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tect the presence of HPV type16 (HPV16). The expresINK4A
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RESULTS: Among the CC specimens, HPV16-DNA was
found in eight cases of esophageal squamous cell carcinoma (ESCC) and five cases of gastric cardia adenocarcinoma (GCA), respectively (47% vs 29%), and two
INK4A
of both ESCC and GCA. P16
was highly expressed
in both ESCC and GCA. In the HPV-associated positive
INK4A
CC, higher P16
expression was observed in the GCA
than in the ESCC (75% vs 25%, P < 0.05).
CONCLUSION: HPV16 as a correlated risk factor may
play an important role in the development of ESCC and
INK4A
GCA. P16
may be a screening index in the HPVassociated carcinoma of gastric cardia.
© 2010 Baishideng. All rights reserved.
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Abstract
AIM: To investigate the relationship between human
papillomavirus (HPV) infection and concurrent esophagus
and gastric cardia cancer from the same patient (CC) and
INK4A
examine the significance of P16
protein expression.

INTRODUCTION
Esophageal carcinoma (EC) is one of the most common

METHODS: Polymerase chain reaction was used to deWJG|www.wjgnet.com
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malignant diseases worldwide. Linzhou (formerly known
as Linxian) in Henan Province, northern China, has been
recognized as the highest prevalence area of esophageal
squamous cell carcinoma (ESCC) in the world[1]. In epidemiology, gastric cardia adenocarcinoma (GCA) in China
is characterized by its striking geographic distribution and
its concurrence with ESCC[2]. Similar phenomenon can
be also observed in other esophageal cancer incidence areas worldwide[3]. At present, ESCC and GCA still are the
main cause of tumor-related deaths in this area. Another
interesting feature at the high prevalence area is that the
primary cancers of the esophagus and gastric cardia are
concurrent in the same patient in Henan, we named them
concurrent carcinoma of the esophagus and gastric cardia
in the same patient (CC), which is not uncommon in this
area (0.4%-2.5%)[4]. The special pattern suggested that
similar risk factors and mechanism might be involved in
these two cancers.
Human papillomavirus (HPV) as one of the important tumor-related viruses has been firmly recognized in
cervical cancer with HPV-DNA detected in > 99% specimens[5]. However, its oncogenic role in other tumors still
remains controversial. As to its role in ESCC, it was firstly
mentioned by Syrijanen twenty years ago[6]. Since then,
many reports regarding this topic have been published,
but the HPV infection rate in ESCC varied from zero to
90%[7,8] and in GCA from zero to 68%[9,10], depending on
the specimens obtained from low- or high-risk areas and
the methods used in each study[11]. In order to further investigate the prevalence of HPV infection in upper digestive tract tumor, the samples with concurrent ESCC and
GCA from the same patient were tested for the existence
of HPV type16 (HPV16)-DNA.
HPVs are small DNA viruses that can be classified as
either high-risk or low-risk types. HPV-16 and 18 is most
common in high-risk group, especially type 16 which is
considered a risk factor for EC at a high prevalence area in
Henan[8,12]. The E6 and E7 oncoproteins of the high-risk
HPV types can efficiently destroy the cell cycle regulation
and apoptotic pathways by binding to a number of host
cell proteins, such as P16INK4A protein, which is an inhibitor of cyclin-dependent kinase. The HPV oncoproteins
are able to alter the cell cycle and leaves them vulnerable
to other genetic changes, ultimately resulting in malignant
transformation[13,14]. However, the reports about HPV
infection involved in the carcinogenesis of gastric cardia
are very limited, and there has been no related study comparing the HPV detection rate and expression of P16INK4A
protein in CC tissues. In our study, we investigated the
HPV infection and changes of P16INK4A protein in the
same concurrent cancer patient in the high-risk area of
EC in Henan to understand the mechanism of esophagus/cardia carcinogenesis in this area, and further illustrate
whether the two carcinomas have the similar pathogenesis.

