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the objective response [43]. Our experience of GDC as
the third-line chemotherapy in a patient with CDDP-
resistant bladder cancer was compatible with the
partial response (Fig. 3). When emphasizing the
healthy balance between chemotherapeutic efficacy
and maintenance of QOL, the combination chemo-
therapy of taxanes and GEM might be more acceptable

than CDDP-based chemotherapy, because of the
therapeutic superiority coupled with lower toxicity
involving gastrointestinal tract and/or kidney function
in the former.

A phase II trial of IFM monotherapy as second-
line chemotherapy showed an overall RR of 20%,
while the combination of IFM and GEM in cases with
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M-VAC, methotrexate, vinblastine, doxorubicin, and cisplatin; IDP, ifosfamide, docetaxel, and cisplatin;
GDC, gemcitabine, docetaxel and carboplatin; SD, stable disease; PD, progressive disease; PR, partial response.

Before GDC chemotherapy

sy

Fig. 3 Representative case of having GDC chemotherapy was
shown. A 50-year-old man with diagnosis of bladder cancer
(T3aNOM1) was treated with 3 cycles of GDC chemotherapy
as third-line treatment, following CDDP-based chemotherapy
[M-VAC and IDP (IFM, DOC, and CDDP)]. Schema of
clinical course with depiction of chemotherapeutic strategy
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After 3 cycles of GDC chemotherapy

was shown (a). As was evident on CT images, metastatic
spread to the sternum (b) and sacrum (c¢) was decreased in size
after 3 cycles of GDC therapy. Likewise, primary lesion
showed partial response after 3 cycles of GDC therapy (d);
however, progressive chemoresistant disease resulted in
multiple organ failure 7 months after GDC chemotherapy
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recurrence after CDDP/CBDCA or taxane-based
chemotherapy had an overall RR of 21%, with a
median TTP of 4 months and survival period of
9 months [44]. In this trial, it is noteworthy that the
majority of cases showed subjective improvements in
cancer-related symptoms, despite grade 3/4 myelo-
suppression [36]. Nedaplatin (CDGP), an analog of
CDDP developed in Japan, does not exhibit cross-
resistance to CDDP and does not show significant
adverse effects on kidney and gastrointestinal tract
functions [45]. On the basis of the superior clinical
effects of IFM as second-line therapy in addition to
the excellent overall RR of ITP therapy for urothelial
cancer, as noted previously, several trials have been
conducted to validate the clinical benefits of a
combination approach of CDGP, PTX, and IFM
(PIN therapy). Although only a small number of
cases were studied, this second-line PIN therapy for
chemoresistant cases demonstrated an excellent over-
all RR of 82% [46]. Also, no chemotherapy-related
death was encountered in that study, in spite of the
fact that all cases exhibited grade 4 neutrocytopenia,
indicating second-line PIN therapy may be applicable
for CDDP-resistant cases [47].

Vinflunine is a novel microtubule inhibitor of the
vinca alkaloid class that has more activity than
vinblastine or vinorelbine [48-50]. Several phase II
trials of vinflunine monotherapy after first-line plat-
inum-containing regimen showed an overall RR of
15-18%, with a median TTP of 2.8-3.0 months and
OS of 6.6-8.2 months [51, 52]. This regimen included
several adverse effects such as grade 3/4 neutropenia,
constipation, and asthenia/fatigue, which frequently
occurred, but every toxicity was not severe and
tolerable. These results indicate that vinflunine is
moderately active and has a manageable toxicity in
platinum-pretreated patients with advanced bladder
cancer, and further randomized study is required.

Chemotherapy for cases with impaired renal
function or unfit cases

The majority of bladder cancer patients are elderly;
thus, they may already have impaired renal, cardiac,
and respiratory functions, and/or potential reductions
in bone marrow function or general condition, as
reflected by worsened PS. In these cases, administra-
tion of CDDP appears to be contraindicated. To
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overcome the negative impact of standard chemother-
apy, CBDCA, with less nephrotoxicity, or GEM which
is metabolized in the liver, can be well substituted for
CDDP. In a chemotherapeutic strategy of CBDCA,
GEM, or taxanes in either a monotherapy or combi-
nation approach, an inferior overall RR remains an
issue of concern. However, it has not been confirmed
whether an inferior overall RR is a reflection of merely
impaired renal function or potential problems relating
to the combination of chemotherapeutic agents. A
small trial of combination chemotherapy with GEM
and CBDCA showed an overall RR of 44-56%, as well
as treatable myelosuppression [53, 54]. More recently,
the phase II/II EORTC-30986 trial including patients
with worsened PS and/or impaired renal function
showed that the combination chemotherapies of GEM
with CBDCA (GCA) and CBDA + MTX + VBL
(M-CAVI) provided good overall RR results (GCA:
42%, M-CAVI: 30%) in these so-called “unfit”
patients, though patients with both worsened PS and
impaired renal function did not benefit [55]. Thus far,
investigations into alternative treatment regimens for
such unfit cases remain challenging.

Combination with molecular target therapies

Systemic chemotherapy for progressive bladder can-
cer has made steady progress since M-VAC therapy
was first reported in 1983, though that has not
translated into improved DFS. In recent years, based
on the understanding of cancer pathogenesis at the
molecular level, some studies have investigated the
efficacy of molecular target therapies in patients with
progressive advanced urothelial cancer (Table 1).
Epidermal growth factor receptor (EGFR), which
has been identified in certain bladder cancers, is a
tyrosine kinase transmembrane receptor that facili-
tates tumor growth and represses tumor apoptosis in
vivo [56]. Gefitinib is an orally active EGFR tyrosine
kinase inhibitor. In a phase II trial of gefitinib, an
overall RR of 3% was shown, along with rash,
general fatigue, diarrhea, anemia, cerebral ischemic
disorder, and elevation of serum creatinine level [57].
In addition, a phase II trial of the combination
approach of CDDP, GEM, and gefitinib for first-line
chemotherapy demonstrated an overall RR of 43%,
with a median TTP of 7.4 months, which was not
confirmed as a result of substantial benefits added by
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Table 1 Phase II trial of molecular target therapy for advanced and/or metastatic urothelial cancer

