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Radiofrequency ablation
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Relative risk
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Systemic inflammatory response syndrome
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Skin perfusion pressure

Sarcoplasmic reticulum

Selective serotonin re-uptake inhibitors

Small saphenous vein



SVT
STIM1
TaCE
TAAD
TAD
TAFI
Tc-99 MDP
TCA
TCC
TCR
TENS
TF
TFPI
TGF
TGF-a
TGF-p
TGL
Th

TIA
TIMP
TLR
TNF
TNF-a
tPA
TRP
TRPC
TRPVA1
TXA2
uPA
uT
VCAM
VCAM-1
VEGF

Abbreviation List

Superficial thrombophlebitis

Stromal interacting molecule 1

TNFa converting enzyme

Thoracic aortic aneurysm disease
Thoracic aortic dissection
Thrombin-activatable fibrinolysis inhibitor
Technetium-99 methylene diphosphonate
Tricyclic antidepressant

Total contact cast

T-cell receptor

Transcutaneous electrical nerve stimulation
Tissue factor

Tissue factor pathway inhibitor
Transforming growth factor

Transforming growth factor-alpha
Transforming growth factor-beta
Triglycerides

T helper

Transient ischemic attack

Tissue inhibitors of metalloproteinase
Toll-like receptors

Tumour necrosis factor

Tumour necrosis factor-alpha
Tissue-type plasminogen activator
Transient receptor potential
Transmembrane receptor potential canonical
Transmembrane receptor potential Vanilloid-type
Thromboxane A2

Urokinase

University of Texas

Vascular cell adhesion molecule
Vascular cell adhesion molecule-1

Vascular endothelial growth factor

XXXiii



XXXiV Mechanisms of Vascular Disease

VEGF-R Vascular endothelial growth factor receptor
VIP Vasoactive intestinal peptide

VLA-1 Very late activating antigen-1

VOCC Voltage operated calcium channels

VPT Vibratory perception threshold

VSMC Vascular smooth muscle cells

VTE Venous thromboembolism

wW Varicose veins

vVWF von Willebrand factor

X0 Xanthine oxidase



15 ¢ Biomarkers in Vascular Disease
JAN M. NORDON, ROBERT J. HINCHLIFFE

St George’s Vascular Institute, St James’ Wing, St George’s Hospital,

Blackshaw Road, London, UK

INTRODUCTION

Cardiovascular diseases (CVD) are the leading
cause of morbidity and mortality in the
developed world. These diseases encompass
the consequences of localized atherosclerosis
and aneurysmal arterial degeneration.
Evolution of risk factors contributes to the
onset of subclinical disease; subclinical disease
progresses to overt and often catastrophic
clinical sequelae. Primary and secondary
prevention strategies for CVD are public
health priorities.

Whilst clinical assessment and cross-
sectional imaging remain the cornerstones
of patient management, they have limita-
tions. There is increasing interest in the use
of novel markers of cardiovascular disease
as screening and risk-assessment tools to
enhance the ability to identify the ‘vulner-
able’ patients. Biomarkers are one tool to
aid clinical assessment and identify high risk
individuals, to ensure prompt and accurate
disease diagnosis and to aid prognostic scor-
ing of individuals with disease.

WHAT IS A BIOMARKER?

Initially described as a ‘measurable and
quantifiable biological parameter that could

serve as an index for health assessment’, the
definition of a biomarker has since been
standardized.

A characteristic that is objectively meas-
ured as an indicator of normal bio-
logical processes, pathogenic processes, or
pharmacological responses to a therapeutic

intervention’’

Biomarkers are indicators of disease trait
(risk factor or risk marker), disease state
(preclinical or clinical), or disease rate
(progression).” They may also serve as
surrogate end points used as an outcome
measure to assess efficacy of therapy. A
biomarker may be a recording taken from an
individual (e.g. blood pressure), it may be an
imaging test (CT / PET scan), or it may be
a biosample (blood, serum, urine). Although
each of these measurements constitutes a
biomarker, the term biomarker has become
synonymous with a novel protein, enzyme or
cytokine with discriminatory value in clinical
care.

