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Abstract

Background Androgen insensitivity syndrome or testic-
ular feminization syndrome is a rare X-linked recessive
disorder, which encompasses a wide range of phenotypes
that are caused by numerous different mutations in the
androgen receptor gene. Complete androgen insensitivity
syndrome occurs when the body cannot use androgens at
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all. People with this form of the condition have the external
sex characteristics of females, but do not have a uterus and
therefore do not menstruate and are unable to conceive a
child (infertile).

Methods 1In this paper, we report three cases of familial
complete androgen insensitivity syndrome who presented
with primary amenorrhea.

Results Physical examination, ultrasonography studies,
and biochemical, karyotype, and molecular cytogenetic
analyses were conducted. Based on the findings, they were
diagnosed and confirmed as having complete androgen
insensitivity syndrome.

Conclusion A multidisciplinary team is needed from
disclosure of the diagnosis, gender assignment, surgical
management, hormonal replacement therapy, to counseling
and support.
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Introduction

Androgen insensitivity syndrome (OMIM# 300068) is a
rare X-linked recessive disorder that occurs in phenotypi-
cally normal woman with male karyotype (XY), with an
incidence of 1:20,000-64,000 male births [1-3]. Two
forms of AIS are described: complete androgen insensi-
tivity syndrome (CAIS) and partial androgen insensitivity
syndrome. CAIS, also known as testicular feminization
syndrome, is characterized by female external genitalia,
adequate breast development, absence or thinning of pubic
and axillary hair, and absence of uterus. In childhood, the
most common clinical presentation is the presence of
bilateral inguinal hernias. Individuals not diagnosed during
childhood are detected after puberty because of primary
amenorrhea [4]. The hormone profile in these individuals is
typical: high Luteinizing hormone (LH) levels, normal to
slightly elevated testosterone levels, high estradiol (for
men) levels, and normal to elevated Follicle-stimulating
hormone (FSH) levels.

This genetic disorder is caused by mutation of the
androgen receptor gene (AR gene) (OMIM# 313700) located
on the proximal long arm of the X chromosome, specifically
locus Xq11-Xq12. This gene has approximately eight exons,
which translates into 919 codons, or 2757 nucleotides [5].
Till date, 1110 mutations have been described, including
complete and partial gene deletions, point mutations, and
small insertions/deletions [http://androgendb.mcgill.ca].
These mutations can cause a variety of functional defects,
ranging from a complete loss of receptors on the cell surface
because of incomplete protein synthesis to alterations in
substrate-binding affinity. Altered substrate-binding affinity
causes a signal transmission loss, despite a normal number of
cell surface receptors. In this paper, we present three index
cases of familial CAIS where the affected individuals are
from third generation.

Case Presentation
Case 1

A 27-year-old phenotypic female presented to the outpa-
tient department of the obstetrics and gynecology, Institute
of Reproductive Medicine and Women Health and then
was referred to Center for Genetic Studies & Research for
cytogenetic investigation due to primary amenorrhea.
Figure 1 shows the pedigree of the proband (IIT 10). She
was 5’9" tall and weighed 87 kg. On clinical examination,
the proband was found to have normal breast development
(Tanner V), normal female external genitalia, with thinning
of pubic hair and absence of axillary hair. While collecting
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history, it was learnt that she had bilateral gonadectomy,
i.e., removal of both testicles present in inguinal region
which was done at 23 years of age. Histopathological
examination suggested severe germ cell hypoplasia with
complete spermatocytic arrest and Leydig’s cell hyper-
plasia. There was no evidence of malignancy in the sec-
tions studied. Ultrasonography of the proband showed a
blind vagina with absence of ovaries. Hormonal profile
showed normal serum FSH, slightly elevated serum LH,
and testosterone levels in the normal male range (Table 1).
Karyotype was 46,XY (Fig. 2a) and metaphase fluores-
cence in situ hybridization (FISH) analysis confirmed the
presence of the SRY gene locus (Fig. 2b).

Case 2

A 24-year-old female (III 14) was referred for karyotyping
with a complaint of primary amenorrhea. She was 5’7" tall
and weighed 78 kg. On clinical examination, she was
found to have under-developed breast (Tanner II) and cli-
toromegaly with absence of pubic hair and axillary hair.
The patient had bilateral gonadectomy at 3 years of age.
Histopathological examination done from the testicular
mass suggests bilateral atrophic testis. Ultrasonography of
the patient showed a blind vagina with absence of ovaries.
Hormonal profile showed normal serum FSH, slightly
elevated serum LH, and testosterone levels (Table 1).
Cytogenetic analysis showed a 46,XY karyotype.