Source Regimens Setting No.of ORR MPFS MST
patients (%) (mo) (mo)
Petrylak et al. [S7]  Gefitinib (500 mg/day orally) 2nd line 31 3.0 2.0 3.0
Philips et al. [58] Gefitinib (500 mg/day orally) Ist line 58 426 174 15.1
Cisplatin (70 mg/m? day 1 i.v.)
Gemcitabine (1,000 mg/m” day 1, 8 i.v.)
Wiilfing et al. [62] Lapatinib (1,250 mg/day orally) 2nd line 59 1.7 22 4.5
Hussain et al. [63] Trastuzumab (4 mg/kg day 1, 8, 15 i.v.) Ist line 44 70 9.3 14.1
Paclitaxel (200 mg/m> day 1 1i.v.)
Carboplatin (AUCS day 1 i.v.)
Gemcitabine (800 mg/m” day 1, 8 i.v.)
Dreicer et al. [66] Sorafenib (400 mg x 2/day orally) 2nd line 27 0 2.2 6.8
Sridhar et al. [67] Sorafenib (400 mg x 2/day orally) Ist line 17 0 1.9 5.9
Gallagher et al. [68] Group A 2nd line 45 7.0 24 7.1
Sunitinib (50 mg/day for 4 weeks on and 2 weeks off orally)
Group B 2nd line 32 3.0 2.3 6.0
Sunitinib (37.5 mg/day continuously)
Hahn et al. [69] Bevacizumab (15 mg/kg day 1 i.v.) Ist line 45 72 8.2 19.1

Cisplatin (70 mg/m? day 1 i.v.)
Gemcitabine (1,000 mg/m” day 1, 8 i.v.)

ORR overall response rate, MPFS median progression-free survival, MST median survival time, mo month

gefitinib [58]. This study demonstrated that gefitinib
used with conventional chemotherapeutic agents did
not bring additional therapeutic effects and may be
ineffective for bladder cancer.

HER-2/neu is another transmembrane tyrosine
kinase receptor, which is frequently overexpressed in
bladder cancer and associated with poor prognosis [59,
60]. Lapatinib (GW572016) is a dual tyrosine kinase
inhibitor that inhibits both EGFR and HER-2/neu. In
bladder cancer cell lines, lapatinib was found to be a
potent inhibitor of EGF-induced activation of HER-2/
neu signaling [61]. A phase II trial of lapatinib
monotherapy as second-line therapy found an overall
RR of 2%, with a median TTP of 8.6 weeks and OS of
17.9 weeks, though there was not significant correla-
tion between clinical benefits and EGFR and/or HER-
2/neu expression [62]. On the other hand, a multicenter
phase II trial of combination chemotherapy with PTX,
CBDCA, GEM, and trastuzumab (a humanized mono-
clonal antibody that binds to HER-2/neu) reported an
overall RR of 70.0%, with a median TTP of 9.3 months
and OS of 14.1 months [63]. However, adverse effects
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included grade 3/4 neutropenia (86%), thrombocyto-
penia (70%), and two chemotherapy-related deaths.
Vascular endothelial growth factor receptor (VEG-
FR) is expressed in urothelial cancer, and recent
studies suggest that signaling through VEGFR-2 may
directly enhance tumorigenesis [64, 65]. Sorafenib is
an oral multikinase inhibitor that blocks angiogenesis
by targeting VEGFR-2 and 3, and the platelet-derived
growth factor receptor-beta. In a phase II study of
sorafenib monotherapy as first- or second-line ther-
apy, no response was observed, while adverse events
included fatigue, hand—foot reactions, and grade 4
pulmonary embolism [66, 67]. Sunitinib is also a
multitargeted tyrosine kinase inhibitor that selec-
tively inhibits VEGFR-1, 2, and 3. A phase II study
of sunitinib monotherapy as second-line therapy
demonstrated an overall RR of 7%, with a median
TTP of 2.4 months [68]. Bevacizumab is a recombi-
nant monoclonal antibody for circulating VEGF-A.
Although the Hoosier Oncology Group showed
significant antitumor efficacy of bevacizumab under
combination strategy with GC as first-line therapy for
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patients with metastatic UC, the additional effect of
bevacizumab with GC on metastatic UC appears to
be limited owing to unexpectedly significant treat-
ment-related toxicity [69].

Some of the major molecular targeting drugs
currently available seem to be effective on advanced
urothelial cancer. Management strategies might be
based on the individualized molecular alternations in
addition to histopathologic features.

Conclusion

M-VAC therapy has been established as a standard
systemic chemotherapy treatment for bladder cancer,
though its adverse effects and poor long-term outcome
results remain challenging problems. In addition,
effective treatment for the cases showing resistance to
M-VAC or recurrent cases after first-line chemother-
apy has not been established. Considering efficacy
and tolerance, GC therapy is thought to be a promising
substitution as compared to M-VAC. Furthermore, a
combination of taxanes with GEM and/or platinum-
based agents likely provides clinical benefits follow-
ing M-VAC or GC therapy. In the future, additional
investigations using various trial designs may lead
to new therapeutic strategies with molecular target
agents.
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Purpose: Invadopodia (protrusions of the plasma membrane formed by invasive
tumor cells) have an essential role in bladder tumor invasion. To understand the
process of bladder tumor invasion it is crucial to investigate the molecular
mechanisms of invadopodia formation. We found that invasive bladder tumor
cells express FBP17. In this study we examined the role of FBP17 in bladder
tumor cell invadopodia formation and invasion.

Materials and Methods: We used the 3 bladder tumor cell lines YTS-1, T24 and
RT4 (ATCC®), and primary culture of bladder tumors from patients. Cells were
stained with phalloidin for invadopodia formation. FBP17 knockdown cells were
tested for invadopodia formation and subjected to invasion assay using a Trans-
well® cell culture chamber. We also examined the role of the extended FER-CIP4
homology and Src homology 3 domains of FBP17 in invadopodia formation in
FBP17 mutant constructs.

