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Abstract
The 12/15-lipoxygenase gene Alox15 has been identified as a susceptibility
gene for bone mineral density in mice through combined genetic and genomic analyses.
Here, we studied the association between bone mineral density and an ALOX15 gene
single nucleotide polymorphism to assess the potential involvement of the human
ALOXI15 gene in the postmenopausal osteoporosis. Specifically we examined the
association between a single nucleotide polymorphism at -5299G/A in the ALOX15 5’-
flanking region with BMD in 319 postmenopausal Japanese women (66.7 + 8.9 years,
mean + SD). We found that subjects bearing at least one variant A allele (GA + AA;
=273) had significantly lower Z scores for lumbar spine and total body bone mineral
density than did subjects with no A allele (GG; n=46) (lumbar spine, -0.25 + 1.34 versus
0.48 + 1.70; p = 0.0014; total body, 0.25 + 1.01 versus 0.62 + 1.11; p = 0.048). These
findings suggest that the ALOXI5 gene is one of the genetic determinants of BMD in
postmenopausal women. Accordingly, this polymorphism could be useful as a genetic
marker for predicting the risk of osteoporoéi's.

Key words adipogenesis, ALOX15, PPARY, osteoporosis, bone mineral density,
polymorphism
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Introduction

Osteoporosis is characterized by low bone mineral density (BMD), increased
bone fragility, and consequently increased risk of fracture [1]. Studies of twins and
siblings have shown that BMD is under genetic control, with estimates of heritability
ranging from 50% to 90% [2,3]. BMD is regulated by interaction of multiple
environmental and genetic factors, each having modest effects on bone mass and bone
turnover [4,5]. Polymorphisms of several genes have been investigated to clarify the
determinants of BMD [6,7]. These genes of which polymorphisms were associated with
BMD include those implicated in bone formation by regulation of osteoblast growth and
function, such as vitamin D receptor gene (8], transforming growth factor betal
(TGFB1) gene, collagen type Iod (COLIAI) gene [9], peroxisome proliferator activated
receptory (PPARy) gene [10] and low-density lipoprotein receptor-related protein 5
(LRPS) gene [11]. Identification of candidate genes that affect bone mass will be useful
for early detection of individuals who are at risk of osteoporosis and early institution of
preventive measures.

The decrease in bone volume associated with osteoporosis is accompanied by
an increase in marrow adipose tissues [12, 13]. Indeed, an increase in marrow
adipocytes is observed in several conditions that lead to bone loss, such as ovariectomy
[14], immobilization [15], and treatment with glucocorticoids [16]. Recent studies have
identified rodent quantitative trait locus assoctated with increased BMD in the mouse
gene encoding 12/15-lipoxygenase [17], the enzyme that converts linoleic acid and
arachidonic acid into endogenous ligands for the PPARy [18-20]. Activation of this
pathway in marrow-derived mesenchymal progenitors stimulates adipogenesis and
inhibits osteoblastogenesis [21, 22]. Mice that are deficient in this gene or have been
treated with 12/15-lipoxygenase inhibitors demonstrate increased bone mass as
compared with controls [17]. These findings suggest that genetic variants of the 12/15-
lipoxygenase encoding gene may affect the BMD in humans as well as mice. The mouse
12/15-lipoxygenase enzyme corresponds to at least three lipoxygenases in humans. 15-
lipoxygenase has two isoenzymes: type 1 (human ALOXIS5, encoded by a gene at
chromosome 17p13.3) and type 2 (human ALOXI5B, encoded by a separate gene at
17p13.1). 12-lipoxygenase (human ALOXI2, encoded by a gene at chromosome
17p13.1) is predominantly expressed in platelets and macrophages and is distinct from
15-lipoxygenase [23]. In the present study, we examined the possibility that there is an
association between a polymorphism in the human ALOX15 gene and BMD in Japanese
women to investigate possible contribution of the lipoxygenase in the bone metabolism.
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Materials and methods
Subjects

