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Abstract: Introduction: Vitamin D has been shown to have anti-cancer properties such as antioxidants, anti-proliferative, 
and cell differentiation. The property of vitamin D as an anticancer agent triggers researchers to find out whether vitamin 
D is useful as a radiosensitizer. Multiple studies have been carried out on cell lines in various types of cancer, but the 
benefits of vitamin D as a radiosensitizer still controversial. This paperwork aims to investigate the utilization of Vitamin 
D3 (Calcitriol) as radiosensitizer in various cell line through literature review.  

Methods: A systematic search of available medical literature databases was performed on in-vitro studies with Vitamin D 
as a radiosensitizer in all types of cell lines. A total of 11 in-vitro studies were evaluated.  

Results: Nine studies in this review showed a significant effect of Vitamin D as a radiosensitizer agent by promoting 
cytotoxic autophagy, increasing apoptosis, inhibiting of cell survival and proliferation, promoting gene in ReIB inhibition, 
inducing senescene and necrosis. The two remaining studies showed no significant effect in the radiosensitizing 
mechanism of Vitamin D due to lack of evidence in-vitro settings.  

Conclusion: Vitamin D have anticancer property and can be used as a radiosensitizer by imploring various mechanism 
pathways in various cell lines. Further research especially in-vivo settings need to be evaluated. 
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INTRODUCTION 

Vitamin D is a micronutrient that has a major 
function in the metabolism of calcium and phosphate in 
the body [1]. Vitamin D is fat-soluble, and can be 
produced naturally in the body with the help of 
Ultraviolet isunlight and can also be obtained from 
food, such as fish oil, mushrooms, and Vitamin D-
fortified foods such as milk and cereals, and 
supplementation [2]. 

So far, Vitamin D has always been associated with 
bone growth and development in humans. In recent 
studies, vitamin D has been shown to have anti-cancer 
properties such as antioxidants, anti-proliferative, and 
cell differentiation [3]. Vitamin D addition as 
supplementation is expected to help improve 
therapeutic response, one of which is radiation. 

The property of vitamin D as an anticancer agent 
triggers researchers to find out whether vitamin D is 
useful as a radiosensitizer. Multiple studies have been 
carried out on cell lines in various types of cancer, but 
the benefits of vitamin D as a radiosensitizer are 
stillcontroversial due to some incoherent study results.  
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This study aims to investigate the utilization of Vitamin 
D3 as a radiosensitizer in various cell lines through a 
review of the literature. 

MATERIALS AND METHODS 

We searched the Pubmed and Cochrane database 
for in-vitro research in the English language, published 
from April 2000 to May 2020. The keywords used were 
(("vitamin d" [MeSH Terms]) AND ((("radiotherapy" 
[MeSH Terms]) OR "radiation" [MeSH Terms]) OR 
"radiosensitization" [MeSH Terms])) AND (("cell line" 
[MeSH Terms]) OR "cancer" [MeSH Terms]). The 
articles chosen were judged based on their relevance 
and compatibility with the objectives of the exploratory 
review writing. The data collection flow is shown in 
Figure 1. 

In the beginning, 33 articles were found in 
accordance with the search terms, then the title and 
abstract were screened in accordance with the purpose 
of writing this article until 7 articles were finalized. 
Screening of the entire contents of the each article was 
done with inclusion criteria in the form of in-vitro studies 
on cancer cell lines. Based on the screening results, 9 
articles were found that fit the inclusion criteria and the 
purpose of writing this literature review. The articles 
that were not selected were due to research not using 
cell lines. The author also added 6 articles articles after 
doing manual searches. Therefore, in the end, 11 
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articles were finalized to be included in this study: 
Dunlap et al. [4], Polar et al. [5], Xu et al. [6], Chaudry 
et al. [7], Wilson et al. [8], Sharma et al. [9], Mineva et 
al. [10], Podgorska et al. [11], Bristol et al. [12], 
DeMasters et al. [13], and Gavrilov et al. [14]. 

