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Abstract

Hilar cholangiocarcinoma (HCCA) is an
invasive hepatic malignancy that is difficult to
biopsy; therefore, novel markers of HCCA prog-
nosis are needed. Here, the level of canonical
Wnt activation in patients with HCCA, intra-
hepatic cholangiocarcinoma (IHCC), and con-
genital choledochal cysts (CCC) was compared
to understand the role of Wnt signaling in
HCCA. Pathology specimens from HCCA
(n=129), IHCC (n=31), and CCC (n=45)
patients were used to construct tissue microar-
rays. Wnt2, Wnt3, β-catenin, TCF4, c-Myc, and
cyclin D1 were detected by immunohistochem-
istry. Parallel correlation analysis was used to
analyze differences in protein levels between
the HCCA, IHCC, and CCC groups. Univariate
and multivariate analyses were used to deter-
mine independent predictors of successful
resection and prognosis in the HCCA group.
The protein levels of Wnt2, β-catenin, TCF4, c-
Myc, and cyclin D1 were significantly higher in
HCCA compared to IHHC or CCC. Wnt signal-
ing activation (Wnt2+, Wnt3+, nuclear β-
catenin+, nuclear TCF4+) was significantly
greater in HCCA tissues than CCC tissues.
Univariable analyses indicated that expression
of cyclin D1 as well as Wnt signaling activa-
tion, and partial Wnt activation (Wnt2+ or
Wnt3+ and nuclear β-catenin+ or nuclear
TCF4+) predicted successful resection, but
only cyclin D1 expression remained significant
in multivariable analyses. Only partial Wnt
activation was an independent predictor of
survival time. Proteins in the canonical Wnt
signaling pathway were present at higher lev-
els in HCCA and correlated with tumor resecil-
ity and patient prognosis. These results sug-
gest that Wnt pathway analysis may be a useful
marker for clinical outcome in HCCA.

Introduction

Cholangiocarcinoma (CCA) is a highly inva-
sive, malignant tumor that occurs along the
biliary duct.1 CCA is classified based on its
localization as: i) intrahepatic cholangiocarci-
noma (IHCC); ii) extrahepatic cholangiocarci-
noma (EHCC); or iii) hilar (or perihilar)
cholangiocarcinoma (HCCA). IHCC is an
aggressive primary tumor originating in the
epithelial cells of the intrahepatic bile ducts,
estimates of disease free survival after 5-years
range from 2-41%.2 HCCA originates from cells
in the hilar biliary duct epithelium, is highly
metastatic, and is the most common malignant
tumor in the biliary system,3 accounting for
50%-60% of all CCA. HCCA is often diagnosed
late, and previous studies have shown that
after accounting for other variables, the histo-
logical grade of the tumor and microscopically
negative tumor margins were significantly
associated with overall survival following sur-
gical resection for HCCA.4,5 However, other
studies have shown no association between
tumor stage and prognosis.6 Therefore, identi-
fying novel prognostic markers for HCCA
would have clinical utility.

In contrast to CCA, congenital choledochal
cysts (CCC), are relatively benign and have a
minimal risk of developing cancer. CCC refers
to the congenital dilatation of intra- or extra-
bile duct7 due to cyst formation. CCC mostly
occurs in the common bile duct. Choledochal
cysts are treated by surgical excision.8

Complications resulting from these cysts
include cholangitis and a 2% risk of malignant
transformation. 

The canonical Wnt pathway is involved in
many cancers9,10 and has been implicated in
the development of HCCA. C-myc is a major
downstream target gene in the canonical Wnt
pathway.11,12 Previous work has also shown that
β-catenin, a second Wnt target, can promote
cholangiocarcinoma growth via interactions
with GSK3β.13 However, it is not clear whether
aberrant activation of the Wnt pathway occurs
in cases of CCA, particularly HCCA. Aberrant
methylation of Wnt pathway genes has been
reported in IHCC leading to β-catenin stabi-
lization and abnormally high levels of Wnt sig-
naling.14 We have previously reported that in
vitro IHCC and HCCA cell lines express high
levels of Wnt2, Wnt3, TCF4, β-catenin, c-myc,
and cyclin D1, and that canonical Wnt signal-
ing is activated in both IHCC and HCCA cell
lines.15 Knockdown of Wnt2 and β-catenin
increased apoptosis and reduced proliferation
in an HCCA cell line in vitro, suggesting the
Wnt pathway may be important for tumor gen-
esis and could be used as a prognostic mark-
er.15 It remains unclear whether the Wnt path-
way is activated during development of HCCA

