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DISORDERS OF
SEX DIFFERENTIATION PART 1

Sex determination and differentiation 00:00:17

Definition of D3O :
Congenital conditions in which the development of chromosomal, gonadal or
anatomic (Phenotypic) sex is atypical.

3 levels of sex development :
Chromosomal sex : Karyotype.

Gonodal sex : Based on gonads (Testis/ovary).
Phenotype sex : Based on external/intemal genitalia.

| chromosome sex |
Lo | [y ]
1 l Sex determination,
[ eonadal sex ]
l 1 Sex differentiation.
J ?
L_Phenotypic sex|
Development of gonads : 00:03:03

Sex determination : Chromosomal sex etermines development of gonads,
Sex difSerentiation : Gonads determine development of external/internal
Seni{'alia.

Origin of gonads : Mesoderm (Urogenital ridge).
Adrenals and gonads have common origin :
* Defect of adrenal hormonogenesis is associated with ambiguous genttalio.
* Abnormal hormonogenesis in gonad (DSD) is associated with congenttal ad-
renal hgperplasia.
onads are invaded by primordial germ celis from Yolk sac.
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Development of gonads.

urogenital ridge : Bipotential gonad develops.

Sex determinalion :

Transeription factors responsible for development of Testis (On ¥ chromosome) :
* SRY gene/Sex determining regjon of Y chromosome.
* SOX9,
* WL

Transcription factors responsile for ovarian development/onti-testis (On x

chromosome) ¢
* RSP0
* WNT4
¢ DAX.

d

- /"ﬂ L Ee—g
) L@ 7 “""““'"

e e P 5z
:

Time e

Sex difSerentiation $rom bipotential gonad

Q

v

Sex ditferentiotion :
Leuag cens in testis :
* Secrete testosterone : Development of internal genitalio/woltian structures.
* dihydrotestosterone (DHT) — Testosterone (B SO reductase) : Development
of external genitalio.
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Sertoli cels in testis : Secrete AMH (intimullerian hormone) —> Regressionof Active space -
mullerian structures, N

Mullerian structures : Female intemal genitalio.

woltSion Structures : Male internal genitalia. <" =

T oy
@anetic sex XY X ¥
Gonada! sex B Ltu '—Ov:lﬁes ]
l ot
v '
] Seton cts Loydy oets
l 1 No antimGiedan hommane
No tastosterong
AntimiEerian hoemons Testosterone
l J l
Phenotyplc sex Wmmﬂ ] m@ﬁa e
Pneno’cgpic sex differentiotion.
Development of external genitalia.: 00:12:11

Homologles in the anatomy of the external human genitalia

]

Early foota! stage:

Tha embryonic precurson
of the organs are identical
{n rrslos and fermotos.

4§ = Lateral tuborciy
becomes shaft
of penis / of citoria

8 = Labioacrols! swelling
bocomos
Serotum / Lobla majors

11 = Raghe

Time of blith

12 = Prepuce
13= Exdomad wothral orifice
14 & Lahia minory (innes Lips)

15 = Labis majora (outor Lips)
or Serotum

18 = Vagina! orifice
17 = Poasarior ighila! commisuro
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In presence ot dinydrotestosterone, male external genitalia. develops.
In absencee of DHT, female externol genitalia. develops.

Androgen synthesis in testes : 00:13:57
Cholestarl
{outar surface mitochondna)
i StR
Cholesterol
{inner surfoce mitochondis)
¢ cYPitAr
CYPITAI CYPI7A1 HSD1282
A3-Pragnencions  ————— 47-17-OH-Pregnenciong ««e-o-+-sus »
Lyase S-oipha
l HS0382 lHSNBE l HSD3g2 l HSD3B2 rachortane
CYPI7AL CYPITA1 MSD17B3
Prage > (7-0H-PrOpestune  seeverreses ; I -
Lyass
l CYPzIA2 l CYP21A2 l CYPI9AT l CYPIRAY
HSDI783
Deaxycorticostarone (DOC) 11-Deoxycortisol Estiona Esiradiol
l CYPr1B1 l grpi1B!
Corticogterons | Conisol
l (18-OH) CYP118?
18-OH Corticosterone
l (18-Oxilase) CYP1182
Aldastercns
L J L J | J
Minaralocorticoics Glucocoricoids Gonaclal staroids

nndrosen san'chesis in testis :
* in fetal life (5"-12" week of L) : Stimulated by he& (Placenta).
* In post pubertol period : Stimulaged by uteinising hormone (L.
Note : Pituitary starts secreting LH, FSH by 18 weeks of L.

