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Purpose: Females with 17«-hydroxylase/17,20-desmolase deficiency normally present with
amenorrhea, sexual infantilism, hypertension, and hypokalemia. We report on a new clinical
presentation of this combined enzymatic defect.

Methods: Four Jewish women from two unrelated families presented with primary infertility.
All patients exhibited a normal phenotype, blood pressure, and serum potassium levels, with
abnormally high follicular phase serum progesterone and low E; levels. In order to characterize
the underlying defect, the following steps were undertaken: 1) ovarian suppression by GnRH
agonist, 2) adrenal suppression by dexamethasone, 3) ovarian stimulation by gonadotropins,
4) adrenal stimulation by ACTH, 5) hormonal assessment of follicular fluid aspirates, and 6)
assessment of in vitro E; production by luteinized granulosa cells.

Results: The clinical characteristics and endocrine testing results support the diagnosis of a
partial deficiency in 17«-hydroxylase/17,20-desmolase activities, shared by the adrenal gland
and the ovaries.

Conclusions: Female infertility can be the first and sole clinical manifestation of this enzymatic
defect. Its exact nature and prevalence remain to be determined.
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INTRODUCTION

Ovulation disorders are among the main causes of
infertility. They can result either from a primary ovar-
ian defect or from derangement of the hypophyseal-
ovarian axis, which controls follicular growth and de-
velopment. Even though the diagnosis of anovulation
is relatively simple, the underlying etiologies are of-
ten obscure. It has been shown that partial derange-
ments of steroidogenesis in either the adrenal gland
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or the ovary underlie a significant proportion of these
cases (1).

Sex hormone steroidogenesis begins with the con-
version of cholesterol to pregnenolone by a side-
chain cleavage catalyzed by 20,22-desmolase. Fur-
ther synthesis in the ovary proceeds by one of two
pathways: the A*-3-ketone pathway or the A>-38-
hydroxysteroid pathway. In the former, pregnenolone
is dehydrogenized to progesterone (P) and then con-
verted by 17«a-hydroxylase and 17,20-desmolase to
androstenedione (ADD), while in the latter it is
converted to dehydroepiandrosterone (DHEA) by
17-a-hydroxylase and 17,20-desmolase. These two lat-
ter steps in both pathways are catalyzed by a sin-
gle polypeptide from the cytochrome P-450 group
of oxidases designated as P-450;7,. The DNA se-
quence encoding this peptide is located on chromo-
some 10 (2,3). DHEA and ADD serve as precursors
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Fig. 1. A scheme of steroidogenic pathways in the ovary and adrenal gland with special reference to 17,
20-desmolase and 17a-hydroxylase (underlined numbers). The partial blocks are demonstrated by dotted lines.
Changes in ovarian steroids levels are demonstrated by open arrows.

for testosterone and estrogens in the ovary, and 17-
hydroxyprogesterone (170H-P) serves as the precur-
sor for 11-deoxycortisol and cortisol in the adrenal
gland (Fig. 1).

Several reports have appeared in the litera-
ture on severe (probably complete) deficiency
of 17«-hydroxylase and 17,20-desmolase activities,
presenting early in life as either male pseudo-
hermaphroditism or primary amenorrhea with sex-
ual infantilism in the female, accompanied by hyper-
tension and hypokalemia (4-8). A diagnosis of the
complete form of 17«-hydroxylase deficiency can be
readily assumed in the female patient with primary
amenorrhea, hypertension, and hypokalemia (9).

A combined defect in ovarian 17«-hydroxylase
and 17,20-desmolase activities would be expected
to result in low serum and follicular fluid levels of
ADD, testosterone, and E,, which are subsequent
to the synthetic block, and high levels of P, which
accumulate because of a block in its further con-
version. Because of the biosynthetic block, 170H-
P, 17-hydroxypregnenolone, and androgens are vir-
tually absent. In the adrenal gland, the pathway of
cortisol production also involves 17-hydroxylation by
the same enzyme; thus, if the above defect is ex-
pressed by the adrenals, cortisol production in re-
sponse to stimulation would be lower than normal and

11-deoxycorticosterone (11-DOC) response higher
than normal, for the same reasons, respectively. In
several cases of partial defects in one or both activities
of P-450,7,, hypertension and hypokalemia (resulting
from the accumulation of 11-DOC) accompanied the
clinical presentation, which was mainly some degree
of sexual infantilism (10,11).

