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Vitamin D is a steroid hormone crucial for bone mineral metabolism. In addition, vitamin D has pleiotropic actions in

the body, including anti-cancer actions. These anti-cancer properties observed within in vitro studies frequently

report the reduction of cell proliferation by direct alteration of cell cycle regulators which induce cell cycle arrest.

The most recurrent reported mode of cell cycle arrest by vitamin D is at the G1/G0 phase of the cell cycle. This

arrest is mediated by p21 and p27 upregulation, which results in suppression of cyclin D and E activity which leads

to G1/G0 arrest. In addition, vitamin D treatments within in vitro cell lines have observed a reduced C-MYC

expression and increased retinoblastoma protein levels that also result in G1/G0 arrest.

cancer  vitamin D  calcitriol  anti-proliferation  cell cycle arrest

cyclin-dependent kinase  cyclin-dependent kinase inhibitor

1. Introduction

Vitamin D is a secosteroid hormone critical for bone and mineral metabolism in humans . It is activated and

inactivated by cytochrome-P450 (CYP-450) enzymes, and transduces its biological effects at an intracellular level

by the vitamin D receptor (VDR) . Activated vitamin D and its metabolites are able to induce
biological effects by genomic and non-genomic pathways in a wide variety of human tissue . Over

the last four decades, observational, pre-clinical, and clinical studies have demonstrated anti-cancer properties of

vitamin D . The anti-cancer actions described are mediated by mechanisms which involve
apoptosis, regulation of cell differentiation, and inhibition of cell invasion and metastasis .
In addition, vitamin D and its metabolites have demonstrated reduction of cell proliferation by the interruption of

the cell cycle in cancer cell lines. 

2. Vitamin D metabolism and the vitamin D metabolising
system (VDMS)

The precursor vitamin D  (cholecalciferol) is formed from 7-dehydrocholesterol in the skin by exposure to ultraviolet

B sunlight . Cholecalciferol undergoes two sequential hydroxylation steps catalysed by cytochrome P450 (CYP-

450) enzymes in the liver (mainly, CYP2R1 and CYP27A1)   and kidney (CYP27B1) to form calcidiol (25(OH)D )

and calcitriol (1,25(OH) D ), respectively . In addition, dietary vitamin D  (ergocalciferol) follows a similar

activation pathway. 1,25(OH) D trimerises with retinoid X receptor (RXR) and vitamin D receptor (VDR) to
regulate gene expression   by binding to vitamin D response elements (VDREs) in DNA .
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Alternatively, vitamin D is biologically active through minor non-genomic pathways .  Vitamin D
and its metabolites are catabolised by CYP24A1 to form predominantly inactive excretory products,
and thus maintain vitamin D homeostasis . Collectively, the activating and inactivating enzymes
and receptor signalling system constitute the vitamin D metabolising system (VDMS). Notably,
autocrine VDMS expression has been described in healthy and cancerous human tissue where it
exerts autocrine/paracrine actions on cell growth and metabolism . Epigenetic marks have also been

shown to regulate various components of the VDMS and therefore potentially alter autocrine vitamin D metabolism

.

3. The effects of vitamin D metabolites on the cell cycle

Vitamin D derivatives inhibit the progression of the cell cycle in various cell and tumor types. To date, the anti-

proliferative action of vitamin D derivatives has been well established in malignant keratinocytes, and this action

has also been well studied in breast and prostate cancer cells . The best-described direct action of vitamin D

on cell cycle regulators is the role of vitamin D in the G1/G0 cell cycle arrest. The G1/G0 cell cycle arrest is

predominantly mediated by the upregulation of CDKIs p21 and p27 . The mechanisms of p21 and p27

upregulation by calcitriol are varied. This section will explore the role of vitamin D and its metabolites on p21 and

p27 expression. Furthermore, other mechanisms of G1/G0 cell cycle arrest, such as inducing pRB expression and

inhibition of C-MYC expression, will also be explored. Lastly, the role of calcitriol in arresting the cell at the G2/M

checkpoint will also be discussed.

