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EPY I RRY > R4 L3 ?’ pHp ek 4 W) 5 80.6% 0 83.5% 0 39.4%% 13.2% ; @
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Leukemia inhibitory factor (LIF) is an essential factor for implantation and establishment of
pregnancy. However, its role in the development of pre-implantation embryos remains
controversy. In pervious study, changes in pre-implantation embryos were determined after
microinjection of LIF antisense oligonucleotide at the two-pronucleus stage. Although no
significant differences were found in the percentages between the untreated group and the
0.25-fmol treated group, 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, in this
study, by using cDNA micrroarray techniques, the related-genes which are affected by LIF
antisense will be identify at mouse morula stge. The result showed that among 9652 genes, 8925
genes had been detected in the LIF antisense group and 8758 genes in the LIF sense group. 154
genes were up-regulation, such as poly (ADP-ribose) glycohydrolase, a cell apoptosis protein.
219 genes were down-regulation, such as SOX2 which is correlated with cell growth. Thus our
data suggested that the altered expressions of many genes had been observed at the morula stage
of embyo with microinjection of LIF antisense oligonucleotide, although at this stage the
morphological change was not different from that in the sense oligonucleotide group.

Leukemia inhibitory factor (LIF) is multifunctional cytokine. It has been considered to be an
essential factor for implantation and establishment of pregnancy [1, 2]. Although LIF is mainly
provided by material uterus for pre-implantation embryos [3], the expression of this cytokine is

only depended on the embryo in in-vitro fertilization.
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In order to distinguish the precise role of LIF at the pre-implantation stages of embryogenesis
in vitro, we employed antisense oligos to attenuate the function of LIF gene in the in-vitro
embryos and determined the effects of this treatment to the pre-implantation development and
implantation. In pervious study, changes in pre-implantation embryos were determined after
microinjection of LIF antisense oligonucleotide at the two-pronucleus stage. Although no
significant differences were found in the percentages between the untreated group and the
0.25-fmol treated group, 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, in this
study, by using cDNA micrroarray techniques, the related-genes which are affected by LIF
antisense will be identify at mouse morula stge.
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(Ducibella, 1975) o § 52.607) = 5 % dmee 5 =x & 1 o ik ik e B8 0 2 5 Rk
F o RN AR R F e A - AT B TR - BRI R E A
Km0 foF BRP fhend ﬁé@ﬂiﬁj v 2 A & 25 0 (Mclaren, 1982) » 1 £ A E &
dmi s PAAR R s LR RRR b2 thia g o @ N dmfe W) e o] ROCR B S o ) e 0]
‘g ;}n]igqjgu ARl ~ ﬂv—‘g% i N };T(zag*:o

RRLE N 2 e P PE AR R A ¢ M2 EEE AR E S B EE T R Flehd
i# (Schultz, 1993); A sf S & fr e FhR WP 2 F 7 £ F HEENHF R s L 552 4
EX 2z 4 (Watson et al., 1992) » pt#p4 £ F]3 & $£2%% § % (insulin) ~ $g%: 5 % 4 £ 7]
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LR T 0 BAAERTIER o
Paria % + (1992) s J1* antisense AT 01T fREFRAFI AR F R B T h
o TP AP FA RN EFIFECTT LIF A F aw g 7 ¢ cnE B Mo P %A
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B i BONEIRMET B— 30G 42 lcechh g B T4 LRTERZ B R
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BAOs - ggvizel B 522 gFTibcel P Fe I gFTIRIERYD -

Ja ¥% #p BU3212 antisense oligonucleotide & » :

