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Abstract. The abnormal expression of cadherin-11 (CDH11)
affects the progression of several types of cancer. However, the
expression pattern and prognostic value of CDH11 in gastric
cancer (GC) have not been reported. In the present study, the
expression of CDH11 in patients with GC and its effect on their
survival were analyzed using public cancer databases. The
expression of CDH11 in GC tissues was significantly higher
compared with that in normal gastric tissues. The expression
of CDHI11 was higher in advanced GC compared with early
GC, and increased CDH11 was associated with tumor progres-
sion and poor prognosis in patients with GC. The high level
of methylation in the promoter of CDH11 in GC tissues was
not sufficient to reverse the upregulation of CDH11 caused by
transcriptional activation. Finally, the expression pattern and
prognostic significance of CDH11 in GC were validated using
data from patients with GC recruited for the present study.
Collectively, the present results demonstrated that CDH11 was
upregulated in GC tissues, and suggested that high CDHI11
expression may be associated with progression and poor prog-
nosis in GC.

Introduction

In the last 30 years, advances in molecular biology have led to
the development of molecular targeted therapy as an important
and feasible approach to treat gastric cancer (GC). For example,
trastuzumab, a monoclonal antibody against human epidermal
growth factor receptor 2, and ramucirumab, a monoclonal
antibody against vascular endothelial growth factor receptor 2
(VEGFR2), are used for the treatment of advanced GC (1,2).
However, despite a comprehensive treatment strategy based on
surgery, chemotherapy, radiotherapy and molecular targeted
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therapy, the 5-year survival rate of patients with GC remains
unsatisfactory. Therefore, it is necessary to continue searching
for effective molecular therapeutic targets.

Cadherin 11 (CDHI11) is a type II cadherin located
on human chromosome 16q22.1 (3); its encoded protein,
CDHI11, contains an extracellular domain of five repeats, a
single membrane-spanning domain and a highly conserved
C-terminal cytoplasmic domain (4). CDH11 mediates cell-cell
and cell-extracellularmatrix adhesion through Ca**-dependent
homophilic interactions. The role of CDH11 in cancer progres-
sion has attracted increased attention (5,6). Chu et al (7) have
reported that CDH11 expression gradually increases from
primary prostate cancer to metastatic lesions, particularly in the
bone. The intracardiac injection of prostate cancer PC3 cells
results in the formation of bone metastasis, which is inhibited
by CDH11 knockout, in mice (7). Further mechanistic studies
have revealed that CDH11 not only facilitates the physical link
between cancer cells and osteoblasts through CDH11 homo-
philic interactions, but also increases the metastatic ability of
cancer cells by promoting the expression of migration- and
invasion-associated genes induced by the juxtamembrane and
[-catenin binding domains of CDHI11 (7,8).

Assefnia et al (9)analyzed human cancer microarray data-
sets from The Cancer Genome Atlas (TCGA) and reported
that CDHI11 was increased in breast cancer and brain malig-
nancy compared with normal tissues. In vitro assays revealed
that CDH11 knockdown significantly inhibited the growth
and metastasis of breast cancer and glioblastoma cells (9).
Nakajima et al (10) demonstrated that patients with osteosar-
coma and high expression of CDHI11 exhibited significantly
longer overall survival (OS) time compared with those with
low CDHI11 expression. Promoter CpG methylation is an
important process of gene inactivation (11). Carmona et al (12)
have demonstrated that the CDH11 gene in the lymphatic
metastases of melanoma and head and neck tumors display
notable methylation compared with primary tumors, resulting
in the epigenetic silencing of CDHI11. Cellular and mouse
models have demonstrated that the restoration of CDHI11
expression decreases the growth, motility and dissemination
of metastatic head and neck cancer cells, whereas the deple-
tion of CDHI11 expression enhances growth and motility.

CDH11 is one of the 13 previously identified genes exhib-
iting significantly increased CpG methylation in GC compared
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with the non-metaplastic gastric mucosa (13). However,
the role of CDH11 in GC progression remains unclear. The
present study aimed to use public cancer databases to explore
the expression pattern of CDH11 and analyze the potential
function and prognostic value of CDH11 in GC.

