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Case report

A novel mutation in the NROB1 (DAX1) gene
in a large family with two boys affected
by congenital adrenal hypoplasia
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ABSTRACT

OBJECTIVE: X-linked Adrenal Hypoplasia Congenita (AHC) is a rare disorder caused by
mutations in NROB1 (DAX1) gene. DESIGN: We present two boys (cousins) with AHC who
came to our attention at the age of 10 days and 15 days, respectively, in a life-threatening
state. Laboratory studies in their neonatal periods showed hyponatremia and hyperkalemia.
Primary adrenal insufficiency was confirmed, with severely low serum cortisol levels and high
plasma ACTH levels. Hydrocortisone therapy with additional saline and glucose infusions
were started immediately. Two exons of the NROBI (DAX1) gene were amplified using PCR
and directly sequenced. RESULTS: Molecular analysis of the NROB1 (DAX1) gene revealed
a novel mutation, c.315G>A (p-W105X) in exon 1, resulting in the formation of a premature
stop codon. Further studies showed that mothers, the maternal grandmother and two of six
maternal great aunts were heterozygotes for the mutation. However, the mutation was absent in
the maternal great-grandmother. CONCLUSIONS: We show that NROB1 (DAX1) gene analysis
is of great importance for the confirmation of the clinical diagnosis of AHC and highlights the
role of genetic counseling for families of AHC patients. The absence of a somatic mutation in
the great-grandmother suggests gonadal mosaicism as the mechanism for transmission of the
NROBI (DAX1) mutation in this family.
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tations in the NROB1 (DAX1) gene (dosage-sensitive
sex reversal, adrenal hypoplasia critical region, on
chromosome X, gene 1) (OMIM*300473) located
on the short arm of chromosome X (Xp21.3-p21.2)
and encoding an orphan nuclear hormone receptor
(transcription factor).! It is expressed in the adrenals,
gonads, hypothalamus and pituitary gland and controls
the development and function of these tissues. NROB1
(DAXT1) protein functions as a dominant-negative
regulator (transcriptional repressor) of the expression
of other proteins involved in the adrenal steroido-
genesis pathway, such as SF-1 (steroidogenic factor
1), steroidogenic acute regulatory protein (StAR),
p450scc (cholesterol side chain cleavage enzyme)
and 3B-hydroxysteroid dehydrogenase.’

NROB1 (DAXI) plays a crucial role in the devel-
opment of the adrenals and of the hypothalamic-
pituitary-gonadal axis. NROBI (DAX1) gene disrup-
tion can result in various clinical phenotypes and
may lead to congenital adrenal hypoplasia. This is
characterized by salt loss early in life, hypoglycemia
in early infancy or childhood,* development of a
life-threatening state, poor weight gain, emesis, pro-
longed postnatal jaundice, skin hyperpigmentation,
hyponatremia, hyperkalemia, low cortisol level, low
aldosterone level, high ACTH level and a higher
plasma renin activity.>® The disorder is lethal unless
appropriate steroid replacement therapy is quickly
provided. Adrenal developmental failure is also char-
acterized by low serum levels of adrenal androgens.”®
Hypogonadotropic hypogonadism (HH) is the most
frequently observed puberty disorder (absence or
delayed puberty) caused by mutations in the NROB1
(DAX1I) gene and is due to impaired gonadotropin
synthesis and release.'*!! The mechanism of the effect
of NROB1 (DAX1) gene action on puberty timing is
still poorly understood, but it is known that NROB1
(DAXT) acts at the levels of both the hypothalamus
and the pituitary."? This indicates the central role of
NROB1 (DAXT1) transcription factor in the control
of puberty timing.”"*'® Normal puberty, peripheral
precocious puberty, ACTH-dependent precocious
puberty and central precocious puberty have also been
reported so far, but many of these conditions are very
rare.”* The mechanism by which NROBI (DAX1)
induces normal adrenal and pubertal development
still remains unknown.

Aim of the study

The aim of this study was to investigate the clini-
cal and molecular background of congenital adrenal
hypoplasia in two boys and their families, in whom a
NROBI1 (DAX1) mutation was suspected.

