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Signaling of Insulin and GnRH
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AUl 249E AuiA FH FA71 BEEQ o, ey 1}3 b
WA S0 1 2A/)5E AU HE, XS 24 FFA 31 o] QoA Ak 4l

| At HE7 RS
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9] 24L& ¥ ]91 gonadotrope”} HH)she BetMlE 2R % A3t E 2 & (luteinizing hormone,
A

LH)# G¥A5 32 & (follicle stimulating hormone, FSH)ol| &J&jA & éﬂ“tﬂ o] ZEE9] =
YRR O Z = AGE ]’T"] AZHES] M XA HMEdes *B]QE BAANFTZEZEVTEE (gona-
dotropin releasing hormone, GnRH)9] A=t ojal A1, ojaa o2 dj2ER e w2} =

&5 AM 2HRols $289 HYY 7)Ao 93 C}/\] Zé%‘:}
TI2{2Z GnRH7} LH® FSHE #H|8te o] #Hd & F= &
3 7150 ddaE & 4 gled), 53] GnRHY AF2.2 LH7} %’: IEJ
RS BE A7 F, 7P F5E 2 gl QA 59 sl JAEbRAMIEAA (insulin-like
growth factor, IGF)-1o} )3t AE A EH, bovine anterior pituitary celloﬂ GnRHS} F Aol IGF-I&
A2 ¥g o, GnRHY 89 & xﬁ}’\V]Zi gomA, LHY 2¥1E F7M71H EF, IGF-12
estradiol (E2)3} 7 Fod3ba HW GnRHQ AFo 2 E27) ¥HEE whgo] F7igS g T
237 219 vl Aok & H84A9 GoRH neuronoll = IGF-13} IGF-1 F8-A7F $Alo] 2@ o]
QO HA neurond} glial cell ZaollA PAFsh= central IGF-I10) BEZ A4 7153 thE AZEWHEH] 7]
& ME AAAA F= AL A doka siok? 2oy, o R FHu XY HAskeA] A
¥o| GnRHE Fo3p7] 4 A7k A, IGF-102 AXA 8] ZAIrY, LHO| 8] H3ol obfsl 9%

7IAA Fgtn Bud ITE 9001} GnRHZF LH #H & A=38hs H- oA IGF-10] | 9
121220 WA ola] HEgelr) @& AAolrh

W, 9422} (epidermal growth factor, EGF)7} gonadotrope®) 8418 ZHste 2o Fo3
dEe gozi A5 JEE nAgE dF 2% o], F %o AT GnRH 84 (cryptic
GnRH receptoryE =87 87, GoRH #4415 4¥sie *ﬂ B F78
U A ERGS 228 &3} (mitogenic effect)yS YEPH O EH GnRHE Ab5e] tgh gonadotrope
o) WSS AT B skt o] olE 200439 § AFR e =T, Hakrae %
€7 (median eminence)? glial cell?} 9] F@o] AFUAMFAA Bulste o2 A=, & TGF-a,
B, Nitric Oxide 59} zgo0] %32 0] neuro-glio-endothelial interaction®] 7} Fag &4 71xlolet
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i 3’

AR 343 A7 AFAJA Bl 2AEd EF v Zucker rasol A 2 #EE
T AN =, ol e olEY 3 H] A7) (littermates)$} BIA L w, LHO H¥ F=¢ 254 &
HIA19] H3 FEX7L 25 AaHo] YERThS Atrl, S48 A9 Al Eae e g W
3 A7 2= BuFo] o} A% S8 HF Aol catabolic state, Aol @79 Z
2 Aoz s XRHFo AA5Ho] A& 0], Syrian hamsters, rats, ewes 52 T FE 22
A AT A3, 1R el FAE ERASE, T Fu7tA] 48 A=Z LHY RYE A
A As A1 F Lo wrEHY

