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Abstract The association of primary adrenal insuffi-
ciency and hypogonadotropic hypogonadism is extremely
infrequent in daily clinical practice. Differential diagnosis
includes X-linked adrenal hypoplasia congenita, a genetic
disease characterized by an alteration in the formation of
the adrenal glands and the hypothalamus—pituitary—gonadal
axis. The gene responsible is DAXI (NROBI). The most
common form of clinical presentation is neonatal primary
adrenal insufficiency and complete hypogonadotropic
hypogonadism. Members of a single family often present
the same clinical form, although there may be relatives
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affected with different clinical symptoms. The aim of this
study is to characterize clinically and genetically a family
affected by different forms of hypogonadotropic hypogo-
nadism and/or primary adrenal insufficiency. We describe a
family with three members affected, two adults and a
neonate. The way of presentation of the adults was neo-
natal primary adrenal insufficiency and hypogonadotropic
hypogonadism (one complete and another presenting as
interrupted puberty). The genetic study revealed a new
mutation in DAX], p.Q76X gene (c.C226T), resulting in a
truncated protein of 76 amino acids, the same in all three
affected male patients and in the asymptomatic women
of the family. These cases further expand the number of
DAXI mutations reported, as well as the description of
infrequent forms of presentation of this disease as inter-
rupted puberty.

Keywords Hypogonadism - Adrenal insufficiency -
Hypoplasia - DAX-1 protein - X-linked genetic diseases

Introduction

The association of primary adrenal insufficiency and
hypogonadotropic hypogonadism is extremely infrequent
in daily clinical practice [1]. The aetiologies of congenital
primary adrenal insufficiency include X-linked adrenal
hypoplasia congenita (AHC), a genetic condition due to a
mutation of DAXI (Dosage-sensitive sex reversal, Adrenal
hypoplasia critical region, on chromosome X, gene 1) [2].
The official symbol of this gene is NROBI (Nuclear
Receptor Subfamily 0, group B, member I). This syndrome
is characterized by an alteration in the formation of adrenal
glands and the hypothalamus—pituitary—gonadal axis [3].
This entity constrains primary adrenal insufficiency and

M.

M
3 Humana Press



276

Endocr (2009) 36:275-280

hypogonadotropic hypogonadism. Whilst onset of adrenal
insufficiency in the neonatal period and the development
of hypogonadotropic hypogonadism occur frequently [4],
other less frequent clinical forms have been described,
such as adrenal insufficiency appearing during infancy [5],
partial forms detected in adulthood [6, 7] or cases of
neonatal adrenal crisis not requiring replacement treatment
during a limited period of time [8]. As for hypogonado-
tropic hypogonadism, the failure is most often in the
hypothalamic or pituitary glands or in both and the clinical
spectrum is also quite varied, from complete forms of
hypogonadotropic hypogonadism [9], incomplete forms
[10], interrupted puberty [11, 12] and precocious puberty
[13]. AHC has been associated with glycerol-kinase deficit
and Duchene’s muscular dystrophy, when deletions occur
in the region where DAX1 is located and including adjacent
genes, the alteration of which causes these illnesses [14].
Although it is more frequent for the members of a single
family affected to present the same clinical conditions,
there are occasions when each member of a family,
affected by the same mutation, may suffer the condition
with different clinical forms [15], possibly due to the
existence of factors modulating the effect of the mutation.

We report a family comprising three males affected by
X-linked AHC, diagnosed by means of clinical, analytical
and genetic studies. One of them shows the classic pre-
sentation consisting in adrenal insufficiency in the neonatal
period and complete hypogonadotropic hypogonadism. His
brother is characterized by suffering the same form of
presentation of neonatal adrenal insufficiency but shows
interrupted puberty. The third person affected is the
nephew of both these patients, who presented adrenal
insufficiency in the neonatal period.

