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Oct4 [ERNH] . #H0 miR-145 KK EAME|T40 i
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Fig. 3 MicroRNA could maintain self-renewal of stem cells



968

[sox2| | oOct4| |Kif4 |

1T

@ Molecular switch
ES cells

Lineage genes selective expression

Somatic cells

Fig. 4 MicroRNA-145 is a molecular switch of stem cells
differentiation

Oct4 117 ES I BREF M. XMIEH—
By, MAFS. {5 Oct4 XFPI¥E miR-145 7
REABZEERNGAARBE(E ).
223 MicroRNA 5 ES tafiteqid 2454  ESH4IME
R R AL R B AR REN G R.
F R MicroRNA FIRIEKF5 40 RS B #%
FE, 35T 40 M AH < R 7 A S 3 ] it e 4 T 41 e
ik, 25RBEEHE. RESUHNMEBRE.
miR-17 K% (miR-17-5p. miR-20a. miR-93 I
miR-106a %5)7E ES 41 i & MEE R it BT ER
FKiILRBHES . miR-93 EAL T R LGN
B EFRSNEER R KRR, T miR-17-5p A7
FhEE, iXE MicroRNA #4752 JAK-STAT 15
SE ) T STAT3(Signal Transducer and

Activator of Transcription 3), 38 i ¥ 751X £4MicroRNA
(IR IE W] BAREIR BN R & BE 2 i 43 4k 281

FULZH 4 57 49 MicroRNA . miR-15 miR-133 72
{23 ES 40 M 1) o 2 5E 1) 404k . 60 A R J2 A
S HMNEE R T BT TH A LA & BT RE.
miR-1 &2 Notch FIECADI-1) KIEH¥, fif#E
Notch 15 5 i# 2%, {23 5 R 2 #5466l e o IR B 5
FERRIE. SV, P& IEERSE S RETE4
FRUEIFE R, SRT, 76 7 R A0 40 B 1m) L0 L AL B, B
EFEHL, miR-1 /&80 miR-133 75| ULEA Ao T R 2
T ANV SR IR S B B UL i Ploycomb
group(PcG) proteins 5 miR-214 44, i miR-214
ANF&i%, Ezh2 (Polycomb repressive complex 2 I {t.
WEYERIE, FREARSURE. S, MyoD 5
myogenin F4E, ¥iE miR-214 [J#3%, miR-214 5§
Ezh2-mRNA ] 3'UTR %4, 1] Ezh2 ¥, {25
T i E BEUL4E B 201 (& 5)

B9 %E W, MicroRNA fEARMWE RERE
F441 22 7T HiT 4 48 ffd (neural progenitor cells, NPC) it
B EERE/ER . miR-9 7T LUERE NPC (1)355H,
I NPC (3ER, 4R K NPC FEMHNIEE. 5
AR, miR-9 H—/N#E A, stathmin(—Fp 5| EHE
AFasE & ) W LAZErh miR-9 HIVEH, 2k NPC iE
B®eU, PRSP R S R EH 5 I0H R, Shi 564
RB/NE NPC #, miR-9 5 TLX(H A T4 A

Mesodermal
precursor cells miR-1
miR-1 * e | Muscle cells
_J_ miR-1
' Sicich miR-133
[ e
signal
ES cells miR-1
miR-133

1

=sm==—— | Neural cells l

 §

Ectodermal
precursor cells

Figs MisroRNA palya an important rols in the linsage diffsrentiation of stem cells



w4

PRI iR 40 AR AR 55 () MicroRNA B 53R

969

REFH—FEZAEL) BB RIRE R, 5
NPC 85 ML 8 . miR-9 ] TLX MRIE,
% NPC 365, R4k,
2.3 MicroRNA HIEEIER

WF47 2 8, —2 MicroRNA 5 DNA A4k KF
HIZZ4bAHG . 1, DNA FREFFES Dnmt3a. Dnmt3b
1 Dnmt31 7€ Dicer” /N ES A Ml £ix T, M
miR-290 #% 7] DAY Dicer B fE T F 2 ) Dnmt3a/
Dnmt3b FEALEERIX T HM{EE DNA EFFE
. iEH miR-290 /% B R W B A H BRI R, 2
T 5| A SCHE L (K] 1) RIg A5 RS BB, sk,
EEHRAIAARFHALR . ANFELHHEF FIH 45 mRNA
145 2 i HF k. (Polyadenylation) f77E 2= 7 . AT S 2L
mRNA 3'UTRX ffiMicroRNA i #5{7 15 & A= 28 4k 5l
584 H#ER MicroRNA ] it iz XS 51 R R R
PEEL R RIA A

4h, MicroRNA 7 iPS EgwfE P th K3 T1ER.
XHFiPS FIBFFURA B T A TR AN E2A# ES 4 ffE B
BRI FE P RIS AENLE] . Judson®IHF 7T K&
IR, Feik /I B ES 40 ot 7 i) miRNA(miR-291-3p. miR-
294 F1 miR-295)fE4E 1 Kif4. Oct4 F1 Sox2 [ EHifE
AR, FEIH L 7P MicroRNA 40 let-7 miRNAs &2
0N BRUVR G RRET 4 40 B PR A R 2,

