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Abstract Given that only a small proportion of women in-
fected by high-risk human papillomavirus (hrHPV) develop
cervical cancer, it’s important to identify biomarkers for
distinguishing women with hrHPV positivity who might de-
velop cervical cancer from the transient infections. In this
study, we hypothesized that human leukocyte antigens
(HLA) susceptibility alleles might contribute to cervical cancer
risk among females infected by hrHPV, and interact with
hrHPV types. A case-control study with 593 cervical cancer
cases and 407 controls (all hrHPV positive) was conducted to
evaluate the effect of eight HLA-related single-nucleotide
polymorphisms (SNPs) and their interactions with hrHPV
types on the risk of cervical cancer. Three HLA-DP SNPs
(rs4282438, rs3117027, and rs3077) were found to be signif-
icantly associated with risk of cervical cancer (rs4282438:
odds ratio (OR) = 0.72, 95 % confidence interval

(CI) = 0.56–0.93; rs3117027: OR= 1.41, 95 % CI = 1.10–
1.83; and rs3077: OR=1.37, 95 % CI=1.04–1.80) among
women infected with hrHPV. An additive interaction between
HPV16 and rs4282438 for cervical cancer risk was also found
(Pfor interaction =0.002). Compared with subjects carrying vari-
ant genotypes (GG/TG) and non-HPV16 infections, those car-
rying wild-type genotype (TT) of rs4282438 and HPV16 pos-
itive had a 5.22-fold increased risk of cervical cancer (95 %
CI=3.39–8.04). Our study supported that certain HLA-DP
alleles in concert with HPV16 could have a predisposition
for cervical cancer development, which may be translated
for triage of hrHPV-positive women.
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Abbreviations
hrHPV High-risk human papillomavirus
SNPs Single-nucleotide polymorphisms
HLA Human leukocyte antigens
GWAS Genome-wide association studies
LBC Liquid-based cytologically
ASCUS Atypical squamous cells

of undetermined significance
Ors Odds ratios
CIs Confidence intervals
HWE Hardy-Weinberg equilibrium
MHC Major histocompatibility complex

Introduction

Cervical cancer is the third most commonly diagnosed cancer
and the fourth leading cause of cancer deaths among women
worldwide, and nearly 85 % of cervical cancer cases and
deaths occurred in developing countries [1]. Human papillo-
mavirus (HPV) infections, very common among general fe-
males, are necessary [2, 3] but not sufficient for the develop-
ment of cervical cancer. Studies have shown that up to 22% of
general population worldwide are HPV positive [4], less than
10 % HPV infections become persistent [5, 6], and fewer than
4 % of individuals with HPV positivity develop premalignant
lesion, and even fewer develop invasive cancer [7, 8].
Therefore, although high-risk HPV (hrHPV) testing has been
incorporated into screening programs in many countries for its
high sensitivity, the mediocre specificity and positive predic-
tive value for cervical cancer identification resulting from the
resolve of most HPV infections in a few months or years [9],
makes it necessary to look for a better way of the triage of
hrHPV-positive women. Cytology is the widely preferred tool
for the triage of hrHPV-positive women but is restricted by the
subjective diagnosis of pathologists mostly as a morphology-
based method [10]. Identification of effective and objective
biomarkers to make up for the deficiency of hrHPV test is
needed to improve the efficiency of cervical cancer
prevention.

The pathogenesis of cervical cancer is not entirely clear but
is closely related with the virus-specific host immunity [11]. It
has been reported that the human leukocyte antigens (HLA)
system plays a pivotal role in presenting foreign peptides to
antigen-specific T cell receptors that are responsible for clear-
ance of virus-infected cells and tumor cells [12]. Our recent
study found two single-nucleotide polymorphisms (SNPs) of
HLA-DP (rs3077 and rs9277535) associated with increased
risk of cervical cancer among general Chinese women using
a candidate gene approach [13]. Meanwhile, two genome-
wide association studies (GWAS) of cervical cancer also iden-
tified susceptibility locus on HLA genes in both the Chinese
and European populations [14, 15]. The previous studies

suggested that genetic variations of HLA genes could be used
as candidate susceptibility biomarkers for cervical cancer
among Chinese females [13]. However, whether these host
genetic variations could be potentially used to distinguish
the hrHPV-positive women who would develop cervical can-
cer from that who would regress, and whether these SNPs
could have interaction with HPV types, still needs to be
studied.

