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Abstract

Bladder cancer (BC) is the most common cancer of the urinary tract. Bozepinib (BZP), a purine-derived molecule, is a
potential compound for the treatment of cancer. Purinergic signaling consists of the activity of nucleosides and nucleotides
present in the extracellular environment, modulating a variety of biological actions. In cancer, this signaling is mainly con-
trolled by the enzymatic cascade involving the NTPDase/E-NPP family and ecto-5’-nucleotidase/CD73, which hydrolyze
extracellular adenosine triphosphate (ATP) to adenosine (ADQO). The aim of this work is to evaluate the activity of BZP
in the purinergic system in BC cell lines and to compare its in vitro antitumor activity with cisplatin, a chemotherapeutic
drug widely used in the treatment of BC. In this study, two different BC cell lines, grade 1 RT4 and the more aggressive
grade 3 T24, were used along with a human fibroblast cell line MRC-5, a cell used to predict the selectivity index (SI).
BZP shows strong antitumor activity, with notable ICs, values (8.7+0.9 uM for RT4; 6.7+0.7 uM for T24), far from the
SI for cisplatin (SI for BZP: 19.7 and 25.7 for RT4 and T24, respectively; SI for cisplatin: 1.7 for T24). BZP arrests T24
cells in the G,/M phase of the cell cycle, inducing early apoptosis. Moreover, BZP increases ATP and ADP hydrolysis and
gene/protein expression of the NPP1 enzyme in the T24 cell line. In conclusion, BZP shows superior activity compared
to cisplatin against BC cell lines in vitro.
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Introduction the main risk factor for the disease [2]. Around 20% of BC
cases are caused by occupational exposure to raw materials
Bladder cancer (BC) is one of the 10 most common can- for paints, diesel, metallurgical industries, and car factories,
cers worldwide, accounting for 3% of all diagnoses [1]. The =~ among others [2]. As a result, men are diagnosed with BC

likelihood of developing BC is higher in smokers, which is  four times more often than women, making it the sixth most
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common neoplasm and the ninth most fatal cancer in men
[1, 3]. In addition, approximately 80% of people with the
disease are adults over the age of 65 [4]. The treatment of
BC depends on the pathological stage of the disease at the
time of diagnosis. Around 70% of BC diagnoses are non-
muscle-invasive bladder cancers (NMIBC), which are usu-
ally treated with transurethral resection of the bladder tumor
(TURBT) accompanied by intravesical immunotherapy
with Bacillus Calmette-Guérin (BCG) or intravesical che-
motherapy for tumors with a greater chance of progression
or recurrence [5, 6]. NMIBC is one of the neoplasms with
the highest cost of treatment per patient since it requires
constant observation and resections [7]. Muscle-invasive
bladder cancer (MIBC) is often treated with radical cys-
tectomy with bilateral pelvic lymphadenectomy and neo-
adjuvant cisplatin-based chemotherapy [8]. Metastatic BC
or unresectable BC is treated with cisplatin-based chemo-
therapy combined with other available chemotherapeutic
agents, resulting in a median survival of 14 months [5].
However, the prognosis of patients with BC is poor, with a
5-year recurrence rate of up to 70% and a 10-30% risk of
progression [9].

The compound [(RS)-2,6-dichloro-9-[1(p-
nitrobenzenesulfonyl)-1,2,3,5-tetrahydro-4,1-benzoxaz-
epine-3yl]-9 H-purine] is called bozepinib (BZP) and has
been studied in the treatment of cancer. We and others have
already shown its antitumor activity and selectivity for can-
cer cells in glioblastoma (GBM), breast and colon cancer
[10-12].

Extracellular purines can interact with purinergic recep-
tor molecules, which can be P1 (adenosine receptor) or
P2 (extracellular nucleotide receptor) [13]. Extracellular
adenosine (ADO) production can be obtained through an
enzymatic cascade involving the E-NTPDase and E-NPP
family, which is responsible for hydrolyzing extracellular
adenosine triphosphate (ATP) to adenosine diphosphate
(ADP) and then to adenosine monophosphate (AMP) [14]
Finally, AMP is hydrolyzed to ADO by the enzyme ecto-5'-
nucleotidase/CD73 [15]. It is well known that this system is
involved in several types of cancer [16—18]. Previous work
from our group showed an unequal pattern of ectonucleo-
tidase expression and activity in malignant BC cells (T24)
compared to early stage cells (RT4) [19]. In addition, we
have shown an altered expression of NTPDase3 and CD73
enzymes during BC progression in an in vivo model of blad-
der cancer in mice [20].