A

B

Figure 1 Hematoxylin and eosin staining in the concurrent esophageal
and gastric cardia cancers tissue specimens. A: Esophageal squamous cell
carcinoma tissue (× 100); B: Gastric cardia adenocarcinoma tissue (× 100).

obtained. Among them, DNAs from 17 ESCC and their
corresponding GCA tissues were extracted from paraffinembedded samples by conventional phenol-chloroform
procedure. Six cases were from Linzhou Center Hospital,
eight from Linzhou Yaocun Esophageal Cancer Hospital
and three from Anyang City Cancer Hospital from September 2005 to June 2008. All the hospitals are located in
the high incidence region of ESCC in Henan. There were
twelve men and five women with an average age of 58
years. None of the patients received chemo- and radiotherapy before surgery.
The samples were immediately fixed by 10% formalin,
dehydrated and paraffin-embedded, followed by pathological diagnosis and immunochemical analysis. The diagnosis
of the CC was based on the following criteria: (1) All the
tumors in the esophagus and cardia in the same patient
are malignant; (2) All the tumors have defined pathological modality, i.e. concurrent esophageal squamous cell
carcinomas and gastric cardia adenocarcinomas; and (3)
None the tumors are metastatic (Figure 1). This study was
approved by the Institutional Review Board of the School
of Medicine, Zhengzhou University, China.
DNA extraction
The methods were used as described by Greer et al[15].
Briefly, each formalin-fixed and paraffin-embedded
sample was cut into 10 μm thick sections, 5-10 slides were
deparaffinized in xylene and graded alcohol, then the lysis
buffer (300 mmol/L NaCl; 50 mmol/L Tris HCl pH 8.0;
0.2% SDS) was added into the tube with proteinase K

MATERIALS AND METHODS
Clinical samples and diagnostic criteria of CC
A total of 23 cases of concurrent ESCC and GCA were
WJG|www.wjgnet.com
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tute, Chinese Academy of Preventive Medicine in Beijing,
China by the same technician with the same protocol as
established previously in Dr. Yi Zeng’s laboratory. Positive control (plasmid with HPV16-pBR322 DNA fragment)
and negative control (double water) were set in each HPVDNA amplification process. Each experimental step was
taken following the previously established rules.
For immunohistochemistry, sections of paraffinembedded tissue with a thickness of 3 μm were deparaffinized by passage through xylene. After the endogenous
peroxidase activity was blocked with 0.3% H2O2, the slides
were then rehydrated with 0.01 mol/L sodium phosphate/
citrate buffer at pH 8.0 and heated in 0.01 mol/L-citrate
buffer at pH 6.0, 95℃ for 30 min to retrieve the antigen.
After rinsed in 0.01 mol/L phosphate-buffered saline
(PBS) at pH 7.4, nonspecific antibody binding was reduced
by incubating the sections with 10% fetal bovine serum in
PBS for 30 min. The sections were incubated overnight
at 4℃ with a mouse monoclonal antibody of p16INK4A
protein (1:200 dilution, PharMingen International). After
washing thoroughly with PBS, the slides were incubated
with biotinylated horse anti-mouse IgG for 30 min followed by 1:100 dilution of the Avidin-Biotin-Peroxidase
Complex (Vectastain elite ABC kit, Vector Laboratories,
Burlingame, CA) for an additional 30 min. The peroxidase
signal was visualized by treatment with DAB substratechromogen system (DAKO) for 8 min. Finally, the sections were stained lightly with hematoxylin. In statistical
analysis, those having less than 10% cells stained positive
were classified as negative and the others were regarded as
positive cases[16] (Figure 3).
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Figure 2 Amplification of human papillomavirus type 16-E6 gene fragment
in the concurrent esophageal and gastric cardia cancers tissues. Polymerase chain reaction products were run in 3.0% agarose gel; Lane M: Molecular
marker (100 bp ladder); Lane 1: Double water (negative control); Lane 2: Plasmid
with human papillomavirus type 16 (HPV16)-E6 120 bp (positive control); Lanes
3-16: Represent positive and negative cases. A: HPV16-E6 gene fragment amplification in esophageal squamous cell carcinoma tissues; B: HPV16-E6 gene
fragment in the corresponding gastric cardia adenocarcinoma tissue amplification.

