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ABSTRACT 
 

The objective of this review was to describe sexual differentiation events in mammals, relating them to biosynthesis 

of sexual steroid hormones and their mechanisms of action. Cholesterol is the precursor of sexual steroid hormone 

biosynthesis via action of several enzymes converting these hormones. Progestagens hormones serve as substrate 

for the production of androgens, which in turn serve as substrate for estrogen hormones. These hormones are 

responsible for sexual differentiation and reproductive cycles of mammals. Sexual differentiation process comprises 

determining the sexual chromosomes XX or XY + SRY and other genes linked to them, differentiation of gonads in 

testis or ovary, differentiation of internal and external male or female genital organs from undifferentiated 

anatomical structures present in the embryo, which is dependent on the presence or absence of testes and the 

production of anti-Müllerian hormone and testosterone; and secondary sexual differentiation, which is the response 

of various tissues to hormones produced by the gonads, interacting with genes linked to sexual chromosomes to 

increase or decrease the differences in sexual phenotype. However, some differences between the sexes and some 

anomalies of sexual differentiation are not explained only by these sexual hormonal effects, but also by the effect of 

genes encoded in sexual chromosomes. 
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INTRODUCTION 
 

Sexuality and its expression contribute to some of 

the most important aspects of human behavior and 

is a powerful, complex bio-psycho-social process 

(Bernardo-Filho et al. 2008). Basic studies related 

to embryology and sexual differentiation of the 

genital tract are essential to understand several 

diseases that affect mammals, mainly anomalies 

and malformations related to intersexuality 

(Domenice et al. 2002; Gaucher et al. 2004; 

Blaschko et al. 2012; Tannour-Louet et al. 

2014).Complete descriptions of genomes of many 

species are emerging, which describe each gene 

encoding different proteins (Gaucher et al. 2004). 

In addition, studies related to inter-protein 

interaction, steroidogenic enzymes in the synthesis 

of hormones and their receptors (Bondesson et al. 

2014) and their impact on physiology (Nakamura 

2010) are currently being conducted. 

Two related models for sexual differentiation have 

been proposed: the first, which was predominant 

during the twentieth century, was first described 

by Phoenix et al. (1959) and detailed by Jost 

(1965). This model is described in several classic 

textbooks of developmental biology (Wolpert 

1998; Moore and Persaud 2008; Sadler 2012), 

physiology (Costanzo 1998) and genetics (Nora 
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and Fraser 1989). This model describes that the 

determining factors for the processes of sexual 

determination and differentiation in humans and 

most mammals are closely associated with the 

presence or absence of the Y chromosome: males 

have XY chromosomes and females have XX 

chromosomes. In this sense, the pivotal event of 

sexual determination is the specialization of 

gonads in testicles (XY + SRY) or ovaries (XX), 

while the other differences between the sexes are 

secondary effects produced by sexual steroid 

hormones produced in these gonads, particularly 

androgens by testicles (Phoenix et al. 1959; Jost 

1965; Nef and Parada 2000; Nakamura 2010). 

The second model, recently proposed by Arnold 

(2009) describes that the sexual chromosomes acts 

differently at the cellular level, depending on the 

XX or XY factors. In this sense, the presence or 

absence of SRY (sex determining region on the Y 

chromosome) would be directly related to gonadal 

differentiation and different proportions of 

hormones produced by the gonads (ovaries and 

testes), associated with the differences in 

organization and activation of these hormones at 

tissue level. Another relevant factor is the sexual 

tendency favored by genes X and Y. To 

summarize all these factors, the author suggests 

that hormones and direct genetic factors interact to 

increase or decrease male and female sexual 

differences. 

Several studies have shown that some sexual 

differences are not explained by these sexual 

hormone effects, but induced by the effect of 

encoded-genes on the sexual chromosomes 

(Arnold 2009). Thus, great importance must be 

given to sexual differentiation processes during 

embryonic and fetal period and its relationship to 

various diseases, which are generally related to 

genic mutations (Blaschko et al. 2012; Bondesson 

et al. 2014; Tannour-Louet et al. 2014), especially 

those related to the biosynthesis of sexual steroid 

hormones associated with steroidogenic enzymes 

(Gaucher et al. 2004; Miller 2012) or anti-

Müllerian hormone (Nef and Parada 2000; Okay 

2003). In addition to the pathologies of sexual 

differentiation, importance has also been given to 

interspecific dimorphism during ontogeny in 

experimental models used for studies on sexual 

differentiation (Conley et al. 2006; Yang et al. 

