FSH: Recombinant (thFSH) vs Urinary (uFSH)
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Aol 49 AAAE 3 dge 7153 2 Jdvhes Aol 19208 %) Fuke)
A7) Alzg o] F! JAAFZ 2ol g B2 AP} o] 2o A gt 19549 A7) o
ol AWdlel= thake] FSHe} LH7E &fE o] o] EnEon, o]zt &M o2 HE 9
FZ2EL2 HeteArt A" FHAA dxe] A% 2 FAe A& F2T F Ude 3ol ¢
ZH A2 195830 & Gemzell 5-0] AlEe] M+ 2RE Felgd JAAZFE2EE o] &3
o 53¢ Zujet BAEF 3N A3 oz TS FENSE Fxe Haslgrtiold
1962'd Lunenfeld 5 AW 2 RE =828 F237] 93] 1947d Pietro Donini W7} 7}
gk kaolin®] AME-E A 83 WY S 71EE o H737) A9 AW AT 2RSS
A A A =AU}t 152 ©] S human menopausal gonadotropin (h(MG)o] 2t & 22 W 3slH o
o, o] & o] &3l AAMAZEZEEAY A 3 EF (hypogonadotropic hypogonadal) 43 o] A Hl}
g YA s A4FHer f589 ol hMGY A e LB E AFRE o
£531 JE Ao, olge] AWML RZRE JMANFIBEE FE5= W9 Mde 2 4
AASZ 2R dFPLE 7H53HA St s, Aatel B AdE wa E3F Creutzfeldt-Jakob
A% @Al U= HaEA AT e Yird HrEEE R

1980t %, 5% 280 FolHo g AYste FAE ALEsle HAY] oo a¥ez
He] FSHE B 38708 F&ad & A 9224 75 U9 FSHY 0.1 JU v gke) LHE
353 <4 FSHY| g AYArE| AT} o] F Ao 2 R E] FSHYHS Soldgog AA =
Hol ®r} w3t mhet 1990 Zoll= LH SAHEE A9 71Al1 9 ¥2v, non-FSH
co-purified proteing F2 %% 78131 Y 4% FSH (highly purified FSH)7}F A AFE] 7] of] o]
238

AdF A se] 1978 A 419 M7HE €9 o] F AdFHA S TTFT o2 B4
sol ANAZ F43] Fagozn MG 2 Al &€ FSH (uFSH, urofollitropin)2]
FLo7F FF3H HU o] 2L @& AH TS o] &3 A2 & o 93 AHAFE=
B A g98AdE Bt A8 AAIEE 3ot 19859 X F 2 fibroblast cell lineS: o]

AR AE2RE Bote] hFSHIF 22 AiE oy, ol AYE R 487 e 4
Aol v §- HolZ ). o] F 1988 Chinese hamster ovary (CHO) cell line& ©] €%} rthFSH} A
o]l AFAoE MEHALW, 1991A 1713 G4 S oz Al8d g 2] FAlA
thFSHE &4, £X, wjdol glo] uFSHe 53 28 3ttt Ao] Y5 Ant. o] F thFSH
o 3t B A 3AN ol ARHRT o] FA A Yo T ofAde] 1992:d 108 A &4t
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Qi A}O 4= 21| « FSH: Recombinant (thFSH) vs Urninary (uFSH)

< 3tA =AUtk FF thFSHE uFSHoOl| ®jste tf FAJ4te] Lolsta, LH %7}t gler
non-FSH human urinary proteinS A €] 2kl gIx] o, batchZto] AX =7} 4813, FSH
Eold AT +Fditte AFER Adtd FEHQ JHAAFz2Eo2 88 Ao
71|t

2. FSH2| 32 4! rhFSH2| Recombinant DNA technology

Atgte] FSHE BAF#o] 9F 33,000¢1 acidic glycoprotein . & hormone-specific § subunit®} hor-
mone-nonspecific o subunit2 FA 5 o] 31t} o subunit®] 73$ 9271 2) amino acids® LA} ¥ o]
glo 521 3} 784 o] asparagines]] -2 2709] carbohydrate A E S 71X 1 it} ¥bA B su-
buniti= 1117) 2] amino acidsZ A =9, 7THE 244 asparagineo]] ¥-2¥ 27§2] carbohydrate
residue® 231 Itk Al@he} FSHy= ¢F 27%2] carbohydrate®) 73%2] vrld 2 A x5lo) gt}
4719 exon} 371 €] intron2 2 T H o gene®] Z-¢ A HA intron F (species)ol] whe} B2
z}o] & Bo]i= utH, FSH B gene?] 79 nucleotide$} amino acid sequencedl] glo] F7tol] -&-A}
A& 2k}, FSHoll 224 sialic acid residue®] % FSH ¥-2}9] AHA % (acidity), 8 2%
258 9 wby] Sol 98-S £ o & £0] estrogeno] o Hol e AR HIFAHRY
¥} sialic acid 9Fo] 2 & FSH (less acidic FSH isoform)2] ¥4 & §-E3}9, wiela] o2 g &g o
FSHE &2 w718 2 @b v, g oy A7 7] d4 9 A5l T sialic acidg
888 FSH (more acidic FSH isoform)7} £1] ] =1, o] FSHE estrogeno] At&5 o] 9lE =4
oAl ¥8]% &= FSHel vl gt w77l AAT BESH ST oA 3 #H 37 o
Aol A 2] FSH 7% 44123} 70A) 712 biphasic disappearance curveZ 2=t} o] 2 & @AM L
£ FSH 84 =& 7} uFSHe) A2 & 28 4 9o, uFSHY A A7F 7128} 32 batchZlol] &
g (potency), ¥t7H7] 2 A2 H g 5o o] Aol E FHE = Utk 2FA T FHA} A=
3ol ot] AAHE hFSHE| B9+ 43 PETH UXA (biologic consistency)S HAh
€ 4ol At