(200 mg/L), and the solution was incubated at 55℃ overnight until it became clear. DNA was then extracted using
conventional phenol-chloroform procedure, precipitated
with cold alcohol and dissolved in ion-free water, and the
concentration was determined based on its optical density.
Quality of the extracted DNA was tested by polymerase
chain reaction (PCR) with β-actin primer: 5'-TCACCCACACTGTGCCCATC-3' and 5'-GAACCGCTCATTGCCAATGG-3'. The DNA which was β -actin gene
amplification positive was used to detect the presence of
HPV16-DNA.

Statistical analysis
Fisher’s exact test was used to examine the association
between HPV status and each clinicopathological factor
including p16 expression. All the P values presented in
the present study were two-sided. Experimental data were
analyzed by statistical software SPSS 13.0.

PCR and P16INK4A protein immunostaining
The usable DNA went through PCR amplification using type-specific primer: 5'-TCAAAAGCCACTGTGTCCTG-3' and 5'-CGTGTTCTTGATGATCTGCA-3'
targeting HPV16-E6 gene. Recombinant plasmid DNA
HPV16 -pBR322 as positive control was obtained from
Professor You-Lin Qiao, the Cancer Research Institute,
Chinese Academy of Medical Sciences and double water was used as negative control in PCR. Reactions were
set in 25 μL 1 × PCR buffer containing 10 mmol/L
Tris HCl, pH8.4, 50 mmol/L KCl, 1.5 mmol/L MgCl2,
4 mmol/L dNTP and 1.5 U Taq DNA polymerase
(Promega). PCR conditions were as follows: an initial
denaturation at 95 ℃ for 5 min followed by 5 cycles
with cycling profile at 95℃ denaturing for 1 min, at
55℃ annealing for 1 min, and at 72℃ prolonging for
1 min, and then at 95℃ denaturing for 20 s, at 55℃ annealing for 30 s and at 72℃ prolonging for 30 s with 45 cycles[8].
The amplified products were revealed by electrophoresis
on 3.0% agarose gels (Promega) containing 0.5% μg/mL
of ethidium bromide in 1 × TAE buffer at 100 volts for
30 min. Samples were considered positive if a band of
120 bp was observed under the ultraviolet light (Figure 2).
All the experiments from DNA extraction to HPV gene
amplification were carried out at the Virus Research Insti-
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RESULTS
The results of the PCR showed that, in the 17 CC, the
detection rate of HPV16 in the ESCC was 47% (8/17),
and 29% (5/17) in GCA. There was no significant difference between the two groups (P > 0.05). Two positive and
six negative cases of ESCC and GCA were found in the
HPV16-DNA simultaneously, illustrating the high consistency of HPV involved in the two kinds of tumors (47%)
(Table 1).
In the 17 cases with CC, the positive ratio of P16INK4A
protein expression was 41% (7/17) in ESCC and 59%
(10/17) in GCA, respectively. Twelve patients showed
P16INK4A protein changes (71%), among them, six patients
were P16INK4A immunoreaction positive (35%) in ESCC
and GCA simultaneously.
According to the Fisher’s Exact test, there was no significant difference between HPV infection and P16INK4A
protein expression in the ESCC and GCA specimens (P
> 0.05). However, among the eight HPV positive ESCC
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Table 1 Esophageal squamous cell carcinoma and gastric cardia adenocarcinoma in the same patient: Clinical and pathological features
Sample No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Age (yr)

57
60
62
62
50
68
71
61
51
48
57
55
57
67
64
51
52

Gender

Male
Male
Female
Male
Male
Male
Male
Female
Male
Male
Female
Male
Female
Male
Male
Male
Female

