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Abstract
Objective

Vitamin D is known to exert immunomodulatory effects. An overrepresentation of the b allele of the vitamin D
receptor (VDR) has been detected in autoimmune diseases as type-1-diabetes and multiple sclerosis. VDR 

polymorphisms have been shown to influence bone metabolism and bone density. The aim of the present study
was to examine the distribution of VDR alleles in German rheumatoid arthritis (RA) patients and their relation

to bone turnover parameters.

Methods
62 German RA patients were included and compared to 40 controls. Three VDR alleles were examined (Bsm I,
Taq I and Fok I). In addition, serum intact osteocalcin (OC), parathyroid hormone, bone specific alkaline phos-
phatase (B-ALP), the carboxyterminal extension peptide of type I procollagen, 25-OH-vitamin D and urinary

deoxypyridinoline (DPD) excretion were measured. Furthermore, C-reactive protein, erythrocyte sedimentation
rate and rheumatoid factor were measured.

Results
We found a slightly higher frequency of the bB and tT-genotype in RA patients compared to controls, which was

not statistically significant. OC and B-ALP were found to be significantly higher in RA patients with positive
correlations between bone formation and resorption parameters indicating higher bone turnover in RA

patients with maintained coupling. CRP in RA patients correlated with DPD and inversely with PTH. VDR
genotype showed no association with bone turnover, family history or the presence of rheumatoid factor.

Conclusions
Our results suggest that VDR polymorphisms do not play a major role in RA predisposition in Germans.
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Introduction
R h e u m atoid art h ritis (RA) is a sys-
temic infl a m m at o ry autoimmune dis-
ease manifesting with inflammation of
joints and resulting in progressive joint
destruction (1). The aetiology of RA is
not completely understood yet. Th e
HLA-DRB1 shared epitope and certain
HLA-DRB1-alleles (2-4) have been
shown to be associated with RA. Ep-
stein-Barr virus infection and an estro-
gen receptor polymorphism have also
been examined concerning an associa-
tion with RA risk with contradicting
results (5-8)
Ap a rt from cort i c o s t e ro i d s , n o n s t e roidal
antiinflammatory drugs (NSAIDs) and
disease-modifying antirheumatic drugs
(DMARDs) such as methotrex ate or
azathioprin, and high dose administra-
tion of 1-alpha (OH)D3 (alphacalcidiol)
h ave been shown to reduce disease
activity (9).
Vitamin D exerts immunomodulatory
effects including suppression of T-cell
proliferation affecting mainly the CD
4 5 RO+ s u b p o p u l ation (10), i n h i b i t i o n
of the production of the T-cell der ived
cytokines interleukin-2 and interferon-
gamma (11-13), and the inhibition of
interleukin-12 production by activated
m a c ro p h ages (14). The metab o l i c
effects of vitamin D are mediated by
the vitamin D receptor (VDR).
The VDR gene consists of 11 exons
and contains 4 poly m o rphic regi o n s ,
three of which are located at the 3’-end
of the gene and can be detected by
restriction enzymes Bsm I, Apa I and
Taq I; one is located in the start codon
and can be detected by re s t ri c t i o n
enzyme Fok I.
Although the functional consequences
of VDR polymorphisms are not fully
understood, certain VDR alleles appear
to be associated with autoimmune dis-
eases like multiple scl e rosis (15) or
type-1 diabetes mellitus (16, 17). Fur-
thermore, association between vitamin
D re c eptor poly m o rphisms and bone
turnover or bone mineral density have
been reported in some populations (18,
19), but seem to be modified by age
and calcium intake (20, 21).
The aim of this study was to assess the
d i s t ri bution of VDR poly m o rp h i s m s
Bsm I, Taq I and Fok I in RA patients

c o m p a red to contro l s , assess diffe r-
ences in bone metabolism between RA
p atients and contro l s , and search fo r
associations between bone metabolism
and genotype or therapy.

