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Abstract: The tumor suppressor miR200c, a metastasis-suppressing miRNA important in epithelial-to-mesenchymal 
transition (EMT), is down-regulated in many tumor types, including urothelial carcinoma (UC). However, its role in 
UC cell migration and invasion is still not fully understood. The present study showed miR200c targeted FSCN1, an 
actin-binding protein important for cell migration. Treatment of UC cells with miR200c mimic simulating artificial 
overexpression of miR200c reduced FSCN1 level, suppressed UC cell migration and invasion. FSCN1 is a novel 
post-transcriptional target of miR200c and dysregulation of miR200c-FSCN1 interaction may play a significant role 
in UC invasion and metastasis.
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Introduction

Urothelial carcinoma (UC) is the most common 
malignancy of urinary bladder. Invasive UC 
comprises about 30% of urinary bladder cancer 
and is associated with a higher risk of metasta-
sis and poor prognosis [1]. In recent years,  
invasiveness of UC has been associated with 
epithelial-to-mesenchymal transition (EMT) 
and tumor microenvironment. For example, 
upregulation of TGF-β induces EMT and pro-
motes UC cell invasiveness, which can be sup-
pressed by TGF-β signaling inhibitors [2]. NF-κB, 
PI3K/Akt and ERK pathways enhance MMP9 
expression, which promotes UC cell invasion by 
degrading the extracellular matrix (ECM) and 
basement membrane [3-6]. Hypoxia and the 
transcriptional factor HIF1α have been found to 
upregulate MMP1 and long non-coding RNA 
UCA1 in UC, contributing to UC invasiveness [7, 
8]. These abnormalities promote of facilitate 
tumor cell migration, which is an essential  
component in tumor invasion and is asso- 
ciated with deregulation of cytoskeletons, par-
ticularly actin-regulatory molecules, such as 
fascin1 [9].

The actin-binding protein Fascin homologue 1 
(FSCN1) facilitates cell protrusion by participat-
ing in actin bundling, enabling cell migration 
[10]. Expression of FSCN1 in normal epithelium 
is low or absent, whereas in tumors such as UC, 
gastric cancer, non-small cell lung cancer and 
breast cancer, FSCN1 is up-regulated and pro-
motes tumor cell migration [11-14]. FSCN1 
overexpression in cancer may be induced by 
HIF1α, Sp1 or Smad4 [9, 15, 16], whereas 
microRNAs, such as miR24, 133a/b, 143, 145, 
200b, 326 and 429 may repress FSCN1 expres-
sion post transcriptionally [11, 17-21].

MicroRNAs (miRNAs, miRs) post transcription-
ally interact with the 3’-UTR of targeted mRNAs 
and abnormities of miRNAs plays important 
roles in tumorigenesis and tumor progression 
[22-24]. The metastasis-repressing miR200c is 
decreased in various tumors, such as renal cell 
carcinoma, breast cancer, and gastric cancer 
[25-27]. Downregulation of miR200c facilitates 
tumor cell proliferation, metastasis and angio-
genesis [23, 28, 29]. Although EMT has been 
considered to be a major mechanism by which 
miR200c abnormality may promote tumor inva-
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sion, it is not clear whether actin-regulatory 
molecules such as FSCN1 is also regulated by 
miR200c, and whether FSCN1’s pro-migration 
function can be inhibited by miR200c.

We observed a close inverse relationship 
between miR200c and FSCN1 expression in UC 
samples in preliminary investigations, and 
hypothesized miR200c might target FSCN1 
and suppress tumor cell migration and inva-
sion. Here we report our experimental data 
demonstrating that FSCN1 is a novel target 
negatively regulated by miR200c, abnormali-
ties of which contributed to urothelial carcino-
ma cell migration and invasion.

Materials and methods 

Tissues and cell lines

Archived formalin-fixed, paraffin-embedded 
samples (n=52) and snap-frozen fresh tissue 
samples (UC tissue, n=3; paired normal uro- 
thelial tissue, n=3) were used. All tissue  
samples were from West China Hospital and 
were collected and used according to the  
ethical guidelines and procedures approved by 
the institutional supervisory committee. All 
patients were treated with radical cystectomy. 
Among the patients with archived tissue sam-
ples, the age range was from 36 to 80 years 
(mean, 60.9). The male (n=42, 80.8%) to female 
(n=10, 19.2%) ratio was 4.2:1. The UCs were 
graded by the WHO criteria, which included 27 
high grade UCs (51.9%) and 25 low grade UCs 
(48.1%). The tumor-node-metastasis stages of 
the 52 patients were as follows: stage I (n=4, 
7.7%), stage II (n=24, 46.1%), stage III (n=18, 
34.7%) and stage IV (n=6, 11.5%).