ESCC

GCA

Differentiation

Stage

HPV

P16

Differentiation

Stage

HPV

P16

M
M
H
M
M
M
M
M
H
M
M
H
L
M
M
M
H

T1N0M0
T1N0M0
T3N0M0
T2N0M0
T1N0M0
T1N0M0
T3N0M0
T2N0M0
T3N0M0
T1N0M0
T3N0M0
T2N0M1
T3N0M0
T2N0M0
T3N0M0
T1N0M0
T1N0M0

+
+
+
+
+
+
+
+
-

+
+
+
+
+
+
+
-

M
L
M
H
M
H
L
M
L
M
L
M
M
L
L
L
L

T3N0M0
T2N0M0
T2N0M0
T2N0M0
T3N0M0
T3N0M0
T3N0M0
T1N1M0
T3N0M0
T3N0M0
T3N0M0
T3N1M0
T1N0M0
T1N0M0
T2N0M0
T3N1M0
T3N0M0

+
+
+
+
+
-

+
+
+
+
+
+
+
+
+
+
+
-

ESCC: Esophageal squamous cell carcinoma; GCA: Gastric cardia adenocarcinoma; HPV: Human papillomavirus; M: Moderately differentiated; H: Highly
differentiated; L: Low differentiated.

A

B

Figure 3 P16INK4A protein expression in the concurrent esophageal and gastric cardia cancers tissues by immunohistochemical staining Avidin-BiotinPeroxidase Complex method (× 200). A: P16INK4A protein expression in esophageal squamous cell carcinoma; B: Expression of P16INK4A protein in gastric cardia
adenocarcinoma.

specimens, only two expressed P16INK4A, while four expressed P16INK4A in the HPV positive GCA tissues.

ference and the mechanism of the affinity specificity of
HPV16 to squamous epithelium and styloid glandular
epithelium are still not clear[17]. Esophageal epithelium
and cardia epithelium are under the same internal environment and heredity of the same organism, as well
as exposure to the same environment and carcinogenic
agents, which may be associated with the co-infection
of the two different epithelial tissues for HPV. Recently,
it has been reported that colonic epithelium and colon
carcinoma have HPV infections[18-20], and further studies
are still needed to confirm the biological significance and
mechanisms for HPV invading the body.
Over the past 20 years, many reports regarding HPV
infection in EC have been published, and the reported
HPV detection rate in the literature varied largely. To explain these marked differences, different region, sampling
methods, demographic and ethnic factor, disease status,
and sensitivity of detection methods have been cited as
potential causes of this inconsistency[11,21]. In the present

DISCUSSION
The present study demonstrates that both ESCC and
GCA tissues from the same patient had HPV16-DNA infection, with an incidence of 47% and 29%, respectively.
And HPV16 E6-DNA was observed in both ESCC and
GCA tissues in two patients simultaneously. These results
suggest that HPV16 might participate in the carcinogenesis of the ESCC and GCA.
In the Linzhou area in Henan, almost half of the
ESCC patients have HPV16 infection, with a higher
incidence than in GCA (47% vs 29%), but without a significant difference (P > 0.05). However, there were no
correlations between HPV16 infection and gender, age,
tumor size, depth of penetration, differentiation, lymph
node metastasis and TNM stage (all P > 0.05). The dif-
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at the late stage due to lack of early specific symptoms and unknown etiological factors, and the carcinogenesis remains the leading cause of late diagnosis
for EC. Therefore, the current challenges in EC research are to obtain a better
understanding of the exact etiological factors and molecular alteration in the
esophageal carcinogenesis process to establish the strategies for prevention
and early diagnosis of those with high risks.

