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Efficacy and safety assessment of the nerve cells
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Abstract: Central nervous system injury and neurodegenerative disease needs important source of cell for
transplantation treatment. Now, neuron generation research focuses on induced pluripotent stem cells (iPSCs)
technology and direct somatic cell reprogramming. At present, there are several ways to induce somatic cell into
mature neurons efficiently. From a security point of view, the neuronal generation approach needs to be improved.
According to the current research progress of induced neurons, its safety and efficacy were evaluated.

Key words: neuron; direct reprogramming; cell transplantation; small molecule compound

g, Bns CA I 3.6 [ R &5 B BB . BEE B AT M S AR, N
FH, WAL AMERITHERF R OB SRRk T A, SO YT R R
B — o Mo i, AR W BT RK —
e 540 2 40 25 S R AL 05 2 T i SRR 2016.0420
- : R R TRR R AR TR VI A IR EETE: hEASER TS EARETR” K
ﬁ%lﬁﬁkﬁgEP*Bﬁazé/%éfﬁgilﬁo 'fﬂ%, EE?:WEF?%TEK m%‘riflﬁ%*Ll’fi#\%‘lm(XDAOIOZ(BOI)
AP R A, B VR TT T B A e MR A6 & “BIEVEE: E-mail: jwjiao@ioz.ac.cn




884 AR

8%

P PO an i B AT IR R AR R SRR R IE
Dhfefgn i, it gn iy & B iR
TRIIARHE, MM S 40 iR A S 3 ThRE R . X
TIRIT AV, SREGERE R R (M DhRe &
JCEFIEFEHIEME . B EEA =R TEE
P e s B —, @RS S ARG A e ) 4y
= ot 8, T m R A 3K
iPSCs (32 BE T4 ) 5L iNSCs (iFFIERIfHE
Tauf ), M= EmET; =, By
et 7 BB S E T,

AR, BEEZAT WG T 40 M BpH 22 T 41 il
TRANE 1 S04 A 2 I A 7 LB TR K
Rl AEZ, R VEAG T40 M3k 47 40 j B ARG o7
H AT 6 A0Sk IR A R S HE e RN B A6 B 2
. H R AR ST A S R R O 2
R, A SOW 5 B 5 R IRAS s & o0 1 T v
FEARYE I HIBIF 78 ik 5 3L 22 4 vk A 2k gk 47
Al

1 iPSCsE [T AHE AR

2006 4F-, Takahasi 1 Yamanaka {# ] Oct4. Sox2.
Klif4, c-myc P44+ 40 fi % 5 7 (1 24 & i T
iPSCs". [, BRIEHKE . o hIREER s el
Faah, ] DURAMA B & B4 i 5 o8 2 ettt
Y A AS B KRR T AR AR SR ML)
REREAG, nILLSe A ikl g MARSE R 22 7 K e HE R R
MR AR, 2013 4, HiHAE K% (1) Thomas Sudhof
FINE B, AR PS gifinrh, HFEFArRiE—A4
530 2 A S I G S IR T Ngn2, 5t a] DA i 5 2L
SN E R Y. FS Mg el £
2 AR, Hif S ReRIER 90% Lh . ka1
A TENIR AR, SR o0 W8 5 44 Py 434k L A7)
FAABL. LRSI AR BRI RE R, FEAE N /DN BRI G =
TXJE, AR R T SEAMENEES.,

A4, BT e K 2 i i A R A A A 3R T
AR Sk BB IR R E, WA T MRS
T4 B 75 5 22 BE 40 PR L 5 TR A A A R ARG y =
TR (GABA) b &t ik ™, A2
e A F 2R R B IR R Al i i, AR 2L
Sl N 100% FRIET N GABA GERIH A& 6. &
S, ¥ ES 405k iPS 4H it DA £ 1 40 i % 9% 44
P s B A, Pl sonic hedgehog
(SHH) &2 2 J4, BIA] L5845 5 50 A g v el pih
LU RTIRYNR, k88598 S0k, 6 2 W,