and whether Wnt activation separates benign,
malignant, and highly malignant lesions. The
primary objective of this study was to deter-
mine whether differences in Wnt associated
protein levels or activation of the Wnt signal-
ing pathway were associated with the potential
for malignancy in HCCA (highly malignant
with metastatic potential), IHCC (malignant
with metastatic potential),16 and CCC (precan-
cerous or benign cancerous with minimal risk
of tumorigenesis)7 lesions. We also considered
whether the progression from cyst to cancer-
ous lesion to hilar cancer was inevitable. 

Materials and Methods
Patient cohorts

The study was conducted in accordance with
the ethical guidelines of the Declaration of
Helsinki and approved by the Institutional
Review Board of The First Affiliated Hospital,
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Sun Yat-sen University. The Institutional
Review Board approved the retrospective
analysis of anonymous data (IRB approval no.
[2012]056).

Resected tissue samples were obtained from
patients with HCCA (n=129), IHCC (n=31), or
CCC (n=45) seen at the First Affiliated
Hospital of Sun Yat-sen University
(Guangzhou, China). All of the diagnoses were
confirmed by the pathologist at the hospital. Of
the HCCA patients, 102 were confirmed adeno-
mas and 36 were unspecified tumors. The
tumors were graded as well differentiated
(n=24), moderately differentiated (n=40), or
poorly differentiated (n=10) based on the
Union for International Cancer Control (UICC)
standard definitions. The grade was not deter-
mined for the remaining (n=19) tumors. The
resected tissue was collected from July 1998-
May 2007. The average age of the HCCA
patients was 55.9 years (range: 20-82) and the
majority of the HCCA cases were male (91/102;
70.5%). The resected tissue from IHCC
patients was collected from July 2006-August
2008. The average age of the IHCC patients
was 57.3 years (range: 28-82), 61.3% of IHCC
patients were male. The resected tissue from
CCC patients was collected from March 2005-
August 2008. The average age of the CCC
patients was 30.1 years (range: 1-59) and
28.9% were male. 

Preparation of the tissue microarrays
To make the tissue microarrays (TMA),

recipient paraffin blocks (97.5 g Leica paraffin,
2.4 g beeswax) were arranged in 10 x 8 mm or
11 x 9 mm microarrays. The empty chambers
were 1.0 mm in diameter, 3.0 mm in depth, and
separated by 0.75 mm. Needles (1.0 mm diam-
eter) were used to remove cores from the tis-
sue blocks containing the resected tissue spec-
imens (n=3/specimen), which were placed in
the recipient paraffin blocks. The TMA blocks
were heated for 1 h in a 42˚C oven and cooled
to room. Next, the wax blocks were immersed
in liquid wax for 1-3 s before the surface of the
block was flattened to preserve the antigenici-
ty. For sectioning, the TMA blocks were pre-
cooled at 4°C for 4 h and 15°C for 15 min. The
blocks were then quickly mounted on a micro-
tome and serially sectioned in 2-5 �m thick sec-
tions, 20-30 sections were cut per block. Serial
sections were transferred to slides, dried at
room temperature, and then put on a slide
dryer plate at 62°C for 3 min to melt the wax
and expose the tissue specimens. The sections
were dried at 58°C for an additional 18 h and
stored at -20°C until staining.

Reagents
Rabbit anti-human and goat anti-human

primary antibodies against Wnt2, Wnt3, TCF4,
c-Myc, cyclin D1, and β-catenin (Santa Cruz

Biotechnology Inc., Santa Cruz, CA, USA) were
used at a 1:100 dilution. The SP test kits,
ready-to-use 2nd generation IHC Eli visionTM

plus kit was used for DAB (3,3-diaminobenzi-
dine) visualization, horseradish peroxidase
labeled anti-mouse and anti-rabbit antibodies,
and a 5% BSA blocking solution were pur-
chased from Key GENE Biotech (Nanking,
China).

