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Vitamin D and potential effects on cancers: a review
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Abstract

Cancer is characterized by the abnormal and uncontrollable division and growth of cells that can infiltrate tissues and alter
normal physiological function, which will become crucial and life-threatening if left untreated. Cancer can be a result of
genetics, such as mutations or environmental causes, including smoking, lack of physical activity, as well as nutritional
imbalance in the body. Vitamin D is one of the foremost nutrients that play a crucial role in a variety of biochemical path-
ways, and it is an important key factor in several diseases. Vitamin D is an essential nutrient for preventing malignancies
and a complementary treatment for cancer through direct and indirect biochemical pathways. In this article, we summarized
the correlation between vitamin D and various cancers using an extensive search on PubMed, Google Scholar, and Scopus.
This paper reviews the role of vitamin D in different types of cancer.
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Abbreviations AML
EMT Epithelial-mesenchymal transition
HDAC2 Histone deacetylase 2

CLL Chronic lymphoid leukemia

VDR Vitamin D receptor

UVB Ultraviolet blue

CML Chronic myeloid leukemia

Acute myeloid leukemia
TXNIP  Thioredoxin-interacting protein

Introduction

Vitamin D is a fat-soluble vitamin associated with sev-
eral Biochemical pathways and pathologies, and it can be
obtained through the gastrointestinal tract (GI) or synthe-
sized in the skin by direct ultraviolet (UV) Irradiation [1].
Vitamin D3, or cholecalciferol, and Vitamin D2, or ergo-
calciferol are the two main pre-forms of vitamin D in the
body. The intermediate metabolite must undergo a 2-step
hydroxylation to be converted to the active form of vitamin
D. The first hydroxylation takes place in the liver by which
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In this step, 1,25-dihydroxy vitamin D (calcitriol) is synthe-
sized by 1-alpha-hydroxylase (CYP27B1) located primarily
in the proximal tubule. Calcitriol is considered to be the
physiologically active form of vitamin D in the body. The
metabolic pathway of vitamin D is summarized in Fig. 1.
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Fig. 1 A brief review of hydroxylation steps of intermediate metabo-
lites and calcitriol synthesis. Vitamin D3 can be obtained either by
absorption from the gastrointestinal tract or direct synthesis from

Vitamin D is found to play a role in regulating more
than 1000 genes in a wide assembly of different cells and
tissues [2]. A certain number of the included genes are
involved in malignant cells’ biochemical pathways. Vita-
min D also regulates immune responses, cell prolifera-
tion, differentiation, and apoptosis [2]. Hence, the role of
vitamin D in influencing malignant and tumor cells is
undeniable.

Vitamin D also regulates phosphate, and sex hormone
levels, and stimulates Calcium absorption in the GI tract
through Its interaction with vitamin D receptor (VDR) [3].
Therefore, vitamin D deficiency will result in a Calcium
deficit. In addition, vitamin D also promotes calcium and
phosphate renal reabsorption. In cases where the concentra-
tion of phosphate in a person's serum is higher than usual,
it leads to suppressing the synthesis of 1,25(OH),D [4].
Vitamin D also has an inverse association with parathyroid
hormone synthesis. Vitamin D deficiency or Receptor abnor-
malities in the intestine will increase parathyroid hormone
secretion. Vitamin D deficiency is frequently encountered
among women of reproductive age [5]. A study reported a
positive corresponding effect between serum vitamin D lev-
els and Total testosterone as well as free androgen index [6].

1,25-dihydroxy vitamin D regulates steroid hormone syn-
thesis (e.g., adrenal steroid hormones synthesis, sex hor-
mones synthesis, and sex hormone signaling) by modulating
various enzymes in the steroid hormone synthesis pathway
[7]. A study conducted on Korean women concluded the
level of 25-hydroxyvitamin D had a positive relationship
with higher testosterone. No positive association between
vitamin D levels and sex hormone E2 levels was observed.
In contrast, another study revealed a contrary relation
between 25-hydroxy vitamin D and E2 levels [8].
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7-dehydrocholestrol. Afterward, vitamin D3 undergoes hydroxylation
in the liver and kidney, respectively, synthesizing calcitriol, which is
the active form of vitamin D; UVB: Ultraviolet blue

Vitamin D and cancer

Cancer is considered to be one of the foremost causes of
death in today’s world. The lifestyle changes brought by
technological advancement are linked to the ever-increas-
ing cancer incidences all around the globe. Several ongo-
ing research are being conducted on this given subject by
thousands of researchers in search of a cure. Some well-
established treatments are already available. Vitamin D is
found to be a crucial factor in cancer pathology through
its regulatory and metabolic roles in the body (Fig. 2).
Evidence and data on this vitamin on different types of
cancer will be reviewed next.

Prostate cancer

Prostate cancer is currently the second most common can-
cer among men [9]. Various studies have investigated the
link between dietary vitamin D as well as serum vitamin D
with prostate cancer. However, there seems to be a conflict
between the results. A study by Song et al. [10] reported
that higher 25-hydroxy vitamin D levels were associated
with a reduction in mortality in patients with prostate can-
cer. Also, vitamin D was reported to be a critical factor in
protection against prostate cancer progression and prog-
nosis. This statement is further backed up by Capiod et al.
[11], showing that the advancement of early-stage tumors
can be prevented by dietary vitamin D, Bao et al. [12]
suggesting that vitamin D prevents metastasis in prostate
cancer, and Woo et al. [13] which reported that vitamin
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Fig.2 Differential significant roles of vitamin D in the body are
shown. Although each of the mentioned processes is interconnected
and can affect each other either directly or indirectly, vitamin D acts
as a common ground for all of the functions above

