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Abstract

Purpose The incidence of Urothelial carcinoma of bladder (UBC) is gradually increasing by changing lifestyle and environ-
ment. The development of a tumor has been noted to be accompanied by modifications in the extracellular matrix (ECM)
consisting of CD44, hyaluronic acid (HA) and its family members. The importance of CD44 splice variants and HA family
members has been studied in UBC.

Methods The cohort of study included 50 UBC patients undergoing radical cystectomy and 50 healthy subjects. The molecu-
lar expression of CD44 and HA family members was determined. Effect of CD44 variant-specific silencing on downstream
signaling in HT1376 cells was investigated. Combinatorial treatment of 4-MU (4-methylumbelliferone) with cisplatin or
doxorubicin on chemosensitivity was also explored.

Results Higher expression of HA, HAS2, and CD44 was observed in Indian UBC patients which also showed the trend with
severity of disease. Splice variant assessment of CD44 demonstrated the distinct role of CD44v3 and CD44v6 in bladder
cancer progression. shRNA-mediated downregulation of CD44v3 showed an increase effect on cell cycle, apoptosis and
multiple downstream signaling cascade including pAkt, pPERK and pSTAT3. Furthermore, 4-MU, an HA synthesis inhibitor,
observed to complement the effect of Cisplatin or Doxorubicin by enhancing the chemosensitivity of bladder cancer cells.
Conclusions Our findings exhibit involvement of CD44 splice variants and HA family members in UBC and significance of
4-MU in enhancing chemosensitivity suggesting their novel therapeutic importance in disease therapeutics.
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Introduction

Urothelial Carcinoma of Bladder (UBC) is the ninth most
prevalent cancer and thirteenth most common cause of can-
cer death worldwide (Ploeg et al. 2009). Incidence in devel-
Electroni : . cerial The onl i oping countries is higher compared to developed countries
arfif:lreo?t::t;l::%2?;2/?g1n(1)(a)7e/:(?0432-eo(iréj(r)l3eovze:-sg)nignt;i;ss (Jemal et al. 2005; Parkin 2008). As per National Cancer
supplementary material, which is available to authorized users. Registry Programme, in India, the incidence rate of the uri-
nary bladder cancer is 3.67% in males and 0.83% in females
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acid (HA), a non-sulphated glycosaminoglycan, is a ubiq-
uitous component of the ECM that provides tissue homeo-
stasis and maintains ECM architecture. In TME, HA is
able to transmit signals originating from ECM into the
cell, changes its metabolism, and linked to the promotion
of cell migration and metastasis (Stern et al. 2006; Toole
and Hascall 2002). HA is synthesized by transmembrane
protein Hyaluronic acid synthase (HAS), having three iso-
forms: HAS1, HAS2, and HAS3, that synthesizes HA at
different rates. HAS1 and HAS2 have been reported to be
involved in the progression of bladder cancer (Jamshidian
et al. 2014; Kramer et al. 2011).

HA attains its effect by interacting with its primary
receptor CD44 and this binding is not hindered by vari-
ations in membrane proximal domain (He et al. 1992;
Knudsen et al. 1999; Toole, 2004; Turley et al. 2002).
Pericellular HA from tumor cells has been shown to bind
CD44 and induces a lipid raft-associated, signaling com-
plex-containing Src, phosphorylated ErbB2 (p-ErbB2),
CD44, ezrin, phosphoinositide 3-kinase, and chaperone
molecules Hsp90 and cdc37. This complex is apparently
necessary for promoting survival activities of tumor cells
(Ghatak et al. 2005; Misra et al. 2006). HA-activated
CD44 can also associate and activate the member of the
Src family of proteins, Lyn, which in turn activates PI3-K
and AKT to promote resistance to apoptosis (Ilangumaran
et al. 1998). CD44 also activates MAPK/ERK pathway to
protect tumor cells from spontaneous and drug-induced
apoptosis (Herishanu et al. 2011; Kouvidi et al. 2011;
Meran et al. 2011). Interaction of HA with CD44 induces
EMT transition via activation of numerous downstream
pathways (Lamouille et al. 2014). HA synthesis is inhib-
ited by 4-Methylumbelliferone (4-MU). In tumor cells,
4-MU has been reported to hamper proliferation, motility
and invasion by inhibiting variety of HA signaling events,
including downregulation of p-ErbB2, pAkt and MMPs
(Saito et al. 2013; Urakawa et al. 2012).

