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[ Abstract] Endothelial progenitor cells (EPCs) are progenitor cells possessing vasculogenic potential. The
main function of EPCs is to play a role by paracrine angiogenic factors and neuroprotective factors. EPCs also have the
ability to differentiate into endothelial cells and integrate themselves into newly formed capillaries. Therefore, EPCs
play an important role in vascular repair and neuroprotection. The research on surface markers and functions of EPCs
is the basis of EPCs research. A series of clinical trials, animal and cell experiments show that EPCs transplantation
and joint transplantation of EPCs and other cells can promote vascular repair and improve retinal function with good
safety. EPCs are expected to be an effective treatment for diabetic retinopathy ( DR). DR is now defined as a
refractory eye disease with retinal neurovascular unit (NVU) injury associated with systemic metabolism anbormality.
Change in EPCs count and damage of EPCs function are involved in the occurrence and development of DR.
Ophthalmologists should pay attention to the early managing approach of EPCs. Current treatment strategies include
transplantation of EPCs, joint transplantation of EPCs with other cells, and regulation of endogenous EPCs. The unique
biological characteristics of EPCs provide many possibilities in repairing retinal NVU injury and DR prevention and
treatment. This article introduces the latest research progress of EPCs for DR from five aspects including the origin of
EPCs, physiological and pathological state, function, treatment strategy and clinical application. At the same time, the
existing problems and technical bottlenecks will also be discussed.

[Key words] Diabetic retinopathy/theropy; Endothelial progenitor cells; Vascular endothelial injury;



- 1000 -

AR SIS IR B AR AR 2022 4F 11 HEE 40 %5 11 8] Chin J Exp Ophthalmol , November 2022, Vol. 40, No. 11

Neuroprotection; Cell therapy

Fund program: National Natural Science Foundation of China (81900891) ; Tianjin Key Medical Discipline
(Specialty) Construction Project (TJYXZDXK-037A) ; Natural Science Foundation of Tianjin ( 19JCZDJC64000)

DOI:10. 3760/ cma. j. cn115989-20221005-00468

A R % 1 W FE 9 & (diabetic retinopathy, DR) & ##
R EEHDEFRIEZ —, RA MR FHFHA
PMATERBEWETERR, AR xW, HE2 A
BhEEEZDRMWEEFREAN 11.9% ~43. 1%, L &
4.4%~13.8%th EH N H TH'", E DR EE ik
N ENBEREF A, T E LM £ EEERRILRA
J# 9% & ( proliferative diabetic retinopathy, PDR) % # 57
BRAE, g N K 4 K B F (vascular endothelial
growth factor, VEGF ) 2§ 41y 35 58 14 Ji= i 4F 2 W5 )R L 47
MM EFEDENEEF R, ERTEFEE WAN
JEE L SR S Al B AR L, G Ao A P RE ol B T ME R B
MFBERE % — R 7 LE N R, EF R AN
DR % 22 AL %) B A 3R & A7 A0 3% , A & DR 8 B % 3 &
I AR B 45 By ot & R R, T 2 A B R 2 o
# # 70 ( neurovascular unit, NVU) i #15 , 8 & & 11
W R ENBIT RS, WA M %K (endothelial
progenitor cells, EPCs) F 4 i & 4 & fo th £ R 4 & 77,
A DR T Anig iy BT A & AW T W o

1 2 1m % 85T EILR DR

MHAEREAGEAL KRN E DG AR,
GRMHENBENEALNHEB/AETHK T EEN
ZAgF gy W % ——NVU, & & # £ 0 M F K 4 4
B (ot v % 2 M R e i) BB R e B (B YRR 4
AL Miiller 40 ff /N R BT 28 3 D IR R 4B L), x4
e A0 P E B I 45 A e o fE By B R ME R R AR Y E o
mAHEEEA,

DR W3 i A2 8, A0 W I # & 0 R ©— Fn % oo &
4R 5 3 T 5] AR AR W 4 A A o B R, T AT B R
WEBRAUERETHREATHLER G, 2aREE
MAENETEXFUHERR ERRF NN, B
INBRENFWLEAREXTEUAHERT E T2
WK AT B R — R AL AR E R R E R
LSRR EW AT M NSBE, TS H R
= MR AR RE S AR, %
FRFARTAUAERERF, WM ERXRAETF o,
B 40 fi A~ & (interleukin  TL) 18 %, fih & o % 19 % 40
WG, A EE T EY, FH S B E
AR A R, N EREALARE, I EHELE

MR A WA R BE AR D ERERERE R A H M
TR R, TR - KR AR, M, A
BEMWHt — SRS RE R E, LR EET R, N
PR B ot Bk, RIS S PP R T A, B B
P JEE 36 A o A B9 T R o

