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Abstract

* Retinal neovascular disease is not an independent eye
disease, which is more common seen in many other eye
diseases spontaneously and cause serious damage to
vision, such as retinopathy of prematurity, diabetic
retinopathy, age - related macular degeneration, retinal
central venous obstruction and retina venous
inflammation, which present retinal neovascularization.
The loss of normal blood vessels structure and function,
causing pathological bleeding, oozing, edema and retinal
detachment and other pathological changes, they are the
main reason for loss of vision, which has become a
worldwide blindness disease. At present, the main
treatment for the disease include of laser occlusion,
vitrectomy, repeated vitreous cavity injection of anti -
vascular endothelial growth factor, those treatment has

significant curative effect, but cannot prevent relapse of
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the disease. There is still no long-term effective treatment
method nowadays. The emergence of stem cell therapy
In this
marrow

has provided potential alternative therapies.

review, the latest application of bone
mesenchymal stem cells (BMSCs) in retinal neovascular
disease will be discussed and present its migration
advantages and promising clinical application prospects.
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B 2 i VEGF 2590 B9 BE 2% 8L, IR N VEGF
FEBUAN TN 1 22 AR T Az 1l A8 0 1) TR 2806 T T B
BIF IR AL B R A 8B i A2 1 R A, SR
TE—SL g YRRl b Xt VEGE A4 BELIBTKE S5 5000 I 55 b 28715
MRy B F R Ak, B VEGF 741, i Z R i
148 AR B PR~ BR A 422 B 0] 422375 S 40 D) S50 A= 1L 1 T
T T A, B IR RS K T A % kK
JEPT VEGE 29907 AEAE R — KInE BT DL, A5 6 2 3k
— LR AN A IR BRI £ 1 A8 1 5 s 1) 4 AL ok -0
ALY TR O BRI A RS . HEDY TR
ST A T ARARAS | T 40 BT vk N5 i AR S — 2R IR
B2 A= 367 R IO JREHIT A I A s 4 8 TR TR T L
B B 8] 3 Bt T 40 e ( bone marrow mesenchymal stem
cells,BMSCs ) HH T 43 AL 1 71 K 38 58 B8 J7 5% | 50 %% Dt M
I RO 7 fi T B AR 3 ) B BRI 2 T Tl Ak i &
SRR PR A W] BB R B Bl R B R R 22 6
g1 I
1 FHREFERTHENBERLE
1.1 G@fife  BMSCs (RNRS A AR 5 st imi H.
EASTE £ 0 R 50 2 PP A1 M0 AL A RS 5 I D RE , HAR
B P K A5 VAT R M T R RS A R e B, A A
TP AE R N B AE G S A GERSSETT, BMSCs HA
AR HAE— BRI R R BB
1.2 JAEME  Ah, BRI 2 B 5T R 18] 78 5T 1 41 A
REME VPR E IH 81 2 Z R 41 SLR 00 3 4, JLHL T v ik
R Z AL R 2 2Rk A PR - B A PR, i o 4 i
1A 7 -1 (stromal cell —derived factor 1,SDF—1) FJT 4l
a4z & A F (hepatocyte growth factor, HGF) | BZ 4l il #4 1k
EH-1( monocyte chemoattractant protein—1,MCP-1) , Hr
SDF-1 7] 5 BMSCs m ¥tk R+ 2k 4 ( chemokine receptor
4 ,CXCR4) %54, 1 MCP-1 1] 5 BMSCs ik 1L A T
S CCR2 Hll c-Met %4543, a1k BMSCs 175 2 5 i
i, HRIHFE £ B9 & MCP-1/CCR SDF -1/CXCR4 Al
HGF/c—Met, % 7N EH SCF-c—-Kit, VEGF/VEGFR ,PDGF/
PDGFR \HMGB1/RAGE 4[] 58 J5T 1~ 48 g i) 3 # | 5 Kt
G, X AR AE AT RE S Akt ERK il p38 115 %
B MA K, Neuss W5 & B, BMSCs 1] 43 #h £F %
fiti , 2 {fF BMSCs #F A 57 0 20 23 19 2F s 2 1 e B, JF 4%
H %, i BMSCs #E ARG FE 0 3 S 548185
Eg[l]717j .

2 BMSCs 7£ Il & # & 1 Y 4 B 53 F £ 4 F WL

() 78 5 A0 A A A8 R AR b R AR AR, E
A 9T B 8] FE 51 40 A A A2 1l 48 A ] PR R
RERS 5340 A 1076 PN B A R | OO0 ) 240 L 60 - 2 JUL 400 g, 5
FBMAE N B A0 AR S Y ——VEGF -2 vW A7 I VI A
T BRI N A R S5 5 [ IE, BMSCs 3 i VEGF
TPE B 21 4 4 i 2B 1 R I 48 A2 % &R (angiopoietin,
Ang) AT 7, 845 0 P9 R A R B AT R
BMSCs 3 1 2 35 IfiL /MW 437 A= A2 4 B F ( platelet — derived
growth factor, PDGF ) ZAK, I VEGF -A fEF T, @ i
VEGF/PDGF ZR{5 5 1& S0, 2 51 BMSCs F- H35E 4
BB A T G AL, 48 5 BMSCs 204k b 1M 45 41 i >,