Human urothelial carcinoma cells RT4 and T24 
were from the American Type Culture Collection 
and were maintained respectively in McCoy’s 
5A and RPMI 1640 with 10% fetal bovine  
serum (FBS, Life Technologies, Carlsbad, CA, 
USA). Tris base, Tween 20, DTT, SDS and EDTA 
were from Amresco (Solon, OH, USA). 
Phenylmethylsulfonyl fluoride, leupeptin, pep-
statin, and aprotinin were from Roche 
Diagnostics (Mannheim, Germany).

Stem-loop reverse transcription, reverse tran-
scription-PCR and quantitative real-time PCR

Total RNA was extracted with the Trizol reagent 
(Invitrogen, Carlsbad, CA, USA). Stem-loop 

reverse transcription-PCR (RT-PCR) was used 
to measure mature miR200c level. The stem-
loop RT primer for miR200c was designed as 
5’-GTC GTA TCC AGT GCA GGG TCC GAG GTA 
TTC GCA CTG GAT ACG ACT CCA TC-3’. The ran-
dom RT primer 5’-(dN)9-3’ (TaKaRa, Dalian, 
China) was used for the other genes. The PCR 
primers for mature miR200c were designed as 
follows: forward, 5’-GCA TAG CCC GTA ATA CTG 
CC-3’, reverse, 5’-GTG CAG GGT CCG AGG T-3’, 
product length, 67 bp. The PCR primers of 
FSCN1, GAPDH, U6 were designed according  
to their respective cDNA sequences (Genbank) 
as follows: FSCN1 (forward, 5’-CTG CTA CTT 
TGA CAT CGA GTG G-3’, reverse, 5’-GGG CGG 
TTG ATG AGC TTC A-3’, product length, 153 bp), 
GAPDH (forward, 5’-GGA GCG AGA TCC CTC CAA 
AAT-3’, reverse, 5’-GGC TGT TGT CAT ACT TCT 
CAT GG-3’, product length, 197 bp), U6 (for-
ward, 5’-TGG AAC GAT ACA GAG AAG ATT AGC 
A-3’, reverse, 5’-AAC GCT TCA CGA ATT TGC 
GT-3’, product length, 66 bp). Reverse tran-
scription, conventional PCR, and quantitative 
real-time quantitative PCR were performed as 
previously described [22].

Western blot analysis

The primary antibodies used were as follows: 
FSCN1 (mouse monoclonal, clone number: 
D-10, 1:1000, Santa Cruz), glyceraldehyde-
3-phosphate dehydrogenase (GAPDH; mouse 
monoclonal, 1:5000, Kangcheng, Shanghai, 
China). Horseradish peroxidase-labeled sec-
ondary antibodies (rabbit monoclonal or  
mouse monoclonal, 1:5000, Zymed Labo- 
ratories, Carlsbad, CA). Western blot analysis 
was carried out as previously described [22].

miR200c mimic

The miR200c mimic (Ribobio, Guangzhou, 
China) was used to simulate overexpression of 
miR200c, and scrambled sequence was used 
as control.

Immunohistochemistry (IHC) and immunocyto-
chemistry (ICC)

Anti-FSCN1 antibody was used for immunohis-
tochemistry (IHC) and immunocytochemistry 
(ICC) (mouse monoclonal, clone number: D-10, 
1:500, Santa Cruz). Immunostaining was car-
ried out as previously described [30]. Diffuse 
cytoplasmic staining was interpreted as 
positive. 
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Luciferase reporter constructs and site-direct-
ed mutagenesis

