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Fremfmsie pH BIEREN SHRKEEZHE
Xt HCV 5'NCR EFE RiZ/IMF1ER

I EAET XBZ & H XA

(FRE¥HERRMNEFERAENR . LT 100850)

B E RIEEHBRA-HHETASTOE AREDAMNEREOSEAMGHESER, Y THRE L
HHMAERERANANMAREE HIEZENSNATERER SAMTFRAEY—ELNZRBEBEOZK,
RS T — A m AR R X R IR B iR R LA pH Stk RARE SN HI 0 R4 MM 5% i L8246
THAF MM R pH 84 W AR pH BERKENAYERTE M FRXAEEFTME HCVI R TH
MM HepG2.9706 I, B it X AR BIEEEN, ME THAR LW HCY 5 NCR £ 1 #8115
e BHRER FRWEFEIFEHEXT 5% 18-gal B8 F VA — F o9 10 FE F , ¥ BE A 3 20mmol/L B} KB MR, Bk
WHERR B . BB REAGSCARBEESERFTEEN pH EiKE@H . pH<o N AT EBREAIH
fit s PR 155 pH Sk B A & A 5 80 HCV363 1 HepG2.9706 4B HCV S'NCR I EARA B XM MR KBS S
TER R R 1.0pmol/L 4 , M RE86% . F.L FHEWIEREES —ENFAKMEmER2EM pH HRBRH,
X Rk G TR P BRI 4R HOV 357 B £ BL S0 90 B 5 M A0 40 RE P 300 3 0 o, 50 o g X 4 0 B B S BT R I 1K

HEE R T AAKREERER,

XWE PRFRHNBACY), L XEBER . pH &1, FE8E M, BB B, HepG2.9706

dEAES Q78 TWEFIAE A
BARXEZTRENRFHAMIF RN —1
B FETRRETE XA ESYWER 4
HE 3R BAE P AL F R W X R i R R R UM
R, — B3R 8 LR AE R T I A S LB T AR
EHFABERE AT L ERBEEARREIRE
FRMMRERNR XAYEH AT, RXBPER
TremuAfit. B BARXEETBRE—
RERNBTFAAFUR EREYRAFEAR
AR OEBEEDHAER QLB ERBER.
A &Y BT 4% 55 B ( Hepatitis C virus, HCV ) & 18 14 T
FWHEERE AR XEETRIRIREFL
MRGIT R — 1 F KB, BT ZE HCV R4l
SN shE R RATEL 7 HCV 5’ NCR %A%
R P A 58 753 IS B HepG2.9706 £, R Al
KSR X HOV R AR LERTRHAT
TiEHr, K8 T3 HCV 5" NCR BER A RBERE
TR ELA ) B K R R B A O R B U B

W% B ¥ :2001-03-12, 4 | H H#§ : 2001-06-12.

3 ¥ 45 S 1000-3061{2001 ) 06-0626-05

HCV363"' , o T 4% HCV363 76 FF 41 i 4 19 & L ok
ERFILARA SRS R ERRE, ROWET
FrEiu st ol pH BB R X R —FHTHTHRA
MERTFEEES pH RS EHFFHORET
gk, xR AFEMER pH S8R &EH
HMEREG, #— £V T HCV363 X HCV 5
NCR R B Z R AHMBIEHE,

1 #H5F%

1.1 H#E pH HERENESRERSTH
1.1.1 JF#nm pHEIERENH & REH RS
N',N'-ZH 5 Z — Jie 5 Bk 4 fH [ B2 ( DC-Chol , 88 N',
N-ZHRZ_ESEFRRERER) S ZHmR
H& Bk Z. B2 % ( DOPE, Sigma 23 8 7 5), EA1E# pH
RS S TR T AR FIER(18-Cal, i

HOBBEFIABME T+ ARG . ER T MM RN
RUZELEERFEECSOLE. FE® pH 8
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6 E/NT% AR pH SBE R K+ S F AR B BT HCV 5'NCR BRI R iz M & 1 627

