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Induced pluripotent stem cell therapy: transplant rejection and safety

Wu Peng-fei, Zhou Guang-ji (Guangdong Medical College, Dongguan 523808, Guangdong Province,
China)

Abstract

BACKGROUND: Induced pluripotent stem cells have been a hotspot in regenerative medicine research since it
was discovered. The clinical application of induced pluripotent stem cells is excessively focused on, but the safety
issue is almost ignored.

OBJECTIVE: By summarizing the application of induced pluripotent stem cells in animal experiments to analyze
the safety problems of induced pluripotent stem cells and their possible reasons in order to lay a foundation for
further study and clinical application of induced pluripotent stem cells.

METHODS: PubMed database was retrieved by the first author for articles related to the safety of induced
pluripotent stem cells published from 2006 to 2014 using the keywords of “induced pluripotent stem cells, safety,
immune, immunogenicity, tumorigenicity, cancer, epigenomic, transplantation, generation, reprogramming,
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genomic, mutation” in English. Related full texts were got from Cell Press and Nature Databases. Finally, 28 articles

were chosen in result analysis.

RESULTS AND CONCLUSION: Safety problems of induced pluripotent stem cells are attracting more and more
attentions. Immunogenicity, potential tumorigenicity and epigenetic variation are major risks for the clinical applications of
induced pluripotent stem cells. Safety issues of induced pluripotent stem cells mainly come from the reprogramming
process. The “integrating genetic manipulation” may lead to a greater risk of tumorigenicity than non-integrating
operations. Epigenetic variations emerge in the reprogramming, which are mostly relative to “epigenetic memory” of

reprogrammed cells.

Subject headings: Stem Cells; Induced Pluripotent Stem Cells; Transplantation; Safety
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0 3|lE Introduction

#$ 4 % fF @ 5 (induced pluripotent stem
cells, iPSCs)# #7 ¢ TakahashiF= YamanakaZ i B FA
K, BiLEeikmieEANSFE TR LEG0Lh %
e Twmit, BHSaobitfaREHES, AX
AR —AEAYVEF LWFTHRE, AXREFHS
BT mitey EI N2 AEMEFRE L S 69K K
B, T HFHZRT@RTRA AWK, A THHEN
ML F “AhRBA, £ ERRFIRLBEHF, 2
RiEFHZ TR iRER, SMRARGMAE
AUABEAVA B i R 6 am R UL AR F R, 18T
BAESMGEFH S T aRE L FRA@ICH TRK
RE, B THAF A0 B . BUBG A B R B R
T, REPEMELFRRT TR, LRFT —%
itk

1 &##F0A3% Data and methods
11 BRXE &% —1H 4% %2006 %2014
PubMed#t#% &, &WHEFRE5FFHSRT@REE
AR % 9 SHK . 3 XA & 39 A “induced pluripotent stem
cells, safety, immune, immunogenicity, tumorigenicity,
cancer, epigenomic, transplantation, generation,
reprogramming, genomic, mutation”
1.2 WwRDE

WAfrE ONFAKRE S, OQRA R, HA
B, SR LK, O N FARUL AL ET BN A
AR & R R K.

