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= Abstract =

Growth factors (GFs) produced by the embryo or by the maternal reproductive tract have been
reported to regulate the embryonic development and differentiation. Among GFs, EGF as a mi-
togen plays a role in mitosis and functional differentiation of tropbectoderm cells in mouse. The
present study was carried out to investigate the effect of EGF on development of mouse embryos
and to localize EGF in the mouse ococytes and embryos, which has been reported to be detected
in the reproductive tract in mammals,

To investigate the effect of EGF on the development of the embryo, mouse 2-cell embryos
were cultured to blastocysts stage in Ham's F10 medium, treated with EGF(10-50 ng/ml) for 72
hrs.

Immunocytochemistry was performed from oocyte to blastocyst stage with anti-EGF and anti-
Mouse IgG, in order to determine the stage which EGF would be expressed in mouse.

Exogenous EGF (more than 10 ng/ml) in the culture medium improved the developmental and
hatching rates in the mouse embryos. As a result of immunocytochemistry, the embryonic EGF
was expressed after the late 4-cell stage. EGF is thought to enhance preimplantation embryonic
development and hatching.

Exogenous EGF in the culture medium is thought to activate EGF receptor in the late 4-cell
embryos and to enhance blastulation and hatching in mouse embryos. It is concluded that EGF
enhances the developmental and hatching rates in the mouse embryos.
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ZFF vlote] TAFAANA FA4A 27)ufo}
9 4% 2 BBE 54 A4 LA (Clege
and Piko, 1982; Wiley and Obasaju, 1989; Telford
et al, 1990) o]& ZAH3l= F = Z(Roblero and
Izquierdo, 1976; Clin et al., 1977; Shutt and Lopata,
1981; Fishel and Edwards, 1984; Rosenblum et al.,
1989), o]JX| 9] (Brinster, 1965; Biggers et al,
1989; Poueymirou et al., 1989; McKieman et al.,
1991; Kane et al., 1992; Takahashi and First, 1992;
Brison et al., 1993), 28] 1. A AA A} (Kane et al.,
1992; Wales, 1992; Yang et al., 1993) 54 ¢]&}
ZAHE AR &8 A gt o] & 7124 wjo}
AR oA By = AL} (Rappolee et al., 1988;
Werb, 1990; Schuliz ef al., 1993) £+ E4| 2 2LE]
Z 35+ (Brigstock et al, 1989; Mattson et al.,
1989) 431417} vjole] A H B3}dA FQ
F IS Foxy ZaHU

7+ de] ¢ei7 EGFE 53709 ojw|xite
2 FAY EAF 6.2 KD single chain po-
lypeptide= 4, A A E, ZujQAE, AA =23,
ABAAE, d¥Y FHAXE TS WiGT o
mitogen . 2 283t 0|59 A3 BIE F
Fgvha B s QChHill, 1989). =& EGFS} 1
FEA7F 772 FAMaruo et al., 1993)E H]
%3 &3 (Lei and Rao, 1992; Morishige et al.,
1993), A+F W=} (Chegini et al., 1986; Berchuck et
al, 1989) 59] ZZF AN HEH o, EGF:=
AF, &, MR T9 S IRY] AEF s
o] Z+-838}31 (Dekel and Sherizly, 1985; Downs et
al., 1988, 1989; Carson et al., 1989; Das et al,
1991; Park and Lin, 1993; Harper and Brackett,
1993) A% wio} LB M2xEE € 7T
B3l T mitogeno 2 ZE3ctn B uEYc}
(Paria and Dey, 1990).

