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Embryo development was regulated by gene expression in infertility couples treated with
in vitro fertilization. Leukemia inhibitory factor (LIF) is an essentia factor for
implantation and establishment of pregnancy. It is vauable medical topic of search on the
mechanisms of LIF for embryo development. We have reported that mouse embryos
development was effected by LIF-deficiency in vitro. We also found that some genes
change their experssion after LIF-deficiency by analysis with gene chips. The am of this
study is search on the mechanism of gene expression regulated from LIF at
preimplantation stage mouse embryos. We design our project for three parts in this study.
We treated mouse embryos with LIF-SIRNA to observe the effects on embryo
development after knock down function of LIF in preimplantation mouse embryos. Supply
kinds of growth factors to culture medium for LIF-deficiency mouse embryos. In this
study, these factors secreted from reproductive tract including LIF, IGF-1I, EGF,
TGFo and GM-CSF. We analysis the embryo development, embryo size, and blastomeres
to evauate the effect of growth factors. We have set the model to inhibit the LIF protein
expression by LIF-SIRNA and the blastocyst decreased from 82.2% to 45%. We find that
the EGF will increase the balstocyst rate after LIF-Si RNatreated. The interaction of LIF
and EGF need further more researche. Our results may supply advantage information for
improvement of embryo culture and IVF treatment on reproductive medicine.

Key Word: Leukemia inhibitory factor (LIF), small interfering RNA, (SRNA), growth
factor, epidermal growth factor (EGF)



¥

&

p

%

-, W32

PRS0 P2 HREE FARE 0 FRT - RE I HRNT G
GO EEC IR SRR EE S s LR E R R T O
B RF &R RODRATFOL LA R U T R KR E AT AR A
¢k e F1F L LA T 2 F R e R TR R Tl R Tl PR A 8
FEEFL Y g

«%ﬁ

. FL B

[ R L o A e R 5 R DR LA T o B e 13
PR T AR e R S AT 0P dh e d ANARKAR § aEdp B 1 F 4B RNA (SRNA) #
BF] k- {22 0k BE L E P - TR 0T 32 RNA {2 e fedla s
FIFIF F LB H L BB P FlF 08 7 B 5 @ v R R d] FlS Frdleak pE o
Tedvd EiE ¢ 24 K TS BB kS Rpdr ] TS AR PR T hiEA) e

=, PREE

%i%#wwﬁ%ﬁwﬂas*£4*ﬂ&ﬁ%ﬂﬁﬁi%ﬂiﬁﬁﬁiﬁiimMHwn
eta., 1992) > g4 £ F|F ¢ 2% & % (insulin) ~ #87%% § % 4 £ %3 (insulin-like growth factor | ;
IGF-1) ~ % 4 ;Wn+@memmmme,Jﬁiéﬂiyﬁﬂi%?ﬁamﬁmwmwwm
factor-a; TGF-a) % = J&#r+4| %3 (leukemiainhibitory factor; LIF) & o % 3§ ena Jpdrd] 5]+ & F iz
WHE 224 M aldhinE o n B TS B9 630 pAEDS R 2 - > A3 E 5 20kD >
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24 6BAEADT ML ApiepE =% (N-glycosylation sites) » 3 & g a4t - 3 B exon > i & ) i eh
MRNA & B 5 4kb > =t & 3] f5 5 1.8Kb o w Jpdri| F]+ chig S 8 5130 1994 # g &
(Robinsonetal,1994) » i & 5 4B 3% e Bd 2B EIRE - BEIEATE T o Rk ahim e §5 4
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FEE ¥ chd £ S R dmiede 4 30 ¢ e § 92007 2 (Hardy and Spanos 2002) ¢ b4 @ 2 is & £ 7
FWME - A 54 R rﬂ—"r (insulin-likegrowth factor 1)@ o ﬁ%'ﬁp%? A2 G B PERE G
e ¥ (Lightenet a., 1997) » Ak FoAFELFAETFIINRERY T UM SR I R
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2~ 3F 2 8 e F1F F B RNA H2 758 7 2 B
12 Tetrovirus 3 FUREGR 2 4] 2 e R B 15 TR RNA S H i = (F1ak)
A= S 2| AR | =
(2).The mir-30 sequence in the hairpin(1750..1768)

TGCTGTTGACAGTGAGCGCGCAGACAGACAGGTAGCATAATAGTGAAGCCA
CAGATGTATTATGCTACCTGTCTGTCTGCTTGCCTACTGCCTCGGA

(2). The mir-30 loop construct sequence in the hairpin(4360..4378)

TGCTGTTGACAGTGAGCGCGGAGTTTCAGGGATTTGGAA
ATAGTGAAGCCACAGATGTATITCCAAATCCCTGAAACTCCATGCCTACTGCCTCGGA

(3)Stem: 19 bases(sene/antisen) (3798..3816)

