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CYP17A1 catalyzes the 17-hydroxylase and 17,20-lyase reactions, regulating the steroid hormones produced by the adrenal glands and
gonads. Mutations that compromise all CYP17A1 activities are extremely rare and cause combined 17-hydroxylase/17,20-lyase defi-
ciency. Clinically, combined 17-hydroxylase/17,20-lyase deficiency presents with hypertension, hypokalemia, primary amenorrhea,
and sexual infantilism. A few mutations selectively impair 17,20-lyase activity, and some mutations in cofactor proteins cytochrome
P450-oxidoreductase and cytochrome b also selectively disrupt 17,20-lyase activity. The defect in sex steroid synthesis impairs fertility

in both male and female patients when the deficiency is severe. This paper reviews the genetics,

steroidogenesis, and fertility impairments associated with these disorders. (Fertil Steril®

2014;101:317-22. ©2014 by American Society for Reproductive Medicine.)
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CYP17A1 GENE DEFECT

The human CYP17A1 geneislocated on
chromosome 10q24.3 (1) and spans 6.6
kb, which contain eight exons (2) and
1.6 kb of coding region. From this
gene, the same 2.1-kb mRNA species is
transcribed in both the adrenals and go-
nads (3), which yields a 57-kDa micro-
somal cytochrome P450c17 enzyme
(CYP17A1). The CYP17A1 enzyme cat-
alyzes both steroid 17-hydroxylase

and 17,20-lyase activities (4), and both
activities require one equivalent of mo-
lecular oxygen and two electrons from
nicotinamide adenine dinucleotide
phosphate (reduced form, NADPH).
The electron transfer flavoprotein, cy-
tochrome P450 oxidoreductase (POR),
serves as a conduit for the electron
transfer from NADPH to CYP17A1, but
other flavoproteins can substitute for
POR, at least for the 17-hydroxylase ac-
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tivity (5). The 17,20-lyase activity is
particularly vulnerable to the abun-
dance and structure of the electron
transfer complex (6). In addition,
optimal 17,20-lyase reaction requires
the cofactor protein cytochrome bs
(b5); b5 stimulates the maximal rate of
the reaction in the steady state over
10-fold (7-10).

Nearly 100 disease-causing muta-
tions 17-hydroxylase/17,20-lyase defi-
ciency (170HD, OMIM 202110) have
been described. All forms of CYP17A1
deficiency are extremely rare, and in
most populations without founder mu-
tations, 170HD accounts for <1% of
all cases of congenital adrenal hyper-
plasia (CAH). Although 170HD patients
are found worldwide, the disease is
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VIEWS AND REVIEWS

particularly abundant in Brazil owing to two founder muta-
tions, R362C and W406R. Other mutations are found repeat-
edly, such as Y329 mutations and a deletion of residues
487-489, particularly in Asia. Mutations are found
throughout the gene, with the largest number in the C-termi-
nus, up to the last 14 amino acids. The majority of these
changes are missense or nonsense single base pair substitu-
tions, and residues prone to mutation of one or more base
change include R96, R239, Y329, R362, H373, R347, R416,
R440, D487, and R496. A few small deletions and duplications
have been described, and large deletions account for a very
few cases. In some cases, no CYP17A1 mutations have been
located, despite clinical and hormonal evidence for 17-
hydroxylase deficiency (11). Table 1 lists some of the more
common CYP17A]1 mutations causing combined 170HD.

DEFECTS IN STEROIDOGENESIS

CYP17A1 is the major qualitative regulator of steroidogenesis
(12), meaning that CYP17A1 activities determine which ste-
roid products derive from a given cell. CYP17A1 is absent
in the zona glomerulosa of the adrenal and the corpora lutea
of the ovary, and its expression in the placenta is low. In the
adrenal zona  glomerulosa, the enzyme steroid
21-hydroxylase (cytochrome P450c21, CYP21A2) converts
P to 11-deoxycorticosterone (DOC). Ordinarily, the coexpres-
sion of aldosterone synthase (cytochrome P450c11AS,
CYP11B2) completes the synthesis of aldosterone from DOC
via three sequential oxygenations, one at C-11 and two at
C-18. In the placenta and corpora lutea, the steroid hydroxy-
lases are essentially absent, and steroidogenesis stops at P. In
170HD and isolated 17,20-lyase deficiency, steroidogenesis
mirrors the normal steroid biosynthesis in these tissues, and

TABLE 1

Selected recurring mutations in CYP17A1 causing combined
170HD.

