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 Background: Melanoma is one of the most aggressive types of cancer and it has shown a remarkable surge in incidence 
during the last 50 years. Melanoma has been projected to be continuously rising in the future. Therapy for ad-
vanced-type melanoma is still a challenge due to the low response rate and poor 10-year survival. Interestingly, 
several epidemiological and preclinical studies had reported that vitamin D deficiency was associated with dis-
ease progression in several cancer types. In vivo and in vitro studies revealed anti-proliferative, anti-angiogen-
ic, apoptosis, and differentiation induction effects of calcitriol in various cancers. However, information on the 
effects of calcitriol (1,25(OH)2D3) on melanoma is still limited, and its mechanism remains unclear.

 Material/Methods: In the present study, by utilizing B16-F10 cells, which is a melanoma cell line, we explored the anti-prolifera-
tive effect of calcitriol using cell viability assay, near-infrared imaging, expression of apoptosis-related genes 
using real-time polymerase chain reactions (PCR), and the expression of apoptosis proteins levels using west-
ern blot. In addition, we also assessed calcitriol uptake by B16-F10 cells using high-performance liquid chro-
matography (HPLC).

 Results: We found that calcitriol inhibits melanoma cell proliferation with an IC50 of 93.88 ppm (0.24 μM), as shown by 
cell viability assay. Additionally, we showed that B16-F10 cells are capable of calcitriol uptake, with a peak up-
take time at 60 min after administration. Calcitriol was also able to induce apoptosis-related proteins such as 
caspase-3, caspase 8, and caspase-9. These effects of calcitriol reflect its potential utility as a potent adjuvant 
therapy for melanoma.

 Conclusions: Calcitriol inhibits cell proliferation and induces apoptosis in B16-F10 cells.
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Background

Its geographical proximity to the equator and tropical cli-
mate expose Indonesia to high levels of ultraviolet (UV) radi-
ation throughout the year, which results in high risk of skin 
cancer, including melanoma [1,2]. Melanoma is a malignancy 
that emerges from an abnormal proliferation of melanocytes, 
which are pigment-producing cells. Although melanoma is 
historically quite rare, it is now the 19th most common cancer 
worldwide [3-5]. Compared to other skin cancers, the incidence 
of melanoma is 10 times higher than that of other skin can-
cers [3]. Fair-skinned white people and people living in low-lat-
itude regions have been reported as high-risk populations [4].

Early detection and surgery can be the therapy of choice for 
localized tumors, but therapy for metastatic type melanoma 
is still ineffective [2,6]. Once its metastasizes, the 10-year sur-
vival rate is only about 10% [7]. Newer chemotherapy agents 
such as vemurafenib (BRAF kinase inhibitor) and trametinib 
(MEK kinase inhibitor) showed a better response rate, with ve-
murafenib approaching a 50% response rate after treatment. 
However, there is still a risk of treatment resistance with these 
specific kinase inhibitors, and combination therapy showed 
a significant improvement compared to single therapy [7,8]. 
Therefore, adjuvant therapies in melanoma with differing treat-
ment approaches may help to significantly increase survival. 
Vitamin D is a promising adjunctive therapy, especially since 
there have been many investigations about the anti-cancer ef-
fects of vitamin D in recent decades [6,9,10].

