YTIOTONAATI2ZMOX

2THN TTAIAIKH KAI
E®HBIKH HAIKIA &
KAOYZTEPHZH HBHZ

EYATTEAIA O. MTTIAAA
ENAOKPINOAOIOZ



Opiopoc

* To KAMIVIK6 oUVOpolOo TOU TPOKUNTEI Amd TNV

aduvayia Twv_6pXEWV va wapAyouv £mapKeig
w000TNTEC avdpoyovwy (TeaTooTepdvng) A/Kai
onepparolwapiwv onw 6|a'rapaxng TOU UnoeaAauo-
um(p%alako opXIkoU afova oc €va N mweploooTEPA
eniteda

Basin et al, JCEM, 2010;95: 2536-2559

* To KAMIVIKG oUV3pOHO TOU TPOKUTTEI awd Th UEIWHEVN
opXIKA AEIToupyia, TNV Avapevopevn yia Thy hAikia,
oV HmopEi va wepIAQUPAVE! TNV OPHOVIKA EKKpIoN
and Ta KUTTapa Leydig (avdpoyéva kai INSL3) r/
kal Twv kuttapwv Sertoli (AMH & avaoraAtivn-B)
n/kai diarapaxeéc oTn omEPUATOYEVEDN.

Rey et al, Andrology, 2013:1: 3-16



YTTOOAAAMO-YTTO®Y2TIAKO-OPXIKOX

Arcuate
Preoptic Area/ POMC nucleus
Hypothalamus

: Premamnmillary
: nucleus
(#) ™. :

ME :
GnRH ‘o, .
Pituitary ‘

LH




Taivopunon umoyovadiopou

» AvdAova pe 1o emittedo ThC PAAPnc oTov
UTT0OaAdHo-UTTOPUOIAKO-0pXIKO dfova

» Tov KUTTAPIKO TTANBUGHO TWV OpXEWV
TTOVU AVETTAPKEI

* Tnv nAikia egpaviong Th¢ EKTTTWONG TG
OPXIKAC AgITOUpYIAC

Rey et al, Andrology, 2013;1: 3-16



Aidkpion avdAoya pe 1o €miTtedo TNC
diatapaxnc Tou Y-Y-O dacova

ey KEVTPIKOG UTTOYOVASIOUOG

: @ XapnAd emimeda FSH & LH

PITUITARY ‘ @) *TTopwToma®ne umoyovadiopocg
YynAa emtiteda yovadoTpoTiviv

U HFEH

ol

Gonadotropins  Normal Hypo -

*MeikTo¢ uTtoyovadiopog
AdIKkalioAoynta gpuaioAoyikd eTiTedda
FSH & LH




Aidkpion pe PAon Tov TACXOVTA KUTTAPIKO

Vas deferens —__| |
Epididymis —_ [ ||

FSH

Sertoli cell
(Inhibin B)

TTANBuopo

‘- Seminiferous Tuble

Gonadotrope
(LH, FSH)

tubules
Tunica albuginea
LH
[

T *OAIK® 0pXIKH aveTtdpkeld

R Interstitial
*.. Leydigcells
~. (testosterone)

*Mepovwpévn opXIKA aveTtdpKkeld
(dissociated testicular function -
cell spesific)

Leydig cell specific
Sertoli cell spesific

Germ cell specific
Rey et al, Andrology, 2013: 1; 3-16



Aidkpion pe Pdon ThV hAIkia egpavionc

+ Very-early-onset
hypogonadism (VEOH)

évapln aTn veoyvikn nAikia
aTeARC dppevoTtoinon -
YeudoepHAPPOOITIOHOC

- Early-onset hypogonadism
E OIZI) YPog

egpdvion otnv tpoenPIkA nAIKia
kaBuoTépnon TnS KPpn

- Late-onset hypogonadism
(LOH) YPOg

elpavion otnv evhAiko Cwh
dev UTtdpX el €101KOC
PAIVOTUTIOC

G. Corona et al, Asian J andr, 2012: 14; 251-259

Euppuikig Evapgng
UTTOYOoVadIoHOC
(foetal- onset

hypogonadism)

« TTaidikn¢ évapinc

(childhood-onset)

Eonpikng (pubertal
onset)

‘Bvap&n otnv evhAikn
(wn (adult onset)

Rey et al, Andrology, 2013: 1; 3-16



daivoTutrol Yrroyovadiopou avaloya he TNV nAIKia epeavionc Tou
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VEOH: Very Early-©Orrset Hypugunad;onl

CADS: Complete Androgen Sensitivity Syndrome
EOH: Early Onset Hypogonadism

LOH: Late Onset Hypogonadism

ANGE

A.Morelli et al, J Endocrinol
Invest 2007



KAINIKH EIKONA YTTOFONAAIZMOY
E€apTdTai amo:

* TNV nAIKia egeaviong

* Th papuTnTa Kai Th 01dPKEId TNC O1ATAPAXNC

* TOV TTAOXOVTd KUTTAPIKO TTANBUGHO

* Thv evuadiocBnaia Twv I0TWY TOXWV oTd avdpoyovda
* YEVIKA KaTdaTaon vyeiac (ouvoonpoTnTta)

+ TponyoUpevn Bepameia pye avdpoyova

Sh. Bashin & Sh Basaria Best Pract & Res Clin Endocrinol & Metab, 2011;25: 251-270



YTTOTONAAIZMOX
EMBPYIKHZ ENAP=HX
(VEOH)



YTTOTONAAIZMOZ EMBPYIKHZ
ENAP=HZX

1o 3unvo KUnong 7
ageipoAa £€w yevvnTikd opyava
aTeAAC appevoTroinan

(utoomtadiag, d10X10£C 6OXED, KATT)

2° & 3° 3unvo KUNongG

TARPNG dppEVOTIoiNoN EEW YEVVATIKWY |

opydvwy dAAg:
HIKPO TTEOC
HIKPOi OpXEIC
Kpuyopxia




Schematic of the activation of the hypothalamic—pituitary—testicular axis during
fetal and postnatal life in humans

Fetal life Mini-puberty Childhood Puberty and adult life
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Bouvattier, C. et al. (2011) Neonatal gonadotropin therapy in male
congenital hypogonadotropic hypogonadism
Nat. Rev. Endocrinol. doi:10.1038/nrendo.2011.164



2 XNUATIKA avamapdoTaon Tou UTtopualo-opXIikou aiova &
Tn¢ diagpopotoinong & avénon Twy €ow & £EW yEVVNTIKWY
opyavwy

MD
regr.
Penile & scrotal growth
diff.
w Testis descent Serum hormone levels

Trimester Trimesters

FETAL LIFE Birth CHILDHOOD PUBERTY

Grinspon et al, Front. Endocrinol, 2014



GnRH neuron development & migration: CHD7, FGFR1, FGF8,
KAL1, NELF, PROKR2, PROK2, WDR11
/

Cribriform Homeostasis & GnRH secretion:
plate: GnRH DAX1, FGFR1, FGF8, GNRH1,
neurons KISS1R, LEPR, LEP, PC1,

migrate
along the ROKR2, PROKZ,l TACR3, TAC3

olfactory |
i :3 g:ﬁb GnRH neurons migrate Hypothalamus:
to the hypothalamus GnRH neurons form

a network and start
secreting GnRH in a
pulsatile manner

Olfactory placode:

GnRH precursor

neurons arise from Pltultgry:

the olfactory placode Gonadotrope Pulsatile GnRH
stimulation: stimulates LH

DAX1, GNRHR and FSH
secretion

TRENDS in Endocrinology & Metabolism

A. Mitchell et al, Trends in Endocrinol & Metabol, 2011




AiTia epuPppulkng Evapéng umoyovadiopou

OAIKA OpXIKA aVETAPKEIA Cell-specific

Ilpwronta®nc UmoyovaoioHoG

Movadikeg duoyeveaieg Ktx\mpi/{' %ydigLH R
eTaAAageig LH-

2. TEPOEIOOYEVETIKEC OIATAPAX EC

1° 3unv
I Kutrapa Sertoli
MeTaAAageic AMH
2 Uvdpopo eCapavioBEvTwy Kuttapa Leydig
opxewv (ouyyevng avopxia) MeTaAraleic INSL3
w30l ‘Evdokpivikoi 81aTappdKTE KUrTapa Sertoli
P PP S MeTaAAdgeigc FSH-R
KEVIPIKOG UTOYyoVAdoIo|oG
*TToAAaTA® avemdpkela KUtTapa Leydig
2-30 3uUnvo  ymoYUOIAKWY OPHOVIIV MeTaAAdEeic Tne P-umopovddac LH
, MeTaAAdleic TAC , TACRS
*Mepovwpévog YY

KUttapa Sertoli
MeTarAageig p-umopovadag FSH.