Materials and methods
Subjects
S i x t y - t wo German RA patients we re
recruited from the rheumatologic out-
p atients clinic of the IIIrd Medical
D ep a rtment of the Unive rsity of Gies-
sen. Diagnosis of RA was made accor-
ding to the 1987 revised ACR criteria
(22). Using the ACR 1991 revised cri-
t e ria for the cl a s s i fi c ation of global
functional status (23), the disease
stages were: stage I in 2, stage II in 31,
s t age III in 27 and stage IV in 2
patients. The family history for RA was
available in 59 patients and was posi-
tive in 8 patients (14%) and negative in
51 (86%) patients. All patients received
NSAIDs or Cox-2-inhibitors in addi-
tion to va rious combinations of
DMARDs with or without additional
c o rt i c o s t e roids. At the time of bl o o d
sampling 40/62 (65%) patients we re
re c e iving cort i c o s t e ro i d s , the mean
duration of steroid treatment was 60.8
± 82.7 months. 31/62 (50%) patients
received vitamin D metabolites for the
p revention of cort i c o s t e roid induced
o s t e o p o ro s i s , 59/62 (95%) re c e ive d
DMARDs (methotrex at e, l e fl u n o m i d,
azathioprin, chloroquine, gold). Eight
p atients suffe red from cort i c o s t e ro i d -
induced osteoporosis and were treated
with bisphosphonat e s , calcium and
vitamin D metabolites. 
Control samples were drawn from 40
German persons of the hospital staff
and outpatients without autoimmune or
b o n e - re l ated diseases and not taking
drugs influencing bone metabolism. In
women menopausal status was docu-
m e n t e d. Info rmed consent was obtained
f rom all study subjects. Clinical and
laboratory data of the patients and con-
trols are listed in Table II.

Bone turnover
As para m e t e rs of bone turn over we
measured serum bone specific alkaline
p h o s p h atase (B-ALP) (Alkphase-B,
M e t ra Biosystems, O s n ab ru e ck , G e r-
m a ny) (24), s e rum intact osteocalcin
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( N i chols Institute Diag n o s t i c s , San Ju a n
C ap i s t ra n o , C A , USA) (25), s e rum type
I C-terminal extension pro p eptide of
p ro c o l l agen (PICP) (Pro l age n - C , M e t ra
B i o s y s t e m s , Palo A l t o , C A , USA) (26),
2 5 - O H - Vitamin D (25-OH-D3) seru m
l evels (27) (Immu n D i ag n o s t i k , B e n-
s h e i m , G e rm a ny ) , s e rum intact parat hy-
roid hormone (PTH) (Nichols Institute,
San Juan Cap i s t ra n o , C A , USA) (28),
and uri n a ry ex c retion of free deox y -
py ridinoline (DPD) (Immu l i t e, D i ag-
nostic Products Corp o rat i o n , C A , U S A )
( 2 9 ) , wh i ch was corrected for uri n a ry
c re atinine concentrations (Ja ffé Method,
B o e h ri n ger Mannheim systems, M a n n -
h e i m , G e rm a ny).   

Markers of disease activity
RA activity was measured by C-reac-
tive protein (CRP) (Boehringer Mann-
heim Systems, M a n n h e i m , G e rm a ny )
and ery t h ro cyte sedimentation rat e
(ESR). CRP and ESR correlated highly
s i g n i fi c a n t ly (p < 0 . 0 0 1 , r = 0 . 5 8 ) .
Hence, in the following only correla-
tions with CRP are described.
F u rt h e rm o re rheumatoid factor wa s
m e a s u red (RHF™, B e ckman Instru-
ments Inc, Fullerton, California).