~F %13k 3+ 2. LIF gene =n antisense oligonucleotide #_% = Gene tool (U.S.A.) = & 1
HEFrR2 MR RS 5B - BB 5 0 > £ 4% Morpholino i3 4 3 4e 4£ < & o
Fralenk 7] 5 Anti LIF: GACCTTCATTATGGGCTGGACTCTA (156~180) » ¥ #F 5 7 #+p&
ASTPE R 2 X 23T - BE R & PR 5] Control: ATCAGGATTGGTGG CATC TTCCCAG
BRI EATIR G w o Rk - ] LIF A5 8 &) BRI RO
Flo 50 FfRdmre o 2 PEREER R A N2 LR IRA S 2 SR RIE 0 0 ST
Wi eniz ¥ 2 R EBRISARTFITC § X4 50§ % 8 cd ™ L% - Antisense LIF
fie B = 0.5mM ~ 0.25mM 7k & > nonsense antisense fiz = 0.5mM ek & & ]3] B2 P5 R
FREp LBt T A Psn P o FR TR 2R AAp L ) 2 Rk T B {7 0 T2 Narishige 2. & 5 3%
TR AMAHEITR AT P riF r Lp T grB e G HTF 2 %% 0 RS RPN
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Blastocyst Morphology

A grading system is devised in order to compare blastocyst morphology in the presence and
absence of antisense treatment. Grade | blastocysts are of excellent morphology displaying a fully
expanded blastocoele cavity, discrete inner cell mass (ICM), smooth trophectoderm (TE) and
appeare to have numerous cells in the mural TE. Grade 11 blastocysts are of good morphology, but
have a few excluded cells in the blastocoele cavity or a slightly diffuse ICM. grade Il blastocysts
have poor morphology, with many excluded fragments or cells inthe cavity and/or between the
TE and zona pellucida and no discrete ICM . The TE and ICM of grade Il embryos will be very

granular and irregular and intracellular vacuoles will be present in both cell lineages.

DNA & 4 & 47 & 14 7
(1) RNA iz s~

fc f 2 % 0.25 ~ 0.5mM LIF antisense ~ nonsense antisense % X 3 i &g » & 5
P RNA- £ 2 DNA & P A7 AT 2R o« V- a2 > B plva F £ 100 B
I AR ST B MR AR R 0 AP ERY T T a3 12 RNA carrier %
stabilizers ¢ » RNA Z B ® » #Fd P4 ? RNA a4 o 322 4R & 1 A7)
2 Benprimer &3 4 hybridization x5 - 7 12 digoxigenin nonradioactive labeling % st
F AR 1A 4o signals iR 0 RNA en¥ Bofe it o 5 7 5 4c RNA éng 7 > £ 3 RNA
13 B~ % 3 i bromo-3-chloropropane » & itk - £ 12 75% ethanol (Sigma)itiis o % it {8 eh
RNA(% 0.5mg)+c -k {8 %15 >+-70°C o % i {8 eh RNA * &k & = first-strand cDNA # 12
nonradioactive labeling -

(2) RNA 1E 45

& = first-strand cDNA - 4¢ » Total RNAs (0.5 mg) ¥ CDS primer mix (1 mL; Clontech
Laboratories, Palo Alto, CA) ;& & ¥ 4 » 7 3 AMV reverse transcriptase (18.5 units; Roche
Molecular Biochemicals, Indianapolis, IN)7Dig cDNA master buffer & {7 & #& 45%(15 uL in total
volume) - First-strand cDNA ek #& 45 & 48°C & {7 50 4 48 > & & 4 » stop solution (1 mL)
EA S R

(3) Probe & =_



¥] % probes 12z F13F £ 4 primer (i.e., CDS primer mix) & 2> H 4 fe 4 & * oligo(dT)
g random primers k i< o *% i< probe ¥ 1/10 sjg jedd 3 AR M2 AF B M A F U 4
R & o 12 digoxigenin-11-dUTP # z f 4] * anti-digoxigenin antibody =k + » ¥ 11 & 3zt
Az 0 cDNA 48 0 » { ¥ £ 45 second antibody against the primary antibody < < > 12 # P
A i e F) 4 IR o

(4) Hybridization % # | (DNA chip)

