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Hypoxia-Inducible Factor-1 Promotes Pancreatic Ductal
Adenocarcinoma Invasion and Metastasis by Activating
Transcription of the Actin-Bundling Protein Fascin
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Abstract
Because of the early onset of local invasion and distant metastasis, pancreatic ductal adenocarcinoma

(PDAC) is the most lethal human malignant tumor, with a 5-year survival rate of less than 5%. In this study,
we investigated the role of fascin, a prometastasis actin-bundling protein, in PDAC progression, invasion, and
the molecular mechanisms underlying fascin overexpression in PDAC. Our data showed that the expression
levels of fascin were higher in cancer tissues than in normal tissues, and fascin overexpression correlated with
the PDAC differentiation and prognosis. Fascin overexpression promoted PDAC cell migration and invasion
by elevating matrix metalloproteinase-2 (MMP-2) expression. Fascin regulated MMP-2 expression through
protein kinase C and extracellular signal—regulated kinase. Importantly, our data showed that hypoxia
induced fascin overexpression in PDAC cells by promoting the binding of hypoxia-inducible factor-1 (HIF-1)
to a hypoxia response element on the fascin promoter and transactivating fascin mRNA transcription.
Intriguingly, HIF-1a expression levels in PDAC patient specimens significantly correlated with fascin
expression. Moreover, immunohistochemistry staining of consecutive sections demonstrated colocalization
between HIF-1a and fascin in PDAC specimens, suggesting that hypoxia and HIF-1a were responsible for
fascin overexpression in PDAC. When ectopically expressed, fascin was able to rescue PDAC cell invasion
after HIF-1a knockdown. Our results demonstrated that fascin is a direct target gene of HIF-1. Our data
suggested that the hypoxic tumor microenvironment in PDAC might promote invasion and metastasis by
inducing fascin overexpression, and fascin might be targeted to block PDAC progression. Cancer Res; 74(9);
2455–64. �2014 AACR.

Introduction
Pancreatic ductal adenocarcinoma (PDAC) is one of the

most lethal human malignancies with a 5-year survival rate of
less than 5% (1). The poor prognosis in PDAC is mainly due to
early onset of local invasion and distant metastasis. Therefore,
it is important to understand the cellular and molecular
mechanisms that regulate tumor invasion and metastasis to
develop better treatment regimens.

Hypoxia is most commonly presented in the microenviron-
ment of solid tumors (2). Hypoxia-inducible factor-1 (HIF-1;
consists of highly regulated HIF-1a and a constitutively
expressed HIF-1b) is the most important transcription factor
as a result of intratumoral hypoxia, which can mediate many
adaptive physiologic responses (3). In pancreatic cancer, HIF-
1a expression levels are associated with tumor progression,
fibrotic focus, angiogenesis cell migration, and hepatic metas-
tasis (4–6).

Fascin is an actin-bundling protein that crosslinks actin
filaments into tight, parallel bundles in filopodia and invado-
podia (7–9). At the cellular level, fascin is highly expressed in
filopodia-rich cell types such as neurons,mature dendritic cells
(10), but not expressed in the normal simple columnar epi-
thelia of biliary duct, breast, colon, ovary, pancreas, and
stomach. However, the absence or low expression of fascin in
normal epithelia is dramatically altered in many human car-
cinomas (11). There is evidence suggesting that fascin is over-
expressed in PDAC (12–14), and fascin overexpression resulted
in enhanced motility, scattering, and invasiveness of pancre-
atic cancer cells (15). However, molecular mechanisms under-
lying fascin overexpression in PDAC is not clear, and the role of
fascin in PDAC progression is not fully understood.

In this study, we aimed to investigate (i) the mechanism of
fascin regulation by hypoxia, (ii) the role of fascin in the
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invasion of PDAC, and (iii) the correlation between HIF-1 and
fascin in specimens of pancreatic cancer.

