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BSTRACT

 

Background

 

Congenital lipoid adrenal hyperpla-
sia results in severe impairment of steroid biosyn-
thesis in the adrenal glands and gonads that is man-
ifested both in utero and postnatally. We recently
found mutations in the gene for the steroidogenic
acute regulatory protein in four patients with this
syndrome, but it was not clear whether all patients
have such mutations or why there is substantial clin-
ical variation in these patients.

 

Methods

 

We directly sequenced the gene for ste-
roidogenic acute regulatory protein in 15 patients
with congenital lipoid adrenal hyperplasia from 10
countries. Identified mutations were confirmed and
recreated in expression vectors, transfected into cul-
tured cells, and assayed for the presence and activity
of steroidogenic acute regulatory protein.

 

Results

 

Fifteen different mutations in the gene for
steroidogenic acute regulatory protein were found in
14 patients; the mutation Gln258Stop was found in
80 percent of affected alleles from Japanese and
Korean patients, and the mutation Arg182Leu was
found in 78 percent of affected alleles from Palestin-
ian patients. We developed diagnostic tests for these
and eight other mutations. Thirteen of the 15 muta-
tions were in exons 5, 6, or 7, and all rendered the
steroidogenic acute regulatory protein inactive in
functional assays. Some mutants with amino acid
replacements were capable of normal mitochondrial
processing, indicating that the activity of steroido-
genic acute regulatory protein is not associated with
its translocation into mitochondria. Steroidogenic
cells lacking the protein retained low levels of steroi-
dogenesis. This explains the secretion of some ster-
oid hormones by the ovaries after puberty before af-
fected cells accumulate large amounts of cholesterol
esters.

 

Conclusions

 

The congenital lipoid adrenal hyper-
plasia phenotype is the result of two separate events,
an initial genetic loss of steroidogenesis that is de-
pendent on steroidogenic acute regulatory protein
and a subsequent loss of steroidogenesis that is in-
dependent of the protein due to cellular damage
from accumulated cholesterol esters. (N Engl J Med
1996;335:1870-8.)
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ATIENTS with congenital lipoid adrenal
hyperplasia, the most severe genetic disorder
of steroid hormone biosynthesis, have a se-
vere defect in the conversion of cholesterol

to pregnenolone, the first step in adrenal and gonad-
al steroidogenesis. Deficient fetal testicular steroido-
genesis in patients with a 46,XY karyotype results in
phenotypically normal female genitalia. The adrenal
cortex becomes engorged with cholesterol and cho-
lesterol esters; deficient adrenal steroidogenesis leads
to salt wasting, hyponatremia, hypovolemia, hyper-
kalemia, acidosis, and death in infancy,

 

1,2

 

 although
patients can survive to adulthood with appropriate
mineralocorticoid- and glucocorticoid-replacement
therapy.

 

3,4

 

 Some affected infants have immediate
signs of mineralocorticoid deficiency, but others re-
main asymptomatic for months; furthermore, affect-
ed 46,XX females may undergo feminization and
have vaginal bleeding at puberty.

 

5

 

 Thus, it was not
known whether the congenital lipoid adrenal hyper-
plasia syndrome was a single disease, or how a single
genetic defect could account for these clinical varia-
tions.

Affected adrenal or testicular tissues cannot con-
vert cholesterol to pregnenolone in vitro, suggesting
a defect in the cholesterol-side-chain cleavage sys-
tem,

 

4,6-8

 

 which consists of cytochrome P450scc and
its electron-transfer proteins adrenodoxin reductase
and adrenodoxin.

 

9

 

 Adrenodoxin reductase, adreno-
doxin, and several factors thought to participate in
the transport of cholesterol to mitochondria are nor-
mal in patients with congenital lipoid adrenal hyper-
plasia,

 

10,11

 

 so attention focused on P450scc. Howev-
er, the 

 

P450scc

 

 gene is normal in these patients

 

10,12-14

 

and the synthesis of pregnenolone in the placenta (a
fetal tissue) is unaffected,

 

15

 

 indicating that the entire
cholesterol-side-chain cleavage system can function
normally in affected patients.

