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METHODS OF DIAGNOISIS, PROGNOSIS AND
TREATMENT OF CARDIOVASCULAR DISEASE

FIELD OF THE INVENTION

[0001] This invention relates to the field of medical diag-
nostics. In particular, the invention provides methods for
diagnosis or prognosis of cardiovascular disease. The inven-
tion also provides methods for treatment of cardiovascular
disease and other chronic inflammatory diseases.

BACKGROUND TO THE INVENTION

[0002] Macrophage Inhibitory Cytokine 1 (MIC-1) is a
TGF-f superfamily protein first cloned on the basis of
increased mRNA expression associated with macrophage
activation (1). While MIC-1 is not expressed in resting
macrophages, stimulation of macrophages by a number of
biological mediators including TNF-a, IL-1 and M-CSF
induce MIC-1 expression. Because of its induction by many
pro-inflammatory cytokines, but failure of direct induction
by lipopolysaccharide and interferon gamma, it has been
hypothesised that MIC-1 may be an autocrine down-regu-
lator of macrophage activation (1).

[0003] Although originally identified in activated mac-
rophages, MIC-1 can be expressed in several tissues (2-5).
Northern blots of human tissues indicate the presence of
small amounts of MIC-1 mRNA in the kidney, pancreas and
prostate, and large amounts in the placenta (2, 4). Large
amounts of MIC-1 have also been detected by immunohis-
tochemistry in biopsies of breast, colon and prostate cancer
(5). However, MIC-1 is not detectable within normal epi-
thelial cells of these organs (5). This, along with induction
of MIC-1 expression by p53 and data suggesting that MIC-1
is able to induce apoptosis of some epithelial tumour cells
lines (6-8), also suggests a role for MIC-1 in epithelial
neoplasms.

[0004] Shortly after cloning MIC-1 ¢cDNA, two allelic
forms of this gene existing due to a single nucleotide
polymorphism were identified. This polymorphism causes
an alteration of a histadine (H) to an aspartic acid (D) residue
at position 6 of the mature MIC-1 protein (9). The homozy-
gous D allele is present in about 5% of normal individuals
(10) Because the properties of these amino acids differ from
each other, it was hypothesised that this may lead to alter-
ation in some aspect of the function of the MIC-1 protein. In
the course of undertaking epitope-mapping studies of a
series of monoclonal and polyclonal anti-MIC-1 antibodies,
it became apparent that one of these antibodies was able to
discriminate between the H and D alleles (9), a property
which allows the deduction of the genotype from the phe-
notype of the MIC-1 protein present in serum (10). These
antibodies have also allowed the development of a sensitive
immunoassay capable of quantifying MIC-1 in normal and
pathological sera (2).

[0005] As MIC-1 is a product of activated macrophages,
the present inventors considered that serum or plasma mea-
surement of MIC-1 may be diagnostically and/or prognos-
tically informative of cardiovascular disease, particularly
atherosclerosis, since there is a wide body of data implicat-
ing activated macrophages in the pathogenesis of athero-
sclerosis and in the vascular occlusion that is often the
ultimate end point of this process (11, 12). There is also
strong epidemiological data linking measurement of inflam-
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matory markers such as C-reactive protein (CRP) and IL-6
with the risk of vascular occlusive events (13, 14). The work
presented hereinafter demonstrates that the typical increased
inflammatory response present within atherosclerotic vessel
walls is associated with increased secretion and release of
MIC-1 and that the consequent increase in basal levels of
MIC-1 is associated with an increased risk of future cardio-
vascular events.

SUMMARY OF THE INVENTION

[0006] Thus, in a first aspect, the present invention pro-
vides a method of diagnosis or prognosis of cardiovascular
disease, the method comprising detecting an elevated
amount of MIC-1 in a test body sample from a subject.

[0007] In a second aspect, the method provides a method
of treatment of cardiovascular disease in a subject said
method comprising administering to said subject an effective
amount of an agent which inhibits the activity or expression
of MIC-1.

[0008] In a third aspect, the present invention provides a
method of treatment of cardiovascular disease in a subject,
said method comprising administering to said subject an
effective amount of an agent which enhances or increases the
activity or expression of MIC-1.

[0009] In a fourth aspect, the present invention provides a
method of treatment of chronic inflammatory disease in a
subject, said method comprising administering to said sub-
ject an effective amount of an agent as defined in either of
the second or third aspects.

DETAILED DISCLOSURE OF THE INVENTION

[0010] In a first aspect, the present invention provides a
method of diagnosis or prognosis of cardiovascular disease,
the method comprising detecting an elevated amount of
MIC-1 in a test body sample from a subject.

[0011] Preferably, the cardiovascular disease is atheroscle-
rosis.
[0012] Preferably, the elevated amount of MIC-1 in the

test body sample is detected by:

[0013] (i) determining the amount of MIC-1 present
in the said test body sample; and

[0014] (ii) comparing said amount of MIC-1 against
an amount or a range of amounts of MIC-1 present
in comparative body sample(s) taken from healthy
subject(s).

