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Abstract
The objective of this review was to analyze components of the vitamin D and their potential in
preventing and treating colorectal cancer. The active form of vitamin D, 1α25 (OH2) D3, targets
the wnt/β-catenin pathway by up regulating key tumor suppressor genes such as e-cadherin, which
promotes an epithelial phenotype, but this effect is only useful when the vitamin D receptor
(VDR) is present. Colorectal cell lines have shown that VDR expression levels decrease in the
later stages of colon cancer. In colorectal cancers with low VDR expression, treatments could
target the genomic and epigenomic level alterations to increase VDR expression through
modulating transcription factors such as SNAIL1 or utilizing histone deacetyltransferases (HDAC)
inhibitors, respectively. Finally, epidemiological studies suggest that the current RDA should be
raised to 2000IU in order to raise serum 25(OH)D3 levels above 30ng/ml, this increase in vitamin
D status can most efficiently be obtained from sun exposure or vitamin D supplementation. In
summary, vitamin Dand its metabolites could be utilized for treatment and preventive strategies
for colon cancer.
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Introduction
Colon Cancer

According to the American Cancer Society, colon cancer is the third most commonly
diagnosed cancer and the third leading cause of cancer death. Colon carcinogenesis begins
with the development of adenomatous polyps, which are usually benign but if left untreated
or undetected can develop into metastatic cancer. As with most cancers, colon cancer
exhibits disrupted signaling. One of the key pathways that is disrupted in colon cancer is the
wnt/β-catenin signaling pathway, which is often regarded as part of the initial event leading
to colon cancer 1, 2. In a normal cell, the wnt/β-catenin signaling pathway is tightly
regulated. β-catenin is normally regulated by the phosphorylation of the NH2 terminal
region by glycogen synthase kinase-3β (GSK3). The cytosolic proteins axin and
adenomatous polyposis coli (APC) are required for GSK3 to properly phosphorylate β-
catenin, which can then be targeted for degradation 3–5. In colon cancer, the wnt/β-catenin
pathway is disrupted due to mutations in β-catenin or APC; for example, APC is mutated in
80–90% of colon cancers 6. These mutations prevent the phosphorylation of β-catenin and
contribute to its accumulation in the cytosol of the cells, un-phosphorylated β-catenin then is
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able to migrate and accumulate in the nucleus7, 8. Once in the nucleus, β-catenin dimerizes
with DNA-bound T cell factor (TCF1–4), which lead to the expression of genes (e.g., c-myc,
cyclin D1) capable of inducing the transformation of normal cells into an oncogenic
phenotype 9–12. Recent research has suggested that components of the vitamin D pathway
can modulate the unregulated wnt/β-catenin signaling.

Vitamin D(1α25 (OH2) D3) and Vitamin D Receptor (VDR) and Colon Cancer
Vitamin D3 (cholecalciferol) is a fat soluble vitamin that can be obtained both endogenously
and exogenously. Mammals have the ability to generate vitamin D3 by exposing the skin to
ultraviolet light, which causes7-dehydrocholesterol to convert into vitamin D3.
Alternatively, mammals can obtain vitamin D3 from dietary sources, specifically dairy
products13. In order to form the active form of vitamin D3, 1α25-dihydroxycholecaliferol
(1α25 (OH2) D3), vitamin D3 is hydroxylated by 25-hydroxylase and 1α hydroxylase in the
liver and kidney, respectively14. 1α25 (OH2) D3 can then act as a steroid messenger to carry
out multiple cellular functions by mediating its effects through the vitamin D receptor
(VDR).

Unbound 1α25 (OH2) D3 can enter a cell and bind to a VDR present in the cytoplasm or the
nucleus15. VDR is classified as a class II nuclear receptor, and can heterodimerize with
retinoid X receptor (RXR). Once this heterodimer is formed, it can bind to the vitamin D
response elements (VDREs), which are located in the promoter region of key genes 16.
Many vitamin D target genes have been found to regulate cell cycle arrest and cell
differentiation, p21, p27, and e-cadherin 17, 18. Therefore, it has been proposed that 1α25
(OH2) D3 can possibly be used as a therapeutic for cancer by mediating its effects through
the VDR and up-regulating the above genes.