Btk i & 8 0 F : 4 34§ DC-Chol .DOPE K 18-
Ga BT LB —FFR(:3)REHEN P, BEF AWK
FEH 10mg/mL AR R B W 5 Smg/mL 89 T f1 4> F 78
WL RERAR0.5mL B4 T 10mL D, A
S5 FHW 0. 2ml, TERFEHR RN H B SRR, IF
ERWE HBREER OCFEHFTFTERAEER, #
ERAEFSENIENINSEE, 5 TRIEE, . MAK
FBEME PP 10mL, 4 CHEHE, Kb 12h, TERNEEA
A R 35 20min, 15 3 35 o B PR, AR Bk
B RE B S ad U8 3 Ik, B ST ¥R 1 pH Ml R4,

1.1.2 BRJRK S 450 87 - 4§ HepG2 B (F 404k
BORT R ANA , AR - &4 R s S 2 k)
AT 96 fLiR , A K ECH 2 x 10°/1L, M0 80% Bh &
A, AT FFE ] pH 8IE B R A T OB e 4, TR N
pHCV-neod , BEH TR N EMERKE. FN, A%
FUE AR BT A MEI ER  RHEEREE x ,
EARBRAE T BRI BT 0. 1pg, RS FF 8 0 pH &
BER & A 1:5, 4 51 H 12.5,L X I 7 4 DMEM
BB, ZHMNE On, HIEHMESHEREERES,
BTERBE 0mn LERTR-EEEZSGY. A
JE M AT 1L ¥ ) DMEM 35 7 5 75pL. ¥59¢ 40 il A
X i1 i DMEM 35358 2% 2 &, Sl 40 n A F [l
EYIAMEREERBERAER Smin /5, AL
KA 100l M B N-BEEE S WEBR,ER Sh
A& 10% /N F 1K DMEM 4625 85 3F 24h |5, &
1.1.3 T2 MM 305 AR pH B4 R A8 f
REBOMBPAEAT pHEFH TERS, ZEHK

BEAm (AR FEBOE . & 1.0pH (A EEH

pH4.0 ~ 8.0 ) 0.1mol/L PBS & M i, 4% B 100p1
PBS 0¥, DA 1% ( V/ V) B S & BT 4 M
W 100pL FHE B 4& 20pL (10pg/pl), 37C %%, #
2.5h B HURR M, 1000g B O, BU B3 mE) 96 FL# MY,
TEBFHR 1L (Multiscan MS) E#IE Ay . [z EE
F7%¢ B8 . 100uL PBS 28 v + 100pL 1% ( ¥/ V) RBC
+20pl A BB R 7K B M X B . 12000 A AR K 4
100pL 19 ( V/ V) RBC; FHYEXT HE . 100pL £ B2 K +
100pL 1% ( ¥/ V) RBC + 20pL 10% Triton X-100.
1.2 BREXEETFRANER

Wit 5 X E ¥ BB HCV363 514 GAG GTT
TAG GAT TCG TGC TCA TG, % F PE 22 5] 5= 391A &
Az DNA 5 M & lHE5 mE ST A B,
B HSEEREK SSCUE HBAY 15h )5, 4 Mico
Pure 11 S 4848 £k £ ( Solid Phase Sciences) 44k, %% #t

{Beckman DU640) 32 & f5 H %3 (Oligo Prep OP120, SA-
VANT) T4, - 20CRF & A,
1.3 HEFAAMEER HepG2.9706

HepG2.9706 ZHME#k 3 & HCV 5'NCR R84 %
RFROBRGEFNSHXAEGEANBEEARBR
MIE BRI pHCV-neod $5 4 HepG2 41, #2 57
MBERIRAESEANFEHARER, L%
S RMERE LS HCV 5S'NCR @ #EY ., FME
10% B 4 I #& ( Hyclone 2 ®) 7= i ) & 400pg/mL G418
(GIBCO)#J DMEM i % 3, £ 37°C,5% CO, R4 T
AT I R R.
1.4 MR EETRGEEEGR