Immunohistochemistry
Sections were incubated at 70°C for 1 h,

then de-paraffinized in dimethylbenzene and
rehydrated in graded ethanol solutions (100,
90, and 75%). For antigen retrieval, slides were
treated for 15-20 min with 10 mM sodium cit-
rate buffer (pH 6.0) at 92-98°C. The slides
were allowed to cool in the buffer to room tem-
perature and incubated with 0.3% H2O2 for 10
min to block endogenous peroxidase activity.
The slides were then washed with phosphate-
buffered saline (PBS) and incubated in pri-
mary antibody for 2 h at room temperature.
After washing with PBS, sections were incu-
bated with Reagent A of the Eli visionTM plus
kit at room temperature for 20 min and washed
again with PBS. Then, Eli visionTM plus kit
Reagent B: Poly-HRP-Anti Mouse/Rabbit IgG
was added and the slides were incubated for 30
min. After another PBS wash, the peroxidase
reaction was developed using a freshly pre-
pared 3, 3’-diaminobenzidine solutions. Tap
water was added to stop the reaction. H&E

stained sections from the same tissue blocks
were used to confirm the pathological charac-
teristics of each sample. For long-term storage
of the slides, sections were stained with hema-
toxylin for 10-15 s, differentiated in 1%
hydrochloric acid alcohol for 1-2 s, treated with
bluing in running water for 10 min, dehydrated
by gradient ethanol treatments, and incubated
with dimethylbenzene for 3 min. The sections
were then sealed with neutral glue and allowed
to dry. Negative control staining was per-
formed substituting saline buffer for the pri-
mary antibodies.

Criteria for evaluating the IHC
staining results

Tissue samples were considered positive for
Wnt2, Wnt3, and c-Myc protein expression if
brown-yellowish granules were seen in the
cytoplasm or plasma membrane. For cyclin D1,
tissue samples were only considered positive if
staining was apparent in the nucleus. For
TCF4 and β-catenin, cytoplasmic expression
was defined as brown-yellowish staining in the
cytoplasm or plasma membrane; while stain-
ing in the nucleus was considered positive
nuclear protein. 

The abundance of each marker was scored
(+/-) by two blinded, independent expert
pathologists. Representative areas (n=5) from
each slice were selected based on the staining
region and intensity. One hundred tumor cells
per field were observed under 400× magnifica-
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Figure 1. Representative  immunohistochemistry images of Wnt2, Wnt3 and β-catenin
proteins (upper, middle and lower panel, respectively). Scale bars: 100 μm.
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tion to determine the number of positive cells.
The protein level for each marker was scored
using the following scale: -, none; +, less than
10% positively stained cells; ++, 10%-49% pos-
itively stained cells; +++, more than 50% pos-
itively stained cells. The number of tumor cells
counted (n=100) was used as the denominator
for determining the percent positive.

The activity of the Wnt pathway for each tis-
sue sample was based on positive staining (+,
++, or +++) for the individual markers Wnt2,
Wnt3, nuclear β-catenin, and nuclear TCF4 in
serial sections. Wnt pathway activation was
defined as Wnt2+, Wnt3+, nuclear β-catenin+,
and nuclear TCF4+; and partial Wnt activation
was defined as Wnt2+ or Wnt3+ and β-
catenin+ or TCF4+.

Statistical analyses
SPSS ver. 13.0 (IBM, New York, NY, USA)

was used for the analyses. Survival was
assessed using the Kaplan-Meier analysis, and
a Log Rank test was used to assess differences
between groups. Multivariate regression
analysis was used to model the Cox proportion-
al hazard ratio. The relationship between fac-
tors was analyzed using Spearman correla-
tions. A P<0.05 was considered statistically
significant.

Results 
Expression levels of Wnt pathway-
related proteins 

We first determined if the levels of the Wnt-
associated signaling markers (Wnt2, Wnt3,
TCF4, β-catenin, c-myc, and cyclin D1) were
correlated in HCCA tissues. Wnt2 levels posi-
tively correlated with c-myc (r=0.196,
P=0.031), but negatively correlated with par-
tial Wnt pathway activation (r=-0.195,
P=0.030). Wnt3 levels positively correlated
with cytoplasmic β-catenin levels (r=0.223,
P=0.012). Wnt pathway activation positively
correlated with both β-catenin (r=0.730,
P<0.01) and nuclear TCF4 staining (r=0.311,
P<0.01). Potential Wnt pathway activation was
positively correlated with confirmed Wnt path-
way activation (r=0.229, P<0.01).