2010; Blaschko et al. 2012; Santos et al. 2014a, 

2015). 

The aim of this study was to collect data about the 

genetic, anatomic and physiologic features of 

sexual differentiation mediated by sexual steroid 

hormones and to relate the mechanism of action of 

these hormones to several cases of diseases related 

to intersexuality and other diseases of male and 

female genital organs. Thus, the biosynthesis of 

sexual steroid hormones and their role in sexual 

differentiation of the male and female genital 

tract, the ontogeny of male and female genital 

tract, and pathologies related to the mutation in 

the genes evolved in the production of hormones 

and their receptors related to sexual differentiation 

are described in this study. 
 
 

SEXUAL STEROID HORMONES 
 

Hormones are regulatory substances that alter the 

rates in which reactions occur without 

contributing to the mass or energy for this 

reaction. These substances contribute to 

homeostasis, since them influence the metabolic 

reactions and cellular differentiation, and the 

processes of development, maturation and aging 

(Norman and Litwack 1997; Praporski et al. 

2009).  

Sexual steroid hormones are those involved in the 

reproductive process and sexual differentiation in 

mammals. They can be produced in the male and 

female gonads, adrenal glands and the placenta 

during pregnancy (Costanzo 1998; Pelley 2007) 

and occasionally in other non-specific tissues 

(Conley and Hinshelwood 2001). These hormones 

are responsible for the positive or negative 

feedback mechanism between gonads and 

hypothalamic-pituitary axis (Norman and Litwack 

1997; Costanzo 1998). 

The enzymes are responsible for 

biotransformation reactions and are present in the 

entire organism (Pelley 2007). The components of 

P450 system are considered hemeproteins, and in 

mammals, these enzymes are encoded by 10 gene 

families started by CYP, cytochrome P450. Over 

100 genes coding cytochrome P450 enzymes with 

different specificities in humans are found (Stryer 

1996). The hydroxylation reaction carried out by 

the enzymes of the cytochrome P450 family play 

an important role in cholesterol synthesis from 

squalene and conversion of cholesterol to steroid 

hormones (Miller 2012). In these hydroxylations, 

NADPH and O2 are required (Pelley 2007; 

Praporski et al. 2009; Viana et al. 2015). 

Furthermore, several other enzymes also 

participate in the production of different classes of 
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sexual steroid hormones as outlined below (Fig. 

1). 
 

 
 

Figure 1 - Synthetic route of the main sexual steroid 

hormones. Note that each hormone is 

derived from a hormone of another class 

and that the steroidogenic enzymes are 

responsible for the conversion of these 

hormones. In addition, some enzymes are 

able to perform two-way conversion. 

Legend: Steroid cleavage chain (scc); 

hydroxysteroid dehydrogenase (HSD); 

dehydroepiandrosterone (DHEA); 

hydroxylase (OH); aromatase (aro). 

 
 

 

Cholesterol, first described in Konrad Block in the 

1940s (Stryer 1996) is the precursor of five main 

classes of steroid hormones; progestagens, which 

give rise to glucocorticoids, mineralocorticoids 

(Pelley 2007; Miller 2012) and androgens, beyond 

estrogens derived from androgens (Praporski et al. 

2009; Bondesson et al. 2014). 

Among the sexual steroid hormones, progestagens 

have 21 carbon atoms in their structure. The 

progestagens hormones, such as progesterone are 

produced from pregnenolone (Domenice et al. 

2002) in the corpus luteum of the ovary, placenta, 

and adrenal cortex (Costanzo 1998; Domenice et 

al. 2002) and are responsible for preparing the 

lining of uterus for implantation of fertilized 

oocyte (Pelley 2007). Progesterone plays an 

important role in the maintenance of pregnancy in 

mammals (Stryer 1996; Norman and Litwack 

1997; Pelley 2007). 

Androgens contain 19 carbon atoms (Norman and 

Litwack 1997) and are mainly produced in the 

testes, ovaries, placenta and adrenal gland (Miller 

2012) from progestagens hormones (Conley and 

Hinshelwood 2001; Gaucher et al. 2004). 