The above processes require the presence of VDRs. VDRs are expressed in normal colonic
cells, but it has been shown that VDR expression levels decrease in the later stages of colon
cancer; the mechanism behind this phenomenon is not fully understood 19. Therefore,
treatment with 1α25 (OH2) D3 may not be as effective in the later stages of colon
carcinogenesis. It has been suggested that both genomic and epigenetic modifications might
be involved in the reduction of VDR expression. 20–25 For instance, Malinen et al.
demonstrated that the down regulation of 25 (OH)D3 due to HDACs can be overcome with
the use of HDAC inhibitors. 26 Furthermore, it is proposed that an individual could reduce
their risk to colorectal cancer approximately 30–50% by either increasing vitamin D intake
to 2000 IU/day or increasing their sun exposure to raise blood levels of 25 (OH)D3 to
greater than 30 ng/ml 27. Recently, case control studies have shown an inverse relationship
between serum 25 (OH)D3 and the incidence of polpys or adenomas in the colon.28, 29

Taken to gather, these studies suggest that a greater understanding of the protective
molecular actions of vitamin D against colon cancer should be pursued. The purpose of this
paper is to determine how better treatments and preventative strategies for colorectal cancer
might be developed utilizing components of the vitamin D pathway.

Possible mechanisms of 1α25 (OH2) D3 in the differentiation phenotype of colon cancer
cells

The wnt/β-catenin signaling pathway is highly unregulated in most colon cancers due to the
over expression of cell division/metastatic genes by accumulated β-catenin, contributing to a
highly proliferative undifferentiated cell phenotype 30. Recently, it has been shown that
1α25 (OH2) D3 promotes the differentiation of colon cancer cells by stimulating e-cadherin
and inhibiting β-catenin signaling 18. E-cadherin is a key protein that is involved in the
adhesion properties of epithelial cells 31, 32. The loss of e-cadherin is associated with the
modulation of a normal epithelial cell phenotype to a more invasive metastatic phenotype;
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therefore, it is considered a tumor-suppressor 33, 34. However, β-catenin is considered a
proto-oncogene because if unregulated it could contribute to the constitutive transcription of
cellular proliferative genes 35. In Palmer et al., investigators used SW480 cells, a well
characterized human colon cancer cell line, to determine the effects of 1α25 (OH2) D3 on e-
cadherin and β-catenin 25. The SW480-ADH colon cancer cells express low levels of e-
cadherin and accumulate elevated amounts of nuclear β-catenin. In addition, Palmer et al.
showed that with the addition of 1α25 (OH2) D3 the VDR positive SW480 (SW480-ADH)
cells developed a differentiated phenotype by increasing the mRNA expression of e-
cadherin and accelerating the translocation of β-catenin from the nucleus to the cytoplasm.
Moreover, 1α25 (OH2) D3 decreased β-catenin-TCF-4 transcription activity by increasing
ligand-activated VDR 25. Mariadson et al. also demonstrated that the down-regulation of β-
catenin-TCF interaction is related to the differentiation of colonic cells 36. The above
experiments have been repeated in a sub-line of SW480 cells. The SW480-R cells express
residual levels of VDR compared to the SW480-ADH cells, so the addition of 1α25 (OH2)
D3 has no effect. Moreover, experiments conducted in the metastatic derivative of the
SW480 cells, SW620, also have very low levels of VDR and did not respond to the addition
of 1α25 (OH2) D3 25, 37.

It has been discussed that 1α25 (OH2) D3 can promote a differentiated phenotype in colon
cancer cells by up-regulating e-cadherin 25. However, 1α25 (OH2) D3 could be aiding
differentiation via other mechanisms. Recently, it has been found that 1α25 (OH2) D3 can
induce the wnt antagonist DICKKOPF-1 (DKK-1) gene in colon cancer cells 38. The wnt/β-
catenin pathway requires the presence of both the frizzled receptor and LDL receptor-related
protein (LRP5/6); both receptors form a complex that accepts a wnt ligand and induces the
wnt/β-catenin canonical pathway 39, 40. DKK-1 is a protein that can bind to the LRP 5/6
receptor and induce endocytosis; therefore, preventing the formation of the wnt-frizzled-
LRP5/6 receptor complex, which decreases wnt/β-catenin canonical signaling 41, 42. It has
been shown that DKK-1 transcription is increased by β-catenin/TCF-4, and should provide a
negative feedback to wnt/β-catenin signaling; however, DKK-1 expression is low in colon
cancer suggesting this feedback mechanism is disrupted 43. Moreover, it has been shown
that key CpG island promoters of two wnt-inhibitors (DKK-1 and Wnt inhibitory factor-1
(WIF-1))are hypermethylated in colon cancer, which contribute to their decreased
expression and lack of activity 44. Aguilera et al. has shown that 1α25 (OH2) D3 increases
both DKK-1 mRNA and protein expression in SW480-ADH colon cancer cells. Moreover,
researchers used immuno-deficient mice supplemented with EB1089 (vitamin D analog) and
showed an increased expression of DKK-1 45. A less studied member of the DKK family is
DKK-4. Interestingly, DKK-4 has contrasting effects compared to DKK-1. Franco et al.
reported that DKK-4 was up-regulated in human colorectal tumors and had an inverse
relationship with VDR expression. Moreover, it was demonstrated that DKK-4 was a down-
stream target of TCF/β-catenin. However, in the presence of 1α25 (OH2) D3, DKK-4
expression was decreased 45. Therefore, it could be suggested that 1α25 (OH2) D3 can
simultaneously hinder the wnt/β-catenin pathway and promote an epithelial phenotype by
increasing the wnt antagonists (DKK-1) and decreasing the wnt agonist (DKK-4).

