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Abstract: Vitamin D, a secosteroid hormone, is well-known for its regulatory effects on various immune cells, as well as its es-
tablished roles in the metabolism of calcium and bone. It has come to light as a crucial factor in the treatment and prevention of
colorectal cancer (CRC), influencing cancer cell growth and immune responses. This review aims to investigate the connection
involving vitamin D binding protein and receptor polymorphisms in relation to development of colorectal  cancer over the past
decade, drawing from observational and epidemiological research, including both live and laboratory based clinical trials. in vi-
and in vitro clinical trials According to the American Cancer Society low dietary vitamin D which is a modifiable contributing
factor for colorectal cancer warrants an in-depth analysis of its receptors, binding proteins, and genetic polymorphisms. The act-
ive form of vitamin D, 1,25 -dihydroxy vitaminD3, influences gene transcription via the vitamin D receptor (VDR), impacting
immune responses, cellular protection. Clinical studies have shown varying correlations between VDR polymorphism of vitamin
D receptor, vitamin D binding protein and colorectal cancer risk in different populations. Vitamin D shows a complex function in
preventing as well as treating colorectal cancer through affecting cell growth, inflammation, and immune modulation. Adequate
vitamin D levels  are  linked to  a  lower  risk of  colorectal  cancer,  improved prognosis,  and better  survival  outcomes.  Therefore,
maintaining optimal amount of vitamin D levels through a proper diet, adequate sun exposure, as well as supplementation could
be a crucial aspect of colorectal cancer management strategies.
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Introduction

Colorectal  cancer  is  a  significant  public  health  concern.  and  is
known  as  the  third  most  prevalent  cancer  globally,  resulting  in
more than 1.8 million new diagnoses and 915,880 fatalities each
year[1].  Although the primary functions of  Vitamin D are related
to metabolism of calcium and maintaining bone health, vitamin D
and its  analogs have been extensively studied as potential   thera-
peutic alternatives or substitutes over the last ten years[2]. Vitam-
in D is hypothesized to reduce cancer development by promoting
cell differentiation and apoptosis  and interfering with  inflamma-
tion and the immune system[3]. According to some studies, deriv-
atives  of  vitamin  D  have  been  shown  to  influence  the  onset  of
CRC and progression by stimulating Wnt/β-catenin pathway and
the innate immune reaction[4]. Most  of  the vitamin D is  synthes-
ized in the skin when 7-dehydrocholesterol is exposed to ultravi-
olet B rays, although it can also be found in oily fish, eggs, forti-
fied  dairy  and  cereal  products,  supplements,  etc.[5].  The  primary
type of vitamin D present in circulation is 25-hydroxyvitamin D

(25(OH)D), which is considered as the most reliable predictor of
a person's  vitamin  D status  because  it  represents  a   comprehens-
ive assessment of vitamin D received through different sources[5].
The  vitamin  D  receptor  (VDR)  and  CYP24  (that  catalyzes  the
first  step  in  the  catabolism  of  1α,25-[OH]2-vitamin  D,  are  now
known to  be  widely  expressed  in  the  colon  and  a  variety  of  or-
gans[6,7]. The activated VDR forms a  heterodimer with the retin-
oid X receptor alpha (RXRA)[3]. Common VDR gene polymorph-
isms  have  been  hypothesized  to  interfere  with  expression  and
function of VDR, resulting in varying effects of vitamin D on dif-
ferent  people[7]. According  to  several  studies,  VDR   polymorph-
isms  such  as  TaqI,  BsmI,  and  Tru91  are  linked  to  CRC  risk[8].
Targeted  or  localized  vitamin  D  deficiency  may  be  caused  by
blocking the VDR signal or inhibiting the colon's  ability to syn-
thesize  active  vitamin[9].  Previous  research  studies  have  shown
the significance of Vitamin D metabolic pathways in several oth-
er malignancies, including thyroid cancer health disparities. This
may  be  useful  in  treating  or  preventing  inflammation-associated
colon  cancer  by  identifying  the  protective  mechanism  that  may
potentially uncover novel therapeutic targets for IBD and CRC[9]. 

Methodology

We have conducted this systematic review in accordance with the
Preferred  Reporting  Items  for  Systematic  Reviews  and  Meta-
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Analyses (PRISMA) protocols[10]. The search approach was built
utilizing  the  above-mentioned  keywords  from  two  electronic
databases including  PubMed  and  Google  Scholar.  Inclusion   cri-
teria:  Publications  from  the  last  10  years  (2014-2024) were   in-
cluded.  We  selected  articles  written  in  English,  clinical  trials  in
humans & animals (mice),  reviews, systemic reviews, meta-ana-
lyses, and randomized control  trials.  Exclusion  criteria:  Publica-
tions before  2014,  pediatric  population,  papers  published in   lan-
guages other than English, incomplete or ongoing study, editori-
als, comments,  papers,  book  chapters  &  documents,  letter,   con-
ference abstract. Initially, 144 articles were selected following the