[0015] The amount of what may be regarded as an
“elevated amount” of MIC-1 may vary according to the
particular body sample type used. The preferred body
sample is a sample of blood plasma, however a sample of
amniotic fluid, placental extract, whole blood, serum, buffy
coat, urine, cerebrospinal fluid, seminal fluid, synovial fluid,
or a tissue biopsy may also be suitable. For blood plasma, an
amount of >600 pg/ml is likely to represent an elevated
amount of MIC-1 which indicates, in a statistically signifi-
cant manner, cardiovascular disease (including development
of vascular plaques) and/or a likelihood of a future cardio-
vascular event (eg myocardial infarction, thromboembolic
stroke, or cardiovascular death). An amount of MIC-1 of
>850 pg/ml in a blood serum sample is likely to represent an
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elevated amount of MIC-1 which strongly indicates cardio-
vascular disease and/or a very high likelihood of a future
cardiovascular event. The future cardiovascular event indi-
cated by an elevated amount of MIC-1 in a body sample may
occur within 1 to 4 years following the taking of the test
sample.

[0016] The amount of MIC-1 present in a body sample
may be readily determined by, for example, immunoassays
or immunohistochemistry (eg with sectionalised samples of
a tissue biopsy) using anti-MIC-1 antibodies or fragments
thereof. Anti-MIC-1 antibodies and fragments thereof may
be produced by any of the methods well known in the art.

[0017] Preferably, the subject is female and/or >45 years
of age.

[0018] The results obtained by the method of the first
aspect of the present invention may be combined with the
results of assays of other known cardiovascular disease
biomarkers (eg CRP and/or IL-6 (13, 14)) as well as an
assessment(s) of other cardiovascular disease risk factors (eg
obesity, smoking habit, hypertension, hyperlipidemia, famil-
1al history of premature cardiovascular disease, and diabe-
tes), to improve diagnostic and/or prognostic accuracy.

[0019] The results obtained by the method of the first
aspect of the present invention may be particularly useful in;

[0020] (i) predicting risk of catastrophic vascular
occlusions in the heart, brain, limbs or other regions,

[0021] (i) predicting alteration to the risk mentioned
in (i) arising from treatment with beneficial agents
(eg statins);

[0022] (iii) predicting, in the context of subjects
experiencing acute chest pain, those subjects requir-
ing urgent treatment;

[0023] (iv) predicting, in the context of subjects
experiencing stable angina, those subjects likely to
develop serious cardiovascular events;

[0024] (v) predicting, in the context of subjects expe-
riencing unstable angina, those subjects likely to
experience a myocardial infarction;

[0025] (vi) predicting, in the contexts of subjects
experiencing a myocardial infarction, the risk of
early cardiovascular events such as recurrent heart
attacks and cardiovascular death; and

[0026] (vii) predicting, in the context of subjects who
have undergone a successful angioplasty stenting
procedure, the likelihood of poor, long term results
such as restenosis and/or additional cardiac symp-
toms.

[0027] Virtually all people develop the first lesions (the
“fatty streak™) of vascular disease early in life (15), and
these may evolve into typical plaques which progress
through various stages, from the relatively simple structure
of the fatty streak with accumulation of modified lipids, to
the stable or sometimes unstable plaques of advanced ath-
erosclerosis (16). The evolution of these lesions revolves
around a complex interplay between the vascular endothe-
lium, vascular smooth muscle, and the immune system. The
principal response of the immune system is migration of
macrophages and T-cells to the vascular intimal space, after

Dec. 18, 2003

recruitment by the activated endothelium, The local produc-
tion of cytokines directs plaque evolution and induces
migration of vascular smooth muscle cells, among other cell
types, in an attempt to contain and stabilise the vascular
injury (16). Many factors are involved in the generation of
an unstable atherosclerotic plaque as opposed to the stable
fibrotic plaque. Among these, the regulation and interaction
between the macrophage, vascular smooth muscle and tissue
matrix is paramount. Continued macrophage activation
results in delayed resolution of vascular injury and contrib-
utes to the release of mediators which influence vascular
smooth muscle and tissue matrix (17) Apoptosis of vascular
smooth muscle, changes in metaloproteinase activity and
secretion and neovascularisation all contribute to destabili-
sation of the plaque (17, 18). In animal models, plaque
instability has been shown to be induced by up-regulation of
P53 (18). Transcription of MIC-1 mRNA is also induced by
P53 (6-8) and in some cells, the expression of MIC-1 is
related to increased expression of the cell cycle related
protein p217P*=  metaloproteinases and cell adhesion
associated proteins. Increased metaloproteinase production
has also been associated with the development of plaque
instability (17). These associations, in concert with the work
presented hereinafter, suggest that MIC-1 may represent a
novel target for cardiovascular disease treatment.