1α25 (OH2) D3 may also mediate its effects by interacting with transcription factors
involved in epithelial cell function such as inhibitors of DNA-binding proteins (Id). Ids are
important regulators of development, but if uncontrolled can promote tumorigenesis 46.
Moreover, Ids have been found to contribute to colon carcinogenesis 47. Understanding the
fact that 1α25 (OH2) D3 promotes colonic cellular differentiation, Fernandez-Garcia et al.
proposed that 1α25 (OH2) D3 may alter Id expression in colon carcinoma cells 48. Using
SW480 colon cancer cells, researchers demonstrated that treatment with 1α25 (OH2) D3
increased Id1 expression, which remained high in the differentiated phenotype. However,
the presence of 1α25 (OH2) D3 decreased Id2 expression and promoted an anti-proliferative
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effect possibly by decreasing c-myc and the number of TCF/β-catenin complexes48.
Interestingly, researchers also found that 1α25 (OH2) D3 blocked angiogenesis by
decreasing such factors as vascular endothelial growth factor (VEGF)48. This area of
research is very new and should be explored more in order to further characterize the roles
of Id1 and Id2 in colon carcinogenesis. 1α25 (OH2) D3 may be promoting a normal
epithelial phenotype in colon cancer cells through the above mechanisms; this is
summarized in figure 1. However, many of these protective mechanisms are dependent on
the presence of VDR, which is known to decrease as the progression of colon cancer
advances. However, it is possible to explore reasons why VDR expression decreases in order
to provide interventions so that treatment with 1α25 (OH2) D3 can be more effective.

Low VDR expression in colon cancer: explanations at a genomic and
epigenomic level
Low VDR expression in Colon Cancer: a Genomic Explanation

As mentioned previously, most colon carcinomas express very low levels of VDR in the
later stages of development; therefore, this makes treatment with 1α25 (OH2) D3
challenging. Little is known on how or why the VDR expression levels decrease in colon
carcinogenesis. However, if the mechanism is discovered then treatment strategies can be
targeted to increasing VDR expression in the later stages of colon carcinogenesis. One
potential mechanism for the low VDR expression in colon cancer involves a transcription
factor called SNAIL1. SNAIL1 has been correlated with low VDR expression in human
colon cancers 49. SNAIL1 is a zinc-finger transcription factor that binds to the VDR gene
promoter and represses activity and therefore decreases VDR mRNA expression
levels 23, 49; this is summarized in figure 2a. SNAIL1 has been well characterized in tumor
invasion and epithelial mesenchymal transition (EMT), and has also been shown to suppress
e-cadherin gene expression 50, 51. In Larriba et al., severe immune-deficient female scid
mice were injected with either 5×10^6 SNAIL1 or mock-infected SW480 cells and treated
with either a placebo or EB1089 (vitamin D analog) 21. Also, they used SW480- ADH cells
and 1α25 (OH2) D3 for numerous in vitro experiments 21. Collectively, for the in vitro
studies, the authors discovered that SNAIL1 diminished the translocation of β-catenin from
the nucleus that was induced by 1α25 (OH2) D3 in the SW480 cells; therefore, the
expression of genes activated by β-catenin were increased. Also, the presence of SNAIL1
removed 1α25 (OH2) D3 inhibition on cell proliferation and decreased VDR protein
expression. For the animal studies, Larriba et al. found that in the animals injected with the
SNAIL1 SW480 cells, the nuclear exportation of β-catenin induced by EB1089 was
significantly decreased compared to the mock-infected animals 21. In short, the above study
concluded that SNAIL1 positively regulated the wnt/β-catenin pathway, decreased VDR
expression, and potentially abolished the abilities of 1α25 (OH2) D3 to differentiate colonic
cells.