D remarkably improved PSA-doubling time. In addition,
Bernichtein et al. [14] concluded that the Progression of
early-stage prostate lesions as a result of a diet rich in
calcium was reduced by calcitriol through its inhibitory
effects on TRPC6 and calcium-sensing receptor expres-
sion. Also, a study by Barreto et al. reported Inhibitory
effects of 25(OH)2D3 and 1,25(0OH)2D3 in in vitro pros-
tate cancer cell growth [15]. Ultraviolet blue (UVB) radia-
tion and sunlight exposure have also been revealed to be
oppositely related to prostate cancer risk [16]. The authors
did not find dietary sources of vitamin D to be protec-
tive against prostate cancer, but they suggested that higher
concentrations of vitamin D may be beneficial. However,
a high intake of vitamin D can lead to hypercalcemia and
vitamin D toxicity. Calcium is found to have a direct effect
on the risk and development of prostate cancer [11]. Fur-
thermore, a U-shaped association between 25-hydroxy-
vitamin D levels and cancer risk has been reported [17],
suggesting that either an increase or decrease in serum
25-hydroxyvitamin D is associated with an increased risk
for prostate cancer.

A meta-analysis found a correlation between increased
vitamin D serum levels and elevation in the risk of prostate
cancer [18].

A brief summarization of the findings is listed in Table 1
and 2. Overall, the results regarding the relationship between

serum or dietary vitamin D and prostate cancer are rather
conflicting, and further research is needed to establish a
definitive conclusion.

Breast cancer

Breast cancer is one of the most frequent forms of cancer
worldwide and is considered to be the leading cause of mor-
tality among women cancer patients [19]. A high amount of
research has gone into the link between vitamin D and breast
cancer risk and progression. However, the results seem to
be contradictory.

A considerable amount of Breast cancer cases progress
into the metastatic phase over time. Mittal et al. demon-
strated the importance of Vitamin D signaling and the epi-
thelial-mesenchymal transition (EMT) process by induc-
ing EMT-TF SLUG, a SNAIL zinc finger family member,
expression in MCF7 and MDA-MB-468 cells, resulting in
a significantly decreased level of VDR [20]. This finding is
further backed up by Liu et al., showing that the downregu-
lation of miR-1204 results in decreased distant metastasis
through downregulating mesenchymal markers (N-cadherin/
vimentin) and reduced cell proliferation followed by an
increased VDR expression [21]. Furthermore, promoting
the expression of epithelial markers such as E-cadherin is
yet an additional way by which 1,25(0OH)2D3 can inhibit
EMT [22]. Lopes et al. Found that 1,25(OH)2D3 stimulates
E-cadherin by demethylating cadherin-1 (CDH1) promoter
in TNBC MDA-MB-231 cells [23]. It is suspected that an
increase and decrease in E-cadherin and N-cadherin, respec-
tively can result in reduced EMT [24]. 1,25(OH)2D can also
regulate invasion and metastasis through inhibiting Tissue-
type plasminogen, Urokinase-type plasminogen activator,
and matrix metalloproteinase as well as induction of matrix
metalloproteinase inhibitor-1 expression [25].

A study by Li et al. [26] in MMTV-PyMT mouse mod-
els fed with a vitamin D3-deficient diet found lung metas-
tasis as early as eight weeks compared to those having a
regular diet, which developed distant metastasis after 9-10
weeks. Vitamin D3 deficiency results in an increase in EMT
marker levels in primary tumor tissue and metastatic long
stromal tissue cells expressing CXCL12. Also, vitamin D3
deficiency resulted in an elevation in CXCL12/CXCR4
colocalization, leading to metastasis. In contrast, a study by
Anisiewicz et al. [27] reported that metastasis in 4T1 mouse
mammary gland cancer cells was elevated by treatment with
1,25(0OH)2D3 and its low-calcemic analogs in young BALB/
c-female mice. However, in another study, 1,25(OH)2D3 and
both its analogs reduced the metastasis of 4T1 breast car-
cinoma cells to the lungs by decreasing OPN levels in old
ovariectomized OVX mice [28]. These data may point to a
link between 1,25(OH)2D3 and its analogs’ activity and the

@ Springer



(2024) 51:190

Molecular Biology Reports

Page 4 of 13

190

7 9se[K1eoeap QuoISIH ZHVIH ‘urejoid SunoeIajuI-urxopaIon|], JINX. ‘uonisuer jewyoussow-reroyiido [ jyg ‘103dedar q Urwep yJgA

[68]

(s8]

[+8]

[es]

[zs]

[v6l

[29]

[19]

[+l

[ez]

[¢1]
[¢6 ‘TI]
[11]

K1ar0921 Sunowoid Aqaray)
‘ST100 eTwa N9 projeAw ur A3eydojne pue srsojdode joq aye[nwms uLd (J UTWIBIIA

Surreudrs gpewrs paydnisip Jo 9ouasaid 9y} UT JOOUBD JIAT]
Sunjuaaaid 105 uondo 9[qera € se (J urwe)ip uonisod Aew UOTIBAIISQO STY ], "UTUSIRI-(
Suneanoe pue uorssaldxad £ Y T1.L Sunenpow Aq A[qissod ‘s1xa1uod JUAOYop-gpeS
ur y)moi3 sowrny jowoid ueds ASuIoyap (I UIe)IA Jey) 1sa33ns s3urpuy yoreasar ay [,
ODH
WOIJ PAALIOP sauT] [0 ur sisoydode ur asearour ue pue uonerdfrjoid [[90 U UONONPAI
® 0) Spe9] ¢ urwe)ia £q JINX.L JO uone[nuins jey) 9esipur Apmnis siy) Jo sSurpuy ayJ,
wstueyoaw SurApapun 9[qissod e 0) jutod Aew pue DOH
Jo uorssardoid ay3 pajuaaaid $109350 9say [, ‘uorssaidxa (1d1iD/1IvA) T¢d Sunensaidn
pue ZDVAH JO S[oA9] uorssardxe o) Sunendarumo(q £q SONSLIO)OBIBYD dTULSLIOWN)
-nue pake[dsip [¢AZ(HO)ST 1] £ urwenAKxoIpAyIp-Gz* 1 Jey) paMoys YoIeasar dy |,
LIAE 10 9[qisuodsar soue30ouo SNOLIBA SJe[NSI-UMOP UIN) UT YOIym
‘gL ¢~y Jo uone[ngar-dn eia paysduwoose ST J09JJo ST, *a0uer)sIsal padojeaap aaey
Jey) S[[90 DDH UI JUsuieal) SnWI[0IaAd 0) AJIADISUSS Surouequo Jo o[qedeo ST (F UTeA

