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Introduction

ongenital lipoid adrenal

hyperplasia (lipoid CAH)

is the most severe of the
CAH syndromes, preventing syn-
thesis of almost all adrenal and
gonadal steroid hormones.! Al-
though there is substantial vari-
ability in the clinical presentation,
the typical patient has adrenocor-
tical insufficiency within the first
2 weeks of life with poor feeding,
lethargy, dehydration, hypona-
tremia, hyperkalemia, hypo-
glycemia, and acidosis. Patients
have female external genitalia re-
gardless of chromosomal sex.
This condition has received
greater attention since the discov-
ery that lipoid CAH is caused by
mutations in the gene for the
steroidogenic acute regulatory

protein (StAR)2 and the demon-
stration that the disease is com-
mon in Japanese children.3

We report a 6-year-old individ-
ual with lipoid CAH, whose af-
fected tissues were used for the
genetic studies that led to the
identification of StAR deficiency
as the cause of lipoid CAH.?

Patient Report

The child was a 2.76 kg fe-
male, born by spontaneous vagi-
nal delivery near term (36 wk) to
a 2l-year-old white primigravida.
The parents were not related. The
infant fed poorly during the first
24 h of life. Despite adequate na-
sogastric alimentation, hypo-
glycemia and apneic episodes de-
veloped on day 3 of life. A sepsis
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workup was performed and an-
tibiotic therapy was instituted; all
culture results subsequently
proved negative. Results of a cra-
nial computed tomography scan
were normal.

At 1 week of age, the baby was
lethargic, hypotonic, and a
bronzed skin color was noted. On
day 8, hyperkalemia developed to
6.5 mEq/L, and the serum
sodium subsequently dropped to
128 mEq/L. Because of the con-
cern of adrenal insufficiency, two
morning serum cortisol levels
were obtained; they were 3.5 and
2.8 pg/dL (normal, 2-11 pg/dL)
with a simultaneous 17-hydrox-
yprogesterone level of 28 ng/dL
(normal, 7-77 ng/dL). The child
was treated with intramuscular
cortisone acetate and deoxycorti-
costerone and with oral sodium
chloride supplementation. There
was clinical improvement with ad-
equate weight gain and normal-
ization of the serum glucose and
electrolyte concentrations. The
child was discharged to home on
day 19. Follow-up serum elec-
trolyte levels obtained by her pe-
diatrician were normal.

When seen at age 1 month in
the Pediatric Endocrinology
Clinic at the University of Virginia
Health Sciences Center, the in-
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fant was noted to be wasted in ap-
pearance, although vigorous and
alert. There were no dysmorphic
features. The skin was markedly
hyperpigmented. The genitalia
were those of a normal female in-
fant, without palpable gonadal
tissue, posterior labial fusion, or
clitoromegaly.

Parenteral corticosteroid re-
placement was continued during
infancy, and the child was eventu-
ally switched to oral cortisone ac-
etate and fludrocortisone acetate.
The early child developmental
milestones were normal; however,
at age 3 years a mild learning
deficit was diagnosed that re-
quired speech therapy. Despite
the normal linear growth velocity,
moderate exogenous obesity de-
veloped. There were several hos-
pitalizations for intravenous fluid
therapy and glucocorticoid sup-
plementation during severe viral
or bacterial illnesses.

Since the patient was well con-
trolled on the medical regimen, it
was decided with the agreement of
her parents, to wait until age 3
years before performing further
workup to determine the cause of
the adrenal insufficiency. At age
3.2 years, an abdominal sonogram
did not depict either gonads or
Miillerian structures. Serum levels
of 17B-estradiol, testosterone, and
17-hydroxypregnenolone were un-
detectable. Although the serum
lutenizing hormone (LH) level was
normal (6.2 IU/L), follicle-stimu-
lating hormone (FSH) concentra-
tion was elevated (29.3IU/L). A pe-
ripheral lymphocyte karyotype was
46,XY. A tentative diagnosis of
lipoid congenital adrenal hyper-
plasia was made, and the parents
were informed of the child’s need
for future gonadectomy.