In this study, we performed a case-control study to explore
association between candidate SNPs of HLA genes and the
risk of cervical cancer after hrHPV acquisition, and to inves-
tigate the possible interaction with certain HPV types. The
study was designed to enroll both cases and controls with
hrHPV positivity and the findings would add important value
for decision-making among the hrHPV-positive women for
further evaluation or treatment [16].

Materials and methods

Study population and design

This study was approved by the ethics committee of Cancer
Institute and Hospital, Chinese Academy of Medical Sciences
and Nanjing Medical University. Written consent was obtain-
ed from each study subject. Cervical cancer cases were recruit-
ed from Cancer Institute and Hospital, Chinese Academy of
Medical Sciences, between January 2010 and July 2013. All
the cervical cancer cases in the study were newly diagnosed
and histologically confirmed. The control subjects were se-
lected from the women who participated in the physical
examination in the Department of Cancer Prevention,
Cancer Institute and Hospital, Chinese Academy of
Medical Sciences, between January 2010 and July
2013 and were frequency matched to the cases by age
(±5 years). All controls have any liquid-based cytologi-
cally (LBC) confirmed abnormal intraepithelial lesions
(atypical squamous cells of undetermined significance,
ASCUS, or worse) and self-reported cancer history. In
addition, hrHPV positivity was one of the most impor-
tant criteria for both cases and controls. Finally, a total
of 593 cancer cases and 407 controls were included in
the study. The hrHPV prevalence in cases and controls
was 97.69 % (593/607) and 8.03 % (407/5066),
respectively.

Data collection

Peripheral blood samples and exfoliated cervical cells were
collected. Special-trained physicians and nurses conducted
in-person interview using a standardized questionnaire.
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SNP and HPV genotyping

Eight recently reported HLA-related SNPs (HLA-DP
rs3117027, HLA-DP rs9277535, HLA-DP rs4282438, HLA-
DP rs3077, HLA-DP rs9277535, HLA-DQ rs2856718, HLA-
DQ rs7453920, and HLA-B/MICA rs2516488) were derived
from recently published GWAS and candidate gene-based
study [17–19] (Supplemental Fig. 1). All of the SNPs were
genotyped by TaqMan assays except for one by direct se-
quence (primers and probes shown in Supplemental Table 1).

HPV DNA was extracted from exfoliated cervical cells.
Genotyping was performed twice for both cases and controls.
Firstly, 21 HPV types (including 15 hrHPV types: HPV16, 18,
31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, and 68; and 6
low-risk HPV types: HPV6, 11, 42, 43, 44, and 81) were
tested in the Department of Clinical Laboratory, Cancer
Institute and Hospital, Chinese Academy of Medical
Sciences, by HPV GenoArray Test Kit (Hybribio company)
preliminarily. Then, positive hrHPV DNA was re-evaluated
by type-specific RCR (primers shown in Supplemental Table
2) in the Department of Epidemiology, Jiangsu Key Lab of the
Cancer Biomarkers, Prevention and Treatment, Nanjing
Medical University (Fig. 1 and Supplemental Fig. 2).
Subjects with consistent results of hrHPV types were included
in the present study. Each hrHPV type was confirmed by
direct sequencing (Supplemental Fig. 3).

All the SNPs and HPV DNA were genotyped by experi-
enced researchers, blinded to the status of cases and controls.
For the purpose of quality control, two blank (water) samples
were added in each 384-well plate. Ten percent repeated

samples were randomly selected from both cases and controls
for SNP genotyping.

