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1. BFBEERRR/NZ 7514 BAFOHEREN
%E

SR E FET B BRHIRNT 7 54 Y HF %
WRMICEIET A7, DNA A 7a7 L1 (Af-
fymetrix mouse MGU74v2 array : & & + >
45,000 genes) Z FHWTC, LHY—J&IZ< 7 25
BOREMNLEATE, VHFYRELTOHWSY ~
N7 F7: 3 ZFOZEEOBETEBEHRTLLT
WMHB L7 ChooBRBRTFOIEANREL, B
BEL 7200, BEAEMAE, 9P EHRLIC BT % (real-
time) RT-PCR, SFB X UPREIC BT D RERm T
ZZIEELISAICE D, LHIZX B H Y FBI R
BEOBBEAHZOVTRNA - ¥ ¥ 237 LA
THRGE L 72, S BRMI0 F 721390 MR EAE L,
KRBT Y FPEAINTWALERETT, Y
B RELRZAERORBANLEICTHFEINS
bDERBNLBEHETFEL, ZOIRE~DOKE
BIZowT, invitro BLPinvivo 7 v 4 % H
WTHET L7 Invitro 7 v &4 & LTI, 9%
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INSL3 - -
LGRS + -
VI7F +7? +
Ob-Rb + +
KitL - -
c-kit + -

+ +
+ NA
+
NA

?, mRNA(-), #7327 (+) NA : not available

HA BE (germinal vesicle breakdown : GVBD) % #&
Y570, BRI REEEZITo72. B 1 EK
DB A~OVER I, -5 B & AR 2 2 v
THET L. 618, MRERANOERZH~N
5720, REBIDOEIN AN ZHE- R %
TV, =R, BRERILEREZME L. £75,
SPoZHEE R L, MERADOEEN—D L
LTEZONTWAINMIRANI VY FF ViRE%
HEL. Invivo 7 vt 4 1%, FSH## L -t~
¥ A | intrabursal injection 2 & D U AV F &%
51, #® GVBD ~OEBEIIOWTHRA. /2,
FSH il < ™ 2 2 S BEOMEIRES L,
hCG #H5-12 & D HEPR X & T4 1 AR 3 % )
EL72. E6IL, ToZHEEOMHEA G L
YTAERRRIE, BYH o) oB ok
¥, WBRH 7 oM e R
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TR b= XA DER

R - FEABETIREADKRERTF - 4 b
AU HEAINTVS., 2O, SERIE
KA ICHFET H5500H 0, KEFICHST
LN EZ OND. MEBLZRAE T IR
RN T 754 VRHFRFEET 5720, BT
DY Ay FOELA, FRFHRTOZEROIED
WX, BEREFORNDOAEWEIERICOVT,
EHE - TRV ANOBES 2B L. U
YFOEAERZ v AREBIUTFEARZ KR
A, ZCECHERICREREAYICERELL, real-time RT-PCR
BIXUELISAIC L > CTRHEEBOELZHEL
7o, F7-, BREEREO< Y AERBTYIIE % R

L, BARDOEBE % real-time RT-PCR TE®R L
720 6T, REFELTHVWTY V37 LAXLT
DOFRBRE, BREHLOEMMIAR.. BAOME
22T, 2RI ZHRINL, V7Y FE2R
¥R L CHRREE, REkihER, REREsE
A% outgrowth BADHEZ R/ VEH O
S, REROWHIH, ) F Y F/ZHEEROTH
Pk, TRV F T FOT T XA EHAWT
MEF L7z, %72, %% F#ir-differential staining
W& RO, KEBENAKREROMA
BEZHE L. BOT7TE M AFEICE LTI,
caspase-3 assay, TUNEL assay # H W\ CTHE L
72. 85I, TR =V AEEDOSTHE ~ B
T 570, %H caspase HIHA 2 HNT 7K b —
AMB ORI OVWTHRE LA, /2, I b2
YR 7RO ERRSL 0, EHER I b
IR T7TDOARAERBTESdye Z W/, £
7z, RBREICID, BEELZI M NYTH
SHRE~NRH LY P2 ol CoOBRBELT-
7z.
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IRREEINS. HIRFIHROKNEETIX, &
Ik 87 7 74 YRFORMCE D TR M=
APHIREFOFEBERE LD, 7R M= A28
AL HWEEEYH L. ERFPROT R - R
H#ICEEL TR AWHRFZ, 2927
7YY ZAORJBBIICLOVRFEL, Hohk
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754 VHRFICEDHERDOT R — 3 ZAHHIE T 1. BEEEREB/INS 7514 RFOREDN
RMABEINIZONWTD, TrFEr AL BELF RE

