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Abstract
Aims: Secreted Frizzled-Related Protein-1 (SFRP1) is a well-known negative regulator of the wingless type (Wnt)-b-catenin pathway and
its inactivation plays an important role in the development and progression of many cancers. In this study, we aimed to determine the clinical significance of SFRP1 expression in intrahepatic cholangiocarcinoma (IHCC) and to define the relationship to Wnt-b-catenin pathway.
Methods: Fifty IHCC patients who had liver resection were enrolled in this study. SFRP1 protein expression was examined by immunohistochemistry in tumor tissues. The patients were divided into two groups: SFRP1 positive (n ¼ 30) and negative (n ¼ 20). Clinicopathological characteristics were analyzed.
Results: SFRP1 significantly correlated with curability (Cur A, B vs. C, p ¼ 0.029); and recurrent pattern (intrahepatic vs. extrahepatic,
p ¼ 0.010). The negative SFRP1 group had significantly poorer prognosis, and 5-year survival rates were 8.1% of the negative SFRP1 group
and 44.6% of the positive SFRP1 group, respectively. Moreover, the disease-free survival rate in the negative SFRP1 group was significantly
poorer ( p < 0.001). Multivariate analysis revealed that loss of SFRP1served as an independent prognostic factor in IHCC for both overall
(HR, 2.923; 95% CI, 1.30e6.56; p ¼ 0.009) and disease-free (HR, 2.631; 95% CI, 1.31e5.27; p ¼ 0.006) survival. In addition, SFRP1
expression negatively correlated to b-catenin expression ( p ¼ 0.005).
Conclusions: Those results suggested that the loss of SFRP1 could be a poor prognostic factor for IHCC, through the Wnt-b-catenin
pathway.
Ó 2016 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical Oncology. All rights reserved.
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Introduction
Intrahepatic cholangiocarcinoma (IHCC) is a distinct
type of biliary tract cancer, which develops from the malignant conversion of intrahepatic cholangiocytes and possesses highly aggressive tumor biology. Despite being
considered an uncommon malignancy, it was reported
Abbreviations: IHCC, intrahepatic cholangiocarcinoma; HCC, hepatocellular carcinoma; Wnt, wingless-type; SFRP1, Secreted Frizzled-Related
Protein-1; OS, overall survival; DFS, disease-free survival; IHC, immunohistochemistry; PBS, phosphate-buffered saline; DAB, 3,30 -diaminobenzidine-tetrachloride.
* Corresponding author. Fax: þ81 88 631 9698.
E-mail address: mitsuo.shimada@tokushima-u.ac.jp (M. Shimada).