above-mentioned  criteria.  Three  reviewers  screened  the  study  to
prevent duplication and assessed the titles and abstracts of the ini-
tial  publications.  Then,  three  independent  individuals  reviewed
the full-text publications, and one primary reviewer resolved any
disagreements  and  finalized  54  articles  for  data  extraction  in
manuscript  writing.  Due  to  the  variability  of  the  data,  we  were
unable to conduct a meta-analysis. In this study, we performed a
narrative analysis of the function of vitamin D at the cellular level
and  polymorphisms  of  VDR  and  VDBP  at  different  stages  that
may influence colorectal  cancer. Fig. 1 Provides  a  flow diagram
that outlines the process of selecting studies.
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Fig. 1. Preferred Reporting Items for Literature Reviews and Meta-Analysis (PRISMA) flow diagram shows the study selection process.
 
 

Overview of vitamin D in CRC
 

Epidemiology  and  Influencing  Factors  of  Colorectal  Cancer
in Relation to Vitamin D
According to National Cancer Institute statistics, in 2024, the pro-
jected  number  of  colorectal  cancer  cases  was  152,816,  which  is

around  7.6%  of  all  new  cancer  cases.  The  connection  between
colon  cancer  and  vitamin  D  was  initially  noted  by  Garland  and
his  colleagues,  who  found  higher  death  rates  caused  by  colon
cancer in the north-eastern U.S., where sunlight is low compared
to southern regions, correlating with lower sunlight exposure[11,12].
Colorectal cancer incidence is highest in men over 50 but is also
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rising in younger adults aged 20-29, around 2.4% annually, with
a five-year survival rate improving to 65% due to advancements
in diagnosis and treatment but remains a significant issue in both
males  and  females  under  40[13].  Different  lifestyles  significantly
impact colorectal  cancer  (CRC)  risk,  and  the  survival  rates   de-
pend  on  CRC  stage,  ethnicity,  cancer  subtype,  and  genetic
factors,  involving both unchangeable factors (like family history
and  age)  and  adjustable  factors  (such  as  the  intake  of  processed
and  red  meat,  heavy  alcohol  consumption,  salt  and  salty  foods,
obesity, and gamma radiation)[1,13,14]. The occurrence of colorectal
cancer  has  risen  in  several  Asian  countries  due  to  lifestyle
changes,  involving  a  significant  portion  of  individuals  of  East
Asia with a deficiency of vitamin D, while a few studies propose
a  negative  association  between  vitamin  D  levels  and  the  risk  of
colorectal  conditions[15].  The  rates  of  incidence  and  mortality
from colorectal  cancer  are  increasing  in  developing  and  low-in-
come nations, particularly in China, where new cases and deaths
have increased due to their dietary habit. However, the age-adjus-
ted mortality rate has experienced a slight reduction, falling from
10.01 per 100,000 in 2005 to 9.68 per 100,000 by 2020[16,17]. Vit-
amin  D  deficiency,  affecting  around  30-50%  of  children  and
adults globally, is a contributing factor for IBD and colon cancer,
furthermore, vitamin  D  supplementation  reduces  colitis   symp-
toms[18]. 

Cellular Mechanism of the Active Form of Vitamin D
Vitamin D is formed in the skin through ultraviolet B exposure or
absorbed from  the  diet,  undergoing  hydroxylation  steps  to   be-
come 1,25-dihydroxyvitamin D, the active form. This active form
attaches to  the  vitamin  D  receptor  (VDR)  in  cells,  forming   di-
mers with Retinoid X receptor (RXR) as well as activating gene
transcription through VDRE binding in the nucleus[18]. By VDR-
mediated  genomic  action,  the  active  form  of  vitamin  D  can
provide protective, therapeutic, and adjuvant effects against cellu-
lar  oncogenic transformation[2].  It  helps fight  cancer by stopping
the  multiplication  and  tumors  from  growing  by  interfering  with
signals by  blocking  angiogenesis,  triggering  apoptosis  and  auto-
phagy, and alleviating inflammation[19].  The mitogenic effects of
epidermal  growth  factor  and  Ras  signaling  cascade  can  be
blocked by Calcitriol and downregulate the mRNA expression of
Cyclin  D1  in  oncogenic  Coca-2  cell  lines[2].  On  a  cellular  scale
within human  colorectal  cells,  the  studies  showed  notable   vari-
ances in the activation of two luciferase systems based on VDR,
under various amounts of 1,25(OH)2D as well as a fixed amount
of 25(OH)D, by GC isotype[20]. Active Vitamin D inhibits cancer
cell growth  by  inducing  G1  cell  cycle  arrest  through   upregulat-
ing cell cycle inhibitors like p21WAF1/CIP and p27KIP that dir-
ectly regulate p21 gene expression via VDREs and enhance TGF-
β1 receptor expression to restore sensitivity and inhibit epithelial
cell  proliferation  in  colorectal  cancer[21].  The  Wnt/β-catenin  sig-
naling pathway regulates cell functions crucial for embryo devel-
opment  and  normal  cell  behavior,  however,  its  dysregulation  is
related to  cancers,  including  colorectal  cancer,  involving   muta-
tions in β-catenin genes[22]. VDR controls function of β-catenin in
the nucleus of the cell where higher VDR levels have been shown
to  reduce  β-catenin levels,  potentially  inhibiting  CRC   progres-
sion by suppressing Wnt/β-catenin pathway and the expression of
cyclin  D1  which  promotes  formation  of  cancer[22].  Transcription