Materials and Methods
Cell culture and hypoxic treatment

293T cells and Aspc-1 human PDAC cells were obtained
from the Type Culture Collection of the Chinese Academy of
Sciences, Shanghai, China. MiaPaCa-2 cells were from Amer-
ican type culture collection. All of the cells were obtained
before 2011, and recently authenticated in January 2013 by the
short tandem repeat analysis method using Promega Power-
Plex1.2 analysis system (Genewiz Inc.). Cells were grown at
37�C in a humidified atmosphere of 95% air and 5% CO2, using
Dulbecco's Modified Eagle Medium (DMEM) with 10% FBS.
For hypoxic treatment, cells were placed in a modulator
incubator in an atmosphere consisting of 94% N2, 5.0% CO2,
and 1%O2. U0126 (CST) and bisindolymalei mide I (Enzo Life
Sciences) were dissolved in dimethyl sulfoxide (10 and 2
mmol/L, respectively).

Immunohistochemistry
Immunohistochemistry for HIF-1a and fascin of PDAC

patient tissues was performed according to themanufacturer's
instructions, using a DAB Substrate Kit (Maxin). The results
were scored by two examiners who were blinded to clinico-
pathologic data. Intensity of staining was scored as (0 ¼
negative; 1 ¼ low; 2 ¼ medium; 3 ¼ high). Extent of staining
was scored as 0¼ 0% stained; 1¼ 1% to 25% stained; 2¼ 26% to
50% stained; 3¼ 51% to 100% stained. Five random fields were
observed under a light microscope. The final score was deter-
mined by multiplying the scores of intensity with the extent of
staining, ranging 0 to 9. Final scores of less than 1 were
considered as negative staining (�), 1 to 2 as low staining
(þ), 3 to 4 asmedium staining (þþ), and 6 to 9 as high staining
(þþþ).

siRNA duplexes, plasmid constructs, transient
transfection, and luciferase assay

siRNAs against fascin were designed and synthesized from
Ribobio (Supplementary Table S1). siRNA against protein
kinase C (PKC) was purchased from Santa Cruz Biotechnology
(sc-29449). siRNAs against HIF-1a and pcDNA-HIF-1a plas-
mids were prepared as previously described (4, 16). The full-
length fascin cDNA (GenBank no.6624) was ligated into expres-
sion vector pEGFP-C1 (Invitrogen) and verified by sequencing.

Genomic DNA fragments of the human fascin gene, span-
ning from �9 to �1942 relative to the transcription initiation
site, were generated by PCR and inserted into pGL3-Basic
vectors (nominated pGL3-Fascin-promoter). All constructs
were sequenced to confirm their identity. Luciferase activity
was measured using the Dual-Luciferase Reporter Assay Sys-
tem (Promega) as described (16).

For transfection, cells were plated at a density of 5 � 105

cells/well in 6-well plates containing serum-containing medi-
um. When the cells were 80% confluent, 50 nmol/L siRNAs or
4 mg plasmids were transfected into cells using Lipofectamine-
2000 (Invitrogen) for 48 hours.

Real-time quantitative reverse transcription PCR
Total RNA was isolated from cells using TRIzol Reagent

(Invitrogen) according to the manufacturer's instructions. A
reverse-transcription PCR (RT-PCR) system (TaKaRa) was
used. Then, 1 mg sample of the cDNA was quantified by
real-time PCR using primer pairs with SYBR Green PCRMaster
Mix (TaKaRa). Each sample was done in triplicate. b-actin was
used as loading control. PCR primers used are indicated in
Supplementary Table S1.

Western blot analysis
Whole-cell extracts were prepared by lysing cells with SDS

lysis buffer supplemented with proteinase inhibitors cocktail
(Sigma). Protein lysates (20 mg) were separated by SDS-PAGE,
and target proteins were detected by Western blot analysis
with antibodies (Supplementary Table S1)

Chromatin immunoprecipitation assay
A chromatin immunoprecipitation assay was performed

using a commercial kit (Upstate Biotechnology) according to
the manufacturer's instruction. Primers flanking the hypoxia
response element (HRE) of the VEGF promoter were used as a
positive control. The PCR primers are indicated in Supple-
mentary Table S1.

Wound-healing and invasion assays
A wound-healing assay was performed according to pub-

lishedprotocol (17). Invasionassayswereperformedwith8.0mm
pore inserts in a 24-well Transwell. For this assay, 30,000 cells
were isolated and added to the upper chamber of a Transwell
with DMEM. The invasion assay was performed using 1/6
diluted Matrigel (BD Biosciences)-coated filters. DMEM with
10% FBS was added to the lower chamber and the cells were
allowed to incubate for 24 hours. Invading cells were quantified
after hematoxylin and eosin staining. Each experiment was
performed in triplicate and mean values are presented.

