
GENETIC SUSCEPTIBILITY VARIANTS ASSOCIATED WITH
CARDIOVASCULAR DISEASE BACKGROUND OF THE INVENTION
Coronary artery disease and myocardial infarction The
major complications of Coronary Artery Disease, i.e.
Myocardial infarction (MI) and Acute Coronary Syndrome
(ACS), are the leading causes of hospital admissions
in industrialized countries. Cardiovascular disease
continues to be the principle cause of death in the
United States, Europe and Japan. The costs of the
disease are high both in terms of morbidity and
mortality, as well as in terms of the financial burden
on health care systems. Myocardial infarction
generally occurs when there is an abrupt decrease in
coronary blood flow following a thrombotic occlusion
of a coronary artery previously damaged by
atherosclerosis (i.e. in subjects with coronary artery
disease). I n most cases, infarction occurs when an
atherosclerotic plaque fissures, ruptures or ulcerates
and when conditions favor thrombogenesis. I n rare
cases, infarction may be due to coronary artery
occlusion caused by coronary emboli, congenital
abnormalities, coronary spasm, and a wide variety of
systemic, particularly inflammatory diseases. Medical
risk factors for MI include cigarette smoking,
diabetes, hypertension and serum total cholesterol
levels > 200 mg/dL, elevated serum LDL cholesterol,
and low serum HDL cholesterol. Event rates in
individuals without a prior history of cardiovascular
disease are about 1%. I n individuals who have had a
first MI or ACS, the risk of a repeat MI within the
next year is 10-14%, despite maximal medical
management including angioplasty and stent placement.
Atherosclerosis can affect vascular beds in many large
and medium arteries. Myocardial infarction and
unstable angina (acute coronary syndrome (ACS)) stem
from coronary artery atherosclerosis (Coronary Artery
Disease), while ischemic stroke most frequently is a
consequence of carotid or cerebral artery
atherosclerosis. Limb ischemia caused by peripheral
arterial occlusive disease (PAOD) may occur as a
consequence of iliac, femoral and popliteal artery
atherosclerosis. The atherosclerotic diseases remain
common despite the wide-spread use of medications that
inhibit thrombosis (aspirin) or treat medical risk
factors such as elevated cholesterol levels in blood
(statins), diabetes, or hypertension (diuretics and
anti-hypertensives). Atherosclerotic disease is
initiated by the accumulation of lipids within the
artery wall, and in particular, the accumulation of
low-density lipoprotein (LDL) cholesterol. The trapped
LDL becomes oxidized and internalized by macrophages.
This causes the formation of atherosclerotic lesions
containing accumulations of cholesterol-engorged
macrophages, referred to as "foamcells". As disease
progresses, smooth muscle cells proliferate and grow
into the artery wall forming a "fibrous cap" of
extracellular matrix enclosing a lipid-rich, necrotic
core. Present in the arterial walls of most people
throughout their lifetimes, fibrous atherosclerotic
plaques are relatively stable. Such fibrous lesions
cause extensive remodeling of the arterial wall,
outwardly displacing the external, elastic membrane,
without reduction in luminal diameter or serious
impact on delivery of oxygen to the heart.
Accordingly, patients can develop large, fibrous
atherosclerotic lesions without luminal narrowing
until late in the disease process. However, the
coronary arterial lumen can become gradually narrowed
over time and in some cases compromise blood flow to
the heart, especially under high demand states such as
exercise. This can result in reversible ischemia
causing chest pain relieved by rest called stable
angina. I n contrast to the relative stability of
fibrous atherosclerotic lesions, the culprit lesions
associated with myocardial infarction and unstable
angina (each of which are part of the acute coronary
syndrome) are characterized by a thin fibrous cap, a
large lipid core, and infiltration of inflammatory
cells such as T-lymphocytes and monocyte/macrophages.
Non-invasive imaging techniques have shown that most
MI ' s occur at sites with low- or intermediate- grade
stenoses, indicating that coronary artery occlusion is
due most frequently to rupture of culprit lesions with
consequent formation of a thrombus or blood clot and
not solely due to luminal narrowing by stenosis.
Plaque rupture may be due to erosion or uneven
thinning of the fibrous cap, usually at the margins of
the lesion where macrophages enter, accumulate, and
become activated by a local inflammatory process.
Thinning of the fibrous cap may result from
degradation of the extracellular matrix by proteases
released from activated macrophages. These changes
producing plaque instability and risk of MI may be
augmented by production of tissue-factor procoagulant
and other factors increasing the likelihood of
thrombosis. I n acute coronary syndrome, the culprit
lesion showing rupture or erosion with local
thrombosis typically is treated by angioplasty or by
balloon dilation and placement of a stent to maintain
luminal patency. Patients experiencing ACS are at high
risk for a second coronary event due to the
multi-vessel nature of coronary artery disease with
event rates approaching 10- 14% within 12 months after
the first incident. The emerging view of MI is as an
inflammatory disease of the arterial vessel wall on
preexisting chronic atherosclerotic lesions, sometimes
triggering rupture of culprit lesions and leading to
local thrombosis and subsequent myocardial infarction.
The process that triggers and sustains arterial wall
inflammation leading to plaque instability is unknown,
however, it results in the release into the
circulation of tumor necrosis factor alpha and
interleukin-6. These and other cytokines or biological
mediators released from the damaged vessel wall
stimulate an inflammatory response in the liver
causing elevation in several non-specific general
inflammatory markers including C-reactive protein.
Although not specific to atherosclerosis, elevated
Creactive protein (CRP) and serum amyloid A appear to
predict risk for MI, perhaps as surrogates for vessel
wall inflammation. Many general inflammatory markers
predict risk of coronary heart disease, although these
markers are not specific to atherosclerosis. For
example, Stein (Stein,S., Am J Cardiol , 87
(suppl):21A-26A (2001)) discusses the use of any one
of the following serum inflammatory markers as
surrogates for predicting risk of coronary heart
disease including C-reactive protein (CRP), serum
amyloid A, fibrinogen, interleukin-6, tissue necrosis
factoralpha, soluble vascular cell adhesion molecules
(sVCAM), soluble intervascular adhesion molecules
(sICAM), E-selectin, matrix metalloprotease type-1,
matrix metalloprotease type-2, matrix metalloprotease
type-3, and matrix metalloprotease type-9. Elevation
in one more of these serum inflammatory markers is not
specific to coronary heart disease but also occurs
with age or in association with cerebrovascular
disease, peripheral vascular disease, non-insulin
dependent diabetes, osteoarthritis, bacterial
infection, and sepsis. Elevated CRP or other serum
inflammatory markers is also prognostic for increased
risk of a second myocardial infarct in patients with a
previous myocardial infarct (Retterstol, L. et al.,
Atheroscler., 160: 433-440 (2002)). Although classical
risk factors such as smoking, hyperlipidemia,
hypertension, and diabetes are associated with many
cases of coronary heart disease (CHD) and MI, many
patients do not have involvement of these risk
factors. I n fact, many patients who exhibit one or
more of these risk factors do not develop MI. Family
history has long been recognized as one of the major
risk factors. Although some of the familial clustering
of MI reflects the genetic contribution to the other
conventional risk factors, a large number of studies
have suggested that there are significant genetic
susceptibility factors, beyond those of the known risk
factors (Friedlander Y, et al., Br. Heart J. 1985;
53:382-7, Shea S. et al., J. Am. Coll. Cardiol. 1984;
4:793-801, and Hopkins P.N., et al., Am. J. Cardiol.
1988; 62:703-7). Major genetic susceptibility factors
have only been identified for the rare Mendelian forms
of hyperlipidemia such as a familial
hypercholesterolemia. Genetic risk is conferred by
subtle differences in genes among individuals in a
population. Genes differ between individuals most
frequently due to single nucleotide polymorphisms
(SNP), although other variations are also important.
SNP are located on average every 1000 base pairs in
the human genome. Accordingly, a typical human gene
containing 250,000 base pairs may contain 250
different SNP. Only a minor number of SNPs are located
in exons and alter the amino acid sequence of the
protein encoded by the gene. Most SNPs may have little
or no effect on gene function, while others may alter
transcription, splicing, translation, or stability of
the mRNA encoded by the gene. Additional genetic
polymorphism in the human genome is caused by
insertion, deletion, translocation, or inversion of
either short or long stretches of DNA. Genetic
polymorphisms conferring disease risk may therefore
directly alter the amino acid sequence of proteins,
may increase the amount of protein produced from the
gene, or may decrease the amount of protein produced
by the gene. As genetic polymorphisms conferring risk
of disease are uncovered, genetic testing for such
risk factors is becoming important for clinical
medicine. Examples are apolipoprotein E testing to
identify genetic carriers of the apoE4 polymorphism in
dementia patients for thedifferential diagnosis of
Alzheimer's disease, and of Factor V Leiden testing
for predisposition to deep venous thrombosis. More
importantly, in the treatment of cancer, diagnosis of
genetic variants in tumor cells is used for the
selection of the most appropriate treatment regime for
the individual patient. I n breast cancer, genetic
variation in estrogen receptor expression or heregulin
type 2 (Her2) receptor tyrosine kinase expression
determine if anti-estrogenic drugs (tamoxifen) or
anti-Her2 antibody (Herceptin) will be incorporated
into the treatment plan. In chronic myeloid leukemia
(CML) diagnosis of the Philadelphia chromosome genetic
translocation fusing the genes encoding the Bcr and
AbI receptor tyrosine kinases indicates that Gleevec
(STI571), a specific inhibitor of the Bcr-Abl kinase
should be used for treatment of the cancer. For CML
patients with such a genetic alteration, inhibition of
the Bcr-Abl kinase leads to rapid elimination of the
tumor cells and remission from leukemia. Restenosis
Coronary balloon angioplasty was introduced in the
late 1970s as a less invasive method for
revascularization of coronary artery disease patients
than the coronary artery bypass graft (CABG)
surgeries. Since then there has been a quick progress
in the development of new percutaneous devices to
revascularize areas with limited blood flow. However,
the expanded use of angioplasty has shown that the
arteries react to angioplasty by a proliferative
process that limits the success of this treatment.
This process is known as restenosis. Restenosis is
defined as a re-narrowing of the treated segment,
which equals or exceeds 50% of the lumen in the
adjacent normal segment of the artery. Depending on
the patient population studied, the restenosis rates
range from 30% to 44% of lesions treated by balloon 



dilation. This problem prompted a search for
interventional techniques that minimizes the risk of
restenosis. Several clinical trials have shown a
significant reduction in the restenosis rates with
endovascular stenting. The purpose of stenting is to
maintain the arterial lumen by a scaffolding process
that provides radial support. Stents, usually made of
stainless steel, are placed in the artery either by a
self-expanding mechanism or, using balloon expansion.
However, in-stent restenosis still remains a major
problem in the field of percutaneous, transluminal
coronary angioplasty (PTCA), requiring patients to
undergo repeated procedures and surgery- Restenosis is
the result of the formation of neointima, a
composition of smooth muscle-like cells in a collagen
matrix. The current treatment modalities for in-stent
restenosis include repeat balloon angioplasty, repeat
stenting, cutting balloon angioplasty, directional
coronary atherectomy, rotational coronary atherectomy,
brachytherapy, and drug-eluting stents (DES). The
restenosis problem can be minimised by local
intravascular irradiation (intracoronary
brachytherapy) and by the introduction of DES and
these treatments have been shown to successfully
preventing cell proliferation after stent implantation
or angioplasty. Intracoronary brachytherapy is a
treatment in which sealed sources of radioactive
material are used to deliver radiation at a very short
distance by placing them in the artery lumen at the
site of the atherosclerotic lesion. The physical
benefit of brachytherapy is thatdoses of radiation can
be delivered almost directly to the target with a very
rapid falloff of dose to the surrounding normal
tissue. The rationale underlining this modality is
based on the ability of ionizing radiation to inhibit
cell proliferation, in this case, the proliferation of
smooth muscle cells that tend to form a neointima. I n
the near future, it would be important to be able to
classify patients with respect to the risk of having
in-stent restenosis. This classification can
potentially be made on the basis of genetic risk
factors. The outcome of the classification may
determine which therapy is most appropriate and also
where coronary bypass surgery has to be considered.
Aneurysms Degenerative changes of the arterial wall
may cause localized dilatation, or aneurysm, of the
artery, including abdominal aorta aneurysm (AAA) and
intracranial aneurysm (IA). Atherosclerotic changes of
the vessel wall are found in the majority of AAA that
are characterized histopathologically by chronic
inflammation, destructive remodelling of elastic media
and depletion of medial smooth muscle cells resulting
in marked weakening of the aortic wall. I n contrast,
berry aneurysms of intracranial arteries are not
associated with atherosclerosis. Furthermore, the
histopathological features of IA are different. The
typical berry aneurysms of intracranial arteries,
located at arterial bifurcations, have a thin, or no,
media and the internal elastic lamina is either absent
or severely fragmented. Both AAA and IA represent a
degenerative process of the arteries leading to their
enlargement that is usually asymptomatic with natural
history culminating in either a therapeutic
intervention or rupture. Rupture of IA leads to
subarachnoid haemorrhage, and rupture of both IA and
AAA have high morbidity and mortality. I n the case of
AAA the rupture risk increases with the growth rate as
well as the size of the aneurysm. Intracranial
aneurysm (IA), also called cerebral aneurysm or brain
aneurysm is a cerebrovascular disorder in which
weakness in the wall of a cerebral artery or vein
causes a localized dilation or ballooning of the blood
vessel. A common location of cerebral aneurysms is on
the arteries at the base of the brain, known as the
Circle of Willis. Approximately 85% of cerebral
aneurysms develop in the anterior part of the Circle
of Willis, and involve the internal carotid arteries
and their major branches that supply the anterior and
middle sections of the brain. It is believed that
aneurysms may result from congenital defects,
preexisting conditions such as high blood pressure and
atherorsclerosis, or head trauma. Cerebral aneurysms
occur more commonly in adults than in children but
they may occur at any age. Cerebral aneurysms are
classified both by size and shape. Small aneurysms
have a diameter of less than 15mm. Larger aneurysms
include those classified as large (15 to 25mm),giant
(25 to 50mm), and super giant (over 50mm). Saccular
aneurysms are those with a saccular outpouching and
are the most common form of cerebral aneurysm. Berry
aneurysms are saccular aneurysms with necks or stems
resembling a berry. Fusiform aneurysms are aneurysms
without stems. A small, unchanging aneurysm will
produce no symptoms. Before a larger aneurysm
ruptures, the individual may experience such symptoms
as a sudden and unusually severe headache, nausea,
vision impairment, vomiting, and loss of
consciousness, or the individual may be asymptomatic,
experiencing no symptoms at all. Onset is usually
sudden and without warning. Rupture of a cerebral
aneurysm is dangerous and usually results in bleeding
into the meninges or the brain itself, leading to a
subarachnoid hemorrhage (SAH) or intracranial hematoma
(ICH), either of which constitutes a stroke.
Rebleeding, hydrocephalus (the excessive accumulation
of cerebrospinal fluid), vasospasm (spasm, or
narrowing, of the blood vessels), or multiple
aneurysms may also occur. The risk of rupture from an
unruptured cerebral aneurysm varies according to the
size of an aneurysm, with the risk rising as the
aneurysm size increases. The overall rate of aneurysm
rupture is estimated at 1.3% per year. The risk of
short term rerupture increases dramatically after an
aneurysm has bled, though after approximately 6 weeks
the risk returns to baseline. Emergency treatment for
individuals with a ruptured cerebral aneurysm
generally includes restoring deteriorating respiration
and reducing intracranial pressure. Currently there
are two treatment options for brain aneurysms:
surgical clipping or endovascular coiling. Either
surgical clipping or endovascular coiling is usually
performed within the first three days to occlude the
ruptured aneurysm and reduce the risk of rebleeding.
The prognosis for a patient with a ruptured cerebral
aneurysm depends on the extent and location of the
aneurysm, the person's age, general health, and
neurological condition. Some individuals with a
ruptured cerebral aneurysm die from the initial
bleeding. Other individuals with cerebral aneurysm
recover with little or no neurological deficit. The
most significant factors in determining outcome are
severity of the aneurysm and age. Abdominal aortic
aneurysm (AAA) is a localized dilatation of the
abdominal aorta, that exceeds the normal diameter by
more than 50%. The normal diameter of the infrarenal
aorta is 2 cm. It is caused by a degenerative process
of the aortic wall. The aneurysm is most commonly
located infrarenally (90%), other possible locations
are suprarenal and pararenal. The aneurysm can extend
to include one or both of the iliac arteries. An
aortic aneurysm may also occur in the thorax. AAA is
uncommon in individuals of African, African American,
Asian, and Hispanic heritage. The frequency varies
strongly between males and females. The peak incidence
is among males around 70 years of age, the prevalence
among males over 60 years totals 2-6%. The frequency
is much higher in smokers than in non-smokers (8: 1).
Other risk factors includehypertension and male sex. I
n the US, the incidence of AAA is 2-4% in the adult
population. Rupture of the AAA occurs in 1-3% of men
aged 65 or more, the mortality being 70-95%. The exact
causes of the degenerative process remain unclear.
Known risk factors include genetic factors,
hemodynamic influences, atherosclerosis, and various
other factors such as infection, trauma, connective
tissue disorders, arterities, etc. AAAs are commonly
divided according to their size and symptomatology. An
aneurysm is usually considered to be present if the
measured outer aortic diameter is over 3 cm (normal
diameter of aorta is around 2 cm). The natural history
is of increasing diameter over time, followed
eventually by the development of symptoms (usually
rupture). I f the outer diameter exceeds 5 cm, the
aneurysm is considered to be large. For aneurysms
under 5 cm, the risk of rupture is low, so that the
risks of surgery usually outweigh the risk of rupture.
Aneurysms less than 5cm are therefore usually kept
under surveillance until such time as they become
large enough to warrant repair, or develop symptoms.
The vast majority of aneurysms are asymptomatic. The
risk of rupture is high in a symptomatic aneurysm,
which is therefore considered an indication for
surgery. Possible symptoms include low back pain,
flank pain, abdominal pain, groin pain or pulsating
abdominal mass. The complications include rupture,
peripheral embolisation, acute aortic occlusion,
aortocaval or aortoduodenal fistulae. On physical
examination, a palpable abdominal mass can be noted.
Bruits can be present in case of renal or visceral
arterial stenosis. The main treatment options for
asymptomatic AAA are immediate repair and surveillance
with a view to eventual repair. Surveillance is
indicated in small aneurysms, where the risk of repair
exceeds the risk of rupture. As an AAA grows in
diameter the risk of rupture increases. Although some
controversy exists around the world, most vascular
surgeons would not consider repair until the aneurysm
reached a diameter of 5cm. The threshold for repair
varies slightly from individual to individual,
depending on the balance of risks and benefits when
considering repair versus ongoing surveillance. The
size of an individual's native aorta may influence
this, along with the presence of comorbitities that
increase operative risk or decrease life expectancy.
Currently, the main modes of repair available for an
AAA are open aneurysm repair (OR), and endovascular
aneurysm repair (EVAR). Open repair is indicated in
young patients as an elective procedure, or in growing
or large, symptomatic or ruptured aneurysms. Open
repair has been the mainstay of intervention from the
1950's until recently. Endovascular repair first
became practical in the 1990's and although it is now
an established alternative to open repair, its role is
yet to be clearly defined. It is generally indicated
in older, high-risk patients or patients unfit for
open repair. However, endovascular repair is feasible
for only a proportion of AAA's, depending on the
morphology of the aneurysm. The main advantage over
open repair is that the perioperative period has less
impact on the patient. Stroke Stroke is a group of
diverse disorders encompassing several
pathophysiological mechanisms. The clinical phenotype
of stroke is complex but is broadly divided into:
ischemicand hemorrhagic stroke. The majority of stroke
events, appr 80%, is due to ischemia (cerebral
infarction), that occurs when a cerebral artery
becomes completely occluded and the blood supply to a
part of the brain is totally or partially blocked (due
to thrombosis or an embolism). Ischemic stroke is
further subdivided into large artery disease (LAA)
(also called large vessel disease, LVD), cardioembolic
stroke and small vessel disease. Approximately 25% of
ischemic 



stroke events are due to large-artery disease of the
carotid and vertebral arteries, the two pairs of large
arteries that supply the brain with blood. The most
common cause of large-artery disease is
atherosclerosis. Cardioembolic strokes are caused by
an embolism that originates inside the heart. Embolism
of cardiac origin accounts for about 1/4 of ischemic
strokes. Strokes due to cardioemb lism are in general
severe and prone to early and long-term recurrence.
Ischemic heart disease, rheumatic mitral stenosis, and
prosthetic cardiac valves are major sources of
cardioembolic stroke but atrial fibrillation remains
the commonest cause. There is a continued and great
need to understand the genetic variants conferring
risk (increased and decreased) of the cardiovascular
diseases. The present invention provides genetic
variants that have been shown to be associated with
susceptibility to cardiovascular disease, including
MI, Coronary Artery Disease (CAD), Intracranial
aneurysm (IA), Abdominal Aorta Aneurysm (AAA),
Peripheral Arterial Disease (PAD) and Restenosis.
These variants are useful in risk management and
methods for therapeutic intervention of cardiovascular
diseases. SUMMARY OF THE INVENTION The present
invention relates to methods of determining a
susceptibility to cardiovascular diseases, including
Coronary Artery Disease, Myocardial Infarction,
Peripheral Artery Disease, Stroke, Restenosis,
Intracranial Aneurysm and Abdominal Aorta Aneurysm.
The invention also relates to various uses, kits,
procedures and apparati useful in the determination of
a susceptibility to cardiovascular disease based on
evaluation of certain polymorphic markers and/or
haplotypes that have been found to be associated with
susceptibility to cardiovascular disease. I n one
aspect, the invention relates to a method for
determining a susceptibility to cardiovascular disease
in a human individual, comprising determining the
presence or absence of at least one allele of at least
one polymorphic marker in a nucleic acid sample
obtained from the individual or in a genotype dataset
derived from the individual, wherein the at least one
polymorphic marker is selected from the polymorphic
markers set forth in Table 10, and markers in linkage
disequilibrium therewith, and wherein the presence of
the at least one allele is indicative of a
susceptibility to cardiovascular disease. The method
may in one embodiment relate to determination of the
presence or absence of at least one allele of at least
one polymorphic marker in a nucleic acid sample
obtained from the individual. I n another embodiment,
the method relates to determination of the presence or
absence of at least oneallele of at least one
polymorhpic marker in a genotype dataset derived from
the individual. The genotype dataset is derived from
the individual in the sense that the information that
is relates to a particular nucleic acid sample as a
template relates to a single individual, for whom
genetic information is derived. I n another aspect,
the present invention relates to a method of
determining a susceptibility to cardiovascular disease
in a human individual, comprising determining the
presence or absence of at least one allele of at least
one polymorphic marker in a nucleic acid sample
obtained from the individual, wherein the at least one
polymorphic marker is selected from markers associated
with LD Block C09 (SEQ ID NO:94), wherein
determination of the presence or absence of the at
least one allele is indicative of a susceptibility to
cardiovascular disease. In one embodiment, the at
least one polymorphic marker is selected from the
markers set forth in Table 3, and markers in linkage
disequilibrium therewith. In an alternative aspect,
the invention relates to a method of diagnosing a
susceptibility to Cardiovascular Disease in a human
individual, the method comprising determining the
presence or absence of at least one allele of at least
one polymorphic marker in a nucleic acid sample
obtained from the individual, or in a genotype dataset
derived from the individual, wherein the at least one
polymorphic marker is selected from the group of
markers associated with LD block C09, wherein the
presence of the at least one allele is indicative of a
susceptibility to Cardiovascular Disease. In one
embodiment, linkage disequilibrium is used as a
quantitative measure of the degree to which specific
markers are associated with LD Block C09. I n another
aspect, the invention relates to a method of
determining a susceptibility to cardiovascular disease
in a human individual, comprising determining whether
at least one atrisk allele in at least one polymorphic
marker is present in a genotype dataset derived from
the individual, wherein the at least one polymorphic
marker is selected from the markers within the LD
Block C09 (SEQ ID NO:94), and markers in linkage
disequilibrium therewith, and wherein determination of
the presence of the at least one at-risk allele is
indicative of increased susceptibility to
cardiovascular disease in the individual. The genotype
dataset comprises in one embodiment information about
marker identity, and the allelic status of the
individual, i.e. information about the identity of the
two alleles carried by the individual for the marker.
The genotype dataset may comprise allelic information
about one or more marker, including two or more
markers, three or more markers, five or more markers,
one hundred or more markers, etc. In some embodiments,
the genotype dataset comprises genotype information
from a whole-genome assessment of the individual
including hundreds of thousands of markers, or even
one million or more markers. In one embodiment, the at
least one polymorphic marker is present within the
genomic segment LD Block C09, with the nucleotide
sequence as set forth in SEQ ID NO:94. I n another
embodiment, the at least one polymorphic marker
comprises at least one marker selected from rs7041637,
rs2811712, rs3218018, rs3217992, rs2069426, rs2069422,
rsl333034, rsl011970,rslO116277, rsl333040, rs2383207,
rsl333050, D9S1814, rsl0757278, rsl0757274, rsl333049,
D9S1870, and markers in linkage disequilibrium
therewith. In another embodiment, the at least one
polymorphic marker is selected from rsl0757278,
rsl0757274, and rsl0333049, and markers in linkage
disequilibrium therewith. I n another embodiment, the
at least one polymorphic marker comprises at least one
marker in strong linkage disequilibrium, as defined by
numeric values for |D'| of greater than 0.8 and/or r2
of greater than 0.2, with one or more markers selected
from the group consisting of the markers set forth in
Table 3. In one embodiment, the method of determining
a susceptibility, or diagnosing a susceptibility of,
cardiovascular disease, further comprises assessing
the frequency of at least one haplotype in the
individual. I n one such embodiment, the at least one
haplotype is selected from the haplotypes that
comprise at least one polymorphic marker within the
genomic segment LD Block C09 (SEQ ID NO:94). In
another embodiment, the at least one haplotype is
selected from haplotypes that are in linkage
disequilibrium with at least one marker as set forth
in Table 3. I n another embodiment, the at least one
haplotype is selected from the haplotypes that
comprise at least one polymorphic marker selected from
at least one marker selected from rs7041637,
rs2811712, rs3218018, rs3217992, rs2069426, rs2069422,
rsl333034, rsl011970, rslO116277, rsl333040,
rs2383207, rsl333050, D9S1814, rsl0757278, rsl0757274,
rsl333049, D9S1870, and markers in linkage
disequilibrium therewith. I n another aspect, the
invention relates to a method of determining a
susceptibility to Cardiovascular disease in a human
individual, comprising determining whether at least
one atrisk allele in at least one polymorphic marker
is present in a genotype dataset derived from the
individual, wherein the at least one polymorphic
marker is selected from the markers set forth in Table
3, and markers in linkage disequilibrium therewith,
and wherein determination of the presence of the at
least one at-risk allele is indicative of increased
susceptibility to Cardiovascular disease in the
individual. The genotype dataset comprises in one
embodiment information about marker identity, and the
allelic status of the individual, i.e. information
about the identity of the two alleles carried by the
individual for the marker. The genotype dataset may
comprise allelic information about one or more marker,
including two or more markers, three or more markers,
five or more markers, one hundred or more markers,
etc. I n some embodiments, the genotype dataset
comprises genotype information from a whole-genome
assessment of the individual including hundreds of
thousands of markers, or even one million or more
markers. I n one embodiment, the at least one
polymorphic marker is present within SEQ ID NO:94, as
set forth herein. I n another embodiment, the at least
one polymorphic marker comprises at least one marker
selected from rs7041637, rs2811712, rs3218018,
rs3217992, rs2069426, rs2069422, rsl333034, rsl011970,
rslO116277, rsl333040, rs2383207, rsl333050, D9S1814,
rsl0757278, rsl0757274, rsl333049, D9S1870, and
markers in linkage disequilibrium therewith. In
another embodiment, the at least one polymorphic
marker comprises at least one marker in strong linkage
disequilibrium, as defined by numeric values for |D'|
of greater than 0.8and/or r2 of greater than 0.2, with
one or more markers selected from the group consisting
of the markers set forth in Table 3. In one preferred
embodiment, the at least one polymorphic marker is
selected from markers rsl0757278, rsl q.757274, and
rsl333049, and markers in linkage disequilibrium
therewith. In another preferred embodiment, the at
least one polymorphic marker is selected from markers
rsl0757278, rsl0757274, and rsl333049. I n yet another
embodiment, the at least one polymorphic marker is
selected from markers associated with LD Block C09
(SEQ ID NO:94). In one such embodiment, the at least
one polymorphic marker is in linkage disequilibrium
with at least one polymorphic marker within LD Block
C09 (SEQ ID NO:94). I n one embodiment, the method of
determining a susceptibility, or diagnosing a
susceptibility of, Cardiovascular disease, further
comprises assessing the frequency of at least one
haplotype in the individual. I n one such embodiment,
the at least one haplotype is selected from the
haplotypes that comprise at least one polymorphic
marker as set forth in Table 10, and polymorphic
markers in linkage disequilibrium therewith. I n
another embodiment, the at least one haplotype is
selected from the haplotypes that comprise at least
one polymorphic marker as set forth in Table 3, and
polymorphic markers in linkage disequilibrium
therewith. I n another embodiment, the at least one
haplotype is selected from the haplotypes that
comprise at least one polymorphic marker selected from
rs7041637, rs2811712, rs3218018, rs3217992, rs2069426,
rs2069422, rsl333034, rsl011970, rslO116277,
rsl333040, rs2383207, rsl333050, D9S1814, rsl0757278,
rsl0757274, rsl0333049, D9S1870, and markers in
linkage disequilibrium therewith. I n certain
embodiments of the invention, determination of the
presence of at least one at-risk allele of at least
one polymorphic marker in a nucleic acid sample from
the individual is 



