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CLINICAL AND MOLECULAR CHARACTERISTICS OF PATIENTS WITH 46,XY DSD

DUETO NR5A1 GENE MUTATIONS
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Steroidogenic factor 1 (SF1, NR5A1) is a nuclear receptor that regulates multiple genes involved in adrenal and gonadal
development, steroidogenesis, and the reproductive axis. Human mutations in SF1 were initially found in patients with se-
vere gonadal dysgenesis and primary adrenal failure. However, more recent case reports have suggested that heterozygous
mutations in SF1 may also be found in patients with 46,XY partial gonadal dysgenesis and underandrogenization but normal
adrenal function. We have analyzed the gene encoding SF1 (NR5A1) in a cohort of 310 Russian patients with 46,XY disorders
of sex development (DSD). Heterozygous SF1 variants were found in 36 out of 310 (11.6%) of cases, among them 22 were not
previously described. We have not found any phenotype-genotype correlations and any clinical and laboratory markers that
would allow to suspect this type of before conducting molecular genetic analysis.
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KNWHUYECKUE N MONIEKYNTAPHO-TEHETUYECKUE XAPAKTEPUCTUKA
NAUMEHTOB C HAPYLUEHUEM ®OOPMUPOBAHUA MNMOJIA 46,XY, OBYCNIOBJIEHHbIM
MYTALUMUAMUN B TEHE NR5A1
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OpdaHHbIN AafepHbIN peuenTop — cTepongoreHHblln daktop 1, Kogupyembli reHom NR5AT, ABRAETCA OOHMM U3 KITHOYEBbIX
perynsTopoB cTepongoreHesa, GpopMUPOBaAHNA CTEPOULHBIX TKAHEN 1 UX PErYNAUUN rMnoTanamo-rmnodusapHom ocbio.
M3HauvanbHO cumtanocb, 4To myTaumm B reHe NR5AT xapakTepu3yloTca COYeTaHHOM HAaANOUYeYHUKOBOMW N FOHAaJHOWN Hefo-
CTaTOYHOCTbIO, HO AaHHbIV GpeHOTVM OKa3zanca pekum npossneHviem fedekta NR5A1. B To e Bpems HapyLleHnsA GyHKLMM
NR5A1 — opHa 13 YacTbiX NPUYUH N30SIMPOBAHHBIX GopM HapyLleHnsa dopmupoBaHus nona (HOMM) 46,XY. Mbl npoaHanu-
31MpPOBaNM PacnpPoCTPaHeHHOCTb MyTauui B reHe NR5AT cpepm 310 poccunckux nauneHTtos ¢ HOMM 46,XY v BbiaBUAM n3Me-
HeHuA B 3TOM reHe B 36 cniyyaes (11,6%). Cpean obHapy»KeHHbIX MyTauuid 22 paHee onrcaHbl He 6bian. Hamn He ycTaHOB-
NEHO Hanuure GeHOTUN-TEHOTUMNNYECKON Koppenaunmn faxe B npefenax ogHon cembu. MNpoeeaeHHas paboTa He BbiABUIA
KaK/X-1Mb0o KNMHNYECKMX M TOPMOHAJbHbIX MaPKEPOB, KOTOPbIe MO3BONMAN Obl 3aM0A03PUTb JAaHHbIN HO30JI0MMYECKUI Ba-
puaHT HOM 46,XY o npoBeaeHns MONIEKYNAPHO-FeHETUYECKOro aHanu3a. [na 6onee 06beKTUBHbIX BbIBOJOB HEOOXOAMMO
NPOJOSIXKNTb HabNOAEHVE 33 JAHHOW rPyNMol NALMEHTOB, 0COOEHHO NPU AOCTVXKEHUN UMK Nepuoda nybepTaTa.

KJTKOYEBbIE CJTIOBA: HapyweHue hopmMupo8arus nosd, 2unocnadus, cmepoudozeHHsll pakmop, NR5A T, duceeHe3us 20HAo.