2 EPCs EYF4H

2.1 EPCs th X HAF &4

CD34" 40 & K A Ak A S0 Bt 4 35 3 4 B Wl 5k,
WOAE # EPCs 2 fi 2% {5, CD34" 25 ff 2 o % 2 K
FRBTEAOMENEEME LN E S ST,
CD34 3t 1 & EPCs fy 4F 5% A7 & 47,2000 4 #F 7 & &
AT A M@ EN—E DT @M, 5 A
1 g 4% 3k & ik CD133 CD34 o & W £ K H F %
f& 2 ( vascular endothelial growth factor respector-2,
VEGFR2) % T 40 ffl & ® A7 &% 1 o0 40 J 3 R & X
EPCs, #AT0,Z Ja B9 #F % iE W1, iX &6 40 j BF 1K I % ik
E vk 40 fa/ % 4% 20 A7 & 4, 4n CD14 CD45 fn CDI115,
FHBAERDAR, TN IE N E A, E T
Bz hBRAENL Lty EPCs, B £ B X ¥
CD34"/VEGFR2"/CD45™ 41 fii, # & EPCs, EPCs & &
TR HEFRE, EERERE AT ROGHRHESN
RFE 40 0 R B o B R o B 2B R B R E AR & 5 A B
FH.
2.2 EPCs W43 *

% $5 F% B 1B B9 5 ) T H 4K b 85 R By EPCs o
K F# EPCs #n 8 ¥ EPCs'Y . 2 # EPCs £ 3 5 1y
VRE A WA, € X hH R & £ &4 M (myeloid
angiogenic cells, MACs) , £ & # 1F ) 4 % 3k CD133
A CD117, 3% 86 20 j 1 B & 2 fo 4 o & W K 28 B8 Y
B ERRKBEAE D BN RE, TS HE
KEFHMEERE T, ELE L RMWHERPF
RERTIER, Bl EPCs AR M 4 FAHIA, A
4 K W K 48 jE (outgrowth endothelial cells, OECs) , X #
AWK EER K 4 (endothelial colony forming cells,
ECFC) , e £ A % CD31 & W 40 f 45 5 i &
B % M f & % BH ¥ .CD146 \VEGFR2 % 3k [ £, F
i CD45 fu CD14 &3k A, B A oo % W B 20 1
U 88 A7



BB IR B2 Ak 2022 4F 11 HEE 40 %5 11 ] Chin J Exp Ophthalmol , November 2022, Vol. 40, No. 11

- 1001 -

3 DR&ERITEF EPCs HHRINBEHN T

IE¥ORA T ,EPCs 40 M 2% 0K 09 45 48 A 1L 4 S 1k B

Y

( manganese superoxide dismutase, MnSOD) & & % i,
T O0E B & kK P el 0E M 4 #E (reactive oxygen species,
ROS) EMAN B AR TR EEERA. S K
WAT,EPCs S bk & ik 3 4m, /1 MnSOD % 4 £ 1k B¢
KPR AR, BE A B ORRT, B R R T B
% % EPCs B, Bt — 4 b 4 (nitric oxide,
NO) & B & ¥, B 4 NO #y 7= % , 1 NO % 3 & & %
EPCs ok X )3 8 69 2 E B ¥, £ 8 FKFx AR E

A2 $ EPCs # % A 4 /N RNA (micro RNA, miRNA)
WMEkEMLETCT AT HHE > A K
MBS, WE—FRFRAEERXT FH DR #
EPCs W & R st R £ B & (% 1,2), A gh & & B R
¥ EPCs /% A& B, mEHBEAT; NEE
EREREAE EPCs B EW D, ARAAEH £ K
DR & &AL M & EPCs 3 4, T 3§ 4 % DR A1 P & &
EPCs #k B ', AW, L HEFE LA, R EF
EPCs th 3 B/ % DR 5 1F th#t B B #im o Y s
E &L XATRSERZWIHATH R R IE, 5
DRty o # A0 9 B A A X

&1 MERBK DR BEH EPCs HE ST

& EPCs fri& ¥

o

Bhahatwadekar gﬁ“' CD34"

CD45” ,CD34" ,KDR"*, CD45™,
CD34" ,CD144"

Garcia de la Torre %’4“”

DR % 4ME I EPCs o miR-92 32 1k i /b ; miR-92 1] LA 38 CD34 " 2 Jig ity T g

1RO PR 8 SR I EPCs 20, EPCs H miR-126 3k i

4F DR NPDR 2 41 Ji 1fiL EPCs %R AR, PDR 35 41 il EPCs it R #HH 2

2 RUEEJRH PDR (B35 ) EPCs 35 4 2 % KT NPDR 3%

W PR K EPCs P8 TR B, LT B M I A5 A8 1 AE ) 34 52 40t

B PRI R CD34™ 40 i W™ 34 5%, 8 T fiE 0 55 , 4E SDF-1 Fl VEGF 5 S iy i £ o
L 4 6 ) e et