TYPES OF BIOMARKER

Biomarkers found in body fluids may
represent the active disease process or the
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patient’s reaction to the disease. A disease
condition is a combination of biological
changes directly due to disease (e.g. Disease
Progression Biomarkers) and biological
changes caused by host as it responds to
disease (e.g. Host Response Biomarkers).
Disease progression biomarkers are very
specific to disease and tend to be proteins of
low abundance. Conversely, host response
biomarkers are less specific to the disease itself
and are generally high abundance proteins.
(Figure 15.1) When used in the correct
clinical context both have discriminatory

value.

A classical clinical example

Troponin is an established clinical biomarker.
The diagnosis of myocardial infarction now
stands on a convincing history, electro-
cardiogram changes and the detection of a

protein biomarker for myocardial necrosis.
The biomarker is a result of the systemic
spillover of structural, myocardial specific

(Troponins). The

levels of protein, due to the time course and

myofilament proteins

extent of systemic release, correlate well with
myocardial injury. First discovered by Ebashi
in 1963, troponin’s utility as a biomarker was
highlighted in 1989 when a standardized
immunoassay for circulating troponin T
was developed. It underwent clinical
validation against the then best marker of
myocardial ischaemia, CK-MB, and was
found to improve the efficiency of diagnosis
of myocardial cell necrosis.> In 2000 the
American Heart association incorporated a
positive troponin T rise into its definition
of myocardial infarction, and it remains the
gold standard for the diagnosis of cardiac

ischaemia.*
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FIGURE 15.1: Comparison of Host Response and Disease Progression Biomarkers.



POTENTIAL VALUE OF
BIOMARKERS IN VASCULAR
DISEASE

Biomarkers have great potential to enhance
all aspects of vascular care through AAA,
carotid and peripheral vascular disease.

AAA development is likely to represent
a product of genetic predisposition and
environmental factors. AAA are character-
ized by local inflammation, matrix degrada-
tion and smooth muscle cell apoptosis.’
Once established, AAAs grow at a rate of
2.6mm/year (95% range -1.0 to 6.1mm/
year).® Generally this growth is insidious
and asymptomatic until rupture. During
this growth phase the active processes of
AAA formation are on-going, both local and
systemic cytokines and protein levels will be
modified in response to or as a consequence
of this pathology.

The principle challenge in the manage-
ment of AAAs is that they generally remain
asymptomatic untl rupture. At rupture,
survival is poor, with mortality rates up
to 70%.” In order to make a significant
impact on the outcome of AAA a number of
significant advances are required. Improved
detection of AAAs is the first step. Aneurysm
screening is currently being rolled out in the
UK and other countries. However there
remains doubt over the cost-effectiveness of
these ultrasound-based programs. Currently,
maximum aortic diameter alone is generally
the only means of assessing AAA rupture
risk. However, the complications of AAA
are not simply correlated to aortic diameter
alone. Some small AAAs rupture and some
large AAAs remain stable for prolonged
periods.®” Patients continue to undergo
aneurysm repair on the probability of
rupture, with the inevitability that some
patients will undergo unnecessary repair. An
improved risk model is required. Identifica-
tion of blood-based biomarkers capable of
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identification and individual stratification of
risk of progression and rupture would revo-
lutionize the provision of care for AAA.

Endovascular AAA repair (EVAR) has
significantly reduced the peri-operative mor-
tality associated with elective AAA surgery.'
The current standard of care requires regu-
lar post-deployment surveillance to ensure
the aneurysm sac is excluded from the
circulation and adequately depressurized.
This surveillance is dependent on Duplex
ultrasound and computed tomographic
imaging. A blood test, for a biomarker of
aneurysm expansion or aneurysm sac pres-
surization that could replace serial imaging
would reduce the cost and morbidity attrib-
uted to graft surveillance.

Stroke is the third leading cause of death
worldwide. Approximately 15% of strokes
and transient ischaemic attacks (TTAs) are
caused by unstable carotid artery plaque.
Surgical treatment of a carotid artery
stenosis by endarterectomy (CEA) can sig-
nificantly reduce stroke risk, but is accompa-
nied by morbidity and mortality. Equally, not
all carotid plaques will become symptomatic
and cause a stroke. Current evidence from a
Cochrane systematic review states that CEA
for asymptomatic carotid stenosis reduces
the risk of ipsilateral, or any stroke, by 30%
over 3 years. Fundamental to the selection of
patients for intervention is the identification
of plaques conferring an excess risk of neuro-
logical events. Currently, selection for carotid
intervention is determined by the grade of
stenosis and symptomatology. It is broadly
accepted to treat high-grade symptomatic
carotid stenosis, but in lower grade and
asymptomatic patients interventions are still
a matter of debate. There is growing evidence
that stenosis alone is a poor guide. Molecu-
lar processes such as inflammation, lipid
accumulation, apoptosis, thrombosis, prote-
olysis and angiogenesis have been shown to

be highly related with plaque vulnerability.
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Serum biomarkers reflecting these processes
may distinguish unstable from stable carotid
stenosis and be a powerful discriminator in
the selection of patients for carotid surgery.

