
Klfs induce and maintain pluripotency
Krüppel-like factors (Klfs) are evolutionarily conserved 
zinc finger-containing transcription factors implicated in 
many biological processes, including proliferation, apop-
tosis, differentiation and development. Recently, Klfs 
received renewed attention following the demonstration 
that somatic cells can be reprogrammed into induced 
pluripotent stem (iPS) cells using a cocktail of trans-
cription factors that includes Klf4. More recently, a large 
body of evidence has accumulated that expression of 
Klf2, Klf4 and Klf5 genes is associated with pluripotency 
control. They are highly expressed in mouse embryonic 
stem cells (ESCs) and this expression drops dramatically 
after induction of differentiation by withdrawal of leuk-
emia inhibitory factor (LIF) or suspension culture [1]. 
Functional inactivation of any one of these genes by RNA 
interference in ESCs induces spontaneous differentiation 
[1-3], whereas overexpression harnesses self-renewal and 
delays differentiation induced by the formation of embry-
oid bodies [2-4]. Klf5-/- embryos fail to develop beyond 
the blastocyst stage in vivo or to produce ESC lines in 
vitro [5], a finding consistent with Klf5 controlling the 
pluripotency of the epiblast, the embryonic tissue from 
which ESCs originate. One question raised by these 

recent findings is whether Klf2, Klf4 and Klf5 have redun-
dant functions in pluripotency, or whether each factor 
plays a unique role in the maintenance of the 
undifferentiated state of ESCs. The article now published 
by Parisi et al. in BMC Biology [6] compares the Klf5 
regu lon with those of Klf2 and Klf4 and concludes that 
Klf5 regulates the expression of a unique set of genes that 
distinguishes it from other Klf members. These findings 
support the notion that each Klf member might play a 
specific role in the maintenance of the pluripotent state.

Klf2, Klf4 and Klf5 play contrasting roles in 
pluripotency
Several papers recently reported that ESC differentiation 
induced by Klf2/Klf4/Klf5 triple knockdown, homozy-
gous disruption of Klf5, or withdrawal of the cytokine LIF - 
which down-regulates Klf gene expression - could be 
rescued by overexpressing any one of the three Klf genes 
[2,3,7]. This observation suggests that Klf2, Klf4 and Klf5 
exert redundant effects on the control of pluripotency. 
However, a closer look at the yield and the phenotype of 
Klf-rescued cells suggests that things are not that simple. 
A hierarchical relationship in the ability of Klfs to support 
ESC self-renewal in the absence of LIF was reported, with 
Klf2 being most potent, Klf4 being intermediate, and Klf5 
being least potent [3]. This finding corroborates the 
earlier observation that Klf2 and Klf4 are far more 
efficient at reprogramming somatic cells into iPS cells 
than Klf5 [8]. Moreover, in comparison with wild-type 
ESCs propagated in the presence of LIF, Klf5 knockout 
ESCs exhibit a longer G1 phase when rescued with Klf4, 
and a shorter G1 when rescued with Klf5 [5]. This is in 
agreement with the observation made in somatic cells 
that Klf4 delays and Klf5 accelerates the G1/S transition 
by regulating the expression of cyclins, cyclin-dependent 
kinases (Cdk) and Cdk inhibitors. Last, but not least, 
knockdown of Klf4 biases ESC differentiation towards 
extraembryonic endoderm, whereas knockdown of Klf5 
biases it towards mesoderm [1]. This observation strongly 
suggests that Klf4 and Klf5 inhibit two mutually exclusive 
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differentiation programmes, and that both factors are 
necessary to maintain ES cells in a fully undifferentiated 
state. Whether and how the opposing roles of Klf4 and 
Klf5 in cell cycle regulation and inhibition of endoderm 
versus mesoderm differentiation are causally related is an 
issue that needs to be explored.

