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World pork production in 2012 by regionWorld pork production in 2012 by region
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Structure of Pig Farms in JapanStructure of Pig Farms in Japan
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簡報者
簡報註解
The number of pig farms has been decreasing and there are no more than six thousand farms. However, the number of pigs bred in Japan is not changed. So the scale of farms has been enlarged. The average number of pigs in one farm is more than one thousand and six hundred.  



Pork Supply and Demand

Self‐sufficiency rate
≈

 
50%

1.3 Mt

Carcass weight, x1000t (2013) 
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Map of Brand Pork (255)
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簡報者
簡報註解
This is a map of brand pork. In Japan, there are more than two hundred pork brands. Or I think, may be over three hundred. Some of them are pure Berkshire and Unique hybrid such as LDB, but almost are LWD three way cross breed pigs.




Gene banking in pigsGene banking in pigs
• Live breeding (nucleus populations) > high cost
• Cryopreservation

 
of embryos

 
and reproductive cells/tissue; 

 gamete/embryo cryopreservation has been integrated with 
in vitro embryo production

Gene Bank Project of Japan for the preservation of genetic diversity

Central Bank: National Institute of Agrobiological

 

Sciences (NIAS)

Several sub‐banks all over Japan (ie. NILGS)

Control: Ministry of Agriculture, Forestry and Fisheries (MAFF)

http://www.gene.affrc.go.jp/index_en.php6



Ovaries from a slaughterhouse COCs

 

collection

IVM
Culture Medium

At 38.5OC, 5% CO2

 

in air Oocyte‐sperm coculture

To evaluate the developmental 
 competence to the blastocyst

 
stage

Materials and methods

IVFIVC

Embryo transfer

In vitro production of porcine In vitro production of porcine embryosembryos
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m: male pronucleus
 

, f: female pronucleus
 

, →：sperm tails

Polyspermic
fertilization

Normal
fertilization

T Nagai, K Niwa and A Iritani, JRF (1984)

No male
pronucleus
formation

Problems with IVF in pigs
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簡報者
簡報註解
しかし、雄性前核形成不全と多精子侵入が解決しなければならない大問題として残された



Yoshida et al., BOR (1993)
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Effect of cysteine
 

supplementation in IVM medium of 
 porcine oocytes

 
on their glutathione (GSH) contents 

 and male pronucleus
 

formation (MPF) rates
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簡報者
簡報註解
精子のＤＮＡ蛋白がプロタミンであり、強い酸化状態にある事に注目し、卵子内に侵入した精子の頭部が膨潤化するように卵子細胞質を還元状態にした。すなわち、卵子内の還元剤であるグルタチオン濃度を高める事によって雄性前形成不全を解決した。グルタチオンはトリペプチドであり、図に示すように、その構成アミノ酸であるシステインの成熟培養液への添加濃度依存的に卵子内のグルタチオン濃度が高まり、その結果、受精後の雄性前核形成率が高くなった。



Kikuchi et al (2002)10



SpermSperm EmbryoEmbryo OocyteOocyte Ovary/ovarian 
 tissue

Mouse

Human

Cattle

Pig

Routinely performed Success, but still experimental No offspring!

The status of germ cell and embryo The status of germ cell and embryo 
 cryopreservation in mammalscryopreservation in mammals
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Why are porcine Why are porcine oocytesoocytes  and embryos and embryos   so  difficult to so  difficult to cryopreservecryopreserve??

Mouse

Cattle

Pig

Normal light Nile red (lipid)

Genicot

 

et al. 2005 Theriogenology

 

63:1181‐1194

High lipid content 
 in oocytes

 

High lipid content High lipid content 
 in in oocytesoocytes

Nagashima

 

et al. 1994 Biol

 

Reprod

 

51: 618‐622

Lipid removal from zygotes 
 dramatically improves cooling 

 tolerance of porcine embryos 
 

Lipid removal from zygotes Lipid removal from zygotes 
 dramatically improves cooling dramatically improves cooling 

 tolerance of porcine embryos tolerance of porcine embryos 
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Gamete/embryo cryopreservation Gamete/embryo cryopreservation 
 integrated with integrated with in vitro in vitro embryo productionembryo production

Oocyte

♀

Sperm

♂

In 
Vitro 

 
Maturation

Problems:

ICSI

IVF

Immature Mature

Low survival, 
compromised 

 competence after cryo

High rates of 
 polyspermy

 (IVF)

• Low embryo 

 development
（culture stress)

• compromised 

 competence by 

 cryopreservation 

Difficult 
 technique

Embryo

Accumulation of different problems reduces efficacy!Accumulation of different problems reduces efficacy!

