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SUMMARY

Androgen insensitivity syndrome (AIS) is a rare genetic disorder that affects the development of the
male reproductive system in individuals with a 46,XY karyotype. In addition to physical impacts,
patients with AIS may face psychological distress and social challenges related to gender identity
and acceptance. The major molecular etiology of AIS results from hormone resistance caused by
mutations in the X-linked androgen receptor (AR) gene. Depending on the severity of androgen
resistance, the wide spectrum of AIS can be divided into complete AIS (CAIS), partial AIS (PAIS),
or mild AIS (MAIS). Open issues in the treatment and management of AIS include decisions about
reconstructive surgery, genetic counseling, gender assignment, timing of gonadectomy, fertility and
physiological outcomes. Although new genomic approaches have improved understanding of the
molecular causes of AIS, identification of individuals with AIS can be challenging, and molecular
genetic diagnosis is often not achievable. The relationship between AIS genotype and phenotype is
not well established. Therefore, the optimal management remains uncertain. The objective of this
review is to outline the recent progress and promote understanding of AIS related to the clinical
manifestation, molecular genetics and expert multidisciplinary approach, with an emphasis on

genetic etiology.

Keywords

1. Introduction

The first case of androgen insensitivity syndrome
(AIS; OMIM#300068) was reported in 1953 by Dr.
John Morris, who called it testicular feminization,
a phenomenon that causes feminization effects and
involves the presence of testes observed in the body (/).
AIS is a heterogeneous disease of hormone resistance
(2) characterized by mutations of the androgen receptor
(AR) gene. The incidence of AIS varies from 1:40,800
to 1:99,000 (3). AIS is a common disorder of sex
development (DSD) with a 46,XY karyotype (4). It is
distinguished by a variety of clinical features, including
undermasculinization of the external genitalia at birth,
abnormal secondary sexual development at puberty,
and infertility. Depending on the degree of androgen
resistance and the resulting physical characteristics, AIS
is classified as complete (CAIS), partial (PAIS) or mild
androgen insensitivity (MAIS). Although AIS mainly
results from a loss-of-function in the AR gene (4), only

AIS, androgen receptor, disorders of sex development (DSD), genetics

approximately 85% of patients with a clinical diagnosis
of CAIS and less than 30% with PAIS can be attributed
to inactivating mutations in the AR gene (5). Not all
individuals with clinical AIS exhibit mutations in the AR
gene (5). The clinical diagnosis and optimal management
remain challenging. The biology of masculinization
depends on coordination among several signaling
networks, such as androgen-dependent signals and
downstream events (6).

This review provides an overview of the current
research on AIS, covering its clinical manifestations,
molecular genetics, and the importance of a
multidisciplinary approach, with a particular focus on
genetic etiology.

2. Clinical manifestation of AIS
AIS is classically characterized as an X-linked recessive

genetic disorder due to absence or reduced functionality
of the AR protein, which prevents the body from
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responding to androgens. People with AIS are born with
testes that produce androgens, but their bodies are unable
to respond to these hormones. As a result, individuals
with AIS may develop female-like physical traits such as
breast development and lack of pubic hair.

Depending on the degree of androgen insensitivity
(5,7), AIS manifests a broad spectrum of phenotypes
from mild to partial or complete androgen insensitivity
(8) (Table 1). CAIS occurs when an individual with
the XY chromosome has a complete inability to
respond to androgens, resulting in a typically female
phenotype. The incidence of CAIS is estimated between
1 in 20,000 and 1 in 64,000 individuals with a 46,XY
karyotype (9). PAIS occurs when there is some residual
androgen receptor activity, leading to varying degrees
of undervirilized male external genitalia or partially
virilized. The incidence of PAIS is approximately 1 in
130,000 individuals with a 46,XY karyotype (/0). PAIS
patients usually present with clinical features such as
micropenis, hypospadias and cryptorchidism. Individuals
with PAIS may also have external genital anomalies such
as bifid scrotum and penoscrotal transposition. MAIS
is characterized by complete masculinization of the
external genitalia, but individuals with MAIS typically
show signs of incomplete masculinization, including
gynecomastia at puberty and impaired spermatogenesis.
Although the incidence of MAIS is much less than CAIS
or PAIS, it has not been exactly measured.