REIHEE TV 2 W TR L7, (1) FrRBEBEEIVEHT 7 514 Y HT DO
E

LHY—VBIZey AMBETREIFEARAT 5,

(% 2] HHIREER ST 2 54 ¥ HFOIRBLER VAV FELTORWSY ¥ 37 $723 2 OZER

o DMETEHEWMET L LT LzE 22,

e RN 45000 YL L OBETF OF 25, 100 LT 0BT

P - o = BT A S L AT RS2 B 512, SEKAR/

INSL3 ++ - ? PR EHIRICEARL, YA v PRI TEEASL

;i*’ + ++ + L2 BmEMBBEMNTELI-EZA, BEfME

it - + -

WRIETHIZ24 L2 o7z, IS OBEAME TN
LT, invitro BL Pinvivo 7 v 412 & 0, R
BANDOVERH 2 LR, B SR8 BLIR R
A ¥ & L T. brain-derived neurotrophic factor
(BDNF)”, insulin-like 3(INSL3)®, L 7 » ($%fi

a
) line graph: DNA v120 7L 1; bar graph: real-time RT-PCR
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a) b)
T B0 AP 5 (15 2 -y 87 s v 8t MIEAGSH RENE
) 1 O control 6 1
60 1 J BDNF g |
E,
] il
4o1 "
20 . g 2]
' 0 =B GV C BDNF
C 131030 MIISR/ 28Ry EESRRY e
BDNF (ng/ml) MSW  MIBR Ml X358 Ml 3350
c)
(%) £30
% 80 = 2 80 r.
g 60 N & 20 g 60
% g & .
W40 2 & 40
" 5 10 * 2
20 ps g20
0. ® o 0
vehicle K252a K252b vehicle K252a K252b vehicle K252a K252b

[E9 4] BDNF DU #ER (a)in vitro I2B1F 548 1 SEBHEA C : control, (b)in vitro
WCBITHZHMBERPBIEM, (c)in vivo IZBITHIPRIEH  K252a : Trk #IHI#A], K252b :
AP IE & B R (TR 5 & b — 3RS E)

W), kitligand (F&FH) 2 R L7 Thooy 4 GVBD fR#Tid% <, & 1 BAKRM 2 FET 5T
YIFBLUZORRNZERONENRELE L BEVEDVRIE S 7z, RIER B X ' RT-PCR O
e 2 IS OHBIIEAKETF O 45, BDNF (250 RER MBI CEE S,
BEAANDERIZOWT, BlHE L O B ZHARD TrkB INICHERMICRHAL T 2 &
REERICHITTE LD (K. ThEFhoH PHODE -7 (K 3b, c). HEIIATIIRARE#E T
RIS AR FORENBERIIETEEThHo 72 (&, BDNF (25PN fisE 2 5 E L 2o h o 7225,
A, FORRNZERINOAIBELTVS D PR-PR LA A SRR 2 T 1 IR D BUE % 12
DONRE L RO ONTz. FKBEA~OVER b Fr IR HL72 (KM 4a). ZOERIE TrkB MBS 8 2 4
PHTICEoTRZ TV 581, 2hbHo YELIZ Trk WHIFITT ey 2 ¥h, TrkB %4
HF DI EANDHENEH I DWW THRET L T < LB ERTH o 72" 72, BDNF 35D
VENH L. BABPAANZ - ERETRR T, HE - i
(2) BDNF OISR faFlERzm LI EAEHZAL, BRIV
AFEHTIZ, B2 2EEL-HBRIPEREF D ¥ F % » (glutathione ; GSH) L X)L % #11 X &,
hh 5 FEB & LT, BDNF OBEZIRRL. SoOMBERKREZIRET L EVHLNE RS2
DNA <A 2717 LA & realtime RT-PCRIZ L % (K 4b). 512, Trk #i#El (K252a) % Hv 72 in
BGREDKE R, <7 AJPRIZ BT 5 BDNF mRNA vivo DFEEBRIZBWTDH, F 1 BEKRHOWH], I
DOFEBIL, hCCHZEHITRBEAA ML, 3BHT B - BERMAREOBRD D 5 (K 4c),
¥—Z7IEL, 2RI —FH, ZB5%KD BDNF 24 AN TR F& L TEE LM X
TrkB mRNA OFHI1E hCCIZTEILL % d 5 72 REOZEIRENT
(M 3a). ELISAIZX B % V87 LRIVOKRE T
X, BDNF %3R3 hCC#Hx 5% 7THRBTEY -2
#9352 LH» 5%, BDNF OBEBA~DIERIZ,
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a) c) d)
Real-time RT-PCR M T 12 2 -
S 3 X
K] 2 <
2 g’ =
o 3 30 |
3 i i
(4 20 -
g ® 2
s 510 ]
= ® 2
2 24 48 PMSG D2 D4 <0
+ T 3 =
PMSG 5148 (H) £60 £
hCG
. g go
=40 =
hrd rd 40
1] 20 -]
£ ﬁ §20
] g o . @
§ ® control 25 5 10 ° 0!
e —_— control 25 5 10 GnRHAN
3 GnRH (uM) _— +
b GnRHAN (iM) ¢ el
o
% GnRHR-|
® 0.75 mRNA
0.25