Purine-derived compounds, such as BZP, have a potent
antitumor activity and could be a new bet for cancer treat-
ment [21]. Interestingly, BZP showed activity on the puriner-
gic system, inhibiting the activity of ecto-5’-nucleotidase/
CD73 along with the formation of adenosine, without alter-
ing the expression of the CD73 enzyme. On the other hand,
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an increase in the expression and activity of the enzyme
ENTPDasel/CD39 was observed [10]. Taking all this infor-
mation together, the aim of the present work was to evaluate
the cytotoxic effect of BZP in BC cell lines and the potential
effect on the purinergic system.

Materials and methods
Cell culture

The human bladder cancer (BC) cell lines RT4 (grade 1) and
T24 (grade 4) and the normal lung fibroblast cell line MRC-5
were obtained from the American Type Culture Collection
(ATCC, USA). The MRC-5 and RT4 cell lines were cul-
tured in Dulbecco’s modified Eagle medium (DMEM) and
the T24 cell line was cultured in Roswell Park Memorial
Institute’s (RPMI) 1640 medium (pH 7.4), supplemented
with 10% fetal bovine serum (FBS) containing 0.5 U/mL of
the antibiotics penicillin/streptomycin and kept in an incu-
bator at 37 °C with 95% relative humidity and 5% CO.,.

Treatments

Bozepinib (BZP) was dissolved in dimethyl sulfoxide
(DMSO) and stored at -20 °C. For cell viability experiments,
cells were seeded in 24-well plates (30 x 10*, 30 x 10* and
20x 10%, for MRC-5, RT4 and T24, respectively) and grown
for 48 h until semi-confluence. BC cells were treated with
increasing concentrations of BZP from 1 to 10 uM, whereas
the MRC-5 cell line was treated with 80 to 180 pM for
24 h. For the other experiments, BC cell lines were seeded
in 24-well or 6-well plates (100 x 10* cells for the T24 cell
line) and treated with inhibitory concentrations of 25 and 50
(ICys and ICs, respectively) (3 and 6 uM for T24; 4 and §
puM for RT4).

Cisplatin, obtained from Sigma-Aldrich, was dissolved
in type I water and stored at -20 °C. For cell viability experi-
ments, T24 and MRC-5 cells were seeded in 24-well plates
and grown to semi-confluence for 48 h and treated with
increasing concentrations of cisplatin from 80 to 150 uM
for the T24 cells and 150 to 300 uM for the MRC-5 cells for
24 h. For the other experiments, the T24 cell line was seeded
in 24-well plates and treated with concentrations of IC,s and
ICs; (49 and 98 uM).

Cell viability assay

After the described treatments, the cells were washed with
phosphate buffer saline (PBS) (pH 7.4), trypsinized, and
immediately counted by the trypan blue exclusion assay
(0.1%). The membranes of live cells remained intact without
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dye penetration, whereas the membranes of dead cells were
ruptured and stained [22]. Results were expressed as mean
percentage + standard deviation of cell viability.

Cell cycle assay

At the end of the treatment, the supernatant was collected,
and the cells were trypsinized and centrifuged at 400 X g
for 6 min. They were immediately suspended in a staining
solution containing 3.5 mM sodium citrate; 0.5 mM TRIS.
HCI (pH 7.6); Nonidet P-40 0.1% (v/v); 100 pg/mL RNAse;
50 pg/mL propidium iodide (PI) and incubated for 15 min at
room temperature, protected from light. Data were obtained
using a flow cytometer (Accuri C6, BD Biosciences, USA)
and the results were analyzed using FlowJo® software
(USA).

Annexin V-FITC/Pl assay

After 24 h of treatment, the supernatant was collected and
the cells were trypsinized and centrifuged at 400 x g for
6 min. They were suspended using the Annexin V-FITC/
PI (BD Biosciences, USA) labeling kit and incubated at
room temperature for 15 min, protected from light. Data
and results were obtained using a flow cytometer (Accuri
C6, BD Biosciences, USA) and analyzed using FlowJo®
software (USA).