Materials and methods

Biochemistry and hormonal parameter measurement
methods

Plasma steroids were measured in a situation of raised
ACTH, in order to confirm the diagnosis of cortisol deficit
and to exclude enzymatic defects of steroidogenesis. Raised
ACTH was achieved through a short-lasting withdrawal of
hormone replacement treatment, supervised by medical
personnel. ACTH was measured by means of chemilumi-
nescent immunoassay (IMMULITE®, Siemens, UK; Intra-
assay variation coefficient, IVC, 3.1-9.6%). Levels of
17-OHP were determined by means of enzyme immuno-
assay (ELISA, IBL, Hamburg, Germany; IVC 2.8-4.9%).
FSH, LH, testosterone, cortisol and dehydroepiandrosterone
sulfate (DHEAS) were measured with chemiluminescent
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Table 1 Baseline hormonal study

Parameter Case 1 Case 2 Normal range
ACTH (ng/l) >1200 >1200 5-50

Cortisol (nmol/I) <5 <5 220-660

LH (U1 1.6 0.4 1-10

FSH (UI/) 2.6 42 1-14
17-OHP (nmol/l) 0.3 0.2 0.14.8

Total testosterone (nmol/l) 3.1 1.2 7-30
DHEAS (nmol/l) <25 <25 28-3000

immunoassay (CMIA, Chemiluminescent Microparticle
Immunoassay) (ARCHITECT®, Abbott, Germany; the IVC
values are FSH 3.2-4.6%, LH 2.4-4.1%, testosterone 3.1-
8.0%, cortisol 2.5-6.2% and DHEAS 2.6-7.4%). Normal
values for each of the foregoing parameters are given in
Table 1.

Functional tests

Test with GnRH analogue (Luforan®): intravenous
administration of 100 pg of GnRH with measurement of
baseline FSH and LH, then after 60 and 120 min. A post-
stimulus level of LH in excess of 7 U/l was considered
normal.

Test with human chorionic gonadotropin (hCG) (hCG
Lepori®): intramuscular administration of 5000 IU of HCG
with measurement of baseline testosterone and after 72 h. A
post-stimulus level of testosterone in excess of 10.4 nmol/l
was considered normal.

DNA extraction and detection of mutations

Genomic DNA was extracted from peripheral blood leu-
kocytes using the Chemagic system (Chemagen). The
promoter, the exons 1 and 2 of the DAX/ gene and the
exon—intron boundaries (about 50 bp for each end) were
amplified by the polymerase chain reaction (PCR), using
specific oligonucleotide primer pairs (listed in Table 2) and
the enzyme HotStarTaq DNA Polymerase (Qiagen). PCR
was performed for 45 amplification cycles (95°C for 30 s,
62°C for 30 s and 72°C for 1 min) after an initial dena-
turation at 95°C for 15 min and a final extension at 72°C
for 5 min. Direct sequencing of PCR products was per-
formed using the enzyme Big Dye Terminator v3.1 Cycle
sequencing kit and the sequencer 3730 DNA Analyzer
(Applied Biosystems), following the manufacturer’s
instructions. The analysis of the amplified fragments to
determine the nucleotide sequence and the detection of
the mutation was done with the computer programmes
SeqScape and Sequencing Analysis (Applied Biosystems).



Endocr (2009) 36:275-280 277
Table 2 Primers used for the amplification of the promoter and the exons of the DAX/ gene
Promoter 5'-GAGCCTGAGATTGGGCATTT-3’ Promoter 5'-GTAGCCCAGTTCTGCCCAGT-3'
El 5'-GAGGTCATGGGCGAACACAC-3' El_il 5'-CACGTGCGTTTGCTTTGA-3’
El1_i2 5'-TGTTCGTGCGGCTCTGAT-3’ El1_i2 5'-ACCTGCGTTTGCTTTGA-3'
E1.i3 5'-GCGCTCAAGAGTCCACAGGT-3’ El 5'-TTAGTCACGATTTCTTCACCTTTGC-3’
E2 5'-TTGGGTCTTGTTTAATTGGGATG-3' E2 5'-ATGCTACCTGTTGGCAAATGTC-3'
Forward Reverse
Results Table 3 GnRH analogue and hCG stimulation test
. Stimulation test ~ Hormone measured Case 1 Case 2
Patients
GnRH analogue LH at 60 or 120 min 7.6 Ul/l 0.7 U111
hCG Testosterone at 72 h ~ 19.4 nmol/l 1.3 nmol/l

