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] B R VEGFA 3 [H 187 B 28 3 IR 25 49, S B0 A R0 i
% | J7 (RPE) 4 il & VEGFA 3235 (K&l , 0
JESHT A= 10 A5 1 1 i PRIR I 7 SR A SR s

F ik BT 1 RN VEGFA JE P 0101 5 RNA FH# 2 iy
YR, SR — RO L = 2 T A W (PTEE ) X H 47
12 4% PTEE loading anti—VEGFA plasmid ( PLAP) # I
N2, B~ 0.1.0.2.0.4.0.8.1.6 pg/pL 1) PTEE
ML ARPE-19 401 3L 5 i CCK-8 % 1F4li PTEE
B RS E . WA GFP 75 1A Y 3 41 5k, 4 i o
{A& Lipofectamine 3000 F/l jetOPTIMUS ® DNA {4} Yy it
FERXTRRAL, PTEE 409 K A RHE hy SC 56 41, X ks #E 47
FLBE . TR R G T Ik 80% I, ¥ 25 M)k Yt &= ARPE-19
YL A 293T A b | 8 i e B B SR GFP &R &
INEBLIT LA A Qe IS S ARPE-19 4
M, ¥ PLAP v 2 4 P, FH ELISA £l VEGFA 3Rk
IR P 1223 2 5 TR 245 30 B4 A Ak

LR ORFIR A ) PTEE MBS ARPE-19 41 g JL 57
B 24 h F148 h, &AL AMITE S ¥R AZ B B 20, PLAP
£ ARPE - 19 4t Jfd o (% %% L 280 % 5 T 1ipo3000 41 5
jetOPTIMUS 41, 22 % AT G124 L (P<0.01) , k% 6 h
fiE 13155 ARPE-19 411+ VEGFA mRNA Y3k THE
HARACR AT, PTEE 4% VEGFA 1436354 B & 1 3 i
YEF (P<0.01) ,

£512 . PLAP FEMRSMSLES b R H B A0 1) A A 225 1 i
I VEGFA IR, 78 W 71 8 R 40 I R A i A 4 e

I H PRI R 259

42187 : VEGFA ; CRISPR/ Cas9 ; HiL % I 57 A= 1L 785 5 K& M i
B LB (25 - B2 (RPE) 2 /i
DOI:10.3980/].issn.1672-5123.2026.7.04

Construction of a CRISPR/Cas9 - mediated
VEGFA gene knockout vector and its
effects on ARPE-19 cells

Zhang Wenhua', Xu Jingxuan’, Cao Keying’, Wang
Chunmei', Song Zongming', Li Xiaoli'

Foundation items: Leading Talents of Zhongyuan Science and
Technology ( No. 224200510013 ) ; Natural Science Foundation of
Henan Province ( No.252300421269 ) ; Basic Research Project of
Henan Eye Institute ( No.20JCZDO001)

"Henan Provincial People’s Hospital ; Henan Eye Hospital; People’s
Hospital of Zhengzhou University; School of Clinical Medicine
Henan University, Zhengzhou 450003, Henan Province, China;
*Department of Ocular Trauma, Hebei Eye Hospital, Xingtai
054001, Hebei Province, China; *Henan University of Science and
Technology, Luoyang 471023, Henan Province, China
Correspondence to: Song Zongming. Henan Provincial People’s
Hospital; Henan Eye Hospital; People’s Hospital of Zhengzhou
University; School of Clinical Medicine Henan University,
Zhengzhou 450003, Henan Province, China. szmeyes @ sina.com;
Li Xiaoli. Henan Provincial People’s Hospital ; Henan Eye Hospital ;
People’s Hospital of Zhengzhou University; School of Clinical
Medicine Henan University, Zhengzhou 450003, Henan Province,
China. psyche1990@ yeah.net

