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Case report: Rare heterozygous
variant in the NR5A1 gene causing
46,XY complete gonadal
dysgenesis with a
non-communicating rudimentary
uterus
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The nuclear receptor subfamily 5 group A member 1 (NR5A1) gene encodes
NR5A1, also known as steroidogenic factor 1, a crucial transcriptional
factor regulating adrenal and gonadal development and function. Although
pathogenic variants in NR5A1 are known to cause a spectrum of disorders of sex
development (DSD), individuals with 46,XY DSD with fully female internal and
external genitalia are relatively rare. Herein, we present the case of a patient with
46,XY complete gonadal dysgenesis (CGD) who had a non-communicating
rudimentary uterus due to a c.132_134del (p.Asn44del) heterozygous in-frame-
deletion in NR5A1 that was diagnosed while treating a pelvic mass in which
gynecological malignancy could not be disregarded. Unlike two previous
cases with the p.Asn44del variant, this case presented with CGD, a severe DSD
phenotype, and we found that the oligogenic inheritance of DSD-causative
genes such as SRY, DHX37, SLC26A8, and CFTR may have affected the severity
of the clinical phenotype.

KEYWORDS

case report, complete gonadal dysgenesis, disorder of sex development, genomic
structural variants, pathogenicity

1 Introduction

Disorders of sex development (DSD) are defined as congenital conditions in which the
development of chromosomal, gonadal, and anatomic sex is atypical (1-3). One such DSD is
46,XY DSD, which has an incidence rate of approximately 1 in 20,000 births (3, 4). Based on
the contents of sex chromosomes, DSD is classified into the following three categories:
sex-chromosome DSD, 46,XX DSD, and 46,XY DSD (5, 6). 46,XY complete gonadal dysgenesis
(CGD), also known as Swyer syndrome, is a subtype of 46,XY DSD that results from variants
in pivotal testis-determining genes in a phenotypic female with internal Miillerian structures
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and bilateral streak gonads (7, 8). One such gene is the nuclear
receptor subfamily 5 group A member 1 (NR5AI) gene that encodes
NR5A1, also known as adrenal-4 binding protein or steroidogenic
factor 1 (SF-1), a crucial transcriptional factor regulating proper
adrenal and gonadal development and function (9-12). Although
NR5A1 variants can lead to a range of DSD phenotypes, individuals
with fully female internal and external genitalia (46,XY CGD) are not
common (9, 11).

In this study, we describe the rare case of a patient with 46,XY
CGD caused by a heterozygous c.132_134del (p.Asn44del) variant in
the NR5A1 gene, which was discovered during treatment for a pelvic
mass with possible gynecological malignancy.

2 Case description
2.1 Clinical history

This study was approved by the Ethics Committee of the Tokyo
Medical University Hospital (Tokyo, Japan). Written informed consent
was obtained from the patient. The proband in this study was the first
child of non-consanguineous, healthy parents with no family history
of DSD or adrenal dysfunction. The patient was born at term without
genital ambiguity, with normal weight and length. While there were
no marked abnormalities in the patients primary and secondary
sexual characteristics, the patient had visited a hospital in Korea for
primary amenorrhea at the age of 15, where DSD was suspected and
a chromosome test was performed. Consequently, the patient was
diagnosed with 46,XY DSD with typical female genitalia.

At the initial visit, laboratory analysis indicated high luteinizing
and follicle-stimulating hormone levels, slightly high testosterone
levels, high dehydroepiandrosterone sulfate levels, normal sex
hormone-binding globulin levels, low estradiol levels, and anti-
Miillerian hormone (AMH) levels below detection sensitivity. In
addition, pelvic magnetic resonance imaging (MRI) revealed a vagina,
a hypoplastic uterus with an undeniable rudimentary uterus, and no
evidence of bilateral adnexa. Ten months after the initial visit, the
patient underwent a laparoscopic bilateral gonadectomy to reduce the
risk of malignancy arising from the gonads. The pathological
diagnoses of the right and left gonads were atrophic testicular and
salpingeal tissues, respectively. Postoperatively, estrogen replacement
therapy was administered, followed by hormone replacement therapy
with a combination of estrogen and progestin.

At the age of 23, the patient moved to Japan and continued
hormone replacement therapy at a gynecologic clinic. Although no
lower abdominal pain or dysmenorrhea were observed during
treatment, transvaginal ultrasonography performed for screening
revealed a 10-cm cystic mass with undeniable gynecologic malignancy
on the left side of the pelvis, after which the patient was referred to our
institution for further examination and treatment. Pelvic enhanced
MRI with contrast effects showed a vagina, a hypoplastic uterus, and
a 10-cm left-pelvic cystic lesion with hematogenous contents and
partially solid components (Figures 1A,B). In addition, a vaginal
speculum examination performed at the first visit to our institution
revealed an incompetent vaginal septum and an atrophic single cervix
(Figure 1C). Based on these findings, a malignant tumor arising from
the gonadal remnant tissue or endometrial cancer in the rudimentary
uterus was diagnosed. As the patient did not wish to preserve her
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FIGURE 1