Androgens are responsible for the sexual 

differentiation of external genitalia and 

development of secondary sexual characteristics 

in males (Yamada et al. 2003; Blaschko et al. 

2012; Tannour-Louet et al. 2014) and act as 

substrate for estrogen hormones production 

(Conley and Hinshelwood 2001; Bondesson et al. 

2014).  

The estrogen hormones have 18 carbon atoms and 

are produced from androgen in cells of granular 

layer of the ovarian follicle, in placenta, testes and 

adrenal glands but can also be produced in other 

organs (Simpson et al. 2002). These hormones are 

necessary for the development of female 

secondary sexual characteristics (Nef and Parada 

2000; Yang et al. 2010).  

Estrogens together with progesterone participate 

in the ovarian cycle (Norman and Litwack 1997). 

The estrone and 17-β-estradiol are primary 

estrogens hormones. The first is derived from 

androstenedione and the second is derived from 

testosterone by aromatase action (Simpson et al. 

2002; Gaucher et al. 2004; Bondesson et al. 2014). 

The lower expression of cytochrome P450 

aromatase in the placenta may promote fetal 

exposure to higher levels of androgens, which 

influences the development and masculinization 

of female. However, the main function of 

placental aromatization of androgens that occurs 

during genital differentiation has not been studied 

in many species (Conley et al. 2006). 
 

EMBRYOLOGY OF SEXUAL 

DIFFERENTIATION IN MAMMALS 
 

The process of sexual differentiation in mammals 

follows this pattern: the determination of 

chromosomal sex, which is established at 

fertilization (Nakamura 2010), where male contain 

XY chromosomes and female XX chromosomes; 

differentiation of undifferentiated gonads in 

testicle or ovary (Arnold 2009); differentiation of 

both internal and external male or female genital 

organs from undifferentiated structures present in 

the embryo (Jost 1965; Nef and Parada 2000; 

Mello et al. 2005; Blaschko et al. 2012). 

Mammalian species begin embryonic 

development without phenotypic sexual 
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differentiation, and an ovarian is not required for 

the female phenotype, but a testicle is essential for 

the development of a male phenotype (Jost 1965; 

Blaschko et al. 2012). Arnold (2009) suggested 

that the absence or presence of the SRY gene 

would determine the gonadal differentiation, and 

then influence differently an XX or XY individual 

from hormones produced by the differentiated 

testicle or ovary. 

In this regard, the SF-1, Lhx-1 and WT-1 genes 

(Nef and Parada 2000) appear to be essential for 

the preparation of bypotential gonadal tissue, in 

addition to DAX-1, DMRT and ATRX genes 

located on the sexual chromosomes and, WNT-4, 

located in the autosomes (Domenice et al. 2002). 

Beyond that genes involved in gonadal 

differentiation genes as SOX9 facilitates Sertoli 

cell differentiation, GATA-4 and FOG-2 perform 

male gonandogenesis, WNT-4 the Mullerian duct 

formation, DAX-1 female gonandogenesis, SHH 

(sonic hedgehog) plays genital tubercle 

development, WNT-5 and FGF-8 acts downstream 

of SHH in genital tubercle development,and ATF-

3 (Blaschko et al. 2012) and VAMP-7 (Tannour-

Louet et al. 2014) is up-regulated in hypospadias. 

Studies in mutant mice with four different 

 

conformations: XX with testicle or ovary and XY 

with testicles or ovaries showed that the presence 

of chromosomes XX or XY was directly related to 

SRY factor and testosterone for the formation of 

different phenotypes (Arnold and Chen 2009). 

The different genetic conformations showed no 

phenotypic differences when they had the same 

type of gonad, excluding chromosomal difference 

and showing participation of the different 

hormones produced in the ovaries or testicles 

interacting with genes linked to the sexual 

chromosomes, and others located in the autosomes 

(Arnold 2009). 

Studies have shown the involvement of estrogens 

and their receptors in the sexual differentiation of 

the external genitalia in mice (Yang et al. 2010; 

Bondesson et al. 2014) and the influence of 

VAMP-7 gene in the modulation of estrogen 

receptors during differentiation of the external 

genitalia in humans(Tannour-Louet et al. 2014). 

Details of the models for sexual differentiation 

based on the widely disseminated model in the 

twentieth century (Phoenix et al. 1959) and the 

unified model, which lists the possible factors that 

determine the sexual differentiation in mammals 

(Arnold 2009) (Fig. 2) are given below. 