We analyzed genotypes in DNA samples from 319 healthy postmenopausal
Japanese women (66.7 + 8.9 years, mean + SD). We excluded women having endocrine
disorders such as hyperthyroidism, hyperparathyroidism, diabetes mellitus, liver disease,
and renal disease; those who used medications known to affect bone metabolism (e.g.,
corticosteroids, anticonvulsants, and heparin); and those with an unusual gynecologic
history. All subjects were unrelated volunteers. Each subject was provided informed
consent before entering the study.
Measurement of bone mineral density and biochemical markers

We measured the lumbar spine BMD and total body BMD of participants by
dual-energy X-ray absorptiometry using the fast-scan mode (DPX-L; Lunar, Madison,
WI). The BMD data were recorded as Z scores, as the deviation from the weight-
adjusted average BMD for each year of age, based on data from 20,000 Japanese
women. We also measured subjects’ serum concentrations of alkaline phosphatase
(ALP), intact osteocalcin (I-OC), intact parathyroid hormone (PTH), calcitonin, 1,25
(OH),D,, total cholesterol (TC) and triglyceride(TG). We also measured urinary ratios
of deoxypyridinoline (DPD) to creatinine using the HPLC method.
Determination of a single nucleotide polymorphism in the ALOX1S gene

We extracted a polymorphic variation of the putative ALOXI1S5 gene
promoter/enhancer region from the Assays-on-Demand™ SNP Genotyping Products
database (Applied Biosystems, Foster City, CA) and, according to its localization on the
gene, denoted it -5299 G>A. We determined the —5299G/A polymorphism of the
ALOX15 gene using the TagMan (Applied Biosystems) polymerase chain reaction
(PCR) method {24]. To determine the ALOXI15 SNP we used Assays-on-Demand SNP
Genotyping Products C_926671_10 (Applied BioSystems), which contains sequence-
specific forward and reverse primers and two TagMan MGB probes for detecting alleles.
During the PCR cycle, two TagMan probes competitively hybridize to a specific
sequence of the target DNA and the reporter dye is separated from the quencher dye,
resulting in an increase in fluorescence of the reporter dye. The fluorescence levels of
the PCR products were measured with the ABI PRISM 7000 (Applied Biosystems),
resulting in clear identification of three genotypes of the SNP.
Statistical analysis

We divided subjects into those having one or two chromosomes of the major
A-allele and those with only the minor G-allele encoded at the same locus. Comparisons
of Z scores and biochemical markers between these two groups were subjected to
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statistical analysis (Student's f-test; StatView-J 4.5). A P-value of less than 0.05 was
considered statistically significant.

Results
Association of ALOX15 Gene Polymorphism With Bone Mineral Density

Among our 319 subjects, 46 were GG homozygotes, 155 were GA heterozygotes,
and 118 were AA homozygotes. Allelic frequencies were 0.613 for the A allele and
0.387 for the G allele in this population. The allelic frequencies of this SNP in the
present study were in Hardy-Weinberg equilibrium.

We compared the 273 subjects bearing at least one chromosome with the A allele
(genotype GA + AA) and the 46 subjects having no A allele (GG) with respect to their Z
scores for lumbar spine and total body BMD. Those with the A allele had significantly
lower Z scores for lumbar spine BMD (-0.25 + 1.34 versus 0.48 + 1.70; p = 0.0014)
(Fig. 1A) and total body BMD (0.25 + 1.01 versus 0.62 + 1.11; p=0.048) (Fig. 1B). As
shown in Table 1, the background and biochemical data did not significantly differ
between these groups.

Discussion

Various regulating elements have been identified within the ALOX15 5’-flanking
promoter/enhancer region, including a site for binding with Spl [25], AP1 [25], and
GATA [26], as well as sites for methylation [27] and acetylation [28, 29] and a Stat6
response element [29], suggesting that 15-lipoxygenase expression is directly regulated
through transcription regulation. In the present study, we observed a significant
association between BMD and a G/A SNP at the ~5299 site in the ALOX15 5°-flanking
region. This is the first report to our knowledge that a common SNP in the ALOX15
gene affects on BMD. One possible explanation for this effect is that this 5° -flanking
region polymorphism may be involved in the newly defined transcriptional regulating
element of the ALOXI5 promoter/enhancer. Alternatively, the 5°-flanking region
polymorphism may have a linkage with another base of the ALOX135 promoter/enhancer
that may control transcription of the ALOX15 gene. It is also possible that this SNP may
be linked with mutation of the ALOX15 exons or another unidentified gene adjacent to
the ALOX15 locus, which affect on the bone mass.