3.1. Upregulation of p21 and p27 by 1,25(OH) D

The upregulation of cyclin-dependent kinases (CDKIs), p21 and p27, in numerous types of cells treated with

vitamin D is frequently documented within in vitro studies (Table 1). Considering the importance of cyclin-

dependent kinases (CDKs) in driving the cell cycle, it follows that an increase in CDKI targeting CDK2 (complexed

to cyclin D, E, or A) halts the cell cycle.

Table 1. Mechanisms of cell cycle arrest induced by calcitriol and/or vitamin D analogues on cancer cell lines.

Tissue of

Origin
Author

Cell

Line/s

Treatment

(Concentration)
Mechanism of Action Conclusion

Breast cancer S. Jensen

et al. 

MCF-7 1,25(OH) D

(100 nM)

1,25(OH) D  increased

tumor suppressor pRB

expression and decreased

expression of CDK 4, 6

and 2 and increased

expression of CDKI p21.

G0/G1 cell

cycle arrest
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1,25(OH) D treatment

also decreased C-MYC

oncoprotein expression.

Chiang et

al. 
MCF-7

MART-10 (1 nM,

10 nM and 100

nM)

1,25(OH) D (10

nM, 100 nM and

1000 nM)

1,25(OH) D and MART-

10 induced p21 and p27

CDKI expression and

induced G0/G1 cell cycle

arrest.

G0/G1 cell

cycle arrest

Wu et al.

MCF-7 E

MCF-7 L

BT20

T47D

ZR75

EB1089 (0.01

nM, 0.1nM, 1 nM,

10 nM)

EB1089 induced p21

expression and increased

p21-CDK2 complex

formation, which caused

decreased DNA synthesis

in all cell lines except

EB1089-resistant MCF-7

L cell line. p27 was

increased by EB1089

treatment in BT20 and

ZR75 cell lines only.

Cell-

dependent

G0/G1 cell

cycle arrest

Ovarian

cancer

Li et al. 2008

CAOV3

1,25(OH) D

(100 nM)

1,25(OH) D  decreased

the expression of cyclin E

and Skp2, which resulted

in decreased CDK2-cyclin

E activity and decreased

p27 phosphorylation,

respectively. The

decreased p27

phosphorylation prevents

p27 protein degradation,

allowing it to accumulate

G0/G1 cell

cycle arrest
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in the cell and induce

G1/G0 cell cycle arrest. 

Li et al. OVCAR3
1,25(OH) D

(100 nM)

VDR stabilized

intracellular p27 protein

levels by decreasing the

activity of the Skp2

proteosome, which is

responsible for p27

degradation.

G0/G1 cell

cycle arrest

Human head

and neck

squamous

cells

Akutsu et

al. 
SCC25

EB1089 (1 nM,

10 nM and 100

nM)

Calcitriol analogue

EB1089 upregulated

growth repair damage

factor GADD45α.

G0/G1 cell

cycle arrest

Salehi-

Tabar et al. SCC25
1,25(OH) D

(100 nM)

1,25(OH) D  decreased

C-MYC expression and

increased C-MYC

repressor MAD1 levels.

The increased MAD1

prevented C-MYC’s

transcriptional regulation

of target genes and

inhibited cell proliferation.

G0/G1 cell

cycle arrest

Thyroid

cancer
Liu et al.

PTC-1

NPA

WRO

1,25(OH) D

(0.1nM, 1 nM, 10

nM, 100 nM and

1000 nM)

EB1089 (0.1 nM,

1nM, 10 nM, 100

nM and 1000

nM)

1,25(OH) D  and EB1089

increased p27 expression

and decreased Skp2

expression, which allowed

p27 to accumulate and

induce G0/G1 cell cycle

arrest.

G0/G1 cell

cycle arrest
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Promyelocytic

leukaemia
Wang et al.

