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Abstract

Currently, the combination of cisplatin and gemcitabine is considered a standard chemotherapeutic protocol for bladder
cancer. However, the mechanism by which these drugs act on tumor cells is not completely understood. The aim of the
present study was to investigate the effects of these two antineoplastic drugs on the apoptotic index and cell cycle
kinetics of urinary bladder transitional carcinoma cell lines with wild-type or mutant TP53 (RT4: wild type for TP53; 5637
and T24: mutated TP53). Cytotoxicity, cell survival assays, clonogenic survival assays and flow cytometric analyses for cell
cycle kinetics and apoptosis detection were performed with three cell lines treated with different concentrations of
cisplatin and gemcitabine. G; cell cycle arrest was observed in the three cell lines after treatment with gemcitabine and
gemcitabine plus cisplatin. A significant increase in cell death was also detected in all cell lines treated with cisplatin or
gemcitabine. Lower survival rates occurred with the combined drug protocol independent of TP53 status. TP53-wild type
cells (RT4) were more sensitive to apoptosis than were mutated TP53 cells when treated with cisplatin or gemcitabine.
Concurrent treatment with cisplatin and gemcitabine was more effective on transitional carcinoma cell lines than either
drug alone; the drug combination led to a decreased cell survival that was independent of TP53 status. Therefore, the
synergy between low concentrations of cisplatin and gemcitabine may have clinical relevance, as high concentrations of

each individual drug are toxic to whole organisms.
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Introduction

Urinary bladder cancer is the fourth most common malig-
nancy in the Western world,! with transitional cell carci-
noma (TCC) comprising approximately 90% of all primary
bladder tumors.? Clinically, the problem associated with
these tumors is their highly unpredictable potential for
recurrence and progression to muscle-invasive disease.’®
Early-stage bladder tumors have been classified into two
groups with distinct behaviors and unique molecular pro-
files: (1) low-grade tumors (always papillary and usually
superficial) and (2) high-grade tumors (either papillary or
non-papillary and often invasive). Clinically, superficial
bladder tumors (stages Ta and Tis) account for 75-85% of
neoplasms, while the remaining 15-25% are invasive (T1,
T2-T4) or metastatic lesions at the time of initial presen-
tation.* The most important risk factor for bladder cancer

ISSN: 1535-3702
Copyright © 2010 by the Society for Experimental Biology and Medicine

seems to be cigarette smoking,’ although other risk
factors, including certain occupational exposures (aryla-
mines) or dietary components,® may also be relevant.
Combined chemotherapeutic protocols have been studied
extensively with the hope of treating urinary bladder cancer
and improving overall survival.” Current treatment protocols
include the drugs methotrexate, vinblastine, doxorubicin and
cisplatin (MVAC). Because of its relative success, gemcitabine
has also been included to treat urothelial tumors.® Von der
Maase et al.” have demonstrated that in a randomized phase
II trial involving patients with advanced bladder cancer, the
gemcitabine/cisplatin regimen showed an efficacy similar to
MVAC but with a superior safety and tolerability profile.
Based on the synergistic interaction between cisplatin and
gemcitabine, the combination of the two drugs has been
considered as a standard alternative to MVAC.®'
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Cisplatin (cis-diamminedichloroplatinum, CDDP) is one of
the most potent antitumor agents available due to its ability
to induce DNA cross-links and severe lesions that lead to
apoptosis, especially in highly replicating cells such as
tumor cells."""? Gemcitabine (2',2'-difluorodeoxycytidine,
dFdC) is a deoxycytidine analog with clinical activity
against a variety of tumors."*** This drug is phosphorylated
into its active dFdCTP metabolite and can be incorporated
into DNA, causing replication blockage.'” It has been
suggested that deoxycytidine kinase (the enzyme involved
in the rate-limiting phosphorylation step to the monophos-
phate form) is a critical factor for gemcitabine cytotoxicity.'®

Mutations in the TP53 gene are frequently found in
bladder cancer cells."” The major roles of TP53 include the
induction of a transient (cell cycle arrest) or permanent
(senescence) blockage of cell proliferation and activation of
cell death signaling pathways in response to genotoxic
stress.'® Attempts to correlate tumor chemoresistance with
TP53 status have shown that the therapeutic response
depends on the type of TP53 mutation and the treatment
used; it is also highly cell/tissue specific and dependent
on the experimental design used to evaluate cellular
responses (proliferation, apoptosis and clonogenic survi-
val)," often leading to apparently conflicting results.
While several reports have shown that mutated TP53
cancer cells are more resistant to cisplatin than are wild-type
(wt) cancer cells,”°~?* TP53 mutations are associated with
increased susceptibility to chemotherapy-induced apopto-
sis.”>?* In addition, it has been observed that gemcitabine
treatments can cause lower cytotoxicity in cells with inacti-
vated TP53% and increased apoptosis in TP53-mutated
cells.?® Conversely, some reports have demonstrated cellular
responses that are independent of TP53 status.””*®

Because cisplatin and gemcitabine are widely used as
antineoplastic agents to treat urinary bladder cancer, the
aim of this study was to investigate the effects of these
two drugs on cellular responses by analyzing the apoptotic
index and cell cycle distribution for urinary bladder transi-
tional carcinoma cell lines with wt or mutated TP53 (RT4,
with wt TP53; 5637 and T24, with mutated TP53).
Cytotoxicity, cell survival and clonogenic survival were
also evaluated.

