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Abstract

AIM: To investigate the incidence of Epstein-Barr virus-
associated gastric cancer (EBV-GC) in Kazakhstan and to
compare it with that in Russia, Western and Asian countries
in order to evaluate the significance of epidemiopathologic
and ethnic factors.

METHODS: In situ hybridization (ISH) of EBV-encoded small
RNA-1 (EBER-1) was used to identify the presence of EBER-
1 signal in 139 formalin-fixed and paraffin-embedded GC
tissues from Kazakhstan.

RESULTS: EBER-1 expression was observed in the nuclei
of 10% of the cases of GC (14/139), but not in the
surrounding normal mucosa. The incidence of the diffuse
type of EBV-GC was significantly higher in Kazakhstan
(14%, 13/91) than that of the intestinal type (2%, 1/48).
Furthermore, the incidence was significantly higher in males
(14%, 12/89) than in females (3.7%, 2/53) from all
countries. The overall incidence of EBV-GC increased from
6.7% in Asian countries to 8.7% in Russia, 10.1% in
Kazakhstan and 16% in Western countries.

CONCLUSION: Geographical differences in the incidence
of EBV-GC may reflect the epidemiologic factors and/or
dietary habits independent of histological type and sex.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
It is well established that EBV is associated with several
malignant diseases. The Epstein-Barr virus (EBV), a widely
distributed gamma herpes virus, is directly implicated in the
pathogenesis of a variety of lymphoproliferative and neoplastic
disorders, including Burkitt’s lymphoma, B-cell lymphomas in
immunosuppressed patients and epithelial malignancies, e.g.,
nasopharyngeal carcinoma[1,2]. EBV-associated carcinomas have
also been described in salivary, parotid glands[3,4] and gastric
cancers[5] based on the expression of the virus in these tissues.
     Although gastric cancer  is one of the most common
malignant diseases in Kazakhstan, the proportion associated
with EBV is significantly higher in the United States (16%)[5]

and Russia (8.6%)[6],  in comparison with Japan (6.7%)[7].
Presence of EBV is significantly more frequent in males and in
cardiac tumors of the stomach. The incidence is highest in
undifferentiated lymphoepithelioma-like carcinomas (80-90%),
followed by moderately differentiated tubular adenocarcinomas
and poorly differentiated solid types[7-9]. In situ hybridization
has revealed positive lesions in almost all carcinoma cells
coupled with the absence of signal in the surrounding normal
stromal cells and gastric mucosa[5-9].
      The purpose of this study was to determine the incidence
of EBV-infected GC in Kazakhstan. Its geographical location
between West and East makes it amenable for comparison
between the two regions. Gastric cancer is extremely malignant
with a poor prognosis and is the second leading cause of cancer-
related deaths in Kazakhstan with an annual mortality rate of
10.6% per 100 000 persons[10].

MATERIALS AND METHODS

Patients and samples
In this study, tissues from 139 patients treated at regional hospitals
in the East Kazakhstan region of Semipalatinsk between 1996 and
1998 were analyzed. Formalin- fixed and paraffin-embedded tissues
from 100 surgical and 39 biposy cases were used  for  the
investigation, including samples from 86 males and 53 females.
Information pertaining to age, sex, the primary site of cancer,
histological type and race were collected.

Histological type of samples
Histologic specimens were fixed in 40 g/L formaldehyde
formalin and routinely processed for paraffin-embedment.
Histological sections (4 m) were stained with hematoxylin
and eosin and subjected to in situ hybridization (ISH) for
EBV-encoded small RNA-1.
       All the cases were classified histologically as either intestinal
or diffuse type GC according to the Lauren classification[11]. We
also employed the Japanese Research Society of Gastric Cancere
classification scheme[12]. The intestinal type included well and
moderately differentiated tubular adenocarcinomas, tub1 and
tub2 respectively, whereas the diffuse type consisted of solid
and non-solid poorly differentiated adenocarcinomas, i.e., por1
and por2, as well as signet-ring cell (sig) and mucinous (muc)
carcinomas (Table 1). Poorly differentiated lymphoepithelioma-
like carcinomas were excluded from this study. The surgical cases



were all classified as invasive carcinomas of stomach. Tumor
locations were classified as upper (fundic gland area), lower
(antral gland area) and unknown regions of stomach (Table 2).

In situ hybridization
EBV was identified by the expression of EBV-encoded small
RNA-1, the most abundant viral product in latently infected
cells[13-15]. EBER-1 expression was detected using a complementary
digoxigenin-labeled 30-base oligomer as previously described[16].
Briefly, 4 m paraffin sections were cut from the main tumor,
deparaffinized,  rehydrated,  predigested  with  pronase,
prehybridized, and hybridized overnight at 37 ℃ with 0.5 mg/L
of digoxigenin-labeled probes. After washing, the hybridization
signal was detected using an anti-digoxigenin antibody-alkaline
phosphatase conjugate based on the manufacturer’s instructions
(Boeringer, Mannheim, Germany).