J3IT Yim uonoeIs)ur

19211p Y3NnOIy) UONBANOE gi-JN UO 199JJ2 KIONQIYUI S)I 119X 0] PAAIRq ST YA UL
o

- N U0 10959 jueoyrudts ou JurAe[dsip o[rym ¢ asedsed pajosgge Afeantsod ¢ urweiip

JI90UED [£)03I0[0D JO Juauean ay) ur jueanlpe ue se suonesrjdwi [euonesuen
QARYy Aewl [OLIIO[RD ‘QrowLIay3In, ‘Aoueudifew siy) 10§ Ja31e) onnaderoy) renuajod e
3unsa33ns 100ued [819210]09 JO s1sauagoyied ay) ur Juauodwod [eoNLId € ST YZAIIN

SISOYIUAS uLIoypeo-7 Suronpur £q JJAH SONPAI ( UNUBIIA

S[[99 100ued 9jeIsoxd Jo ymors
ONIA UI ) SUIPILFAI PaAIsqo a10M ¢qZ(HO)ST' T PU €AT(HO)ST JO $19942 A1onqryuy
 utwe)ia A1ejarp Aq pajuaaaxd oq ued srown) 9)e3sold Jo sIseIseIon

a3e)s-Apres ur szown) 9jejsord jo uorssar3ord oy uo 109Jjo AI0JIQIYUT UE Sey (] UTWBIIA

S[[99
eIy N9] projoAwr uewny ur yleap dreydoine uo ¢(q UrweliA Jo 10910 oyl unednsoAuy

BIWAYNO ]

suewINY UI JOOULD IAAI[ Ul Afrwreyradns ¢-J0 1, ay) pue sauad paje[al-q
UIWE)IA JO S[OAQ] UOISSAIXD U99MIDq UOTIR[ILIOD AU 21eSNSIAUT 0) paulre Apmjs SIy],

DDH WOIf PAALISP SIUI[ [[90
uo uone[NWNS JINX.L PRonpul-¢ urwelia jo joedwr ay) 93eS1soaur o) suwre Apnjs sIy [,

(1d1D/1AvM) 12d pue ZOVAH JO S[OA] uorssardxo
oy uo [¢Az(HO)ST 1] £ UruenaKxoIpAyIp-gz*1 Jo 1edwir oy sarofdxe Apms sy,

SNWI[OIQAD 0} JUBISISAT SAUT] [[90 DDH JO S[SPOUW PaYSI[qeIs UT JIANISUSS ‘SN
-I[0IAQ “TOJIQIYUI YO LW U0 Jusunean ( urweyA“(HO)SZ T Jo 10959 oy SuneSnsoauy
I00ued Te[n[[ed0jedor
uoneanode s ssaxddns 0) Kemyred gi-IN 2U) YIIm SIORINUI YA
-€dZ(HO)STZ 1 Moy sure[dxa Jey) wisIueyodw Je[nod[ow [aaou e sasodod Apns s1yJ,

aur| [[99 91 [LOH dys ut ¢ osed
-Se)) pue gi-N uo EOENuﬁOEBQ&Sm € urweliA Jo 399j° 3yl ﬁug.mwﬁmo\wcd %ﬁ—‘zm SIY T,

urStIo uewny Jo S[[9d IJULD [€}09I0[00 UT TN Se [[om
se ‘gZAHIN yoq uo [ornofed jo 1oedwr A1oyqryur 9jqeqoid oy a1ojdxe pue ‘[ INH
Jo uorssargoxd ayy ur gZHIA JO WSWRAJOAUT [enujod A} JUIWEXD 0} Swre Apnis Sy,

JI90UBD [B103I0[0))

LA Suisn sisejselow
1199 190ueD Jsealq Junuaadld ur ( urwe)IAKXoIpAYIp-GZ O] JO 901 Y} SUTUILINI

S[[99 J90UED Jsealq dAneSou-o[din uf

(©)A((HO)ST™T
JO 193JJ2 2y} pue sewourdIed dnsefdejow ut ja3re) 9[qrssod e se YA JO uonenjeaq

Jaoue)d isealq

s[reo rereyyids oneysoxd
Krewrrad jo uonerdprioid oY) uo ¢ UTWEIIAAXOIPAH-GZ JO 109 oY) SUTUTINA

UOISBAUL [[90 PUE ‘SISBISEIOW ‘10oued 91e)sold uo (J urie)A Jo 109g0 oy} Sunenyeaq
I90ued 9)e)soxd )M UQW Ul (] UTWEBITA JO 90 oy} SuneIIsoAu]

190URD J1BISOI]