Results: Invadopodia formation was observed in invasive bladder tumor cells
and FBP17 was localized to invadopodia in invasive cells. FBP17 knockdown
decreased invadopodia formation in invasive cells to 13% to 14% (p <0.0005) and
decreased their invasive capacity to 14% to 16% (p <0.001). The extended FER-
CIP4 homology and Src homology 3 domains of FBP17 were necessary for inva-
dopodia formation and invasion.

Conclusions: Invadopodia formation requires membrane deformation activity
and recruitment of dynamin-2 mediated by FBP17. FBP17 has a critical role in
the process of bladder tumor cell invasion by mediating invadopodia formation.
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BLADDER tumor is the fifth common
tumor and the ninth leading cause of
cancer death in males in the United
States.' A large population of bladder
tumor cases consists of noninvasive and
superficial tumors that can be effec-
tively treated with transurethral re-
section of the malignant lesions.
Most deaths occur in patients with
invasive bladder tumors since tumor
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invasion results in recurrence with
metastasis.

Two types of actin based mem-
brane protrusions, blebs and invado-
podia, are implicated in tumor inva-
sion. Tumor invasion involves the
disruption of anatomical barriers and
migration of tumor cells into normal
adjacent host tissues. Blebs only me-
diate the latter process” but invado-
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podia mediate each process.? Invadopodia are the
membrane protrusions enriched by F-actin, actin-bind-
ing proteins, matrix metalloproteases, separase and cell
signaling molecules.*® Invadopodia formation was
observed in various types of cancer cells, such as
melanoma, breast cancer, colon cancer, prostate can-
cer, and head and neck squamous cell carcinoma.’~®
Recently we identified invadopodia formation by in-
vasive bladder tumors.'® To understand and control
the tumor cell invasion process it is crucial to inves-
tigate the molecular mechanisms of invadopodia for-
mation.

Formins function as actin nucleaters and poly-
merization factors of actin filaments.'' FBPs regu-
late formin dependent actin assembly in vivo.'? Of
the 32 mammalian FBPs FBP17 mediates endocy-
tosis by its membrane deformation activity.'*'> We
tested the possibility that FBP17 is involved in the
formation of invadopodia and invasion of bladder
tumor cells since invadopodia formation includes
deformation of the plasma membrane.

MATERIALS AND METHODS

Reagents and Antibodies

Phenylmethylsulfonyl fluoride, leupeptin, pepstatin A,
aprotinin, IGEPAL® CA-630, paraformaldehyde, saponin,
bovine serum albumin, collagenase, fibronectin, Anti-
FLAG® monoclonal antibody and anti-B-actin antibody
were obtained from Sigma-Aldrich®. Anti-HA antibody
(clone 12CA5) was obtained from Boehringer Ingelheim,
Ridgefield, Connecticut. Anti-dynamin-2 and anti-Arp3
antibodies were obtained from BD Pharmingen™. Alexa
Fluor® 488 labeled secondary antibodies, Alexa Fluor 568
labeled phalloidin and anti-FBP17 polyclonal antibody'*
were also used.

Cell Culture

We used the human bladder tumor cell lines YTS-1,'¢ T24,
RT4'7 and HEK293. The bladder tumor cell lines were
maintained in RPMI-1640 medium (Sigma-Aldrich).
HEK293 cells were cultured in DME high glucose medium
(Invitrogen™). Medium was supplemented with 10% fetal
bovine serum (PAA Laboratories, Pasching, Austria), 100
U/ml penicillin, 100 pg/ml streptomycin and 0.25 pg/ml
Fungizone™ amphotericin B. Cells were grown in a hu-
midified incubator with 5% CO, at 37C. Using the Myco-
Probe® Mycoplasma Detection Kit we confirmed that no
mycoplasmal contamination was detected before we
started the experiments.

Primary Culture of Bladder Tumors

Invasive bladder tumors were removed by transurethral
resection from several genetically independent patients
at the Department of Urology, Hirosaki University
Graduate School of Medicine, Hirosaki, Japan. Tumors
were incubated with RPMI-1640 medium containing 5%
fetal bovine serum and 0.1% collagenase at 37C for 16
hours to prepare single cell suspensions. Cells were
cultured on coverslips in a humidified incubator with
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5% CO, at 37C. Tumor stage was determined according
to the 2002 American Joint Committee for Cancer stag-
ing system. Written consent was obtained from all pa-
tients in this study. The Department of Urology, Hirosaki
University Graduate School of Medicine institutional review
board approved the experiments. The success rate of our
primary culture of bladder tumors was 83%.

Transfection and RNA Interference

Cells were co-transfected with the FBP17 constructs and
with the GFP expressing plasmid pmaxGFP™ (5:1 molar
ratio) using Lipofectamine™ 2000. The targeting sequence
for FBP17 was 5'-CCCACTTCATATGTCGAAGTCTGTT-3".*?
Cells were co-transfected with siRNA and pmaxGFP (5:1
molar ratio) using Lipofectamine 2000 with pmaxGFP
serving as a transfection marker. Transfection efficiency
measured using pmaxGFP was 50% to 70%.

Immunofluorescence Microscopy

Cells seeded on coverslips were fixed in 4% paraformalde-
hyde and permeabilized with 0.1% saponin. Cells were
incubated with Alexa 568 labeled phalloidin (1:50 dilu-
tion) and/or first antibodies (1:100 dilution) for 1 hour at
room temperature. After extensive washing with phos-
phate buffered saline cells were incubated with Alexa 488
labeled secondary antibodies (1:100 dilution). Coverslips
were placed on the slides (76 X 26 mm). Cell staining was
examined using an IX-71 fluorescence microscope (Olym-
pus®) and an LSM 710 confocal laser scanning microscope
(Carl Zeiss, Oberkochen, Germany).

