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Abstract: Nuclear expression of B-catenin has been suggested as an independent prognostic marker in a variety
of cancers. The objective of this study was to investigate the clinicopathologic significance of nuclear B-catenin
expression in patients with cervical squamous cell carcinoma (CSCC). In this original research article, we detected
nuclear B-catenin expression in 29/171 CSCC tissues (17.0%). Patients without nuclear B-catenin expression had a
significantly better outcome than patients with nuclear -catenin expression (93.7% versus 82.7% P = 0.027). Fur-
thermore, nuclear B-catenin expression was predictive of prognosis in CSCC patients with early stage disease (FIGO
stage | or tumor size < 4 cm), with well/moderately differentiated tumors, or lymph node metastasis. Interestingly,
nuclear B-catenin expression correlated with poor outcome in patients who received postoperative chemotherapy
or radiotherapy. Multivariate analysis suggested that nuclear B-catenin expression is an independent prognostic
indicator in CSCC. Our findings suggest that nuclear B-catenin expression may be used as a prognostic biomarker
in CSCC, especially for patients with early stage disease, well/moderately differentiated tumors, or lymph node
metastasis. Moreover, nuclear B-catenin expression has potential as a predictive marker of chemoresistance and
radioresistance in CSCC.
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Introduction The Wnt signaling pathway is a highly con-
served, intercellular signaling mechanism which
plays an important role in a number of key cel-
lular processes. B-catenin is a key mediator of
Wnt signaling; the levels of 3-catenin are regu-
lated by glycogen synthase kinase 3-B, which
functions by phosphorylating -catenin and tar-

geting it for degradation. Activation of Wnt sig-

Cervical cancer is one of the most common
gynecologic malignancies worldwide, and is
one of the primary causes of cancer-related
death for women in developing countries [1].
One of the most complicated challenges in the
treatment of cervical cancer is tumor recur-

rence [2]. Although the cure rate for early-stage
cervical cancer is more than 80%, 20% of
patients with cervical cancer develop pelvic
recurrence [3]. The reported 5-year survival
rates for recurrent cervical cancer range from
10.1% to 22.3% [4, 5]. Resistance to chemo-
therapy and radiotherapy are the major rea-
sons for cervical cancer recurrence; however,
there is a lack of predictive markers or thera-
peutic targets to overcome chemo-/radioresis-
tance in cervical cancer.

naling inhibits GSK-3[3, and allows unphosphor-
ylated B-catenin to translocate into the nucleus
where it interacts with Tcf/Lef transcription fac-
tors [6]. Continuous activation of Wnt signaling
is highly implicated in the uncontrolled self-
renewal of cancer cells [7], and the Wnt/[3-
catenin signaling pathway contributes signi-
ficantly to the development of many types of
cancer [8]. In addition, activation of Wnt/[3-
catenin signaling promotes tumor metastasis
and invasion properties [9, 10]. Moreover, an



[-catenin expression predicts poor survival in cervical carcinoma

Table 1. Nuclear B-catenin expression in CSCC according to

the patients’ clinicopathologic characteristics

expression of B-catenin correlates
with the clinical outcome or thera-

peutic sensitivity of cervical can-

o ) Nuclear B-catenin
Characteristic No. of Patients — - value cer.
Positive  Negative
Age (v) In this study, we report for the first
<50 132 25 107 time the correlation of nuclear
>50 39 4 35 072 B-catenin expression and poor clin-
FIGO Stage ical outcome in human CSCC. We
I 107 24 83 also found that nuclear B-catenin
I 64 5 59 .019 expression correlated with poor
Differentiation prognosis in patients receiving
Wwell 3 1 2 postoperative chemotherapy or
Moderate 65 11 54 radiotherapy. Our results strongly
Poor 103 17 836 746 suggest. that. nuclear expression of
) [-catenin might be used as a valu-
Tumor Size . ]
<4em 195 o 101 able progno§t|c markgr |.n.CSCC,
and also indicate that inhibitors of
> 4cm 46 5 4 254 Wnt/B-catenin signaling may have
Nodal Metastasis therapeutic potential for control-
+ 27 6 21 ling chemo-/radioresistant CSCC.
- 144 23 121 411
Total No. of Patients 171 29 142 Materials and methods
Patient information and tissue
association between [(-catenin nuclear local- specimens

ization, which is indicative of Wnt signaling acti-
vation, and poor clinical outcome has been
reported in several human cancers, such as
colon cancer [11], gliomas [12], breast cancers
[13], and thyroid cancers [14]. Remarkably,
Wnt/B-catenin signaling has been shown to be
involved in the regulation of cancer stem cells
and chemo-/radioresistance [15-17]. Colle-
ctively, these studies indicate the important
role of Wnt/[B-catenin signaling in oncogenesis
and therapeutic sensitivity of malignancies.

