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Abstract

Vitamin D deficiency is commonly diagnosed among pa-
tients with inflammatory bowel disease (IBD). Patients
with IBD are at risk of low bone density and increased
fractures due to low vitamin D levels, long standing dis-
ease, and frequent steroid exposures; as a result, it is
well established that vitamin D supplementation in this
population is important. There is increasing support for
the role of vitamin D in strengthening the innate im-
mune system by acting as an immunomodulator and
reducing inflammation in experimental and human IBD.
The active form of vitamin D, 1,25(0H)D3, acts on T
cells to promote T helper (Th)2/regulatory T responses
over Th1/Th17 responses; suppresses dendritic cell
inflammatory activity; induces antibacterial activity;
and regulates cytokine production in favor of an anti-
inflammatory response. Murine and human IBD studies
support a therapeutic role of vitamin D in IBD. Risk fac-
tors for vitamin D deficiency in this population include
decreased sunlight exposure, disease duration, smok-
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ing, and genetics. Vitamin D normalization is associated
with reduced risk of relapse, reduced risk of IBD-related
surgeries, and improvement in quality of life. Vitamin
D is an inexpensive supplement which has been shown
to improve IBD outcomes. However, further research is
required to determine optimal serum vitamin D levels
which will achieve beneficial immune effects, and stron-
ger evidence is needed to support the role of vitamin
D in inducing disease response and remission, as well
as maintaining this improvement in patients’ disease
states.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: There is support for the importance of main-
taining normal vitamin D levels in inflammatory bowel
disease (IBD) patients, demonstrated by its anti-in-
flammatory actions in the gut. A randomized controlled
trial examined the impact of vitamin D supplementation
on IBD outcomes and demonstrated a reduced risk of
relapse in vitamin D-treated Crohn’s disease patients.
Furthermore, vitamin D3 and active vitamin D have
been shown to reduce clinical disease activity and im-
prove quality of life in IBD patients. Normalization of
vitamin D levels is also associated with a decreased risk
for IBD-related surgery. This vitamin has therapeutic
benefit in IBD patients.
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INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic inflam-
matory condition of the intestine that causes abdominal
pain, diarrhea, and weight loss and includes two forms,
Crohn’s disease and ulcerative colitis'. IBD reduces qual-
ity of life and may cause financial stress by increasing
disability and decreasing the capacity for work!™?, The
disease is complex and etiology is not completely undet-
stood; however, IBD is associated with abnormal immune
responses to the body’s natural intestinal bacteria!™?,
which activate the gastrointestinal immune system. It is
expected that genetic and environmental interactions play
a role in the susceptibility of TBD"?. As there is currently
no cure for IBD, medical therapy remains the mainstay
treatment for achieving and maintaining remission®.

It is well-established that vitamin D plays a critical
role in improving bone health and is specifically impot-
tant for patients who are at risk of low bone density. Low
bone mineral density is more prevalent among patients
with Crohn’s disease and ulcerative colitis compared to
healthy controls'. Long standing disease, multiple ste-
roid exposures, and low serum 25-hydroxycholecalciferol
[25(OH)D3| levels are contributing factors to decreased
bone mineral density and increased fractures in patients
with IBD"?. Therefore, vitamin D supplementation is
essential in this high-risk group. There is, however, grow-
ing support for non-traditional actions of vitamin D in-
cluding anti-inflammatory, anti-proliferative, cell differen-
tiation, and apoptotic effects'”. These effects have led to
examination of vitamin D in the pathogenesis of autoim-
mune diseases such as IBD". This review will address the
regulatory role of vitamin D on immune responses and
describe its relevance in regards to inflammatory bowel
discase.

VITAMIN D PHYSIOLOGY

Vitamin D metabolism

Vitamin D is present in two major forms. Vitamin D2
(ergocalciferol) is present in plants, yeast, and fungi™’,
while vitamin D3 (cholecalciferol) can be obtained from
animal sources such as oily fish and egg yolk"". Vitamin
D3 is also synthesized endogenously in the skin upon
ultraviolet light exposure. Sun light exposure to the skin
results in a photochemical conversion of 7-dehydrocho-
lesterol to pre-vitamin D, which then rapidly converts to
cholecalciferol. This process is self-limiting to prevent
toxicity™,

Vitamin D is fat soluble and absorbed in the small
intestine along with dietary fat. After incorporation into
chylomicrons, it is rapidly delivered into the venous
circulation™, Tt is then transported by vitamin D bind-
ing proteins (DBPs) to the liver where it is converted to
25(OH)D3 by hepatic 25-hydroxylase™™”. 25(OH)D3 is
inactive, however, it is the main circulating form of vita-
min D and the best indicator of vitamin D status'®”. Vita-
min D is primarily stored in the liver as well as in adipose
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tissue. Once saturation of these tissues occur, 25(OH)D3
is released to circulate in the blood", where it is predomi-
nantly bound by DBPs and albumin, leaving little in the
free form™’. DBPs transport 25(OH)D3 to the kidney,
where it is converted to its active hormonal form, 1a,25-
dihydroxycholecalciferol [1,25(OH)2D3], by the enzyme
25-hydroxyvitamin D3-1¢-hydroxylase!®”. Tt can now act
on its receptor, the vitamin D receptor, in many target
tissues, including the intestine, kidney, and bone, thereby
altering transcription of target genes“o‘“]. In the target
tissue, 24-hydroxylase catabolizes 1,25(OH)2D3 and
25(0OH)D3 into their inactive metabolites, which ate then
excreted as calcitroic acid in the urine®™*',

The rate limiting enzyme in the metabolism of vitamin
D is la-hydroxylase. This enzyme is tightly regulated by
plasma parathyroid hormone (PTH) and 1,25(OH)2D3.
Active vitamin D production in the kidneys is directed by
PTH™** which upregulates transcription of CYP27B1,
the gene encoding for 1a-hydroxylase”. This results in an
increased production of 1,25(OH)2D3 in the kidney. In
turn, 1,25(OH)2D3 takes part in a negative feedback loop
to suppress the transcription of PTH and CYP27B1,
thereby decreasing production of 1,25(OH)2D3". Simul-
taneously, 1,25(OH)2D3 induces 24-hydroxylase produc-
tion™. ‘This is an autoregulatory mechanism to suppress
the actions of 1,25(OH)2D3M. An overview of vitamin
D sources and metabolism is outlined in Figure 1.

