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= Abstract =

The genetic defects in human gametes and embryos can cause adverse effects on overall
reproductive events. Biopsy of embryos for preimplantation genetic diagnosis (PGD) offers a
new possibility of having children free of the genetic disease. In addition, advanced embryo
culture method may enhance the effectiveness of embryo biopsy for the practical application of
PGD. This experimental study was undertaken to evaluate the effects of coculture on the
development in vitro of biopsied mouse embryos as a preclinical model for PGD of human
embryos.

Embryos were obtained after in vitro fertilization (IVF) from F1 hybrid mice (C57BL$/CBA
3). Using micromanipulation, 1, 2, 3 or 4 blastomeres of 8-cell stage embryos were aspirated
through a hole made in the zona pellucida by zona drilling (ZD) with acidic Tyrode's solution
(ATS). After biopsy of blastomeres, embryos were cultured in vitro for 110 hours in Ham's F-10
supplemented with 0.4% BSA or cocultured on the monolayer of Vero cells in the same medium.
The frequence of blastocyst formation were recorded, and the embryos beyond blastocyst stage
were stained with 10% Giemsa to count the total number of nuclei in each embryo.

There was no significant difference in the blastocyst formation between the zona intact control
group and the zona drilling (ZD) only, or biopsied groups. The hatching rate of all the treatment
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groups except 4/8 group was significantly higher than that of control group. In all the treatment
groups, there was a significant reduction in the mean cell number of embryos beyond blastocyst
stage (50.2:14.0 in control group vs. 41.2+7.9 in ZD, 39.3+:8.8 in 7/8, 29.7+6.4 in 6/8, 25.1%
5.7 in 5/8, and 22.1+4.3 in 4/8 groups, p<0.05). When the same treatments were followed by
coculture with Vero cells, a similar pattern was seen in the blastocyst formation and the hatching
rate. However, in all the treatment groups, there was a significant increase in the mean cell
number of embryos beyond blastocyst stage with coculture, compared with the parallel groups
without coculture. In the cleavage rate of biopsied blastomeres cultured for 110 hours after IVF,
there was no significant difference between coculture and non-coculture groups (87.2% vs. 78.7%).
However, the mean cell number of embryos developed from the biopsied blastomeres was
significantly higher in coculture group (11.5:+4.7 vs. 5.9+1.9, p<0.05).

In conclusion, biopsy of mouse embryos after ZD with ATS is a safe and highly efficient
method for PGD, and coculture with Vero cells showed a positive effect on the development in
vitro of biopsied mouse embryos and blastomeres as a preclinical model for PGD of human
embryos.

Key Words: Preimplantation genetic diagnosis (PGD), Mouse embryo, Blastomere biopsy, Zona
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Azl BE ARG ot A3 A &
ARG g FAgFo) E ¢ 3loH, £3] 93
A2 Az A o] d& 473 Fell, 2] wjo}
o] A A, &4 A7 "ol AbE, AARA,
A, Aol Al B3} 2 AwbEel A
o] et &2 ulA 4= gt} (Pang et al, 1994; Ver-
linsky et al, 1996). A A ol Ae] A AR} =
A ] 4 o], F o|Fu|F A (aneuploidy)
=718 g2F3Q AERAES 4<loqg.

wEA PAANE FEAMY A o]d-E
A7) A AANE AT F AYFHAE
(IVE-ET) 53} 28 B2 X2 & (assisted reproduc-
tive technology, ART) Al 2§ A] A H] o] 4o] gl=
LA xS} GRS AESS £ 2 o}
UL FEste Zlo] o] dF oA, 53] &4
g FAE Adstd FA44 o) A
AAZHezE BrMsd Aot g8 vjolel
QAR o] AL 71EY AERAEH A rleg=
AAgde A& BEvbssivt ojd dlole] AF
W 23 A WA GaA o 5o 82
e Adste 71edd A4 A $4AD (preim-
plantation genetic diagnosis, PGD)o] A Al ® uv} gl
t} (Handyside et al., 1990).
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viole} 2 A BANA A o) F T #+A
Age] ARG 3 A v1E9] N glojA
wjole] &7 Ay (blastomere biopsy)e 7] A o
Z A Fgsojol & A&oltt. =g wjole] T A
A F ool <kHg 2 AHE FFECIST R
#AQ 2 Jlee] A§ M€ FHsr] 4
& A3 FEE o]8F vjote] FujF (coculture)
53 2e Mg e Al #AE E: AT
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710X &7 B4, ARE T AN, B
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24 ghstaA vk & B 7o At
Hlolg digez & A4 A FH1d 434
Ao dojA 7hF A YL 14 9
sted Mol E BF o) S-M L) WjojE A
& acidic Tyrode’s solution (ATS)& ©]-&% zona
drilling (ZD) i 0.2 Fdd] 78 E& TEo] )
ofZ oA Hof afi7tAle] d7E BHE F
7t A E wjots AdE &) A9 24
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2. A7