Vitamin D is a fat-soluble prohormone that is synthesized 
mainly by the production of vitamin D3 or calcitriol by ultra-
violet B (UVB) exposure of the skin (90%) and to a lesser ex-
tent is obtained from the diet (10%) in the form of vitamin 
D2 [11,12]. Vitamin D needs to be activated by 2 primary hy-
droxylation processes before eliciting numerous biological ac-
tions [13]. Both forms will bind vitamin D bound (VDB) in the 
bloodstream to undergo two-step hydroxylation by 25-hydrox-
ylase in hepatocytes and 1α-hydroxylase in the kidney to pro-
duce its active form, calcitriol [11]. Vitamin D receptor (VDR) 
plays a crucial role in the genomic pathway. The binding of vi-
tamin D and VDR forms a nuclear receptor-ligand complex [14]. 
VDR forms a dimer with retinoid X receptor (RXR) and trans-
locates in the nucleus [15]. Ligands-bound VDR-RXR binds vi-
tamin D response elements (VDREs) in a target gene promot-
er region that exerts autocrine and paracrine effects [9,12]. 
Alternative pathways of vitamin D activation in the body in-
clude another novel pathway of D3 metabolism that operates 
in vivo and is initiated and regulated by P450scc, modified by 
CYP27B1, and its products and intermediates are biologically 
active [16]. Vitamin D2 metabolism is initiated by CYP11A1 and 
modified by CYP27B1, with the product profile showing tissue- 
and cell-type specificity [17]. Products of CYP11A1 action on 

7DHC, namely 22(OH)7DHC, 20,22(OH)27DHC, and 7-dehydro-
pregnenolone, were also detected in serum, epidermis, and the 
adrenal. Thus, we have detected novel CYP11A1-derived sec-
osteroids in the skin, serum and adrenal gland, and based on 
their concentrations and biological activity, suggest that they 
act as hormones in vivo [18]. As an alternative nuclear recep-
tor for vitamin D, a study showed the protection of human 
keratinocytes against DNA damage included the activation of 
the NRF2-regulated antioxidant response, p53-phosphoryla-
tion and its translocation to the nucleus, and DNA repair in-
duction. These data indicate that novel derivatives of vitamin 
D3 and lumisterol are promising photoprotective agents [19].

It was previously shown that calcitriol plays a vital role in an 
endocrine manner by regulating calcium and phosphate ho-
meostasis [20]. A study found that calcitriol has a beneficial 
effect on the progression of cancers, autoimmune diseases, 
and other inflammatory diseases [21,22]. Several epidemiolog-
ical and preclinical studies found an association between vita-
min D status and progression of breast cancer [23], colorectal 
cancer [24], bladder cancer [25], thyroid cancer [26], and mel-
anoma [27]. Slominski et al also reported that low serum 25 
(OH) D3 is associated with reduced survival [28]. Additionally, 
preclinical studies have found an association between calcitri-
ol metabolites and tumor growth in mouse models. Although 
the effects on mortality were not significant, mice treated 
with D3 metabolites were shown to have a better health con-
dition than those receiving placebo [29]. Genomic studies 
have also shown that low-to-absent expression of VDR and 
cytochrome p450 27B1 (CYP27B1) was associated with tumor 
progression and shorter disease-free survival times in mela-
noma patients [28]. Consistent with their findings, several re-
cent studies have shown the anti-tumor effects of vitamin D 
in melanoma. VDR polymorphism and expression levels have 
been shown multiple times to be significantly correlated with 
melanoma survival or tumor progression [30-32]. Calcitriol via 
a genomic pathway regulates multiple pathways in inhibiting 
cancer pathogenesis such as anti-proliferative effect, induc-
tion of apoptosis, stimulation of differentiation, anti-inflam-
matory effect, and inhibition of angiogenesis [10]. Previous 
in vitro studies revealed that calcitriol affected apoptosis-re-
lated proteins such as caspase-3 and poly adenosine diphos-
phate-ribose polymerases (PARP) protein expressions [33,34]. 
In the present study, we investigated the anti-proliferative ef-
fect and the apoptosis effect of calcitriol. Therefore, we stud-
ied the effects of calcitriol on multiple cancer cell lines, es-
pecially melanoma, cervical cancer, and breast cancer cells. 
We also explored the uptake regulation of calcitriol by can-
cer cells. In addition, the possible involvement of Beclin, PARP, 
caspase-3, caspase-8, and caspase-9 as apoptotic regulators 
were also examined, supporting the possibilities of vitamin 
D as adjuvant therapy of melanoma. The role of calcitriol is 
not only limited to the calcemic effect, but also has potential 
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anti-cancer effects, including anti-proliferation and apoptosis 
induction of cancer cells.