Aol FXE, A475ol dig Adedy F8e WA= 2 FAEC] Bol RuHN
=, YR 31} a5l it dBAHL A®AulX S (Caenorhabditis elegans)™ % %12
{(Drosophila melanogaster)| x| %o] AFHolx] A Ao A e, 2d&Ed 484 homologuestt
Y T8 AXW da BAe] AW, TFF AEY F8A 71 TF (insulin receptor
substrate family, IRS family)E°] 258 FAAI7|EA Ao £ op7|she AR g4 AU
k¥ RS @A QgRoly) IGF-19 AHFe] wkgate] WEA| tyrosine 717} QA EHW, EHF
9] RS @HZ L Hojx 4FF7F ¥elA S, RS-, IRS27F 7H) A 02 BXEHo| 9y,
IRS:3= APzt F2 EX51, RS4E FA% o, 2% 2@t o] F IRS-27F T4
o] &<3HE AT B-cell functionol] 523815 o] pathwayoll &7} A7|d A5l #ag 714
2 A9y EHA Uk

A€ gonadotrope 715 tFt AHHA ALL, WA} 49 HelA 22L& ANY (primary
culture) @ Ao AFHAEE, 9714 AA oA AFHAD AT Aopels AFubdz, A&
< GnRHE] A= 9] gonadotropin® #H|E 2318 F7MAZIcka 8okt A= Qedol
gonadotropin #-H]ol] &l ojw gt F8-& x| e AFsle AF 23E Bolx Yk

I 2= 9] gonadotropeoll 4] LBT2 MEA (cell line)Z - gonadotrope A|E Zgo] 7/dd A
= E830F &% AX 3L 0]838o], gonadotrope A|E2] ZHo] FA3hE SRS E A

€ 7FsstAl 8l &, g7]13R1 dHolgt & 4= Qv opA) LA, fRake] 2289 TEE signaling
o e AFE o) AF AL olgFgo TN AT Y LoldA HUYT}. =, TG HAE F7} 7}
A 2 A3 folliculostellate celle] Tt A&, W34 24S A2 AL o el 233
endocrine, paracrine 3E3E 5o S WAY 4 A HEEZ, B} 84 A7) EEA °
Aot}

o]21g LPT2 AIEXH & 0|83} A& 0| gonadotropin®] ¥4 747} GnRH signalingol] oJvi & 4
FE VA AE FotEnzt AW A7 AIE $M e 49Ed, Qdgdo| LH Bu)9
gonadotropin subunit promoter®] ¥43& JAshe AL T § Jlov, E3F AEU0] GnRH sig-
naling€ A3t R mitogen activated protein kinase (MAP kinase) family 9] 3h}el A E 9] 483
signaling kinase (extracellular receptor kinase, ERK 1/2)¢] @43} A (amplitude)} A3 £E8 o3
AlA 32 B3E YepdthE AL 245 I}y ol dF Aol 2, dedo] A
o4 gonadotropin®] ikell A 8- Vel 71Ho] Q€Y GnRH signaling A2 H
gonadotropeol] tHE ZAHFH A 28-& F17) wWFolgn F53) B 5 A "ok

9 Dol AF% mitogen activated protein kinase (MAPK) familyoll T 7+eFslA] A= slabd,

b

q
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MAPKZ R4} Fo] MEute] x5 =44 F43 81, o] AEE MEYoz e HYo A
ggoz i Az AR 238 x2dshe Fo AsAGAA= ’ﬁ EFEEAAE ABTA 3714
(ERK, JNK/SAPK, p38) ol4o] %75o} o]Z0] MAPK familyS 023 31t} MAPKE MAPKKK?
MAPKKIMAPKE <JZ ¥ protein kinase cascade® B3t @A 3td ¥, o) 79 24 /A=
BEHE 2HGOEN X ¥ ushd =Hed, AAeRE 8 FRK A2E @A3stn 219

