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Background: Pathogenic variants in the androgen receptor (AR) gene located on chromosome Xg11-12, are
known to cause varying degrees of undermasculinization in 46, XY individuals. The aim of this study was to
investigate the frequency of pathogenic variants in the AR gene in a cohort of 46, XY undermasculinized individuals
from Indonesia who were suspected of having androgen insensitivity syndrome (AIS). All patients with 46, XY DSD
referred to our center between 1994 and 2019 were collected from our clinical database. All 46, XY DSD patients
without a prior molecular diagnosis with an external masculinization score (EMS) < 9 were included in this study.
All exons and intron—exon boundaries of AR gene were analyzed using Sanger sequencing to identify pathogenic

Results: A cohort of 75 undermasculinized patients were selected for the study. Direct Sanger sequencing of all
eight exons of the AR gene led to a genetic diagnosis in 11 patients (14.67%). All of the variants identified
(p.Arg841His; p.lle604Asn; p.Val731Met; p.Pro672Ser; p.GIn739Arg; p.Ser302Glufs*3) have been previously reported in

Conclusions: This is the first study in Indonesia that highlights the significance of molecular analysis in providing a
definitive diagnosis of AIS for patients with 46, XY DSD undermasculinization. This is an uncommon finding in the
Indonesian population presenting with 46, XY DSD undermasculinization. A genetic diagnosis allows optimal clinical
management and genetic counseling for patients and their families. As 46, XY DSD can be caused by pathogenic
variants in other genes involved in gonadal development and differentiation, further genetic analysis, such as whole
exome sequencing, should be carried out on those patients that did not carry an AR variant.
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Background

Individuals with disorders/differences of sex develop-
ment (DSD) are often identified with atypical genitalia
at birth or absence of secondary sex characteristics at
adolescence [1-3]. This condition can result either
from disorders in androgen synthesis or action, non-
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hormonal anatomical disorders, or disruption of any
stages of gonadal development [4, 5]. It is important
to note that disorders of androgen synthesis or action
share common dysmorphic characteristics with others
46, XY DSD conditions [6]. Therefore, molecular
diagnosis may help clinicians to establish a definitive
diagnosis and assign clinical management plan for 46,
XY DSD patients with undermasculinization in cases
where hormonal data is inconclusive or where the im-
aging or biopsy of the gonads has not been possible.
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Androgen insensitivity syndrome (AIS) is one of the
most well-recognized causes of 46, XY DSD [7, 8]. AIS
(OMIM# 300068) is a disorder of sexual differentiation
resulting from complete or partial resistance to the bio-
logical action of androgens. Due to resistance to andro-
gens, AIS causes defective masculinization of external
genitalia in 46, XY individuals regardless of normal an-
drogen synthesis. The clinical phenotype of AIS shows a
wide spectrum of sex phenotypes, ranging from
complete feminization of the external genitalia, to male
undermasculinization and infertility.

The frequency of AIS is estimated to be between 1
in 20,000 and 64,000 male births [9]. AIS is caused
by pathogenic variants in the androgen receptor (AR)
gene which is located on the long arm of the X
chromosome (Xql1-12). The AR gene consists of
eight exons which encode a 919 amino acid protein
comprising of four major functional domains: the N-
terminal domain (NTD), the central DNA-binding
domain (DBD), a C-terminal ligand-binding domain
(LBD), and a hinge region connecting the LBD to
the DBD [10]. The pattern of inheritance of AIS in
most cases is inherited in an X-linked manner,
although sporadic de novo variants have been identi-
fied [11, 12]. The most prominent molecular defects
in the AR gene associated with AIS are missense
variants predominantly clustered in the LBD region
[7, 13]. Nevertheless, pathogenic variants of the AR
gene have also been identified throughout the whole
coding region [14].

Here, we performed molecular analysis of the AR gene
in a cohort of 46, XY patients who presented with vary-
ing degrees of undermasculinization.

