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Abstract

e AIM. To evaluate the inhibitory effect of hypoxia
inducible factor - 1a ( HIF - 1) small interfering RNA
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(siRNA) on the expression of vascular endothelial
growth factor (VEGF) protein and explore the feasibility
of potential therapeutic approach for diabetic neovascular
disease.

e METHODS. Using pSilencer2. 1 - Ubneo for plasmid
vector, HIF - 1a siRNA recombinant plasmid was
constructed. There was totally 54 healthy Sprague
Dawley rats in which 15 rats were chosen as normal
group and 39 rats were constructed for diabetic
retinopathy model by streptozotocin ( STZ) which was
divided into three subgroups randomly including control
model group (DR group, 15 rats), vector group (12
rats) and gene therapy group (HIF-1a siRNA group, 12
rats). Nothing was transfected into DR group and
normal group. The vector plasmid and HIF - 1o siRNA
were injected into the vitreous in vector group and HiF-
1a siRNA group respectively. The retinal morphology
was observed by hematoxylin-eosin ( HE) staining and
the expression of VEGF protein was measured by
immunohistochemical staining. The inhibition efficiency
of VEGF was calculated at 24, 48, 72h and 1wk after
injected. Significant differences between groups were
evaluated by one-way analysis of variance, followed by
LSD-t analysis.

¢ RESULTS: HIF - 1o siRNA recombinant plasmid was
confirmed by enzyme digestion and sequence analysis.
HE staining showed that the retinal cells at each layers in
normal control group were arranged regularly, and cell’s
morphology was roughly normal. The retinal cells at
each layers arranged in disorder in diabetic rat And the
inner limiting membrane was not complete with
neovascular buds and neovascularization cluster growing
out of the inner Ilimiting membrane vertically.
Immunohistochemical staining showed that the positive
expression of VEGF was brown yellow granules, which
was mainly located in ganglion cell layer. It also revealed
the expression of VEGF protein was weakly positive in
normal control group, while the DR group and empty
vector group were significantly increased. Compared
with DR group and the empty vector group, gene
therapy group was significantly decreased, the difference
was statistically significant ( P<0.05). VEGF protein level
was reduced by 27.4%, 40.6% , 47.5% , 64.5% at 24, 48,
72h and 1wk.

¢ CONCLUSION'; Intravitreal injection with HIF-1a siRNA
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can efficiently inhibite VEGF protein in retina of diabetic
rats, which may be a new method for the treatment of
diabetic neovascular disease.
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B &y AL 545 5 B F - La (hypoxia inducible factor —
la, HIF-1a) /N T4 RNA (siRNA ) S8 R 5 R SRR 190
HA LA 9 K AR K I F (vascular endothelial growth
factor, VEGF ) £ 1 3 35 B il 4 F , B 0 I s 4
A A MR TR YT AT A T

J7i% LA pSilencer2. 1 -U6neo A AL 4K #4 4 HIF-1a.
siRNA H4 ki, BEHUEYE Sprague—Dawley (SD) K i 54
HOBEHLAY A IE R X IR (15 H) AISEsd] (39 H), 52
5020 SR FH R DK S e R A TR 3R (STZ) 19 J7 vk S B R
9 K BRUBE AR | e A B ) i 8 S92 36 2H BRI 40 SR W PR 2 (15
HOy FEREITH (12 H) Fiss kg (12 ), 1IE# 4R
4 FOWE PRI 4R BRI AN Y s FEBRIR T 4 RN 25 2Rk 4
4355 e HIF-1o. siRNA 5410k A pSilencer 25 #1445
Lo FTIRANE - 2L G2 £, ( hematoxylin —eosin staining, HE
o) WAL B 2O A, IR FH S e 2 2k 2 A T
VEGF S HIMFRIL, 7051 F TG 24 .48 72h, 1wk BT
B VEGF 2 H By 90 i 203 . ok 5B & O 22 43 i i
LSD—t K B A T G 11245347 .