Klf2, Klf4 and Klf5 are closely connected to the core 
pluripotency network
Klfs have also been implicated in the regulation of an 
autoregulatory network, known as the core pluripotency 
network, that plays a key role in ESC self-renewal. This 
network comprises the homeodomain transcription 
factors Oct4 (also known as Pou5f1) and Nanog, and the 
HMG-box transcription factor Sox2. The promoters of 
each of these genes contain binding sites for all three 
transcription factors and disruption of any of the three 
genes compromises pluripotency. Klfs and the Oct4/
Sox2/Nanog network are strongly interconnected since 
(i) Klf2, Klf4 and Klf5 activate the expression of Nanog, 
Sox2, and Oct4 [7], (ii) Klf2 is activated by Oct4 [3], and 
(iii) Klf4 and Klf5 are activated by Nanog [1]. Thus, Klf2, 
Klf4, Klf5, Oct4, Sox2 and Nanog form a molecular 
circuitry essential to ESC self-renewal [3]. Furthermore, 
Klf4 and Klf5 - but not Klf2 - are regulated by the Signal 
transduction and activator of transcription (STAT)-3 
follow ing activation by LIF in mouse ESCs. This regula-
tion makes Klf4 and Klf5 the missing link that connects 
extrinsic regulators to the core pluripotency network 

[1,9] (Figure 1). Significantly, following induction of 
differentiation by suspension culture or withdrawal of 
LIF, expression of Klf4 and Klf5 is downregulated very 
early, whereas expression of Klf2 is downregulated later 
[1,10]. This indicates a progressive deconstruction of the 
molecular circuitry that controls pluripotency during 
ESC differentiation.

Convergent and divergent Klf2, Klf4 and Klf5 
regulons
To get some insight into the mechanisms by which Klf5 
controls ESC pluripotency, Parisi and colleagues [6] have 
explored Klf5-specific targets by matching microarray 
data from control and Klf5 knock-down cells with 
chromatin immunoprecipitation coupled high-through-
put sequencing (ChIP-seq). They have thus identified 161 
primary targets of Klf5, of which eight (out of 23 tested) 
were shown by RNA interference to contribute to main-
tenance of the undifferentiated state. Surprisingly, only 
10% of 53 tested Klf5 targets are also regulated by both 
Klf2 and Klf4, and none of the genes encoding the core 
pluripotency network (Oct4, Sox2, and Nanog) appear to 
be among the Klf5 targets. Most likely, this is explained 
by a functional redundancy among Klf2, Klf4 and Klf5 in 
activating components of the core pluripotency network. 
Furthermore, 90% of the 53 tested Klf5 targets are not 
regulated by Klf4, a finding consistent with an earlier 
report by Jiang and colleagues [7] showing that 60% of 
the Klf5 targets lack a binding site for Klf4. Among the 

Figure 1. Core transcriptional regulatory circuitry in pluripotent mouse ESCs.
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eight genes identified by Parisi and colleagues that contri-
bute to the maintenance of the undifferentiated state, 
Igfbp3, Niban and Perp are three Klf5-specific targets. 
Interest ingly, mining their data with those of Jiang and 
colleagues [7] led us to identify two more genes, Bcam 
and Hck, that are Klf4/Klf5-specific targets (that is, not 
regulated by Klf2). Similarly, we have identified Foxd3, a 
Klf4-specific target (that is, not regulated by Klf5), sup-
pres sion of which impairs self-renewal (data not shown).

Collectively, these data shed light on a possible 
mechanism of Klf action in ESC self-renewal. On the one 
hand, Klf2, and Klf4 and Klf5 co-regulate the expression 
of master regulators of pluripotency, including Oct4, 
Sox2 and Nanog. Inactivation of all three Klfs is required 
to inactivate the core pluripotency network and trigger 
extensive differentiation. On the other hand, each Klf 
member regulates the expression of specific targets, 
there by further promoting self-renewal via ancillary 
factors. Inactivation of individual Klf genes is thus detri-
mental to self-renewal but is not sufficient to trigger the 
massive differentiation observed following triple inactiva-
tion. However, it is conceivable that inactivation of a 
single Klf gene drives ESC into a new metastable state 
characterized by altered proliferation and differentiation 
features. In the future, a thorough analysis of the Klf2, 
Klf4, and Klf5 regulons associated with functional 
genomics will help understand how these three factors 
regulate the balance between self-renewal and differen-
tiation into each one of the embryonic lineages.

Acknowledgements
This work was supported by research grants from the European Union 6th 
Framework Program (FunGenES, contract N°LSHG-CT-2003-503494) and the 
Association Française contre la Myopathie.