To the best of our knowledge, this is the first de-
scription of familial occurrence of combined partial
17,20-desmolase and 17«-hydroxylase deficiency in
phenotypically normal, normotensive women, who
presented with primary infertility, anovulation, and
persistent cervical dysmucorrhea.

MATERIALS AND METHODS

Four women, two sisters and two cousins, from
two unrelated families were referred to our clinic
because of primary infertility. The first pair of patients
was two cousins who belonged to a Jewish family
originating in Egypt. The father of one cousin and
the mother of the second cousin were brother and
sister. Each cousin had two fertile sisters (Fig. 2).
The second pair of patients was two sisters, born to
Jewish parents of Yemenite origin. They had four
brothers, all fertile, and two more sisters with primary
unexplained infertility who were never investigated.
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Fig. 2. Pedigree of family 1. It is a Jewish family originating in Egypt and the two cousins in the fourth generation
are the subject of our investigation.

Thus, all four sisters suffered from primary infer-
tility, and two of them became the subject of our
investigation.

All four patients exhibited a normal adult female
phenotype and had regular menstruation with scanty
bleeding (hypomenorrhea). All had undergone
several courses of treatment with clomiphene citrate
and human menopausal gonadotropin (hMG) with
presumed ovulation but no conception. Basal body
temperature charts in each case revealed a biphasic
pattern, but the luteal phase was uniformly short
(9-12 days). Physical examination revealed a normal
adult female appearance, including well-developed
secondary sexual characteristics, in all four cases.
Blood pressure values were normal. Preovulatory
cervical mucus was poor in amount and quality,
consistent with dysmucorrhea. Serum potassium
levels were within the normal range. The serum levels
of basal (Day 3) gonadotropins during spontaneous
cycles were within the normal range for all four
patients (FSH mean 7.85 + 2.32, range 4.8-10.1 IU/L;
LH mean 6.5 £ 1.65, range 4.4-7.8 IU/L). Follicular
phase P levels were repeatedly elevated in the range
of 4.8-17.3 nmol/L (1.5-5.4 ng/mL; normal values
<0.5 ng/mL) and E; levels no higher than 296 pmol/L
(80 pg/mL; normal values >200 pg/mL). Ultrasound
monitoring during spontaneous cycles revealed nor-
mal ovarian morphology and follicular growth. Luteal
phase P was in the range of 12.8-25.6 nmol/L (4.0
8.0 ng/mL).

In summary, all four patients exhibited abnor-
mally elevated serum P levels and lower than nor-

mal serum E; levels during the follicular phase of the
menstrual cycle, which were suggestive of a possible
derangement in sex steroid biosynthesis.

A battery of dynamic endocrine and laboratory
testing was performed in an attempt to define the
exact nature of the derangement and to determine
whether it was confined to the ovary or also shared by
the adrenal gland.

The first stage of tests was aimed at evaluation of the
relative contributions of the ovary and the adrenals to
the elevated P levels.

Suppression Tests

(a) The gonadotropin-releasing hormone ago-
nist (GnRHa) triptorelin (Decapeptyl, Fer-
ring, Malmo, Sweden) was administered
daily at a dose of 0.5 mg in order to sup-
press the pituitary—ovarian axis. This treat-
ment is expected to achieve complete sup-
pression of ovarian steroidogenesis within
8-14 days, as evidenced by serum E, and
P at the menopausal range with a marked
decrease in serum gonadotropins levels (12)
and the failure of gonadotropin levels to
rise following further GnRHa injections (13).
Once suppression was confirmed, serum lev-
els of DHEA-sulfate (DHEA-S), ADD, E,,
P, 170H-P, and 11-DOC were measured.

(b) Dexamethasone (Rekah, Israel), 0.5 mg daily
for 5 days, was added on the 14th day of the
ongoing GnRHa course in order to achieve
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concomitant suppression of the pituitary—
adrenal axis. All hormone assays were re-
peated on the morning after completion of
the dexamethasone course.

