B4

/NI =k 7 & BREERT G D BGAEE S UM )
HFE B REIC B9 2 i 5T

S 24 3 H

iy

/N T HE

/

[ef] [ L] R R B
Bt 2B an Bl se il




EPN

BB LU B R oottt ettt 3
BEASTEFR Y AR oottt ettt ettt eaenan 4
DY <3 1= 1 1S NP 5
[ TP 6
BELZE 1) 22 B ettt ettt et ettt ettt ettt et ettt et e eaennenea 7
SEATER LD T oottt ettt ettt ettt ettt ettt en et an e 8
T B S DD B e e e e e e e e aaaeas 10
R A= OO 11
o T RV OO 11
GIRFHAE D IR & IR oottt 11
GRE NG D BERE B OITHIFE oot 12
7" ZYIEEHIBE DIRIIAEE oottt 12
7" Z GAEHHIE D TVM Fi DB THEE R cooveeeveeeeeeeeeeeeeeeeeee e 13
T B 7 7 T LRI oot 15
B L 2N T 22 ettt ——————————aaaes 15
IRITFFZ D HHYT oottt ettt ettt 15
B AR CTH WM XU e, 17
TR L UBEEEE MR oottt 17
COCS DERHLE TVM oottt ettt enne 17
R s = 1 OO 18
GIRHHIE DL FEAE & TVC oottt 18
VIARY Ty T 4V ITEICXDE R NTELRUVDINT o 18
FOEGETEIC X 2N AL D AEFEMERITE oo, 19
el 2 TSRO 19
F=E s X VNN 7 2 SRR D IR A s K OISR RE X
— b+ 7 7Y —FHEA & HEANCN T 2 REZ D IETR D e, 20
2= OO 20
FEER T H A U ettt 21
s OO 22
S = 3OO 26

P FLose =%, NIRRT 2 ONEE Il O A — + 7 7 U —RRICHZ BT
32 el Ui o TR 2 R 4 5 © & CHRAMKENEE I X UM RS AR R B Ok



G T T e et 29
L et e et e et e e et e ettt e et e e et e e eteeeanes 30
FEER ettt ettt sttt ettt 37
B L B R 8 ettt 39
FIFITSTRR U 2 B ettt ettt ettt ettt ete et e s eaeenenne 42



AT E ENBWEAR L. Tk s X OCfho K CcHAfLemE D72
mi@éﬂt%m%é&@m&m:a\3;U\$%Xmmmﬁiﬁatfmfi
72 DR GT, AR T CIIARELZIFHEFONRLZEA TN L2 TFE
L¥9,

K4

H{F




FrFEXRU X b
/NG AR 7 2 DIBE I o (RS A X ONTRZ I kRE (DBEFESR)
NIHTHE FH&EGLR
AAREESS 112 IR HEHEESE p.85 (A 20104 3 H)

Pronuclear formation and developmental competence of mature porcine oocytes
derived from small- and middle-size follicles. (FZX X —FFH)
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Transcripts during in vitro maturation in porcine oocytes collected from different
size follicles. (K & %X —%3R)
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Development competence and relative transcript abundance of oocytes derived
from small and medium follicles of prepubertal gilts.
Chiyuki Kohata, Maria jose Izquierdo-Rico, Raquel Romar, Hiroaki Funahashi
Theriogenology 2013;80:970-978.

The autophagic inducer and inhibitor display different activities on the meiotic
and developmental competences of porcine oocytes derived from small and
medium follicles.

Chiyuki Kohata-Ono, Takuya Wakai, Hiroaki Funahashi

Journal of Reproduction and Development 2019;65:527-532.
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Aurora-A
Aurora-B
Bcl2
BSA
c—MOS
COCs
dbcAMP
eCG
GVBD
GV

hCG
HSF1
IVC

IVF

IVM
M199
M- 1
M-1I
MF
MPF
mPOM

Anaphase 1

Aurora Kinase A

Aurora Kinase B

B-cell lymphoma2

Bovine serum albumin
Moloney sarcoma oncogene
Cumulus oocytes complexes
Dibutyryl cyclic 3’,5-monophosphate
Equine chorionic gonadotropin
Germinal vesicle break down
Germinal vesicle

Human chorionic gonadotropin
Heat shock transcription factor 1
In vitro culture K45

In vitro fertilization {&#}52 K
In vitro maturation R4}
Medium 199

Metaphase- I

Metaphase- II

Middle follicle YNAE
Maturation promoting factor

Modified porcine oocyte medium

NALP9 NACHT (NAIP (neuronal apoptosis inhibitory protein),
CIITA (MHC class 11 transcription activator), HET-E
(incompatibility locus protein from Podospora anserina) and
TP1 (telomerase-associated protein))-, LRR (leucine-rich

repeat) and PYD (pyrin domain)-containing protein 9

ProM- 1 Pro—metaphase I

PZM-5 Porcine zygote medium 5

SF Small Follicle /NJNAE

T-1 Telophase- I

mTL-HEPES Modified Hepes - buffered Tyrode’s lactate
ZP3 Zona pellucida 3

ZP4 Zona pellucida 4



FAIHBXDEE

FLENY) D IRt i T AR T ICHEfi X 72 % < DMETEA SRR S FE T %, Th

TT, INLDIbEEERZAZINEEZ Z o3& T w2 HER(MF ;. A
& 3~6 mm) 2> LRI L CEZAEIN DIV EFEICHA S L CTE =, LarL, JNEEfIC
TFNS X 0IE 20 008% < O/NIIJE(SE 5 R 1~2 mm) BEET 208, Fbic
HIEN T ZUNAIIEIE, BREERICH D, AANCEY B L T b RS AIVM)
R e A & coWIHIRAEREDY MF HCROUIEHIlED 2 b X 0 v & &
N, TRETHHINTW AR, Z1d MF ¥ X O SF fiskIPEHIEIC BT 5
IVM e WA A REIC 5 L ITTUNRHEN OE N ZIH S 221035 & & BRI,
FNoDTEARIC X . SF HERINAHII D IVM RECHI AT RE 2 OGE L. THFLENY)
D YRR NIRRT X 2 ZRINDOMEINEFES R E K& mETtcE 3, 2
T, ARWFgeix. 72U o SE BERINAE D TVM BE, (R98328E (IVF) fEs X
O RIHA & c oW A RE DY MF HERINAEE D 2 1 b & LRI L TR v & 5 A
FHEMRGET e HIC, Z20ERBVWEAABTIHRRKZRETT 272017272, T
T CoOMhFIC X AW TIE, IVM &I RECEAINEHIE % & R B8 © IVF ColixE4:
D7 OFINEE (IVC) %4fT-CTHE D REAINRHHIE O FEED % D% D IVF H
CHAF A RICHEE L IS T AREM A E 2 b vz, BfITiffRicEs T, IVM BZICH
— WA D % R L 72 BRI BRI D 4 % 3885 L T IVF & 2 0o IVC icfit 4 2
Z & T, MF 3 X OF SF fRUNAHE D IVM g, IVF e X OIRER AT~ 0 9] HA %
AHER FFEMGE L 724558, SF fskINAEIAE © TVM fE13 MF BRI % 11 & LRl L
THEICEWT &3 ERTE 2, —/7. MF 3 X 0" SF HRIIERE © IVE $ 0§
TRAE S X ORI R, DNERICE = RN RN L 2O 2T L7225,
SF ko EEiE o IR i~ o gIHAF A= (2. MF dsRINERAIAE & bk L TR EIC
Bh o7z, F72. U S, VIR A 7 E BRI 2 %0 h O BIET
(AURKA, AURKB. MOS. ZP3, ZP4, NALP9. HSF1, BCL2) ® mRNA &2
MF 3 X OF SF fRINAHHIE D IVM BB D% CTER D 2 1 E IO W THIERL 72
LA, fAREETCOBLRTOBEEYEII IVM EEBEORICERICE T L Tz d
DD, -MOSEETZRL. 13 A BT D mRNA EiZ2WwWT MF 3 X OFSF
HekDUIEHIE O CHEEARZZFED O ad o7z, —J7. IVM BEBBIAFTD c-
MOS Efn T D mRNA Eic oW Tk, SF HskINARIAEPN ¢ MF fskEl & Figk L <
BEIE L, -MOS EIET % & T E TR 1 DU B PEY & &\ 23 SF ik
JREHAE O TVM BESLCWIHAFERE IS 2 % MUT TR REME A E 2 b Tz,

Z ZTARHFZEClE. BfTFRIC B VT L OBEETFHED mRNA 228 IVM %
IR ICHHZF IR T3 2 L 2L LT & . MF ik 7 2 S EHc o 4
— b7 7 Y —iEEOTUED IVM BECHIIAFEREZ I L X 5 Z &I N T
W3 Z &b, SFHRINEHIIE T & 2 DiE W358 ® 5 i, SF X X MF
H SO AL AT D RS R EABE LT IAFE A BE DiE I A — + 7 7 ¥ — TR 2 B 5 L
TWAHAREE AR T LR TE 30 Lk, 22T, mTOR ¥ 7 F L RIRIKTE
WDF—+ 77 —FEAITHE TN~ 4, Fy 7 FARBRKEED A+ — b
7 7 ¥V —[HEHFITH 5 3-MA 25, SF B X " MF HRIIAHHT O IVM fg< IVC Ko
WRBE RO ~ 0 Fe A4 3K G L 72 WIHAFERE IS 2 % T T B I D W TN 72,
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ZDFER. T o3< A ¥ VIFE T T MF HRIVEHHAE D TVM B OCWIHHFE A REDS &
HicH L, S-MAGFETNTE D ICHBICIK N L7z, —J7. SF HRINEHIIED IVM
BE M OMIERFEAERE I, T %<4 & v U 3-MA OTEE i b &R Z T 72 b o
2o TNHOFERD L, mTOR v 7 F AR A — b 7 7V —FEFITH 5 7
N2 Ay Ry S F ARG A — 7 7V —fHERITH B 3-MA I B
KOG mTOR & 7 F AR EZ N L CA—+ 7 7 ¥ —Re2 5 2 661712, MF i3k
SIEEHIRE & SF sk Aild cRAZ 2L ICL. 25 DE WA MF B X
U8 SF HsRENEHIIE D IVM RER WIHAFERE D3 I+ 2 a[REM: 2 RIB L 72,
K, mTOR KR A —+ 7 7V —FEAE LA OGNS D b Lo
o — % IVM E#ic s L <. SF HskINEHIld D 4 — 7 7 ¥ —HE%Z mTOR JEK
RS 2 2 & C. fERE L CRIID IVM e WIF A2 Bk v d &
WH T EILONWT, et E{To7/z, ZOMR, A— b7 73V — LTEEEE L BV H
B2 RT LC3-I BLOERYE LA — 77T — L% OB TRETR—& N
JETH D p62 DXV NIELLTEHHI L 72 SF B & O MF B REREHIE © A4 —
b7 7Y =Rl IVMEEEOETE L HITET L7225, 10 mM b Lo~ a — RERNN
DHEMIC X 22T b e d > 72, —J7. SF HRINEHHIE D IVM g X O]
HIFARIZ, 10mM FL oo —2D0FMIC k> T, AEICKEINS, 5, SF
¥ X " MF HOREETAE 2 B 0 B I a3t o B fE e o W TR 7= L 2 A,
MF 3k COCs DUl i o A= {71k 12 IVM B2 o il 20 B o], ZE L Twiz
3. SF 3 COCs D5l i o A 17k 13 IVM B2 IR 20 KRS % CIcBEE (KT
FTHZE, IHCE, 10mM P Lrose =N X Y 2 o BRI R S 0z,
No DR S, IVM EHi~D 10 mM F Losa — 207ME. IPEHE O 4 — +
77V —RRICEET L L, IEMiaoREERLE 20 KEE T O E L & .
SREHAE R M & Dt a I 2= —2 a v ERZFT L, #EEAIC SF hskon
B D IVM g IRBEIa ] ~ D WIS AR 2 1 L & 2 2 REMER H 2 2 L 2R L
77
PLEDOWHE 25 mTOR & 7 F AR ENT 24—+ 7 7 ¥ —REDMEIREIX. SF ¥
X " MF dkUnBHlefcH O picE R 2 2 b 2 R L7z, £72&5ic, LC3-1II &
LU p62 DX v ARTHLRVTHIL72A—F 7 7V —RICOWTDH IVM §ED
ETL DI T T2, mTORIFKEFEN A -7 7 —F8AICcHL L
~a— 2% FWTd SF HESRINEHHED A — F 7 7 ¥ —REZ il 2 2 & 1Tk
Wi, kLo — Z2DFEEDS SF 2k COCs oI iffd D EfE %2 V7 < & 3 IVM
R 20 RefifERs 9% & & DI IVM ek X M £ co AR EREZ M |k
IRHBZLEHLPICLZ, SO DEED L, MF gRIFEHACD IVM fEk X O
IS ARE X, A — b 7 7 P —BEREIIC X Y X S icEETE 22, SF HiskUNAL T
DENLIZ. FLoo— 27 EDEE N U EME0 %P X, UREHII & U
Mgt ot+nhala=r—va vEBERT 2 CREINSAREEZHS 22 I1C
L7zo SO OFIEIZ, SHEANAEMIEREZ < o ICAMNICTER 3% 2 L 2 A[EEIC
L. REEECEIEMMER COZBEINOMIMVEERZYEE L, 7/ LRER Y
I X DA PE coAIEMIE G E K v RBIC L, BEANA AT 7 /vy —DFH
BIBICKVICET D EHFZbND,