Statistical analyses

Student’s t test or χ2 tests were used to evaluate differences in
the distributions of age and hrHPV types between the cases
and controls. Hardy-Weinberg equilibrium (HWE) was tested
by a goodness-of-fit χ2 test to compare the observed genotype
frequencies to the expected ones among the control subjects.
Unconditional logistic regression model was used to calculate
the odds ratios (ORs) and 95 % confidence intervals (CIs).
The dominant genetic models compared the variant allele ho-
mozygote and heterozygote to the common allele which
served as the reference group. A linear trend test assuming
an additive genetic model was conducted by assigning an
ordinal value of 1, 2, or 3 corresponding to the homozygous
wild-type, heterozygote, and homozygous variant genotype,
respectively. Interactions between SNPs of genes and HPV
genotypes were determined if it followed an additive or mul-
tiplicative model. Statistical analyses were conducted using R
package and Stata Version 10.0 software (Stata, College
Station, TX). P<0.05 was the criterion of statistical signifi-
cance, and all statistical tests were two sided.

Results

Of the 593 cervical cancer cases, 544 (91.74 %) were squa-
mous cell carcinoma, 24 (4.04 %) were adenocarcinoma, and
5 (0.84 %) were adenosquamous carcinoma. Cases and con-
trols had similar mean age (48.09±0.46 years for cases and
48.81±0.34 years for controls, P=0.197).

Among 15 hrHPV types, 14 types (including HPV16, 18,
31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68) were detect-
ed in the study population (Fig. 1 and Supplemental Figs. 1

NC: negative control,

-Globin PCRs were performed to assess the quality of the DNA

Fig. 1 The gel electrophoresis image of four hrHPV-type-specific PCR
products. NC negative control. β-Globin PCRs were performed to assess
the quality of the DNA

Table 1 HPV genotypes distribution in cervical cancer cases and
controls with normal cervix

HPV type Cervical cancer cases hrHPV positivity controls
N= 593 (%) N= 407 (%)

16a 325 (54.81) 105 (25.80)

18a 59 (9.95) 33 (8.11)

52a 103 (17.37) 103 (25.31)

58a 55 (9.27) 59 (14.50)

Othersa,b 165 (27.82) 165 (40.54)

Multiple infectionc 53 (8.94) 25 (6.14)

a All the cervical cancer cases and hrHPV infection controls infected
HPV16 including multiple infection, as well as HPV18, 52, and 58
bOther hrHPV include HPV31, 33, 35, 39, 45, 51, 56, 59, 66, and 68
cMore than two hrHPV types of infection
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Table 2 Main effects of 8 HLA-related SNPs on cervical cancer risk

SNPs Group Crude OR (95 % CI) Crude P Adjust OR (95 % CI)a Adjust Pa

Case (N = 593) Control (N = 407)

HLA-DP rs4282438

TT 304 175 ref. ref.

TG 237 186 0.73 (0.56–0.96) 0.023 0.75 (0.57–0.98) 0.032

GG 47 45 0.60 (0.38–0.94) 0.026 0.61 (0.39–0.96) 0.032

Dominant model 284 231 0.71 (0.55–0.91) 0.008 0.72 (0.56–0.93) 0.012

Additive model 0.76 (0.63–0.92) 0.005 0.77 (0.63–0.93) 0.008

HLA-B/MICA rs2516448

GG 314 227 ref. ref.

GA 204 140 1.05 (0.80–1.39) 0.710 1.07 (0.81–1.41) 0.644

AA 73 39 1.35 (0.88–2.07) 0.163 1.34 (0.88–2.95) 0.177

Dominant model 277 179 1.12 (0.87–1.44) 0.389 1.13 (0.87–1.45) 0.356

Additive model 1.13 (0.93–1.36) 0.211 1.13 (0.94–1.36) 0.209

HLA-DR/DQ rs9272143

TT 354 232 ref. ref.

CT 184 134 0.90 (0.68–1.19) 0.456 0.92 (0.69–1.21) 0.536

CC 50 36 0.91 (0.57–1.44) 0.688 0.89 (0.56–1.41) 0.616

Dominant model 234 170 0.90 (0.70–1.17) 0.433 0.91 (0.70–1.18) 0.474

Additive model 0.93 (0.77–1.13) 0.485 0.93 (0.77–1.13) 0.481

HLA-DP rs3117027

GG 282 227 ref. ref.

