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Abstract

Platelet-derived growth factor (PDGF) B chain induces cell
proliferation in vitro and is associated with arterial lesions that
cause cardiovascular disease. However, it has been difficult to
document the biological response to PDGFB gene expression
in arteries in vivo. To determine the biologic effects of this
growth factor in vivo, we have introduced an eukaryotic expres-
sion vector plasmid encoding recombinant PDGFB by direct
gene transfer into porcine iliofemoral arteries using DNAlipo-
some complexes. The presence of PDGFB plasmid DNAand
expression of recombinant mRNAwere confirmed by polymer-
ase chain reaction analysis, and recombinant PDGFprotein
was demonstrated by immunohistochemistry. Intimal thicken-
ing was observed in porcine arteries 21 days following transfec-
tion with the recombinant PDGFB gene compared with arter-
ies transduced with a control gene, E. coli r-galactosidase. An
eightfold increase in intimal to medial ratio was present in
PDGFB gene transfected arteries compared with control trans-
fected arteries (P = 0.001). This study suggests that expres-
sion of a recombinant PDGFB gene in vivo can play a role in
the induction of intimal hyperplasia, which can lead to cardio-
vascular diseases. (J. Clin. Invest. 1993. 91:1822-1829.) Key
words: gene transfer * gene expression * platelet-derived growth
factor - cellular proliferation - liposomes

Introduction

Multiple growth factors stimulate vascular smooth muscle cell
proliferation in vitro, including the dimeric forms of PDGF.
PDGFBB is a potent smooth muscle cell mitogen ( 1, 2) that
may also act as a smooth muscle chemoattractant (3-5). In
vivo, the role of the PDGFB gene in tissue injury and athero-
sclerosis has been difficult to address. This difficulty arises
from the complexity of cellular and protein interactions in
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vivo, their paracrine and autocrine nature, and the cascade of
events that can be induced by experimental manipulations. It is
often difficult to determine whether a specific gene product
induces intimal hyperplasia directly or indirectly through other
gene products synthesized in response to injury. Recently, it
has become possible to express recombinant genes in vivo by
direct gene transfer utilizing retroviral vectors or DNAlipo-
some complexes (6-9). Direct gene transfer permits the deliv-
ery of a specific recombinant gene into vascular cells at specific
sites in vivo and affords the opportunity to determine the ef-
fects of a specific gene product in the arterial wall ( 10). To
define the function of PDGFB within arteries, we have directly
introduced the recombinant gene in porcine arteries in vivo
and have shown that expression of recombinant PDGFB can
cause intimal hyperplasia. These data suggest that expression
of PDGFB can induce vascular lesions relevant to the patho-
genesis of atherosclerosis and restenosis.

Methods

Plasmids and cell transfection. The PDGFB expression vector used for
in vitro and in vivo experiments was prepared by ligating the SalI-
Xbal fragment of the v-sis gene into the Xhol- BamH1 cloning site of
the pSVL vector ( 1) (Pharmacia, LKB Biotechnology, Piscataway,
NJ). This vector utilizes the SV40 late promoter to regulate expression
of the PDGFB gene. Primary porcine endothelial cell cultures were
established as previously described ( 12) to test expression of the PDGF
B vector. The pSVL/PDGF B plasmid expression vector was trans-
fected into porcine endothelial cells using 12 Mg of Lipofectin® (Be-
thesda Research Laboratories, Gaithersburg, MD) and 5 Mg of DNA
(stock concentration > 1 mg/ml) ( 13). Culture transduced endothe-
lial cells were assayed for secretion of recombinant PDGFBB superna-
tants ( 10%) with a colorimetric proliferation assay ( 14) using NIH 3T3
cells, and a fourfold or greater increase in proliferative activity was
observed. No evidence of cell transformation was observed in endothe-
lial or vascular smooth muscle cells stably transduced with this vector.
The E. coli ,B-galactosidase expression vector was prepared by cloning
the 3-galactosidase gene into the pDOLvector, which was derived from
the Moloney murine leukemia virus (Mo-MuLV) ( 15 ). The wild type
Mo-MuLV LTR provided the promoter for the ,B-galactosidase gene.