RELEVANCE

Disorder of sex development (DSD) is a condition caused
by a clinical and biochemical manifestation of discordance
between the chromosome, the gonad and/or the phenotyp-
ic sex [1]. Classical 46,XY DSD variants occur with approxi-
mately 1/20,000 frequency; however, if proximal forms of hy-
pospadias and bilateral cryptorchidism were to be included
into DSD variants, the frequency of this pathology would
rise to 1/300-500 babies [2]. Given the clinical importance
of a correct diagnosis and the psychological aspects relat-
ed to the determination of the child’s sex, molecular genetic
methods are usually the preferred method of establishing
the condition’s aetiology, as they are considered the most
precise and decisive in the treatment of patients with 46,XY
DSD. However, although over 400 genes somehow involved
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in the sex differentiation process have been described,
the percentage of 46,XY DSD cases in which the condition’s
genetic cause has been established amounts to 50%-60%
only.

NR5AT gene that codes NR5AT1 protein is one of the key
genes involved in sex development.

NR5A1 (Steroidogenic factor 1, SF1) is a regulatory pro-
tein and an orphan nuclear receptor [3].

Since the discovery of NR5A1 in 1992, its biological
significance has remained somewhat obscure. Originally,
the NR5A1 function was identified as regulation of steroi-
dogenesis enzymes expression in steroidogenic tissues.
However, it was subsequently found that this protein is in-
strumental for adrenal gland and gonad differentiation, as
well as genesis of ventromedial hypothalamus nucleus and
hypophysis gonadotrophs [4].
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The first clinical cases associated with NR5AT gene mu-
tations were described in the studies of patients with 46,XY
DSD and primary chronic adrenal insufficiency (PCAI) [5];
however, it was found that adrenal insufficiency cases were
rare, and most of such patients had isolated disorders of go-
nad genesis and function while having no adrenal insuffi-
ciency [6].

As clinical cases amassed and genetic studies became
more accessible, several international researchers proved
that heterozygous mutations in NR5AT accounted for
10%-20% of all forms of 46,XY DSD without PCAI, i.e., they
are the second leading cause of 46,XY DSD, whereas variants
in the androgenic receptor gene are the top one [6, 7, 8].

Phenotypical manifestations of 46,XY DSD in patients
with NR5A1 defects show a significant variety, from almost
female external genitalia showing slight clitoromegaly and
absence of palpable gonads to scrotal hypospadias and
cryptorchidism. Miillerian duct derivatives as gonad dysgen-
esis markers may be identified at different stages of devel-
opment, but they are not obligatory. Moreover, even though
this disease is classified within the category of gonad dys-
genesis, some patients registered as male show a spontane-
ous masculinisation at puberty [9, 10, 11], and that masculin-
isation does not always correlate with the extent of atypical
genitalia at birth.

All of the above emphasises the complexity of diagnos-
ing and treating patients with this 46,XY DSD variant.

CASE

In this study, we summarised clinical and laboratory
characteristics of 36 Russian patients with 46,XY DSD and
evidence of mutations of NR5AT gene.

Informed consent was obtained from all examined pa-
tients; for those under 15, informed consent forms were
signed by their legal representatives as per the research
protocol.

MATERIALS AND METHODS

This study examined DSD patients with 46,XY karyotype.
DSD was defined as discordance between the chromosome
and the phenotypic sex. The Prader scale was used for eval-
uation of external genitalia dysmorphology. Patients having
46,XY DSD and syndromic pathology were excluded from
this study.

A comprehensive examination was conducted, includ-
ing: Prader scale-based evaluation of external genitalia
morphology; ultrasonic examination (US) of pelvis, inguinal
canal and scrotum; examination of hormonal status: lute-
inising hormone (LH), follicle-stimulating hormone (FSH),
testosterone and estradiol (E2). In some of the patients,
the level of anti-Mullerian hormone (AMH) was examined
and chorionic gonadotropin tests were performed.

