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Abstract

Bladder carcinoma (BC) is the 9™ most common cause of cancer worldwide. Surgical resection and
conventional chemotherapy and radiotherapy will ultimately fail due to tumor recurrence and resistance.
Thus, the development of novel treatment is urgently needed. Fibroblast growth factor receptor 3 (FGFR3)
is an important and well-established target for BC treatment. In this study, we utilized the free and
open-source protein-ligand docking software idock to prospectively identify potential inhibitors of FGFR3
from 3167 worldwide approved small-molecule drugs using a repositioning strategy. Six high-scoring
compounds were purchased and tested in vitro. Among them, the acaricide drug fluazuron exhibited the
highest anti-proliferative effect in human BC cell lines RT112 and RT4. We further demonstrated that
fluazuron treatment significantly increased the percentage of apoptosis cells, decreased the
phosphorylation level of FGFR3 and its downstream proteins FRS2-a, AKT and ERK. We also investigated
the anticancer effect of fluazuron in vivo in BALB/C nude mice subcutaneously xenografted with RT112
cells. Our results showed that oral treatment with fluazuron (80mg/kg) significantly inhibited tumor
growth. These results suggested for the first time that fluazuron is a potential inhibitor of FGFR3 and a
candidate anticancer drug for the treatment of BC.

Introduction

Bladder carcinoma (BC) is the second most common urologic cancer in terms of incidence and mortality
(1). BCs can be divided into two subgroups: muscle-invasive BC (MIBC) and nonmuscle-invasive BC
(NMIBC) (2). Transurethral resection of the bladder tumor combined with intravesical chemotherapy or
intravesical immunotherapy with Bacillus Calmette-Guerin (BCG) are recommended for the treatment of
NMBIC (3). However, about 50-70% of NMIBCs will recur and approximately 10-20% will progress to
MIBC (T2-4) (4). The current standard of treatment in patients with MIBC T2-T4a NO-Nx MO is radical
cystectomy combined with neoadjuvant chemotherapy when possible (5). In patients with metastatic
MIBC, the standard of care is radiotherapy and/or chemotherapy. MIBC patients have a higher
cancer-specific mortality than NMIBC patients, with a 5-year survival rate below 50% (6). Therefore, the
development of novel therapies against BC is urgently needed.

The cause of BC involves multiple pathways, with the fibroblast growth factor receptor 3 (FGFR3)
pathway playing an important role (7). FGFR3 is a member of the FGFR family which has highly conserved
transmembrane receptor tyrosine kinases (8). Amplification or mutation of FGFR3 can constantly activate
the FGFR3 pathway (7). Hence, FGFR3 is an attractive therapeutic target in cancer treatment.

This article is protected by copyright. All rights reserved.



To date, a number of FGFR3 inhibitors (Table 1) have been reported (9-18). However, due to their
drug toxicity or low selectivity, only the nintedanib is clinically used in combination with docetaxel for the
treatment of locally advanced, metastatic or locally recurrent non-small cell lung cancer (NSCLC) after first
line chemotherapy (18). Unfortunately, nintedanib is expensive, and finding an affordable drug for the
treatment of BC motivated us to conduct the present study.

Given the obstacle that developing a new drug de novo is a laborious and costly endeavor,
repurposing well-studied old drugs for new indications is gradually becoming a favorable strategy.
Previously, we have successfully used this powerful synergy of drug repositioning combined with in silico
structure-based virtual screening (19, 20), where, by targeting cyclin-dependent kinase 2 (CDK2), two
FDA-approved drugs fluspirilene and adapalene have been rediscovered as anticancer agents in vitro and
in vivo for the treatment of hepatocellular and colorectal carcinomas, respectively. Inspired by these
successful recent cases, in this study we further improved the same overall computational and
experimental workflow to search for potential inhibitors of FGFR3 and thus novel treatments of bladder

carcinoma.

