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Transfer efficiency of HIF-la short hairpin RNA plasmid loaded PLGA

nanoparticles by intravitreal injection
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Abstract Objective To evaluate the possibility of nanoparticle as a gene vector for hypoxia-inducible factor 1o ( HIF-
1o ) shRNA plasmid ( pshHIF-1a).  Methods Nanoparticles encapsulating HIF-1a short hairpin RNA ( shRNA) plasmid
(pshHIF-1a nanoparticles) encoding for green fluorescence protein ( GFP) were formulated using poly ( D, L-lactide-co-
glycolide) (PLGA) by multiple emulsion technique. The envelopment efficiency, plasmid loading capacity, size and in vitro
release of the nanoparticles were determined. Forty-eight eyes of 48 Brown Norway rats were divided into phosphate buffer solution
(PBS,10 wL) group,blank nanoparticles(10 pL,1. 89 mg/ mL) group,free plasmid( 10 wL,2. 0 mg/mL) injection and pshHIF-
la NPs(10 pL,1. 89 mg/mL) injection group. The animals were sacrificed on day 3,7,14 and 28 after intravitreous injection , and
immunofluorescence was used to evaluate the location of GFP. Histologic analysis was performed to observe the tissue change in
the eyes on day 3. Results The envelopment efficiency and the size of pshHIF-1o nanoparticles were 60. 2% and 164-342 nm
respectively. Loading rate of plasmid in the nanoparticles was 1. 06% . In vitro, nanoparticles presented the sustained-release of
plasmid for 4 weeks. Immunofluorescence showed that GFP was successfully transferred into the retina and choroid, showing the
green fluorescence in the retinal pigment epithelium (RPE) layer at 7 days and lasted for 3 weeks with a significantly longer
period than that of group free plasmid. pshHIF-1a nanoparticles did not induce any histology signs of ocular inflammation 3 days
after their injection in the vitreous. Conclusion PLGA nanoparticles can act as a vector to transfer specific plasmid in vivo. It
possesses the advantages of low drug toxicity , controlled release and prolonged action,and may be a novel therapeutic approach to
ocular neovascularization diseases.
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WE H# NEETHRREFEIZEF-la(HIF-1a) 8L FR /DT RNA(shRNA) Bk ( pshHIF-1a) ) 98K Hi %
RBMARNTITH, Ak WARLBREIERLEY (PLGA) UG GKEHE E (GFP) RiAM pshHIF-1a, H & 4
Kok, M AR AR RAE R BN K 48 RRRA N 44, §H 12 12 HB) , S5l msms&kmEA
10 pL BEEREL 2 vh i (PBS) (55 4K K7 (1. 89 mg/mL) #R kL pshHIF-1a(0. 02 mg/mL) Fl pshHIF-1o 4% %2 (1. 89 mg/mL)
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RGBT ERIEEN S A AR M, 2 E#H4E
Y200, NTE BIG T 50 B BB AR 5k, IR
WAL E®RR, 5 TEE S AR MWL, LR - BB
WA R AR SRR IR
FLER B £ B FR 3L 4 (poly (D, L-lactide-co-glycolide
acid) ,PLGA) g £ 8} 1 19 i 24 K kL AT LA 3] f1 47 24
Y EEAEYRHENEM RBRKE M ZERE
By . ABFFR A PLGA MR EHMEFEFHF la
(hypoxia-inducible factor 1o, HIF-1 o) 48 % K =2 /N F 3
RNA (short haripin RNA,shRNA) ik ( pshHIF-1a) , ¥1
%% pshHIF-1a @ i PLGA 6138 J5 HR 9 % L 1 mT 471,
y BR VST A I 5 o i R BRIB T SR AL AR B o