and expression of hypoxia-inducible factor-1 (HIF-1) and vascu-
lar  endothelial  growth  factor  (VEGF)  are  inhibited  by  calcitriol
while triggering antiangiogenic effects through NF-κB signaling,
and  thus  the  nuclear  proteins  fork  into  headbox  M1  (FOXM1)
and  Dickkopf  4  (DKK4)[21].  Fig. 2  illustrates  the  mechanism  by
which vitamin D shows its anticancer effects at the cellular level. 

Serum  Vitamin  D  Levels  Among  Patients  with  Colorectal
Cancer
Elevated total  25(OH)D  levels  have  been  associated  with   im-
proved 5-year overall survival, although this benefit does not last
throughout  the  entire  follow-up  period[23].  The  connection
between cancer in colorectal region and vitamin D levels is prob-
ably  not  a  direct  cause-and-effect  relationship  but  might  instead
reflect poor overall health or ongoing inflammation, with the in-
verse association could indicate reverse causality, where the can-
cer or its treatment lowers vitamin D concentrations[24].  Elevated
total vitamin D levels were correlated with a better five-year sur-
vival  rate,  although  this  effect  was  not  sustained  throughout
longer follow-up periods[23]. Studies using animal models and hu-
man tissues  have  explored  the  underlying  mechanisms.  For   in-
stance,  research  on  mice  has  shown  that  1,25-(OH)  D3  exhibits
anti-cancer  properties.  enhance  the  ratio  of  APC  and  β-catenin,
elevate levels of E-cadherin and induces apoptosis[25].  According
to  a  case-control  study  by  Chen  and  Jin,  lower  serum 25(OH)D
concentration  in  patient  population  with  colorectal  region  were
inversely  related  to  the  ratios  of  Treg  and  Th17 cells  as  well  as
relevant cytokine levels[17]. 

Clinical Studies on The Association between Vitamin D levels
And Colorectal Cancer
Both epidemiological  and  preclinical  research  have   recommen-
ded a connection between deficiency of vitamin D in serum and
an excessive risk of inflammatory bowel diseases, various extra-
skeletal conditions, and certain cancers, notably colorectal cancer,
this connection has been reinforced by experimental findings us-
ing  carcinoma  cell  lines  and  models  of  animal  with  colorectal
cancer,  highlighting  the  extensive  protective  effects  of  calcitriol
as well as other vitamin D receptor agonists[26]. Evidence shows a
high prevalence of  vitamin D deficiency amid individuals  posit-
ive for colorectal cancer, as clinical research conducted with 515
advanced  colorectal  cancer  patients  from  the  United  States  and
Canada reported that 82% had vitamin D levels below 30 ng/mL,
classifying them as insufficient,  at  the same time 50% were cat-
egorized as deficient with levels under 20 ng/mL, the study also
found 20 ng/mL as median plasma 25(OH)D concentration[27]. A
case-control  study  embedded  within  a  larger  cohort  of  female
participants revealed that patients diagnosed with colorectal can-
cer  had notably  lower  average serum 25(OH)D levels  compared
to those in the control group (21.9 vs 23.9 ng/mL, p = 0.01), addi-
tionally increased levels of vitamin D were connected to a lower
risk of development of malignancy in colorectal region with OR =
0.45  (CI:  0.25  to  0.81;  trend  significance: p  =  0.02);  A  current
meta-analysis  comprised  with  23  studies  established  an  inverse
correlation between 25(OH)D levels in serum and the occurrence
of  adenomas  in  colorectal  region  with  RR  0.80  (95%  CI,
0.71–0.89),  this  correlation  is  significant  in  female  populations
and populations in Europe and America but not in males or Asi-
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an populations[21]. Another study, led by Hamada et al., involving
869 colorectal  cancer  cases in  the US,  found that  post-diagnosis
scores  of  25(OH)D were  more  firmly  linked  with  survival  amid
CRC  patients  with  lower  peritumoral  lymphocytic  reaction
though not  with overall  mortality.  This  suggests  individual  vari-
ations in vitamin D’s anti-tumor effects based on the immune re-
sponse, which may influence personalized intervention strategies
for  cancer  patients[28].  l  Study  by  Weinstein  et  al.  showed  a
counter  relation  between  circulating  vitamin  D  concentration  in
serum and malignancy risk  in  colon and rectal  region,  however,
this  study  did  not  identify  any  connection  between  the  risk  of
colorectal  carcinoma and circulating levels  of  DBP or the molar
ratio  between  25(OH)D  and  VDBP;  while  increased  vitamin  D
levels  were  affiliated  with  a  lower  risk  of  cancer  in  colorectal
area,  VDBP  did  not  appear  to  have  a  straight  or  modifying
role[29]. Research by Song et al. highlighted the opposite connec-
tion between plasma 25(OH)D levels and malignancy in the spe-
cific colorectal region of body characterized by a robust immune
reactivity,  underscoring  vitamin  d’s role  in  cancer   immuno-
prevention  particularly  focusing  on  the  interaction  between  the

