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Abstract

AIM: to construct the microsphere, in which recombinant
adenovirus (rAdV) was encapusulated, carrying antisense
multidrug resistance-associated protein (MRP) gene (as-
mrp) and to investigate its effect on reversing MRP-medi-
ated mutidrug resistance of hepatocellular carcinoma.

METHODS: The microsphere was constructed with bio-
degradable poly-DL-lactide-poly (ethylene-glycol) encap-
sulating as-mrp rAdV, and its diameter, the encapsulat-
ing rate, the virus loads and the releasing kinetics were
determined in vitro. Human hepatocellular carcinoma
HepG,/ADM cells were transfected with the microspheres,
and the fluorescence intensity was assayed after 48 hours
and 120 hours. IC50 of adriamycin on drug-resistant cells
was determined. The level of MRP mRNA expression was

detected by reverse transcription polymerase chain reac-
tion (RT-PCR), and the ratio of MRP mRNA to B-actin
mRNA (MRP/B-actin) was calculated. Intracelluar
rubidomycin (DNR) concentration was examined by flow
cytometry. Wistar rats were implanted with Walker-256
tumor solid piece to establish a liver cancer model. After
injected with rAdV, the tumor size, growth rate and the
average survival time were determined.

RESULTS: The microsphere, in which as-mrp rAdV was
encapusulated, was constructed successfully. Its diameter,
the encapsulating rate and the virus loads were 1.765 pm,
52.4% and 5.5x10%efu/g, respectively. AlImost 50% of the
viruses were released within 120 h, and the total releasing
time lasted more than 240 h. The released viruses re-
mained active. More than 90% HepG,/ADM cells could
be transfected with 10 mg microspheres. ICs, of adriamycin
on HepG,/ADM cells 48 and 120 h after transfection were
9.72 and 4.15 ug, respectively. Intracellular DNR intensity
of the cells 120 h after transfection was significantly higher
than that 48 h after transfection and the non-transfected
cells (168.6+6.97 vs 98.39+6.17,t = 13.68, P < 0.01;
168.6+£6.97 vs 112.52+9.21,t = 9.69, P <0.01). The val-
ues of MRP/B-actin 120 and 48 h after transfection were
decreased by 16.7% and 63.6% respectively as compared
with that before transfection, and the value after 120 h
was decreased by 26.25% as compared with that after 48 h.
Compared with control group, normal saline group, rAdv
group and microsphere without rAdv group, the tumor
growth rate was decreased significantly in rAdv
microsphere group (0.96+0.25 vs 8.79+0.34, 4.82+0.30,
4.67+0.67, 2.97+0.29; P <0.05).The mean life time was
prolonged significantly (43.6+7.4 vs 23.4+3.2, 25.3+3.7,
26.5%4.1, 33.7+2.9; P <0.05).

CONCLUSION: The microsphere, in which rAdV carrying
antisense MRP was encapusulated, can effectively inhibit
MRP expression and improve the sensitivity of drug-resis-
tant cells. This provides an experimental basis for the com-
bination of macromolecular chemistry and gene therapy
in the treatment of hepatocellular carcinoma.

Key Words: Anti-sense RNA; Recombinant adenovirus;
Microsphere; Hepatocellular carcinoma; Multidrug resis-
tfance-associated protein
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HE: s R % e h X a9 MRP) ARG E
AAR R AR, T LB R L RINA F 200 9% Ak 1
BT 4w BOL% MRP #7455 2081

Fik R TSR0 £ AR R SLER — R M BE(PELA)
LA T RS MRP A H 49 & 200895 B4 IR, RSk
MR ER, BoREE . OHRERERIAE, A
H 2 e AT 6T 25 40 JLAk HepGo/ADM, 48 h & 120 h &
Kol 25 34 2 L8 0 0R . MTT A it 25 2o ey 1T &
F R I T (1Cs0); AR L0 A 4w oL R 40 &, 52 3%
JE: VA B—actin A WA, VA RT-PCR FMREH G
MRPmMRNA £ & 34 &K, WRZ M B4t rAdVik
HIG M BARRR A AR RRT 4 Fa