Genotyping
Genomic DNA was ex t racted fro m
peripheral blood leukocytes as previ-
ously described (30). In brief, erythro-

cytes were lysed by mixing 3 ml of
E D TA blood samples with 9 ml of
lysis-buffer (0.32 M saccharose, 0.01
M Tris, 5 mM MgCl, 1% Triton X) fol-
lowed by 10’ incubation at 4°C, cen-
trifugation, resuspension of the leuko-
cyte pellet in 1.5 ml Sodium-EDTA-
buffer (75 mM NaCl,25 nM EDTA, pH
8.0) and 200 ml 10% SDS and
overnight digestion at 37°C with Pro-
teinase K (30 µg/ml). After protein pre-
cipitation with 500 µl 6 M NaCl solu-
tion,DNA was precipitated by adding 2
volumes of Ethanol (-20°C) followed
by a washing step with 70% Ethanol
and suspension of the DNA in Tri s -
E D TA - bu ffer (10 mM Tri s - H C L , 0 . 1
mM EDTA, pH 8.0). Polymerase chain
reaction (PCR) amplifi c ation of the
gene segments flanking the enzyme
restriction sites was performed using a
t h e rm o cy cler (Hybaid PCR Spri n t ,
H y b a i d - AG S, H e i d e l b e rg, G e rm a ny )
and primers described previously (31-
33). PCR consisted of activation of
Ta q - p o ly m e rase for 5’ at 94°C fo l-
lowed by 45 cycles of 94°C for 1’, 58
°C (Bsm I) or 60°C (Taq I, Fok I) for 1’
and 72°C for 1’30’’. Afterwards exten-
sion of PCR products was performed at
72°C for 10’. Primer sequences,
restriction fragment lengths and diges-
tion temperatures are listed in Table I.
PCR products were then digested by
Bsm I (Hybaid-AGS, Heidelberg, Ger-
m a ny ) , Taq I (Hybaid-AG S, H e i d e l-
berg, Germany) and Fok I (New Eng-
land Biolab s , Fra n k f u rt / M a i n , G e r-
many) according to the manufacturer’s
conditions and genotypes were deter-
mined by agarose gel electrophoresis.
Genomic poly m o rphisms we re
described as FF, BB and TT (absence
of restriction site in both alleles), ff, bb,

Table I. Primer sequences, length of PCR product and restriction fragments and digestion temperature.

Length Length Digestion 
Polymorphism Direction Primer sequence (PCR product) (digestion fragments) temp. 

BsmI Sense 5’-caa cca aga cta caa gta ccg cgt cag tga-3’ 800 bp* BB: 800 bp* 65°C
Antisense 5’-aac cag cgg gaa gag gtc aag gg-3’ bb: 650/150bp*

TaqI Sense 5’-cag agc atg gac agg gag caa-3’ 740 bp* TT: 495/245 bp* 70 °C
Antisense 5’-gca act cct cat ggc tga ggt ctc-3’ tt: 245/290/205 bp*

FokI Sense 5’-agc tgg ccc tgg cac tga ctc tgc tct-3’ 265 bp* FF: 265 bp* 37°C
Antisense 5’-atg gaa aca cct tgc ttc ttc tcc ctc-3’ ff: 196/69 bp*

*bp = base pairs

Table II. Clinical data and laboratory data of patients and controls.

RA (n = 62) Controls (n = 40)

Men (number)/age (years) 13/58 ± 12.4 9/52.8 ± 15.5

Women (number)/age (years) 49/57.4± 14.8 31/53.2 ± 15.2

BMI (kg/m2) 24.68 ± 4.33 27.67 ± 5.32

Premenopausal 14 (29%) 12 (39%)

Postmenopausal 35 (71%) 19 (61%)

ESR (mm/h) 30.89 ± 23.44

CRP 11.5 ± 16.1

Age at onset (years) 47 ± 15.7

Disease duration (months) 124.9 ± 103.2

Rheumatoid factor +/- (n = 58) 39(67) / 19(33%)

B-ALP (U/l) 24.6 ± 8.4 21.3 ± 5.8

OC (ng/ml) 22.0 ± 11.9 17.2 ± 9.8

PICP (ng/ml) 90.4 ± 29.4 90.5 ± 29.1

PTH (pg/ml) 28.1 ± 16.0 29.4 ± 13.1

DPD (nmol/mmol creatinine) 8.8 ± 3.3 7.9 ± 2.0

25-OH-D3 (ng/ml) 23.6 ± 17.1 24.6 ± 14.1

BMI:body mass index; ESR:erythrocyte sedimentation rate; CRP: C-reactive protein; B-ALP: serum
bone specific alkaline phosphatase; OC: serum osteocalcin; PICP: serum type I C-terminal extension
propeptide of procollagen; PTH: serum parathyroid hormone; DPD: urinary deoxypyridinoline; 25-
OH-D3: serum 25-OH-Vitamin D.
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tt (presence of restriction site in both
alleles) and Ff, Bb and Tt (heterozy-
gous) according to the standard nomen-
clature (Fig.1 a-c)).

