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Abstract
Background—The vitamin D receptor
(VDR) gene represents a strong positional
candidate susceptibility gene for inflam-
matory bowel disease (IBD). The VDR
gene maps to a region on chromosome 12
that has been shown to be linked to IBD by
genome screening techniques. It is the
cellular receptor for 1,25(OH)2 vitamin D3

(calcitriol) which has a wide range of
diVerent regulatory eVects on the immune
system. IBD is characterised by activation
of the mucosal immune system.
Aim—To determine if polymorphisms in
the VDR gene are associated with suscep-
tibility to IBD
Subjects—European Caucasoids: 158 pa-
tients with ulcerative colitis, 245 with
Crohn’s disease, and 164 cadaveric renal
allograft donor controls.
Method—Single nucleotide polymor-
phisms (TaqI, ApaI, and FokI) in VDR
were typed in patients with Crohn’s dis-
ease, ulcerative colitis, and controls by
polymerase chain reaction with sequence
specific primers.
Results—There were significantly more
homozygotes for the TaqI polymorphism
at codon 352 of exon 8 (genotype “tt”)
among patients with Crohn’s disease (fre-
quency 0.22) than patients with ulcerative
colitis (0.12) or controls (0.12) (odds ratio
1.99; 95% confidence interval 1.14–3.47;
p=0.017).
Conclusion—This study provides prelimi-
nary evidence for a genetic association
between Crohn’s disease susceptibility
and a gene that lies within one of the can-
didate regions determined by linkage
analysis.
(Gut 2000;47:211–214)
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There is now good familial and molecular
genetic evidence that susceptibility to inflam-
matory bowel disease (IBD) has a strong
genetic component. Genome screening by
studying microsatellite marker allele sharing in
aVected relative pairs has demonstrated linkage
to chromosomes 3, 7, 12, and 16.1 Linkage to
the region on chromosome 12 has been
replicated in a number of diVerent centres in
diVerent populations.2 3 A strong positional
candidate susceptibility gene, the vitamin D
receptor (VDR) (GDB:120487, GenBank
J03258)4 maps to this region and is closely
linked to microsatellite markers at the peak of

these linkage curves (within 3cM of D12S85;
see http://www.ncbi.nlm.nih.gov/genemap).

VDR is a member of the steroid receptor
family and mediates the eVects of the active
metabolite 1,25(OH)2 vitamin D3 by regulating
transcription of a number of diVerent cellular
genes.5 In addition to its well known eVects on
calcium homeostasis, 1,25(OH)2 vitamin D3

has many actions on the immune system. VDR
is expressed by monocytes and activated B and
T lymphocytes,6 and 1,25(OH)2 vitamin D3 is
synthesised by activated macrophages7 thus
acting in a local paracrine manner similar to
other cytokines. It activates monocytes and
macrophages8 but suppresses lymphocyte pro-
liferation and immunoglobulin production.9 It
inhibits the action of the proinflammatory
transcription factor NFêB and the production
of a variety of diVerent cytokines, including
interleukin (IL)-2, IL-12, and interferon ã.10

The linked, commonly occurring, single
nucleotide polymorphisms at the 3' end of
VDR (BsmI, ApaI, and TaqI)11 and the exon 2
splice site FokI polymorphism12 have been
associated with bone mineral density and osteo-
porosis in a number of diVerent populations.
However, these associations have not been uni-
versally replicated and the role of VDR
polymorphisms in osteoporosis has been re-
viewed recently.13 The TaqI polymorphism has
also been associated with the risk of prostate
cancer.14 More recently homozygotes for the
TaqI t allele have been shown to have altered
susceptibility to a variety of infectious
diseases.15

The pathogenesis of IBD is unknown but
may relate to aberrant regulation of the
mucosal immune response. We postulated that
any mutation that might alter the level of
expression or function of VDR might influence
the likelihood of developing IBD. A case
control association study was carried out to
determine if the ApaI, TaqI, and FokI single
nucleotide polymorphisms are associated with
IBD susceptibility.

