risk genetic variant for HIV
disease progression. Cytokine. 2016;77:135-44.
Freitas FB, Lima SS, Feitosa RN, Azevedo VN,
Ishak Mde O, Ishak R, et al. Polymorphisms in

Iran J Immunol Vol. 19, No. 1, March 2022

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

the IFNgamma, IL-10, and TGFbeta genes may be
associated with HIV-1 infection. Disease markers.
2015;2015:248571.

Ramaseri Sunder S, Hanumanth SR, Nagaraju
RT, Venkata SK, Suryadevara NC, Pydi SS, et
al. IL-10 high producing genotype predisposes
HIV infected individuals to TB infection. Human
immunology. 2012;73:605-11.

Corchado S, Marquez M, Montes de Oca M,
Romero-Cores P, Fernandez-Gutierrez C, Giron-
Gonzalez JA. Influence of Genetic Polymorphisms
of Tumor Necrosis Factor Alpha and Interleukin 10
Genes on the Risk of Liver Cirrhosis in HIV-HCV
Coinfected Patients. PLoS One. 2013;8:¢66619.
Brittain EH, Fay MP, Follmann DA. A valid
formulation of the analysis of noninferiority trials
under random effects meta-analysis. Biostatistics
(Oxford, England). 2012;13:637-49.

Higgins JPT, Thompson SG, Deeks JJ, Altman
DG. Measuring inconsistency in meta-analyses.
BMIJ (Clinical research ed). 2003;327:557-60.
Fleiss JL. The statistical basis of meta-analysis.
Statistical methods in medical research.
1993;2:121-45.

Huxley N, Jones-Hughes T, Coelho H, Snowsill
T, Cooper C, Meng Y, et al. A systematic review
and economic evaluation of intraoperative tests
RD-100i one-step nucleic acid amplification
(OSNA) system and Metasin test for detecting
sentinel lymph node metastases in breast cancer.
Health Technology Assessment. 2015;19:1-215.
Egger M, Davey Smith G, Schneider M, Minder
C. Bias in meta-analysis detected by a simple,
graphical test. BMJ (Clinical research ed).
1997;315:629-34.

Begg CB, Mazumdar M. Operating characteristics
of a rank correlation test for publication bias.
Biometrics. 1994;50:1088-101.

Wang CB, Song W, Lobashevsky E, Wilson
CM, Douglas SD, Mytilineos J, et al. Cytokine
and chemokine gene polymorphisms among
ethnically diverse North Americans with HIV-1
infection. Jaids-Journal of Acquired Immune
Deficiency Syndromes. 2004;35:446-54.
Albuquerque CM, Cortinhas AJ, Morinha FJ,
Leitao JC, Viegas CA, Bastos EM. Association
of the IL-10 polymorphisms and periodontitis:
a meta-analysis. Molecular biology reports.
2012;39:9319-29.

Affandi JS, Aghafar ZK, Rodriguez B,
Lederman MM, Burrows S, Senitzer D, et al.
Can immune-related genotypes illuminate the
immunopathogenesis of cytomegalovirus disease
in human immunodeficiency virus-infected
patients? Human immunology. 2012;73:168-74.
Chen B, Cole JW, Grond-Ginsbach C.
Departure from Hardy Weinberg Equilibrium

99



Wang ZH et al.

31

32.

33.

34.

35.

36.

100

and Genotyping Error. Frontiers in genetics.
2017;8:167.

Michael NL. Host genetics and HIV--removing
the mask. Nature medicine. 2002;8:783-5.
Ramezani A, Kalantar E, Aghakhani A,
Banifazl M, Foroughi M, Hosseini S, et al. Lack
of Association between Interleukin-10 Gene
Promoter PolymorphismswithHIVSusceptibility
and Progression to AIDS. Iranian journal of
pathology. 2015;10:141-8.

Opdal SH. IL-10 gene polymorphisms in
infectious disease and SIDS. FEMS immunology
and medical microbiology. 2004;42:48-52.
Turner DM, Williams DM, Sankaran D, Lazarus
M, Sinnott PJ, Hutchinson IV. An investigation
of polymorphism in the interleukin-10 gene
promoter. European journal of immunogenetics
: official journal of the British Society for
Histocompatibility and Immunogenetics.
1997;24:1-8.

Fowke KR, Nagelkerke NJ, Kimani J, Simonsen
JN, Anzala AO, Bwayo JJ, et al. Resistance to
HIV-1 infection among persistently seronegative
prostitutes in Nairobi, Kenya. Lancet (London,
England). 1996;348:1347-51.