Vitamin D receptor

The vitamin D receptor (VDR) plays an important role
in how vitamin D exerts its biological effects. It belongs
to a superfamily of nuclear hormone receptors and is
specifically activated by 1,25(0H)2D3""?. In response to
1,25(0OH)2D3 binding, VDRs regulate gene transcription,
thereby producing specific proteins to carry out vitamin
D3 biological activity. The DNA binding domain of
the zinc finger recognizes vitamin D response elements
(VDRE?s), which are specific DNA sequences on cell-
targeted genes''". 1,25(0OH)2D3 binding results in the
formation of the VDR and retinoid X receptor (RXR)
heterodimer!"?. This complex binds to VDREs and
recruits large coregulatory complexes to these specific
genes through the VDR transactivation domain!"'"?. The
activities of coregulatory complexes may include nucleo-
somal remodeling, selective chromatic histone modifica-
tion, or RNA polymerase II recruitment and initiation.
All of these activities work to enhance or suppress gene
expression' .

Multiple tissues and immune cells express VDRs and
the enzymes needed to produce local 1,25(0H)2D3" ",
This enzyme activity is regulated in a different man-
ner compared to the enzymatic renal production of
1,25(OH)2D3; it is no longer under an endocrine feed-
back mechanism, but is induced by other factors'”. These
findings have led to the examination of multiple roles of
vitamin D in the pathogenesis of autoimmune diseases
such as IBD".
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Figure 1 Vitamin D sources and metabolism®, Vitamin D can be obtained either from the diet or synthesized in the skin. Under solar ultraviolet (UVB) radia-

tion, 7-dehydrocholesterol in the skin is converted into cholecalciferol (vitamin D3).

Vitamin D from the diet enters chylomicrons, which transport it into circulation.

Vitamin D is stored in adipose tissue, but when released into circulation, vitamin D binding proteins direct it to the liver where it is converted into its major circulating
form, 25-hydroxyvitamin D3 [25(OH)D3] by 25-hydroxylase. In the kidneys, 25(0OH)D3 is converted into 1c,25-dihydroxyvitamin D3 [1,25(0H)2D3], the active form,
by 1a-hydroxylase. It can now exert its biological effects including calcium absorption, resorption, and bone development. Parathyroid hormone released from the
parathyroid glands upregulates hepatic conversion of 1,25(0H)2D3 by stimulating 1a-hydroxylase production; however, autoregulatory mechanisms suppress these
actions through negative feedback loops. 1,25(0H)2D3 suppresses parathyroid hormone and 1a-hydroxylase production. Vitamin D is then catabolized by 24-hydrox-
ylase and excreted as calcitroic acid. The recommended optimal range for vitamin D levels is 30-60 ng/mL (75-150 nmol/L). Copyright© 2007 Massachusetts Medical

Society. All rights reserved; VDR: Vitamin D receptor; RXR: Retinoid X receptor.

EFFECTS OF VITAMIN D ON THE
IMMUNE SYSTEM

Vitamin D is important in both the innate and adap-
tive immune systemsm. Immune cells express VDRs
and the enzymes necessary to convert vitamin D3 and
25(OH)D3 into 1,25(0OH)2D3, wherein locally produced
1,25(OH)2D3 can exert specific autocrine and paracrine
effects without producing unnecessary systemic ef-
fects"*'"". 1,25(0OH)2D3 can modulate the adaptive im-
mune responses by altering the actions of activated T and
B cells, and it can modulate the innate immune responses
by regulating macrophages and dendritic cells"”.
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Vitamin D and T-cell differentiation
It has been established that vitamin D is an immune
system regulator through its role in targeting CD4" cells
of T lymphocytes to suppress T helper type 1 (Thl)
cell driven immune responsesm’lg]. Th1 cells produce
pro-inflammatory cytokines including IFN-y, interleu-
kin (IL)-2, and tumour necrosis factor-alpha (ITNF-q),
which are important for reducing intracellular infections.
1,25(0OH)2D3 wotks to inhibit the over production of
these pro-inflammatory cytokines“(JJ

Opverall, the main action of 1,25(OH)2D3 on T-cells
is mediating T helper type 1 (Th1)/T helper type 2 (Th2)
development and differentiation”'", Vitamin D3 affects
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the Th1-Th2 balance in favour of Th2 cell development.
The development into either Th1 or Th2 from CD4" T
cells is directed by cytokines”. Cytokine I1-12 induces
Th1 cell development whereas 1L-4 induces Th2 cell
development. The effects these cytokines have on the
Th1-Th2 balance determines which cytokines will be
produced and therefore determine the type of immune
response. Th1 cells produce pro-inflaimmatory IFN-y
and lymphotoxin, and Th2 produces anti-inflammatory
IL-4, IL-5, and IL-13"""". The increased development
of Th2 is a result of direct action of vitamin D3 on
CD4" cells"”, whereas the reduction in Th1 cell develop-
ment is due to the effects of vitamin D3 on dendritic
cells"™"™, Using mice Ag-specific T cells, Boonstra ¢/ al"
demonstrate that vitamin D3 increases the frequency of
1L-4 producing cells 7 vitro from 8.0%-55.8%, thereby
supporting a vitamin D induced Th2 profile. This study
also shows that vitamin D3 increases I1.-10 and IL-5 pro-
ducing cells and decreases IFN-y producing cells™. The
role of vitamin D in regulating cytokine production has
been suggested to limit inflammatory tissue damage, but
it also reduces bacterial killing, IFN-y augments toll-like
receptot (TLR) 2/1 induced expression of CYP27B1 and
bacterial killing, and IL-4 depresses TLR 2/1 activation
of bacterial killing"”
important.

At the transcription level, c-maf and GATA-3 are
the transcription factors relating to Th2 development“sj.
Vitamin D3 can directly target CD4" cells to promote
Th2 development at the level of transcription' ™', I vitro
studies show a correlation between increased expression
of GATA-3 and c-maf and Th2 cytokine levels, 1L-5,
11.-10, and I1.-4, after vitamin D3 treatment. In addition,
there is a reduction in IFN—y“S]. Boonstra ¢z a/"” conclude
that vitamin D likely functions to diminish cell-mediated
immune responses by skewing toward a Th2 phenotype,
which fights extracellular infections.

Th17 cells are another vitamin D target because of
their ability to produce 1L-17, a pro-inflammatory cyto-
kine. Vitamin D reduces inflammatory tissue damage by
suppressing Th17 development and in doing so, reduces
I1.-17 production”. Furthermore, 1,25(OH)2D3 increas-
es the development of T regulatory cells by acting on
naive CD4" cells. Regulatory T cells are a group of CD4"
T cells that have immunosuppressive properties by de-
pressing the proliferation of other CD4" T cells'”. Vita-
min D in combination with another immunosuppressive
drug, dexamethasone, has been shown to increase 1L.-10
producing regulatory T cells. This supports the idea that
regulatory T cells located at sites of inflammation down-
regulate the immune response[w]

Research supports the immunosuppressive effect of
vitamin D due to its involvement in T-cell differentiation.
The evidence shows that vitamin D plays a role in main-
taining a balance between the inflammatory response of
Th1/Th17 cells and the immunosuppressive response

. Therefore, a balanced response is
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from Th2/Ttreg cells.

