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DISORDERS OF Actrve spica
SEX DIFFERENTIATION PART 1

Sex determination and differentiation 00:00:17

Oelinition of DSD :
Wﬁdmhmmmwocmmwor
anatomic (Prenctypic) sex is atypical

8 levels of sex development :
Chromosomal sex :
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cex determination : Chromosomal sex etermings development of gonads.
Sex difterentiation : Gonads determine development of external/internal
genitalia.
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Sex determination :
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¢ SOXa.
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Transeription Sactors responsible for ovarian developiment/anti-testis (On x
chromosome) ¢
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Sex differentiation from bipotential gonad, -
Legdgwlls n‘twtist

* Seerete testosterone ! Development of ivternal genitalia/wolftian structures.
* Ohwdrotestosterone (DHT) — Testosterone (8y S0t reductase) ¢ Development

ot e:dermlgm&alu.
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Disorders of sex differentiation Part | - 3

Sertoli cells in testis : Seerete AMH (Rntimulierian hormone) — Regression of
mullerian structures. o
Wullerian structures : Female internal genitalio.

woltian Structures : Male internal genitalia. - ==
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Development of external genitalia. : 00:12:11
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In presence of diydrotestosterone, male external genitalia. develops.
In absencee of OHT, female extermal genitalia. develops.

is in testes: 00:13:57
ww

[ ld e T
‘m
[- =
s periars- siachorehin:
lcmm I
; 1] ir T3
Py —— ALS O Mgt W““‘. R R I
Losie Saphe
43 cm r4r SOt
i V- OriPoge e O - £ . H o d l
Lowe
lcﬂ!’w‘ 1@0; lmt 1:\'!‘"
x [ ]
Pacmptewoemmeryn S0} fi Moo v Bt
Imm- %_erma:
Cawacmmmern Commen
lmmmws
lmmw
B
J L J | — |
Sy R A% Lirvmoy ey

Androgen synthesis in testis ¢
* Infetal ife (5"-12" week of 11D : Stimulated by hea (Facenta).

* 0 post pubertal period ! Stimulated by luteinising hormone LK.
Note ! Pituitary starts secreting L, FSH by 12 weeks of k.,

* Initial steps in androgen synthesis in both adrenals and testes are same.

: nwmmmn,mwmwtnmdmgnse-n,
a0 tyase.

* 11l hwydrowy steroid deydrogenase Type /MBHS03 : Converts androstene-
dione to testosterone,

* Aromadnse : Converts androgen precursors 4o estrogen precursors.

Psgd-nlogulsufermsao R 00:21:10
N T L ir"m
Gender ey mam-mugu
______ ey

Aggression
Parenting rehearsat
Peer and groun interactions
Labsling (e.g., “tomboy")
Grooming betuvior
Seaus’ orentaton m«wmmm
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Disorders of sax diffarentiation Part|

Ambiguous genitalia - 00:24:04

Couses !
L underviriized mole.

& viriized Yemale.

Viriisation : Exposure to androgens/male hormones.

Classification of disorders of sex difterentiation (0SO) :

