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CAMP

cGMP

COCs

dbcAMP

DOs

EGF

FSH

GV

GVBD

HAPLN1

HAS2

LH

MAPK

Ml

PBM

PBS

PFM

PKA

PKC

PKG

POE-CM

POM

PVA

PZM-5

cyclic adenosine 3§56monophosphate
cyclic guanosine 56monophosphate
cumulus-oocyte complexes

dibutyryl cyclic adenosine monophosphate
denuded oocytes

epidermal growth factor

follicle-stimulating hormone

germinal vesicle

germinal vesicle breakdown

hyaluronan and proteoglycan link protein 1
hyaluronan synthase 2

luteinizing hormone

mitogen-activated protein kinase
metaphase Il

porcine blastocyst medium

phosphate buffered saline

porcine fertilization medium

protein kinase A

protein kinase C

cGMP-dependent protein kinase

porcine oocyte, embryo-collection medium
porcine oocyte medium

polyvinyl alcohol

porcine zygote medium-5



TGF-a transforming growth factor-alpha

TNFAIP6 tumor necrosis factor alpha induced protein 6

TUNEL terminal deoxyribonucleotidyl transferase-mediated dUTPi digoxigenin
nick end-labelling

uUBB ubiquitin

VCAN versican

Xi



cumulus-oocyte complexes: COCs
germinal vesicle: GV
germinal vesicle breakdown: GVBD
metaphase
[: Ml GV GV MiI

Ml Mil



gonadotropin releasing hormone:

GnRH follicle-stimulating hormone: FSH
luteinizing hormone: LH FSH LH
LH LH
FSH LH COCs

Kobayashi et al., 1994;
Mattioli et al., 1991 FSH LH
Méduri et al., 2002; Yuan et al., 1996 FSH LH
Amsterdam et al., 1975; Dekel et al., 1988
FSH LH 3,5 - cAMP
Downs et al., 1988 mitogen-activated protein kinase MAPK

Su et al., 2002; Liang et al., 2005

CcAMP MAPK Wu et al., 1993
epidermal growth factor EGF Park et al., 2004; Chen et al.,
2008 meiosis activating sterol MAS Byskov et al., 1995;
Yamashita et al., 2005 All PKAII C PKC
MAPK MAPK

Liang et al., 2007

EGF
EGF, transforming growth factor-b TGF-b , platelet-derived growth factor,
nerve growth factor, insulin-like growth factor-I, -II, fibroblast growth factor

GVBD



Downs, 1989 EGF EGF

Lonergan et al., 1996 Singh et al.,, 1997; Abeydeera et al., 2000;
Prochazka et al., 2000; Uhm et al., 2010 EGF
MRNA
Fuente et al., 1999 Goud et al., 1998 Kobayashi et al., 1994;
Lonergan et al., 1996 Singh et al., 1997; Abeydeera et al., 1998; Li et al., 2002
amphiregulin epiregulin betacellulin EGF
LH GVBD Park et al.,
2004; Hsieh et al., 2007 FSH epiregulin
amphiregulin Sekiguchi et al., 2002; Shimada et al., 2006 FSH
LH GVBD EGF AG1478
Park et al., 2004; Downs and Chen, 2008 EGF EGF
Zhang et al., 2009 FSH EGF
MAPK 2
FSH EGF
GVBD Farin et al., 2007
4 Flood

and Wiebold, 1988; Ankrah and Appiah-Opong, 1999; Medvedev et al., 2004
2
Kikuchi et al., 2002b
Gardner and Lane, 1993; Bavister and Arlotto, 1990; Lee et al., 2004; Suzuki
and Yoshioka, 2006
Lee and Fukui, 1996; Takahashi and Kanagawa, 1998

Iritani et al., 1974; Li et al., 2007



Day, 2000

Vatzias and Hagen, 1999; Bijttebier et al., 2008; Suzuki et al., 2006
Edwards, 1974
Ainsworth et al.,
1980; Bridges et al., 2002
Porcine reproductive and respiratory syndrome:
PRRS Sur et al., 2001

Galik et al., 2002; Devaux et al., 2003



Nagai and Moor, 1990; Wang

et al., 1998 PVA

Yoshioka et al., 2008
porcine oocyte medium POM Yoshioka et al.,
2008 porcine fertilization medium PFM Yoshioka et al., 2003

porcine zygote medium-5 PZM-5 Suzuki and Yoshioka, 2006

Yoshioka et al., 2002
Robl and Davis, 1981; Magli et al., 1998; Dobrinsky et al.,

1996

Wilmut, 1974; Polge et al.,, 1974;
Nagashima et al., 1995

Dobrinsky, 1997

Rall and Fahy, 1985



Kobayashi et al., 1998; Dobrinsky et al., 2000
McEvoy et al., 2000; Sturmey
and Leese, 2003
Brown, 2001; Kikuchi et al., 2002a

Nagashima et al., 1995

Nagashima et al., 2007

Maehara et al. 2012

Greve and Callesen, 2004

2

TGF-a 3 TGF-a FSH



2 TGF-a

1.
Mil
FSH
eCG LH hCG
COCs Minato and Toyoda, 1982 FSH
PMSG hCG 20

COCs
Funahashi and Day, 1993
Funahashi and Day, 1997; Niwa,

1993

EGF TGF-a amphiregulin epiregulin betacellulin
EGF Coskun and Lin, 1994; Singh et al.,
1997; Prochazka et al.,, 2000; Akaki et al., 2009  Amphiregulin epiregulin
betacellulin  LH
GVBD Park et al., 2004 EGF TGF-a Grupen et al.,
1997b; Coskun and Lin, 1994 Downs et al., 1988; Brucker et al., 1991
Dekel and Sherizly, 1985; Tsafriri et al., 1989 Lonergan et al., 1996; Kobayashi et al.,
1994 LH hCG EGF TGF-a
Sekiguchi et al., 2004; Hsieh et al., 2009 EGF
Singh et al., 1995b TGF-a GV Mii