indicative of an increased susceptibility to the
Cardiovascular disease. I n one embodiment, the
increased susceptibility is characterized by a
relative risk (RR) or odds ratio (OR) of at least
1.15. I n another embodiment, the increased
susceptibility is characterized by a relative risk
(RR) or odds ratio (OR) of at least 1.20. I n another
embodiment, the increased susceptibility is
characterized by a relative risk (RR) or odds ratio
(OR) of at least 1.30. I n some embodiments, the
presence of rs7041637 allele A, rs2811712 allele A,
rs3218018 allele A, rs3217992 allele A, rs2069426
allele C, rs2069422 allele A, rsl333034 allele A,
rsl011970 allele G, rslO116277 allele T, rsl333040
allele T, rs2383207 allele G, rsl333050 allele T,
D9S1814 allele 0, rsl0757278 allele G, rsl333049
allele C, rsl0757274 allele G, and/or D9S1870 allele X
(composite allele of all alleles smaller than 2) is
indicative of increased susceptibility of the
Cardiovascular disease. I n particular embodiments,
the presence of at least one protective allele in a
nucleic acid sample from the individual is indicative
of a decreased susceptibility of Cardiovascular
disease. I n another embodiment, the absence of at
least one at-risk allele in a nucleic acid sample from
the individual is indicative of a decreased
susceptibility of Cardiovascular disease.Another
aspect of the invention relates to a method of
assessing a susceptibility to Cardiovascular disease
in a human individual, comprising screening a nucleic
acid from the individual for at least one polymorphic
marker or haplotype in the genomic segment with the
sequence as set forth in SEQ ID NO:94, that correlates
with increased occurrence of Cardiovascular disease in
a human population, wherein the presence of an at-risk
marker allele in the at least one polymorphism or an
at-risk haplotype in the nucleic acid identifies the
individual as having elevated susceptibility to the
Cardiovascular disease, and wherein the absence of the
at least one at-risk marker allele or at-risk
haplotype in the nucleic acid identifies the
individual as not having the elevated susceptibility.
I n one such embodiment, the at least one polymorphic
marker or haplotype comprises at least one polymorphic
marker selected from the markers set forth in Table
10, and polymorphic markers in linkage disequilibrium
therewith. I n another embodiment, the at least one
marker or haplotype comprises at least one polymorphic
marker selected from the markers set forth in Table 3,
and polymorphic markers in linkage disequilibrium
therewith. I n another embodiment, the at least one
polymorphic marker or haplotype comprises at least one
polymorphic marker selected from the markers
rs7041637, rs2811712, rs3218018, rs3217992, rs2069426,
rs2069422, rsl333034, rsl011970, rslO116277,
rsl333040, rs2383207, rsl333050, D9S1814, rsl0757278,
rsl0757274, rsl0333049, D9S1870, and markers in
linkage disequilibrium therewith. I n certain
embodiments, linkage disequilibrium is characterized
by numeric values for |D'| of greater than 0.8 and/or
r2 of greater than 0.2. Certain embodiments of the
invention further comprise a step of screening the
nucleic acid for the presence of at least one at-risk
genetic variant for a Cardiovascular disease not
associated with LD Block C09 (SEQ ID NO:94). Such
additional genetic variants can in specific
embodiments include any variant that has been
identified as a susceptibility or risk variant for
Cardiovascular disease. I n another aspect of the
present invention, the presence of the marker or
haplotype found to be associated with Cardiovascular
disease, and as such useful for determining a
susceptibility to Cardiovascular disease, is
indicative of a different response rate of the subject
to a particular treatment modality for Cardiovascular
disease. I n another aspect, the invention relates to
a method of identification of a marker for use in
assessing susceptibility to a Cardiovascular disease
in human individuals, the method comprising:
identifying at least one polymorphic marker in linkage
disequilibrium with at least one of the markers within
LD Block C09 (SEQ ID NO:94); determining the genotype
status of a sample of individuals diagnosed with, or
having a susceptibility to, Cardiovascular disease;
anddetermining the genotype status of a sample of
control individuals; wherein a significant difference
in frequency of at least one allele in at least one
polymorphism in individuals diagnosed with, or having
a susceptibility to, the Cardiovascular disease, as
compared with the frequency of the at least one allele
in the control sample is indicative of the at least
one polymorphism being useful for assessing
susceptibility to the Cardiovascular disease. I n one
embodiment, "significant" is determined by statistical
means, e.g. the difference is statistically
significant. I n one such embodiment, statistical
significance is characterized by a Pvalue of less than
0.05. I n other embodiments, the statistical
significance is characterized a Pvalue of less than
0.01, less than 0.001, less than 0.0001, less than
0.00001, less than 0.000001, less than 0.0000001, less
than 0.0000000001, or less than 0.00000001. I n one
embodiment, the at least one polymorphic marker is in
linkage disequilibrium, as characterized by numerical
values of r2 of greater than 0.2 and/or |D'| of
greater than 0.8 with at least one marker selected
from markers set forth in Table 21. I n another
embodiment, the at least one polymorphic marker is in
linkage disequilibrium, as characterized by numerical
values of r2 of greater than 0.2 and/or |D'| of
greater than 0.8 with at least one marker selected
from markers rsl0757278, rsl0757274, and rsl333049. In
one embodiment, an increase in frequency of the at
least one allele in the at least one polymorphism in
individuals diagnosed with, or having a susceptibility
to, a Cardiovascular disease, as compared with the
frequency of the at least one allele in the control
sample, is indicative of the at least one polymorphism
being useful for assessing increased susceptibility to
the Cardiovascular disease. I n another embodiment, a
decrease in frequency of the at least one allele in
the at least one polymorphism in individuals diagnosed
with, or having a susceptibility to, a Cardiovascular
disease, as compared with the frequency of the at
least one allele in the control sample is indicative
of the at least one polymorphism being useful for
assessing decreased susceptibility to, or protection
against, the Cardiovascular disease. Another aspect of
the invention relates to a method of genotyping a
nucleic acid sample obtained from a human individual,
comprising determining the presence or absence of at
least one allele of at least one polymorphic marker in
the sample, wherein the at least one marker is
selected from the markers set forth in Table 3 and
Table 21, and markers in linkage disequilibrium
therewith, and wherein determination of the presence
or absence of the at least one allele of the at least
one polymorphic marker is predictive of a
susceptibility of a Cardiovascular disease. I n one
embodiment, genotyping comprises amplifying a segment
of a nucleic acid that comprises the at least one
polymorphic marker by Polymerase Chain Reaction (PCR),
using a nucleotide primer pair flanking the at least
one polymorphic marker. I n another embodiment,
genotyping is performed using a process selected from
allele-specific probe hybridization, allelespecific
primer extension, allele-specific amplification,
nucleic acid sequencing, 5'-exonucleasedigestion,
molecular beacon assay, oligonucleotide ligation
assay, size analysis, and singlestranded conformation
analysis. I n one particular embodiment, the process
comprises allelespecific probe hybridization. In
another embodiment, the process comprises DNA
sequencing. I n a preferred embodiment, the method
comprises: 1) contacting copies of the nucleic acid
with a detection oligonucleotide probe and an enhancer
oligonucleotide probe under conditions for specific
hybridization of the oligonucleotide probe with the
nucleic acid; wherein a) the detection oligonucleotide
probe is from 5-100 nucleotides in length and
specifically hybridizes to a first segment of the
nucleic acid whose nucleotide sequence is given by SEQ
ID NO:94 that comprises at least one polymorphic site;
b) the detection oligonucleotide probe comprises a
detectable label at its 3' terminus and a quenching
moiety at its 5' terminus; c) the enhancer
oligonucleotide is from 5-100 nucleotides in length
and is complementary to a second segment of the
nucleotide sequence that is 5' relative to the
oligonucleotide probe, such that the enhancer
oligonucleotide is located 3' relative to the
detection oligonucleotide probe when both
oligonucleotides are hybridized to the nucleic acid;
and d) a single base gap exists between the first
segment and the second segment, such that when the
oligonucleotide probe and the enhancer oligonucleotide
probe are both hybridized to the nucleic acid, a
single base gap exists between the oligonucleotides;
2) treating the nucleic acid with an endonuclease that
will cleave the detectable label from the 3' terminus
of the detection probe to release free detectable
label when the detection probe is hybridized to the
nucleic acid; and 3) measuring free detectable label,
wherein the presence of the free detectable label
indicates that the detection probe specifically
hybridizes to the first segment of the nucleic acid,
and indicates the sequence of the polymorphic site as
the complement of the detection probe. I n a
particular embodiment, the copies of the nucleic acid
are provided by amplification by Polymerase Chain
Reaction (PCR). In another embodiment, the
susceptibility determined is increased susceptibility.
I n another embodiment, the susceptibility determined
is decreased susceptibility.Another aspect of the
invention relates to a method of assessing an
individual for probability of response to a
therapeutic agent for preventing and/or ameliorating
symptoms associated with a Cardiovascular disease,
comprising: determining the presence or absence of at
least one allele of at least one polymorphic marker in
a nucleic acid sample obtained from the individual,
wherein the at least one polymorphic marker is
selected from the markers set forth in Table 21, and
markers in linkage disequilibrium therewith, wherein
determination of the presence of the at least one
allele of the at least one marker is indicative of a
probability of a positive response to the
Cardiovascular disease therapeutic agent. In one
embodiment, the at least one polymorphic marker is
selected from marker rsl333040, rslOl 16277, rs2383207
and rsl0757278, and markers in linkage disequilibrium
therewith. In one embodiment, the therapeutic agent is
selected from beta blockers, anticoagulation agents,
including heparin 



and/or low molecular weigth heparin, antiplatelet
agents, such as clopidogrel, aspirin, beta blockers,
including metoprolol and carvedilol, ACE inhibitors,
Statins, Aldosterone antagonists, including
eplerenone, leukotriene synthesis inhibitors, the
agents set forth in Agent Table I , Agent Table II,
(R)-(+)-alpha-cyclopentyl-4-(2-quinolinylmethoxy)-Benz
eneacetic acid, atreleuton, and
4-{(S)-2-[4-(4-Chloro-phenoxy)-phenoxymethyl]-p g
rrolidin-l-yl}-butyramide, also known as DG-051. Other
embodiments may include any one or a combination of
the therapeutic agents described herein to be useful
for therapeutic intervention of Cardiovascular
disease. Yet another aspect of the invention relates
to a method of predicting prognosis of an individual
diagnosed with, a Cardiovascular disease, the method
comprising determining the presence or absence of at
least one allele of at least one polymorphic marker in
a nucleic acid sample obtained from the individual,
wherein the at least one polymorphic marker is
selected from the group consisting of rsl333040, rslOl
16277, rs2383207 and rsl0757278, and markers in
linkage disequilibrium therewith, wherein
determination of the presence of the at least one
allele is indicative of a worse prognosis of the
Cardiovascular disease in the individual. The
prognosis may in certain embodiment relate to
susceptibility of recurrent MI events, recurrent
stroke events, or susceptibility to other
complications relating to a Cardiovascular disease. A
further aspect of the invention relates to a method of
monitoring progress of a treatment of an individual
undergoing treatment for a Cardiovascular disease, the
method comprising determining the presence or absence
of at least one allele of at least one polymorphic
marker in a nucleic acid sample obtained from the
individual, wherein the at least one polymorphic
marker is selected from the group consisting of
rsl333040, rslOl 16277, rs2383207 and rsl0757278, and
markers in linkage disequilibrium therewith, wherein
determination of the presence of the at least one
allele is indicative of the treatment outcome of the
individual. The treatment may in certain embodiments
be surgical treatment. In other embodiments, the
treatment is by administration of a therapeutic agent,
optionally including lifestyle changes or alterations
in environmental exposure to risk factors for
cardiovascular disease, as described further herein.In
one embodiment, the method further comprises assessing
at least one biomarker in a sample from the
individual. The biomarker is in certain embodiments a
cardiac marker or an inflammatory marker. I n one
embodiment, the at least one biomarker is selected
from creatin kinase, troponin, glycogen phosphorylase,
C-reactive protein (CRP), serum amyloid A, fibrinogen,
interleukin-6, tissue necrosis factor-alpha, soluble
vascular cell adhesion molecules (sVCAM), soluble
intervascular adhesion molecules (sICAM), E-selectin,
matrix metalloprotease type-1, matrix metalloprotease
type-2, matrix metalloprotease type-3, matrix
metalloprotease type-9, serum sCD40L, leukotrienes,
leukotriene metabolites, interleukin-6, tissue
necrosis factor-alpha, myeloperoxidase (MPO), and
N-tyrosine. I n one embodiment, the leukotriene is
selected from LTB4, LTC4, LTD4 and LTE4. I n another
embodiment, the method further comprises analyzing
non-genetic information to make risk assessment,
diagnosis, or prognosis of the individual. The
non-genetic information is in one embodiment selected
from age, gender, ethnicity, socioeconomic status,
previous disease diagnosis, medical history of
subject, family history of Cardiovascular disease,
biochemical measurements, and clinical measurements. I
n a particular preferred embodiment, a further step
comprising calculating overall risk is employed.
Another aspect of the invention relates to analyzing a
sample comprising genomic DNA from a human individual
or a genotype dataset derived from a human individual
for the presence or absence of at least one at-risk
allele of at least one at-risk variant for
cardiovascular disease not in linkage disequilibrium
with any one of the markers set forth in Table 10.
Thus, the variants described herein to be associated
with Cardiovascular disease may be combined with other
genetic variants for Cardiovascular disease, that are
not genetically related {i.e., not in linkage
disequilibrium with) the markers described herein Such
analysis may be undertaken in combination with any of
the methods described herein. Furthermore any two
markers herein, or any other combination of markers
and/or haplotypes described herein to be associated
with cardiovascular disease may be combined to assess
an increased susceptibility to cardiovascular disease.
In some embodiments of the methods of the invention,
non-genetic information is analyzed, to make risk
assessment, diagnosis, or prognosis of the individual.
The non-genetic information is in certain embodiments
selected from age, gender, ethnicity, socioeconomic
status, previous disease diagnosis, medical history of
subject, family history of cardiovascular disease,
biochemical measurements, and clinical measurements.
Combined genetic factors and/or combinations of
genetic and non-genetic factors may be analyzed by
known methods, to generate a combined risk. The
invention also relates to a kit for assessing
susceptibility to a Cardiovascular disease in a human
individual, the kit comprising reagents for
selectively detecting the presence or absence of at
least one allele of at least one polymorphic marker in
the genome of the individual, wherein the polymorphic
marker is selected from the markers set forth in
Tables 10,, and markers in linkage disequilibrium
therewith, and wherein the presence of the at least
one allele is indicative of a susceptibility to a
Cardiovascular diseases.In one embodiment, the at
least one polymorphic marker is present within the
genomic segment with the sequence as set forth in SEQ
ID NO:94. I n another embodiment, the at least one
polymorphic marker is selected from the group of
markers set forth in Table 21, and markers in linkage
disequilibrium therewith. In another embodiment, the
at least one polymorphic markers is selected from
rsl333040, rslOl 16277, rs2383207 and rsl0757278, and
markers in linkage disequilibrium therewith. I n one
embodiment, the reagents comprise at least one
contiguous oligonucleotide that hybridizes to a
fragment of the genome of the individual comprising
the at least one polymorphic marker, a buffer and a
detectable label. I n one embodiment, the reagents
comprise at least one pair of oligonucleotides that
hybridize to opposite strands of a genomic nucleic
acid segment obtained from the subject, wherein each
oligonucleotide primer pair is designed to selectively
amplify a fragment of the genome of the individual
that includes one polymorphic marker, and wherein the
fragment is at least 30 base pairs in size. I n a
particular embodiment the at least one oligonucleotide
is completely complementary to the genome of the
individual. I n another embodiment, the at least one
oligonucleotide can comprise at least one mismatch to
the genome of the individual. I n one embodiment, the
oligonucleotide is about 18 to about 50 nucleotides in
length. I n another embodiment, the oligonucleotide is
20-30 nucleotides in length. I n one preferred
embodiment, the kit comprises: a detection
oligonucleotide probe that is from 5-100 nucleotides
in length; an enhancer oligonucleotide probe that is
from 5-100 nucleotides in length; and an endonuclease
enzyme; wherein the detection oligonucleotide probe
specifically hybridizes to a first segment of the
nucleic acid whose nucleotide sequence is given by SEQ
ID NO:94 that comprises at least one polymorphic site;
and wherein the detection oligonucleotide probe
comprises a detectable label at its 3' terminus and a
quenching moiety at its 5' terminus; wherein the
enhancer oligonucleotide is from 5-100 nucleotides in
length and is complementary to a second segment of the
nucleotide sequence that is 5' relative to the
oligonucleotide probe, such that the enhancer
oligonucleotide is located 3' relative t o the
detection oligonucleotide probe when both
oligonucleotides are hybridized to the nucleic acid;
wherein a single base gap exists between the first
segment and the second segment, such that when the
oligonucleotide probe and the enhancer oligonucleotide
probe are both hybridized to the nucleic acid, a
single base gap exists between the oligonucleotides;
and wherein treating the nucleic acid with the
endonuclease will cleave the detectable label from the
3' terminus of the detection probe to release free
detectable label when the detection probe is
hybridized to the nucleic acid. A further aspect of
the invention relates to the use of an oligonucleotide
probe in the manufacture of a diagnostic reagent for
diagnosing and/or assessing susceptibility to
Cardiovascular disease in a human individual, wherein
the probe hybridizes to a segment of a nucleic acid
whose nucleotide sequence is given by SEQ ID NO: 94
that comprises at least one polymorphic site, wherein
the fragment is 15-500 nucleotides in length. I n one
embodiment, thepolymorphic site is selected from the
polymorphic markers rsl333040, rslO116277, rs2383207
and rsl0757278, and markers in linkage disequilibrium
therewith Yet another aspect of the invention relates
to a computer-readable medium on which is stored: an
identifier for at least one polymorphic marker; an
indicator of the frequency of at least one allele of
said at least one polymorphic marker in a plurality of
individuals diagnosed with a Cardiovascular disease;
and an indicator of the frequency of the least one
allele of said at least one polymorphic markers in a
plurality of reference individuals; wherein the at
least one polymorphic marker is selected from the
polymorphic markers set forth in Table 10, and markers
in linkage disequilibrium therewith. In one
embodiment, the at least one polymorphic marker is
selected from rsl333040, rslO116277, rs2383207 and
rsl0757278, and markers in linkage disequilibrium
therewith. Another aspect relates to an apparatus for
determining a genetic indicator for Type 2 diabetes in
a human individual, comprising: a computer readable
memory; and a routine stored on the computer readable
memory; wherein the routine is adapted to be executed
on a processor to analyze marker and/or haplotype
information for at least one human individual with
respect to at least one polymorphic marker selected
from the markers set forth in Table 10, and markers in
linkage disequilibrium therewith, and generate an
output based on the marker or haplotype information,
wherein the output comprises a risk measure of the at
least one marker or haplotype as a genetic indicator
of a Cardiovascular disease for the human individual.
In one embodiment, the routine further comprises an
indicator of the frequency of at least one allele of
at least one polymorphic marker or at least one
haplotype in a plurality of individuals diagnosed with
a Cardiovascular disease, and an indicator of the
frequency of at the least one allele of at least one
polymorphic marker or at least one haplotype in a
plurality of reference individuals, and wherein a risk
measure is based on a comparison of the at least one
marker and/or haplotype status for the human
individual to the indicator of the frequency of the at
least one marker and/or haplotype information for the
plurality of individuals diagnosed with 



the Cardiovascular disease. The present invention, as
described herein, may be reduced to practice using any
one, or a combination of, the polymorphic markers
described herein as being useful for the determination
of a susceptibility to cardiovascular disease. This
includes markers that are shown herein to be
associated with cardiovascular disease, but also
includes markers that are in linkage disequilibrium
with such variants. In one embodiment, the at least
one marker is selected from the markers set forth in
any of the Tables 3, 10, 21 and 26. I n another
embodiment, the at least one marker is selected from
the markers set forth in Table 10. I n another
embodiment, the at least one marker is selected from
the markers set forth in Table 3 and Table 21. I n
another embodiment, the at least one marker is
selected from the markers set forth in Table 3. I n
another embodiment, the at least one marker is
selected from the markers set forth in Table 21. In
another embodiment, the at least one marker is
selected from markers in linkagedisequilibrium with
the CDKN2A and/or CDKN2B genes. In another embodiment,
the at least one marker is selected from the markers
rsl0811650, rslO116277, rsl333040, rsl0738607,
rs4977574, rs6475608, D9S1870, rs2383207, rsl333045,
rsl333046, rsl0757278 and rsl333048. I n another
embodiment, the at least one marker is selected from
the markers rsl333040, rslO116277, rs2383207 and
rsl0757278. In another embodiment the at least one
marker is rsl333040 (SEQ ID NO: 59). I n another
embodiment, the at least one marker is rslO116277 (SEQ
ID NO:56). In another embodiment, the at least one
marker is rs2383207 (SEQ ID NO:82). I n another
embodiment, the at least one marker is rsl0757278 (SEQ
ID NO: 88). I n some embodiments, the at least one
marker is further optionally selected from markers in
linkage disequilibrium with any on or a combination of
more than one of the above mentioned markers. The
Cardiovascular disease in the various aspects of the
invention relating to methods, uses, apparatus or kits
is in some embodiments an arterial disease. I n one
such embodiment, the arterial disease phenotype is
selected from Myocardial Infarction, Acute Coronary
Syndrome (ACS), Coronary Artery Disease, Stroke,
Peripheral Artery Disease, Restenosis, Intracranial
Aneurysm and Aorta Abdominal Aneurysm, transluminal
coronary angioplasty (PTCA), and coronary artery
bypass surgery (CABG). I n one embodiment, the
Cardiovascular disease is Myocardial Infarction. I n
another embodiment, the Cardiovascular disease is
Myocardial Infarction or Coronary Artery Disease. I n
yet another embodiment, the Cardiovascular disease is
Myocardial Infarction, Coronary Artery Disease, Aorta
Abdominal Aneurysm or Intracranial Aneurysm. I n
another embodiment, the Cardiovascular Disease is
Myocardial Infarction, Coronary Artery Disease,
Restenosis, Aorta Abdominal Aneurysm or Intracranial
Aneurysm. I n one embodiment, the Stroke phenotype is
Large Artery Atherosclerotic Stroke and/or Cardiogenic
Stroke. The Restenosis phenotype is in one embodiment
Coronary In-stent Restenosis. I n certain embodiments,
the In-stent Restenosis is either Restenosis following
Bare Metal Stent (BMS) placement, or it is Restenosis
following placement of a Drug Eluting Stent (DES).
Variants (markers and/or haplotypes comprising
polymorphic markers) in linkage disequilibrium with
the markers and haplotypes of the present invention
are also useful for the methods and kits of the
invention. The invention therefore also pertains to
markers in linkage disequilibrium with the markers and
haplotypes of the invention. I n certain embodiments
of the methods, uses, apparatus or kits of the
invention, linkage disequilibrium is characterized by
specific cutoff values for a quantitative measure of
linkage disequilibrium. I n one such embodiment,
linkage disequilibrium is characterized by specific
cutoff values for r2. I n another such embodiment,
linkage disequilibrium is characterized by specific
cutoff values for |D'|. I n yet another embodiment,
linkage disequilibrium is characterized by specific
cutoff values for r2 and |D'|. I n one preferred
embodiment, linkage disequilibrium is characterized by
values for r2 of greater than 0.1. I n another
preferred embodiment, linkage disequilibrium is
characterized by values for r2 of greater than 0.2.
Other cutoff values for r2 are also possible,
including, but not limited to, 0.3, 0.4, 0.5, 0.6,
0.7, 0.8, 0.9, 0.95, 0.96, 0.97, 0.98, 0.99. I n
another preferredembodiment, linkage disequilibrium is
characterized by values for |D'| of greater than 0.5.
I n another preferred embodiment, linkage
disequilibrium is characterized by values for |D'| of
greater than 0.8. Other cutoff values for |D'| are
also possible, including, but not limited to, 0.2,
0.3, 0.4, 0.6, 0.7, 0.8, 0.9, 0.95, 0.96, 0.97, 0.98
and 0.99. I n certain embodiments, linkage
disequilibrium is characterized by numeric cutoff
values for either |D'| and r2. I n one such embodiment
linkage disequilibrium is characterized by numeric
cutoff values for either |D'| of greater than 0.8 and
r2 of greater than 0.2, or both. I n certain other
embodiments of the methods, uses, apparatus or kits of
the invention, the individual is of a specific human
ancestry. I n one embodiment, the ancestry is selected
from black African ancestry, Caucasian ancestry and
Chinese ancestry. I n another embodiment, the ancestry
is black African ancestry. I n another embodiment, the
ancestry is African American ancestry. In another
embodiment, the ancestry is European ancestry. I n
another embodiment, the ancestry is Caucasian
ancestry. The ancestry is in certain embodiment
self-reported by the individual who undergoes genetic
analysis or genotyping. I n other embodiments, the
ancestry is determined by genetic determination
comprising detecting at least one allele of at least
one polymorphic marker in a nucleic acid sample from
the individual, wherein the presence or absence of the
allele is indicative of the ancestry of the
individual. I n other particular other embodiments of
the methods, uses, apparatus or kits of the invention,
the presence of at least one at-risk variant, i.e. an
at-risk allele in at least one polymorphic marker or
an at-risk haplotype, is indicative of an earlyonset
of the Cardiovascular disease. Early onset is in some
embodiments categorized as onset before age 75. I n
other embodiments, early onset is categorized as onset
before age 70, before age 65, before age 60, before
age 55, before age 50, before age 45, or before age
40. Other values for categorization of age at onset
are also contemplated, including, but not limited to,
all integer values of age, and such age categories are
also within scope of the invention. I n certain
embodiments, the Cardiovascular disease is Myocardial
Infarction, and the age at onset is below 50 for males
and/or below 60 for females. BRIEF DESCRIPTION OF THE
DRAWINGS The foregoing and other objects, features and
advantages of the invention will be apparent from the
following more particular description of preferred
embodiments of the invention. FIG. 1 shows a)
Association results for 127 SNPs located in a 1 Mb
interval (21.6 - 22.6 Mb, Build 34) on chromosome 9.
Plotted is - log P, where P is the P-value adjusted
for relatedness of the individual against the
chromosomal location of the SNPs. b) The corresponding
pair-wise correlation r 2 between 1004 common SNPs in
the same region from the HapMap release 19 forthe CEU
population, c) Location of two recombination hot-spots
based on the HapMap dataset ( Nature 437, 1299-1320
(27 October 2005)) that define the LD-block (position
21,920,147 to 21,149,982 in NCBI Build 36; SEQ ID
NO:94 that includes the strongest association results,
d) The pair-wise correlation structure in the region
measured by D' for the same set of SNPs as used in
panel b. All four panel use the same horizontal Mb
scale indicated in panel a. DETAILED DESCRIPTION OF
THE INVENTION A description of preferred embodiments
of the invention follows. Definitions Unless otherwise
indicated, nucleic acid sequences are written left to
right in a 5' to 3' orientation. Numeric ranges
recited within the specification are inclusive of the
numbers defining the range and include each integer or
any non-integer fraction within the defined range.
Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by the ordinary person skilled in the art
to which the invention pertains. The following terms
shall, in the present context, have the meaning as
indicated: A "polymorphic marker", sometime referred
to as a "marker", as described herein, refers to a
genomic polymorphic site. Each polymorphic marker has
at least two sequence variations characteristic of
particular alleles at the polymorphic site. Thus,
genetic association to a polymorphic marker implies
that there is association to at least one specific
allele of that particular polymorphic marker. The
marker can comprise any allele of any variant type
found in the genome, including SNPs, microsatellites,
insertions, deletions, duplications and
translocations. An "allele" refers to the nucleotide
sequence of a given locus (position) on a chromosome.
A polymorphic marker allele thus refers to the
composition (i.e., sequence) of the marker on a
chromosome. Genomic DNA from an individual contains
two alleles (e.g., allelespecific sequences) for any
given polymorphic marker, representative of each copy
of the marker on each chromosome. Sequence codes for
nucleotides used herein are: A = 1, C = 2, G = 3, T =
4. For microsatellite alleles, the CEPH sample (Centre
d'Etudes du Polymorphisme Humain, genomics repository,
CEPH sample 1347-02) is used as a reference, the
shorter allele of each microsatellite in this sample
is set as 0 and all other alleles in other samples are
numbered in relation to this reference. Thus, e.g.,
allele 1 is 1 bp longer than the shorter allele in the
CEPH sample, allele 2 is 2 bp longer than the shorter
allele in the CEPH sample, allele 3 is 3 bp longer
than the lower allele in the CEPH sample, etc., and
allele - 1 is 1 bp shorter than the shorterallele in
the CEPH sample, allele -2 is 2 bp shorter than the
shorter allele in the CEPH sample, etc. Sequence
conucleotide ambiguity as described herein is as
proposed by IUPAC-IUB. These codes are compatible with
the codes used by the EMBL, GenBank, and PIR
databases. A nucleotide position at which more than
one sequence is possible in a population (either a
natural population or a synthetic population, e.g., a
library of synthetic molecules) is referred to herein
as a "polymorphic site". A "Single Nucleotide
Polymorphism" or "SNP" is a DNA sequence variation
occurring when a single nucleotide at a specific
location in the genome differs between members of a
species or between paired chromosomes in an
individual. Most SNP polymorphisms have two alleles.
Each individual is in this instance either homozygous
for one allele of the polymorphism (i.e. both
chromosomal copies of the individual have the same
nucleotide at the SNP location), or the individual is
heterozygous (i.e. the two sister chromosomes of the
individual contain different 



nucleotides). The SNP nomenclature as reported herein
refers to the official Reference SNP (rs) ID
identification tag as assigned to each unique SNP by
the National Center for Biotechnological Information
(NCBI). A "variant", as described herein, refers to a
segment of DNA that differs from the reference DNA. A
"marker" or a "polymorphic marker", as defined herein,
is a variant. Alleles that differ from the reference
are referred to as "variant" alleles. A
"microsatellite" is a polymorphic marker that has
multiple small repeats of bases that are 2-8
nucleotides in length (such as CA repeats) at a
particular site, in which the number of repeat lengths
varies in the general population. An "indel" is a
common form of polymorphism comprising a small
insertion or deletion that is typically only a few
nucleotides long.A "haplotype," as described herein,
refers to a segment of genomic DNA that is
characterized by a specific combination of alleles
arranged along the segment. For diploid organisms such
as humans, a haplotype comprises one member of the
pair of alleles for each polymorphic marker or locus .
In a certain embodiment, the haplotype can comprise
two or more alleles, three or more alleles, four or
more alleles, or five or more alleles. Haplotypes are
described herein in the context of the marker name and
the allele of the marker in that haplotype, e.g., "G
rsl0757278" refers to the 3 allele of marker rs7758851
being in the haplotype, and is equivalent to
"rsl0757278 allele G". Furthermore, allelic codes in
haplotypes are as for individual markers, i.e. I = A,
2 = C, 3 = G and 4 = T. The term "susceptibility", as
described herein, refers to an individual (or group of
individuals) being prone to developing a certain state
(e.g., a certain trait, phenotype or disease), or
being less able to resist a particular state than the
average individual. The term encompasses both
increased susceptibility and decreased susceptibility.
Thus, particular alleles at polymorphic markers and/or
haplotypes of the invention as described herein may be
characteristic of increased susceptibility (i.e.,
increased risk) of cardiovascular disease, as
characterized by a relative risk (RR) or odds ratio
(OR) of greater than one for the particular allele or
haplotype. Alternatively, the markers and/or
haplotypes of the invention are characteristic of
decreased susceptibility (i.e., decreased risk) of
cardiovascular disease, as characterized by a relative
risk of less than one. The term "and/or" shall in the
present context be understood to indicate that either
or both of the items connected by it are involved. I n
other words, the term herein shall be taken to mean
"one or the other or both". The term "look-up table",
as described herein, is a table that correlates one
form of data to another form, or one or more forms of
data to a predicted outcome to which the data is
relevant, such as phenotype or trait. For example, a
look-up table can comprise a correlation between
allelic data for at least one polymorphic marker and a
particular trait or phenotype, such as a particular
disease diagnosis, that an individual who comprises
the particular allelic data is likely to display, or
is more likely to display than individuals who do not
comprise the particular allelic data. Look-up tables
can be multidimensional, i.e. they can contain
information about multiple alleles for single markers
simultaneously, or they can contain information about
multiple markers, and they may also comprise other
factors, such as particulars about diseases diagnoses,
racial information, biomarkers, biochemical
measurements, therapeutic methods or drugs, etc. A
"computer-readable medium", is an information storage
medium that can be accessed by a computer using a
commercially available or custom-made interface.
Exemplary computereadable media include memory (e.g.,
RAM, ROM, flash memory, etc.), optical storage media
(e.g., CD-ROM), magnetic storage media (e.g., computer
hard drives, floppy disks, etc.), punch cards, or
other commercially available media. Information may be
transferred between a systemof interest and a medium,
between computers, or between computers and the
computerreadable medium for storage or acess of stored
information. Such transmission can be electrical, or
by other available methods, such as IR links, wireless
connections, etc. A "nucleic acid sample" is a sample
obtained from an individuals that contains nucleic
acid. I n certain embodiments, i.e. the detection of
specific polymorphic markers and/or haplotypes, the
nucleic acid sample comprises genomic DNA. Such a
nucleic acid sample can be obtained from any source
that contains genomic DNA, including as a blood
sample, sample of amniotic fluid, sample of
cerebrospinal fluid, or tissue sample from skin,
muscle, buccal or conjunctival mucosa, placenta,
gastrointestinal tract or other organs. The term
"cardiovascular disease therapeutic agent", as
described herein, refers to an agent that can be used
to ameliorate or prevent symptoms associated with a
cardiovascular disease. The term "coronary artery
disease therapeutic agent", as described herein,
refers to an agent that can be used to ameliorate or
prevent symptoms associated with coronary artery
disease. Such agents can for example be statins, beta
blockers, calcium channel blockers, cardiac
glycosides, antihypertensive agents, diuretics, agents
acting on the renin-angiotensin system, and aspirin.
The term "coronary stenosis" or "coronary stenosis
therapeutic method", as described herein, refers to
methods that can be used to ameliorate or prevent
symptoms associated with coronary artery disease. Such
methods can be balloon angioplasty, stenting, cutting
balloon angioplasty, percutaneous transluminal
coronary angioplasty (PTCA), directional coronary
atherectomy, rotational coronary atherectomy,
brachytherapy, drug-eluting stent (DES) insertion,
metal stent insertion, or coronary artery surgeries,
such as Coronary Artery Bypass Surgery (CABG). The
term "cardiovascular disease-associated nucleic acid",
as described herein, refers to a nucleic acid that has
been found to be associated to cardiovascular disease.
This includes, but is not limited to, the markers and
haplotypes described herein and markers and haplotypes
in strong linkage disequilibrium (LD) therewith. The
term "LD Block C09", as described herein, refers to
the Linkage Disequilibrium (LD) block on Chromosome 9
between positions 21,920,147 and 22,149,982 base pairs
on Chromosome 9 of NCBI (National Center for
Biotechnology Information) Build 34, Build 35 and
Build 36. The nucleotide sequence of the LD Block
region from these Builds is set forth in SEQ ID NO:94.
The term "cardiovascular disease", as described
herein, refers to the class of diseases that involve
the heart or blood vessels (arteries and veins). In
one embodiment, the invention pertains to arterial
disease, which relate to atherosclerotic events, which
are believed to havesimilar causes and mechansims.
Cardiovascular diseases have certain common risk
factors (age, smoking, Diabetes mellitus,
hypercholesterolemia, obesity, high blood pressure,
stress, depression, elevated heart rate, sleep
deprivation, environmental exposure). The
abbreviations "PCTA", "CABG", "MI", "PAD", "CAD",
"LAA", "IA", and "AAA", as described herein, refer to
the following: "PCTA" refers to Transluminal Coronary
Angiopathy, "CABG" refers to Coronary Artery Bypass
Surgery, "MI" refers to Myocardial Infarction, "PAD"
refers to Peripheral Artery Disease, "CAD" refers to
Coronoary Artery Disease, "LAA Stroke" refers to Large
Artery Atherosclerotic Stroke, "IA" refers to
Intracranial Aneurysm and "AAA" refers to Abdominal
Aortic Aneurysm. The term "early onset", as described
herein, refers to onset of a disease that is lower
than is typically observed. In the present exemplary
context, the term, as applied to the MI phenotype, is
defined as a MI event before the age of 50 for males
and before the age of 60 for females. The term can, in
alternative embodiments of the invention, be defined
in alternative manner as known to the skilled person
and described in further detail herein. Association of
genetic variants to Coronary Artery Disease Through an
association study between SNP markers on a chip
containing approximately 317,000 such SNPs, the
present invention has identified association of
certain markers on chromosome 9 with cardiovascular
diseases. The original discovery was made when an
analysis of SNP data from patients diagnosed with
Myocardial Infarction was made, as illustrated in
Table 1 and Table 12. Several markers in a region
described herein as LD block C09 were found to be
strongly associated with MI, with RR values as high as
1.2. Two microsatellites within the region, D9S1814
and D9S1870, were found also to be correlated with the
MI phenotype. The composite allele X of D9S1870 (a
composite of all alleles shorter than 2 (alleles, -6,
-4, -2 and 0, respectively), was found to associate
strongly with MI (Table 1). Further investigations
identified close to 90 additional markers that are
strongly correlated with the five markers giving
strongest association to MI (rslO116277, rsl333040,
rs2383207, D9S1814 and D9S1870; see Table 3). These
markers could thus serve as surrogate markers for any
of these five markers and therefore be used in the
methods of the present invention. The D9S1870 marker
was subsequently genotyped in a very large sample of
individuals (over 70,000), including additional MI
cases as well as other cardiovascular diseases, plus
tenths of thousands of additional population controls.
A replication study in three cohorts from the US was
also performed, all containing individuals of
Caucasian origin. Results of these studies for the
phenotype MI revealed replication of the original
finding (Table 4 and 12-14), with a combined p-value
of approximately 10 12. The corresponding population
attributable risk is about 17% for this
variant.Further studies of this variant revealed a
significant correlation to age at onset of MI.
Arbitrarily defining early-onset MI as MI before age
50 for males and below age 60 for females revealed an
increase in this early-onset group of 1.33, compared
to 1.21 for all MI cases. Multiple regression of the
number of copies of the composite X allele of D9S1870
and the age of onset of MI revealed a very significant
decrease in age at onset for each copy of X carried by
the MI individuals (Table 8). This shows that other
definitions of age at onset of MI than the cutoff of
50 for males and 60 for females could also be used for
detecting this trend in age at onset with carrier
status for the X allele. The present invention has
also identified association between other
cardiovascular diseases and variants within the LD
block C09, using the X allele of D9S1870 as surrogate
marker. Thus significant association was found to
Peripheral Artery Disease (PAD), even after removing
individuals diagnosed with MI from the PAD cohort. We
also observed increased risk of Stroke as broad
phenotype, as well as the Stroke subphenotype Large
Vessel disease (LVD) 