ZdA z7)ao)e] LAY A o A EGFE] 3§
A7 2 24712 ol WA wa A A
agoH, o2 v Zye dF7t aFHL
At EGFE H|g o] At Fejstxo=s
slots] MAREE SHSAY N Loy
¥ (immunocytochemistry)& ©] 83} EGF
(Rappolee et al., 1988; Morishige et al., 1993) ==
I 837} (Wiley et al,, 1992; Winters et al.,

1993) vjo}o A R FEH = A7IE Go} HoZH
S A oA EGF7 A4 Z7|uflohe] A
9 23l e dFE gol & F U

B dFo M= EGF7F A7 x7)ulote] )
P43 -3 A FFE ol uz A3
Holth 283 EGFE ¥4 T =2 34, A3t
o wjo} WA o] EHHQ HFJAAY] F=E ¢
olR A} &ttt T anti-EGFE WAte} 74 &
ArA o] wjold] Halsle EGFe @& A7|&
ol Eo2MX EGF/} wlote] ZAo) g3k
AN71E gol B} 3t

MMz U gy
1. Hjotel &S

HlolE 537 Y3t 4R AF S KA
PMSG 5 IUS )3}, 48X 7F $9] hCG 5 U
& FAELY gujEs 28 FH SR A7 u
vl A Z o} o oF3 el (copulation plug)E &
Q3ka, hCGFA} F- 48~50A ko] BFoa =2
=48 RS &3 F HFEVBWid
MS5) el A] 7] Euf kel (0.4% BSA-Ham's F10)2
BAFANA 2-AX7] vlors 5t 5
dole RN sloA BEA3IS AZFA
Hol& vjopgts Mste] A AH&3HA.

2. EGF2| X2| Y ufjo}o et

EGF(Sigma)i= 2# ¥ HBSS] o] 1,000 ng/
ml9] stock solution© & 4|3 & 50 pl¥ BF3}
o 20T oldtl A B#BAT A AAe 7]
BujgdoZ 10~50 ngmle] FE2 A5
=%
FEEF 50 plo] dropg THEO] paraffin oil
(Sigma)2 o] A <]ujFES FH|3FAT} (Brinster,
1963). Zt AT F 10~2074 9] ujo}S z+zte]
FEEE 89 dropo] Yol 37T, 5% CO, 95%
717 FFH 2 100% $E7F FAHE 7]
(Queue 2700 ol A 72217+ &< w F3H Tt

3. Anti-EGF2] XZ|

Anti-EGF(Sigma)9} anti-Mouse IgG(Sigma)&
PBSE o] &3}e] 217} 1: 100, 1:508] 552 3|4
AT

RS FET PR BaH UAE, F
o AgeAM FRABH 2., 4-, 8-AE7], G4
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Table 1. Development of mouse 2-cell embryos treated with epidermal growth factor (EGF) in in vitro culture

for 72 hr
Treatment Total No. Developmental stage
(ng/ml) of embryos 2~4-cell 8-cell Morula Blastocyst Hatching
21 5 8 86 65
Control 120 175401)  (42+01)  (67£01)  (TLT£04)  (542+03)
0 20 16 2 0 102* 86*
(133+0.1)  (1.7+0.0) 0.0) (85.0+£05)  (71.7+0.4)
2 120 6 3 4 107+ 74*
GO£01)  (25+01)  (33£01)  (892+04)  (61.7+03)
2 20 5 0 5 110 g2+
@42+0.1) ©0.0) 42+01)  (9L7£05)  (68.3+0.)
“ 20 3 3 7 107+ 92+
@5+100)  (25+0.1)  (58+01)  (892%06)  (76.7+0.4)
I 20 5 4 5 106* 91+
42+01)  (33+01)  (42+01) (83206) (758+0.5)
Control; 0.4% BSA-Ham's F10, a; (Mean * SE)%, *p< 0.01, n=9
T gm “ : 4. LE Y EA B4
g 20 nom 1z
wi g o g wohg MopalEA 26, 48, 7240 Y%
gl o g‘:; ¥ v 7 (Nikon, TMD)3l 4 B2tk whok
z zgz o e 2, 4-, S-HE7), 427, E9)7) o}
i of o 2 FRa9L, SSEAG P44 Yoz
: 221 23 e AL acridine orange® A Yo} B
o} ¥7 gt
;I; =
N7

