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ABSTRACT

Background: Adrenal hypoplasia congenita (AHC) is a rare inherited disorder of adrenal development resulting in
hypoplasia of the adrenal gland and inability to produce glucocorticoids, mineralocorticoids and sex steroids. X-linked
AHC is the most common form and is caused by mutation of the DAX/ gene. Here, we report a case of a 4-year-old
Thai boy with X-linked AHC, the first case of genetically confirmed novel DAX/ mutation in Thailand.

Patient and Method: A 4-year-old Thai boy presented with fever and vomiting for 3 days. He was the 5" child of
unrelated parents. The past medical history was unremarkable except his skin had been progressively more pigmented
since early infancy. Physical examination revealed normal genital development and addisonian hyperpigmentation,
prominent at the skin crease, gums and knuckles. Laboratory investigations showed hyponatremia, hyperkalemia and
hypochloremia. Hormonal evaluation revealed low baseline cortisol level without rising after 250 ug ACTH
stimulation test. ACTH level and plasma renin activity were elevated. A diagnosis of X-linked AHC was established.
Glucocorticoid and mineralocorticoid replacement therapy were initiated. Molecular analysis by direct DNA
sequencing of the DAX/ gene was performed among patient and family members.

Result: Mutation analysis revealed a novel hemizygous GG deletion (c.1148 1149delGG) resulting in a premature
termination codon at position 387 (p.Gly383Aspfs*5). This frameshift mutation was predicted to encode a truncated
DAXTI protein missing a portion of ligand binding domain. Molecular analysis from other family members revealed that
the mutation was inherited from the carrier mother.

Conclusion: We report a case of classical X-linked AHC establishing a novel frameshift mutation in the DAX/ gene.
Genetic analysis is important not only to confirm diagnosis in the index case but also to detect the carrier status in his

mother, providing proper management and appropriate genetic counseling for this family.
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Introduction

Adrenal hypoplasia congenita (AHC) is a rare inherited
disorder of adrenal development resulting in hypoplasia of
the adrenal gland and inability to produce glucocorticoids,
mineralocorticoids and sex steroids."”” The most prevalent
form is an X-linked AHC (AHC; OMIM: 300200) caused
by mutation of the NROB/I (nuclear receptor subfamily 0,
group B, memberl) or DAX/ (dosage-sensitive sex
reversal-adrenal hypoplasia congenita critical region on the
X chromosome, gene 1; OMIM: 300473) gene. While AHC
has a prevalence of 1:12,500 live births, X-linked AHC
has an estimated prevalence between 1:140,000 and
1:1,200,000 children.” Most patients present skin
hyperpigmentation and salt losing crisis.

The DAXT gene is located at Xp21.3 and consists of
two exons.” This gene encodes a 470 amino acid DAX/
protein belonging to the orphan member of the nuclear
receptor superfamily.”’ DAXT is expressed in the adrenal
cortex, ventromedial nucleus of the hypothalamus,
gonadotropes of the anterior pituitary gland, Sertoli and
Leydig cells in the testis and theca and granulosa cells in the
ovary. DAXI nuclear receptor acts as a transcriptional
repressor of genes involved in normal gonadal and adrenal
development and regulates the hypothalamus-pituitary-
gonadal axis."" To date, more than 100 mutations in the
DAXI gene have been identified but no data was available
in Thailand.”’

Here, we report the clinical and molecular analysis of a
4-year-old Thai boy with classical X-linked AHC, which
identified a novel frameshift mutation in the DAX! gene.
Our patient was the first case of genetically confirmed
DAXI mutation in Thailand.

Patients and Methods
Patients

A 4-year-old Thai boy attending our hospital presented
fever and vomiting for three days. He was the fifth child of
nonconsanguineous parents and was born at term with
uneventful pregnancy and delivery. Birth weight was 3,200
gm. He has two older brothers (33 and 29 year) and two
older sisters (30 and 20 year). All are healthy. The past
medical history was unremarkable except his skin became

progressively more pigmented since early infancy.

No history existed of unexplained death of male infants or
children in the family. Physical examination revealed
normal vital signs, no dysmorphic feature with normal
genital development and addisonian hyperpigmentation,
prominent at the skin crease, gums and knuckles. Laboratory
investigations showed hyponatremia (Na 128.4 mmol/L),
hyperkalemia (K 5.2 mmol/L) and hypochloremia (CI 94.4
mmol/L). Hormonal evaluation revealed low baseline
cortisol level (0.89 wg/dL) without rising after 250 ug
ACTH stimulation test. ACTH level was very high (13,270
pg/mL, N 0-71) as well as plasma renin activity (470
ng/dl/hr, N 20-280). Aldosterone and 17-hydroxyprogesterone
levels were normal. The karyotype was 46, XY. Computerized
tomography (CT scan) showed normal size of both adrenal
glands. After diagnosis of X-linked AHC was established,
glucocorticoid and mineralocorticoid replacement therapy
were initiated,

Mutation analysis of the DAXT gene

After institutional review board approval, informed
consent was obtained from the patient and family members.
Genomic DNA was extracted from peripheral blood
lymphocytes using a commercial available kit according to
manufacturer protocols. Two coding exons and exon-intron
boundaries of the DAX! gene were amplified by polymerase
chain reaction using four pairs of primers as previously
described.” The PCR products were purified and directly
sequenced in both forward and reverse directions. The
reference sequences were NM_000475.4 for DAXI cDNA
and NP_000466.2 for DAX1 protein, respectively.

