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Original Article
Activation of the Wnt pathway through Wnt2
promotes metastasis in pancreatic cancer
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Abstract: Wnt signaling pathway plays an important role in physiological and pathological process, including in the
occurrence and development of tumor. The purpose of this study is to determine whether Wnt2 and sFRP4, key mol-
ecules of signaling pathway, are of prognostic value for survival in patients with pancreatic cancer. We performed
immunohistochemistry on tissue microarrays containing 90 pancreatic cancer specimens to evaluate the protein
expression of Wnt2 and sFRP4. Our results showed that the cytoplasmic expression level of Wnt2 in pancreatic can-
cer tissues was significantly associated with LNM (P=0.029) and AJCC stage (P=0.008). Additionally, Kaplan-Meier
analysis indicated that high Wnt2 expression was significantly correlated with poor clinical outcomes of patients
with pancreatic cancer. In conclusion, Wnt2 may play an important role in the development of pancreatic cancer
through activation of the Wnt pathways and serve as a potential candidate for treatment target of pancreatic cancer.
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Introduction

Recently, we used human whole genomic oligo-
nucleotide microarrays to analyze gene expres-
sion differences between patients with lymph
node metastasis and patients without lymph
node metastasis, to screen the differentially
expressed genes related to metastasis of pan-
creatic cancer, which would offer experimental
data for illuminating molecular mechanisms of
pancreatic tumorigenesis, tumor development,
invasion and metastasis, and identification of
candidate molecular markers for early diagno-
sis, prognostic prediction and potential targets
of gene therapy. Pathway analysis results sug-
gests that some signaling pathways, such as
Wnt pathway, TGF-B pathway, the Hedgehog
signaling pathway, toll-like receptor pathway
and so on, played important roles in the inva-
sion and metastasis of pancreatic cancer. In
our study, eleven genes (SFRP1, SFRP2, SFRP4,
PSEN1, DVL3, AXIN2, WNT2, PRICKLEZ, FZD1,
PPP2R1A, FZD2, FZD7) involved in Wnt signal-

ing pathway were differentially expressed from
this analysis.

Recent evidence demonstrates that the Wnt
signaling pathway is involved in the regulation
of the cell proliferation, differentiation, apopto-
sis, migration and stem cell self-renewal [1-4].
Aberrant expression and activation of compo-
nents of Wnt signaling pathway can lead to ill-
ness, most importantly cancer [5, 6]. Although
a growing body of evidence suggests that Wnt
signaling pathway plays a pivotal role in cancer
development and tumorigenesis [7], the precise
role of this pathway in development and me-
tastasis of pancreatic cancer remains unclear
[6]. Wnt proteins are a family of secreted-type
glycoproteins that mediate signal transduction
pathway to regulate a diverse set of biological
processes. Increasing studies reported that
Wnt2 was frequently up-regulated in digestive
cancer, such as oesophageal cancer [8], gastric
cancer, colorectal cancer [9]. The secreted friz-
zled-related protein 4 (sFRP4) belongs to a fam-
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Table 1. clinicopathological features of the 90
patients with pancreatic cancer

Clinicopathologic features Number Percentage (%)

Age (years)

<60 40 44.4

>60 49 54.5

missing 1 1.1
Gender

female 33 36.7

male 56 62.2

missing 1 1.1
Size (cm)

<4 51 56.7

>4 38 42.2

missing 1 1.1
Location

head 53 58.9

body and rear 29 32.2

missing 8 8.9
Differentiation

well/moderate 57 63.3

poor 23 25.6

missing 10 11.1
Nodal status

Negative 51 56.7

Positive 33 36.7

missing 6 6.6
Perineural Invasion status

Negative 53 58.9

Positive 37 411
Stage

stage | 40 44.5

stage Il 47 52.2

stage lll 0 0

stage IV 2 2.2

missing 1 1.1

ily of secreted frizzled-related proteins that
have a ability to bind both Wnt ligands and
Frizzled (Fz) receptors by virtue of their cyste-
ine-rich domain (CRD), and thus antagonizing
Wnt signaling pathway. Wnt2 and sFRP4 have
been shown to play an important role in tumori-
genesis and development in human gastroen-
teric tumor but not in pancreatic cancer as yet.