Received:2025-11-13 Accepted ;2026-05-19

Abstract

e AIM: To develop a novel gene - delivery therapeutic
based on CRISPR/Cas9 genome editing technology
capable of specifically targeting and knocking out the
VEGFA gene, thereby achieving sustained suppression of
VEGFA expression in retinal pigment epithelial ( RPE)
cells and providing a new strategy for gene therapy in
retinal neovascular diseases.

e METHODS: Single guide RNAs targeting the human
VEGFA gene for knockout were designed, and
corresponding recombinant plasmids were constructed. A
novel polymer ( PTEE) was used to encapsulate the
plasmids to prepare a PTEE-loaded anti-VEGFA plasmid
( PLAP ) gene delivery system. PTEE materials at
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concentrations of 0.1, 0.2, 0.4, 0.8, and 1.6 ug/uL were
co-incubated  with ARPE-19 cells, and the
biocompatibility of PTEE was evaluated using the cell
counting kit-8 (CCK-8) assay. Recombinant plasmids
expressing green fluorescent protein ( GFP ) were
constructed. Lipofectamine 3000 and jetOPTIMUS ® DNA
transfection reagents were used as control groups, and
PTEE nanomaterials were used as the experimental group
to encapsulate the plasmids. When the cell confluence
reached 80%, the formulations were transfected into
ARPE-19 and 293T cells. GFP expression was observed
under light microscopy, and the transfection efficiencies
of each group were compared. ARPE - 19 cells were
induced under hypoxia, and PLAP was transfected into
the cells. The expression level of VEGFA was detected by
enzyme-linked immunosorbent assay (ELISA) to evaluate
the efficacy of this novel gene delivery system.

¢ RESULTS: After co-incubation of ARPE-19 cells with
different concentrations of PTEE for 24 h and 48 h, no
significant effect on cell viability was observed in any
group. The transfection efficiency of PLAP in ARPE - 19
cells was higher than that in the Lipo3000 and jetOPTIMUS
groups, with statistically significant differences ( P<0.01).
Hypoxia for 6 h significantly induced the upregulation of
VEGFA mRNA expression in ARPE - 19 cells, and under
hypoxic conditions, the PTEE group exhibited a significant
inhibitory effect on VEGFA expression ( P<0.01).

¢ CONCLUSION ; PLAP exhibits favorable biocompatibility
and prominent VEGFA inhibitory effects in vitro, making it
a potential candidate drug for gene therapy of retinal
neovascular diseases.

e KEYWORDS: VEGFA; CRISPR/Cas9;
neovascularization; gene knockout; retinal
epithelium(RPE) cells
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A8 R B A 1L 4 ( retinal neovascularization, RNV) J&
Z AP ECH PEMR PN 0 R — 2 IRRH U Y A 5
RS 1B M DR e L I BRE AE ( proliferative diabetic
retinopathy , PDR) J& H T #0L I B f 1l 4 &R 48 K 14k 7
RTINS 3 S A5 47 , 328 28 5 1 A0 T I e . ke 4 1717 5
OB R A A S AR 3X R 55 R A= 14 B
T i 5 E A BB (A Js | B PR 5 | RS A o P R o S
JBE R, SO 0 5 AL e IR R T R e 2 L TR MR AR
AH G P 35 3 A8 P (wet age — related macular degeneration,
WARMD ) £ H 30 ik 46 JE8 A= 1l LA BE R0 R0 158 R A ( =%0)
PR REE N2 M| A A B R DO A Y, ™ S e A8
e B R L R A B ( retinopathy  of
prematurity, ROP) 2 & A= T I /N T 28 wk A4l 7
JUAEIFEAS SR BR T3, i i A 2 B 7 LA I 1t 7 &
A AR S SRR, 45 R B EREERTEL, A
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T H LA 8 5 i B ) SRR A R F T
UL B A= i A5 P 8 E R A& AR I B BUE 1Y 2 R A
Z"_UJ .

