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Abstract. The LIM and SH3 protein-1 (LASP-1) is a 
multi-domain protein that is involved in several malignant 
cancers. The role of LASP-1 in malignant phenotypes 
including high invasive properties and unrestricted cell prolif-
eration, remain to be elucidated. The present study reported 
the association of LASP-1 expression with bladder cancer 
malignancy and its role in cancer cell invasion and prolif-
eration. The immunohistochemical analysis of the expression 
status of LASP-1 in radical cystectomy specimens from inva-
sive bladder cancer patients revealed that the LASP-1-positive 
patients demonstrated a decreased survival rate compared with 
the LASP-1-negative patients. The expression level of LASP-1 
was increased in invasive bladder cancer cell lines compared 
with the non-invasive bladder cancer cell lines. Invasive 
cancer cells form invadopodia, the filamentous actin‑based 
membrane protrusions that are essential in cancer cell inva-
sion. Knockdown of LASP-1 reduced the ability to form 
invadopodia, resulting in decreased invasive capacity of the 
LASP-1 knockdown cells. In addition, knockdown of LASP-1 
reduced cell proliferation. These results suggest that LASP-1 
is important in invadopodia formation and cell proliferation of 
bladder cancer cells, promoting the malignant properties and 
resulting in poor-prognosis.

Introduction

Bladder cancer is one of the most prevalent urologic malignancy 
and the fourth common cancer among men worldwide (1). 
There are several treatment choices for bladder cancer patients 
including radical cystectomy, radiation therapy and prospec-
tive instillation of chemotherapy and immunotherapy (2,3). 
Although the treatment of bladder cancer has been improved 
in recent years, it frequently recurs due to metastasis and its 

prognosis with 5-year overall survival rate are unsatisfac-
tory (4). Therefore, it is urgently necessary to elucidate the 
molecular mechanism of bladder cancer metastasis to discover 
novel biomarkers for the further improvement of bladder 
cancer treatment.

Among the multiple processes involved in bladder cancer 
metastasis, cancer cell invasion is considered a key process. 
For cancer cell invasion process, highly invasive cancer cells 
form invadopodia, the filamentous actin (F-actin)-based 
membrane protrusions to remodel and degrade extracellular 
matrix (ECM) and invade surrounding tissues (5). Although 
invadopodia are considered to play important roles in the 
steps of the metastatic cascade, the details of the invadopodia 
formation have not been fully understood yet.

LIM and SH3 protein-1 (LASP-1) is a multi-domain protein. 
The LASP-1 protein contains a LIM (Lin-11, IsI1, MEC-3) 
protein-protein interaction domain (6,7), two F-actin-binding 
nebulin (NEBU) domains and Src homology (SH) 3 domain 
and it was shown that LASP-1 regulates cytoskeleton 
dynamics (8,9). Several groups reported that overexpression 
of LASP-1 has been observed in a variety of malignant tumors 
including metastatic breast cancer (10), ovarian cancer (11) 
and medulloblastoma (12). Recent clinical studies have 
demonstrated that LASP is one of the useful biomarkers for 
bladder cancer detection (13,14) and that LASP-1 is involved 
in bladder cancer metastasis (15). The above studies on the 
LASP-1 function and its high expression in malignant bladder 
cancer led us to postulate that LASP-1 is involved in bladder 
cancer malignant phenotypes such as cell invasion through the 
regulation of actin cytoskeleton.

In the present study, we found the correlation of LASP-1 
expression with clinicopathological characteristics in bladder 
cancer and also performed functional analysis to determine 
the biological functions of LASP-1 in cancer metastasis.