[0028] Thus, in a second aspect, the present invention also
provides a method of treatment of cardiovascular disease in
a subject, said method comprising administering to said
subject an effective amount of an agent which inhibits the
activity or expression of MIC-1.

[0029] Preferably, the agent utilised in the method of the
second aspect is selected from anti-MIC-1 antibodies and
fragments thereof and other agents which inhibit or block
MIC-1 activity (eg MIC-1 fragments which block receptor
binding, and antibodies which bind to MIC-1 receptors to
block MIC-1 binding). Alternatively, the agent is selected
from antisense RNA (or DNA constructs for expression of
antisense RNA) or ribozymes (or DNA constructs for
expression of ribozymes) targeted to the MIC-1 gene, or
DNAzymes targeted to the MIC-1 gene or other agents
which inhibit or block expression of MIC-1. DNA constructs
encoding anti-MIC-1 antisense RNAs or ribozymes may be
administered to the subject by any of the methods well
known to the art, for example, by the use of recombinant
adenoviral or adenoviral-associated vectors or by linking an
antisense RNA-encoding or ribozyme-encoding DNA
sequence to an appropriate promoter sequence to produce a
linear DNA molecule for administration within a liposome.
The agent may also be a DNA construct which encodes a
dominant negative mutation of the MIC-1 gene. The agent
may be administered by any of the methods well known in
the art, for example, oral, nasal, intravenous and intramus-
cular administration. The agent may be administered as a
composition comprising a pharmaceutically-acceptable car-
rier(s) and/or excipient(s).

[0030] In a third aspect, the present invention provides a
method of treatment of cardiovascular disease in a subject,
said method comprising administering to said subject an
effective amount of an agent which enhances or increases the
activity or expression of MIC-1.

[0031] Preferably, the agent utilised in the method of the
third aspect is selected from MIC-1, functional fragments
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thereof, MIC-1 mimetic compounds, and other agents which
enhance or increase the activity or expression of MIC-1.

[0032] MIC-1 may be obtained by purification from a
suitable source (eg blood taken from humans or other
animals) or produced by standard recombinant DNA tech-
niques such as is described in, for example, Maniatis, T. et
al., Molecular Cloning: a laboratory manual, Second Edi-
tion, Cold Spring Harbor Laboratory Press. Recombinant
MIC-1 may incorporate modifications (eg amino acid sub-
stitutions, deletions, and additions of heterologous amino
acid sequences), which may, for example, enhance biologi-
cal activity or expression of the protein. However, prefer-
ably, the method of the third aspect utilises human MIC-1.
The MIC-1 may also be glycosylated by methods well
known in the art and which may comprise enzymatic and
non-enzymatic means.

[0033] Suitable functional fragments of MIC-1 may be
produced by cleaving purified natural or recombinant MIC-1
with well known proteases such as trypsin and the like, or
more preferably, by recombinant DNA techniques or pep-
tide/polypeptide synthesis. Such functional fragments may
be identified by generating candidate fragments and assess-
ing biological activity. Preferably, functional fragments will
be of 5 to 100 amino acids in length, more preferably, of 10
to 30 amino acids in length. The functional fragments may
be linear or circularised and may include modifications of
the amino acid sequence of the native MIC-1 sequence from
whence they are derived (eg amino acid substitutions, dele-
tions, and additions of heterologous amino acid sequences).
The functional fragments may also be glycosylated by
methods well known in the art and which may comprise
enzymatic and non-enzymatic means.