The endocrine profile is responsible for producing
and regulating hormones in the body. Luteinizing
hormone (LH) and follicle-stimulating hormone (FSH)

Table 1. Clinical manifestation of different AIS phenotypes

play critical roles in the regulation of male reproductive
function. LH is a gonadotropic hormone and stimulates
the production of testosterone in testes (//), while FSH
stimulates the production of sperm cells through its
synergistic action with testosterone (/2). In AIS, the
characteristic feature of hormone spectrum is elevated
levels of testosterone or normal basal testosterone levels
that are associated with high serum LH, indicating
impaired androgen negative feedback on the anterior
pituitary (/3). Despite the differences in the severity of
androgen resistance among different types of AIS, there
is no difference in hormonal levels (testosterone and LH)
between them (/4). Serum FSH levels were not different
in individuals with MAIS, PAIS and CAIS (/4,15).
Therefore, hormone screening for AIS would be helpful,
but lack specificity.

3. Molecular genetics of AIS

Androgens bind to the AR and activate its signaling
pathway, which is essential for male sexual
differentiation. The AR protein consists of 919 amino
acid residues and is composed of four functional
domains (Figure 1A): 7) the N-terminal domain (NTD),
which is encoded by exon 1 and initiates transcription of
target genes; i) the central DNA-binding domain (DBD)
encoded by exons 2 and 3, which interacts with DNA
and is critical for binding to hormone response elements
(HREs); iii) the Hinge domain encoded by the proximal
portion of exon 4, containing the phosphorylation site,
which controls the AR activity; iv) the ligand-binding

AIS With AR
mutation

External

Prevalence Genitalia

Phenotypes

LH FSH  Testosterone

Clinical characterization (UL) (UL) (ng/dl)

Female

1443  3.5-16

w

I
CAIS

PAIS

&

I
MAIS

1:20,000 to
1:64,000 (9)

1:130,000 (/0) <30% (5)

NA

85% (5)

18% (7)

Predominantly
female

Ambiguous

Predominantly
male

Male

Absent or rudimentary Wolffian duct derivatives;
Absence or presence of epididymides and/or vas
deferens;

Inguinal or labial testes;

Short blind-ending vagina;

Scant or absent pubic and/or axillary hair (8).
Clitoromegaly and labial fusion, sinus urogenitalis
with a wide opening, short, blind-ending
vagina; Slight signs of androgen effects: slight
clitoromegaly or partial labial fusion, distinct
urethral and vaginal opening (8).

Microphallus with clitoris-like underdeveloped
glans, labia majora like bifid scrotum,
perineoscrotal hypospadias; Additional sinus
urogenitalis with a short, blind ending vagina (8).
Clitoromegaly and labial fusion, sinus urogenitalis
with a wide opening, short, blind-ending
vagina; Slight signs of androgen effects: slight
clitoromegaly or partial labial fusion, distinct
urethral and vaginal opening (8).

Impaired spermatogenesis and/or impaired
pubertal virilization (8).

186-1,033
(s U3 (15

9-32 1.1-34  157-1,592
15 (15) (15)

2.7-25 0.6-50 141-2,047
14) 4 14)

AIS: androgen insensitivity syndrome. PAIS: partial androgen insensitivity syndrome. MAIS: mild androgen insensitivity syndrome. CAIS:
complete androgen insensitivity syndrome. LH: luteinizing hormone. FSH: follicle-stimulating hormone. NA: not available.
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Figure 1. Structure and function of the androgen receptor (4R) gene, distribution of AR mutations in patients with AIS and androgen
action. (A). A schematic representation of 4R gene and AR protein. (B). Distribution of different types of AR mutations in AIS showed that
mutations with larger effect size (stop codon, insertion, deletion and duplication) are more frequently reported in individuals with CAIS in
the androgen receptor mutations database. The asterisks indicate significant excess of mutations with larger effect size (***p < 0.001). (C).

Mechanism of AR activation through DHT binding.

domain (LBD) encoded by the remaining exons 4 and
exons 5-8, which first facilitates interaction of AR with
heat shock proteins (HSPs) in the cytoplasm, and then
interacts with androgens, leading to translocation of the
AR to the nucleus. In the androgen reporter databases
(www.mcgill.ca/androgendb) (7), approximately 600
mutations in the 4R gene were described in AIS.
Mutations in the NTD domain are more common in
patients with CAIS, whereas variants in LBD (exons 5
and 6) are more common in individuals with PAIS (7).
Although almost all AR mutations associated with MAIS
have been identified in the NTD domain, the number of
AR mutations related to this phenotype remains relatively
low (15). In the androgen receptor database, most AR
variants identified in patients with AIS are missense
mutations. Compared to missense variants, variants with
larger effect size (stop codon, insertion, deletion and
duplication) are more frequently reported in individuals
with CAIS (Figure 1B).