* Initial steps in androgen 55n&hes‘\s in both adrenals and testes are same.
* Mhydroxyase enzyme hos intrinsic 17, 30 lyase ogtivity : 17 hydroxylase -7,

ao 13&56.

* 11 hydroxy steroid dehydrogenase Tupe 3/TBHSD3 : Converts androstene-
dione 1o testosterone,
* fAromotase : Converts mdrogen precursors ‘o es’crogen precursors,

Psychological sex (Brain sex) : B - 00:21:10
Term | Explanation
! Gender identity Seff-identification of gender as male, femals, or
other
Eender expression/role 1 Expression of gender-stereotypical behavior
Aggression
Parenting rehearsal
Peer and group interactions
Labeiing (2.9., “tomboy")
Grooming behavior
Sexual orientation Pattern of sexual and romantic attraction
Components o} psgchosexual development.
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00:24:04

- 5

Ambiguous genitalia = ocooaem4 Active space -——
Couses,,
L Uncerviriized male.
3. Viriized female.
Virilisation : xposure to mdrogens/ male hormones,
Classification of disorders of sex differentiation (DSD) :
Sex Chromosome DSD 46,XY DSD | 48,X4(DSD
A: 47.XXY (Klinefeler syn- A: Disordars of gonadal {testis) development | A: Disorders of gonadal (ovary) developmant
drome) and variants Complate or partial gonadal dysgenesls (.., SF1/NRSAY, | Gonadal dysgenesis
B: 45X (Tumner syndrome) WTI, GATA4, FOG2/ZFPM2, CBX2, SRY, SOXD, SOX8, Ovotesticutar DSD (a.g. NRSA1, NR2F2, RSPOT)
and variants MAP3K1, ESR2INR3A2, DMRTY, TSPYL!, DHH, SAMDS, Testicular DSD {e.g., SAY*, dup SOXB, cup SOX3, NRSAT,
C: 45X/48,XY (mosaicism) ARX, MAMLD1/CXor/6) | NR2F2, RSPOT, WNT4)
and variants Ovotesticular DSD |
D: 48,X(/46 XY {chimeriem) Teslis regression |
B: Disorders in androgen synthesia or action | B: Androgan excess
Disorders of androgen synthesis Fetal
Luteinizing hormone (LH) receptor mutations | 8p-hydroxysteroid dehydrogenasa 2 (HS0382)
Smith-Lomi-Opitz syndrome 21-hydroxylase (CYP21A2)
StAR protein mutations P450 oxidoreductase (POR)
Cholesterol side-chain cleavage (CYP1141) 11B-hydroxylase (CYP1181)
3p-hydroxysteroid dehydrogenase 2 (HSD382) Glucacorticoid receptor mutations
17a-hydroxytase/17,20-lyase (CYP17) Fatoplacental
P460 oxidoretiuctase (POR) | Aromatase (CYP18) deficlency
Cytochrome by {LYB54) Oxidareductase (POR) deficiency
Alde-keto reductase 1C2 (AKRTC2) | Maternal
178-hydroxysteroid dehydrogenase (HSD1783) Matemal virllizing tumors (e.g., liteomnas)
Sa-reductase 2 (SAD5A2) Androgenic drugs
Disorders of androgen action
Androgen insensitivity syndrome
Drugs and envirenmental modulators
C: Other | C: Other

Syndromic associationa of male genital development (e.g.,
cloacal anomalies, Robinow, Aarakog, hand-faol-genttal,
popiltsal plerygium)

Persistent millerian duct syndrome

Vanishing testis syndrome

Isolated hypospadiss

Cryptorchidism (INSL3, GREAT)

Environmental influences

45 X/4b XY mosaicism and Variants :
* mixed gonadal dgsaenesis
* d/t anaphose lag during mitosis in the 2ugote.
* 45 X/4b XY, 45 X/41 XY or 4S X/4e XY/4T XV,
* Asymmetric gonadal difSerentiation,

region).