ZR HIF - 1. siRNA F 20 FURi 2 [ U1y 25 0, 0
JEEFS, HE G0 5075« I 5% R IR BRI I 4% )2
N NHES HE 5, AN A S A IE 5 o W PR R B I i
FZMAHES 2L, RN SRR B A A 2 B A I
EiERE IR N AR, RS e h
7~ : VEGF BHPERIK 40 i 3% s 304 o £ ok, 280 T
PIZTTANNL)Z, IE 5 X R4 VEGE 25 M &2 55 BH M 2R3k,
117 DR i 8 2H R 28 2 A 4 33k B (g 38 i | S PR YA T 4 4K
DR M2 AR F kB D, 2R A G FE L (P<
0.05), VEGF Z& M2 24 48 72h Fl 1wk B 451K .
27.4% 40.6% 47.5% 64.5% .
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12 Pk B Bl L B IR R A I BR R AZ ( diabetic
retinopathy , DR) &4 & % By 5 B3R, #F i S 384 4 M A
PRI AL W B 955 AF ( proliferative diabetic retinopathy, PDR )
JEME PR R BOE 1Y E R A, PDR A9 B ek s R
A0 X R A 1145 ( retinal neovascularization, RNV ) YT i,
SR A ST DR BIE A EEE X,
H AT 58N R, 1l N B2 A2 4 I (vascular endothelial
growth factor, VEGF) 5 RNV T Wi ¢ R &Y, #A
SRR BAETET RNV B Bt R b i G s 45 R
VEGF ALARESE(E RNV JE AL, M E5 DR ) iE e F2 B2 LA
K DR 51 MO S5 B AR 2 UIAR S, K
WM UESE , VEGE 7 6t S0 20 20U (1) e 5% 1% Ak 35 2 37 i
A5 A F —1a(hypoxia inducible factor—1a, HIF-1a)
7, FHOREE VEGF mRNA Bf et 1 RNA T-3E (RNAi)
C AT J LA R L A 22 5 i ;RS N B 22— W5 9
Il O 9 R B BE IR YT IS L, g, FRATR A RNAL £2
AR, BHEMEE T HIF-1a /ML RNA (siRNA) XF 85 IR 9%
KA L 2 VEGE 8 [ 3Rk i il 45 S 3 i 2
B, LA i PROBE RS RNV (1% DR VA 7 32 400 B il 20
HeHl
1 MRF A %
1.1 &8 $EEL 54 HEPE Sprague —Dawley (SD) KR, B
W12 ~ 14 JAE PR T 220 ~ 260g, 15 I 9, K EE T
Fr st e b 3R A ARVEAL T % o BT A R B A HE R TR
TP , BEALRE EL 2 R IEH X B4 (15 H) K SE8e 4 (39
Ry o FERR S A A 5P PL(LEICA, f2H) ,
OLYMPUS PM-6 2 f lAHHL  OLYMPUS CH-30-313 £
Py 23 8E ( H A Olympus 22 ] ) , VEGF BT A i sg B4t
& L5/ VEGF /4 (32 Santa Cruz 2A7]) ,SP 42
PELH AR £ (SP-9002) \DAB i (5 i3 & (bt Az 4
B W AR A R T ) |, Zeiss HRBFF AR G008 (KT R
BHFTE AL o
1.2 5 SRARMERIKES 2% STZ 857 B IR
KB, K 2SS 8 ~ 12h Ji5, #% 45mg/kg 11 STZ fifi
it FRIKE S 72h S5 U AR LI MU, 14> 16. 7mmol /L
W E BRI R B, BT A R R A ke oK, Tl
BEJE 2.4 81216 18wk 43310 Il 4% 7 2 BORE 14 7
R T, Z S8 SR (3], JBURLEE YL iy 52 56 20 K
BRBEHL S 8 DR 4 (DR 41,15 H) (L ER YT 41 (12
FO RS gkl (12 ) o TR 18wk I 1E 7 4 R4 K
DR 443 HIFEALER 3 B KL, R FITC—dextran 7¢ 5638
FE AL 00 JC L 00 I B 1f 45 T &S AR R L A 18wk
BF, IEH X MR 2H B2 DR A A8 s JE R R YT 20 28 3R
R B B B O 43 )3 5 HIF - 1o siRNA #5405k - 5
RS S5 4pL. B ARAR TR pSilencer2. 1-U6neo-JIg 5t
IS W) 4wl BORL 5 IR BT SR BUR & BRI . 1
S Ik A v A B B R R i SRR IO R IR 5 AN AN AT