Statistical analysis
E x p l o rat ive data analysis was done
using the fo l l owing statistical tests.
Mann-Whitney’s U-test was used for
comparison of bone turnover and age
be t ween patients and controls. It wa s
also used to compare bone turn ove r
b e t ween osteoporotic and non-osteo-
p o rotic patients and between pat i e n t s
with and without DMARD or stero i d

m e d i c ation. Kru s k a l - Wallis test wa s
p e r fo rmed for assessment of associa-
tions between VDR genotypes and bone
t u rn over para m e t e rs and between V D R
genotypes and age of onset. Corre l at i o n s
within biochemical para m e t e rs of bone
t u rn over and between bone turn over and
CRP or age in RA patients we re
assessed by Spearm a n ’s rank corre l at i o n
test. Chi2 (χ2)-test was used to compare
the distri bution of vitamin D re c ep t o r
genotypes in patients and contro l s ,
b e t ween patients with positive and nega-
t ive fa m i ly history and between sero -
p o s i t ive and sero n egat ive patients. A l l

s t atistics we re done using Stat Vi ew™ II
s o f t wa re (Abacus concep t s , I n c. ) .

Results
No significant difference in the distri-
bution of age (Man-Whitney-test) and
s ex (χ2-test) was found between pa-
tients and controls. Serum calcium and
creatinine were in the normal range in
all individuals and did not differ signif-
icantly between the patient and control
groups.

Frequency of VDR alleles in RA
patients and controls
Distribution of Taq I and Bsm I VDR
genotypes was different in patients and
controls when comparing single poly-
morphisms, with a lower frequency of
BB and tt genotypes and higher fre-
quency of heterozygotes in RA patients
(p=0.026 for Bsm I, p=0.017 for Taq I,
Table III). Because of the explorative
ap p ro a ch no correction for mu l t i p l e
testing was made. Assuming a level of
significance of p = 0.015 according to
the three poly m o rphisms tested, t h e
difference in distribution of Bsm I and
Taq I polymorphisms were no longer
significant, although the difference in
Taq I genotypes was close to statistical
significance.
No difference in genotype distribution
was observed between seropositive and
seronegative patients. A significant dif-
fe rence in genotype distri bution be-
tween patients with positive and nega-
tive family history was found only for
the Fok I polymorphism (p = 0.0012, χ2

= 13.37, df = 2). Of the patients with
positive family history none had the fF
genotype (3/8 ff, 5/8 FF) whereas 23/
54 (43%) patients with negative family
history had the fF genotype (2/54 ff,
29/54 FF). No association betwe e n
genotype and age at onset was found.
Furthermore we detected linkage be-
tween b and T as well as between B and
t alleles (p = 0.0001, χ2 = 83.81, df = 4).
In patients and controls taken together,
93% of individuals homozygous for the
t genotype also were homozygous for
the B allele. We detected no difference
concerning linkage between the patient
and control groups and no linkage
between Fok I genotypes and Bsm I or
Taq I genotypes.