TE RGN e A e st Ft b A N B2 AR I 7 A
(vascular endothelial growth factor A, VEGFA) GIEfSan s
LB TR KR A I TR B, I st 38 i af A S
JE R OB By £ I 4 AR RN T Pt VEGF e 2h Wil it 5
VEGF RS E45 &, BT VEGE e H 22 IRk (5 55 1% 33, B
b A P B A ) A BT A A ) A R, DA b
TEHEY T R S SR, BT VEGF 24542 52 4
YT — B A A 2 05, AT RE A AT AR A, i
T ST o IR N T 5 AN AHG I 17 £8 38 1 28 % FLO
PR A 52 3 AR O PR 22 9T Rl 3 A 1) Y FR
R L, ST LA K R R 1) T T B
ESCh VI TR, AT siRNA M5 $t VEGF 145
1G24, Hk PR G e B A DR G R A A S g P B AR
AW A IR A BN IR SR IR T A By 1

CRISPR/ Cas9 HARAE A M 002 N 4 TR HAT &
RCHE AR S, At mT S B s 6 DR 0 L ) R, TR IR
SR R TR R R 3T CRISPR/Cas9 R 45, 4
ARSI ] PR VEGFA JE R B0k, A B3 i — kb
BEIEAR 24 FENR R R S A A B () SE R 08K BEL DB
B A MAETE I, NI S IRAESE T VEGE 25 AF7E 1Y S S 1
SR R IR R it 24 45 T 8, K TG, 45 24 ) 1 3 3% A AR
PATETIG AR . A AT BA 7 A A 2 e b e B R AR
FRE A P[ TA-(PEG+PEL) ] (PTEE) | iX /& —Fh 3 H &5
RO S5 EY R 2R & 0 T REW, R
PTEE 1E Ry 284 , X5 A S50 RL #4760 2% , i 45 1) PTEE
loading anti—-VEGFA plasmid ( PLAP ) # AU IL R 254, If ¢
PR 2,38 | K2 (RPE ) 48 i r X 2 35 R 24 ) kA 7 R A1 2y
REIUF 52 VP4 |, I SR T R PUB A i A8 () 3L R R Y
SRS B9 E B R OR LR TR A A8 PR IR s £ AL
BB SOk
1 SHRlFR A %

1.1 ¥4

1.1.1 20H8 A\ RPE 40/l R (ARPE-19) A AR 41 iy
(293T) ity A B BE R FEAF,

1.1.2 FEKF DMEM/F-12 1:1(1X) ¥ F# &
(HyClone) ; DMEM = 4 3% 35 3% ( HyClone ) ; i3 45 1L 7 (b
HRFEF) ;BI 54 L7 ( Biological Industries) ; i 75 1 i
(AERiZR 3T ) s PBS ZZmilk (AL RHEE) ;AN THR
(Sigma) ; Lipofectamine 3000 ¥% 4% i 3] & ( Invitrogen ) ;
Opti—-MEM £55# 3 ( Gibeo) ;jetOPTIMUS ® DNA A& 7% e
7 (5 E polyplus—transfection ® ) ; J& PN B F R/ 2
R & (b BT R AR ) ; 20 A 35 R 20 DNA 2 U ) &
(46 3 K AR ) ; PrimeSTAR Max Premix ( 2X ) Taq [
(Takara) ; Trizol EIR ( K E TALT) ; &5 (RiEE Tk
T.);CCK-8 il & (Jt /& 3K E ) ; Human VEGF ELISA
Kit( BT HEAD) o

1.2 Fi%

121 RAMEBSERAYHE EHFNOE RS R R
ik sgRNA [ Cas9 1 eGFP [ CRISPR J¥41) , AT LA 7] i B
N4 VEGFA 3, 31 sgRNA J7 41, ZHES 19 &
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P4 BABE 1T IR K UEE oligo 1, 1% B2 A V) ZR 1 1k
IR, PEVE PCR 0k 3% Ak, i 1 1) BH M 5 B 117
b8 g T SO B 2 1 1 9 B - o TR0 - W L 11 o
KEH BB KBTS T EA T EHERN LB
WARKE SR 37 CHR IR IR, R A B O A 12 #5ik
G B R B USRI I v B RSB R RS T
-80 CIRFEFH .

