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[ Abstract] Stem cells are a group of undifferentiated cells with indefinite self-renewal and pluripotent
differentiation ability. They are able to differentiate into precursor/progenitor cells and a variety of cell types and
further regenerate new cells to be involved in the repair and rebuilding of injured tissue. Therefore, stem cells are
becoming the major research objects in the study on tissue engineering therapy and regenerative medicine. As a sense
organ composed of several kinds of neurons and other cells, eyes possesse the dominant superiority in stem cell
transplantation therapy because of its good operation controllability and visuality, less demand for seed cells and low
rejection after transplantation. These advantages have aroused growing interesting of the fundamental research and
clinical trail in stem cell transplantation for irreversible eye diseases. Some exciting advances in the field of stem cell
fundamental research,several phase 1/1I clinical trials are in progress. The patients with degenerative eye diseases for
phase I clinical trials are in recruiting in China to evaluate future curative effect and security of stem cell-based
therapies. Currently, several issues in stem cell-based eye disease therapies are still pending. We discuss the updated
development of stem cell-based transplantation in ophthalmology and future researching direction in order to help
ophthalmological researchers to understand the concepts and research strategies.
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1 AETHBREMIERTR

1.1 ARETHK

5% T 40 42 (limbal stem cells, LSCs) i T # fi&
GERERE EAEREFMEHERR . EHALR
I, 46 3t e 5+ By LSCs AR & 4, B a7 A TR 71 LSCs oy fx
e HE R A E YA p63 ABCG2 (CK19 o ¥ B2 LB |
a9 4% SOD2 . A Z& & 15 N 45 4 % # Importinl3,
H o Importinl3 E R E¥H LIy, AKZEHRMH
J LSCs T2t ek prampe' ™

B AR B 5| A By LSCs 4 # 7 & % LSCs $k Z JE
(limbal stem cells deficiency, LSCD) , 1% 45 th F R 7 =
AR A E AR B LSCs th B 1K 4 I A An
FREEBHM EAERBERAEFHFE - NG,
KA LSCs 2 10 Ji= 45 B b K R IR 8 T 40 Mo 1k 4h 55 5%
fy R WRELA LR B BEHATRKERZ NG &
AR AR b . 3 4E Sk LSCs B 3 3k 7 3 F W AR OB
fo, 2B . BA BAMAMBECHELA TIERET
% B4 S BA DL Ol AT A R 4k LSCs B
M, EMTW1IEFEFNAFMABREREELAR
T, PHAFABEFENRARE R R R ML AH
AmE WA ERMEESEATIRIEAE LZ T4
H/HAREYT H, REABLEZ R ERT L, X
T LSCD fo 4 R A6 X f B R A BT 1R R

B AT X T LSCs &9 2k 4 A il JK A 58 07 @ e DA T
B :(1)LSCs oy 5 AT & M 1 5 9008 A 2 (L 0 IR 2
B5 WHHF AL EFWRENREFRMELETR .
(2) %A1 5 Bhik LSCs oy V3 w6k = B B IE 4%, F & ot
—FH R (3) IR At A I 3 K e 89 LSCD 36 57 77
EEERM AERERE TR IR LN A,
1.2 AN EERT R

# FE N K 48 J ( corneal endothelial cells, CECs)
g/ MEREERNTAABALNE S NERZE,
xS gf &k T 48 M AR & A LerS | Oct-3/4 Wat-1
PAX6 frn SOX2 %, £ R 4h ¥ ¥ T W K 50 B 3k, B A
EKkthsmbmfmEHERNSGEBEURERE N T
RIS ENE RGN E NG EMEFEERST
WWEEH. KW, KA ERG CECs AR AR,