BMSCs A 32 (R 58 52 il , I8 75 02 32F 1004 Az 18 -5 40 o) 1l %
A B R 2 IR B A, Ah, BMSCs i 3R B A 2 A
TTREST M S AE PR YRR T, eh O af AE A ) R e
AR, AT L T 18 AR B 5 A B A T I 928 R S, 2
— P R AP R A
3 BMSCs 7£#7 4 M & 14 e fm o B &= T AL A it /R
3.1 BMSCs &R IR R MR R ERFHARHE
Kim 552 % BURE PR K B 000 RS2 1t 5 3 325 Mk Bl %5 VEGE
1 TG, b Ang T S HZ AR B i, Ang 1T 7241
I REE PN B A A 5 5 VEGE Rk fEBEE B % i
e, MBS 2 % LR K S BMISCs J5 |, 3 i fa i
HLULF K BMSCs B 22 52 7L I JRE A )28 T ¢ /0
HILAE N JZ AT A2 Haae 4O SR EZE AL AR 1 2
T i O BRZH B R /b ) A S 242 1T AR A ) ol AR
UESE T T A AE ARIR YT B ek, TR
BMSCs i ik 4 13 36 77 B IR 24 0L I 1 22 ( diabetic
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FHIF DR 8 B K rh 32 2R I 0 A= i 8 AR A
VEGF165 "I [F , T4 il 8 A= i 4 A2 )8 7 VEGF165b R L
Bl W 75 fk, $ 7R BMSCs W] fE il i 8 15 VEGF165/
VEGF165b f FEAE, AT 00 ] 5k 1fi 2H 258 A= 1 8 A9 A2
1€ DR B35 TP AL I ] (ERG) Fe UL A - S0 i A 2 R
o JIEE I 3 FEL A2 ( OPS ) Wid 88 /D R B P IF [ 1) 222 4, L KOG
SO AS SN PR S E T AR R A B T B ERG U
BEARR] T OGE I B S0 WL ) 2 T 5 240 i 1
AT gE U T A R I B A I A 5, BMSCs S —
TR A B HF A7
3.2 BFI)LUMERT
3.2.1 B LM MRR TR ARG B LI B
7% (retinopathy of prematurity, ROP) B £ JLZ A G ik 32 J&
PIF AR AN JE 1 500g A WA i R RE 40 s 11 7 =
ILEUE BB RRAR BT 8L, 57 LA 19 R 1l 1
KEB A, BN A RIS LT, 2 WA e e B 4, )
YA 00 S A0 1l A P A A A I B AU BE AU AR
IRy S JC IS XA 4 il A 2 2R UG AR 7R AR R
[ A R ) AR RS 22
3.2.2 BMSCs i&f7 ROP IR HHAKHE Wang >
FE N BMSCs {3 53 21 0175 5 19 10 I JI5E 5 3 A5 781 ( oxygen —
induced retinopathy , OIR ) /)N B 1) 3% 35 {4 Jis | 15 %6 i 41 A1
P, 25 3R 7 7 A 1 A8 DCIRT A Do 5 v e i 457 P 2 DX i)
AR 80, 53 A B9 K B BMSCs 7T 3ERS 3 OIR /)R
AR (4400 DR R v 368 5 /D12 5 48 L K1 R 240 A O A
PEAAC A 189 55 40 W LR, 72— AR B b A 2 1 4818
(FEl2 IE R Z E A ) #2718 BMSCs Al AE7E ROP L fE
4 BFESRE

R % o R 9 89 0F 58 A7 38 5 RV 1 VEGFR - 1
(soluble VEGF receptor 1,sFLT-1) FF /-5 T4 IAYT
N VEGF B4 il /Mg I8 A K 7 - B ( platelet — derived
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growth factor-B,PDGF-B) JAJ7 ", X BEHRHUAS T 451 () 0k
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5, LA BMSCs == 5 (14 200 I 7 32 45 o A0 190 Ui 2 i 4 4
R R IR T A
5% Sk
1 Nishijima K, Ng YS, Zhong L, et al. Vascular endothelial growth
factor — A is a survival factor for retinal neurons and a critical
neuroprotectant during the adaptive response to ischemic injury. Am J
Pathol 2007 ;171(1) :53-67
2 Ferrara N, Adamis AP. Ten years of anti—vascular endothelial growth
factor therapy. Nat Rev Drug Discov 2016;15(6) :385-403
3 Campochiaro PA. Molecular pathogenesis of retinal and choroidal
vascular diseases. Prog Retin Eye Res 2015;49(11) :67-81
4 Prea SM, Chan EC, Dusting GJ, et al. Gene Therapy with Endogenous
Inhibitors of Angiogenesis for Neovascular Age — Related Macular
Degeneration; Beyond Anti— VEGF Therapy. J Ophthalmol 2015 ;2015
(3):201726
5 Jaffe GJ, Ciulla TA, Ciardella AP, et al. Dual Antagonism of PDGF
and VEGF in Neovascular Age—Related Macular Degeneration: A Phase
IIb, Multicenter, Randomized Controlled Trial. Ophthalmology 2017
124(2) :224-234
6 Martin DF, Maguire MG, Fine SL, et al
bevacizumab for treatment of neovascular age - related macular
Ophthalmology 20125 119 (7))