 

 
 

Figure 2 - Illustration demonstrating the models used to explain the process of sexual 

differentiation in mammals. 
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In the model predominantly employed in the 

twentieth century (Phoenix et al. 1959; Jost 1965), 

sexual differentiation of the gonads is associated 

with male-specific effects of the SRY gene. Once 

the gonads differentiate in the testicles or ovaries, 

they secrete different sexual steroid hormones. 

Thus, based on the organizational-activation 

theory, testicular hormones testosterone and anti-

Müllerian act in various tissues in the fetal and 

neonatal periods to form the male patterns of 

development, resulting in permanent sexually 

differentiated substrates. Later in life, ovarian and 

testicular hormones act differently in these 

substrates to establish the largest phenotypic 

sexual differences (Nef and Parada 2000).  

The unified model (Arnold 2009) recognizes that 

SRY and other unidentified genes also linked to 

the X and Y chromosomes occupy the same 

primary level because they are all unequally 

encoded by the sex chromosomes in males and 

females. Some genes located on the X and Y 

chromosomes act differently in the gonads and 

other male and female tissues to cause sexual 

differences. SRY develops an important role in 

sexual differentiation throughout the life 

regulating the secretion of gonadal hormones, 

which have organizational and activation effects 

on the brain and other tissues. Then, due to 

independent sexual differences in the genes of 

sexual chromosomes and hormone secretion, 

several sex-specific factors produce synergistic 

effects to increase differences; however, they can 

also co-interact to reduce sexual differences. 

 

DEVELOPMENT OF MALE PHENOTYPE  
 

For the male phenotype development, in addition 

to XY chromosomes (Rosaet al. 2009), many 

authors have described expression of the SRY 

gene, which determines the differentiation of 

undifferentiated primordial gonad in a testicle, 

which regulate the differentiation of Sertoli cells 

(Nef and Parada 2000; Arnold 2009; Nakamura 

2010; Blaschko et al. 2012). 

The SRY gene acts in synergy with SF-1 gene and 

is activated by the WT-1 gene (Wilms tumor 

suppressor locus-gene-1), which is expressed 

before gonadal differentiation, which also 

stimulates the transcription of AMH gene (anti-

Müllerian hormone) by Sertoli cells in 

differentiated testicular tissue (Domenice et al. 

2002; Mello et al. 2005; Blaschko et al. 2012).  

Expression of another genes as SOX9, LHX9, 

DAX-1 (Nef and Parada 2000; Mello et al. 2005; 

Nakamura 2010), CYP17 (Praporski et al. 2009) 

and the production of androgens by Leydig cells 

mediated by cytochrome P450c17, 3β-HSD and 

17β-HSD are also required for the differentiation 

of undifferentiated primordial gonad into a testicle 

and the production of androgens (Mello et al. 

2005; Nakamura 2010). 

Studies in transgenic mice XX, introduced the 

SRY gene, showed male sexual phenotype, 

demonstrating the biological role of the SRY 

protein in the Sertoli cells activation (Koopman et 

al. 1991). Other studies in knockout mice 

demonstrated that the absence of WT-1 prevents 

the formation of kidney and testicles (Kreiberg et 

al. 2005). 

The SRY gene is expressed in the cells of genital 

ridge, starting testicular development and 

transformation of precursor of support cells to 

Sertoli cells, which drive the development of other 

cells of the gonad, and thus the steroidal precursor 

cells develop in Leydig cells, while germinative 

cells generate the spermatogonia (Domenice et al. 

2002). 

Expression of the gene for protein STAR 

(steroidogenic acute regulatory protein) (Miller 

2012) and CYP11A1 gene (cytochrome P450scc) 

in both the testes and ovaries is still necessary in 

order to start the production of steroid hormones. 

Studies in mice that lost these genes showed that 

the genital ridge was blocked and formation of 

gonad is disrupted (Nakamura 2010). 

The 5α-reductase enzyme also participates directly 

in the conversion of testosterone to 

dihydrotestosterone (Merlet et al. 2007), which is a 

much more potent androgen (Nakamura 2010). 

This enzyme dependson the TMF (testicular 

feminization of mice) gene located into Y 

chromosome encoding androgen receptor protein. 

