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Abstract 
All genetical causes of pure gonadal dygenesis, Swyer syndrome, have not been discovered yet. Clinical and 

molecular studies are needed to identify novel genetic alterations that result in this type of sexual differentiation 
disorder. Swyer syndrome is a rare form of gonadal dysgenesis syndromes characterized with a 46, XY karyotype. A 
non-functional Y chromosome caused by various genetic mutations results in a deficient testis determining pathway 
and cessation of AMH and androgen secretion. As a result, normally developed mullerian structures (upper two 
thirds of vagina, cervix, uterus and fallopian tubes) stand by nonmasculinized internal and external genitalia. Several 
genes are involved in the process of sex differentiation, including SRY, RSPO1, SOX9, NR5A1, WT1, NR0B1 and 
WNT4. Among genetic mutations resulting with a deficient testis determining pathway, for 10-15% of patients a 
mutation that inactivates the SRY gene located on the long arm of Y chromosome is the ethiological factor. Defect in 
a different testis determining factor (TDF) such as the SF-1 gene is proposed as another etiological factor resulting 
with Swyer syndrome. The absence of known mutations in the SRY gene indicates that molecular defects could be 
present in the untranslated regulatory regions of the SRY gene or presence of other deficient gene(s) could explain 
the disorder. A phenotypically female patient presenting with primary amenorrhea, delayed puberty, normal internal 
genitalia except streak gonads and hypergonadotropic hyponadism should be evaluated by advanced genetic 
investigations to discover novel mutations for pure gonadal dysgenesis. 
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1. Introduction
1.1. Definition of Swyer syndrome

Sexual differentiation depends upon a series of 
complex events. Variations in any of the pathways 
affecting gonadal differentiation can lead to 
conditions called disorders of sex development  
(DSDs) where the phenotype and genotype are 
discordant. A previous statement that was 
simultaneously published in Europe and the United                                                                                                                                        
States States revealed that previous terms such as 
intersex, hermaphrodite and sex reversal should be 
abandoned (1, 2). 

Instead, the term (DSDs) has been proposed to 
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replace these terms and DSDs have been categorized 
into 46,XX DSD; 46,XY DSD and chromosomal 
DSD according to their chromosomal component (3). 
These disorders may have some aspects such as 
infertility and the need for feminising surgery or 
gonadectomy. Genetic sex is determined at 
conception, when the ovum is fertilised by 
aspermatozoa containing X or Y chromosome. The 
presence of the Y chromosome will direct testicular 
development, through a switch gene called sex 
determining region of Y (SRY) gene present on its 
short arm (4). SRY gene coordinated with other testes 
determining factors (TDFs), influences the 
differentiation of the undifferentiated gonad into 
testicular tissue (5). The hormones produced by 
testicular tissue promote further genital
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differentiation. Sertoli cells produce anti-Mullerian 
hormone (AMH), which triggers the regression of 
Mullerian structures whilst Leydig cells secrete 
testosterone, which promotes the development of 
Woolfian structures into the vas deferens, seminal 
vesicles and epididymis (6). Ovarian tissue develops 
in the absence of TDFs which is accomplished by the 
anti-testicular action of the genes DAX1, Rspo1 and 
WNT4. 
 
1.2. Pathophysiology of Swyer syndrome  

Swyer syndrome, also known as pure gonadal 
dysgenesis (PGD), was first described by Swyer in 
1955, who reported two unique cases of phenotypic 
females with primary amenorrhea and a 46,XY 
karyotype (7). Swyer syndrome affects approximately 
1 in 30,000 to 1 in 80,000 women (8, 9). The most 
common condition leading to an XY female is 
complete androgen insensitivity syndrome (CAIS), 
with an estimated incidence of 1:40,000-60,000 births 
(10). In this condition there is a defect in the 
androgen receptor (AR) gene, which is located in the 
long arm of the X chromosome, leading to a complete 
absence of function of androgenic action on target 
cells.  

Phenotypically, normal breast development with 
minimal pubic and axillary hair, no mullerian 
structures and the hypoplastic vagina are typical 
findings in CAIS highligthing the normal secretion of 
antimullerian hormone (AMH). 

 In CAIS patients, the testes are normally 
developed but they can be located in anywhere along 
the way of testes descent, usually leading to the 
formation of a unilateral or bilateral inguinal hernia 
(11). The risk of malignancy is lower than in Swyer 
syndrome (3%-5%) and most of these tumors occur 
after puberty (10).  

