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Strategies to Enhance the Efficiency and Safety of Cell Reprogramming

Yu Xinlu, Zhang Hongxia, Wang Chen, Yu Bin, Zhu Haiying*
(Department of Cell Biology, College of Basic Medical Sciences,
Second Military Medical University, Shanghai 200433, China)

Abstract  Cell reprogramming refers to the process of converting somatic cells to totipotent or pluripotent
stem cell by dedifferentiation, or to another type of somatic cells or somatic stem cells by transdiffertiation under
certain conditions. The cells derived from patient’s cells by reprogramming as seed cells for cell therapy, shares the
specificity of patient, which could significantly reduce immune responses, provides multiple options in the source
of seed cells with great value of clinical application. However, how to increase the efficiency of reprogramming
and improve the safety of seed cells has been studied as a critical point in future clinic application. In recent
years, researchers have been done a lot of work on how to optimize reprogramming strategy and have more
comprehensive knowledge of the molecular mechanism involved in the process, such as epigenetic regulation and
EMT. On the other hand, researchers adopt non-integrating episomal vectors and chemical induction to improve the
safety of reprogramming. In this review, we have introduced the up-dated progress of this field.
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4 H g A2 A2 TR 2 A0 B A0 AR R AR R
23 £ oAbk 5 3 4 Re 1 B2 RE R IR A, B
T I A g3 A R — B SIS B ) AR A T A R S Ak —
P& B ) 40 ff B o R, R PR A A A B g AR
(somatic cell reprogramming), J& & % N 1% & H %
F£(lineage reprogramming). 4 4fl g # g F2 A% & 1)
HIE B i, Y5 F20064F Takahashi %558 AT
5 Bl 30 4 339 7 B0, F5Oct3/4(3L 4 Pousfl, POU
domain, class 5, transcription factor 1). Sox2(SRY-
box 2). KIf4(Kruppel-like factor 4)Hlc-Myc(c-
Myelocytomatosis oncogene)(OSKM) Y 4™ #% 5% [A -+
NI BB R AT A4 B, R I E g AR O i 3 Y
% He T 4 ffd(induced pluripotent stem cells, iPSCs)™,
XA A A AR IR 40 ) 2 se i, T HL
SCIRETT T VR Jie = 4 2 FH P A 3 2 PRl B COR g
T HAREY . AR BOm B ST DL g
WLVE T B RE, AR N 4E IR T 1 7 . B A,
A 201 i B o A P00 T A G Ry E e s IR T AR
MU AL M, g0 S PR SE B, Mo, Jl a4y
508 B s N 1R SRAF 5 5 2 2 e 40 M 1) 7 v K
Ji& B 9 P, TSN R R 1 2R 28 20 A S s 2 )
F % G R 5 1 53 DR 1 S IR 48 P 1) oy — SR B (1) 4
A0 MR T A A . BT S W, 1 R E AR Tk
PRt T BRiPSCsA 5 732 B 40 M R I, & | FE B A
R e 1 B R R e M, T DA 2 ek e I
Moo EARMAE SRR EEAN T B L, o R gm
RI)R @RI 7 G TR ERE A, (HHT
AT DLt %A 2 Hf B 2 R 1) AP SRS R 7 v, U R
RN BN EA NI TT . H AU TR U
BTN AN AR, HENERERE DL
137 — 2Rl R, il hn, Teda5 W) FH 5230 0 & & AH
5 ) = A ¥ 5% K] 7 Gata4(GATA binding protein 4).
Mef2¢c(myocyte enhancer factor 2C) A1 Tbx5(T-box 5),
Hg /I B RE TR T A A i T B G R D /N RS 2 TR
AIL4H B (mouse induced cardiomyocytes, miCMs). 7]
FH AR 28 1 2245 77 8% 5 IRl F- Ascl ] (achaete-scute family
bHLH transcription factor 1). Brn2( X 44 Pou3f2, POU
domain, class 3, transcription factor 2)fIMyt1l(myelin
transcription factor 1-like) ] PL#f /)N 5 ik i + 44 A
o FET AE N 3 R ) RE I )RR 4 41 B (mouse

induced neuronal cells, miNCs)P®!, F|H] Gata4.
Hnfla(HNF1 homeobox A). Foxa3(forkhead box A3),
[ ] i Baep 19°, AT DS /) B Rl 2T 24 4 Jf 2 2 A2 9 />
175 5 FFFE I BE (mouse induced hepatocyte-like cells,
miHeps)®. F| FHHnfIb(HNF1 homeobox B)FFoxa3
KA I 28 B R A2 AH G B s R, AT RLKE /D B
i 14 4 41 Pl (mouse embryonic fibroblasts, MEFs)
H 9w F5E N 15 5 B H T 48 i (mouse induced hepatic
stem cells, miHepSCs)".

