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Antisense ras Oligodeoxynucleotides In-
fluence Biological Behaviors of Rat Aor-
tic Smooth Muscle Cells Stimulated by
Basic Fibroblast Growth Factor
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ABSTRACT

" Aim In order to regulate the action of small molec-
ular G protein (ras protein) for inhibition of smooth
n;uscle cell (SMC) proliferation response to growth
factor, basic fibroblast growth factor (bFGF).
Methods Antisense oligomers, modified to prevent
their own degradations, were used in a concentration
of 6 pmol/L introduced into the serum-free medium
containing bFGF (100 mg/L) in which rat aortic SMC
were cultured. By means of H-thymidine incorporation

and immunocytochemistry methods, DNA synthesis

and expression of proliferating cell nuclear antigen

(PCNA) in SMC were detected.
Results These oligodeoxynucleotides (ODN), in a
time-related manner, significantly lowered the DNA
synthesis of SMC .by more than 90% (compared with
the control). When a same nucleotides sense ODN was
used instead, showed only a little effect. Immunocy-
tochemistry indicated that the antisense ODN can
markedly reduce expression of PCNA protein which is
necessary for SMC proliferation.

Conclusion Antisense G protein ODN strategies

may be used to resolve clinical problems caused by

F ) X #F
(PLUEHAXFHBEEARAE CoFTRIFLIFE, /M

x| #F 4
510089)

growth factors initiated cell proliferation.
KEY WORDS

Ras proteins; Vascular smooth muscle cells; Resteno-

Antisense oligodeoxynucleotides;
sis; Basic fibroblast growth factor

mE AITHALMENSF G Tl G(as TGIHF
HafFRAMeumprtt KB FHRAENH, ALK
EXras EEBEBFRAERN TN TmpE K
BFUHNBES R L P FRmemp,fid AIFMH
MERRERTRBNEE LA B F T L RA
RAX ras EEMAKTRA AR BEmBL R
BFHEXTHALLTFA MMM DNA & &bl
MR B Yok, SRR, A X ras FRBEASF
BRTASHHLTERFMmP DNA S AR 120
#o 24 h 93 ®lk 9 5| A 92% # 90% ; i B K & ¢ i
Xt RZALFESHHHMANP<0.0D), AXras K
ERAGTRFTEFR ST F R M ibitar
BRBREOGAE, RFUESHERATIRMEL
ARETALBI LG mBRARAR BAEAE
RAMABREARY IRBEHRAA S LAEFH
eyl A5G,

X85 EAAEEBEKTR; ras & h; £F, F
FMtmps; BT, kit fFapt kBT

PR FEN, BREKET T (growth reg-
ulating molecule, GRM) G #EEK EHF. . ME &
HZ M4 REFERTERTLE FRILA
ffd (smooth muscle cell, SMC) ,ﬂ'z‘jl F#£SMC
R B NE RS S KR AMIME TR
#5# SMC FAWS ., XRBEMERE —FEH
Y1 BE A 2 b B 16 30 K 38 58 {1k (atheroscle-
rosis, As) . /5 ML B A1 B (K ML B BB R G BB
KERMREFREZ -, B, a2 5
GRM 3¢ SMC K {E i 2 B 16 E R AR & A 65
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FiE L EMRR BRENASEEKE FIE
BAEZXKERE -KZERS ras EEHEK,
FiE ras EHM D FIFR"ERBHARIMG
SHSAMBEAC, FEE ras EHEE, A
AEIA B AR 2 Rl AR B T3 SMC 4T
FIYE R AT 1k 2 4 f) SMC sk i 45 09 B
B . A 55 LABBLE £F 4E £F 40 B AE 1< B 7 (basic
fibroblast growth factor, bBFGF){E G H M
SMC AER,ZITHEXN T EEZEAKRFH
FIEHDEN =M ras EARNERBEEKHE
B (oligodeoxynucleotides , ODN ), W1 £ H X ¢
FH A9 M SMC DNA & i B A % it IR
(proliferating cell nuclear antigen, PCNA) %
BRI BRI B s BEERR AR
Hr R ENESESERPHERRR
grFHLE .