(Table 5 and Table 29). We have also investigated
association of the at-risk variants to the related
disorders peripheral artery disease (PAD) and
abdominal aorta aneurysm (AAA) As can be seen in Table
29, these markers are associated with these related
disorders. The association is particularly compelling
for AAA, wherein significant association is observed
for a large number of markers in addition to these
three, as shown in Table 30. These results illustrate
that the markers and haplotypes of the invention are
indeed reflective of disorders related to coronary
artery disease, MI and in-stent restenosis, such as
abdominal aorta aneurysm. A further analysis of
individuals with diagnosis of in-stent restenosis was
performed (Table 9). Significant association was
detected for both mild restenosis (<50%) and severe
restenosis (>50%). This indicates that the present
invention can be used to indicate which individuals
are at increased risk of in-stent restenosis after
undergoing transluminal coronary angioplasty (PTCA).
The known genes located within the LD block C09, are
called CDKN2A and CDKN2B. These genes encode three
proteins that are known as ARF (also known as pl9 ARF
and pl4 ARF), pl5 INK4b and pl6 INK4a , all of which
encode tumor suppressor proteins. pl5 INK4b has its
own open reading frame, but pl6 INK4a and ARF have
different first exons that are spliced to a common
second and third exons. Despite the sharing of exons
between pl6 INK4a and ARF the proteins are encoded in
different reading frames. Therefore, pl6 INK4a and ARF
are proteins that do not share homology. The products
of these genes have been extensively studied and are
known to play a widespread role in tumor suppression.
Recent data has suggested that the ARF, pl5 INK4b and
pl6 INK4a locus also has a role in aging of cells,
i.e. the decline of replicative potential of
selfrenewing cells. Several groups have shown that the
expression of pl6 INK4a increases with aging in many
tissues of rodents and humans. It has even been
proposed that the expression of pl6 INK4a could be
used as a biomarker of physiologic, as opposed to
chronologic age.Human cancers frequently have
homozygous deletions of the ARF, pl5 INK4b and pl6
INK4a locus with reduced expression of all three
proteins, and decreased tumor suppressor activity.
Knock-out studies of mice deficient for ARF, pl5 INK4b
or pl6 INK4a have revealed that these strains are more
prone to cancers than wild-type mice. Furthermore,
mice with overexpression of the ARF, pl5 INK4b or pl6
INK4a locus show reduction in incidence of spontaneous
cancers. Since cancer is the principal cause of death
in mice on this background one may argue that the
tumor resistance of the mice overexpressing the ARF,
pl5 INK4b or pl6 INK4a locus would also lead to longer
lifespan of these mice. However, this is not the case
since these mice demonstrate a normal lifespan. This
may suggest that the increased ARF, pl5 INK4b or pl6
INK4a locus function and diminished tumor incidence
may come at the expense of excess mortality from
nonmalignant causes related to aging (Cell, 127, Oct.
20, 2006), such as atherosclerotic disease. Sequencing
of the exons of CDKN2A and CDKN2B regions, including
exons, exon-intron junctions and potential regulatory
regions was performed using the primers as indicated
in Table 12, resulting in the identification of a
number of SNPs, as shown in Table 13. Three of those
SNPs were not found in public databases, and the
flanking sequences of those SNPs are indicated in
Table 14. As it is possible that SNP markers or other
polymorphisms in LD with the markers found to be
associating to MI in this region of chromosome 9 show
association with a higher risk, we genotyped these
additional markers by sequencing, as indicated in
Table 13. Several of the markers show association to
MI with RR values as high as 1.7-1.8, in particular
markers SG09S291 and rs2069416. These markers, and/or
other markers within the CDKN2A and CDKN2B genes that
are in LD with the markers of the present invention as
described herein, are thus also within the scope of
the invention, as those markers may represent either
true diseasecausing variants, or variants in strong LD
with an underlying causative variant(s). Investigation
of association of the rsl0757278 variant to
Intrachranial Aneurysm shows significant association
to this phenotype in the original Icelandic cohort, as
well as replication in independent cohorts from the
Netherlands and Finland (e.g., Table 32). Furthermore,
the original finding of association to AAA was
replicated in several cohorts from Belgium, Canada,
USA, Netherlands, UK and New Zealand (Table 32). These
results show that the rsl0757278 marker, and markers
in LD therewith, are indeed significantly associated
with cardiovascular disorders, including the arterial
diseases than myocardial infarction, peripheral artery
disease, stroke, intracranial aneurysm and abdominal
aortic aneurysm. The original discovery of the
association between variants on chromosome 9p21 and
cardiovascular diseases described herein (see also
Helgadottir, A., et. al., Science 316:1491-3 2007) has
been replicated in several independent studies,
including studies of subjects with CAD and controls.
The association with CAD/MI in Caucasians has been
replicated in 4,251 cases and 4,443 controls of the
PROCARDIS Consortium (Hum MoI Genet. Epub 2007 Nov
29.), in an Italian population including 416 MI cases
and 308 controls (J Hum Genet. 2008;53(2):144-50. Epub
2007 Dec 8.), in participants of the Framingham Heart
Study (SMC Med Genet. 2007 Sep 19;8 Suppl 1:S5.), and
in the Northwick Park Heart Study I I (Clin Chem. Epub
2008 Feb 4 ) .The association of rsl0757278, as well
as other correlated SNPs, with CAD has also been
confirmed in Asian populations from Japan and Korea
with comparable odds ratios as published for
Caucasians (see Arterioscler Thromb Vase Biol. 2008
Feb; 28(2): 360-5. Epub 2007 Nov 29, and J Hum Genet.
Epub 2008 Feb 9). These studies, together with the
data shown herein, clearly indicate that variants
within the LD Block C09 region on Chromosome 9p21 are
associated with cardiovascular disease in all
populations. Assessment for markers and haplotypes The
genomic sequence within populations is not identical
when individuals are compared. Rather, the genome
exhibits sequence variability between individuals at
many locations in the genome. Such variations in
sequence are commonly referred to as polymorphisms,
and there are many such sites within each genome For
example, the human genome exhibits sequence variations
which occur on average every 500 base pairs. The most
common sequence variant consists of base variations at
a single base position in the genome, and such
sequence variants, or polymorphisms, are commonly
called Single Nucleotide Polymorphisms ("SNPs"). These
SNPs are believed to have occurred in a single
mutational event, and therefore there are usually two
possible alleles possible at each SNPsite; the
original allele and the mutated allele. Due to natural
genetic drift and possibly also selective pressure,
the original mutation has resulted in a polymorphism
characterized by a particular frequency of its alleles
in any given population. Many other types of sequence
variants are found in the human genome, including
microsatellites, insertions, deletions, inversions and
copy number variations. A polymorphic microsatellite
has multiple small repeats of bases (such as CA
repeats, TG on the complimentary strand) at a
particular site in which the number of repeat lengths
varies in the general population. In general terms,
each version of the sequence with respect to the
polymorphic site represents a specific allele of the
polymorphic site. These sequence variants can all be
referred to as polymorphisms, occurring at specific
polymorphic sites characteristic of the sequence
variant in question. I n general terms, polymorphisms
can comprise any number of specific alleles. Thus in
one embodiment of the invention, the polymorphism is
characterized by the presence of two or more alleles
in any given population. In another embodiment, the
polymorphism is characterized by the presence of three
or more alleles. I n other embodiments, the
polymorphism is characterized by four or more alleles,
five or more alleles, six or more alleles, seven or
more alleles, nine or more alleles, or ten or more
alleles. All such polymorphisms can be utilized in the
methods and kits of the present invention, and are
thus within the scope of the invention. I n some
instances, reference is made to different alleles at a
polymorphic site without choosing a reference allele.
Alternatively, a reference sequence can be referred to
for a particular polymorphic site. The reference
allele is sometimes referred to as the
"wild-type"allele and it usually is chosen as either
the first sequenced allele or as the allele from a
"nonaffected" individual (e.g., an individual that
does not display a trait or disease phenotype).
Alleles for SNP markers as referred to herein refer to
the bases A, C, G or T as they occur at the
polymorphic site in the SNP assay employed. The allele
codes for SNPs used herein are as follows: 1= A, 2=C,
3=G, 4=T. The person skilled in the art will however
realise that by assaying or reading the opposite DNA
strand, the complementary allele can in each case be
measured. Thus, for a polymorphic site (polymorphic
marker) containing an A/G polymorphism, the assay
employed may either measure the percentage or ratio of
the two bases possible, i.e. A and G. Alternatively,
by designing an assay that determines the opposite
strand on the DNA template, the percentage or ratio of
the complementary bases T/C can be measured.
Quantitatively (for example, in terms of relative
risk), identical results would be obtained from
measurement of either DNA strand (+ strand or -
strand). Polymorphic sites (polymorphic markers) can
allow for differences in sequences based on
substitutions, insertions or deletions. For example, a
polymorphic microsatellite has multiple small repeats
of bases (such as CA repeats) at a particular site in
which the number of repeat lengths varies in the
general population. Each version of the sequence with
respect to the polymorphic site represents a specific
allele of the polymorphic site. Typically, a reference
sequence is referred to for a particular sequence.
Alleles that differ from the reference are referred to
as "variant" alleles. For example, the genomic DNA
sequence from position 21,920,147 to position
22,149,982 base pairs on Chromosome 9 of NCBI Build 34
("LD block C09"; SEQ ID NO:94) represents a reference
sequence. A variant sequence, as used herein, refers
to a sequence that differs from the reference sequence
but is otherwise substantially similar. Alleles at the
polymorphic genetic markers that make up the
haplotypes described herein are variants. Additional
variants can include changes that affect a
polypeptide. Sequence differences, when compared to a
reference nucleotide sequence, can include the
insertion or deletion of a single nucleotide, or of
more than one nucleotide, resulting in a frame shift;
the change of at least one nucleotide, resulting in a
change in the encoded amino acid; the change of at
least one nucleotide, resulting in the generation of a
premature stop codon; the deletion of several
nucleotides, resulting in a deletion of one or more
amino acids encoded by the nucleotides; the insertion
of one or several nucleotides, such as by unequal
recombination or gene conversion, resulting in an
interruption of the coding sequence of a reading
frame; duplication of all or a part of a sequence;
transposition; or a rearrangement of a nucleotide 



sequence, as described in detail herein. Such sequence
changes alter the polypeptide encoded by the nucleic
acid. For example, if the change in the nucleic acid
sequence causes a frame shift, the frame shift can
result in a change in the encoded amino acids, and/or
can result in the generation of a premature stop
codon, causing generation of a truncated polypeptide.
Alternatively, a polymorphism associated with coronary
artery disease and in-stent restenosis or a
susceptibility to coronary artery disease and in-stent
restenosis can be a synonymous change in one or more
nucleotides (i.e., a change that does not result in a
change in the amino acid sequence). Such a
polymorphism can, for example, alter splice sites,
affect the stability ortransport of mRNA, or otherwise
affect the transcription or translation of an encoded
polypeptide. It can also alter DNA to increase the
possibility that structural changes, such as
amplifications or deletions, occur at the somatic
level. The polypeptide encoded by the reference
nucleotide sequence is the "reference" polypeptide
with a particular reference amino acid sequence, and
polypeptides encoded by variant alleles are referred
to as "variant" polypeptides with variant amino acid
sequences. A haplotype refers to a segment of DNA that
is characterized by a specific combination of alleles
arranged along the segment. For diploid organisms such
as humans, a haplotype comprises one member of the
pair of alleles for each polymorphic marker or locus .
I n a certain embodiment, the haplotype can comprise
two or more alleles, three or more alleles, four or
more alleles, or five or more alleles, each allele
corresponding to a specific polymorphic marker along
the segment. Haplot g pes can comprise a combination
of various polymorphic markers, e.g., SNPs and
microsatellites, having particular alleles at the
polymorphic sites. The haplotypes thus comprise a
combination of alleles at various genetic markers.
Detecting specific polymorphic markers and/or
haplotypes can be accomplished by methods known in the
art for detecting sequences at polymorphic sites. For
example, standard techniques for genotyping for the
presence of SNPs and/or microsatellite markers can be
used, such as fluorescence-based techniques (e.g.,
Chen, X. et al., Genome Res. 9(5): 492-98 (1999);
Kutyavin et al., Nucleic Acid Res. 34:el28 (2006)),
utilizing PCR, LCR, Nested PCR and other techniques
for nucleic acid amplification. Specific methodologies
available for SNP genotyping include, but are not
limited to, TaqMan genotyping assays and SNPIex
platforms (Applied Biosystems), mass spectrometry
(e.g., MassARRAY system from Sequenom), minisequencing
methods, real-time PCR, Bio-Plex system (BioRad), CEQ
and SNPstream systems (Beckman), Molecular Inversion
Probe array technology (e.g., Affymetrix GeneChip),
and BeadArray Technologies (e.g., Illumina GoldenGate
and Infinium assays). By these or other methods
available to the person skilled in the art, one or
more alleles at polymorphic markers, including
microsatellites, SNPs or other types of polymorphic
markers, can be identified. In certain methods
described herein, an individual who is at an increased
susceptibility (i.e., at risk) for cardiovascular
disease is an individual in whom at least one specific
allele at one or more polymorphic marker or haplotype
conferring increased susceptibility for cardiovascular
disease is identified (i.e., at-risk marker alleles or
haplotypes). In one aspect, the at-risk marker or
haplotype is one that confers a significant increased
risk (or susceptibility) of cardiovascular disease. I
n one embodiment, significance associated with a
marker or haplotype is measured by a relative risk. I
n one embodiment, significance associated with a
marker or haplotype is measured by a relative risk
(RR). I n another embodiment, significance associated
with a marker or haplotye is measured by an odds ratio
(OR). I n a further embodiment, the significance is
measured by a percentage. I n one embodiment, a
significant increased risk is measured as a risk
(relative risk and/or odds ratio) of at least 1.2,
including but not limited to: at least 1.2, at least
1.3, at least 1.4, at least 1.5, at least 1.6, at
least 1.7, 1.8, at least 1.9, at least 2.0, atleast
2.5, at least 3.0, at least 4.0, and at least 5.0. I n
a particular embodiment, a risk (relative risk and/or
odds ratio) of at least 1.2 is significant. I n
another particular embodiment, a risk of at least 1.3
is significant. In yet another embodiment, a risk of
at least 1.4 is significant. I n a further embodiment,
a relative risk of at least 1.5 is significant. In
another further embodiment, a significant increase in
risk is at least 1.7 is significant. However, other
cutoffs are also contemplated, e.g., at least 1.15,
1.25, 1.35, and so on, and such cutoffs are also
within scope of the present invention. I n other
embodiments, a significant increase in risk is at
least about 20%, including but not limited to about
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 100%, 150%, 200%, 300%, and 500%.
I n one particular embodiment, a significant increase
in risk is at least 20%. I n other embodiments, a
significant increase in risk is at least 30%, at least
40%, at least 50%, at least 60%, at least 70%, at
least 80%, at least 90% and at least 100%. Other
cutoffs or ranges as deemed suitable by the person
skilled in the art to characterize the invention are
however also contemplated, and those are also within
scope of the present invention. I n certain
embodiments, a significant increase in risk is
characterized by a p-value, such as a p-value of less
than 0.05, less than 0,01, less than 0.001, less than
0.0001, less than 0.00001, less than 0.000001, less
than 0.0000001, less than 0.00000001, or less than
0.000000001. An at-risk polymorphic marker or
haplotype of the present invention is one where at
least one allele of at least one marker or haplotype
is more frequently present in an individual at risk
for cardiovascular disease (affected), compared to the
frequency of its presence in a healthy individual
(control), and wherein the presence of the marker or
haplotype is indicative of susceptibility to
cardiovascular disease. The control group may in one
embodiment be a population sample, i.e. a random
sample from the general population. In another
embodiment, the control group is represented by a
group of individuals who are disease-free. Such
diseasefree control may in one embodiment be
characterized by the absence of one or more specific
disease-associated symptoms. I n another embodiment,
the disease-free control group is characterized by the
absence of one or more disease-specific risk factors.
Such risk factors are in one embodiment at least one
environmental risk factor. Representative
environmental factors are natural products, minerals
or other chemicals which are known to affect, or
contemplated to affect, the risk of developing the
specific disease or trait. Other environmental risk
factors are risk factors related to lifestyle,
including but not limited to food and drink habits,
geographical location of main habitat, and
occupational risk factors. I n another embodiment, the
risk factors comprise at least one additional genetic
risk factor. As an example of a simple test for
correlation would be a Fisher-exact test on a two by
two table. Given a cohort of chromosomes, the two by
two table is constructed out of the number of
chromosomes that include both of the markers or
haplotypes, one of the markers or haplotypes but not
the other and neither of the markers or haplotypes.
Other statistical tests of association known to the
skilled person are also contemplated and are also
within scope of the invention.In other embodiments of
the invention, an individual who is at a decreased
susceptibility (i.e., at a decreased risk) for a
disease or trait is an individual in whom at least one
specific allele at one or more polymorphic marker or
haplotype conferring decreased susceptibility for the
disease or trait is identified. The marker alleles
and/or haplotypes conferring decreased risk are also
said to be protective. I n one aspect, the protective
marker or haplotype is one that confers a significant
decreased risk (or susceptibility) of the disease or
trait. I n one embodiment, significant decreased risk
is measured as a relative risk (or odds ratio) of less
than 0.9, including but not limited to less than 0.9,
less than 0.8, less than 0.7, less than 0.6, less than
0.5, less than 0.4, less than 0.3, less than 0.2 and
less than 0.1. I n one particular embodiment,
significant decreased risk is less than 0.7. I n
another embodiment, significant decreased risk is less
than 0.5. In yet another embodiment, significant
decreased risk is less than 0.3. I n another
embodiment, the decrease in risk (or susceptibility)
is at least 20%, including but not limited to at least
25%, at least 30%, at least 35%, at least 40%, at
least 45%, at least 50%, at least 55%, at least 60%,
at least 65%, at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95% and at
least 98%. In one particular embodiment, a significant
decrease in risk is at least about 30%. I n another
embodiment, a significant decrease in risk is at least
about 50%. I n another embodiment, the decrease in
risk is at least about 70%. Other cutoffs or ranges as
deemed suitable by the person skilled in the art to
characterize the invention are however also
contemplated, and those are also within scope of the
present invention. The person skilled in the art will
appreciate that for markers with two alleles present
in the population being studied (such as SNPs), and
wherein one allele is found in increased frequency in
a group of individuals with a trait or disease in the
population, compared with controls, the other allele
of the marker will be found in decreased frequency in
the group of individuals with the trait or disease,
compared with controls. I n such a case, one allele of
the marker (the one found in increased frequency in
individuals with the trait or disease) will be the
at-risk allele, while the other allele will be a
protective allele. A genetic variant associated with a
disease or a trait (e.g. cardiovascular disease) can
be used alone to predict the risk of the disease for a
given genotype. For a biallelic marker, such as a SNP,
there are 3 possible genotypes: homozygote for the at
risk variant, heterozygote, and non carrier of the at
risk variant. Risk associated with variants at
multiple loci can be used to estimate overall risk.
For multiple SNP variants, there are k possible
genotypes k = 3 c 2"; where n is the number autosomal
loci and p the number of gonosomal (sex chromosomal)
loci. Overall risk assessment calculations usually
assume that the relative risks of different genetic
variants multiply, i.e. the overall risk (e.g., RR or
OR) associated with a particular genotype combination
is the product of the risk values for the genotype at
each locus. I f the risk presented is the relative
risk for a person, or a specific genotype for a
person, compared to a reference population with
matched gender and ethnicity, then the combined risk -
is the product of the locus specific risk values - and
which also corresponds to an overall risk estimate
compared with the population. I f the risk for a
person is based on a comparison to non-carriers of the
at risk allele, then the combined risk corresponds to
an estimate that compares the personwith a given
combination of genotypes at all loci to a group of
individuals who do not carry risk variants at any of
those loci. The group of non-carriers of any at risk
variant has the lowest estimated risk and has a
combined risk, compared with itself [i.e.,
non-carriers) of 1.0, but has an overall risk, compare
with the population, of less than 1.0. It should be
noted that the group of non-carriers can potentially
be very small, especially for large number of loci,
and in that case, its relevance is correspondingly
small. 



The multiplicative model is a parsimonious model that
usually fits the data of complex traits reasonably
well. Deviations from multiplicity have been rarely
described in the context of common variants for common
diseases, and if reported are usually only suggestive
since very large sample sizes are usually required to
be able to demonstrate statistical interactions
between loci. By way of an example, let us consider a
total of eight variants that have been described to
associate with prostate cancer (Gudmundsson, J., et
al., Nat Genet 39:631-7 (2007), Gudmundsson, J., et
al., Nat Genet 39:977-83 (2007); Yeager, M., et a/,
Nat Genet 39:645-49 (2007), Amundadottir, L , el al.,
Nat Genet 38:652-8 (2006); Haiman, CA. , et al., Nat
Genet 39:638-44 (2007)). Seven of these loci are on
autosomes, and the remaining locus is on chromosome X.
The total number of theoretical genotypic combinations
is then 37 c 21 = 4374. Some of those genotypic
classes are very rare, but are still possible, and
should be considered for overall risk assessment. It
is likely that the multiplicative model applied in the
case of multiple genetic variant will also be valid in
conjugation with non-genetic risk variants assuming
that the genetic variant does not clearly correlate
with the "environmental" factor. I n other words,
genetic and non-genetic at-risk variants can be
assessed under the multiplicative model to estimate
combined risk, assuming that the non-genetic and
genetic risk factors do not interact. Using the same
quantitative approach, the combined or overall risk
associated with a plurality of variants associated
with any cardiovascular disease, as described herein,
may be assessed. Linkage Disequilibrium The natural
phenomenon of recombination, which occurs on average
once for each chromosomal pair during each meiotic
event, represents one way in which nature provides
variations in sequence (and biological function by
consequence). It has been discovered that
recombination does not occur randomly in the genome;
rather, there are large variations in the frequency of
recombination rates, resulting in small regions of
high recombination frequency (also called
recombination hotspots) and larger regions of low
recombination frequency, which are commonly referred
to as Linkage Disequilibrium (LD) blocks (Myers, S. et
al., Biochem SocTrans 34:526-530 (2006); Jeffreys,
AJ., et al., Nature Genet 29:217-222 (2001); May, CA.
, et al., Nature Genet 31:272-275(2002)). Linkage
Disequilibrium (LD) refers to a non-random assortment
of two genetic elements. For example, if a particular
genetic element (e.g., "alleles" of a polymorphic
marker) occurs in a population at a frequency of 0.50
(50%) and another occurs at a frequency of 0.50 (50%),
then the predicted occurrance of a person's having
both elements is 0.25 (25%), assuming a random
distribution of the elements. However, if it is
discovered that the two elements occur together at a
frequency higher than 0.25, then the elements are said
to be in linkage disequilibrium, since they tend to be
inherited together at a higher rate than what their
independent allele frequencies would predict. Roughly
speaking, LD is generally correlated with the
frequency of recombination events between the two
elements. Allele or haplotype frequencies can be
determined in a population by genotyping individuals
in a population and determining the frequency of the
occurence of each allele or haplotype in the
population. For populations of diploids, e.g., human
populations, individuals will typically have two
alleles or allelic combinations for each genetic
element (e.g., a marker, haplotype or gene). Many
different measures have been proposed for assessing
the strength of linkage disequilibrium (LD). Most
capture the strength of association between pairs of
biallelic sites. Two important pairwise measures of LD
are r2 (sometimes denoted D2) and |D'|. Both measures
range from 0 (no disequilibrium) to 1 ('complete'
disequilibrium), but their interpretation is slightly
different. |D'| is defined in such a way that it is
equal to 1 if just two or three of the possible
haplotypes are present, and it is < 1 if all four
possible haplotypes are present. Therefore, a value of
|D'| that is < 1 indicates that historical
recombination may have occurred between two sites
(recurrent mutation can also cause |D'| to be <1, but
for single nucleotide polymorphisms (SNPs) this is
usually regarded as being less likely than
recombination). The measure r2 represents the
statistical correlation between two sites, and takes
the value of 1 if only two haplotypes are present. The
r2 measure is arguably the most relevant measure for
association mapping, because there is a simple inverse
relationship between r2 and the sample size required
to detect association between susceptibility loci and
SNPs. These measures are defined for pairs of sites,
but for some applications a determination of how
strong LD is across an entire region that contains
many polymorphic sites might be desirable (e.g.,
testing whether the strength of LD differs
significantly among loci or across populations, or
whether there is more or less LD in a region than
predicted under a particular model). Measuring LD
across a region is not straightforward, but one
approach is to use the measure r, which was developed
in population genetics. Roughly speaking, r measures
how much recombination would be required under a
particular population model to generate the LD that is
seen in the data. This type of method can potentially
also provide a statistically rigorous approach to the
problem of determining whether LD data provide
evidence for the presence of recombination hotspots.
For the methods described herein, a significant r2
value can be at least 0.1 such as at least 0.1, 0.15,
0.2, 0.25,0.3, 0.35, 0.4, 0.45, 0.5, 0.55, 0.6, 0.65,
0.7, 0.75, 0.8, 0.85, 0.9, 0.91, 0.92, 0.93, 0.94,
0.95, 0.96, 0.97, 0.98, or at lesat 0.99. In one
preferred embodiment, the significant r2 value can be
at least 0.2. Alternatively, linkage disequilibrium as
described herein, refers to linkage disequilibrium
characterized by values of |D'| of at least 0.2, such
as 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.85, 0.9, 0.95,
0.96, 0.97, 0.98, or at least 0.99. Thus, linkage
disequilibrium represents a correlation between
alleles of distinct markers. It is measured by
correlation coefficient or |D'| (r2 up to 1.0 and |D'|
up to 1.0). In certain embodiments, linkage
disequilibrium is defined in terms of values for both
the r2 and |D'| measures. I n one such embodiment, a
significant linkage disequilibrium is defined as r2 >
0.1 and |D'| >0.8. I n another embodiment, a
significant linkage disequilibrium is defined as r2 >
0.2 and |D'| >0.9. Other combinations and permutations
of values of r2 and |D'|for determining linkage
disequilibrium are also contemplated, and are also
within the scope of the invention. Linkage
disequilibrium can be determined in a single human
population, as defined herein, or it can be determined
in a collection of samples comprising individuals from
more than one human population. I n one embodiment of
the invention, LD is determined in a sample from one
or more of the HapMap populations (Caucasian, african,
Japanese, Chinese), as defined
(http://www.hapmap.org). I n one such embodiment, LD
is determined in the CEU population of the HapMap
samples. I n another embodiment, LD is determined in
the YRI population. In yet another embodiment, LD is
determined in samples from the Icelandic population.
If all polymorphisms in the genome were independent at
the population level (i.e., no LD), then every single
one of them would need to be investigated in
association studies, to assess all the different
polymorphic states. However, due to linkage
disequilibrium between polymorphisms, tightly linked
polymorphisms are strongly correlated, which reduces
the number of polymorphisms that need to be
investigated in an association study to observe a
significant association. Another consequence of LD is
that many polymorphisms may give an association signal
due to the fact that these polymorphisms are strongly
correlated. Genomic LD maps have been generated across
the genome, and such LD maps have been proposed to
serve as framework for mapping disease-genes (Risch,
N. & Merkiangas, K, Science 273: 1516-1517 (1996);
Maniatis, N., et al., Proc Natl Acad Sd USA
99:2228-2233 (2002); Reich, DE et al, Nature 411:
199-204 (2001)). It is also now established that many
portions of the human genome can be broken into series
of discrete haplotype blocks containing a few common
haplotypes; for these blocks, linkage disequilibrium
data provides little evidence indicating recombination
(see, e.g., Wall., J.D. and Pritchard, J.K., Nature
Reviews Genetics 4:587-597 (2003); Daly, M. et al.,
Nature Genet. 29:229-232 (2001); Gabriel, S.B. et al.,
Science 296:2225-2229 (2002); Patil, N. et al.,
Science 294: 1719-1723 (2001); Dawson, E. et al.,
Nature 418:544-548 (2002); Phillips, M.S. et al.,
Nature Genet. 33:382-387 (2003)). There are two main
methods for defining these haplotype blocks: blocks
can be defined as regions of DNA that have limited
haplotype diversity (see, e.g., Daly, M. et al.,
Nature Genet. 29:229-232 (2001); Patil, N. et al.,
Science 294:1719-1723 (2001); Dawson, E. et al.,
Nature 418:544-548 (2002); Zhang, K. et al., Proc.
Natl. Acad. Sci. USA 99:7335-7339 (2002)), or as
regionsbetween transition zones having extensive
historical recombination, identified using linkage
disequilibrium (see, e.g., Gabriel, S.B. et al.,
Science 296:2225-2229 (2002); Phillips, M.S. ef al.,
Nature Genet. 33:382-387 (2003); Wang, N. et al., Am.
J. Hum. Genet. 71 :1227-1234 (2002); Stumpf, M.P., and
Goldstein, D.B., Curr. Biol. 13: 1-8 (2003)). More
recently, a finescale map of recombination rates and
corresponding hotspots across the human genome has
been generated (Myers, S., et al.. Science
310:321-32324 (2005); Myers, S. et al., Biochem Soc
Trans 34:526530 (2006)). The map reveals the enormous
variation in recombination across the genome, with
recombination rates as high as 10-60 cM/Mb in
hotspots, while closer to 0 in intervening regions,
which thus represent regions of limited haplotype
diversity and high LD. The map can therefore be used
to define haplotype blocks/LD blocks as regions
flanked by recombination hotspots. As used herein, the
terms "haplotype block" or "LD block" includes blocks
defined by any of the above described characteristics,
or other alternative methods used by the person
skilled in the art to define such regions. Haplotype
blocks (LD blocks) can be used to map associations
between phenotype and haplotype status, using single
markers or haplotypes comprising a plurality of
markers. The main haplotypes can be identified in each
haplotype block, and then a set of "tagging" SNPs or
markers (the smallest set of SNPs or markers needed to
distinguish among the haplotypes) can then be
identified. These tagging SNPs or markers can then be
used in assessment of samples from groups of
individuals, in order to identify association between
phenotype and haplotype. I f desired, neighboring
haplotype blocks can be assessed concurrently, as
there may also exist linkage disequilibrium among the
haplotype blocks. It has thus become apparent that for
any given observed association to a polymorphic marker
in the genome, it is likely that additional markers in
the genome also show association. 