BIOMARKER DISCOVERY STEPS

Biomarkers must be measurable, add new
information and aid the clinicians’ manage-
ment of patients. To apply the biomarker
to a risk prediction model it must allow
discrimination, calibration and risk strati-
fication. (Table 15.1) Discrimination is
the specificity and sensitivity of the marker,
calibration denotes the ability of the marker
to assign predicted risks that match actual
observed risk, and risk stratification is the
power to assign patients into clinically
relevant categories.

There are two potential approaches to
biomarker discovery. Firstly there is a knowl-
edge-based approach exploring known candi-
dates based on the understanding of disease
pathophysiology. Alternatively an inductive
approach can be undertaken, using non-
hypothesis driven exploration to discover
novel differences in genetic, proteomic or
metabolomic expression. The two method-
ologies are complementary. Dependent on
the understanding of molecular biology

of disease and cell signaling pathways
there is also cross-over between the ‘omics’
sciences used to trawl for novel candidates.

(Table 15.2)

AAA BIOMARKERS

Candidate biomarkers have been studied
based on present understanding of AAA
pathogenesis. Examination of aneurysmal
aortic wall biopsies has demonstrated patho-
logical processes including medial arterial
destruction, accumulation of inflammatory
cells, elastin fragmentation, increased con-
centrations of proteolytic cytokines and
in-situ thrombus. Consequently investigators
have explored enzyme, protein and cytokine
alterations on the basis of this understanding.
The principle limitation of this approach
being that all these features represent the
end-stage of AAA development and may
not be indicative of factors initiating AAA
development or stimulating AAA growth.
The alternative ‘hypothesis generating’
approaches have been applied to AAA bio-
marker discovery. Samples of body fluids and
vascular tissue have been compared between
AAA patients and control subjects using
genomic and proteomic array techniques.

TABLE 15.1: Translating biomarker discovery from the laboratory to patients

Estimated
numbers
Phase Title Explanation required (n =)
P1 Discovery Exploratory studies to identify potential biomarkers 50
P2 Validation Capacity of biomarker to discriminate between health 100
& disease
P3 Pre-clinical Capacity of biomarker to detect pre-clinical disease 200
P4 Prospective Prospective screening studies for sensitivity of 500
biomarker
P5 Impact Large scale study to asses impact of biomarker on >1000
survival
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TABLE 15.2: Glossary of ‘omics’ methodologies used to discover novel biomarkers
[SNP, single nucleotide polymorphism. NMR, nuclear magnetic resonance. BLAST,
basic local alignment search tool. CT, computed tomography. MRI, magnetic
resonance imaging. PET, positron emission tomography. SPECT, single-photon

emission computed tomography]

translational modified
protein identification

Technology Objective Method Tissue

Genetics Gene identification SNP genotyping Nucleated cells,
Gene array analysis diseased tissue

Proteomics Protein or post- 2D-gel electrophoresis Blood, saliva, tissue,

Mass spectrometry urine

Metabolomics Identification and

Mass spectrometry Blood, saliva, tissue,

characterization of small | NMR spectroscopy urine
molecule

Bioinformatics Link array data to BLAST Data from combined
biological pathway Hierarchical clustering methods

Molecular imaging Non-invasive CT Patients
identification of MRI
molecular constituents PET
of disease SPECT

These investigations have proposed novel
potential circulating biomarkers of AAA.
However, particularly in the proteomic
studies, the studies have involved very small
numbers of patients and similar numbers
of control subjects. The challenge of find-
ing appropriately matched controls can also
reduce the value of some results with inbuilt
confounding variables likely to diminish
the power of any preliminary discovery.
This is particularly the case when using
aortic wall tissue for proteomic analysis
as the availability of normal-aged aorta is
limited and its method and timing of har-
vest and preservation will modify protein
expression.