Molecular genetic analyses were performed in the lab-
oratory of Hereditary Endocrinopathy Department, Russian
National Medical Research Centre for Endocrinology.
The gDNA was isolated from peripheral white blood cells
through a standard method (Pure Link, Genomic DNA
Mini Kit, Life Technologies, USA). NGS method was used.
A primer panel developed in Hereditary Endocrinopathy
Department, Russian National Medical Research Centre
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for Endocrinology was used in multiplex PCR tests and lon
Ampliseq™ Custom DNA Panel (Life Technologies, USA) se-
quencing. The Disorder of Sex Development primer panel
covers the following genes’ coding areas: AKR1C2, AKR1C4,
AMH, AMHR2, AR, ARX, ATRX, CBX2, CYB5A, CYP11A1, CYP17A1,
DHCR7, DHH, EMX2, ESR2, FGD1, FGF9, FGFR2, FKBP4, FOXF2,
FOXL2, HOXA13, HSD17B3, HSD3B2, ICK, LHCGR, LHX1, LHX9,
MAMLD1, MAP3K1, MID1, NROB1, NR5A1, POR, PTGDS, SOX9,
SRD5A2, SRY, STAR, SUPT3H, TSPYL1, WNT4, WT1, ZFPM2.
Preparation of libraries was carried out as per the manufac-
turer guidelines. The sequencing was performed with PGM (lon
Torrent, Thermo Scientific, USA) or lllumina MiSeq (lllumina,
USA) semiconductor sequencer. The processing of the se-
quencing results was carried out with Torrent Suite 4.2.1 (lon
Torrent, Life Technologies, USA) or Genome Analysis ToolKit
(GATK) ver. 4.1.2.0 (Broad Institute, Cambridge, MA, USA) soft-
ware. Annotation of nucleotide sequence variants was per-
formed with ANNOVAR ver. 2018Apr16 software package.
Following the analysis of data, obtained mutations were con-
firmed using Genetic Analyzer Model 3130 (Life Technologies,
USA) sequencer. Assessment of nucleotide sequence variants’
pathogenicity was carried out as per international and Russian
guidelines [12, 13]. The NR5AT coding sequence numbering
is based on GenBank reference DNA sequence NM_004959.3
(http://www.ncbi.nlm.nih.gov/genbank).

FINDINGS

The study included 310 patients with 46,XY DSD exam-
ined in 2015-2019. Molecular genetic tests identified hete-
rozygous nucleotide variants in NR5AT in 36 patients, which
is 11.6% of the total number of 46,XY DSD patients. Among
these 36 patients, there were two families with two sibs hav-
ing 46,XY DSD. None of the 46,XY DSD patients had any bial-
lelic mutations in the NR5AT gene.

Out of these 36 patients, 19 were registered as females
and 17 as males at birth. Out of those registered as females,
four had female external genitalia, and no doubts had ex-
isted as to their sex determination. A further seven had
moderate clitoromegaly (length up to 1.5 cm) and unex-
pressed labia majora folds with palpable gonads on one or
both sides (Prader 2 masculinisation). A further seven had
more expressed clitoromegaly (length up to 2.5 cm), glans
formation, narrow vagina entrance, and scrotum-looking
labia majora with palpable gonads on one or both sides
(Prader 3). A similar morphology of external genitalia was
found in ten patients registered as males at birth. Six boys
had scrotal hypospadias and a narrow opening at the base
of penis (Prader 4). Prader 4 was also found in one child reg-
istered as female.

Two out of four female patients who had normal fe-
male external genitalia at birth were examined at the age
of 2 and 4 in connection with inguinal hernia which were
found to contain gonads. The other two first sought care
at the age of 12 and 14 in connection with enlarged clito-
ris, low voice, development of male body hair and absence
of breast development.