Singh and Armstrong, 1995a; Yoshida et al., 1998 TGF-a



Singh and Armstrong, 1995a TGF-a 50
EGF 30 40 Marquardt et al., 1983 TGF-a
EGF EGF
Massague, 1983; Pike et al., 1982
TGF-a EGF Barrandon and Green, 1987; Schreiber
et al., 1986 TGF-a
Kobayashi et al., 1994 TGF-a

Coskun and Lin, 1994

TGF-a
MRNA
Watson, 2007 Ferreira et al., 2009;
Cran, 1985 Cran, 1985
GVBD Cran, 1985
Kikuchi et al., 2002a TGF-a

TGF-a

TGF-a



25 PBS
0.9% (w/v) NacCl PBS 3
COCs 18 10 ml 3 6mm
porcine oocyte, embryo-collection medium POE-CM; Research Institute for the

Functional Peptides, Higashine, Japan, 2-1 2

COCs porcine oocyte medium POM; Research Institute
for the Functional Peptides, 2-1 COCs 10 IU/ml eCG
Aska Pharmaceutical Co., Tokyo, Japan 10 IU/ml hCG Aska
Pharmaceutical Co. POM POM  TGF-a PeproTech, London,
UK 01 10 100 ng/ml 2 3 150 ¢l
15 20 385 39 5% CO, 5% O, 90% N, 44
20 TGF-a 44 POM
COCs
2
Yoshioka et al. 2008 COCs 38
1 mg/ml Sigma-Aldrich Inc., St Louis, MO, USA POE-CM
DOs
112
DOs
31 24 48 1% (wiv)
113 DMRE; Leica
Microsystems Wetzlar GmbH, Wetzlar, Germany, BX50; OLYMPUS, Tokyo, Japan
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GVBD

Mil

porcine fertilization medium PFM; Research Institute for the Functional Peptides, 2-1

40% 80% GE Healthcare UK,
Buckinghamshire, UK 700 g 20 PFM
500 g 5 2
COCs 1 10° /ml 100 el 10
1
2
4
POE-CM 4 POE-CM porcine
zygote medium-5 PZM-5; Research Institute for the Functional Peptides,  2-1 2
50el  PZM-5 25 5 385 39 5% CO, 5%
O, 90% N, 2 5 2
5
5 Yoshioka et al. 2008
0.9% (w/v) 1% (v/v)

HyClone, South Logan, UT, USA 10 15 [

10



10 3 7 1
31 3
2% (vIV) 30
6
Nagano et al. 1999
20 10 ng/ml TGF-a POM 44
COCs 1 DOs
5 2.5% (VIV) pH 7.3 1
0.1 M 3 1% (W) 1
DOs

REICHERT-NISSEI ULTRACUT S, Leica, Wetzlar, Germany

0.5% (w/v) pH 7.5

JEM-1210; JEOL, Tokyo, Japan

4 6 7 84 101kg

Hi; Meiji Seika Co. Ltd., Tokyo, Japan
5 PGF,, 72
10 ng/ml TGF-a

1 20

7
Yoshioka et al. 2003
15 mg Foa PGF2,
1 2 5
hCG 1500 IU
COCs 5
22

Aloka Co. Ltd., Tokyo, Japan

20 SSD-900;

11



Statistical Analysis System SAS Institute, Cary NC, USA
Tukey-Kramer HSD

5%

12



1 TGF-a
TGF-a eCG hCG
TGF-a COCs eCG
hCG GVBD MII TGF-a 10 ng/ml
P <0.05 eCG hCG GVBD Mii TGF-a
2-2 eCG hCG eCG
hCG GVBD MiI P < 0.05
TGF-a
TGF-a 10 ng/mi Ml
TGF-a 10 ng/ml
2 TGF-a
eCG hCG TGF-a
eCG hCG 10 ng/ml TGF-a
COCs
TGF-a 2-3 2-4
TGF-a P < 0.05
TGF-a
3 TGF-a
eCG hCG TGF-a
TGF-a
eCG hCG POM 10 ng/ml TGF-a

13



TGF-a

2-la
TGF-a
2-2b  TGF-a
2-2a
TGF-a COCs
2-3b TGF-a
10 2
2-3a 24
COCs
4
TGF-a
eCG hCG TGF-a
4
2-5 73 15

14

TGF-a

TGF-a

10

TGF-a

COCs

2-1b

COCs

10

29



TGF-a

TGF-a
10 ng/ml TGF-a
2-2 TGF-a Tsafriri et al., 1989 Brucker et
al., 1991 Kobayashi et al., 1994 Coskun and Lin, 1994
TGF-a 2-2
FSH LH
eCG hCG COCs

Funahashi and Day, 1993

LH FSH
Mattioli et al.,
1991; Sun et al., 2001 LH
LH Peng et
al.,, 1991 EGF LH
Park et al., 2004; Conti et al., 2006 amphiregulin epiregulin
LH hCG
LH Park et al., 2004;
Ashkenazi et al., 2005; Sekiguchi et al., 2004 LH
EGF TGF-a Sekiguchi et al., 2004; Hsieh et al., 2009
EGF TGF-a EGF
Hsieh et al., 2009 LH EGF

15



TGF-a TGF-a
LH Tsafriri et
al., 1989 TGF-a amphiregulin
epiregulin EGF LH
eCG hCG TGF-a

TGF-a eCG hCG

TGF-a
2-4
Eppig et al., 1994; Hyttel et al., 1997
Fuente et al., 1999
Merlo et al.,, 2005 Guler et al.,, 2000 Kobayashi et al., 1994
Abeydeera et al., 1998 EGF

Singh et al., 1997; Uhm et al., 2010

Ding and Foxcroft, 1994; Grupen et al., 1997b TGF-a
EGF
Jamnongjit et al., 2005 FSH TGF-a

Yeh et al., 1993

Yuan et al., 2016 TGF-a
MRNA Watson, 2007
Ferreira et al., 2009; Cran, 1985 TGF-a