1 #HES5HE
1.1 R ras-BRBESEZEBRBIFILEIHS
=927

# i3 A B (genebank, P LEH K F 2 F AW F
PO)EH G EAXFES DNA FF L&t H Nt
e RHEAHMEIMS FGEAmMRNA EHR
X ODN F5| 1 . 1500 ,EMikERHNEXODNF
FIN VAV, LEHRB, £FFHBT.

1. 5-AGCTTGTATTCTGTCATCG-3';

1. 5-CAGTTTGTACTCAGTCAT-3';

K. 5-CAAGTTTATACTCAGTCAT-3';

V. 5-CGATGACAGAATACAAGCT-3';

V. 5-ATGACTGAGTACAAACTG-3';

V. 5-ATGACTGAGTATAAACTTG-3'.

A% ODN #ANWH G BRT % # RNA B #,
XEREEHHE S F 4N mRNA L,% ODN 89
AR AT TR AREEAENH. EXRRELTEE T
HHFELEAMENFRATTE K.

1.2 RXEBREREZTERIEEMAER
nEFENAMEES 20% % %+ 1% 4 DMEM #

# # (Gibco BRL)# # . A B K X 3 E X ODN #:%

E¥HH6pmol/L, MK 1.3.6 9 KE LW 20 pl

BHRA, HTSDS-RAHBEER 2k Q6% # B

ByE#R%.

1.3 MMREFERETE

ARKARALETRAAK. EXFEETH
® Wistar K95k, £ A ERSNE, P ETHAMN
BERWRE AP ERFR—FEIHHE 25 mL &35
. 3TCSUCO, HAH T REER. 20 RELEH
ERE. RO.06250BREABHALR. ZRAE 3~
10 £ SMC.

FEENZERAAEREER . EHEERE
BB ER Y R,

1.4 ZTRSARBIESIT

ETRIELEA . OMH%BA,bFGF+PBS; @ %
B3t BH,bFGF+ F X ras-ODN; @B # 3 B 4, 0.
5%FCS # DME +PBS; @ % % 4 ,bFGF + I X ras-
ODN,

FATXTBRIN.FEH 3K, BRRAHELIiRE
EG@ts) , R THEAFLFUARL. BHT AKE
R,

1.5 fnMEEREEREETFEARRE

SERAEEDHHE, IR 2.5X10°/L 4 100
pL #H# 5 96 L IEH K P,20%FCS DME # 5% 24 h
&+ H 0.5% FCS DME & 3= & 3 5 72 h, § #4 bFGF
(100 mg/L) 8 % iz 1 DME 3% 3% 3% , Bl st m A K X &K IE
X ODN E# K F 6 pmol/L, % 7 % 43¢ 5 10 h fo 22
h & f A* H-TdR (1 gci/3L),37CE ® 2 h B, v
NaOH # HCl @ s #, B T WK &+ A LKB & &
3% it 3 (X 4 2 44 it ¥ (counts per minute,cpm)fi.
T A K DNA & A # £,

. . B cpm
DNA £ K4 £=qQ FA 4% 31 B 4 cpm &

1.6 R4 K<MHIsCie

WA 0.5%FCSDME # % 72h B, 4
B4 bFGF(100 mg/L) #y X fn #% DME 3 % &, B 8 fw
ARXHEXODN 4 8 E£ %K 1.5 pmol/L. 3
pmol/L .6 umol/L #7 9 pmol/L, 4 53 1d.3d.64d
A0 9d 6 it S (% 48 h iv — K BFGF) . ¥ F R it
oAb A KA H K.

