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Context: The first and the rate-limiting step in the biosynthesis of hormones in all steroidogenic
tissues, conversion of cholesterol to pregnenolone, is catalyzed by the cholesterol side-change
cleavage cytochrome P450 (P450scc) encoded by a single gene, CYP11A1. To date, mutations in
CYP11A1 gene have been reported in six patients, all of whom presented with adrenal insufficiency
within the first 4 yr of life and severely underandrogenized external genitalia (Prader stages 1–2).

Objective: Our aim was to characterize in vitro and in vivo effects of a novel homozygous CYP11A1
gene mutation identified in a patient with an unusual presentation of P450scc deficiency.

Methods and Patients: A 46,XY patient presented with mid-shaft hypospadias and cryptorchidism
at birth and signs of adrenal failure at 9 yr. Mutational analysis of CYP11A1 gene was performed
by PCR, followed by direct sequencing. P450scc activity was determined by measuring concentra-
tion of pregnenolone synthesized from cholesterol in the medium after a transient transfection of
HEK293 cells with P450scc, adrenodoxin, adrenodoxin reductase, and steroidogenic acute regu-
latory protein expression plasmids.

Results: The sequencing of CYP11A1 gene in the proband revealed a novel homozygous L222P
mutation, whereas both parents were heterozygous carriers for this mutation. In vitro P450scc
activity of L222P mutant was approximately 7% compared with the wild type.

Conclusions: This case represents the mildest phenotype of P450scc deficiency to be described. The
phenotypic presentation was consistent with the partial reduction of P450scc activity of L222P
mutant. (J Clin Endocrinol Metab 94: 936–939, 2009)

The first and the rate-limiting step in the biosynthesis of hor-
mones in all steroidogenic tissues is conversion of choles-

terol to pregnenolone (1). This involves three consecutive chem-
ical reactions, 20�-hydroxylation, 22�-hydroxylation, and
cleavage of the cholesterol side-chain, all of which are catalyzed
by cytochrome p450 cholesterol side-chain cleavage enzyme
(P450scc), encoded by a single CYP11A1 gene on chromosome
15q23-24 (2). Defects of CYP11A1 gene are associated with a
rare form of congenital adrenal hyperplasia (CAH). Up to now,
CYP11A1 mutations have been identified in six patients (one
female and five males), all of whom presented with salt-losing

adrenal crisis early in life, whereas all genetic males were severely
undervirilized and assigned as females.

Here we describe an unusual case of P450scc deficiency as-
sociated with a novel homozygous L222P mutation in CYP11A1
gene. The 46,XY proband presented with ambiguous genitalia at
birth, was assigned as male, and showed no overt signs of adrenal
insufficiency until the age of 9 yr.

The case, to our knowledge, represents the mildest phenotype
of P450scc deficiency described so far. Functional expression
studies showed significantly reduced, but detectable activity of
L222P mutant.
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Patients and Methods

Case reports
The proband was the first of twins, apparently dizygotic (as reported

by the local pediatrician), born to a consanguineous Russian couple. The
second of the twins (phenotypically normal female) died at the age of 2.5
yr after an unknown illness presenting with weakness and cyanosis. No
autopsy was performed. The proband’s birth weight was 2.6 kg, the
length 51 cm. At birth he presented with bilateral cryptorchidism with
inguinal location of testes, mid-shaft hypospadias, and bilateral talipes
equino-varus. He underwent procedures for talipes correction at the ages
of 1 yr and 1 yr 2 months. At the age of 2 yr 7 months, surgery for
hypospadias and cryptorchidism was performed. All operations were
performed under general anesthesia and were uneventful. At the age of
9 yr, the boy started to experience episodes of weakness, dizziness, and
vomiting. At the age of 10 yr 4 months, he was admitted to the emergency
department of the local hospital with a history of severe weakness, vom-
iting, and seizures; serum sodium was 112 mmol/liter and potassium was
6.5 mmol/liter. Treatment with prednisolone and fludrocortisone was
started, resulting in dramatic improvement.

At presentation to our endocrinology department at the age of 10.7
yr, his height was 125 cm (�2.3 SD) (3), his weight was 25 kg (body mass
index SD score, �0.4) (4), his puberty staging was Tanner G1P1 with 2
ml testes; and bone age was 9.5 yr (5). The plasma ACTH level (while on
treatment with prednisolone 3.75 mg/d and fludrocortisone 0.025 mg/d)
was elevated (325.7 pg/ml; normal range, 0.8–58), whereas dehydro-
epiandrosterone sulfate and 17-hydroxyprogesterone were below detec-
tion limits. The karyotype result was 46,XY. Ultrasound and magnetic
resonance imaging showed normal-sized adrenals.