16



Abe et al,
hCG 0 20
et al. 2002a
TGF-a
TGF-a
TGF-a

2-1

Brown, 2001

Brown, 2001; Kikuchi et al., 2002a

TGF-a

2-2 Cran 1985

TGF-a

TGF-a

17

1999

Kikuchi et al., 2002a Cran 1985

50
Kikuchi
Kikuchi et al., 2002a
Kikuchi et al., 2002a
TGF-a
2-1
GVvBD
TGF-a
TGF-a
2-3
Hyttel and



Niemann 1990

TGF-a
Motta et al., 2000; Weakley, 1976 TGF-a
TGF-a
1 20 22 100%

7.3
Suzuki et al., 2006; Yoshioka et al., 2003;

Abeydeera et al., 2000; Marchal et al., 2001; Kikuchi et al., 2002b

TGF-a

TGF-a

18



TGF-a

eCG, hCG

TGF-a

TGF-a

TGF-a

19

10 ng/ml TGF-a

TGF-a



2-1

POM PFM PZM-5 POE-CM
NaCl 108.00 mM 108.00 mM 108.00 mM 108.00 mM
KCI 10.00 mM 10.00 mM 10.00 mM 10.00 mM
KH,PO, 0.35 mM 0.35 mM 0.35 mM 0.35 mM
MgSO, 7H,O 0.40 mM 0.40 mM 0.40 mM 0.40 mM
NaHCO; 25.00 mM 25.00 mM 25.00 mM 5.00 mM
Hepes - - - 25.00 mM
Glucose 4.00 mM 1.00 mM - -
Na-pyruvate 0.20 mM 0.20 mM 0.20 mM 0.20 mM
Ca-(lactate), 5H,0 2.00 mM 4.00 mM 2.00 mM 2.00 mM
L-glutamine 2.00 mM - 2.00 mM -
Hypotaurine 5.00 mM - 5.00 mM -
L-Arginine HCI 0.10 mM - 0.10 mM -
L-Cystine 0.05 mM - 0.05 mM -
L-Histidine 0.05 mM - 0.05 mM -
L-Isoleucine 0.20 mM - 0.20 mM -
L-Leucine 0.20 mM - 0.20 mM -
L-Lysine HCI 0.20 mM - 0.20 mM -
L-Methionine 0.05 mM - 0.05 mM -
L-Phenylalanine 0.10 mM - 0.10 mM -
L-Threonine 0.20 mM - 0.20 mM -
L-Tryptophan 0.02 mM - 0.02 mM -
L-Tyrosine 0.10 mM - 0.10 mM -
L-Valine 0.20 mM - 0.20 mM -
L-Alanine 0.10 mM - 0.10 mM -
L-Asparagine H,O 0.10 mM - 0.10 mM -
L-Aspartic Acid 0.10 mM - 0.10 mM -
L-Glutamic Acid 0.10 mM - 0.10 mM -
Glycine 0.10 mM - 0.10 mM -
L-Proline 0.10 mM - 0.10 mM -
L-Serine 0.10 mM - 0.10 mM -
Theophylline - 2.50 mM - -
Adenosine - 1.00 eM - -
L-cysteine 0.60 mM 0.25eM - -
Gentamicin 0.01 mg/ml 0.01 mg/ml 0.01 mg/mi 0.01 mg/mi
Polyvinyl alcohol 3.00 mg/mi 3.00 mg/ml 3.00 mg/ml 3.00 mg/ml
Phenol red - - - 2.00 eg/ml
(mOsm)’ 289+ 1 279+ 1 2831 268+ 1

pH 7.3

20



2-2 TGF-a
(€CG, hCG) (Tn(é;:m% GVBD (%) MII (%)
0 84 15 (18.0 + 2.5)** 5 (5.6 + 3.0)*"
1 101 28 (27.6 £ 4.5~  12(12.0 + 4.6)*
10 96 39 (40.2 + 6.6)>* 24 (24.2 + 5.5)*A
100 89 31(33.9+ 7.27A 9(9.8 + 3.1)®4
+ 0 106 89 (83.8 + 4.3)° 80 (75.4 + 3.9)°
1 106 96 (90.6 + 3.0)° 89 (84.0 + 3.6)°
10 106 94 (88.6 + 3.7)° 90 (84.8 + 4.0)°
100 106 93 (87.7 + 2.9)° 85 (80.3 + 6.0)°
6
apAB P <0.05

21



23 TGF-a
(%) (%) (%) (%)
170 52 46 2 47
(30.4+58)  (90.0+4.8) (4.1+2.9) (92.2 + 4.8)
81 69 4 71
TGFa 172 (46.6+62)  (86.8+3.7) (4.6 + 2.8) (89.2 % 2.7)

22



2-4 TGF-a
(%) (%)
299 148 (49.0 + 4.8) 48 (15.9 + 3.3)° 54.8 + 3.5
TGF-a 293 162 (55.5+3.5) 82 (28.1+ 3.9)° 58.4+ 2.1
11

a,b

P <0.05

23



2-1
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24
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=lem.

27



2-5

(kg)
(%) [ ]

_ 1.05+0.15

C39 22 114 5 (22.7) 3:2 16.751 1.50]
_ 1.01 +0.08

C40 20 116 6 (30.0) 3:3 16.901 1.25)
_ 1.03 + 0.09

C43 21 115 8 (38.1) 7:1 16,701 1.35]
_ 1.15 + 0.06

C44 20 115 10 (50.0) 6:4 16,801 1.50]
83 115.0 £ 0.5 29 (35.2 + 6.7) 19:10 1.07 + 0.04

28



3 TGF-a FSH

eCG hCG COCs

TGF-a

eCG hCG
FSH  LH

Zuelke and Brackett, 1990; Choi et al., 2001 FSH LH

FSH LH
Michle et al., 2003 FSH LH
COCs LH cAMP
Mattioli et al., 1994 Ye et al., 2005 FSH
20 LH COCs CcAMP
Shimada et al., 2003 FSH LH
Shimada et al., 2003
FSH cAMP Downs et al., 1988
MAPK Su et al., 2002; Liang et al., 2005
cAMP  MAPK
Zhang et al., 2009 FSH PKAIl PKC MAPK
Lu et al., 2001, Liang et al., 2005 PKC EGF
Coskun and Lin, 1995 EGF
FSH

