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RNAs-mediated Technologies for Inducing Pluripotent Stem Cells

JIANG Yong-Hua”® WANG Yi-Lei® ZHANG Zi-Ping®®" HONG Wan-Shu”
D College of Ocean & Earth Science, Xiamen University, Xiamen 361005; @ Key Laboratory of Healthy Mariculture for the East China Sea,
Ministry of Agriculture, Fisheries College, Jimei University, Xiamen 361021; 3 College of Animal Science,

Fujian Agriculture and Forestry University, Fuzhou 350002, China

Abstract: Somatic cells can be reprogrammed into induced pluripotent stem cells (iPSCs), which may
replace embryonic stem cells (ESCs) and have great application potential in drug screening, regenerative
medicine, etc. Since the iPSCs development by retroviral transduction of a defined set of transcription factors
into fibroblasts (mF) was first reported in 2006 in mouse (Mus musculus), more new strategies have been
developed to improve and refine the reprogramming technology. Recent technology of RNAs-mediated iPSCs
becomes an emerging research hotspot which provides an optimism for the generation of safe iPSCs without
any genomic modification. RNAs-mediated iPSCs technology includes the application of modified mRNAs,
microRNAs (miRNAs), siRNAs and IncRNAs. In this paper, the research progress of various RNAs-mediated
iPSCs technologies are reviewed, including the advantages, deficiencies and the improvement of these
techniques, so as to provide references for the development and application of iPSCs technology.
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WML A T4 Me Cinduced pluripotent
stem cells, iPSCs) £ K H Takahashi 5% (2006)
PR AR, S A0 B R BRI R I AR
PIRIBIT WA R T R, R T e
VR i S84 S5 A0 B 2 13, 0T 4 U IR 5T
WAL 20 EE BRI R T AR R A AR A R
AT RN FT st . 24 A1k, iPSCs
FOR OS2 R L3 2 A A4 i)
H4ifE (Stadtfeld et al. 2010, Ruggieri et al.
2014, Tsai etal. 2015), FIhi%s S iPSCs 41t
e 40 I B T Im RV T (Grskovic et al.
2011, Gao etal. 2013, Ruggierietal. 2014) .
{HH T iPSCs BRI 15 F AR
MRS PG A B D RO ME B KA
), P EIZY T AR IR R R RN o
SO B iPSCs 15 S AT T 4538, &
RGN T Y% RNAs /5 iPSCs HiAR 5T
BERE, LU iPSCs 53R HIHE TR Budk$2
s, Hi S8 iPSCs A [l AN H 24
ESEA, A S IR S R A ) B
S,

1 iPSCs S iEfhifr

41 o FE 4w FE (reprogramming cells) s&547
AR 40 LRSS 58 S5 T RO 5 R B4 ek
W& FE. Hh OCT4. SOX2. KLF4,
c-MYC. NANOG. LIN28 (OSKMNL) %% %
DR A 15 A o EE i R ) O BRE R 1, O R
JEGFER T (reprogramming factors). ik
AP E G R F 2 WK Yamanaka 1
(OSKM) (Kashyap et al. 2009) F! Thomson
T (OSNL) (Cox et al. 2010), ‘g4I it #4ih
ARSI ZRIE,  [RIIHA4 g b 2 2R
FEPE LRI ERIE, A PR H M FRr AT T 40 i
¥ (Gurdon et al. 2008), SZfx I, 7 iPSCs
T, EHgRERFREE. BERIER S Y
FhRFNZ AR M 2R B E B PN AH G (L5555
2009), FILAR % iPSCs AR 1 & X P
THZMAE. Hir, AFAMERFEA iPSCs

(77 X EAIE LT LR, A7 A4 AR
Bl s5 (Lai et al. 2011, Robinton et al. 2012): (1)
2 i) DNA V2. H Takahashi 5 (2006)
1, HWi 975 (Takahashi et al. 2006,

Huangfu et al. 2008). 1244 & (Sommer et al.
2009). #5551 (Woltjen et al. 2009). ¥ 2f
(Zhou et al. 2012, Tsai et al. 2015). Jyiki
(Si-Tayeb et al. 2010) &A% OSKM %5 B4
TR Rl -2 e S R T 4R 4 B Rl B 3Rk A iPSCs, 1%
FHRFEFHER (010% ~ 2.00%)
(Robinton et al. 2012), {HIL 5| i A FEAZFIEL
Je 1 XSS R 7 (Stadtfeld et al. 2010, Zhou et al.
2012, Tsai et al. 2015). (2) B Fk: KE
ML FAE 5% (Nemes et al. 2013) BRELK%
(Zhang et al. 2012) FIA H Ak FIA b F AL 1
Ja PRGN M S E A, e T iR AR,

Pem etk (HF R MG (0.001%),
FRMEE =, TEREALED, AT
(Robinton et al. 2012). (3) /Ny AL &Wi%:

i vivs e < R N e £ A 7/ i 2 Y P B i
Tk 5 M 20 L ) R I A 2 R OB T i, 8K
DAL E g fE (Li Y Q et al. 2011,

Federation et al. 2014). %yl T AR
A, fem Tt HEFAAE T PRI
MERE (0.01% ~ 0.10%) (Robinton et al. 2012).
(D Al WEE: Al G R TR OSKM &4
SRS AN (Homo sapiens) ji% 21 4 41 i
(Fusaki et al. 2009) =iy T 40 (Seki et al.
2010) 1, HEIhiE S iPSCs. BTG B
AT RNA R4, e soh ik, ik
o T IR G RS, RN T3k
(1.00%) (Robinton et al. 2012) A%, {H
A9 B 2T I 40 i s LTS B (Seki et al.
2010). Ban % (2011) il A4 ABUAL 4
B O AT K N R A 4E 4 . Chuman
fibroblasts, hF). CD34"fif IfiL 41l f FE 4w A2, 1 H.
R SRR T 2 RIWEE ST (5)

RNAs % %k B TR, RoRE .

TG HE PRI 2H 5 R N US55, il IPSCs
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PR IEM R, A 3 iPSCs iR
MR T 2 Be T4 8 (RNA induced
pluripotent stem cells, RiPSCs) . iz 4~ H] T~ iPSCs
731 RNAs =24 mRNAs Fl3E4ifis RNAS
(NcRNAS) PR, ASCHE g RNAs /311
iPSCs if5 S0t 70 AT 1 2573k, LA iPSCs
FEARFIRAN L PES

2 RNAs 5/ iPSCs #SH AR

2.1 mRNAs M2/ iPSCs & FHA

mRNAs /311 iPSCs i3 H A T 2l it
A i E g A 1 mRNAs R4, Jfxf
MRNAS JEATHH R & ), J 0 I oA e ik
A, SEDLEYFEN iPSCs (Rosa et al. 2010,
Warren et al. 2010, Yakubov et al. 2010, Li M et
al. 2011, Suletal. 2012, Tavernier etal. 2012,
Warren et al. 2012, Yoshioka et al. 2013).
mMRNAs /3] iPSCs i FHAR LA 1.
MRNASs /-5 1) 5 PR 3 70 40 i A HH 40 i
H LA A M s R H 22 4% (Wiehe et al. 2007,
van Nuffel et al. 2010). 1&1fi mRNAs ¥4 &
RGN E W FE A iPSCs Flfs S 41 i th iz
AT AR, A, Ak, TS
T . mRNAs —JE 41 5 B R LR B3, A
T EMEE A M AR R, XA IR IA
Ml i, ek ik 1.00% ~ 4.40%
(Robinton et al. 2012).

