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ABSTRACT. Canine transitional cell carcinoma (cTCC) is the most common naturally occurring
bladder cancer and accounts for 1-2% of canine tumors. The prognosis is poor due to the high
rate of invasiveness and metastasis at diagnosis. Sorafenib is a multi-kinase inhibitor that targets
rapidly accelerated fibrosarcoma (RAF), vascular endothelial growth factor receptor (VEGFR)-1,
VEGFR-2, VEGFR-3, platelet-derived growth factor receptor-f3 (PDGFR-B), and KIT. In previous
studies, a somatic mutation of B-rapidly accelerated fibrosarcoma (BRAF) and expressions of
VEGFR-2 and PDGFR-[3 were observed in over 80% of patients with cTCC. Therefore, in this study,
we investigated the anti-tumor effects of sorafenib on cTCC. Five cTCC cell lines were used in the
in vitro experiments. All five cTCC cell lines expressed VEGFR-2 and PDGFR-{3 and sorafenib showed
J. Vet. Med. Sci. growth inhibitory effect on cTCC cell lines. Cell cycle arrest at the GO/G1 phase and subsequent
84(5): 666-674, 2022 apoptosis were observed following sorafenib treatment. In the in vivo experiments, cTCC (Sora)

) ) cells were subcutaneously injected into nude mice. Mice were orally administered with sorafenib
doi: 10.1292/jvms.21-0478 (30 mg/kg daily) for 14 days. Sorafenib inhibited tumor growth compared to vehicle control.

The necrotic area in the tumor tissues was increased in the sorafenib-treated group. Sorafenib
also inhibited angiogenesis in the tumor microenvironment. Thus, sorafenib may be potential
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Canine transitional cell carcinoma (¢TCC), also known as urothelial carcinoma, is the most common naturally occurring bladder
cancer in dogs, comprising 1-2% of all canine tumors and approximately 20,000 new cases expected each year in the United States
of America (USA) [9, 16]. Due to its nonspecific clinical signs (hematuria, stranguria, and pollakiuria), early detection of cTCC
is often difficult. At the time of diagnosis, tumor cells invade the muscle layers of the bladder in many cases, and 20% of ¢cTCCs
display progression with invasion to neighboring organs and present with distant metastasis [1, 16]. Current treatments for cTCC
include surgery, radiation, and chemotherapy, but the majority of cTCC develops in the trigone region of the bladder, which makes
radical surgery difficult. Chemotherapeutic regimens including cisplatin, carboplatin, vinblastine, mitoxantrone, and gemcitabine
are the mainstay in the treatment of cTCC, and non-steroidal anti-inflammatory drugs enhance their effectiveness when treated in
combination [9, 16—18, 23, 29, 32]. However, when treated with these therapies, the median survival time is less than a year and
drug resistance occurs frequently; therefore, new effective therapies are needed [16].

Sorafenib is a multi-kinase inhibitor that inhibits tumor growth and angiogenesis by targeting rapidly accelerated fibrosarcoma
(RAF) family of serine/threonine kinases and receptor tyrosine kinases (RTKs) including vascular endothelial growth factor
receptor (VEGFR)-1, VEGFR-2, VEGFR-3, platelet-derived growth factor receptor-p (PDGFR-B), and KIT [7, 11, 31, 44].
B-rapidly accelerated fibrosarcoma (BRAF) is a member of the RAF family and plays key roles in the MAPK/ERK pathway, a
signaling pathway that is involved in cell metabolism, cell cycle regulation, and cell growth. Somatic BRAF mutation, which
makes the BRAF oncogene, can enhance the MAPK/ERK pathway and contribute to the occurrence and development of malignant
tumors. BRAF mutation has been reported to adversely affect the prognosis of patients in the medical field [8, 37]. In a previous
study, over 80% of ¢cTCC patients had a BRAFV>*F mutation [3, 24, 25].

*Correspondence to: Maeda, S.: amaeda@g.ecc.u-tokyo.ac.jp, Department of Veterinary Clinical Pathobiology, Graduate School of Agricultural
and Life Sciences, The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-8657, Japan
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RTKs are a subclass of tyrosine kinases that mediate cell communication and biological functions, including cell proliferation,
differentiation, angiogenesis, and migration. RTK expression contributes to tumor progression and is positively correlated with
poor outcomes [13, 27, 28, 30, 33, 38]. In a previous study, the expression of VEGFR-2 and PDGFR-} was observed in all cTCC
patients [35]. Among RTKs, VEGFR-2 is considered a highly active receptor that contributes to tumor progression [43].