As the above data show, most of the patients had ambig-
uous external genitalia classified as “undetermined” (Prader
3). Interestingly, patients in this group had equally ambig-
uous external genitalia, yet their distribution by sex was al-
most even: eight females and ten males. In those registered
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Table 1: Prader scale classification of external genitalia morphology
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Morphology of external genitalia

Sex registered

at birth Female/ Prader 1 Prader 2 Prader 3 Prader 4
Female 4 7 1
Male 0 11 6

as females at birth, external genitalia irregularities observed
included clitoromegaly (quite often with glans formation),
a moderately developed cavernous body, a single urogenital
sinus, and a high posterior labial commissure; quite often,
palpable gonads were found in their scrotum-looking labia
majora. In those registered as males, the phenotype was
classified as perineal hypospadias, penis underdevelop-
ment, and unilateral or bilateral cryptorchidism.

Out of those registered as males, five patients had
reached puberty age at the time they were observed
(age 13-18, Tanner stages 3-5). In all of them, spontaneous
regular puberty and adequate development of secondary
sex characteristics were observed (earlier, we described
a case of familial NR5A1 deficiency with spontaneous pu-
berty [11]). Hormonal tests found the levels of FSH at 8.0-
14 u/l (median: 9.1; normal 0.7-11.1); LH at 5.32-8.1 u/I
(median: 5.5; normal 1.3-9.6); testosterone varied between
11 nmol/L and 26.6 nmol/L and its level was inversely cor-
related with the patients’ age. Table 2 presents the patients’
clinical and hormonal characteristics.

32 children were examined before the age of 1 due
to ambiguity of external genitalia. Out of that number,
hormonal tests were performed in 12 children under
12 months; in eight of them, higher FSH was found: 5-14 u/I
(median: 7.2; normal for children under 1: <3.3 u/l). However,
their AMH was at or under 18 ng/ml, whereas the remaining
four children had normal FSH levels but much higher AMH
(40-60 ng/ml), which indicates different degrees of Sertoli
cell dysfunction [14]. Out of the 19 patients registered as
females, notwithstanding low AMH levels typical for that
cohort, Miillerian duct derivatives (MDD) were found in four
patients only. Among the patients registered as males,
in three of them US detected an additional cord-type mass
behind the urinary bladder. However, it is important to keep
in mind that US of pelvis is not always conducted in patients
registered as males, and quite low US sensitivity may not be
sufficient to detect underdeveloped MDD.

In all 12 children who were examined in their first year,
LH was found to be within the normal range (0.2-0.4 u/l),
which indirectly indicates postnatal preservation of steroi-
dogenesis in testes. Chorionic gonadotropin tests were per-
formed in eight children under 1. Testosterone increase was
between 4.6 nmol/L and 33 nmol/L, which also indicates
a relative preservation of Leydig cells function (Table 2).

12 patients registered as females had gonads removed
at varying ages. For five of these patients, findings of his-
topathological examinations of the removed gonads were
available. In all of them, weak development of interstitial
cells, patchy fibrous degeneration, Leydig cell agglutination,
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and various amounts of Sertoli cells were observed. Neither
ovotesticular nor streak gonads were described in any
of these cases.

The sex of one patient originally registered as female was
changed to male. At birth, the child’s external genitalia were
closer to male (Prader 4) and testes were located in the low-
er third of the inguinal canal. On examination at the age
of 6 weeks, normal levels of gonadotropins were detected;
testosterone increase in a chorionic gonadotropin test was
15 nmol/L, suggesting preservation of gonad steroidogen-
esis. Given these findings and the parents’ consent, sex
change was advised.

Characteristics of NR5A1 gene mutations

In 36 patients, 31 variants in NR5A1 gene were found, in-
cluding 15 not previously described.