This mechanism starts in the Leydig cells where 

SF-1 gene regulates the expression of enzymes 

involved in steroid biosynthesis and testosterone 

may be converted to dihydrotestosterone. To 

perform their physiological functions, both 

hormones bind to androgen receptors on target 

cells, leading them to differentiation of Wolff 

ducts and external genitalia in males (Merlet et al. 

2007; Blaschko et al. 2012). XY humans with 5α-

reductase deficiency have ambiguous genitalia, 

which at birth are more female-like than male-like 

(Yamada et al. 2003; Merlet et al. 2007). 
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Nevertheless, there are several other genes 

involved in sexual differentiation in mammals, but 

the number of mechanisms have not yet been 

detailed (Nakamura 2010). In this respect, 

importance should be given to the VAMP-7 gene, 

which is directly related to the correct formation of 

the man's penis (Tannour-Louetet al. 2014). 

The initial reproductive tract of embryo consists in 

two non-sexually differentiated gonads (Jost 1965; 

Vainio et al. 1999; Nef and Parada 2000; 

Nakamura 2014; Blaschko et al. 2012), two pairs 

of ducts, a urogenital sinus, a genital tubercle and 

vestibular folds. This system arises primarily from 

two germinative ridges at the dorsal part of 

abdominal cavity and may differentiate into the 

male or female system, a condition known as 

embryonic bisexuality. These gonads are formed 

by a group of large granular cells from yolk sac 

invading the germinative ridge (Wolpert 1998; 

Rosa et al. 2009). 

Embryonic development of the urinary and genital 

tract is associated with the mesoderm (Merlet et al. 

2007), where the nephrogenic cord gives three 

main segments for the development of the 

urogenital system; a cranial (pronephro), another 

medium (mesonephro) and a caudal (metanephro) 

(Sadler 2012). 

In mammalian embryos, the initially 

undifferentiated structure through the coelomic 

epithelial proliferation coats the kidney and results 

in a germination plate. From that point, the dorsal 

and ventral pyramidal epithelium penetrates the 

germinal plate forming a genital ridge (Domenice 

et al. 2002; Moore and Persaud 2008; Blaschko et 

al. 2012). 

The tubular system of genital organs originates 

from the tubules and ducts of pro and 

mesonephros (Wolff); the efferent duct of the 

testicles are formed from the tubules of 

mesonephros; the epididymis, vas deferens, 

vesicular glands and their ampoules are composed 

from the structures of mesonephros (Okay 2003). 

Some Wolff tubules that are separated from the 

ducts of mesonephros persist as vestiges along the 

epididymis and spermatic cord constituting the 

paradidymis, which are commonly found in the 

males of some species of mammals (Grunert et al. 

2005; Moore and Persaud 2008). 

The regression of the Müllerian ducts in males is 

the essential step in sexual differentiation (Vainio 

et al. 1999; Arnold 2009).This process is due to 

the presence of the Y chromosome containing  

 

SRY gene, responsible for the testicular cell line 

support, resulting in the differentiation of 

precursor Sertoli cells and secretion of anti-

Müllerian hormone (Rey 2005; Blaschko et al. 

2012), which induces regression of Müllerian duct. 

This hormone continues to be produced until 

puberty, and then decreases until reaching residual 

values (Okay 2003). The cell line of testicular 

interstice differentiates into Leydig cells, which 

produce testosterone, promoting the development 

of Wolff ducts and their subsequent derivative 

organs (Vainio et al. 1999; Domenice et al. 2002; 

Arnold 2009; Blaschko et al. 2012). 

External genitalia originate from the central 

tuberosity of mesonephric cord. Before the  sexual 

differentiation of embryo, a central genital tubercle 

(phallus) is formed, which results in the glans of 

penis flanked by two lateral elevations or genital 

folds, responsible for originating the corpus of 

penis and labia-scrotal saliences, which form the 

scrotum (Yamada et al. 2003; Blaschko et al. 

2012). Dihydrotestosterone is required for the 

development of prostate, seminal vesicle and 

epididymis from Wolff duct (Domenice et al. 

2002). Very low concentrations of this hormone 

may cause ambiguous genitalia (Mello et al. 

2005).  