GER: R T W R MRP A B 69 F 8RR A%
, HARY1.765 Um, GHEH52.4%, BmFd
455 % 10"efu/g, & 120 h WEBm AT HI 50%,
BB nt ] K T 240 h. Bk ek AR ISR,
10 mg # 3k 48 h %F HepG./ADM W 25 20 fiLAk 25 530 &
371k 90% VA k. HepG./ADM #8648 h & 120 h M %&
H ICs 4 9.72, 4.15 ug: A HepG, 28 L1 DNR #) 5¢
R E A TR, rAdv IR LS 120 h 55 HepGa/
ADM Z rAdv 2834, i DNR R EA I &
(168.6 + 6.97 vs98.39 + 6.17; 168.6 + 6.97 vs 11252 +
9.21, t= 13.68 2 9.69, P = 0.001 % 0.001<0.01). i
¥J5 HepG,/ADM MRP & &k, #4 Adv M3k E
48 h & 120 h, MRPmRNA &) & ik 5% % 445 L 57 B 1%
A&, VA 120 h R ik 5285 453 Adv 3RS 120 h 5 48 h 48
¥t , MRPmRNA/Pactin 4 FeAf 4 51 42 £ 2 5T 4K 16.7%
& 63.6%; 120 h & 44 AdV48 h &k B1k 26.25%.
BT vs XY RR L, AT LK, B EMMAA rAdv
AN =4y, Mg A KRR EHEIK0.96 + 025 vs8.79 +
0.34: 4.82 + 0.30; 4.67 + 0.67; 2.97 £ 0.29, = 36.10,
24.43, 12.28 &2 13.81, P = 0.0001, 0.0009,
0.001 & 0.001 <0.05). “F¥ & Aot 2 FE ¥ (43.6 +
7.4 vs23.4 + 32,253 +3.7; 265+ 4.1; 33.7 £ 2.9,
t = 5.521, 4.599, 4.522, 2.796, P = 0.005, 0.007,
0.007 & 0.049<0.05).
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FF4mitidsE (hepatic cellular carcinoma, HCC)ZF,
B H WL LR , 2 25 2 (mul tidrug resistance,
VDR) IR S 3L T AT ANEURR. 2 2N 25 AH R B A
(multidrug resistance—associated protein, MRP)
ok KIRET ABC (ATP-binding cassette, ABC) 5
o B AR Z —, M }5190 000, HH MRP %k
R, 75 22 Fh AN R 21 2R IR R 24 40 i Rl 2 5.
I HAER AT AR R SR Rk A SRS B 7 ) e
AR, -t SR I 2 MRP DN B AR (1 0 RIE T M
FHl et al™®™ RIS T MRPAUG 4G % 5 ¥ 11 i
20 REAER FZ TR, IR FUARIERR, 24 h5
BEA Y % MRPmRNA 7KF,  {HAEHT IS ] 5.

R EANEAOE, B4 70-90 nm, fF 36°CLA
TRERREE, #-T0CAaKIAGRE; NMEEH A
I GBS By KO S TR B2 i O T BB
ARG EHES, flas s, @aE, S
B RURFRIE I R AR, RENH S S BWR R
SV B IR 95 % MLtk B sk, BA TR 45
S MRP B W7 ) B 20 B S R & I s i 5, 22
Rt 2R X ESRME, RN R =K,
FEPT bR TS B G e, SRS T AL, R 2 E NG
UL B mep I SCEEA AdV SHERER S A R
SEAALE G, XHFFTE 40 MDR (99358 56 v 2R L (R 7 23K

1 $ERGE

1.1 A8 IR EEk AdEasy R4EH JohnsHopkins
Ji g O T He 18 1 ZEOR . HL Al 22 i pAdEasy - 1 (&
FEHEERIUE) AEREL X AES X [ 5 R A 7R
BRI ORL. 2R JFORL pAdTrack—CMV ((RIABE H BT
PR HH a6 A (green fluorescent protein,
GFP) k[N .38 2 X MRP & PR 5540 iR 25 1 DY )1 K 2
ARG B 3 SRR B0 18 A S 48 RT-PCRIE 5K, 6 5
IR 2.5 X 10%efu/L. RT-PCRAF] & . MTT R H)
G E Life Technologies A H], Wistar HEME KGR,
(R 250-300 g, BTl 50-80 g) HiPY )| K 4ETY
B 2= s sy o0 R 4. Walker—256 4 bkt Big =
2T b i = 4R . BRI - R LM Rl
Bt R A WAL BT & i, ShIRPT B R AL HF R
(DNR) W [ 8 K )32 3 1 P < e A )