TC 0 2 A2 il B G AR I R 1 R L G 2, EH Y fE
ROERARTS — B2 FE A A FO A IS T B8, #H 5%
Kl o, iPSCs ) 4 12 A0 — i ££0.01%~0.20%
ZIAe GhAb, kA iF S G M ) e A i, AT i)
A FH T8 B 3 s B A EAT 15 ), (R B AR AN
B R 2K A M G gk A 32 R R 20, IR K] e 22 5
M) 441 £ e R oA t5), B 2 AL A 7 AR R, X ARCK
HFZ 55 T A )l R N FH T BRI, B S E
G MR AR N T I PR IR ST B H bR, B2 5 2
TR Z A AR JE R ) . IR, A
ATINAS[R] P #1226 G A2 7 V538047 7 Ak, [R)IS) X8
R BT A oy LR AT T AR .

1 REEREVENR
1.1 RSN (E) 7E B L AR T IR IR S ERIE

FIOKSMPY A 175 5 MEF 4 Jfd (1 5 2 72 1 7%
A NEAH B BRIHT B AR BORTER 2 B B
4R B B MEF B2 2 A% 75 22 28 1) A1) 78 Jo 40 i 3%
R B b R A e ) o A, R A] e o b B A AL
(mesenchymal-to-epithelial transition, MET)™™, X 4>
TE ARV K () 76 5T 200 e e [R] 10 490 1) AP0 L i 0 i e PR
PR, i 60 46— e e B) 78 BT b R e Ak g i
B S K ¥ 2E A, UnSnail(snail family zinc finger 1,
N4 8Snaill). Snai2(snail family zinc finger 2, ¥ %4
Slug)~ Zebl(Zinc finger E-box-binding homeobox 1),
Zeb2(Zinc finger E-box-binding homeobox 2), J5#&
£ EAU5 Cdhl(E-cadherin). EpCAM(epithelial cell
adhesion molecule). Ocln(occludin).

TRZ W FE R, miR-2005 5% BE L 2EiPSCsTE AL,
X S5METIE RV F . Wang 5B 58 R L, Oct4
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FSox2fE B #: 45 & FImiR-20011) 3 ) X J B H:8
T E HIFRIA, miR-20088 ELIZHL [ 45 5 ZEB2HJ3'UTR
A ek, IXFEREE T METRERE, @ feit 1
iPSCsf™ 4

Ak, B 5T AR OE 52, E B R B (bone
morphogenetic protein, BMP)&¢ % 1/} [[JOKSMi% &
miR-205HmiR-200%C %, M2 #EMET, o 5 4 f2
L AE Y B, XA T miR-2005K 1 /E AMET I FE 42
BRI 7 — AN e . S — U7, fR kbR R 7R
A (EMT) ) R 28 ) 2= 5 80T 40 B 4 4k, BT bL2s 4
HIPSCsHITE L. AW IT IR, Fefb A K K -B(trans-
forming growth factor-B, TGF-B)if i ¥# 7% Snailifs T
EMTid #2, M0 55 g B2 LisElSI7E oy — T sk
5o AR SE 1 axX — MR, ARATAE R FHOSKMP (Al -
75 FPSCs i 2 Hh i NTGF-B1, & L& # il b 5z
bk B FE K Ocln A EpCAMI) R A Snail i) N, S5
BH 1 7 B 2 PR IR 2070%. AR 1 1 72, OSKMIY
F 0] LU B BT TGF-BAE 5 8 % K A EMT i 72 M
i 56 R E 4w 2, A Sox2 A0t Snail . c-MycfE
N TGF-B1FITGF-BSZ2 k2 ) K ik, KIfal n] L S
— 8 | f7 B[R UNE-cadherin. EpCAMMIFRIA
1.2 BEEAENRIERRESRIZESERE
e