Statistical analysis
A Student t test or ANOVA for unpaired data was used to

comparemean values. A Spearman rank correlation coefficient
test was carried out for testing the association between ordinal
variables. The log-rank test was used to obtain a P value for the
significance of Kaplan–Meier curves' divergence. All probabil-
ity values were two sided. Analyses were performed using the
SPSS17.0 statistical analysis software. Each experiment was
done in triplicate and values are presented as mean þ SD.

Results
Fascin protein expression in PDAC tissues

To understand the role of fascin in PDAC progression, we
used immunohistochemistry to determine fascin expression
levels in a cohort of 79 patients with PDAC treated at the
Tianjin Cancer Hospital (Tianjin, China). None of the patients
had received any prior antitumor treatment. Fascin signal was
detected in most (81%) of the PDAC tissues (Table 1). Intrigu-
ingly, normal pancreas ductal epithelium cells adjacent to
PDAC tissues were negative for fascin expression (Fig. 1A).
In pancreas tumors other than PDAC, such as acinic cell
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carcinoma and neuroendocrine tumor, fascin expression was
negative (Fig. 1A).
Fascin expression in cancer cells was much stronger than

dysplasia cells and lowly differentiated cancer cells than in
moderately differentiated cancer cells (Fig. 1B), suggesting that
fascin expression levels increase with the progression of PDAC.
Indeed, we also found that fascin was correlated with the
pathologic tumor–node–metastasis (TNM) stage (rs ¼ 0.222,
P ¼ 0.051) and differentiation (rs ¼ 0.285, P ¼ 0.011) of PDAC
samples (Table 1). Importantly, patients with PDAC with high
or medium (þþþ or þþ) fascin protein expression had
significantly worse overall survival than those with negative
or low (� or þ) fascin expression (P ¼ 0.004, HR ¼ 2.218; Fig.
1C; median survival time: 17 vs. 10 months), suggesting that
fascin plays an important role in PDAC progression.

Fascin promotes motility and invasiveness of human
PDAC cells through upregulation of MMP-2 expression
To understand the role of fascin in PDAC cells, we used

fascin siRNA or overexpression plasmids to examine whether a
change in fascin expression affects cancer cell motility. First,
we proved the effects of fascin siRNA or overexpression plas-
mids in MiaPaCa-2 cells. Fascin siRNA (si-fascin#1or2) dimin-

ished fascin expression, and fascin overexpression plasmids
(pEGFP-fascin) increased EGFP–fascin fusion protein expres-
sion (Fig. 2A).

In wound-healing and invasion assays, fascin siRNA
decreased the migration and invasion of fascin-silenced cells
(Fig. 2B). We also determined the effects of fascin overexpres-
sion plasmids on cell invasion and wound healing in addition
to siRNA (Fig. 2B). As expected, fascin overexpression signif-
icantly enhanced migration and invasion.

We then examined the effect of fascin on expression of some
proteins critical for cell invasion and epithelial–mesenchymal
transition (EMT), including matrix metalloproteinase (MMP)-
2, MMP-9, E-cadherin, fibronectin, and vimentin using West-
ern blotting. As shown in Fig. 2C, fascin knockdown decreased
MMP-2 levels (and fascin overexpression increased MMP-2
levels) in MiaPaCa-2 cells without noticeable effects on the
expression of other proteins. These results suggested that
MMP-2 is involved in fascin-mediated PDAC cell invasion.

