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Research progress of induced pluripotent stem cells and its bottleneck

Ma Xun, Qin Jie, Xu Yu-ming (Third Department of Neurology, the First Affiliated Hospital of Zhengzhou
University, Zhengzhou 450052, Henan Province, China)

Abstract

BACKGROUND: With the development of the research, induced pluripotent stem cells are applied to the build of
disease model, drug screening, regenerative medicine, and many other research fields, and have made
significant achievements, especially in the study of nervous system diseases.

OBJECTIVE: To summarize the recent development of induced pluripotent stem cells and to raise problems and
prospects based on the latest research in this field.

METHODS: The first author searched the PubMed database for articles about the induced pluripotent stem cells,
including reviews, clinical research and basic research, published from January 2006 to September 2014. The
keywords were “iPS, induced pluripotent stem cell”, and finally 60 articles were included in result analysis.
RESULTS AND CONCLUSION: Induced pluripotent stem cell research continues to make breakthrough from its
discovery by Yamanaka'’s team in 2006 to winning Nobel Prize in 2012. Induced pluripotent stem cell research
has broad prospects in the disease model construction, drug screening and regenerative medicine. Currently,
problems such as reprogramming methods, cell stability, and clinical transformation still need to be solved, and
further researches are necessary.

Subject headings: induced pluripotent stem cells; nervous system diseases; disease models
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0 3| Introduction

Tl —kEH OREH S o Lae Hehm
oA, EBHROFERB IR T @
(embryonic stem cells, ESCs). & & /& F % e
(mesenchymal stem cells, MSCs)#=i% % % ftc-T 2n)ie
(induced pluripotent stem cells, iPSCs)%¥!". mi5% %
T miod T HAERRBERBZBARE S LA G
5 pe T tmpe KAk, B AEAS T2 15 2 3R T AR A X —
ARIRGTHTE

B A Yamanaka#t %, B IA T 2006-F & & 4| A 4/~ 4%
FHFOctd. Sox2. c-MycF=KIf4H s R4 4 bm it &
AR A PERET mie At e S feFmie, FRiET LA L
BERG T ARty % A ibie h A B R EH 4L, A
#2 ) RFF ST i, FF20124 %% N0
R 3. OSMK-Zi8 424/ 3K A 5 ik B 45 2] 09 ERAZ 69 3R
TEREF, ZANEFHLZMALR R B ERIZG S
Fild sk, HF 5 e T @lee) LI E T BAE m SR AR SR AR
REG . RTEe @R E F Az, 3127 A FAR
MEREE, 55 TawnsiEnTmblsy LE—
A ALRe A, T A S0 AT IR T AR A R
WRIN AU AIE—FP O bR KR, 1817 —F A SEILBA
EFHR T &% 08B ey mit kiR, 12d TR mik
325 5 m A P ARE T R AEE, X4
THEF S Tmt—F L&,

AFF LT @A ERRBRAFFZ T
Rt FRAR M R, B b NG ERICAERS 610 3R 5 19
A, 7ok, BT AKRRRGIEF ST @R TE% HLA
A8 % F iR d A F HATHLASE B B fe, RIFRE
% T A R RS S T eR AR
AR IR 4G

BRAZAT R R 0 AT 0 AR W T 2 2 69 bk B %
R SOEVIGRI M AR AR, 55 % T mieed Il
A — PR R T B3k, HiBitEE g Feymin
F A2 R KT R AR 0 IR IR JFEE — F Ak A dk R AR X
a9 B Artmie KA, Ahxt B H ARG kR e B EE R AR AT
B8, WAL, FHF ST @A T ARG IR
BRFG AR, RR RS BABEX, AR, I a
FHRG LR E SEEFF N, dhmie. Rk, ik
F 5 AR ML) R FINE AR,

HAEFEF ST @t LoyrmER . @
BT ZRAEI AT, RIUAEAY 254 I ik Ao 37 25 B4 5
BAd—F R LA, 2 RFF ST @ESA
B RATIRAA P RAR, ADALA S — 2 5 75 T IR 4 MR A
IR, AL EExF B ATEF 5 8T @Iefe b oAt AAp
g ARG SR RATEVR, B4 B BT 6T R B3k Ae o
IR K, oA RIRITET S T @ &G s
1B 5P,
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1 &ERFNA%  Data and methods