PTEE AL T E A MIER PTEB' , IR Z
Y& WV} ( polyethylenimine, PEI) Ve R B4, Je R H 25 KM
FBLER 2 1 (polyethylene glycol , PEG) Xf H.iEA 7 &1 ,
A SR (thioctic acid, TA) ,PEG . PEI il TA ¥ /K [t
Sy 1122, BTl 28 ) — BT L1 5 43 7 R A W S R 2k
P[TA-(PEG+PEI) ], x4~ PTEE, %3 F A 7E R 57
PET {2005 Ye bk i 36 mll b W 3T 7 AR A= A 2
P, AT AR T 2 35 PR 245 40 7 200 A 1) R sl A 28 T A AL
B ILVR YRR o 8 A L R R RS R AR L
k(15 pg/pl) 5 PTEE(5 wg/pl) 135 L Zetasizer
Nano $A% FLA 4 BT ASCI 5 24 0 1 35 180 A A8 Ak, TE A
N/P W55 & Wka e vk, Wk BORL PTEE &2 & W) 1Y e f
BCLE
1.2.2 PTEE IZ £ 1FME  HE KRS EM ARPE-
19 IR 20 i £ 4T 96 FLAR Bl Al , 32 R 25 )8 0 8x10° /4L,
TRIN 100 WL BrEERE IR (90% F-12+10% JR4E LT ) 6
YL 'E T 37 °C 5% CO, M1 IR BT IR 50 P Lk i 7724 b,
NRZE 20 LI PR S R AR K O, W HE TH 8% 352 3%, ] PBS 28
VBN REFLAT M AT 2 YIS VEAL B

FEAMALST A 24 h LS FRAUR 48 h JLEE R4l , 41y
A& A A6 e B PTEE A9 8 ff 15 9% 3% (45 L 7K 1
100 pL), PTEE ¥ BE#H EE X E 0 0.0.1,0.2,0.4,0.8,
1.6 g/ pL, B MRERL B 1 A0, a3 4
RALLMRIEE R AR PE, FEPI4L /B 3E85 5% 24 h F148 h
J& LI 10 wl CCK-8 # il A e , 75 37 °C LI
BN AREEEE 2 h, il BRSO AE 45 FLAE 450 nm K Ab
B CREE, LA i i s M As Ak, Sl ol i s W g%
24 h AL
1.2.3 HHRAEE MR NE M5 FE . ARPE-19 %+
W 90% F-12 ¥53R%E 9% A i M 1% SR RIRA
145, 293T 4 i 555 9% ¥ th 90% DMEM £ 3% 3l 10% BI
5 2 I 77 B 17 R, AP A S 3 FE 37 °C 5% CO, 1Y & A
TRFR, WA AN IS S A KRN, R an i gl & B
ik 70% - 80% AT A5 AR, £ HUEE 3 -6 1% 4 My 2F 47 i kL

B B A BKOIRES RAF () ARPE—19 1 293T i
YRR AE 24 FLAR Y BE R B R 1.5%10° /4L, AL
A 500 pL BB FREE 7 37 °C 5% CO, 51 F kst i 3
24 h,

A Y 1 24 FLAR RO AR R A BE 3K 80% 22 A7 B,
5 R4 23 M Lipo 3000 4H ,jetOPTIMUS 41 F1 PTEE 4 ,
Lipo 3000 £ il jetOPTIMUS ZH MR 45 % Ye ik 7] & Ui 0 45, 43
Sl 5 S BTRE/ Lipo3000 &5 W UKL jet BG4, PTEE
LIRS PTEE A9 N/P {ELAE R BE HE AR 3 , 156 BL 500 g
PTEE 5 0.5 pg R 704 IRA R RE TERTHR
30 min, il & i PLAP JERI 254, Wi 24 FLAR N A TH S 57