(A) T2-weighted pelvic magnetic resonance imaging (MRI) showing a
vagina, a hypoplastic uterus (white arrowhead), and a 10-cm left-
pelvic cystic lesion with partially solid components (yellow
arrowhead). (B) Fat-suppression T1-weighted pelvic enhanced MRI
with contrast effects showing that the left-pelvic cystic lesion (yellow
arrowhead) has hematogenous contents and partially solid
components, suggesting that the possibility of malignancy could not
be disregarded. (C) Vaginal speculum examination upon surgery
revealing an incompetent vaginal septum (white arrowhead) and an
atrophic single uterine cervix (yellow arrowhead). (D) Laparotomy
revealing the following intraoperative findings: the left-pelvic tumor
(yellow arrowhead) is contiguous with the atrophic uterus (white
arrowhead) and there are no ascites or obvious disseminated lesion.
(E) Intraoperative findings after removing the uterus and left-pelvic
tumor: the left-pelvic tumor was removed as one piece of tissue with
the atrophic uterus, without perforation (the yellow arrowhead
shows a single vagina). (F) Macroscopic findings of the surgical
specimen: the permanent pathologic diagnosis indicates that the
pelvic mass was a non-communicating rudimentary uterus with a
retained uterine hematoma, with no malignant findings.

fertility, informed consent was obtained and a laparotomy was
performed to facilitate a definitive diagnosis and treatment course.

2.2 Intraoperative findings

Intraoperative findings revealed that the left-pelvic tumor was
contiguous with the atrophic uterus, with no marked disseminated
lesion. Consequently, one piece of tissue containing both the tumor
and atrophic uterus was removed without perforation (Figures 1D,E).
Intraoperative rapid pathologic diagnosis indicated that the pelvic
mass was a non-communicating rudimentary uterus with a retained
uterine hematoma and no malignant findings. Postoperatively, the
permanent pathologic diagnosis was confirmed to be similar to the
intraoperative diagnosis (Figure 1F); therefore, estrogen replacement
therapy was resumed.

2.3 DNA extraction

Genomic DNA was extracted from peripheral blood mononuclear
cells using the DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. The samples were mixed
with 200 pL of AL buffer and 200 pL of ethanol (96-100%), after which
they were incubated at 56°C for 10 min. The samples were then mixed
with 200 pL of ethanol and the supernatants were subjected to a
washing process using a spin column, according to the manufacturer’s
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instructions. DNA quality and quantity were verified using Qubit 2.0
fluorometry (Life Technologies, Carlsbad, California, USA) and the
Agilent 2000 TapeStation.

2.4 Sequencing and analysis

Exome enrichment of genomic DNA was performed using the
SureSelect Human All Exon V7 Kit (Agilent, Santa Clara, California,
USA), and the Illumina NextSeq 2000 (San Diego, California, USA)
platform was used for massive parallel sequencing. In addition, data
analysis was performed using the DRAGEN Germline application
version 3.8.4 (Illumina, San Diego, USA), with all parameter settings
set to default, and ANNOVAR was used for the annotation.

In silico analysis was performed using prediction tools from
version 4.2 of the dbNSFP database,' and the SIFT, Polyphen-2, and
combined annotation-dependent depletion scores were used to
interpret the variant pathogenicity. The AlphaMissense score was also
used for prediction. The following criteria were used for diagnostic
filtering: (1) retain variants on the list of 83 known DSD-causative
genes from the literature (13), (2) retain variants with allele frequencies
<1% in the Genome Aggregation Database,” (3) exclude synonymous
variants, and (4) retain variants classified as “Likely Pathogenic” or
“Pathogenic” according to the American College of Medical Genetics
and Genomics classification criteria. After filtering, the remaining
candidates were validated wusing conventional Sanger
sequencing (9-12).

All protocols used during sequencing and analysis were performed
according to the manufacturer’s instructions. Genetic testing was
performed after obtaining written informed consent, and a clinical

geneticist provided genetic counseling.

2.5 Genetic findings

As the patient wished to search for the etiologically responsible
genes and evaluate the risk of developing other concomitant diseases,
whole-exome sequencing (WES) was performed. Notably, WES
detected some variants of previously known DSD-causing genes,
including the c.132_134del (p.Asn44del) heterozygous in-frame-
deletion in NR5A1 (Figure 2A) and heterozygous nonsynonymous
variants of unknown significance (VUS) in DHX37 and SLC26A8,
which may be involved in DSD development. The c.465C>T
(p.Ser155=) homozygous synonymous variant in SRY was manually
retrieved as a candidate phenotype-related variant since SRY is a
crucial DSD-causative gene that is also closely related to NR5AI (11,
14, 15). In silico analysis indicated that the variant in NR5A1 was
pathogenic or likely pathogenic, whereas the variants in SRY, DHX37,
and SLC26A8 were benign or likely benign (Figure 2C). Furthermore,
by investigating protein—protein interactions for NR5A1, SRY, AMH,
DHX37, and SLC26A8 using the STRING database,’ we detected an
additional rare variant in CFTR that encodes DSD-causative proteins
in these associated networks (Figures 2B,C).