Stimulation Tests

(a) Ovarian stimulation: hMG (Pergonal, Teva,
Netanya, Israel), 150-300 IU/day, was ad-
ministered concomitantly with dexametha-
sone, 0.5 mg/day. Serum levels of E,, P, ADD,
DHEA-S, and testosterone were measured
daily. Follicular development was monitored
by vaginal ultrasonography.

(b) Adrenal: Adrenocorticotropic hormone
(ACTH) (Synacthen, Novartis Pharma,
Bern, Switzerland), 0.25 mg, was admin-
istered during the follicular phase of a
spontaneous cycle, and serum concentra-
tions of all the above hormones plus cortisol
were sampled every 30 min for 90 min. A
normal response to the ACTH test includes
a rise in cortisol levels by at least 7 pug/dL to
values greater than 18 ug/dL by 1 h (14).

The second stage of tests was aimed at ruling
out peripheral target organ failure as the cause of
the dysmucorrhea observed in all four women. Fol-
lowing complete suppression of P overproduction
(GnRHa + dexamethasone therapy), 2 mg of estra-
diol valerate (Progynova, Schering, Germany) was
administered daily for 10 days, after which the cer-
vical mucus was clinically assessed in each patient.

The third stage of testing consisted of two steps: 1)
controlled ovarian hyperstimulation with subsequent
oocyte retrieval, also yielding follicular fluid for hor-
monal evaluation and 2) laboratory determination of
the steroid production capacity of luteinized granu-
losa cells. Ovarian stimulation was accomplished by
the administration of hMG (225 1U/day) from the
3rd day of the menstrual cycle. Human chorionic
gonadotropin (10,000 TU) was given when at least
two follicles larger than 18 mm were observed, and
oocyte retrieval was performed 32-36 h later. In
vitro fertilization resulted in fertilization of more
than 70% of the retrieved oocytes, with subsequent
normal cleavage.

Luteinized granulosa cells, pooled from 10 follicles
after centrifugation of follicular fluid at 1000 x g,
were resuspended in Ham’s F-10 medium (Biological
Industries, Kibbutz Bet Haemek, Israel) supplemen-
ted with L-glutamine, antibiotics (1 mg/mL strepto-

mycin, 10 U/mL penicillin and 1 U/mL mycostatin),
and 5% heat-inactivated calf serum. The cells were
layered onto 4 mL of 50% Percoll (Pharmacia,
Uppsala, Sweden) and centrifuged at 1000 x g for
30 min. Granulosa cells were collected from the
interface, washed, and counted in a hemocytometer.
About 9 x 10° viable cells, as assessed by 0.1%
trypan blue, were obtained. Cells were cultured in
eight replicates at a density of 10° cells/ml well in
16-mm plastic culture wells (Nunc, Copenhagen,
Denmark) at 37°C in an atmosphere of 95% air-5%
CO,. After 24 h, cells were washed, and reincubated
for a further 24 h. The medium was then collected,
frozen at —20°C for hormone assays (basal steroid
production), and fresh medium containing 10~ M
170H-P, ADD, DHEA, or testosterone (Makor,
Israel) was added. Following incubation for 8 h, the
medium was collected and frozen at —20°C for steroid
assays. Granulosa cells from controls (10 women
undergoing IVF treatment for tubal factor infertility)
were subjected to a similar procedure.

Estradiol, P, and testosterone concentrations in
the extracts were determined by radioimmunoassay
(RIA), using reagents supplied by WHO Special Pro-
gram for the Provision of Matched Assay Reagents
for the RIA of Hormones in Reproductive Physi-
ology. In the E, assay, antibody cross-reactivity was
less than 0.02% for estrone, P, and testosterone, and
the sensitivity was 74 pmol/L, with interassay and
intraassay variations of 7 and 10%, respectively. In
the P and testosterone assays, the interassay varia-
tion was 6%, and the intraassay variations were 12
and 10%, respectively. Following extraction with ben-
zene/ethyl acetate (2:1), ADD was determined by
RIA with an antibody (Serono, Milan, Italy) that has
a cross-reactivity of 0.4% with testosterone and less
than 0.01 % with P and E,. Following ether extraction,
170H-P was determined using a kit purchased from
CIS (Sorin, France); cross-reactivity was 5.8% with P
and less than 0.001% with E, (15).

Follicular fluid was tested for all of the above sub-
stances using the same methods as were used for the
culture medium of the granulosa cells.

