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46,XX male sex reversal syndrome is a rare genetic cause of male infertility. We 
report on two new cases of this syndrome in men presenting with hypogonadism 
and infertility. Cytogenetic and molecular analysis was performed in both patients. 
An extensive review of the literature for 46,XX male sex reversal syndrome 
cases related to infertility was also performed to fully characterise this syndrome. 
Genetic analyses showed translocation of the SRY on Xp chromosome and 
complete absence of all Azoospermia factor (AZF) genetic regions. All patients 
included in the review presented hypergonadotropic hypogonadism. Small testes 
were the most common clinical characteristic present in 90.2% of the patients, 
followed by small penis (31.8%), gynecomastia (26.8%) and poor hair distribution 
(15.4%). The presence of the SRY was identified in 130/154 (84.4%) patients: in 
98.5% of cases, it was translocated on the Xp chromosome and in 1.5% on an 
autosome. All patients were azoospermic, due to the lack of AZF genetic regions. 
Males with normal phenotype and primary hypogonadism should be properly 
evaluated by the physicians and must be referred for cytogenetic and molecular 
analysis to exclude or confirm 46,XX male sex reversal syndrome. More cases 
of this syndrome with SRY translocated on an autosome are needed to identify if 
these patients have different characteristics than those with SRY translocated on 
Xp chromosome. Whole genome analysis of these patients is required to elucidate 
the genetic differences which are responsible for the phenotypic variability of the 
syndrome. 
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hermaphrodites.[4] The majority of men have normal 
external genitalia, but 10%–15% of XX males 
show various degrees of hypospadias.[5] A normal 
male phenotype mainly depends on the detection 
of the SRY  (Sex determining Region Y) gene, since 
it is a well‑known fact that SRY directs the male 
sex‑determination pathway.[6] SRY is normally located 
on the short arm of the Y chromosome  (Yp11.3) and 
encodes a testes determining factor which induces the 

Introduction

46,XX male sex reversal syndrome or de la Chapelle 
syndrome, first described by A. de la Chapelle et al. 

in 1964, is a rare genetic syndrome occurring in about 
1/20.000–25.000 newborn males.[1,2] In 2006, 46,XX 
male sex reversal syndrome was renamed as 46,XX 
testicular disorder of sex development  (DSD) by the 
‘Chicago Consensus’.[3]

There are three clinical phenotypes associated with 
the 46,XX syndrome: Males with normal phenotype, 
males with genital ambiguities and males who are 
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differentiation of the bipotential primitive gonad into 
testis.[7,8]

It has been reported that in about 80%–90% of the 
cases, the SRY is present, while the remaining 10%–20% 
are SRY‑negative.[7,8] SRY is the main gene regulating 
the testes determination cascade and depending on the 
SRY detection, 46,XX males can be divided into two 
distinct groups: SRY‑positive group which includes 
those who carry the SRY gene and SRY‑negative group, 
where the SRY is absent.[7,8] In 46,XX SRY‑positive 
patients, SRY is usually translocated on the short 
arm of chromosome X, due to an unequal Yp to Xp 
chromosomal interchange occurring during paternal 
meiosis.[7,8] In rare cases, SRY is translocated on an 
autosome.[9‑11]

46,XX SRY‑positive males, usually have a normal 
male phenotype at birth and the diagnosis is 
placed after puberty, usually due to infertility 
problems.[7,12] The main clinical features of the syndrome 
are hypergonadotropic  (primary) hypogonadism, testis 
hypoplasia, gynecomastia, short stature, pelvic cyst and 
infertility due to azoospermia.[7] However, SRY‑positive 
patients may present with genital ambiguities or 
hermaphroditism.[13] The reason for this discrepancy is 
currently unknown.

In the current study, we present two new cases of 46,XX 
sex reversal syndrome and provide a comprehensive 
update of 46,XX male sex reversal syndrome cases 
related to infertility in order to fully characterize the 
clinical and genetic features of this syndrome.

