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Inhibition of Neointimal
Formation after Stent
Placement with
Adenovirus-mediated Gene
Transfer of I�B� in the
Hypercholesterolemic Rabbit
Model: Initial Results1

PURPOSE: To evaluate the feasibility and efficacy of the local application of a
replication-defective adenovirus construct for the expression of the antiinflamma-
tory protein I�B�, inhibitor of nuclear factor �B (NF-�B), to reduce neointimal
formation after stent placement.

MATERIALS AND METHODS: Nitinol stents were implanted in the iliac arteries of
hypercholesterolemic rabbits, followed by balloon dilation (30 seconds at 6 atm).
Local adenovirus-mediated transfer of I�B� (3 mL of 109 plaque-forming units per
milliliter at 6 atm) was performed and compared with three control groups: stent
alone, stent plus local delivery of phosphate-buffered saline (PBS) (3 mL at 6 atm),
and stent plus local delivery of control adenovirus coding for green fluorescent
protein (GFP) (3 mL of 109 plaque-forming units per milliliter at 6 atm). A mul-
tichannel balloon was used for local drug delivery and balloon dilation. Animals
were sacrificed 1 or 4 weeks after treatment. Effective transfection was demon-
strated with immunofluorescence staining. Angiographic patency and luminal di-
ameter were evaluated at quantitative angiography. Luminal and neointimal areas
were measured on surface-stained ground sections with methylmethacrylate em-
bedding and the cutting-grinding technique.

RESULTS: All vessels with stents were patent at angiography. Neointimal area was
negligible in all groups 1 week after stent placement (range, 0.42–0.52 mm2; P � .44;
analysis of variance). Neointimal formation was demonstrated in all groups 4 weeks
after implantation but was significantly reduced with I�B� treatment compared with
treatment with stent alone (by 22%, from 2.80 mm2 � 0.20 to 2.28 mm2 � 0.14, P �
.05), stent plus PBS (by 43%, from 3.26 mm2 � 0.25 to 2.28 mm2 � 0.14, P � .005),
and stent plus GFP (by 53%, from 2.32 mm2 � 0.19 to 1.51 mm2 � 0.08, P � .005).

CONCLUSION: Local adenovirus-mediated I�B� gene transfer has the potential to
reduce intimal hyperplasia after stent placement.

Neointimal formation is a general response of the arterial wall to the injury of balloon
dilation (1) and stent implantation (2). Although stents have been shown to mitigate the
risk of restenosis in large clinical trials (3,4), thus preventing recoil and remodeling,
in-stent restenosis is still a frequent and often intractable clinical problem (2–4).

Inflammatory cells play a key role in postinjury intimal hyperplasia. Soon after balloon
angioplasty (5) or placement of stents (6), monocytes are recruited at the injury site, where
they become activated macrophages. The extent of macrophage infiltration of lesions with
stents has been correlated with subsequent intimal growth (7). Moreover, in patients with
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coronary artery disease, the presence of
activated circulating monocytes before
angioplasty predicts more severe late lu-
minal stenosis (8). Local gene transfer has
been effective in animal models of neo-
intimal formation (9–11). These data
suggest that deactivation of the inflam-
matory cascade and inhibition of smooth
muscle cell proliferation may limit
postinjury intimal hyperplasia and in-
stent restenosis.

Transcription factors, which are acti-
vated by means of mitogenic factors that
lead to up regulation of cytokines and/or
adhesion molecules, are key downstream
regulators of the cellular reaction to
trauma. The transcription factor, nuclear
factor �B (NF-�B), is involved in mediat-
ing local procoagulant activity and local
inflammation (12,13). Various stimuli
(interleukin 1, tumor necrosis factor, and
lipopolysaccharides) lead to phosphory-
lation and deactivation of the cytosolic
inhibitor of NF-�B, I�B�, thereby freeing
NF-�B to translocate to the nucleus and
activate transcription of inflammatory re-
sponse genes (13). NF-�B is also involved in
the control of apoptosis and proliferation
of smooth muscle cells (14,15). Adenovi-
rus-mediated overexpression of I�B� pre-
vents nuclear translocation of NF-�B, shuts
down the antiapoptotic effect of NF-�B,
and prevents smooth muscle cell prolifera-
tion (14,15). The purpose of our study was
to evaluate the feasibility and efficacy of
the local application of a replication-defec-
tive adenovirus construct for I�B� expres-
sion to reduce neointimal formation after
stent placement.