1) A 2|+d

(1) X2l #d|

R AAE AF 2FWeR HAND T 3
2 )38 2lako] Ham's F-100] §71 ]
A2 $AT BAE B4 Aok 26 G T4
HFeow x4 Adg F 37T, 5% CO; v <k7]
Wl A 1083 W oFakact. ol % A3 A
FRAE H5otel 38 2 BAE WP
Ham's F-10 (+ 0.4% bovine serum albumin, BSA)<]]
$70 1083 WFste] FAe F45Y A5
< F=3th
(2) Xtef Fy|
WA A2 S 915}e) PMSG (Sigma, USA) 7.5 IU

AR AF o B} FA8ta, 48A17 & hCG
(Sigma, USA) 5 TUE B-7} FA}3le] Zuj &S &
T3 th HCG Fo 14~16A13t & A3 &7
o2 AT F & FFE AFs A [AH
9S8 el 20 MFHANE &
2 F O AYRE DA IR TAE B
A (oocyte-cumulus cell complex, OCCC)E 3|4~
ste] 54 Wl ¥l 2 miv} SoI Sl MFHA o
=74 FHAA 37T, 5% CO:» v g7 ol A] )
¥t ot

(3) 3 % el

F3%8 5o x4 HAE 30~407]9 ¢
A7 Sl PP 254 BAe) )
1x10°ml7}t =8 F0 8 F 941 A 9w kst
FAXNAG 78 F dANA dHe] YA AR
£ BaAse] Bate e AEAe o 4o] g
3, 2708 Aol WA R A%S AAF
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&7 37T, 5% CO» ¥ F7I W ol A ¥ F3t ot

2) sjotel g7 A2

§T 7L A5 S6~60413F F 84 £7)
2 349 "olE e R AntAlEn A (Dia-
phot 300, Nikon)ol] FZg gHge] n|Ajx37]
(NT-88, Narishige) & ©| -3t AAgtd o, &
AAA vjgd & Ca™} Mgo] A 7E D-PBS
(+ 04% BSA) £94& AME-3tAth 23 holding
pipette © 2 Hjo}E A F -2 acidic Tyrode's
solution (pH 2.3)°0] £°] 3l pipette S ©]-&35}f &
T QS &oldHA 37] A3t wiote] TR
(zona pellucida)Z 5] 10~20 pm 3A7)9] FHE&
%At} (Gordon & Gang, 1990). ©| ¥ Frthe] 7
Mg Egla] $-Zof .acidic Tyrode's solutiong- pi-
pette?} HEYsA AXE 7 B L pipette 2 2.
278 by FUoko] FRd o ¥Aad
o). Zizte] 8AZ7] Wotel A A Ad) 47
7R e T2 AYHTY T (Wilteon & Trounson,
1989; Krzyminska et al., 1990; Geber et al., 1995). A3
A9 79 @77 YEA viol s A 27 ¥
©9lo] @ol Ham's F-10 (+ 0.4% BSA) 10 pl v}k
o ukL-of] 2oy 37T, 5% CO: v F7| ol A Hlj <k
BlHA] 24X|13F A o2 A9l F 110437
A wjole] HAB-E AFIAT.

3) Vero cell2 0|23t it

(1) Vero celle] ZH|

Hjote] TS FFE 9 FMF AAE A
ABRA7IF (WHO)Z HH = virus$} o]
9 o E4d) gt ekAge] &ElE Vero cell
(WHO library, ref Vero 6758)2 ©]-83l A A3
T} (Wetzels ef al., 1991; Menezo et al., 1992b). 7]
d =A8E el ampled 37T 32 FZolA
F%3) golstn FARERE A A H3td
MEM (+ 20% Fetal bovine serum, FBS) 9 ml= 3] 4
sto] 600 G2 5¥3F A AT A4S
AAstD 4718 wgR ez 543 F MEM
(+ 20% FBS) 10 ml7} S0} 3l 25 cm® tissue cul-
ture flasko]] Vero cell®) %7} 2x10°5] A] )81
. o] & flaske] F7-& ==3HA o F3 37T,
5% CO, vjF71 el A vl Fstsdeh. wisF 48A13t
%ol T2 (monolayer)e] 333} yeast, fungus 5
9 oF B4 YA AXE FAsIH GdFo
o] & Hojglm 294 o]de] gl& A A
H ekd Al 43 MEM (+ 20% FBS)Co. 2 Hlj okl &
w3, v 48A)12F vt} A7) S WS
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t}. Vero celle] @ 20| culture flaske] =]l
A 8] FAEH (>32x10° cells) A o ¥ <& (subcu-
Iture)-& 4 A} 819t} (Bongso et al., 1989).

