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Abstract. Kidney cancer is one of the most lethal urological
malignancies associated with a high risk of mortality. Recent
studies have shown that several antidiabetic drugs may limit
the risk of the growth of different types of cancer. Pioglitazone
(PIO) belongs to a novel class of antidiabetic drugs called
thiazolidinediones (TZDs), which are commonly used in
the treatment of type 2 diabetes. This drug has been demon-
strated to exert an inhibitory effect on cell growth in colon,
prostatic, breast and pancreatic cancer lines. The aim of the
present study was to assess the inhibitory effect of PIO on the
proliferation of the renal adenocarcinoma cell line 769-P. In
addition, the proapoptotic potential of combined treatment
with PIO and methotrexate (MTX) was evaluated, as well
as the impact of the above drugs on the cell cycle of the
769-P cells. The present study showed that PIO efficaciously
inhibited the proliferation and viability of renal cancer cells,
and it induced sub-Gl cell cycle arrest and a decrease in the
number of cells in the G2 phase, which indicated cytotoxic
activity. PIO also exhibited proapoptotic properties at the
lowest dose applied (10 #M). Furthermore, combined therapy
with PIO and MTX increased the sensitivity of tumor cells
to MTX while at the same time this combined therapy did
not exhibit a cytotoxic effect to normal kidney cells. In renal
adenocarcinoma cells, the combination of the above cytostatic
agent at the lowest dose administered (MTX, 5 yuM) with
the peroxisome proliferator-activated receptor y agonist PIO
exhibited better efficacy in triggering the process of apoptosis
than that displayed by MTX alone.
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Introduction

Cancer is one of the most common causes of death and a major
health concern worldwide (1). However, effective treatment
of patients remains a real and serious challenge in oncology.
Conventional therapeutic methods, including chemotherapy,
radiotherapy and surgery, often are not sufficiently effective
or have a high risk of adverse effects for patients (1,2). An
increasingly noted therapeutic issue is the development of
tumor cell resistance to the applied treatment, which can be
associated with poor vascularization of the tumor, silencing
of the apoptotic pathway and reinforcement of the DNA repair
mechanism in cells. It is estimated that ~40% of tumors are
resistant to conventional chemotherapy, which significantly
increases the risk of relapse (3,4). Renal cell carcinoma
(RCC), also called renal adenocarcinoma, remains one of
the most lethal urological malignancies in the world, and is
associated with a high resistance to conventional therapy.
Adenocarcinomas represent >90% of kidney carcinomas.
The main method of treatment is surgical resection, which
is effective only in ~70% of cases with early-stage and local-
ized RCC (5). Over the last decade, a constantly increasing
incidence of RCC has been observed in Eastern and Western
European countries, including Poland (1,6-9). The number
of reports focusing on factors that can promote the develop-
ment of kidney cancer such as smoking, obesity, diabetes and
hypertension, continues to grow (2). Recent epidemiologic
studies have shown that patients with diabetes (mainly type 2)
may be predisposed to develop not only nephropathy but also
several malignancies, including kidney cancer, when compared
with the general population (9-17).

Considering the increasing incidence of kidney cancer and
the limitations of current therapy, the main objective of contem-
porary medicine is the identification of novel therapeutic
agents that will be able to increase the sensitivity of tumor
cells to cytostatic drugs while reducing their cytotoxic effect
on normal cells. One of the suggested strategies is the combina-
tion of anticancer drugs with other non-cytostatic therapeutic
agents. Numerous preclinical, epidemiological and clinical
studies have shown that antidiabetic drugs such as metformin
or pioglitazone (PIO) may have anticancer activity (18-22).
Recently, this area has gained increased attention due to the
growing global diabetes epidemic as well as current findings
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that suggest that certain antidiabetic drugs may reduce the
risk of cancer and could be considered in cancer therapy.
Thiazolidinediones (TZDs), which act as ligands to nuclear
peroxisome proliferator-activated receptor (PPAR)y, represent
an essential group of antidiabetic drugs that could be used in
cancer treatment. This concept is supported by the finding that
PPARYy is involved in cell proliferation, and PPARYy expression
levels vary from normal to tumor tissues (23). Previous studies
have shown that this receptor is highly expressed also in human
renal cell adenocarcinoma (21,24,25). Moreover, previous
studies confirmed that PPARY is detected in various human
cancer cells, including colon (26), prostate (27), bladder (28),
lung (29) and breast (24). The results of clinical trials indicate
the efficacy of TZDs as monotherapy in prostate cancer and
glioma as well as colon, lung and breast cancer (24,27,29).
TZDs in combination with other therapies could enhance
antitumor effects in melanoma, thyroid cancer and soft tissue
sarcoma (23).