Materials and methods

Patients and tissues. A total of 30 pairs of frozenGC and
matched paracancerous tissues (=6 cm away from the tumor)
were collected from patients with GC (21 men and 9 women;
mean age, 60.6 years; age range, 51-79 years) who were
admitted to the First Affiliated Hospital of Chongqing Medical
University (Chongqing, China) between June 2016 and October
2016. These samples were used for reverse transcription-quan-
titative (RT-q)PCR. Another 82 paraffin-embeddedpairs of
GC tissues and matched paracancerous tissues were collected
from patients with GC admitted to the First Affiliated Hospital
of Chongqing Medical University between January 2011 and
September 2014, which were used for immunohistochemical
analysis. The patient cohort for immunohistochemistry
comprised 55 men and 27 women with a mean age of 57.7 years
(age range, 46-80 years). Tumor-Node-Metastasis (TNM)
staging (14) was as follows: 14 cases of stage I, 28 cases of
stage II, 35 cases of stage III and 5 cases of stage IV. All
patients underwent total or subtotal gastrectomy for the first
time and did not receive radiotherapy and chemotherapy prior
to surgery. Of the 112 patients with GC, 21 cases were highly
differentiated, 42 were moderately differentiated and 49
were poorly differentiated. The use of human tissue samples
and experimental protocols were approved by the Medical
Ethics Review Committee of the First Affiliated Hospital
of Chongqing Medical University, and written informed
consentwas obtained from all patients.

RT-qPCR. Total RNA was extracted from 30 mg of frozen
tissues using the TRIzol® reagent (Takara Biotechnology
Co., Ltd.) and reverse-transcribed into cDNA according
to the manufacturer's instructions. The reverse transcrip-
tion conditions were as follows: 37°C for 15 min and 85°C
for 5 sec. Two-step PCR was performed using a SYBR®
Green assay (Takara Biotechnology Co., Ltd.) on a CFX96
PCR machine (Bio-Rad Laboratories, Inc.), according to
the manufacturer's kit and PCR machine instructions. The
thermocycling conditions were as follows: Pre-denaturation
at 95°C for 30 sec; followed by 45 cycles of denaturation at
95°C for 5 sec, annealing at 60°C for 30 sec and extension at
65°C for 1 min. GAPDH was used as the endogenous control,
and the mRNA expression of CDHI11 was analyzed using the
2-44¢4 method (15). The primers used were as follows: CDH11
forward, 5'-CCCAGTACACGTTGATGCCT-3' and reverse,
5'-GACGTTCCCACATTGGACCT-3'; GAPDH forward,
5-CTTTGGTATCGTGGAAGGACTC-3' and reverse, 5'-GTA
GAGGCAGGGATGATGTTCT-3' (Sangon Biotech Co., Ltd.).

Immunohistochemical analysis. Tissues fixed with 4% para-
formaldehyde at room temperature for 12 h were embedded
in paraffin, and a series of 4-um sections were prepared.
Sections were incubated at 60°C for 20 min, deparaffinized
in xylene at room temperature for 25 min and rehydrated in
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a descending ethanol series, prior to incubation in 3% H,0,
at room temperature for 10 min to inhibit endogenous peroxi-
dase activity. Nonspecific binding was blocked with 5% goat
serum (BIOSS) at room temperature for 20 min, and the
sections were incubated with a rabbit anti-human CDHI11
antibody (1:50; cat. no 6444R; BIOSS) overnight at 4°C. The
next day, the sections were incubated with a HRP conjugated
goat anti-rabbit IgG (1:1,000; cat. no. 40295G; BIOSS) at 37°C
for 45 min and stained with diaminobenzidine reagent (DAB)
for 4 min at room temperature. Five fields were randomly
selected under a light microscope for scoring (magnification,
x100). Staining intensity scoring criteria were as follows:
0 points, no staining; 1 point, light yellow; 2 points, brownish
yellow; 3 points, brown. Staining range scoring criteria were
as follows: O points, <5%; 1 point, 5-25%; 2 points, 26-50%;
3 points, 51-75%; 4 points, >75%. The total score was the sum
of the staining intensity and range, and a total score =4 points
was considered as high expression.