Materials and methods

Cells, reagents and antibodies. Four established human bladder 
cancer cell lines were used. KK-47 was a generous gift of Dr. T. 
Matsuo (Tohoku University, Sendai, Japan) (16). RT-4 and T24 
were purchased from American Type Culture Collection. A 
human invasive and high-grade bladder cancer cell line, YTS-1 
was a generous gift of Dr Kakizaki H. (Yamagata University, 
Yamagata, Japan) (17). Cells were maintained in RPMI-1640 
medium (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) 
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supplemented with 10% fetal bovine serum (FBS; Capricorn 
Scientific GmbH, Ebsdorfergrund, Germany) with 5% CO2 at 
37˚C. The monoclonal antibodies to LASP‑1 (clone 86C) and 
glyceraldehyde-3-phospahte dehydrogenase (GAPDH) (clone 
3H12) were purchased from Abcam (Cambridge, UK) and 
MBL (Woburn, MA, USA), respectively.

Analyses of bladder cancer patients. The cohort consisted 
of 48 patients with muscle invasive bladder cancer treated 
with radical cystectomy at the Department of Urology, 
Hirosaki University Graduate School of Medicine (Hirosaki, 
Japan). Bladder cancer specimens from patients were fixed 
with 10% buffered formalin for 12‑24 h. Paraffin‑embedded 
lymph node samples were cut at 3 µm and subjected to 
hematoxylin and eosin staining and immunohistochem-
istry using a monoclonal antibody to LASP-1. Anti-mouse 
immunoglobulin antibody conjugated with horseradish 
peroxidase (Agilent Technologies Japan, Ltd., Tokyo, Japan) 
was used as a secondary antibody and peroxidase activity 
was visualized with Liquid DAB+ Substrate Chromogen 
System (Agilent Technologies Japan, Ltd.). Based on the 
histochemical staining results, specimens that showed 
LASP-1-positive in greater than 50% of cancer cells were 
judged as LASP-1-positive. Patient survival was compared 
to the results of immunohistochemistry results. The insti-
tutional ethics committee of Hirosaki University Graduate 
School of Medicine approved this study.

LASP‑1 knockdown (LASPKD). YTS-1 cells with reduced 
expression of LASP-1 (LASPKD cells) were generated by 
shRNA technology as previously described (18). An shRNA 
expression plasmid was constructed using pBAsi-hU6 Neo 
DNA (Takara Bio, Inc., Otsu, Japan). The shRNA sequence 
for LASP-1 was: GAT CCA AGG TGA ACT GTC TGG ATA 
AGC TGT GAA GCC ACA GAT GGG CTT ATC CAG ACA GTT 
CAC CTT TTT TTT A (The siRNA sequence for LASP-1 was 
underlined.) (19). A human non-targeting siRNA sequence 
(Accell siRNA control; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) was used to prepare the control cells 
expressing non-targeting shRNA. We transfected cells with 
LASP-1 shRNA expression plasmid together with pEGFP-C2 
vector (BD Biosciences, Palo Alto, CA, USA) and pTK-Hyg 
Vector (Clontech Laboratories, Inc., Mountain View, CA, 
USA) using Lipofectamine® 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.). EGFP-positive cells were separated 
using BD FACSAria (BD Biosciences, Franklin Lakes, NJ, 
USA) and then cultured in RPMI-1640 medium containing 
10% FBS and 50 µg/ml hygromycin B for 2-4 days. Greater 
than 70% of cultured cells were positive for EGFP.

Western blotting. Total lysates of cancer cells were prepared 
by solubilization in 50 mM Tris-HCl buffer, pH 7.5, containing 
1% Igepal CA-630, 150 mM NaCl and proteinase inhibitors. 
The lysates were resolved by SDS-PAGE on an 8-16% gradient 
gel (Invitrogen; Thermo Fisher Scientific, Inc.), and transferred 
to polyvinylidene fluoride (PVDF) membrane. Western blot 
analyses were performed using the specific primary antibodies 
and a horseradish peroxidase-conjugated secondary antibody. 
Signals were visualized using the ECL PLUS detection system 
(GE Healthcare Life Sciences, Little Chalfont, UK).

Immunofluorescence microscopy. Cells seeded on coverslips 
were fixed in 4% paraformaldehyde and permeabilized with 
PBS containing 0.1% saponin and 1% bovine serum albumin 
(BSA). Cells were stained with Alexa Fluor 568-labelled 
phalloidin (Invitrogen; Thermo Fisher Scientific, Inc.) 
together with the monoclonal antibody to LASP-1, and Alexa 
Fluor 488-labelled secondary antibody (Invitrogen; Thermo 
Fisher Scientific, Inc.) was used for antibody staining. Cell 
staining was examined under an Olympus IX‑73 fluorescence 
microscope (Olympus Corp., Tokyo, Japan).

