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Expression and the clinical significance of Wnt10a and Wnt10b in
endometrial cancer are associated with the Wnt/f-catenin pathway
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Abstract. To determine the role played by the Wnt/f-catenin
signaling pathway in the development of endometrial cancer
(EC), we examined the expression of Wntl0a and Wnt10b
in EC tissues and the correlation between their expression.
Furthermore, the associations between these two proteins and
the clinicopathological characteristics and prognosis of EC
were also evaluated. In our search of alternative mechanisms,
we investigated the impact of Wntl0b on proliferation and
apoptosis of EC cells. Western blotting, 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay and flow
cytometry were used to evaluate the expression of Wnt10b and
some key proteins of the Wnt/fB-catenin pathway, proliferation
and apoptosis in EC. Our results showed that Wnt10b expres-
sion in EC tissues was significantly higher compared to that in
hyperplastic and normal samples. The expression of Wntl0a
in endometrioid cancer tissues was higher compared to that in
other types of cancerous samples. The difference in Wnt10b
levels was significant among subgroups for histological type,
grade of differentiation, FIGO phase and lymphovascular
metastasis. Furthermore, no correlation was observed between
the expression of Wntl0a and Wntl0b. In the follow-up,
Wntl0b gene expression was frequently upregulated in EC
and associated with better prognostic clinicopathological
markers in EC patients. Collectively, the in vitro data showed
that the upregulated expression of Wntl0b in Ishikawa cells
promoted proliferation and inhibited apoptosis through
[-catenin and c-myc activation and adenomatous polyposis
coli (APC) inhibition, which suggests that Wnt10b activates
EC via the Wnt/B-catenin pathway. These results suggest that
Wntl0b likely plays an important role in the development of
EC. Furthermore, these results identify a role for Wnt10b in
EC cells through promoting proliferation and inhibiting apop-
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tosis, primarily through the activation of the Wnt/f3-catenin
pathway. The role played by Wntl0a in EC, however, still
requires further investigation.

Introduction

Endometrial cancer (EC) is one of the most common gyneco-
logic malignancies in developed countries. In the US alone,
46,470 new cases and 8,120 deaths from EC were estimated in
2011 (1). In China, the incidence of this malignancy has also
been observed to increase rapidly, threatening women's health
(2). However, the etiology of this malignancy is not clearly
understood. To date, the prevailing hypothesis is ‘unopposed
estrogen’. EC is commonly classified into two major types:
type I estrogen-dependent and type II non-estrogen-dependent.
The majority of EC cases are type I (approximately 80-90%),
which generally includes low-grade endometrioid histologies,
often arising from a background of endometrial hyperplasia
and may have more favorable prognoses (3). Althrough early-
stage EC is often curable with surgery alone, with a 5-year
survival rate of 75-93%, the prognosis for late-stage disease
is poor and the median survival for women with advanced or
recurrent disease is approximately 1 year (4). Little is known
concerning the molecular characteristics of EC that predict
who will have recurrence and who should receive a particular
type of treatment. Therefore, early diagnosis is vital, and
identification of novel molecular biomarkers and therapeutic
targets is imperative.