FLEm L DTSR

AWFgEIE. 7 2 IPEESR/NINAE(SF 5 B 1~2 mm) & X HFUIE(MF 5 B3
~6 mm) HRINAEHAE DRI A (IVM) BE e A4 2K (IVF) RE. #IHEAFEEREDE »
. FnbRERETERARN TS L EHNE Lz, EITHRICBWT, SF &
X O MF Hi3k00 e — SRAHIRESE 2 IVM 580t L. 21 o oUiaHlido IVM
BERHER T 2 L L bic, B—HEEZHERTE ZRAIIEHI D & % vwT, #hb
D IVF it X CWIAFRAREZ 7, Z DF5HE. SF diskINAHlao IVM fEs L O
VIFAFE A BE 12 BESR & [FIREIC MF BRI 25 L B L TR Z & SR I 7z
23, IVF L HIKIE R ol X 115 IVF fgd X NP -CREl X 1L 5 RF R 205 hE
iZ SF 5 X " MF HRIFEHIIERICE ZE AR EZRA W L 2 HL 2 iC Lz, F72, SF
¥ & O MF fRIAHE > AURKA, AURKB, MOS, ZP3, ZP4, NALP9, HSF1,
BCL2 i&{xfHk mRNA % IVM }E DR CHE L 7245, £ To mRNA £
IVM BB ORICHEBICE T L7225, -MOS BET %R hoE{E T D mRNA £
MF ¥ X OF SF giRUN AR C &1L et o 720 — 5. IVM E58 R SF HskUN -
faD c-MOS #EinTFIEEY) & IZ, MF BRI X 0 HEICK <, SF BRINAHAE D
IVM BELHIHARERE I E % RIS T HIRE B 2 bz, & 2 TAIFRICE W T,
IVM £ % CcD mRNA 20K FCIEHlEO A —+ 7 7 ¥ —BE D HEEICEE T %
WEDHED S, mTOR v 7 FARBIKEEA -+ 7 7V —FEA D T N~ 4 > v
& FIFHEA] @ 3-MA 23 MF ¥ X OF SF HskINAHIld o IVM #Eed X OWIAFEEREIC
BXIETHELTNT, ZoE, IVM BERO 7 %5~ 4 v v ¥ 7213 3-MA #1E
X, MF dRINAEIAE D IVM Bk X WA A RE 2 s e ndiE T - 13HE L %2
23, SF HRINAHE ClRR O R B 2 BE I N B o7, TNH DR,
mTOR ¥ 7 F AR ENLCH—+ 7 7Y —BEZ T 36EH13. MF B X U'SF
HERONAHIRE C R 2 2 L2 R L. Z0EWAZNS QU D IVM fEH)
HIRAERETOBCITHEEL TV A2 L 72, & 5ic, mTOR JERFRI 72 4
— b7 7P —FEHTLDH D FEEHD FLovw — 228 MF B X O SF kAR Y
DA =77V —hes L IVM BB WIARAERIC S XITTHE LT~ 7z, Z Ok
B P =2 LC3- ML U p62 D& v X7 E L~ )L CHEi L 72 SF H3RIFE
HifeD A — b 7 7 O —BRICHE A RIT X ndr o 7255, SRS o A fFEHER: 2
HA— 1+ L. SF HRINEHHIZD IVM BEs X OWIIFRARRZEEICKE L=, UEoD
W75 5. MF HisRIPEH D IVM BEd X WIS AEREIZ. 4+ — + 7 7 ¥ —REFAH
Ik X HiceETE 528, SFHCRINEHlED 2 b ix, b Love — R EOFETE
TCUNEM O P&, SR VRt otk alia=Fr—va vk
MRS 2 2 & CIGEI N B ARETER IS 2T Lz, S0 DRIRIZ, MM AR Tl
HIROANER 2R L, 55 52 - RN Bh E I © O ZHEIN DRI E EERh K D e
FICRWICET 2 EEEZLN D,
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5—% ®E

INFERIZ DL T

HFLENY) < DI ECIE . A I I an I AR SEA AT 23 A2 5l S SR i A% Bk e . I A
fae b, a2 X 2 E T, —XINEHfE~ L ML T B 2 e oM E
%o —RINRHHAL 58— AR ok L. 2 o %Z —J8 o /i F7Zz f:4iid <
FEh, IoICzofBEzREERcEING & T, FHRINESERENE, ZD
%, —JEoN R o EMEclE N —RIE R R L, 5 EU Eo
FEREAIA IC B £ 72 RIS R X B I, SREEHIAE 2> & o i X v |
TR EMAE L O ICERT BRSNS, X Hic, JNAaE B ICHImE 2384, FERL
[EMIAE DS 3~6 JEICEF T % & R S s, £ Dtkix. IR Bk e
R ORIBRICHIR L, = RIAE (BRRONAE) ~ & R L, SHAERER 23456 L C—
DOYfEIRE R RO 7 7 — 7B~ R T 5, 77 — 7N T —RIPRHAE X
INREEEIC 2 Y U 720N e & PRI 4L B ER o0 I L2 & 4u, DN A & I 4 2 S0k
Mo c@Ebh b,

SRAHRAE D R & B R

IR DFEE It - T —XINEEAIAC X IR R G- Bk B o BTG 2 2 2 =7
— avickVET S, WhMaIa=r—vavicli, DIV A7 +—
IV IHBERTF B(TGE-8)7 7 2 ) —oRF2EE5 L Tw3[1], T, KES
LK+ 9 (Growth differentiation factor 9; GDF9) ZUEHlaN T L Tk
b [2]. GDF9 X~ v ZIZINRIIZHUC EE 2348 U CARME & 72 2 [3] 2 & 2 5 JIfEsE
BICHEHST2EHERNTTHELEZLNT WS, JIEHIE C < FE I 3 B £
v %278 15 (Bone morphogenetic protein 15; BMP15) % %72, GDF9 & 1##di L <
< 2 & CcHNEMAE A EE S &, IR EREST 2 2 LB LT3 [4], I
MoFEICIZ, INEMiEZ & OB E MO8 sEC. IR V€~ FSH ik
e R E Y LH IS 2 05 IR 2 SR EMeo b EECH 5, ZhbD
B o vp CONRHA X I E o B A A X ¢ 5, IR E o ER OB K23 E F
% ¥ TOuERE % UL O BUR & S,

¥ 72, FSH < LH 3IfaER % (R L. LH ¥ — 2 X INEEHAE O > R 6.
O AR oAb, HEOR & A3 5, 48 C FSH = LH OREEIR~D s 90 Al fa
DAL BRI DRI A A E (IR 5 [5,6], FSH L & 7" % — |3 B8k EHI kG & SR A
fifg<, LH L& 7" % — |3 M & R gl o L <5 [7], FSH % LH
X, SPEMIAEN D cAMP FEAEE O [8] & MAPK oA L[9] 2 {E 3 T & <,
INEEIAEN © cAMP L~ v o —itatE o F5F & YN EAiE & SIEEHAEE o F v v 7Y %
v 7 vavoylli, 2tk S SIEHHEA cAMP B X O cGMP L RV KT % 5]
FRZIT, TNO0O—EHOEEIC XV, D HOBHSFHL S ., I
KL, IR HREE L €. BB—d 2~ L a2 0 5, 2 ok, 5
— A R U ZROPRHAE & 72 0 . M-TTECREERB O A2 fF1k L, HEONic 2
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%o BIRET KA CHEB DA ZFIE L. T RE JITHRE L ZZ0EHIE 25
FERE R e i2 13 2 M-TT £ CHAT I 21882 & DR & I 52

SRRk e D STRE R O R EEF A

PRI X 7z plezh (M-T1HR) BREHRE I, SRR IcE I, 2 2 %k T %,
BT 2MEAT 2 & AINEHIIIE S I8 k2 i L, W23 T 3

3. FO%., BABTHEBIZI I e X2 I vol AT 4 FiESGORTTR E 2L
L. SPHIBEREIEE O Gl Hi~DHET & & b ICHEMERTIE SRR S L B o MEPERTRE & HEME
A% 1%, VNS o) & CRUNETERHOICE] & 28 b, Bihdic ) L iR
DEHFAZ T T 2 2 & CRIEHRD TR T 5., Zhk. WALEBY OINI3E %5y
HEZBEVBELADBOLIE?» L TE~EBEI L, MRE KR & 7 2 NI & i
BRI 7 B KRB 2 SO MBI EZER T 2, £ 0%, BN ORIEIED B A L
TR L 72 0 . B2 LB L. BRI %,

7 2 GNEHRAE D RN A EE

T2 EED. % OHALBIYME TN ORI FER M. E hT\nwB, T X
FHRCTRDSGCEEIN TV IHABYRETH 5, LiEEROL K Tk, £ 6
2 HEBROBEZHREBEBIRRE 7 2 2BE L TRBALE LTWEDT, 7XZHEINDEK
MEFED 7= D IR & L 2 008, A% 6 2 H itk O BEZ=FEIFIARIE 7 2 1 Hk
LTEh, EE3-6mm D MF 2O LZSOREHEERE L CGEHINLTWAS
[10,11], F7=. BLiC 7 2 ZAEIN DRI FED - D10, STREEGHE LT, IIELH
N DRI REE LD POM 35 X 02 AEEs o PFM[12], ZHEI0 o W HHFE A= 55 1
D PZM-5[13]25BEIchs c n, A LT w3, —J7. ZXUNEKREICIZRS L7z
¥ MF L 2 fFEE 3, SF KL E % 5o T3 [14], SF idskIIAHIIE % 32500
DRAEFEICHIH ¢ & U, SIS HSRAEMIE O FI SR 25 BLc m L35 2 & 28
WifFc % 225, SFHK®D COCs I2& ¥ N 3 IRHHIE D ERE X MF H3kII X v b/
X < [15]. SNEfRAEsh P wn[16]Z b T W 3,
¥ 7-. SF HRINEHI o AL EE S X O EAFE A fE1x. MF FsRIF ARG & ik
LC. BB 17 RIN 251 O BT RGE [18], #IHIFEA D REJI [19] 23 EITK
W2 ERHIOLNT WS, LAL, 205 DWIZE T, IVM 1212 R 3 7 I AT 3
GIENTEY., 20HBOFAIHEEL KT LRSS D 5, ABFFICHKITL 720
LB WT, IVM RIS A BAER T T — iR %2 U L < 2 SIRHAE % 3 # 3k L .
Z D% D, IVF BZLPARERICKITTHELTAN, 2 OMER, H—Miko
& [EE ettt DM AR R BT X o TRl & L7 SRR © siE 12, SF HkIN
X9 b MF HRIFCHEICE 2> - 72[19], SF HRINAHIACE N D cAMP 5 X O
cGMP ED@RE[20] %, A& FF v B XN MPF L [21]iIc>WwT% ., MF i3k
INoZNo LI L CTEREICERZ I ERRENTWE, T2, IVMEEBRICE—
FRIA % £ 5 BRSIRHA O & % 58R L IVE It L7 & © A, $2RS5EGEH 6 N £ 72
13 9 B oK TR AR, MEHERTIZIE R 3 X QORI H 72 © Dk 2 AT SF
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B L O MF RO cE EaZ 3@ o e o, TFRADZA IV
CHIMZIE D #ELT 12 SF 35 X O MF gk ifE CRIkCcH o7z T, b DEK

SN I SZREREIC BT B ABE R Z I b o7, T 51T, BITHEICE VT,

SF & X " MF HREAIIEHIIE O RRAEREZRE T B 72010, Bk % iR L 7290
EHfED A % IVF It L7z, 22 d 22000 b3, MF H2 s SRR o IRz
AR L, SF HSRECAUNAIE D 2 & LB L THEIC 2 552 o 72, EAL 72
FPE 7 2 D> LR L 729 RH I © IVM-IVFE-IVC # 1 IR R Ic 56284 2 AE 0 I3 TE R 3
~8 mm DIFRLIC Hk 3 2 INRHAERE CiEW X v S, BERENETO RKFRE 7 £ T

3. 3~4 mm DEFRDINED S EAL 72 INEE R D FAEREIX 5~8 mm DI &

BELL 720N 2 N X KX 5 TH 5 [22], L7=23-> T, SF HizkInEHIE o
FABelZ. IVP o444 T 27 2 uyd —D =0 OSIRHO&EFEFF & LT
FHERHIFIC 2R 2 A REED B B,

7 RINEHRE O VM RO BEFEEE

INEE I 2SI AR IS 24 2 HERF T 2 58713, IVM. IVF, 3 X N IVC I 24 2 38(E
T O LR EPEY B DEM R N2 — v PR R Z KT 2 133 ThH 5, LA
5T, SF HRINEHHIE D, ZHE. B L UOFRAERTIDENIZ, 2o DIEERIC
B L T B ATBEMEDS B B, PERVIC RN L 72 7" & B H S DN AR % FH o 72 T 58
(23113 & 2 25, HZFENETOINHE O B 7 2 I ik o LI T 08 T D iR E &
EHB LRI EA LR, filk~A 70T L4 2HOZRESHTIZ. LD
B v X ERT 2B O BRI B 2 i s TnwBd X O TH BT EERIHS
PICLTW3[24], chopr vy 78k, MEAMOFE., 28, HiE, R#x
E. S OEYIEN L T e e RACEITN TV EELRTEEET S, cnbo 7ok
AR S 2B n T OIREEDE Y, BERBINTO RLEENM 7 2 o SF hARINEE
MO CEENICBR T 200D LIva v, £ 2 TARIFFEDEITIHZE L L T, UNEHH
fED R, ZHE. ZAEINDOFRERLHTT K b — > 2R o FHiIcEIfR T 2
(AURKA., AURKB., MOS. ZP3., ZP4, NALP9, HSF1, BCL2) o} 5 vz~
V7 b — LN ICE S 2 Y TR 1T o 72,

BB HOETICEET 5 3 DDEMET (AURKA, AURKB, XU MOS) &
THRF—VRICBET 2 1 D@ F (BCL2) OEEFEYE % IVM DRI/ HT
L7-fE5, COCs Z#INE L 72HEE. b DEE T TNT GV HIIAHE c R
LCWwiz, L2L, M-I Iicom#EnZfzibicBaG L, 7 2Ll MPF &t
FAIET 5[25,26] MOS 855 EY @ 75, GV HUNAHAAIc 5T SF X Y & MF
HSR D IIRHAIEIC % C FETE L Tz, IVM B2881%. 4 2V v B B L U Mos D&
AR L, 7 & U O BB 2R % (R 5 5 [27] AURKA % & LEET D
L~ ix, SF X O MF o UiRHE CRIBRICEK L ~ v TRIFITET L 72,
BCL2 Bz 0isG &3, HFMHIH 7 2 U0 &b icik 4 icigd L, #t
TR =T RZ v HE BCL2 2§l X4, 5 8 E 0 XA < o ik i iR o
B ohl, MoWiF{t, 7R b= 2 &5 &z L72[28], wzic, 2ThbH 420

13



BT oI coOREREIZ, F st Hcor v I EEE KL 780
b L, BERBIFIARRE 7 2 O SF HRINAIE T MPF L iz, MF
HIsRIID 2 & (K> [21]0 T, SF HRINEHHAEAS M-I ~ZE 3 2 8/ DK &
. MPF ICBl#E S 2 > 7 F VB ORENE T Ic & 2 ATREMESS 5 5.