At later referral at the age of 14.2 yr, the patient was on treatment
with hydrocortisone 15 mg/d and fludrocortisone 0.05 mg/d. His height
was 144.5 cm (�2.1 SD), his weight was 46 kg (body mass index SD score,
1.2), pubertal stage was Tanner G1P1 with 6 ml testes, and penile length
was 5 cm (�1.3 SD) (6). The LH level was 37.2 mU/liter (normal range,
0.5–2.0), FSH was 25.7 mU/liter (normal range, 0.4–1.7), whereas tes-
tosterone was 0.26 ng/ml (normal range, 1.6–4.0).

The association of 46,XY disorder of sexual development and pri-
mary adrenal failure pointed to a congenital disorder affecting both ad-
renal and gonadal steroidogenesis. Low dehydroepiandrosterone sulfate
in the presence of elevated ACTH ruled out 3�-hydroxysteroid dehydro-
genase deficiency. A defect of either steroidogenic acute regulatory protein
(StAR) or P450scc deficiency was considered in the differential diagnosis.

DNA analysis
The study was approved by the institutional review board, and the

proband and the parents gave informed consent for DNA analysis.
Genomic DNA was extracted from peripheral leukocytes by standard
procedure. STAR and CYP11A1 genes were amplified by PCR using
pairs of intronic primers and conditions published elsewhere (7–9). Am-
plification products were purified and directly sequenced using auto-
mated DNA sequencer (model 310, Applied Biosystems, Foster City,
CA). GenBank cDNA entries with accession numbers U17280 and
M14565 were used as reference sequences for analyses of mutations and
numbering of nucleotides for STAR and CYP11A1 genes, respectively.

Construction of mammalian expression plasmids
Wild-type human P450scc and StAR cDNAs cloned in pRK5 vector

(10) were provided by Dr. Noriyki Katsumata (National Research In-
stitute for the Child Health and Development, Tokyo, Japan). The L222P
amino acid substitution was introduced in the wild-type P450scc cDNA
byrecombinantPCRmethod(11).Humanadrenodoxinreductase (ADXR)
andadrenodoxin(ADX)cDNAwereamplifiedfromtotaladrenalcDNAby
PCR and cloned in mammalian expression vector pcDNA3.1(�) (Invitro-
gen, Carlsbad, CA). The same vector was used to create StAR, wild-type
P450scc, and mutant (L222P) P450scc expression plasmids.

Functional expression of the replacement mutant
P450scc

Functional expression analysis was performed using the procedure
described by Katsumata et al. (10, 12) with minor changes. HEK293 cells
were transfected with 100 ng each of human ADX, ADXR, and StAR

expression plasmids and 100 ng of either wild-type
or mutant P450scc expression plasmids or empty
pcDNA3.1(�) vector by lipofectamine method. In
addition, 100 ng of Renilla luciferase expression
plasmid pRL-TK (Promega, Promega, WI) was in-
cluded in the transfection mixture and used as in-
ternal control for transfection efficiency. Renilla lu-
ciferase activity was determined using Renilla
Luciferase Assay System (Promega, Madison, WI).
P450scc activity was determined by measuring
concentration of pregnenolone in the culture me-
dium after 48 h of incubation by ELISA using
CAN-PRE-450 kit (Diagnostics Biochem Canada
Inc., London, Ontario, Canada). The results were
presented as mean � SD from four independent
experiments, each performed in triplicate.

Results

Sequencing of STAR and CYP11A1
genes

Sequencing of coding regions and splice
sites of the STAR gene showed no mutations.
By sequencingCYP11A1gene in theproband,
we detected a homozygous c.666T�C muta-
tion in exon 3, which resulted in p.L222P sub-
stitution (Fig. 1). Both parents were heterozy-
gous for this single nucleotide change (Fig. 1).

