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Abstract
Background  1,25(OH)2D3(Calcitriol), which is a broad regulatory molecule, plays a role in changing the efficacy of chemo-
therapeutic drugs. Cisplatin is one of a current standard chemotherapy regimen for bladder cancer. Increasing the effectiveness 
of the treatment and reducing the side effects to chemotherapeutics are of great importance in bladder cancer. We aimed to 
investigate the effect of the combination of cisplatin and calcitriol in order to create a possible advantage in treatment of 
bladder cancer.
Methods  T24, ECV-304 and HUVEC cell lines were treated with calcitriol and cisplatin individually and in combination. 
Dose determination and combination treatments of calcitriol and cisplatin were evaluated using the MTT assay for cytotox-
icity analysis on the cells. Annexin V-PI staining method was used for apoptosis determination by flow cytometry. Also the 
P-gp expression levels were determined by flow cytometry.
Results  The combination treatment increased the anti-proliferative efficacy compared to the efficacy in cisplatin alone in 
T24 cells and reduced the cytotoxicity in the HUVEC healthy cells compared to cisplatin alone. Combination treatment 
achieved significantly higher apoptosis rate in T24 cells compared with the rates in treatment of cisplatin alone. However 
apoptosis decreased in HUVEC cell line. P-gp ratios were increased in HUVEC and decreased in T24 cells with combina-
tion treatment compared to the numbers in the control cells. The rate of apoptosis and P-gp levels showed no significant 
change in ECV-304 cells.
Conclusion  Our study revealed that the combination of calcitriol and cisplatin allows the use of cisplatin at lower doses in 
T24 bladder cancer cell line.

Keywords  Bladder cancer · T24 cell line · Calcitriol · Cisplatin · Vitamin D · P-gp · Apoptosis

Introduction

Variations in the rates of multiple cancers, in survival rates 
and variability in cancer development make it difficult to 
determine the incidence rates in bladder cancer. Bladder can-
cer is the 10th type of cancer worldwide. The incidence is 
four times higher in men than in women. The environmental, 
demographic and genetic factors are known to be effective in 
the development of bladder cancer. Although it is difficult to 
determine the rates of their effect on disease development, 
the incidence of the development of bladder cancer is known 
to be higher in industrialised societies [1].

The agents such as valrubicin, gemstabin, docataxel, 
cabazitaxel, mitomycin C, cisplatin and their combinations 
are used during the chemotherapeutic treatment of different 
subgroups of bladder cancer [2]. The use of cisplatin can 
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provide different results due to the genetic differences of 
patients [3].

Cisplatin damages the tumor through apoptosis by attach-
ing to the DNA and transduction pathways (calcium sign-
aling, receptor signaling, activation of mitochondrial path-
ways, etc.). However, the most important problems in the use 
of cisplatin are the high systemic side effects experienced by 
the patients and the development of drug resistance and the 
decrease in the effectiveness of the treatment [4]. Various 
side effects associated with the use of chemotherapeutics are 
the undesirable systemic effects [5, 6]. Developed optimal 
treatment strategies may provide an advantage in reducing 
the side effects associated with the use of chemotherapeutics.

Researchers suggest that the administration of the active 
form of vitamin D calcitriol (1,25-dihydroxyvitamin D3 
(1,25D3)), in combination with chemotherapeutic treat-
ment may provide advantage for more effectively treatment 
of bladder cancer [7, 8]. Calcitriol has extensive regulatory 
effects on the regulation of cell metabolism including anti-
proliferation, proapoptotic effects, anti-cell migration and 
anti-angiogenic activities [9]. which changes the antitumoral 
activities of chemotherapeutic agents by several mechanisms 
such as cisplatin [10, 11] Various studies showed that calci-
triol can support cisplatin-based chemotherapy [12] and have 
an anti-tumor effect in different types of cancer [13–15].

