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EFFETS HYPOPHYSAIRES DU GnRH
Sécrétion pulsatile de LH et FSH

* Pulse de GnRH : libération des gonadotrophines (15-30 )

o Seécrétion pulsatile de LH : reflet de la sécrétion du GnRH

— expeérience chez le mouton (Clarke) : concordance parfaite
entre GnRH (systeme porte) et LH (veine jugulaire)

— experiences electrophysiologiqgues chez le singe (Knobil) :
synchronisme entre frequence des impulsions électriques
hypothalamiques et decharges de LH

« Secretion de FSH : moins dépendante du GnRH

Pulsatilitée = moins évidente car 1/2 vie plus longue.
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EFFETS HYPOPHYSAIRES DU GnRH

Sécrétion pulsatile de LH et FSH

Mode pulsatile de sécretion de GnRH:

indispensable pour que la cellule hypophysaire reste réactive
(libération pulsatile de FSH et LH)

Administration continue de GnRH
Réduction puis disparition de la sécrétion gonadotrope
Phénomene de « Désensibilisation Hypophysaire »
Internalisation et non recyclage du récepteur —
Blocage de la transmission du message intra-cellulaire



EFFETS HYPOPHYSAIRES DU GnRH

Synthese de LH et FSH

— Action génomique = augmentation de la synthese des
ANRmM des sous unités a, b de FSH et b de LH et de
I'activité transcriptionnelle.

— Augmentation de stabilité des ARNmM

— Augmentation de la traduction et de la glycosylation.
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Moyennes et ecarts types de la testosteronémie apres
administration de ZOLADEX ou orchidectomie.
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Release and synthesis




Effects of triptorelin on the pituitary content of
gonadotropin subunit mBNAs and PHL mHNA

200
o —} J"’Fn’ }
150 -
=
EN Bl
E 100 - Il - }
()
B i
E [
& i
"
= 50 - %- L Hbeta
ﬂ " %
% FSibeta
u | | | | | |
0 24 48 72 95 120

Time (hours)




Y

Pvro (Glu) —Flis — Tro — Ser —Tyr

Reqgulatiorn of
olologic actjvity




pyro? HIS\ Trp ! Ser Gly\ Leu ) Pro \D
E'v ) ) Ty )
First-Generation
NLAS ) ey OTD) Sy T O L) Moy o)
Second-Generation

Nal-Glu AcD-\ D-4Ciy Y D-Gluy

N he) 075 S0 ) M8y L) M) P 0RY

Third-Generation

Ganirelix D-4Ci¥ ~_ D-,Apfl -4Ap )
@ Phe D-Pal Ser Tyr (Et) Leu (Et) pPro D-Ala

- AcD- YD-4Ci :
Cetrorelix Nal s Phe ,D-Palj Ser . Tyr /D-Cit, Leu , Arg , Pro D-Ala




||

Release and synthesis




%/Irlj) ) His Ser Leu Pro \GLLD

activation of the regulatlon_o_f regulation of
GnRH receptor receptor affinity biologic activity

GnRH Agonists

Karten MJ & Rivier JE, 1986
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NRH-Antagonist

Blockade of GnRH
receptor

-+ Antagonist




GnRH Agonist vs Antagonists

Effect on LH levels
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Citrate de Clomiphene

Conséguences

Hypothalamus GnRH

Hypophyse /' LH
Ovaires 7 action FSH / aromatase

volume, filance




FSH

Clomiphene Citrate Treatment

Blockade of estrogen receptors
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 Long half live: persistent effects by late FP
* No negative feed back on FSH secretion

Risk of multifollicular development
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Aromatase Inhibitor Treatment

Blockade of androgen to estrogen conversion
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« short half live: no persistent effects by late FP
« effective negative feed back on FSH secretion

Lower risk of multifollicular development



Stimulation par injections

de gonadotrophines







Molécule de FSH

}& J Xiang 2002 SRBI










Signal transduction pathway of the FSH receptor
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Deux types de production de gonadotrophines

‘ TRADITIONEL | ‘ BIOTECHNOLOGIE l
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Biotechnology in the early 90 's

Manufacturing process
« Over 70 human proteins are clinically available

 More than 30 complex glycosylated-proteins
manufactured using mammalian cells (final step of
glycosylation) : FSH belongs to this family
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Gonadotrophines

FSH/LH Nom activité specifigue
/mg de prot
HMG HP 75175 Menopur 2000 SC
FSHuHP 75/<0,001 Fostimon 4200 SC
hCG u 5.000 Gonado Endo M
FSH rec 7/5/0 Puregon 10 000 SC
300/600/900
/5/0 Gonal F 13.450 SC
300/450/900
LH rec 0/75 Luveris 10 000 SC

hCG rec 6.500 Ovitrel SC



Biotechnology in the early 2000 ’s

Improved manufacturing process (Gonal F)
Highly consistent isoform profile

Specific Activity : 13.745 U / mg

Calibration of the final product

Was still dependent on the bio-assay described by
Steelman-Pohley Ovarian in 1953

