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oligonucleotides on proliferation of cultured aortic smooth muscle cells
induced by angiotensin [ in SHR rats’
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AIM: To study the effect of antisense basic fibroblast
growth factor { bPGF )} oligonucleotides ( ODN )
transfection on the growth of cultured aortic smooth
muscle cells (SMC} in spontaneously hypertensive rats
(SHR). METHODS: Using cationic liposome-
mediated method, antisense bBEGF ODN were
mtrocuced into SMC, bFGF gene expression was
detected by Northern blotting, cell hyperplasia was
evaluated by [*H ] thymidine incorporation and cell
coumnting. RESULTS: Transfection of antisense
bFGF ODN (5 pmol+L.~!) almost completely inhibited
enhanced bFGF mRNA expression and inhibited cell
proliferation induced by angiotensin I { Ang 1
pmol-L =1}, In basal state and Ang-stimulated state
[*H]thymidine incorporation was inhibited by 26.5 %
(P<0.01) and 42.0 % (P <0.01) and cell number
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was inhibited by 17.3 % (P <0.01) and by 22.2 %
(P < 0.01), respectively. CONCLUSION: The
transfection of antisense bEGF ODN into cultured SMC
effectively suppressed bFGF mRNA expression and
inhibited the SMC proliferation induced by Ang.

Abnormal growth of vascular smooth muscle cells
{ VSMC ) is critical to the pathophysiology of
hypertension. Angiotensin [I { Ang) played a major
role in the regulation of VSMC growth in hypertensive
animal models'!)

The inhibition of ¥SMC hyperplasia by antisense
oligonucleotides ( ODN) transfer maybe lead to new
therapy  approaches for certain cardiovascular
diseases’?] such as hypertension. atherosclerosis, and
vascular restenosis following balloon angioplasty .

The delivery of antisense proto-oncogene c-myb
ODN effectively suppressed intimal accumulation of rat
carotid smooth muscle cells after catheter-mediated
injury in vive for at least 2 wk(®,

The delivery of antisense cell cycle regulatory
genes { such as cell division cycle 2 kinase, cyclin-
dependent  kinase, and proliferating cell nuclear
antigen) inhibited intimal formation in the rat carotid
injury model for as long as 8 wk after a single
transfes* . Previously, we had demonstrated that
Ang enhanced basic fibroblast growth factor { bFGF)
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mRNA expression and stmulated spontaneously
hypentensive rats ( SHR} VSMC proliferation in culture
and this effect could be obvicusly inhibited by ani-
bFGF antibody'®. In this study, we investigated the
effect of antisense bFEGF (ODM) on the bEGF gene
expression and cell hyperplasia.

MATERIALS AND METHODS

Cell culture The thoracic aorta was excised from male
10-wk-old SHR (NIH strain, purchased from Cardiovascular
Institnte, Chinese Academy of Medical Sciences, Beifing.
clean, Certificate No 01-3080) weighing 320 - 350 g {333 +5
g, n=6) and the VSMC (passage 4 — 5) were isolated and
coltwred at 37 T, 5 % OOy in Dulbecco’s modified Eagle’s
mediumn { DMEM, Gibeol/BRL)} comtaining 10 % fetal calf
serum {RCS, Sigma)!® . The VSMC were plated into 24-well
tissue culture dishes {Nupc, Denmark) or 25-cn? flasks ( Nunc,
Denmark).  Morphology of VSMC was verified routinely by
phase-contrast light microscopy  ( Nikon/diaphot, Dusseldorf,
Germany}. At confluent, the cells exhibited a typical hill-
valley pattern. The cells were made quiescently by incubation at
37 T, 5 % CO; for 48 h in DMEM containing 0.2 % FCS.