FIG. 1. A, Electrophoreograms of DNA sequences. Top to bottom, Wild-type control, mother, father,
proband; residues 222 are marked by dotted boxes. B, Alignment of the sequences of human (residues
213–231), monkey, cow, sheep, rat, mouse, rabbit, chicken, lizard, frog, trout, zebrafish, and eel
P450scc proteins; residue 222 in the human protein and corresponding residues in the other species are
bold and underlined.
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P450scc activity of L222P mutant
To evaluate the functional consequence of L222P substitu-

tion, we transiently expressed the mutant along with ADX,
ADXR, and StAR in HEK293 cells (Fig. 2). The HEK293 cells
expressing the wild-type P450scc successfully converted choles-
terol to pregnenolone (concentration in the medium, 60 � 5.6
ng/ml), whereas those transfected with the empty pcDNA3.1(�)
plasmid produced virtually no pregnenolone (2.4 � 0.2 ng/ml).
The L222P replacement resulted in markedly reduced, but sig-
nificantly higher than baseline (empty vector) pregnenolone pro-
duction (6.4 � 1.6 ng/ml).

Discussion

We have described a case of 46,XY disorder of sexual develop-
ment and adrenal insufficiency associated with a novel L222P
mutation in the CYP11A1 gene.

The residue L222 is highly conserved in P450scc across spe-
cies, with the exception of the rainbow trout in which it is re-
placed by a close hydrophobic amino acid, methionine; P450scc
entries for all other species in the GenBank (http://www.ncbi.
nlm.nih.gov) contain leucine in the corresponding position (Fig.
1). L222 resides between �-helixes E and F (13), and replacement
to proline at this position may change the angle of the polypep-
tide chain turn at the junction between the helixes.

The functional expression analyses demonstrated that the
mutant L222P P450scc protein had significantly reduced but
detectable activity, which was estimated to be 6.9% of normal
(Fig. 1). Comparable reduction of enzymatic activity in other
forms of CAH is usually associated with partial loss of function
phenotypes, e.g. non-salt-wasting forms of 21-hydroxylase de-
ficiency (14) or 3�-hydroxysteroid dehydrogenase deficiency
(15). The initial presentation of the proband was compatible
with partial P450scc deficiency. The patient presented with mid-
shaft hypospadias, which was indicative of a substantial level of

androgen production at least until the 14th week gestation. As to
the adrenal function, approximately 1 yr before the proband’s
admission with the salt-losing crisis he might have already had
signs of adrenal insufficiency accounting for his episodes of
weakness, dizziness, and vomiting. Although the etiology of
short stature in the proband is not completely understood, we
speculate that it could be the consequence of chronic mineralo-
corticoid deficiency, similar to cases of poorly controlled salt-
losing CAH or aldosterone synthase deficiency. Nevertheless,
the fact that the boy underwent three uneventful surgeries under
general anesthesia suggests that, at least during early childhood,
his adrenal function was not critically impaired.

To date, five cases of CYP11A mutation in 46,XY individuals
have been reported (8, 10, 12, 16, 17). Although partially pre-
served L222P mutant activity could explain the mild undervir-
ilization and late-onset adrenal insufficiency in our patient, the
overall genotype-phenotype correlation among previously de-
scribed cases of P450scc deficiency has been poor. Thus, patients
with R353W (10) and A359V (12) mutations resulting in reduc-
tions of in vitro activity (8.1 and 11.7%, respectively) that were
comparable to our case presented with delayed but still signifi-
cantly earlier manifestations of adrenal insufficiency (7–9
months and 21 months, respectively). On the other hand, a re-
placement of nonconserved leucine to triptophan at position
141, showing in vitro 38.5% of the wild-type enzyme activity,
presented clinically with an adrenal crisis in the first days of life
(17), similar to the two cases associated with nil function mu-
tations (16, 17). With respect to gonadal function, four of the five
previously described 46,XY patients with P450scc deficiency
had a completely female phenotype (12, 16, 17), whereas the
other male, who had late-onset adrenal insufficiency, showed
only a minor degree of virilization described as “female external
genitalia with clitoromegaly, no labial fusion, and separate vag-
inal and urethral opening” (8).

It is not clear whether the partial preservation of P450scc
function in our case contributed to completion of the pregnancy
to term. This mechanism was proposed in the first documented
case of P450scc deficiency, in which clinical phenotype was also
suggestive of the partial activity of the enzyme (8). However,
later observations showed that even nil function defects (16, 17)
were compatible with term pregnancies.