Wnt genes were first discovered by Nusse in 1982 (5).
The Wnt family consists of at least 19 secreted-type glyco-
proteins with conserved 22-24 cysteine residues that play
key roles in carcinogenesis and embryogenesis. Among these
glycoproteins is the Wntl0a gene, which is located at human
chromosome 2q35. The Wntl0b gene is located at human
chromosome 12q13 (6). The Wntl0a protein binds to seven
transmembrane-type Wnt receptors (FZD1-FZD10), while
the Wntl0Ob protein has been shown to functionally interact
with FZD5. Wntl0a has been shown to be most homologous
to Wntl0b (59.2% amino acid identity) (7); the two proteins
are nearly identical, suggesting that duplication might have
occurred during evolution, thus conserving these primordial
clusters of genes during evolution. The Wnt signaling pathway
regulates diverse developmental processes, such as cell migra-
tion, adhesion, proliferation and apoptosis. Previous studies
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have demonstrated that numerous malignant carcinomas,
including osteosarcoma (8), gastrointestinal (9), prostate (10),
breast (11) and ovarian cancer (12), are associated with an
abnormal Wnt signaling pathway. The pathway is best known,
however, for its role in colorectal cancer (CRC), in which
greater than 90% of CRC cases carry an activated mutation
in the Wnt signaling pathway, most frequently in the form
of a mutational inactivation of adenomatous polyposis coli
(APC) (13). Studies have reported that Wntl0a expression is
upregulated in CRC cell lines (14) and Wntl0b expression is
upregulated via the Wnt/f-catenin pathway in breast cancer
cell lines (15). Although previous reports have shown that
10-45% of all EC cases carry (-catenin mutations, with a
slightly higher propensity in endometrioid EC (16), the role of
Wht signaling in EC has not been fully elucidated. The func-
tional relationship and associated prognostic values between
the Wnts and EC have not been determined. There is little
information currently available concerning the relationship
between clinicopathological characteristics and Wnts. Wang
et al (17) reported the characterization of genomic altera-
tions in five commonly used EC cell lines (HEC1A, HECIB,
AN3CA,ECC-1 and Ishikawa) and provided valuable genomic
information for research focused on Wnt pathways in EC. The
authors found that the Wnt10a gene was deleted in the HEC1B
and AN3CA cell lines and was normal in the other three EC
cell lines; the Wntl0b gene was amplified in the ECC-1 and
Ishikawa cell lines and was normal in the other three EC cell
lines.

In the present study, we investigated the expression of
Wntl0a and Wntl0Ob in EC samples, and the relationship
between expression levels and the clinicopathologic features of
EC was also evaluated. Furthermore, the effect of the Wnt/p-
catenin pathway on the development of EC was investigated to
further understand the underlying mechanism.

Materials and methods

Reagents and antibodies. Anti-Wnt10a rabbit anti-human and
anti-Wnt10b mouse anti-human monoclonal antibodies were
purchased from Abcam (St. Louis, MO, USA) (ab62051 and
ab91201). Anti-f3-catenin antibody was also purchased from
Abcam. Anti-APC and anti-c-myc antibodies were purchased
from Fisher Sigma. We used DMEM supplemented with 10%
(vol/vol) fetal bovine serum (FBS) for the cell cultures. The
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) was obtained from Sigma (St. Louis, MO, USA). An
Annexin V-fluorescein isothiocyanate (FITC) apoptosis detec-
tion kit was obtained from BD Biosciences (San Diego, CA,
USA). Unless stated otherwise, all chemical reagents were
purchased from Sigma.

Tissue specimens. All endometrium tissue specimens were
obtained from patients who had undergone curettage or
hysterectomy at the Tianjin Medical University, General
Hospital between January 2001 and December 2010. None
of the patients had accepted any radiation, chemotherapy or
hormonal therapy prior to surgery. These specimens included
84 normal endometrium (48 in the proliferative phase and 36 in
the secretory phase), 54 endometrial hyperplasias (18 simple,
6 complex and 30 atypical hyperplasias) and 102 endometrial
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carcinomas (83 endometrioid, 12 adenosquamous, 4 uterine
mucus, 2 uterine papillary serous and 1 clear cell carcinoma).
The median age of the patients with normal endometrium,
endometrial hyperplasia and carcinoma were 51, 49 and
52 years, respectively. Of the 102 EC patients, 75 were diag-
nosed as stage I, 5 as stage II and 22 as stage III, according
to FIGO 2009 staging. Our study was approved by the local
ethics committees of Tianjin Medical University, General
Hospital. All subjects provided written consent to participate
in our investigation. Two gynecological pathologists reviewed
the tumor slides to confirm the original diagnoses. These
tissue specimens were constructed into tissue chips.

