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Effect of the E2F decoy Oligodeoxynucleotides in
Rat Vascular Smooth Muscle Cell Proliferation

Mi-Jung Kim, Hye-Soon Kim, Seong-Wook Han, In-Kyu Lee,
Nam-Hee Park', Sae-Young Cho', Kee-Sik Kim

Department of Internal Medicine, Department of Chest Surgeryl,
Keimyung University School of Medicine, Daegu, Korea

Background : Excessive proliferation of vascular smooth muscle cells (VSMCs) and neointimal formation are
critical steps in the pathogenesis of restenosis after percutaneous transluminal angioplasty (PTCA). The transcription
factor, E2F, plays a critical role in transactivation of several genes involved in cell cycle regulation. In the present
study, we investigated the hypothesis that transfection of cis-element double-stranded decoy oligodeoxynucleotides
(ODNs) corresponding to E2F binding sites inhibits the proliferation of VSMCs and neointimal hyperplasia.

Methods : We evaluated gene expression and proliferation in rat VSMCs under high D-glucose and serum, and
after transfection of E2F decoy ODNs in vitro. And we also evaluated neointimal formation in vivo model of rat
carotid injury.

Results : Transfection with E2F decoy ODNs inhibited VSMCs proliferation (p<0.05). Transfection of E2F decoy
ODNs attenuated DNA binding activity (p<0.001) and promoter activity of E2F induced by high glucose and serum
(P<0.01) E2F decoy ODNs also attenuated glucose- and serum-induced expression of cyclin A and PCNA genes
(p<0.01). Administration of E2F decoy ODNs in vivo using the hemagglutinating virus of Japan (HVI)-liposome
method virtually abolished neointimal formation after ballon injury to the rat carotid artery (P<0.01).

Conclusion : Conclusions: This study shows that transfection of E2F decoy ODNs may decrease cell cycle
regulatory gene expression, cell proliferation and vascular lesion formation in vitro and in vivo. Our results provide

a novel potential therapeutic strategy for the prevention of restenosis after angioplasty.
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A gax, Rb, p27 ¥+ p21 (cdk inhibitor), E2F
B e AEFA G B FAA BAS =
Aeto] AL Z4E Al WD thymidine
kinase, fas ligand, p532} 72 A|3EL3LA} (apoptosis)
ot FAH FAAE Edshe B ol o] &H
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E2F+ 8711¢] 7] (5¢-TTTCGCGC-3")&E o] Fo]
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A3t AL AR Asel, ALE7olA
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rofolate reductase, c-myb, thymidine kinase, cdc2,
proliferating cell nuclear antigen (PCNA), cyclin A
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270), Wk (1241 7F 7)), 55 455+5% 2 =4
3k FA0lA Asslelar, &3 ARE Algglel
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WA FR RS Hete] BRGYRTA
X E B3l & 20% fetal bovine serum (Gibco,
Grand Island, NY, USA)E 383} Dulbecco’s
modified Eagle’s medium (DMEM; Gibco, Grand
Island, NY, USA)ollA sljakstgic). Sk g4)
39| £ %+ smooth muscle-specific gactin monoc-
lonal antibody (Sigma-Aldrigh, St. Louis, Mo., USA)
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& AES 4839

3. Decoy ODNs H[Zt

A71A<
phosphorothioated E2F decoy ODNSs (PS-ODNs)
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5‘-ATSTTAAGTTTCGCGCCCTTTCTCAsAs-3’
3’-sSTSAAATTCAAAGCGCGGGAAAGAGSTT-5’
Mismatched E2F ODNs (M-ODNs)
5-ATSTTAAGTTTCGATTCCTTTCTCAsAs-3’
3’-sSTSAAATTCAAAGCTAAGGAAAGAGSTT-5’

4. HVJ-2IZEO| HZ

Sendai H}o]#] A (Hemagglutinating virus of
Japan, HVI)E- polypeptone &4 © 2 1,000ul 3] 4]
slo] Agsl7] Z7EA] 4Toll Badslar 108 wlok
3l AElke] §-F Qut (chorioallantoic membrane)
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K
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nmol| 42| 3359} HA (Hemagglutinating assay)
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2| 3£ (liposome)S WHE7] 98] cholesterol,
dioleoxyphosphatidylethanolamine,  phosphatidyl-
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13.3:13.3:13.3:109] F-Am]& 2 Zsrsloich AA
TgEY FEEEE (chloroform) AA ¥ Ee}
2=l AAAIZ . 7125 245 ODNs2 3
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shakerol| 4] 305 =<l A X]slitl sucrose WE
FulE ol g3l §2l HVIZ A7l 2482

