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ABSTRACT

Background. Despite developments in multidisciplinary

treatment, the prognosis for advanced gallbladder cancer

(GBC) still is poor because of its rapid progression.

Epithelial–mesenchymal transition (EMT) plays a central

role in promoting tumor invasion and metastasis in

malignancies thorough signal transducer and activator of

transcription-3 (STAT3) and nuclear factor jB (NF-jB)

activation. Whereas Pin1 mediates STAT3 and NF-jB

activation, the involvement of Pin1 in GBC progression is

unclear.

Methods. Factors regulating Pin1-related STAT3 and NF-

jB activation were evaluated using surgical specimens

collected from 76 GBC patients, GBC cells, and orthotopic

GBC xenograft mice.

Results. In the patients with GBC, high Pin1 expression in

GBC was associated with aggressive tumor invasion and

increased tumor metastasis, and was an independent factor

for a poor prognosis. Pin1 expression was correlated with

phosphorylation of STAT3(Ser727) and NF-jB-

p65(Ser276), thereby activating STAT3 and NF-jB in

GBC. Pin1-mediated STAT3 and NF-jB activation

induced EMT in GBC. When Pin1 knockdown was per-

formed in GBC cells, the phosphorylation of

STAT3(Ser727) and NF-jB-p65(Ser276) was inhibited,

and STAT3 and NF-jB activation was suppressed. Inacti-

vation of STAT3 and NF-jB in Pin1-depleted cells

decreased snail and zeb-2 expression, thereby reducing the

rate of mesenchymal-like cells, suggesting that EMT was

inhibited in GBC cells. PiB, a Pin1-specific inhibitor,

inhibited EMT and reduced tumor cell invasion by inacti-

vating STAT3 and NF-jB in vitro. Moreover, PiB

treatment inhibited lymph node metastasis and intrahepatic

metastasis in orthotopic GBC xenograft tumor in vivo.

Conclusions. Pin1 accelerates GBC invasion and metas-

tasis by activating STAT3 and NF-jB. Therefore, Pin1

inhibition by PiB is an excellent therapy for GBC by safely

inhibiting its metastasis.

Gallbladder cancer (GBC) is the most common malig-

nancy among the bile duct cancers and the frequent cause

of cancer-related death worldwide.1,2 Despite recent

improvement of the multidisciplinary therapy,3,4 the

prognosis for advanced GBC remains poor. Lymph node

(LN) metastasis and intrahepatic metastasis are potent

factors for a poor prognosis for GBC patients,5 and the

recurrence rate is extremely high even after curative

resection.1 Therefore, it is urgent to discover new thera-

peutic targets for preventing GBC metastasis.

Epithelial–mesenchymal transition (EMT) plays a cen-

tral role in promoting tumor invasion and metastasis in

many cancers.6,7 Signal transducer and activator of tran-

scription-3 (STAT3) and nuclear factor jB (NF-jB) are

key enhancers to activate EMT-related transcriptional

factors such as snail and zeb.8,9 Therefore, STAT3 and NF-

jB are important therapeutic targets for inhibiting EMT-

mediated cancer progression.10 However, therapies target-

ing STAT3 and NF-jB are not common because direct

inhibition of these transcriptional factors induces severe

adverse reactions.
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Pin 1 is a peptidyl-prolyl cis/trans isomerase that binds

and isomerizes specific phosphorylated serine or threonine

residues in certain proteins.11,12 Pin1 has a pivotal role in

multiple oncogenic signal pathways because Pin1 regulates

protein stability, enzymic activity, and protein localiza-

tion.13 Both STAT3 and NF-jB are target proteins of

Pin1. Pin1 recognizes and binds to phosphorylated

(p-)STAT3(Tyr705), and NF-jB-p65(Thr254) induces

phosphorylation of NF-jB-p65(Ser276) and STAT3(Ser727),

and accelerates STAT3 and NF-jB activation.14–16 We have

reported that Pin1 is associated with aggressive tumor pro-

gression and a poor prognosis in hepatocellular carcinoma

(HCC) by mediating NF-jB activation.17 However, no stud-

ies have evaluated Pin1 expression in any biliary tract

cancers. Moreover, no investigations have focused on

STAT3- or NF-jB-mediated tumor invasion and metastasis in

any experimental models of GBC.