Immunohistochemistry staining and scoring. The specimens
were fixed in a 10% formalin solution and embedded by
routine methods in paraffin for sectioning at a thickness of
3 ym. Immunohistochemical analysis was performed using the
streptavidin-biotin amplification method with a Histofine kit.
Sections were deparaffinized and incubated for 30 min with
3% H,0, in methanol to block endogenous peroxidase activity.
After being rinsed in Tris-buffered saline, the sections were
incubated for 6 h at room temperature with a monoclonal anti-
body directed against anti-Wntl0a rabbit anti-human (1:100
dilution) and anti-Wnt10b mouse anti-human monoclonal anti-
body (1:200 dilution). The antibody complex was visualized
with 3,3'-diaminobenzidine tetrahydrochloride (DAB) solu-
tions. Pancreatic cancer and breast cancer tissues were used as
positive controls. For the negative control, phosphate-buffered
saline was substituted for the primary antibody.

Two observers blindly and independently assessed the
immunohistochemical expression of Wntl0a and Wnt10b.
Positive immunostaining for Wnt10a and Wnt10b was detected
both on the membrane of the cells and in the cytoplasm. To
evaluate Wntl0a and Wnt10b, we defined a score that corre-
sponded with the sum of the percentage of positive cells
(0, 0-24% immunopositive cells; 1, 25-50% positive cells;
2, 51-74% positive cells; 3, =75% positive cells) and staining
intensity (0, negative; 1, weak; 2, moderate; 3, strong). We
classified tumors with scores of 0 as having negative expres-
sion, 1-2 as having weak positive expression, 3-4 as having
moderate expression and 5-6 as having high-level expression.

Cell lines and cell cultures. The EC cell lines Ishikawa3-H-12
(well-differentiated adenocarcinoma) and AN3CA (metastatic
undifferentiated EC) were used in this study. The cell lines
were kindly provided by Tianjin Medical University, General
Hospital. The two cell lines were cultured in DMEM/F12
with 2 mM glutamine and supplemented with 10% FBS and
1% penicillin-streptomycin. Cells were incubated at 37°C in a
humidified atmosphere of 5% CO,.

Plasmid transfection and cell transfection. The pcDNA3.1-
Wntl0b expression vector was purchased from Invitrogen Life
Technologies. Full-length WNT10B cDNA was amplified from
human placenta RNA by using a primer set (TGGAAGAAT
GCGGCTCTGAC and AGAGTGACCTTGGAAGGAAATC).
Cell transfections were performed using Lipofectamine 2000
(Invitrogen Life Technologies) according to the manufacturer's
instructions. Cells (20x10* in 60-mm dish) were transfected
with either the Wnt10b expression plasmid (pcWntl10b) or the
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Figure 1. Expression of Wntl0a in normal endometrium and endometrial
cancer tissues using immunohistochemistry. (A) Representative results
of the negative expression in the proliferative phase endometrium (x400).
(B) Representative results of the positive expression in endometrial carci-
noma (x400).

empty control vector (p)cDNA3.1). The cells were harvested for
analysis after 48 h. Western blotting was used to examine the
transfection results.

siRNA interference. The target sequence used for WNT10B
silencing was AAGGGUGGGAAGGGAUAAU (small
interfering siRNA). Cell transfections were performed using
Lipofectamine 2000 according to the manufacturer's instruc-
tions. Cells (20x10* in 60-mm dish) were transfected with
100 nM Wntl0b-specific siRNA or scrambled siRNA and
cells were harvested 48 h after the transfection. Western blot-
ting was used to examine the transfection results.

Protein extraction and western blot analysis. Whole cell
extracts were prepared from cultured cells by homogenizing
cells in a lysis buffer (10 mM Tris-HCI (pH 7.5), 150 mM
NaCl, 1% NP-40) containing a cocktail of protease inhibitors.
After centrifugation at 15,000 rcf for 30 min at 4°C, the super-
natants were recovered and used for immunoblot analysis. The
proteins were separated by SDS-PAGE and then transferred
to polyvinylidene difluoride (PVDF) membranes (Millipore).
Blots were blocked and then probed with antibodies against
Wntl0b (1:500 dilution), B-catenin (1:500 dilution), APC
(1:500 dilution) and c-myc (1:500 dilution). After washing, the
blots were incubated with horseradish peroxidase-conjugated
secondary antibodies (1:1,000 dilution) and visualized using
Super ECL detection reagent.

