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Abstract

Background: Dendritic cell-specific intercellular adhesion molecule-3-grabbing nonintegrin related (DC-SIGNR) can bind to
the human immunodeficiency virus-1 (HIV-1) gp120 envelope glycoprotein and is thus important for the host-pathogen
interaction in HIV-1 infection. Studies of the association between the variable number tandem repeat (VNTR) polymorphism
of the DC-SIGNR gene and HIV-1 susceptibility have produced controversial results.

Methods and Findings: We conducted a meta-analysis of the data contained in the literature to clarify these findings. In
total, 10 studies consisting of 2683 HIV-1 patients and 3263 controls (2130 healthy controls and 1133 HIV-1 exposed but
seronegative (HESN) controls) were included. Odds ratios (ORs) with 95% confidence intervals (95% Cls) were assessed in the
main analyses. Further stratified analyses by ethnicity and sample size were performed. By dividing the controls into two
groups, healthy controls and HIV-1 exposed but seronegative (HESN) controls, we explored different genetic models to
detect any association between the VNTR polymorphism and predisposition to HIV-1 infection. The results showed that the
5-repeat allele carriers (OR=0.84, 95% Cl=0.73-0.96) and the 5/5 homozygous (OR=0.68, 95% Cl=0.50-0.93) had
significantly reduced risk when using the HIV-1 exposed but seronegative (HESN) as controls. The stratified analyses by
ethnicity and sample size confirmed these findings. However, a low to moderate degree of heterogeneity was also found
across studies.

Conclusions: Our findings demonstrate that the VNTR polymorphism of the DC-SIGNR gene is associated with a moderate
effect on host susceptibility to HIV-1 infection. Similar to the 32-bp deletion in the chemokine receptor-5 gene (CCR5A32),
the DC-SIGNR VNTR 5-repeat allele might have a role in resistance to HIV infection, particularly in Asian populations.
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Introduction within 2-3 years while others remained asymptomatic for more
than 10-15 years [3]. Last year, NIH published a conference

The incidence of acquired immunodeficiency syndrome (AIDS) report about definition of HIV-exposed seronegative (HESN)

has increased over the past few decades. Up to now, nearly 34
million people suffered from human immunodeficiency virus-1
(HIV-1) infection, and an estimated 2.7 million people were newly
infected with the virus in 2010 (http://www.who.int/features/
factfiles/hiv/facts/en/index3.html). However, the natural course
of HIV-1 infection and the susceptibility to infection after
exposure are highly heterogeneous among individuals [1,2].
Despite of high-risk behavior and/or multiple exposures to HIV-
1, some individuals remained seronegative, or uninfected. These
individuals may have a different course of progression to AIDS
and may have different clinical outcomes. It is a common
observation that some infected individuals became symptomatic
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individuals. It is now a consensus to define HESN from several
group of individuals who are at high risk of exposure which
include : (1) the commercial sex workers, (2) people with
hemophilia, (3) discordant couples, (4) intravenous drug users,
and (5) mother-to-child transmission [4].

In the past few years, many studies revealed that host
immunogenetics, including genetic polymorphisms, play impor-
tant roles in host resistance to HIV-1 infection and predict
different progressions to AIDS after infection [5-7]. Polymor-
phisms of certain chemokines and chemokine receptors have been
reported to play important roles in individual variability in
response to HIV-1/AIDS. The most investigated variation is the
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32-bp deletion in the chemokine receptor-5 (CCR5 A32) gene,
which was shown to confer resistance to HIV-1 infection in
homozygous carriers, and its role has been investigated in a clinical
context [8,9]. Similar to CCR5, DC-SIGNR is potentially an
important gene affecting host susceptibility to HIV-1 infection and
disease progression. DC-SIGN (dendritic cell-specific intercellular
adhesion molecule-3-grabbing nonintegrin) is able to bind the
HIV-1 gp120 surface glycoprotein with high affinity and is able to
enhance trans-infection of T cells by HIV-1 [10]. DC-SIGNR is a
homolog of DC-SIGN with 77% amino acid identity and
preferential expression in liver and lymph node epithelial cells.
DC-SIGNR functions similarly to DC-SIGN in capturing HIV-1
and enhancing HIV-1 infection of T cells [11].

Both DC-SIGN and DC-SIGNR are organized into 3 domains:
(1) an N-terminal cytoplasmic region followed by a transmem-
brane domain, (2) a neck-region containing a variable number
tandem repeat (VN'TR) of a conserved 23 amino acid sequence,
and (3) a C-terminal extracellular domain with a C-type
carbohydrate recognition domain (CRD) involved in pathogen
binding [12]. While the CRD forms complicated carbohydrates
with high mannose-containing ligands, the neck-region is essential
for lectin tetramerization and influences the capability of CRD to
interact with pathogens such as HIV-1. Because the VNTR of the
neck-region in DC-SIGNR is highly polymorphic, ranging from 3
to 9 repeats in worldwide populations, the polymorphism has been
widely studied with regard to host genetic predisposition to HIV-1
infection [13-23]. However, the results are controversial and
inconclusive, most likely because of the different ethnic popula-
tions used in the different studies or lacking the statistical power in
any individual study to produce a reliable conclusion. Thus, a
comprehensive analysis is critical.