LU 40 B B2 1) 1 pH SRS B ik A 5 HCV363 1
T HepG2.9706 2 Ml ¥k, Bl R XIS RN,
THEREREXEZF®RM HCV S'NCR BEENXE
BEEEXNMEIEA. HLEBRER LR B RHE
. BKEK, G -AYEEHRI L. ERRHET
¥E .
1.5 HEARHIUERN

o 7 W TE 1R 1 R P 2E B AR & 0F
BEHEHFENEFELBHAT. SEAKEA PBS
(pH7.3)8E 2 K, T FL A0 ML N 1 x 40 M 2 % ¥ 20pL,
FHETRM 10min, MK BIEAKY 100uL, B
57, 57 W 7E % 85 i & W {2 ( VICTOR™ Wallac1420
MULTILABEL COUNTER) k# 1 B4p & 3R .

2 # %2

2.1 FEEE pHEERENBEHE

SR W 2% 6 B T 1K (18-gal B§ R 1K) A S8 40
WERERASAESEN SHRER, HEILBEE S
FEE EEAMEPRUELILERH, SREFF
LA M AE 20mmol/L B X 5% 18-gal B 1K B %6 B
BEABEMOMEIE-N MEEE39.1%, KEK
F 20mmol/L B}, H I & /E AL R R A (E 1), A
20mmol/L 1y F| W 75 V8 0 78 49 49 0 0B % S R 4 R
AC e B9 1) B B Pk (#8215 24 F o DC-chol/DOPE # Lt
#4351 K 5% .10% .20% ) & DC-Chol/DOPE i 4T i
B DNAFLRME LR, SR O T A BERR
EEEEAN SRR RA W H R, B
B4R 35% 40% 46 % , TE ¥ (7] 53 F BT o7 BB R
20% Bt , M H 28 3K 46% , Wi DC-Chol/DOPE #E8 X
IUABE R T ENEA TR REXLEEER
(P 2) . AH )R B A W %0 750 980 % O IO 4K I 3 2 7%
WL MEIER . 5o, LUK RAE X BAE BT
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B ¥ 17 %

HEsmiERd HEEHERHLRERL R
(FRABW) . U ESEREI, @ &8 pH
R EOERERZELERMEAEZEN Y
MEERBE.

50 -
W0
30

Inhibitory rate/%

10 20 30
Galactose solution/{mmal/L)}

B AR TR pH BO0E B
HRgEMETHHAER

Fig.1 Effect of competitive inhibition of galactose solution on trans-

fection efficacy of hepatocyte targeting pH-sensititve liposome
0 Gal Ommol/L
W Gal 20mmol/L

4 E+04
3.C+04
2 E+04
1 E+04
0E*00 olslmlzn

Targeting molecule rato/%

Lugiferase activities/RLU

P2 RS AON & R R R 4 R B
R ERN R
Fig.2 Effect of galactose solution on transfection activities of

liposomes with different ratio of targeting molecule

2.2 FF&mtE pH %A RE&EN pH 8

¥k &M ERARRE pHEAXH T SGL A
B3R 4 , 4 2.5h 8 £ 40 il B w5 (oL £ 3OBE B ) 1
M. HR(ENDER LCHKREASF pH K PBS £
MEBPBRRMAEXEHFLE FEN, B RAHE
RAG I (FA T % B8O ) {5 24 0.103 ) ; i 40 /i 5 B B2
hETRBAEEHNEREN pH HKEHE, &

b6 —m—PBS

05 —#&— Liposome
; 04
< 031

02

ok .\.h./-_\i

0 i 1 1 1
4 5 & 7 8
pH

B3 FREE pH 8 E kK pH 8HE 5
Fig.3 pH sensitivity analysis of hepatocyte targeting

pH-sensitive liposome

pH=6 MG B RAAMOZEERET B EFEE
R EH/PT 6 WEFE S, MaOR KB
T KA 3 PR 2T BE (B X B I 8 0.709) &
EE\HENERELS ZEM pH BRME,
2.3 HMAEYEZERAOPHEE

