
Abstract. Background/Aim: This study aimed to evaluate
the in vitro efficacy of carboplatin and piroxicam, both in
isolation and combined, against T24 and 5637 human
urinary bladder cancer cell lines. Materials and Methods:
Cell viability, drug interaction, cell morphology, cell
proliferation, apoptosis and autophagy were analyzed
after 72 h of drug exposure. Statistical analysis was
performed and values of p<0.05 were considered
statistically significant. Results: Drug exposure in
combination led to a significant reduction of cell viability
comparatively to single-drug exposure. These
combinations resulted in a synergistic interaction in the
T24 (combination index for 50% effect (CI50)=0.65) and
5637 (CI50=0.17) cell lines. Notable increase of
morphological alterations, a marked decrease of Ki-67
expression, a considerable enhancement of autophagic
vacuoles and a minimal effect on apoptosis was observed
in both cell lines treated with combined drugs.
Conclusion: Data showed that in vitro combination of
carboplatin and piroxicam produced a more potent
antiproliferative effect when compared to single drugs.

Urinary bladder cancer is considered the most expensive
cancer to treat and its incidence and mortality have not
decreased in the past three decades (1). It is the fourth most
frequent cancer among men in Europe, with a 3-fold higher
incidence when compared to women (2). The etiology of this
neoplasia appears to be multifactorial, with both exogenous
environmental factors and endogenous molecular factors
playing possible roles (3).

Cisplatin-based chemotherapy is widely used in treatment
of urinary bladder cancer, but approximately 50% of patients
with this kind of cancer are not eligible for cisplatin-based
standard chemotherapy due to impaired renal function (4, 5).
However, no standard chemotherapy has been established for
those patients (6). Although platinum drugs remain a critical
component of chemotherapy in this type of cancer,
cumulative toxicities can limit their use (7). Carboplatin is a
second-generation platinum compound and an alkylating
anticancer drug widely used as an alternative to cisplatin
chemotherapy in unfit patients due to its reduced
nephrotoxicity (6, 8, 9). 

Recently, several reports have emerged suggesting that the
efficacy of conventional anticancer agents can be enhanced
by their use in combination with cyclo-oxygenase (COX)
inhibitors (10-13). COX inhibitors, widely applied for the
treatment of inflammation, are considered as hopeful
compounds for prevention and treatment of many neoplasias.
COX is an important enzyme that catalyzes the conversion
of arachidonic acid into prostaglandin and several
investigations have shown that a variety of tumors, including
urinary bladder cancer, produce greater amounts of
prostaglandins when compared to the normal tissue from
which they were derived (14-16). Two COX isoforms are
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well recognized: COX1 is constitutively expressed in most
tissues and regulates multiple physiologic processes, whereas
COX2 is associated with carcinogenesis, given that it is
expressed in several malignant tumor types (16, 17).
Piroxicam is a non-steroidal anti-inflammatory drug that
blocks the activity of both COX1 and COX2 (18). It is used
for treatment of osteoarthritis and also found to be effective
in the treatment of urinary bladder transitional cell carcinoma
and oral squamous cell carcinoma in dogs (19, 20), as well
as in the treatment of inflammatory mammary carcinoma in
dogs (21). Despite this, data concerning its effectiveness in
models of human urinary bladder are still lacking.

This study aimed to evaluate the in vitro efficacy of
carboplatin and piroxicam, both in isolation and combined,
against T24 and 5637 human urinary bladder cancer cell
lines.

Materials and Methods

Chemicals. RPMI-1640 culture medium and trypsin were purchased
from PAA Laboratories (Pasching, Austria). Fetal bovine serum,
penicillin and streptomycin were obtained from Biological
Industries (Kibbutz Beit Haemek, Israel). L-Glutamine and
dimethylsulfoxide were provided by Sigma Aldrich (St. Louis, MO,
USA). Carboplatin was acquired from TEVA (Porto Salvo, Portugal)
and piroxicam was obtained from Menarini (Oeiras, Portugal). 3-
(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyltetrazolium bromide (MTT)
was purchased from Sigma Aldrich. Fluorescein In Situ Cell Death
Detection Kit was acquired from Roche (Indianapolis, IN, USA).
Primary antibody to Ki-67 was purchased from Dako (Glostrup,
Denmark) and 3,3-diaminobenzidine (DAB) chromogen was
obtained from Zytomed Systems (Berlin, Germany). Ki-67
immunoexpression was assessed using a commercial detection
system (Ultra Vision Detection System; Lab Vision Corporation,
Fremont, CA, USA).

