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Abstract

Androgen insensitivity syndrome (AIS) is a rare X-linked genetic disorder caused by mutations in the androgen receptor
(AR) gene. AIS can be divided into partial type (PAIS), mild type (MAIS), and complete type (CAIS) based on the degree
of androgen insensitivity. CAIS is characterized by a male genotype and a complete female phenotype. A 10-year-old child
presented with a bilateral inguinal mass for 9 years. Physical examination revealed a complete feminine genital appearance
and a painless mass in bilateral inguinal area. Pelvic magnetic resonance imaging (MRI) revealed long T1 and T2 elliptic
signal nodules in bilateral inguinal area, absence of uterus-ovary signal and a short blind end of the vagina. Chromosomal
analyzes manifested a 46, XY karyotype. By analyzing the above clinical data, the preliminary diagnosis of CAIS was con-
firmed. Then laparoscopic bilateral gonadectomy was performed. The histological examination of resected gonad showed it
consisted of dysplastic testicular tissue and no signs of malignancy were observed. Sanger sequencing revealed the presence
of a hemizygous mutation c.927 T> G (p. Tyr309%) in exon 1 of the AR gene. This is the first report of a novel nonsense
mutation.
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Introduction

Androgen insensitivity syndrome (AIS), formerly known as
“testicular feminization syndrome,” is a X-linked genetic
disorder caused by mutations in the androgen receptor (AR)
gene [1]. It is one of the most common 46, XY, disorders of
sex development (DSD) [2]. AIS is characterized by a wide
spectrum of femaleness in male genotype (46, XY) individu-
als and can be divided into partial type (PAIS), mild type
(MAIS), and complete type (CAIS) based on the degree of
androgen insensitivity. PAIS indicates patients with ambigu-
ous or predominantly male external genitalia; MAIS indi-
cates patients with typical male external genitalia [3]. The
features of CAIS are a complete feminine genital appear-
ance, however, absence of uterus and ovaries, a short blind
end of the vagina, and poor development of pubic hair and
armpit hair [4].
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The AR gene, which is located on Xql1-12, includes
eight exons and encodes the AR protein. The AR protein
belongs to the nuclear receptor superfamily. It consists of
920 amino acid residues, and contains four main functional
domains [5]. The N-terminal transactivation domain (NTD)
is encoded by exon 1 and is associated with the transcription
of target genes. The DNA-binding domain (DBD), encoded
by exons 2 and 3, contains the “zinc finger” constructure,
which binds particularly with hormone response elements
(HRE?s). The C-terminal ligand-binding domain (LBD) con-
tains specific binding sites for androgens and is encoded by
exons 4-8. The hinge region is located between the LBD
and DBD, and contains the phosphorylation site for AR [6].
AR protein can form a complex with endogenous androgens,
such as testosterone (T) and dihydrotestosterone (DHT), giv-
ing rise to different biological messages and regulating the
expression of downstream signaling molecules. Ultimately,
androgens can mediate the differentiation and development
of the normal male phenotype [7].

AIS is a recessive hereditary disease caused by AR gene
mutation on chromosome Xql1.12. Previous studies have
reported more than 1000 different mutations [8] and approxi-
mately 80% have been related to AIS [2]. Compared with
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MAIS and PAIS, patients with CAIS are less responsive to
androgens and need gonadectomy to prevent malignancy [9].
Here, we present a case of CAIS caused by a novel nonsense
mutation of the AR gene.

Case Presentation

A 10-year-old child, reared as a female, was referred to our
hospital because of a bilateral inguinal mass for 9 years.
Physical examination revealed feminine habitus with a
height of 145 cm, weight of 32 kg, BMI (body mass index)
of 15.22 kg/m? and enlargement of both breasts. Gyneco-
logical examination revealed well-developed labia, small
clitoris, normal opening of the vagina and these signs were
completely consistent with feminine genital appearance
(Fig. 1a). A painless mass was palpable in the bilateral ingui-
nal area. Medical history included congenital heart disease.
The patient has a little twin sister whose genotype is 46, XX
and whose phenotype is normal female external genitalia.
There was no otherwise relevant family history. The patient
is a top student at school and is good at playing the piano.
Ultrasonography examination showed mass echo in
the bilateral inguinal area (right 37 X 27 X 14 mm, left
31 x22x 8 mm); moreover, uterus-ovary echo was not
observed. There was no obvious abnormality in other
organs. Pelvic magnetic resonance imaging (MRI) revealed
long T1 and T2 elliptic signal nodules of approximately

28 X 22 mm in the bilateral inguinal area (Fig. 1b), a
short blind end of the vagina (Fig. 1c) and absence of a
uterus-ovary signal (Fig. 1d). The result of hormone test
was follicle-stimulating hormone (FSH) 13.5 TU/L, lute-
inizing hormone (LH) 29.1 IU/L, estradiol 7.0 pg/mL,
total testosterone 11 ng/mL, and anti-Miillerian hormone
(AMH) > 23 ng/mL (reference 1.66-9.49). Chromosomal
karyotyping by G-banding on metaphase chromosomes
from peripheral blood lymphocytes manifested a 46, XY,
16gh + karyotype in the patient. Psychological assessment
revealed the feminine characteristics of the patient. By
analyzing the above clinical data, the preliminary diagno-
sis of CAIS was confirmed.