immune  response  of  the  host  and  the  tumor[30].  In  a  randomized
trial with advanced colorectal cancer patients,  no significant dif-
ference in progression-free survival was found between those get-
ting high-dose vitamin D3 and chemotherapy and those receiving
standard-dose vitamin D3, although the hazard ratio for progres-
sion-free survival was 0.64[31].
The summary of all the clinical trials conducted showing associ-

ation between serum vitamin D level and CRC is given in Table 1. 

Polymorphism in the genes that encode enzymes
The  enzyme  breaks  down  25-hydroxyvitamin  D  and  1,25-di-
hydroxyvitamin  D,  25-hydroxyvitamin  D  24-hydroxylase  (en-
coded by CYP24A1)[32]. A 2014 study linked genetic variations in
Vitamin D metabolism to CRC risk in African Americans, which
identified  a  significant  association  between  CRC  and  the  SNP
rs12794714  in  the  CYP2R1  gene,  along  with  two  other  SNPs,
rs16847024  in  the  GC  gene  and  rs6022990  in  the  CYP24A1
gene[33]. The elevated CYP27B1 expression indicates possible be-
nefits from  vitamin  D  treatment,  especially  in  well  and  moder-
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Fig. 2. Mechanism of vitamin D at the cellular level.
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ately differentiated tumors[34]. Conversely, the low CYP27B1 ex-
pression in poorly differentiated colorectal cancer suggests resist-
ance  of  the  cancer  cells  to  calcitriol  actions[34].  Inhibiting
CYP24A1  could  enhance  calcitriol's  anti-tumor  effect[34].
CYP27B1 affects the tissue-level exposure to Vitamin D and has
anti-tumor activity potential[35]. A study by Jacobs et al. revealed
that compared to wild-type control, four of five CYP27B1 SNPs
(R107H, A129T,  S356N,  and  V374A)  showed  decreased   en-
zymatic  action  while  one  (V166L)  showed  increased  activity[35].
All four  tested  polymorphisms  of  CYP24A1  SNPs  were   associ-
ated  with  lower  enzyme  activity[35].  Latacz  conducted  a  study
with 325  cases  and  discovered  a  statistically  significant   associ-
ation between  genetic  variation  in  the  CYP27B1  gene  and   re-
duced  occurrence  of  colon  malignancy[36]. Vidigal  and  his   col-
leagues  conducted  a  study  that  reported  that  VDR,  CYP24A1,
and CYP27B1  polymorphisms  were  linked  to  increased   malig-
nancy in the colon region[37]. 

Vitamin D binding protein (VDBP) in CRC
 

VDBP level in serum of patients with CRC
Vitamin  D  binding  protein  is  an  essential  carrier  molecule  that
transports  vitamin  D metabolite  in  serum,  and  its  weight  ranges
from  52  to  59  kDa;  GC-globulin  (GC),  also  called  vitamin  D
binding globulin,  is  an α2-globulin made up of 458 amino acids
and is predominantly synthesized by liver parenchymal cells[20,38].
Around 88% of circulating 25(OH)D is  attached to VDBP, with
12%  loosely  bound  to  albumin  besides  transporting  vitamin  D
metabolites, DBP also exhibits anti-inflammatory and immunore-
gulatory properties,  potentially  influencing  various  chronic   dis-
eases[5]. Experimental studies show that VDBP may suppress tu-
mor growth through different  mechanisms,  including actin scav-

enging, activation of  macrophages,  chemotaxis,  and angiogenes-
is suppression, though its exact role in colonic carcinogenesis re-
mains unclear[23,38]. Several in vitro studies showed that DBP is a
co-chemotactic  factor  that  significantly  improves  the  neutrophil
chemotactic  response  of  C5a  and  its  derivative,  C5a  des  Arg[39].
In  vivo  studies  of  DBP  report  that  DBP's  chemotactic  cofactor
activity is not limited to C5a but also other leukocyte chemo at-
tractants[39].  Colon  epithelial  cells  facilitate  the  access  of  DBP-
bound 25(OH)D into  colon cells  through the  Megalin  and Dab2
receptors,  which  endocytose  the  complex[5].  A  comprehensive
analysis of 28 studies found that higher VDBP levels (mean ser-
um VDBP level 383 microgram/ml showed less mortality) are re-
lated to a borderline decreased risk of multiple cancers, including
colorectal cancer, and increased survival,  potentially due to VD-
BP prolonging the anti-cancer properties of 25(OH)D by extend-
ing its half-life and facilitating its cellular uptake via the Megalin
receptor[23]. 

