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Abstract

AIM: To analyze the differences and relevance of Yes-
associated protein (YAP) and survivin, and to explore
the correlation and significance of their expression in
gastric carcinoma and precancerous lesions.

METHODS: The PV9000 immunohistochemical method
was used to detect the expression of YAP and survivin
in 98 cases of normal gastric mucosa, 58 intestinal
metaplasia (IM), 32 dysplasia and 98 gastric carcinoma.

RESULTS: The positive rates of YAP in dysplasia
(37.5%) and gastric carcinoma (48.0%) were
significantly higher than that in normal gastric mucosa
(13.3%), P < 0.01. The positive rates of survivin in
IM (53.4%), dysplasia (59.4%) and gastric carcinoma
(65.3%) were significantly higher than in normal
gastric mucosa (11.2%), P < 0.01. Survivin expression
gradually increased from 41.7% in well differentiated
adenocarcinoma through 58.3% in moderately
differentiated adenocarcinoma to 75.6% in poorly
differentiated adenocarcinoma, with significant Rank
correlation, 7« = 0.279, P < 0.01. The positive rate of
survivin in gastric carcinoma of diffused type (74.6%)
was significantly higher than that in intestinal type
(51.3%), P < 0.05. In gastric carcinoma with lymph

node metastasis (76.9%), the positive rate of survivin
was significantly higher than that in the group without
lymph node metastasis (41.2%), P < 0.01. In 98 cases
of gastric carcinoma, the expression of YAP and of
survivin were positively correlated, /7« = 0.246, P < 0.01.

CONCLUSION: YAP may play an important role
as a carcinogenic factor and may induce survivin
expression. Detecting both markers together may help
in early diagnosis of gastric carcinoma.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Yes-associated protein (YAP) is a type of cellular adaptor
protein and transcriptional co-activator, which was
initially isolated by Sudol ez 2/ in 1994, as a result of its
binding to the Src family member non-receptor tyrosine
kinase YES (Yes kinase-associated protein). In biological
conditions, YAP was desctibed as a target of the Hippo
(Hpo)-Salvador-Warts pathway and was phosphorylated
by the pathway to negatively regulate growth by
simultaneously inhibiting proliferation and promoting
apoptosis. In recent years, some investigators have
found YAP to be overexpressed and highly activated in
hepatic cancers and mammary cancers” ™, suggesting
its carcinogenicity. Survivin is a new member of the
inhibitor of apoptotic protein (IAP) family, and was
initially cloned by the cDNA of effector cell protease
receptor-1 in the human genomic library in 1997, Many
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investigations have found survivin to be overexpressed
in most common tumors, but almost never in normal
tissues'”. The overexpression of survivin was closely
related to tumorigenesis and progression, and was one
of the strongest apoptotic inhibitors identified. In
tumors, lack of, or mutation of, any factor(s) in the Hpo
signaling pathway can lead to dephosphorylation and
activation of YAP, which then induces a high expression
of Ki67, c-myc, SOX4, H19, AFP, BIRC5/survivin,
BIRC2/cIAP1 and other cellular proliferation-related
genes and inhibitors of apoptosis. Of note is the
massive induction (30-fold) of BIRC5/sutvivin, leading
to breakdown in the balance of cellular proliferation
and apoptosis, and an increase in the occurrence and
development of tumors'”.

Gastric cancer is one of the malignant diseases
with the highest incidence and mortality rates, but its
pathophysiology remains to be clarified. We measured the
expression level of YAP and survivin in normal gastric
mucosa, precancerous lesions and gastric carcinoma
using an immunohistochemical (IHC) method in order
to analyze the significance and correlations of these two
factors with gastric tumorigenesis.

MATERIALS AND METHODS
Clinicopathological data

We collected gastric carcinoma specimens from the
First Affiliated Hospital of China Medical University:
98 cases of gastric carcinoma, including 29 cases of
early gastric carcinoma (EGC) and 69 cases of advanced
gastric carcinoma (AGC), with matched normal gastric
mucosa, 58 cases of intestinal metaplasia (IM), and 32
cases of dysplasia (DYS). There were 66 males and 32
females, mean age 60 years. Gross types were as follows:
EGC cases: 18 cases of type [ + IIc, 10 cases of type
I, one case of extensive supetficial type; AGC cases:
seven cases of Borrmann [ + II, 62 cases of Borrmann
I + V. According to the World Health Organization
histological classification of GC, the 98 cases were
classified as follows: two papillary adenocarcinoma,
12 well differentiated adenocarcinoma, 25 moderately
differentiated adenocarcinoma, 41 pootly differentiated
adenocarcinoma, two undifferentiated adenocarcinoma,
seven signet ring cell carcinomas and nine mucinous
adenocarcinoma.