KM BIRA P LDNAJT HI AR, {HA] PAtk
AZDNARE M, M S22 PR A i iR . H
I O 60 B SR AR 1 3 AL LR 41 B id . DNABH,
FER B HE AR S et E . 2
o L G A Ik AR R i A A A B R A 1 Y 2 R AR
10 20 e o S 1 ) 3R Wb 1 () 2 57, o, DNAFIAH
EAMEMSE 2 CEZE, FHfiKH, DNA
ZHHEAL MRIHE B £ CAEEA R & E s
REP,
12.1 DNAFAAMAEF M  DNAHIEA T
TEDNA H B 7 F2 liff(DNA methyltransferase, DNMT)
IHEAL T, DNARICG 1% H B2 (1) B s i 4 3%k 5 1
Hi 7S 0 2, TR RS- R i s E (5-mC) . I IA N,
DNA H 54k 5 BRI T ER A 5%

Fidalgoa®5 P ff 75 3 W, % 4 i 1 Zp281
(zinc finger protein 281)fg BEL #2141 2 4 Wt
1k 52 & PNuRD %2 Nanog 2 [A] J4 1y #1 il Nanog 1) H

BOEOE, T HIHIPSCsIE . A W 7Lt — 3R B,
NuRD [ — /N 8 —— H 3 25 5 350 B 11 3(Mbd3) 1)
Bk BE L iNanog. Octd F1Sox24 1k I H.#& &) 5 4
T g2,

Tet(ten-eleven translocation) %% ik A& A& AE W) 7k N
AEAE 1) — Fho-FR 12— 2 (a-KG)ATFe {4 i ft) XU 4
i, TetdE (A )5 AJ DAL S-mC e Ak g 552 R L ff s g
(5-hmC), &DNA % H Ak i F2 A 19— Fb 25 L 1K B
1 R U B 7T R B, 7E R SRMEF4H i Tet 5
R TR = A 25 [R] B A6 i 1% g -DN A B 25 16 B (thymine-
DNA glycosylase, TDG)J5, MEF4H i tH T Tetal TDG
il T BUE A IR R A RRIEAT, T T 2L
miR-200 5% 1 5 K A Be 4 0, 5 )5 18 IMET IS 72
TeiE 56 BN T B g fE R 7

Gao 58 F 70 IE 52, Tet] AE 5 48 5 P9 Y5 4 1)
Oct4 {2 1 5 g #2, JF H AR AT & 30 A FH TSKM(Tetl |
Sox2. KlIf4. c-Myc)is 5 ) 5 4 2 70 A B B
BN B R AR M R R, EIX — BB, 5-
B 5 it P i A S- 0 Y i s g /K S 38 o, X T R
72 HH T Tet b 14,5~ FH 2= i o g 2 A g 532 PP e i s g
FRE. 25 I Bt DAVE BG40 B ARE (1) 2 W 25 2 MARHAIE,
FEIX—FrEL, T2 IDNAZ B AL PR 5 5- 55 R 3
b P W (%) e B, E 22 T R DRR VR I T 4t A 0 R
X, 5-32 H AR s ng K i B A LA R XA
Iy, 1E B 4 FE IS FE P DNA 340 AN 2 B Ak 3ot
HRHAMENEE L 7o HEENEH. e
T 5 —TwF 7 A, B Tetl 50ct4. Sox2. KIf4is
SMEF4H Mo vl DA K KR iy B m 2R, 5 B4l F)
Oct4. Sox2MIKIf415 FAH b, B 25 2 B2 1 250 A
0.075%%& T+ 220.125%,

Tetl £ REHIE T A HEHEEZNIEH. 15
T N VR fil B3 £ 4 240 P 4% A8 DRy 22 0 i e+ 22 T IR A 5
o WFFE R RN, i A Tet I AN RE RS 12 v 25 4 R 1)
R, T HRE W B S A I AR TS . AR Tet1 £ I
IR AR AL AN TE 28, 1525 FE B Tet L 7E MR 21
i 5 g i b ) B AR R, BT AN, Tet] 1] g2 id
T A 3l T 24 24 i 1 44 45 0 200 B P 3 00 40 SR AR g
H Y,
122 & & &k TBALAEA WA E OB
(histone deacetylases, HDAC)fE {418 (1% Z.BE b



1394

YER, 15 25 DR S 3 DI AR G

W 55 %7, DNA 3% 5 i FH 20 85 11 2 2Tt
P77 AR = EE gm AR A, U T R (valproic
acid, VPA)(— FHHDACHI il 7)), ‘& AH AT UK H g
FERCRIE = 10045, 111 BAEEA e Ne-Myc 1L T
YR AT LA R 4T B m AR

MuZ5CU I 5T R, TE 5 gn R A RS 4R o BTG
HIER A LW 2 BEMOF (males absent on the first, X
LMY ST1EKATS) 70 0 B o AlATT I 78 0IE 52, 7
BRI FE T, MOF 5 4055 [T H3K 4 FH B FE RS g (1) 4%
O E A YIWdrSAH AR F SR A2 3k IR Octd K Ik, T
M IRMOF I FICHAK 1 6ac FTH3K4me37E Octd )i 2 1
X FIEHAE A o