1 #MBREFE

1.1 MH

PLGA(50: 50, Mw:40000 ~ 75000) .5 Z, 4% B
( Polyvinyl Alecohol, PVA, Mw:30 000 ~ 70 000) ( 3¢ [H
Sigma v ) ; ZA B . = F W L (e, Rtk
FAXA =TT s EB AL ( F 38 & T I AP A A
HIRAT) BRI BEHE S (DF-101 s, /] T 4048
BN ;8B E B L HL(GL2IM, & v {3 .0 ALY
A AR ) IR K (HYA, o B R 22 B )RR 22
ALERTT) 5 /] WL 88 A 43 6Ok BE it (Ultrospec 2000, 3 [H
Pharmacia A &) ) ; B ¥k X ( WDY-IIL, P4 42 45 IO %2 BE K
B R ) ;WK T L (BenchTop-K, S8 [H VirTis 22
A]); WOt KL BE W E X (Zeta Sizer Nano-ZS, 3% [
Malvern instruments 2% %] ) ; 3+ 88.4% (JEM-2000EX, H
AHF oA Ot B (FVI000, PA, H A&
Olympus 23 &) ) ; R & 1% % ( DM LB2, 2 [{ Leica 2%
| ) 5 BF 648 5K B ( Brown Norway , BN, 5 PU % & K
iz MKEEREMY, FREFC KGRI YE T
AR s KB/ B E i (TEC6) Hy Filg & el A
a4 A KA E DHSa A AR ZERTF,
1.2 &
1.2.1 KR HIF-1a 5 5% ¥ siRNA 84K 094 & 05
KMWIEE FlEHEIIERNAFAEMERRZ T,
% 5 5¢ 62 H (green fluorescence protein, GFP) & ik
pGCsi-U6/Neo/GFP/shRNA # {4, U #y # T 4 X K
Bl NM —024359 £ [N ( HIF-1a ) 4 4~ $E 5 B9 RNA F 3
( RNA interference , RNAi) Zk & J5 ] 72 B 9 RNAL #H 17
W, 40 T RNAL A998 55 & B0 RO K BN
Fa & 4 L TECO 4T T PR A TR I 58 , 40 i oy =5
Xt B 4H | 25 % 7 3 18 4 . shRNAL 4H ~ shRNA4 4
(KD, ~KD,) ., B4 3 d J5 5 5% 8 S 85 T 0 42 4 ffg ¢
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1.2.2  # pshHIF-lo PIKK A HI & RAFIK -5
FHE K 15 ) 45 8% pshHIF-1a 44K kL, 100 wg pshHIF-
lo Bk % T 8 T TE 28 MK ( Tris-EDTA buffer,
pH 8. 0) thAE R K A8, UK 45 14 T ¥ oK AH 8 Jm A
2.0% (w/v) PLGA/ — & WA f2 ¥ W v [R) B & 18 43 4
17F4E (30 000 r/min,30 s x2 ¥R ) . ¥ JE WL T 42 7K
RIBIFLINA 1.0% (w/v) PVA /KIS, 4k 58 & E B+
254 +#E (30 000 r/min 4 min) , JE 535 — 7K A2 30 A2 7K
LW, T XA A E R T HHRE 3 h,4 C 13000 r/min
B0 20 min R TIYE , 28K B8 3 B RRIEIF B B H
K PVA TG 4 CRTF. B0 Pk 72 v [F] Bk
A LER, TS pshHIF-1o B % &,
1.2.3  # pshHIF-1a #RBBIRAE (1) BOBRE 5
BT B2 Zeta HLAE 534 : F 0. 22 pum 8 B8 I8 5o A 2818 K &
BRIFOBPRR, AT BOG R B I 2 T Zeta L {7
SHr. (2)BESBEMEP KB REIESHER L
B B OR R IR B, 28 TBK 8 Y B BE s R i gy, 7
THEARAMN EBET, &5 E5% T WEFME, (3)
giokkLh pshHIF-1a BT A7 & & B9 I € : X6 3 7k &2 48
pshHIF-To BI44K KL 10 mg, T A 500 pL & 15 & ¥ f#
5E4 B A 500 L TE £ vh ¥k, 34 ¥ ¥ 30 min,
12000 r/min B> 3 min, Bl EEFREHE 3 K. ¥ 3
Oy EEIRG A, B 6O T AE I K 260 nm &b
EWAE RBEAKX(1): HAGE% = £iF P pshHIF-
la B/#KEE x100% it EEHNGE, RL LER
BT RGBT . (4) 99Kk 03 1Y
M 5E B & B8 B3 LR IRIR & 395 B H €
AR T, 3T A 2240 4 D600 BT e v RO B L H
U # pshHIF-1a R &2, BRI A0 (2) HEHER =
( &\ pshHIF-la & -~ 1 pshHIF-1a £ )/ & pshHIF-
la & x100% it B EHE,