Recently, a 30-kd mouse mitochondrial protein
that appears to be a rapidly inducible, cyclohexi-

P
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mide-sensitive mediator of the acute steroidogenic
response

 

16,17

 

 was cloned and named the steroidogen-
ic acute regulatory protein.

 

18

 

 We cloned the human
complementary DNA (cDNA)

 

19

 

 and gene

 

20

 

 and
found that messenger RNA (mRNA) for this protein
was expressed in the adrenal glands and gonads but
not in the placenta or brain, as expected for a factor
that might cause congenital lipoid adrenal hyperpla-
sia but spare placental steroidogenesis. We found
mutations in the gene for steroidogenic acute regu-
latory protein in four affected families

 

21,22

 

; however,
it was not clear whether all patients with this pheno-
type have such mutations. Furthermore, correlations
between the severity of the mutation and the phe-
notype have not been possible, and it was not clear
how the mutations cause the clinical findings. To
elucidate these issues, we examined the gene for ste-
roidogenic acute regulatory protein in 15 previously
unstudied patients with congenital lipoid adrenal
hyperplasia, from various ethnic groups.

 

METHODS

 

Leukocyte genomic DNA was amplified by the polymerase
chain reaction (PCR) and sequenced directly (without cloning)
on both strands with an automated sequencer (exons 1 through
4) or manually (exons 5 through 7). The following oligonucleo-
tide primers were used: Ex1S 5

 

�

 

TAACACAGGTTTCTGAGC-
CTCAAT3

 

�

 

 and Ex1AS 5

 

�

 

ATCAGAATTGGGTGGCCTGAGCC-
TC3

 

�

 

 for exon 1, Ex2S 5

 

�

 

GTCCCTGCTAGAATACTGTGTT3

 

�

 

and Ex2AS 5

 

�

 

AAAGCCACATGCACCACATCA3

 

�

 

 for exon 2,
Ex3S 5

 

�

 

CAATGAGCAGACCCAGAGCT3

 

�

 

 and Ex3AS 5

 

�

 

GACT-
GCTGCATGAGACAGGA3

 

�

 

 for exon 3, Ex4S 5

 

�

 

TGCTGGGAT-
TATAGGCGTGAAC3

 

�

 

 and Ex4AS 5

 

�

 

GCTAGGGGTCCTCTC-
TTTGATACAG3

 

�

 

 for exon 4, Ex5S 5

 

�

 

TGCTGTATCAAAGAG-
AGGAC3

 

�

 

 and Ex5AS 5

 

�

 

AGCCTGCTGCCCGTATTTAC3

 

�

 

 for
exon 5, and oligonucleotide B2 is 5

 

�

 

GACCACAAGATGAGCAC-
ATTC3

 

�

 

. Primers S3 and AS1 for exons 5 through 7 and primers
S2, S3, S4, AS1, and AS5 have been described previously.

 

21,22

 

Identified mutations were reconfirmed by manual sequencing
from an independent PCR amplification and re-created in a vec-
tor expressing steroidogenic acute regulatory protein cDNA.
Primer sequences for mutagenesis and conditions for PCR have
been deposited with the National Auxiliary Publications Service
(NAPS).* The activity of the protein was determined by measur-
ing the pregnenolone produced from endogenous cholesterol in
COS-1 cells transfected with plasmids expressing the cholesterol-
side-chain cleavage system and steroidogenic acute regulatory pro-
tein, as described previously.

 

19-22

 

 Western immunoblotting with
rabbit antimouse antiserum against the protein was done as de-
scribed previously.

