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Novelty and impact statement:
P-cadherin overexpression is found to be associated with
invasive phenotype and poor prognosis in intrahepatic
cholangiocarcinoma and pancreatic cancer. P-cadherin
mediates invasion and migration, but not proliferation
in vitro, and is regulated by promoter methylation in
these cancers. These results suggest that P-cadherin over-
expression in cancer cells is associated with malignant
behavior and its promoter hypomethylation is one of the
major regulators of expression in these cancers.
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It has become evident that P-cadherin, one of the classical cadherins, contributes

to the malignant behavior of several types of cancer. In this study, we analyzed

the expression of P-cadherin and its clinicopathological and prognostic values in

intrahepatic cholangiocarcinoma (ICC) and pancreatic cancer. Furthermore, we

investigated the functional role of P-cadherin in these cancer cells by knockdown

and overexpression in vitro and by analyzing the correlation between the P-cad-

herin expression and its promoter methylation status. Thirty of 59 ICC cases

(51%) and 36 of 73 pancreatic cancer cases (49%) stained positive for P-cadherin

with mainly membranous distribution in tumor cells by immunohistochemistry. P-

cadherin expression was significantly correlated with several clinicopathological

factors, which reflect tumor behavior, and was identified as an independent

adverse prognostic factor for disease-free survival in patients with ICC (relative

risk [RR] 2.93, P = 0.04) and pancreatic cancer (RR 2.68, P = 0.005) via multivariate

analyses. P-cadherin downregulation by siRNA suppressed migration and inva-

sion, and P-cadherin overexpression induced the opposite effects in both ICC and

pancreatic cancer cells, without any effects on cell proliferation. P-cadherin

expression was related to its promoter methylation status in both cell lines and

cancer tissues. In summary, P-cadherin overexpression may serve as a useful bio-

marker of invasive phenotype and poor prognosis; P-cadherin expression was

found to be regulated by its promoter methylation. These results suggest that

P-cadherin represents a novel therapeutic target for the treatment of ICC and

pancreatic cancer.

I ntrahepatic cholangiocarcinoma (ICC) is the second most
common type of primary hepatic malignancy after hepato-

cellular carcinoma, and accounts for 10–15% of primary liver
cancers.(1) In Japan, mortality rates of ICC was increased by
approximately 20% between 1980 and 2000. Both the inci-
dence and mortality rate of ICC have increased drastically in
recent years.(2) Although surgical resection is the only current
curative treatment for long-term survival, surgery is not suit-
able for most patients. Pancreatic cancer is the fourth leading
cause of cancer-related mortality, and has a poor prognosis,
with an overall 5-year survival rate of 6%.(3) Although surgi-
cal resection provides the only potentially curative treatment
for patients with pancreatic cancer, only 10% of patients with
pancreatic cancer are treated with curative resections; the
remaining patients are treated conservatively.(4) Even among
patients who undergo surgical resection with curative intent,
only 20–25% survive longer than 5-years.(5) Information on
the molecular pathogenesis of ICC and pancreatic cancer is

limited, and new therapeutic targets need to be identified
urgently.
Cadherins are key cell adhesion molecules that affect organ

development and maintenance. They display tissue-specific dis-
tribution, and are identified as epithelial (E), neuronal (N) and
placental (P) cadherin isoforms.(6) P-cadherin was first identified
in mouse placenta.(7) P-cadherin mediates cell–cell adhesion via
calcium-dependent hydrophilic interactions.(8) P-cadherin is
linked to the actin cytoskeleton through catenin, thereby estab-
lishing the cadherin–catenin complex.(9) These molecules play
important roles in both cellular adhesion and in signal transduc-
tion activities that influence several important biological pro-
cesses, such as tissue development, cell migration, cell
scattering and tumorgenesis.(8) In humans, P-cadherin expres-
sion is restricted to the basal epithelial layers, which indicates a
role in cell growth and differentiation.(10) Although P-cadherin
expression and its significance have been investigated for several
malignancies, its prognostic value remains controversial.
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P-cadherin overexpression is associated with aggressiveness and
⁄or poor prognosis in breast,(11,12) endometrial,(13) ovarian(14)

and colorectal cancers,(15) but with better prognosis in oral squa-
mous cell(16,17) and gastric cancers,(18) and melanomas.(19) Pro-
moter methylation of the P-cadherin gene (CDH3) is a proposed
mechanism of its overexpression in cancer tissues.(18) Our previ-
ous study demonstrated that P-cadherin is overexpressed in a
wide range of malignancies, including ICC and pancreatic can-
cer, and that it may represent a promising target for the
immunotherapy of these cancers.(20)

To our knowledge, no study has focused on the relevance of
P-cadherin expression to clinicopathological features, long-
term outcomes, or the relationship between its expression and
promoter methylation status in ICC and pancreatic cancer
patients. In this study, we elucidated the clinical and biological
significance of P-cadherin and the regulation mechanism of its
expression by CDH3 promoter methylation in these cancers.