Vitamin D and dendritic cells
Dendritic cells (DCs) are antigen presenting cells (APCs)
and are important in initiating CD4" T cells responsesm.
Vitamin D inhibits differentiation and maturation of hu-
man DCs in vitro™ by suppressing the IL.-12 production
from DCs and increasing I11.-10 productionm’zol. This is
an important immunosuppressive activity as IL-12 is an
important cytokine in inducing Thl developmentm’m.
1,25(OH)2D3 inhibits the differentiation, maturation, and
immunostimulatory capacity of DCsP', Canning ef al!
confirm that 1,25(OH)2D3 suppresses monocyte differen-
tiation into DCs, thereby generating immature DCs. This
suppresses DC ability to stimulate T-cell proliferation.
Lipopolysaccharide (LPS) is a component of the
Gram-negative bacterial wall, which induces mono-
cytes/macrophages to produce cytokines. After LPS
stimulation, DCs and monocyte-derived macrophages
(MACs) have a high local 1-g-hydroxylase production
of 1,25(OH)2D3, which positively modulates MAC dif-
ferentiation and depresses actions of DCs and lympho-
cytes'. This mechanism facilitates a normal immune
response as some DCs still mature; vitamin D prevents
over stress of this immune response that may lead to
pathological effects'”. Vitamin D skews the develop-
ment of the immune response towards a non-specific
innate immune response and away from an antigen-
specific immune response.

Antibacterial activity of vitamin D

As a fundamental part of the innate immune response,
human monocytes have been shown to locally produce
1,25(0OH)2D3, which triggers increased autophagy, an
important mechanism for eliminating pathogens by
antibacterial proteins'”. TLR expressed on monocytes
recognize pathogens, and under TLR 2/1 stimulation,
CYP27B1, the gene encoding for 1a-hydroxylase, and
VDR expression is upregulated"™'. 1,25(OH)2D3 acts
on monocytes to induce expression of the cathelicidin
antimicrobial peptide (CAMP) gene (LLL-37), producing
a protein that enhances intracellular killing of bacte-
tia*"**, The CAMP gene is a direct target of the vitamin
D receptor™, Furthermore, nucleotide-binding oligomer-
ization domain-containing protein 2 (NOD2), a pattern
recognition receptor, has an important role in inducing
antibacterial activity. NOD2 activation by muramyl di-
peptide, a product of Gram-negative and Gram-positive
bacteria, stimulates transcription factor nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-kB),
which induces gene expression for antimicrobial peptide
defensin B2 (DEFB2)*. Interestingly, 1,25(0H)2D3
induces NOD2 expression in many cell types, thereby
increasing cell sensitivity to these bacteria products; as a
result 1,25(OH)2D3 enhances NOD2 mediated DEFB2

L. (1373
trzmscrlptlonI 7 J.

May 7, 2014 | Volume 20 | Issue 17 |



Reich KM et a/. Vitamin D and inflammatory bowel disease

Anti-inflammatory role of vitamin D

As a part of the innate immune system, macrophages
release proinflammatory cytokines and chemokines upon
stimulation. This leads to an inflammatory response to
protect the body from pathogenic microorganisms®?,
TNF-q is a proinflammatory cytokine that is produced
eatly in the course of inflammation by macrophages and
lymphocytes. It is involved in autoimmune diseases, in-
cluding IBD", Proinflammatory cytokines are positive
for host defense, but overproduction leads to untesolved
inflammation”. Muller ¢z ¢/ examine the effect of
1,25(0H)2D3 on LPS-stimulated human blood mono-
cytes, and find it inhibits the release of IL-1qa, IL-6, and
TNF-a. LPS binds to TLR4 on monocytes to mediate
activation of mitogen-activated protein kinase (MAPK) 2,
MAPKSs are critical regulators of proinflammatory cyto-
kine production, including 1L.-6 and TNF-q. 25(OH)D3
treatment has been shown to inhibit LPS-induced IL-6
and TNF-o production in peripheral blood mononuclear
cells (PBMC) of healthy donors via upregulation of
MKP-1 (MAPK phosphatase-1). MKP-1 switches off
cytokine production in monocytes/macrophages after
inflammatory stimuli. Interestingly, doses of 25(OH)D3
that relate to vitamin D sufficiency (> 30 ng/mL or 75
nmol/L) significantly inhibited mRNA production of
these cytokines™,

Vitamin D analogues have also been proven to have
immunomodulatory effects. Stio ¢z a/* demonstrate the
vitamin D analogue KH 1060 and a monoclonal anti-
TNF-a antibody to work synergistically in significantly
inhibiting PBMC proliferation and TNF-a production in
healthy subjects. I vitro experiments using PBMCs from
healthy volunteers were also able to demonstrate the ef-
fect of paricalcitol, a vitamin D analogue, in reducing
both basal TNF-¢. and LPS-induced TNF-¢.”".

The importance of VDRs in the inflammatory re-
sponse has also been demonstrated. Chen ez al”” report
a more robust and prolonged production of pro-inflam-
matory cytokines TNF-q, IL-6, and IL-1f3 in bone mar-
row detived macrophages (BMDMs) from VDR-/- mice
compared to wild type (WT) mice after LPS exposure.
This suggests a dysregulated and over sustained innate
immune response in macrophages under attenuated VDR
signalling, Interestingly, 1,25(OH)2D3 and its analogue,
paricalcitol, have been shown to reduce LPS-induced
TNF-q, and I1-6 cytokines in WT BMDMs™",

Chen ¢ al*" have also examined novel anti-inflamma-
tory effects of vitamin D by investigating its microRNA-
155-SOCS1 target. MicroRNAs (miRNAs) are small
noncoding RNAs that control gene expression. Recently,
miRNA-155 has been shown to regulate innate immune
responses and TLR signaling. It targets the “suppres-
sor of cytokine signalling” (SOCS) family of proteins,
specifically SOCS1. miRNA profiling in mice cells was
examined after the treatment with LPS, with or without
1,25(OH)2D3. As a result, miR-155 increased the most
with LPS and was suppressed the most by vitamin D;
miR-155 were elevated in VDR -/- bone marrow derived
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macrophages (BMDDMs) after exposure to LPS compared
to the WT BMDMs; and 1,25(OH)2D3 suppressed the
induction of miR-155 by LPS in these cells. Addition-
ally, 1,25(OH)2D3 blocked TNF-q,, IL-6, and miR-155
induction in human PBMCs. Overall, 1,25(OH)2D3 was
found to upregulate SOCS1 through its suppression of
miR-155. SOCS1 is important in the negative feedback
regulation of LPS-induced inflammation and inhibits
TNF-q, 1L-6, and IFN-y pathways. In the absence of
VDRSs, the negative feedback loop is dysregulated™.
Seasonal variations in serum vitamin D levels have
an effect on the innate immune response. The increase
in serum vitamin D levels during the summer months is
assoclated with a significant drop in LPS-induced TNF-o
(64%), 1L-6 (33%), IL-1B (59%), and IFN-y (46%) from
PBMC:s in healthy individuals 7z vivo compared to LPS-
induced levels during the winter months™. Caution
does need to be taken when considering the difference
in physiological up-regulation of vitamin D levels by
solar radiation and the doses of vitamin D employed 7
vitro and 7n vivo; however, this data does support how the
innate immune response can be regulated by the physi-
ological vatiation of serum vitamin D3 levels during the

four seasons of the year™.

