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Abstract Multiple determinant factors are involved in

the occurrence and progression of esophageal squamous

cell carcinoma (ESCC). Human papillomavirus (HPV) and

human leukocyte antigen (HLA) polymorphism were

identified as important factors. This study examined the

associations between the development of Kazakh ESCC

and the determinant factors including HLA-DRB1*0901,

1501; DQB1*0301, 0602; high-risk HPV infection in the

area of Xinjiang, China. 200 Kazakh patients with ESCC

and 150 controls were recruited, and polymerase chain

reaction (PCR) was performed to detect HLA-DRB1*0901,

1501 and DQB1*0301,0602 using sequence-specific

primers (SSPs). HPV16 was detected in esophageal spec-

imens using PCR. HPV16 infection rate in Kazakh ESCC

case group was 41 %, significantly higher than that of

control group 14 % (OR = 3.62; 95 % CI, 2.15–6.09;

P \ 0.001). A positive association between ESCC and

HLA-DRB1*1501 (OR = 2.46, P \ 0.0125) or HLA-

DQB1*0301 (OR = 3.34, P \ 0.0125) alleles was obser-

ved. Similar tendencies were observed for HLA-DRB1*

1501 (OR = 3.095, P \ 0.0125) and HLA-DQB1*0301

(OR = 2.410, P \ 0.0125) alleles with HPV16-positive

ESCC. HLA-DRB1*1501, HLA-DQB1*0301 and DQB1*

0602 were significantly associated with ESCC when the

age was C55 years (P \ 0.0125 for all), whereas only

HLA-DQB1*0301 was significantly associated with ESCC

when the age was\55 years (P \0.0125). HLA-DRB1*1501

and HLA-DQB1*0301 were significantly associated with an

increase in ESCC occurrence in females (P \0.0125),

whereas only HLA-DQB1*0301 was significantly associ-

ated with ESCC in males. Moreover, the occurrence of

HLA-DQB1*0602 gene in poorly differentiated ESCC

group (68.8 %) was slightly higher than that of well-dif-

ferentiated squamous cell carcinoma group (31.2 %). The

difference was not statistically significant (P [ 0.0125). The

study suggests that HLA-DRB1*1501 and HLA-DQB1*0301

may influence the immune response to specific tumor and

HPV-encoded epitopes and affect the risk of Kazakh ESCC in

XinJiang, China.
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Introduction

Esophageal carcinoma is one of the top ten commonest

malignant tumors in the world. The incidence rate varies in

different physiographic regions, nations and races [1].

China has high incidence and mortality rate of esophageal

carcinoma [2]. Kazakh national minority (ethnic) living in

Xinjiang (northwest of China) has been reported to be one

of the ethnics with the highest incidence of esophageal

Carcinoma [3]. The esophageal carcinoma mortality rate

within Kazakh reaches 155.9/100,000 which is higher than

the average chinese rate of 15.2/100,000 [4]. The occur-

rence of Esophageal Carcinoma is a complex process

involving multifactors, multistages and multiway interac-

tions [5]. It has been documented that the HPV infection

J. Hu � L. Pang � Y. Chen � L. Yang � C. Liu � J. Zhao �
B. Chang � Y. Qi � W. Liang � F. Li (&)

Department of Pathology and Key Laboratory of Xinjiang

Endemic and Ethnic Diseases (Ministry of Education),

Shihezi University School of Medicine, Shihezi,

Xinjiang 832002, China

e-mail: Lifeng7855@yahoo.com.cn

L. Li

Shihezi University School of Life Science,

Xinjiang 832002, China

123

Cancer Immunol Immunother (2012) 61:2135–2141

DOI 10.1007/s00262-012-1281-x



could be the one important attribute of esophagus carci-

nogenesis [6, 7]. However, previous studies are not defin-

itive due to the use of insensitive laboratory approaches,

different HPV detection techniques and different study

populations [8–12]. In our previous study, we have

observed a significantly high prevalence of HPV infection

[8]. Even though the HPV infections are common, only a

small fraction progresses into persistent infection and

cancer, suggesting that other factors are also involved in

the pathogenesis [13]. One potential cofactor may be the

host cellular immune response to HPV infection and cancer

cells mediated by the HLA-restricted T lymphocytes [14].