Material and Methods

Patients and tissue specimen. We enrolled 59 patients with
ICC and 73 patients with pancreatic cancer who underwent sur-
gical resection with curative intent from 1993 to 2010 at the
Kumamoto University Hospital, Kumamoto, Japan. Patients
with combined hepatocellular and cholangiocarcinoma or R2
resections were excluded from this study. Of the 59 patients
with ICC, 3 were classified as stage I, 17 as stage II, 16 as stage
III, 10 as stage IVa, and 13 as stage IVb. The median follow-up
period after surgery was 39.6 months (range: 3.5–241.0). Of the
73 patients with pancreatic cancer, 8 were classified as stage I,
2 as stage II, 27 as stage III, 27 as stage IVa and 9 as stage IVb,
based on the basis of the International Union against Cancer
tumor-node-metastasis classification.(21) The median follow-up
period after surgery was 27.0 months (range: 2.5–96.4). Signed
informed consent was obtained from all patients. In addition,
we collected 27 frozen pancreatic cancer tissues for methyla-
tion-specific PCR (MSP) analysis. The study protocol was
approved by the Human Ethics Review Committee of the Grad-
uate School of Life Sciences, Kumamoto University.

Immunohistochemical staining and scoring. Immunohisto-
chemical staining was performed on 3-lm, formalin-fixed,
paraffin-embedded sections, as described previously.(20,22)

Briefly, endogenous peroxidase activity was blocked using 3%
H2O2 for 5 min. Sections were incubated with mouse anti-hu-
man P-cadherin antibody (clone 56; BD Biosciences, Tokyo,
Japan) overnight at 4°C, and then incubated with a biotin-free
HRP-labeled polymer of the EnVision Plus detection system
(Dako, Tokyo, Japan). Positive reactions were visualized with
diaminobenzidine solution, followed by counterstaining with
Mayer’s hematoxylin. P-cadherin staining was scored on the
basis of the percentage of positively stained cells by counting
>500 cancer cells. When the cut-off value was defined as the
median value, ≤15% staining was classified as low expression
(P-cadherinlow) and ≥15% as high expression (P-cadherinhigh) in
ICC and pancreatic cancer patients. Assessment of immunohis-
tochemical results was based on a semiquantitative evaluation,
which did not include staining intensity.

Cell lines and culture. The cholangiocarcinoma cell lines
HuCCT-1 and HuH28 were purchased from the Japanese Col-
lection of Research Bioresources (Osaka, Japan); and the RBE,
SSP25 and YSCCC cell lines from the RIKEN Bioresource
Center (Ibaraki, Japan). RBE, HuCCT-1, HuH28, SSP25 and
YSCCC cell lines were cultured in RPMI-1640 (Invitrogen,
Tokyo, Japan) containing 10% FBS, and the OZ cell line was

cultured in Williams’ E medium (Invitrogen) containing 10%
FBS. The pancreatic cancer cell lines, such as Panc1, PK-8,
PK-59, KLM-1 and MiaPaCa-2, were purchased from the
RIKEN Bioresource Center (Ibaraki, Japan), and the Hs700T
cell line from the American Type culture collection (Manassas,
VA, USA). Panc1, PK-8, PK-59 and KLM-1 cell lines were
cultured in RPMI-1640 containing 10% FBS, and the Mia-
PaCa-2 and Hs700T cells were cultured in D-MEM (Invitro-
gen) containing 10% FBS. All cultures were maintained in a
5% CO2 air-humidified atmosphere at 37°C.

Depletion of P-cadherin by synthetic small-interfering RNA.