Material	and	Methods

Calcitriol

Calcitriol (1,25(OH)2D3) was purchased from Sigma (catalog 
number: 32222-06-3, St. Louis, MO, USA). Calcitriol was dilut-
ed in 2% ethanol with a ratio of 5 mg/100 μL.

Cell Lines

B16-F10 cells (melanoma cell line, CRL-6475™), MCF7 cells 
(breast cancer cell line, HTB-22™), and HeLa cells (cervical can-
cer cell line, CCL-2™) were obtained from the American Type 
Culture Collection (ATCC®, Manassas, VA, USA). Throughout 
the experiment we only used cells at passages 5 and 6 to 
maintain the characteristics of the cells. Dulbecco’s modi-
fied Eagle’s medium (DMEM high glucose) (Gibco 11965092, 
Waltham, MA, USA) supplemented with 15% fetal bovine se-
rum (FBS) (Gibco 10270106) and 1% penicillin streptomycin 
(Penstrep) (Gibco 11548876), maintained at 37°C in a humid-
ified incubator with 5% CO2.

Calcitriol	Treatment	and	MTS	Cell	Proliferation	Assay

B16-F10 cells (1.7×102 cells/well) were seeded in a 96-well 
plate in a volume of 100 μL. After 24 h, cells were treated by 
various concentrations of calcitriol at 125 (0.325 μM), 62.5 
(0.1625 μM), 31.25 (0.08 μM), 15.63 (0.04 μM), and 7.81 ppm 
(0.02 μM). Additionally, 60 ppm (0.19 μM) cisplatin was used 
as a positive control, ethanol 2% as negative control, DMEM 
as media only control, and DMEM with cells without any treat-
ments for 24 h. All samples were incubated in Presto blue re-
agent (ThermoFisher Scientific A13262, Waltham, MA, USA) 
for 2 h before absorbance measurement at 570 nm. Cell via-
bility was calculated by dividing the absorbance of the sam-
ple and control that was already subtracted by control absor-
bance and multiplied by 100%. The IC50 was analyzed by using 
4 parametric non-linear regressions.

Cell	Treatment	for	Real-Time	PCR

About 106 cells were cultured and proliferated in a 24-well 
plate until 80% confluence, then treated with various doses of 
calcitriol. After 24-h treatment, media were aspirated, and the 
adherent cells were washed using ice-cold phosphate-buffered 
saline (PBS) (Gibco 18912014). TRIzol reagent (ThermoFisher 
Scientific 15596026) was added 100 µL per well, and the plates 
were scraped. The TRIzol-cell lysates were aspirated and de-
posited into a microtube. Twenty-five µL of chloroform (Merck 

102445, Burlington, MA, USA) was added, and the tube was 
shaken vigorously for 15 s. The samples were centrifuged at 
10 000 rpm for 5 min. The clear aqueous phase was removed 
using a micropipette and was separated into another tube, 
550 µL of isopropanol (Merck 109634.2500) was added to the 
aqueous phase and mixed gently. The solution is left at room 
temperature for 5 min. The solution was centrifuged at 14 000 
rpm for at least 20 min. Samples were then placed on ice. The 
isopropanol was removed, and 1 mL of 75% ethanol in dieth-
yl pyrocarbonate (DEPC)-treated water was added and mixed 
gently. The solution is recentrifuged at 9500 rpm for 5 min. 
The ethanol was removed, and the pellets were allowed to air 
dry, then 15 µL of DEPC-treated water was added to the RNA 
pellet. The dissolved RNA was then measured using a multi-
mode reader (TECAN M200Pro, Männedorf, Switzerland). The 
absorbance ratio at 260/280 nm should be 1.8-2.0.