Case Reports
Case 1
A 39‑year‑old male was referred for karyotypic 
analysis due to primary hypogonadism and infertility. 
His height was 171  cm and his weight 70  kg. He had 
a normal male phenotype with normal development of 
secondary male characteristics, reduced libido, mild 
gynecomastia  (grade  1) and small testes inside the 
scrotum. Testicular ultrasound and pelvic magnetic 
resonance imaging revealed bilateral hypotrophic 
testes  (2  cm in diameter) with several small 
calcifications. Semen analysis unveiled azoospermia. The 
patient had no history of surgical procedure, mumps or 
exposure to chemical or toxic agents that could explain 
hypogonadism and his family medical history was 
negative for infertility. He was on testosterone treatment, 
not on a regular basis, since adulthood, because of 
primary hypogonadism: increased follicle‑stimulating 
hormone  (FSH) levels  (30.2  mIU/ml, normal range: 
1–13  mIU/ml), increased luteinizing hormone  (LH) 
levels  (31.4  mIU/ml, normal range: 1–9  mIU/ml), and 

reduced total testosterone  (TT) levels  (2.34  ng/ml, 
normal range 3–12  ngr/ml), decreased libido and mild 
gynecomastia.

At the time of examination, his endocrinological 
testing showed primary hypogonadism: increased 
FSH levels  (47  mIU/ml, normal range: 1–13  mIU/
ml), increased LH levels  (28.5  mIU/ml, normal range: 
1–9  mIU/ml) and normal TT levels  (6  ng/ml, normal 
range 3–12  ng/ml), since he was on testosterone 
treatment. Estradiol  (E2) and Prolactin  (PRL) levels 
were 18.2  pg/ml  (normal range 10–40  pg/ml) and 
22.84  ng/ml  (normal range 4–23  ng/ml) respectively. 
Thyroid function tests, complete blood count and blood 
biochemistry were normal.

Case 2
A 39‑year‑old male was referred for karyotypic 
analysis due to primary hypogonadism and 
infertility. His height was 169  cm and his weight 
69  kg. He had a normal male phenotype and the 
only phenotypic finding was small testes inside the 
scrotum  (testicular volume 6  ml). His hormone values 
displayed primary hypogonadism: Increased FSH 
levels (43 mIU/ml, normal range: 1–13 mIU/ml), increased 
LH levels (18.2 mIU/ml, normal range: 1–9 mIU/ml) and 
reduced TT levels (1.57 ng/ml, normal range 3–12 ng/ml). 
PRL levels were 10.4 ng/ml (normal range 4–23 ng/ml), 
while Estradiol (E2) levels were not reported. Thyroid 
function tests, complete blood count and blood 
biochemistry were normal.

Methods
Cytogenetic and molecular analyses
Conventional cytogenetic analysis was performed 
on phytohaemagglutinin‑stimulated peripheral blood 
lymphocytes by GTG banding. Twenty metaphases 
were fully analyzed and the karyotypes were described 
according to the International System for Human 
Cytogenetic Nomenclature 2020.[14]

Following DNA extraction, quantitative fluorescent 
polymerase chain reaction  (QF‑PCR, Devyser compact 
v3 Kit, CE‑IVD) analysis was performed to evaluate the 
sex chromosome constitution and test for the presence 
or absence of SRY.

Fluorescent in  situ hybridisation  (FISH) analysis was 
performed on metaphase preparations, using the Vysis 
CEP X  (DXZ1) Spectrum Green Probe  (Abbott, Abbott 
Park, IL) and the locus specific LSI SRY Spectrum 
Orange probe  (Abbott, Abbott Park, IL), according to 
the manufacturers’ instructions.