2 T stress, 18]I TNF 59 B354 cytokine F2 JNK9} p3se] AZE &Assich ey o
BEESS @443 5HY 7401 ol oA, Ao} MES FFHo| wEtA o8] 7HA]S] MAPK7} A2
OE AR 48H I, ol gt M2 g /dE AR g HER Atstge g, e Al

Sl mEE AE ﬁ&%«l S04 € YehE o2 FHAY B3 G DAY o AT 47H (G,

Gq, Gs, G12)%} B, v 29 o 2371 =5 MAPKS] 43} #HAo] Bojdicla Leizen, ¢ ¢

Aol MAPKS] 84¢& Z2Ashe 7| A5 279 Axe Ff70) webd cazo ¢ od A

TRE7} o] MAPKE B43iaiths AME S AE7F Agix wat ojyel $28 F G ©9E As

ARAE AAE dFF A58 F) A3 238 24T ouishe Adojeia & 4 Job”
| = =

L b
1. Insulin receptor and IRS expression in LBT2 cells

=9 signaling®] GnRH 2Hgol olw|d Heg =S 47 Halire, ¢4 UED signalingol
IQ% 3 450] LBT2 gonadotrope A|EA o] A8l =X E of= Aol Rt o Hsl4)
AA d&d TEA (R)o] et WAz g8 FA8 Ty, IRo] EAEH 8} gonadotropedl] 4]
= IsEE BEEA s gkl LBT2 Al¥ o) IR subunito] £ A& UF8H7] $18 exon 5-8&
3@5}7‘3 mature mMRNA S Q21815 primer® AFE3H0] RT-PCRS A& T (Figure 1A).

E5H Jedd Mt o] IRP subunit®] 14F3} (phosphorylation)E ke A& F]18H7] 9
3 ¥4 é o] XgEx| ¢Fe /‘ﬂiﬁﬂc"“’“oﬂf\ﬂ LBT2 cell 3}5% %OJ WUAA HEE A e
{quiescence} ©|2A 3 F, 10 nM] QEdo T 3~s5E7F A2 En oA Ay AX FEE
anti-IRB antibody® W 2 &A|7] 1 antlphosphotyrosme antibody®. Western blottingS A3+ H Y, <!
2UE AMElskal vkx} IRY tyrosyl?] 7} k2] QAkslE = AL #¢1d 4 AUt (Figure 1B).

IRS family member insulin signalingol] 4] 3.8 QehS sla], AU kinase$} steroidol] <& ==
Y 24 28-S BT UEd HYA (insulin insensitivity) SHAA I F84E 7t & olgo] ¢
e8] 8ol AAA AEE 87] W), 0|59 LPT2 cell W9 Exw Wi Fosivta &
A} LBTZ MXE A2} RNAS RT-PCRE 2438 A3, LBT2 cello] A IRS-13} IRS-22] mRNAZ} &
ATE & 5 AU} (Figure 2A). Western blotting .2 37} G738 A3}, LRT2 cellof IRS-17} IRS-29]
Pag R MWE%— 7o) FAH AT} (Figure 2B). IRS familyt: & 0] A4 484 tyrosine kinase
7} tyrosyl 71 & Q1AEEshE A& vilshe Aol U9 wuA e she didolgt & ok

skt

mlo

.77 -



Symposium - « Signaling of Insulin and GnNRH

LpT2  Liv  Pit
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Figure 1. Expression of insulin receptor Figure 2. Expression and insulin activation of
in LPBT2 cells and activation by insulin IRS family members in LET2 cells

2. Insulin inhibits GnRH—induced LH secretion

olA7EA o] FBL FE ERolx9 AT L A BFol A, JAEHo] gonadotropin Ayotol A 2
85 dva 2ayd A= wlE, ke AEe Ay AT Ads Qledol, Udsd ©5
28 T IGFI3e] 4% #8402 GnRH7} LHY EH|E AFsHe 3ol @ O]E% %7 488
EpdThl ZEXojxe) 2R dApugoldh thdet o] ulEu] AT Eo] T Y ¥ of
Yzl 22 9 folliculostellate cellS ) ZE}O] —-—ZHO}DE o]Eo) Wik X7} Aot £ 5 &4 ue)
Fobx, GnRHO thigh ¥h3-& A8l= 37] 2ol olad MFES FAedsorst gt E9
folliculostellate cell B follistating -] ?5}%1 activin/inhibin autocrine system% '‘H3A17 024 GnRH
signaling® B AAIE FE Q7] WiEe oS 1 Aol £3E & F vt

