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Abstract

AIM: To evaluate the effect of B-catenin immunohisto-
chemical expression on the prognosis of gastric cancer
(GC).

METHODS: We searched Pubmed and Embase to
identify eligible studies. The search ended on Novem-
ber 10, 2013, with no lower date limit. The citation lists
associated with the studies were used to identify ad-
ditional eligible studies. We included studies reporting
sufficient information to estimate the HR and 95%CI,
and information to estimate the OR in the analysis of
clinicopathological features. The qualities of these stud-
ies were assessed using the Newcastle-Ottawa Qual-
ity Assessment Scale. HRs and ORs and their variance
were calculated and pooled using Review Manager Ver-
sion 5.2.

RESULTS: A total of 24 studies were identified and
comprised 3404 cases. B-catenin expression was signif-
icantly correlated with poor overall survival (OS) in GC
patients (HR = 1.85, 95%CI: 1.39-2.46), but showed
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a significant degree of heterogeneity (/> = 71%, P <
0.0001). Subgroup analysis indicated that an abnormal
pattern of B-catenin expression had an unfavorable ef-
fect on OS (HR = 1.79, 95%CI: 1.39-2.32). However,
accumulation in the nucleus or loss of membrane did
not influence the survival of GC patients independently.
Moreover, the combined OR of B-catenin indicated that
B-catenin expression was associated with Lauren clas-
sification (OR = 1.98, 95%CI: 1.19-3.29), lymph node
metastasis (OR = 2.00, 95%CI: 1.44-2.77), distant
metastasis (OR = 2.69, 95%CI: 1.35-5.38) and grade
of differentiation (OR = 2.68, 95%CI: 1.66-4.34).
B-catenin expression did not correlate with TNM stage
(OR = 1.34 95%CI: 0.96-1.86), the depth of invasion
(OR = 1.48, 95%CI: 0.94-2.33) or vascular invasion (OR
= 1.11, 95%CI: 0.70-1.76).

CONCLUSION: Abnormal B-catenin immunohisto-
chemical expression may be associated with tumor
progression and could be a predictive factor of poor
prognosis in patients with GC.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: B-catenin is involved in the development of
multiple tumors. It has been proved that p-catenin is
important in cell-to-cell adhesion and the progression
of gastric cancer. This meta-analysis demonstrated that
abnormal B-catenin expression was associated with
poor prognosis in patients with gastric cancer, and may
predict invasion and metastasis.
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INTRODUCTION

Gastric cancer (GC) is the fourth most common cancer
globally, and was the second most common cause of
death due to malignancies worldwide in 2008, Multiple
environmental factors including chronic Helicobacter pylori
(H. pylori) infection, hereditary factors and dietary factors
have been implicated in the initiation of gastric carci-
nogenesis[z’ﬂ. Although the understanding of neoplastic
progression has improved in the past decade, the progno-
sis of patients with advanced GC remains relatively poor.
Consequently, it is important to uncover the biological
mechanisms underlying progression of the disease and
develop strategies to intervene in this process[4].

Epithelial-mesenchymal transition (EMT), a devel-
opmental process in which epithelial cells show reduced
intercellular adhesion and acquire migratory fibroblastoid
properties, is considered to be critical for invasive and
metastatic progression in cancer”. EMT is associated
with the down-regulation of epithelial markers, aberrant
upregulation of mesenchymal markers and abnormal
translocation of [-catenin in several human cancers in-
cluding GC". As a central molecule in the int/Wingless
family (Wnt) signaling pathway, f-catenin expression
is localized in the membrane, cytoplasm and nucleus'”.
[-catenin has a dual role depending on its intracellular lo-
calization. Membranous expression of [3-catenin is linked
to E-cadherin and the actin cytoskeleton, and is respon-
sible for cell-to-cell adhesion and exerting a restrictive ef-
fect on tumor growth. Cytoplasmic and nuclear -catenin
are mainly involved in regulation of the Wnt signaling
pathway[sl. When a Wnt ligand engages with its receptors,
the scaffold protein Axin translocates to the transmem-
branous receptor complex and inhibits the destruction
complex. Thus, cytoplasmic [-catenin escapes degrada-
tion, accumulates in the cytoplasm and finally translocates
to the nucleus. After localizing to the nucleus, 3-catenin
activates a target gene expression program with loss of
E-cadherin, linking EMT to Wnt signaling. In addition,
Wnt signaling is also connected to EMT by activation
of snail2 and ZEB1 via other Wnt target genes. Taken
together, these findings suggest that different forms of
[-catenin contribute to a feed-forward loop in invading
cancer cells”.

Deregulated B-catenin is involved in the development
of multiple tumors. In the presence of a Wnt signal,
activation of [B-catenin is found in about 30% of GC pa-
tients". Moreover, potential biological mechanisms have
been proposed, such as the CagA+ strain of H. pylori
which is thought to activate -catenin to promote intesti-
nal transdifferentiation in gastric epithelial cells"", and ac-
cumulating evidence indicates that inflammation induced
by COX-2/PGE2 and the Wnt pathway plays a critical
role in GC development[lzl. These findings provide evi-
dence that f-catenin is important in the development and
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progression of GC and may be significantly associated
with prognosis in patients with GC. When evaluating the
expression of variant localization, controversial results
have been observed. A recent study by Ayed-Guerfali ez
al" showed that nuclear immunohistochemical staining
of B-catenin was detected in only 3 of 80 specimens (4%),
in contrast to previous reports indicating higher frequen-
cies"™*"”. However, this may suggest that abnormal ex-
pression of B-catenin including cytoplasmic and nuclear
immunostaining, as well as the absence of membranous
staining, is predictive of poor prognosis.

