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Abstract: Human papillomavirus (HPV) infection is a major risk factor for cervical cancer. However, only some high
risk human papillomavirus (HR-HPV)-infected women progress to cervical cancer, host immunogenetic factors hu-
man leukocyte antigen (HLA) may account for viral antigens presenting individually or together in the progression
to cervical cancer. This study examined the association between the development of invasive cervical cancer (ICC)
and the determinant factors including HLA-DRB1*1501 and DQB1*0602, HR-HPV infection among Chinese Ui-
ghur and Han populations. Blood samples, cervical swabs and biopsies were obtained from 287 patients with ICC
(192 Uighurs and 95 Hans) and 312 healthy controls (218 Uighurs and 94 Hans). HPV DNA was detected by PCR
and HLA-DRB1*1501 and DQB1*0602 alleles were performed using PCR-SSP method. HPV16 infection rates was
significantly higher among Uighur and Han with ICC as compared to healthy controls (OR = 58.317; 95% Cl: 39.663-
85.744; OR = 33.778; 95% Cl: 12.581-90.691; P < 0.05 for all). HLA-DRB1*1501 (OR = 0.305; 95% Cl: 0.115-
0.813; P < 0.05) and HLA-DRB1*1501-DQB1*0602 haplotype frequencies (OR = 0.274; 95% Cl: 0.086-0.874; P <
0.05) were significantly reduced in Han ICC. The HLA-DQB1*0602 frequency significantly decreased among Uighur
women with ICC (OR = 0.482; 95% CI: 0.325-0.716; P < 0.05). Similar tendencies were observed for DQB1*0602
with HPV16-positive ICC (OR = 0.550; 95% Cl: 0.362-0.837; P < 0.05). This study suggests that HLA-DRB1*1501
and DQB1*0602 alleles may influence the immune response to HPV16 infection and decrease the risk of ICC
among Uighurs and Hans in Xinjiang, China.
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Introduction

Cervical cancer is the second most common
type of cancer among women, with 400,000
new cases reported annually worldwide; of this
number, 13,000 cases were recorded in China
[1]. Uighurs living in Xinjiang are one of the eth-
nic groups with the highest reported incidence
rates of cervical cancer [2]. The rate of cancer
incidence among Uighurs is 527/100,000 [3],
much higher than the average rate of 126.94/
100,000 in China [4].

Research has shown that human papillomavi-
ruses (HPVs) play a central role in cervical can-

cer etiology [5, 6]. However, patients with HPV
infection regress spontaneously, and only a
small fraction of these cases develop into per-
sistent infection and cancer, which suggests
that other factors are also involved in the patho-
genesis of the disease. One potential cofactor
is the host cellular immune response to HPV
infection and cancer cells mediated by the
human leukocyte antigen (HLA)-restricted T lym-
phocytes [7].

HLA class Il (HLA-II) alleles involved in present-
ing foreign antigens to the immune system cells
are important in host immune responses to
viruses and other pathogens. Among the most
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Figure 1. A: HPV16 PCR gel electrophoresis results. M, Mark; P, Positive control
(268 bp). 1-9: Cervical tissue samples. N, Negative control; B, Blank. B: HPV18
PCR amplification electrophoresis results. M, Mark; P, Positive control (268 bp).
1-8: Cervical tissue samples. N, Negative control; B, Blank.
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Figure 2. A: HLA DRB1*1501 PCR gel electrophoresis results. M, Mark; P, Posi-

among those with high
degrees of DRB1 and
DQB1 polymorphism [11-
13]. However, previous
results varied and even
contradicted among po-
pulations. For example,
HLA-DRB1*1501 and
-DQB1*0602 [14-16] re-
flect discrepancies un-
der racial differences.
Because HLA-Il allele fre-
quencies differ in vari-
ous ethnic and racial
groups, which are differ-
ent in Uighurs compared
with Chinese Han and
other population groups,
and the published data
on the distribution of
HLA-II alleles among Uig-
hur patient with cervical
cancer are not reported
as yet. So in this study,
we explore the relation-
ship between two HLA-II
alleles (HLA-DRB1*1501
and HLA-DQB1*0602)
and the occurrence and
progression of invasive
cervical cancer (ICC)
among Uighur and Han
people in Xinjiang, China.