1.2. 4 % pshHIF-1a (I S AN N 23 S #,
pshHIF-lo 4 K K ik S BB #E & 0.02% & A b A
(NaN, ) ) %5 B8 £k 22 #h ¥& ( phosphate buffer solution,
PBS,pH 8.0) H i 47 ., W H#AFRE 20 mg 44 Kk, in A
1 mL PBS W A IE L —WEIFHR, 8 THIEEK
(37 °C ,100 r/min) 47 BERLSL 50 , 45 24 h B 100 L A
SO 6 B T B TR OK B [ B A T S A BT e
MRER RO .. THERREIFEH R R4& .
1.2.5 ik DNA 588 Emai 1. 0% s
BE I F K LB BURL DNA 7E 9 KRB AT G A AR &
PLGA 3 #{8 LA A [F] 4% 44 3#F 47 15 2 3 ¢ 19 kL DNA
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PLGA 5 DNA /KIE IR & 5 & W= i #E T8 BUK &
KELW Bkl DNA Utk T2 B Y+, WL LA
B RE S AT, LS, M A L R Y G A A4 F
,DNA )\ PLGA sh R h il $e $ H B A 1 ),
FEKMBEMIBITR R A, HERFHAH
HERES R B EAMEA A (A EH IR
PRI OB R B A )RR A & AT R R
1| R

AR PO A Il B 0 % A R R 55 R AR R B i B G R
#Yl,RPE #ifi £ Z Ik A M5 5 WAIEA 5, HIF-la &
KX, AT B FE EE I E N A K B T (vascalar
endothelial growth factor, VEGF) Wy 323k, H Bt HIF-
Lo B VE B 26 BB P9 33 A8 I B LR R E .
FA/NG FH B R 740 RNAG, 30 HIF-1o (975 1 , 7T
S5EiE IR X T U R R I VEGF i fbAKE T B
S AU, B BTIYAE S, B K S8 A RPE 4 ffg
HIF-1o A] & 35 40 il A 41 E B o ik 45 B3 AE 1l 48 1 &
AU A BE S M B SRR 2 T 4 0 KR HIF-la Y
shRNA BB 54T PLGA 44 KA A1 3% - 91 I 4% KR AH 56
B £ ITUEE b , 3 A B 38 s T ST 48 K ke R 2% L 7 AR )
BERM ZEE D R R, g5RER,78.7% 3
pshHIF-1a KK 8 /- A 7E 164 ~ 342 nm, 38 JE
H1 284 nm, FERAN AT S E BEAL IR 4 JH . GAOKR R R T
WOKTR REBBAREAL, BIAHHMHAMEEA
WRBAETESE, DEERNR BB - HFER
W 58 % R N 1B A RPE 41 M 14, %% 3t A g2 AT
W GFP AL RBT RPE 2, 5ZHi W B3 45 it
—FUO B i T4 R PLGA (4R B0 1 B B3R
B R B it i B2 B B9 BE 7, PR AR T B A B 9t S FE AR
M) JLES i BRORLVE AT 2 45 T OB BR BB K B9 A 20,
SR TR TR B A A 1N A% R AR P R B (D B
SMERR T o 4 T 2 L E 0 9IE SC 49 K b 3 5 4
WES S, IBNAREWLNRE, R RN LNE
fE% .

AW EM R PLGA i & M PIKRLE 81 2 fE A
B} AR R 8 L AR A R L, BR T BURL DNA, HR vl i3 #
EAR KREREKS TENLEY . PLCA 41K
BLATER S T AW R R K8 338 0 W B 0R
RUET FE, QB F RN HMEAER
AR Pk | I M R 5 0 B R AL IR AR A AL IR B i Bk
SR B B PH 28 | 4 PR a0 A MR 4% L3 A R R A A
PEBERE PR AL BE AR AR DL R B e MR R IR R . 1k
Hb, 7 6 HR 200 A 28 48 AT 3 O K R R R
EMREE TG H BT E 1 X g8 Kk B4 7
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Schermer %" B Y & B A 4% - 4R MO 52 T #73 R 4 5k JEE 200 A o
Hag, MEER EREANE LSS AEET mlskBeg X,
AHW ARG T HARBHBTERERKRELENFARE,
1 BREFE
1.1 —fgesl dic4E 2000 42 1 F-—2008 45 6 A |G B
BRI RIE R B B 400 4 (580 BR ), H o 5 202 4 (322
R), 4 198 £ (258 R ) ;4F &% 21 ~ 86 4, ¥4 40.5 % . 2000
££ 1 H-—2003 4£ 12 A F R 180 ] (260 BR ) 55 1 £ ,2004 4£ 1
H—2008 £ 6 HF R 220 (320 lR) HE 2 H, FTHBER
REARAABELZHN4~8mom, Fi(6.9£0.8)mm; HRE R
FEEATEE 3 ~8 mm, ¥ (5.9 +0.8)mm, 2 HEFHE
S BERBRARDME, ZRHIXHITFE L,