HLA-II alleles, which are involved in presenting foreign

antigens to the immune system cells, are important in host

immune responses to viruses and other pathogens. Among

the most polymorphic human genes, HLA-II polymor-

phism results in variations of the peptide-binding cleft, thus

influencing the bound and presentation of antigens to T

cells [15]. Therefore, given that host immune response to

HPV is thought to be an important determinant of HPV

persistence and progression to high-grade lesions and

cancer, [16, 17] it is possible that HLA-II variations, which

are also related to ethnicity, may affect esophageal carci-

noma pathogenesis through immunologic control of HPV.

HLA encodes molecules essential for immune clearance

of virus-infected cells. HLA class II molecules encoded by

DR, DQ and DP genes are expressed in immune cells and

are responsible for presenting antigenic peptides to CD4?

T cells. A number of studies have examined the association

between HLA class II allele polymorphism, HPV infection

and the development of tumors, especially for those with a

high-degree polymorphism of the DRB1 and DQB1

[18–20]. However, few studies have examined HPV-related

esophageal carcinoma and HLA class II allele polymorphism

to date. We, therefore, examined whether the four HLA alleles

(HLA-DRB1*0901, 1501 and DQB1*0301, 0602) are asso-

ciated with HPV infection, and the occurrence and progres-

sion of ESCC were analyzed in 200 patient and 150 control

groups.

Materials and methods

Study population

Two hundred Kazakans specimens were collected between

2000 and 2007. The patients were aged 34–79 years (121

men and 79 women) who were diagnosed with ESCC and

did not received radiotherapy or chemotherapy before

surgery. At the same time, 150 specimens were collected

from normal Kazakans esophageal biopsy tissues as con-

trols. The normal patients were aged 30 to 73 years (82

men and 68 women). All specimens were recruited from

the Department of Yili friendship hospital, XinJiang,

China, where the biopsy paraffin-embedded tissues were

prepared. Each participant provided written informed

consent, and the study was approved by the participating

hospital.

All ESCC specimens obtained in the surgery were

embedded in paraffin, subsequently sectioned into 5-lm-

thick slices, and subjected to conventional H&E staining.

The diagnosis of ESCCs was confirmed by two patholo-

gists according to WHO histological tumor classification

criteria [21]: 76 cases of well-differentiated ESCC and 124

cases of poorly differentiated ESCC. Control group speci-

mens were gastroscope biopsy tissues, preserved in paraffin

and confirmed as normal esophageal mucosa.

DNA preparation

We used some methods to minimize the possibility of tis-

sues contamination for patient and control groups. Briefly,

each formalin-fixed and paraffin-embedded sample was cut

into 7-lm-thick sections; 10–15 slides were placed into a

new high-pressure EP tube, disinfected blade with 75 %

medicine alcohol before the sample cut. And for every 5

samples, we used no tissues paraffin-embedded sample to

cut for no contamination control. Then, genomic DNA was

isolated from paraffin-embedded tissues by phenol–chlo-

roform method [22] and dissolved in sterile double-dis-

tilled water at -80 �C in the refrigerator for 12–24 h to

preserve it.

HPV16 typing

Before HPV16 detection, we used b-globin signals to

confirm sample DNA quality and chose strong b-globin

samples to genotype. HPV DNA was detected using a

nested primer PCR. Each reaction includes a positive and

negative control. The positive control was CaSki cell DNA

(generously provided by Professor Yang Ke, Beijing

Institute for Cancer Prevention Laboratory). Primers for

HPV16 E6 were the following: FOR 50- GACCCAGA

AAGTTACCACAG -30, RER 50—CACAACGGTTTGTT

GTATTG -30 (primer synthesis from Shanghai Health

Industrial Co., Ltd). PCRs were carried out under the fol-

lowing conditions: predegeneration, 94 �C 3 min; degen-

eration, 94 �C 45 s; annealing, 55 �C 45 s; an extension of

72 �C 45 s, a total of 35 cycles.

