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FIGCE RTr 2 B e e BATAT L N R4 o B st BRI 16 20
G T EBREEN ACHS PV RIET (CRPEH - X

A NIAS 7 3 4+ 4 ok gz #4234 Dr. Thi Men Nguyen :& {3

(\:

Tp o4 20 2013 & & MRS R C R R S B - S L S
XA E R (2 F 126%) 0 H X % A EE Y
Theriogenology 80 (2013) 1033-1044 - ;&% /s A2 40T

(1) # 3 430% e %% (FD medium) # &%

Basic FD medium : 10 mM Tris-HCI buffer supplemented with

50 mM EGTA

Working medium : Basic FD medium was then supplemented

with 15 mM trehalose and 40 mM NacCl
Osmolarity : adjust to 265~270 mOsm/kg

pH value : adjust to 8.0 to 8.5
(2) i Amin 42 :
@ f# i% 4w (10 mins/900xg/30°C) - # %4 + i
@ 4 » Working medium » 23 Bk B 3 4x10° cells/mL
® A~ 1mL# %2 5mLglass vial (& 1)

@ #F % vials B ~ -80°C 7k 44 4hrs is » # » FD system (B8] 2)



® FD system & 4 % i# 2% 2_:0.13 hPa for 19 h->0.13 hPa for 3h
® FD system ;8 A& % %_:-30°C>30°C (final 1h20n, 0.75°C/min)

@ Liquid nitrogen flush #% ;% vial {¢ » v aluminum cap #f -

NN LR S I R SR

B 2. /4 g ic*k % (FTS system, DuraDry)

2. M- 3Lt
ML NI RRENTD BTl B E A AL TR me

WE LI BB g A3 AR Fla 'L/»}E,%%‘EJJE— Vi PE
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P (ICSI) Hoff 332 » P 3 5o 2 S (8% o gt 30 ik ICSI 3k

T F MBI X E L (IVM 2 IVC) 2 Repjeis

(Parthenogenetic) z_ sz » 7& 5 R4 JRaE = o pL 3RS 5T Y

% d Dr. Thanh Quang Dang-Nguyen ~ Dr. Shinya Ishihara 2 Dr.

Elisa Sentos i 735 % (% 78 $Lji7 protocols 4r*ités 1) -

(1) 7 er48 et =2 (In vitro maturation, IVM)

Get ovaries from the slaughterhouse and keep ovaries in warm
water

Use PBS to wash ovaries 3 times (without antibiotics)

Remove blood from ovaries (cutting by scissors from the middle,
tissue is without ethanol) (&) 3)

Put ovaries in a 3.5cm dish and use surgery slide to cut the
follicles on the ovaries to get the follicle fluid

Transfer follicle fluid to a tube by a drop and then wait at least 5
mins

Add 4mL M199 in a 10cm dish, and then take the bottom part
from step6 and put into the M199 drop by drop

Use mouth-glass pipette to pick out the oocytes

Use IVML1 to wash oocytes for 3 times (2mL VM1 per well)

-11-



® Use 4-well plate to culture oocytes in 39C for 22 hours (each

well contains 500uL IVM1 and about 40~50 oocytes)

B3 T2rLa g6 M RER 455

(2) ¥ - #3214+ (Intracytoplasmic sperm injection, ICSI)

@ Preparation of injection/holding pipettes for ICSI (&] 4)

® Use machine FLAMING/BROWN MICROPIPETTE PULLER

® ICSI pipette 7~10 um: use microscope scale to check the size of
the glass pipette, and then move it to the position just touch on
the glass ball. Step on the paddle to heat the glass ball (about
80~90°C) to cut the glass pipette

® Holding pipette 20~30um in the middle: use microscope scale to
check the size of the glass pipette, and then move it to the
position upper to the glass ball. Step on the paddle to heat the

glass ball (about 100°C) to wait the middle becomes 20~30um

-12 -



® Bending holding pipette and injection pipette: put the pipette to
the position upper to the glass ball, and step on the paddle to

heat the glass ball (about 15~20 degrees)

@ ICSI
® Remove the cumulus cell from oocytes
® Sperm preparation (Washing cryoprotectants away)
v’ sperm put into 1mL M199+PBS-BSA(50mg/mL) wash once
v Centrifuge at 2000rpm for 2 mins
v remove the supernatant and resolve in 1mL
v" Move sperm into IVC-PVP-HEPES medium, then keep at
roomT

® Qocyte preparation

-13-



v

v

v

20uL. M199 drops (for oocytes)
2 uL IVC-PVP-HEPES drops (for sperm and washing)

Coverall drops with mineral oil

® ICSI processing (B 5 2 6)

v

v

@ it

Take some sperm and transfer to one drop and mix a bit
Washing Injection pipette: take 1 cm Fluorinert FC-700 into
the pipette and then push to the tip—>spit out some Fluorinert
FC-700 drops—>take in some medium ->spit out some
medium->repeat 3 times

Take in some sperm (sperm’s head part must be heading to
the tip of the injection pipette

Use PIEZO to penetrate the zona of the oocytes

Inject one sperm to each oocyte

Sperm-injected oocytes are recovered in IVC-PyrLac for 1 hr
before electrical activation

After electrical activation, wash all oocytes for 3 times and

then culture oocytes in I\VVC PyrLac.

k¥ ¥-8F% sonication = i ICSI 3 1T 5 & 50 AR ER S &

FE 4 eh o & J 00 swim-up B ER S o

-14 -



B 5. ICSI & e/ 42

) 6. Dr. Thanh Quang Dang-Nguyen -+ # ICSI 3 i®
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(3) #"wgei= (Parthenogenetic) : & = (B 7)

® Check oocytes polar body: use mouth pipette to blow medium to
roll oocytes to see different angles

@® Preparation of activation (fusion) medium in 4-well dish
© 500uL. M199 (well @)
© 250uL. M199+250uL fusion medium (well @)
® 500uL fusion medium (well ®)
Notice: Because fusion medium contains many sugars, which
means it is high- osmotic, so oocytes need to be adapted
gradually

® Take out oocytes, put them into well © - then well @ - then
well ® (washing)

® Add some fusion medium in the middle of the electrodes

® Distribute the oocytes in the middle of the electrode

® Start to activate (Voltage=150) (&) 8)

® Finishing activation, transfer oocytes to well ® 2> well @ >
well © (washing back)

® Transfer oocytes to IVC1 (containing cytochalasin) for 3hrs

® Transfer oocytes to IVC PyrLac for 2 days

-16 -



® Transfer oocytes to IVC Gly for 4 days

® Check the cell numbers of blastocyst

Activation of odCyteS

~ Actavation ( fusion) med i m

O|@| O M9
Ole] ®@: Miqit % fusion medium

B 7. Electrical activation of oocytes

-17 -



(4) ¥ %% ¢ B% embryos 3 ¥ )

v i % 2 % k& 3% Hoechst/PI/DAPI > &=t i# * Hoechst33342

Treat embryos with pronase for 5 mins (i 8, pronase can
remove zona to make embryos flat and clearer to see embryos

are alive or dead)

~g

Bl 8. 75214 pronase #5 ' i f # (zona)

Treat embryos with Hoechst33342 for 10 mins

Use PBS to wash embryos

Take small glycerol drop in the middle of a slide, #-embryos ¥
»H ¢ (3 embryos i ~ glycerol FF > & & & " F BFex ~ 0
medium e ) F+F EF (B 9)

VR RS RE > - B e dic (7 T % imagej for counting)

% 52 e BT 30X L 55

-18 -
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Bl O %L d &l yib e

(=) 4 % ~ & (Tokushima University) : £ ¢} & SufF F 25 8% flf

A+ EL AR EE;%“EJJE - #FF s (ICSI) #-
HFEXNFIURAIHFEY P32 AF I ERPT 7 4ra
2 S AFRRENE T4 R K Y 2 A o F P R S gt
FRCEH T P F R SRR R TR fR Ay
m fREF B e

o it Fivr pag - ARANSARET 0 o3 3D
germ cell culture system % organ culture method - 3D testicular cell
culture (Bl 10) ( J Veterinar Sci Technol (2012) 3:115) & f1*
collagen matrix gel 35 & testicular cells> p = § 48 % 45 &) Ayt fAHC
92T ¥ = 4 it 4 spermatocytes; @ organ culture method (8]
11) ( Nature Protocols (2013) 8, 2098-2104) R| &_4|* germ
cell-free -] & #74& & 2_ host testis » #- germ cells ¥2 feeder cells
P aE»HY > L3 Zpae v A4 By Ha+ o & Otoi
Fedg o it o AR TR P o N g ) B B B 4

BLET EHE T 00 ke & B LSRR LR
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Qocyte Spermatozoa

i8] 10. 3D germ cell culture system
(Journal of Veterinary Science & Technology (2012) 3:115)

q Donor mouse, Acr-GFP
(7.5—-10.5 dpp)
Derivation of GS cells

(6—9 weeks) *

Cell passage, every 5-8 d

Injection of GS cells Busulfan treated wild-
into host testis type mouse pup
(2-3 h) p— (5.5-10.5 dpp)

Splitting the testis tissue into small pieces

i~
v

Observation of GFP using a
fluorescence stereomicroscope

Organ culture
(6—8 weeks) +

] 10. Organ culture method for producing sperm
(Nature Protocols (2013) 8, 2098-2104)

-20 -
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% % T Novel concepts of immune system for regulating early pregnancy:

Attack or tolerance | % 48 > & 55 #2482 X R LB 4% o
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Journal of Reproduction and Development, Vol. 54, No. 3, 2008
—Full Paper— '

Defined System for In Vitro Production of Porcine Embryos Using a
Single Basic Medium

Koji YOSHIOKA", Chie SUZUKI" and Akira ONISH[Z)

"National Instituté of Animal Health, Tsukuba 305-0856 and ZJNatronal Institute of Agrobroiogrcal SCIences, Tsukuba 305-
0901, Japan

Abstract. We have previously indicated that porcme blastocysts can be produced by in vitro fertilization (IVF) and
culture (IVC) in chemically defined porcine gamete medium (PGM) and porcine zygote medium (PZM)-5, respectively,
In the present study, the effects of basic media and macromolecular components on in vitro maturation (IVM) were
investigated fo develop a defined system for in vitro embryo production using a single basic medium through IVM, IVF
and IVC. Porcine immature cocytes were matured in porcine cocyte mediura (POM) or moditied North Carolina State
University (mINCSU) 37, which were supplemented with efther 10% (v/v) porcine follicular fluid (pFF) or 3 mg/ml
polyvinyl alecohol (PVA) as a macromolecular component (designated POM+pFE, POM+PVA, mNCSU374pFE and
mNCSU37+PVA)." In the maturation with mNCSU37+PVA, the percentages of oocytes that reached the metaphase II
stages were significantly lower than those in the other treatments. Following IVM with the above media, oocytes were
treated with an electrical stimulus and cycloheximide for parthenogenetic activation and were cultured in PZM-5 for 5
days. The rates of cleavage and blastocyst formation of parthenogenetic cocytes were significantly lowered for
maturation with mINCSU37+PVA compared with the other treatments, while there were no significant differences in
the total numbers of cells in blastocysts among the treatments. - Following IVF and IVC, the rates of penetration, male
pronucleus formation, cleavage and blastocyst formation were significantly lower when oocytes were matured in
mNCSU37+PVA than in other maturation media. The normal fertilization rate was significantly higher in POM+PVA
compared with the other treatments, although the total number of cells in blastoeysts was reduced with the addition of
PVA to both POM and mNCSU37 compared with pFF supplementation. These results demonstrate that porcine

blastocysts can be produced by the defined system using.a single basic medium.
Key words: Defmed system, In vitro production (IVP), Maturation, Porcine embryo, Porcine zygote medium (PZM)

(] Reprod. Dev. 54: 208-213, 2008)

he establishment of an in vifro production (IVP) system for
T preimplantation embryos that can develop to full term after
transfer will contribute to a better understanding of the physiology
of embryonic development in carly pregnancy and the control of
animal reproduction, including embryo iransfer, wansgenesis and
cloning f1]. Numerous studies have investigated the ability of por-
cine oocytes and embryos to develop in vitro using a wide varicty
of culture media [2—7]. Recently, we developed a chemically
defined medium (porcine zygote medivm: PZM) for in vitre culture
(IVC) of porcine zygotes based on the composition of pig ovidust
fluid [8). Moreover, we established a chemically defined system
for in vitro fertilization (IVF) of porcine in vilrp-matured oocytes
using porcine gamete medium (PGM), modified from PZM, as a
basic medium [9], and the in vive viability of blastocysts produced
in the chemically defined IVF and IVC media has been confirmed
after embryo transfer _’Eo recipients [9, 10].