We used the free and open-source protein-ligand docking software idock (21, 22) together with the
binding affinity prediction software RF-Score-v3 (23) to virtually screen and rank worldwide approved
small-molecule drugs (including but not limited to those approved by US FDA) with potential ability to
inhibit FGFR3, and then used the molecular visualization tool iview (24) to inspect and analyze putative
interactions. Among the high-scoring compounds shortlisted computationally, six were purchased for
experimental validation in vitro in BC cell lines RT112 and RT4 via cell viability assays, cell apoptosis assays,
western blotting and immune-precipitation experiments. Consequently, the acaricide drug fluazuron was
successfully identified as a potential inhibitor of FGFR3. In vivo experiments in nude mice xenografted
with RT112 cells showed that fluazuron exhibited strong anti-tumor activity. Next, we analyzed the
predicted binding conformation of fluazuron and revealed critical intermolecular interactions that
possibly govern fluazuron binding to FGFR3. Finally, we described the safety profile of fluazuron on
animals and discussed its potential and novel anticancer application on humans. Taken together, in this
study, we demonstrated for the first time that fluazuron is a potential FGFR3 inhibitor to treat bladder

carcinoma.

Results

Structure-based virtual screening provided candidate inhibitors to test

At the very first step, FGFR3 was selected as the target protein, as it has been shown to be a therapeutic
target in the regulation of BC and a hallmark of cancer. Totally 3167 drugs that have been approved for
clinical use by worldwide authorities constituted a library of compounds to screen. They were individually
docked to the ATP binding pocket of FGFR3, and then sorted in the ascending order of their predicted
binding free energy. The docking results with molecular visualization are freely available at
http://istar.cse.cuhk.edu.hk/idock/iview/?4K33-dbap+fda+tnpc. The high-scoring compounds were
manually examined based on in silico estimations of binding strength, appropriate molecular weight and
other drug-like properties, complementary matching of molecular shape, plus some sense of intuition
from a computational chemist’s experience. Finally, six high-scoring compounds (Table 2) were shortlisted
and purchased for subsequent wet-lab investigations.
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Fluazuron decreased cell viability of bladder carcinoma

We first evaluated the anticancer effect of the six compounds by MTT assay (Fig 1). All the six compounds
decreased cell viability in RT112 and RT4 cells, but had discrepant cytotoxicity at different concentrations.
Among them, fluazuron exhibited the highest cytotoxicity (ICso = 4.142uM for RT112 and 6.481uM for RT4)
compared to the control with statistical significance (p<0.05). Such inhibitory effect was dose- and
time-dependent. Marked inhibition was observed at 3uM, 10uM and 30uM.

Fluazuron treatment induced cell apoptosis

We also investigated whether fluazuron could induce cell apoptosis (Fig 2). Fluazuron treatment at 3uM
concentration significantly increased the percentage of apoptosis in RT112 and RT4 cell lines compared to
the control (p<0.05).

Fluazuron treatment inhibited FGFR3 phosphorylation and downstream signaling

Since activation of FGFR3 can cause cell proliferation, differentiation and tumorigenesis by its
downstream proteins such as fibroblast receptor substrate 2-a (FRS2-a), AKT and ERK1/2 (25-27), we
investigated the effect of fluazuron on the expression of critical proteins involved in FGFR3 signal network
in RT112 and RT4 cells by western blotting and immune-precipitation (Fig 3). Fluazuron treatment mainly
reduced the phosphorylation level of FGFR3, FRS2-a, AKT and ERK. In contrast, the expression level of
FGFR3, FRS2, AKT and ERK remained mostly unchanged. These results are consistent with what are
expected from a FGFR3 inhibitor (9, 10, 16, 28).

Daily oral fluazuron treatment reduced tumor growth in vivo

We evaluated the effect of fluazuron on the growth of bladder carcinoma in vivo in BALB/C nude mice
subcutaneously injected with RT112 cells (Fig 4). On day 21 after treatment, fluazuron (80 mg/kg)
resulted in significant reduction of tumor weight and volume compared to the control (p<0.05), while
making no significant change to the body weight. This result suggested for the first time that fluazuron is a
potential FGFR3 inhibitor and a candidate anticancer drug for the treatment of human bladder carcinoma.