Vitamin D- binding protein genetic polymorphisms
Two frequently studied GC polymorphisms (rs4588 and rs7041)
result in amino acid alterations at  positions 416 and 420, produ-
cing three prevalent phenotypic alleles (1F, 1S, and 2) and encod-
ing the DBP protein isoforms Gc1s, Gc1f, and Gc2, which are as-
sociated with in vitamin D metabolism[20,39]. The affinity for  vit-
amin D is different for GC isotypes. It varies significantly by race-
ethnicity,  as White individuals exhibit  a  lower prevalence of the
1F isotype than 1S but frequent allele 2, which is the least com-
mon  overall[20]. Combining  data  from  studies  involving   colono-
scopy,  we found that  increased 25(OH)D3 levels  were inversely
linked to the risk of colorectal adenomas in people with specific
Gc2  trait  but  not  in  individuals  possessing  only  Gc1  trait;  thus,
people  who  have  Gc2  isoform  can  maintain  higher25(OH)D3

 

Table 1.  Studies showing serum Vitamin D level and CRC association.

Author
(Year)

Study
Design

Number of
Cases Association P-values

Savoie et al.
(2019)[27] Cohort 94

Primary endpoint: occurrence of vitamin D
deficiency in patients with recently
diagnosed CRC.

Vitamin D status was significantly
associated with CRC stage at diagnosis.
p = 0.02;
Relationship between vitamin D
supplement dose and baseline 25(OH)D
level; Spearmanr2 = 0.39, p < 0.045

Weinstein et
al. (2015)[29]

Nested Case-
control 476

OR = 0.60 [95% CI: 0.38-0.94] for highest
vs. lowest quantile p = 0.01

Song et al.
(2015)[30]

Nested Case-
control 318

The association varied depending on the
extent of immune response within the
tumor- highest vs. lowest tertile of immune
response.

High lymphocytic reaction OR = 0.10 (CI:
0.03–0.35)
Mild and absent lymphocytic reaction

p < 0.001

ptrend > 0.50

Jung et al.
(2014)[3]

Prospective
cohort

1059 incident
colorectal
cancer cases

Highest vs. Lowest Quintile of predicted
25(OH)D scores: Multivariate HR (CRC
risk): 0.48 (0.30–0.78) for VDR-negative
tumor 0.56 (0.42–0.75) for VDR-positive
tumor

Young Na et
al. (2022)[21]

Nested case-
control 274

OR = 0.45 [95% CI: 0.25–0.81] For
quartile 4 vs. quartile 1 p = 0.02
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concentrations  for  adenoma  prevention[40]. Individuals  with   spe-
cific  DBP isoforms,  such as 2_2,  may experience more efficient
metabolite  delivery  and  release  at  the  cellular  level,  even  with
lower  25(OH)D  levels,  due  to  efficient  GC-megalin  interaction,
potentially impacting health outcomes like colon cancer[20]. 

Clinical  studies  on vitamin D-binding protein concentrations
CRC patients
A clinical trial of ‘Ursodeoxycholic Acid (UDCA)’ consisting of
403 participants  showed that  cellular  uptake of  vitamin D signi-
ficantly varies depending on genetic variation (Gc isotype) in dif-
ferent concentrations and conditions (p < 0.01)[20]. Another study
included  104  CRC  cases,  showing  that  higher  serum  VDBP
levels are linked to a less aggressive tumor trait in African Amer-
ican cases, particularly indicated by reduced expression of tumor
Ki67,  potentially  indicating  a  role  in  anti-tumor  immunity
through  VDBP-MAF complex  formation,  warranting  further   in-
vestigation  in  longitudinal  studies  for  CRC  survival  implica-
tions[41].  Gc-MAF,  formed  from  DBP  after  de-glycosylation
through  β-galactosidase and  sialidase  of  the  B  and  T   lympho-
cytes,  can activate  the  tumoricidal  activity  of  macrophages[42].  It
can inhibit angiogenesis (one of the drivers of carcinogenesis) in-
duced by pro-inflammatory prostaglandin E1 by interacting with
the  CD36  receptor,  with  promising  benefits  as  novel  anticancer
immunotherapy in several clinical studies[42]. A clinical trial con-
sisting of 627 eligible patients with a total of 25(OH)D levels and
603 with available VDBP levels showed that higher VDBP levels
were significantly linked to enhanced overall survival along with
CRC-specific survival, in individuals with the highest quartile of
VDBP having a lower risk of mortality relative to those in the re-

duced  quartile[23].  A  case-control  study  by  Gibbs  and  colleagues
published  in  2019  (1710  incident CRC  cases)  explored  the   in-
verse  association  between  increased  circulating  25-hydroxyvit-
amin-D levels and CRC occurrence with respect to the functional
GC-rs4588*A  (Thr436Lys)  variant  that  encodes  the  vitamin
D–binding protein-2 isoform and DBP2 isoform were more likely
related to reduced 25(OH)D levels than the DBP1 isoform due to
less renal absorption of 25(OH)D, shorter circulation time in ser-
um,  and  minimal  affinity  constant  to  25(OH)D[43].  A  study  in
China (212 CRC patients) found no significant link between cir-
culating VDBP levels and colorectal cancer risk but did find that
higher  levels  of  total  25(OH)D  were  linked  to  a  lower  risk  of
CRC, suggesting that while VDBP may not be directly related to
CRC  risk,  it  does  affect  the  levels  of  free  and  bioavailable
25(OH)D[44]. Table 2 summarizes the studies that examine the as-
sociation between vitamin D binding protein and CRC. 

