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Background: Ezrin and YAP are abnormally expressed in various cancers, and play pivotal

roles in cancer initiation and development. However, the mechanisms of Ezrin in pancreatic

cancer have not been fully elucidated. In this study, we aimed to elucidate the functions and

mechanisms of Ezrin in the pathogenesis of pancreatic cancer.

Methods: Effects of Ezrin deregulation on pancreatic cancer phenotype were determined in

Capan-1 and BxPC-3 cells using MTT, colony formation, transwell, wound-healing, and

chick chorioallantoic membrane assays. To find out the underlying mechanism of Ezrin,

multiple assays were performed to detect the effect of Ezrin on Akt pathway activation and

YAP expression. Then, Ezrin and YAP expression was analyzed in pancreatic cancer and

normal pancreas samples. Finally, the prognostic value of Ezrin and YAP was evaluated in

pancreatic cancer patients.

Results: Ezrin promoted proliferation, invasion, epithelial–mesenchymal transition (EMT)

progression, and angiogenesis of pancreatic cancers. Mechanistically, Ezrin activated Akt/

mTOR pathways and induced YAP phosphorylation and nucleus translocation. The PI3K/Akt

pathway inhibitor, rapamycin, and LY294002 could partially attenuate the effect of Ezrin on

cell proliferation, invasion, EMT progression, and YAP phosphorylation and translocation.

Moreover, both Ezrin and YAP were significantly overexpressed in pancreatic cancer tissues

compared with adjacent normal pancreas, and correlated with poor prognosis in pancreatic

cancer patients. Multivariate survival analysis showed that Ezrin was an independent prog-

nostic marker for pancreatic cancer. Furthermore, the expression status of Ezrin and YAP had

positive correlations in pancreatic cancer tissues.

Conclusion: Ezrin promoted pancreatic cancer proliferation, invasion, migration, and EMT

progression, partially through activating the PI3K/Akt pathway, and also regulated YAP

phosphorylation and translocation, partially through the PI3K/Akt pathway. Ezrin and YAP

were significantly overexpressed in pancreatic cancers, and correlated with poor prognosis in

pancreatic cancer patients.
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Introduction
Pancreatic ductal adenocarcinoma (PDAC) is one of the most aggressive human

neoplasms, with a 5-year survival rate of only 8%.1 Until now, surgical removal and

chemotherapy have been the most effective treatment. Unfortunately, only less than

20% of patients are suitable for surgical removal, owing to late detection and early
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metastasis. Thus, more extensive studies are needed to

understand the molecular mechanism of PDAC initiation

and progression.

Ezrin, a member of the ezrin, radixin, and moesin

(ERM) protein family, is essential for linking the actin

cytoskeleton to the cell membrane, and is recognized as

a key organizer of specialized membrane domains, such as

apical microvilli, lamellipodia, filopodia, and

macropinocytosis.2,3 As a cytoskeletal linker, Ezrin parti-

cipates in multiple cellular processes, such as migration,

morphogenesis, adhesion, apoptosis, chemoresistance, and

stress responses.4 In addition, it has been reported that

Ezrin is abnormally expressed in various types of tumors,

and participates in cancer initiation and progression.5,6 In

our previous study, we showed that Ezrin was significantly

overexpressed in pancreatic cancer tissues, and correlated

with tumor size, lymph-node metastasis, clinical stage, and

prognosis.7

Mechanically, Ezrin could affect various signaling

pathways and molecules involved in tumor progression,

such as β4-integrin, hepatocyte growth factor receptor, and

Src family kinases.8 In cervical cancers, Ezrin regulates

the PI3K/Akt pathway, and affects the proliferation and

invasion of cervical cancer cells.9 Gautreau et al reported

that Ezrin mediates the PI3K/Akt pathway through binding

to P85 in kidney-derived epithelial cells.10 However,

Zhong et al found that knockdown of Ezrin had no effect

on p-Akt expression in pancreatic cancer cells.11 Thus, we

intended to determine whether the PI3K/Akt pathway is

involved in the diverse functions of Ezrin in pancreatic

cancer. On the other hand, we previously found that Ezrin

affected skin fibroblast proliferation by regulating yes-

associated protein (YAP).12 In pancreatic cancers, YAP

was reported to enhance tumor cell proliferation, invasion,

and metastasis.13 These results led us to hypothesize that

Ezrin may regulate pancreatic cancer progression partially

through YAP regulation.