 

19,20

 

RESULTS

 

Patients

 

Fifteen patients from 10 countries were studied
(Table 1). All patients had normal birth weights and
gestational ages, and all had phenotypically normal

female genitalia. Their plasma corticotropin and re-
nin values were high; serum cortisol and testoster-
one values varied substantially but responded poorly
to corticotropin and chorionic gonadotropin. There
were substantial variations in the degree of hypo-
natremia and hyperkalemia and in the age at onset
of symptoms, with one child surviving for six months
without hormonal replacement. At least five neo-
nates had hypoglycemia, and at least five had respi-
ratory disorders. To our knowledge, neither of these
features has been described previously in congenital
lipoid adrenal hyperplasia, but both could be caused
by glucocorticoid deficiency. At least 12 patients
had hyperpigmentation at birth, indicating intra-
uterine glucocorticoid deficiency, which caused ex-
cessive corticotropin secretion. We found 15 differ-
ent mutations in the gene for steroidogenic acute
regulatory protein, 13 of which were in exons 5
through 7, in 14 of these 15 patients. Identified
mutations were confirmed by direct sequencing of
DNA in all patients and in their parents and siblings
whenever possible.

 

Gln258Stop Mutations

 

In three Japanese patients, four of the six unrelat-
ed alleles for steroidogenic acute regulatory protein
had the mutation Gln258Stop (Table 2). When the
previously described

 

21

 

 homozygous Patients 16 and
19 were included, 8 of 10 affected alleles in the pa-
tients from Japan and Korea, where congenital lip-
oid adrenal hyperplasia is not so rare as it is in the
United States,

 

4,5,14

 

 had this same mutation, suggest-
ing a founder effect. The two other mutations in
the Japanese patients have not been found in other
patients and may represent new mutations. The
Gln258Stop mutation is easily identified by amplify-
ing genomic DNA with primers S4 and AS1

 

21

 

 fol-
lowed by digestion with 

 

Eco

 

RII, 

 

Bst

 

N1, or 

 

Sex

 

A1,
since the responsible C

 

→

 

T mutation (indicated by
the underlined letter) destroys the recognition site
ACCAGGT (Table 2); we estimate that the carrier
rate for this mutation in Japan is about 1 in 200.

 

Arg182Leu Mutations

 

Six of our patients were of Palestinian ancestry (Ta-
ble 1). Patients 5 and 6 were siblings, and Patient 4
was from a consanguineous marriage, so these six pa-
tients represented nine unique alleles, seven of which
had the Arg182Leu mutation. These apparently un-
related patients were from Jordan, Israel, Kuwait, and
Denmark. Identification of intronic polymorphisms
and other mutations within the gene for steroi-
dogenic acute regulatory protein showed that the
Arg182Leu mutation was found in various sequence
contexts, confirming that the patients were unre-
lated. The Arg182Leu mutation is easily identified
by amplifying genomic DNA with primers S3 and
Ex5AS followed by digestion with 

 

Tsp

 

45I (Table 2).

 

*See NAPS document no. 05350 for 3 pages of supplementary material.
Order from NAPS, c/o Microfiche Publications, P.O. Box 3513, Grand
Central Station, New York, NY 10163-3513. Remit in advance (in U.S.
funds only) $7.75 for photocopies or $5 for microfiche. Outside the U.S.
and Canada, add postage of $4.50 for photocopies or $1.75 for microfiche.
There is a $15 invoicing charge on all orders filled before payment.
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*Patients 1 through 15 are the subjects of this report; Patients 16 through 21 have been described previously.

†HRT denotes hormone-replacement therapy.

‡To convert values for serum glucose to millimoles per liter, multiply by 0.05551.

§The nucleotide and protein changes in mutations 1 to 10 are given in Table 2. Nucleotide and protein changes in mutations 11 to 15 are as follows:
11, C779T (Ala218Val); 12, T950C (Leu275Pro); 13, G631A (Glu169Lys); 14, 247/InsG/248 (frame shift); and 15, DNA insertion (truncated protein).