Acridine orange staining

At the end of the treatments described above, we measured
the formation of acidic vesicular organelles (AVOs) by flow
cytometry. Briefly, the T24 cell line was washed with PBS,
trypsinized, and centrifuged twice at 400 X g for 6 min.
The cells were then incubated with acridine orange (1 pg/
mL) for 15 min in the dark and analyzed by flow cytometry
(Accuri, BD Biosciences, USA). The results were analyzed
using FlowJo® software (USA).

CD133 and PD-L1 immunocontent

After completion of the treatment described above, the cul-
ture medium was discarded, the wells were washed with
blocking buffer containing PBS with 2% FBS, and the T24
cells were trypsinized and centrifuged at 400 X g for 6 min
and incubated with anti-PDL1 (cat. 558,017, BD Biosci-
ences, USA) and anti-CD133 (cat. 566,594, BD Biosci-
ences, USA) antibodies for 30 min in the dark. The data
were obtained using a flow cytometer (FACSCalibur, BD
Biosciences, USA) and analyzed using FlowJo® software
(USA).

Treatment cycles

At the end of the 3 uM and 6 uM BZP treatments, the T24
cells were washed with PBS, trypsinized, trypan blue dye
solution (0.1%) was added, and the cells were counted
using a Neubauer chamber. Cells that remained alive were
reseeded according to the number of viable cells in the 6
uM BZP treatment. The cells were allowed to grow to semi-
confluence and were retreated with BZP, and the above pro-
tocol was repeated until the cells exposed to the 6 uM BZP
treatment were completely eliminated.

ATP, ADP and AMP hydrolysis

After treatment, the cells were washed three times with
phosphate-free incubation medium. The enzymatic reac-
tion was initiated by adding incubation medium (2 mM
MgCl,/CaCl,, 120 mM NaCl, 5 mM KCI, 10 mM glucose,
and 20 mM Hepes, pH 7.4) containing 2.5 mM ATP or ADP
or 2 mM AMP at 37 °C [19]. After 30 min of incubation,
150 pL of the incubation medium was collected and trans-
ferred to Eppendorf tubes containing 150 pL of trichloro-
acetic acid (5% w/v) on ice. Inorganic phosphate release
was measured using the malachite green method [23]. Pro-
tein concentration was quantified using the Coomassie blue
method [24]. Specific activity was expressed as nanomoles
of Pi released per minute per milligram of protein.

CD39, CD73 and NPP1 immunocontent

After the treatment described above, the cell culture medium
was removed, the wells were washed with blocking buffer,
and the T24 cells were trypsinized and centrifuged at 400 x
g for 6 min and incubated with PE anti-CD73 (cat. 550,257,
BD Biosciences, USA) or APC anti-CD39 (cat. 560,239,
BD Biosciences, USA) monoclonal antibodies for 30 min,
while for the NPP1 enzyme expression the T24 cells were
incubated with guinea pig anti-NPP1 polyclonal antibody
(ectonucleotidases-ab.com, CA) for 30 min. The cells were
then washed again with blocking buffer and incubated with
anti-guinea pig secondary antibody (cat. SAB4600040,
Sigma, USA) for 30 min, followed by washing with block-
ing buffer and resuspension in PBS. Data were obtained
using a flow cytometer (Accuri C6, BD Biosciences, USA)
and the results were analyzed using FlowJo® software
(USA).