To test our hypothesis, in this study we identify the

function and molecular mechanism of Ezrin in pancreatic

cancer, and further explore the relations between Ezrin,

YAP, and Akt pathways in vitro and ex vivo.

Materials and methods
Ethics statement
This study complied with the Helsinki Declaration and

was approved by the Human Ethics Committee and the

Research Ethics Committee of Yanbian University

Medical College, People's Republic of China. Through

the surgery consent form, patients were informed that the

resected specimens were kept by our hospital and might be

used for scientific research, and that their privacy would be

maintained. Follow-up survival data were collected retro-

spectively by analysis of medical records.

Tissue specimens
A total of 187 samples were collected from Yanbian

University Hospital. The samples were routinely processed

with 10% buffered formalin fixation and paraffin

embedded. The study protocol was approved by the insti-

tutional review board of Yanbian University Medical

College. Overall survival (OS) time was defined as the

time from operation to cancer-related death only. Two

experienced pathologists reviewed the H&E-stained slides

and one appropriate paraffin block was selected for this

study as described previously.7

Cell culture and transfection
Human pancreatic cancer cells (Mia PaCa-2, BxPC-3,

ASPC-1, SW1990, Capan-1, and Panc-1) were supplied

by the Cancer Research Center of Yanbian University and

approved by the Research Ethics Committee of Yanbian

University Medical College. BxPC-3 and ASPC-1 cell

lines were cultured in RPMI 1640 medium (Gibco,

Grand Island, NY, USA) with 10% FBS (Gibco).

MiAPaca-2, Panc-1, SW1990, and Capan-1 were cultured

in DMEM (Gibco) supplemented with 10% FBS (Gibco).

These cells were cultured at 37°C in a humidified atmo-

sphere with 5% CO2.

Capan-1 cells in six-well plates were transfected with si-

Ezrin for 6 hours by the Lipofectamine 3000 (Invitrogen,

Carlsbad, CA, USA) method according to the manufacturer’s

protocol, and recovered in RPMI 1640 medium containing

10% FBS for 48 hours. The Ezrin-overexpressed cell line was

constructed using pcDNA 3.1–Ezrin plasmid (Genechem,

Shanghai, People's Republic of China). Ezrin-expressed plas-

mid was transfected into BxPC-3 cells using Lipofectamine

3000.

Immunohistochemistry (IHC)
IHC staining was performed using a Dako LSAB kit (Dako,

Glostrup, Denmark). Tissue slides were deparaffinized,

rehydrated, and incubated with H2O2. Subsequently, slides

were incubated with 5% BSA, followed by the primary

antibody, Ezrin (1:1,000; Cell Signaling, USA) and YAP

(1:1,000; Cell Signaling), at 4°C overnight. Then, slides
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were treated with horseradish peroxidase-tagged second

antibody, followed by DAB detection. Counterstaining

was performed using hematoxylin.

Immunofluorescence (IF)
IF was performed as described previously.7 Cells were

grown on coverslips to 70% confluence. Then, cells were

fixed with 4% paraformaldehyde for 10 minutes and per-

meabilized with 0.5% Triton X-100 for 10 minutes.

Blocking was performed with 3% albumin bovine

V (Solarbio, Beijing, People's Republic of China) for

1 hour at room temperature. After washing with PBS,

cells were incubated with primary antibody at 4°C over-

night, followed by incubation with fluorescence-tagged

secondary antibody for 1 hour at room temperature. After

washing with PBS, the cells were counterstained with

DAPI (Beyotime, Shanghai, People's Republic of China),

and the coverslips were mounted with Antifade Mounting

Medium (Beyotime). Finally, the IF signals were visua-

lized and recorded with a Leica SP5II confocal

microscope.

Western blot
Cells were lysed and then size fractionated using SDS-

PAGE. After loading, the protein samples were transferred

to polyvinylidene difluoride (PVDF) membranes. Then,

the membrane was blocked with 5% skim milk, followed

by incubation with the primary antibody and secondary

antibody. Immunocomplexes were developed using ECL

prime Western blotting detection reagent (CW Biotech,

Beijing, People's Republic of China).