At age 6.3 years, the patient
was admitted to the University of
Virginia General Clinical Re-
search Center for evaluation be-

fore surgery. One week before ad-
mission, the oral cortisone acetate
was switched to dexamethasone at
a physiologic replacement dose;
the fludrocortisone dose was not
changed. Blood was obtained on
admission and again after a 7-day
course of simultaneous intramus-
cular adrenocorticotropic hor-
mone (ACTH) and human chori-
onic gonadotropin (hCG)
stimulation of adrenal and go-
nadal steroid hormone biosynthe-
sis. Baseline unstimulated values
for serum ACTH, LH, FSH, pro-
lactin, insulin-like growth factor 1
(IGF-1), T4, and thyroid-stimulat-
ing hormone (TSH) were all
within normal limits. Serum Miul-
lerian inhibiting substance (MIS)
levels of 0 and 1 ng/mL were nor-
mal for a prepubertal female
(normal, 0-9 ng/mL), but they
were low for a prepubertal male
(normal, 3-182 ng/dL).4 The re-
sults of analyses for steroid hor-
mones are shown in Table 1.

At surgery, two intraabdomi-
nal gonads were found, each ap-
proximately 1.5 x 0.7 X 0.4 cm; a
short, blind vaginal pouch with
no evidence of Miillerian struc-
tures was noted. The gonads were
orange and uniformly solid on cut
section. Light microscopy re-
vealed focal microcalcifications
within immature testicular
tubules. The Leydig cells stained
intensely for lipids. Electron mi-
croscopy showed intracellular
lipid vacuolization in Leydig cell
cytoplasm (Figure 1). Testicular
tissue and blood were sent to the
metabolic research unit at the
University of California, San Fran-
cisco, where a mutation in the
gene for the steroidogenic acute
regulatory protein (StAR) was
found (specifically, the patient
was homozygous for the
Arg!98—>stop mutation). The pre-
vious finding as well as similar mu-
tations in two other patients led to

the conclusion that lipoid CAH
was caused by mutations in the
gene for the steroidogenic acute
regulatory protein (StAR).2 Lack of
functional StAR causes markedly
impaired gonadal and adrenal
steroid hormone synthesis.

Our patient had a 46,XY kary-
otype, but female external geni-
talia, consistent with deficient fe-
tal testicular steroidogenesis.
Although the MIS levels at age 6.3
years were low for a prepubertal
male, the fact that no Mullerian
structures were found during
surgery indicates that the pa-
tient’s testes were able to produce
adequate amounts of MIS during
fetal life.

She is doing well on replace-
ment therapy, which includes cor-
tisone acetate and fludrocorti-
sone. We anticipate the need for
estrogen replacement for breast
development in the near future.

Congenital Lipoid
Adrenal Hyperplasia:
Mini-Review

Congenital lipoid adrenal hy-
perplasia was described as an au-
tosomal recessive disorder of
adrenal and testicular steroidoge-
nesis by Prader and associates®7?
between 1952 and 1962. This con-
dition was characterized by se-
vere, often fatal, salt-wasting crisis
in infancy and female external
genitalia in children of both
sexes. Because these patients ap-
parently produced no steroid hor-
mones and because their adrenal
glands accumulated cholesterol,
it was assumed that lipoid CAH
was caused by a defect in one of
the enzymes involved in the con-
version of cholesterol to preg-
nenolone.? The conversion of
cholesterol to pregnenolone was
thought to require at least three
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Table 1
Serum ~ Baseline Stimulated Normal Range*
Compound ~ Level Level (prepubertal
Assayed (upright posture) (upright posture) upright, unstimulated)
cholesterol 192 205 <175 mg/dL
pregnenolone 32 70 20-110 ng/dL
progesterone <10 16 7-52 ng/dL
17-0H-pregnenolone <10 <10 15-221 ng/dL
17-0H-progesterone <5.0 <5.0 3-90 ng/dL
dehydroepiandrosterone <20 <20 20-150 ng/dL
DHEA sulfate <10 <10 5-57 pg/dL
A%-androstenedione <10 <10 8-50 ng/dL
testosterone <3.0 <3.0 3-10 ng/dL
estradiol <05 <0.5 <1.0 ng/dL
11-desoxycortisol <10 <10 20-155 ng/dL
cortisol <1.0 1.0 3-21 pg/dL
deoxycorticosterone 39 3.8 2-34 ng/dL
corticosterone <20 21 70-620 ng/dL
18-0H-corticosterone <5.0 <5.0 6-85 ng/dL
aldosterone <1.0 2.2 5-80 ng/dL

*Ranges of values measured from normal prepubertal children (Endocrine Sciences, Calabasas Hills, CA).

enzymes, a 20 a-hydroxylase, a 22-
hydroxylase, and a 20-22 desmo-
lase,? and lipoid CAH was consid-
ered to result from inactivity of
one of these enzymes.