Therefore, this study aimed to investigate the roles of

Pin1 in GBC progression, to evaluate the usefulness of

Pin1 as a biomarker for predicting GBC behavior, and to

show whether Pin1 is a novel therapeutic target in patients

with GBC.

MATERIALS AND METHODS

Tissue Samples

This study investigated 76 patients with advanced GBC

(C T2) who underwent R0 or R1 resection between 2003

and 2014 at our institution. In the current study, 3 of the 76

patients received right trisectionectomy, 21 received right

hemihepatectomy, 47 received central inferior segmentec-

tomy, and 5 received liver bed resection. All 76 patients

received extrahepatic bile duct resection and regional

lymph node dissection because we routinely perform these

procedures for C T2 GBC.

The 7th Union for International Cancer Control (UICC)

classification was used to evaluate the clinicopathologic

features of GBC. Some of the patients received neoadju-

vant chemotherapy with gemcitabine and cisplatin and/or

adjuvant chemotherapy with gemcitabine. Surgical samples

were fixed in formalin, embedded in paraffin, and stained

with hematoxylin–eosin (H&E). Normal gallbladder tis-

sues were obtained from the patients with

cholechystolithiasis.

Fully informed consent was obtained from all the

patients. The study was performed in accordance with the

guidelines of the Helsinki Declaration and approved by the

Chiba University Human Research Committee.

Immunohistochemical Staining

Immunohistochemical staining was performed with anti-

Pin1, anti-p-NF-jB-p65(Ser276), anti-p-STAT3(Ser727),

anti-vimentin, anti-matrix metalloproteinase-9 (MMP-9)

(Santa Cruz Biotechnology, Santa Cruz, CA, USA), and

anti-cytokeratin 19 (CK-19) (Abcam, Cambridge, UK)

using the EnVision kit (Dako, Copenhagen, Denmark). The

Pin1 percentage score was graded from 0 to 5 based on the

percentage of Pin1-positive cells in GBC using ImageJ

(NIH, Bethesda, MD, USA).

Staining intensity in GBC was scored by two indepen-

dent clinical pathologists, and the average score was

recognized as the Pin1 intensity score (range, 0–5). The

total of the intensity score and the percentage score was

defined as the Pin1 labeling index (range, 0–10).

Determination of the p-STAT3(Ser727)-labeling index

and the p-NF-jB-p65(Ser276)-labeling index was evalu-

ated by immunohistochemistry based on the percentage of

positive nuclei in GBC. Overexpression of vimentin and

MMP-9 was defined as 30% of cancer cells or more

expressed vimentin or MMP-9 compared with cancer

stroma.

Western Blotting

Western blotting was performed using whole-cell lysates, as

previously described.17 PhosphoBLOCKER (Cell Biolabs Inc.,

San Diego, CA, USA) was used to block nonspecific binding

sites. Antibodies against Pin1, p-NF-jB-p65(Thr254),

p-NF-jB-p65(Ser276), p-STAT3(Tyr705), p-STAT3(Ser727),

vimentin, b-actin (Santa Cruz Biotechnology), zeb-2, and snail

(Abcam, Cambridge, UK) were used for primary antibody.

Immunoreactive proteins were detected by enhanced chemi-

luminescence and quantified by image analysis.

Electrophoretic Mobility Shift Assay

Nuclear extracts were prepared by the method of

Deryckere and Gannon,18 and their DNA binding activity

was analyzed by electrophoretic mobility shift assay

(EMSA). Double-stranded consensus oligonucleotides to

STAT3 (Santa Cruz Biotechnology) or NF-jB (Promega

Corporation, Madison, WI, USA) were end-labeled with

c[32P]ATP (Perkin Elmer Inc. Boston, MA, USA). Binding

reaction products were separated in a polyacrylamide gel

and analyzed by autoradiography.