MTT cell proliferation assay. A total of 200 ul of cells was
seeded into a 6-well microtiter plate at 5x10° cells/ml. We
added 10 ul of MTT reagent to each well 4 h before the end
of the incubation. After the incubation, the supernatant was
removed and 200 1 DMSO was added to dissolve the formazan
crystals. The optical density value (OD) of each sample was
measured at a wavelength of 570 nm (630 nm as a reference) on
a microplate reader (Multiskan MK3; Thermo Lab Systems).
The results of the cell viability measurement were expressed
as OD4;-ODg;,. All experiments were performed in triplicate
and the average results were calculated.

Detection of cell apoptosis. Cells were harvested 48 h post-
transfection for apoptosis detection using the Annexin V-FITC
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Figure 2. Expression of WntlOb in normal endometrium and endome-
trial cancer tissues using immunohistochemistry. (A) Representative
results of the negative expression in the proliferative endometrium (x400).
(B) Representative results of the positive expression in endometrial carci-
noma (x400).

apoptosis detection kit and subsequently analyzed by flow
cytometry.

Statistical analysis. Experimental data were analyzed
using the SPSS software package (version 17.0) (SPSS, Inc.,
Chicago, IL, USA). Chi-square and Fisher's exact tests were
used to evaluate the significance of differences in categorical
variables. Spearman's correlation coefficients were calculated
to evaluate the correlation between Wntl0a and Wntl10b
expression. Survival rate analyses were compared using
Kaplan-Meier survival curves. All P-values were two-sided
and a value <0.05 was considered to indicate a statistically
significant result.

Results

Expression of Wntl0a and Wntl0b proteins in various endo-
metrial tissues. We used ITHC to assess Wntl0a and Wnt10b
protein levels in human endometrial tissues. We tested the
expression of Wntl0a and Wntl0b in EC, simple hyperplasia,
complex hyperplasia, atypical hyperplasia endometrium
and control normal endometrium groups. The distribution
of positive expression of Wntl0Oa in the proliferative phase,
secretory phase, simple hyperplasia, complex hyperplasia,
atypical hyperplasia endometrium and endometrial carcinoma
cases was 39.58% (19/48), 44.44% (16/36), 38.89% (7/18),
33.33% (2/6), 30.00% (9/30) and 53.92% (55/102), respectively
(x*=2.81, P=0.25). There were no significant differences
between the positive expression of Wntl0Oa (Fig. 1). The distri-
bution of positive expression of Wntl0b in the proliferative
phase, secretory phase, simple hyperplasia, complex hyper-
plasia, atypical hyperplasia and endometrial carcinoma cases
was 54.17% (26/48), 27.78% (10/36), 55.56% (10/18), 33.33%
(2/6), 60.00% (18/30) and 63.73% (65/102), respectively, and
the difference between these groups was significant (Fig. 2)
(x*=8.12, P=0.02). The positive expression of Wnt10b in EC
tissues was significantly higher than that in other tissues
(Table I and Figs. 1 and 2).

Relationship between WntlOa and Wntl0b expression and
various EC clinicopathological variables. To gain further
insight into the clinical significance of Wntl0a and Wnt10b


https://www.spandidos-publications.com/10.3892/or.2012.2126

510

CHEN et al: WNT10a, WNT10b, WNT/3-CATENIN PATHWAY AND ENDOMETRIAL CANCER

Table I. Expression of Wnt10a and Wnt10b in various endometrial tissues.