that the incidence of IHCC has been steadily increasing
worldwide in the past decade and is currently defined as
second only to hepatocellular carcinoma (HCC) as the
most common hepatic malignancy, with a prevalence of
5e10% in all primary liver cancers.1e4 Surgical resection
is still considered to be only chance for cure and effective
anti-cancer drug including molecular targeted agent has not
been established. However, after curative operation has
been completely performed, IHCC patients have a worse
prognosis compared with other cancers.5,6 Therefore, new
insights into the biology of IHCC and identification of
novel potential biomarkers are required for cancer management and treatment to improve the prognosis of patients
with IHCC.
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The wingless type (Wnt) proteins are a family of lipid
modified secreted auto-paracrine proteins, and interact
with the extracellular cysteine-rich domain of 7 transmembrane receptors of the Frizzled Receptors, which leads
to the expression of its target Wnt responsive genes.7e9
During several Wnt related genes, b-catenin is one of critical parts of the canonical Wnt pathway.7 When Wnt ligands binds to their receptor, it triggers a rise of the level
of b-catenin.10 Dephosphorylated b-catenin then aggregates
in the cytoplasm followed by nuclear translocation and induces the expression of Wnt-responsive genes including
several oncogenes, such as v-MYCyc avian myelocytomatosis viral oncogene homolog (C-Myc), JUN protooncogene (C-Jun), and Cyclin D1.11e13 It has been recently
reported that the atypical activation of the Wnt pathway is
closely related to the tumorogenesis of various human
cancers.14e16
A member of the negative regulators of the Wnt
signaling pathway, Secreted Frizzled-Related Protein-1
(SFRP1) is located at chromosome 8p12e11.1 and is transcribed into a secreting glycoprotein that has two1 cysteinerich domains, called netrin domain and cysteine-rich
domain (CRD), which are homologous to the frizzled receptors. Increasingly, evidence has revealed that the appropriate balance of Wnt signaling pathway and its antagonist
Secreted Frizzled-Related Protein-1 (SFRP1) played an
important role in various kinds of cancers.17e20 Several
studies reported the loss of SFRP1 in a variety of malignancies.21e25 SFRP1was also recently demonstrated to be
a new tumor suppressor that is inactivated by promoter
methylation.
However, to the best our knowledge, we do not as yet
known the expression pattern of SFRP1 in tumor tissue
and its relationship to the prognosis of patients with
IHCC. Therefore, we conducted this study to investigate
the clinical significance of SFRP1 expression in IHCC
and to define the relationship to Wnt-b-catenin pathway.
Patients and methods
Patients and specimens
A total of 50 patients with IHCC, who underwent surgical resection at Tokushima University Hospital between
April 1994 and August 2013 were included in this study.
The Ethical Committee of Tokushima University approved
the study and all patients given written informed allowance.
Patients’ information was obtained from the medical records of the institute. Among all, 33 of the patients were
men and 17 were women, with a mean age of 68.04 years.
Curability and staging were defined according to the Classification of the Primary Liver Cancer Study Group of
Japan.26 In regards to the stages, factors were determined
by tumor sizes; vascular invasion (absent or present); and
tumor numbers (single or multiple). A stage was determined by Tumor-Node-Metastasis (T,N, and M) factors.
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The definition of curability was done as follows: curability
A, no residual tumor for stage I and II patients; curability
B, no residual tumor for stage III and IV patients; and
finally, curability C, clear residual tumors. Among all of
the 50 patients, 36 (72.0%) of them received curability A
or B resections. Overall survival (OS) was defined as the interval between the dates of surgery and death. Disease-free
survival (DFS) was defined as the interval between the
dates of surgery and recurrence. If recurrence was not diagnosed, patients were censored on the date of death or the
last follow-up. All patients were regularly followed up in
the hospital out-patient clinic and checked prospectively
for recurrence following a standard method. No one had
received radiation therapy or chemotherapy before operation. The 3- and 5-years survival rates were 39.6% and
31.3%, respectively. Mean follow-up period was 38.7
months (range: 2.3e185.9 months).
Immunohistochemistry
The tissues were fixed in neutral buffered 10% formalin
for 24 h and then embedded in paraffin. Then paraffin sections were used at 5 mm of intervals for. The sections were
deparaffinized in xylene and rehydrated in a graded series
of alcohol solution. Those sections were incubated in 3%
H2O2 for 20 min to block endogenous peroxidase. Antigen
retrieval of the sections was accomplished in a multifunctional microwave histoprocessor at 98  C in ph 6.0 citrate
buffer for 24 min and cooled at room temperature for
90 min. The sections were then incubated with rabbit polyclonal antibody against SFRP1 (ab4193, Abcam, Cambridge, UK; dilution at 1:200) and monoclonal antibody
against b-catenin (sc-7963, Santa Cruz Biotechnology,
Santa Cruz, CA; dilution at 1:100) for 60 min at room temperature. After washing 3 times in phosphate-buffered saline (PBS), the sections were incubated with a secondary
horseradish peroxidase-tagged antibody labeled with antirabbit/mouse polymers (DAKO A/S, Glostup, Denmark)
for 60 min at room temperature. The sections were then
incubated with 3,30 -diaminobenzidine-tetrachloride (DAB)
as chromogen following washing 3 times in PBS. Finally,
all sections were counterstained with Mayer’s hematoxylin
solution and the sections were then dehydrated by a series
of xylene and alcohol washes. Human breast cancer and human colon cancer were used as positive control for primary
antibodies of SFRP1 and b-catenin, respectively, and PBS
treated sections were used as negative control.
Assessment of immunohistochemistry
A pathologist who was blind to the clinical data visually
scored stained slides. SFRP1 and b-catenin expressions
were scored by staining intensity (0, negative; 1, weak, 2
moderate, and 3 strong) according to the previous reports.21,27 SFRP1 scores of 2 or more were regarded as positive (Figure 1A), and also b-catenin scores of 2 or more
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Figure 1. Immunohistochemistry in IHCC tumor tissue. (A) SFRP1, (B) b-catenin.

were regarded as positive (Figure 1B). The slides were
evaluated in 5 different fields using Olympus BX43F photomicroscope at a magnification of 200, and at least 1000
tumor cells were evaluated in each slide. SFRP1 expression
was detected mainly in the cytoplasm, while b-catenin
expression was detected in cytomembrane and nucleus.
Consequently, according to that assessment of staining intensity, 20 (40.0%) of the 50 specimens were classified as
negative for SFRP1. 30 (60.0%) were classified as positive.
Regarding b-catenin, 27 (54.0%) of the 50 specimens were
evaluated negative and 23 (46.0%) were positive.
Statistical analysis

was significantly correlated with non-curative resection
( p ¼ 0.029), and presence of extrahepatic metastasis
( p ¼ 0.010). However, there was no statistically significant correlation between SFRP1 expression and histological type; vascular invasion; lymph node metastasis; or
the others.
Table 1
Clinicopathological characteristics according to SFRP 1 expression.
Factors