AApuletabe YRR A, LPT2 cell e gonadotroped] Al €& & THOEN, thE ME oA 44k
H BHAY g R g QA gk BE, E YA 2P E olF AlEEC] £ &
{portal circulationyo] wi-¢- =33} YA s = C}E— N EEo] BH|EH= QIxlEe] 7)o &=
o] At A"k A Axpuloke) 2P ol ZHEL AT ¢ A HEE Aol
olglgt & WFEL wiAlsly] e ol¥T ENES wiAleH] #s] GnRHZE LH £H]E A
Aol 9] e ol th3k AFE LPT2 cell 2 AHE3I A78kth 5 10 M U=®

6A1ZE MA A & Pak 308 AAA g FOog yro] e 8- AEE vl LPT2 cells
°8 HMAAE c}L, vehicle 10 nM GnRHE} S¥F widsta 1 45 F/AE FE6H
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Figure 3. Insulin inhibits GnRH-induced LH release from LET2 cells

HIAMS Z4W (immunoradiometric assay) 2.2 LH A B2 EAM &5t

A& AHXE 1647 3 T} 308 3 + & tolA A=F2 GnRHZ} LH EHE A58k
HAE JAshE Aol F1EU T, o] A AU Aed] JFE B g a7 23
E3 A8t Aotk

3. Insulin inhibits GnRH—induced transcription

AEHL LPT2 cellofA] Getilgefo] gh4 9 2u] 314 258 72A4 F vk GnRHE ©
AR Aefatd “’1"4"“13% A FEZ a subunit® A} (transcription)?} LH, FSHe] i3 B
subunit?] AAPY 2% F7bech a8gd Qledo] bl E 2R o subunit FARR] HAte] of
W3 S VAE A 47] Y, o subunit FHAAE 1.8 kbp2) <7t o subunit FHAF A
(promoter)®} transfection A|Z{T}. Transfected cellS 10 nM GnRHZE 6417 B2 #AF5317] Aol 0.4, 1, 10
nMe] Sl o 3087 AAE 3 A3} transcription W30l thERTY] 60% FE7HA &F-dEH #
dl2 ATt (Figure 4A).

w3k Q14O LHP subunit A2} 30 i3k A 27 Y8, 8 TAAE A 1.8 kb
LHﬁ subunit reporter®] transcriptional control# YAH o g WhE-A17]2}, QU OF 3087 AAY T
0.1, 1, 10 nM GnRHO.2 6A13F A5312 ) LHP promotor®] Aol o} 3l WsE Holx| sk
o} 218} 10 nM 9] E PO R 16A17F BA X Fol A= LHP promotord] B0l 2T 70%
FA sk 7o) S50 0 ™ (Figure 4B), 10 nM GnRHY) A=l tisia = #ojdt Hskes @l
@ 5 QUSdch

e ATASe] AT il HEW, GrRHE 447 A, @712 A B 9 LH g ¢y
o) F7hgTha Bl ot ¥ @A} S AT Al AL, LH B0l FHOR T AL

gonadotropin mRNA Y] §HAdo] FAH L F718l7] mjfole}r] BohE GnRH7L cap-dependent translation
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Figure 4. Insulin inhibits GnRH activation of the glycoprotein hormone subunit promoter and basal LHB subunit
promoter activity in LET2 cells Insulin inhibits GnRH-induced translation