Role of vitamin D in gastrointestinal inflammation

There is support for the role of vitamin D in the immune
system, particularly in reducing inflammatory responses.
Recently, more studies have demonstrated the role for vi-
tamin D specifically in gastrointestinal inflammation and
suggest deficiency is associated with IBD.

The importance of vitamin D in reducing the proin-
flammatory profile of IBD patients is demonstrated by
the impact of cytokine-induced apoptosis and cytokine
disruption of epithelial barrier function. Epithelial apop-
tosis occurs as a normal physiological event in the gas-
trointestinal tract and the mucosal barrier function is still
maintained; however, cytokine-induced apoptosis may
disrupt the barrier, leading to abnormal mucosal perme-
ability, a common occurrence among IBD patientsm].
Bruewer ¢f a/”” address the mechanisms by which pro-
inflammatory cytokines disrupt the barrier through
non-apoptotic mechanisms. IFN-y was demonstrated
to reduce epithelial gate function, and the effects were
increased when combined with TNF-q, resulting in in-
testinal epithelium paracellular permeability. The authors
suggest this allows for the barrier function to quickly
normalize when inflammatory cytokines are reduced””,
stressing the importance of medical therapy in maintain-
ing disease remission.

There is evidence to suggest that there are distinct
cytokine profiles in Crohn’s disease and ulcerative colitis.
Papadakis ez al™ report Crohn’s disease to show a Thl
type of immune response with elevated I11.-12, TNF-q,
and IFN-y cytokines, whereas ulcerative colitis presents
with increased IL-5 secretion. Specific pro-inflammatory
cytokines have been identified in the inflamed mucosa
of Crohn’s disease and ulcerative colitis patients such as
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IL-1, IL-6, IL-8, and TNF-o/"". Each of these cytokines
upregulate the inflammatory cascade leading to more in-
flammation and tissue damage in the inflamed mucosa’"
Vitamin D has been shown to target these inflammatory
pathways.

TNF-auis a central cytokine in the pathogenesis of
inflammatory bowel disease”". In the review by Papada-
kis et al”", they report three lines of evidence to support
the importance of TNF-qo in IBD. They explain that
anti-TNF therapy has been very successful in treatment
of IBD in humans and in animal models, and that a
“Crohn’s like” phenotype is expressed in mice that over
express TNF-¢"'. Interestingly, a vitamin D analogue
has recently been shown to work synergistically with in-
fliximab, an anti-TNF therapy used in the treatment of
IBD, to reduce the cytokine TNF-a in human peripheral
blood monocytes”. Treatment with 1,25(OH)2D3 in the
colonic tissue of IL-10 knock-out (KO) mice has also
been shown to down-regulate TNF-a-associated genes in
these mice"”. Furthermore, i vitro studies of CD4" T-cells
of healthy controls and patients with Crohn’s disease
have shown that 1,25(OH)2D3 increases the production
of anti-inflammatory cytokine IL.-10 and decreases the
production of pro-inflammatory IFN-y, supporting a
therapeutic role of vitamin D in IBD",

Stio ¢t al’" examine the effects of vitamin D on
PBMCs from patients with active Crohn’s disease on inf-
liximab, an anti-TNF therapy. After vitamin D treatment,
PMBC proliferation decreased in both responders and
non-responders, but to a greater extent in responders’”.
Interestingly, vitamin D analogue treatment increased
VDR expression in untresponsive patients and VDR lev-
els did not change in responsive patients. The authors
suggest infliximab induces VDR expression in the pres-
ence of vitamin D in unresponsive patients; as a result,
there are differences in sensitivity to vitamin D between
responders and non-responders. This suggests that VDR
expression and PMBC proliferation may be useful indica-
tors to predict response of Crohn’s disease patients to
infliximab therapy”.

Studies have gone on to suggest that vitamin D de-
ficiency and deficiency in its signaling pathways are con-
tributing factors in the pathogenesis of IBD. Wu ¢z a >l
propose a mechanism by which vitamin D deficiency may
cause IBD through the changes in vitamin D receptor
signaling in autophagy homeostasis, including increases
in TNF-a-induced autophagy. Another study by Wang
et al” examine the role of vitamin D in NOD2 expres-
sion, as NOD?2 deficiency, due to mutations in its gene,
has been linked to the pathogenesis of Crohn’s disease™
These authors show that 1,25(OH)2D3 signaling induces
NOD2 expression in human intestinal epithelial cells,
thus supporting the idea that vitamin D deficiency plays a
causative role in Crohn’s disease.

As discussed previously, local production of vitamin
D is an important part of regulating microenvironment
inflammatory profiles. DCs from healthy subjects convert
25(OH)D?3 to the active form of vitamin D, 1,25(OH)2D3,
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which could be important in local control of inflamma-
tion in Crohn’s disease patientsm. Bartels ez al™” isolate
peripheral monocytes from 20 Crohn’s disease patients
who were vitamin D deficient, which were then matured
into DCs 7z vitro. Addition of the active [1,25(OH)2D3]
and inactive [25(OH)D3] vitamin D3 metabolites inhib-
ited LPS-induced DC maturation, and supplementation
changed the cytokine profile of LPS-matured DC cultures
compared to those not supplemented. The production of
TNF-a and I1.-12 decreased, while unexpectedly, there
was a trend towards reduced IL-10 and 11.-6 significantly
increased”™. DCs of Crohn’s discase patients could be
exposed to LPS in the gut resulting in similar ﬁndings[%]
Furthermore, vitamin D supplementation reduced pro-
liferation of the entire lymphocyte population and the
CD4" lymphocytes; therefore, vitamin D could be pro-
tective against Crohn’s disease as inflammation in this
disease can be characterized as uncontrolled lymphocyte
development"™”.