Two individual P-cadherin-specific siRNA were chemically
synthesized with the following sequences: (#1) 50-CACUGA
UUGAUGUCAAUGAtt-30, 5-UCAUUGACAUCAAUCAGU
Gtt-30 and (#2) 50-CCCUCUUGGUGUUCGACUAtt-30, 50-
UAGUCGAACACCAAGAGGGtg-30 (Ambion). Stealth RNAi
negative control (Invitrogen) was used as a negative control.
The dose of siRNA was set at 100 nM to cause ≤20% inhibi-
tion of P-cadherin compared with the negative control.
Twenty-four hours after plating, cells were transfected with
3.0 nM P-cadherin-siRNA or control siRNA using Lipofec-
tamine transfection reagent RNAiMAX (Invitrogen) in accor-
dance with the manufacturer’s instructions. At 48 h after
transfection, cells were harvested and subjected to western
blotting. Each transfection was performed in triplicate and
repeated three times, as described previously.(23)

Lentiviral gene transfer. Lentiviral vector-mediated gene
transfer was performed as described previously.(24) Briefly,
17 lg of CSII-CMV-RfA and CSIIEFRfA self-inactivating
vectors,(20) carrying CDH3 cDNA and 10 lg of pCMV-VSV-
G-RSV-Rev and pCAG-HIVgp were transfected into 293T
cells grown in a 10-cm culture dish by using Lipofectamine
2000 reagent (Invitrogen). At 60 h after transfection, medium
was recovered and viral particles were pelleted by ultracen-
trifugation (50 000 g, 2 h). The pellet was suspended in 50 lL
of RPMI 1640, and 10 lL of viral suspension was added to
5 9 104 RBE or MiaPaCa-2 cells per well in a flat-bottomed
96-well plate. Expression of the transfected P-cadherin gene
was confirmed by western blotting.

Western blotting. To isolate the proteins, cells collected from
6-well plates were washed once in PBS and lysed in RIPA
buffer (50 mM Tris ⁄HCl [pH 7.5], 150 mM NaCl, 1% [v ⁄v]
Nonidet P-40, 0.5% sodium deoxycholate and 0.1% sodium
dodecyl sulfate [SDS]) and protease inhibitor. Each protein
sample (12 lg) was resolved by SDS-polyacrylamide gel elec-
trophoresis, transferred onto a polyvinylidene difluoride mem-
brane, and incubated with P-cadherin mouse monoclonal
antibody (1:500 dilution). Signals were detected by incubation
with secondary antibodies labeled with the ECL Detection Sys-
tem (GE Healthcare, Little Chalfont, UK).

Matrigel invasion assay. Biocoat Matrigel-coated invasion
chambers (BD Biosciences, CA, USA) were used to examine
cell invasiveness. Transfected cells were grown to 90% conflu-
ence in 6-well plates and seeded. Briefly, 5 9 104 HuCCT-1 or
MiaPaCa-2 cells and 1 9 105 PK-59 or RBE cells in 500 lL of
serum-free medium were added to the upper chamber. Medium
containing 10% FBS was added to the lower chamber. Serum-free
medium was added to the lower chamber of control wells. Cells
were allowed to invade the Matrigel for 24 h at 37°C in 5% CO2

atmosphere. After 22 h, non-invading cells were removed with a
cotton swab, and the invading cells were stained with 1% tolu-
idine blue and counted under a microscope at920 magnification.

Scratch assay. Transfected cells were grown to 90% conflu-
ence. Subsequently, these cells were moved to 6-well plates
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and were grown to 95% confluence. A wound was created by
scratching cells with a sterile 1000 lL pipette tip. Cells were
washed with serum-free medium to remove floating cells, and
fresh serum-free culturing medium was added. Photographs of
the wound were obtained under 910 magnification at appropri-
ate times. Wound distances were measured and averaged from
three points per wound area as a baseline width, and the width
of the mean wound distance was calculated. To evaluate
wound closures, the points along each wound were marked,
and the horizontal distance the migrating cells traveled into the
wound was measured.

Proliferation assay. Transfected cells were grown to 90%
confluence in 6-well plates and were seeded in 96-well plates
at a density of 1500 cells per well. Medium in each well was
changed daily. Viable cholangiocarcinoma cell numbers were
measured for 0, 24, 48, 72, 96 or 120 h with a Cell Counting
Kit-8 that contained 2-(2-methoxy-4-nitrophenyl)-3-(4-nitro-
phenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium (Dojin Laborato-
ries, Kumamoto, Japan), according to the manufacturer’s
instructions. Optical density was measured at 450 nm using an
automatic microplate reader (Molecular Devices, Osaka,
Japan). Each experiment was performed in triplicate.

