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Abstract Bone mineral density (BMD), the major factor
determining bone strength, is closely related to osteoporotic
fracture risk and is determined largely by multiple genetic
factors. Semaphorin 7a (SEMA7A), a recently described
member of the semaphorin family, has been shown to play a
critical role in the activation ofmonocyte/macrophages that
share progenitors with bone-resorbing osteoclasts and thus
might contribute to osteoclast development. In the present
study, we directly sequenced the SEMA7A gene in 24
Korean individuals, and identified 15 sequence variants.

Five polymorphisms (+15667G>A, +15775C>G,
+16285C>T,+19317C>T,+22331A>G)were selected
and genotyped in postmenopausalKoreanwomen (n=560)
together withmeasurement of the areal BMD (g/cm2) of the
anterior-posterior lumbar spine and the non-dominant
proximal femur using dual-energy X-ray absorptiometry.
We found that polymorphisms of the SEMA7A gene were
associated with the BMD of the lumbar spine and femoral
neck. SEMA7A+15775C>G and SEMA7A+22331A>G
were associated with low BMD of the femoral neck
(P=0.02) and lumbar spine (P=0.04) in a recessive model.
SEMA7A-ht4 also showed an association with risk of ver-
tebral fracture (OR=1.87–1.93, P=0.02–0.03). Our results
suggest that variations in SEMA7A may play a role in
decreased BMD and risk of vertebral fracture.
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Introduction

Osteoporosis is a systemic bone disease characterized by
low bone mineral density (BMD) and increased risk of
fracture (Peacock et al. 2002). Although multiple risk
factors influence BMD and thus the pathogenesis of
osteoporosis, genetic factors are mainly implicated,
accounting for about 50–85% of the variance in BMD
based on twin and family studies (Slemenda et al. 1991;
Kanis et al. 1994; Lander and Schork 1994; Weeks and
Lathrop 1995; Arden and Spector 1997; Eisman 1999;
Stewart and Ralston 2000). In a pathological condition,
an imbalance of bone remodeling occurs due to the in-
creased rate of bone resorption by osteoclasts over the
rate of bone formation by osteoblasts. Therefore, genes
involved in osteoclast differentiation and function are
potential candidate genes for having a genetic effect on
BMD and osteoporosis.

Semaphorin7A (SEMA7A), located on chromosome
15q22.3-q23, has been implicated in the regulation of the
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immune and nervous systems (Comeau et al. 1998;
Lange et al. 1998; Xu et al. 1998; Pasterkamp et al.
2003). SEMA7A is a cell surface protein associated
through a glycophosphatidylinositol (GPI) linkage (Xu
et al. 1998), and has been shown to be a potent activator
of macrophages. SEMA7A induces chemotaxis, inflam-
matory cytokine production [interleukin-1 (IL-1b), tu-
mour necrosis factor-a (TNF-a), IL-6 and IL-8] and
superoxide release in monocytes whereas it does not
influence cytokine production in B and T cells (Holmes
et al. 2002). SEMA7A was also shown to induce the
production of granulocyte-macrophage colony stimu-
lating factor (GM-CSF) and the differentiation of
monocytes into dendritic cells (Holmes et al. 2002).
Recently it was shown that SEMA7A is capable of
increasing the migration of MC3T3 cells and enhancing
the fusion of osteoclasts (Delorme et al. 2005). These
results suggest that SEMA7A plays a critical role in the
differentiation and activation of myeloid cells such as
macrophages and osteoclasts.

In the present study, we investigated the genetic
effects of SEMA7A on the determination of bone mass
by direct resequencing of the gene to detect polymor-
phisms, and by analyzing its association with BMD and
fracture risk in postmenopausal Korean women.

Materials and methods

Subjects

The study population, comprising 560 postmenopausal
women of Korean ethnicity who visited Asan Medical
Center (AMC, Seoul, Korea), was previously reported
(Kim et al. 2005). Menopause was defined as the ab-
sence of menstruation for at least 6 months, and was
confirmed by measurement of serum follicle-stimulating
hormone (FSH). Women with premature menopause
(before 40 years of age) were excluded. Women who
had taken drugs that might affect bone metabolism for
more than 6 months or within the previous 12 months
were also excluded. Subjects were excluded if they had
suffered from any disease that might affect bone
metabolism. Women who had had a stroke or dementia
were also excluded because of concerns related to their
limited physical activity. Women were also excluded if
they had osteophyte formation above the fourth grade
of the Nathan classification (Nathan 1962), and/or se-
vere facet joint osteoarthritis in the lumbar spine
diagnosed using conventional spine radiographs. The
study was approved by the AMC ethics review com-
mittee and written informed consent was obtained from
all subjects.

