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Vascular disease, manifesting as either transplant
arteriopathy or native atherosclerosis, is current-
ly the main obstacle to successful transplant out-
come. In addition, vascular restenosis following
balloon angioplasty or stenting continues to limit
the long-term efficacy of these procedures.
Neointimal hyperplasia is refractory to conven-
tional immunosuppression although newer
agents, such as rapamycin, have shown consider-
able promise in controlling it. By allowing large-
scale study of gene expression during vascular
remodelling, the emerging field of genomics is
poised to revolutionise the drug discovery
process. Here we summarise our initial experi-
ence using genomic methods to identify new tar-
gets for therapeutic intervention in vascular dis-

ease.
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Chronic rejection - what is it and why is it a
problem?

Advances in graft procurement, preservation and
matching, as well as in post-transplant immuno-
suppression, have reduced the incidence of acute
rejection and increased one-year graft survival
rates to over 90% for most types of transplanted
organs. However, long-term transplant success is
still limited by patient mortality and chronic rejec-
tion. Death with a functioning graft, primarily due
to cardiovascular causes, is currently the leading
cause of renal graft loss [1].

The term "chronic rejection” refers to an
unfavourable transplant outcome occurring as a
result of chronic inflammatory injury to the graft.
Such cumulative, insidious injury is refractory to
conventional immunosuppression and progres-
sively undermines graft function, culminating in
rejection. The causes, incidence and manifesta-
tions of chronic rejection vary considerably,
depending on the type of transplanted organ [2].
Transplant arteriopathy is the principal manifesta-
tion in cardiac grafts, with a reported incidence of
up to 60% at one year post-transplant, directly
contributing to declining graft function [3].
Conversely, although acute vascular rejection is a
leading predictor of chronic allograft nephropathy
[4], fibroproliferative vascular changes are less fre-
quent in renal and liver grafts where their rela-

tionship to interstitial changes and functional
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deterioration remains unclear.

Overall, regardless of the role of transplant
arteriopathy in chronic graft nephropathy, vascu-
lar complications are the foremost cause of late
graft loss. These are thought to arise secondary to
endothelial dysfunction, whether related to oxida-
tive stress alone (native atherosclerosis) or to more
complex pathology (transplant arteriopathy).
Neointimal hyperplasia is initiated by leukocyte
infiltration into the vascular wall and requires the
presence of functional macrophages [5-7]. In
native atherosclerosis, lesions typically evolve as
fatty streaks stabilised by fibromuscular caps (ath-
erosclerotic plaques); plaque rupture precipitates
infarction. In organ grafts, the vascular response
to injury progresses through a proliferative stage,
followed by intimal fibrosis and constrictive vas-
cular remodelling, all of which contribute to
lumen loss and downstream tissue ischaemia.
Recent progress in understanding the molecular
basis of neointimal hyperplasia is now raising
new prospects for effective management of vascu-
lar disease in the clinic.

Genomics as a tool for guiding therapeutic inter-
vention in transplant arteriopathy

The vascular response to injury entails differential
regulation of gene expression. Accordingly, our
laboratory has taken a genomic approach to
studying the development of neointimal hyper-
plasia, using oligo microarrays alongside conven-
tional histology (Figure 1). In order to dissociate
the molecular pathways of vascular injury and
remodelling, focusing on the latter, we have used
catheter-mediated endothelial denudation injury
to model the vascular response to injury. Based on
the hypothesis that at least some of the differen-

tially regulated genes would be rate-limiting for

the development of neointimal hyperplasia, our
overall aim has been to identify these genes and
develop novel therapies that intercept the relevant
molecular pathways.

