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hyE AR ORPAE N N guE > M FEA Y ER PR AL
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Good embryo development and receptive endometrium are essential factors for
embryo implantation. Leukemia inhibitory factor (LIF) is an essential factor for
implantation and establishment of pregnancy. However, its role in the development of
preimplantation embryos remains controversial. The aim of this study is to assess the
effects of LIF on development of preimplantation mouse embryo. We observe the
relationship between the blastocyst morphology and the implantation rate for mice.
Mouse blastocysts were then classified into 3 grades: grade I, small blastocysts; grade
II, large blastocysts; grade III, hatching blastocysts. Although there was no
significantly different in the implantation rates between the grade III and grade II,
grade I was significantly decreased as compared with grade III. Grade I and grade II
was also significantly decreased in both the diameter of blastocysts and cell number of
inner cell mass (ICM) and trophectoderm (TE) as compared with grade IIl. These
findings indicated that the expanded and haching blastocyst selections for embryo
transfer in in vitro culture were evaluated with the high implantation rate. We
successfully established the model of in vitro culture and blastocyst transfer for
following experiments of LIF. Changes in preimplantation embryos were determined
after microinjection of LIF antisense oligonucleotide at the two-pronucleus stage. The
0.5- or 1.0-fmol treated groups had significantly lower percentages of embryos
developed to the morula or blastocyst stage and the 2.0-fmol treated group had
significantly lower percentages of embryos developed to the four-cell, morula, or
blastocyst stage. No embryos developed to the four-cell stage in the 4.0-fmol treated
group. Moreover, there was a decreasing trend in the levels of LIF immunoactivity
with the increasing amount of LIF antisense oligonucleotide injected. The diameter of
blastocysts in the 2.0-fmol treated group was significantly smaller than that in the
untreated group. The blastocysts in this group had significantly lower numbers of
blastomeres and cells in the ICM or TE and ICM/TE ratio. The 1.0- or 2.0-fmol treated
groups had significant lower implantation rates than their corresponding control groups.
In the 2.0-fmol groups with supplementing exogenous LIF, significantly lower
percentages were also observed in the four-cell, morula, and blastocyst stages.
However, blastocysts treated with 50 ng/ml LIF had a significant higher percentage
than those in the LIF gene impaired group without LIF supplement. These results
indicate that LIF is a critical factor for the normal development of embryos at the
preimplantation stages.
Key words:leukemia inhibitory factor (LIF), blastocyst, inner cell mass (ICM),

trophectoderm (TE), preimplantation stages.
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¥ & f gd e F R oIS E T PiE AR

AR € F] 5 fA(species) i B A G A e iR A Hp
(gestation period) ° ,T*UJ Bm 2 o * kg i (strain)i 2 # £ &
7 F o 4344 Theiler(1972; 1983) 72 C57BL/6] 22 CBA /| &322
(hybride) 7 3| e % — & F R ATgeaT 7 0 F U E-F o E)
(preimplantation) 2_ %t 5(embryo)sd ¥ 4 5 T BIFE T % - FFE S
% fe(postcoitum)fs 0 & 1 % (0-1 day p.c.)’ $* FEE 2 9275 5 9P fm P2
(oocyte) 22 ## 3 (sperm) X # {6 » )= H — 'wie 2_ 34 9F 5 i el
PEECHY 7 P fm e i g = =R #Hic A 4] (second meiotic division) » I ¥
£ 9 % = &4 (second polar body) ° % % (nuclear membrane)#-% p

g AeR kehA d g8 (chromosome) s % & Fl4e k@ 35 L 2 48

(haploid) =722 Jn ¥% (male pronucleus) # ¥/ % (female pronucleus) »
ERrP 2 EE RFEFDNAFEAZ 24 ML 2E 3 S04
(mitosis division)Z. i ##(Maro et al., 1984; Schatten et al., 1985) - j*
P 8 25 ii*?ﬁ%] “r ¥ (oviduct) P 4: #L % ¥ (ampullary region) °

BoOFEERE RISl R RIAET R el RAFPE
% — = & Bl (cleavage) 3 24 /] P > B {59 10-12 | BF & B - =&
(McLarenetal., 1982) > = 'm?e dpia s v 1 ¢ P pF g & ikif ~
£ kp#*HP3 4 = (oogenesis)FF AT F T Kehd-v v mRNA &
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oo R F R2 RSB F L Fad R A Fl(embryonic

genes)1# i (Schultz, 1993) - k p # # P+ 4 X pF@ g chd-v 7

W

& B

|~

Rt kP * R mRNA © B 4a i o0 2

(degrade)(Kidder, 1992) > g% 5927 & 3B ibifS o 4 o ¢ 3F ik
i S

PREL R APets 2% 0 miAE T A 43 16 Bl o

i

5

1\\

¥ ' (blastomere) o4 HiEfe? » B A G G AL g 54
I E e dow TI0L T F AL (microvilli ) ¥ I 8 fwre P pF
T2 twie 3 4 1w e R Az (lamellipodia-like) 2. S H4p T 3/ » "2
ﬁ@ﬁ&é%@ﬁﬂ’ﬂ%a%ﬁﬁgi%ﬂ,@@%@gﬁ?
Boo BRI A FOHR S PR R R B 1 (compation )
(Ducibella and Anderon, 1975; Pedersen, 1986) » ii # p* pFeiprse
bripAs e + ¥ frﬁi%l P DL R

FowFEE S LS 3% > B BIFE LA d & H 92 (morula)
i~ 4§ 92 (blastocyst) F #p > F I A5 R L0 ki S A i 0 QR EL
¥ %292 ( blastocoel) B 4235 = » © ¥ & FER ‘m*2 B (inner cell mass)
% % % b "3 & =¥z (trophectoderm cell) ° kot £ auffe o e
VEIR B SR B < (expanding) > hirE & K e BE 0 ¥ Ao Bk
w@é,#JA@T%,uﬁmﬁﬁﬁwﬁ—%%ﬁﬁﬁ’i%

11



¥ =

S B AL R R A e o L o T
= /% % ¥ w2 (trophoblast) ~ 5 4 % & (placenta tissue) 4 % "2.48 ¢ 2
*h 92k (extraembryonic ectoderm) » £ § § F AP F 0 o F g

2 44 4 % 2. it (McLaren et al., 1982) > @ P fm e [@) fw e i ] 12
VR B g o N e B o fe Pl A& A5 2 408 (somites) ~ P &

(yolk sac) ~ g %-(amnion )(Gardner 1983) » 4t PF8p e P23l & =

&

A2 Fhre wigpd a et & §enid % (zona pellucida) o {7 = E-ib
2_ % "t (hatching blastocyst) » %27 it tif ﬁwﬁ daa E

& %7 61294 39 fF (trypsin-like)iipg % o KRS P ¥ ¢ chpE Ry AT
(glycoprotein matrix) » “B-it B4 ¥ 12 &8 H JHhig (70 F EW
g4 kp I gopafitE s 7L & 4§ (Wassarman et
al., 1984) » # & %2 % > iC pF > 0N I GE ~ F R PR E o

& BRI ESFFRDPRISET 2 F)F

FhRTY IR ARG R i T A e pod

2 ST G F = B A AL RV 0 N E N XS Ly
Wen+ g 3 Lm0 Flt 0§ F G MRS E £ TS HE R

USRI R R RS L LA R R )
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¥~ B § & fi(pyruvate) 2 ¢ 3F=v (albumin)(Whitten and Biggers,
1968; Devreker et al., 1998) - 4§ ¥ £ F] 7] “,f (gene knockout) e *
TR ARG LF AT E R A FT 0 o R L

7% 1% F]+ -1(colony stimulating factor-1, CSF-1)z" 33k E w5 3¥
7% 11 ;& F] + (granulocyte-macrophage colony stimulating factor,
GM-CSF)p¥ > % "2 e w2 B w7 i P ¢ *% < (Pollard, 1992;
Robertson et al., 2001) » 4* Z = S 34| F]+ (leukemia inhibitory
factor, LIF) (Stewart et al., 1992)% }+ & # £ %] $& X % (epidermal
growth factor receptor, EGF-R) ¢ # 3k % & % pz(Threadgill et al.,
1995) -
AGEE R F R RISt € A s b gk (peptide) 4 &

F|+ 2 e d 4 F o %‘%’ d f 48 4 ;& (autocrine) ~ 3 4§ 4 ;& (paracrine)
BN Lk enith 3 ViR e ir Phend K (Kane et al., 1997; Hardy and
Spanos, 2002) > igd 4 £ F|F kX Bio 230l wme dom @
RS E % 4 & TS 7% (insulin like growth factor family, IGF
family) ~ % 2 #* w2 4 £ F|3F 7% (fibroblast epidermal growth
factor family, FGF family) ~ ¢ &]a -] 4= 724 %]+ (platelet derived
growth factor B, PDGF B) ~ % %% § % (insulin) ~ & ¥ £ 7|3

nR A
(vascular endothelial growth factor, VEGF) % » izt 4 £ F]3 f iP5

13



3 e TR A LB B chd £ 4 E ]S R (tumor
growth factor family, TGF)d %2 75%7 0 (< B 2304 sa g » 270
2 A zaig 'y g At A2 & FlF 7% (epidermal growth factor
family, EGF family) ~ ¢ #| = -] & #i74 %]+ (platelet derived growth
factor family, PDGF B)% = Jg#r#] F|1+ » b FFizrse L5 3% %3+
FBLF oS -AHFLEFLETF)FREN A NP AR B A
HERXBHE- Boreprd) 2 % ¢ 7 00 s me R
(Svalander et al., 1991; Boehm et al., 1990; Hardy and Spanos,
2002) -
Slager & A (1991)F * , FAd E s PR AEAS L

%]+ (transforming growth factor B, TGFP) & # B eh& 3 A% % *F 2
B oo p iz B2 3 A @ P Al A 2 & F] 3 (transforming
growth factor o, TGFa) 5 3t fm?e B 2 % % *bpk TP fmoe
B 3% & (Derdik et al., 1992) » gt 78 F)g# 4 42 Kaps > f 02 € 3 2 (%
% WL bl eniw e = (Brison and Schultz, 1998) - H i #iE& % %75 =
3 M h¥F]F ¢ 359 § % (insulin)(Harvey and Kaye, 1990) ~ 5% § %

4 £ 7]+ (Palma et al., 1997) ~ ® A& 3| 4 & F]3 (Derdik, 1992) ~

w fpdrd] F]+ (Lavranos et al., 1995; Fry et al, 1992) ~ 3 % {1 % %]+

-1(Pampfer et al.,, 1991)# g} 3k E w¥2 3% % {5 %]+ (de Moraes
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and Hansen, 1997; Robertson et al., 2001) o

b e e 4 % 4 9 B -1(interlin-1, IL-1) % 4 8 B
-6(interlin-6, IL-6)+ & % f w0 #p 92 #5 ¢ AL 8 B $](Zolti et al.,
1991; Simon et al., 1993; Sharkey et al., 1995), I %27 &k 2_# it o

& F LRSS FE K 2B

¥R P g e F wre (stroma cell) € FIRE S 4 1 )
po o f§ 2 e o (histamine) ~ 7 Hﬁl% (prostaglandis) ~ ¢ = %
(leukotrienes) % x- -] 4% /% i* % (platelet activating factor) (Hearn et
al., 1991; McMaster et al., 1993) » i¢ & &= FF F 'z (Fibroblastic
stromal cell)## i* 3 s m#2 (decidual cell)> + F P %5 (endometrium)
Rt A E R 0 & b £ d M & (estrogen)frF A8 2
(progesterone) i # & %@ * cho A A e I d § WikE
(progesterone)#t i H > 453 2 5 F k8 Hp {5 ¥ (late luteal phase) » 7
DR FREArE R T 4esa 4 FEE P S F 0 g 7 (Dey et
al., 1980) > ",f pL2_th s FREmORIAE BRI RTF]F A R

% 5 % & i (paracrine factor) (Bischof et al., 1998) -

FhRTFFERCRAFET ORI T IR P EES

]

¥ ¥ Ik % fE (receptive state) > AP A - BRESFER N €

[

IF g ry > EBREFHH L F A E C (implantation

(=)

¥
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window)(Psychoyos, 1995; Klentzeris, 1997) » HOX (homeobox )£k

F] ~ e # 4 % (cytokines) ~ #74F % ( calcitonin) ~ % ‘w¥& FEAEA
+ (cell adhesion molecules) ¥ ¥% &+ § p W& F X 275 F Jk ih

£ & 4 $ 4Lz (Cavagna and Mantese, 2003) , ] &+ F & X 4 E 4
& ~ BURZ (pseudopregnancy) = if 4 %7 % 8 F S epiF g X
pe 3 4 2 (Paria, 1993; Sakoff and Murdoch, 1995) % %275 jidi “
SRR AR A S UREN S P LS L A

B ET S g ) A dw 2 (endometrial epithelium cell)

BEE R EARE LR R ML E R LB R TR
Befrdbi s L3 b o 22 g Y > AR AT A
(immunologlobulin A) mjf( ‘¥z (plasma cell) =+ ¢ 58 p
(endocervix) ~ + ¥ §f *F (ectocervix) ~ I£if (vagina) % ﬁi%] P g
(fallopian tube)(Kutteh and Mestecky, 1994) » & & p %R i p| ¥
34& > E’?’ﬂffﬁf‘m’?é" P FE R AR EAL A LA RS A
(Arends et al., 1983; Buckley and Fox, 1989) » %275 % &k end. & &

ik £ & A endk% 4B % ¥u(mucosal immune system) o $2. 753 i
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WA T E R LA F B A A d 6w Zf(leukocyte) F A i
FIFF kR o

30 Bk N B R R i PR IR NE X AR
7% (LGL, large granular lymphocytes) & 5 /i & F -2(interleukin 2,
IL-2)erde X 88> € X 3| 4 6 -2 3% ¥ 12 /% i (Umehara and Bloom,
1990) > £ 1) p PR # = fwm¥2 (nature Killer cell) s3] 8 4 F # i 4
B ARBE e ik chde (Robertson et al., 1996) » o ™ 4§ 84 ¢k 33
AR B BAR A NARFZ BERRL LR
£ Lk (semi-allograft antigen) » (e 8 75 52w P2 © 72 5 % % - A
A g v & I FR (human leukocyte antigent, HLA) > i&— % chiuR
€A p RS b & a1 CD3 ~ CD16 g« CD68 #77% fi% » F]yt |
AHBE BT TR T 7 5 & (Sawicki et al, 2001) > F]pt L B
A TR e rad B Ak kSt T OEF - S T g R
frn % & ff e & & ' (cytotrophoblast)?) = & & FEakenzb i
Al A #g e o 3} FuR HLA-G (non classical human leukocyte
antigent -G) (Kovats et al., 1990, Loke and King, 2000)# *% i< p
RBE fmre & ke CD8 & R % & & fw?e ¥ 4 2 indoleamine
2,3-dioxygenase (IDO), i&H_ %2 ¢ 3z fa(tryptophan) i 3#enf

2 VUL FRS 5 BT Y Prd| T-4wre s 4 (Tatsumi et al.,



2000) > FTes 5z Pail il foB & SLengt ko0 AMPSE A3 R ot
A lm* (endometrial epithelial cell)F » ;% & & ‘m*& € 4 i Fas
ligand %% T-’w"z 5 d Fas §& j< (Fas pathway) % = (apoptosis)
(Kayisli et al, 2003) & 52 #5018 138 » de i it e F P AL
(decidualized endometrium; deciduas) > % = ¥ /& °

SRR F L 7]

IR S YRR AT AP AL e il n Y
Bien o35 HS A BB AR FR o At R
(Psychoyos, 1973)4f= 4 4 (Martel et al., 1987; Psychoyos and
Martel, 1990)c7%7 7 4 > H#f L' F AR+ Pt L lw
P2 b RE 3 N BT * (endocytosis)# E PRI * (pinocytosis) ik
i% & (pinopodes) FH7 B > 2t BHEHA ML DR WE SR
v W 3+ A F %o Psychoyos % Nikas (1994) 3% % B &7
RS ERRENF R L R A AR PE o AT S
TR AR F gy i (Martel et al., 1991) gt ¢k > A% F
e 42 ¢ MUC-1, trophinin/tastin 2 integrin % £2 'w %2 }L3k
(adhesion)} Bf eha 3 B 42 S22 92 P02 3 g RERLANIT R o

% B pE 1 (glycosylation) & MUC-1 v MUC-1 » & 4 #f

ol REFY I 7+ A me d 3 20 280 &b ninde
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W

+ § erdf 3 B (Surveyor et al., 1995; Hey et al., 1994) ;
trophinin/tastin © % ¥ Jk P& 8 e+ § 4 I trophinin/tastin % 38 &

pfed g 95k cniz ¥ (Fukuda et al., 1995) 5 ¢t ¢t > integrin e

m-&’(_

B

W gen 4 B

~=b
K

*7 2_ R % > integrins >t 7 YPE kv
(transmembrane glycoproteins) » I * 3 - = & integrin =x H i+
A IOF B X FFenS 7 P (Reddy and Meherjy, 1999) » 3
8 integrin p& 3-9 (0P1, 0 B3, 0Py, O, Pa,) e F FF FEEP 3 B P
Wb A dmre A IR A B E R K dwde & ki fibronectin
vitronetic ¢ 4 %] £ intergin ouP; y 0P, 4% & 0 FE F B F g
endg i it * > (Lessey et al., 1996; Bowen and Hunt, 2000) °
B R RS R PO F AERTA S PR AR
NSRS ETRES S UL P RS S R
LR eA 2 S PMEERFRIINRY AT g S