♀

Embryo transfer
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Cryopreservation of porcine embryosCryopreservation of porcine embryos

Equilibrium (slow) freezing or vitrification

Developmental stage affects survival 
(blastocyst

 
is better than cleavage stage)

In vitro produced embryos show limited survival

Open Pulled Straw Cryoloop Cryotop

Several methods such asSeveral methods such as……
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The history of piglet production from The history of piglet production from   cryopreservedcryopreserved  embryosembryos

Year Embryo 
 source

Embryo 
 stage Method Special pre‐

 treatment Reference

1995 In vivo 2‐4 cell Equilibrium 
 freezing Delipation Nagashima

 

et al. 
(Nature

 

374:416)

1998 In vivo Blastocyst Vitrification
(straw) – Kobayashi et al.

(Cryobiology

 

36: 20‐31)

2000 In vivo Blastocyst Vitrification
(straw)

Membrane 
 elastication

 
by 

 cytochalasin
 

B

Dobrinsky

 

et al. 
(Biol

 

Reprod

 

62: 564‐570)

2007 In vitro 4‐8 cell Vitrification
(Cryotop) Delipation Nagashima

 

et al.
(Biol

 

Reprod

 

76: 900‐905)
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Solid SurfaceSolid Surface  VitrificationVitrification  (SSV) (SSV)   for porcine IVP zygotesfor porcine IVP zygotes

100 zygotes can be vitrified in 20 minutes 100 zygotes can be vitrified in 20 minutes 

Liquid
Nitrogen

Aluminum foil
Equilibration of a group of 100 zygotes 
(13‐15 min) 
• 4% ethylene glycol

• 35% (v/v) ethylene glycol
• 0.3 M trehalose
• 50 mg/ml PVP

Warming ( 38.0 ºC)

Vitrification

 

for a group of 50 zygotes 
(30 sec)

Cryo‐tube

Storage 
(LN2

 

tank) 0.4 M trehalose

4‐steps dilution

Centrifugation (20 min at 10, 000 ×g) of 

 
oocytes

 

after 9 h of IVF/IVC and selection of 

 
a monospermic

 

zygote

10‐25 

 zygotes/microdrop

BeforeBefore AfterAfter

Embryo Embryo 
 culture culture 
 or Zygote or Zygote 
 transfertransfer

nucleolus 
precursor
bodies 
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In vitro development of zygotes
vitrified after 9 h of IVF and IVC
In vitro development of zygotesIn vitro development of zygotes
vitrified after 9 h of IVF and IVCvitrified after 9 h of IVF and IVC

(n=202)(n=266)

ControlControl VitrifiedVitrified

Blastocyst
 

quality (Day 6)BlastocystBlastocyst
 

quality (Day 6)quality (Day 6)

High quality High quality blastocystsblastocysts
 

from vitrified zygotes from vitrified zygotes 

Survival and in vitro developmentSurvival and in vitro developmentSurvival and in vitro development

a

b

a
b

P<0.05

Total cells 39.0Total cells 39.0±± 2.52.5 Total cells 40.0 Total cells 40.0 ±± 3.63.6

No difference!

%
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Direct transfer of vitrified/warmed zygotes 
 into recipients

 

Direct transfer of vitrified/warmed zygotes Direct transfer of vitrified/warmed zygotes 
 into recipientsinto recipients

Piglets obtained from Piglets obtained from cryopreservedcryopreserved IVP embryos without lipid IVP embryos without lipid 
removalremoval for the first timefor the first time

Recipient Zygotes 

 
transferred

Pregnancy
(days to 

 
delivery)

Piglets 

 
born

(stillborn

 
)

Birth 

 
weight
(kg)

1 150 + (112) 5 1.9±0.1

2 150 + (116) 3 (1) 0.8±0.3

3 150 – – N.A.

4 150 – – N.A.

5 150 + (114) 9 1.26 ±0.05 (Somfai

 

et al. 2009 Biol

 

Reprod)

2PN2PN

Zygote transfer into 

 
oviduct

3PN3PN2PN2PN
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Cryopreservation of porcine Cryopreservation of porcine oocytesoocytes

Efficiency (survival)
Capacity

 
(number of oocytes/setting)

Speed
Easiness
Cost


 

Important points when choosing the method;


 

Slow freezing does not work, only vitrification
 

works!


 

Gene banking for female individuals

19



The impact of nuclear stage The impact of nuclear stage 
 ‐‐  1. survival 1. survival ‐‐

%
 L
iv
e 
oo

cy
te
s

a

b

c

P<0.001

Vitrification
 

by SSV in 35% ethylene glycol

FD
A 
(U
V)

Total Live
Live/dead statusLive/dead statusLive/dead status

Immature
(GV)

Matured
(MII)

Fertilized
(Pronuclear)

Somfai

 

et al.

