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Abstract

AIM: To investigate the expression of Popeye domain
containing 3 (Popdc3) and its correlation with clinico-
pathological features and prognosis of gastric cancer.

METHODS: The method of immunohistochemistry
was used to investigate the expression of Popdc3 in
306 cases of human gastric cancer and 84 noncancer-
ous gastric tissues. Simultaneously, the relationship
between Popdc3 expression and the survival of the pa-
tients was retrospectively analyzed.

RESULTS: Popdc3 was detected in 72 (85.71%) of 84
human nontumor mucosa. High expression of Popdc3

(4 9

Boishidengs  WIG | www.wjgnet.com

protein was detected in 78 (25.49%) of 306 human
gastric cancer cases, and low expression was detected
in 228 (74.51%). Low expression of Popdc3 corre-
lated with depth of invasion (P < 0.0001), regional
lymph nodes (P < 0.0001) and distant metastasis (P =
0.02), and tumor, nodes, metastasis (TNM) stages (P
< 0.0001). On multivariate analysis, only the patient’s
gender, regional lymph node metastasis, distant metas-
tasis, TNM stages, and the expression of Popdc3 were
independent prognostic factors in patients with gastric
cancer. The Kaplan-Meier plot showed that low Popdc3
expression had a much more significant effect on the
survival of those patients with early-stage tumors (> =
104.741, P < 0.0001), with a > 51.9% reduction in the
three-year survival compared with high Popdc3 expres-
sion. In late stages, the difference was also significant
(* = 5.930, P = 0.015), with a 32.6% reduction in the
three-year survival.

CONCLUSION: Reduced expression of Popdc3 may
play a significant role in the carcinogenesis and pro-
gression of gastric cancer. Popdc3 may be an indepen-
dent prognostic factor.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Gastric cancer is the second leading cause of cancer-re-
lated deaths worldwide because advanced or metastatic
gastric cancer constitutes the majority of patients in clini-
cal practice!”. The incidence of gastric cancer has been
falling globally in terms of both incidence and mortality
rates since World War II. In the United States in 2009, 21
130 new diagnoses of gastric cancer were estimated and
10 620 deaths expected”. Although there has been a no-
ticeable decrease in gastric cancer mortality rate, there is
a higher prevalence of gastric cancer in China than in the
Western countries” . The prognosis of advanced gastric
cancer is apparently poot, and the 5-year survival rate is
less than 30% in the patients after surgery™. Therefore,
it is of great clinical value to further understand the mo-
lecular mechanisms involved in gastric cancer and to find
valuable diagnostic markers as well as novel therapeutic
strategies.

The Popeye domain containing (Popdc) gene family
consists of Bves/Popdcl, Popdc2 and Popdc3"”. They
were discovered in 1999 by two independent laboratories
using screens to identify novel genes that were highly
expressed in the developing heart' "', Several studies
have illuminated that within one species, Bves was 24%
and 28% identical to Popdc2 and Popdc3, respectively,
while Popdc2 and Popdc3 were approximately 50% iden-
tical ", Tn 2004, the expression pattern of Popdc2 in
the heart of chick was reported, but no study had been
conducted to test the function of this protein'!, Until
now, Bves is still the most studied member of the Popdc
family"”. After that, Kim ¢t 2/'” found that frequent si-
lencing of Popdc3 was associated with promoter hyper-
methylation in gastric cancer. Although questions about
Popdc3 remain unanswered, general trends are beginning
to emerge. Previous studies have led us to the hypothesis
that Popdc3 may play a role in cell adhesion, cell motil-
ity, DNA methylation and tumorigenesis. Nevertheless,
further work is required to elucidate its molecular mecha-
nisms in the biology of cancer.

As far as we know, no report is available on the actual
expression level of Popdc3 and the correlation between
clinicopathologic features and prognosis of gastric cancer
patients. Therefore, in this study, we investigated the Pop-
dc3 protein expression profile in 306 primary gastric can-
cer patients, and found that Popdc3 was lowly expressed
in 228 (74.51%) of 306 human gastric cancer cases, sug-
gesting that the low expression level of Popdc3 may be a
reliable indicator for the poor prognosis of gastric cancer
patients.