CD44 gene comprised of 19 exons of which the first 5 and
last 5 exons are constant encoding the shortest isoform of
CD44, i.e., the CD44 standard (CD44 s). The middle nine
exons are assembled with the standard CD44 isoform and
undergo alternative splicing to generate multiple CD44 vari-
ants (CD44v) (Chen et al. 2018). This differential splicing
process resulted in more than twenty CD44 isoforms that
regulate and participate in cellular differentiation. Specific
CD44 variants have been found to be expressed in certain
metastatic cancers (Gee et al. 2004; Hamilton et al. 2007).
CD44v6 is suggested to be involved in breast and colorectal
cancers, whereas CD44v3 is implicated in chronic myeloid
leukemia (Akisik et al. 2002; Basakran 2015; Olsson et al.
2011). These studies indicate a cancer-specific expression
of CD44 variants that has not been reported in UBC so far.
Taken together, role of these HA-family-member molecules
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including specific variant of CD44 along with HA synthesis
inhibitor has not been established in UBC.

In this study, we investigated expression of HA, HAS
(1&2), and CD44 in patients with bladder cancer and further
assessed their therapeutic potential. Variant-specific CD44
expressions were evaluated and downstream effects have
been observed after their silencing. Effects of 4-MU treat-
ment alone or in combination with chemotherapeutic drugs
(cisplatin and doxorubicin) were ascertained as a plausible
therapeutic approach in UBC.

Materials and methods
Study subjects and cell lines

Our study was approved by institute’s ethical committee
(IEC No.: IESC/T-411/02.11.2012) and written consent
from patients was obtained. All the patients were histopatho-
logically proven cases of urothelial carcinoma of bladder
(Supplementary Table 1). Patients having malignancy at
any other part of the body and any urinary tract infection
(UTI) were excluded. 50 clinically diagnosed cases of UBC
patients with high- and low-grade muscle invasive tumors
subjected to undergo radical cystectomy were enrolled.
Blood samples (P), tumor tissue (T), and adjacent normal
tissue (N) were obtained from them. 50 healthy control sub-
jects were also enrolled for blood samples (C) only. Total
5 ml of venous blood was drawn from all the subjects (P)
and (C) in sterile endotoxin-free vacutainers with EDTA as
an anticoagulant for isolation of Peripheral Blood Mononu-
clear Cells (PBMCs). Tumor specimen (T) and adjacent non-
tumor specimens (N) were collected from the same patient
who underwent radical cystectomy in the Department of
Urology, AIIMS, New Delhi. HT1376 (high-grade bladder
cancer cell line) was purchased from ATCC and maintained
in Eagle’s Minimum Essential Medium (EMEM) supple-
mented with 10% (v/v) FBS (Fetal bovine serum) under
strict aseptic condition in culture hood.

RNA extraction and reverse transcription

RNA was extracted using Trizol® (Sigma, USA) and quanti-
fied using Nanodrop™ spectrophotometer (ThermoFisher,
USA). For reverse transcription of 1 pg of purified total
RNA, 1 pl of random hexamer for a final concentration of
2.5 pM was added. After 10 min of incubation at 70 °C,
10X M-MuLV Reverse Transcriptase Buffer (Fermentas),
M-MuLV Reverse Transcriptase (200 units/pl, Fermentas),
2 pl of 10 mM dNTP mix (Fermentas, ThermoFisher, USA),
RNase Inhibitor (40 units/pl, Promega) and RNase free
water were added for final volume of 20 pl, then incubated
at 42 °C for 60 min and 70 °C for 10 min.
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Fig. 1 Box-and-whisker plot showing relative mRNA expression of
HASI, HAS2 and CD44 in tissue lysates (a). The values are taken as
median of the total study samples. Protein expressions (immunoblot-