Although a large number of studies have investigated
the relationship between B-catenin and GC, the prognos-
tic value of B-catenin remains controversial. Thus, this
meta-analysis was performed to evaluate the prognostic
significance of [-catenin immunohistochemical expres-
sion in patients with GC.

MATERIALS AND METHODS

Literature search

We searched the PubMed and Embase databases us-
ing the following terms and all possible combinations:
“B-catenin”, “beta-catenin”, “Wnt”, “Gastric Neo-
plasms”, “Gastric Cancer”, “Gastric Carcinoma”, ”Gas-
tric Tumot”, “Stomach Cancet”, “Stomach Carcinoma”,
”Stomach Neoplasms”, “Stomach Tumor”, “GC” and
“Prognosis.” The search ended on November 10, 2013,
and no lower date limit was used. The citation lists as-
sociated with the studies were used to identify additional
eligible studies. The reviews and bibliographies were also
manually inspected to find related articles.

Inclusion and exclusion criteria
The studies were included in our meta-analysis if they
met the following inclusion criteria: (1) B-catenin expres-
sion examined by immunohistochemistry and evaluated
in human GC tissues; (2) Evaluation of the relationships
between B-catenin expression and overall survival (OS)
or clinicopathological features of GC; (3) Publications in
English; and (4) Sufficient information provided to esti-
mate the HR and its 95%CI, and information to estimate
the OR in the analysis of clinicopathological features.
The following articles were excluded: (1) letters, case
reports, reviews, and conference abstracts without origi-
nal data; (2) non-English language articles; (3) articles
from which the relevant data could not be extracted; and
(4) overlapping articles or those with duplicate data.

Data extraction and assessment

Two investigators (LLF and WZ]) reviewed each eligible
study and extracted data. The database recorded the most
relevant data comprising author’s name, year of publica-
tion, antibody source, definition of (-catenin expression,
study location, number of patients and tumor character-
istics. Study quality was assessed independently by two in-
vestigators (LLF and WZ]J) according to the Newcastle—
Ottawa quality assessment scale". The score assessed
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Records identified through
database searching
(7 = 583)

Records excluded on the
basis of title and abstract
(n = 462)

Full-text articles assessed for
eligibility
(n=121)

Full-text excluded (7 = 97)
Non English literature (7 = 4)
Data no sufficient (7 = 81)
No IHC (7 = 12)

Studies included in the
meta-analysis
(n=24)

Figure 1 Flowchart showing selection of studies for inclusion in the meta-
analysis. IHC: Immunohistochemistry.

eight items of methodology, and grouped them into three
major classifications: selection, comparability and out-
come. A maximum score of 1 was graded for each item,
except that related to comparability, which allowed for 2.
For quality, scores ranged from 0 (lowest) to 9 (highest),
and studies with more than 5 points were rated as quali-

fied.

Statistical analysis

The impact of B-catenin expression on OS was measured
by HR for quantitative aggregation. The most accurate
approach was to obtain the HR estimate and 95%CI di-
rectly from the paper, or calculate them using the param-
eters offered in the manuscriptm. Otherwise, Kaplan-
Meier curves were read by Engauge Digitizer version
4.1 (http://digitizer.sourceforge.net/ )llsj. Heterogeneity
across studies was evaluated using a Zz—based Q statistical
test. The I statistic was also calculated for study hetero-
geneity. I > 50 and P < 0.10 indicated a lack of hetero-
geneity among the studies. For studies with P > 0.10, the
pooled OR and HR estimates of each study were calcu-
lated by the fixed-effects model (the Mantel-Haenszel
method). For studies with P << 0.10, the random-effects
model (the DerSimonian and Laird method) was used.
For the pooled analysis of the correlation between
[-catenin expression and clinicopathological features
[Lauren classification, tumor-node-metastasis (TINM)
stage, the depth of invasion, lymph node metastasis, dis-
tant metastasis, grade of differentiation and vascular inva-
sion], ORs and their 95%ClIs were combined to estimate
the effect.

Sensitivity analysis was also conducted by sequential
omission of individual studies to evaluate stability of the
results. In addition, publication bias was assessed using
funnel plots. HRs and ORs and their variance were cal-
culated and pooled using the RevMan systematic review
and meta-analysis software package (Review Manager

JRaishideng®
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Version 5.2). A P value < 0.05 was considered statistically
significant. An observed HR or OR > 1 indicated a worse
prognosis for GC patients with abnormal [3-catenin ex-
pression and was considered to be statistically significant

if the 95%CI did not overlap 1.

RESULTS

Study selection and characteristics

As described in Figure 1, a total of 583 articles were
identified after searching the databases. After screen-
ing the abstract and full-text of these articles, 24 articles
were finally included in the quantitative analysis of the
prognostic value of [-catenin expression in GC and the
relationship between [-catenin expression and clinico-
pathological features. The characteristics of these 24
publications are summarized in Table 1!,

Impact of B-catenin immunohistochemical expression
on overall survival in gastric cancer patients
Meta-analysis of the association between [B-catenin ex-
pression and OS was determined in 15 studies. A forest
plot of the individual HR estimates and results from the
meta-analysis are shown in Figure 2. In general, aberrant
B-catenin expression, which consisted of positive cyto-
plasmic and nuclear expression and negative membranous
expression in GC, demonstrated a significant increase in
mortality risk as compared to regular (-catenin expres-
sion (combined HR = 1.85, 95%CI: 1.39-2.46). Howevet,
a significant degree of heterogeneity was observed (I' =
71%, P < 0.0001).