FSH EGF COCs Downs, 1989

29



COCs Chenetal.,
1993 Salustri et al.,
1989 hyaluronan and proteoglycan link protein 1 HAPLN1 Neame and Barry, 1993
tumor necrosis factor alpha induced protein 6 TNFAIP6 Mukhopadhyay et al., 2001
versican VCAN Russell et al., 2003
COCs hyaluronan synthase

2 HAS2 Eppig, 1979; Tirone et al., 1997 TNFAIP6 FAl'p et al., 1997; Yoshioka et al.,

2000 FSH amphiregulin  epiregulin
betacellulin EGF
COCs TGF-a
TGF-a FSH
POM TGF-a
FSH

30



1
COCs 2 1 POM
cAMP dbcAMP 20 TGF-a EGF
44 48 COCs
50% 80% 700
20 PFM 500 g 5
2 COCs 1 10° /ml 100 ¢l
20 2 4 PZM-5 5
2
2 2 3
3
0 20 44 COCs

BZ-8000; Keyence, Osaka, Japan
1.46m National Institutes of Health, Bethesda, MD, USA

0 COCs COCs

4 RT-PCR
RNeasy mini kit Qiagen, Valencia, CA, USA 10 COCs total RNA

Transcriptor First Strand cDNA Synthesis kit Roche, Mannheim, Germany

31
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ImageJ



total RNA 250 ng DNA cDNA

total RNA
RT-PCR FastStart DNA Master SYBR Green | Kit Roche
LightCycle® 2.0 system Roche PCR PCR
GenBank 3-1
cDNA 25 ¢l 3 mM MgCl, 0.5 ¢M 10%
LightCycler DNA master SYBR Green | Roche 10 ¢l PCR
PCR 95 10 1lcycle 95 10 65 5 HAPLNL, ubiquitin
[UBB] 62 10 HAS2 TNFAIP6 VCAN 72 8 HAPLN1 72 10 HAS2
VCAN UBB 45 cycle LightCycler Ver. 3; Roche  2nd derivative
maximum MRNA UBB DNA
PCR 2% PCR
LightCycler
5
1 TGF-a FSH
COCs 10 ng/ml TGF-a POM 1 mMdbcAMP 0 0.01 0.02
0.05 0.1 IU/ml FSH Cat. No. IP-26-253P, RayBiotech Inc., Norcross,
GA, USA 44
2 TGF-a FSH
COCs dbcAMP  TGF-a POM 0 0.01 0.05 0.1 IU/ml FSH
44
PZM-5
3 TGF-a FSH

32



COCs COCs DOs  dbcAMP
TGF-a 0.05 IU/ml FSH POM 44
4 EGF AG1478
COCs  dbcAMP TGF-a 0.05 IU/ml FSH POM  EGF
AG1478 Calbiochem, San Diego, CA, USA 10 eM 44
5 TGF-a FSH
COCs dbcAMP TGF-a POM 0.05 IU/ml FSH
48 20 48 4
6 COCs TGF-a FSH
COCs dbcAMP TGF-a POM 0.05 IU/mI FSH
0 20 44
0 20 44 COCs HAS2 TNFAIP6 HAPLN1 VCAN
MRNA RT-PCR
7
COCs dbcAMP TGF-a 0.05 IU/ml FSH POM 10 %(viv)
4 1710 g 30
-30 COCs
PZM-5

33



Statistical Analysis System SAS Institute, Cary NC, USA
Tukey-Kramer HSD

5%

34



1 TGF-a FSH
TGF-a FSH FSH
TGF-a COCs TGF-a
GVBD Ml 0.01 0.1 IU/ml FSH FSH
P < 0.05; 3-2 TGF-a 0.01 0.11U/mlFSH GvBD MiI
TGF-a TGF-a FSH
P <0.05
2 TGF-a FSH
TGF-a FSH
TGF-a FSH COCs
0.05 0.1 IU/ml FSH COCs
FSH P < 0.05; 3-3 0.01
0.1 IU/ml FSH FSH P <
0.05; 34 0.05 0.1 1IU/ml FSH COCs
FSH P < 0.05 FSH
0.05 IU/mi
3 TGF-a FSH

TGF-a FSH COCs

TGF-a 0.05 IU/ml FSH COCs
DOs TGF-a FSH COCs
MilI P < 0.05; 3-1

TGF-a FSH COCs Ml

35



P <0.05 DOs TGF-a FSH GVBD Mil

4 AG1478
TGF-a FSH
FSH FSH EGF
EGF AG1478 COCs
AG1478 TGF-a FSH TGF-a FSH COCs
MiI P < 0.05; 3-2 FSH TGF-a FSH
COCs Mil TGF-a
P <0.05
5 TGF-a FSH
AG1478 TGF-a FSH
TGF-a FSH
TGF-a FSH
20 48 4 24 48 GVBD
36 48 MII TGF-a FSH
TGF-a P < 0.05; 3-3
6 COCs TGF-a FSH
TGF-a FSH
COCs
MRNA TGF-a FSH 20
44 COCs 283% 916%
P<0.05 34 COCs HAS2 mRNA

36



20 FSH TGF-a

P < 0.05; 3-5a  TNFAIP6 mRNA

3-5b COCs HAPLN1 mRNA 20
44 20
0.05; 3-5c VCAN mRNA 20 44
TGF-a P <0.05; 3-5d
7
TGF-a FSH
COCs
GVBD MII
P < 0.05; 3-6b
COCs
P < 0.05;