Syndromic associations (e.g., closcal anomalies)
Mllerian agenesisypoplasia {e.g., MKRH)
Uterine abnormalities (e.g., MODYS)

Vaginal atreslas (e.g., McKusick-Kaufman)
Lablal adhesions

Streak gonads (ntra-abdomina)) and well-Formed testes (Inguinoscro’ml

* 40% cases hove Tumer phenotype : Short stature, nuchal folds, low-set
hairline, cardiac and renal abnormalities.
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Ovotesticular OSD:
* Chimeriem.

10 MEDPLUS 91-7850010383

* 3 sets of cells from & different lineage.
o Loteral cases (30%) : Testis on one side and an ovary on the other side.

Ovary (Or ovotestis) is more frequentiy found on the le%t side, whereas the

testis (Or ovotestis) is found more often on the right.

* eiaterol cases (30%) : Testicular and ovarion tissue bilaterally as ovotestis.
* uniatersl cases (SO%) : Ovotestis on one side and an ovwa/’ces’ds on the oth-

er side.

Note : Chromosmoal DS have remnants of mullerion structures (Dgsplas’dc oe-

nads do not produce AMH) and asymmetry of gonads,

Ao XY DSD:

I Disorders of gonadal development.
a. Disorders of androsen bb55n&\esis
3, Disorders of ondrosen action.

Disorders of testicular development : 00:47:00
Mutodion Feotures
Wl Denys rosh sSndrome, Fraisier 55ndrome,
WAER,
SH Adrenal hypoplasio. congentta.
mothers : Premature ovarian insufticiency,
SRy Dysgenetic testes or ovotestes.
enetic testes or ovotestes,
= Dﬂssc::.mpomel'\c dysplasia.
6FTA4, FOGA Cardiac defects (Septal defects, tetralogy of Fallob).
NR3A4 (£SRQ) Anal adresia, blepharophimosis, dusmorphic features.
DHH minifascicular neuropathy,
TSPYL Sudden infant deah.
NARX X-linked lissencepholy, epilepsy, temperature instabilty.
ATRX @ Tholassemia, mental retardation.
omeT mental retardadion,
WNT4 mental retardation
o Dysgenetic testes or ovary,
Hypogonadotropic hypogonadism,

NEET SS Paediatrics « v1.0 « Marrow 1.0 « 2023
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Denys Orash sgndrome '
* Complete/partiol dysgenesis.
* Risk of wilm's tumour.
. Earl3 onset nephropo&hg.

Fraisier 53ndrome '
* Complete/partial dysgenesis.
* Renal abnwmal‘rtg,
* Wilm's tumour,
* Late onset nephropo.ﬂwg.

WAsR sgndmme :

* Wilm's fumour.

* Aniridio.

* genital abnormalities,
* Retardation,

wfpomlic dﬂSplaSia. :
* Bowing of Iong bones.
* Thorocic cage obnormalities.
* uMi033nosk05is
¢ nger{elorism

MEDPLUS 91-785001
Disorders of sex differentiation Part |

Pheno’c5pe‘o¥ disorders o¥ testicular development :

Sweyer syndrome, 46 XY :

* Complete gonadal dasgenesis —> Female gen'rtalia

* Remnonts of mullerian structures present.

* Femole with delayed puberty,

Partinl sonadal dgsgenes&s :
o nmb‘guws sen'rtalia.
. ngptordwidiswm
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DISORDERS OF
SEX DIFFERENTIATION PART II

nndrogen an’chess in testes .

Cholesterol
{outer surface mrochancino}

J SR
Cholastarol
{inner surface mitochonting)
* CYPIIAL
CYPIZAT CYPI7AL HSD1/83
£5-Progy P A517-CH-Pregnencions = ssseeesees » P .
Lyate
l Hspa82 l HsDaB2 l HSDI82 l HsD382 i Rt
CYPI7AY CYPIFAT HSD 783 =
> oo > > > o |
Lyaso
l CYP21A2 l cyp2142 lcvmml l CYPI9AT
HSDI782 .
Daoxycorcossront (DOC) t1-Daayortan Estiong  ————ip Emtradiol
l CYPHIB! l cypB!
Corticostarons Contisol
l {18:0H} CYP1 182
18-0H Cortcontarons

l (18-Qucatsa) CYP1IB2

Adosterone

L J L J 1 J
Mnsriocorticogia Ghucoonncmis Gonadal stwods

Disorders of androgen biosynthesis 00:00:16

Choletserol synthesis defect:
Smith-Lemii-Opit syndrome *
* 7 dehydrocholesterol reductase deficiency,
* Coorse Focies, second third toe syndactyl, failure to thrive.
o txamqunenkaldekqj,umnﬂacauwivuxxwu!abnunnahﬁes
* Adrenal insu?&‘mencg, solt wasting erigis.

