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Figure 23-9. Development of the mammalian 

urogenital system. (a) The embryonic genital 

ridge consists of a medulla surrounded by a 

cortex. Female germ cells migrate into the 

cortex and become organized into an ovary. 

Male germ cells migrate into the medulla and 

become organized into a testis. (b) In the initial 

urogenital organization at the indifferent gonad 

stage, precursors of both male (Wolffian) and 

female (Müllerian) ducts are present. If a testis 

is present, it secretes two hormones, 

testosterone and a polypeptide hormone called 

Müllerian-inhibiting substance (MIS, or anti-

Müllerian hormone or AMH). These hormones 

cause the Müllerian ducts to regress and the 

Wolffian ducts to develop into the male 

reproductive ducts. If an ovary is present, 

testosterone and MIS are absent and the 

opposite happens: the Wolffian ducts regress 

and the Müllerian ducts develop into the female 

reproductive ducts. (From U. Mittwoch, 

Genetics of Sex Differentiation. Copyright © 

1973 by Academic Press.) 
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• Two paired Müllerian ducts ultimately 

develop into the structures of the female 

reproductive tract. The structures involved 

include the fallopian tubes, uterus, cervix, 

and the upper two-thirds of the vagina. 

• The ovaries and lower one third of the 

vagina are not derived from the Müllerian 

system. 

Müllerian Ducts 



Female Reproductive Tract 

• Complete formation and differentiation of 

the Müllerian ducts into the segments of 

the female reproductive tract depend on 

completion of 3 phases of development as 

follows:  

1. Organogenesis 

2. Fusion, laterally and vertically 

3. Resorption 



Müllerian Development 

• Wolffian ducts largely degenerate 

• Cephalic ends of the Müllerian ducts form 
fallopian tubes 

• Caudal portion then fuses to form the 
uterus 

• ~9 weeks- uterine cervix is recognizable 

• ~17 weeks- myometrium formation is 
complete 



Nature Reviews Genetics 4, 969-980 (2003) 













Female External Development 

• After 10 weeks gestation: 

• The genital tubercle begins to bend caudally forming the 

clitoris 

• The side portions of the genital swellings enlarge to 

become labia majora 

• The posterior portions of labia majora fuse becoming 

posterior fourchette [fold of skin] 

• The urethral folds persist to form labia minora 



Organogenesis 

• One or both Müllerian ducts may not 

develop fully, resulting in abnormalities 

such as uterine agenesis or hypoplasia 

(bilateral) or unicornuate uterus (unilateral).  

Unicornuate Normal 

http://www.emedicine.com/cgi-bin/foxweb.exe/makezoom@/em/makezoom?picture=/websites/emedicine/radio/images/Large/20172017Sch_normal.jpg&template=izoom2
http://www.emedicine.com/cgi-bin/foxweb.exe/makezoom@/em/makezoom?picture=/websites/emedicine/radio/images/Large/20212021Sch_unicornuate.jpg&template=izoom2


• Lateral Fusion: The process during 
which the lower segments of the 
paired müllerian ducts fuse to form 
the uterus, cervix, and upper 
vagina. Failure of fusion results 
in anomalies such as bicornuate 
or didelphys uterus.  

• Vertical fusion refers to fusion of 
the ascending sinovaginal bulb 
with the descending müllerian 
system (ie, fusion of the lower one 
third and upper two thirds of the 
vagina). Complete vertical fusion 
forms a normal patent vagina, 
while incomplete vertical fusion 
results in an imperforate hymen. 

Fusion 

Bicornuate 

Didelphys 

http://www.emedicine.com/cgi-bin/foxweb.exe/makezoom@/em/makezoom?picture=/websites/emedicine/radio/images/Large/20222022Sch_bicornuate2.jpg&template=izoom2
http://www.emedicine.com/cgi-bin/foxweb.exe/makezoom@/em/makezoom?picture=/websites/emedicine/radio/images/Large/20242024Sch_didelphys.jpg&template=izoom2


Septal resorption 

• After the lower Müllerian ducts fuse, a 

central septum is present, which 

subsequently must be resorbed to form a 

single uterine cavity and cervix.  