In this study, a meta-analysis was performed to investigate the
association between the VNTR polymorphism of the DC-SIGNR
gene and host susceptibility to HIV-1 infection. We also performed
a stratified analysis by ethnicity and sample size to explore the
variation in the relationship between VNTR polymorphism and
HIV-1 infection risk among different ethnic populations.

Materials and Methods

Literature Search

We performed a literature search in PubMed, MEDLINE,
Embase, Wanfang Database and Weipu Database for studies
published through April 2011 to use in this meta-analysis. The key
terms were “DC-SIGNR or CLEC4M or CD209L or L-SIGN or
CD299 or DC-SIGN2”, “HIV-1”, and “polymorphism” in
various combinations. The search was limited to articles published
in English and Chinese. We also manually searched the references
matching the above criteria to identify additional studies.

Inclusion and Exclusion Criteria

The eligible investigations met the following criteria: (1) the
studies were case-control designed to explore the association
between VNTR polymorphism in the DC-SIGNR gene and HIV-
1 susceptibility; (2) the studies provided data on the distribution of
VNTR polymorphism in the case-control population; (3) the
studies were published in the English or Chinese languages.
Studies were excluded if they did not contain enough data for
meta-analysis, if they were abstracts or reviews, or if they were
duplicated within other included studies.

Data Extraction

Two authors perused the papers and extracted the data
according to the above inclusion and exclusion criteria. The
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following characteristics were collected from the eligible studies:
first author, year of publication, country of studied population,
ethnicity, sample size of the cohorts, number of HIV-1 patients,
number of normal healthy controls, number of HIV-1 exposed but
seronegative (HESN) controls, and the distribution of the DC-
SIGNR VNTR genotype among case and control groups.

Statistical Analyses

ORs with 95% CI were calculated to assess the association
between VNTR polymorphism in the DC-SIGNR gene and HIV-
1 susceptibility. In the primary analysis, an allelic association test
was performed for the prevalent alleles, which were (1) the 7-
repeat allele, (2) the 5-repeat allele, (3) the 6-repeat allele and (4)
the O-repeat allele. These alleles represented the four most
prevalent alleles in human population. To correct for multiple
testing for these 4 alleles, a Bonferroni correction was also applied
to determine the corrected p-value (p-value corrected). After that it
was found that 5-repeat allele had a protective effect. An
exhaustive round of post-hoc analysis was carried out to identify
if any particular genetic model was in operation. In this post-hoc
analysis, the pooled ORs were performed between HIV-1 patients
and control groups in the following genetic models: (1) the
homozygote proportion [24,25], (2) the 7/7 genotype vs. the other
genotypes, (3) the 5/5 genotype vs. the other genotypes, (4) the 5/7
genotype vs. the other genotypes, (5) the 6/7 genotype vs. the
other genotypes, (6) the 7/9 genotype vs. the other genotypes. As it
is an explorative attempt to delineate the mode of operation
account for the protective effect in the genetic test, no Bonferroni
correction was carried out in this stage. In all the genetic models,
the types of controls were used: (1) healthy normal or population
controls and (2) HIV-1 exposed but seronegative (HESN) controls
(see the Table S1 for detailed breakdown). Because the remaining
rare genotypes and alleles of the VNTR locus have negligible
frequencies in the cohorts, their comparisons were not conducted
in this analysis. Stratified analyses were performed by ethnicity
and sample size.

Heterogeneity across the publications was assessed with the
Cochran’s <chi>? test (Q-test) [26], and p<<0.10 was considered
statistically significant. The I? test was also conducted to evaluate
heterogeneity between studies. A high heterogeneity is considered
present when I>50% and much higher when 1°>75% [27]. The
pooled OR was calculated by a fixed effect model (using the
Mantel-Haenszel method) or a random effect model (using the
DerSimonian-Laird method) according to the heterogeneity
among studies [28]. The statistical significance of OR was
analyzed by the Z test, and p<<0.05 was considered statistically
significant. Publication bias was evaluated by Egger’s and Begg’s
tests and was considered significant if p<<0.05 [29,30]. Sensitivity
analysis was performed by sequentially excluding individual
studies to assess the stability of the results.

Statistical analyses were performed using the Revman 5.1
software and STATA 10.0 software. The p value was two-tailed
and was considered to be statistically significant if its value was
<0.05.