PCR analysis

Serial PCRs with five distinct human-specific primer pairs
for CD44 were performed for the examination of CD44 vari-
ants (Supplementary Table 2). The PCR mixture with differ-
ent primer combinations was prepared. Cycling conditions
were: 94 °C for 12 min once, then 94 °C for 1 min, 65 °C for
1 min, 72 °C for 1 min for 40 cycles and extension step was
72 °C for 10 min. For quantitative PCR, the cDNA synthe-
sized was used as a template to evaluate gene amplification
(BIO-RAD CFX96, USA) with primers for HAS1, HAS2,
CD44, CD44v3, and CD44v6 and SYBR green master mix
(Fermentas). Cycling conditions were: denaturation at 95 °C
for 5 min, followed by 40 cycles of 95 °C for 15 s, 60 °C for

m Normal Tissue

B Tumor Tissue

HAS1

HAS2 CD44

(D).

ting) of HAS1, HAS2 and CD44 in tissues (b) and their densitometry
analysis (c) done using image-J software

30 s, 72 °C for 30 s. All primers had an optimal annealing
temperature of 60 °C (Supplementary Table 2).

Immunohistochemistry and western blotting
(immunoblotting)

Tissue specimens (tumor and non-tumor) were fixed in
10% formalin following which paraffin-fixed tissue embed-
ded blocks were prepared. APES-coated slides were used
for mounting tissue specimen. Antigen retrieval was per-
formed using citrate buffer (pH 6.0) followed by washing
in TBS (Tris Buffered Saline). Primary antibodies specific
for HAS1, HAS2 and CD44 were then added and incu-
bated overnight. Anti-mouse and/or anti-rabbit secondary
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Fig.2 Immunohistochemistry (IHC) analysis of HAS1, HAS2 and
CD44 in normal urothelium and tumor tissue (a). Immunoreactive
Score (IRS) of HAS1, HAS2 and CD44 calculated by multiplying

antibodies were added followed by treatment with avidin-
conjugated HRP, chromogen and counterstained with hema-
toxylin. Slides were then mounted and quantified.

For Immunoblotting, samples were lysed in RIPA lysis
buffer and proteins were then quantified using Bradford
method. Then, 30 pg protein was resolved by SDS-PAGE
and transferred onto a nitrocellulose membrane. Membrane
was then blocked by BSA and incubated overnight with
respective antibodies (HAS1, HAS2, CD44 and various
signaling proteins) (Supplementary Table 3). Then, HRP-
conjugated secondary antibody was added. Chemilumi-
nescence detection (Thermo Scientific, USA) was used to
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individual score (i.e., intensity score X percentage score) for analysis
of protein expression by IHC (b)

develop blots, and images were acquired by FluorChem M
(ProteinSimple, California, USA) followed by quantification
using ImageJ analyzer software.

Cell viability assay

10 x 10° cells were plated into each well of a 96-well plate
and kept at 37 °C in a humidified atmosphere containing
5% CO,. They were treated with different concentrations of
4-methylumbelliferone (4-MU), cisplatin and doxorubicin
(Sigma-Aldrich, USA) for 48 h or 72 h. 20 ul MTT reagent
(5 mg/ml) was added in each well and incubated for 4 h. The
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Fig.3 CD44 variant analysis using different primer combinations in tumor tissues and adjacent normal tissues of UBC patients (a). Quantitative
mRNA expression of CD44v3 and CD44v6 in tumor tissue and adjacent normal tissue of UBC patients (b)

formazan crystals thus formed were solubilised by 100 ul
DMSO/well and quantitated at 570 nm with reference wave-
length of 630 nm. The LDs, values were calculated.

siRNA and shRNA transfection of bladder cancer
cells (HT1376)

Commercially available siRNA (Mission esiRNA) was pur-
chased from Sigma-Aldrich, USA (Supplementary Table 4),
while shRNA was synthesized (Supplementary Table 2).
The method used for transfection involved the cationic

liposome-mediated DNA transfer with Lipofectamine™
3000 transfection reagent (Invitrogen, ThermoFisher, USA).