3 MNESRE

ES FZ e THMTH OV KB EYENFLER
FiREE . R, X T4 M ML R LE MR 5E
WM, BT40HET %2 ERE R A8 6
AT 1 40 M PR PR, LR T4 i ) B 3R E
BN L A 2L R¥E REAE L R A ERIBSTOME. 1F
A —FhORBE AR 2 7E BS A RE B BB A A
SR FERTRE, KEEEEREM. R,
MicroRNA 7 % HE T4 i i T g A A 40 e ) EE G 72
MREF AT RS BT KB T0R A B
F TR G T4 A S A 1m0 41 22 R O L
BSR40 B R WL A% RS X E 4w AR I AR K
M. H, A FE AT A S R R R R
SRIFERAN R R R A 40 o o) ) LR AL R, TR
WL LN A 4R T EEMERMEET BERZ
k., B MicroRNA 7E - HIA APE R BB f T A
TIBATHEAF R ERAEHR

B2%, T4 MUAH S MicroRNA B 70K & 0 A
13— TR T AR T ER LU ]R/ER

FRBLH B KSR S E B 1 B R A% 1 42 L
#l. FRTHARNHKTERE. RETHARKNT SN
REBLRE 2L

2% 3 iik(References)

1 Takahashi K, Yamanaka S. Induction of pluripotent stem cells
from mouse embryonic and adult fibroblast cultures by defined
factors. Cell 2006; 126(4): 663-76.

2 Takahashi K, Tanabe K, Ohnuki M, Narita M, Ichisaka T,
Tomoda K, et al. Induction of pluripotent stem cells from adult
human fibroblasts by defined factors. Cell 2007; 131(5): 861-
72.

3 Yu J, Vodyanik MA, Smuga-Otto K, Antosiewicz-Bourget J,
Frane JL, Tian S, ef al. Induced pluripotent stem cell lines
derived from human somatic cells. Science 2007; 318(5858):
1917-20.

4 Wu H, Sun YE. Epigenetic regulation of stem cell differen-
tiation. Pediatr Res 2006; 59(4 Pt 2): 21R-5R.

5 Zamore PD, Haley B. Ribo-gnome: the big world of smali
RNAs. Science 2005; 309(5740): 1519-24.

6 Reik W, Dean W, Walter J. Epigenetic reprogramming in mam-
malian development. Science 2001; 293(5532): 1089-93.

7 Jenuwein T, Allis CD. Translating the histone code. Science
2001; 293(5532): 1074-80.

8 Gangaraju VK, Lin H. MicroRNAs: key regulators of stem
cells. Nat Rev Mol Cell Biol 2009; 10(2): 116-25.

9 Lytle JR, Yario TA, Steitz JA. Target mRNAs are repressed as
efficiently by microRNA-binding sites in the 5'UTR as in the 3'
UTR. Proc Natl Acad Sci USA 2007; 104(23): 9667-72.

10 Maniataki E, Mourelatos Z. A human, ATP-independent, RISC
assembly machine fueled by pre-miRNA. Genes Dev 2005; 19
(24): 2979-90.

11 Vo NK, Cambronne XA, Goodman RH. MicroRNA pathways
in neural development and plasticity. Curr Opin Neurobiol
2010; 20(4): 457-65.

12 Carthew RW, Sontheimer EJ. Origins and Mechanisms of
miRNAs and siRNAs. Cell 2009; 136(4): 642-55.

13 Kedde M, Strasser MJ, Boldajipour B, Oude Vrielink JA, Slanchev
K, le Sage C, et al. RNA-binding protein Dnd1 inhibits microRNA
access to target mRNA. Cell 2007; 131(7): 1273-86.

14 Weidinger G, Stebler J, Slanchev K, Dumstrei K, Wise C, Lovell-
Badge R, ef al. Dead end, a novel vertebrate germ plasm
component, is required for zebrafish primordial germ cell mi-
gration and survival. Curr Biol 2003; 13(16): 1429-34.

15  Tay Y, Zhang J, Thomson AM, Lim B, Rigoutsos I. MicroRNAs
to Nanog, Oct4 and Sox2 coding regions modulate embryonic
stem cell differentiation. Nature 2008; 455(7216): 1124-8.

16 Wang Y, Blelloch R. Cell cycle regulation by MicroRNAs in
embryonic stem cells. Cancer Res 2009; 69(10): 4093-6.

17 Wang Y, Baskerville S, Shenoy A, Babiarz JE, Baehner L,
Blelloch R. Embryonic stem cell-specific microRNAs regulate
the G;-S transition and promote rapid proliferation. Nature
Genetics 2008; 40(12): 1478-83.