Methods

Patients recruitment

Seventy-five patients with clinical and endocrinological
findings consistent with 46,XY undermasculinization
were included in this study, as determined by our multi-
disciplinary team (MDT). They were referred to our cen-
ter for comprehensive evaluation of DSD. Levels of
luteinizing hormone (LH), follicle stimulating hormone
(FSH), and total testosterone (T) assay were performed
in collaboration with a commercial laboratory. G-banded
karyotyping of peripheral blood lymphocytes was per-
formed for all patients in our laboratory. Approval was
obtained by our Ethics Committee before conducting
the study, and all patients and/or parents gave informed
consent before they participated in the study (No. 24/
EC/FK-RSDK/1/2017). Patients with a 46, XY karyotype,
no prior genetic finding, and an external masculinization
score (EMS) < 9 were included in our genetic studies.
The degree of undermasculinization was evaluated
using the EMS, which summarizes clinical features in
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patients with ambiguous genitalia, taking into account
scrotal fusion, presence of microphallus, site of ureth-
ral meatus, and presence/location and appearance of
gonads [15, 16]. Where available, we included patients
with increased basal T and LH and normal or slightly
increased FSH levels suggestive of AIS [17].

AR gene analysis

Genomic DNA from patients was isolated from blood
leukocytes using salting-out methods as described else-
where [18]. We performed direct Sanger sequencing
analysis of the AR gene in patients with an EMS < 9 to
confirm the molecular diagnosis of AIS. All eight exons
and the intron—exon boundaries of the AR gene were
amplified by PCR using specific primers pairs as
reported by Listyasari et al. [12]. DNA annotations are
based on NM_000044.2; protein change annotations are
based on NP_000035.2; all variant annotations were con-
firmed using Mutalyser [19]. Nucleotide numbering
starts at 1, at the A of the ATG initiation codon.

Results

A cohort of 1039 patients with clinical phenotype DSD
were collected by our center between 2004 and 2019. Of
these patients, 778 patients were classified as 46, XY
DSD. Based on clinical diagnosis, 304 patients with 46,
XY DSD with undermasculinization were identified and
a total of 75 undermasculinized patients with EMS < 9
were selected for this study. The clinical profiles of the
patients are shown in Table 1. The mean age of the
patients was 10.43 years (SD 10.54). The majority of the
participant (64 individuals, 85.33%) were diagnosed in
early childhood (> 1 year old) while only 11 (14.67%) of
the individuals were diagnosed in infancy (< 1 year).
During the initial consultation, 55 (73.33%) of the
patients were being raised as males, while 19 (25.33%) of
the patients were being raised as females and there was
only 1 (1.33%) patient whose gender was not yet decided
on. We have previously reported patients 10, 16, 18 [20],
and 29 and 37 [16].

Clinical presentation

All patients presented with a wide range of atypical geni-
talia (Table 1). Forty out of 75 (53%) patients had bifid
scrotum, 59 patients (79%) had micropenis, and most of
the patients 68 (91%) had severe hypospadias. Bilateral
abdominal testes were present in 17 (23%) patients; 49
(65%) patients had scrotal position, and in 9 (12%) pa-
tients were unilateral undescended testis. The EMS from
this study was established in a median score of 5.5 (ran-
ging from 1 to 9).
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Table 1 Clinical profile of patients