Chick chorioallantoic membrane (CAM)

assay
Fertilized chicken eggs were kept in an incubator at 37°C

with 60% humidity. A total of 1×106 cells were inoculated

on the 10-day-old chick CAM, in which an artificial air sac

was created under aseptic conditions. Then, the window

was resealed with adhesive tape and eggs were returned to

the incubator. The membrane was observed under

a microscope and the total number of vessel branch points

directly beneath the disc was counted at 24 and 120 hours.

Wound-healing assay
Cells were seeded on six-well plates. Then, wounds were

scratched using a pipette tip. Fresh medium containing 100

ng/mL of mitomycin C and 0.1% FBS was added. Cell

migration ability was detected by measuring the distance

of wound closure. The images were captured using

a microscope at 0 and 48 hours.

Nuclear and cytosol separation
Cell cytoplasm and nucleus were separated using

a Nuclear Extract Kit (CW Biotech). Supernatants were

used as the cytoplasmic fraction. Pellets were resuspended

with lysis buffer, followed by centrifugation. Then, super-

natants were used as the nuclear fraction.

Spheroid invasion assay
A total of 3×103 cells/well were seeded in 96-well plates.

Cell were then incubated for 24 hours to allow spheroid

formation. Spheroids were collected and embedded in 100

μL of Matrigel, and plated in a 96-well flat-bottom plates,

previously coated with 50 μL of Matrigel. After Matrigel

solidification, 100 μL of invasion medium, with vascular

endothelial growth factor A (VEGF-A), placental growth

factor, or epidermal growth factor (EGF) (50 ng/mL), was

added and plates were incubated at 37°C for up to 72

hours. Spheroids were visualized and photographed using

a microscope.

Statistical analysis
SPSS software 17.0 (IBM Corp., Armonk, NY, USA) was

used for statistical analysis. All quantitative data are pre-

sented as mean ± SD. All results were confirmed in at least

three independent experiments and data from one repre-

sentative experiment are presented.

Results
Ezrin positively regulates cell proliferation

of pancreatic cancer cells
First, the endogenous expression levels of Ezrin and YAP

were detected in different types of pancreatic cancer cell

lines. The expression level of Ezrin was highest in Capan-

1 and lowest in BxPC-3 (Figure 1A). However, there was

no significant relationship between endogenous expression

levels of Ezrin and YAP in pancreatic cancer cells.

Subsequently, knockdown of Ezrin was performed by

siRNAs in Capan-1 cells. Ezrin and empty vector plasmids

were transfected into the BxPC-3 cells (Figure 1B and C).

si-Ezrin#1 was selected for further study, and microscopic

images of the cells before and after transfection were

shown in Figure 1D.
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To identify the function of Ezrin in pancreatic cancer

cell proliferation, we performed the MTT assay, colony

formation assay, and 5-ethynyl-2´-deoxyuridine (Edu)

staining. The colony formation assay showed that

Ezrin overexpression increased colony formation capa-

city in BxPC-3 cells, while Ezrin knockdown decreased

colony formation capacity in Capan-1 cells (Figure 1E).

The MTT assay also showed that Ezrin overexpression

increased cell viability in BxPC-3 cells, and Ezrin

knockdown decreased cell viability in Capan-1 cells.

Consist with these results, Edu staining also showed

that Ezrin overexpression increased DNA replication of

BxPC-3 cells, and Ezrin knockdown attenuated DNA

replication of Capan-1 cells (Figure 1F and G). Taken

together, these results validated that Ezrin positively

regulates the proliferation of pancreatic cancer cells.