In a previous study, sorafenib treatment showed a growth inhibitory effect on human colon cancer with BRAF mutation [40].
Furthermore, in human hepatocellular carcinoma patients, VEGFR-2 and PDGFR- expression were identified, and sorafenib
increased the survival rate by 44% [2, 5, 10, 12]. VEGFR-2 expression has also been observed in 50% to 80% of human bladder
cancers, and sorafenib has shown a growth inhibitory effect on human bladder cancer cell lines [19, 21, 36]. Regarding cTCC,
sorafenib showed anti-tumor effect on cTCC cell lines with BRAF mutation and a case report showed that sorafenib was effective
on cTCC patient which overexpressed VEGFR [14, 15]. Then, we hypothesized that sorafenib may be effective against cTCC.

In the present study, we investigated the effect of sorafenib on cTCC in vitro and in vivo. We investigated the expression level

of VEGFR-2 and PDGFR-B. Moreover, we examined the activity of downstream signals of RTKs and BRAF and performed cell
cycle and apoptosis assays. In in vivo experiments, we investigated the growth inhibitory effect of sorafenib along with its effect on
angiogenesis in the TME.

MATERIALS AND METHODS

Cell lines

We used five cTCC cell lines (Sora, Love, MCTCC, LCTCC, and TCCUB) [39, 41]. The BRAFY3E mutation was observed
in all cell lines [6]. The cell lines were cultured in RPMI-1640 medium (Sigma-Aldrich, St. Louis, MO, USA) supplemented with
10% fetal bovine serum (Gibco, Carlsbad, CA, USA) and 1% penicillin-streptomycin at 37°C with 5% CO,. All cell lines were
tested for mycoplasma using the EZ-PCR Mycoplasma Test Kit (Biological Industries, Cromwell, CT, USA).

Reagents

Sorafenib used in the in vitro and in vivo experiments were purchased from Santa Cruz Biotechnology (Dallas, TX, USA)
and Chem Scene (Monmouth, NJ, USA), respectively. Canine vascular endothelial growth factor (VEGF) was purchased
from Kingfisher Biotech (Saint Paul, MN, USA). For western blotting, anti-PDGFR-f, anti-ERK 1/2, anti-Tyr 202/Tyr
204-phosphorylated ERK 1/2, anti-Akt, and anti-Ser 473-phosphorylated Akt antibodies were purchased from Cell Signaling
Technology (Danvers, MA, USA). Anti-VEGFR-2, anti-caspase 9 (p35), and anti-f-actin antibodies were purchased from Santa
Cruz Biotechnology. IRDye 680RD donkey anti-mouse, IRDye 800CW donkey anti-rabbit, and IRDye 800CW PEG Fluorescent
Contrast Agent were purchased from MandS TechnoSystems Inc. (Osaka, Japan). Goat Anti-Mouse IgG Biotin Conjugate was
purchased from Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan). Streptavidin-HRP reagent was purchased from Dako (Santa
Clara, CA, USA). For immunofluorescence, anti-cleaved caspase 3 antibody was purchased from Cell Signaling Technology, and
anti-CD31 antibody was purchased from Biocare Medical (Pacheco, CA, USA). Alexa Fluor® 647 conjugated anti-rat antibody
was purchased from Abcam (Cambridge, UK), and 4’,6-diamidino-2-phenylindole (DAPI) was purchased from Thermo Fisher
Scientific.

Cell proliferation assay

The cells were seeded in 96 well plates and incubated for 24 hr. The cells were treated with a concentration of sorafenib (2.5-20
uM) for 48 hr. After the treatment, the cells were fixed with 10% trichloroacetic acid (Wako, Osaka, Japan) at 4°C for 1 hr, washed
twice with phosphate buffered saline (PBS), and stained with 0.057% sulforhodamine B (Sigma-Aldrich) at room temperature for
30 min. Following staining, the cells were washed four times with 1% acetic acid and dried completely. The protein-bound dye was

dissolved in 10 mM Tris base solution, and absorbance was measured at 490 nm using a microplate reader (Bio-Rad, Hercules, CA,
USA).