Results

Study Characteristics

As shown in Figure 1, a total of 115 results were identified after
an initial search from the selected electronic databases. After
screening the titles and abstracts, 40 articles were selected for
further review. Among them, five reviews were excluded; 22

studies were excluded for not referring to the association between
the DC-SIGNR VNTR polymorphism and HIV-1 susceptibility.
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Finally, one study was excluded because it lacked extractable data;
and two studies were excluded because the data or sample sets
overlapped with another one. Thus, a total of 10 studies were
suitable for meta-analysis [13-18,20-23]. Among them, seven
studies were conducted with Asians [13,16-18,20,21,23], two were
conducted with European-Americans [14,15] and one was
conducted with Africans [22]. Two studies only included subjects
of HIV-1 patients and HIV-1 exposed but seronegative (HESN)
controls [21,22]. Three studies included subjects of HIV-1 patients
and healthy controls [15,18,20], while the remaining five studies
included subjects of HIV-1 patients, HIV-1 exposed but seroneg-
ative (HESN) controls, and healthy controls [13,14,16,17,23]. The
total number of samples involved in the 10 eligible studies was
5946, which included 2683 HIV-1 patients and 3263 controls
(2130 healthy controls and 1133 HIV-1 exposed but seronegative
(HESN) controls). The characteristics of each study are listed in
Table 1.

Meta-analysis

After pooling the data from the 10 studies for meta-analysis, the
results were calculated according to different genetic models. For
each genetic model, two comparisons were carried out separately
using either the healthy samples or the HIV-1 exposed but
seronegative samples (HESN) as controls.

In the primary analysis for allelic risk model of the 5-repeat
allele vs. the other alleles, using the healthy individuals as controls,
the value of X* was 9.52 with 7 degrees of freedom, and p was 0.22
in a fixed effect model (Figure 2A). The I” was 27%, suggesting a
low to moderate heterogeneity. The fixed effect model was applied
to synthesize the data. Overall, the OR was 1.03 (95% CI=0.93—
1.15) and was not significant (Figure 2A). On the other hand, using
the HIV-1 exposed but seronegative (HESN) samples as controls,
the value of X* was 8.84 with 6 degrees of freedom, and p was 0.18
(Figure 2B). The 17 was 32%, suggesting a moderate heterogeneity.

115 records were identified by searching online datahases

75 were excluded due to
improper titles or abstracts

A 4
40 full text articles were assessed for eligibility

27 were excluded:

5 were reviews

22 were notrelevant to HIV-1 risk
and DC-SIGNR VNTR
polymorphism

Y
13 studies were selected for detailed review

1 study was excluded for lacking
extractable data

¥

2 studies were excluded for
overlapping with other studies

Y
10 studies were eligible for meta-analysis

Figure 1. Flow diagram of the study selection for the meta-
analysis.
doi:10.1371/journal.pone.0042972.g001
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Then the fixed effect model was applied to synthesize the data and
the pooled OR was calculated. The pooled OR value was
significant at 0.84 (95% CI=0.73-0.96, p=0.01, Figure 2B). The
Bonferroni corrected P-value was 0.05. These results suggested
that the 5-repeat allele carriers tended to be associated with
resistance to HIV-1 infection in HIV-1 exposed seronegative
(HESN) individuals.

In the genetic models, we analyzed the heterogeneity of 5/5 vs.
the other genotypes by using the healthy subjects as controls. The
results indicated a low heterogeneity (X?=9.30, 1*=25%,
p=0.23) (Figure 3A). Next, we pooled the 8 studies under the
fixed effect model. The pooled OR was 0.90 (95% CI=0.71-1.44,
p=10.38) (Figure 3A). Then, we analyzed the heterogeneity of 5/5
vs. the other genotypes by using the HIV-1 exposed but
seronegative samples subjects (HESN) as controls (Figure 3B).
The results indicated a low to moderate heterogeneity (X* = 7.09,
1?=29%, p=0.21). The fixed effect model was then used to
synthesize the data. Overall, the pooled OR was significant at 0.68
(95% CI=0.50-0.93, p=0.01) (Figure 3B). These results suggest-
ed that the 5/5 homozygous genotype showed a significantly
reduced risk of HIV-1 infection in HIV-1 exposed seronegative
individuals (HESN) but not in healthy individuals. A summary of
the results of all the comparisons with different genetic models was
listed in Table S1.

We also performed stratified analyses by ethnicity and sample
size to explore potential sources of heterogeneity and examine the
relationship between the DC-SIGNR VNTR polymorphism and
susceptibility to HIV-1 infection. The results are also summarized
in Table S2. Most of the results of the stratified analyses were
consistent with the main analysis. For ethnicity, the studies were
divided into two subgroups, one subgroup of Asian descendants (7
studies) and the other subgroup of European-American descen-
dants (2 studies). The resistance to HIV-1 infection found among
5/5 homozygous subjects was predominantly due to the HIV-1
exposed seronegative (HESN) subjects of the Asian population
(OR =0.58, 95% CI=0.39-0.85, p=0.006, Pheterogeneity = 0.34
and 17 = 12%) (Figure 4A). The 5-repeat allele presented the trend
of having the protective effect among Asian (OR=0.84, 95%
CI=0.71-1.00, p=0.05, Pheterogeneity=0.20 and I?=33%),
though the p value was marginal (Figure 4B). This result also
showed that the sample size of the Asian population in present
study was not large enough to achieve enough statistical power to
obtain significant observations. As there was only one study
performed with African and European-Americans involving HIV-
1 patients and HIV-1 exposed seronegative (HESN) controls, the
stratified analyses in these populations were not performed.