For siRNA, in a six-well tissue culture plate, HT1376
cells (2 x 10%) were seeded per well in 2 ml antibiotic-free
medium (EMEM) supplemented with 10% FBS and kept
at 37 °C in a CO, incubator for overnight cell adherence.
Cells were starved in serum-free media (SFM) after incu-
bation and transfection mixture was prepared along with
it. For a well, mixture was prepared by adding SFM and
CD44 esiRNA (Sigma-Aldrich, USA) with Lipofectamine.
Vials were mixed and kept at room temperature for 20 min.
Meanwhile, cell culture was washed with SFM. Mixtures
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were added dropwise in each well and kept at 37 °C in a
CO, incubator. Complete media with 20% FBS was added
after 4 h.

For silencing CD44v3 and CD44v6 individually,
63 bp shRNA was designed and cloned in pSilencer™
5.1-U6 Retro at BamHI and HindIII sites. These vectors
were then used for transfecting HT1376 cells. Briefly,
DHS5a strain of E. coli was used as host for performing
all the transformations. Competent cells were prepared
by CaCl, treatment. The cells were transformed with
the cloned vector by heat shock treatment for 90 sec.
After transformation, plasmid DNA was subjected to
digestion by restriction endonuclease(s) for the purpose
of screening of recombinant clones or purifying a DNA
fragment for sub-cloning. After confirmation of clones,
1 pg of plasmid-containing shRNA was transfected in
HT1376 cells.

(A) HTA1376
{ 4 |
,60\?,&‘0 S

(JOO c_)(} \Z

s  CIcp44

— B-actin

(B)

CD44 siRNA treatment in cell line
0.0020-
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0.0005+

0.0000-

Relative mRNA expression (2 “*¢!)

[ Contol || Test |

Pl staining for assessment of apoptosis

Propidium iodide (PI) staining is used to distinguish viable
cells from nonviable cells. Cells were starved overnight in
EMEM with 1% FBS for synchronization following which
respective treatment was given. Treated/untreated cells were
washed and maintained at 1 x 10° cells per tube. Cells were
fixed in 70% cold ethanol and kept in ice for 1 h. Cells were
then resuspended in PBS followed by addition of RNase
A and then, tubes were incubated at 37 °C for 1 h. 5pL of
0.1 mg/mL PI solution was added and kept in dark at 4 °C
until analysis. Tubes were analyzed by FACS (BD FACS
Canto, USA) at 488 nm.

Statistical analysis
Data were expressed as median (range) for circulatory lev-
els and mRNA expression. Immunoreactive score (IRS)

of immunohistochemistry was expressed as mean + SD.
Comparisons between patient and control groups were

Fold Change inCD44 expression
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0.2 .
0

Control Scramble Test

Fold change in CD44 mRNA
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04 W Test
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CD44 Var 3 Var 6

Fig.4 Immunoblot of CD44 expression and fold change in expression after siRNA-mediated silencing in HT1376 cell line (a). Quantitative
mRNA expression of CD44v3 and CD44v6 in cell line after siRNA-mediated CD44 silencing (b)
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transient silencing of CD44v3 on signaling cascade of HT1376 cells.
Cell lysate containing equal amount of total protein was resolved
on SDS-PAGE and processed for western blotting using different
antibodies (b). Fold change in expression of downstream signal-

made using the Wilcoxon rank-sum (Mann—Whitney)
test for non-parametric data. Correlation was done using
Spearman correlation coefficient. Receiver-operating char-
acteristic (ROC) curve was plotted for ELISA levels to
determine optimal cut-off values with optimum sensitivity
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ing cascade molecule after CD44v3 silencing. Densitometry analy-
sis using ImageJ software showed significant decrease in expression
of CD44v3, PI3K, pAKT, pERK, pSTAT3 and Bcl2 after 48 h of
transfection (c). Histogram of flow cytometry analysis after CD44v3
silencing in HT1376 cell lines. FACS analysis after PI treatment of
HT1376 cells in control, after 24 h of transfection and after 48 h of
transfection (d)

and specificity. The in vitro data were expressed in terms
of fold change and Student’s ¢ test was applied for analysis.
Statistical significance was defined at a p value less than
0.05 (p <0.05). All data analyses were conducted using
GraphPad Prism 6 and SPSS 19.0.