Weight Augmentation Assay for FSH






Rat in vivo bioassay - limitations in precision

European Pharmacopoeia

Ovaries stimulated by 4 different doses of r-hFSH

Dose 1

Dose 3

Dose 4




In Vivo Bioassay
Pharmacoepial Release Specification applied to all FSH
products is 80-125% of labelled value

International Units (1U)

Minimum Labelled Value Maximum






Biochemical characteristics of HMG Batches

(Stone et al. 1989)
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Patient Response to Different hMG Lots
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FSH Isoform ‘Families’ in Follitropin Alpha

Highly Batch to Batch Consistency
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r-nFSH (follitropin alfa) a une grande reproductibilite
Inter-lots: activité specifique

Batches (1997-2003)
20000 - 13.645 IU / mg protein

Specific activity (1U/mg)

O I 1 1 1 1 1 I I I I 1 1 1 I I 1 I I 1 I

1 17 33 49 65 81 97 113 129 145 161 177 193 209 225 241 257 273 289 305
Number of batches

. Bassett et al. RBM Online 2004: 10: 169-177



A Validated Physico-chemical Method (SE-HPLC)
Allows Follitropin Alpha to be Measured in
Mass Units
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Follitropine alpha en 2004 : Fbm

Mode de Production : Biotechnologie
Activité Spécifique : 13.745 IU / mg

Profile d 'isoformes tres constant

Calibration du produit final

Steelman - Pohle
Bioassay

/75 IU\

60 U 94 1U




Utilisation des Gonadotrophines
Augmentation de la r-hFSH

75iu Equiv. Amps (in thousands)
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Calculation of costs in € when looking for the
number of ampoules (75 1U)

Difference

r-hnFSH hMG HP r-hFSH vs. hMG HP

€ € %

@ AVP per 75 IE* 42.17 33.70 8.47 AONI

per cycle 1.307.27 1.270.49 36.78 2.8

per pregnancy 4.925.46 5.058.37 pEEKyReki - 2.7

per life birth 7.413.49 8.266.60]1 EEERIYRN! -11.5

* Calculation of costs for r-hFSH: average price of all GONAL-f and Puregon doses and packages
for 75 IU ampoules;

 Calculation of costs for hMG: average of Menopur with 5 and 10 ampoules with 75 U

Source of costs: Lauer-Taxe from December 15th, 2005



Codt total de traitement par grossesse dans
les différents pays

Setting u-hFSH r-hFSH Reference
Spanish private clinics €20 467 €19 739 Barri
Spanish public health €13 007 €12 791 Romeu

UK €9 108 €8 876 Daya
Italy €29 860 €28 827  Battaglia
German €22 188 €21 686 Felberbaum

Per pregnancy (societal) $47 096 $40 688  Silverberg
Per pregnancy (insurer) $32967  $28 481  Silverberg
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Luveris : LU VERITAS

e La premiere préparation de LH recombinante

Composée d’'une sous-unité alpha commune a la FSH et a
I'hCG et d’'une sous-unité beta spécifique

Bénéficie de la technologie de 'ADN recombinant, procédé
de fabrication identique a celui de la FSH recombinante et
de 'hCG recombinante



Production de r.hLH par recombinaison génétique

ecretion

CHO: cellule
de hamster



Signal transduction pathway of the
LH receptor

kinase / ara ChldonIC acid
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Parametres Pic de LH Pic de « LH »
physiologique Induit par
5000 Ul hCG IM
Signal Déclenché par un Aucun
taux seuil d’E2
Durée du pic 50 heures > 96 heures
(ttes phases)
Phase ascendante 14 heures 20 heures
Plateau (h) 14 heures 0
Phase 20 heures 72 heures

descendante

&H









TGF-b superfamily

Granulosa cell Differentiation

Theca cell

Androgen Production

Theca cell
Progesterone Production

TGF Stimulation of FSH Inhibitory Stimulatory (CYP 17)
rats (Rosairo) rats (Hernandez; Fournet) rats
GDF9 Inhibition of FSH Inhibitory Inhibitory  (LHR)
rats (Vitt) humans (Yamamoto) rats; bovine (Spicer) humans (Yamamoto)
BMP Inhibition of FSH Inhibitory Stimulatory
rats (Otsuka) HOTT (Dooley) HOTT (Dooley)
Inhibin Inhibition (?) Stimulatory Inhibitory
humans (Hillier) HOTT (Sawetawan)
Activin Stimulation of FSH (primates Hillier) Inhibitory Stable
Inhibition of hCG (Myers) humans (Hillier) HOTT (Sawetawan)

AMH

Inhibition of FSH
