The ATP-binding cassette protein P-glycoprotein (P-gp) 
is an efflux pump and a product of the Multi Drug Resist-
ance 1 gene (MDR1). P-gp is also frequently associated with 
multidrug resistance in human cancers [16, 17]. The P-gp is 
known to contribute to the absorption, distribution, metabo-
lism and excretion of many clinically applied drugs. P-gp 
can reduce the absorption and oral bioavailability of drugs 
[17]. Considering that chemotherapeutic drugs are used in 
combination, it should be born in mind that the changes in 
P-gp expression level may play a role in response to treat-
ment in bladder cancer.

Therefore, we aimed to evaluate the possible cytotoxic, 
apoptotic and P-gp expression level changes of calcitriol and 
cisplatin combination therapy on bladder cancer cell lines 
in vitro in our study.

Materials and methods

Chemicals and reagents

Stock solution was prepared by dissolving the calcitriol 
(Sigma Aldrich, USA) in ethanol at a concentration of 
10,000 nM. Cisplatin (Kocak Farma, Turkey) is available in 
commercially purchased form as 25 mg/50 mL. Dilutions of 
all concentrations applied in the experiments were prepared 
using the cell culture medium.

Cell culture

T24 (human bladder carcinoma) and ECV-304 (human uri-
nary bladder carcinoma) as bladder cancer cell lines and 
HUVEC (Human umbilical vein endothelial cells) as healthy 
control cell line from ATCC (American Type Culture Col-
lection) were used in the study. Cell culture was performed 
using the Dulbecco's Modified Eagle's Medium (DMEM)-
low glucose (Sigma Aldrich, USA) in the presence of 10% 
fetal bovine serum (Biosera, France), 1% penicillin (100 U/
mL)/ streptomycin (100 µg/mL)(Gibco, USA) in a humidi-
fied atmosphere containing 5% CO2, 37 °C.

Experimental groups

T24, ECV-304 and HUVEC cell lines were divided into 
triplicated groups of 24, 48 and 72 h by treatment with dif-
ferent doses of calcitriol (25 nM, 50 nM, 100 nM, 500 nM, 
1000 nM) after 24 h of culture for MTT analysis. MTT 
analysis of cisplatin, doses of 5 µg/ml, 10 µg/ml, 20 µg/ml, 
30 µg/ml, 40 µg/ml, 50 µg/ml doses were treated in the cell 
cultures for 24, 48 and 72 h. All experimental groups were 
studied in three groups. 7.6 µg/ml (25.23 µM) used for cispl-
atin is stated in the literature as 100% Test Drug Concentra-
tion (%TDC) [18]. A level of 100% TDC is the approximate 
level of plasma peak concentrations of the chemotherapeu-
tics [19]. In our study, when the 7.6 µg/ml (25.23 µM) dose 
of cisplatin was referenced as 100% TDC, the 5 µg/ml dose 
was specified as 66% TDC (16.6 µM) with percentage calcu-
lation. In the next process for Annexin V-PI flow cytometry 
and P-gp expression analysis, 24-h triplicated culture groups 
for were divided into groups for calcitriol 500 nM, cisplatin 
5 µg/ml and combination treatment (calcitriol 500 nM + cis-
platin 5 µg/ml) for each three cell lines.

MTT assay

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) cell viability assay was performed with 
slight modifications as previously described [20].Cells 
were seeded at a density of 5 × 103 cells per well of a 96- 
well plate in 100 µL of culture medium and were incubated 
for 24 h to ensure the adherence. The cells were treated 
for 24 h, 48 h, 72 h with different concentrations of calci-
triol (25–1000 nM), and cisplatin (16.6–166 µM). Combi-
nation treatments of the calcitriol (500 nM) and cisplatin 
(16.6 µM) were also performed in the same time periods. 
Triplicated applications were done for all samples. At the 
end of the treatment period, 10 µL of MTT solution (5 mg/
mL in PBS) was added to each well. Following incubation 
for 4 h at 37 °C to allow the conversion of MTT to formazan 
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crystals, 100 µL of dimethyl sulfoxide (DMSO) was added 
and the formed formazan crystals were dissolved. The OD 
was measured at 570 nm using the ELISA microplate reader 
(Rayto RT-2100C,China). Viability of treated cells was cal-
culated in reference to the untreated control cells using the 
following formula: Viability (%) = (100x(sample Abs)/(con-
trol Abs)), where Abs is the absorbance value at 570 nm.