HLA alleles polymorphism identification

Previous studies have found that HLA-II alleles are closely

related to carcinoma risks, [23, 24], but the studies on the

relationship of ESCC with HLA-II are very limited. Lin

[25] genotyped 23 HLA-II alleles in ESCC among 42 Han
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ethnic adults living in Hubei, China, and found that only

HLA-DRB1*0901 was significantly associated with the

risk of ESCC. Further, throughout the paper review, we

found that the three HLA-II alleles (HLA DRB1*1501,

DQB1*0301, *0602) are closely related to HPV16 infec-

tion and other tumors [24, 26]. However, whether these

four HLA-II alleles are related to HPV infection and

esophageal carcinoma has not been reported to date. Thus,

we selected these four HLA-II alleles to examine whether

the four alleles were associated with the occurrence and

progression of ESCC.

We used SSP based on polymerase chain reaction (PCR-

SSP) method to genotype the HLA polymorphisms. PCRs

are set each positive control and negative control. We

deleted the false-positive and false-negative results. The

sequence-specific primers refer to O.Olerup’s article [27,

28]. PCR reactions were carried out as described above.

Electrophoresis was performed on a 2 % agarose gel,

which was then imaged under ultraviolet light and photo-

graphed(Fig. 1). PCR products were purified and

sequenced at the Shanghai Health Industrial Co., Ltd, and

the results subjected to homology analysis using BLAST.

Quality control

DNA preparation, PCR and PCR product detection were

carried out in separated spaces. Using ultraviolet light to

monitor environmental contamination before experiments,

new sterile gloves and supplies were used to avoid con-

tamination. Using b-globin signals to confirm sample DNA

quality, DNA of sufficient quality was chosen for PCR. At

last, 30 % samples were randomly chosen to repeat the test,

and same results were obtained.

Statistical analysis

The software SPSS version 13.0 was employed for all

statistical analyses. The t-test was used for continuous

variables, and Mantel–Haenszel v2 test was used for cat-

egorical variables. Odds ratios (OR) and 95 % CI were

calculated by logistic regression to estimate the relative

likelihood between four HLA-II polymorphisms and the

risk of ESCC across genotypes. OR, CI, and P values were

calculated by the Epi-Info program. P values less than

0.0125 (0.05/4) were considered significant.

Results

Case and control groups had similar age range and distri-

bution of sex (P [ 0.05 for both) (Table 1). The b-globin

PCR results show that all subjects had specimens with

sufficient quality for HLA and HPV analyses. Among

cases, 41 % were HPV16 positive, significantly higher than

16.1 % of control group (OR = 3.62; 95 % CI, 2.15–6.09;

P \ 0.001) (Fig. 2).
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Fig. 1 a HLA-DRB1*0901PCR gel electrophoresis. 2: HLA-

DRB1*0901 positive control; 1,4,5,6,8,9,10,11,12: HLA-DRB1*0901

negative samples; 3, 7: HLA-DRB1*0901-positive samples; 13: negative
control; 14: blank control; b HLA-DQB1*0301PCR gel electrophoresis.

14: HLA-DQB1*0301 positive control; 3,4,5,7, 8,9: HLA-DRB1*0301

negative samples; 2,6,11,12,13: HLA-DRB1*0301 positive samples;

1: negative control; 15: blank control; c HLA-DRB1*1501 PCR

electrophoresis Fig. 15: HLA-DRB1*1501 positive control; 1-10:

HLA-DRB1*1501 negative samples; 11,12,13: HLA-DRB1*1501

positive samples; 14: negative control; 16: blank control; d HLA-

DQB1*0602PCR gel electrophoresis. 14: HLA-DQB1*0602 positive

control; 2,4,5,6,7,9,11: HLA-DRB1*0602 negative samples; 3,8,10,12:

HLA-DRB1*0602 positive samples; 1: negative control; 15: blank
control; M: DNA Marker; 501-bp pUC19 DNA/MspI
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We detect the distribution of HLA class II alleles (HLA-

DRB1* 0901, 1501 and DQB1*0301,0602) among

HPV16-positive and HPV16-negative healthy group(no

cancer group), which was showed in Table 2. We found the

frequencies distribution of HLA-DRB1*0901 and HLA-

DRB1*1501 allele in HPV16-positive group are higher

than that of the HPV16-negative ones (0.125 vs. 0.087 and

0.292 vs. 0.246), and the frequency distribution of HLA-

DQB1*0301 and HLA-DQB1*0602 allele in HPV16-

positive group is lower than that of the HPV16-negative

ones (0.458 vs. 0.492 and 0.548 vs. 0.625). However, these

differences are not statistically significant (P [ 0.0125 for

all).

