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@ @ Conclusion: For the first time in Senegal, variants of the NR5A1 gene have

been identified in patients with disorders of sexual development. The ¢.437G>C

(p.Gly146Ala) variant can be found in a variety of phenotypes.
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1. Introduction

Disorders of Sex Development (DSD) are congenital conditions in which chro-
mosomal, gonadal, and anatomical sex are atypical [1]-[5]. Genetic sex (primary
sex differentiation) induces the determination of gonadal sex (ovaries or testes),
which itself determines phenotypic sex (secondary sex differentiation), defined by
internal genital tracts and external genitalia [6]. During the undifferentiated phase,
many genes are expressed in both sexes at a low and similar level [7]-[10]. Thus,
they are all necessary for the establishment of the gonad regardless of sex. NR5A41
(SF1, A4BP), WT1(Wilms Tumor suppressor gene 1), WNT4 (Wingless-type gene
4) are expressed in the urogenital ridge and play a role in the formation of gonads,
kidneys, and adrenal cortex [11]-[16]. NR5A1, located at 933, encodes the tran-
scription factor steroidogenic factor-1 (SF-1), which is involved in gonad devel-
opment as well as adrenal gland development [17]. In 2001, De Santa Barbara et
al. showed that NR5A1 is expressed in the genital ridge and then in somatic cells
of the undifferentiated gonad before SRY (Sex- Determining Region of Y Chro-
mosome) expression [18]. It has also been shown to participate in the regulation
of SRY expression during male gonad differentiation. Once the gonad is differen-
tiated, its expression persists in Sertoli cells and Leydig cells during testicular de-
velopment. NR5A11is secondarily involved in the development of the genital tract,
as it regulates AMH levels [19] in association with other genes involved in gonad
development, such as W71 and SOX9(SRY Homebox- Like Gene9) [20]. The ob-
jective of this study was to search for variants of the NR5A1 gene in a cohort of

patients with disorders of sex development.

2. Materials and Methods

Ten (10) patients were selected from those referred for disorders of sex develop-
ment (21, 59, 72, 73, 75, 95, 99, 119, AD, AN). In addition, two controls were
included in the study: a male control with normal sex differentiation and fertility
(T.H) and a female control with normal sex differentiation and fertility (T.F).

After informed consent, we proceeded to collect blood in an EDTA tube for
DNA extraction using the “Quick DNA Miniprep” kit protocol. Polymerase chain
reaction (PCR) amplification was then performed using specific forward and re-
verse primers (Table 1).

Table 1. NR5A1 exon 4 primers used.

Gene E Primer F Primer R
Xon rimer rimer
NR5A1
E 4 5'-GTG TTG AGC CAG GGG 5'-AGA GAA GGG CTC TGG
on
x AGA GAG-3' GTA GC-3'
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We focused on exon 4 because, during the period of our study, the majority of

variants were listed in this region (Figure 1).
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Figure 1. NCBI cited variations on different NR5A1 exons.
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The PCR mix for a sufficient quantity for 25 uL contained: 1 pL of primer (for-
ward + reverse) + 12.5 uL of Master Mix + 9.5 pL of milliQ water + 2 pL of DNA.

The amplification program for the NR5A41 gene exon 4 was as follows: 95°C (5
min), 95°C (30 s), 58°C (30 sec), 72°C (1 min), 72°C (10 min).

The quality of amplification was verified by migration on a 1.5% agarose gel.

The PCR products were then sequenced according to the Sanger method.

The obtained sequences were processed using the following software: Mutation

Surveyor, DNA-Baser, Chromaspro, Geneious, Mega X, BioEdit, and Vision Pro.
For the search for variants and their pathogenicity, databases such as NCBI, UCSC,
HGVS, ClinVar, dbSNP, Ensembl, OMIM, Orphanet, and GeneCards were used.

3. Results

The 10 patients were registered as female in the civil registry.

The age ranged from 4 to 32 years.

Clinical and paraclinical parameters were collected (Table 2).

Table 2. Parameters collected.