37
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44

FSH TGF-a

FSH

3-6a

COCs



TGF-a FSH
TGF-a FSH COCs
DOs TGF-a FSH COCs AG1478
2 eCG hCG POM TGF-a
eCG hCG TGF-a
TGF-a eCG hCG
TGF-a
TGF-a FSH
FSH COCs TGF-a 3-2
Uhm et al. 2010 EGF FSH
EGF FSH Ye et al. 2005
EGF FSH MIl 80 90%
EGF FSH
EGF FSH Ml 50% EGF FSH
90% Mil EGF FSH
Ikeda and Takahashi, 2003 FSH
Marchal et al., 2001
TGF-a FSH
TGF-a FSH
TGF-a FSH COCs DOs

38



3-1 TGF-a Coskun and Lin, 1994 FSH Uhm et al., 2010 COCs

EGF
Chen et al., 2008 EGF
FSH
Méduri et al., 2002
CAMP Downs et al., 1988
MAPK Su et al., 2002; Liang et al., 2005 MAPK
COCs DOs MAPK COCs GVBD
Fan et al., 2003 GVBD MAPK
TGF-a FSH
TGF-a EGF
AG1478 3-2 TGF-a EGF
EGF
COCs amphiregulin  epiregulin
betacellulin EGF LH Park et al., 2004,
Ashkenazi et al., 2005; Sekiguchi et al., 2004 LH AG1478
EGF LH
Park et al., 2004; Conti et al., 2006 FSH epiregulin
Sekiguchi et al., 2002  amphiregulin Shimada et al., 2006
EGF FSH
Chen et al., 2008; Downs and Chen, 2008 Uhm et al. 2010 Chen et al.

2008 COCs AG1478 FSH GVBD

FSH EGF EGF

AG1478 FSH

FSH EGF

39



TGF-a 0.05 0.1 IU/ml FSH TGF-a

3-3, 34
TGF-a FSH TGF-a
3-3 MII
Ml 8
Grupen et al., 1997a MII
Dominko and
First, 1997 FSH EGF
FSH EGF
MAPK Su et al., 2002; Conti et al., 2006
FSH CAMP PKA |
PKAII Farin etal.,, 2007 PKAI
PKA I GVBD
PKA 1l FSH

Downs and Hunzicker-Dunn, 1995; Rodriguez et al., 2002; Newhall et

al., 2006 PKC FSH MAPK Su
et al.,, 1999; Lu et al.,, 2001 PKA PKC EGF
FSH Zhang et al., 2009; Prochazka et al.,
2012 FSH EGF
EGF FSH MAPK
Farin et al., 2007 CAMP 56
cGMP

Lapolt et al.,, 2002; Zhang et al.,, 2007 FSH cGMP
PKG MAPK

TGF-a FSH
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TGF-a FSH 3-4 COCs LH
COCs LH FSH

Singh et al., 1993

Eppig, 1979 FSH cAMP
HAS?2 Salustri, 2000
amphiregulin  epiregulin EGF HAS?2
Prochazka et al., 2011; 2012 TGF-a FSH
HAS2 TGF-a FSH 3-5a

HAPLN1 Neame

and Barry, 1993 TNFAIP6 Fulop et al., 1997 VCAN Russell et al., 2003
HAPLN1 TGF-a FSH

3-5¢ VCAN FSH
TGF-a 3-5d TGF-a FSH VCAN
VCAN N LeBaron et al.,
1992 C

Miura et al.,, 1999; Olin et al., 2001 HAPLN1 TNFAIP6 aggrecan
Neame and Barry, 1993; Parkar et al., 1998 VCAN Shi et al., 2004 heavy chains

of inter-a-trypsin inhibitor lal Hirashima et al., 1997; Mukhopadhyay et al., 2001

HAPLN1
-lal COCs HAPLN1 COCs
Sun et al., 2002
TGF-a FSH TGF-a FSH
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TGF-a FSH POM
3-6

Naito et al., 1988; Yoshida et al., 1992

Hammond, 1985; Hsu et al., 1987
Ainsworth et al., 1980
Ainsworth et al., 1980; Bridges et al., 2002
Vatzias and Hagen, 1999; Algriany et
al., 2004; Ito et al., 2008
Petters and Wells, 1993 TGF-a

FSH

TGF-a FSH COCs
TGF-a FSH
COCs AG1478
MRNA FSH TGF-a

TGF-a FSH
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TGF-a FSH
TGF-a FSH
TGF-a FSH EGF
AG1478  TGF-a FSH
TGF-a FSH
TGF-a FSH
TGF-a FSH
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3-1 RT-PCR

A GenBank
( 5306) (bp)
HAS2 F: ACCCAACTGGTCTTGTCCAA 260 AB050389
R: ACACTGCTGAGGAAGGAGAT
TNFAIP6 F: TACGACAGTTACGACGACGT 120 NM_001159607
R: CACGGAAGCATCACTTAGGA
HAPLN1 F: AGACCTTACCCTGGAGGATT 163 NM_001004028
R: ACAAGCCTGCTGTGCTTCAT
VCAN F: CTGCTACCCTACTGAAACGT 175 AB558520.1
R: AAGTGCACCTACATAGCTCG
UBB F: TGTTGGCGGTTTCGCTGTTG 248 NM_001105309

R: AGTGCGGCCATCCTCCAGCT
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3-2 TGF-a FSH

FSH (1U/ml) (Trg/Fm% GVBD (%) MII (%)