AR VRS e SR/ S T/Iblg\“ e dE :Ff;n”v]k,]i o3

TSRS 0 om afa AL A g A% L & % (L-selectin) 39 >

4

z 2

Sy NP R (e 0 @ A A S AT A I o
9+ 75 % Jk (Genbacev et al., 2003 ) »

/’? iz 7 7 W7 7
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fmPz ¥ 4 % (cytokine) /i v 7%%' d p §2p 4 & (autocrine)
% P & o (paracrine)Z. 1T % B F R BTN SF R R iR
FeodgpriRaimiedd 35 40 Fl114 (IL-1~4) 4
v H6LE)~ v HTALT)~ v H 10 (IL10) > @ iz @ *
A Bl 2R e -6 kAL A A -1 B4R S e i
HAgpio o F-1¢ z=Z2BIL&0G 0 Ad F-145 088
(IL-1 isoforms acand B) ~ /i & -1 &< B #+H](IL-1 receptor
antagonist)fr /i v -1 &H X F o
ERSE AT E RN SIS ERCE R
i, @ ¥ (Dinarello, 1988) o & #h %2754 + § P Wi jSenifi o
Bl $303F g A2 A6 F-1 A E A AR B E
# oo % - A1 4§ F-1 4% % #(interleukin-1 receptor type I,
IL-1RI) » &2 /i 6 B-1 % & & 92 %582 3 § N %3 (attachment) #7
& JF %3 (Simon, 1999) » £ ¢ F-1 % £ 6 F-6 & {1554
4 integrin ol % a2 (Dasetal., 2002) > /i @ B -lot ¥ & FF 6 i
F g P e X R ILT BN R A Rl ok
(leptin)+ 75 i % 4 4] £ & 3¢ f#(matrix metalloproteinase 9;
MMP9) % integrin /i & -1 §Te* % %% » (invasion)+ § P %<
2_ # % %~ (Huang et al., 1998; Simon et al., 1998; Gonzalez et al.,
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2001) > " rswck B e m s v 4 Al & B Fv Rk R o AT

(extracellular matrix, ECM)® %% & 3-v (collagen)®] 4 %275 % %

1R ¢ R 1B 4 0 HA K e f F T laminin b & j
Tk TR-3F ¥ > 22 fibronectin 3 & PFinfe L P G R
(Shigemoto, 1999) , "2 75 /% % & w¥e } chintegrin 2 ¥z #h JL AT
_ i fibronectin 2 laminin % & > Pl P - BE 3104 £ 54
FEMFIE* B P s B 2 I F RS nEFIpE LR
o ORI EE R e P ARER N B 232 B
v fiF 4] # (TIMP3, tissue inhibitor of metalloproteinase 3),T* g 4

#1 & e franE e > WA P R ~ iZ(Lecoet al., 1996;

Huang et al., 1998)> 7%%' %3 g N 2. MMP/TIMP & 5% integrin

\

DR R EAE N P AL EEL S LR P Ot

>‘I

B A AT e8]

L))

PR ERZ P R S PERMED G LR R RS

FHAEZAANNEE AR > L FRY PREEF R 02 2 0F
* (angiogenesis) * § JAFLK| N F AT F PR 0 7 A F i

B MR b 5 F 7528 KR e 4 T (soluble
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mediator) » &+ <X F (adhesive substract) 2 p A n¥e £ & <X £f
(endothelial cell surface receptor) % Ir i {7 P54 e g A724
(neoangiogenesis) - g £ d w g 0 A m¥e 2 £ F]5F (vascular
endothelial growth factor, VEGF) 2% % % a* wmbz 4 £ F|5
(fibroblast growth factor, FGF) & iv & jfavim®e 2 flen g h7h 4
e B F ERP cn A dhintegrin felmre o A FT L (E#
(Moller et al., 2001; Smyth and Patterson, 2002) » 7 %8 p iR »
ooBs v oWPs v Py B apPy el ¢ ez integrin (RiE H
gdrdli § P L mve 2 £ F]S Arg Eeha § 4 A (Kim etal,
1993)-integrin a3 &2 £ -0 felp  F Rt g 2 2 £
0 fE A e b AR RT RS 52 P & 2 5 g O 5(Bischof, 2001) 5 7]
M RES ISR r T R AR £5 3 R A R S e

SLo M FAF RGP IRIE Y FF E PR R K Tl MR eh

3]

AIER A 5 “'E"f

e & Fupnrsilgl T

B A #3E ¥ 2 52(in vitro fertilization) e 42 ¢ 0 £ # 4 k

F_*

prad BT % = X PFiE ~ %a%5(embryo transfer) 0 A FEP2 75 A g vl

A3 APEL Nmie 2 ars o W F T 004 £ P pEHp

PRM B R RE AT ST R Rt o L BFIR
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B gl M ORI T g FHE N 2 S IF
# P A5 2 % fz P5 (multiple pregnancy)(Garel et al.,, 1997; Elster
2000) > @ FFeRAR R en R € B B RAENR > BlAers 2R Tk
PR DR R PR O EE - MR E ARy AR S T R
(Pre-eclampsia) ~ % ¥ #% fk Ji (gestational diabetes) ~ % = R
(hypertension) ~ & & % (Skupski et al., 1996) -

IR VRS i RUE R Sl R R S S REEE L it
AR PR AN L FE S L FHRS E A2 gt F (Gardner

Ik 4

bl
st

etal., 1998; Marek et al., 1999)° & F 7 4F i P53l F &2 2

RTINS RV PRREE -6 ST TR 1 @;fﬁﬁﬁ;ﬁ

g;

rN— F 2 BRPL K& L ﬂev‘mbﬁﬂ UL I ﬁaﬁ_ﬁp%s‘;
o+ F R RSB S ¥ et )i (synchronization)s ¥ 23 B
275 % B e € (Schoolcraft et al., 1999) o d *tdx % & 2 8 27540
» F & # % (Schoolcraft et al., 2000; Shapiro et al., 2002) » #7 12 iE
BE G SE ORI L e r A f e FIUt i g
iy ER -

Gardner %2 Schoolcraft »* 1999 & % 3\ # % £ & " 8 92 75 &
B o WP Ry R ek P RE A S 63 1 hEs s 8

B 1 %7 5 % ¥ & %a(carly blastocyst) » % "2 %5 | 39 75— Lkl
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o F %247 5 ¢ 3 & 92a(blastocyst) > T P2 IFRE 4n K 3T IEEL - X
A 0 %3 &7 5 =% 2> & 2(full blastocyst) > & 2 iE AT % >
gy oa e e 0 & B 4 £ 7 5 '8 % § %2 (expanded blastocyst) © §
AEA TG 3 BRI SR RE 0 B 5 A oon it g
- 3Rirtn g Al G F86 &7 = 2 g
o P R DAL o h AN e BPRA R A L A B,C =
PEUNCE R SIS S-S B S T T RN ST
Bdommie gt R ER K e s G AB,CZ 50 Al
57 5 B A @B Mt L% 0 B BA o d U dciwre s
et fimv > C Bh 7w e ® S MRS im0 @7
TGRS B G EERSS o R~ R R T 2R
86.7%(59/68) chif 2 & % 69.9(95/136) % B & (Gardner et al.,
2000) -
G AL F RS AR R 2 B E R R

TN e @k o) 2 A5k k| E F K 5 (Kevin et al., 2001), Jeffrey

A(2001) P & ] AR Pa R (e 16 3 18 /| 25 1 27 [ BF 2 64
367 ] ik iz BRI ARt d IR B
Al s ER PANRIN N A N Lt I

Aot B R 2 F R T f b Lane(1997)14 7 § 7
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ot i & A SR B R B A B BB R fsd H -

2

e B2 of e W KR AL B o 3P R R & Sainin e e

2

P o E s AME AR AR EH]HERSFE 5L
T AR E RS BEFREdmiedcp 2 AP e
B rficp foinfofh » F gl in Xy Mo e g A S o
R EAY RS SAIE A R E T B o IRA R TR A A
T ARGEH N F T AR R RE- AT FIR e %
WL WFERL 0 BEZR @ 3 Gardner 2 Schoolcraft @ #% 41 4 g4 ¢
BA DR At~ A O R E IR AR P o BE

RO R A A BT T R A R nimE e L2 F

Beni 4 Rl - R L RE R s 62

-4
~
>~
T
5

er3g 12 (Hardy et al, 1993) & * /| BenF k{38 RFGER R T 0T 5

PEAEFETRA NS R AT B E R L A B

b
y ]
S\
s
N
i}
a5
\\\Xr
ok
=F
¥
(e
o)

i
ek
A
'3;

I8 & RIPHIFT 24 R B

F oL R T2 4R

& Fpdrd] 7]+ 55 .4 Tomida 5 < (1984)d -] B 1929 %

AR lmrerih it 0 ko h- fEE 39 (glycoprotein) > Fl1 & & e
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| B R G s ek e BB M Jw ¥ (myeloid leukemic cell
line M1)3#§ 78 craiy 4 > T34 | BUF #p% wie M1 & 4 = Evflm
o FIMAR A LG R E S o A S b d] Tl A T i
E 2L R qld Dl o b FFHFF B A0 -6 v
PR R 2 - > AF 8 5 20kD > A Rehde Ali 73 202
Byt o SR enF-0 Al d 180 B %A AL & & (Gearing et al.,

1987) » &5 6 BE X P 4 fpiepr it =¥ (N-glycosylation

sites)> 3 1 EEFdE 3 B exons 1 & | ik s mRNA =& B 5 4kb>

=& Al i 5 1.8kb o

& B dr ] Fl+ ehlg & # (crystal structure) g 13T 1994 4 4%
# % ) % (Robinson et al, 1994) » i & % 4 i ot * (o helix) A %]
d 2 BEIEE - BERATE I o P knimied 4 2L S
“&48(short chain) % & 4#&(long chain)® #& » w JF¥ri|F]+ ~ /i 9
T2~ A0 5-4 2 3R sk B o8 % 1l %)% A5 = H g4 5%
(monomeric form) fe /§ “&4# fn % # + % (Boulay and Paul, 1992;
Bazan, 1992) o & Jgdr4] F]+ L S M ndm X 8 5 0 Fdrd| TS &
%X BBE gpl30 #7ke = ch4f & §8(Gearing et al., 1992; Ip et al.,
1992; Taga and Kishimoto, 1992) > ¥ 7 = falmre # 4 % chfa X &

% kDR R F 2 B Rl TS 2 gpl30 Bk
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/ﬁl

®oipw AR 4 F & B I 2 -M (oncostatin M, OSM; Malik et
al., 1989) ~ #i v % -6 ~ (Van Snick et al., 1988) ~ Bt 4! ‘4 % 7]
#(ciliary neurotrophic factor, CNTF; Stockli et al., 1989)% /i & &

-11(Paul et al., 1990; Kawashima et al., 1991 ) -

P F)F L B et T A X 8 gpl30 B &
{8 i@ 18 R~ 22 gpl30 4 & ¢ Jak j¥cpF (Janus Kinase)# i fis it o
¢ G pRPL T o Jak £ F TR 2 m e B gpl30 ks 0k g
(tyrosine)ips it » gips i e gpl30 £ # Mo B P chfd T * o
2 4, @yESF % % i 3 (Signal transducer and activator of
transcription, STAT) =7 SH2 domain &4t i* » STAT $& %) = 48
i~ ke 1 & T P54k F)(Gerhartz, 1996; Heinrich, 1998) » »
FEERN YRR G PR PF A BIRL 1 hgpl30 B E BT A §
& d MAPK § jE (mitogen- activated protein kinase

pathway)( Stahl et al.,1995) & 1£.21 i, o

o ) FF 2 4

LB FF A - S i hmieded £ At g T R
BEFIFAEALYRFERDET o L BRI F)F e
N5 R bR 0 @ 2 Y S fhime e A0 S IE R

PR T WL 3 £ & hi®* (Heinrich et al., 1998; Auernhammer
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T A R ROE T 2 B4R oS A3 TR

and Melmed 2000)
> eh%]+ (Murphy et al., 1993; Auernhammer et al., 1998; Gadient
S 5% dm e chA 1L o

etal., 1998) o pt ¢k » w P F]F ¥ rLFE4] RS
B ek ] Bl R e

FIM 0 BRATLER e i R AR 0 % F
+1¥% Jm Pz 4 it (Niwa, 2001; Burdon et al., 2002)
B e e el F1F R L A B0 P 0 fu
B-T—N;ﬁ\-—}-gl])\gg_\ﬂ*%ZE’ ,L\%"E,%T\B#H%T\Bgﬂfll\gl;ﬁ?&
SR AR B B F1F o ok R F S fogr 5 ATk
v b e e~ A 1 st ez s B (Metcealf, 1992; Hilton, 1992)
£ RIA)FE B DL L
$2 3 ppoEl ALY % g

., 1994

#s P 4] ¥+ (Shen and Leder, 1992; Yang et al
1996) » * #u Fjpdrd) -

1996; Vogiagis et al.,
g l]\ 83_ ’E’Jp? g

Cullinan et al.,
FEXT EXPBEFTF ) LY A ot
FREYEH DL 2 BRIIATFIR RN T
, 1992) -

] F]F enk & > ¥ 5k &2 % 4 (Stewart et al.

—tm ”’ /
3 T ?7?3

A S TETRE vy R
1991 # Robertson % 4 #7747 2 7 2 B Fpdrd

F ¥ " 4esg | BUE %4 % it e07) = (Robertson et al.,1991) » #F i
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i % Bt g sy 4% B (Funston et al., 1997) > @ A Fry & 4
W g P R L Fdrd] F]F ¥ U A 2P enF R 5 (Fry
etal., 1992) » & & & Fpdrd] F]F ¥ 4 80 a2 £ g g iR
4B % > > Dunglison & 4 (1996)#-x HFr+4] %]+ (1,000 [U/mL)
beord R EEBDK AT Y B A FIRE Y
Ip 56035 B TR 18%3 4r T 44% (P<0.05) > @ % ¥ 34 ik e
F s £ 10%3% F 3 33% (P<0.05) -

Jurisicova & A (1995)#- 463 i T/ 7o 15 FlAR TR L &
SRR 3 A R | LY S K,/Tt G164 BAAFA G Pl et
Hbpw 2 cfich A % 5 54788780 At %RV 4 » %
ok B ehw Fdrd] FlF A 85 155751020 ng/mL > & X g
R AR ERE TR 2 A IR e T
AKERPS RS T D i B At o o dl e £ 1 %
TAFERG R%FT ISP F A AFG 19.5%
FT 3RS A 7 beak Bpdr 4] F1+ 5~ 7.5~ 10 ~ 20ng/mL
WA LES XTGP RERGERILE T 5 B S8 f gk
% o3 2752 10ng/mL 3 MRS Hp & a5 ant B >
Rl s 5 38%% 36% LA G LRI @bzt b & o
245 12+ & 4% Dunglison % Jurisicova & A ¥t Jpdrd] ¥ B &
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T - RVFE T REBIZEARNLF 87 o
F28 FABRPHRBRIHAFLARZL REZ
DNA 2 icz % (template)f# 4% 1) k 7 RNA % sense RNA > &
B 3 A 7R - L DNA 5 254504 " (non- template) > @ 1395
non- template % #7iE 4% 11 kX e RNA T 5 F & RNA (antisense
RNA)- &% F REPH 2 pana sl R H A TAP2 2
oo Bt 2 RIE LA AN A T F RS BER
HREEDLFZ RNABF T a5 E o dopt e A 51 &2
MEiE TR EIE Y & & v B (Green et al., 1986) ©
F o £ L EPHEAHIB L RS
- ~ F L E P H R 8+ mRNA 9% 75 ® (coding region)
A R et RGEARALILET QL K R EBEPH R
B 4% mRNA } - %& %4 § 514 mRNA 7 e
@ + 3 F-0 & i FH(Oppenheim et al., 1991) -
S F REBEPH RS B9 TS ih4z 4 7 ¥ (initiation) %%’
d 22 mRNA #:E ¥ (promoter region) & 42 4~ % (initiator
region)*fiTenF 7% & > & 7 {5 pERE 4 & $8 (ribosomal
complex) & ;% "8 412 mRNA % & > g = i Fende 4 (7% %
Fril(Kitajima et al., 1992) -
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R N mre R A > &7 RNA fwmis prgd T

F(splicing) sz = 2 & 2 B end| i 0 A LB

HAe™ 12 B & 17 % 5 pre-mRNA % ¥ polyadenylation
£ 2 %77 i (transport) 3 w?e T euE 4@ i Flar 4 A Fl &

Wtttk o F LB PR E &2 T 354 % (Splice junctions)

ik

%4 ¢+ mRNA h2 R > @ g 3 A P4 R e (Kulka,

1989) »

o AZFE LEPH RS S O mRNA ¢ 4L RNase H 4 f2

C A

(Cerritelli, 1998)@ 4 i# % T

£ & PPt R TR B

GALRER Y 530 BRI AT 0SS AR Kk

(Southern or Northern blotting) e 4% ¢ » F & % {2 H e 7 reded] &

Flh | hE R 5 12 BPHMG - SER N 0% P B § ok

By kR 5 14 3 25 Bk A (Herschlag, 1991; Manche

1992) » 2350 F R IE 0 K F BB P H AR OA R

Al 5

CEF LR kB 2T E T 515 mRNA
Scap i 3 #HiT @Ak R AE (AUG) 2 B entr H ph v £ 3%

¥ 11 #r4] nuclear processing i AR S 7] o
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Z M F LB H B E EeA (guanine) it G A F LA I