PIO is an oral hypoglycaemic agent of TZDs used for the
management of type 2 diabetes. Its mechanism of action is asso-
ciated with the activation of the nuclear receptor PPARy (19,22).
PPARY agonists are known to exert a nephroprotective
effect in diabetic patients (30,31). However, Yuan et al (21)
demonstrated that PIO could also effectively inhibit the prolif-
eration and promote the apoptosis of human RCC cell lines.
Therefore, TZDs may also have a significant inhibitory effect
on the progression of kidney cancer. Methotrexate (MTX)
is one of the most widely used anticancer drugs. It is used
alone or in combination with other cytostatic agents to treat
certain types of cancer such as breast, skin, head and neck or
lung cancer (32,33). Notably, preclinical and clinical studies
have identified antifolate resistance in certain tumor cells,
which is a basic obstacle to effective chemotherapy (34,35).
Development of cancer cell resistance to MTX is considered
to be a multifactorial process due to a defect in drug uptake
by the cells and alterations in dihydrofolate reductase (DHF).
The above modifications result in a decrease in affinity for
MTX, an increase in DHF reductase levels, dysregulation of
apoptosis, insufficient MTX polyglutamylation rate and tumor
cell DNA repair (36-39). Although MTX is an efficient drug in
several types of urological cancer (including bladder cancer)
and it is used in first-line chemotherapy regimens for advanced
urothelial cancer, the potential beneficial effects of this drug in
kidney cancer have not been described thus far (40). Therefore,
the aim of our study was to evaluate the efficacy of mono-
therapy with MTX as well as combined therapy (MTX + PIO)
in renal cell adenocarcinoma (769-P) and suggest the potential
anticancer activity of PIO.

Several studies have indicated that certain antidiabetic
drugs such as metformin or PIO can potentiate the effect of
chemotherapeutic agents, including gemcitabine, 5-fluorouracil,
arsenic trioxide and cisplatin, or even reverse drug resistance
in cancer cells (37,41-43). However, to date, the effects of the
combined application of PIO and MTX on renal cell adenocar-
cinoma have not been described in the scientific literature.

Materials and methods

Cell culture. The present study was performed on normal green
monkey kidney Vero cells (cat. no. CCL-81™) and human renal
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cell adenocarcinoma 769-P cells (cat. no. CRL-1933™), which
were obtained from the American Type Culture Collection.
The Vero cell line was cultured in Eagle's Minimum Essential
Medium (EMEM medium), while the 769-P cell line was
cultured in RPMI-1640 medium (containing L-glutamine,
sodium pyruvate, 4.5 g/l glucose, HEPES and sodium dicar-
bonate). The cells were cultured in a humidified atmosphere of
5% CO, at 37°C in a cell incubator and supplemented with 10%
FBS and antibiotics: 100 U/ml penicillin, 100 zxg/ml strepto-
mycin and 2.5 ug/ml amphotericin B which were supplied
by PAN Biotech GmbH. Cells were grown in 75-cm? tissue
culture flasks (EasYFlasks™ Nunclon™ A; Nalge Nunc
International). Before the experiment, cells were trypsinized
(0.25% trypsin/2.21 mM EDTA) and seeded in 96- or 6-well
plates (SPL Life Sciences) at a density of 1x10° cells/ml. The
prepared plates were incubated for 24 h to allow the cells
to adhere to the plates. After 24 h of cell adhesion, drugs
pioglitazone (i.e., 10, 25 and 50 M) and methotrexate
(i.e., 5 uM, 10 uM) were added to the cells in increasing
concentrations, and incubated for an additional 24 h. Control
cells were incubated with the appropriate medium.