MATERIALS AND METHODS

Patients and tissue samples

A total of 306 patients with primary gastric cancer, who un-
derwent routine surgery at the Department of Surgery, the
Second Affiliated Hospital of Kunming Medical University
from February 1996 to March 2007, were enrolled in this
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study. The study was approved by the hospital’s ethics com-
mittee. Patient diagnosis was established pathologically,
and no patient had received any treatment before admis-
sion. All patients had follow-up records for over 5 yeats.
The follow-up deadline was April 2011. The survival time
was counted from the date of surgery to the end of the
follow-up or date of death, which was mostly caused by
recurrence or metastasis. According to the tumot, nodes,
metastasis (INM)-7th edition 2009 (UICC/AJCC) and
Japanese Classification 2010 in Gastric Cancer "', there
were 8 papillary adenocarcinomas, 209 tubular adenocar-
cinomas, 52 mucinous adenocarcinomas, 37 signet ring
cell carcinomas, and 17 highly differentiated adenocar-
cinomas; 100 were classified as well or moderately dif-
ferentiated adenocarcinomas, 177 as pootly differentiated
adenocarcinomas, and 12 as undifferentiated adenocarci-
nomas or others. Seventy-three cases were categorized as
stage 1, 109 were stage II, 92 were stage IIl, and 32 were
stage [V. Eighty-four cases of noncancerous human gas-
tric tissues were obtained from gastrectomies of adjacent
gastric cancer margins greater than 5 cm and served as
controls.

Immunohistochemistry

Immunohistochemical analysis was undertaken to study
altered protein expression in 84 cases of noncancerous
human gastric tissues and 306 cases of human gastric
cancer tissues' L According to the protocol for immu-
nohistochemistry on paraffin-embedded tissue sections,
slides were baked at 60 C for 2 h followed by depar-
affinization with xylene and rehydrated. The sections
were submerged into ethylene diamine tetraacetic acid
antigenic retrieval buffer and microwaved for antigenic
retrieval, after which they were treated with 3% hydrogen
peroxide in methanol to block endogenous peroxidase
activity, followed by incubation with 1% bovine serum
albumin to block nonspecific binding. Sections were
incubated with rabbit anti-Popdc3 polyclonal antibody
(ProteinTech Group, Chicago IL) overnight at 4 °C. Not-
mal goat serum was used as a negative control. After rins-
ing twice for 5 min with Tris buffered saline tween-20,
tissue sections were treated with secondary antibody in
Tris buffered saline solution for 1 h at room temperature,
developed with chromogen at room temperature, and
observed under microscope. After that, all tissue sections
were counterstained with hematoxylin, dehydrated and
mounted. The cytoplasm with strong Popdc3 expression
was stained as bufty, whereas weak expression was associ-
ated with cell membranes.

Assessment of Popdc3 staining in the tissue sections

The degree of immunostaining was reviewed and scored
independently by at least two observers based on the
proportion of positively stained tumor cells and intensity
of stainingm’zzj. Tumor cell proportion was scored as fol-
lows: 0 (< 5% positive tumor cells), 1 (6%-25% positive
tumor cells), 2 (26%-50% positive tumor cells), and 3 (>
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Figure 1 Immunohistochemical staining for Popeye domain containing 3 in gastric cancer lesions and noncancerous tissues. A: Popeye domain containing
3 (Popdc3) was highly expressed in noncancerous tissues, x 400; B: Popdc3 was highly expressed in intestinal metaplasia cells, x 400; C, D: Popdc3 was lowly ex-

pressed in tubular adenocarcinoma, x 200 and x 400, respectively.

51% positive tumor cells). Staining intensity was graded
according to the following criteria: 0 (no staining), 1
(weak staining, light yellow), 2 (moderate staining, yellow
brown), and 3 (strong staining, brown). Staining index
was calculated as the staining intensity score and the
proportion of positive tumor cells. Using this method of
assessment, we evaluated Popdc3 expression in benign
gastric epithelia and malignant lesions by determining the
staining index with scores of 0, 1, 2, 3, 4, 6, or 9. The cut-
off value for high and low expression levels was chosen
based on the heterogeneity measured using the log-rank
test with respect to overall survival. An optimal cutoff
value was identified as follows: a staining index score of
= 4 was used to define tumors with high Popdc3 expres-
sion, and a staining index score of < 3 was used to indi-
cate low expression.