CASE PRESENTATION

Patient 1. The phenotypic boy was born to non-
consanguineous parents at 41 weeks of gestation
with a birth weight of 3600 g. He was referred and
admitted to our hospital on the 15" day of life from
a Regional Hospital. Due to a suspicion of adrenal
insufficiency he was treated with hydrocortisone.
Physical examination revealed skin hyperpigmenta-
tion and a pericranial hematoma of the right parietal
bone. He had well developed male external genitalia
with an intrascrotal location of testes. Blood results
showed hyponatremia (sodium 124 mEq/L) and
hyperkalemia (6.06 mEq/L) with elevated ACTH at
688 pg/ml (normal <50) and a very low serum cortisol
concentration (18 ng/ml), 17-hydroxyprogesterone
(0.1 ng/ml), dehydroepiandrosterone sulfate (0.11
umol/l) with no response to ACTH stimulation test,
thus confirming primary adrenal failure. Abdominal
ultrasound imaging revealed small adrenal glands
(8-9 x 13-15 mm) — the right adrenal gland was de-
scribed as hyperechogenic with a lacking cortex. A
combination treatment with iv/oral hydrocortisone,
oral fludrocortisone and supplementation with saline
was continued.

Patient 2. The boy from a first uncomplicated
pregnancy was born vaginally at 41 weeks (birth weight
of 3270 g, Apgar 10). Both parents were healthy. The
child was admitted to the hospital in a life-threatening
state at the age of 10 days with a weight of 2990 g
with a suspicion of adrenal failure. He was listless,
weak, dehydrated and had a hyperpigmented and
yellowish skin tone and very thin subcutaneous tis-
sue. The hyperpigmentation of the skin, scrotum and
nipples have been observed since birth. The boy also
suffered from heart failure, pneumonia, jaundice
and secondary anemia followed by an unexpected
cardiac arrest. Blood results showed hyponatremia
(sodium 112 mEq/L) and hyperkalemia (7.8 mEq/L)
with elevated ACTH at 949.1 pg/ml (normal <50)
and a very low serum cortisol concentration (7.8 ng/
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ml), 17-hydroxyprogesterone (0.17 ng/ml) with no
response to ACTH stimulation test, thus confirming
primary adrenal failure. Abdominal ultrasound was
also performed and showed hypoplastic adrenal glands
bilaterally (6-8 x 4-5 mm). Hydrocortisone therapy
(iv/oral), fluid infusions, oral fludrocortisone, iron,
folic acid and salt were started immediately.

Once primary adrenal insufficiency was confirmed,
further testing was performed to diagnose X-linked
AHC. Low levels of serum adrenal androgens (17-
OHP, DHEA-S and androstendione) in both pa-
tients excluded 21-hydroxylase deficiency, the classic
salt-wasting form of congenital adrenal hyperplasia
(CAH). As part of the differential diagnosis of ACTH
deficiency, congenital adrenal lipoid hyperplasia,
familial glucocorticoid and ACTH resistance were
also considered and excluded.

MATERIALS AND METHODS

Written informed consent was obtained from all
individuals of the patients’ families and the study was
approved by the local Ethics Committee (Nr 621/11).
Molecular studies of the NROB1 (DAX1) gene were

performed using direct sequencing. Genomic DNA
was isolated from peripheral blood leukocytes using
QIAamp® DNA Blood Mini Kit (QIAGEN). Two
sets of primers from Genomed (Poland) were used
to amplify both exons of the NROBI (DAX1) gene.
Polymerase chain reactions (PCR) were performed
using HotStarTaq® DNA Polymerase (QIAGEN).
PCR products were purified using QIAquick® Gel
Extraction Kit (QIAGEN) and directly sequenced
with the same primer pairs used in PCR. Sequencing
reactions were performed with the BigDye Termina-
tor v3.1 cycle sequencing kit (Applied Biosystems)
on an ABI Prism 3130XL Genetic Analyzer (Applied
Biosystems) and the sequences were analyzed using
VectorNTI9.0 Software (Invitrogen).

RESULTS

Direct sequencing of the NROBI (DAXI1) gene
revealed a novel mutation, ¢.315G>A (p.W105X)
in exon 1 (Figure 1), that resulted in premature
stop codon formation and thus elimination of the
N-terminal domain of the NROB1 (DAXT1) protein.