The standard medium for in vitro matration (IVM) of porcine
oocytes is either North Carolina State University (NC8U) 23 or
NCSU37 [3] with porcine follicular finid supplementation, How-
ever, follicular fluid containg numerous undefined factors and may
be contaminated with: viral pathogens [11-13]. A chemicaily
defined medium is not only usefial for analyzing the physical action

Accepted for publication: March 14, 2008
Published online in J-STAGE: April 14, 2008
Cormrespondence: K. Yoshioka (e-mail; kojiyos@affre.go.jp)

of substances, such ag inorganic compounds, energy substrates,
Thormones, cytokines and vitamins in the development of preim-,
plantation embryas, but also for improving the reliability of media
formulations and thereby yielding higher reproducibility of results.
Moreaver, application of the defined system for IVP- of embryos
may decrease the risk of viral contamination duaring TVP.

In standard IVP protocols, an embryo may be exposed fo three
discrete media during in vitre development due to the use of differ-
et medium for each phase of in vitro embryo production; narmely,
IVM, IVF and IVC, The effect of transferring the deveioping
embryo between different culture environments is unknown,
although the embryo may make efforts to adjust to changes in
osmolarity, pH and/or substrate availability, possibly resulting in
reduced developmental potential. The IVP system using a single
medivm throughout IVM, IVF and IVC may be easier to use and
maimntain compared with media émployed in standard TVP systems. -
In cattie, oocytes can be matured, fertilized and cultured in a single
basic medium; namely, modified synthetic oviductal fluid (mSOF)
appropriately supplemented for specific stages of development
(14].-

The objective of the present study was to establish a defined sys-
tem for IVP of porcine blastocysts. Moreover, we atiempted to
determine whether media based on the composition of porcine ovi-
ductal fluid could support IVP of porcine blastocysts through IVIM,
IVE and IVC.
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Table 1. Composition of eulture media&ur in vitro praduction otﬂmrcine embryos 6
" Component (mM) POM (for TVM) PGMiacd (for TVF) PZM-3 (for TVC) PXM-Hepes (for air)
NaCl 108.00 108.00 " 108.00 108.00
KCi 10.00 10.00 10.00 10.00
KH-PO, 0.33 0.35 .35 0.35
MgSQ, - TH0 0.40 0.40 - 040 0.40
N=HCO; 25.00 25.00 25.00 5.00
Hepes : — — — 25.00
Ghucose 4.00 _L00 — —
Na-pyruvate 0.20 0.20 020 0.20
Ca-{lactate); - SHRO 2,00 4.00 2.00 2.00
L-glutamine 2.00° L= o 2.00 —
Hypotauring -5.00 e 5.00 —
BME amiao acids (mlf1) 20.00 — 20.00 ’ —
MEM non-essential amine acids (mlD) 10.00. — 10.00° —
Theophylline ' — 2.5 - — —
Adenosine (zM) —_ 1.00 — —
L-cysteine (M) 600 0.25 — —
Gentamicin (mg/ml) 0.01 0.01 : 0.01 0.01
Polyvinyl aleohol (mg/ml} — . 3.00 3.00 3.00
Osmolarity (mOsm)* 286+ 1 2301 2841 268+ 1

*Mean + SD. Each medium was prepared from the same stock solutions (100 mM NaHCO, and a mixtare of 10-fold strengths of NaCl,
KCl, KHaPOy and MgS0, + 7TH;0), which were stored at 4 C in a refrigerator for several months. All media were edjusted to pH 7.3,

v

Materials and Methods

Oocyte collection and IVM

Cumulus-oocytes complexes (COCs) were collected from the
antral folticles of ovaries by a previously reported methad [9].
After the COCs were washed twice with porcine X medium
(PXM)-Hepes; only those with uniform ooplasm and a compact
curnulus cell mass were selected for IVM and placed in groups of
15 into 100 wl droplets of each maturation medium. The formula-
tions of PXM-Hepes, as well as other media based on the
composition of PZM, are shown in Table 1. The porcine oocyte
medium (POM) was modified PZM-5 supplemented with 5 mM

glucose and 0.6 mM cysteing, which are known as stimulatory sub--

stances on porcine oocyte maturation [15, 16]. For IVM of
immature oocytes, POM or modified NCSU (mNCSU) 37 [7] was
used as the base TVM medium and was supplemented with either
10% (v/v) porcine follicular fluid (pFF) or 3 mg/ml polyvinyl alco-
hol (PVA) as a macremolecular component {designated

POM+pTFE, POMAPVA, mNCSU37HpFF and mNCSU3Z7THPVA).

TUTs were cultured for 20 h in each maturation medinm supple-
mented with 10 TU/ml eCG (Peamex; Sankyo, Tokyo, Tapan), hCG
{Puberogen; Sankyo) and 1 mM dibutyryl cAMP and subsequently
for 0-28 1 in the same medium, but without the hormones and

5% CO3, 5% Oq and 0% Nz:/—

I VF and oocyte activation

The cuiture procedures employed in TVF of oocytes following
IVM were as described previously [9] with some modifications.
For IVF, motile spermatozoa from the same batch of frozen semen
were obtained by centrifugation (700 x g far 20 min) of frozen-

dibutyryl cAMP, at 39 C in a humidified atmosphere Contammg .

thawed semen on 2 40%/20% Percoll {GE Healthcare UK, Buck-
inghamshire, UK) gradient. The sperm pellet was resuspended
with PGM supplemented with theophylline, adenosine and cysteine
[9] with the concentration of Ca-(lactate)2 - SH20 adjusted from
2.5 to 4 mM (PGMtacd) and was then washed twice by centrifuga-
tion at 500 x g for 5 min. COCs at 44 h after [VM were
coingubated for § h with spermatozoa at a concentration of 1 x 10¢
spermatozoa/ml in 100 zl droplets of PGMtac4. The incubation
was carried out at 39 C in a humidified atmosphere containing 5%
C0,, 5% Oz.and 90% Na. Each droplet contained 15-20 COCs.
Some oocytes were activated by an electrical stimulus and

- cycloheximide (CHX) at 48 h after IVM. Briefly, occytes were

stripped of cumulus cells by vortexing in PXM-Tlepes. -Oocytes
with the first polar body were placed in a fusion mediuvm [17] and
activated by a single DC pulse of 130 V/mm for 99 usec. After
clectrical stimulation, the cocytes were cultured for 6 h in PZM-5
(Research Institute for the Functional Peptides, Yamagata, Japan)

- [18] supplemented wnh 5 pp/ml cytochalasin B and ]0 Hgfml

CHX.

Embiryo culture

After 8 h of coincubation wﬂh sperm, presuniptive zygotes were
stripped of camulus cells by vortexing in PXM-Hepes. Presump-
tive zygotes after both [VF and elecirical activation were washed

" three times with PZM-5 and then cultured in 50 ¢ PZM-5in a

Reproplate (Research Institute for the Functional Peptides) for §
days at 39 C in a humidified atmosphere containing 5% COz, 5%
0O, and 90% Na. ’

Evaluation of nuclear maturation, activation and fertilization
Qocytes were mounted on a glass slide, fixed with 25% (v/v)
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Fig. 1. Time course of poreine cocyte matu.ratidu in different basic

media and macromolecules. The incidences of germinal
vesicle breakdown (GVBD) and metaphase T (MTI) were
monitored from 20 h to 48 h after [VM. Data are presented as
means = D, Each group had four replicates and 51-58 -
COCs. Stars indieate significant differences from one or twvo
({*P or all others (*; P<0.05).

acetic acld in ethanol for 24-48 h, stained with 1% {(w/v) acelo-
oreein and then examined uirder a phase-contrast microscope.

Euvaluation of embryo development

The percentages of presumptive parthenotes and zygotes that
had cleaved and developed to blastocysts were recorded on Days 2
and 5, respectively. The total cell number of blastocysts was
assessed on Day 5 of cultuze using an air-drying method [9].

Experzmental demgn ‘

In Experiment [, the time course of maturation in dlfﬁ:rent VM
media and macromolecular components were examined. COCs
were further cultured in either POM+pFF, POM+PVA,
mNCSU37+pFF or mNCSU37+PVA for 0-28 h following cultiva-
tion in each medium supplemented with hormones and dbcAMP
for 20 h. The meiotic progress of the oocytes was examined at 4 h
intervals tor 28 h from 20 to 48 h after the onset of maturation
culture. '

The objective of Experiment 2 was to determine the effects of
different IVM média and macromolecular components during TVM
on oocyte activation and subsequent embryo development without
any effects of fertilization, such as polyspermic penetration and
timing of sperm penetration. After COCs were cultured for matu-
ration for a total of 48 h, as described in Bxperiment 1, denuded
oocytes were activated by an electrical stimulus and cultured in
CHX for6 h. After activation, some cocytes were fixed for evalu-
ation of meiotic progress and pronucleus formation, while the
remaining oocytes were cultured in PZM-5 for S days.

Experiment 3 was conducted to determine the effects of different
IVM media and macromolecular components during IVM on fertil-
ization and subsequent embryo development. . After COCs were
culbized for maturation for a total of 44 h, as described in Experi-
ment 1, COCs were coincubated with spermatozoa in PGMtac4 for
8 h. After IVF, some oocytes were fixed for evaluation of fertiliza-
tion, while the 1emammg cocyles were cultured in PZM-5 for 5
days.

Statistical analysis

Data analyses were carrted out by general lmear made! proce-
dures and Tukey’s HSD using the Statistical Analysis System (SAS
Institute, Cary, NC, USA). All percentage data and total numbers
of cells in blastocysts were subjected to arcsine and logarithmic
transformation, respectively. A probability of P<0.05 was consid-
ered to be statistically significant,

Resulis

Effect of basic media and macmmolecules on the kinetics of -
oocyte maturation ’

In the maturation with mNCSU37+PVA, the percentages of
oocytes that showed germinal vesicle breakdown (GVBD) were
significantly lower (P<0.05) than those in other treatments (Fig. 1)
at 36 and 48 h after the onset of IVM. Moreover, the percentage of
oocytes that reached the metaphase II (M) stage from 36 to 48 h
of maturation culture was significantly reduced (P<0.05) in
mNCSU37+PVA compared with those of the other treatments.
However, there were no significant differences in the percentages
of GVBD and MIT oocytes matured in POM+PVA, POM+pFF or
n:INCSU37+pFF

Effects of bas:c media and macromolecules during IVM on
oocyte activation and subsequent embryo development

The percentages of oocytes that were activated and formed two
prenuclei did not differ among the treatments {Table 2)." The rates
of cleavage and blastocyst fermation were significantly lowered
(P<0.05) for maturation with mNCSU37+PVA compared with the
other treatments (Table 3). However, there were ne significant dif-
ferences in the total numbers of cells in blastocysts among the
treatments. '

Effects of basic medie and macromolecules during IVM on
fertilization and subsequent embryo development

The rates of penetrztion and male pronucleus formation were
significantly lower (P<0.05) when oocytes were matured in
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Table 2. Activation of porcine oocytes m'aml:cd in vitro with different media

Medium No. of aoeytes Nao. (%) ofoocytes

examined Activated PN-formed* 2 PN-formed*
POM+pFF 102 86 (84.8 £ 9.6) 81 (93.8+10.0) 76 (B7.5 £ 13.5)
POMHPVA 111 100 (91.0+38.1) - 99 (99.0+2.4) 88 (88.1+11.3)
mNCSU37+pFF 111 93 (85.6+14.3) 91(97446.3) 79 (84.3 £ 13.3)
mNCSUIT+HPVA 104 37 (86,21 16.3) 82(93.9+£104) 73 (83.5+14.7)

Data from six replicates. Percentages are expressed as means + SD. *Calculated as a percentage of activated cocytes.