BEOMA LR =MEEY, BT 0.5 pg Bk, (A&
PUAE FR A RGBT R 500 pL, # 24
fLRE T 37 C 5% CO, &A1 T 4k2Ld% 5% 24 h, @G
A SR A A A M B Y O, e G R e R
& BEAE D H FIARIC R i [ Bl P bR, SR H Tmage J %K
P47 A S AL 40 B T8 LA D N T 22, BAR T3 38
H YRR (%) = IR — BT GFP BHAE 40 i %5/ 7] — W0
PR S %< 100% ,

1.2.4 PLAP EEHAYHBERES T AR
ARPE-19 ZH AR IR A AN B S 0 2 10 T iEAT B 9 IR A%
PHRE R 37 CL0, &8N 1% ,CO, &8N 5%, FIH
RT-PCR J73:5E ARPE-19 4075 A [a] SR 5E R 431 %
7% 6 h M 12 h J5 , 40MI 3% 35 h VEGFA mRNA fY & 357K
S, DA A X 248 4 71 AU Ak 3 A s ]

4 BURL/ Lipo3000 & 54 Bk jet S5 4 F1 PLAP 24
Yk e ZARE AL FR G ARPE-19 41 it v, 1) B0 1A 2 .0
W I G 5 W B AS: 00 42 R (enzyme linked immunosorbent
assay , ELISA ) Il % M g 135 329 VEGF 19 34 &, M IfiT 56
UEHT R L K 258 PLAP 7E] VEGE J7 TH A 3501

G124 43 M7 . K FH SPSS 27.0 B - A7 BB S 0t
FFEIES A0 B TH i BB DO S £ AR 22 (x£s) TR,
Z 4[] LR FHERL DR 3R T 25 40 T, AL 0] LR FH B XA A
t K, P<0.05 AR HAZIFEE X,
2R
21 [RA/PTEE EEWHAS T ERESH HETFH
L PTEE 574 A3 £ H fa (9 53R, 38 58 #5 FE I B4 F AH 465
A AT S R R PTEE 98K 4 815 OB R BB He 78
2:1 % 4:1 B LA FE+4.98 £ +6.52 Z 0], XHL 2 PRSI
e EE A B VR FH S5 AL 0] IE S, Zeta HL A {H 46 X R F
5 mVERRE T A, FL 0w 1E HE A 0 B gl sl R B R HE AR
LI 3:1 S PTEE 90K b4 RHS R 9 e A i L
PTEE 4K AT RPRIAZ /34 75 123-207 nm Z [H], H.AE PTEE
YA RS ORI RS HLAE 301 BF R R/l 167.2+
2.5 nm,

2.2 PTEE #AX#M Rk b2 £ M E  RA CCK-8 &
KM AS [ #¢ BE PTEE #4815 ARPE-19 4 ILE5 5% 24 h &
48 h JEAIMETS 77, TS 07 LAZS I RRAL 100% 1
BOWERRE A 0.1.0.2.0.4.0.8.1.6 wg/pl 1) PTEE #1 8}
XoF 240 BTG T S T A R 500 R 2 A 3 L
mTEAX R, Z RS IEE L (¥ P>0.05), I
1, 1, dEa s BB IER 96 FLAR T 24 h ZH A g
A, AL 555, #2278 PTEE BB A B AR s
Yy ek,

2.3 B EEZY PLAP M E LR ERIME & GFP
B R E Ar TR 43 0 LA Lipofectamine 3000
jetOPTIMUS ® & PTEE # BHE Ry 8 ik, # Y & ARPE-19
ANAAN 293T 4, 55Y% 24 h J5 MK GFP RisE, 45
SRR, ARPE-19 F1 293T 4fi il , PTEE 2 GFP & [1 FH
PEFIEF (ARPE-19 40/ 40.21% £3.17% ; 293T 41 1.
53.75%+2.25% ) ¥ %5 T Lipofectamine 3000 £ ( ARPE-19
Y. 18.33% +2.16% 5 293T 4 it 22.31% +1.16% )
jetOPTIMUS ® 4 ( ARPE-19 4 }ifd . 27.32% +2.42% ; 293T
4HHfL.31.17% £ 1.82%) , R AP 41 ie th PTEE 441 GFP
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HAMERIAEN B3 FRIORER 27 BARITY %1 FRE®E PTEE Mk #X ARPE-19 4H7E 1080
B (#P<0.05) , WLIK 2, (Xts.%)
2.4 FHEVEFEZ Y PLAP 1§l VEGFA RiZMB MM R
2.4.1 #31 ARPE-19 ZHR{R E4EE  ARPE-19 4fiJid 533