Materials and methods

tive control (262 bp). 1-11: Cervical tissue samples. N, Negative control; B, Blank;

HGH, Internal control (429 bp). B: HLA DQB1*0602 PCR gel electrophoresis re-

Study subjects

sults. M, Mark; P, Positive control (121 bp). 1-11: Cervical tissue samples. N, Nega-

tive control; B, Blank; HGH, Internal control (429 bp).

polymorphic human genes, HLA-Il polymor-
phism results in peptide-binding cleft varia-
tions, influencing the binding and presentation
of antigens to T cells [8]. Given that the host
immune response to HPV is an important deter-
minant of HPV persistence and progression to
high-grade lesions and cancer [9, 10], HLA-II
variations, which are also related to ethnicity,
may affect cervical cancer pathogenesis th-
rough immunological control of HPV.

Many studies have examined the association

between HLA-Il alleles polymorphism, HPV
infection, and cancer development, especially
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Two hundred eighty-sev-

en specimens were col-
lected between 2000 and 2008, 192 and 95 of
which came from Chinese Uighur and Han
women, respectively. The patients were evalu-
ated by colposcopy and biopsy to confirm the
invasive cervical cancer (ICC), and received nei-
ther pre-operative radiotherapy nor chemother-
apy. Uighur and Han patients were aged 24 to
65 years and 30 to 63 years, respectively. The
control population was selected randomly from
an opportunistic screening program in the
same hospitals. Cervical smear cytology detec-
tion confirmed negative findings of intraepithe-
lial lesion or malignancy, included 218 Uighur
and 94 Han women aged 30 to 71 years and 30
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Table 1. The distribution of HLA-DRB1*1501, DQB1*0602 in Uighur patient and control group

ICC HPV16 ICC  Control

ICC HPV16 ICC

P OR (95% Cl) P OR (95% Cl)

HLA (n=192) (n=151) (n=218)
DRB1*1501 38 34

DQB1*0602 79 67 129
DRB1*1501-DQB1*0602 28 27

1.000 0.976 (0.601-1.585) 0.682 1.149 (0.693-1.905)
0.000 0.482(0.325-0.716) 0.007 0.550 (0.362-0.837)
0.441 0.784 (0.461-1.331) 1.000 0.999 (0.582-1.718)

to 66 years, respectively. All patients were re-
cruited from the Department of Kashi People’s
Hospital and The First Affiliated Hospital of
Shihezi University School of Medicine, Xinjiang,
China. Peripheral blood samples, cervical scra-
pings, or biopsy samples were collected from
all the participants with written informed con-
sent, used as sources of DNA for HPV and HLA

typing.
HPV typing

DNA was extracted from cervical scrapings or
biopsy samples using the phenol-chloroform
method [17, 18]. We used B-globin signals to
confirm sample DNA quality; samples with
strong signals for HPV and HLA genotypes were
chosen. HPV-DNA was detected using primer
polymerase chain reaction (PCR). Positive and
negative controls were set for each reaction;
positive control for the CaSki (HPV 16E6) and
Hala (HPV 18 E6) cell DNA (Beijing Institute for
Cancer Prevention Laboratory Professor Yang
Ke favors). The primers used for HPV16EG
detection were as follows: forward, 5’-GACCCA-
GAAAGTTACCACAG-3’; reverse, 5-CACAACGGT-
TTGTTGT ATTG-3'. To detect HPV18 EB, the fol-
lowing primers were used: forward, 5-TGCCAGA
AACCGTTGAATCC-3’; reverse, 5-TCTGAGTCG-
CTTAATTGCTC-3'. The primers for synthesis
were sourced from Shanghai Health Industrial
Co., Ltd, China. PCR reactions for HPV16 detec-
tion were as follows: predegeneration at 94°C
for 3 min, degeneration at 94°C for 45 s,
annealing at 55°C for 45 s, and an extension at
72°Cfor 45 s, for a total of 35 cycles. PCR reac-
tions for HPV18 detection were as follows: pre-
degeneration at 94°C for 4 min, degeneration
at 94°C for 45 s, annealing at 54°C for 45 s,
and an extension at 72°C for 60 s, for a total of
35 cycles. Electrophoresis of HPV16 and HPV-
18 were performed on a 2% agarose gel, which
was then imaged under ultraviolet light and
photographed (Figure 1).
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Detection of HLA-DRB*1501 and HLA-
DQB1*0602

