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Objectives

• Describe the typical development of  the gonads and internal and external 

reproductive structures

• Classify differences of  sexual development (DSD) by appropriate 

nomenclature and recognize the main clinical features

• Plan appropriate workup and management strategies for patients with DSD



Terminology

• “Disorders of  Sexual Development” coined in 

Pediatrics consensus statement from 2005

• “Intersex,” “hermaphroditism,” “sex reversal,” 

etc thought to be controversial

• Advocate groups (InterACT) 

• Opposed to language that pathologizes people born 

with intersex traits

• Primarily use “intersex”

• Sometimes use “difference of  sexual development”



Terminology

• Sex determination

• Events leading up to formation of  a testis 

or ovary

• Sex differentiation

• Events after the gonads have 

differentiated



Urogenital Development

• Intermediate mesoderm

• 4-6 weeks

• Gonadal ridges develop

• Gonads, adrenal cortex, kidney, internal reproductive 
tract (perimesonephric and mesonephric ducts)

• Cloaca

• Ectoderm, endoderm, and mesoderm

• 5 weeks

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

• 9 weeks

• Genital tubercle, urethral fold, labioscrotal swellings



Gonadal Development

• Germ cells migrate from hindgut to colonize genital 

ridges

• WT1

• Bipotential gonad

• Germ cells, supportive cells, steroidogenic cells, connective 

tissue

GATA4

CBX2

Homeobox genes

Growth factors



XY Timeline

• 6-7 weeks

• SRY, SF1 (NR5A1), and SOX9 induce primitive Sertoli cells -> 

AMH

• 7-9 weeks

• Sertoli/endothelial cells envelope germ cells -> seminiferous 

cords

• Precursor of  seminiferous tubules

• Mitotic arrest



XY Timeline

• 10-12 weeks

• Morphologically recognizable testes 

• Migration of  testes to internal inguinal ring (INSL3 from Leydig cells)

• Regression of  Mullarian (paramesonephric) ducts (will not regress 
after this)

• 10-14 weeks

• DHT promotes fusion of  labioscrotal swellings (will not fuse after 
this)

• 15-16 weeks

• Peak fetal testosterone



XY Timeline

• Into third trimester

• Androgen-sensitive phallic growth

• Inguinoscrotal descent of  testes (T-dependent)



SRY

• Sex-determining Region Y

• Short arm of  Y chromosome

• SRY protein encoded by a single exon gene

• Triggers pre-Sertoli cells to differentiate via SOX9

• Threshold SRY level necessary to establish male sexual differentiation

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

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



Leydig cell development

• SF1 (NR5A1) important

• hCG stimulates testosterone production (common alpha 

subunit with LH)

• Gonadotropin stimulation important to increase number 

of  fetal Leydig cells



AMH

• Need SOX9, SF1, GATA4, WT1

• Binds receptor on Mullerian duct mesenchymal cells

• Induces matrix metalloproteinase 2 (MMP2) 

expression to degenerate basement membrane 

• Regression of  Mullerian ducts



Wolffian (mesonephric) duct

• Develops into epididymis, vas deferens, 

ejaculatory duct, seminal vesicle, trigone of  

bladder

• Fetal testosterone from Leydig cells needed to 

stabilize



Prostate and external genitalia

• Develop from urogenital sinus

• DHT-dependent differentiation

• FGFs, sonic hedgehog, BMPs, homeobox genes 

needed for further differentiation and 

morphogenesis



XX Gonad Timeline

• 6-9 weeks

• R-spondin-1 (RSPO1) & WNT4 activate β-catenin WNT signaling pathway

• WNT4 supports Mullerian derivatives, disrupts SF1

• FOXL2 & DAX-1 suppress SOX9 

• GATA-4 supports granulosa cells

• 10-11 weeks

• Meiosis of  oogonia clusters into oocytes

• 12 weeks

• Uterine body and cervix present

• Wolffian ducts (mesonephric) regress



XX Gonad Timeline

• 14 weeks

• Granulosa cells surround oocytes to form 

primordial follicles, arrest in meiosis 1

• 24 weeks

• Most oocytes surrounded by supporting cells

• Peak of  7 million oocytes

• Only 2 million at birth (follicular atresia)