Apoptosis analysis

For apoptosis assays, cells were seeded at a density of 
5 × 105 cells per well of a six well plates. The cells were 
incubated for 24 h with calcitriol, cisplatin and combina-
tion treatments. Triplicated applications were done for all 
samples. At the end of the period, the cells were removed 
with trypsin, harvested, resuspended in cold PBS (to a con-
centration of 1 × 106 cells/mL) after centrifugation. After 
washing 2 times with PBS, Annexin V and PI dye staining 
process started. Samples were prepared prior to flow cyto-
metric analysis according to the manufacturer's instructions 
(EXBIO Apo FlowEx FITC Czech Republic). The analysis 
of flow cytometry was carried out using Novocyte (Acea 
Biosciences, Inc.,USA).

P‑glycoprotein analysis

P-glycoprotein is an important drug transporter that has been 
identified in various types of cancers and is associated with 
drug resistance. For the analysis of P-gp levels, cells treated 
with calcitriol, cisplatin or combination were trypsinized, 
harvested and centrifuged after 24 h. Cell pellets obtained 
by centrifugation were resuspended with cold PBS. Washing 
with PBS was repeated twice. Cells were prepared for stain-
ing of P-gp protein. For flow cytometric examination of P-gp 
expression, MDR1 (UIC2) conjugated to phycoerythrin was 
used (MDR-1 PE, Santa Cruz, USA). Cells to be analyzed 
were adjusted to 1 × 106 cells/mL. The study was performed 
using 1 µg of MDR-1 antibody per 1 million cells accord-
ing to the manufacturer's instructions. All treatments were 
analyzed in triplicates. We used unstained control samples 
for each experimental group to evaluate the control samples 
and the drug-treated samples.

Statistical evaluation

The MTT, P-gp and Annexin V-PI values were statistically 
evaluated with the unpaired Student-T test using GraphPad 
Prism 5.04 Software. The groups were compared using the 
one-way analysis of variance (ANOVA). Tukey’ s posthoc 
test was used for multiple comparisons due to homogeneity 
of variants. Correlation of MTT, apoptosis and P-gp results 
was evaluated by Pearson’ s correlation analysis. P < 0.05 
was considered as the significance value. Apoptosis and 

P-gp expression was analysed using the NovoExpress 1.3.0 
software by flow cytometry.

Results

Optimal cytotoxic dose determination By MTT assay

Cytotoxic evaluation for determination of the optimum 
dose for calcitriol and cisplatin in T24, ECV-304, HUVEC 
cell lines was performed using the MTT test. The cytotoxic 
effect of 25–1000 nM doses for calcitriol, 16.6–166 µM 
doses for cisplatin were evaluated in all cells at 24 h, 48 h, 
72 h (Fig. 1A–F). As a result of MTT, two different anti-
proliferative doses (25 nM and 500 nM) were determined 
for calcitriol.

7.6 µg/ml (25.23 µM) cisplatin dose was referenced for 
100% TDC, the 5 µg/ml dose was specified as 66% TDC 
(16.6 µM) with percentage calculation. The lower dose of 
cisplatin (16.6 µM; 66% TDC) was evaluated by MTT and 
showed cytotoxic activity. As a result of MTT experiments, 
the evaluations for calcitriol showed that the 500 nM dose 
was found as optimum for combination treatment for 24 h. 
In terms of cytotoxicity, the results revealed that calci-
triol has a biphasic effect and a dose-dependent selective 
effect. According to the results, the combination treatment 
was maintained with 500 nM for calcitriol with 16.6 µM 
for cisplatin Fig. 1. Data showed that combination treat-
ment increased the anti-proliferative efficacy compared to 
cisplatin alone (p = 0.0108) in T24 cells. Also it reduced 
the cytotoxicity in the HUVEC compared to cisplatin alone 
(p < 0.0001) (Fig. 1G). No change in combination treatment 
increased the anti-proliferative efficacy compared to cispl-
atin alone in ECV-304 cell line (p = 0.5778).