DNA was extracted from blood samples using
an automated extractor (QlAamp BioRobot,
Qiagen, Hilden). HLA-DRB1*1501 and HLA-
DQB1*0602 alleles were identified using sequ-
ence-specific primers based on the PCR-SSP
method. Positive, negative, and internal con-
trols were set for each reaction (human growth
hormone, HGH). Here, we removed false posi-
tive and false negative results. The sequence-
specific primers are referred to an article by
Olerup [19, 20]. The primers used for HLA-
DRB1*1501 were as follows: forward, 5’-TTCC-
TGTGGCAGCCTAAGAGG-3’; reverse, 5-CCGCTG-
CACTGTGAAGCTCT-3". The primers used for HLA-
DQB1*0602 were as follows: forward, 5'-CGT-
GCGTCTTCTGACCAGAT-3’; reverse, 5-GCTGTT-
CCAGTACTCGGCAT-3'. The primers used for
HGH were as follows: forward, 5-GCCTTC-
CCAACCATTCCCTTA-3’; reverse, 5-TCACGGAT-
TTCTGTTGTGTTTC-3'. The primers used for syn-
thesis were sourced from Shanghai Health
Industrial Co., Ltd, China. PCR reactions were
performed as follows: predegeneration at 94°C
for 5 min, denaturation at 94°C for 30 s, anneal-
ing at 60°C for 45 s, and an extension at 72°C
for 30 s, for a total of 35 cycles. PCR products
were electrophoresed in 2% agarose gel, which
was then imaged under ultraviolet light and
photo-graphed (Figure 2). PCR products were
purified and directly sequenced (sent to
Shanghai Health Industrial Co., Ltd), and results
were homologically analyzed using a BLAST
analysis station.

Quality control

DNA preparation, PCR, and PCR product detec-
tion were carried out in separate spaces.
Ultraviolet was used to monitor environmental
contamination prior to the experiments, and
new sterile gloves and supplies were used to
avoid contamination. B-globin signals were
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Table 2. The distribution of HLA-DRB1*1501, DQB1*0602 in Han patient and control group

HLA ICC HPV16 ICC Control ICC HPV16 ICC
(n=95) (n=61) (n=94) OR (95% Cl) P OR (95% Cl)
DRB1*1501 6 6 17 0.024 0.305(0.115-0.813) 0.238 0.494 (0.183-1.334)
DQB1*0602 33 27 42 0.212 0.659 (0.367-1.184) 1.000 0.983 (0.514-1.881)
DRB1*1501-DQB1*0602 4 4 13 0.04 0.274 (0.086-0.874) 0.294 0.437 (0.136-1.410)

used to confirm sample DNA quality, and DNA
with sufficient quality was chosen for PCR.
Positive and negative controls were set up for
each PCR reaction. About 30% of the samples
were randomly chosen to repeat the tests, and
the same results were obtained.

Statistical analysis

SPSS version 13.0 was employed for all statis-
tical analyses. The t-test and Mantel-Haenszel
X2 test were used for continuous and categori-
cal variables, respectively. Odds ratios (OR) and
95% CI were calculated using logistic regres-
sion to estimate the relative likelihood between
two HLA-II polymorphisms and the risk of cervi-
cal cancer across genotypes. We adjusted mul-
tiple comparisons using Bonferroni correction
and considered P values less than 0.05 signi-
ficant.

Results

All test cases were diagnosed as ICC by two
pathologists. The case and control groups had
similar age ranges (P > 0.05), and beta-globin
PCR results showed that all subjects have
specimens with sufficient quality for HLA and
HPV analyses.

The fractions of HPV16-positive cases among
the Uighurs and Hans in the case group were
78.7% and 64.3%, obviously higher than those
of Uighurs (6.0%) and Hans (5.3%) control
group (OR = 58.937; 95% Cl: 22.672-153.208;
OR =33.778;95% Cl: 12.581-90.691; P < 0.05
for all), respectively, and the HPV16 infection
rates were higher among Uighurs than Hans
(OR = 2.053; 95% CI: 1.192-3.534; P < 0.05).
The HPV1S8 infection rate was only 2% in the
case group, no significantly difference in HPV18
infection rate were observed between the case
and control groups (P > 0.05).

The distribution of HLA-DRB1*1501 and HLA-
DQB1*0602 among Uighurs in the case and
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control groups is shown in Table 1. The fre-
quency of HLA-DQB1*0602 significantly decre-
ased among Uighur women with ICC (OR =
0.482; 95% CI: 0.325-0.716; P < 0.05) com-
pared with that in the normal control group.
Similar patterns were observed between
DQB1*0602 and HPV16-positive ICC patients
(OR = 0.550; 95% CI: 0.362-0.837; P < 0.05).
Unlike Uighur population, the frequency of HLA-
DQB1*0602 in Chinese Han ICC population
was not significantly changed relative to healthy
control group (Table 2). However, the frequency
of HLA-DRB1*1501 (OR = 0.305; 95% CI:
0.115-0.813; P < 0.05) significantly decreased
among Han women with ICC. Further, similar
change was also seen in the frequency of HLA-
DRB1*¥1501-DQB1*0602 haplotype in Han
women with ICC relative to healthy control
group (OR = 0.274; 95% CI: 0.086-0.874; P <
0.05).