PDR B4 i 5h A il EPCs £ W 2 3 2 ,NPDR & PDR 3% 951 & 1L EPCs 3k L 5%

PDR i3 418 . EPCs $Uik 55 15 & 3% W 2wk 2>

£ CD34" ,CD309" , VEGFR2*
Huang 25 *) CD31%, VEGFR2', CD45™,

CD133"
Jung %" CD34%,CD133" ,KDR*
Segal 2101 CD34"
Wiitg 1 CD34" ,VEGFR2"

)i 9 % 1

At CD34" ,KDR"
Kady 21" CD34"

4
EE A

CD34" ,VEGFR2*

B PRI 751 A 190 € Py B2 24 ff T D34 7 BRI A 5 2 i 2 e e 1%

B DR He 2 0 A Il EP Cs %508 B (i 20>, NPDR 28 545 JR 55 4 41 J%) 1. EPCs ¥t e 43t
225 . PDR A5 HE BOR AL L, EPCs i 25 44 i

TE : DR JR o R 190 55 728 5 EPCs : P9 B AR 2000 5 miR < 3/)y RNA s NPDR 2 JF 38 A4z 8 B B 10 J 05 28 5 PDR < 8 £ 1 48 5 40 o0 89 72 5 SDF-1 .« B Joit
4 M 755 A2 R 5 15 VEGF : il 4% 9 Bz 4R KR+

x2 W EPCs gt REEMIH
PR R TERE DR H i 22 Al X EPCs i [ DI RE 1 7 R
NO o 1 A OXLDL S8t NO 5 & P AR, NAD(P) H S AL fEZE T NO Bk F 5 EPCs i i IE M, NO IS Z 3 0 1 &

B T SOk A ALY 0 A 0 b T AR NO

EPCs $L A LAl

Akt/FoxO1 i &

miRNA

=1
He

BRI EPCs SpifA i ROS 7 A= 34 i, 17 MnSOD 45 4 4 fL i
10 238 G A ARG, AN REIR DL S0 1 B 9L

oy A0 A I 5 A O AR AR PISK/ Akt il e 0TS

i EPCs 143l 5 K HC A58 20 Bk i X 79 BE )
EPCs P33 JE M BT, 5 50 BV 31 E R, 005 T EPCs o
W 95 LA A I

PI3K/ Akt 3 % il i 96 15 FOXO B 58 B 7 B 38 1 5k 45 5 41 A9
AR AL B . ARTE MRS Aky/FoxO1 i T EPCs #9431k

PR AS T 09 S0 L UL L 277 ) (YO IR SE 52 T EPCs A 2 A miRNA #9335, DT 5% W 5 201 g 1 A5 79 Bz 40 L 64

 EPCs: N 2 #H 40 ifd ; NO : — 4 fb L ; miRNA ; /)y RNA ; OxLDL; 0 ALK %5 B B8 2 11 ; ROS « 3 M 4054 ; MnSOD . 4 48 48046 40 38 Ak, it



. 1002 - AR SIS IR B AR AR 2022 4F 11 HEE 40 %5 11 8] Chin J Exp Ophthalmol , November 2022, Vol. 40, No. 11

4 EPCs 447 DR H{ER 5

FH A EPCs EH LR ik, A& B A
fa AR T EER K EEA, LA BT DR WK E
hEH EEENH BT,

4.1 R#ADEBEMEE

EPCs Wit RHlF T EETHEA D E N KA
. Tb R B A B AT R RS & EPCs
R 4% B A B N A 3F R AL b b K B B9 A R e
MR LENREEE e ERE, 8 ENTE
FIR N K AR R MW 4 AR, ECFCs/OECs 7 & 2 1
PRt 48 W 4, (RO A o OEC 7T DA It fn B %5 %
BHTASGURNERDLE N L ERE S, FES R
T RE R AR B 3 K R E 4 B K OEC 7 f# &
% 3 WK H & (oxygen induced retinopathy, OIR )
AN R T & R D 40% , E# e T AR o
31% , %% 3 M o % 9K > 58% ,iF ¥ OEC &8 4% % # 3 &
MWHAEMGWFE, RO RBEEFEREH PR " .
ACD34" ek IREH 5 SO RFADREE $
HRETHPAERELGRMEB AR, HBERETZHA
B R IR By CD34" 48 fig 4 JE J5, CD34" 48 Ji 41 /) &AL
W% E AR s TAma '™,

4.2 mEWERF KA

EPCs #y % 4 3 o 6 o 7 & Z o Jeong %7
B4 LB B ORAE W EPCs B i & K fn b & & kB
WREMR ,REZMAG I EPCs T @ E T,
BRHEPCs EEREF o Wk . FH EPCs 4
O s Bl | O e i - e il O e
FARBEOBRN KL, AT LE LK. 2/ 0E4E R
HY¥fmmEEsETF,w VEGF R A% 42K E T 2.0
FUMZEAEATFETRER LR ALE RN L AR,
Bmmp g et RENE T E RIS
4.3 HEAMMANLRZ &

