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Clinical Investigations

Ethnic Difference in Contribution of Spl Site Variation of COLIAL
Gene in Genetic Predisposition to Osteoporosis
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Abstract. Osteoporosis, a condition characterized by low
bone mineral density (BMD) leading to bone fragility [1], is
a major public health concern in Japan as well as in othe CEPH Japanese
countries. Although genetic predisposition seems to be |

factor in the pathogenesis of osteoporosis [2—4], the precis 446

cohort of genes that may be involved is not well defined.

The COLIAL1 and COLIA2 genes encode polypeptide con- 2046T# = = = = =
stituents of collagen typexll and k2, respectively. Both
are important candidates as genetic regulators of BMD
since mutations in either gene result in osteogenesis impe
fecta, a disorder characterized by severe osteoporosis [E
Some patients with adult osteoporosis also carry mutation
in COLIAL or COLIA2 genes [6].
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Three independent studies performed in Caucasian populi
tions [7-9] have demonstrated a genetic association be
tween allelic variants o€OLIA1 and reduced BMD. In all -
three studies, a guanine-to-thymidine change (2046T allele " | T a.
at the recognition site for transcription factor Sp1 in the first
intron of theCOLIA1gene (base +2046 of intron 1) showed rjy 1 (A) Representative mismatched PCR-RFLP genotyping
a significant association with reduced bone density and iNshowing variation in the Sp1-binding site 6OLIALin 16 Cau-
creased occurrence of osteoporotic fracture. Moreover, Uitcasians but not in 16 Japanese. PCR products containing a substi-
terlinden et al. [9] showed that Spl protein binds to thetution of T for G at nucleotide 2046 contained a restriction site for
sequence containing 2046T with greater affinity than toMscl, digestion produced a smaller allele in heterozygo(gs.
2046G sequence, and that this action alters expression of tlgquencing experiment showing heterozygosity at nucleotide 2046
COLIA1gene. These observations suggested that the natuf@tron ) of COLIALin a CEPH DNA sample and homozygosity
of the Sp1-binding sequence GOLIAL might play a criti- or 2046G in a Japanese sample. The replaced nucleotide by mis-
cal role in the pathogenesis of osteoporosis. tmh?;ﬁhﬁgu?rtmetrégt)' OT Z?aﬁgr?gencmg results were consistent
To examine whether genetic variation of tOLIAL g pop '
gene is associated with osteoporosis in the Japanese popu-
lation, we studied the relationship betwe€OLIAL geno-  g/cn?). DNA samples were obtained from all participants
type and BMD in 202 postmenopausal Japanese womewith informed consent. Osteoporosis was diagnosed accord-
with osteoporosis (mean age 72.4 + 5.6 years, adjustedng to criteria of the Japanese society for bone and mineral
BMD at radius 0.28 = 0.03 g/cfhand 202 control women researchCOLIA1genotypes were determined by PCR tech-
(mean age 68.7 = 6.36, adjusted-BMD at radius 0.39 = 0.0mology, using a mismatched primer that introduces a cleav-
age site for endonucleadésclin alleles that carry a 2046T
substitution [7]. In this procedure, reaction products di-
_— gested withMscl yield a smaller fragment for the 2046T
Correspondence tavl. Emi allele (Fig. 1).
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Table 1. Allele frequency of G-to-T polymorphism in the first References

intron of COLIAlgene

Allele frequency

Population Number 2046G 2046T  Reference
United Kingdom 299 0.80 0.20 [7]
Netherlands 1778 0.82 0.18 [9]
France 220 0.78 0.22 [8]
Japan 404 1.00 0.00

The allelic frequency of 2046T previously reported in

Caucasians was 0.20-0.22 [7-9]. However, among our 202
Japanese patients and 202 controls, none carried the 20467,
allele at the Sp1 binding site (Table 1). When we genotyped
40 unrelated Caucasian subjects from CEPH kindreds, we
detected 13 2046G/T heterozygotes (allele frequency of
2046T, 0.16). Sequence analysis of PCR products from each

allele confirmed these findings (data not shown).
Individuals belonging to different racial groups often

show differences in susceptibility to common polygenic dis-
eases. That osteoporosis is less common among blacks than
Caucasians and Mongoloids [10] suggests that genetic back-
ground is a major factor affecting susceptibility to osteopo-
rosis. Variants of other candidate genes, such as vitamin D"
receptor, have been associated with reduced bone density in
some studies but not in others [11, 12]. Ethnic differences
might explain those disparities. For example, Tokita et al. g
[13] reported that genetic variation of the vitamin D recep-
tor gene significantly affected BMD in Japanese women,
even though the frequencies of haplotypes and genotypes of
this gene were quite different from those observed in Cau-9.