Work between 1965 and 1973
showed that the conversion of
cholesterol to pregnenolone was
catalyzed by a single mitochondr-
ial P450 enzyme termed P450scc
(where scc denotes side chain
cleavage). Thus, although Degen-
hart and co-workers!® concluded
in 1972 that lipoid CAH was due
to a specific lesion in a 20-hydrox-
ylase, Zoizumi and associates!! re-

ported in 1977 that affected tis-
sues lacked spectroscopically de-
tectable P450scc. The basis for
lipoid CAH was thereafter as-
sumed to be a mutation of
P450scc, just as the more com-
mon forms of CAH were believed
due to mutations in other
steroidogenic P450 enzymes.!
This hypothesis was not seriously
questioned until 1991.

In 1991 Lin and associates!?
found that the P450scc gene was
expressed in affected tissue from
children with lipoid CAH and
that the expressed gene (cDNA)

sequences were entirely normal,
thus ruling out P450scc defi-
ciency as a potential cause of
lipoid CAH. Therefore, it was hy-
pothesized that lipoid CAH
might be due to disruption of a
factor involved in the transport
of cholesterol from lipid droplets
to mitochondria or from the
outer mitochondrial membrane
to the inner leaflets, the locus of
the P450scc. The cause of lipoid
CAH remained indetermined
until recently.

Analysis of three unrelated pa-
tients with lipoid CAH by Lin and
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Figure 1. Electron micrograph of a Vportion of the interstitial tissue of the patient’s testis.
A large Leydig cell appears distended with multiple lipid droplets (L), to the near exclusion of
most cytoplasmic organelles except for a few mitochondria (M), small vesicles, and ribo-
somes. The interiors of the lipid droplets are electron lucent because most of their content has
been extracted during preparation. The smaller cell at the top of the field (X) contains a few
lipid droplets and angular profiles (A), possibly representing areas fromr which crystalline ma-
terial was extracted. C-coliagen fibers. The bar represents 2 pm.

co-workers in 19952 (including
the patient in this report) revealed
mutations in the gene for the
steroidogenic acute regulatory pro-
tein (StAR), which is now consid-
ered to be the cause of lipoid CAH.
Moreover, these observations estab-
lished that StAR functions to in-
crease the flow of cholesterol into
mitochondria and provided the
first evidence for StAR-indepen-
dent steroidogenesis.
Subsequently, Bose and associ-
ates!3 described the two-hit model
that accounts for most of the clin-
ical observations in lipoid, CAH.
In brief, StAR mutations initially
eliminate only the StAR-induced
steroidogenesis that occurs in re-
sponse to tropic hormone stimu-
lation. In the absence of StAR-de-
pendent steroidogenesis (the first
hit), the high levels of tropic hor-
mone induce intracellular choles-

terol accumulation (Figure 1).
With time this accumulated cho-
lesterol proves toxic to the cell
and causes the loss of StAR-inde-
pendent steroidogenesis (the sec-
ond hit). In a recent review,14 it
was concluded that the mecha-
nism of action of StAR is still un-
known. However, StAR apparently
functions by mediating the trans-
fer of cholesterol from the outer
to the inner mitochondrial mem-
brane where it is transformed to
pregnenolone, the first steroid
synthesized.

The detailed study of several
46,XX females with lipoid CAH
reinforced the pathophysiologic
mechanism described as the two-
hit model. In contrast to affected
46,XY subjects, whose testes can-
not produce sufficient testos-
terone in-utero to masculinize the
external genitalia and who can-

not go through spontaneous pu-
berty, 46,XX females do go
through spontaneous puberty
and secondary sexual develop-
ment, including menarche.!5 The
postpubertal females studied to
date have abnormal patterns of
gonadotropin secretion, with ele-
vated LH levels that result in
anovulatory cycles and the devel-
opment of multicystic ovaries. The
evident sparing of some ovarian
function reflects the presence of
modest StAR-independent ster-
oidogenesis in follicles that is suf-
ficient to promote estradiol syn-
thesis. Because the ovary is
essentially steroidogenically quies-
cent during fetal life and because
follicles only produce steroids
when they are recruited to ma-
ture, most follicles are spared
from the ravage of cholesterol en-
gorgement, leaving a source of vi-
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able, albeit impaired, steroid-pro-
ducing cells at the time of puberty.