=7 — GRS o AR I B3 2 BHE PR oS Ic L b . GV s X O
M-TIc % SF 3 X U MF HRIIEHIAE © D ZP3 & X U ZP4 R T O FBICH
BRAERRONAY o7, RO OBERERIT. 7 2 IIEHHIN O BRS 718 A b il
BIVMAEIC BT 2 Ch g Cofs (17,1812 18 -7, CRETOWETIE, &
K RUIAIC sk T 2 I0AEIIAEIE. X 0 % B IB O R P icEE L, IVF K
CHTICRA X, ERE LTE DS ONBHIIaAZRIE TIE TIch 7 < L b
. RO e £1C X > T IVF ORI BB 2384 L T fain - 72 72
., BasEEAEGoNZEEZ LN,

SATHRSE I B0 T HIIFERE D~ — 71— & L CRHEDESBIE T OV ok
ST L7, D DBIET AL ISR OIMEY ) & ORI IC LB R RS
xR VAN IERIVEK ORI 2 — F33[29], HSFl1 82 EEY DS 1T, KX 7U[
fa X v b SF tisky o BIRHIE C&Eip - 72 [30] 25, SEfThiics T, GV B X
M-1I #l o JREHAEIC 3515 2 NALP9 & X O HSF1 oG FEY & IC SF 35 X U MF i
KIDEHRA O B T HEA L b o 7o SF HSRINREE T OIS 72 b Ol
3. MFHERINO ZN X Y D7 o722 &4 5, NALPY & X UF HSF1 offiiutn 5
YIRS B ARSI 2. (I CRrfi T 3) SR MEICKBE T3
AR D B B, L7228 o T, ABKEAINEAINE 13 VM 21 BE5E & 7z 25, MF HRA
SO O FEBE I SE RO Z N E VKR E LCEWE =2 3,

SATHIgEIC BT GV I B 2 JIEHIIE D MOS 55 L~ v D %23, SF Hisk
B Y & MF HRIICHRBICE D 5 72, £ v = — RIEIEEREIR 113, FHESI o bi
BERIAE D JEC D 2 (F 7213 G2 /M BIEST) I CEERKRH 2R3 x2 v
7T H B MIIEIHIE T (CSE) O—K5Th 5, SF HKIITOM IR
i, SF HsRIIAHAIIE © D = 0B T O HHE T Y RAME» 2 L ICBIfR LT 2 7]
BEMEDS B B, C OMIEFOFRIAE T &%, SF HIRIN BN o A & MR I
B a L ZHESED B B X v 2 EMEL RIS H B T E AR LT B A
b5,

SATIISEIC BT, TIEACOBmEOZRE TRV, 20 X 5 Z2fihii
BRZE N & b g, RIS L 721 <ld, SRl ©o FSHR, EGFR & X
O GHR mRNA O%H 3. IIEROKE & & dichhnL 72[31]., EGF o35 2 5f
MO GIE, B 3~4 mm OIIfE X Y HER 6 mm LA ED 7 2 0Ifdh & BELX
T SIEHIIET X 0 0 © & 4TS T 3 (32). SHEHIIEZ U O < SR AR IC
B A BETOESEEICET 2 X 5 74 2 iTit. BHEREETIORRET 2D SF &
X O MF kIR D S ERE DB W 2 T 2 720 I TH %,
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F— k77— E IR

F—tr 77V, EAEERYHAE A 7 7Y — L) VY — L LR
AT eT, MIENOARER X v 7 ECHIIUNGEE ZRET 5720 ICEE R A
H=RLTHD [33], WA AEMECOA— b 7 7 =G, 2RI Y
¥4:[34-36]172 00 T <, BEHHAE O B [37, 38 RFIC EE R k| 2 fHo T\ 5, A
— b7 73V =LKL IEOMB Z R TRUNERE G 2 v os 7 EREH 3 (LC3) -TT L
R X o CFHlid L d A —+ 7 7 ¥ —36thid. R T 2 IAHIlE CRIE S 5
23, HEINAHIE L D EBEICEHVWI RO NT WS [37], £/2. A=+ 77—
FHEA] LY294002 % IVM 8B ICHINT % & MF HRINEHHAE O 5 — iR D fig
R (RIEEE) EEICK T 3([39], 72, A— 77 —FEHTHZ T
Ne A vt MEOMEZ ST AR CEEREH R T RY) v/ AL A=V
TaTAvEF—X¥Thb T4 v VENYE (mTOR) Z#fl3 2 & T, &
— 77TV - LBEEREFEE L., ZOMEA— 77— 2GS B 2 L 2
LbNTW3[40]25, IVM EHir~d 1 nM 754 & Y OFRMIZ. E4t<co MF H
k7" Z GIEEHINE D phK & IR~ D FAE R 2 WET 3 2 EBME I N TV 3
[38], 51, mTOR ¥ 7' F AR DEHEWAL ZFFEL CTA—+ 7 7 UV —REZHE T
323-2AFA77=v (3-MA) 1F. 2.5 mM[35]F X 10 0.02~2 mM[41]o L~
T FNFN. TEZBIVYZREINOA—F 77 —7EERHEST 2 2 L 2R X
n<Twi,

fL/NOd—X

L1I-Z7) ay PG T D-Zva—anfia L BBt Echs bLrm—2x
X M. BERE. B, BHRL WHEHESY. Y E0% K OEYITHEES 5 25,
BHEBHMICIIFEEL RV, FLom =23, filgx v o7 EBoZEWEZ < T & T,
M Ze iR B, HAkE. WK, BRL7e &L BRA ZRBEREER b L X2 Hillifid % fRE 3 5 AR B
FHIRRE R T 5[42], F-bLoyv—20F, JEmTOR &~ 7 F AR N L TAH—
P77V —HEEED DL ERRINTNS[43], T 5T, FLovu— R EEHLICH
32 &, v ke [44,45] % HeLa fifg[46]Hic, HENME L A —1+ 7 7
TV =L ST XTI R =2V e LTHAES 5 po2l47]03EIns T &
DREINTW 5,

AHFFTD B

LEoR R % E 2 7= L. SF Bk 7 2 SNEEHAE O (RS PhEE 35 & UWIHEAFE 2 RE
B 2 —#H oM 2 Ehii L 72, AFZEOHIZ, 7 ZINEGIC L 5T 3 3 /NI
HE(SF 5 E£E 1~2 mm) HRINEHAE O RS A RE. ZH5RE S X IR £ co W)
HAFEAERE DS YA (MF 5 B 3~6 mm) HRIFEHIAE D 23 5 & Hh L TR WL &
I HE[17-1848] il 325 & & b ic, ZDEWEAAHNTHERZERT L L T
HoT,
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3. INE TCoOME[17-18,48]Tld. HIMEEE D IR %2 4 TSN ZRE IC
LT, A ZRRE L WIHIR AR DM Z L T3, 2 Tid, SF kB X MF
HRIN AR A DRI BABE IC 2203 2 5. % D2 MR ZHERE-C I AR A HE D BT
fiicEF e RITTZ b, FHEICENL ZHHMOT I 2LERLD 72, £
T, RWFFEDOLAITHEICE VT, IVM RICE RO B 23R T % 72 A L 7291
FHHAE D & %25 L C IVF Ik L, A ZAERCRILIE R, MRS % ]~
oo X HIT, WIS ZNE . VIHATE ICE S 4 2 85 T O UL b o i 5 YE
(AURKA,AURKB, MOS,ZP3,ZP4,NALP9,HSF1,BCL2) &% SF 3k $ X O MF f3k
SRREIRER C B 2 720 1C, (RAMVEEEECHIIAFREREICZBE L 20000 Lin7s
VW, # 2T, IVM icfit4 3 SF Hisk 3 X Y MF HsRIREHE D 2 n b i F B ic %
WHDBDEDPITONTHL T L 72,

KD AT R IC B W T, 7 2 IR OIRE & IVM FMHATHR TR E (A
L7z b, 77 20RO EME(L S 4-HIREH < O REREEG Y 2> & PR
B ~DIATHRIC S UIHIIEEND X v X 7 BH R ED AR — VR KRELK BT S &
BHONTEY[49], A=+ 7 7Y — X3 AN EYEFEDORENEELEZOLN
%, SF HRINEHIAE © IVM BE-C I EAFE A DS MF dRIREHIIlE D 2 b i % &
ik, 2N DIIEHIEO A — + 7 7 ¥ — e FEEOECICERT 32 L
vy, 22T, mTORHEFEICX > TH =7 7V —%2{RET ZEBHONT W3S
TR A v Fd— b7 7Y —DHERITH B 3-MA icxt$ 3 IIEHHZD IVM fE
B L OWIHARAERIC RIS THEZHL 2T 57281, SF 3 X X MF g skUPAHHAE
DENS T L 72,

o, ZHEo Lo xe =23, (MldoA - 7 7 U —BEFEEEBET 5 Z
EAEIS T W B[43,50], F 2T, bLosa— 22 SF gkRINEHIEO A — 7 7
V—HeR AT 5 L TIVMBECHIIARERE DUGETE 200 Lt v & O
DTF. SF 3 X U MF gisRUNEHIIE D IVM 52t FLosao — 2250 L. IVM fE
PRI~ DWIIHRAERER L LY ICV TR X Y « Tay T 4 VY 7EICX DA — T
77V —=—Hh—THh3LC3-NEL p62 &, X 5PN MlEDATFE% Heickst
L7,
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BIE AMRTAHWIHES XS
SIS S UHER

NaCl, KCI, KH.PO,, CaCl; - 2H,O, MgCl, - 6H,O, NaOH, Gentamicin, [
B, MBI~ 7 74 vid, FAT4 77 AKRKSHE X VAL 72, NaH,PO,2H,0,
MgSO4 - TH,O, CaCl, - 2H,0 %, E{$@§‘éﬂiﬁ/ﬁ\1¢l D,E%]\ L7z, eCG
(Serotropin) ¥ & T8 hCG (Gonatropin) ix, & 3 28RS I VAL 72,
M199 #¥Klx. Invitrogen L VAL 7z, Z Dfth i3Iz, FRICEA L W IR D |
I TAERY v FHRASH I VAL 2,

COCs DAY, ¥e. #EHKI121E modified TL-HEPES-PVA (mTL-HEPES-PVA)
ZIERH L 72, COCs &AL EA (In vitro maturation, IVM) 1T 1%, FEEEEZHL & L T
BSA % & % 72> mPOM i 50 u M beta-mercaptoethanol % il 2 7=[51], AEAINEL
Mo IVF icix, mM199 2 L 7z, MoEAEEICIZ, PZM-5 2w 7-
[13]. 245D mTL-HEPES-PVA %R X CToFEE I, SHHSEM. 5% CO: |
39°C P <, A7 < &b 3 RefE LA Pk & 2 7=,

COCs DIFENE VM

fif] [ A P T EH T T TR S & W B IAREEN AT O RAELPE 7 & 5> b UNE % £ AL
L. 75 u g/ml potassium penicillin G 3 X UF 50 u g/ml streptomycin sulfate % 7S/l
L 72387 & 0.9% NaCliA#R (37°C) 12iR L T, WFFEEICHnE L 7z, IR DS 2>
5 3 BEELAPIC YIRS TA7E S 2 TEE 1-2 mm @ SF ¥ X OTEE 3-6 mm & MF
25, 18-gauge #t & 10-ml &~V v ¥ % H T COCs #W5[#HL L. mTL-HEPES-
PVA < 3 [E[%EL7([52], 3B EoNEMilosis X 0B RilcE 2 H 9 %
COCs % FERBEMET T ik L, LBt L 7=,

POM 54 ¢ 3 [BIPEE L 72 40-50 {fl > COCs % 500 ul @ POM 23 A - 7z 4-well
3% 7L — } (Thermo Fisher Scientific, Inc) &L, =+ Frovry (101U
eCG/ml 3 X O 10 IU hCG/ml) ¥ X ' 1 mM dbcAMP % 7fML 72 POM 500 uL
Z. 5% CO, 39 ‘CT T2 B L -, 2oz, 75~4> v (1
¥ 7213 10 nM; Santa Cruz Biotechnology, Inc) 7213 3-AFL77=v (0.2 £7-
l% 2 mM; 3-MA; Santa Cruz Biotechnology, Inc). F L8 —2Z(10 mM; #JFEHKEI
KAL) DIFFIET £ 72 I3FE T CHl X 1K L 7=, Xic, COCs % POM T 3 [a[3Ei
L, @7 FruebrryEXdbcAMP & F 720500 pul o IVM B (7%~ 4 &
V. 3-MA, BXUO MLm= TEE T E 2 3IEEET) T 24 BEERE#E L 72 [52,53]
IVM . 0.1% (w/v) e 7rv =X —+%ET mTL-HEPES-PVA 5t~ v 5
AVIZTHZEICXVINEMAEREL 72, Z D%, UNEMIRE % BRE L 72 DN AR AT
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ZEERR T v 3 — V- CHEE S L <, JEHBEMEE T OB MR o 2 BIR L 72, B
— iR DEIEE X N7 EAINERINE I, £ DD FTERICHE L 72,

SN EE R O R 2 A

IVM i te. I mliie z RE L 720N A 2 PURBRIC 7 v 7 A ARy P ZE W2 R
FAFH T APREBICEHAE, HN— 2T Z2CTHN L WIREICEEE L 2%, B
Brra—n (& —=1do 25% (v/v) BfiE) HCc2HUEFEEL, 20
%, ER% 45% (v/v) Bt o 1% (w/v) At A4 v TholgEE L, 200 56
X O 400 5 DA AH 2 BAREE T CINRHE D IEE Y S DL % FFAM L 72,

SNEEHRR D E B FEE & IVC

IVM44 Feftl#e. 565—MiR 23R S N7z AN EHIIE D 2 2 #IR L, =L 7 P e K
— v a VT L 72, RS C 3 B, WS LT v v o —NIC AR Z i 7z L
7=HIciE A L, BTX-Electro-Cell Manipulator 2001M (BTX, # V 7 # L= T ¥
v 4xa) BEHLT, 1.2kV/ cm @ DC T 30 us DEFRES IV R % LA
INRERIAEIC AT 5 L 72 B3 L 72 ONRHRE 2 0.4% (w/v) BSAB X U5 uM ¥ A4
7172V BEEML 72 m199 ek, FEHIT 5% CO:in air O XUHHAA T,
39 *Clic T 4 Wil L 7= £ Ok, INEHIAEZ PZM-5 C 3 [l L. 4-well 52
7L — F (Thermo Fisher Scientific, Inc.., Roskilde, v ~<=—72) O XF 7 4 v F
ANTEDLNT 500 ul ® PZM-5 T 5% CO;in air DA5MHSIE T, 39 *CicT5 H
RIRGEE L 72, ONEIR s X MBI RRE 2 &SRR 2 HB X U5 Hicz vz gl
L. UEEIE O WIHFARE 2 BT L 72, IR 13 Hoechst 33342 TH% % 15
SRR, HOLBAMEE T Ml E R~ 7,