Table 3, In vitro development of porcine parthenogenic oocytes matured i vitro with different media

-

Total No. of cells in

Medium No. of parthenogenic _ Cleaved.at Day 2 Blastoeyst at Day 5

ooeytes cuttured (%) (%) blastocysts (mean + 3D)
POM+pFF 162 126 (774 £ 1.8y . 73 (45.0 - 9.4y 46.1 2150
POM-+PVA 159 136 (85.7 £ 7.1y 77 (48.5 £ 4.4) 414135
mNCSU37+pFF ) 162 138 (85.3 £ 84Y 65 (40.8 = 15.8y 41.2%15.6
mNCSU37+PVA 154 87 (56.8 £ 10.9)" 34 (22,2 6.4)° 38.2+13.9

Data from six replicates, Pemcqtriges are expressed as means £ SO %Values with different supesscripts within each celumn are

significantly different (P<0.05).

Table 4. ft vitro fertilization of porcing oocytes matured in vitro with different media

No.of No. (%) of cocytes Na. of spermn penetrated
Medium - oocytes - in a penetrated oocyte
cxamined Maturcd Penetrated Normal* Polyspermy* MPN-formed* -{mean £ 3D) -
POM-+pFF 135 130 118 53 - 635 118 :
- (96.3£3.8) (87.6 £ 10.3)° (44.8 £ 10.00° (552 £10.6) (100.0 - 0y 1.8+ 0.9 -
"POMAPVA 123 £13 92 67 19 86
(91.8 £6.7F (74.3 £ 12.8)° (724 % 10.2)° (21.0+8.00 L (934257 "12x040
mNCSU37+pFF 137 135 120 54 .63 117 )
- (98.5£2.5)" (87.6 £ 9.6) (45.5+12.47 (519 13.3) (97.5 £ 4.5 ' 1.3+1.0
mNCSU3THPVA 124 60 34 10 9 . 15
(47.1 £ 17.1)° (2684 14.2) (35.5+25.8)* (283 £20.3)" (533£282)F 1.3+0.5>

Data from seven replicates. Percentages are expressed as means * 5D, *Calculated as a percentag;: of penetrated ogeytes. **Values with different super-

scripts within each column are significantly different (P<0.05).

mNCSU37+PVA than in other maturation media (Table 4). The
normal fertilization rate was significantly higher (P<0.03) in
POM--PVA compared with the other treatments. The proportion of
zygotes that cleaved and developed to blastocysts was significantly
lower (P<0.05) in mNCSU37+PVA than in the other media (Table
5). The addition of PVA to both POM and mNCSU37 significantly
reduced (P<0.05) the total number of cells in blastocysts compared
wilh pFF supplementatmn

Discussion

The present study clearly demanstrates that porcine oocyles can
be matured, fertilized and cultured in media based on the composi-

tion of porcine ovidustal fluid and appropriately supplemented for-

specific stages of development. Moreover, porcine blastocysts can
be produced in the defined TVP system, which consists of

POMH+PVA, PGMtacd and PZM-5 for IVM, IVF and IVC, respec-

tively, as well as in the standard IVP system performed in TVIM
with pFF-containing media,

When POM+pFF was used for cocyle maturation, all results
from the present stady, including rates of maturation, fertilization,
cleavage and blastocyst formation, as well as total numbers of cells
in blastocysts, were similar to those obtained using.

- mNCSU37+pFF, which is one of the stendard maturation media for

porcine cocytes [3, 7]. Thus, the single medium we developed
based on the composition of porcine oviductal fluid can be used for
IVP of porcine blastocysts as an alternative to discrete media for
each phase of IVM, TVF and TVC. This method provides several
advantages. Since the media used in this study (POM, PGMtac4,
PZM-5, and PXM-Hepes) were prepared from. the same basic stock
splutions, which can be prepared and kept at refrigerator tempera-
ture (approximately 4 C) for several months, less time is spent on
nedium preparation. In addition, the use of stock solutions lends

* itself very well to experimental work, as several variants of a
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Table 5. In vitro development of porcine aocytes matured in vitro with different media after in vifro fectilization

Medium No. of presumptive Cleaved at Day 2 Blastocystat Day 5 - Total No. of cellsin |
Zygotes cultured T (%) (%) - blastocysts (mean + SD)
POM:+pFF 189 152 (30.3 + 4.8 78 (38.4 + 7.88 52.0+18.8*
POMIPVA ) 178 135(75.7 £ 10,0 38 (334x12.1p 39.4+£219°
mNCSU3THpFF 192 141 (73.5 £ 7.6 79 (41.3 & 10.0p 4751+ 16.6
mNCSU37+PVA 178 56 (305 £16.7)° 12 (6.5 £ 5.9)° 318+ 18.0°

Data from seven replicates. Percentages are expressed as means + SD, *%Values with different superscripts within each col-

umn are signiticantly different (P<0.05).

medium can be compared simultaneously with mmlm'ﬂ variation
[14].

[t has been reported that addition of pFF to maturation medium
enhances the cytoplasmic maturation of porcine pocyteé as mea-
sured by male pranucleus formation after TVF [19] and blastocyst
formation rate [20]. However, pFF can be replaced by PVA to pro-
duce a chemically defined medium, such as modified TCMVI199 [21]
" and mNCSU23 [22), In the present study, immature oocytes devel-
oped to blastocyst stage embryos using the defined TVP system for
embryos when pFF was replaced by PVA in both POM and
mNCSU37 for IVM. Generally, pFF contains various unknown
factors that have not only growth stimulatory effects but also detri-
mental effects. The effects of pFF, therefore, vary greatly from
bdtch to batch, leading to uﬁprgdictab[e results. Application of the
defined system to IVP of embryos is considered important to
address the exact effects of any supplement of interest in the

medium on oocyte maturation, fertilization or embryo development -

by eliminating these unknown factors from medium preparation
[23].

The maturation rate and meiotic progression of oocytes in
POM+PVA were similar to those in POM or mNCSU37 containing
PFF, while they declined in mNCSU37+PVA, The reason why
POM as 2 basal medinm did not reduce maturation ability under the
chemically defined conditions is unclear, POM contains a total of
22 amino acids (glutamine, hypotaurine, eysteine, 12 basal medimn
Eagle [BME] essential amino acids and seven minimum essential
medium [MEM] nonessential aming acids), wliereas the only
amino actd components of mNCSU37 are glutamine and cysteine.
Amino acids in a protein-free medium may play important roles,
including as osmolytes [24-26], iniracellular buffers [27, 28],

heavy metal chelators [29] and energy substrates [29, 30]. The

beneficial effects of essential and/or nonessential amino acids in
chemically defined mNCSU23 medium on porcme oocyte matura-
tion have also been reported [22]. '

A variety of processes accurring within the cocyte cyloplasm
independently of nuclear maturation during meiosis, referred to as
cytoplasmic maturation, are required for complete developmental
competence following fertilization [31-33]. Cocytes matured in
mNCSU37+PVA showed lowered rates of cleavage and blastocyst
formation after activation by an electrical stimulus and culture in
CHX compared with the other groups. Maturational age of porcine
oocyles affects the potential of subsequent embryo development,
Tn pigs, newly matured oocytes showed lower developmental com-
petence after IVF [34] or parthenogenetic activation [35] compared

* with oocytes cultured for an additional 8-10 h. This might be due

to inadequate cytoplasmic maturation and/or immaturity of the
metaphase spindle of MII stage oocytes immediately after MII-
arrest [36]. The time at which the oocytes reached the MII stage in
mNCSU37+PVA was delayed compared with the other maturation
media (Fig. 1). On the other hand, the percentages of cocytes that
formed two pronuclei did not differ among the treatments after par-
therogenetic activation when only oocytes having a'polar body
were selected before activation in the present study. Thus,
mNCSU3THPVA seems to be inferior fo the other. media in terms
of ability to induce complete nuclear and cytoplasmic maturation of
oocytes.

The reduced penetration rate of cocytes matured in
mNCSU37+PVA may result in decreased numbers of oocytes
reaching the MII stages during in vitro insemination. On the other
hand, porecing cocytes matured in POM+PVA were found to be
equally peneirable compared with cocytes matured in the presence
of pFF in the present study. This result is similar to that obtained in
a previous study in which porcine cocytes matured in protein-fiee
TCM199 or protsin-free Waymeouth medium did noet reduce sperin
penetration [21]. In contrast, the frequency of occurrence of
pelyspermy and the number of sperm that penetrated an oocyte
decreased when pFF was replaced by PVA in both IVM media. In
porcine IVF, the high incidence of polyspermic penstration is a
major obstacle to the production of rormal porcine embryos in
vitro [37]. Polyspermic penetration in vitro has been considered to
be due to delayed or incorplete cortical granule exocytosis and/or
zona reaction resulting from inadequate TVM of cocytes as well as
simultaneous sperm penetration by = number of spermatozoa with a
reacted acrosome [37—40]. Different types of macromolecules
added to maturation media, such as PVA and pFF, may affect the
polyspermy blocking function. Therefore, different types of mac-
romolecules added to such maturation media might influence the
status of cortical granule exocytosis and/or zona reaction during
IVF. Further histological and biochemical analyses of fertilized
oocytes are required in order to understand the mechanism of
polyspermy in the porcing embryo TVP system.

In conclusion, the present study describes successful IVP of por-

“ cine blastocysts in a defined system using a single basic medium.

The use of a defined IVP system yields higher reproducibility of
resulis and ensures the biosafety of culture media by eliminating
protein preparations, which may be contaminated with pathogens.
Although the percentages of embryos that developed to blastocysts

“after TVF did not differ between POM+PVA and POM+pFF, the
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total number of cells in blastocysts was reduced by the use 0T PVA

" in place of pFF. Since these indications of iz vitro developmental
competence for [IVP embryos did not differ in the artificially acti-
vated oocytes matured in POM4PVA and POM+pFF, the reduced
number of cells in blastocysts seems to be attributable te inade-
quacy closely related to fertilization. Further improveraents of this
porcine defined 1VP system are therefore required to optimize
embryonic growth and maximize the number of I'VP embryos of
high quality that can survive afier embryo transfer.
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ABSTRACT

The influence of prolonged storage of boar epididymides on post-thaw sperm motility, and
in vitro festilization was evaluated. Twenty pairs of epididymides were obtained from Large White
boars, and spermatozoa from one of each of the pairs were immediately collected and frozen (control
group). The remaining epididymides were cooled to 4°C and stored for 1, 2 or 3 d, after which
spermatozoa were collected and frozen (experimental groups Day 1, 2 and 3, respectively). Sperm
motility was maintained throughout the dilution procedure and then dropped (P<0.01) after freezing
and thawing. During storage themotility of nenfrozen spermatozoa decreased significantly (P<0.01),
reaching a value equal to that of frozen-thawed spermatozoa on Day 3. In vitro fertilization
experiments revealed significantly (P<0.05) lower penetration rates using Day 1, 2 and 3 stored
spermatozoa (12, 13 and 2%, respectively) than that of the control group (40%). Oocyte penetration
ability seemed to be reflected by acrosome integrity. However, the motility of spermatozoa with the
ability to penetrate oocytes in Day 1 and Day 2 groups did not differ from that of the controls. The
motility of spermatozoa lacking penetration ability, on the other hand; gradually decreased as the
storage period was prolonged. This suggests that the sperm motility and penetration ability are
affected by different mechanisms during the cold storage of epididymides. Finally, control and
experimental groups exhibited high incidences of monospermic penetration (64 to 90%) and of male
pronuclear formation (67 to 71%). These data suggest that cryopreservation of spermatozoa from
boar epididymides stored at 4°C for 1 to 2 d can be used for conserving male germ cells when
epididymal spermatozoa can not be collected immediately and cryopreserved. s
" © 1998 by Hseviar Science Inc. ‘
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INTRODUCTION

Boar epididymal spermatozoa show a higher resistance to cold shock than ejaculated sperm cells
(9), suggesting that they may be more suitable for cryopreservation (15). Frozen-thawed epididymal
spermatozoa were successfully used for in vitro fertilization ([VF) experiments with in vitro-matured
{IVM) porcine follicular oocytes. The transfer of 2- to 4-celf embryos produced by IVM-IVF to
recipient resulted in the birth of tive piglets (5). The above studies showed that the cryopreservation
of epididymal spermatozoa was a promising method not for the conservation of pig genetic
resources, but could beused to rescue male germ cells from a suddenly deceased boar of high genetic
value. At many farms, however, it is not always possible to collect and freeze epididymal
spermatozoa due to a lack of technicians and equipment. To overcome these limitations we
proposed reftigerating epididymides and transporting them to a laboratory for subsequent sperm
collection, freezing and storage in liquid nitrogen and for use in artificial insemination (AT} or IVF,
followed by embryo transfer. We tested this proposal by collecting and freezing boar spermatozoa
from epididymides stored at 4°C for a few days and assessed the ability of the frozen-thawed
spermatozoa to fertilize oocytes in vitro, .