Drugs and reagents. The following drugs and reagents were
used in the present study: PIO (Bioton S.A.), MTX (EBEWE
Pharma GmbH Nfg. KG), MTT (Sigma-Aldrich; Merck KGaA),
dimethyl sulfoxide (DMSO; Avantor Performance Materials
S.A)), PBS (Mediatech, Inc. Corning Inc.). Rich-component
RPMI-1640 medium, FBS and antibiotics (penicillin, strep-
tomycin and amphotericin B) were supplied by PAN Biotech
GmbH. Trypsin solution (0.25% trypsin/2.21 mM EDTA) was
obtained from Mediatech, Inc. (Corning Inc.).

Drug preparation and treatment. PIO and MTX were
dissolved in DMSO to prepare a primary stock solution
(1,000 and 100 M, respectively) and stored at -20°C. The
final concentrations of PIO (10, 25 and 50 yM) and MTX
(5 and 10 uM) were subsequently prepared by diluting the
primary stock with the corresponding medium for the cell
line. The combinations of PIO with MTX were used in the
following concentrations: PIO (10 uM) with MTX (5 puM); PIO
(25 uM) with MTX (5 uM); PIO (50 uM) with MTX (5 uM)
and PIO (10 pM) with MTX (10 uM); PIO (25 puM) with MTX
(10 uM); and PIO (50 uM) with MTX (10 uM). The final
concentration of DMSO did not exceed 0.5% v/v and did not
affect cell viability. Each cell line was treated with PIO and/or
MTX at the above mentioned concentrations for 24 h.

MTT cell viability assay. MTT assay was performed to
investigate cell proliferation and viability according to no. 17
of the Database Service on Alternative Methods to Animal
Experimentation (European Centre for the Validation of
Alternative Methods; European Union Reference Laboratories;
https://ec.europa.eu/jrc/en/eurl/ecvam). Solutions of PIO and
MTX were prepared ex tempore and added to the cells in a
96-well plate always in the same volume (100 ul/well) and
incubated for 24 h. Subsequently, 20 ul MTT solution (5 mg/ml
in PBS) was added to the each well and incubated for an addi-
tional 3 h at 37°C. Next, the formazan crystals were dissolved
by adding 100 yl DMSO. The absorbance was detected using
a microplate reader ELx808IU (BioTek Instruments, Inc.) at
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Figure 1. Effect of pioglitazone (PIO) and methotrexate (MTX) on the viability of 769-P cells (A) and normal Vero cell line (B). Cells were treated with
different concentrations of drugs for 24 h and analyzed by the MTT assay. The experiments were repeated 3 times independently and the bars represent the
means = SEM, n=8 ("P<0.05, “P<0.01, ““P<0.001 vs. the control group; “P<0.05, *P<0.01, ##P<0.001 vs. the PIO group; *"P<0.001 vs. the MTX group).

a wavelength of 550 nm. Cell viability was calculated vs. the
untreated cell control, which was set to 100% viability. The
degree of inhibition of growth of the drug-treated cells was
expressed as a percentage of the growth of the control cells
(without drugs).

Cell cycle analysis. Two-step cell cycle analysis was
performed using the NucleoCounter® NC-3000™ system
(ChemoMetec, Denmark), following the instructions provided
by the manufacturer. The analysis is based on measuring the
cellular DNA content by DAPI staining, thus allowing the
determination of sub-G1/G1, S and G2/M cell cycle phases.
The above fluorescent, DNA-selective stain exhibits emis-
sion signals proportional to DNA mass. Cell cycle phases
are characterized by one set of paired chromosomes per
cell (sub-G1/G1) or two sets of paired chromosomes per cell
prior to cell division (G2/M). During S phase, characterized
by variable amount of DNA, the genetic material of the cell
doubles (replication), and simultaneously histone synthesis
occurs, which is necessary for the separation of DNA between
daughter cells. For cell cycle analysis in the present study, Vero
and 769-P cells were seeded at a density of 1x10° cells/ml in
35-mm 6-well plates and treated with various concentrations

of PIO and MTX as indicated above for 24 h. After overnight
incubation, cells were washed once with PBS, suspended in
250 ul Solution 10 Lysis Buffer (ChemoMetec) supplemented
with 10 ul DAPI and incubated for 5 min at 37°C. Next 100 pl
Solution 11 Stabilization Buffer (ChemoMetec) was added.
The cell suspension at a volume of 10 pl was applied to the
chambers of NC-Slide A8™ (ChemoMetec) and subjected to
cell cycle analysis. The results, in the form of a histogram,
represent the percentage of cells in the different phases of the
cell cycle (sub-G1/Gl1, S and G2/M).

