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It has been reported that DNA repair genes play an important role in HIV-1 infection and AIDS progression. One
DNA repair pathway, themismatch repair (MMR) is associated with a wide variety of tumors. However, the role
of single nucleotide polymorphisms (SNPs) in the MMR genes and their importance in HIV-1 infection and AIDS
progression remain unclear. In the present study, 479 HIV-1-infected and 487 healthy individuals from northern
China were genotyped for nine SNPs in the MSH2 gene (rs13019654, rs4608577, rs4952887, rs6726691,
rs10191478, rs12999145, rs1981929, rs2042649, rs2303428) and five SNPs in the MSH6 gene (rs2348244,
rs3136245, rs3136329, rs2072447, rs7562048). Our results showed that the rs7562048 G allele frequency was
significantly higher in the cases with the CD4+ T-lymphocyte count b200 cells/μl than those with N200 cells/μl
(P=0.001, OR= 1.811, 95% CI 1.255–2.614), which is in agreement with the result of the Bonferroni correction.
The frequencies of the rs2348244 C allele and rs3136245 T allelewere higher in the cases at clinical phase IV than
those at clinical phase I + II+ III (P=0.026, OR= 1.591, 95% CI 1.056–2.398 and P=0.019, OR= 1.749, 95% CI
1.096–2.791, respectively); however, this difference is not supported by the Bonferroni correction. Therewere no
significant differences in the frequency of allele, genotype and haplotype of the 14 SNPs between HIV-1-infected
individuals and healthy controls (P N 0.05). These results suggest that the rs7562048 is associated with the clin-
ical features and that theMSH6 gene polymorphisms likely play an important role in the progression of AIDS in
the northern Chinese population.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Acquired immune deficiency syndrome (AIDS) is a significant and
challenging chronic infectious disease resulting from human immuno-
deficiency virus (HIV) infection (Bao et al., 2012; Weiss, 1993). HIV in-
fection leads to a progressive decline in the functionality and the
number of CD4+ T-lymphocyte, causing AIDS development (McCune,
2001). Studies have shown that there are a large quantity of apoptotic
cells in the patients with HIV-1 infection, indicating that cell apoptosis
is another mechanism responsible for the T-lymphocyte depletion in
AIDS patients (Ameisen and Capron, 1991; Hel et al., 2006;
Laurent-Crawford et al., 1991; Terai et al., 1991). One route of cell apo-
ptosis is induced by DNA damage (De Flora et al., 1996), and thus the
DNA repair system may play a role in HIV-1 infection and AIDS

progression. It has been reported that DNA repair genes are associated
with HIV-1 infection and AIDS progression. Specifically, ERCC2 and
ERCC3 genes can promote viral cDNA replication and reduce the CD4
cell count by preventing degradation of retroviral cDNA (Yoder et al.,
2006). The DNA-PK protein encoded by the XRCC7 gene interacts with
HIV-1 Tat to increase HIV-1 replication and transcription (Tyagi et al.,
2011; Zhang et al., 2014). In addition, the polymorphisms of XRCC1,
XPG and ERCC2 genesmay influence individual variations in theDNA re-
pair capacity and play an important role in the progression of HIV dis-
eases (Sobti et al., 2011; Sobti et al., 2010; Sobti et al., 2009).

Themismatch repair (MMR) is one of the DNA repair pathways, and
itsmain function is to rectify base-pairmismatches to prevent genemu-
tation andmaintain genomic stability and integrity (Burdett et al., 2001;
Jiricny, 2006). The MMR pathway includes nine genes, of which, MSH2
and MSH6 are the two key components. The MSH2 gene is located on
chromosome 2p21–22, and required for recognizing nucleotide mis-
matches that occur during DNA replication (Lo et al., 2011). The MSH6
gene is located on chromosome2p16 and involved in the DNAbasemis-
match repair, reducing the spontaneous mutation rate (Suchy et al.,
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2002). TheMSH6 encodes protein hetero-dimerization and functions as
a bidirectional molecular switch to repair DNA replication errors (Umar
et al., 1998).