1.1 BRER A4 4 & PubMed4t 4% & 48 X ik,
%334 “iPS, induced pluripotent stem cell”. #%&
B ) 58 B A 2006401 A 22014498, etk R
R AR

1.2 BRMERIN 555 2 6T el bl RAF
RARK G AR, HRE OB, WELEHE
EORe

1.3 RPERSNEARSEWMN HA0 % 5] ULk 204
B, BB . WEHRAA. EL. FELHK, EH
2 T 60 5 A A7 Lk,

2 #ZR Results

21 BSIHETMRHAEHE

211 MRS FF ST w2206 R
76 R B AR MRS T . TR AR
MARHATH T HF S F il KR A, B
WX @ AR AR AN FAARR A R S
T AVZRGAERRE. AR ELERRGEF SR

20 JL R A R TR R 0 R BEALR R E T ik, LA AT R
S, RET @R ESL S &Y ETIESET @GS
&, RAF A S fetbmit, 12dFmieh RasKREs 2
xRS RILFE ) w2k, BARRGEF ST
L IARA R A e AR A e R AL, R EH AIRR R
RIFRIAL X, & TRM S, 245 5w Rk
&2 X FF.

Fe e TawpT R TEARRER, XA HE

R Raotasmn®. B RFERRI, A 5
25" H% 2 T mibk R LRI MG, T
H2Kp g AL E2EI M B, TUERES S
e F ik BAT 4 i kY, XA B AR B h
HF X EATEFLRE, BIFEE5FET R E48H
HAEH XegFia. BRARFF % T @lestimAMk
ARG TR e RAT R AR S, 2L R R K&
b REEINA 6 EFFAEX.
21.2 AR RIFNORBRHWAERE T o B,
o dm JOAE R AR R LB — 6T T MR SR,
FHF LT aled THLRBOFHRME, BAAHZ—F+
T M IR SRR 6 s e 42, T R R AR AT
R I 0 K R ALE A K R S 5

EAZ I E, 5T ant R kg
TR RZEEF FERAER. dTFTEFSTan
2 F A kb B KRR T tmle % 48 bty R %5 tm
fe, B A R R AR SR R 6 0 A R T AN 22 T R e
ZEF T RRGE RS EF AT LA, BT
CH SFME RAET WERFLF 7 R IEE AR
MR, BAE MM A R 5 PINK1AE R 48 %,
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SeiblerF "5 5t T K@ 1R R A L0 F XN EHAE
PINKI AR R EEH QLB RT mle h k55T
mit, ELEF ST el iaftRE, Fit—Fn
th B et 2L, 5FARELLER, E5F
PINK1 A B £ K 5 2 &AL B B8 m . IR 2 7
W, #rmparkin&x & 694535,

21.3 ARG HRER TIEMET 506 K B AS46
BARWFIREL. LBEYEFTTT A ERIK N
AR BANET RS, 25T @B g T 2ar
U BRSO EE. R RN AR RS
MR ARG R E T 1.

34 £ 2493 KATALEN, ZFN, CRISPR-Cas9, 1%
1R AR 89 355 % 88T m e b A 1546178,
TALENA=ZFNA) A =T %4249 . 53145 5+ 69DNAL 385
k45 % 69 DNA B BLFOK1 2 &7 iR 3 ft = Joak 17 190
CRISPR#) Al RNA 7| 5 4 cas94% B4 B4 3 43 45 2 49 DNA
4k B 2, TALEN#=CRISPR & T4 #4&m T & 4.1
WFRFT S XIE,
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RIRB)L TG B 4,

PR AL E T XA R S AP ESHAPE LT
MBS AR — R R, B A AR, F
FE T mled ARG YE T ENANE TR XE
Aoy 7 2RI SOD1R B R & 2 ILE 45 M & A4k
JEAR R A9 AR 2R, 44545 D90A SOD1 R & AR &4
YR M E RAEAF T S e T wmin, st—Fah
HRAVZ IR, K IVESHAYZ AT 4940 2 L 4k BAY 2
RIBIL 5 ILE % M & AR AR 3 R AR % ; i iE TALEN
FARAXDIOAR EHATRIEEWNHETF S e Tl & dt—
FIEE T AE R L5 R A48 %P,

2.2 GEiEMEEFIR

221 oheEFE 2RFFLRT@RGZTHERKR
CEFE R, REREAERZT FAHFFEL, &
R miEFAHEF ST @R R 81%. £
PR E BT Z A7 XFFAR G, OFESTIRRTH
. P RS . MicroRNAs & i /474] — 2 5 2n it
BEFAAR K 4915 5 BP0, R H E ALK S AL
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MIERAR . AR S, BB AERGFRA—
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M5 g oA E Bt —FAFRAIE R,

