
Abstract. Background/Aim: Tumor microenvironment plays
an important role in tumor growth and metastasis. Cancer
cells can promote their growth and malignancy by altering
the surrounding stroma. Fascin is an actin-bundling protein
that regulates the dynamics of the cytoskeletal structure and
plays a significant role in cancer invasion and metastasis. In
this study, we observed stromal factors controlling fascin
expression in cancer cells and investigated underlying signal
transduction pathways. Materials and Methods: Fascin
depletion was performed with lentiviral short-hairpin RNA
(shRNA) against fascin mRNA and a stable cell line
(Fascindep) was established. Fascin expression and invasion
activity induced by IL-1β treatement were observed through
Matrigel-Transwell invasion and 3D culture system.
Intermediated signaling molecules involved in fascin
expression induced by IL-1β were elucidated using western
blotting. Results: Fascin was more highly expressed in
human OSCC cells than normal cells. Cancer invasion
activity was decreased by fascin depletion using lentiviral
shRNA. However, fascin expression was increased by IL-1β
treatement, leading to increased extracellular matrix (ECM)
degradation and infiltration into 3-dimensional (3-D)
collagen matrix. Specific inhibitors of extracellular signal-
regulated kinases-1/2 [ERK1/2, (PD98059)], c-Jun N-
terminal kinase [JNK, (SP600125)], nuclear factor kappa
light chain enhancer of activted B cells [NF-κB,
(parthenolide)], and cAMP response element binding protein
[CREB, (CREB inhibitor)] suppressed IL-1β -induced fascin
expression. IL-1β induced phosphorylation of ERK1/2, JNK,
NF-κB and CREB while IL-1 receptor (IL-1R) antagonist
abolished their activation. Conclusion: IL-1β is a critical
inducer of fascin expression. ERK1/2, JNK, NF-κB, and
CREB signaling pathways are involved in IL-1β-induced

fascin expression and these paracrine signaling pathways
can induce cancer cell invasion. 

Cancer growth and invasiveness are closely related to cancer
progression and prognosis. Invasive cancer cells from the
primary site can be released from the adjucent tissues by
secreation of proteolytic enzymes capable of degrading the
surrounding exracellular matrix (ECM) and spread to
secondary sites. Therefore, focalized protease release to
nearby stroma in the direction of cancer invasion is crucial
to enhance invasion efficiency (1). Cancer cells can form a
protrusive cellular structure called invadopodia for invasion.
A complete invadopodia assembly is a very important
process for cancer invasion activity (2, 3). When infiltration
is needed, cancer cells induce actin polymerization based on
Arp2/3 complex and N-WASP to stabilize the protruding
structure by joining many molecules such as Tsk5, cortactin,
synaptjanin-2, Abl-family kinase Arg4, and integrin. When
the protease is secreted intensively around the protruding
structure, the extracellular matrix is deeply degraded, acting
as a mechanism to increase cancer cell invasion (2, 4).
Recent studies have indicated that invadopodia is regulated
by tumor environment signals including growth factors (2,
5), hypoxia (6), pH (7), metabolism (8), and stromal cell
interactions (9). 

Initiation of invadopodia formation can be induced by
growth factors such as epidermal growth factor (EGF),
transforming growth factor beta (TGF-β), and platelet-
derived growth factor (PDGF) (10). These results suggest
that invadopodia formation can be regulated by paracrine
signaling pathways in cancer microenvironment. Thus, the
influence of tumor surrounding microenvironment on cancer
invasion should also be studied. Fascin is an actin-bundling
protein highly expressed in various cancer tissues. Fascin is
localized in the invadopodia and is known to facilitate ECM
invasion (11). Despite the fact that invadopodia formation
can be induced by various factors, there is little research on
the regulation of fascin expression. Therefore, the objective
of this study was to determine the effect of IL-1β stimulation
on fascin expression and invasion activity and elucidate
related cell signaling processes.
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Materials and Methods

Cell culture. HSC-3 OSCC cells was grown in DMEM/F12 (3:1
ratio) medium supplemented with 10% FBS, 1×10–10 M cholera
toxin, 0.4 mg/ml hydrocortisone, 5 μg/ml insulin, 5 μg/ml apo-
transferrin, and 2×10–11 M triiodothronine (T3) in a humidified
atmosphere of 5% CO2 at 37˚C. The high invasive variant HSC-3
cell subline was obtained by serial selection through Matrigel-
coated Transwell invasion.