EPCs A M ENERE SN BY , EMHXE T
FETIULRE M AR, HERNTFELAN, £
HRZBEKETFHEFT,EPCs £HSTUE LR
AR HET N LT B, NTRD KR ZEH
AkERMAEARBESZ D EETH ",

5 HE-TF EPCs i) DR i&G¥7 R EE

4 DR ERNH , KMNEEHAR T M RET
EPCs stk E i fn b ey th 2 % % T MG 6 A o
B,V ek W EPCs LB R K & Hoh i, TR
AL A AR iR E AR R KR

R TR An 4 R R 09 R
5.1 gikatm

BERBAT,EFTHES@RET,RTRED
HFR B, AT, 0 RAEF AR R EPCs 3 X\ ifn
16 5T 19 86 A B A, 7h 8k % 2| 414 . Tanaka %7 FF %ty
MEXEREFARTREREGE KA EH EPCs £ &
R E, - REE ERAME KR A B RS T W
R, B4, B WA 8 EPCs £ E & & B 1 A
T, 5 %4 ECFC #% M A4t , £ #] EPCs #n ECFC #
BAEBET K EWNEER, F 8 EPCs 23 89 4 j A
FARTURELE N L AR EfERED, T
e DL B 2 a8y 7 RE A T 2K & & ECFC,
- FHBERH N TR R I BB 1 304
HA B EPCs § ECFC B & %A 409 /N BB &
miEEERAEE T ECFC 2B aA™ .
5.2 EPCs 5 H 1t 40 ffo 64 B¢ & % A4

gl Z B WA EAER TR m AT, JE
T 20 o 20 09 Sh WA R X4 AL BE IR T EPCs 8y 3
g, {2 ¥t EPCs 3§ & fo i & & . B & T 4 M
(mesenchymal stem cell, MSC) # & CXCR2 f2 CXCR4
2 # I R 4% HL 4 R # EPCs g MSC 3£ 8% ', MSC
S < E F,m VEGF . X R A AT E K F 1
(‘stromal cell-derived factor-1,SDF-1) 4 ¥ 1% 3#f EPCs 1
W2 M HF A B AL B o o . EPCs § MSC
e, EPCs (W £ REM K AEH oo & £ R E
MEERE A i EFENN T xR
BT R am Rk,
5.3 WIEYE EPCs 093 ¥

ZEETFEW R E, Bk RF A # EPCs & K
o g R L EPCs 3 2 i B RE M RO A R
fe A E' ™ . ETRE G VEGF SDF-1. 4 4 i &
% 5| ¥ B F ( granulocyte colony-stimulating factor,
G-CSF) fRerémf & & NO T AT — 2 BE L&
ZEPCs IR E, LM A4, R4 2 (= F XML,
Joi o AR R A K- B R = B R R EE-4 0 A LR
Wbt BT ROEORE RRE K) AR DT RER
% mERKRE BN N A KKK R A
F S5 T LU0 3R E L 8 D ML B, 3 Am NO, B9 Akt
B E M, NTI A EPCs W5 B, E H 8k

6 EPCs j& fT iR I 1% % 5% B9 i K 7 52

YK, KA EPCs W57 8 le KRR I & % F ok
mERE, BEAELERR O LERRF EHET M
B AR R ik o M R R (& 3) .



BB IR B2 Ak 2022 4F 11 HEE 40 %5 11 ] Chin J Exp Ophthalmol , November 2022, Vol. 40, No. 11

- 1003 -

& 3 EPCs A ¥ BRI 4 £ 5% B I R 5F 52

Sk 21 g o 25 F bR &Y P g7 2 i Lz
Park (%) kB CD347 40 CD34" CRAO/CRVO, Stargardt  BERSIKEIEST 6 GIARF AR ALS 01 i S 40 7,2 Bl sk
g 95, RP, % BEA5 1 F (CRVO Stargardt 5 ) 11 #8005 4% 25 0 7% % B¢

Tanaka 212 G-CSF 3l & [ {&4t  cD34*
JA 1 CD34" 20 Jif)

Burt 4> G-CSF B3 FIRSh  CD34™, B %8 M 3 ik BF fb £E,  WLRES
JAI CD133°40)f1  cD133" Buerger & , Ifil 1 P 1L 45 48
Boyle 41260 G-CSF 3 it B #k4h  cD34" W 1F 0 L 9

JE I CD34* 41 iy

[X - £47 B0 IR B L 2R B, 1 ) R ( Stargardt
W) FE B 6 A~ A )5, N6 ERG b ik iR 4% fm 7
30% -40%