1 http://database.liulab.science/dbNSFP
2 https://gnomad.broadinstitute.org/
3 https://string-db.org/
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3 Discussion

NR5A1/SF-1 is expressed in the bipotential gonad and modulates
genes such as SRY and SOX9 to regulate and maintain male determination
(16, 17). To date, various NR5A 1 variants related to 46,XY DSD have
been reported, and a wide range of phenotypes have been observed (13,
18). Some cases of NR5A 1 variants have normal phenotypes, while other
DSD-associated gene variants are often comorbid when combined with
NR5A 1 variants in patients with DSD with a severe phenotype (15, 19).
In the present case, variants in NR5A1, SRY, DHX37, and SLC26AS8,
which could be related to the pathogenesis of DSD, were identified using
WES. However, in silico analysis revealed that the variants in genes other
than NR5A1 were not pathogenic.

There are two previous reports of c.132_134del (p.Asn44del)
heterozygous in-frame deletions in NR5AI—the etiology in this
case—in patients with 46,XY DSD. Both previous cases did not have
any comorbid variants of other DSD-causative genes and were
phenotypically male with no Miillerian component, which was
different from our case in which the presence of Miillerian structures
suggested a defect in fetal Sertoli cell differentiation and AMH
secretion (13, 14). Notably, a previous study revealed that
haploinsufficiency cannot sufficiently explain broad clinical
phenotypes because patients with the same genetic variants may
present with different clinical features, even within the same family
linage (15). The same genetic changes in NR5A1 can display a variable
expression of clinical phenotypes (20). One explanation for this may
be oligogenic inheritance, in which multiple individually
non-deleterious hits may contribute to a DSD phenotype (15, 21, 22).
In the present case, our in silico analysis results indicated that the
identified variants in SRY, DHX37, SLC26A8, and CFTR coexisting
with the variant in NR5A1 were not likely to be involved in the severe
phenotype. However, given that the oligogenic inheritance of
DSD-causative genes might affect clinical phenotypes and that the two
previous cases of p.Asn44del did not have as severe phenotypes as that
in our case, it is difficult to completely disregard the involvement of
these benign and VUS variants of DSD-causative genes. Notably, a
previous study found a double variant in NR5A1 and DHX37 in 16%
of a cohort of 25 individuals with 46,XY DSD, showing the potential
contribution of these variants to female-type sex differentiation (4).

CFTR is the causative gene for both cystic fibrosis and the congenital
bilateral absence of the vas deferens (23). A previous study on zebrafish
has shown that CFTR is crucial in regulating primordial germ cell
migration during early embryogenesis. Furthermore, ion exchange
through the interaction between CFTR and SLC26A8 is also involved in
sperm fertilization (24), and these two ion exchange genes are expressed
in human germ and Sertoli cells, which may modulate gonadal
development (25); however, their relationship with the SOX9 pathway is
uncertain. We speculate that the total effect of these four variants on
gonadal differentiation results in impaired fetal Sertoli cell differentiation
and AMH secretion, which in turn results in a female phenotype
different from that previously reported in cases with variants in NR5A1.

Although our results suggest that oligogenic inheritance may
be involved in the phenotypic expression of DSD, the diagnostic yield
of 46,XY DSD is currently approximately 24-46% (13, 18). Thus,
focusing on known DSD-causative genes only might miss some other
novel candidate genes. Another limitation of this study was that the
analysis was based on WES and not whole-genome sequencing.
Therefore, further investigation regarding the introns, promoters,
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FIGURE 2

SRY, DHX37, SLC26A8, and CFTR were classified as benign/likely benign.

(A) The conventional Sanger sequencing for NR5A1 in this case confirms a ¢.132_134del (p.Asn44del) heterozygous in-frame-deletion in NR5A1. The

bases that differed from the reference sequence are colored in red. (B) The functional protein association networks for NR5A1, SRY, AMH, DHX37, and
SLC26A8 determined using STRING. (C) The nonsynonymous variants in previously reported disorders of sex development (DSD)-causative genes and
candidate genes of functional protein association networks for NR5A1, SRY, AMH, DHX37, and SLC26A8 determined using whole-exome sequencing.
The American College of Medical Genetics and Genomics criteria classified the NR5A1 variant as pathogenic/likely pathogenic, whereas the variants in

enhancers, and epigenomes related to abnormal NR5A 1 expression
levels and how these are associated with the broad spectrum of DSD
phenotypes is required.

In conclusion, although NR5AI has a large effect on SOX9
regulation, our case suggests that the phenotypic difference in patients
with DSD is due to the sum of the effect sizes of other genes involved in
gonadal differentiation. Therefore, an interpretive model incorporating
differences in the effect sizes of gene groups associated with male
differentiation is expected to be useful for future DSD genetic testing.
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