I 2 M (K151 mRNAS 723 2010 4 Warren
SR H N ZANIKAEF5 5 N 4T 4 4 i o s £
FIEH mMRNASs 7%:: (1) 077K F: %F T, RNA
RAHAARSNE ) OSKML (+GFP) 25 5 45
A F- 1) mRNAs #E4T 5" sl 5540 R F R0 &4,
W STHIBE N e AR MO e L R PRI e A R
PRUEWE, BlVE BRI AL FE A mRNAS i i
A5, I A s sk mRNAs [ 1k
HREME, REEama: (2 K fE
R R NN TILE B18R, KRB I 25,
ZRRAMMI R (3D BEFREA S Y N1 (1)
e G AIG AU IR R LA 3 g AR R 1 A A

MRNASs £ H#£Je%5 , Jlbix e g4y, B8
T MR R EgRFESCRRGE S Tk
RUGARFL R EE 1, WU EeAESE ) OSKM 415 S
(7} iPSCs HHAZENIGE T 412 (embryonic stem
cells, ESCs). LY NI mIA 70%, H
SRR L AL 48 OSKM i Sk intie—1%, Bk
W 100 f5LL F, ik 1.34%, HIEBUE A,

WA . SEAEAHL, ke B
A @ ik mRNAs ik kR A
HESLMEAREZ; @ KB mRNAS
PR HE A E T K ® mRNAs £
kRIS AT IN T KA e v b, ik
WL EAGE A E R, XK
ETh R, KL mRNAs 56 LT Yakubov
% (2010) it T; RNA ZE4 BRI Ak Sk
pTMA 14 K& 5% OSKMLN [¥) mRNAs, #)
HHE A (RNAIMAX) 4L 5 UG AL
JRAYEL L (hFFS) J5, 3k4s3 iPSCs, Jf
M40 % B18R 41|41 55 ; Ahfeldt (2011)
# OSKM (+SV40) ] mRNAs £ Ta 1AM 5%,
Fg RN3P ki etiifG, SR 2 Lk 4
NIBETEA I, IR TR T (5% Oy)

W3k iPSCs, TR A 2.00%LL I

Tavernier & (2012) i E A (RNAIMAX)
1 T; RNA A A 7N 5 1f) OSKM (+GFP)
ERI-F 1) mRNAS ‘7 BUR G ST 4E 4 il (mEFs)
W, B 3 k3R1E T iPSCs; Zou % (2013)
BB 1 MRNAS EA R AT
Yed M F il iPSCs, AF T B b e
4ig; Mandal 25 (2013) U35 5% 4 L) L 4 £
PR 1) mRNAS & T 2 20 1) 32 B 2 A B 435 1
IERE. TRl DB ST T T
WL, ik T8 mRNAs 74115 SR
AR . 4k, Yoshioka 25 (2013) ifid SPg
B T REWEIN LR IHER T — M ERA A&
SRR T) BB KPR IA OSK (M 8] GLISD)
PYAS E g FE K1) VEE-RF RNA &1, K
JIE JAA 2000 A8 L4 G N 4T 4E 40 I, B )i
i iPSCs, 204 E T mRNAs /KT 1 4w
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T75KT3 HFET (OSKMLN) 4Hi%IX
T7orT3 5'UTR Coding region of transcription factors (OSKML) 3'UTR

- - |< D_DNM&K

DNA template
T7ERT3ESP6SE A i A 4H 4% FmRNA
In vitro transcription mRNA
by T7 or T3 or SP6 polymerase
HFHEF (OSKMLN) %X
5/yTR Coding region of transcription factors (OSKML) 3 TR
mRNA

mRNAMEMG: 5085 X5 HabiEAk

AL, BRE

mRNA modification: glycosylation, | #2541 Bk

methylation or phosphorylation of Construct the recombinant plasmid
5'end of coding region

fE HimRNA B 41 R

The recombinant plasmid of modified mRNA

i i ERNAIMAX L TransITmRN A E{ 2000
iy, TIREBISR. RFFHEFRM
Transfection by Liposome RNAIMAX or
TransITmRNA or 2000 under the condition
of interferon B18R and low oxygen

HEHimRNA P41 Somatic cell
Modified mRNA

i

Translation

—_— AR

Protein
nucleus

lﬁﬁﬁ Reprogram

WL AEFE TN (RIPSCs)
Induced pluripotent stem cells (RiPSCs)

WNucleuy

B 1 mRNAs M KA ELSFEA RIPSCs RER XA
Fig.1 The schematic diagram for RiPSCs production mediated by mRNAs
RiPSCs. RNAs /- 1% ¥ Z B T40ff: OSKMLN. OCT4, SOX2, KLF4, cMYC, LIN28, NANOG.

RiPSCs. RNAs-mediated induced pluripotent stem cells; OSKML. OCT4, SOX2, KLF4, cMYC, LIN28, NANOG.

HoAR . Pratico 2 (2015) &A1 mRNAs /5 AE Pk Ry CoAEL 40 D
FITEAEN B 5 BB AT 4k 40 i B h i 5 o 1) T34k, DNA HIELAL 51/ 1) 2 WAL &1 B
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T8 3k g AR DR 0 ek 3 R T S B A4 40 A 1)
iPSCs )78 . DNA FEEAL 43 R P AP AL . DNA
A — 5 R R e s U8R, DNA 25 A —
BoR Rtk LR RIS, SCIUARH B g f
Lu & (2012) RILEMNGECET 440 0 (mouse
embryonic fibroblast, mEF) [] Oct4 il Nanog
FER A 315 iPSCs TE G R ke A: 2 A
4. DNA FHIEAK [ SS RFIRE B2 15 F g R DT 1~ 1)
KRB, Planello 25 (2014) 4351%H
Yamanaka [Al-f- (OSKM) F1 Thomson [t
(OSNL) AT fASML ekt pMXs 804k, Jig it
& (RNAIMAX) FIT#3% B18R 4%, 445
SN EA AN A5 iPSCs, Jf R E gnfe
H Yamanaka K7 FEG[E CpGs AN A,
Thomson K7l = E 5[ CpGs AN FIEAL, M
M 3RA3 ¥ Y-iPSCs Fll T-iPSCs H ] DNA Fi3k
W AR E . R A E R 7
(AR 2, B4 mRNAS 2k BAR J7 3
A A, ARAEAE A R AT R T LN
M —J& mRNAs 3850, foe i 2
(Plews et al. 2010); — &40 £ Y A GaAf
FRILE gk, By etk K. &
i MRNAs VLR EAEZ RS (1) Frfa ik
F A AR AN AR | 38 S AN A FL [ ] D 3R
76 RNA BRI T A (2) RRXIEE
SR ) mRNA 275 4 — AN RS JE R (g
BRIEE I GFP) 1B mRNA,  FH Sk il 4
AN SRR, R DRI 0 2000 s A G 21 4 g
W IR R A AL R A S e (3
SR R IiE M mRNA T 2 AL B m i
FIRIA A7 o] TR e st . (4) @illiEth
MRNAs /3 [ i F2 5550 359K H Pluriton 1557
B (5) JE I EEFRAN [R5 FE I 20 B R S g
I E (6) Fg AR HPIAER, WMV Ik
R, (7) e YLsiad WA 7 A~ HE 22
PR — N CANI A D R A EA
Bj AETLEAN fu) A R BHAE TR R A A BT A i
. EYAEETFREE . mMRNA B &Y REIE W K
EAEH, — MU S8 mRNA e G st 3

(GFP) AE A [T f ok th ) o g A ok e
B mRNA B J 70 1 s v ALe RS
A, (8) YL NATRER I R — W AT
DA A 4% 10 B 1) 1) B 15
4k, Howden %% (2015) RiE T —Flix
Btz mRNAS 7——lL[A] %5 3 iPSCs [f1J7
R, MR Bk, RIEDRMB R RNRE 7] 15
SR HEAT, BRI AT 440 M iPSCs
[RIRLA Ik 8.00%. 5 HABAEME mMRNAS iEA
[ AR S AR (D) LT RiE S (2
K OSKMNL F1 SV40 7 R gmfe Al 1, 14
Ah e RE e 1 E 0 Mk pEPAEO2SEN2L
pEP4EO2SET2K . pEP4EO2SEM2K ; (3)
mMiRNA302/367 55, HEE A g iPSCs
;e 100 £5LL 1 (4) Cas9/CRISPR &4, i
A 1) 5 3 () IR % 22 s (5) DNMT3B
ERFTHEEEN s (6) oAl agta 98 e & A
(EGFP) 1 OCT4 {E 4 iPSCs #ric, PRIILXT4M
i 1 22 B f SRR o AN S — M AT e
BERIATAE 2 J N 3RAF K iPSCs, ANild 2547
T, BRAEADS S INfAE . PREE. M, 2N
AT JI1 iPSCs #iAK. Cody 45 (2016) it
X} Cas9/CRISPR R4{EN iPSCs 1 Tfgl
17 THE9E.
M2, BN mRNAS E IR T i i 5 4 F2
BLHI IR FT, AHRZH AR IR A0 M ) 22 A PEAT)
T URRFE A, R LA R T 52 2 L RN I ] 477
HIF P HAT 5 A2 5 A M AT 3 A
BON] A Hi 5 R A G I3 5 B s R BT T
R TINE, HEUPTA 5153k 1) iPSCs 7E#1
SR IE RR0E R . S0 R . 4 i JE
AR T DR () 54 I Y R P (Gore et al.
2011, Laurent et al. 2011). KA T F
HEGFEIER R, BB EERR B
b B A S 98 AR AR B T
HAT, A5 H4EEAT M mRNA 7%
S K (Larimichthys crocea) iPSCs
FEARMHFTE, BUELEX OSKM 4 NE LA
T mRNA AT S, e e Rtk 40
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PLFRTF iPSCs, HEmIyr—Fhcds. @k, th
KK iPSCs 5 5775, AR YR BT
£ FRGE R R I 25 e R (A ) L
o a] S A S Y ) iPSCs 75 F #2112 % (Chen
et al. 2015, Jiang et al. 2015). HET#&A1c4&
vl TR Octd (GenBank: KJ588781).
Sox2 (GenBank: KJ588783). c-Myc (GenBank:
KJ588782) 3 ML H i fi K 114K cDNA
JP4, M NCBI 315 T Kt Kif4 14K
cDNA 751, H- O XX 4 A4S Y-IR 73047 T 12
FIEHT, B T eI B RIA 1, hidk—
I IPSCs 153 555 T IR S AR .
2.2 ncRNAs /3K iPSCs RE A
FRAL RS IPSCs (74 BAG o
SMER, BT DNA H3EAL (Planello et al.
2014) LIZk, ncRNAs tH &R 42 1) B 5L
TRz —, FEiREEER SRR T R E AR
(Armstrong et al. 2006). 25 FE4ifE ) ncRNAs
T EALHE microRNAs (miRNAs, < 200 bp)