• Failure of resorption is the cause of septate 

uterus 

http://www.emedicine.com/cgi-bin/foxweb.exe/makezoom@/em/makezoom?picture=/websites/emedicine/radio/images/Large/20182018Sch_septate.jpg&template=izoom2


Frequency 

• In the US: Müllerian duct anomalies are 
estimated to occur in 0.1-0.5% of women. The 
true prevalence is unknown because the anomalies 
usually are discovered in patients presenting with 
infertility. Full-term pregnancies have occurred in 
patients with forms of bicornuate, septate, or 
didelphys uteri; therefore, true prevalence may be 
slightly higher than currently estimated.  

• In the healthy fertile population, Müllerian duct 
anomalies have a prevalence of 3.2% 

Check this excellent web site out for an in-depth explanation of every variant, 

with recommendations of imaging studies, great graphics… 

http://www.emedicine.com/radio/topic738.htm 



Mullerian Duct Abnormalities 

Uterus, müllerian duct abnormalities. T2 fast spin-

echo MRI image of septate uterus acquired in the 

oblique plane along the long axis of the uterus. Note 

that the outer fundal contour (superior border) is flat 

or slightly concave, which is sufficient to make the 

diagnosis of septate uterus. 

http://www.emedicine.com/radio/topic738.htm 

Uterus, müllerian duct abnormalities. Surgically proven 

case of bicornuate uterus. Correct diagnosis may be 

suggested based on hysterosalpingography findings, 

which are, most notably, the widened intercornual 

distance (>4 cm) and the widened intercornual angle 

(>60°). 



Nature Reviews Genetics 4, 969-980 (2003) 



Nature Reviews Genetics 4, 969-980 (2003) 



Hox Genes 

Hox genes are a group of related genes that specify the 

anterior-posterior axis and segment identity of metazoan 

organisms during early embryonic development. These 

genes are critical for the proper number and placement of 

embryonic segment structures (such as legs, antennae, and 

eyes). 

http://en.wikipedia.org/wiki/Hox_gene 



Yin and Ma, J Biochem 2005; 137:677 

Hox Genes Regulate Female Reproductive Tract 

(FRT) Development 



Hox Genes 

Figure 1. 5' HoxA gene expression in the normal 16.5 day 
embryonic female mouse reproductive system. The whole mount 
in situ hybridization of the Hoxa-13 probe is seen here. Hoxa-9 
goes from the cervix through the uterine anlage to about halfway 
up the Müllerian duct. Hoxa-10 expression has a sharp anterior 
border of expression at the transition between presumptive 
uterus and oviduct (thick arrow). Hoxa-11 has the same anterior 
border as Hoxa-10, but its expression diminishes closer to the 
cervix. In the Müllerian ducts, the expression of Hoxa-13 is found 
only in the cervix and upper vagina. (After Ma et al., 1998). 

 



Yin and Ma, J Biochem 2005; 137:677 



Diethylstilbestrol (DES) 

• Diethylstilbesterol was a drug given to 
women to ease their pregnancies. 

• Unfortunately, it was later found to alter the 
reproductive tract of female fetuses.  

• The mechanism of DES action is thought to 
involve the repression of the Hox genes that 
instruct the regional specificity of the 
Müllerian duct.  

http://www.emedicine.com/cgi-bin/foxweb.exe/makezoom@/em/makezoom?picture=/websites/emedicine/radio/images/Large/20262026Sch_DES.jpg&template=izoom2


Figure 2. In situ hybridization of a Hoxa-10 probe shows that DES exposure represses Hoxa-
10. (A) In 16.5 day embryonic female mice, those mice not exposed to DES had Hoxa-10 
expression from the boundary of the cervix through the uterus primordium and through most 
of the oviduct. (B) In those mice exposed prenatally to DES, this expression was severely 
repressed. (C) In control female mice at day 5, sections through the uterus show abundant 
expression of the Hoxa-10 gene in the uterine stroma. (D) In female mice who were given 
higher doses of DES at 5 days after birth (while their reproductive tissues are still forming), 
DES almost completely suppresses Hoxa-10 gene expression in the mesenchyme. cvx, cervix; 
md, Müllerian duct; o, ovary; le, luminal epithelium; s, stroma. (After Ma et al., 1998.) 