1.2 F %k

1.2.15% A sk 0 ) & IR 57K VA 0 B 1 P 7K A (W)
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20 g/L Z LIGEE (PVA) /KWL IS KAH (W), &
HRE i i B LR — 28 L)W (PELA) Ji 200 g/L ¥R AL
I AH (0) , R IR B KN A PELA Z & P A
L, BRERZILE, A S PVA KWW, ke,
I FIHhARE (50 g/L 1M R INBEE WD M E AL A
IR, PR, TR TR TR R R TR 25 1H
KA 43 H 30 min J5, ORI AT SO0 &
¥phitz (D) « brvEdm 2= (SD) K/ Koo A k. F D&
KAKAL, R, AP BRMBE MBI R
TH 25 B 73 BRI 8 ol R0 2 I 8 o PR A0 23
PR PR R O R G s B P B, TE B B B
B AR A= (R UG B9 B I B0 FE XV =) -
(ISR B FE XA E) 1/ (R G B R B e
TRE XA E) X 100% 2 %= URIGIR SR
s B FE XA D) — CRIR RN B <A =) 1/
TUERE & X 100% 5 HCRREL T DMEM ¥, 37°CilR
B, W, S0, Wl B, BRI, JOu
BOEMEmR M0, 24, 48, 72, 96, 120,
144, 168, 192, 216, 240 h BRI E, 2HEIB®R
k. VeFHVE & FIPEXT R, K HepGo/ADM JHH-is 40 i 42
R, IO rAdVIRER, 7E50 R T iH 80K 4448 h
J 120 h J5 GFP Ak FHPERI 40 M, [0 oH 20 0 B
)2 A0 M 3 SEae T, A SEIRIAE 4 ML, THE
APIEEYLE (%) = GFP RIAFHVEM AN MO ZL / B4l i
H X 100%.

1.2.2 RIS 8 T RRRERXT A5 40 MU AR HepG./ADM
AR RN, K HepGo/ADM 40 45 Fd, 351t
PG HBER 10 mg RAEAM, MERILTEL, ELM
227 d. [FVE SR s SCRNAEE 20 BR85S 25 (A P BR IEk e
ARSI 1 mg rAdV IR GE HepG,/ADM i}
YN, 3548 h, 120 hJEMA0.01, 0.1,
1, 10, 100 mg/LfIEEILFEEF 4 dJ5, MITE
D52 98 40 A5 28 (TCL) . LLZ Wik B o Bh, A7
TR IR BE R dh 2k, B0 1 O Hk
(ICs0) . 3 W IRCAL A BRI A0 28 e SUMRPEE 20 i 2
FAVE R A PERT R, B A, [RIERE 1Cs,.
MR A5 % (DNR) 7T B R AL 50 5, #4 J
48 h, 120 h J5 HepGs/ADM 4H i T- DNR ¥ E 4 10 mg/L
IR PR TR 45 win J5, WEAM, M4
{SCRLIN A B P 2L R BT, LAS TR 2 FI AU DNR
WAL FT = SCIG A AT R AT /0 R 20 40 i 5% Ot o
. WA T A K B4R L, R FHRNA 23 2 AR B 1E R
Vi BT PRI AN S RNA. 25 L R SRR 7E 0. 2 ml &
DEFIIN dNTP2. 5 umol/L, 10xbufferd pmol/L,
LSS (AMN) 0. 5 pmol/L, Mg™5 uL, RNA B0
0.5 pmol/L, Taq®#0.5 pmol/L, RNAO.5 pmol/L,