Real-Time	PCR

The RNA/primer mixture used in the reaction were: total RNA 
1.5 µL, 10 µM forward primer 0.8 µL, and 10 µM reverse prim-
er 0.8 µL. The master mixture (SensiFAST SYBR No-ROX One-
Step Kit BIO720005, Bioline, London, UK) was prepared for 
each reaction and consisted of 2x buffer 10 µL, reverse tran-
scriptase 0.2 µL, inhibitor 0.4 µL, and DEPC-treated water 6.3 
µL. The master mix was then added to the RNA/primer mixture 
and mixed briefly. The thermal cycler (AriaMx, Santa Clara, CA, 
USA) was set up with the following specification: 45°C for 10 
min, 1 cycle; 95°C for 2 min, 1 cycle; 95°C for 5 s 60°C for 10 
s, and 72°C for 5 s, for 40 cycles. Specific primers sequences 
and its annealing conditions are detailed in Supplementary 
Table 1. Results of real-time PCR were then analyzed using 
the 2(–DDCt) method.

Protein	Extraction	and	Western	Blot

For western blotting, B16-F10 cells were plated in a 24-well 
plate (5×104 cells/well). After 24 h, cells were treated by 93 
(0.24 μM) and 186 ppm (0.48 μM) of calcitriol, and other 
groups were treated by 60 ppm (0.19 μM) of cisplatin as pos-
itive control and ethanol 2% as a negative control for 22-h in-
cubation. The cells were harvested and processed for protein 
extraction. We added 120 μL/well of lysis solution to a 24-
well plate. The lysis solution consisted of a radioimmunopre-
cipitation assay buffer (RIPA buffer) (ThermoFisher Scientific 
89900) and a sample buffer in a ratio of 1: 1. Protein inhibi-
tor (Sigma-Aldrich MSSAFE), and dithiothreitol (DTT) (Promega 
P1171, Madison, WI, USA) were added later in the ratio of 1: 
100. All samples were heated at 96°C for 5 min and snap fro-
zen on ice for 2-3 min. Ten μL of protein was separated on so-
dium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) for 2.5 h. SDS-PAGE was transferred to a nitrocellulose 
membrane (GE Healthcare 10-6000-02, Chicago, IL, USA) by 
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electrophoresis for 30 min. A 2% blocking reagent that con-
sisted of 0.25% bovine serum albumin (BSA) (Sigma-Aldrich 
1.12018) and phosphate-buffered saline Tween-20 (PBST) was 
added. Membrane immunoblotting was conducted using pri-
mary antibodies (Supplementary Table 2), then incubated at 
4°C overnight. The signals were imaged by Li-Cor Odyssey CLx 
(Lincoln, NE, USA). Protein band thickness was analyzed us-
ing LI-COR software. Blots were stripped by stripping buffer 
from ThermoFisher Scientific 21059 and reprobed using b-ac-
tin (R&D MAB8929, Minneapolis, MN, USA) as an internal con-
trol for protein levels monitoring.

High-Performance	Liquid	Chromatography	for	measuring	
Vitamin	D	uptakes

The standard solution was created using 10 mg of vitamin D 
dissolved in 10 mL of distilled water to yield 1000 ppm (2.6 
μM). One mL of the previous solution was further dissolved 
in 10 mL of distilled water to generate the final standard so-
lution with a concentration of 100 ppm (0.26 μM). We serially 
diluted the standard solution to yield different concentrations 
using 0.5, 1, 1.5, 2, 2.5, and 3 mL of standard solution mixed 
with 10 mL of ethanol (Merck 100983). Serial concentration of 
5 (0.013 μM), 10 (0.026 μM), 15 (0.039 μM), 20 (0.052 μM), 25 
(0.065 μM), and 30 ppm (0.078 μM), respectively, were used 
in this experiment (Supplementary Figure 1). For the sam-
ple measurements, 500 µL of the sample medium was added 
to HPLC-grade methanol (Merck 106007) and vortexed for 1 
min. The sample medium was then filtered using a 0.45-µm 

Millipore filter. The sediment was also mixed with 500 µL of 
HPLC-grade methanol and was homogenized using a vortex 
machine for 2 min. The samples were then filtered using a 
0.45-µm Millipore filter. The mobile phase used for HPLC was 
80% acetonitrile (Merck 100030) and 20% methanol. Vitamin 
D absorbance was detected at 264 nm wavelength.