Statistical analysis

All statistical analyses were performed using the SPSS
17.0 software. Correlation of Popdc3 expression with
immunohistochemistry and clinicopathologic parameters
was evaluated by y° test or Fisher’s exact probability test.
Overall survival rate was calculated by the Kaplan-Meier
method and the difference in survival curves was analyzed
by the log-rank test. The follow-up time was calculated
from the date of surgery to the date of death, or the last
known follow-up. Independent prognostic factors were
analyzed by the Cox proportional hazards regression
model. P < 0.05 was considered statistically significant.
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RESULTS

Expression of Popdc3 in gastric cancer and
noncancerous mucosa

In our current study, immunohistochemical analysis was
done to examine the Popdc3 expression in 306 gastric
cancer lesions and 84 noncancerous tissues. Popdc3 was
detected in 72 (85.71%) cases of 84 human nontumor
mucosa. High expression of Popdc3 protein was detected
in 78 (25.49%) cases of 306 human gastric cancer, and
low expression was detected in 228 (74.51%). Popdc3
staining was detected mainly in the majority of normal
cells, especially in chief cells and smooth muscle. Besides,
we also found Popdc3 expression in intestinal metaplasia.
However, Popdc3 was mainly localized in the cytoplasm
of tumor cells and its weak staining in cell membranes.
The differences of Popdc3 expression between gastric
cancer and noncancerous mucosa were also statistically

significant (* = 1.010E2, P < 0.0001, Figure 1).

Reduced Popdc3 expression and clinicopathologic
features

Reduced expression of Popdc3 correlated with depth of
invasion, regional lymph node and distant metastasis, and
TNM stages (P < 0.05). Popdc3 expression did not cot-
relate with age, gender, location of tumor, size of tumor,
histologic type and histologic differentiation (P > 0.05,
Table 1). The factors for possible prognostic effects in
gastric cancer were analyzed by Cox regression analysis.

May 21, 2012 | Volume 18 | Issue 19 |



Luo D et a/. Popdc3 and gastric cancer

Clinical parameters Popdc3

n Low High 72 Pvalue
Age (y1)
<50 105 72(68.6) 33 (31.4)
=50 201 156 (77.6) 45(22.4) 2968 0.085
Gender
Male 199 148 (74.4) 51 (25.6)
Female 107 80 (74.8) 27(252) 0.006 0.940
Size (cm)
<5 154 120 (77.9) 34 (22.1)
>5 152 108 (71.1) 44 (28.9) 1.901 0.168
Histology

Papillary adenocarcinoma 8  5(62.5) 3 (37.5)

Tubular adenocarcinoma 209 151 (72.2) 58 (27.8)

Mucinous adenocarcinoma 52 42 (80.8) 10 (19.2)

Signet ring cell carcinoma 37 30 (81.1) 7 (18.9)
Histologic differentiation

3.084 0.379

Well 17 13 (76.5) 4(23.5)

Moderate 100 67 (67) 33 (33)

Poor 177 140 (79.1) 37 (20.9)

Undifferentiated 12 8(66.7) 4(33.3) 4439 0.109
Invasion depth

T1 24 10 (41.7) 14(58.3)

T2 63 32(50.8) 31(49.2)

T3 181 149 (82.3) 32(17.7)

T4a 28 24(85.7) 4(14.3)

T4b 10  7(70.0) 3(30.0) 48.566 < 0.0001
Regional lymph nodes

NO 163 94 (57.7) 69 (42.3)

N1 41 39(95.1) 2(4.9)

N2 54 49(90.7) 5(9.3)

N3a 20 14 (70.0) 6 (30.0)

N3b 27 19(704)  8(29.6) 52.504 <0.0001
Distant metastasis

MO 274 197 (71.9) 77 (28.1)

M1 32 31(969) 1(31) 9412 0.002
TNM stages

I 73 30 (41.1) 43 (58.9)

I 109 81 (74.3) 28(25.7)

it 92 86(93.5) 6(6.5)

\'% 32 31(969) 1(3.1) 70.624 <0.0001

TNM: Tumor, nodes, metastasis; Popdc3: Popeye domain containing 3.

The multivariate analysis suggested that the patient’s
gender (P = 0.010), regional lymph node metastasis (P <
0.0001), distant metastasis (P < 0.0001), TNM stages (P =
0.002), and the expression of Popdc3 (P < 0.0001) were
independent prognostic factors in patients with gastric
carcinoma. However, patient’s age, tumor location, size of
tumor, histologic type, histologic differentiation and depth
of invasion had no prognostic value (Table 2).