(s)oouamyey

nsoy

aAn22[qQ

MO[0q PIZLIBWWINS AT X3} Y} INOYSNOIY) PIUOUSW SIB YOIYM ‘SISOUED SNOLIEA PUB (] UNWEIIA UAM]A] UONIBIOO0SSE 9y} SurpreSar sarpnjs [esturoaid 9[qe[IeAt ay) Jo swoS | d|qel

pringer

AQs



190

Page 50f 13

(2024) 51:190

Molecular Biology Reports

[OIBaSal QIOW SPU (] UTWEIIA JO asn [ejuowd[ddns oy, ‘TeAIAIns

TTID WYIM S[ENPIAIPUL UT JUSW)BAI) 0} SWIT) SE [[oMm St ‘[eATAIns juarjed

[16] [[eISA0 pUE JUSI)EDI) O} SWIT) UI 9SBAIOOP B YIIM PIJRIOOSSE ST AOUSIOYOp (T UTWUEBIA ‘S[OAQ] (] UTWEITA US2M)AQ UOTIB[OIIOD d) QUILIEXA 0} Sem Apm3s oY) Jo 9A1oa(qo ayJ,
[eATAINS
[88] PIseAIOIP PUB TIAY YIM PIRIOOSSE 21oM sjudned 9say) Ul (J UIWR)IA JO S[OAQ[ JUBDS  "TINV UM USIPJIYD UL 9)el [BAIAINS PUEB (] UTWE)IA US9MIOq UOIIR[AI Y} Sunednsoauy
BIWAYNO]
BwIOUR[OW SUIPN[OUL
[66] ‘I90UBD YIIM $3109[qNS JOJ [NJULIRY PUE [BIOYAUSq [)Oq 9q ULd (J UTWIE)IA JO S[OAS] YSTH JI9OUED BWOUR[IW UO (T UTWEIIA JO KoroLyo oY) SuneSnseAuy
uorssardoid ewoueow
[€L]  JO YSLI paseaIoul Ue [JIm PAJBIO0SSe Udaq 9ABY APOq Y} UI (] UTWEJIA JO S[A] PIBAJ[H ewoue[oW Jo JuowrdooAdp 9y} pue (J UIE)IA JO [9AS] WNIdS Y} SUIApMIS
BUWOUR[OW JO YSII ) UI 9SBAIIIP %S © YIIMm Paje BUWOUR[OW JO YSII 9y} Suronpai ur 9[ox
[cL] -100sse sI3aIp uewny Y YSnoy) ( UrellA Jo ayelul J9ySIy  jey) paAIasqo udaq sey ] [enuajod s3I pue ( UIWEB)IA JO 9YeIUl ATBIQIP AU} U2IM]q UONEB[AII0D ) SUrunuexq
BWOUR[W JO YSLI 9Y) PUB (] UIWEBIIA JO S[IAJ] PIUTULINAP A[[BONAUS (poyow YA Y} YA ) “BUWOUR[IW
[12] uoam1aq drysuonerar Tesned e 31oddns 0 90uopIAd Aue puy Jou PIp SISYIILISAI YT, pue  urwe)ra AXoIpAYIP-GZ‘T JO S[OAQ] WINLISS Uodmlaq diysuonerar oy} Sururuexyg
BUWOUR[IIN
UOISAUPE [0 PUB ‘XLIBW JR[N[[90BI)XA ‘osuodsal Uo[0d uewny Y} Jo
QUNWWI ‘UONRWWEUI UT PIAJOAUT SOUST JO UOTSSAIdXD Oy} Ul 9SBAIOUT [qENTRWaI € 0} JIoke] Tesoonw oy} uo [¢qZ(HO)ST 1] £ unue)aKXoIpAyIp-Gz ] Io/pue ‘wniofed Jo
[86] P9I 191p 9]A1S-UIISOA o) 03 [€AZ(HO)ST T] £ UIeINAAXOIPAYIP-GZ‘T Jo uonippe ], uonejuowaddns [e10 ‘o1p 9[A1S-UIAISIA B JO Jordull oY) 91eS1ISOAUT 0) SWIe Apn)s sIy ],
190URD [B10310[0))
190UBD JSB2Iq JO YSLI 9} pue
S[OAQ] (J UTWE)IA AXOIPAY-GT USaMIAq PAATSSqO sem dIYSUONE[aI JEaUIUOU ISIOAUT Uk
uowom YSLI JOOUED 15BIq
[96] Tesnedouswald ur YSII 190UED 1SBAIQ Y)IM UONRIOOSSE OU pey| (J UIe)iA AXOIPAY-G7 pue ‘osnedoudw ‘g unue)iA AXoIpAY-Gg WNIAS U23M)2q UONR[AI 2} JO Uonen[eAq
punoj sem
90UQLINOJ0 JOJURD ISeaIq pue (J(HO)ST JoYSTY Uoam1aq UOTJBIO0SSE ON "USWOM UBD 90UQIINO00
[1¥#] -LJV UI 90ULLINO0 JOOUED JSEAIq YIIM UOTIBIOOSSE ISIOAUL UB PRY ASUSIOYP (] UIUBIA 190Ued JseaIq pue ‘q(HO)ST Wwnias ‘K1ejarp usamiaq diysuone[ar o) Suruturio)oq
uowom YSLI JOouBD
[8¢] Tresnedouswaxd ur juawdo[aAap 190uLD JSeaIq U0 109)0 2A10j01d & pey q(HO)SZ  ISB2Iq Uo ayejul (J UtweiA pue ‘qz(HO)ST T ‘A(HO)ST JO 19919 2y) JO UONBUIILINR
[cz] SISOUIUAS ULIYped-7 Suronpur £q JJAH S99NpPal ( UIWBIIA SWISIUBYOW PUE ‘Sauan) JurApropun ‘L JAH Ul ( UIWEIIA JO 901 ) SUIMIIADY
100UED Jsealrgq
[L6 ‘81] 100uEd 9)eIs01d JO YSLI PAJBAJ[Q UR IIM PIJR[ALIOD AIB S[OAS] (] UIWEIIA JOUSIH 100UEd 9)e)sold Jo YSLI Y} pue S[oAJ] (J urwelA Junenoir) Suikpnlg
[96] JI90UED 9)BISOIJ PUE S[OAS] (] UIWEIIA UddMIaq dIYSUOIIe[dI JuedyIugIS ou ST I ], )R} pue SoseasIp ul ( urweiia AxXoIpAy-gg Jo 9[o1 ay) Sunenfeaq
[S6“LT] I90UED JO NSLI AY) PUE S[OAJ] (] UTEBIAKXOIPAY-GZ U2am1aq uone[ar padeys-() © ST 219y ], Io0ued 91eIsoxd Jo SII Ay} PU. S[OA9] (] UTIE)IA Uoamlaq drysuoneral e Surysqelsg
S9s0p YSTY UI [RIOYAUq 2q UBD (J UTWIEB)IA AIRIor
[91] ‘100uED 93Is0Id JO NSII YY) 0} pPaje[al A[9sIoAUT aIe 91nsodxa JyIifuns pue uoreIper gAN YSLI 1ooued 9)8)s01d U0 (J UTWEIIA JO JOIJQ ) SUTUIULINR(
hehliizh)
[o11] 100ued 91e)sold jsurede s309101d pue K)i[e1Iouw 190U SISBAIOAP (I UTWEIIA 9eysoxd ur A)ITeIIow pue S[AJ] (] UTWEIA Sune[naIr) usamiaq Julf ay) Surkpms
190Ued 9JB)S0I]
(s)oouaIooy NSy aAn22(qQ