Immunoprecipitation

For FLAG-FBP17 immunoprecipitation 1 X 107 trans-
fected cells were lysed in buffer A, composed of 50 mM
tris-HCI (pH 7.5), 150 mM NaCl, 1% IGEPAL CA-630, 1
mM phenylmethylsulfonyl fluoride, 1 pg/ml leupeptin, 1
pg/ml pepstatin A and 1 pg/ml aprotinin. Total lysates
were centrifuged at 13,000 rpm at 4C for 15 minutes.
Supernatant was incubated with anti-FLAG monoclonal
antibody-agarose (Sigma-Aldrich). The resin binding the
immune complex was washed 3 times with 0.5 ml buffer A
and the complex was then eluted with 1 X Laemmli sodium
dodecylsulfate-polyacrylamide gel electrophoresis sample
buffer. Eluted proteins were subjected to sodium dodecylsul-
fate-polyacrylamide gel electrophoresis and analyzed by
Western blot.

Invasion Assay

Transwell cell culture chambers were used for in vitro
invasion assay."®'? The upper face of the filter was cov-
ered with 1 mg/ml Matrigel™ and the lower face was
covered with 100 pg/ml fibronectin. Cells (5 X 10*) were
placed in the upper chamber and incubated for 24 hours.
Cells that remained on the upper face of the membrane
were removed with a cotton swab. Cells on the lower
face of the membrane were fixed with paraformaldehyde
and examined by fluorescence microscopy for counting.
The total invaded cell number per filter was calculated
using transfection efficiency.

Statistical Analysis

We used SPSS® 12.0. Statistically significant differences
were determined using the Student’s t test with differ-
ences considered significant at p <0.05.
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Figure 1. Invadopodia formation and invasion capacity of blad-
der tumor cell lines. Note invasive YTS-1 (A) and T24 (B), and
noninvasive RT4 (C) bladder tumor cells. Scale bars indicate 10
pm. (D), in vitro invasion capacity of bladder tumor cells. In vitro
invasion assay shows representative fields on bottom of Matri-
gel coated membrane insert, including YTS-1 (E), T24 (F) and
RT4 (G) cells. Bars indicate 25 pum.

RESULTS

We first examined the invasive bladder tumor cell
lines YTS-1 and T24, and the noninvasive bladder
tumor cell line RT4 for invadopodia formation and in
vitro invasion capacity. Cells were stained with
phalloidin to visualize F-actin cores of invadopodia.
A number of F-actin puncta was observed in YTS-1
and T24 cells but no F-actin puncta were observed in
RT4 cells (fig. 1, A to C). YT'S-1 and T24 cells showed
high invasive capacity but the invasive capacity of
RT4 was undetectable (fig. 1, D to G). Our previous
results confirmed that the F-actin puncta in the
YTS-1 and T24 cells were functionally active inva-
dopodia.'’ Results suggest that invadopodia corre-
late with the invasive capacity of bladder tumor
cells.

FBP17 is an 80 kDa cytosolic protein consisting of
several functional domains, including an N-terminal
EFC domain and an SH3 domain at the C-terminus
(fig. 2, A). Previous studies showed that FBP17 is
involved in endocytosis due to the membrane defor-
mation activity of the EFC domain.'*"'® This activ-
ity led us to hypothesize that FBP17 is involved in
invadopodia formation since the invadopodia forma-
tion process includes deformation of the plasma
membrane. To test this hypothesis we first deter-
mined whether the bladder tumor cells expressed
FBP17. Total lysates were prepared from the 3 blad-

der tumor cell lines YTS-1, T24 and RT4, and the
bladder tumor specimens from patients 1 and 2 with
pathological stage pT2 bladder tumors, and ana-
lyzed by Western blot using anti-FBP17 polyclonal
antibody. All bladder tumor cells expressed FBP17
at similar levels (fig. 2, B, lanes I to 5).

We performed immunofluorescence experiments
to examine FBP17 localization in invasive bladder
tumor cells. Phalloidin staining revealed a number
of invadopodia in YTS-1 and T24 cells (fig. 3, A and
B). To validate the results of the experiments in cell
lines using physiologically relevant materials we
prepared primary culture cells from the bladder tu-
mor specimens of 2 patients as described, and tested
the cells for invadopodia formation. Phalloidin stain-
ing revealed that the primary culture cells also
formed invadopodia (fig. 3, C and D). To examine
FBP17 localization we used the HA tagged FBP17
construct HA-FBP17 and anti-HA monoclonal anti-
body since anti-FBP17 polyclonal antibody is not
suitable for immunofluorescence microscopy.'*'**°
Invasive bladder tumor cells, including YTS-1 and
T24 cells, and cells from the 2 patients, were trans-
fected with HA-FBP17 and then double stained with

A FBP17
N| EFc sH3| C
1 300 548 617
B Total lysate
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Figure 2. FBP17 domain organization (A), and total lysates from
bladder tumor cell lines and invasive bladder tumor specimens
from patients 1 (P7) and 2 (P2) (B). N, N-terminus. C, C-terminus.
Lysates were analyzed by Western blot (WB) with g-actin as
internal control.
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Figure 3. FBP17 localized at invadopodia. Note invadopodia formation by invasive bladder tumor cells YTS-1 (A) and T24 (B), and
primary culture tumor cells from patients 1 (P71, C) and 2 (P2, D). Arrows indicate representative invadopodia. Confocal laser scanning
micrography reveals YTS-1 (E to G), T24 (H to J), patient 1 (K to N) and patient 2 (N to P). Yellow areas (G, J, M and P) indicate
co-localization of HA-FBP17 (green areas) (E, H, K and N) and invadopodia (red areas) (F, /, L and O). Scale bars indicate 10 um.

phalloidin and anti-HA. Merged images of phalloi-
din and anti-HA staining revealed that HA-FBP17
co-localized with F-actin puncta in YT'S-1, T24 cells
and primary culture tumor cells (fig. 3, G, J, M and
P), indicating that FBP17 localizes at invadopodia.
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In invasive bladder tumor cells FBP17 co-local-
ized with Arp3, another invadopodia marker in blad-
der tumor cell lines and primary culture tumor cells
(fig. 4). This confirmed that FBP17 localizes at inva-
dopodia.
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FBP17

Figure 4. Confocal laser scanning shows FBP17 and Arp3 co-
localization in YTS-1, T24, and patient 1 (P1) and 2 (P2) samples.
Yellow areas (C, F, / and L) indicate co-localization of HA-FBP17
(green areas) (A, D, G and J) and Arp3 (red areas) (B, E, Hand K).
Arrows indicate representative invadopodia. Scale bars indicate
10 pm.