TGCTGTTGACAGTGAGCGAGGTGACAAATTCCTCTTTGA
TTAGTGAAGCCACAGATGTAATCAAAGAGGAATTTGTCACCCTGCCTACTGCCTCGGA

Prhrr g en R G gl o 32T kA SRNA U480 A £ B 1l ¢ sense {r antisense
oligonucleotide( 400 uM )~1 ul =1 T4 PNK kinase~1 ul mlOXKlnase B e fe 1 pl 9 ATP (100 mM)
MET Y3 PCRISEEF I7CIE* 30 4 45{-65C i+ 15 A\ﬁ-‘nq* AR BT
Wt BN P L SR TR S (T fof A E Y 0 X 7 @ 3 aen SRNA-LIF S 0 A
B B2 AR AT R RS 2 AL S SR R Y R
REAA BT 2,0 ek n s A AR SIRNA Z B0 AW G
AAGCUAUGUGCGCCUAACA(238-), GCUCAAUGCUACUAUAGUC(408-) ,
CCAGAUCAAGAAUCAACUG(138-) 7= ﬁrﬁ E N ) ;S P Y
3~ B i st

& lffﬁ}_ AP A B 2 R ACEL T 27 0 32 Narishige 2 & cdk 17 Bk 17 > AR AcE (71 %
¥ rtFe THRERKEOHTEFR R R > REUBPF R RE > BB - B R
AERLE E‘”fa ARV ONT AR PAREETSSER 2 T e B A FNE AR TR
it r 5 I dlFF 2 F REPHBA T BRI S R ﬁ“m PERRNE <LV
AN AR K 2pl o LS H-L i w - F LR A A > XA p TERER -
4~ fmPe fuB A G

B FE TN B ] Tl F R B PR el A T e ] Fl S & R drnk o AR~ 3

20fmole Jk & v Bdrd| F1+ F LB HEE FREPPEETRE > & BT IO & HFrd] F
F e LR R 7 F AR i F]F AE G AR 0§ A #2500 Acidic Tyrod’s 75 ik 7 R H A
ZEP A o R BRSBTS (SRR E YL b o 1 2%5iE B AR FI 1S 44 0 Bk
fa i e ieie = o fe > & F 11 0.2%:n Triton X-100 >+ 38 ™ a2 5 A 48> WA ¥ BFR e iFT U o
2 1% EEF ok EF 10 A 4 0 MURERLSE B RIS 0 0 F G 10%F R S Rt R R T
ESR 1) P 2 F 0 Imgiml fhs JRpde ] F) S ﬁwfé A°CE %5 % > 1 TBST ;3% (TrissHCl 50 mM,
Tween 20 0.025%, pH 7.8) 5% > 11 7 F 10%*5 2 s iF enpfe ¥ Gmip >t 300 T gL 10 A ds > £ 1Y
Img/ml = ‘s 448 (goat anti-rabbit IgG) i #* 1 -] pF » 2 TBST 3% i 53 # 3 2 4 48> 12 Avidin-
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biotinylated horseradish peroxidas AJ® 45 4 48+ & 12 TBST 73 % % 5=+ & = 5 A 48> 24 {5 12 DAB
7% % (0.05% DBA, 3% ki3> 0.05M > pH 7.4 51 Tris ¥ )/xJ2 20 » 48 > { 12 0.05M > pH 7.4 £
Tris & fbrige e d = » A %12 70% ~ 80%% 90% crif i AL 5 A 4B ik » #R 15 104 i AgL
hAR AR AE T ERR S A
5~ Fi3 S Rl
TR AR A g AR RS ] o SRR D R AR A BT 0 1 200 B DR

BEE /iifiﬂ fﬂ% AE I EREEPEPN PR BRI R EE s B3

'é :é_,?_f_‘_ \;’ %rﬁl E]J ﬂﬁxFZ{ﬁxfrrTJ@ ’{"—,A]BBLP\;/”\E"J/?J‘Q‘ﬁ,&T 543_]9*%_?‘&

6~ EPadpirraz 15 4 W4 4 (differential stain)