S EP AT 22 BT A L o SR VR, B 5T
2 TNREIHT NG GABA R a1 M4 6. 2015 4F 12 H,
Tk A I I S % T — R iPS 2 6] 2 4y
WAL 2 (serotonin, 5- ¥R ufig ) (4R 2 w2 gn i 1
I 2 A — PP K R 2 AR IS S22
JR, semithes. MEAR. RIS, AR, AR, kA
WPIR, AP R ™ B BORE P00, LU TR ok o 20
SUAF T B B B AR E o« A2 K i 38— AN 45 i o
1)/ B 48 0 20 I3 3% 04 08 1 K 1) J L - B A3
gy, MG RFENTES T Z 50 . X He g i %=
IO B R U e B, AR T S R . WA
T, XU TNt FDA kv i@ i i i &
O % R T AR AN A RS B A A R, B DART BABRA
BN REAZ LIS AP AR R AE DL

2 BEEEERERANEEAMFSEER
27

2010 4£ 2 fJ, Vierbuchen 25 " I\ 19 M 55k (K]
Tk R K FE R Bk ok 1 3 N EE Ascll. Brn2
Mytll (ABM), I ik 1x =38 B o] BB 10 IR iR K
AR JE /N RO AT 4E A N A ThREII A TG, i 72
NG R AR RS, H R4E R AT LRI
SRR MER, RESIERAKE T RAECR, X
FhSRASF AN MU FR N5 T #142 T (induced neuronal, iN
cells). i iPS 4 ffd 455 AR 3545 (1) H 1 4 i JA B 7E
2~6 [, T EEEREAAFE 10~14 d. BLHH,
BB R Ak 0T LI G 20 i AR Rs 5 1 2 AL BT A B 17
BB fER A5 Y. Brbl, BEEERERARIER
SRR BA BRI .

B A /)N BB 2T 4 A PR A A D 15 3 R 4
BFEFATIF MR 208 A R A A R R 7R T A
() B 2T 245 40 Jf % 4k, 1. Pang 25 U 5@ 1o 975 % & B0,
NeuroD1 5 ABM 44 i BI AT AN B84 4 41 i 56 4%
HFHAYRNME TG, FHE— DR,
FE RN E IO RS T HHR S AN
B R B BRI & oA L. R S & TR
F R R WA, K HIE R LA B R
FTCA,  H AIHT T 70 45 op T DX 30RE S5 M A e 22328 )
Fi SEPER A IO 3RS . Caiazzo 28 VR IL, B =
SR 7404 Ascll. Nurrl 1 Lmxla 7] PL#: 4k /N
BB N TR AT 4 4l i N 22 TR BE (DA) #H&ot. Ik
Gh, AN LA T2 5 = R T 5 S Pitx3 BHPERZ
TG BEIMEA TG, SUREME J0 5 —Lekr 7 T 2Y 1)
?432};7?5 [14-18]o



£y

AR, 5. MAANIA RE 2 e PR, 885

JUEAE A 4 20 i A o ek % R 1 5 R0
e R IR, AR, &G SETRERIE
A MR T30 SR B B B R R G IX B
BRI O N IB RN () B R, PR AT B N
RAR T A e A DG BE BRI IR XU o AN 22 4 Pk A FE 5
R, XA ORHBBR T A AR IR BN
A S F AT 2 BT R SO R R AR AR SR
MR R B UA R, R R ARG Ascll,
Brn2 Al Ngn2 B #1755/ R K Bl 4 B £ 4 41 i
AN ThEEM 2ot . AR A TR R A R
GUIRAL T — AN S ARG JUAE AR R 2 B R B AR
Fig%. BT REMEH T84 Id RE H MR,
st 22 06 B B4 PR ) 2 TR 2E R R 1 R SR IA N PR AR R
Wiy, it Ak i s R - ) A FH R SR AR ot i X
HK.