Gene Expression Profiling Interactive Analysis (GEPIA) and
UALCAN analysis. GEPIA (http://gepia.cancer-pku.cn), an
onlinecancer microarray database, was used to analyze the
differences in CDHI11 expression in 408 GC samples from
TCGA and 211 normal samples from TCGA and GTEx (16).
The cut-off P-value and log,[fold-change (FC)] were defined
as 0.01 and 1, respectively. UALCAN (http://ualcan.path.uab.
edu) is an interactive web resource for analyzing cancer tran-
scriptome data from TCGA (17). The expression of CDHI11
in GC samples was analyzed based on disease state (cancer
or normal), TNM stage, sex, age, tumor grade, histological
subtype and Helicobacter pylori infection status.

Kaplan-Meier plotter and online survival analysis.
Kaplan-Meier Plotter (http:/kmplot.com), an online cancer
microarray database containing gene expression profiles and
survival data from 876 patients with GC, was used to analyze
the effects of CDHI11 on OS and progression-free survival
(PES) (18). Patients at different stages were divided into a high
and a low expression group according to the automatically
selected best cut-off to assess the OS and PFS.

MethHC and cBioPortal. MethHC (http://methhc.mbc.nctu.
edu.tw), a database of DNA methylation and gene expression
in human cancer, was used to compare the average methyla-
tion level of the CDH11 promoter in GC samples and matched
normal samples (19). A total of 478 stomach adenocarcinoma
samples from the cBioPortal database (http://www.cbioportal.
org) were used to analyze the association between CDHI11
mRNA expression and DNA methylation and copy-number
alterations (20).

Search Tool for the Retrieval of Interacting Genes/Proteins
(STRING), Kyoto Encyclopedia of Genes and Genomes
(KEGG) and Gene Ontology (GO) analyses. STRING
(http://string-db.org), a database of known protein-protein
interactions, was used to predict proteins closely associated
with CDH11. The minimum required interaction score and
maximum number of interactors on the 1st shell were defined
as 0.7 and 50, respectively. Subsequently, pathway-enrichment
analysis was performed for these proteins using KEGG
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(http://kobas.cbi.pku.edu.cn), and the maximum false
discovery rate was defined as 0.05 (21). GO analysis was
performed using the Database for Annotation, Visualization
and Integrated Discovery (version 6.8; https:/david.ncifcrf.
gov/home.jsp), and the maximum adjusted P-value was defined
as P<0.05 (22).

Prediction of upstream transcription factors of the
CDHI1 gene. The UCSC Genome Browser (http://genome.
ucsc.edu) was used to localize the CDS region of CDH11, and
its upstream 2,000 bp fragment was considered to be the tran-
scriptional promoter region of the CDHI11 gene (23). JASPAR
(http://jaspardev.genereg.net) was used to predict the tran-
scription factors that may bind to the CDHI11 promoter (24).
Transcription factors that were highly expressed and positively
associated with the expression of CDHI11 in GC were further
screened and considered as the upstream transcription factors
of CDH11.

Statistical analysis. The RT-qPCR experiments were
repeated three times, and the data were analyzed using
SPSS 19.0 software (IBM Corp.). Data are presented as
the mean + standard deviation. The differences in CDHI11
mRNA expression between GC and paracancerous tissues
from 30 patients with GC admitted to the First Affiliated
Hospital of Chongqing Medical University were compared
using the paired Student's t-test. The method for differential
analysis from GEPIA was one-way ANOVA, using disease
state (tumor or normal) as the variable for calculating differ-
ential expression. The method for differential analysis from
UALCAN was independent sample t-test. The association
between CDHI1 protein expression levels and the clinico-
pathological parameters of patients with GC was examined
using the ¥ test. Pearson correlation analysis was used to
determine thecorrelation between mRNACDHI1 expres-
sionand the B-value of CDHI11 methylation and CDHI11
relative linear copy number, within the cBioPortal database.
The effects of CDHI11 on the prognosis of patients with
GC was analyzed using the Kaplan-Meier survival plot
and log-rank test. Multivariate Cox analysis was used to
determine the ability of CDHI1 to predict the prognosis of
patients. P<0.05 was considered to indicate a statistically
significant difference.