Although there are three lipoxygenases in humans, ALOX15, ALOXI5B, and
ALOX]I2, that correspond to 12/15-lipoxygenase in mice [23], we know little of their
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roles in human bone metabolism. Our results suggest that the 15-lipoxygenase typel,
the ALOXIS5, may have a specific function in the regulation of bone mass in human. It
should be required to determine how signals from 15-lipoxygenase can be transduced to
the regulation of the bone metabolism.

Three major cellular events are involved in senile osteoporosis; they are
declining levels of osteogenesis, increasing numbers of apoptotic osteoblasts and
osteocytes, and increasing levels of bone marrow adipogenesis [30-32]. The bone
marrow adipogenesis that occurs with aging may be due to alterations in cell
differentiation, in part by PPARY activation [33-35] and increasing lipid oxidation [36].
Previous reports demonstrated that 12/15-lipoxygenases are involved in this system [17,
18, 37, 38], suggesting that 12/15-lipoxygenase may increase with aging in progenitor
cells and activate adipogenesis. It has been also shown that 12/15-lipoxygenase is
increased in Alzheimer’s disease, which is the most common neurodegenerative
disorder of the elderly [39]. Therefore, it is tempting to speculate that 12/15-
lipoxygenase is increased associated with aging and senile osteoporosis. To test this
hypothesis, measurement of 12/15-lipoxygenase activity and association study between
BMD and the ALOX15 gene SNP in older subjects would be desired.

In conclusion, our finding suggests that the ALOX15 gene may be a genetic
determinant of BMD in postmenopausal women. Examining the variation in the
ALOXI5 gene will hopefully enable us to elucidate one of the mechanisms of
involutional osteoporosis. Furthermore, the variation may be a potential genetic
susceptibility factor that need to be further evaluated with regard to the risk of other
diseases in which 15-lipoxygenase have been clearly implicated, including
atherosclerosis [40], asthma [41], cancer [42] and glomerulonephritis [43].
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Figure legends

Figure 1. Z scores of lumbar spine and total body BMD in subject groups with each
genotype of ALOX15 gene polymorphism in the 5’-flanking region (-5229G/A). AZ
scores for lumbar spine BMD are shown for genotype AA+ GA and genotype GG.
Values are expressed as mean + SE. Numbers of subjects are shown in parentheses. B Z
scores for total body BMD are shown in the same manner as in A.
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Table 1. Comparison of background, BMD and biochemical data between subjects bearing at least one A
allele (AA + GA) and subjects with no A allele (GG) in the ALOX 15 gene 5’-flanking region (-5299G/A).

Ttems Genotype (mean + SD) P value
GG GA+AA
Number of subjects 46 273
Age (years) 69.0+8.9 66.3+89 NS
Height (cm) 1495+ 69 1503 £ 6.1 NS
Body weight (kg) 49686 50379 NS
Lumber spine BMD (Z score) 048 +1.70 -0.25 + 1.37 0.0014
Total body BMD {Z score) 0.62+1.12 0.25+ 101 0.048
ALP (IU/L) 185.6 £ 63.9 193.4 £ 66.0 NS
I-OC (ng/mL) 82+£32 7.8+3.6 NS
DPD (pmol/umol of Cr) 70+30 7.6+2.7 NS
Intact PTH (pg/mL) 38.6£200 352+15.1 NS
Calcitonin (pg/mL)}) 16.6 45 231114 NS
1,25 (OH).D, {pg/ mL} 33.0+£77 357118 NS
TC (mg/dL) 193.0£45.0 199.4 + 36.5 NS
TG (mg/dL) 1425+ 74.0 1424 + 81.8 NS
% fat 32.1+£6.6 319277 NS
BMI 22,130 22.1x3.1 NS

BMD, bone mineral density; ALP, alkaline phosphatase; I-OC, intact-osteocalcin; DPD,

deoxypyridinoline; PTH, parathyroid hormone; TC, total cholesterol; TG, triglyceride; BMI, body mass

index; NS, not significant. Statistical analysis was performed according to the method described in the

text.
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