Apoptosis and P‑gp expression results

Apoptosis which was applied with Annexin V/PI staining, 
evaluated for 500 nM calcitriol, 16.6 µM cisplatin, and com-
bination treatment (500 nM calcitriol + 16.6 µM cisplatin) 
for 24 h. Our results showed that the combination treatment 
achieved a higher apoptosis rate in T24 cell line than the rate 
of cisplatin treatment alone (p = 0.0005). It was determined 
that the rate of apoptosis showed no significant change in the 
ECV-304 cell line. The rate of apoptosis was found to have 
decreased in HUVEC healthy control cell line (p = 0.0082) 
(Fig. 2).

P-gp expression levels were evaluated in the presence 
of either 500 nM calcitriol, or 16.6 μM cisplatin, or in the 
presence of both 500 nM calcitriol and 16.6 μM cisplatin 
(combined treatment) for 24 h. P-gp levels were found to 
be higher in the T24 cell line following combined treatment 
(500 nM calcitriol + 16.6 μM cisplatin; p < 0.0001) than in 
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the cisplatin alone or calcitriol alone treatments (Table 1; 
Fig. 3).

In addition, no significant changes were observed in terms 
of P-gp expression rates in the ECV-304 cell line. The sta-
tistical evaluation of the cisplatin treatment compared to the 
combination treatment in the ECV-304 cell line showed that, 
the significance value was p = 0.0616 (Table 1; Fig. 3).

The expression levels of P-gp in HUVEC cell line 
increased with calcitriol treatment compared to the level 
in the control p < 0.0001, while decreased significantly 
with cisplatin treatment compared to the level in the con-
trol (p = 0.0005). P-gp expression levels in HUVEC cells 
increased in combination treatment compared to the levels in 
the control and cisplatin alone (p < 0.0001) (Table 1; Fig. 3).

Calcitriol treatment showed positive correlation between 
apoptosis and P-gp results in T24 cell line. In the combi-
nation treatment, negative correlation was determined 
between MTT and P-gp results in both ECV-304(p = 0.0033, 
r = −0.9524) and HUVEC cell lines(p < 0.0001, r = −0.9988) 

A strong positive correlation was shown between MTT 
and P-gp results in cisplatin treatment in HUVEC 
cells(p = 0.0016, r = 0.9676) (Table 2).

Discussion

Cisplatin is a key ingredient for chemotherapeutic therapy 
in bladder cancer as part of drug combinations with metho-
trexate, vinblastine, adriamycin and cisplatin (MVAC) or 
gemcitabine, cisplatin (Gem–Cis) used to treat urethelial cell 
carcinomas [21–23].

It is known that side effects can occur as a result of chem-
otherapeutic drug use. Reducing the systemic side effects is 
extremely important in the success of bladder cancer treat-
ment [24]. There are studies in squamous cell carcinoma 
which support our study of the use of calcitriol in combina-
tion with cisplatin. These studies provide preclinical data 

Fig. 1   MTT assay results for calcitriol treatment in T24 (A), ECV-
304 (B), HUVEC (C) cell lines with doses between 25 to 1000 nM 
for 24 h, 48 h and 72 h. Cisplatin treatment in T24 (D), ECV-304 (E), 
HUVEC (F) cell lines with doses between 16.6  µM to 166  µM for 
24 h, 48 h and 72 h. Cells treated with cisplatin after 24 h cell culti-

vation. (G); Comparison of MTT results. Control cells (non treated), 
500 nM calcitriol, 16.6 µM cisplatin and 500 nM calcitriol + 16.6 µM 
cisplatin for combination treatment was evaluated for 24  h. Tripli-
cated applications were done for all samples. Data are mean ± SEM 
(n = 3), (***p < 0.001, **p < 0.01, *p < 0.05, ns: non significant)
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Fig. 2   Annexin V/PI staining represented images for T24 (A), 
ECV-304 (B) and HUVEC (C) cell lines for 24  h. Control cells 
(non treated), 500 nM calcitriol, 16.6 µM cisplatin and 500 nM cal-
citriol + 16.6  µM cisplatin for combination treatment was evalu-

ated. Total apoptosis results for T24, ECV-304 and HUVEC (D).All 
experiments were repeated three times. Data are mean ± SEM (n = 3), 
(***p < 0.001, **p < 0.01, *p < 0.05, ns: non significant)
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indicating that the combination of these two molecules 
enhances apoptosis and anti-tumoral response [25, 26]

One study stated that calcitriol changed the antitumoral 
response in pancreatic cancer models with one of the other 
chemotherapeutic drugs of gemcitabine together with cis-
platin [27].