This is a natural consequence of the uneven
distribution of LD across the genome, as observed by
the large variation in recombination rates. The
markers used to detect association thus in a sense
represent "tags" for a genomic region (i.e., a
haplotype block or LD block; e.g., the C09 LD block)
that is associating with a given disease or trait, and
as such are useful for use in the methods and kits of
the present invention. One or more causative
(functional) variants or mutations may reside within
the region found to be associating to the disease or
trait. Such variants may confer a higher relative risk
(RR) or odds ratio (OR) than observed for the tagging
markers used to detect the association. The present
invention thus refers to the markers used for
detecting association to the disease, as described
herein, as well as markers in linkage disequilibrium
with the markers. Thus, in certain embodiments of the
invention, markers that are in LD with the markers
and/or haplotypes of the invention, as described
herein, may be used as surrogate markers. The
surrogate markers have in one embodiment relative risk
(RR) and/or odds ratio (OR) values smaller than for
the markers or haplotypes initially found to be
associating with the disease, as described herein. I n
other embodiments, the surrogate markers have RR or OR
values greater than those initially determined for the
markers initially found to be associating with the
disease, as described herein. An example of such an
embodiment would be a rare, or relatively rare (such
as < 10% allelic population frequency) variant in LD
with a morecommon variant (> 10% population frequency)
initially found to be associating with the disease,
such as the variants described herein. Identifying and
using such markers for detecting the association
discovered by the inventors as described herein can be
performed by routine methods well known to the person
skilled in the art, and are therefore within the scope
of the present invention. Determination of haplotype
frequency The frequencies of haplotypes in patient and
control groups can be estimated using an
expectation-maximization algorithm (Dempster A. et
al., J. R. Stat. Soc. B, 39: 1-38 (1977)). An
implementation of this algorithm that can handle
missing genotypes and uncertainty with the phase can
be used. Under the null hypothesis, the patients and
the controls are assumed to have identical
frequencies. Using a likelihood approach, an
alternative hypothesis is tested, where a candidate
at-risk-haplotype, which can include the markers
described herein, is allowed to have a higher
frequency in patients than controls, while the ratios
of the frequencies of other haplotypes are assumed to
be the same in both groups. Likelihoods are maximized
separately under both hypotheses and a corresponding
1-df likelihood ratio statistic is used to evaluate
the statistical significance. To look for at-risk and
protective markers and haplotypes within a linkage
region, for example, association of all possible
combinations of genotyped markers is studied, provided
those markers span a practical region. The combined
patient and control groups can be randomly divided
into two sets, equal in size to the original group of
patients and controls. The marker and haplotype
analysis is then repeated and the most significant
p-value registered is determined. This randomization
scheme can be repeated, for example, over 100 times to
construct an empirical distribution of p-values. I n a
preferred embodiment, a p-value of <0.05 is indicative
of an significant marker and/or haplotype association.
Haplotype Analysis One general approach to haplotype
analysis involves using likelihood-based inference
applied to NEsted MOdels (Gretarsdottir S., et al.,
Nat. Genet. 35: 131-38 (2003)). The method is
implemented in the program NEMO, which allows for many
polymorphic markers, SNPs and microsatellites. The
method and software are specifically designed for
case-control studies where the purpose is to identify
haplotype groups that confer different risks. I t is
also a tool for studying LD structures. I n NEMO,
maximum likelihood estimates, likelihood ratios and
p-values are calculated directly, with the aid of the
EM algorithm, for the observed data treating it as a
missing-data problem.Even though likelihood ratio
tests based on likelihoods computed directly for the
observed data, which have captured the information
loss due to uncertainty in phase and missing
genotypes, can be relied on to give valid p-values, it
would still be of interest to know how much
information had been lost due to the information being
incomplete. The information measure for haplotype
analysis is described in Nicolae and Kong (Technical
Report 537, Department of Statistics, University of
Statistics, University of Chicago; Biometrics,
60(2):368-75 (2004)) as a natural extension of
information measures defined for linkage analysis, and
is implemented in NEMO. For single marker association
to a disease, the Fisher exact test can be used to
calculate two-sided p-values for each individual
allele. Usually, all p-values are presented unadjusted
for multiple comparisons unless specifically
indicated. The presented frequencies (for
microsatellites, SNPs and haplotypes) are allelic
frequencies as opposed to carrier frequencies. To
minimize any bias due the relatedness of the patients
who were recruited as families for the linkage
analysis, first and second-degree relatives can be
eliminated from the patient list. Furthermore, the
test can be repeated for association correcting for
any remaining relatedness among the patients, by
extending a variance adjustment procedure described in
Risch, N. & Teng, J. (Genome Res., 8: 1273-1288
(1998)), DNA pooling (ibid) for sibships so that it
can be applied to general familial relationships, and
present both adjusted and unadjusted p-values for
comparison. The differences are in general very small
as expected. To assess the significance of
single-marker association corrected for multiple
testing we can carry out a randomization test using
the same genotype data. Cohorts of patients and
controls can be randomized and the association
analysis redone multiple times (e.g., up to 500,000
times) and the p-value is the fraction of replications
that produced a p-value for some marker allele that is
lower than or equal to the p-value we observed using
the original patient and control cohorts. For both
single-marker and haplotype analyses, relative risk
(RR) and the population attributable risk (PAR) can be
calculated assuming a multiplicative model (haplotype
relative risk model) (Terwilliger, J.D. & Ott, J.,
Hum. Hered. 42:337-46 (1992) and FaIk, CT. &
Rubinstein, P, Ann. Hum. Genet. 51 (Pt 3)\227-33
(1987)), i.e., that the risks of the two
alleles/haplotypes a person carries multiply. For
example, if RR is the risk of A relative to a, then
the risk of a person homozygote AA will be RR times
that of a heterozygote Aa and RR2 times that of a
homozygote aa. The multiplicative model has a nice
property that simplifies analysis and computations -
haplotypes are independent, i.e., in Hardy-Weinberg
equilibrium, within the affected population as well as
within the control population. As a consequence,
haplotype counts of the affecteds and controls each
have multinomial distributions, but with different
haplotype frequencies under the alternative
hypothesis. Specifically, for two haplotypes, h, and
h} , risk( ,)/risk(/7; ) = P)/(f j /P] ), where f and
p denote, respectively, frequencies in the affected
population and in the control population. While there
is some power loss if the true model is not
multiplicative, the loss tends to be mild except for
extreme cases. Most importantly, p-values are always
valid since they are computed with respect to null
hypothesis.Linkage Disequilibrium Using NEMO LD
between pairs of markers can be calculated using the
standard definition of D' and r2 (Lewontin, R.,
Genetics 49:49-67 (1964); Hill, W.G. & Robertson, A.
Theor. Appl. Genet. 22:226- 231 (1968)). Using NEMO,
frequencies of the two marker allele combinations are
estimated by maximum likelihood and deviation from
linkage equilibrium is evaluated by a likelihood ratio
test. The definitions of D' and r2 are extended to
include microsatellites by averaging over the values
for all possible allele combination of the two markers
weighted by the marginal allele probabilities. Risk
assessment and Diagnostics Within any given
population, there is an absolute risk of developing a
disease or trait, defined as the chance of a person
developing the specific disease or trait over a
specified timeperiod. For example, a woman's lifetime
absolute risk of breast cancer is one in nine. That is
to say, one woman in every nine will develop breast
cancer at some point in their lives. Risk is typically
measured by looking at very large numbers of people,
rather than at a particular individual. Risk is often
presented in terms of Absolute Risk (AR) and Relative
Risk (RR). Relative Risk is used to compare risks
associating with two variants or the risks of two
different groups of people. For example, it can be
used to compare a group of people with a certain
genotype with another group having a different
genotype. For a disease, a relative risk of 2 means
that one group has twice the chance of developing a
disease as the other group. The Risk presented is
usually the relative risk for a person, or a specific
genotype of a person, compared to the population with
matched gender and ethnicity. Risks of two individuals
of the same gender and ethnicity could be compared in
a simple manner. For example, if, compared to the
population, the first individual has relative risk 1.5
and the second has relative risk 0.5, then the risk of
the first individual compared to the second individual
is 1.5/0.5 = 3. As described herein, certain
polymorphic markers and haplotypes comprising such
markers are found to be useful for risk assessment of
cardiovascular disease, e.g., arterial diseases, e.g.
myocardial infarction, coronary artery disease,
restenosis, peripheral artery disease, stroke,
intracranial aneurysm and abdominal aortic aneurysm.
Risk assessment can involve the use of the markers for
diagnosing a susceptibility to the cardiovascular
disease. Particular alleles of polymorphic markers are
found more frequently in individuals with
cardiovascular disease, than in individuals without
diagnosis of cardiovascular disease. Therefore, these
marker alleles have predictive value for detecting
cardiovascular disease, or a susceptibility to
cardiovascular disease, in an individual. Tagging
markers within haplotype blocks or LD blocks
comprising at-risk markers, such as the markers of the
present invention, can be used as surrogates for other
markers and/or haplotypes within the haplotype block
or LDblock. Markers with values of r 2 equal to 1 are
perfect surrogates for the at-risk variants, i.e.
genotypes for one marker perfectly predicts genotypes
for the other. Markers with smaller values of r2 than
1 can also be surrogates for the at-risk variant, or
alternatively represent variants with relative risk
values as high as or possibly even higher than the
at-risk variant. The at-risk variant identified may
not be the functional variant itself, but is in this
instance in linkage disequilibrium with the true
functional variant. The present invention encompasses
the assessment of such surrogate markers for the
markers as disclosed herein. Such markers are
annotated, mapped and listed in public databases, as
well known to the skilled person, or can 



alternatively be readily identified by sequencing the
region or a part of the region identified by the
markers of the present invention in a group of
individuals, and identify polymorphisms in the
resulting group of sequences. As a consequence, the
person skilled in the art can readily and without
undue experimentation genotype surrogate markers in
linkage disequilibrium with the markers and/or
haplotypes as described herein. The tagging or
surrogate markers in LD with the at-risk variants
detected, also have predictive value for detecting
association to the cardiovascular disease, or a
susceptibility to the cardiovascular disease, in an
individual. These tagging or surrogate markers that
are in LD with the markers of the present invention
can also include other markers that distinguish among
haplotypes, as these similarly have predictive value
for detecting susceptibility to cardiovascular
disease. The present invention can in certain
embodiments be practiced by assessing a sample
comprising genomic DNA from an individual for the
presence of variants described herein to be associated
with cardiovascular disease. Such assessment includes
steps of detecting the presence or absence of at least
one allele of at least one polymorphic marker, using
methods well known to the skilled person and further
described herein, and based on the outcome of such
assessment, determine whether the individual from whom
the sample is derived is at increased or decreased
risk (increased or decreased susceptibility) of
cardiovascular disease. Alternatively, the invention
can be practiced utilizing a dataset comprising
information about the genotype status of at least one
polymorphic marker described herein to be associated
with cardiovascular disease (or markers in linkage
disequilibrium with at least one marker shown herein
to be associated with cardiovascular disease). In
other words, a dataset containing information about
such genetic status, for example in the form of
genotype counts at a certain polymorphic marker, or a
plurality of markers (e.g., an indication of the
presence or absence of certain at-risk alleles), or
actual genotypes for one or more markers, can be
queried for the presence or absence of certain at-risk
alleles at certain polymorphic markers shown by the
present inventors to be associated with cardiovascular
disease. A positive result for a variant (e.g., marker
allele) associated with cardiovascular disease, as
shown herein, is indicative of the individual from
which the dataset is derived is at increased
susceptibility (increased risk) of at least one
cardiovascular disease (e.g., arterial diseases, e.g.
myocardial infarction, coronary artery disease,
restenosis, peripheral artery disease, stroke,
intracranial aneurysm and abdominal aortic
aneurysm).In certain embodiments of the invention, a
polymorphic marker is correlated to a cardiovascular
disease by referencing genotype data for the
polymorphic marker to a look-up table that comprises
correlations between at least one allele of the
polymorphism and the disease. I n some embodiments,
the table comprises a correlation for one
polymorhpism. I n other embodiments, the table
comprises a correlation for a plurality of
polymorhpisms. I n both scenarios, by referencing to a
look-up table that gives an indication of a
correlation between a marker and cardiovascular
disease, a risk for cardiovascular disesa, or a
susceptibility to cardiovascular disesae, can be
identified in the individual from whom the sample is
derived. I n some embodiments, the correlation is
reported as a statistical measure. The statistical
measure may be reported as a risk measure, such as a
relative risk (RR), an absolute risk (AR) or an odds
ratio (OR). The markers and haplotypes of the
invention, e.g., the markers presented in Tables 1-36
herein, e.g. the markers in Table 3, 10 and 21, may be
useful for risk assessment and diagnostic purposes for
cardiovascular disease (e.g., arterial diseases, e.g.
myocardial infarction, coronary artery disease,
restenosis, peripheral artery disease, stroke,
intracranial aneurysm and abdominal aortic aneurysm),
either alone or in combination. Thus, even in the
cases where the increase in risk by individual markers
is relatively modest, i.e. on the order of 10-30%, the
association may have significant implications. Thus,
relatively common variants may have significant
contribution to the overall risk (Population
Attributable Risk is high), or combination of markers
can be used to define groups of individual who, based
on the combined risk of the markers, is at signficant
combined risk of developing a cardiovascular disease.
Biomarkers The cardiovascular diseases are known to
have several common biomarkers, which are belived to
relate to increased risk of developing cardiovascular
disease. These include elevated fibrinogen, PAI-I,
homocysteine, asymmetric dimethylarginine, C-reactive
protein and B-type natriuretic peptide (BNP). These
common biomarkers underscore the common etiology for
the cardiovascular diseases. Recently, urinary
peptides have been shown to be promising biomarkers
for Cardiovascular disease, in particular Coronary
Artery Disease (CAD) (Zimmerli, L.U., et al.,Mol Cell
Proteomics 7:290-8 (2008)). These have the advantage
of being non invasive, only requiring a urine sample
from the individual to be assessed. In one
application, a pattern of polypeptides in the urine
sample is characteristic of increased risk of CAD.
Many general inflammatory markers are predictive of
risk of coronary heart disease, including CAD and MI,
although these markers are not specific to
atherosclerosis. For example, Stein (Stein, S., Am J
Cardiol , 87 (suppl):21A-26A (2001)) discusses the use
of any one of the following serum inflammatory markers
as surrogates for predicting risk of coronary heart
disease including C-reactive protein (CRP), serum
amyloid A, fibrinogen, interleukin-6, tissue necrosis
factor-alpha, soluble vascular cell adhesion molecules
(sVCAM), soluble intervascular adhesionmolecules
(sICAM), E-selectin, matrix metalloprotease type-1,
matrix metalloprotease type-2, matrix metalloprotease
type-3, and matrix metalloprotease type-9. A
significant association between CRP levels in serum
and increased risk for coronary heart disease was
found in the Women's Health Study, with the highest
relative risk of 4.5 seen for those women in the
highest quintile of serum CRP (Ridker, P.M. et al.,
New England. J. Med., 347: 1557-1565 (2001)). A
similar correlation between increased serum CRP and
increased risk for coronary heart disease in women has
been reported (Ridker, P.M et al., New Engld. J. Med.,
342:836-843 (2000); Bermudez, E.A. et .al.,
Arterioscler. Thromb. Vase. Biol., 22: 1668-1673
(2002)). A similar correlation between increased serum
inflammatory markers such as CRP and increased risk
for coronary heart disease has been reported for men
(Doggen, C.J.M. et al., J.. Internal Med., 248:406-414
(2000) and Ridker, P.M. et al., New England. J. Med.,
336: 973-979 (1997)). Elevated CRP or other serum
inflammatory markers is also prognostic for increased
risk of a second myocardial infarct in patients with a
previous myocardial infarct (Retterstol, L. et al.,
Atheroscler., 160: 433-440 (2002)). Emerging evidence
also suggests that elevated CRP is an independent risk
factor for adverse clinical outcomes. See, e.g.,
Ridker et al., N. Engl. J. Med. 352: 1 (January 6,
2005). The end products of the leukotriene pathway are
potent inflammatory lipid mediators derived from
arachidonic acid. They can potentially contribute to
development of atherosclerosis and destabilization of
atherosclerotic plaques through lipid oxidation and/or
proinflammatory effects, and LTC4, LTD4, and LTE4, are
known to induce vasoconstriction. On the other hand,
LTB4 is a strong proinflammatory agent. Increased
production of these end products of the leukotriene
pathway, could therefore serve as a risk factor for MI
and atherosclerosis, whereas both inflammation and
vasoconstriction/vasospasm have a well established
role in the pathogenesis of MI and atherosclerosis. I
n certain embodiments of the invention, the genetic
risk variants for cardiovascular disease, such as MI,
CAD, AAA, IA, stroke and/or PAD are assessed in
combination with at least one biomarker, For example,
levels of an inflammatory marker in an appropriate
test sample (e.g., serum, plasma or urine) can be
measured and the determination of the biomarker level
in the sample, relative to a control (either a normal,
disease-free control, or a random sample from the
population) is made. The result of the analysis can be
analyzed in combination with genetic risk conferred by
the variants described herein, to determine overall
risk. Representative inflammatory markers include:
C-reactive protein (CRP), serum amyloid A, fibrinogen,
serum SCD40L, a leukotriene (e.g., LTB4, LTC4, LTD4,
LTE4), a leukotriene metabolite, interleukin-6, tissue
necrosis factor-alpha, soluble vascular cell adhesion
molecules (sVCAM), soluble intervascular adhesion
molecules (sICAM), E-selectin, matrix metalloprotease
type-1, matrix metalloprotease type-2, matrix
metalloprotease type-3, matrix metalloprotease type-9,
myeloperoxidase (MPO), and N-tyrosine. In a preferred
embodiment, the marker is CRP, sCD40L or MPO. The
determination of biomarkers can be made by standard
methods known to the skilled person. For example, in
one embodiment, production of a leukotriene metabolite
isstimulated in a first test sample from the
individual, using a calcium ionophore. The level of
production is compared with a control level. The
control level is a level that is typically found in
control individual(s), such as individual who are not
at risk for MI, CAD, AAA, IA, stroke or PAD;
alternatively, a control level is the level that is
found by comparison of disease risk in a population
associated with the lowest band of measurement (e.g.,
below the mean or median, the lowest quartile or the
lowest quintile) compared to higher bands of
measurement (e.g., above the mean or median, the
second, third or fourth quartile; the second, third,
fourth or fifth quintile). As described in the above,
the haplotype block structure of the human genome has
the effect that a large number of variants (markers
and/or haplotypes) in linkage disequilibrium with the
variant originally associated with a disease or trait
may be used as surrogate markers for assessing
association to the disease or trait. The number of
such surrogate markers will depend on factors such as
the historical recombination rate in the region, the
mutational frequency in the region (i.e., the number
of polymorphic sites or markers in the region), and
the extent of LD (size of the LD block) in the region.
These markers are usually located within the physical
boundaries of the LD block or haplotype block in
question as defined using the methods described
herein, or by other methods known to the person
skilled in the art. However, sometimes marker and
haplotype association is found to extend beyond the
physical boundaries of the haplotype block as defined.
Such markers and/or haplotypes may in those cases be
also used as surrogate markers and/or haplotypes for
the markers and/or haplotypes physically residing
within the haplotype block as defined. As a
consequence, markers and haplotypes in LD (typically
characterized by r2 greater than 0.1, such as r2
greater than 0.2, including r2 greater than 0.3, also
including r2 greater than 0.4) with the markers and
haplotypes of the present invention are also within
the scope of the invention, even if they are
physically located beyond 



the boundaries of the haplotype block as defined. This
includes markers that are described herein (e.g.,
Tables 1-36; e.g., Tables 3, 10, and 21), but may also
include other markers that are in strong LD (e.g.,
characterized by r2 greater than 0.1 or 0.2 and/or
|D'| > 0.8) with one or more of the markers listed in
Tables 1-35, including the markers set forth in Tables
3, 10 and 21. For the SNP markers described herein,
the opposite allele to the allele found to be in
excess in patients (at-risk allele) is found in
decreased frequency in cardiovascular disease. These
markers and haplotypes are thus protective for
cardiovascular disease, i.e. they confer a decreased
risk or susceptibility of individuals carrying these
markers and/or haplotypes developing cardiovascular
disease. Certain variants of the present invention,
including certain haplotypes comprise, in some cases,
a combination of various genetic markers, e.g., SNPs
and microsatellites. Detecting haplotypes can be
accomplished by methods known in the art and/or
described herein fordetecting sequences at polymorphic
sites. Furthermore, correlation between certain
haplotypes or sets of markers and disease phenotype
can be verified using standard techniques. A
representative example of a simple test for
correlation would be a Fisher-exact test on a two by
two table. In specific embodiments, a marker allele or
haplotype associated with cardiovascular disease
(e.g., marker alleles as listed in Tables 3, 10 and
21) is one in which the marker allele or haplotype is
more frequently present in an individual at risk for
cardiovascular disease, (affected), compared to the
frequency of its presence in a healthy individual
(control), wherein the presence of the marker allele
or haplotype is indicative of cardiovascular disease
or a susceptibility to cardiovascular disease. In
other embodiments, at-risk markers in linkage
disequilibrium with one or more markers found to be
associated with cardiovascular disease, including
coronary artery disease and in-stent restenosis (e.g.,
markers as listed in Tables 3, 10 and 21) are tagging
markers that are more frequently present in an
individual at risk for cardiovascular disease
(affected), compared to the frequency of their
presence in a healthy individual (control), wherein
the presence of the tagging markers is indicative of
increased susceptibility to cardiovascular disease. I
n a further embodiment, at-risk markers alleles (i.e.
conferring increased susceptibility) in linkage
disequilibrium with one or more markers found to be
associated with cardiovascular disease (e.g., marker
alleles as listed in Tables 3, 10 and 21, and markers
in linkage disequilibrium therewith), are markers
comprising one or more allele that is more frequently
present in an individual at risk for cardiovascular
disease, compared to the frequency of their presence
in a healthy individual (control), wherein the
presence of the markers is indicative of increased
susceptibility to the cardiovascular disease. Study
population I n a general sense, the methods and kits
of the invention can be utilized from samples
containing nucleic acid material (DNA or RNA) from any
source and from any individual. I n preferred
embodiments, the individual is a human individual. The
individual can be an adult, child, or fetus. The
nucleic acid source may be any sample comprising
nucleic acid material, including biological samples,
or a sample comprising nucleic acid material derived
therefrom. The present invention also provides for
assessing markers and/or haplotypes in individuals who
are members of a target population. Such a target
population is in one embodiment a population or group
of individuals at risk of developing the disease,
based on other genetic factors, biomarkers,
biophysical parameters (e.g., weight, BMD, blood
pressure), or general health and/or lifestyle
parameters (e.g., history of disease or related
diseases, previous diagnosis of disease, family
history of disease). The invention provides for
embodiments that include individuals from specific age
subgroups, such as those over the age of 40, over age
of 45, or over age of 50, 55, 60, 65, 70, 75, 80, or
85. Other embodiments of the invention pertain to
other age groups, such asindividuals aged less than
85, such as less than age 80, less than age 75, or
less than age 70, 65, 60, 55, 50, 45, 40, 35, or age
30. Other embodiments relate to individuals with age
at onset of the disease in any of the age ranges
described in the above. I t is also contemplated that
a range of ages may be relevant in certain
embodiments, such as age at onset at more than age 45
but less than age 60. Other age ranges are however
also contemplated, including all age ranges bracketed
by the age values listed in the above. The invention
furthermore relates to individuals of either gender,
males or females. The Icelandic population is a
Caucasian population of Northern European ancestry. A
large number of studies reporting results of genetic
linkage and association in the Icelandic population
have been published in the last few years. Many of
those studies show replication of variants, originally
identified in the Icelandic population as being
associating with a particular disease, in other
populations (Stacey, S.N., et al., Nat Genet. May 27
2007 (Epub ahead of print; Helgadottir, A., et al.,
Science 316: 1491-93 (2007); Steinthorsdottir, V., et
al., Nat Genet. 39:770-75 (2007); Gudmundsson, J., et
al., Nat Genet. 39:631-37 (2007); Amundadottir, L.T.,
et al., Nat Genet. 38:652-58 (2006); Grant, S.F., et
al., Nat Genet. 38:320-23 (2006)). Thus, genetic
findings in the Icelandic population have in general
been replicated in other populations, including
populations from Africa and Asia. The markers of the
present invention found to be associated with
cardiovascular disease are believed to show similar
association in other human populations. Particular
embodiments comprising individual human populations
are thus also contemplated and within the scope of the
invention. Such embodiments relate to human subjects
that are from one or more human population including,
but not limited to, Caucasian populations, European
populations, American populations, Eurasian
populations, Asian populations, Central/South Asian
populations, East Asian populations, Middle Eastern
populations, African populations, Hispanic
populations, and Oceanian populations. European
populations include, but are not limited to, Swedish,
Norwegian, Finnish, Russian, Danish, Icelandic, Irish,
Kelt, English, Scottish, Dutch, Belgian, French,
German, Spanish, Portugues, Italian, Polish,
Bulgarian, Slavic, Serbian, Bosnian, Chech, Greek and
Turkish populations. The invention furthermore in
other embodiments can be practiced in specific human
populations that include Bantu, Mandenk, Yoruba, San,
Mbuti Pygmy, Orcadian, Adygei, Russian, Sardinian,
Tuscan, Mozabite, Bedouin, Druze, Palestinian,
Balochi, Brahui, Makrani, Sindhi, Pathan, Burusho,
Hazara, Uygur, Kalash, Han, Dai, Daur, Hezhen, Lahu,
Miao, Oroqen, She, Tujia, Tu, Xibo, Yi, Mongolan,
Naxi, Cambodian, Japanese, Yakut, Melanesian, Papuan,
Karitianan, Surui, Colmbian, Maya and Pima. I n one
preferred embodiment, the invention relates to
populations that include black African ancestry such
as populations comprising persons of African descent
or lineage. Black African ancestry may be determined
by self reporting as African-Americans,
Afro-Americans, Black Americans, being a member of the
black race or being a member of the negro race. For
example, African Americans or Black Americans are
those persons living in North America and having
origins in any of the black racial groups of Africa. I
n another example, self-reportedpersons of black
African ancestry may have at least one parent of black
African ancestry or at least one grandparent of black
African ancestry. I n another embodiment, the
invention relates to individuals of Caucasian origin.
The racial contribution in individual subjects may
also be determined by genetic analysis. Genetic
analysis of ancestry may be carried out using unlinked
microsatellite markers such as those set out in Smith
et al. (Am J Hum Genet 74, 1001-13 (2004)). In certain
embodiments, the invention relates to markers and/or
haplotypes identified in specific populations, as
described in the above. The person skilled in the art
will appreciate that measures of linkage
disequilibrium (LD) may give different results when
applied to different populations. This is due to
different population history of different human
populations as well as differential selective
pressures that may have led to differences in LD in
specific genomic regions. It is also well known to the
person skilled in the art that certain markers, e.g.
SNP markers, have different population frequncy in
different populations, or are polymorphic in one
population but not in another. The person skilled in
the art will however apply the methods available and
as thought herein to practice the present invention in
any given human population. This may include
assessment of polymorphic markers in the LD region of
the present invention, so as to identify those markers
that give strongest association within the specific
population. Thus, the at-risk variants of the present
invention may reside on different haplotype background
and in different frequencies in various human
populations. However, utilizing methods known in the
art and the markers of the present invention, the
invention can be practiced in any given human
population. Utility of Genetic Testing The person
skilled in the art will appreciate and understand that
the variants described herein in general do not, by
themselves, provide an absolute identification of
individuals who will develop a particular
cardiovascular disease. The variants described herein
do however indicate increased and/or decreased
likelihood that individuals carrying the at-risk or
protective variants of the invention will develop
symptoms associated with at least one cardiovascular
disease (e.g., MI, CAD, IA, AAA, restenosis, stroke
PAD). This information is however extremely valuable
in itself, as outlined in more detail in the below, as
it can be used to, for example, initiate preventive
measures at an early stage, perform regular physical
and/or mental exams to monitor the progress and/or
appearance of symptoms, or to schedule exams at a
regular interval t o identify early symptoms, so as to
be able to apply treatment at an early stage. The
knowledge about a genetic variant that confers a risk
of developing cardiovascular disease offers the
opportunity to apply a genetic test to distinguish
between individuals with increased risk of developing
the disease (i.e. carriers of the at-risk variant) and
those with decreased risk of developing the disease
(i.e. carriers of the protective variant). The core
valuesof genetic testing, for individuals belonging to
both of the above mentioned groups, are the
possibilities of being able to diagnose disease, or a
predisposition to disease, at an early stage and
provide information to the clinician about
prognosis/aggressiveness of disease in order to be
able to apply the most appropriate treatment.
Individuals with a family history of cardiovascular
diseases and carriers of at-risk variants may benefit
from genetic testing since the knowledge of the
presence of a genetic risk factor, or evidence for
increased risk of being a carrier of one or more risk
factors, may provide increased 



incentive for implementing a healthier lifestyle
(e.g., lose weight, increase exercise, give um
smoking, reduce stress, etc.), by avoiding or
minimizing known environmental risk factors for
cardiovascular diseases. Genetic testing of patients
may furthermore give valuable information about the
primary cause of the cardiovascular disease and can
aid the clinician in selecting the best treatment
options and medication for each individual. The
present invention can be thus be used for risk
assessment for cardiovascular disease, including
diagnosing whether an individual is at risk for
developing a cardiovascular disease, such as
Myocardial Infarction, Coronary Artery Disease, PAD,
AAA, IA, stroke or restenosis. The polymorphic markers
of the present invention can be used alone or in
combination, as well as in combination with other
factors, including known biomarkers, for risk
assessment of an individual for cardiovascular
disease. Many factors known to affect the
predisposition of indiviudal towards developing risk
of developing Cardiovascular disease are known to the
person skilled in the art and can be utilized in such
assessment. These include, but are not limited to,
age, gender, smoking status, physical activiy,
waist-to-hip circumference ratio, family history of
Cardiovascular Disease, previously diagnosed
cardiovascular disease, obesity, diagnosis of Diabetes
mellitus, stress, depression, elevated heart rate,
hypertriglyceridemia, low HDL cholesterol,
hypertension, elevated blood pressure, cholesterol
levels, HDL cholesterol, LDL cholesterol,
triglycerides, apolipoprotein AI and B levels,
fibrinogen, ferritin, C-reactive protein and
leukotriene levels. Methods known in the art can be
used for such assessment, including multivariate
analyses or logistic regression, as described further
herein. METHODS Methods for risk assessment
cardiovascular disease are described herein and are
encompassed by the invention. The invention also
encompasses methods of assessing an individual for
probability of response to a therapeutic agent for a
cardiovascular disease, methods for predicting the
effectiveness of a therapeutic agent for
cardiovascular diseasee, nucleic acids, polypeptides
and antibodies and computer-implemented functions.
Kits for assaying a sample from a subject to detect
susceptibility to cardiovascular disease are also
encompassed by the invention.Diagnostic methods In
certain embodiments, the present invention pertains to
methods of diagnosing, or aiding in the diagnosis of,
cardiovascular disease {e.g., MI, CAD, IA, AAA,
stroke, PAD, restenosis) or a susceptibility to
cardiovascular disease, by detecting particular
alleles at genetic markers that appear more frequently
in subjects with at least one cardiovascular disease
or subjects who are susceptible to cardiovascular
disease. I n a particular embodiment, the invention is
a method of diagnosing a susceptibility to
cardiovascular disease by detecting at least one
allele of at least one polymorphic marker (e.g., the
markers described herein). The present invention
describes methods whereby detection of particular
alleles of particular markers or haplotypes is
indicative of a susceptibility to cardiovascular
disease. Such prognostic or predictive assays can also
be used to determine prophylactic treatment of a
subject prior to the onset of symptoms of the
cardiovascular disease. The present invention pertains
in some embodiments to methods of clinical
applications of diagnosis, e.g., diagnosis performed
by a medical professional. I n other embodiments, the
invention pertains to methods of diagnosis or
determination of a susceptibility performed by a
layman. Recent technological advances in genotyping
technologies, including high-throughput genotyping of
SNP markers, such as Molecular Inversion Probe array
technology (e.g., Affymetrix GeneChip), and BeadArray
Technologies (e.g., Illumina GoldenGate and Infinium
assays) have made it possible for individuals to have
their own genome assessed for up to one million SNPs
simultaneously, at relatively little cost. The
resulting genotype information, made available to the
individual can be compared to information from the
public litterature about disease or trait risk
associated with various SNPs. The diagnostic
application of disease-associated alleles as described
herein, can thus be performed either by the
individual, through analysis of his/her genotype data,
or by a health professional based on results of a
clinical test. I n other words, the diagnosis or
assessment of a susceptibility based on genetic risk
can be made by health professionals, genetic
counselors or by the layman, based on information
about his/her genotype and publications on various
risk factors. I n the present context, the term
"diagnosing", "diagnose a susceptibility" and
"determine a susceptibility" is meant to refer to any
available diagnostic method, including those mentioned
above. In addition, in certain other embodiments, the
present invention pertains to methods of diagnosing,
or aiding in the diagnosis of, a decreased
susceptibility to cardiovascular disease, by detecting
particular genetic marker alleles or haplotypes that
appear less frequently in patients diagnosed with
cardiovascular disease than in individual not
diagnosed with cardiovascular disease or in the
general population. As described and exemplified
herein, particular marker alleles or haplotypes (e.g.
the markers and haplotypes as listed in Tables 3, 10
and 21, and markers in linkage disequilibrium
therewith) are associated with cardiovascular disease.
I n one embodiment, the marker allele or haplotype is
one that confers a significant risk or susceptibility
to cardiovascular disease. I n another embodiment, the
invention relates to a method of diagnosing a
susceptibility tocardiovascular disease in a human
individual, the method comprising determining the
presence or absence of at least one allele of at least
one polymorphic marker in a nucleic acid sample
obtained from the individual, or in a genotype dataset
derived from the individual, wherein the at least one
polymorphic marker is selected from the group
consisting of the polymorphic markers listed in Table
3, 10 or 21, and markers in linkage disequilibrium
therewith. I n another embodiment, the invention
pertains to methods of diagnosing a susceptibility to
cardiovascular disease in a human individual, by
screening for at least one marker allele or haplotype
as listed in Table 21 or markers in linkage
disequilibrium therewith. I n another embodiment, the
marker allele or haplotype is more frequently present
in a subject having, or who is susceptible to,
cardiovascular disease (affected), as compared to the
frequency of its presence in a healthy subject
(control, such as population controls). In certain
embodiments, the significance of association of the at
least one marker allele or haplotype is characterized
by a p value < 0.05. In other embodiments, the
significance of association is characterized by
smaller p-values, such as < 0.01, <0.001, <0.0001, <0.
00001, <0. 000001, <0. 0000001, <0. 00000001 or <0.
000000001. In these embodiments, the presence of the
at least one marker allele or haplotype is indicative
of a susceptibility to cardiovascular disease {e.g.,
MI, CAD, IA, Stroke, AAA, restenosis, PAD). These
diagnostic methods involve detecting the presence or
absence of at least one marker allele or haplotype
that is associated with cardiovascular disease. The
haplotypes described herein include combinations of
alleles at various genetic markers (e.g., SNPs,
microsatellites). The detection of the particular
genetic marker alleles that make up the particular
haplotypes can be performed by a variety of methods
described herein and/or known in the art. For example,
genetic markers can be detected at the nucleic acid
level (e.g., by direct nucleotide sequencing or by
other means known to the skilled in the art) or at the
amino acid level if the genetic marker affects the
coding sequence of a protein encoded by a
cardiovascular disease, including coronary artery
disease and in-stent restenosis -associated nucleic
acid (e.g., by protein sequencing or by immunoassays
using antibodies that recognize such a protein). The
marker alleles or haplotypes of the present invention
correspond to fragments of a genomic DNA sequence
associated with cardiovascular disease. Such fragments
encompass the DNA sequence of the polymorphic marker
or haplotype in question, but may also include DNA
segments in strong LD (linkage disequilibrium) with
the marker or haplotype (e.g., as determined by
particular values of r2 and/or |D'|). I n one
embodiment, diagnosis of a susceptibility to
cardiovascular disease can be accomplished using
hybridization methods, including, but not limited to,
Southern analysis, Northern analysis, and/or In situ
hybridizations (see Current Protocols in Molecular
Biology, Ausubel, F. et al., eds., John Wiley & Sons,
including all supplements). The presence of a specific
marker allele can be indicated by sequence-specific
hybridization of a nucleic acid probe specific for the
particular allele. The presence of more than one
specific marker allele or a specific haplotype can be
indicated by using several sequence-specific nucleic
acid probes, each being specific for a particular
allele. I n one embodiment, a haplotype can be
indicated by asingle nucleic acid probe that is
specific for the specific haplotype (i.e., hybridizes
specifically to a DNA strand comprising the specific
marker alleles characteristic of the haplotype). A
sequencespecific probe can be directed to hybridize to
genomic DNA, RNA, or cDNA. A "nucleic acid probe", as
used herein, can be a DNA probe or an RNA probe that
hybridizes to a complementary sequence. One of skill
in the art would know how to design such a probe so
that sequence specific hybridization will occur only
if a particular allele is present in a genomic
sequence from a test sample. To determine or diagnose
a susceptibility to cardiovascular disease, a
hybridization sample is formed by contacting the test
sample containing an cardiovascular disease
-associated nucleic acid, such as a genomic DNA
sample, with at least one nucleic acid probe. A
non-limiting example of a probe for detecting mRNA or
genomic DNA is a labeled nucleic acid probe that is
capable of hybridizing to mRNA or genomic DNA
sequences described herein. The nucleic acid probe can
be, for example, a full-length nucleic acid molecule,
or a portion thereof, such as an oligonucleotide of at
least 15, 30, 50, 100, 250 or 500 nucleotides in
length that is sufficient to specifically hybridize
under stringent conditions to appropriate mRNA or
genomic DNA. For example, the nucleic acid probe can
comprise all or a portion of the nucleotide sequence
of LD Block C09 (SEQ ID NO:94), as described herein,
optionally comprising at least one allele of a marker
described herein, or at least one haplotype described
herein, or the probe can be the complementary sequence
of such a sequence. I n a particular embodiment, the
nucleic acid probe is a portion of the nucleotide
sequence of LD Block C09 (SEQ ID NO:94), as described
herein, optionally comprising at least one allele of a
marker described herein, or at least one allele of one
polymorphic marker or haplotype comprising at least
one polymorphic marker described herein, or the probe
can be the complementary sequence of such a sequence.
Other suitable probes for use in the diagnostic assays
of the invention are described herein. 