Gene transfer in vivo. In vivo arterial gene transfer was performed in
15 pigs, 9 with the recombinant PDGFB gene and 6 with a control
reporter gene, E. coli /3-galactosidase. Double balloon catheters were
positioned in the iliofemoral arteries as previously described (6). The
arterial segment was rinsed with 5 ml saline and 5 ml Opti-MEM to
clear the vessel of blood. Approximately 10 min before the insertion of
the catheter, the DNAliposome conjugates were prepared. 5 Ml lipofec-
tin was diluted into 0.2 ml Opti-MEM at room temperature, and 2-5
Mug plasmid DNA(stock concentration > 1 mg/ml) was added and
mixed by gentle tapping. The solution remained at room temperature
for 5-10 min, and 0.5 ml Opti-MEM was added to the DNAliposome
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solution. The solution was instilled into the arterial space between the
two balloons at 150 mmHg, measured by a pressure transducer, and
allowed to incubate for 20 min. Following incubation, the catheter was
removed and arterial circulation was restored. In all pigs, both the left
and right iliac arteries were transfected. At the time of pigs' death, the
iliofemoral arteries were fixed in situ under physiological distending
pressures (- 90 mmHg)with formalin or methyl Carnoy's solution
(60% methanol, 30% ethanol, 10% glacial acetic acid by volume per-
cent) for 20 min. 5 pigs were killed at 1 wk and 10 pigs were killed at 3
wk for DNA, mRNA, protein, and histology analysis. A 3-wk time
point was selected since recombinant genes have been shown to be
stably expressed in vascular cells at 2-3 wks (6, 10) and any intimal
thickening induced by arterial manipulation should be observed by this
time point ( 16 ).

Polymerase chain reaction analysis. Recombinant PDGFgene
transfer in arterial segments was analyzed by PCRof genomic DNA
using 35 cycles of denaturation (940C, 1 min), annealing (60'C, 2
min), and polymerization (720C, 1 min) as previously described ( 13).
For PCRanalysis of recombinant PDGFtransfected vessels, primers
were synthesized from the primate cDNA sequence ( 17), which was
not homologous to porcine sequence and generated a 384-bp fragment:
sense (25 mer): TACTCCTCT TAA GCTGCGTAT TCGG; anti-
sense (25 mer): ACACCAGGAAGTTGGCATTGGTGCG. The
sense primer was selected from a region 50 bp upstream to the tran-
scription start site. f9-galactosidase primers were synthesized as follows:
sense: TGGAGCGCCGAAATCCCGAAT CTCTAT CGT; anti-
sense TAGCCAGCGCGGATCGGTCAGACGATT. Samples
were analyzed by ethidium bromide staining on a 1% agarose gel.

Recombinant PDGFBB mRNAexpression was analyzed by re-
verse transcriptase PCR. Arterial samples were obtained, and total cel-
lular RNAwas prepared by the guanidine method ( 18 ). Nucleic acids
were extracted and treated with DNase 1 (3 ul, 10-50 X 104 U/ml)
(RNase-free) (Boehringer Mannheim Biochemicals, Indianapolis, IN)
in buffer (40 mMTris-HCI, pH 7.9, 10 mMNaCl, 6 mMMgCI2, 0.1
mMCaC12) 37°C for 30 min to eliminate contamination. The PCR
analysis of mRNAwas performed using 35 cycles of denaturation,
annealing, and polymerization as described above. For RNAPCR,
samples were analyzed in the presence and absence of reverse transcrip-
tase, 15 U (Promega Biotec, Madison, WI). Primers from the primate
PDGFB cDNA sequence, as defined above, were used to generate a
384-bp fragment. Samples were analyzed by Southern blotting using
standard methods ( 19).