(5] GnRHIDFKRiMERERAE, 78— 2@\FER Q) FEITHBIT 5 GnRET
mRNA D #3214k PMSG : pregnant mare serum gonadotropin, hCG : human chorionic
gonadotropin, (b) HRBIHIEIZHF % GnRH-I, GnRHR-I mRNA ORIEL, (c)GnRH
7 I=Z b (GnRH) DERE (LE), 7TRI—TA(TFTER)~NOEH, ()GnRH 7 v % T2
A+ (GnRH AN)DBEREF (L), 7RI - X (FER)~NOIEM, *, P<005(LB7 &

h —ER %)

2. BFEAFNTFIVSA1CRAFICLIEREE -
7R M- XM
(D) FrHEBAHREREETRE N7 7 714 Y HF
DFE5E
BA 3R EERHHEFL LT, GnRHIL L
7°F ¥, transforming growth factor alpha
(TGFA), BDNF, glial cell-line derived neu-
rotrophic factor (GDNF) # Rl L 72", Th oD
HFIIIE - FEHBETEESN, TOZHEKEY
BREL TV AEKRAMRICERERAL, KEE%
R, THRM-AOREELZHH L/ 72, 7
L 1) ¥, tumor necrosis factor alpha (TNFa) A3
WREEBE2HAHIT L2 L2 RV LAPY.
(2) GnRH-1 OFREIHERERAE, 78 b—2
2 PEER
REHTIE, BADFEELHBEEREETRERE

FomhofFFE LT, GnRHI O BEEE IR
L 7. Real-time RT-PCRIZ & % #ll & @ #& &,

GnRHI X FETRBELTEY, KEDRFH TR
BHEOAERMIMIED SN k-7 (K 5a). —
k., EHRAPEIZB) 5 GnRHE-I %% (GnRHR-
DDORBE % Real-time RT-PCR TER L2 &
%, PR DR I BB ATENH L 72 (K 5b).
X512, GnRHIDERIIEBEHHFTHRDOON, 2
MIREICEBERALTBY, ZOBHBHAMETL,

WA B LARE (S TR BESE B A I L 7= (B4 5b).
% 72, ¥ Tl GnRHI, GnRHR-I & b2, PII
Fadll, REBENARERBON G TRIAIZDOOLN
2D INSDYH VN, ZEEORBEY — U h
5, GnRHIE 5754V BI U+ —-F+ 2 54
YREDVERIZE D ZOZBE/RERBLTH5 ]
DRE*FAMTHIEHHEEENT.
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b) .
S, RYTIEM
a) control GnRH AN

[2]
o

caspase -3 HA&E (%)
)

20
0 4
control GnRH AN
caspase
inhibitor — > 8 9

SAOOLCREE

control GnRH AN

[X6] GnRH-IDKED 7 X b— ¥ ZAMF#EHE (A)GnRH 7 ¥ # = X b (GnRH AN)I2 X B D
TR = RAFHEIHT 5 K caspase FIHIF OEH, (b, c)GnRH7 ¥ # T=X M2 & 5T
TRM-RAZHFELZBEOI I FYTEEODG) E Y 2 0s COMBRRE(), *,