Results

Mutation analysis by direct DNA sequencing of all two
coding exons and exon-intron junction of the DAX/ gene
revealed a novel hemizygous GG deletion; c¢.1148 1149
delGG or p.Gly383Aspfs*5, which is located near the end
of exon 1 (Fig. 1). This frameshift mutation resulted in a
premature termination codon at the position 387 and was
predicted to encode a truncated DAX! protein missing
normal 87 amino acids of the C-terminal. Alternatively, this
mutation resulted in nonfunctional truncated DAX/ protein
missing a part of the ligand binding domain. Molecular

analysis of the DAX1 gene in other family members including
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the proband’s mother and one of the proband’s sisters was
also performed and revealed a heterozygous status for the
same mutation only in the maternal DNA. Thus, the
mutation identified in our patient was inherited from his

carrier mother.

TACCTCAAGG ACAGTGCTE T

(A) Hemizygous c. 1148 _1149delGG

CCTCAAGGOGOACCGTHETCT

rm J\H”M“

f\ | l|
{C) Mormal DN A sequence

Fig. 1 Electropherogram of the genomic DNA revealed a novel
hemizygous frameshift; c.1148 1149delGG, mutation in exon 1 of
the DAXT gene in a 4-year-old boy affected with X-linked AHC (4),
a heterozygous c.1148 1149delGG mutation in the carrier mother
(B) and a normal DNA sequence in the proband’s sister.

Discussion

X-linked AHC is a rare inherited disorder of the

adrenal gland."

Most patients present signs of primary
adrenal insufficiency including hypoglycemia and skin
hyperpigmentation and salt-losing crisis (hyponatremia,
hyperkalemia and metabolic acidosis), in early infancy
or childhood.” However, these symptoms might first present
in adulthood.” Additional features include delayed puberty
and infertility resulting from hypogonadotropic hypogonadism,
a defect in spermatogenesis and progressive loss of testicular
function.“"" The diagnosis of X-linked AHC is based on
clinical findings and hormonal studies and these must be
distinguished from other more common causes of primary
adrenal insufficiency especially 21-OHD congenital adrenal
hyperplasia. The serum 17-OHP and androgen profiles,
high in 21-OHD but low in X-linked AHC, are the key to
differential diagnosis for these two conditions. However,
the definite diagnosis is genetic analysis for DAX{ mutation.
Glucocorticoid and mineralocorticoid replacement therapy is
the cornerstone for treatment. In this study, our patient
presented adrenal crisis during illness in early childhood. He
had skin hyperpigmentation, hyponatremia and hyperkalemia.
His serum ACTH was very high but serum cortisol and
17-OHP levels were not elevated after the ACTH
stimulation test. All of these were suggestive of X-linked
AHC. After intravenous high dose hydrocortisone and 9-alpha

fludrocortisone was given, his clinical signs improved and he
was finally discharged home with long term glucocorticoid
and mineralocorticoid replacement.

Our patient was too young for evaluated hypogonadotropic
hypogonadism. However, he should be followed up until
adolescence and testosterone replacement might be neces-
sary to initiate pubertal development.

DAXI] mutation is a relatively frequent (more than
50%) cause of adrenal insufficiency among boys with
primary adrenal hypoplasia and almost all cases among
boys who have a family history compatible with an X-linked
inheritance pattern.”'” To date, more than 100 different
DAXI] mutations have been identified including large
gene deletions, missense, nonsense and frameshift
mutations. ™" Most of the mutations are either
nonsense or frameshift mutations causing premature
truncation of DAX/ protein. These truncated mutations are
located throughout the DAX/ gene; whereas, most of the
missense mutations are clustered in highly conserved
amino acids in the ligand-like binding domain.”> """ As
in our patient, mutation analysis identified a novel hemizygous
frameshift mutation; ¢.1148 1149delGG or p.Gly383Aspfs*5,
in exon 1 of the DAX/ gene. This mutation is predicted to
result in a premature termination at the codon 387 causing a
truncation of the carboxyl terminus or missing a portion of
the ligand binding domain, which plays an important role in
functional DAXY protein. To our knowledge, our patient was
the first case of genetically confirmed DAX] mutation in
Thailand.

Once our index case has been identified, familial
investigation must be required due to possible X-linked
transmission. Unfortunately, we received the blood samples
only from the proband’s mother and one of the proband’s
sister. Molecular analysis of the DAXT gene was performed
revealing a heterozygous status for the same mutation only
in the maternal DNA, indicating that our proband’s mutation
was inherited from his carrier mother. Genetic analysis of
DAXI is important not only to confirm diagnosis in the
proband, but also to detect the carrier status in other family
members, providing proper management and appropriate
genetic counseling to the family members. Moreover, this
genetic information is also helpful for prenatal diagnosis or
pre-implantation genetic diagnosis for family members in
the future.
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Conclusion

In conclusion, we reported a 4-year-old boy presenting
classical X-linked adrenal hypoplasia congenita (AHC).
Mutation analysis revealed a novel frameshift mutation of
the DAXI gene, which was inherited from a heterozygous
mother. In addition to establishing the correct diagnosis,
molecular analysis of the DAX/ gene was also helpful in
carrier detection leading to appropriate genetic counseling

and proper management for this family.