Apoptosis	Staining	with	Odyssey	CLx	Near-Infrared	
Imaging	System

Apoptosis staining was done using the Li-Cor Odyssey CLx sys-
tem following the manufacturer’s recommended protocol out-
lined in the PSVue 794 reagent kit documentation.

Statistical	Analysis

Data were analyzed by one-way analysis of variance (ANOVA) 
using SPSS version 20 software and GraphPad Prism version 7 
software for Windows and are presented as means±standard 
error of the mean (SEM). Statistical significance was regard-
ed as P values <0.05.

Results

Calcitriol Inhibited Cell Proliferation in B16-F10 Cells

Calcitriol induced alteration of the morphological appearances 
of cells after treatment with various concentrations of vitamin 
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Figure 1.  (A) Morphology of B16-F10 cells after 24-h incubation (scale bar=100 μm). Calcitriol is given as follows: ethanol 2% as 
negative control (Aa), cisplatin as positive control (Ab), calcitriol 125 ppm (0.325 μM) (Ac), 62.5 ppm (0.1625 μM) (Ad), 
31.25 ppm (0.08 μM) (Ae), 15.63 (0.04 μM) (Af), 7.81 ppm (Ag). The arrows show the apoptosis cell death morphology. (B) 
Calcitriol increased the apoptosis process. White arrow points to the green dot accumulation reflecting the apoptosis in the 
cell. (C) Dose-dependent calcitriol treatment by various ranges of concentrations for 24 h showed inhibition of B16-F10 cells 
proliferation and decrease in viability at 125 ppm (0.325 μM) and 62.5 ppm (0.1625 μM). (D) IC50 was analyzed by using 4 
parametric non-linear regression and plotted in GraphPad Prism. Each data point represents the average of 8 set duplications 
with SEM. Significance was considered * P<0.05, ** P<0.01, *** P<0.001.
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D for 24 h compared with controls (Figure 1A). Marked cellu-
lar morphology changes were shown and indicated cell death. 
Near-infrared imaging using PSVue to show apoptosis cells 
can be seen in Figure 1B. The results show comparable apop-
tosis of cells between calcitriol and cisplatin, confirming the 
morphological changes shown in Figure 1A. Cell viability as-
say was done using the resazurin reduction assay, as shown 
in Figure 1C. Calcitriol showed dose-dependent growth inhibi-
tion in B16-F10 cells with a statistically significant decrease in 
cell viability at doses 125 (0.325 μM), 62.5 (0.1625 μM), and 
31.25 (0.08 μM) (P <0.001). The IC50 dose of calcitriol is 93.88 
ppm (0.244 μM), as shown in Figure 1D. Additionally, we also 
observed calcitriol has a potent effect as an anti-tumor agent 
to induced cell vulnerability in HeLa cell at dose 62.31 ppm 
(0.19 μM) (Supplementary Figure 2A) and MCF7 at dose 62.93 
ppm (0.17 μM) (Supplementary Figure 2B).

Calcitriol Uptake by B16-F10 Cells

We used high-performance liquid chromatography (HPLC) to 
measure the concentration of calcitriol in the cell medium. 
Standardization for calcitriol detection using HPLC is shown 
in Supplementary Figure 1. We measured calcitriol levels in 
the culture medium and inside the cells. Figure 2A shows 
the time-dependent uptake reflected by the level of calcitriol 
uptake by the B16-F10 cells. We measured the calcitriol up-
take by comparing calcitriol level in the medium and inside 
the cells. Figure 2B shows representative HPLC results of the 
culture medium. The highest level of calcitriol uptake was at 
60 min, with medium concentration decreasing exponentially 
and was no longer detected after 120 min. Figure 2C shows 
that the cellular uptake of calcitriol was highest at 30-60 min 
and metabolized in the cell to an undetectable level at 2 h.