RESULTS 

Type of Vitamin D used as Radiosensitizer 

Four studies [6,8,10,14] used Calcitriol (Vitamin D3) 
only as Radiosensitizer. Other four studies [5,7,12,13] 

used analog of Vitamin D3 only. These Vitamin D3 
analogs were mostly were EB 1089 and ILX 23-7553. 
Another type of vitamin D analog included was 19-nor-
1-α,25(OH)2D2 in one of the studies (Table 1). 

Two studies [4,9] performed a comparison between 
both types of Vitamin D (Calcitriol and its analogs). 
Only one study [11] performed a comparison between 
Calcitriol and Calcidiol (Vitamin D2) as radiosensitizer 
agent (Table 1). 

 
Figure 1: Search strategy diagram on Pubmed, Cochrane and search results. 

Table 1: Type of Vitamin D and Cell Line used in Articles 

Article/Year Vitamin D type Cell line 

Dunlap et al., 2003  1. Calcitriol  
2. Vitamin D3 analog: 19-nor-1 α,25(OH)2D2 

Human prostate cell line (LNCaP)  

Polar et al., 2003 1. Vitamin D3 analog: EB 1089 
2. Vitamin D3 analog: ILX 23-7553 

Human breast tumor cell line (p53 wild-type MCF-
7)  

Xu et al., 2007 Calcitriol Human prostate carcinoma cell lines (LNCaP, PC-
3 and DU-145) 

Chaudry et al., 2001 Vitamin D3 analog: ILX-23-7553 Human breast tumor cell line (p53 wild-type MCF-7 
) 

Wilson et al., 2011 Calcitriol  Breast tumor cell line (ZR-75)  

Sharma et al., 2014 1. Calcitriol 
2. Vitamin D analog: EB 1089 

Non-small cell lung cancer/NSCLC cell line (A549 
and H460) 

Mineva et al., 2009 Calcitriol  Breast cell line: ERα-positive cell (MCF7 and ZR-
75); ERα-negative cell (Hs578T and MDA-MB-

231), NF639 

Podgorska et al., 2018 1. Calcitriol  
2. Calcidiol  

Melanoma cell lines (human SKMEL-188, hamster 
BHM Ma, BHM Ab) 

Bristol et al., 2012 Vitamin D3 analog: EB 1089 Human breast tumor cell line (p53 wild-type MCF-
7) 

DeMasters et al., 2006 Vitamin D3 analog: EB 1089 Human breast tumor cell line (p53 wild-type MCF-
7) 

Gavrilov et al., 2010 Calcitriol Human prostate androgen-resistant cell line 
(DU145) 
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Cell Line  

About half of these studies [5,7,8,10,12,13] used the 
breast cell line as an experiment. The common type of 
cell line used was p53 wild-type MCF-7. Another type 
of breast cell line which is uncommonly used was ZR-
75 in [8]. Also, one study [10] focused on between 
ERα-positive cells (MCF7 and ZR-75) and ERα-
negative cells (Hs578T and MDA-MB-231) (Table 1). 

Three studies [4,6,14] used human prostate cell 
lines, including LNCaP, PC-3, and DU-145, which is 
resistant to androgen. The two remaining studies [9,11] 
experimented with non-small cell lung cancer/NSCLC 
(A549 and H460) and melanoma cell line (human 
SKMEL-188, hamster BHM Ma, BHM Ab), respectively 
(Table 1). 

Radiation Type and Dose 

Almost all studies use photon beam radiation. Only 
one study [11] used a low LET (Linear Energy 
Transfer) proton beam. Seven studies [4,6,7,9-11,14] 
performed radiation with single-dose irradiation. In the 
contrary, the remaining studies [5,8,12,13] performed 
fractionated irradiation (Table 2). 

Variable dosage were applied in these studies. In 
single-dose irradiation setting, the dose used starting 
from 0 Gy, and escalated into maximum of 6 Gy with 
interval of 2 Gy. In one study [14], the author only 
applied one dose with 4 Gy photon irradiation. On other 
hand, when it used fractionated irradiation, the 
conventional dose irradiation (2 Gy per fraction) was 
applied with 4-5 fractions. None of these studies 
performed hypofractination with > 2 Gy per fraction 
(Table 2). 