MATERIALS AND METHODS

Recombinant Adenoviral Vectors

Replication-defective recombinant ad-
enoviral vectors, rAdCMV.I�B� or rAdC-
MV.GFP, based on human adenovirus 5
serotype containing the coding sequence
for I�B� or green fluorescent protein
(GFP) under the cytomegalovirus (CMV)
promotor were created and used as de-
scribed previously (13,16). The first ade-
nosine-thymidine-guanosine codon of
the I�B� complementary DNA was re-
placed with a Bacillus amyloly type II
restriction endonuclease (BamH1) restric-
tion site by using polymerase chain reac-
tion. A double-stranded oligonucleotide
encoding an initiator methionine fol-
lowed by the simian virus SV40 large T
antigen nuclear localization signal and
three glycine residues as a flexible spacer
was ligated into the newly generated
BamH1 site. The construct was sequenced

to exclude possible errors generated during
the amplification procedure, ligated into
the vector pACCMVpLpASR�, and co-
transfected with pJM17, a plasmid contain-
ing the adenoviral genome with a deletion
in the E1 region, into 293 cells by using
LipofectaminPlus (Gibco-BRL; Invitrogen,
Carlsbad, Calif). Clones obtained after sub-
cloning on 293 cells were tested for I�B�
expression with Western blotting by using
an anti-MAD-3 antibody (Santa Cruz Bio-
technology, Santa Cruz, Calif) at a dilution
of 1:1,500. A large batch of the recombi-
nant adenovirus was purified by means of
two consecutive cesium chloride centrifu-
gations.

Animal Preparation and Surgical
Procedures

All animal care and handling were per-
formed in accordance with the guidelines
specified by the National Institutes of
Health Guide for the Care and Use of
Laboratory Animals and were approved
by the local Institutional Animal Care
and Use Committee of the University of
Vienna. Only female New Zealand White
rabbits older than 6 months, after comple-
tion of their growth period, and weighing
between 3.5 and 4.0 kg were used. Hyper-
cholesterolemia was induced with a diet of
rabbit chow supplemented with 1.5% cho-
lesterol and 7% peanut oil for 3 weeks prior
to stent implantation. After stent implan-
tation, the animals received a maintenance
diet of standard rabbit chow mixed with
supplemented chow (3:1). Cholesterol and
triglyceride levels were measured at base-
line, after completion of the induction,
and at the end of the maintenance diet.

Anesthesia was induced with 30 mg per
kilogram of body weight of ketamine (Ket-
anest; Parke-Davis, Vienna, Austria) and 2
mg/kg of xylazine (Xylazine-HCL; Boehr-
inger Ingelheim, Vienna, Austria) adminis-
tered intramuscularly. Before endotracheal
intubation, anesthesia was deepened with
intravenous application of ketamine and
xylazine (100 mg of ketamine, 4 mg of
xylazine, and 5 mL of sodium chloride) to
effect, followed by intubation and volume-
controlled ventilation with 1.5% isoflu-
rane (Forane; Abott, Vienna, Austria). After
surgical preparation, a 6-F sheath (Radiofo-
cus; Terumo Europe, Leuven, Belgium) was
introduced into the carotid artery. Digital
subtraction angiography was performed
before and after the intervention.

At the end of the follow-up period, lap-
arotomy was performed with general an-
esthesia. Rabbits were killed with an
overdose of potassium and thiopental,

the distal aorta and the iliac vessels were
removed en bloc.