PTEE #% B (/L) 24 h 4HHETE S 48 h A IS A1

. o NN 0 100.00+8.04 100.00+0.47
TEM AR SA S TR 32 6 h #1112 h )5, i3 RT-PCR K o o 09+2 o5 05 90 +0 y
M VEGFA mRNA k7K, 36 2, 4530 b IR EAb 3 ' RS oo
6 b I VEGEA 253k 5t ) 535 -3 4. 6 h( P<0.001) 0.2 107.31£1.79 94.88+2.53

0.4 111.85+1.24 97.26+1.47

HAKA 6 h 411 VEGFA & FIR4 12 h 41( P<0.05) , A b
ﬂfE/%:Li%a%F 6 h fﬁ%ﬁﬁfffﬁ%%‘;ﬂié@%{#o 0.8 116.92+1.36 93.69+2.31
2.4.2 ELISA # I VEGFA Rk FE ELISA gﬂ:%ﬁﬂf\" 1.6 114.51+4.26 97.38+£1.22
A 6 h X IRALHY VEGFA KikHh 224.7+17.7 pg/mL, 7E

R4 6 h &1 F , IRE -XT R4 VEGFA 358 }y2394.2+ %2 ARPE-19 % S REEKAET VEGFA mRNA Eix

239.4 pg/mL, 1 3 5 T H A AR 4 4 5 1% S -Lipo3000 2 Exttt XS
VEGFA %3k 4 801.8+16.3 pg/mL, ik —jet 414 919.9+ 215 % 6 h %12 h ; P
56.9 pg/mL R4 -PTEE 41 VEGFA ik i i ik, 7y 627.3+ R4 3.01£075  1.67¢0.03  3.082  0.037
94.5 pg/mlL, X HIA1 2253 .55 (P<0.01)  WLIE 3, 3R] i 1.0320.08  1.16£0.16 1300  0.263

TEHEARESM T , VEGFA R B AEAH B £, =
LI X; VEGFA (AR IR 7= A= i & Wi, b PTEE
HINHIVE B, UESE T8 B3 K 254 PLAP 7R 1R A%
S AR L IR R B R ] VEGFA 36k, 5o

t 4.555 5.501
P <0.001 <0.001

100

50

ARPE-1941 JiL i 71(%)

ML R 40 DNA, 2833 PCR XF H: VEGFA F Btib 474 14 ] . :
SRIGHGY G = AT DNA TSI R | 45 3% i 7 i e 1
PUUA 0 09 4 0 | WK A 0K BB A5 B 1) R VEGFA, UL | | I
ABFFE R T — Bl i T 9K B A Y PTEE 5
CRISPR/ Cas9 HE[H 4 it 2 45 (1) 37 B SL [ 259 PLAP, I 7 e T
PSR I tpot Ho e A FERIAT LA TIPAY %25 BT B PTEEH E(ng/ut)

2.4.3 VEGFAERERIBRA SMIE Ll PTEE /N 5 24 h
AR BRI Y A ARPE-19 408, Y5 24 h 4R B0 : E48h
Kl 4,

31Tie

UEHAE WA 25 | BEAS B0 [ B9 VEGFA 32 377 2 K ik B 1 PTEE #iK#EIREMRE MR  ARPE-19 IS5 A
M %%ﬁiﬂélﬁﬁﬁﬁ%{ﬁ%ﬁﬂq{ﬁrﬂg [FlHe BE PTEE A BHLFE 24 h #1148 h J5 Ay CCK-8 2%