To determine how fascin regulates MMP-2 expression, we
surveyed the upstream signaling pathways of MMP-2. Several
signaling pathways, including PI3K/AKT, extracellular signal—
regulated kinase (ERK), and p38, have been previously impli-
cated in the regulation of MMP-2 expression (18–23). We

Table 1. Correlation of fascin expression to clinicopathological features in patients with PDAC

Fascin

� and þ þþ and þþþ rs P

Sex — — 0.081 0.476
Male 25 18 — —

Female 18 18 — —

Age, y — — 0.109 0.339
<65 35 26 — —

�65 8 10 — —

LN — — 0.065 0.570
� 20 14 — —

þ 23 21 — —

pTNM stage — — 0.185 0.104
I 4 0 — —

II 24 17 — —

III 8 11 — —

IV 7 7 — —

Differentiation — — 0.285 0.011
Well 23 10 — —

Moderate 10 9 — —

Poor 10 17 — —

Tumor size (cm) — — 0.201 0.085
<5 30 19 — —

�5 10 15 — —

Blood vessel infiltration — — �0.045 0.726
� 21 23 — —

þ 10 9 — —

NOTE: P values were calculated by the Spearman rank correlation test. The numbers of samples vary because clinical data were
incomplete in some cases. None of the patients had received any prior antitumor treatment.
Abbreviations: LN, regional lymph node metastasis; pTNM, pathologic TNM stage.
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determined the phosphorylation levels of these signaling path-
ways by Western blot analysis after transfected with fascin
siRNAs or overexpression plasmids. Only the phosphorylation
level of ERK had changed with the rise and fall of fascin
expression (Fig. 2D).

We then examined whether fascin regulates MMP-2 expres-
sion through ERK signaling. We transfected fascin-containing
plasmids (pEGFP-fascin) into MiaPaCa-2 cells, and then
blocked ERK signaling in these cells using its specific inhibitor
(U0126, 10 mmol/L). Fascin-overexpressing cells showed an
increased level of MMP-2 expression, which was diminished by
blocking of ERK signaling (Fig. 2E). An inhibitory effect of
blocking of ERK signaling on cell invasion by fascin over-
expression also was detected (Fig. 2E).

In an effort to determine the mechanism by which fascin
activates ERK, we found that PKC was involved. It was previ-
ously reported that activated PKC could bind to and phos-
phorylate fascin at Ser 39 to inactivate fascin (24); however, the
effects of fascin on PKC activity are not known. To examine the
hypothesis that fascin might regulate ERK activity through
PKC, we investigated the effects of fascin overexpression on
PKC activity in MiaPaCa-2 cells. As shown in Fig. 2F, the
activity of PKC significantly increased after overexpressing
fascin. PKC could regulate ERK activation in various cells
(25–27). To explore the role of fascin-induced increase of PKC
activity, we used 0.02 mmol/L bisindolymalei mide I, a specific
inhibitor of PKC or siRNA against PKC. After transfecting
fascin overexpression plasmids, level of phosphorylation of
ERK increased, which was reduced by inhibition of PKC (Fig.
2F). These results suggest that fascin enhanced phosphoryla-

tion of ERK through upregulating activity of PKC inMiaPaCa-2
cells and thereby increased MMP-2 expression.

HIF-1a regulated the expression of fascin in PDAC cells,
and affected the invasion of PDAC cells through fascin

Because hypoxia is commonly presented in the microenvi-
ronment of solid tumors, it is important to determine whether
hypoxia promotes the expression of fascin in PDAC cells. First,
fascin expression was determined by quantitative real-time
RT-PCR (qRT-PCR) on MiaPaCa-2 and Aspc-1 cells cultured
under normoxia (21% O2) or hypoxia (1% O2) for 12 hours. As
shown in Fig. 3A, compared with normoxia, fascin expression
was increased by 2.1- and 3.8-folds under hypoxia in Aspc-1 and
MiaPaCa-2 cells. As a positive control, VEGF expression was
increased, too.Western blot analysis showed significant induc-
tion of fascin, with the upregulation of HIF-1a protein under
hypoxia for 12 hours (Fig. 3A).

To identify the function of HIF-1a in hypoxia-induced
expression of fascin in PDAC cells, we used specific siRNA to
knockdown HIF-1a. We found that knockdown of HIF-1a
expression dramatically decreased the expression of fascin
under hypoxia (Fig. 3B), suggesting that HIF-1a is required
for hypoxia-induced overexpression of fascin in PDAC cells.