Case I: Male aged 17 years and 11 months referred for a
study of delayed puberty. Family history: mother with pri-
mary hypothyroidism and father with type 2 diabetes mel-
litus. Without any family history of delayed puberty. One
brother deceased during the neonatal period due to unspec-
ified causes, another brother has adrenal insufficiency and he
has a healthy sister. The family tree is represented in Fig. 1,
showing the segregation of the illness. The patient was
diagnosed as having adrenal insufficiency of unspecified
origin in the neonatal period and since then has followed
treatment with hydrocortisone (dosage from 8 to 10 mg/m?/
day) and fludrocortisone (dosage from 0.05 to 0.25 mg/day).
The patient had a normal infancy, with appropriate devel-
opment of psychomotor functions, although he sometimes
omitted doses of hydrocortisone and fludrocortisone. On
physical examination: weight = 61.5 kg (percentile (p) =
10-25); height = 176 cm (p = 25-50); body mass index
(BMI) = 19.85 kg/m*; blood pressure = 110/70 mmHg,
sexual characteristics at Tanner’s stage III, testicular vol-
ume 4 ml of soft consistency, with left varicocele. No
auditory or olfactory alterations. The baseline hormonal
study (performed during a 24-h withdrawal period in his
treatment with hydrocortisone and fludrocortisone, super-
vised by medical personnel) and the study after stimulations
tests are given in Tables 1 and 3, respectively. His

D

"Exitus. ! Case 1.2 Case 2. Case 3.

Fig. 1 Family tree

hematimetry and biochemistry results were normal, includ-
ing sodium and potassium. The X-ray of his carpus showed a
bone age corresponding to 15 years and 6 months. A mag-
netic resonance imaging of the hypothalamus and pituitary
was performed with normal results. Following a diagnosis of
simple delayed puberty, probably influenced by the poor
metabolic control of the adrenal insufficiency, it was decided
to carry out an induction of puberty with testosterone
enantate 50 mg/im/month for 6 months. Two months after
the last injection, the hormone study was repeated and
undetectable levels of FSH, LH and testosterone were found.
This led to a diagnosis of definitive hypogonadotropic
hypogonadism with interrupted puberty and its was decided
to administer testosterone enantate intramuscularly at a dose
of 250 mg per month, which achieved an adequate degree of
androgenization with a final height of 182 cm (p = 75). The
seminogram revealed azoospermia.

Case 2: Brother of the patient described above. Male
aged 16 years and 7 months with a history of primary
adrenal insufficiency, also diagnosed during the neonatal
period; during infancy, he followed a treatment with
hydrocortisone and fludrocortisone at normal doses,
although he sometimes omitted doses, like his brother. His
weight and height developed normally (p = 50-75) until
14 years of age, when a slight decrease in growth began,
associated with scant progression of secondary sexual
characteristics and bone maturity. At the moment of
assessment, his height was 170 cm (p = 10-25), his weight
76.6 kg (p = 75), BMI = 26.50 kg/m?, with a bone age of
15 years and sexual characteristics at Tanner’s stages I-II
with a testicular volume of 1-2 ml. The hormonal studies
performed (shown in Tables 1 and 3) are compatible with
hypogonadotropic hypogonadism.