A sequence tagged site based multiplex PCR analysis 
was used for the detection of the SRY and Azoospermia 
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factor  (AZF) region microdeletions. The specific 
protocol has been proposed by the European Academy 
of Andrology and the European Molecular Genetics 
Quality Network.[15]

The Helsinki Declaration  (1975) complied with 
the survey. Both patients were informed and gave 
their written consent for anonymous and voluntary 
participation.

Literature review
Search strategy for the literature review was designed 
according to Preferred Reporting Items for Systematic 
Reviews and Meta‑Analyses guidelines. PubMed, 
Google Scholar and Research Gate databases were 
searched for studies regarding ‘46,XX male DSD’ in 
March 2022. The keywords “46,XX male infertility”, 
“46,XX male sex reversal”, 46,XX male DSD” and 
“46,XX male SRY” were used and inclusion criteria, 
such as English language, human studies, adult males 
(19+ years old), were defined in order to select the most 
relevant publications. Moreover, references of similar 
review articles were used so as to search for additional 
studies.

Search results were screened based on study 
titles and abstracts. Articles concerning familial cases, 
abnormal male genitalia or phenotype, as well as 
other disorders, were excluded. The selected papers were 
assessed based on the full‑text in order to choose all 
the relevant publications to be included in the analysis.

Results
Cytogenetic and molecular analyses
Karyotypic analysis showed that both patients had a 46,XX 
karyotype in all 20 metaphases analysed  [Figure  1]. 
QF‑PCR confirmed the presence of 2 X chromosomes 
as well as of the SRY  [Figure  2]. FISH confirmed the 
presence of SRY translocated on the short  (p) arm of one 

X chromosome  [Figure  3]. In addition, multiplex PCR 
analysis verified the presence of SRY and revealed the 
complete absence of all AZF genetic regions.

Literature research results
The database search according to the set inclusion 
criteria identified 320 papers. After the removal of 
duplicates  (n  =  90), 230 papers were screened based 
on study titles and abstracts and 170 papers were 
excluded because of irrelevant topic and wrong study 
population  (women, children and abnormal genitalia). 
From the 60 potentially eligible papers, another 4 
were excluded because the 46,XX karyotype was 
already known. Literature search led finally to the 
identification of 56 papers  [Figure  4] which described 
178  patients with 46,XX male sex reversal syndrome 
and infertility.

Table  1 summarizes the clinical data, hormone profile 
and SRY presence/location of all 46,XX males described 
in the literature, including our patient (n = 180).

The mean age  ±  standard deviation  (SD) of the 
patients was 32.4  ±  8  years, mean weight  ±  SD was 
68.8 ± 11.3 kg and mean height ± SD was 166.2 ± 6.3 cm. 
All had hypergonadotropic hypogonadism: mean 
FSH  ±  SD was 38.5  ±  15.8  mIU/ml, mean LH  ±  SD 
was 25.2  ±  18.2  mIU/ml and mean TT  ±  SD was 
2  ±  0.5  ng/ml. Estradiol and PRL levels were 
normal (mean E2 ± SD was 27.2 ± 12.3 pg/ml and mean 
PRL ± SD was 12 ± 2 respectively). Poor hair distribution 
was present in 16/104  (15.4%) patients  (76 patients had 
no data), gynecomastia was present in 30/112  (26.8%) 
cases  (68  patients had no data), penis size was small 
in 21/66  (31.8%) patients  (114  patients had no data) 
and testes volume was reduced in 101/112  (90.2%) 
patients  (68  patients had no data). SRY was reported in 
154  cases: it was present in 130/154  (84.4%) patients 
and absent in the remaining 24/154  (15.6%) patients. 
The SRY was translocated on the Xp chromosome 
in 128/130  (98.5%) cases and on an autosome in 
2/130 (1.5%) cases, one on 1q and the other on 16q.

