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Complete androgen-insensitivity syndrome (CAIS), a disorder of sex development (46,XY DSD), is caused primarily by
mutations in the androgen receptor (AR). Gonadectomy is recommended due to the increased risk of gonadoblastoma,
however, surgical intervention is often followed by loss of libido. We present a 26-year-old patient with CAIS who
underwent gonadectomy followed by a significant decrease in libido, which was improved with testosterone treatment but
not with estradiol. Genetic testing was performed and followed by molecular characterization. We found that this patient
carried a previously unidentified start loss mutation in the androgen receptor. This variant resulted in an N-terminal
truncated protein with an intact DNA binding domain and was confirmed to be loss-of-function in vitro. This unique CAIS
case and detailed functional studies raise intriguing questions regarding the relative roles of testosterone and estrogen in
libido, and in particular, the potential non-genomic actions of androgens.

Learning points

e N-terminal truncation of androgen receptor can cause androgen-insensitivity syndrome.

e Surgical removal of testosterone-producing gonads can result in loss of libido.

e Libido may be improved with testosterone treatment but not with estradiol in some forms of CAIS.

e Apreviously unreported AR mutation - p.Glu2_Met190del (c.2T>C) - is found in a CAIS patient and results in
blunted AR transcriptional activity under testosterone treatment.

Background

Complete androgen-insensitivity syndrome (CAIS) is
a disorder of sex development (46,XY DSD) in which
patients exhibit external female genitalia and normal
breast development but have a blind vagina, an absent
uterus and female adnexa, and abdominal or inguinal
testes. CAIS is a disorder characterized by a resistance
to androgens and caused primarily by mutations in
the androgen receptor (AR) or its co-activators (1). The

diagnosis of CAIS can be made during the neonatal period
when there is a discordant phenotype-karyotype, during
childhood with the discovery of inguinal hernia, and/or
during adolescence in the setting of primary amenorrhea.

Gonadectomy has been performed in CAIS to alleviate
the risk of gonadal germ cell cancer (GGCC) (2). As GGCC
appears to occur mainly after puberty, gonadectomy is
usually delayed to allow for spontaneous and complete
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breast development (3). Given the paucity of data on the
true frequency of GGCC (2, 4, 5, 6) some women with CAIS
opt to decline surgery.

In CAIS, breasts develop normally due to a high
concentration of serum testosterone (T) that is naturally
aromatized to estradiol. However, when gonadectomy is
performed prior to puberty, secondary sexual characteristics
are induced by exogenous estradiol treatment.

Herein, we report the case of a young woman with
CAIS carrying a novel loss-of-function AR mutation
who exhibited severe lack of libido after gonadectomy
performed at age 26.

Case presentation

At age 16, the patient presented with primary amenorrhea
and external female genitalia. Her family history was
unremarkable except for an unmarried maternal aunt
without children who was not contacted, as per the
patient’s request. The patient was diagnosed with CAIS
based on 46,XY karyotype, a short pouch vagina, an
absence of Miillerian structures on ultrasound, and a
markedly increased serum testosterone (T) concentration.
Laparoscopy to identify gonads was unsuccessful, and
the patient was placed on oral estradiol therapy and had
routine clinical and psychological follow-ups for the next
3 years. Thereafter, the patient was lost to follow-up. At age
26, the patient experienced a growing concern regarding
an increased risk of gonadoblastoma and sought evaluation
by a surgeon. Pelvic MRI revealed intra-abdominal gonads
and an absence of Miillerian structures.

Investigation

The patient’s serum T concentration was 8 nmol/L,
suggestive of CAIS. She underwent a successful bilateral
gonadectomy, and the gonads measured 6.5 x 3 x 2 cm
and 5.5 x 3 x 2.5 cm, respectively. Histological analysis
by the hospital pathology department revealed no signs
of neoplasia. Consistent with CAIS, histology revealed
feminized testes with immature seminiferous tubules lined
by cylindrical Sertoli cells with clear cytoplasm, and absent
Leydig and germ cells (Fig. 1A, with normal testicular
morphology shown in 1B) (post-surgery, serum T was
0.4 nmol/L, consistent with bilateral gonadectomy. Oral
estradiol therapy was reinitiated at 2 mg daily.

Treatment

She next consulted our endocrine clinic at age 30.
Despite a successful relationship with her husband, she
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described a rapid decrease in libido 6 months following
the gonadectomy despite reported compliance with the
estradiol treatment. We hypothesized that low serum T
concentration following gonadectomy could be the cause
of her loss of libido. The patient agreed to discontinue
oral estradiol treatment for 1 month. During the wash-
out period with no treatment, the patient’s FSFI (Female
Sexual Function Index (7)) was below normal, with low
scores for sexual function (i.e. desire, arousal, orgasm,
and satisfaction noted) (Table 1 and Supplementary data,
see section on supplementary materials given at the
end of this article). After 2 months on testosterone gel
therapy (Testogel’ 50 mg daily), her libido increased and
her repeated FSFI showed normalization of all individual
categories (Table 1).