(2) Vero celie) AHjChuyet

Culture flaske] A ] Vero celle] & &o0] &
A3 FAEY flask o) Wi gA-S AL, 5
2 A X5 cell debris 55 A A3 H3td A
A& MEM v g o2 2~33] A3 eAt ol F
ddEE 2E57] 93t Ca"H Mgtol A AL
phosphate-buffered saline (PBS)9l] 0.05% trypsin-0.53
mM EDTA7} £0] & medium 2 mlg 3¢5t 3,
37, 5% CO2 ¥} BN ol A] 5~10A12F ¥} Fted
flask ¥}=He] Vero cells] L Z o 2R H A TS
el st dukardn A sl A dd F9 £
7t SE W trypsin-EDTAE A A 3}7] 98] 15
ml conical tubes)] Vero cell 1§42 &4 MEM
(+ 20% FBS) 5 ml= 3} 413k & 300 G2 587 9
AEYsgct FE WHoE s AHE F
& Vero celle] Fu] HWhyl-& ALg-3tod culture
flaske]l Vero cell g ¥] 3l o). 437] W& A%
3t 23] F71 Aliwl 4 AAEHA .

(3) Vero celle] EZ4HE

A FE T8t FET Vero cello] v gH
W 5 uvjolete) FudE A5t BARESHY
t}. Trypsin-EDTA # 8] 2 culture flask 8}eto] @
Zou Ry IFH AT FE A, 02%
trypan blue &4 & A Fste] PELS AP A
t}. o] % 15 ml conical tubeol] 3 F5E HE 2§
& £7 MEM (+ 20% FBS) 5 mlZ 3N& &
600 GE 5¥7F A B3t LT iew
WHE A & AEdE A A, MEM (+ 20%
FBS, + 10% DMS0)2.2 Ato}lslE A2 9] 47} 2~
3x10°mi=) Al 31418t} Cryotubes) 1 mle} 3
A& Q83 Aol 2083t Ba A A o
A I E F2dt ol F A% AXEFY]
(Planner, Model CRYO-10)& o} &3to] W28 A
Yot ¥ Wi FadA 30C7AR 1T/
min¥ Yz}gt ¥ 30T A vtE AxAdo] ¢
o] 2E gE3: ALSAIA AAALE B
#eA ).

(4) ejote] Sl

wjope] Fufek 2~3Y Aol cryotubeso] EHE
2% Vero cellg 37C &2 F2A 3438 &
T F FAREYRS AAFY] 95 MEM
(+ 20% FBS) 9 mlZ 8|4 3}le] 600 G& 5¥-7F 9
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A2 Ak 42L& AAsIT A EAE 47
vk} 1 ml2 32 % ¥ MEM (+ 20% FBS) 2 ml
7} £0)91% 2-well organ culture disholl Vero cell®]
=57} x10°0/mis) A 243Gk AHS 3Y vk
A Rl Vero cell 439 F =g #
#sted 70~80% AE Figo] od T de
AN 7)o Ag3 FH = 15 AT
(Bongso et ol., 1989). #jolete] Fuj e el Vero
celle] S Zo] FAHAE MNIAHAE A G A
A Ham's F-10 (+ 0.4% BSA)S.2 2~33] A ¥
3l F& AXY o184 & AA}AY 449
A & wjolgt FFF Vero cell TYFo] B4
% Ham's F-10 (+ 0.4% BSA) 2 ml7} Soi 3l )
FPAZ A 37C, 5% CO, M A7 A W&
A 247 82 A95A F 110827+
A wjole] HBS BAIA.