Results

CDHI]1 is upregulated in GC and is associated with clinical
parameters. The expression of CDHI11 in GC tissues and
normal gastric tissues was analyzed using the GEPIA and
UALCAN databases. As demonstrated in Fig. 1A, in both the
GEPIA and UALCAN databases, CDH11 was upregulated
in GC tissues compared with normal gastric tissues, and the
fold-changes were 5.7 and 3.2, respectively.

The association between CDHI11 and pathological param-
eters was analyzed using the UALCAN database. CDH11
expression was significantly higher in stage II, III and IV GC
tissues compared with that in stage I GC tissues and normal
gastric tissues, whereas no significant differences in expres-
sion were detected between stage I GC tissues and normal
tissues. CDH11 expression was higher in mucinous intestinal
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adenocarcinoma and diffuse adenocarcinoma compared with
other histological subtypes. Among all tumor grades, grade 3
tumors exhibited the highest expression of CDH11. CDH11
expression was not significantly associated with sex (Fig. 1B),
age or H. pylori infection (data not shown). These results
suggested that CDH11 was significantly increased in GC, and
increased CDH11 was associated with TNM stage, differentia-
tion degree and tumor grade.

High expression of CDHII as a prognosticmarker of GC.
The prognostic significance of CDHI11 was analyzed in 876
patients with GC using the Kaplan-Meier Plotter database.
Patients with high CDH11 expression exhibited shorterOSan-
dPFS times (27.5 and 17.2 months, respectively) compared
with those with low CDH11 expression (99.4 and 80.1 months,
respectively) (Fig. 2A).

The prognostic significance of CDH11 for patients with
GC at different stages was further analyzed. In patients
with stage III-IV GC, high CDHI11 expression was associ-
ated with short OS time. In patients with stage II GC, high
CDHI11 expression exhibited a trend towards a short OStime
(Fig. 2B). Patients with stage III GC with high expression
of CDHI11 exhibited shorter PFS time compared with those
with low expression. In patients with stage II and IV GC,
high CDHI11 expression was mildly associated with shorter
PFStimes compared with low expression (Fig. 2C). However,
high CDHI11 expression was associated with longer OS and
PFS times in patients with stage I GC.

Associations between CDHI1 expression, DNA methylation
and copy number alterations in GC. The MethHC database
was used to analyze the methylation status of CDH11 in GC
tissues and normal gastric tissues. Consistent with findings by
Sepulveda et al (13), the results of the present study demon-
strated that the level of methylation was markedly increased in
GC tissues compared with normal tissues (Fig. 3A). Although
CDH11 expression was significantly negatively associated with
promoter methylation in GC tissues, the correlation coefficient
was only -0.21, indicating a weak correlation (Fig. 3A). This
may explain the increased CDH11 promoter methylation in
GC tissues, which is not associated with lower CDH11 mRNA
expression compared with normal gastric tissues.

The association between increased CDHI11 expression
in GC tissues and DNA copy number alteration was further
analyzed. Data from the cBioPortal database suggested that
DNA copy number alterations were not more prevalent in GC
tissues compared with normal gastric tissues. Only 1 of 478
patients exhibited significant gene amplification. Furthermore,
correlation analysis indicated no correlation between copy
number values and CDH11 mRNA expression (Fig. 3B). These
results suggested that CDH11 was not regulated at the DNA
level to mediate its upregulation in GC tissues.