Wntl0a Wnt10b
Variables N ) +) (++) (+++) ©) +) (++) (+++)
Normal
Proliferative 48 29 10 6 3 22 11 13 2
Secretory 36 20 10 6 0 26 4 0
Hyperplasia
Simple 18 11 2 4 1 8 6 2 2
Complex 6 4 2 0 0 4 2 0 0
Atypical 30 21 4 1 4 12 10 5 3
Endometrial cancer 102 47 32 17 6 37 42 14 9
Table II. Correlation between the expression of Wnt10a and Wnt10b and clinicopathological characteristics in EC cases.
Wnt10a Wnt10b
Negative Positive Negative Positive
Variables N n (%) n (%) v*  P-value n (%) n (%) x2 P-value
Histological type 4.75 0.03 4.02 0.04
Endometrioid 95 41 (43.2) 54 (56.8) 32 (33.7) 63 (66.3)
Nonendometrioid 7 6 (87.5) 1(12.5) 5(71.4) 2 (28.6)
Grade 2.06 0.36 6.87 0.03
Gl 42 17 (40.5) 25 (59.5) 11 (26.2) 31(73.8)
G2 38 17 (44.7) 21 (55.3) 13 (34.2) 25 (65.8)
G3 22 13 (59.1) 9(40.9) 13 (59.1) 9 (40.9)
Myometrial invasion 0.10 0.75 227 0.13
None or <1/2 70 33 (47.1) 37 (52.9) 22 (28.6) 48 (68.5)
=1/2 32 14 (43.7) 18 (56.3) 15 (51.6) 17 (53.1)
FIGO stage - 0.54 - 0.04
I 75 37 (49.3) 38 (50.7) 32 (42.7) 43 (57.3)
I 5 2 (2/5% 3(3/5Y 2 (2/5 3 (3/5%
11 22 8 (36.4) 14 (63.6) 3(13.6) 19 (86.4)
Lymph-node metastasis - 0.37 - 0.02
No 90 40 (65.6) 50 (55.6) 29 (32.2) 61 (67.8)
Yes 12 7 (58.3) 541.7) 8 (66.7) 4(33.3)

<10 samples; no percentage was calculated.

Table III. Correlation between Wnt10a and Wntl0b expres-
sion in endometrial cancer tissues.

Wnt10b
Wntl0a N - + T, P-value
+ 55 18 37 0.08 043
- 47 19 28

expression in EC, we performed a detailed clinical correla-
tion study. The distribution of Wnt10a and Wnt10b expression
among the clinicopathological variables was investigated.

The difference in positive WntlOa expression in the different
histological types was significant. The positive expression of
Wntl0a was significantly higher in patients with endometrioid
carcinoma (P<0.05); however, the differences in positive
expression between the subgroups for clinicopathological
stage, histologic grade, lymph node metastasis and myometrial
invasion were not significant (P>0.05). Positive expression of
Wntl0b was evaluated among the histological type, grade and
FIGO stage subgroups. The distribution of positive expression
of Wntl10b was significantly higher in patients with endome-
trioid type, high grade, no lymph node metastasis, or advanced
stage disease (P<0.05). There were no significant differences,
however, between the myometrial invasion subgroups (P>0.05)
(Table II).
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Figure 3. Kaplan-Meier survival curve of EC with or without Wnt10a expression.
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Figure 4. Kaplan-Meier survival curve of EC patients with or without Wnt10b
expression.

Correlation of WntlOa and Wntl10b expression in EC tissues.
There was no obvious correlation between Wnt10a and Wnt10b
expression in EC (P>0.05) (Table III).

Analysis of the prognosis for EC and the expression of
Wntl0a and Wnt10b. Twelve of the 102 endometrial carci-
noma patients were lost to follow-up. Of the 17 (18.9%)
patients who died, 12 (70.6%) died of cancer and 5 (29.4%)
died of other causes, including heart failure, renal failure and
cerebral hemorrhage. There was no significant difference
between the prognosis for patients with and without positive
Wntl10a expression (x*=0.027, P=0.868) (Fig. 3). However, the
prognosis for patients with positive expression of Wnt10b was
more favorable than that of the negative carriers (x*=3.952,
P=0.047) (Fig. 4).

Impact of Wntl0b expression on EC cell proliferation. To
examine the functional role of Wnt10b upregulation in EC,
we used the EC Ishikawa3-H-12 and AN3CA cell lines as
the in vitro model. The impact of Wntl0Ob overexpression on
cell proliferation was examined via MTT cell proliferation
assay. AN3CA cells, in which Wntl0b expression is low, were
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Figure 5. Wntl0b promotes cell proliferation in EC cells, as determined
by MTT assay. (A) The proliferation of AN3CA cells with forced Wnt10b
expression was higher than that of control groups. (B) The proliferation of
Ishikawa3-H-12 cells in the Wnt10b-knockdown group was lower than in the
control groups.

transfected with the Wnt10b expression vector (pcWntl10b) or
empty control vector (pcDNA3.1). The proliferation of cells
with forced Wntl10b expression was higher than that of the
control groups (Fig. 5A).