Research Arm and Outcome in Sensitizing 
Radiation 

Most of these studies divided research arms with 
Vitamin D and irradiation only (with different dose; 
except in one study [14] that used single-dose of 
irradiation), and a combination of Vitamin D and 
irradiation, in cell line. Those research arms are then 
applied in two or more cell line types. Some studies 
included control (no intervention with Vitamin D nor 
irradiation) as their research arm.  

Each of these eleven studies have a different 
outcome and parameter to be examined. Most of the 
studies perform cell viability measurements. In eight 
studies [4-9,12,13] Trypan blue staining is commonly 
used. Another way to assess cell viability is with ATP 
detection assay [10], Haemocytometer [11], and crystal 
violet staining [14] (Table 3).  

Like cell viability measurement, most examined 
critical parameters correlate with apoptotic cell death. 
Another type of cell death, i.e. autophagy, was also 
examined in these several studies. Senescene, cell 
morphology, DNA damage, and cell cycle distribution 
also become parameters in remaining studies. 

DISCUSSION 

Radiosensitization Effectiveness of Vitamin D in 
Cell Line 

From all eleven articles in this review, almost all of 
these studies prove that Vitamin D has significant effect 
as a radiosensitizer. In Polar et al. [5] and Chaudry et 
al. [7] study, they observed that a combination of 
Vitamin D and irradiation would bring a threefold 
greater decline in viable cell numbers if treated with 

Table 2: Radiation Type and Dose 

Article/Year Radiation type Radiation Delivery Dose 

Dunlap et al., 2003  Photon Single dose 0 - 4 Gy 

Polar et al., 2003 Photon Fractionated 5 x 2 Gy 

Xu et al., 2007 Photon Single dose 0.5-6 Gy. 

Chaudry et al., 2001 Photon Single dose 0 - 5 Gy 

Wilson et al., 2011 Photon Fractionated 4 x 2 Gy 

Sharma et al., 2014 Photon Single dose 0 - 6 Gy 

Mineva et al., 2009 Photon Single dose 0 - 6 Gy 

Podgorska et al., 2018 Low LET Proton Single dose 0 - 5 Gy 

Bristol et al., 2012 Photon Fractionated 5 x 2 Gy 

DeMasters et al., 2006 Photon Fractionated 5 x 2 Gy 

Gavrilov et al., 2010 Photon Single dose 4 Gy 
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Table 3: Research Arm and Outcome 

Article/Year Arm Study Examined Parameters Outcome and Conclusion  

Dunlap et al., 
2003  

1. Control 
2. IR: 1 Gy; 2 Gy; 4 Gy 

3. Vit D + IR: 0 Gy; 1 Gy; 2 
Gy; 4 Gy 

Apoptosis assay (fragmented 
nuclei and PI-positive cells) 

Cell proliferation and viability with 
Trypan blue staining 

 

Calcitriol potentiated IR-induced apoptosis of LNCaP 
cells 

Calcitriol and 19-nor-1a,25-(OH)2D2 showed 
synergistic inhibition of growth of LNCaP cells at 
radiobiologically relevant doses of IR (1–2 Gy).  

At higher doses of IR, the combination of Vitamin D 
and IR resulted in moderate antagonism. 

Polar et al., 
2003 

1. IR: 5x2 Gy 
2. ILX 23-7553 

3. ILX 23-7553 + IR 5x2 
Gy 

Cell viability with Trypan blue 
staining 

TUNEL assay for DNA 
fragmentation to assess apoptotic 

cell death 

1. IR reduce viable cell by 72 ± 3.1%  
2. ILX 23-7553 reduce viable cell by 62 ± 4.8% 

3. ILX 23-7553 + IR 5x2 Gy reduce viable cell by 93.2 
± 0.7% 

Approximately threefold greater decline in viable cell 
numbers in cells treated with ILX 23-7553 and IR as 

compared to cells treated with IR alone in MCF-7 
breast cancer cells 

Xu et al., 2007 1. LNCaP + IR 0 Gy; 0.5 
Gy; 1 Gy; 2 Gy; 3 Gy; 6 Gy 
2. PC-3 + IR 0 Gy; 0.5 Gy; 

1 Gy; 2 Gy; 3 Gy; 6 Gy 
3. DU-145 + IR 0 Gy; 0.5 

Gy; 1 Gy; 2 Gy; 3 Gy; 6 Gy 

Cell viability with Trypan blue 
staining 

NF-κB Binding Assay with ELISA 
SOD activity gels to quantify 

MnSOD activity 

Calcitriol induce radiosensitivity of LNCaP and PC-3 
cell line at dose 0.5 to 3.0 Gy. 