222 HIBHFPIE BMiFEFLETaRGEREEL
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F B F RN A, R T RR G 7 A BAE T E
THRAE—THRELAE, ZRRENHFEREFc-Myc
KR kKB 4], FALFF RN, fmmEh
B 75 20953 K T B eI RY ARG mit s
FF ARG et i R T 40, Riin b L RE KDy, AR
R % R AXAT VT feRom g AR A8 mAZ A A Bayart
FP0 st ek E AR AR, BAEHARETAT
AR BRR T, 1 RFrhaE his % s mies mEt
7, ERFERERIGYFT O —Z &L, BIRARF
&, PREOR I 7 R R R SRR AR AR ) G R,
KB B AR R BRI STFHR A, A niE ik
E IR ALY, i F AR A s 0 F AR
FHOFELBEAEF P 2 LA,

vAmicroRNA§ A 9 7 X 47 & 4424, i@ i3 DNA
WA~ 7 KB £ T 7T b e B o Faif B 46, T ARIES
F 2T amp b RS, {12microRNASE 3 F 21% )
FitEadt A . BI8REF AL I B 47 4m I A BAR) I B
Jo R, XA SR, B IR m A e gk R A A,
Yoshioka 2P B #7 €L 50 kil i AR A0 T B KA
4] 9 RNAK 3 F AR R e m it h i3 955 % 4
ML, MR IR R AT RIBONN, 12X —TF
AN E IR LT AT & A,

FEARNFOERAZRLS —FPE % A Ardm ek B
BENFTX. RIFARE AR ST S 6Ty
DBt HBRFEGFANFT R RERILZR REZIT
DNAF PO, fmik #b 7 ik a9 R R o F A2 42218 . 2%
KT B4R a2 2 R4, RAey, AR 5T
i 44 7 kAL @ e v b 1) 0,

BT LA 5 % AT 40 0 64 B8 KU R4 T vA 3
FREEhEGIEfT X RB L, BEREOAS L
TR ERIGI B EA R #, A—d3FEkmmlk
FH—RHB AR, FF ST e EmER T 2058
WEELE, KA c-MycE ERF2vA G 8 kA
Z B b, (2R 5i5F % AT @i ed A B FF A XA
F— I,

223 REBRMH AHEAHFRTEREFST@RL
HHBEN RN, BB T RIRABHMK, Sh4h) Eiin
STAR I B) 2,5 B 69 4 225, AT B G4 i AR BRI S
R AL E st Lus e i 4g sk T TR
FF ST @R A AT A MR L RSB R AL, HF %
46T min e B R S IERST mieAn A TR 5, £ 2%
MARILAE 8 0 R 09 R AMHC T 69 R R . 424 89 &
PR S % AT e s 5 BT AR IR IS T e e &
. RABAHRE P LB REGARF RS, 12k
B RLAT R AT BALAY B AL, AT AR5 AL 64 3R R T
IR R TR E R — Wik, mAEBIIET S5
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224 FAEEM HFEZaTar@ilse s —AEAa
R RAE RN, PR KT sl A £ G AR
FARE SN RE, ARMEARHARES AT S
e T A P RINEERTLENGFT, Blhof AR
ASARBE, ST 51 AL RSB 6938 Ao, BUE ta e 148
AL R A X s e GARR R K S 3 FTHAEZATY
RARmIE T BT A B, Rk F & Az Az Lk I
gl mip kAt ARk, B B HE S AR EH
RO EINEF % 48T @i st T RR 69 AR 28 I8 A
FEE N E S E RN EN S o) KA
My AR TR LR, EEAG NI L I5T
% fe T e RLE BRI EAE FF ZAR 5 |\ agis
.

Rk Jeg 4 41 B -F P53 £ 2 48,2 I B AL, #F ZDNA
WG RLZ Mokt RERAT, B AT AN
P532 F Az —iE [T, HIP5349 REATIARZ
ARG R, K, PRAVAZERTHE 4T @l
89 B RAE T AR XA E S — R

— b dE B A0 TR AR B ARAGER T VAR Y B AN
Ja T BRI F IR E5F 5 e T miet i E: £ Pk
RRZ A F R A EDNARA LA a0 m &P, Ak
B R EL EERETE ZIREDNA. AR K
microRNARAR 54 % f6 T @ iee) R EF44 2 1.