Materials and methods
Cell lines, culture conditions and chemicals

The established cell lines RT4, 5637 and T24 from human
bladder TCC were obtained from the Cell Bank of the
Federal University of Rio de Janeiro, Brazil. The 5637 cells
harbor two TP53 mutations, at codon 72 (Arg > Pro) and
codon 280 (Arg > Thr).**?° T24 cells contain a TP53 allele
encoding an in-frame deletion of tyrosine 126.>° Both cell
lines were established from high-grade bladder tumors. No
specific mutations were detected in RT4 cells, which had
been established from a low-grade papillary bladder tumor.*

The RT4 and T24 cell lines were maintained in Dulbecco’s
modified Eagle’s medium (Sigma-Aldrich, Inc, St Louis, MO,
USA), and the 5637 cells were kept in Roswell Park Memorial
Institute  medium  (Sigma-Aldrich). Both media were
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supplemented with 10% fetal bovine serum (Cultilab Ltd,
Campinas, Brazil), 100 U/mL penicillin G (Sigma-Aldrich),
100 U/mL streptomycin (Sigma-Aldrich) and 1% kanamycin
sulfate (Amresco, Branded Products Group, Solon, OH, USA);
cells were cultured at 37°C in an atmosphere of 5% CO,. The
antineoplastic drugs gemcitabine (dFdC, Gemzar) and cisplatin
(CDDP) were obtained from Eli Lilly Laboratory (Eli Lilly and
Company, Indianapolis, IN, USA) and Sigma-Aldrich, respect-
ively. Ultra-pure sterilized water was used for dilutions.

Cytotoxicity and cell survival assays

The cytotoxicity and cell survival induced by cisplatin and
gemcitabine were assessed using the XTT assay (Cell
Proliferation Kit II, Roche Diagnostics, Mannheim,
Germany). Briefly, cells were seeded into 12-well culture
plates (1.5 x 10* and 6 x 10* cells/well for cell survival and
cytotoxicity assays, respectively). Twenty-four hours later,
cells were treated with different concentrations of cisplatin
0.5, 1.0, 2.5, 5.0, 10 or 20 umol/L), gemcitabine (0.78,
1.56, 3.12, 6.25, 12.5 or 25 umol/L) or both drugs simul-
taneously (0.5 umol/L cisplatin + 0.78 umol/L gemcitabine,
0.5 umol/L cisplatin + 1.56 umol/L gemcitabine, 1.0 umol/L
cisplatin 4+ 0.78 umol /L gemcitabine or 1.0 umol/L cis-
platin 4+ 1.56 umol/L gemcitabine). Untreated cells were
cultured in parallel as a negative control. After 24 h of incu-
bation, cells were washed with Hank’s solution (0.4 g KCl,
0.06 g KH,PO, 0.04g Nap,HPO,, 035g NaHCO; 1g
glucose and 8 g NaCl in 1000 mL H,O), and complete fresh
medium was added. Cells were sampled for cytotoxicity
and cellular survival assays at 24 h and five days after treat-
ment, respectively. A 50 uL aliquot of the XTT test solution
(I mL XTT labeling/20 uL electron-coupling reagent) was
added to each well at the end of the experiment. After
90 min of incubation, the absorbance was measured at both
492 nm and a reference wavelength (690 nm).*!

Clonogenic survival assay

A clonogenic assay was used to evaluate the long-term effects
of the drugs. To determine clonogenic ability following treat-
ment, cells were plated at a density of 1 x 10° cells/25 cm®
culture flask. After 24 h, different concentrations of cisplatin
(0.5, 1.0, 2.5 or 5.0 umol/L), gemcitabine (0.78, 1.56, 3.12 or
6.25 umol/L) or a combination of both (0.5 umol/L
cisplatin 4 0.78 umol/L gemcitabine, 0.5 umol/L cisplatin +
1.56 umol/L gemcitabine, 1.0 umol/L cisplatin 4 0.78 umol/L
gemcitabine and 1.0 umol/L cisplatin + 1.56 umol/L gemci-
tabine) were added to the culture medium. After another 24 h
incubation, cultures were rinsed with Hank’s solution and
trypsinized, and approximately 1000 cells were plated onto
25 cm?® culture flasks and allowed to grow for 15 days to
form colonies. Cells were stained with Giemsa, and colonies
with 50 or more cells were counted.

Analysis of cell cycle kinetics

To determine cell cycle distributions, 1 x 10° cells were plated
into 25cm® culture flasks, incubated for 24 h and treated
with 1.0 umol/L cisplatin, 1.56 umol/L gemcitabine or a
combination of both (1.0 umol/L cisplatin + 1.56 umol/L
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gemcitabine) for 24 h. These concentrations were chosen
because they caused lower clonogenic survival (0 [RT4],
0.28 + 0.49% [5637] and 0.81 + 0.70% [T24]). After treatment,
the cells were washed with Hank’s solution, and complete
fresh medium was added. Cells were sampled at 0 (just
after washing), 24, 48 and 72h after treatment (recovery
time). An aliquot of 5 x 10° cells was used to analyze cell
cycle kinetics using a CycleTEST PLUS DNA Reagent Kit
(Becton Dickinson, BD Sciences, San Jose, CA, USA).
Instrument performance and data quality were checked
using a DNA QC Particles Kit (Becton Dickinson). Cells
were analyzed using a FACSCalibur flow cytometer (Becton
Dickinson), and their distribution by cell cycle phase was cal-
culated using the Modfit 2.0 cell cycle analysis software.

DNA ploidy was determined based on the DNA index
(DI). DI was defined as the comparison between DNA
content in tumor cells at the GO/G1 phase and in blood
cells from safe individuals (reference cells): a DI value of
0.8-1.2 represents diploid cells, 1.20-1.30 represents peridi-
ploid cells, 1.40-1.60 represents triploid cells and 1.80-2.20
represents tetraploid cells.