Methods
PATIENTS AND CONTROLS

European Caucasian patients with ulcerative
colitis or Crohn’s disease were recruited retro-
spectively from the IBD clinics in Oxford and
High Wycombe, UK. The case notes of all
patients were reviewed and a diagnosis of IBD
confirmed by standard endoscopic, histopatho-
logical, and radiological criteria. A total of 158

Abbreviations used in this paper: VDR, vitamin D
receptor; IBD, inflammatory bowel disease; PCR-SSP,
polymerase chain reaction with sequence specific
primers; RCLB, red cell lysis buVer; IL, interleukin.
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patients with ulcerative colitis (median age at
diagnosis 38 years (range 11–87); 52% female;
66% distal ulcerative colitis; 34% extensive
ulcerative colitis; 12% had undergone colec-
tomy) were typed for the TaqI, ApaI, and FokI
polymorphisms: 245 patients with Crohn’s dis-
ease (median age at diagnosis 26 years (range
10–77); 62.5% female; 47% ileal disease; 33%
ileocolonic; 20% colonic) were typed for the
TaqI polymorphism. Of these, 174 (71% of
total) were also typed for the Apa1 polymor-
phism and 165 (67%) for the FokI polymor-
phism. Caucasoid cadaveric renal allograft
donors were used as controls; 164 were typed
for the TaqI polymorphism and 101 (62%)
were typed for the ApaI and FokI polymor-
phisms (median age 32 years (range 12–68);
32% female). All patients were not typed at
each locus because of limited DNA availability
due to the age of some of the samples. The TaqI
polymorphism was given priority because of
the previously reported associations between
this polymorphism and susceptibility to infec-
tions disease.

DNA EXTRACTION

Genomic DNA was extracted from EDTA or
trisodium citrate anticoagulated peripheral
blood by a salting out method.16 The buVy coat
from 5 ml of anticoagulated blood was lysed in
a red cell lysis buVer (RCLB) consisting of
0.144 M NH4Cl and 1 mM NaHCO3. After
centrifugation the pellet was rinsed in RCLB
and resuspended in 3 ml of nuclear lysis buVer
(0.4 M NaCl, 2 mM Na2 EDTA, 10 mM Tris
HCl) and 200 µl of 10% (w/v SDS) in water.
After vigorous mixing 1 ml of 6 M NaCl and
3 ml of chloroform were added, vortexed, and
centrifuged at 3000 rpm for 30 minutes. DNA
aspirated from the top aqueous phase was pre-
cipitated with 95% ethanol, washed in 70%
ethanol, and resuspended in distilled water.

PRIMER DESIGN

Each reaction contained an allele specific
primer, the 3' nucleotide of which determined
allele specificity, and a consensus primer de-
signed from published VDR sequences (GDB:
120487, GenBank accession J03258), and an
unpublished sequence (Dr N Morrison), to-
gether with a pair of amplification control
primers giving rise to a 796 base pair fragment
of the third intron of HLADR B1.
TaqI “T” allele 5'-CGGTCCTGGATGGC
CTCA-3'
TaqI “t” allele 5'-CGGTCCTGGATGGC
CTCG-3'
TaqI consensus 5'-CAGAGCATGGACAGG
GAGC-3'
FokI “F” allele 5'-TGGCCGCCATTGCC
TCCG-3'
FokI “f” allele 5'-TGGCCGCCATTGCC
TCCA-3'
FokI consensus 5'-AGCTGGCCCTGGCA
CTGA-3'
HLA DRB F 5'-TGCCAAGTGGAGCAC
CCAA-3'
HLA DRBl R 5'-GCATCTTGCTCTGTGC
AGAT-3'

In a subset of patients and controls, the
polymerase chain reactions (PCR) for the
linked TaqI and ApaI polymorphisms were
combined using a sequence specific primer for
the ApaI polymorphism as the forward primer
and a sequence specific primer (SSR) for TaqI
as the reverse primer.
ApaI “A” allele 5'-GTGGGATTGAGCAGT
GAGGT-3'
ApaI “a” allele 5'-GTGGGATTGAGCAGTG
AGGG-3'

Four such reactions representing each of the
possible combinations of TaqI and ApaI
genotype (A-T, A-t, a-T, a-t) were performed
to allow the chromosomal haplotypes to be
identified.17

AMPLIFICATION CONDITIONS

Reaction mixtures of 13 µl were used, consist-
ing of 67 mM Tris base pH 8.8, 16.6 mM
ammonium sulphate, 2 mM magnesium chlo-
ride, 0.01% (v/v) Tween 20, 200 mM each of
dATP, dTTP, dGTP, and dCTP, forward and
reverse primers at 6.8 µM each, control
primers at 0.68 µM, between 0.1 and 0.01 µg of
DNA, and 0.1875 units of Taq polymerase
(Advanced Biotechnology, London, UK). Re-
action mixtures were dispensed under 10 µl of
mineral oil (Sigma, UK) in 96 well PCR plates
(Costar, High Wycombe, UK).