Calcitriol	Upregulated	Apoptosis-Related	Genes

We observed that calcitriol did not upregulate the expres-
sion of B cell lymphoma 2 (Bcl2) and Bax genes, unlike cispl-
atin (Figure 3A). On the other hand, cisplatin upregulated the 
expression of VDR, RXR alpha, Bcl2, and Bax. However, sim-
ilar to cisplatin, calcitriol upregulated the expression levels 
of caspase-3, caspase-8, and caspase-9, reflecting the differ-
ential regulation of the apoptosis pathway of calcitriol com-
pared to cisplatin.

Calcitriol	Upregulated	the	Apoptosis-Related	Proteins	with	
Comparable	Levels	to	Cisplatin

Western blot results showed that calcitriol increased the pro-
tein levels of cleaved caspase-3, caspase-8, caspase-9, Beclin, 
and PARP to comparable levels with cisplatin, showing active 
apoptosis activity and involvement of Beclin and PARP acti-
vation. Figure 4 presents representative blots comparing the 

IC50 and 2× IC50 doses of calcitriol compared to negative and 
positive controls.

Discussion

Cancer cells can modify and suppress apoptosis to supports 
their survival [35]. Apoptosis is programmed cell death of a 
multicellular organism to destroy cells that are not needed 
or are defective [36]. Morphological features of an apoptot-
ic cell are characterized by loss of adherence, cell shrinkage, 
condensed chromatin and cytoplasm, and surface blebbing 
[37,38] At the later stage, the cell fragments to form apop-
tosis bodies [38]. Our result showed a typical round-shaped 
plasma membrane that indicated early apoptosis morphology 
(Figure 1A). Colstron et al were the first to demonstrate the 
presence of VDR in Hs69T cells, a malignant melanoma cell 
line. Their study also observed that calcitriol inhibited prolif-
eration in a dose-dependent manner [39]. A recent study ob-
served significant inhibition of murine B16-F10 cells under 
calcitriol treatment [40]. These previous studies support our 
finding that calcitriol also decreased cell viability starting at a 
dose of 31.25 ppm (0.08125 μM) and increasing in a dose-de-
pendent fashion (Figure 1C) with highly significant differences 
compared to control (P<0.001). Apoptosis was also shown us-
ing near-infrared imaging (Figure 1B), showing that the abil-
ity of vitamin D to induce apoptosis was comparable to the 
cytotoxic effects of cisplatin. Therefore, we have shown that 
calcitriol could induce apoptosis in B16-F10 cells in a dose-
dependent fashion.

We showed that uptake of calcitriol by melanoma cells was 
highest at 60 min after treatment using HPLC. The uptake is 
reflected by the exponential decrease in calcitriol concentra-
tion inside the medium. Calcitriol is a fat-soluble compound 
and thus quickly passes through the lipid bilayer to interact 
with VDR, where it exerts its biological effects. Previous stud-
ies reported that calcitriol could activate the caspase-depen-
dent apoptosis pathway [33,41]. However, the mechanism of 
calcitriol-induced apoptosis in melanoma was less document-
ed. The binding of calcitriol to VDR-RXR is crucial to activat-
ing the genomic pathway [9]. Wasiewicz reported that calcitri-
ol increased the VDR levels in pigmented and non-pigmented 
B16-F10 cells [40]. However, our results did not show a signif-
icant increase in VDR gene levels after the application of cal-
citriol (Figure 3A) due to time of incubation, doses, and the 
study approach. Nevertheless, it is possible that dose toxici-
ty of calcitriol defines the role of specific mechanism induced 
in melanoma cells. Our results showed significant upregula-
tion of apoptosis-associated caspases such as caspase-3, cas-
pase-8, and caspase-9 after treatment with calcitriol with spe-
cific dose treatment (Figure 4B).
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Sample code