JULPA 3 5 2y 18 JH WL RN M5 1 P A, 18 HE i 5

e AT R SR X L9 Bl AT B
SR, 2 1 AR LA R R s A A O 52 o
IR

Ebo. SH ) a3 A H HEAT 09 HE A 4740 5 R W i O )
TR 12 S F I LA R R A 2000 S i
TE IR

1 . EPCs ; [N ¢ #H 20 i ; G-CSF b 40 i 48 7% 3 3 5 - ; CRAO/CRV O« 1 [9 i5% v gt 2l /5 Ik BEL 2 5 RP < 0 190 5% €, 25 738 1k s ERG - 100 o4 J5E v, 141

NAWERFRE,EPCs W EERBE N GKE %
WAL FRETEHNRMES . — T EFT
6 il B 4T CD34" 4 o 35 B R 0 B i 4, & 4L M JE
/% ik I 2 ( central retinal artery/vein occlusion,
CRAO/CRVO) . # W £ & & & M (retinitis pigmentosa,
RP) St/ s F R MERLM, §AE
AN IE B EPCs & & 41 W & 4 & A0t & 1 45 o0 %
KRB ARBEAGTRR N, 26 MNAWHE
WLOEENREREM I ARELARES .2 AEHF (N
P JE | Stargardt 57 ) B9 BB A & B R B8 X T B
BB ISR G 51 Fl Stargardt 7 & # % ERG b 4k
W% 3 An 30% ~ 40% , iF % CD34" 2 jig 3F & W M B W
EWERRH —EER. #-THRF,S OIERE
& Mt B % CD347 4 67 T3 18 B 5 15 o
Hrehs nEEETREHM™ . B SRR
HiE ¥ T EPCs 357 W 24 MW fo ik 7 B KR H ot &
ERMMWE#Z M ERENETRR, BEMEREK
W lE R A8 D R E /N, B E L EPCs 1y 40 g
KEHSHRE - MFEEQASRER AEER
Wy 20 HE R, T BT R e R B R IR B AT

7 EPCsi&y7 DR HIGHI B 2 5k

TR, W R T R D R B 4L VEGE %4
¥ B H Rk  PDR A0 RO B I KB B9 £ R8T 7
EZ—o 8T, 4L VEGF 25 47 7T ft & 38 Ao 4 4 L OF K
EWAE, St eH NN EREF— RFI L
IE , 71 2 F EPCs By /7 3 U 4 DR oy & #ig 77 v R E 1k
LB Rt M B A R AT L YR SR X3
EHMEN, FEG MR ERS G RAWMEE MY

A, AAMFREERA,EPCs Xt B A M E
ChMEFHEXEE, MA T & KRNI VEGF 4 4
By A T AR IET -

$ 1 ,EPCs 3597 DR & s K £ & A 7 A R A3k
B o % — EPCs 2 B Ak 4h 35 55 & 40 0 75 A W0 T % &
o EPCs T AF# S AMMBFH b o HERE,
Rk AR EPCs T b 2m & & fr 5
% i MSC. PR B AR EERET, HEHE
ROR #H A, 48 g F CD34 CD133 fu VEGFR2 % 3 K
PR, AR E B % T, EPCs B4 £ K i ) &
AT, ARERFES T WE %L EPCs 1y
AR, R B KR R R R EPCs BB A
Ethee WEGENO KA 2R, FRKE M+
MFEERABTRABTRANE BHRER, XE X
B AR TN ARMET A, Bt
BRAMERREN THR, Bk, %428 % EPCs
KIE B RHEF EPCs (2R B AR R EEAE
FEBE URmMERGTEBAEZEAXREFEXENW
E-W

% — ,EPCs %77 DR #h % & MW fof 3k M 46 A 17
% 3% . Reid 2 3% ECFC % N\ B/ B 3% % 1k i 1
TREEAEREME, #R2EF,ECFC E£3d RAT,F
SRHBARERNEAREHEDEL . —HiEK
R MR, B AR TR B Bk R ALK E 4 EPCs B 9t
EFRERESRR L. KT, 0HF R FF LK
B EPCs A HE NI L ekhRy ™ NEE
M zh e kR AR, B4 L 0 A Ak R e, B
EPCs Zls R B Rl BE B, EEEENE, R
K% EPCs Ty f 5 IE % KR EPCs W1 B 3 55 , T 4b IR {£



. 1004 - AR SIS IR B AR AR 2022 4F 11 HEE 40 %5 11 8] Chin J Exp Ophthalmol , November 2022, Vol. 40, No. 11

EPCs M xt Ml A HF R LR H T #H —F ki,
LD Bl R R e 3 EPCs B R B A T UL B 5T
%%%ﬁ%%ﬁﬁ@ﬁ%Aﬁﬁﬁ%&*ﬂﬁi%
MHEFTER, AKBT R LREASAE