KR AEAWAKEFELHEH, B4 80
WHshte 5 E% CECs i H £ 8,

2 @R T 48 B Y B A A Il PR B R

HIL SRR ENFAERR T ERN &G &R
& b B 28 Jf (lens epithelial cells, LECs) , #& #& ¥ 7 & %k
ETapER. 28 RE M R AH LECs &K
AERBREERHTHRS LECs, RER LN KA
LECs g 7w B, Hal o xt & i J0 R R
RKEANEH#RTTERTR . HIBEHFRERZELT
BALB/c NE K SD K B & & 1 & W I (B & Rk &
AW MR, T, BORE T 4 E B & E A
ANBRLFEEH -SRI, EE b FES, N
MR 5 AW &R Mgy £ E A
MEREMFEEHS SR HRKEBEAAW
ESCs #AT SN2 W% 3 2 LT BRI &R, L&
EEREFREEaMENER B R AREES
ARREBEHERY

3 UMETFHABAEMIGERTAR

3.1 ESCs #n iPSCs

3.1.1 ESCs ESCs BH LR E®HFm =K E %
fo iy 7% 8 . ESCs % & 2~ 1 4 4L M € & L & (retinal
pigment epithelium , RPE) # 47 g, 8y 77 7% @ 4% B 4 2 1L
EERARERE RO FENEEREFERE NS
FIEREMMEREE MHERE %% 3D MK
JEVE 5 i %, B T 45 % A8 K M 3R R 1 (age-related
macular degeneration, AMD ) #1 Stargardt 55 #y % 4 57
#U L EE A B AL K F B AL Stein A F
Wills 8 £ £ % Bascorn Palmer i £ % 2 & JF 8§ hESC-
RPE 27 f & % M % 8 /1T # 5 R K % K A ACT
/N B & Aty hESC-RPE 3t F #£ AMD #n Stargardt 5 %
EHTHAERNE-NWBETEES ABXRANE
TEYA R R HE R R R RE L 1B Lt 2 & ik
HRETR G IR RMAFNA X, BZiBTMHNI18
PlEF S, I3 G METHIAEFIE, b 72% ;10
WA R E, & 56% A EHT R, &39%, 8 %
WHF 1R, & 5%, ZE KRR B2 00KNF
EE ZAMRATRNENFEFUERETEHA AN
I #E G kA E T T H A MW hESC-RPE If
R# AR, %A% 4% hESC-RPE # # 2| 2 f] T &
AMD 2 i Stargardt B 2 R N, 1 4 &y K 17 #1530
MARE9~1947,1 RAA HRFRZ, £ RPE 4 1 57
WHE KB REALHDRUARE B EER N Z 2
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B g, B hESC-RPE 41 i £ i 3 47 W 5K #F % 4,
hESC-RPE 41 fi i i # A8 8 I K X 36 o 2 S AT o, %
EwmAl @A TkFRAFRERFERERF A, U
BET A FHECRM ZFK) b HAKH K hESC-RPE #
E A o, BT A 1 2 45 iy T AMD fr Stargardt
FH WK Vlla 3K 50, 0 # 4 5 %2 WA m % AT
P, R, 2% E AL & it %] (London Project
to Cure Blindness, LPCB) & By 09 3& B 16 % Ak % 4 8 4T
B 7 hESC-RPE it kA FE RN REHE £,
HIHIE KRR BT 2015 EF4EH . #, Tib
/& Al hESC-RPE %1 il & ik & & %0 o 48 |, 17 % # & LA
THEA: wmTHT ESCs KBAHRESL LA L m o L#
BT %20 fF T @M, HEE N a R TEs 2
AW R o SE R AR R B T B T R R BT E W B
Mapl i SN RE BHEE BHETXE,
3.1.2 iPSCs iPSCs A4 5 ESCs % L&y A Fn o 1k
B, RBE)Z , R EHFECFEBENA, AKX
SF Y 4 R IR Y iPSCs e B E KRN R 2L N R k@
M RPE @ fs MMEMZ T HEE BHEEGESL
BB E S, EH BT AR K
EMF B WER", 2013 £7 A, 8 R#ET
B ] iPSC-RPE 41 fil 4 | #% 4 i6 77 Tt AMD #y iz K
R, K EH BERE KA BE S N iPSCs, 3t —F %
% % iPSC-RPE % E 4 % 5x TR K £ % £, F 2014
FOAERKABIEET0O Z L% AMD £ ,E K&
6 MNAEBRMHBRTH, BRI iPSCs F & F LB
REF AN AMBER, ZHRCEH L B—F%
LPCB % 8 #7 iPSC-RPE % fi 1 i % #F % T E & &
HATH ., TR ¥ iPSC-RPE # E 47 4 jy £ 5 T &
Be X B A T T AMD A 2 W IlE K 697, i
KRR EAEHFEET,