HEBERE QR EAAMEZRET L LK, QFH R
g, TS E £ 6 LK,
1.3 FREWME & 2RAEE & B AT & AT LR A
T #HATAE, E A X429 “induced ploripotent stem
cells,iPSCs 7 #1 5 , £ % R ¥ 4 A X 4 19
“ immunogenicity , tumorigenicity , safety ,
transplantation , genomic mutation, epigenomic,
generation, reprogramming” BX ifik, ELAN28%E
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2 ZB  Results
21 FESMZETRRNEEREEE MARLFA
kvt i THEFHZ T alh 5k 48R 6
A mABGAA RE B KR HEF . R, RIZGEFR A
A RE LI, Zhao% M5 B6 | FUIE IS AT 4 4 i & A2
HEFAFFHS T @G, BAHASE &R 6B6 R
KA, EES S T mie T AR e v B9 47 F LR F)
TRBHFRE., FRARE—F 54T LR T b iF
FM 5 8T iR ARG e RS G ta it e R R KA B, &
A Hormadl. Zgl65 oA R ey Aid R G, it
BiX sk B B R ST SR, X R E e Rk
FETRes Mt EmizEALT AL, AT HfdAE PR
&SP R B 09 45N Fo KB AR 546 0P, ax sk
HEATHRIRFFHS T @G LERBELET
1B,
ERBRALIRE) T w RS L ARG S Rk,
TGS LA TR B K e i, & T PTA A 64
JOAREA f i RotE, TEA ot amib e f R 2T
BH EZREZR—FRR. REAHRH K RIS T
m oA S0 % T @i B EARINE S A R A
K. Mot uamins, 5ERAC AT
ARG 3T T ok ) A5 AL S2 B A 5 08 R, ERERGT
A S a6 T dm e R R 64 AR Ik fa i 52 3e P ARAF
B TR R, ERIERI MR EmICA B IR
B, PR AR R B 6otk & 4 8 B %k
R, RPHEFHL T @b misTmie—4%, £R
AR B B BT sk 0O R TS
W % 48 F tm o Fe BE 6 T 4 oA ) B AR AE N ) IR D A
FIHERT AT WG, T S AT A e R T m
FeL T pR 64 = 6 4143 F Hormad . Zg164=Retn genest#
kxbREFP, K, EFEETNE, ERSIZE S
AE TR, PIAR IR IR 69 N R e e s R E R
AEEHFHZL, (2EARABAELEREN, F5E2ikTa
B S B G R R 4m B 44 FE T R LU IR RS T 4m LSRR 6 7 R
mip T £ %, BoMTF “EF@ie” BT m
B, Ht ST mie R EATA min e Rk A W) F A
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WFEmInREELES. BEA—RART, FARARAE
BT iEFH S e T m iR s T fm ik o R 69 R k2
4 Fa B A% o m VLR AE S S fe T i E R A B
BT A e e T R, 4ERRIN, XA m
JOAT 2 44 AL Sm et S B R < T v g B e gksh
T, FRARKRIAGE TS 4T minis 3133
B Lmie R R S R E R, RebibFHiTa
JAAT A 69 R B AP K 0 o 3 5 R TRARR), X T A
RAFILR G R RERT TR, A HALREL
*.

FEeE s F R, b TFiEF ST et
T PR A B I P LA AR B 04 Bt tm L, TR AR B
R kR kA IR e SRR ERARK £ 7%, IFL
J& 84 tm e R I R ) 6 o B R (w0 L2 i e i s m fie
SRR RTANE), BdmalsEERZ, &4
MM AALLL LR e IR R, TRk R T IEA A
FHAE.

RILH — LA R K LSRR 5 F e, Bpf
A AR R AR IEAR AL 69 O i b IR 4w oA 9] B o A2 e R
TREAFFHS T @FEERIINET RS R
A2, XS mIe A B T BAKEIMHC- T £ 45F
Fak, 53X g Ah 22 A5 HLE| F) A B MHC T I e 69 4502
Kas e, RRMIBIAGE, 2R ARFFHS %
T tm o B AP 2 AAS AT AL T BAEE 694 2RI
3% A FaMHC- 11 5-F R A8 38 A, MR L E A4
B ARz,