Synthesis anud purification of antisense bFGF ODN
and selection of sequence targets The sequence”) of
antisense and sense bRGF ODN directed at the translaton
initiation sites of human BFGF mENA used in this study were:
3 -COCTGGTACCGTOGG-S' and 5'-GGGACCATGGCAGOC-
3’', mspectively. The synthesized ODN { provided by
Bicchemistry Department of Cardiovascular Institute, Chinese
Academy of Medical Sciences, Beijing} were puified by ethanol
precipitation, lyophilized, dissolved in 0.2 % RCS/DMEM
before use, and quantitated by spectrophotometry ( Model 200-
20, Japan). A complex containing a cationic liposome and
ODN was prepared according to the method of lioh er a/l™).
The final concentration of ODN and liposomes { Sigma) in the
complex was 25 mg-L~' (5 pmol- L'} and 4 mg-L"!,
respectively.

Transfecton of antisense bFGF ODN  VSMC were
seeded on 24-well tissue culture dishes or 25-cn? flasks at abot
7.0% 10° cells/well or 2.5 x 10° cells/fask in 10 % FCS/
DMEM. After confluence, cells were made quiescent for 48 h
before transfection.  Cells were washed 3 dmes with FBS ( pH
7.4), 0.2 mL complex was added to each well and 2 mlL
complex was added to each flask. The cells were incubated at
4 T for 5 min followed at 37 T for 6 h, and then washed 3
times with DMEM. Then. the solution was changed to fresh
0.2 % FCS/DMEM with or withour Ang { Sigma) 1
pmol LY,

Northern blot Total RNA was extracted according to the
method of Chomezynski and Sacchi® .  The RNA content was
quantified by ultraviolet absorbance at dpgy o RNA 10 ug of

cach group sample was eclectrophoresed on 1 % agaroses
formaldehyde 1 mol- L' gel electrophoresis. Northern blotting
was performed by capillary transfer in 20 % standard saline citrate
{SSC) [1 SSC = NaCl 0.15, and sodium cimate 0.015,
{mol-L."!) pH 7.0] to nylon membrane { Amersham), which
were later baked at 80 T for 2 h. The membranes were
prehybrided with 100 peg- L' somicatsd and denatured salmon
spermn DNA at 68 T for 2 h in a hybridization buffer containing
6x 85C, 0.5 % sodium dodecyl sulfate (SDS). and 5 x
Denhardt’s sohation {50 x Denhardt’s solution = 1 % Ficoll, 1 %
polyvinyl pymolidine, and 1 % bovine albumin wt/vol in
water ).  Hybridization with fresh hybridizadon solution
containing [ P ]-labeled bFGF ¢DNA (0.45 kb)} probe 1
GBq+L-! { provided by Bicchemistry Departmenr of Chinese
Acaderny of Military Medical Sciences, Beijing). 6 x SSC,
0.5 % SDS, 50 % formarmide and salmon sperm DNA 100 mg
‘L' for 20 h at 42 T. The cDNA probe was labeled by a
randorn priming methodology { Amersham-Frence Kit) in the
presence of 1.11 MBg [«*P]dCTP ( > 111 PBq-mel 1, 370
GBq-L~!) and a specific activity was up to 2.8 TBq/g DNA.
The blot was performed with Kodak XAR-5 film ( Eastman
Kodak Co, Rochester, New York, USA) with intensifying
screens at —70 T.

[*H] Thymidine incorporation VSMC were plated
into 24-well tissue culture dishes at about 1.0 x 107 cells-L-'.
Adfter the transfection, 1.0 ml 0.2 % BCS/DMEM containing
Ang 1 pmol-L~" was added to each well for 20 h in Ang- treated
groups whereas cells of Ang-untreated proups were incubated in
0.2 % FCS/DMEM without Ang. The media were aspirated
and cells were washed 3 tmes with 1.0 mlL. DMEM and
incubated for additional 8 h in 1.0 mlL DMEM containing
[*H]thymidine 37 kBq/well. The media were removed and the
cells were washed 3 times with 1.0 mlL ice cold 10 %
trichloroacetic acid ( TCA). After one addition wash with 10 %
TCA at 4 C for 30 min, cells were rinsed in 95 % ethanol and
dissolved in NaOH 1 mol-L™", newmtralized with HC1 1 mol-L-}
and radioactivity was determined by scintillation spectrometry
(Model 1215 LKB-RackBeta, Sweden, efficiency 60 % ).