UFSHS] 7 $-& o9 A4S M 047 g9 28 & $8t= o] 4dHolx, u
2HA] 2] FFo AR T A e i) FE2 F Ute 9P Uk FAA A
Z3o] ©]3le] hFSHE AAtetes 2 ¢ uFSHe 28] £4¥WL 38 & der glenz
FHFHEE AT AHAAFE2EY a7 FF3 YE LEL & hFSHY] AL 34
g digte] B 4 Qith ©]%o] hFSHE LH® 322 ThE glycoproteind} Abge] 4wy @iz
59 24 9 bacteriat} virusel] &3 L E S A3 A F JonF Hrh FAA| T AT
AR RS F A& RHolth

RhFSHE ZA W7EA 9] H S A YA 5 ok A, §42 £-2] (gene isolation), E 41,
ZF A E o] Ae (host cell choice), X A, process development, Yl &), product characterization2] ¥}7
olth, Fx Al ¥ E YsiME $AH 2 e gole] &4 & A|§ & (restriction enzyme,
endonucleases)Z ©]-&3}od source material & background host genomic DNAZH €] e 2 3+
DNAS} £% ¥R & A3 Yo} gt dojzl DNA AHE YA} ZA} (primary transcription)A|
7 primary RNA & premRNAE THETH o] X intron ¥ & A A7) 9 & splicingS A 83}
o mRNAR & o] & thA] A A} (reverse transcription)A] A complementary DNA (cDNA)ZE
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nE=tl? o] 2 EA vector Z plasmid (bacterial) DNAU phage (viral) DNAS] Y H2.E A3 &
2 AW & o] 9o transformation, transduction, conjugation®] #3F & AX FYUs) ¢
2 24 hybrid (recombinant) DNAE 7] €t} Cloningsl|l 4 23 DNA 29| 37], ¥
TEY] gt AHREE AT Bhe FF B odtd £ vectorrt A, whE ot
plasmid7} A}He) FAALE host cellt 2 0] FA717] §13te] &3] ALGETEY o] §AA A=
3¥ bacteriophage® %5 o]7 & Alge] genomic libraryol] B #E ). RWFSHE B 4Hs}H7] 9
e A HA 2 o-hCG subunite]] 8 3% = cDNA probeE ©] -8-3}ad Alge] genomic library 2
BE 4709 exond 37019 introne 2 FAE o-hFSH $-ZAAE 25, §23% ). HA) B-FSH
subumnitel] 3] F = = cDNAE o] &38lo] genomic library 23 €] 370 2] exon® 270 9] introno. 2 F
A ¥ B-hFSH 4 & A2 #3a], 898}, o-hFSH #4219} B-hFSH -F#2HE 242} expression vec-
tord] 2 %] 8} 31 ©] 5§ host celll] £ co-transfectionA] 71T}, o] uff Al = &l o] R = host cell& A
Aoz tA A FASIHME FEF ko) bFSHE A 4ts) @ & glojok g} whelA host
cell& & reproductive cycle& 7} of 8}a1, A 9Jollx &o|HA A Ae] Hojo} &1, vectorol]
gk =84 (acceptability)o] oo} &1, host cell2 € vector7} &4 5= A& & 4 o]
of g}

Host cell2 = ute) 2] o} 9} yeasts7} de] AHEE o] o). 28 o] E. coli®} 22 vHe| 2] o} car-
bohydrate side chain< 3 7}, ¥ (modification)A] 7] + glycosylation systemo] ¢l o™, 3+ A AMgH
@A & cytoplasmo| 1} periplasmilj o] A8t m By stz Rto 2 dhe2]ole] £-a1} osmotic
shock®} £& A XE HEA7]7] & 71 22& a2 3, E coli®} 22 prokaryotes=
methionine2] spliciingo]] ¥ 83t ¥4 A AE 2F 1 A X822 supplementary terminal amino
acid® methionine-Z -7 4 QUtie drhs @] At Yeast2] 7 ¢+ glycosylationo] 7}g
3}7]+& 3} high-mannose type] glycosylationS S8l gtcte w3 o) gioh vbd ¥ /-7 Al ¥9
7 $-& prokaryotesol] B]8ta] f-Az2be] =717t AA Z4] (multiplication)o] 2] 3L A 3E Hj o]
7 EhE @-o] ot o] M EEL RNA polymerase®] 23§ 91x9] Q143 2 Alge]
DNAd)] Z32) 8} regulatory signalS S1X & 4= gl owi, Alere] mRNAS] sequence coding-g WHa)
3} intervening sequenceE A AE & v AT AAE #F2 US ¥ ohe gl W
o % ¥ (post-translational modification)S %3} peptide signal& <X & 4= gl7] w&Eof &
20 A4 g glycosylation©] 7}s8HH, F 7] subunit StUE €T + 3, YT EHA
€ FH] &g (secretory vesicle)E F3ted A X wo2 E¥|E ¢ Uthes FHEC]| AUt 53
CHO cell9] 74 th& 822 F¢go] §olstn KA FFo] A&H |1, serum-free
mediao| A v} &, AAte] slhEste] kAol wrhe Aol vt wekA rhFSHe A S 3y
X ¥ CHO cell linee} o] 8% 31 ¢t} o-hFSH -§-4 22} B-FSH -F A A& 333 vectorS -2 dihy-
drofolate reductase (DHFR) deficient CHO cell2 co-transfectionA] 71 %, o] A X E & MTXV} &&
g Aol A wleksict wlgA] MTXS] =& FAF S7HF 24 MTXd] tidk A 8ol
A& DHER F4AE §7¢ cloned A 3dla o] fFHAE FHA|A ot ] FE host cell
£% FSHY A4de] w3, A4bd FSHF A4 g PEA &4 (biological activity)S ztom,
EAlo) 5473 <3 A (genetic stability)o] 913 CHO cell transfectantZ A &3t} o|u) MHF &
%)+ transfected cell& t)7) 1% w]gho] B} o] A 2 KE] master cell bank (MCB)7} A3 =)
H, o] MCB vial2 &3 HAIS AA AdAdH &8 S F AR 5EEES)