TIRARYTAY T A VT EICE DR /NTBE L AL DN

GHE 2> & DEHUE I mTL-HEPES FTY <y 7 4 v 27T X b SIEHHRE 2 #4L
L. 0.125 M Tris-HCL (pH 6.8), 4% F T > AHREEF F U 7 4, 10%(v/v) 2- A v
H7rvxzx ) —n, 10%w/v)ZA27a—2, 0.01%(~v/v)7eEt7 /) —LTN—T
I3y 7y 77 =10 phic AT -80 'CTREL 72, 7. IVM A
th2s 5 20 BFEE QU Z YL LT 10 pul¥ v Iy 77— & $12-80 °C
TIRIEL 72, T HiC, B—ER%2BIE L 72 AUNAEIIE 2 [FREIC 10 ul v F s
vy 7 r—&bdHic SOCT%thoWlﬁ@%95CfS‘WT%w%~‘£E
Frrlca—F LT, 30mA, 40~504CHRYV 727 VAT I FFELERIKEIC
18 L 7= (Bio-Rad Laboratories. Hercules, CA. USA), * D, Z L1 HNILH Z) 5?
Yo% 100V T 2 K217 <, PVDF & (Merck, FA ) ICHEE L 7=, H%
PVDF 7 v v % v 733 (BEH,. KR, HEA) ©7my 2%, —Xftke & dic
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1 ReffEE L. 0.1% (v/v) Tween 20 &6 PBS T 3 [meiftk. —XPifk & 1 KefElss
L7z, L ZZ—XPifkiZ., 73 F LC3A /B (Cell Signaling Technology.
12741, 1:100), v ¥ F p62 (Cell Signaling Technology 5114S, 1:100), <7 &
aF2—7Y v (SIGMA ALDRICH, T5168) T®» 7=, fHHL 7= KLk,
Anti-rabbit IgG (Cell Signaling Technology, 7074S. 1 :2000), Anti-mouse IgG

(Cell Signaling Technology, 7076S, 1:2000) #fff L7z, ECL (Bio-Rad
Laboratories, Hercules, CA, USA) # MW it xmit L, K EoEER £ v
NI ERBEFEAL T, X2 v 7 OFRIRIIZ, ChemiDoc (Bio-Rad
Laboratories, Hercules, CA, USA) iCCTHEHIL 7=,

EHRREEIC K 2RO EFIEHITE

IVM 858 DHi#H 5 I iT@kh <o SF B X O MF d13k COCs 9l g o 4= 1 %
M3 % 72912, COCs # PI/SYBR green (X2 # 1 pug/mL) &L PBSHT
15 it U 7=, % D%, VectaShield (Vector Laboratories Inc.. 7V 7 4L =7
MAN=D v —20) ZHPEHEFLEZATFANTIAEICYY VY L, AN=T TR
I CERERRE B ICHOE NS (BZ-X710, Keyence, Osaka, Japan ) T THIZL
720 TRTCOMABIREICIRE LI DNA %44t 3 2% SYBR green HRix et & Mg
B DM A3 i F - 7 SEMIAEIC © A3 5 PILHSR DR EHE DA A D2 I X
| FREHECHIRE AR, AL vy B OEEPEE X B ik & SEMRT & AT
L7ze UE26BDENEEWICEID, COCs % 4 DD#ilEICHFEL 72, 7T5%LL ED
N AR 23 4E7E L T\ B COCs T #ills A, 50% LA E 75% 3 0 N i 23 477 L
T3 COCs % #illg B, 25%LA L 50% ki O JF e 234 L T\ 5 COCs % i
s C. Efefiigs 25% KD COCs ##ilg D & L7z, 2N ZNoHRICEETNS
COCs DEIETIVM i L TN MO AR ED X S 1CZL L /=05 %5l L
726

ET AT

GraphPad Prism 6 ¥ 7 b 7 = 7 (GraphPad Software Inc., # VY 7 3 L =7 4
v 4x3) BFEHL. One-Way % 721 Two-Way ANOVA I X b, RIEEFEKRT —
RENT LTz0 90%A EE 7213 10%UTOT — 2R E&ET N8558, &2To -k Y
TV T =Rk T =% A VEBL, N 2T o7, ®COT =KX, T—7
YA VEBFTO T — X O ESEM & LR E 7z, ANOVA T T B Rz 2
» - 7256, Bonferroni/Dun @7 Fdhy 77 A MICX Y, SFEBXEZEKL -, &
TOMENTHESRIL. P<0.05 DGEICOLFEEAENRD 5 L Ak L,
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FE=T PINES L OVNPREAR T Z IR QBB O RS L WL, 7
— b7 7P —FBAICHBANCH T 2 RN RL D

i

il

7 2 ZREIMDEINEFETIZ, BLZHHK 6 20 HICER I NI RRE T ZINE»
B oN-ER 3-6 mm O I (MF) icHik$ % COCs i34 3 Z & AA—f%H
TH5H[10-11,54], L2 Lo, 7X2INEOREICHFIEST 5 MF X, EFE 2 mm
LUF o/NgE (SF) el RTHEZ 1D 7 < [14], BBONZB L 2HFEEL Tk,
Iz <. SF HRINEHHAE 2> & 157 SIEEHHAE o B[ 15 ] <2 SHAHHAE % B Y & < N
fag(16]iz. MF BIsRINEHIIIE L b ZnZFngGEIC/hE L, Dirv, 5T, B4
FREARE e W) FE A2 BE 13 MF HskRINAHIE & Lol L THEE ISRV 23[17-19], KEFFED
FATHIFE T O 2T L7z Y . IVM B85 I — MR O TR 2 a2 L 7= AR A1
oD B % IVE It 2 & | FETFRAECHILIZE S SF HRINAEHAE & MF sk
JIEHIE CRIZTH o 72 [19], 72, MOS #ExTDfiEE[19]% cAMP *°
cGMP[20]. Z Vv & F#+ v MPF ® L~ [21]7: &, MG SR B 3 KA+
. MF % X O SF fRIPRHIERI cCR A 2 2 e BME I N T3, LA L, MF &
X OF SF Hisk DN A IS o R I EEE B X ORISR AERE D E W DRI D W TIE R 72
fEHH X T 7o,

F—b7 7 —lF. VY —LlEET S CHIMENDOAE IR o722 VXD
BN E A RETAEER AN =R LTH 5[33], WAHICE VT, Bt
— 77 ¥ —iEMEE, PSR ICEECH 5 [34-36] 721 T < . UNEHHIE D ARSI
MCEHETH L EPMEINTWE[39], A=+ 77V —DiEM%27R3 LC3-1T L
OV ERINE S O R 7 2 UNEHIIE TRl X, 2O I3 AL 72 ONEHIIIE X b
EWIEEZRLTWS[37], £72, 754 > i, HilEEiEetr—tr 77— %
22 ) v RLA=vTur A vFF—¥D mTOR 2§25 2 & TH—+
773 — LR AFEST A 77 G EROH 5 2 E ML N T\ B
[40], IVM i~ 1 nM @ 5 %<4 & v O dhZ, MF g2 7 2 UIEHHE O (& 41%
IRAR YRR 2 WET 5 L BHIL T 5[38],

X HIC, 3-MA 1. mTOR RO HliEHIZ T2 2 &L CTA—+ 7 7 ¥ =32 i 3
%, IVCHEBHEA~D 2.5 mM @ 3-MAFINC X b, 7 X2 ZEI o wIHAF 4 [35].
0.02-2mM ® 3-MAFINC & . 7 > ZREINOWIHAF A % M]3~ % [41] 2 & 254
HmINTWB, MF HRIIEHED A — + 7 7 ¥ —FHEHISHEHRIC NI 2 M B AE
PR3 2R IC o WTl, ME23H 225, SF fskiisiidic -+ 34— 77
—FEH|CIHER OFRIT. MBI TV, +— b 7 7 O —FHEF|LHEHS I
332 Kt i, SF 3 X MF Hisk 7" 2 iRl o c & b . % A3 EAEE W) HH
HREBDOENEZEL IR TCOIAEEELEH D, Z I TRIIFETIE, A=+ 77—
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FEHTH B T4 v v ERIHERITH % 3-MA 25 SF B X N MF 3k 7 % BliAE
L DAL EAEE B X CWITEAFS A RE I JUE T RIS O W TR 72,

BT A

IVM ¥iHb~D 5~ 4 &~ (0,1,10nM), 3-MA (0, 0.2, 2 mM) #H4 SF & X Of
MF HRI ARG O (R ohAABE 1 TS R

W5 [ $RE & A7z SF 35 X O MF hisdn il - SREHIAESE (COCs) % POM K5
W CHEE . FIREERICTF F e ey (eCG 3 X UhCG) & 1 mM dbcAMP, 5%
<42 v (0,1,10nM) % L <13 3-MA (0, 0.2, 2 mM) %l 2 C IVM 8524622 5
20 BEEIRE R L 72, 2D, I F Fruvry, 1 mMdbcAMP, %<4 v, 3-
MA R& @ POM B#8RICKE L, X i 24 BEREIRGEE L 72, VM #, A% S
T 2720 ICEHE - i L7z, 400 5 ONAMHATAMER <% Lo O UIRHIHRE % Bl52
L. GV #, Metaphase-I (M-I) #}|, Anaphase-I/Terophase-I (A-I/T-I) #i, & Xk
U Metaphase-II (M-II) Hii2 4348 L 7= (Funahashi et al., 1993), SE5ki% 4-5 [Al{& Y
R L7,

IVM $5#i~0 5 %< 4 >+ (0, 1,10 nM), 3-MA (0, 0.2, 2 mM) &2 SF & X
U8 MF Hysk B AL o0 W1 562 HE o J 18 s

WG EREL & L7z SF 35 & U° MF 2k COCs % POM K&K CUiifie. [FEFEIRIC
TFFrerEYE 1mMdbcAMP, J-8%< 4> (0,1,10nM) % L < iZ 3-MA (0,
0.2,2mM) ZMATIVM $EEBEA 5 20 Bif#E L2, 20k, =F Fhay
v, 1mMdbcAMP . J%= 42V, 3-MARED POM EERICKE L., X 5iC 24
PR L 72, IVM B584E TIFIC, BBk % iR © & 7o AN AL 2% ik L
1.2kV/em @ DCHET 30 ps DESA VA% 1IAHF55, 0.4% BSA X TU5 u
g/ml cytocharacin B #¥Ill m199 $5H1C 3 mIGEi e, [T 4 Refalssa L. HAFA
IO ZME DO Z M L 7o X O, PZM-5 T 3 ek, R+ T, 5%
CO:inair, 39 'COSMHSEM T T5 HEEEE L 72, HAFE4E 2 HIRICNEIEZ | [F
5 H& I RN HARRIZ B3R % S 2 BREE T CRIZE L 7=, IRERNEHANR X, Hoechst
33342 TR etatk, HOEGBAMEE T OMiuBz E L7, EERIL 4-5 Bl DR L
726
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=t

MF Hi3€ COC s % IVM BRI 6 20 BRfE]. 1 £7213 10 nM 854 > v D
RIEE 72 IIEE T OB L2856, 1nM 7 85= 4 & VIELE T T O UREHHIE D AL 34
FK(80.0+1.5%)1x. FAERIRXDZ3(72.3£1.4%) X Y HEICE 2> - 72 (Table
1. P<0.05), 7=7 L. 10nM I %<4 & v OIELE FCOEAEK (77.611.5%)

X, FATENIBIX & HE#13 700> 7= (Table 1), —75. SF HSRIEEH AL o A4 ik 2
KICBAL T, 1 BLP1I0nM DI~ 4 > VIRMOEZE 1372 ¢ (0nM X 50.7+
2.7%. 1nM X 62.5£1.9%, 10 nM [X 60.4+4.9%. Table 2). MF HD T 5RX
DFN (80.1£2.3%) Lk YV HEIT(KD -7 (Table 2, P<0.05),

Tablel. Effect of rapamycin during the first 20h of culture on the meiotic maturation of medium follicle (MF-) derived porcine

oocytes in vitro

Conc. (nM) No. of No. (%) of No. (%) of oocytes proceeded to the stage of

of oocytes oocytes

. . GV M-1 A-T/T-1 M-I
Rapamycin examined degenerated

0 173 1 (0.60.6) 5(29+27) 40(23.1%x24) 2(12%x07) 125(72.3%x1.4Y)
1 195 1(0.5%+0.5) 10 (5.1x1.8) 27 (138%24) 1(05%05) 156 (80.0%1.5")
10 170 2(1.2%0.7) 7(41%x21) 28(165%22) 1(0.6=%=06) 132 (77.6x1.5%)

Percentage data in parentheses are shown as mean & SEM from four replicates.
Abbreviations: GV, germinal vesicle; M— I , metaphase— I ; A-1 /T-1, anaphase— I /telophase— I ; M—1I, metaphase—1I.
22 Within a column, percentage with different superscript differed significantly (P<0.05).

Table2. Effect of rapamycin during the first 20h of culture on the meiotic maturation of small follicle (SF-) derived porcine

oocytes in vitro.

Origin Conc. (nM) No. of No. (%) No. (%) of oocytes proceeded to the stage of
of of oocytes of oocytes
. . GV M-1 A-T/T-1 M-11
COCs Rapamycin  examined degenerated
MF 0 221 2 (0.9£1.1%) 3(1.4%£0.99) 35 (15.8+2.6% 4(1.8+1.6) 177 (80.1£2.39)
SF 0 215 1(05+£05%) 34(158=+3.0° 71(33.0+35" 0(0)) 109 (50.7+2.7%)
SF 1 224 12 (5410 14 (6.3%x15"*) 57(254+34*) 1(04+04) 140 (62.5%+1.9°)
SF 10 169 3(1.8+1.2%) 17 (10.1%£2.8% 47 (27.8%+4.9%) 0 (0) 102 (60.4+4.9°)

Percentage data in parentheses are shown as mean & SEM from five replicates.

Abbreviations: COCs, cumulus—oocytes complexes; MF, middle follicles; GV, germinal vesicle; M— I, metaphase- 1 ; A-1 /T- 1, anaphase—
I /telophase— I ; M—1II, metaphase—1I.

2% Within a column, percentage with different superscript differed significantly (P<0.05).
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—75. IVM 528805 2> & 20 B o fic 3-MA 23FEET 5 &, 0.2 mM 3-MA #s/0
XD MF HRINEHHAL O AR (63.0 £ 1.6% ) I BRI R X D % 41(75.1+
3.19%) I bR THEIME T L 7z (Table 3. P<0.05)23, 2 mM #HhMX(64.6+3.0%)C
IEEEBRAONE P57z, —J7. SFHROINAHHCIZ, 023X 2mM D
3-MA OFHIIE. IR IC #2843 (0 mM [X 47.3+£0.4%, 0.2 mM [X 50.7+
4.0%, 2 mM [X 46.9+3.4%, Table4, P<0.05). SF HzRIPEHMIAL D pLEAEK T, 3-

MA OFEEICEE D &9 MF diskIFRHIIE D 2 X 0 H HEIT{K D - 72 (Table 4),

N

Table3. Effect of 3-metyladenine (3-MA) during the first 20h of culture on the meiotic maturation of medium follicle (MF-)
derived porcine oocytes in vitro.