Areal BMD (g/cm2) of the anterior-posterior lumbar
spine (L2–L4) and proximal femur (femoral neck, fem-
oral shaft, total femur, trochanter and Ward’s triangle)
was measured using dual energy X-ray absorptiometry
(Lunar Expert XL with software version 1.90; Madison,
WI) in 431 women. In 129 women, BMD was measured

using Hologic QDR 4500-A with software version 4.84
(Waltham, MA). The Hologic machine did not measure
BMD at the femoral shaft, thus BMD values were
measured only at the lumbar spine and femoral neck
before January 2001 in our institution, i.e., BMD values
at the femoral shaft and at other proximal femur sites
(total femur, trochanter and Ward’s triangle) were not
available in 229 and 100 subjects, respectively. Because
of upper extremity dominance, the BMD at the proximal
femur was measured at non-dominant sites. Short-term
in vivo measurement precision for the Lunar and Ho-
logic machines, expressed as the coefficient of variation,
were 0.82 and 0.85% for the lumbar spine, respectively,
and 1.12 and 1.20% for the femoral neck, respectively.
These values were obtained by scanning 17 volunteers
who were not part of the study; each volunteer under-
went five scans on the same day, getting on and off the
table between examinations. To derive cross-calibration
equations between the two systems, BMD values were
measured at the lumbar and femoral neck by the two
machines in 109 healthy Korean women (55±11 years,
range 31–75 years), and cross-calibration equations were
calculated as follows (Jo et al. 1999):

L2–L4 BMD (g/cm2): Lunar = 1.1287 · Hologic
� 0.0027

Femoral neck BMD (g/cm2): Lunar = 1.1556
· Hologic + 0.0182

The T-score was used to diagnose osteopenia and oste-
oporosis at each site according to the World Health
Organization (WHO) definition (�2.5 < T-
score < �1.0 SD and T-score £ �2.5 SD, respec-
tively); subjects having a T-score over �1.0 were
classified as normal controls. Lateral thoracolumbar
(T4–L4) radiographs were obtained for all subjects. A
vertebral fracture was defined quantitatively as a loss of
15% or more in the anterior, posterior, or middle height
of one or more vertebral sites in subjects without pre-
vious history of major trauma such as traffic accident.

Sequencing analysis of the SEMA7A gene

Genomic DNA was extracted from peripheral blood
leukocytes using a commercial kit (Wizard Genomic
DNA purification kit; Promega, Madison, WI). We se-
quenced exons and their boundaries of the SEMA7A
gene, including the promoter region (�1.5 kb), to dis-
cover genetic variants in 24 Korean DNA samples using
a DNA analyzer (ABI PRISM 3700; Applied Biosys-
tems, Foster City, CA). Fourteen primer sets for the
SEMA7A gene for amplification and sequencing
analysis were designed based on GenBank sequences
(reference genomic sequence for SEMA7A: accession
number NM_003612). Information regarding the prim-
ers used is available on our website; sequence variants
were verified by chromatograms (http://www.snp-
genetics.com/reference/SEMA7A_add_info.doc).
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Genotyping using fluorescence polarization detection

For genotyping of polymorphic sites, amplifying primers
and probes were designed for TaqMan (Livak 1999).
Primer Express (Applied Biosystems) was used to design
both the PCR primers and the MGB TaqMan probes.
One allelic probe was labeled with FAM dye and the
other with the fluorescent dye VIC. PCR was performed
using TaqMan Universal Master mix without UNG
(Applied Biosystems), with PCR primer concentrations
of 900 nM and TaqMan MGB-probe concentrations of
200 nM. Reactions were performed in a 384-well format
in a total reaction volume of 5 ll using 20 ng genomic
DNA. The plates then were placed in a thermal cycler
(PE 9700, Applied Biosystems) and heated at 50�C for
2 min and 95�C for 10 min, followed by 40 cycles of
95�C for 15 s and 60�C for 1 min. The TaqMan assay
plates were transferred to a Prism 7900HT instrument
(Applied Biosystems) where the fluorescence intensity in
each well of the plate was read. Fluorescence data files
from each plate were analyzed using automated software
(SDS 2.1, Applied Biosystems). Information regarding
the primers is available on our website (http://www.
snp-genetics.com/reference/SEMA7A_add_info.doc).