It is well known that transcription factors work with other transcription factors in order to
fine-tune the transcription of target genes. Therefore, it is of little surprise that researchers
discovered that SNAIL1 was coordinating with other transcription factors in order to
regulate VDR expression levels. One of these potential transcription factors is ZEB1. This
unique transcription factor has the ability to down-regulate e-cadherin expression and
stimulate VDR protein levels 52, 53. ZEB1 homodimerizes with ZEB2 and both are zinc-
finger transcription factors that can bind to the VDR promoter region 54. ZEB1 has the
ability to activate or repress transcription of key genes (e-cadherin, VDR), but this is
dependent on the recruitment of co-activators or co-repressors, respectively. ZEB1 has an N-
terminal region that can bind the co-activator, p300, an acetyltransferase which can alter
chromatin structure so that it is in an open conformation 55, 56. On the other hand, in order
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for ZEB1/ZEB2 to repress transcription they need to recruit a co-repressor, CtBP 57, this is
summarized in figure 2b. In the case of colon cancer, Pena et al. found an interesting
relationship between SNAIL1, ZEB1, VDR, e-cadherin, P300, and CtBP 20. Using tumors
collected from colon carcinoma patients, researchers measured mRNA levels of the above
by using RT-PCR. Results showed that when SNAIL1 was over expressed, e-cadherin and
VDR expression levels were decreased. However, both ZEB1 and e-cadherin expression
levels correlated with elevated VDR levels, but if the co-repressor, CtBP, was expressed,
then ZEB1 and e-cadherin had an inverse relationship. Moreover, high levels of p300
promoted a stronger correlation between ZEB1 and VDR expression; it could be proposed
that designing p300 analogs in order to promote this relationship over the ZEB1-CtBP
relationship might be beneficial 20. Overall, this study suggests that activities of SNAIL1
and ZEB1 are tightly regulated and dependent on the presence of co-activators or co-
repressors.

Researchers later discovered a potential role for SNAIL2 in the suppression of VDR in
colon cancer. SNAIL2, also known as SLUG, like SNAIL1, is a zinc-finger transcription
factor that contributes to EMT 58. SNAIL2 decreases e-cadherin gene expression and other
epithelial genes and is associated with a poor prognosis 59, this is summarized in figure 2c.
Approximately, 60–70% of human colon tumors express SNAIL1 mRNA and have a low
VDR expression 22, 49. However, VDR expression is low in approximately 80–90% of colon
cancers; therefore, it could be suggested that another transcription factor could contribute to
the down regulation of VDR in colon cancer. Therefore, Larriba et al. proposed that
SNAIL2 represses VDR promoter activity and consequently decreases VDR mRNA and
protein expression 22. Using SW480-ADH cells, it was found that SNAIL 2 decreased VDR
activity and when present with SNAIL1 had an additive effect of the inhibition of VDR
promoter activity. Like SNAIL1, SNAIL 2 blocked the effects of 1α25 (OH2) D3 on
increased e-cadherin expression and exportation of β-catenin from the nucleus. Using colon
tumors collected from humans, Larriba et al. found that SNAIL2 was up-regulated in 58% of
the tumors 22. Furthermore, if both SNAIL1 and SNAIL2 were present, then VDR
expression was significantly lower compared to a tumor expressing only one of the above
transcription factors 22. Since SNAIL1 and SNAIL2 are present in the later stages of
carcinogenesis, when malignant transformation is prevalent and VDR expression is low,
they can contribute to the constitutive activation of the wnt/β-catenin pathway and can be
potential targets for treatment.

As discussed thus far, 1α25 (OH2) D3 has the ability to promote differentiation in colon
carcinoma cells; however, this is only possible if VDR expression is sufficient. Previously,
we have discussed possible genomic explanations on why VDR expression might be down
regulated in colon cancer, but it is possible that low VDR expression levels might be
explained by epigenetics.