Cloacal epithelium originating from the urethral 

portion of the endoderm form ventral portion of 

the penis and the urethra (Moore and Persaud 

2008).The urethral opening depends on the correct 

balance in androgen and estrogen hormones, and 

the VAMP-7 gene is directly related to this 

balance (Tannour-Louet et al. 2014). The 

bulbourethral glands are formed as projections of 

urethra and may be found in the wall of the penile 

urethra (Grunert et al. 2005). 

After the formation of the testicles, faults in sexual 

differentiation process can occur, which result in 

poor internal or external virilization in male 

genitalia. These changes can lead to male pseudo 

hermaphroditism, defects involving the synthesis 

of testicular steroids or pituitary hormones, and 

these hormones and receptors on target cells (Fig. 

3) (Mello et al. 2005; Merlet et al. 2007). 

Estrogens and androgens may cause sexual 

inversion in the male and female embryos for a 

brief period at the beginning of sexual 

differentiation. The age at which this bisexual 

potential is completely lost varies according to the 

species of vertebrates (Nakamura 2010). 
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Figure 3 - Ilustration showing the main embryonic 

structures and their derived male genital 

organs. 

 

 

DEVELOPMENT OF FEMALE PHENOTYPE  
 

Both Wolff and Müller ducts are present in 

sexually undifferentiated embryo (Okay 2003). In 

the females, the Müllerian ducts develop into a 

duct-gonadal system and the Wolff ducts atrophy 

and in the males, the reverse occurs (Moore and 

Persaud 2008; Sadler 2012). 

For the development of female phenotype the 

presence of XX chromosomes (Rosa et al. 2009), 

absence of the SRY gene (Arnold 2009; Nakamura 

2010) and expression of DAX-1 and WNT-4 genes 

is required (Parker et al. 1999; Domenice et al. 

2002; Mello et al. 2005). The cytochrome P450 

aromatase enzyme encoded in the CYP 19 gene 

produces estrogen hormones in ovarian follicles, 

which is responsible for the development of 

female secondary characters (Conley and 

Hinshelwood 2001; Nakamura 2010; Yang et al. 

2010; Bondesson et al. 2014). In the ovaries, 

DAX-1 protein binds to SF-1 and suppresses the 

expression of anti-Mullerian hormone. Mutations 

in WNT-4 gene do not cause disturbances in male 

development, however; in females, virilization 

with the absence of Müller ducts and maintenance 

of Wolff ducts is observed (Vainio et al. 1999). 

The ovaries are formed by a group of large 

granulosa cells from yolk sac, which invade the 

germinative ridge. In females, two invasions 

occur. The first is abortive and the second results 

in the formation of sexual extensions of germinal 

epithelium and eventually become germinative 

cells (oogonia) (Sadler 2012). In experimental 

models, a large amount of primordial follicles 

were observed in the ovarian cortex of fetuses at 

the end of gestation (Santos et al. 2015). 

In females, the absence of anti-Müllerian hormone 

in the intrauterine period allows the continued 

development of Müllerian duct and because of the 

absence of testosterone, the degeneration of the 

Wolff ducts occurs (Parker et al. 1999). However, 

the anti-Müllerian hormone begins to be produced 

in small amounts in ovarian granulosa cells from 

the birth until menopause. In women, this hormone 

is related to the activity of the aromatase enzyme 

(Okay 2003). In females, the development has 

been traditionally considered as a state that results 

primarily in the absence of testicular determining 

factor (SRY).The consequent absence of anti-

Mullerian hormone and testosterone synthesis in 

the intrauterine period, results in the development 

of female gonads, steroidogenesis and 

maintenance of oocytes (Nef and Parada 2000; 

Domenice et al. 2002; Arnold 2009). 

The Müllerian ducts in female fetuses fuse 

caudally to form the uterus, cervix and the anterior 

portion of the vagina (Vainio et al. 1999; Okay 

2003). Müllerian ducts are initially formed at the 

top of the coelomic cavity and gradually grow 

caudally into the pelvis, where merge medially, 

and the caudal growth of these ducts contacts the 

urogenital sinus. The not fused portions become 

the uterine tubes and the most caudal portion, 

uterus and vagina. The dorsal wall of the vagina is 

considered as Müllerian-derived, and the ventral 

wall is prevenient of the urogenital sinus 

(Domenice et al. 2002; Moore and Persaud 2008; 

Rosa et al. 2009; Santos et al. 2011). 