For sample size, the studies were stratified into two subgroups,
one comprising studies with more than 200 subjects and one with
fewer than 200 subjects. In these subgroups, significantly reduced
HIV-1 infection of 5/5 homozygous (OR =0.69, 95% CI=0.50—
0.94, and p=0.02) and 5-repeat allele carriers (OR =0.82, 95%
CI=0.68-0.98, and p=0.03) was found in the subgroup with a
sample size of more than 200 subjects, but not in the subgroup
with fewer than 200 subjects (Table S2).

Publication Bias

Publication bias was assessed by Begg’s test and Egger’s test
(data not shown) in the total population and all the subgroups. For
the genotypic risk model, 5/5 vs. other genotypes, in which the
HIV-1 exposed but seronegative samples (HESN) subjects were
used as controls, both the Begg’s test (p=0.462) and the Egger’s
test (p=0.215) did not present any significantly statistical evidence
of publication bias. For the allelic risk model of 5-repeat allele vs.
other alleles, in which the HIV-1 exposed but seronegative
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Table 1. Characteristics of the studies included in the meta-analysis.
HESN Control

Cases (HIV-1 Healthy Control (HIV-1
First author Year Country Ethnicity positive) (HIV-1 negative) negative)
Liu H 2006 USA European-American 801 698 217
Lichterdeld M 2003 Germany European-American 540 134
Rathore A 2008 India Asian 168 262 47
Chaudhary O 2008 India Asian 100 100 150
Wichukchinda N 2007 Thailand Asian 305 290 102
Xu LJ 2010 China Asian 144 173
Zhao J 2008 China Asian 88 384
Wang H 2008 China Asian 345 468
Wang XH 2010 China Asian 101 89 52
Boily-Larouche G 2009 Zimbabwe African 91 99
Note: HESN, HIV-exposed seronegative individuals.
doi:10.1371/journal.pone.0042972.t001

samples (HESN) subjects were used as controls, the Begg’s test Sensitivity Analysis

(»=0.26) and the Egger’s test (9 =0.161) also showed no evidence Sensitivity analysis was performed by deleting one study at one
of publication bias. Moreover, evaluations of publication bias for time to assess the stability of the pooled ORs. None of the
the other genetic models did not reveal significant results (data not corresponding pooled ORs was statistically changed, implying the
shown). stability of the results.
(A) HIV-1 Patient  Normal Control Odds Ratio Qdds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Chaudhary O 2008 57 200 59 200 6.4% 0.95(0.62,1.47)

Lichterfeld M 2003 296 1080 77 268 13.7% 0.94[0.70, 1.26)

LiuH 2006 450 1602 348 1386 40.8% 1.18[1.00,1.38]

Rathore & 2008 64 336 128 524 12.4% 0.73[0.52,1.02] g

Wang XH 2010 35 202 38 178 51% 0.77 [0.46,1.29] -

Wichukchinda N 2007 84 610 81 580 10.9% 0.98[0.71,1.37] 5

XulJ 2010 46 288 52 346 61% 1.07 [0.70, 1.65) = i

ZhaodJ 2008 28 176 97 768 46% 1.31(0.83, 2.07) T

Total (95% Cl 4494 4260 100.0%  1.03[0.93, 1.15]

Total events 1060 880

Heterogeneity: Chi*= 8.52, df= 7 (P = 0.22); F= 27% u " 051 150 1nn=

Testfor overall effect: Z= 0.58 (P = 0.56) Favours HIV-1 Patient Favours control

(B) HIV-1 Patient Control Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M.H, Fixed, 95% CI M.H, Fixed, 95% C|
Boily-Larouche G2009 4 182 0 198 0.1% 10.01([0.54,187.20 ]
Chaudhary O 2008 57 200 96 296 12.7% 0.83[0.56,1.23) i
LiuH 2006 450 1602 141 434 36.6% 0.81 [0.65,1.02) bl
Rathore A 2008 64 336 29 94 8.4% 0.53[0.31,0.88) T
WangH 2008 118 690 157 936 25.4% 1.02[0.79,1.33) *
Wang XH 2010 35 202 23 104 58% 0.74[0.41,1.33) -1
Wichukchinda N 2007 84 610 37 204 11.0% 0.72[0.47,1.10) =
Total (95% CI) 3822 2266 100.0% 0.84 [0.73, 0.96] 4
Total events 812 483 )