To determine whether the expression of Wnt
proteins differed between malignancies, we
compared the levels of Wnt pathway related
proteins between HCCA, IHCC, and CCC sam-
ples. The immunohistochemistry images of
Wnt2 protein were shown in Figure 1, upper
panel. The levels of Wnt2 were significantly
higher in the HCCA (100%) samples compared
to the IHCC (93.6%) and CCC (86.7%) samples
(P<0.001; Figure 2A). The expression of Wnt2
was not significantly different between the
IHCC and CCC groups (P=0.214). Strongly pos-

itive cells (++ or +++) were more frequent in
samples from the HCCA group (99.1%) than
the IHCC (54.9%) and CCC (71.1%) groups,
but the difference was not statistically signifi-
cant. The immunohistochemistry images of
Wnt3 protein were shown in Figure 1, middle
panel. Wnt3 was present at similar levels in
the HCCA (93.0%), IHCC (93.6%), and CCC
(95.6%) samples (Figure 2B). Thus, the level
of Wnt2, but not Wnt3, distinguished HCCA
from IHCC and CCC. 

β-catenin levels
We next determined the expression of cyto-

plasmic and nuclear levels of the Wnt signaling
intermediate β-catenin in CCA and CCC tis-
sues. The immunohistochemistry images of β-
catenin protein were shown in Figure 1, lower

panel. The percentage of cases with cytoplas-
mic β-catenin (Figure 2C) was high in all
three groups (HCCA: 98.5%, IHCC: 77.4%, and
CCC: 75.6%). An adjusted alpha of 0.17 was uti-
lized for multiple paired-comparisons between
the groups. Levels of cytoplasmic β-catenin
were significantly greater in HCCA than CCC
samples (P<0.01), and greater in CCC samples
than IHCC (P<0.01).  The percentage of sam-
ples staining strongly positive for β-catenin
was significantly higher in the HCCA group
(81.9%; Figure 2C ++ plus +++) than the
IHCC group (29.0%, P<0.01), but not the CCC
group (75.6%, P=0.359). Nuclear levels of β-
catenin were significantly greater in the HCCA
group (66.9%) than the IHCC group (41.9%,
P=0.012), but not the CCC group (62.2%,
P=0.568; Figure 2D). 

                                                                                                        Original Paper

Figure 2. Production of Wnt2 (A) and Wnt3 (B) were quantified in tissues from HCCA,
IHCC, or CCC patients. The percentage of the subjects from each group that stained pos-
itive or negative (blue bar) for Wnt is shown. Positive staining overall was defined as sam-
ples that were + (less than 10% of cells producing Wnt; green bar), ++ (10-49% of cells
producing Wnt; yellow bar), and +++ (50% or more of the cells producing Wnt; red bar).
Production of cytoplasmic β-catenin (C) and nuclear β-catenin (D) were quantified in
tissues from HCCA, IHCC, or CCC patients. The percentage of the subjects from each
group that stained positive or negative (blue bar) for β-catenin production is shown.
Positive staining overall was defined as samples that were + (less than 10% of cells pro-
ducing β-catenin; green bar), ++ (10-49% of cells producing β-catenin; yellow bar), and
+++ (50% or more of the cells producing β-catenin; red bar). Samples considered strongly
positive were defined as ++ or +++ results. Statistically significant results (P<0.05) are
labeled with an asterisk. 
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Levels of TCF4
In the activated canonical Wnt pathway, β-

catenin enters the nucleus, binds to TCF/LEF
to form a complex, and activates downstream
target genes.10 The immunohistochemistry
images of TCF4 protein were shown in Figure
3, upper panel. The percentage of patients
expressing nuclear TCF4 was significantly
higher in the HCCA group (86.5%) than the
IHCC (64.5%, P<0.001) and CCC groups
(41.9%, P<0.001; Figure 4).

Production of Wnt pathway target
proteins c-Myc and cyclin D1

To determine whether Wnt signaling was
leading to activation of its downstream targets,
the levels of cyclin D1 and c-Myc were evaluat-
ed. The immunohistochemistry images of c-
Myc protein were shown in Figure 3, middle
panel. c-Myc expression was significantly
higher in the HCCA samples (100%) than the
IHCC (90.3%, P<0.001) and CCC (91.3%,
P<0.001) samples (Figure 5A). The immuno-
histochemistry images of cyclin D1 protein
were shown in Figure 3, lower panel. Cyclin D1
was also expressed at significantly higher lev-
els in the HCCA group (98.4%) than in the
IHCC (90.3%, P<0.001) and CCC (62.2%,
P<0.001) groups (Figure 5B).

