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Objectives

ÅDescribe the typical development of  the gonads and internal and external 

reproductive structures

ÅClassify differences of  sexual development (DSD) by appropriate 

nomenclature and recognize the main clinical features

ÅPlan appropriate workup and management strategies for patients with DSD



Terminology

ÅòDisorders of Sexual Developmentó coined in 
Pediatrics consensus statement from 2005

ÅòIntersex,ó òhermaphroditism,ó òsex reversal,ó 
etcthought to be controversial

ÅAdvocate groups (InterACT) 

ÅOpposed to language that pathologizespeople born 

with intersex traits

ÅPrimarily use òintersexó

ÅSometimes use òdifference of sexual developmentó



Terminology

ÅSex determination

ÅEvents leading up to formation of  a testis 

or ovary

ÅSex differentiation

ÅEvents after the gonads have 

differentiated



Urogenital Development

ÅIntermediate mesoderm

Å 4-6 weeks

Å Gonadal ridges develop

Å Gonads, adrenal cortex, kidney, internal reproductive 
tract (perimesonephricand mesonephric ducts)

ÅCloaca

Å Ectoderm, endoderm, and mesoderm

Å 5 weeks

Å Urogenital folds and sinus (external genitalia, prostate, 
bladder)

Å 9 weeks

Å Genital tubercle, urethral fold, labioscrotalswellings



Gonadal Development

ÅGerm cells migrate from hindgut to colonize genital 

ridges

ÅWT1

ÅBipotential gonad

ÅGerm cells, supportive cells, steroidogenic cells, connective 

tissue

GATA4

CBX2

Homeoboxgenes

Growth factors



XY Timeline

Å6-7 weeks

ÅSRY, SF1(NR5A1), and SOX9induce primitive Sertolicells -> 

AMH

Å7-9 weeks

ÅSertoli/endothelial cells envelope germ cells -> seminiferous 

cords

ÅPrecursor of  seminiferous tubules

ÅMitotic arrest



XY Timeline

Å10-12 weeks

ÅMorphologically recognizable testes 

ÅMigration of  testes to internal inguinal ring (INSL3 from Leydigcells)

ÅRegression of  Mullarian(paramesonephric) ducts (will not regress 
after this)

Å10-14 weeks

ÅDHT promotes fusion of  labioscrotalswellings (will not fuse after 
this)

Å15-16 weeks

ÅPeak fetal testosterone



XY Timeline

ÅInto third trimester

ÅAndrogen-sensitive phallic growth

ÅInguinoscrotal descent of  testes (T-dependent)



SRY

ÅSex-determining Region Y

ÅShort arm of  Y chromosome

ÅSRY protein encoded by a single exon gene

ÅTriggers pre-Sertolicells to differentiate via SOX9

ÅThreshold SRY level necessary to establish male sexual differentiation

ÅIf  SRY is absent, results in a streak gonad (not an ovary)

ÅNeeds SF-1 (NR5A1), WT-1, GATA-4, and FOG for full expression



Leydigcell development

ÅSF1(NR5A1) important

ÅhCGstimulates testosterone production (common alpha 

subunit with LH)

ÅGonadotropin stimulation important to increase number 

of  fetal Leydigcells



AMH

ÅNeed SOX9, SF1, GATA4, WT1

ÅBinds receptor on Mullerian duct mesenchymal cells

ÅInduces matrix metalloproteinase 2 (MMP2) 

expression to degenerate basement membrane 

ÅRegression of  Mullerianducts



Wolffian(mesonephric) duct

ÅDevelops into epididymis, vas deferens, 

ejaculatory duct, seminal vesicle, trigone of  

bladder

ÅFetal testosterone from Leydigcells needed to 

stabilize



Prostate and external genitalia

ÅDevelop from urogenital sinus

ÅDHT-dependent differentiation

ÅFGFs, sonic hedgehog, BMPs, homeoboxgenes 

needed for further differentiation and 

morphogenesis



XX Gonad Timeline

Å6-9 weeks

ÅR-spondin-1 (RSPO1) & WNT4 activate Ǡ-catenin WNT signaling pathway

ÅWNT4 supports Mullerian derivatives, disrupts SF1

ÅFOXL2 & DAX -1 suppress SOX9 

ÅGATA-4 supports granulosa cells

Å10-11 weeks

ÅMeiosis of  oogoniaclusters into oocytes

Å12 weeks

ÅUterine body and cervix present

ÅWolffianducts (mesonephric) regress



XX Gonad Timeline

Å14 weeks

ÅGranulosa cells surround oocytes to form 

primordial follicles, arrest in meiosis 1

Å24 weeks

ÅMost oocytes surrounded by supporting cells

ÅPeak of  7 million oocytes

ÅOnly 2 million at birth (follicular atresia)

ÅAccelerated follicular atresia in streak gonads