Case 3

A 21 year-old-female (III 15) was referred for karyotyping
with a complaint of primary amenorrhea. She was 5’4" tall
and weighed 79 kg. On clinical examination, she was
found to have normal breast development (Tanner V) and
normal female external genitalia with thinning of pubic and
axillary hair. Ultrasonography of the patient done at the age
of 17 years showed no structures morphologically resem-
bling uterus and ovaries in the pelvis indicating blind
vagina with bilateral inguinal mobile masses on palpation
that resembled testes. Hormonal profile showed elevated
serum FSH and LH with normal testosterone levels
(Table 1). Cytogenetic analysis showed a 46,XY karyotype

Their family history revealed that three other females,
on the maternal side spanning across three generations,
presented with similar complaints of primary amenorrhea.
The proband’s mother (II 5) had a delayed menarche at the
age of 19 years and had no axillary hair while one of her
cousin sisters (II 8), who had married and had no issues,
died at the age of 63 due to cancer (type not known) and
had primary amenorrhea. The proband’s maternal
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Fig. 1 The pedigree of the family with complete androgen insensi- the center obligate carrier female, crossed open squares, crossed
tivity syndrome (CAIS). Black circles CAIS 46, XY individuals, open circle with dot in the center, crossed black circles deceased
circles normal females, open squares normal males, circle with dot in individuals

Table 1 Hormone levels in the Proband and her two affected cousin sisters

Analyte Normal range (for men) Case 1 Case 2 Case 3
Follicle-stimulating hormone (FSH) 1.4-15.4 mIU/ml 8.89 9.13 24.42
Luteinizing hormone (LH) 1.2-7.8 mIU/ml 13.17 12.81 21.08
Testosterone (T) 3.0-10.6 ng/ml 10.90 11.61 4.36

B8 48 TR

Fig. 2 a G-banded karyotype of the proband showing 46,XY. b Fluorescence in situ hybridization (FISH) using separate probes for the SRY
gene (red; arrowhead) and the X-centromere (green; arrow)

grandmother’s sister (I 3), who married and had no issues, investigated and were leading a married life. The proband’s

also died due to cancer (type not known) at the age of 30 cousin sister (III 8) refused to come for investigations who
and had similar complaints. They had never been  had similar complaints.
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Discussion

CALIS can be diagnosed as a result of mismatch between the
prenatal sex prediction and the phenotype at birth [6].
Other modes of presentation include a known family his-
tory of X-linked complete androgen insensitivity syndrome
and, occasionally, the discovery of a pelvic mass arising
from a gonadal tumor [7]. No precise figures are available
for the prevalence of CAIS, but estimates range from one
in 20,400 to one in 99,100 genetic males on the basis of a
proven molecular diagnosis [8].

The typical presentation for complete androgen insen-
sitivity syndrome is either primary amenorrhea in adoles-
cence, or inguinal swellings in an infant. A female
adolescent with the disorder has breast development and a
pubertal growth spurt at the appropriate age, but no men-
ses. Development of estrogen-dependent secondary sexual
characteristics occurs as a result of excess aromatization of
androgens. Pubic and axillary hair are usually absent or can
be present in sparse amounts [9]. In our index cases, all the
criteria were met including the findings of ultrasonography,
hormonal assay, karyotyping, and FISH confirming the
diagnosis in favor of CAIS. The uterus, cervix, and prox-
imal vagina are absent in CAIS because of the action of
antimiillerian hormone produced by Sertoli cells of the
testis. The vagina varies from a dimple in the perineum to
normal length, but is always blind-ending.

Adult women with CAIS are generally taller than
women without the syndrome, but are on average shorter
than the male population [10]. Our index cases were also
tall, heavy built. The enlarged adult stature in the syndrome
is mainly due to the effect of the growth-controlling region
on the long arm of the Y chromosome, but genome-wide
association studies have identified several loci that affect
adult height [11]. Infants with CAIS are on average the
same size at birth as male infants, suggesting that factors
on the Y chromosome rather than exposure to prenatal
androgens explain the sex dimorphism [12].