Results are presented as means + SD. Statistical
analysis was conducted using the Student’s ¢ test. A P
value of <0.05 was considered statistically significant.

RESULTS

By the 14th day of GnRHa administration, the
serum P levels in all four women had declined to a
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Table I. Infertility History and Current IVF Cycle Outcome for the Study Patients

Infertility Number of previous Number of oocytes Number of embryos
Patient  Age (years) duration (years) IVF cycles retrieved in current cycle Fertilization rate (%) cleaved (%)
1 41 20 4 13 7 (54) 5(71)
2 38 7 9 34 26 (76) 17 (65)
3 38 19 1 2 1 (50) 1 (100)
4 33 2 2 22 20 (91) 19 (95)

mean value of 4.8 nmol/L (range 3.84-5.76 nmol/L;
1.2-1.8 ng/mL). The addition of dexamethasone was
followed by a further decline in serum P to below the
detection limit of 0.064 nmol/L (<0.02 ng/mL), indica-
tive of an adrenal contribution to the abnormally high
P levels.

Following ovarian stimulation with hMG, an ab-
normal sex steroid output pattern was noted, char-
acterized by abnormally high follicular phase P lev-
els, exceeding 6.68 nmol/L (2.1 ng/mL) in all cases,
and attenuated E, secretion, with levels not higher
than 844 pmol/L (230 pg/mL), along with an adequate
growth of 6-18 follicles. Clinical characteristics and
embryology data for the study patients during the cur-
rent IVF cycle is given in Table I. None of the patients
conceived.

Basal serum cortisol levels were within the nor-
mal range, i.e., 342.1-491.1 nmol/L (12.4-17.8 w/dL).
However, following adrenal stimulation by ACTH,
cortisol levels rose by less than 193 nmol/L (7 u/dL).
An increase in serum P from 8.64-12.6 to 19.2-34.24
nmol/L in response to this test was observed in all
four patients but not in the controls. No increase was
observed in ADD, DHEA-S, or testosterone. Basal
levels of 11-DOC were 1.2 nmol/L (range 1.33-2.66),
which is higher than normal (range 0.09-0.6 nmol/L),
and rose to 14.6 nmol/L (8.3-17.1) after 60 min (nor-
mal 1.8-4.5 nmol/L).

Following the administration of exogenous estro-
gen in combination with suppression of P overpro-
duction (GnRHa + dexamethasone), the quality and
quantity of cervical mucus was excellent, thus ruling
out end-organ failure.

Sex steroid concentrations in the follicular fluid ob-
tained during oocyte retrieval are given in Table II.
Relative to the control values, E, and ADD levels
were low and P was high in all patients, while levels
of 170H-P was not significantly different from those
for controls.

Basal 24 h production of E; by luteinized granulosa
cells (expressed as E, concentration in the culture
medium) was 6.24 £ 3.67 nmol/L (1.7 + 1.0 ng/mL),
which was significantly lower than in controls
(13.1£1.85 nmol/L; 3.6+0.5 ng/L) (p < 0.01).
Progesterone production was 3870 £ 1273 nmol/L
(1046 + 344 ng/mL) compared to 2235 4+ 196 nmol/L.
(604 £ 53 ng/mL) in controls (p < 0.001). Levels of
170H-P in the culture medium did not differ from
control values, i.e., 1.347 vs. 1.368 nmol/L (44.9 vs. 45.6
ng/mL), respectively. Levels of sex steroids produc-
tion following the addition of various precursors to
the culture medium are summarized in Table III. Ad-
dition of 170OH-P, a substrate for 17, 20-desmolase, re-
sulted in lower than normal E, production, while the
addition of substances normally present beyond this
metabolic stage resulted in significantly increased E,
production.

DISCUSSION

Numerous enzymatic defects are known to cause
derangements in either adrenal or ovarian steroido-
genesis. Among these, the complete blocks result in
obvious clinical syndromes that are readily detected
early in childhood. Partial blocks, leading to moderate

Table II. Steroid Concentrations in Follicular Fluid Obtained from the Study Patients and
Normal Controls

Substance

Patients

Controls

Estradiol, nmol/L (ng/mL)
Progesterone, umol/L (ug/mL)
170H-P, nmol/L (ng/mL)
ADD, nmol/L (ng/mL)

859 4 720" (234 + 196)
51.5 +7.95% (162 +2.5)
2090 + 496™* (643 + 155)
485 +32.5% (13.9+9.3)

3873 & 815 (1055 4 222)
20.1+3.18 (6.2 + 1.0)
3130 & 538 (978 + 168)
7474195 (21.4 £5.6)

Note. 170H-P: 17-hydroxyprogesterone; ADD: androstenedione.