Wnt pathway activation and partial
activation

Based on the protein levels of each marker,
we classified the tissue samples as having Wnt
pathway activation (Wnt2+, Wnt3+, nuclear β-
catenin+, and nuclear TCF4+) or partial Wnt
pathway activation (Wnt2+ or Wnt3+ and
nuclear β-catenin+ or TCF4+). Of the HCCA
samples, 45.7 had canonical Wnt activation
(Figure 6A), which was significantly higher
than the CCC group (29%; P=0.003), but not
the IHCC group (32.3%; P=0.952). Similarly,
the HCCA group had the highest percentage of
samples with partial Wnt pathway activation
(78%), and was significantly greater than the
IHCC group (61.3%; P=0.005), but not the CCC
group (73.3%; P=0.115). Partial Wnt activation
was not significantly different between the
IHCC and CCC groups (Figure 6B).  

Correlation between Wnt pathway
activation and HCCA stage

The level of Wnt pathway activation did not
correlate with histological staging using either
the T-staging system (Figure 7A) or the
Bismuch-Corlette classification index (Figure
7B). 

Assessing the relationship between
Wnt pathway factors and surgical
resection outcomes

Based on the preoperative assessment,
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Figure 3. Representative immunohistochemistry images of TCF4, c-Myc and cyclin D1
proteins (upper, middle and lower panel, respectively). Scale bars: 100 μm. 

Figure 4. Production of nuclear TCF4 was quantified in tissues from HCCA, IHCC, or
CCC patients. The percentage of the subjects from each group that stained positive or
negative (blue bar) for nuclear TCF4 production is shown. Positive staining overall was
defined as samples that were + (less than 10% of cells producing nuclear TCF4; green
bar), ++ (10-49% of cells producing nuclear TCF4; yellow bar), and +++ (50% or more
of the cells producing nuclear TCF4; red bar). Samples considered strongly positive were
defined as ++ or +++ results. Statistically significant results (P<0.05) are labeled with an
asterisk. 
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patients who might be cured by tumor resec-
tion underwent surgery and were followed
post-operatively. A multivariable analysis was
applied to investigate if expression of any Wnt
pathway proteins could be used as prognostic
markers for surgical outcomes (complete
resection, palliative resection, or exploratory
laparotomy). The univariable analysis showed
that cyclin D1 levels, Wnt pathway activation,
and partial Wnt pathway activation were all
significant predictors of surgical outcome
(Table 1). 

However, in multivariate logistic regression
analysis, cyclin D1 was the only independent
predictor of surgical outcome (estimate: 
-1.763, P=0.018; odds ratio: 0.172, 95% confi-
dence interval: -3.229, -0.298), suggesting
cyclin D1 might be a prognostic marker for sur-
gical resection outcomes.

Relationship between Wnt path-
way activation and the prognosis of
HCCA patients

Based on Wnt pathway activation HCCA
patients were stratified into two groups and
survival time was compared between the Wnt+
and Wnt- HCCA patients. The median survival
period was 8 months for Wnt- patients and 11
months for Wnt+ patients (Figure 8). No sig-
nificant differences in survival time were
observed by a log-rank test, χ2=0.045, P=0.831
or the Breslow test, χ2=0.216, P=0.642.

Determining the effect of Wnt
pathway-related factors on prog-
nosis

A COX regression was used to determine
risk factors affecting survival time and progno-
sis in HCCA patients (Table 2). Univariate
analysis indicated that cyclin D1 levels and
partial Wnt pathway activation were relevant
risk factors. However, following multivariate
COX regression analysis only partial Wnt path-
way activation remained significantly associat-
ed with prognosis[(P=0.018; HR (hazard
ratio): 3.152; HR (95% confidence interval):
1.215, 8.172]. 

Discussion

Wnt pathway activation has been linked to
malignancy in many cancers and therefore
might be useful as a prognostic indicator in
patients with HCCA. Here, we used TMAs to
assess Wnt activation in HCCA patients com-
pared to patients with potentially malignant
IHCC and relatively benign CCC. Wnt2 was
present in all of the groups, but its levels were
highest in the HCCA group and positively cor-
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Figure 5. Production of c-Myc (A) and cyclin D1 (B) were quantified in tissues from
HCCA, IHCC, or CCC patients. The percentage of the subjects from each group that
stained positive or negative (blue bar) for protein production is shown. Positive staining
overall was defined as samples that were + (less than 10% of cells positive; green bar), ++
(10-49% of cells positive; yellow bar), and +++ (50% or more of the cells positive; red
bar). Samples considered strongly positive were defined as ++ or +++ results. Statistically
significant results (P<0.05) are labeled with an asterisk. 