Recently, attention has been drawn to the role
of Wnt signaling in cervical cancer. Uren et al.
hypothesized that cervical carcinogenesis is a
multi-step process, in which the activation of
Wnt/B-catenin signaling was considered as an
initial hit [18]. Ramachandran et al. discovered
that Wnt inhibitory factor 1, a Wnt signaling
antagonist, inhibits cervical cancer cell prolif-
eration in vitro [19]. During the investigation of
B-catenin localization in cervical cancer tis-
sues, it was frequently observed that B-catenin
accumulated in both the cytoplasm and the
nucleus [18, 20], demonstrating the possibility
of using nuclear B-catenin as an indicator of
cancer development or progression. However,
there has been no report of whether nuclear
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This study was conducted on a total of 171 par-
affin-embedded CSCC samples which were his-
topathologically and clinically diagnosed at the
Sun Yat-sen University Cancer Center between
2001-2005. For the use of these clinical mate-
rials for scientific purposes, the patients’
informed consent and approval from the
Institutional Research Ethics Committee were
obtained. None of the patients had received
chemotherapy or radiotherapy before surgery.
Postoperative chemotherapy was administered
to 94 patients. Platinum-based chemotherapy
was initiated within two weeks after surgery
and then repeated for four cycles at four-week
intervals. Postoperative radiotherapy was given
to 59 patients. The whole total pelvic dose was
50.4 Gy, started within four weeks postopera-
tively, and administered five times a week.

Primary cancers of the cervix were classified
according to the FIGO guidelines for clinical
staging ref. In total, 171 patients with CSCC up
to stage IIB, including three patients with well
differentiated tumors, 65 patients with moder-
ately differentiated tumors and 103 patients
with poorly differentiated tumors were investi-
gated (Table 1). The mean follow-up time was
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Figure 1. Representative immunohistochemical analysis of B-catenin expression. (A) Normal cervical epithelial cells
displayed membranous and cytoplasmic expression of B-catenin in the basal and suprabasal layers. (B) Membra-
nous, (C) membranous and cytoplasmic and (D) nuclear patterns of B-catenin expression were observed in cervical

squamous cell cancer (CSCC). Scale bar, 1200 pm.

59.75 months (range, 0.53-131.63 months).
The median age of the patients was 43 years
(range, 25-68 years).

Immunohistochemistry

Immunohistochemical analysis was performed
to study B-catenin expression in the 171 human
CSCC tissues. Formalin-fixed, paraffin-embed-
ded specimens were cut into 4 uym sections
and mounted onto poly-L-lysine-coated slides.
The sections were deparaffinized, rehydrated,
boiled for 10 min in 10 pmol/L citrate buffer
solution at pH 6.0, and then cooled in the same
buffer. Endogenous peroxidase activity was
quenched using 0.3% H,0, for 30 min, and non-
specific staining was blocked by treating the
slides with 1% fish skin gelatin for 30 min at
room temperature. Tissue sections were incu-
bated overnight with monoclonal rabbit anti-
body against B-catenin (Cell Signaling Tech-
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nology, MA, USA; 1:100), and then incubated
with prediluted anti-rabbit secondary antibody
(Dako, Denmark; 1:200). Diaminobenzidine
(DAB) was used as a chromagen, and then the
sections were counterstained with hematoxylin
and mounted. For negative controls, the rabbit
anti-B-catenin antibody was replaced with nor-
mal non-immune serum.

All stained slides were separately evaluated by
two pathologists. B-catenin staining was classi-
fied into three patterns: (1) a membranous pat-
tern, if staining was present only at the cell
membrane; (2) a cytoplasmic pattern, if stain-
ing was mainly present in the cytoplasm but not
in the nucleus; and (3) a nuclear pattern, if
immunoreactivity was present in the nuclei.
The nuclear pattern was regarded as a positive
signal. The cutoff value for positive and nega-
tive nuclear expression was selected on the
basis of a measure of heterogeneity using the
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Figure 2. Kaplan-Meier analysis of overall survival and recurrence free survival in relation to nuclear -catenin ex-
pression. (A, B) Analysis of all 171 cervical squamous cell cancer (CSCC) patients; (C, D) The 107 patients with FIGO
stage | CSCC; (E, F) and the 125 patients with small tumors (< 4 cm).

log-rank test with respect to overall survival
and recurrence-free survival.