TG 24 48 72h, 1wk B3 5 CIE 3 % R ZH DR
A FEPRRYT A S AR R A 3 R 6 HIRBRi#FT
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AU, 20 54T HE e 8 2 SP i S e 2H AUk 2= e (o
Pe g5 k4% SP s L 2k 2450 & N B AT, L E
HI VEGF BH 22 3K 1) JFF 5 4 M AR BH PR X BRSO 7K AR —
PUVEBIPEXS IR BB AN« R BRUVE s BRI, 378 o R
MREK, A 4% 22 5 W R I D 81 22 24, 6 BE TR K,
THIEW E A A 4um REESYI R (VIR
1] 5 BRI AL A 3% 4 9 Bl PAT) 4T HE 48 1 SP 5%
PEA SRR Y, 2520 HIRBRBEDLIEH 5 3K F , 454
330 3V R, = WA N IEL, Olympus B UERR R 4
KR R, DA AR i UK S VEGF FRPETR %,
S H] Image—Pro Plus 6.0 EIGAE 5B A%t 25 2HAS ] Bsf
(] 5 VEGF 25 [ 28 45 F b 47 20 A, D 2 HL - 35 0 2%
(AOD) ., HIF-1a siRNA %f DR K UL i VEGF & 113
IRHHHRIRCRH AN (DR 41 VEGF E AN ik & -
FEPNARYT AL VEGF & HAHX) 18 &) /DR 41 VEGF &
X} B HX100% .,

Beit2# 4307 . K FH SPSS 13. 0 e i3 k#1748 115 4
T3 T PER LA B e bl 22 (x£5) /o, A1) L8R
SRR 7 2250 M, 4D H R FH R A 0 i i 1y 22
3 HT , Bonferroni £ 1F , #f—25 % H LSD -1 /I #4745 412
[P LA, PL P<0.05 N ERA SRR X,

2#R

2.1 KBRMMEE HE £ BFNE  KEB#HIKE 2%
STZ 72h J& , B> 16. Tmmol/L"™ . HE 448 W75, 1F %
Xof B A R D) 655 J2 400 HE 371 3% 5 A R 25 JE AR OE
WS AR N AN R A W Z SNV Z A
PR Y s)  RPE AR 2R & 6, M IRE | i
UG, Y 355 Bl e B) A HEAS | 400 D) A5 4 A2 A AN B
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A IER AL, VEGE 2 555 PRk, 2 207 T 400 W0 Ji e 2275 401 Jf 22 ; B DR

B(EITA) , DR 2 fe s AR 2H R R o s 2 2K i, 4%
JZ AN EHES ZEEL, 1 A R A A A 2 A i RO D A%
WA, AR SE 3 0 0 PN I Ak LA PN B A i
B 28 T AR AR A F 438 AR A 2R A I A R A
EUREWE N AR A K BT R NV BekAE (1B, C)
FEDVRYT 4145 )22 A M 245 10 HE B B 25 L, 719 4 AR ) 44 P A5
B2 D R SRR e R WL NV AR K
(F1D),

2.2 KRMMPE VEGF ZEAMRIE KEMMIE VEGF
BHHE 26 15 O 200 B HE B AR B () 00K, IE W 4. VEGF &3k
G PHE, A T B 22T A )2 (1Bl 2A) . DR
NS FRARLL . VEGE ik Bk P, = 20 T & 4i
M2 AR, M2 4E )2 AN E A Rk (2B, C) .,
FIVAYT YL VEGF 23k I i /b, 3 B4 T 22715 4l i
FEMRNZZE(E 2D ~G),