RNA extraction and quantitative real-time
polymerase chain reaction

Total RNA was isolated from human BC cell line T24 using
TRIzol reagent (Invitrogen) according to the manufacturer’s
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Table 1 List of primer sequences used for RT-qPCR analyses

Gene Primer Sequence

Gnb2L1 Forward: 5’-GAGTGTGGCCTTCTCCTCTG-3’
Reverse: 5’-GCTTGCAGTTAGCCAGGTTC-3’

ENPPI Forward: 5°-GTCGTCAGTGGTCCTGTGTT-3’
Reverse: 5’-TGCAAAGGCGTCTGAGATGT-3’

ENTPD3 Forward: 5’-CTCCGCACAGCTAGGAGAAA-3’
Reverse: 5’-GCAAGACCACCAAGGCAATG-3’

ENTPDS Forward: 5’-GCATTTGCCAACACCTTTTT-3’

Reverse: 5°-ACAGGGCTCTCTGTGATGCT-3’

Table 2 In vitro IC50 and SI values of BZP and Cisplatin against BC
and MRC-5 cell lines

Cell Lines  ICso pM+SD _SI
BZP RT4 8.76+0,98 19.74
T24 6.71+0.75  25.77
MRC-5 172.96+4.89 NA
Cisplatin T24 97.98+5.87 1.70
MRC-5 166.97+8.45 NA

Table 2 The BC RT4 and T24 cell lines were treated with 1 to 10 pM
BZP for 24 h, whereas the MRC-5 cell line was treated with 80 to 180
uM BZP, also for 24 h. The BC T24 cell line was treated with 80 to
150 puM cisplatin for 24 h, whereas the MRC-5 cell line was treated
with 150 to 300 puM, also for 24 h. Cell viability was determined by
the trypan blue exclusion test. SI values were calculated from the ICy,
value of MRC-5 cells / ICs, value of BC cells. Data are presented as
mean + SD of three independent experiments. SI=selectivity index.
NA =not applicable.

instructions. The quality and concentration of total RNA
were determined by spectrophotometry. Reverse transcrip-
tion was performed with 2 pg RNA plus M-MLV RT (Pro-
mega Corporation, Madison, WI, USA) and 0.5 pg random
hexamer according to the manufacturer’s protocol. Real-
time PCR was performed in triplicate on a StepOne Plus™
real-time PCR system (Applied Biosystems) using GoTaq®
qPCR Master Mix (Promega Corporation, Madison, WI,
USA), also following the manufacturer’s instructions. All
primer sequences used in this study are described in Table 1.
Quantitative analysis of data was performed using the AACt
method [25]. Values were normalized with endogenous con-
trol GNB2L1 and expressed as relative expression levels.

Statistical analysis

The data obtained were analyzed using GraphPad Prism®
software with one-way ANOVA and Tukey’s post-test.
Results are expressed as mean=+ SD of three independent
experiments. Differences were considered significant at
p<0.05.
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Results

BZP reduces BC cell viability with a significant in
vitro selectivity index

First, we evaluated the in vitro potential of BZP against
two BC cell lines (T24 and RT4). For this purpose, the half
maximal inhibitory concentration (ICsy)) was determined
and compared with MRC-5 cells. BZP reduced the percent-
age of viable BC tumor cells at lower ICs, concentrations
compared to MRC-5 cells (Table 2).

The in vitro selectivity index (SI) was determined by the
ratio of the ICy, of the MRC-5 lineage to the ICs,, of the BC
tumor cell lines. As shown in Table 2, the ICy, of MRC-5
cells is approximately 19-fold and 25-fold greater than the
ICs, of the RT4 and T24 cell lines, respectively.

Cisplatin reduces the viability of T24 cells with a
lower selectivity index

Next, we decided to compare the effects of BZP with cispla-
tin, one of the most commonly used drugs in the treatment
of bladder cancer. For this, we used the most aggressive BC
cell line, T24. We observed that the IC5, of BZP (6.71 +0.75,
Table 2) was significantly lower than the ICs, of cisplatin for
the T24 cell line (97.98 +£5.87, Table 2). Most importantly,
BZP has a higher in vitro SI (25.77) than cisplatin (1.70).

BZP and cisplatin induce cell cycle arrest and
apoptosis in BC cell lines

After observing a significant reduction in cell viabil-
ity in BC cell lines, we decided to evaluate the effect of
BZP on cell cycle progression. In the T24 cell line, we
observed an increase in the percentage of cells in the G,/M
phase (18.2+1.29%) at 3 uM BZP (Fig. 1a), and in the S
(33.0+1.36%) and G,/M (20.3 + 1.1%) phases at 6 uM BZP
(Fig. 1a), indicating a gradual arrest in cell cycle progres-
sion depending on the concentration. Consequently, there
was a decrease in the percentage of cells in the G/G, phase
at 3 uM and 6 uM BZP (43.0+1.05% and 39.2+1.17%,
respectively) compared to the DMSO control, Gy/G,
(50.9+1.11%), S (28.5+1.37%), and G,/M (13.8 +0.47%)
(Fig. 1a). We did not observe any interference in cell cycle
progression after BZP treatment for the RT4 lineage com-
pared to the DMSO control (Fig. 1b).