Cellapoptosis analysis.Cell apoptosis analysis was conducted
using the Annexin V assay for the NucleoCounter® NC-3000™
system (ChemoMetec), according to the manufacturer's
instructions. This assay is based on the measurement of the
translocation of phosphatidylserine to the outer membrane
layer (externalization), which indicates apoptosis. In addition
to fluorescently labeled Annexin V (Annexin V-CF488A), the
cells were also stained with Hoechst 33342 and propidium
iodide (PI). Hoechst 33342 stains the total cell population,
both living or dead while Annexin V stains apoptotic and
necrotic cells. However, as the membrane integrity of these
cells is lost, early-stage apoptotic cells can be distinguished
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Figure 2. Effect of a 24-h treatment with (A) pioglitazone (PIO), (B) methotrexate (MTX) and (C and D) their combination on cellular morphology in the
769-P cell line (images and semi-quantifying evaluation of selected features of cells; Nikon Eclipse Ti, Japan; x150 magnification). -, no change compared to

Control; +, 10%; ++, 25%; +++, 50% and ++++, 75%.

from late-stage apoptotic and necrotic cells by the use of
an impermeant dye such as PI. While Hoechst staining is
a necessary step in visualization and differentiation of cells
after Annexin V and PI staining, there is no need for plots of
Hoechst 33342.

In the present study, Vero and 769-P cells were seeded
in 6-well plates and incubated for 24 h with solutions of PIO

and MTX as aforementioned. After treatment, the cells were
harvested by centrifugation at 400 x g for 5 min. The super-
natant was carefully removed and the cell pellet was gently
resuspended in 100 ul Annexin V Binding Buffer (Biotium,
USA), supplemented with 2 ul Annexin V-CF488A and 2 pul
Hoechst 33342, and incubated for 15 min at 37°C. Subsequently,
the stained cells were centrifuged at 400 x g for 5 min and
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Figure 3. Effect of a 24-h treatment with (A) pioglitazone (P10O), (B) methotrexate (MTX) and (C and D) their combination on cellular morphology in the Vero

cell line (Nikon Eclipse Ti, Japan; x150 magnification).

resuspended in 100 ul Annexin V Binding Buffer with 10 ul
PI solution. The cell suspension was applied to the chambers
of NC-Slide A2™ at a volume of 30 ul, and subjected to cell
apoptosis analysis.

Statistical analysis. The results are expressed as the
mean = SEM. The statistical comparisons between groups were
performed by ANOVA, followed by Bonferroni post hoc test,
using Statistica software version 12 (StatSoft, Inc.). P<0.05 was
considered to indicate a statistically significant difference.

Results

Cell viability assay. The inhibitory effects of PIO or/and MTX
on the proliferation of renal cell adenocarcinoma cells and the

reference normal Vero cell line were estimated and compared
by MTT assay. As shown in Fig. 1A, 24-h incubation with
PIO led to a significant dose-dependent decrease in cell
viability for the kidney cancer cell line 769-P by 21, 29 and
37%, respectively, compared to the viability of the untreated
cancer cells. While the viability of Vero cells remained unaf-
fected during the same incubation period (Fig. 1B). The 24-h
treatment of cancer cells with MTX (5 and 10 M) did not
cause significant growth inhibition in 769-P cells, contrary to
the observations in the normal cell line Vero (Fig. 1A and B,
respectively). These results confirm the resistance of renal
adenocarcinoma cells to antifolates. After the incubation
period with MTX (5 and 10 #M), the viability of Vero cells was
decreased by 25 and 35%, respectively (Fig. 1B). Furthermore,
it was demonstrated that the viability of 769-P cells was
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Figure 4. Cell cycle analysis of 769-P cells following a 24-h incubation
with different concentrations of pioglitazone (PIO) and methotrexate
(MTX). The effect of the drugs, alone and in combination, was investigated
by an image analysis using the automated NC-3000™ system based on
DAPI (4',6-diamidino-2-phenylindole) staining. DAPI is the fluorescent,
DNA-selective stain, which exhibits emission signals proportional to DNA
mass. This system allows the determination of the percentage of cells in the
different cell cycle phases (sub-G1/G1, S and G2/M).