& L
=
~

2
Time { hr)

Fig. 1. Blastulation of 2-cell embryos treated
with EGF for up to 48 and 72 hr culture in mouse.
(Control: 0.4% BSA-Ham's F10) Values are mean,
bars are SD. *p<0.05, **p<0.01
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7], Eui7], B3t 2uj7] 5 2 SRAGAE
o}l 353l 0.5% pronase(Sigma)ol] Aol A
3 T A3t FEAE AASIE T
7t AAE ol & dAS) wiolE 10% PVP(80KD)-
PBS (Sigma)oll ¥ o] 4TolA B4AZ F, AF
=% 7} 2% paraformaldehyde (Sigma)$t 0.1% Tri-
ton X-100 (Sigma)o] HE 8 E38 A Hof 4C
Al A 308 F< At A b} i
ol& 4T PBSZ Z Mol ¥ anti-EGFS} 4T
A 1N T WA 4T PBSE 33] Ao
WH & poly-L-lysine solution (Sigma)S &%k
slide glass 9o =3 &%4¥n]73 (Nikon, TMD)
Shol M HFIAH.

FAA f-2)4-2 Student's t-test WH-& ALE
std.em pgte] 0.058TH e B9E
3L AR
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1. EGF7} ey Mo n|x&= FE

EGFE A3 7| 29 Fgolx A7) 2-HE7)
vjopg A 2jolx] 48A17F wj G & L F=E B
2% Aste, A4 8ol dzTH 10, 20, 30,
40, 50 ng/ml AT (=9)1A Z+z} FTF 408,
45.0, 47.8, 49.4, 50.6, 50.0% = }E}L} 30 ng/mio]
& AT ANA Tl v #238tA (p<0.01)
¥ AL YeEgH I D).

2. EGF7} 2-M|=Z 7| o} gtMloj olxis ¥
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localization in the mouse embryos immunocytochemically stained with an-

Plate 1. Microphotographs of EGF
ti-EGF and anti-Mouse IgG(x400).

1. Early 4-cell stage embryo after 50 hr post hCG injection observed under conventional light microscope (LM)

(with Normarski's optics) (a), and showing none of

EGF under fluorescent microscope (FM (b), 2. Late 4-cell

stage embryo after 60 hr post hCG injection under LM (a), and showing EGF under FM (positive staining) (b).
3. Hatched blastocyst under LM (a), and showing EGF at the trophoblast under FM (intense staining) (b).

Art 10~50 ng/mle] Fxd APFoA 4z
85.0-+0.5(102/120), 89.2+0.4(107/120), 91.7+0.
5(110/120), 89.2-:0.6(107/120), 88.3+0.6(106/
1200%2 A B 88.7%% FujRAggo] ey}

i, ¥ Zzb 71.71+0.4(86/120), 61.7+0.
3(74/120), 68.3+0.4(82/120), 76.70.4(92/120), 75.
8+0.5(91/120)%= A1 B#70.8% = YElGTH (B
1).
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Fulzo] BN g3 L3EL EGFE HAPUS
o ol B8 fFoAstA (p<001) F& A2
YEY EGF7E A4 Z7(dfobe] HAAAG e &
#Hoz 288 4 5 3k

3. EGFe| &3

£ A3 Aupol A date AT, 2-4 X7
vjololl A = EGF7} L@ HA) it 4-4 X7
A& hCGFA} 50412 A3t & 58 27] 4-4)
X7l A& EGF/} HEEA ey (=4 I
1a, 1b), hCGFA} 6041 2F B3} F9) 7] 4-H %
719X EGF7F ¥dsEe A& ¢ F A4k
(=% I-2a, 2b).

42719 2yl a3 F-she 2]l
A EGF7F 2d e, 53 Xaj7lelA o
Gl FdstA 22 E RS O F UAqG
(=3 1-2a, 2b, 33, 3b).