DNA samples were amplified in GeneAmp
PCR system 9600 (Perkin-Elmer Corpora-
tion) or in MJ Research PTC-200 thermal
cyclers with cycling parameters as follows: one
minute at 96°C followed by five cycles of 96°C
for 25 seconds, 70°C for 45 seconds, and 72°C
for 45 seconds, followed by 21 cycles of 96°C
for 25 seconds, 65°C for 50 seconds, and 72°C
for 45 seconds, followed by four cycles of 96°C
for 25 seconds, 55°C for 60 seconds, and 72°C
for 120 seconds. PCR plates were sealed with
Thermowell sealers (Costar) and dipped in
mineral oil to improve plate to block contact.

GEL ELECTROPHORESIS AND PRODUCT DETECTION

Following PCR, 5 µl of loading buVer consist-
ing of 0.25% Orange G, 30% v/v glycerol, and
0.5× TBE buVer (89 mM Tris base, 89 mM
boric acid, 2 mM EDTA, pH 8.0) were added
to each reaction mix. PCR products (ampli-
cons) were then electrophoresed in 1.0% agar-
ose gels containing 0.5 µg/ml ethidium bro-
mide for 20–25 minutes at 15 V/cm in 0.5×
TBE buVer, visualised with UV illumination,
and photographed with a Polaroid land cam-
era.

STATISTICAL ANALYSIS

Genotype, individual allele frequencies, and
phenotype frequencies (proportion possessing
one or more copies of an allele) were
calculated. The genotyping results were ini-
tially analysed with the ÷2 test using a 3×3 con-
tingency table and if this indicated a significant
association (p<0.05) then each individual
genotype was analysed using a 2×2 contingency
table with Fisher’s exact test, and the odds ratio
calculated.
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Results
Overall, the TaqI genotype was significantly
associated with Crohn’s disease (3×2 ÷2 test)
and TaqI “t” allele frequency was increased in
patients with Crohn’s disease. Homozygosity
for the TaqI “t” allele (genotype “tt”) was
significantly more common in patients with
Crohn’s disease than in controls (53/245 v
20/164, respectively; odds ratio 1.99, 95% con-
fidence interval 1.14–3.47; Fisher’s exact
p=0.017) (tables 1, 2). There was no such
association with ulcerative colitis. There was a
non-significant association between the ApaI
“AA” genotype and Crohn’s disease but this
can be explained by the stronger TaqI “tt”
association. ApaI and TaqI are separated by
only 76 base pairs and the ApaI allele “A” and
TaqI allele “t” were shown to be in very strong
linkage disequilibrium both in patients and
controls (÷2=90.5 and 47.6, respectively;
p<0.001 for both). Genotype frequencies for
the FokI polymorphism were similar in patients
and controls. Despite the diVerences in the
proportion of males and females in the three
groups, there was no association between
genotype and sex (÷2=1.05; p=0.59). The pro-
portions of the diVerent TaqI genotypes in the
groups typed and not typed for the other two
polymorphisms were not significantly diVerent,

confirming that the subgroup of Crohn’s
patients typed for ApaI and FokI were rep-
resentative of the group as a whole (data not
shown).

Discussion
This study provides preliminary evidence for a
genetic association between Crohn’s disease
susceptibility and a gene that lies within one of
the candidate regions determined by linkage
analysis. While the “tt” genotype was found to
be associated with Crohn’s disease, no associ-
ation was found with ulcerative colitis. This
may reflect a type 1 error in that the numbers
typed were too small. However, it is consistent
with linkage data suggesting that linkage to the
locus on the chromosome is stronger for
Crohn’s disease than ulcerative colitis and that
the peak linkage for Crohn’s disease and
ulcerative colitis may be at diVerent markers.4

This may suggest the existence of more than
one susceptibility locus in the region.

The mechanism by which the TaqI “tt”
genotype might influence susceptibility to
Crohn’s disease is not clear. The TaqI polymor-
phism is an A to C base substitution at codon
352 of exon 8 of VDR but this does not
produce an amino acid coding change (both
isoleucine). It has been shown using a VDR-
luciferase reporter gene construct that the “t”
allele may be associated with increased levels of
mRNA production in vitro.11 However, other
investigators using a quantitative reverse tran-
scriptase PCR method have found no allele
specific diVerences in VDR mRNA18 or even an
association between the “t” allele and reduced
levels of VDR mRNA.19 Evidence relating to
the true functional significance of the “tt”
genotype is scarce and contradictory, and it is
possible that the “t” allele might serve as a
marker for a linked but as yet unidentified
functional polymorphism elsewhere in the
VDR gene, or indeed in another nearby gene.
No association was identified with the FokI
polymorphism located at the 5' end of the VDR
gene, 33.9 kilobases distant to the TaqI
polymorphism, suggesting that any other puta-
tive susceptibility locus may be located further
in the 3' direction from the TaqI polymorphism.