GT 238 145 1.32 (1.01–1.73) 0.044 1.34 (1.02–1.76) 0.034

TT 70 32 1.76 (1.12–2.77) 0.014 1.74 (1.11–2.75) 0.016

Dominant model 308 177 1.40 (1.09–1.81) 0.009 1.41 (1.10–1.83) 0.008

Additive model 1.32 (1.09–1.61) 0.004 1.33 (1.09–1.61) 0.004

HLA-DP rs3077

CC 168 145 ref. ref.

CT 315 198 1.37 (1.03–1.82) 0.029 1.34 (1.01–1.78) 0.045

TT 108 62 1.50 (1.02–2.21) 0.037 1.46 (0.99–2.14) 0.055

Dominant model 423 260 1.40 (1.07–1.84) 0.014 1.37 (1.04–1.80) 0.024

Additive model 1.25 (1.04–1.51) 0.019 1.23 (1.02–1.49) 0.031

HLA-DP rs9277535

GG 143 114 ref. ref.

GA 287 203 1.13 (0.83–1.53) 0.442 1.13 (0.83–1.53) 0.433

AA 162 90 1.44 (1.00–2.05) 0.047 1.41 (0.98–2.01) 0.061

Dominant model 449 293 1.22 (0.92–1.63) 0.171 1.22 (0.91–1.62) 0.183

Additive model 1.20 (1.00–1.43) 0.048 1.19 (0.99–1.42) 0.062

HLA-DQ rs2856718

AA 185 121 ref. ref.

AG 271 195 0.91 (0.68–1.22) 0.525 0.92 (0.68–1.23) 0.554

GG 136 90 0.99 (0.70–1.40) 0.948 1.00 (0.70–1.42) 0.987

Dominant model 407 285 0.93 (0.71–1.23) 0.626 0.94 (0.71–1.24) 0.664

Additive model 0.99 (0.83–1.18) 0.891 0.99 (0.83–1.18) 0.932

HLA-DQ rs7453920

GG 423 291 ref. ref.

GA 142 94 1.04 (0.77–1.40) 0.802 1.02 (0.75–1.38) 0.914

AA 26 18 0.99 (0.54–1.85) 0.984 0.99 (0.53–1.84) 0.980

Dominant model 168 112 1.03 (0.78–1.37) 0.827 1.01 (0.76–1.34) 0.930

Additive model 1.02 (0.81–1.28) 0.874 1.01 (0.80–1.27) 0.955

a Adjusted for age
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and 2). HPV16, 18, 52, and 58 were four common types in
both cases and controls. More than half of the cases were
infected by HPV16 (54.81 %) while only one fourth of the
controls were infected byHPV16 (25.80%) (Table 1). HPV16
was the unique hrHPV type in which prevalence was signifi-
cantly higher in cases than that in controls (P<0.001).

Of the observed genotypes frequencies for eight SNPs in
control subjects, five SNPs were in Hardy-Weinberg equilib-
rium (HWE, P = 0.740 for rs4282438; P = 0.200 for
rs3117027; P= 0.756 for rs3077; P= 1.00 for rs9277535,
and P=0.486 for rs2856718) except the other three SNPs
(P = 0.016 for rs2516448; P = 0.013 for rs9272143; and
P=0.009 for rs7453920). Associations between these SNPs
and cervical cancer risk among women infected by hrHPV
were presented in Table 2. Three SNPs (rs4282438,
rs3117027, and rs3077) in HLA-DP gene were significantly
associated with the risk of cervical cancer in dominant model
(rs4282438: adjusted OR = 0.72, 95 % CI = 0.56–0.93;
rs3117027: adjusted OR = 1.41, 95 % CI = 1.10–1.83;
rs3077: adjusted OR=1.37, 95 % CI=1.04–1.80). HLA-DP
rs9277535 also showed suggestive association with cervical
cancer risk (Table 2).

We further analyzed the combined effect between HPV16
infection and the three SNPs (rs4282438, rs3117027, and
rs3077) inHLA-DP since HPV16 was the unique hrHPV type
which prevalence was higher in cervical cancer cases than that
in controls. The interaction between HPV16 infection and
HLA-DP rs4282438 was found in additive model. Compared
with G allele carriers of rs4382438 in the HLA-DP gene in-
fected by non-HPV 16 types, TT carriers with HPV16 posi-
tivity had 5.22-fold increased risk of cervical cancer
(OR = 5.22, 95 % CI = 3.39–8.04; Pfor interaction = 0.002)
(Table 3).