36% B F NI B g R T RIE KRG

P E R EPA R R Rk i b F A %

AEA D FENCPN > PIEERDT

=
[4aliTy
pal
=
14
&
&
i
)
e
&

FREPHREMKE FRI P AR 5 aF LEPH
fi% (Tidd and Warenius, 1989) > &8 7 # i ef% 3k | Slimoe JF
L RPO6L G B ERE S B AR ) S A N g 0 A
R 2 AR PR R bl T R kK

504 45 % 40-]: P (Schlingensiepen and et al.,

i

¢J— *#Z H_:, ‘/—J

1997) » &x S B F4 fig 2 %’:—fﬁﬁ;.ﬁ’ RNA - é»;.i#ﬁ;% £ AL 4

Mo v B U R AR AEY A E L

Liv b EREE e A BETRE I BRI LR
(Summerton and Weller, 1997) -

B PR BEEOF LR B AP TR
EES R LR NN (MR 7k 2R

Gene tools 2 # = & #2541 - J&fL 5 morpholino hF {12 H &

HE LT PR F AR R B 2 AR
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VR HE P - BE 35 4 ¥ s § 45 (Summerton and
Weller, 1997) » iz 485 H 2 %+ B (nucleases) ¥4t ¥ £ T3 F
W N PR PR TR A S LA BBl fag o i
5 B~V @4 RNase H 22 p 4% RNA 4p 2L p 42 RNA &

AR S Bk - S A R P H R 100 B > i
BRERKRRTRY L A £ MA L - P ERNA B L
150 VB P HRRNA h s g > 232 RNAE R & D
P 3P &b B2 e f5 F % 1 (Summerton and Weller,
1997) -

Tt o F R EPHRET AT EORT P kiR kT
G FEIFEREPRMEASF AT ISR E AT R
(myeloma » Barille-Nion, 2003) ~ x % 4f % (Janssens, 2003)f=**
B~ T R E  FE%E (Stahel et al., 2003; Kim et al., 2004) > f& pF
» A B %R Aetenk # B K TR 2 - B2 % (Biroccio et al.,
2003) -

1995 Paria ¥ £ (1992)5%7 3 > f1* c-myc ehF & & 153
Fadrd|iaragd v o2 0 B RSy s AT ARG T S

e KA EF R F LB PR AL FA T

A\

THOLERETHE I AFIARPF T FEDES o Hl4cE 4
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fk%t%  (E-cadherin, Ao and Erickson,1992) ~ 40 ~ 49 = Bk ’9!]13%“
fe(Na', K'-ATPase, Jones et al.,1997)% % = 4|2 ¥ ¥4+ s dr

3 HAE % (DNA topoisomerase I, St Pierre et al., 1997)% > 41 *
FREBPHREIrFIAFNL T 25 AT AR5 8

e B s o
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$o% s
g E‘E "lﬁ'f H‘B" J—"/‘—# }’7} T Hp "L”r‘fr—ﬂ- F\ ’ig_rrj)’? 5 ]':}J\-

TR LS DA SR DY RN SRS

\\

*HIRE AT IR TS o e n e TS AF AR T 2R

RIS F A S T LA FE S L F A A B R RE Y S

FER AL DLFEHL RIFIFIFHF AP 0L L F T
EEHAOEE g A ) BRI R R 2 F g~ i T R
SRR RS DT A 2 R SRR Us VI S A S

WS e dloi Rard] 15 L Rl F 3 Ae ) i R R

Bt | F1F B F R DY RInnd BT 2 F R AT LS o
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R LT

=
£z

s BT
ERA RS FHRI MBI ) Bk LR
,figﬁv;fnﬂ P ICR /) B & 454 3 8802 #3224 & (embryo

donor) ~ 8 I 12 i¥F# 2 X 2* Bl(recipient)® 8 3 20 ¥ #5 2.

=

Vi I ",’TT z_ 2> K (vasectomy male mice)° & FpFrd| F]+ ¥ F &
W T R R hi ] BLE kD R § B
@ 45 C57BL/6] #* &2 CBA =~ & - C57BL/6)J # & 2 CBA
MR FRAE Y - 3 ) &(B6CBF1) » B6CBF1 * & 4%

343 8iF#iF L #92 E(embryo donor) ~ B6CBF1 2 & 4%

183 12 F#RI* A Bl ptohinr [CR# &IiT:

?Ii\

A3 R>8 % 20iF# 2 ICR Mk\ff;i;\gi;ﬁ%gnufy R A5
gl R RN E N ERA 7}1’*”#7 i E oo

& A

N

-~ TAASRD Y R UER

B4 * iR PRI 5| (Sergona Inj.)
w47 * 5 9% 500 73 & (Gona-500 Inj.)

Z ST AR £ K Sigma o P

37



% 87 o9 (mineral oil; M8410) ~ # it 4 (NaCl;
S9888) ~ # it 47(KCl ; P5405) ~ #ift = & 47 KH,PO,
(P5655) ~ Fripa4s(MgSO4-7H,0 ; M2643) ~ 5 a4 (Na
Lactate 60 % syrup; L4263) ~ b 4F & 4 (Na pyruvate;
P5280) ~ # % #&(glucose; G7021) ~ At & 4 (NaHCOs,
S4019) ~ -k & & 1 45(CaCl,.2H,0; C7902) ~ gL fi s fis
(hyaluronidase, H3735) ~ ~ ¥ +t & 4% (sodium pentobarbital;
P3761) ~ #-v -k f#[i % (proteinase; P8811) ~ MI16 3 % %
(M16 medium; M7292) ~ M2 ¥ & ;% (M2 medium; M7167) -
Z WA F A L (trinitrobenzenesulphonic acid, TNBS;
P2297) ~ X 2 % vrg = Bk (polyvinylpyrrolidone, PVP;
P5288 )~ 4 & /¢ #¥ (bovine serum albumin, BSA;
B2518) ~ % = Elx jj4f 1 (guinea pig complement serum;
S1639)~ + 7@ (glycerol, G9012) ~ 7 i+ 5 e (propidium iodide,
p4170) ~ Triton X- 100 (t-octylphenoxypolyethoxyethanol;
T9284) ~ Tween 20(polyoxyethylenesorbitan monolaurate;
P-7949) ~ bis-benzimide (hoechst 33258, B2883) ~ 7 4 &
% & Chicago Sky Blue 6B (C8679)

Z ~ T ER g £ F Invitrogen 2 F
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7 # % -42 1K % (penecillin-G streptomycin, Gibco
15140-122) ~ &4 fk ¥ =% (Dulbecco’s Phosphate-buffered
saline, PBS, Gibco 11500-030)~?5 2 » ‘}%‘(Fetal bovin serum,
Gibco 10270-106) ~ & = "% fiy fiz 3 (Ethylene Diaminetetra
Acetic Acid Disodium Salt Dihydrate EDTA, Gibco
60-00-4) ~ /| & & Fr4] F1+ £ 2 F-v ( recombinant mouse
leukemia inhibitory factor, L5158) ~ 3,3-Diaminobenzidine
Tetrahydrochloride Tablet (DAB; D5905)

o~ T EERE A AR

f= iz (Phenol red; 7241.0025)

14

ST ERMA P ABA RS EAL
& ¥/ (Ethanol; 2140063)
AT EREA D Aok BB €A
? f%(methanol; Wako 137-01823)
S O MTEERE) EFFRINCEFFE P
. + Fu= A Ak fis Futl (rabbit anti-dinitrophenol; DNP, 61006)
NN ERER T F UL LN P
4% 5 tk(formaldehyde solution ; 88725)
4 ~ T E R AR % 4] T Chemicon 2 7
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o dr 4] ¥+ 48 (anti recombinant murine LIF,
16121102-05)

L T Ee g £ K Vector 2
VECTABSTAIN ABC kit (PK-6101)

L - Tz A £ K Gene Tool 2
fluoresceinated standard control morpholino antisense oligo
(310ct00A) ~ fluoresceinated LIF morpholino antisense oligo
(41-17-Jan01A-K-F)

F G EXF
- & ® 7+ &7 * T (Mettler Toledo, MT AB 104; Switzerland)

~ f23 % x4k (Nikon, SMZ-2B, Japan)

[

4

¥ Sk &g pedd (Nikon, LABOPHO-2, Japan)

Jin

-~ = § i B2 % 4 (Heracus Instrument, Cytoperm 2, Germany)

I~
4

4p = £ B #c4t( Nikon, Diphot 300, Japan)
Ao R Y5 (8 A2 P, CVM-420T, R.O.C)
=~ MR Yedr 4134+ B (Sutter Instrument Co., P-87

Flaming/Brown Micropipette Puller, U.S.A.)

v

~ &g peds & B (Nikon, Microforge, Japan )

1~ B¢ Hcdk @+ K*(Narishige, Micromanipulator, Japan)
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£ S

N LY

=2
zZ

é‘f’

A}

7

3SmmEAEr ~I0mMmE R 43t Er 963t R

T~ JFPEE o~ A R T T 7 S 30G L B - PR

Fréfe ~ b b~ Iml 2 &5 F 227G #4E o~ gl s s
FRP ISR ARERE BB L ey~ AR

# .(Borosilicate Glass, *} /& 1.0mm > p /& 0.75mm, Sutter
Instrument Co.) ~ 7 ‘m .3k 2 33§ fic ¢ (Borosilicate Glass with
filament, “} /% 1.0mm > p /£ 0.78mm, Sutter Instrument Co.) ©
SRR

S

F ol BE NS RF AL L g g ATRE 2]

HERBEE -G RLT% SR 3akmayiEe d

|~

12/ pFXR(GFR- 81 B> B 12 2 238 (%ot
= BEIF RSB, AR R R A AN 20-24C 2 o R
HpRFAEA Sum R 2 G s i * & 5 £ B Diet Test & & 2
Todetenfl s 3 B A A L k9 23 % dergih 4.5%  fega
6.0% ~ A > 8.0% ~ FHd H 2.5% > B ARINA (56%) 5 k1 &

Foo ] RL&Y K5 HBEEEREL K AP F R %
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L
Z

g ¥ F % ¥ = 2 (Institutional Aminal Care and Use
Committee, IACUC)#% /& -
C ) B2 AR st o gz e 7(Nagy et al., 2003 a)

B8 4

Wi
Il

F o BULIE(TF B AEK o RQ IR pffaw
UL VRS FTEE R L EE T FEL R
LA %Fiﬂi]l,;f% (gonadotropin) » # ¥ FSH (follicle-stimulating
hormone)z # &t » {jF P L e s B> T e & ¢ F/ L F G #F
Blig end e * R IR Qﬁka\ﬁﬁ*-ﬁ’iz—ﬁ’ﬁ{&f% JVRCE & R
(luteinizing hormone, LH)2_ 7 it > { e+ r > 10 i 3t pefhfs 15
LR S S SNy el R N e
%'\*/P%F\ R 2 ig@‘nlj\—%{& - 3B o i e H);;]L;f% L ‘*‘F‘
L Bi‘f:i,%?f'li’;f]{% AP AN 42 1 48 ) PR o RS IR R & 1 o
Pt B p R o BUM R 2 A1) S 2 155 2 (vaginal
plug) » T ¥ H| g #+ Ble &8 0 B fles 5 o A7 %3TF B R
LS R S TU » 46 ) B (S £ 1 v s S L A
S ’«‘s‘fi'riﬂﬁ'\;‘,%r% 510 ~Aggns Es‘fii;?ér'l“igﬁi% pERE L L
BEr 2EHP BFEFIFRIMREIERRET EIEE (R
~ AR F R AT A REA R A

o) B rsZ e £ % 22 # (Nagy et al., 2003 b)
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o B o] BURRRS 2w OF fie 4 A ¥R E A A (Quinn

1995) » Pt & L eha & 5 P NaCl 101.6 mM, KC14.69 mM,
KH,PO, 0.37 mM, MgSO,.7H,0 0.2 mM, Na Lactate 60 % syrup
21.4 mM, Na pyruvate 0.33 mM, Glucose 2.78 mM, NaHCO; 2.78
mM, CaCl,.2H,0 2.04 mM, penecillin-G streptomycin 2000 1U/1,
phenolred 1% > B~%% — % » #-4 ik\pﬁia?lgl“g Y3 & 2L 20 1l
S FFEN3S-mmBERe Y > L RERBIFAREALALY R
W37C 5% F PR A Y B A FRIGE . Y o

RARLE A BLGHR C R g  T - £ RN B2 vk

HE > ¥ - SPAET AP BERB G BFREIF KB

T

Lié!ﬁi%l‘r’ig IR e i ®) AR EN S LI EE T G S
T ¥ 2RBA Fosth o B3GRV TR
L M d GEAE R YT T o o AR TR R R AR
FP o AT AR TR R R AL 2 B 306G i
%Hi»%&*%rumﬁﬁééﬁﬁ%&ﬁﬁﬁ,ggﬁA
CRURUE RUETE S SRR SR R S R AL R O
FVREHCET U o B BURTS o ko wiR 2 g AR N s 4
"3 " P & tw % (cumulus cells) - £ 6 e B AT PR AT

T PTG g ek O PR 0 R ¢ AT Bt 2 e
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BAERY CBEoBAMARA  FARB EHOLE KR
) Bz 4B

AP EHHFEMAEE S NEN A A R d 3 '
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A BMET 0 200 BB EELE e B R Lo
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Flr FAEEDEPN D RE 0§ AR

FAApEE ehE j8 > FR PR FFIA PRI E B E 2 BEenE

)

T BRRIAAUBI RS T R RFEAR LWL o
fE o~ A iz fi A w4 Z (differential stain)
L1 B- IR A PR Bts 0 F - B hime R

Bep s Pt Wi P 2 E R PR m e fiep SV ER RS
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% % + fF(immunosurgery) 2. i I 4 4 "2 :E 7 4% 04 ¢ (Piekos et
al., 1995) » 17 96 3L 32 % m ¥ (¥ » £ 12 pH 2.5 ¢ Acid Tyrods’/3
RGP Sk o e £ 20 7 10mM
trinitrobenzene- sulphonic acid, 4 mg/ml polyvinylpyrrolidone #*
0.015%¢ Triton X-100 57 M16 35 % % # » B 3tk P 10 4 4518
M2 3 AR EFZ T o EF R A 75 0.1 mg/ml
anti-dinitrophenol (DNP)-bovine serum albumin 77 M2 35 % %
Pt 37 CIEHF 15 A dEis ! M2 3 & R iRiisz o b B s
BAI M2 AR B £ 8 4 H (guinea pig
complement serum)® > I 7 4v 10 pg/ml iz & 3 sk 25 %|
propidium iodide » ** 37°C i® % 15 A 4&{s "L 3 brR iR iF =

Lo AR{EHRRISE YT T 22 ng/ml S F kA

bisbenzimide % ¥ /FH Py 3t 4T Bl RIER (8 #a
g iﬁ_ﬁ\ﬂﬁ PR HB R R IAFELY > L UER TR

Fhonrs b s TS ¥ REMEN T UV-2A 2 G2A
ARBRBEE R AR MR e € R ko A P e
B¢ EMES hf ko A ulesnisdimeikp o
Er 5@27 # # .% #(Nagy et al., 2003 c)
d 3TiE 7945 B (embryo transfer)w £ 2# B g et BAR
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% (pseudopregnancy)k ik > @ 3+ ¥ TRB ASIE LT v 2R
ROR LSRR R L 2 RE A R POE AR
AR EE ﬂsﬁ-f‘ﬁ%ﬁ?}?%& P XTI A FIT P A e
ARG A G AT LR L RDHE S
100mg/kg » & * s f=-10mg 2 4% Iml2 2 @3 @-k? &
) PR A AL B B A E E 10 52 0.1 ml st 2 B o it
E/TF‘*'/‘E«JIF;%I\T JRF AL T2 o Iml 2 8 F ~27G

GrER B R 0 AT R — () BURERNE-ARER T D)~ FEVEY 5 R

&5 1] 3] 95 Bk % ;f{ y %% 4% jé;_;,_ze?génj;j_)\ PR 0 TN 4R d

BT - L EAES T DA R

2
DERERD LGS N T L IR E S RS i
% 1% F(autoclave) 5 H-2 RARE T R4 €T S AS R D YR
P REFB AT R A

HERF IR o 0 TS0

)qzo

-n\ﬁ\,

L7 IR K 2o BB - B LS 02
CRFOVRVERHI RS R R 4 2 B P 2 7 s (fat
pad) > & v g o] s B E AR R 0 DR AL A B 0 g AE
(80 MUFpE R 2 e A BT - L ST O R R R
GBS Lk ok SRS NS S LA RS

x

FRRJIL Y - 2 %‘J%? o oAk B (L UL A N AL BB
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PR AKE S MG ARBEEY FRRAGE BB

g LS B iF 2 ﬁ%]ﬁ:? B ORI B4 ¥ fefd o

P~ mE# Bz EF 2 B (Nagy et al., 2003 d)

2,

= RL—Q VA

»
\\\

RERAAEY B RGO - LER
R A8 &k (outbred) » A F skt P gt &R L2 ICR 2
PR FRES P FEZ2AVERY T HE -
o~ firehm 32 B2 QITREHR YR ARZ)

HEER LB OFNF KO Epy SR 2R R
EEPE G LR - B)ar® B gt # R AR ILITL R
WAz i Qo iF0ninfy L jivpr, s Rt 1500 A
TOLLANET PR BT 90-mm B Ax ¢ ok 3 F IRy
TSOFRHEF R E A A > R Y 7 N P MR ING 2 1
3ANEZ AR - IR R BT I -

PR E S d AR T R EA R b 2 e Mt Rl MR

LR VR S E L L L B EL R
FEEBNE > Mo HAAPBUHEEE B REB I

ZREMRCELT o MR RS F O F S RS P Ty
L) Smm gt 26 G 2 a8 AR G F 0 T - ) 0 AR

I AN SREER D

7

|
44
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ETEAEERHT Z 5% 7 ;L/Fm’(&(ﬁﬁﬁg"’?i%%f&
¢ I E % 200 um 2. B3 v\:}'\%v}%"xi# o BwliTa = K
Foe o P53 7 BE BEBAEH I F ALK

Iy

sRB g IR 2 f e PlESE X

RS

SN IR
r o 5 fé};@';;;f/'/ﬁ ;i;&-v:};%‘;}ﬂ; v g4 ;gié—a\?"rg‘g}]\ s TriFp e
FEEFYRZHBE HMEMEZARFCEHFEL Ay R

oo L P FF F LB R T 2 R

<)
.