Patient Age Sex Total Hormonal profile Patient Age Sex Total Hormonal profile

(in of EMS  lHau/ FSHaU/ T(ng/ (in of EMS  lH(u/ FSHaU T(ng/

years)  rearing L) L) dL) years) rearing L) L) dL)
P1 2 M 4 0.38 143 0.1 P39 1 M 7 0.20 1.01 0.1
P2 14 F 1 65.3 197 06 P40 4 F 6 033 1.30 0.1
P3 8 M 2 193 2.72 15 P41 15 M 6 0.26 191 0.1
P4 9 M 9 0.10 228 0.1 P42 12 M 4 036 593 03
P5 15 M 8 313 782 24.2 P43 45 M 7 0.16 057 04
P6 12 F 6.5 267 717 9.5 P44 2.7 M 9 0.32 0.95 0.1
p7 26 F 3 169 144 499 P45 9 F 2 0.15 091 0.1
P8 16 M 6 130 567 487 P46 15 M 9 552 1.8 18.1
P9 21 M 6 143 14.0 61.1 P47 19 M 7 0.12 042 0.1
P10 12 M 3 2.13 531 1.6 P48 0.6 M 6 0.35 2.07 0.2
P11 10 M 7 021 1.51 0.1 P49 9 M 9 03 2.1 03
P12 23 F 2 20.0 51.8 0.6 P50 0.2 u 3 7 20 114
P13 4 M 6 0.15 0.89 0.1 P51 1 M 6 0.17 0.55 0.1
P14 2 F 55 152 1.15 17.7 P52 5 M 2 0.13 0.969 0.1
P15 7 M 6 0.10 0.90 0.1 P53 1 M 6 0.163 1.31 0.1
P16 2 M 6 <0.10 0.55 0.1 P54 3 M 6 0.115 149 0.1
P17 1 M 9 0.31 045 0.1 P55 0.7 M 9 0.37 0.74 0.1
P18 3 M 3 0.26 0.68 0.1 P56 12 M 6 0.32 1.7 0.6
P19 25 M 6 0.13 041 0.1 P57 5 M 4 043 2.21 0.1
P20 17 F 3 4.00 1.0 214 P58 1 M 6 <01 0718 0.1
P21 1 M 2 1.14 263 0.1 P59 16 F 3 3.02 595 4528
P22 14 M 6 248 7.65 9.2 P60 17 F 2 13 66.6 61.5
p23 7 M 3 0.18 1.01 0.1 P61 13 F 1 14.65 47.7 1.65
P24 5 M 6 <0.10 268 0.1 P62 19 M 1 18.6 > 110 0.27
P25 10 M 6 091 1.69 08 P63 30 M 2 19.65 4851 3553
P26 14 M 7 2.70 9.24 106 P64 33 F 1 NA NA NA
p27 10 M 6 <0.10 0.69 0.1 P65 19 M 1 2411 86.03 0.13
P28 23 M 2 193 342 274 P66 26 M 5 18.1 4135 1834
P29 3 M 3 0.19 0.78 0.1 P67 24 M 3 4.85 1631 8832
P30 55 M 6 < 0.10 0.53 0.1 P68 08 F 3 NA NA 53.15
P31 25 M 6 0.1 1.59 0.1 P69 0.6 M 3 0.1 041 <25
P32 2.5 M 5 0.12 2.28 0.1 P70 25 F 1 27.5 14.9 2033
P33 35 M 6 0.21 0.99 0.1 P71 18 F 1 14.89 2.23 7.84
P34 2 M 9 0.13 1.86 0.1 P72 17 F 1 NA NA NA
P35 15 M 6 0.18 1.11 0.1 P73 19 F 2 19.01 13.64 043
P36 14 M 5 14.8 21.2 1.2 P74 " F 1 493 933 4317
P37 04 M 6 0.34 1.69 0.1 P75 16 F 1 10.53 47.15 17.15
P38 42 M 2 12.1 30.1 122
P patient, EMS external masculinization score, F female, M male, NA not available
Hormonal analysis 30 patients in pubertal age, 11 had elevated or normal

In all 75 patients, basal hormonal measurements were basal serum T levels associated with high serum LH
obtained. However, 45 patients were pre-pubertal, mak- levels followed by normal FSH levels, indicative of AIS.
ing the hormonal assay very difficult to interpret. Among  Seven patients had endocrine data more consistent with
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gonadal dysgenesis with low T levels, elevated LH and
FSH levels, and 12 patients had inconclusive endocrine
data.

Molecular analysis

Direct Sanger sequencing of the AR gene in 75 individ-
uals with 46,XY DSD led to the identification of 6
unique variants in 11 subjects (14.67%) (Table 2). A
schematic diagram of mutations distribution of AR gene
in this study is presented in Fig. 1. The majority of the
variants we identified were single-nucleotide missense
substitutions: ¢.1811T>A  (p.lle604Asn), ¢.2014C>T
(p.Pro672Ser), ¢.2191G>A (p.Val731Met), c.2216A>G
(p.GIn739Arg), and c.2522G>A (p.Arg841His). All of the
missense variants we identified have been previously
described in individuals with AIS. We also identified a
single-nucleotide duplication at position ¢.902dup which
is predicted to lead to a frame-shift and a premature
stop codon at position 304 (p.Ser302Glufs*3). The iden-
tified variants did not seem to cluster to any specific
protein domains: one variant was predicted to fall in the
N-terminal domain (p.Ser302Glufs*3), one was in the
DNA-binding domain (p.Ile604Asn), another was in the
hinge region (p.Pro672Ser), while the other three

Table 2 Patients carrying AR gene pathogenic variants
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variants were in the androgen-binding domain
(p.-Val731Met; p.GIn739Arg and p.Arg841His).