Tissue microarray construction and IHC staining
Samples were fixed in 10% formalin, embedded in
paraffin, cut into 4 pum thick sections and constructed
in blocks for tissue microarray. All the samples were
evaluated by two experienced pathologists for diagnosis.
Expression of YAP and survivin in gastric carcinomas,
precancerous lesions and normal gastric mucosa were
detected using an IHC method. A PV-9000 kit was
purchased from Beijing Zhongshan Golden Bridge
Biotechnology Company. Anti-human rabbit YAP
polyclonal antibody was purchased from the Cell Signaling
Technology Company (wotking dilution 1:25). Anti-
human rabbit polyclonal antibody survivin (ready to use)

was purchased from Fuzhou Maixin Company (China).
All procedures were implemented according to the
manufacturer’s instructions. For negative controls, sections
were treated with 0.01 mol/L phosphate-buffered saline
instead of primary antibodies.

IHC staining evaluation

YAP was specifically located in the cytoplasm and nucleus
of carcinoma cells; survivin was specifically located in
the cytoplasm of carcinoma cells. Staining intensity (A)
was classified as 0 (negative), 1 (weak), 2 (moderate) and
3 (strong). The percentage of positive cells (B) examined
in 200 cells were divided into 0 (< 5%), 1 (5%-25%), 2
(26%-50%), 3 (51%-75%) and 4 (> 75%). According to
the product of A and B, the IHC result was classified as
0, negative (-); 1-4, weakly positive (+); 5-8, moderately
positive (++) and 9-12, strongly positive (+++).

Statistical analysis

Statistical analysis was performed using SPSS 11.5
Package, XZ test, Fisher’s exact test and Kendall’s zax-b
test were used to differentiate the rates of different
groups and test the correlation between the two factors.
P < 0.05 was considered statistically significant.

RESULTS

Expression of YAP in normal gastric mucosa, IM, DYS
and gastric carcinoma

The positive rates of YAP presence in dysplasia (37.5%)
and gastric carcinoma (48.0%) were significantly higher
than that in normal gastric mucosa (13.3%), P < 0.01;
there was no statistically significant difference between
YAP expression in the normal gastric mucosa and IM
(16/58, 27.6%), dysplasia and gastric carcinoma, P > 0.05.
YAP expression showed an increasing trend from well
differentiated adenocarcinoma (4/12, 33.3%), through
moderately differentiated adenocarcinoma (11/25, 44.0%)
to pootly differentiated adenocarcinoma (24/41, 58.5%),
although without significant Rank correlation. The
positive rate of YAP expression showed an increasing
trend from gastric carcinoma without lymph node
metastasis (5/17, 29.4%), to gastric carcinoma with lymph
node metastasis (24/52, 46.2%), though without statistical
significance, P > 0.05. There was no significant correlation
of the expression of YAP with patients’ gender, age,
Borrmann’s classification of gastric carcinoma or Lauren
classification, P > 0.05 (Tables 1 and 2, Figure 1).

Expression of survivin in normal gastric mucosa, IM,
DYS and gastric carcinoma

The positive rates of survivin in IM (53.4%), dysplasia
(59.4%) and gastric carcinoma (65.3%) were significantly
higher than that in normal gastric mucosa (11.2%), P
< 0.01. The expression level gradually increased from
well differentiated adenocarcinoma (41.7%), through
moderately differentiated adenocarcinoma (58.3%) to
poortly differentiated adenocarcinoma (75.6%), with
significant Rank correlation, n = 0.279, P < 0.01.
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Table 1 Correlation of Yes-associated protein (YAP) expression with normal gastric mucosa, intestinal metaplasia

(IM), dysplasia (DYS) and gastric carcinoma (GC)

Groups n YAP expression Positive (%) P

- + + + ++ +
Normal mucosa 98 85 10 2 1 13.3 0.110°/0.009"
M 58 42 12 8] 1 27.6 0.625°/ 0.083"
DYS 32 20 9 3 0 375 0.653°
GC 98 51 30 12 5 48.0 0.0001°

Fisher's exact test. *"Normal mucosa vs IM; "Normal mucosa vs DYS; ‘IM vs DYS; “IM vs GC; “DYS vs GC; ‘Normal mucosa vs GC.