Haplotype analyses did not show highly linkage disequi-
librium (LD) for the three HLA-DP SNPs with all R2 less than
0.1 (Supplemental Table 3).

Discussion

Several studies on HLA genetic variants and the risk of cervi-
cal cancer have been published, and one of the studies was
performed by us [13]. Although these studies reported the risk
of cervical cancer related to the genetic variants of HLA-DP,
none of them considered the HPV status, either in the cases
and controls. Thus, it was difficult to identify individuals who
have higher risk of cervical cancer after hrHPV acquisitions,
not tomention to explore the interaction betweenHLA genetic
variant and hrHPV genotypes. Unlike previous studies (in-
cluding those mentioned by the reviewer), we investigated
cases and controls infected with hrHPV. We found that three
SNPs of HLA-DP (rs3077, rs3117027, and rs4282438) were
susceptible markers of cervical cancer for women with hrHPV

infection. More importantly, a significant interaction was ob-
served between HLA-DP rs4282438 and HPV16 infection. To
the best of our knowledge, this is the first study to explore the
interaction between genetic variations of HLA genes and HPV
genotype on the risk of cervical cancer

Current studies widely believed that cervical cancer devel-
opment after HPV infection largely depends on the genetic
differences [17, 18]. Recently, Chen D conducted a systematic
genome-wide association study to investigate the association
between genetic variants in the HLA-DP region and cervical
cancer risk. Their findings provided further evidence about the
contribution of polymorphisms in the HLA-DP region to risk
of cervical cancer [19]. In the present study, three HLA-DP
SNPs (rs4282438, rs3117027, and rs3077) were found to be
significantly associated with risk of cervical cancer
(rs4282438: OR= 0.72, 95 % CI = 0.56–0.93; rs3117027:
OR= 1.41, 95 % CI = 1.10–1.83; and rs3077: OR= 1.37,
95 % CI=1.04–1.80) among women infected with hrHPV.
An additive interaction between HPV16 and rs4282438 for
cervical cancer risk (P for interaction=0.002) was also found.
Compared with subjects carrying variant genotypes (GG/TG)
and non-HPV16 infections, those carrying wild-type genotype
(TT) of rs4282438 and HPV16 positivity had a 5.22-fold in-
creased risk of cervical cancer (95 % CI=3.39–8.04). Our
study supported that certain HLA-DP alleles in concert with
HPV16 could have a predisposition for cervical cancer devel-
opment, and the potential to be translated for triage of hrHPV-
positive women. Above all, our results supported that those
three SNPs may be associated with cervical cancer risk.

To explore the potential function of those three SNPs, we
use the public database RegulomeDB (http://www.
regulomedb.org) for predicting. Interestingly, we noticed that
the rs3077 was the eQTL of HLA-DPA1. Furthermore, the
rs3077 was located in the transcript factor binding site. The
binding proteins include POLR2A, NT-ATC1, and ZNF263.
Dai, J. et al. found that genetic variants in transcript factor
binding site could influence the susceptibility to cancer [20].

The HLA system is the name of the loci of genes which
encode for major histocompatibility complex (MHC) in
humans including HLA-I, HLA-II, and HLA-III genes. There
are three main HLA-II genes in humans (HLA-DP, HLA-DQ,
and HLA-DR) encoding particular antigens that stimulate the
multiplication of T helper cells, which in turn stimulate
antibody-producing B cells to produce antibodies to that spe-
cific antigen [21, 22]. Series of studies have found that genetic
variations of HLA-II genes were involved in neoplastic cervi-
cal disease and cancer development [23–26]. However, as we
mentioned earlier, all the association between the SNPs of
HLA-DP and the risk of cervical cancer were evaluated with-
out the consideration of HPV infection status in these previous
studies. For better understanding of the association between
the host genetic variants and the risk of cervical cancer, the
typical virus infection-related cancer, we did HPV DNA
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genotype in this study based on our previous research findings
and further validated that HLA-DP rs4282438, rs3077, and
rs3117027 increased the risk of cervical cancer among women
infected by hrHPV and might play role in the progress of
invasive cancer development, especially after hrHPVacquisi-
tion. More importantly, the interaction between rs4282438
and HPV16 was found in this study, which further validated
the genotype-infection correlation in the development of cer-
vical cancer and the explained partly why hrHPV infection is
only a necessary but not a sufficient cause of cervical cancer.
HLA-DP, composed of 2 subunits (DPα and DPβ), belongs to
HLA class II molecules. HLA-DP was expressed as cell sur-
face glycoproteins that bind and present foreign peptides such
as virus antigens to CD4+ T cells [27]. The rs4282438 are
located at 3 UTR of HLA-DPA1, intron of HLA-DPB1 and
in the upstream ofHLA-DPB/2, respectively. An in vitro study
found that HPV16 E5 could decrease immune recognition of
infected keratinocytes through function disruption of HLA
class II proteins [28], which could partly explain the interac-
tion between HLA-DP rs4282438 and HPV16 found in the
present study.