P <005(XMR7 & h — %)

GnRHI D85 7 54 Y ER2BET 570,
BEA S A S 5D GnRH-1 ORI % W55 X2 5 X
C2HiMBIEZ2 S B ER P CREAIICHEEL
(BMERE3E), GnRHI 7 I =X b2 L 7z, ¥
E# 0 2 Ml o hatched M8 kg~ o F| E K
Ei%E L, caspase-Jassay WX VRO T R —
2Rk EMELIZEZ A, GARHI 7 T =R M
MoOBREZREL, 7H8DN—2ADOFEZIHIT
B ENHOLNE R o7 (K 5c). KIS, GnRHI
DAX—=r 754 YMERERET 5700, 2
xR OBEERPTEHERICEEL(EER
Begg), BRI O GnRH-T B EE % 350 & 2 724K 78
TGnRHI 7Y% I=Ab2IRMLE. X575
4 VY O¥ET & F Rk D F T, hatched IEAEAL
FHER, BOTRIN—V AREEZFRARLL A,
GnRHI7 ¥ T= X M X W ROEEF T IH S
N, TR ZAORAENEMLAZ(K5d). €5
W2, GaRHII7 > T=ZAMZLBT7TRPIF—=T A
DOFEIEF, TR ZONHRHBICEE5T 5
caspase MFIH O RIEFREMICE Y Ty 7 &h iz
s, IPACFYTOREBERESEEE R
ZHHEEBRIPEE L TWS I 2R X (E

6a). EBt, GnRHI7 % I=X Mzt b, Bl
FoEHLEI ba >y KU 7oA (R 6b), I ba
YRYTHDOY s COMBE~DKHA
Aoonz(Eo6ce). Blbdh s, GnRHI /X927 5
AvBLOF—=b 254 VMERICEOVEORE R
REL, TRM— 22T L LPHLNE
ol

(3) ERHEAEDO TR — ZAHBICEELRT

R — ¥ ZIHEIAEF D[R E

ERBHRICERL TV B 7R — v AHHIA
ForL, 79727y by ARBEBOXEKNE
£/ 5, inhibitor of apoptosis(IAP) 7 7 3 1) —T
# % survivin(baculoviral IAP-repeat-containing
5:BIRCSLUAND 7 v 77 b= ADREHR
BIARIZIERICRBE TS 2 & 225, survivin 3%
IREEOT7 R =Y 2AWENICEETH D L &
Z, BEREHEICBWTT v FL£ ¥ 22X 5 sur-
vivin ORBHIH 21TV, £DO TR b — 7 A HHIE
Rz oW T#HAZ:. RT-PCR IZ X 2#EF T3, sur-
vivin i3 TR TOREFEEORIZEIAIED LI
72 7a). 72, m VY 2HBHEERLIEATSITA
Z81) 7 » M (238bp) i3 4 MiRLWIEE, FEAERY, PLOR
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a) c)
RT-PCR % q&‘@ M=z FRBH#—Caspase-3 assay
N N g g
¥ SN s :
o &: 80 A
survivin #
= 60 1
? 40 4 *
B-actin 3 40
2 20 1
[7]
b) 3 ol
control antisense missense control antisense missense
staurosporine: [ (-}, +)
r7ix:
caspase-3
BRE

(7] ZEFHEICIHT S survivin D7 K b— ¥ ZBHEF & LTORE () HRATHED
survivin mRNA ORHB, (b, ¢) 7 ¥ F ¥ X2k % survivin BRI OEHOEIL D), 7
Rr—YZADFH(c), *, P<005(ZHE14 & h —LPHZE)

MR OARIZED SNz (K 7a). REdmic
5% %7 LARVTIE, RT-PCR LFBEORR%E
R, BBRREICBWTIE, RMIRRHE, RERIME
EBONF TRAVBOONY. TrFEI R
W& survivin OFHEHH LK, TEALY
MERFER D S B TREHMELL L, caspase
3assay B L UOBEKDOEREBENEAIL TR -
ZFEHELTWEIERHLNE R -2 (H 7).
survivin 7 v F 2 Y AL BMEDT KR —T A%
i, 7R M= AFEH TH 5 staurosporine
FEFBETETEIN—VAZ2FEL 2 WiEE01
uM) TR X8, BIZA ML ZAZAMIMTAE LD
SHEICED LN (H 7c). ThODFERMN S, sur-
vivin 3E KA O 7 R b — 2 ZAHIEICEE T
HbHIENRINT.