tlo do P>
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ateie2a « FSH: Recornbinant (thFSH) vs Urinaty (UFSH)

T} 3}l MCB vial2 58] Al X9 $4, Ba33 & AX working cell bank (WCB)7} A&
EEREY

RhFSHE 1 Z o2 sl nAl sl 749 WCBZRE A Axe] vick 3s A X=2
FE o =07 AA el S E & B A (purification)A] 7] 7] $] 3 downstream 7} o] W=
Al g adlc). WCBERH F4A A 289 plasmidE 2= host cell2 3 g & 0] Z flaskul) o] A
culture expansionA] 71 ¥ 53] et FFA7F EFE W FA AN A X FE 3l A
€ BA, SA12ich. 2@ CHO A X< Wl #B A AA 7] 43, B3] =8y, o8 7
A9 EF dYAE Hae B 33 E3 surface attachmentZ Y R 2 502 o] E wjtalr] 93]
A& o] M| £E & microcarrier beads2} suspension®} £ 3§} & bioreactor vessel 2 & 7] & A o)
g g 8}t}. o] bioreactorel] A A} Z e} B 2 A thFSHE] AJ4, thFSHE 353 njjakol &
3 R3S dA thFSH7} AYArdth. CHO A X 9] rbosomee]] 2]5t<] g-subunite} B-subunit7}
A 5] 31 o] 5 & endoplasmic reticulum (ER)o| A disulphide bond7} HA o 24 235 v o]
A Sho Y DHAL BRE Fho) o Foki o] M carbohydrate moeity7h ¥ 450} 7
Aol AJZE 3 o] & o] 58 FA| A (Golgi apparatus)2 o] E5o] HF2A<Q) glycosylation 7%
& 713 F B adelA @A e "packaging” IS AX AXyte] gz Fujd).
RhFSHE #H& wiFY S 3T F o] 92 ZREZTE vt 3 Fe o mFSHHE ¥
2], AA 8] e FFo] BeHolt} o] A HH T F3te] wigdue A8 HEAHF EF
E, pH indicator, transferrin, insulin 58 A 73} 1L, host cell A ¥-2] T A3t DNAE A A s,
T3 QArE thFSHZ aggregates®} 2P A &2 subunits, Ytz &+ € 9] FSH isoform
5 AASA 8 o] AA #F 2 ) ¥E 124 ultrafiltration, 2€+74] chromatography, 327
murine-derived anti-FSH monoclonal antibody& ©]-83} immunoaffinity chromatographic step, 4, 5,
6974 &= thFSHe) £ & Z71417]7] 9§ chromatography, & &2 9l ultrafiltration 37 0.8
4=, o] AFES F3tod FAE tfe] hESH7} Ao} Ztt. o] %4 EF imunoaffinity chro-
matographic step-& 1<% uFSHQ! Metrodin HP2] A AF 34 of A] AR5 &= W 22 8-Absioh

ol L& AFE AA LEE AUHLE AitH o] dFH o2 ALL-o] 715 % thFSHA] A
Z & follitropin o (Gonal-F, Serono, Switzerland)$} follitropin B (Puregon, Organon, The Neth-
erlands)®] =7} A A7 Jedl, o] F71A AAME A, 3184 SS9, 938 23 4L AN
9] ZHoA ¥ AFELS g F& F AALe)] oJm g HoM= Aolrl UE Hoz2 B
n3ta Aot @A R AFAs FA 7 FAE FYer ] =4 vk (local reaction)ol] 1o}
follitropin o7} follitropin BR.T} Th4 ZAw|etn =&A Velgd Aoz ¥ 13 v g}

3. RhFSH2} uFSHej 2te|stat™ £ A 2 Pharmacokinetics

CHO cell-derived thFSHY= amino acid sequence, glycosylation 9] X], &4 2% 4%, A <4
X2} AE82 Q% (in vitro biologic activity) Tl 1o} pituitary FSH 3 uFSHS} A9} 4 &
Aoz ¥ux 3 gt 23 A gk thFSH: uFSH)| ¥} 8}c] deaminated degradation formo] &4
A 3 carbohydrate 7% Q1o YA =7 v FHe] Ut} RhFSH Al A+ immunoaffinity
chromatographyel] ©1& A GAE vix 2 YA 1 mg @923 37 10,000 U] FSHE &+
37 =& ol uFSHE i 150 U vl @ o) o $ & 503 A% (specific activity)
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Table 1. Physicochemical analysis of uFSH and rhFSH preparation

uFSH (Metrodin) uFSH-HP (Metrodin-HP) thFSH
Source of FSH urine urine CHO celis
Specific activity = 150 = 10,000 = 10,000