Table 1 Percentage of cells CD44v3 shRNA  Sub GO/G1 phase (%)  GO/G1 phase (%) S phase (%)  G2/M phase (%)

by flow cytometry analysis of transfection (%)

cell cycle (by PI staining) after

CD44v3 silencing in HT1376 Control 74423 41.80+3.1 15.4+3.04 21.20+3.12
24h 6.4+2.6 47.0+3.17 1244222 25.4+3.57
48h 154431 50.9+3.45 10.5+2.05 16.5+2.66

Table shows the mean percentage of cells in different phases of cell cycle, i.e., Sub-G0/G1, GO/GI1, S
phase, and G2/M phase. Results were denoted as mean+SD
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«Fig. 6 Cell proliferation assay after combination treatment of 4-MU
and Cisplatin: different concentrations of 4-MU (0.4 mM and
0.8 mM) along with Cisplatin (1-10 pg/ml) and Cisplatin alone were
used to treat Urothelial carcinoma cell line for 48 h (a). Cell prolif-
eration assay after combination treatment of 4-MU and Doxorubicin:
different concentrations of 4-MU (0.4 mM and 0.8 mM) along with
Doxorubicin (2-10 pg/ml) and Doxorubicin alone were used to
treat urothelial carcinoma cell line for 48 h (b). Effect of combina-
tion treatment of 4-MU and Cisplatin/Doxorubicin on signaling cas-
cade of HT1376 cells. Cell lysate containing equal amount of total
protein were resolved on SDS-PAGE and processed for western blot-
ting using different antibodies. The control, 0.4 mM 4-MU, 0.8 mM
4-MU, 0.8 mM 4-MU + Cisplatin and 0.8 mM 4-MU + Doxorubicin
after 48 h shows expression of different molecules (c¢). Fold change
in expression of downstream signaling cascade molecule after treat-
ment of 4-MU and Cisplatin/Doxorubicin. Densitometry analysis
using ImagelJ software showed significant decrease in expressions of
AKT, pAKT, pERK, STAT3, pSTAT3 and Bcl2 after 48 h of trans-
fection (d). Cell-cycle analysis of HT1376 after combined treatment
with 4-MU + Cisplatin and 4-MU + Doxorubicin. FAC analysis after
PI treatment of HT1376 cells in control and in cells treated with com-
bination of different doses of 4-MU with Cisplatin and Doxorubicin
for 48 h (e)

Results

Elevated molecular expression of key members
of HA family in UBC

The histopathologically proven cases of urothelial carci-
noma of bladder were recruited (Supplementary Table 1).
As compared to HAS1, the quantitative mRNA expression
of HAS2 (p <0.05) and CD44 (p <0.0001) were signifi-
cantly higher in tumor tissue than adjacent normal tissue
(Fig. 1a). Immunoblotting of these proteins in tumor tissue
and adjacent normal tissue and subsequent densitometry
analysis demonstrated 1.3-fold and 1.6-fold higher expres-
sion of HAS2 and CD44, respectively. There was no sig-
nificant difference in expression of HAS1 in tumor tissue
as compared to the adjoining normal tissue (Fig. 1b, c).
Quantification of immunohistochemistry by IRS scoring
exhibited significant higher expression of HAS2 and CD44
in tumor tissue as compared to normal tissue. Also, there
is no significant difference in HAS1 expression in tumor
tissue and adjacent normal tissue (Fig. 2a, b). Upon Spear-
man correlation analysis, significant positive correlation
(r=0.699, p <0.001) was found between transcript levels
of CD44 and HAS2 in UBC patients.

