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B K EE Ac-oCD #EHRY Bel-xl [z X B #%H B X it 3 ik F & AL 40 AR 3G SE A0 0 T
HI1EH

) EF AR AR AN % e e E R, EAE (400037 TP, 45 =5 PR HM E B4
NP PIRHIFST BT , 4 BN IR HF ST 5 A S0 00 5 5 400038 K, 5 = I8 KA 252 Bt 2 701 4 R )

(HEZE] HM W9 EIK Ac-aCD #5471 Bel-xl 2 LS TR (antisense oligonucleotide, ASON ) Xif < KUl 3l fik
S LA L ( rat pulmonary arterial smooth muscle cells, RPASMCs) WHE FIMT-1ER . J5ik: &5 wmpric Cy3 19 Bel-xl
ASON, AR ZRIK Ac-aCD 77, T80 3 4 PR BARIEH 1Y Bel-xl ASON 4 (ASON-NPs #) | Frali 4 K 284 4] ( NPs
1) Fas H T RRAL, 43 B 0K 2R 4 Ac-aCD #5717 1Y Bel-xl ASON ZHKZRIK Ac-aCD F1H%5 37 AL FE RPASMCs 48 h, ¥t
LT i S IR EE RPASMCs X4 K 2 A 545 1) Bel-x1 ASON (35 BU% L ; RT-PCR  Western blot #:31] Bel-x1 ) mRNA F17E
FI 323K MTT A5 A 315 20 A AR 34 580400 1) 25 s 3 R A M ORI A B R T2 . 520 SO I 3R £ 1B 4% F 7T Il ASON-NPs
ZH A5 P9 K B S ORI X8 5 o A B AT SO R, 4 (X BEZH R NPs 2 40 L 40 5 P9 A DL 21 €65 6 47 5 ; ASON-NPs 41
A3 RPASMCs 1 Bel-xI mRNA FIEE [ 363k i 28I F 25 X A1 FN NPs 4] (P <0.05) ; ASODN-NPs 4] \NPs 2] .75 (4 %}
BB ZEL 41 B0 2245 37+ (53.61 £3.02) % (6.30 £1.90)% .(1.40 £0.62) % , JHT- R4 5H:(53.04 £2.09)% .(10.98 =
2.03)% .(2.19 0. 11) % ,ASON-NPs 2 FI NPs ZH 20 M il i 5 PR T30 2y 35 5 T8 AR HRZH (P <0.01) , ASON-NPs 2
PR R T NPs 4] (P<0.01), 258 HUREIK Ac-aCD #7171 Bel-xl [ L HEAZ T FRREHE RPASMCs A5 R H, M T 110 il
HRgm AT,

(SR ]  9ORERM; Bel-xl; O SCEAZ R ; il 20 ik - 18 L4 i
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Effect of a novel nanosystem of Ac-oCD encapsulating Bcl-x] antisense oligonucleotide

on proliferation and apoptosis in pulmonary arterial smooth muscle cells
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[ Abstract | Objective  To determine the effect of an Ac-aCD nanosystem encapsulating Bel-xI
antisense oligonucleotide (ASON) on the proliferation and apoptosis in pulmonary arterial smooth muscle cells.
Methods  Bel-xI ASON that had been hallmarked with the Cy3 in 5'-end was synthesized, and then encapsu-
lated into the nanosystem Ac-oCD. Primarily cultured SD rat pulmonary arterial smooth muscle cells were
treated by Ac-aCD-Bel-xI ASON or Ac-aCD for 48 h, and the cells without nanosystem served as control.
Confocal microscopy was employed to observe the taking of the nanosystem by the cells. Expression of Bel-xl at
mRNA and protein levels, grow inhibitory rate and apoptotic rate were detected by RT-PCR and Western
blotting, MTT assay and flow cytometry, respectively. Results  There were a great deal of brilliantly red-fluo-
rescent granules distributed evenly in the cytoplasm in the cells treated by Ac-aCD-Bel-xI ASON. No such red-
fluorescent granule was seen in the other 2 kinds of cells. The expression of Bel-xI at mRNA and protein levels
were significantly lower in the cells treated by Ac-aCD-Bel-xI ASON (P <0.05). Cell growth inhibitory rate
was (53.61 +£3.02)% in Ac-aCD-Bel-xl ASON, (6.30 £1.90)% in Ac-aCD and (1.40 +0.62) % in con-
trol cells. Cell apoptotic rate was (53.04 £2.09) % in Ac-aCD-Bel-xI ASON, (10.98 +2.03)% in Ac-aCD
and (2.19 £0.11)% in control cells, with the former 2 kinds of cells significantly higher than control (P <
0.01), so Ac-aCD-Bcl-xlI ASON cells than Ac-aCD cells (P <0.01). Conclusion  Our Ac-aCD nanosys-
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tem encapsulating Bel-xI ASON is effectively taken by rat pulmonary arterial smooth muscle cells, and then