The immunoregulatory eVects of 1,25(OH)2

vitamin D3 are complicated and the precise way
in which it interacts with other regulators of the
immune response is not yet clear. If the “tt”
genotype is associated with enhanced VDR
transcription, then a stronger cell mediated
immune response or increased monocyte acti-
vation might predispose to the development of
Crohn’s disease. An alternative explanation for
these results may be the inhibitory eVect of
1,25(OH)2 vitamin D3 on the production of
IL-12,10 a cytokine central to the immune acti-
vation seen in Crohn’s lesions.20 If the “tt”
genotype is associated with a decrease in VDR
mRNA as some have suggested, then less
eYcient inhibition of IL-12 secretion may give
rise to an enhanced Th1 immune response and
thus increase susceptibility to Crohn’s disease.
A further mechanism may involve the mucosal
humoral immune system. 1,25(OH)2 Vitamin
D3 inhibits antibody secretion, and therefore if

Table 1 Vitamin D receptor genotype frequencies

Crohn’s disease
Ulcerative
colitis Control

Genotype n f n f n f

AT/AT 3 0.02 8 0.05 1 0.01a b

AT/aT 19 0.11 20 0.13 15 0.15
AT/At 12 0.07 16 0.10 13 0.13
aT/aT 38 0.22 30 0.19 29 0.29
aT/At 60 0.34 65 0.41 32 0.32
At/At 42 0.24 19 0.12 11 0.11

A/A 57 0.33 43 0.27 25 0.25 NS
A/a 79 0.45 85 0.54 47 0.47
a/a 38 0.22 30 0.19 29 0.29

T/T 84 0.34 58 0.37 64 0.39c d e

T/t 108 0.44 81 0.51 80 0.49
t/t 53 0.22f 19 0.12 20 0.12

F/F 61 0.37 64 0.41 30 0.30 NS
F/f 75 0.45 71 0.45 58 0.57
f/f 29 0.18 23 0.15 13 0.13

aCrohn’s disease v ulcerative colitis v control, p=0.01; bCrohn’s
disease v control, p=0.01 for trend; cCrohn’s disease v ulcerative
colitis v control, p=0.056; dCrohn’s disease v control, p=0.05;
eCrohn’s disease v ulcerative colitis, p=0.046; fCrohn’s disease v
control, tt v TT and Tt, p=0.017 (odds ratio 1.99, 95%
confidence interval 1.14–3.47).

Table 2 Vitamin D receptor allele and phenotype
frequencies

Crohn’s disease Ulcerative colitis Control

n f n f n f

Allele
A 193 0.55 171 0.54 97 0.48
a 155 0.45 145 0.46 105 0.52
T 276 0.56 197 0.62 208 0.63
t 214 0.44 119 0.38 120 0.37

Phenotype
A 136 0.78* NS 128 0.81* NS 72 0.71
a 117 0.67* NS 115 0.73* NS 76 0.75
T 192 0.78* NS 139 0.88* NS 144 0.88
t 161 0.66* NS 100 0.63* NS 100 0.61

*Phenotype frequencies: individuals possessing one or more
copies of the respective allele are compared against the number
of individuals with no copy of that allele (that is, A v non-A).
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TaqI t increases VDR expression, there will be
enhanced vitamin D action, suppression of gut
humoral immunity, and thus increased suscep-
tibility to pathogens which may trigger or
potentiate inflammation in Crohn’s disease.

Of great interest are recent studies in African
and Indian populations which have demon-
strated associations between the “tt” genotype
and infectious disease, providing further bio-
logical evidence for the importance of this
polymorphism in immune regulation. “tt” has
been shown to be associated with resistance to
tuberculosis, chronic hepatitis B virus carriage,
and lepromatous leprosy, while increasing sus-
ceptibility to HIV-1 infection and tuberculoid
leprosy.21 22 Thus these polymorphisms known
to be associated with osteoporosis and now in
this study with Crohn’s disease may have been
positively selected by conferring resistance to
infectious diseases.

This susceptibility eVect for Crohn’s disease
that we have detected is relatively weak, which
may be a function of phenotypic and genetic
heterogeneity. However, susceptibility to in-
flammatory bowel disease is probably mediated
by the eVect of many polymorphic genes, each
having only a relatively modest eVect on its
own, interacting together with environmental
factors. It will be important to attempt to repli-
cate these preliminary data in other datasets
and in diVerent ethnic groups, and to fully
determine the functional implications of this
polymorphism for immune regulation.

We thank Dr Nigel Morrison for unpublished sequence data.
JDS is a Wellcome Trust clinical research training fellow.
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