CDA44 variant analysis and their expression in UBC

CD44 variants were observed using various combinations
of primers. Agarose gel electophoretogram of PCR products
using five primer combinations (Supplementary Table 2)
has been shown in Fig. 3a. CD44v3 and CD44v6 have been
found to be overexpessed in tumor tissue as compared to

adjacent normal tissue. Further, validation of specific vari-
ant expression was performed by Q-PCR for CD44v3 and
CD44v6 in tissues and twofold higher expression has been
found in tumor tissue relative to normal tissue (Fig. 3b). This
result was confirmed by silencing CD44 mRNA expression
using CD44 siRNA in HT1376 cell line, and further quantifi-
cation of CD44v3 and CD44v6 expression. Silencing CD44
significantly reduced expression of CD44 variants in bladder
cancer cells (Fig. 4a, b).

Silencing of CD44v3 demonstrated potentiate effect
on cell cycle progression and signaling pathway

To study the CD44v3- and CD44v6-induced alteration in
signaling pathways in bladder cancer cells, it was essential
to transiently silent individual CD44 variant (Supplementary
Figs. 1, 2). After transient transfection of CD44v3 shRNA,
quantitative expression of entire CD44 (0.4-fold; p <0.001)
and CD44v3 (0.7 fold; p <0.0001) mRNA showed signifi-
cant downregulation (Fig. 5a). Immunoblotting results also
explained downregulation of CD44 expression and other key
signaling cascade molecules at 24 and 48 h. There was a
decrease in PI3 K, pAKT, pERK, pSTAT3 and Bcl2 expres-
sions implicating CD44v3 in tumor growth, differentiation
and development as well as gain of anti-apoptotic nature
(Fig. 5b, c). Analysis of cell cycle after CD44v3 silenc-
ing exhibited arrest of urothelial carcinoma cells in G0/G1
phase and apoptosis as reflected by cells in sub-G0/G1 phase
(Fig. 5d; Table 1). Transient transfection of CD44v6 shRNA
downregulated expression of CD44v6 mRNA (0.6-fold;
p <0.0001), but not entire CD44 mRNA (Supplementary
Fig. 3A). Western blotting analysis also revealed that there is
no significant outcome in expression of signaling molecules
after silencing CD44v6 (Supplementary Figs. 3B, C). There
was no change in the downstream effect after transiently
silencing CD44v6 in urothelial carcinoma of bladder.

4-MU has chemosensitizing effect on bladder cancer
cells

In our study, to demonstrate the effect of 4-MU treatment in
Urothelial carcinoma cells, LDs, of 4-MU was determined in
HT1376 cells by cell survival assay (Supplementary Fig. 4).
To further assess the effect of 4-MU in combination with
chemotherapeutic drugs, cells were treated with defined con-
centration of 4-MU (0.4 mM and 0.8 mM) with different
concentrations of Cisplatin (1-10 pg/ml) and Doxorubicin
(2-10 pg/ml). Evaluation of cell survival after 48 h dem-
onstrated that combinatorial treatment of 4-MU + Cisplatin
has more lethal effect on cancer cells than Cisplatin alone
(Fig. 6a). Similarly, we also observed that combinatorial
treatment of 4-MU + Doxorubicin is more lethal than Doxo-
rubicin alone (Fig. 6b). The effect of combinatorial treatment
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Table 2 Percentage of cells during flow cytometry analysis of cell cycle after combination treatment of HT1376 cells with 4-MU and Cisplatin

and/or Doxorubicin

Combination drug dose Sub Go/G1 phase (%) Go/G1 phase (%) S phase (%) G2/M phase (%)
Control 8.7+2.66 41.80+3.11 157+3.4 21.20+2.52
0.4 mM 4MU + Cisplatin (5 pg/ml) 10.3+3.26 24.9+3.41 17.8+3.02 36.4+3.44
0.8 mM 4MU + Cisplatin (5 pg/ml) 15.6+3.27 21.6+3.33 15.0+3.66 39.3+2.66
0.4 mM 4MU + Doxorubicin (5 pg/ml) 7.7+3.11 25.6+3.52 145+3.14 34.50+3.05
0.8 mM 4MU + Doxorubicin (5 pg/ml) 15.5+3.14 26.8+3.52 19.3+3.14 22.30+2.52

Table shows the mean percentage of cells in different phases of cell cycle, i.e., Sub-G0/G1, GO/G1, S phase, and G2/M phase. Results were

denoted as mean + SD

on signaling cascade molecules confirmed its chemosensitiz-
ing effect by reducing expression of pAKT, pERK, STAT3,
pSTAT3 and Bcl2 (Fig. 6¢, d). Moreover, cell cycle analysis
showed that a higher percentage of bladder cancer cells is
undergoing apoptosis after combination therapy (Fig. 6e,
Table 2). These findings demonstrate that effect of combi-
native treatment on bladder cancer cells improves chemosen-
sitivity for these drugs, influencing important intracellular
signaling pathways that promote cancer cell proliferation,
differentiation and also inhibits apoptosis.

