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Abstract

AIM

To investigate the expression of proliferating cell
nuclear antigen (PCNA) and E-cadherin in gastric
carcinoma and to analyze their clinical significance.

METHODS

A total of 146 patients were selected for this study,
including 38 patients with intestinal metaplasia, 42
with dysplasia, and 66 with primary gastric cancer. In
addition, 40 patients with normal gastric tissues were
selected as controls. The expression of PCNA and
E-cadherin was detected by immunohistochemistry.
Differences in PCNA and the E-cadherin labeling
indexes among normal gastric mucosa, intestinal
metaplasia, dysplasia, and gastric carcinoma were
compared. Subjects with normal gastric tissues were
assigned to a normal group, while gastric cancer
patients were assigned to a gastric cancer group. The
difference in PCNA and E-cadherin expression between
these two groups was compared. The relationship
between expression of PCNA and E-cadherin and
clinicopathological features was also explored in gastric
cancer patients. Furthermore, prognosis-related factors,
as well as the expression of PCNA and E-cadherin, were
analyzed in patients with gastric cancer to determine
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the 3-year survival of these patients.

RESULTS

The difference in PCNA and the E-cadherin labeling
indexes among normal gastric mucosa, intestinal
metaplasia, dysplasia, and gastric carcinoma was
statistically significant (# < 0.05). During the transition
of normal gastric mucosa to gastric cancer, the PCNA
labeling index gradually increased, while the E-cadherin
labeling index gradually decreased (P < 0.05). The PCNA
labeling index was significantly higher and the E-cadherin
labeling index was significantly lower in gastric cancer
than in dysplasia (P < 0.05). The expression of PCNA
was significantly higher in the gastric cancer group than
in the normal group, but E-cadherin was weaker (P <
0.05). There was a negative correlation between the
expression of PCNA and E-cadherin in gastric carcinoma
(r = -0.741, P = 0.000). PCNA expression differed
significantly between gastric cancer patients with and
without lymph node metastasis and between patients at
different T stages. E-cadherin expression also differed
significantly between gastric cancer patients with and
without lymph node metastasis (P < 0.05). High T stage
and positive PCNA expression were risk factors for the
prognosis of patients with gastric cancer (RR > 1), while
the positive expression of E-cadherin was a protective
factor (RR < 1). The sensitivity, specificity, and accuracy
of PCNA positivity in predicting the 3-year survival of
patients with gastric cancer were 93.33%, 38.89%, and
0.64, respectively; while these values for E-cadherin
negativity were 80.0%, 41.67%, and 0.59, respectively.
When PCNA positivity and E-cadherin negativity were
combined, the sensitivity, specificity, and accuracy were
66.67%, 66.67%, and 0.67, respectively.

CONCLUSION

Combined detection of PCNA and E-cadherin can
improve the accuracy of assessing the prognosis of
patients with gastric cancer.

Key words: Proliferating cell nuclear antigen; E-cadherin;
Gastric cancer; Gastric mucosa

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The expression of proliferating cell nuclear
antigen (PCNA) and E-cadherin was detected by
immunohistochemistry in gastric tissues of 186 patients.
During the transition of normal gastric mucosa to gastric
cancer, the PCNA labeling index gradually increased,
while the E-cadherin labeling index gradually decreased
(P < 0.05). There was a negative correlation between
the expression of PCNA and E-cadherin in gastric
carcinoma. High T stage and positive PCNA expression
were risk factors for the prognosis of patients with
gastric cancer (RR > 1), while the positive expression of
E-cadherin was a protective factor (RR < 1). Combined
detection of PCNA and E-cadherin can improve the
accuracy of assessing the prognosis of patients with
gastric cancer.
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INTRODUCTION

Gastric cancer is a common digestive system mali-
gnancy that progresses rapidly’™. Its occurrence and
development are a very complex process that involves
the dysregulation of a variety of oncogenes and
tumor suppressor genes*”). At present, an increasing
number of scholars have focused their attention on
exploring protein and gene markers, in order to help
clinicians early and accurately diagnose gastric cancer
and assess its prognosis.