Structural analysis of the predicted binding conformation of fluazuron revealed critical interactions

Fig 5 (A) plots the 2D structure of fluazuron. Its binding free energy predicted by idock (21, 22) was -11.28
kcal/mol and its binding affinity predicted by RF-Score-v3 (23) was 7.92 pKd. Rendered using iview (24), its
predicted binding conformation in complex with FGFR3 is shown in Fig 5 (B) and (C). Putatively, it was
observed to establish three hydrogen bonds with LYS508, a hydrogen bond with GLY484, and a
hydrophobic contact with PHE483.

Discussion

Bladder carcinoma (BC) is a lethal urologic cancer. Superficial BC was often found to have activating
mutations of FGFR3 (29-31). Moreover, BC, especially in high grade and stage, was found to have
over-expression of wild-type FGFR3 (7). Activation of FGFR3 can mediate cell proliferation, differentiation
and tumorigenesis through fibroblast receptor substrate 2-a (FRS2-a), phospholipase C-y, MAPKs, ERK1/2,
signal transducers, activators of transcriptions and PI3K (25-27). Therefore, FGFR3 is an important target

for cancer therapy.
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Although some FGFR3 inhibitors have been discovered (9-18), few of them are used in clinical
practice except nintedanib (18). Given that the market price of nintedanib is high for ordinary patients, an
alternative but affordable inhibitor of FGFR3 for BC therapy is desirable. Realizing that developing a new
drug de novo is far beyond the capability of small research groups like us, we decided to adopt the drug

repositioning methodology to quickly identify new therapeutic uses of approved drugs.

Indeed, approved drugs represent an attractive library of candidate compounds to screen, as they
have been experimentally proven to be safe for use in humans, and are often well tested and well
annotated. Identifying novel therapeutic indications for already approved drugs is referred to as
repurposing or repositioning, the rationale of which is that a drug typically exhibits activities on more
than one target, some of which might be previously unknown, due to promiscuous interactions explaining
drug efficacy or side effects. This approach is substantially faster and cheaper with a lower attrition rate
than developing new drugs, as the majority of safety tests prior to phase Il clinical trial could be possibly
bypassed or easily passed again given the previous successful test results of the original indication.

A straightforward, rapid implementation of drug repositioning is virtual screening, where a database
of drugs is computationally evaluated and ranked. Virtual screening can be broadly classified into two
types: ligand-based and structure-based. Structure-based virtual screening uses molecular docking to
predict the binding conformation and binding affinity of small molecules to a target macromolecule. In
real life it has led to a substantial amount of successful cases of protein inhibitor discovery. What
especially caught our attention is two recent applications (19, 20) where two FDA-approved drugs have
been repurposed as anticancer agents in vitro and in vivo for the treatment of hepatocellular and
colorectal carcinomas. Given the similar nature, we felt confident to conduct this work using the same

overall computational and experimental approach.

Regarding the computational part, there are some key improvements over the previous two studies.
Here we did not limit the scope of drugs to those approved by US FDA only, but also incorporated
small-molecule drugs approved in UK, EU, Japan and Canada. Such a worldwide drug dataset would
probably lead us to more novel findings, as the FDA-approved drugs have already been intensively studied.
Another key improvement is the utilization of the accurate scoring function RF-Score-v3 (23), which was
recently developed using the machine-learning algorithm of random forest (RF) and trained on more than
3700 protein-ligand complexes with 42 numerical descriptors. We observed that the docking software
idock (21, 22) often gave correct prediction of binding poses of ligands but not so accurate prediction of
their binding strength, including RF-Score-v3 into the computational workflow as an alternative classifier
would help to select a small subset of assumingly active compounds for us to concentrate. As can be seen
in Table 2, compounds having a good idock score did not necessarily have a good RF score, and vice versa,
so decisions should be made by comprehensively considering different estimations of binding strength,
appropriate molecular weight, as well as complementary shape matching through molecular visualization.
The use of the convenient web-based visualizer iview (24) aided this selection process. It automatically
detected putative intermolecular interactions between the target and the drug, and rendered them in a