Cell Culture

Human GBC cell lines (OCUG-1, NOZ-1033,

TYGBK1, and TYGBK8 cells) purchased from the Japa-

nese Collection of Research Bioresources (JCRB) Cell
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Bank (Osaka, Japan) were distributed onto a 6-cm dish at a

concentration of 5 9 104 cells/5 ml. Pin1-specific small

interfering RNA (siRNA) or negative control siRNA was

transfected into GBC cells using RNAiMAX Transfection

Reagent (Fisher Scientific, Hampton, NH, USA). In some

experiments, cells were incubated for 72 h in medium

containing 20 lmol/l of PiB (Sigma-Aldrich, St. Louis,

MO, USA) or 50 lmol/l of juglone (Sigma-Aldrich),

competitive Pin1-specific inhibitors. Tumor cell invasion

was evaluated using the Cell Invasion Assay Kit (Cell

Biolabs Inc.). Cell lysates and nuclear extracts were pre-

pared for Western blotting and EMSA.

Three-Dimensional Cell Culture

A three-layer gel complex was prepared for three-di-

mensional (3D) cell culture as previously described.19

Briefly, collagen 1 solution was spread onto 4-well-cham-

ber slides as a bottom layer and set in a 37�C oven for

60 min. Next, cells suspended in collagen 1 solution were

added on the bottom layer and placed in a 37�C oven for

60 min to allow gelation of the middle layer. After culture

medium was added onto this gel-cell complex in each well,

the cells were further incubated for 7 days to allow cells to

grow up in all directions. The shape of these cells was

evaluated after 7 days of incubation. Spindle-shape cells

and irregular type cells were defined as mesenchymal-like

cells, and spheroid cyst cells were defined as epithelial-like

cells.

Orthotopic GBC Xenograft Mouse Model

An orthotopic GBC xenograft mouse model was estab-

lished based on the protocol previously reported.20 Male

CB-17 SCID mice (Charles River Laboratories Japan,

Yokohama, Japan) weighing 20 to 25 g were used in these

experiments. After laparotomy with the mice under general

anesthesia, 1 9 107 cells/15 ll of NOZ-1033 cells mixed

with 15 ll of Matriegel (BD Bioscience, Heidelberg,

Germany) were injected into the gallbladder. The mice

were treated intraperitoneally with 0 or 2.5 mg/kg of PiB

solution every other day, starting after 7 days of

inoculation.

The mice were killed 28 days after inoculation, and

samples of GBC xenograft tumor, liver, and regional LNs

were taken for analysis. Regional LN metastasis and

intrahepatic metastasis were evaluated by H&E staining

and immunohistochemical staining for CK-19. This project

was approved by the Chiba University Animal Care and

Use Committee and was in compliance with the guidelines

published by NIH.

Statistical Analysis

Data are expressed as mean ± standard error of the

mean (SEM). Statistical comparisons for significance were

performed with Student’s t test, the Mann–Whitney U test,

or the chi-square test. The Kaplan–Meier method was used

to estimate survival, and statistical differences were ana-

lyzed by the log-rank test. Significant prognostic factors

evaluated by univariate logistic regression were included in

a multivariable analysis. Probability (P) values of 0.05 or

lower were considered to be statistically significant. Sta-

tistical analyses were performed using the software JMP

Pro 13 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Clinical Significance of Pin1 Expression in GBC

Patients

When Pin1 expression was evaluated by immunohisto-

chemistry (Fig. 1a), it was weak in normal gallbladder.