The p.R313C mutation has been previously described;
it was found in three non-related patients whose pheno-
types varied substantially, from moderate clitoromegaly
to a well-developed scrotum and scrotal hypospadias. One
patient who was registered as female was first examined
at the age of 12 due to progressing masculinisation. Two
other patients with this mutation had Prader 3-4 and were
registered as males. At the time of this study, they hadn't
reached their puberty and the preservation of their testes’
function could not be assessed. In one patient, a mutation
in the same triplet was found (p.R313H); this mutation has
been described already. The patient had atypical genita-
lia at birth (Prader 3) at birth, had a spontaneous puberty
with adequate masculinisation and penis growth; the pa-
tient’s gonadotropin level at the age of 15 was slightly over
the upper limit of the normal range, and testosterone lev-
el was normal for the age, whereas the testes’ volume was
at the lower limit of normal for the age (12-12 ml).

A substantial phenotypical variability was also ob-
served in three patients who had the p.R84H mutation (has
been described earlier): two such patients who were reg-
istered as females had atypical genitalia at birth (Prader 3)
with gonads palpable in the inguinal canals, and one pa-
tient who was registered as male had Prader 4 without
cryptorchidism. Two sibs registered as males had different
severity of external genitalia ambiguity; they had the same
p.H317QfsX17 mutation (already described). In both
of them, spontaneous puberty was observed. However,
at the age 16 and 18, both of them had gonadotropin
levels slightly over the upper limit of the normal range (just
as in the case described above), while their testosterone
levels were low to normal and testes’ size at the lower limit
of normal (Table 2).

Problems of Endocrinology. 2020;66(3):62-69



CASE REPORT

Mpo6nembl sHAOKpUHONorun / Problems of Endocrinology | 65

Table 2: The patients’ phenotypical, hormonal and molecular genetic characteristics
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1 F 4m 3 10.6/2.2 1.3/759 12 cdel1273_1278
2 F 1MTm 3 no none 14/ 10.6 13.7 c.1152_1153ins P (PP4, PM2, PVST)
3 F 12m 3 vestiges LG:PE;RIT 6.72/0.21 0.36 17.6 c671C>T:p.P224L  PrP (PS4, PM2, PP2, PP4)
4 F 4y F yes ¢.104G>A:p.G35D
5 F 13y 2 vestiges c.1025C>T:p.S342L  PrP (PS4, PM2, PP2, PP4)
6 F 13y 2 LM ¢.1003A>C:p.T335P PrP (PS4, PM2, PP2, PP4)
7 F 3m 2 no IT 3.93/1.22 1.3/133 41 848G>T:p.C283F P (PS4, PM2, PM5, PP2, PP4)
8 F 16y 2 no IT 34/27.7 157 €.937C>T:p.R313C
9 F 16m 3 no LM 0.87/0.2 0.1 20 c1033C>A
10 F 10m 2 no IT 3.6/1.5 0.22/24 40 ¢70C>G:p.H24D
11 F 17m 3 no RIT; LG:scrotum 10.5/2.16 0.5/4.51 c.37T>Cp.C13R
12 F 15y F RIT, LIT 85/43 9.5 ¢.72C>G:p.H24Q P (PS4, PM2, PM5, PP2, PP4)
13 F 5y 3 no T ¢.251G>A p.R84H
14 F 4m F yes LM 7.0/0.5 3.17/4.89 c102+1G>T
15 F 10y 2 no IT 5.54/03 /745 8.45 ¢.106T>C:p.F36L PrP (PS4, PM2, PP2, PP4)
16 F nfa F €.245-1G>T
17 F nfa 3 c.848G>A:p.C283Y P (PS4, PM2, PM5, PP2, PP4)
18 F 10y 2 no 10.3/3.2 10 ¢.732_733ins P (PP4, PM2, PVS1)
19 F>M 6w 4 IT 7.2/4.2 3.1/10 18 c11391G>T
20M 2m 4 5.03/1.69 4.0/7.8 C244G>Ap.EB1K P (PS4, PM2, PM5, PP2, PP4)
21 M 4w 3 no scrotum 186/1.0 0.8 18.5 c.721C>T:p R241W  PrP (PS4, PM2, PP2, PP4)
22 M 4y 4 1.64/0.1  0.09 c.C75A:p.Y25X P (PP4,PM2, PVS1)
23 M 5m 4 RIT; LG:scrotum 5.0/2.2 5.6/33 44  c937C>T:p.R313C
24 M 4w 3 IT 43 c937C>T:p.R313C
25 M 13y 3 no RIT; LG:scrotum 14.4/5.32 15.9 cT377A:p.M126K P (PS4, PM2, PM5, PP2, PP4)
26 M 4m 4 scrotum 7.2/4.2 263 c.C86T:p.T29M
27 M 10y 3 no IT 1.7/0.2 0.26 31 ¢591C>Ap.Y197X P (PP4,PM2,PVS1)
28 M 14m 3 no IT 2.4/0.48 0.5/14 ¢.C909G:p.S303R
29 M 15y 3 no LIT; RG:scrotum 9.1/8.1 26.2 42 c.G938A:p.R313H
30 M 18y 3 no IT 8/5.5 18.3 0.6 ¢251G>A:p.R84H
31 M 12m 3 no 1.1/0.2 0.2 €.1289G>A:p.5430N
32 M 1My 3 2.64/0.19 0.27 c962G>T:p.G321V
33 M 5m 4 IT 2.3/0.2 0.03/46 60.4 c251G>A:p.R84H
34 M 18y 4 no RIT; LG:scrotum 9.6/6.9  11/20.8 ;2?17%‘:&5’7
35 M 16y 3 no T 8/5.5 154 ;2?17%?,':):(5’7
36 M n/a 3 c.990G>A:p.E330E P (PM2PVS1 PP4)