Cell counting VSMC were seedad on 24-well tssoe
culture dishes at about 2.0 x 10 cells- L™ in 1.0 wL 10 %
FCS/DMEM.  After 24 h, the media were changed 10 0.2 %
RCS/DMEM for 24 h. Thereafter, the ODN transfection and
Ang stimulation were performed as mentioned above. The
media were replaced every 2 d and 6 d after the stimulation by
Ang. The mumber of cells was measured using a cell counter.

Statistic analysis AN values were expressed as @ x 5.
Unpaired student's ¢ test was employed for comparisons between
the 2 groups. The experiments presented were representive of 2
to 3 separate experiments.

RESULTS

bFGF gene expression Tenr hours after
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stimulation by Ang 1 umol+L~!, the level of bRGF
mRNA expression in Ang-stimulated group was much
higher than that in control group (without Ang). The
enhanced bFGF mRNA expression induced by Ang was
almost completely inhibited by the transfection of
antisense bFGF ODN 5 pmol*L"'(Fig 1},

288

bFGF mRNA
{~3.7kb)

Fig 1. Detecton of bFGF mRNA expression by
Northern blots. 1. Ang-treated VSMC; 2. Ang-
treated VSMC with the transfection of antisense
bFGF ODN; 3. untreated VSMC.

VSMC hyperplasia Ang (1 pmol * L7!)
markedly stimulated the [*H]thymidine incorporation
and cell proliferation. The [*H ] thymidine
incorporation and cell proliferation in basal state was
inhibited by 26.5 % (P <0.01}, 173 % (P <
0.01) and in Ang-stimulated state inhibited by 42.0 %
(P <0.01) and 22.2 % (P < 0.01) after the
transfection of antisense bBFGF ODN 5 umol - L°',
respectively (Tab 1}.

Tab 1. Effecits of antisense bFGF ODN on cultured
VSMC hyperplasia. Control: untreated VSMC; Ang:
Ang-oreated VSMC;: n=6 wells, ¥ + 5.

tP<0.01 vs contrel. P <0.01 vs Ang group.

Antisense/ Ang/ [*H Thymidine  Cell number

pmol-L~'  pmol-L™? (Bg/well) 1072 x cells/well
0 ] 285+ 44 46 = 4
3 0 210 + 29° 38+ 3¢
0 1 766 £ 109 2+t
5 1 445 + 1457 564
DISCUSSION

Antisense ODN have shown clear promise as

agents for blocking specific gene expression and for
gene therapy for certain human diseases®' . [n present
smdy, using cationic liposome-mediated transfer
method, antisense bRGF ODN nearly completely
inhibited BFGF mRNA expression induced by Ang amd
markedly inhibited cultured SHR VSMC hyperplasia.
especially in Ang-stimulated state. In contrast,
control sense BFGF ODN could not inhibit bBFGF
mRNA expression and only had little effect on VSMC
hyperplasia. The size of bRGF mRNA detected in this
study was approximately 3.7 kb. These results
indicated thar autocrine bPGF might play an important
role in VSMC hyperplasia and that Ang-induced
enhanced bFGF producton might be an important
mechanism of cultured VSMC hyperplasia in SHR. In
addidon, antisense bBFGF ODN may offer a new
potential gepe therapy approach for certain
cardiovascular diseases associated intmately with
VSMC hyperplasia.

ODN are very susceptible to nucleolytic activity
and their rapid degration in various cells and in culture
media or sera is well known!™ . In this sudy, to
reduce ODN degration and to enbance ODN transfer
efficiency, we introduced ODN into VSMC by
liposome-mediated method. Liposomes are mixture of
cationic and neutral lipids that form micellar structures
in an aqueous environment. These regents are capable
1o complex with ODN and, upon exposure to cells,
fusing with the plasma membrane, thersby delivering
ODN to the intracellular milieu’™® .  Although
liposomes might possess toxic effect on cells to a
certain extent>®), however, in this study, we did not
demonstrate that liposomes (4 mg * L.”!) had not
obviously toxic effects on the cullured VSMC
morphologically examined every two hours during the
period of transfection by phase-contrast microscopy .
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