Immunohistochemical analysis. Recombinant PDGFBB protein
expression was analyzed by immunohistochemistry of artery segments
transfected with the E. coli fl-galactosidase gene, the recombinant
PDGFB gene, or balloon injured, nontransfected artery segments. Ar-
tery segments were fixed in methyl Carnoy's solution or formalin and
embedded in paraffin. Specimens were sectioned (6 Mm), deparaffin-
ized in three changes of xylene (National Diagnostics, Manville, NJ),
and rehydrated in 100%, 95%, and 75% ethyl alcohol. Endogenous
peroxidase was blocked by preincubation in 0.3% H202 for 30 min.
Sections were incubated in PBSwith 1%BSAwith a 1 :100 dilution of a
monoclonal mouse anti-human PDGFBB IgG2b antibody (Promega
Biotec) or a purified mouse IgG2b antibody (Promega Biotec), 1:400
dilution, for 60 min. The monoclonal anti-human PDGFBBantibody
primarily detects PDGFBB homodimer but potentially can stain hu-
man PDGFAB heterodimer and AA homodimer. Biotinylated rabbit
anti-mouse IgG2 antibody (Zymed Labs, Inc., South San Francisco,
CA), 1:400 dilution was added for 30 min at room temperature, and
specimens were stained with streptavidin-horseradish peroxidase (Vec-
tor Laboratories, Burlingame, CA) complex (1:5,000) for 30 min at
room temperature, rinsed, incubated for 10 min at room temperature
in diaminobenzidine substrate (Sigma Immunochemicals, Inc., St.
Louis, MO)with 0.045% nickel chloride to produce a gray-black reac-
tion product. Methyl green nuclear counterstaining was performed.

Macrophage staining was performed using a monoclonal IgG2b an-
tibody to porcine macrophages and a nonspecific esterase stain. Methyl
Carnoy's fixed, paraffin-embedded arteries and intestine were sec-

tioned (6 ,im), deparaffinized, rehydrated and incubated overnight
with a 1:100 dilution of a monoclonal IgG2b antibody to porcine macro-
phages (ATCC HB 142.1; American Type Culture Collection, Rock-
ville, MD)or purified mouse serum. Biotinylated anti-mouse immuno-
globulin (Vector Laboratories) was then applied at a 1:200 dilution for
30 min, followed by another 30-min incubation in Vectastain ABC-AP
reagent (Vector Laboratories), and then developed with the alkaline
phosphase substrate (Alkaline phosphatase substrate kit; Vector Labo-
ratories), which produced a red reaction product. Methyl green nuclear
counterstaining was performed as above.

For histochemical staining of macrophages, unfixed arteries, and
spleen embedded in Tissue-Tek® OCTembedding compound (Miles
Ames Division, Inc., Elkart, IN) were sectioned (6 Mm), fixed in ci-
trate-acetone-formaldehyde solution, and stained in PBS with 1% so-
dium nitrate, 1% pararosaniline and 10% alpha naphthyl butyrate
(Sigma Immunochemicals) for 1 h at 370C. Hematoxylin (Gill No. 3;
Sigma Immunochemicals) counterstain was added for 10 min at room
temperature.

Morphometric analysis. Morphometric measurements of intimal
and medial thickness were performed, and an intimal to medial ratio
was determined in a blinded manner (Christian C. Haudenschild).
Three ring segments from each transfected vessel were embedded in
paraffin and sectioned at 4 um thickness for hematoxylin-eosin stain-
ing. The slides were projected onto the magnetic tablet of a manually
operated tracing system (MOP; Carl Zeiss, Inc., Thornwood, NY) at
approximately 100-magnification. The luminal border, intima-media
border and media-adventitia border were traced. The average intimal
and medial thickness from each ring segment was measured, and an
average intimal to medial ratio was determined for each vessel. Intimal
to medial ratios were expressed as a mean±SEM. Comparisons be-
tween arteries transfected with the E. coli fl-galactosidase reporter gene
and the PDGFB gene were made by two-tailed unpaired t test. Statisti-
cal significance was assumed if a null hypothesis could be rejected at
the 0.05 probability level.

Results

To investigate the biological effects of the recombinant PDGF
B gene in vivo, the expression vector plasmid was transfected
into porcine iliofemoral arteries. Conditions for direct arterial
gene transfer of the recombinant PDGFB gene into porcine
iliofemoral arteries were established that minimized vessel in-
jury. In order to determine an instillation pressure of the DNA
liposome solution that did not injure the vessel wall, double
balloon catheters (USCI, Billerica, MA) were positioned in the
right and left iliofemoral arteries of two Yorkshire pigs. Phos-
phate buffered saline was instilled into the central space of the
catheter into the left iliofemoral artery at 150 mmHgand into
the right iliofemoral artery at 350 mmHgfor 30 min. Three
weeks later, the vessels were fixed in situ with formalin at physi-
ological distending pressures and analyzed by morphometry.
Intimal and medial areas were measured, and intimal to medial
area ratios were determined. Intimal hyperplasia was not ob-
served in these iliofemoral arteries following instillation of sa-
line at 150 mmHg, but, in contrast, intimal thickening was
present following saline infusion at a higher pressure, 350
mmHg(Fig. 1 A vs. B). Measurements of intimal- to medial-
area ratios revealed a significant difference between vessels in-
stilled at 150 mmHgand those instilled at 350 mmHg,
0.09±0.01 vs. 0.26±0.04, respectively (P = 0.005). In all subse-
quent gene transfer experiments, genetic material was instilled
at 150 mmHg.