inhibits cell growth and induces cell apoptosis.
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PR DI R G EE /D, S P BCR = A 2 )2
A AR ZRARHE A 19 e SCBERZ T IR © o T3
PBIT ) EE T2 — o Ml hk-F- 5 AL48 il ( pulmo-
nary arterial smooth muscle cells, PASMCs) J2&fiili Ifil. % 19
RS A 2 — , AT I A8 s 4 N 5K D RE )
JEE b R G EEAE . PASMCs (15 A2 il 1.4 =1
g i sl bk e e e A & e ) T S B A REAE, L T
IS4 B 2 A R P L A E 9 1 56 o Bel-xd 2 A T
FEIEA Bel-2 BEPH G5 b ) B L, RS R Bel-
x4 1 2R 35 LA 40 T 20 B O T, AR R A A AR
FA™ o ARSI B AERF ST AR BRI (1 Belxl I 3K
A RS i 0 ok ST T RO A4t 5 5 R 0 T R VR

1 S HE®

L1 XA

SD KB 26 = ZE B R “#se i sy vh oo $2 44, w Bl DMEM
(2[R Hyclone 24 7)) , (b4 L% (32 Hyclone 24 7)) , Wi
11§ ( 32 [ Hyclone /A #]) , Opti-MEM ( 25 [& Invitrogen 23 A] ) ,
DAPT Je a3 (o B VL5 38 = RAE Y H AR BFSE ) , TRNZOL &
RNA $2 0 (P E L RARAE Y HR 2 ]) , RT-PCR 7 &
(TaKaRa /A7) , 4HZUE (A #EBUA 5] £ M-PER Mammalian Pro-
tein Extraction Reagent( Thermo /] ) , Annexin V-FITC & PI(#7
MIREFEADHARA AR, TR Bel-xl £ iS4 (Santa
Cruz 23 7)), AR BEFRIC L EHU 0 TeG (ALt P A2 A E P HOR
AR , B-actin B FTREHLIR (AL RURAER AW A BRA D) o
1.2 7%
1L.2.1 RGEHAFRR (ASON) istit 54 M 78 GenBank
R Bel-xl mRNA 19751, A= TAE W) TR BRA /1T
£k Bel-xl ASON %31, H %91 :5'-TCCCGGTTGCTCTGAGA-
CAT -3' iZJFHNTE 53 Cy3 ZLEA5O0hRIC
1.2.2 9K 8UA Ac-aCD #5437 ) Fe LSRR T IR 24 2 R 458
(ASON-NPs) PRI S0 mg 4 [ 10 AR RG 28 A A R (46 185
1k a-CD) 2.5 mg PEI1800 {5 T 1 mL & H ki , BEHER
fif5e 4z, A 100 wWLOHKEER 1 nmol/100 wl) F LCFEAZH ERIK
VSR, AR 40, DA 6 mL 1% PVA/PBS(pH 7.4) 3k 4
PG ST RMEIA 20 mL 0.3% PVA/PBS(pH 7.4) R4 St bk
%3 ~4 h,16 000 v/min, F4ML 4 ~5 Wk
1.2.3 RPASMCs 555 RPASMCs M HEM: SD K Uit 3 fik
R B AT B, 5 IR R A E 0 HAR T iR S OOk (4]0 B R R
PASMCs 3535 T 10% JiG 4 MG . F H & 100 U/mL 5 H H
100 U/mL 8% DMEM ¥53:38H0 37 C 5% CO, 4ifiuds 3
R TEOCBE AN MTE 5 “ -5 7 AR A, SE 8