The major strength of our study was that all controls were
genotyped for HPV positivity with double check, which
allowed us to investigate the association between related
SNPs and cervical cancer especially among women with
hrHPV positivity, and analysis interaction between host genet-
ic variation and certain HPV genotype. Additionally, all of the
controls in our study were diagnosed to be with normal cervix
by LBC in hospital when they participated in physical check

during the study period. Exclusion of subjects with cervical
lesions by LBC diagnosis assured the minimum bias of
misclassification. The prevalence of hrHPV in the con-
trols of this study was 8.03 % (407/5066), which was
similar to the prevalence reported in other Chinese pop-
ulations [29, 30], validated, in some extent, the precise
classification in the study. However, there are several
limitations of the study which need to be solved in
further research. Firstly, we conducted the case-control
study for only one stage without validation. Further
large-scale studies are required for validat ion.
Secondly, the biological function of these three SNPs
in HLA-DP was not further investigated in this study.
The associations between the SNPs and the risk of cer-
vical cancer among women infected by hrHPV should
be interpreted with caution.

In conclusion, based on the findings of our previous study,
the present study further shown that certain HLA-DP alleles
could have a predisposition for cervical cancer development
especially among women with hrHPV positivity. HLA-DP
alleles (rs3077) could be potential biomarkers for the triage
of hrHPV-positive women. Meanwhile, HLA-DP rs4282438,
in concert with HPV16 infection, could be more important in
the identification of high-risk population of cervical cancer
among hrHPV-positive women. Further studies with different
ethnic background, biological functional researches, and large
sample size will help to further understand the role of immune
regulation in HPV infection-related cervical cancer
carcinogenesis.

Table 3 Interaction between 3 SNPs genotypes and HPV16 infection on cervical cancer risk

HPV16 SNPs Cervical cancer cases (%) hrHPV infection controls (%) OR (95 % CI)a Pa Pb Pc

rs4282438 0.238 0.002

Negative TG/GG 129 (21.94) 163 (40.15) ref.

Negative TT 137 (23.30) 138 (33.99) 1.28 (0.91–1.80) 0.155

Positive TG/GG 155 (26.36) 68 (16.75) 2.88 (1.97–4.21) 4.50E-08

Positive TT 167 (28.40) 37 (9.11) 5.22 (3.39–8.04) 5.91E-14

rs3117027 0.647 0.392

Negative GG 134 (22.71) 175 (43.32) ref.

Negative GT/TT 133 (22.54) 125 (30.94) 1.31 (0.93–1.85) 0.116

Positive GG 148 (25.08) 52 (12.87) 3.54 (2.37–5.30) 7.75E-10

Positive GT/TT 175 (29.66) 52 (12.87) 4.07 (2.75–6.03) 2.38E-12

rs3077 0.379 0.460

Negative CC 77 (13.03) 113 (27.90) ref.

Negative CT/TT 189 (31.98) 188 (46.42) 1.45 (1.01–2.08) 0.046

Positive CC 91 (15.40) 32 (7.90) 4.07 (2.44–6.80) 8.32E-08

Positive CT/TT 234 (39.59) 72 (17.78) 4.47 (2.98–6.70) 3.87E-13

aAdjusted for age
bP for interaction by multiplicative model
cP for interaction by additive model
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