With full discussion and consent of the patient and her
parents, laparoscopic bilateral gonadectomy was performed
to reduce the risk of malignancy. No uterus or ovaries were
found in the pelvic cavity. Bilateral gonads were seen above
the opening of deep inguinal ring and removed subsequently
(Fig. le). Due to normal-appearing female external genitals
of the patient, genital reconstruction was not performed. The
histological examination of the resected gonad showed dys-
plastic testicular tissue lacking of ovarian tissue (Fig. 2a),
and immunohistochemical analysis showed inhibin-o (mes-
enchyme +) and Ki-67 (5% +). The tumor makers CD30 (-),
CD117 (=), PLAP (-), and SALL-4 (—) demonstrated no
signs of malignancy (Fig. 2b, c, d, e, f, g). Sanger sequencing
revealed the presence of a hemizygous mutation ¢.927 T>G
(p. Tyr309*) in exon 1 of the AR gene in this patient (Fig. 3).

Fig.1 Clinical and imaging features of the patient. a Preopera-
tive photograph shows a feminine genital appearance. b Pelvic MRI
shows bilateral inguinal masses (white arrow), ¢ a short blind end of
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the vagina (white arrow), d absence of uterus and ovaries. e The pic-
ture illustrates bilateral gonads above the opening of deep inguinal
ring
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Fig.2 Histological examination of bilateral gonads shows dysplastic testicular tissue. a Hematoxylin—eosin staining. Immunohistochemical anal-
ysis: b Ki-67 (5% +). ¢ Inhibin-a (mesenchyme +). d CD30 (—). e CD117 (—). f PLAP (-). g SALL-4 (-)

Fig.3 Sanger sequencing illus- WT
trates a mutation ¢.927 T> G (p.

Mutant
Tyr309%*) in exon 1, resulting
in the transition of tyrosine to
terminator

AR
NM_0000044.6
c.927T>G
(p.Tyr309%)

--GAT ACT GCT GAG TAT TCC CCT TTC AAG--
--GAT ACT GCT GAG TAG TCC CCT TTC AAG--

GATACTGCTG/\GTCCCCTTTCAAG

After postoperative follow-up for 18 months, the patient
recovered well and received hormone replacement therapy
for a long time. She had a healthy physique and psycho-
logical state as a female, and her grades were excellent at
school. Her parents were satisfied with the current status of
their daughter.

Discussion and Conclusions

CAIS is a sexual differentiation disorder characterized by
male genotype and complete female phenotype [10]. Due
to complete androgen insensitivity, the differentiation pro-
cess of Wolffian ducts into epididymis, seminal vesicles, and
vas deferens fails and testis, the target organ of androgen,
is undescended and dysplastic, resulting in female external
genitalia and a lack of male secondary sexual characteristics

Sagner sequencing

[2]. Patient with CAIS do not virilize, even though the con-
centration of serum testosterone is within or above the basal
male testosterone levels [5]. Negative feedback from the
anterior pituitary gland leads to elevated basal estradiol and
luteinizing hormone (LH) levels due to an impaired andro-
gen response. Conversely, follicle-stimulating hormone
(FSH) is usually at a normal concentration, as it is mainly
regulated by inhibin [11]. Anti-Miillerian hormone (AMH),
a glycoprotein secreted by support cells, is generally at a
high level compared to normal male children. The elevated
AMH level suppresses the development of the Miillerian
ducts and causes their degeneration; hence, the Miillerian
ducts cannot develop into the female internal genitalia
(uterus, cervix, fallopian tube, and upper vaginal barrel) [6,
12]. CAIS is usually diagnosed in puberty for typical clinical
features, including bilateral inguinal hernia, labial swelling
and primary amenorrhea [10]. Previous studies have shown
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that nearly 57% of CAIS patients present with inguinal her-
nia, especially in the female population [13].

At present, more than 1000 mutation sites of the AR
gene have been reported in the Human Gene Mutation Data-
base [14]. These mutations include substitution, transloca-
tion, deletion, and insertion, located at various loci of the
AR gene [15]. The effects of mutations on the amino acid
sequences of polypeptide chains are generally classified as
follows: same sense mutation, missense mutation, nonsense
mutation, and terminator codon mutation [16]. Among them,
missense mutations are the most frequent, and are character-
ized by mild clinical symptoms [17]. The majority of mis-
sense variants cause dysfunctional LBD and DBD [18].

This is the first report of a novel nonsense mutation in
exon 1 of the AR gene. The mutation is a single-nucleotide
substitution (T to G) at position 927 (¢.927 T > G), result-
ing in the transition of 309 amino acid residues from the
tyrosine to the terminator and dysfunction of the encoded
protein (Fig. 3). The N-terminal transactivation domain
(NTD) is encoded by exon 1 and glutamine, glycine and
proline repeats are the unique features of the NTD [17]. The
NTD is the transactivating domain and the least conserved
domain compared to other domains of the AR gene, which
initiates and regulates the transcription of target genes and
contributes to the formation of the final three-dimensional
structure of the androgen receptor [6]. While the precise
biochemical function of NTD remains poorly understood,
we can speculate that the novel nonsense mutation in exon 1
that we reported results in non-functional AR protein, which
may be responsible for androgen insensitivity.

In conclusion, for female patients with inguinal hernia,
we should raise suspicion of CAIS. After the diagnosis of
CAIS, surgery, hormone replacement therapy, and psycho-
therapy may be necessary to enable the patients to achieve a
good recovery both physically and mentally. Whole exome
sequencing (WES) is helpful for analysis of the genetic
mechanism of CAIS, and a novel missense mutation in exon
1 of the AR gene was identified in our case. This novel muta-
tion may enrich the database of mutations by providing new
insights into the molecular mechanism of CAIS.
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ity syndrome; CAIS: Complete androgen insensitivity syndrome;
AR: Androgen receptor; MRI: Magnetic resonance imaging; DSD: Dis-
orders of sex development; NTD: N-terminal transactivation domain;
DBD: DNA-binding domain; HREs: Hormone response elements;
LBD: Ligand-binding domain; BMI: Body mass index; FSH: Follicle-
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