¶Compound heterozygotes have two entries per patient (one for each allele), homozygotes have a single entry (two alleles) except for Patients 4, 14,
and 15, whose parents were consanguineous (one allele). Patients 5 and 6 are siblings, as are Patients 16, 17, and 18.
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A

 

FFECTED

 

A

 

LLELES

 

¶ R

 

EFERENCE

 

age at onset mmol/liter mg/dl

 

1 Japanese 19 days 19 days — — — — XY 1 7 2 Kondo 
et al.

 

23

 

2 Japanese 1 mo 2 mo 137 5.8 92 — XY 14
1

2
7

1
1

Kondo and
Saito

 

24

 

3 Japanese 4 days 3 mo 130 6.7 — — XY 13
1

5
7

1
1

Kondo 
et al.

 

25

 

4 Palestinian 1 day 1 day 124 7.8 56 Respiratory
distress

XY 3 5

 





 

1 —

5 Palestinian 1 day 5 mo 117 7.1 “Low” Respiratory
distress

XX 2 5

2

Müller
et al.

 

26

6 Palestinian 5 days 5 days 133 6.6 — — XY 2 5 Müller
et al.26

7 Palestinian 7 days 12 days 120 8.0 13 — XY 2 5 2 —

8 Palestinian 10 days 22 days 123 8.1 70 Asphyxia XY 7
2, 4

5
5

2
1

—

9 Palestinian 2 wk 3 wk 126 6.8 36 Asphyxia XY 4
2

5
5

2
2

—

10 Mexican 8 days 6 wk 126 5.6 11 — XY 5 7 2 —

11 Greek 10 days 35 days 132 7.2 — — XX 6 7 2 —

12 British,
white

— 6 mo 118 5.9 88 — XY 15 5 1 —

13 Canadian,
white

2 mo 4 mo 123 6.9 63 — XY 11
12

6
7

1
1

—

14 Danish,
white

2–4 wk 2 mo 107 7.3 — — XY ? — 1 Müller
et al.26

15 Egyptian 1 wk 16 days 124 8.9 — Fluid
retention

XY 8 4 1 —

16 Korean 10 days — 113 9.0 “Normal” — XX 1 7









2

Lin et
al.,10,11,21

Saenger 
et al.27

17 Korean 4 wk — — — — — XY 1 7 Lin et al.,10

Saenger
et al.27

18 Korean Abortus — — — — — XY 1 7 Saenger 
et al.15

19 Japanese 4 wk 4 wk 128 6.9 — — XY 1 7 2 Hauffa
et al.,4 
Lin et
al.10,21

20 U.S., white 1 day 9 days 128 7.1 13 Apnea XY 9 5 2 Lin et al.21

21 Vietnamese 4 wk 10 wk 118 8.9 92 — XY 10 5 2 Tee et al.22
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Patient 15, an Egyptian of Coptic Christian heritage
and hence probably a member of a different gene
pool, had an unrelated frame-shift mutation.

Clustering of Mutations in the Gene for Steroidogenic 
Acute Regulatory Protein

Five additional patients from assorted ethnic
groups had various mutations (Table 1). Patient 10,
a Mexican of Native American ancestry, was ho-
mozygous for a deletion of the Arg272 codon, and
Patient 11, from Greece, was homozygous for a
frame-shift mutation, but no history of consanguin-
ity was found in the families of these patients. Pa-
tient 12, a white patient from Britain, was heterozy-
gous for the insertion of a foreign DNA segment
beginning in exon 5; the mutation on the maternal
allele has not been found. Patient 13, a white patient
from Canada, was a compound heterozygote for the
Leu275Pro and Ala218Val mutations. In Patient 14,
the product of a consanguineous union, no muta-
tion was found; this patient’s mutation could be the
result of a promoter mutation, an uninvestigated up-
stream splicing mutation, or a mutation in some
other gene. Among 33 affected alleles we found 15
mutations, all but 2 of which affected exon 5, 6, or
7 (Table 1).