Circulating extracellular matrix
markers

Collagen fragmentation is typically found
in AAA biopsies. This is associated with

synthesis of new type I and III collagen.
During collagen synthesis both the carboxy-
terminal and aminoterminal ends of the
precursor molecule are released. These two
fragments represent candidate biomarkers
for increased extracellular matrix remodelling
and consequent AAA formation. Small case
control studies using radioimmunoassay
for these peptide fragments have reported
associations with AAA. However, contem-
porary series have failed to repeat these
findings in a larger cohort.'

Tenascin-X was identified as a candidate
biomarker due to its implication in Ehlers-
Danlos syndrome, where patients are prone
to aortic dissection and aneurysm formation.
Elevated serum Tenascin-X has been demon-
strated in AAA patients (n = 87) compared
to controls. Notably, the highest quartile of
serum Tenascin-X concentrations were asso-
ciated with a 5-fold increase in AAA risk
(OR 5.5; 95% (I, 2.0-13.8)."
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TABLE 15.3: Substrates explored as possible biomarkers for AAA presence and

growth
Related Process | Biomarker Proposed significance Reference
Circulating Tissue Plasma PICP levels are Nakamura M.
extracellular matrix | carboxyterminal significantly decreased in AAA vs. et al. 2000%
markers propeptide of type | controls (p < 0.01)
procollagen (PICP)
Aminoterminal Acceleration of AAA growth is Satta J. et al.
propeptide of type Il | reflected in serum PIIINP (r = 0.55) | 19974
procollagen (PIIINP)
Tenascin-X AAA is associated with high serum | Zweers M.C.
concentrations of tenascin-X et al. 2006"
Serum elastin SEP levels higher in cases prone Lindholt J.S.
peptides (SEP) to rupture relative to controls (60% | et al. 2001"
specificity) (r = 0.40)
Matrix degrading Cystatin-C Negative correlation with Lindholt J.S.
enzymes expansion rate (r = -0.24) et al. 200142
MMP-9 Elevated in aneurysmal aortic Linholt J.S.
walls — correlates with expansion et al. 2000
of small AAAs (r = 0.33)
Alpha-1 antitrypsin Alpha-1 antitrypsin correlates with Vega de Ceniga
AAA growth (r = 0.55) et al. 2009""
P-elastase P-elastase is positively correlated Lindholt J.S.
with the mean annual AAA et al. 20038
expansion rate (r = 0.30)
Related to Fibrinogen Fibrinogen concentrations are Al-Barjas H.S.
thrombus significantly higher in AAA vs. et al. 2006"
controls (median: 2.89 vs.
2.53 g/L; p<0.01) and correlate
with AAA size (r = 0.32)
D-Dimer Annual AAA growth is positively Golledge J.
and significantly associated with et al. 2010%
D-Dimer (r = 0.39)
Homocysteine HCY levels correlate with AAA Halazun H.J.
(HCY) growth rate (r = 0.28). Hyper HCY | et al. 20074
is related to rapid AAA growth.
Thrombin- Elevated serum TAT levels Yamazumi K.
antithrombin [ll are associated with large AAA et al. 19984

complex (TAT)

diameter (r = 0.57)
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Related Process | Biomarker Proposed significance Reference
Inflammation C-reactive protein CRP levels elevated in large AAAs | Norman P.E.
(CRP) et al. 200422
Osteopontin (OPT) Osteopontin level correlates Golledge J.
with AAA presence and growth et al. 20072
(r=0.24)
IL-6 IL-6 level is independently Rohde L.E.
associated with AAA and et al. 19992
correlated with index diameter
(r=0.28)
Osteoprotegerin Osteoprotegerin associated with Moran C.S.
(OPG) AAA growth et al.®
Resistin Serum resistin concentration is Golledge J.
independently associated aortic et al. 2007%
diameter (r = 0.19)
Ilg-G to C. Aneurysm progression correlated Lindholt et al.
Pneumoniae with IgG C. Pneumoniae infection 200145
(r=0.45)

Serum elastin peptide (SEP) is a degrada-
tion product of elastin. The role of SEP as a
biomarker has been explored in two separ-
ate cohorts, the Viborg aneurysm screened
cohort and the patients from the Chichester
screened cohort who were unfit for surgery.
Using a reproducible ELISA (enzyme linked
immunosorbent assay) a clear correlation
between SEP and aneurysm growth rate was
reported (r = 0.4)." SEP was also found to
be elevated in patients with symptomatic
AAAs and those who went on to rupture.’
This study was underpowered to identify a
statistically significant biomarker and has
not yet been repeated.