FRAAP S SRRt RBMLIRZFDFRAR RS
oo RRus Raogds g o - > RRAAINL 0
Phenpedlie g e o ¥ - B3 g RHE L~ & RPr TS R R
EPHRI a8 g e g A X 8 R B
A 0 11 1% 4B X 5 Fd 2+ HAEINE %1545 02ml > £ #2

RAgvreng £ 2 sep PEB Enrst %

>
P
gl
=
‘Iﬂ\"\
b
|
5

d M PLER S (sac)(Blw ) 0 HE FERF T ARG AHD o

Ko~ g B2

-~ FAEPHRZAR
AR BRITRG L & I FlF A TR LR PR
# 45 % 3~ Gene tool (U.S.A.) 2> @ #] i3 & %_FITC e i
Bdr il F1+ F LB PR %S P KT IR RNA

48



EREB - BB B gl R T3 R LB P
H LA 7] 5 GACCTTCATTATGGGCTGGACTCTA
(156~180) > ¥ #t & PE» - L& L &R DB » HR 2B
(nonsense Control): ATCAGGATTGGTGG CATC

TTCCCAG 1 £ ﬂ,f T R FS R AR P ke o
R T E o X p o B Ay 5 BLAST A FI R bt (M 4%
- D) B R & - kel R Rdrd] B3 AT

4 fo) KRR A T -

=~ B poicE 22 WE (Nagy et al, 2003a )

AR BT R Y 2B E ¢ 45 F 25 F (holding

pipette) 3 & ficii &f fic ¥ (microinjection pipette) @ — 45 @
s AR F 2R K] 2 Rk T e R S A R

P2 R R AR R S R BRI TP AR
B A RAGKEF M ORI AT fORK A 2
B~ F ERELATRELPEH ) - A g Yl
T2 24T > AT i FOR LB TR
i 13 & 4p #k(velocity index, Vel) & 60> 4 35 #c(pull index,
Pull) 3 95 » # & 45 #ic(heat index, Heat) 5 980, P ¥ 4y #ic
(Time index, Time) % 60 » R-gLIF pcg = 4 F T fF £ 4 &
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SR IYRcE AP A X LR FARER TR
2 P IR g E > A R T70~100pum AL L 0 o] D
Bty v RSES FIFA 0 P IS E10~15p o i F Ry
P B 2mmenk B I BRI T S TS SBER L
L IR XA PR3 R L  A R Y%IFH 2
EF2 G % SRR > 3 R AR F D il R
ML BEPE B AP o X B HeE PR R F ek BT
Peg & MR A EMRT e dl e B LE G 0T
ol RApBS TS 4 Al 1100 AR AR Hc: 975, BF
& :}% #(Time index, Time) 3 150 » -3 35 ﬂrg B 8 E T
o 4 e Bty AR AA X BF BRI INE
2mmenE B3 BEIIRT S 0 T % SR A B LT
PoE £ PR OIRE S AU %A R FZ Y
FG KBRS 0 A B IR R BRIRAR R Rl FRMK
e o
=~ Bl st
w I F]F 2 F REPHREM AR Bk E &
0.5mM ~ 0.25mM...... FERCALETFLEPRHRA

FIFe 2 0.5mM ek & 0 0L da g 3 8 e o B Tl
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F R EPHR D AT B R o Beg o0 5

RIHAE 52 £ mBh > §HF LEPTRARAL S
SRR RORF R MUACL ST A BB RO B A

Pl AZ gt Lo b FE F T g 2 Ry

shdk R H PR T R R TR AR TR A

O T GRE AL e L M B R RS R
MR E 0 T EIEACET B 1T 0 #2018 R b areng R
BB Tam AR B IRMETE D XAFFAT
Sop B BT SHCE 2 B R -

Mgt B R G PR AT SR S s 0 ISR B

>w

Vi g BENE RN INE A o B s SIS ID I N S R
Ron o ABERRAURER O AFTBE Y 0 A EK
AEER 0 R B S RO EEEARR 0 BT SR )~ 2
Ryrp e FFFIREF LEPHBRARLI AP
P FRPIPEER S B(BIT) L PR K 1pl o KT st
Fgfh o FRFTREL C RADEZ o TR
AR e RPE R PR a0 AR E i R A
Fedrd F1F F 2B %’ﬂ‘rﬁ % % 4 fmol ~ 2 fmol ~ 1 fmol »

0.5 fmol% 0.25 fmol » & » & &, & F & & 1% Eﬁﬁ”ﬁ L
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4.0 fmol% 2.0 fmol » ;3 B+1s -2 w & 3cw - § LR &

WA FEDUFRE -

e AR A

gh‘ﬂ

P FE T & A FlF F R B P R A Tl R
Frd|FF R Rk > AP RT3 FER L BRI TS R R
BPOHRES 0 & BE T W R R FF e LR R4
07 R ERL R drd] F1S U G AR o A s Acidic
Tyrod’s /3 iR % fa et R 2 B % » L MBHfR S R ikis = (s #
RIS E YR T F o 2% IuE S RTINS A4 B T
ks this 0 ¥ 11 0.2% Triton X-100 ** 25 T &2 5 &
&8 > MBI B RIET b 0 B 1%BF RIEY 10 A48 0 MER
PR BrREisZ o > M7 7 10%%0 2 0 G anpRpL s B T TR
TRIE ] )P EE N Img/ml s Bpded] TS FU 4T &
F§ 7 > 12 TBST ;3 7% (Tris-HCI 50 mM, Tween 20 0.025%, pH 7.8)
e Mg G 10%P A b G eBERL E BRR T F R T T 10 A
48 > f 2 Img/ml = % Fk8(goat anti-rabbit [gG) iT* 1 /] pF » 12
TBST % i%iF#% S > * i 2 & 48 > ™ Avidin- biotinylated
horseradish peroxidas i 45 4 48 » £ 14 TBST i3 R % 5 =& >

& 25 M40 K151 DAB 3 %(0.05% DBA, 3% § (ks
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JL

0.05M » pH 7.4 ¢ Tris # )A&J2 20 4 48 0 £ 12 0.05M » pH 7.4 ¢h
Tris 3 fbreige 356 = 0 A B 1L T0% ~ 80%3% 90% cFuppH AJT 5
A GBI NLR o RIS W RIT > AR L BT R R 4

']‘%’— 7

VRt TR F]F R B BGIAFE T
i ﬁ?:r?‘«?]% bo e AT FlF v WL m ] F]S R
REPHREALE T H AP %20 fmols B FF F A F
PO PR~ R OB o 2B E ¢ 4S5 ng/ml > 10
ng/ml% 50 ng/mléngg &% 9 » #-& 2B 3cw - 5 (C B £ 4
BA IEPAERE -
;" v Bt 2

AP AR A 2 R F R F 2 AT F SR T
(chi-test) 5 3e3t> % »p B/ >0 005 FE & 2T HFLE &

£

BPLE R P EA NGRS SET EciE ! TEELT R R
¥ (meant+SEM, standard error of the mean)# =+ » ¥ L H - %2
#ic & 17 (one way ANOVA) £ 12 Student’s t-test & 3zt = 2 > p B
13005 FEE s FREFAR o AR L BRI F]S HHa s

TR o MR T 52053t + 2 g 2 (chi-test) 5 At

E o IAPRE SRR PR A NG B ET e T ER R L



(meantSD, standar deviation) % 7+ > I 2 Student’s t-test % *t3+
= 09 P8 E R & L 1) Kruskal-Wallis test £ 12 Mann-Whitneu U test

B opEANO00SEFRELFHTLE o
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AEF - 2 Ry g 32 & ICR &k gt B 57
H - e P arn 650 B 0 M A o] PRS0 589 B ArAA A B
R s Bp AR o St 55 90.6% 35 & 3.5 % 1 7 & 524
Bgia fd 5 89.0% S FASES LS - g
A A B ra— L il A ch g B p (B AT B e eh
40.5% (212/524) > % = ‘e f ia v S 3t iara— X gl o a ficp
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¥-wdrwiedcp 5 15312060 E & ek e P i
24.040.8 » F fr it wmre s 393113 % - Efr o N wme B#c

26.7+0.5 > @ % ¢t rk e P 5 59.241.0 0 & 2 e e
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ETINS
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o x g )Nwe WBP 5 32.2+1.0 0 FE R LK e i

452+41.7 » B e e s 7744260 $- B~ § - s
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fed B enBEE A+ B3 giER od X {838 XA B3 g W
2L/ ILRE LR HER N R R Al T S R R . L Rl

- L RFHEr 60 BEIL FHF L 56.7(34/60) 0 = g i

W

Fra- £ 60 B FR S S 73.3%(44/60) 0 @ % =
e B B et e e R 45~ 66 B2 F B S5 80.3 (53/66) ©
S e TR B e S 2 B F RSP A

%

BoAE - mmrar B stz B (%

=l FEE i iz G ,-gazl

dmm chS 5T iFEINERE EFFRIZE » & it

ik a o FIMBERE AT - 5% 5 e om > Lk -

D

SR N S S f;';_j_f@kﬁl‘},_éfﬁlf" e B A W B 43.3%

—

(13/34)% 65.6%(21/32) 3% - R 161 5%~ % » ¥ - &% 5 - &
F9p it L B A ] 63.3% (19/34)% 68.8%(22/32)(# =) - d i

%%%@hwﬁ*%i%&%ﬁ%%ﬁﬁ—%%%ﬂ@&ﬂ%’
$o AR R G - BarssEel > A ¥ - s gt R

B et gy A ok ARy - B A Y - X4 7] 63.3%
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4
1y

kuly,

n I HIF]F 2 F LEPHEREFAD P ERE T 2 Fh D
X
i BTG E R R PR RS £ F L B
AR & w2~ 0.25 fmole ~ 0.5 fmole ~ 1.0 fmole & 2.0
fmole 2 4.0 fmole s Bdrd| F1+ F L E P H R Hnr » &
P& riosd v A, o SN BT RIS L AAp i A B s
TEEE L ERTIE S T R AT R P gt b
2 100%  AFF S RE RS N ML S Bk o B
S Ao INF A RT RSP FRFAHREF LT
AT P IR T v PR T A R PR 3 5 2 fimol
Z 4fmol £ R AR |2 HBE > RN Hik: 151171 %
146~ 83 > :E 7| = ‘e Hp et F o w5 90.7% ~ 91.8% ~ 92.5% %
90.4 > 4 %[;Z »~ 0.25 fmole ~ 0.5 fmole ~ 1.0 fmole ~ 2.0 fmole %
4.0 fmole & FHdr4|F|+ F 2 B H Hehd s T o e Hp
et A5 93.1% ~ 90.3% 0 90.3% 0 92.1%% 96.4% - "f 7=
R e PR R R PP 0 X WA s e B IR PS N e
Bz X [ AR e o AL R A AR RE B b L B et R

FANREY > P ARFFEARNIPRIZOT 0 HRE LR
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E-D

FRPLME ST im0 SRR LA RY
PR ieiist2fmol 2 4fmol # £ & B 7|2 ¥R e » E 3w wre
Bt F o w5 88.7% ~ 88.3%% 87.7%% 85.5 4 w|;x ~ 0.25
fmole ~ 0.5 fmole ~ 1.0 fmole % 2.0 fmole = F+r+] F1F+ & 3 & %
%’,—fﬁ’;m% s e e Hp et X 0w L 85.5% ~ 88.2%
82.1% ~ 83.9%% 70.4% » i » & HdrH|FF F R EPH L
g rad Ple e e 4 EE L A ERB B A KL 40
fmole r HFr |+ F LEPHRH R 2RFNZ wmie 3 L
FAO R RIHIFFF A EPHR AL wie P ¢ B Ao ftian
FAgE o - Mg tsimF T 2 ey o i x 2.0 fmole £
Fr4FF K LB {ﬂ&% eV LES: | R SN OIS - R N LT
X R - PR R o

/RS MR ER- RV RESS I N I L PR RS AP
APEHP 0 o0 BRI LSRR YR 28T 6 2 fmol 2 4 fmol
ALBRFFNZHER e ED Rt F A% 5 87.4%86.6%
3 84.9%: i3 » AR Al BB B R AR I HASE T T & e
Pl Bl ot BT ARG AR R Ay

e drdliee 55 30%2 £ -z s IR o AW
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7~ 0.25 fmole ~ 0.5 fmole ~ 1.0 fmole 2 2.0 fmole % = 2 £ T %
O Hp g A w5 84% ~ 76.6% ~ 72.3%% 63.8% ; § i3 a
Fpdrd] ¥+ F L E P H AR &R B >0 0.25fmole pF o) B RS B d H
RPEG R & G M0 2.0 fmole 1 k& de ki & H sa gl ephn
GIRINIE e LA Bl LN R A ELY S
TP A E DT B MAE R T A pE o XM RFAE N B E

PEEP o 70 $FPR A S L BEA R ¥R 871 84 2 fimol 2 4 fmol &
LERAENZHRE  ZF R F AL 854% ~ 79.5%%
79.5%% 78.3% > L » F ik edrdlie s | & T R T
AF G P a e gt R 2 AR L8
e B AP E rdlEe § 92 50%3 K ooz s T I

#9270 & w2 ~ 0.25 fmole~0.5 fmole~ 1.0 fmole %2 2.0 fmole

A £ E g 54w 5 80.6% 0 63.5% 0 39.4%%

g

13.2% > g iZéte Bdrd|F]3+ F L& H HEek & B > 0.25 fmole
Rt S Fapdle gl BEAR > 2 AMERS
%+ 0.25 fmole o g dr4| F]+ & g%%"ﬂﬁ’r% 2 i iad kgt ap
BT IRt 3 R &G L o bt 2.0 fmole & JF ] FlS
FREPHROBEREAE S 2l SEZREL 1 EELi
S I LAY ST 0 =L SR I R B SV R
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BRI ZF REPHR T Al e 3 % 3(R
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S 2w TR LRI TS b FARE G E M il
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ARl E R A e nE 2 A WA BRI )R
SRR S BER SRR SN 11 R A S G- R Rl
fa 050 2.0 fimol o Bpdr | F]F F LEPHRIL» B R E

el ek o L 99.545.8um c BB Y R EJIE T v ¥R e T

et P L BF LR 2.0fmol L T FlF F R BT HRL
sk R dic s N we B E R R Rk e i) s P e
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o B & %A PR mie P gt B B ] Y R AR g v
¥R 2 (P<0.01) o & 11 1.0 fimol & Jydrd| F1+ F & % 1% 3 fii ot
SREEL SRS AL R SRS ERLE SR RS S

B2 AJLingd eV RalF i i BR3 =R E

2 i pprt| B R L E PR R F R F L
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HAULERGAFRSBRT AL IG T APF AL RS Y
AR B g RN E L AF R ERHRELDFE A
Fo AN B RfrdiH gL ExF LEPHRELOF
kA w G 8178213 2 775474 B w2 FahFHRI T EEF
Z 2 -0.5fmole ~ 1.0 fmole 2 2.0 fmol & HFr4] F|+ F 7 & +%
T;f feend e 4 2 F 5 62.4% (63/101) ~ 37.8%(76/201) %
15.1%(46/305)= % o o= B S A B4R L 2 S0 R ¥
- I T AR R e F A HE K F > 1.0 fmole %
2.0 fmole 5 HArdl T+ £ LB P TRAFRFHFTE 0 A7
2~ 2.0 fmole % 1.0 fmole v HFr#|F]+ F L E I HHiED &
B E A > B MALFF A S L4 0 @ 0.5 fmole x
Bl F1F F LERHRA G2 S nF R 572 2P