B2, T iPSCs B AW B A MW, XKML 4
PeA T3 — B WE; T HPSCs th b BZRAETH,

SRENANKKAET T,
3.2 ASCs
3.2.1 MSCs MSCs 4 # & # 18 7 J& T 48 2 ( bone

marrow-derived stem cells, BMSCs) Ji§ A7 8] 7& i T 40 2
(adipose-derived stem cells, ADSCs) Fu fiif # i1 5] 75 ;T T
m jf (umbilical cord-derived mesenchymal stromal cells,
UCMSCs) . MSCs ¥ 3 % % & # 5 X M, # % £ K 5
REYH,LEARZR T nF 5 08B, &K R
BT P RE T Ew R @ kO &
MSCs # 77 X 7 4+ RCS K B #4797, K 5 40 W JE R
XA ERERMBAE W, WAKE, RELELE

#yAn % 5 Rk 4 o RT-PCR Fu fe 9% 41 4 Ak % 4 0 42
TRAAEKEFAHMEEREA TR L ER v, 2T &
BEME AFWIUET, TURZBET,E—MEH
mp AR T E ., ERRBFRAR S WA
BMSCs, & ¢5 BMSCs Kk JE T o it &, {2 & B A @ &t
FE B VA B o AR 2 70 Fe AL R RE 40 B B e L B
Tl AU R AE AL B AE L AMD R R A WR R
7 (diabetic retinopathy, DR) | #1. % & %% fik [ 22 ( retinal
vein occlusion, RVO) \RP 3% f& £ # 38 & M 3% & A1
MEZARTR MMEKRF. FHLRENEKT R,
Jonas'"™ % 3t 1 4] DR 3 5 (R 41 % K & th & % # 47 &
K BMSCs K EEH, R X2 BH, BN %A
BE, HA % XA BMSCs & i 41 M & T JE = 3% 5 &
J3E 4 (10x10° cells/ 0. 1 ml) B9 7 &, 4 % F A 4] 15
BRAKEEBRTXIR; GHEARBENFHEE N 2 HE
E R, E B —ANEE R N AR B R 2 B O\ B
& AR A B A 4R R R T 48 (human umbilical
tissue-derived stem cells, hUTSCs ) & & # # 2| T &
AMD B WM E T &, B ol 2% A /I3 KR 5 5
HR "

