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Figure 4. Begg's and Egger’s tests were conducted to seek for publication

bias. A. Egger’s publication bias plot for claudin-1 expression with histologi-
cal grade of GC patients. B. Funnel plot for claudin-1 expression with histo-

logical grade of GC patients. C. Filled funnel plot for claudin-1 expression
with histological grade of GC patients.

533 GC patients. Fallouts fa-
iled to display any correlati-
on of claudin-1 with lymphoid
node metastasis of GC (OR:
1.01, 95% CI: 0.44-2.34, P=
0.979).

There were there studies [12,
14, 16] that mentioned vascu-
lar invasions. There were no
significant differences betw-
een the two cohorts (OR: 0.78,
95% Cl: 0.31-1.96, P=0.598).

Subgroup analysis was per-
formed by variables that po-
tentially contributed to hetero-
geneity. However, results did
not indicate any inconsistent
results (Table 3).

Discussion

Occurrence and development
of GC is a stepwise process
involving numerous gene mu-
tations and subsequent ch-
anges in molecular signalling
networks [18]. It has been rec-
ognized that cell adhesion
plays a key role in occurrence
and progression of GC, since
local invasion is critical for the
stage and prognosis of GC
[19, 20]. Claudin family has
been narrowly correlated to
the regulation of molecular
networks during the formation
of tight junctions, which are
essential parts of cell adhe-
sion [21, 22]. However, tissue-
dependant expression patt-
erns makes the function of
claudin isoforms a mystery
[23], especially the character
of claudin-1 in progression of
GC. Zhang et al. believed that
the appearance of claduin-1
decreased progressively from
intestinal metaplasia to GC
tissue centre, indicating that
expression of claudin-1 was
negatively connected to tumor
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Figure 5. Forest plot of claudin-1 expression with Lauren type of GC patients. A. Claudin-1 expression was signifi-
cantly associated with intestinal type of GC patients. However, there was strong heterogeneity. B. Meta-analysis was
re-conducted after excluding low quality research (Jung 2011). C. Subgroup analysis were consistent in Western

areas and in Asia.
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Figure 6. heterogeneity and sensitivity analysis was conducted to check the
reliability. A. The L'Abbe plot for claudin-1 expression with Lauren type of GC
patients. B. The Galbraith plot for claudin-1 expression with Lauren type of
GC patients. C. The influence of each record for the outcome of the meta-

analysis after excluding low quality research (Jung 2011).
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stage and prognosis of GC
[24]. Although claudin-1 is like-
ly to promote the establish-
ment of the epidermal barrier
[25], it does not mean that its
expression is able to inhi-
bit progression of GC. In Ef-
tang’s paper, complete geno-
mic cDNA microarray analysis
revealed a high expression of
claduin-1 in GC tissues in 20
patients cases, predicting wo-
rse prognosis and survival
[26]. However, the specific re-
gulatory mechanisms have re-
mained principally mysterious
between claudin-1 dysregula-
tion and downstream signal-
ling molecules.

In this meta-analysis, nine
studies with 920 GC patients
were enrolled. It was discov-
ered that claudin-1 expression
was significantly associated
with intestinal type in Lauren
classification and better histo-
logical grades of GC. A rela-
tionship was widely recog-
nized between the biological
and clinical behaviour of La-
uren’s cancer types and better
histological grades. Based on
this theory, it was reasonable
to believe that claudin-1 is a
well predictor or biomarker for
GC patients. Furthermore,
expression of claudin-1 was
involved in the formation of
the epidermal barrier. Predo-
minantly, the absence of clau-
din-1 lead to epithelial-mesen-
chymal transition, the initial
step in GC progression.

However, this study was un-
able to display a significant
relationship between claud-
in-1 and gender, tumor stage,
lymphoid node metastasis, or
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Figure 7. Begg’'s and Egger’s tests were conducted to seek for publication
bias. A. Egger’s publication bias plot for claudin-1 expression with Lauren
type of GC patients. B. Funnel plot for claudin-1 expression with Lauren type
of GC patients. C. Filled funnel plot for claudin-1 expression with Lauren type

of GC patients.
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vascular invasion of GC. First,
there was moderate hetero-
geneity among these studies.
This was a consequence from
variances in staining sites,
diagnostic criteria, cut-off val-
ues, and antibody sources.
This study was unable to elimi-
nate the interference of het
erogeneity, completely. Seco-
nd, this study was unlikely to
draw a perfect comprehensive
conclusion because of limited
records, caused by small sam-
ple sizes or lack of unified IHC
diagnostic criteria. Thus, pub-
lication bias may have inter-
fered with the conclusions.
Third, cell adhesion is not an
exclusive factor determining
prognosis of GC. Lymphoid no-
de metastasis, vascular inva-
sion, and distant metastasis
contribute to GC stage and
lead to poor outcomes. More-
over, there was not enough
data to elucidate whether cl-
audin-1 was associated with
progression free survival or
overall survival of GC. Thus,
further research is necessary
to justify this association.