3 VAT UEMNSHERE

INGY AN WA — T T A L P B R TR
5 BT AT, R BN s 7R A B B
IR RSB S A G N T E e LS S N
SR B AEE, BEm R IR 2 R, JE
TN TFACE VIR REE, B A T8 R S iRk
FHRNFHEY, EBEREFEFRMEH. 8
AR s R R R A 2 T U T IR K
BB, ks N BT 4R AN 5 S e T 4 PO
Pt PRS2 ot P 2. N TR A
AN T 8 S B F I, R ORI T
MO R P A A B, TR AR
STAEHRERME L. MALREBEEH T —1
/IME AW Forskolin, *4'E 5 Ascll R & B 44 Py ]
PERIIE, T LR G i S/ RO AT 44 i %
R PV HIE TG, X FPFEALAT R 1) 1PV 4 I TE 4R Y
JARAN R I A B0 H T RE, I BT DAGEf#
SR /I BRI A B O AT R

EFES LR T MW, 2013 4, X5k
SRS AL T 7 BN TS Y DR /N R )
FET 440 i S 4 iPSCs, X 1 RAIESE T T 185
AR AT P BB, AATTHFUERT 7T R4l (/N 4y
TAEM RGP EA R EE RS, 2 TE
2015 4% 8 J1, 43 R Ak B A RS A FRAT 7K v BR
i BB TN A Bl BRI, R B AR R R s
56 = ST b SR FH — P AL A XS R R T U B
UM IEAC O T 0. XU 38 SR T IX—
R s AR A 2 7 VR T K 4N i g R AT A ) —

FhA AT SRR, I AT RERETT 5 B AT I s A
F I IEAA S ) — B RPN 2 4 ) f . I 7 e F
T LRI RAGLE Cell Stem Cell 2= & | P45, 45—
i SOk B A RUR R R B %, o RkAh
IR e g A i B A 70 B A [R5 R 7 R 384N P
+oo KPR AR SCIUESE, 7R RS RN A
S ER) A 28 TT AT B T R s DR S S A 42 oA AL
PIFERIRIE . BE AL A R AT . 1X— 7V B
B o A GRad | AL R AR I — SRR PR AT 22 4>
], i S AP o S iR A N S 2,
TEAK T Be A IEE ) R 11T 5.

4 ERREBRHNEEED ML

R A & T ek, Tz
AT NI E Rg, SEEEH T 80%~
90%, SEMEALRMISCE. BTV A M A7 EA
SORTFRZR TE I AR o SRR I 4 R ORPP R
MHZS 5 MKERENER. SEdHd gz 0n, 2
TER R A M 2= FE A AL G A, CABH IR A P Bl 5
FOYHG AR [R)BT3 AE 16 20 22 TR R IR B AS 4 2
JCIVE AV . DRIh,  Gn SR AR S SR TR s 4
J 7] #h £2 TT I B AL, ANMELRERE A U AR ORR 1)
[F] It BE A e e 22 e (R AR TR . Bl B o R
AT R, ] A ABROR B 22 1) S 36 3 T IR AiF 7 A2
T R AN 1 4 4 TG 4k . 2013 4, Torper 4 2
I F 2 5 485 7 (1) % S K1 Ascll, Brn2 Hl Mytl]
SN/NRIEIE R R R g p b, Rl ks 3 Ay
WHEFHEMETT, IFHIRE R TN D
BRI AT DA I B R g LA T, X B R TR R BT 4
i SR ) i 28 Tt A] BLAE /N BRAR A AR A IR B A 1)
Aeo bk, VFEW AR RIEE R RN S RERE R
B DR T, AEAAR P AR AT LS IR TR ot 4 i 1
oo (BFEIGIR BT 28, WEh RN
VIR Z IR

2015 4 10 H, 9Bt IR AR EFR, A
UESEAEMR AR A58 2 VCR (VPA, 3 mmol/L;
CHIR99021, 3 pmol/L ; Repsox, 1 pmol/L) #ii& NeuroG2
Fl NeuroD1 iA, A EHE4 B IV i 40 B % Ak ol #if
2ot P, [F4E 12 Hy, Zhang 25 PV ARIEFR, A
R 9 BNy A&, IR E A0 IR S s i
J7 AT DCRE N B B2 TR 12 o 240 i T 42 7 A A 42 G
75 3 BRI 22 TT IR S8 AT DLEEAR A5 77 K08 5 AN H B
b, ATRUR R FE S A ) R Al 2%, I B
PR/ BR ORI (1175 S A 2 ot m] ARV 1 A