MATERIALS AND METHODS

Extenders for Freezing of Boar Epididymal Spermatozoa

All extenders were prepared according to Niw%_(%nld) Collecting Selution consisted of 330
-3

M glucose} 128 mM trisodium citrate dihydrat ,\14 ‘Sodinm hydrogen carborate, 9.
TA-2Na antibiotics (1,000 IU/mL penicillin G potassium [Sigma Chemical Co., St. Louts,
MO and 1 mg/mL streptomycin sulfate [Sigma]), 2) A mixture of 80% {v/v) of 310 mM
lactose, 20% (v/v) of egg yolk and antibiotics was centrifuged at 1,600xg for 15 min and the
supernatant served as Niwa and Sasaki Freezing (NSF)-I extender, 3) The NSF-II extender consisted
of 92.5% (v/v) of NSF-I, 1.5% (v/v) of Equex Stem (Noba Chemical Sales Inc., Scituate, MA,
USA), and §% (v/v) of élicero:l“and antibiotics. All extenders were prepared in advance and stored
at-20°C. Before use, they were thawed and equilibrated to room temperature (25°C), 15°C and
4°C, respectively. '

Collection, Dilution and Freezing of Boar Epididymal Spermatozoa

Twenty pairs of testes and epididymides from Large White boars were obtained at a local
slaughterhouse. They were transported to thelaboratory at room temperature. Control spermatozoa
were immediately collected from one epididymis of each pair according to the method by Nagai et

" al. {11). Briefly, luminal fluid containing spermatozoa was extruded from the distal portion of the

cauda epididymis by air pressure from a syringe. The fluid was diluted with 30 mL Collecting
Solution rewarmed to room temperature. Sperm suspension in & 50-ml. glass centrifitgation tube
was placed in water (2,000 mL at room temperature) and transferred to a refiigerator at 15°C.

Cooling down to 15°C lasted for about 3 h. Subsequently, the fluid was centrifuged at 1,200xg for

10 min and the supernatant discarded. Precipitated spermatozoa were gently resuspended in 5 mil.
NSF-I extender. It took about 1 h for cenirifugation and resuspension at 15°C. Resuspendéd
spermatozoa were coeled to 4°C within 2 h. Spermatozoa resuspended in NSF-I were then mixed
with an equal volume of NSF-T1, which determined the final 3% (v/v) concentration of glycerol as
cryoprotectant. The sperm concentration was adjusted to 5x10° cells/mL. The sperm suspensicn

e-h-
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was transferred to 0.25-mi plastic straws (IMV, L'aigle, Cedex, France), which were placed in liquid
nitrogen vapor for 10 min and finally stored in liquid nitrogen. The remaining epididymis of the pair
was put into plastic bag containing 20 mL paraffin oil (Mineral Qil, E. R. Squibb & Sons Inc.,
Princeton, NJ, USA) to prevent drying. The plastic bag was tightly closed, placed in water {2,000
mL, room temperature) and transferred to a reffigerator. Cooling to 15°C lasted for 3 h, after which
the bag was kept at 15°C for about 1 h and then cooled further to 4°C over 2 h, Epididymides were
stored at 4°C for 1, 2 or 3 d, and afterwards the spermatozoa were collected as described previously
{experimental groups Day 1, Day 2 and Day 3, respectively). The spermatozoa were diluted in -
Collecting Solution (4°C), and centrifuged at 1,200xg for 10 min at 4°C. The precipitated
spermatozoa were resuspended in NSF-I extender (4°C), and the same volume of NSF-II (4°C)
extender was added, Freezing was carried out by the procedure used for a control group. -

Evaluation of Sperm Motility

Sperm motility was evaluated when the spermatozoa were transferred to the extenders
{Collecting Solution, NSF-I and NSF-II) and after thawing, A drop of the extender containing
spermatozoa was intreduced into Medium 199 (M199) supplemented with 10% (v/v) fetal bovine
serum (FBS; Gibco, Rockville, MD, USA; 11), which was prewarmed at 37°C. Thawing of
spermatozoa was carried out as follows: a straw with frozen spermatozoa was transferred intc water
at 37°C and kept there for 3 min. A portion of the sperm suspension was difuted in M199 at 37°C.
The spermatozoa were transferred to an examination chamber (Fujihira, Tokyo, Japan), placed on
a micro warm plate (Kitasato supply, Tokyo, Japan) at 37°C, and examined under a phase contrast
microscope after 3 min of incubation in M199. The percentage of motile spermatozoa was counted
(4), and the speed of progression (SOP), based on the type of forward movement of spermatozoa,
was evaluated under a phase contrast microscope using criteria of the Word Health Organization
(22) modified in our laboratory (0 = no movement, 1 = faint motility, 2 = slow, nonprogressive,
motility, 3 = slow forward progression or 4 = steady, rapid forward progression). Sperm motility
index (SMT) was calculated according to Stachecki et al. {19): o :

SMI = [percentage motility + (SOP x 25)] x 1/2.
IVM of Porcine Follicular Oocytes and IVF with Frozen-Thawed Spermatozoa

In vitro maturation of porcine oocytes was carried out as described previously (8). Cumulus
enclosed cocytes from prepubertal gilts were transferred to a maturation medium, modified
Waymouth's MB752/1 medium (Gibco) supplemented with 10% FBS, 10% porcine follicular fluid,
2.5 ug/mL FSH (Antrin, Denka Pharmaceutical Co. Ltd., Kanagawa, Japan) and antibiotics (100
IU/mL penicillin G potassium {Sigma] and 0.1 mg/mL streptomycin sulfate [Sigma]). About 30 ... .
vocytes were cultured in 500 4L of maturation medium without oil at 39°C under 5% CO, inair for *ﬁ} aF -
48 h. In vitro fertilization was carried out following the sameg protocol (7). Frozen-thawed i]_goy,g - (5 min)

spermatozoa were preincubated in M199 at 37°C for | h (2.5><108 sperm/mL). A portion (10 L) A Z M 4
of the preincubated and diluited spermatozoa (5%10° live cells/mL) was added to 10 expanded — .
cumulus-enclosed cocytes in a mineral oil-covered fertilization drop, 90 pL Bracket and Oliphant A A WITACHL o

{BO) solution (2; supplemented with 2.0 mM caffeine (Sigma). Final sperm concentration was i g ;@iﬁs_r o
defined as 5%10” live cells/mi.. The spermatozoa and cocytes were coincubated for 5 L, then J {}f{; Urpm

transferred to Brinster’s medium for ovum culture-II (1) and subsequently cultured for 5 h. At 10 (5wl
h after insemination, oocytes were fixed in acetic alcohol (1:3), stained with 1% aceto-orcein and r- 12 Qo
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examined with a phase contrast miicroscope. An oocyte with a female pronucleus and with an
enlarged sperm head(s) or a male pronucleus(ei) was defined as penetrated. Thirty to 40 oocytes
were inseminated with spermatozoa from each epididymis.- The in vitro fertifization was replicated
3 times, After IVF experiments, some spermatozoa could penctrate cocytes, hereafier called
penetrating spermatozoa, and somie could not penetrate cocytes, hereafter called nonpenetrating
spermatozoa. To measure theincidence of cleavageto the 2-cell stage or blastocyst formation, some -
oocytes were inseminated with a batch of penetrating Day 1 spermatozoa, transferred into North
‘Carolina State University-37 medium (13) modified with 50:M [-mercaptoethanol, and subsequently

- cultured under CO, and N, adjusted to 5 and 90%, respectively (6). After culture for 2 or 6 d,
zZygotes were fixed, stained and examined for cleavage to the 2-cell stage or for blastocyst formation,
respectively. The total cell numbers of blastocysts were counted.

Evaluation of Sperm Acrosome Integrity

A triple-stain technique (21) was used to detect acrosomal integrity of frozen-thawed and
preincubated spermatozoa. Briefly, spermatozoa were introduced into BO solution containing 0.5%
(w/v) Trypan Blue (Wako Pure Chemical Industries, Ltd., Tokyo, Japan} and then incubated for 10
min at 39°C. They were centrifuged at 25°C for 3 min at 1,200%g, then the supematant was
discarded. The sperm pellet was resuspended with BO solution, and spermatozoa were air-dried
onto glass slides. Spermatozoa were fixed for 30 min with 3% (v/V) glutaraldehyde in 0.2 M
phosphate buffer solution (pH 7.4), stained first with 0.4% (w/v) Bismark brown Y (Sigma, pH 1.8)
at 40°C for 5 min and then with 0.8% (w/v} Rose Bengal (Kanto Chemical Co. Ltd,, Tokyo, Japan)
in 0.1 M Tris buffer (pH 5.3) at 25°C for 5 min. Three preparations were made for each sperm
sample and 100 spermatozoa were cbserved in each preparation. Four types of spermatozoa were
identified (Tablé 5). Type 1 cells had a pink acrosomal region and-a pale brown post-acrosomal
region. These spermatozoa were considered to have an acrosome and to be live. Type 2 cefls had
. a pink acrosomal region and a dark purple post-acrosomal region. These spermatozoa were
congidered to have an acrosome but to be dead. Type 3 cells had a white acrosomal region and a
pale brown post acrosomal region. These spermatozoa were considered to be lacking an acrosome
and to be live. Type 4 cells had a white acrosome region and a dark purple post-acrosomal region,
These spermatozoa were considered to be lacking an acrosome and to be dead. Motile and
nonmotile sperm cells ¢could not be identified in Type 1 and 3 live spermatozoa.

Statistical Analysis

All data were subjected to the analysis of vatiance nsing GLM procedures of Statistical Analysis
System (SAS, 16). Least squares means in SMIwere tested by the Least Significant Differences test.
The results from IVF experiments and acrosome status were analyzed by the Duncan's multiple range
test after transformation using arcsin of percentage (20). ‘

RESULTS

The in vitro penetration ability of frozen-thawed spermatozoa from 20 pairs of epididymides was
evaluated after IVF expenments Control spermatozoa collected from the epididymides of 16 boars
penetrated IVM oocytes In this group of 16 boars, spermatozoa coitected from 11 epididymides
stored at 4°C for 1 to 3 d maintained their ability to penetrate IVM oocytes. |
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Sperm Motility

The motility mdex of spermatozoa (SMI) from 20 boars was analyzed. Motility of control
spermatozoa was well maintained throughout the whole dilution procedure; however, it dropped
(P<0.01) after freezing and thawing (Table 1). During a storage period of the epididymides lasting
for 1, 2 or 3 d, the motility of unfrozen spérmatozoa immediately after the collection generally
decreased (P<0.01) in comparison with that of comtrol spermatozoa from nonrefrigerated
epididymides (Table 2). Nevertheless, spermatozoa collected on Day 1 and Day 2 showed better
motility than those collected on Day 3. Motility of frozen-thawed spermatozoa did not vary among
the groups and was found to be similar to the motility of unfrozen spermatozoa collected on Day 3
(Table 2). The SMI of spermatozoa divided into penetrating and nonpenetrating groups after IVF
experiments was finally evaluated. Penetrating spermatozoa maintained their motility by Day 2 in
contrast with that of the nonpenetrating cells, the motlllty of which decreased (P<0.01} as the

. remgeratlon penod was prolonged (Table 3).

