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The CYP3A4*18 Genotype in the Cytochrome
P450 3A4 Gene, aRapid Metabolizer
of Sex Steroids, Is Associated With Low Bone

Mineral Density

YS Kang?l, SY Park!, CH Yim!, HS Kwak?, P Gajendrarao?, N Krishnamoorthy?, S-C Yun3,

KW Lee? and KO Han?

Osteoporosisis influenced by genetic factors. The interindividual variability in the activity of CYP3A, the metabolic
enzyme of sex hormones, may result from genetic polymorphisms. In a study of 2,178 women of ages 40-79 years,

the presence of the CYP3A4*18 variant was found to be significantly associated with low bone mass. In vitro functional
analyses indicate that CYP3A4*18 is a gain-of-function mutation in sex steroid metabolism, resulting in rapid oxidation
of estrogens and testosterone; in vivo pharmacokinetics using midazolam (MDZ) verify the altered activity of the
CYP3A4*18, showing lower metabolic turnover in the mutant than in the wild type. Molecular modeling reveals the
structural changes in the substrate recognition sites of CYP3A4*18 that can cause changes in enzymatic activity and that
potentially account for the difference between the catalytic activities of estrogen and MDZ, depending on the genotype.
The results indicate that a genetic variation in the CYP3A4 gene—as a gain-of-function mutation in the metabolism of
certain CYP3A substrates, including sex steroids—may predispose individuals to osteoporosis.

Osteoporosis is a multifactorial disease with a strong genetic
component. Genetic factors in uence bone mass, bone size,
bone quality, and bone turnover, and they may modulate the
risk of osteoporosis.! Many candidate genes have thus far been
suggested, but none has yet been supported strongly and consist-
ently by subsequent studies.

e members of the cytochrome P450 3A (CYP3A) subfamily
are the major enzymes in the nicotinamide adenine dinucleotide
phosphate-oxidase—dependent oxidative metabolism of vari-
ous endogenous and exogenous compounds, including sex
hormones. A wide interindividual variability in the expres-
sion and catalytic activity of CYP3A has been reported in the
general population.2 e interindividual variation, exceeding
30-fold in some populations, may in uence the circulating lev-
els of endogenous sex steroids and thereby mediate the risk of
certain estrogen-associated diseases such as osteoporosis.3—>

is variation is, at least partly, caused by multiple environ-
mental factors, including induction by drugs, chemicals, and

endogenous compounds, but genetic factors are also among the
most plausible mechanisms.

The CYP3A activity of the adult human liver is the sum
activity of at least two CYP3A family members: CYP3A4 and
CYP3Ab5. To date, approximately 40 allelic variants in the
CYP3A4 gene have been reported as showing marked ethnic
di erences in allele frequencies.®” CYP3AS5, the second-most
important CYP3A protein in the liver, has characteristic poly-
morphic expression caused by genetic variation; certain genetic
variations, such as CYP3A5*3 and CYP3A5*6, give rise to an
aberrantly spliced mRNA with a premature stop codon, which
produces a nonfunctioning protein.82

We therefore hypothesized that genetic variations of CYP3A
proteins, the important metabolizing enzymes of estrogen,
might be among the major determinants in the development
of osteoporosis. To identify the candidate genetic variations in
the CYP3A4 gene, we sequenced the entire coding region and
performed detailed structural and functional studies, including

The first three authors contributed equally to this work.

1Department of Internal Medicine, Cheil General Hospital and Women's Healthcare Center, Kwandong University College of Medicine, Seoul, Korea;
2Division of Applied Life Sciences (BK21 Program), Environmental Biotechnology, National Core Research Center, Gyeongsang National University, Jinju, Korea;
3Department of Preventive Medicine, University of Ulsan College of Medicine, Seoul, Korea. Correspondence: KO Han (kiok.han@cgh.co.kr)

Received 19 May 2008; accepted 11 September 2008; advance online publication 19 November 2008. doi:10.1038/clpt.2008.215

312

VOLUME 85 NUMBER 3 | MARCH 2009 | www.nature.com/cpt


mailto:kiok.han@cgh.co.kr
http://www.nature.com/doifinder/10.1038/clpt.2008.215



















	The CYP3A4*18 Genotype in the Cytochrome P450 3A4 Gene, a Rapid Metabolizer of Sex Steroids, Is Associated With Low Bone Mineral Density
	Results
	CYP3A4 and CYP3A5 genotyping analysis
	CYP3A4 polymorphism and BMD
	In vitro functional analysis of CYP3A4 enzyme activity
	In vivo pharmacogenetics for CYP3A4 polymorphism
	Molecular modeling construction for the CYP3A4  polymorphism

	Discussion
	Methods
	Subjects and measurement of BMD
	DNA genotyping in CYP3A genes.
	CYP3A4 enzyme activity in vitro.
	In vivo pharmacokinetics using MDZ as a probe.
	Protein structure preparation for molecular modeling and -molecular dynamics simulations.
	Statistical analysis.

	Acknowledgments
	Conflict of Interest
	References