1.2 FARTE 0.5% F/RIHEREMMKE,2% F £ K E R
BEME. B1AREEDMETAGEN TR EDRER
BRI B 2HAHRE BARTRFERERBALS L&
HTEIFUAR FER, FERE ARE T, B K5HE
AR AL, R LR A A K 7 iR R A AN R
BAABRREH T BERANERERN LT SHSE)E 405185,
VIBR BRI PP i A B A (R BRGSBE 2 mm, AP A
LAEHBE B MBRE A RIEER A M5 T A8, U
EREEMIEL. £ AR2 mm FERERSER, 4BERBEXT
BRI B ARG ERAAL | mm, 552 ZHHX 3.5 mm 3T A9 EE
SR, UVIRAS BEER T A IR SR AL 2 mm, 2 LA
WS AR LR E R L BB PR X, 10/0 T 4 45 48
REGTIEHEKRE, ERMFARE LRFARPEFHIT. R
JFIRBALTRIRE AL 24 b B A AR R EH AR
EARBETHBRER,8H 4K, RE 2 FRE 4 AEH,
1.3 JFEGTERE (DER.FAREEES SBYET
Fool fAMAELEEES, EFAMERTREE., (2)FX:
LRI I W, RS B O A A U R A A
1.4 St R SPSS10.0 Fit A H#H T4 %4
Mr,2 e R ONE R A e R B ORI EE AR K
BARBEONH2AREARMELAFNLERARIRE.
P<0.05HERAEFITFEE L,

2 HR

2 HBAEARE R E AN F AR 25 A Tl K Bk A
SO ~9 d FIERZB BT, AR O W L &G R E
B OIHPEH R (5.38 £1.55)d, 24 FH R (1.23 £1.15)d,
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DHNBERFRITFEL(1=2.529,P<0.05), RiFHT6
AH~2F EIHZTRERIIBEL . EREN11.92%;
ELHAOMER N RER, ELFE NI 4% 2HREREH
FHFEN (X =5.714,P <0.05),

3 itig

B 2 I SR ST 0 R R R R R, 48 AR U BR B 45 B L AF
AP ARTRARK, RBRERBTAER, ELXE N 30% ~
50% ., ARG THHFETABEZE RS, A FUENA
MR bR BHIL I C R BT R AR ERE, R A RK
FEWE S ER AR D 28 A0 ISR 1k 45 A A
EKMER, ARG THRBHETFARBTERETNEREEL
ETH, AHRERVHEBER S HABREZ TARBESFAR
IR R B A PIBR IR I & A o W E KRB BRI,

SR FRA0T B 2 AR ) B v I R R R A R T 4 & B i
AL, EERE FE BRI N EHN A ERE
ER ERAGEEN TEAAEEFABSHANEEL
POATIRRRERBANERE, RARETHHE L EHEE
WAER MR BEARRRRENTFARD FHE LY RE, &
THRSEEREAFF2ESE(EEAREZE | o, F L
BHZE M ARALAZMERE, FXARZEET 10 2,
MBI ERREERPHFEAR FEREW THR, 0T M
BREREOBENIX, ABEZWERBEHR . RABETNSEE
FABEMEHAREN LS5mm, Q)BEHMRETRALS DK
BRBHNAE ARG P S 1B % S5 2 mm, Y)BZ R R A
FESF A S A THRIAX 2 mm, SHEEZYREERSH
ERETHMMARDIER XRFE N EAMETHBRMBR S
FEMABEGTHRMESE, ARG THARMER X%, A
BT, BAEMREERLRRABZEN, E5EEAR
ZTHMAFRNABRE 3 E, 3 TAMBGEAE S EET
FHRF/ER, T RIS Vogt R L5 FIULAR R RE/ER
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