10 pmol/L MRP EVfE5I4, TW5141% 1 pmol/L,
M 2 pmol/L, B-actin FFUf5|#54% 0.4 pmol/L.RT—
PCR — 35 72:11 5 mRNA ()61, MRP 5| #) 1 TakaRa 24
FARTRE(CRE) ARAR &K HFH8:P1:5" -
AAAAAGCTTCGCTCTGGGACTGGAATGTC-3" ;P2:57 —
AAAAGATCTAAGTGATGTCACGAAACAGGTC —37, 34 Bt
500 bp.B-actin B PCR 5|#JH Life Technologies
AT L, 5 —~ACCCCCACTGAAAAAGATGA-3” F15° -
ATCTTCAAACCTCCATGATG —37, 434 Fr Bt 838 bp. 50 °C
A5P430 min; 94 °C 2 min;94 °C 10 s;58 C 35 s;
72 °C 25 s; VL E= BB PURIGEH ;72 °C 5 nin;
BG4 CHEM 60 min F5H N, Bl B-actin S
M, PCRY MG ™“HT 15 g/L BEaFiitR 60 v HLIK
20 min, Bio—Rad4: B ah&t R 701 R HH#E &,
MRPmRNA/B-actin HAE RN MRP ek AP 1) =ik
1.23 4KkA £% IR Walker—256 41 bR E 75,
IEANEFR R AR 2-4 X 10°/L, BL1 wLiE AMT)E
A 80 g iAT I wistar KEIEIEN ;7 dEHEUE
K, TH1HRS wistar KERETIE sc 0.5 mlL:1 wk)5
KR L en® K/N, JOBE NIEUH R, HUAZ0M
MY 1 nm® SRR, B RPMI1640 55 F59 %4 . B
HEVEWistar K5 40 H, % P FEE A ARG B
REMESE 1 wk, CEREESDIAE, fEMEEK
&0 TR D s sk, mtm a4, 7EFAR
KA FHEAMZ0.5 mm, WNAE0.2 mmn 3%, Z3E
W58 Ja e e E gy, ol TR T dFRXHINE, 2
Fe L, s iR BRSO AA, R E R A
LT, 20 1A, (O b oms i) B KA R AT,
FERR 5 N () S 40 I DA 2. 412 BFsh k&5 4L It
NI EE /KO0, 5 mL. 413: B k& HL I
AN E1x10%efu/TH A IR TR, 2 4: FFBhRKkES HL 4
EENT ARER, B T5. 415 kg LIt
BN 1x10%efu/L B BRI S HER. 19438 8
HOEERRFARSG 48 h, #ZER (2 pg/g, BT
0.2 mLZAEFEAKF), ip, 2K /wk, EL2 wk. [
FRIITSEIE 24 h B4 HUAbBE, AFE 550 5 %)
Bom ik, Hebs R RNGE Mg &K AE (a) AR
(b) , LA V=ab®/2 THE e AR S i e A=K 28 S
2R MR A = VI AT /18T TS AR IR
2= (O A I oRg 38 AR — YR T 2 R A AR /% R
ZH IR P AR L, [ IR HA £ B R 4x 4
PR K REM RS SR, idx8 shyrrint
[A]. SR8 E AR AEAFIN TA] = ZETIN 8] — R A I 1)

GriFapbre HE LA ¢ /5, A SPSS10. 0 ik
AT oM.
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2.1 I E& MBS EAE (50%) 4 1. 765 um, F
BIEAE(<10%) X 1. 030 pm, FHEEH (OCI0%)
3.183 um, RIEZRIAT, WEKMEIEESA 1. 220un. 2 [F
BRAR, RANESA), TEREHN, 73 arker, ke
T EARE (B 1) BEEORSMIRGHLEZ = 2.1 X
10%efp/L, MANREFEEF = 5 nL A3 EFIRE
IR = 5 X 102 efp/L, FRWHAF =
500 mL B IIARILER - K LIAIEEE =1000 ng
ALEAR =52, 4%, BIRTFEE =5.5 X 10" /g Jx X RNA
MW EMERTE 37 C4&MFT, DMEM ¥R,
76 120 h PR ORI 50%, B IR A& T
240 h. (& 2-3).

B REREBRIZEM (SEM x 2 500).

TR (100%)
= N W A~ U1 OO N

01 2 3 4 56
t(d)

7 8 9 10

B2 1 mg RBREREREL.

B3 RSBk 293 {AME. A: 120 h; B: 240 h.