Ezrin promotes migration, invasion, and

epithelial–mesenchymal transition (EMT)

progression in pancreatic cancer cells
To test whether Ezrin could regulate migration and invasion

in pancreatic cancer cells, wound-healing and transwell

assays were performed. The results of the wound-healing

M
ia

 P
aC

a-
2

B
xP

C
-3 si

-C
on

si
-C

on

si-Con

C
on

tro
l

Ve
ct

or

E
zr

in

Ve
ct

or
E

zr
in

si
-E

zr
in

#1

si
-E

zr
in

si-Ezrin

si-Con si-Ezrin

si-
Con

si-
Ezri

n

BxPC-3

BxPC-3

B
xP

C
-3

si
-E

zr
in

#2
si

-E
zr

in
#3

S
W

19
90

C
ap

an
-1

P
an

c-
1

A
S

P
C

-1

Ezrin

A B D

C

E G

F

Capan-1

BxPC-3

Edu DAPI Merge

C
ap

an
-1

B
xP

C
-3

Ezrin

YAP

β-actin

β-actin

Ezrin

Ezrin

β-actin

Vector

Ezrin

si-Ezrin
**

si-Con
Ezrin
Vector

Vector

2.0

1.5

1.0

C
el

l p
ro

lif
er

at
io

n 
(O

D
)

C
el

l p
ro

lif
er

at
io

n 
(O

D
)

0.5

0.0
0 24 48

Time (hours)

72

2.5

2.0

1.5

1.0

0.5

0.0
0 24 48

Time (hours)

72

Ezri
n

Vec
tor

Capan-1

Capan-1

BxPC-3Capan-1

C
ap

na
-1

1000
** **

800

600

400

C
ol

on
y 

nu
m

be
rs

200

0

Figure 1 Ezrin induces pancreatic cancer cell proliferation.

Notes: (A) Endogenous expression of Ezrin and YAP was detected in different pancreatic cancer cell lines by Western blot. (B) Efficiency of Ezrin knockdown in Capan-1

cells by siRNA was verified by Western blot. (C) Efficiency of Ezrin overexpression in BxPC-3 cells by plasmid transfection was verified by Western blot. (D) Microscopic

images of the cells 48 hours post-transfection. (E–G) Influence of Ezrin knockdown or overexpression on viability of Capan-1 and BxPC-3 cells as measured by colony

formation, MTT assay, and Edu staining. **P<0.01.
Abbreviation: Con, control.
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assay showed that Ezrin knockdown reduced the migration

of Capan-1, and Ezrin overexpression promoted the migra-

tion of BxPC-3 (Figure 2A). Then, the ability of Ezrin to

regulate ECM invasion of pancreatic cancer was tested by

a spheroid invasion assay. As shown in Figure 2B, Ezrin

knockdown significantly inhibited Matrigel-embedded

spheroids to markedly invade the surrounding matrix in

Capan-1 cells, and Ezrin overexpression stimulated spher-

oids to invade the surrounding matrix in BxPC-3 cells.

Knockdown of Ezrin was also associated with reduced

invasion and migration abilities in Capan-1 cells, while

Ezrin overexpression was associated with improved inva-

sion and migration abilities in BxPC-3 cells (Figure 2C).

The role of Ezrin on cell proliferation, migration, and inva-

sion was also confirmed in Panc-1 cells (Figure S1). These

results indicate that Ezrin regulates the invasion and migra-

tion of pancreatic cancer cells.

EMT, as a fundamental cell-biological process, plays

key roles in embryogenesis and wound healing. The activa-

tion of EMT during cancer enhances the metastatic

phenotype.14 To test whether Ezrin could regulate EMT

progression, we detected the expression of EMT-related

proteins by Western blot. The results showed that Ezrin

knockdown significantly increased E-cadherin and Zo-1

(epithelial markers), while Vimentin, MMP-2, and MMP-9

(mesenchymal markers), and snail and slug (transcription
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spheroid invasion assay, Capan-1 and BxPC-3 cells were embedded in Matrigel. Representative pictures of spheroids taken after 3 days and 7 days (40× magnification) were

shown. Relative invasion was quantified as spheroid area difference. (C) Influence of Ezrin knockdown or overexpression on migration and invasion of Capan-1 and BxPC-3

cells was determined by transwell assay. (D) The expression of EMT-related markers, E-cadherin, ZO-1, Vimentin, snail, slug, MMP-2, and MMP-9, in Ezrin knockdown or
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Abbreviations: Con, control; EMT, epithelial–mesenchymal transition.
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factors) were significantly reduced. Similarly, Ezrin over-

expression reduced the expression of E-cadherin and Zo-1,

and increased Vimentin, MMP-2, MMP-9, snail, and slug

(Figure 2D). IF staining also showed that Ezrin knockdown

increased the expression of E-cadherin and Zo-1, and

reduced Vimentin and MMP-2, while Ezrin overexpression

reduced the expression of E-cadherin and Zo-1, and

increased Vimentin and MMP-2 (Figure 2E). Taken

together, these results demonstrate that Ezrin enhances

EMT progression in pancreatic cancer cells.