Heterogeneity. Chi*= 8.84, df=6 (P=0.18), F=32%

Test for overall effect: Z= 2.48 (P = 0.01) U0 = ! 10 100

Favors HIV-1 patient Favors control

Figure 2. Forest plot of the association between HIV-1 infection and the DC-SIGNR VNTR polymorphism under the allelic risk model
of 5-repeat allele vs. other alleles. (A)By using the healthy samples as controls, the comparison was carried out between the HIV-1 patients and
healthy samples; (B) By using the HIV-1 exposed but seronegative (HESN) samples as controls, the comparison was carried out between the HIV-1
patients and the HIV-1 exposed but seronegative (HESN) samples. Note: A Bonferroni correction for multiple testing of 4 was applied to get a
corrected P value in this primary analysis. The association between 5-repeat allele had a corrected P value of 0.05.
doi:10.1371/journal.pone.0042972.g002
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(A)
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HIV-1 Patient  Normal Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chaudhary O 2008 1" 100 17 100 10.8% 0.60 [0.27, 1.36) T
Lichterfeld M 2003 68 540 22 134 22.0% 0.73[0.43,1.24) —=r
LiuH 2006 69 am 49 698  34.2% 1.25[0.85,1.83] -
Rathore A 2008 6 168 22 262 11.8% 0.40([0.16,1.02) = |
Wang XH 2010 5 101 6 89  43% 0.72[0.21, 2.45) I
Wichukchinda N 2007 8 305 11 290 7.8% 0.68(0.27,1.72) -1
Xuld 2010 6 144 8 173 5.0% 0.80 [0.30, 2.65) T
ZhaodJ 2008 B 88 16 384 40% 1.68 [0.64, 4.43) T
Total (95% CI) 2247 2130 100.0%  0.90[0.71, 1.14]
Total events 179 151

Heterogeneity: Chi*= 9.30, df= 7 (P = 0.23), F= 25%
Test for overall effect: Z= 0.88 (P = 0.38)

(B) HIV-1 Patient

001 01 10 100
Favours experimental Favours control

I

Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Chaudhary O 2008 11 100 29 148 21.6% 0.51[0.24,1.07] ——
LiuH 2006 69 801 20 217 29.8% 0.93 [0.55, 1.56] ==
Rathore A 2008 6 168 6 47 9.4% 0.25 [0.08, 0.83] —
WangH 2008 18 345 40 468 33.3% 0.59 [0.33,1.05) —
Wang XH 2010 5 101 4 52 52% 0.63[0.16,2.43) T
Wichukchinda N 2007 8 305 0 102 08% 5.86[0.34,102.38) —_—"
Total (95% CI) 1820 1034 100.0% 0.68 [0.50, 0.93] L
Total events 17 99 ) ) ) )
Heterogeneity. Chi*=7.08, df=5 (P = 0.21), F= 29% IlJ,U1 071 H 1IIJ 1UUI

Test for overall effect: Z= 2.44 (P = 0.01)

Favors HIV-1 patient Favors control

Figure 3. Forest plot of the association between HIV-1 infection and the DC-SIGNR VNTR polymorphism under the genotypic risk
model of 5/5 vs. other genotypes. (A)By using the healthy samples as controls, the comparison was carried out between the HIV-1 patients and
healthy samples; (B) By using the HIV-1 exposed but seronegative (HESN) samples as controls, the comparison was carried out between the HIV-1

patients and the HIV-1 exposed but seronegative (HESN) samples.
doi:10.1371/journal.pone.0042972.g003

Discussion

A potential role of host genetic factors in the predisposition to
HIV-1 infection has been suggested by different reports [8,31,32].
DC-SIGNR serves as an HIV-1 ligand to facilitate HIV-1 virion
infection into adjacent CD4+T cells in trans and has been the
subject of many recent studies. The VNTR polymorphism in its
neck-region was found to be associated with host susceptibility to
HIV-1 infection, but the conclusions were controversial.

In the present study, we performed a meta-analysis of 10 eligible
studies with 2683 HIV-1 patients and 3263 controls to elucidate
the relationship between the VNTR polymorphism and HIV-1
infection risk. The strength of the present analysis is based on the
accumulation of published data that provides enough information
to generate a more precise conclusion. By using different genetic
models, we could preliminarily estimate the effect of the allele
frequency, genotype frequency, and homozygous proportion. The
results indicated that the 5/5 homozygous genotype was associated
with resistance to HIV-1 infection. The protective effect was most
predominant in HIV-1 exposed seronegative (HESN) individuals.
The stratified analyses by ethnicity and sample size confirmed
these findings. Thus, it is important to emphasize that in studies
concerning HIV-1 susceptibility, taking samples from HIV-1
exposed seronegative (HESN) individuals as controls may be more
powerful than taking random healthy individuals as controls. In
future studies, collecting both HIV-1 exposed seronegative
individuals (HESN) and random healthy individuals as controls
would be helpful for clarifying the relationship between candidate
genes and host susceptibility to HIV-1 infection. But under the
definition and criteria of HIV-1 exposed seronegative individuals

PLOS ONE | www.plosone.org

(HESN), it is still a heterogeneous group. A workshop sponsored
by NIH was conducted in 2011 and a consistent definition and
criteria were drawn in the term of HIV-exposed seronegative
(HESN) individuals [4]. In the following studies, the collection of
the HESN as controls should strictly obey these definitions, which
would be helpful in explaining natural HIV-1 protection in
individuals exposed to HIV-1 who remain seronegative or
demonstrate resistance to infection.