Three weeks following transfection of iliofemoral arteries,
the presence of the plasmid encoding the recombinant PDGF
B gene was confirmed in transfected arteries using DNAPCR

Recombinant PDGFB Gene Expression 1823
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analysis (Fig. 2). The recombinant PDGFB gene was detected
in transfected right and left iliofemoral arterial segments (Fig.
2, lanes I and 2) but not in nontransfected carotid arterial
segments from the same pig (Fig. 2, lane 3), suggesting that
gene transfer was limited to the site of introduction. Approxi-
mately 0.1 to I% of cells in the artery segment were estimated
to contain plasmid DNAby PCRapproximation (data not
shown); however, this estimate relies on the assumption that
each cell contains a single plasmid. These results should, there-
fore, be interpreted with caution. Polymerase chain reaction
analysis documented the presence of transduced plasmid DNA
but does not show whether the recombinant gene is expressed.
To confirm expression of the recombinant PDGFB gene, we
analyzed transfected arteries for the presence of recombinant
PDGFB mRNAby reverse transcriptase PCR. Using this tech-
nique, we readily detected recombinant PDGFB mRNAin
transduced arteries, in contrast to nontransduced arteries (Fig.
3, lanes 4 vs. 2) from the same animal.

Figure 1. Light microscopy of balloon injured,
nontransduced porcine iliofemoral arteries in
vivo 21 d following infusion of saline into the
central space of a double balloon catheter at
150 mmHg(A) or 350 mmHg (B). Only the
higher pressure, 350 mmHg,produced intimal
thickening. (X200, hematoxylin-eosin stain).

Expression of recombinant PDGFBBprotein was analyzed
in transduced arterial segments by immunohistochemistry us-
ing a monoclonal antibody to human PDGFBB. Control pigs
were transfected with a vector expressing f3-galactosidase. No
PDGFprotein was detected by immunostaining in the intima
or media, of arteries transfected with the E. coli f3-galactosidase
expression vector (Fig. 4 A-C), indicating that the levels of
endogenous protein in uninjured arteries transfected with a
reporter gene at a low pressure ( 150 mmHg)were below the
level of detection. In contrast, porcine arteries transfected with
the PDGFB gene at a low pressure ( 150 mmHg)demonstrated
immunoreactive protein in the intima, media, and adventitia
(Fig. 4 D, E, F). Cytoplasmic staining was present predomi-
nantly in the lumenal region of the intima. These data suggest
that at a low transfection pressure used for all gene transfer
experiments ((3-galactosidase and PDGFB genes), injury was
not sufficient to detect endogenous PDGFprotein with this
antibody. Therefore, immunoreactive staining in PDGFB
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Figure 2. Expression of recombinant PDGFB gene by porcine arterial
cells transduced in vivo and in vitro. The presence of recombinant
PDGFB DNAin PDGFB gene transduced right (lane 1) and left
(lane 2) iliofemoral arteries and nontransduced right carotid artery
(lane 3) from the same pig 21 d following direct gene transfer, non-
transduced porcine endothelial cells (lane 4), porcine endothelial cells
stably transduced with the pSVL/PDGF B vector (lane 5), and
PDGFplasmid control (lane 6) was determined by PCR.

gene transduced vessels must be recombinant protein, possibly
in combination with endogenous protein produced in response
to the recombinant PDGFB gene. Recombinant PDGFB gene
expression was documented most definitively by the presence
of its mRNA(Fig. 3).

Wecompared expression of recombinant PDGFBB pro-
tein with endogenous PDGFprotein induced by balloon injury
of nontransduced porcine arteries to determine the degree of
vessel trauma necessary to detect endogenous PDGFprotein.
Nontransfected porcine arteries injured by balloon inflation
(500 mmHg)demonstrated PDGFimmunoreactive protein in
the intima and media (Fig. 4 G, H, I). These data suggest that
severe vessel injury, such as balloon inflation to 500 mmHg,
will stimulate endogenous PDGFprotein. In our gene transfer
experiments, however, transfections were performed at a low
pressure, and results in ,B-galactosidase transduced vessels sug-
gest that the transfection procedure itself was not sufficient to
provoke detectable levels of endogenous protein.