MEIKTOG UmoyovaoioHOG
1° 3unvo MeTaAAdgeic DAX-1

2-30 3unvo . Prader-Willi




FTONAAIKEZ AYXTENEXZIEX

MeTaAAa eic kal amaAAciyeig diapopwy Yovidiwy TTOU CUHHETEXOUV OTN
diapopoTroinon Kai avamTuén TwWY 0pXEWV

TTARpnc yovadikn duoyeveaia: @aivoTutikd OnAea dtopa
UE Yuvaikeia eEwTepPIKA YEVVNTIKA 6pyava
46 XY HIKPA UATPA, OAATTIVYEC
Taiviogldeic yovadeg
UTTOTTAAOTIKOI HAoTOi

Mepikn yovadikn duayeveaia: BnAea dropa pe gaivoTuto o. Turner
apeipoAa e€wTepIKA YEVVNTIKA Opyavad

12 ,%%,xy dPPEVEG HE UTTOAEITTIOHEVN AppEVOTIOINGN
46 XY/4TXYY (QAIVOTUTIIKA QUGI0AOYIKO dppEV

(kpuyopxia, urtoomtadia, uroyovadiouo,
alwoomeppia)



ANopikéc avwpaAiec Y XpwHoowHATOC

‘EAAeiyn SRY yovidiou

Aiatapaxn otn
dlapopoTroinon Tou
0PXEOG

Euchromatic

region

EAAciyeic oTnv suxpwpaTtiki
q11 mepioxh

Aiatapaxéc otn
oTTEpHaToyéveon
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g
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(cell specific hypogonadism)

Nature Reviews | Genetics



OpxIkAR yovadikh duoyeveoid

ZXAMA 2. ZXNMOATIKA AVATTOPAOCTACT TNG AITIOTTAOOYEVEIOG TOU CUVEPOHOU 2 j
opXIKNG duoyeveoiag (TDS) GTTOTCAWIJG 5!(1T(1p GX ﬂC
euPppuUikoU
MepiBairovrikoi mapdyovreg TipoypdapHATIO HOO Kdi

ouumepiAauBavouévwy Kai

{ ’ ’
EVOOKPIVIKWYV SIaTappaKkTwv AIATAPAXH AIATAPAXH | AIATAPAXEZ ZMNEPMATOZ VO VC(6 IK ng C(VC(T!'TUE_, nc

l l AEITOYPFIAX _ QPIMANZHZ

KYTTAPQN FENNHTIKQN
SERTOLI KYTTAPQN

\ Cis — KAPKINOZ OPXEOZ

|
' \ ’ | YnOZNAAIAZ IloAUTTapayovTikn vooog

EANATQMENH ANENAPKEIA
AEITOYPTIA 7 ANAPOrONQON— KPYWOPXIA
KYTTAPQN & INSL3

LEYDIG “u | ANAPOIONIKH ANEMNAPKEIA

lsverikoi mapdayovreg ZTHN ENHAIKH ZQH

mx. 45,X/46,X Y, ONUEIAKES AANNEZ EKAHAQZEIZ
peTarrdders (MIKPOZ OFKOE OPXEQN & AGD)

ATT6 C. Wohlfahrt-Veje et al. Clin Endocrinol 2009;71:459-465.




KAIVIKA €1KOva

ZXAMa 3. ATTEIKOVIOTN TNG OXETIKAG OUXVOTNTAG ENPAVIONSG TWV CUUTITWHATWYV
Kal onUEiwv Tou cuvdpoouU opXIKNG duoyeveaiag (TDS).

Alatapaxni
OTTEPUATOYEVEONG

‘Hma opxiki duoyeveoia MéTpia

A6 Skakkebaek N et al. Hum. Reprod. 2001;16:972-978




2.UvOpopa avTioTaong ota avopoyova

XY dppev dTopo pe pualoAoyikR avdmTun OpXEWV Kal
PUOIoAOYIKA eTtiTtedd avOpoyovwy

HeTAAAAENn Tou yovidiou Tou avdpoyoVvikoU uttodoxéd
(HakpU okéAOG Tou xpwHoowpaTtog X oThv mepioxh q11-12)

HEPIKA A TTARPN avTioTaon otn PloAoyikh 0pdohn Twv avopoyovwy




AiapdBuion TnC avTiotaonc ota avdpoydva

BaBpoc 1: ‘Hmia avriotaon (MAIS)
["evvnTIKAd Opyava dppevog, UTtoyovigoTnTd
BaBuoc 2: Mérpia avriotaon (PAIS)

["evvnTIKA 0pyava dppevog, Rmia diaTapaxn dppevomoinong,
uttooTtadidcg

BaBuoc 3: Mérpia avriotaon (PAIS)

MevvnTIka O0pyava Kupiwg appevog, copapn diatapaxn
appevoToinong

BaBuoc 4: Mérpia avriotaon (PAIS)
AupipoAa £€w yevvnTikd opyava, coPpaph diatapaxn dppevoToinong
BaBuoc 5: Métpia avriotaon (PAIS)
‘BEw yevvnTika opyava kKupiweg BnAcoc pe kKAsiTopidopeyaAia
BaBuoc 6: TTAnpnc avriotaon (CAIS)
‘BEw yevvnTikad 6pyava BhAeoc pe Tapouadia TpixXoguiac HaoxXaAwyv
Kadil epnpaiou
BaBuoc 7: TTAnpnc avriotaon (CAIS)
‘BEw yevvnTikad 6pyava OnAeog pe amouaia Tpixoguiag HaoxXaAwyv Kai
epnpaiou



Avopyia

2 UyYevng
FeveTIKEC, ayyelakéG diaTapaxEC, eVOOUNTPIEC AoIPWEEIC,
TpaupdaTioyoi
14n-16" gpd. kUNONG
AHPOTEPOTTAEUPN
dappev YeudepUappodITIOHOG
PUOI0AOYIKOC PAIVOTUTIOC APPEVOC HE KpUuYopXid Kal HIKPO TTEOC

TToAU xapnAd emimeda T, pn avixvevoipa emimeda AMH
ATmoucia amtdvtnong T otn dokipacia di1€yepong pe hCGe

EtepdmAcupn

E‘l‘l’lKTﬂTﬂ Tpaupa, copaph Aoipwén, ocuoTpowh, Xelpoupyikh e€aipean Adyw
OYKOU 0pXEWV 1 OYKOU TIPOOTATN, IATPIKO XEIPOUPYIKO AdOOC