significantly decreased after exposure to the combination of
MTX (5 and 10 yuM) and PIO (10, 25 and 50 uM). The cell
viability of the cancer cells was reduced by 40% within 24-h
after the administration of both drugs. MTX (5 or 10 #M) in
combination with various concentrations of PIO significantly
decreased the viability of 769-P cells when compared with
the effects of both drugs applied alone. Of note, the increase
in MTX dose to 10 uM in the combination therapy did not
increase the level of cytotoxicity against 769-P cells. Although
each combination of PIO and MTX significantly reduced the
viability of tumor cells, the cytotoxicity towards normal Vero
cells was not enhanced in comparison with that observed
when MTX was applied alone at both doses (5 and 10 uM), as
indicated in Fig. 1. However, a significant decrease in Vero cell
growth was observed after combined therapy with PIO and
MTX compared with that of PIO-treated cells (Fig. 1B). The
most beneficial effect in the clinical setting appears to be the
combination of low doses of PIO (10 xuM) and MTX (5 M)
in terms of viability of cancer cells as well as the low risk of
cytotoxicity towards normal cells.

Microscopic analysis of cells after treatment. For evalua-
tion of the cell morphology, a phase-contrast microscope
(Nikon Eclipse Ti; Nikon Corp.) at x150 magnification was
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used. 769-P and Vero cells grew as a monolayer with typical
epithelioid cobblestone morphology (Figs. 2A-D and 3A-D).
After a 24-h incubation period of Vero cells with PIO or MTX
alone or both drugs together at the aforementioned concentra-
tions, no changes were observed in the morphology of this
cell line. However, in the 769-P cell line, adverse changes in
general morphology and a reduction in cell culture density
were observed due to PIO application in a dose-dependent
manner. The occurrence of irregularly shaped cells resulting
from shrinkage of the cytoplasm and inhibition of contact
growth was observed with the highest PIO concentrations
(25 and 50 pM). The cells treated with the highest doses
acquired a round shape. This modification of cell morphology
is probably due to the partial loss of plasma membrane
attachment. These features are characteristic of the earliest
phases of the apoptotic process. A 24-h incubation period
with MTX resulted in only negligible morphological changes
in the 769-P cells. The combination of PIO and MTX led
to major changes in the morphology of the tumor cells. The
cells acquired a round shape. In the microscopic image, the
following characteristic adverse changes were observed:
Nuclear blebbing, fragmentation and chromatin condensation,
which resulted in the formation of micronuclei and disintegra-
tion of the cells. The above changes were most obvious at the
highest concentration of PIO.

Cell cycle analysis. As demonstrated in Fig. 4, compared with
that of the control, a 24-h treatment with PIO increased the
population of 769-P cells in the sub-G1 phase from 2 to a
maximum of 55% in a dose-dependent manner. The G1 phase
begins after mitosis and is characterized by intense anabolic
processes leading to an increase in the number of cell organ-
elles and the cell mass necessary before replication. During the
sub-Gl1 (GO, sub-GO0) phase, cells are deprived of replication,
and is characterized by low DNA levels (e.g. apoptotic cells
and bodies) (44). Similarly, the administration of MTX at
a concentration of 10 M to the tumor cell line resulted in
sub-Gl cell cycle arrest. The number of 769-P cells in this
stage of the cell cycle increased to 45% vs. 2% in the control
group. In addition, the percentage of cells in the G2 phase was
decreased by 2- to 4-fold after the application of PIO and MTX
at all the doses used (Fig. 4). Combination of PIO (25 uM)
with MTX (5 uM) interfered with the renal cell adenocarci-
noma cell cycle most markedly, causing an increase in the
percentage of sub-Gl cell distribution by an additional 43%
compared with that of the MTX group and by 22% vs. the PIO
group, while cell accumulation in the S fraction decreased by
2-fold (Fig. 6). Incubation of 769-P cells with PIO and MTX,
both at a concentration of 10 #M, led to a smaller increase in
sub-Gl cell accumulation (to 33%) and a decrease by half of
the cell population in the G2 phase (Fig. 6).