Therefore, to further investigate the potential
mechanisms underlying the role of Wnt path-
way in the development of pancreatic cancer,
we designed a tissue microarray covering 90
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patients with pancreatic cancer. We then per-
formed IHC analysis to determine if there is any
association between the Wnt2 and sFRP4 pro-
tein expression and the clinical pathology and if
the Wnt2 and sFRP4 proteins can be used as
prognostic markers.

Materials and methods
Samples and tissue microarray construction

90 cases of patients with pancreatic cancer
after surgical resection were randomly select-
ed from the archive stored in biobank of
National Engineering research Center for
Biochip at Shanghai. The pancreatic cancer tis-
sues and tissues adjacent to carcinoma were
conventionally fixed in 4% formaldehyde and
embedded in paraffin. Complete histological
data of patients with pancreatic cancer was
available. This study has been approved by hos-
pital ethics committee, and written informed
consent was received from patients.

Tissue microarrays (TMA) were constructed
using diameter of 1.5-mm cores. The represen-
tative of tumor tissues and the corresponding
tissues adjacent to carcinoma were marked
with a marker on the HE-stained slides by a
pathologist. The tumor samples and the corre-
sponding benign pancreatic tissue were
punched out and squeezed into the paraffin
array blocks. Six-micron sections were cut from
the tissue blocks using an automated tissue
arrayer (Beecher Instruments, Sun Prarie, WI)
as previously described [10], and one slide
were stained with hematoxylin-eosin to validat-
ed by a skillful pathologist.

Immunohistochemical and scoring

Immunohistochemical method (Envision diplo-
footwork) was used to detect the protein
expressions of Wnt2 and sFRP4 in pancreatic
cancer tissues microarray. The experimental
procedures were carried out in accordance with
the kit instructions. tissue sections were depa-
raffinized with xylene, rehydrated with graded
Alcohol. Antigen retrieval was performed at
high temperature under high pressure. After
quenching of endogenous peroxidase activity,
Wnt2 and sFRP4 polyclone antibodies (Novus
Biologicals, Inc.) were used at 1:50 and 1:100
dilution respectively. Thereafter, the specimens
were incubated overnight in refrigerator at 4°C,
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Figure 1. Immunohistochemical staining of Wnt2 in pancreatic cancer tissues and paracancerous tissues. A. Show-
ing the positive cytoplasmic expression of Wnt2 in cancer tissues; B. Showing the negative cytoplasmic expression

of Wnt2 in paracancerous tissues.

and then slides were washed 3 times for 5 min-
utes each with PBS. After washing, the tissue
slides were incubated in EnVision™+/HRP
(1:2000, Dako) at room temperature for 30
minutes. Finally, slides were counterstained
with hematoxylin for 5 minutes before dehydra-
tion and mounting.

The staining was semi-quantitatively scored
according to the staining intensity and positive
rate for both proteins by two pathologists in a
double-blind manner respectively. The percent-
ages of stained cells were scored as following
[11]: O points for < 5%; 1 point for 5%~20%; 2
points for 20~75%; 3 points for > 75% of cells
stained. The intensity of staining was graded on
the following scale: O, negative; 1, low; 2, mod-
erate; and 3, strong intensity. The total score
was the product of the scores for the intensity
and positive rate of staining. In this study, a
final total score of < 3 and > 3 in Wnt2 expres-
sion was divided into low or high expression,
while a total score > 2 in Sfrp4 expression was
considered as high-expression.

Statistical analysis

The chi square test and Fisher’s exact probabil-
ity method were adopted in the comparison
between the Wnt2 and Sfrp4 expression levels
and clinicopathological parameters of 90
patients with pancreatic cancer. Kaplan Meier
survival curve method and the Log-rank test
were applied in the comparison of the survival
rate between groups, COX proportional hazards
model was performed in the multi-factor sur-
vival analysis for independent prognostic value.
All analyses were performed using the SPSS
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software package (SPSS Inc, Chicago, IL, USA,
version 17.0). All tests were two-sided and P
values < 0.05 were considered statistically
significant.