Discussion

Tumor microenvironment plays an essential role in main-
taining the sustenance of tumor cells in all the malignan-
cies including urothelial carcinoma of bladder (UBC). This
tumor microenvironment is a complex entity that includes
numerous proteins, proteoglycans and growth factors. Hya-
luronic acid (HA) is a non-sulfated proteoglycan present
in the ECM and is responsible for maintaining tissue scaf-
folding. HA is synthesized by HA synthase (HAS) enzyme
and then secreted in the surrounding milieu. It then binds
to the CD44 receptor and triggers downstream signals to
perform several functions in favor of biological homeosta-
sis (Adamia et al. 2013; Toole and Hascall 2002). Limited
literature is available showing involvement of HA signaling
via CD44 in UBC. Moreover, therapeutic potential of CD44
and HAS inhibitor has not been elucidated in UBC till date.
Hence, this maiden study examined the transcript and pro-
tein expression of HAS (1 and 2), CD44 in UBC patients
to determine their status in this disease. Furthermore, the
effect of CD44 silencing on cancer pathogenesis in vitro has
been studied. Besides, the role of variant-specific CD44 was
elucidated in bladder cancer in vitro along with the signaling
pathways involved. Finally, the adjuvant therapy of HAS
inhibition in combination with standard chemotherapeutic
drugs (cisplatin and doxorubicin) has been studied.

The molecular expression of HA family members
was investigated in the study subjects. We observed that
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overexpression of HAS2 than HAS1 in UBC patients also
correlated with disease severity. These findings are in
concordance with reports in breast and pancreatic cancer
(Cheng et al. 2013; Li et al. 2015). An earlier report sug-
gested that the different stages of malignant tumor pro-
gression were due to the involvement of HAS isoforms
(Bernert et al. 2011). Rika Kosaki et al. showed that HAS2
promotes anchorage-independent growth and tumorigenic-
ity of human fibrosarcoma cells by increasing HA pro-
duction (Kosaki et al. 1999). Accrued data strengthen the
concept that HAS?2 overexpression often accounts for the
augmented hyaluronan synthesis in many tumors, correlat-
ing poor outcome (Li et al. 2015; Sato et al. 2004). Our
observation also supports previous findings where higher
HA synthesis is linked to bladder cancer in study subjects
which might be due to the increased expression of HAS2
enzyme.

The primary receptor of HA for mediating its downstream
effect is CD44 and we determined the expression of CD44 in
study subjects and observed significantly elevated levels in
UBC patients as compared to controls, demonstrating simi-
larity with previous reports in colorectal and colon cancer
(Amirghofran et al. 2008; Subramaniam et al. 2007). Over-
expression of CD44 in tumor emphasizes about its various
biological roles such as cell—cell, cell-ECM interactions,
tumor cell migration and in chemoresistance (Banky et al.
2012; Mayr et al. 2017). We also observed a significant posi-
tive correlation between CD44 and HAS2. Our observation
unravels for the first time that in Indian UBC patients, there
is an enhanced expression of HAS?2 which is accountable for
increased HA synthesis that in turn mediates its downstream
effect by augmented expression of CD44 (Li et al. 2015).