Pooled data analysis by ethnicity was only performed in Asians
since only one study involving HIV-1 patients and HIV-1 exposed
seronegative controls (HESN) was separately performed in
European-Americans and Africans. More studies on these
populations are needed in future works, which would help us
better understand the relationship between the VNTR polymor-
phism and HIV-1 infection risk in different ethnic populations.

Our findings are consistent with the study by Rathore et al. [16]
but are different from other reports [14,15,17]. The potential
explanation for the discrepancy may be the limited sample
number included in the single study and the relative impact of this
polymorphism in the different populations. As shown, the
associations were only confirmed in stratified analyses by
combining studies with a sample size greater than 200 subjects,
which emphasized the importance of having sufficient power with
a large enough sample size and the requirement of further large-
scale analysis.

Although the function of the association between the DC-
SIGNR VNTR polymorphism and host susceptibility to HIV-1
infection has not been fully explored, outcomes of this meta-
analysis suggest that the DC-SIGNR VNTR polymorphism had
an impact on host susceptibility to HIV-1 infection. A study by Xu
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HI-1 Patient  High Risk Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI

3.4.1 Asian

Chaudhary O 2008 1 100 29 148 307%  0.51[0.24,1.07] —

Rathore A 2008 6 168 6 47 13.3%  0.25(0.08,0.83] =

WangH 2008 18 345 40 468 47.5%  0.59[0.33,1.09) —

WangxH 2010 5 101 4 52 7.4%  0.63[0.16,2.43] -
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Figure 4. Forest plot of the association between HIV-1 infection and the DC-SIGNR VNTR polymorphism carried out in Asian
populations. (A) By using the HIV-1 exposed but seronegative (HESN) samples as controls, the comparison was carried out between the HIV-1
patients and the HIV-1 exposed but seronegative (HESN) samples under the genotypic risk model of 5/5 vs. other genotypes. (B) By using the HIV-1
exposed but seronegative (HESN) samples as controls, the comparison was carried out between the HIV-1 patients and the HIV-1 exposed but
seronegative (HESN) samples under the allelic risk model of 5-repeat allele vs. other alleles.

doi:10.1371/journal.pone.0042972.9g004

et al. [18] showed that patients carrying the 5-repeat DC-SIGNR
allele had significantly lower HIV-RNA levels compared with
those observed in patients with the 7- and 9-repeat DC-SIGNR
alleles, though they did not observe that the different genotypes/
alleles were associated with CD4+ T cell numbers. In vitro studies
also demonstrated that DC-SIGNR with equal to or less than 5-
repeat alleles displayed unstable homozygous or heterozygous DC-
SIGNR aggregates [33] accompanied by changes in affinity for
HIV-1gp120 glycoprotein [34]. Data from these i wviwo/vitro
functional studies gave some support to the hypothesis that the 5/5
homozygous genotype might confer more resistance to HIV-1
infection. However, these associations were far from conclusive.
More functional i vivo studies are needed.

Although meta-analysis is a powerful statistical method,
inherent limitations of this study should be addressed. First, we
only included the studies written in English and Chinese, and the
related reports in other languages were not included, which might
bias our conclusion in this study. Second, publication bias could
not be excluded though the test showed negative results. The
studies reporting significant associations between certain genotypes
and reduced susceptibility to HIV infection would be more readily
published while the studies with nonsignificant associations would
be more difficult to publish. Third, most of the studies were
conducted using Asian population groups. In the stratified analysis
by ethnicity, there was only one study performed with Africans
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and two studies with European Americans, each of which had a
sample size too small to achieve enough statistical power to obtain
significant observations. In fact, many association studies showed
different results for different populations. Thus, further studies are
warranted in other ethnic populations to evaluate the possible
ethnic differences of the VNTR polymorphism and HIV-1
susceptibility. Fourth, gene-gene and gene-environment interac-
tions may influence host susceptibility to HIV-1 infection. In fact,
many genes have been proven to influence HIV-1 infection risk,
but we did not have enough data to eliminate these interfering
factors. Fifth, as most studies did not mentioned about potential
population stratification of patients and controls samples, we
cannot rule out a role of population structure in the observed
association. Finally, further stratified analyses of patients and
HESN individuals by infection exposure routes (sexual contact,
intravenous drug use, etc.) could not be performed because the
data detailing the infection route for the HIV-1 patients were
lacking. Because DC-SIGINR is expressed at relatively lower levels
in tissues m viwo [35], the association between the VNTR
polymorphism and HIV-1 infection risk by different infection
routes might be different.