However, increased Pin1 expression was seen in some

GBC cases. Based on receiver operating characteristic

(ROC) analysis in accordance with the 2-year survival

(Fig. S1), the 76 GBC patients in this study were divided

into two groups (cutoff value, 5; P\ 0.001; area under the

curve [AUC], 0.751). High Pin1 expression was signifi-

cantly correlated with venous invasion (P = 0.016),

perineural invasion (P = 0.013), LN metastasis

(P = 0.033), distant metastases (P = 0.030), and intrahep-

atic metastasis (P = 0.013) (Table 1). Overall survival time

and relapse-free survival time were significantly poorer for

the GBC patients with high Pin1 expression (Fig. 1b, c).

The uni- and multivariate analyses showed that high Pin1

expression in GBC was the independent poor prognostic

factor (P = 0.025) (Table S1).

Pin1-Mediated STAT3 and NF-jB Activation-Enhanced

EMT in GBC

Nuclear accumulation of p-STAT3(Ser727) and p-NF-

jB-p65(Ser276), indicators of Pin1-related STAT3 and

NF-jB activation (Fig. 1d, e), was significantly correlated

with Pin1 expression in GBC (Fig. 1f, g). High vimentin

expression was seen in 26 GBC cases (34.2%) by

immunohistochemistry (Fig. 2a). Interestingly, the Pin1-

labeling index, the p-STAT3(Ser727)-labeling index, and

the p-NF-jB-p65(Ser276)-labeling index were higher in

GBC with high vimentin expression (Fig. 2b–d). Accord-

ingly, 22 GBC cases (28.9%) were defined as having high

MMP-9 expression by immunohistochemistry (Fig. 2e),

which was positively correlated with the Pin1-labeling
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FIG. 1 a Immunohistochemical staining for Pin1 in normal

gallbladder and in gallbladder cancer (GBC) with low and high

Pin1 expression. The original magnification was 9 100. b Overall

survival (P\ 0.001) and c relapse-free survival (P\ 0.001) for 76

GBC patients in relation to Pin1 expression in GBC. Nuclear

accumulation of d p-STAT3(Ser727) and e p-NF-jB-p65(Ser276)

was evaluated by immunohistochemical staining. The original

magnification was 9 100. A significant correlation was seen

between the Pin1-labeling index and f the p-STAT3(Ser727)-

labeling index (P\ 0.001) or g the p-NF-jB-p65(Ser276)-labeling

index (P\ 0.001). p-STAT3, phosphorylated signal transducer and

activator of transcription-3; p-NF-jB, phosphorylated nuclear factor

jB

910 S. Nakada et al.



TABLE 1 Relationship

between Pin1 expression and

clinicopathologic characteristics

in gallbladder cancer (GBC)

Pin1 expression in GBC P value

High Low

Patients (n) 35 41

Age (mean years ± SEM) 66.8 ± 2.2 67.0 ± 1.3 0.823

Gender

Male 14 16 0.931

Female 21 25

Preoperative CEA levels (mean ng/ml ± SEM) 39.7 ± 22.2 20.6 ± 13.2 0.461

Preoperative CA19-9 levels (mean U/ml ± SEM) 389.5 ± 172.2 404.8 ± 218.4 0.904

ICG-15R (mean % ± SEM) 7.9 ± 0.7 7.9 ± 0.6 0.991

Neoadjuvant chemotherapy

Done 2 5 0.330

None 33 36

Adjuvant chemotherapy

Done 20 21 0.605

None 15 20

Operative procedure

C Hemihepatectomy 10 14 0.602

Others 25 27

Differentiation

Well or moderately 25 35 0.137

Poorly 10 6

Lymphatic invasion

Positive 31 32 0.224

Negative 4 9

Venous invasion

Positive 28 22 0.016

Negative 7 19

Perineural invasion

Positive 26 19 0.013

Negative 9 22

Pathologic T factor

pT2 9 17 0.149

pT3 or pT4 26 24

Lymph node metastasis

Positive 27 22 0.033

Negative 8 19

Distant metastasis

Positive 11 5 0.030

Negative 24 36

Intrahepatic metastasis

Positive 7 1 0.013

Negative 28 40

Curability

R0 31 37 0.813

R1 4 4

The 7th Union for International Cancer Control (UICC) classification was used for pathologic evaluation

SEM standard error of the mean, CEA carcinoembryonic antigen, ICG indocyanine green

Pin1 Induces EMT and Promotes GBC Progression 911
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index, the p-STAT3(Ser727)-labeling index, and the p-NF-

jB-p65(Ser276)-labeling index in GBC (Fig. 2f–h).