/N3 RNAs (siRNAs, <200 bp) FIHK: A4 fid
RNAs (IncRNAs, > 200 bp) £ (Kawaji et al.
2008) .
221 miRNAs ¥ miRNAs &N TR
HA AR IEmL 5% RNAs, K47 21 ~
25nt, JLFS S5 AA AR, dngn i
oyEL Al R PATOAE, FEFEDRRE RS
(gene regulatory networks, GRNs) ANaJ ol k(1]
#B4> (Bartel 2009). MiRNAs A i 5 #E 3L K]
mRNA 3" ERHEEIX (3'UTR) [ H MRS s
MRNA B FHIE B, i s K s
K274 (Song et al. 2006, Barroso-delJesus et
al. 2008, Judson et al. 2009). miRNAs /5
(1) iPSCs W2 HAR R B AN ] 2 Ffrow .

WS, miRNASs X140 it i) 5 3 55
2 BE Mk 4l FE R 2 ) o0 b A R T
(Y0 ) AL 2006, sKIESE 2010, ¥4 o5 L%
2015) . Houbaviy 2% (2003) % ¥ miR-290 ~ 295
BRAERMMKEHTARFPERE, HEARY
miR-371 ~ 373 FEAE NG T4l e K35 (Suh

S5 FH FOSKMLN A # %

ek
Exogenous transcription factors miRNAsE{siRNAs
OSKMLN in all or part or none miRNAs or siRNAs

#H 472 Reprogram

41z
Nucleus

40 %
Nucleus

miRNAs. siRNAsHJifid 5 5k K
mRNABRIE BAMDHIHEE, Aiif#

B R0 i EE A AR G R T 1 4 )

AT AR PR R TR,

T 2 o A TR R R HPIEL A6 T4 (RiPSCs)
WA Somatic cell miRNAs and siRNAs both inhibit the Induced pluripotent stem cells

activity of the target genes by mRNA (RiPSCs)

base complementation for removing
the inhibition of the related factors of
somatic cell reprogramming. They can
also activate the expression of
endogenous reprogramming factors,
and ultimately improve the efficiency
of somatic cell reprogramming

&l 2 miRNAs. siRNAs /KA i E RN RiPSCs REREE
Fig. 2 The schematic diagram for RiPSCs production mediated by miRNAs, siRNAs

RiPSCs. RNAs /" S 1% S £ 5 T-41); OSKMLN. OCT4, SOX2, KLF4, cMYC, LIN28, NANOG.

RiPSCs. RNAs-mediated induced pluripotent stem cells; OSKMLN. OCT4, SOX2, KLF4, cMYC, LIN28, NANOG.
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et al. 2004), HWGT 40tk = B miRNAs
EARES R < B A A I I N
(Kanellopoulou et al. 2005, Murchison et al.
2005) . fil 44 miRNAs 23 53501 140 i 734t 5
iy DL AORS T 40 /A4 4 1)k 2K (LCningschrér
et al. 2013). A AGTRH, ARG FE g R i
Firh 55 22 R AH SC ) miRNASs (] 41 miR-17 5%
%, miR-290 ~ 295 #%. miR-302 ~ 367 %) #*
i5 A (LiZetal. 2011, Liaoetal. 2011, Polo
etal. 2012, Judson etal. 2013), 54MLAHIEIK)
miRNAs (il i1 miR-34 5% ) 221k M) T i (Choi
et al. 2011, Polo et al. 2012). 4k, miRNAs
5 OSN Fl TCF3 %5Z fg itk R 7% VI AH X
( Barroso-delJesus et al. 2008, Marson et al.
2008). IXLEGEPEISFK ], miIRNAs 71 iPSCs 1]
HR MR REEZEN, XHUEHLN S
iPSCs [15E4H

Judson %% (2009) B XARkIE T miRNAs X}
P2 i G R ) RS . miR-290 ~ 295 ik
(miR-291-3p. miR-294 Fll miR-295)f:fifi#5 OSK
T 2RIA, 7E8LFT GFbRIIL Lats2. Aktl.
Cdknla. Pten. Zfp148. Hivep2. Ddhd1. DpysI2.
CFI2 S5 (1AEH T 1] b UV G e 41 4 40 g 7
YiFE Ny iPSCs, Jirf miR-294 ()5 KK
SR A 0.40% ~ 0.70%, HLAEM 55 OSK
I EGFERC . 10 H miR-290 # A% 58 4 BAR
c-MYC MFEH, FEAC T EUR PR XS . Bl S
miRNAs %5 T iPSCs HiARHA T K2 Mk &
(Sun etal. 2010, Leonardo etal. 2012), ik
Z ) miRNAs # i H] T- iPSCs “E = .
Subramanyam %§ (2011) &I, miR-370 ~ 373
##% (miR-371, miR-372, miR-373) Wil it
4L AT MBDII. MeCP1-p66. MeCP2., AOF1.
AOF2. RHOC. TGFbRII {135, ik Hoxt A
T8 TR L e S A% G A ST TBURIBAAS ,  FRERE A
OSKM K- [k , ik 1M Ji 2 N A4S B F 2 F s
FE 2 miR-372 X g A AT & e HEEH]
MiRNAs 413 1) iPSCs HA n] A 22 Ho At 51 2
FEIN 7RI AT SEBL iPSCs AL, O — ik

AW EYgFE TR, A3 A 4 S R
A Sk (Herranz et al. 2010, Mallanna
etal. 2010, Moradi et al. 2014),

MiRNASs 7F {44 M 5 g F2 b & 35 F2EAE
5 fiR—% miRNAs (il 41 miR-302 ~ 367 /%)
SHIREREMNTE AR, R miRNAs fE
B LA A s PR — i s R 3 iPSCs 1)
A= N34 B R 45 (Miyoshi et al. 2011, Hu et al.
2013). Anokye-Danso % (2011) i miR-302
~ 367 FEMIRIA, ToiF AN s A R m] PR
e RCHbRE R B R 4 B 4 4 iPSCs, H
FEGFEBER ALSE I OSKM V= AN B 2
VLo EEESRAEERE: (D B
Fyg: 4\ DNA | PCR 4% miR-302 ~ 367
f%uk miR-302a ~ 302d %, il $] pENTRLA
AR Acce5I Al Xhol BRIE A VIBEAT 25, fx
e H e 2] pLOVE 24K BsrGI A7 3k
pLOVE-miR-302 ~ 367 #fk. (2) 4fukisz:
R ETHEAN U EX A B Oct4-GFP. Rosa26-LacZ
A Hdac2 " JRft, Wige TR RIET, A
B IR AT e 4 15 55 T 5 15%2F 137 11 8
(FBS). BH%#/HHZE. L-BTAKM
DMEM/F12 ¥53#%&; (3) 418 AN £ 51
(Hdac2) frI2:K: it s #5454 Hdac2 /M
FRUVR G BT 4 40 M LA i B Hdac2; (4) JiEEii
Bk 4 A5 miR-302 ~ 367.OSK (£ pLOVE
AR YL 7 0 N 293T 40, 4F24 h 48 h
WA G M) s, RICM R B (5)
Z AetE 40 5 1.0 ml 9 5 500
0.5 ml & (10 g/L) VR 25 Jo 5 e i £ k4l it
YL S5 RN CRRO T4 40 i 23 55 97 N CRRD
R FEHE . XVERIE FRCR L 10.00%,
HIEE OSKM B2 5, {H miR-367 {3 iAFI
Hdac2 [HH0HI2 55 5 s D B 211, miR-367
(1) 2% Re TS 40 L B 5 1) 2 e 1tk K1 OCT4 1
Fi&, miR-302 [M)H 8T IXAH MR, HbZ
BEME AT OCT4 5% (Marson et al. 2008),
MBS B FE L . miIRNAs F1 Hdac /-5 11438 %
B — S K E g FE 7 N7 AE S,
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Miyoshi %% (2011 ) ¥ i #% miR-200c 5
miR-302s. miR-369s 41 & &4, Joii kA
BRI, BN (RO kg, Bin]
Sl FE g, YR mik 75.10%, HifFRR
ik, HARMIBEFHEAN 5 A GFP (UG
FD BEIPETCRE (5 <10 (A4, AfikS %
Sy 24 GFP BHPESE IR/ (1 < 10%) fR4N L. I4h,
miR-200 7 BMP. ZEB2 Z&4fiIh A1 &% OS #
SEF TP FEERR, ERERCEN S 3 41 i
bR FE 4 M % ¥ & iPSCs 1 AR
(Samavarchi-Tehrani et al. 2010, Wang G et al.
2013).