Hybridization can be performed by methods well known
to the person skilled in the art (see, e.g., Current
Protocols in Molecular Biology, Ausubel, F. et al.,
eds., John Wiley & Sons, including all supplements). I
n one embodiment, hybridization refers to specific
hybridization, i.e., hybridization with no mismatches
(exact hybridization). I n one embodiment, the
hybridization conditions for specific hybridization
are high stringency. Specific hybridization, if
present, is then detected using standard methods. If
specific hybridization occurs between the nucleic acid
probe and the coronary artery disease and in-stent
restenosis -associated nucleic acid in the test
sample, then the sample contains the allele that is
complementary to the nucleotide that is present in the
nucleic acid probe. The process can be repeated for
other markers of the present invention, or markers
that make up a haplotype of the present invention, or
multiple probes can be used concurrently to detect
more than one marker alleles at a time. I t is also
possible to design a single probe containing more than
one marker alleles of a particular haplotype (e.g., a
probe containing alleles complementary to 2, 3, 4, 5
or all of the markers that make up a particular
haplotype). Detection of the particular markers of the
haplotype in the sample is indicative that the source
of the sample has the particularhaplotype (e.g., a
haplotype) and therefore is susceptible to
cardiovascular disease (e.g., MI, CAD, IA, Stroke,
AAA, restenosis, PAD). In one preferred embodiment, a
method utilizing a detection oligonucleotide probe
comprising a fluorescent moiety or group at its 3'
terminus and a quencher at its 5' terminus, and an
enhancer oligonucleotide, is employed, as described by
Kutyavin et al. (Nucleic Acid Res. 34:el28 (2006)).
The fluorescent moiety can be Gig Harbor Green or
Yakima Yellow, or other suitable fluorescent moieties.
The detection probe is designed to hybridize to a
short nucleotide sequence that includes the SNP
polymorphism to be detected. Preferably, the SNP is
anywhere from the terminal residue to -6 residues from
the 3' end of the detection probe. The enhancer is a
short oligonucleotide probe which hybridizes to the
DNA template 3' relative to the detection probe. The
probes are designed such that a single nucleotide gap
exists between the detection probe and the enhancer
nucleotide probe when both are bound to the template.
The gap creates a synthetic abasic site that is
recognized by an endonuclease, such as Endonuclease
IV. The enzyme cleaves the dye off the fully
complementary detection probe, but cannot cleave a
detection probe containing a mismatch. Thus, by
measuring the fluorescence of the released fluorescent
moiety, assessment of the presence of a particular
allele defined by nucleotide sequence of the detection
probe can be performed. The detection probe can be of
any suitable size, although preferably the probe is
relatively short. I n one embodiment, the probe is
from 5-100 nucleotides in length. I n another
embodiment, the probe is from 10-50 nucleotides in
length, and in another embodiment, the probe is from
12-30 nucleotides in length. Other lengths of the
probe are possible and within scope of the skill of
the average person skilled in the art. In a preferred
embodiment, the DNA template containing the SNP
polymorphism is amplified by Polymerase Chain Reaction
(PCR) prior to detection. In such an embodiment, the
amplified DNA serves as the template for the detection
probe and the enhancer probe. Certain embodiments of
the detection probe, the enhancer probe, and/or the
primers used for amplification of the template by PCR
include the use of modified bases, including modified
A and modified G. The use of modified bases can be
useful for adjusting the melting temperature of the
nucleotide molecule (probe and/or primer) to the
template DNA, for example for increasing the melting
temperature in regions containing a low percentage of
G or C bases, in which modified A with the capability
of forming three hydrogen bonds to its complementary T
can be used, or for decreasing the melting temperature
in regions containing a high percentage of G or C
bases, for example by using modified G bases that form
only two hydrogen bonds to their complementary C base
in a double stranded DNA molecule. In a preferred
embodiment, modified bases are used in the design of
the detection nucleotide probe. Any modified base
known to the skilled person can be selected in these
methods, and the selection of suitable bases is well
within the scope of the skilled person based on the
teachings herein and known bases available from
commercial sources as known to the skilled person.I n
another hybridization method, Northern analysis (see
Current Protocols in Molecular Biology, Ausubel, F. et
al., eds., John Wiley & Sons, supra) is used to
identify the presence of a polymorphism associated
with cardiovascular disease. For Northern analysis, a
test sample of RNA is obtained from the subject by
appropriate means. As described herein, specific
hybridization of a nucleic acid probe to RNA from the
subject is indicative of a particular allele
complementary to the probe. For representative
examples of use of nucleic acid probes, see, for
example, U.S. Patent Nos. 5,288,611 and 4,851,330.
Additionally, or alternatively, a peptide nucleic acid
(PNA) probe can be used in addition to, or instead of,
a nucleic acid probe in the hybridization methods
described herein. A PNA is a DNA mimic having a
peptide-like, inorganic backbone, such as
N-(2-aminoethyl)glycine units, with an organic base
(A, G, C, T or U) attached to the glycine nitrogen via
a methylene carbonyl linker (see, for example,
Nielsen, P., et al., Bioconjug. Chem. 5:3-7 (1994)).
The PNA probe can be designed to specifically
hybridize to a molecule in a sample suspected of
containing one or more of the marker alleles or
haplotypes that are associated with cardiovascular
disease. Hybridization of the PNA probe is thus
diagnostic for cardiovascular disease. I n one
embodiment of the invention, a test sample containing
genomic DNA obtained from the subject is collected and
the polymerase chain reaction (PCR) is used to amplify
a fragment comprising one ore more markers or
haplotypes of the present invention. As described
herein, identification of a particular marker allele
or haplotype associated with cardiovascular disease,
can be accomplished using a variety of methods (e.g.,
sequence analysis, analysis by restriction digestion,
specific hybridization, single stranded conformation
polymorphism assays (SSCP), electrophoretic analysis,
etc.). I n another embodiment, diagnosis is
accomplished by expression analysis using quantitative
PCR (kinetic thermal cycling). This technique can, for
example, utilize commercially available technologies,
such as TaqMan(r) (Applied Biosystems, Foster City,
CA) . The technique can assess the presence of an
alteration in the expression or composition of a
polypeptide or splicing variant(s) that is encoded by
a nucleic acid associated with a cardiovascular
disease. Further, the expression of the variant(s) can
be quantified as physically or functionally different.
I n another embodiment of the methods of the
invention, analysis by restriction digestion can be
used to detect a particular allele if the allele
results in the creation or elimination of a
restriction site relative to a reference sequence. A
test sample containing genomic DNA is obtained from
the subject. PCR can be used to amplify particular
regions that are associated with cardiovascular
disease (e.g. the polymorphic markers and haplotypes
of Table 3, 10 or 21, and markers in linkage
disequilibrium therewith) nucleic acid in the test
sample from the test subject. Restriction fragment
length polymorphism (RFLP) analysis can be conducted,
e.g., as described in Current Protocols in Molecular
Biology, supra. The digestion pattern of the relevant
DNA fragment indicates the presence or absence of the
particular allele in the sample.Sequence analysis can
also be used to detect specific alleles at polymorphic
sites associated with cardiovascular disease,
including coronary artery disease and in-stent
restenosis (e.g. the polymorphic markers and
haplotypes of Table 3, 10 or 21, and markers in
linkage disequilibrium therewith). Therefore, in one
embodiment, determination of the presence or absence
of a particular marker alleles or haplotypes comprises
sequence analysis. For example, a test sample of DNA
or RNA can be obtained from the test subject. PCR or
other appropriate methods can be used t o amplify a
portion of a nucleic acid associated with
cardiovascular disease, and the presence of a specific
allele can then be detected directly by sequencing the
polymorphic site (or multiple polymorphic sites) of
the genomic DNA in the sample. I n another embodiment,
arrays of oligonucleotide probes that are
complementary to target nucleic acid sequence segments
from a subject, can be used to identify polymorphisms
in a nucleic acid associated with cardiovascular
disease (e.g. the polymorphic markers of Table 3, 10,
and 21, and markers in linkage disequilibrium
therewith). For example, an oligonucleotide array can
be used. Oligonucleotide arrays typically comprise a
plurality of different oligonucleotide probes that are
coupled to a surface of a substrate in different known
locations. These arrays can generally be produced
using mechanical synthesis methods or light directed
synthesis methods that incorporate a combination of
photolithographic methods and solid phase
oligonucleotide synthesis methods, or by other methods
known to the person skilled in the art (see, e.g.,
Fodor, S. et al., Science, 251 :767-773 (1991);
Pirrung et al., U.S. Patent No. 5,143,854 (see also
published PCT Application No. WO 90/15070); and Fodor.
S. et al., published PCT Application No. WO 92/10092
and U.S. Patent No. 5,424,186, the entire teachings of
each of which are incorporated by reference herein).
Techniques for the synthesis of these arrays using
mechanical synthesis methods are described in, e.g.,
U.S. Patent No. 5,384,261; the entire teachings of
which are incorporated by reference herein. I n
another example, linear arrays can be utilized.
Additional descriptions of use of oligonucleotide
arrays for detection of polymorphisms can be found,
for example, in U.S. Patent Nos. 5,858,659 and
5,837,832, the entire teachings of both of which are
incorporated by reference herein. Other methods of
nucleic acid analysis that are available to those
skilled in the art can be used to detect a particular
allele at a polymorphic site associated with
cardiovascular disease. Representative methods
include, for example, direct manual sequencing (Church
and Gilbert, Proc. Natl. Acad. Sci. USA, 81: 1991-1995
(1988); Sanger, F., et al., Proc. Natl. Acad. Sci.
USA, 74:5463-5467 (1977); Beavis, et al., U.S. Patent
No. 5,288,644); automated fluorescent sequencing;
single-stranded conformation polymorphism assays
(SSCP); clamped denaturing gel electrophoresis (CDGE);
denaturing gradient gel electrophoresis (DGGE)
(Sheffield, V., et al., Proc. Natl. Acad. Sci. USA,
86:232-236 (1989)), mobility shift analysis (Orita,
M., et al., Proc. Natl. Acad. Sci. USA, 86:2766-2770
(1989)), restriction enzyme analysis (Flavell, R., et
al., Cell, 15:25-41 (1978); Geever, R., et al., Proc.
Natl. Acad. Sci. USA, 78:5081-5085 (1981));
heteroduplex analysis; chemical mismatch cleavage
(CMC) (Cotton, R., et al., Proc. Natl. Acad. Sci. USA,
85:4397-4401 (1985)); RNase protection assays (Myers,
R., et al., Science, 230:1242-1246 (1985); use of
polypeptides that recognize nucleotide mismatches,
such as E. coli mutS protein; and allele-specific PCR.
I n another embodiment of the invention, diagnosis of
cardiovascular disease or a 



susceptibility t o cardiovascular disease can be made
by examining expression and/or composition of a
polypeptide encoded by a nucleic acid associated with
cardiovascular disease in those instances where the
genetic marker(s) or haplotype(s) of the present
invention result in a change in the composition or
expression of the polypeptide. Thus, diagnosis of a
susceptibility t o cardiovascular disease can be made
by examining expression and/or composition of one of
these polypeptides, or another polypeptide encoded by
a nucleic acid associated with cardiovascular disease,
in those instances where the genetic marker or
haplotype of the present invention results in a change
in the composition or expression of the polypeptide.
The haplotypes and markers of the present invention
that show association t o cardiovascular disease may
play a role through their effect on one or more of
these nearby genes (e.g, the CDKN2A and CDKN2B genes).
Possible mechanisms affecting these genes include,
e.g., effects on transcription, effects on RNA
splicing, alterations in relative amounts of
alternative splice forms of mRNA, effects on RNA
stability, effects on transport from the nucleus t o
cytoplasm, and effects on the efficiency and accuracy
of translation. Thus, in another embodiment, the
variants (markers or haplotypes) of the invention
showing association t o cardiovascular disease affect
the expression of a nearby gene (e.g., CDKN2A and/or
CDKN2B). It is well known that regulatory element
affecting gene expression may be located far away,
even as far as tenths or hundreds of kilobases away,
from the promoter region of a gene. By assaying for
the presence or absence of at least one allele of at
least one polymorphic marker of the present invention,
it is thus possible t o assess the expression level of
such nearby genes. I t is thus contemplated that the
detection of the markers or haplotypes of the present
invention can be used for assessing expression for one
or more of the CDKN2A and/or CDKN2B genes. A variety
of methods can be used for detecting protein
expression levels, including enzyme linked
immunosorbent assays (ELISA), Western blots,
immunoprecipitations and immunofluorescence. A test
sample from a subject is assessed for the presence of
an alteration in the expression and/or an alteration
in composition of the polypeptide encoded by a nucleic
acid associated with cardiovascular disease. An
alteration in expression of a polypeptide encoded by a
nucleic acid associated with cardiovascular disease
can be, for example, an alteration in the quantitative
polypeptide expression (i.e., the amount of
polypeptide produced). An alteration in the
composition of a polypeptide encoded by a nucleic acid
associated with a cardiovascular disease is an
alteration in the qualitative polypeptide expression
(e.g., expression of a mutant polypeptide or of a
different splicing variant). I n one embodiment,
diagnosis of a susceptibility to cardiovascular
disease is made by detecting a particular splicing
variant encoded by a nucleic acid associated with
cardiovascular disease, or a particular pattern of
splicing variants.Both such alterations (quantitative
and qualitative) can also be present. An "alteration"
in the polypeptide expression or composition (e.g.,
the CDKN2A and/or CDKN2B polypeptides), as used
herein, refers to an alteration in expression or
composition in a test sample, as compared to the
expression or composition of the polypeptide in a
control sample. A control sample is a sample that
corresponds to the test sample (e.g., is from the same
type of cells), and is from a subject who is not
affected by, and/or who does not have a susceptibility
to, cardiovascular disease. In one embodiment, the
control sample is from a subject that does not possess
a marker allele or haplotype associated with
cardiovascular disease, as described herein.
Similarly, the presence of one or more different
splicing variants in the test sample, or the presence
of significantly different amounts of different
splicing variants in the test sample, as compared with
the control sample, can be indicative of a
susceptibility to cardiovascular disease. An
alteration in the expression or composition of the
polypeptide in the test sample, as compared with the
control sample, can be indicative of a specific allele
in the instance where the allele alters a splice site
relative to the reference in the control sample.
Various means of examining expression or composition
of a polypeptide encoded by a nucleic acid are known
to the person skilled in the art and can be used,
including spectroscopy, colorimetry, electrophoresis,
isoelectric focusing, and immunoassays (e.g., David bt
al., U.S. Pat. No. 4,376,110) such as immunoblotting
(see, e.g., Current Protocols in Molecular Biology,
particularly chapter 10, supra). For example, in one
embodiment, an antibody (e.g., an antibody with a
detectable label) that is capable of binding to a
polypeptide encoded by a nucleic acid associated with
cardiovascular disease (e.g., CDKN2A and/or CDKN2B
polypeptides) can be used. Antibodies can be
polyclonal or monoclonal. An intact antibody, or a
fragment thereof (e.g., Fv, Fab, Fab', (at>')2) can e
used. The term "labeled", with regard to the probe or
antibody, is intended to encompass direct labeling of
the probe or antibody by coupling (i.e., physically
linking) a detectable substance to the probe or
antibody, as well as indirect labeling of the probe or
antibody by reactivity with another reagent that is
directly labeled. Examples of indirect labeling
include detection of a primary antibody using a
labeled secondary antibody (e.g., a
fluorescentlylabeled secondary antibody) and
end-labeling of a DNA probe with biotin such that it
can be detected with fluorescently-labeled
streptavidin. I n one embodiment of this method, the
level or amount of polypeptide encoded by a nucleic
acid associated with cardiovascular disease in a test
sample is compared with the level or amount of the
polypeptide in a control sample. A level or amount of
the polypeptide in the test sample that is higher or
lower than the level or amount of the polypeptide in
the control sample, such that the difference is
statistically significant, is indicative of an
alteration in the expression of the polypeptide
encoded by the nucleic acid, and is diagnostic for a
particular allele or haplotype responsible for causing
the difference in expression. Alternatively, the
composition of the polypeptide in a test sample is
compared with the composition of the polypeptide in a
control sample. I n another embodiment, both the level
or amount and the composition of the polypeptide can
be assessed in the test sample and in the control
sample.I n another embodiment, the diagnosis of a
susceptibility to cardiovascular disease is made by
detecting at least one marker or haplotypes of the
present invention (e.g., associated alleles of the
markers listed in Table 3, 10 and/or 21, and markers
in linkage disequilibrium therewith), in combination
with an additional protein-based, RNA-based or
DNA-based assay. Kits Kits useful in the methods of
the invention comprise components useful in any of the
methods described herein, including for example,
primers for nucleic acid amplification, hybridization
probes, restriction enzymes (e.g., for RFLP analysis),
allele-specific oligonucleotides, antibodies that bind
to an altered polypeptide encoded by a nucleic acid
associated with cardiovascular disease (e.g., MI, CAD,
IA, Stroke, AAA, restenosis, PAD) (e.g., antibodies
that bind to a polypeptide encoded by LD Block C09
(SEQ ID NO:94), or the CDKN2A and/or CDKN2B genes or
fragments thereof, e.g., a genomic segment comprising
at least one polymorphic marker and/or haplotype of
the present invention) or to a non-altered (native)
polypeptide encoded by a nucleic acid associated with
a cardiovascular disease, means for amplification of a
nucleic acid associated with a cardiovascular disease,
means for analyzing the nucleic acid sequence of a
nucleic acid associated with a cardiovascular disease,
means for analyzing the amino acid sequence of a
polypeptide encoded by a nucleic acid associated with
a cardiovascular disease, etc. The kits can for
example include necessary buffers, nucleic acid
primers for amplifying nucleic acids of the invention
(e.g., a nucleic acid segment comprising one or more
of the polymorphic markers as described herein), and
reagents for allele-specific detection of the
fragments amplified using such primers and necessary
enzymes (e.g., DNA polymerase). Additionally, kits can
provide reagents for assays to be used in combination
with the methods of the present invention, e.g.,
reagents for use with other diagnostic assays as
described herein. I n one embodiment, the invention
pertains to a kit for assaying a sample from a subject
to detect cardiovascular disease or a susceptibility
to cardiovascular disease, wherein the kit comprises
reagents necessary for selectively detecting at least
one allele of at least one polymorphism of the present
invention in the genome of the individual. I n a
particular embodiment, the reagents comprise at least
one contiguous oligonucleotide that hybridizes t o a
fragment of the genome of the individual comprising at
least one polymorphism of the present invention. I n
another embodiment, the reagents comprise at least one
pair of oligonucleotides that hybridize t o opposite
strands of a genomic segment obtained from a subject,
wherein each oligonucleotide primer pair is designed
to selectively amplify a fragment of the genome of the
individual that includes one polymorphism, wherein the
polymorphism is selected from the group consisting of
the polymorphisms as listed in any of the Tables 3, 10
and 21, and polymorphic markers in linkage
disequilibrium therewith. I n yet another embodiment
the fragment is at least 20 base pairs in size. Such
oligonucleotides or nucleic acids (e.g.,
oligonucleotide primers) canbe designed using portions
of the nucleic acids flanking polymorphisms (e.g.,
SNPs or microsatellites) that are indicative of a
cardiovascular disease. I n another embodiment, the
kit comprises one or more labeled nucleic acids
capable of detecting one or more specific polymorphic
markers or haplotypes associated with cardiovascular
disease, and reagents for detection of the label.
Suitable labels include, e.g., a radioisotope, a
fluorescent label, an enzyme label, an enzyme
co-factor label, a magnetic label, a spin label, an
epitope label. I n particular embodiments, the
polymorphic marker or haplotype to be detected by the
reagents of the kit comprises one or more markers, two
or more markers, three or more markers, four or more
markers or five or more markers selected from the
group consisting of the markers in Table 3, 10 and 21,
and markers in linkage disequilbrium therewith. I n
another embodiment, the marker or haplotype to be
detected comprises the markers listed in Table 3, 10
or 21. I n another embodiment, the marker or haplotype
to be detected comprises at least one marker from the
group of markers in strong linkage disequilibrium, as
defined by values of r2 greater than 0.2, to at least
one of the group of markers consisting of rsl0757278,
rslOl 16277, rsl333040, D9S1814, D9S1870 and
rs2383207. I n yet another embodiment, the marker or
haplotype to be detected comprises at least one marker
selected from the group of markers consisting of
rsl0757278, rs7041637, rs2811712, rs3218018,
rs3217992, rs2069426, rs2069422, rsl333034, rsl011970,
rslO116277, rsl333040, rs2383207, rsl333050, D9S1814, 



and D9S1870. I n one preferred embodiment, the kit for
detecting the markers of the invention comprises a
detection oligonucleotide probe, that hybridizes to a
segment of template DNA containing a SNP polymorphisms
to be detected, an enhancer oligonucleotide probe and
an endonuclease. As explained in the above, the
detection oligonucleotide probe comprises a
fluorescent moiety or group at its 3' terminus and a
quencher at its 5' terminus, and an enhancer
oligonucleotide, is employed, as described by Kutyavin
et al. (Nucleic Acid Res. 34:el28 (2006)). The
fluorescent moiety can be Gig Harbor Green or Yakima
Yellow, or other suitable fluorescent moieties. The
detection probe is designed to hybridize to a short
nucleotide sequence that includes the SNP polymorphism
to be detected. Preferably, the SNP is anywhere from
the terminal residue to -6 residues from the 3' end of
the detection probe. The enhancer is a short
oligonucleotide probe which hybridizes to the DNA
template 3' relative to the detection probe. The
probes are designed such that a single nucleotide gap
exists between the detection probe and the enhancer
nucleotide probe when both are bound to the template.
The gap creates a synthetic abasic site that is
recognized by an endonuclease, such as Endonuclease
IV. The enzyme cleaves the dye off the fully
complementary detection probe, but cannot cleave a
detection probe containing a mismatch. Thus, by
measuring the fluorescence of the released fluorescent
moiety, assessment of the presence of a particular
allele defined by nucleotide sequence of the detection
probe can be performed. The detection probe can be of
any suitable size, although preferably the probe is
relatively short. In one embodiment, the probe is from
5-100 nucleotides in length. In anotherembodiment, the
probe is from 10-50 nucleotides in length, and in
another embodiment, the probe is from 12-30
nucleotides in length. Other lengths of the probe are
possible and within scope of the skill of the average
person skilled in the art. In a preferred embodiment,
the DNA template containing the SNP polymorphism is
amplified by Polymerase Chain Reaction (PCR) prior to
detection, and primers for such amplification are
included in the reagent kit. In such an embodiment,
the amplified DNA serves as the template for the
detection probe and the enhancer probe. Certain
embodiments of the detection probe, the enhancer
probe, and/or the primers used for amplification of
the template by PCR include the use of modified bases,
including modified A and modified G. The use of
modified bases can be useful for adjusting the melting
temperature of the nucleotide molecule (probe and/or
primer) to the template DNA, for example for
increasing the melting temperature in regions
containing a low percentage of G or C bases, in which
modified A with the capability of forming three
hydrogen bonds to its complementary T can be used, or
for decreasing the melting temperature in regions
containing a high percentage of G or C bases, for
example by using modified G bases that form only two
hydrogen bonds to their complementary C base in a
double stranded DNA molecule. I n a preferred
embodiment, modified bases are used in the design of
the detection nucleotide probe. Any modified base
known to the skilled person can be selected in these
methods, and the selection of suitable bases is well
within the scope of the skilled person based on the
teachings herein and known bases available from
commercial sources as known to the skilled person. In
one such embodiment, the presence of the marker or
haplotype is indicative of a susceptibility (increased
susceptibility or decreased susceptibility) to
Cardiovascular disease. I n another embodiment, the
presence of the marker or haplotype is indicative of
response to a therapeutic agent for a Cardiovascular
disease. I n another embodiment, the presence of the
marker or haplotype is indicative of prognosis of a
Cardiovascular disease. I n yet another embodiment,
the presence of the marker or haplotype is indicative
of progress of treatment of a cardiovascular disease.
Such treatment may include intervention by surgery,
medication or by other means (e.g., lifestyle
changes). I n a further aspect of the present
invention, a pharmaceutical pack (kit) is provided,
the pack comprising a therapeutic agent and a set of
instructions for administration of the therapeutic
agent to humans diagnostically tested for one or more
variants of the present invention, as disclosed
herein. The therapeutic agent can be a small molecule
drug, an antibody, a peptide, an antisense or RNAi
molecule, or other therapeutic molecules. I n one
embodiment, an individual identified as a carrier of
at least one variant of the present invention is
instructed to take a prescribed dose of the
therapeutic agent. In one such embodiment, an
individual identified as a homozygous carrier of at
least one variant of the present invention is
instructed to take a prescribed dose of the
therapeutic agent. In another embodiment, an
individual identifiedas a non-carrier of at least one
variant of the present invention is instructed to take
a prescribed dose of the therapeutic agent. I n
certain embodiments, the kit further comprises a set
of instructions for using the reagents comprising the
kit. Therapeutic agents Variants of the present
invention (e.g., the markers and/or haplotypes of the
invention as described herein, e.g., the markers
listed in Table 3, 10 and 21) can be used to identify
novel therapeutic targets for cardiovascular disease.
For example, genes containing, or in linkage
disequilibrium with, variants (markers and/or
haplotypes) associated with cardiovascular disease, or
their products (e.g., the CDKN2A and CDKN2B genes and
their gene products), as well as genes or their
products that are directly or indirectly regulated by
or interact with these genes or their products, can be
targeted for the development of therapeutic agents to
treat cardiovascular disease, or prevent or delay
onset of symptoms associated with cardiovascular
disease. Therapeutic agents may comprise one or more
of, for example, small non-protein and non-nucleic
acid molecules, proteins, peptides, protein fragments,
nucleic acids (DNA, RNA), PNA (peptide nucleic acids),
or their derivatives or mimetics which can modulate
the function and/or levels of the target genes or
their gene products. The nucleic acids and/or variants
of the invention, or nucleic acids comprising their
complementary sequence, may be used as antisense
constructs to control gene expression in cells,
tissues or organs. The methodology associated with
antisense techniques is well known to the skilled
artisan, and is described and reviewed in
AntisenseDrug Technology: Principles, Strategies, and
Applications, Crooke, ed., Marcel Dekker Inc., New
York (2001). In general, antisense nucleic acid
molecules are designed to be complementary to a region
of mRNA expressed by a gene, so that the antisense
molecule hybridizes to the mRNA, thus blocking
translation of the mRNA into protein. Several classes
of antisense oligonucleotide are known to those
skilled in the art, including cleavers and blockers.
The former bind to target RNA sites, activate
intracellular nucleases (e.g., RnaseH or Rnase L),
that cleave the target RNA. Blockers bind to target
RNA, inhibit protein translation by steric hindrance
of the ribosomes. Examples of blockers include nucleic
acids, morpholino compounds, locked nucleic acids and
methylphosphonates (Thompson, Drug Discovery Today,
7:912-917 (2002)). Antisense oligonucleotides are
useful directly as therapeutic agents, and are also
useful for determining and validating gene function,
for example by gene knock-out or gene knock-down
experiments. Antisense technology is further described
in Lavery et al., Curr. Opin. Drug Discov. Devel.
6:561- 569 (2003), Stephens et al., Curr. Opin. MoI.
Ther. 5: 118-122 (2003), Kurreck, Eur. J. Biochem.
270: 1628-44 (2003), Dias et al., MoI. Cancer Ter.
1:347-55 (2002), Chen, Methods MoI. Med. 75:621-636
(2003), Wang et al., Curr. Cancer Drug Targets 1:
177-96 (2001), and Bennett, Antisense Nucleic Acid
Drug.Dev. 12:215-24 (2002)The variants described
herein can be used for the selection and design of
antisense reagents that are specific for particular
variants. Using information about the variants
described herein, antisense oligonucleotides or other
antisense molecules that specifically target mRNA
molecules that contain one or more variants of the
invention can be designed. In this manner, expression
of mRNA molecules that contain one or more variant of
the present invention (markers and/or haplotypes) can
be inhibited or blocked. I n one embodiment, the
antisense molecules are designed to specifically bind
a particular allelic form (i.e., one or several
variants (alleles and/or haplotypes)) of the target
nucleic acid, thereby inhibiting translation of a
product originating from this specific allele or
haplotype, but which do not bind other or alternate
variants at the specific polymorphic sites of the
target nucleic acid molecule. As antisense molecules
can be used to inactivate mRNA so as to inhibit gene
expression, and thus protein expression, the molecules
can be used to treat a disease or disorder, such as a
cardiovascular disease. The methodology can involve
cleavage by means of ribozymes containing nucleotide
sequences complementary to one or more regions in the
mRNA that attenuate the ability of the mRNA to be
translated. Such mRNA regions include, for example,
protein-coding regions, in particular protein-coding
regions corresponding to catalytic activity, substrate
and/or ligand binding sites, or other functional
domains of a protein. The phenomenon of RNA
interference (RNAi) has been actively studied for the
last decade, since its original discovery in C.
elegans (Fire et al., Nature 391:806-11 (1998)), and
in recent years its potential use in treatment of
human disease has been actively pursued (reviewed in
Kim & Rossi, Nature Rev. Genet. 8: 173-204 (2007)).
RNA interference (RNAi), also called gene silencing,
is based on using double-stranded RNA molecules
(dsRNA) to turn off specific genes. I n the cell,
cytoplasmic double-stranded RNA molecules (dsRNA) are
processed by cellular complexes into small interfering
RNA (siRNA). The siRNA guide the targeting of a
protein-RNA complex to specific sites on a target
mRNA, leading to cleavage of the mRNA (Thompson, Drug
Discovery Today, 7:912-917 (2002)). The siRNA
molecules are typically about 20, 21, 22 or 23
nucleotides in length. Thus, one aspect of the
invention relates to isolated nucleic acid molecules,
and the use of those molecules for RNA interference,
i.e. as small interfering RNA molecules (siRNA). In
one embodiment, the isolated nucleic acid molecules
are 18-26 nucleotides in length, preferably 19-25
nucleotides in length, more preferably 20-24
nucleotides in length, and more preferably 21, 22 or
23 nucleotides in length. Another pathway for
RNAi-mediated gene silencing originates in
endogenously encoded primary microRNA (pri-miRNA)
transcripts, which are processed in the cell to
generate precursor miRNA (pre-miRNA). These miRNA
molecules are exported from the nucleus to the
cytoplasm, where they undergo processing to generate
mature miRNA molecules (miRNA), which direct
translational inhibition by recognizing target sites
in the 3' untranslated regions of mRNAs, and 