Patient Age Legal

Code (Year) Gender Examination Ultrasound/CT-Scan/Hormone Caryotype/SRY
21 8 F  Virilization of external genitalia Internal genitalia not found 46,XX
Pri h
rimary amenorraea Absence of gonads on pelvic and inguinal 46,XY
59 23 F Absence of breast development o
e o ultrasound examination SRY(-)
Virilization of external genitalia
Uterine hypoplasia/
Congenital adrenal hyperplasia Progesterone 27.31 ng/mL
72 32 Absence of breast development Oestradiol 46.0 pg/mL 45,X/46,XX

Primary amenorrhea

Androstenedione-Delta: 27.45 ng/mL,

95.86 nmol/L
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Continued

73

75

95

99

119

AD

AN

20

19

17

22

22

25

F  Virilization of external genitalia

Primary amenorrhea

F Breast development (Tanner 5)

No testes in the pelvis or inguinal canals;
. . 46,XX
No uterus visualized

46,XX

SRY(+)

Absence of female internal genitalia;
Presence of testes

Virilization of external genitalia

Primary amenorrhea

F Absence of breast development

Absence of internal genitalia 46,XX

Mayer-rokitansky Syndrome

Absence of breast development

Absence of breast development

Primary amenorrhea

Primary amenorrhea

Amenorrhee primaire

F Breast development (Tanner 5)
Mayer-Rokitansky Syndrome

Absence of breast development

Primary amenorrhea

Ultrasound: Uterine and ovarian hypoplasia.
CT scan: Absence of female internal 45,X/46,XX

genitalia (uterus and ovaries), no male genitalia

Agenesis of internal genitalia 45,X/46,XX

Uterus absent;
Opvaries visible: right 25 x 22, 46,XX
left 32 x 15. Normal appearance

Absence of uterus

. . SRY(-)

Histology: Ovotestis

Table 3. NR5A1 exon 4 variants.

Variant’s Variant

Patient .
Position

Base

HGVS

Number
dbSNP

Transcrit Protein Type Pathogenicity

11829

5 8l1847

g.11898
g11977
g11836
g.11898
12069

59

G>S

C>Y

G>C
C>Y
G>R
G>C
G>R

NG_008176.1:g.11829G>C

NG_008176.1:g.11847C>T

NG_008176.1:g11898G>C
NG_008176.1:g.11977C>T
NG_008176.1:g.11836G>A
NG_008176.1:g.11898G>C
NG_008176.1:g.12069G>T

rs2001663795

15200749741

rs1110061
15113506523

rs1110062

rs1110061
15770165012

Pathogenic: ovarian
NM_004959.5¢.368G>C p.Glyl23Ala Missense , - ooc o ovaran =
insufficiency, spermatic failure
. Pathogenic: ovarian
NM_004959.4:¢.386C>T p.Prol29leu Missense i Lo
insufficiency, spermatic failure

NM_004959.4:c.437G>C p.Glyl46Ala Missense Benign, 46, XY DSD, infertility
NM_004959.5:c.516C>T p.Alal72Ala Synonym Benign, 46, XY DSD, infertility
NM_004959.4:¢.375G>A p.Prol25Pro Synonym Benign, 46, XY DSD, infertility
NM_004959.4:c.437G>C p.Glyl46Ala Missense Benign, 46, XY DSD, infertility

p-Ser203Ile Missense Not reported

g.11898
12055

72

G>C
G>R

NG_008176.1:g.11898G>C
NG_008176.1:g.12055G>A

rs1110061
rs142414614

NM_004959.4:c.437G>C p.Glyl46Ala Missense Benign, 46, XY DSD, infertility
NM_004959.4:¢.594G>A p.Pro198Pro Synonym Benign, 46, XY DSD, infertility

11836
73 11898
11977

75 11898

G>R
G>C
C>Y
G>S

NG_008176.1:g.11836G>A
NG_008176.1:g.11898G>C
NG_008176.1:g.11977C>T
NG_008176.1:g.11898G>C

rs11160061
rs1110061
15113506523
rs1110061

NM_004959.4:¢.375G>A p.Prol25Pro Synonym Benign, 46, XY DSD, infertility
NM_004959.4:c.437G>C p.Glyl46Ala Missense Benign, 46, XY DSD, infertility
NM_004959.5:c.516C>T p.Alal72Ala Synonym Benign, 46, XY DSD, infertility
NM_004959.4:c.437G>C p.Glyl23Ala Synonym Benign, 46, XY DSD, infertility

