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Abstract This study investigates aromatase gene polymorphism, which might
influence bone strength in terms of mineral density and quality. We explored the
relationship between CYPI9 polymorphisms and vertebral fractures in postmeno-
pausal Japanese women. In addition, we compared estrogen and testosterone levels
in Japanese postmenopausal women with and without fractures. Osteoporotic
postmenopausal women showed higher incidences of vertebral fractures than
osteopenic women or women with normal lumbar bone mineral density (L2-4
BMD). Estrogen concentrations in postmenopausal women were associated with
BMD; however, no association was found between sex hormone levels and the
presence of fractures. The C allele rs2470152 was significantly associated with
increased risk of vertebral fractures (P = 0.04), whereas none of the CYPI9
polymorphisms showed differences in sex steroid levels between subjects with and
without fractures. Allelic variants of aromatase genes appear to interact to influence
the risk of vertebral fractures in postmenopausal Japanese women.
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Introduction

Osteoporosis is caused by multiple factors, including environmental factors (such as
calcium intake), exercise, and estrogen levels. The main source of estrogen in
postmenopausal women is the aromatization of androgenic precursors, a reaction
catalyzed by the cytochrome P450 (CYP) aromatase enzyme, encoded by CYPI19
located on chromosome 15q21.1. It has recently been reported that estrogen levels are
genetically determined by aromatase activity (Olson et al. 2007; Haiman et al. 2007,
Sowers et al. 2006). In addition, allelic variants of the aromatase gene have been
associated with bone mineral density (BMD) and bone fractures (Hong et al. 2007,
Masi et al. 2001; Somner et al. 2004). A/G polymorphisms in the 3’ untranslated
region (UTR) and the 1.2 promoter (rs10046 and rs1062033; Rinancho et al. 2005) and
an A/G polymorphism in the 1.6 promoter rs4775936 (Enjuanes et al. 2006) of the
aromatase gene have been studied in relation to osteoporosis and BMD, but the results
remain controversial. In addition, an rs2470152 polymorphism in the aromatase gene
has been shown to affect serum estrogen levels in Swedish men (Eriksson et al. 2009).
Therefore, in order to analyze the association with the risk of vertebral fractures in
postmenopausal women, we conducted a cross-sectional study of the interaction
between CYPI9 gene polymorphisms and sex steroid hormone levels or risk of
vertebral fractures in Japanese postmenopausal women. In this study, we focused on
four markers (rs2470152, rs4775936, rs1062033, and rs10046) to clarify the
association between polymorphisms in aromatase genes and vertebral fractures.

Materials and Methods
Study Subjects

Three hundred sets of genomic DNA and serum samples were provided from the
collected samples of the Institute of Medical Sciences, Tokyo University, obtained for
tailor-made medicine realization projects. These samples were collected from the
various institutions that were members of these projects following the approval of the
individual ethics committees. Ethical approval was obtained from the Ethics Committee
of the Leading Project for Personalized Medicine in the Institute of Medical Science,
University of Tokyo, and the Tokyo Metropolitan Geriatric Hospital. Another 300 DNA
samples were collected from women for the purpose of analyzing the relationship
between polymorphisms and the etiology of disease in the Japanese population. The
samples were provided by the Leading Project for Personalized Medicine of the
Ministry of Education, Culture, Sports, Science and Technology, Japan.

The samples were divided into three categories according to the T score of the
measurement of lumbar spine BMD (L2-4 BMD) by dual energy X-ray absorp-
tiometry (DXA) as defined by the World Health Organization: T scores of —1.0 and
above were classified as normal BMD, scores of —2.5 to —1.0 were considered
osteopenia, and scores below —2.5 were considered osteoporotic.

For assessment of vertebral fractures, anteroposterior and lateral X-ray
examinations of the thoracic and lumbar spine were performed. Morphometrically,
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a vertebral fracture was defined in terms of the ratio of the anterior height of
vertebral body to the posterior height (below 0.75) or the ratio of the center height to
the anterior or posterior height (below 0.8). In all cases, the vertebral fractures were
evaluated by two groups of radiologists and geriatricians in each institute.

Sex Steroid Assay

The serum levels of testosterone (7) and estradiol (E,) were measured by mass
spectrophotometry (LC-MS/MS). Bioavailable testosterone and estrogen, which
includes the free form and the albumin-binding form, were measured by LC-MS/
MS (Arai et al. 2010). Serum samples were stored at —70°C until analyzed. For
statistical analysis, the values were transformed into logarithmic form, since the
values are exponential and the distributions of 7 and E, levels were skewed using
the raw data.