(4) BRIk 5254 VRTIZE BT R

b — ¥ 2 PP A F O FEBLR S

AEETIX, RFBIE LT, TGFAIZX 5 sur-
vivin OEBFAH O A H = X 5 %R/ R L7 Cas-
pase3 assay {2 X AHECIE, BRERIZBWT
TGFA (IO 7R b — 2 2542 3H L (1K

8a), FDOXHEIZ TGFA ohffuikick ) 7ay
7 &N HURICBWT, realtime RT-PCR
WKWEDsurvivin DB EZJE L2 & 2 5,

TGFA I survivin O B3 EZ2 M3 €72 (K
8b). EHIZ, 7 I v AIZX Y survivin DFEIE
PHlEBI ko RIE, I bo—n, IRk
A TRDONIZ TGFAILX B TR M= A
MR RBHEERL (K 8). ThoDEEDLS,

TGFA & survivin D BB MIZ L ) D 7K
P ZAHHIER ZRT I EFHLNE o7,

E 512, TGFAIZ L BT K b— 3 ZHHI D45
THREZHONIT S0, TGFADTHE b—3

AMEO L7 FVERELTHLRATYS
phosphatidylinositol-3-kinase (PI3K) % I Bij #i it
IZBIFAHEMRLY RT-PCRICTHNRAEZ A, &£T
DREREEBOMIZEIAIFED 57", PIK O#]
#l# T dH A LY294002(LY) B & ¥ wortmannin
(WO)ZIZ/EH & ¢, BMBRIZEHT S survivin
DR E % real-time RT-PCR THIE L2 & 2 A,
TGFA IZ & % survivin DR BEEIMIER AT D &
9, TGFA i PI3K % /- L C survivin D%
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a) c)
F % #—Caspase-3 assay F 1% #—Caspase-3 assay
_ 60 { 0 TGFA(-) OTGFA (+)
E 10 g
H
= 540
? =
g ° .
& 220
Al |
(3]
- .
TGFA (nM) control antisense missense
b) d)
Real-time RT-PCR Real-time RT-PCR

3

survivin

N

-

relative levels
relative levels

0 0.0101 1
TGFA (nM)

(48] TGFA X 2EKEIMKD 7K b — ¥ 2 #i
B () TGFA I X 2B RBIIR O 7 K b — ¥ X ¥
M, (b) TGFA IZ & %% KT HIE D survivin EHLH
MER, (o7 vFt oy RIZ& 5T survivin DR %Z
#H L 72E~D TGFA O 7 K b — ¥ 2 MHEA, (d)
PI3K #i#i#l ® TGFA 2 & A survivin FEIB M INE
Ho7avy 27 LY :1LY294002, WO : wortmannin, *,
P < 005Xk 9 & h — N E)

BEZHEMIELZ LAREIN(HED).
£ ¥

Fx ik, BIEHKNT 754 CRTHIIEH -
MREBCEETHLILERLTE.. DNAY
42707 VAKX A8 E T OMBHRE L,
BIEME R OMOBERE T D &, TP LA
AR RSS 754 VRTFEETRHTI LD
TEETHSH. ZNOLEBYICHHATAIET, &
ERBIBDO B O LI NS,

WOEPEDOHRORREEELEATAHZ LIEHL
NTHAHH, EERATIEISFESFE RBEHERNT
774 VRFPIERTEICIER LBEEHFE L
Twa, /2, BEEHK T2 54 YHRTFIZER
RO 7 R b= 2OHIIC D EELRE 2R
7L Twhb. e FoBEKEHKE, FAEETT
LREURETDHY, BHICIVRZBLIELEHNT
5. L»L, AR IAEARIEER I 5
GIFT/ZIFT OF Rt %, B FEERO KB

H 560105

b, KRR S 2 54 YHFHIRML 224K
AR, BRAMEOE KT €52 L
PRBEEND.

BoORLELOME, & L TREENLIE
BIlLoThENRTWSD, BEHK/I 5754
YHFORMDBGFLARLVTEDE ) B2 R
LTV EHE, BENDEIATEARHTHD,
HEANZREEBEICE > TEITNZROEBHTFHRD
FAEZEDDLZ LIZEFICEETH L. WK
Bk, ERFTAROENREEICB T 5 BRE K/
5754 YRFOBEIZIOWT, X574 25 HEEEH
MEFLELEZ 5.