2 EEREREMHHESR
21 FAERSEDZHFFTSHMERTE, R
2

A G 6 1 B g AR R B LA B S DR 1 3k [
YER, BT LA, $& s PR 7 1) 3L 30 08 250 ] DA = 4
TR . Kajids P2 A — A~ LL2AJT 51 & $Hc-Myc,
KIf4. Oct4MISox2 VU PH - I i B FL 2k A4 B
G T2 )RR A 72 32.5%, AH SR ATY AR TC V20t 4 AR I
DAL ) 5 i 3 36 DR 20 3 o 1) A8 (A T e, IX 2=
T 5 ) B 2 A 1 R M R R S 0 L D N FH %2
A (HIN R XA R IR Bk SpiggyBac ks FE T
YA, AT LLRCI ke N G BT 4 40 i 3E 4T B
WtE. XEERERG RFAT 5N 5L A
& if, H BTE B E e B S, AR 5L R AT DL
W4 2B,

Stadtfeld <5 1F] FH 45 % & 5 iy 55 2k AR B I 3%
ikOct4. Sox2. Klfafllc-Myc, ¥ 5 1 R 2T 4 40 iy
B 40 i 75 5 BRiPSCs, B AR X Rl 7 v S 11
iPSCsfk IH R A RARIIIRAR &, I HAAMAEGH M A 1)
FISWF ()3 4, BRI T HAE ARG . =
AT S 3R, PR E g R A —E T E AL 1)
FNRAE, X AIGRIGIT HiPSCsH A s F 4L T
B SR .

YuZ5B93E i #% e — A LloriP/EBNA 1K 3 it )
W2 M3 AR (episomal vectors) lINiFEFH T AH
iPSCs, T 7E ¥ MEF4H Il i75 5 Jv F W 40 i () 9 50 b,

W 7¢ & AT [F) BE ) F LloriP/EBNAL Y JE fill i1, €0 &
Gata4 Hnfla. Foxa3Z:[R 108 M4k, Wi
G (1) 75 S e b /N BRORAT A ML, BRI S T T
FEAE 1) /5 B IR A 48 2 (mouse induced hepatocyte-
like cells, miHeps), Jf H.7E 1% 5 3843 fimiHepsH, &
DA B AP S PR 7 1R IA . AT SR B 1
Y AR FE AN TR BB S (R A 13 A IR TR ) e
ik, 8 I ToriP/EBNA 1 I 55 B HAK I, 45
DNAANEE S i N RIPSAH M BE PR 40, 1 B AEBA 254
EREE TG DU, 20 i g B A i 2 0 & 0K, X
FE, VA BAR AL 3 R () NP SN AL skt 2 175 T2 1 e B
(R A VA 1 — B AR R R I L 450 B
Ko

N T A ROBE G SR DR 2 I R A FAs, B
AR H & B2 MimRNAs(synthetic modified mRNAs,
mmRNAS)ZAT IS . Fu0, 705 A AT 4 40 i i
TN A AL AR BT R S AN BT 2 A R
mmRNA, 3 1 BH & 7 I8 5445 44 1) 77 o mmRNA
B e A0 M 3T SO0, WA EoR, B G R
B (— FIRNAJH ) B8 = A 75 2 HHiPSCs, I HA
BOAR i S R 41P7,
22 MY FUEMFSHEREREE, BRERE
FHIFSIER

Esteban®§P R B, 24k A2 2 C I DAZE AR 4 il 55 22,
R 3 /N BRI N K YR () 2 34T B g R, PR AR R 3R
TR A 3 AR HEIPS T 44 B[] 58 4> iPSCs#% 45 . 7
bt J BRI S, AR — 20 ) B T A AL Atk
ITRIL, 18 A% H 210 EFIhdm1a/1b(JmjC domain-
containing histone demethylase la/1b)s&f T 4E/E
FCT U I R 4T B 2 G 22 P 1R BB S, A R
CifHl jF Jhdm1a/1bF% AIK 2H 25 HH3K36me2/37K -, 1
Jhdm /1038 it 41011 Ink4/ A v DR i B 20 ff & 39 3¢
FEFINHI A E . 534b, Jhdmla/1b5Octd—HZi#
TEmMIRNA 302/3675 !, T 2 1 &4 A i 5T 32 B,
miRNA 302/367 % 1% 7] LLAE i3 H1SKO(Sox2+ Klf4.
Octd) 1A% 1) H 4 A0