Correlation between Popdc3 expression and patient
prognosis

In stages I and II, the 3-year survival rate of patients
with a low expression of Popdc3 was significantly lower
than in patients with high Popdc3 expression. The sur-
vival estimates showed a dramatic difference in median
survival between the high and low Popdc3 expression:
the former averaged 55 mo [95% confidence interval
(CI): 53.515-56.485], whereas the latter 23 mo (95% CI:
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Variables Pvalue  Hazard ratio 95% CI
Popdc3 < 0.0001 0.193 0.133-0.282
Gender 0.016 1.388 1.063-1.814
Regional lymph nodes <0.0001 1.344 1.156-1.564
Distant metastasis <0.0001 11.591 6.131-21.915
TNM stages 0.002 1.486 1.159-1.905

CI: Confidence interval; TNM: Tumor, nodes, metastasis; Popdc3: Popeye
domain containing 3.

Survival functions Popdc3
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Figure 2 Kaplan-Meier curves with univariate analyses (log-rank) for pa-
tients with low Popeye domain containing 3 expression vs high Popeye
domain containing 3 expression tumors in all gastric cancer. The cumula-
tive and 3-year survival rates were 88.46% and 84.6%, respectively in the high
Popeye domain containing 3 (Popdc3) protein expression group, but was only
76.75% and 16.7% in the low expression group (= 145.095, P < 0.0001).

21.201-24.799). For patients with low Popdc3 protein
expression, 1- and 3-year survival rates were 76.75% and
16.7%, respectively, which were significantly lower than
in patients with high Popdc3 expression (88.46%, 84.6%,
respectively,;g2 = 145.095, P < 0.0001). Based on this re-
sult, we suggested that diminished expression of Popdc3
1s a prognostic indicator of poor survival for patients
with gastric cancer. In addition, we further compared
the survival between the patients in early TNM stage
(stages I and II) or late stages (stages Il and IV) with
different Popdc3 expression. The results showed that low
Popdc3 expression had a much more significant effect
on the survival of the patients with early stage tumors
(r° = 104.741, P < 0.0001), with 2 > 51.9% reduction in
the 3-year survival compared with that of patients with
high Popdc3 expression. In late stages, the difference
was also significant (ZZ =5.930, P = 0.015), with a 32.6%
reduction in the 3-year survival. Therefore, these data
suggested that Popdc3 expression was as an independent
prognostic variable for gastric cancer in early stage and
late stage (Figure 2 and Table 3).

DISCUSSION

The cause of cancer temains elusive and may be multifac-
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Groups Median survival (mo) 1-yr survival rate (%) 3-yr survival rate (%) / P value
Low Popdc3 expression 23 (21.20-24.79) 175 (76.75) 38 (16.7)

High Popdc3 expression 55 (53.51-56.48) 69 (88.46) 66 (84.6) 145.095 <0.0001
Stage I -1I with low Popdc3 expression 29 (21.00-38.00) 97 (87.39) 44 (39.64)

Stage I-1I with high Popdc3 expression 55 (45.00-61.00) 65 (91.55) 65 (91.55) 104.741 <0.0001
Stage M-IV with low Popdc3 expression 15 (10.00-21.50) 78 (66.67) 12 (10.26)

Stage M-IV with high Popdc3 expression 30 (12.00-44.00) 4 (57.14) 3 (42.86) 5.93 0.015

Popdc3: Popeye domain containing 3.

torial ™!

. Work by many researchers has illuminated that
epigenetic alterations, like mutations and chromosomal
abnormalities, can be causally involved in carcinogen-
esis”™?. Previous publications discovered that aberrant
DNA methylation was more frequently present in cancers
than mutations”"?",

As a prototypical member of the Popdc family, Bves
is mostly studied over the past several decades. Many re-
ports have shown that Bves is highly conserved and has
been identified in a wide variety of vertebrates and invet-
tebrates”". Both mRNA and protein of Bves are highly
expressed in striated and smooth muscles and in vatious
forms of epithelial cell types in the embryo and adult®"*?.,
It seems that Bves plays a critical role in cell-cell adhesion
and in maintaining epithelial integrity, suggesting that loss
of Bves function could tresult in abnormal cell behavior
and disease™ ™. In 2008, Feng ¢z al™ used MethyLight
assays to analyze DNA methylation status of 27 genes
on 49 paired cancerous and noncancerous tissue samples
from non-small cell lung cancer (NSCLC) patients and
found that Bves were methylated significantly more fre-
quently in tumor tissues than in noncancerous tissues.
Methylation of Bves was present in 80% of NSCLC tis-
sues but only in 14% of noncancerous tissues. It is, so
far, the first report of a modification of Bves in cancer.

