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RAPID COMMUNICATION
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Abstract

AIM: To analyze expression of ATP7B in gastric cardiac
adenocarcinomas, its clinicopathologic significance, in
comparison with distal gastric adenocarcinomas.

METHODS: Immunohistochemical avidin-biotin
peroxidase complex method was applied to detect the
expression of ATP7B in 49 cases of cardiac carcinomas,
the corresponding adjacent non-neoplastic epithelium
and 55 cases of distal gastric carcinomas.

RESULTS: The proportion of ATP7B positive samples
in gastric cardiac carcinomas (51.0%, 25 of 49) was
significantly higher than that in the corresponding
adjacent non-neoplastic epithelium (22.4%, 11 of 49)
(P = 0.003). ATP7B expression in poorly differentiated
gastric cardiac carcinomas was significantly higher than
that in well/moderately differentiated gastric cardiac
carcinomas (P = 0.030). ATP7B expression in gastric
cardiac carcinomas was independent of age, tumor
size, nodal stage and metastasis status. ATP7B protein
was detected in 30.9% (17/55 cases) of distal gastric
carcinomas, markedly lower than that in gastric cardiac
carcinomas (P = 0.037).

CONCLUSION: ATP7B protein is frequently overexpressed
in gastric cardiac carcinomas, and correlated with the
differentiation of cardiac carcinoma. ATP7B expression
in gastric cardiac carcinomas is significantly higher than
that in distal gastric carcinomas, which might partially
explain the difference of chemotherapy response and
prognosis between these two gastric carcinomas.
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INTRODUCTION

Gastric carcinoma can be subdivided into distal gastric

carcinoma and proximal cardiac carcinoma'. Recent
studies have suggested that distal gastric carcinoma and
proximal cardiac carcinoma have distinct epidemiological,
biological and clinical characteristics'!. For instance, the
incidence of carcinoma of the gastric cardia was reported
to have increased in most countries during the past few
decades, while that of carcinoma of the distal stomach
has decreased steadily””. Carcinoma of the cardia has
been reported to form a specific category distinct from
carcinoma of the rest of the stomach!®”.

Drug resistance is a major obstacle of cancer
Chemotherapy[g’gl. The presence of drug resistance may be
prior to exposure to chemotherapy (primary resistance), or
may be induced after exposure to chemotherapy (secondary
resistance)[s’gl. Platinum containing compounds, such as
cisplatin, carboplatin, oxaliplatin, satraplatin, are among
the most effective chemotherapeutic agents for cancer.
However, their clinical efficacy is often limited by primary
or secondary resistance'”. Several mechanisms have
been implicated in cisplatin resistance, including reduced
drug accumulation, increased cellular thiol/folate levels
and increased DNA repairm’“]. Among them, reduced
intracellular accumulation of cisplatin is a determinant of
cisplatin resistance!' . However, it was not until recently
that the mechanism of decrease of cisplatin accumulation
in cisplatin-resistant tumor cells was elucidated" "', In
2000, Akiyama and co-workers demonstrated that a
copper-transporting P-type adenosine triphosphatase
(ATP7B) was associated with cisplatin resistance 7 vitro™.
The ATP7B gene was induced by exposure to cisplatin in
human prostate cells and ATP7B-transfected cells showed
a dramatic decrease in cisplatin accumulation"”. The above
study was supported by subsequent reportsm’m. ATP7B
protein is a member of a class of heavy metal-transporting
P-type ATPases that pump copper, cadmium, zinc, silver
or lead™. ATP7B has been found to be expressed in
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Moreover, ATP7B expression status in some carcinomas
was correlated with prognosis' "*'and sensitivity of
chemotherapy"**’.

The aim of this study was to investigate the expression
of ATP7B in human gastric cardiac carcinomas, and its
clinicopathologic significance, in comparison with distal
gastric carcinomas.

MATERIALS AND METHODS

Patients

It included 49 patients with adenocarcinomas of the
gastric cardia, 27 males and 22 females with an average age
of 55 £ 12 years, and 55 patients with adenocarcinomas
of the distal stomach, 30 males and 25 females with
an average age of 58 £ 9.7 years. The 49 patients with
adenocarcinomas of the gastric cardia underwent surgery
at the Esophageal Carcinoma Hospital of Linzhou in
Henan Province, and the 55 patients with distal gastric
carcinomas underwent surgery at the First Hospital of
Jiaxing in Zhejiang Province. None of the patients had
received chemotherapy or radiotherapy before surgery.

Tissue processing

All specimens were fixed with formalin and embedded
in paraffin. Each block was sectioned serially at 5 pum,
one of which was stained with hematoxylin and eosin
for histopathological analysis by two pathologists and the
others were used for immunostaining” .

Histopathological analysis
Histopathological diagnoses were made according to
previous reports[zzl.

Immunohistochemical staining

Anti-ATP7B antibody was a rabbit polyclonal antibody
against ATP7B(Boster, China). Avidin-biotin-peroxidase
complex (ABC) method was used for ATP7B
immunostaining. In brief, after dewaxing of sections,
endogenous peroxidase activity was quenched with 3%
H202, and cross-reactivity was blocked with normal serum.
The tissues were incubated overnight at 4°C with primary
antibodies (1:100 for anti-ATP7B antibody). Localization
of the primary antibodies was achieved by subsequent
use of a biotinylated anti-primary antibody, an avidin-
biotin complex conjugated with horseradish peroxidase,
and 3',5'-diaminobenzidine (Vectasitain Elite Kit). Normal
serum blocking and omission of the primary antibody
were used as negative controls™.,

Evaluation of immunostaining

The criterion for a positive reaction was clear cytoplasm
and cell membrane staining. If more than 10% of the
tumor cells were stained, the samples were considered to
be ATP7B-positive carcinomas”".