mMiRNAs &2 5 DNA [ AL 3% (Lin et
al. 2011). A miR-302 U A77E TG T4 i Fn
ZHePE4I Mot (Suh et al. 2004, Wilson et al.
2009), J2 G40 1 5B R 22 et 24 1) G B
A7~ (Rosaetal. 2011). Lin %5 (2011) ifidi%
T miR-302 Kik, Joifsk 1Rl N B3
(human hair follicle, hHF) 4 ffl % 2h B 4 F2 A
iPSCs, Z 5L F (U AOFL. AOF2.
MECP1-p66. MECP2, .+ miR-302 [1J#ikiK
T AOF2-DNMTL [FMilfE ], FREHFE R4
() R A A 6 N T S 40 L 110 v 208 T G A
. BEAh, miR-302 I FTEUY OS 254kt A
T AR AR 40 i 5.4 F2 4 iPSCs (Lin et al.
2008, 2011, Subramanyam et al. 2011), HAE
FARLAIA miR-302 M ik 0 il o i i BRLRH 22 4> G
BB AL IR T II3RIE, X DNA #4722 H
HEf, TG EAZ B E S FE (Hu et al. 2013,
Lu et al. 2014), [AJ miR-302 g5 DNA
HSEAAH DGR I S AL 1 2R (Aofl) [RRIA
(Gregory et al. 2008, Ciccone et al. 2009),

MIRNAS 138 i 1l p53 i i 2 5 B4 f .
FEFED] p53 X DNA [0 25 40 i JE1 30
2l RN R, T
X R BT BHASVE R, S ps3 A%y
PEAE A RN IPSCs B OCE L, Al LI
MR % (Kanellopoulou et al. 2005).
miR-145 J& P53 C(fl Trp53, A TP53) [ H %

A miRNA, J&T p53 4 ML it , R
ik OCT4 [FZhAE (Suzuki et al. 2009), s
MiR-145 [ 3R IE M| OSK 25 £ eIk [N 7 (1 &
i, R A R VR IR A0 ) B 3 R g
(Cordes et al. 2009) ., 1fj P53 BEMEHE miR-145 [
G, 0 p53 T8 I 2 5 [ miR-145 [FERIA
N, BEm R g R A L R R, SEE
RO B AL (Suzuki et al. 2009). ILAh,
miR-138. MiR-17. miR-199 %% 5% % i, bt th 18 it
FiH p53 IR iPSCs /% (Choi et al.
2011, Li Zetal. 2011, Lu et al. 2012, Wang et al.
2012, Ye et al. 2012). Xebgh I LN,
MiRNAS & 41 i 5 4w F2 147 J)#HESN &, 75 iPSCs
FARGEA T Z N AT . HET miRNAs
NS EG AR AEA LR, — L W Sz
Fifik, MEGFET miRNAs FIRIARR
MIRNAs [FJ5E H bR R0 1 5 g 5 0 AN [F] 2 24
T4 Mo AR ) miRNAs. miRNAs 5 8 4 i
R A R A o X 28 i) B A B T3
& MIRNAs /S EgAEER, Itk miRNAs
£ iPSCs A7 L

2.2.2 siRNAs ¥ siRNAs &AM YE ) BAT 3T
ROV I AEGm D X /N RNAS, 15 miRNAs 28
Bl K&y 21 ~ 25 nt, T8 B EEIE R ) mRNA
BRI MRNA IR E T, 755 5 e 7K R i
AR SE RGP (Lipardi et al. 2001) . A
FH siRNAs ({010, siRNAs W4 v F 44
M Eg RIS, BEE TS iPSCs M5 T2
#, siRNAs 451 iPSCs 75 S H A J5i 74 It 5]
2.

Hl, siRNAs =2 T4t ps3 k&5
R E G FE . P53 7E4E = B gmFE ROR Hl £t
RARETIVER, B#A% P53 7KK Af LL 2 ek i
e, nl LB EIA P53 Y AR
AR Yot PB3 G SN I 2 Bl b p53
B LERED . N P21 (B Cdknla) B3 &
SRS T 4N 0 TSR AR PR P53 KT, LA
SEERAARGH 4w s (Kawamura et al. 2009).
Kawamura 45 (2009) it 45, K] P53-shRNAs
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(short hairpin RNAs) & & F#(i P53 & 17K
I, A OS WA E g 2 I8 1 3t v A 2 e T
BT A 40 i TR 4 A iPSCs IR . FEE sk
AR RS (LM F B4R p53 B2k 5k Mdmx
SRR 135 d W EURIE T IREL mEFs; (2)
P53-shRNAs & &4k g; (3) H HEK293 4
A= = S AT B Ym AR DA T AT SiIRNAS 300 3 509
BEAIZI BEEA ] T 4 mEFs; (4) L 12 ~
14 d J5, S5 02400 mEFs 7= 2k 1) iPSCs
Tif. Zhao Y 4 (2008) AT SALLIRIE, £
OSKM PUAN s PR I 280l E i UTFL F1mf
i P53 (1) sSiRNAS, BERE N AT e i i 5 4
iPSCs I 4 5 100 fi5LA I, P53-siRNAs X}
Fogm RS R EEH FESRE: O
P53-siRNAs figfllili 41 i3z, M 4E+r iPSCs
17k £ (Qin et al. 2007, Mali et al. 2008, Zhao
Retal. 2008) ; @ P53-siRNAs HEIH 40 i i
T2, WA TARESFE. c-MYC %S Ak
TSN FE G A A iPSCs I, 255 |k B3 140
M TR 2% (Yamanaka 2007, Zhao R et al.
2008), 1fij P53-siRNAs JUJ ] { 2 X — 24 8
X /2 P53-siRNAS fit i 2 42 = iPSCs B4 FE %
R EBE . Ak, P53 PIERBAE B E I
ARG G R ) 3%, (H P53 G2k (1) iPSCs
AT e 218 e AR R G R 20 AR (0 R, AT
BRI T HN ) (Kawamura et al. 2009). 4 T4
B4 OSK FITUTFL mRNA K i) 4% e N i £ 4 4
W51 R PSR e N %, Angel 45 (2010)
T siRNAs H+4i% B (Ifnbl). Eif2ak2
Hl Stat2 MEAM, BT U5 R oo 40 i
VAR, b T R 1A, ST
M2, HIRET siRNAs /511 iPSCs 7
RWFFTILE D, (HH iPSCs (=B34t T —
A, RALRK KRS, (H15
NS
2.2.3 IncRNAs¥:  IncRNAs kU5 T4 51
ST BB TX. 3. SUTR X K68 1%
HI145 Jiaetal. 2013) , &L R T