Identification of putative upstream regulatory molecules
of CDHII. The promoter sequence of CDH11 was acquired
from UCSC, and the transcription factors that could poten-
tially bind to the promoter sequences in vertebrates were
analyzed using the JASPAR database. A total of 342 tran-
scription factors were selected, and their expression patterns
were analyzed. A total of 67 upregulated transcription
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Figure 1. CDHI11 expression in GC and its association with clinical parameters. (A) GEPIA and (B) UALCAN databases were used to analyze the differences
in CDH11 expression between GC and normal gastric tissues. GEPIA included 408 GC samples from TCGA database and 211 normal gastric samples from
TCGA and GTEx databases. UALCAN included 415 GC samples and 34 normal gastric samples from TCGA database. Association between CDH11 expres-
sion and clinical parameters including (C) Tumor-Node-Metastasis stage, (D) histological subtypes, (E) tumor grade and (F) sex. GC, gastric cancer; T, tumor
tissue; N, normal gastric tissue CDH11, cadherin 11; GEPIA, Gene Expression Profiling Interactive Analysis; TCGA, The Cancer Genome Atlas; STAD,
stomach adenocarcinoma. “P<0.05, ““P<0.01 vs. the normal group.

factors in GC (data obtained from the GEPIA database)
were identified. Of these 67 transcription factors, nine were

positively associated with CDH11 mRNA expression, as
follows: Nuclear factor IA (NFIA), runt-related transcription
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Figure 2. Increased CDH11 expression indicates a poor prognosis in advanced GC. (A) Analysis of the OS and PFS of patients with GC at all stages according
to CDH11 mRNA expression levels. (B) Analysis of the OS of patients with GC from stage I to I'V.

factor 2 (RUNX?2), myocyte enhancer factor 2C (MEF2C),
runt-related transcription factor 1 (RUNXI1), lymphoid
enhancer-binding factor 1 (LEF1), nuclear factor IX (NFIX),
transcription factor 4 (TCF4), paired related homeobox 1
(PRRXT1) and ETS proto-oncogene 1 (ETS1) (data obtained
from the GEPIA database; Fig. 4). Thus, it was speculated

that these nine transcription factors may mediate the upregu-
lation of CDH11 in GC.

Potential molecular mechanism by which CDHII promotes
GC. A total of 45 proteins associated with CDH11 were identi-
fied using the STRING database (Fig. 5A) (http://string-db.
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Figure 2. Continued. Increased CDH11 expression indicates a poor prognosis in advanced GC. (C) The PFS of patients with GC stage I to IV according to
CDHI11 mRNA expression levels. All data were derived from the Kaplan-Meier Plotter database. GC, gastric cancer; CDH11, cadherin 11; OS, overall survival;

PFS, progression-free survival.

org) (25). GO analysis revealed that most of these proteins
were involved in cell adhesion, extracellular matrix recom-
bination and cell movement (Fig. 5B). KEGG enrichment
analysis demonstrated that these proteins were enriched in
various cancer signaling pathways such as ‘pathways in cancer’
(10 proteins), ‘PI3K-Akt signaling pathway’ (8 proteins), ‘HIF-1
signaling pathway’ (5 proteins), ‘mTOR signaling pathway’
(5 proteins), ‘Jak-STAT signaling pathway’ (5 proteins) and
‘VEGF signaling pathway’ (4 proteins) (Fig. 5C). These results
suggested that CDH11 promoted GC progression by inter-
acting with cell motility or adhesion proteins and by activating
the downstream cancer-associated signaling pathways.

Validation of CDHI1 expression and prognostic effectin a
local cohort of patients with GC. The mRNA expression
levels of CDHI1 in 30 GC tissues and matchedparacancerous
tissues from the First Affiliated Hospital of Chongqing
Medical University were detected by RT-qPCR. In 23 patients
(76.7%), the mRNA expression of CDH11 was higher in GC
tissues compared with paracancerous tissues. The average