MO[aq PIzZII

-BWIWINS AT X3} Y} INOYSNOIY) PaUOHUSW e Jey) ‘SIAOUED SNOLIEA PUB ( UNUEBIIA UIIMISQ UOTIRIOOSSE Ay} SUIpIeSal SaIpnys maraal pue ‘[esrsojorwapids ‘[edrurd s[qe[ieAe ay) Jo owos ¢ 3jqel

pringer

As



190 Page 6 of 13

Molecular Biology Reports (2024) 51:190

Reference(s)

[92]

Severe vitamin D deficiency is associated with molecular unresponsiveness in individu-
als with CML

Result

and molecular response in chronic myeloid leukemia (CML)

The study aimed to identify a potential relationship between serum vitamin D levels

Table 2 (continued)

Objective

@ Springer

UVB ultraviolet blue, EMT epithelial-mesenchymal transition, AML acute myeloid leukemia, CML chronic myeloid leukemia, CLL chronic lymphoid leukemia

age of mice [29]. This conclusion is further backed up by
Filip-Psurska et al., indicating that the effect of vitamin D3
on breast cancer development is correlated with a variety
of factors such as age, menopausal status, and obesity [30].

Furthermore, vitamin D 1,25(0OH)2D3 reduces aromatase
expression in MCF7 tumor xenografts and surrounding
adipose tissue [31]. The use of Vitamin D with several
inhibitors including 1,25(OH)2D3/aromatase inhibitors
[32], 1,25(0OH)2D3/tamoxifen [33], 1,25(0OH)2D3/ruxoli-
tinib [34]., and 1,25(0OH)2D3/celecoxib [35], as well as
1,25(0OH)2D3 in combination with lapatinib and neratinib
[36], suggests an essential role for vitamin D in enhancing
molecularly targeted therapies [29]. Also, the administration
of 1,25(OH)2D3 with chloroquine inhibited MCF7 cell pro-
liferation in vitro and in vivo more than in groups receiving
only one of the treatments [37].

A study by Estebanez et al. [38] reported 25(OH)D to
have a protective effect against breast cancer development
in premenopausal women. In addition, in a dose-response
meta-analysis by Song et al. [39], a 6% decrease in breast
cancer risk by a 5 nmol/l increase in serum vitamin D levels
in premenopausal and postmenopausal women was reported.
Vaughan-Shaw et al. proposed an association between higher
25(0OH)D levels and reduced risk of breast cancer mortality
and progression [40]. In contrast, Hossain et al. [41] reported
an inverse association between vitamin D deficiency and
breast cancer occurrence in African women. However, no
association between higher 25(OH)D levels and breast
cancer occurrence or mortality was found. Furthermore,
Crew et al. reported an inverse relationship between plasma
25(OH)D levels and breast cancer risk [42]. In another study,
serum levels of plasma 25-hydroxyvitamin D above 40 ng/
mL were linked to decreased breast cancer risk. Also, the
risk reduction was more significant among postmenopausal
women [43]. Increased sun exposure was found to have an
inverse relationship with ER+, ER—, and TNBC breast can-
cer subtypes in black women [44]. Moderate supplementa-
tion of vitamin D was inversely associated with TNBC risk.

The Vitamin D and OmegA-3 Trial did not report any dif-
ference in vitamin D3 and placebo groups regarding breast
cancer incidence [45]. In contrast, in secondary analysis, the
BMlI-corrected supplemented group had a remarkable reduc-
tion in breast cancer risk in comparison to the placebo group
[46]. In an RCT study by Lappe et al., combined supplemen-
tation of vitamin D (2000 IU/day) with calcium (1500mg/
day) did not decrease breast cancer risk in postmenopausal
women [47]. In addition, the ViDa study [48] did not find
any effect of vitamin D3 supplementation on overall can-
cer incidence. A study by Arnaout et al. randomized breast
cancer patients to receive either 40,000 IU of vitamin D3
per day or a placebo for 2 to 6 weeks before breast surgery.
Despite notably higher levels of serum 25(OH)D in the sup-
plemented group, no significant signs of tumor proliferation
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or apoptosis were observed [49]. Furthermore, meta-analy-
ses could not find any relationship between vitamin D3 sup-
plementation and breast cancer risk [50]. In another study,
vitamin D deficiency was common in recently diagnosed
breast cancer patients [51].

A study by O’Brien et al. concluded that methylation of
CpGs in various vitamin D-related genes was directly asso-
ciated with 25-hydroxy vitamin D concentration. Higher
serum 25-hydroxy vitamin D concentrations were associ-
ated with a higher methylation-breast cancer hazard ratio
[52]. Simmons et al. found CYP24A1, CLMN, EFTUDI,
SERPINBI1, and KLK6 to be regulated by 1,25-hydroxy
vitamin D [53]. In another study, recent use of vitamin D
supplementation was inversely associated with breast cancer
in comparison to non-recent use [54]. In another study by
Sheng et al., it was concluded that the downregulation of the
vitamin D3 pathway via the elevation of CYP24A1 weakens
its anti-tumor effect [55]. Also, a step-wise inverse relation
between plasma 25-hydroxy vitamin D levels and the risk
of breast cancer was reported between the concentrations of
27 ng/ml and 35 ng/ml [56].