IVF

Data of IVF experiments using spermatozoa from 16 pairs of epididymides, the control
spermatozoa of which penetrated aocytes in vitro are analyzed in Table 4. The incidence of
penetration in this group of control spermatozoa was significantly {P<0.05) higher than that
observed in groups of experimental spermatozoa collected. Days1, 2 and 3. Percentage of
monospermic penetration and male pronuclear formation, on the other hand, did not differ among
examined groups. When cocytes were inseminated with Day 1 sperm, the percentages of
monospermic penetration with a male prooucleus, cleavage to the 2-cell stage and blastocyst
formation were 12% (3/26), 6% (4/68) and 2% (3/126), respectwely The mean + SE of the total
cell number of blastocysts was 35 +12.

Acrosome Integrity of Frozen-Thawed and Preincubated Spermatozoa

Acrosome integrity in 6 pairs of sperm cells with the ability to penetrate (both control and
experimental spermatozoa) were examined (Table 5). The percentage of live spermatozoa with an
intact acrosome had a tendency (P=0.09) to be lower after storage for 3 d, while the percentage of
dead spermatozoa without an acrosome was increased (<0.05) after refrigeration for 3 d.

DISCUSSION

The motility of ejaculated spermatozoa is impaired in the course of cooling to 0°C (cold shock),
freezing (ice nucleation and crystallization) and thawing (warm shack, 23). This finding was also
demonstrated in our present study using epididymal spermatozoa, the motility of which was
maintained throughout the dilution pracedure but declined after freezing and thawing (Table 1). Our
system using NSF-I and -II extenders seems to protect spermatozoa against cold shock, possibly due
to the large (18.5 and 20%) amount of egg yolk in the NSF-I and -II extenders, respectively. Egg
yolk contains lecithins, and one of them, phosphatidylcholine, was found to protect sperm motility
against cold shock (18). When epididymides were cooled to 4°C and stored for 1 or 2 d, the
collected spermatozoa showed bester motility than cells stored for 3 d {Table 2). When control
spermatozoa in the Collecting Solution were cooled to 4°C and stored for 1 d, motility was reduced
(Kikuchi et al,, unpublished data). Although the reason for the survival of spermatozoa in
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Table 1. Sperm motility index of control spermatozoa througheut the whole cryopreservation -

procedures
Collecting Selution NSF-I NSF-II Frozen-thawed
83 £2% (20 ) 78+ 2% (20) C 722 (20) 47£2° (20)

Sperm moh!tty indexes are presented as least squares means = SEM.
mbers in parentheses are numbers of epididymides used for analysis.
alues with different superscripts are 51gmﬁcantly different (P<0.01).

Table 2. Sperm motility index before and after fréezing of spermatozoa

Sperm Motility Index

Spermatozoa m
Control Day 1° Day2® Day 3°
Nonfrozen® 793 (20) 60:£5%(8) 58 5% (7) 37+6f £(5)
Frozenthawed 443 (20) s+si®) . 33250 30£6°(5)

Sperm motthty indexes are presented as least squares means + SEM.
Numbcrs in parentheses are numbers of sperm used for analysis,

®Nonfrozen spermatozoa were evaluated mmediately after collection from epididymides.

Control spermatozoa are immediately collected and frozen without refrigeration of
epididymides.
“Epididymides were stored at 4°C for 1, 2 and 3 days, then spermatozoa are collected and
sr?zen (Day 1, Day 2 and Day 3, respectwely)

Values with different superscripts are significantly different (P<0.01).

Table 3. Sperm motility index of frozen-thawed spermatozoa

Sperm Motility Index
_ Spermatozoa” - :
. Control © Day?® . Day?° Day 3°
Penetrating 7128 L16) 62+3%(5) 68 + 4% Q) 5032 (3)
Nonpenetrating 69 + 3¢ 4 51::4°(3) 363 (4) 25+ 4 (2)

Sperm motility indexes are presented as least squares means + SEM.
Numbers in parentheses afe numbers of sperm used for analysis. :
*Frozen-thawed spermatozoa are categorized as penetratmg or nonpenetrating spermatozoa
epending upon their penetration ability after the IVF experiments. .
Control spermatozoa are immediately colleeted and frozen without reﬁngeranon of
epididymides,
“Epididymides were stored at 4°C for 1, 2 and 3 days, then spermatozoa are collected and
geren (Day 1, Day 2 and Day 3, rcspectwely)
Values with different superscripts are significantly different (P<0 01).
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Table 4. In vitro fertilization with frozen-thawed boar epididymal spermatozoa

Sperm Percentage” of Perecentageb of Pv.ercem:ageb of -
Spermatozoa sample penetrated monospermic oocytes
analyzed oocytes penetration’ with MPN
Control® - 16 404 7° 64=10 71+ 10
Day 1 7 " 12x10f 90 # 15 74422
Day2d s 13+12f 35418 68 26
Day 39 4 2213 . 80 %20 7129

Percentages are expressed as least squares means = SEM. :
MPN a male pronucleus(ei).
Calculated from matured cocytes.
Calculated from penetrated oocytes.
“Control spermatozoa are immediately collected and frozen without reﬁugeratton of
pididymides.
Ep1d1dym1des were stored at 4°C for 1, 2 and 3 days, then spennatozoa are collected and
tozen (Day I, Day 2 and Day 3, respectlvely)
*Percentages within each column with different superscnpts are sngmﬁcantly different
(P<0.05). .

Table 5. Acrosome integrity of frozen-thawed boar epididymal spermatozoa

Percentage of  Percentage of . Percentage of  Percentage of
Sperm live spermatozoa live spermatoca dead spermatozoa dead spermatozoa

Spermatozoa sample with ' without with without
analyzed  acrosome acrosome acrosome acrosome
(Type 1) (Type 2) (Type 3) " (Type 4)
Control“ 6 35:£5 1843 284 20+4°
Dayl 2 28+ 8 176 448 © 217
Day2 2 26:+8 226 20+8 23+ 7°
Day 3 2 18£8 26  21%8 39 5 74

Percentages are expressed as least squares means £ SEM,
®Control spermatozoa are immediately collected and frozen without refrigeration of
ggldldynudes
pididymides were stored at 4°C for 1, 2 and 3 days, then spermatozoa are collected and
é)zen (Day 1, Day 2 and Day 3, respectlvely)
Percentages ‘within each column with different superseripts are significantly different
(P<0.05). : .
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epididymides at 4°C is unclear at present, epididymal fluid may contain an unknown cold shock
protective factor(s} such as lecithin {17} which, however, is effective for less than 3 d.

The motility of penetrating spermatozoa in the Day 1 and Day 2 groups did not differ from that
of the control cells. The motility of spermatozoa lacking penetration ability, on the other hand,
gradually decreased as the siorage period was prolonged (Table 3). The incidence of penetration in
the experimental groups was significantly lower than in the control group (Table 4). These results
suggest that the sperm motility and penetration ability are affected by different mechanisms during
the cold storage of epididymides. Inaddition to motility, acrosome integrity may be damaged during
cryopreservation, and this causes a decrease in sperm fertilizing ability (3, 14). Our data, after
evaluation of frozen-thawed and preincubated spermatozoa, also suggested that the acrosome was
damaged when the storage period of epididymides was prolonged (Table 5). Penetration by frozen-
thawed boar epididymal spermatozoa seems to be affected by both sperm motility and acrosome
status. On the other hand, sperm penetration ability seems to differ among individuals even after
same storage period (shown as SEM in Table 4). Factors.other than sperm motility or acrosome
integrity may be causing differences in the ability of sperm cells to penetrate oocytes following
refrigeration of the epididymides.

Cryopreserved spermatozoa collected or Days 1 to 3 from stored epididymitles showed a lower
penetration ability than control spermatozoa collected from nonrefrigerated epididymides (Table 4).
The incidence of monospermic penetration in all groups, on the other hand, was high compared with
the results of our previous study using frozen-thawed epididymal spermatozoa (50%; 7) and with
results using fresh or frozen-thawed ejaculated spermatozoa (34 to 56%; 10). The occumence of
male pronuclear formation was also high (Table 4). Cocytes inseminated with a batch of Day 1
sperm cells can develop to the blastocyst stage after showing normal cleavage to the 2-cell stage.
The percentage of blastocyst formation was low (2%4) compared with that of an earlier study using
frozen-thawed spermatozoa without refiigeration of Meishan epididymides (13%, Kikuchi et al,,
unpublished data); however, the total cell number of blastocysts was nearly the same (35 and 39,
respectively). This may indicate that the quality of in vitro produced embryos is not affected by
reftigeration of epididymides. Normal fertilization, ¢leavage and blastocyst formation in these trials
suggest the possibility of reproduction in p;gs when IVM-IVF oocytes are transferred to
recipients.

Because low temperature transportation within and between many countries is available, it is
possible to deliver epididymides to a laboratory within 1 or 2 d after their collection. The method
of storing epididymides described here can be used to conserve malke genetic resources in pigs when
epididymat spermatozoa can not be collected and cryopreserved. Further study combined with Al
or embryo transfer of IVM-IVF produced oocytes is needed to confirm the advantage of this
method. :
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NCSU-37 for in vitro maturation

First NCUS-37 IVM Sol. T

Second NCSU-37 IVM sol. 10 mi 20ml 30ml
Hormons® 100l 200pl 300 m
dbcAMP®™ 100l 200pl 300 pul

Total (about) 10 ml 20 ml 30 ml

"f‘f“""lf_ bF 9%

( 2ot ., stockA T2n
e 42 1\3

L Y R J_uon\

*Stock Sol.B of mixature of 1,0001U/ml PMSG and 1,000I1U/ml hCG
**Sigma #D0627, 100 mM Stock solution®

Second NCSU-37 IVM Sol. W2

Stock Sol. A - 36ml 72 ml 144 ml

Stock Sol. B 9 mi 18ml ~ 36ml

PFF 5ml 10 mi 20 ml
Glucose 45mg  90mg © 180mg
Sorbitol (powder)* 98.4mg 196.7mg 3934mg
B-ME (50 mM Stock Sol.B) 50 ul 100l 200 pl
L-cystein (60 mM Stock Sol.B) 500ul 1.0ml 2.0ml
Anitibiotics (Stock Sol.) 50l 100 pul 200 ul

Total (about) S0ml  100ml 200 ml

Mfyou want to use NCSU-23 for maturation culture, 7 mM taurine and 5 mM hypotaurine
will be supplemented instead of 12 mM sorbitol. In my preliminary experiments, there was

no significantly difference in rates of maturation and blastocyst formation. .
LeysTeive 2

BStock Sols were prepared using mlxture of Stock Sol. A and B (4:1), stored at -20°C and wd 4502w /R
thawed at room temperature before use. f”@iﬁ‘w?q Fimg 192 as g qasm mi/nd.

7.28¢
“Maturation medium supplemented with hormones and dbcAMP is used for the first 20-22h = % b /o
of maturation, and medium without hormones and dbcAMP was used for the next 24 h.

In the original method by Funahashi et al., insulin was also supplemented in the first
maturation medium. I did not use insulin, however, the effect of insulin was not examined.

~ Because dbcAMP is expensive, I usually prepare 10 mi for the maturation medium. This
means only 100 pl stock solution is necessary for a trial.