Discussion
46,XX male sex reversal syndrome accounts for 2% 
of cases of male infertility.[13] Its incidence may be 
higher, because the majority of 46,XX males have a 
normal phenotype at birth and are usually diagnosed in 
adolescence or later during fertility evaluation.[7] Most 
cases occur sporadically and there is no association 
between XX male prevalence and paternal age. However, 
very few familial cases have also been reported.[2]

Diagnosis of 46,XX males is based on clinical 
phenotype, endocrinological testing, cytogenetic analysis Figure 1: A 46,XX karyotype
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and molecular analysis combining PCR and FISH. In 
addition, it is very important to exclude a misdiagnosis 
in men with a female karyotype as a result of allogeneic 
bone marrow transplantation from a female donor due 
to a previous hematological malignancy highlighting the 
need for a complete and extensive medical history.

Our patients with normal male phenotype and small testes 
volume were diagnosed during fertility investigation. 
Indeed, all patients in this review were discovered due to 
fertility problems  (mean age 32.4  years old), otherwise 
they would have missed diagnosis. They all had normal 
male external genitalia and testes volume was reduced 
in 90.2% patients, followed by small penis size in 31.8% 
patients, gynecomastia in 26.8% patients and poor hair 
distribution in 15.4% patients.

The hormone profile of all patients, including ours, 
showed primary  (hypergonadotropic) hypogonadism 
which arises from primary testicular failure and is 
characterized by low testosterone  (hypogonadic) and 

elevated FSH and LH (hypergonadotropic). Testosterone 
levels are reported to be normal during adolescence, 
but decrease in adulthood.[69,70] Although their 
testicular biopsies in infancy have shown normal testes 
morphology and normal spermatogonia, in puberty, 
disappearance of spermatogonia and hyalinisation of the 
seminiferous tubules are observed later.[7,69]

Based on our patients and the review of the literature, 
hormone imbalance and testosterone deficiency are 
mainly responsible for the syndrome’s phenotype 
including: small testes, gynecomastia, small penis 
and poor hair distribution. Reduced testicular 
volume was the most common clinical characteristic 
in 90.1% of the patients, followed by small penis, 
gynecomastia and poor hair distribution in 32.5%, 
27% and 15.5% of the patients, respectively. It 
has been postulated that the addition of an X 
chromosome in 46,XX males, like in Klinefelter 
syndrome, results in hypoplastic testes and may 
be related to the DAX1.[52] DAX1  (dosage‑sensitive 
sex reversal, adrenal hypoplasia critical region, on 
chromosome X, gene 1) or NR0B1 gene is located on 
chromosome Xp21.3‑p21.2 and it is widely expressed 
in the adrenals, hypothalamus, pituitary and testis.[52] 
Normal DAX1 levels play a critical role in testicular 
development and spermatogenesis; however, a double 
dose of DAX1 acts as an anti‑testes gene.[52,71]

46,XX male patients have similar phenotype with 
Klinefelter syndrome patients, but are shorter. The mean 
height of all patients (166.2 ± 6.3 cm) was lower than the 
global average normal male height  (171  cm) as defined 
by the WHO growth reference standards,[72] suggesting a 
potential role of Y chromosome genes in the control of 
male height.[2,57] Indeed, several papers have proposed 
a putative Y‑specific growth gene involved in the 
determination of normal adult male height; however, its 
precise location remains unknown.[73,74] Moreover, short 

Figure 3: FISH analysis showed 2 green signals (X centromere) and 1 red 
signal (SRY gene ‑ arrow) onto an X chromosome. FISH = Fluorescent 
in situ hybridization

Figure 2: QF‑PCR (a) confirmed the presence of 2 X chromosomes and (b) revealed the presence of SRY gene. QR‑PCR = Quantitative fluorescent 
polymerase chain reaction

ba
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stature may be the consequence of the deletion of the Short 
Stature Homeobox gene included in the sex chromosome 
Pseudoautosomal Region 1 of Y chromosome.[57,73]