HL60
1,25(OH) D (1

nM and 100 nM)

1,25(OH) D  induced p12

and p27 mRNA and

protein expression and

induced G0/G1 cell cycle

arrest.

G0/G1 cell

cycle arrest

Prostate

cancer
Washington

et al. 
C4-2

1,25(OH) D

(100 nM)

1,25(OH) D decreased

C-MYC expression and

induced G1 cell cycle

arrest in a pRB-

independent manner.

G0/G1 cell

cycle arrest

Bao et al.

LNCaP

CWR22R

PC-3

DU145

1,25(OH) D

(100 nM)

1,25(OH) D  increased

pRB and p27 expression

and decreased CDK2

expression, thereby

preventing entry into the S

phase.

G0/G1 cell

cycle arrest

Boyle et al.
LNCaP

1,25(OH) D  (10

nM)

Calcitriol upregulated the

mRNA and protein

expression of insulin-like

growth factor binding

protein 3, which resulted

in increased expression of

p21 and induced a G0/G1

cell cycle arrest.

G0/G1 cell

cycle arrest

Flores et al.
LNCaP

1,25(OH) D  (50

nM)

1,25(OH) D  decreased

CDK2 activity leading to

hypophosphorylation of

pRB, which prevented

entry into the S phase.

G0/G1 cell

cycle arrest

Rohan et

al. 

LnCaP 1,25(OH) D  (10

nM)

Downregulation of C-MYC

mRNA and protein

G0/G1 cell

cycle arrest
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C4-2

RWPE-1

expression induced by

1,25(OH) D  treatment.

Colorectal

adenoma and

carcinoma

Diaz et al.

SW620

PC/JW

HT29

1,25(OH) D

(0.1nM, 1 nM, 10

nM, 100 nM,

1000 nM)

EB1089 (0.1 nM,

1nM, 10 nM, 100

nM, 1000 nM)

Calcitriol and analogue

EB1089 increased cells in

G1 in a p53- dependent

manner.

G0/G1 cell

cycle arrest

Pancreatic

cancer

Li et al. 

HPDE6-

C7

Panc-1

1,25(OH) D  (1

nM, 5nM, 10 nM,

50 nM, 100 nM)

p21 expression was

significantly increased in

HPDE6-C7 cells but not in

metastatic Panc-1 cells.

G0/G1 cell

cycle arrest

Petterson

et al. 

AsPc-1

BxPc-3

T3M-4

EB1089 (50 nM)

CB1093 (50 nM)

EB1089 and CB1093

induced cell cycle arrest in

all cell lines investigated in

this study.

G /G  cell

cycle arrest

Schwartz et

al. 

BxPC-3

Hs700T

Hs766T

AsPC-1

1,25(OH) D

(100 nM)

25(OH)D  (100

nM or 2µM)

Increased expression of

p21 and p27 proteins in

BxPC-3, Hs700T and

AsPC-1 cell lines only.

G0/G1 cell

cycle arrest

Malignant

pleural

mesothelioma

Gesmundo

et al. 

MeT-5A

Msto-

211H

REN

1,25(OH) D (1

nM, 10 nM, 50

nM and 100 nM)

Reduction in C-MYC

expression and cyclin A,

cyclin D1 and cyclin D2

which induced a G1/G0

cell cycle arrest.

G0/G1 cell

cycle arrest
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Malignant

melanoma

Reichrath

et al. 

IGR

MelJuso

MeWo

SK-Mel-5

SK-Mel-

25

SK-Mel-

28

SM2

1,25(OH) D

(100 nM)

25(OH)D  (100

nM)

EB1089 (100

nM)

Treatments induced a

significant decrease in cell

proliferation of MeWo, SK-

Mel 28, and SM2

melanoma cell lines. In

addition, IGR, MelJuso,

SkMel5 and SK-Mel-25

cell lines demonstrated no

significant change in cell

growth.