Notes: y = years; m = months; w = weeks; T = testosterone; LG = left gonad; RG = right gonad; PE = pelvis; LIT = left-side inguinal testis; RIT = right-side
inguinal testis; LM = labia majora; * = pathogenicity was determined for newly discovered variant mutations: P = pathogenic mutation; PrP = probably
pathogenic (PP, PM and other values for pathogenicity calculation are specified in brackets [12, 13]); F>M = female sex changed to male; AMH > 28 ng/ml
is normal for boys under 12 months [23].
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Among the NRTAT mutations discovered for the first
time, two (p.Y197X and p.Y25X) cause a stop-triplet develop-
ment and two others (p.N385fs and p.L245fs) cause a read-
ing frame shift; thus, their pathogenicity is beyond doubt.

Five of the variants not previously described are mis-
sense mutations (p.C283Y, p.C283F, p.H24Q, p.M126K, and
p.E81K); just as one synonymic replacement that affects
a splice site (E330E), these five were categorised as patho-
genic; the remaining five mutations were categorised as
probably pathogenic.

For the patients’ phenotypical, hormonal and molecular
genetic data, see Table 2.

DISCUSSION

Steroidogenic factor 1 is the key regulator of steroi-
dogenesis and gonad differentiation. It was first identified
in 1992 [3] as a transcriptional factor with tissue-specific
expression that detects highly conserved regulatory motif
in the proximal promoter region of genes coding steroidal
P450-hydroxylases. Subsequent in vitro studies with adren-
ocortical cells found that NR5A1 also stimulates expression
of the adrenocorticotropic hormone receptor (MCR2) and
not just cytochrome-P450-dependent but all steroidogene-
sis enzymes [16].

An unexpected discovery was that NR5AT1 is involved
in formation and differentiation of adrenal glands and go-
nads. Thus, new-born NR5A1-/- mice with XY karyotype not
only demonstrated male to female inversion and Mullerian
duct derivatives but also had no gonads and no adrenal
glands. Moreover, this model enabled the authors to estab-
lish that, in addition to gonads and adrenal glands agenesis,
those mice displayed symptoms of primary disorder of gon-
adotropic function and agenesis of ventromedial hypothal-
amus nuclei [16]. By studying this phenomenon, Halvorson
et al. showed that NR5AT also regulates the expression
of B-subunit of LH and gonadotropin-releasing hormone re-
ceptor [17]. Thus, by now the role of NR5A1 in the formation,
differentiation and function of the hypothalamus-hypophy-
sis-adrenal and gonad systems has been established.