11836
95 11898

12069

G>R
G>C
G>R

NG_008176.1:2.11836G>A
NG_008176.1:g.11898G>C
NG_008176.1:g.12069G>T

rs1110062
rs1110061
rs1110061

NM_004959.4:c.375G>A p.Prol25Pro Synonym Benign, 46, XY DSD, infertility
NM_004959.4:c.437G>C p.Glyl46Ala Missense Benign, 46, XY DSD, infertility

p-Ser203Ile Missense Not reported

11836
119 gl11977

g.11898

G>R
C>T
G>C

NG_008176.1:2.11836G>A
NG_008176.1:g11977C>T
NG_008176.1:2.11898G>C

rs1110062
rs113506523
rs1110061

NM_004959.4:c.375G>A p.Prol125Pro Synonyme Benign, 46, XY DSD, infertility
NM_004959.4:¢.437G>C p.Alal72Ala
NM_004959.5:c.516C>T pGlyl46Ala

Synonym Benign, 46, XY DSD, infertility
Synonym Benign, 46, XY DSD, infertility

11836
AN
11898

AD gl1898

G>A
G>C
G>S

NG_008176.1:2.11836G>A
NG_008176.1:2.11898G>C
NG_008176.1:2.11898G>C

rs1110062
rs1110062
rs111898

NM_004959.4:¢.375G>A p.Prol25Pro Synonym Benign, 46, XY DSD, infertility
NM_004959.4:¢.437G>C p.Prol46Ala Missense Benign, 46, XY DSD, infertility
NM_004959.4:¢.437G>C p.Prol46Ala Missense Benign, 46, XY DSD, infertility

TH
TF

11898
11898

G>C
G>S

NG_008176.1:g.11898G>C
NG_008176.1:2.11898G>C

rs1110061
rs1110061

NM_004959.4:¢.437G>C pProl46Ala Missense Benign, 46, XY DSD, infertility
NM_004959.4:¢.437G>C p.Glyl46Ala Missense Benign, 46, XY DSD, infertility
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After sequencing of exon 4 of the NR5AI gene, the entire cohort (100%) pre-
sented at least one variant at this exon 4, including the controls (T.H and T.F).
(Table 3).

In total, seven (7) different positions of this exon showed variants, among which
the variant c.437G>C (p.Glyl46Ala) was shared by the entire cohort (Figure 2).
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Figure 2. Chromatogram of the variant ¢.437G>C (p.Glyl146Ala).

4. Discussion

NR5A1variations are among the most frequently identified genetic causes of gon-
adal development disorders and are associated with a wide phenotypic spectrum
[21].

Loss of function of the NR5A 1 gene causes several different phenotypes, includ-
ing some associated with disease in additional organs [22].

Indeed, all individuals in our cohort presented at least one variant of this gene.

100% of individuals presented the same variant position, g.11898, leading to a
change in the produced protein p.Glyl46Ala. This variant was also found in con-
trols, raising questions about its pathogenicity.

According to Martinez de Lapiscinaet al. [23], NR5A 1/ SF-1 variants can lead to
mild to severe DSD or can be found in healthy carriers (as the controls in our study).

The NR5A1/SF-1 c.437G>C (p.Glyl46Ala) variant is frequent in individuals
with DSD and has been suggested to act as a susceptibility factor for adrenal disease
[23] (like the patient 72) or cryptorchidism.

At position p11898, two (2) patients (75 and AD) and the female control (TF)
were heterozygous, and their phenotype was less ambiguous (breast development
stage 5 of Tanner); moreover, these individuals are the only ones to present only
one variant on this exon 4. Thus, Martinez de Lapiscina et al. state that given the
high allele frequency in the general population and the non-conclusive functional
tests of the p.Glyl46Ala variant, the pathogenic effect of this allele variant has not
been judged satisfactory [23].