Humans show remarkable variation in vulnerability to infection
by HIV-1 and especially in the clinical outcomes after infection.
Understanding why some people establish and maintain effective
control of HIV-1 and others do not is a priority in the effort to
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develop new treatments for HIV/AIDS. To our knowledge, this is
the first meta-analysis to assess the relationship between the DC-
SIGNR VNTR polymorphism and HIV-1 infection risk. Our
results showed that the 5/5 homozygous genotype was associated
with resistance to HIV-1 in HIV-1 exposed seronegative subjects
(HESN), especially in the Asian population. Future studies in
different ethnic populations and with clear infection routes should
be performed to evaluate these associations.

Supporting Information

Table S1 The breakdown of HESN controls in the
included studies of this meta-analysis according the
routine of exposure.

DOC)

References

1. Cao Y, Qin L, Zhang L, Safrit J, Ho DD (1995) Virologic and immunologic
characterization of long-term survivors of human immunodeficiency virus type 1
infection. N Engl ] Med 332: 201-208.

. Pantaleo G (1997) Immunology of HIV infection. Res Immunol 148: 417-419.

. Fauci AS (1996) Host factors and the pathogenesis of HIV-induced disease.
Nature 384: 529-534.

4. Young JM, Turpin JA, Musib R, Sharma OK (2011) Outcomes of a National
Institute of Allergy and Infectious Diseases Workshop on understanding HIV-
exposed but seronegative individuals. AIDS Res Hum Retroviruses 27: 737-743.

5. Kaslow RA, Dorak T, Tang JJ (2005) Influence of host genetic variation on
susceptibility to HIV type 1 infection. J Infect Dis 191 Suppl 1: S68-77.

6. Hill AV (2001) The genomics and genetics of human infectious disease
susceptibility. Annu Rev Genomics Hum Genet 2: 373-400.

7. Barreiro LB, Quintana-Murci L (2006) DC-SIGNR neck-region polymorphisms
and HIV-1 susceptibility: From population stratification to a possible advantage
of the 7/5 heterozygous genotype. J Infect Dis 194: 1184-1185; author reply
1185-1187.

8. Liu R, Paxton WA, Choe S, Ceradini D, Martin SR, et al. (1996) Homozygous
defect in HIV-1 coreceptor accounts for resistance of some multiply-exposed
individuals to HIV-1 infection. Cell 86: 367-377.

9. Kasten S, Goldwich A, Schmitt M, Rascu A, Grunke M, et al. (2000) Positive
influence of the Delta32CCRS5 allele on response to highly active antiretroviral
therapy (HAART) in HIV-1 infected patients. Eur J] Med Res 5: 323-328.

10.  Geijtenbeek TB, Kwon DS, Torensma R, van Vliet SJ, van Duijnhoven GC, et
al. (2000) DC-SIGN, a dendritic cell-specific HIV-1-binding protein that
enhances trans-infection of T cells. Cell 100: 587-597.

11. Pohlmann S, Soilleux EJ, Baribaud F, Leslie GJ, Morris LS, et al. (2001) DC-
SIGNR, a DC-SIGN homologue expressed in endothelial cells, binds to human
and simian immunodeficiency viruses and activates infection in trans. Proc Natl
Acad Sci U S A 98: 2670-2675.

12. Soilleux EJ, Barten R, Trowsdale J (2000) DC-SIGN; a related gene, DC-
SIGNR; and CD23 form a cluster on 19p13. J Immunol 165: 2937-2942.

13. Chaudhary O, Rajsckar K, Ahmed I, Verma R, Bala M, et al. (2008)
Polymorphic variants in DC-SIGN, DC-SIGNR and SDF-1 in high risk
seronegative and HIV-1 patients in Northern Asian Indians. J Clin Virol 43:
196-201.

14. Liu H, Carrington M, Wang C, Holte S, Lee ], et al. (2006) Repeat-region
polymorphisms in the gene for the dendritic cell-specific intercellular adhesion
molecule-3-grabbing nonintegrin-related molecule: effects on HIV-1 suscepti-
bility. J Infect Dis 193: 698-702.

15. Lichterfeld M, Nischalke HD, van Lunzen J, Sohne J, Schmeisser N, et al. (2003)
The tandem-repeat polymorphism of the DC-SIGNR gene does not affect the
susceptibility to HIV infection and the progression to AIDS. Clin Immunol 107:
55-59.

16. Rathore A, Chatterjee A, Sivarama P, Yamamoto N, Dhole TN (2008) Role of
homozygous DC-SIGNR 5/5 tandem repeat polymorphism in HIV-1 exposed
seronegative North Indian individuals. J Clin Immunol 28: 50-57.

17. Wichukchinda N, Kitamura Y, Rojanawiwat A, Nakayama EE, Song H, et al.
(2007) The polymorphisms in DC-SIGNR affect susceptibility to HIV type 1
infection. AIDS Res Hum Retroviruses 23: 686-692.