11k B AT,k T MSCs 2 o1t 4 4 W FE 48 Jg 89 3
‘AT KZHMK KA ,BMSCs £ K W% DM
2 TL A AL PR 48 o, 3Bk = AR B o Bk B 1E R
T RATEFR HEAT HEERELAN
3.2.2 HAMRIREE ASCs  H £ ASCs #f % &
A, ) JE BT K 28 B (retinal progenitorcells, RPCs) | 4 £ 3]
1K 248 ff. ( neuronal progenitor cells, NPCs) | ig JL 1 K &
W4 bR ERRPE E# AR, (1)RPCs A RPCs &
BT HABHEE RCS ARMMAETEE 12 A,
KB ZH ALy Bty FARA L F K E, OIS
VBB EAn A 3B B e, 48 R A RPCs % #  %& &
AR#AR, T EFERALERBARY AR, A
RPCs # M J& A Rt % B4, & L& R . KA
KM E HEAE e 41 2 R UR 9 A RPCs 4 2| RP & 2 0
MET, KEHMF 15, BEHFREWRIRE, T oxH
FRRM, FRBEZL2, EXFNIRE —TRERE.
(2)EERFERIN, 5 F K& KIFN NPCs 48 1,
KW R B W 4 AT & 28 B ( cortical neural
progenitor cells, CNPCs) B # ¥ 4F 8§ i RPE % g 4 1k
By e A, AR E RCS K SO0 M JE T 8 B K R R
ik B W E, OF T #4270 do IE ¥ BR Mk AT CNPCs
BHEENMETET Y REDRE, SN REAR
Yom AR A AT BRI . StemCells 247 E A
AT AR LA 4 T 28 B (human fetal central neuron stem
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cells, HuCNS-SCs) & & # #3677 T & AMD & I/II #
WERRE EEETF T RALHZ AR 3) F
JLAL M B4 % + g B & RPE E# 4 K Aramant H A
¥ 9 ~ 16 &ty = AR LA B & b E 2 R RPE
EW A HAE M NE T AMD 5 RP &% L F & T
ML M LR R ,4 BT AMD B H AL 4 B #
H.6U RP EF P 3 AMAEE,L AINABE,2H
WA T s A 5 A & 7 AL 3
HUE, ANEI G EHEFRR

TR &R IF A T b, E AL RS RO T
i KB R, T BT AN AL W A 2 T, B Rk K By
Mo HAEEYANIE M T 48 M, 40 RSCs (BMSCs DL & — %
EKEF A EKEFHMEEKE FHF0HE
Miiller 47 fig, &y 4 4 B £ 7 88 o AR 98 45 47 # 2 70 A0 B 30
52 0 & 6, Miiller 28 it 6 2t fn 5k 3k % A AL W I o &
MRATEN  REFE WM, BT AEFNL P