224k E  BYe HepGo/ADM HTE 408 48 h J5HE 4
FA90% LA k. mEl 4 07 W, UL HepG. 4 MAA1E 2N
XTHE, BEE ADM U5 SR T PG =, )5 48 &
120 h HepG./ADM[KJADM IC501H 1% T, 5 HepG,/
ADM 41 % rAdv 41 HLA X0. 05, FBE a3 0T % 5
DOBH S, YRt LAY S 48 2120 h ADM ICs {H
J325.86, 9.72, 4.15 ug. HFE 1AW, Ll HepG, 4f
JL P4 DNR PRI 658 B2 A R, rAdviERA # 44f5 120 h
5 HepG,/ADM & rAdv 41 ELEE, 40Py DNR IR FEA A
FH 2 (168.6 +6.97 vs 98.39 +6.17;168.6 + 6. 97
vs 112.52 4+ 9.21, P¥<0.05). HE 50 I, %5
J5 HepGy/ADM MRP 3614, 4 Adv BER)G 48 h &
120 h, MRPmRNA [) 355 9 F A i e i B B REAK, LA
120 h KiEE . HYe Adv JERJS 120 h 5 48 hAHLL,
MRPmRNA [ 5 1 8 i BH {2 B {6, MRPmRNA/B-actin [¥]
FUAR 73 il 5 4 GL T PRI 16. 7% %2 63. 6% ; % Jb Adv T Bk
J5 48 h LT AdV FF = 68. 75%, 120 h kYL AdV
FiE PRI 26. 25%.

100 ~ —&— HepG,/ ADM
80 -
~ TR RHEROREE Y48 h
e 60
S 4 —O— kit 120 h
20 -
1 1 1 1 |

0
001 01 1 10 100
bR (ug)

B 4 RSRIRESR HepG,/ADM BITHAIB RIS RN L.

=1 BEREINEMHIEFA DNR N2 S (meantsSD, %)

gapes| 48 h 120 h
HepG2/ADM 48 97.35 + 8.15 98.39 + 6.17
rAdv 4 151.16 + 8.14 112.52 + 9.21
rAdv {JERA 116.71 + 7.36™ 168.6 + 6.97°

°P <0.01 vs HepGo/ADM 4H; °P<0.01 vsrAdv 2H; °P <0.01 vsrAdv iHER4E
LAE 48 h.

234K M E AR 2 AT, YR AT R IR AR A i
T AE KR L H B 22 5 (P >0. 05). SR IR 1R9T
Hovs XHRYL, AR, FAMBKA R rAdv 4
(n=4), MpEAKEEERFKO0.96 +£0.25 vs 8.79 £
0.34:2.97 +0.29;4.82 4 0. 30;4.67 & 0. 67, P =¥
0. 05). “FHIEAZI A BFELEK (43.6 7.4 vs 23.4+
3.2; 25.34+3.7:26.5+4.1;33.7+2.9, P=1
<0.05). rAdV SER A IR 40 20K FrRak, i 40 21

M AR PESRZE ™ 5, L DX I3 vk L 0 R 4 sh ) B
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Marker 1 2 3 4 5

MRP/B-actin i 3¢5 il

B 5 RT-PCR EIREEER. 1: HepGy; 2: HepGo/ADM; 3: Adv B2 48 h; 4: Adv SIEREE 2 48 h; 5: Adv IEREEZ:120 h.

®?2 BEBTEISMEER, £KE, DFE, £5HEImMeantsD, n = 4)

ADEERAR (cm?)
pax | KR (%) HEHIZR(%) EEIE)d)
=] i
WEZH 0.2894 + 0.0269 0.0330 + 0.026 8.79 + 0.34 - 234 + 3.2
HIEERKA 0.1714 + 0.0158 0.0354 + 0.018 4.82 + 0.30° 40.77 253 + 3.7
=BIkA 0.1588 + 0.0159 0.0339 + 0.018 467 + 0.67° 45.13 26.5 + 4.1
rAdv 48 0.0988 + 0.055 0.0332 + 0.015 2.97 + 0.29° 65.86 33.7+£29
rAdV {HEkAH 0.0340 + 0.004 0.0354 + 0.006 0.96 + 0.25* 88.25 43.6 + 7.4%%

°P <0.05 vs I8, °P <0.05 vs SEFRERIKA; P <0.05 vs TERIERAE; °F <0.05 rAdv 4.

