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Association of single nucleotide
pollymorphisms in secreted
frizzled-related protein 1 gene
with bone mineral density in
Japanese women

Keizo Ohnaka,' Ken Yamamoto,? Kenjiro Nakamura,® Masahiro Adachi,’
Hisaya Kawate,* Suminori Kono® and Ryoichi Takayanagi*
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Molecular Genetics, Medical Institute of Bioregulation, Kyushu University, Tenjin Sogo Clinic,

Fukuoka, Japan

Aim: Recent studies have demonstrated that the Wnt signaling pathway plays an impor-
tant role in bone metabolism. The purpose of this study was to examine whether the gene
of secreted frizzled-related protein 1 (SFRP1), a Wnt antagonist, is involved in the etiology
of osteoporosis using association study.

Methods: Seven single nucleotide polymorphisms (SNP) in the SFRPI gene were geno-
typed and analyzed for association with bone mineral density (BMD) in 931 Japanese
women (63.5 £ 6.7 years old, mean * standard deviation).

Results: One SNP (rs16890444) located in intron and another (rs3242) located in the
3’-untranslated region of the sFRPI gene were sighificantly associated with the lumbar
spine BMD value, and BMD values for both the femoral neck and the total hip, respec-
tively. Women with the T/T genotype of the former SNP had a lower BMD value of the
lumbar spine (L2-L.4) compared with those with C/C or C/T (BMD value adjusted for age,
duration after menopause, and body mass index: 0.781 vs 0.830, P = 0.037), while women
with the T/T genotype of the latter SNP had higher BMD values of femoral neck and total
hip compared with those with C/C or C/T (adjusted BMD value: femoral neck, 0.721 vs
0.633, P=0.025; total hip, 0.834 vs 0.737, P =0.027).

Conclusion: These results suggest that the SFRPI may be a candidate gene for a BMD
determinant, but further studies need to consolidate the present findings.

Keywords: -association, bone mineral density, osteoporosis, secreted frizzled-related
protein 1 gene, single nucleotide polymorphism:
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Osteoporosis is a-skeletal: disorder characteérized: by
decreased bone: strength and: increased risk of bone
fracture.! Bone strength is determined by bone mineral
density: (BMD). and " bone ' quality  including - micro-
architecture and bone turnover. Low BMD is one of the
most clinically important risk factors for bone fracture.'?
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SFRP1 SNP and BMD in Japanese women

Osteoporosis is considered to be a multifactorial
disease caused by genetic factors as well as by environ-
mental factors such as diet and exercise, and homeo-
static age-related changes.* In 1994, Morrison ef al.
first reported an association between the vitamin D
receptor (VDR) gene allele and BMD.* Since then, many
association studies have been performed to clarify
the genetic factors of osteoporosis. These studies have
identified several candidate genes for osteoporosis,
including genes for estrogen receptor o, (ESRI),” col-
lagen type lal (COL1AI)*® transforming growth
factor-p1 (TGFB1),'*!! parathyroid hormone (PTH),"”
interleukin-6 (IL6)" and osteoprotegerin (OPG).™

The Wnt signaling pathway plays a pivotal role
in embryogenesis and development.”® Recent studies
have revealed that this pathway is also important in
bone metabolism.’*? Loss-of-function mutation of
the low-density lipoprotein receptor-related protein 5
(LRP5) gene, a Wnt co-receptor, causes osteoporosis—
pseudoglioma syndrome (OPPG) in humans,'® while a
gain-of-function mutation in the LRP5 gene causes
autosomal-dominant high bone mass trait.'” The Wnt
signal is regulated by several secreted proteins such as
dickkopf (Dkk), secreted frizzled-related protein (sFRP),
Wht inhibitory factor (WIF) and Cerberus.”® The sFRP
family consists of five proteins named sFRP1, sFRP2,
sFRP3, sFRP4 and sFRPS5.?' As targeted disruption of
the sFRP1 (SFRPI) gene increased the trabecular bone
mass in mice, it is suggested that sFRP1 is a negative
regulator of bone accrual in vertebrates.”