Because AMH is normally secreted, there are no 
mullerian structures. Prenatal exposure of a female 
fetus with androgenic hormones have been suggested 
to be an etiological factor for pathogenesis of 
polycystic ovary syndrome as this androgenic 
exposure of the fetus leads to a change in AMH 
expression of ovarian follicles (12). Complete 
gonadal dysgenesis, Swyer syndrome, is a rare form 
of gonadal dysgenesis syndromes characterized with a 
46, XY karyotype. A non-functional Y chromosome 
caused by various genetic mutations results  with a 
deficient testis determining pathway and cessation of 
AMH and androgen secretion.  

As a result, normally developed mullerian 
structures (upper two thirds of vagina, cervix, uterus 
and fallopian tubes) stand by nonmasculinized 
internal and external genitalia.  

1.3. Clinical evaluation of Swyer syndrome 
Phenotypic ally these patients are female 

presenting with delayed puberty and sexual 
maturation, primary amenorrhea, scant pubic and 
axillary hair, minimal breast tissue and female 
internal- external genitalia. Despite having delayed 
puberty and reproductive failure caused by bilateral 
streak gonads, these patients do not have any somatic 
anomalies. Swyer syndrome should be kept in mind 
for differential diagnosis of patients presenting with 
primary amenorrhea and delayed puberty resulting 
from non-functional ovaries. Hypergonadotropic 
hypogonadism with a 46, XY karyotype and streak 
gonads are characteristic features of the syndrome. 
During clinical evaluation of these patients, the 
possibility of 45,X/46,XY mosaicism must be 
considered and ruled out, because patients having a 
45,X cell line are at increased risk for the spectrum of 
cardiovascular anomalies associated with classic 45,X 
gonadal dysgenesis. Most patients with 45,X cell line 
have short stature unlike patients with 46,XY pure 
gonadal dysgenesis typically having average or above 
average height. The psychosocial and reproductive 
implications of this condition are pubertal induction 
for delayed puberty, psychosocial support and 
possible use of assisted reproductive technologies by 
using donor oocytes for fertility preservation. The 
dysgenetic and characteristically streak gonads have a 
30% risk of development of gonadoblastoma with a 
50%-60% risk of malignant transformation, typically 
to dysgerminoma (13). Prophylactic gonadectomy is 
recommended upon diagnosis.  

Hanlon et al. highlighted the importance of 
prophylactic gonadectomy at diagnosis in women 
with Swyer syndrome because of the substantial risk 
of malignant transformation (13). Gonadoblastomas 
are often hormonally active that secrete either 
estrogens or androgens, which may mask gonadal 
dysgenesis and preclude establishment of correct 
diagnosis. Salpingectomy is usually performed at the 
same time, as it is important to remove the gonads 
with a wide margin to remove the risk of malignancy 
(14). Bilateral salpingectomy which is performed 
during gonadectomy can improve fertility rates as the 
salpinxes which are otherwise left behind can develop 
adhesions and this can lead to the formation of 
hydrosalpinges, which can potentially reduce the 
success of future assisted reproduction attempts. 
Women with Swyer syndrome present with 
particularly severe degree of estrogen deficiency 
which is clinically demonstrated by hypoplastic 
internal genitalia and low bone mineral densitometry 
(15). Despite the fact that most of these women had a 
hypoplastic uterus, in the literature, 15 women were 
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reported to become pregnant and deliver healthy 
babies following hormone replacement therapy and 
assisted reproduction techniques utilization by using 
donor oocytes (16, 17). Only one of these successful 

pregnancies has been delivered per vaginum 
indicating future studies to delineate the ability of the 
uterus to perform contraction function normally under 
the stress of labor (18).  
 
2. Results 

Several genes are involved in the process of sex 
differentiation, including SRY, RSPO1, SOX9, 
NR5A1, WT1, NR0B1 and WNT4. Among genetic 
mutations resulting with a deficient testis determining 
pathway, for 10-15% of patients a mutation that 
inactivates the SRY gene located on the long arm of 
Y chromosome is the ethiological factor. Defect in a 
different TDF, such as the SF-1 gene is proposed as 
another etiological factor resulting with Swyer 
syndrome (19). The human SRY gene encodes a 204 
amino acid protein that is formed by three domains: 
N-terminal, central (DNA binding) and C-terminal. 
The central domain of the SRY gene contains 79 
amino acids and is also known as a High Mobility 
Group (HMG) box, which is found in a number of 
transcription factors (20). The majority of detected 
mutations occur de novo within the HMG box region 
of this domain as point mutations, frameshift 
mutations and deletions of  SRY gene usually are 
located within the HMG box, although some other 
mutations of SRY gene have been reported outside of 
this domain (mutations involving amino-terminal and 
carboxy-terminal region) (21-23).  