All of the patients mentioned above (patient 7, 8, 9,
10, 13, 16, 18, 24, 29, 37, 51, and 68) carried pathogenic
variants in the AR gene. Only 4 patients (7, 8, 9, 10)
reached pubertal age, which allowed the hormonal
assays to be interpreted. They all showed hormonal pro-
files with increased LH and T, and slightly increased
FSH levels, consistent with AIS. All of these patients had
atypical genitalia with severe hypospadias, bifid scrotal, a
palpable gonad in scrotal region, and micropenis. All
these patients had a low EMS < 9 which is consistent
with an AIS clinical profile.

Molecular analysis in a familial case of AlS

In this study, we identified the ¢.2522G>A;p.Arg841His
pathogenic variant in an extended family with multiple
affected [patients 7 (III:14), 8 (III:16), 9 (II:8), and 68
(IV:4)] across three generations (see pedigree Fig. 2), and
this pathogenic variant has been reported before in
patients with PAIS [14, 21-24]. Based on clinical evalu-
ation, patients 7 (II1:14), 8 (III:16), and 9 (III:8) were
seen at our clinic as adults; they were raised as females
but later had undergone gender reassignment. At pres-
entation, they had severe hypospadias, bilateral palpable

Patient Exon Domain Mutations type  c¢.DNA change  Protein change EMS  References
NM_000044.2 NP_000035.2
7° 7 LBD Missense c.2522G>A p.Arg841His 3 Hiort et al. 199 3[21];
Beitel et al. 199 4[22]; Imasaki et al. 199 4[23];
Evans et al. 199 7[24];
Audi et al. 201 0[14]
8? 7 LBD Missense C.2522G>A p.Arg841His 6 Hiort et al. 199 3[21];
Beitel et al. 199 4[22]; Imasaki et al. 199 4[23];
Evans et al. 199 7[24];
Audi et al. 201 0[14]
9° 7 LBD Missense C.2522G>A p.Arg841His 6 Hiort et al. 199 3[21];
Beitel et al 1994 [22]: Imasaki et al. 199 4[23];
Evans et al. 199 7[24];
Audi et al. 201 0[14]
10 3 DBD Missense CI1811T>A p.lle604Asn 3 Elfferich et al. 200 9[20]
13 5 LBD Missense c2191G>A p.Val731Met 6 Newmark et al. 199 2[25];
Sanchez et al. 200 6[26]
16 4 Hinge region  Missense c2014C>T p.Pro672Ser 6 Elfferich et al. 200 9[20]
18 5 LBD Missense c2216A>G p.GIn739Arg 3 Elfferich et al. 200 9[20]
24 5 LBD Missense c.2191G>A p.Val731Met 6 Newmark et al. 199 2[25];
Sanchez et al. 200 6[26]
37 1 NTD Frameshift ¢.902dup p.Ser302Glufs3 6 Juniarto et al. 201 2[16]
51 5 LBD Missense c2191G>A p.Val731Met 6 Newmark et al. 199 2[25];
Sanchez et al. 200 6[26]
68° 7 LBD Missense c2522G>A p.Arg841His 3 Hiort et al. 199 3[21];

Beitel et al. 199 4[22]; Imasaki et al. 199 4[23];
Evans et al. 1997 [24];
Audi et al. 201 0[14]

Individuals are related
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Fig. 1 Schematic diagram showing the AR gene and the localization of the six pathogenic variants identified in the present study. The exons of
the AR gene are indicated numbered boxes. AR: androgen receptor

gonads, and presented gynecomastia at puberty then
later clinically diagnosed as PAIS (Fig. 3a). While patient
68 (IV:4) was referred to our clinic when she was 1 year
old, she presented with female external genitalia with
bilateral palpable gonads in labial region and was diag-
nosed as CAIS (Fig. 3b). Her mother (III:5) and maternal
grandmother (II:4) were found to be carriers of the same
pathogenic variant ¢.2522G>A; p.R841H in the AR gene
which was carried over generations in this family.