The purpose of this study was to investigate the asso-
ciation between BMD and single nucleotide polymor-
phisms (SNP) of the SFRP1 gene in Japanese elderly
women. Here we show that two SNP were significantly
associated with BMD in a Japanese population.

Methods

Subjects

The study subjects  were 931" Japanese  women
aged S0-77 years (mean * standard deviation, 63.5 %
6.7 years), who lived in the East Ward of Fukuoka City
and participated in the Fukuoka Cohort Study. Life-
style and medical history were ascertained by interview
using a self-administered questionnaire. Excluded in the
present study were women with the following con-
ditions: diseases known to affect bone metabolism
(endocrine disorders such as hyperthyroidism, hypothy-
roidism, hyperparathyroidism, hypoparathyroidism or
diabetes: mellitus, liver cirrhosis, chronic renal: failure,
and collagen diseases such as rheumatoid arthritis or
systemic lupus erythematodes); use of drugs known to
affect bone metabolism (e.g. glucocorticoids, bisphos-
phonates, selective estrogen receptor modulators, active
vitamin Ds, vitamin K, estrogen and warfarin); and a
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history of oophorectomy. The study was approved by the
ethics committee of Kyushu University Faculty of Medi-
cal Sciences. All the study subjects gave written informed
consent prior to their participation in this study.

Measurement of BMD

Bone mineral density of the lumbar spine (L2-L4),
femoral neck and total hip was measured by dual-energy
X-ray absorptiometry (DXA) with a QDR-Delphi C
instrument (Hologic, Waltham, MA, USA). The coeffi-
cient of variation at each site was less than 1% of all
measurements. Deformity and fracture of vertebras and
calcification of aorta were screened by instant vertebral
assessment (IVA) method, and those who had compres-
sion fracture of lumbar spine (L2-1.4) or marked calci-
fication of the abdominal aorta were excluded to avoid
overestimation of BMD values by DXA.

DNA extraction and genotyping of the SFRP1 SNP

Genomic DNA was extracted from the peripheral leu-
kocyte fraction using an automatic nucleic acid isolation
system (NA-3000; Kurabo, Tokyo, Japan) and stored
at -80°C until genotyping. Genotyping of intronic
SNP (rs968427, rs9694405, rs16890444, rs10106678,
rs7838918, rs7833518) and an SNP in the 3'-
untranslated region (rs3242) of the SFRPI gene was
performed using Assays-On-Demand primer and probe
sets (Applied Biosystems, Foster City, CA, USA) with an
ABI PRISM 7900HT (Applied Biosystems) according to
the manufacturer’s protocol. Genotypes of each SNP
were determined by the TagMan polymerase chain
reaction. (PCR) method. The SNP examined in this
study are listed in Table 2.

Statistical analysis

Adjusted means of BMD according to genotypes were
calculated by ANCOVA, with age, duration after meno-
pause and body mass index as covariates. Between-
group comparisons of the adjusted means were done
following the ANCOVA. Statistical adjustment for mul-
tiple comparisons was not considered so as to avoid
missing potentially important associations with SFRP1
polymorphisms. Lewontin’s D" was calculated for
assessing linkage disequilibrium between SNP on the
basis of the maximum likelihood estimates of the hap-
lotype frequencies. All statistical analyses were per-
formed using SAS ver. 8.2, except for the analysis on
linkage disequilibrium which used SAS/Genetics ver.
9.1. Statistical significance was declared at P < 0.05.

Results

The characteristics of the study subjects are summa-
rized in Table 1. Premenopausal women numbered 55
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Table 1 Characteristics of the 931 study subjects

Measure Mean = SD
Age (years) 63.5+6.7
Height (cm) 153.2+5.4
Weight (kg) 53.0+7.4
Body mass index (kg/m?) 22.6+3.1
Duration after menopause (years)* 12.2+8.2
Lumbar spine (L2-L4) BMD (g/cm?) 0.829 +0.141
Femoral neck BMD (g/cm?) 0.634 £ 0.100
Total hip BMD (g/cm?) 0.738 £0.110

TThe study subjects included 55 premenopausal and 876
postmenopausal women. BMD, bone mineral density; SD,
standard deviation.