Outcome and follow-up

Despite the patient’s desire to remain on testosterone,
treatment was discontinued after 6 months due to medical
insurance issues. Two weeks later, hormone replacement
therapy was reinitiated (Estradiol 2 mg daily (Estrofem®))
resulting in a progressive loss of libido, as confirmed by
a low composite FSFI 1 month after the reinitiation of
estradiol (Table 1). A SF-36 quality of life questionnaire
was performed and did not show any changes across
the different hormonal regimens except for emotional
well-being and energy (see Supplementary Table 1). The
effectiveness of T treatment on both libido and well-being
prompted us to further investigate, at the molecular level,
a potential residual activity of the androgen receptor in
this patient.

Genetic testing and molecular characterization of
AR mRNA

After informed consent, the patient’s DNA was extracted
from peripheral blood leukocytes using the PureGene
kit (Qiagen), and RNA was extracted from whole blood
using the PAXgene Blood RNA Kit (PreAnalytiX) with
RT performed using M-MLV RT (Invitrogen™). The eight
genomic exons and the cDNA of the AR gene (GenBank
reference  NM_000044) were Sanger sequenced in
both directions according to standard methods (see
Supplementary) to confirm potential mutations and
exclude splicing defects.

A mutation was identified in the start methionine,
p-Glu2_Met190del (c.2T>C) (Fig. 1C), which was absent
in the >140 000 controls of the gnomAD database (http://
gnomad.broadinstitute.org/). This mutation has not been
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Figure 1
Identification and molecular characterization of c.2T>C AR mutation. (A and B) Representative hematoxylin-eosin-stained sections (H&E-stain) from

control and patient testes. (C) Representative chromatograms showing the loss of the canonical translation start codon in patient DNA vs control. (D)
Schematic of human WT and mutant AR proteins illustrating structural domains, regions and the targeted regions of specific anti-AR antibodies. NTD,
N-terminal domain; DBD, DNA binding domain; Hinge, hinge domain; LBD, ligand-binding domain; AF-1, activation function 1 region; AF-2, activation
function 2; AF-5, activation function 5. (E, F, G and H) Immunohistochemistry of patient testis. (E, F) Representative sections of control and patient testes
after AR immunohistochemistry using antibodies specifically targeting the full length AR or (G, H) recognizing both WT and the truncated AR. Scale bars:
50 pm. (I) Molecular assay principle and protocol for cells (COS-7) treatment. (J) Results of the testosterone response of transfected cells with either WT or
mutated human AR. Data represent the average + s.e.v. of three independent experiments. Data have been analyzed by two-way ANOVA followed by

Bonferroni correction; *P < 0.0001.
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Table 1 Comparison of hormonal values and FSFI score at baseline, with T treatment only and E treatment only.

Gonadectomy Testosterone alone Estradiol Normal

no treatment (50 mg/day) alone (2 mg/day) range
Hormonal values
Testosterone (nmol/L) 0.9 24.1 1.1 <2
Estradiol (nmol/L) 0.4 0.1 0.33 0.13-0.31
Female Sexual Function Index (FSFI) questionnaire
Total score 19.1 34.5 22 >23
Desire 0.6 4.8 2.4 >3.9
Arousal 2.1 5.7 3 >3.9
Orgasm 2 6 16 >3.9
Satisfaction 2.4 6 3.6 >3.9
Lubrication 6 6 5.4 >3.9
Pain 6 6 6 >3.9

In bold are the values of the FSFI total score. Underlined values are outside the reference intervals.

previously reported in patients with CAIS (Androgen
Receptor Database (http://androgendb.mcgill.ca/)), and
literature search), and cDNA sequencing revealed no
defects in splicing. The mutant AR was predicted to utilize
the next in-frame methionine codon as a start, resulting
in a truncated protein missing the first 190 amino acids.
This putative deletion encompasses regions essential for
the transcriptional activity of AR, including the activation
function 1 (AF-1) region (7) (Fig. 1D).