[0034] Suitable MIC-1 mimetic compounds (ie com-
pounds which mimic the function of MIC-1) may be
designed using any of the methods well known in the art for
designing mimetics of peptides based upon peptide
sequences in the absence of secondary and tertiary structural
information (Kirshenbaun, K., Zuckermann, R. N., and Dill,
K. A 1999 Designing polymers that mimic biomolecules.
Curr Opin Stract Biol 99:530-535). For example, peptide
mimetic compounds may be produced by modifying amino
acid side chains to increase the hydrophobicity of defined
regions of the peptide (eg substituting hydrogens with
methyl groups on aromatic residues of the peptides), sub-
stituting amino acid side chains with non-amino acid side
chains (eg substituting aromatic residues of the peptides
with other aryl groups), and substituting amino- and/or
carboxy-termini with various substituents (eg substituting
aliphatic groups to increase hydrophobicity). Alternatively,
the mimetic compounds may be so-called peptoids (ie
non-peptides) which include modification of the peptide
backbone (ie by introducing amide bond surrogates by, for
example, replacing the nitrogen atoms in the backbone with
carbon atoms), or include N-substituted glycine residues,
one or more D-amino acids (in place of L-amino acid(s))
and/or one or more a.-amino acids (in place of f-amino acids
or y-amino acids). Further mimetic compound alternatives
include “retro-inverso peptides” where the peptide bonds are
reversed and D-amino acids assembled in reverse order to
the order of the L-amino acids in the peptide sequence upon
which they are based, and other non-peptide frameworks
such as steroids, saccharides, benzazepinel,3,4-trisubsti-
tuted pyrrolidinone, pyridones and pyrdopyrazines. Suitable
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mimetic compounds may also be designed/identified by
structural modelling/determination, by screening of natural
products, the production of phage display libraries (Sidhu, S.
S., Lawman, H. B., Cunningham, B. C., and Wells, J. A.
2000 Phage display for selection of novel binding peptides.
Methods Enzymol 328:333-363), minimised proteins (Cun-
ningham, B. C., and Wells, J. A. 1997 Minimized proteins.
Carr Opin Struct Biol 7:457-462), SELEX (Aptamer) selec-
tion (Drolet, D. W, Jenison, R. D., Smith D. E., Pratt, D,
and Hicke, B. J. 1999 A high throughout platform for
systematic evolution of ligands by exponential enrichment
(SELEX). Comb Chem High Throughout Screen 2:271-
278), combinatorial libraries and focussed combinatorial
libraries, virtual screening/database searching (Bissantz, C.,
Folkers, C., and Rognan, D. 2000 Protein-based virtual
screening of chemical databases, 1 Evaluation of different
docking/scoring combinations. J Med Chem 43:4759-4767),
and rational drug design techniques well known in the art
(Houghten, R. A, Wilson, D. B., and Pinilla, C. 2000 Drug
Discovery and vaccine development using mixture-based
synthetic combinatorial libraries. Drug Discovery Today
5:276-285).

[0035] The agent utilised in the method of the third aspect
may also be a DNA construct encoding MIC-1 or a func-
tional fragment thereof which may be administered to the
subject by any of the methods well known to the art, for
example, by the use of recombinant adenoviral or adenovi-
ral-associated vectors or by linking a MIC-1-encoding or
MIC-1 functional fragment-encoding DNA sequence to an
appropriate promoter sequence to produce a linear DNA
molecule for administration within a liposome. The agent
may be administered by any of the methods well known in
the art, for example, oral, nasal, intravenous and intramus-
cular administration. The agent may be administered as a
composition comprising a pharmaceutically-acceptable car-
rier(s) and/or excipient(s).

[0036] In addition to cardiovascular disease, it is consid-
ered that other chronic inflammatory diseases will be ben-
eficially treated with an agent as defined in either the second
or third aspects.

[0037] Thus, in a fourth aspect, the present invention
provides a method of treatment of chronic inflammatory
disease (eg rheumatoid arthritis, Alzheimer’s disease, mul-
tiple sclerosis, chronic active hepatitis, primary biliary cir-
rhosis, encephalitis, meningitis, chronic viral hepatitis (ic as
caused by Hepatitis B and Hepatitis C viruses), drug or
alcohol induced hepatitis, sarcoidosis, pulmonary fibrosis,
Guillaine Barre syndrome, systemic lupus erythematosus,
Crohn’s disease, ulcerative collitis, Reiter’s syndrome,
seronegative arthritis or spondylitis, vasculitis, cardiomy-
opathy, uveitis, sunburn psoriasis, exczema, nephritis, pneu-
monitis, Sjogren’s syndrome, and scleroderma) in a subject,
said method comprising administering to said subject an
effective amount of an agent as defined in either of the
second or third aspects

[0038] The terms “comprise”, “comprises” and “compris-
ing” as used throughout the specification are intended to
refer to the inclusion of a stated step, component or feature
or group of steps, components or features with or without the
inclusion of a further step, component or feature or group of
steps, components or features.

[0039] Any discussion of documents, acts, material,
devices, articles or the like which has been included in the
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present specification is solely for the purpose of providing a
context for the present invention. It is not to be taken as an
admission that any or all of these matters form part of the
prior art base or were common general knowledge in the
field relevant to the present invention as it existed in
Australia or elsewhere before the priority date of each claim
of this application.

[0040] The invention will hereinafter be described by way
of the following non-limiting examples and accompanying
figures.

BRIEF DESCRIPTION OF THE
ACCOMPANYING FIGURES

[0041] FIG. 1 shows aortic sections from a stage II
atherosclerotic patient stained with anti-MIC-1 antibody (A)
and a control antibody (B).

[0042] FIG. 2 shows aortic sections from a stage IV
atherosclerotic patient stained with anti-MIC-1 antibody (A)
and a control antibody (B).

[0043] FIG. 3 shows necrotic aortic sections from a stage
IV atherosclerotic patient stained with anti-MIC-1 antibody
(A) and a control antibody (B).

[0044] FIG. 4 shows an atherosclerotic aorta section from
an atherosclerosis-prone mouse (ic an Apo-E gene knock-
out) stained with anti-MIC-1 antibody (A) and a control
antibody (B).