(5.9%) and all the remaining were postmenopausal.
Each of the covariates was modestly correlated with
BMD values. The spine BMD value was correlated
negatively with age (r=-0.249, P<0.0001) and
duration after menopause (r=-0.268, P < 0.0001), and
positively with body mass index (r = 0.244, P < 0.0001).
Similarly, BMD values of the femoral neck and the total
hip correlated negatively with age (femoral neck,
r=-0.336, P < 0.0001; total hip, r=-0.300, P < 0.0001)
and duration after menopause (femoral neck,
r=-0.318, P < 0.0001; total hip, r=-0.289, P < 0.0001),
and positively with body mass index (femoral neck,
r=0.262, P <0.0001; total hip, = 0.309, P < 0.0001).

Table 2 shows the adjusted means of BMD values for
each genotype of the SNP in the SFRPI gene. Of the
seven SNP examined, one SNP (rs16890444) located in
the intron were significantly associated with the lumbar
spine (L2-L4) BMD. Women with the T/T genotype
of this SNP had lower lumbar spine BMD values
compared with those with the C/C or C/T genotypes
(adjusted means * standard error of the mean [SEM]
of BMD: 0.781+0.023 vs 0.830+0.004, P=0.037,
Fig. 1). The BMD values of both the femoral neck and
the total hip in women with the T/T genotype were also
lower than in women with the C/C or C/T genotypes,
although the difference was not statistically significant
{(femoral neck, P=0.117; total hip, P=0.057).

There were also: significant associations between
another SNP (rs3242) located in the 3’-untranslated
region (3’UTR) and the BMD values of both the femoral
neck and the total hip (Fig. 2). Women with the T/T
genotype had higher BMD values of both the femoral
neck and the total hip compared with women with the
C/C or C/T genotypes (adjusted means £ SEM of BMD:
femoral neck, 0.721 '+ 0.039 vs 0.633 £ 0.003, P = 0.025;
total hip, 0.834+ 0.043 vs 0.737 £ 0.003, P=0.027). In
addition, the lumbar spine BMD value was higher in
women with the T/T genotype compared with women
with the C/C or C/T genotypes, although this difference
was not statistically significant (P = 0.176). There was a
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significant difference in the BMD value of femoral neck
and among genotypes of the intron SNP (rs9694405)
with an overall P-value of 0.019 (Table 2), but the BMD
value was the lowest in women heterozygous for this
SNP. There was no significant association between the
BMD values and any other SNP of the SFRPI gene
examined (Table 2).

Results from the analysis excluding premenopausal
women (n=355) were almost the same as described
above (data not shown). The two polymorphisms
(rs16890444 and rs3242) were not in a close linkage
disequilibrium as shown by a small value for Lewontin’s
D’ (0.02).

Discussion

In the present study, we measured the BMD values at
the lumbar spine (L2-L4), femoral neck and total hip in
931 elderly Japanese women by DXA, and examined the
association of the SNP of the SFRPI gene with BMD.
We found that two SNP (rs16890444 and rs3242) of
the SFRP1 gene were significantly associated with BMD
of the lumbar spine, femoral neck or total hip. The
SNP (rs9694405) was also associated with femoral neck
BMD with a statistical significance, but the lowest BMD
value in those heterozygous for this SNP suggests that
this SNP is unlikely to be importantly related to BMD.
To our knowledge, this is the first report indicating that
common SNP in the SFRP1 gene may influence BMD in
Japanese women.

Recent studies have shown that the Wnt signaling
pathway is implicated in the control of bone turnover
in humans and mice.'*'® The association of several SNP
in the Wnt signaling-related genes with BMD or
osteoporosis has been reported to date. Polymorphisms
of the LRPS gene have been shown to be linked to BMD
and the risk of osteoporosis and bone fracture.”?
Furthermore, the Wnt10b (Wnt10b) gene polymor-
phism was reported to be associated with BMD in post-
menopausal Japanese women.*® More recently, it is
reported that polymorphisms of the SFRP1 gene were
significantly associated with BMD in postmenopausal
Australian women.*!