E b, EARETZ T ai0s 7 RmRZa, R

3t A B RAL M S AT AR BT TR, ARIES IF 0%
M Fa RS M,
225 #EIpBBER BRAARESF ST mosEn
RABIRA R CEPAFT TR, (2RARREE
T EdeRigit. AR KT AEREE TS
Fmpa @ srom R IR T dedT 5 A i e ampe
BFEEIE 6 FR TR AR B IR R . AR R TR IR R 64 A B AF
EEMEEE SR EIF. BARA, @MIRREAR
R FRAGEA, EH0 AR ERmIE. AR
LA ) o AT o, AR TR ARG KR, A AR S
FF ST @R RENS e 22 AN F A
M, A KR BRI

— s IRESE E, KA S RIRAMRR A A E—
EF5HP & Rkebk R WAER TS RBAR A
FTEENL, (2L FERRG AL 5 KEHYHER
W, B AL mIRE)E SR, BRIRE. LR, AT
A INFIP N F P RIS R RAR . T R K EFH WAL
RN E Ao B 8, L HARGFLEEmEY,
A IRAEE KSR NG A%, KRR AERKE
M EAFVAEIL, T KRN LD, EIEE AR FEIX
FEREARE, BATOAMERR. AP F S AR
MR, LA p K MR 5.

mELE ARERRR EELS TR ERGERF
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wEGAT W R IR S, R AL T EARIMERL & T 7
AR ARMIABEAT Rt —F M A ZRR. At
2, #MEMBER et — S me T EZRETE L
H, mEERBRGATHALZ AT VRS, T RRA
Fa h R AR+ 0 A

M RATR AR, 7 — ARk E 2 HRi5 T 3
T mib LA — MR E SRS R mItE, 4o
MZMILFE . T RS e R AR AR ITAR P 8Y
EIFTREN, BIFEH AL @I R 2 XAEPT
. AR A, A —FL S Bl AY 2 TR S
B TR, WIAA B8 LAY o ARART) e M 2, A AT
REYRE % 62000 & 69 5 AL R By A& A
TEl, APZ )RR %, BRAE ARG 77 K PIIEIR
BRI F N TR F B 2 AT R, B
S ER AAT AT S S 68T @ Ie 54k A B AR fm e bG  Fe
AT TFRETNBE R+ o EE.

KI5 DA LT FiAadE s 5 tb 9 %R, IR
B EERFITRAYAFF ST aRERE
B A Betm e 142, Xt B H KRR R mAER 69
SERT Hoh. RARYe@RAEMABENET ST @i
FG R, (LR KA RE), %A LA
s it A2 b 4y — i B AR,

BH, RAREARR G M, RAEGE—mI0PT
ALk, tmAela B sn oA 3R A A8 B AR A K JR it A2
PRI EROER. AROEREZEMI LN E @R
KGRI E R AEE— R BT iES S 6
Famleti % £ TEARRBOHRE, LEANES S
BRI AR R T A FR A ERA ., RIAA, AARKEHE
KOMEFRRARE T % 68T ik RAER &) XA PT
AP s % R GAR R BRI T, AR RS
% f6F tmIOAR R 3 F R A AR P IR SR 8 AR IR ) A TR
R A B MEE T S T @R SILmie, 4T
FERG R H BAERMIRIE, ImAAD £ 85 T FRF KA %
L3R, FRAFT A BRI AR IR A AR AL . AN 22 R GATIR
H SRR E G ZEAL, Efa g T B4 2R KRR
¥, REZLEOMERABEART BRAEENEE
A2, X—ABMNE R R S NHR 2. BMTeAh £%
TRAMBZ QMG BT o EFFIRS, 22X —H K
ARIRE S it RROTO . KRBT 77 61 5L 5T 4w
FEIK T8y 40 27 35 B AR M B Bt — R R ARIRAL,

3 BE5RE  Conclusions and prospects
20064 Yamanaka H] FA 49 % 5 % 45 F fm o 1) ¢ 5
201243 M LMK, 4248641955 % 4T tmiedn
KOG RFETBAF R, £%e9iRAM. A Tk A
F o AR R AEE, EmER Gt —F T E, @i
SFRFARF—FEN, FEFEFEZRT@RE
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