Cell apoptosis assay. By conjugating a fluorescent label to
Annexin V, it is possible to identify and quantify apoptotic
cells. However, Annexin V is a cellular protein that binds also
to necrotic cells but with minor affinity. In addition, early apop-
totic cells exclude PI, while late-stage apoptotic and necrotic
cells stain positively for this dye. Therefore, the quantification
of early apoptotic cells is based on Annexin V binding and PI
exclusion. Annexin V and PI double staining clearly showed that
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Figure 5. Percentage of viable, apoptotic and necrotic 769-P cells after a 24-h treatment with (A) pioglitazone (PIO) (B) methotrexate (MTX) or (C and D) their
combination. Cells were stained with Hoechst 33342 in order to detect all the cells and with fluorescently labeled Annexin V (Annexin V-CF488A) and
propidium iodide (PI) to distinguish apoptotic and necrotic cells. Early apoptotic cells exclude PI, while late-stage apoptotic and necrotic cells stain positively
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Figure 5. Continued. Percentage of viable, apoptotic and necrotic 769-P cells after a 24-h treatment with (A) pioglitazone (PIO) (B) methotrexate (MTX)
or (C and D) their combination. Cells were stained with Hoechst 33342 in order to detect all the cells and with fluorescently labeled Annexin V (Annexin
V-CF488A) and propidium iodide (PI) to distinguish apoptotic and necrotic cells. Early apoptotic cells exclude PI, while late-stage apoptotic and necrotic cells
stain positively for both Annexin V and PI. Scatter plots demonstrate Annexin V-CF488A intensity vs. the intensity of PI. They are divided into four internal
quadrants: left lower quadrant shows viable cells; right lower quadrants shows early apoptotic cells; right upper quadrants shows late apoptotic cells, and left
upper quadrants shows necrotic cells.



ONCOLOGY REPORTS 43: 1019-1030, 2020

1027

Table 1. Effect of a 24-h treatment with PIO, MTX or their combinations on the percentage of viable, apoptotic and necrotic

769-P cells.
Percentage of cells
Treatment Concentration (xM) Viable In early apoptosis In late apoptosis In necrosis
Control - 81 4 6 9
PIO 10 5 37 57 1
25 uM 5 35 59 1
50 uM 5 28 66 2
MTX 5uM 19 32 45 4
10 uM 8 32 58 1
PIO + MTX 10 uM + 5 uM 8 33 57 2
25 uM + 5 uM 8 31 59 2
50 uM + 5 uM 7 30 61 2
PIO + MTX 10 uM + 10 uM 8 27 64 2
25 uM + 10 uM 9 26 61 3
50 uM + 10 uM 8 24 65 3
PIO, pioglitazone; MTX, methotrexate.
the percentages of late apoptotic 769-P cells treated with PIO TREATMENT 769-P
or MTX were increased in a dose-dependent manner compared *SubGrG1 8 G2
with that of the control cells (Table I and Fig. 5A and B). The 100
early apoptotic death rate of 769-P cells treated with different =
concentrations of PIO or MTX was also enhanced but at a PIO 25 UM < 80
similar level, ranging from 28 to 37% compared with 4% in +MTXS uM 2 &
the control. The highest rate of late apoptotic cells (66%) was %
achieved with the highest applied concentration of PIO after 5 40
24 h of treatment (Table I and Fig. SA). Notably, after a 24-h S
incubation period with a combination of PIO (10,25 and 50 uM)
with MTX (5 uM), the levels of apoptotic cells increased by 0
12-16% in comparison with those of cells treated with MTX aSubG =Gl S =G2
only (Table I and Fig. 5C). PIO and MTX, either alone or in
combination, did not increase the number of necrotic cells. The 100
number of these cells ranged from 1 to 4% in comparison with < 80
9% in the untreated group (Fig. SA-D). PIO 10 uM S
+MTX 10 uM 3 60
Discussion E 40
@
Renal cell carcinoma (RCC) is the most common type of © 2
malignant renal tumor, and is mainly treated by surgery as 0
chemotherapy and radiotherapy have limited effectiveness. CELL CYCLE