4) tjole] A Y Mz $-of P&t

Zrzte) A oA A5 F 1104 Tk i
27} (blastocyst) o] Ao g A g wlotel A
gz RE 293 F71 Y ot A M 5
o] FAE 93 AL A A} 2424 wof
& ARA &9 (150 mOsm) 20 17} Eof 3l )
FR A o] B FY3sla 1081F 37C, 5% CO: H)
F Wl Wi FF F el =] &4 ARAIA
ok zd Zalo|=F 1A 9 (methanol: acetic
acid=3:1)0l] o] 24A)17F A AZ) F Gurr's buffer
(pH 6.8)0) 10% Giemsa7} £} & A ¥
o] 2087t FAZH T} o) F FHFE Fol=
E AFste o g9 AAsn AdzAT
% @n|7 x200 3to A GA P wiole] M £
SU I 5 = )

5y EAIEHH A

Chi-square test, Student's t-test 5-& ©] &3t A8
BN 9 f94 A5E AAsen, p0.05E
EAgAcR #97 Ao/t e AR TF
=8

4 T
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G A7 F ook B o) gel flouA H
0 A2 AHsd G 58 FHE Askel iy
FHE ¥ ASFHoE 49E 8AX7 B3 o)
FolA FTE VRAA A vAA AR F
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Table 1. Development of biopsied mouse embryos in vitro

Groups No. of <Morula (%) >Blastocyst (%) Hatched No. of cells

embryos blastocyst (%) (mean =+ SD)
Zona intact 45 2 (449 43 (95.6) 1(22) 50.2+14.0
Zona drilling 36 0 36 (100.0) 17 (472 41.2+7.9°
7/8 embryos 37 1(27) 36 (97.3) 15 (40.5)° 39.3+8.8
6/8 embryos 36 2 (56 34 (94.3) 16 (44.4) 29.7+6.4°
5/8 embryos 38 4 (10.5) 34 (89.5) 8 (21.1)° 25.1:+5.7
4/8 embryos 39 3 (77 36 (92.3) 4 (10.3) 221443

a: p<0.05, compared with zona intact group, no. of cells; mean number of nuclei in > blastocyst, zona intact:
non-manipulated control embryos, zona drilling: embryos with only single hole in zona, 7/8~4/8 embryos:
biopsied embryos from which 1 to 4 blastomeres were removed

Table 2. Effect of coculture on development of biopsied mouse embryos in vitro

Groups No. of <Morula (%) =>Blastocyst (%) Hatched No. of cells

embryos blastocyst (%) (mean=+SD)
Zona intact 45 0 45 (100.0) 2 (44 94.94+26.2°
Zona drilling 40 0 40 (100.0) 29 (712.5 91.34+25.1°
7/8 embryos 39 0 39 (100.0) 16 (41.0y 89.1+22.9°
6/8 embryos 39 1 (2.6) 38 (97.4) 17 (43.6) 68.04+17.2*
5/8 embryos 34 0 34 (100.0) 14 (41.2)° 520+11.7*°
4/8 embryos 37 3 (8.1) 34 (91.9) 14 (37.8) 46.3+12.7

a: p<0.05, compared with zona intact group, b: p<0.05, compared with parallel groups in Table 1

Frdel nAz2ag 71ekA] ol FRYi7t &
A h277 ¥ 3te] zona drillingTHg A A g
D 5 UlolA A 448 B4 T o}
Z, & 18E, 6/8F, 583, 48T 4w (mor-
ula) o} 3} ©AZ WAYo] PP wjole] v]E 2
Hi ¥ 7] (blastocyst) ©] 3o 2 A E wjole]
A& AN 77 BATH 2 93 2ol 7}
At 2} wjote] H318 (haiching rate)S 4/
8T& A RE A=lFA ol H]slo]
93 &St} (p<0.05). EH wjurE 7] o]} o
2 A3 E wiole) A X & tETe) 502:£14.0
hell vt mE X2 Tl 2zt 4124797,
39.348.871, 29.74-6.471, 25.1-£5.70, 22.1-+4.37)
2A frojstA AL 295 el At} (p<0.05).

2. g7 MU uote Mol s A
S Bt B A2l E

Table 1°ﬂk] A8 A Hoha.% =9l 5}

o
P

g Vero cell& o] 83 Zul g A4 wiofe] A
&8 Table 19] A9} FALSHAl £ 7 24¢
)z vl wdle] AF4le) of3t AR LAY
A E wjole] ¥]& g wtEy] ooz Ay
g ufjole] vl gof glolA ol Zolst gl
1}, Wlole) Balge RE AT TN F2sA
EA4 VYERET} (p<0.05) (Table 2). wj¥kE7] o] 4}
o7 dAZ ol AE S 2T 949+
26.27] ol H]3le] ZDFE A 91.3+£25.17, 7/8Fll
A 89.1+£2297 2 A Z4zF {93k Ao 7t UYA
at 680l A 680117270, 5830l A 52011770,
4/8F oA 463127/ BEA Tzt f2) et A A Y
t} (p<0.05).