Lipo3000 jetOPTIMUS PTEE B ARPE-19
50 b.c

ARPE-19

293T

B2 ARPE-19 4ifaf0 293T AU AR E MBI A HEHERLER A G BME T WEFH Lipofectamine 3000, jetOPTIMUS FlI
PTEE #1740 M5 44 1) ARPE—19 ZHAFT 293T 41, 4t (0,5 5 R 3R s i D e A A SE L 41 P, GFP 28 I gt IE 5 R 3K ;B
BRW A ARPE-19 4 GFP ZE A BH MRk 3, C. &SI 4 77 293T 4 i GFP 2 1 PH P F35 % " P<0.01 ws Lipo3000
#H;°P<0.05,"P<0.01 vs jetOPTIMUS 4 ,
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B3 {FEiegmpatEsRE R VEGFA iRE
S —jet 4.,

"P<0.01 vs HE~XFIRLL, P<0.01 vs RS ~FFIRLL,°P<0.05 vs {4 ~1ipo3000 2" P<0.01 vs 1K

FHF CRISPR/Cas9 1193 K 4 48 AR C 78 2 F IR &89
AT T I RBIE ST, % T3 A il 45 Pk R RS , 22 1A 2 i =
SRR ) 1M A8 A BGE B R AR 5 40, A VEGFA \VEGFR |
REFEFH T - 1o 57 AT A 04 5 VEGFA
5 2 T A 0 A FIR RGPS 1) 3 R R 9T I 5 v R — B, W]
BHG BFSE 22 B2 CRISPR/ Cas9 45 A RE 5 K5 i Hiu 46 i &
PRIZH , Rk fB B DNA H R 28 AR SR sl 2 40 o G 1k 28 AR
Rk, 7EIR T A YE IR A & B KW 1, Wu
SEPIFF R T — P A WUIR A R #E RS, TGk
CRISPR/ Cas9, JF1E W 7 40155 5 400 M 5% 722 ( OIR ) 19 /)N Bl
REAY e (O rAAV T S 40 19X 5 e 11 1l PR R L IREE 3 -9
il (PI3K) W A HiL a2 1 3 B 400 I L 48 A B, (LA A5
[ AR 58 T VEGFA 8%, B AAV 2K
G Tk AU 45 BIR i 45 25 R B, Ling 26 UF WY, #¢
VEGFA 55319 wARMD /)N FRUBSERY v |5 0o 48 95 2 A 3 1)
CRISPR/Cas9 R4, 75 5L UL I JE T 33 5 )5, 5 Ik 45 1
A A AR D 63% , ARWFSE I AIHT Z A0 TE T, DL PTEE
VR 3 25 W28, TEAR SN SZ 5 v PLAP R8I0 4 i 1) it
TERCR A B R Y S50 rh B SR T LR G AR AR

FEREARNE IR IT O < his TR Kt e
PR BBIE AR B AT 45 T 4 e VR YT ROR 5 I IR AL T
H1, BBy R R R BBAR S AR R I AR K2 R
A B R AR AN M S 3505 T B B A (E AR R A
B GRRE JE M VA ) 3 DR AL 47 A RURS: | A2 35 TR R /N A R
Tl LA S B 2% (R 1 7= R A5 () R, 3k 6 PR 3R A — s AR B 1 1l
27 G PR BT IZ e, AHELZ T AR a5 1 5L X 4%
PG AF S TR L AR k9 22 v AT R v 2 B )z e
TR AR T B A LA M A SR K B A A A
A G 4 2R 5 TR A P2 A 3 e s A 5  RK4r

4 DNA | RlF,

TP 259 4 5 ki DNA siRNA 5% CRISPR 1A % |, & 9
e A PR A% AL Vs 1 A i 36 v 51548 AAV 4%
W TR AR ARAR LL , ST R Y PTEE 33 3% 32 S A (GEE T
PEAFRE 1A PR e PR A0 M e B 25 A5 [ R, [ s %
IR 2 0 A0 M AR S B e OR  HAE ARPE-19 41 /i
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