i 32 A RERAFAE, RS R RH. (42,
HR B BERUR. rAdV AR 2 SRR AL, H
A B IRTE. rAdV)

3 1he

i 24 J& HCC ¥A7 AR 1 — KB 1) () L. 22 27 24 4R %
1 (MRP) 2 K] K Ho 45 1% P190 2% (95 HCC ¥ MDR
% HEr, EAAEH AR EA RN R R,
MRP 2 X RNA S5 A A TF 40 it ol 5 s e 2 i e 1
EAE T 3 . B = 22 T A U B0 ZE LR IT
S TR AR R ) ) ) A A R R B TORR mT Rk D
I B AR G 28 S S 3 T T RO 1R K /N S
BB ORI, R B BREMAE T, A B IOR B is
I TR R 3R RRE i, B i i 11 &
FLIG 58 LIGTEILEE Y (PELA) & — s 431 v FRFEAT L,
FHIB K SR FLIR (PLA) 5ok M3 204 (PEG) 28 51T ik,
BASEK, TTE. LRZERME, SeEE, pitatl
YikesE AT RS, A NN TREEA
BH, DNA, W57, B RAFRIRCR T ek
R FE R I (W,/0/W,) IR RIS ER, AUk
IR R A HUER, mEEtE R wm s, Hak
FEEA[IA 52. 4%, 10 d 1 BB A R L4 70%.
TS BIRORRARTE 1-3 pm Z IR &7 90%, “PEpkris
1,765 pm, AECVERLS, HOWEER K, 120 h
AR ELBI R R, HEW R kG REA S E
W, AN ERERBITIRE, RIEEES R

o] U AR AR R P R T, B RS JBOR IR K F 240 h,
FH T 300 %4 8 ) 24 40 i 22 245 T 2 B 5. s Pk
B IS 48 F1120 h B HepGo/ADM [RI[T 25 25 - S B &
(TCs0) LEE YL AT B B FEAL. WM L 5, MEE
el [ FEHK, TCs0 T FEIITFEBE K. ZEMRP A S 12 24
25 eF, 20 A 2R AR R RN & . 24
% (DNR) & — s fr A 25, T 40560 i 41 BDNA
I RNA & B 5548, DNR W42 MRP 2R A 74 P190 Ee
BRERREAEY ™, FREE RO, BiE
7 200 s A o) 40 P DNR 94 B (R, T A T A
MRP A 15 0. 8 5 1 24 41 B MRP Rk (1 388 =, 440 i Py
DNR ¥R T B, {H DNR IR FEHR 4> T = X SR ek L 4t
R J5 epGy/ADM Kl MRPmRNA 7K~F, % 7 B-actin
FIEPIN, Z5RER, WEMERE S 48 M1 120 h
i HepG,/ADMMRP BH 2. [ (P <0. 05) . Ut B 44/t e
IR S T A RO B TR 2 A0 A . 22 Bl kR 5
PELABAER, B AERT S, BEAUR S MRP 25 K 9%
B, ARG DI AR, G KERAITEREE, 1k
IR RVATT AR, ORISR 7 55 DR 1m) 42 2108 i e
L. BT AR v T SR RER, KRR
W, AWK TP AAEH.

SEIk

1 S, T, PR, T, BE, B, BE. S
BB S AT SMMC—7721 TS = ke
PR R AR SRS 2001:8:8-11
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2 YanglJY, Luo HY, Lin QY, Liu ZM, Yan LN, Lin P, Zhang J, Lei Adenoviral-mediated transfer of vascular endothelial growth
S. Subcellular daunorubicin distribution and its relation to factor 121 cDNA enhances myocardial perfusion and exer-
multidrug resistance phenotype in drug-resistant cell line cise performance in the nonischemic state. J Thorac Cardiovasc
SMMC-7721/R. World J Gastroenterol 2002;8:644-649 Surg 2004;127:535-540

3 Wang BL, Chen XP, Zhai SP. Expression and implication of 14  Bhatt UY, Sferra TJ, Johnson A, Williams C, Shirey K, Venema
multidrug resistance associated -protein gene in primary hepa- T, Nuovo GJ, Nahman NS. Glomerular beta-galactosidase
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