Control medium
Calcitrol medium at 0 minute
Calcitrol medium at 30 minutes
Calcitrol medium at 60 minutes
Calcitrol medium at 120 minutes

Control cell
Calcitrol in cell at 0 minute
Calcitrol in cell at 30 minutes
Calcitrol in cell at 60 minutes
Calcitrol in cell at 120 minutes

Medium control 3, 30, 60, 120 minutes

Minutes

120 minutes
60 minutes

30 minutes
0 minutes

K

0.055

0.050

0.045

0.040

0.035

0.030

0.025

0.020

0.015

0.010

0.005

0.000

-0.005

2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00

AU

Cell control 3, 30, 60, 120 minutes

Minutes

120 minutes
60 minutes

30 minutes
0 minutes

K

0.0024

0.0022

0.0020

0.0018

0.0016

0.0014

0.0012

0.0010

0.0008

0.0006

0.0004

0.0002
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Figure 2.  Calcitriol uptake study by B16-F10 cells by HPLC. (A) Detection of calcitriol content after time-dependent treatment in 
B16-F10 cells and medium. In the medium, calcitriol content was detected at 0 and 30 min. Although low, calcitriol was 
still detected at 60 and 120 min, while in the cell, the calcitriol content was detected at 30 and 60 min. (B) Compilation 
of representative peak curve HPLC of control baseline at 0 min, 30 min, 60 min, and 120 min showed calcitriol content 
detection inside the medium. (C) Compilation of representative peak curve HPLC of control baseline at 0 min, 30 min, 60 min, 
and 120 min showed calcitriol content detection inside the medium.
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Figure 3.  The effect of calcitriol on the gene expression of apoptosis-related proteins using real-time PCR in B16-F10 cells after 24-h 
treatment. Cells were treated by calcitriol at 93 (0.24 μM) and 186 ppm (0.48 μM), 60 ppm (0.19 mM) of cisplatin as a 
positive control and negative control. Relative expression was normalized by GAPDH. Caspase-3, caspase-9, and caspase-8 
gene expressions were stimulated, but Bax, Beclin, and RXR alpha did not show significant alteration. Data are presented as 
average mean and SEM. Significance was considered * P<0.05.
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Figure 4.  (A, B) The effect of calcitriol on the protein expression of apoptosis-related proteins in B16-F10 cells after 24-h treatment. 
Cells were treated by calcitriol at 93 (0.24 μM) and 186 ppm (0.48 μM), 60 ppm (0.19 mM) of cisplatin as a positive control 
and negative control. Relative protein expression was normalized by b-actin. Caspase-3, caspase-9, caspase-8, Beclin, and 
poly adenosine diphosphate-ribose polymerases (PARP) protein levels were stimulated. Data are presented as average mean 
and SEM. Significance was considered * P<0.05.
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An in vitro experiment using breast cancer and colon cancer 
cell lines showed the upregulation of pro-apoptosis protein 
and caspases and downregulation of anti-apoptosis proteins 
after vitamin D treatment [42]. In addition, novel secoste-
roids of 20(OH)D3 and 20,23(OH)2D3 show potent anti-mela-
noma activity in vitro, being excellent candidates for preclin-
ical testing [43].