886 AR

8%

AU L. XL FR MY, AT BT Do R s
/N o3 B B 2 24 10 5 2SI TR I i A4 M DR
B3 AR, RIA B AR AN HRA B

5 #WETHBE

I A . FH & BT 5 5 400 48 TG 0T 90 1K) 284 E s
P T I A TCIER N B ARSZ ARSI, AT IR T B0
BT AT 2015 4, — TR % T Neuron
B BRI R IR, DU B K 2 BR S Ar KE
Sunil Gandhi Jy 1 #0128 22 508 /N B 10 S BG4 g
FERR] T oA/ BRI P . 3 e 20 i T i A
&, iR KB R E A, WERRE B
iR T 3B o A5 5 MR KRR B A 4 R s
FERLGE S35 10 /0 B A RN B 4 P R LR A 10 %
WA P SR T AR R TR T B AR RN
AT EENE. A MUEE R, FEHE M iPS 405
SR LT AN AR A7, BRIEIES
hig. M, WFKIE T 402 o R A IE N 0 R
NI LR AL, R TSR A IR IT RCRIE? B
A R AT TORE M T, 2014 4F 11 H,
Cunningham %5 " #2181 A ) iPS 41l i1 155 5 4> 1443
) GABA it H H) i 28 70 0 /D 8RB VR IT AR
F. 4 H g i S/ R S R e, &
FEL A 0 0 TT DAE RS 3 & T The 20 1A (0 #h 23K i,
o3 /N BRI R AR AT N o TEAR S50
SRIFEFC R, B BB BRI PV
ZICERAE NN /N RIS 5, AT DU i A 2t
T BRI 5 A RSB A /N B AT B
6 RE

H A7 S S R 0 B4 b T BB 5
WAL e F RN &1 S R ANy T
EiE RS M E T ERFIR SN %4
P, AR AT B RCR B [FIRS, SR
F /N3 T-AG B 3R A5 s 57 7 20 () o 22 e th 2 4
FOMIE . R AN B A I R o A
= 2 (VI PR SR B 6L T 5% — FARLF I 7 %o (B2,
106 PR S S A A A A T 9 TR AR 75 B K
I C 25 0000E, AR 2 EARME R TF BB, i
i g B B RS . 404 B B R LR © A A
TAEE RIKRE, (BLER b FE A a5 50l
AR A FH B e 1 928 0 8 it DA SRAS L AL R0
B R S Z TG, ARG . EWIH
BAESHLHIRE T, OB EAa BT & Iu

ZATENE SR PRAG . EAh, FERS R ARV HI XL
RITTH, KBS BT TS 56 #R A& L/ BRAE i A
R, 0TI AIIR T BORER A (B Bk, XX T %
S5 T AR HE R I PP o 2 DL IF7E
RELRKEAYIN AR, FF AT R 10 BR IR
22, Kt LUR il RN K

(& £ X #]

[1] Chin JH, Vora N. The global burden of neurologic
diseases. Neurology, 2014, 83: 349-51

[2] Lumelsky N, Blondel O, Laeng P, et al. Differentiation of
embryonic stem cell to insulin-secreting structures similar
to pancreatic islets. Science, 2001, 292: 1389-94

[3] Orlic D, Kajstura J, Chimenti S, et al. Bone marrow cells
regenerate infracted myocardium. Nature, 2001, 410: 701-5

[4] Lindvall O, Kokaia Z, Martinez-Serrano A, et al. Stem cell
therapy for human neurodegenerative disorders-how to
make it work. Nat Med, 2004, 10: 42-50

[S1 Rossi F, Cattanoe E. Opinion: neural stem cell therapy for
neurological diseases: dreams and reality. Nat Rev
Neurosci, 2002, 3: 401-9

[6] Lim DA, Huang YC, Alvarez-Buylla A, et al. The adult
neural stem cell niche: lessons for future neural cell
replacement strategies. Neurosurgery Clin N Am, 2007,
18: 81-92

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

[8] ZhangY, Pak C, Han Y, et al. Rapid single-step induction
of functional neurons from human pluripotent stem cells.
Neuron, 2013, 78: 785-98