We then examined whether HIF-1a regulates cell invasion
through fascin expression through HIF-1a knockdown and
fascin rescue. HIF-1a knockdown decreased the expression of
fascin protein, which was rescued by transfection with fascin
overexpression plasmids (Fig. 3C). We also performed cell
invasion assays on these cells. As shown in Fig. 3C, HIF-1a
knockdown decreased the invasion of MiaPaCa-2 cells by
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Figure 1. Fascin protein
expression in PDAC tissues.
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tissues, detected using
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eosin staining by fluorescence
microscopy. Magnification, �200;
N, normal; T, tumor. B, expression
of fascin in dysplasia (D) cells and
cancer (C) cells, lowly (L) and
moderately (M) differentiated
PDAC cells. Magnification, �200.
C, association between fascin
expression levels and the overall
survival of patients with PDAC.
Patients with PDAC (n ¼ 79) were
stratified into two groups
according to fascin IHC staining
intensity. Patients with high fascin
expression (intensity grade þþ
andþþþ) hadmuchworse overall
survival when compared with
patients with low fascin
expression (intensity grade � and
þ).P¼ 0.004was determinedwith
a log-rank test.

Zhao et al.

Cancer Res; 74(9) May 1, 2014 Cancer Research2458

on January 22, 2015. © 2014 American Association for Cancer Research. cancerres.aacrjournals.org Downloaded from 

Published OnlineFirst March 5, 2014; DOI: 10.1158/0008-5472.CAN-13-3009 

http://cancerres.aacrjournals.org/


EGFP-Fascin

Fascin
Fascin

β-Actin β-Actin

pEGFP

EGFP-F
asc

in
si-c

on

si-c
on

si-c
on

si-β-actin

si-F
ascin#1

si-F
ascin#1

si-F
ascin#1

si-F
ascin#2

si-F
ascin#2

si-F
ascin#2

si-F
ascin#3 pEGFP

pEGFP-F
ascin

si-c
on

si-F
ascin#1

si-F
ascin#2

250

200

150

100

50

0
pEGFP         pEGFP-Fascin

C
e
ll 

c
o
u
n
t

C
e
ll 

c
o
u
n
t

60

50

40

30

20

10

0
si-con      si-Fascin#1  si-Fascin#2

* *

*

MMP-2

MMP-9 MMP-9

MMP-2

Vimentin Vimentin

Fibronectin Fibronectin

E-cadE-cad

EGFP-Fascin
Fascin

Fascin

β-Actin
β-Actin

pEGFP

pEGFP

EGFP-F
asc

in

pEGFP-Fascin

pERK pERK

ERK ERK

pAKT pAKT

AKT AKT

p-p38 p-p38

p38 p38

Fascin
Fascin

EGFP-Fascin

pEGFP-Fascin

Fascin

β-Actin β-ActinMMP-2

ERK

pERK

β-Actin

pEGFP pEGFP-Fascin pEGFP-Fascin

DMSO          DMSO            U0126

0.05

0.04

0.03

0.02

0.01

0

pEGFP               pEGFP-Fascin250

200

150

100

50

0

C
e
ll 

c
o
u
n
t

pEGFP pEGFP-Fascin pEGFP-Fascin

DMSO            DMSO              U0126

pERK

pERK

ERK

ERK

pEGFP

pEGFP

pEGFP-Fascin

pEGFP-Fascin pEGFP-Fascin

pEGFP-Fascin

DMSO         DMSO   Bisindolymalei  mide I

si-con        si-con            si-PKC

*

*

A
ct

iv
ity

 o
f 

P
K

C

U
n

it:
μm

o
l/L

 N
A

D
H

/m
in

/m
g

A B

C

D

E

F
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80.5%, suggesting the critical role of HIF-1a in PDAC invasion.
Ectopic expression of fascin in HIF-1a knockdown cells sig-
nificantly rescued the invasion of HIF-1a knockdown cells,
suggesting that HIF-1a regulates PDAC invasion through
increasing fascin expression.