The distribution of HLA-DRB1*0901, 1501 and

DQB1*0301, 0602 alleles among case and control groups

was showed in Table 2. We found that HLA-DQB1*0301

and HLA-DRB1*1501 were significantly associated with an

increase in the risk of ESCC (ORs ranged 2.5–3.3;

P \ 0.0125 for all). The comparison results of four HLA-II

alleles in HPV16-infected ESCC with healthy controls were

also showed Table 3. HLA-DRB1*1501 has most significant

association with the risk of HPV16 positive Kazakh ESCC,

which was also closely associated with HLA-DQB1*0301

(ORs ranged 2.4–3.1, P \ 0.0125 for all).

With age control, we found when the age was

C55 years, HLA-DRB1*1501, HLA-DQB1*0301 and

DQB1*0602 were significantly associated with an increase

in ESCC (P \ 0.0125 for all). When the age was \55,

HLA-DQB1*0301 was significantly associated with an

increase in ESCC (P \ 0.0125) (Table 4).

With sex control, we found HLA-DQB1*0301 was

significantly associated with an increase in male ESCC

(P \ 0.0125).HLA-DRB1*1501 and HLA-DQB1*0301

was significantly associated with an increase in female

esophageal squamous cell carcinoma (P \ 0.0125 for all)

(Table 5).

To determine the difference between well-differentiated

squamous cell carcinoma and poorly differentiated squamous

cell carcinoma in the distribution of HLA-DRB1*0901,

1501and DQB1*0301, 0602 alleles, statistical analysis was

performed. We found that the frequency distribution of

HLA-DQB1*0602 allele in poorly differentiated squamous

cell carcinoma group was higher than that of the well-differ-

entiated squamous cell carcinoma group (0.688 vs. 0.312), but

the difference was not statistically significant (P [ 0.0125)

Table 6.

Table 1 Sex distribution of case and control groups

Group Cases (n) Sex n (%) v2 P

Male Female

Case 200 121 (60.5) 79 (39.5) 2.0 0.157

Control 150 82 (54.7) 68 (45.3)
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Fig. 2 The distribution of HPV16E6 in case and control groups

Table 2 The distribution of

HLA-DRB1*0901, 1501 and

DQB1*0301, 0602 in HPV16

positive and HPV16 negative in

control group (no cancer

patients)

HLA HPV16 positive HPV16 negative

(n = 24) AF (n = 126) AF X2 P OR (95 % CI)

DRB1*0901 3 0.125 11 0.087 0.339 0.561 1.494 (0.384–5.811)

DRB1*1501 7 0.292 31 0.246 0.222 0.638 1.262 (0.479–3.326)

DQB1*0301 11 0.458 62 0.492 0.092 0.762 0.873 (0.364–2.097)

DQB1*0602 15 0.548 69 0.625 0.490 0.484 1.377 (0.561–3.379)

Table 3 The distribution of HLA-DRB1*0901, 1501 and DQB1*0301, 0602 in patients and control group

HLA ECC HPV16ECC Control ECC HPV16ECC

(n = 200) (n = 30) (n = 150) P OR 95 % CI P OR 95 % CI

DRB1*0901 21 11 14 0.857 1.14 0.559–2.323 0.461 1.505 0.650–3.487

DRB1*1501 91 42 38 0.000 2.46 1.551–3.903 0.000 3.095 1.753–5.463

DQB1*0301 152 57 73 0.000 3.34 2.117–5.269 0.004 2.410 1.362–4.248

DQB1*0602 138 58 84 0.017 1.75 1.126–2.716 0.039 1.899 1.069–3.373
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Discussion