-
T o

s IR R Fr ) F]F IRt L $f o i) F]F B L

B 0 FERLA S R FlS F R EPIH BT S S

4 & g

-~

AR A LR Tl XA AR &

o
Ly

AL 5t 2.0 fmole o My dr ] F1+ F X B A H LIS 2 %] 4
510 2 50 ng/ml % [k & dhn fpdrd| F]F 302 £ %Y o LR g
Pad £ T o BE 2K BTG 5 2.0 fmole & B F1F F A P

64



ez vared £ 3B Rat BLE TR Se ok pded] F] 08 0 AR Ak
T2 ¥R e P BR L o e §_BR AT 84 2.0 fmole & e 4] F]S K
LBV E G 2 50 ng/ml s pde ] F1F 0 f ) S 5 d
15.3%%# % & 40.0% (p<0.01) > i *v st Fypdr#] F]+ 7 rofrfp - 35
A Fw Rpdr ] T3 L Fredla LA aon s s 4 R B e

4(%;)0
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L RE A G A BT H F R F
FEEL I REFRBFLDLE R LR RO S D
el P EARE E R Bl o r F g R EL SRR T
Bl VT RS IR Gl & & 92 F % (Cruzetal.,
1999) » #2540 » PFE 0 & O R BOR S EA B AR B D
R PSAE N o RA A B bR s Bl Hp A PaAE e o e §4E o~
NIV S sl FLSARERNY, R A SRR R I el

7 & (Gardner et al., 2000; Milki et al., 2000) o * %7 §& %2 Hp %2 P58
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A B B Ryp o wie B~ R R PR e B o e )
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k 4 2 (Gardner and Schoolcraft, 1999) » #2345 3¢ 7 e0F 2%
B RE i) 2 it gt B AR R F R AT S
g & F]3 > Balaban % 4 (2000)» #% J1#F v eni & o i 0 A
FREBOREIHFELFIFIHENI - BEF LR L
LA AL e S B DI o i B ) A AR

R AL R R AT 2 R (i F e Er ) ahp) dme B 2

& Ch Rk b e it s o 2 ¥ A1 & £ jF(immunosurgery)
7 E A W BES e L R R BEd E kLR R ELR R

Rz Bop oo gt b o BURFA R ECE € S F TREL A 2 & (Vanet
al., 1997 Tao and Niemann 2000) » 334 Papaioannou # Bert **
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1995 & 4 endp 2 > % | RenX s v/ > FIMGF R | B0
PN Bc) € S F BB @ 23 & (Papaioannou and Ebert 1995) - 7
E R ERE SRS UREY SO SR R Rt 3
REF L BB IR R 0k SE AR h R hlw e # % (Hurst et al.,
1993) » izt § F I mre fofost P A b & firanig %
AL N dwee B 0 2 Bl R R RS 30% 0
£ 3 5 4 eh92 75 (Papaioannou and Bert, 1995) » & § 0= 252
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URES K S I/ VS i LR N R LR L
fre FenAA FIEE ARG M ARl § o B0 KRR

% 4 f#i% P F (Hoversland and Weitlauf, 1981) » TGF-a(Derdik et

68



al., 1992) ~ HB-EGF(Das et al., 1994; Birdsall et al., 1996) ~ & + &
% (INF-1) & 3 S foonsgiv o pbeb > % &% 02 CB6FL /| &3 7
R R I S A L e R W SRR A AL VA L R
KA ehyg ik sk 4 2 i 35| B @ (threshod) 2 ?s m e Ficp > 2% i
1 ICR & % A B 0 De A5 ¢ i i doo | 3 e e i p

5 774126 -

Fing AR 5 E T > - S ind R P ¥ B
MA AU AREREIRFARATESELS c ST ha B
i IR F el B 4 R FIetF RS s b
P BT AIE 7 £ 2 M dF 9207k (Mishra and Seshagir,
1998) o fid g B 2 AR F I 04T » T o g B P Y EH 2 E
B bomit g G bt BEEARHE S EREP B - BF,
R it L DR E F AP o R UG SR iR
% B4 s rn it Jl s ensc g I 2 £ (De Vos and Van, 2002) > & *
¥ % BEZRPLT BF o 4V DUH e TRpk 2 F A 5 (Domitrz et al., 2000;
Hwang et al., 2000) o & ¥ F %5~ L4k 5 F & B § ¥+
4v L-selectin » @& #-F P A4 = 243y ASEHFAF BE

(Genbacev et al.,2003) -
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Pl BP0 R & g AR e ik P B4 (Van et
, 1997) o A ggmrn& i D) & vt B2 5 50% (Hardy, 1993;
Langley et al., 2001) » ~#7 % ¢ -] B2 548 b 32 % & § ot 5
% 89.0% - Khorram % 4 (2000)#-2 £ T % = % 7 £ Wit sz 25
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(Jamieson et al., 1994) - ‘m?z % & ‘w2
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i Psar 5 e B8 (Mitchell et al., 2000;Tsai et al., 2000) o &2 #8 iz it
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7T ok F gk % (Naz et al., 1994) - Paria X AP e dp
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PR R A 3R BTSN e R dr ] B e chE R KU TR
i 9raie ~ - mee ) (Schultz, 2002) o ¥ L » & JHdr | F) S £ R
EPHROERF 4fmole PF o SRP g T g B mie ) o
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¥5. Summerton 2 Weller(1997)ch4F > 2 » fm®2 p chF § & 14
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B 22 92 e 5 5 B (Zollner et al., 2002) o ¥ F 70 ) 275 .7 e
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(Liuetal., 1999) - £ 32.¢ 5 — & Na/K H?{-fi ki endr | ¥ 3
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1999) » B4 — L A F] > R B PR NER LI o F
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FF A Eip s AR A R R e s e
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BB § > BTl EEETE Ty &2 1 F A 4 (Hardy,
1993; Munné et al., 1995; Ruangvutilert et al., 2000) o § %2753 &+
2.0 fmole r FFr4]F]+ F L F P H AL & 2l s’v’ﬂ%’?;",&f 3

HE 5 ol P I RIS IE Do IR B ST

74



ool 0 2 F RN NI S hR e 2 R o a BRI Y K
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e e g & (leptin) %275 % ¥ B ALY T3 Fhlmie -
(Fedorcsak et al., 2003) » x g Frd] F1+ ch& e 35 foig— 3§34
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RSB T PR T XA RO RSN e B SRR L
S el D 2N G ve B8 A K b e et ] BE
B i Peg T B - B E & ehdp iR(Tarin et al., 2002) > izt 4y

LEEF AR EFELEA G TR FRARRL A
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7 ¥ - F]+ (tumor necrosis factor alpha)’y € & = p Jw ¥ ] e
# P " (Wuuetal, 1999) o i cp 7 ¢ # R72 » 1.0 fmole
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A% = (Hardy and Spanos 2002) » b4 52754 £ % LI % — 34
¥, & % 4 £ 73 (insulin-like growth factor 1)# d i BAEZE
[ é_%?ﬁi%l “r gk 2 F g R ¥ (Lighten et al., 1997) > 7 e % = 7]
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Table 1. Differential staining in the inner cell mass (ICM) and trophectoderm (TE) of

the blastocysts from the three grades.

Grade

I II 111
No. of blastocysts measured 35 35 35
Diameter of blastocysts (um) 89.3+1.2%*"  110.7 £1.5% 115.8+1.6
No. of blastomeres 39.3+1.3% " 59.2+1.0* 77.4£2.6
No of cells in ICM 15.3+0.6*" 26.710.5% 32.2+1.0
No of cells in TE 24.0+0.8% 32.540.6* 45.2+1.7
Ratio of ICM/TE cells (%)  64.1+1.9%" 82.3+1.4*% 73.0+ 2.1

"Mean + SEM
*Compared with grade III by Student’s t-test: P<0.01.

"Compared with grade II by Student’s t-test: P<0.01.
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Table 2. The implantation rate of the blastocysts from three grades.

Grade
I II I
No. of recipients 6 6 6
No. of blastocysts transfer 60 60 66
Implantation rate (%) 56.7* 73.3 80.3

*Compared with grade IIT by X* test, P<0.01.
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Table 3. Percent of hatching rate in Grade I and II Blastocyst cultures on days 6 and7.

Day 6 Day 7
Grade I (n=34) 43.3%* 63.3
Grade II (n=32) 65.6 68.8

*Compared with grade II by X* test, P<0.05.
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TABLE 4. Percentages (%) of murine embryos developing into different
preimplantation stages after microinjection of LIF antisense oligonucleotide at the

two-pronucleus stage

Control LIF antisense (fmol)

Nonsense Nonsense
Untreated NaCl (2 fmol) (4 fmol)  0.25 0.5 1.0* 20" 4.0°

Stage (n=151) (n=171) (n=146)  (n=83) (n=144) (n=145) (n=155) (n=152) (n=112)
Two-cell 90.7 918 92.5 90.4 93.1 903 903 921  96.4
Four-cell 88.7 883 87.7 85.5 882 8.1 8.9 704" 0°
Morula 874  86.6 84.9 83.1 840 76.6° 723° 638° 0°
Blastocyst 854  79.5 79.5 78.3 80.6  63.5° 394" 132° 0°

* Compared with the untreated group.
*P<0.01.

‘P<0.05
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TABLE 5. Changes in the number of cells in the inner cell mass (ICM) and

trophectoderm (TE) of the blastocysts derived from murine embryos after

microinjection of LIF antisense oligonucleotide at the two-pronucleus stage

Control LIF antisense (fmol)
Nonsense®
Untreated (2 fmol) 1.0° 2.0°
(n=53) (n=55) (n=142) (n=283)
Blastulation rate (%) 83.0 (44/53) 80.0 (44/55) 39.4 (56/142)  15.9 (45/283)
No. of blastocysts measured 26 27 31 35
Diameter of blastocysts (um)°  114.2 + 10.2 111.7+£8.7 111.5+9.8 99.5+5.8°
No. of blastomeres 51.5+8.5 476 +9.5 36.5+10.6° 263 +8.7°
No of cells in ICM 21.6+42 18.6 £ 3.6 14.5+3.7° 9.1+4.1°
No of cells in TE 29.8+6.2 29.0+£8.3 22.1 +8.3° 17.3+6.2°
Ratio of ICM/TE cells (%) 74.9 £ 18.9 68.2+21.5 71.2+23.5 559+239°

* Compared with the untreated group

® Mean + Standard deviation.

‘P<0.05

P <0.01.
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TABLE 6. Changes in the implantation rate of murine blastocysts derived from murine

embryos after microinjection of LIF antisense oligonucleotide at the two-pronucleus

stage
No. of % of
No. of blastocysts blastocysts
Group recipients Treatment Blastulation rate (%) transferred implanted”
I 4 Untreated 81.1 (30/37) 22 81.7+21.3
Nonsense 80.0 (32/40) 22 77.5+74
II 8 LIF antisense (0.5 fmol) 62.4 (63/101) 52 67.8+17.6
Nonsense 8 1.5(66/81) 52 74.7+32.1
I 10 LIF antisense (1 fmol) 37.8 (76/201) 61 543 +12.2°
Nonsense 82.5 (85/103) 61 86.1 £11.5
v 8 LIF antisense (2 fmol) 15.1 (46/305) 42 329+ 11.6
Nonsense 82.4 (70/85) 42 81.3+14.0

* Blastocysts (5-7) treated with LIF antisense oligonucleotide were transfered to the
right uterus horn of each recipient and the same number treated with 2 fmol nonsense
oligonucleotide to the left uterus horn. The untreated blastocysts were transfered to
the right uterus horn of each recipient.

® Mean + Standard deviation. Compared with control.

‘P<0.01,

9P <0.001.
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TABLE 7. Percentages (%) of murine embryos developing into different
preimplantation stages after microinjection of 2.0 fmol LIF antisense

oligonucleotide at the two-pronucleus stage and supplemented with LIF

LIF supplement (ng/ml)

Untreated 0* 5° 10* 50
Stage (n=154)  (n=133) (n=176) (n=181)  (n=175)
Two-cell 94.2 88.0 92.6 91.2 89.7
Four-cell 91.6 75.9°¢ 78.4° 74.6°¢ 71.4¢
Morula 89.6 60.9° 60.2° 63.0° 60.6 ¢
Blastocyst 83.8 16.5¢ 15.3¢ 254° 40.0°¢

*Compared with the untreated group.

®Compared with the group without LIF supplement: P < 0.05.

‘P<0.01.
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Day 3 Day 4 Day 5

Untreated

Monsense
(2 fmal)

Nonsense
(4 fmol)

LIF antisense
{1 fmol)

LIF antisense
{2 fmol)

LIF antisense
(4 frmol)

B~ ~ Ry & ~ 1.0 fmol, 2.0 fmol & 4 fmol & Fpdrd| F]5+ &
LREPHRE WS 215 287 a3 dlei s il Ak
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I:Efm:ﬂ -----
LIF antisense
LIF anfisensa
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LIF antisanss
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BLASTN 2.2.5 [Nov-16-2002]

Reference:

Altschul, Stephen F., Thomas L. Madden, Alejandro A. Schéffer,

Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman (1997),
"Gapped BLAST and PSI-BLAST: a new generation of protein database search
programs”, Nucleic Acids Res. 25:3389-3402.

RID: 1041904086-029618-7928
Query=

(25 letters)

Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS,
GSS, or phase 0, 1 or 2 HTGS sequences)
1,561,220 sequences; 7,640,351,724 total letters

Taxonomy reports

Distribution of 20 Blast Hits on the Query Sequence
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Color Key for Alignment Scores

<40 4(=51) 50-80 _ B0-200 =R
14702 e e
0

Score E

Sequences producing significant alignments: (bits) Value

gi|6678693|ref[INM_008501.1] Mus musculus leukemia inhibitor... 50 5e-05

i[191877|gb|M63419.1|[MUSALIFA Mouse leukemia inhibitory fa... =~ 50  5e-05
0i[52905|emb|X12810.1|MMLIF  Murine mRNA for myeloid leukaem... 46 7e-04
Qi[3169667|gb|AF065918.1|AF065918 Mus musculus strain SJL/J... 46 7e-04
Qi[3169665|gb|AF065917.1]AF065917 Mus musculus strain B10.S... 46  7e-04
0i|2959709|gb|AF048827.1|AF048827 Mustela vison leukemia in... 46  7e-04
Qi[21627981|emb|AL731658.20] Mouse DNA sequence from clone ... 46  7e-04
0i[11061695|emb|AJ296176.1|SSC296176 Sus scrofa LIF genefo... 38 0.17
gi|2182767|gb|U63311.1|BTU63311  Bos taurus leukemia inhibit... 38  0.17
gi|1753092|gb|U65394.1|BTU65394 Bos taurus leukemia inhibit... 38  0.17
gi|1944220|dbj|D50337.1|BOVLIFA Bovine DNA for leukemia inh... 38  0.17

0i|6006018|ref|[NM_002309.2] Homo sapiens leukemia inhibitor... 36  0.69
0i|22068644|ref[XM_170988.1] Homo sapiens hypothetical prot... 36  0.69

0i[15559759|gb|BC014233.1|BC014233 Homo sapiens, clone MGC:... 36  0.69
0i|14249832|gb|BC008289.1|BC008289 Homo sapiens, clone IMAG... 36  0.69
gi|2935613|gb|JAC004264.1]AC004264 Homo sapiens PAC clone RP... 36  0.69
0i|34361|emb|X13967.1|HSLIF  Human mRNA for leukaemia inhibi... =~ 36  0.69
Qi|341606|gb|M27052.1|[HUMDSF01 Human differentiation-stimul... =~ 36  0.69
Qi[178414|gb|M63420.1[HUMALIFA Human leukemia inhibitory fa... 36  0.69

21/8489776|gb|AF259781.1] Ovis aries microsatellite MNS-110... 34 2.7
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BLASTN 2.2.5 [Nov-16-2002]

Reference:

Altschul, Stephen F., Thomas L. Madden, Alejandro A. Schaffer,

Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman (1997),
"Gapped BLAST and PSI-BLAST: a new generation of protein database search
programs”, Nucleic Acids Res. 25:3389-3402.

RID: 1041904700-04783-30605
Query=

(25 letters)

Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS,
GSS, or phase 0, 1 or 2 HTGS sequences)
1,561,220 sequences; 7,640,351,724 total letters

Taxonomy reports

Distribution of 62 Blast Hits on the Query Sequence
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Sequences producing significant alignments: (bits) Value

gi|26892089|gb|AY163866.1] Homo sapiens beta globin chain v... 42  0.011

gi|25706333|gb|AC129505.8] Homo sapiens chromosome 11, clon... 42  0.011

gi|24211329|gb|AC104389.7] Homo sapiens chromosome 11, clon... 42  0.011

gi|22758817|gb|AY128651.1] Homo sapiens beta-globin beta th... 42  0.011

gi|22758816|gb|AY128650.1] Homo sapiens beta-globin beta th... 42  0.011

0i|22094826|gb|AF527577.1] Homo sapiens beta globin mutant... 42  0.011
0i|18418632|gbJAF083883.1] Homo sapiens mutant beta-globin ... 42 0.011
0i[18266749|ref[ING_000007.2] Homo sapiens genomic beta glob... = 42  0.011
gi|15148786|gb]AF396260.1]AF396260 Cloning vector pAAV-MCS,... 42  0.011
gi|14994098|gb|AF369966.1|AF369966 Cloning vector pPCMV-MCS,... 42  0.011
0il455025|gb|U01317.1|HUMHBB Human beta globin regionon ch... 42  0.011

0i[12083482|gb|AY013302.1] Homo sapiens beta-globin (HBB) g... 42  0.011

0i|12083480|gbJAY013301.1] Homo sapiens mutant beta-globin... 42 0.011
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gi|12083478|gb]AY013300.1]
gi|38226/emb|X02345.1|PTGLB1

Homo sapiens mutant beta-globin ...