Matrix-degrading enzymes

Histological ~examination of aneurysm
wall demonstrates fragmentation of the
extracellular matrix. This has implicated
elastases and matrix metalloproteinases
(MMPs) in the pathophysiology of AAAs.
Specifically, MMP-9 is abundantly expressed
in AAAs and is considered to play a pivotal

role in their formation. This candidate has
been explored as a possible biomarker for
AAA presence in case-control studies. The
majority of studies confirm an elevated
circulating MMP-9 concentration in patients
with AAA compared to healthy controls
or subjects with occlusive atherosclerotic
disease.'*"> Pooled analysis of these data has
verified this finding,'® however the variability
in the findings, sample handling and analysis
highlights the principle challenges in primary
validation in biomarker discovery.

Alternative elastases have been explored as
serum biomarkers. Small studies (n < 50) have
raised the possibility of alpha-1 antitrypsin'
and p-elastase’® acting as serum biomarkers
for aneurysm growth. They have not been
repeated in larger cohorts, nor have these
findings translated into a tool for prediction
of rupture risk or the need for surgery.

Proteins associated with thrombosis

The role of the intraluminal thrombus
commonly found in AAAs is yet to be fully
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understood. Examination of this thrombus
has identified a number of proteases that
may be implicated in AAA progression.
Proteins associated with thrombosis have
been explored. These proteins may represent
either end of the signaling pathway or be a
by-product of degradation. The principle
markers that have been evaluated are
fibrinogen, D-Dimer, homocysteine and
protein complexes implicit in the coagulation
cascade.

A positive association between plasma
fibrinogen concentration and AAA diameter
has been demonstrated (r = 0.323)."” The
link between smoking and AAA is irrefuta-
ble, and raised plasma fibrinogen is induced
by smoking. This association may only be a
consequence of smoking and elevated fibrin-
ogen has yet to be demonstrated independ-
ent of cigarette smoking.

D-Dimer level is a routinely used valid-
ated assay in general clinical practice to
exclude a diagnosis of DVT. Plasma concen-
trations of D-Dimer reflect fibrin turnover
in the circulation. Its role as a candidate
biomarker for AAA has been explored. In a
large cohort (n = 1260, 337 with AAA) aver-
age annual AAA growth was shown to be
positively and significantly associated with
D-dimer.”® This study went on to propose
possible diagnostic cut-off values for AAA
presence were D-Dimer to be utilized as a
screening tool. In their population, a level
>400ng/ml for D-Dimer had an adjusted
odds ratio (OR) of 12.1 (95% CI, 7.1-20.5)
and >900ngml represented an OR of 24.7
(%% CI, 13.7-44.6) for AAA presence.
D-Dimer in combination with additional
clinical risk stratification may have general
value in AAA risk assessment.

Hyperhomocysteinaemia has been iden-
tified as a significant cardiovascular risk fac-
tor. These findings have evolved from studies
into coronary heart disease and stroke. A
review of the case-control studies found all

series to report elevated homocysteine in
subjects with AAA.*' However this associa-
tion was weak and failed to reflect a causal
role for homocysteine in AAA development.
It is likely that elevated homocysteine in
AAA patients is reflective of dietary vari-
ability or renal clearance rather than the
presence of an aneurysm.

Biomarkers to identify thrombosis are
unlikely to translate into a universal clinical
tool. The principle issue is that not all AAAs
contain thrombus. Equally, in-situ throm-
bus is a dynamic substrate and findings from
small studies may be a variable and not valid
throughout the disease course.

Markers of inflammation

C-reactive protein  (CRP) is the most
commonly investigated biomarker in cardio-
vascular disease. It is an acute phase protein
implicit in inflammation specifically to
activate the complement cascade in cell
death. Its elevation is inextricably linked
to other inflammatory cytokines including
interleukins (IL-6) and macrophage activa-
tion. CRP levels have been shown to be
elevated in large aneurysms (40-54mm), but
no association with AAA expansion has been
shown.?