Sex Chromosome DSD 48, XY DSD 48)X DSD
A TI00F Jnatnior pynv- A Drsorders of gonadal Sisites) devaiopmsnl A: Disordérs of gonadal fovary) Gevelopment
Oromi| s vrients Coemplete or partiol gonacsl dyspenesls (0.0, SFT/NRSAY, Gonadsi dysgeess
B 45X (s mynchoms) W, GATAL, FOGLIZIPME, CBX2, SAY, SOX9, SOXE. Ovossiscader DSD le.g. NRSAL, NRFE, RSPOT}
o varnts MAPIXS, ESROINRIAZ, DMATY, TSPYL 1, DM, SAMDS, Testicuésr DS {0.5., SAY", cup SQXD. cup SOI3. NASAL,
€ E5.048.XY [rosaicismy ARX, MAEL DT ACXorfB} NROF2, RSPD1, WNT4)
and varerits Ovoresticulr DSO
0 4800088.XY {chimerisiny Tastis mprassion
B Daoriers in weiogen syrthess or ection B Airogen eoes
Daorgiers of androgen syntheniy Fety
Lutsnzing hormons (L) mceptor mutations id delydrogemes 2 (HSDI82)
Seith-Lamii-Opity syndrome | 2t-hydroxpass CYF2IAZ)
SUH proln mutations | Pesdoxidomductsa (POR)
Cholesteral sise-chain clesvege (CYPTIAT 11p-hydmxylass YP1IET
30-hydroxystensid Getnydrogenase 2 (HSUOB2) Ghucoconticoid receptor mutabons
17a-hydronyisss!17.20-yese CYP17) | Fetopiacents!
PASD oxidoreduciases (FOR) I Ammatase [CYP15 deficianty
Cywctrome by (CYBSA) Oudorsductase (POR) deficiency
Aldo-hetoy mductase 102 (AKRIC) Maternal
17-hydronyviemid dehydrogenase $S01783) Mateenal virikgng Wmor (0.2 hisomas)
Saveduciase 2 (SROSAZ) Arciogenic drugs
Deacwders of andiogen action
Anrggen rastidnity SYROROMS
Orugs and envizonmantal modulstors:
C: Otwr €. Othar
Syncomse Essscistcna of Mk pandtal deveiopmant (e g, Syndromic asmociabions (8.9, loscal encrskes]
closeal anomabes, Robinow, Asrsxng. hand-lot-gental, Miilerian agenessMypopiass a5 M)
popliesi ptengurg Usernw chnormalioes ja.g., MOOYS
Pormisiant miBeran Cuct syndeoms Vagnal stressas 9.9 , McKusch Kaatman|
Inksad fryptmpaces I
Cryprorchidam JNSL3, GREAT) l
Envicoryrental infusnces
45 X/ 4k XY Mosaicism and Voriants :
. nmedaomdd dﬂssenesxs.
* 0/t anaphase lag during mitosis in the 2ygote.

45 X/4to XY, 4S X/41 30N o 45 X/ 4o XV/47 XN,
Streak gonads (ntra-abdomina) and well-formed testes (inguinascrotal
regjory.
Mmsmwmwnsmgmmmw
hairfine, cardiac and renal abnormalities.

.
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Chimerism.

Ovotesticular DSD :

a sets of celis from a different lineane.

Laeral cases (30%) 1 Testis on one side and an ovary on the other side.
Ovary (Or ovotestis) is more frequently found on the left side, whereas the
testis (Or ovotestic) is found more often on the right.
@ilateral cases (30% : Testicular and ovarian tissue blateroliy as ovotests.

mﬁatemlmsa(soﬂ)sovot&eﬁsmmesuemdmwarglfeﬁismﬁuaﬂn—

er side.

Note ¢ Chromosmal DSD have remnants of mullerian structures (usplastic go-
nads do not produce AMH) and asymmetry of gonads.

4k XY DSO:
1. Disorders of aonadal develboment.
a.Disorderso\‘-nndrosmbiosanm&

3. Disorders of androgen action.

Cardias defects (Septal defects, tetralogy of Fallod).

GATA, FORA

AR3A3, (£523) fral atresia, blepharophimosis, duysmorphic features.
OHH minfascicular newropathuy
TSP, sudden infont death

mmeWMmr&vmd}
sAmos mwmmmm
AR X-finked lissencephaly, epilepsy, temperature instabirty,
ATRX @ Thalassemia, mental retardation.
omeEn mental retardation.
N4 mental retasdation
ie testes or

oa W‘“‘” o oy
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Disorders of sex differentiation Part | - 7

Denys Drash syndrome |
* Complete/partial dysgenesis
* gk of wim's tumour,

Frnis‘-ersgrﬂrmse!
* Renal abnormolity,
e wim's tumour.

» Lo&emsetrepl'mpo&’fg.
um&sgﬂm\e g

* Wim's tumour.

* pAnirdio

* Gendal abnormalities.
* Retardaton

(:mvpomehcgsphsn
mumso’r‘b'gbones.
* Thoracic cage abnormalities.
* Craniosynostosis.
Wm

Wﬁmmﬂ&mmm:

Sweaersgm%x*l
m&nw\ermsmmesgmk

* Female with delayed puberty,
Partial gonadal dysgenesis *

. mg;msBemoln.
. rorchidic
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DISORDERS OF
SEX DIFFERENTIATION PART II

Androgen synthesis in testes ¢

PR ST S
‘m

Disorders of androgen biosynthesis 00:00:15

r.holeserolssnthesisdd‘eet:
Smith-Lemii-Opitz syndrome ¢

. 1dzi'3dmcl-\oles*emtreductasede$\ciem5.