subsequent mRNA degradation by processing P-bodies
(reviewed in Kim & Rossi, Nature Rev. Genet. 8:
173-204 (2007)).Clinical applications of RNAi include
the incorporation of synthetic siRNA duplexes, which
preferably are approximately 20-23 nucleotides in
size, and preferably have 3' overlaps of 2
nucleotides. Knockdown of gene expression is
established by sequence-specific design for the target
mRNA. Several commercial sites for optimal design and
synthesis of such molecules are known to those skilled
in the art. Other applications provide longer siRNA
molecules (typically 25-30 nucleotides in length,
preferably about 27 nucleotides), as well as small
hairpin RNAs (shRNAs; typically about 29 nucleotides
in length). The latter are naturally expressed, as
described in Amarzguioui et al. [FEBS Lett.
579:5974-81 (2005)). Chemically synthetic siRNAs and
shRNAs are substrates for in vivo processing, and in
some cases provide more potent gene-silencing than
shorter designs (Kim et al., Nature Biotechnol.
23:222-226 (2005); Siolas et al., Nature Biotechnol.
23:227-231 (2005)). I n general siRNAs provide for
transient silencing of gene expression, because their
intracellular concentration is diluted by subsequent
cell divisions. By contrast, expressed shRNAs mediate
long-term, stable knockdown of target transcripts, for
as long as transcription of the shRNA takes place
(Marques et al., Nature Biotechnol. 23:559-565 (2006);
Brummelkamp et al., Science 296: 550-553 (2002)).
Since RNAi molecules, including siRNA, miRNA and
shRNA, act in a sequence-dependent manner, the
variants of the present invention (e.g., the markers
and haplot g pes set forth in Tables 3, 10 and 21) can
be used to design RNAi reagents that recognize
specific nucleic acid molecules comprising specific
alleles and/or haplotypes (e.g., the alleles and/or
haplotypes of the present invention), while not
recognizing nucleic acid molecules comprising other
alleles or haplotypes. These RNAi reagents can thus
recognize and destroy the target nucleic acid
molecules. As with antisense reagents, RNAi reagents
can be useful as therapeutic agents (i.e., for turning
off disease-associated genes or disease-associated
gene variants), but may also be useful for
characterizing and validating gene function (e.g., by
gene knock-out or gene knock down experiments).
Delivery of RNAi may be performed by a range of
methodologies known to those skilled in the art.
Methods utilizing non-viral delivery include
cholesterol, stable nucleic acid-lipid particle
(SNALP), heavy-chain antibody fragment (Fab), aptamers
and nanoparticles. Viral delivery methods include use
of lentivirus, adenovirus and adeno-associated virus.
The siRNA molecules are in some embodiments chemically
modified to increase their stability. This can include
modifications at the 2' position of the ribose,
including 2'-O-methylpurines and 2'-
fluoropyrimidines, which provide resistance to Rnase
activity. Other chemical modifications are possible
and known to those skilled in the art. The following
references provide a further summary of RNAi, and
possibilities for targeting specific genes using RNAi:
Kim & Rossi, Nat. Rev. Genet. 8 : 173-184 (2007), Chen
& Rajewsky, Nat. Rev. Genet. 8: 93-103 (2007),
Reynolds, et al., Nat. Biotechnol. 22:326-330 (2004),
Chi et al., Proc. Natl. Acad. Sci. USA 100:6343-6346
(2003), Vickers et al., J. Biol.Chbm. 278:7108-7118
(2003), Agami, Curr. Opin. Chem. Biol. 6:829-834
(2002), Lavery, et al., Curr. Opin. Drug Discov.
Devel. 6:561-569 (2003), Shi, Trends Genet. 19:9-12
(2003), Shuey et al., Drug Discov. Today 7:1040-46
(2002), McManus et al., Nat. Rev. Genet. 3:737-747
(2002), Xia et al., Nat. Biotechnol. 20: 1006-10
(2002), Plasterk et al., curr. Opin. Genet. Dev.
10:562-7 (2000), Bosher et al., Nat. Cell Biol.
2:E31-6 (2000), and Hunter, Curr. Biol. 9:R440-442
(1999). A genetic defect leading to increased
predisposition or risk for development of a
cardiovascular disease, or a defect causing the
disease, may be corrected permanently by administering
to a subject carrying the defect a nucleic acid
fragment that incorporates a repair sequence that
supplies the normal/wild-type nucleotide(s) at the
site of the genetic defect. Such site-specific repair
sequence may concompass an RNA/DNA oligonucleotide
that operates to promote endogenous repair of a
subject's genomic DNA. The administration of the
repair sequence may be performed by an appropriate
vehicle, such as a complex with polyethelenimine,
encapsulated in anionic liposomes, a viral vector such
as an adenovirus vector, or other pharmaceutical
compositions suitable for promoting intracellular
uptake of the adminstered nucleic acid. The genetic
defect may then be overcome, since the chimeric
oligonucleotides induce the incorporation of the
normal sequence into the genome of the subject,
leading to expression of the normal/wild-type gene
product. The replacement is propagated, thus rendering
a permanent repair and alleviation of the symptoms
associated with the disease or condition. The present
invention provides methods for identifying compounds
or agents that can be used to treat cardiovascular
disease. Thus, the variants of the invention are
useful as targets for the identification and/or
development of therapeutic agents. I n certain
embodiments, such methods include assaying the ability
of an agent or compound to modulate the activity
and/or expression of a nucleic acid that includes at
least one of the variants (markers and/or haplotypes)
of the present invention, or the encoded product of
the nucleic acid (e.g, one or both of the CDKN2A and
CDKN2B genes). This in turn can be used to identify
agents or compounds that inhibit or alter the
undesired activity or expression of the encoded
nucleic acid product. Assays for performing such
experiments can be performed in cell-based systems or
in cell-free systems, as known to the skilled person.
Cell-based systems include cells naturally expressing
the nucleic acid molecules of interest, or recombinant
cells that have been genetically modified so as to
express a certain desired nucleic acid molecule.
Variant gene expression in a patient can be assessed
by expression of a variantcontaining nucleic acid
sequence (for example, a gene containing at least one
variant of the present invention, which can be
transcribed into RNA containing the at least one
variant, and in turn translated into protein), or by
altered expression of a normal/wild-t g pe nucleic
acid sequence due to variants affecting the level or
pattern of expression of the normal transcripts, for
example variants in the regulatory or control region
of the gene. Assays for gene expression include direct
nucleic acid assays (mRNA), assays for expressed
protein levels, or assays of collateral compounds
involved in a pathway, for example a signal pathway.
Furthermore, theexpression of genes that are up- or
down-regulated in response to the signal pathway can
also be assayed. One embodiment includes operably
linking a reporter gene, such as luciferase, to the
regulatory region of the gene(s) of interest.
Modulators of gene expression can in one embodiment be
identified when a cell is contacted with a candidate
compound or agent, and the expression of mRNA is
determined. The expression level of mRNA in the
presence of the candidate compound or agent is
compared to the expression level in the absence of the
compound or agent. Based on this comparison, candidate
compounds or agents for treating cardiovascular
disease can be identified as those modulating the gene
expression of the variant gene. When expression of
mRNA or the encoded protein is statistically
significantly greater in the presence of the candidate
compound or agent than in its absence, then the
candidate compound or agent is identified as a
stimulator or upregulator of expression of the nucleic
acid. When nucleic acid expression or protein level is
statistically significantly less in the presence of
the candidate compound or agent than in its absence,
then the candidate compound is identified as an
inhibitor or down-regulator of the nucleic acid
expression. The invention further provides methods of
treatment using a compound identified through drug
(compound and/or agent) screening as a gene modulator
(i.e. stimulator and/or inhibitor of gene expression).
Methods of assessing probability of response to
therapeutic agents and methods, methods of monitoring
treatment progress and methods for treating
cardiovascular disease As is known in the art,
individuals can have differential responses to a
particular therapy (e.g., a therapeutic agent or
therapeutic method). Pharmacogenomics addresses the
issue of how genetic variations (e.g., the variants
(markers and/or haplotypes) of the present invention)
affect drug response, due to altered drug disposition
and/or abnormal or altered action of the drug. Thus,
the basis of the differential response may be
genetically determined in part. Clinical outcomes due
to genetic variations affecting drug response may
result in toxicity of the drug in certain individuals
(e.g., carriers or non-carriers of the genetic
variants of the present invention), or therapeutic
failure of the drug. Therefore, the variants of the
present invention may determine the manner in which a
therapeutic agent and/or method acts on the body, or
the way in which the body metabolizes the therapeutic
agent. Accordingly, in one embodiment, the presence of
a particular allele of a polymorhpic marker, or the
presence of a haplotype as described herein is
indicative of a different response rate to a
particular treatment modality for a cardiovascular
disease. This means that a patient diagnosed with
cardiovascular disease, or at risk for a
cardiovascular disease, and carrying a certain allele
at a polymorphic or haplotype of the present invention
(e.g., the at-risk alleles and/or haplotypes of the
invention) would respond better to, or worse to, a
specific therapeutic,drug and/or other therapy used to
treat the cardiovascular disease. Therefore, the
presence or absence of the marker allele or haplotype
could aid in deciding what treatment should be used
for a the patient. For example, for a newly diagnosed
patient, the presence of a marker or haplotype of the
present invention may be assessed (e.g., through
testing DNA derived from a blood sample or other
sample containing genomic DNA, as described herein).
If the patient is positive for a marker allele or
haplotype at (that is, at least one specific allele of
the marker, or haplotype, is present), then the
physician recommends one particular therapy (e.g., one
particular therapeutic agent or a combination of
therapeutic agents), while if the patient is negative
for the at least one allele of a marker, or a
haplotype, then a different course of therapy may be
recommended (which may include recommending that no
immediate therapy, other than serial monitoring for
progression of the disease, be performed). Thus, the
patient's carrier status could be used to help
determine whether a particular treatment modality
should be administered. The value lies within the
possibilities of being able to diagnose the disease at
an early stage and provide information to the
clinician about prognosis/aggressiveness of the
disease in order to be able to apply the most
appropriate treatment. As one example, the application
of a genetic test for restenosis can identify subjects
who are at high risk of developing restenosis after
coronary stent procedure. While it is know that 



some treatment methods for coronary artery disease,
such as introducing drug-eluting stents and
brachytherapy, are associated with decreased risk of
in-stent restenosis, the use of these methods are
restricted because of number of reasons, including
economical reasons. Identification of individuals
within the group of those undergoing coronary stent
procedure who are carriers of genetic risk variants
for in-stent restenosis will allow targeting of those
individuals that would benefit most from therapy
associated with decreased risk of in-stent restenosis.
The present invention also relates to methods of
monitoring effectiveness of a treatment for a
cardiovascular disease, including coronary artery
disease, MI, stroke, PAD, IA, AAA and restenosis. This
can be done based on the genotype and/or haplotype
status of the markers and haplotypes of the present
invention, or by monitoring expression of genes that
are associated with the variants (markers and
haplotypes) of the present invention (e.g., CDKN2A and
CDKN2B). The risk gene mRNA or the encoded polypeptide
can be measured in a tissue sample (e.g., a peripheral
blood sample, or a biopsy sample). Expression levels
and/or mRNA levels can thus be determined before and
during treatment to monitor its effectiveness.
Alternatively, or concomitantly, the genotype and/or
haplotype status of at least one risk variant for
cardiovascular disease as presented herein is
determined before and during treatement to monitor its
effectivenes. The treatment modules of a
cardiovascular disease to which the invention pertains
includes, but is not limited to, methods of treatment
for myocardial infarction or susceptibility to
myocardial infarction; methods of phophylaxis therapy
for myocardial infarction; methods of treatment for
transient ischemic attack or stroke, or susceptibility
to stroke; methods of treatment for claudication, PAD
or susceptibility to PAD; methods of treatment for
acutecoronary syndrome (e.g., unstable angina,
non-ST-elevation myocardial infarction (NSTEMI) or
ST-elevation myocardial infarction (STEMI)); methods
for reducing risk of MI, stroke or PAD; methods for
decreasing risk of a second myocardial infarction or
stroke; methods of treatment for atherosclerosis, such
as for patients requiring treatment (e.g.,
angioplasty, stents, revascularization procedure) to
restore blood flow in arteries (e.g., coronary,
carotid, and/or femoral arteries); methods of
treatment for asymptomatic ankle/brachial index of
less than 0.9; and/or methods for decreasing
leukotriene synthesis (e.g., for treatment of
myocardial infarction, stroke or PAD), methods for
treatment of abdominal aorta aneurysm, methods for
treatment of intracranial aneurysm. Treatment of
coronary artery disease and MI may be categorized as
(i) preventive treatment and (ii) disease management.
The main goal of the latter is to minimize damage to
the heart and prevent further complications. The first
line of disease management typically includes one or
more of adminstration of oxygen, aspirin, glyceryl
nitrate (nitroglycerin) and analgesia, such as
morphine or related drugs. Once diagnosis of MI is
made, additional therapy may include beta blockers,
anticoagulation agents, including heparin and/or low
molecular weigth heparin, and possibly also
antiplatelet agents, such as clopidogrel. Secondary
prevention, i.e. the management of risk of a recurrent
MI, typically includes one or more of the following:
Antiplatelet drug therapy, including aspirin and/or
clopidogrel, beta blocker therapy, including
metoprolol and carvedilol, ACE inhibitor therapy,
Statin therapy, Aldosterone antagonist therapy,
including eplerenone. Further, non-therapeutic
administration of food supplements such as omega-3
fatty acids may be benefitional. New preventive
therapy for cardiovascular disese, including CAD, MI
and stroke, includes agents that act on the formation
and/or rupture of plaques, and also includes
phosphodiesterase inhibitors. Such therapeutic agents
are useful in the methods of the invention, as
described herein. This includes, but is not limited
to, agents that target the leukotriene synthesis
pathway. The leukotriene synthesis inhibitor can be
any agent that inhibits or antagonizes a member of the
leukotriene synthesis pathway (e.g., FLAP, 5-LO,
LTC4S, LTA4H, and LTB4DH). For example, the
leukotriene synthesis inhibitor can be an agent that
inhibits or antagonizes FLAP polypeptide activity
(e.g., a FLAP inhibitor) and/or FLAP nucleic acid
expression (e.g., a FLAP nucleic acid antagonist). In
another embodiment, the leukotriene synthesis
inhibitor is an agent that inhibits or antagonizes
polypeptide activity and/or nucleic acid expression of
another member of the leukotriene biosynthetic pathway
(e.g., LTC4S, LTA4H) or that increases breakdown of
leukotrienes (e.g., LTB4DH). In preferred embodiments,
the agent alters activity and/or nucleic acid
expression of FLAP, LTA4H or of 5-LO. Preferred agents
include those set forth in the Agent Table I herein. I
n another embodiment, preferred agents can be:
l-((4-chlorophenyl)methyl)-3-
((l,l-dimethylethyl)thio)-alpha,alpha-dimethyl-5-(
2-quinolinylmethoxy)- lH-Indole-2-propanoic acid
otherwise known as MK-0591,
(R)-(+)-alpha-cyclopentyl-4-(2-quinolin g lmethoxy)-
Benzeneacetic acid, otherwise known as BAY-x-1005,
3-(3-(l,l-dimethylethylthio-5-(quinoline-
2-ylmethoxy)-l-(4-chloromethylphenyl)indole-2-yl)-2,2-
dimethylpropionaldehyde oxime-0-2- acetic acid
otherwise known as A-81834; or can be zileuton,
atreleuton,
6-((3-fluoro-5-(tetrahydro-4-methoxy-2H-pyran-4yl)phen
oxy)methyl)-l-methyl-2(lH)-quinlolinone otherwise
known as ZD-2138,
l-((4-chlorophenyl)methyl)-3-((l,ldimethylethyl)thio)-
alpha,alphadimethyl- 5-(
2-quinolinylmethoxy)-lH-Indole-2-propanoic acid
otherwise known as MK-886, 4-
(3-(4-(2-Methyl-imidazol-l-yl)-phenylsulfanyl)-phenyl)
-tetrahydro-pyran-4-carboxylic acid amide otherwise
known as CJ-13610. Additional agents include those
described in Penning et al., Med Chem. 2002
45(16):3482-90, Penning, Curr Pharm Des. 2001, 7(3):
163-79 and Penning et al., J Med Chem. 2000
43(4):721-35.In another embodiment, the agent alters
metabolism or activity of a leukotriene (e.g., LTA4,
LTB4, LTC4, LTD4, LTE4, Cys LTl, Cys LT2), such as
leukotriene antagonists or antibodies to leukotrienes,
as well as agents which alter activity of a
leukotriene receptor (e.g., BLTl, BLT2, CysLTRl, and
CysLTR2). In other preferred embodiments, the agent
alters activity and/or nucleic acid expression of
LTA4H. Preferred agents include those set forth in the
Agent Table II; but also include the following agents:
l-[2-[4-(phenylmethyl)phenoxy]ethyl]-2-methyl-4-tetraz
olylpieridine; l-[2-
[4-(4-oxazolyl)phenoxy)phenoxy]ethyl] pyrrolidine;
3-[methyl[3-[4-(2-
thienylmethyl)phenoxy]propyl]amino]propionic acid;
methyl 3-[methyl[3-[4-(2-
thienylmethyl)phenoxy]propyl]amino]propionate;
3-[methyl[3-[4-(3-
thienylmethyl)phenoxy]propyl]amino]propionic acid;
methyl-3-[methyl[3-4-(3-
theinylmethyl)phenoxy]propyl]amino]propionate;
3-[methyl[3-[4-(4- fluorophenoxy)phenoxy]propyl]amino]
propionic acid; 3-[methyl[3-[4-(4-
biphenyloxy)phenoxy]propyl]amino]propionic acid;
N-[3-[[3-[4-(phenylmethyl)phenoxy]
propyl]methylamino]propionyl]benzenesulfonamide;
l-[2-[4-(phenylmethyl)phenoxy]ethyl]-2-
methyl-4-(lH-tetrazol-5-yl)piperidine;
l-[2-[4-(phenylmethyl)phenoxy]ethyl]-4-(lH-tetrazol-5-
yl)piperidine. In another embodiment, preferred agents
can be: ethyl-l-[2-[4-
(phenylmethyl)phenoxy]ethyl]-4-piperidine-carboxylate,
otherwise known as SC-56938; [4-[5-
(3-Phenyl-propyl)thiophen-2-yl]butoxy]acetic acid,
otherwise known as RP64966; (R)-S-[[4-
(dimethylamino)phenyl]methyl]-N-(3-mercapto-2methyl-l-
oxopropyl-L-cycteine, otherwise known as SA6541. In
one preferred embodiment, the therapeutic agent is
4-{(S)-2-[4-(4-
Chloro-phenoxy)-phenoxymethyl]-pyrrolidin-l-yl}-butyra
mide, also known as DG-051. The agents for treating or
preventing a cardiovascular disease can be adminstered
alone, or in combination with a statin. Statins
include, but are not limited to, the agents
rovuvastatin, fluvastatin, atorvastatin, lovastatin
(also known as mevolin), simvastatin, pravastatin,
pitavastatin, mevastatin, crevastatin, ML-236A,
ML-236B, MBV-530A and MB-530B. All agents listed in
the above and in Agent Table I and Agent Table I I
also include their optically pure enantiomers, salts,
chemical derivatives, and analogues.Description
PEPTIDE VACCINES FOR CANCERS EXPRESSING
TUMORASSOCIATED ANTIGENS Technical Field [0001] The
present application claims the benefit of U.S.
Provisional Application No. 60/902,949, filed February
21, 2007, the entire disclosure of which is hereby in
corporated herein by reference for all purposes.
[0002] The present invention relates to the field of
biological science, more specifically to the field of
cancer therapy. In particular, the present invention
relates to novel im munogenic peptides that serve as
extremely effective as cancer vaccines, and drugs for
treating and preventing tumors containing such
peptides. Background Art [0003] It has been
demonstrated that CD8+ cytotoxic T lymphocytes (CTLs)
recognize epitope peptides derived from
tumor-associated antigens (TAAs) presented on MHC
class I molecules, and subsequently lyse the tumor
cells. Since the discovery of the MAGE family as the
first example of TAAs, many other TAAs have been
discovered using immunological approaches (Boon T.
(1993) Int J Cancer 54: 177-80.; Boon T. et al.,
(1996) J Exp Med 183: 725-9.; van der Bruggen P et
al., (1991) Science 254: 1643-7.; Brichard V et al.,
(1993) J Exp Med 178: 489-95.; Kawakami Y et al.,
(1994) J Exp Med 180: 347-52.). Some of them are now
in clinical development as targets of immunotherapy.
TAAs discovered to date include MAGE (van der Bruggen
P et al., (1991) Science 254: 1643-7.), gplOO
(Kawakami Y et al., (1994) J Exp Med 180: 347-52.),
SART (Shichijo S et al., (1998) J Exp Med
187:277-88.), and NY-ESO-I (Chen Y.T. et al., (1997)
Proc. Natl. Acd. Sci. USA, 94: 1914-8.). On the other
hand, certain gene products demonstrated to be
somewhat specifically over-expressed in tumor cells
have been shown to be recognized as targets for
inducing cellular immune responses. Such gene products
include p53 (Umano Y et al., (2001) Br J Cancer,
84:1052-7.), HER2/neu (Tanaka H et al., (2001) Br J
Cancer, 84: 94-9.), CEA (Nukaya I et al., (1999) Int.
J. Cancer 80, 92-7.) and the like. [0004] Despite
significant progress in basic and clinical research
concerning TAAs (Rosenberg SA et al., (1998) Nature
Med, 4: 321-7.; Mukherji B. et al., (1995) Proc Natl
Acad Sci USA, 92: 8078-82.: Hu X et al., (1996) Cancer
Res, 56: 2479-83.), only a very limited number of
candidate TAAs suitable for treatment of cancers are
presently available. TAAs that are abundantly
expressed in cancer cells, and whose ex pression is
restricted to cancer cells, would be promising
candidates as immunotherapeutic 



targets.[0005] Both HLA-A24 and HLA-A0201 are common
HLA alleles in the Japanese and Caucasian populations
(Date Y et al., (1996) Tissue Antigens 47: 93-101.;
Kondo A et al., (1995) J Immunol 155: 4307-12.; Kubo
RT et al., (1994) J Immunol 152: 3913-24.; Imanishi et
al., Proceeding of the eleventh International
Histocompatibility Workshop and Conference Oxford
University Press, Oxford, 1065 (1992); Williams F et
al., (1997) Tissue Antigen 49: 129-33.). Thus,
antigenic peptides of cancers presented by these HLA
alleles may find particular utility in the treatment
of cancers among Japanese and Caucasian patients.
Further, it is known that the induction of
low-affinity CTL in vitro usually results from
exposure to high concentrations of peptides,
generating a high level of specific peptide/MHC
complexes on antigen-presenting cells (APCs), which
will effectively activate these CTL (Alexander-Miller
et al., (1996) Proc Natl Acad Sci USA 93: 4102-7.).
[0006] Recently, HLA class I-binding peptide sequence
can be expected using algorithms (Jounal of
Immunological Methods, (1995), Vol.185, pp.181-190, J
. Immunol., (1994), Vol. 152, pp.163-175, protein
science, (2000), Vol.9, pp.1838-1846). However, it is
hard to say that the expected epitope peputide can be
cut to the size and expressed on the target cell
surface with HLA molecule and recognized by CTL.
Moreover, the algorithm, for example BIMAS
(http://bimas.dcrt.nih.gov/cgi-bin/molbio/ken_parker_c
omboform) (Parker KC, et al., (1994) J Immunol.;
152(l):163-75.; Kuzushima K, et al., (2001) Blood.;
98(6):1872-81.)) can suggest the HLA molecule-binding
peputide, but the suggested peptide is not so rigorous
(Bachinsky MM, et. al., Cancer Immun. 2005 Mar 22;
5:6.). Thus TAA screening still remains a lot of
challenges and difficulties. [0007] Recent
developments in cDNA microarray technologies have
enabled the con struction of comprehensive profiles of
gene expression in malignant cells as compared to
normal cells (Okabe, H. et al., (2001) Cancer Res.,
61, 2129-37.; Lin YM. et al., (2002) Oncogene, 21;
4120-8.; Hasegawa S. et al., (2002) Cancer Res
62:7012-7.). This approach enables a more thorough
understanding of the complex nature of cancer cells
and the mechanisms of carcinogenesis and facilitates
the identification of genes whose expression is
deregulated in tumors (Bienz M. et al., (2000) Cell
103, 311-20.). Among the transcripts identified as
up-regulated in cancers, CDH3 (GenBank Accession No.
NM_001793; SEQ ID Nos.l, 2), EPHA4 (GenBank Accession
No. L36645; SEQ ID Nos.3, 4), ECT2 (GenBank Accession
No. AY376439; SEQ ID Nos.5, 6), HIG2 (GenBank
Accession No. NM_013332; SEQ ID Nos.7, 8) INHBB
(GenBank Accession No. NM_002193; SEQ ID Nos.9, 10),
KIF20A (GenBank Accession No. NM_005733; SEQ ID Nos.l
1, 12), KNTC2 (GenBank Accession No. AF017790; SEQ ID
Nos.13, 14), TTK (GenBank Accession No. NM_003318; SEQ
ID Nos.15, 16) and URLClO (GenBank Accession No.
NM_017527; SEQ ID Nos.17, 18) have beenrecently
discovered. The entire contents of the references are
incorporated by reference herein. These genes are of
particular interest to the present inventors, being
specifically up-regulated in tumor cells of the
various cancer tissues of the cases analyzed (see
below). Thus, immunogenic peptides derived from CDH3,
EPHA4, ECT2, HIG2, INHBB, KIF20A, KNTC2, TTK and
URLClO may find utility in selectively killing tumor
cells that express such antigens. The present
invention addresses these and other needs. Since
cytotoxic drugs, such as M-VAC, often cause severe
adverse reactions, it is clear that thoughtful
selection of novel target molecules on the basis of
wellcharacterized mechanisms of action should be very
helpful in the development of effective anti-cancer
drugs having a minimized risk of side effects. Toward
this goal, expression profile analyses were previously
performed on various cancers and normal human tissue.
Such studies led to the discovery of multiple genes
that are specifically over-expressed in cancer (Lin
YM, et al., Oncogene. 2002 Jun 13;21:4120-8.; Kitahara
O, et al., Cancer Res. 2001 May l;61:3544-9.; Suzuki
C, et al., Cancer Res. 2003 Nov l;63:7038-41.; Ashida
S, Cancer Res. 2004 Sep l;64:5963-72.; Ochi K, et al.,
Int J Oncol. 2004 Mar;24(3):647-55.; Kaneta Y, et al.,
Int J Oncol. 2003 Sep;23:681-91.; Obama K, Hepatology.
2005 Jun;41:1339-48.; Kato T, et al., Cancer Res. 2005
JuI l;65:5638-46.; Kitahara O, et al., Neoplasia. 2002
Jul-Aug;4:295-303.; Saito- Hisaminato A et al., DNA
Res 2002, 9: 35-45.). Examples of such genes
identified as over-expressed in various cancers
include, but are not limited to, CDH3, EPHA4, ECT2,
HIG2, INHBB, KIF20A, KNTC2, TTK and URLClO. CDH3 has
been previously identified as over-expressed in
bladder cancer, cervical cancer, cholangincellular
carcinoma, colorectal cancer, endometriosis, gastric
cancer, diffuse-type gastric cancer, non-small cell
lung cancer (NSCLC), pancreatic cancer, soft tissue
tumor and testicular tumor. EPHA4 has been identified
in bladder cancer, cervical cancer, cholangincellular
carcinoma, endometriosis, diffuse-type gastric cancer,
ovarian cancer, pancreatic cancer, prostate cancer and
soft tissue tumor. ECT2 has been identified in bladder
cancer, breast cancer, cervical cancer,
cholangincellular carcinoma, chronic myeloid leukemia
(CML), colorectal cancer, esophageal cancer, NSCLC,
lymphoma, prostate cancer, renal carcinoma and small
cell lung cancer (SCLC). HIG2 has been identified in
renal carcinoma and SCLC. INHBB has been identified in
cholangincellular carcinoma, esophageal cancer, NSCLC,
renal carcinoma, SCLC and soft tissue tumor. KIF20A
has been identified in bladder cancer, breast cancer,
cholangincellular carcinoma, esophageal cancer, NSCLC,
pancreatic cancer, prostate cancer, renal carcinoma
and SCLC. KNTC2 has been identified in bladder cancer,
breast cancer, cervical cancer, cholangincellular
carcinoma, CML, colorectal cancer, esophageal cancer,
NSCLC, lymphoma, osteosarcoma, ovariancancer,
pancreatic cancer, prostate cancer, renal carcinoma,
SCLC and soft tissue tumor. TTK has been identified in
bladder cancer, breast cancer, cervical cancer,
cholangincellular carcinoma, CML, colorectal cancer,
esophageal cancer, liver cancer, NSCLC, lymphoma,
osteosarcoma, prostate cancer, SCLC and soft tissue
tumor. URLClO has been identified in bladder cancer,
cervical cancer, cholangincellular carcinoma,
esophageal cancer, gastric cancer, NSCLC,
osteosarcoma, pancreatic cancer and SCLC. [0009]
Summary of the Invention The present invention is
based in part on the discovery of the applicable
targets of immunotherapy. Because TAAs have often no
immunogenicity, the discovery of ap propriate targets
is of extreme importance. As noted above, CDH3, EPHA4,
ECT2, HIG2, INHBB, KIF20A, KNTC2, TTK and URLClO have
been identified as upregulated in various cancers.
More particularly, these genes were identified using
gene expression profiling with a genome-wide cDNA
microarray. As discussed above, ex pression of CDH3,
EPHA4, ECT2, HIG2, INHBB, KIF20A, KNTC2, TTK and
URLClO has been shown to be specifically up-regulated
in various tumor cells, from pancreatic cancer cells
to renal cell carcinomas. As described in Table 1,
CDH3 ex pression is validly elevated in 26 out of 34
bladder cancer, 17 out of 19 cervical cancer, all of
19 cholangincellular carcinoma, 30 out of 34
colorectal cancer, 20 out of 2 1 en dometriosis, 13
out of 20 gastric cancer, 7 out of 8 diffuse-type
gastric cancer, 36 out of 37 NSCLC, all of 16
pancreatic cancer, all of 2 1 soft tissue tumor and
all of 10 testicular tumor. [0010] Table 1 further
demonstrates that: EPHA4 expression isvalidly elevated
in 14 out of 34 bladder cancer, 8 out of 14 cervical
cancer, 10 out of 25 cholangincellular carcinoma, 5
out of 15 endometriosis, 5 out of 8 diffuse-type
gastric cancer, all of 5 ovarian cancer, all 14
pancreatic cancer, 20 out of 5 1 prostate cancer and
14 out of 23 soft tissue tumor. ECT2 expression is
validly elevated in 17 out of 19 bladder cancer, 5 out
of 12 breast cancer, all of 14 cervical cancer, all of
13 cholangiocellular carcinoma, all of 5 CML, 7 out of
8 colorectal cancer, 12 out of 16 esophageal cancer, 6
out of 16 NSCLC, 8 out of 10 lymphoma, 1 out of 1
pancreatic cancer, 10 out of 13 prostate cancer, 3 out
of 6 renal carcinoma and 12 out of 13 SCLC cancer .
HIG2 expression is validly elevated in 19 out of 20
renal cancer and 7 out of 9 soft tissue tumor. INHBB
expression is validly elevated in 10 out of 2 1
cholangiocellular carcinoma, all of 12 esophageal
cancer, 10 out of 13 NSCLC, 22 out of 24 renal
carcinoma, 8 out of 14 SCLC cancer and 45 out of 49
soft tissue tumor . KIF20A expression is validly
elevated in all of 3 1 bladder cancer, 38 out of 6 1
breastcancer, 10 out of 11 cholangiocellular
carcinoma, 7 out of 19 esophageal cancer, 2 1 out of
22 NSCLC, all of 6 ovarian cancer, 17 out of 36
prostate cancer, 6 out of 11 renal carcinoma and all
of 15 SCLC . KNTC2 expression is validly elevated in
30 out of 32 bladder cancer, 47 out of 56 breast
cancer, all of 10 cervical cancer, 16 out of 22
cholangioncellular carcinoma, 17 out of 37 CML, 3 out
of 10 colorectal cancer, 11 out of 46 esophagus
cancer, 15 out of 19 NSCLC, 7 out of 8 lymphoma, 20
out of 24 osteosarcoma, 3 out of 5 ovarian cancer, all
of 2 pancreatic cancer, 15 out of 37 prostate cancer,
14 out of 19 renal carcinoma, all of 15 SCLC and 40
out of 59 soft tissue tumor. TTK expression is validly
elevated in all of 27 bladder cancer, 25 out of 30
breast cancer, 15 out of 16 cervical cancer, all of 10
cholangiocellular carcinoma, 5 out of 7 CML, 6 out of
10 colorectal cancer, 24 out of 44 esophageal cancer,
8 out of 15 liver cancer, all of 12 NSCLC, all of 6
lymphoma, 13 out of 16 osteoblastoma, 12 out of 17
prostate cancer, all of 15 SCLC and 16 out of 33 soft
tissue tumor. URLClO expression is validly elevated in
all of 29 bladder cancer, 15 out of 16 cervical
cancer, all of 7 cholangiocellular carcinoma, 7 out of
19 esophageal cancer, all of 3 gastric cancer, 24 out
of 27 NSCLC, 15 out of 19 osteosarcoma, 4 out of 5 