Apoptosis assay

A quantitative assessment of apoptosis was performed using
an annexin V assay kit (BD Biosciences). Briefly, cells were
incubated and treated as described previously for the cell
cycle analysis. Cells were sampled at 24, 48 and 72 h after the
end of treatment. Approximately 1 x 10° cells were resus-
pended in binding buffer (10 mmol/L 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid/NaOH [pH 7.4], 140 mmol/L
NaCl and 2.5 mmol/L CaCly) and stained with annexin
V-fluorescein isothiocyanate and 7-amino-actinomycin D
(7-AAD) at room temperature for 15 min in the dark. Cells
were immediately analyzed with an FACSCalibur flow cyt-
ometer (Becton Dickinson) using CellQuest software. Data
from 10,000 cells were collected in each data file. Cellular
status was defined as follows: unstained cells were classified
as ‘live’, cells stained only with annexin V were ‘early apopto-
tic’, cells stained with both annexin V and 7-AAD were ‘late
apoptotic’ and cells stained only with 7-AAD were ‘dead’.**~%

Combination index

In the clonogenic survival assay, the combination index (CI)
was used to analyze the interaction (antagonistic, additive
and synergistic effects) between the two drugs. The CI for
the fractions of dead cells was calculated using the following
equation, described by Chou et al.:*® Cl = d1/D1 + d2/D2 +
{(d142)/(D1D2)}, where D1 and D2 are the doses of drugs
1 and 2 (which by themselves result in a given fraction of
dead cells) and d1 and d2 are the doses resulting in the
same fraction of dead cells in combination. The CI values
were interpreted as an antagonistic effect if CI > 1.2, an addi-
tive effect if 1.2 > CI > 0.8 and a synergistic effect if CI < 0.8.

Quantitative real-time PCR

Quantitative real-time polymerase chain reaction (PCR) was
performed to investigate the relationship between TP53

expression and TP53 status in the three cell lines submitted
to different treatments.

cDNA synthesis

Differential expression of TP53 in the three cell lines was
assayed using real-time PCR with the TagMan system
(Applied Biosystems, Foster City, CA, USA). Total RNA
(1 ng) from control (untreated) cell cultures and cultures
treated with 1.0 umol/L cisplatin, 1.56 umol/L gemcitabine
or a combination of both drugs was reverse transcribed
using 6 uL. random hexamer primers (10x), 6 uL reaction
buffer (10x), 2.5 uL. dNTPs (25x) and 3 uL MultiScribe
(50 U/uL) (High Capacity, Applied Biosystems). After incu-
bation at 25°C for 10 min and 37°C for two hours, cDNA
was stored first at 4°C and then at —20°C.

Quantitative real-time PCR

Each reaction tube contained 2 uL. cDNA template, 5 uL
Master Mix TagMan 2X (Applied Biosystems) and 0.5 uL
20X primers/probe (Assays-on-Demand gene expression pro-
ducts, Applied Biosystems). -Actin was used as a house-
keeping gene. The PCR program consisted of the following
steps: two minutes at 50°C, 10 min at 95°C and 40 cycles of
15s at 95°C and one minute at 60°C. Fluorescence data
were collected during each annealing/extension step. The
reactions were carried out using an Applied Biosystems
7500 FAST Real-Time PCR System and SDS software,
version 1.2.3 (Sequence Detection Systems 1.2.3, 7500
Real-Time PCR Systems, Applied Biosystems). For every
PCR, a negative (no template) control was processed as a
routine assay quality control. Assays were carried out in tri-
plicate in two independent experiments.

Standard curve and data analysis

To generate standard curves, mRNA that was derived from
the RT4, 5637 and T24 cell lines (samples pooled together)
and prepared by serial dilutions was used. The smallest
RNA standard dilution was assigned a relative value of
100, and following the same reasoning, the other three
points were assigned as 20, 4.0 and 0.8. The mRNA quantity
in the samples was expressed as values relative to the stan-
dard curve.

Statistical analysis

Statistical analyses were performed using SAS software,
v.9.1.3 (Statistical Analysis System, SAS Institute, Cary,
NC, USA). For cytotoxicity and cellular survival assays,
data were compared using a factorial analysis adjusted to
Tukey’s test, considering the cell lines, time and concen-
tration effects, time versus concentration and cell lines
versus concentration. For clonogenic survival, the analysis
was performed based on a Poisson distribution; apoptosis
was analyzed using a delineation adjusted to Tukey’s test.
The cell cycle analysis was performed using a delineation
adjusted in factorial based on a binomial distribution.
Results from the quantitative real-time PCR experiments
were analyzed by analysis of variance and Bonferroni’s mul-
tiple comparison test. P < 0.05 was considered significant.
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Results
Cytotoxicity and survival assays

Significant toxicity was detected in RT4 (wt TP53; low-grade
tumor) cells 24 h after treatment with cisplatin (20 wmol/L)
or gemcitabine (12.5 or 25 umol/L) (P < 0.05). No effect was
observed in 5637 or T24 cell lines.