Genetic Diagnosis of Congenital Lipoid Adrenal 
Hyperplasia

The Gln258Stop and Arg182Leu mutations ac-
counted for 70 to 80 percent of the mutations in the
Japanese and Palestinian patients, providing the op-

portunity for genetic screening. We developed diag-
nostic tests for these and eight other mutations (Ta-
ble 2). Genomic DNA was amplified by PCR with
primers that encompass the suspected mutation, the
DNA was then cut with a restriction endonuclease
whose recognition sequence was created or de-
stroyed by the mutation, and the products were ex-
amined by gel electrophoresis. Examples of genetic
diagnosis with Gln258Stop and Arg182Leu are
shown in Figure 1. 

Activity of the Mutants

To determine whether the identified mutations
caused the patients’ disease and to study the struc-
tural and functional requirements of the steroi-
dogenic acute regulatory protein, we tested each
mutant in vitro. The mutations were recreated in
vectors expressing the protein and transfected into
nonsteroidogenic COS-1 cells, cotransfected with a
vector expressing the three components of the cho-
lesterol-side-chain cleavage system as a single mono-
molecular fusion protein (H2N–P450scc–adrenodox-
in reductase–adrenodoxin–COOH) termed F2.28

This construct optimizes the activity of cytochrome
P450scc and eliminates variations in P450scc activi-
ty due to variation in the molar ratio of P450scc
to adrenodoxin reductase or adrenodoxin.28,29 In-
cubation with 22R-hydroxycholesterol bypasses the
mitochondrial cholesterol-transport system and pro-
vides a direct index of maximal mitochondrial steroi-
dogenic capacity.30 The ratio of steroidogenic capac-
ity with endogenous cholesterol as substrate to that

*Nucleotide and amino acid numbers are given according to the cDNA sequence19 (Genbank U17280). Codon 203
should be GCC (Ala) rather than GAC (Asp), as in the Genbank entry.

†Use of the isoschizomer BstN1gives identical results; SexA1, which recognizes 7 bp, does not cut the nearby
EcoRII/BstN1 sites; hence, normal DNA yields 139- and 115-bp fragments and mutant DNA yields a 254-bp fragment.

‡T→A @�11I4⁄E5 denotes a change from thymidine to adenine 11 bp upstream from the junction of intron 4 and exon 5.

TABLE 2. MOLECULAR DIAGNOSIS OF CONGENITAL LIPOID ADRENAL HYPERPLASIA.

MUTATION

NO.
NUCLEOTIDE

MUTATION*
PROTEIN

MUTATION*
OLIGONUCLEOTIDE

PAIR

RESTRICTION

ENZYME

NORMAL

FRAGMENTS

MUTANT

FRAGMENTS

bp

1 C898T Gln258Stop S4/AS1 EcoRII† 115, 62, 33,
26, 18

133, 62,
33, 26

2 G671T Arg182Leu S3/Ex5AS Tsp45I 223, 122 345

3 A632G Glu169Gly Ex5S/Ex5AS AluI 162, 103, 30 265, 30

4 ∆2T593 Frame shift Ex5S/Ex5AS Sau96I
or AvaII

204, 91 295

5 ∆940–942 Deletion of Arg272 B2/AS1 FspI 107, 98 205

6 947/InsA/948 Frame shift B2/AS1 HhaI 108, 91, 6 108, 97

7 ∆C650 Frame shift S3/Ex5AS HaeIII 99, 75, 68, 62 99, 89, 75,
68, 62

8 548/InsTT/549 Frame shift Ex4S/Ex4AS NlaIII 144, 123, 33 156, 144

9 C703T Arg193Stop Ex5S/Ex5AS HaeII 295 197, 98

10 T→A @�11I4⁄E5‡ Frame shift S2/Ex5S
AS5/EX5AS

NcoI 207, 151, 74 358, 74
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with 22R-hydroxycholesterol as substrate indicates
the efficiency of mitochondrial cholesterol trans-
port. In cells containing F2 and the control vector,
the level of steroidogenesis from endogenous cho-
lesterol that is independent of steroidogenic acute
regulatory protein was 14 percent of the level with
F2 and the protein. The Ala218Val and Leu275Pro
mutants had minimal activity, and the others had
essentially no detectable activity (Table 3).