P.troglodytes beta-globin gene...

gi|4929546|gb|AF083884.1]AF083884 Homo sapiens mutant beta-...
gi|4837722|gb|AF059180.1]AF059180 Homo sapiens mutant beta-...
gi|29440]emb|V00499.1|HSBGL3 Human germ line gene for beta-...
gi|2253431|gb]AF007546.1JAF007546 Homo sapiens beta-globin ...
gi|1066760|gb|L48931.1]HUMHBB45FS Homo sapiens beta-globin ...

gi|1066757|gb|L48221.1|[HUMHBBW37X Homo sapiens beta-globin ...
gi|1066778|gb|L48217.1|[HUMHBBPADS Homo sapiens beta-globin ...
gi|1066775|gb|L48216.1]HUMHBBPAG6G Homo sapiens beta-globin ...

gi|1066766|gb|L48213.1|[HUMHBBS5ES0 Homo sapiens beta-globin ...

42
42
gi|38042]emb|X05665.1|MCBGLOG M.cynomolgus beta-globin gene...

gi|1066769|gb|L48214.1|[HUMHBBS5ES88
gi|1066772|gb|L48215.1|[HUMHBBSE28
0i|1066754|gb|L48220.1[HUMHBB37FS

0i|1066783|gb|L48219.1[HUMHBB21FS

gi|1066763|gb|L48932.1|HUMHBB114P
0i|1066781|gb|L48218.1[HUMHBB10FS

gi|183829|gb|M36640.1|[HUMHBBAAZ Human beta hemoglobin gene ...
gi|183815|gb]jM34059.1JHUMHBB222 Human beta-globin gene from...

gi|183814|gb|M34058.1|HUMHBB221
0il432469|gb|L26478.1]HUMBETGLOR
0i|432468|gb|L26477.1]HUMBETGLOP
0il432467|gb|L26476.1]HUMBETGLOO
0i|432466|gb|L26475.1]HUMBETGLON
0il432465|gb|L26474.1]HUMBETGLOM
0i|432464|gb|L26473.1]HUMBETGLOL
0il432463|gb|L26472.1]HUMBETGLOK
0il432462|gb|L26471.1]HUMBETGLOJ
0il432461|gb|L26470.1]HUMBETGLOI
0i|432460|gb|L26469.1]HUMBETGLOH
0il432459|gb|L26468.1|[HUMBETGLOG
0i|432458|gb|L26467.1]HUMBETGLOF
0il432457|gb|L26466.1]HUMBETGLOE
0il432456|gb|L26465.1]HUMBETGLOD
0i|432455|gb|L26464.1]HUMBETGLOC
0il432454|gb|L26463.1]HUMBETGLOB
0il432453|gb|L26462.1]HUMBETGLOA

Homo sapiens beta-globin ...
Homo sapiens beta-globin ...
Homo sapiens beta-globin ...
Homo sapiens beta-globin ...
Homo sapiens beta-globin ...

Homo sapiens beta-globin ...

Human beta-globin gene from...
Human haplotype D3 beta-gl...
Human haplotype D2 beta-gl...
Human haplotype D1 beta-gl...
Human haplotype C2 beta-gl...
Human haplotype C3 beta-gl...
Human haplotype C1 beta-gl...
Human haplotype B6 beta-gl...
Human haplotype B5 beta-gl...

Human haplotype B4 beta-gl...
Human haplotype B3 beta-gl...
Human haplotype B2 beta-gl...
Human haplotype B1 beta-gl...
Human haplotype A4 beta-gl...
Human haplotype A3 beta-gl...
Human haplotype A2 beta-gl...
Human haplotype A1 beta-gl...
Human haplotype C4 beta-gl...
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0.011
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0.011
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0.011
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0.011
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gi|22873]emb|X61109.1|GGBGLOBIN G.gorilla beta-globin gene 38 017

Qi|21327455|gb|AC092700.2] Homo sapiens chromosome 8, clone... 36  0.69
gi|19526139|gbJAC110774.3] Homo sapiens BAC clone RP11-254A... 36 0.69
Qi[17530764|gb|AC091195.6] Homo sapiens chromosome 8, clone... 36  0.69
Qi[17047091|gb|AC084837.4] Homo sapiens chromosome 8, clone... 36  0.69
0i[14329065|gb|AC009122.8|]AC009122 Homo sapiens chromosome ... 36  0.69
gi|4678258|emb|AL049657.1|ATF617 Arabidopsis thaliana DNAc... 36  0.69
gi|7269318|emb|AL161562.2|JATCHRIV62 Arabidopsis thaliana DN... 36  0.69
gi|4220510]emb|AL035356.1]|ATF22K18  Arabidopsis thaliana DNA... 36  0.69
0i|21536165|gb|AC104099.5] Mus musculus clone RP24-372J8,c... 34 2.7
0i|21436707|emb|AL646098.9] Mouse DNA sequence fromclone R... 34 2.7
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Abstract

The aim of our study was to observe the relationship between the blastocyst

morphology and the implantation rate for mice. Mouse embryos obtained from the

superovulated-ICR mice were cultured in vitro from 1-cell zygotes to blastocysts. The

blastocysts were then classified into 3 grades: grade I, small blastocysts; grade II, large

blastocysts; grade III, hatching blastocysts. They were independently transferred into

the uterus of recipient females mated with vasectomized male mice at 96 hours after

the zygotes were cultured in vitro. The successful implantation was checked by

injection of Chicago Sky Blue 6B on the second day after embryo transfer. Although

there was no significant difference in the implantation rates between the grade III and

grade II blastocysts, grade I was significantly decreased as compared with grade III.

Grade I and grade II was also significantly decreased in both the diameter of

blastocysts and cell number of inner cell mass (ICM) and trophectoderm (TE) as

compared with grade III. These findings indicated that the expanded and haching

blastocyst selections for embryo transfer in in vitro fertilization were evaluated with

the high implantation rate.

Key Words: Blastocyst, Implantation rate, Inner cell mass (ICM), Trophectoderm (TE)
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I ntroduction

In human in-vitro fertilization (IVF) treatment programs, culture and transfer of

blastocysts has been reported to generate high pregnancy and implantation rates (2, 8,

14). Many infertility centers use this treatment procedure for some or all of their IVF

patients. Through the selection of smaller numbers of more competent embryos,

blastocyst transfer may help reduce the frequency of multiple births resulting from IVF

(6). To assess the blastocyst stage embryo characteristics that are indicative of viability

will further develop the ability to distinguish those embryos more suitable for

implantation.

It has been reported that blastocyst formation and hatching could not be used to

assess subsequent developmental potential (12). Therefore, these findings constitute a

paradox to our previous knowledge. Gardner and Schoolcraft (7) developed

trichotomous qualitative assessments based on blastocyst expansion, inner cell mass

(ICM) and trophectoderm (TE) to grade human blastocysts before transfer. However,

they did not evaluate the number of cells in embryos. Blastocysts with relatively large

and slightly oval ICM were more likely to implant than other blastocysts (21). The

number of TE and ICM cells allocated in normally fertilized human blastocysts

appeared to be similar to that in mice (9). Quantitative measurements of the ICM were

highly indicative of blastocyst implantation potential. It is important to analyze ICM

144



and TE for evaluation of blastocysts.

In this study, we produced an analysis method to measure the number of

blastocyst cells and determine implantation potential by using a mouse embryo test

system. Mouse embryos have been studied extensively as models for mammalian

embryogenesis. Because mouse embryos can be grown in culture, they are also used as

a routine "test system" for human IVF programs. We have studied the suitable quality

for mouse blastocysts to uterus transfer from in vitro cultures. The aim of this research

was to study the relationship between the morphology of blastocyst embryos and the

implantation rate in mice.

M aterials and methods

Mouse embryo collection

Six- to eight-week-old virgin ICR mice were superovulated with an

intraperitoneal injection of 5 IU pregnant mare serum gonadotropin (PMSG, Sigma St.

Louis, MO, USA), followed by 5 IU of human chorionic gonadotrophin (hCG; Serono,

Rome, Italy) 48 hours later. After hCG injection, each female mouse was placed in an

individual cage overnight with a mature ICR male mouse with proven fertility. The

next morning, successful mating was confirmed by the presence of a vaginal

copulation plug. Finding a vaginal plug was designated day 1 of the pregnancy.

Approximately 20 hours after hCG injection, mice were sacrificed and zygotes were
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obtained from the oviducts using needles. The zygote cumulus cells were removed by

exposure to 80 unit/ml hyaluronidase (Sigma) for several minutes until all of them fell

off. These zygotes were placed into wells with fresh modified human tubal fluid

(Basal-HTF) medium (20) and incubated at 37°C and 5% CO; for about 4 hours.

Two-pronucleus (2PN) embryos could be observed clearly selected under 40X

phase-contrast microscopy. These 2PN embryos were transferred into dishes with

pre-equilibrated Basal-HTF medium and incubated at 37°C and 5% CO, in air.

Blastocyst grading

Six hundred and fifty zygotes were produced from 32 female mice. The

pronucleus fertilization rate was 90.6% (589/650). The total number of blastocysts was

524. Blastocysts were classified based on degree of expansion and hatching status, as

follows: grade I, an small blastocyst with a blastocoel equal or less than half the

embryo volume; grade II, large blastocyst with a blastocoel greater than half the

embryo volume or blastocyst with a blastocoel completely filling the embryo.

Hatching embryos were designated as grade III (Figure I). The grade I percentage

was 40.5% (212/524). Grade II was 38.5% (202/524) and 20.1% (110/524) of the

blastocysts developed to the hatching stage.

Differential staining

Some blastocysts were chosen from each grade randomly before embryo transfer

146



and stained. Cells in the TE and ICM of the blastocysts were counted after differential

nuclei staining using a modified method of Piekos et al (19). Embryos were submitted

to zona removal using Tyrods’ solution (pH 2.2). The zona-free blastocysts were

incubated at 5°C in M16 medium (Sigma) containing 10 mM trinitrobenzenesulphonic

acid, 4.0 mg/ml polyvinylpyrrolidone and 0.015% Triton X-100 for 10 min. After

washing in M2 medium (Sigma), the blastocysts were incubated in 0.1 mg/ml

anti-dinitrophenol-BSA at 37°C for 15 min and washed again with M2 medium in

triplicate. The blastocysts were then incubated in M2 medium containing a 1:10

dilution of guinea pig complement serum (Irvine, CA, USA) and 10.0 pug/ml

propidium iodide (Sigma) at 37°C for 15 min and washed in Dulbecco’s phoaphate

buffered saline (Gibco) in triplicate. After fixing in absolute ethanol containing 22.0

pg/ml bisbenzimide (Sigma) at 5°C overnight, individual blastocysts were mounted in

glycerol on microscopic slides and compressed manually before visualizing using

epi-fluorescence using Nikon filter blocks UV-2A and G-2A. Blue nuclei were

considered as originating from the inner cells and red-to-pink fluorescing nuclei as

belonging to the outer cells.

Mouse embryo transfer

Recipient female mice (8-12 weeks old, ICR strain) were prepared by mating with

vasectomized males of the same strain 4 days before embryo transfer. The embryo
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transfer procedures were performed according to Nagy et al. (16). Graded blastocysts

were transferred to the top of the uterus by transfer pipettes. We transferred about 7 to

12 blastocysts to each recipient. The mice were sacrificed 2 days after embryo

transfer. Successful implantation was verified and determined by injection of Chicago

Sky Blue 6B (Sigma).

Satistical Analysis

Rates were expressed as percentages. The numbers and diameters of cells were

expressed as mean = SEM and were statisticed using one way ANOVA followed by

Student’s t test for multiple comparison. Differences between rates were determined

using the chi-square test. Differences were considered significant if P <0.05.

Results

Effects of Sze and Differential Saining of blastocyts

The diameter of blastocysts of grade I was significantly lower than grade II and III;

the grade II was also significantly lower than grade III. We evaluated the quality of

these three grades of blastocysts by differential stain (figure 2). The total ICM and

trophectodermal cell numbers were calculated (Table 1). Thirty-five blastocysts were

stained in grade I, the ICM number was 15.31£0.6 and the TE number was 24.0+0.8.

Blastocysts had lower numbers of blastomeres in ICM or TE in grade I.  Significant

different was found in the cell number of blastomeres, ICM and TE and ICM/TE ratio
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between grade I and grade II or III and between grade 11 and grade III.

Implantation Rate of Blastocysts

We assessed the implantation ability of blastocysts among these three groups by

transferring embryos to uterus of foster-mothers. The implantation rates in grade I, 11

and III were 56.7% (34/60), 73.3% (44/61) and 80.3% (53/66), respectively (Table 2).

The implantation rate in the grade III was significantly higher than that in the grade 1.

Potential Hatching Rate of Blastocysts

The ability of potential hatching in blastocysts was evaluated. The partial

embryos in grades I and II were cultured on day 6 and day 7 after the zygotes were

chosen. The hatching rate in grade I was 43.3% (13/34) and grade 11 was 65.6%(21/32)

on day 6 (Table 3). The potential ability of embryo hatching in grade II was higher

than that in grade I on day 6. However, there was no significant different between both

grades on day7.

Discussion:

Selecting good embryos with high implantation potential is one of the most

important factors in the assisted reproduction field. The benefits of blastocyst transfer

include suitable synchronization between the endometrium and the embryo and

selection of embryos with a higher implantation potential (2). Scoring blastocysts is

more complex than scoring embryos in the cleavage stage for increased embryo
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transfer selection. Blastocyst culture and transfer have previously been shown to be

effective in decreasing multiple gestations and thereby avoid the complications

associated with such pregnancies (6, 14). Human blastocyst grading can be quantitated

using a three-part scoring system that selects blastocysts for transfer (7). In our study,

the quality of mouse blastocysts assessment also affected implantation. Our data

indicated that the crucial factors in successful implantation may include blastocoel and

hatching formation in our results (Table 2). Similar result was reported by Balaban et

al (1). They reported that transfer of at least one good quality blastocyst or one

hatching blastocyst into women undergoing the IVF cycle was associated with very

high implantation and pregnancy rates.

Microscopic observations frequently do not allow the proportion of ICM and TE

cells to be determined in a precise manner. This can be achieved by differential ICM

and TE blastocyst staining during immunosurgery, using two different fluorescent dyes.

The total number of blastocysts was regulated using different conditions, such as half

embryo, isolated blastomeres and growth environment (17,22,23). The total cell

number of blastocysts and the ICM ratio in our study were similar to that in a previous

study (11). An acceptable ICM to total cell development ratio is thirty percent. The

three grades in our study showed good blastocyst development. In conclusion, the

morphology of blastocysts was good indicators for embryos transferred in the mouse
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model.

It was reported that there was a significant positive correlation between number of

blastocyst cells and number of ICM cells and subsequent fetal development but

morphology as assessed by blastocyst formation and hatching was not correlated with

subsequent fetal development (12). However they didn’t re-classified quality of

blastocysts in different treatments before fransfer to pseudopregnant recipients. The

detail variation of blastocysts in each treatment after may disregard in previous

peports . We think that to assess fetus development from blastoctst may be grading

again before blastocyst transfer as this study. The role of hatching for implantation was

more important than the cell number or blastocyst volume in this study.

The potential of embryos developed into blastocysts and implanted may relate to

factors in the embryos themselves, such as their gene expression in the nucleus or

cytoplasm. One major view was that the disruption of the zona pellucida in an

estrogen-sensitized uterus was accomplished through the action of a uterine protease or

pronase (10). Previous studies documented the induction of blastocyst hatching by

TGF-a (3) and HB-EGF (4) or interferon (INF-t) (13).  When embryos were grown

in vitro, successful hatching was dependent on blastocyst expansion and was based on

a minium number of embryonic cells. The blastocysts continued their growth and, after

having reached a certain threshod in the mean number of embryonic cells, underwent

151



blastocyst in CB6F1 mice (15). Our data showed that successful hatching in vitro also

dependent on a sufficiently high number of embryonic cells as previous study.

More than thirty percent of the blastocysts in grade I and II could not achieve the

hatching stage. Some of the embryos achieved full to expanded blastocysts but failed

to hatch (Table 3). Embryos that fail to hatch by day 6 may have a lower implantation

potential. Embryo transfer can be delayed to day 6 after oocyte insemination, at

which time a small percentage of embryos will hatch, and delayed blastocyst growth or

hatching did not improve implantation (5). Embryo and uterus cross-reaction is needed

in a successful implantation process (18). Therefore, we suggested that predominately

hatching or large volume blastocysts may be used for embryo transfer to produce high

implantation rates.

In conclusion, we were able to achieve high implantation rates using hatching and

expanded blastocysts. Which genes express failure or delay at the implantation stage

are yet unknown. The blastocyst genes and hatching environment will be important

topics for future research.
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Table 1. Differential staining in the inner cell mass (ICM) and trophectoderm (TE) of

the blastocysts from the three grades.