The seed sequence of FSCN1 3’-UTR (CAGU- 
AUU, 753-759 nt) with flanking sequences was 
amplified from genomic DNA of HEK293 cells. 
Target site of FSCN1 3’-UTR was prepared with 
the primers FSCN1-miR200c-FP (5’-TCT AGA 
GTT CTG CCA AGG TGG TGG T-3’) and FSCN1-
miR200c-RP (5’-TCT AGA CAC TCG CTA CTA CAG 
CCA GG-3’). PCR products were cloned into 
pMD18-T then subcloned into pGL3-Promoter 
(Promega, Madison, WI, USA), designated as 
pGL3-FSCN1-200c-UTR, in which the sequence 
was inserted into the 3’-UTR downstream of the 
luciferase coding sequence. Overlapping PCR 
was used for site-directed mutagenesis of the 
seed sequences CAGUAUU into GGGGGGG, 
named pGL3-FSCN1-200c-UTR-MUT. The PCR 
primers for mutation were as follows: FSCN1-
MUT (FP 5’-AAA AAC CCC CCC ATT TGG TC-3’, 
RP 5’-GAC CAA ATG GGG GGG TTT TT-3’). 

Dual luciferase reporter gene assay

T24 cells were cultured in 24-well plates and 
transfected with the reporter constructs (0.8 
μg) by using Lipofectamine 2000 transfection 
reagent (Invitrogen, Carlsbad, CA, USA). The 
pRL-CMV vector (0.02 μg, Promega, Madison, 
WI) was co-transfected as internal control.  
Cells were transfected with miR200c mimic or 
control 24 h after plating and collected 48 h 
after plating. The renilla and firefly luciferase 
activities were measured on Luminometer 
TD-20 (Turner Design, Sunnyvale, CA, USA).

Wound-healing assay

2×106 cells were seeded in each well of 6-well 
plates. A 1 mm scratch across the center of the 
plate was created with plastic pipette tip after 
the cells reached confluency. After 24 h cultur-
ing in medium with 2% FBS, cell movement into 
the wound area was examined under micro-
scope. The relative distance between the lead-
ing edge was measured using Image-pro plus 
software (Media Cybernetics) and wound  
closure was calculated as Wound Closure= 
(Width0 h-Width24 h)/Width0 h.

Transwell cell migration and invasion assays 

Both migration and invasion assays were per-
formed (as described [36]) using Transwell 

inserts (8 μm pore size, Merck Millipore). For 
migration assays, 1×105 cells were seeded in 
upper chambers with 200 μl RPMI-1640 con-
taining 2% FBS. For invasion assays, 6×104 
cells were seeded into upper chambers coated 
with Matrigel (BD Biosciences). The lower 
chamber contained 10% FBS. After 24 h cul-
ture, the membranes were fixed with 4% para-
formaldehyde. Cells were stained with crystal 
violet, and examined under microscope. Six 
fields were imaged and analyzed by using 
Image-pro plus.  

Immunofluorescence microscopy

Cells were transfected with miR200c mimic or 
control and cultured on cover glasses, fixed 
with 4% paraformaldehyde for 30 min, followed 
by three washes with PBS. Cells were permea-
bilized with 0.1% Triton X-100 in PBS for 10 min 
and washed three times with PBS. Then cells 
were blocked with 3% H2O2 for 60 min and  
1% goat serum in PBS for 60 min. For examina-
tion of F-actin, cover glasses were incubated 
with ActinGreen (FITC-labelled phalloidin, 1:40 
dilution, KeyGEN biotech) and DAPI (1:2000 
dilution, KeyGEN biotech) in room temperature. 
Cover glasses were mounted on slides with 
ProLong Gold anti-fade reagent (Invitrogen). 
Olympus FV1000 confocal (Olympus) micros-
copy was used for imaging.

Statistical analysis

Experiments were independently repeated at 
least three times. The SPSS 10 program SPSS, 
Inc., Chicago, IL) was used for statistical analy-
sis. Fisher’s exact test was used for between-
group comparisons. 

Results

FSCN1 was significantly overexpressed in uro-
thelial carcinoma

RT-PCR showed high FSCN1 expression levels 
in UC cell lines (RT4 and T24) and UC tissues 
(Figure 1A, T1, T2 and T3) but very low or no 
expression in paired normal urothelial tissues 
(Figure 1A, N1, N2 and N3). Expression of 
FSCN1 was also higher in T24 than in RT4 
(Figure 1A). 

Q-PCR showed that FSCN1 in UC tissue was 
64-fold higher than that of paired normal uro-
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thelial tissues. FSCN1 in UC cell lines was 13- 
to 44-fold higher than that of paired normal 
urothelial tissues (Figure 1A, lower panel, 
P<0.05).