Cell culture conditions. Experiments were accomplished using the T24
muscle invasive urinary bladder cancer cell line and the 5637 non-
muscle invasive urinary bladder cancer cell line. T24 cell line was
provided by DSMZ (Düsseldorf, Germany); 5637 cell line was kindly
provided by Dr. Paula Videira of the Nova University of Lisbon,
Lisbon, Portugal. Both cell lines were cultured as a monolayer at 37˚C
and 5% CO2 in RPMI-640 culture medium, supplemented with 10%
heat-inactivated fetal bovine serum, 2 mM L-glutamine and antibiotics
(100 U/ml penicillin and 100 μg/ml streptomycin).

Carboplatin and piroxicam exposure. Urinary bladder cancer cell
lines were treated with graded concentrations of carboplatin (0.05,
0.5 and 1 μM) and piroxicam (167, 333 and 500 μM) for 72 h to
assess dose–response profiles. For the combination approach, 0.05
μM of carboplatin was used with 333 μM piroxicam. Both drugs
were freshly prepared before each experiment. An untreated control
group (cells not exposed to carboplatin and piroxicam) was used for
all assays.

MTT assay. The MTT assay was used to assess the relative
percentage of metabolically active cells compared to untreated cells.
In brief, trypsinized T24 and 5637 cells were resuspended in a

medium at 2×104 cells/ml. One hundred microliters of cell
suspension was seeded in a 96-well culture plate (Sarstedt, Newton,
NC, USA) and plates were incubated for 24 h to allow adherent cell
growth. After overnight incubation, the medium was removed and
the different agent solutions in medium were distributed to each
well. After 72 h of incubation, 10 μl MTT dye working solution (5
mg/ml) was added to each well and 4 h later the supernatant in the
wells was removed and replaced by 100 μl/well of
dimethylsulfoxide. The absorbance values (A) of each well were
recorded at 492 nm on an automatic ELISA plate reader (Multiskan
EX; LabSystems, Helsinki, Finalnd). The percentage cell viability
was calculated as: Aexperimental group/Acontrol ×100 (13).

Inverted light microscopy. An inverted light microscope (Axiovert
25; Carl Zeiss, Oberkochen, Germany) was used to analyze the
effects of carboplatin and piroxicam, in isolation or combined, on
cell confluence and appearance. 

Drug combination studies. For the study of synergism between
carboplatin and piroxicam in inhibition of T24 and 5637 cell
growth, a combination index (CI) was determined using the data
obtained from MTT assay. Drug combination studies were based on
dose–effect curves generated as a plot of the fraction of unaffected
cells versus drug concentration, in accordance to the method of
Chou and Talalay (22), using the CI equation: CI=(D)1/(Dx)1 +
(D)2/(Dx)2 + (D)1(D)2/(Dx)1(Dx)2, where (D)1 and (D)2 were the
doses of carboplatin and piroxicam that exhibited a determined
effect when applied simultaneously to the cells, and (Dx)1 and (Dx)2
were the doses of the same drugs that exhibit the same determined
effect when used in isolation. The inhibition of cell proliferation
through combined treatment using carboplatin and piroxicam was
represented by the fraction affected. The CI values indicates a
synergistic effect when <1, an antagonistic effect when >1, and an
additive effect when equal to 1.

Leishman staining. Urinary bladder cancer cell lines (2×104
cells/ml) were cultured in the presence of carboplatin and
piroxicam, in isolation or combined as described above. After
incubation, cells were washed twice with phosphate-buffered saline
(PBS) (pH 7.4, previously heated at 37˚C), fixed in methanol for 20
min at room temperature, washed once more with PBS, and stained
with Leishman dye for 30 min (13). Slides were observed with a
light microscope (Leica, Wetzlar, Germany) in order to detect
morphological alterations.

Immunocytochemistry. Immunocytochemical assay was carried out
in order to determine the expression of Ki-67, a nuclear protein that
is expressed in proliferating cells (24). Cells were plated in 24-well
chamber slides (Sarstedt, Newton, NC, USA) and incubated
overnight. Carboplatin and piroxicam were applied in isolation or
combined for 72 h. After being washed with PBS, cells were fixed
with 4% paraformaldehyde for 15 min at room temperature and
washed three times in an isotonic PBS buffer. Permeabilization was
carried out using 1% Triton X-100 in PBS for 20 min at room
temperature, and internal peroxidase activity was blocked with 3%
hydrogen peroxide for 30 min. Cells were incubated with primary
antibody for Ki-67 (MIB-1, 1:100, Dako, Glostrup, Denmark) for 
1 h at room temperature. After incubation with the secondary
antibody, positive immunoreactivity was visible by means of the
reaction of DAB. The samples were washed with water and
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contrasted with hematoxylin. Negative controls were performed by
replacing primary antibody with PBS (23). Samples were analyzed
qualitatively with a Leica microscope (Wetzlar, Germany).