• Accelerated follicular atresia in streak gonads



Mullerian (paramesonephric) duct

• Develops into Fallopian tubes, uterus, and upper 1/3 

of  vagina in absence of  AMH



DAX-1

• Dosage-sensitive sex reversal-adrenal hypoplasia 

congenital region on the X chromosome, gene 1

• Suppresses SF-1 and SOX-9

• No copies: adrenal hypoplasia congenita, 

hypogonadotropic hypogonadism

• One copy: Normal development

• Two copies in XY: suppress testicular development 

and cause XY gonadal dysgenesis



DSD Classification



Aromatase Deficiency and Estrogen Receptor 

Deficiency

• AR, LOF mutation in gene for aromatase (CYP19A1)

• Androgens not converted to estrogen

• Virilization in pregnant woman 

• DHEA not converted to estrogen by placenta -> converted to T 
peripherally

• 46,XX virilized, normal Mullerian structures and ovaries -> 
delayed puberty, delayed bone age, worsening virilization, 
polycystic ovaries

• 46,XY appear normal at birth -> eunuchoid body proportions, 
excess adiposity, osteoporosis and bone pain, +/- metabolic 
syndrome



WNT-4

• Regulates ovarian development and prevents testis formation

• Duplication inhibits normal SRY-induced cell migration in 46,XY -> gonadal 

dysgenesis

• Heterozygous mutation in 46,XX associated with virilization and absence of  

Mullerian structures

• Ineffective at repressing steroidogenic gene activation



Mayer-Rokitansky-Kuster-Hauser Syndrome

• Typically sporadic

• 1:5000

• 46,XX with absence of  Mullerian duct derivatives -> 
absence or hypoplasia of  upper 2/3 vagina and absence 
of  uterus

• Normal ovarian function/feminization

• Primary amenorrhea (2nd most common cause)

• Isolated (Type 1) or with other anomalies (Type 2) 

• Cervicothoracic anomalies, unilateral renal agenesis, 
conductive deafness, cardiac defects



Ovotesticular DSD

• Most commonly 46,XX with SRY present (60-80%)

• Tissue typically combined in ovotestes (>50%)

• Variable production of  AMH and testosterone

• Variable internal ducts and external genitalia

• Ovarian tissue can rarely lead to feminization at puberty

• Can also have 46,XX testicular DSD from same cause

• 85% with typical male genitalia, infertility



Maternal Factors

• Maternal sex steroid ingestion

• Progestins of  androgen derivation between 8-12 weeks

• Levonorgestrel, norgestrel

• Maternal androgen producing tumor

• Adrenal

• Ovarian

• Luteoma: nonneoplastic



45X/46,XY Mosaicism and Variants

• Previously “mixed gonadal dysgenesis”

• Loss of  Y material

• 95% present phenotypically male

• 5% highly variable (ambiguous genitalia -> Turner syndrome)

• Asymmetrical mesonephric and paramesonephric duct development in agreement 

with ipsilateral gonad

• Growth hormone, screening for comorbidities similar to TS



XY gonadal Regression

• Anorchia or Testicular Regression Syndrome

• 46,XY with no gonads and small but normal scrotum 

typically but occasionally ambiguous genitalia

• Elevated gonadotropins with low AMH, inhibin B 

and T after hCG stimulation



Phallic Agenesis and Cloacal Exstrophy

• Penile Agenesis

• Rare, sporadic

• Isolated or with abnormalities of  caudal structures

• Imperforate anus, absent raphe of  scrotum, renal defects

• Still with androgen exposure

• Cloacal exstrophy

• Failure of  midline structure formation

• Bladder exstrophy protruding into anomalous cloacal structure where 
genitalia and anus should be

• Other midline defects: omphalocele, imperforate anus



Smith-Lemli-Opitz Syndrome

• 7-dehydrocholesterol reductase deficiency

• Deficient cholesterol/steroid production

• Impaired androgen synthesis

• Adrenal insufficiency

• Can appear phenotypically female

• Severity depends on enzyme deficiency

• Dysmorphic features and developmental delay

• Microcephaly, micrognathia, macroglossia, cleft lip/palate, anteverted nares

• Cardiac malformations, liver disease, intestinal aganglionosis (Hirschsprung)

• Holoprosencephaly, intrauterine/neonatal death

• DX with low cholesterol and elevated 7-DHC



WT-1

• Tumor repressor, gonadal & renal development

• LOF predisposes to Wilms tumor

• Heterozygous deletion/mutation associated with urogenital 

disorders

• Denys-Drash syndrome

• Frasier syndrome

• Wilms tumor, aniridia, genitourinary malformations, mental 

retardation (WAGR)

Koziell and Grundy (1999)