S 843} Al7)7] WEolgtn AEnt®

Z, Ql&do] LHO @Az Bu|E dAlsls AL FEAOZ translational activityE A AIsH7] W&
olg}al & 4= glt}. GnRH7} cap-dependent translations %3l oA Qlgo] ojwdt FakE m)
e A& 27] A&, G 712 T bicistronic reporter gene2] FAZh U|X &= eV FFE AT
e 4=

o] reporter= 2709] SHAH 02 HAY SHEE (translated reading frame)S A TIFste B HAHE
(transcript) ] @4 A AlsHe A4S v} 1 AHA SEE-2 cap-dependent translation®] 7HA] 7]
o 2]3) translation® ™, reporter mRNA 2] S'cap 3ol HH7YA]Q1=} (translation initiation factor)7} F-2
e Aol 93k 23 7o) skA wksath FRlA SEEL AWM dEEdT SHAHCE
translation¥] B}, murine cardiovirus encephalomyocarditis virus®l] A -2 intemal ribosomal entry site (IRES)
& 73+ translation T} Cap-dependent translation®] X592 F718 £33}17] Y3l reporter gene
o] g n]&-g vwskgich

Bicistronic reporter® transfection A1%] LBT2 cell 0.1, 1, 10 nM2] Q&Aoo 2 3087t HHA] g F,
10 nM GnRH pulseZ 4A)7F F<F 3082 7HH 02 co-treatment A Z{ 1Y, bicistronic reporter®] &4J¢] §
F &Aooz astE AL BEY = UdZ, o] Hul AF= 1 nMY JEI2E AT A folA
vrebstel (Figure 5). 5 ©] 2% 9, Ql&do] GnRH7} "}j7]3}E cap-dependent tranlational activity

& JAE  J&L AAksleE Aot
4. Insulin inhibits GnRH activation of ERK

o]’de] Azt GnRHZ} wi7l3te B subunit®] A} (transcription)$} M9 (translation) 7 o]
A& 93] dAd 5 Avhe AL AR GaisE e fHze] AAE 2Ese 7)1
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Figure §. Insulin inhibits GnRH-induced activation of cap-dependent translation

333] BolalA] a subunit®] HARE MAP kinase family 3] 3141 ERK 129 A% 28 U&7t
819, LH B subunit®] MAR= ERK 11237 calciunvealmodulin kinase 18 %3 Z5 A5 0G| A (calcium
signaling cascades)®] ZHE& FAlo| W=t} ® P LET2 cellof 4] GnRHO| 9% translation®] #A13}=
ERK 1/2 signaling®] €A 2t 9z4id) 1 Ohorlé cap-dependent transtation®] 7§A]7} MAP kinase
interacting kinase 10 &j&Zo]7] WFolth” AEB-L RS AZAGAAE B3 ERK 128 43
7] 31, GnRHE protein kinase C & 222 FERK 128 @43} A7t} 234 91432} GnRHE ERK
128 B3 A7l o] DA 45 2Hgste AY F Utk LPT2 cellol Al {IE¥0] ERK 128 <
A3} (phosphorylation)A] 7] = AEE &4t olgdo] YA = FES SA6 o e B4
3 op7|etXv B (Figure 6A), 1 o) ¥-3-& 10 nM 59 AEUL A3t 2] 308 Fo U
o, ol dzxww Hugs o 3w AE A7 wkSolet o]FA FEEE @43t
AL dgdo] o713 R &+ RS9 FAE F7P7}F ERKY Z43Q 843518 Joy|rlos 84
T3k Ag ou)sio)

