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Vitamin D Receptor and Aromatase Gene Interaction and Bone Mass in Older
African-American Women

Joseph M. Zmuda, Jane A. Cauley, Michelle E. Danielson, and Robert E. Ferrell

Aromatization of androgens by the CYP79 gene product, aromatase, is the major source of endogenous estrogen in
postmenopausal women. We determined whether an Arg26*Cys polymorphism in the CYP19 gene is associated with bone
mineral density (BMD) and bone loss in older women. Because vitamin D regulates CYP19 gene expression, we also tested
for an interaction with a translation start site polymorphism in the vitamin D receptor (VDR) gene. Hip BMD was measured
twice, an average of 1.9 years apart, in 100 African-American women aged =65 years. Neither polymorphism alone was
significantly associated with BMD or bone loss. BMD measurements in women with the less frequent allele at both loci were
0.5 to 1.3 SD lower than in women with neither or only a single rare allele (P < .001 for interaction). These women also
experienced more rapid hip bone loss than other women (P < .05 for interaction). We conclude that VDR and CYP19 gene

polymorphisms may jointly influence bone mass and the rate of bone loss in older African-American women.

© 2003 Elsevier Inc. All rights reserved.

ROMATIZATION of androgens by the CYPI9 gene prod-
uct, aromatase, is the major source of endogenous estro-
gen in postmenopausal women and estrogen deficiency plays a
central role in postmenopausal osteoporosis.! Aromatase defi-
ciency due to rare nonsense mutations in CYP19 causes severe
osteoporosis?> and a tetranucleotide repeat polymorphism in
CYPI19 has been associated with bone mass.?> In the present
study, we determined whether a common Arg®**Cys polymor-
phism in aromatase is associated with bone mineral density
(BMD) and bone loss among older women. Because the vita-
min D receptor (VDR) regulates CYPI9 gene expression,* we
also evaluated the interaction between a VDR translation start
site polymorphism® and the aromatase polymorphism.

MATERIALS AND METHODS

African-American women were recruited by mailings to population-
based lists.> Women who were aged =65 years, able to walk unas-
sisted, community living, and who had not undergone a bilateral hip
replacement were eligible. Of the 156 participants, 100 provided blood
for DNA extraction. The characteristics of women with and without
DNA were similar.’

DNA was extracted from leukocytes and the CYPI9 Arg***Cys® and
VDR translation start site (FokI)> polymorphisms genotyped as de-
scribed. Hip BMD was measured twice, 1.9 years apart (range, 0.8 to
2.5 years), on a Hologic QDR-2000 densitometer (Hologic, Inc, Bed-
ford, MA). Women completed standardized anthropometric assess-
ments and a questionnaire about lifestyle habits, selected medications,
and dietary calcium.’

Metabolism, Vol 52, No 5 (May), 2003: p 521-523

Hardy-Weinberg equilibrium was tested by a x> statistic. Few
women were homozygous for the minor VDR and CYP19 alleles. Thus,
statistical comparisons were made between the VDR FF and Ff/ff
genotypes and between the CYP19 Arg**Arg and Arg”**Cys/
Cys***Cys genotypes using independent ¢ tests or analysis of covari-
ance (ANCOVA). We also tested for an interaction between the VDR
and CYP19 polymorphisms using 2-way ANCOVA to adjust for co-
variates. We included terms for VDR genotype (FF, Ff/ff), CYP19
genotype (Arg”**Arg, Arg’**Cys/Cys>**Cys), and their interaction in
the models.

RESULTS

Genotype distributions did not deviate from Hardy-Wein-
berg expectations (CYP19: Arg>**Arg, 72.0%; Arg>*‘Cys,
26.0%; Cys***Cys, 2.0%; VDR: FF, 61.2%; Ff, 32.7%, ff,

From the Departments of Epidemiology and Human Genetics, Grad-
uate School of Public Health, University of Pittsburgh, Pittsburgh, PA.

Submitted August 2, 2002; accepted November 13, 2002.

Supported in part by grants from the United States Public Health
Service (AR-35582, 1P60 AR-44811), and by a grant from the Office of
Research on Women’s Health.

Addpress reprint requests to Joseph M. Zmuda, PhD, Department of
Epidemiology, Graduate School of Public Health, University of Pitts-
burgh, 130 Desoto St, Pittsburgh, PA 15261.

© 2003 Elsevier Inc. All rights reserved.