[91 LiuY, Liu H, Sauvey C, et al. Directed differentiation of
forebrain GABA interneurons from human pluripotent
stem cell. Nat Protoc, 2013, 8: 1670-9

[10] Lu J, Zhong X, Liu H, et al. Generation of serotonin
neurons from human pluripotent stem cells. Nat
Biotechnol, 2016, 34: 89-94

[11] Vierbuchen T, Ostermeier A, Pang ZP, et al. Direct
conversion of fibroblasts into functional neurons by
defined factors. Nature, 2010, 463: 1035-41

[12] Pang ZP, Yang N, Vierbuchen T, et al. Induction of human
neuronal cells by defined transcription factors. Nature,
2011, 476: 220-3

[13] Caiazzo M, Dell'Anno MT, Dvoretskova E, et al. Direct
generation of functional dopaminergic neurons from
mouse and human fibroblasts. Nature, 2011, 476: 224-7

[14] Pfisterer U, Kirkeby A, Torper O, et al. Direct conversion
of human fibroblasts to dopaminergic neurons. Proc Natl
Acad Sci USA, 2011, 108: 10343-8

[15] Kim J, Su SC, Wang H, et al. Functional integration of
dopaminergic neurons directly converted from mouse
fibroblasts. Cell Stem Cell, 2011, 9: 205-18

[16] Son EY, Ichida JK, Wainger BJ, et al. Conversion of
mouse and human fibroblasts into functional spinal motor



KARH, 2%

AR R 2 AR PR A

887

(21]

(22]

neurons. Cell Stem Cell, 2011, 9: 205-18

Marro S, Pang ZP, Yang N, et al. Direct lineage conversion
of terminally differentiated hepatocytes to functional
neurons. Cell Stem Cell, 2011, 9: 374-82

Victor MB, Richner M, Hermanstyne TO, et al. Generation
of human striatal neurons by microRNA-dependent direct
conversion of fibroblasts. Neuron, 2014, 84: 311-23

Meng F, Chen S, Miao Q, et al. Induction of fibroblasts to
neurons through adenoviral gene delivery. Cell Res, 2012,
22:436-40

Thoma EC, Merkl C, Heckel T, et al. Chemical conversion
of human fibroblasts into functional Schwann cells. Stem
Cell Reports, 2014, 3: 539-47

Wainger BJ, Buttermore ED, Oliveira JT, et al. Modeling
pain in vitro using nociceptor neurons reprogrammed from
fibroblasts. Nat Neurosci, 2015, 18: 17-24

Blanchard JW, Eade KT, Sziics A, et al. Selective
conversion of fibroblasts into peripheral sensory neurons.
Nat Neurosci, 2015, 18: 25-35

Hou P, Li Y, Zhang X, et al. Pluripotent stem cells induced
from mouse somatic cells by small-molecule compounds.
Science, 2013, 341: 651-4

Li X, Zuo X, Jing J, et al. Small-molecule-driven direct

(23]

reprogramming of mouse fibroblasts into functional
neurons. Cell Stem Cell, 2015, 17: 195-203

Hu W, Qiu B, Guan W, et al. Direct conversion of normal
and Alzheimer’s disease human fibroblasts into neuronal
cells by small molecules. Cell Stem Cell, 2015, 17: 204-
12

Torper O, Pfisterer U, Wolf DA, et al. Generation of
induced neurons via direct conversion in vivo. Proc Natl
Acad Sci USA, 2013, 110: 7038-43

Cheng L, Gao L, Guan W, et al. Direct conversion of
astrocytes into neuronal cells by drug cocktail. Cell Res,
2015, 25: 1269-72

Zhang L, Yin JC, Yeh H, et al. Small molecules efficiently
reprogram human astroglial cells into functional neurons.
Cell Stem Cell, 2015, 17: 735-47

Davis MF, Figueroa Velez DX, Guevarra RP, et al.
Inhibitory neuron transplantation into adult visual cortex
creates a new critical period that rescues impaired vision.
Neuron, 2015, 86: 1055-66

Cunningham M, Cho JH, Leung A, et al. hPSC-derived
maturing GABAergic interneurons ameliorate seizures
and abnormal behavior in epileptic mice. Cell Stem Cell,
2014, 15: 559-73