Experimental Protocol

Prior to the start of the study, the
safety and efficacy of local viral transfec-
tion with rAdCMV.GFP were evaluated in
five animals at 1- and 4-week follow-up.
We also evaluated effective local transfec-
tion with immunofluorescence and po-
tential systemic transfection with sam-
ples of liver, kidney, and lung after
sacrifice at the respective times. The ac-
tual experimental groups were stent only
(n � 4, 1-week follow-up; n � 4, 4-week
follow-up), stent plus phosphate-buff-
ered saline (PBS) (n � 3, 1-week follow-
up; n � 4, 4-week follow-up), stent plus
I�B� (n � 3, 1-week follow-up; n � 4,
4-week follow-up), and stent plus GFP
(n � 3, 1-week follow-up only). A second
series of experiments was performed to
compare late effects (4 weeks after stent
placement) of vessels treated with rAdC-
MV.GFP (n � 3) with those treated with
rAdCMV.I�B� (n � 3). To avoid potential
cross flow and influences of systemic
transfection in contralateral controls, ad-
enoviral treatment was performed unilat-
erally without a contralateral negative
control (Fig 1). Negative control stent im-
plantation (stent alone or stent plus local
delivery of PBS) was performed in ipsi-
and contralateral iliac arteries in each
control animal (Fig 1). In one animal,
acute iliac artery occlusion immediately
after stent placement and I�B� treatment
was demonstrated; the animal was ex-
cluded from the study.

Angiographic Procedure, Stent
Implantation, and Quantitative
Angiography

Digital subtraction angiography of the
iliac arteries was performed with a mobile
C-arm angiographic unit (Siremobil 2000;
Siemens, Erlangen, Germany). Angiogra-
phy was performed with a 4-F end-hole
catheter (Cordis, Miami, Fla), which was
placed in the distal abdominal aorta via a
0.018-inch guide wire (Boston Scientific,
Natick, Mass). All angiographic examina-
tions were performed with manual injec-
tion of 3 mL of iodinated contrast medium
(300 mg of iodine per milliliter, ioversol
[Optiray]; Mallinckrodt, Geffen, Germany)
mixed with saline (2:1). The self-expand-
ing nitinol stent (Symphony; Boston Sci-
entific), which was 3.5 mm in diameter
and 15 mm long (Fig 1), was implanted in
the external iliac artery. A 6-F wide-lumen
catheter (Envoy; Cordis) was positioned in
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the distal external iliac artery, the guide
wire was withdrawn. The self-expanding
nitinol stent was manually inserted in the
catheter, pushed distally with the 4-F end-
hole catheter, then positioned and ex-
panded with the withdrawal of the 6-F
wide-lumen catheter. Then the 6-F wide-
lumen and 4-F end-hole catheters were re-
moved.

Local drug delivery was performed with
the multichannel balloon positioned in
the segment with the stent via a 0.014-inch
guide wire (Boston Scientific). Balloon an-
gioplasty (30 seconds at 5–6 atm) and local
drug delivery (rAdCMV.GFP or rAdCMV.
I�B� [3 mL of 1 � 109 plaque-forming
units per milliliter]) were performed with
the multichannel balloon (3 � 20 mm,
Boston Scientific) (17) (Fig 1) and an infla-
tor with a pressure gauge (LeVeen; Boston
Scientific). Local application of 3 mL at 5–6
atm was performed during simultaneous
balloon inflation with 3 atm for better wall
contact and lasted 25–32 seconds. Digital
subtraction angiography was performed af-
ter the end of the procedure.

Follow-up angiography before sacrifice
was performed after laparotomy with the
intravenous placement of a 20-gauge
canule (Venflon; Becton Dickinson, Hels-
ingborg, Sweden) in the proximal ab-
dominal aorta with identical injection
parameters as described earlier.

Digital subtraction angiograms were ob-
tained with a dedicated scanner (Lumisys-
20; Lumisys, Berkeley, Calif) and stored
as tagged image file format (TIFF). Quan-
titative angiographic measurements were
performed by using the Cardiovascular
Angiographic Analysis System (CAAS; Pie
Medical, Maastricht, the Netherlands) (18);
the system was calibrated (M.C.) to the
stent length of 15 mm. Mean luminal di-
ameter within the stent region was calcu-
lated by the software following automatic
edge detection. Preimplantation angiogra-
phy with a calibrated grid was performed
in five animals to determine the original
vessel diameter.