Matrigel invasion assay. Invasion assay was performed using 
a conventional Transwell system (BD Biosciences, San Jose, 
CA, USA). The bottom surface of the filter (with 8 µm pore 
size) of the upper chamber was coated with 100 µg/ml of 
fibronectin and the top surface was covered with 1 mg/ml of 
Matrigel Matrix (BD Biosciences). The lower chamber was 
filled with RPMI-1640 medium supplemented with FBS. 
EGFP-positive bladder cancer cells (5x104) were placed 
into the upper chamber. After incubation at 37˚C for 24 h, 
non‑migrated cells remaining at the top surface of the filter 
were carefully removed with cotton swabs. Migrated cells on 
the bottom surface were fixed with 4% paraformaldehyde and 
counted under a fluorescence microscope (Olympus IX‑73).

Proliferation assay. For cancer cell proliferation assay, cells 
were seeded in 96-well plates (1x104 cells per well) and 
cultured at 37°C for indicated time. Cell growth was assayed 
using Cell Counting Kit-8 (Dojindo Laboratories, Kumamoto, 
Japan) according to the manufacturer's specification.

Statistical analysis. We used the statistical program SPSS 
12.0 (SPSS, Inc., Chicago, IL, USA). Statistically significant 
differences were determined using the Student's t-test. P<0.05 
was considered to indicate a statistically significant difference.

Results

Expression of LASP‑1 in bladder cancer tissues. The domain 
organization of LASP-1 (Fig. 1A) showed that LASP-1 
contains the N-terminal LIM domain, two F-actin binding 
domain (NEBU domain) and C-terminal SH3 domain. To 
evaluate the importance of LASP-1 in prognosis of bladder 
cancer patients, we immunohistochemically examined the 
expression status of LASP-1 in radical cystectomy speci-
mens from 48 bladder cancer patients using anti-LASP-1 
monoclonal antibody. The typical LASP-1-positive staining 
pattern showed LASP-1 in the cytoplasm (Fig. 1B). Based on 
the staining status, the patients were divided into two groups, 
those with LAPS-1-positive specimens (Fig. 1B) and those 
with C2GnT-negative specimens (Fig. 1C). A Kaplan-Meier 
analysis showed that LASP-1-positive patients (n=33) survived 
for shorter time than the LASP-1-negative patients (n=15) 
(Fig. 1D). The factor that has the strongest impact on prog-
nosis is recurrence due to metastasis. These results suggest 
that bladder cancer highly expressing LASP-1 was malignant 
and metastatic.

Increased expression of LASP‑1 in invasive bladder cancer 
cells. To explore what roles LASP-1 plays in malignant 
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bladder cancer cells, we first examine the expression level of 
LASP-1 in bladder cancer cell lines. The expression level of 
LASP-1 was increased in invasive bladder cancer cell lines, 
T24 and YTS-1 (Fig. 2A, lanes 3 and 4), compared with 
the non-invasive bladder cancer cell lines, RT-4 and KK-47 
(Fig. 2A, lanes 1 and 2). This suggests that LASP-1 is involved 
in bladder cancer cell invasion. To further examine the roles 
of LASP-1 in cancer cell invasion, we established LASPKD 
cells by silencing the expression of LASP-1 in YTS-1 (an inva-
sive bladder cancer cell line) cells using shRNA technology. 
Western blotting showed that LASP-1 expression was reduced 
in LASPKD cells (Fig. 2B, lane 2) compared with control cells 
(Fig. 2B, lane 1).