Methylation-specific PCR analysis. Genomic DNA was
extracted from the cholangiocarcinoma and pancreatic cancer

(a)

(b)

Fig. 1. P-cadherin expression shown by immunohistochemistry in intra-
hepatic cholangiocarcinoma (ICC) and pancreatic cancer tissues. Repre-
sentative images of positive and negative P-cadherin staining in patients
with ICC (a) and pancreatic cancer (b). Staining shows mainly membra-
nous distribution of P-cadherin in tumor cells.

(a) (b)

(c) (d)

Fig. 2. Cumulative DFS and overall survival OS according to P-cadherin expression. Kaplan–Meier curves show that P-cadherin expression is sig-
nificantly associated with DFS (a, P = 0.019) and OS (b, P = 0.0012) among patients with ICC; however, among patients with pancreatic cancer,
Kaplan–Meier curves show that P-cadherin expression is significantly associated with DFS (c, P = 0.026), but not with OS (d, P = 0.17). DFS, dis-
ease-free survival; ICC, intrahepatic cholangiocarcinoma; OS, overall survival.
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cell lines and ICC tumor tissues using standard proteinase-K
digestion followed by QI Amp DAN FFPE Tissue Kit
(Qiagen, Tokyo, Japan). Extracted genomic DNA was modified
with sodium bisulfite using an EpiTect Bisulfite kit (Qiagen).
Bisulfite modified DNA was amplified with the primers
used for the detection of unmethylated DNA (product
size, 149 bp): 50-TTGTGAGGGGGTGGGATTTTGTGGT-30
(forward), 50-ATAAAACAACTACCACAACAACAAACCA
A-30 (reverse) and methylated DNA (141 bp) 50-CGAGGG
GGCGGGATTTCGTG-30 (forward), 50-ACAACTACCGCGA
CGACGAACCGA-30 (reverse). The following PCR conditions
were used for unmethylated DNA: 10 min at 95°C, followed
by 35 cycles of 95°C (30 s), 61°C (30 s), 72°C (90 s), and
final extension at 72°C for 7 min. Conditions for methylated
DNA were similar, but the annealing temperature was main-
tained at 64°C; MSP was performed twice.

Statistical analysis. Statistical analyses were performed using
the JMP program (SAS Institute, Cary, NC, USA). Quantitative
data were expressed as mean � standard deviation, unless stated

otherwise. The v2-test was used to analyze relationships between
categorical variables. Kaplan–Meier survival plots were gener-
ated and comparisons were made using log-rank tests. To esti-
mate risk factors for recurrence and survival by Cox
proportional hazards regression analysis, continuous variables
were converted into binary. P < 0.05 was considered significant.

Results

P-cadherin expression is associated with clinicopathological

features and poor prognosis in patients with intrahepatic cholan-

giocarcinoma or pancreatic cancer. We examined the relation-
ship between P-cadherin expression and clinicopathological
features in 59 patients with ICC and 73 with pancreatic can-
cer by immunohistochemistry. Thirty of 59 ICC cases (51%)
and 36 of 73 pancreatic cancer cases (49%) stained positive
for P-cadherin, with mainly membranous distribution in tumor
cells (Fig. 1). No staining was detected in their normal duc-
tal or acinar cells. P-cadherin expression was significantly

Table 1. Univariate and multivariate analyses of predictive factors for disease-free and overall survival in ICC

Factors n

Disease free survival Overall survival

Univariate
Multivariate

Univariate
Multivariate

P value HR 95% CI P value P value HR 95% CI P value

Age† (years)

<66 28 0.0048* 1.21 0.48–2.94 0.68 0.012* 1.19 0.48–2.9 0.70

≥66 31

Gender

Female 26 0.91 0.36

Male 33

CA19-9† (U ⁄ml)

≥ 38 30 0.66 0.53

< 38 29

Stage

Stage III ⁄ IV 39 0.030* 0.040*

Stage I ⁄ II 20

Tumor diameter† (mm)