Results
The clinical pathological characteristics

A detailed summary of clinical pathological
characteristics of these 90 patients is provided
in Table 1, including 33 females (36.6%) and
57 males (63.3%), the average age was 61
(rang 36-85 year-old). 23 (25.6%) cases of pan-
creatic cancer were poorly differentiated, 56
(62.2%) cases were moderately differentiated,
1 (1%) case was highly differentiated, unfortu-
nately 10 cases (11.1%) were unknown. The
scope of tumor size is 0.5-14 cm, a median size
was 4 cm. Lymph node metastasis (LNM) was
present in 33 (36.7%) cases, 51 (56.7%) cases
had no LNM, and 6 (6.6%) cases was unknown
in LNM. 37 (41.1%) cases had perineural inva-
sion (PNI), 53 (58.9%) cases had no PNI.
According to the seventh edition of the American
Joint Committee on Cancer (AJCC) staging sys-
tem, 40 (44.4%) cases were in phase |, 47
(52.2%) cases were in phase I, 2 cases (2.2%)
were in phase IV.

Proteins expressed in tissues of pancreatic
cancers and tissues adjacent to carcinoma

Positive position of Wnt2 protein expression
mainly located in cytoplasm and small amounts
in nucleus (Figure 1), Positive position of sSFRP4
protein expression mainly located in cytoplasm,
the overall expression of sFRP4 was weak. The
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Table 2. Relationship between clinicopathological

features and the expression of Wnt2 and sFRP4

Wnt2 expression

sFRP4 expression

Variables

low high P-value low high P-value

Age (years)

<60 15 25 0.042* 22 18 0.855
>60 29 20 26 23
Gender

female 14 19 0351 14 19 0.081
male 30 27 35 22
Location

head 29 24 04146 34 19 0.091
body/rear 11 18 13 16

Size

<4 26 25 0736 31 20 0.208
>4 18 20 18 20
Differentiation

well 0 1 0.573 0 1 0.215
moderate 29 27 30 26

poor 11 12 16 7

AJCC stage

stage | 27 13 0.008* 23 17 0.280
stage Il 16 31 26 21

stage IV 1 1 0 2

PNI

positive 16 21 0371 21 16 0.713
negative 28 25 28 25

LNM

positive 31 20 0.029* 29 22 0452

negative 12 21 16 17

Note: LNM: lymph node metastasis; PNI: perineural invasion; *P

< 0.05, statistically significant.

results showed that expressions of Wnt2,
sFRP4 in the cancer tissues were significantly
higher than those in tissue adjacent to carci-
noma (P < 0.01), suggesting that expressions
of Wnt2 and sFRP4 in pancreatic cancer may
play important roles in the process of the dis-
ease process in pancreatic cancer.

Association between the protein expression
of Wnt2 and sFRP4 and clinical pathological
features of pancreatic cancer

We investigated the relationship between the
expression levels of Wnt2 and sFRP4 and the
clinical pathological characteristics of pancre-
atic cancer (Table 2), finding that the expres-
sion level of Wnt2 in the cytoplasm of pancre-
atic cancer was significantly correlated with the
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age, LNMand AJCC staging (P=0.042, P=0.042,
P=0.008). However, no significant correlation
was found between expression of Wnt2 and
sex, tumor size and location, pathological grad-
ing and PNI (all P > 0.05). And there was no sig-
nificant difference between the sFRP4 expres-
sion level and clinical pathologic features of
patients with pancreatic cancer, including age,
sex, tumor size and location, pathological clas-
sification, PNI, LNM and AJCC staging. Univa-
riate logistic regression analysis suggested
that the probability of lymph node metastasis
in patients with high expression level of Wnt2
protein of was 2.712 times higher than that in
the patients with lower expression level (Cl:
1.097, 6.705; P=1.097).

Association between the protein expression of
Wnt2 and sFRP4

Spearman correlation analysis was performed
to analyze the correlation between the expres-
sion of Wnt2 and that of sFRP4 (Table 3). The
results show that the protein expression levels
of Wnt2 and sFRP4 were significant positive
correlation (r=0.314, P=0.314), indicating that
there was an important link between the
expressions of Wnt2 and sFRP4.