We also evaluated the effects of cisplatin on the cell cycle
of the T24 cell line. We observed an increase in the percent-
age of cells in the G/G, phase with 49 uM and in the sub-G;
phase with 98 uM cisplatin (62.6 +0.93% and 7.1 +1.42%,
respectively) (Fig. 1c). Arrest in the G/G, phase leads to a
reduction in the percentage of cells in the S and G,/M phases
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Fig. 1 BZP and cisplatin alter cell cycle progression a T24 cell line
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(15.5+1.63% and 17.8 + 1.09%, respectively) at 49 uM, and
in the S phase (17.7 +5.83%) at 98 uM cisplatin compared
to the control, Gy/G, (52.3+1.45%), S (22.5+1.18%),
G,/M (23.3+0.96%), and sub-G, (1.8 +0.48%) (Fig. 1c).

To assess the type of cell death caused by BZP in BC
tumor cell lines, the Annexin V-FITC/PI assay was per-
formed. Flow cytometry analysis showed a low percentage
of PI or PI+ Annexin-labeled cells, indicating no necrosis
or late apoptosis (Q2 and Q3, Fig. 1d). On the other hand,
we observed a significant increase in Annexin V-labeled
cells after 6 uM of BZP treatment (11.3+0.94%) in the
T24 cell line (Q1, Fig. 1d) and after 8 uM of BZP treatment
(49.7 £ 14.57%) in the RT4 cell line (Q1, Fig. 1e), indicating
early apoptotic cell death in the RT4 cells. Unlabeled cells
were considered viable (Q4, Fig. le).

We also analyzed cisplatin treatment followed by Annexin
V-FITC/PI assay. Cisplatin treatments show a greater num-
ber of cells labeled with Annexin V and PI (11.3+0.76%
and 27.2 +0.64% for 49 uM and 98 uM, respectively), indi-
cating late apoptosis or necrosis in the T24 cell line (Q2,
Fig. 1f).

We decided to evaluate AVO since previous studies have
already shown the ability of cisplatin to induce autophagy
[26]. We observed that cisplatin was able to increase AVO
with 98 uM of treatment as expected (Fig. 1g). BZP was
also able to induce AVO formation after 6 uM of treatment

(Fig. 1g).

BZP enhances a cellular resistance phenotype after
one cycle of treatment, but can kill them after three
cycles of treatment

Our next step was to evaluate the effects of BZP on mark-
ers of cellular resistance. Thus, we targeted an important
immune checkpoint ligand, PD-L1 [27]. We found that one
cycle of treatment with BZP at a concentration of 6 uM
(Fig. 2a) was able to increase the number of cells expressing
PD-L1. We also evaluated the possibility of BZP selecting
CD133 +cells. We did not observe any significant results
from the BZP treatments compared to the DMSO control
(Fig. 2b).

We then decided to perform treatment cycles with BZP
on T24 cells, simulating chemotherapy treatment, to ana-
lyze tumor resistance. Three cycles of BZP treatment were
sufficient to virtually eliminate the T24 cells at a concentra-
tion of 6 uM (Fig. 2c). The remaining cells (0.96 +0.41%)
did not replicate for a new treatment cycle. Cells treated
with 3 uM showed a resistance profile with constant cell
viability (69.4+6.66%, 70.7+5.11% and 56.8 +8.39% for
the first, second and third treatment cycles, respectively)
(Fig. 2c). Considering this resistance profile, we decided to
analyze the frequency of cells expressing CD133 after 3 uM
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of BZP treatment. We did not observe any significant results
in CD133 expression from the BZP treatment compared to
the DMSO control (Fig. 2d).