To determine the importance of FBP17 in invado-
podia formation in bladder tumor cells we knocked
down FBP17 using siRNA. To confirm that FBP17
expression was knocked down in cells we transfected
YTS-1 cells with siRNA and analyzed the expression
levels of FBP17 in cells by Western blot. YTS-1 cells
transfected with FBP17 siRNA expressed approxi-
mately 80% less FBP17 than cells transfected with
its scrambled control siRNA but the 2 cells ex-
pressed almost the same B-actin levels (fig. 5, A).
This indicates that FBP17 expression was efficiently
knocked down in most transfected cells. YT'S-1 and
T24 cells were co-transfected with FBP17 siRNA
and pmaxGFP. Two days after transfection cells
were stained with Alexa 568 labeled phalloidin. GFP
positive cells were examined for invadopodia forma-
tion by fluorescence microscopy. To quantify invado-
podia formation we scored the percent of cells with
invadopodia. Invadopodia formation in YTS-1 and
T24 cells was significantly impaired in FBP17 knock-
down cells (fig. 5, B). This suggests that FBP17 is
required for invadopodia formation in invasive blad-
der tumor cells. Figure 5, C to F shows several
representative cells from each experiment.

To determine the role of FBP17 in invadopodia
function we assayed tumor cell invasion in the
FBP17 knockdown cells. We tested the transfected
cells for in vitro invasion. We counted the number
of invaded GFP positive cells through the Matrigel
and calculated the total number of invaded cells
per filter. Invasion of YTS-1 and T24 bladder tu-
mor cells was significantly decreased in the FBP17
knockdown cells (fig. 5, G to K). Results suggest
that FBP17 has a critical role in tumor cell inva-
sion by mediating invadopodia formation.

FBP17 contains the functionally important EFC
domain'® and SH3 domain (fig. 2, A). The EFC do-
main has membrane deformation activity by binding to
the membrane phospholipid phosphatidylinositol 4,5-
bisphosphate.'®'® The SH3 domain binds to dy-
namin-2 to recruit dynamin-2 to the plasma mem-
brane.'®'*?! Dynamin-2 has an important role in
endocytosis by regulating vesicle recruitment to the
plasma membrane.?? Previous studies showed that
FBP17 has an essential role in endocytosis and the
regulation of neuronal morphology through EFC
and SH3 domain activity.'®*!

We then asked whether the activity of these 2
domains is needed for invadopodia formation. To
address this question we constructed FBP17 mu-
tants defective in these activities and examined
whether FBP17 mutant over expression would affect
invadopodia formation. To determine the roles of the
EFC and SH3 domains we made 3 FBP17 con-
structs, including WT, K33E and dSH3 (fig. 6, A). All
constructs were N-terminally FLAG tagged. To as-
sess and confirm the activity of each domain of the
FBP17 mutants, we performed membrane tubula-
tion assay for membrane deformation activity and
FBP17 immunoprecipitation for FBP17 binding to
dynamin-2 (fig. 6, A and B).'*'>2° Membrane tubu-
lation in cells transfected with the FLAG-FBP17
constructs is an indicator of the membrane deforma-
tion activity of FBP17.'°7'%2° We transfected
HEK293 cells with FLAG-FBP17 constructs and
stained cells with anti-FLAG monoclonal antibody.
The relative membrane tubulation activity of each
mutant was expressed as very strong (+++) to al-
most nothing (—). A number of tubular structures
was observed in cells expressing WT and dSH3 but
not in cells expressing K33E, indicating that K33E
membrane deformation activity was undetectable
(ﬁg 6,A).13‘20

To examine whether the FBP17 mutants would
bind to dynamin-2 in cells we transfected YTS-1
cells with the FBP17 constructs. Western blot con-
firmed that the transfected cells expressed FLAG-
FBP17 and its mutants, and endogenous dynamin-2
(fig. 6, B, lanes 1 to 6). FLAG-FBP17 was immuno-
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Figure 5. FBP17 role in invadopodia formation. Western blot (WB) of FBP17 (lanes 1 and 2) and B-actin (lanes 3and 4) (A). cntl., control.
Invadopodia formation in transfected cells examined by fluorescence microscopy in 3 randomly selected fields (B to F). Percent with
invadopodia was scored per transfected cells in total of 200 to 300 cells (B). Invadopodia formation was determined in cells transfected
with scrambled control and FBP17 siRNA. Data represent mean = SD of triplicate experiments (B and G). Transfected cells were
examined for invadopodia formation (Cto F). Arrows indicate representative invadopodia. Scale bars indicate 10 um. Invasion of cells
transfected (G to K) with scrambled control and FBP17 siRNA (G). Representative fields on bottom of Matrigel coated membrane insert

(H to K). Scale bars indicate 25 um.

precipitated from transfected cell lysates with anti-
FLAG monoclonal antibody (fig. 6, B, lanes 7 to 9).
Endogenous dynamin-2 co-immunoprecipitated with
WT and K33E but not with dSH3 (fig. 6, B, lanes 10
to 12). We also confirmed that FBP17 interacted
with dynamin-2 in RT4 noninvasive bladder tumor
cells (fig. 6, C).