Calcitriol with the VDR significantly enhances 
radiosensitivity of prostate cancer cells at clinically 

relevant radiation doses. 

Chaudry et al., 
2001 

1. IR 
2. ILX-23-7553 

3. ILX-23-7553 + IR 0 Gy; 
0.5 Gy; 1 Gy; 2.5 Gy; 5 Gy 

Cell viability with Trypan blue 
staining 

Clonogenic analysis with colony 
count 

Apoptotic cell death quantification 
with TUNEL method 

Cell morphology 

1. IR reduce viable cell by 75% 
2. ILX 23-755 reduce viable cell by 56% 

3. ILX 23-7553 + reduce viable cell by 93% 
ILX 23-7553 enhances the effects of irradiation in 

MCF-7 breast tumor cells by decreasing viable cell 
numbers, reducing clonogenic survival and inducing 

apoptotic cell deaths 

Wilson et al., 
2011 

1. IR 4x2 Gy 
2. Calcitriol 

3. Calcitriol + IR 4x2 Gy  

Cell viability with Trypan blue 
staining 

Clonogenic analysis with colony 
count 

Detection and quantification of 
autophagic cells by staining with 

Acridine Orange 

Combination of calcitriol with radiation resulted in a 
reduction of viable cells that was followed by growth 

arrest in the residual surviving cell population 
In contrast, radiation alone appeared to inhibit cell 

growth without producing an actual reduction in viable 
cell number 

When IR combined with Calcitriol, there was a 
pronounced decrease in clonogenicity compared to IR 

alone at all doses. 

Sharma et al., 
2014 

1. A549 + IR 0 Gy; 2 Gy; 4 
Gy; 6 Gy 

2. H460 + IR 0 Gy; 2 Gy; 4 
Gy; 6 Gy 

Clonogenic survival by quantify 
viable cell number with Trypan 

Blue 
DNA damage by measuring 

phosphorylated H2AFX/gH2AX 
GLB staining indicates 

senescenes 
Autophagy assessment by 

Autophagic protein (SQSTM 1 
and LC3-II), Vesicle formation, 

GFP-LC 

In A549 and H460, both Calcitriol and EB 1089 
prolonged the growth arrest induced by radiation alone 
and suppressed proliferative recovery, which translated 

to a significant reduction in clonogenic survival.  
In H838 or H358 NSCLC cells, which lack VDR/vitamin 

D receptor or functional TP53, respectively,  
Calcitriol failed to modify the extent of radiation-
induced growth arrest or suppress proliferative 

recovery post-irradiation 
 

Mineva et al., 
2009 

1. MCF7 + IR 0 Gy; 1 Gy; 
2 Gy; 3 Gy; 4 Gy; 6 Gy 

2. ZR-75 + IR 0 Gy; 1 Gy; 
2 Gy; 3 Gy; 4 Gy; 6 Gy 
3. Hs578T + IR 0 Gy; 1 

Gy; 2 Gy; 3 Gy; 4 Gy; 6 Gy 
4. MDA-MB-231 + IR 0 Gy; 
1 Gy; 2 Gy; 3 Gy; 4 Gy; 6 

Gy 

Cell viability by ATP detection 
assay 

Quantitation of protein expression 
via immunoblot analysis and 

antibodies against RelB NF-κB, 
pro-survival factors (Survivin, Bcl-

2) and MnSOD 

Treatment of Hs578T and Her-2/neu-driven NF639 
cells Calcitriol decreased RelB/RELB gene expression 
and levels of pro-survival targets Survivin, MnSOD and 
Bcl-2, while increasing their sensitivity to γ-irradiation. 
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(Table 3). Continued. 