In order to explain the heterogeneity in OS, we
performed a subgroup analysis using the definition of
B-catenin expression, study location, number of pa-
tients, antibody resources and publication year. Due to
the different definition in the included studies, we sepa-
rated B-catenin expression into four patterns: abnormal
B-catenin pattern, nucleus accumulation, cytoplasmic
overexpression and loss of membranous expression.
The association between abnormal pattern and OS was
assessed in five studies, and the pooled HR was 1.79
(95%CT: 1.39-2.32; I' = 48%, P = 0.10). Furthermore,
[-catenin overexpression in the cytoplasm was also asso-
ciated with poor prognosis (HR = 1.52, 95%CI: 1.05-2.19;
I = 0%, P=0.56), but only following the analysis of two
limited studies. No significant relationship between OS
of GC and the other two patterns of nuclear accumula-
tion (HR = 1.66, 95%CI: 0.90-3.06; I' = 83%, P = 0.000)
and loss of membranous expression (HR = 1.61, 95%CI:
0.88-2.96; I' = 75%, P = 0.003) was observed (Figure 3).

Moreovet, subgroup analysis indicated a significant
relationship between [-catenin expression and OS also
shown by antibody soutrce from the Transduction Labo-
ratory (HR = 2.36; 95%CI: 1.06-5.27; I' = 76%, P =
0.000) and publication year < 2000 (HR = 2.07; 95%CI:
1.13-3.81; I = 0%, P = 0.76). Other factors including
study location and number of patients did not alter the
significant prognostic impact of abnormal B-catenin ex-
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Table 1 Baseline characteristics and methodological assessment of the included trials

Ref. Year Study location Patient (M/F) Luaren classfication Antibody source Definition of B-ciatenin
Intestinal Diffuse Mixed expression
Ayed-Guerfali 2013 Tunisia 80 (45/35) 48 32 Santa Cruz Normal/abnormal
et al™ expression
Sereno et al™ 2012 Spain 44 (33/11) 22 13 9  Transduction Laboratories Normal/abnormal
expression
Hou et al™ 2012 China 158 (105/53) Santa Cruz Normal/abnormal
expression
Liu et al™ 2012 China 134 (90/44) Santa Cruz Nuclear expression
Sun et al™ 2012 China 58 (49/9) Santa Cruz Normal/abnormal
expression
Ryu et al™ 2012 South Korea 276 (NA) BD Biosciences Normal/abnormal
expression
Retterspitz et al®™ 2010 Germany 94 (46/48) 0 88 6 BD Transduction Membranous expression
Kim et al™ 2010  South Korea 117 (81/36) 40 75 2 BD Transduction Nuclear expression
Czyzewska et al™ 2010 Poland 91 (62/29) 61 30 0 Novocastra Laboratories ~Membranous expression
Ltd
Zali et al™ 2009 Iran 56 (38/18) 35 16 B Research Diagnostic Normal/abnormal
expression
Kim et al® 2009  South Korea 598 (396/202) BD Biosciences Nuclear expression
Bazas et al®” 2008 Ukraine 150 (89/61) 117 33 0 Dako Cytomation Cytoplasmic expression
Koriyama et al™" 2007 Japan 149 (NA) 99 50 0  Transduction Laboratories Normal/abnormal
expression
Jung et al™ 2007  South Korea 111 (NA) 44 67 0  Transduction Laboratories Nuclear expression 9
Nabais et al™ 2003 Portugal 97 (NA) 28 51 18  Transduction Laboratories Nuclear and cytoplasmic 7
expression
Zhou et al™ 2002 China 163 (123/40) 108 40 15 Maxim Biotech Inc. Normal/abnormal 8
expression
Woo et al™ 2001 South Korea 303 (205/98) 116 158 29  Transduction Laboratories Membranous expression 9
Shun et al®™ 2001 Taiwan 53 (NA) 30 23 Transduction Laboratories Normal/abnormal 6
expression
Grabsch et al™ 2001 Germany 401 (NA) 255 112 34  Transduction Laboratories Nuclear and cytoplasmic 6
expression
Joo et al™ 2000  South Korea 65 (38/27) 28 25 12 Zymed Laboratories Normal/abnormal 7
expression
Karatzas et al®™ 2000 Greece 36 (NA) 24 12 Transduction Laboratories Normal/abnormal 6
expression
Ohene-Abuakwa 2000 United 41 (NA) 28 7 6  Transduction Laboratories Normal/abnormal 7
et al™ Kingdom expression
Ramesh et al™ 1999 United 40 (NA) Affinity Research Products Normal/abnormal 8
Kingdom Ltd expression
Jawhari et al*”! 1997 England 89 (62/27) 63 24 2 Affinity Research Products Normal/abnormal 7
Ltd expression

"Different B-catenin location in gastric cancer. NA: Not available; M/F: Male/Female; NOS: Newcastle-Ottawa Quality Assessment Scale.

pression (Table 2).

Correlation of 3-catenin expression with
clinicopathological parameters

We evaluated the correlation between B-catenin immu-
nohistochemical expression and the clinicopathologi-
cal characteristics of GC. The definition of abnormal
B-catenin expression was as previously mentioned. As
shown in Table 3, we assessed 17 studies to identify
the relationship between B-catenin expression and the
Lauren classification. Patients with diffuse-type GC had
significant abnormal (-catenin expression as compared
to patients with intestinal-type GC (OR = 1.98, 95%CI:
1.19-3.29). In addition, B-catenin expression was signifi-
cantly associated with lymph node metastasis (positive zs
negative: OR = 2.00, 95%CI: 1.44-2.77), distant metas-
tasis (positive »s negative: OR = 2.69, 95%CI: 1.35-5.38)
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and grade of differentiation (G3/G4 »s G1/G2: OR =
2.68, 95%CI: 1.66-4.34). We also found that abnormal
[B-catenin expression had no significant association with
TNM stage (OR = 1.34, 95%CI: 0.96-1.86), the depth of
invasion (OR = 1.48, 95%CI: 0.94-2.33) or vascular inva-
sion (OR = 1.11, 95%CI: 0.70-1.76). The meta-analysis
of OR in TNM stage, distant metastasis and vascular
invasion did not show obvious inter-study heterogene-
ity (" = 0%-44%), whereas analysis of other histological
features exhibited heterogeneity (I = 44%-74%).

