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INTRODUCTION

Infertility affects approximately 1 in 10 couples.
Causes include physical, environmental, and genetic
factors, and both partners are equally likely to be
affected. It is often difficult to establish a diagnosis for
the cause of infertility. “Idiopathic infertility” still pre-
dominates as a diagnosis, which reflects the chal-
lenges of defining the pathophysiology of infertility in
individual couples. Nevertheless, treatment is often
successful, using ovulation induction, in vitro fertiliza-
tion, or ICSI (intracytoplasmic sperm injection).

Given the large number of genes that are potentially
involved in sex determination, steroidogenesis, and
fertility, space limitations preclude a comprehensive
review of all genetic abnormalities associated with
infertility (e.g. chromosomal abnormalities, disorders
of steroid biosynthesis, and metabolic disorders). In
this review, we have focused primarily on genes in-
volved in the hypothalamic-pituitary-gonadal (HPG)
axis. These disorders have provided important insight
into the function of the reproductive axis in humans
and may point the way toward improved strategies for
the diagnosis and treatment of infertility.

Several single-gene disorders affect HPG function
and fertility in humans (Fig. 1 and Table 1). Although
most of these disorders are relatively rare, they should
be considered as causes of infertility for a variety of
reasons. First, understanding the pathophysiology of
infertility can allow patients to be counseled about
their prognosis and the risk of transmitting a condition
to their children. Second, treatment can be tailored
more appropriately in the context of known hormonal
deficits. Finally, it is likely that the cases described to
date represent the most severe end of the phenotypic
spectrum. Disorders associated with milder pheno-
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types may be more common and could provide further
information about the transcription factors, hormones,
and receptors involved in reproduction.

TRANSCRIPTION FACTORS EXPRESSED
THROUGHOUT THE REPRODUCTIVE AXIS:
SF-1 AND DAX-1

Two transcription factors, steroidogenic factor-1
(SF-1) and DAX-1, are widely expressed throughout
the reproductive axis, including the hypothalamus, go-
nadotrope cells of the pituitary, gonads, and adrenal
gland. Genetic studies, in mice and humans, have
shown that both factors play an important role in
fertility.

SF-1 regulates the transcription of an array of genes
involved in steroidogenesis, male sexual differentia-
tion, and reproduction. Homozygous deletion of the
gene encoding Sf-1 in mice results in adrenal and
gonadal agenesis, complete XY sex reversal with per-
sistence of Mdllerian structures in males, and abnor-
malities of the hypothalamus and pituitary gonado-
tropes. The role of SF-1 in humans is less clear. We
have recently found a heterozygous missense muta-
tion in the DNA-binding domain of SF-1 in a patient
with complete XY sex reversal and adrenal failure (our
unpublished data). Gonadotropin release was pre-
served, but testicular development was severely af-
fected. No SF-1 (FTZF1) mutations have yet been re-
ported in genotypic females, where sex reversal would
not be expected. Identifying such patients could pro-
vide fascinating insight into the role of SF-1 in ovarian
development and function.

Considerably more is known about the role of DAX-1
in humans (1). Mutations in the gene encoding DAX-1,
AHC (Xp21), cause X-linked adrenal hypoplasia con-
genita. Hemizygous males develop primary adrenal
failure in infancy or childhood. Although the HPG axis
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