Fh 3 TS K A

1.2.4 S23esrdl ARSI 4y 3 A YR AR 5T 1 Belx
ASON ZH ( ASON-NPs £ ) , SRAiZlR AL (NPs 2H) (25 IR HREH .

1.2.5 4Kk #E% %) Bel-xl ASON %% 34 RPASMCs % YL
1 TR R KU ) RPASMCs 433l 437 6 FLAHMIR: 7Rk, Bl
1 x10° N4 . (808 s ™ B8 e A KA o0, e 3 3 Mok
ALY 60% il A B P IR e U . B YL A PBS AR 1 3k, $2 AT
4 h T4y Opti-MEM $55758, ] Opti MEM i BE 4 K 2 (A 4%
F) ASON Fi BRI 5 55 95 % ASON-NPs £ (50 pmol/mL) ,
NPs 2 A SE 5 3 R IR A SRl 40K 20140, 25 v BT BUm A
GRS B 6 h RIS A 10% G4 75 B R %, &
T 37 C 5% CO, A fusHFR A h Ak 84557 48 h,

1.2.6 M %E RPASMCs Xf 44 K ik Ac-aCD #5 7 Y Bel-xl
ASON 435 B WA AR Ac-aCD #EHF Y Bel-xl ASON %% 4t
RPASMCs 7£ 48 h B4 &, FH 0. 01 mol/L PBS PEis 44141 i 5 ,
4% 2 R E T A0, Z0R E 2 15 min, WR S [E 2 W), PBS ¥
¥ 3 KBRS min, A DAPL #5654 3 min, PBS 63 3 1K,
FFUR S min, B 5 5 OG5 A A AR 41 i 4B B ASON
HITEL

1.2.7 RT-PCR #;Jll Bel-x] mRNA % 32 ik % TRNZOL
A RNA $2EGR — 25 3 647 240 L5 RNA 3R E, 1% 318 bl
Y5 JSC FEL DA U S T 8 7 , A R 2R 10 A IS 7 4l B O 7
Fe# B D(260)/D(280) HL{EHI#E 1. 85 2247, R4 RT-PCR i
FIEHATI R SR AR 1, 51 W s £ W) TRARA RS
B, TS TR 7 38 . B R A4 R Ok 50 pL, Premix Tag fiff
25 pL, BiHZ RNA 3 ul, RS9 4 2 wl, K& DEPC 7K
18 pL, Bel-xl I % 8| #: 5'-CATTGAAGGAAGTGAGGTGGA-
AGG-3', T8 4:5'-AGCCAACTCTACGCTGGTCATC-3" , 1 44
PR R BE K O 240 bp, B-actin 51 4): 5'-ACGGATTTG-
GTCGTATTGGG-3', FUis|4: 5'-TCATTTTGGAGGGATCTCGC-
39T R B 100 bp, FHE 442K 194 °C 5 min FiAR
594 CARE: 40 5,56 CiB ok 30 5,72 °CLEff 45 5,30 PG,
72 CJGIEAR 7 min, PCR J=4)F 1. 5% B gt 58 Jog v vk 43 85,
FFR 1 18 2l B UKEE I AR 43 B (A T UG AR R 4397