Figure 6. The overall activity of the Wnt signaling pathway was determined for each
patient in the HCCA, IHCC, and CCC groups based on the production of Wnt2, Wnt3,
β-catenin, and TCF4. Full Wnt pathway activation was defined as Wnt2+, Wnt3+,
nuclear β-catenin+, and nuclear TCF4+ (A) and partial Wnt pathway activation was
defined as Wnt2+ or Wnt3+ and nuclear β-catenin+ or TCF4+ (B). The percentage of
patients that were positive (green) or negative (blue) in each group were compared.
Statistically significant results (P<0.05) are labeled with an asterisk. 
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Table 1. Multivariable logistic regression analysis for factors affecting surgical outcome.

Variate     Estimate        SE         Wald χ2        df              P                 OR            95% CI

Cyclin D1＋     -1.763             0.748              5.560               1                0.018                 0.172          -3.229~-0.298

df, degree of freedom; OR, odds ratio; CI, confidence interval.

Table 2. Multivariable COX regression analysis for factors affecting prognosis.

Variable                                  SE        Wald χ2      df           P           HR          HR (95% CI)

Partial Wnt pathway activation      0.486             5.576             1           0.018         3.152               1.215~8.172

df, degree of freedom; HR, hazard ratio; CI, confidence interval.
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related with c-Myc expression. These findings
suggest that during the development of HCCA,
upregulation of Wnt2 might initiate the canon-
ical Wnt signaling pathway, enhancing c-Myc
production, and potentially leading to tumori-
genesis.17

Wnt3 was present at lower levels than Wnt2,
and was weakly expressed (+) in the HCCA,
IHCC, and CCC samples. Wnt3 levels positively
correlated with the presence of cytoplasmic β-
catenin, suggesting that the Wnt3 pathway
regulates cytoplasmic β-catenin production in
HCCA.18 Although we observed accumulation of
β-catenin in the cytoplasm, we were not able to
address the underlying mechanism using our
methodology. In hepatitis B virus (HBV)-
induced HCC19 and non-transformed hepatic
cells20 Wnt3 is upregulated and interacts with
Frizzled-7, which upregulates the β-catenin
gene. However, additional experiments should
be conducted to clarify whether the
Wnt3/Frizzled7 interaction seen in hepatocel-
lular carcinoma applies to HCCA as well. 

The transcription factors β-catenin and
TCF4 are major players in the Wnt pathway. In
HCCA patients, the high levels of cytoplasmic
β-catenin and its nuclear translocation sug-
gest the canonical Wnt pathway might be aber-
rantly activated. Interestingly, in terms of β-
catenin expression and localization, the HCCA
group was comparable to the CCC group, not
the IHCC group. The difference in outcome
between HCCA and CCC suggests that an
inhibitory mechanism, such as TCF4 might
attenuate the Wnt pathway downstream in
CCC. Nuclear TCF4 expression is also consid-
ered a marker and major effector of Wnt path-
way activation.21,22 While TCF4 was abundant
in the nucleus and cytoplasm of all three
groups, protein levels were highest in the
HCCA group followed by the IHCC group. The
high levels of TCF4 in HCCA and IHCC sug-
gested that nuclear transcription factors play a
key role in canonical Wnt pathway in cholan-
giocarcinoma. In addition, the relatively low
levels of TCF4 in CCC underscore its potential-
ly important role in the development of HCCA.
Understanding how Wnt is inhibited in CCC
could be important to understanding the
pathogenesis of HCCA and the contrasting out-
comes of HCCA and CCC.