Cell cycle not

investigated;

however, a

significant

decrease in

cell

proliferation

was observed

in a cell-

specific

manner.

Spath et al.

IR6

VAG

1007

1,25(OH) D (50

nM)

1,25(OH) D induced

G1/G0 cell cycle arrest in

IR6 cell line by p21 and

p27 upregulation, and

cyclin D downregulation.

1,25(OH) D  induced

G2/M arrest in VAG cell

line by decreased cyclin

B1 expression.

In 1007 melanoma cell

line, 1,25(OH) D

increased cells in the

proliferative compartments

of the cell cycle (S-phase

plus G2 phase) by

increased cyclin A1, p21

and p27 expression. 

Cell-specific

cell arrest

responses

were

observed to

1,25(OH) D

treatment.

Liu et al. U937 1,25(OH) D

(100 nM)

1,25(OH) D induced p21

mRNA expression in a

1,25(OH) D

arrested cell
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p53-independent manner

and 1,25(OH) D  induced

p27 gene and protein

expression.

proliferation

and induced

cell surface

markers of

cell

differentiation.

Abbreviations: 1,25(OH) D , calcitriol; 25(OH) D , calcidiol; EB1089, Seocalcitol; CB1093, novel 20-epi-vitamin D

analogue; MART-10 (19-nor-2α-(3-hydroxypropyl)-1α,25(OH)₂D₃; pRB, retinoblastoma protein.

3.1.1. Mechanisms of p21 upregulation by 1,25(OH) D

At a genomic level, 1,25(OH) D  increases the expression of p21 (Figure 1). A functional VDRE has been identified

in the p21 promoter region. This enables direct regulation of p21 transcription by VDR. p21 is upregulated in cells

treated with vitamin D metabolites . Functional VDRE in the p21 promoter has been reported in prostate cancer

[46,57], breast cancer , and parathyroid cancer cells . Therefore, VDR binding to VDRE at the p21

promoter region enhances p21 transcription and induces cell cycle arrest at G1/G0.

Within in vitro cell differentiation models, such as myeloid leukemia HL60 and SCC cell lines, p21 showed variable

response to calcitriol treatment. In addition to cell cycle arrest, p21 is also associated with cellular differentiation.

Despite the presence of VDRE at the p21 gene promoter, studies on calcitriol treatment reveal cell-specific results.

In HL60 cells, calcitriol increased p21 expression and induced G1/G0 cell cycle arrest . However, in SCC cells,

which are malignant counterparts of keratinocytes, 1,25(OH) D  inhibited cell growth but also decreased p21

expression . In the myelomonocytic cell line, U937, p21 mRNA was significantly increased two hours after

treatment with 1,25(OH) D and this resulted in a G1 arrest . However, assessment of the cell cycle 24 and 48 h

after treatment identified that this initial quick response was not sustained . The initial G1 arrest was followed by

a “proliferative burst.” This may suggest that it is unlikely that p21 is solely responsible for the G1/G0 arrest in

leukemia. These findings suggest that the role of vitamin D in p21 upregulation and subsequent cell cycle arrest or

differentiation remains unclear in healthy and malignant keratinocytes.

In addition, p21 is also transcriptionally regulated by p53 protein . This p53-p21 axis is regulated by multiple p53

binding regions located in the p21 promoter . The p53 tumor-suppressor protein is activated by cellular

stressors, for example, oncogene activation . This transcription factor can activate or repress target genes

directly by the recruitment of p53 tetramers to response elements on target gene promoter sites to cause tumor

suppression by affecting cell cycling and apoptosis . The direct activation of cell cycle arrest proteins by p53

include the upregulation of p21 CDKI . In addition, indirect p53-mediated repression of other tumor-suppressor

genes can be affected by the direct p53-dependent increase of p21 expression . Thus, p53 can cause cell cycle

disruption directly or indirectly via p21, which recruits E2F4 repression complexes to target promoters of genes