Cells co-transfected with the FLAG-FBP17 mu-
tant constructs and pmaxGFP were stained with
Alexa 568-phalloidin for invadopodia formation.
The percent of cells with invadopodia was scored.
Invadopodia formation by invasive bladder tumor
cells was severely impaired in cells expressing
K33E and dSH3 (fig. 7, A). Figure 7, B to G shows
representative cells from each experiment. We
also tested the transfected cells for in vitro inva-
sion. Bladder tumor cell invasion capacity was
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significantly decreased in the 2 cells expressing
K33E and dSH3, respectively (fig. 7, H to N). Re-
sults suggest that each activity of the membrane
deformation and dynamin-2 recruitment of FBP17
is needed for invadopodia formation and inva-
sion.

DISCUSSION

FBP17 is required for invadopodia formation and
bladder tumor cell invasion. To our knowledge we
report the first study providing evidence that
FBP17 has an essential role in invadopodia forma-
tion, although invadopodia formation was ob-
served in various types of cancer cells.®~
Previous studies of the molecular basis of invado-
podia formation focused on the regulation mecha-
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Figure 6. FBP17 EFC and SH3 domain activity in cells. Domain organization and membrane deformation activity of FBP17 mutants
using FBP17 constructs WT, K33E and dSH3 (A). Note representative transfected cells. Scale bar indicates 10 um. Relative
membrane tubulation activity of each mutant was determined (++ + and —). Western blots (WB) show FBP17 binding to
dynamin-2 through SH3 domain in cells for expression of FBP17 mutants (/anes 1to 3) and endogenous dynamin-2 (/anes 4 to 6)
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indicate IgG from anti-FLAG. Binding of FBP17 to dynamin-2 in RT4 cells (C). YTS-1 and RT4 cells were transfected with WT
immunoprecipitated from total lysates (lanes 7 and 2), followed by Western blot for dynamin-2 (/anes 3 and 4).

nisms of the actin cytoskeleton since invadopodia
are F-actin rich organelles.?**” To our knowledge
the current study provides the first evidence that
the membrane deformation activity of the EFC do-
main of FBP17 is critical for invadopodia formation
(fig. 7).

We also noted that dynamin-2 recruitment to the
plasma membrane by the SH3 domain of FBP17 is
needed for invadopodia formation (fig. 7). This sug-
gests that dynamin-2 probably has an essential role
in invadopodia formation by regulating the recruit-
ment of vesicles to the plasma membrane since
membrane protrusion requires the delivery of new
membrane materials.?®

Invadopodia formation was not observed in RT4
cells, although FBP17 interacted with dynamin-2 in
RT4 and in YTS-1 cells (figs. 2, B and 6, C). Results

suggest that RT4 cells are deficient in some molec-
ular steps other than the interaction of FBP17 with
dynamin-2 in the whole molecular process for inva-
dopodia formation and such deficiency causes the
lack of invadopodia in RT4 cells.

A large population of patients with bladder tu-
mors diagnosed before muscle invasion can be effec-
tively treated with surgery.?’ However, muscle in-
vasion by bladder tumors has a great impact on
prognosis and postoperative quality of life in pa-
tients with bladder tumors since muscle invasion
leads directly to metastasis and tumor recurrence.
Future studies of the molecular basis of invadopodia
formation, including this study, may lead to the
discovery or development of new agents to control
the process of muscle invasion of bladder tumors by
suppressing invadopodia formation.
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Figure 7. Invadopodia formation and invasion by cells expressing FBP17 mutants. Transfected cells were examined for invadopodia
formation (A to G) and assayed for in vitro invasion (H to N). Data represent mean + SD of triplicate experiments (A and H).
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YTS-1 cells expressing WT (/), K33E (J) and dSH3 (K), and T24 cells expressing WT (L), K33E (M) and dSH3 (N). Scale bars indicate 25 um.

CONCLUSIONS

Bladder tumor invasion is mediated by invadopodia,
which are the membrane protrusions rich in F-actin
formed by invasive bladder tumor cells. We report
that FBP17 is required for invadopodia formation
and bladder tumor cell invasion. Our results contrib-
ute to the elucidation of the molecular mechanisms
of invadopodia formation and may lead to the dis-
covery of new therapeutic strategies to block bladder
tumor invasion.
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The Usefulness of Survivin/Glyceraldehyde-3-Phosphate Dehydrogenase Ratio

in Urine Exfoliated Cells for the Detection of Bladder Tumor

Yuko SAKAMOTO*!, Junji NISHIOKA, PhD*2, Katsura NOMA*3,
Kazunari YASUDA*', Kaname NAKATANI, MD*>, Hideaki KISE, MD*6,
Yoshiki SUGIMURA, MD*7 and Tsutomu NOBORI, MD*%

Objective: Survivin is one of the apoptosis inhibitor proteins and is rarely expressed in adult normal tis-
sues. However, survivin expression has been detected in various tumors. In this study, we evaluated the
usefulness of urinary survivin/glyceraldehyde 3 phosphate dehydrogenase (GAPDH) ratio as a marker for
bladder tumor.

Patients and methods: Urine samples were obtained from 72 patients with bladder tumor, 36 with uri-
nary tract inflammation as controls. Survivin and GAPDH mRNA expression was measured by quantitative
real-time PCR assay in urine cells. The GAPDH housekeeping gene was used for normalization of survivin
expression. We also analyzed survivin protein levels using urine samples and recombinant protein by west-
ern blotting.

Results: High expression of survivin was confirmed on the protein level using urine samples of bladder
tumor by western blotting. Survivin/GAPDH mRNA ratios of bladder tumor quantified by real-time PCR
was significantly higher than those of controls (p—0.001). In pathological stage of bladder tumor, survivin/
GAPDH mRNA ratio of pTis was significantly high compared with pTa and pT1 (p<0.001, p=0.001, respec-
tively). Grade3 tumors expressed high level of survivin/GAPDH mRNA ratio compared with Gradel and
Grade2 tumors (p=0.03). The sensitivity, the specificity and AUC (area under the curve) of survivin/
GAPDH mRNA ratio was 83.3%, 86.1% and 0.898, respectively.

Conclusion: Measuring survivin/GAPDH mRNA ratio in urine is non invasive and high sensitive examina-
tion. Therefore, survivin/GAPDH mRNA ratio 1s useful marker for the detection of bladder tumor, espe-
cially to detect carcinoma i situ.