Fof Fi FF S 1] pHL AR o 1 £ 2 A ) ok B (0.2,
0.5,1.0umol/L) B9 HCV363 £ Fl F HepG2.9706 M
Mo, %223 d, WM HCV S'NCR W XL EMEREN
HEWMHENR ERWE 4 TR, E 025~
1.0pmol/L FEE P, HCV363 MRS REMERXLER
AE g B4 R0 B K 0 A 40 ) 0 e, 3 AR A B K 45%
69% Fll 86 % ; 1 F 47 X3 B4 FH B T B5 BT (& Lipofectin
fr 5 HCV363 Xl & R R B MH 250 510 4%,
79%H 85% , A Z R EHABHE R, KA MBS
AL pH BEREAM MR XLAVER 1 K&
1.0pemol /L 25 ¥ 9k FE B, 300 ) B 0] 15 54 % , BEHE 459
VE U BB 3 i, HCV363 A 30 1 36 #£ 0H B 1438,

120 g 18-gal liposome
& 100 |- M Liperfectin
I
g e
E of
=

20 |

0 i 1

025 05 1

Concentration of HCV363/( pmol/L)

Bl 4 HCV363 A HepG2.9706 #ME HCV S'NCR ##%
VORFE MR MK WE S
Fig.4 Inhibitory effects of HCV363 on luciferase expression
controlled by HCV 5'NCR in HepG2.9706 cells

Wr  [Md W2 S
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Fig.5 Effeets of 3 times of consecutive drug administration
on inhibitory activites of HCV 363

3 #

SR BR 75 ) £ 1O B T 8 S5 B W B IR R
R RFMERAE"" . BhFERELRR
BfASGTORASHBRBERARENELEFR
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6 FNT S MR ] pH 805 R (A SR SR CEE B B HOV 5'NCR R &K 1 80 i 4 F 629

HEEMZ Y E R 5 (Drug delivery system) , =2 H
AT R MR gk ik, SR, HE
EF pH WIEAR & F AR R &M E D m
AR, BE R R LR GE i &t B A
FiPHERE T2 B0 500, 8 T R
BEGMMEE T,

AEfFIEREMERELZERAS F Ko THK
FRENOHENEZRE . FREA-EMNANE
t,— A TR, MR RegEt
METERBIHTREE, BN B XERAY
AR RBPIEATR. BEREZAETREZ G
EMMEEm . REEEARSEbEARMESSE
B ISR E EREAERE.

MERmHYZESERAEYAREEEE, R
EHRARES FARERBNIFSZSEE, W
SESMEBRE RN, R emEE R,
FHEMEFFERMEES T, Bl F 385 E N
A& —iRR MR E k. R T 53 X3 40
ERRHIMBEmMERE, AWRAATHF4RE
—HRENFE-LERMREE OO R A EE
MR AT R & T 18-RE FLBE RS ik, L
FMHELRIE X MmO RES FHARAE
ERELEERTZENMFHAETHER, B %
(¥ g JL A FLAT — 5 8% 448 B AT e 1 .