Statistical analysis
Pearson Chi-Square and Fisher’s exact tests were performed.
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The statistical analyses were performed using SPSS
12.0 software. Two-sided P values were calculated and a
difference was considered significant if the P value was
less than 0.05.

RESULTS

ATP7B expression in human cardiac carcinomas and
corresponding adjacent non-neoplastic epithelium

To examine the expression of ATP7B at protein level
in human gastric cardia carcinomas, we performed
immunohistochemical analysis using a polyclonal
antibody against ATP7B. As shown in Figure 1, ATP7B
expression was observed in the cytoplasm of gastric
cardiac adenocarcinoma cells. A negative control did not
reveal ATP7B protein. We used 49 primary gastric cardiac
carcinoma specimens for the detection of ATP7B by
immunohistochemistry and found that various degrees
of cytoplasmic staining of tumor cells were observed
in 51.0% (25/49) of the analyzed tumors. We also
determined ATP7B expression of the corresponding
adjacent non-neoplastic epithelium of all the gastric
cardiac carcinomas. ATP7B was identified in 11 of 49
(22.4%) of the examined cases, which was markedly lower
than that in gastric cardiac carcinomas (P = 0.003). ATP7B
was localized close to the cell membrane of adjacent non-

neoplastic epithelium, m{;;%nly concentrated at the pit pole

of the gastric epithelium

Clinicopathologic significance of ATP7B protein expression
in human gastric cardiac carcinoma

We examined the relationship between clinicopathologic
variables and ATP7B expression in human gastric cardiac
carcinomas. No significant association was found between
ATP7B expression and age, tumor size, nodal stage and
metastasis status. Regarding histopathologic type, ATP7B
protein positivity in poorly differentiated carcinomas
was significantly higher than that in well/moderately
differentiated carcinomas (P = 0.030) (Table 1).

Comparison of expression of ATP7B in human gastric
cardiac carcinomas and distal gastric carcinomas

As shown in Figure 2, ATP7B expression was also
observed in the cytoplasm of distal gastric carcinoma cells.
We used 55 primary distal gastric carcinoma specimens
for the detection of ATP7B by immunohistochemistry
and found that various degrees of cytoplasmic staining
were observed in 30.9% (17/55) of the analyzed tumors,
markedly lower than that in gastric cardiac carcinomas (P
= 0.037).

DISCUSSION

Recent research has identified that ATP7B, an energy-
dependent copper transporter, is a new resistance

marker of tumor cells to platinum containing anticancer
drugsm’w. The present study provides direct evidence
of frequent ATP7B expression in gastric cardiac
carcinomas, suggesting the importance of ATP7B protein
in primary resistance of gastric cardiac carcinoma cells
to platinum containing anticancer drugs. Furthermore,
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Figure 1 Immunohistochemical staining of gastric cardiac adenocarcinomas and
the corresponding adjacent non-neoplastic epithelium using antibody to ATP7B.
A: ATP7B-positive gastric cardiac adenocarcinoma; B: ATP7B-negative gastric
cardiac adenocarcinoma; C: ATP7B-positive adjacent non-neoplastic epithelium; D:
ATP7B-negative adjacent non-neoplastic epithelium.

ATP7B expression in pootly differentiated gastric cardiac
carcinomas was more frequent than in well/moderately
differentiated carcinomas, indicating that ATP7B
expression might serve as an independent prognostic
factor in these patients.

Several study groups detected no ATP7B protein

Table 1

Relationship between ATP7B expression and
clinicopathological variables in gastric cardiac carcinomas

Variables n ATP7B Significance'
Negative Positive

Total 49 24 25 (51.0%)

Median age (yr) 54 56 NS

Degree of differentiation 0.030
Well/moderately differentiated 13 6
Poorly differentiated 11 19

Tumor size NS
T1+ T2 10 7
Ts+ Ta 14 18

Nodal stage NS
N () 3 5
N (+) 21 20

Metastasis status NS
Mo 21 19
M: 3 6

'Pearson Chi-Square and Fisher’s exact tests were used; NS: Not significant.

Figure 2 ATP7B-positive immunohistochemical staining of distal gastric carcinoma
using antibody to ATP7B.

expression in adjacent non-neoplastic epithelium!*"™,

However, our results are somewhat different from the
previous reports. We found that ATP7B protein expression
was also seen in some of adjacent non-neoplastic
epithelium, although it was much lower than in gastric
cardiac carcinomas. This suggests that ATP7B protein
in gastrointestinal tract may have physiological function.
We suppose that ATP7B might protect gastric cardiac
epithelium cells from the harmful heavy metals.

It is well known that gastric cardiac carcinoma is
more resistant to chemotherapy and has worse prognosis
compared with distal gastric carcinoma, although the
underlying mechanisms have not been elucidated*",
Our observations demonstrated that ATP7B expression
in gastric cardiac carcinomas was significantly higher
than that in distal gastric carcinomas. This might partially
explain the difference of chemotherapy response and
prognosis between gastric cardiac carcinoma and distal
gastric carcinoma. Combined determination of ATP7B
and other drug-resistant molecular markers', such as
Pgp, MRP, LRP, BCRP, could be useful for selection of
chemotherapy regimens.
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