After five days of treatment (survival assay), cisplatin sig-
nificantly (P < 0.05) reduced cell survival in RT4 (1.0-
20 wmol/L), 5637 (0.5-20 wmol/L) and T24 (5-20 wmol/L)
cells. Similarly, significant effects were detected when
gemcitabine was applied to RT4 (0.78-25 umol/L), 5637

Bladder carcinoma cell lines treated with cisplatin and gemcitabine
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(0.78-25 wmol/L) and T24 (1.56-25 umol/L) cell lines.
Simultaneous treatments with cisplatin and gemcitabine
also reduced survival in these three cell lines. In
addition, statistically significant differences were detected
between the TP53-mutated (T24 and 5637) and wt cell
lines treated with cisplatin or the combined treatment,
suggesting that the mutated cells had higher sensitivities
than wt cells. By contrast, T24 cells were more resistant to
gemcitabine than RT4 cells at 0.78, 1.56 and 5 umol/L con-
centrations, and 5637 cells were more resistant to gemcita-
bine than RT4 cells at a 1.56 umol/L concentration
(Figures 1 and 2).
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Clonogenic survival assay

Clonogenic survival assays with the three cell lines showed
a significant increase in cell death after treatment with cis-
platin, gemcitabine or a combination of both drugs.
Moreover, RT4 cells (wt for TP53) were more resistant to cis-
platin and more sensitive to gemcitabine than were mutated
TP53 cells. For the combined treatment, TP53-wt cells
showed higher drug sensitivity, mainly at concentrations
of 0.5 umol/L cisplatin and 0.78 umol/L gemcitabine
(Figure 3). The CI showed a synergistic interaction
between gemcitabine and cisplatin for all cell lines (CI
values of 0.657, 0.603 and 0.633 for RT4, 5637 and T24
cells, respectively).

Cell cycle kinetics and apoptosis

To determine the effects of the drugs on cell cycle kinetics,
all cell lines were treated with 1 umol/L gemcitabine,
0.5 wmol/L cisplatin or a combination of both. For cisplatin,
most RT4 cells were at the S phase just after treatment, and
T24 cells accumulated in the G2 phase (in controls, most
cells were in the G1 and S phases (65.71 and 73.57 %, respect-
ively)). At 24 h, T24 cells accumulated in the G1 phase,
while untreated cells (control) were more evenly distributed
throughout the cell cycle. For 5637 cells, untreated cells were
either at the G1 phase (24 h) or distributed throughout the
cell cycle (48h), while most cells treated with cisplatin
were at the S and G2 phases 24 h after treatment and at
the G1 phase after 48 h (data not shown). For gemcitabine
and combined treatments, G1 cell cycle arrest was observed
in RT4 (98.62% and 84.47%, respectively) and T24 (45.34%
and 47.21%, respectively) cells immediately after treatment
(TO) and in 5637 (77.6% and 68.56%, respectively) cells at
24 h (T1). This effect was sustained until 72 h of recovery

time (data not shown). Except in control conditions
(untreated cells), tetraploid cells were observed in the RT4
cell line after all treatment protocols (Figure 4).

Cisplatin induced apoptosis only in RT4 cells at 48 h
(7.84%) and 72h (10.68%) after treatment. Gemcitabine
induced high levels of apoptosis in RT4 cells at 24 h
(9.09%), 48h (83.96%) and 72h (82.16%), in 5637 cells at
48h (7.24%) and 72h (9.56%) and in T24 cells at 72h
(15.92%). Following treatment with both drugs, high levels
of apoptosis were observed at 24, 48 and 72h in RT4
(9.13%, 80.71% and 83.72%, respectively) and 5637 (17.74%,
11.30% and 10.72%, respectively) cells. The combined treat-
ment induced apoptosis earlier (24 h) than gemcitabine treat-
ment alone. For T24 cells, apoptosis was observed at 72 h
(31.05%) (Figure 5). Therefore, cisplatin induced apoptosis
only in TP53-wt cells; for the gemcitabine and combined treat-
ments, apoptosis occurred independently of TP53 status,
although higher percentages were observed in TP53-wt cells.

TP53 gene expression

Our data showed TP53 gene upregulation in RT4 cells 24 h
after treatment with either cisplatin alone or with cisplatin
and gemcitabine simultaneously; in 5637 cells, upregulation
was detected just after treatment with the drug combination
(0 h); in T24 cells, upregulation occurred just after (0 h) and
24 h after treatment with gemcitabine or with both drugs
simultaneously. Downregulation of TP53 was observed
only in RT4 cells (Oh) treated with the combination of
drugs (Figure 6).

Discussion

Mutations in the TP53 gene are thought to be one of the
central events in urothelial carcinogenesis; they have been
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associated with tumor progression and poor prognosis.'”

Acute DNA damage triggers a rapid TP53 response that
inhibits phase-specific cell cycle progression (G1-S). TP53
also activates the DNA repair and redox systems, leading
to cell survival.”’ Invasive tumors are characterized by
loss-of-function mutations affecting prototypical tumor sup-
pressor genes including TP53, but these alterations are
absent or very rare in superficial, papillary, non-invasive
tumors.*

The influence of TP53 mutations on cellular responses to
chemotherapy is poorly understood because it depends on a
complex signaling cascade. Hypothetically, TP53-mutated
cells should be more resistant to chemicals because of
the role that TP53 plays in apoptosis control. However,
induction of apoptosis does not occur by a single
TP53-dependent pathway. Conversely, recent findings
have yielded somewhat unexpected insights concerning

the preponderance of survival-promoting effects of wt
TP53 in cancer cells, a rather undesirable property from a
therapeutic standpoint.'® In bladder cancer, the interaction
between the TP53 status of a primary tumor and the
response to chemotherapy is not well defined.”” Most
likely, the genetic background of each cell line must be
taken into account. Here we analyze three human bladder
cancer cell lines, RT4 (wt TP53), 5637 and T24 (both with
mutated TP53), to investigate the relationship between
TP53 status and sensitivity to the antitumor drugs cisplatin
and gemcitabine.