≥38 30 0.027* 3.81 1.41–11.11 0.0080* 0.054 3.52 1.22–10.69 0.019*

<38 29

Tumor number

Multiple 18 0.022* 1.02 0.37–2.91 0.98 0.055 1.01 0.34–2.63 0.99

Solitary 41

Macroscopic type

Other types‡ 19 0.97 0.92

Mass forming type 40

Lymph node metastasis§

Positive 15 0.0053* 1.22 0.19–2.56 0.76 0.0011* 1.21 0.19–2.53 0.76

Negative 44

Tumor differentiation§

Poor 14 0.52 0.62

Well ⁄Mod 45

Vascular invasion§

Positive 31 0.0082* 1.03 0.45–2.30 0.95 0.014* 1.34 0.48–4.80 0.60

Negative 28

P-cadherin expression

High 30 0.019* 2.93 1.03–8.49 0.044* 0.0012* 2.70 0.92–8.03 0.070

Low 29

*P < 0.05. †Cutoff value defined as the median value. ‡Periductal infiltrating type and intraductal growth type. §Pathological diagnosis. 95% CI,
confidence interval; CA19-9, carbohydrate antigen 19-9; mod, moderately-differentiated; poor, poorly differentiated; HR, hazard ratio; well,
well-differentiated.
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Table 2. Univariate and multivariate analyses of predictive factors for disease-free and overall survival in pancreatic cancer

Factors n

Disease free survival Overall survival

Univariate
Multivariate

Univariate
Multivariate

P-value HR 95% CI P-value P-value HR 95% CI P-value

Age† (years)

<72 37 0.031* 1.72 0.79–3.84 0.17 0.23

≥72 36

Gender

Male 35 0.5 0.83

Female 38

Operative method

Pancreatoduodenectomy 46 0.082 0.022* 1.29 0.47–3.51 0.61

Distal pancreatectomy 27

Combined resection of surrounding organs

Yes 26 0.90 0.28

No 47

Tumor differentiation‡

Poor 11 0.019* 1.73 0.58–4.76 0.31 0.17

Well ⁄Mod 62

Interstitial connective tissue‡

Scirrhous type 26 0.0011* 1.23 0.59–2.56 0.57 0.0077* 1.23 0.57–2.64 0.59

Medullary ⁄ intermediate type 47

Growth patterns of tumors infiltrating surrounding tissue

INF c 32 0.0001* 4.14 1.72–10.49 0.001* 0.0003* 2.3 1.03–5.37 0.042*

INF a ⁄ b 41

Lymph duct invasion

ly 2 ⁄ 3 35 0.0002* 1.05 0.44–2.39 0.91 0.0067* 1.66 0.64–4.01 0.29

ly 0 ⁄ 1 38

Venous invasion

v 2 ⁄ 3 41 0.0001* 3.89 1.31–12.26 0.014* 0.0003* 1.73 0.65–4.99 0.28

v 0 ⁄ 1 32

Intrapancreatic nerve invasion

ne 2 ⁄ 3 46 0.0012* 1.4 0.53–3.72 0.49 0.0011* 1.45 0.52–4.19 0.48

ne 0 ⁄ 1 27

Tumor size‡ (mm)

≥40 16 0.14 0.16

<40 57

Pancreatic bile duct invasion

Positive 23 0.0051* 2.77 1.22–6.27 0.015* 0.066

Negative 50

Duodenum invasion‡

Positive 31 0.085 0.0079* 1.89 0.82–4.64 0.14

Negative 42

Superior tissue invasion

Positive 33 0.032* 1.51 0.72–3.18 0.28 0.069

Negative 40

Posterior tissue invasion

Positive 36 0.008* 3.42 1.37–8.67 0.0085* 0.0059* 1.53 0.68–3.48 0.30

Negative 37

Portal vein invasion‡

Positive 24 0.15 0.086

Negative 49

Artery invasion

Positive 6 0.0001* 4.99 1.42–15.97 0.014* 0.0001* 7.1 1.96–23.54 0.004*

Negative 67

Plexus infiltration‡ (PL)

Positive 22 0.0004* 1.73 0.74–4.03 0.20 0.0046* 1.31 0.58–2.99 0.52

Negative 51
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correlated with tumor diameter (P = 0.0006) and lymph node
(LN) metastasis (P = 0.044) in ICC (Suppl. Table S1), and
with gender (P = 0.026), posterior tissue invasion
(P = 0.046) and other organ invasion (P = 0.015) in pancre-
atic cancer (Suppl. Table S2). Survival analyses revealed that
the cumulative disease-free survival (DFS) and overall sur-
vival (OS) were significantly shorter in patients with P-cad-
herin positive tumors than in those with P-cadherin negative
tumors in ICC (P = 0.019, Fig. 2a; P = 0.0012, Fig. 2b,

respectively). In patients with pancreatic cancer, although
DFS was significantly worse in patients with P-cadherin posi-
tive tumors (P = 0.026, Fig. 2c), OS did not differ signifi-
cantly between the groups (P = 0.17, Fig. 2d). Multivariate
analyses identified high P-cadherin expression to be an inde-
pendent predictor for DFS in both ICC (hazard ratio [HR]
2.93, P = 0.044, Table 1) and pancreatic cancer (HR 2.68,
P = 0.005, Table 2). Although univariate analysis revealed
that high expression levels of P-cadherin affects OS in ICC,