1.2.8 Western blot ¥l Bel-x1 2§ [ /i #3k B & 2H 41
L, AN AR AR BOR IR EUR R A, BT vk #2920 min JF,
FHZNE SIS E LN T EP 4 th 4 °C 12 000 r/min 2.0>10 min,
TR 1 775 FAZ R 2 (o A A0 2 vk 32, % 2 T v T i — 3,
JIEA 5 x Loading buffer J57E# /K #1728 5 min A80%, BeHi 15% 43
B 5% Y 48 I )5 #E 4T SDS-PAGE %E JiE B Yk , 300 mA i 4%
30 min,}§ PVDF & T 5% Bilg @ik = i1 2 b inA 5% i
JEWIRIFRE Y Bel-xl —477(1:500) v 4 CHFF &, W HH
TBST %k 6 YK, FHIR 5 min, S % B Wik B A SR 1 &
eBEpRiC PR 1gG (1:5 000) HilAH ZEMFE 1 h, TBST
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B 6 W, IR 5 min, ECL AL 22 &Gk L, LA B-actin NE
H#FF TR IE
1.2.9  MTT U E RPASMCs (4 K il 3 PAEESL 10° 4~
i ks RPASMCs 2R 96 LI Fe R, A FLAARFR 200 L,
M5 NEFL, H 37°C 5% CO, 83758 P 8557 24 h Jg #1756
Yo R dL 48 h 5 RALINA 5 mg/mL ) MTT 353 20 pL, 4k%:
I 4 h, /NOWEFEEE SR AL L3E W, BALIA 150 pL DMSO,
B4R 10 min, {45 S Y 58 £ BEAR LR 490 nm
1, M S FLGE B[ D(490) JME, 28 AT IRFLIAE . LR EE
3o AR AR = [1 - S84 D (490) {H/ 25 0 B 20
D(490){] x100%
1.2.10  FAHHHLCRN RPASMCs 9T 1 0.25% A5
EDTA {1 i B 15 1k W 42 40 M ), 76 25 3R 2 000 v/min 5.0
10 min, 3% _F3E #0419 PBS B0/ ,2 000 r/min #5.0>10 min
PRI 1 7%, A 300 wL (% 1 x Binding Buffer & 5 40 Jfd , 7
A S wL ¥ Annexin V-FITC Y8415 Z IR HMOEIFE 15 min, |
BUETIIAS WL (1 PT L8, ZIRAOEHEE 10 min, 5 R N4 M
A
1.3 %itsas

{87 Image-Pro Plus 10. 0 X L4743 47 ; {4 F SPSS 13.0
for windows X} BT 7347, 2% S0 A H A 3 W, AL %L
Vi) Eb A FHBE T ¢ A

2 HR
2.1 kR EE EIE Bel-xl ASON £ RPASMCs K #%
I

ASON-NPs 20 2t Jifa Jot Hh 2 2T (858, ORDIR 8 57 43040, T 25
EIX IR AL NPs 21 35 3 UL AT (0 5 S B0k, 278 ASON-NPs 4
Cy3 £1a5NERRIC Y ASON Bl 44 K 2k 14 1 2y #% 32 %1 RPASMCs
W IR B (& 1) o

Cy3 DAPI il

25 % IR 2

50 pm
—

NPs 41

50 pwm
—_—

.

ASON-NPs 4

50 pm ‘
b

B1 EedRENZEFZAH Ba-xl ASON 7£ RPASMCs A B EUE

2.2 RT-PCR #:m) Bel-xl £ RPASMCs ¥ & % &

2t 5 o ASON-NPs 21 7 Bel-xl mRNA 13534 (0. 452 =
0.084) BEAMLT 25 (A XF HEAL A NPs 41 (0.917 £0.149) (P <
0.05) , 25 (1 %F IR 41 A1 NPs 4 Bel-xl mRNA 3k THH i 2% &
(P>0.05,K2),

M 1 2 3

200 bp— «Belx1(240 bp)
100 bp—| «—B-actin(100 bp)
M AR 1% G *F AR 40 ;2 . NPS 41,3 ASON-NPs 21

E 2 RT-PCR #ill|%& 48 Bcl-xl mRNA 7£ PASMCs H &k

2.3 Western blot 4| Bel-xl 2 RPASMCs ¥ 85 & &

%54 5 7% ASON-NPs 4 H Belxl 28 |4 () 3 % (0. 258 +
0.030) 35k T 25 (1 %t B 41 F11 NPs 26 (0. 938 = 0. 100) (P <
0.05) ,25 %) B 4H #1 NPs 4H Bel-xl mRNA ik L5125 5
(P>0.05,3),

«~—Belx1(30x10%)

«—B-actin(45x10*)

1.7 & x4 182832 :NPS 28;3 : ASON-NPs 48
E 3 Western blot # il & ¢ Bel-xl & {7 PASMCs F1j%kix

2.4 MTT #:m] RPASMCs & 24 ¥ Fp4) %

AR R 7S BN IR AR I R R (1.40 £0.62) %
NPs 2 1 4] % 24 (6. 30 = 1. 90)% , ASON-NPs 4 1}l 4| % K
(53.61 £3.02)% , ASON-NPs £H 1 NPs £H 40 it 4 K 3 i 23R 5
FEE T AN IRLL (P <0.01) , ASON-NPs 4 1 % 5. % & T
NPs 21 4 g1 % (P <0.01) ,