2.3 KRUMEE VEGF EEREZEMNTN [ —AfH A
MM AL VEGF AR I EF HAGIT¥E L (F=
312.62,302.279,403. 746 ,463. 229, P =0.000) , #—
LSD—¢ K356 b4, IRl s i) 5 DR 4 F %8 24K 41 VEGF & 1
FFRREE R LG4 2 L (P=0.860,0.882,0. 822,
0.701) , FEPRVAYT U4 DR 4 Je 25 34K 4 VEGF & 1Y
KRB TR HE TEWRH, ZRAERIT¥EX(P=
0.000, & 3) , A[EIET[E] 25 20 P L3, DR 41, %5 #i ik 4]
FEPNRIT AL VEGE 8 1 1Y 3R 1K 1 Bl (0] 25 1k 22 S 1 A 48
P12 X (F=4.058,3.080,98. 043; P = 0. 009, 0. 030,
0.000) , DR 20| A 5 VEGF 25 [ /315 2 28 T+
B 1wk B VEGF 2 1R S m , #E— 248 LSD—~ K 5
B, SHE S B S 2 S A S48 L (P=0.004,
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1wk
I )
E 3 tAERE&SAE VEGF EEHEXTRIAE (AOD &),

0.004,0.011) ;75 # AR A [RIHTH] &5 VEGF AR RIL R
B E T Twk B B8 B 5 e 4 )R] S M 2
HEit#E X (P=0.007,0.016,0. 039) ; 5 K14 J7 4
VEGF # [ 1) 3% 35 ot Bifi isf 18] 52 R a3 (B0 & F I %
M R ARITFE X (P=0.000), 1E% 41
HEFE A VEGF A R A m L B AL (F=0.314,P=
0.815,K14),
2.4 VEGF ZEEMMFIZE T4 24 48 72h, 1wk J5 VEGF
I HI 250 90 27.4% 40.6% A47.5% 64.5% .
3 iTig

K0 v AR A FH i 5 | A AR PR 9 B A 00 ) 2 2
St Bl A, G 0T B RNV B8 38 R I 4 L, 0 2 7 1 L 1)
JE R b PR SR A R 1 B R ] RNV T B
AT EZE HAR, NV I8 BRI A A
AT LA PR A B 2E JE AL Y 4 BB K
WIS B AR T NV B i 88 (4 4 F L], 40
R 76 P R AR B AT G B A i, 7R 0T I A8
WEAKAIFESERRZ A K F o, VEGF 2 HH#
HIHR BRI NV JE R -, 76 DR 772 LRI I FEE i 75 R 4 1
A B B A8 1 A5 O AR I A M R O b & % AR
2 B SE NV I AL, I B 28 T NV R BURNR 2 1Y
S5 VEGF ZEBRAEL P RSG5 5% HIF-1 14
W, HIF-1 2 RE KM N 2 A T ELsh A AR A
WY S ARG T UiE AR 2 BRI A e Sk R ik e &7
kSR AL A A R IRES SR R B %
R AT HIF-1 BTGP 2 2t HIF-1a B
&, AL T HIF-1a 5 VEGF 5 i3 5% 145 & 5 2
i VEGF %5 5 F1 3 3549 5% ; HIF - 1o 3£ 7] | VEGF 52
I35 s I BRI R B A 45 T VEGF mRNA MA2E
Pk B R AR )42 = VEGE B4 BRSP4 28 if.
oAt W R WA S AR IR S SR, RPE
20 AR SRR 7K Ak A 0 I TG 445 4 B 4 ( ChREBP JE [/ )
I HIF-1o, FF0R#H R UL Y VEGF 481335, i
KRNV BB, HIF B0k N & — A 0B 5 X
T, MBS I URE 00 B 5 2 i ]
UL, 303 HIF-1o 7€ DR B J7 1 HA HE 26 R X,