To examine the structural effects of the mutations,
transfected cells were assayed by immunoblotting
with rabbit antimurine steroidogenic acute regulato-
ry protein IgG.18 The 37-kd precursor protein was
readily detectable, but not the mature 30-kd form of
the mutants resulting from Glu169Gly and the de-
letion of Arg272 (data not shown). The Arg182Leu
mutant protein was unstable and not detected. Both
the 37-kd precursor and the 30-kd mature form of
the Glu169Gly, Leu275Pro, and Ala218Val mutants
could be detected in about the same ratio as for the
wild-type protein (Fig. 2). Thus, some changes in
amino acids that ablated the activity of the protein
did not alter its mitochondrial processing.

Figure 1. Genetic Diagnosis of Congenital Lipoid Adrenal Hy-
perplasia.
Panel A shows the results of amplification of DNA carrying the
mutation commonly found in Japanese patients with congeni-
tal lipoid adrenal hyperplasia — Gln258Stop. Genomic DNA
from a homozygous patient, her heterozygous parents, and a
normal subject was amplified with the primers S4 and AS1 and
cut with BstNI. The uncut DNA is 254 bp; the patient has bands
of 133 and 62 bp, the normal subject has bands of 115 and 62
bp, and the parents have both the 133- and 115-bp fragments.
Panel B shows the result of amplification of DNA carrying the
mutation commonly found in Palestinian patients with congen-
ital lipoid adrenal hyperplasia — Arg182Leu. DNA from Pa-
tients 5 and 6 (who were siblings), their parents, and a normal
subject was amplified with the primers S3 and Ex5AS and cut
with Tsp45I. The patients have uncut 345-bp fragments, the
normal subject has 223- and 122-bp fragments, and the parents
are heterozygous, having 345-, 223-, and 122-bp fragments.
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*COS-1 cells were transfected with a vector expressing the F2 fusion of
the cholesterol-side-chain cleavage system28 and cotransfected with various
vectors expressing steroidogenic acute regulatory protein, and the ability of
the protein to promote pregnenolone synthesis from endogenous choles-
terol was assayed as described,21,22 except that 5 mg of 22R-hydroxycholes-
terol per milliliter was used as an exogenous-substrate control. The value
for the wild-type protein (control) is set at 100 percent. The values for mu-
tant proteins are the means �SE of three separate experiments, each per-
formed in triplicate. Pregnenolone secretion from endogenous cholesterol
by COS-1 cells transfected with the F2 vector and the empty control vector
was 11.9�1.5 ng per dish. In the presence of wild-type protein, preg-
nenolone secretion averaged 81.8�15.2 ng per dish.

TABLE 3. ABILITY OF MUTANT STEROIDOGENIC ACUTE 
REGULATORY PROTEINS TO PROMOTE STEROIDOGENESIS.*

PLASMID VALUE

% of wild-type value

Control vector 14�2

Wild-type steroidogenic acute regulatory protein 100

Mutant steroidogenic acute regulatory protein
Amino acid changes

Glu169Gly
Arg182Leu
Deletion of Arg272
Glu169Lys
Ala218Val
Leu275Pro

Frame-shift mutations
∆T593
∆C650
947/InsA/948

Stop-codon mutation
Gln258Stop

13�1
11�1
11�1
14�2
20�4
24�5

9�3
10�2
10�2

16�4
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DISCUSSION

Finding mutations in the gene for the steroido-
genic acute regulatory protein in patients with con-
genital lipoid adrenal hyperplasia from various eth-
nic and genetic backgrounds establishes that these
mutations are responsible for most if not all cases of
the syndrome. The basis of the disease in Patient 14,
who had no detectable mutations in the gene for
this protein, is unknown; a mutation in SF-1, a tran-
scription factor involved in the embryonic differen-
tiation of adrenal and gonadal (but not placental)
steroidogenic cells,31,32 is a possibility. The gene for
steroidogenic acute regulatory protein is autoso-
mal,19 yet only 3 of our 21 patients were 46,XX, and
in another study, only 16 of 63 Japanese patients
with known karyotypes were 46,XX.5 These results
suggest that many affected 46,XX fetuses are lost in
early pregnancy, that affected 23,X sperm are less
likely to fertilize an egg, or that 23,X sperm are pro-
duced at disproportionately lower frequencies than
23,Y sperm. However, an ascertainment bias cannot
be ruled out.