Reagents. All reagents used in cell culture were purchased from
Gibco BRL Co. (Rockville, MD, USA). Cholera toxin,
hydrocortisone, insulin, apo-transferrin, T3, dimethyl sulfoxide
(DMSO), and parthenolide were obtained from Sigma Chemical Co.
(St. Louis, MO, USA). Recombinant human interleukin 1 beta (IL-
1β) was purchased from R&D Systems (Minneapolis, MN, USA).
PD98059, SP600125, and CREB inhibitor (666-15) were purchased
from Calbiochem (La Jolla, CA, USA). Interleukin 1 receptor (IL-
1R) antagonist was purchased from Cayman (Cayman Chemical, Ann
Arbor, MI, USA). The following antibodies were purchased from
their respective sources: Fascin (Dako, Carpentaria, CA, USA);
total/phospho form of ERK, JNK, NF-κB, and CREB (Cell Signaling
Technology, Danvers, MA, USA); actin (Sigma). Oregon Green 488
gelatin were purchased from Molecular Probes (Carlsbad, CA, USA).

Fascin depletion. Fascin 1-specific shRNA (h) lentiviral particles
were transduced in cultured cell with 5 μg/ml polybrene according
to the manufacturer protocol (Santa Cruz, CA, USA). Continual
selection was followed with 1 mg/ml puromycin to establish fascin-
depleted stable cell line. Control shRNA (h) lentiviral particles-A
(Santa Cruz) was also used as a negative control. The extent of
fascin depletion was evaluated by western blot.

Western blotting. Proteins (50 μg) were separated on SDS-
polyacrylamide gel and were transferred to a polyvinylidene
difluoride membrane (Millipore, Billerica, MA, USA). The membrane
was blocked with 10% skim milk in PBS containing 0.1% Tween-20
(PBS-T) and subsequently incubated overnight with a 1:1,000 dilution
of primary antibody against its specific protein at 4˚C. The blots were
then incubated with a 1:3,000 dilution of their respective horseradish
peroxidase-conjugated secondary antibodies for 2 h at room
temperature and were washed with PBS-T. The targeted proteins were
visualized using an enhanced chemiluminescence detection kit
(Amersham Life Science, Arlington Heights, IL, USA) according to
the manufacturer’s instructions. 

RT-PCR. Total RNA was isolated using TRIzol reagent (Life
Technologies, Foster City, CA, USA) according to the instructions
provided by the manufacturer. Reverse transcription to obtained
cDNA and amplification by PCR using specific primer pairs. Fascin
1 (GenBank accession No. NM_001100806) primer; sense 5’-
GTCCACTGCATCCACTAAGA-3’ and anti-sense 5’-AGCTGA
AAGACGTCGTAACT-3’ (Tm 55˚C, 276 base pairs), GAPDH
primer; sense 5’- GAAGGTGAAGGTCGGAGTC-3’ and anti-sense
5’- GAAGATGGTGATGGGATTTC-3’ (Tm 57˚C, 250 base pairs).
The reaction products were electrophoresed on 1% agarose gel. 

Invasion assay. 8-μm pore sized polycarbonate nucleopore filter
inserts in a 24-well Transwell chamber (Corning Costar, Cambridge,
MA, USA), were coated with Matrigel (30 μg/well; Becton

Dickinson, Lincoln Park, NJ, USA). Cells (5×104 cells) were added
into the upper chamber, and complete medium was added to the
bottom chamber and kept for 48 h at 37˚C. Invaded cells on the
lower surface of the membrane were fixed with ethanol and non-
invasive cells were removed with a cotton swab. Then cells were
stained with hematoxylin. Invaded cells from five fields were
counted under a microscope. 

ECM degradation. Oregon Green 488 gelatin-coated coverslips
were prepared as described previously (12). Cells (3×103 cells) were
plated on coverslips in 12-well plates and cultured for 16 h. Cells
were fixed with 4% paraformaldehyde followed by permeabilization
with 0.5% Triton X-100/PBS and stained for nuclei with DAPI.
Areas of matrix degradation was identified by a loss fluorescence
using an EVOS FL monochrome microscope (ThermoFisher
Scientific, Waltham, MA, USA). 

Three-dimensional culture. A dermal equivalent gel was generated
with a Type I-A collagen mixture with eight volumes of ice-cold
collagen solution (Nitta Gelatin Inc, Osaka, Japan), one volume of
10× reconstitution solution (0.022 g/ml NaHCO3, 0.0477 g/ml
HEPES, 0.05 N NaOH), and one volume 10× DMEM. Immortalized
gingiva fibroblast (1×105 cells) was added to collagen mixture (13,
14). This mixture was poured onto polycarbonate filter inserts (3-
μm pore size, 12 mm diameter; Millipore) and placed in 6-well
plates. After 24 h incubation at 37˚C, HSC-3 cell (1×105 cells) was
loaded on collagen gel and medium was added to the 6-well plates.
The culture medium was then changed every 2-3 days for 2 weeks.
Gels were then formalin-fixed, paraffin-embedded and histologically
examined. To measure invasive areas and depth, the culture tissue
was stained with hematoxylin and eosin (H&E).

