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Effect of GM-CSF on the Embryonic Development and the Expression of
Implantation Related Genes of Mouse Embryos
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Tai-Jeon Kim’, Won-II Park®, Seung Samuel Kim*
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Eulji University School of Medicine, Department of Medical Technology®, Seoul Health College

Objective: The purpose of the current series of experiments were to assess the effect of GM-CSF, as a

medium supplement, on the development of mouse embryos and the expression of LIF and IL-13 mRNA.

Materials and Methods: Mouse 2-cell embryos were collected from the oviducts of 6 weeks old
ICR mice at 48 hours after hCG injection. Embryos were cultured in P-1 medium supplemented with

mouse GM-CSF (0, 1, 5, 10 ng/ml). The embryo development to blastocysts and hatching blastocysts

was assessed and the cell number in blastocyst was also examined. Using RT-PCR, the expressions of
LIF and IL-13 mRNA in blastocyst were evaluated in the GM-CSF supplemented group and control

group.
Results: In mouse, the addition of GM-CSF increased the percentage of blastocysts (65.5%, 68.6%,

73.0% and 76.1% for control and 1, 5 and 10 ng/ml, respectively), and increased the proportion of

hatching blastocysts (35.2%, 36.4%, 43.2% and 53.0% for control and 1, 5 and 10 ng/ml, respectively).
The mean cell numbers in blastocyst were significantly increased in GM-CSF supplemented groups

compared to control group. LIF and IL-1B expression in blastocyst were significantly higher in GM-

CSF supplemented group than in control group.

Conclusion: The results of experiment by mouse embryos showed beneficial effects of GM-CSF as
a medium supplement. Furthermore, the addition of GM-CSF significantly increased the expression of
LIF and IL-1p in mouse embryos. These results suggest that GM-CSF might be a important molecule in

embryo implantation.
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(GM-CSF)= #4319 T-lymphocyteol A AALE &=
cytokine®] GF A2 X Loy, o)A
< ZIA LS S} 28 2dske A8-S ke
Aog Bugn Yok w3 GM-CSFE A, B%
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33T
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Hj k2 319121, recombinant mouse GM-CSF (Sigma,
USAE 0, 1, 5, 10 ng/ml T=2 Z+2+ wjjoFoio]]

Table 1. Oligonucleotide primers and cycling condition for PCR

Gene Primer sequence

Product size Condition

B-actin 5'GTGGGCCGCTCTAGGCACCAA

3'CTCTTTGATGTCACGCACGATTTC

LIF 5'CATTTCCTATTACACAGCTCA
3'ACACGGTACTTGTTGCACAGA
IL-18 5S'CTTTGAAGAAGAGCCCATCCT

3'GGATCCACACTCTCCAGCTGC

539 bp 94C 455,54C 455,72C Im

293 bp 94°C 305,58C 455,72T 455

323 bp 94°C 455,54 455,72C Im
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Figure 1. The effect of GM-CSF concentrations on
the development of mouse embryos. *Asterisks above
columns donate significant differences (p<0.05).
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Figure 2. The effect of GM-CSF on the velocity of
blastocyst development.
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Figure 3. The effect of GM-CSF on the hatching of
blastocysts. The concentration of GM-CSF was 10 ng/ml.
*Asterisks above columns donate significant differences

(p<0.05).

Table 2. Cell number of blastocyst cultured in medium
alone and in the presence of GM-CSF

Treatment blal\s{:)c;c(;fsts (rllje(;nci g?il%\s/l) Range
Control 16 679£17.1°  32~86
1 ng/ml 15 95.1420.8°  56~131
5 ng/ml 15 91.6£124°  63~116
10 ng/ml 15 92.0+124°  69~124
2 p<0.001

2 3|43} 0.1% PVP7} H7he PBSE 23] AlH&
A& F TRIzol (Gibco BRL, USAYS ©]-83} to-
tal RNAE FZ35151 2, &4 Total RNAZ H-E
oligo d (T) primerE ©]8-3to] cDNAE AT ¥
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de® Azt YRIEIGITE TFS RNAZFE 9 4
A L FE vlaslr] et Beacting: control
2 AREck LF 282 IL-189) 2 BEE de-
nsitometer (Vilber Lourmat, France)E ©] &3] &4
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5. & Az