F 7] % sA5elle
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5. In vitro 38X =2
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3}, Lipofectin (Gibco BRL) (molar ratio:DNA:
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Y ¥ 37CollA 5A17HE<t vE-3-A1F ek 10% FBS
5 F3 AA viA & 7} & CO2 incubator

ollA et it

6. MEAE 24

Lipofectin:decoy ODNs (100 nM)-& Al|Eol] ¢
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7. 4 XA 2EMH (Gel mobility shift
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leupeptinyell 4] FAAZ 3 AL 9ol 155 E
Qb WA B o] AEES NP-40 25uLE A
Zo]| buffer B (20 mmol/L HEPES, 0.4 mmol/L
NaCl, 1 mmol/L EDTA, 1 mmol/L DTT%} 1 mmol/
PMAF)el| oA 102 &<t 12,000 g0 2 4%
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Fig. 1. Effects of ODNs on the DNA-binding
activity of E2F. Typical gel sift assay is
shown VSMGCs transfected with E2F decoy
ODNs. Culturing in conditioned media con-
taining high glucose and serum significantly
increased E2F binding activity. Transfection
of PS-E2F ODNs significantly attenuated E2F
DNA-binding activity induced by high glucose
and serum. Abbreviations: N, VSMCs cultured
with normal glucose (5.5 mmol/L D-glucose);
H, VSMCs cultured with high glucose (25
mmol/L. D-glucose); Decoy, VSMCs trasfected
with 100 nmol/L. E2F decoy ODNs: P, PS-
E2F ODNs: M, mismached E2F decoy
ODNs. EMSA results are expressed as the
mean*s.e.m of five independent experiments.
Statistical significance was determined as *P
<0.001 compared to N, T P<001 compared
to H, ¥ P<001 compared to H +10% serum.

(BioRad, Richmond, CA, USA)Z Z43}ic}
E2F, mismatched decoy primerE- [7-32P] ATP%}

T4 polynucleotide kinaseE o]-gslo] AlZrsiich

32P A| &AA= NAPP-5 ZHol|4] A AlsS]

©v] Sh#Z DNA A3 HFS-L 20 sLeld A

oAlA 2087 Alhelolet. WS EREL 6uL )
A} 225100 yL/mL poly dI:dC, 10 mM Tris/HCI
(PH 7.5), 50 mM Nacl, 0.5 mM EDTA, 0.5 mM
DTT, 1 mM MgCl,, 4% glycerol, 60,000 cpm 32P-
labeled primer DNAZ ZAJs}9ivh HEEA71 &
AZ-S 0.5x Tris-borate-EDTA bufffertHol| 4] 4%
ol Zglo}=zz=oln}o]| =4 (native polyacrylamide
geloll HER & 150 ol 4] 24)7F Fb 4]

[e] 203 R
4= AT = B4k

8. Luciferase £AH

ZZ7E #Ao|| gk E2F decoy ODNs?| f
kS W79 %l cyclin A promotor luciferase const-
ructs” @} E2F luciferase constructsS o] &5}2it}.
A|ZE PBSE 23] A3 % 200uL Reporter
lysis buffer (Promega, Madison, WI, USA)E- 7}s}
of MEFEES o] luminometerE ©]-§5}o]

luciferase AT E &A1)
9. =& £ (Northern blot analysis)

PCNAS} cyclin A9] 42 whale W7 93
Northern blotting-S- A A&}t & RNA (10 1905
1% EELds|=-ol7}Z2~4 7 (formaldehyde-
agarose geDoll4] H7|dE3 F UAE Hew
OIEAZT. LR whe AN EA) £ARe
17| Express HybTM -£-Hol| 4] 247 £k 65T
ofl A K73 (hybridization) AJ71 ¥ of2] ¥ A
Hegick o] e 2448417 52k X4 ol o
ZA]71 & mRNA "S- U5 A1Z7] (densidomter)

g o] glo] EAsgleh

10. BAMQ| Ea&ARE N jn vivo B
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Wizl e] 7ol HEwb] e (pentobarbital)
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Fig. 2. Effects of E2F ODNs on promotor activity
of cyclin A in smooth muscle cells. VSMCs
were co-transfected with decoy ODNSs (100
nmol/L) and cyclin A promotor luciferase
constructs (A) or [E2F]x 4-Luc (B) under
high glucose and serum. E2F decoy ODNs
markedly attenuated up-regulated luciferase
gene expression by high glucose and serum.
The values represent mean *s.em. of five
independent experiments after normalization
of (-galatosidase activity. Statistical signi-
ficance was determined as * P <0.01 compared
to N, TP<o001 compared to H +10%
serum. Abbreviations are same as Fig. 1.
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anti-proliferating cell nuclear antigen (PCNA) &}]|
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1. E2F decoy ODNsQ| E2F &&t

FEET 55 (25 mmol D-glucose)?} A& E
A3k wiA] el A wiekEle wll, iz wiR]ollA] Kk
E2Fe] DNA 7%H50] 271531} (P0.001). phospho-
rothioated E2F decoy ODNs (100 nmol/L)S -3-4 2}
U Az W axEdd dPor STEYR