Pin1 Expression in GBC Cells in Vitro

When Pin1 expression in GBC cells was evaluated by

Western blotting, OCUG-1 and NOZ-1033 cells showed

marked Pin1 expression, whereas Pin1 expression was low

in TYGBK1 and TYGBK8 cells (Fig. 3a). Vimentin

expression was high and E-cadherin expression was low in

GBC cells with high Pin1 expression. In contrast, vimentin

expression was rarely seen in GBC cells with low Pin1

expression, which expressed E-cadherin.

Effects of Pin1 Knockdown in GBC Cells in Vitro

When Pin1 knockdown was performed in OCUG-1

cells, expression of p-STAT3(Tyr705), p-STAT3(Ser727),

p-NF-jB-p65(Thr254), and p-NF-jB-p65(Ser276) was

significantly inhibited (Fig. 3b), thereby suppressing

STAT3 and NF-jB activation (Fig. 3b–d). As the result,

snail, zeb-2, and vimentin expression was decreased in

Pin1-depleted OCUG-1 cells (Fig. 3e).

When cell morphology was evaluated by 3D cell cul-

ture, the rate of mesenchymal-like cells was significantly

reduced after Pin1 knockdown (Fig. 3f). Accordingly,

tumor cell invasion was inhibited in Pin1-depleted OCUG-

1 cells (Fig. 3g). The effects of Pin1 knockdown were

confirmed in NOZ-1033 cells, another GBC cell line with

high Pin1 expression. Consistent with the findings in

OCUG-1 cells, activation of STAT3 and NF-jB was sig-

nificantly inhibited in Pin1-depleted NOZ-1033 cells

(Fig. S2A and S2B), which reduced tumor cell invasion

(Fig. S2C).

Stimulation with Pin1-Specific Inhibitors on GBC Cells

in Vitro

When OCUG-1 cells were treated with a Pin1-specific

inhibitor, STAT3 and NF-jB activation was significantly

inhibited after treatment with 20 lmol/l of PiB (Fig. 4a). In

addition, the rate of mesenchymal-like cells evaluated by

3D cell culture was reduced in OCUG-1 cells after PiB

treatment (Fig. 4b). Consistent with these results, PiB

treatment inhibited the invasiveness of OCUG-1 cells

(Fig. 4c). The therapeutic effects of PiB on GBC cells were

confirmed using NOZ-1033 cells.

Similar to its effects in OCUG-1 cells, treatment with

20 lmol/l of PiB significantly suppressed STAT3 and NF-

jB activation in NOZ-1033 cells (Fig. S3A and S3B).

Accordingly, tumor cell invasion was inhibited in PiB-

treated NOZ-1033 cells (Fig. S3C).

To confirm that these effects were Pin1-specific, we

further stimulated OCUG-1 cells with juglone, another

famous Pin1-specific inhibitor, and performed functional

assays. Similar to the results for Pin1 siRNA and PiB, Pin1

inhibition by juglone significantly suppressed STAT3 and

NF-jB activity (Fig. S4A and S4B), thereby inhibiting

tumor cell invasion in OCUG-1 cells in vitro (Fig. S4C).