U€3d7% GnRH7t ¥ T ERK pathwayS Z-fr3to] d43cta Azbaichd, Qledo] ERKY &4
5t 2ETCEM GnRHY A4S AT HsAel dda 5T 5 Ja, oF 2337 96,
LPT2 cell€ 10 nM GnRHZ 2H5317] A, Q&) $5& Azl F7HA0719A4 3087 AAA st
o e AAMAA] GnRHY A=F0.2 ERKVF @485 ALr A8 d&dY w20 vlast
o ofgtE= o] AIHALH, 10 sMY A&dE AAXEH dxTFol vle 2 50% T ERK
7} gAglE = A A3E ¢ dolg (Flgure 6B). & A& AANASHA HH, GnRH7} w7k
ERK®] &/d3}e] 237} (additive) 218011} 35 (synergic) 282 3= Zo] o}a), A3 (antagonistic)
28-S sk 7 o)1, o] ERK-dependent translation®} o subunit®] AAI#A] JA5HS Jehde
Avsts dAste Aojrh

5. Insulin alters the rate of ERK activation by GnRH

ol Az & uf, AEUL T2 cello|A] ERKS @415 A o)A GnRHY ©7+3b8 (desen-
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A B

vV 5 10 15 30 GrRH -« + + + 4
P,ERK o T —— . : s ing ) ] Omﬁ ? 10
5 < ERK %

+

P-ERK/ERK Ratio
Lk

vV 5 10 15 30
Minutes Insulin (10 nM)

Figure 6. Insulin inhibits GnRH activation of ERK

Hu

sitization) B FE3TIT & 4 givh. B ERKY BA3E ¢A3) Adshs AL opiA R, T4
A E] 9u] Q= Z4AE Bolo, o) transcription} translation B9 BAHEI} HAdhe Ao
o 4 Atk B2 Ao thgk ERK A3t ¥H3o] tidh Y =EE BY, AS59 FEE
O HEY olF TEE 2T g BT G 71Xt AoF B Xith ERKY 2 A3
olgA Auste RdoM 7 FeF Q4E, AL FTEEOT AFPE FA, ke FEY AS
of we} ERK”F phosphorylation ¥ 37 dephosphorylatlonl:\—] = 1 &0 QoM F o] AR S UdEdol
GnRHO| 9] ERKY] EHEE #AAhAI7]E SH 1 L3 E‘ﬂ olwl® Q¥ o] ERK”} phosphory-
lations] I dephosphorylation® = 2 £%& WaAA 12 84S Uehlle 2Y 4 itk ol 93l
LBT2 cellol] A&, GnRH, 123 A&V} GnRHE FAlo] A2Fg o 22 ERK7L 243 e
EE FA3Ath 1 23, 10 M eV 0 E HPS W& ERK 120] AUz E4stE= b 2
AlZkol oF 30R0IU WA, FAUF Exo)A GnRHE A S WollE ERK 1/20] fﬂtﬂ 108} 7
2 FAFHE ¥ sEubo] dajx] 2o} (Figure 7). ¥HH0l, LBT2 celloll GnRHE 258 F7] 30
o2 AAA Py 7t 5%, 102 Fol 2 BRIV BAEE Ve W, GnRHE &
& 35 oF 54%, 51% FEZT B HE S FAT F AU T2 308 Fol=
GnRH®) AFAEN7} 2435, GnRHE @502 A 23 GnRHY AEDE A T T
AA ERK BAE0] 2tolz} giich dedoz AAA P& o HE 43 ARlo] 30228
2, 5 43 Hed ¢ g8 Alghe] dadithE ARE, GnRH7F @13l ERKE phosphorylation
Al7IE A8-& Jdedo] WA Rt S ongith

2
[
i
i

LI O

“Im 2
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Figure 7. Insulin inhibits the time and leve! of maximal ERK activation by GnRH

gt AA71% (reproductive fitness)®} ol 1A &H44AI 7o) 238H= gonadotropeol] Tk thkst Alg
AAY FA thEAQl A5 @9 glon, dede LH B} gonadotropin TS| Lo
A4l 2go] g o7 FEHA Yut F A#Wo] GnRHZF LHY ¥HIE AF3hs #4, gona-
dotropin « subunit %2511}91 HAF 37, 2] 3L cap-dependent translation®] o Lf-gF 2ol e
Aoz Azsn, £k ¢1¢eo] LH B subunitd R (promoter)] 714 BAHEE ZHaA71H, <
€39 GnRH signalingoll gt 7Hd A 3=, MAP kinase familyoll £38H= ERK 12& Ao & 3}H,
GnRH7} ERK 128 843} sl =9 A2 g4s HE o dels Al & ool 98& Fos