Article/Year Arm Study Examined Parameters Outcome and Conclusion  

Podgorska et 
al., 2018 

1. SKMEL-188 + IR 0 Gy; 
1 Gy; 3 Gy; 5 Gy 

2. BHM Ma + IR 0 Gy; 1 
Gy; 3 Gy; 5 Gy 

3. BHM Ab + IR 0 Gy; 1 
Gy; 3 Gy; 5 Gy 

Cell count by Haemocytometer Calcitriol inhibited human melanoma proliferation at 10 
nM 

Calcidiol inhibited proliferation of hamster lines at 10 
and 100 nM doses.  

Treatment with either Calcitriol or Calidiol 
radiosensitized melanoma cells to low doses of proton 

beam radiation 

Bristol et al., 
2012 

1. IR 5x2 Gy 
2. EB 1089 + IR 5x2 Gy 

Cell viability with Trypan blue 
staining 

Terminal deoxynucleotidyl 
transferase-mediated dUTP nick 
end labeling assay for apoptosis 
Detection of autophagic cells by 

staining with acridine orange. 

Calcitriol promoted autophagy in irradiated MCF-7 
cells, sensitized the cells to radiation and suppressed 
the proliferative recovery that occurs after radiation 

alone.  
Calcitriol enhanced radiosensitivity and promoted 

autophagy in MCF-7 cells that overexpress Her-2/neu 
as well as in p53 mutant Hs578t breast tumor cells.  
Calcitriol failed to alter radiosensitivity or promote 

autophagy in the BT474 breast tumor cell line with low-
level expression of the VDR. 

DeMasters et 
al., 2006 

1. IR 5x2 Gy 
2. EB 1089 + IR 5x2 Gy 

Cell viability with Trypan blue 
staining 

Terminal deoxynucleotidyl 
transferase-mediated dUTP nick 
end labeling assay for apoptosis 

Alkaline Unwinding Assay to 
assess bulk damage to DNA 
β-Galactosidase Histochemical 
Staining for assess senescence 
Detection of Autophagic Cells by 

Staining with Acridine Orange 

EB 1089 failed to increase the extent of radiation-
induced DNA damage or to attenuate the rate of DNA 

repair.  
MCF-7 cells expressing caspase-3 showed significant 
apoptosis with radiation alone as well as with EB 1089 

followed by radiation. 

Gavrilov et al., 
2010 

1. Calcitriol 
2. Calcitriol + IR 4 Gy 

Cell proliferation with crystal violet 
assay 

Cell-cycle distribution analysis 
with flow cytometric  

Apoptosis measurement with the 
sub-G1 (<2N ploidy) fraction in 

cell-cycle histograms 

Four (4 Gy) irradiation in DU145 cells pretreated with a 
combination of 1mM VPA and 100nM Calcitriol 

efficiently suppressed (87.9%) DU145 cell proliferation.  
IR after combined pretreatment resulted in increased 

DNA double-strand breaks compared with non-treated 
cells the increase was 58.1% in pretreated cells and 

11.8% in non-pretreated cells (p < 0.002). 

 
Vitamin D or analog and IR as compared to cells 
treated with IR alone in MCF-7 breast cancer cells. 

In concordance with two previous studies, Dunlap et 
al. [4] reported that Calcitriol and 19-nor-1a,25-
(OH)2D2 showed synergistic inhibition of growth of 
LNCaP cells at radiobiologically relevant doses of 
irradiation (1–2 Gy), but this could not be proved in 
higher dose of irradiation. This study also will give a 
significant effect because irradiation dose 1-2 Gy per 
fraction is commonly used in the clinical settings. Xu et 
al. [6] also reported that Calcitriol induces 
radiosensitivity of LNCaP and PC-3 cell line at dose 0.5 
to 3.0 Gy which is also commonly used in clinical 
settings in prostate cancer irradiation. Other studies 
[8,11,13,14] also shared similar results that irradiation 
combined with Vitamin D is associate with decreasing 
cancer cell viability. 