Table 2 Correlation of YAP expression with clinicopathologic features of gastric carcinoma

Groups n YAP expression Positive (%) P
- + ++ +++
Sex 0.309
Male 66 31 22 8 5 53.0
Female 32 20 8 4 0 37.5
Age 0.304
<60 54 30 15 8 1 455
=60 44 21 15 4 4 51.2
Gross type
EGC 0.937
Type I + Iic 18 6 8 3 1 66.7
Type I 10 4 3 2 1 60.0
AGC 0.074
TypeBorI + Tl 7 2 2 2 1 714
Type Borll + IV 62 38 17 5 2 38.7
WHO's histological types rne=0.181 0.079
Well-diff. ade. 12 8 4 0 0 33.3 0.635"
Moderately-diff. ade. 25 14 6 3 2 44.0 0.673"
Poorly-diff. ade. 41 17 15 6 3 58.5 0.406°
Undiff. ade. 2 2 0 0 0 0.0
Papillary ade. 2 0 1 1 0 100.0
Signet ring cell carcinoma 7 4 2 1 0 429
Mucinous ade. 9 6 2 1 0 B3
Lauren types 0.669
Intestinal type carcinoma 39 25 11 4 1 41.0
Diffused type carcinoma 59 28 19 8 4 G2
Lymph node metastasis 0.602
Yes 52 28 16 B 3 46.2
No 17 12 8 2 0 294

Fisher’s exact test. ade.: Adenocarcinomas; diff.: Differentiated; EGC: Early gastric carcinoma; AGC: Advanced gastric carcinoma. ‘Well-diff. vs Moderately-

diff. ade.; "Moderately-diff. vs Poorly-diff. ade.; ‘Well-diff. vs Poorly-diff. ade..

The positive rate of survivin in gastric carcinoma of
diffused type (74.6%) was significantly higher than that
in intestinal type (51.3%), P < 0.05. In gastric carcinoma
with lymph node metastasis (76.9%), the positive rate of
survivin was significantly higher than that in the group
without lymph node metastasis (41.2%), P < 0.01, There
was no relationship between gastric carcinoma and
sex, age and gross type of carcinoma (Tables 3 and 4,
Figures 2-4).

DISCUSSION

The Hpo pathway was originally identified in Drosophila
as a potent regulator of inhibition of cell growth and
promotion of apoptosis. The pathway consists of a tumor
suppressor kinase cascade which negatively regulates
growth and results in inactivation of a transcriptional co-
activator, Yorkie (Yki)'¥. The human ortholog of Yki,

YAP, has a 31% sequence homology and similar biologic
activity. YAP is a 65 kDa phosphoprotein which is rich in
proline. In biological conditions, YAP is phosphorylated
by the Hpo signaling pathway, and is highly conserved
with other components of this pathway, regulating the
balance between cell proliferation and apoptosis to
maintain the steady-state of the cellular environment™"",
Dysregulation of any factor(s) in this pathway can lead to
tumorigenesis. Overholtzer ¢ a/” introduced the YAP gene
by retroviral infection into the immortalized, but non-
tumorigenic, human mammary epithelial cell line MCF10A
and found that overexpression of YAP induced epithelial-
to-mesenchymal transition, suppression of apoptosis,
growth factor-independent proliferation, and anchorage-
independent growth in soft agar, which suggests that
YAP contributes to malignant transformation in cancers,
and supports the potential significance of this pathway in

human cancer.
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Zhao et al” evaluated YAP expression in 115 cases
of human hepatocellular carcinoma (HCC) samples
by IHC staining of tissue microarrays. Among the 115
cases of human HCC samples examined, 54% showed
strong YAP staining, while 95% of normal liver tissue
samples (40 out of 42 cases) showed very weak staining,
indicating a significant difference in YAP levels between
normal and cancerous tissues. Similar observations
were made in prostate cancer tissues. Up to now, we

Figure 1 Expression of
Yes-associated protein
(YAP) in normal gastric
mucosa (A), intestinal
metaplasia (B), dysplasia
(C) and gastric carcinoma
(D). IHC PV9000, x 200.