3D canvas for the users to interactively analyze the binding conformation.
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Based on the in silico results, six compounds were purchased and validated experimentally. Among
them, fluazuron was selected for further investigations because its ICso was less than 10 pumol/L as
determined by MTT assay. Fluazuron is a benzoyl phenylurea compound. It is a FDA-approved drug
currently used as acaricide for controlling rhipicephalus (boophilus) microplus (32). By topical pour-on
route fluazuron can inhibit chitin synthesis of these parasites, probably by restraining of specific enzymes
involved on the ticks’ ecdysis (33). Fluazuron was used in many animals at dosage from 2.5mg/kg to
80mg/kg (34, 35). Two studies reported its use by oral dosage. Woodrats were given 40mg dosage of
fluazuron per bait cube (36). Weaner pigs were given fluazuron 10mg/kg/day for 7 days. It was found that
absorption of fluazuron was quick with a rapid rise in blood levels 24 hours after oral administration.
Fluazuron remained detectable in the blood for 28 days after beginning of treatment (37). No adverse
effect was reported in the above studies.

On the other hand, fluazuron is a known p53 activator. p53 is a tumor suppressor protein and is
often activated by DNA damage and other cellular stresses. The activation of p53 controls cell destiny by
inducing DNA repair, cell cycle arrest, apoptosis, inhibition of angiogenesis, or cellular senescence.
Fluazuron was found to activate the p53 signaling pathway by quantitative high throughput screening
(qHTS) assay in the U.S. Tox21 Program (PubChem (38) AID 651631). The qHTS assay used the p53RE-bla
HCT-116 cell line which contained a stably combined beta-lactamase reporter gene under control of the
p53 response elements. The cell line was used to screen the Tox21 compound library to find agonists that
activate the p53 signaling pathway. Interestingly, the AC50 (concentration at which compound exhibits
half-maximal efficacy) of fluazuron was 2.371uM, roughly the same potency as we tested fluazuron’s
efficacy in BC cancer cell lines RT112 and RT4. Given these experimental evidences, we believe the
anticancer effect of fluazuron might be due to a polypharmacophoric mechanism by simultaneously
acting as a p53 activator as well as a FGFR3 inhibitor. However, in previous studies, fluazuron was never
investigated in vitro in BC cell lines, nor in vivo in nude mice. Its role as a potential FGFR3 inhibitor has
remained unknown until now.

In this study, we reported for the first time that fluazuron is a potential inhibitor of FGFR3, and oral
administration of fluazuron (80mg/kg) exhibited significant and strong anticancer efficacy in vivo in nude
mice xenografted with bladder carcinoma RT112 cells. Meanwhile, we did not observe significant change
in body weight for 21 days (Fig 4), suggesting that oral administration of fluazuron is relatively safe. These
findings suggest that fluazuron could be the first FGFR3 inhibitor to be used for the treatment of BC and
other types of cancers.

Conclusions

This study presents the first prospective application of our in-house structure-based virtual screening tool
idock in identifying FGFR3 inhibitors from small-molecule drugs using a repurposing strategy in silico. We
showed that fluazuron, currently used as the application of acaricide, exhibited anticancer effect in
human bladder carcinoma RT112 and RT4 cells in vitro. Consistent with the expected properties of FGFR3
inhibitors, fluazuron treatment significantly increased the percentage of apoptosis cells and decreased the
phosphorylation level of FGFR3 and its downstream proteins FRS2-a, AKT and ERK. Oral fluazuron
treatment significantly inhibited tumor growth in vivo. These results suggested for the first time that
fluazuron is a potential FGFR3 inhibitor and a candidate anticancer drug for the treatment of human
bladder carcinoma.
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Methods and Materials