On other hands, two studies could not prove the 
sensitizing effect of Vitamin D in combination with 

irradiation. DeMasters et al. [13] showed EB 1089, a 
vitamin D analog, failed to increase radiation-induced 
DNA damage or to decrease the rate of DNA repair. 
Whereas MCF-7 cells expressing caspase-3 showed 
significant apoptosis with radiation alone as well as 
with EB 1089 followed by radiation. DeMasters 
concluded that there was no outcome difference 
between using either radiation alone vs radiation + 
Vitamin D analog. In Sharma et al. [9] study, the 
combination treatment of radiation and Vitamin D did 
not increase either apoptosis or necrosis. They also 
found that the combination of Vitamin D and irradiation 
primarily extended growth inhibition and suppression of 
proliferation instead of cell killing. 

Proposed Mechanism and Pathways of Vitamin D 
as Radiosensitizer  

Some studies explicitly explain the mechanism of 
action in Vitamin D as a radiosensitizer, and in others, 
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the mechanism can be found in the results and 
discussion section.  

a. Promotes Various form of Autophagy 

Several studies [8,9,11,12] shared a similar 
proposed mechanism of action in Vitamin D: 
autophagy. Autophagy is a cell condition when 
cytoplasmic proteins and cellular organelles are 
enveloped in autophagosomes and degraded by fusion 
with lysosomes for amino acid and energy recycling 
[15]. When apoptosis is defective, autophagy can 
become alternative of cellular suicide pathway [16,17]. 

In Bristol et al. [12] study, they confirmed the 
radiosensitizing mechanism with autophagy based on 
evidence of autophagic vesicle formation, RFP-LC3 
redistribution and punctuation, and degradation of the 
p62 protein. RFP-LC3 is indicative of LC3 association 
with the autophagosomal membrane [18], and p62 
protein is associated with starved cell [19]. Calcitriol 
promoted autophagy in irradiated MCF-7 cells, 
sensitized the cells to radiation and suppressed the 
proliferative recovery that occurs after radiation alone. 
The limitation in this study is that in BT474 cells, 
calcitriol failed to alter radiosensitivity or promote 
autophagy due to the lack of VDR in those cell lines.  

Sharma et al. [9] explained that the mechanism of 
sensitization was not associated with increased DNA 
damage, decreased DNA repair, or an increase in 
apoptosis, necrosis, or senescence. Instead, 
sensitization appeared to be a consequence of the 
conversion of the cytoprotective autophagy induced by 
radiation alone to the cytostatic form of autophagy in 
Vitamin D and radiation.  

Wilson et al. [8] observed that at 72 hours post-
irradiation, there was about a 4-fold increase in the 
percent of AVOs (acidic vacuolar organelles) in cells 
that received radiation treatment alone and an 
approximately 5-fold increase by the combination 
treatment. Time course data also suggest that 
autophagy is initiated earlier in cells treated with 
Vitamin D + radiation and autophagy is sustained to a 
higher extent treatment compared to radiation 
treatment alone. 

b. Increase Apoptosis 

Dunlap et al. [4] explained that Vitamin D can 
potentiate radiation-induced apoptosis. In LNCaP cells, 
Vitamin D or radiation alone did not promote 
substantial apoptosis, as is evident from the absence of 
cells with fragmented and/or condensed nuclei in this 

representative field. However, the combination of 
radiation and Vitamin D resulted in a significant 
increase in the percentage of cells with apoptotic 
morphology (fragmented nuclei and PI-positive cells). 
Similar to Dunlap, Polar et al. [5] and Chaudry et al. [7] 
observed that when cells were given ILX 23-7553, an 
analog of vitamin D, followed by fractionated radiation, 
DNA fragmentation that is indicative of apoptotic cell 
death increases as compared to cells that were given 
ILX 23-7553 alone. The mechanism basis for apoptosis 
induction is still not clear enough. 