(Tes) , EMFLAYFERI TR, @A
[F] (1) ML 6l e 75 22 7K T B0 B ) S DR 3R
(Wang et al. 2011), 5l f17r: RNA 7K, IncRNAs
W e R R R R, JEA BT mRNA
()R PR R %A% (Gong et al. 2011, Guttman et al.
2012, Yoonetal. 2012) . ¥ 3 7~ T IncRNAs
A S iPSCs 5 1A J5 B,
IRV 2 W9 CAESE, IncRNAs 7E iPSCs
ZREVESEFF R E SRR, REmAERE T
(LR T, R FE S R A AL N T 1)
Rk, SR Z RetEYERE . AR G0 M T gn AR S A
Mooy AL (Ng et al. 2010, Ghosal et al.
2013, Hutchins etal. 2015) . Sheik %% (2009)
& IncRNAs 15 B4 F2 K 1 2 (B A5 5 FA
INcRNASs 523 OCT4 1 NANOG 45 & 4 f4 K] 1
(R, HoAZ RevE4ERE T b 75, R IncRNAS
2 2PN BT 1R R I I X 25 i Oct4 A1 Nanog
FILMEFE G, {ER ESCs Ll 4 4
INcRNAs, ‘B 1% OCT4 A1 NANOG 4w
TR s e ik 2 5075 | ESCs £ g
PERI4E4F (Mohamed et al. 2010) . Guttman 2%
(2011) %} L ESCs A7 147 /™ IncRNAs 347 T 1)
REBLRAIESY, it T 26 N5 2 T4 FRAT ¢
(K] INcCRNASs, £ F1X 26 > IncRNAs 25 |2 Oct4
1 Nanog JA 3 TG PERIFFAK, X IncRNAS
X 5L ESCs (1) 7 AR i/ A R FF 2 ek
Chakraborty %% (2012) K RNAi J7ik7E i
ESCs i thfiiig i T 3 4™ IncRNAs (Panctl, 2,
3) , Al i Octd B a8h T HINEME R 4i 4 %
etk #E N ESCs /1, IncRNAs 5 SOX2 [#)4%
TEXT 2 REMEM4ERFIE R 2L, I IncRNAS 2
$E 5 SOX2 5 OKN & HEgmfe 451 L%,
MM ERFF ESCs 112 HEME (Ng etal. 2013) . i
i, Durruthy-Durruthy 2 (2016) @i ZhAEH:
FAFFIFIEH T 3 /MBI IncRNAS(HPAT?2,
HPAT3 F1 HPAT5) , ‘EAI 1 IR 4H £ B
PERIIRAS A PN 20 B L (0 T i B A S s A
H; ik CRISPR R85 1 2k R A S 56
ARSI HTIE R I, HPATS &2 gt i ™
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HmFEHE TOSKMLN & F4L 4
Various combinations of
reprogramming factors OSKMLN

il
Inhibit

L
Inhibit

P53id %
v pS3 pathway

IncRNAs

Hi%iF2 Reprogram

0 %
ucleus

21 %
Nucleus

E41Jfl Somatic cell

IncRNAsif it i1 pS3 i # 5%
miRNAsTfE, R Xt H %
2 B8 T feit) AN T (2 4
g

IncRNAs can remove the
inhibition of reprogramming
factors by inhibiting the p53
pathway or the function of
miRNAs, so as to promote the
reprogramming of somatic cells

B L AL T4 (RIPSCs)

Induced pluripotent stem cells

(RiPSCs)

Bl 3 IncRNAs A3 K441 lIEgmFE R RiPSCs JREREE
Fig. 3 The schematic diagram for RiPSCs production mediated by INCRNAs

RiPSCs. RNAs /- S S 2 G5 T-40/f; OSKMLN. OCT4, SOX2, KLF4, cMYC, LIN28, NANOG.

RiPSCs. RNAs-mediated induced pluripotent stem cells; OSKMLN. OCT4, SOX2, KLF4, cMYC, LIN28, NANOG.

28 (K 4R 1 H 5 let-7 miRNAS 64 AR
%

JET INcRNAS 75 22 B 4R 77 TH 1) 42 )
fE, INCRNAS FF4f 4 I H T4 41 i 4 BT
Loewer %5 (2010) XH lincRNAs L5 &4 2 [l
+ OSN L [F/EH, medhih TN iPSCs, Ik
lincRNAs X 5 g 2 AT A EH, &3
Ga FE 7 H A H AR, 3 4 IncRNAs
( lincRNA-SFMBT2 . lincRNA-VLDLR il
lincRNA-RoR) ] 3 8l 117 5% 1] OCT4,SOX2
Al NANOG M 4kE, wibxr OCT4 £33
lincRNAs 1A T, EWFHE lincRNAs Z 2%
R AR 1 1 R 72 (Loewer et al. 2010)
It4h, lincRNA-ROR X iPSCs [ 4E 0 F1 AL
FEAIEREE, FEEPLEI: lincRNA-RoR i@
iR ps3 Kk kAW ps3 51K DNA
G A TN, LA I iPSCs A7 %
17 2R S22 e 155 5 (Loewer et al. 2010) .
Huarte %5 (2010) &I lincRNA-RoR 5 p53 il
P IE R P53 SEHE lincRNA-P21,
liNcRNA-P21 SUE L 41 P53 R AL KA

P53 3% /1. % T lincRNA-RoR 5 p53 JE i 1
AHEAE B H A7 s ANE 2

fAHE ML, H K IncRNAs & fE44l
MIRNAS (1) ZJ) e M 1T 5] 4238 i HCRE 5 AR (1) 2
23k (Cesanaetal. 2011) . IncRNAs -2 i
5 miRNAs 524+, %] miRNAs [ZhRE, fitkx
mMiRNAs 1 #1020 N o i s UL 4n e A 1
linc-MD1 =] AEAR miR-133 FIl miR-135, BH.il
FORE oM (R4 SEBLULAR M ) 5346 (Ng et al.
2012, Hutchins et al. 2015) . Wang Y £5 (2013)
iE, F4FEIHA T lincRNA-RoR i it 5
miRNAs F£5 OCT4. SOX2. NANOG ¥z i
Jeftf, AGIELR—FERBH I miIRNAS A3 (X} 3=
P e Ty AP R O R S P NTTR (B eiac R T
el W, IncRNAs F1 miRNAs 2 i) i] B4 7 4E
DhReAMES IR U4 . BB LR T CBXT
X} ESCs Zfetkdirr A REE Y, HIhEr
RYEFRIN 32 5] IncRNAs (Yap et al. 2010) Al
miRNAs [ (O'Loghlen et al. 2012) .
ncRNAs 2 [a] i #H B 4E F 24 iPSCs #iff 9T H
NcRNAs PR L BAAL T T 2 141 & T e
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ZE LRTA, IncRNAS AF A 5 DR i 8 1) H 22
Tz —, BRI T AV T R .
KA sl P EOR © 2355 T K IncRNAS
JP, ARy CEUESEE 2 RetE4ERE . A4
Ji 24 A5 S iPSCs 434 Hh R 4 B () O Y A
. &4 H(ER IPSCs BARBRE. (HHRT
X LA X e 2 sk R wh VR R ML AN B A
i PR T HEAE iPSCs BA A I
2.3 RNAs /8L iPSCs B BRI LI

RNAs /™S 1 LR iPSCs i S A ml b
WL OER A ARG i EE g R iPSCs,
{RARERP G I AR 5o mRNAS V238 1R A4
AN B AL T mRNA SR, A
TEML T EHEERIE , TS T4 40 A% 4
ZREES T IR BT, PR
BB, HRARAC AR Mg v e
AU - MIRNAS 181 SIRNAS 125 15738 i [ fig 4 5
Kl mRNA sl e S5% . Bk, AR KT
BRI AC-H R REAE, AT 5 3 R 40
E 4. 5 mRNAs VEAEL, miRNAs Fl
SiRNAs B (345 22nt) , EH S A4,
HOOP AR A R 1 I R SR D e, A
INfRifE. PREE. %4, FRMRLER. HS
4L miRNAs, siRNAs A JL#E L PR 1 i
2 H AR R AL, BB T AL
. INcRNAs 35T IncRNASs 7£ % gt 447
MM EEER, T H ps3 i i ok
mMIRNAs [ ZRE, AEER"CATD B g R R0 il
H, Mt iPSCs =4, HEXT IncRNAs
R A 4 T s R RO LR ANV A, BRI T 3
7t iPSCs BRI H 6

AN, HAR miRNAs 1 siRNAs ¥4 AE4
T B VIR [/ RNAs, 2 51A41 U E
i FE LI AL, (HARAEAE— 2 22 5,
MIRNASs 24 P L5/ RNAS, G PR E
FEPERUIC, Bl BAME AN SE 4, i miRNAs
BRI E VS M, AR TR A
3UTR X (Lee et al. 1993) ; ] SiRNAs J4h
PRAPEREE /N RNAs, S FEE PR s e AR

BURGEIE A H AN, H— SRR 5 Iy
PRAN A, ilId RNAT SR il E R R G
PE, AEHT mRNA [AFTE47 55 (Elbashirs
et al. 2001) . IXE7E 5771 miRNAs 1 siRNAs
N H T iPSCs 5 A AN H v W5 DL 7 43
F 8.