Statistical analysis

Sensitivity analysis indicated that the pooled HRs were
not significantly influenced by omitting any single study.
However, in the meta-analysis of clinicopathological
parameters, we found that data from Sun ef al™ created
a significant bias in the pooled ORs of TNM stage, the
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Hazard Ratio

Hazard Ratio

Study or subgroup log [HR] SE Weight IV, Random, 95%CI Year IV, Random, 95%CI

Jawhari 1997 0.815 0.426 5.7% 2.26 [0.98, 5.21] 1997 =

Ramesh 1999 1.06 0.78 2.7% 2.89 [0.63, 13.31] 1999 D

Joo 2000 0.41 0.56 4.2% 1.51 [0.50, 4.52] 2000 T

Woo 2001 1.14 0.29 7.7% 3.13[1.77, 5.52] 2001 -

Zhou 2002 1.15 0.33 7.1% 3.16 [1.65, 6.03] 2002 -

Jung 2007 1.49 0.54 4.4% 4.44 [1.54, 12.75] 2007 T

Koriyama 2007 0.146 0.294 7.7% 1.16 [0.65, 2.06] 2007 T

Bazas 2008 0.44 0.19 9.4% 1.55[1.07, 2.25] 2008 =

Kim 2009 -0.303 0.159  9.9% 0.74 [0.54, 1.01] 2009 ™

Kim 2010 1.39 0.43 5.7% 4.01 [1.73, 9.33] 2010 T

Retterspitz 2010 0.72 0.295 7.7% 2.05 [1.15, 3.66] 2010 -

Czyzewska 2010 0.31 0.26 8.2% 1.36 [0.82, 2.27] 2010 ™

Liu 2012 0.40 0.23 8.7% 1.49 [0.95, 2.34] 2012 ™

Hou 2012 0.40 0.16 9.9% 1.49 [1.09, 2.04] 2012 -

Ayed-Guerfali 2013 2.984 1.366 1.0% 19.77 [1.36, 287.53] 2013

Total (95%CI) 100.0% 1.85[1.39, 2.46] ‘

Hetarogeneity: Tau? = 0.19; ;% = 47.91, df = 14 (P < 0.0001); 7* = 71% ‘ ‘ ‘ ‘
0.002 0.1 1 10 500

Test for overall effect: Z = 4.23 (P < 0.0001)

Fevours experimental Fevours control

Figure 2 Meta-analysis of the effects of 3-catenin on overall survival of patients with gastric cancer. Results are presented as individual and pooled HR and

95%Cl.

depth of invasion and lymph node metastasis, as well as
increased unexpected intet-study heterogeneity. Moreover,
Shun’s study of early GC was considered unsuitable for
the analysis of lymph node metastasis. The funnel plots
of publication bias did not exhibit significant asymmetry
in the analysis of OS and histopathological features.

DISCUSSION

In recent years, B-catenin and its associate E-cadherin

were proved to be not only static components of adhe-
rens junctions, but important mediators of downstream
Wt signaling cascades”. As described above, the differ-
ent localization of [B-catenin contributes to cell-cell ad-
hesion or transcriptional activation of responsive target
genes. GSK3p, APC, and axin are negative regulators of
the Wnt pathway and ate functionally assembled in the
destruction complex, where f3-catenin can be efficiently
regulated. This leads to subsequent overexpression of
free cytoplasmic [3-catenin and exerts a nuclear function
without control of tumorigenesis and progression**”
This meta-analysis aimed to examine the association
between [-catenin expression, OS and clinicopathologi-
cal characteristics of GC. When assessing the value of
B-catenin expression, researchers tended to separate
aberrant f3-catenin expression into three patterns: nega-
tive J-catenin membranous staining, positive cytoplasmic
staining and nuclear staining, and some of the studies
included in our analysis combined these three types of
expression as the abnormal [-catenin pattern in GC. We
assessed the outcomes of patients with GC in 15 studies,
and found that J-catenin expression significantly predict-
ed poor OS in GC patients. Subgroup analysis revealed
that the combined abnormal pattern of B-catenin (HR
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= 1.79, 95%CI: 1.39-2.32), instead of an accumulation
in the nucleus or loss in the membrane, influenced the
survival of GC patients. In addition, positive 3-catenin
cytoplasmic expression may also be associated with poor
prognosis; however, the evidence is limited. We also
performed a subgroup analysis using a primary antibody
from the Transduction Laboratory (HR = 2.36, 95%CI:
1.06-5.27), to assess the prognostic value of B-catenin ex-
pression. The use of antibodies from different resources
may have led to potential bias, as the sensitivity of im-
munohistochemistry usually relies on the condition of
the antibody. When evaluating the OR in histopathology,
significant correlations were observed between abnormal
B-catenin expression and clinicopathological features
including Lauren classification, lymph node metastasis,
distant metastasis and grade of differentiation, but not
TNM stage, the depth of invasion or vascular invasion.
These results suggested that 3-catenin was expressed
more often in diffuse-type GC and undifferentiated tu-
mor, may predict metastasis in patients with advanced
GC, and may not be related to tumor stage or invasive
route such as blood vessels.