The downstream Wnt target genes c-Myc
and cyclin D1 exhibited similar trends. We
found that c-Myc was present at aberrantly
high levels in 100% of HCCA tumor cells. In
addition, most of the HCCA cells stained
strongly positive and at levels higher than the
IHCC and CCC groups. The level of c-Myc was
also positively correlated to Wnt2 levels, sug-
gesting that c-Myc might play an important
role in the development of HCCA. Cyclin D1
was also expressed at aberrantly high levels in
HCCA (98.4%) compared to the IHCC and CCC

groups. Cyclin D1 mediates the G1-S cell cycle
transition and plays a significant role in many
cancers.23,24 High expression of cyclin D1 was
the only factor that independently predicted
prognosis, suggesting that cyclin D1 could
influence the genesis, development, and prog-
nosis of HCCA. It is not clear whether cyclin D1
is only activated by the Wnt pathway in HCCA
and further studies are required to clarify this
point.

Overall, even though Wnt signaling was acti-
vated in all three cancers, the highest levels of
activity were in the HCCA group. These results
suggest an essential role for the Wnt pathway
in tumorigenesis and proliferation in HCCA.
Despite their common pathologic features, the
differences in the level of Wnt pathway activa-
tion between the IHCC and HCCA groups
implies that there may be different molecular
mechanisms driving oncogenesis, such as
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Figure 7. The HCCA patients were stratified based on overall activity of the Wnt signal-
ing pathway and tumor staging using the T-stage system (A) or the Bismuth-Corlette sys-
tem (B). Full Wnt pathway activation was defined as Wnt2+, Wnt3+, nuclear β-catenin+,
and nuclear TCF4+ and partial Wnt pathway activation was defined as Wnt2+ or Wnt3+
and nuclear β-catenin+ or TCF4+. The percentage of patients who were positive (green)
or negative (blue) for Wnt signaling in each tumor stage were compared.

Figure 8. The HCCA patients were stratified based on overall activity of the Wnt signal-
ing pathway and the survival time was compared between the patients that were positive
(green) or negative (blue) for Wnt signaling. Full Wnt pathway activation was defined as
Wnt2+, Wnt3+, nuclear β-catenin+, and nuclear TCF4+ and partial Wnt pathway activa-
tion was defined as Wnt2+ or Wnt3+ and nuclear β-catenin+ or TCF4+. The median sur-
vival time was not significantly different between groups.
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mutations of p53 and K-ras.16 The Wnt pathway
was also activated in the CCC group but the
activation level was much lower than in the
HCCA and IHCC groups. We speculate that in
CCC there may be inhibitory factors that block
Wnt activation and prevent the malignant
transforming effects of Wnt signaling. The role
of the Wnt pathway in CCC requires further
study because CCC belongs to a group of can-
cers characterized by inflammation, higher
cell proliferation rates, and increased tumori-
genesis.25-27 Identifying a putative Wnt
inhibitor that prevents malignancy in CCC may
provide insights for treating HCCA.

A cancer staging system should ideally pro-
vide information about the prognosis and nat-
ural history of the disease. For cholangiocarci-
noma the T-staging system and Bismuth-
Corlette classification systems are the most
widely applied staging systems.28 Wnt pathway
activation did not correlate with tumor stage in
either classification system, and survival time
was not significantly different in HCCA
patients stratified by Wnt activation (+/-).
These results may be limited by the retrospec-
tive, cross sectional, nature of the study, and
using protein levels to indicate pathway activa-
tion rather than a direct measure, such as
luciferase assays to measure the expression of
the Wnt and cyclin D1 encoding genes.
However, the protein levels of cyclin D1, Wnt
pathway activation, and partial Wnt pathway
activation did contribute to determining
whether a tumor could be resected and achieve
R0 (microscopically negative tumor margins)
results in univariable analyses. However, only
cyclin D1 remained significantly associated
with resection results in multivariable analy-
ses. Therefore, although WNT pathway activa-
tion is not associated with prognosis, it does
likely affect the outcome of surgical resection.
In terms of prognosis, a multivariable COX
analysis identified partial Wnt pathway activa-
tion as an independent predictor. The link
between partial Wnt activation and prognosis
indicated that Wnt signaling may play an
important role in the occurrence of HCCA. The
partial Wnt activation phenomenon may reflect
inhibitory factors from other signaling path-
ways, or within the Wnt pathway, which pre-
vent its full activation. The clinical signifi-
cance and mechanisms underlying partial Wnt
activation in HCCA warrant additional study.

In summary, using a multiplex histological
analysis, we found high levels of proteins
involved in canonical Wnt pathway activation
and downstream target gene expression in
HCCA. These results suggest that the Wnt sig-
naling pathway may serve as a novel molecular
mechanism governing the oncogenesis and
development of HCCA.
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