Grade

I II 111
No. of blastocysts measured 35 35 35
Diameter of blastocysts (um) 89.3+ 1.2%*7  110.7 + 1.5* 1158+ 1.6
No. of blastomeres 39.3+1.3% " 59.2+1.0%* 77.4£2.6
No. of cells in ICM 15.3+0.6*" 26.740.5% 32.2+1.0
No.of cells in TE 24.0+0.8% 32.540.6* 45.2+1.7
Ratio of ICM/TE cells (%)  64.1+1.9%" 82.3+1.4*% 73.0+ 2.1

"Mean + SEM
*Compared with grade III by Student’s t-test: P<0.01.

"Compared with grade II by Student’s t-test: P<0.01.
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Table 2. The implantation rate  of the blastocysts

from three grades.

Grade
I II I
No. of recipients 6 6 6
No. of blastocysts transfer 60 60 66
Implantation rate (%) 56.7* 73.3 80.3

*Compared with grade III by X? test, P<0.01.
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Table 3. Percent of hatching rate in Grade I and II Blastocyst cultures on days 6 and7.

Day 6 Day 7
Grade I (n=34) 43.3%* 63.3
Grade II (n=32) 65.6 68.8

*Compared with grade IT by X test, P<0.05.
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Legend

Figure 1.The classification of three grades of blastocysts. (A) blastocyst

from grade I. (B) blastocysts from gradell. (C) blastocysts from grade III.

Figure 2. Examples of differential staining of blastocysts.(A)blastocystfrom

grade I. (B) Dblastocysts from grade II. (C). blastocyst from grade III.

Pink cells were trophectodermal blastomeres and blue cells were ICM.
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Figure 1.
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Figure 2.
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ABSTRALT

Lesikemia inhibitsry factor (LIF) is an essenlial Tactor Bar im-
plantatbon and eclablishmen of pregnancy. However, s role in
the develapment of preimplaniation embryos remains conlro-
wersiale In this slly, changis in pretmplantatimn smbrvos were
determined after microinjection of LIF anfisense aligonucleotide
al the two-pranuclens stage, Although na significant differenaces
weirre ol in B percentagies bebwesi e anireated groap and
thie .25 fmaldreated group, the 0.5- or 109wl dreated groups
bad significanily lower percentages of emleryos developed Do the
mrida or astocyst stage and the 2,0-dnsol-freated group had
zsignificantly lower percemages of embrvos desebopesd 1o e
Tmir-aell, morula, ar blastocyst stage. Mo embeyos eevelopes (o
the fourcell stage in the d0-imol-imeated groupe Moreover,
Ihiere was a -dem.uin;: trenal in the bevels of LEF immomosctivity
awifh The ing l!'h-'l'.[“ amustinl ol LIF aidisense Lﬂl“,uhh,lﬂlhl}r ir-
pected. The diameter of blaslocvsts in the 20-fmol-ineated group
wars significantly smaller than thal i the unbreated group, The
Bilastiscysls i this growp had '\lurl“'h.arlllr livawser nieinabers of Tilis-

fmmeeres and cells in dhe inmer cell mass (W) or 15@.‘_.rl:m:lﬂ'rl
ATEN s BCMGTE rafing The 14k g 2 f-imoliresied groups ha

sigiificant bower implantation rates than thelr corresponding
cantrel groups. In the 2.0.fmol groups with supplemsenting e
agemas LIF, signsfecanily lower rl""c'l'ﬂﬂ!.ﬂ wwrre also ubsereed
h the fmur-cell, moenils, and h'u:lrld alaghe=s. Hiaever, lilis-
Imcysls treated wilh 500ngdmi LIF had a significantly higher per-
awnbage than these in ihe LIF gene-impained :l}mrt: wilhuail LIF
sipgplement. These results indicate that LH- e a crithead fechor for
Ihe narmal development of embiryos at the preinaplantation stags
.
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IMNTRODUCTION

Leukemia ishibitory faetor (L1F) is & multifurstional -
toking, It has heen considered 1o be an essential Factor for
bmplantation aivd establislient of pregiancy [1. 2] Al-
thowgh LIF b= mainly prosided by imatemnl utenis for poe-
mnplantation embryos [3], tee expresswn of his cyiokise
5 oily dependent on the embryo moen vabre fertiliEation,
Became blastocysl implantation depends on magsemal ex-
pression of LIF [4). LIF geme mutation may give rise 1o
tecreased availability or biological activity of LIF in the
iferus and cause mmplantation failure [5]. Moreover recom-
binant LIF in standard medism may e enhance in vitro
human hlastocyst formation bt may play a mle ot later
stuges of himon embryogenesis and during i||.1|'||.:||uu:iqm
[6]. LIF ndded to embeyo culture mediom s po major
beeneficinl effeci on the properion of bovise emboyos
reaching the blastocysi singe 7] Homwevern, LIF ms only
atiginents blastocyst foemntion aid hatehiig b the 1.'|'I|-h'|:'iy¢'l"‘1
of e [8, 9] i bovine | O] bug alee enlsinces the klos-
Tyl forminbion rates o Buiman @mbryed inoo seroam-ree
meclivey [ 1] or i a human nubal flusd fli]. Tl tindings
lead 1o the conroversy of the necessity of supplemenimg
LIF in the culture asedium for in vilme ferilizalien o em-
ulate the conditions of maternal werus, To distinguish the
precise mobe of LIF ot the preimplantotion slages of em-
brvopenesis in vitre, we employved antisense oligos [13] 1o
atenuate the function of the LIF gene in the in vitro ems
hrwns and determined the effects of ihis treaiment on the
r-'n:|||1|'|lnn|:ul:|m idzvelopment and |111r luniation, Moreover,
effects of supplementing exogensus LIF fo the LIF gene-
impaired embryos were nlso ||'|'---1runle-l

MATERIALS AND METHODS
{ Wi fenfices

Worplaslns clipimelosdsles were provided by o Tools, LU (P
limrmith, D3RR The LIF aiitiecise olipsidclectgle aiid inni-sénse oligoin-
cheotide were SLGADCTTUATTAT GGG TUAGACTOTA T mal 5
CUTCTTACUTUAGTTACAATTTATA- 5", respactively. There wem ma
sapiznees with significint amsbiniy in ihe nesesense contel. The LI
ditlmered iilipo seguicnic: was ddermmimeed i be m the regiom | D56 D81 wl
mmwinge LIF mBENA dCeiib ik Ao o Meimbser BN, OEMD] . D was
fopmred within thae iranslaionsd siaring irgot. The sequonoe lad m mon
ihan fimir SR LT wrirasimand hasg pairs e Jour coniiguenes: Lol pams
Mewzuver, o i el comain over 3% permes or o han feve com-
Hmkss giaiings [of gorosing waler sohifsdigy, The aiisaise oligo was
corlirmesd by il NOB FASTA BLAST darabases ihal dhe soqueie diss
ot cerrgspeasd b0 any other eprscnpis. Tha seihiliy ol thess aligos was
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tetermineil by inpecting Pharmescgin soihincymmste-libalel prepamdioms
s e embryo sl cbservimg under 3 heemscenes microscops

Arvimals

A e weers edbtinsl o the Matioral Labsmsilory Snomal Ceonler
| Taipei, Tavwanh mid wese hovsed o hisniding- (40007 ek g lempen-
tie- (22 = Pk copinlled rons and meoamiaimed s s 120020 plesio-
peresl Meoe were given focsd amd waler ad Bibitoe A0 procederes wees
apprevesil by e Clomg-Shan Medical Unieroty Institidinal Apimual
Cae aml Vs Cimmasice aml wers perlimmed in sccombines waly ihe
Cianding Prinsiples for dbe Carg and Lse ol Labesatory Asmmls

Preprarationn of Eminos

Inibssctiom ol spporosvskition wos perlivmeed i virgs mee (-8 wk
nldi of the BCRFE stram (CSTRLS # CHAJ by niicipenicneal injecten
ol e 0ECE T Migma, 51 Lowns, 500 aned BEOG 05 10T (Seronn, Rome,
lialyk 48 b lter Fach supervvubied sese was thes placed m o eaps
with o sesua by mabure male of the same sran osermight. Scegssiod n-
ing was dotgmemaed by the presenee of o copubsiion pheg in the vagina
Tha mated Fermale mise wore kalked 20 h slier BROG sgection sml cvpeics
warg podlecied from the ovidocis. The coulus cells of 1he oy potes were
remenval by ewgosire g0 hsaberonidase |80 0 sl i Sigmal. The srpmes
wore fhen placed e wells with Fresh human nibal Buid mediom {14]
Fusdryors i s P oo 42PN stape oene obtained by moubal g
ey gotes inan mrwsphens wih 5% O o 1 Ew d h

Microhiyection of Chipomerleotides

I the experimental growgs, cobryos o the 2PN singe wae mjecied
oy 1 with the LIF ssteseme oliponucloorsde of 0233, 08, 10, 205
400 el i tlie poeeilive coiitinl pniige the aiiliyos Wi Bjectal witli
the o= aligoiickotile ©2 or 4 Feed ) or eemal saline. Embryes in
e mglive comiml prossp roiaimnel untrealal

Injetion pipeiles Jmmer deemcla 1 o, oo demela 5l el
lwakdmy pipcties Dimer deimcier 15 pom, mier g er 81 g sore pra-
hscal wring o mierepipetie puller [Sober lsslnment Co., Movalo, CA
il a merefrge (Marshige o, Lell, Tokyn, Iamml, Mennngctioms
wire parformal veader o plascsonines mmsoope (Mikon, Led, Tk,
Japap with micromanipetpon (Manshiges The oligsocesida or normal
waliw was pgecied wio by male proosc ke The embeyo was ihan n-
cubaied i oan oimespherg o 5% 005 @ 170 and maoniioned dails sy
CTI ORI T p T

J.lnmlm::.u']'h:h'hﬂm.i:rn*

Iimbryvies wiorg roconercad T the coliere mediom mal frowd of 2om
pelhscedn by b § expossne io aeidic Tveoida soluiion [15] Afler waslimy
withy phosphaie-tefler siling cPES ) monplicaie, the cosbyyos woeg plectd
it pripcmnsco i shides msd ixed in 2% formalion o 15 min. The cmbryos
wiare wibehed i PES ool meutssed i o Blocking solomis § 1497 Ceal call
seromn, (0.53% Tween 20, 002% sodann axide in PH%) Tor [ e ANer in-
Culsaling Wil s Ay g ilicd rabdst aofipei@ic amibods jeopaisia
pzcalic to LAF i1 pgindd §Clisdiioi, Vidkima, Aadealsb @ 470 ohginizhil,
e cmberyes wore wdshod with te Mocking soliion Goe T o

lmmreslamey was perfimmal ising the VECTASTAIN AHC kil
(Weutir Labasbones, Burlingame, UAL The gmbrvos wene seubaial wilh
hictimydandd andi-rabbat Tl 41 ppimly for 1 h The smbhrses sere then
g ubaial with svislip-listiny lated hoee pafshy peroodise for 1 b Aller
wishymg wilh TRET buffer (50 mAh Trs-HCL 0025% Tween 20, pH 7 B
livar Ewmrwrs, the amibertons warg irgaled wiih 3 sfsmmcbsncsbne suhsimia
{5 b v 20 miine The emhryos weirg thhydested theesgh graded alechal
anil mimmied with ghvoerol. Besalis of smmunsaaining wore chservd s
iitg phaseconras) micenscoapy, The vidbde aaining mlicaed the -
oty e LITF proteis shies, Coares poniding senspeostic bisSng of ey
im wore incubalod s penlkel wiih ihe amilody prensmlieod with caocess
il el

Diffevantial Stadming o Trophetadenm and nner Cell Adiss

Celts inoihe prupdeiodens (TE D sl mner cell mass (108 of ile b
T yets wane comsiled alber dilfercimial staing of the noclen weing a mod-
il ptastld of Pickis el sl [ 10]. The com-fiee Blasiovyds wen s
larel w30 m MG sediien (Sazinal oonlaiiiiing 10 s ieniedene-
mesiilplainie ackl 40 mps] polyveesiylpvenelaone, amd 0015 Tenm X-
108F fime B i Aler worsbrmgy e M2 mediien (Saniad, the blaslocyss

*hCG

*Trophectoderm *trophectoderm * (Sigma) *Dulbecco’s *Student’s

were meubmad w1 mygml anti-dmairopbenol-1354 st 370 for 15 mm
sl washal sgain web B B2 madien in inglicais. The Bhsioeesis wey
tham mshaded i M medwes contaming a 118 @luiian of guines ey
o | e sorum oemsg L% and 100D pgoml progidimem sshide |5 ipmai
w YT for 15 mem and weshed w Dulbeces PAS idiscoi in inplsaiv.
Afier dmreg oy absoloe ethamol comaining 220 mg'ml bishemenmde 15ig-
mal 8l U avemighn, msdivideal blesooysis were maounied @ phcerod on
iicrnaape slales aid coimpEresed maally bedome visualicing by epi-
Busresetie using the Mikon Bhler ks UVCEA and G224

Fridwryn Transher
Revmpient Temale mue (811 ok old, 'R strami were procpanal by

muatear willy sescclimisal males of the same sieem 4 &ivs belire ambrya
Ianafie. The procetheres ol embrye mnsfer were perlormed scoordimg b
Fagy d @l [IT] In ihe =ime meipiend, 57 Blasioc s imeeiail waih LIF
v ahipmucentide (35, 10, e 2400 fmoli were irpslared 1o the
righi wigrus horn sl the seme nomber of Blastosysss ol wiih tha nan-
womag 41| beotady 1o the lefl uloms hom, Tha mes were killed 1 dags
whier embrve iransler. Syoessful snpdanmaiion was verifial and dessrmamed
by mjectiom ol Cliesge Sk Mo o 15 igmsin

Supplerent of LI fo LF Antisense
CHigewru leobide Treated Enianaos

Afer mborinieotion withy 200 fmol LIF sitsserne i poss beaide, LIF
iSipmad of 5, 160 or i ng'ed were added o e culinre psedaan of ihe
Ireaneil combyyer. These emleyos were owiluted @oan mimesplicre of 5%
L0 A 370 poedl pecmmtloied daally aisiegs an ophical iiierescie,

Statistical Amalysis

Rales were expressal as pereeninges, Dillorenoes Beiween blaslocyw
Fermatmon rags wer deiermineid eny the de-speee izsl. The mumben
mul dimensioms of il were sxpressed as memn 2 standard devmtios

il were compared using Seulend tigss Changes in the sepdsniation mies
wwre detgrmemad vxing the Ereska-Wallis sesl [ollowed by o Sloes Whii-
ey [bgsd, <2 005 was considerad in b sioisiicnlly sigrafc i

RESLILTS

Fiects of LIF Antisense CMigomecleotie
avt retmplantation Dlevedopumen

Tahle | shaws ihe percentages of murine embryos de-
weloping mte different preimplamation soge after varioss
treafments. |here were no significant differences in the per-
centapes of embryos developing to the bawo-cell, four cells,
morila, and blsiocysl stapes among  the fsir control
groups (7 = D0E), Mo significomt differenees wene found
un tee percemtages between the untreated croup and the
group trealed with 0225 fimel of LIF antisense oligonucle
otide { P = G051 In the groups toeated with 0.5 or 1O finol
of LIF antisense oligonuclestide, signtlcantly lower pe-
centages of embryos were found o develop o the morla
oF blastocyst stages (P = 0055 Signifcantly lower per-
cenbages of embr treafed with 2.0 fmal of LIF antisense
oligonueletide developad 1o the four-eell, memla, or blas-
tocysl stuges. Mo embryos developed 1o the four-cel] slage
i the ErMip treated wiath 4.0 fmal of LIF ambisemses ulip'l-
n e

The untreated embryes reached the fours 1o eight=cell
m&i;anu [u_F 3, moruls stage o Day 4, and blastocyst siage
on Day 5. The groups treated with mon-sense oligonuclese
ticle had similar developmental stages o the ammeabed
groug. However in the enbrvos treated witls 10 or 2 fisol
of LIF antisense oligenuckectide, the number developing
o the morila or blastocyst stages was greatly reduced on
Daws 4-5, ."l.mlmu thse trented with 4.0 fmol of LIF an-
tisense olipopucleatide, only fwo-cell-stnge embryos were
foumel on Davs 2-5 (Fig. 1.

*Kruskal
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TABLE 1. Percentage ¢%0 af murine embnyra deselopig, ima different premplamaion stges atter miceninjection of LIF antiseme olgonuclentide at
the rwo-promc e stoge.
Cisintial
T r— LIF sintheies flimdill

Lintreaied sall 12 Fenclli 14 el 2% k5 Lip am LKL
Suaps im =151 m=171  4n = T& in = 83 In= 144) in = 145 im = 55 in =152 m= 111
Tl Wy ups I i, A TN Y e W, .4
Faaa-cell 857 & 477 B5.5 e 2,1 nig RE "
Bails AT 4 by FE RN il [T TH, b TR BAH i
Bty 4 Tt A i, 1 L i 5 i 4t E1.ge i
s ol with e unteawsd groop
Ll k= (1)
f P 00%

Filecta of LAF Anlismaes mjlwm‘.'ﬁ.rﬂr.l'e
avt the Expresspon of UIE Protedn aof Chiferenst
H‘el’mpl'arﬂ.irim: Slapes

the blank control, the densities of immanoreac-
Live I_] proden siles were akmidlas 1n all grodips on Day 1.
Samilar densitbes were nl=o observed omong the umrealed
enibeyos and those mﬂ:ud with 2 or 4 fimol non-sese
oligonucheotide Trom Day 1t Day 5. The groups treated
with 1, 2, or 4 finol of LIF antisense oligomicleotide had
upp.nemh lower densities than the contrel groups foom
Day 1 in Day 5. Moreover, there was a decreasing irend in
thee densities with increasing amount of LIF antisenss ali-
gonucleotide injected (Fig. 2.

