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CASE REPORT:
PROBAND

The proband (II:1) demonstrated
progressive weight loss and vomiting
at the end of the first week of life (Fig
1). He was found to be hyponatremic,
and a diagnosis of renal tubular acido-
sis was made. He remained well
throughout infancy but had unusually
severe symptoms during episodes of
viral illness in early childhood and also
had diffuse pigmentation. Prolonged
vomiting, hyponatremia, and hyper-
kalemia after appendectomy at 4 years
of age prompted further investigations
of adrenal function. These tests con-
firmed primary adrenal insufficiency,
and a diagnosis of X-linked AHC was
considered.

METHODS

After consent was obtained, DNA
was extracted from blood leukocytes,
and DAX1 was amplified by poly-
merase chain reaction with the use of
primers and conditions reported previ-
ously.6 The mutation was identified
with the primer pair: Forward, 5’-GC-
CTCAGCGGGCCTGTTGAAG-3’;
Reverse, 5’-CCCGATGCTTTTGT-
GAGCTGGGAA-3’. Direct sequenc-
ing was performed with the dRho-
damine dye terminator sequencing kit
and ABI377 automated sequencer (PE
Applied Biosystems, Foster City, CA).

Adrenal hypoplasia congenita is an in-
herited disorder of adrenal gland de-
velopment, occurring with an estimat-
ed incidence of 1 in 12,500 live births.1

The X-linked form of this condition is
caused by mutations in the DAX1
gene.2,3 DAX1 encodes an orphan nu-
clear receptor that is expressed in the
hypothalamus, pituitary gonadotropes,
gonads, and the adrenal gland.4 More
than 60 families with >50 different
DAX1 mutations have now been re-
ported.5,6 Most of these children have
frameshift or nonsense mutations, but
10 missense mutations in DAX1 have
also been found.

Boys with DAX1 mutations typically
have primary adrenal failure during
infancy or childhood. The fetal adrenal
gland, which normally involutes short-
ly after birth, contains atypical “cy-
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tomegalic” cells.7 The adult adrenal
gland fails to develop fully. Hypogo-
nadotropic hypogonadism, an integral
feature of this condition, usually be-
comes apparent at the expected time of
puberty and has been reported recent-
ly in a woman homozygous for a DAX1
mutation.8 However, DAX1 mutations
are likely to be rare in patients with hy-
pogonadotropia in the absence of
adrenal failure.9

We report the presymptomatic diag-
nosis of AHC in the younger brother
of a boy with a novel missense muta-
tion in DAX1. This case highlights the
importance of genetic testing to identi-
fy individuals at risk of the develop-
ment of AHC before the onset of an
Addisonian crisis and may provide im-
portant insight into the role of DAX1 in
human adrenal development.
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AHC Adrenal hypoplasia congenita

A novel DAX1 mutation (L381H) was discovered in the asymptomatic
8-month-old brother of a boy with primary adrenal failure. The infant had
impaired adrenal reserve despite normal basal adrenal steroid concentra-
tions. This case highlights the value of genetic testing in children at risk of
the development of X-linked adrenal hypoplasia congenita before the onset
of a potentially life-threatening adrenal crisis. (J Pediatr 2000;137:878-81)
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RESULTS

Direct DNA sequencing of DAX1 re-
vealed a novel L381H (CTC > CAC)
missense mutation in the proband (Fig
1, II:1). This amino acid is located
within the putative ligand-binding
domain of this nuclear receptor. The
patient’s mother was heterozygous
for this mutation. Screening of his
younger brother revealed an identical
hemizygous L381H missense mutation
in DAX1 (Fig 1, II:2).

CASE REPORT:
BROTHER

The 8-month-old brother had no
symptoms and appeared entirely nor-
mal on physical examination, with no
evidence of hyperpigmentation. Inves-
tigations of adrenal function showed
normal electrolytes but evidence of
compensated primary adrenal failure
(Fig 1). His 11-deoxycortisol (Specific
S) concentration was elevated. Basal
luteinizing hormone (0.62 IU/L) and
follicle-stimulating hormone (3.0 IU/L)
were detectable, and testosterone (72
ng/dL [normal: <10 ng/dL]) was above
the normal range for male infants of
this age. These data support reports of
preserved hypothalamic-pituitary go-
nadal function in infancy in some boys
with DAX1 gene mutations.10-12

An adrenocorticotropin stimulation
test (0.25 mg intravenous corti-
cotropin; Cortrosyn; Organon, West
Orange, NJ) (Fig 1) revealed im-
paired adrenal reserve. However, a sig-
nificant increase in 11-deoxycortisol
was obtained.