In another study, Konety et al. [28], evaluated doses 
between 0.8 µM and 10 µM for calcitriol in T24 and 253j cell 
lines and observed that proliferation was strongly inhibited. 
The IC50 dose specified in this study for calcitriol is 40 µM. 
We used 500 nM calcitriol in our experiments, in which we 
could benefit from the antiproliferative effect at the maxi-
mum level from the groups in our dose range.

The T24 cells were treated with calcitriol for 24 h and 
then with cisplatin for 48 h in the study conducted by Bunch 
et al. [25]. Researchers stated that 1,25D3 increases the 
response to cisplatin due to Vitamin D receptor in vitro. 
Control groups and cell lines treated with calcitriol showed 
different responses in terms of apoptotic association. In this 
study T24 cells were treated with EtOH, 100 nM of 1,25D3, 
0.1 μg/mL of cisplatin, or the combination. In contrast, we 
evaluated 500 nM calcitriol, 16.6 µM cisplatin and 500 nM 
calcitriol + 16.6 µM cisplatin for combination therapy with 
MTT for 24 h.

In a study conducted by Ma et al. [10], 1,25D3 (calcitriol) 
enhances gemcitabine and cisplatin-induced apoptosis. T24 
cells were treated with EtOH or 1.5 µM 1,25D3 for 24 h, 
followed by 25 nM gemcitabine and 0.75 µg/mL cisplatin 
for 48 h. T24 cells expressed no detectable Vitamin D recep-
tor (VDR) and calcitriol induced VDR expression in a dose 
dependent manner. Calcitriol alone did not induce apoptosis 
in T24. Apoptosis was slightly increased by the combination 
of gemcitabine and cisplatin, which was further significantly 
increased by the pretreatment with calcitriol. Although there 
are differences in treatment in our study compared to this 
study, it gives clues that calcitriol changes the efficacy of 
cisplatin.

We started our experiments using the bladder cancer-
associated ECV-304 cell line with the resources of our 
laboratory. The ECV-304 cell line was previously identified 

as a bladder cancer-associated cell line [29, 30]. However, 
researchers have also defined in the literature that the ECV-
304 cell line is a transformed and crosscontaminated cell 
line from the HUVEC cell line [31, 32]. Brown et al. [33] 
showed that ECV-304 is genetically similar to the bladder 
cancer cell line T24/83. ECV-304 has been identified as a 
controversial cell line in studies, and therefore we added the 
T24 cell line to our experiments in the later stages of our 
study. Thus, at the same time these two cell lines were com-
pared in terms of their responses to our experiments. In our 
study, we found different values in cytotoxic, apoptotic and 
P-gp expression results of cisplatin and calcitriol treatment 
to T24, ECV-304 and HUVEC cell lines.

While calcitriol treatment gave different responses in 
different cell lines, it could also give variable responses 
depending on the dose (Fig. 1). Some lower doses of cal-
citriol used in our experiments had a higher antiprolifera-
tive effect, while higher dose treatment could have a lower 
antiproliferative effect (Fig. 1A–C) which we named as the 
biphasic effect of calcitriol. Therefore we suggest that stud-
ies with different doses and different cell lines are needed 
and should be careful in the use of vitamin D. It should also 
be considered that the use of calcitriol in high doses may 
cause hypercalcemic side effects in individuals [34].