Cisplatin cytotoxicity at an early time point (24 h) was not
observed in the TP53-wt cell line treated with 0.5-10 umol/L
cisplatin or in the two mutated cell lines at any concentration
tested. However, additional results showed decreased cellular
survival (five-day test) in cisplatin-treated cells. Results
examining whether TP53 mutations confer increased
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Figure 6 Relative TP53 mRNA levels in RT4, 5637 and T24 cell lines after treatment with cisplatin (1.0 umol/L), gemcitabine (1.56 umol/L) or both drugs sim-
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polymerase chain reaction), normalized to the values of control cells (without treatment) with duplicate determinations. B-Actin was used as the endogenous

RNA control. “P < 0.05 in relation to the control

responsiveness or increased resistance to the effects of
cisplatin-based systemic chemotherapy have been conflicting.
Some studies have demonstrated increased resistance of
TP53-mutant cancer cell lines to cisplatin compared with
TP53-wt cell lines,>**° while others have shown increased
sensitivity of TP53-mutant cells to cisplatin, with TP53-wt
cells being more resistant.***?

TP53 is known to be activated by genotoxic drugs capable
of inducing apoptosis, and it is widely considered to be a
mediator of chemotherapy-induced cell death. In our
study, cisplatin did not significantly increase apoptosis in
TP53-mutant cells, although low percentages of cellular
and clonogenic survival were detected. By contrast, a sig-
nificant increase in the apoptotic index was observed in
wt RT4 cells, which correlates with increased TP53
expression. The results of Gallagher et al.*" support the
hypothesis that TP53 mutations result in an inability to
initiate apoptosis in response to DNA damage.
Additionally, cisplatin-induced growth arrest in human
cancer cells has characteristics of senescence rather than
apoptosis.*> According to Wang et al,** cancer cells
lacking TP53 function can also be killed by cisplatin via a
TP53-independent mechanism that is similar to replicative
senescence.

Cisplatin has properties similar to alkylating agents and
forms a variety of DNA adducts. Although not specific to
a particular cell cycle phase* cisplatin-induced DNA
adducts may inhibit DNA replication, transcription and ulti-
mately cell division.** It has been shown that in certain
tumors, TP53 protects cells from cisplatin toxicity due to
induction of G1 arrest.*>*® Nevertheless, Kannan et al.*!
have shown that silencing TP53 in a testicular tumor cell
line protects cells from cisplatin-mediated toxicity. Our
data demonstrated a temporary S-phase arrest in TP53-wt
cells immediately after treatment (0 h). However, a signifi-
cant increase in TP53 expression was observed only 24 h
after cisplatin exposure. Regarding T24 and 5637
TP53-mutant cells, Gl-phase arrest was detected 24 and
48 h after treatment, respectively, but no changes were
detected in TP53 gene expression. Therefore, cell cycle kin-
etics varied according to TP53 status, but were independent
of TP53 expression.

Gemcitabine activity in relation to TP53 status has been
less thoroughly investigated in bladder cancer and other
tumors. Studies have indicated apparently contradictory
results about the effects of gemcitabine on cell cycle kinetics.
We observed a Gl-phase arrest in the three cell lines that
was independent of TP53 status. Using bromodeoxyuridine
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labeling, Merlin et al.*” observed that low concentrations of

gemcitabine (ICs) values) cause arrest in early S phase,
while high concentrations induce a Gl-phase arrest. In
addition, it has been shown that the effects of gemcitabine
are not related to TP53 status in human epithelial lung
A549 cells.®® In the present study, no difference in TP53
expression was detected between treated and untreated
wt cells. Significant upregulation was observed in T24
cells at zero hour and 24 h after treatment, but only at
zero hour in 5637 cells. Therefore, Gl-phase arrest
also does not seem to be related to TP53 gene expression.
T24 cells harbor TP53 mutations in the N-terminal transac-
tivation domain, which produce proteins that preserve
TP53 activities such as DNA binding.49 In 5637 cells,
the TP53 gene has point mutations at codons 72 and 280
(core domain), which have previously been reported to be
part of a mutational hot spot for bladder cancer.
Mutations in the core domain affect the ability of p53 to
bind DNA.*

Higher levels of apoptosis were found in gemcitabine-
treated RT4 cells compared with the TP53-mutated cell
lines. However, based on previous studies, this apoptosis
effect is still unclear. It has been reported that in TP53-wt
gemcitabine-treated cells, DNA damage leads to increased
TP53 expression, resulting in DNA repair.”® Fencher
et al.®® showed that apoptosis is independent of TP53
status in TCC cell lines. Our data demonstrate that
gemcitabine-induced apoptosis seems to be dependent on
TP53 status because TP53-wt cells present an early apoptotic
index of 82.16% at 72 h, while 5637 and T24 TP53-mutant
cells showed apoptotic indices of 9.56% and 15.92%,
respectively. Our data also demonstrate that apoptosis
occurs independently of TP53 expression because only one
of the two TP53-mutant cell lines presented increased
gene expression.

Aside from the low apoptotic index, we also detected low
cellular and clonogenic survival rates in TP53-mutant cells.
Tannock and Lee®" suggested that activation of the apopto-
sis pathway occurs either as a primary event induced by
therapy or as a secondary event following lethal cell
damage. This distinction is not trivial because if apoptosis
occurs as a primary event following chemotherapy, then
the treatment effectiveness will depend on the cells” ability
to activate the apoptotic pathway. By contrast, if apoptosis
is a secondary event that occurs in cells that have sustained
lethal DNA damage and merely controls the rate of cell lysis
for those that have already lost reproductive potential,
manipulation of the pathway would not influence the long-
term effects of the treatment.’! In our experiments, we first
assayed the drugs’ antiproliferative effects using cytotox-
icity and survival assays. The clonogenic assay was then
used to determine the antitumor activities of the drugs.
The most relevant endpoint for measuring cell death in
tumor cell lines is detected by a colony-forming assay;
cells that are unable to produce colonies under optimal con-
ditions are also unlikely to produce tumors.”® We observed
that in the clonogenic assay, TP53-mutant cells were more
resistant to gemcitabine treatment than the TP53-wt cell
line. The different results observed between the cellular
and clonogenic survival assays could indicate that

antineoplastic drugs cause a reduction in cellular reproduc-
tive capacity, suggesting that the drugs induce DNA lesions
that interfere with clonogenic potential. However, the extent
of these lesions seems to be insufficient for inducing the cell
death pathways because viable cells were detected five days
after treatment.