Terminal deoxynucleotidyl transferase-mediated dUTP nick end
labelling assay (TUNEL). Cells (2×104 cells/ml) were seeded and
allowed to attach overnight. After treatment with carboplatin and
piroxicam for 72 h, in isolation or combined, apoptosis was detected
by means of the Fluorescein In Situ Cell Death Detection Kit, in
accordance with the manufacturer’s instructions. In brief, cell nuclei
were counterstained with 4’,6-diamidino-2-phenylindole and
fragmentation was detected by its turning into a green color.
Positive (cells incubated with DNase I recombinant) and negative
(cells incubated with all reagents except TdT) controls were
included in each experiment. Slides were observed using a
fluorescence microscope (Nikon Eclipse E400; Nikon Tokyo,
Japan). For each slide, 200 cells were counted in random fields to

assess the number of cells undergoing apoptosis. Cells with
positively labelled (green color) nuclear area were considered
apoptotic. The apoptotic index (%) was defined as: (number of
apoptotic cells/total number of cells) ×100 (23).

Monodansylcadaverine (MDC) staining. Autophagic vacuoles
induced by carboplatin and piroxicam were evaluated using the
auto-fluorescent substance MDC. Cells were seeded in a glass
coverslip (8 mm), cultured for 24 h and treated with drugs, in
isolation or combined, for 72 h. The medium was removed and
MDC (Sigma Aldrich) was added to the cells at 25 μM, at 37˚C and
for 1 h. Subsequently, cells were washed three times with PBS and
immediately analyzed using a fluorescence microscope (Nikon
Eclipse E400; Nikon).

Statistical analysis. Statistical analysis was carried out using SPSS
17.0 statistical software (SPSS Inc., Chicago, IL, USA). The
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Figure 1. Urinary bladder cancer cell line culture observed under an inverted light microscope. T24 and 5637 cells in the absence (control) or in
the presence of carboplatin (A) and piroxicam (B).



equality of variances was tested by Levene F-test and the statistical
significance of differences between the treatment and control groups
was determined by Dunnett’s multiple comparison post-hoc test for
the MTT assay. p-Values of less than 0.05 were considered to be
statistically significant.

Results

Cell confluence after treatment with carboplatin and
piroxicam. The T24 and the 5637 cells were exposed to
carboplatin (0.05, 0.5 and 1 μM) and piroxicam (167, 333
and 500 μM), in isolation for 72 h. Cells were analyzed
under an inverted light microscope. The surface of the cell
layer in control flasks was confluent with visible cells
undergoing division. A decrease in cell population was
observed with increasing doses of both drugs when
compared with untreated cells. A marked decrease in the cell
population was observed at 1 μM carboplatin and 500 μM
piroxicam in the 5637 cell line (Figure 1).

Isolated effects of carboplatin and piroxicam on cell
viability. At the exponential growth phases, both T24 and the

5637 urinary bladder cancer cell lines were exposed to
different concentrations of carboplatin and piroxicam, in
isolation, and the effect on cell viability was examined after
72 h of culture by the MTT assay (Figure 2). The single-drug
exposure to carboplatin and piroxicam reduced cell viability
in both cell lines in a dose-dependent manner. At 1 μM
carboplatin, cell viability rates of 56.0% and 61.0% were
obtained in T24 (p=5.7×10–8) and 5637 (p=1.4×10–4) cells,
respectively (Figure 2A). At 500 μM piroxicam, cell viability
rates of 54.0% and 51.0% were recorded for T24
(p=5.1×10–6) and 5637 (p=4.4×10–6) cells, respectively
(Figure 2B).

Combined effects of carboplatin and piroxicam on cell
viability. The simultaneous exposure of T24 and 5637 cells
to carboplatin (0.05, 0.5 and 1 μM) and piroxicam (167, 333
and 500 μM) reduced the cell viability rate in both cell lines
when compared with each drug in isolation (Figure 3). When
compared to the T24 cell line, the 5637 cell line was more
sensitive to drugs used in combination, even at the lowest
carboplatin concentration tested (0.05 μM) with 167, 333 and
500 μM of piroxicam. All the combinations were statistically
significantly effective when compared with the control group
(p<0.05).