#x1 T WHO F1 NIH E &9 F 40 5 35 F7 BR i & fm BY I PR i 38
B 23 i
=] it i 3 IV ll TR e ; b kL
3.3 WL AR T 4 M EE i ] FERRA/ L e R i fi Bl e
gk 4 p il e B Ocata Therapeutics, hESC-RPE ST )
3.3.1 R T AWKWE  NCT0I344993 200401509 (EH) 16 (HAOY AEPE) FHE AMD SR-1 /1
F‘ﬂ 31 ’E‘j E}% >H( ﬁi *5 3§ ﬁt 751\‘ 75 }/?\ NCTOL345006 2011/04-2015/09 Ocata Therapeutics, 16 hESC-RPE Stargardt # 5 SR n
ﬁé _—F_ 4 E@/T‘ﬂ e E@ ﬁ ’IJ:E é/g %|3 /Tj - Inc. (£[H) (MA09-hRPE) 7 :
#H Bk % (ciliary margin 02219 2014/04-2015/09 ﬁ?lz;hg:pe“m’ /A ?Effofiim ;‘g; LAY 11
zone,CMZ) o B 58 K I, B A oy punaononiong 213/02/10- B RIKEN It 6 mschepr gy  WSEREER
748 % 5 41 CMZ F 4 o 4 2 5% i e
, R " N NCTO1691261 2015/02-2017/11  Plier(38) jo  ESCRE B4 AMD REARIRE
WEEFTETR, A~ AFW ; (PI05206388) BT R
WETEAFAKWEF, T o6 2012/09-2016/04 f;gi;‘e“hw” oy, ?E:fofiim FHEAD SR 11
R CAW CMZ THBAT  yemiensy 2012/06-2015/06  StemCells, ne(Z[E) 15 HuCNS-SC T AMD SR-1 /1
WRRE, REFEHERTA o 005/06-2012/06  edte Noman Doy AERBERA HARTEBHE 1
B e At E R, T .y e
RN 20, N v NCT00346060 00606201203 ke Noman D, 10 M”ﬁ fe i T AMD ARFHMRT
TRAGEHERBEE. ¥ W.D(£H) B414 A RPE BBl
KEFNR B9 CMZ T 4 jg o linsseh “RescarchgPle hUTCs(CNTO
‘ i NCT01226628 2010/09-2019/11  Development, LLC (% 24 T AMD SR-1 I
BN A RNT R F B ) Ho
E/:K ’ i 9; ;E\t 75\— % EI %\2‘ i ﬁ é“] Iﬁg Retina  Associates of AMD, * RP, f}fﬂ‘;{l;ﬁggiﬁ
. N N J; 0 2 N
KBS E ORGE A K V09206 WS008 e W NG sz g\ﬂﬁi% i ergr VA
F F (fibroblast growth factor, o AT B A
) T AMD,
FGF >_1 N FGF-2 N Shh ( Sonic University of California DRﬁ RVO
) . NCT01736059 2012/07-2015/12 o " 15 BMSCs(CD34+) e SURIRIEIEA I
Hedgehog) % — & 2 )& F * Davis( %) R;if&m
3,
CMZ T 4 j o # & & 6, Univesity of § ~ s
NCTOI518127 W -0isay i of Sao Paulo e Sl Ut 11
FEFEEHRMEREE (B%) ZH AND '
- N = : Indian ~ Council ~ Of WA
WA # RPE A . (257, 0 CTRI/2010/091/00639 %*?1)0/ 05-CA 4 Medical Research, 50 BMSCs RTFP f AND, B3 PR A I
{76 78 3L 30 4 P RO E X India(E1 )
s 2m B R b HE A Fr - b HE ChiCTR-TNRC-08000193 QF;)(;S/ 6- (A4 z;;g‘jww‘ 10 ARMEHZE RP Sh-1 |
A PG
47 3 - SRt B [9,14,23] . i R
e E] Rk CleTRANRC-tonaggs 0T AL SRR RERAR ) g, e A :
3.3.2 4L B Miiller 47 i ) HER(TE)
Miiller 48 1 % 24 %5 %, BL AF —  ChiCTR-TNRC-14005060 iﬁl)“ w-(A4 z;;g‘jww‘ 20 A UC-MSCs RP ikt |
N N A BT
£ W RSCs # % M # 1F., .. WIS05/- (A4l HEEEKFEHR . Surgardt K%
ChCTR-OCBIS006423 SRR E) 10 hESC-RPE san I

Miiller 2 ff 5= # 2 AL ¥ B2 45 1%

EBEAMEEXRRE, TR2H

VE: WHO [H Br Ifi IR 52 36 1 M F 4 (http; //ctri. nic. in/Clinicaltrials/login. php) ; 3% E B 57 T4 #F 58 B

(NIH) Iifi PR 82 56 7 1F & (https: //clinicaltrials. gov/) ; HuCNS-SCs: A H#X #f 28 28 45 40 Jfd ; hUTCs : A i

AL 2T, H LA
Miiller ‘@ fg 4 E & RSCs ¥
ft, 6 £ FGF-2 #7742 T Kk 4h 3¢

TR AL s hESC-RPE : A e fifs 7 200 e U5 4 B IR0 JE € 3% | % s BMSCs « B 8 U4 1) 5 S5 T 41 Jfd s UC-MSCs . Jfft
AU ) 05T 4 i 5 AMID - 4 g% A DG M B BE R 1 5 RP - A0 190 58 € 3 1 B2 78 1k 5 DR M B i 40 19 52 0 7
RVO - 0 1% i K BEL 28 5 SR- T« 200 M 8 A I L 1 I T2 s N/A RIS



St IR B8 A5 2015 4E 9 HEE 33 555 9 ] Chin ] Exp Ophthalmol , September 2015, Vol. 33, No. 9 . 773 .