Discussion

We report here a cohort of Indonesian patients with sus-
pected AIS and AR gene variants. The age of presenta-
tion varied among patients; however, a large proportion
of the patients were referred to our center at a later age
(mean:10.43 years old), while only 14.67% patients were
identified in early childhood (< 1 year). Consistent with
our results, Shawky et al. (2012) reported that diagnosis
of patients with a DSD was often delayed, with adults as
the most common presenting group in Egypt [27].
Undermasculinization can pose a diagnostic dilemma
since the patients were often not aware of their condi-
tion until they experienced delayed puberty. In addition,

management due to social stigmatization, cultural and
religious issues, as well as inadequate laboratory facilities
or a lack of health insurance to support medical treat-
ments including hormonal and genetic examination [28,
29]. This is in contrast to developed countries, where
DSD is usually identified before or shortly after birth
due to atypical genitalia or sex discordance detected with
prenatal testing [30, 31]. Early diagnosis can benefit pa-
tients and support parents in coping with experiences
such as stigma and gender dysphoria. It can improve the
quality of life, including allowing decisions about the
child’s sex of rearing and surgery, rather than the shock
of a late diagnosis [32, 33].

We identified numerous AR gene variants in our
cohort. In our previous study, we reported pathogenic
variants in the AR gene in patient 10, 16, and 18 [20].
The AR ¢.1811T>A; p.(Ile604Asn) pathogenic variant in
patient 10 is located in the DBD region of the AR, close
to the D box in the second zinc cluster which is involved
in AR dimerization and hormone-responsive element.
The p.le604Asn has been shown to display normal
translocation to the nucleus upon hormone stimulation
but has completely lost its DNA-binding capacity as

DSD patients in Indonesia can face delays in shown by live cell imaging, which explains its total lack
n:1 B 1n: n:e 49 1n:8 1n:9
n:1 n:2 mn:3 n:4 n:s n:8 n:9 ni:10 n:11 n:12 II*S III*At n:15 n:16

€.2522G>A;
p.R84TH

€.2522G>A; ©.2522G>A;
pR84TH  p.RE4TH

€.2522G>A;
p.R84TH

/IV:4
€.2522G>A;
p.R84TH

v v:2 v:3

v:s

Fig. 2 Pedigree of the family 1. The proband is indicated by an arrow. Black-filled symbols represent affected individuals; open symbols
represents unaffected individuals; black spots represents carrier individuals; squares: males; circle: females
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[A]

Fig. 3 The clinical presentation of AIS within family 1. a Noted bifid scrotal, micropenis, severe hypospadias, bilateral palpable testes in scrotal
region in patient 7 (lll:14). b Noted minimal scrotalization, severe hypospadias and bilateral palpable testes in scrotal region in patient 68 (IV:4)
.

[B]

of transcriptional activity from two distinct promoters
[20]. The c.2014C>T; p.(Pro672Ser) in patient 16 is
located in the helix 1 of the LBD and encoded by exon 4
of the AR gene. The c.2216A>G; p.(GIn739Arg) patho-
genic variant in patient 18 caused substitution of the
polar yet uncharged glutamine residue by a charged
arginine residue caused a PAIS phenotype [20].

The ¢c.2191G>A; p.(Val731Met) in patient 13, 24, and
51 has been reported before in two patients with pros-
tate cancer [25, 26]. It has been proposed that the
replacement of p.Val731Met allows for cellular prolifera-
tion with low-androgen concentrations [26]. Newmark
et al. identified codon 730 as a highly conserved region
among all steroid receptors therefore this pathogenic
variant may impair its transcriptional activity by prevent-
ing binding to the target genes [25]. However, the bio-
logic pathway for undermasculinization caused by this
pathogenic variant is still not fully understood.

In our previous study, patient 37 has been reported as
a male with undermasculinization [16]. The frameshift
mutation ¢.902dup; p.(Ser302Glufs*3) in patient 37 is
located in in the first exon of the AR gene. The frame-
shift mutation results in a truncated protein of three
amino acids. The pathogenic variant was located in the
NTD domain containing the transcriptional regulatory
region; thus, it potentially causes disruption of transcrip-
tional factor binding sites of AR gene that would induce
partial phenotype in this patients [10, 34].