In summary, patients with
lipoid CAH require mineralocor-
ticoid and glucocorticoid replace-
ment therapy. Men additionally
need exogenous testosterone to
go through puberty and most fe-
males need oral contraceptives or
medroxyprogesterone to prevent
the formation of large ovarian
Ccysts.16

Acknowledgment

The authors are indebted to
Sandra Jackson and the nursing
staff at the University of Virginia
General Clinical Research Center
who provide patient care, Dr. Pa-
tricia K. Donahoe, Mass General
for the MIS assays, and Dr. Mark
Stene, Endocrine Sciences (Cal-
abasas Hill, CA) for the steroid as-
says. This work was supported, in
part, by NIH (National Institute
of Health) grant RR00847 to the
University of Virginia Clinical Re-
search Center.

REFFERENCES

1. Miller WL. Lessons from congenital
lipoid adrenal hyperplasia. Curr Opin-
ion Endocrinol Diabetes. 1998;5:155-161.

2. Lin D, Sugawara T, Strauss JF III, et al.
Role of steroidogenic acute regula-
tory protein in adrenal and gonadal

10.

steroidogenesis. Science. 1995;267:
1828-1831.

. Nakae ], Tajima T, Sugawara T, et al.

Analysis of the steroidogenic acute
regulatory protein (StAR) gene in
Japanese patients with congenital
lipoid adrenal hyperplasia. Hum Mol
Genet. 1997,6:571-576.

. Lee MM, Donahoe PK, Hasegawa T, et

al. Mullerian inhibiting substance in
humans: normal levels from infancy
to adulthood. J Clin Endocrinol Metab.
1996;81:571-576.

. Prader A, Gurtner HP. Das syndrom

des Pseudohermaphroditismus
masculine bei kongenitaler Neben-
nierenridenhyperplasie ohne Andro-
genuberxproduktion (adrenaler
Pseudohermaphroditismus masculi-
nus). Helv Paediatr Acta. 1955;10:397-
412.

. Prader A, Siebenmann RE. Neben-

nierensuffizienz bie kongenitaler
Lipoidhyperplasie der Nebennieren.
Helv Paediatr Acta. 1957;12:569-595.

. Prader A, Anders CJPA. Zur Genetik

der kongenitalen Lipoidhyperplasie
der Nebennieren. Helv Paediatr Acta.
1962;7:285-289.

. Miller W. Congenital lipoid adrenal

hyperplasia: the human gene knock-
out of the steroidogenic acute regula-
tory protein. | Mol Endocrinol.
1997;19:227-240.

. Shimizu K, Hayano M, Gut M, Dorf-

man RI. The transformation of 20,
hydroxycholesterol to isocaproic acid
and Cy; steroids. [ Biol Chem. 1961;
236:695-699.

Degenhard HJ, Visser KHA, Boon H,
O’Doherty NJD. Evidence for defi-
ciency of 20, cholesterol hydroxylase

11.

12.

13.

14.

15.

16.

activity in adrenal tissue of a patient
with lipoid adrenal hyperplasia. Acta
Endocrinol. 1972;71:512-518.

Koizumi S, Kyoya S, Miyawaki T, et al.
Cholesterol side-chain cleavage en-
zyme activity and cytochrome P450
content in adrenal mitochondria of a
patient with congenital lipoid adrenal
hyperplasia (Prader disease). Clin
Chim Acta. 1977;77:301-306.

Lin D, Gitelman SE, Saenger P, Miller
WL. Normal genes for the cholesterol
side chain cleavage enzyme, P450scc,
in congenital lipoid adrenal hyperpla-
sia. J Clin Invest. 1991;88:1955-1962.
Bose HS, Sugaware T, Strauss JF III,
Miller WL. The pathophysiology and
genetics of congenital lipoid adrenal
hyperplasia. N Engl | Med. 1996;
335:1870-1878.

Stocco DM. An update on the mecha-
nism of action of the steroidogenic
acute regulatory (stAR) protein. Exp
Clin Endocrinol Diabetes. 1999;107:229-
235.

Conn PM, (ed). The steroidogenic
acute regulatory protein (StAR): a
window into the complexities of intra-
cellular cholesterol trafficking. Recent
Progress in Hormone Research. Proceed-
ings of the 1998 conference of Recent
Progress in Hormone Research, 1998,
Washington. Maryland: The En-
docrine Society, 2000.

Bose H, Pescovitz OH, Miller WL.
Spontaneous feminization in a 46,XX
female patient with congenital lipoid
adrenal hyperplasia caused by a ho-
mozygous frame-shift mutation in the
steroidogenic acute regulatory pro-
tein. J Clin Endocrinol Metab. 1997;
82:1511-1515.

JULY 2001

Downloaded from cpj.sagepub.com at GEORGIAN COURT UNIV on May 15, 2015

CLINICAL PEDIATRICS

407


http://cpj.sagepub.com/