CDHI11 mRNA expression in cancer tissues (mean ACt, 5.56)
was 4.03-fold higher compared with that in paracancerous
tissues (mean ACt, 7.25) (Fig. 6A). These results indicated
that the expression of CDH11 mRNA in GC tissues was
significantly higher compared with adjacent tissues. The
expression of the CDHI11 protein in 82 patients with GC was
further detected by immunohistochemistry. As demonstrated
in Fig. 6B and C, CDHI11 staining was mainly detected in
the cytoplasm, with lower staining in the cell membrane (the
negative control is presented in Fig. S1). Positive staining for
the CDHI1 protein was observed in 61 GC tissues (74.39%)
in 82 patients (staining score =4), and in only 27 (31.7%)
paracancerous tissues. The staining score (mean score,
4.69) in GC tissues was also significantly higher compared
withparacancerous tissues (mean score, 2.44). High CDH11
expression was associated with poor differentiation and a late
stage (Table I). Further analysis revealed that the expression
of the CDHI1 protein in patients with stage III and IV GC
was higher compared with that in patients with stage I and II
GC (5.35 vs. 4.07, respectively; Fig. 6C). These results were
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Figure 4. Putative transcription factors involved in CDH11 upregulation.
The promoter sequence of CDHI11 was obtained from the UCSC database,
and the transcription factors capable of binding to the promoter sequence
were predicted by the JASPAR database. A total of 9 TFs (NFIA, RUNX2,
MEF2C, RUNXI1, LEFI1, NFIX, TCF4, PRRX1 and ETSI1) were upregulated
in gastric cancer tissues and positively associated with CDHI11 expression.
CDHI11, cadherin 11; TFs, transcription factors.

consistent with the RT-qPCR data, suggesting that CDH11
expression was increased in GC tissues and may be involved
in the progression of GC.

High CDH11I protein indicates a poor prognosis for patients
with GC in the local cohort. The prognostic value of CDHI11
was investigated in the 82 patients with GC from the First
Affiliated Hospital of Chongqing Medical University. The
median OS time of patients with GC and high expression
of CDHI11 was 28.6 months (Fig. 7A), and the median PFS
time was 18.4 months, which were significantly shorter
compared with patients with GC and low expression of
CDHI11 (OS time, 68.1 months; PFS time, 34.5 months)
(Fig. 7B). Univariate analysis demonstrated that OS
time was significantlyassociated with histological grade
(P<0.001), nodal invasion (P=0.042), distantmetastasis
(P=0.001), TNM stage (P<0.001) and CDH11 expression
(P=0.017) (Table II). PFS time was significantlyassoci-
ated withhistological grade (P=0.001), distantmetastasis
(P=0.005), TNM stage (P=0.008) and CDHI11 expression
(P=0.038) (Table III). However, the association between
high CDH11 and OS and PFS wasnot significant after
adjusting for otherprognostic markers in the multivariate
analysis. These results indicated that CDH11 was associ-
ated with a shorter OS and PFS times in patients with GC,
although high CDHI1 expression was not an independent
prognostic factor.

Discussion

In the present study, the upregulation of CDH11 in GC was
demonstrated, and high expression of CDHI11 was associated
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Table I. Association between CDH11 and clinicopathological
characteristics of patients with gastric cancer.

CDHI11
Characteristic Number - + ¥ P-value
Sex 0.559 0.341
Female 27 8 19
Male 55 13 42
Age, years 0479 0489
<60 30 9 21
>60 52 12 40
Histological grade 6.488 0.011*
Grade 3 43 6 37
Grade 1 or 2 39 15 24
Tumor size, cm 0.013 0911
<5 36 9 27
=5 46 12 34
TNM stage 7.045 0.008*
1+2 42 16 26
3+4 40 5 35
Vascular invasion 2.545 0.111
Absent 64 19 45
Present 18 2 16
Distant metastasis 0.088 0.767
No 77 20 57
Yes 5 1 4

“P<0.05. CDH11, cadherin 11; TNM, tumor-node-metastasis.

with the progression of GC. Using bioinformatics methods,
the overexpression of CDHI11 was demonstrated to be mainly
attributed to transcriptional activation. Furthermore, it was
revealed that CDHI11 may exert its cancer-promoting effects by
increasing cell movement and activating multiple downstream
signaling pathways.

Abnormal expression of cadherins is associated with GC
cancer progression. The loss or downregulation of E-cadherin
leads to the translocation of B-catenin into the nucleus, which
in turn promotes GC cell proliferation, drug resistance and
metastasis through the WNT/p-catenin signaling pathway (26).
By contrast, N-cadherin acts as an oncogene; high expression
of N-cadherin contributes to the loss of cell basal polarity
and the disruption of cell adherens junctions, which promotes
the movement of tumor cells from the primary lesion to the
basement membrane, followed by the degradation of the extra-
cellular matrix, breaking through the tissue barrier structure
and eventually distant metastasis (27). However, the role of
CDHI1 in GC remains unclear.