We suggest that the regulating effect of calcitriol should 
be used more than the anti-proliferative effect of calcitriol. 
The data in our study show that calcitriol can be used as 
an adjunct to reduce the cisplatin dose in use or to increase 
the efficiency of administration. The reduction in apoptosis 
level in HUVEC healthy cell line and the increase in apop-
tosis level in T24 bladder cancer cell line with combination 
treatment are promising. However, although the decrease in 
the apoptotic level of healthy cells is a valuable data, further 
studies should be done in terms of genomic instability when 
the effects of cisplatin are considered. Our study is at the 
preclinical level and needs to be supported by further studies 
for clinical use.

The P-gp molecule is frequently associated with multi-
drug resistance in human cancer [16, 35]. In our study, we 
aimed to evaluate the P-gp expression that may be affected 
by calcitriol and cisplatin combination treatment. Various 
publications in the literature investigated the interaction 
of P-gp molecule. Tada et al. showed that the overexpres-
sion of the P-gp gene is closely associated with the clini-
cal outcome of various malignancies and plays a role in the 
response to the use of chemotherapeutic agents [36]. P-gp, 
which acts as an efflux pump, actively reduces the intra-
cellular accumulation of anticancer drugs and in the last 
decade, the clinical significance of P-gp expression levels 
rather than other relevant ATP-binding cassette (ABC) trans-
porters in poor chemotherapy treatment prognosis has also 
received much attention [37]. However Massari et al. stated 
that P-gp expression is not associated with cisplatin-based 

Table 1   Percentage ratios of MFI (Mean Fluorescence Intensity) 
obtained from flow cytometric analysis of P-gp expressions levels in 
T24, ECV-304 and HUVEC cells

Data are mean ± SEM (n = 3). The difference between the treatments 
was analysed using the unpaired student’s T test

Cell lines Control Calcitriol 
(500 nM)

Cisplatin 
(16.6 µM)

Calcitriol + Cis-
platin
(500 + 16.6 µM)

T24 74.47 79.22 80.65 68.33
ECV-304 97.64 99.18 98.05 97.47
HUVEC 87.08 92.50 86.09 92.16
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chemotherapy response [22]. In contrast Sun et al. [38] 
defined that the prolonged time of cisplatin treatment 
induces elevated expression of P-gp in T24 cell line.

Researchers stated in the literature that cisplatin is not a 
substrate of P-gp [39]. However, the combination of cisplatin 
and calcitriol caused a change in the level of P-gp in the T24 
cell line in our experiments. Our data showed that the com-
bination treatment caused a decrease in P-gp in T24 bladder 

cancer cells and an increase in P-gp levels in HUVEC healthy 
cell line (Fig. 3; Table 1). A decrease in the apoptosis rate 
was detected in the HUVEC healthy cell line (Fig. 2) with the 
increase of P-gp (Table 1). In the interpretation of our data, 
we suggest that the change in P-gp levels is not only associ-
ated with cisplatin treatment, but with the help of combination 
treatment containing calcitriol. Our data suggest that combina-
tion treatment can be used as an advantage in conditions that 

Fig. 3   Represented images of P-gp exspression for T24 (A), ECV-
304 (B) and HUVEC (C) cell lines for 24  h. P-gp results evalu-
ation of control cells (non treated), calcitriol (500  nM), cisplatin 
(16.6  µM) and combination treatment (Calcitriol 500  nM + cisplatin 

16.6 µM) for each three cell line (D). All experiments were repeated 
three times. Data are mean ± SEM (n = 3), (***p < 0.001, **p < 0.01, 
*p < 0.05, ns: non significant)
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affect the treatment due to P-gp. In addition, our data contrib-
utes to these studies about P-gp. It gave us possible clues that 
combination treatment may also help to reduce the dose of 
chemotherapeutic combinations that are used for the bladder 
cancer treatment.

Our study reveals that calcitriol preclinically increases 
the effectiveness of cisplatin in bladder cancer cells. It also 
provides data that can be considered in the development of 
viable pharmacokinetic models. Considering the side effects 
of cisplatin, revealing the data to be obtained from studies on 
combination treatments with important regulatory molecules 
such as vitamin D may enable to increase the survival rate and 
quality of life for bladder cancer patients.
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