NR5A1 protein is comprised of 461 amino acids and
is coded by NR5AT gene located on the long arm of chro-
mosome 9 (9g33). The gene consists of 7 exons, of which 6
are coding. Several key domains are identified in the NR5A1
structure: A-box — a DNA-binding domain with two zinc fin-
ger proteins which is responsible for the binding specificity;
a less conserved hinge area; a ligand-binding area, and two
domains responsible for the activation of NR5A1 function —
AF1 and AF2. What regulates the transcription of NR5A1
geneitselfis still unclear. At present, there are two main can-
didate genes, WT7 and CBX2, but so far no direct evidence
to confirm such interaction has been obtained.

Given the data obtained through mice experiments, we
originally searched for NR5AT mutations in patients who had
46,XY gonad dysgenesis combined with adrenal insufficien-
cy. However, that phenotype turned out to be rare. One finds
in the literature only a handful case reports describing 46,XY
DSD with female phenotype, MDD and gonad dysgene-
sis combined with adrenal insufficiency where these were
caused by NR5AT gene mutations [5, 8, 15]. This phenotype’s
infrequence might be explained, inter alia, by the fact that,
similarly to the model tested in mice, mutations occurring
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in critical sections of the gene cause adrenal agenesis, which
is not compatible with life.

In 2004, a number of independent research teams de-
scribed heterozygous mutations in NR5AT as the cause
of isolated 46,XY disorder of sex development without adre-
nal dysfunction [6, 18], and these suggest that haploinsuffi-
ciency occurs after NR5AT gene mutations.

It was subsequently found that heterozygous mutations
in NR5AT are quite often (up to 20%) the cause of 46,XY DSD
without PCAI [2, 7, 8].

To date, over 190 NR5AT mutations have been de-
scribed, which are more or less evenly distributed over
the gene’s length [19]. Phenotype-genotype analysis found
that the phenotype of patients with NR5A1 defects is varia-
ble and may manifest through various degrees of external
genitalia ambiguity - from regular female to regular male
morphology [7, 8, 19]. Given this diversity, Fabbri-Scallet
et al. identified ten phenotypes associated with NR5AT mu-
tations; they cover the entire range of conditions related
to variations in these gene: pure gonad dysgenesis + adre-
nal insufficiency; mixed gonad dysgenesis + adrenal insuf-
ficiency; ovotesticular DSD; 46,XY-testicular DSD; isolated
adrenal insufficiency; testicular regression syndrome; poly-
cystic ovarian syndrome; male sterility [19].

In addition to variable phenotypic manifestations of one
and the same mutation in non-related patients, various clin-
ical implications do occur even in one and the same family.
Philibert et al. described a patient with testicular hypoplasia
and micropenis who had a heterozygous mutation (p.V355M)
in NR5A1 that wasidentified through analysing data of 24 anor-
chia patients. However, that person’s twin brother who had
a similar mutation did not show any abnormality at birth and
his sex development during puberty period was normal [20].
This case suggests that there are other, yet unknown factors
which affect the mutation allele expression and, accordingly,
predetermine the phenotypic variability.

Given such polymorphous clinical manifestations, we
found it interesting to analyse the frequency and phenotyp-
ic characteristics of, and the treatment tactics for, patients
with NR5A1 mutations within a cohort of Russian 46,XY DSD
patients. As may be seen from the data we provided above,
the frequency of pathological replacements in NR5AT within
our group amounted to 11.6% of the total number of pa-
tients, which is commensurate with data published by inter-
national research teams.