(FSH 1U/mg protein)
Protein content/75 IU (micg) 370750 6~11 6~11

Active protein content

(% FSH) in bulk < 3% > 95% > 97%
Residual LH activity/75 TU FSH 0.7 IU < 0.001 U none
IEF range ? 3.0~55 33~6.1

Table 2. Pharmacokinetic parameters of immunoreactive FSH after single dose im. administration of thFSH
isohormones

Fraction pl Cuax (UM Teu ()  AUC (IUMA)  Clearance rate (ml/h/kg)  Tipem (h)

15 5.49 36.7 0.8 186 82.0 ne

17 522 449 1.7 500 345 118
19 499 29.0 5.0 558 26.1 12.3
21 4775 39.6 4.1 1026 145 17.8
23 451 65.5 7.0 1814 8.8 20.5
24-26 4.27 130.0 2.5 2841 58 24.1

ne; could not be estimated

AUC; area-under-plasma-concentration curve (extent of absorption)

pl; isoelectric point

Cuax; maximum plasma concentrations of immunoreactive FSH (rate of absorption)
Tmax; time at which the immunoreactive FSH concentrations peaked

Ti/2c1im; terminal elimination half life

£ Ve & Ae|t} (Table 1)."° ¥4 immunogenicity &= uFSHo)| 8] &}o] o] §- wc},

RhFSH= 3.3-6.1A4}0] 9] isoelectric point (pI)ol 4] FSH immunoreactivityiﬂ BEXJ} o] FojA &=
d], o] & uFSH9]| H]8}9] isoelectric focusing (IEF)o] th4a 2 Ao 2 A& 2 2 basic isoform?]
1&°) & A% g4 s (Table 1), ©l& 43 @575 715 oA oA 2] mideycled]
o5 292 FSHYF B} 4413 &elojt}. FSHe] isoform basic compositionS 7} & 4
E 977) = FolAl Al clearance rater= 57FE W (Table 2), 84 A% G4 =9 WAH JEG
A A & (intrinsic bioactivity)’= 718t 7 -2 Holi} in vivo bioactivitye 2442 4 ot

Table 3-& # & A} O 2 rhFSHS} uFSHO] FES 5814 EA S vlm, £43% 3 dF A8
o] Ax2 Yyehdg! HE Yo g o] AFdA F4 & (absorption rate, Cuw), SFE
(absorption extent, AUC), @ % FSH Fx7} H X o] =E3te Al (Tos), F27] (Tigein) 50
$lo] thFSHe} uFSH 5 Az 3tol]l {2l gt zto] & Holx] W Aoz Hadah! a18xq
¥4 =% immunoreactive dose 2 K. g gk (immunoreactive dose-normalized values of AUC)] 1

25



a2t + FSH: Recombinant (thFSH) vs Urinary (UFSH)

Table 3. Pharmacokinetics of immunoreactive FSH after single-dose i.v. and i.m. of rhFSH and uFSH in rats

Preparation Dose and Croax Throax AUC nAUC Tir-clim
route (Wkg)  (IU/] () UM /L) (b)
rhFSH 50 iv - - 10661298 126 41 5.7+0.9
uFSH 50 iv. - - 9171238 15045 6.2+1.0
thFSH 50 im. 23.41+10.4 7.512.6 466223 54126 11.4+3.9
uFSH 50 im. 28.2+8.7 6.3+2.0 498+142 73122 10.4£3.8

nAUC represent immunoreactive dose-normalized values

o] A= thFSH7} uFSHY)| H)8td] fodtAl ¥ & Bt o]+ ofvlx thFSH7} uFSHE. T
acidic isoform< @ &3t gJo2 2 EA3J} in vivo bioactivityd] £&23517] Yl Kot B
2 ool immunoreactive hormoneS F R 2 3}7] WiEQ Aoz Az} o2 FSHY 4E&E
o %38} A7 Cynomolgus monkeyZ A} o 2 g thFSHe} uFSHE| | A Tl M = {AFSHA|
Uehgo 2