Ezrin promotes angiogenesis of

pancreatic cancer
Zhao et al reported that Ezrin could regulate angiogenesis in

umbilical vein endothelial cells.15 Accordingly, to identify

whether Ezrin participated in the angiogenesis of pancreatic

cancer, we performed in vivo CAM angiogenesis assays. As

shown in Figure 3A, the number of vessels was significantly

decreased in Ezrin knockdown cells, while the number of

vessels was significantly increased in Ezrin-overexpressed

cells. These results indicate that Ezrin was involved in the

angiogenesis of pancreatic cancer. Consistent with these

results, the results of Western blot and IF revealed that

Ezrin knockdown decreased the expression of VEGF-A,

and Ezrin overexpression increased the expression of

VEGF-A (Figure 3B and C). These results demonstrate

that Ezrin could regulate angiogenesis in pancreatic cancers.

Ezrin promotes proliferation and EMT

progression partially through activating

the PI3K/Akt pathway
The activation of PI3K/Akt is well known as one of the

hallmarks of cancer. It participates in multicellular func-

tions, including proliferation, growth, glucose metabolism,

differentiation, and EMT progression.16 Gautreau et al

reported that Ezrin bound to P85, the regulatory subunit

of PI3K, to mediate the PI3K/Akt pathway.10 However, it

was also reported that Ezrin could not regulate the PI3K/

Akt pathway, but could regulate the ERK pathway.11 Thus,

Western blot was performed to test whether Ezrin could

affect the Akt and ERK pathways in pancreatic cancer

cells. As shown in Figure 4A, Ezrin could regulate the

phosphorylation of Akt and mTOR, but not ERK1/2.

Furthermore, to test the hypothesis that Ezrin promotes

proliferation and EMT progression through regulating the

PI3K/Akt pathway, we applied an mTOR inhibitor, rapa-

mycin, and a PI3K inhibitor, LY294002. The results showed

that loss of E-cadherin and upregulation of Vimentin by

Ezrin were partially reversed when the Akt/mTOR pathway

was blocked by rapamycin and LY294002 in BxPC-3 cells

(Figure 4B). Concomitant with the change in EMT-related

proteins, treatment with rapamycin and LY294002 signifi-

cantly reversed the effect of Ezrin on BxPC-3 cell prolif-

eration and migration (Figure 4C and D). These results

indicate that Ezrin regulated proliferation and EMT pro-

gression partially through activating the Akt/mTOR

pathway.

Ezrin induces YAP phosphorylation and

nuclear translocation through the Akt/

mTOR pathway
Previously, we reported that Ezrin regulated fibroblast size

through YAP-mediated proliferation.12 Thus, we explored

whether Ezrin could regulate YAP in pancreatic cancer

cells. As shown in Figure 5A, Ezrin knockdown signifi-

cantly increased the phosphorylation of YAP, while Ezrin

overexpression significantly decreased it.

Accumulation of YAP in the nucleus induces cell growth,

and its exclusion from the nucleus will induce cell cycle

arrest and stop proliferation.17 By cytosolic and nuclear

fractionation experiments, the translocation of YAP from

the nucleus to the cytoplasm was observed in Ezrin knock-

down Canpan-1 cells. The translocation of YAP from the

cytoplasm to the nucleus was also observed in Ezrin-

overexpressed BxPC-3 cells (Figure 5B). These results sug-

gest that Ezrin regulats YAP translocation in pancreatic can-

cer cells. Ma et al reported that the PI3K/Akt pathway

modulated YAP expression through regulating CD166, indi-

cating that YAP was a downstream target of the PI3K/Akt

pathway.18 Thus, we supposed that Ezrin could regulate YAP

expression and translocation through the PI3K/Akt pathway.