Published: 27 September 2010

References
1. Bourillot PY, Aksoy I, Schreiber V, Wianny F, Schulz H, Hummel O, Hubner N, 

Savatier P: Novel STAT3 target genes exert distinct roles in the inhibition of 
mesoderm and endoderm differentiation in cooperation with Nanog. 
Stem Cells 2009, 27:1760-1771.

2. Parisi S, Passaro F, Aloia L, Manabe I, Nagai R, Pastore L, Russo T: Klf5 is 
involved in self-renewal of mouse embryonic stem cells. J Cell Sci 2008, 
121:2629-2634.

3. Hall J, Guo G, Wray J, Eyres I, Nichols J, Grotewold L, Morfopoulou S, 
Humphreys P, Mansfield W, Walker R, Tomlinson S, Smith A: Oct4 and LIF/
Stat3 additively induce Kruppel factors to sustain embryonic stem cell 
self-renewal. Cell Stem Cell 2009, 5:597-609.

4. Li Y, McClintick J, Zhong L, Edenberg HJ, Yoder MC, Chan RJ: Murine 
embryonic stem cell differentiation is promoted by SOCS-3 and inhibited 
by the zinc finger transcription factor Klf4. Blood 2005, 105:635-637.

5. Ema M, Mori D, Niwa H, Hasegawa Y, Yamanaka Y, Hitoshi S, Mimura J, Kawabe 
Y, Hosoya T, Morita M, Shimosato D, Uchida K, Suzuki N, Yanagisawa J, Sogawa 
K, Rossant J, Yamamoto M, Takahashi S, Fujii-Kuriyama Y: Kruppel-like factor 5 
is essential for blastocyst development and the normal self-renewal of 
mouse ESCs. Cell Stem Cell 2008, 3:555-567.

6. Parisi S, cozzuto L, tarantino C, Passaro F, Ciriello S, Aloia L, Antonini D, De 
Simone V, Pastore L, Russo T: Direct targets of Klf5 transcription factor 
contribute to the maintenance of mouse embryonic stem cell 
undifferentiated state. BMC Biol 2010, 8:128.

7. Jiang J, Chan YS, Loh YH, Cai J, Tong GQ, Lim CA, Robson P, Zhong S, Ng HH: 
A core Klf circuitry regulates self-renewal of embryonic stem cells. Nat Cell 
Biol 2008, 10:353-360.

8. Nakagawa M, Koyanagi M, Tanabe K, Takahashi K, Ichisaka T, Aoi T, Okita K, 
Mochiduki Y, Takizawa N, Yamanaka S: Generation of induced pluripotent 
stem cells without Myc from mouse and human fibroblasts. Nat Biotechnol 
2008, 26:101-106.

9. Niwa H, Ogawa K, Shimosato D, Adachi K: A parallel circuit of LIF signalling 
pathways maintains pluripotency of mouse ES cells. Nature 2009, 
460:118-122.

10. Schulz H, Kolde R, Adler P, Aksoy I, Anastassiadis K, Bader M, Billon N, Boeuf H, 
Bourillot PY, Buchholz F, Dani C, Doss MX, Forrester L, Gitton M, Henrique D, 
Hescheler J, Himmelbauer H, Hübner N, Karantzali E, Kretsovali A, Lubitz S, 
Pradier L, Rai M, Reimand J, Rolletschek A, Sachinidis A, Savatier P, Stewart F, 
Storm MP, Trouillas M, et al: The FunGenES database: a genomics resource 
for mouse embryonic stem cell differentiation. PLoS ONE 2009, 4:e6804.

doi:10.1186/1741-7007-8-125
Cite this article as: Bourillot P-Y, Savatier P: Krüppel-like transcription factors 
and control of pluripotency. BMC Biology 2010, 8:125.

Bourillot and Savatier BMC Biology 2010, 8:125 
http://www.biomedcentral.com/1741-7007/8/125

Page 3 of 3


	Abstract
	Klfs induce and maintain pluripotency
	Klf2, Klf4 and Klf5 play contrasting roles in pluripotency
	Klf2, Klf4 and Klf5 are closely connected to the core pluripotency network
	Convergent and divergent Klf2, Klf4 and Klf5 regulons