¢ * Clontech Laboratories =] 8 cDNA A F & % > % » 47 588 f&-| Bl F] o M
A& Ff # 77 e 73 plasmid %2 bacteriophage DNAs &% negative controls > ¥ ¢t 5 #cfé
housekeeping cDNAs &4 % positive controls - 5 7 e 2L 8 (4 en® F > @ * 5 mL of DIG
Easy Hyb solution (Roche Molecular Biochemicals, Indianapolis, IN)# ¢ 7z 3 0.5 mg of fish
sperm DNA % & prehybridization # 68°C - 1-2 -] ¥ - 12 3 5 Cot-1 DNA (3 ug; Clontech
Laboratories)#: -+ hybridization solution ¥ #: prehybridization solution # 4 » probes (10
uL) - #* hybridizations « /f i%4¥ & 68°C > 16 -] pF o i ikists pt & 5 12 Dig Luminescent
Detection Kit (Roche Molecular Biochemicals)# i - ¢ CDP-Star substrate #& % @ & e31 55 &
2L+ 11 % Fluor-S MAZ Multi-Imager System (Bio-Rad, Hercules, CA)# 7 £ i% -
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TABLE 1. Differentially expressed genes with up-regulated in 2.0 fmol LIF antisense
oligonucleotide-treated embryos

No. unigene_code GeneName ratio
1 Mm.17991  cytochrome P450 3.15
2 Mm.27015  forkhead box D1 3.01
3 Mm.21005  cystatin 9 2.98
4 Mm.23782  expressed sequence Al427652 2.64
5 Mm.5 homeo box A10 2.52
6 Mm.32744  opsin (encephalopsin) 2.33
7 Mm.1341 epidermal growth factor 2.26
8 Mm.28398  fatty acid binding protein 2, intestinal 2.07
9 Mm.&96 interleukin 1 receptor, type I 2.01
10 Mm.20461  gamma-glutamyl hydrolase 1.98
11 Mm.22695  collapsin response mediator protein 1 1.90
12 Mm.4182 protein kinase C, beta 1.88
13 Mm.3506 arginase type 11 1.88
14 Mm.2774 deiodinase, 10dothyronine, type I 1.87
15 Mm.3907 solute carrier family 6 1.86
16 Mm.89048  coagulation factor II 1.84
17 Mm.3092 inhibin beta-B 1.80
18 Mm.6611 solute carrier family 27 1.77
19 Mm.38323  OVO homolog-like 1 1.73
20 Mm.1137 integrin beta 2 (Cd18) 1.71
21 Mm.16519  nuclear receptor subfamily 2 1.69
22 Mm.38192  schlafen 4 1.68
23 Mm.3264 TXK tyrosine kinase 1.68
24 Mm.16086  ATP-binding cassette 1.68
25  Mm.3243 protein C receptor, endothelial 1.67
26 Mm.10194  myomesin 2 1.59
27 Mm.3865 seb4 mRNA 1.58
28  Mm.8137 chromodomain helicase DNA binding protein 1 1.55
29  Mm.34384  BH3 interacting domain death agonist 1.54



30
31
32
33
34
35
36
37

Mm.26587
Mm.16224
Mm.2904
Mm.6258
Mm. 15295
Mm.5641
Mm.20947
Mm.15962

thyroid hormone receptor alpha
guanylate cyclase activator la (retina)
zinc finger protein 216
ectodysplasin-A

epoxide hydrolase 2

B lymphocyte gene 1

RAD17 homolog (S. pombe)

poly (ADP-ribose) glycohydrolase

1.53
1.51
1.48
1.46
1.44
1.43
1.39
1.32

TABLE 2. Differentially expressed genes with down-regulated in 2.0 fmol LIF antisense
oligonucleotide-treated embryos
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unigene_code GeneName