To determine whether macrophages could enter the trans-
fected arteries to express recombinant PDGFprotein, histo-
chemical staining with a monoclonal antibody to porcine mac-
rophages was performed. Macrophages in the intima were
rarely detected in porcine arteries transduced with the PDGFB
gene (Fig. 5 A, B, C), and were not seen in E. coli f-galactosi-

dase transduced arteries (Fig. 5 D) 7 d after direct gene transfer.
In PDGFtransfected vessels, the PDGFimmunoreactive stain-
ing was mostly not associated with macrophages (Fig. 5 F).
These data suggest that macrophages may contribute some
PDGFprotein, but it is unlikely that the majority of the PDGF
protein observed in the intima is synthesized by these rare cells.
Similar observations were made using a nonspecific esterase
stain for the macrophage (data not shown).

To evaluate the response of the arterial wall to expression of
recombinant PDGFBB protein, the transfected artery seg-
ments were examined at 21 d by light microscopy. Arteries
transduced with the PDGFB gene demonstrated intimal thick-
ening in contrast to E. coli fl-galactosidase transduced arteries
(Fig. 6, A vs. B). Quantitative morphometry analysis of inti-
mal and medial thickness revealed an eightfold greater intimal-
to-medial ratio in PDGFB gene transfected arteries compared
with E. coli f3-galactosidase transduced vessels, 0.32±0.04 vs.
0.04+0.01, respectively (P = 0.001 ) (Fig. 7).

Discussion

These results demonstrate that the expression of a recombinant
PDGFB gene in normal arteries can induce intimal hyperpla-
sia in vivo. PDGFhas been implicated in many studies as a
mitogen for mesenchymal cells in vitro (20). Recently, several
studies have begun to address its biological function in vivo.
Expression of PDGFB has been described in macrophages as-
sociated with atherosclerotic plaques (21). In addition, expres-
sion of PDGFB chain has been localized to the intimal region

RT: +*- +.+ +

- 506

- 396
- 344
- 298

1 2 3 4 5 6
Figure 3. Expression of recombinant PDGFB mRNAin porcine cells
in vitro and arteries in vivo. PCRwas performed on mRNAfrom
nontransduced carotid artery without (lane 1) or with (lane 2) reverse
transcription; PDGFB gene transduced iliofemoral artery without
(lane 3) or with (lane 4) reverse transcription; porcine endothelial
cells stably transduced with the pSVL PDGFB expression vector
(lane 5), and nontransduced porcine endothelial cells (lane 6) both
after reverse transcription. RT, reverse transcription.
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Figure 4. Expression of PDGFprotein in porcine arteries in vivo. Porcine arteries transduced with a control gene, E. coli fl-galactosidase (A-C),
demonstrated no PDGFimmunostaining in the intima and media using a control antibody, purified IgG2b (A) or a monoclonal anti-human
PDGFBB antibody (B, C). In PDGFB gene transduced arteries (D-F), immunostaining was absent using the control antibody (D), but was
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of the artery (22, 23). Functionally, the role of PDGFB has
been assessed in several ways. PDGFprotein infusions have
increased intimal thickening in rat models of arterial injury
(5). More recently, antibodies to PDGFhave been shown to
diminish the response to arterial injury (4). Despite these data,
which associate PDGFwith vascular proliferative responses, it
has not been possible to show that PDGFB gene can (directly)
induce intimal cell hyperplasia in the normal artery in vivo.

In these studies, we have examined the effects of recombi-
nant PDGFB gene expression in normal porcine arteries by
analysis of DNA, mRNA,protein, and histology. The presence
of plasmid DNAwas documented using PCR, and recombi-
nant gene expression was confirmed by mRNAstudies. Immu-
nostaining of endogenous PDGFprotein was not observed in
arteries transfected with the E. coli fl-galactosidase gene, sug-
gesting that at the instillation pressure ( 150 mmHg)used in
these experiments, endogenous PDGFprotein was below the
level of detection of the monoclonal anti-human PDGFanti-
body. Under the same conditions, recombinant PDGFprotein
was detected in PDGFB gene transduced arteries, and mRNA
was detectable by PCR, suggesting that the recombinant gene
was responsible for the intimal thickening observed by light
microscopy. At the same time, it remains possible that endoge-
nous PDGFprotein was also produced in these PDGFB gene
transduced arteries in response to the recombinant gene. Con-
trol experiments for the effects of mechanical injury alone us-
ing balloon injured, nontransfected arteries suggested that ex-
pression of endogenous protein was dependent upon the sever-