Conc. (mM) No. of No. (%) of No. (%) of oocytes proceeded to the stage of:

of oocytes oocytes
. GV M-I A-T/T- 1 M-1I
3-MA examined degenerated
0 193 0(0.0) 17 (8.8%+3.1) 31 (16.1%£2.2% 0(0) 145 (75.1+3.1%)
0.2 192 2 (1.0%0.6) 21 (10.9£3.1) 48 (25.0+2.2°) 0(0) 121 (63.0%+1.6*)
2 192 0(0.0) 12 (6.3%+1.3) 53 (27.6+£2.1%) 3 (1.6+£05) 124 (64.6+3.0®)

Percentage data in parentheses are shown as mean ® SEM from four replicates.
Abbreviations: GV, germinal vesicle; M- I, metaphase— 1 ; A-1 /T-1, anaphase— I /telophase— I ; M-I, metaphase—II .
20 Within a column, percentage with different superscript differed significantly (P<0.05).

Table4. Effect of 3-metyladenine (3-MA) during the first 20h of culture on the meiotic maturation of small follicles (SF-) derived
porcine oocytes in vitro.

Origin  Conc. (mM) No. of No. (%) No. (%) of oocytes proceeded to the stage of:
of of oocytes of oocytes
X GV M-1 A-T/T-1 M-11
COCs 3-MA examined  degenerated
MF 0 201 11 (5.5+1.8) 16 (8.0+1.6) 32 (15.9+3.09 2 (1.0£0.6) 140 (69.7£2.8%
SF 0 186 7(3.8%1.5) 36 (19.4+29) 55(29.6£1.9°) 0 (0) 88 (47.3+0.4%)
SF 0.2 213 8 (3.8+1.7) 30 (14.1+3.0) 66 (31.0%+3.0° 1(05+0.4) 108 (50.7£4.0%
SF 2 224 2 (0.9+1.0) 19 (8.5+3.2) 97 (43.3+2.1°) 1(0.4£0.4) 105 (46.9£3.4%

Percentage data in parentheses are shown as mean & SEM from five replicates.

Abbreviations: COCs, cumulus—oocytes complexes; MF, middle follicles; GV, germinal vesicle; M- I , metaphase-1; A-1 /T- 1, anaphase—
I /telophase— I ; M—1I, metaphase—1II..

2™ Within a column, percentage with different superscript differed significantly (P<0.05).
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MF HisRUNAHE < I1x. IVM BG 20 B o i 1 nM S84 & v 2EfET 5
L. T84 Y VERIMOMIAX & g U<, BAFRAE% O MRITI~ o 4R
BEL ML 72(0nM X 23.6+2.3%, 1nM [X 35.3+2.4%. Table5. P<0.05)
23, 10 nM 3~ 4 ¥ VIIIX © R R (28.5 £ 2.7%) 13 FER I R X & g
LCHEREZIX P2 > 7-(Table 5), —77. SF HzRIFEHIAETIZ, T8~ 4 v v DFIN
TH AR B ORI R I EL MEE o >7- (0nM[X 18.1+3.4%, 1nM
[X 15.6£3.1%. Table 6), %7-. %5 1x MF HiskINEHNE O RS FE R (30.6 =
2.6%) X Y HE KA 5 7= (Table 6, P<0.05), COCs HE DU A %= X (SF vs.
ME)ICBEfR7R K. %<4 ¥ v OFFEIR., IIERK & IEHeH 72 0 ofifiaE o5 ic
EEL B R NMITX sd - 7= (Table 5 3 X U Table 6),

N

Table5. Effect of rapamycin during the first 20h of in vitro maturation on the early developmental competence following

parthenogenetic activation of medium follicle (MF-) derived porcine oocytes

Conc. (nM) No. of No. (%) of oocytes No. of
of mature oocytes blastomeres
. . cleaved formed blastocyst
Rapamycin examined per blastocyst
0 144 128 (88.9 + 2.6) 34 (23.6 +2.32) 30.1+1.5
1 153 141 (92.2+2.4) 54 (35.3 + 2.4b) 28.3+1.4
10 144 131(91.0+1.1) 41 (28.5 + 2.72b) 28.1+1.6

Percentage data in parentheses are shown as mean ®= SEM from five replicates.
Only mature oocytes with an extruded first polar body were used following IVM culture.

2> Within a column, percentage with different superscript differed significantly (P<0.05).

Table6. Effect of rapamycin during the first 20h of in vitro maturation on the early developmental competence following

parthenogenetic activation of small follicle (SF-) derived porcine oocytes

Origin Conc. (nM) No. of No. (%) of oocytes No. of

of of mature oocytes blastomeres
. . cleaved formed blastocyst

COCs Rapamycin examined per blastocyst
MF 0 121 106 (87.6 +2.7) 37 (30.6 £ 2.62) 30.1+2.2
SF 0 127 114 (89.8 £ 3.5) 23 (18.1 £ 3.4b) 26.2+ 2.2
SF 1 122 114 (93.4 £ 3.4) 19 (15.6 + 3.1b) 27.1+2.9
SF 10 120 110 (91.7 £ 2.8) 28 (23.3 + 2.92b) 28.6+2.4

Percentage data in parentheses are shown as mean * SEM from five replicates.
Abbreviations: COCs, cumulus—oocytes complexes; MF, middle follicles.
Only mature oocytes with an extruded first polar body were used following IVM culture.

*® Within a column, percentage with different superscript differed significantly (P<0.05).
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IVM B2 55E 2> © 20 BRI O IC 3-MA 23SEET 2 &, HAFRAH D MF d3k5p
EHIE 0 ISR RIHZ R 1A = IR T L 72 (0 mM [X 49.0+5.8%. 0.2 mM [X 22.2+
5.7%. 2mM 22.5 £ 6.3 %, Table 7. P<0.05)723. SF HiRUN AL o FRHZ Ha Tk
F: 3-MA BRI RE 3705 72(0 mM [X 9.2+3.1%, 0.2 mM [X 6.7£2.5%, 2
mM [X 5.84+2.7%, Table 8), 3-MA O#ANiE, MF 35 X O SF g RIPAHAE o IR
K L UMD 72 b ORI E %R KIT X 720> > 7= (Table 7 35 X Of Table 8)
23, SF Hi2k 0 JREHIE o MR REZ R 13, 3-MA #EZRMNIX O MF d1sIRRHIIE © %
N(24.8+3.9%) X Y HEIT{K D> - 7= (Table 8, P<0.05),

Table7. Effect of 3-metyladenine (3-MA) during the first 20h of in vitro maturation on the early developmental competence

following parthenogenetic activation of medium follicle (MF-) derived porcine oocytes

Conc. (mM) No. of No. (%) of oocytes No. of
of mature oocytes blastomeres
. cleaved formed blastocyst
3-MA examined per blastocyst
0 102 93 (91.2 + 3.9) 50 (49.0 + 5.82) 31.6+1.2
0.2 99 89 (89.9 £ 2.8) 22 (22.2 £ 5.7)) 27.4+1.0
2 102 89 (87.3+£4.9) 23 (22.5+6.3D) 28.0+ 1.1

Percentage data in parentheses are shown as mean *= SEM from four replicates.
Only mature oocytes with an extruded first polar body were used following IVM culture.

*® Within a column, percentage with different superscript differed significantly (P<0.05).

Table8. Effect of 3-metyladenine (3-MA) during the first 20h of in vitro maturation on the early developmental competence

following parthenogenetic activation of small follicle (SF-) derived porcine oocytes

Origin Conc. (mM) No. of No. (%) of oocytes No. of

of of mature oocytes blastomeres
. cleaved formed blastocyst

COCs 3-MA examined per blastocyst
MF 0 141 134 (95.0 + 1.4) 35 (24.8 + 3.92) 27.7+1.2
SF 0 120 105 (87.5 + 3.2) 11 (9.2 + 3.1b) 25.2+2.4
SF 0.2 105 84 (80.0 £ 3.0) 7 (6.7 + 2.5b) 30.5+2.0
SF 2 104 88 (84.6 + 7.0) 6 (5.8 £ 2.79) 27.8+2.2

Percentage data in parentheses are shown as mean = SEM from five replicates.

Abbreviations: COCs, cumulus—oocytes complexes; MF, middle follicles.

Only mature oocytes with an extruded first polar body were used following IVM culture.

22 Within a column, percentage with different superscript differed significantly (P<0.05).



EER

LC3-IL_ic ko CEHlig A —t+r 77 V=X, @+ Frtovre
dbcAMP IC BT I N3 IVM B BORRETE S, IVM BB TR TN L 22 &8
WEINTWAB[37], 1nM 8= 4 & v oiRiiiE. 7 2 EIEHio LC3-11 v
OV LB e L OWIIHRARE R ER & 5 [38]2%, o K& Xic X B E
WCOWTIZHL 2 Tldrd o7z, RIFFEICE T, T-5< 4 > v H MF HIIEE
HE D JE D HRE L IR AR RE I ST TR Ix. LARTOME L Rk TH - 72, AfifF5E
T, IVMBEEBRIEIC InM 785 A4 > v 2T % &, (RIVREKR B X R ARAE
BB~ R ERRSEREICA ELZ, 2o DRSS MF dkINE
Mifgclx, 794> vy mTOR #3252 & CTAH—+ 7 7 V=M &
. BB HRECHIHAFAEREMEME X B Z L AVRB I Tz, WIT, 3-MA DRI
i X Y, MF HskDNEEHIIE DRI KR B X ORI RO~ o W) IS4 R IE R L
77 TNODHERIT, HICX 34—+ 7 7 Y —FIFID LY294002 % 72 HF 52
LIS 2 [39], 3-MA OFRIBEDEE X, 7 X UNEEHIIE O B A R4 Oiff 78 TR R
WCHIHARAERZE T S8/ R [3B] EFAEETH o7z, 2T, TNHDFERD
5. MF HRBIEHIIEIZ. 3-MA I L CTESZE 2D, 4 — b 7 7 & — 2500 &
N5 ET, RAEAELYARELERRD Lz EZONSE, DX ST, MF
HRUNAEAEIZ, mTOR B AWML CA—F 7 7V — %2l 2862 HFT 32 &
DO 2L 7n o 72,

L2 L7235, SF HSRIFARMAEIE, 1. 10 nM J %= 4 & v % IVM 2 D ik
20 RFf o FICEIM L T b, M- TTHNCHEST 3 % S8 2 aE 2 B 2 F6 A2 1% o IR R 1
~OYAFREREICE L e o 72, T ORI, MF &3 IRAY ¢, LLURTo MF
KINZE W75 E(38] L D A 5, Z ofEHRIZ. 7 & SF HRINAEAE 2 Z %
~ AT BREZEE R CTEY, T v und— b7 7V —%iEEE
T B ARE O AR RIS E R T I W L B RB LTS, 512, SF
HRIRHEA L. TVM B2 0 Rk 20 B ofic A — F 7 7 ¥ —feo#li#IF < b %
3-MA ZHWThH ., I AL YIRS E L b > /-, SF HkRINAHTAE
X, 3-MA I LT, Knd LRl BEEZELFi-rnwi ) Th b, ZofE
. MF HeRINAHIEZ W28 0 R e £ E > Tz, WL, b Dff
5. SF HRINAHIAEIX, mTOR Z#@ L 724 — b 7 7 ¥ —iilfH23 R D L < 1
FEFEIEL _NVICH BB RBLTWS,

AFFRICENT, 524 2 v 3-MA I3 3 K322 ME HskUNAHRE & kb
2 L C SF BRI TR B o T 3 2 L 2SR X /=23, MF RS AH
DHET ZHEN 2. UM D X 9 7 X 71 = X L CHEB X L5 23R 72 IR
TE Tz, SF HRINAEMNE D IR EEHIE D TEE 1T MF HRIAHG & i L <
BIC/N& < [15], SF HRINEEMHAE O I HETRECHIAFE LERE D . MF HREIAL
MRE & Lbig U TR IC A BEICfK\ [17-19], AR ICEH W T, mTOR B & L 72
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A=t 7 7Y —iEhEOfIHEE L. E ERKITRECWITEAERICIER T 623, o
5t MF gisONEEHIE o A CEIEZ X 3. SF dskINAHIlE CliisR S g dr o 72, £
AR C. A— b+ 7 7 ¥ —HlflgED MF 35 X OF SF HRUNAHE o3& I3, 3
BN REDREN 2R TIBIE L 22 2 L RB I N7z, UIEHIRG . W
PR AR IC, JIRHIIE E 2 o o BB 2 HL D & < N il 7 & okl & o
IIazal—vaviRETHB[55], IEHHIEA & DT CTH 5 GDFI %
BMP15[55-57], & X S EAIfE 2 & O 73ibK1C©H % VEGF[16,58]1%. A
DB ZLEITRERCIINF A e R IEE X R 2 2 e B b N T W3, Jlmffasd 7
WESE D COCs @ IVM $58BIFIC 78~ 4 v v 2 ININT % &, VIIAFAER S UGE
T 5 729[59], mTOR &% N L 729EHHE D A — b 7 7 & —iG M ISR A RE
IR AERE 2 M+ 2 & # 2 b b, MF HRIPEEID mTOR #4 L 724 — bk 7
7V —=iGEICEE T 2 RE 1 IO W TR T 5 -0k, JNEMIAE & RAEIIED 2 T 2
—a = avENLEILRAMELLETH B,

e LT, AIEIZ. A—F 77 —DFHEHITH B T 8v 4 ¥ v HEARC
H 2% 3-MA RT3 K52 mTOR ¥ 7 F AR EN L TAH— b 7 7Y —HE%2 T
3 5HE/11Z. MF HeRUNAEAAC & SF kIR TR 7 2 rlRetEa3H 0 . RIL AR
REPHIHHAEREICEE T 2 Z L L D IC L T2,
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BE Lo —RE NRREER T SRR O — b T 7 P —BICEET
5 e, NEMIROETFUEZMRTT 2 2 & THIABEVEES K UVIHAREREE W
595

i

il

PLoaw—2iE, a-7Aa—2H L1-7) 2 FEALIFRTHTH Y, 4
. OB, A, R BB, MR ADS  OEYICEET B4 B
WIS Lo [60], kLo — 2 EBFHMAED 1 > & L, MlLA ¥ 52
BHOZWEERNC it kY, MimAaiE, Bk, BILALOITXIRLA T DN
B2 b L2 A OHIARES 2 2 & 2SN TV B[42], b Lom— X DL,
7 2R O WS R O R MR T 2 [61]C L ARG T ATV B, L L,
IVM ESETR~D b Lo — 23S, £ X 5 75 BeHECORREAIND o U1 76 4
WETBZDOLICONTIIHASLTIZAR L, $7. b Lo — 225 SF fiskiaHmE
DI REAGE S IIT AR & ME 11T RHII: 2 12 00 3 A B 3 75 210 D
WTHREHL TR,