2.5 AKX miepen RPASMCs 7 ©—

25 U6 IR A AR T2y (2,19 0. 11) % ,NPs ZH A T
Yy (10. 98 £ 2. 03)% , ASON-NPs 41 I T~ K K (53. 04 =
2.09)% , ASON-NPs 471 NPs 2H 41l g )8 7= 3% . & /& T 25 (A %t
FRAL(P <0.01), ASON-NPs 41 T % B 3 %5 T NPs 21 21 Jid 4
T-%(P<0.01),

3 g

ARG 32 T —FhoB B B K 254K Ac-aCD #5717
Bel-xl iz Y E A% R 55 Y RPASMCs, i 2 K 78 Bel-xl
mRNA FIEE H Bk, W1 2 90 RPASMCs [y 384 5, fi¢
PEAMEA T o SR AR BAR Ac-aCD #4719 Bel-xl
SR SCBERZAT TR B A% 4 RPASMCs 2 2119 5 3, JF 48 3L
i35 PN e s B, AT AR HIE Bel-xl 2 55 4% 1R %o
Bel-xl mRNA A 2 il , 52 Bel-xl 2 [ 335 1 1%
fIG, 4 RPASMCs (358 , fE #E HAH T,

S SCSEAZ TR T o 0 S5 30 ) R L R, A 0 1Y)
LAY P s B R R AR (R SR R
PR B4 A xR /D sk OR B R, B
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BN BRI REMER . T iR L
TR 5 WA R TR AR A 7 W S PR Bk 5 3 SR
A R IR B 5 s (BB AB A4 B3 52, MEL
FEN PRIV PR 5 — i ia 850 42 4 ) A 1 i
IRRE O, BRI R RIR 2, 55 e
ARG AR R RS, Wi B A1 2 AL
o IR R S , LA Rk o 2 T 1 | RS LA R B 1) B i S
I R R G R A A I SRR IR A
AR BRI SRR 518 X M A 7 0
AT P 532 MG AR S e vk e s, {ELE g
TR e R AR, BA BRI EEE " RN R
SIS A AR B A 1) 5 DR g e T g
A B oAl PR B - 22 AR [R) s 40 K 3R X s S SEAZ Y
MR AT LU R BRI R . BB AR B AR 1 &
B AR BRI — P B R 48 25 R e AT R R
Wi RerE o ARG T o 8 B 4 K 4 Ac-aCD
SR AL AR Y pH w NSRRI AT AR, 5
SEHT I 2P f AR A FL R, Ac-aCD HAT LU A5
DAc-aCD EAT RAF I YA ZE M, B ol A= Pk i, b
it = R HLIA TCEE BIVE T s @46 BU R 1 B0, bR R
i T LT B 3 Ao PO IS S A T AR TR FE —
TE B IR ; @ Ac-aCD BAT R 4719 pH B, B 7E
IEH pH 7.4 BK G2, HifE pH 5. 0 BIELUK i ; @
Ac-aCD Gy T & W be, &5, H e, CBE, NS5
DL, A R T2 Pt R G0 i 2% ; O 1 &7 5
SR s T 2 PT LAASE 1 1) i) £ A% KN B 4 A AT i
FE ARk

AMIPR T 02 R 1 AR R N PR B AR, i A 4 o
YR H ERAFEIET, LA T H 22 58 B A 4 1 Y
FERE  UTARSR AR M T s R AR Y B
2 IR C 988/ 1 I 9% -2 ( B-cell leukemia-2, Bel-2) Kk
HEHMPIEARZ , H Bel-xl J& Bel-2 8 F 5805 h # %
BT T-E A58 & B Bel-x 78 22 Ff W 1 g v sy
Fek, SR R R AR R B R TS YT Y 18
RAEOS Tl sl ks e 55 Il 48 A A BRI R &, U
HIR i3 ik P AE R R34z ) PASMCs 1 Bel-xl %5 1F
W B PASMCs H %) 2R 38 i 3538 &, Ui BH Bel-xI 7 fif I
VU LA %) S8 38 0 DA S i A EE A v R AR
PRI S ASBF S BEMI A Bel-xl mRNA I 171 %
IR A DA R8G0 Jiti a Jok T JULA L %) S 36 5, AR i
LR T, AT B 8 R Vs i 100 T R i S Pk v R A R 1
B Ao