Shibata et al (28) have demonstrated that CDH11 is highly
expressed in gastric signet-ring cell carcinoma and surrounding
fibroblasts, suggesting that CDH11 serves a key role in the
formation of diffuse-type GC through cancer-stromal inter-
actions. In addition, Sandoval-Bérquez et al (29) analyzed
19 pairs of GC and paracancerous samples and reported that
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Table II. Univariateanalysis and multivariateanalysis of prognostic factors for overall survival in gastric cancer.

Univariate analysis Multivariate analysis
Variable HR 95% CI P-value HR 95% CI P-value
Sex 0.982 0.552-1.745 0.950
Age 1.09 0.627-1.895 0.759
Histological grade 3.325 1.825-5.695 <0.001* 3.122 1.752-5.564 <0.001*
Tumor size 1.229 0.716-2.108 0.455
Nodal invasion 1.924 1.023-3.616 0.042*
Vascular invasion 1.564 0.833-2.935 0.164
Distantmetastasis a/Local/Youdao/Dict/ 7.082 2.348-21.363 0.001* 5.591 1.739-17.975 0.004*
Application/7.5.0.0/resultui/dict/?
keyword=metastasis
TNM stage 2.499 1.143-1.329 0.001* 2.124 1.195-3.788 0.010
CDHI11 expression 2.236 1.157-2.425 0.017¢ 0.354

aP<0.05. HR, hazard ratio; CI, confidence interval; CDH11, cadherin 11; TNM, tumor-node-metastasis.
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CDHI11 mRNA was highly expressed in 17 of the samples.  of large sample analysis, and thus the role of CDH11 in GC
However, the aforementioned studies were limited by the lack  needed further exploration. The present study used the GEPIA
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Table III. Univariateand multivariateanalyses of prognostic factors for progression-free survival in gastric cancer.
Univariate analysis Multivariate analysis
Variable HR 95% CI P-value HR 95% CI P-value
Sex 0.989 0.58-1.686 0.966
Age 1.125 0.638-1.985 0.685
Histological grade 2.565 1.486-4.425 0.001* 2518 1.447-4.383 0.010*
Tumor size 1.136 0.673-1.918 0.634
Nodal invasion 1.429 0.799-2.555 0.228
Vascular invasion 1.508 0.823-2.764 0.184
Distantmetastasis 4.509 1.569-12.9583 0.005* 3.805 1.261-11.484 0.018*
TNM stage 2.058 1.212-3.496 0.008* 1.754 1.007-3.054 0.047*
CDHI11 expression 1.978 1.039-3.767 0.0382 0.379
“P<0.05. HR, hazard ratio; CI, confidence interval; TNM, tumor-node-metastasis; CDH11, cadherin 11.
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Figure 7. High expression of the CDH11 protein indicates a poor prognosis in patients with GC. (A and B) A total of 82 patients with GC admitted to the First
Affiliated Hospital of Chongqing Medical University were divided into CDHI11 high and low expression groups according to CDH11 immunohistochemistry
scores, and the Kaplan-Meier survival curve was used to compare the differences in (A) OS and (B) PFS between the two groups. GC, gastric cancer; CDH11,

cadherin 11; OS, overall survival; PFS, progression-free survival.

and UALCAN databases to analyze the data obtained from
408 and 415 patients with GC, respectively, and revealed
that the expression of CDH11 was significantly higher in GC
tissues compared with normal gastric tissues. No differences
in CDHI11 expression were observed between patients with
stage I and normal tissues, which exhibited significantly lower
CDH11 expression compared with patients with advanced GC.
Follow-up survival analysis using the Kaplan-Meier Plotter
database demonstrated that although high expression of CDH11
was associated with a shorter survival time in patients with
advanced GC, it was also associated with a better prognosis
in patients with stage I GC. A reasonable explanation for this
finding may be that CDH11-mediated homologous adhesion
promoted the formation of tight junction between cancer cells
and cancer nests in early GC (7,30). In advanced GC, cancer
cells infiltrated into the submucosa, where stromal cells also
expressed CDHI11. Therefore, CDH11 mediated heterologous

adhesion between cancer cells and the stroma, thus promoting
invasion and migration of GC cells.