Abgt-e Ao 2 rthFSHS} uFSHE| 9F8< 58-S H]) w8 Mannaerts 52 97+ 33 22
A7 AP AT E2E Je e FAT J3& dde =2 3 2§ thFSHY vFSHE
13] im.3 o] FSH &4 & (absorption rate, AUC)S FAJ o] A Bt} Aol A F-J3HA] HEe
v, thFSH 13] ¥ 39| FSH &4 &2 uFSHo| vl sla] foetA @ttt AHdAFE 28] 2
Ug JA T oA ZFo| A thFSHI} £ ® F9] peak concentration (Coa)-S uFSH ol 3 219l
F 65%2 fr28HAl ¥k, FSH Al Ao #Aglo] Qo)X 9] Cans dA 0l ¥t Fo]5HA
dotr), vl o] E A A oA Q] Taw= rhFSH} uFSHE Fo] 3 739 RFolA FAdo v
gt Foj8tA o Z2AE, ol B vdte A e FatA vl &) ¢ 327 gEY
Ao 2 yztdc}. ¥ZE uzly] (elimination halflife, Tizeim)s 30~40A] 7Fo 2 FA 7} o A 7hel]
£ £ rhFSHS uFSHZIO| X #}o]lE Holx] ghsirt. 13417 hFSHE F4¢ F H im
munoactive FSH ¥ X%+ uFSHel ¥]38le] FAMstAY @& ¥ FSHe| in vitro bioactivity=
thFSH7} §-935HA4] =4t} = thFSH % 39 in-vitro bio:immuno ratior XA F 3 2&0] 4
e AT JAdA =5 uFSHe| B3l §-231A E3tth (Table 4). In vitro bioactivity level
2 immature rat in vitro granulosa cell bioassayE E3}o] o] 0 # 4], rhFSHE uFSHe) ¥®]3tH
A t) & © 2 basic isohormone profile2 L}EN 7] o] Eol] plasma residence timeo] T 2 Zr i, &
A A% %57} postreceptor signal transduction FH O} L}BZ in vitro bioactivity7} F-7+Eth FSH
AA 13 BQZ JHAF 5220 29E BA Y o4d3te] immunoreactive FSH ¥ = H] o
goiXE JH R G A $E7 & Ao 2 Yelyth RhFSHY] U448 &%F (fixed dose) S
Y Eqsts A, 3~594) steady state levelo] =23t} RhFSHS] 27] Fof £%& 751U
2 3l w2 23S 75 TUR Z7HA1AH 225 TU7HA] £3lE 735 (multiple rising-dose), 8 3
FSH 55 £ 9] &A] (dose-dependent)S Ho|B F7}35l5 Fof A|ZHF 47 o steady state
leveldl] =23t} RhFSH £ 3 9] steady state level @ Cous B5F A3 59 AF BAE B
ol Aol Ut ARAAZTZEE e oA thFSHE FAste A+, FEEE ¥4
LH7} ZA 38R &= B33t AAAQA ¢ AL F8 F Uth. 1Z AT estrogen,
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Table 4. Bio:immuno ratios of serum FSH in hypogonadotropic patients measured prior to injection and 6, 24
and 72 hr after the injection of 300 IU rhFSH and 300 IU uFSH”

Hypogonadotropic men Hypogonadotropic women
Time (h)
thFSH uFSH thFSH uFSH
6 4.1 (2.2-5.5) 2.4 (1.4-3.5) 3.4° (nd-14.5) 1.8 (0.5-4.7)
24 44" (3.1-5.6) 2.5 (nd-2.7) 3.7 (0d-7.7) 1.6 (0.7-2.7)
72 5.5" (nd-21.0) 1.1 (nd-6.4) 46" (nd-9.7) 0.9 (nd-3.8)

nd; not detectable, *p<0.05 versus uFSH

androstenedione®] ¥4 E gl ge] dEe Ao E S § Ut n 8o FFHYAE
2~333F Fojste] MatgA A E 3 Ao A thFSH T+ uFSHE v 150 1U4
793 T P& W, uFSHY| Y] 8o thFSHE it 3 A% P2 8 AV|7F B% F
Zysl et} o] &= uFSHY) H]8led thFSHE| in vitro bioactivity?} ©] fsthy A7 Aol o A
ki

19983 Cotonnec 5'*& hFSHE} uFSHE) A} Aol M Q] B A5 3tA B L N2 §A}e}
3 0] 59 T B5F OF 31Fo]8 EX W37h7] (distrbution Tiz)E 2213t 713 = 1, rthFSH
K= uFSHE 13] FAM] FAL & Fo & zESHE WA FSH poole]] 219144 FSH7}F )4 g o
Z 4 ¥ A FSH bio:immunoassay ratio’} YA|A 02 Zr4sdle €42 UVeERY o|T 2 A7
Aoz Frtete A4S Btta Eag vt ot whebA A7 ek el T A Aol dEAF
A fralgol EAstez A A8 1 3l uFSHe] Ful R X protocole]] thFSHE 2| -§-A]
A JdaHA oz AHRE 4 AL Aoz}t & Th RhFSH 150 IUE 18] A w Falels 79 bio:
immunoassay ratio?} 2F 1.69) thFSHYF W 2 %ol d o bio:immunoassay ratio} ¢F 2.791
214 FSHet £gtgd o 2n FAMR o= & A FSH bio:immunoassay ratioZ} 2F 15% 7} ZH4
ghoh o] 2 AEL oF 2R 1 EeE W] e AHE fAIHY o] F 22U A HFH o=
F7tete BG4S Eolil o] F ThA] AsHY] Al&ete FALE oF TdA e FGFAE Eote
A @} RWFSHE v ¥tE-A o 2 g3tFAlete 450 x 18 FAlsts 4% ¥4 FSH
bio:immunoassay ratio7} FALE]E LAlF o2 A A 24A1 708 48] £718E
F3& verdic}. o] F w2l thFSHe] wHE Foj & Q18le] ¥ bio:immunoassay ratiox thFSH
FA712E el 71A R F oA & Wsigle] b Ho] 12y, thFSHE] whx| g} Fof Foj
£ 13 0 FA 9 FAH G4-S Boled & 2 & $o & oF 49 5 714 & bio:immunoassay
ratio7} of 358 HI Ao =EEHA ML, o|F T 48] Al&ste] Fo] FRE oF TUA
A e AR B TS