B m%mw&mwmwm
‘ Wam&wmmmm

. mmmﬂiciencg,sa!tmsﬁgaisi&

Luteinising hormone receptor mutations :

Female genitalio.

Hypospadias or micropens.

wioklian duct derivatives : Hypoplastic.
mullerion duct derivatives ¢ Rbsent.

€&onads ¢ Testes.
WMWM@W&VWWMMW
mﬂwwmmmm&pm&

Hormane profie !

. m&mmmoﬁm

MEVSSmem-WLO'm



[ Feedback

H - Pasdiatiie Endocinalogty

* tlevated Ly, exagnerated L1 response 1o LHEH shimulotion,
Poor response 1o lestosterone, diwdrotestosterona respores to heh strrulo~
tion.

L\pold congenital adrenal hyperplasia.:

* Haryolype 46 .

inheritance | Autosomal recessive,

mutations in STAR gene.

&enitalia. } Fe:rule,sometwsamb‘\oguous,hyospam«mle.

woitSian duct derivatives + Hypoplastic/normal.

mulierian duet derivatives : Rbsent.

Gonads : Testes.

giochemical and physiological features | Severe adrenal nsufliciency in in-
%amg wsith salt loss, lack of pubertal development.
mmgo%'@d@ﬂ%ﬁswm%mm&%m
steroids,

Nsosidee\wnelewaseenzgnede’a\em:

W 4o, X,
heritance : Autosomal recessive, mutations in CYPIA gene,
Fermle,rarelgmblgmmorhg»s‘ndhs
uldﬂhndxc'tdeﬁvdimuuaopbsthormw.
mallerian duct derivatives : fibsent.
eonads ! Testes (Or absent).
Hormone : Deficiency of gucocorticoids, mineralocor ticoids, sex stervids.

aﬂwmuwmwrwam

* aryptupe: 4.

inheritance ! Autosomal recessive.

mutations in HSD3BA gene.

W:MWWW&

wolt§ian duct derivatives ! Normal

mullerian duct derivatives ! Rbsent.

epnads ¢ Testes.
wmwmp-gsuogmwestwwmmﬂmﬂhh-

fancy, poor virilisation ot puberty with gynae qynoecomastia.
mesmeasedmaﬂmtmsovmcalmdmstemz&

(1 ha&oxyregwembne/ cortisol ratio).
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Disordiers of sex diffsrentistion Part i - 3

I wydronylase/17,30 - yase defielency :

¢ Hanytupe ! 46, XY,
Inheritance ¢ Autosomal recessive.
Mutations in CYPI1 gene.
€enitalia. t Female, ambiguous or fwpospadias.
wolfSian cuuet derivatives 1 Absent or hypoplastie.
Mullerian duct derivatives ! Rbsent.
Gonads ! Testes,
Physlological features ¢
Rbsent or poor viriisation of puberty, qynaecomastia, hupertension.
mM,ﬁwmmmo@a'mdwamm
Hormone profie ¢
¢ Decreased testosterone, increased LH and FSH.
* Increased plasma, decwycorticosterone, corticosterone, progesterone.
* Decreased plasma renin activity,
* Low renin hypertension with nypokalemic alkalosis.

Nsoméaredmhsedeﬁciencﬂ:

*

L}

* (argtupe -4 v
¢ Inheritance : Autosomal recessive.

utakions in POR gene.

Genitalia.t Ambiguous, hypospadias o male.
WolSian duct derivatives : Absent or hypoplastie.
mullerian duct derivatives : Absent.
€onads : Testes.

@iochemical and physiological features !

w’nbleondmgensaﬁmo.tbirh
Variable virilisation ot puberty, especially in giris.

¢ Glucocorticoid deficiency,

No severe mineralocorticoid deﬂciemg.

* fotiey Bider sundrome : Skeletal albonormality,

*

Hormone profie ¢

evidence of combined CYPI7 and CYPal sufficiency.
* Normal or low cortisol with poor response to ACTH stimulation.
tevated 17-0HP, low testosterone,

NEET 58 Paadiatrics * 1.0 « Marrow 1.0+ 2023
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I nﬂhgamgs&m:dehgdrogmsefyﬂdﬂ%“%‘
. t 4k, XY,
o WW:MW@GSSN&
* mutotions in HSDMB3 gene.
Gentalia.t Female, ambiguous, bind vaginal pouch.
woittian duct derivatives : Present.
mullerian duck dertvatives : Absent.
Gonads + Testes (Usually undescended).