Etfects of LIF Antisense Chligomaclentide an Morphalogy
of Blastorysts

The diameter off blastocysts derived from embryos freai-
e wigh 2.0 finol of LIF antisense ofigonucleotide was sig-
nificamly smaller than that in the untrealed group P =

Day 2 Day 3

Morsamse
(2 fmal)

000, Maoseover these blistocysts also had significamly
lower numbers of blasiomenes and cells m M or TE. A
i'q:miﬁl:unil'_l.' lovwer 1ONETE ratio was also found m these
emibryis (F < 0001 Althaugh smbrves teased witli |0
fml of LIF antisense ol igonuclemtle had sagnaficantly low-
er numbsers of Blastomeres and cells in ICM or TE. ne
sppmificant diffensice was fouind o the IOMITE rataon e
tween this groap and the untrented embryos (Table 25,

Eflects of LIF Anfsense Oligonucksdie
o fmplantation Rate

Theere was no signifleat difference Between the inpla-
tation rale of the blasiocysts derived Tfrom the unirented amd
il mom-senss oligonue leotide-treated envbeyos and between
iher emibryos treaned with 0.3 fisel of LIF anbisense oligoe-
nucleodidde ot the two-pronscleus 'HHH! and those ireated
with the non-senze oligeaucheotube (M == i) However,
ih embryos treated with |48 and 2.0 fo] of LIF antisesse
oligomucleotide had :igrliﬁm.rﬂlj lower '|'r|1r.||:|r|l.ali|:||:| riles

A 1 ioiphadogy of munies embivos
on Duys 2-5 gfwr imioisnjectien of 110,
AL o A Peved LIF antleirei oligonieloo-
Tk Whar wiriiogssead goosspy and vhae Il
arwl &-frridl mwsrris -l gops wisie
o vmsdrols. B = Sk pim

MonSEnsa

{4 frmval)

LIF antisense
{1 fmal) ----

LIF antizsense
(2

LIF antisense
{4 fmol)
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Dhay 1

FIG, 3, Iwuresspios s al anakysie of
LIF prerir empoession o Dy 1-5 0 mo-
rime priyer, This theee conten | grougs
werrer Inchemie 2 unireaten]. non-sense (2
. @] nisn-senge (4 imal), The thinss
LIF aitisrse ofigetic lisigo- oo
prowyr e inglicaned as LIF antisorse (0
fromaks, LAF arémiernse 12 dnali, amd UF ani
serree (48 o, Thee blank: groopn was em-
v incubsated with rermal rabdds srum,
ardl dw fradealization gicag I parallsl
weith e anbluely promadealize] will ex-
o=a antsgenic peptide. Bar = 560 wm.

Blank

MWeulrlization

Wonsanss
i2 fmol}

Mansanss
{4 fmol}

LIF antisensea
(1 fmaol}

LIF antisenss
(2 frnal}

LIF anlisansa
{4 Tmol)

than thedr correspoixhing control embryos treated with the
non-sense oligenuclentide (P = 0.01) | Takle 3}

Fffects af Supplementing Fuvogenous LIF o LIF
Certe-impaived Embryos

ARhough there was pe significant difference between the
percentages of untreated 2PN entbryos amd those trested
with 24 fimeel of LIF antissise oligonueleotide deveboping
il the wo=cell stuge, stpnificantly hswer percenlages wene
fouil b the treated group for the development iivto the
four-cell, morula, and blastocyst stages (7 = ). In the
groups with supplensenting exogenous LIE, significantly
lower percen ;ge-s were also ohserved i these preimplan-
Gation stages (& = 000 ). However, Blasiocysts treated with
50 ng‘'ml LIF 'r:md a sigmificantly higher pcru-frl}}ng: than
Bl in the LI e=impaired group withowt iu]'qﬂe-
e P = (L0 :Ta.blnz Jm g

MNSCLUSSIOMN

Thie cocultwre technique has been wsed 10 determine the
effects of LIF on implantation [15, 1%] or preomplantation
development of muring embryvos in vitee [8, 2], Although
tle enhancing eflects of LIF may be observed, ol os diicull
o revenl the changes in embrvos with LIF-pene impaimeen
in vitro wsing this technigue. Knockoul experiments hove
dieimsonatrnted that endomstrial LIF i oessential for in vive
murine implanintion [4]. However, preparmtion of LIF
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knockowt mice |5 a laborious task. Antisense RNADNA
inhikition of gene expression has been documented as a
fensible a h to the elucidation of mechanisms reguo-
latang the development of preimglontation mamasbon eoe-
brwvos [20]. Murine embeyos ar the proneclenr stoge freated
wilh c=am antisense oligo may mhibil develspment (o the
Blastiscy st stagze, eapecially ai the fiesd cleavape of zygotes
to the two—cell stage [13], Those treated &t the two-cel
stnge may lead o deve nial arrest o the eight-cell or
moiuka stnge [21]. Dismuption of No/K-ATPase pene ax-
ssion by antisense oligodecxynuclectide may abalish
s toscy =1 Formation [L"] Hnrpl'mllnn antisense oligoms-
cheotides have been demonstrated fo b effective tools for
down-regulnting gene expression during mammalion pre-
implantation development [23]. Moeseover, the 2-methox-
yethoxy-modified antisense oligonueleotides ne camdidares
for effective examination of reles of large numbers of penes
during early u'nl'n'ynlnﬂ,i::.'l development [24]. In this study,
wiz applied morpholing antisense aligonuckeotide to nkakat
the expression of LIFE Although LIF provein was detectnbls
in the untpeated embryvo Tan the 2PN o the blastocyst
stage by imumunecyiochemisiry, signals of the protein ex-
pression ware reduced in thase treated with 10, 20, o 4.0
fmol of LIF angisense oligomeclectide from the two-cell
stnge in hlustoeys: st sese findings. indicate that our
sz s useful 9 mvestigating the effects of LIF on the
prefmplamation development of murime embryos in viine,
In the four experimental gronps, 2N embryos meated



LIF A% PREIMPLANTATIHON EMBRY O

TABLE 2. Chanpa= irs Hee elsey of colls inothe K08 el TE oo the Blgsteoyses demas] Bom mieme el gy micosisgectiom of LIF aissense
wigonuckentick i the fivoeprorecieus stage,
Coasdil
Pdain-aoss LIF arweenie ffmol

Llntresthsl LY Tivwdi L.rx RS

o= 5k in = %5 it o= |42 o= PH|
Brastuilatiean ratie 1751 HEAN 4500 (CLLYEE P 194 (5142 IS5 5T HN
P ool Delopaceovsts prpasread | 27 1] L5
Diarwsder od asiocysts imm)! 142 = 102 LT = a7 115 = % @5+ B
mumber of hlmdomer= S5+ A dTm x95 WS =TIk i T - ey
e o codls in BER b= 42 106 = i 145 = 17 9.1 = 4.1
Peduarmoties o wadls in TE 228 = Al Ja0 /% b N | 174 = hl
Fatiz il WoMETE awdlls it5i 4.0 &= &0 MR+ S T1.2 = 13,8 550 = LU

4 oErgpaiond wieh the iaieeslod e
b gy = B

P,
P s,

with variows dosages of LIF antisense olipo were able o
develop to the two-cell stage. Alhough the inhibiosy ef-
fewis of the antisense oligo may comunmence immediaiely
alter microidyecticn, the embryo may hove suflicien
amsounts of LIF for developang imo the nest stage. Bocause
embrvonic #:-Er!lﬂ'll!- polivition in mose oocurs ol he fwo-
cell stage [25], it is possible for the treated 20 enibryos
(4% dﬂle'lnrl inter the nexi shage. Mlorecv e, dcw[rrlm'-enl af
embryos trealed with 44 fmol LIF anbisense oligonuclen-
ticde arrested ot the two-cell stape, 11 has been reported ihat
nntisense oligomeclestides may bead o unrlredi-:l.ahll.- achive
itigs within vells and morpholine modification of the oligoes
may mvaid these adverse affects [26]. Because we emrlln:.lerl
pegtholine oligos s this study, tee arrest of the developing
enibrvos at the two-cell stage may ke mainly due 1o the
effects of LIF antisense olige af the high dose.

In this study, we observed the inhibitory effects of LIF
antizense oligonuclengle 10 the reated embryos, and mi-
croanjection of 10 or 240 finol bed fo 8 significant reductbon
i Lhe PeTcentage ol embryos o develop foon the morula
o blastocysta. It has been reported I:|jn1 FiM-stage mor-
phalogy is refated o blnstocyst development [27]. There
are o number of shage-specilic penes expressed al the dil’
feremt stages of the preimplantation embryos, Lex (Galhe-
tal =4 Fucalphal=2iGkM Ac) and Ley (Fu::lllim:l.l-,'.'['jn.lhl:-
tnl-HFucalphal-21GheM Ac) are stope-specific embryonic
antigens. The firmer is first detectesd on the Blastomeres of
thhe ebghi-cell stnge embryvo and comelates with the onset of
hlastomere compaction, The latter is highly expressad on

the surfnce of the blastocyst and has been shown o be
invoelved 1 blastocyst atachment o the mouse, By st
hybridizstion, mENAs of these o eneymses were delected
only in the monily amd blisiecyst embryos [28] Oibher
genes, such as the glucose ransporer GLUTI, growih fae-
tor, EGE (epidermal growth factor), ECGF recepton, are alss
detected durmg and after the morlar stage (2% 300 It s
passible that LIF may collabomie with these .rr.'nﬂ o rep-
ulate the hlagtocyst fomation. However, LIF has been
found fo prevent leptin-induced apopiosis in embryo de-
velopment [31]. Therefore, LIF may olso associale wilh
sopme other factors o modulabe the embryve grovwh,
Mumbers of cells in the TE amd 1CM nnd the 1CM:TE
ratio in Day 5 Blastoeysts are important predictive variables
af in vitro fertilization and preimplamation embryonic de-
velopiment i the msse [32]. These vanables may cliange
under different culturing conditions. The 1M at the blas-
Tocysl stoge has been demonstnvied to be mone sensabive o
Tigh tensperatire than the TE [33]. The mumbers of TE aml
lolal nocler are higher thr:.'m; cullured o oan ol
sphere with 3% OO0 i adr than i those deveboped under
A% DO DR Wy [3d]. {_'Iwnp:l. in the concentrn-
Tens ol inswlm or ghicose e the culture medium have been
repored o affect the numbers of cells in the M and TE
[35]. The number of cells i the [OM moy be altered by
addition of cytokines in the culiure mediom. The incidence
of hlastulation in human embryos may increase by 2-fold
in the presence of pranwlocybe-nucrophage colony-stinu-
lnting tactor [36] The specific impact of timer necroesis

TABLE 5. Changes n the implamation rase of munne hlastecyss denved from marine embries after microsnesstion o L antisemses aligoracestide
at the rvospmnue e sage.
i, ol Pogvasragss il
Mk, Bl=ndalinn hilastvacyns Il astnoy s
Comip reCinkni Treatment rale ey transiesred implasrtedt
| 4 Lintresies] WO CMRT ii .7 = 213
PR | ETD RO BRI 2T =74
1] H LIF anisesme 0.5 imads B2 iGWICT 52 = 17.a
B i bt A5 kR 54 = 3.1
1] Tk LIF antisespsesi 1 firadi 17 R{ThRIKN [ 3 = 12
Bor-srnse (LT T [H R ] ] mil = 11.8
i 1 LIF anbiserre 2 fimod P50 (M| 42 aiy = 1.5
L T LT | B o A L 421 01.3 = 14.0

* flpsbocyess 15<7 ) treaded wash LIF antiseree oliponudeotide wens transened o the dgh stens bom ol sach recipient and the same number seaned
with 2 imol reon-seme oligonoe lsmide 1o the ket ueis o, The ummeted blastooysds swene sanvdened o tha dght aerus hoen of each reciplen.
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P
4 (kTN
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TABLE 4. Percentages o of munine sonbmeos developing ot difienent
jindinplaniateen sl alies miceainjecdon a 2.0 i UF e oll-
jin st e Boviepeenine bos slage did sl wilh LIF,

LF sagsabament irgyml)

L iniireated (14 Ga B Siw
e n= 154 im = 14% = 1700 o= 1 mo= 17%
Tt el g Wit Ui uy.r 7
Frag—ll EIR T ] TH 4 74,1 e
erula IELL LLRL (L] UR RIS i ipe
Blasticy s L I 58 1518 15 4 i

i orrgared with fhe unbreaksd groop: @ P < LD, Sl
* Compared wish the group withesn LIF sipplement: P< 0%,

factor alpha on the 1CM of blastocysts has olso been re-
portel [37]. In this study, we Tound tht the numbers ol
cells im the ICM and TE were *u'gniﬁ-:'aml decrensed in the
groups Preated with 1O or 2.0 fimol of LIF antisense oli-
gonucleotide. Moreover, in the growp freated with 2.0 fmaol
of the oligo, the blastomeres had a significantly smaller size
aml p =ignifieantly lower IOMTE mtio, These fimfings in-
dicale thal mecromjectan of the oligo fo the embryos af
the 2PM stage may hove significant influence on the mor-
|'|||.'|-'||1|;i|:.l| chamcleristics of the Masiocysts, which in tum
decrenses the mie of implantation [38]), Becawse changes in
the pumiber of cells m the [CM or TE as well as the [0
TE mtie have been observed in the Blastocysts with im-
prirments ot the gene level [39, 40, the LIF antisense ol-
pponiiclestide may block the translation of the selected
mBEMAs (e sepse strund) ond lead to the morphobegical
chonges i the blastocysts,

The resulis oftnined in this in vitro study were consistent
with teose studses o in vitro maodels thar indicare teat this
profein is o eritien]l fctor for embeyos al various preim-
planitation stages [B—12). In contrast witls oo findings, ean-
bryos of knockowt mounse have been shown o develop 1o
tlee blastoeysd stage an the absence of LIF in vave [4). The
stpceeas in this pretmplementotion development moy b doe
to Lhe effects of the other growth foctors produced by the
cells of the reproductive tract. A number of growth faclons
und cylokmes from the reproductive tract have been shawn
b prcatiote Blastoeyst formaation [41]. The  insulis-like
growih factor] (KiF=1} produced by the fallopian tube is
present in the oviduet and urerme fuid Bt (5 nob expressed
m the ambeye [42] Addition of 1GF-] o the colture me-
dinisin may increase e percentage of entbryos developiig
min Ehe hlastocyst stage [4£2]. In addition, heparin-hinding
epidermal growih tactor amd granlocyte-macrophage cal-
I.1I'|]|l'-ﬁ|i1'|'|l.1|.n.'|'i|lf[ factor p-mdu:r:d in the r:prr'rd.urli'r': trnct
[, 48] mny also improve e preamgplaniation developrent
[36, £6].

The Lﬂ'l:ﬂ:. of micromjection o’ LIF anfiwense oligon-
clentide to embryo ot the IPN stage were mainly observed
i the developeent of momibs 1o blasiocysts. Althoogh Dhere
were v significant differences in the formation of momla
nmomg the growpe freated with L5200 fmol ol the oligo,
formation of blastecysts was observed &0 be signifieantly
affected in the 1.0- and 20-fmol ips. Moreover, thess
effects were dose-dependent in this range, Coculture of the
treated growp (2.0 fimel) with 50 ong'ml of LIF was able o
recover e fommation of Blastoeysts o o significantly ligh-
er level than the growp without supplement. These findings
are consistent with those reported previously that L1F has
heneficial effects on the preimplantation embryos, espe-
cially from momika o blastocys stages [9 12]. Howeve,
this bevel remained significantly lower than that of the un-

*€ 0 *0.01
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treated control. The elfective concentrutions of LIF supple
mwenl by cociliune may not be sufficient for e nonmzl
dﬂ':-]nr.ﬂnl:nr of these embryos. 11 is also p;msi'h!-l.- thaf mi=
crsnjection of LIF antiserse oligonhesixle o embryos a
the IP™ singe may Couse irreversible |.'I1u.|1“|:~: im the am-
bryos from twe-cell 1o monilar stages |1 has been reporied
that microinjection of DMA fragments in inchiling the
yveust cenlronmeere element seguence imlo one-cell murine
embryos results in an early amrest of development with ab-
oormal nuelel comainimg varinble amounts of WA [47]
The sequence of LIF aidisenie oligonuelectide wsed in this
stigly inchsles a region similar o the DNA binding sie
CATT{AT) of the transerption facior Y'Y 1. This hinding
sile has been located in the saguence of the promotor of o
number of cytekines [45, 49] Alikough this region may
affect the development of the |1r|.-imT:-'|n|1rn|:inn embrvins
through its unspecified reactions, the expression of LIF in
twr-cell frenied :|11I1r5-m have been allensd, We have alsa
foursl that supplement LIF to the mreated embryos ar ihe
twocell stage did nod improve the pereentage of embryos
developing mio the blastoeyss stage (unpublished datad,
These findings confirmed the Fact that LIF is a eritieal factor
for the nonnal developinent of embrvos o the prelinplan-
intion stages,
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