[Rinsho Byori 59 : 446~451, 2011]
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CAMES FOhTHE S HMAKEEZ L TWnBY,
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THZOREMIURB SN TEY, Yk iE
LT G2M T4 245842 oY,

S HICHEBIE OR A E LT, survivin 1, KA
BT D EFEHETIE, Rk S 2 R T
FRERBLL TWRWnwAs, e, Wi, KRy
B A 7 PR NE TIRA R BB L TV D Z LS &
nTn3,

Ak A0, BRI R IR i R U 7 R
B 5 survivin FEHE L, Y AX—V L FlE o
T & % glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) J& B ik O il 72 12 X 2 s b4 72 Wr o A7 F
IZOWTHIE 21T > T,

I ®EHEUVHEE
AFGIE, IR AR A B e s e TR IR B AR A
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POEORSE 2 KD THIBFTEEIE ST T 5 &,
LEWNRTH S pTis 28 16 B, FLUDIRIERME T
% pTa 3 27 Gil, KSIEISEIAT I & T ORE OHE A H B
5 pT1 A3 19 B, [EMERI PHALKR 22 & kg 2L L~
FEr A3 HALD pT2, pT3, pT4d 3dbHH T 10
PICHdH. Fiz, MNLRRIEE, FEERIE I X5
FIL 7o LAk p W B Cld, SN TH D
Gradel & hE BRI TH D Grade2 HHHE T 41
foil, FHERAEITH D Grade3 31 HITH D,

2B, AWMTIE, TEKIEPCERERO GRS
HETHIGE - KR Eh, R4 B kR iz el
Lo THWL, CHICXBNE 2R Lo#, £
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A, DIRATTOY MEIZE S survivin ERD

B

Jig% e 8 18 4 38 K OV IR I R 289 IR O JR 15ml th o
b [ A2 BCAEIZTIIE LeiR, BB k%
Img fETH DT, v AZ 7T ay MLl
Y survivin K [TORHIE AT, IRikifi% lysis buffer
(0.05M Tris/HCl, 0.IM NaCl, 0.1% SDS) iz T [
feL7z#E, RH5TNCY aa> ¥ b survivin &l
OFWRNEABE LT, 206RV 727 UA7 IR
7N TSDS-PAGE #, =huntro—22x>7 1L
Yic7aw kL, VarFr b survivin H I,
b RMFE RN HepG2 X v, pQE-30 X727 & —
(QIAGEN) ZffHH L TZ7 v —=> & f1\v, KB
&Y B S 7%, Ni-NTA Spin Kit (QIAGEN) iz
KB LU, mHuCiE, LR E2 R L BM
FINIRYEBVATZRE YT ayT 4 v xy
I (Roche Diagnostics) ZffiH L, -~ -&kHiiAizix 250
57 B L 72 §U survivin Hi4A (Santa Cruz Biotechnol-
ogy) %, __IRPULHAIZIE 1,000 f57 B L 7= HRP £25%
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B - ERETITE, VI )A AT FS AP —
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Table 1 Primers and probes for quantitative real-time PCR
Gene Sequence
survivin - Forward primer  5"-AAGAACTGGCCCTTCTTGGA-3’
(185bp)  Reverse primer  5-CAACCGGACGAATGCTTTT 3’
~ Probe 5 FAM CCAGATGACGACCCCATAGAGGAACA-TAMRA-3’
GAPDH  Forward primer 5-GAAGGTGAAGGTCGGAGTC- 3’
(226bp)  Reverse primer  5'-GAAGATGGTGATGGGATTTC 3’
Probe 5 -VIC- TTGCCATCAATGACCCCTTCATTGAC-TAMRA -3’
A 1 2 3 4 5

17.6kDa ‘

- 16.5kDa

Figure 1 Expressions of survivin protein were detected by western blotting.
Lane A, B, C and D were dilution series of recombinant survivin protein expressed by E. coli.
Survivin protein levels of lane A, B, C and D were 10ng, 50ng, 100ng and 200ng, respectively.
Lane 1, 2 and 3 were urine samples obtained from patients with urinary tract inflammation, lane 4, 5, 6

and 7 were those with bladder tumor.

Survivin protein levels were determined using MultiGauge, those of lane 6 and 7 were 845ng and

360ng, respectively.

Molecular weight of recombinant survivin was larger than that of urinary survivin because of His Tag.

B. Real-time PCRZIZK A RIBES

IR Bt 1,500 nlfis, 10 7B i L, i L
7 fifle & © QIlAamp RNA Blood Mini Kit (QIAGEN) %
il L RNA Zfilitli L, Ready To Go You Prime First
Strand Beads (GE Healthcare) & Random primer (Ta-
kara) ZH1 T cDNA &k L7z, 1K Lz cDNA 7>
%, Real-time PCR 12 X ¥ survivin &8 L2 8 it
L, E7Wikid & U< GAPDH J&BLAL & [ il i
U7z, GAPDH &8 htiE survivin B ELICHi L T
K&E W, survivin JEH LA GAPDH J 8Lz C
Mbt%,uﬁmbtﬁ Tz i -7z, FRLEh
DFEBLLE, QuantiTect Multiplex PCR Master Mix
(QIAGEN) 2} L, 1 F = — 7{ZF T survivin
mRNA <E‘ GAPDH mRNA OB Z [al gl LU 7=,
Table 1 iZFNWFhoO7 o4 ~v—BLU7a—7%
/113, Real time PCR BUSHE 25u1 % 95°C 15 ZpuLift
L, #WT94°C 1%, 60°C 1%r% 453 A 7L CHY
lpl’i'; 0%/

Real-time PCR X, 7900HT Fast Real Time PCR
System (Applied Biosystems) Z i Jf] U, # &5 %
DTz b OEEHEGEHZ X survivin 72 5 N2 GAPDH @
Wi [ cDNA ZHLAAATE T T A REMH Lz,
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L OREETER A DE U, Cta il Uiz, /o8
AETORL ADE IR &b IIE A, IR U
ffize g Z L e U, VEMERS AN U .