involved in cell cycle progression. 1,25(OH) D  has been shown to regulate the p53-p21 axis. Cross-talk between
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VDR and p53 family members is important in tumor suppression . For example, in gastric cancer cells, multiple

sites for p53 binding are present in the promoter region of p21 and p53 co-operates with VDR to regulate the

transactivation of p21 mRNA . Mechanisms that are important in the cross-talk between vitamin D and p53

signaling include direct regulation of VDR by p53 ; the regulation of cutaneous vitamin D synthesis by p53 

and the binding of p53 to highly conserved intron sequences of the VDR gene . Additionally, vitamin D

metabolites can regulate murine double minute (MDM2) gene independent of p53 , which encodes an E3

ubiquitin ligase that degrades p53 by the 26S proteosome  which can regulate p53-induced cell death. Cell cycle

arrest in cancer cell lines has demonstrated p53 dependent and p53 independent mechanisms.

3.1.2. Mechanisms of p27 upregulation by 1,25(OH) D

In contrast to the genomic regulation of p21, calcitriol regulates p27 at a protein level. In 1996, Wang et al. were

the first to report an increase in p27 and subsequent G1 block after 1,25(OH) D treatment in HL60 cells . In

later experiments, the same group demonstrated reduced Cdk6 and Cdk2 kinase activity and p27 upregulation 

which induced a G1 cell cycle arrest. In addition, p27 silencing by siRNA reversed the G1 block in HL60 cells .

Taken together, these findings demonstrate that p27 has a crucial role in G1/G0 cell cycle arrest in HL60 cells. To

date, several different mechanisms of 1,25(OH) D  regulation of p27 have been reported (Figure 1).

The dominant mechanism of p27 regulation by vitamin D is by proteosome-dependent protein degradation. For

example, in both ovarian  and prostate  cancer cell lines, 1,25(OH) D  treatment did not change p27 mRNA

levels, but reduced mRNA expression of p45/Skp2 and Cks1 which are responsible for p27 protein ubiquitinylation

and degradation . The net effect is that there is decreased ubiquitin tagging of p27 protein and subsequent

protein degradation, ultimately leading to increased p27 stabilization . This mechanism of p27 stabilization

was also observed in acute promyelocytic leukemia cells  and human hepatoma cells . By protein

stabilization, 1,25(OH) D may increase p27 expression and sustain the G1 cell cycle block as p27 regulates cyclin

E-CDK2 activity .

In addition to the aforementioned post-translational mechanism of p27, 1,25(OH) D  also mediates p27 by two

transcriptional mechanisms. Firstly, VDR enhanced the expression of transcription factors responsible for the

increase in p27 gene expression, Sp1, and NFY, in SW620 colon cancer cell line and LNCaP prostate cancer cell

line . Secondly, calcitriol has been observed to induce Akt expression and thereby indirectly regulate p27 gene

expression . Akt promotes forkhead transcription factors, such as AFX (FOXO4), which is required for p27 gene

expression . Therefore, VDR indirectly increases p27 expression at the genomic level by several key

transcription factors.

Furthermore, 1,25(OH) D  regulates p27 expression by decreasing microRNA 181a expression, and it has been

reported in myeloid cells . MicroRNAs repress protein expression at the post-transcriptional level by binding to

mRNA transcripts and blocking access to protein synthesis machinery . Wang et al., reported a decrease in

expression of miRNA 181a in HL60 and U937 cells when treated with 1,25(OH) D  in a dose- and time-dependent
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manner  which decreased p27 mRNA whereas cells transfected with pre-miR181a constructs abrogated the

1,25(OH) D -induced upregulation of p27 .

Hence, several mechanisms of p27 regulation have been reported, and data suggests a cell-specific response to

calcitriol treatment. Additional studies on p27 regulation by vitamin D metabolites in other cell lines and cancer cell

types are needed to fully elucidate the mechanism of p27 upregulation by vitamin D metabolites in cancer.