3 RB¥E

iIPSCs Hi A& EEAL T4 MU oT . 41 fyr
i ZITRIE RN AR B S O, HA)
@ I FH AT . RNAs /S JLFP iPSCs R
TR TINS5 T3 ReR A
£, 2 iPSCs [FARFFHRME T I BE 224 sl
fRE I3 1%, 43 Sk IPSCs 75 T AR HE T 5
H H A L TR ATAE ARG BOARME R X0t
UK 7RI AR L 15 SRR &
W B ST, O HE—20 )2 N R R
TR, 56 5 (17 F G 2 SRS L 11 54 AN R IR 38 1)
R R AA SR, RNAS /-5
(1) R 2 P A 7 22 N R IR 1 IR B B O
YN RE IR A5 2 T Ak SL AT A
IOEES= SN ACIVS 1 iF & QIO Y St s NIAY 8
JE I T R 51 s DR A 838 326 s/ T 50980 12 T
FREBRF52I0 iPSCs i e ARZRIANKE N iPSCs
HARMA IR 555 % .

Z % X M

Ahfeldt T. 2011. Switching human cell fate: Reprogramming via
pluripotency to adipogenesis. Berlin: Dissertation of the
Academic Degree Doctor in Department of Biology at the
University of Hamburg, 12-28.

Angel M, Yanik M F. 2010. Innate immune suppression enables
frequent transfection with RNA encoding reprogramming
proteins. PLoS One, 5(7): e11756.

Anokye-Danso F, Trivedi C M, Juhr D, et al. 2011. Highly efficient
miRNA-mediated reprogramming of mouse and human somatic
cells to pluripotency. Cell Stem Cell, 8(4): 376-388.

Armstrong L, Lako M, Dean W, et al. 2006. Epigenetic modification
is central to genome reprogramming in somatic cell nuclear
transfer. Stem Cells, 24(4): 805-814.

Ban H, Nishishita N, Fusaki N, et al. 2011. Efficient generation of
transgene-free human induced pluripotent stem cells (iPSCs) by



4 LA RNAS A+ PHOT A1V 5 BRI

+ 703 -

temperature-sensitive Sendai virus vectors. Proceedings of the
National Academy of Sciences of the United States of America,
108(34): 14234-14239.

Barroso-delJesus A, Romero-L&pez C, Lucena-Aguilar G, et al. 2008.
Embryonic stem cell-specific miR302-367 cluster: Human gene
structure and functional characterization of its core promoter.
Molecular Cell Biology, 28(21): 6609-6619.

Bartel D P. 2009. MicroRNAs: Target recognition and regulatory
functions. Cell, 136(2): 215-233.

Cesana M, Cacchiarelli D, Legnini I, et al. 2011. A long noncoding
RNA controls muscle differentiation by functioning as a
competing endogenous RNA. Cell, 147(2): 358-369.

Chakraborty D, Kappei D, Theis M, et al. 2012. Combined RNAi and
localization for functionally dissecting long noncoding RNAs.
Nature Methods, 9(4): 360-362.

Chen S H, Pu L L, Xie F J, et al. 2015. Differential expression of
three estrogen receptors mRNAs in tissues, growth development,
embryogenesis and gametogenesis from large yellow croaker,
Larimichthys crocea. General and Comparative Endocrinology,
216: 134-151.

Choi Y J, Lin C P, Ho J J, et al. 2011. miR-34 miRNAs provide a
barrier for somatic cell reprogramming. Nature Cell Biology,
13(11): 1353-1360.

Ciccone D N, Su H, Hevi S, et al. 2009. KDM1B is a histone H3K4
demethylase required to establish maternal genomic imprints.
Nature, 461(7262): 415-418.

Cody K, Mandegar M A, Srivastava D, et al. 2016. Efficient
CRISPR/Cas9-based genome engineering in human pluripotent
stem cells. Current Protocols in Human Genetics, 88:
21401-21423.

Cordes K R, Sheehy N T, White M P, et al. 2009. miR-145 and
miR-143 regulate smooth muscle cell fate and plasticity. Nature,
460(7256): 705-710.

Cox J L, Rizzino A. 2010. Induced pluripotent stem cells: What lies
beyond the paradigm shift. Experimental Biology and Medicine,
235(2): 148-158.

Durruthy-Durruthy J, Sebastiano V, Wossidlo M, et al. 2016. The
primate-specific noncoding RNA HPAT5 regulates pluripotency
during human preimplantation development and nuclear
reprogramming. Nature Genetics, 48(1): 44-52.

Elbashirs M, Lendeckel W, Tuschl T. 2001. RNA interference is
mediated by 21- and 22-nucleotide RNAs. Genes &
Development, 15(2): 188-200.

Federation A J, Bradner J E, Meissner A. 2014. The use of small
molecules in somatic-cell reprogramming. Trends in Cell
Biology, 24(3): 179-187.

Fusaki N, Ban H, Nishiyama A, et al. 2009. Efficient induction of

transgene-free human pluripotent stem cells using a vector based

on Sendai virus, an RNA virus that does not integrate into the
host genome. Proceedings of the Japan Academy, 85(8):
348-362.

Gao A J, Peng Y H, Deng Y L, et al. 2013. Potential therapeutic
applications of differentiated induced pluripotent stem cells
(iPSCs) in the treatment of neurodegenerative diseases.
Neuroscience, 228: 47-59.

Ghosal S, Das S, Chakrabarti J, 2013. Long noncoding RNAs: New
players in the molecular mechanism for maintenance and
differentiation of pluripotent stem cells. Stem Cells and
Development, 22(16): 2240-2253.

Gong C, Maquat L E. 2011. IncRNAs transactivate STAU1-mediated
mRNA decay by duplexing with 3UTRs via Alu elements.
Nature, 470(7333): 284-288.

Gore A, Li Z, Fung H L, et al. 2011. Somatic coding mutations in
human induced pluripotent stem cells. Nature, 471(7336): 63-76.

Gregory P A, Bert A G, Paterson E L, et al. 2008. The miR-200 family
and miR-205 regulate epithelial to mesenchymal transition by
targeting ZEB1 and SIP1. Nature Cell Biology, 10(5): 593-601.

Grskovic M, Javaherian A, Strulovici B, et al. 2011. Induced
pluripotent stem cells-opportunities for disease modelling and
drug discovery. Nature Reviews Drug Discovery, 10(12):
915-929.

Gurdon J B, Melton D A. 2008. Nuclear reprogramming in cells.
Science, 322 (5909): 1811-1815.

Guttman M, Donaghey J, Carey B W, et al. 2011. lincRNAs act in the
circuitry controlling pluripotency and differentiation. Nature,
477(7364): 295-300.

Guttman M, Rinn J L. 2012. Modular regulatory principles of large
non-coding RNAs. Nature, 482(7385): 339-346.

Herranz H, Cohen S M. 2010. MicroRNAs and gene regulatory
networks: Managing the impact of noise in biological systems.
Genes & Development, 24(13): 1339-1344.

Houbaviy H B, Murray M F, Sharp P A. 2003. Embryonic stem
cell-specific microRNAs. Developmental Cell, 5(2): 351-358.

Howden S E, Maufort J P, Duffin B M, 2015. Simultaneous
reprogramming and gene correction of patient fibroblasts. Stem
Cell Reports, 5(6): 1109-1118.

Hu S, Wilson K D, Ghosh Z, et al. 2013. MicroRNA-302 increases
reprogramming efficiency via repression of NR2F2. Stem Cells,
31(2): 259-268.

Huangfu D, Osafune K, Maehr R, et al. 2008. Induction of pluripotent
stem cells from primary human fibroblasts with only Oct4 and
Sox2. Nature Biotechnol, 26(11): 1269-1275.

Huarte M, Guttman M, Feldser D, et al. 2010. A large intergenic
noncoding RNA induced by p53 mediates global gene repression
in the p53 response. Cell, 142(3): 409-419.

Hutchins A P, Pei D, 2015. Transposable elements at the center of the


http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=Q2W5Uv7RXKF4JteW8uT&field=AU&value=Kime%2C+Cody
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=Q2W5Uv7RXKF4JteW8uT&field=AU&value=Mandegar%2C+Mohammad+A
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=Q2W5Uv7RXKF4JteW8uT&field=AU&value=Srivastava%2C+Deepak

<704 « W2 Chinese Journal of Zoology 51 %

crossroads between embryogenesis, embryonic stem cells,
reprogramming, and long non-coding RNAs. Chinese Science
Bulletin, 60(20): 1722-1733.

Jia W W, Chen W, Kang J H. 2013. The functions of microRNAs and
long non-coding RNAs in embryonic and induced pluripotent
stem cells. Genomics Proteomics Bioinformatics, 11(5):
275-283.