RE& AT o subunit®] cap-dependent translation % transcription<> ERK pathwayE &% GnRH]

ZAE WA H, o] 7 Ao &A= BT Qe Agoz osldrt ol AHE FIH

E o), GnRH7} ERKE A3 7l& 2L e 93k woeta 7HE & + A
HPHoZ, Aed 8AE Grb-Sos-Ras AEEFANAE B3 ERKE €4 &A71<H, °) Grb-

Sos-Ras A2 B A= IRS family 59 shvte} dAdgol, & $43) tyrosine kinased] S EE
5714714 Etk. GnRH &A1= Gg /)& 3h= phospholipase B4S F=815L, 019} pro-
tein kinase C, Ras, RafE& B3I AA ERKE EA AL ™ & ERKE GnRHS €W Alo]9
FTE Nz AQA o olAo] AuxzxHo ¥ER & F vt et dEd AL LET2 cellol A
ERKE o5t 243715 288 ste, o9 GnRH/} ERKE @43} A7) 2448 A7)
X0 dEt 9L ol Jo} i)

olo] that dhtel FHMdEE, QEWo] 11 cascade® FE3] BAFAA Ras T2 FTWNEE
(mtermedxates)o] IRS A FTBGA A FFHA, o}F FIHH/MRE] protein kinase C AT AGAA £
2 AT RIEFE s Mol Ju, E ] /e, dEd FAE A7) s Aol GnRH
7} LH #4818 A8k #34E AAs e AY § dvke otk & Ad4de 93] ERKolT 2

A

§3h= Aol ok, mTh B AzA] GBS 7R A8 ehis 2Y F

RS F7ViHE W ofve} ¢-9WE Tz F8evin deix glev, 31311 A JH\EO% A G-%h
Mol AgE 484 signalingS ©1F YT (heterologous desensitization) AME FE Aol Eilg vt

.83.



Symposium - + Signaling of Insulin and GnRH

AP F, &L G-EY FANE QoA GnRH 484 signaling®] €72E 43¢ &
AL, o]3°] GnRH signaling®] H¥HQ A& op7|& ¢ Yrh olejd 7sA &8 443 B3l
7] A E AZAANAY FHNES]l EF ASHALAHAR FFHE #487% d=27% GnRH
9] G-©d] FAstol| Yorl= e WY ATFstoof Ak

AEAY FREANNY 8ol BT BREY ATlNE TEEAR P2, 5 BRI 7
o Aulo] F2 Belshe o5 ZAAY A& o) Wil GRI Yok TAY AEAL F 4]

of #AsR] Fe ZAME AUt dFE 71X oA tdgFd FE ZRoA AFE 23, LH
=7 % J1Ed o dhE BAlol dlgol AT RS20 tiEF FHA AE vhes
(knockout mice)= S% gonadotrope®] ZJ¢} gonadotrope TR Y] 747} o= Ao] WA e
IRS-29] &F knockout mice’= 7}U 3 (fecundity)©] 74 4] AF7F F716H d|wsite R ol
W83 om, o] knockout miceo] LHE B.F3] FH, A45go] REHoZ ]l BY5= AL B
o} ©] micel= LH A§Atoll Ex)7} gxggq— AL ud 4 gk 22 o]H e A% glo}Ale]
TAZE B AZAAAQ g w2 EAlgle AL wAERE E31H, Altbst o] knockout miceol A
IRS-13} IRS-37} A& EA51H A&dol CHZF} gonadotrope?] HH-& WAL F U§ AE B
sttt 2ol B3k, Y9 IRS-2 knockout mice7} A% A7 vk AL oAuA] 34
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