While the addition of vitamin D zz vitro changes cy-
tokine profiles, there may be differences in the effects of
vitamin D in » vive studies. A study was conducted on
Crohn’s disease patients who were treated with 1200 TU
of vitamin D3 per day or placebo for 26 wk to assess dif-
ferences in induced T-cell mediated immune function be-
tween the treatment and placebo groups during 77 vive”".
PBMCs were cultured from patients of each group, and
there was a significant increase in production of IL-6 in
T cells from vitamin D treated patients. IL.-6 significantly
correlated with serum vitamin D [25(OH)D3] levels (P
= 0.02). In the vitamin D treated patients, there was also
a trend to increased I.-4 and no effect on TNF-q and
IFN-y productionm. There was no change in II.-10 pro-
duction nor in the amount of T regulatory cells CD4",
CD25", FoxP3" T cells; however, the amount of prolifer-
ating CD4" cells significantly increased. I1.-6 can induce
T cell IL-4 production, which may explain the increase in
11457,

There is strong evidence for a protective effect of
vitamin D against IBD related inflammatory responses;
however, there are mixed findings on the production
of 1L-6 with the treatment of vitamin D. II.-6 has been
shown to increase in certain situations and decrease in
others under vitamin D treatment. Interestingly, in vitro
and iz vivo studies examining vitamin D treatment of
LPS-matured DCs and PBMCs from Crohn’s disease
patients show increased IL-6 production, whereas these
studies examining healthy volunteers demonstrate a de-
crease in IL-6 after vitamin D treatment. I1.-6 has been
reported to support Th17 development, which have
important anti-microbial roles™. Additionally, TL.-6 may
have anti-inflammatory roles by reducing DC maturation
and increasing T cell 1L-4 production”””. Therefore,
vitamin D does have immunosuppressive properties;
however, instead of isolating vitamin D to this effect, it
may be better to suggest it is an immunomodulator that
strengthens the innate immune response and depresses

[36]

the adaptive immune reaction™, which may explain the
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different actions in healthy volunteers and IBD patients
who have intestinal mucosal injury.

EFFECT OF VITAMIN D IN ANIMAL
MODELS OF IBD
VDR KO mice models

Vitamin D and the vitamin D receptor have been shown
to have an important role in animal models of colitis. Vi-
tamin D receptor KO mice treated with dextran sodium
sulfate (DSS) to induce colitis demonstrate markedly el-
evated levels of a number of tissue pro-inflammatory cy-
tokines including TNF-q,, IL-12p70, and IFN-y, and have
significantly more intestinal injury, fewer intact crypts,
more epithelium loss, and more inflammation. This indi-
cates that the absence of VDRs increases the sensitivity
of the intestinal mucosa to very low doses of DSS™
thereby increasing the susceptibility to chemical injury in
the gut. This confirms a prominent role of VDR signal-
ling in the regulation of gut inflammation™,

Oral intake of 1,25(OH)2D3 improves DSS induced
colitis in WT' mice, and there is an upregulation of anti-
inflammatory cytokine IL-10 production, which may help
to reduce other cytokine responsesm]. Interestingly, rectal
administration of 1,25(OH)2D3 in the WT' mice is more
effective than oral in regards to decreasing DSS colitis.
This is justified by obtaining the same results but only in-
jecting half the dose of vitamin D in the rectum (site of
inflammation)"”,

Vitamin D and its receptors play important roles in
maintaining gut integrity and protecting the intestine from
pathogenic enteric bacterial infection. Wu ¢f al” support
the role of vitamin D in suppressing bacterial-induced
NF-kB activity in the intestine. NF-kB is a regulator of
inflammatory cytokines such as IL-6, and after bacterial
invasion, VDRs inhibit its actions. Intestinal VDRs pro-
tect against bacterial infection, demonstrated by a 6-fold

increase in I1.-6 and more severe inflammation after a Sa/-
monella in VDR-/- mice compared to VDR+/+ mice™”
Furthermore, after exposure to Salmonella, mice lacking
VDRs had more Salmonella invasion of the intestine
compared to W™, Interestingly, VDR expression in-
creased in WT mice as a direct result of an enteric bacte-
rial infection, indicating a role of VDR signalling pathway
in responding to specific pathogenic bacteria. VDRs re-
located from the surface of colonic epithelial cells to the
surface of crypts as well as in the middle and bottom of
the crypts after infection”. Furthermore, 11.-6 was unde-
tectable in VDR+/+ mice and present in VDR-/- mice;
as a result, this suggests that VDR-/- mice start with a
pre-inflammatory state even before being infected™.

The intestinal epithelial layer contains a highly spe-
cialized immune system and physical barrier to protect
against the invasion of pathogens. Intraepithelial lym-
phocytes (IELs) are found in the intestinal epithelial layer,
and they are an important part of maintaining intestinal
integrityml. Specific IELs, CD8 oo T cells, aid in the
maintenance of gut health. VDR KO mice have fewer

(4 9

Boishidengs  WIG | www.wjgnet.com

CD8 aa’ T cells in the gut, implying VDRs are impot-
tant in regulating the growth and maintenance of CD8
oo T cells™, Moteover, VDR-/- mice have significantly
reduced intestinal transepithelial resistance (TER) com-
pated to VDR+/+ mice. TER is reduced when epithelial
barrier function is compromised, making it a good indica-
tor of this malfunction. Additionally, tight junctions and
desmosomes are severely disrupted in VDR-/- colonic
mucosa®!. The breakdown of the physical barrier that
separates the host from its gastrointestinal microorgan-
isms results in intestinal permeability and the develop-
ment of IBD. These studies demonstrate prominent role
of VDR signalling in maintaining the integrity of the epi-
thelial barrier in the intestine and in its protection against
IBD™,

Increased IL-17 production has also been reported
in VDR null mice. Th17 cells are pro-inflammatory and
have been associated with increased severity of IBD in
animal models. VDR KO mice have significantly higher
induced Th17 cell and IL-17 production compared to
WT mice™. Additionally, 1,25(OH)2D3-deficient T
cells overproduce 11.-17 compared with WT cells™”. Re-
combinase-activated gene 2 knockout mice lack mature
T and B cells. When WT CD4" T cells are transferred
to VDR/Rag double KO mice, the colonic sections of
these recipients show significantly more hyperplasia and
inflammation compared to Rag KO recipientsm]. There
is an increased expression of 1L-17 secreting cells in the
gut and periphery of these double KO mice, suggesting
VDRs on accessory cells direct Th17 developmentl43J.