Denys-Drash Syndrome

• Gonadal dysgenesis

• Mutated WT-1 unable to synergize with SF1, SRY, or AMH

• Ovaries develop normally in 46,XX patients

• Rapidly progressive diffuse mesangial sclerosis of  kidneys

• Proteinuria in first few months

• ESRD by age 4

• Resistant to corticosteroids and immunosuppressants

• Wilms tumor

• Bilateral

• By age 2



XY Gonadal Dysgenesis (Swyer Syndrome)

• Complete

• Mutation in SRY

• Streak gonads without functional Leydig or Sertoli cells

• No AMH, inhibin B, or testosterone

• Internal and external genitalia phenotypically female

• Dx in adolescence with absence of  pubertal development, often tall

• Partial 

• Mutation in SF1, WT1

• Presentation dependent on how much testosterone/AMH is present

• 30-50% with gonadal germ cell tumor

• Feminization at puberty concerning



SF-1

• Necessary for adrenal and testicular development

• SRY expression, synergizes with SOX9 to upregulate AMH

• More pronounced Leydig dysfunction with preserved Sertoli cells 
but low AMH

• Heterozygous

• Ambiguous genitalia

• Homozygous

• Ambiguous genitalia and primary adrenal insufficiency

• 46,XX with normal ovarian development but adrenal 
insufficiency



DAX-1

• Expressed in developing adrenals, gonads, 

hypothalamus, pituitary

• Insufficiency (none) leads to adrenal hypoplasia 

congenital

• Hypogonadotropic hypogonadism

• If  duplicated, testis development fails despite 

presence of  SRY

• Inhibition of  SF1
Garcia-Acero, et al (2019).



17β-Hydroxysteroid Dehydrogenase Type 3

• Mutation interferes with conversion of  androstenedione to testosterone

• Elevated androstenedione

• hCG stimulation with androstenedione/T ratio > 15:1

• Elevated LH and FSH

• Phenotypically female or ambiguous genitalia

• Internal underdeveloped Wolffian ducts (low T, present AMH)

• Upper 2/3 vagina absent

• Testes are internal or labial

• Leydig cell hypoplasia with decreased or absent sperm precursors

• Virilization at puberty



Androgen Insensitivity Syndrome

• LOF in androgen receptor gene on X chromosome (X-linked recessive)

• Complete AIS 

• 1:20,000-60,000 (1:99,000 from newer data)

• 46,XY with female genitalia with absence of  Mullerian and Wolffian duct derivatives 

• Normal AMH, elevated LH and T

• Testes present internally (often retained until puberty to allow feminization, 1% risk of  GCT)

• Tall, normal feminization, primary amenorrhea, absent adrenarche

• Incomplete AIS

• Spectrum of  phenotype (male with infertility -> underdeveloped male -> ambiguous genitalia)

• Gynecomastia and some adrenarche at puberty

• Absent Mullerian structures



5α-Reductase Deficiency

• AR

• Eliminates conversion of  T to DHT

• Chordee, micropenis, hypospadias, bifid scrotum, undescended testes, urogenital 
sinus

• AMH -> absence of  Mullerian structures

• T -> presence of  Wolffian structures

• Puberty -> virilization

• Effects from increased T

• No male pattern baldness or acne (DHT dependent)

• T:DHT ratio

• Normal < 10, here is > 30



Evaluation

• Do not suggest gender until evaluation/discussion complete

• “The baby”

• Gender neutral anatomic terms- phallic structure/phallus, labioscrotal folds, gonad

• History

• Physical exam

• Palpable gonads

• Stretched phallic length

• Urogenital ratio

• Position of  urethra

• Vaginal opening

• Ultrasound (done by pediatric radiology)

• Karyotype with FISH for SRY (STAT), AMH, 17-OHP



Evaluation – No palpable gonads

Styne 2016. Figure 8.6



Evaluation – Palpable gonads

Styne 2016. Figure 8.7



References

• García-Acero, Mary, et al. "Disorders of  sexual development: Current status and 
progress in the diagnostic approach." Current urology 13.4 (2019): 169-178.

• Hughes, I. A., et al. "Biological assessment of  abnormal genitalia." Journal of  pediatric 
urology 8.6 (2012): 592-596.

• Krishna, Kanthi Bangalore, Christopher P. Houk, and Peter A. Lee. "Pragmatic 
approach to intersex, including genital ambiguity, in the newborn." Seminars in 
perinatology. Vol. 41. No. 4. WB Saunders, 2017.

• Sperling MA. Pediatric Endocrinology. Fourth Edition. Elsevier Saunders. 2014.

• Styne, Dennis M. Pediatric Endocrinology: a Clinical Handbook. Springer, 2016.