Genotype Analysis

We examined four polymorphisms of CYP19: rs1062033, a G/C SNP located at
around exon 1.2 (at position chromosome 15, 49335230); rs10046, a T/C SNP
located in the 3’ UTR (at position chr.15, 49290276); rs4775936, a C/T SNP located
in the vicinity of exon 1.6 (at position chr.15, 49323314); and rs2470152, a T/C
SNP located in intron 1 (at position chr.15, 49382254). These SNPs were identified
by searching the National Center for Biotechnology Information (NCBI) database
because they are analyzable by the readily available TagMan assays used for disease
association studies (Applied Biosystems). Polymorphisms in genomic DNA were
measured by the TagMan assay. Age, body mass index, and years since menopause
were examined in three SNP genotypes among four CYP19 markers.

Statistical Analyses

Chi-square analysis was used to compare the numbers of osteoporosis, osteopenia,
and normal patients by T scores of L.2-4 BMD with and without fractures. Similarly,
each parameter was compared among the three genotypes in four CYP19 markers
using ANOVA. The correlation between estradiol levels and L.2-4 BMD was shown
using Pearson’s coefficients. The associations between aromatase gene polymor-
phisms and vertebral fracture risk were compared by Chi-square analysis using
SPSS software.

Results
Bone Density Data
There were significantly more women with fractures than without among patients

with osteoporosis (T < —2.5; P < 0.05), and there was no significant increase in
fractures among normal patients or those with osteopenia. There were no differences
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in the log estradiol (Log E,) or log testosterone (Log 7) values between women
with fractures and those without fractures (Table 1).

Relationship Between L2-4 BMD and Estrogen level

Log E, levels in postmenopausal women were significantly associated with 1.2-4
BMD (r = 0.21, p = 0.03; Fig. 1), whereas log T levels showed no association
(data not shown).

Genotype Analysis

When we examined the correlation between the four polymorphisms (rs2470152,
rs1062033, rs4775963, and rs10046) and vertebral fractures in postmenopausal
women, we found a significant correlation for rs2470152 (P = 0.04) but not for the

Table 1 Bone mineral density

of postmenopausal women with T score® & sex Women without Women with P
p . P steroids fractures (137) fractures (138)

and without fractures
T< =25 18 37 0.015
-25<T<l1.0 12 13 NS

? Bone mineral density was -1.0<T 4 5 NS

miésured in 89 of the 275 Log E> (pg/ml)  0.335 % 0.383 0.327 £0330 NS

1.
subjects Log T (ng/dl) 2.033 + 0367 2067 £ 0247 NS

NS not significant
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Fig. 1 Correlation between log E, and L2-4 BMD in postmenopausal women. Estrogen levels were
significantly correlated with L2-4 BMD (r = 0.21, p = 0.03)
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Table 2 Correlation of four CYP19 SNPs with vertebral fractures
SNP Genotype Premenopause P Postmenopause P
Control Case Control Case
(n=19) (n=06) (n = 136) (n = 138)
1s2470152 CcC 9 1 0.408 44 47 0.040%
TC 8 4 56 71
TT 2 1 36 20
rs4775936 CC 5 1 0.712 48 59 0.416
CT 9 4 68 59
TT 5 1 20 20
rs1062033 CC 4 1 0.693 47 56 0.507
CG 9 4 64 62
GG 6 1 25 20
rs10046 TT 7 1 0.550 31 26 0.324
TC 8 4 67 62
CC 4 1 38 50

& Only rs2740152 polymorphisms of the aromatase gene showed a significant correlation with vertebral
fractures (P = 0.04)

Table 3 Characteristics of postmenopausal Japanese women and three SNPs of rs2470152

Characteristic Genotype P
CcC CT TT

Age (years) 72.8 £ 9.3 73.6 £ 8.3 743 £ 6.8 NS
Body mass index (kg/m?) 224 £ 4.6 21.8 £4.5 21.1 £43 NS
Years since menopause 242 +£95 243 +10.3 254 £ 11.6 NS
Log E, (pg/ml) 0.302 £+ 0.319 0.330 £ 0.280 0.307 £ 0.357 NS
Log T (ng/dl) 2.001 + 0.347 2.067 £ 0.269 2.050 £ 0.313 NS
L2-4BMD (110) 0.753 £ 0.135 0.739 £ 0.157 0.729 £ 0.118 NS
LT score (89) —26 12 —-26+13 —-33+0.8 NS

NS not significant

other three polymorphisms (Table 2). There were no differences in age, body mass
index, or years since menopause among the three SNP types in the four CYP/9
markers (Table 3).