Secreted frizzled-related protein-1 knockout mice
exhibited increased trabecular bone formation through
activation of the Wnt signaling pathway in osteoblasts as
well as diminished apoptosis of osteoblasts and osteo-
cytes.”? The fact that the increased bone mass was
observed in adult sFRP1 knockout mice suggests a
significant role of sFRP1 in age-related bone loss.”
Therefore, the SFRPT SNP identified in this study may
be a useful marker for postmenopausal and senile
osteoporosis, althotigh the biological role of these SNP
remains unclear. The intronic SNP rs16890444 might
be linked with a regulatory SNP that may change the
expression of the SFRPI mRNA or a coding SNP that
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Figure 1 Adjusted means of bone mineral density (BMD)
of the lumbar spine, femoral neck and total hip in women
with genotype T'T and genotype CC + CT polymorphisms
in the intron (rs16890444) of the secreted frizzled-related
protein 1 (SFRPI) gene. (a) Lumbar spine (L2-L4); (b}
femoral neck; (c) total hip. BMD values were adjusted for
age, duration after menopause and body mass index, and
expressed as means * standard error of the mean.
Between-group comparisons of the adjusted means were
done following ANCOVA.

(a) Lumbar spine (b) Femoral neck (c) Total hip
P=0.176 P=0.025 P=0.027
1.00 I I 0.80- l | 0.90 ' |
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Figure 2 Adjusted means of bone mineral density (BMD)
of the [umbar spine, femoral neck and total hip in women
with genotype TT and genotype CC + CT polymorphisms in
the 3'-untranslated region (rs3242) of the SFRPI gene. (a)
Lumbar spine (L2-L4); (b) femoral neck; (c) total hip. BMD
values were adjusted for age, duration after menopatise and
body mass index, and expressed as means * standard error of
the mean. Between-group comparisons of the adjusted
means were done following ANCOVA.

may cause a significant change in sFRP1 protein func-
tion. Sims et al. reported that two SNP located in the
3'UTR of the SFRPI gene were strongly associated with
BMD in Australian people.® As these SNP in the 3'UTR
were located closely to the SNP rs3242 of the 3’'UTR in
the present study, genetic variation in this region may
affect the SFRPI function, for example, by influencing
the stability of SFRP1 mRNA.

It may be of interest whether individuals differed by
the SNP showing an association with BMD with respect
to their characteristics. There was no material difference
in age, body mass index and duration after menopause
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by either of the two SNPs, however. As for the intronic
SNP (rs16890444), for instance, the means of body
mass index for the TT genotype and CC and CT geno-
types combined were 22.3 and 22.6 kg/m?, respectively,
and the corresponding values for duration after meno-
pause were 12.7 and 12.2 years, respectively. As regards
the SNP in 3'UTR (rs3242), individuals with TT geno-
type had a mean of 24.8 kg/m’ for body mass index and
a mean of 12.4 years for duration after menopause while
those with CT or CC genotype had means of 22.6 kg/m?
and 12.2 years for body mass index and duration after
menopause, respectively.

There are several limitations to be discussed in the
present study. The number of subjects was not large.
Although we excluded the subjects with current use of
drugs which may have affected bone metabolism, we
had no information on past use of such drugs. Further-
more, the association with seven SNP was evaluated
in this study, raising a concern over multiple testing.
When the Bonferroni method was applied to control for
multiple testing problems, none of the P-values for the
overall difference reached the statistical significance of
5% level. Thus, the present associations observed for
the intronic SNP (rs16890444) and the SNP in 3'UTR
(rs3242) need to be confirmed in further studies. In
particular, further studies are necessary with respect to
functionality of these SNP.

In summary, we found that two SNP of the SFRPI
gene were significantly associated with the BMD of the
lumbar spine, femoral neck and total hip in a general
population of Japanese women. The results of this study
suggest that SFRP1 may be a candidate gene for a BMD
determinant. However, the clinical significance of the
SFRP1 gene should be investigated in further clinical
studies,
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