EXAMPLE 1
[0045] Patients and Methods.

[0046] A prospective, nested case-control study was con-
ducted among apparently healthy women participating in the
Women’s Health Study (WHS), an ongoing primary preven-
tion trial of aspirin and vitamin E being conducted among
27,628 American women aged 45 and over, with no prior
evidence of cardiovascular disease or cancer (19). Each
study participant provided a baseline plasma and buffy coat
sample which has been stored on liquid nitrogen until the
time of analysis. Methods used for the collection, storage,
and retrieval of these samples were as described previously
(14, 19). As part of routine follow-up in the WHS, all study
participants provided detailed baseline clinical information
regarding usual cardiovascular risk factors, and on a bian-
nual basis were contacted for evidence of incident medical
disorders.

[0047] For the purposes of this analysis, case women were
those WHS participants who provided baseline blood
samples and subsequently developed myocardial infarction
thromboembolic stroke, or cardiovascular death during an
initial 4-year follow-up period. As described elsewhere (14,
19), the endpoint of myocardial infarction was confirmed if
review of medical records demonstrated diagnostic symp-
tom patterns, ECG changes, and cardiac enzyme elevations,
while the diagnosis of thromboembolic stroke was based
upon evidence of new-onset neurological symptoms lasting
greater than 24 hours with diagnostic CT or MRI imaging.
The diagnosis of cardiovascular death was confirmed using
additional information from hospital records, autopsy
reports, and family contact

[0048] For cach study participant who developed a con-
firmed study endpoint, one control study participant was
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selected at random from those women who also provided a
baseline blood sample and who remained free of reported
cardiovascular events during follow-up. This control par-
ticipant was matched to the case participant for age (within
one year) and smoking status (never, past, current). Using
these methods, 257 confirmed cases were matched with 257
controls and this formed the basis for the nested case-control
evaluation.

[0049]

[0050] Baseline blood samples from each case-control
pair were analysed for both plasma levels of MIC-1 and for
polymorphism in the MIC-1 gene, using methods described
previously (2, 10). In brief, total MIC-1 plasma concentra-
tion was determined using a sandwich ELISA with mouse
monoclonal, anti-hMIC-1 antibody 26G6H6 (International
Patent Application No. PCT/AU01/00456 (WO 01/81928))
for antigen capture. Samples were diluted 1:10 in antibody
diluent (1% BSA w/v, 0.05% TWEEN 20 v/v in PBS).
Following a 1-hour incubation of the samples with immo-
bilised capture antibody, the plates were washed and 100
ul/well of the detection antibody 233B-P (International
Patent Application No. PCT/AU01/00456 (WO 01/81928))
was then added at a dilution of 1:25,000 (v/v). This was
incubated at 4° C. for 16 hours then washed. This was
followed by the addition of 100 ul/well of a biotinylated
donkey anti-sheep antibody (Jackson’s Immunoresearch).
After incubation for 1 hour, the plates were washed and 100
uliwell of 1:2,000 dilution of streptavidin was added for 30
minutes. Colour development proceeded with the addition of
100 wl/well of OPD (0.4 mg/ml w/v). This reaction was
terminated with 4N sulfuric acid and the plates were read at
490 nm (Pasteur diagnostic). The hMIC-1 plasma concen-
tration was determined by reference to a standard curve that
was constructed using recombinant hMIC-1 protein.

[0051] The genotype of a plasma sample was deduced
from the phenotype using an ELISATYPE assay essentially
as previously described (10) This was based on the ratio of
the plasma level determined with 13C4H4 (International
Patent Application No. PCT/AU01/00456 (WO 01/81928))
as capture antibody to that determined with 26G6H6 as
capture antibody. Mouse monoclonal, anti-hMIC-1 13C4H4
has a much stronger affinity to the H allele than the D allele
of MIC-1 protein, whilst 26G6H6 detects both alleles with
equally affinity (9). As has been previously determined, a
ratio of less than zero signifies a homozygous DD indi-
vidual, between zero and 0.5 a heterozygous HD individual,
and a ratio of greater than 0.7 a homozygous HH individual
(10). Human serum samples representing the three geno-
types, previously characterised by DNA sequencing, were
used as controls in both assays. Sample diluent was used as
a background control. All samples were assayed in triplicate.

[0052]

[0053] Clinical characteristics at study entry of the case
and control subjects were compared using either the Stu-
dents’ t-test or chi-square analysis, while matched t-tests
were used to compare mean levels of MIC-1 between the
two study groups The inventors sought to evaluate for any
evidence of association between MIC-1 and subsequent
vascular risk in models assuming both linear and nonlinear
effects. Thus, case and control subjects were first divided
into quartiles on the basis of the control distribution of
plasma MIC-1, and then conditional logistic regression
analyses were employed to assess for any evidence of risk

Procedures.