18. Xu L, Li Q, Ye H, Zhang Q, Chen H, et al. (2010) The nine-repeat DC-SIGNR
isoform is associated with increased HIV-RNA loads and HIV sexual
transmission. J Clin Immunol 30: 402-407.

[SSINNCY

PLOS ONE | www.plosone.org

DC-SIGNR and HIV-1 Susceptibility

Table S2 Meta-analysis of association between the DC-
SIGNR VNTR polymorphism and HIV-1 infection.
(DOC)

Acknowledgments

We also would like to acknowledge Dr. Liang Xie for help in revising the
article draft.

Author Contributions

Conceived and designed the experiments: HL NLT. Performed the
experiments: HL XMY JXW. Analyzed the data: HL XMY ZHH NLT.
Wrote the paper: HL ZHH NLT.

19. Zhao GL, Feng TJ, Wang H, Zhao J, Wang XH, et al. (2008) Analysis of genetic
polymorphisms in DC-SIGN and DC-SIGNR among drug users and HIV-1
carriers. Chin J AIDS STU 14: 21-24.

20. Zhao J, Zhao GL, Ma ZL, Wu XB, Feng TJ, et al. (2008) [Analysis of the
tandem-repeat polymorphisms in DC-SIGNR alleles among drug users
population with or without HIV/HCV infection]. Chin J Prev Med 42: 901
905.

21. Wang H, Wang C, Feng T, Zhou H, Li L, et al. (2008) [DC-SIGNR
polymorphisms and its association with HIV-1 infection]. Chin J] Med Genet 25:
542-545.

22. Boily-Larouche G, Iscache AL, Zijenah LS, Humphrey JH, Mouland A]J, et al.
(2009) Functional genetic variants in DC-SIGNR are associated with mother-to-
child transmission of HIV-1. PLoS One 4: ¢7211.

23. Wang XH, Hu PW, Chen L, Zhou H, Shi XD, et al. (2010) Analysis of gene
polymorphisms of DC-SIGN and SIGNR among HIV-1 exposures, seroneg-
ative exposers and healthy groups. China Tropical Medicine 10: 273-275.

24. Chan VS, Chan KY, Chen Y, Poon LL, Cheung AN, et al. (2006) Homozygous
L-SIGN (CLEC4M) plays a protective role in SARS coronavirus infection. Nat
Genet 38: 38-46.

25. Tang NL, Chan PK, Hui DS, To KF, Zhang W, et al. (2007) Lack of support for
an association between CLEC4M homozygosity and protection against SARS
coronavirus infection. Nat Genet 39: 691-692; author reply 694-696.

26. Cochran WG (1954) The combination of estimates from different experiments.
Biometrics 10: 29.

27. Kavvoura FK, loannidis JP (2008) Methods for meta-analysis in genetic
association studies: a review of their potential and pitfalls. Hum Genet 123: 1
14.

28. DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. Control Clin
Trials 7: 177-188.

29. Begg CB, Mazumdar M (1994) Operating characteristics of a rank correlation
test for publication bias. Biometrics 50: 1088-1101.

30. Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in meta-analysis
detected by a simple, graphical test. Bmj 315: 629-634.

31. Winkler C, Modi W, Smith MW, Nelson GW, Wu X, et al. (1998) Genetic
restriction of AIDS pathogenesis by an SDF-1 chemokine gene variant. ALIVE
Study, Hemophilia Growth and Development Study (HGDS), Multicenter
AIDS Cohort Study (MACS), Multicenter Hemophilia Cohort Study (MHCS),
San Francisco City Cohort (SFCC). Science 279: 389-393.

32. Smith MW, Dean M, Carrington M, Winkler C, Hutldey GA, et al. (1997)

“ontrasting genetic influence of CCR2 and CCRS5 variants on HIV-1 infection
and disease progression. Hemophilia Growth and Development Study (HGDS),
Multicenter AIDS Cohort Study (MACS), Multicenter Hemophilia Cohort
Study (MHCS), San Francisco City Cohort (SFCC), ALIVE Study. Science 277:
959-965.

33. Guo Y, Atkinson CE, Taylor ME, Drickamer K (2006) All but the shortest
polymorphic forms of the viral receptor DC-SIGNR assemble into stable homo-
and heterotetramers. J Biol Chem 281: 16794-16798.

34. Snyder GA, Ford J, Torabi-Parizi P, Arthos JA, Schuck P, et al. (2005)
Characterization of DC-SIGN/R interaction with human immunodeficiency
virus type 1 gp120 and ICAM molecules favors the receptor’s role as an antigen-
capturing rather than an adhesion receptor. J Virol 79: 4589-4598.

35. Gramberg T, Zhu T, Chaipan C, Marzi A, Liu H, et al. (2006) Impact of
polymorphisms in the DC-SIGNR neck domain on the interaction with
pathogens. Virology 347: 354-363.

September 2012 | Volume 7 | Issue 9 | e42972