FSCN1 expression and its relationship with 
tumor grade and muscle invasion of UC tissue 
samples (T2 and above) was examined by  
IHC, which showed significantly higher FSCN1 
in high grade UC than in low grade UC (Figure 
1B). FSCN1 positivity rate was significantly 
higher in high grade UC samples (25/27, 92.6%) 
than in low grade UC samples (8/25, 32%, 
P<0.01). Importantly, FSCN1 positive rate in 
muscle-invasive UCs (24/31, 77.4%) was sig-
nificantly higher than in non-muscle-invasive 
UCs (9/21, 42.9%, P<0.01).

MiR200c was significantly downregulated in 
urothelial carcinoma

Expression of miR200c was investigated by 
using stem-loop RT-PCR, which showed high 
expression levels of miR200c in paired normal 
urothelial tissues (Figure 1A, N1, N2 and N3) 
but much lower expression levels in UC cell 
lines (RT4 and T24) and UC tissues (Figure 1A, 
T1, T2 and T3). In addition, expression of 
miR200c was also significantly lower in the 
high grade cell line T24 than in the low grade 
cell line RT4 (Figure 1A). 

Q-PCR further demonstrated that miR200c in 
UC tissue and cell lines was significantly 

decreased in comparison to normal urothelial 
tissues (Figure 1A, low panel, P<0.05). 
Expression level of miR200c in T24 was even 
lower than that of RT4 (P<0.05).

FSCN1 was targeted directly by miR200c

TargetScan analysis showed that the 753- 
759 nt of the FSCN1 3’-UTR was a potential 
binding site of miR200c, relatively conserved 
across species (Figure 2A and 2B). Sequence 
analysis showed no deletion or mutation in  
the FSCN1 3’-UTR in RT4 and T24 cells (data 
not shown).

Dual luciferase reporter assay showed that 
miR200c mimic transfection led to decrease of 
luciferase reporter gene activity by 39.7± 
2.7% in the pGL3-FSCN1 UTR constructs of 
FSCN1, whereas constructs without FSCN1 
3’-UTR sequences were not affected (Figure 
2C, P<0.05). Mutagenesis of the binding site 
abolished the inhibitory effect of miR200c on 
the luciferase gene activity in the pGL3-FSCN1 
MUT constructs.

MiR200c mimic led to downregulation of 
FSCN1

Treatment by miR200c mimic in T24 cells led  
to significant downregulation of FSCN1 pro- 
tein expression (Figure 2D, western blot, 
85.6±2.3%, P<0.05 and Figure 2E, ICC, 
P<0.05). The mRNA level of FSCN1 decreased 

Figure 1. FSCN1 and miR200c expression in UC cell lines (RT4 and T24), UC tissue (T) and paired normal urothelium 
(N). A. RT-PCR (gel electrophoresis) and Q-PCR (histograms, with GAPDH as internal control) analysis showed FSCN1 
expression was higher in UC cell lines and tissue than in paired normal urothelium (P<0.05), and was also higher 
in high grade UC cell T24 than in low grade RT4 (P<0.05). In contrast, miR200c was significantly lower in UC tissue 
(T1, T2, T3) than in paired normal urothelium (N1, N2, N3) (P<0.05), and lower in high grade UC cell T24 than in low 
grade RT4 (P<0.05). B. IHC analysis of FSCN1 expression in formalin-fixed, paraffin-embedded UC samples showed 
FSCN1 overexpression in high grade UC tissue, but much lower expression or absence in low grade UC samples 
(P<0.01) (HE: hematoxylin-eosin stained tissue sections; IHC: immunohistochemistry). 
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by 76.6±1.9% after miR200c mimic treatment 
(P<0.05).

Overexpression of miR200c repressed cell mi-
gration and invasion

The Transwell migration assay showed that  
the number of migrating cells decreased by 
87.5±0.4% with miR200c mimic treatment 
compared with control (Figure 3A, P<0.05). 
Similarly, Transwell invasion assay showed that 
the number of invading cells decreased by 
80.2±1.0% with miR200c mimic transfection 
(Figure 3B, P<0.05).