Western blotting

To evaluate ERK and Akt signals after treatment with sorafenib, cTCC cells seeded on 6 well plates were treated with a
concentration of sorafenib (2.5-20 uM) for 1 hr followed by treatment with or without 30 ng/ml VEGF at 37°C for 15 min.
Radioimmunoprecipitation assay buffer (cell signaling) containing protease inhibitor and phosphatase inhibitor cocktail tablets
(Roche Diagnostics, Mannheim, Germany) were used to extract cell and tissue lysates, and total protein levels were measured
using a BCA protein assay kit (Thermo Fisher Scientific). Equal amounts of samples were separated by 10% SDS polyacrylamide
gel electrophoresis and transferred onto nitrocellulose membranes. After blocking with 5% skim milk in Tris-buffered saline (TBS)
containing 0.1% Tween 20 at room temperature for 1 hr, the membranes were incubated with primary antibodies (VEGFR-2
1:100, PDGFR-f 1:100, p-ERK 1:300, ERK 1:300, p-Akt 1:300, Akt 1:300, caspase 9 1:300, B-actin 1:1,000) at 4°C overnight.
The membranes were washed and incubated with the appropriate secondary antibodies at room temperature for 1 hr. As for anti-
VEGFR-2 antibody, following incubation with primary antibody, the membrane was incubated with corresponding biotinylated
secondary antibody (1:200) at room temperature for 2 hr followed by the incubation with Streptavidin-HRP conjugate (1:300) at
room temperature for 1 hr. The membrane was subsequently washed and developed using chemiluminescent reagent. The proteins
were visualized using ODYSSEY CLx (MandS TechnoSystems Inc.).
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Cell cycle analysis

Cells seeded in 6 well plates were treated with DMSO and 10 uM and 20 pM sorafenib for 24 hr. After treatment, the cells were
fixed with 70% pre-chilled ethanol for over 2 hr at 4°C. The fixed cells were washed twice with PBS and treated with RNase A
(QIAGEN, Hilden, Germany) at a final concentration of 0.25 mg/ml at 37°C for 30 min to obviate staining due to RNA. Nuclei
were then stained with propidium iodide (PI) (Sigma-Aldrich) at a final concentration of 50 pg/ml on ice for 30 min. The DNA
content of the cells was evaluated using a FACS flow cytometer (BD Biosciences, Tokyo, Japan), and the frequency of cells in each
cell cycle phase was measured.

Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) staining

The cells were seeded on cover glasses, incubated for 24 hr, and then treated with DMSO or 20 uM sorafenib for 24 hr. After
treatment, the cells were washed with PBS and fixed with 4% paraformaldehyde at 4°C for 25 min. Apoptosis was detected using
the DeadEnd Fluorometric TUNEL System (Promega, Madison, WI, USA) according to the manufacturer’s protocol. Cells treated
with 1 U DNase I (Promega) were used as a positive control.

Mouse xenograft model

Male BALB/c nude mice (5—6 weeks old) were purchased from Japan SLC, Inc. (Shizuoka, Japan) and acclimated to our
facilities for one week. In the cTCC subcutaneous model, 2 x 10° Sora cells were subcutaneously implanted into the left flank of
each mouse. Two days later, mice were randomly divided into two groups and treated with PBS or sorafenib (30 mg/kg) daily for
14 days. Subcutaneous tumor growth was recorded as the length and width of tumors using a Vernier caliper every 2 days, and the
tumor size was calculated using the formula, (Iength x width x height)/2. On day 16, the mice were euthanized, and the tumors
were collected for histological analysis and immunofluorescence. All procedures were approved by the Animal Care and Use
Committee of The University of Tokyo (authorization number: P20-116).

Histopathological analysis

Tumor tissues were isolated from the tumor-engrafted mice. Four percent paraformaldehyde-fixed, paraffin-embedded tissue
blocks were prepared and cut into 4-um sections. The sections were stained with hematoxylin and eosin and evaluated using a light
microscope BZ-X810 (Keyence, Osaka, Japan). The percentage of the necrotic area in each tumor tissue was calculated using an
imaging software (BZ-800 Analyzer).