This variant was not found in control samples of
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the current version of dataset ESP6500 deposited
in the NHLBI Exome Variant Server, which is now
comprised of a set of 2203 African-American and
4300 European-American, unrelated individuals, 6503
samples (13,006 chromosomes) in total (25.01.2013),
and analysis using Mutation Taster (http://www.mu-
tationtaster.org/) predicted the p.W105X mutation
as a “disease causing” one.

Both mothers, whose menarche age was 14-15 and
14 years, respectively, the maternal grandmother and
two of six maternal great aunts were heterozygotes
for the mutation. However, the mutation was absent
in the maternal great-grandmother (Figure 2).

DISCUSSION

In this study we present two boys with AHC caused
by a novel mutation, c¢.315G>A (p.W105X) in exon
1 of the NROB1 (DAX1) gene, whose clinical pheno-
type is unusual due to their normal testis and normal
male external genitalia development. This mutation
resulted in premature stop codon formation (TGA)
in the codon encoding for tryptophane at position

105 and thus elimination of the N-terminal domain
of NROB1 (DAX1) protein.

Only one single nucleotide polymorphism G/C
(SNP) at position 105 in NROBI (DAX1I) is known
(rs132630327: ¢.315G>C; p.W105C) that has clinical
pathogenic significance.® The ¢.315G>C; p.W105C
mutation was identified in an 11-yr-old prepubertal
Caucasian boy with mild AHC and isolated mineralo-
corticoid deficiency. The mutation was not detected in
100 controls, but was present in the patient’s mother
as well as in his three asymptomatic male relatives,
thus indicating phenotypic heterogeneity.®

The function of the aminoterminal part of NROB1
(DAX1) protein still remains unclear, but it is known
that this region is involved in protein-protein inter-
actions with other molecules, such as SF-1 factor
or estrogen receptor (ER), through its three, evo-
lutionarily conserved LXXLL motifs."!® p. W105X
mutation is located between the second and the third
LXXLL motif. The tryptophane at position 105 is
a highly conserved aminoacid in NROB1 (DAX1)
proteins and it is suggested that it is directly involved
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FIGURE 2. Pedigree of the family with a novel ¢.315G>A; p.W105X mutation in the NROBI (DAX1) gene. I:1, 1I:1, II:3, IL:5, IL:7,
L9, TL:11, 11:13, 111:17, [11:22, IV:3, IV:4 and IV:5 individuals were analyzed in this study. I11:12, I1I:13 and III:14 individuals were
adopted and thus were not included in molecular analysis. Two affected probands IV:3 (Patient 1) and IV:5 (Patient 2), healthy fe-
males, healthy males and female carriers (IL:1, I1:9, I1:13, I11:17 and I11:22) of the mutation are indicated. The pedigree was prepared
using GenoPro Software [O - healthy female, ® - female carrier of the mutation, [ - healthy male, B- affected male].
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in NROB1 (DAX1) structure and function. In vitro
studies showed that there may be a correlation be-
tween the mutant NROB1 (DAX1) activity and the
severity of clinical phenotype when it comes to the
onset of adrenal insufficiency, the severity of adrenal
dysfunction and abnormalities with the biology of the
reproductive system.!61-!

¢.314G> A (p.-W105X) mutation, which is similar
but not identical to the mutation identified in this
study, was found only in one patient, described by
Choi et al. in 2005, in whom adrenal hypoplasia
congenita was diagnosed.’

Based on these two studies and our results, it may
be suggested that W105 may be directly involved in
NROB1 (DAX]1) structure and functions and codon
105 may be a hot spot for mutations. Our cases further
expand the number of NROB1 (DAX1) mutations re-
ported up to now in the literature, as well as our clinical
and molecular knowledge of AHC. Further functional
research is, however, needed for clarification of the
real impact of NROB1 (DAX1) mutations on adrenal
development and for explanation of the interaction
between adrenals and the gonadotropin axis.

In our study, we also tested other members of
the boys’ families and found that five of them were
carriers of the mutation. However, we did not find
the mutation in the boys’ great-grandmother (Figure
2), which may suggest gonadal mosaicism in her. One
similar case of gonadal mosaicism and AHC has been
described in the literature by Zhang et al. in a family
with the 23-bp frameshift mutation 518del23bp.?