study, the same method was used to analyze the two kinds
of neoplasms with different histological type in the same
patient, which greatly reduced the disparity of the methodology and/or population.
CC is an ideal model for illustrating the environmental
influence on both ESCC and GCA with the similar genobackground and comparability of environmental agents.
The present study will deepen the understanding on the
mechanism of esophageal/cardia carcinoma in this area.
Although these results indicating the presence of HPVDNA in esophagus and gastric cardia carcinoma tissues,
suggest a possible role for HPV in upper digestive tract
tumors, further studies are necessary for establishing a
definite causative role.
P16INK4A gene is an important member of P53-Rb
system, and its product P16INK4A protein can prevent the
cell to enter S-phase from G1-phase, and suppress cell
proliferation, through inhibition of the phosphorylation
of the retinoblastoma (pRb)[22]. In this cascade regulation,
pRb could negatively inhibit the expression of P16INK4A
protein.
The studies of cervical cancer showed that the HPVE6/E7 protein combined with pRb is deactivated, and
removes the negative inhibition of the expression of
P16INK4A protein, which causes the over-expression of
P16INK4A. In the present study, 7 (41%) cases showed the
expression of P16INK4A protein in ESCC, and 10 (59%)
in GCA, which is similar to the results in the adenocarcinoma of the uterine cervix by Ansari-Lari et al[23]. In the
study of HPV-associated cervical cancer, expression of
P16INK4A protein is higher in the adenocarcinoma than in
the squamous cell carcinoma, and combined detection of
HPV infection and P16INK4A protein expression would be
helpful to the diagnosis of the primary adenocarcinoma
of the uterine cervix[24]. In the present study, 2 of the 8
HPV-positive ESCC cases expressed P16INK4A, while 4
of 5 HPV-positive GCA cases expressed P16INK4A. These
results suggested that in the HPV- associated CC, expression of P16INK4A protein in GCA is higher than in ESCC.
It is obvious that it would be of great significance to further understand the molecular discrepancy of the HPV16
positive and negative patients, and explore the exact
mechanisms of the role of HPV in the carcinogenesis of
esophagus and cardia.

Research frontiers

It has been well recognized that esophageal carcinogenesis is a progressive
process involving multi-factors and multistage: tobacco, alcohol, fungal toxins, nutritional deficiencies, as well as infectious agents, are related to esophageal carcinogenesis. Among the infectious agents, human papillomavirus (HPV), a major
cause of carcinoma of the cervix uteri throughout the world, is strongly implicated
in the etiology of EC. HPV-16 and-18 are the most frequent genotypes, especially
type-16 which is considered to be a risk factor for EC in the high prevalence area
in Henan. On the other hand, oncoproteins of the high-risk HPV types can efficiently destroy the cell cycle and apoptotic pathways by binding to a number of
host cell proteins, ultimately resulting in malignant transformation.

Innovations and breakthroughs

In this study, the authors found the HPV-16 DNA in 47% of esophageal squamous
cell carcinomas (ESCC) and 29% of gastric cardiac adenocarcinomas (GCA) in
concurrent cancers in the same patients (CC). Interestingly, HPV-16 DNA was
detected in two cases of ESCC and GCA tissues simultaneously. These results
suggested that HPV16 might participate in the carcinogenesis of the ESCC and
GCA, and the two carcinomas might have similar risk of carcinogenesis. P16INK4A
was highly expressed in both ESCC and GCA tissues. In the HPV-associated
positive CC, higher P16INK4A expression was found in GCA than in ESCC (75% vs
25%, P < 0.05).

Applications

By knowing the prevalence and molecular alteration of high-risk HPV-associated EC, this study may contribute to the future strategies for prevention and
early diagnosis of HPV-related malignancies, through the development of effective vaccines and biomarkers.

Terminology

HPVs are DNA viruses that infect basal skin and mucosal cells, and categorized
according to their cervical oncogenicity-based risks.

Peer review

The manuscript is interesting, presenting data of HPV DNA detection in the concurrent esophageal squamous cell carcinoma and cardia adenocarcinoma and
expression of p16 protein. Given the truth of these data, this would be a piece of
evidence for involvement of HPV in esophageal carcinogenesis in man.
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