Molecular docking and compound selection

From Protein Data Bank (PDB) (39), only one X-ray crystallographic structure of FGFR3 bearing the
ATP-binding site was found (PDB code: 4K33). The FGFR3 structure was manually extracted from the
complex with water and ion molecules removed, and then converted from PDB format to PDBQT format
using AutoDockTools (40) for use by the docking software. The cubic search space was placed at the
geometrical center of the bound ligand, with the length, width and height set to be 30% greater than that
of the bound ligand, based on the observation that the geometry of the binding site is often proportional
to that of the bound ligand. The search space was then further expanded by 4 A in all three dimensions to
spare sufficient room for the ligand to translate and rotate within.

The structures of approved drugs worldwide were obtained from three catalogs of the ZINC database
(41), which are DrugBank-approved (42), FDA-approved drugs (via DSSTOX), and the NCGC
Pharmaceutical Collection (NPC) (43). These, having been filtered and curated, constituted a
non-redundant set of 3167 drugs that have been approved for clinical use by US (FDA), UK (NHS), EU
(EMA), Japanese (NHI), and Canadian (HC) authorities. Similarly, these compounds in Mol2 format were
also converted to PDBQT format.

The free and open-source docking software idock (21, 22) v2.2.1 was executed to predict the binding
conformations and the binding affinities of the 3167 compounds upon docking against the FGFR3
structure. Program settings were tuned to make the conformational searching procedure more exhaustive
than the default settings. Specifically, for each protein structure, grid maps of free energy with a fine
granularity of 0.08 A were constructed in parallel; and for each compound, 256 Monte Carlo
conformational optimization tasks were run in parallel across multiple CPU cores.

After docking, up to nine putative conformations were outputted for each input compound. The
docked conformation with the best idock score was selected because it had been previously shown to be
most likely closest to the crystal conformation with a redocking success rate of over 50% on three
different benchmarks. The compounds were sorted in the ascending order of their predicted binding free
energy. Moreover, the more accurate scoring function RF-Score v3 (23) was used to re-score all the
compounds and thus provided an additional and more reliable estimation of intermolecular binding
strength, given the assumption that the compounds were correctly docked. Therefore, the top-scoring
compounds would be those with both a low idock score (in terms of binding free energy) and a high RF
score (in terms of binding affinity). Then the high-scoring compounds were visually examined using the
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convenient web-based visualizer iview (24) in the context of FGFR3. Finally, commercially available
compounds were purchased and subsequently validated in vitro.

Cell lines, cell culture, chemicals, antibodies

Bladder tumor cell lines RT112 and RT4 were obtained respectively from the Leibniz Institute DSMZ
(German Collection of Microorganisms and Cell Cultures, Braunschweig, Germany) and American Type
Culture Collection, Manassas, Virginia, USA. These cell lines were cultured respectively in RPMI 1640 and
McCOY's 5A medium containing 10% fetal bovine serum (FBS) (Invitrogen, Rockville, Maryland, USA), 100
U/ml penicillin and 0.1 mg/ml streptomycin at 37°C in 5% CO2.

Tioconazole were purchased from Selleck Chemicals, Shanghai, China. Latamoxef sodium and
mizolastine were purchased from Dalian Meilun Biology Technology, Guangzhou, Guangdong, China.
Bentiromide was purchased from Santa Cruz Biotechnology, Shanghai, China. Imidocarb and fluazuron
were purchased from Toronto Research Chemicals, Toronto, Ontario, Canada. Anti-FGFR-3 (C-15) and FRS2
were purchased from Santa Cruz Biotechnology, Inc. Santa Cruz, CA, USA. Anti-Phospho-FRS2-a (Tyr196),
Akt (pan), Phospho-Akt (Ser473), Erkl/2, Phospho-Erk1/2 (Thr202/Tyr204), 4G10 antiphosphotyrosine
and B-actin were obtained from Cell Signaling Technology, Inc., Danvers, Massachusetts, USA.