E2F DNA 73Hso| 7h4%]9le} (P<0.001) (Fig. 1).
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Fig. 3. Effects of E2F ODNs on gene expression in
VSMCs. Gene expression of cyclin A (B)
and PCNA (C) in rat VSMC was quantified
with densitometric analysis. High glucose and
serum stimulated the expression of cyclin A
and PCNA genes in rat VSMCs (*P <0.05,
t P<001). E2F decoy ODNSs transfection
resulted in the attenuation of gene expression
of both PCNA and cyclin A (¥ P < 0.01).
However, 18S rRNA expression was not
affected by E2F decoy ODNs (A). Values
represent the mean = sem of five
independent experiments. Abbreviations are
same as Fig. 1. Statistical significance was
determined ad *P < 0.05 compared to N, tp
<0.01 compared to H +2% serum, ¥r<
0.001 compared to H +10% serum.

kS H7] 9@l cyclin A promotor construct@}
E2FE 3313} reporter gene constructS- o] 8319
t}. E2F decoy ODNsS 5A]F% (co-transfection)

A RS W] ZEEY (25 mmol D-glucose)d} &4

off o3l FT71=AUW luciferase 4] o] FAZ o
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Z2&lo||l CH®t E2F decoy oligodeoxynucleotides®l X ilt

2 FYsAl A= et (P<0.01). Zefi}, mismat-
ched E2F ODNs& Z=7}%] luciferase 24 Eol]
3k d¥ga HolA okkrt (Fig. 2).

3. ELEEZMES MEFTI| ZHFRA

} gbsi0f| CHSF E2F decoy ODNs9|
sk

P

o

WA AERS] 2AGRA] wel mig
E2F decoy ODNs®] <d¢kg HQIrl nxTot
HHo Fo HABHIIAFoA cyclin A}
PCNA S22} urdS =71A7 5 (P<0.05), E2F
decoy ODNs A AE%) A] cyclin A9} PCNA
Az o] FolshAl  oF3hE| 9lek(P<0.01)(Fig.
3A¢} B). &1}, 18S rRNA ®F&-2 E2F decoy
ODNsel| %d38Fg WA ekekr} (Fig. 3).

4. in vitroO|A SZHHEZMNZO MZEH
CHst E2F decoy ODNsQ| A &1}

IEEGI AL tz2Tol vjsl] FH e 3
o ZAAZAL (P<0.001). E2F
ODNs decoyE FAAFY AlZES o AEETD
I Aol ol FIIEIFY AE FAlo] A Ax

oI} (P<0.01) (Fig. 4).

5. 7 2SN SMefal= £ AMLARE S
MOl CHSH E2F decoy ODNs2| &k

=
i]—:L,;.";_g/] %

HVI-2| 25 WS olgate] # 75 ellA
E2F decoy ODNs9] §-47F¢] a72 2334l
th F A o] FAEAE) 93k A4S ¢l
31 phosphorothioated E2F decoy ODNs& F%] %
1425 A A HAS HokS u] At &
Aol frelsiAl ZHAaE vt (P<0.01) (Fig. 5).
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Fig. 4. Effect of E2F ODNs on cell proliferation in
rat VSMGs. Proliferation activities are calculated
as meanis.em of sex separate measu-
rements. Decoy (100 nmol) were transfected
into smooth muscle cells. After transfection
(2~3 days), an index of cell proliferation
was determined with the use of a WST cell
counting kit. High glucose and serum
stimulated the growth of cultured primary rat
VSMCs, compared to control cultures (*P <
0.01). Transfection of E2F decoy ODNs
resulted in significant inhibition of cell
growth stimulated by high glucose or serum
('T P<0.01). Statistical significance was
determined as *P < 0.01 compared to N, tp
<0.01 compared to H +10% serum. Abbre-
viations are same as Fig. 1.

= AlAWRRe] HAS E2F decoy ODNs2 -
AAFYAREZA ol F ASe HolF
At

AR AERT]) 28 §AAE Atz
A £ wel) WU AT Az Z47}
At G4 Al Be Qv
AP G 2, AEFT] 249 9y
$AAL] oAbt oleld #4 L uhd
2283 Alog AgEr)

E2F (E2 factor)+ 198611 Kovesdi =©] Elaol|
ol FA3EE= AE 91} (cellular factor) Z4]
adenovirus B2 Z 2 7] 9] A Slo]| TS ut
Aste] WHlsl ). E2F: cdk2$} 4, cyclins A,

W rlo

o

=

Fig. 5.
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Effect of E2F decoy ODNs on neointimal
formation following ballon injury to rat carotid
artery. A single administration of PS-E2F
ODNs resulted in significant reduction of
neointimal formation (P <0.01). A represen-
tative cross-section of the left common
carotid artery of control rat (A) is shown 14
days after balloon injury (B), 14 days after
balloon injury with PS-E2F ODNSs using the
HVIJ-liposome method (C).
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D¢} E 59| AEF715 24sh= 478t PCNA,
DNA polymerase a, ribonucleotide reductase 52
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