Survival analysis

Survival analysis showed that the median sur-
vival time of the 90 patients with pancreatic
cancer was 13 months. Kaplan-Meier survival
analysis demonstrated that the survival time in
patients with higher expression level of Wnt2
was significantly shorter than in those with
lower expression (10 months/30 months,
P=0.033; Figure 2). However, sFRP4 expres-
sion level was not significantly correlated with
the prognosis of patients with pancreatic can-
cer in our study (P > 0.05). Moreover, we also
found that some clinical pathological parame-
ters (AJCC staging and pathologic stage, LNM
(P=0.038, P=0.038, P=0.015)) were signifi-
cantly related with the survival prognosis, while
gender, age, tumor size, tumor location and PNI
was not correlated with the prognosis of
patients with pancreatic cancer (all P > 0.05)
(data not shown).

Univariate analysis of COX model showed that
pathological grading, LNM, AJCC staging and
high expression of Wnt2 protein were impor-
tant factors for the predication of prognosis in
patients of pancreatic cancer. Furthermore, all
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Table 3. Relationship between Wnt2 and sFRP4 protein expression

cer, indicating that the pro-

sFRP4 cytoplasmic Correlation
Coefficient PV@U€  one of the late events in pro-

tein expression of Wnt2 is

gression of pancreatic can-

expression
low high
Wnt2 cytoplasmic expression low 31 13
high 18 28

0.314* 0003 cer. In addition, Wnt2 protein

acts as an upstream key fac-

Note: *: Correlation is significant at the 0.01 level (2-tailed).

107 Wnt2
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Figure 2. Kaplan-Meier curves show that high cyto-
plasmic expression level of Wnt2 was significantly
correlated with worse survival of patients with pan-
creatic cancer.

the variables that were statistically correlated
with overall survival in univariate analysis were
included in multivariate regression analysis.
The result showed that only pathological grad-
ing (HR: 2.434, Cl, 1.297, 4.567; P=0.006) was
independent prognostic factors influencing sur-
vival outcomes for patients with pancreatic
cancer (Table 4).

Discussion

Wnt signaling pathway is a kind of highly con-
servative signal transduction pathway in the
process of biological evolution, it plays an
important role in physiological and pathological
process, including in the embryonic develop-
ment and the occurrence and development of
tumor, and it has been identified as one of the
key signaling pathways in the process of tumor-
igenesis [12, 13]. In this study, our results
showed that the cytoplasmic expression level
of Wnt2 in pancreatic cancer tissues was sig-
nificantly associated with LNM (P=0.029) and
AJCC stage (P=0.008). Additionally, Kaplan-
Meier analysis indicated that high Wnt2 expres-
sion was significantly correlated with poor clini-
cal outcomes of patients with pancreatic can-

541

tor of Wnt pathways, sug-
gesting that up-regulation of
Wnt2 might play an impor-
tant role in the development of pancreatic can-
cer through activation of the Wnt pathways.

The Wnt proteins are a large family of secreted
signaling glycoproteins that regulate a variety
of biological and developmental processes [14,
15]. Some Wnt proteins have distinct binding
specificity for certain cells and tissues, and
have been proposed to gain better insight into
the pathogenesis of digestive tumors. Wnt2 is
an important member of the Wnt family that
has over-expressed in a variety of gastrointesti-
nal tumors and lung cancer [8, 16, 17]. Fu et al.
[8] designed a study to explore the role of wnt2
in the development of esophageal squamous
cell carcinomas (OSCC), the results showed
that positive expression rate of Wnt2 in OSCC
was 41%, and found that the expression level of
Wnt2 was significantly correlated with lymph
node metastasis (P=0.001), TNM stage (P=
0.001) and survival prognosis (P < 0.001), whi-
ch was completely consistent with our results.
In addition, they also reported that the over-
expression of Wnt2 might lead to the growth of
tumor cells via the abnormal activation of Wnt/
B-catenin signaling pathways, which could
induced the up-regulation of cyclin D1 and
c-Myc. The conclusion of their study suggested
that Wnt2 was a predictor for progression and
metastasis in patients with esophageal squa-
mous carcinoma. The finding of our study was
also consistent with that of Cheng [18], the
author found that higher Wnt2 expression in
gastric cancer tissue was positively correlated
with lymph nodes distant metastasis and tumor
stage. Additionally, there were also lots of evi-
dence demonstrated that up-regulated of Wnt2
can lead to several types of tumors in animal
models and cancer cell lines. For example,
Mazieres et al. [19] used siRNA technology and
monoclonal anti Wnt2 antibody to inhibit the
expression of Wnt2 in human malignant meso-
thelioma cells, the result showed that down-
regulated Wnt2 mRNA and protein expression
levels can induce tumor cell apoptosis and
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Table 4. Multivariates Cox regression analysis of potential
prognostic factors for survival of pancreatic cancer