Statistics

To determine whether individual variants were in equi-
librium at each locus in the population (Hardy–Wein-
berg equilibrium), v2 tests were applied. We examined
Lewontin’s D¢ (|D¢|) and the linkage disequilibrium (LD)
coefficient, r2, between all pairs of biallelic loci (Hedrick
1987; Hedrick and Kumar 2001). Haplotypes (ht) of
each individual were inferred using the algorithm
developed by Stephens et al. (2001) (PHASE), which
uses a Bayesian approach incorporating a priori expec-
tations of haplotypic structure based on population
genetics and coalescent theory. Phase probabilities of all
polymorphic sites for haplotypes were calculated for
each individual by this software. Individuals with phase
probabilities less than 97% were excluded from the
analysis. The genetic effects of inferred haplotypes were
analyzed in the same way as polymorphisms. Multiple
regression analyses were performed for BMD,
controlling for age (continuous variable), years since

menopause (YSM; continuous variable), weight, height,
and type of evaluation machine as covariants. The
genotype distributions of SEMA7A polymorphisms and
haplotypes between patient groups, including osteopenic
and osteoporotic subjects and normal subjects, were
analyzed with logistic regression models controlling for
age, YSM, weight, height, and type of evaluation ma-
chine as covariants. In addition, genotype and haplotype
distributions between patients with and without verte-
bral fractures were also analyzed with logistic regression
model controlling for age, YSM, weight and height.

Results and discussion

The mean age of the participants was 59.4±7.2 years
(range 46–83 years), and the mean YSM was
10.4±8.2 years (range 1–35 years) (Table 1). As ex-
pected, age, weight, height, and YSM were significantly
correlated with BMD at the lumbar spine and femoral
neck, with the exception of the correlation between
femoral neck BMD and height (Table 1). BMDs mea-
sured by Lunar equipment (0.870±0.182 and
0.723±0.128 g/cm2 at the lumbar spine and femoral
neck, respectively) were significantly higher than those
measured by Hologic equipment (0.764±0.116 and
0.606 ± 0.098 g/cm2, respectively; P< 0.0001 for both).
Therefore, cross-calibration of BMD in the spine and
femoral neck was carried out as described in Materials
and methods.

Although SEMA7A has been implicated in the acti-
vation of monocytes/macrophages and in the induction
of osteoclast fusion, no information about its genetic
effects on human disease is available. To identify poly-
morphisms in SEMA7A, we directly sequenced all exons
and their boundaries of the SEMA7A gene, including
�1,500 bp of the 5¢ flanking region, and identified fifteen
polymorphisms (one in the 5¢ flanking region, eight in
exons and six in introns) in a Korean population. Of the
15 polymorphisms identified, 6 (�1396A>G,
+15667G>A, +15955C>T C126C, +16412C>G,
+16855C>G, and +18986G>A V334I) were newly
identified in this study; their frequencies are shown in
Fig. 1a. Genotype distributions of all loci were in
Hardy–Weinberg equilibrium (P>0.05). We selected
five polymorphisms (+15667G>A, +15775C>G,

Table 1 Clinical profiles and multiple regression analyses on bone mineral density (BMD) (g/cm2) in postmenopausal Korean women
(n=560). YSM Years since menopause

Clinical profiles Spine BMD Femoral neck BMD

Variable Mean (±SD) Regression coefficient Standard error P-value Regression coefficient Standard error P-value

Age (years) 59.4 (±7.2) �0.004 0.002 0.0102 �0.003 0.001 0.0051
Weight (kg) 56.5 (±7.4) 0.006 0.001 <0.0001 0.003 0.001 <0.001
Height (cm) 154.8 (±5.3) 0.003 0.001 0.013 0.002 0.001 0.0911
YSM (years) 10.4 (±8.2) �0.003 0.002 0.02 �0.005 0.001 <0.0001

Final adjusted R2=0.254 Final adjusted R2=0.342
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+16285C>T, +19317C>T, and +22331A>G) for a
larger scale genotyping (n=560) by considering their
position, allele frequencies, haplotype-tagging status,
and LD coefficients among polymorphisms. SEMA7A
gene haplotypes were constructed using PHASE soft-
ware (Stephens et al. 2001) (Fig. 1b).