A precise cause has not been determined In the 
remaining individuals and it has been suggested that 
mutations could be present in the SRY regulatory 
elements or in other genes involved in the testis-
determining pathway (24, 25). During initiation of 
male sexual differentiation, this gene encodes a 
transcription factor that activate and/or repress target 
genes (26). Sex determination depends on the sex 
chromosome content of the embryo, proceeding with 
multiple molecular events involved in the 
development of germ cells and their migration to the 
urogenital ridge. The SRY gene; located in the short 
arm of the Y chromosome (Yp11.3), spanning 3.8 kb, 
and encoding a 204-amino acid nuclear protein, is the 
best-defined gene involved in gonadal differentiation 
which induces the bipotential gonad to differentiate 
into a testis (27, 28). SRY gene is crucial for sex 
differentiation which encodes the protein responsible 
for initiating testis differentiation. The SRY protein 
belongs to the high mobility group (HMG)-box 
family of transcription factors and is the founding 

member of the Sox (SRY-related HMG-box) gene 
family (4). Most of the 80 mutations which affect the 
gene’s DNA binding, or the ability to be translocated 
into the nucleus were found to be related with the 79- 
amino-acid HMG-box domain, which locates to the 
central part of SRY (29). Sánchez-Moreno  et al. 
identified two new SRY mutations and a 
polymorphism in two patients with 46,XY. Complete 
DNA analysis has revealed one synonymous 
polymorphism of Y96C mutation besides a E156 
polymorphism and a S143G mosaic mutation limited 
to gonadal tissue in two PGD patients. Identification 
of these novel mutations demonstrated the importance 
of the carboxy-terminal region of SRY in DNA 
binding activity (26).  

Helszer et al. discovered another novel missense 
mutation (c. 341A>G) within the HMGbox of SRY 
gene in a 46,XY female patient with gonadal 
dysgenesis. They emphasized that this missense 
mutation resulting with a change of asparagine to 
aspartic acid at p.N65D codon impairs DNA-binding 
activity of SRY gene (20). The absence of known 
mutations in the SRY gene indicates that molecular 
defects could be present in the untranslated regulatory 
regions of the SRY gene or presence of other 
deficient gene(s) could explain the disorder. During 
management of pure gonadal dysgenesis entities with 
46,XY karyotype, when no known SRY gene 
mutations have been detected, the presence of a 
hypoplastic uterus should direct clinicians to think 
about a probable diagnosis of Swyer syndrome 
without a known genetic mutation (30). Themajority 
of SRY mutations, either missense or nonsense 
mutations, occur sporadically and result in decreased 
SRY function which is described in about 15 
mutations by identifiction of  a phenotypically normal 
father and one or more of his affected children (31-
33). Among familial transmitted mutations, 
incomplete penetrance and somatic mosaicism are 
thought to be the possible  explanations for  a normal 
phenotype in a father carrying a SRY mutation 
transmitted to daughters with PGD. Therefore, sisters 
of affected individuals should be screened for the 
condition. Modifier genes involved in sex 
determination, such as SOX9 or SF-1, might play a 
role in familial transmitted mutations with variable 
penetrance (19, 34). Norling et al. have used 
comparative genomic hybridization (CGH) to 
discover five novel candidate genes for gonadal 
dysgenesis in two out of nine patients (22%) hence 
only half of patients with DSD receive a molecular 
diagnosis. They identified an interstitial duplication 
of the SUPT3H gene and also a deletion of C2ORF80 
gene was detected in a pair of affected siblings 
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besides, a large duplication highlighting PIP5K1B, 
PRKACG and FAM189A2 genes as candidates for 
46,XY DSD by using CGH (35). Array-CGH has 
been proposed as a powerful technique  which is 
capable of detecting diagnostic genomic imbalances 
as well as novel candidate genes in patients with 
gonadal DSD. Testing using a high-resolution array-
CGH platform  has been recommended to all patients 
with 46,XY DSD without established molecular 
diagnoses. 
 
Conclusions 

Swyer syndrome, also known as pure gonadal 
dysgenesis should be kept in mind when a 
phenotypically female patient with primary 
amenorrhea, delayed puberty, normal internal 
genitalia except streak gonads and hypergonadotropic 
hyponadism has been encountered by clinicians. Only 
half of the  denovo genetic mutations of SRY gene 
effecting the function of TDF could be determined as 
the etiological factor of the Swyer syndrome. CGH 
microarray analysis techniques are promising to 
detect novel mutations resulting with this rare 
syndrome. 
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