£ Aol doizl AF Aol BA AHE
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GM-CSF & Eo) u}2 ujutZ7}z]9] dadgL 3
7} =7t SR wet dggo] FUbEE Y
& BFY o 2 FF GM-CSF F7HEE 7ol
o3 zolE YEA] edgtor, =g GM-CSF
HA7HEE ol % /o3 AFol & HAFR] ok}
(Figure 1). BljukEe] K518 QlojA = GM-CSF2
A7t T2t S7HE O Wt SUtE e S HAF
LX) 10 ng/ml GM-CSF #7pgto] th 2o 1)

B-actin

R . 539 bp

LIF

3] F95HA =& F3ES HAFAUT (p<0.05).
HiutE o) wg £ 8 MujR 7] 95l 50%9] HiRk
7} A EE AZHE ¥)ngt 23 10 ng/ml GM-
CSF #7}°] hCG F9 ¥ 103413}, th&T-L 108
AlZEO. 24, GM-CSF #7hroll A wirgo] Bt &
g APHE Aoz FAHAY (Figure 2). of2gH
ARES THAE EH £ AFoNAE 10 ngml¥]
=52 GM-CSFE A7leH= Aol 71 & A49E
Hepdon ol ¥ @%‘Tat 10 ng/ml®] FEZ GM-
CSFE #7181tk

2. HJHFE A|Z 49| H|m

Wi 3dAfol wintEe) AP eH S Hehlis F
87 AFQ wukz o) AEFE ZALE 23 (Table
2)¥ 1 ng/mlo] 95.1+20.8, 5 ng/ml©] 91.6x£12.4 18]
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Figure 4. The effect of GM-CSF on the expression of LIF. 1: Control, 2: GM-CSF. *Asterisks above columns donate

significant differences (p<0.05).
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Figuare 5. The effect of GM-CSF on the expression of IL-18. 1: Control, 2: GM-CSF. *Asterisks above columns

donate significant differences (p<0.05).
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10 ng/mio] 920412424 t)ZT-9] 67.9+17.1 &
o FojetA B2 AEFE YERT (p<0.001).

gtzo| ARl 0jXl= GM-CSFQ

uivky g whghy A Te] ARl e o
FE A7) At wjeF 5Pl ML ol A
3] Fabd muke) vlEg ARG A3 (Fig-
ure 3= GM-CSF A7} (10 ng/ml)o] 73.6%24
Z79] 13.0% Brh o8l 22 A9E Jehdlt
(p<0.05).

4. LIF, IL—1p mRNAS| &80 0jxl= GM~—
CSFo| g&

TR LT} Ao Bodts Ao L
LIF9} IL-1p mRNA E&o] GM-CSF2] g3FS A}
39 ek LIFS} IL-1 mRNAY] & GM-CSF #7}
To] ETol Hlgte] froatA & W Y
YERATY (Figure 4, 5).
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GM-CSF& 843+ T-lymphocyteol| A £1] 5w,
T2 XEAE FA £ E 2 Ao
Agoll Ras ekt 28y &4 GM-CSFE ¢
T, WAAIE, Aol AE 28] YAAEE £5
g TRt Ao A] EulEE Ao deA ok
GM-CSF&= BAAH Eoll EA3R= o9 B subunit® T
3% heterodimeric receptor complexol] ZAHgro 24
1 7158 2350 % o subunitt GM-CSF E0]4
031, B subunit< IL-392} IL-5 receptor®} Ff-ske A
o= d#A gick”

FZo] GM-CSFE 4475 % Fag 43
e Zlo= RIE T ek AA7|#e A4 GM-
CSF:= estrogen®] Gl 9sto] A5t die] A
A FEAA Eujgrke Zlo] A, WY 185 A}
Foll A GAFACE> A oA 245 Yol A
GM-CSF 49| F7hs &4 713 &3kl 4o
W2 ZgA] 710 & progesterone®] 3ol o]}
FashAeE? @438 GM-CSFE 94l 713 Feb
of ek} getel 27of ERste Aoz 4HA
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AT dhgo) glojA] GM-CSF+= 3te] 8
g 840l Ao grh AH A FA™S
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SR W) QlojA % GM-CSFY] FH7h= wijyt
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Z) 9] W ZIMAY )= A HAFlon, 5=
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dAfstd wulxz o AL PPAIE AoE
Alg gt}