Ranibizumab and

degeneration ;
1388-1398
7 Deans RJ, Moseley AB. Mesenchymal stem cells: biology and potential
clinical uses. Exp Hematol 2000;28(8) :875-884

8 LiY, Qu YH, Wu YF, et al. Bone marrow mesenchymal stem cells

two — year results.

suppressing activation of allogeneic cytokine—induced killer/natural killer
cells either by direct or indirect interaction. Cell Biol Int 2015;39(4) .
435-445

9 ARAE ARG, BB ST BT AN A A UL IO AP et . B R
Bhus 2015;15(5) :799-802

10 Wu Y, Zhao RC. The role of chemokines in mesenchymal stem cell
homing to myocardium. Stem Cell Rev 2012;8( 1) :243-250

11 Hou HY, Liang HL,
choroidal neovascularization based on recruitment of mesenchymal stem
cells to the sites of lesions. Mol Ther 2010;18(10) ;1837-1845

12 Rahimzadeh A, Mirakabad FS,

Biotechnological and biomedical applications of mesenchymal stem cells

Wang YS, et al. A therapeutic strategy for

Movassaghpour A, et al.

as a therapeutic system. Artif Cells Nanomed Biotechnol 2016;44 (2) .
559-570

13 Ishikawa M, MCP/CCR2 signaling is
essential for recruitment of mesenchymal progenitor cells during the early
phase of fracture healing. PloS One 2014;9(8) :e104954

14 Tsutsumi C, Sonoda KH, Egashira K, et al. The critical role of ocular—

Ito H, Kitaori T, et al.

infiltrating  macrophages in  the  development of  choroidal
neovascularization. J Leukoc Biol 2003 ;74(1) :25-32

15 Ryu CH, Park SA, Kim SM, et al. Migration of human umbilical
cord blood mesenchymal stem cells mediated by stromal cell - derived
factor — 1/CXCR4 axis via Akt, ERK,
pathways. Biochem Biophys Res Commun 2010;398(1) :105-110

16 Dong N, Li X, Xiao L, et al. Upregulation of retinal neuronal MCP—
1 in the rodent model of diabetic retinopathy and its function in wvitro.
Invest Ophihalmol Vis Sct 2012 ;53(12) .7567-7575

17 Neuss S, Becher E, Woltje M, et al. Functional expression of HGF

and HGF receptor/c — met in adult human mesenchymal stem cells

and p38 signal transduction

suggests a role in cell mobilization, tissue repair, and wound healing.
Stem Cells 2004 ;22(3) :405-414

18 Rajashekhar G, Ramadan A, Abburi C, et al.
therapeutic potential of adipose stromal cells in early stage diabetic
retinopathy. PloS One 2014;9(1) :e84671

19 Mendel TA, Clabough EB, Kao DS, et al. Pericytes derived from
adipose—derived stem cells protect against retinal vasculopathy. PloS One
2013;8(5) :e65691

20 Wang M, Su Y, Sun H, et al. Induced endothelial differentiation of
cells from a murine embryonic mesenchymal cell line C3H/10T1/2 by

Regenerative

angiogenic factors in vitro. Differentiation 2010;79(1) :21-30

21 Li CY, Wu XY, Tong JB, et al. Comparative analysis of human
mesenchymal stem cells from bone marrow and adipose tissue under

xeno—{free conditions for cell therapy. Stem Cell Res Ther 2015;6(4) .55
22 Ball SG, Shuttleworth CA, Kielty CM. Mesenchymal stem cells and
neovascularization; role of platelet — derived growth factor receptors. J
Cell Mol Med 2007 ;11(5) :1012-1030

23 Kim JH, Yu YS. Blockade of angiotensin Il attenuates VEGF —
mediated blood-retinal barrier breakdown in diabetic retinopathy. J Cereb
Blood Flow Metab 2009;29(3) :621-628

24 FUIBR , JR 4 3C, BEIGE A B B IV 2 J5 1 200 T i R 194
AR R BRI AR K A R o BE R . BRI #E S5 BE Y. 2014;20(2) .
31-34

25 Tl A AR B T T A MRS AR AT P 40 R [ 7 ) 2
I RAFIT. 58 =B K% 2015

26 X% N BM-MSCs it bk X DR A BT AR i A AR DG IH 1 2k
HOREIR. B =% KA 2015

27 Cerman E, Akkoc T, Eraslan M, et al. Retinal Electrophysiological
Effects of Intravitreal Bone Marrow Derived Mesenchymal Stem Cells in
Streptozotocin Induced Diabetic Rats. PloS One 2016;11(6) :e0156495

28 Wang JD, An Y, Zhang JS, et al. Human bone marrow mesenchymal
stem cells for retinal vascular injury. Acta Ophthalmol 201695 (6) .
e453-e461