**p < 0.001;
*p < 0.01.
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Table III. Estradiol Production in 24 h by Luteinized Granulosa

Cells from Four Women with Combined Partial 17,20-desmolase

and 17a-hydroxylase Deficiency Following the Addition of
Several Steroid Precursors

624+3.67(1.7+1.0)
6.24 +3.67 (1.7 + 1.0)
112+ 1.1 (30.5+£0.3)
152 £ 81.1 (41.4 +£22.1)
73.8 411 (20.1 £ 3.0)

Basal rate
17-hydroprogesterone
Dehydroepiandrosterone
Androstenedione
Testosterone

Note. Results are given in nmol/L, whereas values in brackets are
ng/mL.

alterations in steroidogenesis, may sometimes present
as female infertility in adult life. It has been recently
shown that in Jews, where partial deficiencies of 21-
hydroxylase, 11-hydroxylase, and 3-hydroxysteroid
dehydrogenase are relatively common, unexplained
infertility was the only complaint in 31/170 (18%) of
the patients studied (1).

Various forms of P-450;7, deficiency have been
identified and extensively investigated (16). The
enzyme is bound to the smooth endoplasmatic retic-
ulum, and is regulated by a gene on chromosome 10
(2,3). The molecular basis for deficiency of P-45047, is
due to a variety of mutations, which result in multiple
base deletions and duplications in the CYPI7 gene
on chromosome 10g24-25. Over 15 different P-
45017, mutations have been described in patients
with P-4507, deficiency, including nonsense muta-
tions, deletions, and small duplications, indicating
that mutations in this gene are due to random events
(2,3,17-23).

The P-450,7,deficiency syndrome is usually recog-
nized at the time of puberty in young adults through
the presence of hypertension or hypokalemia as-
sociated with hypogonadism (primary amenorrhea
and sexual infantilism) in the female or pseudo-
hermaphroditism in the male. Approximately 10—
15% of reported patients with P-450,7,deficiency are
not hypertensive or hypokalemic at the time of diag-
nosis (16). The syndrome is believed to be rare, with
only a few hundreds of patients reported in the lit-
erature so far (16). Studies in several families where
familial occurrence has been detected are suggestive
of an autosomal recessive trait as a mode of inheri-
tance (16).

Traditionally, = 17«-hydroxylase and  17,20-
desmolase were regarded as separate enzymes.
These two different functions of a single enzyme,
P-450,7,, are not genetic or structural but represent
different activities, probably influenced by local fac-
tors (24). Three forms of enzymatic deficiency related
to an abnormal P-450;7, gene have been reported

(16): 1) combined deficiencies of 17«-hydroxylase
and 17,20-desmolase (the most common form) 2)
isolated 17«-hydroxylase deficiency, and 3) isolated
17,20-desmolase deficiency.

The four women described herein presented with
a previously unreported form of partial deficiency
of 17,20-desmolase and 17«-hydroxylase activities in
both the ovaries and the adrenal gland. The primary
reason for characterization of this deficiency as par-
tial is the presence of normal secondary sexual de-
velopment, with detectable, though subnormal, peak
serum E; levels. This is also the main point of dif-
ference with respect to previously reported variants.
The higher than normal P levels during the follicu-
lar phase provided the clue, suggesting a synthetic
block. The decrease in P levels upon suppression of
the hypothalamic—ovarian axis, followed by its com-
plete disappearance only after the addition of dex-
amethasone, indicates that both the adrenal gland and
the ovary share the block. The stimulation tests, on the
other hand, further revealed the nature of this defect,
where under GnRHa suppression, the ACTH stimu-
lation test caused a sharp rise in P secretion, a subnor-
mal rise in cortisol levels, and a mild rise in 11-DOC
with no rise in ADD levels. An increase in ADD con-
centration would be expected in participant with the
adrenogenital syndrome, and its absence specifically
indicates that 17«-hydroxylase activity in the adrenal
gland is lower than normal, resulting in an accumula-
tion of P.