The origin of vaginal epithelium is scientifically 

controversial because it could originate from the 

paramesonephric ducts or urogenital sinus or 

perhaps a double origin (Grunert et al. 2005). 

In females, the weak tunica albuginea of the gonad 

prevents retrograde migration of gonocytes from 

the germinal epithelium and causes the 

proliferation in the basal zone of epithelioid cell 

cords, which are compact and constitute the 

ovarian plexus, which partly remain in the adult 

animal as epoophoro that may become cystic in 

several species of mammals. The caudal portions 

of mesonephros form the paroophoro which are 
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aberrant ducts and tubules,posteriorly located to 

ovary (Grunert et al. 2005). 

The female external genitalia originate from the 

central tuberosity of the mesonephric cord. Before 

the sexual differentiation of the embryo, it forms a 

central genital tubercle (phallic), flanked by two 

lateral elevations or genital folds and labioscrotal 

folds (Domenice et al. 2002; Yamada et al. 2003; 

Blaschko et al. 2012). 

The central tubercle gives rise at clitoris and 

female genital lateral folds emerge by fusion the 

vulvar lips (Santos et al. 2015). The urethral 

septum in the embryonic development of 

mammals makes the separation of endodermal 

cloaca, allowing the formation and isolation of 

urogenital and rectal areas (Domenice et al. 2002; 

Moore and Persaud 2008; Rosa et al. 2009; 

Blaschko et al. 2012). 

The urogenital folds do not fuse completely, 

except in the posterior region, which merge to 

form the frenulum of the labia minora, while the 

clitoris arises from a slight lengthening of the 

genital tubercle and the opening of the genital 

sulcus becomes the vaginal vestibule in humans 

(Moore and Persaud 2008; Rosa et al. 2009). The 

hymen arises from the urogenital sinus 

invagination, resulting in the expansion of the 

caudal portion of the vagina (Blaschko et al. 2012; 

Hegazy and Al-Rukban 2012) (Fig. 4). 
 

 
 

Figure 4 - Ilustration showing the main embryonic 

structures and their derived female genital 

organs. 

The greater vestibular glands known as Bartholin's 

glands develop in the vaginal vestibule and are 

homologous to bulbourethral glands of males 

(Grunert et al. 2005). 

The correct sexual development is dependent on 

the differentiation of somatic cells in the gonads 

and the appropriate production and reception of 

hormones produced in the gonads (Vainio et al. 

1999). In addition, estrogen hormones converted 

by the cytochrome P450 aromatase enzyme from 

androgens (Praporski et al. 2009) are essential for 

the differentiation of female secondary characters 

(Bondesson et al. 2014). 

It is essential to emphasize that if faults occur in 

embryonic development, alterations or prevention 

of full activity of regulatory substances of sexual 

differentiation process may result in anomalies in 

the selected individuals (Nakamura 2010; Yang et 

al. 2010; Blaschko et al. 2012; Santos et al. 

2014b). 

 

MORPHOLOGICAL ABNORMALITIES RELATED 

TO SEXUAL DIFFERENTIATION PROCCESS 
 

In the complex process involved in the sexual 

differentiation, numerous enzymes, hormones and 

their receptors, and transcription factors are 

present. Possible defects in genes encoding the 

synthesis of any of these substances are essential 

to the appearance of anomalies related to sexual 

differentiation (Domenice et al. 2002). 

Among various pathologies related to the sexual 

differentiation, the syndrome Mayer-Rokitansky-

Kuster-Hauser (SMRKH) could be highlighted, 

which occurs in one out of 4500 women. This 

syndrome consists of agenesis or dysgenesis of 

Müllerian portion of the vagina and uterus, which 

is determined during embryogenesis process of 

female genital organs; however, the external 

genital organs and the hymen are normal in this 

case (Pizzo et al. 2013).Uterine malformations are 

the result of development failures, reabsorption or 

fusion of Müllerian ducts. The SMRKH was first 

reported by Columbus in 1562. Later, Mayer in 

1829 and Rokitansky in 1838 described the 

changes found in an autopsy, then called uterus 

bipartitus. Küster in 1910 proposed surgical 

therapies and Hauser in 1962 defined the 

syndrome consisting of: normal external genitalia, 

absent vagina, absent or rudimentary uterus and 

uterine tubes and normal ovaries (Santos et al. 

