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Somatic cells can be reprogrammed to an ES-like state to
create induced pluripotent stem cells (iPSCs) by ectopic
expression of four transcription factors, Oct4, Sox2, Kli4
and cMyc. Here, we show that cellular microRNAs
(miRNAs) regulate iPSC generation. Knock-down of
key microRNA pathway proteins resulted in significant
decreases in reprogramming efficiency. Three miRNA
clusters, miR-17~92, miR-106b~25 and miR-106a~ 363,
were shown to be highly induced during early reprogram-
ming stages. Several miRNAs, including miR-93 and miR-
106b, which have very similar seed regions, greatly
enhanced iPSC induction and modulated mesenchymal-
to-epithelial transition step in the initiation stage of repro-
gramming, and inhibiting these miRNAs significantly
decreased reprogramming efficiency. Moreover, miR-iPSC
clones reached the fully reprogrammed state. Further
analysis revealed that Tgfbr2 and p21 are directly targeted

and Sox2 (Yu et al, 2007). Although cell types from several
different tissues are confirmed to be reprogrammable
(Meissner et al, 2007; Aoi et al, 2008; Eminli et al, 2008;
Hanna et al, 2008; Giorgetti et al, 2009), a major bottleneck in
iPSC derivation and therapeutic use is low reprogramming
efficiency, typically from 0.01 to 0.2% (Takahashi and
Yamanaka, 2006; Meissner et al, 2007; Aoi et al, 2008;
Nakagawa et al, 2008). Although tremendous effort has
been focused on screening for small molecules to enhance
reprogramming efficiency and on developing new methods
for iPSC derivation (Shi et al, 2008a, b; Ichida et al, 2009;
Lyssiotis et al, 2009; Maherali and Hochedlinger, 2009; Li
et al, 2009b), mechanisms underlying reprogramming of
primary fibroblasts to an ES cell-like state are still largely
unknown.

Several elegant approaches have been employed to im-
prove reprogramming efficiency. Small molecule-based meth-
ods have been developed based on observation that
treatment of cells with DNA methyltransferase 1 (Dnmtl)
inhibitors accelerates reprogramming (Mikkelsen et al, 2008).
TGF-B inhibition also enables more efficient iPSC induction,
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