FHj kg AAFA 2 Table 19] 7 F3}e]
45 B vime] glojA] MRtET] o] 2o ujo}
HAEE 5o 2ol 7t glAAI R, wiole] F3h
€2 ZDTH 487 7 #fo3hAl =%tk
(p<0.05). Whol2] M X 2o lojA FujFe 4A
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Table 3. Effect of coculture on development of biopsied mouse blastomeres in vitro

Groups No. of Arrested (%) Divided (%) No. of cells
blastomere (mean £ SD)

Without coculture 122 26 (21.3) 96 (78.7) 59+19

With coculture 78 10 (12.8) 68 (87.2) - 11.5+47

a: p<0.05, compared with group without coculture

no. of cells: mean number of nuclei in divided blastomeres

100
90
80

o w/o co-culture

w/ co—culture

70
60
50
40
30
20
10

Mean Cell Numbe

0
Zona Intact Zana Drilling

7/8

embiyos

4/8
embryos

6/8

embryos embryos

Figure 1. Cell numbers of embryos cultured without or with coculture and developed beyond blastocysts in

110 hours after IVF.

a: p<0.05, compared with the same group without coculture,
b: p<0.05, compared with zona intact group without coculture.

&zt TN BT fojdiA B2 2348 Ve
At} (p<0.05) (Figure 1). T3 Table 12] o =T
A9} Hio} X 4 502+14.0700] ulste] Zujok
< AAE BHU7L 248 gz2T, ZIDE, 787
9 687 A 9] wjol M ot Zbat FelekA B
koo (p<0.05), 58T 48T & Fol & 2}o]
7t 1%L} (Figure 1).

3. 4AE BTl Mol wl

A8 e A FA] I FE HAEA
B& 23 ST JAF & FEde v
golr AxEdol dojd €79 vl g 4z
78.7% (96/122), 87.2% (68/78)2 4] #-2] & s}o] 7}
ARy BEE B9 AE Fe 47 59119
N, LS54 TRRA Fo G A Fof kA B3
t} (p<0.05) (Table 3).
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=
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a

A4 A FAZ D (PGD)S At Aol 74
F g9 wjobrt AAFuke] FAAety] A @A
o 2] nj A Z22t< (micromanipulation)® ©}-§ ko]
A £ wotoll A A A 1, & oge] &
2 Aoz FAAGS AFshe HAl A 7|
¥ ot} (Munne et al., 1993).

QAzrol A wiole] A4 A FALNDGE AP}
27 & ol Aol wjote] dF AEE A
A% F Al AFZHE ol g ol A dtafo} 3t
oz o 7pA] 71BAQ 7|EEe] Bas, d
ANA) iR 7P e2e viols @4 Ay F
FRAAGY Al Al7]o] wpet A AF (polar
body biopsy), ¥jole] &7 A7 (cleavage stage em-



bryo biopsy), d I ¥ A7 (rophectoderm
biopsy) 5ol 3t} o] Y EL 247t A
< AYx e, FA BA B$ FAREE
AgEe 4 FE 2 AdaAo RAH B
© ¢ F dvhe FAo] 9o, JLAu A E
WS A AN EE Bete] B iAol o
WRE7| o) vjol HEgo] JriHoz vk
A, RS9 woks 24 AF PR o))
Blejok sluz FANES Y3 A7E o -f
Atk A 59 ©3o] gt} (Bolton et al,
1991). ety @A A4 A FADGE 79
7] Whotol N 52 47 3]
she @7 470l nBHoz o
o] YoM A A FANTL AT T WA
9} 2 8-& Handyside 5 (1990)0] X-linked recessive
A A wjololA & A& o] &3l )
obo] A& 43 ¥ 4 wjolirg o)A 3le] A
A clole] RRE SR Bt UAA 84
SEREEES

2 A wololl e & Aol g tAA
AFE BE A79A &7 Al st B
A 7t g7E0) wEow WA shuel A4
o] & 4= Ut} totipotency’t YZEH (Tarko-
wski, 1959; Tarkowski & Wroblewska, 1967) & &t
3] 2135 1 e}, Willadsen & Polge (1981)& 49
8-ME7] wjololl M 2749 &5 Felg F ujk
st WiRbEZ)| 2 WA wlolE o|X et 57.7%
9 JA&S Budtg o, Wilon & Trounson
(1989)2- 4-A| 2718 AF ST+& F=g = oo
St 81.4%2] WiWtE7] Y &S Hudte] &
el tAG-E g5 v