Pig-FM for IVF

mM mg/100 ml mg/200ml mg/500ml
NaCl 90 525.96 1,051.92 2,629.8
KCl 12 89.46 178.92 447.30
NaHCO, 25 210.03 420.06 1,050.15
NaF,PO, anhydorous 0.5 6.00 12.00 30.00
MgS0, 78,0 0.5 12.33 24.66 61.65
Sodium lactate 10 112.10 224.20 560.50
(60% syrup*) 0.19 ml 0.38 ml 0.95 ml
Hepes 10 238.30 476.60 1,191.50
CaCl, 2H,0 8 117.60 235.20 588.00
Sodium pyruvate . 2 22.00 44.00 110.00
Caffeine anhydrous 2 ' 38.84 77.68 194.20
'BSA (Fatty acid free**) 5 (mg/ml) 500.00 1,000.00 2,500.00
Antibiotics (Stock Sol. *%%) 100 41 200 4l 500 41
RELREE RO | -
** Praction VCH [

wi% X 1000TARy 7 LTUVET, BRI AL AR 7 R A 20 Img/ml, ~4=2UG100 IU/ml

Osmo{ 298 Hfs
T35 .
3omL B3¢ <FM
caffetne ZwM— Luia

46408 mg B .



NCSU-37 for culture of IVF oocytes
NCUS-37 IVC-Pru.+Lac. Sol. for Day 0-2.

Stock Sol. A 40 ml 80 ml 160 ml 400 ml
Stock Sol. B 10ml 20ml  40ml 100 ml
Na-Lactate® 255ul - 51pl 102 ul 204 pl
. Na-Pruvate (x1000 s0L.=9.086 mg/ml)® 1Q0pl  200ul  400pl  1ml
£ Sorbitol (powder) 1093 mg 218.6mg 437.2mg 1,093.0 mg
'ﬁ B-ME '(so'mM Stock Sol.") 50 pl 100l 200pl - 500 pul
4 NepgBSA (Fraction V) 200mg  400mg  800mg 2,000 mg
AL o ezacs Antibiotics 50 pl 100pl 200l 500 pl
AN, KLART Total (@bowt) - 50ml  100ml  200ml 500 ml
q.08€1/mf i '

B —= oy brAud

“60% (W/V) syrup (Kanto Chemical #¥****) FW =112.18
0.51 ml/1000 ml =0.306 mg/1000 ml, 0.306/112.18 = 2.728 mM o
*Sigma #++%, FW = 110.0 | |
%1000 sol. conc.= 9.086 mg/ml = 9.086 g/1000 ml, 9.086/110.0 = 0.0826 M.

Final conc.=0.0826 M = 0.200/100=0.165 mM
| Dsimel 285 ¥
';'—'—-'_F—_-_“

NCUS-37 IVC-Glu. Sol. for Day 2-6.

Stock Sol. A : 40ml - 80ml 160ml 400 ml
Stock Sol. B 10 ml 20 'ml 40 ml 100 ml
Glucose 50 mg 100mg 200mg 500 mg
Sorbitol (powder) ' 1093 mg 218.6mg 437.2mg 1,093.0 mg
B-ME (50 mM Stock Sol.”) - 50 pl 100l 200l 500pl
BSA (Fraction V) 200mg 400mg 800mg 2,000 mg
Antibiotics 50 pl 100 pl 200 pl 500 pl
Total (about) 50ml  100ml  200ml 500 ml

"Stock Sols were prepared using mixture of Stock Sol. A and B (4:1), stored at -20°C and
thawed at room temperature before use.



Medium 199 (M199)/pH 7.8

Jfor the preincubation of pig spermatozoa

M199* 44.0 ml 176 ml
Calcium lactate 45.0 mg 180.0 mg
D-glucose : 27.5mg 110.0 mg
Antibiotics (Stock Sol.*) 0.05 ml 0.20 ml
total vol. 50.0 ml 200.0 ml

) Medium 199 with Earls' salts, L-glutamine,/2.2g/l NaHCO3,25mM HEPES <~ 1194 (11 150-059)

(GIBCO No.380-2340AG for 100ml, -AT for 500mi)**

 AddFBS. FBS 6 ml

. 13 Neltcos %5%
24 ml

total vol. 50 ml
Adjust pH to 7.6-7.7 with 0.IN-NaOH.
Filtration with 0.22pm Millipore® filter.
Store at 4 "C.

200 ml

¥ X 1000 TARyZ LTV VET, B AT b A0 mglml, 2= U G100 [U/ml
RIS E Dot EVET, YH TR AU —E2EALTERLTHNET,

MW,

gs . 238.3 R
He? 25 m M =l 23351 x2¥ wio 3/

= 9\6}5?7; 3/£"

0.2621¢ § fadnt

4]



Medium 199 (M199) Air

Jor the collection of oocytes

a) M199 Air (Stock Solution)

M199 with Hank’s salts* 1 bottle
HEPES | - 4766 g
Antibiotics (Stock) "1ml
finally, NaHCOQO, 035¢g
add Milli-Q® to : 1000 ml

*MEDIUM199 powder Sigma M-0399
4) Filtration with 0.22pum Miliipore® Filter.
5) Store at 4°C.

b) Preparing M199 Air
1) for FCS Use,
M199 Air (Stock Sol.) - 90 ml
FCS 10 ml
Total 100 ml
Filtration with 0.22pm MiliiporeR Filter. '
Store at 4°C.
1) for BSA Use,
M199 Air (Stock Sol.) 100 mi
BSA (Fraction V) 03¢
Total 100 ml

Filtration with 0.22 pm Miliipore® Filter.
Store at 4°C.

188 gohion ( MALE3D o3
( Nanicoz ERFED

seowmg M1 [O0 sk
0054 L-g!uffam‘:hc 0.0l ¢
e AR - eond

PSSO WEPES gt
Boo .

\7\-\ > "L; B i)\q .\i E\agf



Hyalronidase (15'0 TU/ml) in PBS(-) or M199 Air

for removing of follicle cells

Hyalronidase® 52mg  259mg 51.7mg 103.4mg

Add PBS(-)° or M-199 Air 10ml  50ml 100ml

a) Hyaluronidase type I-S: From bovine testes (Sigma H-3506 1g/bottle)
b) Mg?* and Ca® free phosphate buffered saline containing 1-4mg/ml BSA

Filtration with 0.22pum Millipore® filter.
Store at -10°C.

~Anitibiotics (x1,000 Stock Solution)

containing 0.1g/ml Streptomycin sulfate (SM) _/) %
gy YAy ?*s ‘J Y :

and 1.0x10° TU/ml Penucillin G potasium (BGY:

200ml

it

SM? ‘ ﬂﬂmc' 1,000mg 2,000mg

-~ PG 63.3mg  632.9mg 1,265.8mg

~add pure Hy 0 (Milli-QF) to 1ml 10m! - 20ml
©'a) Sigma No . : :

b) Sigma No. 1,580 IU/mg ?‘7'?‘?4
Filtration with 0.22pm Mﬂhpore filter.
Store in 1ml/cryotube at -10°C.

Use at x1,000 in medium. .

(Fmal concentration is 0.lmg/ml SM and 100 1U/ml PG.)

ey
|
H

b;:r(‘f”sr N

EETwmits /nwg

i3 IR TCL K (15 34

ISqUofms = §2,8% mg/mé".
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Stock Solutions for NCSU

NCSU Stock solution A
Conc.(mM) g g
NaCl 136 3971 7.943 1.9845
KCl 5.98 0223 0445 U7
CaCly(2H,0) 2.13 0.156 0.312 6,018
KH,PO, 1.49 0.101 . 0.202 0.ak0%
MgSO4(7TH,0) 1.49 0.183 0367 0. 045
Glutamine 1.25 0.091 0.183 0 0455
“Total 500ml  1000ml 250
NCSU Stock Solution B
Conc.(ml\/[) g ' g
NaHCO; 125 , 5.265 10.531 2.6325
| Total 500ml 1000 ml 250mL .

~ Stock Solutions A and B are filtered and stored at 4°C. They can be stored for several
* months, ' w
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Novel concepts of immune system for regulating early pregnancy: Attack or tolerance?

BAfEERF : 9H208 {H) 9:30~12:00

R © RIS T S KA

J—F 4 h—F— . FAPER FLFEAE HEASFEUREM)
LHIFIE (REKRE RERAFEGFFEWER)

1. The Innate Immune Functions of Male and Female Germ Cells
—Does TLR family reduce the risk of infection during fertilization or induce successful
fertilization ? —
Masayuki SHIMADA (Hiroshima University)

2. Local Immune System in the Oviduct
—How do the immune cells react to sperm? : Support, ignore or attack?—
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3. Early Placentation and Local Immune Regulation
—Why the function of so many immune systems is required for pregnancy establishment? :
Does each of them function similarly?—
Kazuhiko IMAKAWA (The University of Tokyo)
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OSitka #hERY, 104 i HMA AR AR 2EF. BER KR, MWW i
("REXREHAFTY 2 A0 V-2, "RKEE, *HEREREEBRES &)
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EHHERREX) 82 GREEIX

OR1-16 TEADAZTMEIHN 7 S NHEORE b L UBEMEBEEEETRRICS LIS THE
OB (4T, W6 —4&°, TN T, WM oh Y, Bk
(EFEAR, HTFAR)
OR1-17 ERBERESRERED X & KO —LFRTIC & 2B HREE OB L EAEBERTAOSA
OfE &X', My s B®=® '
C B ARG, 8 L IR

9A18H(R) —ROFRR OR2-7~0R2-12 $2218  9:00~10:30

5t
EHUEA (BEEX) FHEE GEX
OR2-7 Zv T EMHE 5 UICERIEEIC 1 5 Neuronatin O TEEEHT
OFES MF', WO >, HHBA AFHE MR, EFEHY WuHEAl
TR R, e 7o T, huiE ke
UBIRERR, *HARISEME, RN SR, 2RI EPD, SRR EDCL "HAH)
OR2-8 Acuie regulation of insulin-like peptide 3 secretion in peripheral blcod by LH in puberial
Japanese Black beef bulls
OM A HANNAN', Yuri FUKAMI', Noritoshi KAWATE', Mitsuhiro SAKASE?,

Moriyuki FUKUSHIMA?, Indunil N PATHIRANA®, Erika E BULLESBACH",
Toshio INABA!, Hiromichi TAMADA'

(*Graduate School of Life and Environmental Sciences, Osaka Prefecture University, *Northern
Center of Agricultural Technology, Technological Center of Hyogo Prefecture for Agriculture,
Forest and Fishery, *Department of Animal Science, University of Ruhuna, Sri Lanka, *Department
of Biochemistry and Molecular Biology, Medical University of South Carolina, USA)

ik
' {ERS (BEEYERM EHE_ (RN
OR2-9 invitro TMEL A2~ RBFIIEIC 5 1 2 @FENECFREBERR
OBRK M, #HoFEET, TF KR FREHEZ BRIV
(‘Yemkos 4 F, PFEHNE
OR2-10 74 AT 0O BN HFET S TafEE A A= X LA
O4 BT, &7 WHE? m ER'. BEE° 0T '
(L7 TE ER BRAR S 22T, TRIIR B AEREEE, CE SR BRsE)

FEMN (FEX) T OGEEX)

OR2-11 ER{EX b L R{REFERN L BEERREE 23§ 3 CoenzymeQ10 DIREDR
OB 78!, & E—° KE B, i’ skl 5@
(CSERRRG B, TEERREE CHR) A

—j 26—



OR2-12 Hypoxia inducible factor-1a plays a role in hypoxia-increased progesterone synthesis
during luteinization of granulosa cells

O FADHILLAH', Yuki YAMAMOTO', Koji KIMURA!, Ryo NISHIMURAZ,
Kiyoshi OKUDA'

{('Graduate School of Environmental and Life Science, Okayama University, *Joint Department of
Veterinary Medicine, Tottori University}

918 (&) —MOmMEX OR2-13 ~0OR2-16 Foa2  10:45~11:45

MR - SR
Sk (STEERGT S8 BEEQ
OR213 RERRE AV - T ENEE OIS L OB L FACH T 515
ORpl B4, Wi T2 B 187 261 018, B Ak A% BN BETRES HLS 2t
FE0F T
(‘BEBARBAED, KUK, CRBASI M)

OR2-14 Myofibroblast presence and their differentiation in the progression of equine endometrosis
(O Anna Zuzanna SZOSTEK'", Dariusz Jan SKARZYNSKI', Kiyoshi OKUDA?