A summary of the findings is listed in Tables 1 and 2. As
aresult, vitamin D may play a role in breast cancer risk and
development. Further research is needed to settle the exact
link between vitamin D levels and breast cancer's overall
occurrence and progression.

Colorectal cancer

Colorectal cancer, a malignant disease that develops in the
colon or rectum, is globally recognized as the third most
commonly diagnosed cancer in men and the second most in
women. Tragically, this cancer is one of the leading causes
of cancer-associated mortality [57].

According to studies, a lack of vitamin D in patients with
colorectal cancer has been found to decrease their overall
quality of life and lifespan [58]. Calcitriol is known to reduce
cell proliferation through various mechanisms, including the
downregulation of cyclin-dependent kinases, intervention in
the IGF-II pathway, and intervention in the EGF pathway.
It is worth noting that calcitriol has been demonstrated to
disrupt the Wnt/B-catenin pathway, which plays an integral
role in the initiation of colorectal cancer. As a result, it can
impede the onset of this malignancy [59]. The Wnt signaling
pathway can be disrupted by SFRP proteins. Studies have
shown that elevated levels of vitamin D result in a decline in
promoter methylation of SFRP genes. The reduction of gene
promoter methylation prompts an intensified production of
SFRP proteins, thus leading to the disruption of the Wnt
pathway [60]. On the contrary, when cell adhesion dam-
age occurs, free cytosolic f-catenin can be transferred to the
nucleus, triggering the Wnt/p-catenin pathway. This pathway

plays a crucial role in developing and advancing colorectal
cancer. However, through its suppression of MED?28, calci-
triol improves the expression of E-cadherin, thereby prevent-
ing EMT and Wnt/B-catenin pathway activation [61].

Studies have indicated that inflammation and inflam-
matory diseases, such as inflammatory bowel disease, are
linked to an escalated possibility of developing colorectal
cancer. In animal studies, it has been observed that eliminat-
ing VDR triggers inflammation and increases the activity
of NF-kB and Wnt/ B-catenin [59]. However, a cell study
in the HCT116 cell line has demonstrated vitamin D3 to
affect caspase3 positively, but not NF- kB [62]. Additionally,
it is possible that calcitriol can stimulate apoptosis, which
is a mechanism of programmed cell death, by increasing
the expression of pro-apoptotic proteins, such as BAX, and
diminishing that of anti-apoptotic proteins, such as BCL2
[63].

The available literature regarding the link between vita-
min D and colorectal cancer is summarized in Tables 1
and 2. Although the exact mechanism by which vitamin
D impacts EMT and metastasis is not entirely understood,
several studies have indicated that calcitriol may have a sup-
pressive effect on the progression of colorectal cancer by
influencing various signaling pathways.

Melanoma

Melanoma is among the most dangerous and invasive forms
of cancer. In melanoma, the cells that typically produce skin
pigment are affected. Although various drugs and treatments
have been proposed and used for this cancer, melanoma
scarcely responds positively to treatments. This cancer is one
of the ten most common forms of malignancies in Europe
[64]. Although certain factors such as age, gender (espe-
cially men), as well as hair, and skin color are correlated
with the risk of melanoma [65], Primarily, melanoma is
greatly influenced by two significant risk factors: prolonged
exposure to the sun's ultraviolet rays and a family history of
skin cancer [66]. UV radiation has a dual role: Firstly, it is
one of the most essential factors in melanoma. Secondly, it
has a notable impact on the production of vitamin D within
the skin [1, 67].

The significance of the Wnt/p-catenin pathway lies in its
crucial involvement in the maintenance of cellular function
and homeostasis. Among the main factors in the occurrence
of melanoma is the incorrect signaling of the Wnt pathway,
which can lead to uncontrolled proliferation, cell invasion,
and, eventually resistance against the immune system [68].
By employing various mechanisms, the activated state of
vitamin D can hinder or dampen this signaling pathway
across distinct regions [69]. The presence of elevated levels
of vitamin D in the bloodstream of individuals is associated
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with a favorable impact on melanoma, including a decrease
in its severity and an enhancement of its benign characteris-
tics. However, the mechanism of this issue has not yet been
fully clarified. Studies have shown that mortality from pri-
mary melanoma, as well as its metastatic state, is reduced
by increasing gene expression and thus increasing the num-
ber of VDR receptors [69]. Melanoma tumor cells typically
exhibit low expression of this receptor; nonetheless, tumor
cells that express normal or high levels of VDR demonstrate
an enhanced ability to suppress the Wnt/p-catenin pathway.

In addition to binding to VDR inside the cell and its
related reactions, vitamin D can also use other intracellular
signaling pathways. Vitamin D can exert its anti-oxidative
effect by acting on Nrf2. Interestingly, through its interac-
tion with the ROR receptor located on the cellular nucleus
membrane, it governs the synthesis of inflammatory factors
like TNF-alpha, triggering an adaptive immune response. It
can also affect the p53 protein gene and cause its transcrip-
tion, thus exerting its anti-cancer properties [70].

A recent study [71], used a Mendelian Randomization
method to investigate the relationship between serum lev-
els of 1,25-dihydroxy vitamin D and melanoma. The study
evaluated five types of SNP mutations that were specifically
located in genes related to critical enzymes and proteins
involved in vitamin D metabolism. The authors examined
the changes in these essential enzymes or proteins’ structure
or function as a result of SNPs to determine the connection
between these changes and the occurrence of melanoma.
The study found that all five SNPs, even in combination,
did not reveal compelling evidence indicating a causal link
between genetically determined vitamin D levels and the risk
of melanoma. The study selected SNPs that had not been
reported to be related to skin pigmentation and UV radia-
tion, which represents a significant risk factor for melanoma.
The study also took into consideration a group of potential
confounding factors, including phenotypic traits such as hair
color, facial aging, and skin color, concerning melanoma.
Therefore, based on the authors' conclusions, it is not pos-
sible to definitively establish a correlation between vitamin
D levels and the risk of melanoma. Furthermore, the results
of the study do not support the use of vitamin D supplements
as a means of reducing the risk of melanoma.