25 B TIR AR 5T 1) 9 K Bk AT B m i
LR AR RL R A Wy A | BE MR EAR, LA Y
Bel-xl 2 SCEERL T BR AE % 4 RPASMCs A RUH, k2%

T Bel-xl mRNA 1% [ #9223k, M #il i RPA Jf
SMCs HytE5E , fE EAN IR IE T,

Sk

[1] Sklepkiewicz P, Schermuly R T, Tian X, et al. Glycogen synthase ki-
nase 3beta contributes to proliferation of arterial smooth muscle cells in
pulmonary hypertension[ J]. PLoS One, 2011, 6(4) ; e18883.

[2] Niture S K, Jaiswal A K. Nrf2-induced antiapoptotic Bel-xL. protein
enhances cell survival and drug resistance[ J]. Free Radic Biol Med,
2012, 57C. 119 —131.

[3] Zhang J, Ma P X. Host-guest interactions mediated nano-assemblies u-
sing cyclodextrin-containing hydrophilic polymers and their biomedical
applications[ J|. Nano Today, 2010, 5(4) : 337 —350.

[4] Yin H, Li Q, Qian G, et al. Rabl GTPase regulates phenotypic modu-
lation of pulmonary artery smooth muscle cells by mediating the trans-
port of angiotensin II type 1 receptor under hypoxia[ J]. Int J Biochem
Cell Biol, 2011, 43(3): 401 —408.

[5] Ozbas-Turan S, Akbuga J, Sezer A D. Topical application of antisense
oligonucleotide-loaded chitosan nanoparticles to rats[ J]. Oligonucleoti-
des, 2010, 20(3) : 147 —153.

[6] Mathew A, Cao H, Collin E, et al. Hyperbranched PEGmethacrylate
linear pPDMAEMA block copolymer as an efficient non-viral gene deliv-
ery vector[ J]. Int J Pharm, 2012, 434(1/2) : 99 -105.

[7] Jiang B, Liang P, Deng G, et al. Increased stability of Bcl-2 in
HSP70-mediated protection against apoptosis induced by oxidative
stress[ J]. Cell Stress Chaperones, 2011, 16(2) ; 143 -152.

[8] KimJH, Jang H H, Ryou S M, et al. A functionalized gold nanoparti-
cles-assisted universal carrier for antisense DNA[ J]. Chem Commun
(Camb) , 2010, 46(23) : 4151 —4153.

[9] Ming X, Feng L. Targeted delivery of a splice-switching oligonucleoti-
de by cationic polyplexes of RGD-oligonucleotide conjugates[J]. Mol
Pharm, 2012, 9(5) : 1502 - 1510.

[10] Perez J, Torres R A, Rocic P, et al. PYK2 signaling is required for
PDGF-dependent vascular smooth muscle cell proliferation[ J]. Am J
Physiol Cell Physiol, 2011, 301(1) . C242 - C251.

[11] Blanco E, Hsiao A, Ruiz-Esparza G U, et al. Molecular-targeted
nanotherapies in cancer: enabling treatment specificity[ J]. Mol On-
col, 2011, 5(6) : 492 -503.

[12] Grant E V, Thomas M, Fortune J, et al. Enhancement of plasmid
DNA immunogenicity with linear polyethylenimine[ J]. Eur J Immu-
nol, 2012, 42(11); 2937 —2948.

[13] Blankenberg F G, Strauss H W. Recent advances in the molecular
imaging of programmed cell death: part I--pathophysiology and radio-
tracers[ J]. J Nucl Med, 2012, 53(11): 1659 —1662.

[14] Yang J S, Wang Z X, Lv C Y, et al. Prognostic significance of Bel-
xL. gene expression in human colorectal cancer| J]. Acta Histochem,
2011, 113(8) : 810 - 814.

[15] YuX M, Wang L, Li J F, et al. Wnt5a inhibits hypoxia-induced pul-
monary arterial smooth muscle cell proliferation by downregulation of
B-catenin[ J]. Am J Physiol Lung Cell Mol Physiol, 2013, 304(2) :
L103 - LI11.

(W#5:2013-01-17 ;48 [E . 2013-02-04)

(#  XRIRAEE)