Immunofluorescence

Tumor tissues were isolated from tumor-engrafted mice and frozen in OCT compound. The sections were cut into 10-um
thickness from frozen blocks using a cryostat. For immunofluorescence, the sections were fixed with ice-cold acetone at —20°C
for 10 min. After blocking with 5% bovine serum albumin in TBS containing 0.1% Tween 20 at room temperature for 30 min,
the sections were incubated with anti CD31 (1:500) or cleaved caspase 3 (1:300) antibodies at 4°C overnight. The sections were
washed and stained with the appropriate secondary antibody at room temperature for 1 hr, followed by staining of nuclei with
DAPI. The figures were analyzed using BZ-X810 (Keyence). As for CD31 staining, the CD31 positive area (um?) was measured at
HPF at 10 views per specimen using imaging software (BZ-800 Analyzer). The average CD31-positive area in vehicle control and
sorafenib treated groups were calculated respectively and the ratio to vehicle control group were shown.

Vascular in vivo imaging

For vascular in vivo imaging, 2 x 10° Sora cells were subcutaneously implanted into the left flank of Male BALB/c nude mice
(56 weeks old). Thirty days later, mice were randomly divided into two groups and treated with PBS or sorafenib (30 mg/kg)
daily for 14 days. Then, mice were injected intravenously with 1 nmol/100 pl of IRDye 800CW PEG Fluorescent Contrast Agent
(MandS TechnoSystems Inc.). After 24 hr, the mice were euthanized and tumor tissues were collected. Fluorescence imaging at
800 nm in tumor tissues were immediately carried out using ODYSSEY CLx. The fluorescence intensity in each sample were
automatically measured and the average in vehicle control and sorafenib treated groups were calculated respectively.

Statistical analysis

Student’s z-test was used for comparisons between the two groups. Statistical significance was set at P<0.05. The analysis was
conducted using Prism software (version 5.0.1; GraphPad Software, San Diego, CA, USA).

RESULTS

Anti-tumor effect of sorafenib on cTCC cell lines

All five cTCC cell lines expressed VEGFR-2 (Fig. 1A). PDGFR- expression was also observed in all five cTCC cell lines
(Fig. 1B). We performed a sulforhodamine B (SRB) assay to evaluate the growth inhibitory effect of sorafenib on ¢cTCC cell
lines. Sorafenib treatment for 48 hr inhibited cell growth in all cTCC cell lines (Fig. 1C). The percentage of cell death increased
in sorafenib in a dose-dependent manner with an IC50 from 3.84 uM in Sora, 4.77 uM in LCTCC, 5.84 uM in Love, 7.03 pM in
MCTCC, and 6.90 uM in TCCUB.
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Fig. 1. Vascular endothelial growth factor receptor 2 (VEGFR-2) and platelet endothelial growth factor receptor B (PDGFR-) expression and
the effects of sorafenib on canine transitional cell carcinoma (¢TCC) cell lines. (A) VEGFR-2 expression in ¢cTCC cell lines was analyzed
using western blotting. (B) PDGFR- expression in ¢TCC cell lines was analyzed using western blotting. (C) The cytotoxicity effect of
sorafenib on cTCC cell lines (Sora, Love, MCTCC, LCTCC, and TCCUB). CTCC cell lines were treated with 2.5-20 uM of sorafenib for
48 hr. The percentage of cell viability was determined by sulforhodamine B assay. Each value represents the mean + SD.

Effects of sorafenib on signaling pathways, cell cycle, and apoptosis

We further investigated the molecular mechanism by which sorafenib inhibited the growth of cTCC cell lines. First, we
performed western blotting to investigate the effect of sorafenib on the MAPK/ERK and PI3K/Akt pathways. Autophosphorylation
of ERK and Akt was not observed in the unstimulated cTCC cell lines (Fig. 2A). VEGF treatment induced the phosphorylation
of ERK but not Akt in all cTCC cell lines (Fig. 2B, Supplementary Fig. 1). ERK phosphorylation was strongly suppressed by the
treatment with sorafenib in Sora, LCTCC, and TCCUB, while modestly suppressed in Love (Fig. 2B, 2C, Supplementary Fig.
1). On the other hand, though 2.5 to 10 uM of sorafenib suppressed ERK phosphorylation, rebound was observed at 20 uM of
sorafenib in MCTCC (Supplementary Fig. 1). Next, we investigated the effects of sorafenib on the cell cycle. The results showed
that sub-G1 and GO/G1 phase fractions increased, while S and G2/M phase fractions were reduced in Sora, MCTCC, and TCCUB
after treatment with 10 uM of sorafenib (Fig. 2D, 2E, Supplementary Fig. 2). In Love and LCTCC, 10 uM sorafenib remarkably
increased the sub-G1 fraction, and 20 uM sorafenib increased the proportion even more (Supplementary Fig. 2). We performed
TUNEL staining to examine whether sorafenib induced apoptosis. TUNEL-positive cells were observed in Sora, Love, MCTCC,
and TCCUB, but not in LCTCC cells (Fig. 2F, Supplementary Fig. 3).