Case 3: Neonatal male, the nephew of the previous
patients reported. Healthy mother. Adrenal crisis at
33 days of life. The patient was taken to the emergency
room because of vomiting, dehydration, lack of thriving
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and poor general condition, and the urgent analysis
detected sodium figures of 115 mmol/l, potassium
7.9 mmol/l, chlorine 86 mmol/l, pH 7.36 and bicarbonate
20.2 mmol/l. The hormonal study revealed: ACTH 349
ng/l (normal range 5-50), cortisol 469 nmol/l (220-660)
and 17-hydroxyprogesterone (17-OHP) 36.9 nmol/l (<75).

Mutational analysis

Due to the association of primary adrenal insufficiency and
hypogonadotropic hypogonadism in the two adult males in
the family and the onset of an adrenal crisis in the neonatal
period of the nephew of the previous patients, it was deci-
ded to conduct a genetic study in search of X-linked AHC, a
condition with a very low prevalence caused by mutations
in DAXI, clinically following the course described in the
preceding cases. The study of DAXI was performed on all
the males affected and on the females in the family. The
study of this gene detected the mutation p.Q76X (c.C226T),
consisting in the change of the nucleotide at position 226
and implying the appearance of an early stop codon at
position 76 in the protein. This mutation in the females has
not caused any symptoms, although they are carriers and
transmitters of the condition.

Discussion

AHC is a hereditary disease characterized by the lack of
development of the cortical layer of the adrenal gland
during the embryonic period. This syndrome was first
described by Sikl [16]. This first publication of an isolated
case of adrenal hypoplasia was followed by other
descriptions of families affected and the combination of the
adrenal failure with different forms of hypogonadism,
giving rise to the adrenal hypoplasia syndrome as we know
it today. The histological study shows vacuolate adrenal
cells [17]. This syndrome, an X-linked inheritance, is dis-
tinguished from recessive autosomal adrenal hypoplasia,
which gives rise to very small adrenal cells (miniature
form) [18].

Adrenal hypoplasia and hyperplasia are different con-
ditions that must be clearly distinguished. Congenital
adrenal hypoplasia is not due to any enzyme deficit of
steroidogenesis. On the contrary, adrenal insufficiency due
to congenital adrenal hyperplasia is due to enzymatic
deficits at the various stages of adrenal steroidogenesis,
constituting the most frequent cause of neonatal adrenal
insufficiency [1]. Nonetheless, adrenal hypoplasia is much
less frequent and is due to a mutation in DAX/. The level of
17-OHP is the basis for the differential diagnosis between
adrenal insufficiency due to congenital adrenal hyperplasia
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and congenital adrenal hypoplasia, as occurred in the cases
described. In the cases reported here, plasma 17-OHP was
low, despite an increase in the ACTH levels. This finding
discards the presence of a deficit of 21-hydroxylase and
points the diagnosis towards adrenal hypoplasia rather than
hyperplasia.

The localization of DAXI is the short arm of the
X-chromosome, in band 21, between sub-bands 2 and 3
(Xp21.3-p21.2). This gene is expressed in adrenal glands,
gonads and the hypothalamus—pituitary region [9], and it
encodes the protein DAX1, a nuclear receptor of 470 amino
acids belonging to the super-family of orphan receptors [19],
so-called because their specific ligand is as yet unknown.

DAXI1 is involved in the normal development processes
of the adrenal glands and the hypothalamus—pituitary—
gonadal axis, as a transcriptional repressor of the genes
involved in steroidogenesis. It also takes part in sexual
determination, insofar as the duplication of the gene DAX]
provokes 46, XY sex-reversed patients. Thus, it has been
shown that, when DAXI is duplicated, XY individuals
develop phenotypically as females. On the other hand, its
involvement has been described in spermatogenesis, as it is
expressed in Sertoli cells [20].

