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been shown to impair reendothelialization and arterial healing
process, resulting thrombogenesis attributable to increased
expression of tissue factor.* In addition, nonbiocompatible
polymers used to load these drugs have been associated with
DES thrombosis.2* However, no such adverse reactions were
noted in this study especially in monkeys even after cessation
of ticlopidine. In addition, 7ND showed no effect on prolif-
eration of human endothelial cells in vitro. This suggests that
the 7ND gene transfer does not appear to impair the healing
process of endothelial cells in a stented arterial wall, so in
these respects, this approach may have an advantage over the
first-generation DES devices. We have shown that the bio-
compatible polymer and plasmid DNA coating material used
in this study did not appear to cause any adverse reactions
during a 1-month observation period in rabbits and during a
6-month observation period in monkeys. Therefore, we sug-
gest that the blockade of MCP-1 via the 7ND gene-eluting
stent may become a promising therapeutic strategy for treat-
ment of restenosis, and that this strategy may have a low level
of potential adverse effects.

From a perspective of clinical applicability, it is important
to take into account any potential systemic toxicity associated
with stent-based delivery of TND DNA plasmid. We demon-
strated that 7ND gene-eluting stent, which elutes plasmid
DNA at a dose of ~0.8 mg/ body [~0.23 mg/kg in rabbits
(BW=about 3.5 kg) and ~0.16 mg/kg in monkeys
(BW=about 5 kg)], did not induce any significant inflamma-
tory or immune reactions. We have previously reported that
the systemic intramuscular transfer of plasmid cDNA encod-
ing the 7ND gene at doses ranging from 0.5 to 10 mg/kg was
nontoxic and safe in nonhuman primates,!21426 rabbits,!!
rats,'# and mice.’? In addition, knockout mice lacking MCP-1?7
or the MCP-1 receptor (C-C chemokine receptor 2: CCR2)%®
displayed no serious health problems, suggesting that inhibi-
tion of MCP-1 is not physiologically toxic. From a toxico-
logical point of view, because the dose of 7ND plasmid eluted
from stents would be even lower in human subject (=~0.01
mg/kg for patients weighing 80 kg), it would be unlikely that
the 7ND gene-eluting stent would cause any toxicity in
humans. In clinical trials of plasmid DNA-based gene therapy
in which DNA was administered into the lower limb,?°
myocardium,® or coronary artery*!-*2 at 2 to 4 mg/ body, no
systemic adverse effects were reported. Overall, these safety
and feasibility data support the notion that stent-based gene
therapy could safely be applied to human subjects.

We have previously reported that 7ND gene transfer not
only suppressed inflammation (monocyte infiltration), but
also reduced the number of proliferating SMCs in the
neointima after injury.!*1314 Therefore, besides monocyte-
mediated inflammation, we hypothesized that 7ND inhibits
MCP-1-induced proliferation of SMCs. This notion is in line
with several recent reports!’-183* demonstrating that (1)
mRNA and protein for the receptor for MCP-1, CCR2, are
detectable in vascular SMCs; and (2) MCP-1 induces SMC
proliferation in vitro. However, the effects of MCP-1 and
CCR2 on SMC proliferation are controversial: several studies
reported that MCP-1 either has no effect®* or inhibits prolif-
eration.? These conflicting conclusions are discussed to
result from species specificity for MCP-1 activity in an
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article!” where human MCP-1 was used to proliferate human
SMCs. Furthermore, MCP-1 induces tissue factor in murine
SMCs from CCR™'~ mice,3¢ suggesting the possible presence
of alternate MCP-1 receptor in murine SMCs. Therefore, we
used human MCP-1 to stimulate hCASMCs in culture, and
found that in addition to potent inhibitory actions on mono-
cyte chemotaxis, 7ND inhibited proliferation of hCASMCs
induced by human MCP-1. The presence of the receptor for
MCP-1, CCR2, on the hCASMCs was also established.
Therefore, our present data suggest that 7ND directly inhibits
human SMC proliferation, in addition to its known effects on
monocytes present in the in-stent vascular lesion.

In conclusion, strategy of inhibiting the action of MCP-1
with a 7ND gene-eluting stent reduced in-stent neointima
formation with no evidence of either systemic or local
adverse effects in rabbits and monkeys. These data suggest
that anti-MCP-1 gene therapy via TND gene-eluting stents
may be a clinically relevant and feasible therapeutic strategy
for the treatment of in-stent restenosis. Further clinical trials
are needed to examine this possibility.
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