SFRP 1 expression
Negative
(n ¼ 20)

p-Value

Positive
(n ¼ 30)

Mean  SD (years)
Male/female
Negative/HBV/
HCV/combined
A, B/C
_, __/___, _V
<5 cm/5 cm

68.8  10.3 67.6  9.4 0.273
12/8
21/9
0.465
14/3/3/0
21/6/2/1
0.644
11/9
5/15
11/9

25/5
11/19
19/11

0.029
0.386
0.556

MF/MF þ PI
Hilar/peripheral
Well/others
Negative/positive

8/12
8/12
11/9
11/9

16/14
9/21
22/8
20/10

0.355
0.465
0.180
0.405

Negative/positive
Negative/positive
Negative/positive

11/9
18/2
17/3

19/11
23/7
25/5

0.556
0.229
0.875

Intrahepatic/
extrahepatic

8/10

15/4

0.010

The relationship between SFRP1 expression and
clinicopathological characteristics

Age
Sex
Hepatic viral
infection
Curability
Stage
Maximum
tumor size
Macroscopic type
Location
Differentiation
Lymph node
metastasis
Portal invasion
Venous invasion
Intrahepatic
metastasis
Recurrence
pattern

In Table 1, clinicopathological variables according to
the SFRP1 expression were shown. Negative SFRP1

SD; standard deviation, HBV; hepatitis B virus, HCV; hepatitis C virus,
MF; mass-forming type, MF þ PI; mass-forming and periductal infiltrative
type.

We performed statistical analyses by using SPSS
Version 21.0 statistical software (SPSS, Chicago, IL). The
chi-square tests were used to define the relationship between SFRP1 versus b-catenin expressions and clinicopathological characteristics. Survival curves were generated by
the KaplaneMeier method and differences were compared
by the log-rank test. Multivariate analysis was performed
based on the Cox’s proportional hazard model. For all statistical analyses, p < 0.05 was considered as significant.
Results
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Prognostic significance of SFRP1 expression
Negative SFRP1 expression was significantly correlated
with significant poorer prognosis in patients with IHCC,
and 5-year survival rate of patients with negative and positive SFRP1 expression were 8.1% and 44.6%, respectively
(Figure 2A). Univariate analyses revealed that tumor size
( p ¼ 0.031), curability ( p < 0.001), macroscopic type
( p ¼ 0.035), tumor location ( p ¼ 0.006), stages
( p < 0.001), lymph node metastasis ( p ¼ 0.002), portal invasion ( p ¼ 0.001), intrahepatic metastasis ( p ¼ 0.004)
and SFRP1 expression ( p ¼ 0.002) were significant prognostic factors for the overall survival (Table 2). Multivariate
analysis using Cox’s hazard proportional model showed
that hilar tumor location ( p ¼ 0.016), advanced stages
(stage III, IV) ( p ¼ 0.032) and negative SFRP1 expression
( p ¼ 0.009) were independent poor prognostic factors for
the overall survival of patients with IHCC (Table 3).
Regarding disease-free survival, negative SFRP1 expression was significantly correlated with significant poorer
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Table 2
Univariate analysis of risk factors for overall survival of patients.
Factors
Age
Sex
Curability
Stage
Maximum
tumor size
Macroscopic type
Location
Differentiation
Lymph node
metastasis
Portal invasion
Venous invasion
Intrahepatic
metastasis
SFRP1

3-Year survival (%)

p-Value

50.4% vs. 33.3%

0.437

39.0%
52.1%
93.3%
48.3%

vs.
vs.
vs.
vs.

40.5%
00.0%
17.5%
27.8%

0.796
<0.001
<0.001
0.031

MF/MF þ PI
Hilar/peripheral
Well/others
Negative/positive

60.6%
14.7%
37.6%
53.4%

vs.
vs.
vs.
vs.