[MoAAGTTAR UTTOQUGIAKIK OVETTAPKEIN

Aiappayparo-

@ - OTTTIKN OuoTTAdaia
E.6-E.10

&= Ventral Lhx3 \ Lhx4 Dorsal AlaTapax £C
Fgf8 HEONG YpdHHNG,

KoAoPpwypa,

TTOAUOAKTUAIA

Lhx3 <« Lhx4 \

.
KA

SOX?2
AvopOaApia,
HIKkpowBaAuia
Oicopayikn
dtpnoid

SOX3
IMvevpaTikn
E15-E47 @ kaBuoTépnon

tropes

Débora Cristina de Moraes et al. J Endocrinol
2012;215:239-245

© 2UNZ Suclzry jur Zndaucrinaluegy



* YTtoyovadoTpOoTIKOG

Mepovwpévocg uttoyovadoTpoTTIKOC
uttoyovadiopocg (YY)

Y uxvoTnTa egedviong: 1-10/100.000 yevvAoeic

« IdiomaBnc YY
* Y1oyovadoTpoTiKOG
UTTOYOVAaodIoHOC unovovc,16|o|.|ég
+ XWwpPIg
+  Avoopia & dAAeg
OUVOO£C avwiaAieg

- 2. Kallman

- Avooyia

2/3 TWV TEPITTTWOEWV + 1/3 Twv EPIMTTWOEWY



AiTiotaBovéveia
2 . Kallman (1:10.000 yevvihoeig)

GnRH neuron development & migration: CHD7, FGFR1, FGFS,

KAL1, NELF, PROKR2, PROK2, WDR11

Cribriform

plate: GnRH

neurons

migrate

along the Olfacto

olfactory bulb

zxngﬂc; to mb GnRH neurons migrate
Y to the hypothalamus

Homeostasis & GnRH secretion:
DAX1, FGFR1, FGF8, GNRH]1,
KISS1R, LEPR, LEP, PC1,
PROKR2, PROK2, TACR3, TAC3

|

Hypothalamus:

Loiomadngc
YY

<77
il YY &
OUYYEVAC
urorAdoia

ETTIVEPPIOIWV

Olfactory placode:
GnRH precursor
neurons arise from
the olfactory placode

Pituitary:

Gonadotrope Pglsatile GnRH
stimulation: stimulates LH

_DAX1, GNRHR and FSH
secretion

TRENDS in Endocrinology & Metabolism

A. Mitchell et al, Trends in Endocrinol & Metabol, 2011




> . Kallman

KAIVIKA €1kOva

Bpeypikn-vnmiakh nAikia
Mikpo6 Téog & Kpuyopxia

YToyovadiogog  Eenpikh nAikia

ATrouaia évapénc The APng

ATougia avamTuéng Twv dEUTEPOYEVWY
XAPAKTNPIOTIKWY TOU GUAOU

EvnAmeg
Mikpoi Ttpoepnpikoi 6pXEIC
ATToUGid OEUTEPOYEVWYV XAPAKTNPIOTIKWY ToU UAOU
Euvouxoeideic avaloyie¢ owparog

Meiwpévn puikn pala, peiwpévn libido,
uTToYyoVvIHOTNTd

Avoolid



2. UOXETION YOVOTUTTOU-AIVOTUTIOU

PROXR2

PROX2

WDR11

GPR54/KISS1R

TACR3
TAC3

LEPR

LEP

GNARH1

GNARMR

LHB

FSHB

Anosmin-1

Fibroblast-growth-factor
receptor 1

Fibroblast growth factor
-

Nasal Embryonic LHRH
Chromodomain-

helicase-DNA-binding
protein 7

Prokineticin receptor 2

Prokineticin 2

WD protein

Kisspeptin-1receptor

Neurckinin B receptor
Neurckinin 8

Leptin recepltor

Leptin
GnRH
GnRH receptor

B —subunitofLH

B —subunitof FSH

Cell adhesion

Tyrosine Kinase receptor

Ugand of FGFR1

Neuronal migration

DNA-binding protein,
neuralcrest

development
GPCR

Ligand of PROKR2

Interaction with EMX1

GPCR

GPCR
Ligand or TACR3

Single transmembrane-
gomain receptor

Fat-regulating hormone
Release of LH and FSH
GPCR

Uigand of LH/CG
receptor

Ligand of FSH receptor

-
Inheritance

X-linked

AD

AD

AD

AD

Clinical
phenotype
KS

KS or IHH

KS or IHH

KS

KS or IHM

KS or IHH

KS or IHM

KS or IHM

IHH

IHH

Associated clinical phenotype

Anocsmia, bimanual synkinesis, renal
agenesss

Ancsmaa, cleft lip or palate, ear
anomales, tooth agenes's

Anocsmia

CHARGE syndrome: anosmia,
coloboma, heart anomaly, choanal
atresia, retardation, ear abnormalities

Anosmea

Anosmia




> . Kallman

AAAeC KAIVIKEC eKONAWGOEIC

' ' 80% petahAaeic KAL 1
2. UvKIvhaid daKTUAWV 10% peTaMdEsic FGFR 1

EvepomAcupn ayeveoia i duoyeveaia veppou
NeupoaiaBnrtipia papnkoia HeTaAAageig KAL 1
O@oAwWTH UTTEPpWA

- Aayoxeiho h/kar AukooTopda

Aveveaia 000VTWY uetahaeic FGFR 1
BpaxudakTuAia, cuvdakTuAia
Aveveaia geooAopiou



2 uvopopikoc YY
Z Prader-Willi ) | h

MquosAAsuq}elg O0TO TATPIKO xpwuoowua 15 1
UNTPIKA dlowpia Tou Xpwpoowparog 15
Aiatapaxh oThv utoBaAapikh EKKpIon TNG
GnRH

YToyovadiopoc (kpuyopxia, HikpogaAia, HiIKpoi
opxel¢, kabuaTtépnon n amouadia evipwaong)
TTaxuoapkia, TveupdTIKA UGTEPNON, UTTOTOVId,
KOVTd dkpd XEPIWV Kdl TTOOIWY

2. Laurence-Moon-Bield
EAAciyeic xpwpoowpaTog 16
Niatapaxh oTnv utoBaAdpIKi EKKpIon TAC
GnRH
YToyovadiopoc (kpuyopxia, HikpopaAia, HIKpoi
opxei¢, kabuaTtépnon n amouadia evipwaong)
TTaxuoapkia, TTveupdTIKA UaTEPNON,
pHeAayxpwpaTikn apeipAnorpocidomddela,
TToAUOAKTUAIA




AilayvwoTIKA TTpoogyyion 0To VEOYVO

- KAIvikR eikova TMpwromadri
) : ~ (umoyovadiouég 1°v 3unvou)  UTTOYOvaAdIOHOG
ApeipoAa £é€w yevvnTikd

dpyava WYnAapntéc yovadec>l cc  Mn duoyeveTikég

, : YovadikEC
MikpopaAia, kpuyopxia, SUOYEVETIEC
HIKPOi OPXEIC (utoyov. 2°V-3° 3unvou)

2 WHATIKA aTiypaTa f
AaAAeC ouvoOdEC OlaTapaxEg

(Trx. emivepp1d. aveTTdpKela)

o ’ TeatooTepovn (T), INSL3 , ,
Epvaotnpiakée  ro VEOYVIKA NAIKid

EAEYXOC hCG test  Synacten test Ve

‘AMH, INH-B > 6 pAvec
Grinspon et al, Front. Endocrinol, 2014



YTTOTONAAIZMOX TTAIAIKHZ
HAIKIAZ ENAP=HX
(EOH)



AvVATITUEN 0PXEOC ATIO Th YEvvnon WG
TNV evhAikiwon

Testicular - "\ [ Sertoli celis
& ) [ interstitial tissue

] Germ cells

15-25
Late puberly
Pre-puberty adulthood

igure 2. Schematic ontogeny of the evolution of testicular volume from
birth to adulthood. Seminiferous tubules (Sertoli + germ cells) are always
he major component of the testis. From birth and during the whole =
prepubertal period (i.e. until ages 9-14 yr, Tanner stage 1), seminiferous
ubule volume depends mainly on Sertoli cells, whereas the significant =
increase in testicular volume during pubertal development (i.e. between
anner stages 1 and 5) is mainly due to germ cell proliferation. Reprinted -
ith permission from: Rey R. Regulation of spermatogenesis. Endocrine =
. 2003;5:38-55. Siider O (ed.): The Developing Testis. -
[ . Copyright S. Karger A. G., Basel, 2003.