Combination index. In order to analyze the type of
interaction (synergic, additive, or antagonistic) between the
carboplatin and piroxicam in combination on T24 and 5637
cell lines, we implemented the method developed by Chou
and Talalay on MATLAB (22) to determine the CI50 values.
The 50% dose reduction index (DRI50) represents the
magnitude of dose reduction obtained for the 50% growth-
inhibitory effect in combination as compared to each drug
alone. The CI50 and DRI50 for carboplatin and piroxicam are
shown in Table I. The results demonstrated that a synergistic
interaction on cell viability of both cell lines was observed
when the two drugs were used concomitantly.

Morphological changes. Incubation with carboplatin and
piroxicam led to marked alterations in T24 and 5637 cell
morphology, namely the presence of apoptotic cells and
apoptotic bodies. These morphological alterations were more
frequent when cells were treated with both drugs in
combination. Untreated cells showed morphology consistent
with cells undergoing division (Figure 4).

Cell proliferation. Immunocytochemistry was carried out in
order to evaluate Ki-67 expression in the two cell lines
exposed to carboplatin (0.05 μM) and piroxicam (333 μM),
in isolation and when combined. Positive controls
significantly expressed Ki-67, while a moderate expression
was observed in cells exposed to carboplatin or piroxicam.
The combined approach using both carboplatin and
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Figure 2. Evaluation of cell viability in T24 and 5637 urinary bladder
cancer cell lines, assessed by the 3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyltetrazolium bromide assay, after 72 h of exposure to single-drug
carboplatin (A) and piroxicam (B). The data represent the mean
values±standard deviation. *p<0.05 versus untreated cells.



piroxicam not only reduced the density of cells per
microscopic field, but also the Ki-67 expression in those cell
lines (Table II).

Apoptosis. Most nuclei were undamaged in untreated T24
and 5637 cells. Cells treated with piroxicam presented a
lower degree of apoptosis in the T24 cell line and a higher
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Table I. Combination index (CI) and dose reduction index (DRI) values for carboplatin and piroxicam combination. The CI50 is a combination
index for 50% effect, used for qualifying synergism, additivity and antagonism.

                          Carboplatin (CI50 μM)              Piroxicam (CI50 μM)                     CI50                                  DRI50                                Interpretation

T24                                     1                                              500                                   0.65                          Carboplatin: 20                           Synergism
                                                                                                                                                                       Piroxicam: 1.8
5637                                    1                                              500                                   0.17                          Carboplatin: 20                           Synergism
                                                                                                                                                                       Piroxicam: 8.6

Table II. Ki-67 immunocytochemical expression on T24 and 5637 urinary bladder cancer cell lines treated with carboplatin and piroxicam, alone
and in combination.

                  Positive control      Negative control       0.05 μM Carboplatin           333 μM Piroxicam         0.05 μM Carboplatin + 333 μM piroxicam

T24                    ++++                           −                                  +++                                     +++                                                      ++
5637                   ++++                           −                                  +++                                     +++                                                      ++

− No staining; + very weak staining; ++ weak staining; +++ moderate or intense staining; ++++ highest intensity staining.

Figure 3. Combined effects of carboplatin and piroxicam in T24 (A) and 5637 (B) urinary bladder cancer cell lines, assessed by using the 3-(4,5-
dimethyl-2-thiazolyl)-2,5-diphenyltetrazolium bromide assay. The data represent the mean values±standard deviation. *p<0.05 versus untreated cells.



degree in the 5637 cell line when compared to carboplatin
effects. With the combination treatment, a minor increase of
apoptotic cells was found in T24 and 5637 cell lines by the
TUNEL assay, however, this effect did not lead to
statistically different findings from those of the other
treatments and control (Figure 5). 

Autophagy. MDC staining allowed the visualization of
mature autophagic vacuoles. No autophagic vacuoles were
observed in untreated cells. MDC-labelled vacuoles were
observed with single treatment with carboplatin or piroxicam
in both urinary bladder cancer cell lines. An increased
number of MDC-labelled vacuoles were detected in
cytoplasm and perinuclear regions of both cell lines when
carboplatin and piroxicam were combined (Figure 6).

Discussion

Preclinical models play a crucial role in the development of
novel targeted-therapies required to further improve the
effectiveness of urinary bladder cancer chemotherapy (13).
Urinary bladder cancer cell lines have been invaluable
research tools for evaluating the efficacy of new drugs (13,
24). In the present study, it was investigated whether
piroxicam could strengthen carboplatin efficacy, using in vitro

models of two human urinary bladder cancer cell lines.
According to Pinto-Leite and collaborators, these two cell
lines cover the most frequent subtypes of urinary bladder
cancer; the T24 cell line represents a subtype of fibroblast
growth factor receptor 3 (FGFR3)/cyclin D1 (CCND1), while
the 5637 cell line represents the E2F transcription factor 3
(E2F3)/retinoblastoma 1 (RB1) circuit mutational profile, with
the former representing a less aggressive phenotype and the
latter bearing more invasive and metastatic properties (24).
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Figure 4. Effects of carboplatin and piroxicam, alone and in combination, on T24 and 5637 cell morphology. Untreated control cells presented
morphological features of dividing cells (arrow). Carboplatin and piroxicam-treated cells exhibited apoptotic bodies (black arrow), apoptotic cells
(asterisk) and vacuolated cytoplasm (triangle). Original magnification ×1000. 