ed by Han [24] and Huang [25]
suggest that sFRP4 was up-regu-

variables HR Pvalue lated in colorectal cancer. Con-
Differentiation 2434 1.297-4567 0.006%  Sistent with the evidence of Han
AJCC Stage 1150 0.726-1.821 0551  and Huang, we also found that
LNM 0.805 0.5781.121 0199 sFRP4 protein expression in pan-

WNT2 cytoplasmic expression, high viow 1.674 0.892-3.141 0.108

creatic cancer was significantly

Note: HR: hazard ratio; Cl: confidence interval; LNM: Lymph node metastasis, *P

< 0.05, statistically significant.

inhibit cancer cell proliferation. Taken together,
these data support the hypothesis that over-
expression of Wnt2 is important to Wnt signal-
ing activation and cancer cell growth and
metastasis.

SFRPs (secreted frizzled-related proteins) are a
family of secreted proteins that highly homolo-
gy to the CRD (cysteine-rich domain) domain of
frizzled proteins. So far, Five sFRPs (sFRPI,
sFRP2, sFRP3, sFRP4, sFRP5) have been iden-
tified in mammalian cells. The sFRPs are capa-
ble of competitively binding to Wnt proteins and
preventing them from binding to the Fz recep-
tors in the extracellular compartment when the
abnormal activation of Wnt signaling pathway,
thereby inhibiting the formation and develop-
ment of tumor. Jacob et al. [20] used RT-PCR
and IHC methods to detect sSFRP4 expression in
ovarian cancer, the results showed that sFRP4
was down-regulated in tumor tissues and the
high expression level of sSFRP4 were predictive
of decreased overall survival for the patients
with ovarian cancer. Another study reported
that sFRP4 is also down-regulation in pancre-
atic cancer tissues [21]. The authors found that
the extracellular expression level of SFRP4 in
tumor was elevated after treatment with
Retinoic hyaluronic acid. Increased expression
of SFRP4 in pancreatic cancer can suppress
cancer cell invasion through inhibiting the
expression of Wnt/B-catenin signaling pathway
and thereby altering decreased [-catenin
nuclear translocation. Thus, some authors con-
sidered that sFRP4 might serve as a negative
regulation factor in Wnt signaling pathway [22,
23].

However, recent evidence suggests that sFRPs
may also conversely activate Wnt pathway sig-
nalling and promote cell growth in some con-
texts [24, 25]. For example, the findings, report-
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higher than that in the tissue
adjacent to carcinoma. The func-
tions of sFRPs are not fully
understood and the precise
molecular events mediated by sFRP4 in the
neoplastic processes remains undetermined.
Some previous studies indicated that sFRPs
are not merely Wnt-binding proteins but can
also antagonise one another’s activity [26]. In
addition, a previous study reported that sFRP4
has the least homology with other family mem-
bers [27]. Moreover, it has been shown that
sFRP4 was less frequently hypermethylated in
gastrointestinal tumor [28].

In conclusion, our present study demonstrated
that the expression level of Wnt2 was related to
the clinical outcome of patients with pancreatic
cancer, and over-expression of Wnt2 was an
independent risk factor for poor prognosis. The
results indicated that Wnt2 played an impor-
tant role in the occurrence and development of
pancreatic cancer, and also suggested that
Wnt2 might serve as a potential candidate for
treatment target of pancreatic cancer. In addi-
tion, we found that sFRP4 up-regulated in pan-
creatic cancer tissue, which indicated that not
all the sFRPs acted as antagonists of the Wnt
signaling pathway, even some sFRPs could acti-
vate the canonical Wnt/B-catenin pathway to
promote the occurrence and development of
tumor. Currently, what is known as the Wnt sig-
naling pathway is involved in the occurrence
and development of cancer. However, it still
remains unclear how the Wnt2 protein regu-
lates Wnt signaling in the pancreatic cancer,
and therefore further studies should be con-
ducted to investigate the molecular details in
the Wnt signaling pathway.
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