HIF-1a upregulated fascin promoter activity
To understand how HIF-1a regulates fascin expression, we

surveyed the fascin promoter regions, and identified four
potential HIF-1–binding sites (HRE1-4) upstream to the tran-

scription start site (Fig. 4A). To determine whether HIF-1a
directly binds to HREs on the fascin promoter, we perform
chromatin immunoprecipitation assay in MiaPaCa-2 cells
under hypoxia (1% O2) or normoxia (21% O2) conditions. The
HREs immunoprecipitated by anti-HIF-1a antibodies were
detected by PCR. The PCR products of VEGF promoter were
used as positive control. As shown in Fig. 4B, the fragments
containing HRE3 were significantly increased under hypoxia,
suggesting that HIF-1a regulated fascin overexpression by
binding to this region.
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To determine whether the binding of HIF-1a is sufficient to
transactivate fascin promoter, we constructed a fascin pro-
moter luciferase reporter containing the 50-flanking sequences
(–1942/-9, pGL3-Fascin-promoter) in the fascin promoter and
HIF-1a overexpression plasmids containing HIF-1a cDNA
fragments (pcDNA-HIF-1a). The 293T cells, which express
minimal levels of HIF-1a under normoxic conditions, were
used tominimize the interference of endogenous HIF-1a. After
cellswere transfectedwithHIF-1a cDNA,HIF-1aprotein levels
were increased (Fig. 4C), confirming that the plasmids did
effectively upregulate the HIF-1a protein under normoxia.
Then we cotransfected overexpressing HIF-1a expression
plasmids (pcDNA-HIF-1a) or control vector (pcDNA3.1) with
pGL3-Fascin-promoter into 293T and MiaPaCa-2 cells. After
incubation for 48 hours, cells were harvested for dual luciferase
assay. The full-length fascin promoter activity increased in the

presence of HIF-1a when compared with the control vector
(P < 0.05; Fig. 4D). To investigate whether the HRE3 site was
involved in the HIF-1a–induced expression, we mutate the
HRE3 sequence from GCGTG to GCATG in the luciferase
reporter (pGL3-Fascin-promoter-mutation). pGL3-Fascin-
promoter-mutation reporter activities were no longer
increased after HIF-1a overexpression (Fig. 4D). A VEGF
luciferase reporter construct (pGL3-VEGF-promoter) was used
as positive control for the HIF-1a response. Taken together,
these data demonstrated that HIF-1a transactivated the fascin
promoter through binding to the HRE3 region.

The correlation between HIF-1 and fascin expression in
specimens of PDAC

To determine whether HIF-1 indeed regulates the
expression of fascin in PDAC patients, we performed
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immunohistochemical staining to determine HIF-1a and
fascin levels in a cohort of 79 PDAC specimens. As shown
in Fig. 5A and B, fascin expression colocalizated with HIF-1a
in consecutive sections of PDAC tissues. HIF-1a expression
levels in PDAC tissues significantly correlated with the levels
of fascin (r ¼ 0.77, P < 0.0001), with HIF-1a high PDAC
regions also overexpressing fascin (Fig. 5B). In addition, the
relationship between HIF-1a and fascin expression showed
that fascin expression was correlated with HIF-1a expres-
sion in PDAC surgical samples, suggesting that patients with
hypoxic tumor microenvironment also overexpressed fascin
(Fig. 5C; rs ¼ 0.296, P < 0.01). Taken together, these data
indicated that HIF-1 may play a critical role in fascin over-
expression in PDAC.

Discussion
The fascin family consists of three isoforms, fascin-1, 2,

and 3. Fascin-1, commonly referred to as fascin, is highly
expressed in the spleen and brain, moderately in the lungs
and placenta, weakly in the skeletal muscle, liver, and tonsil,
and undetectably in the heart, kidney, pancreas, and bone
marrow (28). Recent data from several groups have
highlighted that fascin is upregulated in several human
carcinomas, and fascin expression associates consistently
with the most clinically aggressive tumors (29, 30). Our data
indicated that fascin overexpression in PDAC tissue corre-
lated with patient prognosis and advanced pathologic dif-
ferentiation, suggesting that elevated protein levels of fascin

promote PDAC progression. Our data further suggested that
that overexpression of fascin in PDAC cells promotes inva-
sion and increases MMP-2 expression. It is possible that high
fascin expression in pancreatic cancer cells promotes inva-
sion through inducing MMP-2.

In an effort to determine how fascin regulates MMP-2
expression, we investigated the upstream signaling pathways
regulating MMP-2 expression. Our study showed that fascin
overexpression increased the levels of phosphor-ERK. Phar-
macologic inhibition of ERK blocked fascin-mediated MMP-2
expression, suggesting that fascin regulatedMMP-2 expression
through ERK signaling.