Table 2 (continued)

Factors n

Disease free survival Overall survival

Univariate
Multivariate

Univariate
Multivariate

P-value HR 95% CI P-value P-value HR 95% CI P-value

Other organs invasion‡

Positive 4 0.48 0.29

Negative 69

Local development degree‡

T 3 ⁄ 4 60 0.008* 0.0007*

T 1 ⁄ 2 13

Lymph node metastasis‡

Positive 44 0.001* 1.03 0.37–2.81 0.95 0.0068* 1.10 0.42–2.85 0.85

Negative 29

P-cadherin expression

High 36 0.026* 2.68 1.35–5.41 0.005* 0.17 1.50 0.78–2.92 0.22

Low 37

*P < 0.05. †Cutoff value defined as the median value. ‡Pathological diagnosis. CI, confidence interval; HR, hazard ratio; mod, moderately-differ-
entiated; poor, poorly differentiated; well, well-differentiated.

(a)

(b) (c)

Fig 3. Knockdown and overexpression of P-cadherin in cholangiocarcinoma and pancreatic cancer cell lines. (a) P-cadherin expression in cholan-
giocarcinoma and pancreatic cancer cell lines is shown by western blot. (b) Knockdown of P-cadherin expression by siRNA in HuCCT-1 and PK59
cancer cells is shown by western blot. Expression was compared 48 h after transfection with P-cadherin-targeting siRNA against mock-transfected
control cells. (c) RBE and MiaPaca-2 cells were transfected with cDNA that encoded full-length P-cadherin, and P-cadherin expression was con-
firmed by western blot against mock-transfected control cells.
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its significance was not retained in multivariate analysis
(HR 2.70, P = 0.07, Table 1).

Expression of P-cadherin in cholangiocarcinoma and pancreatic

cancer cell lines. We investigated P-cadherin expression in 6
cholangiocarcinoma and 6 pancreatic cancer cell lines by
western blotting (Fig. 3a). P-cadherin was highly expressed in
HuCCT-1, YSCCC and OZ cholangiocarcinoma cells, and in
PK-8, PK-59 and KLM-1 pancreatic cancer cells. For
subsequent RNA interference (RNAi) analyses, we generated
two Silencer Select siRNA that target different regions of
the P-cadherin transcript. Both siRNA efficiently blocked
P-cadherin expression in HuCCT-1 and PK59 (Fig. 3b). We
used P-cadherin-siRNA#2 in later experiments. Furthermore,
we transfected a human P-cadherin expression vector into RBE
and MiaPaCa-2 cells, both of which do not express P-cadherin.
P-cadherin overexpression was confirmed by western blotting
in these two cell lines (Fig. 3c).

Effects of P-cadherin expression on invasiveness migration,

and proliferation in cancer cells. We examined the effect of
RNAi-mediated P-cadherin repression on the invasiveness,
migration and growth of cholangiocarcinoma (HuCCT1) and
pancreatic cancer cells (PK59). Inhibition of P-cadherin led to
significantly fewer invasive cells in the Matrigel cell invasion
assay (P = 0.014 in HuCCT1 and P = 0.026 in PK59; Fig. 4a).

Inhibition of P-cadherin resulted in significantly decreased cell
migration (P = 0.002 in HuCCT1 and P = 0.009 in PK59;
Fig. 4b). Inhibition of P-cadherin had no effect on cell prolifera-
tion (P = 0.33 in HuCCT1, P = 0.38 in PK59; Fig. 4c).
Subsequently, we examined the effect of P-cadherin overex-

pression on invasiveness, migration and proliferation in cancer
cells. P-cadherin overexpression led to increased invasiveness
(P = 0.0061 in RBE, P = 0.019 in MiaPaCa-2; Fig. 4d) and
migration (P = 0.0005 in RBE, P = 0.006 in MiaPaCa-2;
Fig. 4e), but had no effect on cell proliferation (P = 0.26 in
RBE, P = 0.74 in MiaPaCa-2; Fig. 4f).