(*‘Department of Reproductive Immunology and Pathology, Institute of Animal Reproduction and
Food Research, Poland, *Graduate School of Environmental and Life Science, Okayama University)

AR (EmEx) I E LX)

OR2-15 Macrophage migration inhibitory factor expression is higher in postovulation than estrous
and corpus luteum phases in bovine oviducts
(O Asrafun NAHAR, Hiroya KADOKAWA

{Yamaguchi University)

OR2-16 Evidence that oviduct-sperm-immune cells interaction ensures Th2 environment in bovine
oviduct immunity for protecting sperm survival
(OMohamed Samy YOUSEF"?, Mohamed Ali MAREY'?, Kazuhiro MORITA',
Nina HAMBRUCH', Hiroyuki HAYAKAWA?®, Takashi SHIMIZU', Christiane PFARRER®,
Khalifa ABDEL-RAZEK?, Akio MIYAMOTO'
(*Obihiro University of Agriculture & Veterinary Medicine, *Faculty of Veterinary Medicine,

Assiut University, Egypt, *Faculty of Veterinary Medicine, Damanhur University, Egypt,
*University of Veterinary Medicine Hannover, Germany, *Genetics Hokkaido Association)

97188 (&) BLHRSEHES VFavtIr— F1815 12:00 ~
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9R18H (&) HAREEWZE - FoETEEMES FIRE 1545 ~17:15

BT UROERENFNREE 75 MEFRERECHEYT 28R
WIE £ (EomRE R

0 PR intR e DERETEF (CRE T % 4 TR ATIT R
K M GRIEHEAS WREMAEFITRAR)

KEAEP NI Z T LN EFIB L AFSH BERRESIZ L 3 2 BRIBEIAREDORRE
A BT (HilkE RERD
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(sR19E (1) )

"9R19H (X)) —BROSERRK ‘OR1-18 ~ OR1-24 F1Ri2  9:00~10:45

4RI
HBEE (FHA) BELEELE (LEX
OR1-18 FF—#ZARICKREESVWTIRETAIFETERLEZy b7 O- 28R
OR BLEL, W W BREEE, S, AW’ i e, i m—2
Tk HiE
(“AEIEEE, to 4 Aoy ERASE CHKERENL SR8
OR1-19 FETFHEEBETT LI AORRBIS I IRBRATENESE FEFRENFEORELSE
MEEAOEEL
OB U2 a7, FEH g AL e fI8E% B F80° /sl 877 Wi K% Ba &2
A AR SEBEL ML —X', BRE BHE' BBRME. HRdEvs°
RIg LB
CHIRISA ) V—ATGEERE A ¥ AF4 Fa—b, RN CENRFERELY 5—)
OR1-20 FHEFHTEIILZRG EBEF /v I 7Y bEEFRL T 2O REMREHET 3
OB AW, ME A7, B O EAY, RA BT, 5 HA, U8 &', Lk
RINOR OKH, MEA R, B, VB MIBE B AL Mb—KE BRE B
R &0 B iy
(BIREE, IR A Y v—ARRERRA Y A7 17 2— b, ° BBEKEAEREDER)

IRIEZ (RRERIIR) R ShE (I8

OR1:21 4R % LUH 5 1 Y ILBEEMEHEIEIC 51 5 CRISPRICas % F\ /- BIRIMIEA S A8
ML R—5—D/Su71>
OBl B2, ALY, B4 T4, L8 K0, H0HER', AT % K5 Ex'
(BEEEK, MEATAH, *FHICDB)

OR1-22 BHERETIC 1 3B FEHBIRO B CHEE & HEDN T > 2 OFEZE(L
Ot #8974 k!, HH RE!
(HRAEPPERN. *440)

IAAGE (FEA) a0 &3 (BEX)

OR1-23 FHEBIEICEVTDNA X FILEBSEN 77 ACREGBETFEDA 7 -2 T
Offe % A& 50 BERY UL s, A FL, BRISE, Mg £5', W5 RE,
=0 R
(HBRANL L, "BHRE  BEERE 7
OR1-24 JEBTHREATEICH T3 SImbt2 w4 213 (mi) RNA 7 5 X 2 —D %2 O #ERA
OF L #ET", B AN, M B3, HEE' R HY, BN ER
HH ER', NEERY
("EFBRC, *SikABRAEMRE, THMKE)
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C9A18H(X) —MWOmEHRE OR1-25~OR1-28 E1RS  11:00~12:00

5 - EH
INEZER B BRC)  EREHE (GR1EX)
OR1-25 W sed it % iEH U 1= Post-Bisulfite Adapter-Tagging 3512 & 3 = 7 X DNA 4 F 01— AR
B fRE . B CGIAY, P RS S gk O4H Rl
("ARE, *sikRE)
OR1-26 /MRE 3w bHLNAHIL TP bo—i 2 AEENIC L 3 EBMBIDRINIC S 5 RIGEF4FE
DERER
QAR AN, /ity 22, T BE°, Hh BN, W Kk
(MR Y 7 A, PHUERSSL )

Elvi REEX) RAEE (REH

. OR1-27 %77 P FHEIRICE 1T 2 Tau DFEBE & U L BIE/ N2 — 2 OB
OFE BE', HEEsE"" A ER°, M RAm
(‘HdR kA, “HAFBRC)
OR1-28 FBFEBEFICH T3 L O FF > 2R Y - EIEIHEE ORFER
ik BHET L EET RN ESE. LA B SHRE RN BE &0, KB
WH B Ohg Fm'e
(' BBHF BRC. > e K Rk Ar s, *HOLRRREE, * U HKIRIE, M KBE & 2 7 & iy, “BURIRIR)

9H19H (LX) —MROEERE OR2-17 ~ OR2-22 $E2aB  9:00~10:30

PR - 1R
BEELER (HREX) AESE—B (EFX)
OR2-17 PRL,EGF4-OH-E, B AT TEEL £~ W 26N S hRFEBIROBKRER
O R, &5 WL, S BRTY, 8 2417 S8R5 B gE’
CERERER “HHERR)
OR2-18 —EMRF L L THIT Y HEOTERNEADOESICEALZETH
OH #d,!, = fisk', Al BT BER2Y 40!
CHORRR A, TRIARERS)

By Ed EEEX) HLUF— (RHEEEE)

OR2-19 BEOBEERIEE & MRERHRKORERE 2 MHHIET 3
Qs LI, B mss!, R B2E' Kl gE', af uE’ KO mE, Smmz!
W EA
CHEBEA THEER

OR2-20 BEEMBICH T3 BIERDREHFE,. Sy L UFEDER
OB ES' Wb g—" Ko &8, A EE, 2R al?
CAEE AR, hihEer
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IReysst (BTSRRI  TILEE GRREX)

OR2-21 RERKIC B 2 ATRBEFOBER S ORI ZIECRIT THRORE
QB A2, FREF BEES, K !
(L RERESE, ERAHRIER Y £

OR2-22 RNAENMEIC & 37 2 OEIREFEHROIRE & RHTRHAEAOER
OFH 1038, ARMF BB, FH &2, LK Bk, 88 3 BER 2, £« K 5,
B —35
("o, THERERBFSC, ‘vb TRATIRE

"9B19B () —RIIERE OR2-23~0OR2-26 ¥  10:45~11:45 |

B - IR
BRAENT (FWEX) SEHGE (EEEHSRTT
OR2-23 =7 M RERBRETOEEEARETILATO-AREOHR
Of &' HEER GBI MAL BE 52’
("SRR IR, TSI ARESIRER)
OR2-24 BLHEICE T3 ATIEBERORENRISHRICEETION
OfRm K
(bRt dy

MIRET (RITREEE) RESH (BIREERIEER

OR2-25 BHEOFEARBEICS T2MERES LS UERZO DY TS5 ORRE
OTFFEGF', B B2 bk #—° bR 5 KiE &
(mREREM ‘HERES, RELEIR
OR2-26 £ FERRKABEE LTCORYEZILEOY FLI3—- FENDRHETFERNZIAEES LUBIC
DWT  —invitro[ZTHE W T OIS
OfFEg X, =38 #E, JbRE 5, KE g
(' Wi K R PR S5 )

9A19E (X)) YURITAL] E128  13:00~15:00

Invitroi= 515 3 ERBITYRMAORI v 7 2

FREE" (SHEEE) SR GREEEX)

S1-1  BEREEXRICLBZ Y RABEFUROSE &5
UNHE 423
(BhiEm RS B4
§1-2 invitrolIZBWTEE I nf-< 7 APPDIEEEE
BHI == 2w
(REBERE ICHEMR )

S B 3 B



§1-3 BMEEMARRIN Y 7L ORBRENEER
A TE
(LReE  REREERR)
S1-4 FA—JEBEEMGHREEEREARICEETRT RS
YN
(b RS MURREES-HFFRRT)

9198 (1) YURIIL2 22 13:00~15:00

RASORBEELD
KPR (ZAA) BT A (SRED)

521 PNAYOR - FHEEDRE LT3R
e &
(FEHEURE Y 5~ LEHRER)
§2-2 EBEA L AEARFREYE —DPRREOES, 5—
IR =i
(AMPRRENE L v 7 — FTEEBIFEHR)

§2-3 SERBICSTIAMBE (BETHEL) OS2 ER L ABEEE
ok /o i
(HRE = Bfas  4ERERE

C9A19H (1) —mOERE OR1-29~0R1-36 1418 15:00~17:00

W 2
KHEF (UEEX) PHIAETF (WTHESIU=vD)
OR1-29 SHERIED < AFAREICH U 3 A OEIERE
OEA{H' K ke, 5 e
(CRCVERT AFgedbit o & —, PTROCETAT, CRUKBEE)
OR1-30 Hanging Drop & # AWV A ERERERIIS I3 v AMBHARAORXFZOF /1 FER
e
Ot KT, TAEEB, A ok
(RALKEE)

RERFE CREX) HLEBT (REEX)

OR1-31 SOIFRE L PHAIBHRONEE | RS L UKRHREIF B/ FiHEeiss
Ok mi, Bt B ak, BI5%E, W B2, A& KB 8%
(qbok BREEFERE)
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OR1-32 VM SO 7 &/ vhERadkCOC, #{LiiE#Ms, SBEMIRANOCAMP 5L U cGMPE
OB #—, &9F R 8 68
(BRSBTS
OR1-33 7RIz ATALICL SRS VIIEIEHARESENC 21 X504 REELHREE
O ER, BRE FHEEXL
(s Abe. HEAEaRE)

FHEEhR (LX) ARBEF (LX)
OR1-34 77 L 5T - FEAMIBEDZIENF IS 1T 3 Tol B BEORE & 86
OrAE ZRBA PEHEX
(KB

OR1-35 Improved in vifro maturation of bovine oocytes increases blastocyst formation rate
() Sofia SOTQ-RODRIGUEZ', Cynthia GUTNISKY?, Gabriel ALVAREZ?, Gabriel DALVIT?,

Masashige KUWAYAMA'
('Repro-Support Medical Research Centre, “School of Veterinarians, University of Buenos Aires,
Argentina)
OR1-36 FTEFEIC & UREEIET LA VIFORMBERICEIDZTNEFF I F NI ITIEN
&2 48
T

OHRFYEY $5 2 b57 M KBY, EH AT 10 %EEY RuEE"
IR HARY, Sl B, R N
(A AR L, (R AERE, RS TARA R, FHE ALY 5 )

9H190 () —MOERE  OR227~OR2-34 228 15:00~17:00

EREE - FORRHHT
BEREE (BFK) E B (BREXREE)
OR2-27 EERFAREEE 72ICE T3 BRBEAFREBNESERFATIC & 5 HE0EE T B ORI R
O=iifi FAR, WM e’ mad!, W ARm? Bk
(mpEERE,. TAUKEE, CHERER
OR2-28 EIRERICERS L ~EREE LD L 3 RIEHEREC ST L HIIEEO T AOH »
Oy B, Sl ek EE S VPR, a5 Ta i
(AT EAEE R, LT B aT e