Discussion

Several studies have shown that HPV infection
is the primary cervical cancer etiology. HPV typ-
ing results of the case group HPV16 was most
commonly types (78.7% in Uighur, 64.3% in
Han), obviously higher than that of control
group. These results are similar to those in a
previous report [21]. Hint that HPV16 infection
plays a central role in cervical cancer, especial-
ly in Uighur women.

Several researchers have considered polymor-
phisms of HLA-Il type alleles to be closely relat-
ed to HPV infection [10, 12, 22, 23]. HLA-II
showed a close relationship with HPV16-
positive Kazakh esophageal carcinoma in our
previous work [24]. HLA-Il genes mainly func-
tion in identifying and presenting exogenous
antigens, such as HPV. Different HLA-II alleles,
capacities of identification, combinations of
HPV, and presentations of antigenic peptides to
CD4+ T cells have been uncovered. HLA-II
alleles that are difficult to identify and clear by
the HPV virus are called HPV virus susceptibility
alleles; by contrast, those alleles that are easy
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to identify and clear by the HPV virus can pre-
vent HPV allele infection. Those HPV suscepti-
bility alleles cause persistent HPV infections
and are maintained in the body, subsequently
causing tumors [8, 25].

Some published data on the distribution of
HLA-II alleles among cervical cancer are avail-
able. However, results among various popula-
tions often differ and sometimes even contra-
dict, especially when considering HLA-
DRB1*1501 and DQB1*0602 alleles. Beskow
[26] examined the distribution of HLA-DRB1
and DQB1 allele frequencies in cervical cancer
among Swedish women and found that HLA-
DRB1*1501 is related to long-term HPV infec-
tion, and this allele particularly increases the
risk of developing HPV16-related cervical can-
cer. Cuzick [27] detected cervical squamous
cell carcinoma among women from the United
Kingdom and found that HLA DRB1*1501 and
HLA-DQB1*0602 do not increase the risk of
cervical squamous cell carcinoma but are asso-
ciated with HPV 16-positive cervical squamous
cell carcinoma. Similar reports show the same
results among Chinese [28] and Brazilian [29]
women. Other studies, however, reported dif-
ferent results. A study by Wu [16] showed that
the distributions of HLA DRB1*1501 and HLA-
DQB1*0602 decrease among HPV-infected
Han women and cervical cancer female
patients in China. Ferrera [30] also found that
HLA-DQB1*0602 presents decreased risks of
cervical cancer among Honduran women.
Differences among sampling methods, sensi-
tivity of detection methods, geographic areas
and racial factors, and disease status have
been cited as potential causes of inconsistency
among reports. In this work, highly sensitive
HLA detection assays were performed to avoid
uncertainty factors. We employed strict quality
control measures from DNA preparation to PCR
analysis. B-globin primer was used for all ICC
sample quality appraisals, and DNA positive
and negative controls were set up to avoid the
emergence of false positive and false negative
results; these controls also ensured experi-
mental accuracy.

In this study, we found that the frequency of
HLA-DRB1*1501 decreased among Han pati-
ents with ICC compared with Hans in the con-
trol group. Similar tendencies were observed in
the HLA-DRB1*1501-DQB1*0602 haplotype,
consistent with the works of Wu [16] and
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Hildesheim [31] who studied Han patients with
cervical cancer and American patients with
high-grade squamous intraepithelial lesions
(HSILs), respectively. The HLA-DRB1*1501 and
HLA-DRB1*1501-DQB1*0602 haplotypes may
inhibit Han ICC cell antigens presented to CD4+
T cells and decrease the risk of HPV infection
and ICC occurrence.

The distribution of HLA-DQB1*0602 noticeably
decreased in Uighur ICC patients compared
with women in the control group. Similar pat-
terns of HLA-DQB1*0602 among HPV16-posi-
tive ICC patients were also observed, which
agrees with the work of Ferrera on cervical can-
cer cases in Mexico [29]. Hint HLA-DQB1*0602
may be involved in protecting Uighur cervical
tissues from HPV16 infection and cervical can-
cer occurrence.

A limitation of this study is the lack of epidemio-
logical information, such as smoking status,
age at first intercourse, birth control use, and
frequency of contraceptive use. Data on these
factors may help assess the interaction bet-
ween high-risk HPV infection and other environ-
mental factors.
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