Low VDR expression in Colon Cancer: An Epigenetic Explanation
Recently, epigenetics and cancer have become a popular field of study. Epigenetics is the
study of changes in gene expression caused by mechanisms unrelated to changes in the
DNA sequence60. Unlike genetics, epigenetics is highly influenced by diet and lifestyle.
Since carcinogenesis has become a topic of interest, many researchers are considering
epigenetics as a potential contributor to cancer incidence and its progression. Colon cancer
is one of the few cancers that has a well established relationship between specific genetic
mutations and specific carcinogenic events 61. Slattery et al. has linked colon tumor
mutations and epigenetic alterations that are associated with some of the key genetic
polymorphisms that occur in colon carcinoma 24. Slattery’s results show that Fok1 VDR
polymorphisms were associated with CIMP positive (CpG island methylator phenotype) and
Ki-ras mutated colorectal tumors. However, the VDR polyA polymorphism was associated
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with a lower risk of developing Ki-ras mutations 24. In short, this study showed that the
progression of colorectal cancer was dependent upon polymorphisms of VDR. However,
other researchers believe that the VDR may not be mutated, but simply dys-functional.

Recently, it has been suggested that the relationship between 1α25 (OH2) D3 and VDR is
possibly skewed in colon carcinogenesis due to the presence of histone deacetyltransferases
(HDACs). HDACS are extremely active in carcinogenesis 62. Methylation often recruits
other co-repressors such as HDACs in order to silence key regulatory genes such as tumor
suppressors. HDAC’s alter nucleosome structure by removing acetyl groups from the n-
terminal of the tails of histone octamers. By removing the acetyl groups, the nucleosome
structure alters to a tight conformation and transcription is hindered 63. SNAIL1 often acts
as a repressing transcription factor and is highly activated during EMT; at which time
HDAC activity also increases 64. In colon cancer, it has been found that HDACs 1,2, and 3
have an increased expression, but the mechanism(s) behind this phenomenon are unknown.
Godman et al. used SW480 and HCT116 cells (another human colon carcinoma cell line)
and RNAi in order to determine the relationship between HDAC3 and vitamin D signaling.
Results showed that knockdown of HDAC3, decreased β-catenin translocation to the
nucleus, increased expression of key wnt inhibitors (TLE1 and TLE4), and increased
expression of VDR in SW480 and HCT116 cells. Cells with HDAC3 shRNA were also
more sensitive to the actions of 1α25 (OH2) D3 on cell cycle inhibition 25. A similar study
was conducted using Caco2 cells (an immortalized line of human colorectal adenocarcinoma
cells). The researchers treated cells with butyrate compounds (short-chain fatty acids
produced by the colon during fermentation by intestinal bacteria that can acts as HDAC
inhibitors) and found that VDR expression was increased 65. Therefore, HDAC inhibitors
are another potential mechanism in which scientists can alter VDR expression in colon
carcinogenesis in order to create a more effective treatment regime.

By understanding the mechanisms behind the decreased VDR expression observed in colon
cancer, we can target these mechanisms and potentially restore VDR expression. Therefore,
a likely future direction for this area is to create a treatment regime that includes both VDR
ligands (1α25 (OH2) D3) and HDAC inhibitors.

Utilizing Vitamin D to prevent Colon Cancer
The best treatment for cancer is prevention. Many epidemiological studies have shown that
high levels of serum 25-hydroxyvitamind D (25(OH)D3) are related to lower incidence rates
in many cancers, particularly colon cancer 66–68. 25(OH)D3 is a metabolite in the vitamin D
pathway that precedes the 1α hydroxylase in the kidneys in order to form 1α25 (OH2) D3.
The vitamin D pathway includes both endogenous and exogenous sources of vitamin D. In
other words, vitamin D3 from either exogenous or endogenous sources will both cause a
significant increase in serum 25(OH)D3. According to a study using data from NHANES
2000–2004, up to 78% of Americans have a serum levels less than 30ng/ml of 25(OH)D3 69.
Moreover, it has been shown that individuals who have 25(OH)D3 serum levels greater than
30ng/ml, which is considered an adequate amount of 25(OH)D3, have a 25% reduced risk
from dying of colorectal cancer 27. Moreover, Gorham et al. demonstrated that there is a
dose response relationship between serum 25(OH)D3 and the odds ratio of colon cancer. In
short, his work illustrates that when 25(OH)D3 serum levels reach 38ng/ml there is a 55%
reduction in colon cancer risk 70. Freedman et al. further proved the dose response
relationship, by showing that individuals with 25(OH)D3 serum levels between 50–80ng/ml
and greater than 80ng/ml had a relative risk of colon cancer mortality of 0.44 and 0.28,
respectively 71. Currently, the recommended dietary allowance (RDA) for vitamin D3 is 600
IU/day and the upper limit tolerance is 4000 IU/day. It has been estimated that if Americans
increase their intake of vitamin D3 to 2000IU/day, then this would lead to a 27% decrease in
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colorectal cancer incidence 72. An intake of 2000 IU/day would lead to approximately 40–
60ng/ml 25(OH)D3 serum concentration levels, which can act has a protective factor against
both the incidence and mortality of colorectal cancer 73. Furthermore, it has been proposed
that raising the RDA to 2000 IU/day would prevent approximately 49,000 colon cancers per
year for North America and Canada 71. Again, vitamin D3 intake can be obtained through
dietary sources, sun exposure, or dietary supplements.