Anti-tumor effect of sorafenib on cTCC engrafted mice

We investigated the effects of sorafenib on a xenograft mouse model. We confirmed that oral administration of sorafenib (30
mg/kg, daily) effectively inhibited tumor growth in cTCC-engrafted mice (Fig. 3A). Tumor volume and weight significantly
decreased in the sorafenib-treated group relative to the control group (Fig. 3A—C). With regard to body weight, there was no
significant difference between the sorafenib and control groups, and no side effects of sorafenib were observed during the treatment
(Supplementary Fig. 4). We performed hematoxylin and eosin staining to investigate histological findings. The necrotic area in
the tumor tissues increased in the sorafenib-treated group (Fig. 3D). The percentage of necrotic area in the control and sorafenib-
treated groups was 1.78 + 1.03% and 26.39 + 6.91%, respectively (Fig. 3E).

Effect of sorafenib on angiogenesis and apoptosis in cTCC engrafted mice

We evaluated the vessel area in tumor tissues by vascular imaging and CD31 immunofluorescence. IRDye 800CW PEG
accumulated in tumor blood vessels and was visualized by fluorescence (Fig. 4A). The fluorescence intensity in the sorafenib-
treated group was lower than that in the vehicle control group (Fig. 4A—C). CD31 immunofluorescence confirmed that sorafenib
inhibited angiogenesis in the tumor tissues (Fig. 4D, 4E). As for apoptosis, sorafenib increased caspase 9 expression (Fig. 4F, 4G)

and the rate of cleaved caspase 3 positive cells in tumor tissues (Fig. 4H, 4I), suggesting that sorafenib induced apoptosis in tumor
tissue.
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Fig. 2. Autophosphorylation of signaling pathways and the effects of sorafenib on signaling pathways, cell cycle, and apoptosis
of canine transitional cell carcinoma (¢TCC) cell line. (A) Autophosphorylation of ERK and Akt in ¢cTCC cell lines (Sora, Love,
MCTCC, LCTCC, TCCUB). (B) Effect of sorafenib on ERK and Akt phosphorylation in ¢cTCC cells (Sora). The cells were
treated with 2.5-20 uM of sorafenib for 1 hr, followed by treatment with 30 ng/ml vascular endothelial growth factor for 15 min.
p-ERK: Tyr 202/Tyr 204-phosphorylated ERK, p-Akt: Ser 473-phosphorylated Akt. (C) The relative expression levels of p-ERK
in cTCC cells (Sora). The Band densities of p-ERK were quantitated and normalized using ERK as corresponding control. The
normalized values for each group were shown with the vehicle control as the reference. (D) The images of the cell cycle analysis
of ¢cTCC cells (Sora). The cells were treated with 10 uM and 20 uM of sorafenib for 24 hr, and the DNA content was analyzed by
flow cytometry. (E) The proportion of sub-G1, GO/G1, S, and G2/M phase fraction in Sora cells after treatment with sorafenib.
Each value represents the mean + SD. (F) Apoptosis of cTCC cells (Sora) after treatment with sorafenib. The cells were treated
with 20 uM of sorafenib for 24 hr and apoptotic cells were detected by the terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) methods. Green fluorescence indicates TUNEL signals, and blue indicates 4’,6-diamidino-2-phenylindole
(DAPI) signals. Bar=50 pum. ***P<0.001.
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Fig. 3. Anti-tumor effect of sorafenib on canine transitional cell carcinoma (¢TCC) engrafted mice. (A) Tumor volume of ¢TCC engrafted
mice (n=4 each). CTCC cells were subcutaneously injected into nude mice and treated with sorafenib or vehicle for 14 days. (B) The images
of tumors excised from tumor engrafted mice treated with sorafenib or vehicle. (C) Tumor weight of ¢cTCC engrafted mice. (D) Histological
characteristics of tumor tissues from c¢TCC engrafted mice. Tumor tissues were stained with hematoxylin and eosin. Asterisk indicates a

necrotic area. Bars=200 pm. (E) The necrotic area measured by image analysis software. Each value represents the mean + SEM. *P<0.05,
**%P<0.001.