Statistical analysis
All statistical analyses were performed using

SPSS statistical software (version 16.0, SPSS
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Inc, Chicago, IL, USA). Overall survival was
defined as the time between the date of prima-
ry surgery to the date of death or the end point.
Recurrence-free survival was defined as the
time between the date of primary surgery to the
date of relapse or end point. Overall and recur-
rence-free survival rates were estimated using

Int J Clin Exp Pathol 2014;7(7):3908-3917
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Figure 3. Kaplan-Meier analysis of overall survival and recurrence free survival in relation to nuclear -catenin ex-
pression. (A, B) Analysis of the 67 cervical squamous cell cancer (CSCC) patients with grade 1/2 tumors; (C, D) and

the 27 CSCC patients with lymph node metastasis.

Kaplan-Meier analysis; differences were com-
pared using the log-rank test. A Cox proportion-
al hazards multivariate regression model was
used to select significant independent prognos-
tic factors. The correlations between nuclear
[B-catenin expression and clinicopathologic
characteristics were analyzed using the x? test.
In all cases, P < 0.05 was considered statisti-
cally significant.

Results

Expression of (3-catenin in CSCC tissues

To verify whether Wnt signaling is activated in
cervical cancer, we determined the expression
and subcellular localization of B-catenin in 171
CSCC tissues. In normal cervical epithelium,
[B-catenin staining was only detected in the
membrane and cytoplasm of the basal and
suprabasal layers (Figure 1A). In most of the
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tumor tissues, the B-catenin expression pat-
tern was membranous (75%; Figure 1B) and/or
cytoplasmic (89%; Figure 1C); however, 17.0%
of the tumor tissues had positive nuclear
B-catenin expression (Figure 1D). Nuclear
[B-catenin expression was observed in a large
number of patients with stage | tumors (63%),
with a tumor size no greater than 4 cm (83%),
or without lymph node metastasis (79%). More
grade 3 tumors (59%) had positive nuclear
[B-catenin expression than grade 1 (3%) and
grade 2 tumors (38%; Table 1).

Nuclear expression of B-catenin is associated
with CSCC clinical features

To investigate the clinical significance of
[B-catenin in cervical cancer, we examined the
correlation between nuclear expression of
B-catenin and the clinical characteristics of
CSCC. There was no significant relationship

Int J Clin Exp Pathol 2014;7(7):3908-3917
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Table 2. Multivariate analyses of different prognostic parameters in cervical squamous cell cancer

using a Cox regression analysis model

Overall Survival

Recurrence-free Survival

Prognostic variables

Risk ratio (95% Cl) P value Risk ratio (95% Cl) P value
Age (> 50 vs. £ 50) 1.063 (1.007-1.122) 0.028 1.028 (0.969-1.090) 0.359
Nuclear B-catenin (+ vs. -) 4.109 (1.342-12.580) 0.013 1.281 (0.358-4.583) 0.703

between nuclear expression of B-catenin and
patient age, tumor differentiation, tumor size or
nodal metastasis. In contrast, there was a sig-
nificant difference in nuclear B-catenin expres-
sion between FIGO stage | and stage Il (P =
0.019, Table 1). These results suggest that
activation of Wnt/B-catenin signaling may be
associated with disease progression in early
stage CSCC.

Relationship between nuclear B-catenin
expression and the prognosis of patients with
CScc

On the basis of the results above, we further
analyzed the correlation between nuclear
B-catenin expression and clinical prognosis in
CSCC patients. Kaplan-Meier survival analysis
revealed an inverse correlation between nucle-
ar B-catenin expression and the overall survival
time of CSCC patients. The log-rank test indi-
cated that patients with positive nuclear
B-catenin expression had a shorter overall sur-
vival time. However, there was no significant
difference between the recurrence-free surviv-
al time of the positive and negative nuclear
B-catenin groups. The cumulative 10-year sur-
vival rates of patients with nuclear B-catenin
positive and negative tumors were 93.7% and
82.7%, respectively (P = 0.027, Figure 2A).