Luteinising hormone receptor mutations :
Female 3en'rtalia.
ngospadtas Or micropens,
wolttian duct derivodives * Hypoplastic,
mullerion duct derivatives : Absent,
eonads : Testes.
giochemical and physiclogical features : Underandrogenisotion with variable
nm&’-ﬁmencg of sex hormone production at puberty,
Hormone profle :
* Low testosterone, diydrotestosterone.
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L ]

Elevated LH, exaggemied LH response to LHRH stimuladion.
Poor response to testosterone, dih!jdmtestos’cerone response to hC& stimulo-

tion.

Lipoid congeni'cal odrenal hﬂperplasia:

Hargotgpe : 4, XY,
inheritance : Autosomal recessive.

Mutotions in STAR gene.

Genitalio. : Female, sometimes ombiosuous, hgpospo.dias or male.

wolfSian duet derivodives : Hypoplastic/norml.

mullerian duct derivatives : Absent.

Gonods : Testes,

Biochemical and physiclogical features : Severe adrenal ins:ﬁ%'\cienca in in-
fancy with salt loss, lack of pubertal development.

Hormone proflle : Usually deficiency o glucocorticoids, mineralocorticsids, sex
steroids.

£450 side chain cleavage enzyme deficiency :

mrgokgpe : 4o, XY.
inheritance : Autosomal recessive, mutations in CYPIRI gene.

&entalia. : Female, rarely ambiguous or hgposmdias.

wolfSian duct derivatives : Hypoplastic or normal.

Mmullerian duct derivatives : Absent.

Gonads * Testes (Or absen®).

Biochemical and physilogical features : Severe adrenal 'tnsuwciencg.
Hormone : De%c‘aencﬂ of glucocorticoids, mineralocorticods, sex steroids.

3P hydroxysteroid dehydrogenase Type a deficiency :

Karyotype : 4, XY.

inheritonce : Autosomal recessive.
Mutoations in HSD383 gene.

Genitalia. : Ambiguous, hypospodias,

woltSian duct derivotives : Normal.

Mullerion duct derivatives : Absent.

Gonads ¢ Testes.

Biochemical and physiclogical features : Severe adrenal m?%ciencg in in-
$anc5, poor virilisadion at puberty with gynaecomastia.

Hormone © increased concentrations of ASCal and CI9 steroids

(7 hgdroxgpregnenolone/corﬁsol roio).
NEET 85 Paediatrics - v1.0 - Marrow 1.0 » 2023
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1o hgdroxglase/n,ao - lyose o\e%ciencg :
* Harytupe : 4k, XY.
* inheritance : Autosomal recessive.
* Mutodions in CYPIT gene.
* Genitalia.: Femole, ambiguous or hypospodios.
* WolfSian duct derivakives ¢ Absent or hypoplastic.
* mullerian duct derivotives : Absent,
* gonoads : Testes.
* Physiological Features :
* Absent or poor viriisation ok puberty, gynaecomastia, hgper’cens‘\on.
* At puberty: Primary amenorrhoea, obsence of 3" sexun! characters.
* Hormone profile |
* Decreased testosterone, increased LK and FSH.
* Increased plasma. deoxycorticosterone, corticosterone, progesterone.
* Decreased plasma. renin activity,
* Low renin hypertension with hypokalemic alkalosis.

PASO oxidoreductase de%ciencg :

¢ m%pe 1 4, XV.

* Inheritance : Autosomal recessive,

* mutakions in POR gere.
Genttadi. : Ambiguous, hypospadias or male.
woltion duct derivadives : Absent or hypoplastic.
mullerion duct derivotives : Absent,
* gonads : Testes.