P-cadherin overexpression is associated with promoter

hypomethylation in cholangiocarcinoma and pancreatic cancer

cells. To evaluate the association between P-cadherin expres-
sion and its promoter methylation in cholangiocarcinoma and
pancreatic cancer cells, we investigated the promoter methyla-
tion status by MSP analysis. HuCCT-1, YSCCC and OZ
cholangiocarcinoma cells, and PK-8, PK-59 and KLM-1 pan-
creatic cancer cells, which express high levels of P-cadherin,
had completely hypomethylated CDH3 promoter regions in
comparison with cells that express low levels of P-cadherin
(Fig. 5a). We treated RBE and MiaPaCa-2 cells, which present
no expression of P-cadherin and methylated CDH3 promoter
regions, with the demethylating agent 5-aza-2V-deoxycytidine

(a)

(b)

(c)

Fig. 4. Effects of P-cadherin expression on invasion, migration and proliferation in cholangiocarcinoma and pancreatic cancer cells. (a) Inhibi-
tion of P-cadherin led to significant decrease in invasive cells as seen in a Matrigel cell invasion assay (P = 0.014 in HuCCT1 and P = 0.026 in
PK59 cells). (b) Cell migration assay revealed that inhibition of P-cadherin resulted in decrease of cell migration (P = 0.002 in HuCCT1 and
P = 0.009 in PK59). (c) Cell proliferation assay revealed that P-cadherin inhibition did not affect cancer cell proliferation in either HuCCT1 or
PK59 cells. (d) P-cadherin overexpression led to increase of invasive cells using Matrigel cell invasion assay (P = 0.0061 in RBE and P = 0.019 in
MiaPaCa-2). (e) Cell migration assay showed that P-cadherin overexpression resulted in increase of cell migration (P = 0.0005 in RBE and
P = 0.006 in MiaPaCa-2). (f) Cell proliferation assay showed that P-cadherin overexpression did not affect cancer cell proliferation in either RBE
or MiapaCa-2 cells.
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(5 lmol ⁄L, 5 days). Complete hypomethylation of the CDH3
promoter region was closely correlated with increased P-cad-
herin protein expression (Fig. 5b).
We then selected 20 resected ICC specimens, including 10

representative P-cadherin-positive and P-cadherin-negative
cases each (as confirmed by immunohistochemistry), and exam-
ined their CDH3 promoter methylation status by MSP. Of the 10
P-cadherin-positive cases, only 4 contained methylated CDH3
promoter regions (Fig. 5c), whereas all 10 P-cadherin-negative
cases had methylated CDH3 promoter regions (Fig. 5d). In addi-
tion, we selected 27 resected pancreatic cancer specimens from
2012, including 13 representative P-cadherin-positive and 14
representative P-cadherin-negative cases (as confirmed by
immunohistochemistry), and examined their CDH3 promoter
methylation status by MSP. Of the 13 P-cadherin positive cases,
only 4 cases showed methylated CDH3 promoter regions
(Fig. 5e), whereas 12 of the 14 P-cadherin negative cases had
methylated CDH3 promoter regions (Fig. 5f).

Discussion

In the current study, P-cadherin expression was significantly
correlated with several clinicopathological factors, and was
identified as an independent adverse prognostic factor for DFS
in both ICC and pancreatic cancer. Downregulation of P-cad-
herin by siRNA suppressed the migration and invasion, and
overexpression of P-cadherin induced the opposite effects in
both ICC and pancreatic cancer cells. P-cadherin expression
was found to be related to its promoter hypomethylation.
To our knowledge, this is the first study to demonstrate the

relationship between P-cadherin expression and clinicopatho-

logical features and prognosis in ICC and pancreatic cancer.
P-cadherin expression was significantly correlated with tumor
diameter (P = 0.0006) and LN metastasis (P = 0.044) in ICC
(Suppl. Table S1), and with gender (P = 0.026), posterior tis-
sue invasion (P = 0.046) and other organ invasion
(P = 0.015) in pancreatic cancer (Suppl. Table S2). DFS was
significantly shorter in patients with P-cadherin-positive tumors
than in those with P-cadherin negative tumors in both ICC
(P = 0.019) and pancreatic cancer (P = 0.026); these results
were confirmed by multivariate analyses. Although the prog-
nostic role of P-cadherin expression on clinicopathological
features is controversial depending on the cancer type, our
results demonstrate that P-cadherin expression reflects tumor
aggressiveness and disease recurrence in ICC and pancreatic
cancer.
However, how P-cadherin affects tumor behavior is still