The wound healing assay showed cell mobility 
and migration was inhibited significantly by 

miR200c mimic transfection (% of wound clo-
sure; blank: 100.0±2.1, control: 100.0±1.8; 
miR200c: 37.9±2.8; P<0.05; Figure 3C).

MiR200c mimic effects on actin cytoskeleton

FITC-labelled phalloidin was used to stain 
F-actin. Immunofluorescence microscopy show- 
ed F-actin depolymerization and redistribution 
with miR200c mimic treatment, indicating  
suppression of F-actin bundling by miR200c 
(Figure 3D).

Discussion 

Ability to invade surrounding tissue and to 
metastasize is a hallmark of malignancy and 

Figure 2. miR200c targeted FSCN1. A. Identification of miR200c seed sequence in FSCN1 3’-UTR. B. Potential 
seed sequence for miR200c in FSCN1 3’-UTR was conserved across species. C. Dual luciferase reporter gene 
assays. MiR200c mimic led to decreased (by 39.7±2.7%, P<0.05) relative luciferase activity when potential seed 
sequence was inserted into the downstream of luciferase coding sequence (pGL3-FSCN-UTR), which was restored 
when the seed sequence was mutated (pGL3-FSCN-MUT). D. RT-PCR and Western blot showed miR200c mimic led 
to significant decrease of FSCN1 mRNA and protein levels (P<0.05). E. Immunocytochemistry showing miR200c 
mimic treatment resulted in downregulated FSCN1 protein level in cultured cells (P<0.05). (UTR: untranslated re-
gion; RT-PCR: reverse transcription polymerase chain reaction; con: control; GAPDH: glyceraldehyde-3-phosphate 
dehydrogenase).
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also a leading cause of death for tumor pa- 
tients [31]. The mechanisms of metastasis are 
extremely complex and are under intensive 
investigation. These include the cytoplasmic 
machineries controlling cell migration (notably 
actin-regulating molecules involved in the for-

mation of filopodia, lamellipodia and invadopo-
dia), signalling and adhesion molecules deter-
mining cell-cell and cell-matrix interactions, 
and enzymes that are able to degrade extracel-
lular matrix (ECM) (such as matrix metallopro- 
teases, MMPs). Many recent studies focused 

Figure 3. miRNA200c sup-
presses UC cell T24 migration 
and invasion. (A-C) miR200c 
mimic resulted in decreased 
T24 migration (A and C, 
P<0.05) and invasion abil-
ity (B, P<0.05). (D) miR200c 
mimic expression resulted in 
cellular F-actin depolymeriza-
tion. 
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on epithelial-mesenchymal transition (EMT) 
and tumor microenvironment for their roles in 
tumor invasion and metastasis. For epithelial 
tumors such as UC, high invasive and metastat-
ic abilityis associated with an acquired mesen-
chymal phenotype through the process of  
EMT, which confers the capacity to degrade 
ECM and to migrate. EMT of carcinoma cells 
leads to loss of epithelial markers, such as 
E-cadherin but gain of mesenchymal markers, 
such as vimentin [32, 33]. The tumor microen-
vironment can alsobe modified by tumor cells  
to promote tumor cell proliferation, migration 
and invasion [34]. For example, hypoxic micro-
environment helps to recruit macrophages  
and induces CCL4-CCR5 and MMP9 expres-
sion to degrade ECM and to promote glioblas-
toma invasion [35]. 

Many molecules and pathways have been 
implicated in UC cell migration and invasion, 
including those involved in EMT and tumor 
microenvironment. For example, ZEB1, Snail1, 
Slug and Twist, key regulators in EMT, are 
upregulated and highly correlated to muscle 
invasiveness and poor prognosis of UC [36]; 
whereas E-cadherin expression has an inverse 
relationship with invasiveness and lymph node 
metastasis of UC [37]. Hypoxia and HIF1α may 
directly up-regulate ZEB1 and repress tumor 
suppressor gene C/EBPα expression [38]. 
CD4+ T cellsrecruited by UC cells secrete  
interleukin-1 into tumor microenvironment  
and activate AR-HIF1α-VEGFa signalling to  
promote UC cell invasion [39]. UC cells also 
recruit mast cells and neutrophils to facilitate 
UC cell migration via ERβ/CCL2/CCR2/EMT/
MMP9 signalling [40]. Aberrant transcriptional 
activation of MMP9 by NF-κB, ERK and PI3K/
Akt pathways leads to ECM and basement 
membrane degradation to promote tumor 
metastasis [3-5]. Despite the importance of 
EMT and tumor microenvironment which facili-
tate tumor cell migration and invasion, the 
most direct determinants of tumor cell migra-
tion are molecules responsible for cell move-
ment, particular those involved in actin regula-
tion, such as cofilin.