GnRH agonistE Fo8le] ¥ at-A o] A& =3 ¥ thFSHE B K=& A Pste 3
%, ¥ = hFSHY = LH7 A& §8-50o] YA ¥ 21} GnRH agonist® ¥ 8}4R) 7} down-re
gulation® %2 residual LHT S 2% W2 2] A% U estrogen A S 2E g Ao dafA 9l
t}. Down-regulation®]| =% Aol Al s} 150 U] rthFSHE 77t 9815418 o), Wiz e)
Aol fixd # lon oldf ¥F inhibin®] H1X| e} AA FE R Huxzte] a8lm
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a2z + FSH: Recombinant (thFSH) vs Urinary (UFSH)

¥ estradiol®] Ao} WA G T ¥ AuAGo e BF 7@ FE AA EATH
28X % 83 FSH ¥X9 & 1+ inhibin, estradiol 12] 1 AA) ¥ B9 EF o AFE
48 BAE HolA g o] HuFRE IF A inhibin®] Tt XY AR, ¥EL Y
Bl 27] AE2 4214 " RhFSH $oJA] W8 £ of 3~4%7x] = thFSHS] o)
A7 vdedd gett iEbA iR EE Adste oAbe 943 £%9 (hFSHE 49 F
Ab AlZFsbd o] 839 thFSH E3E H71617] Hsix € 2ojx 4943t 711 gopyt gt
% rhFSHE ©] 43 I GFeA Fo §3& 093] =dste AL vigzskA o 4
Fo 32 A Hox 4dB2 A &A= $Y £ S FAste Aol T}

4. rhFSH2} uFSHe| AN ALE Y Y|, B}

okl

AA7HA F2 A2 o] $4d uFSHE 95% 149 299 AE di3ta 3o} FSH E419)
WA W] oA A A} (epidermal growth factors, EGF)ol] g &8 wl@d o2/ 1 E3bd] £X]
e JEe 2T 4 Y ¥, thFSHY 29 & 3} 22 anti-FSH substance S &H-5-314] &
€ Aol Urh £ hFSHE uFSHe| W8t tf g4 4ke] folsta, LH B4 =7}t glad,
batchZtel] A X =7} -9-4=3}c}. RhFSHY= uFSH9} polypeptide alpha$} beta chain®| f-A}8}iL car-
bohydrate levelo] £ 2}o]7} §l.om uFSHel B]3le] At A © 2 basic isohormone profile-2 Ve
7] wj & o] plasma residence timeo} & 1, &4 A% 5T postreceptor signal transduction©]
=oju} B2 in vitro bicactivity?} ZF7}El T} o] o] thFSHE FSH Eol& A LI} S43le=
uFSH| ¥]3led A E A i@ FEAE AuiRd S & 4 S Aoz JZdn.

UFSHE AH83te 4§ ol 7] Fo &%& di7f 150~300 IUMZ AF&3tA Eoh A4
Hge e EAEAA Y 27 Fo] §FE 150 U/, 36~404] $xte] A ¥ Aj&F7]
ol M 225 TUM, 40471 d& 859 A ¥ Al&F7] oA = 300 UM, A3 8t
A 1R 22 AJAASTZ2E FH o Ao 225 UM F22 AM-8he A o] vt
F2 3 Aoz FH o] ) (Table 5).

RhFSHE ©] &3 el @-f 5 A standard FSH £F 22 735 e AL Ath 271 2H
I8FS ALY A A BHUF FL2 AL o MR E8F HA £3& A9E
= o] AAA SEH RFEEE HAA(g e FHA o] FFd ATt EA7X LR E
o] AT ARES THE £ | A ST BAEANME 2] T £FE 100~200 UM
2 dAste Aol v Ao AEH, AE 1309 F99] o8 A Bu (8EH
AZY] AT AREE V|2 R 8o Table 59 AAJH ule} o] 7] o 43 A sIATh
A 7] £%E AH3H Folx 4Ye Y &% & FANEHE st o] ntgEA s,
o] & rhFSH £ &9 XML F2 A4 2582 FAHe GIXY AF, 42 FTof g
AR Y o] 7]FL uFSHE AM&-3l= 7 §-9 b v} glo] i/l Q] 7% step-down fashion© 2
SECE=S

RHFSHE 2854 £t e 3AI2 BF Foi7l 5ot g 3A2 5o 39 2
FAZ Bqste 359 Y89 Cu’t B2 Taus TFA ZTHE 59 SAEHEF A Alole
£ F dev B84 9 F&8e FHAA B o F Fo] FRE3o) ZelE YRR €+ A
o2 M0 Yk’ RHESHS] %of A=o] ME $24§ % A8 ANE ¥@ AT Out 5

(2]
=¥
A
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Table 5. Starting dose of thFSH and uFSH

FSH alone GoRH agonist long protocol
COH protocol
uFSH (IU/d) rhFSH (1U/d) uFSH (IU/d) thFSH (IU/d)

Previous normal response 150 100 225 150
(> 5 oocytes)
Previous low response 300 200 375 250
H-P failure 225 150 - -
1st cycle, < 36 years 150 100 225 150
1st cycle, 36-40 years 225 150 300 200
1st cycle, > 40 years 300 200 375 250
PCOS 32.5-150 50-100 75-150 50-150
Previous OHSS 32.5-75 50-75 75-107.5 50-100

o] T dPBME Z4h FAEF F4 (brising)Tre] IM T oA 37.7%2 SC 72 54.2%9)
Hgto] folatAl WS ¥, UrA] 4 FAAUA 5%, BA, F, A%FT T2 FZU KA
3 Ao 2 YElT (31.2% vs 28.0%, 13.0% vs 16.1%, 7.8% vs 5.9%, 6.5% vs 3.4%, respectively).
o] %ol 35 dat 9 AP Y&l RAME M T3 SC T3t 943 2fo] & Kol
A FUY Aoz B AT (9.8 vs 10.4, 27.1% vs 26.1%, respectively).