unclear; there is a discrepancy in its role between different can-
cer types. Although previous studies have demonstrated an anti-
invasive function for P-cadherin in melanoma(25) and colon
cancer,(26) other studies have revealed pro-invasive functions in
urinary bladder,(26) breast,(27) ovarian(28) and pancreatic can-
cers.(29) Taniuchi et al.(26) demonstrate that P-cadherin overex-
pression promotes the motility of pancreatic cancer cells by
interacting with p120ctn and, consequently, activating Rho-fam-
ily GTPases, Rac1 and Cdc42. In the current study, P-cadherin
downregulation suppressed migration and invasion, and P-cad-
herin overexpression induced the opposite effects in both ICC
and pancreatic cancer cells, without affecting cell proliferation
activity. These results suggest that P-cadherin overexpression in
cancer cells is associated with invasive phenotype and malignant
behavior of ICC and pancreatic cancer.

(d)

(e)

(f)

Fig. 4. Continued
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Cadherin-switching plays a crucial role in tumor progression
in several types of cancer, including ovarian,(28) bladder(30,31)

and prostate cancer.(32) Cadherin-switching involves changes in
the expression of different types of cadherin; switching from
E-cadherin to N-cadherin or to P-cadherin is observed during
tumorigenesis.(15,33–35) E-cadherin downregulation is a hall-
mark of epithelial-mesenchymal transition (EMT), which
affects cancer cell migration and invasion.(36) Therefore, EMT
may play a role in regulating cancer cell migration and
invasion by P-cadherin expression. However, in previous stud-
ies on colon cancer and ICC, knockdown of P-cadherin in can-
cer cells did not induce any change in the expression of EMT

markers, including vimentin, slug, snail and twist.(15,37) Simi-
larly, in the present study, E-cadherin and vimentin expression
was not altered upon overexpression or downregulation of
P-cadherin in ICC and pancreatic cancer cells (data not
shown). These findings suggest that P-cadherin promotes
migration and invasion of cancer cells in an EMT-independent
manner.
Van Marck et al.(26) reported that the role of P-cadherin in

cancer cell adhesion and invasion depends on the cancer type.
They demonstrate that, in colon cancer cells, P-cadherin func-
tions as a pro-adhesive and anti-invasive ⁄ anti-migratory mole-
cule, similar to E-cadherin. In contrast, in bladder cancer,
P-cadherin functions as an anti-adhesive and pro-invasive ⁄ pro-
migratory molecule. The latter phenomenon is more often
observed in several types of cancer, including ICC and pancre-
atic cancer. These findings suggest that the role of P-cadherin
and the significance of cadherin-switching during tumorigene-
sis should be determined individually in each cancer type.
DNA methylation of CpG islands on promoters is a major

gene-regulation mechanism. P-cadherin expression is signifi-
cantly correlated with promoter hypomethylation in breast,(11)

gastric,(18) and colorectal cancers.(38) In the present study,
P-cadherin overexpression was correlated with hypomethyla-
tion of the CDH3 promoter, whereas treatment of cells that
lacked P-cadherin expression with 5-aza-20-deoxycytidine
induced its expression, accompanied with hypomethylation of
the CDH3 promoter region in cholangiocarcinoma and pancre-
atic cancer cells. These phenomena were also observed in
specimens isolated from ICC and pancreatic cancer patients.
Of the 10 high P-cadherin-expressing ICC tissues, only 4 con-
tained methylated CDH3 promoter regions (Fig. 5c), whereas
all 10 low P-cadherin-expressing ICC tissues had methylated
CDH3 promoter regions (Fig. 5d). Similarly, of the 13 P-cad-
herin high P-cadherin-expressing pancreatic cancer tissues,
only 4 contained methylated CDH3 promoter regions (Fig. 5e),
whereas 12 of the 14 P-cadherin negative cases had methylated
CDH3 promoter regions (Fig. 5f). Although the discrepancies
observed in some cases imply that other mechanisms also
mediate P-cadherin expression, our findings indicate that
CDH3 promoter methylation is a major regulator of P-cadherin
expression in ICC and pancreatic cancer.
In conclusion, our data demonstrate that P-cadherin overex-

pression is a potential biological marker for invasive pheno-
type and poor prognosis in ICC and pancreatic cancer, and
that P-cadherin expression is possibly regulated by
hypomethylation of the CDH3 promoter region. The present
study suggests that P-cadherin and its hypomethylation pro-
cess represent novel therapeutic targets for ICC and pancre-
atic cancer.
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