VDR Influences Colorectal Cancer Progression
Outcomes
 

Serum VDR levels in colorectal cancer
The  active  byproduct  of  vitamin  D,  1,25(OH)2D3,  modulates
downstream gene expression by binding to VDR and plays a role
in immune  response,  cell  death,  cellular  differentiation,  matura-
tion,  and  cancer  development[45].  VDR,  a  nuclear  receptor,  is
present  in  colorectal  epithelial  and  various  cells[46].  The  VDR
gene is  situated on the long arm of chromosome 12 (12q13-14),
covering about 75 kb. It has nine exons with several SNPs linked
to  VDR function,  including  five  common  ones[47].  According  to

 

Table 2.  Studies show the association between serum vitamin D binding protein and CRC.

Author
(Year)

Study
Design

Number of
Cases Association with CRC

Ying et al.
(2015)[44]

Nested case-
control

212 incident
CRC patients

Highest (Q4) vs Lowest Quartiles (Q1) of serum VDBP level was not linked to the occurrence of
CRC; p = 0.944, OR = 0.93 [95% CI:0.51–1.69] for Q4:Q1; Similar results even after adjustment
for 25(OH)D.
Highest (Q4) vs Lowest Quartiles (Q1) of:
● Total 25(OH)D in plasma and the risk of CRC; p = 0.027, OR = 0.53 [ 95% CI:0.29–0.98]
● Free 25(OH)D and the risk of CRC; p < 0.001, OR = 0.42 [95% CI:0.22–0.82]
● Bioavailable 25(OH)D and the risk of CRC; p = 0.006, OR = 0.29 [95% CI:0.15–0.56]
Similar results were obtained even after adjustment for VDBP.

Gibbs et al.
(2018)[40]

Pooled data
from 3 case-
control
studies

418 patients
with adenoma

Elevated levels of 25(OH)-D3 were linked to decreased risk of colorectal adenoma inGc2 trait
of the gene encoding DBP: per 10 ng/mL rise in 25(OH)D3, OR = 0.71, 95% CI:0.56–0.90; p-
value for Interaction = 0.03; No association with Gc1 isoforms: OR = 1.07 (95% CI:0.87–1.32)

Gibbs et al.
(2019)[43]

Nested case-
control

1710 incident
CRC cases

Correlation between 25(OH)D levels below 50 nmol/L for each DBP2-encoding variant
(rs4588*A) inherited: OR = 1.43 [95% CI:1.27–1.62] trend = 1.2 × 10−8

53% reduced likelihood of CRC in people with the DBP2 insomnia: RR = 0.47 [95%
CI:0.33–0.67]; 12% lower risk among those without the DBP2 isoform: RR = 0.88 [95%
CI:0.61–1.27] heterogeneity = 0.01

Yuan et al.
(2020)[23]

Nested case-
control

603 white
participants
with incident
CRC cases

Correlations between the serum status of vitamin D-related biomarkers before CRC diagnosis
and survival:
Lowest quartile vs. Highest quartile of VDBP:
● CRC-specific mortality HR = 0.58 (95% CI:0.37–0.91) p trend = 0.02
Similar results after adjustment for a total of 25(OH)D levels.
No link between bioavailable or free 25(OH)D levels and mortality in CRC cases; p trend > 0.15

Lawler et al.
(2023)[41]

Nested case-
control

104 CRC
cases

25-hydroxyvitamin D were not linked to:
Elevated Ki67 (OR per 1-SD increase [95% CI:1.35 [0.86–2.11]); p53 (OR = 0.75 [0.47–1.20]);
COX-2 expression (OR = 1.25 [0.78–2.01]); Metastatic disease (OR = 1.04 [0.59–1.81])
Biomarker level was not correlated with 25-hydroxyvitamin D (p trend ≥ 0.09);
In African Americans: Higher VDBP levels were linked to reduced odds of high Ki67
expression, OR = 0.53 [95% CI: 0.28–0.98]; p trend = 0.04

 

REVIEW ONCOLOGY
 

42 Diseases & Research, 2025, vol. 5: 37–46



most studies on human cancer cells,  the expression of VDR and
CYP27B1  increases  initially  at  the  transformative  stage  of  the
cancer.  However,  the  more  aggressive  the  tumor  becomes,  the
VDR and  CYP27B1  levels  decline,  and  CYP24A1  slowly   in-
creases[48]. While no statistically significant correlation was found
among Asians, the VDR BsmI allele and genotype were linked to
a decreased  incidence  of  colorectal  cancer  in  Caucasians,   sug-
gesting that carriers of the BsmI B-allele provided a safeguarded
factor in Caucasians[45]. 