T ERE T BRI B AN /N 4 A & PIBIX A
BayK, AIhHKE R UL T Octd FIKIF4 7 AN 1 5% Rl 7
(1) SRV A B 4T 4 4 i 75 5 i PSCs, WERH T /N F AL
B PR B AL L S R AT S g AR, S,
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A5 B, CHIR99021——HH i 75 B -3 (glycogen
synthase kinase-3, GSK-3)#7 il 77| 7£ %% 4t Oct4 . Sox2
ANKIE4 =AM e PR B L BE 5 25 M 3R A MEF 2
1) B g A2 0%, FF HUE R AE R A Octd K144
AN S IR T (RS LT B D MEF 48 Jifd i3 47 25 9 5,
M & 5 M 2 B R S 2 HY S Il 1400 1) 701 S R B T g Tk
fria I Rk R 9 T Octd FIKI4 P A% 55 R 1)
NIEARA R4 % 5 RAPSCsH . A48, AR L
FhACE VLB NI AT 440 s 3 b 5% 155 S
> JULAE 41 B (chemically induced cardiomyocyte-like
cells, CiCMs), 75 5 H CICMsTERE KK P, gk
AL RAEEEEE EES NGO VLA B — B, X 2R
2215 F 1 77 AT 1S R E AR . TfE
RN AT A 75 0 2 TR i R 48 0 40 i 1)
SEEGH, WEREA TR, TERE IR I — LN T
& W), IROCKH#I5Y27632. CHIR99021. 4k
AR CEE, T LU 35 H i R S AN R R A7 TS 22, AT
P 1 E G A R R,

X 7 B R ZH ) A SR B T R N A
W 5 A AR BE U S 3 I AT RE IS AT
NN TFHEMRHE TS E RN ES
150.2%. %75 F % fe T 4 f(chemically induced
pluripotent stem cells, CiPSCs)f ZE LT 1 f T 41 ity
[ PR A 1, B IRS A T BE . o AT
FE—UESE T AER /NG 175 I, AU - 5
BRI 2 4w R A L 1T 55 2 T A mT R, deale, FIH
W RIBER 7 2, ABATIER 7ok B AMIRE AR AT
AHRRANR B AR JZ B bR 2n B SR AR R A S
g #2177 2% T HHCIPSCs!*. IX FhCiPSCs ) 3 5
WAL, ARERARENE, YRS, BRI HM S
1 RE J7EB 55 /)N BRESHH M 28 AbL, IX 0 B, 1k 2% =5 g 12
AN T A R SR AR R

FNUR AR S, FEMCEKM T, DT &
¥y 2l A VCR[V: VPA; C: CHIR99021; R: Repsox(—
FITGE-BIE i 3 1 7)1l LURSMEF 4 g 5 4 72 9
1k 2175 5 8 22 A 41 B (chemical-induced neural
progenitor cells, ciNPCs). At {113 — 25 #ff 5t 1lF 5K,
FIHVCRA &, 1& 7T LUK/ B 2% B 41 4 48
(mouse tail-tip fibroblasts, TTFs)FI A JR¥K 41 i (human
urinary cells, HUCs)# % £ A ciNPCs*. Al A1 1) 53

— Wi W 5 4F B, F FHVCRFSGY4. A [F: Forskolin;
S: SP600125——JNK(c-Jun N-terminal kinase)#7]
#; G: GO6983——PKC(protein kinase C)FHl7; Y:
Y-27632] 7] LAGE R M 28 B AR A0 IR B B, ELERRE IR
N BIRAT 7K 2% 15 BRI A5 B R AT 4 4 i B G R D Ak 2
175 5 A28 7641 Bl (human chemical-induced neuronal
cells, hciNs). X FihciNAH g5 7 F hiPS4H i 175 5 3k
RTINS R A AR HE
FEIR VAT A e B — W X R E R A /N
S FACEVAT IS R E AR 7 5, 8K T Ew AR
RS () ERE, SRS A0 20 et B 22 4

3 45iE

O B AR, SR R I E AR AR 2
HHER R, REGEAROEH 7RIS, T
T BEFET L 37 AR SR 1 R R AR B T —
Beh R (EE, 5T A BT R T LA BRA TR AR
SEAERE . R, AR B E RO 2 A T E R
%, BT EE RN RATYIE AR H 3515
LI PRIZ F 1055 B4
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