DISCUSSION

In this study, all cTCC cell lines expressed VEGFR-2 and PDGFR-f, and sorafenib showed growth inhibitory effects on
c¢TCC despite differences in some parameters associated with the effects of sorafenib, such as downstream signals, cell cycle,
and apoptosis. The MAPK pathway is a major stimulator of proliferation and inhibitors of apoptosis [34, 42]. In human bladder
cancer, VEGF produced from immune cells in tumor microenvironment (TME) interact with VEGFR-2 on tumor cells in paracrine
fashion and strongly promote tumor cell growth and angiogenesis [36]. Thus, VEGF/VEGFR-2 paracrine signal is considered to
be potential therapeutic target [28]. In cTCC, the previous study performing gene expression analysis by RNA-seq revealed that
VEGF was among the top upstream regulators in tumor tissue predicted to be activated, suggesting that VEGF/VEGFR-2 paracrine
signal may also function in ¢cTCC. [22]. In this study, ERK1/2 phosphorylation was not observed without VEGF treatment. Then,
the growth inhibitory effect of sorafenib may be caused by suppression of other signaling pathways such as JNK, p38 and ERKS5
and subsequent cell cycle arrest and apoptosis. Contrary to other cTCC cell lines, the apoptosis signal was not observed in only the
LCTCC cells, although sorafenib showed an equivalent growth inhibitory effect. Considering that sorafenib induces cell death in
many ways, including apoptosis, necrosis, and ferroptosis [26], other mechanisms may be involved in LCTCC cell death.

Sorafenib also demonstrated anti-tumor effects in cTCC-engrafted mice. Furthermore, vascular staining showed that sorafenib
suppressed angiogenesis. The treatment dose used in in vivo experiments (30 mg/kg, daily) was considered effective in previous
studies, including the low dose conversion to human equivalent dose, suggesting that sorafenib has therapeutic potential for cTCC
[7,20].

In a phase II trial of human bladder cancer patients, sorafenib failed to show the benefits [4]. However, this study used overall
survival to judge the efficacy of sorafenib and did not take into account disease-free survival that is recommended for evaluating
the efficacy of molecular targeted drugs. The author mentioned this point and pointed out effectiveness of sorafenib might not
have been properly evaluated. Then, there is a rationale for clinical trials of sorafenib alone or in combination with other agents in
patients with cTCC.

This study has a potential limitation that could be addressed in future studies. Subcutaneous model mice do not completely
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Fig. 4. The effects of sorafenib on angiogenesis and apoptosis in canine transitional cell carcinoma (¢TCC) engrafted mice. (A) The image of
vascular in vivo imaging of tumor tissues from cTCC engrafted mice injected with IRDye 800CW PEG Fluorescent Contrast Agent. (B) The
fluorescence intensity in tumor tissues. (C) The fluorescence intensity corrected by tumor volume. (D) Representative examples of CD31
immunofluorescence of tumor tissues from ¢cTCC engrafted mice. CD31 positive staining is shown in green. (E) The ratio of CD31 positive
area. (F) Caspase 9 expression in tumor tissues was analyzed using western blotting. (G) The band densities of caspase 9 were quantified
and normalized using B-actin as the corresponding control. (H) Representative examples of cleaved caspase 3 immunofluorescence of tumor
tissues from cTCC engrafted mouse. Red fluorescence indicates cleaved caspase 3 positive cells, and blue indicates DAPI signals. Bars=50 pm
(I) The proportion of cleaved caspase 3 positive cells. Bars=200 pm. Each value represents the mean + SEM. *P<0.05, **P<0.01 ***P<0.001.

reflect the TME, including blood vessels, infiltrating immune cells, fibroblasts, and extracellular matrix of the actual cases with
cTCC. Further studies are needed to verify the effectiveness of sorafenib using a bladder transplant model or actual clinical cases.

In conclusion, we demonstrated the anti-tumor effect of sorafenib on ¢cTCC in both in vitro and in vivo experiments. Sorafenib
inhibited tumor growth by inducing cell cycle arrest and apoptosis. Furthermore, sorafenib showed an anti-tumor effect on cTCC-
engrafted mice not only by its direct effect on tumor cells but also by the indirect effect on angiogenesis in the TME. These results
suggest that sorafenib is a new treatment option for cTCC.
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