The mechanism of deterioration of residual P450scc activity
is not completely understood. In our case, disease progression
could be traced from the stage of partial loss of steroidogenic
function in the first years of life to the complete adrenal and
gonadal failure, evident from the hormone profiles at the ages of
10 and 14 yr, respectively. In the first reported case of P450scc
deficiency (8, 12), the loss of residual enzyme activity was ex-
plained by the same two-hit model that was proposed for CAH
due to StAR deficiency (9). According to this paradigm, initial
impairment of steroidogenesis as a result of genetic defect (first
hit) is followed by cell damage due to accumulation of cholesterol
esters (the second hit). The latter is believed to be the cause of
massive enlargement of adrenal glands, one of the frequent find-
ings in StAR deficiency (18, 19). It is noteworthy that in our case
as well as in all other reported patients with P450scc deficiency,
for whom imaging data were available (8, 12, 16, 17), no adrenal

FIG. 2. Activity of L222P mutant. HEK293 cells were transfected with human
ADX, ADXR, and StAR expression plasmids and either wild-type or mutant
P450scc expression plasmids. Empty pcDNA3.1(�) vector was used as a negative
control. Pregnenolone secreted into the culture medium was determined by
ELISA. Renilla luciferase expression plasmid was included in each of the
transfection reactions and used as internal control for transfection efficiency.
Values are the mean � SD from four independent transfection experiments, each
performed in triplicate. Vector, Empty pcDNA3.1(�) plasmid; WT, wild-type
P450scc; L222P, L222P replacement P450scc. *, P � 0.01 vs. vector; **, P �
0.001 vs. L222P.
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enlargement was detected. This strengthens the hypothesis of al
Kandari et al. (12), who pointed to a possible difference between
the mechanisms of the second hit in StAR and P450scc defi-
ciency, suggesting that in the latter the intramitochondrial ac-
cumulation of cholesterol might lead to cell apoptosis before
accumulation of lipids in the cytoplasm.

Baker et al. (20) have recently described two male patients
with congenital lipoid adrenal hyperplasia presented with adre-
nal insufficiency at 2–4 yr, normal male genitalia, and absence
of adrenal enlargement. These two cases were associated with
missense STAR gene mutations that retained in vitro approxi-
mately 20% of the wild-type activity and were designated as
nonclassical lipoid CAH (20). The case reported in the current
paper represents a nonclassical variant of another disorder, de-
ficiency of cholesterol side-chain cleavage enzyme. This broad-
ens our view of the clinical spectrum of P450scc deficiency,
showing that it may present in males with almost complete an-
drogenization of external genitalia and absence of overt signs of
adrenal failure during the first decade of life.

Acknowledgments

The authors are grateful to Dr. Noriyuki Katsumata (National Research
Institute for the Child Health and Development, Tokyo, Japan) for pro-
viding human wild-type P450scc and StAR cDNA; Dr.Tatiana Shch-
elkunova (Moscow State University, Moscow, Russian Federation)) for
her assistance with ELISA of pregnenolone; Prof. Vladimir Prassolov
(Engelhardt Institute of Molecular Biology, Russian Academy of Sci-
ences) for providing facilities for cell transfection experiments; and Dr.
Malcolm Donaldson (Royal Hospital for Sick Children, Glasgow, UK)
for reviewing the manuscript.

Address all correspondence and requests for reprints to: Anatoly
Tiulpakov, M.D., D.Sc., Department of Endocrine Genetics, Endocri-
nology Research Center, 11 Ulitsa Dmitriya Ulianova, Moscow 117036,
Russian Federation. E-mail: ant@endocrincentr.ru.

Disclosure Statement: The authors have nothing to disclose.

References

1. Miller WL 1988 Molecular biology of steroid hormone synthesis. Endocr Rev
9:295–318

2. Sparkes RS, Klisak I, Miller WL 1991 Regional mapping of genes encoding
human steroidogenic enzymes: P450scc to 15q23–q24, adrenodoxin to
11q22; adrenodoxin reductase to 17q24–q25; and P450c17 to 10q24–q25.
DNA Cell Biol 10:359–365

3. Tanner JM, Whitehouse RH 1976 Clinical longitudinal standards for height,
weight, height velocity, weight velocity, and stages of puberty. Arch Dis Child
51:170–179

4. Cole TJ 2002 A chart to link child centiles of body mass index, weight and
height. Eur J Clin Nutr 56:1194–1199

5. Tanner JM, Whitehouse RH, Marshall WA 1975 Assessment of skeletal ma-
turity and prediction of adult height: TW2 method. New York: Academic Press

6. Lee PA, Mazur T, Danish R, Amrhein J, Blizzard RM, Money J, Migeon CJ,
Micropenis I 1980 Criteria, etiologies and classification. Johns Hopkins Med J
146:156–163

7. Nakae J, Tajima T, Sugawara T, Arakane F, Hanaki K, Hotsubo T, Igarashi
N, Igarashi Y, Ishii T, Koda N, Kondo T, Kohno H, Nakagawa Y, Tachibana
K, Takeshima Y, Tsubouchi K, Strauss III JF, Fujieda K 1997 Analysis of the
steroidogenic acute regulatory protein (StAR) gene in Japanese patients with
congenital lipoid adrenal hyperplasia. Hum Mol Genet 6:571–576