ERAFEKHE

émﬂfﬂik#v%'l$=(1—Faﬁﬁl’q§m}?i_ﬁ&)x1oo%

1.7 EIEARENREERERE

41 PCNA #tk & LSAB i # & A Dako 2 8 ¥
¥, 48 M EL 5 000/cm® 85 F A 4 B 96 L3 AR K .24
h 5 %4 DME(4 0.5% 89k 4 % R KB % 6 umol/
LHEXKRXODN), ¥ BAWwmEENPBS, 72h &
#o bFGF, 8 S F 24 h, { o A ML FRH . F &%
LSABRANERAFH#T . BE . E¥ L0kl 20%

)X 100%
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BOHARPCNAREON 150 M) R K - ik
(11 400 8 %) ,SA(strepravidin)(1 : 400 B )L H &
MDABE® HENTARPH N,

2 &R
2.1 MEFRINERET

EHE®T .SMC BHRE . “B55 41, &
HAEET R P ETNL I LATN SMC B
YRR BE (P 1 Figure 1),

Figure 1. Indenliflication of the cullured rat aortic
smooth muscle cell (transmission electron microscopic
picture. X 15 000).

and filaments.

Arrows show density body or plague

2.2 EMERENEERNREY

5.3 MAMARBILA K L ODN(RIKH 6
pmol/L)¥E DME ¥+ 6 KRBEMN.9 X
Bf. {3 & X ODN K5E LB MM (A 2, Figure

2). EMAEXH ODN EFMPIRA[KBAE -

IR,
2.3 XMFFRILEE DNA § ARES

6 pmol/L & X ODN i 7 SMC 12 h f0
24 h E3 AR’ H-TdR A6 B W LA 3(Fig-
ure 3), 2. DNA SRNE RSN
95 % 1 90% ; # E A9 xF B 4H IE X ODN 3 SMC *
H-TdR # AMIMEI B H 41 %8 26% £
REBEASEH(P<0.001),
2.4 MOFFRNGEEEAOES

A B X ODN 555 3.6 # 9 X, % SMC
BN R4 50 90% .61 % 21%. TR
HERYIE X ODN 1 3243 5 0 36%.19% 1 9%

(M 4, Figure 4),

I LEY T

- -

Figure 2.  Stability of antisense ODN modilied with
phosphorothioate (arrow shows AS-ODN).  lane 1. PBS;
lane 2~6. electraphoresis tesultsat O h, 1 d, 3d. 6dand 9

d alter adding ODN into medium respectively.

2000} B  orcr4Pes
5 B bFGF+S ODN
R iseel @  SFGF+ASODN
§' EXX) 0.5%FCS DME
“1000-
- |
=
x

500

0

12
time (h)

Figure 3. The time-related effects of ODN (6 umol/
L) en H-TdR incorporation in SMC. # . P<0.001,
compared with control group.

2.5 XmEFRAU AP HEBRELRE
S8XANER

Y48 T .SMC PCNA Fa&RARES MR
BEEERG . PHERERA TR FAERRE. I
M 5 (Figure 5) fif 7k, )& X ras-ODN 1] )& 4>
SMC PCNA EH M &L PCNA BH &
BEFZRAEA) . SHEX RESRMAE. &
¥ ODN 384 SMC PCNA ZEA®RERHES
#HTB £ (B), 5 bFGF 48 SMC PCNA &
BREMEGMARNERHER.
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100

cell number (%)
2 o

o
S
i

time (h)

Figure 4. The time-related effects of ODN (6 pmol/

L) on inhibitlory rate of SMC proliferation. —8—,
bFGF+AS ODN; —W¥— . bFGF+S ODN.

3 it
HEHELAINEREREFREHER
FUE+AREZRTS5ZEARERTXMN.5
AAARARHXRTFEIEY.,. HFTHE
EHREXMTERA IO TR NS
MARREHN. FEHRER. EKEFAM
BEHEZRSESIREARNME T EEREANG
WA B2 (i 12 (2 o 40 AR 3 Y, 70 7 ok 180 it
ERHEGCEOEM. WEEEd/IST
G EH (ras EEIN“HFFE"EHERN. X
EEKEAFEFTER- A EFEHEKEAET
(PDGF) .Sk B4l 4 1< B F (FGF) R E 4
KBEF(EGF)fi & X # 4 K H F(GF) %,
ENHEMREHESMC AN FTLSNE. A
FIEWM A IE X ras EEABERBEFHL T
HBANE. RLAXFIELEE ras B
HEIEEKEFESLUIME SMC IgRA RN,
ALK 4B+ bFGF R SMCHE X
B A0 X ras-ODN., i P38 52 7 ras
B P4 < B 768 5lE 8 Rt
SMC MR/ oY TR B R M ras-ODN
%t bFGF {Efil Ff SMC DNA Sl AFHEM