Statistical Analysis.
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across increasing quartiles of MIC-1 concentration. Then, to
explore for threshold effects, similar regression analyses
were used to assess for evidence of risk associated with basal
MIC-1 levels above or below pre-specified cut-points of the
MIC-1 distribution at the 50, 75, 90'*, and 95 percentile
of the control distribution. In all of these analyses, case and
control subjects were matched on age and smoking status,
and additionally controlled for randomised assignment to
aspirin and/or vitamin E. To assess for independent effects,
additional analyses were performed which further controlled
for body mass index, hypertension, hyperlipidemia, family
history of premature coronary disease, diabetes, and exercise
frequency. In addition, evidence was sought to show that
MIC-1 might provide additional prognostic information
when compared to C reactive protein (CRP). This was
achieved by dividing study participants into four groups on
the basis of CRP and MIC-1 levels above or below the study
median for each parameter. Relative risks of future vascular
events were then computed using those with below median
values for both parameters as the referent. Finally, chi-
square analysis was used to address whether gene frequen-
cies of the MIC-1 polymorphism differed between cases and
controls, as well as logistic regression analysis to calculate
relative risks associated with carriership of the MIC-1
polymorphism. In all analyses, 95% confidence intervals and
2-sided P-values were computed.

[0054] Results.

[0055] Of the 257 incidents of cardiovascular events
evaluated in this prospective study, 111 represented myo-
cardial infarction, 113 thromboembolic stroke, and 33 car-
diovascular death. As expected, women who subsequently
developed these events during follow-up (cases) were more
likely than their matched controls to have a personal history
of hyperlipidemia, hypertension, obesity, or diabetes. There
were no differences between groups in terms of hormone
replacement therapy usage. Due to the study design cases
and controls were virtually identical in terms of age and
smoking status (Table 1).

[0056] Overall, mean MIC-1 levels were higher at base-
line among women who developed cardiovascular events
compared to those who did not (685 versus 578 pg/ml,
P<0.001). In crude age and smoking matched analyses,
assuming a linear relationship between basal MIC-1 levels
and incident vascular disease, each quartile increase in
MIC-1 was found to be associated with a 35 percent increase
in risk of future cardiovascular events (95% CI 16 to 58%,
P=0.0001). Specifically, the relative risks of future vacular
events from lowest (referent) to highest quartiles of baseline
MIC-1 were 1.0, 0.94, 1.33, and 2.32. These findings were
minimally attenuated and remained statistically significant
after additional controls were added for body mass index,
diabetes, hypertension, hyperlipidemia, exercise frequency,
and a family history of premature coronary artery disease
(Table 2). In analyses exploring for evidence of a threshold
effect, the highest risks were found to be associated with the
very highest levels of baseline MIC-1, Furthermore, those
women with baseline MIC-1 levels above the 90™ percentile
of the control distribution (>856 pg/ml) had a nearly three
fold increase in risk compared to those with lower levels
(RR=2.7,95% CI 1.64-4.95, P=0.001)(Table 3). As might be
expected, modest positive correlations were observed
between basal levels of MIC-1 and log normalised basal
levels of both IL-6 (r=0.35, P=0.001) and CRP (r=0.22,
P=0.002). However, the observed relationships between
MIC-1 and incident vascular disease were only marginally
attenuated after additional adjustment for these inflamma-
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tory biomarkers. By contrast, there was evidence that the
predictive value of MIC-1 added to that of CRP. Specifically,
compared to those with levels of MIC-1 and CRP below the
study median, those with levels of both these parameters
above the study median had a relative risk of 4.3 (95% CI
2.0 10 9.1, P=0.001). This risk estimate was greater than that
associated with elevation of either MIC-1 or CRP alone.

[0057] As shown in Table 4, the overall gene frequencies
for the MIC-1 polymorphism were in Hardy Weinberg
equilibrium (HH=54.3%, HD=40.9%, DD=4.9%). However,
no evidence was found for a difference in either gene
frequencies or allele frequencies for the MIC-1 polymor-
phism between cases and controls (both P values >0.7) such
that the relative risk of future events for carriers of the
polymorphic D allele compared to non-carriers was 0.93
(95% CI 0.65 to 1.31, P=0.7). Despite the finding of higher
MIC-1 levels among cases than among controls, no evidence
was found to indicate that allele status per se significantly
affected MIC-1 levels.

TABLE 1

Baseline characteristics of study participants.