To test this hypothesis, we applied rapamycin and LY294002

again. The results showed that treatment with rapamycin and

LY294002 attenuated the effect of Ezrin in regulating YAP

translocation (Figure 5C). These results suggest that PI3K/

Akt pathway activation is involved in Ezrin-mediated YAP

translocation.

High expression of Ezrin and YAP

correlates with poor prognosis
First, the mRNA expression of Ezrin and YAP in pancrea-

tic cancer was analyzed using the Oncomine dataset.19 The

results showed that mRNA expression of Ezrin and YAP

was significantly higher in pancreatic cancer than in
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normal pancreas (Figure 6A). To identify the clinical sig-

nificance of Ezrin and YAP in pancreatic cancer, we per-

formed IHC analysis in 108 cases of pancreatic cancer

tissues and 79 cases of adjacent normal pancreas. IHC

staining showed that Ezrin was mainly expressed in cyto-

plasm, and YAP was expressed in both cytoplasm and

nucleus (Figure 6E). The positive rate of Ezrin in pancrea-

tic cancer tissues (86.1%, 93/108) was significantly higher

than in adjacent normal pancreas (35.4%, 28/79) (Table 1).

Similarly, the positive rate of YAP in pancreatic cancer

tissues (85.2%, 92/108) was significantly higher than in

adjacent normal pancreas (31.6%, 25/79) (Table 1). In

addition, the expression of Ezrin was related to the patho-

logical grading, clinical stage, lymph-node metastasis, and

invasion of nerves/vessels (P<0.05), but was not related to

gender, age, tumor location, or tumor size (P>0.05)

(Figure 6C). The expression of YAP was closely related

to pathological grade and lymph-node metastasis (P<0.01),
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but not related to gender, age, tumor location, tumor size,

or clinical stage (P>0.05) (Figure 6D).

Survival data for pancreatic cancer patients with Ezrin and

YAP expression were obtained from the UALCAN dataset.20

The results predicted that high expression of Ezrin and YAP

mRNA levels was correlatedwith poor prognosis in pancreatic

cancer patients (Figure 6B). Kaplan–Meier analysis showed

that pancreatic cancer patients with high expression of Ezrin

had shorter survival times than patients with low expression of

Ezrin, while pancreatic cancer patients with high expression of

YAP had shorter survival times than patients with low expres-

sion of YAP (Figure 6F). Univariate analysis showed that

tumor grade, lymph-node metastasis, Ezrin, YAP, and clinical

stage affected the overall survival rate of patients, and

multivariate analysis showed that only the expression of

Ezrin (Wald=6.297, P=0.012) and pathological grade

(Wald=5.465, P=0.019) were independent risk factors

(Table 2).

The mRNA expression data obtained from the Starbase

dataset were analyzed to detect the relations between Ezrin

and YAP.21 The results showed that the mRNA expression

of Ezrin was positively correlated with YAP expression

(Figure 7A) (r=0.503, P<0.05).

Consistently, statistical analysis based on IHC staining

in pancreatic cancer tissues showed that the protein

expression levels of Ezrin and YAP were positively related

in pancreatic cancer tissues (r=0.821, P<0.05) (Figure 7B

and Table 3).
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Discussion
To date, accumulated understanding on the molecular

mechanisms of pancreatic cancer has shown that many mole-

cular events are responsible for pancreatic cancer initiation

and progression. Mutations in oncogenes and tumor suppres-

sor genes, increased expression of growth factors, and

aberrations in signaling pathways contribute to pancreatic

cancer development, and many therapeutic inhibitors have

been designed to target K-ras, epidermal growth factor recep-

tor (EGFR), and PI3K/Akt signaling in pancreatic cancer.

Although these findings improve the survival of patients, the

effects are limited because of side effects and
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chemoresistance. Thus, more extensive studies are required

to understand the molecular mechanisms of this disease.

Ezrin, a member of the ERM protein family, is essen-

tial for linking the actin cytoskeleton to the cell membrane.

Accumulating evidence suggests that Ezrin is abnormally

expressed in various types of cancer. In this study, we

showed that Ezrin was frequently upregulated in pancrea-

tic cancers. The expression of Ezrin was related to patho-

logical grading, clinical stage, lymph-node metastasis,

invasion of nerves/vessels, and poor prognosis of
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Figure 6 Ezrin and YAP are significantly overexpressed in pancreatic cancer tissues, and related to poor prognosis.