22.6%
54.0%
42.9%
15.7%

0.035
0.006
0.971
0.002

Negative/positive
Negative/positive
Negative/positive

56.2% vs. 16.0%
44.2% vs. 22.2%
47.1% vs. 00.0%

0.001
0.235
0.004

Negative/positive

24.4% vs. 49.0%

0.002

<65 years/
65 years
Male/female
A, B/C
_, __/___, _V
<5 cm/5 cm

MF; mass-forming type, MF þ PI; mass-forming and periductal infiltrative
type, SFRP1; Secreted Frizzled-Related Protein-1.

prognosis, and 5-year survival rate of patients with negative
and positive SFRP1 expression were 5.4% and 30.5%,
respectively (Figure 2B). Univariate analysis revealed that
curability ( p < 0.001), macroscopic type ( p ¼ 0.014),
advanced stages ( p < 0.001), lymph node metastasis
( p ¼ 0.001), portal invasion ( p ¼ 0.001), intrahepatic metastasis ( p ¼ 0.013) and SFRP1 expression ( p < 0.001)
were significant prognostic factors (Table 4). Multivariate
analysis showed that the negative SFRP1 expression
( p ¼ 0.006) was the only independent poor prognostic factor
for disease-free survival in patients with IHCC (Table 5).
SFRP1 expression negatively correlated with bcatenin expression
To elucidate the possible pathway related with loss of
SFRP1 toward the awful tumor biology in IHCC, we
Table 3
Multivariate analysis of risk factors for overall survival of patients.

Figure 2. Long term prognosis according to SFRP1 expression. (A)
Overall and (B) Disease-free survival curves with curative resection according to SFRP1 expression.

Factors

Hazard
ratio

95% CI

p-Value

Curability C
Stage III, IV
Maximum
tumor size 5 cm
Macroscopic type MFþPI
Location hilar
Lymph node
metastasis positive
Portal invasion positive
Intrahepatic
metastasis positive
SFRP1 negative

2.133
4.620
2.705

0.79e5.74
1.14e18.6
1.00e7.30

0.134
0.032
0.050

1.806
3.095
1.602

0.58e5.57
1.23e7.78
0.55e4.64

0.303
0.016
0.38

1.351
2.958

0.51e3.60
0.99e8.83

0.55
0.052

2.923

1.30e6.56

0.009

MF; mass-forming type, MF þ PI; mass-forming and periductal infiltrative
type, SFRP1; Secreted Frizzled-Related Protein-1.
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Table 4
Univariate analysis of risk factors for disease free survival of patients.
Factors
Age
Sex
Curability
Stage
Maximum
tumor size
Macroscopic type
Location
Differentiation
Lymph node
metastasis
Portal invasion
Venous invasion
Intrahepatic
metastasis
SFRP1

3-Year survival (%)

p-Value

33.6% vs. 18.2%

0.290

20.9%
32.9%
63.3%
27.6%

vs.
vs.
vs.
vs.

30.4%
00.0%
06.1%
17.0%

0.820
<0.001
<0.001
0.050

MF/MF þ PI
Hilar/peripheral
Well/others
Negative/positive

39.9%
11.8%
19.8%
38.5%

vs.
vs.
vs.
vs.

9.0%
30.8%
31.7%
00.0%

0.014
0.118
0.673
0.001

Negative/positive
Negative/positive
Negative/positive

36.8% vs. 05.0%
26.7% vs. 11.1%
27.6% vs. 00.0%

0.001
0.466
0.013

Negative/positive

5.4% vs. 35.6%

<0.001

<65 years/
65 years
Male/female
A, B/C
_, __/___, _V
<5 cm/5 cm

MF; mass-forming type, MF þ PI; mass-forming and periductal infiltrative
type, SFRP1; Secreted Frizzled-Related Protein-1.

examined the relationship between SFRP1 and b-catenin in
IHCC tumor tissues by chi-square tests. Consequently,
among 30 SFRP1 positive patients, 21 patients (70%) indicated the negative b-catenin expression. Meanwhile only 6
of 20 SFRP1 negative patients (30%) presented the b-catenin
expression negative, and these findings revealed that there
was a significant negative correlation between SFRP1 and
b-catenin expressions in IHCC ( p ¼ 0.005) (Figure 3).
Discussion
IHCC is a distinct and aggressive type of biliary tract
cancer that arises from the cholangiocytes of small bile
ducts and notch-mediated conversion of hepatocytes in
the liver28e30 and generally has a poor prognosis. Even
though a lot of improvements have been made in the understanding of IHCC biology, the treatment choices are limited
and their outcomes are still considered to be unsatisfactory.5 Therefore, it is important to find novel predictive
and prognostic biomarkers for IHCC. Some new
Table 5
Multivariate analysis of risk factors for disease free survival of patients.
Factors

Hazard
ratio

95% CI

p-Value

Curability C
Stage III/IV
Macroscopic type MFþPI
Lymph node
metastasis positive
Portal invasion positive
Intrahepatic
metastasis positive
SFRP1 negative

2.164
2.572
1.764
1.037

0.93e5.01
0.76e8.77
0.75e4.16
0.42e2.57

0.072
0.131
0.195
0.937

1.993
1.936

0.81e4.93
0.72e5.21

0.135
0.391

2.631

1.31e5.27

0.006

MF; mass-forming type, MF þ PI; mass-forming and periductal infiltrative
type, SFRP1; Secreted Frizzled-Related Protein-1.