AFHR] R E W] JojA GM-CSFoll o)
g AT HIES F2 k¥l 4 B3} agn
32 (attachment) ¥} 22 @Abo] A3 A5 Q B
ol® 71l oJste FAge] W] FET A%
& FE7M dEide @ shue] a3 Bagke] g}
o} Imakawa 57 WY AL GM-CSF7} A7}
¥ ujokaol A HjokatE wiuEEe] trophectodermol
A] anti-luteotrophic signal interferon (INF)-t(oTP-1)¢]
LHE FTAA 58S P3N0 Ba
sk ok & Aol ME GM-CSF7F olu g 714
o ost] AT WATHE FAATNEE A
HE 12} RT-PCR W& o]&3le] LIF 2181 IL-
18 mRNAS] &S ZAIS T LIFE 833340
A LA 849 Aoz dA vk AL A
Hell 1o4A LIF #3127 238 A4 AR o)
WE7ER] Bddle FATL AT $E YAT
olgigt wiRtEE 24g & 4 Q7] wEoltp* 2
23 v FA] LIFE A718HE AR 7ol wjut
X Ogs SN P Ade] 9ol etz
Tt QAEE FIATIH,E = Abdo] glojA]
T ugke o) PA4g SAAZITAL Basta glok®
2 Aol wjukE o) LIF mRNA L8 L ZARH v},
GM-CSF A7}ollA] tjzzo) vt §-oJ8HA =
< Y P BAFA Wl GM-CSFE 4
A& dea} el #oshE 24 Fo shQl
LIFE XL ERIT 5 At b FAxel
IL-1B% IL-1 family (IL-1a, IL-1B, IL-1ra) 9] 8}t
24, o12ig IL-1 family= F2 ujubxe] x7)23)
Hgo) #oste Aoz LA JYob¥ a1 Si-
mén 52L& W LA A L endometrial factor
o oJ3te] wiRkE oA IL-1 family] ¥0]E &3}
31, o]ZA #u]¥ IL-1 family:= endometrial epithelial
cells (EEC)oll 2H-8-3t4 B,9] F718 FEgtozA
HiRkE 7} ECCol R3% 4= QIEE FEd Aolg
I #5350k & AolH GM-CSFE A3 5
T IL-13 mRNAS] H&o] @A3) F7tgE Aoz
ek, meba] o] g Aol 9)ate] GM-CSF
7} Simén 5

Wt obd7t Alg gt aEm o g wikkxe] &

o] A= endometrial factor T} 8}
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Aol Qojx} GM-CSF7} IL-1 familyol] v X g3k
of digk Hoh A% e AF7F Aol & Ao
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dArk mehA olejt AAES 7122 o] AR ¢
A& wjgol GM-CSF] H7Igohd +Ade] o
245 FIA7IY 283 Ylg PR 7 E &
A& AoE AlmEr)h

I

ot
Kl

HO

A

. Robertson SA, Seamark RF, Guilbert LJ, Wegmann
TG. The role of cytokines in gestation. Crit Rev
Immunol 1994; 14: 239-92.

. Pampfer S, Arceci RJ, Pollard JW. Role of colony
stimulating factor-1 (CSF-1) and other lympho-he-
matopoietic growth factors in mouse pre-implanta-
tion development. Bioessays 1991; 13: 535-40.

. Sharkey AM, Dellow K, Blayney M, Macnamee M,
Charnock-Jones S, Smith SK. Stage-specific expre-
ssion of cytokine and receptor messenger ribonu-
cleic acids in human preimplantation embryos. Biol
Reprod 1995; 53: 974-81.

. Paria BC, Dey SK. Preimplantation embryo deve-
lopment in vitro: cooperative interactions among
embryos and role of growth factors. Proc Natl Acad
Sci USA 1990; 87: 4756-60.

. Morita Y, Tsutsumi O, Taketani Y. In vitro treatment
of embryos with epidermal growth factor improves
viability and increases the implantation rate of bla-
stocysts transferred to recipient mice. Am J Obstet
Gynecol 1994; 171: 406-9.

. Muzikova E, Clark DB. Polyamines may increase
the percentage of in-vitro fertilized murine oocytes
that develop into blastocysts. 1995; 10: 1172-7.

. Harvey MB, Kaye PL. Insulin-like growth factor-I
stimulates growth of mouse preimplantation emb-
ryos in vitro. Mol Reprod Dev 1992; 31: 195-9.



10.

11.

14.

16.

. Rappolee DA, Sturm KS, Behrendtsen O, Schultz

GA, Pedersen RA, Werb Z. Insulin-like growth fac-
tor-1I acts through and endogenous growth pathway
regulated by imprinting in early mouse embryos.
Genes Dev 1992; 6: 939-52.

. Lavranos TC, Rathjen PD, Seamark RF. Trophic

effects of myeloid leukemia inhibitory factor (LIF)
on mouse embryos. J Repord Fertil 1995; 105:
331-6.