BZP increases ATP and ADP hydrolysis and gene/
protein expression of the NPP1 enzyme in the T24
cell line

Since BZP is a purine-derived compound, we decided to
analyze its effects on the purinergic system. We observed
a significant increase in ATP and ADP hydrolysis at 6 uM
of BZP treatment in T24 cells, whereas no changes in AMP
hydrolysis were observed compared to the DMSO control
(Fig. 3a). In the RT4 cell line, we observed an increase in
ADP hydrolysis at 8 pM with no changes in ATP and AMP
hydrolysis compared to the DMSO control (Fig. 3b).

To try to explain the increase in ATP and ADP hydrolysis
observed in the T24 cell line, we measured the gene expres-
sion of three possible enzymes involved in this substrate
hydrolysis, NPP1, NTPDase3 and NTPDase5. We found
that BZP was able to increase the gene expression of the
ENPPI enzyme after 3 uM of treatment (Fig. 3c). In addi-
tion, we also observed a significant decrease in the expres-
sion of the ENTPD3 enzyme at 6 uM (Fig. 3¢) and ENTPD5
at both concentrations (3 and 6 uM) (Fig. 3c). Considering
the effect of BZP on increasing the mRNA expression of the
NPPI1 enzyme in the T24 cell line, we decided to evaluate
its effect on protein expression. Accordingly, we observed
an increase in protein expression of the NPP1 enzyme after
6 uM of BZP treatment (Fig. 3d). Finally, we also evaluated
the expression of the two main enzymes of the purinergic
system, CD39 and CD73, but we did not find any significant
results after BZP treatment compared to the DMSO control
(Fig. 3e).

Discussion

Cisplatin is the chemotherapeutic agent of choice for the
treatment of BC. It can be used as neoadjuvant therapy or as
a single agent for metastatic BC [28]; however, the benefits
of treatment are limited due to cisplatin resistance [29, 30].
In addition, individuals with comorbidities such as neuropa-
thy, a single kidney, advanced age and cardiovascular com-
plications should not use cisplatin [31]. Therefore, there is a
lack of chemotherapy for the treatment of BC.

We observed that BZP induces cell death in BC cell
lines with low ICy, values (Table 2). This confirms previ-
ous results with this compound showing low ICs, values
for GBM, colon and breast cancer cell lines [10—12]. Based
on these results, we calculated the SI in vitro, which must
be considered when searching for new drugs for cancer
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Fig.2 BZP induces an increase in PD-L1 expression
and disables T24 cells after three cycles of treatment.
BC of the T24 cell line was treated with BZP (3
uM/6 uM) for 24 h. (a) Quantification of PD-L1 by
% of cells and expression of PD-L1, represented by
MEFTI (mean fluorescence intensity). (b) Quantification
of CD133 by % of cells and expression of CD133,
represented by MFI. (c) Cell viability was determined
by the trypan blue exclusion test. (d) Quantifica-

tion of CD133 by % of cells and CD133 expression,
represented by MFI, after four treatment cycles. Data
are presented as mean + SD of three independent
experiments (*p<0.05, **p<0.01, ***p<0.001 vs.
DMSO)
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4 Fig. 3 BZP induces an increase in the hydrolysis of ATP and ADP,
altering the expression of the NPP1 enzyme, The BC cell lines were
treated with BZP (3 uM/6 uM for the T24 line and 4 uM/8 uM for the
RT4 line) for 24 h, (a) ATP, ADP and AMP hydrolysis in the T24 cell
line. (b) ATP, ADP and AMP hydrolysis in the RT4 cell line. (c) Rela-
tive gene expression of ENPPI, ENTPD3 and ENTPD5 was evaluated
in the T24 cell line. (d) Quantification of NPP1 by % of cells, and
NPP1 expression represented by MFI in the T24 cell line. (e) Quan-
tification of CD39 and CD73 by % of cells, and CD39/CD73 expres-
sion represented by MFI in the T24 cell line. Data are presented as
mean =+ SD of three independent experiments (#p < 0.05, ##p <0.01 vs.
control, ¥*p<0.05, **p<0.01 vs. DMSO)

therapy, as it serves as a preliminary safety parameter [32].
Our data show that BZP manifests a significant SI in vitro,
with values of 19.74 and 25.77 for the RT4 and T24 cell
lines, respectively (Table 2). Studies suggest that high SI
values indicate selectivity for cancer cells, while values <2
show low selectivity [33, 34]. Compounds with an SI>10
are highly selective [35, 36]. In contrast, cisplatin has a
higher 1Cs, value compared to BZP for the T24 cell line
(Table 2). Previous work has also shown that cisplatin has
a high ICs, value for the BC HT1197 cell line [37], with
a considerably low selectivity index [35, 36]. It should be
noted that MRC-5, although non-tumoral, is a proliferative
cell, which makes the low toxicity of BZP compared to cis-
platin appreciable.