Notes: (A) mRNA expression levels of Ezrin and YAP in pancreatic cancers and normal pancreas were obtained from the Oncomine database. (B) Survival analysis of Ezrin
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Abbreviation: LN, lymph-node.
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Table 1 Expression of Ezrin and YAP in pancreatic cancer and adjacent normal tissues

Diagnosis No. of

cases

Ezrin expression YAP expression

Positive rate

(%)

Strongly positive rate

(%)

Positive rate

(%)

Strongly positive rate

(%)

Pancreatic cancer 108 86.1** (93/108) 65.7** (71/108) 85.2** (92/108) 62.0** (67/108)

Adjacent normal

tissues

79 35.4 (28/79) 3.8 (3/79) 31.6 (25/79) 2.5 (2/79)

Note: **P<0.01, compared with normal tissue.

Table 2 Survival analyses (Cox regression model) of various factors in patients with pancreatic cancer

Factor B SE Wald HR 95% CI P

Lower Upper

Univariate

Gender 0.081 0.250 0.105 1.084 0.664 1.770 0.746

Age 0.107 0.250 0.185 0.898 0.550 1.466 0.667

Location −0.131 0.247 0.279 0.878 0.540 1.425 0.598

Tumor size 0.087 0.299 0.085 1.091 0.607 1.962 0.770

Histological grade −0.930 0.258 12.951 0. 395 0.238 0.655 0.0003*

LN metastasis 0.659 0.244 7.286 0.517 0.321 0.835 0.007*

Clinical stage −0.614 0.255 5.800 0.541 0.328 0.892 0.016*

N/V invasion −0.328 0.243 1.834 0.720 0.448 1.158 0.176

Ezrin −1.644 0.322 26.075 0.193 0.103 0.363 0.000*

YAP −1.451 0.290 25.042 0.234 0.133 0.414 0.000*

Multivariate

YAP −0.568 0.376 2.286 0.566 0.271 1.183 0.131

Ezrin −1.093 0.436 6.297 0.335 0.143 0.787 0.012*

LN metastasis 0.089 0.414 0.047 0.915 0.407 2.057 0.829

Histological grade −0.706 −0.302 5.465 0.494 0.273 0.892 0.019*

Clinical stage −0.194 0.392 0.245 0.824 0.382 1.777 0.621

Note: * P<0.05.
Abbreviations: LN, lymph-node; N/V, nerve/vessel.
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pancreatic cancer. Studies from other laboratories have

consistently demonstrated that autoantibodies against

Ezrin are induced early in PDAC, and their combination

with other serological markers may provide a predictive

and diagnostic signature.22 We also found that Ezrin regu-

lated the proliferation, invasion, and migration of pancrea-

tic cancer cells in vitro, indicating that Ezrin has multiple

functions in pancreatic cancer initiation and progression.

EMT is well known as a process by which epithelial

cells lose their cell polarity and cell–cell adhesion, and

gain migratory and invasive properties, and generally

occurs in the initiation of metastasis in cancer progression.

In the present study, we observed that Ezrin induced EMT

progression in pancreatic cancer cells. Huang et al

reported that knockdown of Ezrin inhibited the metastasis

induced by either HGF/Met autocrine or non-autocrine

signaling in syngeneic wild-type and HGF transgenic

mouse hosts.23 Li et al reported that Ezrin was required

for EGF-mediated lung metastasis of colorectal cancer

xenografts.24 Although an increasing number of reports

has identified Ezrin as participating in tumor metastasis,

the mechanism is not clearly understood.