Statistical analysis
Logistic analysis was performed to compare the proportion of
EBV-positive GC cases with respect to tumor location and
histological type. Gender, ethnic group and age were included
as independent variables. Maximum likelihood estimates of odds
ratios (OR) and corresponding 95% confidence intervals (CI)
were obtained by logistic analysis using SAS statistical package
for analysis of epidemiological data[17,18].

RESULTS

A positive ISH signal was observed in 14 of 139 (10.1%) cases
who were classified as EBV-associated GC (Figures 1,2). The
ISH signals were specifically localized at the nuclei of tumor
cells, but were absent in the surrounding normal gastric mucosa
and tumor infiltrating lymphocytes (Figures 1,2).

Figure 1  Strong expression of EBER-1 in nuclei of gastric ad-
enocarcinomas coupled with the absence of signal in the stro-
mal lymphocytes. A: H.E; B: in situ hybridization ×100.

Histological type
On the basis of Lauren’s histological classification, 1 of 48 (2.1%)
of the intestinal-type and 13 of 91 (14.2%) diffuse-type GCs
were EBER-1 positive (Table 1). The proportion of EBV positive
cases in the diffuse-type GC was significantly higher than that
in the intestinal type (OR 8.07, 95% CI 1.43-152.8). According to

Table 1  Incidence of EBER-1 expression in gastric carcinoma by histological type

Histological type                            Male                                                 Female                                           Total
                                             Positive/tested (%)                           Positive/tested (%)                      Positive/tested (%)

Intestinal   1/30 (3.3) 0/18 (0)   1/48 (2.1)

Tub1   0/7 (0) 0/11 (0)   0/18 (0)

Tub2   1/23 (4.3) 0/7 (0)   1/30 (3.3)

Diffuse 11/56 (19.6) 2/35 (5.7) 13/91 (14.2)

Por1   7/16 (43.7) 2/13 (15.3)   9/29 (31.0)

Por2   4/22 (18.1) 0/6 (0)   4/28 (14.2)

Sig   0/15 (0) 0/12 (0)   0/27 (0)

Muc   0/3 (0) 0/4 (0)   0/7 (0)

Table 2  Clinicopathological characteristics of EBV incidence in gastric cancer patients

                                               Intestinal type                                       Diffuse type                                                    Total
                                            Positive/tested (%)                             Positive/tested (%)                                     Positive/tested (%)

Age (yr)

20-39 1/2 (50.0)           2/15 (13.3)   3/17 (17.6)

40-59 1/20 (5.0)           5/45 (11.1)   6/65 (9.2)

≥6 0 0/26 (0)           5/31 (16.1)   5/57 (8.7)

Race

Asian 0/16 (0)           5/40 (12.5)   5/56 (8.9)

Caucasian 1/32 (3.1)           8/51 (15.6)   9/83 (10.8)

Sex

Male 1/30 (3.3)         11/56 (19.6) 12/86 (13.9)

Female 0/18 (0)           2/35 (5.7)   2/53 (3.7)

Location

Upper 1/15 (6.6)           5/33 (15.1)   6/48 (12.5)

Lower 0/19 (0)           8/40 (20.0)   8/59 (13.5)

Unknown 0/14 (0)           0/18 (0)   0/32 (0)
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the Japanese Research Society for Gastric Cancer classification,
the number of EBER-1-positive cases was higher in the solid
than in the other types (OR 52.3, 95% CI 4.23-648.1). EBER-1-
positive signals were absent in 18 cases of tub1, 27 cases of
signet-ring cells and 7 cases of mucinous-type GCs (Table 1).

Location
Six of 48 (12.5%) cardiac tumors and 8 of 59 (13.5%) antral
tumors were EBER-1 positive (Table 2). Logistic analysis did
not reveal any significant differences between tumor locations
and EBV infection in GCs (OR 0.94 95% CI 0.27-3.14).

Gender and age
EBER-1-positive cases accounted for 13.9% (12/86) cases in
males and 3.7% (2/53) cases in females. The distribution of EBV
was highest in the diffuse type (11/56, 19.6%) in comparison
with the intestinal type (1/30, 3.3%) in males. Furthermore, the
number of EBV-positive cases in males was significantly higher
than that in females (OR 5.69, 95% CI 1.31-41.2).
      The incidence of EBV-associated GC was slightly higher in
young patients, aged 20-39 (3/17, 17.6%) than in those aged
40-59 (6/65, 9.2%), 60 and more than that (5/57; 8.7%). Logistic
analysis did not reveal any significant differences between age
correlation and EBV infection in GC. However, patients aged
60 years and older exhibited a slightly lower incidence of EBV
infection as compared with the younger patients (OR 0.97, 95%
CI 0.93-1.02) (Table 2).