3

a

T A2 edoA @4, BujEo] Adad
9 71%L ZAI}E Ao Z HuF(Hil, 1989;
Nelson et al., 1991) EGFE wj kool el A
AEas FAS BAE A EHFY &
AR Z7|eolE AAuGRL o EGF} wjo}
o] Aol v X = g hstuAt g

Colver %-(1991)& EGF, PDGF, FGF%-¢] A%
AAE A AFA Zo)ejobd] HYPL of o
E AR 2o Q¢S vXA Fuvta
B st wdol] Paria®} Dey(1990)i= EGF,
TGF-§ , TGF-¢, IGFI 5& 23 Ao A
A7t BH FAAAA x7)vjole] AL FA
ARYE dvd 2942 Rusdd. EGFE
100, 500, 1,000 ng/mi®} =2 )& ofu|al
Hol M, A7 Al & Eej2e] T
=7 68.0%4 ¥ & Z+zt 70.0, 76.0, 72.0%2 L}
Elyk s RalEo] i 68.0%0 vl b2 38,
0, 32.0, 36.0%% eI} 1% T 9] ARz} X7
7} wfole] WAE AAAFI AV HEATE F
ol 4ERE YA &S ¢ 5 3iged o
+ Paria®} Dey(1990)9} 2 3} 9} U= 8t}

£ A¥9 EGF HYTols EiidAen 2
stgol dxFd Hld {FstA @<0.01) EA
Uebtth o] AL EGF7} & $4& 23AA
Z7)8}o}e] compaction® EH)E A} (blastulation)

& FANZFoH FLNIANAME (trophoblast
giant cell)ol] 2H-8-3te] A FEU) thALE G4 3A A
a7} s§oi(blastocoel expansion}E ZZ A7
3 H3 9 oF FFHE FIAANHY
(Haimovici and Anderson, 1993) 0.2 Al 5
™ Nielson 5-(1986), Wood®} Kaye(1989), Dardik
3} Schultz(1991) 18] 1 Kane $(1992)¢) B3 1
£33 4 A

WA 23 yEg o] &8t AR FAH
AAMRE F3t8 Xu]7] wjote] o|277tA Z
wa BAE wjold] anti-EGFS) anti-Mouse IgGE
AYPL o $7] 4-4%7] wjo} o] FF¥ EGF
7} 2R e §3] xujre; F-3d ¥u7)
4 EGF7} gguigel #dstAl £¥3he A
2.2 JEgHER D). o]RAL EGFFEA7t 4-
AXE7] o] Fof wrHtE Wiley 5(1992)9 ¥
T W& XA ol AAE T B
o, wlo} zhA o) A AWAHE BEGF= A7 whold] &
A &= EGF 471 843t 7] A ZHE 442
7} o}FH¥ Z&-& 7)AIste] compaction, Euj
FA A7), 28z HEEE AU e
autocrined} 4] &£3}e] compactions} Z e A
9 Bag 278 e A8 ow
Atz 8o el EGFe A3 33 wjobe] &
7] AL 2AAI = 89002 LTS & F
AT

¥ 439 AN YeRe] Tz e ¥
REF R385 JoIA EGFE 4AFT o)
22 AFPE dos GAFLE YR
vjobe} wrage] AAHAY HEHE §9 &
e BEHA gRon, 2FER AT oy
A ME e AdE AUt o224 &5
A A7 EE AR vkl Ry o AW E
Fx ggow X3 wlolola FAHE FE4
o] 7} SRV Wi HAAHTE o]Fe A
ZAAE HFsieEts YT A JAEY
< YehliE AL 4 F AT

Agdon, B Ay dHE 3 479 2-
HE7] wjole] wAAM eRzREH FHrMd
EGFe Hjole] TujgAs Fse AL S
& 5 Ak ks AFARE W FAd A
sto] wjol S w3l HAES FHADo2A
vjole] ¥3lo} HAlS AN 5 & e
Alg g}
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