Yang BK, Yang X, Foote RH. Effect of growth
factors on morula and blastocyst development of in
vitro matured and in vitro fertilized bovine oocytes.
Theriogenology 1993; 40: 521-30.

Ruef C, Coleman DL. Granulocyte-macrophage
colony-stimulating factor: pleiotropic cytokine with
potential clinical usefulness. Rev Infact Dis 1990;
12: 41-62.

. Robertson SA, Mayrhofer G, Seamark RF. Uterine

epithelial cells synthesize granulocyte-macrophage
colony-stimulating factor and interleukin-6 in pre-
gnant and nonpregnant mice. Biol Reprod 1992; 46:
1069-79.

. Imakawa K, Helmer SD, Nephew KP, Meka CS,

Christenson RK. A novel role for GM-CSF: enhan-
cement of pregnancy specific interferon production,
ovine trophoblast protein-1. Endocrinology 1993;
132: 1869-71.

Giacomini G, Tabibzadeh SS, Satyawaroop PG.
Epithelial cells are the major source of biologically
active granulocyte-macrophage colony-stimulating
factor in human endometrium. Hum Reprod 1995;
10: 3259-63.

. Robertson SA, Sjéblom C, Jasper MJ, Norman RJ,

Seamark RF. Granulocyte-macrophage colony-sti-
mulating factor promotes glucose transport and bla-
stomere viability in murine preimplantation emb-
ryos. Biol Reprod 2001; 64: 1206-15.

de Moraes AA, Hansen PJ. Granulocyte-macro-
phage colony-stimulating factor promotes develop-
ment of in vitro produced bovine embryos. Biol
Reprod 1997; 57: 1060-5.

-89.

17.

18.

19.

20.

21.

22.

23.

24

25.

26.

Cousins DJ, Staynoz DZ, Lee TH. Regulation of
interleukin-5 and granulocyte-macrophage colony-
stimulating factor expression. Am J Respir Crit
Care Med 1994; 150: S50-853.

Park LS, Martin U, Sorensen R, Luhr S, Morrissey
PJ, Cosman D, et al. Cloning of the low-affinity
murine granulocyte-macrophage colony-stimulating
factor receptor and reconstitution of a high-affinity
receptor complex. Proc Natl Acad Sci USA 1992,
89: 4295-9.

Miyajima A, Mui AL, Ogorochi T, Sakamaki K.
Receptors for granulocyte-macrophage colony-sti-
mulating factor, interleukin-3, and interleukin-5.
Blood 1993; 82: 1960-74.

Tremellen KP, Seamark RF, Robertson SA. Seminal
transforming growth factor beta 1 stimulates granu-
locyte-macrophage colony-stimulating factor pro-
duction and inflammatory cell recruitment in the
murine uterus. Biol Reprod 1998; 58: 1217-25.
Robertson SA, Mayrhofer G, Seamark RF. Ovarian
steroid hormones regulate granulocyte-macrophage
colony-stimulating factor synthesis by uterine epi-
thelial cells in the mouse. Biol Reprod 1996; 54:
183-96.

Robertson SA, Roberts CT, Farr KL, Dunn AR,
Seamark RF. Fertility impairment in granulocyte-
macrophage colony-stimulating factor-deficient mice.
Biol Reprod 1999; 60: 251-61.

Hardy K. Cell death in the mammalian blastocyst.
Mol Hum Reprod 1997; 3: 919-25.

Stewart CL, Kaspar P, Brunet LJ, Bhatt H, Gadi I,
Kontgen F, et al. Blastocyst implantation depend on
maternal expression of leukemia inhibitory factor.
Nature 1992; 359: 76-9.

Fry RC, Batt PA, Fairclough RJ, Parr RA. Human
leukemia inhibitory factor improves the viability of
ovine embryos. Biol Reprod 1992; 46: 470-4.
Dunglison GF, Barlow DH, Sargent IL. Leukaemia
inhibitory factor significantly enhances the blasto-
cyst formation rates of human embryos cultured in
serum-free medium. Hum Reprod 1996; 11: 191-6.



27. Huang H-Y, Kriissel JS, Wen H, Wen Y, Polan ML. 1997, 12: 1537-44.

Use of reverse transcription-polymerase chain reac- 28. Simén C, Moreno C, Remohi J, Pellicer A. Mo-
tion to detect embryonic interleukin-1 system me- lecular interactions between embryos and uterus in
ssenger RNA in individual preimplantation mouse the adhesion phase of human implantation. Hum
embryos co-cultured with Vero cells. Hum Repord Repord 1998; 18 (suppl): 219-32.

-90-