Figure 5. Immunohistochemical analysis of macro-
phages in porcine arteries in vivo. The presence of
macrophages was determined in porcine arteries
transduced with the PDGFB gene using a negative
control, IgG2b antibody (A), and a monoclonal IgG2b
antibody to porcine macrophages (B, C); in E. coli
j3-galactosidase gene transduced arteries (D); and in
porcine intestine (E). The occurrence of macrophages
in B and Cis contrasted with the extent of intimal
PDGFimmunoreactive protein (F) in a PDGFB
gene transduced artery at the same magnification.
Black arrows denote the internal elastic lamina, and
the white arrows denote macrophages. (x364).

ity of vessel injury and was not detected in vessels transduced at
low pressures.

The mechanism by which PDGFis associated with intimal
hyperplasia is not clear. Previous studies using [3HI thymidine
labeling in rat carotid artery injury models have suggested that
the effects of PDGFcould not be accounted for by its mito-
genic effects alone, raising the possibility that PDGFmediates
its effect in part by stimulating migration of medial smooth
muscle cells into the intima (4). Infusion of recombinant
PDGFBB into rat carotid arteries following injury also in-
creased intimal thickening primarily by migration of smooth
muscle cells from the media to the intima (5). Separation of
migration from proliferation in the rat balloon injury model is
possible since uninjured rat artery contains no intimal smooth
muscle cells. Because the uninjured pig intima may contain
smooth muscle cells, it is difficult to determine whether PDGF
is acting through migration, proliferation, or both of these
mechanisms. In this large animal model, the [3H]thymidine
and 5-bromo-2'-deoxyuridine labeling techniques used in
smaller animals to dissect migration from proliferation are not
readily adapted. However, the juxtalumenal localization of
PDGFBB seen in the current study would be consistent with
induced chemotactic effects on medial smooth muscle cells
from the media to the intima and support a chemotactic role
for PDGFBB in vivo.

Expression ofthe recombinant PDGFBgene mayalso stim-
ulate the release of other endogenous growth factors in these
arteries, and analysis of the expression of porcine growth fac-
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evident in the intima, media, and adventitia with the monoclonal anti-human PDGFBB antibody (E, F). Balloon injured, nontransduced
arteries (G, H, I) demonstrated no staining using a control antibody (G), but endogenous porcine immunoreactive PDGFprotein was evident
using the monoclonal anti-human PDGFBBantibody (H, I). The adventitia stained in B, Eand H, probably due to external surgical exposure
of the artery. Black arrows denote the internal elastic lamina; white arrows denote PDGFstaining cells. (A, B, D, E, G, HX 182; C, F, I x364).
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Figure 6. Light microscopy of transduced porcine arteries in vivo 21 d following direct gene transfer. Vessels were transduced with an E. coli
f3-galactosidase gene (A) or a recombinant PDGFB gene (B). The black arrows denote the internal elastic lamina. (X 100, hematoxylin-eosin
stain).

tors produced in response to recombinant PDGFBB synthesis
are in progress. Localized synthesis of this gene product can
therefore allow definition of other specific genes induced by
individual growth regulatory proteins and may be useful in
delineating the direct and indirect effects of PDGFgene expres-
sion. The current study suggests that expression of a recombi-
nant PDGFB gene can produce intimal hyperplasia in normal
porcine arteries. This model can serve as a prototype for exam-
ining the vascular phenotype induced by the expression of
other recombinant growth factors, thrombolytic proteins or
cellular adhesion molecules in the absence of arterial injury. It
may also prove useful in the design of inhibitors of intimal
hyperplasia to treat focal vascular diseases.

T

Reporter
gene

Figure 7. Analysis of intimal
thickening in transduced porcine
arteries in vivo 21 d following di-
rect gene transfer. Intimal to me-

dial ratios were determined for
porcine arteries transduced with a
control reporter gene (n = 6) and

PDGFB a PDGFB gene (n = 6). Values
gene are expressed as a mean±SEM.
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