In addition to our analysis, we further tried to identify
the plausible variants of CD44 in UBC that may indicate
about the CD44 isoforms involved in this cancer. It has
been reported that different tumor cell types express a
different set of CD44 variants (Banky et al. 2012). In a
recent study by Morath et al., the contribution of CD44v6
in stimulating downstream signaling pathways associated
with mammary carcinoma has been reported (Morath
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et al. 2018). Using five different primer-pair spanning
variable regions, for qualitative and quantitative PCR, we
observed splice pattern of CD44 and found that CD44v3
and CD44v6 exons are overexpressed in tumor tissue of
UBC patients. This was further validated by silencing
CD44 by siRNA treatment in HT1376 bladder cancer
cells. We observed reduced expression of CD44v3 and
CD44v6 mRNA in HT1376 cells after silencing CD44.
Taken together, these results suggest that CD44v3 and
CD44v6 play a key role in mediating HA-induced down-
stream effects in UBC which is supported by previous
report in colorectal cancer (Banky et al. 2012). Kobayashi
et al. have reported the importance of CD44 variant 9 in
bladder cancer and stated CD44v9 as a useful predictive
biomarker for basal-type muscle and high-risk non-muscle
invasive bladder cancer (Kobayashi et al. 2016). Moreover,
to corroborate our findings with the downstream effect on
cancer cells, we exclusively silenced CD44v3 and CD44v6
by designing variant-specific sShRNA and using silencing
vector (pSilencer 5.1-U6 retro). We observed significant
role of CD44v3 as compared to CD44v6 in bladder cancer
cells by its effect on essential cellular pathways and cell
cycle. Silencing CD44v3 reduced expression of PI3 K,
pAKT, pERK, pSTAT3 and Bcl2 proteins also triggered
arrest of cells in GO/G1 and sub-G0/G1 phase of cell
cycle implicating its plausible role in tumor growth, dif-
ferentiation, development and apoptosis in UBC. Silenc-
ing CD44v6 did not show any significant effect. These

evidences confirm variant-specific expression of CD44 in
different tumor types (Williams et al. 2013). The similar
conclusion had also been drawn by Van et al. in head and
neck squamous cell carcinoma in which they reported that
soluble CD44v6 could not be exploited as a marker for the
cancer (Van Hal et al. 1999).

To authenticate our hypothesis for involvement of HA
and its family molecules in tumor progression, we used
4-MU (4-methylumbelliferone), an HA synthesis inhibitor
in our study. 4-MU has no serum or organ toxicity, there-
fore, its role in controling tumor progression needs to be
examined (Lokeshwar et al. 2014). In this study, we have
observed that 4-MU abrogated in vitro growth of blad-
der cancer cells with reduction in anti-apoptotic marker,
Bcl-2. These findings were in concordance with a study
by Morera et al. who had also reported the inhibition of
proliferation and other cancer hallmarks of bladder cancer
cells by 4-MU (Morera et al. 2017). In addition to explore
the therapeutic potential of 4-MU alone, we have observed
for the first time in this maiden attempt, that 4-MU in
combination with lower doses of chemotherapeutic drugs,
cisplatin and doxorubicin, inhibits proliferation of blad-
der cancer cells suggesting its chemosensitization effect
against these cells. In addition, combinatorial treatment
reduced expression of key signaling cascade molecules,
pAKT, pERK, pSTAT3 and Bcl2, suggesting its inhibitory
effect in tumor development. Moreover, cell-cycle analysis
also revealed that 4-MU in conjunction with cisplatin and
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doxorubicin promotes apoptosis. Our finding advances the
knowledge to earlier studies where anti-tumor effect of
4-MU, cisplatin and doxorubicin has been reported inde-
pendently in other cancers (Park et al. 2006; Saito et al.
2013).

Overall, this study demonstrates for the first time in
Indian UBC patients that there is a higher expression of
HA, HAS2, and CD44. Higher CD44 expression in UBC
promotes the concept of its functional role in the tumor pro-
gression. Our results also demonstrate that specific CD44
isoform-containing splice variant CD44v3 may have distinct
role in bladder cancer development/growth and might have
significant potential for therapeutic intervention. Further-
more, we also observed that 4-MU complements effect of
Cisplatin or Doxorubicin by enhancing the chemosensitivity
to bladder cancer cells that could be utilized as potential
therapeutic approach for better management (Fig. 6). CD44
splice-variant inhibition could be employed as an adjuvant
therapy along with standard regimen in clinical settings after
validation in future (Fig. 7).
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