The hypothesis that thiazolidinediones (TZDs), antidiabetic
drugs and peroxisome proliferator-activated receptor y
(PPARY) ligands could be considered in anticancer therapy
is based on the following findings. PPARy expression is high
in numerous types of human malignant tumors including,
RCC (27,45-49). In cancer cells, TZDs, through the genomic
activation of PPARY, promote reduced migration, proliferation,
inflammation and invasion, and upregulation of apoptosis (23).
Therefore, evaluation of the anticancer potential of PPARYy
agonists such as pioglitazone (PIO) is important. Previous
in vitro studies have shown that PIO and rosiglitazone effec-
tively limit cell differentiation, and induce cell cycle arrest and
apoptosis in tumor cells (35,49).

Figure 6. Cell cycle analysis of 769-P cells after a 24-h incubation with the
most efficacious combinations of pioglitazone (PIO) and methotrexate (MTX)
(upper image: PIO 25 yM+MTX 5 uM; lower image: PIO 10 uM+MTX
10 uM). The effect of combinations of PIO and MTX was investigated by
an image analysis using the automated NC-3000™ system based on DAPI
(4',6-diamidino-2-phenylindole) staining which allows the determination of
the percentage division of cells in the different cell cycle phases (sub-G1/Gl1,
S and G2/M).

Each RCC study, including ours, has faced many different
scientific issues, often limiting the means that could be used
to provide more complex analysis. The first limitation of the
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present study is that the heterogeneity of RCC in vivo and
the unique genomic profiles make it difficult to select the
appropriate cancer cell lines in vitro and detect the expres-
sion of cell cycle and apoptosis-related genes by RT-qPCR and
western blot analysis. This also has an impact on the number
of assays that can be used for investigation of the apoptotic
process. After long consideration, we decided to perform our
study on only one cell line, 769-P, which was derived from
primary human clear cell renal cell carcinoma (ccRCC), the
most common (70-75%) subtype of malignant kidney tumor.
This cell line is most often used in RCC-focused research as
769-P cells have genomic resemblance with respect to human
ccRCC [Cancer Genome Atlas (TCGA); Cancer Cell Line
Encyclopedia (CCLE); COSMIC Cell Lines Project (CCLP)].
The cells produce high levels of VEGF and they have surface
receptors which confirm the characteristic features of the
ccRCC phenotype. The analysis in CCLE revealed that 769-P
and CAL54 only have Tier 1 mutations in the key kidney genes
included, making them the ‘most reliable’ in the sense of all
their genomics alterations in key kidney cancer genes.

Our study showed that treatment with PIO (10, 25 and
50 uM) significantly reduced the viability of the 769-P cells
in a dose-dependent manner, while there was no significant
effect on the normal Vero cell line, which was confirmed
by microscopic evaluation. The application of PIO to the
769-P cell line resulted in a decrease in cell density and
adverse changes in cell morphology. The most visible abnor-
malities were observed after administration of higher drug
concentrations (25 and 50 uM); the cells were shrunk and
had irregularly shape. This modification of cell morphology
is probably due to the partial loss of mitochondrial membrane
integrity, which is characteristic of the earliest phases of
the apoptotic process. Although the mechanism of action
still requires clarification, several reports indicate that the
induction of cellular apoptosis by PPARY agonists may be
associated with changes in the mitochondrial membrane of
cells, release of cytochrome c, and activation of proapoptotic
proteins and caspases (46,50,51). Yang et al (49) confirmed
that TZDs markedly decreased Bcl-2 protein expression but
increased the expression of the proapoptotic protein Bax in
other renal adenocarcinoma cell lines (786-O and A498).
Therefore, the present study assessed the effect of PIO on
the induction of 769-P cell apoptosis. Our results confirmed
the proapoptotic effect of PIO on 769-P cells, and showed
that the percentage of apoptotic 769-P cells increased after
a 24-h treatment with PIO. The number of the above cancer
cells in the early phase of apoptosis increased by 24-33%,
and in the late phase by 51-60% in a dose-dependent manner
in comparison with the numbers in untreated cancer cells.
The result of apoptosis induction was consistent with the
sub-G1 cell cycle arrest and decrease in G2-phase popula-
tion observed in 769-P cells treated with PIO. Similar
outcomes were described by Yang et al (49), who showed
that PIO and troglitazone significantly inhibited the growth
of the 786-O and A498 cell lines in a dose-dependent
manner (5-50 yM). In addition, PIO, as in our study, caused a
dose-dependent increase in the sub-G1/G1 phases and effec-
tively induced apoptosis in the above carcinoma cell lines.
The study by Wang and Li (35) also confirmed the effective-
ness of PIO. This PPARY agonist inhibited the growth of the
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human lung cancer cell lines A549 and H1299, by cell cycle
arrest in sub-G1/Gl1 phase. The above observations are also
consistent with our results. Similarly, Rumi er al (52) showed
a marked inhibition of growth of the esophageal cancer cell
line SCC by PPARY agonists, which was associated with
sub-G1/G1 cell cycle arrest.