Y7, bLom— 203, mTOREEIFRENIC A — b 7 7 ¥ — R % (BT 2 bk
EETLZERHMONTWE[62], BEEBORELS, A—F 77 U —FHEH| T 3
~ 4 v v B X CFEHEA 3-MA © IVM §Hi~DFh1iZ, mTOR & 2" F L2 % 4
L-C. MF gl o B ZLERRE 5 X OHIIR AR % 2 h EnE I b
£7 ST & 555, —77, SEHRIVEHINID 2 b < B R RIS & o 7o
[63], SF ik COCs 2 ~D b Lo e — 2L, mTOR EHIERAFHTIC SF
HRIIEHIRI D A — b 7 7 & —HE AR L | (RO EARE S K UHIISE L R
5% L7k,

7 AR IE. IVM E5Hi~D F Lo~ — 2D FMICH4 3 MF 3 X O° SF i3k
7" R PIEHAAE O RS R e 35 X IR~ DTS ERE N 2~ 2 & L bic,
—} 77 =Y — LB L EOMBIERT LC3-IT & BRI S N2 W & A4 —
F 77— MO ST RETR—R YN IEE LRSS 2 p62[47]%{|¢'§%}: L
T, PO —XOEERZNS OIFHAE O+ — F 7 7 ¥ — RS I E % 135 2
BPICOWTHE 21 To7, X5I1C. F Lo —2DMFEED. VM 8t o O 541
Moo EAE I RIS T DL T~ e,
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EETFH A
IVM £5th~D 10 mM F L~ — ZTELE T DI AEK

W5 ERAL L 72 SF 3 X 1" MF i3k COCs # POM B58BiRICED 72, 10mM b+ L
N —Z2EHEIEAED POM EERICTF F ey & 1 mMdbcAMP %70
LCIVMEEZRIBL 72, 20 20 Ffijgic, @ F Frtorvrys X1 mM
dbcAMP # & F 7 WEIRICHE L. & 5ic 24 BEfkEE L 72, VM 555814, AL
YL L. EE - BRI % 400 5 OAAHZBEER T CBIZE L 72, EERIL 12
mRIE L 7=,

IVM $5#i~D 10mM b} L~ — RFETE F QYIS 4%

iR Y IVM ik % G5 44 W7 o 72, SURHlE 2z YL L. BEMEE T 5%
— MR DI D3RS C & 72 ONAEA D & 2 E IR L <. EBRICfE L 72, INAEAHAT %2
1.2kV/ecm @ DC 58 ¢ 30 us DEXA SV A% 1 [HIff5%%, cytocharacin B &6k
HorC § A FELE N O 5 TARRT T 2 BHE L 7212, PZM-5 T 5 HFEL 39 °C. 5%
CO; in air XHSEM T T 5 HIEREE L 72, H5&RABO 2 HERICONEREZ, 5 HERIC
EROTE R 2 B L 7z, MEAEHAR 1Z. Hoechst 33342 Tt L, dOCEEMEE T C
B 2 P~ Tz, FEERIL 5 R VIR L 7,

VIRARYTO T4V IERICK B R VNIEH L RO

JHEE 2> & DERIE I mTL-HEPES FCr <y 7 4 ¥ Zic X Y JIAHHIAE % #4L
L. 0.125 M Tris-HCL (pH 6.8), 4% F T > AHREEF F U 7 4, 10%(v/v) 2- 2 v
Hh7 bz —n, 10%w/v)ZAZ7a—2, 0.01%W/v)7a€7 /) —NLT1L—T
BRINZ2HF Yy Iy 77 —(10 u)ic AT -80 CTIREL 7. £72. IVM B
th2s 5 20 BFEE QU Z YL LT 10 pul¥+ v Iy 77— & $1-80 °C
THREF L7z, T HIC, FB—iRE2 8 L 72 I 2 BB IC 10 pul v TN
v 77 —&bbic-80 ‘CTRFEL 7z, IWEHIEZ 95 °CT 5 /pElHR 4 Migic, &
Zrricue—F LT, 30mA, 40~50 TRV T 27 YT I FZXABESIKENIC XD
4B L 72 (Bio-Rad Laboratories, Hercules, CA, USA), Dk, ZAHNICH % &
Vo % 100V T 2 K217 T, PVDF £ (Merck, FA ) KB L=, K%
PVDF 7w v ¥ v 753 CGHEMN . KB, BHAR) ©7aev sk, —Xkbifke L dic
1 R L. 0.1% (v/v) Tween 20 &6 PBS T 3 [meiste. —XPifk & 1 KefElhs
L7z, L ZZ—XPifkiZ., 73 ¥ LC3A /B (Cell Signaling Technology.
12741, 1:100), 7 ¥ ¥ p62 (Cell Signaling Technology 5114S, 1:100), =7 &
aF 2—71Y v (SIGMA ALDRICH, T5168) T®H» >7=, fHHL 7= Xy,
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Anti-rabbit IgG (Cell Signaling Technology, 7074S. 1 :2000), Anti-mouse IgG

(Cell Signaling Technology, 7076S, 1 :2000) #fff L7, ECL (Bio-Rad
Laboratories, Hercules, CA. USA) Z#H W C{bEFe2mib L. IE oy 2 v
NIBEBEFEAL T2, X v 7 OFRIKRIIZ, ChemiDoc (Bio-Rad
Laboratories, Hercules, CA. USA) 1 CTEIMHI X 7=,

HOERO T X 2 O llia o L1 1 E

IVM 558 DR H 2 W idaEHF ©D SF 3 X O MF g1k COCs Yl fifid o 7t %
M3 % 7212, COCs # PI/SYBR green (Z1v2# 1 pug/mL) &L PBSHT
15 it U 7=, % D%, VectaShield (Vector Laboratories Inc.. 7V 7 4L =7
MAN=D v —L0) ZHPEEFLEZATANTIALEICYY YL, AN=T TR
I CERERRE B ICHOE SR (BZ-X710, Keyence, Osaka, Japan ) FTHIZEL
720 TRCOMBIREICIRE L DNA %44t 3 % SYBR green HRix it & Mg
B DA F o 7 SEMIAEIC © A3 5 PILHSR O AR EHE DA A D2 X
| FREHECHIRE AR, AL vy B OEIEPEE X B ik & SEMIRT & AT
L7z, UE2oEEEENIZI Y, COCs % 4 DDHIFITHFEL 72, 75% LA LD
N AR 23 4EFE L T\ B COCs T #ills A, 50%LA_E 75% 3 0 I i 23 477 L
T3 COCs % #illg B, 25%LA L 50% i O JH e 234 L T\ 5 COCs %
= C. AFHIIED 25% KD COCs Z#ilED & L7z, FNZhoHiECEEN5
COCs DEIEGTIVM % L TN EMIEOETFEER ED X S ICEL L /-0 %5l L
726

=t

10mM b Lo\ =20 IVM §i~DdshniZ, MF B RINEEHIE O R 41 s PEE I
B R RIT X e h> o 7203, SF HERIBAHIE o AR IZ A EICUGEE L 72 (0 mM X
49.1+3.0%. 10 mM [X 64.6+2.1% (P<0.05) ; Table9), kL ~u—ZFMIC X -
T, I £ > CO N0 E G EREICIE T L2 &2 b, IIXIERE % #%
72D EIEREL o2l EBHL D TH o7, LIL, P xm—ARMNIC X -
TYGE L 72 SF HRINEEIAE © iR IZ, + Loy e — REEFRMNIX O MF IR
IO AL L O S HEICKS 572 (Table 9),

¥ 7-[AEkIC, MF HRINAEHIAE o B 2 R 42 5% o IR A ~ o WA A %1%, 10
mM b L —2D IVM FEH~DRINIC X o TEE I 1) - 7223, SF HRINEE
Ml o R R 12, AEicdkEZ I N7~ (0mM [X 10.8+£2.6%. 10 mM [X 23.4
+2.1% (P<0.05) ; Tablel0), L2*L. FL v —ZFIIC X > CkEL 72 SF i
SRR O MBI R 1. P Lo~ — RN O MF BRI 2 1 &
D HEIKD > 7z (Table 10) X 51, UNEIEK S X MY 72 0 oMfaE0x. 91
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Rl A EET 20O RE X BLI U0 ML "u—RDOFEICY > CHELREIZ d
- 7= (Table 10),

Table9. Effect of trehalose during the in vitro maturation on the meiotic maturation of small follicle (SF-) and middle follicle

(MF-) derived porcine oocytes in vitro

Origin No. (%) of oocytes proceeded to the stage of ;
. Conc. (mM) No of oocytes
o
of Trehalose examined GV M- | M-I
COCs
MF 0 499 52 (10.4 + 1.59) 65(13.0+1.92)  382(76.6+1.62)
MF 10 488 25 (5.1+1.02) 53(10.9+1.67)  410(84.0+1.62)
SF 0 509 128 (25.1 + 3.8b) 131 (25.7 + 3.7b) 250 (49.1 + 3.0b)
SF 10 506 55(10.9+1.32) 124 (24.5+2.7Y) 327 (64.6+2.1°)

Percentage data in parentheses are shown as mean ® SEM from twelve replicates.

Abbreviations: COCs, cumulus—oocytes complexes; GV, germinal vesicle; M- I, metaphase— 1 ; A- 1 /T- 1, anaphase- I /telophase— I ; M-
II, metaphase-1I.

2b¢ Within a column, percentage with different superscript differed significantly (P<0.05).

Table10. Effect of trehalose during the in vitro maturation on the early developmental competence following parthenogenetic

activation of small follicle (SF-) and middle follicle (MF-) derived porcine oocytes

Origin Conc. (mM) No. of No. (%) of oocytes No. of

of of mature oocytes blastomeres
. cleaved formed blastocyst

COCs Trehalose examined per blastocyst
MF 0 144 129 (89.6+ 1.6) 51 (35.4 + 1.92) 285+ 1.5
MF 10 144 130 (90.3 + 2.1) 50 (34.7+ 2.22) 27.3+3.1
SF 0 120 103 (85.8 £ 2.2) 13 (10.8 + 2.6b) 26.6+ 1.8
SF 10 137 123 (89.8+ 2.8) 32(23.4+2.19 25.4+1.9

Percentage data in parentheses are shown as mean = SEM from five replicates.
COCs, cumulus—oocytes complexes.
Only mature oocytes with an extruded first polar body were used following IVM culture.

22 Within a column, percentage with different superscript differed significantly (P<0.05).
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—75. LC3-UBX U p62 DX v 2EL (L, COCs 2Skd 2 pffum kK %
& (MFvs.SF) O CHERERTEEL a»>72 (TN P=0.26F XV
P=0.08) 2%, IVM 5B DI ONTHEICKT L7z (P<0.05, Figure 1),

3
A LC3-| —
Il MF-derived oocytes LC3-Il e
5 [ ] SF-derived oocytes
C .
% a-tubulin — e C——
=}
g MF-derived SF-derived
3 1 2-way ANOVA
— P value
Origin of oocytes 0.26
0 .
Oh 20 h 44 h Time <0.05
Time after the start of IVM Interaction 0.98
1.5 B
Il MF-derived oocytes p62 — ——
[ ] SF-derived oocytes
£ 10 O-tUDUlIn  se—
3
35 MF-derived SF-derived
I
L 05 2-way ANOVA
P value
Origin of oocytes 0.08
0 Time <0.05
Oh 20h 44h Interaction 0.85

Time after the start of IVM
Figure 1. LC3-Il and p62 levels during IVM of MF- and SF-derived porcine oocytes
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¥ 72, IVM B3£I 20 K2 coIRRIdH o LC3-1 5 X U p62 X v X7 H L
~LiE, COCs AR E N0l K& & (MFvs.SF) X o THELREITZ D -
72 (FNFN P=0.48 X ¥ P=0.50, Figure 2), % 7z[EIfficC IVM }5&i~D + L
A= ZRIMOEEIC L 5T, LC3-TB LU p62 X2V X7 BEL_NVITHEL nd o
7= (XN P=0.27 & X O’ P=0.25, Figure 2),

151 A Bl 0mM Trehalose LC3-I — o
[110 MM Trehalose | n3 | e s s
:% Trehalose 0 10 0 10
3 (mM)  MF-derived SF-derived
205 2-way ANOVA
- P value
Origin of oocytes 0.48
0 Trehalose 0.27
MF_ . SF Interaction 0.70
Origin of oocytes
15 Il 0 M Trehalose ——
B [ ]10 mM Trehalose P62
a-tubulin e — -
£ 10 Trehalose 0 10 0 10
3 (mM) MF-derived SF-derived
>
3 2-way ANOVA
AN
Q 05 P value
Origin of oocytes 0.50
Trehalose 0.25
0 Interaction 0.07
MF SF

Origin of oocytes
Figure 2. LC3-1l and p62 levels in MF- and SF-derived porcine oocytes at
20 h after the start of IVM in the absence or presence of trehalose
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FEEIC, TVM 28508 T (B2 44 Fi8%) coIlRHleF o LC3-T s L O
p62 X v XL~ vk, COCs I N/z0ildo k& & (MFvs.SF) IcX»>C
BEREE R (ZNZE N P=0.23 5 XU P=0.95, Figure3), F7-[FERIC
IVM }58Bi~D Lo — ZRMOEMIC X > T, LC3-IH X W p62 £ v 528
LRVIIEE L o 72 (2 NZ i P=0.29 1 X UF P=0.53, Figure 3),

1.5 A
B i o ImTEmEm
% 1.0 —_1 O-tUDULIN. S S — —
2 Trehalose 0 10 0 10
g (mM) MF-derived SF-derived
05 2-way ANOVA
- P value
Origin of oocytes 0.23
0 Trehalose 0.29
MF. . SF Interaction 0.46
Origin of oocytes
51 B Bl 0 MM Trehalose 062 — — — —
[ ]10 mM Trehalose
O-TUDUIN e s s— —
% 1.0 Trehalose 0 10 0 10
2 (mM) MF-derived SF-derived
3
%_ 05 2-way ANOVA
P value
Origin of oocytes 0.95
0 Trehalose 0.53
MF SF Interaction 0.41