To further confirm this result, Ishikawa3-H-12 cells,
in which Wntl0b expression is high, were transfected with
Wntl0b-specific siRNA to knockdown WntlOb expression.
The results showed that the proliferation of cells in the
Wnt10b-knockdown group was lower than that in the control
groups (Fig. 5B), showing that Wnt10b expression promotes
cell proliferation.

Impact of Wntl0b expression on EC cell apoptosis. The
impact of Wntl0b overexpression on AN3CA cell apoptosis
was examined via flow cytometry. The percentage of apoptotic
cells with forced Wntl0b expression was significantly lower
than that of the control groups (P<0.05) (Fig. 6A and B).
Accordingly, the percentage of apoptotic cells in the Wnt10b-
knockdown group was significantly higher than that in the
control group (P<0.01) (Fig. 7A and B).

Effects of Wntl0b expression on 3-catenin, APC and c-myc.
To determine whether and how the Wntl10b gene plays a role
in human EC, we performed a comprehensive analysis of
major components of the Wnt signaling pathways in the EC
cell lines. We then explored the effects of Wntl0b expression
on B-catenin, APC and c-myc, which are important down-
stream molecules in the Wnt signal pathway. Both (3-catenin
and c-myc expression decreased after Wntl0b knockdown
in Ishikawa3-H-12 cells, while APC expression increased
(Fig. 8A). Conversely, both -catenin and c-myc expression


https://www.spandidos-publications.com/10.3892/or.2012.2126

512

A Parental

3.8%

3.0%

10°

10

CHEN et al: WNT10a, WNT10b, WNT/3-CATENIN PATHWAY AND ENDOMETRIAL CANCER

10

Annexin V-FIHTC%

B

bt
T

Percentage of apoptotic cells

Parental

Vector Vector+Wnt-10b
A% 3% 0.6%]
12.2%
KT i
P<0.05
L L J
Vector Vector+Wni-10b

Figure 6. Flow cytometric assay showed that Wnt10b reduces cell apoptosis in AN3CA cells. (A) The percentage of apoptotic cells with forced Wnt10b
expression was significantly lower than that of the control groups. (B) The bar chart shows the percentage of apoptotic cells in the three cell groups (P<0.05).

Parental

Scrambled RNAi g

Wnt-

10b RNAi

2.8%

RO%, 7-._1“...

24.4%

13.9%

Annexin V-FICT ——

B

2 & & 2 2 2

Percentage of apoptotic cells

1B

Andgyn V

P<0.01

Parental

Scrambled RNAG

Wat-10b RNAJ

Figure 7. Representative results of the apoptosis assays in Wntl0b-knockdown and control cells at 48 h using flow cytometry. (A) The percentage of apoptotic
cells in Wnt10b-knockdown group was significantly higher than that in the control group. (B) The bar chart shows the percentage of apoptotic cells in the three

cell groups (P<0.01).

increased after WntlOb-forced expression in the AN3CA
cells, while APC expression decreased (Fig. 8B). These results
showed that Wnt10b expression had effects on its downstream
molecules B-catenin, APC and c-myc. In our present study,
Wntl0b played a critical role in EC; we expected that Wnt10b
would activate the Wnt/B-catenin pathway in Ishikawa cells.
We also observed a correlation between the upregulation of
Wnt10b and major components of the Wnt/B-catenin pathway.
Thus, the role of Wntl0b in the development of EC may occur
through the activation of the Wnt/p-catenin pathway.