The reduction in cell viability in the T24 cell line was
accompanied by cell cycle arrest. We observed an increase
in the number of cells in the G,/M phase due to cell cycle
arrest compared to the DMSO control. As a reflection of
this increase, there was a decrease in the percentage of cells
in the G/G, phase in the T24 cell line with both treatments
(Fig. 1a). The arrest of cell cycle progression in the G2/M
phase caused by BZP treatment in the T24 cell line, prevents
cells from progressing to mitosis and may complete action
by inducing cell death by apoptosis. Other works have
already observed the accumulation of cells in the G2/M
phase followed by cell death by apoptosis [38—40]. The
present work is the first report in the literature showing a
perturbation in cell progression caused exclusively by BZP
treatment. A previous study showed that combined treat-
ment with BZP and the cytokine interferon-alpha (IFNa)
caused an accumulation of S-phase cells in a breast can-
cer cell line [12]. Cisplatin also caused cell cycle arrest in
the T24 cell line with both treatments (Fig. 1c), confirming
what has been shown in the hepatocellular carcinoma cell
line [41]. Furthermore, in a lung adenocarcinoma cell line,
the cell cycle was blocked in the S and G,/M phases by the
action of cisplatin [42].

As a possible consequence of the arrest in the cell cycle
progression, our results show that BZP induces early apop-
tosis in BC cell lines, at 6 uM of treatment for the T24 cell
line (Fig. 1d) and 8 pM for the RT4 cell line (Fig. le), in
agreement with previous studies in other cancer types such

as breast, colon and GBM cancer cells [10—12]. On the
other hand, cisplatin induced T24 cell death by late apopto-
sis in both treatments (Fig. 1f). Studies show that cisplatin
induces cell death by apoptosis in various cancers [43—45].
New studies in the treatment of cancer are directing the
development of new drugs that make it difficult for cancer
cells to escape through apoptosis, and new apoptosis induc-
ers are beginning to be matched with currently used drugs
[46]. Furthermore, cell death by early apoptosis induced
by BZP is considered better than late apoptosis or necrosis
induction.

To conclude our comparison, we decided to investi-
gate the effect of BZP on AVO formation, an indication
of autophagy. To confirm the induction of autophagy we
need complementary experiments. In cancer, the role of
autophagy is still unclear. Studies show that autophagy pro-
tects cancer cells from apoptosis and provides resistance to
chemotherapy treatment [47, 48]. On the other hand, when
cells are not optimally nourished or are malformed, such as
in the tumor microenvironment, autophagy can cause cell
death [49, 50]. Our results show that BZP at a concentration
of 6 uM causes the formation of AVO (Fig. 1g). Previous
work shows that BZP can induce autophagy in other cancer
cell lines [10, 12]. We also observed that cisplatin induced
AVO formation in the T24 cell line at 98 uM of treatment
(Fig. 1g). The induction of autophagy by cisplatin treatment
is already known [26]. Studies show that the increase in
autophagy induction in cancer cells precedes cell death by
apoptosis, so our results confirm this finding [51, 52]. Thus,
AVO formation after one cycle of treatment could be asso-
ciated with cell resistance or even with a cross-pathway to
apoptosis induction.

In recent years, a new approach to cancer treatment has
emerged: inhibition of the PD-1 or PD-L1 immune check-
point. PD-L1 binds to its receptor, PD-1, which is expressed
on the surface of immune-related lymphocytes such as T
cells. This binding is able to inhibit T cell cytotoxicity and
cancer cells benefit from this mechanism to protect them-
selves from the immune system [53, 54]. We observed
that treatment with 6 pM BZP induced an increase in cells
expressing PD-L1 after one cycle of treatment (Fig. 2a).
This result shows a possible mechanism of cellular resis-
tance and two more cycles of BZP treatment could kill
these resistant cells (Fig. 3¢). PD-1 or PD-L1 inhibitors are
already being used in the treatment of BC, in combination
with chemotherapy or radiotherapy [55].