KAIVIKA €1KOva

-Aduvaylia epgpaviong APNG -

*KpUYopxia e e
*Mikpoi 0pXxeIC, wEOC Kal méig}; mﬁlﬁ?&
TPOOTATNG > kg f
-ATToudid H apdin Tpixwaon ‘

epnpaiou, TIPOCWTIOU,

HaoxXaAwv

-Euvouxoeideic avaAoyiec ,
Hakpd dkpd Kdl KOVTOC KOPHOC

*AvdmTuypa xXepiwv> Ugog i om’
‘KATd 2 EK.

-l"uvaiko€IdNG Aekdvn o

* AVETTAPKAC aVATITUEN HUIKOU |

OUOTAUATOC m

‘EAaTTWPHEVN OOTIKA TTUKVOTNTA oL ..D

) ruva l KO uao.T ia Red blood Huscle Abdominal Skelaton
*AvWwpipn pwvni Cocopn 8 St B o Ly Py, 5 e,

opyright © 2008 by Mo peint of Elsevier, Inc. All rights reserved

Epididymis
Vas deferens
Seminal

I anynx
(male voice)

SUPPression
of gonado-
fropin
secretion

Im;xm!

male pattern
of gonado-

tropins, $ex

drive, behavio




AiTia £évapinc umoyovadiopoU HETA Tn yévvnon

OAIKN OpXIKN AVETAPKEIA

Cell-specific

Ilpwronta®nc UmoyovaoioHoG

> . Klinefelter
2. dppevog pe XX
2 .Noonan

Aopikéc avwpaAieg

"evvnTikd KUTTAPA
MikpoeAAgiyeic Y xpwpoowpdTog

2Uyyevn PUAETIKWY XpWHOOWHATWY
2. Down
Kouyopxia
MuoTovikn duoTpowia
Tpavua h cuaTPoPn OPXEOC KutTapa Leydig
OpxiTida pappaxka
EwiktnTta keTokovaloAn, aTlIPOVOAdKTOVN

Aloxpwudtwaon
ApuAocidwon, XNA, XTTN
AuTodvoon opxiTida

Oyiunc évapénc uttoyovadiopog

["evvnTIKa KUTTAPA
XnpeloBepameuTIKOi TTAPAYOVTEC
AKTIVoPoAia



AiTia £évapinc umoyovadiopoU HETA Tn yévvnon

OAIKA OpXIKA aVETAPKEIA Cell-specific

KEvIpIKOG UmoyovaoioHoG

Oykol urtoBaAdpou- urépuong
Tpavua

Ewiktnta  YmoBupeoei1diopoc
AMAeC evOoKpIVOTIADEIEC
Katdxpnon aAkooA

KakRA YEVIKA UyEid

MEIKTOG  UmroyoVaoioHos

AKO+XMO kpaviou
Eniktnra MoAupdiaon
Katdxpnon omoiocidwy
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3% Twv UToYOVIHWY avépwv

11-13% Twv alwooTepUIKWY
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Foresta et al, JCEM, 1999
Lanfranco F., et al, Lancet, 2003



KUpia xapakThpioTIKA

H 1o ouxvin Xxpwpoowlikh avwiaAia

TTpoodcuTikA ékmTwon The B Kapuotumog 47XXY
0pXIKAC AcIToupyiag Kal

TEAIKA OPXIKA AVETTAPKEID

Mikpoi & okAnpoi

AvOpoyovikn

; AlwooTtTepuia
avemapkeld S PH
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Aksglaede L , and Juul A Eur J Endocrinol 2013;168:R67-
R76

H ekpUAION TWV YEVVNTIKWY
KUTTAPWYV £XEI ETMITAXUVOEi 0TV
epnpeia
Mévo 50% Twv peAeThOEVTWY
ayopiwyv mepleenpika sixav
YEVVNTIKA KUTTApPA

Wikstrom & Dunkel, JCEM 2004

Ek@UAION TWV YEVVNTIKWY KUTTAPWYV £XEI
non Eekivhael aThv evdounTpio (Wi

L ]

TTpoodeuTikn av€non peTd Tn yévvnon
Kal Katd Thv maidikA nAikia

2 3

‘Evrovn ekpuUAIon katd Thv epnpeia

EkTeTapévn ivwon kai uaAivomoinon Twv
OTEPUATIKWY owAnvapiwy
Kdl UTtepTTAacia Twv evOiduEowyY

KUTTAPWYV OTOUGC EVAAIKEC
Aksglaede et al, Human Repr Update
2006



[Tovadikn AciToupyia -1

> AilaTtapaxf YeEVVNTIKWY KUTTApwyV atd To 2°

Enppuikn, HIg0 ThC KUNONC.
VEOYVIKN NAIKia

' id yid aveTtdpKeld TWV
& maidikn

nAikia

BAAPpn Tou yevvnTikoU KUTTAPOU

germ cell-specific hypogonadism

Rey, et al, Acta Paediatr, 2011



[Fovadikh AciToupyia -2
Epnpeia

AT0 To HEOO TNG NPNG
TTARpNC opXIKN aveTtdpKeida

Rey, et al, Acta Paediatr, 2011
»> 2 opapn duaAeiToupyic

| AMH & INH-B,

Lahlo da et al, Clin Endocrin, 2007

ikstrom, et al, JCEM, 2005
» Hma éwg péTpia QUOAEITC
T, INSL3 ota xapnAoTepa puaioAoyika emimeda &
I LH

KUTTdpwV Leydig

Bastida et al, Cli Endocrin, 2007 & Lahlou et al, JCEM, 2004,
Wikstrom, et al, JCEM, 2006, Wikstrom, et al, Pediatr Res, 2006



MeTaPpoAéc 0pxeoc amo Th yévvnon €we Thv
evhAiKiwaon
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'Evapén APNG oTnv avauevopevn nAikia &
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Aksglaede et al, Human Repr Update 2006 Adult

Age (years)
Longitudinal measures of testicular volume by palpation
in 79 untreated nonmosaic KS patients.

Aksglaede L , and Juul A Eur J Endocrinol 2013;168:!{6_7;



KAIVIKRA €1kOva

Neoyvikn & Ppe@ikn nAikia
*Mikpo Téog (1- 4.5 )
*Kpuwopxia (4.5-6.3 7)

- AIaTApaXEG KIVATIKOTATAG
*2 UYYEVEIC aVWHAAIEG

T, AMH, INSL3
TTaidiki nAikia LH, FSH £po
*Muikn a§uvauia 31Aacia ouxvoTnTd
*Kpuyopxia > ¢ dTopa pe kpuyopxia 4-10 peyaAUtepn ouxvoTnta XXY
*Mikpo méog (10-25%)
*MeyaAUTepog puBuog av€nong & pakpid modia 30%
«(>5-6 eTWV )
KivnTikéC d1aTapaxec S50%

*MaBnaoiakéc duakoAiec (ypamTou & TpowopikoU Adyou)
*Koivwvikn amooupon & eowaoTpéPeld

Rey et al. Acta Paediatrica 2011;100:830-838



KAIVIKRA £1kOva

E(pnﬁlKﬂ n)\mia | T, AMH, INSL3 ATO To HEOO
tLH, T FsH NG APNG

Mikpoi kai okAnpoi 6pxei¢ (>95%)

Fuvaikopaotia (38-75%)

Mikpo éoc (10-25%)

YnAoTEPO avdoTnua amod To pEco 6po ThS nAikiac (30%)

pakpid odia & Kovrog KOpHOG

Meiwpévn Tpixopuia poowmou (60-80%) & epnpaiov (30-60%)