Fascin homologue 1 (FSCN1) is a 55 kD actin-
binding protein encoded by FSCN1 gene on 
chromosome 7p22. The two actin-binding sites, 
aa33-47 within β-trefoil-1 and aa277-493  
within β-trefoil-3 of FSCN1, enable its binding 
to actin molecules and to facilitate formation 

and stabilization of filopodia, lamellipodia or 
invadopodia involve in cell migration [41]. 
Downregulation of FSCN1 by siRNA reduces  
the formation of filopodia [42]. FSCN1 dissocia-
tion from focal adhesions (FAs) leads to FA dis-
assembly and inhibits cell migration [43].

In normal epithelium, FSCN1 expression is low 
or even absent, whereas it is often up-regulat-
ed in tumors such as pancreatic, gastric, pros-
tatic, nasopharyngeal, colonic, esophageal and 
non-small-cell lung cancers [9, 17, 19, 20, 
44-46]. Overexpression of FSCN1 is often 
associated with higher stage (such as in serous 
ovarian carcinoma) [47], low survival rates (for 
example, in gastric cancer) [17] and also serves 
as a potential independent marker of metasta-
sis and prognosis (e.g. in non-small-cell lung 
cancer) [45]. In oral squamous cell carcinoma, 
FSCN1 upregulation promotes formation of  
filopodia, lamellipodia and longer microspikes 
and is correlated with higher tumor stage, 
lymph node metastasis and shorter survival 
time [48]. 

FSCN1 has been shown to be transcriptionally 
activated by HIF1α, which binds to the hypoxia 
response element (HRE) within FSCN1 promot-
er [9]. FSCN1 is also a direct target of Smad4, 
the interaction with which can be blocked by 
GATA3 [16]. Transcriptional factors STAT3, Slug, 
NF-κB and Sp1 contribute to FSCN1 overex-
pression in tumors [9, 15, 16]. At posttranscrip-
tional level, miR24, miR133a/b, miR143, 
miR145, miR326 and miR429 function as 
tumor-suppressing miRs by targeting FSCN1 
[11, 17, 19-21]. MiR200b targets FSCN1 and 
decreases NSCLC cell migration and invasion 
[18].

MiR200c is one of the most important tumor 
suppressor microRNAs and also a metastasis-
suppressing miRNA. Several important mole-
cules have been identified as targets of 
miR200c, including ZEB1, VEGF and BMI1 [27, 
49, 50]. In the process of EMT, ZEB1 functions 
as an crucial EMT inducer, by directly repress-
ing expression of cell adhesion and polarity 
genes, such as E-cadherin, LGL2 and Crumbs3 
[51, 52]. ZEB1 also promotes metastasis by 
repressing miR200c directly [53, 54]. This dou-
ble-negative feedback loop is an important 
regulatory mechanism in maintaining balance 
between epithelial and mesenchymal states of 
cells.
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MiR200c deregulation has been shown in vari-
ous types of tumor, including cancer of kidney, 
lung, breast, colon, liver and esophagus [25-27, 
55-57]. Downregulation of miR200c is corre-
lated with tumor grade and prognosis in such 
tumors as gastric cancer and UC [26, 58].
Though miR200c has been reported to be 
downregulated in UC and was correlated with 
tumor grade and infiltration of UC [58, 59], the 
targets most relevant to tumor cell migration or 
invasion in UC that are suppressed by miR200c 
are not clear. Our data showed and that dys-
regulated miR200c expression resulted in 
FSCN1 overexpression in UC, whereas simulat-
ed miR200c expression significantly decreased 
FSCN1 expression, cell mobility and invisibility 
of urothelial cells.

In summary, the present study demonstrated 
that FSCN1 was a novel target of miR200c, 
which suppressed UC cell migration and inva-
sion. These findings suggest that disruption of 
miR200c/FSCN1 regulation may contribute sig-
nificantly to tumor cell migration and invasion 
and to tumor progression of UC.
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