Although the AIS diagnosis is characterized by the
identification of mutations in the AR gene (/6), there
is not a robust correlation between AIS genotype and
phenotype. The incidence of AR gene mutations tends
to decrease progressively from CAIS to PAIS to MAIS.
While mutations in 4R gene were identified in more than
85% of individuals with CAIS, less than 30% of patients
with PAIS (5) and about 18% of individuals with MAIS
(7) are associated with a genetic abnormality in the 4R
gene. Especially in PAIS, partial loss of androgen action
results in various phenotypes that depend on the overall
fetal exposure to androgens. A new class of AIS group,
AIS type II or AR-mutation negative AIS was proposed

to better understand this type of AIS (5). Gene mutations
outside the AR coding sequence have been discovered in
patients with AIS, which may influence their response to
androgens. For instance, a recurrent germline mutation
in the 5'UTR of the AR resulted in aberrant translation
in CAIS (/7). In addition, epigenetic repression of AR
transcription would contribute to 4AR-mutation negative
class of AIS (AIS type II) (/8). The aberrant methylation
of CpG sites within the proximal AR promoter has been
demonstrated to contribute to AIS (/9). Furthermore,
disruption of AR-dependent cofactors, such as APOD,
would cause the 4AR-mutation negative class of AIS (AIS
type II) (5). The duplication of an enhancer upstream
of the AR gene leads to an increase in the expression
of AR (20). This suggests that while AR is crucial for
masculinization, multiple other components of the AR
complex, including coactivators (e.g., SRC and p300/
CBP) (21), corepressors (SMRT, NCoR) (22), cofactors
(e.g., HSP56, HSP70, HSP90, B-catenin) (23,24) and
androgen metabolism related genes (25) might be
required for full masculinization.

The genetic etiology and underlying mechanisms
leading to androgen resistance need to be further
elucidated. Androgen-AR signaling plays a fundamental
role in masculinization which involves many precisely
regulated steps and biochemical interactions that are
modulated by various types of cofactors (Figure 1C). The
networks governed by core genes that interact with each
other may offer valuable insights into comprehending
the etiology of a disease (26). Dysregulation of any step
regulated by androgen-AR signaling can potentially
result in AIS. Hypospadias is a common feature in
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individuals with AIS. In hypospadias, more than 70%
of the proteins encoded by hypospadias risk genes
that interact directly or indirectly with AR, thereby
influencing androgen production and signaling (27). A
recent study further demonstrated that triple compound
rare damaging variants (one variant from 4R and two
variants from SLC2545) rather than a single mutation
yielded severe hypospadias (25). A following study
demonstrated that hypospadias risk associated genes
may influence AR expression through the AR-centered
network (27) and genetic risk-associated transcription
factors (TFs) (28). It has been indicated that AR may play
a direct role in the genetic etiology of AIS, while genes
that interact with AR and genes related to androgen-AR
signaling have a minor impact on the etiology of AIS.

4. General management

Correct diagnosis of AIS patients is the basis for
subsequent personalized treatment. In previous disease
classifications, AIS was classified as intersex, while the
current classification follows the DSD classification
standards formulated by the Chicago consensus, which
classifies AIS as 46, XY DSD (29). Therefore, the
diagnosis of AIS patients may be confused due to the
use of different disease classification standards. Since
different types of AIS will be treated based on different
strategies, it is recommended to re-diagnose some
patients who were diagnosed using the old classification
method according to the current standard before
treatment (2). In addition, since other types of DSD
may also exhibit phenotypes similar to AIS (29), it is
necessary to perform a differential diagnosis through
further endocrine evaluation and genetic sequencing.

The main principles of treatment for AIS focus on
three main areas: performing surgery to reconstruct the
external genitalia, removing abdominal gonads (such
as undescended testes) to reduce the risk of cancer,
and selecting the appropriate hormone therapy for the
individual. To reduce the risk of testicular malignancy
in individuals with CAIS, treatment options include
prepubertal removal of the testes and provision for
estrogen replacement therapy. Due to the ambiguous
or indeterminate features of the external genitalia in
PAIS individuals, surgical reconstruction requires
more complex and extensive procedures compared to
other types of AIS. Treatment for PAIS often involves
surgery to reconstruct the external genitalia, removal
of abdominal gonads to reduce the risk of cancer, as
well as selection of appropriate hormone therapy for
the individual. For PAIS, combined therapy is usually
required. For example, endocrine and genetic evaluation
should be considered for severe hypospadias (30).
Additionally, reconstructive surgery can be performed
to correct hypospadias, and testosterone therapy can be
used to promote male secondary sexual differentiation.
In MAIS, there is generally no need for surgical

intervention, as affected individuals have fully developed
male genitalia. However, counseling and hormonal
therapy may be advised to those who experience gender
dysphoria or other psychological effects.