Origin of oocytes

Figure 3. LC3-1l and p62 levels in MF- and SF-derived porcine oocytes
after IVM in the absence or presence of trehalose for totally 44 h
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¥ 7= INAEAE A2 B Y PHE U0 s o 75% 0 FEofflandFEL Tw b e Ebn
% COCs DHE|GHE TR L 2 A, IVM EEHBBIIEEIC 1 MF 3 X 08 SF f3k COCs [
THERE I b - 7225, KEERE 20 FFE&ZICIZZ 0El& X, MF fk COCs ©
BEERETERRON R o7/z0icxt L <, SFH¥K COCs THEICKT L
(Figure 4), IVM K52ERIAREE 20 e[ & B5 B TRE (&R 44 FifHR) co %
D COCs A ICHEBE L2272 { . MF 3 X U SF 3k COCs fflc& 2 b 2t 70
- 7= (Figure 4),

100
o M MF-derived COCs
80 [ ] SF-derived COCs
ab
60 2-way ANOVA
X b
40 b P value
Origin of oocytes <0.01
20 Time <0.01
0 Interaction <0.05
Oh 20 h 44 h

Time after the start of IVM

Figure 4. The incidence of MF- or SF-derived porcine COCs with high viability
(more than 75%) of cumulus cell masses during IVM for totally 44 h
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X 50, UPHiasE o 75% L FoMilasEFE L v b & Ebi s COCs D&
. IVM B8 ~D 10 mM F Lo —Z2OFMIC X b IVM EEEERMEHT & B &= 7
ERR VL _VICE TCHEICWEL 7= (Figure5, P<0.05), L2»L. IVM E58#& T
FrcozibDE&IX, PLora—X0RMOEHEIC X 5T MF HRINEEHAE I
LCHEEZE I » -7 (Table9),

100
Il 0 mM Trehalose
80 a [ ] 10 mM Trehalose
ab
60 ab 2-way ANOVA
BN bc o val
20 c value
Trehalose <0.05
20 Time 0.77
0 Interaction 0.26
Oh 20 h 44 h

Time after the start of IVM

Figure 5. Effect of supplementation of trehalose on the percentage of MF- or
SF-derived porcine COCs with high viability (more than 75%) of cumulus cell
masses during IVM
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Kk COCs Ic& N2 N A% Z MF 2k COCs oz e b L <7, 7
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37



bITWwb, E7z, Wb L 72 90RHA W HAFE 4 o D IRKE 1< 1X. VEGFR2
DB L T3 Z & TN Th Y [68]. VEGF 28 P13K/Akt ##% - EME/MEK
DIEMALZHED ZAREMERB E T3, IVM EHb~D 10 mM b Losv — 2R
. O FeAf R oo 55 22 B G 0] 20 el C DBz BT < 2 & T U Al iE 2> & 5
XN 3 VEGF 2 L ORF L X ZMER L, INEHIIE L OV e & o) =a I 2 =
TF—va vEZET L, fERIIC SF BSRINEHHE O Ao A RE 2 AR A~ o 1] A
FAEREZ ) EX T B AEE DD B,

PEozers, #ime LT, IVMEHE~® 10 mM F Lo~y w — XF0E. S0EE
Mg A — b7 7 P —BRICEEST 3 2 L Lic, IEMIEOREERA M) 20 KR
TOWREZE, ML Nl ot nhala=r—va v E2ZTL, &
BT SE B RINEEMAE O fRIF A RE 2 IR I ~ o IR B fE A I L X ¢ T B
AlREMEDS D B

38



b

BLE WEED

10

p

% DIEERET, T2 I3ER 6 P HAIRTREEINE -0, ATVRED REBEER
BhETME 7 % YN 2 HEIL 72 MF (B 3~6 mm D F5jE) Hi3k COCs 28 E I
7 R ZREINDORIVEFEICHFH X LT\ 3[10,11], LasL. ZOUlEKmEICIE MF X
D H%H D SF (ERE 1~2 mm O/NIfE) 2FAET 5 [14]125, SF dRINEHIRE D 44
HLRCARE CHIHAFEERE ST 12, MF HERINAHE O 2 6 X D FEEIE W Z & A3 K
CHIb LT W3 [17,18], ARWFFEIZ, 7 ZINEHIC L EAFTET 5 SF RN O
ALK EEE. ZHEEE B X OB & oW IR A REA . MF HsRINEHIIE O 2 1
O L T & v S R [17-18,48] #MiiE 42 & & b i, ZDEWEAEAZ T
SHER AL IcT 3 2 L RHE LTCERL 7=,

A FEDRATHFRIC B WT, ZNE TOMETIE. IVM BE% I T ORI
%Z IVF © IVC It L Tz 2 & 226, SF HSRINEHE o 454 Z A5 RE L W) HH A6 A2 e
DT X, REAINEEZ A TW2Z &6, IVM 15—k o it % fi
L 7 BN R D & % 5ER L C IVF & 200 IVC icfit L=, ZDHiE., 21
S OYNFHIAE T DRI Z KR OB IR AEK B X CMEERTEIZ R, INEI# X, MF
HSR IR ARG & FIREEECH 2 T L S At 7o 72, —J7. SF HRINEHE D
W HEA ~ o WA A B 12, MF HRUNAEMAE & LRk L CHEICE W 2 & 23 5 20
o7z, F7z, SN, M. WIHR A7 SR T 2 %02 DEE T D SF H
SEUNAHE C OBz E B % MF kil cozhn e IVM EEDRiIECHEKL - & C
A, AR TDE L DB FOEE R IVM EEFHIBBRICEREICET LT
23, c-MOSEIETZRL. 3L A L DB T DG & T SF X U MF sk ikt
MR CHERZIFRD b ad o7z, —/. BINEZD c-MOS #n T DOinE &
. MF HiRUNAEAIAE & b L <. SF HRINEEMAE CHE 1T D 5 72, ¢-MOS &
BFDIREY)E. BHEEIWIINREHIAL O 3 2 o AT CEE R 1%E] % B 7= Sfusg
SEHNHIR T (CSF) ok & LTI b TWw3([71], SF BTN AT > MPF
L~bld, MF SRRSO 2 L0 &b HbNTWE[21]Z 25, c-
MOS & fn 1Y) % & L R R 1 o0&\ 28 SFH sk DN AT D o (R IEk ZhEE
PIHAFRAERICEEZ IT L T A R[EEERE 2 b, B 2HEsHfF a3,

BT, RO RITIHE TS K DB TFIEEYE D IVM REIR%R ICIEE
RT3 2 2L L2 &, MF sk 7 2Ol coA—F 7 7 ¥ —
T D TUE MRS R AEE [38] ¥R A RE[36] M E X €2 Z L AE I N T D
Z Lo, SF HSRINEHHIE C AT & 2 DE V2338 b nuiiE, SF B X Y MF Hik
SHERHIIE D AL AEE P WI IR AR REDE W I A — + 7 7 ¥ — FEIHERE S B b - T»
ZAMREMEZ R E 200 LV, £ 2T, H=FE T, mTOR ¥ 7" F vk i1k
DA —+ 77 —FERCH BT N4 vy X UOFEEERTH B 3-MA 23, SF B
X O MF H12RINEEHHAE D (R SF B ZARE L WA A R IS B & U T 0B 221D Wl
N7z, Z DOFER, MF HRINAEHAC O (R F B ZAEE S O WIHAFE AR REIX, 79~ A4 > v

39



FETTE bICSEI N, 3-MAFE N TR T L7z, —77. SF HisRUNAEIE o f44f
TR EAEE B OWIHAFE R REIE. T %= 4 & v RN 3-MA OFEIE T T & 25 i 7 2 o
7o TNHDZEDLL, A=+ 77V —DFEHFITH B T 54 v v HERTH
% 3-MA X3 2 K5 mTOR v 7 FAREEEZ N L CA— F 7 7 ¥ —REZ AT
% He/11x. MF HSRINGHAE & SF HRINEEMIAE C R 7x 2 RlRETED B b | (RIF R EARE
SCHIHARERICEE T 2 L EIHL I L T,

FE T, mTOR JEREFEN A — b 7 7 ¥V —3FEAN[43] L LTHILNLS F Lo
o0 — 2% HWwT, SFHRINAMEDOA — b+ 7 7 ¥ —REICEET 5 Z L CIRIVIEE
CUIAFRERE R ETE 20 & DO F TR Z21To 72, Z DR, LC3-11 5 X
W p62 DL v AXIEL~)THHM L 72 SF 3 X O MF kIl 4+ —F 7 7 &
—HElE. IVMESEDETE EHITEK T L7225, bLove — R0 HEIC X 321k
X5 b b o 72, —757. SF HRINAEIE DRI RE B X OCWIHAFE A RE X, 10
mM FLoa =Rk > THRICHE I N, 5, SF B XU MF gkiAE
HR A JE PR % B Y PE U AR 0 B R IC O W TR 72 & 2 A, MF fH3E COCs Dl
e D A TEEIZ L E L Cwizh3, SF g1k COCs D I iefifd o A 771k 1 IVM K8
Bt 20 FFffl E CICAEREICK TS5 22 L, PLou =Rk b 2z oEFED
KTF2BHIEE Iz, ZNO DR S, IVM Eith~D 10 mM b Loy v — 2R
. SIRIEO A — + 7 7 U —RBICEE T 5 C L L, Il B ERR L)
20 KRl c sz P &, UiREA SNt e o+ a i a =7 —v a3 v EZELT
L. #EREVIC SF HRINERH AL O (R4 BCAAGE © REE R~ D g HHFE AR RE % 7] | &
TwaaEEERrH L 2R LT,

LA EDWgEs &, SFHSRINEHMAL D A4S BEE 35 X OIMARIEHA £ o W)iHFE L RE
X, MFHRIIDO ZN 6 X D {ERWd DD, TR APHIKRIEK iR & L 72k 2 hE
REICEIF W L ZALIC LT, 72, MIEEICER ST 2 —HoERTEY 2
WCEZRD B L LHIC, IVMEERIKRICE K DB TIEFRIVKET 52 & %
LI L7z, 612, mTORY 7 F AR ENT 24—+ 7 7 ¥ —REDFAHIHES
1. SF¥ X OMFHRIIAHIIER T O it B o T3 2 R L7z, 72
512, LC3-IIBXL Up62D X v 7 EHL _ATIiL 724 —+ 7 7 ¥ —HEIT DWW T
HIVMEEEDMEIT L & IR T % 2 &, mTORIEKFN At — b 7 7 —iFE
Hlch s brov—2%HWTHSFERINA MO A -+ 7 7 U —REIIEE I i
WA, b Lovm — R FSFHKCOCsD N it o A feth 2 ffEFr 3% & & b ITiRIFK
B L MBI E CoPIIIREREZ M LI E B 2 EHLPICLZ, TNHD
FEE 2 5 MFHCRINAIAE O RS A EE S X OWIHARAEREIX. A — b 7 7 ¥ —HEH
filck b X oiceE TR 528, SFHERINAHIlED Z i3, LB =R 7R L DfF
TE T CONEAMRE DS 2 B &, SIAEIE L N iifg e o+ ko ia=Fr—v a v
PR T A2 & CHEIND I EEHLPICT S Z KT,

INo DM, INENAEMEERZ & S ICEMICER T 5 2 & % AlEe
WL, REEFESLE P COEIERBIEEICE T 52BN ORI EER 2 U8G5 L,
77 L7 &SR OBV A RE I B T Bl O D 72 & O A AR G 1< A EEA

40



ARTHY, SHOETENA AT 7 /0y —DERIFEBICRKRVICET S EEZDH
no,

41



SRR Y R b

[1] Shimasaki S, Zachow RJ, Li D, Kim H, Iemura S, Ueno N, Sampath K, Chang
RJ, and Erickson G. A functional bone morphogenetic protein system in the

ovary. Proc. Natl. Acad. Sci. USA 1999;96:7282-7287.

[2] Mcgrath SA, Esquela AF, and Lee SJ Oocyte-Specific Expression of
Growth/Differentiation. Mol Endocrinol 1995;9:131-136

[3] Dong J, Albertini DF, Nishimori K, Kumar TR, Lu N, MAtzuk MM.Growth
differentiation factor-9 is required during early ovarian

folliculogenesis. Nature 1996;383:531-535.

(4] Su YQ, Wu X, O’ Brien MJ, Pendola FL, Denegre JN, Matzuk MM, Eppig JJ.
Synergistic roles of BMP15 and GDF9 in the development and function of the
oocyte—cumulus cell complex in mice: genetic evidence for an oocyte—

granulosa cell regulatory loop. Developmental Biology 2004;276:64-73

[5] Funahashi H, Day BN. Effects of the duration of exposure to
supplemental hormones on cytoplasmic maturation of pig oocytes in vitro. J

Reprod Fertil 1993;98:179-185.

(6] Kobayashi K, Yamashita S, and Hoshi H. Influence of epidermal growth
factor and transforming growth factor—-« on in vitro maturation of cumulus
cell-enclosed bovine oocytes in a defind medium. J Reprod Fertil

1994;100:439-446

[7] Liu JY, Aronow, BJ, Witte DP, Pope WF, & La Barbera ARL. Cyclic and
maturation dependent regulation of follicle stimulating hormone receptor

and luteinizing hormone receptor messenger ribonucleic acid expression in

the porcine ovaryl. Biol Reprod 1998;58:648-658.

[8] Downs SM, Daniel SA, & Eppi JJ Inductionof maturation in cumulus cell-
enclosed mouse oocytes by follicle situmulating hormone and epidermal
growth factor : evidence for a positive stimulus of somatic cell origin.

Journal of experimental Zoology 1988;245:86-96.
42



(9] Liang CG, Huo LJ, Zhong ZS, Chen DY, Schatten H, and Sun QY. Cyclic
adenosine 3’ ,5" —monophosphate—dependent activation of mitogen—activated
protein kinase in cumulus cells is essential for germinal vesicle breakdown

of porcine cumulus—enclosed oocytes. Endocrinology 2005;146:4437-4444.

[10] Day BN, Funahashi H. In vitro maturation and fertilization of pig
oocytes. In:H.MR, Pursel VG, Norman HD (eds.), Beltsville symposia in
agricultural research XX. Biotechnology’ s role in the genetic improvement
of farm animals. Savoy, IL, USA: American Society of Animal Science;

1996:125-144.

[11] Funahashi H, Day BN. Advances in in vitro production of pig embryos. J
Reprod Fertil Suppl 1997;52:271-283.

[12] Yoshioka K, Suzuki C, Onishi A. Defined system for in vitro pro—
duction of porcine embryos using a single basic medium. J Reprod Dev

2008;54:208-213.

[13] Yoshioka K. Development and application of a chemically defined medium

for the in vitro production of porcine embryos. J Reprod Dev 2011;57:9-16.