 

2012 J Reprod

 

Dev

OocyteOocyte
 

survival increases by nuclear progressionsurvival increases by nuclear progression

IVFIVM
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IVF/IVCIVF/IVCIVF/IVC

The impact of nuclear stage The impact of nuclear stage 
 ‐‐

 
2. in vitro development 2. in vitro development ‐‐

Blastocyst
 

quality (Day 7)BlastocystBlastocyst
 

quality (Day 7)quality (Day 7)
ControlControl GVGV‐‐vitrifiedvitrified

Egerszegi

 

et al. 2013 Cryobiology

(n=143)

(n=102)

(n=132)

%
 D
ev
el
op

m
en

t o
f l
iv
e 
oo

cy
te
s

OocytesOocytes
 

vitrified at GV stage have competence to be high quality vitrified at GV stage have competence to be high quality blastocystsblastocysts

a

b

a

a

b
Total cells 57.9 ± 5.2 Total cells 60.4 ± 10.7

No difference!
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Cytoskeleton
 

(MII) Pronuclear formation (IVF)

GV‐
 vitrified

Control

Egerszegi

 

et al. 2013 Cryobiology

!!!
MII‐vitrified

The impact of nuclear stage The impact of nuclear stage 
 ‐‐

 
3. 3. cytoplasmiccytoplasmic

 
alterations alterations ‐‐

No 
difference!
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(n=160) (n=310) (n=265) (n=397)

Optimizing the protocol for immature Optimizing the protocol for immature oocytesoocytes; ; 
 ‐‐

 
1. The impact of permeable CPA 1. The impact of permeable CPA ‐‐

Live/dead status (IVM 44)Live/dead status (IVM 44) Maturation・Embryo development (IVF)・Blastocyst
 

yieldMaturation・Embryo development (IVF)・Blastocyst
 

yield

ethylene glycol (EG)  vs. propylene glycol (PG)ethylene glycol (EG)  vs. propylene glycol (PG)

a

a

b b

c

b

c
d

The combination of EG and PG is superior to single CPAThe combination of EG and PG is superior to single CPA

%
 O
oc
yt
e
su
rv
iv
al

%
 D
ev
el
op

m
en

t

matured/live oocyte Blastocyst/live
oocyte

a

b
c d

Blastocyst/vitrified
oocyteSomfai

 

et al. 2013 J Reprod

 

Dev 
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Optimizing the protocol for immature Optimizing the protocol for immature oocytesoocytes;;
 ‐‐

 
2. the impact of warming temperature 2. the impact of warming temperature ‐‐

Warming temperature determines survivalWarming temperature determines survival！！

a

bP<0.05

(n=427) (n=443)

Warm plate temperature

38 ºC warm plate

Survival of vitrified oocytesThe changes
 

of
 

medium temperature during warming

Li
ve

 o
oc

yt
es

(%
)

42 ºC warm plate

Time (sec)

Insertion point of a vitrified microdrop

M
ed

iu
m
 te

m
pe

ra
tu
re
 (º
C)

38 ºC 42 ºC
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Transfer of embryos produced by IVM/IVF/IVC of Transfer of embryos produced by IVM/IVF/IVC of 
 vitrified immature vitrified immature oocytesoocytes

Piglets could be produced from Piglets could be produced from cryopreservedcryopreserved
 

oocytesoocytes
 

for the first timefor the first time！！
Somfai

 

et al. 2014 PLOS One

Embryo transfer

Enough blastocysts

 

for 

 embryo transfer!

Recipient Embryos 

 
transferred

Embryo stage  Live piglets 

 
born

Birth weight
(kg)

1 16 Blastocyst 4 1.50±0.04

2 27 Blastocyst 6 1.53±0.06

3 17 Blastocyst 5 1.34±0.2

4 13 Blastocyst 3 1.37±0.04

5 23 Blastocyst

 

+ 

 
morula

2 1.40±0.0

IVF,
embryo 

 culture
(PZM5)

Warming of vitrified 
 oocytes

 
at 42 ºC

(Day 5)

25



Deep 

 
intrauterine 

 
catheter

Spiral guide spirette

0.25‐ml straw

Takumi catheter (Fujihira

 

Industry Co. Ltd)

Length: 1.2 m, Outer diameter: 3 mm, Working canal: 0.5 mm 

Non‐surgical ET in pigs

26



Treatment IVP / fresh In vivo / fresh In vivo / vitrified

Blastocysts transferred
(per recipient) 1944 (23 –39) 800 (12–23) 459 (10–19)

Recipients 68 47 31

Pregnancy (%) 23 (33.8) 20 (42.6) 12 (38.7)

Farrowing (%) 17 (25.0) 16 (34.0) 9 (29.0)

Piglets born (litter size) 78 (4.6 ± 2.7) 110 (6.9 ± 2.3) 45 (5.0 ± 3.0)

Efficiency of piglet production* 4.0% 13.8% 9.8%

Pregnancy results after non‐surgical ET of pig embryos

27



ConclusionsConclusions


 

Porcine oocytes
 

vitrified at the immature 
 stage

 
by an optimized system

 
can serve as 

 potential source for high quality IVP 
 embryos with the capacity to develop to 

 term


 

Vitrification
 

and transfer of pig embryos at 
 the pronuclear stage may be advantageous; 

‐1) selection of monospermic
 

zygotes
‐2) avoiding the stresses of in vitro culture
‐3) lipid removal is not necessary

28
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