A unique feature of this variant is the relatively
mild rise in 11-DOC, from 2.1 nmol/L to 14.36
nmol/L, in response to ACTH stimulation. Yanase
et al. (25) described a patient with partial defi-
ciency of 17w-hydroxylase and 17,20-desmolase,
in whom the baseline 11-DOC serum level was
9.05 nmol/L, compared to 2.1 nmol/L in our patients.
The ACTH-induced rise in 11-DOC supports the
existence of a synthetic block. The rise is mild,
which explains why our patients, unlike previously
reported individuals with partial block and markedly
elevated 11-DOC, do not have either hypertension or
hypokalemia. In addition, gonadotropin stimulation
did not raise the E, serum level above 844 pmol/L
(230 pg/mL), but it did cause a rise in P levels, thus
demonstrating that the partial block in both 17«-
hydroxylase and 17,20-desmolase activities exists in
the ovary.

Conclusive evidence of a synthetic defect comes
from the demonstration of lower than normal produc-
tion rate of E, by luteinized granulosa cells follow-
ing the addition of preblock precursors and normal
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production rate when postblock precursors are sup-
plied. Addition of 170H-P did not raise the subnor-
mal basal rate of E, production; this rate was however
increased by 10- to 20-fold upon the addition of ADD,
DHEA, or testosterone.

Although the prevalence of P-450,7, deficiency in
the general population is yet unknown, its clinical im-
plications may be relatively wide. In view of the fa-
milial occurrence in our patients, and since their par-
ents had emigrated from different parts of the world,
thereis good reason to suspect that the genomic defect
responsible for the syndrome is not rare. In fact, its
frequency has been estimated as twice the frequency
of 11 B-hydroxylase deficiency (16). As mentioned
above, P-450,7, activity is regulated by a gene on chro-
mosome 10 (2,3) and examination of the family his-
tory and pedigrees in our two families is suggestive of
autosomal recessive inheritance (Fig. 2). Moreover,
three of the women had been undergoing treatment
for infertility for many years before their disorder was
properly characterized, and there might be quite a few
others as yet undiagnosed. In our opinion, every in-
fertile woman with cervical dysmucorrhea despite a
normal appearing uterine cervix and regular menstru-
ation should be evaluated for this defect. Thus, partial
deficiency of 17«-hydroxylase and 17,20-desmolase
activities should be included in the differential diag-
nosis of cervical dysmucorrhea.

In addition to cervical dysmucorrhea, which may
interfere with sperm transport, infertility in subjects
affected by this partial enzymatic defect may also re-
sult from raised P levels during the follicular phase
that may cause asynchronous endometrial develop-
ment, and from the consistently observed short luteal
phase. Arrest of follicular development has been ob-
served in complete 17«-hydroxylase deficiency (26),
but is unlikely with the partial defect in view of the
apparently normal follicle growth and development,
as well as the normal oocyte fertilization and embryo
cleavage observed.

For clinical diagnosis of women thought to have
this syndrome, we suggest the use of the ACTH-
stimulation test. This should result in a rise in pro-
gesterone in these patients, while ADD, unlike in
women with partial forms of the adrenogenital syn-
drome, should remain low. A concomitant mild rise in
11-DOC can then be used to distinguish these women
from more severely affected patients.

The therapeutic approach in cases with P-450;7,
deficiency remains a dilemma. As demonstrated by
our series of patients, as well as by Rabinovici et al.
(27) and Pellicer et al. (10), fertilizable oocytes can be
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obtained following controlled ovarian hyperstimula-
tion and IVF, but implantation failure is repeatedly
observed. This may result from the combination of
attenuated E; secretion and overproduction of P dur-
ing the follicular phase of the cycle, which may inter-
fere with endometrial preparation for implantation.
As also suggested by Pellicer ef al. (10), endometrial
preparation with exogenous steroids (28) and subse-
quent transfer of frozen—thawed embryos might be
undertaken in order to overcome the problem of en-
dometrial receptivity. In cases with 17,20-desmolase
and 17«-hydroxylase deficiency, complete suppres-
sion of endogenous sex steroid production (GnRHa
+ dexamethasone) would be required prior to ex-
ogenous E; and P administration. We have recently
attempted this approach in one of the two cousins
from the first family (Fig. 2). Following controlled
ovarian hyperstimulation under gonadal and adrenal
suppression with dexamethasone and GnRHa, IVF
was performed and all the resulting embryos were
frozen. Frozen embryos were subsequently thawed
and transferred under the same suppression regimen,
while the endometrium was prepared with exogenous
estrogen and progesterone. A triplet pregnancy was
achieved, which resulted in the live birth of three
healthy babies. In our opinion, this is the preferred
therapeutic approach in partial 17,20-desmolase and
17a-hydroxylase deficiency.