Discussion

Alarge number of reports have implicated f-catenin mutations
in 10-45% of ECs, however, the precise role of Wnt signaling
in this disease has not been established (18). Wnt ligands play
an important role in regulating the Wnt/f-catenin pathway
and have therefore been at the forefront of research efforts to
investigate the mechanism of Wnt signaling in various solid
tumors. Several studies have demonstrated that Wnt protein
overexpression is associated with a number of malignant



Bzl SPANDIDOS
7] .§, PUBLICATIONS

» .
\ eb\fe ?F\‘?}
S & W
A Q“n‘-‘ %& Q;Q\

- - Wnt-10b

S s === (.catenin

~ C-myc
*— B-actin

Qo
a\qv"\

S
v 0\0‘
¢

\
B ® == N o

M— w— - W/nt-10b
— — wm—  [-catenin
T A pC

N C-mYC
S e _actin

Figure 8. Analysis of the effect of Wnt10b expression on the downstream
molecules, f-catenin, APC and c-myc, of the Wnt/p-catenin pathway using
western blotting. (A) Wnt10b knockdown in Ishikawa3-H-12 cells decreased
both p-catenin and c-myc expression, but increased APC expression.
(B) Conversely, both f-catenin and c-myc expression increased after forced
expression of WNT10b in AN3CA cells, while APC expression decreased.

diseases. The upregulation of Wntl0a may play key roles in
certain cases of esophageal, gastric and colorectal cancer
(CRC) (19), while the overexpression of Wntl0b is associated
with breast cancer (20). Recent interest in the interactions
between EC and Wnt signaling has focused on mouse studies
involving Wntl10b, a canonical Wnt signaling molecule (21).
WntlOa overexpression has been reported in esophageal,
gastric and CRCs (19,22). Similarly, our present results showed
that the positive expression of Wntl0a was higher in EC than
hyperplasia or normal endometrium, but the difference was not
significant. The positive expression of WntlOb in cancerous
endometrial tissues, however, was significantly higher than
hyperplastic or normal endometrium. We also found that the
positive expression of Wntl0a in type I endometrial carcinoma
was slightly higher than that in type II, which suggests that
WntlOa is likely involved in the estrogen-related carcino-
genesis of EC. However, the exact mechanism promoting the
development of EC has not yet been elucidated. Our study find-
ings of the upregulation of Wnt10b in both human primary EC
tissues and EC cell lines confirm similar reports in breast (23)
and prostate carcinomas (24). Wnt10b overexpression has been
reported in cancers of the breast and prostate. Importantly, our
investigation found that the Wnt10b overexpression was signif-
icantly higher in EC than hyperplastic or normal endometria.
A number of clinical pathologies predict the clinical
outcome in EC, including stage, grade and histology.
Additionally, the depth of myometrial invasion, lymphovas-
cular space invasion (LVSI) and pelvic lymph node status
predict the clinical behavior and direct adjuvant treatment
options. In our study, we demonstrated that Wnt10b expression
is stage-dependent, as Wnt10b expression in advanced stage
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EC tissues was reduced. Unfortunately, information about the
relationship between the clinicopathological characteristics of
EC, Wntl0a and Wnt10b is still not available. Our present find-
ings showed that Wnt10b expression is significantly related to
histological type, FIGO stage and lymph node metastasis. The
results suggest that higher levels of Wntl0b may contribute to
endometrioid, high-grade, advanced-stage and no lymph node
metastasis, which suggest favorable prognosis. Regarding the
survival curve for Wnt10b, there was a tendency in the current
Chinese study towards a better prognosis for EC patients with
positive Wntl0b expression than patients who were negative
carriers.