The issue concerning the resistance of cancer cells to anti-
folates, which is widely discussed in the scientific literature,
was also revealed in our study (33,36). Treatment of cancer
cells with methotrexate (MTX) (5 and 10 gM) for 24 h did not
significantly affect their morphology or viability, as evaluated
by MTT assay and microscopic analysis, respectively. It is also
worth mentioning that ccRCC, represented by the 769-P cell
line, has a more complex genetic profile than other kidney
cancers which may translate into difficulties in interpreting the
research results. The cell cycle assay also showed accumulation
of cells in the sub-Gl1 phase with a simultaneous decrease in
the number of cells in the G2 phase, particularly after applying
high concentrations of MTX. It should be highlighted that cell
cycle arrest may proceed to apoptotic cell death. In the present
study, MTX-induced apoptosis of 769-P cells was also noted.
Our studies confirmed the hypothesis that antidiabetic drugs
can increase the efficacy of the treatment of different types of
cancer by increasing the sensitivity of tumor cells to certain
chemotherapeutic agents. The specific combination therapy of
PIO and MTX probably increased the sensitivity of 769-P cells
to MTX. The viability of cancer cells significantly decreased
by 40% after a 24-h treatment following combination treat-
ment using both drugs. It is worth noting that a higher dose of
MTX (10 #uM) in combination therapy with various concentra-
tions of PIO did not increase the level of cytotoxicity against
769-P cells in comparison with that exhibited by cancer cells
treated with a lower dose of MTX. The effects for both doses
were comparable. Thus, it may be concluded that there is
no need to increase the MTX doses. There are no beneficial
effects on the growth inhibition of cancer cells, but the risk of
cytotoxicity towards normal cells is much higher. Our study
showed that the decrease in Vero cell viability after combi-
nation therapy was comparable with that exhibited by cells
treated with MTX alone, and PIO has no impact on this. This
is an important observation due to the risk of nephrotoxicity,
which is one of the most dangerous complications of MTX
treatment, and is usually associated with higher doses of this
cytostatic agent administered to patients. The most beneficial
in the clinical setting appears to be the combination of low
doses of PIO (10 uM) and MTX (5 uM), based on the effects of
growth inhibition of cancer cells and the low risk of cytotox-
icity towards normal cells. In the future, we intend to expand
our research to other renal cancer lines in order to verify the
findings of this study. In addition, newly selected RCC cell
line-focused experiments should also enable us to investigate
apoptosis through various techniques such as western blot
analysis or Caspase Glo analysis.

In summary, the present study provides evidence that anti-
diabetic drugs acting as PPARYy agonists such as PIO may have
a significant impact on the treatment not only of diabetes but
also progression of kidney cancer. Unravelling the mechanisms
responsible for the resistance of renal cell adenocarcinoma to
MTX will facilitate the development of new effective thera-
pies. Our research demonstrated that certain combinations of
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PIO with MTX inhibited the proliferation of 769-P cells more
effectively than MTX or PIO alone. A combination of PIO
(25 uM) and MTX (5 uM) had the strongest effect on cancer
cells, which was confirmed by both cell cycle as well as apop-
tosis analyses. In addition, this particular drug combination
proved to be safe for normal Vero cells. The results obtained
clearly indicate the advantageous effects of PIO and MTX
combination therapy; therefore, it may be an innovative and
effective method for the treatment of renal cancer in the future.
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