Figure 5. Percentage of apoptotic cells determined by terminal
deoxynucleotidyl transferase-mediated dUTP nick-end labeling assay in
T24 and 5637 urinary bladder cancer cell lines after exposure to 0.05 μM
carboplatin and 333 μM piroxicam, alone and in combination. No
statistical differences were found.



In this study, two drugs with different mechanism of action
were used. Carboplatin is an anti-neoplastic drug applied in
patients with impaired renal function (25) for the treatment
of urothelial and metastatic carcinomas (26-29). Indeed, its
use is associated with fewer side-effects when compared with
cisplatin, which is considered the backbone of urinary bladder
cancer treatment (30). According to Mohammed et al., the
prescription of COX inhibitors in patients with urinary
bladder cancer leads to the increase of the remission period,
extending the lifespan and the patients' quality of life (31). 

To date, the combination of carboplatin and piroxicam was
only investigated in two different types of carcinomas in
dogs. Boria and collaborators evaluated carboplatin and
piroxicam therapy in dogs with transitional urinary bladder
carcinoma and observed a remission rate of 40%, providing
evidence that this COX inhibitor enhances the antitumor
activity of carboplatin (32). The other investigation was
carried out in a canine model of human head and neck
squamous cell carcinoma where this multi-agent protocol
was well tolerated and resulted in a complete regression of
tumor without additional surgery in 57% of the cases (33).
Despite these promising results, there are no studies
regarding the effectiveness of the simultaneous use of these
two drugs in human urinary bladder cancer cell lines.

In this study, we investigated the effectiveness of
carboplatin and piroxicam combination on cell viability, cell
proliferation, morphological changes, apoptosis and
autophagy of two human urinary bladder cancer cell lines.
After 72 h of treatment with both drugs, a synergistic effect
was obtained in the T24 and 5637 cell lines, with a CI of less
than 1. The use of several drugs with different mechanisms
or means of action may treat a disease more effectively. The
possible favorable outcomes for synergism include:

increasing the efficacy of the therapy, reducing the dose
while increasing or maintaining the same efficacy thereby
reducing/avoiding toxicity, minimizing or slowing down the
development of drug resistance, and providing selective
synergism against the target (or efficacy synergism) versus
host (or toxicity antagonism). Because of these therapeutic
benefits, drug combinations have been widely used and have
become the leading choice for treating the most dreadful
diseases, such as cancer (34).

The synergistic interaction observed between carboplatin
and piroxicam was confirmed by the use of other biological
approaches. When associated with a decrease in cell viability
and proliferation, there was an increase in cell death by
autophagy or apoptosis. Apoptosis is considered a pathway
with a specific morphological pattern of programmed death
(35). It was found that piroxicam in isolation induced a slight
increase of apoptosis in both cell lines when compared to
untreated cells. Similar results were presented in canine head
and neck squamous carcinoma cells (33) and in
mesothelioma cell lines (36). The combination of both drugs
induced a minimal increase in the number of apoptotic cells
in both cell lines compared to the use of the drugs in
isolation. Baldi and collaborators also found a minor increase
in the apoptotic index when piroxicam and cisplatin were
used simultaneously (36). Recently, autophagy has been
associated with a genetically programmed pathway that
promotes cell death and with an important effect on cancer
(37, 38). Munafó and Colombo introduced MDC staining as
a marker to detect autophagy (39). In this study, piroxicam
in combination with carboplatin had an enhancing effect,
with a marked increase of labelled vacuoles.

In summary, our data demonstrate that carboplatin and
piroxicam have biological activity against human urinary

Silva et al: Carboplatin and Piroxicam Against Two Bladder Cancer Cell Lines

1743

Figure 6. Fluorescence images obtained from T24 and 5637 cells exposed to carboplatin and piroxicam, alone and in combination. Autophagosomes
are pictured as distinct dot-like fluorescent structures. Original magnification ×200.



bladder cancer cell lines and their activity is synergistic
when administered simultaneously. Taking into account
the expertise of our research group in in vivo cancer
models, the next step will be the evaluation of the efficacy
of this combination in animal models of papilar and
invasive urothelial carcinomas in rats and mice,
respectively.
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