[ ]

giochemical and physiologjeal features :
* variable androaenisation af birth,
* variable virilisation ox puowr W esp%‘ml\g in gris.
* &lucocorticoid deficiency,
* No severe mineralocorticoid deficiency,
o Anﬂe5 Buder 35ndrom : Skeletal o.bnormalikﬂ.

Hormone profie ¢
* gvidence of combined CYPIT and CYPAI w?&iciencg.
* Normal or low cortisol with poor response to ACTH stimuladion,
* glevoted I1-OHP, low testosterone.

NEET $$ Paediatrics * v1.0 * Marrow 1.0 « 2023 Page 3/8
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rnp hydroxysteroid dehydrogenase Type 3 deficiency :
¢ Karutype : 46, X,
* inheritance : Autosomal recessive.
¢ mutations in HSDITB3 gene.
* &enitalia.: Femole, ambiguous, blind vaginal pouch.
* woltSian duct derivafives : Present.
* mullerian duct derivotives : Absent.
* Gonads : Testes (Usually undescended).

Physiclogical feotures :
* Viriisation of puberty : Phallus enlargement, deepening of voice, develop-
ment of facial and body hair.
* Gynaecomastia.: Aromatase converts androgenic precursers to estrogen.

Hormone profile :
* Incrensed plasmo. estrone and androstenedione,
* Decreased rofio of plasma. testosterone/androstenedione after nC& stimulo-
tion test.
* Increased plasma. FSH and LH levels,

sa. reductase type & de&\ciencg :
* Karutype : 46, XV.
* Inheritance : Autosomal recessive.
* mutations in SROSAR gene.
* Genitalia. : Usually ambiguous with small, hypoplastic phallus, blind vaginal
pouch.
* WwoltSian duct derivatives : Normoal.
* mullerian duct derivatives : Absent.
* gonods * Normal testes.

Physiological Features :
* Decreased facial and body hair; no temporal hair recession.
* Prostote not palpable.
* Pubertal virilisation (Penis ok 13 syndrome),
* No &gmewmastim

NEET S8 Paediatrics * v1.0 + Marrow 1.0 » 2023 Page 4/8
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Hormone profile :
* Decreased ratio of SO0/SP Cal and €19 steroids in urine.
* Increased testosterone/dihydrotestosterone ratio before and ofter heg
stimudodion.
* modest increase in plasm LH.
* Decreased conversion of testosterone o dihydrotestosterone in vitro.

Disorders of androgen action 00:19:35

Complete androgen insensi'd\ﬁ’c}j syndrome :
Yarytupe : 4, XY.

inheritance : X linked recessive,

Mutadions in AR gene.

&enitalia : Female with blind vaginal pouch.
wolfian duct derivatives : Often present.
Mullerian duct derivokives : Absent or vestigiol
Gonads  Testes.

Prysiologjcol %ndinss :
* Seant/absent pubic and axilary hair.
* ereast development at puberty d/t increased, aromotase activity,
* Primary amenorrheo.

Partial androgen insensitivity syndrome (Reifenstein syndsome) :
o AmbiSuOus 9eni'calio\.
* Portially/completely descended testis.
* Pubertal virilisation.

Hormone and metabolic profile :
* Increased LH ond testosterone levels.
* Normal or decreased estradiol
* FSH levels often normal or slightly increased,
* Resistance to androgenic and metalolic effects of testosterone.
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46 XX DSD 00:22:56

I Disorders of ovarian development :
* Siz*lgenemmeorarnbisuousaeni’calia.
* SOX9: Male or ambiguous.
* RSPOI: Palmar plantar hyperkeratosis, squamous cell careinoma.
* WNT4 1 SeRRAL (Sex reversal Kidney andrenal and lung dysgenesis) syn-
drome.

3. Androgen excess :
* 2ff Hydroxysteroid dehydrogenase type 3 deficiency,
* 8 Hydroxylase deficiency,
* P4S0 oxidoreductase de&\ciencg.
i Hydroxylase deficiency, |
Familial glucocorticoid resistance : Resistance of cortisol receptor, excess
ACTH.
* Placental aromatase de%cienca : Intrauterine exposure o excessive andro-

gens.
* Maternal androgen excess : Primary malignancy and benin lesions such s

uteoma. and hgperreactio luteinalis.

exominadion
Seoring systems to assess virilisodion/undervirilisation.