It has been suggested that the AAA itself
is one source of IL-6. Circulating plasma
levels of this inflammatory cytokine are elev-
ated in AAA compared to controls (all series
n<100). Also, plasma IL-6 has been corre-
lated to aortic diameter in patients without
AAA.» These findings are contributory to
the understanding of AAA pathophysiology,
supporting the role of inflammation and
of macrophages in AAA progression. They
lack the specificity to translate to a clinical
biomarker.

Other candidates explored include osteo-
pontin (OPN), osteoprotegerin (OPG) and

resistin. These have been identified based on



the pathophysiology and epidemiology of
AAA development. OPN and OPG are both
cytokines associated with macrophage activ-
ity. Serum OPN levels show an independ-
ent but poor correlation with AAA growth
(r=0.24)* A similar finding has been
reported for OPG; in a cohort of 146 men
with small AAAs followed for 3 years, serum
OPG showed a significant but weak correla-
tion with AAA growth rate (r = 0.2).” The
elevated risk of AAA associated with obesity
has led to exploration of resistin as a puta-
tive biomarker. Serum resistin concentration
is independently associated with AAA
(OR 1.53; 95% CI, 1.32 - 1.76) and aortic
diameter (r = 0.19, P<0.0001).2¢

BIOMARKERS OF AAA RUPTURE

Biomarkers capable of predicting AAA
rupture would offer the greatest clinical value.
Observing patients until rupture is rarely
performed and unethical. As the rupture of a
small aneurysm is a rare event, few ultrasound
based studies have assessed the relationship
between increasing biomarker levels and
rupture. In the UK small aneurysm trial an
association between cotinine and subsequent
AAA rupture was reported.”” This is a
marker of smoking rather than any specific
pathophysiological process.

Elevated MMP-9 levels have been
reported in the plasma of patients with
ruptured AAA compared to an elective non-
ruptured population.” In this cohort, a
4-fold elevation in plasma MMP-9 was
associated with non-survival at 30-days com-
pared to those patients surviving surgery.
Whether MMP-9 is important in the patho-
genesis of rupture or simply a marker of an
acute process is unclear.

BIOMARKERS FOLLOWING
ENDOVASCULAR REPAIR

Endovascular repair (EVAR) has become
the preferred strategy for the management
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of AAAs in many centers. Following stent
graft deployment surveillance is required to
ensure aneurysm exclusion and continued
depressurization of the aneurysm sac. The
role of biomarkers, to replace radiological
imaging, has been explored. Decreases in
MMP-3 and MMP-9 have been reported
after successful EVAR with statistical dif-
ferences compared to patients with active
endoleak.”” The principle problem with any
biomarker will be its ability to discriminate
between benign (type II) endoleaks and more
significant (type 1 or type III) endoleaks.

BIOMARKERS OF CAROTID
PLAQUE STABILITY

One current indication for carotid end-
arterectomy is Duplex derived grade of
stenosis combined with clinical evaluation.
There is growing awareness that in isolation
this is a poor guide as to whether a patient
should Biomarkers
capable of discrimination between those
carotid plaques which are either currently
unstable or may become so in the future
would revolutionize risk stratification in
carotid surgery. Research into biomarkers for
carotid plaque formation remains embryonic.
The majority has come from subgroup
analysis of large studies into coronary plaque
risk analysis. Atherosclerosis is a multi-site
disease process throughout the vasculature,
therefore any biomarker for carotid plaque
instability would require optimal specificity.
This has led to early studies looking
specifically at the carotid plaque tissue to
identify possible candidates that would be
particular to carotid atherosclerosis.
Atherosclerotic  plaque
results from interaction between modified
lipids, extracellular matrix, macrophages
and activated vascular smooth muscle cells
(VSMCs). Certain processes in the evolu-
tion of atherosclerotic lesions have been

receive intervention.

development
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TABLE 15.4: Substrates explored as possible biomarkers for carotid artery stenosis

phospho-lipase
A2( Lp-PLA2)