Acquired resistance after prolonged and repeated gemci-
tabine exposure might be a mechanism of cell resistance.>
To overcome the low rates of cell killing, combined che-
motherapy regimens such as methotrexate - vinblastine - cis-
platin, MVAC and gemcitabine - cisplatin have been used. In
the present study, the combination of cisplatin and gemcita-
bine led to a synergistic effect that was independent of TP53
status and expression. With regard to the cell cycle, the
effects of gemcitabine prevailed over those of cisplatin
when the drugs were administered together, with
Gl-phase arrest observed in all three cell lines. Apoptosis
was detected after 24 h in 5637 cells, and a high percentage
of apoptosis was observed in T24 cells after 72 h of post-
treatment recovery time. Despite the fact that the results of
the apoptosis and cell cycle analyses were similar between
gemcitabine and cisplatin/gemcitabine treatments, lower
survival rates were observed in the survival and clonogenic
assays for RT4, 5637 and T24 cells following the combined
treatment. Other studies had previously reported that
cisplatin treatment followed by gemcitabine treatment
produced a synergistic effect in human ovarian and lung
cancer cell lines and that simultaneous administration
(or treatment in the reversed order) also results in high
cytotoxicity.”*** In addition, there is evidence that genes
other than TP53 also participate in the regulation of DNA
repair and apoptosis mechanisms.”® TP53 might function as
a molecular node, but other target genes can also be altered
and thus could contribute to the success of drug therapy.

In conclusion, our data show that treatment with gemcita-
bine alone or gemcitabine with cisplatin induces G1-phase
arrest and triggers apoptosis in TP53-wt and TP53-mutant
cell lines. Moreover, bladder carcinoma cells with wt TP53
are more sensitive to apoptosis than TP53-mutant cells
under  cisplatin  and/or  gemcitabine  treatment.
Nevertheless, the combination of cisplatin and gemcitabine
resulted in low cell survival that was independent of TP53
status and expression. It should be emphasized that che-
motherapy with these two compounds can be effective
regardless of tumor-associated TP53 mutations or tumor
grade. Therefore, because high concentrations of cisplatin
are very toxic to humans, the use of low concentrations of
cisplatin and gemcitabine simultaneously might be clini-
cally relevant and reduce secondary effects. Further
studies should be conducted to compare the efficiencies of
different chemotherapy protocols.

Author contributions: All authors reviewed the manuscript;
GNS was responsible for the study design and data
interpretation, performed most of the experiments and
wrote the manuscript; JPCM and EAC conducted the cell
cycle experiments; GASP] and ETS-H assisted in data
interpretation and critical reading of the manuscript; and
DMES contributed to the study design, interpretation of
data and critical reading of the manuscript.



da Silva et al.

Bladder carcinoma cell lines treated with cisplatin and gemcitabine

823

ACKNOWLEDGEMENTS

The authors are grateful to Prof José Eduardo Corrente for
statistical analyses and to Marjorie de Assis Golim for tech-
nical assistance with the cell cycle kinetics and apoptosis
methodologies. This study was supported by FAPESP
(Fundagao de Amparo a Pesquisa do Estado de Sdao Paulo)

and CNPq

(Conselho Nacional de Desenvolvimento

Cientifico e Tecnoldgico), Brazil.

REFERENCES

[uny

(o))

o]

10

11

12

13

14

15

16

17

18

Kirkali Z, Chan T, Manoharan M, Algaba F, Busch C, Cheng L, Kiemeney
L, Kriegmair M, Montironi R, Murphy WM, Sesterhenn IA, Tachibana
M, Weider ]. Bladder cancer: epidemiology, staging and grading, and
diagnosis. Urology 2005;66:4 -34

Pectasides D, Pectasides M, Economopoulos T. Systemic chemotherapy
in locally advanced and/or metastatic bladder cancer. Cancer Treat Rev
2006;32:456-70

Knowles MA. Molecular subtypes of bladder cancer: Jekyll and Hyde or
chalk and cheese? Carcinogenesis 2006,27:361-73

Cordon-Cardo C. Molecular alterations associated with bladder

cancer initiation and progression. Scand | Urol Nephrol Suppl
2008;218:154- 65

Zeegers MP, Tan FE, Dorant E, van Den Brandt PA. The impact of
characteristics of cigarette smoking on urinary tract cancer risk: a
meta-analysis of epidemiologic studies. Cancer 2000;89:630-9

Olfert SM, Felknor SA, Delclos GL. An updated review of the literature:
risk factors for bladder cancer with focus on occupational exposures.
South Med | 2006,99:1256 -63

Gallagher DJ, Milowsky MI, Bajorin DF. Advanced bladder cancer:
status of first-line chemotherapy and the search for active agents in the
second-line setting. Cancer 2008;113:1284-93