Treatment Efficiency of PiB for GBC Metastasis

on Orthotopic GBC Xenograft Mice

Efficiency of 2.5 mg/kg PiB treatment of GBC pro-

gression in vivo was evaluated using orthotopic GBC

xenograft mice. Advanced GBC (C T2) was found in 7 of

10 mice 28 days after inoculation in mock-treated mice

(Fig. 4d). The tumor formation rate was similar between

the mock-treated mice and the PiB-treated mice, as 6 of the

10 PiB-treated mice showed advanced GBC 28 days after

inoculation. In some of the mice, regional LN metastasis

and intrahepatic metastasis were found when the mice were

killed (Fig. 4e). The PiB treatment significantly decreased

the incidence of LN metastasis and intrahepatic metastasis

(Fig. 4f). In addition, the p-STAT3(Ser727)-labeling index

and the p-NF-jB-p65(Ser276)-labeling index assessed by

immunohistochemistry were reduced after PiB treatment in

orthotopic GBC xenograft tumors (Fig. 4g, h).

DISCUSSION

The poor prognosis of GBC is related to its character-

istics such as strong invasiveness and frequent distant

metastasis mediated by EMT. Both STAT3 and NF-jB are

potent transcriptional factors for inducing EMT. However,

their precise mechanisms for promoting GBC progression

have not been understood.

bFIG. 2 a Immunohistochemical staining for vimentin in gallbladder

cancer (GBC) with low and high vimentin expression. The original

magnifications were 9 100 and 9 400. b The Pin1-labeling index,

c the p-STAT3(Ser727)-labeling index, and d the p-NF-jB-

p65(Ser276)-labeling index were significantly higher in GBC with

high vimentin expression (n = 50) than in GBC with low vimentin

expression (n = 26). The data are expressed as mean ± SEM.

*P\ 0.001 compared with the low-vimentin-expression group.

e Immunohistochemical staining for matrix metalloproteinase-9

(MMP-9) in GBC with low and high MMP-9 expression. The

original magnifications were 9 100 and 9 400. f The Pin1-labeling

index, g the p-STAT3(Ser727)-labeling index, and h the p-NF-jB-

p65(Ser276)-labeling index were significantly higher in GBC with

high MMP-9 expression (n = 22) than in GBC with in low MMP-9

expression (n = 54). The data are expressed as mean ± SEM.

*P\ 0.01 compared with the low MMP-9 expression group.

p-STAT3, phosphorylated signal transducer and activator of

transcription-3; NF-jB, phosphorylated nuclear factor jB; SEM,

standard error of the mean

Pin1 Induces EMT and Promotes GBC Progression 913



A

B

C

E F

G

D

NOZ-1103

Pin1

Pin1

p-STAT3
(Tyr705)

p-STAT3
(Ser727)

p-NF-κB-p65
(Thr254)

p-NF-κB-p65
(Ser276)

E-cadherin

Vimentin

p-STAT3 (Tyr705)

STAT3 activation 100

80

60

40

20

0

80

60

40

20

0

80

0.8

0.6

0.4

0.2

0

60

40

20

0

75

50

25

0
Negative
control

Negative
control

N
egative

control

N
egative

control

N
egative

control

N
egative

control

N
egative

control

N
egative

control

N
egative

control

Pin 1
siRNA

Spindle shape

mesenchymal-like
cells

epithelial-like
cells

Spheroid cystIrregular type

Pin 1 siRNA

P
in 1 

siR
N

A

P
in 1 

siR
N

A

P
in 1 

siR
N

A

P
in 1 

siR
N

A

P
in 1 

siR
N

A

P
in 1 

siR
N

A

P
in 1 

siR
N

A

Negative
control

Pin 1
siRNA

Negative
control

Pin 1
siRNA

Negative
control

Pin 1
siRNA

Negative
control

Pin 1
siRNA

Negative
control

Pin 1
siRNA

Negative
control

Snail

Snail
120

80

40

0

Zeb-2

Zeb-2

Vimentin

Vimentin

β-actin

β-actin

Pin 1
siRNA

150

100

50

0

P
ro

te
in

 e
xp

re
ss

io
n 

(R
IU

)

P
ro

te
in

 e
xp

re
ss

io
n 

(R
IU

)