In addition to the c.437G>C (p.Glyl46Ala) variant, 50% of individuals (59, 73,
95, 119, AN) shared another variant position g11836, leading to a synonymous
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variant where the produced protein remains Proline (p.Pro125=), however, only
patient AN, who was found to have an ovotestis, was homozygous (p.11.836G>A),
the others were heterozygous (p.11836G>R).

It would appear that the phenotype varies depending on whether the karyotype
is 46,XX or 46,XY. According to Dominice et al, in 46,XY individuals, NR5A1-re-
lated phenotypes can range from disorders of sex development (DSD) to oligo/azo-
ospermia, and in 46,XX individuals, from 46,XX ovotesticular and testicular DSD to
primary ovarian insufficiency (POI) [21]. In an international study in 2024, Kouri
et al. confirmed the phenotype’s diversity among 197 individuals with NR5A4 1/SF-1
variants, and found that over 70% of 46,XY individuals had a severe DSD pheno-
type, while 90% of 46,XX individuals had female-typical sex development [24].

The most common 46,XY phenotype is the presence of atypical or female ex-
ternal genitalia with clitoromegaly, palpable gonad, and absence of Miillerian de-
rivatives [20]. Notably, undervirilization of external genitalia is frequently observed
at birth, while spontaneous virilization may occur later, at puberty: this is the case
of patient 59, who has 3 variants observed at different positions compared to the
reference genome.

In 46,XX individuals, NR5A 1 mutations are a rare genetic cause of POI, mani-
festing as primary or secondary amenorrhea, as evidenced by almost the entire
cohort (patients 72, 75, 95, 99, 119, AN, AD), infertility, hypoestrogenism, and
elevated gonadotropin levels.

Indeed, it is suggested that NR5A1 gene mutations could be mainly associated
with amenorrhea, ovarian failure, hypogonadism, and infertility during puberty
[21].

Furthermore, as mentioned earlier, NR5A1 is involved in the formation of the
adrenal gland, and its variants may explain the condition of patient 72, who has
been experiencing congenital adrenal hyperplasia since birth and carries a specific
variant in the cohort (g.12055G>R). This variant is synonymous with p.Pro198=,
considered benign or potentially causing 46,XY or infertility in ClinVar. Patient
21, who had a naked glans surrounded by asymmetric labioscrotal structures and
hypospadias, is the only one to have 4 variants on this exon, she carries an isolated
variant (g.11847C>Y) which the homozugous form can lead to a missense variant
(p-Prol29Leu), and reported as a cause of primary ovarian insufficiency (POI) or
infertility in clinVar. She also carries another variant at position g.11977C>Y,
leading to a synonymous variant (p.Alal72Ala), which she shared with the patient
73, who had a similar phenotype, and patient 119.

Thus, as our results demonstrate and Faienza et al [25] affirm, the data confirm
that NR5A1 gene mutations can present variable genital phenotypes. Regardless,
the reproductive function has always been altered.

According to Luppino et al, Clinical phenotypes may vary, even among patients
carrying the same NR5A [ variant, indicating that there is no specific genotype-
phenotype correlation [22].

Naamneh Elzenaty et al hypothesized that the broad phenotype of DSD asso-
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ciated with NR5A1/SF-1 variants may be caused by an oligogenic mechanism [26].

The observed phenotypic variability in individuals and families with NR5A41/SF-1
variants is large and remains unpredictable. It may often not be solely explained
by the monogenic pathogenicity of the NR5A41/SF-1 variants but is likely influ-

enced by additional genetic variants and as yet unknown factors.

5. Conclusion

Our study is the first in our sub-region to investigate NR5A1 gene mutations in
patients with disorders of sex development. This gene is involved early in sex dif-
ferentiation, and its variants can explain these conditions. In this study, we focused
on exon 4, which suggests the most pathogenic variants, and found 7 different var-
iant positions. As suggested by our patients’ conditions, NR5A I gene mutations can

present variable genital phenotypes.
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