
Table 2. Microsatellite analysis showing allelic combination of the 
family members

Microsatellite II:2 II:3 I:1 I:2

D14S1060 201-203 201-203 201-209 203-205

D14S1049 273-275 273-275 269-273 275-275

D11S915 271-273 271-273 274-273 267-271

D11S4114 241-241 241-241 241-247 241-243

D11S1303 304-312 304-312 312-312 304-312

D7S3036 218-220 218-220 212-220 218-218

GTNOS 154-170 154-170 170-180 154-154

D15S974 119-123 119-123 123-137 119-135

D15S993 181-181 181-181 181-183 181-183

D1S256E 185-185 185-185 185-185 183-185

D3S1478 140-152 140-152 128-152 140-154

Microsatellite analysis showing allelic combination of the mother 
(II:2), the aunt (II:3), the grandfather (I:1) and the grandmother 
(I:2) of the affected index case, in order to verify the monozygotic/
dizygotic status of the two twin sisters and biological paternity. 
For each microsatellite the number of repeats is reported. The 
identity of microsatellite pattern between II:2 and II:3 permits 
to assess that the two sisters are monozygotic twins; furthermore, 
allelic combination between I:1 and II:2/II:3 gives evidence of 
biological paternity (more than 99% of probability).
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vomiting, abdominalgia, melanodermia, hyponatremia 
and asthenia typical of adrenal insufficiency at the 
age of 4 years and 4 months. No other clinical signs 
were present, his physical examination as well as his 
auxological parameters being within the normal range. 
As expected, his pubertal development was appropri-
ate for his age and no cryptorchidism was observed.

In 1994, Muscatelli et al demonstrated that mu-
tations in the DAX1 gene give rise to X-linked con-
genital adrenal hypoplasia with hypogonadotropic 
hypogonadism. Usually, adrenal hypoplasia presents 
as adrenal insufficiency during infancy, whereas 
hypogonadotropic hypogonadism becomes evident 
in affected males who survive into childhood and 
approach puberty. The etiology of HHG involves a 
combined and variable deficiency of hypothalamic 
GnRH secretion and/or pituitary responsiveness to 
GnRH resulting in low LH, FSH and testosterone.9 
Animal models also indicate that DAX1 protein plays 
an important role in the development and function 
of the testis, and it has been demonstrated that in-
creased DAX1 leads to dosage-sensitive sex reversal 

and a female phenotype or ambiguous genitalia in 
XY-genotypic males.15

The DAX1 protein, an orphan member of the 
nuclear receptor superfamily (NRSF) encoded by 
the NR0B1 gene, has the structural and functional 
characteristics of a transcriptional repressor7 through 
the LBD silencing C-terminal domain. All NR0B1 
gene mutations found in CAH patients alter the 
C-terminus of the protein (49% of mutations are 
frameshift), causing the loss of DAX1 repression 
function. Based on these indications, the biological 
consequence of NR0B1 loss-of-function mutations 
is the overexpression of a gene, or genes, that would 
normally be down-regulated, leading to the failure 
of adrenal development and, finally, CAH associated 
with HHG.16 Moreover, in mice lack of Ahch, the 
homolog of NR0B1,17 causes progressive degeneration 
of the testicular germinal epithelium independent 
of abnormalities in gonadotropin and testosterone 
production and results in male sterility.

The age of presentation of CAH is typically bimod-
al, with the majority of patients presenting symptoms 
of adrenal insufficiency within the first two months 
of life, while in the remaining patients symptoms 
manifest insidiously later in childhood. This sug-
gests a phenotypic heterogeneity but does not imply 
a correlation between genetic alteration and age of 
onset and/or severity of this condition.18 Unilateral 
or bilateral cryptorchidism may occur, likely because 
of low gonadotropin production in utero.6,19

The p.(Leu129Cysfs*135) protein change we found 
was described previously in a CAH affected child 
associated with HHG by Muscatelli et al,6 though in 
the latter case the stop codon was caused by a non-
sense mutation (c.788T>A), while in our patient a 
nucleotide deletion was present. Furthermore, the 
familial case with CAH described by Muscatelli et al 
was diagnosed at 8 days of life and the HHG diagno-
sis was made when the patient was around 14 years. 
They reported that all CAH patients over 14 years 
and with point mutations in the NR0B1 gene were 
also diagnosed with HHG, confirming that this gene 
was responsible for both X-linked CAH and HHG, 
thereby providing evidence that this gene is essential 
for the development of a functioning hypothalamus-
pituitary-gonadal axis.