Fascin has been previously shown to be a substrate of the
PKC-a (24, 31). Phosphorylation of the highly conserved Ser-39
site by PKC-a inhibits fascin actin-bundling activity and
promotes the interaction between fascin and PKC-a (32,
33). Hashimoto and colleagues reported that the Ki67 index
tended to be higher in fascin-positive areas compared with
fascin-negative areas (34). Our data suggested that fascin
overexpression increased PKC activity. It is possible that the
binding of active PKC to fascin enhanced the phosphorylation
of PKC substrates such as Raf-1 to promote cancer cell
proliferation (35). Inhibition of PKC activity with bisindoly-
malei mide I or siRNA abrogated the fascin-mediated phos-
phorylation of ERK, suggesting that fascin activates ERK
through PKC, which in turn results in MMP-2 expression and
cell invasiveness.

Previous studies suggested that many factors regulated
fascin expression in cancer cells, such as miR-145, EGF

0.1 mm

0.1 mm 0.02 mm 0.1 mm

0.1 mm 0.02 mm

0.02 mm

0.02 mm

Fa
sc

in
 in

te
n

si
ty

 (
R

U
)

HIF-1a intensity (RU)

25,000

20,000

15,000

10,000

5,000

0
0        5,000    10,000   15,000   20,000  25,000

Fascin

2

5

6 2 1 11 0.296 0.008

Total rs P

8 3 1 17

17

6 10 14 4 34

2 4 5 6

Total 15 28 24 12 79

HIF-1

_

_

+

+

++

++

+++

+++

Spearman rank correlation test n = 79
rs=0.296 P < 0.01

A

B C

Figure 5. The correlation between
HIF-1 and fascin expression in
specimens of PDAC. A,
immunohistochemical analysis
of HIF-1a and fascin correlative
expression in consecutive sections
from human PDAC surgical
samples. Left, fascin. Right, HIF-
1a (magnification, �200 or
�1,000). B, correlation between
HIF-1a and fascin staining
intensity in consecutive sections
from PDAC surgical samples. HIF-
1a and fascin staining intensity
from 48 random regions in A were
quantified using ImageJ software.
C, statistical analysis of
immunohistochemical results of
HIF-1a and fascin expression in
79 human PDAC surgical samples.
P values were calculated by the
Spearman rank correlation test.

Zhao et al.

Cancer Res; 74(9) May 1, 2014 Cancer Research2462

on January 22, 2015. © 2014 American Association for Cancer Research. cancerres.aacrjournals.org Downloaded from 

Published OnlineFirst March 5, 2014; DOI: 10.1158/0008-5472.CAN-13-3009 

http://cancerres.aacrjournals.org/


receptor, and TGF-b (36–39). Our data revealed that hypoxia in
the PDAC microenvironment upregulate fascin expression
throughHIF-1.We identified fourHREs, in the promoter region
of fascin gene. By chromatin immunoprecipitation and lucif-
erase analysis, we provided evidence showing thatHIF-1 bound
to the third HRE region on the fascin promoter to upregulate
transcription. Our results showed that HIF-1 is critical for
fascin overexpression in PDAC. In addition, we showed that
fascin overexpression could rescue HIF-1a silencing-induced
decreased invasion of cells. These results suggested that HIF-
1a promotes PDAC cell invasion through upregulating fascin
expression.
In summary, our study showed that hypoxic microenviron-

ment promotes PDAC invasion and metastasis through upre-
gulating the expression levels of fascin. Hypoxia induces fascin
overexpression through HIF-1–mediated transactivation of
fascin promoter. Our data further suggested that fascin over-
expression increased MMP-2 expression through PKC-ERK
signaling, which may at least partially account for the elevated
invasiveness in fascin-overexpressing PDAC cells. It is also
worth noting that fascin has been implicated in invadopodium
formation in melanoma and breast cancer (39–41). It remains
to be determined whether fascin-mediated invadopodia for-
mation is involved in PDAC invasion and metastasis. Several
small-molecule inhibitors targeting fascin have been recently
reported (42). Given the critical roles of fascin in PDAC

invasion and metastasis, these compounds might be useful in
the prevention and treatment of PDAC.
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