Mm.27465
Mm.25347
Mm.3249
Mm.2731
Mm.4462
Mm.43636
Mm.4541
Mm.26859
Mm.3963
Mm.3991
Mm.4818
Mm.38490
Mm.7504
Mm.27723
Mm.394
Mm.6800
Mm.29210
Mm.686
Mm.30201
Mm.26995
Mm.1971
Mm.460
Mm. 182255
Mm.29772
Mm.2409
Mm.143768
Mm.1775
Mm.2534
Mm.42948
Mm.687
Mm.16537

hepatic nuclear factor 4
fibulin 5
Eph receptor A4
phosphatidylethanolamine N-methyltransferase
SH3-domain binding protein 1
zinc finger protein 289
SRY-box containing gene 2
gap junction membrane channel protein beta 5
E74-like factor 3
solute carrier family 25
cyclin-dependent kinase 5
ADP-ribosylation factor 1 GTPase activating protein
glutathione synthetase
feminization 1 a homolog (C. elegans)
intercellular adhesion molecule 2
keratin complex 2, basic, gene 8
aplysia ras-related homolog N (RhoN)
actin, alpha, cardiac
aplysia ras-related homolog G (RhoG)
thimet oligopeptidase 1
calreticulin
suppressor of Ty 5 homolog (S. cerevisiae)
CD97 antigen
N-acetylglucosamine kinase
alcohol dehydrogenase 1, complex
f-box only protein 3
hematological and neurological expressed sequence 1

proline-serine-threonine phosphatase-interacting protein 1

thioredoxin peroxidase, pseudogene 1
aplysia ras-related homolog B (RhoB)
actin, alpha 2, smooth muscle, aorta

ratio
-3.58
-3.27
-2.68
-2.62
-2.52
-2.48
-2.35
-2.31
-2.17
-2.09
-2.04
-2.02
-2.01
-1.97
-1.95
-1.95
-1.92
-1.90
-1.90
-1.90
-1.89
-1.86
-1.83
-1.82
-1.80
-1.79
-1.78
-1.78
-1.77
-1.76
-1.74



32 Mm.22409  chloride intracellular channel 4 (mitochondrial) -1.73
33 Mm.2055 matrix metalloproteinase 12 -1.73
34 Mm.149 RADS52 homolog, (S. cerevisiae) -1.72
35  Mm.28084  guanosine diphosphate (GDP) dissociation ihibitor 1 -1.71
36 Mm.28130  PCTAIRE-motif protein kinase 3 -1.70
37  Mm.24255  transducin-like enhancer of split 3 -1.70
38 Mm.426 glutathione S-transferase, p1 2 -1.68
39 Mm.16562  actin, gamma 2, smooth muscle, enteric -1.67
40  Mm.130 cytokine inducible SH2-containing protein 1 -1.65
41 Mm.2582 vacuolar protein sorting 45 (yeast) -1.63
42 Mm.42948  peroxiredoxin 2 -1.62
43 Mm.103351 ATP-binding cassette -1.60
44 Mm.192991 metallothionein 1 -1.59
45  Mm.42196  nuclear protein 95 -1.58
46 Mm.18087  lectin, galactose binding, soluble 9 -1.58
47  Mm.8131 integrin linked kinase -1.57
48  Mm.7244 anterior gradient 2 (Xenepus laevis) -1.57
49  Mm.21868  raf-related oncogene -1.53
50  Mm.16757  solute carrier family 20, member 1 -1.50
51 Mm.25194  myosin Ic -1.48
52 Mm.8180 lymphocyte antigen 6 complex -1.48
53 Mm.183257 cofilin 1, non-muscle -1.47
54 Mm.10 spermidine synthase -1.46
55  Mm.14601  glutathione S-transferase, mu 2 -1.45
56  Mm.17911  lectin, galactose binding, soluble 6 -1.44
57  Mm.24662  S100 calcium binding protein Al -1.42
58 Mm.8940 activin receptor 11B -1.40
59 Mm.4927 aconitase 1 -1.36
60 Mm.4551 villin 2 -1.29

Fig. 1 Image for differentially
expressed genes in control
embryos and 2.0 fmol LIF
antisense oligonucleotide-treated
ones. Untreated mRNA probe,
green color; LIF-treated mRNA
probe, red color.




Fig. 2 Overlapping gene expression in control
embryos and 2.0 fmol LIF antisense
oligonucleotide-treated ones.
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