One of the major vitamin D dietary sources for Americans is milk. One cup of milk contains
approximately 50 IU of vitamin D3, and the average American consumes about 1¼c of milk/
day, with adults consuming less 74. Studies have shown conflicting results between milk
consumption and colorectal cancer. However, Cho et al conducted a meta-analysis of ten
cohort studies from five different countries and found that individuals who consumed more
than one cup of milk per day had a 15% reduced risk of developing colorectal cancer.
Moreover, he showed that for every 500g/day increase in milk consumption (2c of milk);
colon cancer risk decreased by 12% 75. Since most Americans will only receive a small
amount of vitamin D3 from dietary sources, the more logical source for vitamin D3 is
through sun exposure. Spending approximately thirty minutes outside at noon will produce
approximately 10,000 IU of vitamin D3 27. However, this can vary from person, place, and
time of day. Dietary supplements are another alternative for those individuals who live in the
very Northern hemisphere or are concerned about skin cancer risk, since sun block does
block the synthesis of vitamin D3 in the skin.

Conclusion
In this review, it has been demonstrated that vitamin D and its metabolites have a potent
effect on colorectal cancer, this is summarized in figure 3. The components of the vitamin D
pathway can be used both as treatment and preventive strategies for colorectal cancer. The
metabolite 1α25 (OH2) D3 targets the wnt/β-catenin by up regulating key tumor suppressor
genes such as e-cadherin, which promotes an epithelial phenotype, but is only useful when
the VDR is present. In colorectal cancers with low VDR expression, treatments could target
the genomic and epigenomic level alterations to increase VDR expression by modulating
transcription factors such as SNAIL1 or utilizing HDAC inhibitors, respectively. Finally,
epidemiological studies suggest that the current RDA should be raised to 2000IU in order to
raise serum 25(OH)D3 levels above 30ng/ml, this increase in vitamin D status can most
efficiently be obtained from sun exposure or vitamin D supplements. In summary, vitamin
D3 and its metabolites appear promising for developing treatment and preventive strategies
for colon cancer.
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Figure 1. Possible mechanisms of 1α25 (OH2) D3 in the differentiation phenotype of colon
cancer cells
1α25 (OH2) D3 maybe promoting a more differentiated phenotype in cancer cells by
preventing the translocation of β-catenin or its ability to form complexes with TCF4, thus
decreasing mRNA levels of genes involved in cell survival and proliferation. Additionally,
1α25 (OH2) D3 can interact with VDR and promote the mRNA expression of cell
differentiation and arrest genes. Finally, 1α25 (OH2) D3 can alter Id expression in colon
carcinoma cells, by increasing the expression of Id1 and decreasing the levels of Id2;
therefore, promoting colon cancer cell differentiation and decreasing proliferation,
respectively.
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Figure 2. Low VDR expression in Colon Cancer: a Genomic Explanation
(A) SNAIL1 is a zinc-finger transcription factor that binds to the VDR gene promoter and
represses activity and therefore decreases VDR mRNA expression levels. (B) ZEB1 and 2
are transcription factors that can dimerize and bind to the VDR promoter region and activate
or repress the transcription of VDR mRNA depending on the presence of co-factors, such as
p300 and CtBP.
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Figure 3. Vitamin D and its metabolites have a potent effect on colorectal cancer
Here we summarize the findings discussed in this review. In short, colorectal cancer can be
treated by targeting transcription factors that down-regulate the vitamin d receptor, which is
essential in order for vitamin d to mediate its effects in promoting an epithelial phenotype.
Furthermore, we show that their our potential preventative measures to protect individuals
from colon cancer, such as increasing serum levels of 25(OH)D3 by either sun exposure,
diet or supplements.
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