Controls Cases P
N =57 N =257 *
Age (years) 60.2 60.2 *
Smoking Statue (%) *
Current 222 222
Past 42.4 42.4
Never 35.4 35.4
Body Mass Index (kg/m2) 25.5 27.0 0.001
0.001
Hyperlipidemia (%) 33.9 43.6 0.02
Hypertension (%) 31.3 56.7 0.001
0.001
Family History CAD (%) 13.8 17.0 0.3
Diabetes (%) 2.0 12.8 0.001
0.001
HRT use (%) 38.9 40.5 0.7

*Matching variables. HRT = hormone replacement therapy.
CAD = coronary artery disease

[0058]

TABLE 2

Numbers of study participants and relative risks (RR) of
developing future cardiovascular events among apparently
apparently healthy women, according to baseline quartiles of MIC-1.
Quartile of MIC-1 (range)

1 2 3 4
(<431)  (431-531) (532-670) (>670) P

Controls, 64 (24.9) 64 (24.9) 65 (25.3) 64 (24.9)

N (%)

Cases, N (%) 46 (17.9) 43 (16.7) 62 (24.1) 106 (41.3)

RR, crude* 1.00 0.94 1.33 232 0.0001

95% CI —  0.55-1.61 0.79-2.32 1.42-3.78

P — 0.8 0.3 0.0008

PR, adjusted* 1.00 0.75 1.19 197  0.003

95% CI —  0.41-1.36 0.68-2.09 1.15-3.37

P — 0.3 0.5 0.01

*All models matched on age and smoking status. Crude RR adjusted for
randomised treatment assignment to aspirin and vitamin E; adjusted RR
additionally controlled for body mass index, exercise frequency, family
history of coronary disease before age 60, and a personal history of diabe-
tes, hyperlipidemia or hypertension.
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[0059]

TABLE 3

Numbers of study participants and relative risks (RR) of
developing future cardiovascular events among apparently
healthy women, according to baseline MIC-1 above or below
pre-specified percentile cutpoints of the study distribution.

Cut- Controls,

point MIC-1 N (%) Cases, N (%) RR* 95% CI P

50 »531 129 (50.2) 165 (65.4) 1.88 1.31-2.67 0.0005
75™ 5670 64(25.0) 106 (41.3) 213 1.45-3.10 0.0001
90™ 856 26 (10.1) 60 (23.4) 270 1.64-4.95 0.0001
95™ 51003 13 (5.1) 32 (125)  2.66 1.36-5.21 0.004

*Matched for smoking and age, and adjusted for randomised treatment
assignment

[0060]

TABLE 4

Gene frequencies far the MIC-1 polymorphism, overall
and according to case or control status.

Overall Cases Controls
Genotype (N =514) (N =257) (N =257) P
HH 54.3 55.2 53.3 0.8
HD 40.9 40.5 41.2
DD 4.9 4.3 5.5
HH 543 55.2 53.3 0.7
HD or DD 45.7 44.8 46.7

[0061] Discussion.

[0062] In this prospective cohort of apparently healthy
middle-aged American women, it was found that baseline
levels of MIC-1 were elevated among those at increased risk
for developing future cardiovascular events. Specifically,
women with the highest levels of MIC-1 at entry had a
relative risk of future myocardial infarction thromboembolic
stroke, or cardiovascular death nearly three times that of
women with lower levels of MIC-1 at entry. While MIC-1
levels were found to correlate with both IL-6 and CRP (two
other inflammatory biomarkers known to predict risk in this
cohort (14)), adjustment for these factors only modestly
attenuated the overall findings. It is considered that these
findings for MIC-1 indicate that the determination of
elevated MIC-1 levels in a body sample are useful for
diagnosis or prognosis of cardiovascular disease.

EXAMPLE 2

[0063] MIC-1 Immunalocalisation within Atherosclerotic
Blood Vessels.

[0064] Methods Results and Discussion.

[0065] Atherosclerotic vessel sections from patients and
APO-E gene knockout mice (20) were reacted with either
polyclonal sheep anti-MIC-1 antibody or a control sheep
antibody. The antibodies were diluted 1 in 2000 in PBS-
Triton with 2% FBS using standard methods. Following
washes, the sections were treated with peroxidase-labelled
anti-sheep antibody and the areas of labelling visualised
using DAB.

[0066] Both experimental atherosclerotic aortas from
Apo-E gene knockout mice (FIGS. 1 to 4) and early and late
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stage atherosclerotic tissues from patients were positive to
anti-MIC-1 immunostaining. MIC-1 immunoreactive cells
were mainly confined to the lesioned sub-endothelium at
stage 1 (21). Significant proportions of endothelial cells,
foam cells and smooth muscle cells were immunoreactive to
MIC-1 at each layer at stages II (FIG. 1) and III. As lesions
progress to stage IV (FIG. 2), the majority of the cells
positively stained with anti-MIC-1. Furthermore, the
necrotic core (FIG. 3) of the atheromatous plaque was very
strongly stained.

[0067] It will be appreciated by persons skilled in the art
that numerous variations and/or modifications may be made
to the invention as shown in the specific embodiments
without departing from the spirit or scope of the invention as
broadly described. There present embodiments are, there-
fore, to be considered in all respects as illustrative and not
restrictive.
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1. A method of diagnosis or prognosis of cardiovascular
disease, the method comprising detecting an elevated
amount of MIC-1 in a test body sample from a subject.