Jiang Y H, Han K H, Chen S H, et al. 2015. Molecular cloning,
characterization and expression of Lc-Sox1la in large yellow
croaker Larimichthys crocea. Gene, 574(2): 287-301.

Judson R L, Babiarz J E, Venere M, et al. 2009. Embryonic stem
cell-specific microRNAs promote induced pluripotency. Nature
Biotechnology, 27(5): 459-461.

Judson R L, Greve T S, Parchem R J, et al. 2013. MicroRNA-based
discovery of barriers to dedifferentiation of fibroblasts to
pluripotent stem cells. Nature Structural & Molecular Biology,
20(10): 1227-1235.

Kanellopoulou C, Muljo S A, Kung AL, et al. 2005. Dicer-deficient
mouse embryonic stem cells are defective in differentiation and
centromeric silencing. Genes & Development, 19(4): 489-501.

Kashyap V, Rezende N C, Scotland K B, et al. 2009. 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 and
Development, 18(7): 1093-1108.

Kawaji H, Nakamura M, Takahashi Y, et al. 2008. Hidden layers of
human small RNAs. BMC Genomics, 9: 157-165.

Kawamura T, Suzuki J, Wang YV, et al. 2009. Linking the p53 tumor
suppressor pathway to somatic cell reprogramming. Nature,
460(7259): 1140-1144.

Lai M I, Wendy-Yeo W Y, Ramasamy R, et al. 2011. Advancements
in reprogramming strategies for the generation of induced
pluripotent stem cells. Journal of Assisted Reproduction and
Genetics, 28(4): 291-301.

Laurent L C, Ulitsky I, Slavin I, et al. 2011. Dynamic changes in the
copy number of pluripotency and cell proliferation genes in
human ESCs and iPSCs during reprogramming and time in
culture. Cell Stem Cell, 8(1): 106-118.

Lee R C, Feinbaum R L, Ambros V. 1993. The C. elegans
heterochronic gene lin-4 encodes small RNAs with antisense
complementarity to lin-14. Cell, 75(5): 843-854.

Leonardo T R, Schultheisz H L, Loring J F, et al. 2012. The functions
of microRNAs in pluripotency and reprogramming. Nature Cell
Biology, 14(11) : 1114-1121.

Li M, Sancho-Martinez I, Belmonte J C I. 2011. Cell fate conversion
by mRNA. Stem Cell Research & Therapy, 2: 5-7.

Li Y Q, Zhang Q A, Yin X L, et al. 2011. Generation of iPSCs from

mouse fibroblasts with a single gene, Oct4, and small molecules.
Cell Research, 21(1): 196-204.

Li Z, Yang C S, Nakashima K, et al. 2011. Small RNA-mediated
regulation of iPS cell generation. The EMBO Journal, 30(5):
823-834.

Liao B, Bao X, Liu L, et al. 2011. MicroRNA cluster 302-367
enhances somatic cell reprogramming by accelerating a
mesenchymal-to-epithelial transition. The Journal of Biological
Chemistry, 286(19): 17359-17364.

Lin S L, Chang D C, Chang-Lin S, et al. 2008. Mir-302 reprograms
human skin cancer cells into a pluripotent ES-cell-like state.
RNA, 14(10): 2115-2124.

Lin SL, Chang D C, Lin C H, et al. 2011. Regulation of somatic cell
reprogramming through inducible mir-302 expression. Nucleic
Ccids Research, 39(3): 1054-1065.

Lipardi C, Wei Q, Paterson B M. 2001. RNAI as random degradative
PCR: siRNA primers convert mRNA into dsRNAs that are
degraded to generate new siRNAs. Cell, 107(3): 297-307.

Loewer S, Cabili M N, Guttman M, et al. 2010. Large intergenic
non-coding RNA-RoR modulates reprogramming of human
induced pluripotent stem cells. Nature Genetics, 42(12):
1113-1117.

Lu D, Davis M P, Abreu-Goodger C, et al. 2012. MiR-25 regulates
Wwp2 and Fbxw7 and promotes reprogramming of mouse
fibroblast cells to iPSCs. PLoS One, 7(8): e40938.

Lu J, Dong H Y, Lin L J, et al. 2014. miRNA-302 facilitates
reprogramming of human adult hepatocytes into pancreatic
islets-like cells in combination with a chemical defined media.
Biochemical and Biophysical Research Communications, 453(3):
405-410.

Liningschr& P, Hauser S, Kaltschmidt B, et al. 2013. MicroRNAs in
pluripotency, reprogramming and cell fate induction. Biochimica
et Biophysica Acta, 1833(8): 1894-1903.

Mali P, Ye Z, Hommond H H, et al. 2008. Improved efficiency and
pace of generating induced pluripotent stem cells from human
adult and fetal fibroblasts. Stem Cells, 26(8): 1998-2005.

Mallanna S K, Rizzino A. 2010. Emerging roles of microRNAs in the
control of embryonic stem cells and the generation of induced
pluripotent stem cells. Developmental Biology, 344(1): 16-25.

Mandal P K, Rossi D J. 2013. Reprogramming human fibroblasts to
pluripotency using modified mRNA. Nature Protocols, 8(3):
568-582.

Marson A, Levine S S, Cole M F, et al. 2008. Connecting microRNA
genes to the core transcriptional regulatory circuitry of
embryonic stem cells. Cell, 134(3): 521-533.

Miyoshi N, Ishii H, Nagano H, et al. 2011. Reprogramming of mouse
and human cells to pluripotency using mature microRNAs. Cell
Stem Cell, 8(6): 633-638.



4 LA RNAS A+ PHOT A1V 5 BRI

* 705

Mohamed J S, Gaughwin P M, Lim B, et al. 2010. Conserved long
noncoding RNAs transcriptionally regulated by Oct4 and Nanog
modulate pluripotency in mouse embryonic stem cells. RNA,
16(2): 324-337.

Moradi S, Asgari S, Baharvand H. 2014. Concise Review: Harmonies
played by microRNAs in cell fate reprogramming. Stem Cells,
32(1): 3-15.

Murchison E P, Partridge J F, Tam O H, et al. 2005. Characterization
of Dicer-deficient murine embryonic stem cells. Proceedings of
the National Academy of Sciences of the United States of
America, 102(34): 12135-12140.

Nemes C, Varga E, Polgar Z, et al. 2013. Generation of mouse
induced pluripotent stem cells by protein transduction. Tissue
Engineering Part C Methods, 78(43): 345-351.

Ng J H, Ng H H, 2010. LincRNAs join the pluripotency alliance.
Nature Genetics, 42(12): 1035-1036.

Ng S Y, Johnson R, Stanton L W, 2012. Human long non-coding
RNAs promote pluripotency and neuronal differentiation by
association with chromatin modifiers and transcription factors.
The EMBO Journal, 31(3): 522-533.

Ng S Y, Stanton L W, 2013. Long non-coding RNAs in stem cell
pluripotency. Wiley Interdisciplinary Reviews-RNA, 4(1):
121-128.

O'Loghlen A, Munoz-Cabello A M, Gaspar-Maia A, et al. 2012.
MicroRNA regulation of Cbhx7 mediates a switch of Polycomb
orthologs during ESC differentiation. Cell Stem Cell, 10(1):
33-46.

Planello A C, Ji J, Sharma V, et al. 2014. Aberrant DNA methylation
reprogramming during induced pluripotent stem cell generation
is dependent on the choice of reprogramming factors. Cell
Regeneration, 3(1): 4-18.

Plews J R, Li J, Jones M, et al. 2010. Activation of pluripotency
genes in human fibroblast cells by a novel mRNA based
approach. PloS One, 5(12): e14397.

Polo J M, Anderssen E, Walsh R M, et al. 2012. A molecular roadmap
of reprogramming somatic cells into iPS cells. Cell, 151(7):
1617-1632.

Pratico E D, Feger B J, Watson M J, et al. 2015. RNA-mediated
reprogramming of primary adult human dermal fibroblasts into
c-kit(+) cardiac progenitor cells. Stem Cells and Development,
24(22): 2622-2633.

Qin H, Yu T, Qing T, et al. 2007. Regulation of apoptosis and
differentiation by p53 in human embryonic stem cells. The
Journal of Biological Chemistry, 282(8): 5842-5852.

Robinton D A, Daley G O. 2012. The promise of induced pluripotent
stem cells in research and therapy. Nature, 481(7381): 295-305.

Rosa A, Brivanlou A H. 2011. A regulatory circuitry comprised of
miR-302 and the transcription factors OCT4 and NR2F2

regulates human embryonic stem cell differentiation. The EMBO
Journal, 30(2): 237-248.