A previous meta-analysis indicated that decreased
E-cadherin expression was related to poor OS of gastric
carcinoma, as well as being significantly correlated with
differentiation, invasion and metastasis'”’. The studies
included in our meta-analysis also showed that a dectease
in E-cadherin or abnormal B-catenin or both weakened
cell-cell adhesion and resulted in cell spread, allowing
cancer cell infiltration and metastasis' . Consistent with
the effect on E-cadherin, CagA+ strain of H. pylori also
has been shown to activate [3-catenin to promote intesti-
nal transdifferentiation in gastric epithelial cells'". Taking
these findings into account, we suggest that abnormal
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Hazard Ratio

Hazard Ratio

Study or subgroup log [HR] SE Weight 1V, Random, 95%CI Year 1V, Random, 95%CI
1.4.1 nucleus accumulation

Jung 2007 1.49 0.54 4.2% 4.44 [1.54, 12.79] 2007 -
Koriyama 2007 0.146 0.294 7.2% 1.16 [0.65, 2.06] 2007 T

Kim 2009 -0.303 0.159 8.9% 0.74 [0.54, 1.01] 2009 ™

Kim 2010 1.39 0.43 5.3% 4.01 [1.73, 9.33] 2010 T
Liu 2012 0.40 0.23 8.0% 1.49 [0.95, 2.34] 2012 b
Subtotal (95%CI) 33.4% 1.66 [0.90, 3.06] .
Hetarogeneity: Tau® = 0.38; 4° = 23.72, df = 4 (P < 0.0001); /> = 83%

Test for overall effect: Z = 1.62 (P = 0.10)

1.4.2 membrane expression

Ramesh 1999 1.06 0.78 2.6% 2.89 [0.63, 13.31] 1999 N
Woo 2001 1.14 0.29 7.1% 3.13[1.77, 5.52] 2001 B
Koriyama 2007 -0.63 0.366 6.1% 0.53 [0.26, 1.09] 2007 T
Czyzewska 2010 0.31 0.26 7.5% 1.36 [0.82, 2.27] 2010 ™
Retterspitz 2010 0.72 0.295 7.1% 2.05 [1.15, 3.66] 2010 el
Subtotal (95%CI) 30.4% 1.61 [0.88, 2.96] ‘

Hetarogeneity: Tau® = 0.34; 4° = 16.01, df = 4 (P = 0.003); I* = 75%
Test for overall effect: Z = 1.54 (P = 0.12)

1.4.3 cyto

Ramesh 1999 -0.139 0.97 1.8% 0.87[0.13, 5.83] 1999 T

Bazas 2008 0.44 0.19 8.5% 1.55 [1.07, 2.25] 2008 b

Subtotal (95%CI) 10.3% 1.52 [1.05, 2.19] *

Hetarogeneity: Tau® = 0.00; > = 0.34, df = 1 (P = 0.56); I = 0%

Test for overall effect: Z = 2.25 (P = 0.02)

1.4.4 abnormal

Jawhari 1997 0.815 0.426 5.4% 2.26[0.98, 5.21] 1997 f

Joo 2000 0.41 0.56 4.0% 1.51 [0.50, 4.52] 2000 T

Zhou 2002 1.15 0.33 6.6% 3.16 [1.65, 6.03] 2002 -

Hou 2012 0.40 0.16 8.9% 1.49 [1.09, 2.04] 2012 -

Ayed-Guerfali 2013 2.984 1.366 1.0%  19.77[1.36,287.53] 2013

Subtotal (95%CI) 25.8% 2.12[1.31, 3.42] <

Hetarogeneity: Tau® = 0.13; 4° = 7.74, df = 4 (P = 0.10); I = 48%

Test for overall effect: Z = 3.05 (P = 0.002)

Total (95%CI) 100.0% 1.70 [1.28, 2.26] ¢

Hetarogeneity: Tau® = 0.21; »* = 55.99, g = 16 (P < 0.00001); I* = 71% 1 1 1 1
0.005 0.1 1 10 200

Test for overall effect: Z = 3.66 (P = 0.0002)

Fevours experimental Fevours control

Figure 3 Subgroup analysis of HR for the association of B-catenin expression with overall survival using different definitions.

[-catenin expression represents an independent risk fac-
tor together with E-cadherin expression for the occur-
rence and development of GC. However, the role of dif-
ferent [3-catenin location in gastric tumor biology remains
unclear and should be investigated in future studies.

We found highly significant heterogeneity between the
included studies. In the stratified analysis of OS, hetero-
geneity was not significant in certain subgroup analyses.
These findings suggest that the definition of [B-catenin,
antibody source and number of patients may partly ac-
count for this heterogeneity. In our study, most of the
included data were derived from articles published after
2000, and this may have led to undetected heterogeneity.
Sensitivity analysis did not clarify the source of hetero-
geneity in the HR analysis, but showed that the OR from
Sun et al”" created unexpected heterogeneity. The evalu-
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ation of P-catenin staining in this study demonstrated
that more than 70% of cell membranes stained positive,
unlike other reports which claimed 90% as the cut-off
value, and could lead to differential sensitivity. Shun’s
study”™ on early GC also contributed to heterogeneity
in the estimate of OR for lymph node metastasis. It was
decided not to incorporate this study in the analysis.