18  Sengupta S, Nie J, Wagner RJ, Yang C, Stewart R, Thomson JA.
MicroRNA 92b controls the G,/S checkpoint gene pS7 in human



970

19

20

21

22

23

24

25

26

embryonic stem cells. Stem Cells 2009; 27(7): 1524-8.

Card DAG, Hebbar PB, Li LP, Trotter KW, Komatsu Y,
Mishina Y, et al. Oct4/Sox2-regulated miR-302 targets cyclin
D1 in human embryonic stem cells. Mol Cell Biol 2008; 28
(20): 6426-38.

Kashyap V, Rezende NC, Scotland KB, Shaffer SM, Persson
JL, Gudas LJ, et al. Regulation of stem cell pluripotency and
differentiation involves a mutual regulatory circuit of the
Nanog, OCT4, and SOX2 pluripotency transcription factors
with polycomb repressive complexes and stem cell microRNAs.
Stem Cells Dev 2009; 18(7): 1093-108.

Marson A, Levine SS, Cole MF, Frampton GM, Brambrink T,
Johnstone S, et al. Connecting microRNA genes to the core
transcriptional regulatory circuitry of embryonic stem cells.
Cell 2008; 134(3): 521-33.

Wang Y, Baskerville S, Shenoy A, Babiarz JE, Baehner L,
Blelloch R. Embryonic stem cell-specific microRNAs regulate
the G1-S transition and promote rapid proliferation. Nat Genet
2008; 40(12): 1478-83.

Judson RL, Babiarz JE, Venere M, Blelloch R. Embryonic stem
cell-specific microRNAs promote induced pluripotency. Nat
Biotechnol 2009; 27(5): 459-61.

Lin CH, Jackson AL, Guo J, Linsley PS, Eisenman RN. Myc-
regulated microRNAs attenuate embryonic stem cell
differentiation. EMBO J 2009; 28(20): 3157-70.

Melton C, Judson RL, Blelloch R. Opposing microRNA fami-
lies regulate self-renewal in mouse embryonic stem cells. Nature
2010; 463(7281): 621-6.

Xu N, Papagiannakopoulos T, Pan G, Thomson JA, Kosik KS.
MicroRNA-145 regulates OCT4, SOX2, and KLF4 and re-

27

28

29

30

31

32

33

34

presses pluripotency in human embryonic stem cells. Cell 2009;
137(4): 647-58.

Chivukula RR, Mendell JT. Abate and switch: miR-145 in stem
cell differentiation. Cell 2009; 137(4): 606-8.

Foshay KM, Gallicano GI. miR-17 family miRNAs are ex-
pressed during early mammalian development and regulate stem
cell differentiation. Dev Biol 2009; 326(2): 431-43.

Ivey KN, Muth A, Arnold J, King FW, Yeh RF, Fish JE, et al.
MicroRNA regulation of cell lineages in mouse and human
embryonic stem cells. Cell Stem Cell 2008; 2(3): 219-29.
Juan AH, Kumar RM, Marx JG, Young RA, Sartorelli V. Mir-
214-dependent regulation of the polycomb protein Ezh2 in
skeletal muscle and embryonic stem cells. Mol Cell 2009; 36(1):
61-74.

Delaloy C, Liu L, Lee JA, Su H, Shen F, Yang GY, et al.
MicroRNA-9 coordinates proliferation and migration of hu-
man embryonic stem cell-derived neural progenitors. Cell Stem
Cell 2010; 6(4): 323-35.

Zhao C, Sun G, Li S, Shi Y. A feedback regulatory loop involv-
ing microRNA-9 and nuclear receptor TLX in neural stem cell
fate determination. Nat Struct Mol Biol 2009; 16(4): 365-71.
Sinkkonen L, Hugenschmidt T, Berninger P, Gaidatzis D, Mohn
F, Artus-Revel CG, et al. MicroRNAs control de novo DNA
methylation through regulation of transcriptional repressors
in mouse embryonic stem cells. Nat Struct Mol Biol 2008; 15
(3): 259-67.

Ji Z, Tian B. Reprogramming of 3' untranslated regions of
mRNAs by alternative polyadenylation in generation of pluri-
potent stem cells from different cell types. PLoS One 2009; 4
(12): e8419.

The Function of MicroRNA in Embryonic Stem Cells

Xiao-Ying Chen, Zhi-Gang Xue, Guo-Ping Fan*
(Stem Cell Research Center, School of Medicine, Tongji University, Shanghai 200092, China)

Abstract

MicroRNAs are highly conserved and non-coding small RNAs mainly with 22- nucleotide in

length, which regulate gene expression at post-transcriptional levels. MicroRNAs inhibit gene expression either
through blocking translation or by promoting degradation of mRNAs. Recent studies suggest that MicroRNAs play

important roles in self-renewal and pluripotency of embryonic stem cells. Here we review recent advancement in

MicroRNA studies with a focus on the function of MicroRNAs in embryonic stem cells.
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