In our three index cases, hormonal profile showed normal
serum FSH, slightly elevated serum LH, and testosterone
levels in the normal male range (Table 1).Women with
complete androgen insensitivity syndrome who have intact
gonads have the endocrine profile of a hormone-resistant
state. Serum testosterone concentrations are either within or
above the normal range for men and LH concentrations are
appropriately increased [13]. The testosterone level of the
case 3 is within the normal range. The pattern of gonado-
tropin and testosterone concentrations is less suggestive of
hormone resistance when complete androgen insensitivity
syndrome presents in infancy [14, 15]. Serum testosterone
concentrations do increase appropriately after stimulation
with human chorionic gonadotropin [14].
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Ultrasonography report of case 3 shows blind vagina with
bilateral inguinal mobile masses on palpation that resembled
testes. Gonadectomy with hormone replacement therapy was
advised due to the fact that testicular tumors may develop. If
gonadectomy is done in childhood, puberty should be
induced with estrogen replacement. The principles are sim-
ilar to induction of puberty in girls with Turner’s syndrome
[16]. In women who underwent gonadectomy after puberty,
several preparations are available, including contraceptive
pills such as natural estrogen—estradiol—and synthetic
estrogens and hormone replacement therapy.

Long-term psychosexual outcome in complete androgen
insensitivity syndrome suggests a trajectory of female-
typical development, with the assimilation of a female
identity and female-typical behavior, and psychological
wellbeing similar to that of other women [17, 18]. In our
case series, case 1 had consulted plastic surgeon and
clinical psychologist and after confirming that she has
normal length of vagina and she could lead a normal sex
life after marriage, she recently got married and is leading a
happy married life. Less positive outcomes have been
reported for sexual functioning and sexual quality of life
[19]. Problems with desire, arousal, and dyspareunia were
significant in a group of women with XY disorders of sex
development, most of which were due to CAIS [20].

XY individuals with CAIS in whom the external geni-
talia are those of a normal female pose no dilemma of sex
assignment. Affected individuals are raised as females, and
in such cases the pediatric endocrinologist can handle the
problem along with an experienced psychiatrist who will
support both the family at diagnosis as well as the patient
later in life [21].

The basic etiology of androgen insensitivity syndrome is a
loss-of-function mutation in the AR gene. This AR gene is
localized to the long arm of the X chromosome, i.e., Xql11-12
[5]. The gene contains eight exons and seven introns, span-
ning more than 90 kb and codes for a protein with four
functional domains (N-terminal regulatory domain,
DNA-binding domain, Ligand-binding domain, C-terminal
domain). Testosterone and dihydrotestosterone, secreted by
the Leydig cells of the testes, bind to this intracellular protein
and cause a conformational change that leads to dimerization,
nuclear transport, target DNA binding, and eventually tran-
scription. A working androgen receptor is essential to mediate
the action of testosterone and dihydrotestosterone, leading to
the initiation and maintenance of fetal internal and external
masculinization, and pubertal virilization. In CAIS, when the
receptor is completely defective, the individual fails to
develop both internal and external male genitalia [22].

Most cases (70 %) of AR mutations are inherited and
transmitted in an X-linked manner. In this situation, there is
a likelihood of 50 % for an XY offspring to be affected and
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for an XX offspring to be a healthy carrier of the gene
abnormality [23, 24]. In genetic counseling section, we
have explained all the risk factors and the younger siblings
(IIT 11, 12) of a proband to evaluate in order to identify as
early as possible those who would benefit from institution
of treatment and preventive measures. To further delineate
the disease process, we have advised necessary evaluation
of other family members.

Conclusion

AIS, although very rare, is extremely distressing to the
concerned individual. Successful management of androgen
insensitivity syndrome should address functional, sexual,
and psychological issues such as disclosure, gonadectomy
and subsequent hormone replacement, creation of a func-
tional vagina, and provision of genetic advice. Care needs
to be individualized, flexible, holistic and multidisciplinary
(endocrinology, urology, gynecology, clinical psychology,
neonatology and clinical genetics).

Recently, a report was published in Daily Mirror where
a woman diagnosed with CAIS gave birth to twin girls
through IVF after her womb being encouraged to grow
through hormone replacement therapy (HRT) which gives
hope to this above group who are otherwise termed as
sterile [25].
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