1998 Bennink 52 rhFSHe} uFSHE] <A = 38 vlwdlz] 938le clomipheneo) W&
&2 i Puied B9 BAE gide g A ggk assessor-blind, randomized multicenter study
o thste] B g vl Ith? 7)) 2FE Frte BF NI o)da AT S 2007 o]
2w rhFSHeL uFSH Zyz}e] Ag-ef Z3d v e |, A%, AF, 18xn ¥gASF
(body mass index, BMI) 58] vl el A= 5218k 2folr} gldth =3 LHS FSHE 714 %
Hlo] mat zt & Al /i o2 A8t S o, thFSHS} uFSH 2zte] Ab&3t 9] 2} A2
H Y v g oA Aol AT L AR E BH, ¢4 vhgo] BFHZA Yol T
F718 #HAsot AW A SV} thFSHTE oAl & 1.9%F 2, wFSHT M & 4.5%2 A4 Vel
U} ot Apkgo 2 Qlete] HAZ AFE 47 114%9 104%2 FAs g ch 2 oA 9

% %o £22 (hFSHF0] 10.0 Y, uFSHT o] 138 FE, 128l1 & Fode 742} 10093}
13.04 2 rhFSH AM8-A] U] Z2 7]7te] o & 502 AFHA &S F=8 & U
v (p<0.001, p<0.001, respectively), & 14 o]A}<] wj ek 7] 7ko] ¥ 28 W 797} rhFSHI ol A}
£ 10%9] B35 vhd, uFSHT oA & 20% 2 YElsth HCG £ o] 238 d¥ o] 24
o} 15 mm ©]%} Y X2} 4} 18 mm o] ARl Fx 9| Fof Qo] & F7tol o] & Holx] ¢Sk
©1} 10 mm 0} FE o) & o)) 901X hFSHT o)A 3.67) 2 uFSHT 2] 2.67) ¢ ¥] 8t
FoJstA FrtsEol ddTh ol T AVY dE9 9nidle SUte dAHAASSEL
(ovarian hyperstimulation syndrome, OHSS)2] W Ajol F3FE vjF i o] o) v o] E wj,
HE T e 2Hd2 FSHAWY, E2HAA 0 RAFo2 QA% FY] Hhe &
& 1, A A OHSSe] WA KL thFSHT oM 7.6%E, uFSHT 8] 4.5%9) ¥t th

i 3 o

%
2Ee %
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el g=Zint « FSH: Recombinant (thFSH) vs Urinary (UFSH)

o] Hojuy BAAQ oujE gALH 53F9] OHSSE @ 1o Exsigcia Rugx Ut}
O oz thFSHE AHS3iA sl@-F =g ot 25 OHSSS] RAE WAy 43 Fo48 2
monitoringo] ¥ 83L& F2] 2] Aol & 4= it} & #7He] FA v ¥-& (cumulative ovulation
rate) thFSHZEN A 242t 72%, 89%, 95%%, 31, uFSHE N A Z+zt 63%, 88%, 96% 2 A °%F F3F
Frel & Atole flATH &, thFSHE uFSH AFE# 242he] AX A vl @&-& vl wdtd & wol
= 695%9 66.7%24 & T BAAY Qrie #7E ¢+ gt FH YA E (cumulative
pregnancy rate)e]] 31} A &= thFSHF©] 27%, uFSH AFR- & 24%2 F #7F #9138 2ol U
o} A FAHE ] oM E F T30 31%9 2%R Alo) & HHE £ AR EH PN EE 9]
A& Aol HolA] g3ttt RhFSHO| Al&o 2 Aslela, st o] foln} 4 HAR &
HAF SoA Y 5ol Hge YEhA] Fsirh

A IVF-ETE A e FAES e N3F Out 5799 A7 Ade O3 23
(Table 6). RAFSHT | 4] uFSH o] W] 3le) kA 9] & Bof £8F (2139 IU vs. 2385 IU)7} & %
o 717F (10.7¢ vs. 11.3¥)0] FoJ3HA AU &, A3 €E dAe F & (10.87] vs. 8.97))
o} o] oo & 3.7 vs. 2.670)) UM E FeJeHA FUHEHATH T3 BY AFAE
o3 & BaliA] & #zF votol g A EY YA &L Aol & Holx| ghgton} thFSH
TN FARED djote] U foldtA BRow ol# g BE wlols AEE HjojolA &
Ao 32]std, thESHT o)A X8 9d4l&o] RestA =¢d A2 B3t Begh 5
%= IVF-ETE AP E FAES A} 22 hFSHe} uFSHZMY] 847 A4 & vl 47
81t} (Table 6).7' o] 5 & yFSHE 3145 uFSH (Metrodin HP)E A}-2-31g 2o & rhFSH o]
uFSH o ®3te] FSH Fo 7|3t 9 Fo] &%) foatA Aen, 358 3y F&
thFSH oA o 3tAl Bttt g8 dx 9 A5z YolMe F £0 f& Aol &
Holz) ggto} dojz wjole] 4= hFSH FollA 9 atA Btk A&F719 443 44
&3 OHSS 24 WX oA e F I Fog #ol& Holx] gt} F thFSHE 2
S uFSHe WM A2l n &S Aoz YT