Reduction of invadopodia formation in LASPKD cells. We 
previously reported that invadopodia formation is critical 
for the invasion capacity of bladder cancer cells (20-22). We 
hypothesized that higher expression of LASP-1 in bladder 
cancer cells contributes to highly invasive property by regu-
lating invadopodia formation. Invadopodia are the membrane 
protrusions enriched by polymerized filamentous actin 
(F-actin). YTS-1 cells which are invasive bladder cancer cells 
were permeabilized and stained with Alexa Fluor 568-labeled 
phalloidin to visualize F-actin cores of invadopodia. Phalloidin 

staining of YTS-1 cells gives lots of F-actin puncta (Fig. 3A). 
These punctate structures are typical invadopodia (Several 
typical ones were denoted by arrows). To determine the role 
of LASP-1 in invadopodia formation, we examined the inva-
dopodia formation in LASPKD cells. YTS-1 cells expressing 
human non-targeting siRNA were examined as a control cell 
(Control). Control cells exhibited a typical cytosolic staining 
of LASP-1 (Fig. 3B) and the expression of LASP-1 was 
reduced in LASPKD cells (Fig. 3D). Numerous invadopodia 
were observed in control cells (Fig. 3C; several typical ones 

Figure 1. Expression of LIM and SH3 protein-1 (LASP-1) in bladder cancer. 
(A) Domain organization of LASP-1. LASP-1 contains a LIM domain, two 
NEBU domains and SH3 domain. (B and C) Immunohistochemistry of bladder 
tumor specimens using anti-LASP-1 monoclonal antibody. (B) LASP-1 posi-
tive tumor. LASP-1 staining of a LASP-1 positive tumor specimen exhibited 
a typical cytoplasmic pattern. Bar, 50 µm. (C) LASP-1 negative tumor. 
(D) Kaplan‑Meier curve for the cause‑specific survival of bladder cancer 
patients according to LASP-1 staining status. A total of 48 bladder cancer 
patients were divided into two groups according to the expression status of 
LASP-1, LASP-1 positive (n=33, red line) and LASP-1 negative (n=15, blue 
line).

Figure 2. Expression level of LIM and SH3 protein-1 (LASP-1) in bladder 
cancer cells. (A) Western blotting for the expression levels of LASP-1 (upper 
panel) and GAPDH (lower panel) in bladder cancer cells. Four established 
bladder cancer cell lines were used: the non-invasive bladder cancer cells, 
RT-4 and KK-47 and the invasive bladder cancer cells, T24 and YTS-1. 
Numbers below blots indicate the relative band intensities quantified by a 
densitometer. (B) Establishment of LASP-1 knockdown bladder cancer 
cells. Expression level of LASP-1 was reduced in LASP-1 knockdown cells. 
Total protein samples prepared form YTS-1 control (Control) and LASP-1 
knockdown YTS-1 cells were analyzed by western blotting for the expression 
of LASP-1 and GAPDH [LASP-1 knockdown (LASPKD)]. Numbers below 
blots indicate the relative band intensities quantified by a densitometer in 
both (A and B).
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were denoted by arrows), which was equivalent to YTS-1 cell 
(Fig. 3A). Although LASPKD cells had an ability to form 
invadopodia, the number of invadopodia was significantly 
decreased compared with control cells (denoted by arrows) 
(Fig. 3E and F). Invadopodia play a critical role in cancer 
cell invasion. We next examined in vitro invasive capacity of 
LASPKD cells by using a conventional invasion assay method 
in a Boyden chamber. Invasive capacity of LASPKD cells 
was significantly lower than that of control cells (Fig. 3G). 
These results indicate that LASPKD cells exhibit less invasive 
capacity due to the reduced number of invadopodia, suggesting 
that LASP-1 play an important role in invasion by promoting 
invadopodia formation.

Reduced cell proliferation in LASPKD cells. Another impor-
tant biological process in which LASP-1 may be involved is 
cell proliferation. To examine the impact of LASP-1 on cellular 
proliferative ability, we monitored the cell proliferation in 
LASPKD cells for four consecutive days. LASPKD cells 
exhibited a marked reduction of cell proliferation compared 
with control cells (Fig. 4), suggesting that LASP-1 expression 
is critical to cell proliferation.