gt o=z dAY] wjotE oz g

Xt rrorlr

=

K3

c

u}
=

o4

==

_1}2}

S 2 QA T oo et Ao glowmA
Aol FA9] HATF Foly] H3td AH 7te
g Holge & £& 2R3t of o). wjote]
HA T e g Ao g YA F
A Z27] SARA 22427, 442719 ujolo A
1709 &35 AHT A5 o5 FA9 vjol=
SfANA PrAoE HAokt) Wil o)zt
< o] &% &7 A F ujole) MEH A
FNE 2 F lom, vivtEr]| 714 Aol
ARGl = WM ES (inner cell mass)2] =7} 7+
2% % 95 2 849 BhotelA] 1]
75 AHT AL vjole] WA o] o] glo
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o, Hdl 3747kA e 72 A F e A
2 B9 v} 9t} (Hardy et al., 1990; Krzyminska
et al, 1990). & 8-H 7] Wjol= FxH o A
2 FHFE fAG A Jlerz &7 AHE 4
3} acidic Tyrode's solutiong AF-8-3F T =%
ol 23 JgS A o, Ax FEAF
(mitotic index)7} 7} &2 Al7|ol B2 &7} A
AE ot Mx ohy ©Al e T £27t S
o] FFA R wo} WwAo] FEsA EAAE
9t} (Krzyminska et al., 1990). w}elA & 2
A FRNEE A3t £ £ 394, = 6-8-
M7= LA wjotel A 1~2708) &5 A4
s ol 718 & W o R AAE 1 gl

Wlole] &3 o] &% Y A FANEA
shut e sted ol & R & YA wiobrh
Ade &4¢ B8, 488 24 245 d
7] 13 A7HE K2 FEE] st H 2 3
d wjote] HJuiF AA I 2L oo} e
oot A ulF 310l B st E77t A3
| wole] A Hp7} o] Folx]A] o} wjolel

(o] 2 O = =} ©
uhedg 28 5ol Jekg
o
=

=

[e)

\‘

=, <]
B o) fAz®
Folens oy 44
Mol o] Fojx]A] H&
ufole} Aok 7le
o) & Hote) H4 A F3
A saztn &+ Uk

QIZE vioje] A AuiF A A= B8] &
A, AR rlge] e T4 B AEHFAo R
MAEo] gom, tekd 7S] EaH 3l
o} wjobe) ALl AAE G ST B X
(helper cell)Z o] &3 Fujeto 2 iHE + Ut
32 B AF A7 wjole] A T o whE )
Fale) 24 W, AAA (gowth factor)o] ¥
Fohl W7k T BEMFE ol Sl Fx@
wiolo] WAl A A o] WuE 1 ¢t} (Takahashi &
First, 1992; Flood et al., 1993; Gardner & Sakkas,
1993). 12|t} o}& 7R FY HE DAY {4t
e A= HrtEE ot A theul gt Ful e
A% vl wA] gejoko g v okE wlofell A
Tk oz A vt wjolol] vlste &9 &
7 diiA o R A Ao By vt (Goo-
deaux et al., 1990; Menezo et al., 1992a).
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wjoel A <oy 1] FFAL BEE A8
o] ZHFRNE Hole) AHE AL+ UL T



e AHEshe o) HRARAT A7) BAH So
2 U3 HZ A8 FF) EIXAEE o) &3
S o] &5 AFH T Yok FHYL o] £
= REA R ot £75E 5 ded, F2 4
I M X (Bongso et al., 1992), A28t AFu) A T
(Desai et al., 1994), 3} P =4 £ (Freeman et al.,
1995), F7AH X (Mansour et al., 1992) So] o] &
H1 vk 3G A BA S P A
€ ol 8% 2AJAAE 23 F ¥ 5F (homologous),
52 °}F (heterologous) A X F oJm & A £ & of
42 AAA= A3tk g} 9 FujF A
3 wjole] WA &, 2518 ol QoA o] &E B
ZA X FHe B2 f9F 2Aol7} AATE
Ba% 9t} (Feng et al., 1996).

AZk vlote] Fujoke g B2 AL Mg
oA Frofsteof & AL o] F HEE o] 8T
BE AT TE HEFE 72 e NE
(microorganism)®] © ¢ A& 223 aa] st
oF 31, BFQ A BRAXE o] 8T AL
A= BRI 2RE AHE AT A 3, u)
=, AIDS 59 244 289 A} wrld 9
B FAE 71 &ofof T} whabA Fujoke] A3
= AR WS WAFI, hA B2 X
o glolA oflgo] BE AP ot} ol &
AR E N8 A3t BFR3E7] golahHA
=AY A3t A ngd nxAg¥e g
82 3 How, o]} e A4 B3
THFS AT BEAFE2A Vero cello] AAE
S1tt (Menezo et al., 1992b).