0 0 93 32 (34.4 £ 5.6)° 21 (22.5 +5.5)2
0.01 0 91 69 (75.5 + 3.3)° 46 (50.4 + 3.7)°
0.02 0 85 72 (84.1 + 3.8)" 50 (58.7 + 2.6)°
0.05 0 89 79 (88.6 + 3.5)™ 55 (61.5 + 6.0)°
0.1 0 90 77 (85.5 + 3.4)™ 56 (62.5 + 5.7)°
0 10 87 65 (73.2 + 5.3)° 39 (43.7 + 4.0)*
0.01 10 86 82 (95.1 + 2.4)™ 73 (84.5 + 2.5)°
0.02 10 90 87 (96.6 + 2.4)™ 81 (89.9 + 1.5)°
0.05 10 85 84 (98.8 + 1.2)° 73 (85.6 + 2.7)°
0.1 10 87 83 (95.1 + 2.7)™ 76 (86.6 + 3.4)°
6
ad P <0.05
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33 TGF-a FSH
FSH * * *
(1U/ml) (%) (%) (%) (%)
86 38 44 78
0 131 (65.4+49° (435+68 (51.8+7.0) (90.6+31) 21%03
106 64 40 104
0.01 130 (81.6+3.4)® (59.1+66) (38.7+6.2) (97.8+22) L6%01
113 69 43 110
0.05 126 (g9.7+28)* (60.5+39) (384+35) (97.1+21) 1201
121 74 47 119
0.1 128 (944+24)° (60.8+4.9) (39.2+49) (982+12) 16*01
7
ac P < 0.05
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3-4 TGF-a FSH
FSH (1U/ml) (%) (%)
0 175 68 (38.2 £ 5.0)° 12 (6.8 + 2.4)? 22.9+2.4°
0.01 171 106 (62.0 + 3.4)° 28 (16.4 + 3.0)® 39.4+3.2°
0.05 166 111 (66.9+4.8)° 37 (22.5+3.7)° 36.4+2.4°
0.1 168 115 (68.5 + 4.3)° 41 (24.4+2.4)° 39.9+25°

a,b

P <0.05

47



MiIl

GgveD O

100 -+

c
b
80 |
b
60 - b
g |
40 A
a
a
20 -
O _
FSH TGF-a FSH FSH TGF-a FSH
+ +
TGF-a TGF-a
COCs DOs
3-1 TGF-a FSH - COCs DOs
8
ad P <0.05

48



MiIl

GgveD [

(%)

100 - d

d

1 b
80 - be

| b
60 - bc ac acC

1 a c

c

40 -

| a
20 - o

ae e

] e

0
FSH TGF-a FSH FSH TGF-a FSH
+ +
TGF-a TGF-a
AG1478
3-2 AG1478
6
ae P <0.05

49



1

g

(@]

m

>

O

b
1

S

=

3-3 TGF-a
GVBD
4

*

00

80

60

40

20

(o2}
o

N
o

N
o

20 24 28

32

36 40 44 48

(h)

lo—e

20 24 28

POM FSH

(@)

MII

P <0.05

(b)

50

O«

A\ T

36 40 44 48

(h)



COCs® i (mm?2/ 10 COCs)

10

mr‘%

c
C

o
o
[vi el

=
>
=
>
> o

Oh 20 h 44 h
O] ] FsH TGF-a [l FSH+ TGF-a
3-4 6
aic A C
P <0.05

51




MRNA

MRNA

a HAS2 b TNFAIPE

b
1000 - 2 b B 100 -
* B
A A
100
i A A 10 4 - 7
104 ) )
A ' 7
§ H 4
0.1 i . 0.1 l i
Oh 20 h 44 h 0h 20h 44 h
c HAPLN1 d VCAN
100 ¢ 100 -
b p ¢
AB B B b b
B ] B B b
104 AB 3 10- S c
A A a B acp—
A Al 1A
A A
1— ) H T
0.1 T T 0-1 T T
Oh 20 h 44 h 0h 20 h 44 h
] [] FsH TGF-a [ FSH+ TGF-a
3-5 (a) HAS2, (b) TNFAIPS, (c) HAPLN1, (d) VCAN
MmRNA TGF-a FSH
4
aic Al C
P <0.05
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FSH
TGF-a
Machaty et al., 1998
1
Brinster, 1974; Brown and Whittingham, 1992
Kikuchi et al., 2002b; Karja et al., 2006

Schini and Bavister, 1988 Chatot et al., 1989
Conaghan et al., 1993 Takahashi and First, 1992 Flood and Wiebold,
1988 4 Ankrah and

Appiah-Opong, 1999; Medvedev et al., 2004
Sturmey and Leese, 2003 4

Kikuchi et al., 2002b

Gardner and Lane, 1993;
Bavister and Arlotto, 1990; Lee et al., 2004; Suzuki and Yoshioka, 2006
Rieger, 1992; Partridge and Leese, 1996 pH Baltz, 1993; Edwards

et al., 1998 Epstein and Smith, 1973
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Van Winkle and Campione, 1996; Dawson et al., 1998; Steeves et al., 2003; Tartia et

al., 2009
Schultz et al., 1981; Guérin et al., 1995 Harris et al., 2005
Elhassan et al., 2001 Iritani et al., 1974, Li et al., 2007
PZM-5
12
5

3 5 3.8 54
mM PZM-5 0.1 mM 40 50 Li et al., 2007; Suzuki and

Yoshioka, 2006

Hobbs and Kaye, 1985

Lee and Fukui, 1996; Takahashi and Kanagawa, 1998

ATP

PZM-5
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1
2 1 COCs  101U/mleCG 10 IU/mlIhCG 1 mM dbcAMP
POM 20 24 dbcAMP
POM COCs 3 1 PZM-5
5
2
TUNEL terminal deoxyribonucleotidyl transferase
(TdT)-mediated dUTPT digoxigenin nick end-labelling TUNEL
In Situ Cell Death Detection Kit, Fluorescein Roche Diagnostic, Indianapolis, IN, USA
3 mg/ml PVA  PBS PBS-PVA 3 4% (Wiv)
4 PBS-PVA 3 PBS
0.1% (v/v) Triton X-100 60 1% (wiv)
PBS 4 50 U/ml | Promega,
Madison, WI, USA 37 60
PBS-PVA TUNEL 37 1
-dUTP 10 eg/ml 33342
20 PBS-PVA Slow Fade
Antifade Reagent; Invitrogen, Carlsbad, CA, USA BZ-8000; Keyence
TUNEL TUNEL

ARGUS-10; Hamamatsu Photonics, Hamamatsu,
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Japan IMT-2; Olympus