A familial case of AIS with diverse phenotypic expres-
sivity is presented in this study. DNA analysis has shown
a missense mutation in exon 7 of AR gene (c.2522G>A)
leading to a change of arginine into histidine at position
841 (p.Arg841His) in the ligand binding domain of the
AR gene. This particular codon is reported as a muta-
tional ‘hotspot’ [13]. Imasaki et al. and Mazen et al.
reported phenotypic diversity in families carrying the

same variant, in which the index patient was female but
the other family members were reared as boys [23, 35].

Phenotypic diversity among siblings with PAIS who
share the same pathogenic variant has been well docu-
mented [23, 24]. This intrafamilial variance may be due
to factors other than abnormalities in the AR gene, such
as co-regulators affecting the functional characteristics
of androgen receptor, including ligand selectivity and
DNA-binding ability [35]. In some patients, somatic
mosaicism for an AR gene mutation could also be
responsible [36].

The finding of EMS in this study of undermasculinized
male patients showed similar results to that observed
previously with this subset of AIS patients [9, 37]. The
EMS itself cannot influence gender assignment, but
could be used to determine when to inquire or request
advice from a specialist. Based on a study by Ahmed
et al, it would seem reasonable to seek a specialist’s
opinion in cases of undermasculinized newborns with a
score of 10 or less [9]. An additional benefit of the EMS
is the ability to objectively analyze biochemical, genetic,
and clinical features of AIS [9].

There are also complexities regarding gender assign-
ments for infants with DSD. As mentioned in this study,
during genetic counseling in a familial case of AIS, it
was revealed that the grandmother (II:4) had not dis-
closed this fact to the mother (IIL:5) until she was giving
birth to patient 68. She came to our clinic for further
evaluation after knowing the baby presented with atyp-
ical genitalia which was similar to that seen other family
members. When informed about the pathogenic variant
inherited in this family, the parents changed their daugh-
ter’s gender to male without consent and discussion with
our MDT. In the genetic counseling session, the gender
identity of the affected individual must be considered
with care to avoid assumption that chromosomal sex or
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gene variants will determine gender identity. In this
patient, surgery should be postponed until the affected
child can consent.

We often see 46,XY DSD patients with PAIS, who have
been assigned a female gender at birth, but undergo gender
change in their adolescence [38]. Therefore, the cytogenetic,
hormonal, and genetic analysis should precede the gender
assignment of infants with DSD. However, medical manage-
ment in Indonesia faces health resource issues, socio-
cultural, and legal obstacles that hinder medical options for
the affected individuals [28]. Patients often seek medical con-
sultation at a later age, when they have reached puberty, and
often our team is confronted by patients with emotional dis-
tress, gender confusion, and social stigmatization [29, 39]. It
is critical that patients with DSD are assigned to a multidis-
ciplinary team who can accurately care for their needs imme-
diately after identification.

Due to the heterogeneous nature of DSD, determining
a genetic diagnosis can be challenging. In many develop-
ing countries with limited resources, genetic testing is
only available for some DSD-associated genes through
Sanger sequencing and is only useful when the pheno-
type is highly suggestive of a single gene [12]. However,
single-gene sequencing can be time-consuming and
costly and only yields a low-molecular diagnosis [40].

The rapidly falling costs of genomic sequencing have
recently led to the use of next generation sequencing
(NGS) for the genetic diagnosis of DSD [41]. A study
using a targeted gene panel sequencing in a large inter-
national patient cohort with 46, XY DSD reported likely
genetic diagnosis in 43% of patients [42]. NGS-based
methods may in future provide a molecular diagnosis to
our undiagnosed patients [43, 44].

Conclusions

In summary, our molecular diagnosis identified six
unique pathogenic variants in the AR gene in a cohort of
undermasculinized 46, XY DSD patients. Suspected AIS
patients can share overlapping features with patients that
carry variants in other genes involved in gonadal devel-
opment, and a genetic finding in AR rules out the latter.
Further studies using next-generation sequencing such
as targeted gene panels for DSD or whole exome
sequencing to identify pathogenic variants in other DSD
genes should be considered. This is the first report of
Indonesian patients with undermasculinized 46, XY
DSD and an EMS classification who were diagnosed
using molecular diagnostic approaches.
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