S FEXRLGREMBT A, ﬁ%%%
G AT RERNK D REAFEF R RN
AR, hAMER —F e a5 hR BRATHRE WL H %
NEEDREEAXNB LK. A, 25944 T4 27
—MEBWA G RE, FFRIEA, E/NKR OIR HA
LA FUE B IKOE AT G 3K K R i 4T ECFC 3t 8k i 4R
Pt &% 2% EHL™ . B4, HE¥HW
EPCs 177 48 % B 9 # 1£ 20 08 R % 78 32 30 3 F, X 4t
EPCs E AHF RN FFHEMATRRED THhE,

THEERAAL N, A, 290 ETHES —H4
PR ARA,

DR E# kW EPCs X 4 M55 4 FRAKFE,
FEFAFARENHRER LT SRR, THTHEMN
R4t w46 % & By 97 3E ,EPCs By % A 40 i A A 40 B
A EBERAERPER, LA N IER B H A
TaREKGEATTRELZRNBEZER, TRk %
THORWEHFELRE ARG BLEAMELEH S,
AEEFRFHE, B ELEZ % DR #E L&
EEREN ABABRHMEAXE, AT, B MHkZ X
B G KR 5 5k 38 3F EPCs th % 4 M #n 4 20 &, EPCs
BT b TR AR FERAE BRTEER
REFG RS, LSRR BHEBE S HRE
EMBZ o, MEEF S BHEBANEL, RBE
MRFMEH* - FREMSZEME TR, UATE EPCs
WAas ERTHER ATBETHILEL2E, R
BRI E
RIZEIR I AT 1 4 4 7 S A7 16 A 26
TEERAAN 20 T S 5 BRI SCRE b A I R
R A% 5 VORI I8 SRS RS

2% Uk

[1] Chua J,Lim C,Wong TY et al. Diabetic retinopathy in the Asia-Pacific
[J]. Asia Pac J Ophthalmol ( Phila),2018,7 (1) : 3-16. DOI; 10.
22608/AP0O. 2017511.

[2] Xiao C, He M, Nan Y, et al. Physiological effects of superoxide
dismutase on altered visual function of retinal ganglion cells in db/db
mice[ J/OL]. PLoS One,2012,7( 1) :e30343[ 2022-09-06]. http://
www. nchi. nlm. nih. gov/pubmed/22272340. DOI: 10. 1371/journal.
pone. 0030343.

[3] Medina RJ, Barber CL, Sabatier F, et al. Endothelial progenitors: a
consensus statement on nomenclature [ J ]. Stem Cells Transl Med,
2017,6(5) : 1316-1320. DOI;10. 1002/sctm. 16-0360.

[4] Wang C,Mao C,Lou Y,et al. Monotropein promotes angiogenesis and
inhibits oxidative stress-induced autophagy in endothelial progenitor
cells to accelerate wound healing[ J]. J Cell Mol Med,2018,22(3) :

1583-1600. DOI:10. 1111/jemm. 13434.

[5] Bhatwadekar AD,Yan Y,Stepps V,et al. miR-92a corrects CD34" cell
dysfunction in diabetes by modulating core circadian genes involved in
progenitor differentiation[ J ]. Diabetes, 2015, 64 ( 12) : 4226 - 4237.
DOI:10.2337/db15-0521.

[6] Garcia de la Torre N, Ferndndez-Durango R, Gémez R, et al. Expression
of angiogenic microRNAs in endothelial progenitor cells from type 1
diabetic patients with and without diabetic retinopathy [ J]. Invest
Ophthalmol Vis Sci, 2015,56 (6) : 4090-4098. DOI: 10. 1167/iovs.
15-16498.

(7] EM, B W IE, 2F. 2 BB B 2 8 Bl DR R 00 5 5 72 A [

353 &0 ) 10 P R AR A0 Fy B AR A [0 ] P AR RS i 2% 3L 2011,
27(3) :222-225. DOI; 10. 3760/ cma. j. issn. 1005-1015. 2011. 03.
006.
Wang F,Wu ZF, Guan HJ, et al. The amount of endothelial progenitor
cells at different stages of diabetic retinopathy in patients with type 2
diabetes mellitus [ J]. Chin J Ocul Fundus Dis, 2011, 27 (3) :
222-225.DOI:10. 3760/ cma. j. issn. 1005-1015.2011. 03. 006.

[8] Huang YC, Liao WL, Lin JM, et al. High levels of circulating
endothelial progenitor cells in patients with diabetic retinopathy are
positively associated with ARHGAP22 expression[ J/OL]. Oncotarget,
2018,9(25) :17858-17866[ 2022-09-09 ]. http://www. ncbi. nlm.
nih. gov/pubmed/29707151. DOI: 10. 18632/ oncotarget. 24909.

[9] Jung C, Rafnsson A, Shemyakin A, et al. Different subpopulations of
endothelial progenitor cells and circulating apoptotic progenitor cells in
patients with vascular disease and diabetes[ J]. Int J Cardiol, 2010,
143(3) :368-372. DOI. 10. 1016/j. ijeard. 2009. 03. 075.