Lp-PLA2

Related Process | Biomarker Proposed significance Reference
Inflammation C-reactive protein Hs-CRP associated with Schillinger M.
(hs-CRP) progressive atherosclerosis, et al. 20053
(upper quintile OR 3.65; 95% CI
1.65-8.08)
Seum amyloid A SAA associated with progressive Schillinger M.
(SAA) atherosclerosis, (upper quintile OR | et al. 2005%'
2.28; 95% CI 1.24-4.20)
IL-18 IL-18 expression found to be >3x Mallat Z. et al.
greater in symptomatic plaques 200146
than assymptomatic
IL-6 Serum IL-6 elevated in Koutouzis M.
symptomatic stenosis compared to | et al. 2009%
asymptomatic
Neopterin Plasma levels (nmol/L) higher in Sugioka K.
complex plaques vs. non-complex | et al. 20104
plaques (24.2 vs. 19.4 ; P=0.01)
CD-36 Soluble CD36 elevated in patients | Handberg A.
with echolucent plaques vs. et al. 20084
echogenic plaques
Lipid Accumulation | Lipoprotein- Symptomatic carotid plaques Mannheim D.
associated are characterised by elevated et al. 20083

plaque instability. MMP-9 >
607ng/ml best predicted presence
of unstable plaque (OR 19.2; 95%
Cl 3.9-94.2)

Apoptosis Annexin V Annexin V uptake associated with Keiselaer, B.L
plagque instability et al. 20043
Thrombosis Tissue plasminogen | Transient increase in t-PA gene Sayed S. et al
activator (t-PA) expression associated with plaque | 2009%
instability
Fibrinogen Elevated fibrinogen is associated Sabeti S. et al.
with carotid disease progression 2005%
Plasminogen Transient increase in PAI-1 gene Sayed S. et al
activator inhibitor-1 expression associated with plaque | 2009%
(PAI-1) instability
Proteolysis MMP-9 MMP-9 level correlates with Alvarez B. et al.

2004%




associated with plaque vulnerability. These
include inflammation, lipid accumulation,
apoptosis, thrombosis, angiogenesis and
proteolysis.*® These changes are connected
to the morphological characteristics of an
unstable plaque. The search for a biomarker
has focused on these processes.

Inflammation

Inflammation in the vessel wall is con-
sidered to play an essential role in the
initiation, progression and the final steps
of atherosclerosis, namely plaque destabil-
ization and eventual plaque rupture. CRP
may have direct pro-inflammatory effects
and contribute to the initiation and pro-
gression of atherosclerotic lesions. In carotid
artery stenosis hs-CRP  correlates  with
morphological features of rapidly progressive
carotid atherosclerosis.’ CRP has also been
shown to predict stroke risk in a healthy
elderly population (Framingham Study).’”
Men in the highest quartile of CRP had
double the risk of ischaemic stroke (RR 2.0;
P = 0.03), and women had almost 3 times
increased risk (RR 2.7; P =0.0003) com-
pared to the lowest quartile.

Serum amyloid A (SAA) is another acute
phase protein. It is elevated in atherosclerotic
lesions and has previously been shown to be
a biomarker capable of predicting poor out-
come in acute coronary syndromes. Serum
SAA is associated with progressive carotid
atherosclerosis, (upper quintile OR 2.28;
95% CI 1.24-4.20). The pro-inflammatory
cytokine IL-6 has pro-atherogenic proper-
ties. Histology has demonstrated increased
expression of IL-6 in unstable plaque
regions. Elevated serum baseline IL-6 levels
are associated with a greater stroke risk.*

Lipid accumulation

In atherosclerotic plaques, unstable lesions
have a greater area occupied by lipid.
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Systemic lipid lowering in patients with
cardiovascular risk using statins has shown
a 25% proportional reduction in first
event rate for stroke. OxLDL levels have
been shown to be related to carotid plaque
instability. One link between oxLDL and
plaque instability is lipoprotein-associated
phospholipase A2 (Lp-PLA2). In carotid
artery disease, symptomatic carotid artery
plaques express higher levels of Lp-PLA2
than asymptomatic plaques.** No serum
studies have been performed on this possible
biomarker.