DISCUSSION

The association of DAX1 gene muta-
tions and X-linked AHC is well estab-
lished. Approximately 60% of affected
boys have an early onset of primary
adrenal failure, usually within the first
2 months of life. Urgent mineralocorti-
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Fig 1. Upper panel, Identification of novel DAX1 missense mutation (L381H) in 4-year-old
proband with adrenal failure (II:1) and his younger brother, who had no symptoms (II:2).This lysine to
histidine change resulted from T-to-A transversion at nucleotide position 1142 (A of ATG initiation
codon being designated +1). Lower panel, Investigations of adrenal function in boy with no symp-
toms (II:2) (All assays performed by Endocrine Sciences Inc, Calabasas Hills, CA) (17-OHP, 17-hy-
droxyprogesterone; PRA, plasma renin activity).

Fig 2. Age at presentation of proband and younger brother in families in which 2 siblings had
adrenal insufficiency because of same DAX1 mutation. In many cases diagnosis was reached at earlier
age in younger brother (P < .03;Wilcoxon test). Note nonlinear scale. (Data derived from references
3, 6, 8, 12, and 14-18).
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coid and glucocorticoid replacement is
necessary. Other patients have a more
insidious presentation later in child-
hood, which may be triggered by a
stressful stimulus. This apparently bi-
modal pattern of presentation may re-
flect normal age-related changes in
mineralocorticoid secretion and sensi-
tivity, sodium and fluid intake, and
counter-regulatory reponses.6 Chil-
dren with impaired adrenal reserve
may therefore be particularly vulnera-
ble in early life.

Families harboring DAX1 mutations
often have a history of unexplained
death of maternal male relatives, high-
lighting the X-linked pattern of trans-
mission. After a DAX1 mutation is iden-
tified in a boy with adrenal failure,
mutational analysis of DAX1 and appro-
priate counseling are recommended for
all individuals at risk of the develop-
ment of AHC and for potential female
carriers of child-bearing age. The case
presented here exemplifies how genetic
testing can be valuable even in the ab-
sence of symptoms. Identification of a
DAX1 mutation in the brother led to in-
vestigations that confirmed compensat-
ed adrenal insufficiency and impaired
adrenal reserve, despite normal basal
cortisol and aldosterone concentrations.
Furthermore, the diagnosis of AHC pre-
dicts that affected boys will fail to enter
puberty and may have impaired fertili-
ty. Consequently, appropriate counsel-
ing and hormone replacement can be
instituted during adolescence.

Can the onset of adrenal failure be
predicted when such children are iden-
tified? At present there appears to be
little correlation between the type of
DAX1 mutation (genotype) and age at
presentation (phenotype), other than
the case of a man who had mild adren-
al failure at 28 years of age and a DAX1
mutation that caused partial loss of
function when studied in transcription
assays.13 Indeed, the age at presenta-
tion may vary between sibling pairs
with the same DAX1 mutation (Fig 2).
Although “early presentation” or “late
presentation” appears to be a feature in

certain families, the younger brother
usually receives the diagnosis at an
earlier age, probably reflecting in-
creased awareness of the subtle symp-
toms and signs of adrenal failure by
families and physicians. The use of
such data to predict the age of onset of
adrenal failure for siblings without
symptoms who are detected by genetic
screening is therefore difficult. Dy-
namic tests of adrenal function can be
used to document adrenal dysfunction
in boys with DAX1 mutations, although
experience to date suggests that all will
eventually have adrenal insufficiency.
Given the impaired adrenal function in
this case, replacement doses of miner-
alocorticoid and glucocorticoid thera-
py were initiated, and appropriate
counseling and education for steroid
replacement during stress and sickness
were provided.

Relatively little is known about the
factors that regulate disappearance of
the fetal adrenal and concomitant de-
velopment of the adult-type cortex in
humans. DAX1 is clearly involved in
this process, although whether it also
has a direct effect on steroidogenesis
remains unclear. An elevated 11-de-
oxycortisol has been reported in early
infancy in X-linked AHC10 but never
in a child this old. This finding could
reflect persistent fetal adrenal function
beyond the time it normally regresses
or a specific impairment of 11 β-hy-
droxylase activity. Identification of
more individuals without symptoms
could provide more biochemical data
on the progression of this condition.
However, this report of a novel mis-
sense mutation in DAX1 highlights the
importance of testing family members
at risk of DAX1 mutations and starting
steroid replacement when dynamic
tests reveal impaired adrenal reserve.
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