Figure 2 Expression of
survivin in normal gastric
mucosa (A), intestinal
metaplasia (B), dysplasia
(C) and gastric carcinoma
(D). IHC PV9000, x 200.

have found only one report on the expression and
role of YAP expression in gastric carcinoma, where
YAP expression in 78 normal gastric mucosa was 14%,
while in 55 gastric carcinomas and 92 gastric metastatic
disease the expression was 30% and 35% respectively,
significantly higher than that in normal gastric mucosa' .
Our IHC investigation found that the expression of
YAP in DYS and gastric carcinoma was significantly
higher than in normal gastric mucosa, suggesting that an
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Table 3 Correlation of survivin expression with normal gastric mucosa, intestinal metaplasia, dysplasia and gastric carcinoma

Groups n Survivin expression Positive (%) e P

- + + + ++ +
Normal mucosa 98 87 10 1 0 11.2 0.0001'*/0.0001"°
M 58 27 19 8 4 53.4 2.683 0.486"°/ 0.443¢
DYS 32 13 8 6 5 59.4 1.584 0.663°
GC 98 34 34 20 10 65.3 67.944 0.0001°

'Fisher’s exact test. "Normal mucosa vs IM; "Normal mucosa vs DYS; “IM vs DYS; “IM vs GC; °DYS vs GC; ‘Normal mucosa vs GC.

Table 4 Correlation of survivin expression with clinicopathologic features of gastric carcinoma

Groups n Survivin expression Positive (%) x2 P
- + + + ++ +
Sex 4.87 0.172
Male 66 20 27 14 5 69.7
Female 32 14 7 6 5 56.2
Age 2.74 0.434
<60 54 20 15 13 6 63.0
=60 44 14 19 7 4 68.2
Gross type
EGC 0.310'
Type I + Ilc 18 5 3 3 722
Type Il 10 6 1 2 1 40.0
AGC 0.696'
Type Bor I+ 1T 7 3 2 1 1 57.1
Type Borll+ IV 62 19 24 14 5 69.4
WHO's histological types ne=0.279 0.006
Well-diff. ade. 12 7 4 1 0 41.7 0.824'"
Moderately-diff. ade. 25 11 10 2 2 56.0 0.223"
Poorly-diff. ade. 41 10 16 10 5 75.6 0.149™
Undiff. ade. 2 1 1 0 0 50.0
Papillary ade. 2 1 0 1 0 50.0
Signet ring cell carcinoma 7 1 2 3 1 85.7
Mucinous ade. 9 8 1 3 2 66.7
Lauren types 8.61 0.035
Intestinal type carcinoma 39 19 14 4 2 51.3
Diffused type carcinoma 59 15 20 16 8 74.6
Lymph node metastasis 0.005'
Yes 52 12 19 i3 6 76.9
No 17 10 7 0 0 412

'Fisher’s exact test. "Well-diff. vs Moderately-diff. ade.; "Moderately-diff. vs Poorly-diff. ade.; ‘Well-diff. vs Poorly-diff. ade..

abnormality of the Hpo pathway leads to overexpression
of YAP, resulting in malignant transformation of the
gastric mucosa. We speculate that YAP may play an
important role as a tumorigenic factor and early gastric
tumorigenic molecule during gastric carcinogenesis.
Survivin is a new member of the IAP family, and
has been implicated to have a role in protection from
apoptosis and regulation of mitosis"?. The survivin gene
has been located on the 17q25 chromosome, encoding a
16.5 kDa protein. Survivin is characterized by a unique
structure with a single BIR on the N terminal and an
a-helix structure on the C terminal; the BIR structure is
thought to play a role during anti-apoptosis, while the
helix structure may participate in the microtubule binding
structure!™'¥. Data from a large analysis of human
transcripts revealed survivin as the fourth most highly
expressed protein in human cancer tissue compared with
normal tissue!” ™. Xiao ez a/"” found that the positive
rates of survivin expression in tumors with metastases
(in lymph node metastasis 86.2%, liver metastasis

100% and ovarian metastasis 100%) were significantly
higher than that in tumors without metastasis (64.3%).
Our data indicated that the positive rates of survivin
in IM, atypical hyperplasia and gastric carcinoma were
significantly higher than that in normal gastric mucosa.
The expression level gradually increased from well
differentiated adenocarcinoma, through moderately
differentiated adenocarcinoma to poorly differentiated
adenocarcinoma, with significant Rank correlation. The
positive rate of survivin in gastric carcinoma of the
diffused type was significantly higher than that in the
intestinal type. In gastric carcinoma with lymph node
metastasis, the positive rate of survivin was significantly
higher than that in the group without lymph node
metastasis, indicating that survivin may be involved in the
occurrence, development and lymph node metastasis of
gastric carcinoma. Survivin can act as a prognostic and
predictive indicator for gastric carcinoma patients.