In summary, the possibility of combined par-
tial 17,20-desmolase and 17«-hydroxylase deficiency
should be actively investigated in infertile women who
present with abnormally high follicular phase P levels,
attenuated E; secretion, and cervical dysmucorrhea.
The exact mutation in the CYPI7 gene on chromo-
some 10g24-25 in our patients and their families is
currently under investigation.

REFERENCES

1. Eldar-Geva T, Hurwitz A, Vecsei P, Palti Z, Milwidsky A,
Rosler A: Secondary biosynthetic defects in women with
late-onset congenital adrenal hyperplasia. N Engl J Med
1990;323:855-863

2. Bradshaw KD, Waterman MR, Couch RT, Simpson ER, Zuber
MX: Characterization of complementary deoxyribonucleic
acid for human adrenocortical 17 alpha-hydroxylase: A probe
for analysis of 17 alpha-hydroxylase deficiency. Mol Endocrinol
1987;1:348-354

3. Doody KJ, Lorence MC, Mason JI, Simpson ER: Expression
of messenger ribonucleic acid species encoding steroidogenic
enzymes in human follicles and corpora lutea throughout the
menstrual cycle. J Clin Endocrinol Metab 1990;70:1041-1045

4. Biglieri EG, Herron MA, Brust N: 17-hydroxylation deficiency
in man. J Clin Invest 1966;45:1946-1954

Journal of Assisted Reproduction and Genetics, Vol. 20, No. 1, January 2003



28

S.

10.

11.

12.

13.

14.

15.

16.

17.

Levran, Ben-Shlomo, Pariente, Dor, Mashiach, and Weissman

de Lange WE, Doorenbos H: Incomplete virilization and sub-
clinical mineralocorticoid excess in a boy with partial 17,20-
desmolase/17 alpha-hydroxylase deficiency. Acta Endocrinol
(Copenh) 1990;122:263-266

. Jones HW, Jr., Lee PA, Rock JA, Archer DF, Migeon CJ: A ge-

netic male patient with 17 alpha-hydroxylase deficiency. Obstet
Gynecol 1982;59:254-259

. New MI. Male pseudohermaphroditism due to 17 alpha-

hydroxylase deficiency. J Clin Invest 1970;49:1930-1941

. Salti IS, Hajj H, Dhib-Jalbut S: Testicular in vitro conversion of

progesterone to testosterone and androstenedione in 17 alpha-
hydroxylase deficiency. J Steroid Biochem 1982;17:155-157

. Biglieri EG, Kater CE. 17 alpha-hydroxylation deficiency. En-

docrinol Metab Clin North Am 1991;20:257-268

Pellicer A, Miro F, Sampaio M, Gomez E, Bonilla-Musoles
FM: In vitro fertilization as a diagnostic and therapeutic tool in
a patient with partial 17,20-desmolase deficiency. Fertil Steril
1991;55:970-975

Yanase T, Kagimoto M, Suzuki S, Hashiba K, Simpson ER,
Waterman MR: Deletion of a phenylalanine in the N-terminal
region of human cytochrome P-450(17 alpha) results in partial
combined 17 alpha-hydroxylase/17,20-lyase deficiency. J Biol
Chem 1989:;264:18076-18082

Barash A, Weissman A, Manor M, Milman D, Ben-Arie A,
Shoham Z: Prospective evaluation of endometrial thickness as
a predictor of pituitary down-regulation after gonadotropin-
releasing hormone analogue administration in an in vitro fer-
tilization program. Fertil Steril 1998;69:496-499