Many reports regarding high-risk HPV infection in esopha-

geal carcinoma were inconsistence [6–8, 10–12]. To explain

these marked differences in the reports, sampling methods,

demographic ethnic factors, disease status, and sensitivity of

detection methods have been cited as potential causes of

inconsistency. In our study, HPV16 virus infection rate in the

patients of ethnic Kazakh ESCC was significantly higher

than that of the normal ethnic Kazakh population. Therefore,

it has been proposed that HPV16 infection may play a role in

esophageal carcinogenesis. A similar observation was also

revealed in previous studies [9]. However, some studies

suggest that HPV infection was not related to esophageal

carcinoma, which may reflect discrepancy of different race,

different ethnic and different region. In our study, we have

performed strict quality controls on the object and method of

the study. Therefore, we can confirm that HPV infection is

one of the important factors in high incidence of Xinjiang

ethnic Kazakh esophageal carcinoma. It was considered by

some investigators that high polymorphism of HLA-II type

alleles was closely related to HPV infection in early studies

[17, 19] HLA-II genes are the main functions of identifying

and presenting exogenous antigen, such as the HPV. There

are different HLA-II alleles with different capacity of iden-

tifying as well as combining HPV and presenting antigenic

peptides to CD4? T cells. HLA-II alleles that are hard to be

identified and cleared by HPV virus are called HPV virus

susceptibility alleles, whereas those are easy to be identified

and cleared by HPV virus can prevent the infection of HPV

alleles. Those HPV susceptibility alleles cause HPV persis-

tent infection and maintained in the body, subsequently

causing tumor.

At present, published data on the distribution of HLA-II

alleles among ESCC are very limited, and no data are

available for HPV-related ESCC. However, many studies

on the distribution of HLA-II alleles refer to some tumors,

especially cervical cancer. Because ESCC has many sim-

ilar properties with cervical squamous cell carcinoma, so

the studies on cervical carcinoma are worthy using for

references. Allele frequencies were calculated for cases and

controls of HLA-DRB1*0901, 1501, DQB1*0301, 0602

alleles whose association with increased or decreased risk

of cervical disease was previously reported in different

populations by other investigators: HLA-DRB1*0901, [29,

30] HLA-DQB1*0301, [26, 31–33] HLA-DRB1*1501,

[24, 34–36] and HLA-DQB1*0602 [36, 37].

In this study, HLA-DQB1*0301 is associated not only

with increasing risk of ESCC but also with the increasing

risk of the HPV16-positive ESCC. The same phenomenon

was observed in other tumors, especially in cervical cancer.

Madeleine MM study of American women squamous cell

cervical cancer (SCC) demonstrated that HLA-

DQB1*0301 increased the risk of SCC, which is associated

with HPV16-positive SCC. This association was also

observed in other area women, including Norway, [38]

Brazil [39] and British women [26]. When do age and sex

Table 4 The distribution of

HLA-DRB1*0901, 1501 and

DQB1*0301, 0602 in patients

and control group (age

stratification)

Characteristic Age \55 P Age C55 P

ESCC Control ESCC Control

HLA-DRB1*0901 11 (10.9 %) 10 (10.3 %) 1.000 10 (10.1 %) 4 (7.5 %) 0.604

HLA-DRB1*1501 44 (43.6 %) 25 (25.8 %) 0.013 47 (47.5 %) 13 (24.5 %) 0.010

HLA-DQB1*0301 74 (73.3 %) 40 (51.3 %) 0.002 78 (78.8 %) 24 (45.3 %) 0.000

HLA-DQB1*0602 62 (61.4 %) 49 (50.5 %) 1.000 76 (76.8 %) 24 (45.3 %) 0.000

Table 5 The distribution of

HLA-DRB1*0901, 1501 and

DQB1*0301,0602 in patients

and control group (male and

female)