Statistical analysis. The statistical analysis was performed using InStat
GraphPad Prism ver. 5.01 statistical software (GraphPad Software,
Inc., San Diego, CA, USA). Results are expressed as mean±standard
deviation. p-Values <0.05 were considered significant.

Results
Fascin is involved in cancer cell invasion. Surgical tissues
from patients with oral squamous cell carcinoma (OSCC)
and adjacent normal epithelia were used to analyze fascin
expression. As shown in Figure 1A, fascin expression level
was higher in cancer than that in normal tissue. As a result
of the experiment utilising biological-specific inhibitors,
fascin mRNA expression was inhibited by PD98059,
SP600125, parthenolide, and CREB inhibitor (Figure 1B).
This result indicates that extracellular signal-regulated
kinases (ERK1/2) and c-Jun N-terminal kinase (JNK) act as
intermediate signaling molecules and NF-κB (nuclear factor
kappa light chain enhancer of activted B cells) and CREB
(cAMP response element binding protein) are associated
with fascin expression (Figure 1B). To confirm the role of
fascin in cancer invasion, fascin down-regulated cell line
(Fascindep) was established using lentiviral shRNA (Figure
1C). In Matrigel-coated Transwell invasion, Fascindep cells
showed 7.2-times lower invasion activity compared to
control (Figure 1D). 
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Figure 1. Fascin expression and invasion. A: Fascin Expression in normal and cancer cells was analysed by western blot. β-actin was detected as
a loading control. B: Fascin mRNA expression in HSC-3 OSCC cells with or without biological-specific inhibitors was analyzed by RT-PCR. GAPDH
level was used for mRNA loading control. Relative changes of mRNA expression were plotted. *p<0.01, #p<0.001 versus DMSO control. C: Fascin-
depleted cell (Fascindep) was prepared using fascin shRNA lentiviral particles and puromycine resistance clone was analyzed by western blot for
reduction of fascin level. Control shRNA lentiviral particles-A was used to prepare a control stable cell line (control). β-actin was used as loading
control. D: Matrigel-coated Transwell invasion activity of Fascindep cells. Invasion assay was proceeded for 48 h. Invading cells were detected by
hematoxylin staining and counted. *p<0.001 versus control cells.



IL-1β increases fascin expression and cancer invasion. To
investigate changes in fascin expression induced by IL-1β
stimulation, cells were treated with 10 ng/ml IL-1β for 8 h,
followed by western blot analysis. As shown in Figure 2A,
fascin expression was increased by IL-1β stimulation in the
wild-type control. This increase was not induced in highly
invasive cells isolated via serial selection through Transwell
invasion. It is presumed that fascin expression is sufficiently
high in highly invasive cells. In addition, IL-1β stimulation
increased the degradation activity of FITC-gelatin matrix in
control cells (Figure 2B). However, the extent of IL-1β-
induced matrix degradation in fascinΔ cell was not as large
as in the wild type control. Consistent with this result,
invasive areas into dermal equivalents (COL-matrix) were
deeply extended by IL-1β stimulation in three-dimensional
(3-D) culture (Figure 2C). 

ERK1/2, JNK, NF-κB, and CREB signaling molecules are
involved in IL-1-induced fascin expression. IL-1β receptor
(IL-1R) antagonist treatment inhibited such invasive area
expansion induced by IL-1 stimulation. IL-1β-induced
phosphorylation of ERK1/2 and JNK were reduced by IL-1R
antagonist (Figure 3). IL-1β-induced phosphorylation of NF-
κB and CREB was also reduced by IL-1R antagonist. These
results indicate that ERK1/2 and JNK can act as intermediate
signaling molecules in IL-1β-induced fascin expression and
NF-κB and CREB serve as transcripton factors.

Discussion

Stroma plays a structural and connective role in tissues. It
consists of basement membrane, fibroblasts, extracellular
matrix, immune cells and vascular system. Normal stroma
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Figure 2. Effect of IL-1β on fascin expression and cell invasion. A: Fascin expression by IL-1β was analyzed in wild-type and highly invasive cells.
β-actin was detected as a loading control. B: Matrix degradation activity of Fascindep cells. Cells were cultured on fluorophore (FITC)-conjugated
gelatin matrix for 12 h. Degraded matrix is shown as dark areas. C: IL-1β effect on 3D invasion. Wild type cells on Type I-A collagen mixture
(COL-matrix) were culture for 10 days. Invasion of cells within the dermal equivalent was analyzed by H&E staining. 



maintains homeostasis by inhibiting inflammation and
neoplasia through immune systems. However, in the tumor
environment, it plays a role in promoting cancer growth and
malignant tumors (15). Cancer cells produce several factors
such as transforming growth factor-β that can cause
differentiation of normal fibroblasts into carcinoma-associated

fibroblasts (CAF), thereby serving as a pivotal inducer of
tumor growth, invasion and metastasis (16, 17). CAF also
secrete various chemokines and cytokines that can affect tumor
and other stromal cells, leading to cancer growth and invasion.
Therefore, the reciprocal cross-talk between stromal tissue and
tumor plays a pivotal role in cancer growth and progression.