A potential source of bias may be associated with the
approach of extrapolating HRs. If HRs were not directly
reported in the studies, we calculated them from the data
provided in the papers and from the survival curves, as-
suming that censored observations were identically dis-
tributed. Although two of the authors provided graphical
representation of the survival curves, this approach did not
completely eliminate inaccuracy during extraction of the
survival rates. The estimated HR might thus be less reliable

September 14, 2014 | Volume 20 | Issue 34 |
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Subgroup analysis Studies (1) Pooled HR (95%CI) P value Heterogeneity
Fixed Random I (%) P value

Definition

Abnormal 5 212 (1.31-3.42) 0.002 48 0.10

Nucleus accumulation 5 1.66 (0.90-3.06) 0.270 83 < 0.0001

Loss of membrane expression 5 1.61 (0.88-2.96) 0.0006 75 0.003

Cytoplasmic expression 2 1.52 (1.05-2.19) 0.020 0 0.56
Study location

Asia 9 1.86 (1.23-2.80) < 0.0001 81 < 0.00001

Other regions 6 1.70 (1.33-2.19) <0.0001 9 0.36
No. of patients

>100 9 1.82 (1.26-2.64) 0.002 81 < 0.00001

< 100 6 1.81 (1.31-2.49) 0.0003 3 0.40
Publication year

> 2000 12 1.83 (1.33-2.52) < 0.00001 76 < 0.00001

< 2000 8 2.07 (1.13-3.81) 0.020 0 0.76
Antibody source

BD transduction 3 1.73 (0.64-4.69) 0.280 90 < 0.0001

Transduction lab 3 2.36 (1.06-5.27) 0.040 75 0.02

Santa cruz 3 1.53 (1.18-1.97) 0.001 44 0.17

Other labs 6 1.75 (1.37-2.25) <0.00001 7 0.37

Table 3 Meta-analysis of B-catenin expression and clinicopathological features of gastric cancer

Clinicopathological features Studies (1) Cases Pooled OR (95%ClI) P value Heterogeneity
Fixed Random P (%) P value

Lauren classification 17 1793 1.98 (1.19-3.29) 0.009 74 < 0.00001
TNM stage 9 996 1.34 (0.96-1.86) 0.080 44 0.090
The depth of invasion 10 1203 1.48 (0.94-2.33) 0.090 55 0.020
Lymph node metastasis 16 2147 2.00 (1.44-2.77) <0.0001 44 0.040
Distant metastasis 4 258 2.69 (1.35-5.38) 0.005 20 0.290
Grade of differentiation 12 1372 2.68 (1.66-4.34) 0.0002 58 0.006
Vascular invasion 3 774 1.11 (0.70-1.76) 0.660 0 0.440

TNM: Tumor-node-metastasis.

than when obtained directly from published statistics.

In conclusion, this meta-analysis revealed that
[-catenin immunohistochemical expression was associ-
ated with poor OS and histopathological features such as
Lauren classification, lymph node metastasis, distant me-
tastasis and grade of differentiation in patients with GC.
Abnormal (-catenin expression may be a predictive fac-
tor of poor prognosis in GC patients, and might predict
invasion and metastasis.
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and reveal that B-catenin immunohistochemical expression is associated with
poor OS and histopathological features in GC.

REFERENCES

1 Jemal A, Bray F, Center MM, Ferlay ], Ward E, Forman D.
Global cancer statistics. CA Cancer | Clin 2011; 61: 69-90 [PMID:

September 14, 2014 | Volume 20 | Issue 34 |



10

11

12

13

14

15

16

17

18

JRaishideng®

Li LF et a/. B-catenin expression in gastric cancer

21296855 DOI: 10.3322/ caac.20107]

Tsugane S, Sasazuki S. Diet and the risk of gastric cancer:
review of epidemiological evidence. Gastric Cancer 2007; 10:
75-83 [PMID: 17577615 DOI: 10.1007 / s10120-007-0420-0]
Brenner H, Arndt V, Stiirmer T, Stegmaier C, Ziegler H,
Dhom G. Individual and joint contribution of family history
and Helicobacter pylori infection to the risk of gastric carci-
noma. Cancer 2000; 88: 274-279 [PMID: 10640957]

Amedei A, Benagiano M, della Bella C, Niccolai E, D’Elios
MM. Novel immunotherapeutic strategies of gastric cancer
treatment. | Biomed Biotechnol 2011; 2011: 437348 [PMID:
22253528 DOI: 10.1155/2011/437348]

Micalizzi DS, Farabaugh SM, Ford HL. Epithelial-mes-
enchymal transition in cancer: parallels between normal
development and tumor progression. | Mammary Gland Biol
Neoplasia 2010; 15: 117-134 [PMID: 20490631 DOI: 10.1007/s1
0911-010-9178-9]

Katoh M. Epithelial-mesenchymal transition in gastric cancer
(Review). Int ] Oncol 2005; 27: 1677-1683 [PMID: 16273224]
Scanlon CS, Van Tubergen EA, Inglehart RC, D’Silva NJ.
Biomarkers of epithelial-mesenchymal transition in squa-
mous cell carcinoma. | Dent Res 2013; 92: 114-121 [PMID:
23128109 DOI: 10.1177/0022034512467352]

Schmalhofer O, Brabletz S, Brabletz T. E-cadherin, beta-
catenin, and ZEB1 in malignant progression of cancer. Can-
cer Metastasis Rev 2009; 28: 151-166 [PMID: 19153669 DOI:
10.1007/510555-008-9179-y]

Behrens J. Cadherins and catenins: role in signal transduc-
tion and tumor progression. Cancer Metastasis Rev 1999; 18:
15-30 [PMID: 10505543]

Mishra L, Shetty K, Tang Y, Stuart A, Byers SW. The role of
TGF-beta and Wnt signaling in gastrointestinal stem cells
and cancer. Oncogene 2005; 24: 5775-5789 [PMID: 16123810
DOI: 10.1038/sj.onc.1208924]

Murata-Kamiya N, Kurashima Y, Teishikata Y, Yamahashi Y,
Saito Y, Higashi H, Aburatani H, Akiyama T, Peek RM, Azu-
ma T, Hatakeyama M. Helicobacter pylori CagA interacts
with E-cadherin and deregulates the beta-catenin signal that
promotes intestinal transdifferentiation in gastric epithelial
cells. Oncogene 2007; 26: 4617-4626 [PMID: 17237808 DOI:
10.1038/sj.onc.1210251]

