
The human NR5A1 gene encodes the
steroidogenic factor-1 (SF-1), which is a nuclear
transcriptional factor involved in the regulation of
genes whose expression is important mainly in the
adrenal and gonadal development (Hoivik et al.
2009). Mutations in the NR5A1 gene have been re-
ported in association with 46,XY disorders of sex
development (DSD), with or without adrenal fail-
ure, severe penoscrotal hypospadias in 46,XY
males, and primary ovarian insufficiency in
46,XX females (Lin and Achermann 2008;
Lourenço et al. 2009; Köhler et al. 2009; Tajima
et al. 2009). Recently, Lourenço et al. (2009) de-
scribed novel NR5A1 mutations associated to
46,XY DSD and ovarian insufficiency. All of
them were heterozygous, except the one identified
in 2 Brazilian sibs who were homozygous for a
p.D293N mutation: one with 46,XY DSD and the
other with 46,XX primary ovarian insufficiency
(Table 1). Here we report data regarding diagnosis
and molecular characterization of their female
second-degree cousin. The girl was referred to us

at the age of 15 years because of primary
amenorrhea and pubertal delay. After physical ex-
amination and laboratory investigation (Table 1),
she was diagnosed with 46,XY complete gonadal
dysgenesis. Using the MLPA technique
(MRC-Holland, SALSA MLPA kit P185
Intersex), we searched for deletions or duplica-
tions of genes such as NR0B1 (DAX1) on Xp21.2,
SOX9 on 17q24.3 SRY on Yp11.3, WNT4 on
1p36.12 and NR5A1 on 9q33, that are considered
important in sex development. SRY gene muta-
tions and Y-chromosome microdeletions have
been investigated by sequencing and multi-
plex-PCR, respectively. Altogether those analyses
indicated no abnormality. When a familial rela-
tionship with the Brazilian patients described by
Lourenço et al. (2009) was revealed, NR5A1 gene
sequencing was performed. The result demon-
strated that this patient was homozygous for
p.D293N as well. To our knowledge, there is only
one case of homozygosis for NR5A1 mutations re-
ported in a patient with 46,XY complete gonadal
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dysgenesis and primary adrenal failure, who was
demonstrated to carry the p.R92Q mutation
(Achermann et al. 2002). The 3 different pheno-
types associated with the p.D293N homozygous
mutation in this family did not include primary ad-
renal failure. SF-1 binds to promoters of target
genes as a monomer, and its structure includes a
DNA-binding domain, a flexible hinge region, and
a ligand-binding domain (Hoivik et al. 2009). The
great majority of NR5A1 mutations described to
date affect DNA-binding activity (Lin and
Achermann 2008), but differences in phenotypes
can be observed depending on the domain of the
protein they occur. Therefore, the adrenal failure
reported for p.R92Q, but not for p.D293N homo-
zygous patients, might be explained by the fact
that p.R92Q is located within the A-box of SF-1
DNA binding domain, whereas p.D293N is lo-
cated in the H4 helix of the ligand-binding do-
main. The domain can potentially recruit small
phospholipids (which would modulate SF-1 func-
tion) and may form an important interface with up-
stream signaling pathways (Lin and Achermann
2008). SF-1 carrying the p.D293N mutation partly
activates both CYP11A1 and CYP19A1 promoters
(Lourenço et al. 2009). However, it may have a
more severe effect by interfering with the
ligand-mediated SF-1 activation. Although the ex-
act biological role of ligand-binding domain is un-
known (Lin and Achermann 2008), homozygosity
for p.D293N causing either 46,XY complete go-
nadal dysgenesis or 46,XY DSD may indicate a
crucial role for this domain in modulating male
sex differentiation. Moreover, the present case il-
lustrates the importance of different genetic back-

ground, besides gene dosage, for the correlation of
NR5A1 mutations with different clinical pheno-
types.
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Table 1. Phenotypes and gonadal and hormonal data of homozygous patients with the p.D293N mutation in the

NR5A1 gene

Variable Our patient Cousins described by Lourenço et al. 2009

Sex of rearing female female female

Karyotype 46,XY 46,XY 46,XX

Age at presentation 15 yr 18 yr 19 yr

Diagnosis 46,XY complete gonadal
dysgenesis

46,XY disorder of sex de-
velopment

primary ovarian insufficiency

Phenotype primary amenorrhea, absence
of secondary sex characteris-
tics, small uterus

primary amenorrhea and
signs of virilization

primary amenorrhea with fe-
male-type adult pubic hair and
breasts, small uterus

External genitalia female phallus length 7.5 cm, sin-
gle perineal opening; fused
labioscrotal folds

female

Gonadal position pelvic inguinal pelvic

Gonadal histologic analysis dysgenetic gonads fibrous tissue, germ-cell
aplasia, Leydig-cell hyper-
plasia

dysgenetic gonads

LH (U/l)Normal range 16.312.4–13.0 18.02.4–13.0 18.02.1–14.9

FSH (U/l)Normal range 46.9ND–13.5 36.3ND–13.5 51.12.0–15.0

Testosterone (ng mL–1)Normal range no data? 0.422.70–9.00 no data?

Estradiol (pg mL–1)Normal range no data? no data? 1217–290

FSH = follicle-stimulating hormone; LH = luteinizing hormone; ND = not detectable. For kindred details, see Lourenço et al. 2009