[62]
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Figure 1. Calcitriol upregulates p21 and p27 expression in the G1 phase and prevents cell cycle progression to the

S phase [3]. Calcitriol (1,25(OH) D ) increases the expression of CDK inhibitors (CDKIs), p21 and p27, by

numerous mechanisms. p21 expression is increased by stimulation of liganded VDR signaling. p27 expression is

increased by signaling transcription factors; inhibition of p27 protein degradation by S-phase kinase-associated

protein 2 (Skp2); and enhanced p27 translation by abrogated microRNA-181a expression. The collective outcome

of the increased CDKI expression is suppression of cyclin-CDK complex formation, which inhibits the formation of

hyperphosphorylated retinoblastoma protein (pRB). The unphosphorylated pRB thus is able to form a repressor

complex with histone deacetylase (HDAC) and E2F transcription factor (E2F), which prevents the progression of

cancer cells in the G1 phase to the S phase, inhibiting S phase gene expression, and thus causing G0/G1 cell

cycle arrest. (Source: personal collection; image created with BioRender.com)

3.2. The effect of 1,25(OH) D  on pRB expression

By increasing CDKIs p21 and p27, 1,25(OH) D  directly decreases the action of downstream targets, cyclin D-

CDK4/6, and cyclin E-CDK2 complexes, respectively. The result of these perturbations of cell cycle regulatory

proteins is that pRB remains in a hypophosphorylated state complexed to E2F . In this way, 1,25(OH) D

prevents the transcriptional activity of E2F transcription factors and denies entry into the S phase of the cell cycle.

In addition to this indirect role of 1,25(OH) D  on E2F expression, 1,25(OH) D  can increase the expression of

pRB in myeloid leukemia cells approximately 10 h after vitamin D treatment , although the mechanism of pRB

upregulation is currently unknown. The increased abundance of pRB sequesters any free E2F factors and inhibits

E2F, which results in a G1/G0 cell cycle arrest .

3.3. Downregulation of C-MYC by 1,25(OH) D

In addition to its regulation of pRB, 1,25(OH) D  has demonstrated downregulation of the prominent pRB target

gene, C-MYC. Several studies have demonstrated a significant reduction of C-MYC expression after 1,25(OH) D

treatment in colon  and prostate cancer cell lines . These studies collectively demonstrate that

decreased C-MYC expression is associated with G1/G0 arrest, followed by cell differentiation.

The mechanism for C-MYC repression by calcitriol seems to be cell-specific. In prostate cancer C4-2 cells,

1,25(OH) D  treatment reduced C-MYC mRNA by 50% and resulted in a significant reduction in C-MYC protein

. In SW480 colon cancer cells, 1,25(OH) D  promoted VDR/β-catenin interaction and prevented the β-catenin

translocation into the nucleus . β-catenin is important for C-MYC gene transcription. Thus, 1,25(OH) D  may

indirectly inhibit C-MYC gene transcription via the APC/β-catenin pathway. C-MYC, therefore, appears to be an

important target of calcitriol in policing cancer cells to cause G1/G0 arrest.

3.4. Role of 1,25(OH) D  in G2/M cell cycle arrest

Currently, there is limited evidence of the induction of G2/M arrest by 1,25(OH) D , with the general consensus that

G1/G0 cell cycle arrest is the primary target of vitamin D metabolites. However, there are a selected number of

studies that have shown G2/M cell cycle arrest in cells treated with 1,25(OH) D . In HL60 myeloid leukemia cells
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treated with 1,25(OH) D , a G2/M arrest was evident in cell cycle analyses . Only one study identified a

mechanistic link in 1,25(OH) D -induced G2/M cell cycle arrest. In ovarian cancer cell lines, 1,25(OH) D increased

GADD45α (Growth arrest and DNA-Damage-Inducible alpha) and subsequently induced cell cycle arrest at the

G2/M phase . Interestingly, a functional VDRE was identified in an exonic enhancer region of the GADD45α

gene ; however, no additional studies exploring GADD45α, and this VDRE in other cancer cell lines, have been

identified.