There is no clear evidence for a genotype-pheno-
type correlation between a mutation in NROB1 (DAX1)
and its structural consequences and the clinical phe-
notype. The age of onset of adrenal failure can vary
within the same (but not in this) family, suggesting
that other epigenetic factors influence the clinical
course of AHC. This phenotypic heterogeneity may
presumably be due to the effects of other genes modi-
fying or compensating for NROB1 (DAXT1) function.
Alternatively, environmental events such as illness or
exposure to medications could unmask an underly-
ing adrenal dysfunction. The variable expression of
the AHC phenotype is reminiscent of other genetic
disorders, particularly when the mutation has partial
effects on protein function.

It is possible that specific mutations of the NROB1
(DAXI) gene may also show atypical phenotypes,
i.e., normal testis development, normal puberty and
milder clinical phenotype of AHC, as in the boys with
p-W105X mutation presented in this study, and which
have been described by Choi et al.’

Primary adrenal insufficiency can occur at any age,
in the neonatal period, in infancy or in childhood.
Children usually present with failure to thrive or poor
feeding, hypoglycemia, emesis, diarrhea, dehydration,
shock and generalized skin pigmentation. Families
harboring NROBI (DAX1) mutations often have a
history of unexplained death of maternal male rela-
tives. Most patients with X-linked AHC present with
adrenal insufficiency early in life and have a combined
glucocorticoid and mineralocorticoid deficiency.”
AHC is also characterized by puberty failure due to
hypogonadotropic hypogonadism.'? Individuals with
milder forms of AHC have also been described, but
the incidence is not common. In such patients adrenal
insufficiency is incomplete and their sexual matura-
tion is delayed due to a mild gonadotropin deficiency
or is arrested.'*!**! These milder clinical phenotypes
have incomplete loss-of-function of NROBI (DAX1)
mutations.'*!*?! Boys with AHC may have episodes
of elevated ACTH levels and therefore the question
arises whether they are at risk of the same gonadal
problem as CAH male patients, i.e., the risk of devel-
opment of testicular adrenal rest tumors (TARTS).»*
Development of the primitive adrenal cortex occurs
close to the gonads, and TART is considered to be
an aberrant adrenal tissue that has descended with
the testes.”

On the other hand, boys with AHC and coexisting
hypogonadotropic hypogonadism present a normal ap-
pearance of the testicles on ultrasound and also normal
rete testis but they have azoospermia. The mechanism
of azoospermia is gonadotropin-independent, since it
was found that gonadotropin therapy was unsuccess-
ful in induction of spermatogenesis. Perhaps NROB1
(DAX1) directly regulates spermatogenesis in males
and therefore they are resistant to gonadotropin
treatment.”® Further observations of patients with
the NROB1 (DAX1) mutation, from early childhood
through adolescence and into adulthood, can give us
new insights into fertility aspects of these individuals.
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CONCLUSIONS

The clinical signs and symptoms of AHC are similar
to those observed in patients with the salt-wasting
form of congenital adrenal hyperplasia caused by
21-hydroxylase deficiency. It is very important to
distinguish between these two disorders because they
have a very different clinical course and different
implications for genetic counseling. Molecular analy-
sis of the NROBI (DAXI) gene, in uncertain cases,
should be included as a routine diagnostic approach
to differentiate both these disorders.”

The unique clinical state of the most likely carrier,
the great-grandmother, suggests that she probably had
gonadal mosaicism and that she most likely transferred
the mutation to her three of six daughters (includ-
ing the boys’ grandmother). The latter may suggest
a 50% risk of transmission; however, the true mode
of inheritance is unknown. We can only hypothesize
that the great-grandmother had two types of germ
cells, normal as well as mutated.

In summary, we identified a novel NROB1 (DAX1)
mutation in a family with two patients with severe
AHC, while we also suggest that nonsense mutations
in the aminoterminal region of NROB1 (DAX1) may
impair protein function and may thus cause the clinical
presentation of AHC. The gonadal mosaicism in the
great-grandmother may lie behind the further carri-
ers and affected members in this family. Long-term
follow-up of affected males with AHC is necessary,
not only to ensure appropriate hormone replacement
therapy but also to monitor other coexisting endocrine
disturbances which may be observed, such as delayed/
precocious puberty and infertility.
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