Vero cell2 d%o] 21749 49X (monkey
renal epithelial cell))| 4] F#|E A E=A] A 5tA
2% WA47Ie U@ AEAA g en
2 wjole] A B Ralg 25 4L Y4
Erlsted glolx WAzl AEe 44 7%
< 3he o2 474" 3 9o} 013§ Vero cell S
o] &3t FuFE ADIAL | o2 N4
VA EANA FE AEE g APt
< W} vl AR 2 lole] HYL Y FEL o)
3L =28 ¢ vz Bugr) (Menezo er
al., 1992b). =& Vero cellS AL F7} 23 = o] 9]
o] T37] 41, A} YL AH WHOS
& B2 etk WEkA Vero cellg o] &3
o I FE AP3te AL TEANA fHE A

€ o &3t=td dE &2 EAE A stn
E UE RXAXE o)l &t RAd vsa e
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AR AY 3 It

o] A Fel F32 MAste 71H
ot = A A A Fou AA,
vjote] A& FF3H= £ (embryotrophic fac-
oS A4 EHlste] wote] YA IEs
v, A, Il o] &= AL} vo}
o 2L EAL AAGeH =22 F 5 U
Ao 2 AX %51 gt} (Bongso et al,, 1991). = %
A 87 A FHoA Fu)F-S hypoxanthine
T4 22 LA AAAE AAS I, AadAL
= (oxygen metabolic levels)S Y56, uj gk
pHS] <H3 3}9} glucoseo] £33 ZR 0.7 lactate?]
$2¢ 277 FE 5 dA4BA) 270 &
7} 3l ow, taurine 53 2 FAFEHA], o8] T
a9, AMxe] 4FAARA TGF-Bi, IGFBP-1,
IGF 5& A4 FH|stcd wjole] B =L
Fe A2 ¢ 3ok (Menezo et al., 1992b;
Bongso & Fong, 1993).

2 ATA QT votE A eE 3 A9
g A FAAG &S MLy A% 4o
2 AH vjolE ez &7 A3 F ot
AedS A B4 25 @77 AP E viof
o] A u FA] Dl FE HAG A FE e
A 22 7FekA] gol FH U7t X 2T
3} vl wste] wiRkE7) o] do 29| ufjol LAY Lo
oA ZDuke A 3 EFE lelA F
A 1E BAR violE, & 78F, 6/8F, 58T B
48T AM BT {8 Aot i et Hjote]
3o sl E 487E AP BE TN
freletA B2 27#E Jehigoh ol2ig A=
o7 A4L A% TR 7L HolE A
o] Bz 3|4 (assisted hatching) S A A1 S+ A7} &
At B2 A vjole] R A& EE&HOR
FAXNZ AAA 710 5 A& 2R AlgdE
t} (Cohen et al., 1992; Dokras et al., 1994, Hoover
et al., 1995; A 2E 5, 1997a, 1997b). 121} uj
ofe] B FAEE Yehiie & 4, 5 A%
ol olAle AZHE Fhe BE ZolA o
230] vl3jo] folaA Re A%E Yehigich
53] ZDTANAM = vjote] X F7F Egd A&
Depypere & Leybaert (1994)2] B 194} ZD 34
5 Hiote] MEAYIL st ol wre A EA g
¥ (cytoplasmic degeneration)o] LA E 4 gl
A A3}E 125l acidic Tyrode's solutiono] 7
o e Aol UAT Mool 4L FL3



A& 7ol e Ao Agdrt

QTN G B2 E wiobe] A 2juj kA
Vero cell& o] &3 Ful ¥ AAIE A o
FA 8 FASHAl 2} W) meted wiukE ) o]
F o229 ujol FAY o] ol BF Kot A}
o]7} AR o} wjole] EEtgd) QoiME BE
TN FoA & A3E degh w3
Hijopo] whAY g3} K 5l-g o) glol A Theu] AL
Zt T3 B ¥ nE S AN s ZDET 4
8TE A BE FolM 527 2ol 7} giiTh
W vjole] Al E Feol] gloj M T A e
T Aol S HYed, T vws)
o ZDT 78T F-9 & Aol 7t lem, ¢
e FA e Nz vmste ZDE, 7/8%F, 6/
8, & 75 VH7A AT FAAA Folsh
=3k, 5877 48T M= F2 7 Zolrt 9
oh g vlote] ME ol gloja] whal okA] o
Z w3 BP s SGE A BE TN &

oJstA Bteh o183 A Vero cell o] &
T ko] g A I HAE = wo}
o] &4¢ aYgxor 273 Aty Al
W, 8-A 7] vlolo| N TZ 274 7hA] YA s
T 33 wjote) Wbyd = W E XAl 9l
| Ao A 2HT).