Given the long-term consequences associated
with the diagnosis of AIS, a collaborative approach
involving physicians, patients and parents is crucial
for making decisions. The formation of the external
genitalia is one of the earliest and most visible signs of
sex differentiation that occurs in the uterus during fetal
development. Therefore, it may not be possible to initiate
normal differentiation of external genitalia in individuals
with AIS after birth without medical intervention.
Due to androgen resistance, there are a variety of
outcomes, including malignant disease (3/-35), low
bone mineral density and fractures (36-38), infertility
(14,39), hypospadias and short vagina (40,41), impaired
metabolism and cardiovascular disease (42), and mental
disorders (43-47) (Table 2). The future aim of follow-up
for AIS individuals is to identify the potential long-term
health issues that may arise as a result of the condition,
such as cancer risk, metabolic problems, cardiovascular
disease, or mental health disorders.

5. Conclusions

Individuals with AIS may have impaired development
of external genitalia and reproductive organs, leading to
infertility and other consequences. Defining the genetic
etiology for AIS is the foundation for understanding the
pathogenesis of AIS and for long-term management of
patients. The severity of AIS can vary widely and can
be considered as an AR dosage-dependent condition.
The largest-effect variants in AR play direct roles in AIS.
Although molecular genetic diagnosis is achieved in
almost all individuals with CAIS, identifying the genetic
etiology of PAIS and MALIS is challenging and molecular
genetic diagnosis is often not achieved. With the
discovery of new genes contributing to androgen action
and mechanisms involved in sexual differentiation,
new concepts of AIS are emerging, especially for the
AR-mutation negative class of AIS (AIS type II). We
proposed that genetic contribution to PAIS is heavily
concentrated in genes related to androgen-AR signaling
or AR-centered network that are transcribed or expressed
in relevant tissues. Rare damaging variants are likely
to be causative than other classes of variants and hence
explain some of the unknown genetic causes of birth
defects, such as hypospadias (48,49). Furthermore,
new genomic approaches for identifying non-coding,
mosaic, structural or epigenetic variants will improve the
understanding of the molecular causes (50). As additional
genetic and epigenetic causes of AIS are identified, the
diagnosis of these conditions will become more precise.
Patients with AIS, their parents, and healthcare
providers face challenging decisions regarding gender
assignment, genital surgery, and lifelong care. A
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Table 2. Summary of the long-term consequences of AIS.

Long-term outcomes CAIS PAIS MAIS
Malignant disease Incidence rate (37,34): 1-2% in CAIS. Incidence rate (32): > 15% in PAIS. NA
Cause (33): the low rate of germ cell tumor Cause (35): untreated patients have a risk of NA

in CAIS could be attributed to the rapid
reduction of the germ cell population after

up to 50% for undescended gonads, while the
risk of scrotal testes remains unknown.

the first year of life.

Low bone mineral density Outcome (37): the final height of CAIS and PAIS individuals was greater than the average NA

and fractures height of women and lower than the average height of men.
Fracture rates among patients with CAIS who underwent gonadectomy ranged from 2% to 27% NA
(36,38).

Infertility, subfertility No reported cases of biological fertility Usually infertility (/4). Fertility ay occur
(14,39). spontaneously

Gynaecomastia, hypospadias Patients with CAIS and phenotypically
and short vagina female individuals with PAIS have a short,
blind-ending vagina (40).

or be induced
through androgen
treatment (/4).

All individuals with AR mutation develop NA
gynecomastia; hypospadias cases with AR

mutation are more likely to require additional

surgical treatment than hypospadias cases

without an AR mutation (41).

Impaired metabolism and Higher prevalence of obesity (16.7% vs. 3.6%), 56% higher total cholesterol, 33% higher low-density lipoprotein-
cardiovascular disease cholesterol, 16% higher triglycerides, and 47% higher HOMA-Index (42).

Mental disorder Both PAIS and CAIS patients had lower quality of sexual life (43,46). NA

Patients with CAIS had a 5-fold higher risk
of psychiatric disorders than the general
population, a 3-fold higher risk of mood
disorders, a 4-fold higher risk of anxiety
disorders, and a 20-fold higher risk of
obsessive-compulsive disorder (44).

Male PAIS patients often present with NA
psychiatric and psychological problems due to
clinical symptoms of poor virilization (45,47).

NA: not available.

multidisciplinary team, such as geneticists, urologists,
endocrinologists, and psychologists, can provide
expertise in different areas of AIS diagnosis and
treatment, and help facilitate shared decision-making.
These advances are systematically improving the
prediction of prognosis and improving the diagnosis and
long-term management of patients with AIS.
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