Schlaff WD: Dynamic testing in reproductive endocrinology.
Fertil Steril 1986;45:589-606

Speckart PE, Nicoloff JT, Bethune JE: Screening for adreno-
cortical insufficiency with cosyntropin (synthetic ACTH). Arch
Intern Med 1971;128:761-763

Pariente C, Rabinovici J, Lunenfeld B, Rudak E, Dor J,
Mashiach S, Levran D, Blankstein J, Geier A: Steroid secre-
tion by granulosa cells isolated from a woman with 17 alpha-
hydroxylase deficiency. J Clin Endocrinol Metab 1990;71:984—
987

Kater CE, Biglieri EG: Disorders of steroid 17 alpha-
hydroxylase deficiency. Endocrinol Metab Clin North Am
1994;23:341-357

Adachi M, Tachibana K, Asakura Y, Suwa S, Nishimura G: A
male patient presenting with major clinical symptoms of glu-
cocorticoid deficiency and skeletal dysplasia, showing a steroid
pattern compatible with 17alpha-hydroxylase/17,20-lyase de-
ficiency, but without obvious CYP17 gene mutations. Endocr
J 1999;46:285-292

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Auchus RJ, Worthy K, Geller DH, Miller WL: Probing struc-
tural and functional domains of human P450c17. Endocr Res
2000;26:695-703

Miller WL, Geller DH, Auchus RJ: The molecular basis
of isolated 17,20 lyase deficiency. Endocr Res 1998;24:817-
825

Geller DH, Auchus RJ, Mendonca BB, Miller WL: The ge-
netic and functional basis of isolated 17,20-lyase deficiency. Nat
Genet 1997;17:201-205

Takeda Y, Yoneda T, Demura M, Furukawa K, Koshida H,
Miyamori I, Mabuchi H: Genetic analysis of the cytochrome
P-450c17alpha (CYP17) and aldosterone synthase (CYP11B2)
in Japanese patients with 17alpha-hydroxylase deficiency. Clin
Endocrinol (Oxf) 2001;54:751-758

Yamaguchi H, Nakazato M, Miyazato M, Kangawa K,
Matsukura S: A 5’-splice site mutation in the cytochrome
P450 steroid 17alpha-hydroxylase gene in 17alpha-
hydroxylase deficiency. J Clin Endocrinol Metab 1997;82:1934—
1938

Yamaguchi H, Nakazato M, Miyazato M, Toshimori H, Oki
S, Shimizu K, Suiko M, Kangawa K, Matsukura S: Identifi-
cation of a novel splicing mutation and 1-bp deletion in the
17alpha-hydroxylase gene of Japanese patients with 17alpha-
hydroxylase deficiency. Hum Genet 1998;102:635-639

Speroff L, Glass RH, Kase NG: Clinical Gynecologic En-
docrinology and Infertility, 6th edn. Philadelphia, Lippincott
Williams & Wilkins, 1999

Yanase T, Sanders D, Shibata A, Matsui N, Simpson ER,
Waterman MR: Combined 17 alpha-hydroxylase/17,20-lyase
deficiency due to a 7-basepair duplication in the N-terminal
region of the cytochrome P45017 alpha (CYP17) gene. J Clin
Endocrinol Metab 1990;70:1325-1329

Araki S, Chikazawa K, Sekiguchi I, Yamauchi H, Motoyama
M, Tamada T: Arrest of follicular development in a patient with
17 alpha-hydroxylase deficiency: Folliculogenesis in association
with a lack of estrogen synthesis in the ovaries. Fertil Sreril
1987;47:169-172

Rabinovici J, Blankstein J, Goldman B, Rudak E, Dor Y,
Pariente C, Geier A, Lunenfeld B, Mashiach S: In vitro fertiliza-
tion and primary embryonic cleavage are possible in 17 alpha-
hydroxylase deficiency despite extremely low intrafollicular
17 beta-estradiol. J Clin Endocrinol Metab 1989;68:693—
697

Levran D, Dor J, Rudak E, Nebel L, Ben-Shlomo I, Ben-
Rafael Z, Mashiach S: Pregnancy potential of human oocytes—
The effect of cryopreservation. N Engl J Med 1990;323:1153-
1156

Journal of Assisted Reproduction and Genetics, Vol. 20, No. 1, January 2003