In a case—control study conducted by Millen et al., it was
found that a higher intake of vitamin D through diet was
associated with a 50% decrease in melanoma incidence [72].
Similarly, another study reported a correlation between ele-
vated levels of vitamin D in the body and the risk of devel-
oping melanoma. The researchers suggested that the varia-
tion in vitamin D levels among individuals is linked to their
sun exposure, which in turn leads to increased synthesis of
vitamin D and a higher likelihood of melanoma develop-
ment due to the damaging effects of ultraviolet rays on the
skin [73].
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Numerous studies have documented a relationship
between elevated serum levels of vitamin D and the
diagnosis of melanoma, as well as an improved progno-
sis [74]. Furthermore, a study revealed that high levels
of vitamin D do not provide a protective function against
melanoma. Instead, a concentration of less than 25 nmol/
liter in serum may increase the severity of the disease and
improve the mortality rate in melanoma patients [75]. In
addition, 20-hydroxy D3 has been shown to deter mela-
noma cell migration and toxicity. Also, in mice lacking
a functioning immune system, this form of vitamin D
reduced melanoma tumor growth [76].

A study was conducted on a cohort of 36,282 post-
menopausal women for seven years. The objective was to
investigate the potential impact of vitamin D and calcium
levels on the risk of skin cancer. Subjects received calcium
and vitamin D complex [77]. In this study, consisting of
experimental and placebo control groups, upon analyz-
ing the obtained results, no significant difference in the
occurrence of melanoma and non-melanoma cancers was
observed between the two groups.

Various studies have been conducted to discover or
investigate the types of VDR polymorphisms. The VDR
gene is located on chromosome 12, and it consists of 11
exons. Approximately 600 single nucleotide polymor-
phisms (SNPs) have been identified in the VDR gene,
including variants such as Fokl, Bsml, and Apal. These
polymorphisms have been extensively studied in mela-
noma [78]. A meta-analysis study conducted in 2020
evaluated the odds ratio of melanoma according to these
three polymorphisms [79]. For example, concerning Bsml,
Fokl, and Apal polymorphisms, melanoma susceptibility
is different in individuals having the dominant allele com-
pared to those carrying the rare allele. In the second and
third cases, rarer alleles predispose to melanoma. But for
other VDR polymorphisms, such as Taql. no significant
relationship with melanoma was observed.

The studies regarding vitamin D and melanoma are
summarized in Table 1 and 2. While some cases show
the effective task of vitamin D in reducing the possibility
of melanoma, In certain studies an association has been
observed between elevated concentrations of vitamin D
and a higher incidence of melanoma in individuals. Con-
sidering that ultraviolet rays have a dual role, On the one
hand, it causes vitamin D to be created in the human skin,
and on the other hand, it causes the person to be suscep-
tible to melanoma. These results should be considered as
confounding factors, and based on the provided studies, it
is not conclusive to assert a strong relationship between
high levels of vitamin D and melanoma.
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Hepatocellular cancer

Hepatocellular carcinoma HCC ranks as the sixth most
common cancer worldwide and is the fourth primary cause
of cancer-related deaths, making it a worrisome matter.
Furthermore, the incidence rate of Hepatocellular carci-
noma is on the rise, suggesting that it may contribute to
over 1 million deaths worldwide by 2030 [80]. The factors
that increase the chances of developing this fatal illness
are varied. These include inheriting genetic tendencies,
getting infected with viruses such as hepatitis B and C,
maintaining an unhealthy diet that consists of the intake of
alcohol and unhealthy weight gain due to obesity, as well
as coming into contact with harmful toxins such as tobacco
and aflatoxin B1 [81].

Notwithstanding the challenges of resistance to pres-
ently available treatments, Provvisiero et al. determined
that vitamin D had the potential to bolster susceptibility
in resistant cells. Furthermore, their research indicates
that miR-375 can potentially act as a tumor suppressor in
vitamin D-receiving cells. The insufficiency of vitamin
D might trigger the depletion of miR-375, which might,
in turn, lead to escalated cell proliferation and increased
metastatic activity. In summary, vitamin D could signifi-
cantly contribute to the fight against HCC and augment the
vulnerability of resistant cells to treatment [82].

Vitamin D is beneficial in two ways. First, it can
increase the responsiveness of cells to crucial therapeutics.
Second, it has a significant capacity to limit the spread of
HCC in a dose-dependent manner. Studies discovered that
administering high quantities of vitamin D decreases the
levels of Histone deacetylase 2 (HDAC?2). This, in turn,
leads to a rise in the creation of p21 (WAF1/Cipl), which
ultimately suppresses the development of HCC [83].

Hamilton et al. made a fascinating finding related to
the impact of vitamin treatment on cells. They discov-
ered that vitamin treatment resulted in the upregulation
of CDKNI1A and p21 (WAF1/CIP1), tumor suppressors
that regulate the cell cycle by inhibiting cyclin-dependent
kinases. Although CDKNI1A expression increased, it did
not account for the reduction in cell proliferation. Instead,
vitamin D treatment increased Thioredoxin-interacting
protein (TXNIP) expression, which led to P27kipl sta-
bilization and a subsequent decrease in cell proliferation.
Furthermore, investigators established that elevated lev-
els of TXNIP prompted heightened activity of caspase
3, which led to apoptosis. Notably, vitamin D treatment
increased malignant cells' sensitivity to oxidative stress
damage, which requires further examination [84].

