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Abstract

CYP27B1 (25-hydroxyvitamin D3-1�-hydroxylase) catalyzes the metabolization of 25-hydroxyvitamin D3 to 1,25(OH)2D3 the most
active natural Vitamin D metabolite. 1,25(OH)2D3 plays a role in the regulation of autoimmunity and cell proliferation and prevents
the development of autoimmune diabetes mellitus in animal models besides other autoimmune disorders. One hundred and eighty-seven
families with one offspring affected with type1diabetes mellitus were genotyped for the polymorphisms in the promoter region (−1260
C/A) and intron 6 (2338 T/C) of the CYP27B1 gene on chromosome 12 q13.1–13.3 and extended transmission disequilibrium tests (ETDT)
were performed.

The haplotype CT (−1260 A/2338 T) was significantly more often transmitted to affected offspring (96 transmitted (T) versus 63 not
transmitted (NT),P = 0.0089). While the AT (−1260 C/2838 T) was significantly less often transmitted (37 T versus 60 NT,P = 0.0195).

This study suggests that CYP27B1 haplotypes may confer susceptibility to type 1 diabetes mellitus in Germans.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Vitamin D is a secosteroid that acts via the nuclear
Vitamin D receptor (VDR). The most active natural Vita-
min D metabolite, 1,25(OH)2D3 effectively prevents the
development of autoimmune diabetes mellitus[1] and au-
toimmune thyroiditis [2] in animal models. Also, other
autoimmune disorders such as experimentally induced au-
toimmune encephalitis can be favourably influenced by
administering 1�, 25(OH)2D3 [3]. This secosteroid exerts
its immunomodulatory actions by inhibiting HLA class II
expression on endocrine cells[4], T cell proliferation and
secretion of inflammatory cytokines[5] that are thought to
act as mediators in autoimmune tissue destruction.

Type 1 diabetes mellitus is a multifactorial disease with
a strong genetic component[6]. The main genetic contribu-
tion to type 1diabetes mellitus susceptibility lies in the ma-
jor histocompatibility complex (MHC) on the short arm of
chromosome 6[7]. However, other genes have been associ-
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ated with susceptibility to type 1diabetes mellitus[8]. Al-
lelic variation in the VDR with regards to this disease was
studied in different populations[9]. Furthermore, low Vita-
min D levels have been reported to increase the risk for type
1 diabetes mellitus[10] and Vitamin D supplementation to
reduce it.

CYP27B1 (25-hydroxyvitamin D3-1�-hydroxylase) is a
mitochondrial P450 enzyme[11], which catalyzes the me-
tabolization of 25-hydroxyvitamin D3 to 1,25(OH)2D3. It is
the key enzyme determining the rate of 1,25(OH)2D3 pro-
duction. Renal[12] and extrarenal tissues express CYP27B1
suggesting endocrine as well as para- und autocrine func-
tions of this enzyme[13].

Mutations within the CYP27B1 gene, which im-
pair CYP27B1 hydroxylase activity and cause Vitamin
D-dependent rickets, have been described[14].

We therefore studied one polymorphism in the promoter
region and another in intron 6 of the CYP27B1 hydroxylase
gene, enabling a haplotype definition in families.

1.1. Subjects and methods

A total of 187 families (561 subjects) with at least one af-
fected offspring with type 1 diabetes mellitus were recruited
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from the endocrine outpatient clinics at the University Hos-
pital Frankfurt am Main (Germany). Type 1 diabetes melli-
tus was diagnosed according to World Health Organization
criteria. The male: female was 1:1.1 and the median age of
the affected child at diagnosis was 10.5 years (range 1–37
years). Informed consent was obtained prior to blood sam-
pling.

1.2. Methods

DNA was extracted from whole blood according to stan-
dard protocols. All family members were genotyped for the
CYP27B1 intron 6 (+2838) C/T polymorphism (Genbank
accession no. AF072470) and CYP27B1 promoter (1260)
C/A polymorphism (Genbank AB006987) aligned with pro-
moter sequence from Kong et al.[15] using polymerase
chain reaction followed, for the first polymorphism, by sin-
gle strand conformation polymorphism (SSCP) analysis as
described previously[16]. The second polymorphism was
digested with restriction enzyme Tfi I (New England Bio
Labs Beverly, MA) according to manufacturer’s instructions
for 4 h (RFLP). Digestion products were separated on 2.5%
agarose gel. The gel was visualized by SYBR green ultra-
violet illumination.

1.3. Statistical analyses

The transmission disequilibrium testing (TDT)[17] was
used to detect preferential transmission of the RFLP alle-
les to affected subjects. The probability of a heterozygous
parent transmitting either allele to the affected offspring
is equal if there is no linkage between a certain allele and
the disease in question. Deviation from the 50:50 trans-
mission pattern suggests an association in the presence of
linkage between a gene locus and this disease. In addition,
haplotypes were designed and analysed using the extended
transmission disequilibrium test (ETDT). The ETDT pro-
vides an overall test of transmission distortion for a multial-
lelic polymorphism either by considering all heterozygous
parental genotypes separately (genotype-wise analysis) or
by combining information across genotypes to detect ef-
fects due to particular alleles (allele-wise analysis sample
is approximatelyX2 distributed under the null hypothe-
sis that there are no transmission differences between the
subsets).