pancreatic cancer, 33 out of 43 soft tissue tumor .
[001 1] The present invention is based, at least in
part, on the identification of specific epitope
peptides of the gene products of these genes (CDH3,
EPHA4, ECT2, HIG2, INHBB, KIF20A, KNTC2, TTK and
URLClO) which possess the ability to induce cytotoxic
T lymphocytes (CTLs) specific to the corresponding
molecules. As discussed in detail below, Peripheral
Blood Mononuclear Cells (PBMC) of healthy donor were
stimulated using HLA-A*2402 or HLA-A*0201 binding
candidate peptides derived from CDH3, EPHA4, ECT2,
HIG2, INHBB, KIF20A, KNTC2, TTK or URLClO. CTL clones
and/or lines were then established with specific
cytotoxicity against the HLA-A24 or HLA-A2 positive
target cells pulsed with each of the candidate
peptides. These results demonstrate that these
peptides are HLA-A24 or HLA-A2 restricted epitope
peptides that can induce potent and specific immune
responses against cells ex pressing CDH3, EPHA4, ECT2,
HIG2, INHBB, KIF20A, KNTC2, TTK or URLClO. [0012]
Accordingly, the present invention provides methods
for treating or preventing a disease associated with
the over-expression of CDH3, EPHA4, ECT2, HIG2, INHBB,
KIF20A, KNTC2, TTK or URLClO, e.g. cancer. Such
methods involve the step of ad ministering to a
subject in need thereof a CDH3, EPHA4, ECT2, HIG2,
INHBB, KIF20A, KNTC2, TTK and/or URLClO polypeptides
of the invention. Administration of such peptide(s)
results in the induction of anti-tumor immunity is
induced by the ad ministration of these polypeptides.
Thus, the present invention provides methods for
inducing anti-tumor immunity in a subject, such
methods involving the step of administering to the
subject the CDH3, EPHA4, ECT2, HIG2, INHBB, KIF20A,
KNTC2, TTK and/or URLClO polypeptides, as well as
pharmaceutical compositions for treating or preventing
a disease associated with the over-expression of CDH3,
EPHA4, ECT2, HIG2, INHBB, KIF20A, KNTC2, TTK and/or
URLClO, e.g. cancer, that include the CDH3, EPHA4,
ECT2, HIG2, INHBB, KIF20A, KNTC2, TTK and URLClO
polypeptides. Examples of such cancers include, but
are not limited to., bladder cancer, breast cancer,
cervical cancer, cholangincellular carcinoma, CML,
colorectal cancer, endometriosis, esophageal cancer,
gastric cancer, diffused type gastric cancer, liver,
NSCLC, lymphoma, osteosarcoma, ovarian cancer,
pancreatic cancer, prostate cancer, renal carcinoma,
SCLC, soft tissue tumor and testicular tumor. [0013]
The present invention further provides methods for
preventing post-surgery re currence of the disease
mentioned above. Regarding the specific aims and
objectives recited above, it will be understood by
those skilled in the art that one or more aspects of
this invention can meet certain ob jectives, while one
or more other aspects can meet certain other
objectives. Each objective may not apply equally, in
all its respects, to every aspect of this invention.
As such, the objects herein can be viewed in the
alternative with respect to any one aspect of this
invention. [0014] Additional objects and features of
the invention will become more fully apparent when the
following detailed description is read in conjunction
with the accompanying figures and examples. However,
it is to be understood that both the foregoing summary
of the invention and the following detailed
description are of preferred embodiments, and not
restrictive of the invention or other alternate
embodiments of the invention. In particular, while the
invention is described herein with reference to a
number of specific embodiments, it will be appreciated
that the description is illustrative of the invention
and is not constructed as limiting of the invention.
Various modifications and applications may occur to
those who are skilled in the art, without departing
from the spirit and the scope of the invention, as
described by the appended claims. Likewise, other
objects, features, benefits and advantages of the
present invention will be apparent from this summary
and certain embodiments described below, and will be
readily apparent to those skilled in the art. Such
objects, features, benefits and ad vantages will be
apparent from the above in conjunction with the
accompanying examples, data, figures and all
reasonable inferences to be drawn therefrom, alone or
with consideration of the references incorporated
herein. Brief Description of the Drawings [0015]
Various aspects and applications of the present
invention will become apparent to the skilled artisan
upon consideration of the brief description of the
figures and thedetailed description of the present
invention and its preferred embodiments which follows:
[fig.l-l]Figure 1 depicts the results of the screening
of epitope peptides, which, in turn, demonstrate that
CDH3-A24- 10-332 (SEQ ID NO: 34), CDH3-A24- 10-470
(SEQ ID NO: 358), CDH3-A24-9-513 (SEQ ID NO: 19),
CDH3-A24-9-406 (SEQ ID NO: 22), CDH3-A24- 10-807 (SEQ
ID NO: 30) and CDH3-A24- 10-655 (SEQ ID NO: 344) show
potent IFN-gamma production "a" depicts the example of
negative peptides which could not be detected
CTL-inducing ability despite possible binding activity
with HLA-A*2402. "b" depicts the CTL-inducing ability
of CDH3-A24- 10-332 (SEQ ID NO: 34). CDH3-A24- 10-332
(SEQ ID NO: 34) demonstrated potent IFN-gamma
production as compared to the control by IFN-gamma
ELISPOT assay, and CTL line that was established from
the positive well #4 shown in boxed wells,
demonstrated the specific response against the target
cells pulsed with the epitope peptide "c" depicts the
CTL-inducing ability of CDH3-A24- 10-470 (SEQ ID NO:
358). CDH3-A24- 10-470 (SEQ ID NO: 358) demonstrated
potent IFN-gamma production as compared to the control
by IFN-gamma ELISPOT assay, and CTL line that was e s
tablished from the positive well #4 shown in boxed
wells, demonstrated the specific response against the
target cells pulsed with the epitope peptide "d"
depicts the CTLinducing ability of CDH3-A24-9-513 (SEQ
ID NO: 19). CDH3-A24-9-513 (SEQ ID NO: 19)
demonstrated potent IFN-gamma production as compared
to the control by IFN-gamma ELISPOT assay. The well #6
shown in boxed wells in left panel demonstrated the
specific response against the target cells pulsed with
the epitope peptide. Moreover, CTL line that was
established from the positive well #5 shown in boxed
wells in middle panel, demonstrated the specific
response against the target cells pulsed with the
epitope peptide "e" depicts the CTL-inducing ability
of CDH3-A24-9-406 (SEQ ID NO: 22). CDH3-A24-9-406 (SEQ
ID NO: 22) demonstrated potent IFN-gamma production as
compared to the control by IFNgamma ELISPOT assay, and
CTL line that was established from the positive well
#2 shown in boxed wells, demonstrated the specific
response against the target cells pulsed with the
epitope peptide. [fig.l-2]Figure 1 depicts the results
of the screening of epitope peptides, which, in turn,
demonstrate that CDH3-A24- 10-332 (SEQ ID NO: 34),
CDH3-A24- 10-470 (SEQ ID NO: 358), CDH3-A24-9-513 (SEQ
ID NO: 19), CDH3-A24-9-406 (SEQ ID NO: 22), CDH3-A24-
10-807 (SEQ ID NO: 30) and CDH3-A24- 10-655 (SEQ ID
NO: 344) show potent IFN-gamma production "f" depicts
the CTL-inducing ability of CDH3-A24- 10-807 (SEQ ID
NO: 30). CDH3-A24- 10-807 (SEQ ID NO: 30) demonstrated
potent IFN-gamma production as compared to the control
by IFNgamma ELISPOT assay, and CTL line and the clone
were established from the positivewell #5 shown in
boxed wells. The established CTL clone raised against
the peptide demonstrated the specific CTL activity
against COS7 transfected both full length of CDH3 gene
and HLA-A24 molecule (lower right graph). On the other
hand, COS7 transfected full length of CDH3 but not
HLA-A24 and COS7 transfected HLA-A24 but not full
length of CDH3 were prepared for the negative control.
The CTL clone showed high specific CTL activity
against COS7 that transfected both CDH3 and HLA-A24.
"g" depicts the CTL-inducing ability of CDH3-A24-
10-655 (SEQ ID NO: 344). CDH3-A24- 10-655 (SEQ ID NO:
344) demonstrated potent IFN-gamma production as
compared to the control by IFN-gamma ELISPOT assay,
and CTL line and the clone were established from the
positive well # 1 shown in boxed wells. The e s
tablished CTL clone raised against the peptide
demonstrated the specific CTL activity against COS7
transfected both full length of CDH3 gene and HLA-A24
molecule (lower right graph). On the other hand, COS7
transfected full length of CDH3 but not HLA-A24 and
COS7 transfected HLA-A24 but not full length of CDH3
were prepared for the negative control. The CTL clone
showed high specific CTL activity against COS7 that
transfected both CDH3 and HLA-A24. [fig.2]Figure 2
depicts the results of the screening of epitope
peptides, which, in turn, demonstrate that
Epha4-A24-9-453 (SEQ ID NO: 41), Epha4-A24-9-5 (SEQ ID
NO: 44), Epha4-A24-9-420 (SEQ ID NO: 48),
Epha4-A24-9-869 (SEQ ID NO: 46), Epha4-A24- 10-24 (SEQ
ID NO: 78) Epha4-A02-9-501 (SEQ ID NO: 376) and
Epha4-A02-9-165 (SEQ ID NO: 379) show potent IFN-gamma
production "a" depicts the example of negative
peptides which could not be detected CTL-inducing
ability despite possible binding activity with HLA.
"b" depicts the CTL-inducing ability of
Epha4-A24-9-453 (SEQ ID NO: 41). Epha4-A24-9-453 (SEQ
ID NO: 41) demonstrated potent IFN-gamma production as
compared to the control by IFNgamma ELISPOT assay, and
CTL line that was established from the positive well
#3 shown in boxed wells, demonstrated the specific
response against the target cells pulsed with the
epitope peptide "c" depicts the CTL-inducing ability
of Epha4-A24-9-5 (SEQ ID NO: 44). Epha4-A24-9-5 (SEQ
ID NO: 44) demonstrated potent IFN-gamma production as
compared to the control by IFN-gamma ELISPOT assay,
and CTL line, that was established from the positive
well #2 shown in boxed wells, demonstrated the
specific response against the target cells pulsed with
the epitope peptide "d" depicts the CTL-inducing
ability of Epha4-A24-9-420 (SEQ ID NO: 48).
Epha4-A24-9-420 (SEQ ID NO: 48) demonstrated potent
IFN-gamma production as compared to the control by
IFN-gamma ELISPOT assay. The well #6 



shown in boxed wells in upper panel demonstrated the
specific response against the target cells pulsed with
the epitope peptide. Moreover CTL line that was
established from the positive well #6 shown in boxed
wells in middle panel, demonstrated thespecific
response against the target cells pulsed with the
epitope peptide "e" depicts the CTL-inducing ability
of Epha4-A24-9-869 (SEQ ID NO: 46). Epha4-A24-9-869
(SEQ ID NO: 46) demonstrated potent IFN-gamma
production as compared to the control by IFN-gamma
ELISPOT assay, and CTL line that was established from
the positive well #5 shown in boxed wells,
demonstrated the specific response against the target
cells pulsed with the epitope peptide "f" depicts the
CTL-inducing ability of Epha4-A24- 10-24 (SEQ ID NO:
78). Epha4-A24- 10-24 (SEQ ID NO: 78) demonstrated
potent IFN-gamma production as compared to the control
by IFNgamma ELISPOT assay, and CTL line that was
established from the positive well #4 shown in boxed
wells, demonstrated the specific response against the
target cells pulsed with the epitope peptide "g"
depicts the CTL-inducing ability of Epha4-A02-9-501
(SEQ ID NO: 376). Epha4-A02-9-501 (SEQ ID NO: 376)
demonstrated potent IFN-gamma production as compared
to the control by IFNgamma ELISPOT assay, and CTL line
and clone was established from the positive well #8
shown in boxed wells. Cytotoxic activity of the
established CTL line against the target cells pulsed
with the peptide was measured by Cr-release assay
(CRA) (lower graph), and the CTL line had very potent
specific cytotoxic activity against the target cells
pulsed with the peptides "h" depicts the CTL-inducing
ability of Epha4-A02-9-165 (SEQ ID NO: 379).
Epha4-A02-9-165 (SEQ ID NO: 379) demonstrated potent
IFN-gamma production as compared to the control by
IFNgamma ELISPOT assay, and CTL line was established
from the positive well #3 shown in boxed wells.
Cytotoxic activity of the established CTL line against
target cells pulsed with peptide was measured by
Cr-release assay (CRA) (right graph), and the CTL line
had very potent specific cytotoxic activity against
the target cells pulsed with the peptides.
[fig.3]Figure 3 depicts the results of the screening
of epitope peptides, which, in turn, demonstrate that
ECT2-A24-9-515 (SEQ ID NO: 80), ECT2-A24- 10-40 (SEQ
ID NO: 100) and ECT2-A24-10-101 (SEQ ID NO: 101) show
potent IFN-gamma production "a" depicts the example of
negative peptides which could not be detected
CTLinducing ability despite possible binding activity
with HLA. "b" depicts the CTLinducing ability of
ECT2-A24-9-515 (SEQ ID NO: 80). ECT2-A24-9-515 (SEQ ID
NO: 80) demonstrated potent IFN-gamma production as
compared to the control by IFN-gamma ELISPOT assay.
The well #5 and #7 shown in boxed wells in left panel
demonstrated the specific response against the target
cells pulsed with the epitope peptide. Moreover, CTL
line that was established from the positive well #7
shown in boxed wells in second panel, demonstrated the
specific response against the target cells pulsed with
the epitope peptide. Cytotoxic activity of the CTL
line against cancer cell line, TE6 endogenously
expressing ECT2 and HLA-A24 was measured by
Cr-releaseassay (CRA), and the CTL clone had very
potent cytotoxic activity against TE6. On the other
hand, the effector cells did not demonstrate the
cytotoxic activity of the CTL line against cancer cell
line, TE5 expressing only ECT2 was not detected "c"
depicts the CTL-inducing ability of ECT2-A24- 10-40
(SEQ ID NO: 100). ECT2-A24- 10-40 (SEQ ID NO: 100)
demonstrated potent IFN-gamma production as compared
to the control by IFN-gamma ELISPOT assay, and CTL
line and the clone were established from the positive
well #2 shown in boxed wells. The established CTL
clone raised against the peptide demonstrated specific
CTL activity against COS7 transfected both full length
of ECT2 gene and HLA-A24 molecule. On the other hand,
COS7 transfected full length of ECT2 but not HLA-A24,
COS7 transfected HLA-A24 and URLClO gene as a
substitute for full length of ECT2 and COS7
transfected HLA-A24 and pulsed with ECT2-10-101 were
prepared for the negative control. The CTL clone
showed high specific CTL activity against COS7 that
transfected both ECT2 and HLAA24. "d" depicts the
CTL-inducing ability of ECT2-A24-10-101 (SEQ ID NO:
101). ECT2-A24-10-101 (SEQ ID NO: 101) demonstrated
potent IFN-gamma production as compared to the control
by IFN-gamma ELISPOT assay, and CTL line were e s
tablished from the positive well # 1 shown in boxed
wells. The established CTL line raised against the
peptide demonstrated specific CTL activity against
COS7 transfected both full length of ECT2 gene and
HLA-A24 molecule. COS7 transfected full length of ECT2
but not HLA-A24, COS7 transfected HLA-A24 and URLClO
gene as substitute for full length of ECT2 and COS7
transfected HLA-A24 and pulsed with ECT2- 10-40 were
prepared for the negative control. The CTL clone
showed high specific CTL activity against COS7 that
transfected both ECT2 and HLA-A24. [fig.4-l]Figure 4
depicts the results of the screening of epitope
peptides, which, in turn, demonstrate that
HIG2-A24-9-19 (SEQ ID NO: 110), HIG2-A24-9-22 (SEQ ID
NO: 111), HIG2-A24-9-8 (SEQ ID NO: 387), HIG2-A24-10-7
(SEQ ID NO: 112) , HIG2-A24-10-18 (SEQ ID NO: 394),
HIG2-A02-9-15 (SEQ ID NO: 116), HIG2-A02-9-4 (SEQ ID
NO: 117) and HIG2-A02-10-8 (SEQ ID NO: 121) show
potent IFN-gamma production "a" depicts the example of
negative peptides which could not be detected
CTL-inducing ability despite possible binding activity
with HLA. "b" depicts the CTL-inducing ability of
HIG2-A24-9-19 (SEQ ID NO: 110). HIG2-A24-9-19 (SEQ ID
NO: 110) demonstrated potent IFN-gamma production as
compared to the control by IFN-gamma ELISPOT assay,
and CTL line, that was e s tablished from the positive
well #6 shown in boxed wells, demonstrated the
specific response against the target cells pulsed with
the epitope peptide "c" depicts the CTLinducing
ability of HIG2-A24-9-22 (SEQ ID NO: 111).
HIG2-A24-9-22 (SEQ ID NO: 111) demonstrated potent
IFN-gamma production as compared to the control by
IFNgamma ELISPOT assay, and CTL line and clone, that
was established from thepositive well #7 shown in
boxed wells, demonstrated the specific response
against the target cells pulsed with the epitope
peptide "d" depicts the CTL-inducing ability of
HIG2-A24-9-8 (SEQ ID NO: 387). HIG2-A24-9-8 (SEQ ID
NO: 387) demonstrated potent IFN-gamma production as
compared to the control by IFN-gamma ELISPOT assay,
and CTL line and clone, that were established from the
positive well #5 shown in boxed wells, demonstrated
the specific response against the target cells pulsed
with the epitope peptide "e" depicts the CTL-inducing
ability of HIG2-A02-9-8 (SEQ ID NO: 114). HIG2-A02-9-8
(SEQ ID NO: 114) demonstrated potent IFN-gamma
production as compared to the control by IFN-gamma
ELISPOT assay, and CTL line was established from the
positive well #10 shown in boxed wells. The
established CTL line raised against the peptide
demonstrate specific CTL activity against 293T
transfected both full length of HIG2 gene and HLA-A02
molecule. 293T transfected full length of HIG2 but not
HLA-A02, 293Ts transfected HLA-A02 and FoxP3 gene as
substitute dor full length of HIG2 and 293Ts
transfected HLA-A02 and pulsed with HIG2-9-15 were
prepared for the negative control. The CTL line showed
high specific CTL activity against 293T that
transfected both HIG2 and HLA-A02. [fig.4-2]Figure 4
depicts the results of the screening of epitope
peptides, which, in turn, demonstrate that
HIG2-A24-9-19 (SEQ ID NO: 110), HIG2-A24-9-22 (SEQ ID
NO: 111), HIG2-A24-9-8 (SEQ ID NO: 387), HIG2-A24-10-7
(SEQ ID NO: 112) , HIG2-A24-10-18 (SEQ ID NO: 394),
HIG2-A02-9-15 (SEQ ID NO: 116), HIG2-A02-9-4 (SEQ ID
NO: 117) and HIG2-A02-10-8 (SEQ ID NO: 121) show
potent IFN-gamma production "f" depicts the
CTL-inducing ability of HIG2-A24-10-7 (SEQ ID NO:
112). HIG2-A24-10-7 (SEQ ID NO: 112) demonstrated
potent IFN-gamma production as compared to the control
by IFN-gamma ELISPOT assay, and CTL lines or clone,
that were established from the positive well # 1 and
#7 shown in boxed wells, demonstrated the specific
response against the target cells pulsed with the
epitope peptide "g" depicts the CTL-inducing ability
of HIG2-A24-10-18 (SEQ ID NO: 394). HIG2-A24-10-18
(SEQ ID NO: 394) demonstrated potent IFN-gamma
production as compared to the control by IFNgamma
ELISPOT assay, and CTL line and clone, that were
established from the positive well #7 shown in boxed
wells, demonstrated the specific response against the
target cells pulsed with the epitope peptide "h"
depicts the CTL-inducing ability of HIG2-A02-9-15 (SEQ
ID NO: 116). HIG2-A02-9-15 (SEQ ID NO: 116)
demonstrated potent IFN-gamma production as compared
to the control by IFN-gamma ELISPOT assay, and CTL
line was established from the positive well #10 shown
in boxed wells. The established CTL line raised
against the peptide demonstrated specific CTL activity
against COS7 transfected both full length of HIG2 gene
and HLA-A02 molecule. COS7 transfected full length of
HIG2 but not HLA-A02 and C0S7s transfected HLAA02 and
pulsed with HIG2-9-8 peputide were prepared for the
negative control. The CTL line showed high specific
CTL activity against COS7 that transfected both HIG2
and HLA-A02. [fig.4-3]Figure 4 depicts the results of
the screening of epitope peptides, which, in turn,
demonstrate that HIG2-A24-9-19 (SEQ ID NO: 110),
HIG2-A24-9-22 (SEQ ID NO: 111), HIG2-A24-9-8 (SEQ ID
NO: 387), HIG2-A24-10-7 (SEQ ID NO: 112) ,
HIG2-A24-10-18 (SEQ ID NO: 394), HIG2-A02-9-15 (SEQ ID
NO: 116), HIG2-A02-9-4 (SEQ ID NO: 117) and
HIG2-A02-10-8 (SEQ ID NO: 121) show potent IFN-gamma
production "i" depicts the CTL-inducing ability of
HIG2-A02-9-4 (SEQ ID NO: 117). HIG2-A02-9-4 (SEQ ID
NO: 117) demonstrated potent IFNgamma production as
compared to the control by IFN-gamma ELISPOT assay,
and CTL line and clone were established from the
positive well #10 shown in boxed wells. The
established CTL line raised against the peptide
demonstrated specific CTL activity against COS7
transfected both full length of HIG2 gene and HLA-A02
molecule (middle graph). Also, COS7 transfected full
length of HIG2 but not HLA-A02, COS7s 



transfected HLA-A02 and TTK gene as substitute for
full length of HIG2 and COS7s transfected HLA-A02 and
pulsed with HIG2-9-8 were prepared for the negative
control. Cytotoxic activity of the CTL clone against
293T, transfected both full length of HIG2 gene and
HLA-A02 molecule, and cancer cell line, Caki-1
endogenously ex pressing HIG2 and HLA-A02 was measured
by Cr-release assay (CRA) (lower graphs), and the CTL
clone had very potent cytotoxic activity against the
transfectant with both of HIG2 gene and HLA-A02, and
Caki-1. On the other hand, the effector cells did not
demonstrate the cytotoxic activity of the CTL line
against 293T, transfected only HIG2 or only HLA-A02,
and cancer cell line, A498 expressing only HIG2 was
not detected "j" depicts the CTL-inducing ability of
HIG2-A02-10-8 (SEQ ID NO: 121). HIG2-A02-10-8 (SEQ ID
NO: 121) demonstrated potent IFN-gamma production as
compared to the control by IFN-gamma ELISPOT assay,
and CTL line, that was established from the positive
well #9 shown in boxed wells, demonstrated the
specific response against the target cells pulsed with
the epitope peptide. [fig.5-l]Figure 5 depicts the
results of the screening of epitope peptides, which,
in turn, demonstrate that INHBB-A24-9- 180 (SEQ ID NO:
395), INHBB-A24-10-1 80 (SEQ ID NO: 133), INHBB-A24-
10-305 (SEQ ID NO: 135), INHBB-A24-10-7 (SEQ ID NO:
137) and INHBB-A24-10-212 (SEQ ID NO: 426) show potent
IFN-gamma production "a" depicts the example of
negative peptides which could not be detected
CTL-inducing ability despite possible binding activity
with HLA. "b" depicts the CTLinducing ability of
INHBB-A24-9- 180 (SEQ ID NO: 395). INHBB-A24-9-180
(SEQ ID NO: 395) demonstrated potent IFN-gamma
production as compared to the control by IFN-gamma
ELISPOT assay, and CTL line and clone was established
from thepositive well #7 shown in boxed wells.
Cytotoxic activity of the established CTL clone
against tumor cells, Miapaca2 expressing both of INHBB
and HLA-A02 was measured by Cr-release assay (CRA),
and the effector cells showed high specific cytotoxic
activity against Miapaca2. On the other hand, it did
not show significant specific cytotoxic activity
against Caki-1 expressing INHBB but not HLA-A02. "c"
depicts the CTL-inducing ability of INHBB-A24-10-180
(SEQ ID NO: 133). INHBB-A24-10-180 (SEQ ID NO: 133)
demonstrated potent IFN-gamma production as compared
to the control by IFN-gamma ELISPOT assay, and CTL
line was established from the positive well #3 shown
in boxed wells. The established CTL line raised
against the peptide demonstrated high specific CTL
activity against 293T transfected both of full length
of INHBB gene and HLA-A24 molecule. Also, 293T
transfected full length of INHBB but not HLA-A24 and
293Ts transfected HLA-A24 and pulsed with INHBB-
10-305 peptide were prepared for the negative control.
[fig.5-2]Figure 5 depicts the results of the screening
of epitope peptides, which, in turn, demonstrate that
INHBB-A24-9- 180 (SEQ ID NO: 395), INHBB-A24-10-1 80
(SEQ ID NO: 133), INHBB-A24- 10-305 (SEQ ID NO: 135),
INHBB-A24-10-7 (SEQ ID NO: 137) and INHBB-A24-10-212
(SEQ ID NO: 426) show potent IFN-gamma production "d"
depicts the CTL-inducing ability of INHBB-A24- 10-305
(SEQ ID NO: 135). INHBB-A24- 10-305 (SEQ ID NO: 135)
demonstrated potent IFN-gamma production as compared
to the control by IFN-gamma ELISPOT assay, and CTL
line and clone were established from the positive well
#2 shown in boxed wells. The e s tablished CTL clone
raised against the peptide demonstrated high specific
CTL activity against 293T transfected both full length
of INHBB gene and HLA-A24 molecule. Also, 293T
transfected full length of INHBB but HLA-A24 and 293Ts
transfected HLA-A24 and pulsed with INHBB- 10- 180
peptide were prepared for the negative control "e"
depicts the CTL-inducing ability of INHBB-A24-10-7
(SEQ ID NO: 137)). INHBB-A24- 10-7 (SEQ ID NO: 137)
demonstrated potent IFN-gamma production as compared
to the control by IFN-gamma ELISPOT assay, and CTL
lines were e s tablished from the positive well #8
shown in boxed wells in upper panel and #2 shown in
boxed wells in lower panel. The CTL line from #8 well
demonstrated specific CTL activity against 293T
transfected both full length of INHBB gene and HLA-A24
molecule. Also, 293T transfected full length of INHBB
but not HLA-A24 and 293Ts transfected HLA-A24 and
pulsed with INHBB- 10-40 peptide were prepared for the
negative control "f" depicts the CTL-inducing ability
of INHBB-A24- 10-212 (SEQ ID NO: 426). INHBB-A24- 10-2
12 (SEQ ID NO: 426) demonstrated potent IFN-gamma
production as compared to the control by IFN-gamma
ELISPOT assay, and CTL line, that was established from
the positive well # 1 shown in boxed wells,
demonstrated the specific response against the target
cells pulsed with the epitope peptide.[fig.6-l]Figure
6 depicts the results of the screening of epitope
peptides, which, in turn, demonstrate that KIF20A-A24-
10-304 (SEQ ID NO: 186), KIF20A-A24-9-383 (SEQ ID NO:
178), KIF20A-A24- 10-66 (SEQ ID NO: 194) and
KIF20A-A24-9-305 (SEQ ID NO: 174) show potent
IFN-gamma production "a" depicts the example of
negative peptides which could not be detected
CTL-inducing ability despite possible binding activity
with HLA. "b" depicts the CTL-inducing ability of
KIF20A-A24- 10-304 (SEQ ID NO: 186). KIF20A-A24-
10-304 (SEQ ID NO: 186) demonstrated potent IFNgamma
production as compared to the control by IFN-gamma
ELISPOT assay. The well #5 shown in boxed wells in
lower right panel demonstrated the specific response
against the target cells pulsed with the epitope
peptide. Moreover, CTL line and clone, that were
established from the positive well #5 shown in boxed
wells in upper left panel, also demonstrated the
specific response against the target cells pulsed with
the epitope peptide. The established CTL clone raised
against the peptide demonstrated specific CTL activity
against 24-LCL transfected full length of KIF20A gene.
Also, A24-LCL transfected mock vector was prepared for
the negative control. Cytotoxic activity of the CTL
clone against tumor cells, Miapaca2 expressing both of
KIF20A and HLA-A24 was measured by Cr-release assay
(CRA), and the CTL clone had very potent specific
cytotoxic activity against Miapaca2 (lower right
graph). On the other hand, it did not show significant
specific cytotoxic activity against PK59 expressing
KIF20A but not HLA-A24. "c" depicts the CTL-inducing
ability of KIF20A-A24-9-383 (SEQ ID NO: 178).
KIF20A-A24-9-383 (SEQ ID NO: 178) demonstrated potent
IFN-gamma production as compared to the control by
IFNgamma ELISPOT assay. The well #3 and 4 shown in
boxed wells in right panel demonstrated the specific
response against the target cells pulsed with the
epitope peptide. Moreover, CTL line, that was
established from the positive well #3 shown in boxed
wells in left panel, also demonstrated the specific
response against the target cells pulsed with the
epitope peptide. The established CTL line demonstrated
high specific CTL activity against COS7 transfected
both full length of KIF20A gene and HLA-A24 molecule.
Also, COS7 transfected full length of KIF20A but not
HLA-A24 and COS7s transfected HLA-A24 and pulsed with
KIF20A-9-621 peptide were prepared for the negative
control. [fig.6-2]Figure 6 depicts the results of the
screening of epitope peptides, which, in turn,
demonstrate that KIF20A-A24- 10-304 (SEQ ID NO: 186),
KIF20A-A24-9-383 (SEQ ID NO: 178), KIF20A-A24- 10-66
(SEQ ID NO: 194) and KIF20A-A24-9-305 (SEQ ID NO: 174)
show potent IFN-gamma production "d" depicts the
CTL-inducing ability of KIF20A-A24- 10-66 (SEQ ID NO:
194). KIF20A-A24- 10-66 (SEQ ID NO: 194) demonstrated
potent IFN-gamma production as compared to the control
by IFNgamma ELISPOT assay, and CTL lines, that were
established from the positive well#6 shown in boxed
wells in upper left panel and #3 shown in boxed wells
in lower middle panel demonstrated the specific
response against the target cells pulsed with the
epitope peptide. Moreover, CTL clone selected from CTL
line from #6 well by limiting dilution demonstrated
specific CTL activity against the target cells. The e
s tablished CTL clone showed specific CTL activity
against COS7 transfected both full length of KIF20A
gene and HLA- A24 molecule. Also, COS7 transfected
full length of KIF20A but not HLA-A24, COS7s
transfected HLA-A24 and URLClO gene as substitute for
full length of KIF20A and COS7 transfected HLA- A24
and pulsed with KIF20A- 10-308 peptide were prepared
for the negative control "e" depicts the CTLinducing
ability of KIF20A-A24-9-305 (SEQ ID NO: 174).
KIF20A-A24-9-305 (SEQ ID NO: 174) demonstrated potent
IFN-gamma production as compared to the control by
IFN-gamma ELISPOT assay, and CTL lines, that were
established from the positive well #2 shown in boxed
wells in upper left panel and #6 shown in boxed wells
in lower middle panel, demonstrated the specific
response against the target cells pulsed with the
epitope peptide. Moreover, CTL clone selected from CTL
line from #2 well by limiting dilution demonstrated
specific CTL activity against the target cells.
Cytotoxic activity of the CTL clone against tumor
cells, MIapaca2 expressing both of KIF20A and HLA-A24
was measured by Cr-release assay (CRA), and the CTL
clone had very potent cytotoxic activity against
MIapaca2. On the other hand, it did not show sig
nificant specific cytotoxic activity against PK59
expressing KIF20A but not HLAA24. [fig.7-l]Figure 7
depicts the results of the screening of epitope
peptides, which, in turn, demonstrate that
KNTC2-A24-9-309 (SEQ ID NO: 196), KNTC2-A24-9-124 (SEQ
ID NO: 202), KIF20A-A24-9-154 (SEQ ID NO: 210)
KNTC2-A24-9-150 (SEQ ID NO: 213), KNTC2-A24- 10-452
(SEQ ID NO: 214), KNTC2-A24- 10-227 (SEQ ID NO: 217)
and KNTC2-A24- 10-273 (SEQ ID NO: 223) show potent
IFN-gamma production "a" depicts the example of
negative peptides which could not be detected
CTL-inducing ability despite possible binding activity
with HLA. "b" depicts the CTLinducing ability of
KNTC2-A24-9-309 (SEQ ID NO: 196). KNTC2-A24-9-309 (SEQ
ID NO: 196) demonstrated potent IFN-gamma production
as compared to the control by IFN-gamma ELISPOT assay,
and CTL line, that was established from the positive
well #8 shown in boxed wells, demonstrated the
specific response against the target cells pulsed with
the epitope peptide. "c" depicts the CTL-inducing
ability of 