Shrestha S, Strathdee SA, Galai N, Oleksyk
T, Fallin MD, Mehta S, et al. Behavioral risk
exposure and host genetics of susceptibility to
HIV-1 infection. Journal of Infectious Diseases.

37.

38.

39.

40.

41.

2006;193:16-26.

Crawley E, Kay R, Sillibourne J, Patel P,
Hutchinson I, Woo P. Polymorphic haplotypes
of the interleukin-10 5” flanking region determine
variable interleukin-10 transcription and are
associated with particular phenotypes of juvenile
rheumatoid arthritis. Arthritis and rheumatism.
1999;42:1101-8.

Edwards-Smith CJ, Jonsson JR, Purdie DM,
Bansal A, Shorthouse C, Powell EE. Interleukin-10
promoter polymorphism predicts initial response
of chronic hepatitis C to interferon alfa.
Hepatology (Baltimore, Md). 1999;30:526-30.
Reuss E, Fimmers R, Kruger A, Becker C,
Rittner C, Hohler T. Differential regulation
of interleukin-10 production by genetic and
environmental factors--a twin study. Genes and
immunity. 2002;3:407-13.

Naicker DD, Werner L, Kormuth E, Passmore
J-A, Mlisana K, Karim SA, et al. Interleukin-10
Promoter Polymorphisms Influence HIV-1
Susceptibility and Primary HIV-1 Pathogenesis.
Journal of Infectious Diseases. 2009;200:448-52.
Harishankar M, Ravikrishnan H, Ravishankar
A, Hanna LE, Swaminathan S, Selvaraj P, et al.
IL-10 Promoter-592 Polymorphism may Influence
Susceptibility to HIV Infection in South Indian
Population. Current HIV research. 2018;16:58-63.

Iran J Immunol Vol. 19, No. 1, March 2022



Effects of IL-10 gene polymorphisms on HIV risk

Study % Study %
D OR (95% C) Weight D OR (95% C1) Weight
Caucasian Caucasian
Ramezani A (2015) B — 099(0.40,243) 453 Ramezani A (2015) 111(048,260) 482
Freitas FB (2014) — 092(0.63,1.34) 1327 Freitas FB (2014) 1.05(073,151) 1232
Affandi JS (2012) —————————————— 241(082,710) 335 Affandi JS (2012) ——— 034(0.14,083) 448
Kallas E (2015) — 071(0.48,1.05) 1272 Kallas E (2015) 123(087,175) 1270
Subtotal (-squared = 35.4%, p = 0.200) <> 092(0.65,1.30) 33.88 Subtotal (-squared = 57.1%, p = 0.072) 095(063,143) 3432
Asian Asian
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Singh S (2016) —_— 0.90(0.63,1.29) 13.66 Singh S (2016) 1.10(0.78,155) 1279
Subtotal (-squared = 68.1%, p =0.043) Ea 1.03(067,156) 3676 Subtotal (-squared = 63.7%, p = 0.064) 1.01(069,1.47) 3454
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Shrestha S (2013) —— 129(093,179) 1453 Shrestha § (2013) 082(061,1.10) 1402
Affandi JS (2012) — 167 (055,504) 322 Affandi JS (2012) 052(0.25,1.07) 599
Subtotal (--squared = 0.0%, p = 0.660) - 1.31(0.96,1.80) 17.75 Subtotal (I-squared =22.2%, p = 0.257) 074(051,1.07)  20.00

thers Others
Erikstrup C (2007) —_— 068(0.44,104) 1161 Erikstrup C (2007) 147(097,223) 1114
Subtotal (-squared =%, p=) L 0.68(0.44,1.04) 1161 Subtotal (-squared =.%, p 147(0.97,223) 1114
Overall (-squared = 49.9%, p = 0.035) <> 099(0.80,1.22) 100.00 Overall (--squared = 57.4%, p = 0.012) 0.97(078,1.20) 100.00
NOTE: Weights are from random effects analysis NOTE: Weights are from random effects analysis |
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Figure S2. ORsand 95% CIs of individual studies and pooled data for over—dominant

Figure S1. ORsand 95% CIs of individual studies and pooled data for heterozygous model
model (CC+AA vs. AC ) according to sources of ethnicity.

(AG VS. AA) according to sources of ethnicity.
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