Characteristics Male P Female P

ESCC Control ESCC Control

HLA-DRB1*0901 13 (10.7 %) 5 (6.4 %) 0.431 8 (10.1 %) 9 (12.5 %) 0.839

HLA-DRB1*1501 59 (48.8 %) 24 (30.8 %) 0.018 32 (40.5 %) 14 (19.4 %) 0.008

HLA-DQB1*0301 91 (75.2 %) 40 (51.3 %) 0.001 61 (77.2 %) 33 (45.8 %) 0.000

HLA-DQB1*0602 83 (68.6 %) 43 (55.1 %) 0.076 55 (69.6 %) 41 (56.9 %) 0.148

Table 6 The distribution of HLA allele in different histopathological

grade esophageal squamous cell carcinoma

HLA alleles W-ECC P-ECC

N1 AF N2 AF P

DRB1*0901 4 0.56 17 0.133 0.087

DRB1*1501 38 0.528 53 0.414 0.121

DQB1*0301 53 0.736 99 0.773 0.553

DQB1*0602 43 0.597 95 0.742 0.033
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stratification, we found that HLA-DQB1*0301 had similar

result that increased the risk of ESCC in different groups

(age less than or greater than 55 in male and female).

The statistical analysis of HLA-DRB1*1501 distribution

among cases and controls showed that the allele was more

frequent in ESCC than in control population. Similar

tendencies were observed for HLA-DRB1*1501 with

HPV16-positive ESCC. It is consistent with cervical cancer

reports of others. Beskow AH [35] examined the distribution

of HLA-DRB1 and DQB1 allele frequencies in HPV infection

in cervical cancer and found that HLA-DRB1*1501 was

related to long-term HPV infection, especially closely

related to HPV16-related cervical cancer. Cuzick [26] have

detected cervical squamous cell carcinoma in the women of

the United Kingdom and found that frequency distribution

of HLA DRB1*1501 and HLA-DQB1*0602 in all patients

with cervical squamous cell carcinoma did not increase,

but is associated with the HPV16-positive cervical squa-

mous cell carcinoma. Similar reports included the studies

on Sweden women [35] and Brazilian women [36]. In our

study, although HLA-DQB1*0602 allele frequency in

patients with ESCC and HPV16-positive ESCC was higher

than that of control group, it was not statistical significance.

On the other hand, it is also considered by some investi-

gators that HLA DRB1*1501 and HLA-DQB1*0602 were

associated with a decreased risk of cervical cancer [29, 30].

To explain these differences in the reports, sampling

methods, geographic area and ethnic factors, disease status,

and sensitivity of detection methods have been cited as

potential causes of inconsistency. By age control, we found

that HLA-DRB1*1501 increased the risk of ESCC in the

patient of [55 years, but not in the patient of less than

55 years. And when we study[55-year-old ESCC patients,

we found HLA-DQB1*0602 increased the risk of ESCC.

The result suggests that HLA-DQB1*0602 was susceptible

alleles at[55-year-old patients with esophageal carcinoma.

By sex control, we found HLA-DRB1*1501 increased the

risk of female ESCC, indicating that HLA-DRB1*1501

was close related to female ESCC.

We found that HLA-DRB1*1501 and HLA-DQB1*0301

were closely related to HPV16-positive ESCC, but not to

HPV16-positive healthy group (no cancer group). It may be

prompt that HLA-DRB1*1501 and HLA-DQB1*0301 has to

do with lack of defense against HPV16 infection, but for

ESCC, especially HPV16 persistent infection ESCC, these

two alleles have important roles.

We found the distribution of HLA-DRB1*0901 in ESCC

was higher than that of control group. However, the difference

was not statistically significant. This result was different with

the study by LinJun on ESCC of Han ethnic in China [25]. It

may be that the samples were from different ethnic regions.

In this study, phenol–chloroform extraction method was

used to extract DNA from paraffin-embedded tissues of

ESCC and esophageal mucosa, and the frequency distri-

bution of HLA alleles with the DNA was then detected.

This method is slightly different with the traditional

methods that detect distribution of HLA allele frequencies.

The traditional way for the detection usually uses periph-

eral blood DNA, whereas our study used organization of

DNA. In cancer research, it is important to select same part

of tissue to prepare DNA for case and control groups

because it is more comparable and will more real show the

distribution of allele frequency. At the same time, organi-

zation of DNA can be used for detecting HPV, which can a

comprehensive study of genetic and environmental factors

for esophageal carcinoma.

A limitation in our works is the relatively small number

of samples collected. A larger cohort of samples might

substantiate the data. Another limitation is the loss of other

epidemiology information, such as alcohol use, smoking

status and eating habits, which may help us to assess the

interaction between high-risk HPV infection and other

environment factors in esophageal carcinoma.
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