PR 2 8 1O P 7 550 R 76 6 58 40 B &%) B Jo 3 A
Brp o W RLIE T A R B AR A S i 2y R A
BEBREERAGT /M, AR EEERE, KHa
LY RIEEHZ BB B R P iR, O 1 e
HYEEABEEZ AR ERES, AR H S T
AR E pH RS RE, pH BHEREET
AENMIERBEBEEZSEP, HAFE pH A
EE S, pH MEMEREAEREFRRE THESAE
AME BRI A, 3 MR R, B AR A BT B B B
REASZ5 P B I, o6 A 40 B T SR 40 M B R R AT AE
.o THEMABOER"", 29RELKE
FHFBIFRIRGERLAE EEWN pH #HiE, M2
FH AR Z R I AT BS Buik ) pH 8T
B,

F PR % B9 R pH SO IR, A 5 HCV363
5 HepG2.9706 40 Jfl 4% , TR15 #9545 R % B HCV363
% HCV S'NCR BfE R A EMERREEANEK
gtk s EE A W E NS 5 T Lipofectin 4t 25

AL EEWEM 1 KYMRISAHARE T L
¥ Lipofectin N FHMERS . AEE L&, T8 pH
WA A& TR LAY N AR EFNmE S,
MEBTRENRHER, XAESHRINGY
OB A SN EH AR ER T 2R EE
EEMEEATEARANERREARS, HEL
KRS L RAF B MOAFRE pH BHRRERAEK
BNAY RS R LAY HCV3E A HE M
M HCV iR 2 N RIAR R .
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The Inhibitory Effects of Hepatocyte Targeting pH-Sensitive Liposome
Mediated Phosphoerothioate Antisense Oligonucleotide on
Gene Expression Controlled by HCV 5'NCR

WANG Xiao-Hong WANG Sheng-Qi®  WEN Si-Yuan GUAN Wei MAO Bing-Zhi
( Instituse of Radiation Medicine , Academy of Military Medical Sciences , Beijing 100850 , Ching )

Abstract  Antisense oligedeoxynucleotide is a negative charged macromolecule and hence is difficult to penetrate cell membrane
and liable to degradation. To increase the effective concentration of antisense drugs in the target cells,a hepatocyte-targeting lipo-
some directed 1o asialoglycoprotein receptors exclusively expressing on the hepatocyte membrane was designed and prepared based
on the receptor-mediated gene transfer. In order to accelerate endosomal exit of nucleic acid drugs, the liposomal formulation with
pH-sensitive property was adopted. The hepatocyte-targeting and pH-sensitivity of liposome were analyzed by galactose-receptor
competitive inhibition and hemolysis of chicken red blood cell. Antisense oligodeoxynucleotide , HCV363 against HCV 5'NCR, was
delivered via prepared liposome to transgenic cell HepG2.9706 and evaluated for its inhibitory effect on luciferase expression
controlled by HCV 5'NCR in HepG2.9706 using Luciferase Assay System The results showed that different concentrations (10,
20.30mmol/L) of galactose solutions reduce the delivery effects of liposome to some extend that were up to saturation when the
concentrations of galactose solution exceed 20mmol/L. Prepared liposomes mixed with chicken RBC are put into PBS buffers with
different pH values(4.0 ~ 8.0) , it was observed that the amount of heme is greatly released in acidic PBS (pH < 6) due to the
fusion of liposome and RBC membranes. Liposome-mediated HCV363 has dose-dependent inhibitory activities on luciferase ex-
pression controlled by HCV 5’NCR in HepG2.9706 and the inhibitory rate is 86% at a concentration of 1.0pmol/L.In conclu-
tion, the liposome is proven 1o be a hepatocyle-targeting pH-sensitive delivery system that can increase the pharmacal effects of

antisense drugs.

Key words  hepatitis C virus, antisense phosphorothioate oligodeoxynucleotide, hepatocyte targeting, pH-sensitive, liposome,
HepG2 .9706
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W TESREHPRBERENEDHRFAPEREY¥SENNGEHEAZRAY, TEREKREEYHARY
MRS RNHEAROFRE ISR . ERI R ARIE MBI AR IR SHENEEAI 0. BRI
A R HESSE LT, NBNTER 0% ERE SO EHA HEARBLESHPRE AL AR AREE
W E OO H BRI 30, W E AN B AT RSB FEA R LEN DY

REKLE, EARUPEOSE REAEE . RE T BNRENER, SUSLARY M RIFKHEHXER.
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