E-cadherin has been known as an epithelial cell
adhesion molecule. A decrease in E-cadherin expression
allows tumor cells to easily transfer and invade.
Hence, E-cadherin has been identified as a metastatic
suppressor of cancer cells'®®, Gastric cancer is a
malignant tumor that originates from gastric epithelial
cells. It has been reported that E-cadherin expression
decreases in gastric cancer tissues, and that decreased
E-cadherin expression correlates with high degree of
malignancy and poor prognosis in patients with gastric
cancer'™.

Proliferating cell nuclear antigen (PCNA) is a cell
proliferation-associated protein. PCNA expression is
associated with metastases of breast cancer, liver
cancer and other malignancies, as well as tumor
infiltration>**. However, the expression of PCNA in
gastric cancer and its clinical significance remain to be
further studied.

In the present study, we detected the expression
of PCNA and E-cadherin in gastric tissues of patients
with gastric precancerous lesions or gastric cancer. We
also evaluated the correlations of PCNA and E-cadherin
expression with clinicopathological features and
survival in patients with gastric cancer, with an aim to
determine their clinical and prognostic significance in
this malignancy.

MATERIALS AND METHODS

Patients

One hundred and forty-six patients who underwent
gastric surgery at our hospital from March 2012 to
September 2013 were included in this observational
study. These patients were pathologically diagnosed
with intestinal metaplasia (n = 38), dysplasia (n = 42),
or primary gastric cancer (n = 66). Forty patients with
normal gastric tissues, who underwent gastrectomy
during the same period, were included as controls.
The inclusion criteria were: (1) patients who did not
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receive preoperative radiotherapy, chemotherapy,
or other anti-cancer treatments; (2) patients with a
clear pathological diagnosis; (3) patients without other
malignancies; (4) patients who were followed for > 3
years (the deadline for the follow-up was the time of
death) and had complete medical records. Among the
patients with primary gastric cancer, 50 were male and
16 were female, with a mean age of 61.1 + 11.2 years
(range: 32-83 years). Among patients with intestinal
metaplasia, 28 were male and 10 were female, with a
mean age of 62.3 £ 10.6 years (range: 33-84 years).
Among patients with dysplasia, 31 were male and 11
were female, with a mean age of 60.8 £ 10.9 years
(range: 30-82 years). Among control subjects with
normal gastric tissues, 29 were male and 11 were
female, with a mean age of 61.4 £ 11.2 years (range:
32-81 years). There was no significant difference
in age, gender or other demographic data between
these four groups (P > 0.05). Informed consent was
obtained from all patients enrolled in this study.

Immunohistochemical staining

Tissue specimens were fixed in 10% formalin,
embedded in paraffin, and sectioned into 3-um thick
sections. The sections were then dewaxed in xylene
and hydrated in graded ethanol solutions (100%,
95% and 75%). After antigen retrieval with citrate
buffer and inactivation of endogenous peroxidase
with hydrogen peroxide, the slides were incubated
with a primary antibody overnight at 4 'C, followed
by incubation with a secondary antibody at 37 'C for
30 min. Sections were visualized using DAB solution,
counterstained with hematoxylin, mounted with
neutral gum, and observed under a microscope.

Evaluation of inmunohistochemical staining
Immunohistochemical staining was evaluated by two
pathologists in a double-blind manner. Using a high-
power microscope, five fields of vision were randomly
selected from each slice, with 100 cells counted
in each field. The number of positive cells and the
intensity of staining were then scored. The number of
positive cells was scored as follows: 0 points, < 5% of
stained cells; 1 point, 5%-20%; 2 points, 11%-50%;
3 points, 51%-75%; and 4 points, > 75%. The
calculated percentage of positive cells was referred to
as the labeling index. Staining intensity was scored as:
0 points, no staining; 1 point, light yellow; 2 points,
brown yellow; and 3 points, tan. Protein expression
was graded based on the product of scores for the
percentage of stained cells and staining intensity: 1-3
points, negative (-); 4-5 points, weakly positive (+);
6-7 points, positive (++); = 8 points, strongly positive
(+++).