LR ARERGER, THRAFFHS KT @lE
A2t OB E AR T AR PR, B AR e 4E
GORR. ERARTETIBEAINRLR G AT LR
Fl, 133|692 RAH THEARR, Hb, ZHTHF
W% aTFmieeitt, BFZRL. BN, AL
At 20 E AR AAZ, BB HAINEAT L m e
8 R SRAME
2.2 BEM2ZEETBEEUEEEE
22.1 YR ARABALFFH L T @0 IE M
FFHE T @leg BRI A AL E iR 6T
JE 3G I e R B oA B K, K AP R AUNY B fm R 6 4 P ST
A FHs T el kA XL BAXEARA
*. R FEFHS T el R R R A ERIR R
HS AR FEA T (Octd. Sox2. KlIf4. c-Myc)ik
Fey, REEFXRATEER FT@dARL, (245
FIAFIBmE s, AR mIENT HAZE I
RAER” FrseF ey, CRMB@IRLEH, Tk
B F 09551 S 8T m i B A B R RS RSB
JA w9 43R BE 6 B AME K (tetraploid complementation)
IINFFHZ T @iiFaeae ) RA RSB L
ARG, XAPME R a A FARD AL, AL,
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FATF “HG” LT minest X E F(SOX2, OCT4,
NANOG %) /£ i/ tm e, ¥ £-i & & ik 10, s ip — 3 #F
T AL LT Y i A OCT4, SOX2FwKLF4#E 5 —
WMFEF SR T @i, MEERINEFANE T @i,
B TG T AMBGAER DR, FRARKRA ST
AFENC-MyCH T, 4%iZ Ak 4m e 64 B8 R A8 AT T
BT GAT dILERIARN, 42T mieitist 70
RIEF AR A, 12 fE 4k 5 AT B ALE B R F
D RAEFIE 103 diZ FhALEE R AR B AT & A .
% I 9% v Nestin“ & o1t ib 22 4% tm i 40 5%, OCTA L B &
RAREE FABALY AN Z T w3 %, RTMBL
4 T 5 OCTAR B R A3 3RA X . 2T IF B LR B AT4E
T B G 5% 4 b R I) R AEAL T Bt T A A 4n R
WL AN, EEHREIN, DRIFFH ST
JieL gy i 64 4w B B T Bh T % AR AT 9 4m e ) By SR 54
IIE, HE-Slewishl g it K A bR R R s, ix
FEEReAR TR K A . WA AEAS, Bk, KT
FFHSeT e a e RBt, HFHsaTa
JoFs AL G T PR By 3R S BRI ALAT oT 4% 5| A A AR AT
1578 mARey B, XL EFFHE KT @R
BALR B F E KA A,
222 AARTEHFFHZRET @B LA
RN 45OCT3/4. SOX2. KLF4A=c-MYCi# it 1% 5% F-F A
RREGYERBG RS L mie 32 FSFH ST m
A, LA X Sk fm e, f2 & GE AR BE T 40 e AT (TRAL-60,
SALL1, LIN28, DPPA4)#jF B, &I EAEA FF,
AQF EARK AT MR, BT RAT FFAFCEE
tRmar, X0 % AT A A8 R K E BT
PNRARGRE G, HLLR D REA T EAL T Lm0
G, RIBFEZHE61%, 3R ABAIRIER L 4 w3t
R RAMBT R, RTHFIS T @i LA RIG
e,

& T RF 2047 am it e R A5A6 b5 A5 & A8 ), B
T L5 ETHATE RN BIRE” 49X EATAR
Fl, REV AL s mRis T % 48T it 542 B R PT
FEENHFIR T LRRRA 25, HF 1 RARF 4o
TP E B i F B T8 A M 4049 100-20042 8. #F 5 &
N, FAEINREC-MycKARHEANEHIEM, FHFH2S 4R
F ey £ B 7w AR %0, RR s mss B T4
R ETHRFEBINLS AR F 7, ¥Ahvig LA
R,
223 “EFRRB/AXSFHZ T @mie” 69B8I8 M
A TR RE T AR GBENARSE R FBIK
ARG ELEFFFHE T @REAB BT s
MIeE, R, HFRAARGEAGHEFH S T @i
FFFEZIEN. BRE. RERHEERBIRELF
QEBEARBIR ERAEFTECRALA TiHEFMHS G
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Fom ity F 5 B i A @ i JL A miIRNA
(MIRNAs-200c, -302s, -369s)Btbt4E 4 Ay K A=A
R Ty AR bm fL e R AR B 51 % fe T am e dRad, X
Fr A AB T MIRNAE MR8 % fete R B, A oA
%7 SN RDNAYR 695 . FERARF R LRGN T
ERRHE TS T @RAAEND R T, BRE%
B JE b QA BFr ;ALLRLR, AVLRE|IIP B L. FERAT
H—RRT, FRARMET —& “ATEEARERL
R4, KB R G045 HNEIFLE 4 (Flag-tag)#=C
3% % BAF R B EY0ctd, Sox2AKIFAE T, b /e4042tm
o B AR A T KRG A RATEF B, A AT
FEAR” BT R G T T XS BAFFIERE R Yt
JoE b FS 0 % e T il AR ER A
1855 W % ae T mieis 2 7 It A B RO E £ m
AR R, B AT RSB EIRE, A TERZ—
E bk, BMEARBANET ST @it
AWML ERET. 222 E0E, FARBEAGEFR
2T wmie R RBLTINRAR S, (2 LEURE
A2 PR B 0 R LT 54, R ABmE & —F #h
k.
23 FSMIETERNEEZSE #HIFHZETae
FOR AT A ba ol S LA SE R 649 1A (L35 R LR AR )4
M, RS TR@, TRER TR, T
FoR, MEMSOFFHS R T @RS T FFTRE
N, ARARERL—RAFRFAERG-F 4. ZHh
AL 2 R 5 KA R AT AR O R IB T RIE RS
R Yt RAP Z AR e E S S T a4 ot
AT oM, RALPAABRENI4T L ER LN
“ZR” XK A T K 4 1E(Robertsonian translocation,
RB)E AL, X b %8 A Sh R c-Myc ik Bl 46 A 5 4
Wmmit %, BTHEFHS T @i mice)zil 2
EFE, WPLEERFFTRAEESTHS R T @R
#iEFiEfE P,