KivnTikéc diaTapax€c Kal EAATTWHEVN HUTKA 10XU

MaBnoiakéc duakoAieg (ypamTol & mpowopikoU Adyou) >75%

Aiatapaxéc ouykévrpwong & HVARNG

Koivwvikn amooupon & eocwaTtpépeia

KaTdOAiyn

OoTeomevia

TTaxvoapkia

Rey et al. Acta Paediatrica 2011;100:830-838



2. UvOpopo dappevog pe XX

Appev dTopo pe yovoTumo XX
2.uxvoTtnta epgaviong: 1:10.000 éwg 1:20.000 yevvhoeig

SRY (+) 90% KAIvIKA gikdva Tapopola pe 1o Klinefelter
(e€aipeon xaunAé avaotnua)

SRY (-) 10% AiydTepo appevoToINpEVOI
ageipoAa £€w yevvnTikd
opyava n TauToxpovh Ttapoucia wodnkikou Kai
opXxIKoU 1aToU (XX eppappodiTiopoc)

OAoi o1 taoxovre¢ alwoamepikoi (amouaia AZF3)



2 .Uvopopo Noonan

Appev dTtopo pe yovotumo XY
2.uxvoTtnta epgaviong: 1:1000 ewce 1:2500 yevvnoeig

AUTOOWHATIKEC HeTAAAAEEIC OTO anpaTodoTIKO povoTtdTi Ras/MAPK
(mitogen-activated protein kinase)
(PTPNI11, SOSI1, RAF1, KRAS, NRAS, BRAF, SHOC2, MEK1, CBL)

KAnpovopIKOTNTA UE TOV ETMIKPATOUVTA AUTOCWHATIKO XdpdKTAPd

KAivikh eikova: KaBuotépnon evhpwaong
Meiwpévn TaxuTnta avénong
Mikpoi 6pXeIC
Kouyopxia
Niatapaxéc otn omeppatoyéveon (diatapxh KUTTApWV
Sertoli)



E1d1kd xapakTnpioTikd o. Noonan

ouopopyia Tou oTEPVoU

4 4 f . PAaicoxelpia,
XdunAo avaoTnua (‘3'1 EK. eaon) KAIVOOAKTUAId TOU TTEUTITOU
+ XAPAKTNPIOTIKA OWHATIKA OTiyHaTad fRsIviou
: HEYAAn amooTtaon Twv
YnAd pETWoO OnAwv

UTTEPTEAOPIOUOC

eAdppd TTwon Twyv dvw PAspdpwyv
eTMikavoog

avTigoyyoAoeidng wopd Twv
PAcpapikwy oxIoHWY

gupeia paon TG pUTNG

XAKNAR EKpuon auTiwy

gUpUC Kal XdpgnAog TpaxnAog pe
TTEPUYIA

2 uyyeveic kapdiomdPOeieg (oTEvwan TTVEUHOVIKAG apT.,
TIdxuvon HeookolAikoU diappdypaToc)
AiaTapax£c TNKTIKOTNTAC TOU dipdTog

TTepipepiko Aepgoidnua



Aiay
UTTOY

TOU
ETAI




AilayvwoTikh Tpoaéyyion oThv TaidikA hAIKid

KAivikn gikova
- Aduvayia eppavionc ApPnc

Penis

KpuyopXxia oosme ‘5! ' §f.;$;r;"

1 A £ | rostale
*Mikpoi 0pXeIC, wEOC Kal . 24 ,

U
formation

’ B | Epididymis

ﬂpOO’TGTng \S/:?n ?:;?wns
- ATroucia R dpaifi Tpixwaon . |
epnpaiou, TTPOCWTTOU, : : ol goneds
HaoxXaAwv i s
-Euvouxoeideic avaAoyiec , —_—

’ ’ ’ ’ 3 male pattern
HaKpd dKpa Kdl KOVTOC KOPHOG o'w?aw

* AVATTTUYHA XEPIWV> UYOoC s y ae, boave
KaTd 2 K.

‘TuvaikoeI®Ng Aekdvn p(fd"ﬁ;’."on

* AVETIAPKAG avdamTuén Huikou (mé.;"!”o.‘ce)

OUOTAUATOC &?
’ ’ ’ + HOL
‘EAAaTTWHEVN OOTIKA TTUKVOTNTA

’ Red blood Huscle Abdominal Skelaton
N rUVGIKOLICIO'TIG calls visceral fat
. p Koeppu:‘&rs?gtogn aemeand Levy Phw?gqy ahlta-t:‘n ¢
*AvWplipn pwvi ooman: © 008 by Hosby. s mosin o B nc. A b esees

EpyaoTnpiakoc €Aeyxocg: AMH, INH-B



AiayvwoTIKAR Tpooéyyion oThv epnpeia

’ ’ EkTipnon vevikhA¢ katdotaong
- KAivikn eikova uyeiac

TTpoepnpikou utrtoyovadiopou
2. WHATIKA oTiydaTda

ToTopikd Kakwaswy, Aoipwéewv, AKO/XMO .
Evrovn owpaTtikfh doknon

Aiatpogikéc diaTapaxéc

KoiAlokdkn, aipoxpwpdTwaon

NeupoAoyIki eKTiUnon , , ,
AAYN omtiog1dWY, KOPTIKOEIOWY,

adAKoOA, avaPpoAikwyv

- EpyaoTtnpiakoc €éAeyxoc T, FSH, LH




EpyaoTtnpiakni digpevvnon

- MéTpnon yovadoTpomivwy

. 1 FSH, LH I FSH, LH
‘KapuoTumnocg ‘PRL
-Métpnon Fe, peppiTivng *AMEG UTTOPUOIAKEG OPHOVES

*MeTpnon Fe, ¢eppiTivng
*MRI umoBOaAapou-umropuong

* ATTOAKEIOHOG XpNonG
OTIOEIOWY. /KOPTIKOEIOWY






ANTIMETQITIZH
YTTOTONAAI>XMOY

E€apTdTal amo : | ,
-Emtaywyn ka1 diathpnon

, , TWV OEUTEPOYEVWYV
* To OepATTEUTIKO OTOXO XAPAKTNPIOTIKWY Tou gUAOU

KdIl TRV emeuuia TOU * AVTIHETWTTION TWV

GOGEVOOQ QUUTTTWHATWY TOU
uttoyovadiopov Kdi Twv

OUVOONPOTHATWY TOU
*YTmoyovigoTnTa

* TNV diTioAoyid Tou
uttoyovaodiopou



AVTIHETWTTION

4 ' ‘Emaywyn ka1 diatipnon
Oepameia uTTOKATAOTAONG HE T \. Twv deutepoyevivy
XAPAKTNPIOTIKWY ToU pUAoOU

) *AVTIHETWTTION TWV
@spansla HE hCG " QUUTTTWHATWY ToU

uttoyovadiopov Kai Twv

OUVOONPOTHTWY TOU
E€wyevA xophynan \

VOVGBOTPOTUV(UV > Emaywyn omeppaTtoyéveong

e

AvTAia xopnynonc GnRH



O¢epameia uttokaTaoTaong e TeotooTepdvn

Emmaywyn deuTepoyEVWY XAPAKTNPIOTIKWY Tou @UAOU
25-50mg uakpdg dpdong £0TEPA TEOTOOTEPOVNG
(kumtiovikh, evavOiki) IM / 2 epd.
2 Tadiakh au¢non Tng 0oong kata 25 - 50 mg
KdOe 2 K 3 PUAvEC PEXPI va eTITEUXOei TANPNC o€ ouaAikn
wpipavon.
Aébon evnAikwy : 200 mg/ 2 €pd.