Ethnic group
A total of 56 (41.7%) of 139 GC cases occurred in Asians, whereas
83 (58.2%) of 139 GC cases occurred in Caucasians. Although the
EBV infection rate was slightly higher in Caucasians (9/83, 10.8%)
than in Asians (5/56 and 8.9%),  this difference was not
statistically significant (OR 1.76, 95% CI 0.52-6.68).

DISCUSSION

The relationship between EBV and gastric carcinoma has been
reported, i.e., EBV is detected internationally in approximately
2-18 % of gastric carcinomas[19]. EBV infection occurred in
13 (10.1%) of 139 cases of gastric carcinomas obtained from
Kazakhstan. The distribution of EBER-1 expression with respect
to sex, histological type and cellular localization approximates
that reported previously for gastric cancers.
       The Republic of Kazakhstan is located in Central Asia and
its population is approximately less than 50% of Caucasians. In
this study 58.2% of the cases of GC occurred in Caucasians
compared with 41.7% in  the non-Caucasian population.
However, there was no significant ethinic-related difference in
the incidence of EBV-associated GC.

       Approximately 5-7% of gastric cancers are EBV-associated in
Japan, a country with a high incidence of gastric cancer. The
incidence of EBV-associated gastric cancer in the United
States is much higher (16%) than in Japan, whereas the
incidence is intermediate in Russia (8.7%)[6]. Japanese living
in the United States also exhibit a higher incidence of EBV-
associated gastric  cancer  than  cohorts  in  Japan[20],  and
Chinese living in Taiwan also exhibit a higher incidence of
EBV-associated gastric cancer[21] than Chinese living  in
Suzhou, China[22],  suggesting that  the etiology of EBV-
associated gastric carcinoma is influenced by environmental
and cultural factors. Differences in the subtype frequency
have been reported from different geographic areas[23] and
for the status of patients’ immune system[24]. Most cases of
nasopharyngeal or gastric carcinoma in immunocompetent
patients in Asia contain type A EBV[21,24,25].
      In the present study, the rate of EBER-1 expression in GC
was intermediate between those found from patients in Western
countries, Russia and Eastern countries. However, there was
no positive correlation between EBER-1 expression and
ethnicity. Most studies have reported that the percentage of
EBV-associated gastric carcinomas is higher in males than in
females. The greater prevalence of gastric cancer and EBV-
associated gastric carcinoma in males suggests that risk factors
or precursor lesions are related to the etiology of EBV-associated
gastric carcinoma[5,7,20]. However, we also found the EBV-positive
cases in males were significantly higher than in female cases of
GC. Furthermore, several reports have suggested that the
incidence of EBV-positive tumors is greater in the upper
stomach in comparison with the lower stomach[26,27].  However,
we did not find significant difference between location of tumor
and EBV infection.
       A number of studies have described the clinicopathological
and biological characteristics of GCs unique to young patients
in comparison with older subjects[28-31]. Approximately 1.1-1.6%
of all patients diagnosed with gastric adenocarcinoma are less
than 30 years of age[28,29]. It has long been suspected that young
patients with gastric cancer have different biological features,
with a more aggressive disease course and a poorer prognosis
than older patients[32].
       In the present study, gastric cancer occurred in 17 (12.2%)
of 139 patients less than 30 years of age. Interestingly, 15 (88.2%)
of these cases were diagnosed as the diffuse type of gastric
cancer. Previous studies noted that the age of the patients
correlated with the rate of EBV-positive tumors; those aged
60 years and older exhibited a higher frequency of EBV-infected
carcinomas[33]. However, we did  not detect a significant
correlation between patient age and the incidence of EBV-
associated gastric cancer.
     Our study is the first to describe the incidence of EBV-
associated gastric cancer incidence in Kazakhstan. The data

Figure 2  Strong expression of EBER-1 in nuclei of gastric adenocarcinomas coupled with absence of signals in surrounding normal
gastric mucosa. A: H.E; B: in situ hybridization ×40.
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suggest that the geographical difference in the incidence of
EBV-associated gastric cancer may reflect the epidemiological
factors and dietary habits, but appears to be independent with
respect to the histological type of tumor, patient gender and
ethnic factors. Additional studies are necessary to clarify the
epidemiology and etiology of EBV-associated gastric cancer in
Central Asia.
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