Conclusion

In summary, the present me-
ta-analysis expatiated that cl-
audin-1 expression is correlat-
ed with intestinal type and
well-to moderately-differenti-
ated GC. In other words, clau-
din-1 is a well predictor or bio-
marker for differentiation of
GC.
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Table 3. Subgroup analysis of gender, TNM staging, lymph node metastasis, and venous invasion

Variable  Subgroup Gender TNM staging Lymph node metastasis Venous invasion
Country Western NA OR: 1.10, 95% Cl: 0.50-2.46, P=0.810, n=1 NA NA

Asia OR: 1.04, 95% CI: 0.64-1.72, P=0.865, n=6  OR: 1.10, 95% CI: 0.33-3.67, P=0.879, n=3  OR: 1.01, 95% ClI: 0.44-2.34, P=0.979,n=5 OR: 0.78, 95% Cl: 0.31-1.96, P=0.598, n=3
Year of <2010 OR: 1.81, 95% Cl: 0.84-3.89, P=0.128, n=2  OR: 1.22, 95% CI: 0.59-2.50, P=0.595, n=2  OR: 1.22, 95% Cl: 0.59-2.50, P=0.595, n=2  OR: 0.60, 95% Cl: 0.17-2.08, P=0.416, n=1
publication

>2010 OR: 0.86, 95% Cl: 0.48-1.51, P=0.589, n=4  OR: 0.90, 95% ClI: 0.17-4.90, P=0.907, n=2  OR: 0.90, 95% Cl: 0.17-4.90, P=0.907, n=2  OR: 0.93, 95% Cl: 0.20-4.27, P=0.928, n=2
Sample <100 OR: 1.15, 95% CI: 0.68-1.97, P=0.597, n=4  OR: 0.72, 95% CI: 0.15-3.45, P=0.678, n=2  OR: 0.50, 95% CI: 0.27-0.93, P=0.029, n=3  OR: 0.78, 95% Cl: 0.31-1.96, P=0.598, n=3

size

>100 OR: 0.95, 95% Cl: 0.25-3.64, P=0.945, n=2  OR: 1.57, 95% CI: 0.87-2.85, P=0.136, n=2  OR: 2.43, 95% CI: 1.45-4.07, P=0.001, n=2 NA

NA not available.

35

Int J Clin Exp Med 2019;12(1):26-37



Clinical significance of claudin-1 in gastric cancer

University School of Medicine, No. 1665 Kongji-

ang

Road, Shanghai 200092, China. E-mail:

Dongping1050@163.com

References

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

(10]

[11]

[12]

36

Wang L, Wang XA, Hao JQ, Zhang LN, Li ML, Wu
XS, Weng H, Lv WJ, Zhang WJ, Chen L, Xiang
HG, Lu JH, Liu YB and Dong P. Long-term out-
comes after radical gastrectomy in gastric can-
cer patients with overt bleeding. World J Gas-
troenterol 2015; 21: 13316-13324.

Singh P, Toom S and Huang Y. Anti-claudin
18.2 antibody as new targeted therapy for ad-
vanced gastric cancer. J Hematol Oncol 2017;
10: 105.

Gyorffy H. Study of claudins and prognostic
factors in some gastrointestinal diseases.
Magy Onkol 2009; 53: 377-383.

Tabariés S and Siegel PM. The role of claudins
in cancer metastasis. Oncogene 2017; 36:
1176-1190.

Kominsky SL. Claudins: emerging targets for
cancer therapy. Expert Rev Mol Med 2006; 8:
1-11.

Zavala-Zendejas VE, Torres-Martinez AC, Sa-
las-Morales B and Rendon-Huerta EP. Effects
of claudin overexpression in carcinoma cell
lines. FASEB Journal 2010; 24.

Chang TL, Ito K, Ko TK, Liu Q, Salto-Tellez M,
Yeoh KG, Fukamachi H and Ito Y. Claudin-1 has
tumor suppressive activity and is a direct tar-
get of RUNX3 in gastric epithelial cells. Gastro-
enterology 2010; 138: 255-265.

Wu YL, Zhang S, Wang GR and Chen YP. Ex-
pression transformation of claudin-1 in the
process of gastric adenocarcinoma invasion.
World J Gastroenterol 2008; 14: 4943-4948.
Wang H and Yang X. The expression patterns of
tight junction protein claudin-1, -3, and -4 in
human gastric neoplasms and adjacent non-
neoplastic tissues. Int J Clin Exp Pathol 2015;
8: 881-887.