Oshima H, Oshima M. The role of PGE2-associated inflam-
matory responses in gastric cancer development. Semin Im-
munopathol 2013; 35: 139-150 [PMID: 23053397 DOI: 10.1007/
s00281-012-0353-5]

Ayed-Guerfali DB, Hassairi B, Khabir A, Sellami-Boudawara
T, Gargouri A, Mokdad-Gargouri R. Expression of APC,
B-catenin and E-cadherin in Tunisian patients with gastric
adenocarcinoma: clinical significance. Tumour Biol 2014; 35:
1775-1783 [PMID: 24197976 DOI: 10.1007 /s13277-013-1236-7]
Woo DK, Kim HS, Lee HS, Kang YH, Yang HK, Kim WH.
Altered expression and mutation of beta-catenin gene in gas-
tric carcinomas and cell lines. Int | Cancer 2001; 95: 108-113
[PMID: 11241321]

Ramesh S, Nash J, McCulloch PG. Reduction in membranous
expression of beta-catenin and increased cytoplasmic E-cad-
herin expression predict poor survival in gastric cancer. Br
J Cancer 1999; 81: 1392-1397 [PMID: 10604738 DOI: 10.1038/
5j.bjc.6693437]

Stang A. Critical evaluation of the Newcastle-Ottawa scale
for the assessment of the quality of nonrandomized studies
in meta-analyses. Eur | Epidemiol 2010; 25: 603-605 [PMID:
20652370 DOI: 10.1007/510654-010-9491-z]

Parmar MK, Torri V, Stewart L. Extracting summary sta-
tistics to perform meta-analyses of the published literature
for survival endpoints. Stat Med 1998; 17: 2815-2834 [PMID:
9921604]

Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR.
Practical methods for incorporating summary time-to-event
data into meta-analysis. Trials 2007; 8: 16 [PMID: 17555582

WJG | www.wjgnet.com

19

20

21

22

23

24

25

26

27

28

29

30

31

32

12320

DOI: 10.1186/1745-6215-8-16]

Sereno M, De Castro ], Cejas P, Garcia-Cabezas MA, Belda
C, Casado E, Feliu ], Gémez C, Lopez M, Barén MG. Expres-
sion profile as predictor of relapse after adjuvant treatment
in gastric cancer. | Gastrointest Cancer 2012; 43: 181-189 [PMID:
21360269 DOI: 10.1007/512029-011-9267-z]

Hou F, Yuan W, Huang J, Qian L, Chen Z, Ge ], Wu S, Chen
J, Wang J, Chen Z. Overexpression of EphA2 correlates with
epithelial-mesenchymal transition-related proteins in gastric
cancer and their prognostic importance for postoperative pa-
tients. Med Oncol 2012; 29: 2691-2700 [PMID: 22189617 DOI:
10.1007/s12032-011-0127-2]

Sun GY, Wu JX, Wu JS, Pan YT, Jin R. Caveolin-1, E-cadherin
and P-catenin in Gastric Carcinoma, Precancerous Tissues
and Chronic Non-atrophic Gastritis. Chin ] Cancer Res 2012;
24: 23-28 [PMID: 23359759 DOI: 10.1007/511670-012-0023-0]
Liu WF, Ji SR, Sun J], Zhang Y, Liu ZY, Liang AB, Zeng HZ.
CD146 Expression Correlates with Epithelial-Mesenchymal
Transition Markers and a Poor Prognosis in Gastric Can-
cer. Int ] Mol Sci 2012; 13: 6399-6406 [PMID: 22754372 DOI:
10.3390/ijms13056399]

Ryu HS, Park do ], Kim HH, Kim WH, Lee HS. Combination
of epithelial-mesenchymal transition and cancer stem cell-
like phenotypes has independent prognostic value in gastric
cancer. Hum Pathol 2012; 43: 520-528 [PMID: 22018628 DOI:
10.1016/j.humpath.2011.07.003]

Retterspitz MF, Monig SP, Schreckenberg S, Schneider PM,
Holscher AH, Dienes HP, Baldus SE. Expression of {beta}-
catenin, MUC1 and c-met in diffuse-type gastric carcinomas:
correlations with tumour progression and prognosis. Anti-
cancer Res 2010; 30: 4635-4641 [PMID: 21115917]

Kim B, Byun SJ, Kim YA, Kim JE, Lee BL, Kim WH, Chang
MS. Cell cycle regulators, APC/beta-catenin, NF-kappaB
and Epstein-Barr virus in gastric carcinomas. Pathology 2010;
42: 58-65 [PMID: 20025482 DOI: 10.3109/00313020903356392]
Czyzewska J, Guziniska-Ustymowicz K, Ustymowicz M,
Pryczynicz A, Kemona A. The expression of E-cadherin-
catenin complex in patients with advanced gastric cancer:
role in formation of metastasis. Folia Histochem Cytobiol 2010;
48: 37-45 [PMID: 20529814 DOI: 10.2478 /v10042-010-0017-z]
Kamata I, Ishikawa Y, Akishima-Fukasawa Y, Ito K, Aka-
saka Y, Uzuki M, Fujimoto A, Morita H, Tamai S, Maehara
T, Ogata K, Shimokawa R, Igarashi Y, Miki K, Ishii T. Sig-
nificance of lymphatic invasion and cancer invasion-related
proteins on lymph node metastasis in gastric cancer. | Gas-
troenterol Hepatol 2009; 24: 1527-1533 [PMID: 19383080 DOI:
10.1111/j.1440-1746.2009.05810.x]