Prader score,
Y N Norm
3
Glan
v 2
&5 Scro Scro
15
\ Pen Ing Ing .
Abd Abd
05
N Y Pen Abs Abs
0 T T T T 0
Scrotal Micro Urethral Right Left
fusion penis meatus gonad gonad
external maseulinisation score (mg).

NEET 5S Paediatrics - v1.0 » Marrow 1.0 - 2023

Page 6/8



18 MEDPLUS 91- 3 -
Disorders of sex differentiation: Part il 7

----- Active space -----
Gonads
I
4 4
i ==
v
Karyotype 170H-P
a8xY | MOy
H Ve v
“'xl DaD mcm):;'??ﬂ ) 48.5X DSD
A WI_“ w_l
[ 1 1 170H-# 170H-P
LowT Low T Normat/high T o‘mf‘ 0S0 cin
Low AMH NMIW AN Aromatase deficlsncy High T, A4-A
[ % | Ak )
Dng::ﬁc isolated au—«m defact Na ﬂ K
l Sa-reductase def. |
Ackonal hincon Normal Abnomal
| ! }
{ ! Simploviizing  Salt wasting
Nomal Insufficient CAH CAH
} |
Leytig cell ypoplasia Lipold CAH
170-HSD deficiency 30-+SD deficiency
P4S0c17 deficiency
POR deficiency
npproach t0 o. case with DO,
\nves’ciso.’dons s
Hormonal evaluadion :
* Testosterone.

* Akl mulierian hormone (MAHD,

* onadotroping, dinydrotestosterone, I hydroxy progesterone.

* Plasma. renin activity,

* Rondom blood sugor.

* Serum sodium, potassium, cortisol

* heg stimulodion test
Testosterone : Androstenedione <08 is suggestive o 11 Hsoa deficiency,
Testosterone : DHT 710-30 is suggestive of SO reductase deficiency,

Imaging

*uUsq peMs : mullerion remnants,

¢ %stowek’nroscopg, sinogram,
* MR pelvis * Gonads, mullerian structures, ossocioted anomalies, anotomy,

. ap!om’ccrﬂ laparo’com&
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Treatment :
* Sex of rearing  Collective decision by caregiver/parents/child,
* Hormonal supplementadion.
* Corrective surgeries.

Note :
m/c/c of ambiquous genitalia. in newborn : al hydroxylase deficiency,
Causes of pubertal viriisation :

* 17 HsD3 deficiency,

* S0 reductase de%cienca.

* Partiol androgen insensitivity sandrome.
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PRECOCIOUS PUBERTY PART I

Physiology of puberty 00:00:39

Puber’cgis’c\'\esexmlmturo&ionoilmorsanism%rr on.

&onadal hormones :

* Testosterone : Males.

. es’crosen, proses’cerone : Females.

These hormones are reguired ot a stages in life :

* 14 weeks gestotion (Phenotype sex diferentiation).

* Shpuberty

HPG axds

* Hypothalamo pitutary gonadal (HPeD audis is active immediately atter birth
(mini pubertyy) — Lasts for & months adter birth in boys and for albout -3

years in girls. T
* HPG axis goes dormant ofter minipuber- A \U\ Hypothalams
ty upti 8 4o 9 years of age (Childhood \\V
suppression of HP& axis). : -
* gnRH hormone r NG nNeurons are v
pr%en’( in hgpomm d) Anterior
* Stimulatory input of EnRH neurons are ¢ 6 pituitary
L. KIS peptin § KISS peptin receptor. . g
ii. Glutomote. Y
* Inhibitory input of EnRH neurons are e 3 {i}g‘,’:ﬁ: Gonads
L RRNS, [\
il GRGA. Testosterone me;:rs::zxm Sex hormones
* during chidhood, the inhibitory inputs —

are stronger and, stimulatory inputs are
weak —> Leading o suppression during childhood,

* Alter skeletal moturation —> Stimulatory inputs like KIS peptin are ackivat-
ed — &nkH is released from &nRH releasing neurons in a. pulsatile manner
—> 6nRH reaches the anterior pituitaru rvouah hupgphuseal total circulo-
tion,

* 1} enRH pulsation frequency is less —> Favours secretion of FSH (Follicle stim-
ulaing hormone) $rom anterior pituitory,
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