Conversely, there are some limitations of vitamin
D on host susceptibility to pathogens. While increased
production of Th1/Th17 cytokines is related to the
pathogenesis of Crohn’s disease, Th1/Th17 responses
are ctritical for the removal of many infectious bacteria'*!
Examining the role of 1,25(OH)2D3 in Citrobacter roden-
tium (C. rodentinm) infected mice, Ryz ez a/*” demonstrate
that mice treated with 1,25(OH)2D3 have significantly
increased scores for edema, goblet cell depletion, hyper-
plasia and infiltrating inflammatory cells compared to
vehicle-treated mice™. These mice also have a reduced
number of Th17 T cells in their colons and decreased
production of Th17 associated antimicrobial peptide
TEG3y, which works as a host defense against infec-
tion with C. rodentinm™. 'This study demonstrates the
potential negative consequences of vitamin D treatment.
It can protect against Th17 cell driven damage, but it is
important to note these responses are key in host defense

against pathogensm.

IL-10 KO mice models

VDR/IL-10 double KO mice develop severe IBD in-
volving all areas of the small intestine and colon and
have the largest change in colon anatomy and inflamma-
tion compared to single VDR KO and I1.-10 KO mice.
WT mice do not express any cytokines and VDR/IL-10
double KO mice express two-three fold higher levels of
IL-1B, 1L-2, IFN-y, and TNF-oo mRNA in their colons
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compared to the single KO mice colons™. 1L-10 KO
mice with normal VDR function experience a milder
form of disease; thus, VDR deficiency seems to intensify
IBD severity. Single VDR KO mice also express a milder
form of disease; therefore, I.-10 and VDRs have a col-
lective effect on disease severity“s]. Furthermore, vitamin
D deficiency in 1L-10 KO mice enhances inflammation
in the small intestine in comparison to vitamin D suf-
ficient and vitamin D supplemented IL-10 KO mice*’.
Evidently, vitamin D deficiency augments disease sever-
ity; however, dietary intake of vitamin D can be problem-
atic, as few foods are high in vitamin D and weight loss
is common in patients with IBD™!. Therefore, vitamin D
supplementation to achieve and maintain sufficient levels
is critical.

Trinitrobenze sulfonic acid and DSS induced colitis mice
models

Colitis can be induced in mice with treatment of trinitro-
benzene sulfonic acid (TNBS). While treatment alone with
calcitriol, a vitamin D analogue, significantly reduces colitis
in acute TNBS colitis, treatment with both calcitriol and
dexamethasone shows the best improvement in health”.
This is demonstrated by the study by Daniel ez o/, which
showed weight gain and improvement in macroscopic,
microscopic, and immunological parameters of colitis
after treatment of TNBS-induced colitis with the com-
bined therapies. Calcitriol treatment reduced Th1l me-
diators and increased IL-4, thereby promoting the Th2
subset''’. Additionally, calcitriol upregulated 1L-10 and
enhanced regulator T cell function, specifically trans-
forming growth factor beta, and FoxP3 levels. Calcitriol
also decreased IL-12p70 and 11.-23p19 expression, which
are DC mediators. As a result, calcitriol downregulates
the pro-inflammatory response of intestinal DCs and
counteracts Th1 action'’

A vitamin D analogue has been shown to provide
similar results. ZK156979 is a new low calcemic vitamin
D analogue, and its use in treating TNBS-induced coli-
tis in mice results in remarkable disease improvement.
Daniel ¢z al™ show a reduction in colitis-associated hy-
percalcemia and inflammation as a result of treatment of
TNBS-induced colitis with this vitamin D analogue. In-
filtration of inflammatory cells, neutrophils and lympho-
cytes, ulcerations, loss of goblet cells, and fibrosis in the
colon were restored after vitamin D treatment™. TNF-o
and IFN-y levels decreased, and the Th2 profile was in-
duced with increased production of IL-4 and IL-10"
This analogue effectively treats Th1 colitis.

DSS treated vitamin D deficient and sufficient mice
both show increased expression of mRNAs for cyto-
kines IL-1, I1-10, I1.-17, and IFN-y™. Both types of
mice show severe ulceration, granulation, and inflamma-
tion; however, symptoms are exacerbated in vitamin D
deficient mice™. Vitamin D acts to protect DSS treated
mice, as there is an increased expression of vitamin D
activating enzyme CYP27B1 in these mice™ and CY-
P27B1 KO mice are more susceptible to colitis after DSS

(49
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treatment”. Lagishetty ez al* examine the impact of
vitamin D status on antibacterial activity in DSS-induced
experimental colitis. The expression of an antimicrobial
protein, angiogenin-4 (Ang4), decreased in vitamin D
deficient mice', Ang4 has bactericidal activity in the
intestine and a decreased expression resulted in a 50-fold
increase of bacterial infiltration in vitamin D deficient
mice™. Tt is worthy to note dietary restrictions in these
mice resulted in 25(OH)D3 concentrations less than 50
nmol/L, which is consistent with human parameters of
deficiency. The authors note that the consequences of
vitamin D deficiency resulted after treatment with DSS;
therefore, vitamin D deficiency may be important after
*I_On the other hand, the ex-
pression of Ang4 was associated with vitamin D status;
therefore, the authors hypothesize impaired vitamin D

status may be a predisposing factor for IBD due to the
[49]

inflammation has occurred

regulation of enteric bacteria

Although these animal results are limited in their ap-
plication to humans as chemical induced colitis in mice
may not fully be representative of human IBD forms,
they are important in examining treatment and disease
activity outcomes. Investigation into determining whether
other mouse models better replicate human IBD will be
important[sm. The differences in results between models
with impaired vitamin D status as opposed to deletion of
VDRs or the CYP27B7 gene expression are also impor-
tant in determining IBD susceptibilitym.

EFFECT OF VITAMIN D IN HUMAN IBD

Geographical distribution of vitamin D deficiency in IBD
Epidemiological evidence for a role of vitamin D in IBD
is seen in the geographical distribution of disease, with
higher incidences and prevalence in temperate climates
and lower risks in persons living near the equator™"*,
Additional environmental, lifestyle, or genetic factors that
have similar associations with geographical location may
play a part in the association between sun exposure and
IBD""; however, this “north-south” gradient in the risk
of Crohn’s disease and ulcerative colitis is likely explained
by the variation in sun exposure, a major determinant of
LY thereby strengthening the role of

vitamin D levels
vitamin D in IBD.

Vitamin D deficiency has been well described in IBD
patients from all over the world with varying prevalence. In
Ireland, 63% of Crohn’s disease patients had 25-OH vita-
min D levels < 50 nmol/L; however, using the higher cut-
off to define vitamin D deficiency (< 80 nmol/L), 90% of
this Crohn’s disease cohort was vitamin D deficient®™. The
frequency of vitamin D deficiency in Canada is approxi-
mately 8% (< 25 nmol/L) with an additional 22% having
insufficiency (< 40 nmol/L)Y. A Japanese study found
that 27.3% of Crohn’s patients were vitamin D deficient
(< 10 ng/mL ot < 25 nmol/L) compared to only 6.7%
of controls™. In an IBD cohort of children, adolescents,
and young adults from Philadelphia and Pennsylvania,
16% of the Crohn’s disease patients enrolled were vitamin
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D deficient (< 38 nmol/ L)[‘%]. In a cohortt study of IBD
patients in Wisconsin, 49.8% of patients had levels < 50
nmol/L with 10.9% having levels < 25 nmol/ | B Lastly,
in London, United Kingdom, 68% of the IBD cohort was
vitamin D deficient (< 50 nmol/L)"".