A bit different from two previous studies, Sharma et 
al. [9] showed that Vitamin D and radiation may have a 
little role in apoptosis. Sharma detected that the 
primary responses observed either with radiation alone 
or radiation and Vitamin D appeared to be growth 
arrest, but it was possible that some of the cell 
population run into apoptosis. There was minimal 
induction of apoptosis by radiation and radiation and 
Calcitriol or EB 1089 treatments in A549 and H460 cell 
lines and this was confirmed by the lack of PARP (poly 
ADP ribose polymerase) cleavage.  

Only Podgorska et al. [11] mentioned that in 
melanoma cell line combined with low LET proton 
beam radiotherapy, it seems Vitamin D works by 
increasing reactive oxygen species (ROS) production, 
inhibiting cell cycle and apoptotic signaling.  

c. Inhibition of Cell Survival and Proliferation 
Promoting Gene 

Mineva et al. [10] proposed that Vitamin D promotes 
the sensitivity of breast cancer cells to irradiation with 
inhibition of RelB. ReIB is one of NF-κB, a family of 
dimeric transcription factors that promote cell survival, 
proliferation and invasive phenotype via induction of 
the BCL2 gene [20,21]. Treating breast cancer cell line 
NF639 cells with Calcitriol decreased RelB/RELB gene 
expression and levels of pro-survival targets Survivin, 
MnSOD and Bcl-2, while increasing their sensitivity to 
irradiation.  

The study of Xu et al. [6] is the predecessor of 
Mineva et al. [10] study. Xu et al. concluded that 
biological levels of Calcitriol effectively enhance 
radiation sensitivity of prostate cancer cells at a level 
10-fold lower than the amount added to the media. The 
mechanism of sensitivity observed correlates with NF-
κB. Cancer cells usually express high levels of NF-κB 
compared with normal cells [22]. Then, NF-κB 
transactivation is induced by radiation as a therapeutic 
agent [23]. Activation of NF-κB then induces MnSOD, a 
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primary antioxidant enzyme that removes superoxide 
radicals from mitochondria [24]. Calcitriol 
transcriptionally represses RelB genes through 
interaction with VDR that specifically binds to VDRE 
located in the RelB promoter regions [25,26]. The 
results from the present study further show that 
Calcitriol represses IR-induced RelB transcription 
leading to suppression of RelB-mediated 
radioprotection.  

d. Inducing Cell Cycle Arrest 

The study of Gavrilov et al. [14] explained that a 
combination of VPA (Valproic Acid) and 1,25(OH)2D3 
enhances IR-induced cell-cycle S-phase arrest through 
the Chk pathway. DNA damage checkpoint kinase 
Chk2 showed a significant increase in Chk2 activation 
in pretreated prostate cancer cells compared to 
radiation alone. Chk2 kinase is a key component of the 
ATM pathway. Activation of this pathway and 
phosphorylation of Chk2 induces a transient blockade 
of DNA replication and S-phase cell-cycle arrest [27]. 

e. Inducing Senescence  

Wilson et al. [8] mentioned that after administration 
of calcitriol and radiation, residual surviving cells are in 
a state of senescence based on cell morphology and β-
Galactosidase staining. To further confirm β-
Galactosidase activity 5-dodecanoyl aminofluorescein 

di-β-D-galactopyranoside (C12FDG), a fluorogenic 
substrate for βgal activity [28] was analyzed by FACS 
analysis, and fluorescence intensity was measured. For 
both experimental conditions, senescence is most 
pronounced at 144 hours post-treatment. 

The five proposed mechanisms of action in Vitamin 
D as radiosensitizer can be summarized with the figure 
below (Figure 2). 

Does Vitamin D as an Antioxidant Suppresses 
Radiation Effectivity? 

The antioxidative property of Vitamin D was later 
discovered compared to Vitamin A, C, and E by 
scientists. Vitamin D as antioxidants works through 
several mechanisms: 1) Increasing production of 
superoxide dismutase 1 and 2 (SOD1 and SOD2) in 
prostate epithelial cells (PECs) and in androgen-
sensitive prostate cancer cells (LNCaP) [29]; 2) 
Induced expression of thioredoxin reductase 1 
(TXNRD1) [30]; 3) Increase of glucose-6-phosphate 
dehydrogenase (G6PDH) expression [31]; 4) Induction 
of nuclear factor erythroid-derived 2-like 2 (NFE2L2) 
transcription factor that controls the gene expression of 
several enzymes of the antioxidants systems such as 
glutathione peroxidase (GPX) 3, heme oxygenase 1 
(HMOX-1), and aldo-keto reductase 1C2(AKR1C2) 
[30]. 