In fact,MSH2,MSH6 and otherMMRgenes are associatedwith an in-
creased risk of cancers such as prostate cancer (Chen et al., 2003), pan-
creatic cancer (Liu et al., 2014), gastric cancer (Yamamoto et al., 1999),
lung cancer (Jung et al., 2006; Slovakova et al., 2015), non-small cell
lung cancer (Hsu et al., 2007), breast cancer (Feng and Radivoyevitch,
2009), ovarian cancer (Quaye et al., 2009), endometrial cancer (EC)
(Beiner et al., 2006; Imai and Yamamoto, 2008; Lacey et al., 2011;
Poplawski et al., 2015), and hereditary nonpolyposis colorectal cancer
(HNPCC) (Lynch and Lynch, 2000; Papadopoulos et al., 1994; Park
et al., 1999; Peltomaki and Vasen, 1997;Watson et al., 1994). However,
there are no functional and association studies that have systematically
assessed the association between the MMR genes, HIV-1 infection and
AIDS progression. To further investigate the role of the polymorphisms
in theMSH2 and theMSH6 genes in the development of HIV-1 infection
and AIDS, we performed an association study of 14 single nucleotide
polymorphisms (SNPs) in theMSH2 and theMSH6 genes in 966 north-
ern Chinese individuals. Participants were genotyped to investigate
whether the two genes polymorphisms were associated with the sus-
ceptibility to HIV-1 infection and the progression of AIDS.

2. Material and methods

2.1. Subjects

In this study, 479 HIV-1-infected male individuals who have sex
with men (MSM) were recruited from Heilongjiang Center for Disease
Control and Prevention (CDC). The age of the HIV-1-seropositive indi-
viduals ranged from 16 to 75 years old (mean age ± SD, 35.3 ±
11.55) and the average CD4+ T-lymphocyte count at that time point
was 335 cells/μl (range, 3–1038 cells/μl). We categorized these patients
as Category 1 (T-lymphocytes N200 cells/μl) or Category 2 (T-lympho-
cytes b200 cells/μl) by the CD4+ T-lymphocyte count, and as Category
A (Clinical phase I + II + III) or Category B (Clinical phase IV) by the
clinical stage.

The age and sex frequency-matched unrelated healthy controls
(n = 487) were recruited from individuals who were HIV-1-
seronegative individuals diagnosed through a comprehensive medical
test at the clinical laboratory of the second affiliated hospital of Harbin
Medical University. The parents of each participant were individuals of
the same nationality (for at least three generations) in non-
sanguineous marriages. The age of the uninfected controls ranged
from16 to 75 years (mean age±SD, 35.3±11.59). All participants pro-
vided informed consent approved by the appropriate local authority.

2.2. SNPs selection and genotyping

We included candidate SNPs based on the published literature and
chose tagging SNPs based on linkage disequilibrium(LD) in theHapMap
(HapMap Data Rel 24/phase II Nov08, on NCBI B36 assembly, dbSNP
b126). The tagging SNPs were screened for minor allele frequency
(MAF) ≥10% among Han Chinese in Beijing, China (CHB), and no repre-
sentation by other tagging SNPs at a LD of r2 ≥ 0.80. We selected nine
SNPs in MSH2 including rs13019654, rs4608577, rs4952887,
rs6726691, rs10191478, rs12999145, rs1981929, rs2042649, and
rs2303428 and five SNPs in MSH6 gene including rs2348244,
rs3136245, rs3136329, rs2072447, and rs7562048. Of the 14 SNPs,
rs6726691, rs12999145, rs3136245, rs3136329, and rs7562048 were
selected from the literature and the others were tagging SNPs. Peripher-
al blood of all participants was collected and genomic DNAwas extract-
ed using the QIAamp blood kit (Qiagen, Germany). The 14 SNPs were
genotyped using a custom-design 48-Plex SNPscan™ Kit (Genesky
Bio-technologies Inc., Shanghai, China). This kit was developed accord-
ing to patented SNP genotyping technology by Genesky Biotechnologies

Inc., andwas based on a double ligation andmultiplex fluorescence PCR.
For quality control, a 5% random sample of cases and controls was geno-
typed twice to verify the genotyping accuracy, the reproducibility was
100%.