Heikkila et al.  J Exp Zool 2001; 290:616 
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Carta and Sassoon 

Biol Reprod 2004; 71:444 



Kobayashi and Behringer, Nature Rev Genetics 2003; 4:969 
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Postnatal Development of 

Reproductive Tract 
• The mammalian uterus is not completely 

differentiated at birth 

• Postnatal development: 

– Mice:  vagina, cervix, uterus 

– Domestic animals and human: primarily uterus 

• Critical period that is exquisitely sensitive to 
detrimental effects of endocrine disruptors, 
particularly disruption of ESR1 (estrogen receptor 
alpha) by progestins or estrogen agonists 

• Nonligand activation of ESR1 important 



Uterus 



Uterine Gland Life Cycle 

Gray et al., Biol Reprod 2001; 65:1311 



Ruminant Placenta 



Branching Morphogenesis 



Comparative Developmental Timeline 



Caruncle 







SFRP2 – secreted 

Frizzle-related  

Protein – interferes 
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Neonatal Pig Uterine 

Development 

• Ovary- and estrogen- 

 independent 

 

• ESR1 (estrogen receptor 

 alpha) dependent 

 

 ICI = antiestrogen (ESR1 

 antagonist) 

 

EV = estradiol valerate 

 

IE- EV and ICI 



Menstrual Cycle 

Cycle of Ovulation and Menstruation in Humans 



Steroids and Uterine Development 

• Exposure to ovarian steroid-based compounds 

during critical developmental windows 

permanently affects adult uterine function 

– Mouse, Rat, Sheep, Pig, Cow and Human 

 

• Perturbations include endometrial dysgenesis 

or dysplasia leading to infertility 

 

• Associated with development of cancer 

 



Progestins Inhibit Endometrial Adenogenesis 

Gray et al., Biol Reprod 2000; 62:448 

Neonatal ewes treated with progestin from birth 

to postnatal day 56 

Acyclic 

Infertile 
Cyclic 

Fertile 



IMPLICATIONS 

•  Unexplained infertility may be caused 

by insufficient endometrial development 
 

•  Perturbations in pre-pubertal or follicular phase 

 endometrial development may be 

 unrecognized causes of unexplained infertility   

•  Endometrial development 

may be affected by therapies 

which act directly on the 

uterus, ovary, and/or 

hypothalamus and pituitary 

Menstrual Cycle 



• Two paired Wolffian ducts ultimately 

develop into or form part of the structures of 

the male reproductive tract.  

• The structures involved include the 

epidymis, vas deferens, seminal vesicle, 

and prostate. 

 

Wolffian Ducts 



Freemartinism: Role of Testosterone 

Figure 1. Masculinization of the XX bovine gonads and genital 
tract in freemartins. (A) Urogenital system of a sterile freemartin 
(7.5 cm long). 1. gonad; 2. Wolffian body; 3. rectum; 4. genital 
duct; 5. allantois; 6. umbilical artery; 7. enlarged clitoris. (B) 
Cross-section through gonadal region of a freemartin (21.5 cm 
long). 1, sex cord resembling medullary (male) cord; 2, rete; 3, 
sex cords resembling seminiferous subules; 4, Wolffian duct in 
fold of peritoneum overhanging the gonad; 5, rudiment of the 
Wolffian body. (A after Lillie, 1917; B after Chapin, 1917.)  

 







Male Reproductive Tract Development 

• Dependent on intrinsic and extrinsic factors 

– Epithelial-mesenchymal interactions 

– Transcription factors (Hox genes) 

– Growth factors (FGF10) 

– Steroids (T and DHT) 

– Steroid Receptors (AR) 

 





Wolffian Duct Differentiation 
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p-SMAD2/3 

+/+ Inhba -/- 

Inhba Regulates Epididymal Coiling 

Pax2 mRNA 

Tomaszweski et al., 

PNAS 2007; 104:11322 



Prostate Development 

Urogenital mesenchyme 

express AR 



Epithelial-Mesenchymal Interactions 







Tfm =  

AR negative 









Fgf10 and 

Shh Regulate 
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Development 