VDR gene Polymorphisms in patients with CRC
Over 60 SNPs have been identified in the VDR gene[45]. Recently
Several  molecular  studies  have  discovered  many  single-nucle-
otide  polymorphisms  (SNPs)  in  the  human  VDR  and  CASR
genes  including  FokI  (rs10735810),  BsmI  (rs1544410),  TaqI
(rs731236)  in  VDR  and  A986S  (rs1801725)  and  R990G
(rs1042636) in CASR[46,49]. The FokI polymorphism at the 5' end
of exon 2 is a nonsynonymous SNP associated with the VDR pro-
tein  frameshift[45]. Zhang  and  his  colleagues  showed  no   interac-
tion between different types of VDR genes (such as FokI, BsmI,
ApaI,  and  TaqI)  and  CRC  occurrence.  However,  some  relation
was found between the ApaI form of VDR and vitamin D intake
with respect to colon cancer occurrence[50]. A mutation in CDX-2,
an  intestinal-specific  transcription  factor  found  in  the  VDR's  5 ′
region,  causes  G  >  A  sequence  diversification  and  controls  the
action  of  the  promoter  at  exon  1,  and  compared  to  the  A allele,
the  promoter  containing  the  Cdx-2 G  allele  has  30%  less   tran-
scriptional activity[45]. 

Clinical  studies  of  VDR  Polymorphism  in  individuals  with
colorectal cancer

Control  study  (n  =  364)  held  in  Bangkok,  Thailand,  between
2014  and  2015  showed  no  substantial  connection  in  allele  and
genotype frequency in VDR SNP. In contrast,  the AGGT haplo-
type was markedly correlated with reduced CRC risk. (odds ratio
0.24, 95% confidence interval 0.07–0.81, p = 0:01)[47]. This study
found that the haplotype AGGT of BsmI, Tru9I, ApaI, and TaqI
was strongly correlated with CRC. However, the correlation was
weak,  with  only  0.9%  and  3.6%  allele  frequencies,  respecti-
vely[47].  A study on the  Newfoundland population  assessed TaqI
and  BsmI  polymorphisms  in  one  block  for  CRC  survival  and
found no significant association[46]. In a clinical trial conducted in
Saudi  Arabia,  all  colorectal  cancer  patients  (n  =  50)  had  prior
treatment experience  and  had  completed  their  entire   chemother-
apy  regimen;  healthy  controls  (n  =  50)  were  also  included[51].  It
showed that the homozygous (aa) version of the ApaI VDR poly-
morphism  aligned  with  total  vitamin  D  levels  but  not  with
25(OH)D3  concentrations  in  CRC  patients,  and  Ca  levels  were
found to be notably decreased in CRC patients with the Aa geno-
type  compared  to  those  with  AA or  aa  genotypes  (p  =  0.04)[51].
Peripheral blood  was  collected  from  397  colorectal  cancer   pa-
tients  (202  with  stage  II/III  and  195  with  stage  IV),  along  with
control  samples  from  40  patients  with  adenomatous  polyps  and
100  healthy  donors,  and  PCR-RFLP  was  employed  to  genotype
both patient and control samples[52]. Table 3 offers an overview of
studies emphasizing the connection between vitamin D receptors
and colorectal cancer. 

In vivo studies of CRC in mice model with vitamin D Receptor

One of the previous studies has indicated that low intestinal VDR
protein levels or VDR targeted deletion in the intestinal epithelial
may result in dysbiosis, reduced autophagy, and a decrease in the
inflammatory  bowel  disease  risk  ATG16L1  (autophagy-related
16 like 1)[53,54]. The researchers investigated the effects and mech-
anisms of intestinal epithelial VDR in healthy and inflamed con-
ditions using cell culture models, which is a targeted VDR dele-
tion mouse model,  colitis  models,  and human samples[53]. In  an-
other  trial,  researchers  created  lentivirus-delivered VDR   silen-
cing and overexpression in SW480 cells, identified critical genes
involved  in  Wnt/β-catenin signaling,  and  tracked  tumor   forma-
tion  in  nude  mice  exposed  to  VDR-OE  SW480  cells  by  using
various  techniques  like  Co-immunoprecipitation  and  Chromatin
showing VDR interacts with β-catenin and activates LEF-1 tran-
scription in  vitro  where  VDR  overexpression  significantly   de-
creases tumor  growth  in  nude  mice  by  suppressing  the   expres-
sion of β-catenin, cyclin D1, and LEF-1 Immunoprecipitation[22]. 