2.TOXO0C: emimeda T TEPITIOU 0TO HEGO TWV PUAIOAOYIKWY
TIHWYV YId VEAPOUC EVAAIKEC

Bashin et al, JCEM:2010; 2010 vol. 95 no. 6 2536-2559



Ocepameia uttokATAoTadong e TeoTooTepoOVN

EvavBikn A kumioviki 75-100 mg/epd

= w f 150-200 mg/2 £pd
KeudopdTa Eveadija Evdekavoikh 1000 mg/10-14 epd

ATIO TOU OTOUATOC XdATid

AiapAevvoydvia

Niadeppikd okeudopara
ooxeikd patches
UNn oox€ikd patches 4-8 mg/nu (2-4 mg)
véAn (gel) 5-10 g/np amé véAn 1%
eQQUTELNATA

Bashin et al, JCEM:2010; 2010 vol. 95 no. 6 2536-2559



Oc¢pameia xopnynonc hCG

hCG 1000 mg evlopuikd K uTtodopiwg avd 2 NHEPEG
1500 mg evdopuikd N umtodopiwg 2 wopéc/epd.

AUCnon Tou pey£EOoucg Twy 6pXEWV

‘Evapén omeppaTtoyéveonc oc acBeveic He UTTOAEITTOHEVN
FSH dpaoTtnpiotnta (6pxeic >8cc)

TuvaikopaoTia (1/3 Twyv TEPIMTTWOEWY)

- Aev utdpxouv dedopéva yia Th HAKPoXpoVvid dopdAcid

T.S.Hanand & P.M.6G.Bouloux, Clin Endocrinol, 2010:72;731-737
Kim et al,2013 Fertil Steril 2013;99:718-24



Oc¢pameia xopnynong yovadoTpoTIVWyV

+ hCG 1500 mg evdopuikd R umtodopiwg 2 wopég/epd.

+

FSH 150-225 IU nrFSH 150 IU 3 gopéc/epé.
via 6-24 ynvec

«  AUCnon Tou peYEBOUC TWV OpXEWYV OXEDOV € OAOUC TOUC
aoOeveic

- 2 meppaToyéveon 80-95% Twv acBevv Xwpic KpuyopXia

T.S.Hanand & P.M.6.Bouloux, Clin Endocrinol, 2010:72,731-737






H perdapaon amo tnv
aidikfh oThv evhAikn Cwn.

TTepihaupaver €va eupu
pdopa amo PloAoyiKEG,
YUXOAOYIKEC, VONTIKEC &
KOIVWVIKOTIOAITIOTIKEG
pHeTaPoAEG.

2.nparodoTeiTal amo Thv
av&non Tou pey£Boug TwWV
opxewv > 3-4 cc.

HBH

KAL1
FGFR1/FGF8
HS6ST1
Prok2/ProKR2
GnRH neurons WDR11 Hypothalamic GnRH neurons
Olfactory placodes SEMA3A -
NELF, CHD7
= “ :
o KisS/neurokinin/
Pituitary development dynorphin neurons
transcription factors
GnRH, GnRHR, Pituitary
LH-B, FSH-B Gonadotropes Sex
LH & FSH steroids
Iy
Peripheral cues: Environmental cues:
Leptin/ghrelin Rhythm day/night | + —
Steroids Nutrition
IGF-l/insulin Stress
NO (endothelial cells)  Endocrine disruptors Gonads

Dwyer et al,
Eur J Endocrinol, 2015

Villanueva C.a -

Fig. 1. Gene network implicated in gonadotropic axis activation. hypothalamic excitatory and inhibitory neurotransmitters and
Kisspeptin neurons located in the arcuate nucleus of the hypo-  neuropeptides; in blue, hormones and other factors from the go-
thalamus stimulate GnRH neurons. In yellow, the factors involved  nadotropic axis at the pituitary level, and in green, peripheral and
in GnRH neuron migration from the olfactory placodes; in red,

Argente J. Horm Res Paediatr 2014;82:213-221

environmental cues influencing GnRH secretion.



XapakTnploTka évapéngc npnc

AUCnon peyéBoug opxEWV

(>3 k.. 1> 2.5 ek emIPAKNG
didpeTpoC )
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Epgdvion deutepoyevwy
XAPAKTNPIOTIKWY TOU ®UAOU
T>20 pg/dl

LH> 0.2 TU/L
LH/FSH »1

12
Age (years)

GnRH test; LH >5-8 IU/L

INH-B > 35 pg/ml, AMH> 112 pmol/L
Villanueva C.a - Argente J. Horm Res Paediatr 2014;82:213-221

Andrew A Dwyer et al. Eur J Endocrinol 2015;173:R15-R24



>Taoila Tanner

Stage 1 describes prepubertal
genitalia.

Instage 2, thereis
enlargement of the testes and
scrotum, with reddening and
thinning of the scrotum, but
no enlargement of the penis.

In stage 3. the penis begins
to enlarge, firstin length and
laterin diameter. The testes
and scrotum continue to
enlarge.

In stage 4, the testes and
scrotum continue to enlarge,
with continued lengthening
of the penis and enlargement
of the glans.

Stage 5 represents genitalia
of adult size and proportion.

H aixph Tng abghong
¢ekivd oTo otddio IT &
pTdvel oTo péyioTo (9.5
cm/xpévo ota otdadia
ITI-IV

Bordini & Rosenfield 2011

2. TTepHApXN: HETO ThG
Apng otrddio ITI-IV

Nielsen et al. 1986



Opiopoc

- KaBuoTtépnon Tnc epgpavionc ongeiwy
oe€oUadAIKNG wpipavong HEXP! TNV hAIKia
oV KaBuoTtepei kara 2-2.5 SD and Tn
QUOIOAOYIKA epgavion The NPng
(avanTuén ooxXEéwv HEXP! TNV NAIKIA TWV
14 eTwv

Harrington & Palmert M , JCEM, 2012;97(9)



AITIA

* Ta aiTia Tou uToyovadigpou TNG TTAIOIKAG
Kal epnPIKAG NAIKIAG

- IdioouoTaoiakn kaBuaTtépnon TnS APNC

Table 1. Frequency and Common Causes of Delayed Puberty Other Than Constitutional Delay of Growth and Puberty.*

Hypergonadotropic Permanent Hypogonadotropic Functional Hypogonadotropic
Delayed Puberty Hypogonadism Hypogonadism Hypogonadism

Frequency (%)
Boys 5-10 10 20
Girls 25 20 20

Common causes Turner’s syndrome, gonadal dysgen- Tumors or infiltrative diseases of the = Systemic illness (inflammatory bowel
esis, chemotherapy or radiation central nervous system, GnRH disease, celiac disease, anorexia
therapy deficiency (isolated hypogonado- nervosa or bulimia), hypothyroid-

tropic hypogonadism, Kallmann's ism, excessive exercise
syndrome), combined pituitary-

hormone deficiency, chemothera-

py or radiation therapy

* For a more comprehensive listing of causes of delayed puberty, see Table 1 in the Supplementary Appendix. GnRH denotes gonadotropin-
releasing hormone.

Palmert MR, Dunkel L. N Engl J Med 2012;366:443-453, Dwyer et al, Eur J Endocrinol, 2015



TdioouaTagiakh kaBuaTépnoh TG
npng
H o ouxvi aitia kaBuoTépnong Tng pneg (65 %)

H diayvwon yiveTal govo epooov amoKAEIoToUv dAAa
aiTia kaBuoTépnong TnS KPNG.

AyvwaoTn aiTioAoyia

Oikoyevelako 10TopIko kaBuaTtepnuévng npng ( ato
50-75% TWvV TEPITTTWOEWYV)

MepikEC popEC €ival 0IKOYEVAC HE KANPOVOLOUHEVO
aUTOOWHATIKO XapdKTApd

KAIvik@ xapaktnpioTikd: xapnAé BMI, apyo puBuo
avnong, kabuaTepnuévn ooTIKA NAIKia

AuTtopartn évapén APnc HEXP! Thy nAIkia Twy 18 eTwv.