EEEDOE REEIX) FEHE— EFX)
OR2-29 EEMERELICHSIIZ o~ b 7ASEOIPEENE - a5 & ORFR
OfT #hit!, BEIE S AFEE?, BRI, HR%. KE8as
("ETUSREE AR A, 2R AT A~ PRSI > F—, T & & By e
OR2-30 i bW ITEBEE2IH TASRAEEL TERICENESB+ ST 28EY0 b IILORERE
O£ WES, AN EHR, & k3, BER &1, sE &Y
(“CERAE, MR REESHE)
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OR2-31 BRISMEERERAEAC & 5 RSN 2 > /N 7 H2 OREROWE
O B, & R @A BER 0" &% 5
CHFAR, BER KB AR

ED5E (BSESEN BHEM GEEXR)
OR2-32 FPIL¥- L OHEEAXESRARES 7 OZBEICRITTEE
OEm #—', B —%', % A8 #E 3 &F 8k, FE R
(VHTERE MHTIGESE *HTHRToTIALR)
OR2-33 HIEROILICH T IMPRE FOF VBRESIUTI /AR LAEHEEY 7 OHRORE

HIZRIZTHEORSN
OmF I, a8, 494300, e R, &I B, =L &58° e Re°
Foi =

("REMOCIRIE ThpEmISE, “BRo 3, SJLRIRIE 850)
OR2-34 BEHFICS T3 MMPERTREDOES LUBRRIAOF /1 FEOIE
Of THT', REFEY, H6A° FREE, AR, LER, HE R

(R RIR IR SR G, A PISERTSRIT, HUER I IRER SR, MR B (R,
CHYPT ZRNARA, CENR EXBWBERSE (MK EXEBWNED
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(9g20B(H) )

9A208 () YVKRYDAS ZEBERISY ANITSA Pkl 9:30~12:00

EROYYA 7L DETRE D 5 RN
FEGARER (RERK) Mt GR#EX)
$3-1 TERBEERU ) OS2 JI0EBESF-7 2907 F L BEOTLEGE & OBR

—fen ‘Eff‘
GRS AR
53-2 EREOLEXF L —TOF7YV-—LBBRREERE
Seung-Wook Shin
(F A1) A [H 37 AR F5RT)
§3-3 PRECEIZA- ISR LAEYSA 7V T AT LOEE
Bk 0
(st R R S BT
$3-4 v AEKAIEOHERESLEEICE TS Hippo B & AlEE0®RE
T BLAD
CEREREHAY e 7—)
$3-5 YURBRAEEMRCLZITIES / LUTOTSILT
B EAT
(PR Ry BULSER)

(rT)
=3

"9H208B(RH) 9—ovav’ ‘ =FTRISY XS8=E  9:30~12:00

;‘Nia_véi"cdhbepts of'imfnunle s_yéten_i_ f{)_r”reg“uiatin'g early hregnéncy:_Aftack or tO[eFahCE?E

SAEX (@BEX) SHnE (RFRRX)

WS-1  The Innate Immune Functions of Male and Female Germ Cells
—Does TLR family reduce the risk of infection during fertilization or induce successful
fertilization?—
Masayuki SHIMADA

(Hiroshima University}

WS§-2  Local Immune System in the Oviduct—How do the immune cells react to sperm? :
Support, ignore or attack?—
Akio MIYAMOTO
(Obihiro University of Agriculture & Veterinary Medicine)
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WS-3  Early Placentation and {ocal Immune Regulation
—Why the function of so many immune systems is required for pregnancy establishment?:
Does each of them function similarly?—
Kazuhiko IMAKAWA

{The University of Tokyo)

"9H20H(H) WCRB2017 JLEHESVFavEIF— BEMRISTARBE12:00~13:00

98208 (A) WERARRFEE BRHRISYFI TS A biv—Ib 13:00~16:00
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( Kzo—nx )

9AMTA(K) BRERRERASI—HER P-1*~P21* HRAY—=RIE 15:00~16:30

P-1* 70 b RIBUC & BUERREE AR L E > ARAR D S SRR AR
OFL HEX', #id HsE°, WM B> &7 &% M S 74 59>
(BIRBEA G, PHERRER. UK ARA U
P-2* AU TFNLTnI-HEEMALAESBERLEL BT v ROBEOES
Ol —#', i 7 PE, BE T2 s>, Bl SR>
CHIABE SR, *HIAR A, SHRURERS, Bk ARSI
e
P-3*  Kiss1@&T /v 777 FMiESy FOGEICE T B PRRE
Ok 20, Fck 28" A 3B, B #EKR", KBRS, L8l BAC B0 87
HEWT, PSP, WS S-S, RE e
CHTTRIREE, BRRERE, HOKBRMESR)
P-4* {EEERHIEX 2Ry s UTOTSILTEN LT VEREREOREERET» ?
OfgE BT, Bk IE® KIRE, aR Iy, RLEA, EH g
(UL KBTI, 2HUBATE) '
P-5*  FLEICH T3 HEERBHOIRY T —T EHR e x—
ORT #%, =iish WiTE KO
CIBIEAHRE)
P-6*  H5—F7SHEERE & AR RO nRE T
O K3’ £ Mk, BER 30, W8
("ERORRLEA IR, *HFERM)

- B

P-7*  fETEAIRE CHHNETF FCGF2 DBERARBEH N
OARFGE, HUEA, /NI, W55 )
(18 HECHEHE 1D S A i aE)

5 - T
P-8*  BITHNI RO RUFOUZ2—TAREARMBC L TETTS

OfR B, MEZEA, g# ¥, ZWEA SHHF
(R BRI )
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P-9*

P-10*

P-11*

P-12*

P-13*

P-14%

P-15%

ERITH

P-16*%

p-17*

P-18*

GVEl7 SRR A0S LR A R O BIAERIC RIT T8
OME fsR', bk 2E? R g—
CIEREEET, 2RI, A
AL YA LQOF v AEABEHNBREOSREETORORECRITTHE
QME ', S0 B F FH SRR, B0 SR, %% gE: 0gE 3!, Mt %E,
B E, BR e
(KB TEAEHGRH
RAT R INTEEGAMIN OREFIZEEA v 7 AESHBO LGNS A 5828
OFF i 240!, HEEET, P 58 BEES E2RkBY MM EZ!
("MK RR, CREEREE)
YOARILEF B TATTV-LRO—BEOREIREMES / LTEMEORWREEEL, EF
~ORELEBRED
OO W&, Wk oAl FH SR, AR B B0 89, &t B, 25 B,
g —:k!, M EE BA R SR
CHRBAMBIT, YAREEN, SEREERE
vy AGROMEAREBEICETS I FOL K PHEREESKYL o NNIEORRS L UBED
e e
Ol E, B e A E
(BFEREESE LBXRE)
EGAM1 5k ¥ o & L /37 EHORFWH < 7 X PSS OB IR ICRIF 88
Ot #36', Trp M, BE &F' KkA+ABY BEE AMEZ
UIKER KR £HE CRERESRERE LY 5—, PHUARL) _
v 7 A BZERIE ORAC B\ T Peroxiredoxin (Prdx) #5888 b AKEOBRICES T3
OFHE SR, WL 2T, B0 2EF WER, RO 58 A3k BF' 28 e,
g —:R!, #HF RE, 'R E SR me!
(ERBESEWBET, HERERET, ‘BHL 74 —R)

~

Fibrillin-1:85F /v 777 b2 & 5 MarfanfEEERE T FIL J 2 ORE
O B, HiEIl — K2 B8 AL RIT M8, B 0 A2 e BT RE B8
ML AR, B FH, RE S8, W0 UK, S R, RR THE, RIS EEY
UBRE, THIL H) —AREEEAS Y A5 4 72—, CEBRERRAR)
FRAEfHSIC L~ THEShAILRG BIRF /v I 7 I bR AT TR RIERLHEMEENEE TS
ONE #WERE, thIF M’ BT HA, SR, BR AR B, SRR AR,
MR EE, RAEE, MR, B o e &Y, EEE AL il — K2 ER B#°,
TEE &, Rig &Y
(AR, BRSNS G Y —ATFRER S Y AT 4 Fa— b, HEBERE R ST
CRISPR/CasO B x HWAFR / v 74 7 AERNEOBS
O=if #%35", £k IE%°% Channabasavaiah GURUMURTHY®, X3 IEA!
(YCHEARE, 2HEKFSRC, 477 X A KIE)
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P-19* T 2B OREEMIANEICH 1T 3 OCTARBOUERMN
OITH SEEF, B9F W72 Wil —& BRAnY, S rY
CETARE PEFRBOLE RS
P20 EMIEORIEEM L% BIE L /SERTHRLFGF4 ORE | EYEHCEZLHERORED =
HONFERERE 7 AFGF4 O E
OnER KA, 8 308’ 5 S8, GeARH" A EZ!
(BHECARE A, AR EIRRATY)
R - B
P-21*  Heat stress compromises the thermal environment of different portions of the genital tract in
the cow
(OHossam EL-SHEIKH ALI'?, Go KITAHARA', Youji TAMURA, Ikuo KOBAYASHT,

Koichiro HEMMTI, Samy ZAABEL?, Takeshi OSAWA'

("Laboratory of Theriogenology, Faculty of Agriculture, University of Miyazaki, Theriogenology
Department, Faculty of Veterinary Medicine, University of Mansoura, Egypt, *Sumiyoshi Science
Field, University of Miyazaki}

B I—RE P-22~P-119 RRI—RB

BHEE 9A17TH(K) 15:00~16:30
TGHES 98188 (1) 13:00~14:30

Ao
P-22 FF/BEHETCILZ (AAV) AN 2—F O EYFEETHORABEAOBGFEAEORS
OFE WA, WK, A ERS BB, 2EF
(‘“BoRREEa, 4D
P-23 TALEN #Fivvi= 237 RO KISST EEFUNE
Otk 5880, (RAM e U4 2 AR, #8m 7!
(MERBEE N, T EBREE)
P-24 Biktg~ O Neurokinin BEFIESICE HEBES W AHESH LA I THUOBRZEX ANTF
Ya—AMSENMEEINS
OQFAk g, b &', KK 2 [ we!
C EESEA VR, Rt i)
P-25  Saisolinol EBETER F—=/s3 20 k3 v X005 7 F - SipEHEICBET 3%
O A, W &k, BT E2y, FEAE B4
CAFRB)
P-26 JF R bOZICETFIVSRATFF I -BOHBEST
OF W BARS. HHE FARE
GIER 2 arf )
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P-28
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P-29

P-30

P-31

P-32

P-33

P-34

P-35

P-36

P-37

b FFEHREEEEE (ESC) OBERE/LICS 2 70— AHBEDREET
Ol =45, WM Ih, M 4EX, WM EL FHEE QR A8 'l &H 8%
i o, \LRRFHH, A 8, S5 HIA
(LIEA AR ARD
BRESIUMECHTIE I L DEENEDL D T LhlE s NV EORE
OTH & EARE #BE@E Al H—
(RS

v APREDOERIFRTEIICE T B TCFR A—/IN—77I V—-B8LUFRFIL YL TFHI
DI FEN DRSO FTEEME
OL¥ Hist, Wi WIERE. Bz
(HCR B a5 e 1)

7 A REBEIFICH T IFENERRERE ATPEEOMEG
ORIl #R', Fver BIKE RE: ses®, B —87 W @m?, feb 4080, &L EmA°
ity EH l\i‘ﬂ"‘f 2
( /L j\_-p}hmlr z*bw.j:m )
B F o BLUKRESTHRSI NG~ '?XG)JE%‘BBH‘E?&C}S‘E@T%
OWIF 8, #mEF FHAKR, #EIEE, A8
CEIRAENE, *HBLFA—A T USey, IVFRAZZ ) Sv )
Gossypol inhibits LH-induced steroidogenesis in bovine theca cells
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