Dong et al™ used microarray analysis to identify
YAP-induced genes in murine livers. Selected genes

www.wjgnet.com
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Figure 3 The expression of survivin in gastric carcinoma without lymph
node metastasis (A, x 200) and with lymph node metastasis (B, x 100).
IHC PV9000.

from the microarray analysis were validated by real-
time quantitative polymerase chain reaction analysis.
YAP induced the transcription of many genes which
are normally associated with hepatocyte proliferation,
such as Ki67, c-myc, SOX4, H19, and AFP. It also
induced the expression of several negative regulators
of apoptosis, such as the IAP family members BIRC5/
survivin and BIRC2/cIAP1, and the BCL2 family gene
MCL1. Of note is the massive induction (30-fold) of
BIRC5/survivin. To determine whether cIAP1 and
YAP might cooperate during tumorigenesis, p53'/’, myc
liver progenitor cells were infected with either YAP
and control vector or YAP plus cIAP1 and assayed for
their ability to form tumors iz vive. Tumors arising from
p53’/’, myc hepatoblasts coexpressing cIAP1 and YAP
grew faster than those expressing either oncogene alone,
suggesting that they may collaborate to contribute to
tumorigenesis and progression”’.

Our investigation found that the expression of
YAP and survivin in gastric carcinoma were positively
correlated, and we speculate that YAP may induce a
high expression of cell proliferation-related factors and
apoptotic inhibitors, such as Ki67, cIAP1 and survivin.
Survivin may participate in gastric carcinogenesis,
progression and metastasis by inhibiting apoptosis of
gastric carcinoma and regulating cellular mitosis. Whether
YAP and survivin collaborate to contribute to gastric
carcinogenesis and progression require further study.

Previous reports have found that YAP was an activator
of cell death in mammalian cells. YAP was shown to
activate apoptosis in response to DNA damage by

Figure 4 The expression of survivin in primary gastric carcinoma (A) and
relevant lymph node metastasis (B). IHC PV9000, x 200.

interacting with p73 in several cancer cell lines™*. This
is in direct contrast to the results of our investigation and
other previous reports. The roles of YAP in biological
and pathological conditions remain to be cleatly defined.

COMMENTS

Background

Yes-associated protein (YAP) is a type of cellular adaptor protein and
transcriptional co-activator. In recent years, some investigators have found YAP
to be overexpressed and highly activated in hepatic cancers and mammary
cancers, suggesting its tumorigenicity. Survivin is a new member of the inhibitor
of apoptotic protein (IAP) family, which was initially cloned by the cDNA of the
effector cell protease receptor-1 in the human genomic library in 1997. The
authors measured the expression of YAP and survivin in normal gastric mucosa,
precancerous lesions and gastric carcinoma using an immunohistochemical
method, to analyze the significance and correlations of the two factors with
gastric carcinogenesis.

Research frontiers

The Hippo (Hpo) pathway was originally identified in Drosophila as a potent
regulator of inhibition of cell growth and promotion of apoptosis. The pathway
consists of a tumor suppressor kinase cascade which negatively regulates growth
and results in inactivation of a transcriptional co-activator, Yorkie (Yki). The human
ortholog of Yki, YAP, has a 31% sequence homology and similar biologic activity.
YAP is a 65 kDa phosphoprotein, rich in proline. In biological conditions, YAP is
phosphorylated by the Hpo signaling pathway, and is highly conserved with other
components of this pathway, regulating the balance between cell proliferation and
apoptosis to maintain the steady-state of the cellular environment.

Innovations and breakthroughs

Previous reports have found that YAP was an activator of cell death in
mammalian cells. YAP was shown to activate apoptosis in response to DNA
damage by interacting with p73 in several cancer cell lines. This is in direct
contrast to the results of their investigation and other previous reports.
Applications

The authors investigation found that the expression of YAP and survivin in
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gastric carcinoma were positively correlated. They speculate that YAP may
induce a high expression of cell proliferation-related factors and apoptotic
inhibitors, such as Ki67, clAP1 and survivin. Detecting YAP and survivin
together may help in early diagnosis of gastric carcinoma. Whether YAP and
survivin collaborate to contribute to gastric tumorigenesis and progression
requires further study.

Peer review

The investigation found that the expression of YAP and survivin in gastric
carcinoma were positively correlated, and the authors speculated that YAP
may induce a high expression of cell proliferation-related factors and apoptotic
inhibitors, such as Ki67, clAP1 and survivin. Survivin may participate in gastric
carcinogenesis, progression and metastasis by inhibiting apoptosis of gastric
carcinoma cells and regulating cellular mitosis. The study is interesting and is
worth further exploration.
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