Analysis of associations of PCNA and E-cadherin
expression with clinicopathological features, prognosis,
and survival in patients with gastric cancer

Differences in E-cadherin and PCNA labeling indexes
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were compared among normal gastric mucosa, intestinal
metaplasia, dysplasia, and gastric cancer tissues. The
expression of PCNA and E-cadherin was compared
between subjects with normal gastric tissues (normal
control group) and patients with gastric cancer (gastric
cancer group). Association of E-cadherin and PCNA
expression with clinicopathological features in patients
with gastric cancer, including gender, age, degree of
differentiation, lymph node metastasis, and T stage,
were also analyzed. Factors that may affect the survival
of patients were assessed, in order to identify whether
PCNA and E-cadherin expression influences the prognosis
of patients with gastric cancer. The survival curve of
gastric cancer patients was drawn, and the accuracy of
PCNA and E-cadherin in predicting 3-year survival of
patients with gastric cancer was also assessed.

Statistical analysis

SPSS18.0 software was used for statistical analyses.
Analysis of variance was used to analyze the difference
in PCNA and E-cadherin labeling indexes among normal
gastric mucosa, intestinal metaplasia, dysplasia, and
gastric cancer tissues, and pairwise comparisons were
performed using the Student-Newman-Keuls test.
The expression of PCNA and E-cadherin between the
gastric cancer group and normal control group was
compared using the Mann-Whitney rank sum test, and
Spearman’s correlation analysis was used for correlation
assessment. The relationship between PCNA and
E-cadherin expression and clinicopathological features of
patients was assessed using the y*-test (Fisher's exact
test). Log-rank analysis and Cox regression model were
used to identify the factors that influence the survival
of patients with gastric cancer, and the survival curve
of gastric cancer patients was plotted. P-values < 0.05
were considered statistically significant.

RESULTS

Expression of PCNA and E-cadherin in normal gastric
tissues and gastric lesions

Analysis of variance was used to compare the PCNA
and E-cadherin labeling indexes in normal gastric
mucosa, intestinal metaplasia, dysplasia, and gastric
cancer tissues, and significant differences in the
PCNA and E-cadherin labeling indexes were observed
among these groups (P < 0.05). During the transition
from normal gastric mucosa to intestinal metaplasia,
dysplasia, and gastric cancer, the PCNA labeling
index gradually increased and the E-cadherin labeling
index gradually decreased. The PCNA labeling index
was significantly higher and the E-cadherin labeling
index was significantly lower in gastric cancer than in
dysplasia (P < 0.05; Table 1, Figure 1).

Comparison of PCNA and E-cadherin expression in
normal gastric tissues and gastric cancer
The expression of PCNA in gastric cancer was signi-
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Figure 1 Representative images of immunohistochemical staining for proliferating cell nuclear antigen and E-cadherin in gastric cancer.

Table 1 Proliferating cell nuclear antigen and E-cadherin Table 3 Relationship between proliferating cell nuclear

labeling indexes in normal gastric tissues and diseased tissues antigen and E-cadherin expression and clinicopathological

characteristics of gastric cancer patients

Tissue type Number of PCNA labeling E-cadherin
cases index labeling index Clinicopathological No. of PCNA E-cadherin
Normal gastric tissue 40 1.37+0.32 22344623 characteristic Cases  Positive P value Positive P value
Intestinal metaplasia 38 11.53 £3.38 13.92 +4.34 Gender 0.073 0.340
Dysplasia 42 14.34 £4.71 7.84 £2.08 Male 45 37 16
Gastric cancer 66 44.50 +£9.85 1.68 £ 0.47 Female 21 13 5
F-value - 4.170 5.181 Age (yr) 0.319 0.140
P-value - 0.018 0.002 =60 40 32 10
Comparison of gastric cancer and dysplasia <60 26 18 11
Q-value -18.519 23.204 Lymph node metastasis 0.039 0.000
P-value 0.000 0.000 Yes 42 36 7
Non 24 14 14
PCNA: Proliferating cell nuclear antigen. Degree of differentiation 0.278 0.065
Medium and low 42 30 10
differentiation
Table 2 Proliferating cell nuclear antigen and E-cadherin High differentiation # 2 1
s e T stage 0.003 0.568
expression In the two groups T1/T2 25 14 9
T3/T4 41 36 12
Group No. of PCNA E-cadherin
R e A T s PCNA: Proliferating cell nuclear antigen.
Normal group 40 29 6 4 1 515 11 9
Gastric cancer group 66 16 11 17 22 45 11 7 3
Z-value - -5.231 -4.982 of PCNA was not significantly associated with gender,
P-value - 0.000 0.000 age, or degree of differentiation (P > 0.05), but was

significantly correlated with lymph node metastasis
and T stage (P < 0.05). E-cadherin expression was
not significantly correlated with gender, age, degree

PCNA: Proliferating cell nuclear antigen.

ficantly higher than that in normal gastric tissues (Z = of differentiation, or T stage (P > 0.05), but was
-5.231, P = 0.000), while the expression of E-cadherin significantly associated with lymph node metastasis (P
was significantly lower in gastric cancer than in normal < 0.05) (Table 3).

gastric tissues (Z = -4.982, P = 0.000) (Table 2).