C. #rEtfzRsT
AR,
Rt i,
Inc.) )1 L THT t M 2 10y,
EATRAED D LE LTz,

L. %5 £

A, DIREZTOY MEICKDEREEERS
survivin EH D& H
YT AR YT Ay NEOKEYLE Fig. 1
HHZ ST PTILER AR ) 7z IR B R 280 s 2 3
TiE, WTFhoKikil ik EizBwW Ty
survivin & IR SR 2. -0, BN &
F ORI TIE 4 Hlrh 2 FHZI VT survivin & A8

V- 2 EEAEN S TR Uiz, $REH
Dr.SPSS 1I for Windows 11.0.1 J(SPSS
fe i 5 5% A i

IZmRd, IR

iish, Kihdckvgdisgizyares b
I SRR AR U2 il Lz & 2 4, Bl

FEBF IR 15ml dhod survivin & 1'THIZFIF 845ng
BLU360ng TH Y, ML E OIR bR T
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survivin & ['TORBA R XLz,
B. ERtEEBEERSD survivin mRNA O8IFE

Real time PCR {£{Z T, survivin mRNA & GAPDH
mRNA & DOFEBE L2 JE - B U7 kb 8, s
T 64.81103.4, IKREEFREIEM T 3.0E£56 T
& Tz, FEMAEEE T O Ct Al (Threshold Cycle) -
Eiftiix, survivin € 33.7, GAPDH T232 Th b,
RIS R SEREClE, survivin ©39.5, GAPDH T 24.0
Th ol BEMERIE, IRIEREERICHE LT
B A s Lz (Fig. 2) .,

AT, FLRE S0 SRS YN survivin S0 AL & iz
it L7c & 2 A, Gradel & Grade2 Tix 42.61+101.6,
Grade3 TI1Z 94.12100.0 TH v, BREABINS D
WZAEUS survivin SO LHNED A FEH L 7
-7z (Fig. 3).

e U T RLAE A1 L BINT survivin FE L &L 2 Fe i
L7z (Fig. 4), pTis TiX 170.9£169.8, pTa TiE 25.1
*+27.6, pT1 TiZ 30.4£35.6, pT2 &L ETix 674%

200

~ - p=0.001

1

= 150 F

E

=100 F

Ay

<

<

£ 50 t

z

0 -
Bladder tumor Control

Figure 2 Mean values of survivin/GAPDH ratio

for bladder tumor and control.
Results are given as the mean = SD.

250 r

P p=0.03

X200

£ 150

g

=< 100 +

<

=

= 50 F

=

7

0
Gradel + Grade2 Grade3

Figure 3 Mean values of survivin/GAPDH ratio

for pathological grade of bladder tumor.
Results are given as the mean=®SD.
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66.0 TH Y, pTisiF pTa B LU pT1 & HlE L T,
TRICEETH 7. £, pTis Zx< pTa, pTl,
pT2 LL LT, &M< 5o, survivin 5§
Blighs 59 54 A58 iz,

DR & R A 2 RERERE & L C, IRt o342
ROC (Receiver Operating Characteristic curve) fif bt 4
HHELIHH, Ay M 7IX5.24 LS h, &
HE7R HONCHR RIS IXENEh 83.3%, 86.1%Tdh -7z,
F 7z AUC /X 0.898 & RAF7eftimntd iz (Fig. 5).

p=0.001

400 r p<0.001

p<0.01
300 ! !

A

pTis pTa pT1 >pT2

200

100

survivin/GAPDH ratio ( % 107)

Figure 4 Mean values of survivin/GAPDH ratio
for pathological stage of bladder tumor.
Results are given as the mean+SD.

1
‘“mo"”
-".1
z
£ 05
=
L
175}
0 : : ‘
0 0.5 1

1 Specificity
Figure 5 The ROC analysis of survivin/GAPDH
ratio ( X 10°) to diagnose patients with
bladder tumor.
The calculated cut off value was 5.24 (<>) and
the area under the curve was 0.898.
The sensitivity and specificity were 83.3% and
86.1%, respectively.
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—DRENFET SR T D,

A, & & 5%, survivin mRNA & GAPDH

mRNA JEBL ORI & D WA Wr o 47 1 % b
wf LIEAS, IR IR R 2 & IEie L TH L

<Mz R U, A7 Hit,

survivin/GAPDH mRNA 3¢ hiiz X 2 b iz Wiz
BT, BFYE, SEEtEE AR50 E LTk, Ik
~OFEER A D72 <, Al &4 5 RNA W24 |-
BTHIHENEZ LR, ZO8H
GAPDH [L Ol K51 23S N9 2. F£ 72, survivin
X, FEALDIEFAMTIIRBLTWRnE X
BRI TWDH 0y, AKHMLAF hERIZ IV TP b o
survivin 2368l L TW5 Z | shhTnb”, #
ZTHAE, KRITERZ S L KO TR R %
R L& A, ITIEKEA 1X10° il & T
AR L Ze S~z 2 B b, s, 1finEked
@ survivin mRNA (2 & D40 PEIXBRNCE S & £ X
5417z (data not shown) ,

1%, survivin/

batk & 722 D BN, K~ ORI O D3
GG oM, ShlshicE LA <—, 7

1 — 7 TiE il T E 72y survivin @ splice variant 7%
HFLLSEBHLTWAEENREZ LD
(2 0%, survivin2B, survivindEx3, survivin2a ,
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. survivin
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EENZ20. BB W TL, wild type survivin
DABIZ survivin2B, survivindEx3 72 £ @ splice vari-
ant OBHLRESINTE VY, KA D, survivin
cDNA 7 &0 — = > 772 & ONZ splice variant §5 %11
Real-time PCRICTZDOFEB AL THD, L
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LERIEBLTH D, KLz X DM 0BT o L
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GAPDH mRNA J& 8! bbb oo 53 A3 JE 012 A7 1 2 By
BThHEEOBN, E£1, pTis 24 LTz pTa,
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