Higher 25-OH vitamin D plasma levels, predicted on
the basis of a validate regression model in the Nurses’
Health Study, have been shown to be associated with
a lower incidence of Crohn’s disease and ulcerative
colitis™; therefore, obtaining and maintaining optimal
vitamin D levels are important, and yet, cut-off values
used to define vitamin D deficiency among studies are
variable. It is, however, generally accepted that vitamin D
deficiency is defined as a serum 25-OH vitamin D level <
75 nmol /1.1,

Risk factors of vitamin D deficiency in IBD
Many risk factors for vitamin D deficiency in IBD have
been reported. Seasonal variation is evident in most stud-
ies with lower levels seen in winter months”>***** Lower
vitamin D levels have also been associated with longer
disease duration and smoking[53’57]. Poor health outcomes
such as the need for intestinal resection, a structuring
disease phenotype, the need for oral corticosteroids
within 3 mo of diagnosis, and a diagnosis of pancolitis in
ulcerative colitis are more prevalent in severely vitamin D
deficient patients (< 25 nmol/L) compated to those with
normal levels (> 50 nmol/L)"™. Intestinal resection may
be a risk factor as the prevalence of at least one intestinal
resection is significantly higher in those with vitamin D
deficiency than those with adequate levels (P < 0.05) P,
The role of ethnicity as a risk factor for vitamin D
deficiency in IBD has also been examined. A one year
prospective study was conducted to examine the associa-
tion between vitamin D levels, ethnicity, and human IBD.
A significantly higher percentage of South Asian IBD pa-
tients were vitamin D deficient (< 50 nmol/L) compared
to Caucasians”!. For both Caucasians and South Asians
with Crohn’s disease, an inverse relationship was found
between clinical disease severity and vitamin D levels.
For all IBD patients, CRP levels were inversely related to
vitamin D levels; however, none of these results reached
a significant association”!. Chatu ez 2™ also examine
ethnicity as a predictor of vitamin D deficiency in an
IBD cohort. No differences were found in median vita-
min D levels among Crohn’s disease and ulcerative colitis
patients; however, the median vitamin D level was signifi-
cantly lower in non-Caucasians (Asian and Black) com-
pared to Caucasians. The multivariate regression analysis
showed a history of IBD related surgery and ethnicity to
be independently associated with vitamin D deficiency
in Crohn’s disease and ethnicity alone to be indepen-
dently associated with vitamin D deficiency in ulcerative
colitis™. In an IBD cohort of children, adolescents, and
young adults from Philadelphia and Pennsylvania, defi-
ciency was more prevalent among African American sub-
jects, Crohn’s disease patients with upper gastrointestinal
tract involvement, and patients with a significantly greater

(49

Boishidongs  WIG | www.wjgnet.com

lifetime exposure to glucocorticoid therapy[%]. Other risk
factors may include decreased nutrition intake due to
Crohn’s associated anorexia”® fear of GI discomfort
from dairy due to lactose intolerance, and active disease
assocliated with decreased physical activity resulting in re-
duced sun exposureﬁﬁ].

Genetic variants in the VDR and DBP have been
shown to be associated with increased risk of IBD'">*Y.
Analysis of the frequency of common genetic variants
in the DBP have shown the DBP 420 variant Lys to be
less common in IBD patients as compared to healthy
controls (P = 0.034). A meta-analysis found that I"DR
gene polymorphisms are associated with the susceptibil-
ity to IBD. The TT genotype of Taql was associated
with Crohn’s disease in Europeans (OR = 1.23; 95%CI:
1.02-1.49)"Y This polymorphism is a base substitution
resulting in two encodings of isoleucine instead of an
amino acid change. It has been suggested to result in
lower VDR mRNA levels and less vitamin D/VDR inhi-
. Additionally, this variant
was significantly associated with IBD in males. Further-

bition on immune activation'

more, an increased risk of ulcerative colitis in Asians was
significantly associated with the ff genotype of Fokl on
the promoter region of the VDR (OR = 1.65; 95%CI:
1.11-2.45)Y. This was compated to the FF genotype in
Asians. The fourth finding was associated with decreased
Crohn’s disease susceptibility if one was a carrier of the
“a” allele (Aa + aa genotypes) of ApAl (OR = 0.81;
95%CI: 0.67-0.97)'". These studies demonstrate a ge-
netic role explaining the high prevalence of vitamin D
deficiency among IBD patients.

Vitamin D and disease activity

There is strong evidence to support a high prevalence
of significantly lower serum 25-OH vitamin D levels
among the IBD population, which have been shown to
correlate with increased disease activity. Vitamin D lev-
els have been shown to correlate negatively with disease
activity assessed by the Harvey Bradshaw score’™"***
or Crohn’s disease activity index (CDAI) score®. Jo-
seph et al®” show that Crohn’s disease patients have
significantly lower vitamin D levels than their age- and
sex-matched controls who were patients diagnosed with
irritable bowel syndrome'™. Predictors of vitamin D
status in this study were disease activity and sun expo-
sure. In regards to severity of disease, patients with mild
disease had vitamin D levels similar to the controls,
but vitamin D levels were significantly lower in patients
with moderate-severe Crohn’s disease®”. As expected,
lower vitamin D levels were observed in patients who
had jejunal involvement of their disease!™. This associa-
tion has also been reported in patients with ulcerative
colitis. Blanck ¢z a/*”" conducted a cross-sectional study
and reported a larger number of patients with clinically
active disease, using the six-point partial Mayo index, in
the vitamin D deficient group compared to the vitamin
D sufficient group (P = 0.04). Patients were stratified
based on their vitamin D levels as either vitamin D suf-
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ficient, insufficient, and deficient, and there continued
to be a trend towards more active disease as vitamin D
levels decreased™”. Furthermore, in a retrospective re-
view of South Asian patients with IBD, patients with vi-
tamin D deficiency appeared to have a more aggressive
disease course with 14% of deficient patients requiring
surgical management[()sl; therefore, optimizing vitamin
D status and assessing the relationship between vitamin
D treatment and disease activity is important[()g].

