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Granulocyte Macrophage Colony Stimulating Factor

Granulocyte M acrophage-Colony Stimulating Factor Signaling in
Development of M ouse Embryos
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'Department of Biology, Kyonggi University, 2Department of Obstetrics and Gynecol ogy,
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Objective: Present study was aimed to verify the effect of granulocyte macrophage-colony stimulating
factor (GM -CSF) in the preimplantation development of mouse embryos and the involvement of the
mitogen activated protein kiase (MAPK) in the GM -CSF signaling.

M ethods: Two-cell embryos were cultured for 96 h in the presence or absence of GM-CSF (0, 0.4, 2,
10 ng/ml) and PD98059, a MEK inhibitor (10 uM). Morphological development, cell number per
blastocyst, and apoptotic nuclel, were eamined. MAPK activity of embryonic immunoprecipitate by
MAPK (ERK1/2) antibody was measured by in vitro phosphorylation of myelin basic protein.

Results: At post hCG 122 h the embryonic development among the experimental groups was
significantly different (p=0.018). The rate of blastocyst development and cell number per embryo were
the highest in 2 ng/ml GM -CSF treatment group. The percent of apoptotic cells of the GM -CSF-treated
embryos was the lowest among the group. In blastocysts, GM -CSF treatment transiently increased
MAPK activity. PD098059 attenuated the effect of GM -CSF on the morphological development, increase
in cell number per blastocyst, down regulation of apoptosis, and upregulation of MAPK activity,
suggesting that activation of MAPK cascade possibly mediated the embryotropic effect of GM-CSF

Conclusion: This result suggested that GM -CSF potentiated the development of preimplantation
mouse embryos by activation of MAPK.
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Table 1. The effect of GM -CSF on the morphological development of 2-cell embryosin vitro

GM-CSF No. of

No. of embryos (%)

POSNCG “(ngiml) - embryos —g5 M EB LB H >B D

120 0 65  4(6.16) 10(1538) 6 ( 9.23) 29(44.61) 5 ( 7.69) 40 (61.54) 11(16.92)
0.4 63 0 9 (1429) 8 (12.70) 34(5397) 7 (11.11) 49(77.78) 5 ( 7.93)
74 67 0 9 (1343) 2 ( 2.99) 37(55.22) 14 (20.90) 53(79.11) 5 ( 7.46)
10 69 0 16(23.19) 5 ( 7.25) 29 (42.03) 11 (15.94) 45(65.22) 8 (11.59)

The embryonic devdlopment among the experimenta groups was significantly different (p=0.018) by Pearson chi
squaretest. *, Significantly different from other groups by one way ANOVA and Duncan test
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Table 2. Blastocyst development of mouse embryos in the presence or absence of GM -CSF and PD98059

Post- Trestment No. of No. of embryos (%)

hCG embryos "~ _g- M EB LB H >B D

122 hr  Control 92 2(22) 10(109) 7(7.6) 32(34.8) 15 (16.3) 54(58.7) 26(28.3)
GM -CSF*" 97 4(42) 6(62 9(9.3) 34(35.1) 30(309 73(75.3) 14(14.4)
PD98059% 73 6(82) 4(55 4(55 19(260) 9 (123) 32(43.8) 31(425)
PD + GM 86 4(47) 8(93) 6(70) 30(34.9 10 (11.6) 46(53.5) 28(32.6)

The embryonic development among the experimental groups was sgnificantly different (p=0.006) by Pearson chi
squaretest. *, Significantly different from others by one way ANOVA and Duncen test. #, 2 ng/ml; #,10 uM. 0.1%

DMSO was included in dl groups

Table 3. The effect of GM-CSF on the cdl number of
blastocysts

Table 4. The effect of GM-CSF and PD98059 on the
cell number of blastocysts

Treatment emg'r;gs Ngéro ng%gg]s? € Treatment No. of embryos Ngéro ng%gg]s? €
Control 24 73.8+10.4 Control 33 86.85+ 15.01
GM-CSF (0.4ng/ml) 26 75.4+ 10.7 GM-CSF* 31 98.42+ 16.01°
GM -CSF (2 ng/ml) 24 835+95 PD98059* 29 82.76+ 16.57
GM -CSF (10 ng/ml) 25 77.2+10.3 PD + GM 30 85.50+ 14.75

The cdl number per embryo among the experimental
groups was sgnificantly different by one way ANOVA
(p=0.01). ", Significantly different from others by Dun
can test. Dataare mean+ SD
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Table 5. The effect of GM-CSF and PD98059 on the
apoptosis of blastocysts

Treatment No. of embryos Apoptotic index
Control 8 22.55+ 10.06
GM -CSF* 9 11.20+9.35"
PD98059" 10 34.72+ 9.66
PD + GM 5 2541+ 8.22

The apoptotic index was calculated by TUNEL pos-
tive nuclei / total number of nuceli. Apoptotic index
among the experimental groupswas significantly diffe
rent by one way ANOVA (p=0.001).

# 2ng/ml; # 10 pM. 0.1% DM SO wasincluded in dl
groups. *, Sgnificantly different from others by Duncan
test. Dataare mean+ D
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Figure 1. Effect of GM-CSF on the MAPK activity of the mouse embryos. (A) Transient activation of MAPK by
GM -CSF in the mouse blastocysts. Blastocysts collected from uterus were treated with GM -CSF (2 ng/ml) for 1~3C
min. Following the lysis of whole embryo, RIPA lysates of embryos was subjected to immunaoprecipaitation by the
MAPK (Erk1/2) antibody and in vitro phosphorylation of mylein basic protein. (B) MAPK activity of theblastocysts
treated with GM -CSF and / or PD98059. Blastocysts were pre-treated with PD98059 (10 pM in DM SO) for 10 min and
subjected to GM -CSF (2 ng/ml) trestment for 1 min. DM SO (0.1%) wasincluded in dl groups. MAPK activity among
the experimenta groups was siginificantly different by one way ANOVA (p=0.002). *, Significantly different from contiol

by Duncan test. Error bar = SD (n=4).
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