Histology and immunohistochemistry

As testicular tissue was available from the patient’s
gonadectomy, informed consent was obtained to
evaluate the expression of mutant AR protein in the
testis. Testicular tissues from the patient and a healthy
subject were formalin-fixed and paraffin-embedded.
Immunohistochemical analysis for the expression of
AR was performed using the rabbit monoclonal anti-AR
antibody (SP107, Cell Marque, Rocklin, CA, USA) and
the mouse monoclonal anti-AR antibody (clone AR441,
ThermoFisher Scientific) (see Supplementary for specific
conditions). These antibodies against the AR protein
were selected to target the N-terminal portion of WT
AR (AR-SP107) that is part of the putative deletion in
the mutant AR protein, and a more distal epitope (AR-
MADS) retained in the predicted truncated protein (Fig.
1D). Control testicular tissue showed robust staining for
both AR-SP107 and AR-MAS (Fig. 1E and G). As expected,
immunoreactivity for the AR-SP107 was absent in the
patient’s testicular tissue (Fig. 1F), while the downstream
AR-MAS antibody showed positive staining in Sertoli
cell nuclei (Fig. 1H) consistent with the expression of a
truncated AR receptor.

In vitro assays

We assessed both WT and mutant AR functionality for
their ability to activate a consensus androgen response
element (ARE) upon testosterone priming using a luciferase
reporter assay as previously published (8) (Fig. 1I) with only
minor modifications (as described in the Supplementary
data). In contrast to the WT protein, the mutant AR did
not show any activity when treated with increasing doses
of testosterone, consistent with a total loss of function of
the N-terminal truncated protein (Fig. 1J).

Discussion

We report the case of a CAIS patient who underwent
gonadectomy at age 26 with a subsequent low libido
which was successfully treated by testosterone but not by
estradiol. Theliterature is sparse and inconclusive regarding
which hormone replacement therapy is the most effective
in CAIS to increase libido post-gonadectomy. A recent
randomized crossover trial in 26 CAIS patients compared
the effectiveness of testosterone vs estradiol for quality
of life and sexual desire (9). Although both sex steroid
replacement therapies were ineffective in recovering the
decreased psychological well-being, they did lead to an
improvement in sexual function. In particular, testosterone
was superior to estradiol treatment for increasing sexual
desire without additional side effects, indicating that
testosterone therapy appears to be an alternative treatment
for decreased libido in women with CAIS.

The mode of action by which testosterone improves
sexual desire is still largely unknown. Notably, our
patient has an N-terminal truncated AR lacking the AF-1
domain critical for transcriptional activity, consistent
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with an absent response to testosterone in vitro. However,
testosterone therapy led to a robust increase in sexual
function, which is inconsistent with a genomic action of
testosterone.

It is possible that a non-genomic action of androgens
resulted in the increased libido in our patient with a total
loss-of-function AR mutation. Non-genomic actions of
steroid hormones such as progesterone and estradiol have
been well demonstrated (10, 11), while the evidence of a
membrane androgen receptor is growing (12). However,
additional functional studies are needed to specifically
implicate these receptors in the non-genomic actions of
androgen in human physiology.

Alternatively, the aromatization of testosterone
to estradiol may be important in stimulating sexual
desire in females. However, we observed no significant
improvement of libido in our patient after oral estradiol
treatment, consistent with the Birnbaum study (9). It
is, therefore, possible that testosterone could undergo a
central aromatization to estradiol in order to shape and
locally activate sexual behavior circuits within the brain
(13, 14). Indeed, a recent study in monkeys demonstrated
that local and rapid neuroestrogenic pathways are required
for a full GnRH and LH surge and cannot be compensated
by peripheral estrogen (15, 16). Recent clinical studies
based on pharmacologically induced hypogonadism in
healthy volunteers reported a profound decrease in sexual
functioning in both women and men. In this context,
estradiol and/or progesterone were unable to restore sexual
function in females (17), while testosterone treatment
restored normal libido in men. Further, testosterone
therapy with aromatase inhibitor led to decreased libido in
men (18).

Combined, these results suggest the involvement of
central aromatization of testosterone to estradiol in libido.
In addition, placebo-controlled and meta-analysis studies
confirmed the beneficial effect of testosterone on sexual
desire and function in females (19, 20, 21). Further studies
evaluating the response to testosterone therapy in the
presence of an aromatase inhibitor will help clarify the
direct effect of testosterone and/or its aromatization to
estradiol in stimulating sexual desire in females.

In addition, the presence of a Y chromosome in
CAIS patients lacking androgen action may contribute
to differences in neuronal networks involved in sexual
desire. However, several neuroimaging studies have shown
that CAIS patients have feminized brains ((22, 23, 24),
although some masculine features have been observed
(25) consistent with a direct effect of Y chromosome genes.
Thus, CAIS women may depend more on the central
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aromatization of testosterone to estradiol than non-CAIS
women.

This unique case of CAIS suggests that testosterone
therapy may be more effective than estradiol in restoring
sexual desire after gonadectomy, either through central
aromatization or non-genomic actions. Further double-
blinded, placebo-controlled studies are required to assess
the risks and benefits of long-term testosterone therapy in
these patients.

Supplementary materials
This is linked to the online version of the paper at https://doi.org/10.1530/
EDM-21-0031.
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