2. The method of claim 1, wherein the cardiovascular
disease is atherosclerosis.

3. The method of claim 1, wherein the elevated amount of
MIC-1 in the test body sample is detected by:

(i) determining the amount of MIC-1 present in the said
test body sample; and

(ii) comparing said amount of MIC-1 against an amount
or a range of amounts of MIC-1 present in comparative
body sample(s) taken from healthy subject(s).

4. The method of claim 1, wherein the body sample is
selected from the group consisting of a blood plasma
sample, an amniotic fluid sample, a placental extract sample,
a whole blood sample, a buffy coat sample, a urine sample,
a cercbrospinal fluid sample, a seminal fluid sample, a
synovial fluid sample, and a sample of a tissue biopsy.

5. The method of claim 4, wherein the body sample is a
sample of blood plasma.

6. The method of claim 5, wherein the elevated amount of
MIC-1 is an amount of >600 pg/ml.

7. The method of claim 5, wherein the elevated amount of
MIC-1 is an amount of >700 pg/ml.

8. The method of claim 5, wherein the elevated amount of
MIC-1 is an amount of >850 pg/ml.

9. The method of claim 1, wherein the subject is female
and/or >45 years of age.

10. The method of claim 1, further comprising detecting
a cardiovascular disease biomarker selected from C-reactive
protein (CRP) and/or interleukin-6 (IL-6).

11. The method of claim 1, further comprising an assess-
ment(s) of cardiovascular disease risk factors selected from
the group consisting of obesity, smoking habit, hyperten-
sion, hyperlipidemia, familial history of premature cardio-
vascular disease, and diabetes.

12. A method of treatment of cardiovascular disease in a
subject, said method comprising administering to said sub-
ject an effective amount of an agent which inhibits the
activity or expression of MIC-1.

13. The method of claim 12, wherein the cardiovascular
disease is atherosclerosis.

14. A method of treatment of cardiovascular disease in a
subject, said method comprising administering to said sub-
ject an effective amount of an agent which enhances or
increases the activity or expression of MIC-1.

15. The method of claim 14, wherein the cardiovascular
disease is atherosclerosis.

16. A method of treatment of a chronic inflammatory
disease in a subject, said method comprising administering
to said subject an effective amount of an agent which inhibits
the activity or expression of MIC-1.

17. The method of claim 14, wherein the chronic inflam-
matory disease is selected from the group consisting of
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Alzheimer’s disease, multiple sclerosis, chronic active hepa-
titis, primary biliary cirrhosis, encephalitis, meningitis,
chronic viral hepatitis, drug or alcohol induced hepatitis,
sarcoidosis, pulmonary fibrosis, Guillaine Barre syndrome,
systemic lupus erythematosus, Crohn’s disease, ulcerative
collitis, Reiter’s syndrome seronegative arthritis, spondyli-
tis, vasculitis, cardiomyopathy, uveitis, sunburn psoriasis,
exczema, nephritis, pneumonitis, and Sjogren’s syndrome.

18. The method of any one of claims 12, 13, 16 or 17,
wherein the agent is selected from the group consisting of
anti-MIC-1 antibodies and fragments thereof and other
agents which inhibit or block MIC-1 activity.

19. The method of claim 18, wherein the agent is an
anti-MIC-1 antibody or fragment thereof.

20. The method of any one of claims 12, 13, 16 or 17,
wherein the agent is selected from the group consisting of
antisense RNA targeted to the MIC-1 gene, DNA constructs
for expression of antisense RNA targeted to the MIC-1 gene,
ribozymes targeted to the MIC-1 gene, DNA constructs for
expression of ribozymes targeted to the MIC-1 gene and,
DNAzymes targeted to the MIC-1 gene.

21. A method of treatment of a chronic inflammatory
disease in a subject, said method comprising administering
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to said subject an effective amount of an agent enhances or
increases the activity or expression of MIC-1.

22. The method of claim 21, wherein the chronic inflam-
matory disease is selected from the group consisting of
Alzheimer’s disease, multiple sclerosis, chronic active hepa-
titis, primary biliary cirrhosis, encephalitis, meningitis,
chronic viral hepatitis, drug or alcohol induced hepatitis,
sarcoidosis, pulmonary fibrosis, Guillaine Barre syndrome,
systemic lupus erythematosus, Crohn’s disease, ulcerative
collitis, Reiter’s syndrome, seronegative arthritis, spondyli-
tis, vasculitis, cardiomyopathy, uveitis, sunburn, psoriasis,
exczema, nephritis, pneumonitis, and Sjogren’s syndrome.

23. The method of any one of claims 14, 15, 21 or 22,
wherein the agent is selected from the group consisting of
anti-MIC-1 antibodies and fragments thereof and other
agents which inhibit or block MIC-1 activity.

24. The method of claim 23, wherein the agent is selected
from MIC-1, functional fragments thereof, and MIC-1
mimetic compounds.
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