Spearman’s correlation analysis showed that PCNA Prognostic significance of E-cadherin and PCNA
expression was negatively correlated with E-cadherin expression

expression in gastric cancer (r = -0.741, P = 0.000). Log-rank analysis was performed to identify factors

that influence the survival of patients with gastric
Association of E-cadherin and PCNA expression with cancer, with gender, age, lymph node metastasis,
clinicopathological features in patients with gastric degree of differentiation, T stage, PCNA expression,
cancer and E-cadherin expression analyzed. It was found that
Among the 66 patients with gastric cancer, PCNA lymph node metastasis, T stage, PCNA expression,

expression was positive in 50 cases and negative in and E-cadherin expression were correlated with
16 cases, while E-cadherin expression was positive the prognosis of patients (P < 0.05). These indexes
in 21 cases and negative in 45 cases. The expression were then included in the Cox regression model
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Table 4 Analysis of clinicopathological factors that influence

the prognosis of patients with gastric cancer

Variable Log-rank Cox regression multivariate
univariate analysis
analysis
P value P value RR (95%ClI)
Gender 0.285 - -
Age 0.128 - -

Lymph node metastasis 0.000 0.055 4.369 (0.967-19.733)
Degree of differentiation 0.268 - -

T stage 0.004 0.000 17.556 (5.343-57.680)
PCNA 0.003 0.000 28.786 (5.088-162.853)
E-cadherin 0.021 0.005 0.174 (0.051-0.598)

Table 5 Evaluation of gastric cancer patient survival by

proliferating cell nuclear antigen and E-cadherin

Indicators Survival Survival Sensitivity Specificity Accuracy
time <  time >
3yr 3yr
PCNA 93.33%  38.89% 0.64
Positive 28 22
Negative 2 14
E-cadherin 80.0% 41.67% 0.59
Positive 6 15
Negative 24 21
The combination 80.0% 66.67 % 0.73
of both
(PCNA[+] and
E-cadherin][-])
Positive 24 12
Negative 6 24

PCNA: Proliferating cell nuclear antigen.

multivariate analysis, which revealed that T stage and
the expression levels of E-cadherin and PCNA were
independent prognostic factors in gastric cancer (P <
0.05). Among these factors, high T stage and positive
PCNA expression were risk factors for the prognosis
of patients with gastric cancer (RR > 1), while the
positive expression of E-cadherin was a protective
factor (RR < 1) (Table 4).

Significance of E-cadherin and PCNA expression in

predicting 3-year survival of patients with gastric cancer
The 3-year survival rate of the 66 patients with gastric
cancer was 60.1% (40/66), and the survival curve
is shown in Figure 2. The significance of E-cadherin
and PCNA expression in predicting 3-year survival
rate of gastric cancer patients was then assessed.
It was found that PCNA positivity had a sensitivity,
specificity, and accuracy of 93.33%, 38.89%, and
0.64, respectively, while the sensitivity, specificity,
and accuracy of E-cadherin negativity were 80.0%,
41.67%, and 0.59, respectively. When combining
these two indexes (PCNA positivity and E-cadherin
negativity), the sensitivity, specificity, and accuracy
were 80.0%, 66.67%, and 0.73, respectively (Table 5).
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Figure 2 Survival curve of patients with gastric cancer.