4. Epigenetic marks of the VDMS in cancer cell lines may
alter cell arrest

The autocrine VDMS controls genes that regulate cell proliferation and cell death. CpG islands span the promoters

of CYP2R1, CYP24A1, and VDR, while a CpG island is located within the CYP27B1 gene locus .

Liganded VDR signaling has been shown to be attenuated in cancer [96]. Epigenetic silencing of the vitamin D

receptor (VDR) can be mediated by hypermethylation in various types of cancerous cells, including breast and

choriocarcinoma tumor cell lines . The pattern of hypermethylation of the VDR promoter region is inconsistent in

cancer cell lines; for example, colonic cancer cells do not reveal a hypermethylated status in the VDR promoter

region . Therefore, the decreased sensitivity to calcitriol may be caused by epigenetic corruption of the VDR

in cancer cell lines. In addition, epigenetic marks can reduce sensitivity to vitamin D metabolites in clinical trials 

by increased methylation of VDR promoter and associated VDR expression in cancer .

In addition, expression of CYP27B1 is often downregulated in cancer which may be accounted for by CpG islands

also present in the gene locus. In breast cancer cell lines, the CYP27B1 gene showed reversible DNA

hypermethylation which caused CYP27B1 silencing. Similarly, Novakovic et al.  demonstrated hypermethylation

of the CYP27B1 gene promoter region in the choriocarcinoma cell lines, BeWo and JAR. Inhibitors of methylation

in prostate cancer cell lines increased CYP27B1 expression  supporting the importance of epigenetic marking of

CYP27B1 in autocrine calcitriol synthesis. Hypermethylation of CYP27B1, therefore, may be associated with the

decreased local synthesis of calcitriol from calcidiol substrate, and potentially decreased cell growth, differentiation,

and perturbed cell cycling.

The regulation of CYP24A1 by DNA methylation demonstrates cell-specificity. Hypermethylation of the CYP24A1

promoter region, with associated epigenetic silencing of CYP24A1 expression, has been identified in prostate

cancer cell line PC3  and tumor-derived endothelial cells (TDEC) . The hypomethylation of the CYP24A1

promoter in colon adenocarcinoma associated with significantly elevated CYP24A1 expression  has also been

observed. The catabolic role of CYP24A1 in these studies may support the disruption of calcitriol-mediated cell

arrest in tumorigenic cell lines.

Collectively, these studies demonstrate that the epigenetic regulation of gene expression of the VDMS is altered in

cancer mainly by DNA hypermethylation. This altered state leads to abnormal protein expression levels, which may

favor carcinogenesis in a cell-specific manner. Therefore, autocrine regulation of the VDMS may impact G1/G0 and
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G2/M cell cycle arrest in cell lines and in clinical studies. Epigenetic alteration of the VDMS may also provide

insight into the discordant alignment between in vitro cancer studies and clinical studies. Exploration of epigenetic

marks of the VDMS on cell cycle regulators may thus provide a possible explanation of the inhibition of cell arrest

in cancer patients. Future studies can also target altered autocrine activation of vitamin D precursors, autocrine

catabolism of activated vitamin D hormone, and abrogated signaling of liganded VDR, and their collective

association with perturbations of vitamin D-induced cell cycle arrest.

5. Conclusion

Vitamin D metabolites and synthetic analogues demonstrate cell cycle arrest in a cell-specific manner in cancer cell

line models at cell cycle phases, G1/G0 and less commonly G2. Vitamin D induces cell arrest by upregulation of

CDKIs (p21, and p27); decreased C-MYC expression; and increased pRB expression. Studies exploring the

autocrine epigenetic regulation of the VDMS can provide further insight into vitamin D metabolism and cell arrest in

cancer. 
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