[14] Morbeck DE, Esbenshade KL, Flowers WL, Britt JH. Kinetics of follicle
growth in the prepubertal gilt. Biol Reprod 1992; 47: 485-491.

[15] Lucas X, Martinez EA, Roca J, Vazquez JM, Gil MA, Pastor LM, Alabart
JL. Relationship between antral follicle size, oocyte diameters and nuclear

maturation of immature oocytes in pigs. Theriogenology 2002; 58: 871-885.

[16] Matsunaga R, Funahashi H. Supplementation with cumulus cell masses
improves the in vitro meiotic competence of porcine cumulus—oocytes
complexes derived from small follicles. Reprod Domest Anim 2017; 52: 672-
679.

[17] Marchal R, Vigneron C, Perreau C, Bali-Papp A, Mermillod P. Effect of
follicular size on meiotic and developmental competence of porcine oocytes.

Theriogenology 2002; 57: 1523-1532.

43



[18] Yoon KW, Shin TY, Park JI, Roh S, Lim JM, Lee BC, Hwang WS, Lee ES.
Development of porcine oocytes from preovulatory follicles of different

sizes after maturation in media supplemented with follicular fluids. Reprod

Fertil Dev 2000; 12: 133-139.

[19] Kohata C, Izquierdo—Rico MJ, Romar R, Funahashi H. Development
competence and relative transcript abundance of oocytes derived from small
and medium follicles of prepubertal gilts. Theriogenology 2013; 80: 970-
978.

[20] Okudaira Y, Wakai T, Funahashi H. Levels of cyclic—AMP and cyclic—GMP
in porcine oocyte—cumulus complexes and cumulus—free oocytes derived from

small and middle follicles during the first 24-hour period of in vitro

maturation. J Reprod Dev 2017; 63: 191-197.

[21] Kim J, You J, Hyun SH, Lee G, Lim J, Lee E. Developmental competence
of morphologically poor oocytes in relation to follicular size and oocyte

diameter in the pig. Mol Reprod Dev 2010; 77: 330-339.

[22] Bagg MA, Nottle MB, Armstrong DT, Grupen CG. Relationship between
follicle size and oocyte developmental competence in prepubertal and adult

pigs. Reprod Fertil Dev 2007;19:797-803.

[23] Antosik P, Kempisty B, Bukowska D, Jackowska M, Wlodarczyk R, Budna J,
et al. Follicular size is associated with the levels of transcripts and
proteins of selected molecules responsible for the fertilization ability of

oocytes of puberal gilts. J Reprod Dev 2009;55:588-593.

[24] Pelech S, Jelinkova L, Susor A, Zhang H, Shi X, Pavlok A, et al.
Antibody microarray analyses of signhal transduction protein expression and

phosphorylation during porcine oocyte maturation. J Proteome Res

2008;7:2860-2871.

[25] Zhang DX, Cui XS, Kim NH. Involvement of polyadenylation status on
maternal gene expression during in vitro maturation of porcine oocytes. Mol

Reprod Dev 2009;76:881-889.

44



[26] Zhang DX, ParkWJ, SunSC, XuYN, LiYH, CuiXS, et al.Regulationof
maternal gene expression by MEK/MAPK and MPF signaling in porcine oocytes

during in vitro meiotic maturation. J Reprod Dev 2011;57:49-56.

[27] Nishimura Y, Endo T, Kano K, Naito K. Porcine Aurora A accelerates

Cyclin B and Mos synthesis and promotes meiotic resumption of porcine

oocytes. Anim Reprod Sci 2009;113:114-124.

(28] Ma W, Zhang D, Hou Y, Li YH, Sun QY, Sun XF, et al. Reduced expression
of MAD2, BCL2, and MAP kinase activity in pig oocytes after in vitro aging
are associated with defects in sister chromatid segregation during meiosis

IT and embryo fragmentation after activation. Biol Reprod 2005;72:373-383.

[29] Acevedo N, Smith GD. Oocyte—specific gene signaling and its regu—
lation of mammalian reproductive potential. Front Biosci 2005;10: 2335-

2345.

[30] RomarR, DeSantisT, PapillierP, PerreauC, ThelieA,Dell’ AquilaME, et
al. Expression of maternal transcripts during bovine oocyte in vitro

maturation is affected by donor age. Reprod Domest Anim 2011;46:e23-30.

[31] Caixeta ES, Ripamonte P, Franco MM, Junior JB, Dode MA. Effect of
follicle size on mRNA expression in cumulus cells and oocytes of Bos

indicus: an approach to identify marker genes for developmental competence.

Reprod Fertil Dev 2009;21: 655-664.

[32] Prochazka R, Kalab P, Nagyova E. Epidermal growth factor receptor
tyrosine kinase activity regulates expansion of porcine oocyte—cumulus cell

complexes in vitro. Biol Reprod 2003;68: 797-803.

[33] Mizushima N, Levine B. Autophagy in mammalian development and

differentiation. Nat Cell Biol 2010; 12: 823-830.

[34] Tsukamoto S, Kuma A, Mizushima N. The role of autophagy during the
oocyte—to— embryo transition. Autophagy 2008; 4: 1076-1078.

45



[35] Xu YN, Shen XH, Lee SE, Kwon JS, Kim DJ, Heo YT, Cui XS, Kim NH.
Autophagy influences maternal mRNA degradation and apoptosis in porcine

parthenotes developing in vitro. J Reprod Dev 2012; 58: 576-584.

[36] Elahi F, Lee H, Lee J, Lee ST, Park CK, Hyun SH, Lee E. Effect of
rapamycin treatment during post—activation and/or in vitro culture on

embryonic development after parthenogenesis and in vitro fertilization in

pigs. Reprod Domest Anim 2017; 52: 741-748.

[37] Lee S, Hiradate Y, Hoshino Y, Tanemura K, Sato E. Quantitative

analysis in LC3— II protein in vitro maturation of porcine oocyte. Zygote

2014; 22: 404-410.

[38] Song BS, Kim JS, Kim YH, Sim BW, Yoon SB, Cha JJ, Choi SA, Yang HJ,
Mun SE, Park YH, Jeong KJ, Huh JW, Lee SR, Kim SH, Kim SU, Chang KT.
Induction of autophagy during in vitro maturation improves the nuclear and

cytoplasmic maturation of porcine oocytes. Reprod Fertil Dev 2014; 26: 974-
981.

[39] Shen XH, Jin YX, Liang S, Kwon JW, Zhu JW, Lei L, Kim NH. Autophagy is
required for proper meiosis of porcine oocytes maturing in vitro. Sci Rep

2018; 8: 12581.

[40] Foster KG, Fingar DC. Mammalian target of rapamycin (mTOR): conducting
the cellular signaling symphony. J Biol Chem 2010; 285: 14071-14077.

[41] Song BS, Yoon SB, Kim JS, Sim BW, Kim YH, Cha JJ, Choi SA, Min HK, Lee
Y, Huh JW, Lee SR, Kim SH, Koo DB, Choo YK, Kim HM, Kim SU, Chang KT.
Induction of autophagy promotes preattachment development of bovine embryos

by reducing endoplasmic reticulum stress. Biol Reprod 2012; 87: 8: 1-11.

[42] Chen Q, & Haddad GG. Role of trehalose phosphate synthase and
trehalose during hypoxia: from flies to mammals. J Exp Biol 2004;207:3125-
3129.

46



[43] Mayer AL, Higgins CB, Heitmeier, Kraft TE, Qian X, Crowley JR, Hyrc
KL, Beatty WL, Yarasheski, Hruz PW, & DeBosch BJ. SLC2A8 (GLUTS) is a

mammalian trehalose transporter required for trehalose—induced autophagy.

Sci Rep 2016;6:1-15.

[44] Tien NT, Karaca I, Tamboli IY, & Walter J. Trehalose alters
subcellular trafficking and the metabolism of the Alzheimer—associated

amyloid precursor protein. J Biol Chem 2016;291:10528-10540.

[45] Yoon YS, Cho ED, Ahn WJ, Lee KW, Lee SJ, and Lee HJ. Is trehalose an
autophagic inducer? Unraveling the roles of non—reducing disaccharides on

autophagic flux and alpha-synuclein aggregation. Cell Death Dis
2017;8:e3091.

[46] Kaizuka T, Morishita H, Hama Y, Tsukamoto S, Matsui T, Toyota Y,
Kodama A, Ishihara T, Mizushima T. An autophagic flux probe that releases

an internal control. Mol Cell 2016;64:835-849.

[47] Ichimura Y, Kumanomidou T, Sou Y, Mizushima T, Ezaki J, Ueno T,
Kominami E, Yamane T, Tanaka K, and Komatsu M. Structural basis for sorting

mechanism of p62 in selective autophagy. J Biol Chem 2008;283:22847-22857.

(48] Liu RH, Li YH, Jiao LH, Wang XN, Wang H, Wang WH. Extracellular and
intracellular factors affecting nuclear and cytoplasmic maturation of

porcine oocytes collected from different sizes of follicles. Zygote

2002;10:253-260.

[49] Jarrell VL, Day BN, and Prather RS. The transition from maternal to
zygoic control of development occurs during the 4-cell stage in the

domestic pig, sus scrofa: quantitative and qualitative aspects of protein

synthesis. Biol Reprod 1991;44:62-68.

[50] Honma Y, Morita MS, Katsuki Y, Mihara H, Baba R, and Harada M.
Trehalose activates autophagy and decreases proteasome inhibitor—induced
endoplasmic reticulum stress and oxidative stress—mediated cytotoxicity in

hepatocytes. Hepatol Res 2018;48:94-105.

47



[51] Akaki Y, Yoshioka K, Noguchi M, Hoshi H, Funahashi H. Successful
piglet production in a chemically defined system for in vitro production of
porcine embryos: dibutyryl cyclic amp and epidermal growth factor—family

peptides support in-vitro maturation of oocytes in the absence of

gonadotropins. J Reprod Dev 2009; 55: 446-453.

[52] Funahashi H, Cantley TC, Day BN. Synchronization of meiosis in porcine
oocytes by exposure to dibutyryl cyclic adenosine mono—phosphate improves
developmental competence following in vitro fertilization. Biol Reprod

1997;57:49-53.

[53] Funahashi H, Cantley TC, Day BN. Different hormonal requirement of pig
oocyte—cumulus complexes during maturation in vitro. J Reprod Fertil

1994;101:159-165.

[54] Romar R, Funahashi H, Coy P. In vitro fertilization in pigs: New
molecules and protocols to consider in the forthcoming years.

Theriogenology 2016; 85: 125-134.

[55] Gilchrist RB, Lane M, Thompson JG. Oocyte—secreted factors: regulators
of cumulus cell function and oocyte quality. Hum Reprod Update 2008; 14:
159-177.

[56] Hussein TS, Sutton-McDowall ML, Gilchrist RB, Thompson JG. Temporal
effects of exogenous oocyte—secreted factors on bovine oocyte developmental

competence during IVM. Reprod Fertil Dev 2011; 23: 576-584.

[57] Hussein TS, Thompson JG, Gilchrist RB. Oocyte—secreted factors enhance
oocyte developmental competence. Dev Biol 2006; 296: 514-521.

[58] Bui TMT, Nguyé~n KX, Karata A, Ferré P, Tra n MT, Wakai T, Funahashi
H. Presence of vascular endothelial growth factor during the first half of

IVM improves the meiotic and developmental competence of porcine oocytes

from small follicles. Reprod Fertil Dev 2017; 29: 1902-1909.

48



[59] Lee J, Park JI, Yun JI, Lee Y, Yong H, Lee ST, Park CK, Hyun SH, Lee
GS, Lee E. Rapamycin treatment during in vitro maturation of oocytes
improves embryonic development after parthenogenesis and somatic cell

nuclear transfer in pigs. J Vet Sci 2015; 16: 373-380.

[60] Richards AB, Krakowka S, Dexter LB, Schmid H, Wolterbeek APM,
Waalkens—Berendsen DH, Shigoyuki A, Kurimoto M. Trehalose: a review of
properties, history of use and human tolerance, and results of multiple

safety studies. Food Chem Toxicol 2002;40:871-898.

[61] Athurupana R, Takahashi D, Ioki S. & Funahashi H. Trehalose in
glycerol-free freezing extender enhances post—thaw survival of boar

spermatozoa. J Reprod Dev 2015;61: 205-210.

[62] Hosseinpour-Moghaddam K. Autophagy induction by trehalose: molecular
mechanisms and therapeutic impacts. J Cellular Physiology 2018;233:6524-
6543

[63] Ono CK, Wakai T, Funahashi H. The autophagic inducer and inhibitor
display different activities on the meiotic and developmental competencies

of porcine oocytes derived from small and medium follicles. J Reprod Dev

2019;65:527-532

[64] Mizunoe Y, Kobayashi M, Sudo Y, Watanabe S, Yasukawa H, Natori D,
Hoshino A, Negishi A, Okita N, Komatsu M, Higami Y. Trehalose protects
against oxidative stress by regulating the Keapl-Nrf2 and autophagy
pathways. Redox Biol 2018;15:115-124.

[65] Miyano T, Lee J, & Fulka J. G2/M transition of pig oocytes: how do
oocytes initiate maturation? Reprod Med Biol 2003;2:91-99.

[66] Duffy DM. Growth Differentiation factor-9 is expressed by the primate
follicle throughout the periovulatory intervall. Biol Reprod 2003;69:725-
732.

49



[67] Hosoe M, Kaneyama K, Ushizawa K, Hayashi K, Takahashi T. Quantitative
analysis of bone morphogenetic protein 15 (BMP15) and growth
differentiation factor 9 (GDF9) gene expression in calf and adult bovine

ovaries. Reprod Biol Endocrinol 2011:;9:33.

[68] Kere M, Siriboon C, Liao JW, Lo NW, Chiang HI, Fan YK, Kastelic JP, Ju
JC. Vascular endothelial growth factor A improves quality of matured

porcine oocytes and developing parthenotes. Domest Anim Endocrinol

2014;49:60-69

[69] Olsson AK, Dimberg A, Kreuger J, and Claesson—Welsh L. VEGF receptor
signaling in control of vascular function. Nat Rev Mol Cell Biol

2006;7:359-371.

[70] Ortega HH, Veiga—Lopez A, Sreedharan S, Velazquez MMDL, Salvetti NR,
and Padmanabhan V. Developmental programming: Does prenatal steroid excess

disrupt the ovarian VEGF system in sheep? Biol Reprod 2015;93:1-11.

[71] Glotzer M, Murray AW, & Kirschner MW. Cyclin is degraded by the
ubiquitin pathway. Nature 1991;349:132-138.

50