Apoptosis

The necrotic core at the centre of advanced
atherosclerotic  plaques  contains  dead
VSMC:s and debris. Smooth muscle cells and
inflammatory cells die as a consequence of
programmed cell death (apoptosis). VSMC
apoptosis may weaken the fibrous cap
creating an unstable plaque prone to rupture.
Apoptotic markers have been explored to
identify vulnerable plaques. Annexin V, a
marker of apoptosis, has been detected in
symptomatic carotid artery plaques. This pilot
study utilized exogenous radiolabelling and
only examined 4 patients. The investigation
did indicate that molecular imaging with the
use of technetium-99m-labeled annexin A5
may be a new method for assessing plaque
instability and identifying patients at risk for
acute vascular events.®

Thrombosis

Thrombotic activity on carotid plaques
is associated with stroke and transient
ischaemic attacks (TIA). Examination of
RNA from carotid plaques removed at
endarterectomy has shown that expression
of thrombomodulatory genes is increased in
unstable plaques.*® These include t-PA and
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plasminogen activator inhibitor-1. To date
no study has examined the possible role of
these factors as biomarkers.

Plasma fibrinogen levels have been shown
to be related to progressive atherosclerosis.
In a cohort of 1268 assymptomatic patients
progressive atherosclerosis was seen in 9.2%.
The adjusted hazard ratio for atheroscle-
rosis progression was 2.45 (P =0.002) for
the upper quartile compared to the lower
quartile. Fibrinogen level at follow up was
also shown to be associated with progressive
disease (P = 0.004).>

Proteolysis

Plaque destabilization is associated with
proteolysis. Proteolytic enzymes including
matrix metalloproteinases appear important
in the pathophysiology of atherosclerotic
plaque cap rupture and consequent
neurological events. It is likely that an
imbalance in MMPs may lead to matrix
degradation and plaque destabilization.
In unstable carotid plaques there is a local
increase in active MMP-9 concentration.’®
Elevation of MMP-9 has been shown in the
serum of patients with symptomatic carotid
artery disease in a small cohort of 40 patients
undergoing carotid endarterectomy.*’

CHALLENGES IN BIOMARKER
DISCOVERY

A cautionary tail of biomarker exploration is
described in the field of ovarian malignancy.
Proteomic exploration was adopted early
and with great enthusiasm in this field of
cancer. Despite early reports citing proteins
with 100% sensitivity, 95% specificity and a
positive predictive value of 94% in a small
cohort; these findings have failed to translate
to a clinically applicable tool. The initial
proteomic fervor was tempered and despite
greater than 10 years exploration clinicians

remain reliant on an older protein biomarker,
CA-125.

Many candidate biomarkers, based on
current understanding of vascular patho-
physiology have been explored. None have
translated to clinical practice. It is there-
fore the task of the discovery sciences i.e.
proteomics and metabolomics to further this
endeavor. Biomarkers continue to represent
one of the most anticipated healthcare con-
cepts. Yet before the potential can be fully
realized, numerous challenges need to be
resolved. It is unlikely that single biomarkers
will be considered adequate for most applic-
ations. Multiple protein panels are the new
paradigm. Because of variations in sample
complexity, the approach to biomarker dis-
covery will continue to be highly depend-
ent on the intended application, each with
its own discovery challenges. Body fluids
are especially difficult to handle consist-
ently. Serum is vulnerable to temperature
and fasting state whilst variations in its pro-
tein content are difficult to identify as it is
>90% albumin. Plasma is modified by the
clotting cascade and haemoglobin break-
down, and urinary protein excretion is prin-
cipally a product of renal filtration. High
throughput consistent sample handling is
essential if these biomarker panels are to be
elucidated.

FUTURE WORK

The future of biomarker discovery lies in
comparative proteomics combined with
innovative bioinformatics and mathematical
modeling. This review has demonstrated a
large number of small independent scientific
groups generating exciting and unique
findings. The principle limitation consistent
across the literature is a failure to develop
these discoveries through validation in larger
mixed populations. Different substrates
(blood, plasma, serum) are being explored in



different conditions (Snap frozen, embedded,
fresh), using varied assays, dependent upon
the expertise of the scientific group. Large
co-operatives tasked with biomarker dis-
covery with defined consistent protocols
across mixed populations offer the most
appropriate environment for biomarker
discovery.

CONCLUSION

Biomarkers will have increased utility in
the future of vascular surgery. To date no
biomarker for AAA or carotid stenosis has
been translated into clinical practice. However
with advancements in mass spectrometry
and proteomic techniques combined with
worldwide interest in this discovery science,
a significant discovery cannot be far away.
In 10 years time the decision to operate on
a dilated aorta or carotid stenosis may be
guided by the presence of a specific protein
in the patient’s serum, and no longer simply
the morphology of the lesion.
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