A

Figure 5. Effect of oligodeoxynucleolides (6 pmol/
L) on the expression of PCNA protein in SMC (LSAB
method, X200). Arrow shows PCNA protein positive cell.

WEER. SHEMBHEMEER. 12 TR
SMC DNA & Ry EEX 92%(P<0.001);
24 h M RTIRE 90% (P<0. 001), i+
BRR X ras-ODN 3 SMC 17 49 0 &l 3 4 51
iE 0% M 61% ., 2R EMETRIKEE, BRR

X ras-ODN #] 4 85 & FH ¥t bFGF 3f SMC #9148

DNA S {EF A\ TimHl T SMC A58, LIE
HRAras EARGEEAR LIRS T ETSH
B.O R #FEREZRECEFARREERE
ER™., RINEKSNAR X ras-ODN HI=ZK
# G ZE 3 ODN 47 i i %] % SMC £ MR
P BR THRUNER HE—FEAT ras F
AEEKEFESEERS“STFFX"ER.
3 TR X ras-ODN 3 SMC 10§ & B i
SFUE . ATRWET SMC PCNA EAE
%, ER B RN ras-ODN T SMC & PC-
NA BE &AM . R8N, PCNA %M
AP EFERRS G A SH.HFES
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HT R X ras-ODN 3¢ SMC il ¥ F &9
SFHLE,.EAZTRMWET SMC PCNA EH &
%, R DR K X ras-ODN 7] {§f SMC = PC-
NA EHREE L. XE[8]1#:E .PCNA 7E 41
AP EEHNRE Gl i3 SHI.IFES
$ABTfE 5 DNA delta TR E S HF R
DNA R HfER, SHMMANE. HlE
S #AEt PCNA EEXRER MM, o] A/EA KR
WEMRES, RINMWTRH—FEET ER
%#, K X ras-ODN B[ {#f SMC &1 PCNA & H
#5884, Fit SMC DNA & R ging],
T A8 B B PE ¥ X B A1 SR 50 X BR 4 2 3] PCNA
EOaRAHERN. '

EERFIHOR UM FGCEHN 18/
PDAEBEMABMERREZETR. 45 5H
MV B cDNA R EHEXE 3, FIEHH . EFR
HKF LM ras EEHHRE AN TR TR
AP EXFERBRELTRS cDNA BEFIL
X UEEREREREAKTRIEALRESR
IR EH. IHRERREETREEA
“ )5 BEAS 5 8 RNA B§RE %%, [F] 6 XL RE 5 A
MHEIFIESEE  EXRRELTRY
3 S RIEEAT T B BERAL 81 , 7 DME 1%
FEPIOREMARBEN,IEWHX FHEMHE
R

5 bFGF A L. IMAITE X G EH ODN
HEREX SMCEHE—EMWEHEM, TR
ODN # 53 4ifi /=4 M RENFIER,
EREH—%RK X ODN WHHRTFTHERAES
MAEFFREER A, B ¥ EH A IR
S 15 B 7T B 2 /2 ODN iy 48 R WL & —09,
XK ILAG ODN A RPASBRIRME
EMELREE.

L EZ R . ) X ras-ODN fE8 B 3 %l
#£ bFGF #E i F SMC # DNA 44 i f1 SMC
W, Fe A RE A A K PCNA EH &KX
HwEMEER. K X ras-ODN Xf SMC R i
RERRECEYFTHLFEEMNER(BX

£ HIRMEH Y A T AR — AR K
B 11 A O 3 a3 A YRS Y e BR DR, R

AFHNOFF RRUE BHHETR.
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