- IR AP RAL ES 0 F - B e ime B P S PN wme Bam e P R R ML
R iz o P O3V AR * 920 Lk £ E(immunosurgery) 2 i T2 S sE {7 1 eh4 ¢ (Piekos et
al.1995) » 12 96 35 % w 4 (¥ » £ 12 pH 2.5 ¢ Acid Tyrods’i it #- g % & 1% Mo ris 4
** 7 3 10 mM trinitrobenzene- sulphonic acid, 4 mg/ml polyvinylpyrrolidone % 0.015%¢7# Triton X-100
IMIGE %R P > B3k 1044818 I M2 R eis= A b o FHR2 0 237 5 0.1 mg/ml
anti-dinitrophenol (DNP)-bovine serum albumin (7 M2 35 % ;% ¢ » »> 37°CiT* 154 4151 M2 12 %
iRz ok o M ing &0 M2 33 & - B AR e X 2 L -4 48 (guinea pig complement
serum)¥ > J 4v 10 g/ml shiz ¢ k24| propidiumiodide » »t 37°C T #* 15 4 48 {8 M EEFL ¥ ek
PRz A o ARSI PLE T 7 5 22g/ml S F R EH] bishenzimide s $HERE ¢ 0 3 2t
A4C » SR ieh & B, rglin__?ﬂiu P MR RsiR s > R UER T R E AR
FER- TR U REMENFD UV-2A 2 G2A B ApBBEL R o B ¢k g € LMz d
m%*Jo Nt B g RIE S %’A\wj)’fj—ﬁﬁ_”‘ﬁﬂm”?ﬂfcﬁ 0

’ J *’fﬁf‘&?’ Fa R 3 LV RES S
Jﬁ%zfj‘ﬁmf}%#’ﬁdﬂ+ Fw 2 247 i'E“‘ FAZEEFE AL TG A Rpied] FlF B g

B A E-d pdrd] F1F+ SIRNA L~ R cnBU2 18 > R Lo & P % 5% 2 L 4 Hardy and
Spanos, (2002)3F i 4 7asp ® ¥ LR BN e p w2 4 £ F]F 2 W% e F (2 350 LIF, IGF-II,
EGF, GM-CSF, TGFa) et %2 @ » -2 w B kcw - § LAl 04 15 p 2 ppms i
PR E G wARA KA PR AR R LRI d] T AR RPN AR L PE A TR K S edd A o

8\ ;-‘u—F‘J-—» ;‘z.l:‘

AR AR B ] Bl HR R T R N o SRPa g T g2 Mgk 2 g Z(chi-test) &
B3R AMPAE R AR P A BAF (SE I ahdiciE T35 E HE R £ (meantSD, standar deviation)
7 » 11 Student’s t-test 4 s34 2 > p ]2t 005 PF R K L F EHF LB o

o

I, BFaun (P 8%HEER)

AT ERF T K| F]F F RSP EPELIF-SIRNA)E S = 22 LIF-SIRNA $f% ¥
B2 fad ) B iag T R G B b ende ko T B T 3 R inde gk ot 0 F B E Py ik
Frd ek £ (Tablel) e iz B % % 5 7 & 2. SIRNA #o Fpdrd| F]+ fFrflfi s & - 2 fFrf =g 2k
MR R AM S ﬂ%“]’-ﬂ-}%#’l’ﬁj'ﬂ]—*ﬁ B is T m‘i%zk)z — R AR P AR L R
St LIF-SIRNA 115 § 58 8 9270 2 Jp e eria o8 AR R § o pdrd] 15 4 R 8 i e & (Figure
1B, C)» e & 1 X p4aE = i LIF-SIRNA 73 n Bedrd] F1F 2 KB R P F)3 425 T H 8 7|3 hE &
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B A ALY R P02 £ F]+ IGF-Il, EGF, GM-CSF, TGFourt 50 ng/ml jk & i 4 3¢ ¢ it
LIF-SIRNA #ro Bfrd] Fl+ B3 7 g 0% ¢ o LB A8 7 a0 ZRT 5T 2
BISE U LN A e ) e B P E R R el oo g T EGF $HAk 4w g F1 5 &
RHERFE T G PR E > T E G AP R s A A g anE 82 R Psanime e 2 om R
FRARAEE > A G A L B e R FE TR TSP 2 B R -
el RK3ERodm BB oA £ T Ha Ried]| FF 2 Plied| iR Tl g P R aw g g v aofl
£ > (Table2, Table3, Fig 1A) Flut i pdr ] Fl+ 4 L P 23 58 ¢ 357 Jid B da o ch) 4L 5+
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P A A E TG *2% T BUA PR A FT e 20 ¢ (Miyauchi et al., 1995; Kleinstein et d., 1993;
Johnson et al., 1994) ) » #++ & & f S 8gd g 7 ’Fﬂ'ﬁ % 3 & g%k (Moritaet al., 1994;
Johnson et a., 1993; Hofmann et al., 1990; Lonergan et a., 1996 Rieger et al., 1998, Boomsmaet al.,
1997; Lennard et €., 1998) > @ 7= 5 dF £ 4p 1 & 2 & F]F e pFrdl F]+ T;‘T i TR E B i
#2(Zhangeta 1996) > + £ 2 & F]F &2 o fpfrd| F]F BV X % g 4 @i e i STAT 2 MAPK
BOE LA EETIRE e T M SRS A B K RS s ”ﬁ' B ﬁi?&ﬁ@;%%’?#ﬁ
PEEDMES > RHRAIEZAGFOBEBPIEIR- HIET REKRF -