Bellmut J, Albiol S, Ramirez de Olano A, Pujadas J, Maroto P. On behalf
the Spanish oncology genitourinary group (SOGUG). Gemcitabine in the
treatment of advanced transitional cell carcinoma of the urothelium. Ann
Oncol 2006;17:v113-17

von der Maase H, Hansen SW, Roberts JT, Dogliotti L, Oliver T, Moore
M]J, Bodrogi I, Albers P, Knuth A, Lippert CM, Kerbrat P, Sanchez Rovira
P, Wersall P, Cleall SP, Roychowdhury DF, Tomlin I, Visseren-Grul CM,
Conte PF. Gemcitabine and cisplatin versus methotrexate, vinblastine,
doxorubicin and cisplatin in advanced or metastatic bladder cancer:
results of a large, randomized, multinational, multicenter, phase III
study. | Clin Oncol 2000;18:3068-77

von der Maase H, Sengelov L, Roberts JT, Ricci S, Dogliotti L, Oliver T,
Moore MJ, Zimmermann A, Arning M. Long-term survival results of a
randomized trial comparing gemcitabine plus cisplatin, with
methotrexate, vinblastine, doxorubicin, plus cisplatin in patients with
bladder cancer. | Clin Oncol 2005;23:4602-8

Siddk ZH. Cisplatin: mode of cytotoxic action and molecular basis of
resistence. Oncogene 2003;22:7265-79

Wang D, Lippard SJ. Cellular processing of platinum anticancer drugs.
Nat Rev 2005;4:307-19

Nabhan C, Krett N, Gandhi V, Rosen S. Gemcitabine in hematologic
malignancies. Curr Opin Oncol 2001;13:514-21

Bass AJ, Gockerman JP, Hammett E, De Castro CM, Adams DJ, Rosner
GL, Payne N, Davis P, Foster T, Moore JO, Rizzieri DA. Phase I
evaluation of prolonged-infusion gemcitabine with irinotecan for
relapsed or refractory leukemia or lymphoma. | Clin Oncol
2002;20:2995-3000

Galmarini CM, Mackey JR, Dumontet C. Nucleoside analogues:
mechanisms of drug resistance and reversal strategies. Leukemia
2001,15:875-90

Toschi L, Finocchiaro G, Gioia V. Role of gemcitabine in cancer therapy.
Fut Oncol 2005;1:7-17

Nishiyama H, Watanabe ], Ogawa O. p53 and chemosensitivity in
bladder cancer. Int ] Clin Oncol 2008;13:282-6

Kim E, Giese A, Deppert W. Wild type p53 in cancer cells: when a
guardian turns into a blackguard. Biochem Pharmacol 2009;77:11-20

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Weller M. Predicting response to cancer chemotherapy: the role of p53.
Cell Tissue Res 1998;292:435-45

Kartalou M, Essgmann JM. Mechanism of resistance to cisplatin. Mutat
Res 2001;478:23-43

Kannan K, Amariglio N, Rechavi G, Jakob-Hirsch ], Kela I, Kaminski N,
Getz G, Domany E, Givol D. DNA microarrays identification of
primary and secondary target genes regulated by p53. Oncogene 2001;20:
2225-34

Yip HT, Chopra R, Chkrabarti R, Veena MS, Ramamurthy B, Srivatsan
ES, Wang MB. Cisplatin-induced growth arrest of head and neck cancer
cells correlates with increased expression of pl6 and p53. Arch
Otolaryngol Head Neck Surg 2006;132:317-26

Andrews GA, Xi S, Pomerantz RG, Lin CJ, Gooding WE, Wentzel AL,
Wu L, Sidransky D, Grandis JR. Mutation of p53 in head and neck
squamous cell carcinoma correlates with BCL-2 expression and increased
susceptibility to cisplatin-induced apoptosis. Head Neck 2004;26:870-7
Watanabe ], Nishiyama H, Okubo K, Takahashi T, Toda Y, Habuchi T,
Kakehi Y, Tada M, Ogawa O. Clinical evaluation of p53 mutations in
urothelial carcinoma by IHC and FASAY. Urology 2004;63:989-93
Chen M, Hough AM, Lawrence TS. The role of p53 in gemcitabine-
mediated cytotoxicity and radiosensitization. Cancer Chemother
Pharmacol 2000;45:369-74

Cory AH, Cory JG. Gemcitabine-induced apoptosis in a drug-resistant
mouse leukemia L1210 cell line that does not express p53. Adv Enzyme
Regul 2004;44:11-25

Kielb SJ, Nikhil LS, Rubin MA, Sanda MG. Functional p53 mutation as a
molecular determinant of paclitaxel and gemcitabine susceptibility in
human bladder cancer. | Urol 2001;166:482-7

Fechner G, Perabo FGE, Schmidt DH, Haase L, Ludwig E, Schueller H,
Blatter J, Muller C, Albers P. Prelinical evaluation of a radiosensitizing
effect of gemcitabine in p53 mutant and p53 wild type bladder cancer
cells. Urology 2003;61:468-73

Rieger KM, Little AF, Swart JM, Kastrinakis WV, Fitzgerald JM, Hess DT,
Libertino JA, Summerhayes IC. Human bladder carcinoma cell lines as
indicators of oncogenic change relevant to urothelial neoplastic
progression. Br | Cancer 1995;72:683-90

Cooper MJ, Haluschak JJ, Johsond D, Schwartz S, Morrison L], Lippa M,
Hatzivassiliou G, Tan J. p53 mutations in bladder carcinoma cell lines.
Oncol Res 1994;6:569-79

Scudiero PA, Shoemaker RH, Paull KD, Monks A, Tierney S, Nofziger
TH, Currens MJ, Seniff D, Boyd MR. Evaluation of a soluble tetrazolium/
formazan assay for cell growth and drug sensitivity in culture using
human and other tumor cell lines. Cancer Res 1988;48:4827 -33

Barton BE, Karras JG, Murphy TF, Barton A, Huang HF. Signal
transducer and activator of transcription 3 (STAT3) activation in prostate
cancer: direct STAT3 inhibition induces apoptosis in prostate cancer
lines. Mol Cancer Ther 2004;3:11-20