ST
A

T
3 

ac
ti

va
ti

on
 (

R
IU

)

P
ro

te
in

 e
xp

re
ss

io
n 

(R
IU

)

*

*
*

* *

*

**

**

*

p-STAT3 (Ser727) p-NF-κB-p65(Thr254) p-NF-κB-p65(Ser276)

NF-κB activation

N
F

-κ
B

 a
ct

iv
at

io
n 

(R
IU

)
R

at
e 

of
 M

es
en

cy
m

al
 c

el
ls

 (
%

)

C
el

l i
nv

as
io

n 
as

sa
y

(O
.D

. 4
50

 n
m

)

β-actin

OCOG-1 TYGBK1 TYGBK8

914 S. Nakada et al.



To show the upstream pathway for STAT3 and NF-jB

activation in GBC, we focused on Pin1. Pin1 overexpres-

sion is reported to be associated with increased NF-jB

activation, which enhances malignant behavior in HCC,

breast cancer, and glioblastoma.16,17,21 However, these

studies focused only on Pin1-mediated NF-jB activation in

cancers. Moreover, no studies have evaluated the

involvement of Pin1 in STAT3 activation in any

malignancies.

The current study showed that Pin1-mediated STAT3

and NF-jB activation in GBC induces EMT and enhances

tumor invasion in GBC by increasing snail and zeb-2. Our

results suggest that phosphorylation of STAT3(Ser727) and

NF-jB(Ser276) was induced by Pin1, which promoted

nuclear translocation of STAT3 and NF-jB and enhanced

their DNA binding, resulting in their activation. In addi-

tion, constitutive phosphorylation of STAT3(Tyr705) and

NF-jB(Thr254), Pin1-specific binding sites, is necessary

for Pin1-mediated activation of these transcriptional

factors.

We further clarified that Pin1 expression in GBC is an

excellent biomarker for predicting the malignant behavior

in GBC patients because Pin1 overexpression in GBC was

correlated with aggressive tumor invasiveness, enhanced

tumor metastasis, and poor prognosis.

Based on our findings, personalized therapies targeting

Pin1 are potentially effective for inhibiting tumor pro-

gression by controlling EMT in GBC patients with high

Pin1 expression.

Currently, two major Pin1 inhibitors, PiB and juglone,

are available. Juglone is the only natural Pin1 inhibitor

known to have some anticancer effects.22 In contrast, PiB is

a synthesized Pin1-specific inhibitor, which selectively

binds to the PPIase domains of Pin1 and inhibits the PPIase

activities.23 Therefore, in the current study, PiB was mainly

used as a Pin1 inhibitor to evaluate Pin1-specific effects.

Although PiB is known to inhibit tumor cell growth in

several cancer cells in vitro,17,24 it is unclear whether PiB

shows inhibitory effects on tumor invasion or metastasis. In

the current study, PiB inhibited EMT and tumor invasion

through inactivation of STAT3 and NF-jB in GBC cells

in vitro. Moreover, we treated GBC cells with juglone and

confirmed that these effects of PiB on GBC cells are Pin1-

specific because juglone also reduced tumor invasion by

inhibiting STAT3 and NF-jB activation in OCUG-1 cells

in vitro.

However, the adverse reactions of PiB are unknown

because no previous investigators have treated any animals

with PiB. In the current study, an orthotopic GBC xeno-

graft mice model was used to evaluate the efficiency and

safety of PiB treatment in vivo. Most previously estab-

lished GBC xenograft mice models were subcutaneously

transplanted heterotopic GBC xenograft mice models,

which was inadequate for evaluating GBC-specific tumor

progression such as regional LN metastasis or intrahepatic

metastasis.25

Only a few studies have evaluated the invasion and

metastasis of GBC using an orthotopic GBC xenograft

mice model. Reported findings show that the tumor for-

mation rate is 86–100%,20,26,27 The LN metastasis rate is

69%,27 and the intrahepatic metastasis rate is 50%20 after

28 days of inoculation, similar to our results with mock-

treated mice. Treatment with 2.5 mg/kg of PiB signifi-

cantly inhibits Pin1-mediated STAT3 and NF-jB

activation in orthotopic GBC xenograft tumor, thereby

reducing the incidences of LN metastasis and intrahepatic

metastasis without any adverse reactions.