Zali MR, Moaven O, Asadzadeh Aghdaee H, Ghafarzade-
gan K, Ahmadi KJ, Farzadnia M, Arabi A, Abbaszadegan
MR. Clinicopathological significance of E-cadherin, B-catenin
and p53 expression in gastric adenocarinoma. | Res Med Sci
2009; 14: 239-247 [PMID: 21772890]

Kim MA, Lee HS, Lee HE, Kim JH, Yang HK, Kim WH.
Prognostic importance of epithelial-mesenchymal transition-
related protein expression in gastric carcinoma. Histopa-
thology 2009; 54: 442-451 [PMID: 19309396 DOI: 10.1111/
j-1365-2559.2009.03247 .x]

Bazas VM, Lukyanova NY, Demash DV, Galakhin KO, Myas-
oedov DV. Relation between cell-to-cell adhesion and angio-
genesis and clinico-morphological prognostic factors in pa-
tients with gastric cancer. Exp Oncol 2008; 30: 235-239 [PMID:
18806748]

Koriyama C, Akiba S, Itoh T, Sueyoshi K, Minakami Y, Cor-
valan A, Yonezawa S, Eizuru Y. E-cadherin and beta-catenin
expression in Epstein-Barr virus-associated gastric carci-
noma and their prognostic significance. World ] Gastroenterol
2007; 13: 3925-3931 [PMID: 17663505]

Jung IM, Chung JK, Kim YA, Kim JE, Heo SC, Ahn Y],
Hwang KT, Kim BG, Lee KL, Kim CW, Kim WH, Chang
MS. Epstein-Barr virus, beta-catenin, and E-cadherin in gas-

September 14, 2014 | Volume 20 | Issue 34 |



33

34

35

36

37

JBaishideng®

tric carcinomas. | Korean Med Sci 2007; 22: 855-861 [PMID:
17982235]

Nabais S, Machado JC, Lopes C, Seruca R, Carneiro F,
Sobrinho-Simdes M. Patterns of beta-catenin expression in
gastric carcinoma: clinicopathological relevance and muta-
tion analysis. Int | Surg Pathol 2003; 11: 1-9 [PMID: 12598910]
Zhou YN, Xu CP, Han B, Li M, Qiao L, Fang DC, Yang JM.
Expression of E-cadherin and beta-catenin in gastric carcino-
ma and its correlation with the clinicopathological features
and patient survival. World | Gastroenterol 2002; 8: 987-993
[PMID: 12439911]

Shun CT, Wu MS, Lin MT, Chang MC, Lin JT, Chuang SM.
Immunohistochemical evaluation of cadherin and catenin
expression in early gastric carcinomas: correlation with clini-
copathologic characteristics and Helicobacter pylori infec-
tion. Oncology 2001; 60: 339-345 [PMID: 11408802]

Grabsch H, Takeno S, Noguchi T, Hommel G, Gabbert HE,
Mueller W. Different patterns of beta-catenin expression in
gastric carcinomas: relationship with clinicopathological
parameters and prognostic outcome. Histopathology 2001; 39:
141-149 [PMID: 11493330]

Joo YE, Park CS, Kim HS, Choi SK, Rew ]S, Kim S]. Prognos-
tic significance of E-cadherin/catenin complex expression
in gastric cancer. | Korean Med Sci 2000; 15: 655-666 [PMID:
11194192]

WJG | www.wjgnet.com

12321

38

39

40

41

42

43

Li LF et a/. B-catenin expression in gastric cancer

Karatzas G, Karayiannakis A]J, Syrigos KN, Chatzigianni E,
Papanikolaou S, Simatos G, Papanikolaou D, Bogris S. Ex-
pression patterns of the E-cadherin-catenin cell-cell adhesion
complex in gastric cancer. Hepatogastroenterology 2000; 47:
1465-1469 [PMID: 11100378]

Ohene-Abuakwa Y, Noda M, Perenyi M, Kobayashi N, Kashi-
ma K, Hattori T, Pignatelli M. Expression of the E-cadherin/
catenin (alpha-, beta-, and gamma-) complex correlates with
the macroscopic appearance of early gastric cancer. | Pathol
2000; 192: 433-439 [PMID: 11113859 DOI: 10.1002/1096-9896(
2000)9999:9999<::aid-path723>3.0.co;2-v]

Jawhari A, Jordan S, Poole S, Browne P, Pignatelli M, Far-
thing MJ. Abnormal immunoreactivity of the E-cadherin-
catenin complex in gastric carcinoma: relationship with
patient survival. Gastroenterology 1997; 112: 46-54 [PMID:
8978342]

Barker N. The canonical Wnt/beta-catenin signalling path-
way. Methods Mol Biol 2008; 468: 5-15 [PMID: 19099242 DOI:
10.1007 /978-1-59745-249-6_1]

Huelsken J, Behrens J. The Wnt signalling pathway. ] Cell
Sci 2002; 115: 3977-3978 [PMID: 12356903]

Xing X, Tang YB, Yuan G, Wang Y, Wang ], Yang Y, Chen M.
The prognostic value of E-cadherin in gastric cancer: a meta-
analysis. Int ] Cancer 2013; 132: 2589-2596 [PMID: 23169395
DOI: 10.1002/ijc.27947]

P- Reviewer: Berretta M, Wang Z S- Editor: Qi Y
L- Editor: Logan S E- Editor: Ma S

September 14, 2014 | Volume 20 | Issue 34 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

ISSN1007-9327

TRACR T
© 2014 Baishideng Publishing Group Inc. All rights reserved.




	12313.pdf
	WJGv20i34-Back Cover.pdf

