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Abstract

Mouse ES cells can be propagated in vitro while retaining their properties of pluripotency and
self-renewal under the continuous presence of LIF. Essential role has been attributed to
subsequent activation of the Stat3 transcription factor in mediating LIF self-renewal response.
To date however, downstream target genes of Stat3 in ES cells are still unknown. In order to
isolate these genes, we performed a microarray-based kinetic comparison of LIF stimulated
(undifferentiated) ES cells versus ES cells induced to differentiate by shutting down Stat3
activity through either 1) LIF deprivation or more specifically, ii) expression of a Stat3
dominant negative mutant. In each case, we chose the earliest time at which ES cells lose their
self renewal properties as illustrated by a decrease in the number of embryoid bodies and blast
cell colonies formation as well as germ layer markers expression. Comparison of the two
independent approaches revealed similarly regulated genes that are likely to be involved in the
Stat3 effects on ES cell self-renewal. For instance, up regulation of growth factors such as the
TGF-p relative Leftyl or transcriptional regulators such as Id1, 1d2 and down regulation of
the groucho-like protein Aesl (grg5) were found. Promoter analysis of the aes1 gene revealed
three functional Stat3 consensus sites as shown by luciferase assays. Furthermore, chromatin
immunoprecipitation experiment demonstrated that Stat3 is recruited to the promoter of aesl
in ES cells. These data demonstrated that the aes1 gene is a direct transcriptional target of

Stat3 in ES cells.
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Introduction

Mouse embryonic stem (ES) cells are permanent pluripotent cells derived from the inner cell
mass of the blastocyst. These cells undergo self-renewing divisions while retaining the
capacity to generate all types of fetal and adult cell lineages and to participate fully in
embryonic development when reintroduced into a blastocyst *. Mouse ES cells can be
propagated in culture in the presence of Leukaemia Inhibitor Factor (LIF) which activates the
gp130 signaling pathways resulting in Jak-mediated Stat3 phosphorylation. Several studies
have shown that Stat3 is one major player in this process #°. Other transcriptional regulators
such as Oct3/4 °, Nanog " ® or 1d1-3 ° also participate in the maintenance of ES cell self-
renewal but Stat3 activation remains prominent since in the absence of LIF stimulation,
endogenous expression of these factors is insufficient to sustain ES cell self-renewal.
However, very little is known about the downstream target genes of activated Stat3 in ES
cells. As their characterization could be of help to understand the molecular mechanisms
underlying self-renewal, we used in this study a microarray approach to analyze gene
profiling in ES cells with several repetition of the experiments allowing a robust statistical
analysis of the results. To perform this approach, ES cells were first induced to differentiate
upon LIF withdrawal which led to the disruption of the signaling pathways lying downstream
of gpl130. To specifically target the stage when ES cells start loosing their self-renewal
potential without extensive engagement in differentiation, we characterized the earliest stage
of i) appearance of MRNA encoding germ layers markers ii) diminution of the ability of ES
cells to generate in vitro embryoid bodies and blast cell colonies. In a more specific second
strategy, we expressed a dominant negative Stat3 mutant and identified several potential

downstream Stat3 target genes. Comparison of the results obtained in the two independent
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microarray experiments revealed an overlap of several transcripts that are similarly regulated
and are thus likely to participate in the Stat3-mediated self-renewal response.

Materials and methods

Cell culture: Gs2, IOUD2 and E14 cells were cultured in the absence of feeder in GMEM
(Life Technologies) supplemented with 15% fetal calf serum (FCS, Hyclone), 450 uM
monothioglycerol (MTG, Sigma), 1000 U/ml LIF (Esgro). For the Gs2 cells, the medium was
supplemented with 1 pg/ml tetracycline (Sigma). Upon tetracycline removal, this cell line
express a dominant-negative form of Stat3 (Stat3F) whose expression induces a 50%
reduction of endogenous Stat3 activation *°.

Embryonic stem cell differentiation: Gs2 ES cells were first maintained for 24h or 48h in the

absence of LIF or tetracycline. Then they were induced to differentiate in non adherent
conditions as described below in the absence of LIF but in the presence of 1 ug/ml
tetracycline to avoid expression of Stat3F. The number of day3 embryoid bodies (EB3) was
determined by plating for 3 days 500 ES cells in a 35 mm petri dish in 1% methylcellulose
(Methocel, Fluka) in IMDM supplemented with 10% FCS, 300 uM MTG and 80 ug/ml
insulin (Sigma). Blast cell colonies were formed by the two step method described by
Kennedy & al. *°. EB3 were first formed by plating 4.5x10* ES cells in 100 mm Petri dish in
10 ml IMDM supplemented with 15% FCS, 450 uM MTG, 200 pg/ml iron-saturated
transferrin (Sigma) and 50 pg/ml L-ascorbic acid (Sigma) for 3 days. Cells were then
dissociated by trypsinization and for each condition, the same number (3x10%) of living cells
were plated in 1% methylcellulose (Methocult, Fluka) in 35 mm Petri dish in 5 ml IMDM
supplemented with 10 % FCS, 450 uM MTG, 25 ug/ml L-ascorbic acid (Sigma), 200 pu/ml
iron-saturated transferrin (Sigma) and 5 ng/ml VEGF. After 4 days, blast colonies (BC4) were

counted.
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