Relationship between nuclear B-catenin ex-
pression and the prognosis in different CSCC
patient subgroups

We further analyzed the prognostic value of
nuclear [-catenin expression in selected
patient subgroups, when stratified according to
FIGO stage, tumor size, tumor differentiation or
lymph node status. Patients with tumors exhib-
iting positive nuclear B-catenin expression had
a significantly shorter overall survival, com-
pared to patients with nuclear B-catenin nega-
tive tumors in the FIGO stage | subgroup (n =
107; P = 0.006; Figure 2C), the small (£ 4 cm)
tumor subgroup (n = 125; P = 0.004; Figure
2E), and the grade 1/2 subgroup (n = 67; P =
0.044; Figure 3A). In contrast, no significant
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differences in overall survival were observed
between patients with tumors exhibiting posi-
tive or negative nuclear 3-catenin expression in
the subgroups of patients with advanced carci-
nomas (FIGO stage Il or tumor > 4 cm) or grade
3 tumors (data not shown). Nuclear B-catenin
expression and recurrence-free survival corre-
lated significantly in the subgroup of patients
with lymph node metastasis (LN+; n = 67; P =
0.022; Figure 3D). There was no significant dif-
ference with respect to recurrence-free survival
in the subgroups of patients with FIGO stage |,
small tumors or grade 1/2 tumors (Figure 2B,
2D, 2F and 3B). Multivariate Cox regression
analysis indicated that nuclear [-catenin
expression was an independent prognostic fac-
tor for overall survival in patients with CSCC
(Table 2).

Relationship between nuclear B-catenin
expression and the prognosis of patients with
postoperative adjuvant treatment

To examine the predictive value of Wnt signal-
ing in chemo-/radioresistance of CSCC, we
evaluated the correlation between nuclear
B-catenin expression and prognosis according
to the patients’ postoperative treatment modal-
ity. Notably, nuclear B-catenin expression cor-
related with poor overall survival (n = 94; P =
0.006; Figure 4A) and recurrence-free survival
(n =94; P = 0.039; Figure 4B) in patients who
received postoperative adjuvant chemothera-
py. Moreover, nuclear B-catenin expression was
associated with unfavorable overall survival (n
= 59; P = 0.005; Figure 4C, but not with recur-
rence-free survival (n = 59; P = 0.198; Figure
4D) in patients who received postoperative
radiotherapy. These results suggest that nucle-
ar B-catenin expression may potentially serve
as a prognostic marker and therapeutic target
for chemo-/radioresistance in CSCC patients.

Discussion

In the current study, we report for the first time
that CSCC patients with nuclear [B-catenin
expression have a shorter survival time than

Int J Clin Exp Pathol 2014;7(7):3908-3917
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Figure 4. Kaplan-Meier analysis of overall survival and recurrence free survival in relation to nuclear B-catenin
expression. (A, B) Analysis of the 94 cervical squamous cell cancer (CSCC) patients who received postoperative
chemotherapy, (C, D) and the 59 CSCC patients who received postoperative radiotherapy.

patients without nuclear B-catenin expression.
In addition, nuclear B-catenin expression was
associated with poor survival in the subgroups
of patients with FIGO stage | tumors, grade 1/2
tumors, or lymph node metastasis. Importantly,
we also demonstrated that nuclear accumula-
tion of B-catenin could be a prognostic factor
for shorter survival in CSCC patients receiving
postoperative therapies. This study suggests
that nuclear B-catenin represents a novel prog-
nostic indicator for CSCC, and that targeting
the Wnt/[-catenin pathway may be a promising
strategy for treating recurrent CSCC.

Numerous studies have documented that the
Wnt/B-catenin signaling pathway regulates a
variety of processes essential for tumor patho-
genesis and progression. Stabilization or abnor-
mal phosphorylation of B-catenin can promote
cancer in numerous tissues [21, 22]. Inacti-
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vation of Wnt signaling inhibits cancer cell pro-
liferation [23], while failure to inhibit Wnt signal-
ing can lead to excessive proliferation of tumor
cells [24]. One may speculate that accumula-
tion of B-catenin in the nucleus, and the subse-
quent binding of B-catenin to Tcf transcription
factors, results in increased cancer cell prolif-
eration and tumor development [25]. Collec-
tively, these studies indicate that Wnt/3-catenin
signaling plays a crucial role during several
steps of carcinogenesis.

Interestingly, the present study shows that
nuclear B-catenin expression is associated
with poor prognosis in CSCC, which strongly
suggests that activation of Wnt/B-catenin sig-
naling may be associated with disease progres-
sion in cervical carcinoma. Varying correlations
between Wnt/B-catenin signaling and clinical
outcomes have been reported in several malig-

Int J Clin Exp Pathol 2014;7(7):3908-3917
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nancies. Norwood et al. reported that nuclear
B-catenin was a positive prognostic factor for
overall survival in gastrointestinal adenocarci-
noma [26]. Chen et al. demonstrated that
nuclear accumulation of B-catenin was a poor
prognostic marker in colon cancer [27]. These
findings imply that the role of 3-catenin may be
tissue specific, and also indicate that B-catenin
has diverse effects in different cancers.
However, in contrast to our study, none of these
studies described the subcellular localization
of B-catenin.