A FEROBERICHOUFEMICE L Tk, ko X
I BT EDHFEENSE. DNASA 72707 L A2
X BRHEHENT 7 54 Y RFOREIR, otk
MBI ERTRTONNT 7 54 Y HFDOHEH
WZEASY, NP OBEOB AR REORRE
WIHTE 5. $£7:, BROKRIBEERICEARRkK
NG 754 VRFEEYICHVWAZ LT, BKOH
PEE D, IVF-ET OBBEOM LIS Z Lt
BEsh s, Hil, ChoRBEHERT 254~
HF OB R IEIFI OERE, Bz iEEo
BRRICHOEBTHEEZ L. B2 ORI,
HIEABZOHMRAOAL ST, KEEFDES
RARBEAOWENEZHOTEY, BRISHZHE
BEICHEZED TV E W,

I

%60 B HAEMBARFESZERNFRZIBNT, V¥
RYYLBHAOBERE G Z TV E T LB NES
WREE BROFEZBERY WL LHENFRHERE,
(2 8o N ¢ AT L U ol 3

LR R E (S FREE)
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Synopsis

In mammals, rupture of ovarian follicles and final maturation of oocytes occur in response to stimu-
lation by pituitaryderived luteinizing hormones (LH) that act on the somatic granulosa and theca cells
surrounding the oocyte. Because LH interacts only with ovarian somatic cells, its potential regulation
of oocyte functions is presumably mediated by local paracrine factors. Shortly after stimulation by
the preovulatory surge of LH, oocytes arrested at the late prophase resume meiosis characterized by
germinal vesicle (nuclear envelope) breakdown (GVBD) , chromosome condensation, and extrusion of
the first polar body in preparation for fertilization and early embryonic development. In addition to
nuclear maturation exemplified by GVBD and extrusion of the first polar body to complete the first
meiotic division, oocytes also undergo cytoplasmic maturation characterized by cytoplasmic changes
essential for monospermic fertilization, processing of the sperm, and preparation for development to
preimplantation embryos. Although the spermatozoon provides an essential element for embryo gen-
eration, the developmental fate of the embryo is principally dictated by the oocyte. Accumulating
evidence indicates that a number of growth factors and cytokines act as paracrine and/or autocrine
factors during early embryo development. In addition, developing early embryos produce growth
factors that act in an autocrine manner to regulate their own growth and differentiation, or to serve
as paracrine factors by regulating endometrial receptivity for blastocyst implantation. Apoptosis is
an essential physiologic process used in almost all tissues to remove damaged or superfluous cells.
However, early embryos are unique because no cell death is found up to the blastocyst stage during
normal development. Recent studies have focused on the role of apoptosis on the degradation of pre-
implantation embryos during in vitro cultures. In the in vitro environment, apoptosis of early em-
bryos has been attributed to the lack of maternal paracrine factors such as essential growth factors
and cytokines released by maternal reproductive tracts. Here, we show novel maternal paracrine fac-
tors that regulate oocyte maturation and preimplantation embryo development and apoptosis. We
performed DNA microarray analyses using ovaries following gonadotropin stimulation and identified
candidate ligand-receptor pairs potentially involved in the process of oocyte maturation. Among
ovarian genes, we selected the candidates based on the increased expression levels by the preovula-
tory LH surge and localization of ligands and receptors in ovarian somatic cells and oocytes or
cumulus-oocyte complexes, respectively. Using in vitro and in vivo studies for oocyte nuclear and cy-
toplasmic maturation, we determined novel ovarian paracrine factors for induction of oocyte matura-
tion. We also found novel paracrine factors that stimulate or inhibit early embryonic development
and apoptosis based on the localization of ligand-receptor pairs in reproductive tracts and preimplan-
tation embryos. Furthermore, we demonstrated molecular mechanisms of the paracrine factors to in-
hibit apoptosis by using antisense approach for gene down regulation in the embryos. In this meet-
ing, I have shown brain derived neurotrophic factor, GnRH-I, transforming growth factor/survivin,
as representative maternal paracrine factors for oocyte maturation, embryo development, and
mechanism of apoptosis in embryos, respectively.
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