In 2010, Kim ez a/'” conducted the first detailed re-
search on the Popdc family and discovered that frequent
silencing of Bves and Popdc3 was associated with pro-
moter hypermethylation in gastric cancer. Expression
of Bves and Popdc3 was downregulated in 73% of the
gastric cancer cell lines and in 69% (Bves) and 87% (Pop-
dc3) of the gastric cancer tissues. Bves and Popdc3 were
hypermethylated in 69% (Bves) and 64% (Popdc3) of
the gastric cancer tissues. They also found that combined
treatment with a DNA methylation inhibitor and a histone
deacetylase inhibitor strongly induced Bves and Popdc3
expression. These observations suggested that frequent
methylation and inactivation of Bves and Popdc3 in early-
stage gastric cancer might predispose cells to other critical
changes that cause cancer metastasis.

These results are similar to our study. However, the
clinical impact of Popdc3 expression or the prognos-
tic value for gastric cancer was not completely clarified
because the number of gastric cancer patients was too
small. Actually, it is the first study to explore the correla-
tion between Popdc3 expression and clinical and prog-
nostic factors in gastric cancer. Our study demonstrated
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that Popdc3 was frequently downregulated in gastric
cancer tissues in comparison with those in normal gastric
tissues. We examined the relationship between Popdc3
expression and clinicopathological factors in gastric can-
cer. As a result, reduced level of Popdc3 protein expres-
sion in gastric cancer lesions was found mainly associ-
ated with depth of invasion, regional lymph node and
distant metastasis, and TNM stages. Bves is required for
maintenance of E-cadherin in the membrane and plays
an important role in cell adhesion and in maintaining
epithelial integrity™. In development of tumor tissues or
diseases, downregulation or mislocalization of E-cadherin
is associated with epithelial-mesenchymal transition
(EMT)®". EMT is considered to be essential for proper
development and undetlies embryonic processes such as
chick gastrulation and coronary vasculature formation™”.
When spontaneously or aberrantly induced in the adult,
however, EMT as a hallmark of cancer, may result in loss
of epithelial organization and cell tumor tissues invasion
of previously normal tissues””. Therefore, interfering
with E-cadherin function, loss of Bves could result in
abnormal cell behavior and disease by promoting EMT
programs[w. Bves was 28% identical to Popdc3 among
Popeye family members'”?, indicating that Popdc3 may
play a role in tumor suppression and interact with Bves.
In this study, multivariate analysis revealed that pa-
tient’s gender, regional lymph node and distant metas-
tasis, TNM stages, and the expression of Popdc3 were
independent prognostic factors for the disease. Although
abnormal expression of Popdc3 in gastric cancer might
play an important role in the process of tumorigenesis,
its biochemical mechanism and potential impact on pa-
tient’s survival is unknown. So we further analyzed and
assessed the impact of expression of Popdc3 on patient’
s survival. The result indicated that low levels of Popdc3
protein were closely correlated with the prognosis of gas-
tric cancer. A survival curve plotted by the Kaplan-Meier
method showed that in patients with low Popdc3 protein
expression, the 1- and 3-year survival rates were 76.75%
and 16.7%, respectively, which were significantly lower
than in patients with high Popdc3 expression (88.46%
and 84.6%, respectively). Besides, we further compared
the survival between the patients with Popdc3 expression
in early TNM stage (stages [ and II) or late stage (stages
Il and IV). We found that low Popdc3 expression had
a much more significant effect on the survival of those
patients with early stage tumors, with a > 51.9% reduc-
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tion in the 3-year survival as compared with high Popdc3
expression. In late stages, the difference was also signifi-
cant, with a 32.6% reduction in 3-year survival. These
results suggested Popdc3 expression is an independent
prognostic variable for gastric cancer in early stage and
late stage. In this regard, routine detection of methylation
of Popdc3 in blood might be useful in monitoring and
detecting tumor recurrence in early-stage gastric cancer
after curative surgical resection.

In conclusion, our study suggests that degradation of
Popdc3 is a common feature in gastric cancer that might
play an important role in the progression and metastases
of gastric cancer. In addition, the potentially important
consequence of our work is that Popdc3 may be an at-
tractive therapeutic candidate for gastric cancer. Thus, we
believe that more researches on Popdc3 will further pro-
vide a basis for the development of potential biomarkers
for the diagnosis and prognosis of gastric cancer.
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