Histomorphologic Evaluation,
Morphometric Analysis, and
Immunofluorescence

The vessel segments with stents were
embedded en bloc in methylmethacry-
late; then, three sections (proximal, mid-
dle, and distal part of the stent, each 500
�m thick) were made with a diamond-
wafering blade (Isomet; Buehler, Lake
Bluff, Ill) and ground to about 50-�m
thickness. The surface of the polished
ground sections was stained with Giemsa
or van Giessen stain and evaluated at

light microscopy. Neointimal thickness
was analyzed with quantitative histo-
morphometry. The images (AX70 micro-
scope; Olympus, Tokyo, Japan, �25 mag-
nification) were frame grabbed, and the
picture was analyzed with an image anal-
ysis software (Analysis, Soft Imaging Soft-
ware, Münster, Germany; or Osiris ver-
sion 3.6, Digital Imaging Unit, University
of Geneva, Switzerland). All images were
coded after frame grabbing and analyzed
by one investigator (M.C.) in a blinded
fashion. The luminal area within the en-
dothelial lining, the area within the in-
ternal elastic lamina, the internal elastic
lamina border length, and the percentage
of internal elastic lamina fracture length
(fractured internal elastic lamina divided
by total length) were measured. The neo-
intimal area was then calculated (internal
elastic lamina area minus luminal area).

Immunofluorescence was performed
with monoclonal antibody to detect hu-
man I�B� (sc-371 with epitope mapping
of the carboxy terminus of human I�B�;
Santa Cruz Laboratories) and GFP (Ae-
quorea victoria origin; Santa Cruz Laborato-
ries) on snap-frozen sections of treated
vascular segments according to the manu-
facturer’s recommendations. In the initial
experiments, rAdCMV.GFP-treated vessels,
as well as samples from liver, lung, and

kidney, were snap frozen and investigated
for the presence of GFP expression.

Statistical Analyses

Data are given as mean � standard error
of the mean. Statistical software (SPSS;
SPSS, Chicago, Ill) was used for analyses.
Bartlett test was used to confirm the null
hypothesis of the homogeneity of vari-
ances. Comparisons of continuous vari-
ables among more than two groups were
performed with a one-way analysis of vari-
ance (ANOVA) with Bonferroni correction
and confirmed with the k-sample general-
ization of the two-sample Welch t test (19)
and independent-sample t test to confirm
significant differences among the individ-
ual groups (cited as P values, unless other-
wise indicated). Data were considered sig-
nificantly different if P � .05 was obtained.

RESULTS

Hypercholesterolemic Diet

After feeding with cholesterol and pea-
nut oil, baseline levels of triglycerides in-
creased from 48 mg/dL (0.54 mmol/L) � 8
to 142 mg/dL (1.6 mmol/L) � 37, and cho-
lesterol levels increased from 221 mg/dL
(5.7 mmol/L) � 27 to 2,628 mg/dL (68.0
mmol/L) � 248. After stent implantation,

Figure 1. a, Self-expandable nitinol stent, 15 mm long and 3.5 mm in diameter. b, Multichannel
balloon, 3 mm in diameter and 20 mm long. Local application of a viral solution or PBS was
performed at 6 atm at a balloon pressure of 3 atm, which displayed a jet- and weepinglike
application of the fluid. c, Schematics depict the experimental setup for virus-treated or control
animals.
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during the maintenance diet, triglyceride
levels were 140 mg/dL (1.6 mmol/L) � 32
and cholesterol levels remained at 2,582
mg/dL (67.8 mmol/L) � 241.

Immunofluorescence and Transgene
Expression

The initial experiments with the use of
an adenovirus for the expression of GFP
demonstrated a systemic effect, with GFP
expression in liver, lung, and kidney (Fig
2) 1 week after adenovirus delivery. In
the treated arteries, mainly smooth mus-
cle cells of the media and cells of the
adventitia were transduced, and GFP was
detected at 1 week; no transgene was de-
tected 4 weeks after the intervention. Im-
munofluorescence demonstrated trans-

gene expression (I�B� and GFP) in the
snap-frozen segments adjacent to the
nitinol stent 1 week after treatment.