Mutation Activity Exon
delF53/54 (3 bp) 37% 1
R96W, Q 5%-25%, Nil 1
dup le112 (3 bp) Nil 2
R239X ND 4
Y329X Nil 6
del/sub Y329K (TAC — AA, 418X) Nil 6
ins A Y329X (TAC - TAA) ND 6
R358X Nil 6
R362C, H Nil, ND 6
H373L, N, D Nil 6
W406R Nil 7
P409R Nil 7
R416C 8% 8
R416H Nil 8
P428L <5% 8
R440H, C Nil 8
R449C ND 8
Q461X Nil 8
dup D487-5488 (4 bp) Nil 8
del D487-F489 (9 bp) Nil 8
R496C, H <10%, 33%—-38% 8

Note: ND = not determined.
Marsh. Fertility and 17-hydroxylase/17,20-lyase deficiencies. Fertil Steril 2014.

the physiology derives from androgen deficiency and varying
degrees of mineralocorticoid excess (Fig. 1).

Complete 170HD

With complete deficiency of CYP17A1 (complete 170HD), the
hormonal abnormalities are summarized as androgen and es-
trogen deficiency with mineralocorticoid excess (13). In the
adrenals, the block in cortisol biosynthesis is compensated
physiologically by augmented ACTH-driven corticosterone
excess (Fig. 1), which substitutes for cortisol as a glucocorti-
coid and prevents clinical adrenal insufficiency. The
increased flux of steroids in the 17-deoxysteroid pathway,
however, allows the cortisol precursor DOC to accumulate
to a concentration one to two orders of magnitude above
normal or higher. DOC is slightly less potent than aldosterone
as a ligand for the mineralocorticoid receptor (MR), and DOC
concentrations of 100 ng/dL (3 nM) activate MR and cause the
hypertension and hypokalemia characteristic of 170HD.
Corticosterone is also a good MR ligand, and corticosterone
excess also contributes to the hypertension of 170HD.

The DOC and corticosterone excess in 170HD expands
plasma volume and suppresses plasma renin activity. As a
result, CYP11B2 expression and aldosterone production are
also low or absent in untreated patients with 170HD (14, 15).
Additional steroid abnormalities in 170HD include elevated
18-hydroxysteroids, particularly 18-hydroxyDOC and 18-
hydroxycorticosterone (16, 17) (Fig. 1). These 18-oxygenated
steroids derive from the zona fasciculata of the adrenal cortex,
where expression of steroid 118-hydroxylase (cytochrome
P450c118, CYP11B1) is high. CYP11B1 has 18-hydroxylase
but not 18-oxidase activity, yielding 18-hydroxysteroids but
not 18-oxo-steroids such as aldosterone. In addition, other
atypical metabolites of these cortisol precursors are found in
170HD patients, including 19-norDOC. P also accumulates
above the block at 17-hydroxylase, and high P is found in
170HD (18) as well as in other forms of CAH except lipoid
CAH, particularly in POR deficiency (19, 20).

Impaired androgen production derives both from defi-
cient generation of the 17-hydroxysteroid substrates for the
17,20-lyase reaction and from poor or absent 17,20-lyase ac-
tivity itself. Estrogens derive from aromatization of andro-
gens via the aromatase enzyme (cytochrome P450aro,
CYP19A1). Consequently, neither androgens nor estrogens
are produced from the gonads in complete 170HD.

Based on the physiology and biochemistry described
above, all individuals with complete 170HD are born with
sexual infantilism and fail to develop secondary sexual char-
acteristics. Patients with 170HD and 46,XX karyotypes have
internal Mullerian structures with streak gonads. Patients
with 170HD and 46,XY karyotypes have a blind vaginal
pouch owing to the absence of masculinization resulting
from defective androgen production.

Partial 1770HD

For partial CYP17A1 deficiency to be identified, the defect
must be sufficiently severe to cause clinical manifestations.
Consequently, these patients are usually similar to complete
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