1E RS R ERR T HATE R TR AL E
WFE, AR EA EwbWETREHER? “ddb
AR Iy TERBLFRZTENLE. AHRAR
SF224F AT % AL T tm e R R A B AT AT, X sk
HFH LT @7 AR % E KA RE 7 &
FRHBARS F@IIFR, QIEAHEZRT. REX
FEBAR, AFFEZRF. BREEAKR, SHEF. 2
Ja BRI AL G 7y ik A 2A dE A X T ik (3 B B
FemMIRNATE %), FFRA R 2 X 224 5514 % 48 T @
Jo g R R HATRF st B R T 12440 R 5, d A R%E
RERAER LS FESFE, FIiFmRY5ERE.
ZoHr, XEREAFRTHRY MWEQROIAE,
SEFEMBEAR X, FA R FER LSBT
HAR(SNP)LLER K EASEET M. AEFH % 68T
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FORE A2 R R AR 4 4m I B Z 1) 649 3L B 7 (CNV)
BRI, RERTRATRINERARELSGES T E,
FSH LT @R T mie s £ % M %
5, LM A X B EF S AT fets Kok 406938 e,
T FRHOR Y BRI T KT, BFR AR B
MRS IE R P TRR AT ARMR, AATEHE
HEERFHFFHS Tl g2 AR
W RITIRAEIE S S 4T @it 7 iR EF
MG Tmies Bak g, SERRAENETHS R
Femfe R A KB 7w E L ERTF R iE S
s T min g o —2, HeERIER LA A @K,
—ZRRGERIERZRA A THRTELTF6)m
fe, 2 RIERGFEFH S RT @R AR T A0
ERER M, THROZRFESA TIERET, &xf
FHFHL T @i is REAAR ERME, REAFX
KRETFTHFHS T @it 2ot XA K, &
FE2 B LR aeIF 4k,

3 [EEE5RE  Problems and prospects

INEF ARG, FEM T e T 218 e 0
TiHF oL APARSA L m o T maisass . Ry
OIS ARBEAEETT, Rt “7 AT aie.
{2 fE 6 T a le TR R T B4R, KJRHEF FI AR A
XM F A A, F AR EREHFTHS G
min ), MAARmMIL “BEEE”, THHRFTLEH
oG % gett, ST SRS T 4m i —AF 52 6 oA h A
ymie ] Tk, £T2N2, FFHEETaR
TR B AR, MFTUELBRBHEEFINRETHAHER
KegER, fed THEFHS R T e EREILME
FAA SR B A A R RIS F R, TR
AY A FEAEYREAK, LA RE AL
AFad #PE KB HA, SMRERIBAXES
RAEENZEFAR S, SBEZESWHR “diE
AR FHEHER, MMERFESHLZLM. F9b,
BT RE AR @I EREGESIZETRR, Rk
YFAEFRER ZARELTE., B, BAHMTETS
FEF, hEBESERERANZE. HREHZS
%, BB R G — G BHATE, SHRIEF TS A
Fempoty L IRERA EE2E L.

TEZ ST/ M CHHT SO R YORMRLE . /i -fdT
B, Fea RS, RS CRSCEE AT

F s/ ZE: SURE K AU BAH KA 7 1h 5

EEEZELR. KW RACTLP SN2

FAAZE: FIVZ TR T 4 i (induced pluripotent
stem cells, iPSCs)—ifiid 5 N e £ B2 B =) (B
TR S5 0 N AA 0 (a5 PR 0 B A2 40 ) b, A Ak 4
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