\ \\\?{r

AR o

AR AN Z 2RI T R AL R H TS 0% 50 RNA Rl el 513
Bt T R A £ F]F o R drd| FlF T AT RN L e FlF L BRR T e L
PR TG BB RURE O D XA IEFEIFR PR ENEFI RS- AR
Boofe ZAP G g i A2 & FF B0 pprd| FlF 2 B8 T g el g - HiF
MEFEFHOW E 0 AR IR PEAT RN TV oy 02 IS Jp 3k RO PR 3 R TR e d 0 A
BT SR TR A R 5 R
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Table I. Percentages (%) of mouse embryos developing into different pre-implantation stages after microinjection of LIF antisense or sSiRNA at the
two-pronucleus stage

Si RNA Vector _
Control LIF-ds SIRNA
(cytoplasma)
anti-LIF )
Untreat NaCl Non-sense 1 2 3 1 2 3 solution
(fmol)
2.0
Stage (n=51) (n=31) (n=46) (n=52) (n=78) (n=66) (n=87) (n=26) (n=32) (n=24) (n=30)
Two-cell 90.2 935 91.3 92.2 92.3 93.9 93.1 92.3 93.8 91.7 93.3
Four-cell 85.7 90.3 84.7 67.3 89.7 93.9 92.0 80.8 78.1 75.0 86.7
Morula 834 83.8% 84.7 51.9% 84.6 87.9 89.7 76.9 62.5 58.3° 83.3°
Blasto-cyst 83.4 77.4° 76.0 17.3° 74.9 83.3 86.2 73.0 50.4 41.7° 80.0°

ad, Chi-test P<0.05
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Table 2. Compared the embryo development rate from growth factors supplement on mouse embryos treated with LIF SIRNA.

Supplement ( 50 ng/ml)
Blank Si RNA
Stage
(n=30) (n=40)
EGF GM-CSF IGF 11 TGF LIF
(n=34) (n=36) (n=136) (n=25) (n=38)
Two-cdll 93.3 95.0 94.1 88.9 88.9 92.0 94.7
Four-cell 91.1 85.0 94.1 77.8 77.8 80.0 78.9
Morula 86.7 70.0 88.2 66.7 55.6 72.0 73.7
Blastocyst 82.2 45.0° 76.5° 61.1 44.4 52.0 68.4

a, Chi-test P=0.05
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TABLE 3. Changes in the number of cellsin theinner 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 SIRNA( 1.0 fmol)
Untreted wolution® Control EGF GM-CSF IGF 11 TGFa LIF

50ng/mi 50ng/mi 50ng/mi 50ng/ml 50ng/ml

(n=9) (n=8) (=10 (=19 (n=13) (n=11) (n=11) (n=12)
lastul ation rate (%) 88.9 (8/9) 87.5(7/8) 40.0(4/10) 66.7(8/12) 46.1(6/13) 36.4(4/11) 455(5/11) 66.7(8/12)

0. of blastocysts measured 8 7 4 8 6 4 5 8
iameter of blastocysts (um)b 113.6 + 11.2° 1105+ 74 101.5+53 108.5+ 34 1035+5.9 102.2+5.9 1045+6.7 106.5%+5.9
0. of blastomeres 57.5%+6.5 60.6 £ 9.7 36.3+8.7 43.2+5.5 38.2+7.4 43.6+8.7 41.8+104 453 +8.7
oof celsin ICM 216+42 20.6+3.6 91+41 13.7+3.8 11.6+£5.6 12.1+5.1 12.6+2.1 141+31
oof cdlsinTE 35.9+ 6.2 40.1+ 8.3 27.2+ 6.2 290.5+8.3 26.6+7.7 31.5+6.3 20.2+9.1 253+6.2
atio of ICM/TE cells (%) 60.2+ 18.9 51.3+ 215 334+139 46.4+12.9 43.6+11.7 38.4+12.4 43.1+16.1 55.7+ 139

& Compared with the untreated group

® Mean + Standard deviation.
t-test (no significant statistic)
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Figure 1

(A). Examples of differential staining of blastocysts. Pink cells were trophectodermal
blastomeres and blue cellswere ICM.  Immunocytochemical analysis of LIF protein
expression on Days 5 in mouse embryos.  (B) The blastocyst was from Solution treated
group (c) The blastocyst was from SIRNA-6 treated group. (200X)
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