a7 daHold o8 97 ZHRES T8 21U, clomipheneo] W3R ghe ol E4
B2l AL 98 viTREAE BE IVRETE AgdwE SAEdA e Fuatfrids
thFSH7} uFSHel) H)8led Btk 724 Ao 2 AztET) (Table 6). 9FA] 9] ehAA 2 2R_
thFSH7} uFSHe] H| 3t} vz & e Ao g yzhdrt.

5. Conclusion

1980 cf 9} 1990 A & AXAA QA JAAFIT 2L 8= HAL FU18HA o a3
H737] g4 e 2o ZRE FZ3] Yo AHS-SHY MG} uFSHE 21 38 39 glo] &4
£ Ho|7] AAEith ol 2 jt 7hEv] 4B FE L FARETY FE5TF AL 2L
g JAAFEEE AAHE 7l st & CHO cell lines ©] &3 AR AxFo2
thFSHe] A4te] 7hga ATl RhFSHE ti# AJ4te] fojdtn oWz v ZHE anti-FSH sub-
stanceS T73HA] o, LH 3457} gl batchZol X =71 $43c}. T3 thFSHE 25
FALS} HEFAZE 5 7hedtal olH A 22 Rtz s By £386 o
Ae atelrt gle Aog deA leng $xrt Ax82 B &o]d A HaFAtg 2E &
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Table 6. Clinical results (thFSH versus uFSH) in patients undergoing IVF-ET

COH Total No. of follicles No. of Preg. Implantation OHSS

duration FSH =>14mm oocytes  rate/ rate (%) incidence

d {10)] (or aspirated)  retrieved cycle (%)
Out et al (1995)*
Puregon (n=585) 10.7° 2,138° 7.5° 10.8* 25.7 0.1 32
Metrodin (n=396) 11.3 2,385 6.7 9.0 20.4 0.09 20
Hedon et al (1995)”
Puregon (n=57) 10.2 2,265 73 9.7 30.2 ? 53
Metrodin (n=33) 10.3 2,213 7.2 8.9 17.4 ? 0
Bergh et al (1997)"
Gonal-F (n=119) 11.0* 1,642.5" ? 12.2° 44.5 32 5.2
Metrodin HP (n=114) 13.5 2,392.5 ? 7.6 36.8 31 1.7
Jacob et al (1998)”
Puregon (n=158) 9.5° 2,400" 11° 9- 13.9 ? ?
Humegon (n=191) 9.0 3,000 13 10 20.0 ? ?
+Orgafol
Devroey et al (1998)*
Puregon (n=51) 13.3 1807 ? 11.7 32.6 ? 39

(low starting dose, 100 IU)
"p<0.05 versus uFSH (Metrodin or Metrodin HP)

4T RhFSH= uFSHe H]3}e] Aol & © 2 basic isohormone profile2- W} 7] ) F-of plasma
residence time®] T & F 3, & 2353} postreceptor signal transductiono] Hoj b= 2 in
vitro bioactivity7} S71Et}. wrglA] rhFSHE ZE3lAA E oA 3 a8 2 Algd 4
sloe)et 4R A2 hFSHSL uFSHS) e} U4 L Wmd oz 94 ATFEL
hESHE uFSHol) v]s}e] W24 2 E45A o 48 802 0% 958 da V3 S
FEE 5 UAND Ao Bud ot ok IFAD o} 7hA] QAR 02 ALEH o] & ESHS
417k @S 7Eel] o}F & Tk FE protocolo] B3 WU} G} Lo} 7|2 uFSH
AL-g protocol®} 1 7| 2E-2 §7 st = Fe Ao 2 A g E ). UFSHO ¥]&lo] thFSH7} B
AHE 23 S E BEFsta oA e /HE A Rgog Qe RE @R A thFSH
ALgEStE AL FE7t 2 Aoz YZ4En. B &4 cost-benefite] o] 18
ot dtuw &z A Bt} AFE Zlsiol & Zolth A% gF hFSHY 7143 32
< AdAos £o]5 Zlo|H mFSHY B& FHEC] 9L 2249 £ 9l& Ao 7iydg
. EF hFSHE 33 o] 72 £X 8 23 sled, d& E9 f32 Az AYE A}
te] FSH coding sequence®] 3' endo] hCG subunit®] carboxy terminus& A A ste] 84A]7] A
Cou®t Tinein® TS S7HAA 4 9o, W 2 site-directed mutagenesisol] ©} 3} FSHE]

o

Hoop ool 2w o

r2
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a2y + FSH: Recombinant (fhFSH) vs Urinary (uFSH)

o subunitol] ¥-Z¥ oligosaccharide chain® Z PN Con®t Tineans S =2 74 A|Z] thFSHE
AT F le Aoltt. o] o] FEHFEZH 54440 WEE F thFT thFSH7F Aot E
AT A} PCOS $ALE A Bt A3 Fejo) thFSHE A g st 488 & A 2
Rolth. wetx FRH o2& hFSHI 78 AU AAFI 222 A FA He A
adrh
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