0026-0495/03/5205-0001$30.00/0

doi:10.1053/meta.2003.50089

521



522

A 1.0 - VDR Genotype
- OFF W Ffff
=
/]
c
]
% . 094
cE
@S
a2
I 0.8 1
S
5]
ol
0.7
Arg?*Arg Arg®®*Cys/
Cys?*“Cys
CYP19 Genotype
VDR Genotype
B OFF W Fffff
0.0 .
o
o
o -0.5 |
|
2
— 10
B>
o 1.5
©
° 2.0 4
-
254
Arg?%*Arg Arg®®Cys/
Cys?%“Cys
CYP19 Genotype

Fig 1. (A) Total hip BMD and (B) rate of change in hip BMD
according to vitamin D receptor (VDR) and aromatase (CYP19) gene
polymorphisms in older African-American women. Values are ad-
justed for age, body weight, and height, and for weight change (bone
loss analysis only). Uppercase letters indicate the absence and low-
ercase letters the presence of the VDR Fokl restriction site. The
number of women in each group is: FF/Arg2®*Arg, 44; Ff or ff/
Arg2®%Arg, 25; FF/Arg?®%Cys or Cys?%*Cys, 15; Ff or ff/Arg?°*Cys or
Cys?%“Cys, 12. BMD: P (VDR) = .05; P (CYP19) = .81; P (VDR x CYP19
interaction) = .0008. Bone loss: P (VDR) = .07; P (CYP19) = .07; P
(VDR x CYP19 interaction) = .037.

6.1%). The joint distribution of the 2 polymorphisms was as
follows: FF/Arg®®*Arg, 45.9%; FF/Arg***Cys, 13.3%; FF/
Cys>®Cys, 2.0%; Ff/Arg***Arg, 21.4%; Ff/Arg***Cys, 11.2%;
Ff/Cys®**Cys, 0.0%; ff/Arg*>**Arg, 5.1%; ft/Arg>**Cys, 1.0%;
ff/Cys***Cys, 0.0%. Neither polymorphism was associated
with baseline BMD or rate of change in BMD. There was a
significant interaction between VDR and CYPI9 polymor-
phisms. BMD measurements in women with the less frequent
allele at both loci were 0.5 to 1.3 SD lower compared to other
women independent of age, body weight, and height (Fig 1A;
P <.001 for interaction). Moreover, 25% of women with the
rare allele at both loci had osteoporosis (¢ score = —2.5)
compared with only 0% to 8% of the other women. The rate of
bone loss was significantly greater among women with the rare
allele at both loci than other women independent of age, body
weight, height, and weight change (P < .05 for interaction; Fig
1B). Additional adjustments for walking for exercise, smoking,
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alcohol consumption, dietary calcium, and use of thiazide di-
uretics and estrogen replacement yielded similar results.

DISCUSSION

We examined the independent and combined impact of VDR
and CYP19 gene polymorphisms on BMD in older African-
American women. Neither polymorphism alone was signifi-
cantly related to BMD or bone loss. When both polymorphisms
were considered together, however, there was a highly signif-
icant gene-gene interaction. Women with the rare allele at both
loci had lower BMD and a higher prevalence of osteoporosis
than women with neither or only a single rare allele. The
magnitude of effect is of probable clinical relevance because
each standard deviation decrease in BMD is associated with a
2.5- to 3.0-fold increase in hip fracture risk among elderly
women.” Women with both allelic variants also experienced
more rapid hip bone loss. These findings suggest that VDR and
CYP19 gene polymorphisms have an interdependent effect on
osteoporotic risk among older African-American women.

The VDR translation start site polymorphism has been asso-
ciated with BMD in some but not all studies.® Complete con-
sistency of findings across populations is not expected in stud-
ies of single susceptibility genes for complex polygenic
diseases such as osteoporosis. A lack of association in some
populations may have been due to the presence or absence of
other allelic variants, which modified the effects of the VDR
polymorphism. Indeed, the VDR translation start site polymor-
phism was only associated with BMD in women with the rare
CYP19 allele in our study. Others® have demonstrated interac-
tive effects of VDR and estrogen receptor alleles on BMD.
These findings suggest that the interaction of loci involved in
estrogen metabolism may play a role in postmenopausal osteo-
porosis.

An interaction between VDR and CYP19 polymorphisms is
consistent with a VDR response element in the CYPI9 pro-
moter,'? the induction of aromatase by vitamin D,* and de-
creased CYP19 expression in VDR knock-out mice.!! Isoforms
encoded by the rare VDR Fokl f allele have decreased trans-
activation capacity relative to more common F allele iso-
forms.!? Thus, impaired transcriptional activation of aromatase
may explain the decreased BMD in women with the rare allele
of the VDR translation start site polymorphism.

The functional consequence of the aromatase Arg?®*Cys
polymorphism is less certain. This polymorphism lies near a
substrate recognition site and may influence aromatase activity.
The Cys®®* allele has been associated with lower serum estra-
diol levels than the Arg?®* allele.!3> However, in vitro experi-
ments of this polymorphism have not revealed an effect on
aromatization.!# Further studies are needed to determine if the
Arg®**Cys polymorphism has subtle functional effects on aro-
matase activity.

In summary, our results suggest that VDR and CYP19 poly-
morphisms may jointly influence BMD and bone loss in older
African-American women. Further studies are needed to con-
firm these observations in other population groups and to test if
combined VDR and CYPI9 genotyping identifies women at
increased risk of fracture.
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