Mechanically, Ezrin could interact with EGFR, and

knockdown of Ezrin causes a decrease in Y1068 and Y845

phosphorylation of EGFR.25 PI3K/Akt and ERK1/2 path-

ways, as downstream pathways of EGFR, are highly sup-

posed to be activated by Ezrin. In agreement with these

hypotheses, we found that Ezrin could activate the PI3K/

Akt pathway, but had no effect on ERK1/2. Consistently,

Krishnan et al showed that the action of Ezrin in Ewing’s

sarcoma is dependent on the AKT/mTOR signal transduction

cascade, but not on mitogen-activated protein kinase

(MAPK).26 In addition, Ezrin was reported to bind to P85 to

regulate the PI3K/Akt pathway in kidney-derived cell lines.10

Thus, a further study is required to verify whether Ezrin

activates the PI3K/Akt pathway through regulating EGFR

or binding to P85 in pancreatic cancer. Anyway, these results

confirm that Ezrin regulates pancreatic cancer proliferation

and invasion through modulating the PI3K/Akt pathway.

YAP was also identified as being partially involved in the

oncogenic role of Ezrin in pancreatic cancer. YAP is the

major downstream effector of the Hippo pathway, which

regulates tissue homeostasis, organ size, regeneration, and

tumorigenesis.27 Emerging evidence suggests that hyperacti-

vation of YAP is widespread in cancers.28 Consistent with

this, we found that YAP was frequently overexpressed in

pancreatic cancer tissues, and correlated with pathological

grading, lymph-node metastasis, and survival in pancreatic

cancer. In addition, a statistically significant positive correla-

tion between Ezrin and YAP was observed in pancreatic

cancer tissues. Our in vitro studies also showed that upregu-

lation of Ezrin inhibited phosphorylation of YAP and induced

nucleus translocation.

It is widely recognized that nuclear YAP functions as an

oncogene in tumorigenesis and tumor progression inmultiple

types of cancer. In the absence of phosphorylation, YAP

localizes to the nucleus, where it binds and activates the

TEA-domain DNA-binding transcription factors (TEAD

1–4), thereby stimulating the expression of a variety of

genes, including connective tissue growth factor (CTGF),

BIRC5, cysteine-rich angiogenic inducer 61 (CYR61),

amphiregulin (AREG), and endothelin 2 (EDN2).29 In the

present study, we found that the expression of nuclear YAP

was increased with Ezrin overexpression in pancreatic cancer

cells. These results suggest that Ezrin promotes pancreatic

cancer tumorigenesis partially through regulating YAP

nuclear translocation. Liang et al reported that mTOR activa-

tion led to YAP accumulation.30 We found that PI3K and

mTOR inhibitor could partially reverse the effect of Ezrin on

YAP accumulation in pancreatic cancer cells, suggesting that

activation of the PI3K/Akt pathway is required for the effect

of Ezrin in regulating YAP.

However, it remains to be seen whether Ezrin protein can

directly interact with YAP. Since YAP and ERM protein

families are implicated in cancer progression, the character-

ization of these putative interactions could contribute toward

the better understanding of not only the role of Ezrin proteins

in the regulation of tumorigenesis with YAP, but also the

molecular events leading to cancer and metastasis.

Conclusion
Our results showed that Ezrin and YAP was significantly

overexpressed in pancreatic cancers, and correlated with

poor prognosis in cancer patients. In vitro, Ezrin promoted

pancreatic cancer proliferation, invasion, migration, and

Table 3 Relationships between Ezrin and YAP expression in

pancreatic cancer tissues

Ezrin

expression

YAP expression Total r P

- + ++ +++

- 14 1 0 0 15

+ 1 17 4 0 22

++ 1 7 31 8 47 0.821 0.000

+++ 0 0 7 17 24

Total 16 25 42 25 108
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EMT progression, partially through activating the PI3K/

Akt pathway, and Ezrin also could regulate YAP phos-

phorylation and translocation, partially through the PI3K/

Akt pathway (Figure S2).
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Figure S1 Knockdown of Ezrin inhibits cell proliferation, invasion, and migration of Panc-1 cells. (A) Efficiency of Ezrin knockdown in Panc-1 cells by siRNA was verified by

Western blot. (B) Effect of Ezrin knockdown on viability of Panc-1 cells was measured by MTT assay. (C) Influence of Ezrin knockdown on migration and invasion of Panc-1

cells was determined by transwell assay.
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Figure S2 Scheme of proposed molecular mechanism of Ezrin-induced pancreatic cancer cell proliferation, invasion, and EMT progression.

Abbreviation: EMT, epithelial–mesenchymal transition.
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