Stang A. Critical evaluation of the Newcastle-
Ottawa scale for the assessment of the quality
of nonrandomized studies in meta-analyses.
Eur J Epidemiol 2010; 25: 603-605.

Higgins JPT, Green S (editors). Cochrane Hand-
book for Systematic Reviews of Interventions
Version 5.1.0 [updated March 2011]. The Co-
chrane Collaboration, 2011. Available from
http://handbook.cochrane.org.

Tokuhara Y, Morinishi T, Matsunaga T, Ohsaki
H, Kushida Y, Haba R and Hirakawa E. Clau-
din-1, but not claudin-4, exhibits differential
expression patterns between well- to moder-
ately-differentiated and poorly-differentiated
gastric adenocarcinoma. Oncol Lett 2015; 10:
93-98.

(13]

(14]

[15]

[17]

(18]

(21]

[22]

(23]

[24]

[25]

Soini Y, Tommola S, Helin H and Martikainen P.
Claudins 1, 3, 4 and 5 in gastric carcinoma,
loss of claudin expression associates with the
diffuse subtype. Virchows Arch 2006; 448: 52-
58.

Shinozaki A, Ushiku T, Morikawa T, Hino R,
Sakatani T, Uozaki H and Fukayama M. Ep-
stein-Barr virus-associated gastric carcinoma:
a distinct carcinoma of gastric phenotype by
claudin expression profiling. J Histochem Cyto-
chem 2009; 57: 775-785.

Resnick MB, Gavilanez M, Newton E, Konkin T,
Bhattacharya B, Britt DE, Sabo E and Moss SF.
Claudin expression in gastric adenocarcino-
mas: a tissue microarray study with prognostic
correlation. Hum Pathol 2005; 36: 886-892.
Jung H, Jun KH, Jung JH, Chin HM and Park
WB. The expression of claudin-1, claudin-2,
claudin-3, and claudin-4 in gastric cancer tis-
sue. J Surg Res 2011; 167: €185-191.

Huang J, Li J, Qu Y, Zhang J, Zhang L, Chen X,
Liu B and Zhu Z. The expression of Claudin 1
correlates with B-catenin and is a prognostic
factor of poor outcome in gastric cancer. Int J
Oncol 2014; 44: 1293-1301.

Xu L, Zhu X, Yin JH, Zhang MF, Zhao JF, Cao GW
and Deng SH. Pathway analysis of gene micro-
array selecting gastric cancer metastasis-relat-
ed genes. Chinese Journal of Cancer Preven-
tion and Treatment 2008; 15: 1568-1571.
Kwon MJ. Emerging roles of claudins in human
cancer. International Journal of Molecular Sci-
ences 2013; 14: 18148-18180.

Sathiya Pandi N, Manimuthu M, Asha GV,
Gobic M and Rajendran S. In silico analysis
and validation of the proliferative potential of
CLDN1 expression in gastric cancer. J Environ
Pathol Toxicol Oncol 2013; 32: 343-360.
Torres-Martinez AC, Gallardo-Vera JF, Lara-Hol-
guin AN, Montano LF and Rendén-Huerta EP.
Claudin-6 enhances cell invasiveness through
claudin-1 in AGS human adenocarcinoma gas-
tric cancer cells. Exp Cell Res 2017; 350: 226-
235.

Moskvina LV. Markers of a stomach progres-
sion in comparison to classical criteria of a P.
lauren classification. Histopathology 2010; 57:
82.

Hewitt KJ, Agarwal R and Morin PJ. The claudin
gene family: expression in normal and neo-
plastic tissues. BMC Cancer 2006; 6: 186.
Zhang Z, Zhang S, Chen Y, Chen L, Wang X and
Wang C. Co-expression and significance of
claudin-1, -3, -4, and -7 in gastric adenocarci-
noma. Chinese Journal of Clinical Oncology
2012; 39: 85-88.

Fujita T, Yumoto H, Shiba H, Ouhara K, Miya-
gawa T, Nagahara T, Matsuda S, Kawaguchi H,

Int J Clin Exp Med 2019;12(1):26-37


mailto:Dongping1050@163.com

37

Clinical significance of claudin-1 in gastric cancer

Matsuo T, Murakami S and Kurihara H. Irsogla-
dine maleate regulates epithelial barrier func-
tion in tumor necrosis factor-a-stimulated hu-
man gingival epithelial cells. J Periodontal Res
2012; 47: 55-61.

[26] Eftang LL, Esbensen Y, Tannaes TM, Blom GP,
Bukholm IR, Bukholm G. Up-regulation of
CLDN1 in gastric cancer is correlated with re-
duced survival. BMC Cancer 2013; 13: 586.

Int J Clin Exp Med 2019;12(1):26-37