Effect of Gene Transfer on
Neointimal Formation

No significant neointimal formation
was observed in any experimental group 1
week after treatment (stent alone, 0.52
mm2 � 0.09; stent plus PBS, 0.56 mm2 �
0.07; and stent plus GFP, 0.42 mm2 �
0.08). Only small accumulations of mainly
mononuclear cells around the stent struts
were observed without a statistically signif-
icant difference among the treatment
groups (P � .44, ANOVA). Figure 3 demon-
strates the typical presentation of control
(stent alone) group versus that with I�B�

treatment 1 week after stent implan-
tation. Internal elastic lamina fractures
were found in only circumscribed areas
(�2%), again with no significant differ-
ences among the groups.

Four weeks after implantation, there was
marked neointimal formation for each
treatment group (n � 12; stent alone, 2.80
mm2 � 0.20; stent plus PBS, 3.26 mm2 �
0.25) (Fig 4, Table 1), but neointimal for-
mation was significantly reduced in I�B�-
treated arteries (2.28 mm2 � 0.14, n � 12;
P � .05 and P � .002, respectively). Conse-
quently, the luminal area was significantly
smaller in the stent alone group (2.95
mm2 � 0.16) and in the stent plus PBS
group (2.65 mm2 � 0.19) than in the stent
plus local delivery of I�B� group (3.31
mm2 � 0.10, P � .08 and P � .005, respec-
tively) (Table 1).

Again at this time, there was no signifi-
cant difference in the length of internal
elastic lamina fractures among the groups
(control, 10.8%; PBS, 15.4%; and I�B�,
18.5%; P � .28, ANOVA). The mean in-
stent area was 6.01 mm2 in the stent alone
group, 6.20 mm2 in the stent plus PBS
group, and 5.87 mm2 in the I�B� group
(P � .20, ANOVA). Figure 4 demonstrates
the typical presentation 4 weeks after stent
implantation and control (stent alone) ver-
sus stent plus I�B� treatment. Comparison
of rAdCMV.GFP versus rAdCMV.I�B� con-
firmed these results with significant reduc-
tion of neointimal area (2.32 mm2 � 0.19,
n � 9 vs 1.51 mm2 � 0.08, n � 6, respec-
tively; P � .005) and increase in luminal
area (4.40 mm2 � 0.26, n � 9 vs 5.23
mm2 � 0.13, n � 6, respectively; P � .03)
after I�B� treatment. Overall rAdCMV.
I�B� treatment reduced the neointimal
area compared with stent alone (22%, from

Figure 2. Representative photomicrographs of immunofluorescence-stained sections. a, PBS-
treated control vessels do not express I�B�. I�B� is expressed primarily by smooth muscle cells of
transfected vessel segments. b, I�B� transgene is expressed in a rabbit iliac artery 7 days after
adenovirus-mediated gene transfer, as demonstrated with immunofluorescence detection of
I�B�. Note the additional trauma in the dilated vessel areas treated with local drug delivery with
partial disruption of the elastic membrane (arrowheads). The scale bar for a and b is 0.1 mm.
c, On a photomicrograph, GFP transgene is expressed in rabbit liver 6 days after adenovirus-
mediated gene transfer with immunofluorescence. (Original magnification, �100.)

Figure 3. Representative photomicrographs of surface-stained
ground sections. There is, as yet, no neointimal formation in the
rabbit iliac artery with a stent on cross sections obtained 7 days after
(a) stent placement alone or (b) gene transfer with I�B�. Only small
cellular accumulations around the stent struts are seen in both sam-
ples (arrows). (van Giessen stain; original magnification, �40.)

Figure 4. Photomicrographs of surface-stained ground sections ob-
tained 4 weeks after stent implantation. a, Stent plus PBS treatment
results in marked neointimal formation (arrows). b, Neointimal for-
mation (arrows) is drastically reduced by the local delivery of
rAdCMV.I�B�. The arrows delineate the extent of neointimal hyper-
plasia between the internal elastic lamina and the lumen in both
samples. (van Giessen stain; original magnification, �40.)
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2.80 mm2 � 0.20 to 2.28 mm2 � 0.14, P �
.05), stent plus PBS (43%, from 3.26
mm2 � 0.25 to 2.28 mm2 � 0.14, P �
.005), and stent plus GFP (53%, from 2.32
mm2 � 0.19 to 1.51 mm2 � 0.07, P �
.005).