Dwyer et al, Eur J Endocrinol, 2015



A.A. 1dioouoTaoiakA¢c kaBuoTepnong APne &
Y1toyovadoTpoTikoU uttoyovadiopou

TTpoodeuTIKN gppavion onpeiwv NPNG
HéXp! ThV nAikia Twyv 18eTwy

KaBuaTtepnuévn ooTIKA NAIkia >2 xpovia

"Yyoc¢ petalv 1.5-2.5 SD xaunAdétepo
TOU AvdpeVvVOHEVOU Yid ThV nAiIKia

TTrwon Tou eTROIOU pUBHOU al€non oTnv
hAikia 2-4 etwv & Tpoepnpika

S T T S N S SR S N ST NN S S S N SO N S
2 34 56789 10111213141516171819

2.TOV UTTOYOVAOOTPOTIIKO o
uttoyovadiopo o EPA eivai
oTaBepo¢




NiavvwoTIKh TToooévvioh

Oikoyevelako 10TopIkO kaBuoTepnuévng APNG N eTaywyng
ThG Npng

. I . ATOUIKO 10TopIkO: AlaTpopikéc diaTtapax£C, KOIAIOKAKN,
OTOpIKO ’ ’ ’ ’ ’ ’ ’
digoxpwpdTwon R dAAa xpovia voonpara, akTivopoAia f

XMO

‘Evrovn owpaTikA doknon i Ayn oTtiocidWy, KOPTIKOEIDWY,
adAkoOA, avaPpoAikwyv

Avooyia, kpuyopxida, HikpopaAia
PUBGC aUgnanG
% KAIVIKﬁ 8§éTGO'ﬂ MéyeBoc dpxewv
2 7adio Tanner

Ava{AThon CwWHATIKWYV OTIYHATWY

5 OoTiIKA nAIkia
- EpyaoTnpiakoc
2 AEVYO FSH, LH, testo, TSH, FT4, IGF-I,
EANEYXOC GnRH test, INH-B, AMH, hCG test,

MeveTIKOC £AEyX0C, KAPUOTUTIOC
MRI



AiayvwoTikA Tpooéyyion [GEss
Eugpavion onpeiwv

PuBuéc au€nong APn¢ ot 12-15 phAveg
o Apx”(f\ aKTi“no'n OoTIKN nAIKia LH> 0.2 pg/L
FSH, LH, testo, TSH, FT4, IGF-I EvdeIkTIKA

évapgng nPng
XapnAéc FSH & LH YynAh FSH

TTpoepnpikoc pubuoc TTa1d1ko6¢ puBUOC

, , : Y1epyovadoTpoTiKOG
avénong avénong <3 eK. XpOvo e
AeiToupyikoc YmoYmo R
Mepovwpévn EAAEIYn Movipog Ymo-Ymo 1 KapuoTtumoc, INH-B
GhRH n

TToA/TtAR uTtoUOIAKA

kaBuaoTepnuévn APN aveTdpKeld

GnRH test, hCG test, INH-B ‘EAgyxoC yia xpovia voohparta
Nokipacia 60ppnong PRL

MeveTIKOC EAeyxOC MRI

MRI ‘EAeyx0C¢ UTTOAOITTWY UTTO®. OP.



Algorithm for the Evaluation of a Patient with Delayed Puberty.

First-Line
Evaluation

Working
Diagnosis

(ifCDGP is
not evident)

Second-Line
Diagnosis

Intervention

Delayed Puberty

Family history of delayed puberty
History of chronic disease, cryptorchidism, anosmia,
anorexia, radiotherapy, or chemotherapy

First-line investigations: growth rate, Tanner stage,
testis volume

: biochemical analyses, bone-age radiography,
basal serum LH, FSH, IGF-1, thyrotropin, free
thyroxine, and testosterone (in boys)

Growth rate in prepubertal Growth rate below prepubertal
range range

GnRH deficiency or CDGP
(65% of boys, 30% of girls)

Functional hypogonadotropic
hypogonadism (secondary
to a chronic disease, anorexia)
(20% of boys, 20% of girls)
Permanent hypogonadotropic
hypogonadism or hypopitui-
tarism (10% of boys, 20%
of girls)

Hypergonadotropic hypogonadism
(5-10% of boys, 25% of girls)

Examine further for chronic
disease: MRI, prolactin

GnRH test

hCG stimulation test
Serum inhibin B
Olfactory-function test
Genetic testing

MRI

Examine further for underlying cause:
karyotype, serum inhibin B (in boys)

Gl disorder
Underfeeding
Anorexia

Glucocorticoid excess
(iatrogen
Cushing’s disease)

Hypothyroidism

Hypothyreosis
Hyperprolactinemia
GH deficiency
Multiple pituitary hor-
mone deficiency

Follow up

Evaluate the need for the
induction of secondary
sex characteristics

Palmert MR, Dunkel L. N Engl J Med 2012;366:443-453.
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The schematic depicts the process for assessing adolescent patients presenting with lack of
spontaneous pubertal development.

Delayed puberty
Girls: absent breast development > 13 years
Boys: absent testicular development (i.e. testes < 4 ml) > 14 years

Abnormal body proportions
or other dysmorphic signs
or age > 16 years

Anosmia or
eunuchoidal proportions or
history of cryptorchidism or
micropenis or hypospadias

Family history
suggesting CDGP
and/or normal fertility

Consider signs of possible
underlying disease Clinical follow up
(i.e. headaches, galactorrhoea, in 6 months
visual disturbances, chronic
disease, functional cause,
medication/drugs)

Spontaneous

“ — pubertal progression

Specific
workup

Consider:

Laboratory evaluation:
Sex steroids

LH/FSH

AMH, Inhibin B, Hypogonadotrophic Genetic/
prolactin, cortisol, IGF1 hypogonadism cytogenetic studies
TSH, fT4

Imaging studies:

MRI, ultrasound, bone age, Karyotype
densitometry

Dynamic testing: Other hormonal )

GnRH stimulation disturbance Specific workup

Andrew A Dwyer et al. Eur J Endocrinol 2015;173:R15-R24




Table 2. Investigations for Delayed Puberty.*

Variable
First-line

Growth rate

Tanner stages

Testis volume in boys

Bone age

Biochemical analyses

Serum luteinizing hormone

Serum follicle-stimulating hormone

Serum insulin-like growth factor 1

Serum testosterone in boys

Second-line

Gonadotropin-releasing hormone test{

Human chorionic gonadotropin testy
Serum inhibin B

Serum prolactin

Brain magnetic resonance imaging

Genetic testing

Interpretation

In early adolescenc both sexes, an annual growth rate of less than 3 cm is suggestive of a dis-
ease specifically inhibiting growth (e.g., growth hormone deficiency, hypercortisolism, and hy-
pothyroidism), but such rates can also be seen in CDGP. Boys with delayed puberty who are
overweight tend to have height and predicted adult height consistent with their genetic height
potential 222

In girls, Tanner stage 2 breast development is usually the first physical marker of puberty. In boys,
a testicular volume of >3 ml is a more reliable indicator of the onset of puberty than Tanner
stage 2 genital development.

A testicular volume of >3 ml (=2.5 cm in length) indicates central puberty. Most healthy boys with a
testicular volume of 3 ml will have a further increase in testicular volume or pubic-hair stage, or
both, at repeated examination 6 mo later.??

A bone-age delay of >2 yr has arbitrarily been used as a criterion for CDGP but is nonspecific. A
bone-age delay of 4 years has been associated with a mean overprediction of adult height of
8 cm. In children with short stature who have no bone-age delay, adult height is usually under-
estimated by the Bayley—Pinneau tables.??