Discussion

We examined the relationship between aromatase-related genes and vertebral
fractures by analyzing CYPI9 gene polymorphisms in Japanese women. Among
four markers, no differences were found in serum 7 and E, concentrations in the
Japanese postmenopausal women. It is possible that local E, concentrations are
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more important in local tissues rather than serum levels. Bone cells are able to
express aromatase and other enzymes required for estrogen synthesis locally
(Janssen et al. 1999; Shouzu and Simpson 1998; Watanabe et al. 2004), and
aromatase activity in cultured osteoblasts is quantitatively similar to that in adipose
stromal cells (Shouzu and Simpson 1998). Thus, estrogen synthesized in bone cells
might be important in postmenopausal bone metabolism.

Eriksson et al. (2009) found that genetic variants of rs2470152 in aromatase are
associated with E; levels, showing that G alleles were correlated with higher serum
E, levels and BMD in Swedish men than other alleles. Our results, however, showed
that the C allele of rs2470152 is associated with vertebral fractures, a finding that
suggests that ethnicity, race, and sex differences might influence the results of SNP
studies in osteoporosis. The SNP rs2470152 is located in the region of the 1.4
promoter (Bulun and Simpson 1994), and it is interesting that the G— A transition of
rs2470152 is likely to alter a potential binding site for the binding protein of the
transcription factor cAMP response element. The major reason for the discrepancy
between our results and those of the Swedish study may be gender differences. The
Swedish study focused only on male cohorts. We could not detect any disequilib-
rium between 152470152 and the other three markers viewed in HapMap.

CYP19 SNPs (rs10046) were found to be associated with differences in E, levels
in the European Prospective Investigation of Cancer-Norfolk (EPIC-Norfolk) cohort
study (Dunning et al. 2004). SNP rs10046 explains 1.6% of the variance in the
E,:T ratio; however, this SNP is not associated with breast cancer risk (Dunning
et al. 2004). The rs10046, a T/C SNP located in the 3’ UTR, 19 nucleotides
downstream from the translation terminus, has been reported to be associated with
increased levels of aromatase mRNA expression in tumors (Gruber et al. 2002). In
our study, rs10046 was correlated with neither serum E, levels nor vertebral
fractures. The CYPI9 genotypes demonstrated higher mRNA levels at the
rs1062033 locus in postmenopausal osteoporosis. CYP19 is regulated in a different
manner and in different tissues by a hormonally controlled promoter or adipose
stromal cell promoter (Mahendroo et al. 1993; Harada et al. 1993). Genetic
polymorphisms of CYPI9 might be involved in other processes, such as mRNA
stabilization, transcription enhancement, or the post-translational regulation of
expression. Neither SNP 1062033 nor rs4775936 was significantly correlated with
either serum E, levels or vertebral fractures.

We could not detect lower levels of bioavailable serum E, by LC-MS/MS in
rs2470152; however, another group has shown differences in E, levels as measured
by RIA according to CYP19 genotype in a study that included both premenopausal
and postmenopausal women (Somner et al. 2004). The discrepancy between the two
studies seems to be due to the assay systems used. Bioavailable estrogen levels in
postmenopausal women are more relevant than total estrogen levels, which include
E, bound by sex hormone-binding globulin (SHBG), for bone metabolism. Despite
the absence of differences in estrogen levels among the various genotypes, we found
that vertebral fracture rates are associated with the CYPI9 genotype in postmen-
opausal Japanese women in this study. There is much evidence for the role of
aromatase activity in bone homeostasis (Miyaura et al. 2001; Oz et al. 2000), and, as
previously described, the pharmacological inhibition of aromatase is also associated
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with a decrease in BMD and increased risk of fractures (Eastell and Hannon 2005).
This indicates that aromatase in local tissues plays roles, both physiologically and
pathologically, in bone metabolism.

In conclusion, we provide statistical evidence that the C allele in rs2470152 of
the CYPI9 gene is associated with an increased risk of vertebral fractures in
postmenopausal Japanese women. Further studies are necessary to detect functional
SNPs that induce differences in bone metabolism. Furthermore, we need more
participants to detect differences in E, levels based on the CYPI9 SNPs of
aromatase genes.
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