8. Tajima T, Fujieda K, Kouda N, Nakae J, Miller WL 2001 Heterozygous mu-
tation in the cholesterol side chain cleavage enzyme (p450scc) gene in a patient
with 46,XY sex reversal and adrenal insufficiency. J Clin Endocrinol Metab
86:3820–3825

9. Bose HS, Sugawara T, Strauss III JF, Miller WL 1996 The pathophysiology and
genetics of congenital lipoid adrenal hyperplasia. International Congenital
Lipoid Adrenal Hyperplasia Consortium. N Engl J Med 335:1870–1878

10. Katsumata N, Ohtake M, Hojo T, Ogawa E, Hara T, Sato N, Tanaka T 2002
Compound heterozygous mutations in the cholesterol side-chain cleavage en-
zyme gene (CYP11A) cause congenital adrenal insufficiency in humans. J Clin
Endocrinol Metab 87:3808–3813

11. Higuchi R, Krummel B, Saiki RK 1988 A general method of in vitro prepa-
ration and specific mutagenesis of DNA fragments: study of protein and DNA
interactions. Nucleic Acids Res 16:7351–7367

12. al Kandari H, Katsumata N, Alexander S, Rasoul MA 2006 Homozygous
mutation of P450 side-chain cleavage enzyme gene (CYP11A1) in 46, XY
patient with adrenal insufficiency, complete sex reversal, and agenesis of cor-
pus callosum. J Clin Endocrinol Metab 91:2821–2826

13. Usanov SA, Graham SE, Lepesheva GI, Azeva TN, Strushkevich NV, Gilep
AA, Estabrook RW, Peterson JA 2002 Probing the interaction of bovine cy-
tochrome P450scc (CYP11A1) with adrenodoxin: evaluating site-directed mu-
tations by molecular modeling. Biochemistry 41:8310–8320

14. Lajic S, Robins T, Krone N, Schwarz HP, Wedell A 2001 CYP21 mutations in
simple virilizing congenital adrenal hyperplasia. J Mol Med 79:581–586

15. Moisan AM, Ricketts ML, Tardy V, Desrochers M, Mebarki F, Chaussain JL,
Cabrol S, Raux-Demay MC, Forest MG, Sippell WG, Peter M, Morel Y,
Simard J 1999 New insight into the molecular basis of 3�-hydroxysteroid
dehydrogenase deficiency: identification of eight mutations in the HSD3B2
gene eleven patients from seven new families and comparison of the func-
tional properties of twenty-five mutant enzymes. J Clin Endocrinol Metab
84:4410 – 4425

16. Hiort O, Holterhus PM, Werner R, Marschke C, Hoppe U, Partsch CJ, Riepe
FG, Achermann JC, Struve D 2005 Homozygous disruption of P450 side-chain
cleavage (CYP11A1) is associated with prematurity, complete 46,XY sex re-
versal, and severe adrenal failure. J Clin Endocrinol Metab 90:538–541

17. Kim CJ, Lin L, Huang N, Quigley CA, AvRuskin TW, Achermann JC, Miller
WL 2008 Severe combined adrenal and gonadal deficiency caused by novel
mutations in the cholesterol side chain cleavage enzyme, P450scc. J Clin En-
docrinol Metab 93:696–702

18. Ogata T, Ishikawa K, Kohda E, Matsuo N 1988 Computed tomography in the
early detection of congenital lipoid adrenal hyperplasia. Pediatr Radiol 18:
360–361

19. Hauffa BP, Miller WL, Grumbach MM, Conte FA, Kaplan SL 1985 Congen-
ital adrenal hyperplasia due to deficient cholesterol side-chain cleavage activity
(20, 22-desmolase) in a patient treated for 18 years. Clin Endocrinol (Oxf)
23:481–493

20. Baker BY, Lin L, Kim CJ, Raza J, Smith CP, Miller WL, Achermann JC 2006
Nonclassic congenital lipoid adrenal hyperplasia: a new disorder of the ste-
roidogenic acute regulatory protein with very late presentation and normal
male genitalia. J Clin Endocrinol Metab 91:4781–4785

J Clin Endocrinol Metab, March 2009, 94(3):936–939 jcem.endojournals.org 939

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/94/3/936/2596679 by guest on 21 August 2022