4 ATP
ATP

PerkinElmer, Groningen, The Netherlands

1.5 ml 50 ¢l PBS
25 ¢l
10el 384
10
PerkinElmer 0 1000 nM ATP
2
5
1
0255 10 mM
15 48 7
2
smM PZM-5
PZM-5 50 ¢l 5 12
3

57

ATPlite;

3

ATP

30 ¢l

5

Wallac 1420 ARVO MX;

2
POE-CM
-30
5

ATP
PZM-5 50 ¢l 5

0 5 10
15 48

20 mM

12



PZM-5 5 mM 10 mM PZM-5

5 3 6 8
8
2 5
4 ATP
PZM-5 5mM 10 mM PZM-5
5 24 6 ATP
PZM-5 5mM 10 mM PZM-5
5 24 6 TUNEL

StatView ver. 5.0 Abacus Concepts, Berkeley, CA, USA
Tukey-Kramer HSD

5%
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1
60.6% 44.8% 14.0%
11169 PZM-5 2 6029 54.0%
5 2294 20.5%
2
25 10 mM PZM-5 2
4-1 5 mM
5mM 5mM
3
PZM-5
4-2a 5mM 10 mM
P < 0.05;
4-2b 10 mM
10 mM 10 mM
4
PZM-5
P<005 43 7 8
P < 0.05 8
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P <005 4-3d

8
P <
0.05
5 ATP
PZM-5 1
P<005 41 ATP
P <
0.05
6
PZM-5 1
P<0.05 42
P <0.05
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PZM-5
PZM-5 ATP
ATP
4-1,4-2, 41 PZM-5
Yoshioka et al., 2008
Wright, 1977; Davis and Day, 1978 PZM-5

Kikuchi et al., 2002b; Karja et al., 2004

Karja et al., 2006
4 Telford
et al., 1990; Rieger, 1992
Flood and Wiebold, 1988; Sturmey and Leese,
2003 8
Flood and Wiebold, 1988
Glutl Glut3

Leese and Barton, 1984; Pantaleon and Kaye, 1998

Brinster, 1974 1 2 36

ATP ATP
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ATP MacPhee et al., 1994

Thompson et al., 1998

Na*-K" ATPase Watson, 1992
ATP
ATP
PZM-5
4-2, 4-3,
4-1,4-2 3 5
3.8 54 mM Li et al., 2007
1mM 5mM 8 16
Xia et al., 1995 10 mM

Moore and Bondioli, 1993; Lee and Fukui, 1996
Takahashi and Kanagawa, 1998
PZM-5 Eagle 1959 12 7
20 a-
PZM-5
0.1 mM Suzuki and Yoshioka, 2006
10 mM

5% 17%

Hobbs and Kaye, 1985
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PZM-5

4-2
Opiela, 2009
Long et al.,
1998; Bryla et al., 2009
Zhang et al., 2000
Aitken et al.,
1989 DNA Halliwell and Aruoma, 1991
Nasr-Esfahani et al., 1990
Kosower and Kosower, 1978
Griffith, 1999
42, 4-3, 42
PZM-5
300 mOsm PZM-5 283 284 mOsm
2-1, Yoshioka et al., 2008
293 321 mOsm Li et al., 2007 PZM-5

Baltz, 1997; Biggers et al., 1993 1 2

Dawson et al., 1998; Steeves et al., 2003; Tartia et al., 2009
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Dawson and



5 PZM-5

PZM-5 5mM 10 mM porcine blastocyst medium

PBM

64



ATP

PZM-5 5

ATP PZM-5

65



0
0

2.5

(mM)

4-1

P<0.05.
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(a)

100

20

10

(mM)

(b)

(%)

100

(%)

20

10

(mM)

4-2

PZM-5

(b)

(@)

P < 0.05).
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(a)

50

40 4

r 30
2
- 10
0

4-3

P <0.05
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4-1 ATP
Cem ATP
(pmol/embryo)
60 167.9 + 32.2% 0.273 + 0.260°
60 171.6 + 33.7% 0.635 + 0.375"
60 180.6 + 34.5% 0.251 + 0.185%
60 187.7 + 41.5° 0.680 + 0.437°
4
ab P <0.05

69



(%)
20 39.8 + 19.0° 15.7 + 8.4
20 48.0 + 20.2%° 12.4 + 9.2%
20 37.9 % 18.6° 16.8 + 10.4°
20 58.6 + 21.2° 7.0+4.2°
2
ab P <0.05
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Greve and Callesen, 2004
Nagashima et al., 1989; 1992;
Dobrinsky, 2001 Dobrinsky and Johnson, 1994 Men et al., 2005

Berthelot et al., 2000; Dobrinsky, 1997

Men et al., 2005

Berthelot et al., 2003

Dobrinsky, 1997

Leibo, 1988

Thibier and Nibart, 1987; Wrathall, 1995; Guérin et al., 1997

Sanchez-Osorio et al., 2010 Misumi et al. 2013 PZM-5

Misumi et al. 2013
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PBM

PZM-5 PBM
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1
2 1 COCs 10IU/mleCG 10 IU/mIhCG 10 ng/ml TGF-a
1 mM dbcAMP POM 20 24
dbcAMP COCs 3 1
PZM-5 4 5
2
Kuwayama et al., 2005
20 mM Hepes PBM pH 7.3 38
7 11 1 1.8M EG; Amresco, Solon, OH,
USA 2 1.8MEG 0.3 M Tre; Hayashibara, Okayama, Japan
1% (w/v) PEG; Nacalai Tesque, Kyoto, Japan 5
1 6 M EG 06 M Tre 2% (w/v) PEG Kitazato

BioPharma, Shizuoka, Japan

38 1.8 M EG 0.3 M Tre
3 10% (v/v)
Asahi Techno Glass, Shizuoka, Japan PBM 50 ¢l 48
3
1 5
4 1 PZM-5 PBM 5-1 5