2. Results

No preferential transmission was observed in the poly-
morphism in the intron 6 (2838 T/C) in type 1 diabetes
mellitus (Table 1). The allele C was 94 times transmitted
(T) compared with 103 times not transmitted (NT) by het-
erozygous parents to affected offspring (TDT:P = 0.524).
Similarly, we could not detect a difference in transmission
between fathers and mothers for this polymorphism.

Table 1
Transmitted (T) and not transmitted (NT) CYP27B1 polymorphisms in
intron 6 (2838 T/C) polymorphism in 223 families and promoter (−1260
A/C) polymorphism in 222 families with type 1 diabetes mellitus proband

Polymorphism Families Allele T NT X2
TDT PTDT

Intron 6 (2838) 223 C 94 103 0.4112 0.5214
T 103 94

Promoter (−1260) 222 A 74 105 5.3687 0.0205
C 105 74

Table 2
Combined transmission of CYP27B1 variants (−1260/2838) in 187 fam-
ilies with type 1 diabetes mellitus proband

CT CC AT AC

T 96 28 37 33
NT 63 28 60 43
X2

ETDT 6.8491 0 5.4536 1.3158
PETDT 0.0089 1 0.0195 0.2513
ETDT 0.04316

On the other hand, the polymorphism in the promoter
region showed a markedly reduced transmission of the allele
A (74 transmitted versus 105 not transmitted) to affected
offspring (TDT: P = 0.0205) (Table 1). The transmission
of the allele A showed a tendency (P = 0.0713) to be
less frequently transmitted by fathers of affected offspring
compared with the mothers (P = 0.2526) (data not shown).

With these two polymorphisms we designed haplotypes as
combination of alleles. The genotype and haplotype frequen-
cies in the investigated population were in Hardy–Weinberg
equilibrium.

Our findings showed that the haplotype CT (−1260
A/2838 T) was significantly more often transmitted (96 ver-
sus 63, ETDT:P = 0.0089) to affected offspring (Table 2).

Furthermore this effect was mainly caused by the pater-
nal transmission of the haplotype CT to affected offspring
(transmitted 59 (59.6%) versus not transmitted 40 (40.4%)
by fathersP = 0.052) (data not shown).

While the haplotype AT (−1260 C/2838 T) was signifi-
cantly less often transmitted by heterozygous parents to af-
fected offspring 37 times (38.14%) versus 60 times (61.86%)
(ETDT: P = 0.0195), maternal and paternal transmission
frequencies did not differ for the transmission of these hap-
lotypes.

3. Discussion

In this study of the CYP27B1 gene we analysed haplo-
type variants in Germans families with an offspring affected
with type 1 diabetes mellitus. We did not observe an as-
sociation of the polymorphism C/T in intron 6 with this
disease. The polymorphism C/A in the promoter region
[15,18] was markedly associated with diabetes mellitus in
our population. The reduced transmission rate of allele A
in the promoter region suggests a protective role for this
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allele. Furthermore it appears, that the transmission of pro-
moter allele A is predominantly reduced from fathers. Thus
protection is mainly of paternal origin.

The haplotype CT (−1260 A/2838 T) was more often
transmitted to affected offspring. This haplotype might con-
fer susceptibility to type diabetes mellitus in our popula-
tion. However, the haplotype AT (−1260 C/2338 T) showed
a reduced transmission and might therefore be a protective
factor in type 1 diabetes mellitus.

Since the single allele (−1260 C) and haplotypes (−1260
A/2838T) are divergent in their susceptibility effects, they
may act as markers, indicating gene variation either distant
and/or at the functional level.

1,25(OH)2D3, the most active natural Vitamin D metabo-
lite, can prevent autoimmune diabetes und autoimmune
thyroiditis in animal models[2]. Furthermore, it was demon-
strated that the 1,25(OH)2D3 has antiproliferative effects,
e.g. in prostate and colon rectal cancer[19].

CYP27B1 is the key enzyme for active Vitamin D biosyn-
thesis and plays an important role in the immunomodulatory
properties of 1, 25(OH)2D3. It was demonstrated that cir-
culating levels of 1, 25(OH)2D3 are not maintained in the
mouse P450C1-gene knockout model[20].

As this polymorphism lies in the promoter region of the
key enzyme of the Vitamin D metabolization, it may affect
enzyme expression and thus the rate of final hydroxylation of
1,25(OH)2D3. This polymorphism is a new genetic marker
for type 1 diabetes mellitus.

Further genomic investigations in larger groups as well as
functional studies are underway to confirm our findings.
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