Using multiple regression analysis for association of
BMD with lumbar spine, femoral neck and other bone
sites, controlling for age, YSM, height, weight, and
evaluation machines as covariants, SEMA7A+
22331A>G and SEMA7A+15775C>G were associated
with low BMD of lumbar spine (P=0.04) and femoral
neck (P=0.02), respectively (Table 2). The BMD levels
of lumbar spine (L2–L4) in individuals bearing minor
homozygous genotype [0.85±0.16 (G/G of
+22331A>G)] were lower than those in individuals
bearing common homozygous and heterozygous geno-
types (0.88±0.17 and 0.88±0.17, respectively; P=0.04,
Table 2). Similarly, BMD levels of the femoral neck in
individuals bearing minor homozygous genotype

[0.68±0.13 (G/G of +15775C>G)] were lower than
those in individuals bearing common homozygous and
heterozygous genotypes (0.72±0.12 and 0.73±0.12,
respectively; P=0.02, Table 2). Construction of haplo-
types (Fig. 1b) and subsequent analysis revealed that
SEMA7A-ht4 (ACTTG) was associated with suscepti-
bility to risk of fracture (OR=1.87–1.93, P=0.02–0.03;
Table 3). The frequency of SEMA7A-ht4 was higher in
the osteoporosis group than in that of the normal con-
trol. This haplotype included the +22331G allele, which
was associated with low BMD at the lumbar spine,
suggesting that SEMA7A+22331A>G contributes to
both low BMD at the lumbar spine and high risk of
vertebral fracture.

Recently, SEMA7A was shown to increase the
migration of MC3T3 osteoblasts and to enhance the
fusion of osteoclasts (Delorme et al. 2005), suggesting a
critical role in bone cells. Consistently, our association
study of SEMA7A polymorphism with BMD and risk of
fracture demonstrates an association of SEMA7A

Fig. 1a–c Gene maps and haplotypes of SEMA7A. Black blocks
Coding exons; white blocks 5¢ and 3¢ UTRs, +1 first base of
translation start site; asterisks polymorphisms genotyped in a larger
population (n=557). The frequencies of polymorphisms not
subjected to larger scale genotyping were based on sequence data
(n=24). a Polymorphisms identified in SEMA7A on chromosome

15q22.3-q23 (reference genome sequence: NT_010194). b Haplo-
types of SEMA7A. Only those with frequencies over 0.01 are
shown; others* includes rare haplotypes: GCTCG, GCCTG,
GGCCG, ACTCA, and GGTCG. c Linkage disequilibrium (LD)
coefficients (|D¢| and r2) among SEMA7A polymorphisms
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polymorphisms with low BMD of lumbar spine and
femoral neck. SEMA7A-ht4 was also associated with
high risk of vertebral fracture. To our knowledge, this is
the first clinical report suggesting a role for SEMA7A in
bone metabolism. Although the genetic effects of
SEMA7A polymorphism on BMD and fracture risk are
not dramatic, i.e., associated P-values did not retain
significance after correction of multiple comparisons, it
might be worthwhile to follow up on the signals of this
important gene through larger cohort studies. Further
biological and/or functional evidence would be needed
to confirm the suggestive association of SEMA7A
polymorphism with BMD.

In summary, to examine the possible involvement of
genetic polymorphisms of SEMA7A in osteoporosis, 15
polymorphisms in SEMA7A were identified [nine known
and six novel single nucleotide polymorphisms (SNPs)]

and five SNPs were genotyped in postmenopausal
Korean women (n=560). Statistical analyses found
genetic linkage of SEMA7A+15775C>G and
SEMA7A+22331A>G with decreased BMD of spine
and femoral neck as well as linkage of SEMA7A-ht4
with risk of vertebral fracture in Korean postmeno-
pausal women.
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