Despite a high prevalence of vitamin D deficiency
among IBD patients, serum vitamin D levels may not
always be associated with disease activity. Hassan ez a/”
found no association between low vitamin D levels and
increased disease activity in IBD patients. Vitamin D
deficiency may also be explained by the increased risk
of intestinal malabsorption among the IBD population,
particularly if patients have undergone small bowel resec-
tions or use cholestyramine for postresectional diarrhea.
Cholestryamine reduces bile acids, which are required for
vitamin D absorptionm. It has been demonstrated that
Crohn’s disease patients with quiescent disease have on
average a 30% decrease in their ability to absorb vitamin
D in comparison to normal subjects after supplemen-
tation with 50000 IU of vitamin D2, Furthermore,
Suibhne ¢z /™ report vitamin D deficiency to be com-
mon among Crohn’s disease patients in clinical remission.
Even in the summer, vitamin D deficiency among these
patients continued to remain high (50%). About 40%
of these patients were supplementing with vitamin D
(200-400 IU), but it was not enough to maintain optimal
vitamin D levels™. The location of disease, disease activ-
ity, or prior resection may not be the only factors affect-
ing vitamin D bioavailability".

According to the previous studies, vitamin D status
has been reported to be inversely correlated with disease
activity” "> However, Abreu ef a/’" demonstrate a
significant positive correlation between modified Harvey
Bradshaw indices and 1,25(OH)2D3 levels in Crohn’s
disease patients taking corticosteroids. This correlation,
however, did not exist in the patients who were not tak-
ing this drugm]. The increase in systemic 1,25(OH)2D3
may be a result of increased inflammation as a result of
Crohn’s disease’". This can be explained by the expres-
sion of lg-hydroxylase in the intestine and increased
expression of la-hydroxylase in inflamed biopsies
of Crohn’s patients[m. The authors conclude that el-
evated 1,25(OH)2D3 is an additional risk factor for
osteoporosis in this study population as they determine
glucocorticoid use and high 1,25(OH)2D3 levels to be
independent risk factors for low bone mineral density.
They also suggest that 1,25(OH)2D3 may be a direct
cause of bone loss or a surrogate marker for the type
of intestinal inflammation leading to osteoporosis' "
The evidence from this review would support the lat-
ter. It should be noted that the previous studies mea-
sured 25(OH)D3 to determine vitamin D status, not
1,25(OH)2D3 levels.

(49

Boishidengs  WIG | www.wjgnet.com

Reich KM et a/. Vitamin D and inflammatory bowel disease

Vitamin D supplementation in IBD

Vitamin D supplementation has traditionally been recom-
mended in patients with IBD for management of bone
disease. There is now increasing evidence for the poten-
tial immunomodulatory effects of supplementation. To
date, the optimal level of 25-OH vitamin D for immuno-
modulatory effects is not known'’,

Ananthakrishnan ez 2/’ demonstrate an increased
risk for IBD-related surgery in patients who have low
plasma 25(OH)D levels. This association was found to be
similar in both patients with Crohn’s disease and ulcer-
ative colitis. Furthermore, Crohn’s disease patients who
initially had a low level, which then was normalized, were
significantly less likely to undergo surgery in comparison
to patients who continued to maintain a low vitamin
D level™. A significantly lower C-reactive protein was
also seen in these “normalized” patients. There was no
association seen in ulcerative colitis patients, which the
authors suggest may be due to a higher plasma 25(OH)D
threshold in these patients to obtain any immune effects.
Another explanation may be that vitamin D has a stron-
ger interaction in Crohn’s disease #s ulcerative colitis'™.
Furthermore, Zator ez al” report a significant association
between earlier cessation of anti-TNF therapy in IBD
patients who had insufficient vitamin D levels prior to
initiation of anti-TNF therapy, suggesting vitamin D may
be an important adjuvant treatment aiding in the mainte-
nance of response to this therapy. These studies denote
the importance of repleting and maintaining sufficient
vitamin D levels in patients who have IBD, specifically
above 30 ng/mL (75 nmol/L), to reduce the risk of flares
and to maintain response to IBD—therapies[72’73].

One randomized placebo-controlled study has as-
sessed the effectiveness of vitamin D supplementation
in improving Crohn’s disease activity. In comparison to
the placebo, oral vitamin D supplementation of 1200 IU
in adult patients with Crohn’s disease in remission was
shown to increase the 25-OH vitamin D levels and re-
duce the risk of relapse from 29% to 13% at 1 year (P =
0.06)™. Although this difference in relapse was not sta-
tistically significant, the difference is clinically meaningful
and does warrant further study. The authors did discuss
the risk of type Il error as an explanation for not reach-
ing statistical signiﬁcance[74’75].

A prospective study completed by Miheller ez al™ com-
pares supplementation with active vitamin D (alfacalcidiol)
to non-active vitamin D (cholecalciferol) in Crohn’s pa-
tients. Looking at the clinical course of Crohn’s disease at
6 wk, disease activity significantly decreased in the active
vitamin D group; however, there was no difference by
the end of the trial at 12 mo"”. Active vitamin D treat-
ment resulted in a significant decrease in CDAI scores
and CRP levels, as well as improvement in quality of life
scores. It has prominent short-term effects and may be
due to improved immune responses'.

A systematic review'” was completed to examine the
efficacy of vitamin D supplementation for treating colitis
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In a randomized clinical trial of children and adoles-
cents with IBD, weekly high dose vitamin D2 (50000 1U)
ot daily vitamin D3 (2000 IU) were supetior to daily vi-
tamin D2 (2000 IU) in raising the serum 25-OH vitamin
D level at 6 wk (25.4 £ 2.5,16.4 + 2.0,9.3 £ 1.8 ng/mL,
respectively) ™. Adherence may be improved with large
doses, and dosing according to individual levels may
achieve target levels most effectively’”. Recent studies
have suggested that optimal targets for serum 25-OH vi-
tamin D levels are greater than 30 ng/mL (75-80 nmol/L),
with levels between 21-29 ng/mL (51-74 nmol/L) be-
ing defined as insufficient and levels < 20 ng/mL (< 50
nmol/L) being defined as deficient™.

CONCLUSION

Recent advances in the understanding of the effects and

mechanism of action of vitamin D on the mucosal and
systemic immune system and subsequently on intestinal
inflammation suggests it has a role to play in the thera-
peutic management of IBD. Furthermore, both epide-
miologic and emerging retrospective and prospective
clinical evidence supports a significant beneficial role of
vitamin D supplementation in patients with IBD. While
the precise level of 25(OH)D?3 that needs to be achieved
for these therapeutic effects is unknown, it has been es-
tablished that levels of 75 nmol/L or higher are generally
adequate[3’8’26’60’72]. Given the safety profile and low cost of
vitamin D, its addition to the therapeutic armamentarium
as a supplement to induction and maintenance therapy
should be strongly considered.
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