W Miller 28 i 3F 3t 238 & fo o (L 3EAT 500 F 0
#  Miiller 20 fi B9 I LG = B vl H & % T 4 i/ 4
My EERREM,

4 MRFR YRS X EREXEI

MATHRFARELEHNRS, ERAEWTT
HRMERARTBELEEFARAPEI R TN, B
A E A WHO [E Fr s K X % i At F & (International
Clinical Trials Registry Platform, ICTRP) % * A
A #F % e (NIH) #y ClinicalTrials. gov b it 89 % T
RSB IE LR AT 4 B2 AW, LT TR
R T MBI AL, — B KR R & T A B
B D)o MAET ® A5 EOR i 3t B fo BUR XA %
HRIFENEG AR, TARBHEIET T THRE N
e R X 3 T 1 A8 4k & O, & B R AL T 40 Mg & 4 e ilE R
FRABINT HW B, RAF R H N &K ERA
TaRBEFRNAR, BN ER S HHAWHARE
(D) R R AR B R T 2 RIF AT %M
TR (2) el TERWIERBHET E/RA:;(3) T4
MG @A KRR R R R R W R
My BHEEREFET ARG RIKAR, B, RA
TaRBHEEMITRA RS RO R X E S, 0T 4
BEEFRBTWRES THARSARATRIRFRN
B A DL R 3h B S vl AL sh A B9 9 UR M T ey 7
KA KR T a0 R B R BOR B I R B R 3T T BT e B

&% ik

(1] SR, £ 3R 40 TR TE L 0 BB A7 i b i B2 J [ 7]
A S IR BL J8 7 ,2011,29 (7) £ 665-668. doi: 10. 3760/ cma. j.
issn. 2095-0160.2011.07.022.

(2] 7 A5 1 N5 il 0 PR 9 A BOIR B R TR [T] . rh AR IR R 2%
#,2010,46(10) : 883 -887. doi: 10.3760/cma. j. issn. 0412-4081.
2010.10.003.

[3] Qi X,Wang J,Sun D,et al. Postoperative changes in amniotic membrane as
a carrier for allogeneic cultured limbal epithelial transplantation[ J].
Am J Ophthalmol, 2014, 158 (6) : 1192 -1198. doi: 10. 1016/]. ajo.
2014.08.019.

[4] Zhou Q,Chen P,Di G,et al. Ciliary neurotrophic factor promotes the
activation of corneal epithelial stem/progenitor cells and accelerates
corneal epithelial wound healing[ J]. Stem Cells,2015,33(5) : 1566-1576.
doi; 10.1002/stem. 1942.

(5] LA, AR T 40 M R A8 15 A I 2 AE 32 A9 WF 72 0F Jee % JL A A
Fm) [ )], s A sz B R Bl 4% 75, 2011,29 (5) :385-388. doi: 10.
3760/ cma. j. issn. 2095-0160. 2011. 05. 001.

[6] K& X HE L, MR MM ARt R[], hAean
M5 T 40 2% - | 7 AR ,2014 ,4(2) :35-40. doi: 10.3877/cma. j.
issn. 2095-1221.2014.02. 007.

(77 WSLAR, 5KOMF . 0 7L 3l 9y bR 1 7 A 5 e R A T 4 ™ )
FE[J]. RS IR B 44 75, 2012,30 (4) 481 -484. doi: 10. 3760/
cma. j. issn. 2095-0160.2012.06.001.

[8] XIZuik , &, THM S FARAEFALI]. PRI S THIERE:
L7 Al ,2014,4 (1) :48-52. doi; 10.3877/cma. j. issn. 2095-1221.
2014.01.009.

[9] 36 Je, 7R Kk B, ok 4l Tk 4F 0% A0 5GP B¢ B8 VR 19 T 40 i VA
Jr—BUR KRB [J]. A 40 5 T 40 i % &5« o T i, 2014,
4(2) :41-48. doi:10.3877/cma. j. issn. 2095-1221.2014.02. 008.