2011). 
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Among the genetic syndromes associated with 

female pseudohermaphroditism, the Seckel 

syndrome with genital alterations as clitoromegaly 

and labia minor hypoplasia could be mentioned 

(Arnold et al. 1999). The syndrome McKusick-

Kaufman characterized by hydrometrocolpos and 

vaginal agenesis with the presence of urogenital 

sinus or absence of urethral or external vaginal 

orifice could also be highlighted (Slavotinek and 

Biesecker 2000). 

Virilization of the female genitalia may occur by 

androgen accumulation, resulting from the 

hyperplasia of the adrenal cortex, which is related 

to CYP11A1 gene (P450scc), 3-β-HSD enzyme, 

CYP 17 gene (P450c17), CYP21A2 gene (21-

hydroxylase) and CYP 11b1 gene (11β 

hydroxylase) (Mello et al. 2005). Congenital 

adrenal hyperplasia occurs due to the lack of the 

enzyme 21-β-hydroxylase, generating high levels 

of androgens, forming an individual with XX sex 

chromosomes, which develops ambiguous 

genitalia due to hypertrophy of the clitoris 

(Nóbrega et al. 2004). 

Syndrome of Müllerian duct persistence is a rare 

disease of autosomal recessive genetic origin, 

which causes defects in the action and synthesis of 

anti-Müllerian hormones in the individuals with 

XY karyotype, which have normal male 

phenotype, but have bilateral cryptorchidism, 

inguinal hernias, and often have uterus and uterine 

tubes located in the inguinal canal or abdomen 

(Okay 2003). 

In the males, it has recently been discovered that 

double VAMP-7 gene abnormally modulating 

estrogen receptors is responsible for penile 

hypospadias, which is characterized by abnormal 

closing of the urogenital sulcus during the fetal 

period, and therefore results in an abnormal 

opening of the urethra in the penis (Tannour-Louet 

et al. 2014). 

Another case involves testicular feminization in 

XY individuals that develops into a vagina, 

clitoris, large and small labial lips. However, the 

gonads are male. This form of sexual 

differentiation disorder is caused by the lack of 

androgen receptors in target tissues (Merlet et al. 

2007), and for this reason, the male external 

genitalia does not develop. However, there is 

development of the ducts of Wolff and the 

production of anti-Müllerian hormone by the 

 

testes, which leads to the regression of Müllerian 

ducts. For this reason, the individual does not 

develop uterus and uterine tubes (Costanzo 1998). 

The XY familiar gonadal dysgenesis (lack of 

testicular differentiation), syndrome of uterine 

hernia characterized by the permanence of the 

Müllerian ducts and presence of infant uterus in 

XY individuals, and male gynecomastia are due to 

defects in testosterone synthesis. The male 

pseudohermaphroditism, with presence of female 

external genitalia is characterized by genetic 

disorders, especially in the expression of 

steroidogenic enzymes (Nora and Fraser 1989).  

Other anomalies of sexual differentiation are 

sexual infantilism in women, syndrome of 

polycystic ovary (Costanzo 1998; Nóbrega et al. 

2004; Martin et al. 2008; Costenaro et al. 2010; 

Kalfa et al. 2010) and androgen insensitivity from 

mutations in the genes of these receptors that 

generate XY individuals with female external 

genitalia at birth (Domenice et al. 2002). 

In addition to these above described disorders, 

many other diseases are the subject of several 

studies, which intrigue scientists around the world 

and raise many questions about the importance of 

sexual steroid hormones and gene expression 

associated with sexual chromosomes during the 

sexual differentiation process (Gaucher et al. 2004; 

Arnold 2009; Miller 2012; Tannour-Louet et al. 

2014). 

In summary, the sexual differentiation process 

comprises chromosomal sex XX or XY + SRY 

and other genes linked to them, differentiation of 

undifferentiated gonads in the testicles or ovaries, 

differentiation of internal and external genital 

organs from the male or female undifferentiated 

embrionary structures, which is dependent on the 

presence or absence of the testicles and production 

of anti-Müllerian hormone and testosterone. The 

secondary sexual differentiation occurs in various 

tissues due to the hormones produced by the 

gonads, which interact with the genes linked to the 

sex chromosomes to increase or decrease the 

differences in the male and female sexual 

phenotype.  
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