Conclusion

Calcitriol, the active vitamin D, fights cancer by inhibiting tumor
growth, blocking  angiogenesis,  inducing  apoptosis  and   auto-
phagy, and  reducing  inflammation.  It  also  downregulates   onco-
genic  pathways  like  Ras  and  Wnt/β-catenin signaling  and   sup-
presses cell  cycle  regulators.  Epidemiological  studies  have   con-
sistently  shown an opposing link between serum 25-hydroxyvit-
amin D [25(OH)D]  levels  and  colorectal  cancer  risk.  While  vit-
amin D receptor (VDR) polymorphisms influence colorectal can-
cer  susceptibility  and  progression,  their  precise  effects  can  vary
due  to  genetic  and  environmental  factors,  highlighting  the  need
for further  research  to  clarify  their  clinical  significance.  Contin-
ued research is crucial to uncover new perceptions of the tumor-
suppressing  mechanisms  of  vitamin  D  and  to  determine  patient
populations  that  may  benefit  most  from  this  adjunctive  therapy.
Additional clinical  studies  focusing  on  common  single   nucle-
otide  polymorphisms  (SNPs)  in  the  VDR  gene  related  to
colorectal  cancer  could  provide  valuable  insights.  Furthermore,
clinical trials  have identified  a  link between genetic  polymorph-
isms  in  vitamin  D  metabolizing  enzymes  and  colorectal  cancer,
particularly  in  African  American  populations,  suggesting  the
need for further exploration across other populations. Addressing
the clinical demand for vitamin D uptake variations due to genet-
ic  differences  involves  a  multifaceted  approach  that  integrates
personalized  medicine,  public  health  strategies,  and  advanced
diagnostic  tools:  (1)  Identifying  variations  in  genes  involved  in
vitamin  D  metabolism  (e.g., CYP2R1, GC,  VDR) can  help   de-
termine individual needs for vitamin D; (2) Pair vitamin D levels
with  genetic  data  to  understand the  functional  impact  of  genetic
variations; (3) Develop initiatives for at-risk populations, such as
certain  ethnic  groups  or  individuals  with  low  sun  exposure;  (4)
Develop vitamin D analogs or targeted therapies that bypass ge-
netic  limitations;  (5)  Use  drug  delivery  systems  that  optimize
bioavailability for individuals with absorption or metabolic chal-
lenges;  (6)  Invest  in  research  to  understand  the  interaction
between genetic variants and environmental factors affecting vit-
amin  D  metabolism.  By  combining  these  strategies,  healthcare
systems can  effectively  address  the  variability  in  vitamin  D  up-
take  due  to  genetic  differences,  improving  health  outcomes  and
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reducing the  burden  of  diseases  associated  with  vitamin  D defi-
ciency.
The current limited clinical research on vitamin D binding pro-

tein (VDBP), VDR gene expression, and vitamin D activating en-
zymes indicates  that  more  research  could  advance  the   develop-
ment  of  vitamin  D3  analog-based  therapies  for  more  effective
colorectal cancer prevention and treatment. 
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Table 3.  Studies showing association between Vitamin D receptor and Cancer in colorectal Region.

Author
(Year)

Study
Design

Number of
Cases Association and Findings

Yang et al.
(2023)[45]

Meta-analysis
(45 studies) 19,673

Polymorphism

Comparison
between
different
isoforms

OR [95% CI] p-value

Bsml variant and
CRC risk

B vs b 0.94 [0.90–0.99] 0.013

BB vs bb 0.88 [0.79– 0.97] 0.01

BB vs Bb/bb 0.89 [0.81–0.98] 0.014

Fokl polymorphism
and CRC risk

Ff vs FF 0.86 [0.84–0.93] < 0.001

Ff/Ff vs FF 0.88 [0.79–0.98] 0.022

Ff vs Ff/FF 0.9 [0.82–0.99] 0.033

Cdx-2 polymorphism
and CRC risk

C vs c 0.5 [0.33–0.75] 0.001

CC vs cc 0.09 [0.01–0.77] 0.028

Cc vs cc 0.49 [0.30–0.81] 0.006

CC/Cc vs cc 0.45 [0.28–0.74] 0.001

Suksawatamnuay
et al. (2020)[47] Case-control 182

No significant allele and genotype association in VDR SNPs.
AGGT haplotype associated with decreased CRC risk
p = 0.01 [95% CI: 0.07–0.81], OR = 0.24

Al-Ghafari et al.
(2019)[51] Case-control 50

aa version of the ApaI VDR polymorphism has correlation with total level of vitamin D, p <
0.0001
No correlation with 25(OH)D3 in CRC patients (p = 0.12)
Calcium levels were lower in Aa genotype CRC patients compared to AA or aa, (p = 0.04)

Messaritakis et al.
(2020)[52]

Retrospective
cohort 397

All the homozygous mutant genotypes (aa, bb, ff or tt) were significantly associated with
CRC particularly stage IV, leading to lower survival (p < 0.001)

All four polymorphisms were significantly associated with TLR and KRAS variants
Independent factors associated with lower overall survival (OS), tt (p = 0.01),
aa (p < 0.001), ff (p = 0.01)
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