References

1. Miller WL, Achermann JC, Fluck CE. The adrenal
cortex and its disorders. In: Sperling MA ed. Pediatric
endocrinology. Philadelphia: Saunders: 2008. 444-511.

2. Lin L, Gu WX, Ozisik G, To WS, Owen CJ, Jameson
JL, et al. Analysis of DAX1 (NROB1) and steroidogenic
factor-1 (NR5A1) in children and adults with primary
adrenal failure: ten years’ experience. J Clin Endocrinol
Metab 2006; 91: 3048-54.

3. Zanaria E, Muscatelli F, Bardoni B, Strom TM, Guioli
S, Guo W, et al. An unusual member of the nuclear
hormone receptor superfamily responsible for X-linked
adrenal hypoplasia congenita. Nature 1994; 372:
635-41.

4. Guo W, Burris TP, McCabe ER. Expression of DAX-1,
the gene responsible for X-linked adrenal hypoplasia
congenita and hypogonadotropic hypogonadism, in the
hypothalamic pituitary-adrenal/gonadal axis. Biochem
Mol Med 1995; 56: 8-13.

5. LiN, Liu R, Zhang H, Yang J, Sun S, Zhang M, et al.
Seven novel DAX]1 mutations with loss of function
identified in Chinese patients with congenital adrenal
hypoplasia. J Clin Endocrinol Metab 2010; 95:
E104-11.

6. Bassett JH, O'Halloran DJ, Williams GR, Beardwell
CG, Shalet SM, Thakker RV. Novel DAX1 mutations
in X-linked adrenal hypoplasia congenita and hypogo-
nadotrophic hypogonadism. Clin Endocrinol (Oxf)
1999; 50: 69-75.

7. Calliari LE, Longui CA, Rocha MN, Faria CD, Kochi
C, Melo MR, et al. A novel mutation in DAX]1 gene
causing different phenotypes in three siblings with adrenal

12,

16.

hypoplasia congenita. Genet Mol Res 2007; 6: 277-83.
Yang F, Hanaki K, Kinoshita T, Kawashima Y, Nagaishi
J, Kanzaki S. Late-onset adrenal hypoplasia congenita
caused by a novel mutation of the DAX-1 gene. Eur J
Pediatr 2009; 168: 329-31.

Jadhav U, Harris RM, Jameson JL. Hypogonadotropic
hypogonadism in subjects with DAX1 mutations. Mol
Cell Endocrinol 2011; 346: 65-73.

. Yu RN, Ito M, Saunders TL, Camper SA, Jameson JL.

Role of Ahch in gonadal development and gametogenesis.
Nat Genet 1998; 20: 353-7.

. Galeotti C, Lahlou Z, Goullon D, Sarda-Thibault H,

Cahen-Varsaux J, Bignon-Topalovic J, et al. Longitudinal
cvaluation of the hypothalamic-pituitary-testicular
function in & boys with adrenal hypoplasia congenita
(AHC) due to NROB1 mutations. PLoS One 2012; 7:
¢39828.

Guoying C, Zhiya D, Wei W, Na L, Xiaoying L, Yuan X,
et al. The analysis of clinical manifestations and
genetic mutations in Chinese boys with primary adrenal
insufficiency. J Pediatr Endocrinol Metab 2012; 25:
295-300.

. Phelan JK, McCabe ER. Mutations in NROB1 (DAX1)

and NR5A1 (SF1) responsible for adrenal hypoplasia
congenita. Hum Mutat 2001; 18: 472-87.

. Krone N, Riepe FG, Dorr HG, Morlot M, Rudorff KH,

Drop SL, et al. Thirteen novel mutations in the NROBI
(DAX1) gene as cause of adrenal hypoplasia congenita.
Hum Mutat 2005; 25: 502-3.

. Zhang YH, Huang BL, Anyane-Yeboa K, Carvalho JA,

Clemons RD, Cole T, et al. Nine novel mutations in
NROBI1 (DAX1) causing adrenal hypoplasia congenita.
Hum Mutat 2001; 18: 547,

Nakae J, Abe S, Tajima T, Shinohara N, Murashita M,
Igarashi Y, et al. Three novel mutations and a de novo
deletion mutation of the DAX-1 gene in patients with
X-linked adrenal hypoplasia congenita. J Clin Endocrinol
Metab 1997; 82: 3835-41.

. Landau Z, Hanukoglu A, Sack I, Goldstein N, Weintrob

N, Eliakim A, et al. Clinical and genetic heterogeneity of
congenital adrenal hypoplasia due to NROBI gene
mutations. Clin Endocrinol (Oxf) 2010; 72: 448-54.