Figure 3. The relationship between SFRP1 and b-catenin.

therapeutic strategies including the improvement of surgical technique and perioperative management have been
developing for the last two decades of patients who
included in this study and it was possible to influence the
patients’ prognosis. However, during those periods, the
innovative alteration for the treatment for this disease did
not reach. Under such a circumstance, we previously reported that CD133, which was one of the most important
cancer-initiating cell markers, was independently related
to worse prognosis in patients with IHCC.31 In this study,
we demonstrated that low SFRP1 expression in IHCC tumor tissue was an independent poor prognostic factor in
both overall and disease-free survival, and this molecular
expression negatively correlated with b-catenin expression
in immunohistochemical examination. Namely, those findings suggested that loss of SFRP1 could lead to aggressive
tumor biology through the activation of Wnt-b-catenin
pathway.
The Wnt pathway recognized to be a critical player in
normal embryonic development or maintenance of adult
tissues. In canonical activation of Wnt signaling pathway,
its’ major downstream molecule b-catenin is stabilized
and translocated into the nucleus followed by the upregulation of Wnt target genes such as C-Myc, C-Jun,
and Cyclin D1.10e13 Therefore, b-catenin stabilization
and translocation are considered as major signs of Wnt
signaling pathway activation in normal condition.7 However, abnormal activation of the Wnt pathway was described
in some kinds of cancers including HCC.14e16,32 In our
study, the expression of b-catenin was detected in the cytomembrane and nucleus in IHCC tumor tissue. Our results
were consistent with some other reports in other cancers27,33,34 and it might indicate that the aberrant activation
of the Wnt signaling pathway and its major downstream
molecule b-catenin could participate in a cruel clinical
outcome of patients with IHCC.
SFRP1 is a secreting protein and a well-known antagonist of the Wnt signaling pathway by its inhibitory
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functions of frizzled receptors, and has been reported to be
a potential tumor suppressor in different kinds of cancers.21e25,35e39 It has been widely reported that SFRP1 was
silenced in various cancers,40e42 suggesting that the aberrant loss of SFRP1 could be one of mechanism to activate
the Wnt pathway in tumors. Furthermore, it was reported
that epigenetically silenced SFRP1 might accelerate Wnt
signaling pathway activation and thus stimulate the induction of epithelialemesenchymal transition, which often
led to the worsening of aggressiveness in several different
HCC cell lines.43 We detected that the SFRP1 expression
had significant correlation with extrahepatic metastasis,
and most importantly, SFRP1 negative patients had significantly worse both overall and disease-free survival rates in
patients with IHCC. Moreover, multivariate analysis
showed that SFRP1 might serve as an independent prognostic factor for overall and disease-free survival rates.
Since SFRP1 is a well-known inhibitor of Wnt signaling
pathway, we compared expression level of SFRP1 with
expression level of b-catenin, which is major downstream
molecule of Wnt signaling pathway and found that
SFRP1 expression had negative correlation with b-catenin
expression in IHCC, consistent with previous reports of human biliary tract carcinoma,7 and prostate cancer.27 Taken
together, these results suggest that the loss of SFRP1 is a
potential unfavorable prognostic biomarker for IHCC and
this result is similar with some other studies done on
different cancers.7,27,38,44 Furthermore, this is a first report,
which the loss of SFRP1 could lead to aggressive tumor
biology through the activation of Wnt-b-catenin pathway.
Regarding the limitation of our study, we have checked
only target proteins by immunohistochemistry and could
not prove the mechanistic correlation between SFRP1 and
Wnt-b-catenin pathway. Although we need to further identify, which kind of SFRP1 including its down-stream
pathway is a responsible regulator for IHCC, any adjuvant
chemotherapy after surgery should be provably introduced
for the patients with loss of SFRP1 in tumor tissue at this
stage.
In conclusion, our results suggested that the loss of
SFRP1 expression in tumor tissue might be an independent
prognostic factor that related to poorer overall and diseasefree survival in patients with IHCC. SFRP1 and b-catenin
are also inversely correlated with each other in our study.
These findings recommend that loss of SFRP1 could be a
potential prognostic biomarker for IHCC through the
Wnt-b-catenin pathway.
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