In line with those reports, we also observed that calcitriol re-
duced viability and stimulated other cell lines like HeLa and MCF 
7, leading to cell death (Supplementary Figure 1). Apoptosis 
protein imbalance leads to mitochondrial outer membrane 
permeabilization (MOMP) and mitochondrial apoptosis mole-
cule release [44]. Cytochrome C binds adenosine triphosphate 
(ATP) or deoxyadenosine triphosphate (dATP) to apoptosis pro-
tease activating factor-1 (APAF-1) to form a wheel-like hex-
amer called apoptosome [38]. Apoptosome binds the initiator 
caspase, caspase-9 [38]. The cleavage of caspase-9 triggers ac-
tivation of other procaspases, promoting the executioner cas-
pases: caspase-3, caspase-6, and caspase-7 [45]. Executioner 
caspase is cleaved, causing cell apoptosis machinery activa-
tion [45]. Bao et al observed the effect of calcitriol treatment 
on BGC-823 cells, a gastric model cell line, showing the upreg-
ulation of caspase-3 [33]. A study conducted in another human 
melanoma cell line, G-361 cells, showed increased caspase-3 
and caspase-8 protein levels after calcitriol treatment [46]. Our 
results showed that cleaved caspase-3, caspase-8, caspase-9 
and cleaved PARP levels were increased (Figure 4B), suggest-
ing that active apoptosis occurred in B16-F10 cells after treat-
ment with calcitriol with comparable levels to cisplatin.

Calcitriol also showed different effects toward cancer cells 
compared to normal cells. Studies using endothelial cells de-
rived from cancer tissues have shown that calcitriol preferen-
tially induces apoptosis in tumor-derived murine endothelial 
cells [47]. These effects were not seen in normal endotheli-
al cells. In fact, several studies have shown that calcitriol is 
generally beneficial or has no effects on normal proliferating 
cells [48,49]. Therefore, these findings support the potential 
use of calcitriol as a candidate adjuvant for cancer treatment.

Conclusions

Taken together, our data show that the administration of cal-
citriol induces apoptosis in B16-F10 cells. These findings of 
apoptosis were verified using cellular morphology, cell viability 
assay, near-infrared imaging, and the protein expression levels 
of apoptosis-related proteins. Therefore, calcitriol appears to 
induce apoptosis in cancer cells and is a potential treatment. 
However, further research is needed to explore new strategies 
for use of calcitriol in metastatic melanoma adjuvant therapy.

Declaration	of	Figures’	Authenticity

All figures submitted have been created by the authors who 
confirm that the images are original with no duplication and 
have not been previously published in whole or in part.

Primer Forward Reverse Annealing	temperature	(°C)

VDR GCTGATCGAACCCCTCATAA TTCTGGATCATCTTGGCGTA 58

Bax ATGCGTCCACCAAGAAGCTGA AGCAATCATCCTCTGCAGCTCC 61

Bcl2 TTCGCAGCGATGTCCAGTCAGCT TGAAGAGTTCTTCCACCACCGT 60

RXRa GAGGTGGAGTCCACCAGCA AAGCTCGGCTTCCAGAATCTA 59

Caspase 3 TGTCATCTCGCTCTGGTACG TCCCATAAATGACCCCTTCA 60

Caspase 8 GACTGCAACCGAGAGG GCAGGCTCAAGTCATC 54

Caspase 9 AGTTCCCGGGTGCTGTCTAT GCCATGGTCTTTCTGCTCAC 60

GAPDH TGC CAG CCT CGT CTC ATA G ACT GTG CCG TTG AAC TTG C 58

Supplementary Table 1. Primers sequence.
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Supplementary Figure 1. (A-C)  HPLC standard curve for calcitriol.
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Protein Code Manufacturer Dilution

Caspase 3 (D3R6Y) 14220 Cell Signaling Technologies 1: 1000

Caspase 8 (1C12) 9746 Cell Signaling Technologies 1: 1000

Caspase 9 (C9) 9508 Cell Signaling Technologies 1: 1000

Beclin 1 MAB5295-SP R&D Systems 1: 1000

b-actin (BA3R) MA5-15739 ThermoFisher Scientific 1: 1000

PARP (46D11) 9532 Cell Signaling Technologies 1: 1000

Supplementary Table 2. Antibodies dilution.
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