We further analyzed the correlation between
nuclear B-catenin expression and prognosis in
different subgroups of CSCC patients. We
found that nuclear B-catenin expression was
predictive of poor overall survival in patients
with early-stage CSCC, but not in patients with
advanced-stage CSCC, indicating that Wnt sig-
naling may be one potential mechanism which
facilitates the progression of early stage cervi-
cal cancer. This hypothesis is supported by
Fadare and colleagues [28], who proposed that
Wnt/B-catenin signaling, may be associated
with the pathogenesis of very early stage cervi-
cal cancer, based on a tissue microarray study.
We also observed that nuclear [-catenin
expression correlated with a poor prognosis in
patients with grade 1/2 tumors, which concurs
with a previous study which reported that Wnt/
B-catenin signaling plays a pivotal role in the
promotion of cancer cell differentiation [29].
Moreover, -catenin nuclear localization corre-
lated with a poor prognosis in patients with
lymph node metastasis. In accordance with
this observation, a recent analysis of gene
expression patterns in cervical cancer suggest-
ed Wnt/B-catenin pathway is involved in pro-
moting the high proliferative rate of local tumor
cells, which expand rapidly and escape from
the immune system, spreading regionally to
nearby lymph nodes [30].

Most importantly, we found that nuclear
B-catenin expression was associated with
shorter overall and recurrence-free survival in
CSCC patients who received postoperative che-
motherapy. Similarly to our study, Sivula et al.
reported that cyclooxygenase-2, a downstream
target of the Wnt signaling pathway, correlates
with poor overall and recurrence-free survival
in bladder cancer patients receiving chemo-
therapy [31]. Jang et al. also revealed that
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B-catenin and cyclin D1 could be used as prog-
nostic indicators in colorectal carcinoma
patients receiving adjuvant chemotherapy [32].
Thus, we can infer that Wnt/B-catenin signaling
is associated with resistance to chemotherapy
in several malignancies. This assumption is
supported by recent studies which reported
that activation of Wnt/B-catenin signaling by
the Wnt receptor frizzled family receptor 1 can
induce overexpression of multidrug resistance
gene 1, which in turn leads to chemoresistance
[33]. Conversely, inhibition of Wnt signaling can
induce chemosensitivity in cancer cells [34].

It is also particularly noteworthy that nuclear
B-catenin expression was associated with
shorter overall survival in CSCC patients who
received postoperative radiotherapy. However,
nuclear B-catenin expression did not have a
significant effect on recurrence-free survival in
patients who received postoperative therapies,
probably due to the relatively small sample size
in this study. Our results demonstrate that
nuclear B-catenin expression may predict a
poor response to radiotherapy in CSCC patients.
In line with these results, Watson et al. recently
demonstrated that stabilization of [-catenin
results in radioresistance in pancreatic cancer
[35]. Using in vitro radiation resistance assay,
Chen and Woodward [36] found that a subpop-
ulation of Scal positive cells expressed high
levels of B-catenin and were resistant to radia-
tion in breast cancer, suggesting that Wnt sig-
naling mediates the radioresistance of mam-
mary gland progenitors. Taken together, our
results indicate that Wnt signaling may be
involved in the chemoresistance, radioresis-
tance and ultimately the recurrence of cervical
cancer. Further studies on the molecular mech-
anisms by which Wnt/B-catenin signaling pro-
motes chemoresistance and radioresistance
are required to improve the efficacy of postop-
erative treatments in cervical cancer.

In conclusion, we demonstrated that nuclear
[-catenin expression can be regarded as a
potential prognostic marker for CSCC. In addi-
tion, accumulation of nuclear B-catenin may be
a potentially useful marker for chemoresis-
tance and radioresistance in CSCC. Under-
standing the mechanisms by which Wnt/[3-
catenin signaling is involved in the progression
and chemo-/radioresistance of cervical carci-
noma will not only increase our understanding

Int J Clin Exp Pathol 2014;7(7):3908-3917
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of the biology of cervical cancer, but may also
enable the discovery of potential therapeutic
targets for recurrent CSCC.
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