TESE 2519 10a H, BB N T 55 VEGE 50 e
TAYT BT A A A I BRI O O T (R M IR 7 1Y
Jed B Bt 22 i1 R ) AR ) R A R AT T A B R Y
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HRBIBTIEE" . AR, RNAL DUHS Sk m ik
RIVE N i, 7E R A v ot T TE TR 7 I
B, 7E—TE A5 b, P 9% B WL E) HIF-1a siRNA
TEHG SR B KOF- 3 B 25 06 T HIF-1a 1 VEGF 35,
NS HIF - 1o siRNA 8 98 300 1 48 BRI P il g i) A
KU RS UESE T 7E &4 S A9 RNV FE7 d RNAI
Wit R HIF - 1o F1 VEGF 3k, # i T NV 1B
B BRT THER S RNV BBFSE 2 5% AR A (H 2
AR RNV B A TIHIR R RS A K AT 5
HIEZFEIEH AL DR &£ ERERE, Wik, AN
R LB BRI RNV AR TR AR ST, SR BEAE
LR FTIRGE , B G RNV 1S AR X, 3 B S 56 3 4
AR STZ A AN R 5 A AN ), 58 3] i) B 42
ANAH T 5 A5 S B8 ™ A5 0 0 S5 28 fy 2 U R AR
SR E  FF ey R s R R R AR g ik
SD K, 4% 8 45mg/ kg EHFIK ST 2% STZ 15 1L, 1]
22 18wk ], FITC —dextran %¢ Yt 1 52 40 [ 5l 7 AT D K
SR KR pe OB IR A 8P A HE et B R . DR
5725 MR K FR P AR SE 8, AT L35 22 5 400 1) 6 14
SACREE A 0 A PN B A A Bl s s A B, AR R I A P
B 20 s g A L AE 2F B AR i A T EUIR S S
JEA A, I T R NV B AR PR RO [R] BB 2 2R 05
ZERA— 2, (0 HE Y& 0 07 2 BUAAR 5 Ok | O
S HAUE YL {0 B 7R DR 20 F 28 # 4K 40 VEGF 5 H Y
FEIRI AN, B AYT 488 DR 4 K as BAR Y VEGF &
HEFA R TR, 441 VEGE BH 22354 Jy 40 i 3¢ 91
FER IR, EEE N TR M Z , D aA TR
e NMIRIZ AR B AME)Z . 25 BRI R OR Y 5] 4 A
5590 o B AR R R AL IS T Miller 20 fif 19 384 A= R BE
Miiller 20 fitd PN 2R A4 1) 43 A B i BT 40 i P9 A= 4 484k 1)
WA K, FRIEEAURTE 4SS Rk — e PR AT i v
WIBERFE RNV B AT T, % i AR AR 3 T
A IS ZE AT A, (RIS SRFE R 4 | HL R 0 ki S B A 4
KB A ATk

RAMIFFEF I, RNAT AT = 20RE S P b 30 i) A RPE 41
tl VEGF [y 363k , #3035 65. 0% ~90.0% ', A5
o rh, VEGF & [ # il %8 24 48 72h, 1wk B 53 51 4
27.4% 40.6% 47.5% .64.5% , SEEIEHIARIFHS DR
2 HE Jeti J fele gl U e 25 5  nT Fnm ] HIF-1o /9
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SR RERS 10 5 FRAIX VEGF 38 F 9208, dE il 7 NV 2
J . B IR R] A9 SE A, 40 ROCR A S B, AN
A, LA HIF - 1o S8 5 B 36 BRRT7AT A] BE ISR AT 808 )
JRI RNV AT B (HASCH PR AT Y HIF - 1o siRNA
HH ORI AN BE 78 2 3 RNV B & 42, XA e 5 VEGF
TER N RELHISE 2%, A58 208 HIF B2 A, 54065
JE5 HIF-To siRNA 20 FOR7E A0 190 [ o 10 5 Ao 3
SRR SR SRR SRS G, G ] VEGF
FLAZ A 2 A5 T AT B e 1) Wb [ 2000 i R — 2D %K
HIF-Ta siRNA B R0 2 5 BEAS I 4R 5, ) 75 B
ABFGE . J350 , ARBESE h MLEE B R SRR R0 BB A=
L 2R A FAT i 1 | 7 ZE e — P E I
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