[ 10]Segal MS, Shah R, Afzal A, et al. Nitric oxide cytoskeletal-induced
alterations reverse the endothelial progenitor cell migratory defect
associated with diabetes[ J]. Diabetes,2006,55(1) :102-109.

(UL TR . A () Al 3090 DR s 400 190 058 78 68 2 &/ JA i P Bz AL 200

Fesh ey AL [ T]. B4 4534, 2016,22(10) : 2018-2020. DOI: 10.
3969/j. issn. 1006-2084. 2016. 10. 043.
Chen HL. Changes of number and function of peripheral blood
endothelial progenitor cells of patients with diabetic retinopathy at
different stages [ J]. Med Recapitulate, 2016,22 ( 10) : 2018 - 2020.
DOI:10. 3969/j. issn. 1006-2084. 2016. 10. 043.

(12] 5kt , o BE, BARAS , 5. 489 A AR0BH PR3 40 D) 52 722 £6 25 S JA] L N B AL

A i B AR A e B LT ] I AR IR R R Jk &, 2011, 27 (3) ¢
218-221. DOI; 10. 3760/ cma. j. issn. 1005-1015. 2011. 03. 005.
Zhang W, Han Q, Chen S, et al. Quantitative analysis of endothelial
progenitor cells in the peripheral blood of patients with proliferative
diabetic retinopathy [ J ]. Chin J Ocul Fundus Dis, 2011,27 (3) :
218-221. DOI:10. 3760/ cma. j. issn. 1005-1015.2011. 03. 005.

[ 13]Kady N, Yan Y,Salazar T, et al. Increase in acid sphingomyelinase level
in human retinal endothelial cells and CD34" circulating angiogenic
cells isolated from diabetic individuals is associated with dysfunctional
retinal vasculature and vascular repair process in diabetes[ J].J Clin
Lipidol,2017,11(3) : 694-703. DOI.10. 1016/j. jacl. 2017. 03. 007.

(14735 200, FEABET , v o, 55 DROT L 199 REE g 22 B8 8 P9 B A 400 i 1)

AT T]. BACE Y BE 2 PR, 2016, 16 (32) © 6252 - 6255.
DOI:10. 13241/j. enki. pmb. 2016. 32.011.
Ji ZS, Zhuang DS, Ru T, et al. Changs in the number of endothelial
progenitor cells in patienes with diabetic retinopathy [ J]. Prog Mod
Biomed,2016,16 (32) : 6252 - 6255. DOI: 10. 13241/j. cnki. pmb.
2016.32.011.

[ 15]Medina RJ, O “Neill CL, Humphreys MW , et al. Outgrowth endothelial
cells: characterization and their potential for reversing ischemic
retinopathy [ J ]. Invest Ophthalmol Vis Sci, 2010, 51 ( 11)
5906-5913. DOI:10. 1167/iovs. 09-4951.

[ 16] Yazdanyar A ,Zhang P, Dolf C,et al. Effects of intravitreal injection of
human CD34" bone marrow stem cells in a murine model of diabetic
retinopathy[ J/OL]. Exp Eye Res,2020,190: 107865[ 2022-09-14].
http ://www. ncbi. nlm. nih. gov/pubmed/31682846. DOI; 10. 1016/j.
exer. 2019. 107865.

[17]Jeong JO, Kim MO, Kim H, et al. Dual angiogenic and neurotrophic

effects of bone marrow-derived endothelial progenitor cells on diabetic



BB IR B2 Ak 2022 4F 11 HEE 40 %5 11 ] Chin J Exp Ophthalmol , November 2022, Vol. 40, No. 11 . 1005 -

neuropathy[ J ]. Circulation,2009,119(5)
CIRCULATIONAHA. 108. 789297.

[ 18] Qiang S, Alsaeedi HA, Yuhong C, et al. Morphological and genetical
changes of endothelial progenitor cells after in-vitro conversion into
photoreceptors[ J ]. J Photochem Photobiol B, 2018, 183 : 127 - 132.
DOI:10. 1016/j. jphotobiol. 2018. 04. 003.

[ 19] Tanaka R,Masuda H, Fujimura S, et al. Quality-quantity control culture

$699-708. DOI: 10. 1161/

enhances vasculogenesis and wound healing efficacy of human diabetic
peripheral blood CD34" cells[ J]. Stem Cells Transl Med,2018,7(5) :
428-438. DOI:10. 1002/sctm. 17-0043.

[20]Yoon CH, Hur J, Park KW, et al. Synergistic neovascularization by
mixed transplantation of early endothelial progenitor cells and late
outgrowth endothelial cells:the role of angiogenic cytokines and matrix
metalloproteinases[ J ] . Circulation,2005,112(11) : 1618-1627. DOI.;
10. 1161/CIRCULATIONAHA. 104. 503433.