H\Jsiobg'ml'f‘eahms
. Vrisaﬁona&pahaiwﬁmlwmrsemenbdmpenhgo"mm
ment of facial and body hair.

TGRS in SRDSAA gene.
B W:wgmgmmm,wwmmvgm
pouch. "~
* wollSian duet derivadives : Normal.
¢ mullerian duct derivaives : Rbsent,
* gonads : Normal testes.

Prysiological features :

* Decreased Yacial and body haif, no temporal hair recession
* Prostate not pajpable.

. ﬁabertalxﬁﬁﬁso&ion(?erﬁsuhﬂsgr&me).

i Noggneeomasth.

() Feedback
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Disordars of sax diflersntistion Part §

Hovmone profle ¢
* pecreased ratio of S0/} car and L9 steroids in urine.
* iwreased testosterone/diwdrotestosterone ratio before and ofter WA
stimulation.
* modest increase in plasm LK.
* Decreased conversion of testosterone to dihydrotestosterone in wiro,

Disorders of androgen action - | 00:1936

Complete androgen insensitivity syndrome :
Harytype : 4, XV,

nheritance ¢ X linked recessive.
Mutations in AR gene.

Genitolia. : Female with blind vaginal pouch.
wolttion duct derivatives : Often present.
mmndmtderwmmbsm«mﬂgm
Gonods ! Testes.

* scant/absent pubic and axillary hair
« greast development at puberty d/ increased aromalase activity,
* Primory amenorrhea.

Parwmﬂsenmmgsgm(ﬂe@wehsgmm)s
. m-th'guwsgm‘&qlh.

* Portioliy/completely descended testis.

* pubertal virdisation

Hormone and metabolie profile ¢

* Incrensed LM and testosterone levels,

* normal or decreased estradiol

B mmmm«sﬂwm

. wstmbmwogemwmmﬂedsohemm
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acwvespace . 46 XX DSD 00:22:56

L Disorders of ovarian development :

* SRY gene : Male or ambiguous genitalia.

* SOX9: Male or ambiguous.,

* RSPOI: Palmar plantar hupericeratosis, squamous cell carcinomo.

. MAxmfmmemmdu\sW@sg\-
drome.

4. Androgen excess

* 3f nydroxysterod dehudrogenase type a defwiency.

. dee%ﬂwj.
Nmmwmsemw-aj

* 1f} nydronjase deliercy,

* Farwal glucocortood resstance © Resistance of cortisol receptor, excess
AETW,

¢ Placertal aromatose debency ¢ intrauterne exposure to excessive andro-
gens.

. mwmsmwgmmgnmmmm

Examinaton
Swrgsﬁws(omwuduvhm{m

YYYPRPRFT Y

Proder score,
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Disordars of sax differentlation Part if - 7
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m@m:
Hormonal evaluation *
* Testosterone,

* fnti mullerian hormone (MaH).

¢ onadotropins, dhudrotestosterone, 17 hudroxy progesterone.

¢ Pbsrm.ferma.c'cmig.

* Random blood sugor.,

* Serum sodium, potassium, cortisol

¢ hog stimulation test ¢
TW:WMW‘OB&&%%MOFWﬁWM
TMmSwT?W&OBW“erM

wraging? :
* USG peivis : Mullerian remnants.

* Cytouretivoscopy sigram
. mwzmmlammmmmm
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8 IIIIIII Paediatric Endocrinology

Treatment :

* Sexof rearing : Collective decision by caregiver/parents/chid.
e mrmmls;.pplemenhim

b Wrectmwaerﬁ.

~--=- AClive space ----

Note :

m/c/c of ambiguous genitalia. in newbom : & hydroxylase defliciency.
Couses of pubertal viriisation :

* 1B w503 deficiency,

* S Q@ reductase deficiency.

[ Feedback
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PRECOCIOUS PUBERTY PART I

Physiology of puberty 00:00:39

Puberty is the sexual maturation of an organism Sor reproduction.