We hypothesized that the mechanism of tumor promotion
by Wntl0b in the Ishikawa cell line is regulated through the
Wntl0b-induced upregulation of the Wnt/p-catenin pathway.
We are the first to show that the EC Ishikawa cell line is
responsive to extracellular Wnt signaling. Previous study by
our group demonstrated that Wnt10b DNA was amplified in
Ishikawa cell lines and not amplified in AN3CA cells (17). In
the present study, we showed that the effects of Wnt10b on
EC cell proliferation and apoptosis were dependent on the
Wnt/p-catenin pathway. This result established the Ishikawa
cell line as a useful model for the study of Wnt signaling in EC
(25). The Ishikawa cell line is a well-differentiated, steroid-
responsive EC cell line, with both estrogen and progesterone
receptors. The AN3CA cell line is a metastatic, undifferen-
tiated EC line. Benhaj et al (26) found that overexpression
of Wntl0b in most breast cancer cell lines determined the
molecular mechanisms of Wntl0b-driven mammary tumors
via the Wnt/p-catenin signaling pathway. Fernandez-Cobo
et al (27) also reported that Wntl10b was strongly upregulated
in all breast cancer cell lines tested. Their results suggest that
tumors express high levels of nuclear [3-catenin. In addition,
the expression of typical Wnt target genes, such as c-myc, was
strongly activated.

The Wnt/B-catenin pathway plays an important role in
EC tumorigenesis and development; it activates target genes
through the stabilization of -catenin in the nucleus. The
Wnt genes activate Dishevelled, which recruits f-catenin
and APC to the B-catenin-TCF (T cell factor) pathway, and
TCF stimulates target genes, such as c-myc and cyclin D1,
that influence cell proliferation and apoptosis (28). Aberrant
activation of Wnt signaling in tumorigenesis has frequently
been reported. The prime example is CRC, in which approxi-
mately 85% of cases display a loss-of-function mutation in the
tumor-suppressor APC gene (29). In our study, we found that
Wntl10b overexpression enhanced the expression of [3-catenin
and c-myc and decreased the expression of APC. Wang et al
(30) demonstrated that estrogen promotes the proliferation of
the endometrium by activating the Wnt/f3-catenin signaling
pathway, which is also a target for progesterone which inhibits
the proliferation-promoting effects of estrogen. A number of
researchers have suggested that estrogen increases the prolifer-
ation of MCF-7 cells by elevating Wnt10b mRNA levels (31). It
has been demonstrated that the Wnt family is located upstream
of the mammalian target of rapamycin (mTOR) signaling
pathway and that increased levels of Wntl0b may promote
the activation of the mTOR signaling pathway, resulting in the
proliferation of cells. Furthermore, overactivation of mTOR is
common in EC tissues and EC cell lines (AN3CA, HECI1A,
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HECIB, Ishikawa and PL95-2) (32). The development of
type I EC has been attributed to the stimulation of unopposed
estrogen and this relationship between estrogen and the Wnt
signal pathway is likely involved in the carcinogenesis of
type I EC. Estrogen enhances the activation of Wnt signaling
by promoting the expression of the Wnt protein, resulting in
increased levels of c-myc that promote the development of
EC. The expression of the Wnt protein promotes endometrial
carcinoma by increasing the activation of the mTOR signaling
pathway. Moreover, the Wnt/B-catenin pathway may also
be activated through other mechanisms. The Wnt signaling
pathway is a complex signaling network, which is character-
ized by crosstalk with other altered signaling pathways, such
as the Hedgehog and mTOR pathways.

Although our current study provided significant results,
there are still some limitations. First, the number of our samples
was limited. In the future, large scale research may provide
more reliable information. Second, the Wnt/B-catenin signaling
pathway was involved in the proliferation of EC cells, however,
this may not be the only way Wnt is involved in the development
of EC. Further research may show us more constructive results.

In summary, the expression level of Wntl0Oa is higher in
endometrioid carcinoma than in non-endometrioid subtypes;
however, the underlying mechanism remains unclear.
Wntl0b plays an important role in the carcinogenesis of EC,
particularly in endometrioid carcinomas. We propose that
the expression of Wntl0b is involved in the activation of the
Wnt/B-catenin pathway, nuclear accumulation of -catenin
and induction of c-myc overexpression in human EC cells. It
has been suggested that Wnt10b is involved in the estrogen-
promoting development of EC. As the development of EC is
complicated, Wntl0a, Wntl0Ob and their signaling pathways
alone ‘cannot tell the entire story’. However, preventive and
therapeutic strategies targeting Wntl0a and Wntl0b are likely
to be of benefit for EC patients, and further study focused on
the relationship among Wnt10a, Wnt10b and EC is warranted.
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