Quantitative Angiographic Analysis

In the initial experiments, the native
external iliac artery diameter was 2.15
mm � 0.1. The iliac artery and not the
abdominal aorta was chosen for stent im-
plantation to avoid potential stent-vessel
diameter mismatch. Findings from quan-
titative angiography revealed an over-
stretch injury with a ratio of 1.3:1.5 after
stent implantation and percutaneous trans-
luminal angioplasty. Angiographically, no
significant in-stent stenosis was found 1
week after treatment. The mean diameters
of the vessels with stents were 3.47 mm �
0.28 for stent alone (n � 4), 3.41 mm �
0.20 for stent plus PBS (n � 3), 3.39 mm �
0.49 for stent plus GFP (n � 3), and 3.31
mm � 0.48 for stent plus I�B� (n � 3), with
an overall P value of .96 with ANOVA. Four
weeks after stent implantation, markedly
reduced diameters were found for stent
alone (2.77 mm � 0.18, n � 3) and stent
plus PBS (2.66 mm � 0.26, n � 3) com-
pared with stent plus I�B� (3.45 mm �
0.71, n � 3). The overall P value of .12 with
ANOVA was still not significant (Fig 5, Ta-
ble 2).

DISCUSSION

The primary findings suggest that (a) lo-
cal administration of the antiinflamma-
tory protein I�B� by means of a recom-
binant replication-defective adenovirus
successfully increases patent vessel lumi-
nal area after stent implantation in hyper-
cholesterolemic rabbits, (b) this protective
effect reduces the formation of neointima
between 1 and 4 weeks after stent implan-
tation, and (c) systemic transfection de-
spite local application was demonstrated
in this animal model.

To date, authors of experimental (6)
and clinical (2,20) studies have suggested
that inflammation and formation of in-
timal hyperplasia are even greater after
stent implantation than after balloon an-
gioplasty alone. Therefore, inflammation
may be instrumental in the development
of in-stent neointimal hyperplasia, and
antiinflammatory agents may be useful
in preventing in-stent restenosis. Preven-
tion of inflammation and inhibition of
smooth muscle cell proliferation may be
key strategies for the prevention of reste-
nosis in arteries with stents. Local deliv-

ery of NF-�B antisense oligonucleotides
has proven effective in reducing neointi-
mal formation after trauma to the rat ca-
rotid artery (21) but has never been tried
to prevent neointimal formation after
stent implantation. Stents have proven
to be more effective compared with bal-
loon angioplasty for the treatment of vas-
cular stenosis because of a larger acute
gain in vessel diameter (3,4). Until now,
only the inhibition of smooth muscle
cell proliferation was demonstrated to be
an effective means for control of neoin-
timal formation in animal stent models
(22). Our approach was to induce an early
inhibition of postinflammatory changes
after vessel wall trauma (dilation plus stent
insertion; and additional trauma, with
fluid jets caused by local drug delivery)
rather than direct inhibition of prolifera-
tion of smooth muscle cells (23).

Adenoviral vectors are useful for stud-
ies of injury-induced vascular hyperpla-
sia because of their high transduction ef-
ficiency. These properties have resulted
in optimistic predictions that adenoviral
vectors may be used to deliver therapeu-
tic genes to prevent restenosis after an-
gioplasty (21,24,25). In contrast to local
delivery of a drug, which is feasible only
after or during the intervention and is
then effective as long as its specific phar-
macokinetics allows, transfection with
an adenovirus results in expression of the
transgene for as long as 14 days (24–27).
However, a limitation of adenovirus-me-
diated gene therapy in humans is the
prevalence of preexisting immunity to

adenovirus, which might lead to the de-
struction of adenovirus-transduced cells
(26,27). Immune responses to adenoviral
vectors are typically characterized by
mononuclear cell infiltration, transgene
elimination, and the inability to read-
minister the vector (26,27). In normal
rabbit arteries, the adenovirus itself has
an additional effect on vascular cell acti-
vation, which leads to signs of inflamma-
tion and an increase in neointimal hy-
perplasia (28). Other more inert vectors
will be required for a more efficient trans-
fection without the onset of an inflam-
matory response, although our approach
of combining antiinflammatory gene ther-
apy with an adenovirus could address this
problem (21).