Fig. 1. Agarose gels demonstrating FokI, BsmI and TaqI polymorphisms. PCR products are shown in
comparison to a 100 bp* molecular weight marker before (-) and after (+) digestion with FokI,BsmI or
TaqI restriction enzyme. 
(a) FokI polymorphisms; (b) BsmI polymorphisms; (c) TaqI polymorphisms. *bp: base pairs.
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B i o chemical para m e t e rs of bone
t u rn ove r
B-ALP and OC we re signifi c a n t ly
higher (both p < 0.05) in RA patients
compared to controls, indicating higher
bone turnover (Table II).
CRP in RA patients corre l ated with
DPD (p < 0.01, r = 0.4) and negatively
with PTH (p < 0 . 0 5 , r = -0.30) and a
trend for an association with PICP (p =
0.08, r = 0.23) was observed.
Furthermore, in RA patients we found
positive correlations between the bone
formation parameters B-ALP and OC
(p < 0.01, r = 0.35), B-ALP and PICP
(p < 0.001, r = 0.44) and OC and PICP
(p < 0.001, r = 0.51). DPD in RA pa-
tients corre l ated with B-ALP (p< 0.001,
r = 0.52) and PICP (p < 0.01, r = 0.35),
indicating maintained coupling of bone

formation and resorption processes.
In patients B-ALP and PICP correlated
significantly with age (p<0.01, r = 0.42
for B-ALP; p< 0.01, r = 0.40 for PICP). 
No association between VDR ge n o-
types and biochemical para m e t e rs of
bone turnover was detected in either in
RA patients (Table IV) or in controls
(data not shown).
No association between bone metabo-
lism and steroid medication or duration
of steroid tre atment was detectabl e.
Nor was any difference observed be-
tween patients receiving DMARDs and
patients not receiving DMARDs.
No difference concerning VDR geno-
types, bone turnover or disease activity
was found between patients suffering
from secondary osteoporosis and non-
osteoporotic patients.

Discussion
For autoimmune diabetes and autoim-
mune encephalomyelitis an association
with VDR genotype has been shown
(15-17). Thus, an association between
VDR genotype and RA predisposition
is conceivable. 
Synovial inflammatory cells, chondro-
cytes and synovial stromal cells ex -
press the VDR (34). Vitamin D is able
to suppress activity of autoimmune dis-
eases such as autoimmune diabetes or
ex p e rimental autoimmune encep h a l o -
myelitis (35, 36) and has also been
shown to reduce disease activity in RA
patients (9). 
The functional consequences of the

VDR poly m o rphisms are not fully
understood yet. Originally, differences
in mRNA stability between the alleles
were assumed, but this was not con-
firmed in later studies (37). A recent
study revealed differences in the pro-
duction of osteocalcin by osteobl a s t -
like cells of different genotypes, result-
ing in higher osteocalcin levels after
s t i mu l ation of cells with ge n o t y p e s
including homozygosity for the T- and
the b-allele, and suggested that the
p o ly m o rphisms affect individual re -
sponsiveness to vitamin D (38).
In the present study we found a slightly
– not statistically significant – higher
frequency of the tT and bB genotypes
in German RA patients compared to
controls. The distribution of VDR alle-
les in controls was similar to that previ-
ously reported for healthy Caucasians
(39-44). Thus, at least in our study an
a s s o c i ation between VDR ge n o t y p e
and RA risk cannot be establ i s h e d.
Although this is in accordance with the
results of recently published studies in
Korean and Spanish RA patients (45,
46), our results should be confirmed in
a larger German population as the sam-
ple size in our study was smaller than
that of the aforementioned studies .
In contrast to the study of Garcia et al.
(46), we did not detect any association
b e t ween VDR genotype and age at
onset. We did find a difference in distri-
bution of the Fok I polymorphism be-
tween patients with a positive or a neg-
ative family history, but the number of

Table IV. Comparison of bone turnover by patients genotypes.

B-ALP OC PICP PTH DPD 25-OH-D3
(U/l) (ng/ml) (ng/ml) (pg/ml) (nmol/mmol Krea) (ng/ml)