Cancer stem cells (CSCs) are characterized by rapid
proliferation and resistance to conventional treatments.
In addition, studies indicate that these cells initiate cancer
recurrence and metastasis [56, 57]. BZP has already been
shown to select CD1337 cells in GBM cell lines [10], but
we did not observe the same pattern in the BC T24 cell line
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(Fig. 2b). Next, we decided to treat the T24 cells with dif-
ferent treatment cycles to analyze the cell resistance. Three
treatment cycles with 6 pM BZP were required for cell via-
bility to fall below 1% (Fig. 2c), where the cells failed to
replicate for a new treatment cycle, showing the efficiency
of treatment in cycles with BZP. This result confirms the
efficiency of BZP in combatting cancer cells, including
those that may acquire resistance phenotypes. In agreement,
a previous study from our group showed that two cycles of
BZP treatment were necessary to eliminate GBM cells [10].
On the other hand, treatment with 3 uM BZP failed to elimi-
nate the cells, showing constant cell viability, indicating
resistance as a result of using an inappropriate concentration
to induce bladder cancer cell death (Fig. 2c). Considering
CD133 as a marker of cancer stem cells, we decided to reas-
sess CD133 +cells after treatment cycles, but we did not
find any significant results (Fig. 2d).

Finally, we verified whether BZP exerts some kind of
modulation on the purinergic system. First, we examined the
hydrolysis of ATP, ADP and AMP substrates and observed
a significant increase in ATP and ADP hydrolysis, with no
change in AMP hydrolysis, in the T24 cell line compared to
the DMSO control (Fig. 3a). Previous data from our labora-
tory show that the T24 cell line expresses NTPDase5 and
pyrophosphatase/phosphodiesterase 1 (NPP1) enzymes
[19], therefore we analyzed the effect of BZP on the gene
expression of these two enzymes. We observed that treat-
ment with BZP was able to induce an increase in the gene
expression of the ENPPI enzyme (Fig. 3c) with a signifi-
cant increase expression of NPP1 protein (Fig. 3d), while
it does not alter the expression of neither the CD39 enzyme
nor CD73 enzyme (Fig. 3e). NPP1 is the most important
member of the NPP family, which consists of 7 members,
and its main substrate is ATP, which can be hydrolyzed to
ADP or AMP [14]. Studies have shown that high levels of
ATP in the tumor microenvironment favor local progression
and metastasis in several types of cancer [58—60]. In addi-
tion, ATP can activate some P2 family receptors, which have
an auxiliary function in the growth of tumor and healthy
cells [61]. In addition, treatment with 8 uM BZP caused a
significant increase in ADP hydrolysis in the RT4 cell line
(Fig. 3b). This increase in ADP hydrolysis may be due to
the effect of BZP on the NPP1 enzyme [19], which can also
hydrolyze ADP [14]. In addition, it is possible to suggest
that the increase in the expression of NPP1 with a conse-
quent increase in the hydrolysis of ATP and ADP would lead
to an increase in the availability of AMP, the CD73 sub-
strate, and a decrease in the availability of the two CD73
endogenous inhibitors (ATP and ADP). Thus, although BZP
does not have a direct effect on CD73, under biological con-
ditions the observed effect on NPP1 would cause an indirect
effect on increase of extracellular adenosine availability.
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Conclusions

Our results show the potent chemotherapeutic effect of BZP
against BC cell lines, inducing a reduction in cell viability
with a low ICs,, and arrest in cell cycle progression followed
by early apoptosis. BZP modulates the purinergic system
with increased expression and activity of the NPP1 enzyme.
In addition, BZP presented higher SI values compared to the
reference chemotherapeutic agent, cisplatin. Although BZP
induced cell resistance after one cycle of treatment, three
cycles were sufficient to virtually eliminate resistant cells.
Further studies are needed to better understand the mecha-
nism of action and toxicity of BZP in vivo.
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