MTT assay

7x10° cells per well were plated in 96-well plates and allowed to attach for 24 hours before adding testing
chemicals. Cells were treated with testing chemicals for 24, 48 and 72 hours. After treatment, 10l
5mg/ml 3-(4,5-methylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide(MTT) was added and further
incubated for 4 hours. The medium was then discarded and the precipitate dissolved in DMSO. The
absorbance was measured at 570 nm with a Synergy 2 microplate reader (Bio-Tek Instruments, Inc.,
Winooski, VT, USA) according to the standard protocol. The ICsq values were calculated by GraphPad Prism
5.

Cell apoptosis analysis

RT112 and RT4 cells were seeded in 24-well plates, allowed to attach to growth surface for 24 hours and
then cultured with 10% FBS medium containing 3uM fluazuron for 72 hours. According to the
manufacturer’s instructions to quantify the apoptotic cells, the occurrence of apoptosis was determined
by staining cells with Annexin V-FITC/propidium iodide (Pl) (Beijing 4A Biotech Co., Ltd, Beijing, China).
Briefly, cells were trypsinized with 0.25% trypsin in the absence of ethylenediamine tetraacetic acid
(EDTA). The cells were washed with 4°C phosphate-buffered saline (PBS) twice and resuspended in 250ul
of binding buffer at a concentration of 10°cells/ml. 5ul of Annexin V-FITC and 10pl 20ug/ml of Pl were
added to the 100ul suspension followed by 5 to 15 minutes of incubation in the dark. The cells were then
analyzed by flow cytometry (CyFlow Space/Partec, Germany).

Western blotting and immune-precipitation

RT112 and RT4 cells were seeded in 6-well plates, allowed to attach to growth surface for 24 hours and
then with 10% FBS medium containing fluazuron at concentrations of 3, 10, 30uM. Cells were harvested
after 24 hours of incubation. Cells were lysed with RIPA buffer containing 1 mM PMSF and protease
inhibitor cocktail at 4°C for 30 minutes. After centrifugation at 13,000 rpm for 15 minutes, the
supernatants were recovered and the protein concentration was measured by BCA Protein Assay Kit
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(Thermo). Immune-precipitation of FGFR3 was carried out at 4°C. Lysates were incubated with rotation
overnight with FGFR3 antibody and protein A/G-beads (Millipore, Billerica, MA). After the mixture was
centrifuged at 3000g, 4°C for 5 min, the precipitate was washed three times by 1 X RIPA buffer and boiled
with 2XSDS sample buffer for 10 min. Proteins were resolved in 10% SDS-PAGE and transferred onto
nitrocellulose membranes (Sigma). After blocking, the membranes were incubated sequentially with the
appropriate diluted primary and secondary antibodies. Proteins were detected by the enhanced
chemiluminescence detection system (Amersham, Piscataway, New Jersey, USA). To ensure equal loading
of the samples, the membranes were re-probed with an anti-B-actin antibody (Cell Signalling
Technologies).

Fluazuron treatment in vivo

Male BALB/C nude mice, 5 to 6 weeks old from Department of Animal Experiment, Kunming Medical
University, were kept under specific pathogen-free conditions. For the xenografted tumor growth assay, 1
x 10°/0.2ml PBS RT112 cells were injected subcutaneously into the right flank of the mice. Three days
after inoculation when the tumors grew to a volume of 80 to 100 m>, the mice were randomly divided
into groups of 5 mice, and fed by oral gavage with 0.5% CMC-NaCl containing fluazuron (80mg/kg) for 21
days. Tumor volumes were measured every 3 to 4 days after tumor appearance. Tumor volume was
calculated by the equation V=ab’/2, where a is the longest axis and b is shortest axis. The mice were then
sacrificed by cervical dislocation. This study was approved by the laboratory animal ethics committee of
Kunming Medical University.

Statistical analysis

Data were obtained from at least three different experiments and expressed as mean * SEM (standard
error of the mean). Statistical analysis was performed by one-way ANOVA (Analysis Of Variance) and
differences were considered to be statistically significant if p < 0.05. Statistically significant results are
marked with the asterisk symbol in the figures.
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Table 1. FGFR3 inhibitors in the literature.