2.3. Statistical analysis

After the genotypes of all participants were determined, the geno-
type and allele frequencywere calculated by directly counting the num-
ber. The Chi-square test was used for examining the deviation from
Hardy–Weinberg equilibrium (HWE) for all SNPs of the healthy group,
the association between the allele, genotype frequency and susceptibil-
ity to HIV-1 infection, and the SNPs and the clinical features of cases
(such as the CD4+ T-lymphocyte count and clinical stage). The
haploView 4.2 software was used to evaluate the LD and the frequency
of the haplotypes between HIV-1-infected individuals and health con-
trols. The relative risk associated with rare alleles was estimated as an
odds ratio (OR) and 95% confidence interval (CI). SPSS 17.0 (SPSS, Chi-
cago, IL, USA) was used for all statistical analyses. The differences with
a P value less than 0.05 were considered statistically significant, which
was further subjected to a Bonferroni correction for multiple testing.
Statistical power was assessed using the Genetic Power Calculator
(Purcell et al., 2003). Considering 0.06% prevalence of the disease, a
risk allele frequency of 17%, and an additive genetic model, we had at
least 95% power to detect an OR of 1.5 at the 0.05 level.

3. Results

The information of the 14 SNPs and the allele frequency in theMSH2
and theMSH6 genes are shown in Table 1. All tested SNPs did not devi-
ate from the Hardy–Weinberg equilibrium in the healthy group
(P N 0.05). There were no significant differences in the allele frequency
of the 14 SNPs between cases and controls (P N 0.05). Similarly, we
found no associations between genotype frequency of the 14 SNPs and
HIV-1 infection under different genetic models (P N 0.05) (Supplemen-
tary Table S1).

In analyzing the associations between the 14 SNPs and clinical fea-
tures of AIDS (Table 2), we found that therewas a significant association
between the rs7562048 and the CD4+ T-lymphocyte count in patients
with the AIDS (P b 0.05). The frequency of the rs7562048 G allele was
significantly higher in the cases with Category 2(T-lymphocytes
b 200 cells/μl) compared with those with Category 1 (T-lymphocytes
N 200 cells/μl) (P=0.001, OR= 1.811, 95% CI 1.255–2.614). The differ-
ence between Category 1 and Category 2 was still statistically signifi-
cance after the Bonferroni correction. There were significant
associations of the rs2348244 and rs3136245 with the clinical stage of
AIDS. The frequencies of the rs2348244 C allele and the rs3136245 T al-
lele were higher in the cases with Category B (Clinical phase IV) than
those with Category A (Clinical phase I + II + III) (P = 0.026, OR =
1.591, 95% CI 1.056–2.398 and P = 0.019, OR = 1.749, 95% CI 1.096–
2.791, respectively). However, the significance between Category A
and Category B disappeared after the Bonferroni correction.

There was strong LD between the nine SNPs in the MSH2 gene as
well as the five SNPs in the MSH6 gene. Nine haplotypes in block 1
and eight haplotypes in blocks 2 and 3 were identified and the frequen-
cies of these haplotypes are listed in Table 3. The frequency of the hap-
lotype TCCAAGCTC in cases was higher than that in healthy controls
(P = 0.0498). However, there were no differences in the frequencies
of the other haplotypes betweenHIV-1-infected individuals and healthy
cohorts and there was no significant association with the susceptibility
to HIV-1 infection (P N 0.05).

4. Discussion

To our knowledge, this is the first comprehensive study to systemat-
ically evaluate the association of the MSH2 and the MSH6 genes
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