Figure 3. Reduced formation of invadopodia formation in LIM and SH3 protein-1 (LASP-1) knockdown bladder cancer cells. (A) Invadopodia formation in 
an invasive bladder cancer cell line, YTS-1. Cells were permeabilized and stained with Alexa Fluor 568-labelled phalloidin to visualize the F-actin cores of 
invadopodia. Several typical invadopodia were denoted by arrows. Bar, 20 µm. (B-F) Reduced invadopodia formation in LASP-1 knockdown cells (LASPKD). 
Cells were double‑stained with (B and D) anti‑LASP‑1 monoclonal antibody and (C and E) Alexa Fluor 568‑labeled phalloidin. (B and C) Immunofluorescence 
micrographs of YTS control cell (Control) and (D and E) LASPKD. Several typical invadopodia were denoted by arrows. Bar, 20 µm. (F) The number of 
invadopodia formed in YTS control cell (Control) and LASPKD were counted for 20 cells. Data represent mean ± standard error (SE) of three independent 
experiments. (G) Matrigel invasion capacity of YTS control cells (Control) and LASPKD was measured by a conventional invasion assay using a Boyden 
chamber. Data represent mean ± SE of three independent experiments.

Figure 4. Proliferation of LASP-1 knockdown (LASPKD) cells. To deter-
mine the effect of reduced expression of LASP-1 on cancer cell proliferation, 
cell growth of LASPKD cells was compared with that of YTS control cells 
(Control) for 4 days. LASP-1, LIM and SH3 protein-1.
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Discussion

We observed a high expression of LASP-1 in malignant bladder 
cancer specimens compared with benign specimens (Fig. 1B). 
We also showed that higher LASP-1 expression correlated with 
poor prognosis (Fig. 1C). LASP‑1 was originally identified from 
a cDNA library of metastatic breast cancer cells (23). In addi-
tion, there was a study reporting that LASP-1 expression was 
significantly higher in oral squamous cell carcinoma than that 
in normal oral tissues (24). Our results taken together with these 
previous observations suggest that higher expression of LASP-1 
is involved in the development of metastatic phenotype. This is 
supported by the recent observation that LASP-1 can be a prom-
ising urinary marker for detection of bladder cancer (13,14).

One of the malignant phenotypes of cancer which mediate 
metastasis is invasion. Higher invasion capacity leads to metas-
tasis. In order for cancer cells to efficiently invade surrounding 
tissues, invadopodia formation is required (25-27). Our previous 
studies showed that bladder cancer cells forming invadopodia 
exhibited the high capacity of transurothelial invasion through 
the bladder muscle layers and extravasation from the blood 
vessels, resulting in metastasis (22,28). This study showed that 
LASP-1 is necessary for invadopodia formation and Matrigel 
invasion (Fig. 3). These results suggest that LASP-1 plays a 
critical role in metastasis by promoting invadopodia formation. 
This is supported by a recent study reporting LASP-1 regulates 
the function of podosomes in macrophages. Podosomes are 
the F-actin-based membrane structures which are homologous 
with invadopodia (19). Future investigation into the detailed 
mechanisms of the involvement of LASP-1 in the formation of 
invadopodia and podosomes should be required.

Unrestricted cell proliferation is one of the hallmarks of 
malignant cancers. Our result indicates that LASP-1 silencing 
results in a strong inhibition of cancer cell proliferation 
(Fig. 4). This suggests that LASP-1 plays an essential role in 
cell proliferation. LASP-1 is involved in cell cycle G2/M phase 
transition of oral cancer cells (24). Our result taken together 
with this observation strongly suggests that overexpression of 
LASP-1 increases cell proliferation in bladder cancer cells, 
promoting its malignancy.

In conclusion, our data suggest that LASP-1 plays the 
important roles in both invadopodia formation and cell prolif-
eration, contributing to the promotion of malignant phenotypes 
of poor-prognosis bladder cancer. It is noteworthy that LASP-1 
may be a useful biomarker of bladder cancer and a possible 
therapeutic target for developing anti-cancer drugs because of 
its importance in cancer malignant phenotypes such as high 
invasiveness and unrestricted cell proliferation.
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