Chen et al. conducted a study that shed light on the
anti-tumor effects of vitamin D, which operates through
the Smad3/TGF-p signaling pathway. Their results suggest

a plausible association between vitamin D insufficiency
and elevated susceptibility to liver fibrosis and EMT. Fur-
thermore, the study's findings indicate that vitamin D's
anti-inflammatory properties are inversely correlated with
TLR7. Intriguingly, when TLR7 was silenced, it resulted
in suppressed cell proliferation and mobility. These
insights illustrate the complex nature of vitamin D and its
prospects for further investigation [85].

A brief summarization of the findings is listed in Table 1
and 2. Overall, studies suggest that vitamin D supplemen-
tation could prove useful in restoring sensitivity to med-
ication-resistant cells and suppressing HCC development.
Additionally, vitamin D has been shown to have anti-tumor
properties through various pathways and could potentially
reduce the risk of liver fibrosis and EMT. These findings
warrant further investigation into the potential benefits of
vitamin D in combating HCC.

Leukemia

Leukemias are cancers that originate from the bone marrow,
which is the place where blood cells are produced, eventu-
ally leading to the production of a large number of abnormal
blood cells. In general, leukemias are classified based on
the cell types involved and the rate of progression and dete-
rioration of the disease and are generally divided into two
categories: acute and chronic. If not treated, acute leukemias
have a more severe clinical course. Nowadays, the treatment
of acute leukemias is somewhat possible with chemotherapy,
but the treatment of chronic leukemias is challenging. In
general, blood cancer or leukemia, like many other cancers,
is caused by mutations in the genetic material or DNA,
which can also be influenced by environmental factors [86].

As mentioned in various cancers earlier, vitamin D can
play a significant role in fighting cancer as well as modulat-
ing and regulating inflammation. It has been reported that
low levels of this vitamin are associated with disease recur-
rence and reduced ailing durability in adult acute myeloid
leukemia (AML) patients [87]. A study conducted on several
Swedish children with various types of leukemia concluded
that in preschool children, low levels of 25-hydroxyvitamin
D were associated with AML. Also, levels of 25-hydroxy
vitamin D less than 50 nmol/lit are associated with decreased
patient survival. According to the researchers of this study,
a definitive conclusion can’t be reached on whether the use
of vitamin D supplements in children with leukemia will
improve the outcome [88].

A study conducted by Wang et al. examined the effec-
tiveness of vitamin D3 on autophagic cell death in human
myeloid leukemia cells. According to the obtained results,
inhibiting the differentiation of leukemia cells does not pre-
vent the suppressive efficacy of vitamin D3 on leukemia
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cells. One of the mechanisms is that vitamin D3 regulates
Beclinl, and it connects to phosphatidyl 3-kinase class III,
ultimately leading to autophagy in leukemia cells. Also, vita-
min D phosphorylates the molecule from its second BH3
region and further causes Bcl-xL to connect with Beclinl,
resulting in suppression of apoptosis. If we remove Bec-
linl from the cell; As a result, differentiation and autophagy
caused by vitamin D will be suppressed in leukemia cells,
but it will activate apoptosis in these cells [89].

The analysis and investigation carried out in more than
ten different studies show that receiving a large amount of
sunlight, which subsequently increases the level of vitamin
D, is associated with a significant diminution in the risk of
non-Hodgkin’s lymphoma [90]. In the study conducted by
Shanafelt et al., vitamin D deficiency in people with Chronic
lymphoid leukemia (CLL) is associated with a decrease in
TTT and OS, where TTT is the time defined as the interval
between the initial diagnosis of cancer and the start of the
patient's treatment, and OS is considered as the overall sur-
vival of the patient. According to the researchers, further
tests and studies are demanded to confirm the use of vitamin
D supplements in the treatment of CLL [91].

In another study conducted by Gediz et al., the presence
of a correlation between serum levels of 25-hydroxyvita-
min D and molecular response in chronic myeloid leukemia
(CML) was investigated. By examining 61 patients with this
disease, positive results were obtained. The analysis of the
study findings conducted by this group revealed that elevated
levels of vitamin D were independently linked to molecular
response in individuals diagnosed with CML. For the first
time, the results from this group demonstrated that severe
vitamin D deficiency is correlated with molecular unrespon-
siveness in individuals diagnosed with CML. Therefore, the
therapeutic use of vitamin D and 25-hydroxyvitamin D can
be effective in these patients [92].

The available literature regarding the link between vita-
min D and leukemias is summarized in Table 1 and 2. Over-
all, the results indicate a positive role of vitamin D in Leuke-
mia patient’s survival rate and overall disease progression.
Nevertheless, further research is required to elucidate the
underlying mechanisms in greater detail.

Conclusions

Genetic and environmental factors, as well as immune
responses, play an essential role in the pathogenesis of can-
cers. Among these is vitamin D which is found to correlate
with cancer.

The outcome of our research summarized the recent find-
ings and analyses regarding the relationship between vitamin
D and Cancer. Our paper summarizes the available research
conducted on this particular topic and contributes a clearer
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understanding of the association between vitamin D and
cancers. However, our article also has limitations. While,
a comprehensive world map of the available literature on
the topic of vitamin D and cancers was provided, neverthe-
less, in a handful of these studies, some of the confounding
factors, such as lifestyle and genetic background that could
influence the association between vitamin D and cancers
were not fully accounted for. In addition, most of the results
reviewed were obtained from relatively short periods of
research duration. Future studies should focus on investigat-
ing the long-term effect of vitamin D uptake on the occur-
rence and progression of cancers.

Although vitamin D is suspected of having a positive
effect on breast cancer, colorectal cancer, hepatocellular can-
cer, and leukemia, the results regarding the relation between
vitamin D and prostate cancer, as well as melanoma, are
contradictory. It is important to note that a definitive con-
clusion cannot be reached currently with existing research;
Thus, more sensitive studies with targeted groups are needed
to determine the exact mechanism by which vitamin D can
affect cancer cells.
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