There are almost 200 known mutations of DAX/ to date
[21]. They are deletions (involving only the NROBI gene or
contiguous genes as glycerol-kinase deficiency and Duch-
enne muscular dystrophy), nonsense mutations, frameshift
and missense mutations. The truncated protein formed
lacks the carboxy-terminal end that binds to the DNA
domain; therefore, it does not exercise its function. The
mutations in the early aminoterminal extreme are associ-
ated with a milder phenotype, due to an alternatively
translated isoform of the protein [7]. Although a strong
correlation between genotype and phenotype is not always
the case, the late-onset forms seem to have a correlation
between the phenotype and the function of the protein.
Also, there is a tendency for boys within the same family
either to present early or to present late.

The new mutation that we have detected in this family
produces a short protein truncated at position 76 (p.Q76X)
(c.C226T). This mutation is likely to produce a severe
phenotype, because the lack of function of this protein. In
the case of the adrenal insufficiency, its onset was in the
neonatal period in the three cases, with an acute adrenal
failure. However, marked clinical differences were noted in
the development of hypogonadism between Case 1 (less
affected) and Case 2 (more affected). The explanation for
this condition is not clear, although it has been suggested
that in some cases, DAX! could be partially functional [7],
resulting in a less severe condition. However, the two cases
have the same mutation and only Case 1 develops a mild
form of hypogonadism.
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The most frequent clinical presentation of AHC is
adrenal insufficiency in the neonatal period and hypogo-
nadotropic hypogonadism in puberty. In this family, the
two brothers present neonatal adrenal insufficiency but one
of them is associated with complete hypogonadotropic
hypogonadism, whereas the other presents interrupted
puberty. This form of presentation as interrupted puberty is
among the least frequent, with few cases reported in the
scientific literature [10, 11]. Two very frequent causes of
delayed puberty are constitutional delays in growth and
development (physiological variant of normality) and
delays in maturity due to poor general health. In the first
two cases presented here, the existence of poorly controlled
adrenal insufficiency due to the frequent skipping of
treatment schedules, made the diagnosis of congenital
disease particularly difficult. In Case 1, baseline testoster-
one, and especially the response to stimulus with GnRH
and hCG, indicated a start of puberty. However, despite the
induction of puberty with low doses of testosterone enan-
tate, it was not possible to maintain this. On the contrary,
this process stopped, with undetectable levels of gonado-
tropins and testosterone presenting after treatment with
intramuscular testosterone. In Case 2, there was no start of
puberty at any time, with the patient displaying complete
hypogonadotropic hypogonadism. In this case, the GnRH
and hCG tests performed showed a null responsiveness,
unlike his brother. The responses observed in the two
patients are consistent with the clinical manifestations, and
similar than those described in the literature [12].

Since the germ line is affected in these syndromes,
hypogonadism was treated directly with testosterone and
not with hCG. Seminara et al. [20] attempted to achieve
spermatogenesis in a patient affected by adrenal hypoplasia
through the administration of hCG, without success.

Due to the low incidence of this syndrome, the search
for a mutation at the level of DAX/ in adult patients with
hypogonadotropic hypogonadism should be reserved for
those patients with a personal or family history of adrenal
insufficiency or perinatal deaths. On the contrary, the
search of mutations in DAX/ in children or adolescents
with unexplained adrenal insufficiency, regardless of
family antecedents, is useful. In fact, Lin et al. [21]
detected mutations in DAX/ in 37 of 64 patients (58%)
with a history of primary adrenal insufficiency of unknown
aetiology and in 8 of 8 patients (100%) with hypogonad-
otropic hypogonadism and a family history of primary
adrenal insufficiency. Nonetheless, Achermann et al. [22]
did not detect a single case of DAX/ mutation in 100
patients with isolated hypogonadotropic hypogonadism.
Therefore, the genetic study of the patients with the char-
acteristics exposed above is considered to be of interest,
not only for the adequate diagnosis but to provide adequate
genetic counselling.

In conclusion, we have described in this paper three
males from a single family affected by congenital adrenal
hypoplasia who are carriers of a new mutation causing an
early stop codon. The patients present two different forms
of involvement of the hypothalamus—pituitary—gonadal
axis, one with extremely infrequent interrupted puberty.
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