To rule out chronic disorders, common tests include complete blood count, erythrocyte sedimenta-
tion rate, creatinine, electrolytes, bicarbonate, alkaline phosphatase, albumin, thyrotropin, and
free thyroxine. Ad onal testing may be necessary on the basis of family history and symptoms
and signs, including screening for celiac disease and inflammatory bowel disease.

At low levels, values obtained on immunochemiluminometric (ICMA) assays are at least 50% lower
than those obtained on immunofluorometric (IFMA) assays.?* Values of <0.1 IU per liter are
not specific for hypogonadotropic hypogonadism. Values of >0.2 U per liter on ICMA or >0.6 IU
per liter on IFMA are specific but not sensitive for the initiation of central puberty; some adoles-
cents in early puberty have lower values.?* In delayed puberty, elevated values suggest primary
hypogonadism. In general, luteinizing hormone is a better marker of pubertal initiation than
follicle-stimulating hormone.

At low levels, values obtained on ICMA are approximately 50% lower than those obtained on IFMA.
Values of <0.2 IU per liter on ICMA or <1.0 IU per liter on IFMA suggest hypogonadotropic hy-
pogonadism but are not diagnostic.?*2* In delayed puberty, a value above the upper limit of the
normal range for the assay is a sensitive and specific marker of primary gonadal failure.

Measurement is used to screen for growth hormone deficiency. An increase in the level during follow-
up or during or after treatment with sex steroids makes the diagnosis of growth hormone defi-
ciency less likely. Growth hormone provocation tests are needed to diagnose growth hormone
deficiency.

A morning value of 20 ng per deciliter (0.7 nmol per liter) often predicts the appearance of pubertal
signs within 12 to 15 mo.?®

A predominant response of luteinizing hormone over follicle-stimulating hormone after stimulation
or peak luteinizing hormone levels of 5 to 8 IU per liter (depending on the assay) suggests the
onset of central puberty. However, patients with CDGP or hypogonadotropic hypogonadism
may have a prepubertal response.

Peak testosterone levels are lower in patients with hypogonadotropic hypogonadism than in those
with CDGP.27

Prepubertal boys with a baseline inhibin B level of >35 pg per milliliter have a higher likelihood of
CDGP.2% In boys, unmeasurable inhibin B indicates primary germinal failure.

Elevated levels may indicate hypothalamic—pituitary tumors causing hypogonadotropic hypogonad-
ism. In such cases, additional pituitary-hormone deficiencies may be present. Measurement of
macroprolactin (a physiologically inactive form of prolactin) is recommended in patients with
unexplained hyperprolactinemia.

Imaging is performed to rule out underlying disorders of the central nervous system. Imaging in
patients with the Kallmann syndrome commonly shows olfactory-bulb and sulcus aplasia or
hypoplasia and thus may help differentiate the Kallmann syndrome from hypogonadotropic
hypogonadism in patients with an apparently normal or difficult-to-evaluate sense of smell.

Genotyping for known monogenic causes is currently a research procedure and not warranted in
routine clinical practice.

For a more comprehensive listing of investigations, see Table 2 in the Supplementary Appendix. CDGP denotes constitutional delay of

growth and puberty.

i These tests are used to try to differentiate CDGP from isolated hypogonadotropic hypogonadism. However, validation in larger, independent
studies is needed before the use of such tests can be fully endorsed. Often, clinical follow-up is needed to confirm the diagnosis; no endog-
enous puberty by the age of 18 years is diagnostic of isolated hypogonadotropic hypogonadism.
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Linear Growth in Delayed Puberty.
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Medications for the Treatment of Constitutional Delay of
Growth and Puberty (CDGP).

Table 3. Medications for the Treatment of Constitutional Delay of Growth and Puberty (CDGP).*

Drug and Formulation In Children with CDGP Side Effects and Cautions
Boys

Testosterone Erythrocytosis, weight gain, prostate hyperplasia; high doses can
cause premature epiphyseal closure; not for use in boys with
a bone age of <10 yr
Enanthate, cypionate, and propionate Not recommended before 14 yr of age; initial dose, 50-100 mg every  All administered by intramuscular injection; local side effects: pain,
4 wk for 3 to 6 mo; repeated treatment with 25-to-50-mg incre- erythema, inflammatory reaction, and sterile abscess; priapism
ment in dose (not exceeding 100 mg) can occur in patients with sickle cell disease; longer duration of
effect for testosterone enanthate than propionate
Undecanoatef No data available on intramuscular injection

Transdermal preparations No data available Local irritation; applied topically at bedtime; after application, must
avoid close skin contact with others
Aromatase inhibitors Not yet approved for this indication; after onset of puberty, may in-
crease gonadotropin secretion and circulating testosterone levels**
Oral letrozole 2.5 mg daily Decreased level of high-density lipoprotein cholesterol, erythrocytosis,
vertebral deformities*®
Oral anastozole 1.0 mg daily Less potent than letrozole

Girls
Estrogen

Ethinyl estradiol (component Initial dose, 2 pg daily; increase to 5 pg daily after 6-12 mo; lower- Liver toxicity, increased levels of some plasma-binding proteins, poten-
of contraceptive pills) dose pills available in Europe tially greater risk of thromboembolism and arterial hypertension
than with natural estrogens
17B-Estradiol

Oral Initial dose, 5 pg per kilogram of body weight daily; increase to 10 yg  Natural estrogen, may be preferable to synthetic estrogens; transder-
per kilogram daily after 6-12 mo mal route may have advantages over oral administration

Transdermal patch Overnight patch: initial dose, 3.1-6.2 g per 24 hr (one-eighth to one- No data on dose equivalent between estradiol patches and gel
fourth of 25-ug 24-hr patch); increase by 3.1-6.2 pg per 24 hr every available in younger patients
6 mo

Conjugated equine estrogens Initial dose, 0.1625 mg daily for 6-12 mo with subsequent adjustment Not estradiol precursors; use is questioned as not being physiological
to 0.325 mg daily; dose depends on formulation and because of reports of increased cardiovascular risks in post-
menopausal women

Progestin

Various options (usually oral) Usually necessary only if estrogen treatment continues longer than Added to induce endometrial cycling after 12-18 mo of estrogen ther-
12 mo apy (later if estrogen dose is increased slowly, sooner if break-
through bleeding occurs)

* For further discussion of these agents and of treatment of permanent hypogonadism, see Table 3 in the Supplementary Appendix.
T Testosterone undecanoate tablets or anabolic steroids are not recommended for the induction of secondary sexual characteristics.
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2 UUTTEPpAOHATA

* YToyovadiouog UTTOPEi va UQaviaTei 0 OTOIAONTIOTE

hAikia & n KAIVIKA €1kéva €6apTATAl AT TH XPOVIKA
OTIYHA TNG EHpAvIONG, To eTiTTedo TNG PAAPNG Kai €i00g
Twv TTpoaPePAnUéEVWY KUTTAPIKWY TTABUOHWYV

H €ykaipn didyvwon Kdi avTIHETWTION Tou gival
amapdiTnTn yid Thv KaAn YuxoowudaTIKA avamuén TOU
Taidiov Kai Tou epnpou kai Th HeTAPach Tou o€ €vav Uyin
eVAAIKa

H Siagpopikh didyvwaon Tng kabBuaTepnuevng Apng
eéaKvoueel va amoTeAEl Hid TTpOKAnoh 6TToU To IOTOpIKO
Kkal n KAIVIKA £€€Taon e€akoAouBouv va amoTeAouv Tov
akpoywvidio AiBo kaBwc¢ akopa kai ohpepa o 01aBETIpOC
opHOVOAOYIKOC EAeyX0C Kal doKipaagieg 0ev divouv Th
ouvaroTnta di1apopIkAg didyvwaong pe PepaioTnTa oe
OAEC TIC TTEPITITWOEIC.