casians.COLIA1 variations are likely to contribute to re-

duced BMD in Caucasians because the sample size in one of
the reported studies was extremely large [9] and because

those findings were consistent with two other independent

studies [7, 8]. Nevertheless, the 2046T allele clearly doed0-
not predispose to osteoporosis in Japanese women, since we _ ) .
have shown that it is not present in the Japanese populatiohl- Morrison NA, Qi JC, Tokita A, Kelly PJ, Crofts L, Nguyen
The results reported here emphasize the importance of

considering racial background in assessing the etiologica{z

significance of candidate genes in osteoporosis.

AcknowledgmentsThis work was supported by grants-in-aid for

osteoporosis projects from the Ministry of Health and Welfare of
Japan and the Novartis Foundation for Gerontological Research.

1. Kanis JA, Melton LJ Ill, Christiansen C, Johnston CC, Khal-

taev N (1994) The diagnosis of osteoporosis. J Bone Miner
Res 9:1137-1141

2. Pocock NA, Eisman JA, Hopper JL, Yeates MG, Sambrook

PN, Eberl S (1987) Genetic determination of bone mass in
adults: a twin study. J Clin Invest 80:706—710

. Seeman E, Hopper JL, Bach LA, Cooper ME, Parkinson E,

McKay J, Jerums G (1989) Reduced bone mass in daughters
of women with osteoporosis. N Engl J Med 320:554-558

. Gueguen R, Jouanny P, Guillemin F, Kuntz C, Pourel J, Siest

G (1995) Segregation analysis and variance components
analysis of bone mineral density in healthy families. J Bone
Miner Res 12:2017-202

Sykes B, Ogilvie D, Wordsworth P, Wallis G, Mathew C,
Beighton P, Nicholls A et al. (1990) Consistent linkage of
dominantly inherited osteogenesis imperfecta to the type |
collagen loci: COL1A1 and COL1A2. Am J Hum Genet 46:
293-307

. Spotila LD, Constantinou CD, Sereda L, Ganguly A, Riggs

BL, Prockop DJ (1991) Mutation in a gene for type | procol-
lagen COL1A) in a woman with postmenopausal osteopo-
rosis: evidence for phenotypic and genotypic overlap with
mild osteogenesis imperfecta. Proc Natl Acad Sci USA 88:
5423-5427

Grant SFA, Reid DM, Blake G, Herd R, Fogelman I, Ralston
SH (1996) Reduced bone density and osteoporosis associated
with a polymorphic Sp1 binding site in the collagen typé. |
gene. Nature Genet 14:203-205

Garnero P, Borel O, Grant SF, Ralston SH, Delmas PD (1998)
Collagen | alphal Spl polymorphism, bone mass, and bone
turnover in healthy French premenopausal women: the
OFELY study. J Bone Miner Res 13:813-817

Uitterlinden AG, Burger H, Huang Q, Yue F, McGuigan FEA,
Grant SFA, Hofman A et al. (1998) Relation of alleles of the
collagen type &1 gene to bone density and the risk of osteo-
porotic fractures in postmenopausal women. N Engl J Med
338:1016-1021

Prockop DJ (1998) The genetic trail of osteoporosis. N Engl J
Med 338:1061-1062

TV, Sambrook PN et al. (1994) Prediction of bone density
from vitamin D receptor alleles. Nature 367:284-287
Cooper GS, Umbach DM (1996) Are vitamin D receptor poly-
morphisms associated with bone mineral density? A meta-
analysis. J Bone Miner Res 11:1841-1849

. Tokita A, Matsumoto H, Morrison NA, Tawa T, Miura Y,

Fukamauchi K, Mitsuhashi N et al. (1996) Vitamin D receptor
alleles, bone mineral density and turnover in premenopausal
Japanese women. J Bone Miner Res 11:1003-1009