[10]Schwartz SD, Regillo CD, Lam BL, et al. Human embryonic stem cell-
derived retinal pigment epithelium in patients with age-related macular
degeneration and Stargardt’s macular dystrophy: follow-up of two open-
label phase 1/2 studies[ J]. The Lancet,2015,385(9967) :509-516.
doi: 10.1016/S0140-6736(14)61376-3.

[11]Song WK ,Park KM, Kim HJ, et al. Treatment of macular degeneration
using embryonic stem cell-derived retinal pigment epithelium:
preliminary results in Asian patients [ J ]. Stem Cell Reports, 2015,
4(5) :860-872. doi: 10.1016/j. stemcr. 2015.04. 005.

[12]Lu B, Zhu D, Hinton D, et al. Mesh-supported submicron parylene-C
membranes for culturing retinal pigment epithelial cells [ ] ]. Biomed
Microdevices, 2012, 14 (4) : 659 — 667. doi: 10. 1007/s10544-012-
9645-8.

[13]Carr AJ, Smart MJ, Ramsden CM, et al. Development of human
embryonic stem cell therapies for age-related macular degeneration[ J].
Trends Neurosci,2013,36(7) :385- 395. doi:10. 1016/j. tins. 2013.
03.006.

(14115, J7 H. AR T A0 BF e it e [T A s IR A e &
2011,29(9) : 852-856.10.3760/cma. j. issn. 2095-0160.2011.09. 021

[15]Kamao H, Mandai M, Okamoto S, et al. Characterization of human
induced pluripotent stem cell-derived retinal pigment epithelium cell
sheets aiming for clinical application [ J]. Stem Cell Reports, 2014,
2(2) :205-218. doi:10.1016/j. stemer. 2013. 12.007.

[16 ] Nazari H, Zhang L, Zhu D, et al. Stem cell based therapies for age-
related macular degeneration; The promises and the challenges [ J].
Prog Retin Eye Res,2015,48 :1-39. doi:10. 1016/]. preteyeres. 2015.
06.004.

[17]Wang S,Lu B,Girman S, et al. Non-invasive stem cell therapy in a rat
model for retinal degeneration and vascular pathology [ J/OL]. PLoS
One,2010,5(2) :€9200 [2015-08-18 ]. http://journals. plos. org/
plosone/article? id=10. 1371/journal. pone. 0009200. doi: 10. 1371/
journal. pone. 0009200.

[18]Jonas JB, Witzens-Harig M, Arseniev L, et al. Intravitreal autologous
bone marrow-derived mononuclear cell transplantation: a feasibility
report[ J]. Acta Ophthalmol 2008 ,86(2) :225-226. doi;10. 1111/j.
1600-0420.2007. 00987. x.

[19]Ramsden CM, Powner MB, Carr AJ, et al. Stem cells in retinal
regeneration; past, present and future [ J ]. Development, 2013,
140(12) :2576-2585. doi:10. 1242 /dev. 092270.

[20]Luo J, Baranov P, Patel S, et al. Human retinal progenitor cell
transplantation preserves vision [ J]. J Biol Chem,2014,289 (10) : 6362 -
6371. doi:10. 1074/ jbe. M113.513713.

[21]McGill TJ,Cottam B,Lu B,et al. Transplantation of human central nervous
system stem cells-neuroprotection in retinal degeneration [ J ]. Eur J
Neurosci,2012,35(3) : 468-477. doi; 10. 1111/j. 1460-9568.2011.07970. x.

[22]Seiler MJ, Aramant RB. Cell replacement and visual restoration by retinal
sheet transplants[J ]. Prog Retin Eye Res,2012,31(6) :661-687. doi: 10.
1016/]. preteyeres. 2012. 06. 003.

[23]Bi YY, Feng DF, Pan DC. Stem/progenitor cells; a potential source of
retina-specific cells for retinal repair[ J ]. Neurosci Res,2009,65 (3) :
215-221. doi: 10.1016/j. neures. 2009.07. 008.

(Y ks H 31 :2015-08-20)

(A SC i B - T+ 1035 )