These hormones are required at a stages inlife :

’ &WMWS&&WW\)

* ftpuberty

HPG axis

* Hypothalamo prutary gonadal (HP) axis is active mmediately after birth
(mini puberty) — Lasts for & months after birth in boys and Sor about -2

3&0.!’3’!\3'1‘& {,/:n
* HPG axs goes dormant after minpuber- ARG Mypothalamis
4y uptl 8 to 9 years of age (Chidnood \P’
suppression of HPG axic). P GARH
* EnRH hormone releasing newrons are
present in hypotholamus. N
* Stimulatory input of G neurors are: ® pituitary
b ISS paphin { 155 Gaptis receptec ‘c . FS
iL Gutamade.
* iobibitory input of EnRH neurons are () 400 o
L meeNs. /N
i efeR S
* Quring chidhood, the inkibitony inputs o
are stronger and stimulatony inputs are
weak — Leading to suppression during chidhood

* Abter skeletal maturation —» Stimulatory inpuds lise HISS peptin are activat-
ed ~* €n2H is released from 6niZH releasing neurons in o, pulsatile manner

*mmmmmwwwam—
tion.

* ¥ &nRH pulsation frequency is less —> Favours secretion of FSH (Folicle stim-

NEET §S Poediatrics = v1.0 « Magrrow 1.0+ 2023
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* ¥ &nRH puksation frequency is more —» Favours secretion of LH (Luteinising
hormone).
* Role of FSH and LM in ovaries : Ovarian steroidogenesis.
Folicular development and ovulation.
* Role of FSH and LM in testes
LH — stimulates leydig cells — Production of testosterone.
FSH — Spermatogenesis — Sperm
* Sex hormones have inhibitory effect on both pituitany and hypothalamus.
Decreased gonadal honmones —* Inhisitory control i lost —> FSH and L1 level
. I

Pubertal changes 00:11:12

Pubertal changes in giris :
Secondary sexual chasasters develop during puberty,
effect of estrogen and progesterone hormones
L @reast develpment.
it Pubic and axtiary hair development is mainky due to adrenal androgens.
it Ovary enlarges and uterus matures and erlarges.
iv. Skeletal development ~» gstradiol causes epiphyseal development and
cosure.
Thelarche >Take off height velocity >Peak height velocity *Menarche >
Pubarche.

* L] - " “w (8 L - -

g gmon

Pubertal events in females.

Puherhl&m'geshboas:

. Tmmmmwmmaﬂwmmw
vancement of bone age-

* At puberty testiculor volume also increases.

NEET SS Paediatrics v1.0 « Marow 1.0 « 2023
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Precocious puberty Part | - 3

enlargement of testes > Take of§ height velocity > Peak height velocity > Aubic
hair development,

® v € Vv ow o oW
[ A I e 1

Hogh sput
Parin
Tl
et 2
Pubertal development stages.
Hypothalamus GnRH
Circulat
1fo praneer=s
IGF1
effect of gonadal hormones on bone development.

nmmsmwmmmnwpo@mmw
matase — estradiol brings about the bone development,

Precocious puberty 00:16:00

Definition :
M=Ma&mmwr&ﬂaﬂmhwmﬁw
m&wmmmwo&mmm—gm
system from the Setus to ful sexunl motu B B FeFtIG;

Puberty refer o the phusical and endocrine changes of this period,

m:mbmmwnwmmmm
tirme.
NEET S5 Paadiatrics + v1.0 - Mavrow 1.0 » 2023 18
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WM=W0¥%WMWW
the age of 2 years in male and 8 years in female & called precocious puberty,

Tyeso?-p*empba*g:
e wﬂmlprmoci'eg.

€ Truepremcmm

s Covelele! ! A

GrRH-independent sexual precocity ¢
* Pengheral precocity,

* Pseudo precocous puberty,

* incomplete (ISP,

* Contrasexual precociy.

* weterosexual precocdy.

variants of normal puberty :

* Premature thelarche.

* Premodure pubarche.

* Premature sobed menarche,

GnRH dependant sexual precocity 00:21:18

Five times more common n grs.
diopathic central presonus.puberin(CEP) § times more common in gits.

Couses :

HW e 5

* Common in grrs.

* Chances of having CAS aknormalities : goys (D, girls (4 : .

CNIS umors

o oﬁcwwmswo
s \»H:ommm:mrtm

. Wnsﬁnufmm
Other CNS disorders
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