Rosa A, Brivanlou A H. 2010. Synthetic mMRNAs: Powerful tools for
reprogramming and differentiation of human cells. Cell Stem
Cell, 7(5): 549-550.

Ruggieri M, Riboldi G, Brajkovic S, et al. 2014. Induced neural stem
cells: Methods of reprogramming and potential therapeutic
applications. Progress in Neurobiology, 114: 15-24.

Samavarchi-Tehrani P, Golipour A, David L, et al. 2010. Functional
genomics reveals a BMP-driven mesenchymal-to-epithelial
transition in the initiation of somatic cell reprogramming. Cell
Stem Cell, 7(1): 64-77.

Seki T, Yuasa S, Oda M, et al. 2010. Generation of induced
pluripotent stem cells from human terminally differentiated
circulating T cells. Cell Stem Cell, 7(1): 11-14.

Sheik M J, Gaughwin P M, Lim B, et al. 2009. Conserved long
noncoding RNAs transcriptionally regulated by Oct4 and Nanog
modulate pluripotency in mouse embryonic stem cells. RNA,
16(2): 324-337.

Si-Tayeb K, Noto F K, Sepac A, et al. 2010. Generation of human
induced pluripotent stem cells by simple transient transfection of
plasmid DNA encoding reprogramming factors. BMC
Developmental Biology, 10(81): 1-10.

Sommer C A, Stadtfeld M, Murphy G J, et al. 2009. Induced
pluripotent stem cell generation using a single lentiviral stem cell
cassette. Stem Cells, 27(3): 543-549.

Song L, Tuan R S. 2006. MicroRNAs and cell differentiation in
mammalian development. Birth Defects Research Part C Embryo
Today Reviews, 78(2): 140-149.

Stadtfeld M, Hochedlinger K. 2010. Induced pluripotency: history,
mechanisms, and applications. Genes & development, 24(20):
2239-2263.

Subramanyam D, Lamouille S, Judson R L, et al. 2011. Multiple
targets of miR-302 and miR-372 promote reprogramming of
human fibroblasts to induced pluripotent stem cells. Nature
Biotechnology, 29(5): 443-448.

Suh M R, Lee Y, Kim J Y, et al. 2004. Human embryonic stem cells
express a unique set of microRNAs. Developmental Biology,
270(2): 488-498.

Sul J Y, Kim T K, Lee J H, et al. 2012. Perspectives on cell
reprogramming with RNA. Trends in Biotechnology, 30(5):
243-249.

Sun X Y, Fua X B, Han W D, et al. 2010. Can controlled cellular
reprogramming be achieved using microRNAs? Ageing
Research Reviews, 9(4): 475-483.

Suzuki H 1, Yamagata K, Sugimoto K, et al. 2009. Modulation of
microRNA processing by p53. Nature, 460(7254): 529-533.

Takahashi K, Yamanaka S. 2006. Induction of pluripotent stem cells



706 * W2 Chinese Journal of Zoology 51 %

from mouse embryonic and adult fibroblast cultures by defined
factors. Cell, 126(4): 663-676.

Tavernier G, Wolfrum K, Demeester J, et al. 2012. Activation of
pluripotency-associated genes in mouse embryonic fibroblasts by
non-viral transfection with in vitro-derived mRNAs encoding
Oct4, Sox2, KIf4 and cMyc. Biomaterials, 33(2): 412-417.

Tsai Y, Cutts J, Kimura A, et al. 2015. A chemically defined substrate
for the expansion and neuronal differentiation of human
pluripotent stem cell-derived neural progenitor cells. Stem Cell
Research, 15(1): 75-87.

van Nuffel A M T, Corthals J, Neyns B, et al. 2010. Immunotherapy
of cancer with dendritic cells loaded with tumor antigens and
activated through mRNA electroporation. Methods in Molecular
Biology, 629: 405-452.

Wang G, Guo X, Hong W, et al. 2013. Critical regulation of

miR-200/ZEB2 pathway in Oct4/Sox2-induced
mesenchymal-to-epithelial transition and induced pluripotent
stem cell generation. Proceedings of the National Academy of
Sciences of the United States of America, 110(8): 2858-2863.

Wang J, He Q, Han C, et al. 2012. p53-facilitated miR-199a-3p
regulates somatic cell reprogramming. Stem Cells, 30(7):
1405-1413.

Wang K C, Chang H Y. 2011. Molecular mechanisms of long
noncoding RNAs. Molecular Cell, 43(6): 904-914.

Wang Y, Xu Z, Jiang J, et al. 2013. Endogenous miRNA sponge
lincRNA-RoR regulates Oct4, Nanog, and Sox2 in human
embryonic stem cell self-renewal. Developmental Cell, 25(1):
69-80.

Warren L, Manos P D, Ahfeldt T, et al. 2010. Highly efficient
reprogramming to pluripotency and directed differentiation of
human cells with synthetic modified mRNA. Cell Stem Cell,
7(5): 618-630.

Warren L, Ni Y, Wang J, et al. 2012. Feeder-free derivation of human
induced pluripotent stem cells with messenger RNA. Scientiftc
Reports, 2: 657673 .

Wiehe J M, Ponsaerts P, Rojewski M T, et al. 2007. mMRNA-mediated
gene delivery into human progenitor cells promotes highly
efficient protein expression. Journal of Cellular and Molecular
Medicine, 11(3): 521-530.

Wilson K D, Venkatasubrahmanyam S, Jia F, et al. 2009. MicroRNA
profiling of human-induced pluripotent stem cells. Stem Cells
and Development, 18(5): 749-758.

Woltjen K, Michael | P, Mohseni P, et al. 2009. piggyBac
transposition reprograms fibroblasts to induced pluripotent stem
cells. Nature, 458(7239): 766—770.

Yakubov E, Rechavi G, Rozenblatt S, et al. 2010. Reprogramming of

human fibroblasts to pluripotent stem cells using mRNA of four
transcription factors. Biochemical and Biophysical Research
Communications, 394(1): 189-193.

Yamanaka S. 2007. Strategies and new developments in the
generation of patient-specific pluripotent stem cells. Cell Stem
Cell, 1(1): 39-49.

Yap K L, Li S, Munoz-Cabello A M, et al. 2010. Molecular interplay
of the noncoding RNA ANRIL and methylated histone H3 lysine
27 by polycomb CBX7 in transcriptional silencing of INK4a.
Molecular Cell, 38(5): 662-674.

Ye D, Wang G, Liu Y, et al. 2012. MiR-138 promotes induced
pluripotent stem cell generation through the regulation of the p53
signaling. Stem Cells, 30(8): 1645-1654.

Yoo A S, Sun A X, Li L, et al. 2011. MicroRNA-mediated conversion
of human fibroblasts to neurons. Nature, 476(7359): 228-231.

Yoon J H, Abdelmohsen K, Srikantan S, et al. 2012. LincRNA-p21
suppresses target mRNA translation. Molecular Cell, 47(4):
648-655.

Yoshioka N, Gros E, Li H R, et al. 2013. Efficient generation of
human iPSCs by a synthetic self-replicative RNA. Cell Stem
Cell, 13(2): 246-254.

Zhang H, Ma Y, Gu J J, et al. 2012. Reprogramming of somatic cells
via TAT-mediated protein transduction of recombinant factors.
Biomaterials, 33(20): 5047-5055.

Zhao R, Daley G Q. 2008. From fibroblasts to iPS cells: Induced
pluripotency by defined factors. Journal of Cellular Biochemistry,
105(4): 949-955.

Zhao Y, Yin X, Qin H, et al. 2008. Two supporting factors greatly
improve the efficiency of human iPSC genercition. Cell Stem
Cell, 3(5): 475-479.

Zhou T, Benda C, Dunzinger S, et al. 2012. Generation of human
induced pluripotent stem cells from urine samples. Nature
Protocols, 7(12): 2080-2089.

Zou L J, Luo Y L, Chen M W, et al. 2013. A simple method for
deriving functional MSCs and applied for osteogenesis in 3D
Scaffolds. Scientific Reports, 3: 2243-2252.

WAL, YL, XIJEAT. 2006, F4NMBEITI0HTI&4E: miIRNAS.
A fr kLo, 18(4): 351-354.

W, 2R, 2015, MicroRNAs ¥ T4 % S 50k, 2

fir ke, 27(10): 1255-1260.

2035, Wk, MEUy, 55, 2009, RS WRET A (iPS
cells) ——HUIR By 5t B LW 5L B 2 it e,
36(8): 950-960.

SaE, Sxih, ZEEhRL. 2010. microRNAs AL GuFE. Ay

Fl2¥, 22(7): 675-681.

e

=

e