bb (n=10) 24.64±6.58 26.81±13.82 91.49±28.27 23.59±10.19 8.36±3.4 29.5±21.88

bB (n=43) 24.23±9.35 21.26±10.96 91.23±31.39 26.82±16.18 8.71±3.11 22.79±11.94

BB (n=9) 26.5±5.89 21.72±14.31 85.36±22.71 40.26±16.72 10.23±3.75 21.22±29.89

tt (n=4) 23.03±3.45 32.88±12.28 95±16.75 45.47±21.26 10.28±3.71 16.75±4.11

tT (n=34) 25.57±9.62 20.31±11.97 94.79±31.69 29.16±17.24 9.08±3.06 23.03±18.48

TT (n=24) 23.69±7.19 23.24±11.19 83.12±27.02 23.97±11.10 8.36±3.46 25.67±14.20

ff (n=5) 27.5±9.48 18.63±1.44 101.63±37.2 37.68±34.23 7.23±1.23 22.6±16.79

fF (n=23) 25.54±8.62 21.02±9.91 92.07±33.96 23.83±10.73 9.25±2.72 20.04±12.85

FF (n=34) 23.81±8.37 23.49±13.74 87.97±25.65 30.17±16.08 8.90±3.72 16.24±12.53

B-ALP: serum bone specific alkaline phosphatase; OC: serum osteocalcin; PICP:serum type I C-terminal extension propeptide of procollagen; PTH:serum
parathyroid hormone; DPD: urinary deoxypyridinoline; 25-OH-D3: serum 25-OH-Vitamin D.

Table III. Distribution of VDR genotypes
in RA patients (n = 62) and controls (n =
40).

Geno-         RA                   Controls p-value 
type        no.  (%)              no.  (%) (χ2 test)

bb 10 (16) 11 (27)
bB 43 (69) 17 (43) 0.026
BB 9 (15) 12 (30)

tt 4 (6) 10 (25)
tT 34 (55) 14 (35) 0.017
TT 24 (39) 16 (40)

ff 5 (8) 3 (7)
fF 23 (37) 23 (58) 0.117
FF 34 (55) 14 (35)
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patients with a positive family history
was relatively small and no difference
in Fok I genotypes between RA
patients and controls was found. This
result might thus not reflect a true asso-
ciation. Gough et al. reported of a high-
er rate of bone loss in British women
with RA and the tt genotype (47).
Unfortunately bone density data were
not ava i l able in our study. Bone
t u rn over was higher in RA pat i e n t s
than in controls without any association
to the VDR genotype. Therefore a pre-
disposition to more rapid bone loss in a
c e rtain genotype cannot be derive d
from our data. The lack of an associa-
tion between VDR genotype and bone
turnover is in keeping with the conflict-
ing results rep o rted in the literat u re
concerning the influence of VDR geno-
types on bone turnover (18, 19, 48). 
S u rp ri s i n g ly, no association betwe e n
bone turnover and steroid medication,
d u ration of steroid tre atment or
DMARD therapy was detectable. It has
to be noted, however, that due to the
advanced state of disease in many of
our patients, therapy consisted of vari-
ous combinations of DMARDs with or
without steroids. Hence, well-defined
therapy groups could not be formed for
statistical comparison and the overlap-
ping effects of the simultaneously ad-
ministered methotrexate and NSAIDs
may be the reason that the well docu-
mented effects of steroid medication on
bone turnover were not found in our
s t u dy (49-51). Increased peri a rt i c u l a r
bone turnover has been shown before
by histomorphometry (52). There was
no significant difference in age, BMI,
sex distribution and percentage of post-
menopausal women between pat i e n t s
and controls. Therefore the higher bone
turnover in RA patients detected in our
s t u dy was most pro b ably caused by
i n fl a m m ation-induced increased bone
turnover in the vicinity of the affected
joints. It has to be noted, however, that
lifestyle factors influencing bone were
not considere d. The corre l ation be-
tween CRP and DPD and the negative
c o rre l ation between CRP and PTH
found in our study has been described
before by Oelzner et al. (53), who attri-
buted these correlations to an increase
in calcium release due to inflammatory

bone re s o rption with the consecutive
inhibition of PTH secretion. 
In summary, our study is the first to
examine the prevalence of VDR poly-
morphisms in German RA patients. As
in Korean and Spanish RA patients, no
s t at i s t i c a l ly significant associat i o n
between VDR polymorphisms and RA
susceptibility has been found. In con-
t rast to other autoimmune diseases,
VDR polymorphisms do not play a cru-
cial role in RA predisposition.
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