24 48
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PBM

GLM

1 PZM-5 PBM 6
24 48
5 1 2 PBM 5
24
6 65 113 130 kg
2 7 4 5
5 6
30 hCG 5 6 3

Statistical Analysis System SAS Institute, Cary NC, USA

Tukey-Kramer HSD

74

48



Fisher

Student t 5%
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1
86.5% 54.7% 30.9%
8828 PZM-5 2 5408 64.9%
5 6 5-la 868
20.2% 1189  25.7%
2 5
5-1b 48
5-1c 5 48 P <
0.01 P <0.001 5-2
4 1 PZM-5 PBM
48
3 6
6 48
P <0.001; 5-3 5 PZM-5
PBM 1 48
PBM PZM-5 P <
0.001
4
4 1 2
5 1 PBM 48
PBM
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5-4

14

5-5

77

P < 0.05



5 1 PBM

5-2, 5-3
Nagashima et al., 1989; 1992
Nagashima et al., 1992; Cuello et al., 2004

Wilmut, 1974; Polge et al., 1974 Nagashima et al. 1994, 1995

McEvoy et al., 2000; Sturmey and Leese, 2003

Norberg, 1973; Kikuchi et al., 2002a

5 1 PBM 5-3

Pollard and Leibo,

1994

Wang et al., 1999

Men et al., 2005

Wang et al., 1999

Men et al., 2005 4
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PZM-5

Cao et al., 2016

4 1 PBM
5-2 PZM-5

Suzuki and Yoshioka, 2006; Yoshioka et al., 2002

Sturmey and Leese, 2003 4

6 4

Nagashima et al., 2007; Maehara et al., 2012; Men et al., 2011

20%(v/v)

Sanchez-Osorio et al., 2010 Misumi et al. 2013
PZM-5
125 136 % 5

156 % Misumi et al. 2013
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PBM

5-5



6 4.4 %

4 PBM 5 5 PBM 6
5-4
Bavister, 1995 4 5 PZM-5

PBM

Johnson and Nasr-Esfahani, 1994
Kashiwazaki et al., 2001; Esaki et al.,

2004 5 6

PBM
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5 1 PBM

PZM-5

PBM 5 6

PBM
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5-1 PBM

NaCl 108.00 mM
KCI 10.00 mM
KH,PO, 0.35 mM
MgSO, 7H,0 0.40 mM
NaHCO3 25.00 mM
Glucose 5.00 mM
Na-pyruvate 0.20 mM
Ca-(lactate), 5H,0 2.00 mM
L-glutamine 2.00 mM
Hypotaurine 5.00 mM
L-Arginine HCI 0.10 mM
L-Cystine 0.05 mM
L-Histidine 0.05 mM
L-Isoleucine 0.20 mM
L-Leucine 0.20 mM
L-Lysine HCI 0.20 mM
L-Methionine 0.05 mM
L-Phenylalanine 0.10 mM
L-Threonine 0.20 mM
L-Tryptophan 0.02 mM
L-Tyrosine 0.10 mM
L-Valine 0.20 mM
L-Alanine 0.10 mM
L-Asparagine H,O 0.10 mM
L-Aspartic Acid 0.10 mM
L-Glutamic Acid 0.10 mM
Glycine 10.10 mM
L-Proline 0.10 mM
L-Serine 0.10 mM
Gentamicin 0.01 mg/ml
Polyvinyl alcohol 3.00 mg/ml
(mOsm)’ 300 + 1

pH 7.3

82



5-1

(b)
(©) 48
=200 em.
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5-5

5 6
3 3
1 30 30
(%) 3 (100) 1(33.3)
115, 118, 119 116
14 (6,1, 7) 4 (4)
6:8 3:1
(%) 15.6% 4.4°
(kg)’ 1.4 0.1 1.4 0.0
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2 TGF-a eCG hCG
TGF-a
TGF-a Kobayashi et al., 1994
eCG hCG EGF 10 ng/ml

Abeydeera et al.,, 1998 EGF

Singh et al., 1997; Uhm et al., 2010 TGF-a

Ferreira et al., 2009; Cran, 1985

TGF-a
2 eCG hCG TGF-a
eCG hCG TGF-a TGF-a
3 TGF-a
FSH TGF-a FSH
TGF-a FSH FSH
epiregulin amphiregulin
Sekiguchi et al., 2002; Shimada et al., 2006 FSH GVBD EGF

AG1478 EGF
FSH Chen et al., 2008;
Downs and Chen, 2008 AG1478 TGF-a
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FSH

TGF-a FSH TGF-a
FSH EGF
TGF-a FSH Tsafriri et al.
1989 TGF-a
TGF-a LH amphiregulin
epiregulin betacellulin EGF LH

Park et al., 2004; Conti et al., 2006
TGF-a EGF LH

TGF-a FSH

4 PZM-5 5mM 10 mM

4
Kikuchi et al., 2002b; Karja et al., 2004
ATP
Lee and

Fukui, 1996; Takahashi and Kanagawa, 1998

Dawson and Baltz, 1997
GSH Griffith, 1999
5 PZM-5

PBM 5 1
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Wang et al., 1999

Men et al., 2005

2016
2016 4,830

2016 931.3

90

1996

1996

990

16,000



Abe H, Yamashita S, Itoh T, Satoh T & Hoshi H 1999 Ultrastructure of bovine embryos
developed from in vitromatured and -fertilized oocytes: comparative morphological
evaluation of embryos cultured either in serum-free medium or in serum-supplemented
medium. Molecular Reproduction and Development 53 3251 335.

Abeydeera LR, Wang WH, Cantley TC, Rieke A, Murphy CN, Prather RS & Day BN 2000
Development and viability of pig oocytes matured in a protein-free medium containing
epidermal growth factor. Theriogenology 54 7871 797.

Abeydeera LR, Wang WH, Cantley TC, Rieke A, Prather RS & Day BN 1998 Presence of
epidermal growth factor during in vitro maturation of pig oocytes and embryo culture can
modulate blastocyst development after in vitro fertilization. Molecular Reproduction and
Development 51 395i 401.
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between follicular fluid steroid levels, gonadotropic stimuli, and oocyte maturation during
preovulatory development of porcine follicles. Biology of Reproduction 23 6211 627.
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