As for the distribution of the child’s sexes registered
at birth, ambiguity of external genitalia was the main cri-
terion. Thus, within the group with Prader 2 external geni-
talia ambiguity, all patients were registered as females, and
in the Prader 4 group all but one were registered as males,
whereas in the Prader 3 group the number of patients regis-
tered as females was approximately equal to that of males.
This means that sex determination is an arbitrary choice.

Examinations of children during their minipuberty found
a relative correlation between the levels of FSH and AMH,
on the one hand, and the degree of external genitalia am-
biguity, on the other. Thus, in children with elevated FSH
levels the AMH level was lower, and their external genita-
lia were closer to female. High gonadotropin levels, typical
for the “classical variants” of gonad dysgenesis in this peri-
od were not observed in any of the children we examined.
During chorionic gonadotropin the response exceeded
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20 nmol/L in two patients, which is rather typical for an-
drogen insensitivity syndrome. Thus, no study of hormonal
background in this age group may indicate NR5A1 disor-
ders; however, such studies may point to the preservation
of Leydig cells’ steroidogenesis function, which may, in turn,
help determine the child’s sex to be registered.

Interesting data were obtained by examining patients
who had reached puberty. In all five patients registered as
males, regardless of the degree of external genitalia am-
biguity at birth, spontaneous sex development and ade-
quate development of secondary sex characteristics were
observed. Even though this group was small, it is worth
noting that at puberty stages 3-4 (ages 13, 15, 16), their
testosterone levels were normal for the puberty period;
however, at 18 they were below average values for Tanner
5 stage. At the same time, gonadotropin levels in these pa-
tients remained at or slightly over the upper limit of normal
range. This may suggest a combination of primary and sec-
ondary hypogonadism and the explanation may be that
correct NR5A1 function is important both on the gonad and
the hypophysis levels. An important observation was that
three patients registered as females with intact gonads de-
veloped masculinisation during puberty. Out of these three,
two patients (no information was available on the third one)
at the time of examination had testosterone levels at val-
ues normal for boys their age. This suggests preservation
(restoration) of Leydig cells’ steroidogenesis function, even
though these patients had almost female external genitalia
at birth (Prader 1-2), and it is important to keep this in mind
as one selects the child’s gender. A possible explanation
may be that after birth, foetal Leydig cells are replaced with
“adult” ones, which are another population [21]. Using mice
models, it has been shown that the “adult” Leydig cells are
less dependent on NR5A1 regulatory influence, since they
have a higher expression of NR5A2 gene, the liver homolog
of NR5A1 receptor that partly substitutes for it [22]. Isolated
cases of spontaneous masculinisation of phenotypic girls
with NR5AT gene mutations have also been described by
a number of international authors [9, 10]. Adachi et al. also
provide their analysis of published data on histological
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examinations of tissue specimen obtained from gonads re-
moved in such girls, since the risk of gonad malignancy in pa-
tients with 46,XY gonad dysgenesis is substantially higher
than in those with other forms of DSD [10]. In eight cases out
of nine, marked Leydig cell hyperplasia, combined with germ-
line cell hypoplasia and aplasia, was observed. In none of those
cases were any signs of malignancy described. However, Cool
et al. described two patients who had their gonads removed
during the puberty period; in one of them, in situ cancer was
identified [9]. Most of our patients raised as girls had their
gonads removed in their childhood, and in none of the cas-
es were there any histological data pointing to malignancy.
In three patients who had masculinisation during their pu-
berty period, histological examinations showed no evidence
of malignancy, either. Thus, data collected so far are yet insuf-
ficient to support an adequate assessment of risk of gonad
malignancy in this group of patients.

CONCLUSION

Our findings provide evidence of a high frequency
of NR5AT gene mutations in this group of patients and
of the lack of any phenotypic or biochemical markers that
could point to the aetiology of the disease prior to perform-
ing molecular genetic tests. More reliable findings can be
achieved by continuing to monitor that group of patients,
especially at the time they reach puberty.
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