In our experimental setup, a demon-
strable systemic effect was found 1 week
after local delivery of an adenovirus con-
struct for the expression of GFP. The
amount of downstream decrease of virus
will largely depend on the local drug de-
livery system, the amount of impreg-
nated virus solution, and the duration of
application and adaptation of the dilated
balloon to the vessel wall. Still, the opti-
mal approach for local drug delivery for
arteriosclerotic human vessels with stents
with diffuse wall thickening, circum-
script, or diffuse calcifications has yet to
be determined. These approaches will po-
tentially differ from those demonstrated
effective in the thin and yet only mini-
mally changed rabbit vessels. In addition,
different local application methods (24,
25,29–31) must be tested to eliminate

TABLE 1
Results of Histomorphometric Evaluation of 12 Sections
4 Weeks after Stent Implantation

Area (mm2) Mean

Standard
Error

of the Mean

Mean 95% CIs

StatisticLower Bound Upper Bound

Lumen .02*
Stent 2.95 0.16 2.59 3.31 1.00†

Stent plus PBS 2.65 0.19 2.24 3.07 0.56†

Stent plus I�B� 3.31 0.10 3.09 3.53 0.075†

Internal elastic lamina .92*
Stent 5.61 0.14 5.29 5.92 NA
Stent plus PBS 5.68 0.15 5.36 6.00 NA
Stent plus I�B� 5.64 0.09 5.45 5.83 NA

External elastic lamina .20*
Stent 6.02 0.14 5.71 6.33 NA
Stent plus PBS 6.18 0.13 5.90 6.46 NA
Stent plus I�B� 5.86 0.09 5.66 6.06 NA

Neointimal �.01*
Stent 2.80 0.20 2.36 3.23 1.00†

Stent plus PBS 3.26 0.25 2.71 3.80 0.45†

Stent plus I�B� 2.28 0.14 1.96 2.60 0.045†

Note.—NA � not applicable.
* Number is the P value (ANOVA).
† Number is the t value for comparison with stent alone.
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systemic transfection in a local therapy
approach. Currently, new approaches with
periadventitial delivery of gene therapy,
which are feasible only with a surgical
approach (28) and ultrasonographically
enhanced gene delivery (30,31), seem to
be the most promising to maximize local
transfection and consequently minimize
systemic delivery of gene therapy vec-
tors.

One limitation of our study is the rela-
tively small sample size, which resulted in
reduced power of the statistical analysis,
but our findings are confirmed by two in-
dependent sets of experiments. Another

limitation is that we implanted both virus-
negative control groups in each control an-
imal (with stent alone on the ipsilateral
and stent plus additional local delivery of
PBS on the contralateral side), although
there were no considerations of potential
reciprocal effects owing to the relative dis-
tance of the stents from the aortic bifurca-
tion and the lack of virus treatment or ad-
ditional medication.

Practical application: We plan to per-
form clinical pilot studies for the reduc-
tion of restenosis rates in areas such as
the femoropopliteal region where stent
placement has so far not been demon-

strated to be superior to angioplasty
alone (32,33). A predominantly antiin-
flammatory approach for the reduction
of neointimal hyperplasia compares fa-
vorably with other methods as it reduces
neointimal formation substantially (eg,
radioactive stents [34] or local delivery of
antiproliferative agents [35]), although
the reported drawbacks of these ap-
proaches are delayed reendothelializa-
tion, with the potential complications of
delayed thrombotic occlusions. In con-
clusion, our results suggest that inhibi-
tion of the posttraumatic inflammatory
changes by the antiinflammatory pro-
apoptotic protein I�B� reduces neointi-
mal formation after local therapy follow-
ing stent implantation and might be an
alternative approach to prevent in-stent
restenosis.
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