Previous reports have suggested that deletion of STAT3

or NF-jB-p65 is lethal in mice. However, Pin1-knockout

mice maintain minimal NF-jB activation and survive

without any severe disadvantages.28–30 Therefore, Pin1

inhibition by PiB is a safe and appropriate approach for

inhibiting STAT3 and NF-jB activation in GBC. These

in vivo data are consistent with the clinical data showing

that LN metastasis and intrahepatic metastasis are

increased in GBC patients with high Pin1 expression. Both

LN metastasis and intrahepatic metastasis are potent risk

factors for a poor prognosis for GBC patients. Therefore,

controlling these factors by PiB is potentially an excellent

therapy for GBC patients with high Pin1 expression.

CONCLUSIONS

Pin1 accelerates GBC progression by inducing tumor

invasion and metastasis, and is associated with a poor

prognosis for GBC patients after operation. Moreover, Pin1

inhibition by PiB is an excellent therapy for GBC patients

by safely inhibiting its tumor progression through STAT3

and NF-jB inactivation.

bFIG. 3 a Pin1, E-cadherin, and vimentin expression evaluated by

Western blotting in several gallbladder cancer (GBC) cells in vitro.

The effects of Pin1 knockdown on b phosphorylation of STAT3 and

NF-jB-p65 were assessed by Western blotting, and c STAT3 or

d NF-jB activation was assessed by EMSA in OCUG-1 cells in vitro.

The data are expressed as mean ± SEM with n = 3 for negative

control and n = 4 for Pin1 siRNA. *P\ 0.05 compared with

negative control subjects. The effects of Pin1 knockdown on

e snail, zeb-2, and vimentin expression were assessed by Western

blotting and f cell morphology by 3D cell culture, and g and cell

invasiveness was measured by cell invasion assay in OCUG-1 cells

in vitro. The data are expressed as mean ± SEM with n = 3 for

negative control and n = 4 for Pin1 siRNA. *P\ 0.05 compared

with negative control subjects. STAT3, signal transducer and

activator of transcription-3; NF-jB, nuclear factor jB; EMSA,

electrophoretic mobility shift assay; SEM, standard error of the mean
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bFIG. 4 Effects of 20 lmol/l PiB treatment on a STAT3 and NF-jB

activation assessed by EMSA. b Cell morphology was evaluated by

3D cell culture, and c cell invasiveness was measured by cell invasion

assay in OCUG-1 cells in vitro. The data are expressed as

mean ± SEM with four per group. *P\ 0.05 compared with

0 lmol PiB. d Orthotopic gallbladder cancer (GBC) xenograft

tumor 28 days after inoculation. The original magnification

was 9 100. e Lymph node metastasis and liver metastasis 28 days

after inoculation in orthotopic GBC xenograft mice evaluated by

H&E staining and cytokeratin 19 (CK-19) immunohistochemistry.

The original magnification was 9 100. f The efficiency of 2.5 mg/kg

PiB treatment of LN metastasis and liver metastasis in orthotopic

GBC xenograft mice. The data are expressed as mean ± SEM with

six to seven per group. *P\ 0.05 compared with 0 mg/kg PiB.

Effects of PiB treatment on g STAT3 and h NF-jB activation in

orthotopic GBC xenograft tumor. The data are expressed as

mean ± SEM with six or seven per group. *P\ 0.05 compared

with 0 mg/kg PiB. STAT3, signal transducer and activator of

transcription-3; NF-jB, nuclear factor jB; EMSA, electrophoretic

mobility shift assay; SEM, standard error of the mean
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