Kuo YC, Kuo PL, Hsu YL, Cho CY, Lin CC. Ellipticine induces apoptosis
through p53-dependent pathway in human hepatocellular carcinoma
HepG2 cells. Life Sci 2006,78:2550-7

Xu Z, Choudhary S, Voznesensky O, Mehrotra M, Woodard M, Hansen
M, Herschman H, Pilbeam C. Overexpression of COX-2 in human
osteosarcoma cells decreases proliferation and increases apoptosis.
Cancer Res 2006;66:6657 —64

Wang CCC, Chiang Y-M, Kuo P-L, Chang JK, Hsu YL. Norsolorinic acid
inhibits proliferation of T24 human bladder cancer cells by arresting the
cell cycle at the GO/G1 phase and inducing a fas/membrane-bound fas
ligand-mediated apoptotic pathway. Clin Exp Pharmacol Physiol
2008;35:1301-8

Chou TC, Talalaly P. Quantitative analysis of dose-effect relationships:
the combined effects of multiple drugs or enzyme inhibitors. Adv Enzyme
Regul 1984;22:27-55

El-Deiry WS. Regulation of p53 downstream genes. Semin Cancer Biol
1998;8:345-57

Eliopoulos AG, Kerr DJ, Herod ], Hodgkins L, Krajewski S, Reed JC,
Young LS. The control of apoptosis and drug resistance in ovarian
cancer: influence of p53 and Bcl-2. Oncogene 1995;11:1217-28

Lenz HJ, Hayashi K, Salonga D, Danenberg KD, Danenberg PV, Metzger
R, Banerjee D, Bertino JR, Groshen S, Leichman LP, Leichman CG. p53
point mutations and thymidylate synthase messenger RNA levels in
disseminated colorectal cancer: an analysis of response and survival. Clin
Cancer Res 1998;4:1243 -50



Experimental Biology and Medicine Volume 235 July 2010

40

41

42

43

44

45

46

47

48

Brandford CR, Zhus S, Ogawa H, Ogawa T, Ubell M, Narayan A,
Johnson G, Wolf GT, Fisher SG, Carey TE. P53 mutation correlates with
cisplatin sensitivity in head and neck squamous cell carcinoma lines.
Head Neck 2003;25:654-61

Gallangher WM, Cairney M, Schott B, Roninson IB, Brown R.
Identification of p53 genetic suppressor elements which confer resistance
to cisplatin. Oncogene 1997;14:185-93

Wang X, Wong SC, Pan ], Tsao SW, Fung KH, Kwong DL, Sham JS,
Nicholls JM. Evidence of cisplatin-induced senescent-like growth arrest
in nasopharyngeal carcinoma cells. Cancer Res 1998;58:5019-22

Roberts JJ, Pascoe JM. Cross-linking of complementary strands of DNA
in mammalian cells by antitumour platinum compounds. Nature
1972;235:282-4

Weiss RB, Christian MC. New cisplatin analogues in development.

A review. Drugs 1993;46:360-77

Bunz F, Hwang PM, Torrance C, Waldman T, Zhang Y, Dillehay L,
Williams J, Lengauer C, Kinzler KW, Vogelstein B. Disruption of p53 in
human cancer cells alters the responses to therapeutic agents. | Clin Invest
1999;104:263 -269

Lapouge G, Millon R, Muller D, Abecassis ], Eber M, Bergerat JP,
Klein-Soyer C. Cisplatin-induced genes as potential markers for thyroid
cancer. Cell Mol Life Sci 2005;62:53 - 64

Merlin T, Brander G, Hess RD. Cell cycle arrest in ovarian cancer cell
lines does not depend on p53 status upon treatment with cytostatic
drugs. Int | Oncol 1998;13:1007-16

Paulwels B, Korst AE, Andriessen V, Baay MF, Pattyn GG, Lambrechts
HA, Pooter CM, Lardon F, Vermorken JB. Unraveling the mechanism of

49

50

51

52

53

54

55

radiosensitization by gemcitabine: the role of TP53. Radiat Res
2005;164:642-50

Cordon-Cardo C, Dalbagni G, Saez GT, Oliva MR, Zhang ZF, Rosai J,
Reuter VE, Pellicer A. p53 mutations in human bladder cancer: genotypic
versus phenotypic patterns. Int | Cancer 1994;56:347 - 53

Bergman AM, Pinedo HM, Peters GJ. Determinants of resistance to

2/, 2'-difluorodeoxycytidine (gemcitabine). Drug Res Updates
2002;5:19-33

Tannock IF, Lee C. Evidence against apoptosis as a major mechanism for
reproductive cell death following treatment of cell lines with anti-cancer
drugs. Br | Cancer 2001;84:100-5

Bergman AM, Pinedo HM, Peters GJ. Determinants of resistance

to 2/,2'-difluorodeoxycytidine (gemcitabine). Drug Res Updates
2002;5:19-33

Theodossiou C, Cook JA, Fisher ], Teague D, Liebmann JE, Russo A,
Mitchell JB. Interaction of gemcitabine with paclitaxel and cisplatin in
human tumor cell line. Int ] Oncol 1998;12:825-32

van Moorsel CJ, Pinedo HM, Veerman G, Bergman AM, Kuiper CM,
Vermorken JB, van der Vijgh W], Peters GJ. Mechanisms of synergism
between cisplatin and gemcitabine in ovarian and non-small-cell lung
cancer cell lines. Br ] Cancer 1999;80:981-90

Slaton JW, Benedict WF, Dinney CP. P53 in bladder cancer:

mechanism of action, prognostic value, and target for therapy. Urology
2001,57:852-9

(Received October 27, 2009, Accepted April 20, 2010)