We have now mapped gene expression in the
course of vascular remodelling after endothelial

denudation (Aavik et al, manuscript in prepara-
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Figure 1. Genomic analysis of catheter-injured arteries reveals
strong correlation between patterns of gene expression and
histological features of the vascular response to injury.

tion). Approximately 1,000 out of 48,000 gene
transcripts were found to be differentially regulat-
ed in at least one time-point following arterial
injury. When transcripts were grouped according
to putative function, those pertaining to cell loco-
motion, proliferation and intracellular signalling
were upregulated in the initial stages of the vascu-

lar response; while transcripts encoding extracel-
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lular matrix components were abundant at later
stages and correlated with intimal fibrosis.
Modulating intimal expansion by growth factor
receptor inhibition

Growth factors are thought to play a central role in
driving cell proliferation in the expanding neointi-
ma. Among other genes known to be rate-limiting
for the development of transplant arteriopathy
and chronic graft nephropathy, such as endothe-
lin-1 and its receptor [8, 9], our primary genomic
screen identified the insulin-like growth factor-1
(IGF-1) and platelet-derived growth factor (PDGF)
agonist-receptor pairs as potential targets for ther-
apeutic intervention (Table 1). Our group has pre-
viously shown that inhibition of any of these two
growth-signalling pathways inhibited neointimal
hyperplasia in rat models of arterial injury [10-12];
these findings were recently corroborated by oth-
ers [13]. Hence, the functional inhibition of these
two growth factor receptors, achieved by inhibit-
ing their expression, kinase activities or through
the use of synthetic receptor antagonists, appears
to have significant therapeutic potential.
Hormone receptor agonists: the key to refined
control of vascular reactivity?

Endocrine regulation of inflammatory responses
is a well-documented phenomenon and the vascu-
lar wall may be exquisitely sensitive to hormonal
stimulation. Previous studies have shown that
estrogen suppresses transplant arteriopathy in a
rat transplant model [14]. We recently demonstrat-
ed that vascular expression of estrogen receptor
beta (ERP), but not ERa, increases acutely follow-
ing endothelial denudation injury [15] and also in
transplant arteriopathy [16] in the rat. ERB mRNA
and protein co-localised with both medial vascu-

lar smooth muscle cells and neointimal cells in

affected vessels. Similar findings were document-
ed in a baboon model of endothelial denudation
injury [17]. Estrogen administration to ovariec-
tomised rats suppressed neointimal hyperplasia
but induced uterine hypertrophy. Conversely,
administration of genistein, an ERB-selective phy-
toestrogen, suppressed neointimal hyperplasia at
doses below its receptor tyrosine kinase inhibitory
activity, whilst having no effect on uterine tissue
[15]. Thus, modulation of neointimal cell prolifer-
ation by activating ERB may represent a highly
targeted approach to managing neointimal hyper-
plasia.

Early results from our laboratory show that
BIM23014C, a somatostatin analogue, also sup-

presses neointimal hyperplasia by specifically

Table 1. Kinetics of baboon gene expression after carotid
denudation injury

Functional Example Fold induction over baseline
cluster genes

D2 D3 D4 D14 D30 D90

Vasoconstriction ~ ECET 31 15 18 19 20 04
EDN1T 1.8 1.8 1.7 15 1.5 25

EDNRB 11 23 14 10 08 1.1

Signalling RGST 36 34 86 34 35 29
RGS2 14 48 18 22 1.1 1.2

Cell activation / TLR7 47 33 43 25 2.6 0.6

locomotion / ADAM12 28 20 14 21 16 14
proliferation TREM1 25 18 19 08 1.1 1.0
FLT1 1.6 1.6 1.7 12 1.3 1.3

AIFT 05 25 14 16 1.2 1.2

IGF1 15 19 1.6 24 21 26

IGFIR 1.8 13 10 12 1.1 1.2

PDGFB 1.4 12 20 14 1.1 0.9

PDGFRA 14 26 16 18 1.5 1.4

ECM deposition FNT 15 32 30 24 23 32

DPT 36 36 25 52 35 29
DSG3 48 20 48 37 3.2 3.4
COL3A1 05 14 15 14 1.6 2.6
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inhibiting neointimal cell proliferation [18].
Somatostatin, a neuroendocrine hormone pro-
duced in the brain and pancreas, signals via five
different cellular receptors, designated SSTR-1
through 5. We recently showed, using SSTR sub-
type-selective compounds, that the vasculoprotec-
tive effect of somatostatin in the rat is mediated
through SSTRs 1 and 4 [19]. Preliminary data sug-
gest that these SSTRs are expressed at low levels in
the vascular wall and are upregulated following
injury. Ongoing work in our laboratory aims to
further characterise SSTR expression following

injury to the vascular wall.
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