DISCUSSION

Significance of PCNA and E-cadherin expression in
gastric cancer

The development of gastric cancer is a gradual process
of evolution controlled by a variety of oncogenes
and tumor suppressor genes, and this multistep
and sequential process evolves from normal gastric
mucosa to intestinal metaplasia, dysplasia, and gastric
cancer™™®, At present, TNM staging of gastric cancer
has been applied clinically to assess the prognosis of
patients. However, the TNM stage does not fully reflect
the prognosis of patients with gastric cancer™®?%,
For some gastric cancer patients with the same TNM
stage, their response to treatment and prognosis are
different’®>*®!, The wide use of endoscopy and other
technologies has allowed to obtain lesion samples from
patients at an earlier stage. Simultaneously, these
tissues can also be sent for more molecular testing to
assess the nature of these lesions and evaluate the
prognosis. Therefore, more experts and scholars have
focused on the study of molecular changes in gastric
cancer and the prognostic value of TNM staging in
patients with gastric cancert” =4,

Strong proliferation is an important characteristic
of malignant tumors. PCNA, as a cell cycle-related
protein, is closely related to DNA synthesis. PCNA is
rarely expressed in the GO phase of the cell cycle,
but begins to increase in the G1 phase, reaches a
peak in the S phase, and decreases in the G2-M
phase. Thus, PCNA can be a good indicator of cellular
proliferation and be used to assess invasive lesions.
However, its expression and clinical significance in the
development of gastric cancer remains to be further
studied® . The invasion and metastasis of malignant
tumors involve the tumor cell itself and the interaction
between tumor cells and their microenvironment,
in which cell adhesion changes play an important
role. E-cadherin, as a marker of epithelial cells, can
mediate the adhesion between cells. A decline in
E-cadherin expression would cause cells to lose its
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polarity, decrease cell junction stability, and contribute
to the invasion and metastasis of tumor cells®**",
Previous studies have confirmed that E-cadherin is
a cancer metastasis inhibitory molecule, and that
decreased expression of E-cadherin may be used as
a molecular marker to evaluate the malignant degree
of gastric cancer®®®, Therefore, in this study, the
expression of PCNA and E-cadherin in gastric cancer
tissues was detected, with E-cadherin as a malignancy
assessment indicator, in order to analyze changes in
PCNA expression in the occurrence and development
of gastric cancer, and determine its prognostic signi-
ficance in patients with gastric cancer.

PCNA and E-cadherin expression and their correlation

The degree of malignancy in the progression of hormal
gastric tissues to gastric cancer gradually increased. In
order to understand the changes in PCNA expression
during this process, we detected the expression of
PCNA and E-cadherin in normal gastric mucosa,
intestinal metaplasia, dysplasia, and gastric cancer,
and significant differences in the E-cadherin and PCNA
labeling indexes were found among these four phases.
The expression of PCNA had a gradually increasing
trend and that of E-cadherin exhibited a decreasing
trend, and the differences were statistically significant
between dysplasia and gastric cancer. In order to
clarify whether the expression of PCNA and E-cadherin
in gastric cancer is different from that in normal gastric
tissues, we further conducted a detailed analysis on
the expression of E-cadherin and PCNA in gastric
carcinoma and normal gastric tissues. The expression
of PCNA in the gastric cancer group was stronger
than that in the normal group, while the expression
of E-cadherin was weaker. Furthermore, there was a
negative correlation between the expression of PCNA
and E-cadherin in gastric carcinoma. With the gradual
evolution of normal gastric mucosa toward gastric
cancer, the degree of malignancy increased. During
this progression, the proliferation rate of malignant
cells was significantly higher than that in normal
tissues®® . Previous studies have demonstrated
that p53 is associated with the progression of gastric
cancer, while PCNA is a downstream regulatory target
of p53, suggesting that the expression of PCNA is
associated with the progression of gastric cancer™*.,
The occurrence and development of gastric cancer
and gastric epithelial hyperplasia are correlated, and
malignant cell proliferation also enables the number
of cells entering the cell cycle to significantly increase.
In the G1 and S phases, cells express large amounts
of PCNA. Therefore, we found that as the degree of
malignancy increased in tissues, PCNA expression
gradually increased™*”), We also found that changes
in the expression of PCNA and E-cadherin exhibited
a contradictory trend, and there was a negative
correlation between them. E-cadherin is known as
a tumor suppressor. It is important in maintaining
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the number of cells and the interconnection between
normal cells. The occurrence of tumor suppressor
gene mutations and other changes affect the
expression of E-cadherin, which thus weakens the
connection between tumor cells and promotes cancer
cell activity and invasion****!, Therefore, we speculate
that PCNA may reflect the degree of malignancy in the
occurrence and development of gastric cancer, and
increased expression of may PCNA suggest the increased
malignancy of tissues.