Molecular testing of our patients using PCR and FISH 
showed that they both were SRY‑positive and the SRY 
was translocated on Xp, in line with most of the reported 
patients. In total, 84.4% of the patients were SRY‑positive: 
in the majority  (98.5%) of these patients the SRY was 
translocated on Xp and in only 1.5% of cases on an 
autosome and more specifically on 1q in one patient and 
16q on another. These findings may justify the presence of 
normal external male genitalia in the patients. This wide 
phenotypic spectrum of 46,XX SRY‑positive males may 
be related to the size of the translocated Y chromosomal 
segment, variable inactivation of SRY‑carrying X 
chromosome, position effect or presence of another Y 
linked gene at the traslocated segment, which may be 
implicated in male sexual development.[13]

15.6% of patients in the study were 46,XX SRY‑negative. 
Usually these patients present with ambiguous genitalia 
at birth; however, cases with normal male phenotypes 
have also been described, suggesting that complete 
masculinization can occur even in the absence of SRY 
or other Y‑chromosome sequences.[12,16,61] The underlying 
genetic mechanism for the development of male 
phenotype in most of SRY‑negative 46,XX males remains 
unexplained. It has been suggested that mutations in 

autosomal or X‑linked genes located downstream of 
SRY in the sex determining pathway  (SOX9, RSPO1, 
SOX3, DAX1, SOX10, WT1, WNT4 and SF1) may 
exist.[9,10,16,18,27] Rarely, hidden gonadal mosaicism of the 
SRY has also been suggested to be the reason for the 
male phenotype in 46,XX males.[16,27,75]

All 46,XX males are infertile due to azoospermia, 
attributed to the absence of the AZF region which is 
essential for spermatogenesis.[76] The AZF region is 
located on the long arm of the Y chromosome  (Yq11) 
and contains the three AZF regions  (AZFa, 
AZFb and AZFc).[76] Consequently, the desire for 
fatherhood in 46,XX males could be fulfilled through 
artificial insemination with sperm donation or child 
adoption.

Testosterone replacement therapy is widely used in men 
with hypogonadism, aiming to improve quality of life, 
sense of well‑being, sexual function, muscle strength and 
bone mineral density.[77] However, despite its beneficial 
effects, men receiving testosterone therapy should be 
occasionally monitored, due to possible correlations 
with prostate and breast cancers, cardiovascular diseases 
and systemic sleep apnea.[77]

Conclusions
The present report offers clinical information on two 
46,XX males identified through screening for infertility 

Figure 4: PRISMA flowchart for the included studies in the literature review. PRISMA = Preferred Reporting Items for Systematic Reviews and 
Meta‑Analyses
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and compares the findings with those reported in the 
literature. Although it does not provide any new additional 
information with regards to this rare genetic syndrome, 
it emphasises the necessity to take this condition into 
consideration when testing men with normal phenotype 
and infertility problems. A  detailed and concise patient 
medical history is the first crucial step in the evaluation 
of the patients who must be referred for karyotypic 
analysis and in cases of a 46,XX karyotype they must be 
further tested with molecular techniques for the detection 
of the SRY and AZF. More cases of this syndrome with 
SRY translocated on autosomes are needed to identify if 
these patients have different characteristics from those 
with SRY translocated on Xp chromosome. Moreover, 
whole genome analysis of these patients is required to 
unveil the genetic differences which are responsible 
for the wide phenotypic spectrum of the 46,XX male 
sex reversal syndrome. In addition, more SRY‑negative 
patients are needed to be tested, because the exact 
genetic control of human sex determination is not fully 
understood and the investigation of the effects of other 
genes involved is necessary. Testosterone administration 
is the main therapeutic strategy, but recurrent monitoring 
of the patients is recommended because of possible risk 
of breast and testis cancer. Management of such cases is 
multidirectional and collaboration of several specialists 
is required. Genetic counseling should be offered to 
all 46,XX males in order to help them understand the 
aetiology of their infertility and recognise that they have 
no possibility of having a child naturally.
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applicable legislation and may be accessible by you on a 
codified basis upon request.
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