AelmoF & ujole] X Fo et A7 A}
= AHE ¥FAM T FA H ko] BRE QL
BAE Ule] &75 4827 A i & T
29 ME| i D g BT 591197 ¢
Rot FulFAl ol e FF 11514774 2A §9)
SHA wokth 2y A E e gEge o
) FA) 78.7%, ZH| A 87.2% %A <kitzlo
frol gt Abolzk AT Y 7o) ALujk
of Tk F AT Ade Li 5 (1992)8) A3 8-4)
X710 AHEE el dag 68~78%, Geber

T (1995)9] A7t ol A A E o) FEE
3% &% AR E o) AFdAE A
A8 7o ALYt T A E o] BE AR
UJA T, B A7 Aol 8 d7aE9 A
£ et AAE g5 g o dew g
]z‘sg—a—].ch il—)ﬂ- Z 211]\:}» 53;"“ o]%%
F U= AT F2 FANL 5 Y& Aoz A}
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a

> mlo
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WARA 43 FEARE A A2 Mol
A A < g 71 V1 EA gyt
th B dFoM e 1apd Rl A skd & A
AW & ol &3t AA 4 A&l oM EF
BA F et ‘%}*Eoﬂ o] o] glewA Hd 44
7bee & £E e fsto AL

ot Y4 8- *ﬂ£71 A7 kel A 17] 0l A
A WA Y BTE AT Y FEE 2
Ab B 8 EY) dlolel A gAR @
S7F Zr et = e wjote] PEga
Beg AYonz B AFolA Agd T 4
AYe 94 A8 A AR Aegoldn
AtRE @9 2771 A wobdlA Aﬂi =
b #2439 rasE 2Rt BAHC @
g 7les A8 &7 434 HHOU}
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F R Ao A e wote] é?
W F AA A& 93
24 Vero cellE o] &g Fulg AAE
o 1xbd o] 5" S AAE
7t | vfole] Aot A8
Hjote] WA go] FFEE HAT 5 o,
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o] A= 571 A 3] Frhdo] #FHUG. wet
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ormzg A A SAAAY &AL AN
F e AAE AulF AAZE FHEATHL
Agdc. A2xoy B AT Ax ek AA
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zona drilling (ZD) W' 2.2 £ dlo] 7+9-& W&
o] Wjo}d 17hlA A 4A7AA 9 &5 3
& 3 70t AAE violst Y &7 A
TR ARE ZA} B33, Vero cellE o} 83
T gE AAISe] wiole] Ao HY &S A
Z3td Og3 2 482 4.

1. &7 A7 F o} Lof o] o] glodA
A A e & £E F98] 9o 3
WEse F Mooz YAH 8T AF
Wjololl A &7 E oA HU 47X B
F djole] LALS BT A9 ERUF 2R
& 2ol v¥3le zona drillingth-& A A& ZD
T3 STE YA 18T, 6/8F, 58, 48Tl A
) olst A= HA o] HAH wjote] u]&
2 RtEy] o] oz BT Hlole] v&d 3
ojA 242t foj g Aoz gl ek e wjole)
H3E2 48TS AT BE AYFAM g
o ¥lgte] Fo3A EXh Wz o] g o
2 2% oty AXE F dRFd vste B
€ Aol A FeolstA At

2. Vero cell2 o] 23+ Zoj %S A8 A7 o
ZFol vlete] A o)3 GAZ FAY o] A
H wjole] ¥)& 2 wjwrEy) ojato g uAE vy
o}o] ¥l &) ol A F2] 3 Aoj} gl oy, W)
ofo] H3lg2 T E AIFAM HsA =%
o} wREET] o] o2 AT Hlole] ME &
)z e v dte] ZDT A 787 A Fel g 2
o] 7} RAAAI T, 6/8F, 5/87 L 48F A& F2
34 Adch

3. 2 FE ANERA G d FHe B35 H
3 vl glojA wiwkEZ) o] Ae] o} YAE
< Folg Zojrt PAA T, wjole] Falge 7D
T 48F0) A F23A EURt ot AXE 4
' INES AN 4 FoA BF fosiA g
2} =3 Fu kg AAEA] G hE2FolA
o] sjo} ME o) vlele] FujFS AT d=
=, IDE, 787 R 6/8w oM 9 Hlol AX 7} &
oA weten, 58T 48T E frol et A
017} At

4. AHA FF9 Au Al Fuj %S A
A Fe T TGS AAT F FET v
of QlojA] MEHHo] dojdk &7 ¥ &S H
ol g Aol 7} glot EEE 79 AE &
FHF2AA KA B
ZEH oz B dA7oA HAT wole] &
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