IL-1β is a member of the interleukin (IL) 1 family of
cytokines. This cytokine is an important mediator of the
inflammatory response. It is involved in a variety of cellular
activities including cell proliferation, differentiation, and
apoptosis (18). Many studies have shown that IL-1 is highly
expressed in many tumor types. It is involved tumor
progression by modulating several factors related to metastatic
and angiogenic genes. Patients with IL-1-producing tumors
generally have poor prognoses (19). In addition, high IL-1 level
within the tumor stroma is associated with a virulent tumor
phenotype (20). Therefore, anti-IL-1 agents are proposed as
therapeutic agents. Despite progress from many studies, the
exact mechanism of IL-1 involvement in tumor growth and
progression remains unclear. Here, we observed cellular
mechanisms of IL-1-induced cancer invasion. As a result, 
IL-1 increased fascin expression. Suppression of fascin
expression significantly reduced cancer cell invasion. Fascin
localizes in invadopodia and stabilizes actin polymerization
(11). These data suggest that IL-1 can promote stabilization of
invadopodia by increasing fascin expression, thereby
aggravating cancer invasion. An increase in cancer invasion by
IL-1 was also confirmed in this study using cell culture on
matrix-coated slip and 3D organotypic culture. Particularly, the
infiltration length into collagen matrix by multicellular invasive
cell strands was deepened by IL-1 treatment while the invasion
length was diminished by IL-1R antagonist. Fascin depletion
also inhibited cancer invasion in both experiments. 

Increased expression of fascin, by TGF-β, has been also
reported in gastric cancer as a Smad3 phosphorylation-
dependent response (21). Fascin expression by TGFβ-Smad4
signal is abrogated through inhibition of DNA binding of
Smad4 by transcription factor GATA3 in breast cancer cells
(22). In addition, induction of fascin expression by IL-6 and
TNF- in metastatic breast cancer cells has been reported (23).
However, the cellular mechanism of fascin expression induced
by IL-1β has not been reported yet. In this study, mRNA
expression of fascin was inhibited by biological-specific
inhibitors PD98059, SP600125, parthenolide, and CREB
inhibitor. In western blot analysis, IL-1 induced phosphorylation
of ERK1/2, JNK, NF-κB and CREB. Their activation was
markedly reduced by the IL-1R antagonist. These results
indicate that ERK1/2, JNK, NF-κB, and CREB are cloasely
invoved in fascin expression. Al-Tweigeri et al. reported that
fascin is a key regulator of breast cancer invasion and NF-κB
enhances its activity (24). Fascin knock-down cells have low
NF-κB luciferase reporter activity after TNF-stimulation,
whereas fascin-overexpressing cells showed significantly
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Figure 3. Analysis of intermediate signaling molecules for IL-1β-induced
fascin expression. Wild-type cells were treated with IL-1β for 30 min
(analysis for total/phospho-ERK and total/phospho-JNK) or 1 h (analysis
for total/phospho-NF-κB and total/phospho-CREB) and western blot were
performed with specific antibody. IL-1R antagonist was pretreated for 1
h before IL-1β treatment. β-actin was detected as loading control.



increase of NF-κB luciferase activity after TNF-stimulation.
Snyder et al. have also observed that NF-κB requires STAT3
recruitment to the fascin promoter (23). Taken together, cAMP
response element-binding protein (CREB) and aryl hydrocarbon
receptor (AhR) are associated with FSCN1 promoter region
(–219/+114). They are also involved in the regulation of fascin
transcription (25). These results indicate that fascin expression
can be controlled through multiple stimuli and intracellular
signal pathways during the invasion process and that NF-κB
and CREB are crucial transcription factors in fascin expression. 

In conclusion, in this study we observed that fascin
expression was increased by IL-1β stimulation, leading to
increased cancer invasion in oral squamous cell carcinoma. The
regulation of cancer cells by the cancer microenvironment is a
pivotal factor in cancer invasion and progression. Targeting the
cancer microenvironment is improtant for cancer control. 
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