To verify the CDHI11 expression pattern in GC and
its association with prognosis, specimens from the First
Affiliated Hospital of Chongqing Medical University were
used in the present study. The results demonstrated that the
expression level of CDHI11 was not only higher in GC tissues
compared with paracancerous tissues, but also higher in
advanced GC tissues compared with early GC. The survival
analysis revealed that patients with high expression of CDH11
exhibited significantly shorter OS and PFS times compared
with those with low CDH11 expression. Thus, the results of
the present study suggested that CDHI11 protein upregulation
may be an indicator of poor prognosis in GC and indicated an
oncogenic role of CDH11 in GC.

The mechanism underlying the upregulation of CDHI11
in GC remains unclear. Previous studies have demonstrated
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that the CDH11 promoter is hypermethylated in bladder
cancer, melanoma and head and necktumors (31). The
present study analyzed the methylation status of CDHI11
in GC and normal gastric tissues. Consistent with the find-
ings by Sepulveda et al (13), the results of the present study
demonstrated higher promoter methylation of the CDHI11
gene in GC tissues compared with normal tissues, which
contradicted the high mRNA expression of CDHI11 in GC
tissues. However, despite the high level of CDH11 promoter
methylation in GC tissues, the correlation coefficient between
the CDH11 methylation level and CDH11 mRNA expression
level was only -0.21, which was a weak correlation, suggesting
that promoter methylation was not sufficient to reverse the
upregulation of CDHI11 expression caused by other reasons.
The mechanism underlying the upregulation of CDHI11 in
GC is not clear. DNA copy number variation is a mechanism
of gene upregulation; however, the copy number variation of
CDHI11 in GC tissues was only 0.8%, and was not associated
with the mRNA expression level of CDHI11. These findings
indicated that abnormal CDHI11 expression in GC tissues was
not attributed to a regulatory mechanism at the DNA level.
Transcriptional activation is another mechanism by which
genes are upregulated; a total of 342 transcription factors were
predicted to be able to bind to the CDH11 promoter, of which
nine (NFIA, RUNX?2, MEF2C, RUNX1, LEF1, NFIX, TCF4,
PRRX1, and ETS1) were upregulated and positively associated
with the expression of CDH11 in GC. These nine transcription
factors may be the putative regulatory molecules of CDH11,
although this requires further functional validation.

CDH11 is a typical cell adhesion protein. One of its basic
functions is to mediate cell-cell and cell-matrix junctions, thus
regulating cell movement and the epithelial-mesenchymal
transition (32,33). In addition to its involvement in cell move-
ment, CDHI1 is a positive regulator of NF-«kB signaling (34).
Upregulated CDHI11 in GC increases NF-«kB activity and
promotes the nuclear localization of NF-xB p65, leading
to cell invasion and metastasis. In the present study, to
further determine how CDHI11 promoted GC progression,
45 molecules associated with CDH11 were analyzed using
the STRING database, and the results demonstrated that these
molecules were primarily involved in cell adhesion (35,36)
and migration (37,38). KEGG analysis revealed that the
identified molecules were enriched in multiple cancer-asso-
ciated signaling pathways such as the PI3K-Akt (39),
Wnt/B-catenin (40) and HIF-1 signaling pathway (41). This
suggested that CDH11 promoted the invasion and migration of
GC cells by affecting the mechanical connections with other
adhesion molecules and cytoskeletal proteins. However, the
results of the present study indicated that CDHI11 may also
promote cell proliferation, drug resistance and metastasis by
activating multiple downstream signaling pathways.

In conclusion, the present study demonstrated that CDH11
was upregulated in GC, and its upregulation may be used as
a direct prognostic indicator of a negative outcome. Although
the mechanism by which CDH11 promotes the progression of
GC remains to be determined, the present study demonstrated
that CDH11 upregulation may serve an oncogenic role in GC.
Considering the anticancer effect of celecoxib in breast cancer
cells (42), further studies on the function of CDHI1 may
provide a promising approach for the treatment of GC.
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