Relationship between expression of E-cadherin and
PCNA and clinicopathological characteristics

In order to further understand whether PCNA has
good value in assessing the malignancy and pro-
gnosis of gastric cancer, we further analyzed the
relationship of PCNA and E-cadherin expression with
the clinicopathological characteristics of gastric cancer.
We found that there were significant differences in
the expression of PCNA between patients with and
without lymph node metastasis, and between patients
at different T stages. In addition, the expression of
E-cadherin in patients with and without lymph node
metastasis was also significantly different. Since T stage
and lymph node metastasis are important prognostic
factors and are closely related to the prognosis of
patients with gastric cancer, we hypothesized that the
expression of PCNA in patients who present with these
prognostic factors may also be affected. Therefore, we
analyzed the survival time of gastric cancer patients.
Results revealed that high T stage and positive PCNA
expression are risk factors for the prognosis of patients
with gastric cancer, while the positive expression of
E-cadherin was a protective factor. Thus, high PCNA
expression may be associated with tumor proliferation
and invasion ability, and is a risk factor for the prognosis
of patients with gastric cancer®®*". Since E-cadherin
is an inhibitor of cancer cell metastasis, the normal
expression of E-cadherin reflects the good adhesion
between cells, and in this condition cancer cells from
tumor tissues could not easily metastasize. Therefore,
E-cadherin expression is a protective factor for the
prognosis of patients with gastric cancer®.

PCNA and E-cadherin are used to evaluate the
prognosis of patients with gastric cancer

In order to further understand the value of PCNA and
E-cadherin expression in evaluating the survival of
patients with gastric cancer, we analyzed the accuracy
of PCNA and E-cadherin expression in predicting the
3-year survival of patients with gastric cancer. It was
found that PCNA expression had a high sensitivity
but a low specificity in predicting the 3-year survival.
This may be associated with the presence of non-
cancerous cells in such cases of benign proliferation. In
addition, the proliferation of normal cells also produces
PCNA protein. The expression of E-cadherin had a
slightly lower sensitivity but a higher specificity than
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that of PCNA. Taking into account the use of tissue
immunohistochemical detection for conducting multiple
molecular tests, it is feasible to evaluate the degree
of malignancy by combining multiple molecules. We
further combined both PCNA positivity and E-cadherin
negativity to evaluate the prognosis of gastric cancer
patients, and found that although the sensitivity of
the combined detection was slightly lower than that of
PCNA alone, the specificity and accuracy were higher
than those of PCNA alone. Therefore, we believe that
when assessing the prognosis of patients with gastric
cancer, PCNA can be first detected, and the positive
of E-cadherin can be further detected, in order to help
improve the accuracy of prognostic evaluation.

However, the development of gastric cancer is the
result of a variety of genetic variations and abnormal
proteins. In this study, only PCNA and E-cadherin
were detected and analyzed. Future research may
consider combining Ki67, Oct4, and other molecular
indicators of tumor invasion and metastasis, in order
to evaluate the prognosis of patients with gastric
cancer. Furthermore, extending the follow-up time
may also be considered, in order to obtain a more
comprehensive understanding of their prognostic value
for patients.

In summary, PCNA expression in gastric cancer
tissue increases, and the expression of E-cadherin
decreases. The detection of both indicators can help
assess tumor proliferation and metastasis activity.
Furthermore, the combined application of these two
indicators can improve the accuracy of assessing the
prognosis of patients with gastric cancer.
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expression is associated with metastases of breast cancer, liver cancer and
other malignancies, as well as tumor infiltration. However, the expression of
PCNA in gastric cancer and its clinical significance remain to be further studied.
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and decreased expression of E-cadherin may be used as a molecular marker
to evaluate the malignant degree of gastric cancer. Therefore, detecting the
expression of PCNA and E-cadherin in gastric cancer tissues can help evaluate
the prognosis of patients with gastric cancer.
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This study demonstrated that as normal gastric mucosa transitioned into gastric
cancer, the PCNA labeling index gradually increased, while the E-cadherin
labeling index gradually decreased. There was a negative correlation between
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prognosis of patients with gastric cancer. Therefore, combined detection of
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the prognosis of patients.
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