 
Figure 2: Proposed Mechanism of Action in Vitamin D as radiosensitizer. 
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The author’s main concern in this review is whether 
Vitamin D should be used concurrently with radiation 
due to contradictive action: radiation works through 
generating ROS (reactive oxygen species), and 
antioxidants works by suppressing ROS formation. 
Whether antioxidants alter antitumor effects during 
radiotherapy are still unclear. There might be a 
possibility that potent antioxidant supplementation 
could reduce the therapeutic effects of radiotherapy or 
chemotherapy.  

Chandel and Tuveson et al. [32] study in Yasueda 
et al. [33] review demonstrated that antioxidants do not 
prevent cancer and may accelerate tumor development 
by targeting ROS in the cell. Yasueda also mentioned 
that in melatonin and vitamin C, higher doses or 
stronger antioxidants might protect not only normal 
cells from ROS-generating therapies but might also 
protect cancer cells themselves by helping them 
proliferate. A negative effect was also reported by 
Meyer et al. [34]. Meyer’s study in HNC patients who 
were undergoing radiotherapy and who also smoked 
indicated that α-tocopherol and β-carotene 
supplementation with radiotherapy significantly 
increased recurrence and mortality in patients who 
smoked during radiation therapy, although not in non-
smoking patients. 

On the other hand, Moss [35] stated that dietary 
antioxidants do not interfere with the beneficial effects 
of radiotherapy. It is possible that the careful use of 
antioxidants may enhance therapeutic results. It is also 
known that a higher dose of antioxidants can become a 
pro-oxidant in cancer cells [36]. Thus, high-dose 
antioxidants might strengthen the effects of ROS-
generating therapies including radiotherapy [33]. In 
lower-dose antioxidant supplementation, it may protect 
normal cells and reduce the toxicity of radiation and 
chemotherapy [34]. In Cancer Treatment Centers of 
America (CTCA) study [37], concomitant daily 
supplements treatment does not affect or control 
radiation therapy-mediated tumor response and its 
recurrence rates in localized prostate cancer patients 
who underwent 72 Gy dose of radiation. Neither the 
magnitude of the response or its durability for at least 2 
years isnegatively affected by antioxidant supplements. 
Similar things also come from Finnish Clinical Trial [38]. 
The trial concluded that antioxidant treatment, in 
combination with chemotherapy and irradiation, 
prolonged the survival time of patients with small-cell 
lung cancer compared to most published combination 
treatment regimens alone.  

The limitation of two previous reviews (Moss [35] 
and Yasueda [33]) is that both only mentioned Vitamin 
A, C, and E as antioxidants, but neither of two reviews 
mentioned Vitamin D also having as antioxidants 
properties. Thus, the final conclusion, whether Vitamin 
D due to contradictive resultss can be considered as an 
anti-oxidant or not, cannot be drawn. Despite the 
controversy, the authors believe that Vitamin D has its 
own role in radiosensitizing agents. Further research 
about Vitamin D supplementation along with 
radiotherapy with a large setting, well-defined 
population, and precise methods must be encouraged 
to conclude this never-ending controversy. 

CONCLUSION 

Current scientific research and its evidences 
suggest that Vitamin D have anticancer properties and 
can be used as radiosensitizer by imploring various 
mechanism pathways like promoting autophagy, 
increasing apoptosis, inhibiting cell survival and 
proliferation promoting gene, inducing cell cycle arrest 
and senescence in various cell line. Further research 
especially in in-vivo settings need to be evaluated. 
Randomized Clinical Trial (RCT) is encouraged to be 
performed to prove Vitamin D as a potent 
radiosensitizer agent in a clinical setting. 
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