Previous studies suggested that the active form of
steroidogenic acute regulatory protein is the 37-kd
precursor, stimulating steroidogenesis by forming
contact sites between the outer and inner membranes
as it enters the mitochondria.18,33 However, the de-
letion of only 28 carboxy-terminal amino acids in
the Gln258Stop mutation commonly found in Jap-
anese patients eliminates all activity,21 and some in-
active mutants undergo normal mitochondrial proc-
essing (Fig. 2). Thus, the carboxy-terminal half of
the protein is crucial for activity. We found missense
mutations only in exons 5, 6, and 7. Thus, either ex-
ons 1, 2, 3, and 4 are less prone to mutation or mis-
sense mutations in this region are phenotypically si-
lent. Because steroidogenic acute regulatory protein

lacking a mitochondrial import peptide is fully ac-
tive,34 we favor the latter explanation.

The clinical descriptions of congenital lipoid
adrenal hyperplasia are remarkably consistent: female
external genitalia, neonatal hyponatremia, hyperkale-
mia, and dehydration.1-4,6-8 Minimal degrees of pos-
terior labial fusion or of clitorimegaly, which would
reflect androgen action in early or late gestation, re-
spectively, were not seen in our patients; thus, all
46,XY patients had a profound impairment of testos-
terone synthesis. By contrast with this consistent
genital phenotype, the severity, manifestations, and
age at onset of clinically apparent mineralocorticoid
and glucocorticoid deficiency varied considerably.
Most infants had vomiting, dehydration, hypoten-
sion, failure to thrive, hyponatremia, and hyperkale-
mia within two weeks after birth, but Patients 3, 5,
12, and 13 survived for three months or more with-
out hormone-replacement therapy. Hyperpigmenta-
tion, a sign of corticotropin hypersecretion, was seen
in two thirds of the newborns we studied, and about
one fourth had neonatal hypoglycemia and compro-
mised pulmonary development, both associated with
glucocorticoid deficiency. Patient 13, who had a
46,XY karyotype and was a compound heterozygote
for two amino acid replacements that allowed mini-
mal steroidogenic acute regulatory protein activity,
survived for four months without hormone-replace-
ment therapy but had no evidence of fetal testos-
terone production. Thus, the testicular lesion in
congenital lipoid adrenal hyperplasia appears to be
substantially more severe than the adrenal lesion. In
sharp contrast with this profound reduction in testic-
ular steroidogenesis, some affected 46,XX patients
undergo feminization and have vaginal bleeding at
puberty.5

We hypothesize that there are two lesions in con-

Figure 2. Western Blot Analysis of Steroidogenic Acute Regulatory Protein Ex-
pressed in COS-1 Cells.
COS-1 cells were transfected with a control plasmid vector (pSV-SPORT-1),
the vector harboring wild-type cDNA for steroidogenic acute regulatory pro-
tein, or the indicated mutant cDNAs (Glu169Lys, Leu275Pro, Ala218Val, and
Gln258Stop). Whole-cell extracts were subjected to sodium dodecyl sulfate–pol-
yacrylamide-gel electrophoresis and Western blotting as previously described21

with a rabbit polyclonal antibody raised against a structurally conserved pep-
tide from mouse steroidogenic acute regulatory protein. The wild-type steroido-
genic acute regulatory precursor protein migrates at 37 kd, and the mature pro-
tein at 32.5 kd.
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