[21]Tan Y,Shu L,Xu P,et al. Mesenchymal stem cells attract endothelial
progenitor cells via a positive feedback loop between CXCR2 and
CXCR4[ J/OL]. Stem Cells Int,2019,2019 : 4197164[ 2022-09-16].
http : //www. ncbi. nlm. nih. gov/pubmed/31885605. DOI. 10. 1155/
2019/4197164.

[22]Shao Y, Chen J, Dong LJ, et al. A protective effect of PPARa in
endothelial progenitor cells through regulating metabolism [ J ].
Diabetes,2019,68(11) :2131-2142. DOI.10. 2337/db18-1278.

[23]Park SS,Bauer G, Abedi M, et al. Intravitreal autologous bone marrow
CD347 cell therapy for ischemic and degenerative retinal disorders:
preliminary phase 1 clinical trial findings[ J]. Invest Ophthalmol Vis
Sci,2014,56(1) : 81-89. DOI;10. 1167/iovs. 14-15415.

[24]Tanaka R, Masuda H, Kato S, et al. Autologous G-CSF-mobilized

peripheral blood CD34 cell therapy for diabetic patients with chronic
nonhealing ulcer[ J]. Cell Transplant,2014,23(2) : 167~-179. DOI:
10.3727/096368912X658007.

[25]Burt RK, Testori A, Oyama Y, et al. Autologous peripheral blood
CD133" cell implantation for limb salvage in patients with critical limb
ischemia[ J]. Bone Marrow Transplant,2010,45(1) : 111-116. DOI;
10. 1038/bmt. 2009. 102.

[26]Boyle AJ, Whithourn R, Schlicht S, et al. Intra-coronary high-dose
CD34" stem cells in patients with chronic ischemic heart disease:a 12-
month follow-up[ J]. Int J Cardiol, 2006,109 (1) : 21-27. DOI; 10.
1016/j. ijcard. 2005. 05. 024.

[27]Wang CH, Huang PH, Chen JW, et al.
endothelial progenitor cell ;are we ready? [J]. Acta Cardiol Sin,2013,
29(6) :479-487.

[28]Reid E, Guduric-Fuchs J, 0“Neill CL,et al. Preclinical evaluation and

optimization of a cell therapy using human cord blood-derived

Clinical application of

endothelial colony-forming cells for ischemic retinopathies [ J]. Stem
Cells Transl Med,2018,7(1) :59-67. DOI.10. 1002/sctm. 17-0187.

[29] Vanneaux V,El-Ayoubi F,Delmau C,et al. In vitro and in vivo analysis
of endothelial progenitor cells from cryopreserved umbilical cord blood ;
are we ready for clinical application? [ J]. Cell Transplant, 2010,
19(9) : 1143-1155. DOT;10. 3727/096368910X504487.

(s F1:2022-10-05 {2 [31 I 18]:2022-10-19)
S 13 95)

AAMEZHEPANEE

AR [ B 2 27 300 ) 20 9 2 07 e PR A0 Ay B 2 I P B 2 —

TR H T B A 4 4R 2R
(1) s A 3

SLH - AEHE - A

ENMEZREEMANEKXK
R AR AT (85 R P BT R

;:.;yv}uulz,\_\z,

TER PN FE R T , BEARBAWRLKB S . BENSOER GRS SRR R 5%

3% PA SO R 8RR AR B 7 SUAE A A T BR AR 26 5 B0 T A FE 2 07 1, W5 76 th M b S8R REAE 7 A8 3 (51

%ﬁdu’]‘ﬁ?}’-’}\) BT R

R 3% 1R SCEE N A S e TE R R A AR S S (B LR 5 A B A I (AN R R i 2 AR A IR, R R AR P R R B A

B, O S AM R0 Te] A A5 R o 2R P o A 1 B 0 R AR (it
WA AT 58 B Bk 1, I L 2 45 L AE SCHR T B DABEI
(2) 2R B DL SER X R M BE 5T, 1 & 1
H O (2005 4REIT) By R
LI IF M BT I 0 4 BRI, 458 & 8 2 o A HLAY B HE M O o
gy (W EE SN ) B 2852 56 3l ) £ 470 AT 45 o o

K LiﬁL%%‘mE%‘“%*ﬁ
e B bR ol o A SR 5 5 7 X R 15 4 45 8 AR

B R FAE) MRS B H BRI 7 vk , /5 4 L2 £ 5X ﬂbﬂﬁl”‘rT

W T | K 2 B2 B 1975 A R
HH A BE ) B AR — E WY [, AR N 2 A %

uﬁ%%ihﬁ%%ﬁﬁ%,1@%‘@%’1%%%@@@%%%&%@1*@\

(A Fi) Gt )

IFTEER
HEE (RBHAWFEE) 7oA DR ARG 3 T
FLEE (LR EE N JAAES R E oA RGNS - [HIEGAS
RETT (IBENE K ) AR RREH R A RN S - GIEG
WA RNTEEMEDA RS =

KR REZEAME ARG R