Name Research institution Ref.
BGJ398 Novartis 9
AZDA4547 AstraZeneca 10
LY2874455 Eli Lilly and Company 11
Dovitinib ovartis 12
CH5183284 Chugai Pharmaceutical 13
MK-2461 Merck 14
NF449 Calbiochem 15
SU5402 Calbiochem 16
PD173074 Pfizer 17
Nintedanib Boehringer Ingelheim 18
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Table 2. The six high-scoring compounds purchased and tested in vitro.

ZINCID idock score RF-Score Molecular Popular Clinical
(kcal/mol) v3 (pKd) weight name indication
(g/mol)
2570819 -11.28 7.92 506.214 Fluazuron Acaricide
13831810 -10.03 7.95 433.511 Mizolastine Perennial allergic
rhinitis
3831157 -9.54 6.08 518.464 Latamoxef Antibiotic
sodium
608204 -9.47 7.51 403.414 Bentiromide Assessment of
pancreatic exocrine
function
73661 -9.19 8.12 350.426 Imidocarb Babesia ovis infection
608101 -8.06 7.62 388.727 Tioconazole Antifungal
medication

The idock score is an in silico estimation of free energy of binding in kcal/mol units. A more negative
value translates to a higher positive value of predicted binding affinity. The RF-Score is an in silico

estimation of binding affinity in pKd units, i.e. negative logarithmic scale of dissociation constant.

Figure Legends

Fig 1. Comparison of the effect of six candidate FGFR3 inhibitors on the viability of RT112 and RT4 bladder cancer
cells.

(A) The six compounds had discrepant cytotoxicity to RT112 and RT4 cell lines at different concentrationas, with fluazuron
exhibiting the highest cytotoxicity compared to the control (p<0.05). (B) Fluazuron exhibited dose- and time-dependent
inhibition on cell viability in RT112 and RT4 cell lines compared to the control (p<0.05).

Fig 2. Effects of fluazuron on cell apoptosis in RT112 and RT4 bladder cancer cells.

Fluazuron treatment at 3uM concentration for 72 hours significantly increased the percentage of apoptosis in RT112 and
RT4 cell lines compared to the control (p<0.05).

Fig 3. Effects of fluazuron treatment on the expressions of important proteins involved in the FGFR3 signaling. The
prefix p- means phosphorylated. Fluazuron treatment decreased the phosphorylation levels of FGFR3, FRS2-a, AKT and
ERK.

Fig 4. Effects of oral fluazuron treatment on tumor growth in vivo in nude mice xenografted with RT112 cells. The
anti-tumor activity of oral fluazuron (80mg/kg) significantly reduced tumor growth in vivo compared to the control (p<0.05).

Fig 5. The predicted binding conformation of fluazuron in complex with FGFR3 (PDB ID: 4K33). (A)2D structure of
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fluazuron (ZINC ID: 02570819). (B) FGFR3 is shown in line representation colored by atom type. Fluazuron is rendered as
sticks colored by atom type. Intermolecular interacting atoms and residues are labeled. The cyan and green dashed lines
indicate hydrogen bonds and hydrophobic contacts, respectively. (C) Same as (B), except that the receptor was shown in

molecular surface representation to better appreciate the binding of fluazuron in the cavity.

Fig 1. Comparison of the effect of six candidate FGFR3 inhibitors on the viability of RT112 and RT4 bladder cancer

cells.
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Fig 2. Effects of fluazuron on cell apoptosis in RT112 and RT4 bladder cancer cells.
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Fig 3. Effects of fluazuron treatment on the expressions of important proteins involved in the FGFR3 signaling.
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Fig 4. Effects of oral fluazuron treatment on tumor growth in vivo in nude mice xenografted with RT112 cells.
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Fig 5. The predicted binding conformation of fluazuron in complex with FGFR3 (PDB ID: 4K33).
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