KNTC2-A24-9-124 (SEQ ID NO: 202). KNTC2-A24-9-124 (SEQ
ID NO: 202) demonstrated potent IFN-gamma production
as compared to the control by IFNgamma ELISPOT assay,
and CTL line, that was established from the positive
well #5 shown in boxed wells, demonstrated the
specific response against the target cells pulsed with
the epitope peptide "d" depicts the CTL-inducing
ability ofKIF20A-A24-9-154 (SEQ ID NO: 210).
KIF20A-A24-9-154 (SEQ ID NO: 210) demonstrated potent
IFN-gamma production as compared to the control by
IFNgamma ELISPOT assay, and CTL line and clone, that
were established from the positive well #5 shown in
boxed wells demonstrated the specific response against
the target cells pulsed with the epitope peptide "e"
depicts the CTL-inducing ability of KNTC2-A24-9-150
(SEQ ID NO: 213). KNTC2-A24-9-150 (SEQ ID NO: 213)
demonstrated potent IFN-gamma production as compared
to the control by IFNgamma ELISPOT assay, and CTL
line, that was established from the positive well #7
shown in boxed wells, demonstrated the specific
response against the target cells pulsed with the
epitope peptide. [fig.7-2]Figure 7 depicts the results
of the screening of epitope peptides, which, in turn,
demonstrate that KNTC2-A24-9-309 (SEQ ID NO: 196),
KNTC2-A24-9-124 (SEQ ID NO: 202), KIF20A-A24-9-154
(SEQ ID NO: 210) KNTC2-A24-9-150 (SEQ ID NO: 213),
KNTC2-A24- 10-452 (SEQ ID NO: 214), KNTC2-A24- 10-227
(SEQ ID NO: 217) and KNTC2-A24- 10-273 (SEQ ID NO:
223) show potent IFN-gamma production "f" depicts the
CTL-inducing ability of KNTC2-A24- 10-452 (SEQ ID NO:
214). KNTC2-A24- 10-452 (SEQ ID NO: 214) demonstrated
potent IFN-gamma production as compared to the control
by IFN-gamma ELISPOT assay, and CTL lines and clone,
that were established from the positive well #4 shown
in boxed wells in upper left panel and #5 shown in
boxed wells in middle panel, demonstrated the specific
response against the target cells pulsed with the
epitope peptide. Moreover, CTL clone selected from CTL
line from #5 well by limiting dilution demonstrated
specific CTL activity against the target cells. The
established CTL line from #4 well showed specific CTL
activity against HEK293 transfected both full length
of KNTC2 gene and HLA-A24 molecule. Also, HEK293
transfected full length of KNTC2 but not HLA-A24,
HEK293 transfected HLA-A24 but full length of KNTC2
and HEK293 transfected HLA-A24 pulsed with KNTC-9-309
peptide were prepared for the negative control "g"
depicts the CTL-inducing ability of KNTC2-A24- 10-227
(SEQ ID NO: 217). KNTC2-A24- 10-227 (SEQ ID NO: 217)
demonstrated potent IFN-gamma production as compared
to the control by IFN-gamma ELISPOT assay, and CTL
line, that was established from the positive well # 1
shown in boxed well s, demonstrated the specific
response against the target cells pulsed with the
epitope peptide "h" depicts the CTL-inducing ability
of KNTC2-A24- 10-273 (SEQ ID NO: 223). KNTC2-A24-
10-273 (SEQ ID NO: 223) demonstrated potent IFN-gamma
production as compared to the control by IFN-gamma
ELISPOT assay, and CTL line, that was e s tablished
from the positive well #8 shown in boxed wells,
demonstrated the specific response against the target
cells pulsed with the epitope peptide. [fig.8-l]Figure
8 depicts the results of the screening of epitope
peptides, which, in turn,demonstrate that
TTK-A02-9-462 (SEQ ID NO: 227), TTK-A02-9-719 (SEQ ID
NO: 233), TTK-A02-9-547 (SEQ ID NO: 228) and TTK-A02-
10-462 (SEQ ID NO: 254), show potent IFN-gamma
production "a" depicts the example of negative
peptides which could not be detected CTL-inducing
ability despite possible binding activity with HLA.
"b" depicts the CTL-inducing ability of TTK-A02-9-462
(SEQ ID NO: 227). TTK-A02-9-462 (SEQ ID NO: 227)
demonstrated potent IFN-gamma production as compared
to the control by IFN-gamma ELISPOT assay, and CTL
line and two clones, that were established from the
positive well #4 shown in boxed wells, demonstrated
the specific response against the target cells pulsed
with the epitope peptide. The established CTL clone
showed high specific CTL activity against COS7
transfected both full length of TTK gene and HLA-A02
molecule. Also, COS7 transfected full length of TTK
but not HLA-A02, COS7s transfected HLA-A02 but not
full length of TTK and COS7s transfected HLA-A02
pulsed with TTK-9-547 peptide were prepared for the
negative control "c" depicts the CTL-inducing ability
of TTKA02- 9-719 (SEQ ID NO: 233). TTK-A02-9-719 (SEQ
ID NO: 233) demonstrated potent IFN-gamma production
as compared to the control by IFN-gamma ELISPOT assay,
and CTL line and clones were established from the
positive well # 1 shown in boxed wells. The
established CTL line showed high specific CTL activity
against COS7 transfected both full length of TTK gene
and HLA-A02 molecule. Also, COS7 transfected full
length of TTK but not HLA-A02 and C0S7s transfected
HLA-A02 and HIG2 gene as substitute for full length of
TTK were prepared for the negative control.
[fig.8-2]Figure 8 depicts the results of the screening
of epitope peptides, which, in turn, demonstrate that
TTK-A02-9-462 (SEQ ID NO: 227), TTK-A02-9-719 (SEQ ID
NO: 233), TTK-A02-9-547 (SEQ ID NO: 228) and TTK-A02-
10-462 (SEQ ID NO: 254), show potent IFN-gamma
production "d" depicts the CTL-inducing ability of
TTKA02- 9-547 (SEQ ID NO: 228). TTK-A02-9-547 (SEQ ID
NO: 228) demonstrated potent IFN-gamma production as
compared to the control by IFN-gamma ELISPOT assay,
and CTL line and clones were established from the
positive well #2 shown in boxed wells. The established
CTL line showed specific CTL activity against COS7
transfected both full length of TTK gene and HLA-A02
molecule. Also, COS7 transfected full length of TTK
but not HLA-A02, C0S7s transfected HLA-A02 but not
full length of TTK and C0S7s transfected HLA-A02 and
pulsed with TTK- 10-462 were prepared for the negative
control. [fig.8-3]Figure 8 depicts the results of the
screening of epitope peptides, which, in turn,
demonstrate that TTK-A02-9-462 (SEQ ID NO: 227),
TTK-A02-9-719 (SEQ ID NO: 233), TTK-A02-9-547 (SEQ ID
NO: 228) and TTK-A02- 10-462 (SEQ ID NO: 254), show
potent IFN-gamma production "e" depicts the
CTL-inducing ability of TTKA02- 10-462 (SEQ ID NO:
254). TTK-A02- 10-462 (SEQ ID NO: 254)
demonstratedpotent IFN-gamma production as compared to
the control by IFN-gamma ELISPOT assay, and CTL line
and three clones were established from the positive
well #8 shown in boxed wells. The established CTL
clone showed specific CTL activity against COS7
transfected both full length of TTK gene and HLA-A02
molecule. Also, COS7 transfected full length of TTK
but not HLA-A02, COS7s transfected HLA-A02 but not
full length of TTK and COS7s transfected HLA-A02 and
pulsed with TTK-9-547 peptide were prepared for the
negative control. [fig.9-l]Figure 9 depicts the
results of the screening of epitope peptides, which,
in turn, demonstrate that URLC10-A02-9-206 (SEQ ID NO:
271), URLC10-A02-9-212 (SEQ ID NO: 272) and URLC
10-A02- 10-2 1 1 (SEQ ID NO: 288) show potent
IFN-gamma production "a" depicts the example of
negative peptides which could not be detected
CTL-inducing ability despite possible binding activity
with HLA. "b" depicts the CTLinducing ability of
URLC10-A02-9-206 (SEQ ID NO: 271). URLC10-A02-9-206
(SEQ ID NO: 271) demonstrated potent IFN-gamma
production as compared to the control by IFN-gamma
ELISPOT assay, and CTL line, that was established from
the positive well #7 shown in boxed wells,
demonstrated the specific response against the target
cells pulsed with the epitope peptide "c" depicts the
CTL-inducing ability of URLC10-A02-9-212 (SEQ ID NO:
272). URLC10-A02-9-212 (SEQ ID NO: 272) demonstrated
potent IFN-gamma production as compared to the control
by IFNgamma ELISPOT assay, and CTL line, that was
established from the positive well #3 shown in boxed
wells, demonstrated the specific response against the
target cells pulsed with the epitope peptide "d"
depicts the CTL-inducing ability of URLC10-A02-10-211
(SEQ ID NO: 288). URLC 10-A02- 10-2 1 1 (SEQ ID NO:
288) demonstrated potent IFN-gamma production as
compared to the control by IFNgamma ELISPOT assay, and
CTL line and clones, that were established from the
positive well #5 shown in boxed wells. [fig.9-2]Figure
9 depicts the results of the screening of epitope
peptides, which, in turn, demonstrate that
URLC10-A02-9-206 (SEQ ID NO: 271), URLC10-A02-9-212
(SEQ ID NO: 272) and URLC 10-A02- 10-2 1 1 (SEQ ID NO:
288) show potent IFN-gamma production. " Continuation
of d" The established CTL clone showed high specific
CTL activity against COS7, Hek293 and 293T which were
transfected both full length of URLClO gene and
HLA-A02 molecule. Also, COS7, Hek293 or 293T which
were transfected full length of URLClO but not HLA-A02
and COS7s, Hek293s or 293Ts, which were transfected
HLA-A02 and pulsed with URLClO- 10-64, were prepared
for the negative control. In this drawings, "+" means
the peptide pulsed target, "-" means the no peptide
pulsed target, "R" means Responder, "S" means
Stimulator, "E" means Effector, and "T" means Target.
Detailed Description of the InventionThe words "a",
"an", and "the" as used herein mean "at least one"
unless otherwise spe cifically indicated. Unless
otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly
understood by one of ordinary skill in the art to
which this invention belongs. [0017] The present
invention is based in part on the discovery of
applicable targets of im munotherapy. Identification
of new TAAs, particularly those that induce potent and
specific anti-tumor immune responses, warrants further
development of the clinical ap plication of the
peptide vaccination strategy in various types of
cancer (Boon T et al., (1996) J Exp Med 183: 725-9.;
van der Bruggen P et al., (1991) Science 254: 1643-7.;
Brichard V et al., (1993) J Exp Med 178: 489-95.;
Kawakami Y et al., (1994) J Exp Med 180: 347-52.;
Shichijo S et al., (1998) J Exp Med 187:277-88.; Chen
YT et al., (1997) Proc.Nati.Acd. Sci.USA, 94: 1914-8.;
Harris CC, (1996) J Natl Cancer Inst 



88:1442-55.; Butterfield LH et al., (1999) Cancer Res
59:3134-42.; Vissers JL et al., (1999) Cancer Res 59:
5554-9.; van der Burg SH et al., (1996) J . Immunol
156:3308-14.; Tanaka F et al., (1997) Cancer Res
57:4465-8.; Fujie T et al., (1999) Int J Cancer
80:169-72.; Kikuchi M et al., (1999) Int J Cancer 8 1
: 459-66.; Oiso M et al., (1999) Int J Cancer
81:387-94.). Because TAAs have often no
immunogenicity, discovery of fitting targets is
extremely important issue. [0018] As noted above, CDH3
(GenBank Accession No. NM_001793; SEQ ID Nos.l, 2),
EPHA4 (GenBank Accession No. L36645; SEQ ID Nos.3, 4),
ECT2 (GenBank Accession No. AY376439; SEQ ID Nos.5,
6), HIG2 (GenBank Accession No. NM_013332; SEQ ID
Nos.7, 8) INHBB (GenBank Accession No. NM_002193; SEQ
ID Nos.9, 10), KIF20A (GenBank Accession No.
NM_005733; SEQ ID Nos.ll, 12), KNTC2 (GenBank
Accession No. AF017790; SEQ ID Nos.13, 14), TTK
(GenBank Accession No. NM_003318; SEQ ID Nos.15, 16)
and URLClO (GenBank Accession No. NM_017527; SEQ ID
Nos.17, 18) were previously identified as
over-expressed in various cancers using cDNA
microarray technologies. [0019] In the present
invention, peptides derived from CDH3, EPHA4, ECT2,
HIG2, INHBB, KIF20A, KNTC2, TTK or URLClO are shown to
be TAA epitopes restricted by HLA-A24 and HLA- A2, an
HLA allele commonly found in the Japanese and
Caucasian populations. Specifically, using their
binding affinities to HLA- A24 or HLA- A2, candidates
of HLA- A24 or HLA-A2 binding peptides derived from
CDH3, EPHA4, ECT2, HIG2, INHBB, KIF20A, KNTC2, TTK or
URLClO were identified. After the in vitro stimulation
of T-cells by dendritic cells (DCs) loaded with
thesepeptides, CTLs were successfully established
using the following peptides. CDH3-A24-9-513 (SEQ ID
NO: 19), CDH3-A24-9-406 (SEQ ID NO: 22), CDH3-A24-
10-807 (SEQ ID NO: 30), CDH3-A24- 10-332 (SEQ ID NO:
34), CDH3-A24- 10-655 (SEQ ID NO: 344), CDH3-A24-
10-470 (SEQ ID NO: 358), EphA4-A24-9-453 (SEQ ID NO:
41), EphA4-A24-9-5 (SEQ ID NO: 44), EphA4-A24-9-869
(SEQ ID NO: 46), EphA4-A24-9-420 (SEQ ID NO: 48),
EphA4-A24- 10-24 (SEQ ID NO: 78), EphA4-A02-9-501 (SEQ
ID NO: 376), EphA4-A02-9-165 (SEQ ID NO: 379),
ECT2-A24-9-515 (SEQ ID NO: 80), ECT2-A24- 10-40 (SEQ
ID NO: 100), ECT2-A24-10-101 (SEQ ID NO: 101),
HIG2-A24-9-19 (SEQ ID NO: 110), HIG2-A24-9-22 (SEQ ID
NO: 111), HIG2-A24-9-8 (SEQ ID NO: 387), HIG2-A24-10-7
(SEQ ID NO: 112), HIG2-A24-10-18 (SEQ ID NO: 394),
HIG2-A02-9-8 (SEQ ID NO: 114), HIG2-A02-9-15 (SEQ ID
NO: 116), HIG2-A02-9-4 (SEQ ID NO: 117), HIG2-A02-10-8
(SEQ ID NO: 121), INHBB-A24-9-180 (SEQ ID NO: 395),
INHBB-A24-10-180 (SEQ ID NO: 133), INHBB-A24- 10-305
(SEQ ID NO: 135), INHBB-A24-10-7 (SEQ ID NO: 137),
INHBB-A24- 10-212 (SEQ ID NO: 426), KIF20A-A24-9-305
(SEQ ID NO: 174), KIF20A-A24-9-383 (SEQ ID NO: 178),
KIF20A-A24- 10-304 (SEQ ID NO: 186), KIF20A-A24- 10-66
(SEQ ID NO: 194), KNTC2-A24-9-309 (SEQ ID NO: 196),
KNTC2-A24-9-124 (SEQ ID NO: 202), KNTC2-A24-9-154 (SEQ
ID NO: 210),KNTC2-A24-9-150 (SEQ ID NO: 213),
KNTC2-A24- 10-452 (SEQ ID NO: 214), KNTC2-A24- 10-227
(SEQ ID NO: 217), KNTC2-A24- 10-273 (SEQ ID NO: 223),
TTK-A02-9-462 (SEQ ID NO: 227), TTK-A02-9-547 (SEQ ID
NO: 228), TTK-A02-9-719 (SEQ ID NO: 233), TTK-A02-
10-462 (SEQ ID NO: 254), URLC-A02-9-206 (SEQ ID NO:
271), URLC-A02-9-212 (SEQ ID NO: 272) and URLC-A02-
10-211 (SEQ ID NO: 288) [0020] These peptides are
epitope peptides of each TAA restricted by HLA-A24 or
HLAA2. Since these antigens are over-expressed in most
cancers and are associated with tumor cell
proliferation, they find utility as immunotherapeutic
targets against cancers. Exemplary cancers include,
but are not limited to, bladder cancer, breast cancer,
cervical cancer, cholangincellular carcinoma, CML,
colorectal cancer, endometriosis, esophageal cancer,
gastric cancer, diffused type gastric cancer, liver,
NSCLC, lymphoma, osteosarcoma, ovarian cancer,
pancreatic cancer, prostate cancer, renal carcinoma,
SCLC, soft tissue tumor and testicular tumor. [0021]
Accordingly, the present invention further provides
methods of treating or preventing a disease associated
with the over-expression of CDH3, EPHA4, ECT2, HIG2,
INHBB, KIF20A, KNTC2, TTK and/or URLClO, e.g. cancers
in a subject, such methods including the steps of
administering to the subject an immunogenic peptide of
less than about 40 amino acids, often less than about
20 amino acids, usually less than about 15 amino acids
and having the amino acid sequence of SEQ ID NOs: 19,
22, 30, 34, 344, 358, 41, 44, 46, 48, 78, 376, 379,
80, 100, 101, 110, 111, 387, 112, 394, 114, 116, 117,
121, 395, 133, 135, 137, 426, 174, 178, 186, 194, 196,
202, 210, 213, 214, 217, 223, 227, 228, 233, 254, 271,
272 or 288. [0022] Alternatively, the immunogenic
peptide may have an amino acid sequence as set forth
in SEQ ID NOs: 19, 22, 30, 34, 344, 358, 41, 44, 46,
48, 78, 376, 379, 80, 100, 101, 110, 111, 387, 112,
394, 114, 116, 117, 121, 395, 133, 135, 137, 426, 174,
178, 186, 194, 196, 202, 210, 213, 214, 217, 223, 227,
228, 233, 254, 271, 272 or 288 in which 1, 2, or
several (e.g., up to 5) amino acids are substituted,
deleted or added, provided the resulting variant
peptide retains the immunogenic activity (i.e., the
ability to induce CTLs specific to cells expressing
CDH3, EPHA4, ECT2, HIG2, INHBB, KIF20A, KNTC2, TTK
and/or URLClO, e.g. cancers). [0023] The number of
residues to be substituted, deleted, or added is
generally 5 amino acids or less, preferably 4 amino
acids or less, more preferably 3 amino acids or
less,even more preferably one or two amino acids. The
cancers contemplated include, but are not limited to,
bladder cancer, breast cancer, cervical cancer,
cholangincellular carcinoma, CML, colorectal cancer,
endometriosis, esophageal cancer, gastric cancer,
diffused type gastric cancer, liver, NSCLC, lymphoma,
osteosarcoma, ovarian cancer, pancreatic cancer,
prostate cancer, renal carcinoma, SCLC, soft tissue
tumor and testicular tumor. Furthermore the present
invention provides methods for preventing post-surgery
recurrence of these diseases mentioned above. [0024]
Variant peptides (i.e., peptides having an amino acid
sequence modified by sub stituting, deleting, or
adding one, two or several amino acid residues to an
original amino acid sequence) are known to retain the
original biological activity (Mark DF et al., (1984)
Proc Natl Acad Sci USA 81: 5662-6.; Zoller MJ and
Smith M, (1982) Nucleic Acids Res 10:6487-500.;
Dalbadie-McFarland G et al., (1982) Proc Natl Acad Sci
USA 79: 6409-13.). In the context of the present
invention, it is preferable that the amino acid
modification results in conservation of the properties
of the original amino acid side-chain (a process known
as conservative amino acid substitution). Examples of
properties of amino acid side chains include
hydrophobic amino acids (A, I, L, M, F, P,W, Y, V),
hydrophilic amino acids (R, D, N, C, E, Q, G, H, K, S,
T), and side chains having the following functional
groups or characteristics in common: an aliphatic
sidechain (G, A, V, L, I, P); a hydroxyl group
containing side-chain (S, T, Y); a sulfur atom
containing side-chain (C, M); a carboxylic acid and
amide containing side-chain (D, N, E, Q); abase
containing side-chain (R, K, H); and an aromatic
containing sidechain (H, F, Y, W). Note, the
parenthetic letters indicate the one-letter codes of
amino acids. [0025] In preferred embodiments, the
immunogenic peptide is a nonapeptide (9-mer) or a
decapeptide (10-mer). The present invention further
provides a method of inducing anti-tumor immunity for
a disease associated with the over-expression of CDH3,
EPHA4, ECT2, HIG2, INHBB, KIF20A, KNTC2, TTK and/or
URLClO, e.g. cancers, in a subject, such a method
including the steps of administering to the subject an
immunogenic peptide of the present invention, namely
one having the amino acid sequence of SEQ ID NOs: 19, 



22, 30, 34, 344, 358, 41, 44, 46, 48, 78, 376, 379,
80, 100, 101, 110, 111, 387, 112, 394, 114, 116, 117,
121, 395, 133, 135, 137, 426, 174, 178, 186, 194, 196,
202, 210, 213, 214, 217, 223, 227, 228, 233, 254, 271,
272 or 288, or a variant thereof (i.e., including 1,
2, or several (e.g., up to 5) amino acid
substitutions, deletions, or additions) to the subject
in need thereof. The cancers contemplated include, but
are not limited to, bladder cancer, breast cancer,
cervical cancer, cholangincellular carcinoma, CML,
colorectal cancer, endometriosis, esophageal cancer,
gastric cancer, diffused type gastric cancer, liver,
NSCLC, lymphoma, osteosarcoma, ovarian
cancer,pancreatic cancer, pancreatic cancer, prostate
cancer, renal carcinoma, SCLC, soft tissue rumor and
testicular tumor. [0026] In the context of the present
invention, the subject is preferably a mammal.
Exemplary mammals include, but are not limited to,
e.g., a human, non-human primate, mouse, rat, dog,
cat, horse, or cow. In the present invention, the
peptide can be administered to a subject via an in
vivo or ex vivo protocol. Furthermore, the present
invention also provides use of nonapeptide or
decapeptide selected from peptides having the amino
acid sequence of SEQ ID NOs: 19, 22, 30, 34, 344, 358,
41, 44, 46, 48, 78, 376, 379, 80, 100, 101, 110, 111,
387, 112, 394, 114, 116, 117, 121, 395, 133, 135, 137,
426, 174, 178, 186, 194, 196, 202, 210, 213, 214, 217,
223, 227, 228, 233, 254, 271, 272 or 288 (and variants
thereof) for manufacturing an immunogenic composition
for treating or preventing a disease associated with
the over-expression of CDH3, EPHA4, ECT2, HIG2, INHBB,
KIF20A, KNTC2, TTK and/or URLClO, e.g. cancers. The
cancers contemplated include, but are not limited to,
bladder cancer, breast cancer, cervical cancer,
cholangincellular carcinoma, CML, colorectal cancer,
endometriosis, esophageal cancer, gastric cancer,
diffused type gastric cancer, liver, NSCLC, lymphoma,
o s teosarcoma, ovarian cancer, pancreatic cancer,
pancreatic cancer, prostate cancer, renal carcinoma,
SCLC, soft tissue tumor and testicular tumor. [0027]
Homology analyses of the following peptides
demonstrate that they do not have sig nificant
homology with the peptides derived from any known
human gene products. CDH3-A24-9-513 (SEQ ID NO: 19),
CDH3-A24-9-406 (SEQ ID NO: 22), CDH3-A24- 10-807 (SEQ
ID NO: 30), CDH3-A24- 10-332 (SEQ ID NO: 34),
CDH3-A24- 10-655 (SEQ ID NO: 344), CDH3-A24- 10-470
(SEQ ID NO: 358), EphA4-A24-9-453 (SEQ ID NO: 41),
EphA4-A24-9-5 (SEQ ID NO: 44), EphA4-A24-9-869 (SEQ ID
NO: 46), EphA4-A24-9-420 (SEQ ID NO: 48), EphA4-A24-
10-24 (SEQ ID NO: 78), EphA4-A02-9-501 (SEQ ID NO:
376), EphA4-A02-9-165 (SEQ ID NO: 379), ECT2-A24-9-515
(SEQ ID NO: 80), ECT2-A24- 10-40 (SEQ ID NO: 100),
ECT2-A24-10-101 (SEQ ID NO: 101), HIG2-A24-9-19 (SEQ
ID NO: 110),HIG2-A24-9-22 (SEQ ID NO: 111),
HIG2-A24-9-8 (SEQ ID NO: 387), HIG2-A24-10-7 (SEQ ID
NO: 112), HIG2-A24-10-18 (SEQ ID NO: 394),
HIG2-A02-9-8 (SEQ ID NO: 114), HIG2-A02-9-15 (SEQ ID
NO: 116), HIG2-A02-9-4 (SEQ ID NO: 117), HIG2-A02-10-8
(SEQ ID NO: 121), INHBB-A24-9-180 (SEQ ID NO: 395),
INHBB-A24-10-180 (SEQ ID NO: 133), INHBB-A24- 10-305
(SEQ ID NO: 135), INHBB-A24-10-7 (SEQ ID NO: 137),
INHBB-A24- 10-212 (SEQ ID NO: 426), KIF20A-A24-9-305
(SEQ ID NO: 174), KIF20A-A24-9-383 (SEQ ID NO: 178),
KIF20A-A24- 10-304 (SEQ ID NO: 186), KIF20A-A24- 10-66
(SEQ ID NO: 194), KNTC2-A24-9-309 (SEQ ID NO: 196),
KNTC2-A24-9-124 (SEQ ID NO: 202), KNTC2-A24-9-154 (SEQ
ID NO: 210), KNTC2-A24-9-150 (SEQ ID NO: 213),
KNTC2-A24- 10-452 (SEQ ID NO: 214), KNTC2-A24- 10-227
(SEQ ID NO: 217), KNTC2-A24- 10-273 (SEQ ID NO: 223),
TTK-A02-9-462 (SEQ ID NO: 227), TTK-A02-9-547 (SEQ ID
NO: 228), TTK-A02-9-719 (SEQ ID NO: 233), TTK-A02-
10-462 (SEQ ID NO: 254), URLC-A02-9-206 (SEQ ID NO:
271), URLC-A02-9-212 (SEQ ID NO: 272) and URLC-A02-
10-211 (SEQ ID NO: 288) [0028] Accordingly, the
possibility of unknown or undesirable immune responses
with im munotherapy against these molecules is
significantly reduced. [0029] Regarding HLA antigens,
the data presented here demonstrate that the uses of
A-24 type or A-2 type antigens (which are said to be
highly expressed among the Japanese) are favorable for
obtaining effective results. The uses of subtypes such
as A-2402 and A-0201 are even more preferable.
Typically, in the clinic, the type of HLA antigen of
the patient requiring treatment is investigated in
advance, which, in turn, enables theselection of
appropriate peptides having high levels of binding
affinity to the patient antigen, or having cytotoxic T
cell (CTL) inducibility by antigen presentation. Fur
thermore, in order to obtain peptides having high
binding affinity and CTL indu cibility, substitution,
deletion, or addition of 1, 2, or several (e.g., up to
5) amino acids may be performed based on the amino
acid sequence of the naturally occurring CDH3, EPHA4,
ECT2, HIG2, INHBB, KIF20A, KNTC2, TTK and URLClO
partial peptide. Herein, the term "several" means
refers to 5 or less, more preferably 3 or less. Fur
thermore, in addition to peptides that are naturally
displayed, since the regularity of the sequences of
peptides displayed by binding to HLA antigens is
already known (Kubo RT, et al., (1994) J. Immunol.,
152, 3913-24.; Rammensee HG, et al., (1995)
Immunogenetics. 41:178-228.; Kondo A, et al., (1995)
J. Immunol. 155:4307-12.), modi fications based on
such regularity can be performed on the immunogenic
peptides of the invention. For example, peptides
possessing high HLA-24 binding affinity in which the
second amino acid from the N terminus substituted with
phenylalanine, tyrosine, methionine, or tryptophan may
be favorably used. Likewise, peptides whose C-terminal
amino acid is substituted with phenylalanine, leucine,
isoleucine, tryptophan, or methionine may also be used
favorably. On the other hand, peptides possessing high
HLA-A2 binding affinity in which the second amino acid
from the N terminus substituted with leucine or
methionine, and peptides whose C-terminal amino acid
is substituted with valine or leucine may be used
favorably. The substitution is performed not only at
the terminus amino acids but also at the position of
potential TCR recognition of peptides. Several studies
have demonstrated that amino acid sub stitutions in a
peptide can be equal to or better than the original,
for example CAPl, p53 (264-272) Her-2/neu (369-377) or
gplOO (209-217) (Zaremba et al. Cancer Res. 57,
4570-4577, 1997, T. K. Hoffmann et al. J Immunol.
(2002) Feb 1;168(3): 1338-47., S. O. Dionne et al.
Cancer Immunol immunother. (2003) 52: 199-206 and S.
O. Dionne et al. Cancer Immunology, Immunotherapy
(2004) 53, 307-314). Furthermore, 1 to 2 amino acids
may be added to the N terminus and/or C terminus of
the peptide. However, when the peptide sequence is
identical to a portion of the amino acid sequence of
an endogenous or exogenous protein having a different
function, side effects such as autoimmune disorders or
allergic symptoms against specific substances may be
induced. Therefore, it is preferable to avoid the
situation wherein the im munogenic sequence matches
the amino acid sequence of a known protein. This
situation may be avoided by performing a homology
search using available databases. If homology searches
confirm that peptides in which 1, 2 or several
different amino acids do not exist in nature, then the
danger that modifications of the above-mentioned amino
acid sequence that, for example, increase the binding
affinity with HLA antigens, and/or increase the CTL
inducibility can be avoided.[0031] Although peptides
having high binding affinity to the HLA antigens as
described above are expected to be highly effective as
cancer vaccines, the candidate peptides, which are
selected according to the presence of high binding
affinity as an indicator, must be examined for the
actual presence of CTL inducibility. CTL inducibility
may be routinely confirmed by inducing
antigen-presenting cells carrying human MHC antigens
(for example, B-lymphocytes, macrophages, and
dendritic cells), or more spe cifically dendritic
cells derived from human peripheral blood mononuclear
leukocytes, and, after stimulation with the peptide of
interest, mixing with CD8-positive cells and measuring
the cytotoxic activity against the target cells. As
the reaction system, transgenic animals produced to
express a human HLA antigen (for example, those 



described in BenMohamed L, et al., (2000) Hum.
Immunol.; 61(8):764-79 Related Articles, Books,
Linkout.) may be used. For example, the target cells
can be radio labeled with 5 1Cr and such, and
cytotoxic activity can be calculated from
radioactivity released from the target cells.
Alternatively, it can be examined by measuring
IFNgamma produced and released by CTL in the presence
of antigen-presenting cells that carry immobilized
peptides, and visualizing the inhibition zone on the
media using anti-IFN-gamma monoclonal antibodies.
[0032] As a result of examining the CTL inducibility
of peptides as described above, it was discovered that
those peptides having high binding affinity to an HLA
antigen did not necessarily have high inducibility.
However, nonapeptides or decapeptides selected from
the group of peptides having the amino acid sequences
indicated by the following peptides showed
particularly high CTL inducibility. CDH3-A24-9-513
(SEQ ID NO: 19), CDH3-A24-9-406 (SEQ ID NO: 22),
CDH3-A24- 10-807 (SEQ ID NO: 30), CDH3-A24- 10-332
(SEQ ID NO: 34), CDH3-A24- 10-655 (SEQ ID NO: 344),
CDH3-A24- 10-470 (SEQ ID NO: 358), EphA4-A24-9-453
(SEQ ID NO: 41), EphA4-A24-9-5 (SEQ ID NO: 44),
EphA4-A24-9-869 (SEQ ID NO: 46), EphA4-A24-9-420 (SEQ
ID NO: 48), EphA4-A24- 10-24 (SEQ ID NO: 78),
EphA4-A02-9-501 (SEQ ID NO: 376), EphA4-A02-9-165 (SEQ
ID NO: 379), ECT2-A24-9-515 (SEQ ID NO: 80), ECT2-A24-
10-40 (SEQ ID NO: 100), ECT2-A24-10-101 (SEQ ID NO:
101),HIG2-A24-9-19 (SEQ ID NO: 110), HIG2-A24-9-22
(SEQ ID NO: 111), HIG2-A24-9-8 (SEQ ID NO: 387),
HIG2-A24-10-7 (SEQ ID NO: 112), HIG2-A24-10-18 (SEQ ID
NO: 394), HIG2-A02-9-8 (SEQ ID NO: 114), HIG2-A02-9-15
(SEQ ID NO: 116), HIG2-A02-9-4 (SEQ ID NO: 117),
HIG2-A02-10-8 (SEQ ID NO: 121), INHBB-A24-9-180 (SEQ
ID NO: 395), INHBB-A24-10-180 (SEQ ID NO: 133),
INHBB-A24- 10-305 (SEQ ID NO: 135), INHBB-A24-10-7
(SEQ ID NO: 137), INHBB-A24- 10-212 (SEQ ID NO: 426),
KIF20A-A24-9-305 (SEQ ID NO: 174), KIF20A-A24-9-383
(SEQ ID NO: 178), KIF20A-A24- 10-304 (SEQ ID NO: 186),
KIF20A-A24- 10-66 (SEQ ID NO: 194), KNTC2-A24-9-309
(SEQ ID NO: 196), KNTC2-A24-9-124 (SEQ ID NO: 202),
KNTC2-A24-9-154 (SEQ ID NO: 210), KNTC2-A24-9-150 (SEQ
ID NO: 213), KNTC2-A24- 10-452 (SEQ ID NO: 214),
KNTC2-A24- 10-227 (SEQ ID NO: 217), KNTC2-A24- 10-273
(SEQ ID NO: 223), TTK-A02-9-462 (SEQ ID NO: 227),
TTK-A02-9-547 (SEQ ID NO: 228), TTK-A02-9-719 (SEQ ID
NO: 233), TTK-A02- 10-462 (SEQ ID NO: 254),
URLC-A02-9-206 (SEQ ID NO: 271), URLC-A02-9-212 (SEQ
ID NO: 272) and URLC-A02- 10-211 (SEQ ID NO: 288) As
noted above, the present invention provides peptides
having cytotoxic T cell inducibility, namely those
having the amino acid sequence of SEQ ID NOs: 19, 22,
30, 34, 344, 358, 41, 44, 46, 48, 78, 376, 379, 80,
100, 101, 110, 111, 387, 112, 394, 114, 116, 117, 121,
395, 133, 135, 137, 426, 174, 178, 186, 194, 196, 202,
210, 213, 214, 217, 223, 227, 228, 233, 254, 271, 272
or 288 or a variant thereof (i.e., those in which 1,
2, or several amino acids are substituted, deleted, or
added).[0034] It is preferable that the amino acid
sequences composed of 9 or 10 amino acids indicated in
SEQ ID NOs: 19, 22, 30, 34, 344, 358, 41, 44, 46, 48,
78, 376, 379, 80, 100, 101, 110, 111, 387, 112, 394,
114, 116, 117, 121, 395, 133, 135, 137, 426, 174, 178,
186, 194, 196, 202, 210, 213, 214, 217, 223, 227, 228,
233, 254, 271, 272 or 288 or a variant thereof do not
match an amino acid sequence associated with another
en dogenous protein. [0035] In particular, amino acid
substitution to leucine or methionine at the second
amino acid from the N terminus, amino acid
substitution to valine or leucine at the C-terminal
amino acid, and amino acid addition of 1 to 2 amino
acids at the N terminus and/or C terminus are examples
of preferred variants. [0036] One of skill in the art
will recognize that in addition to amino acid
substitutions and additions, immunologically active
fragments of the peptides may also be used in the
methods of the invention. Methods for determining
active fragments are well known in the art. CTL clones
obtained by stimulation by these modified peptides can
recognize the original peptides and cause damage for
cells expressing the original peptides. [0037]
Peptides of the present invention can be prepared
using well known techniques. For example, the peptides
can be prepared synthetically, using either
recombinant DNA technology or chemical synthesis.
Peptides of the present invention may be synthesized
individually or as longer polypeptides composed of two
or more peptides. The peptides of the present
invention are preferably isolated, i.e., substantially
free of other naturally occurring host cell proteins
and fragments thereof. [0038] The peptides of the
present invention may contain modifications, such as
glycosylation, side chain oxidation, or
phosphorylation; so long as the modifications do not
destroy the biological activity of the peptides as
described herein, namely the ability to binding to an
HLA antigen and induce CTL. Other modifications
include incorporation of D-amino acids or other amino
acid mimetics that can be used, for example, to
increase the serum half life of the peptides. [0039]
Moreover, this invention may contain a method of
screening for a peptide which 1, 2, or several amino
acids are substituted, wherein said peptide comprises
an amino acid sequence selected from the group
consisting of SEQ ID NO: SEQ ID NO: 19, 22, 30, 34,
344, 358, 41, 44, 46, 48, 78, 80, 100, 101, 110, 111,
387, 112, 394, 395, 133, 135, 137, 426, 174, 178, 186,
194, 196, 202, 210, 213, 214, 217 or 223, said method
comprising the steps of: (a) comforming no significant
sequence homology to the entire sequence of 1, 2 or
several amino acids substitute; (b) measuring the CTL
inducibility of the candidate substitute peptide; and
(c) selecting the peptide which CTL inducibility is
same to or higher than the original peptide.[0040] For
example, in prefered embodiments, the present
invention provides a method of identifying for a
peptide having an ability to induce CTL against cells
expressing at leaset one tumor- associated antigen,
wherein the tumor-associated antigen is antigen
selected from the group consisting of CDH3, EPHA4,
ECT2, HIG2, INHBB, KIF20A, KNTC2, TTK and URLClO, said
method comprising the steps of: (i) providing or
generating at least one candidate sequence which
consists of an amino acid sequence modified by
substituting, deleting, or adding one, two or several
amino acid residues to an original amino acid
sequence, wherein the original amino acid sequence is
selected from the group consisting of SEQ ID NO: SEQ
ID NO: 19, 22, 30, 34, 344, 358, 41, 44, 46, 48, 78,
80, 100, 101, 110, 111, 387, 112, 394, 395, 133, 135,
137, 426, 174, 178, 186, 194, 196, 202, 210, 213, 214,
217 or 223; (ii) selecting the candidate sequence that
does not have substantial significant homology with
the peptides derived from any known human gene
products other than said tumor-associated antigens;
(iii) contacting a peptide consisting of the candidate
sequence selected in step (ii) with antigen presenting
cells; (iv) contacting the antigen presenting cells of
step (c) with T-cells to evaluate the ability of the
peptide to stimulate the T-cells; and (v) identifying
the peptide of which CTL inducibility is same to or
higher than a peptide consisting of the original amino
acid sequence. [0041] Preferably, the amino acid is
substituted for a different amino acid in which the
properties of the amino acid side-chain are conserved
(a process known as conservative amino acid
substitution). Examples of properties of amino acid
side chains are hy drophobic amino acids (A, I, L, M,
F, P,W, Y, V), hydrophilic amino acids (R, D, N, C, E,
Q, G, H, K, S, T), and side chains having the
following functional groups or characteristics in
common: an aliphatic side-chain (G, A, V, L, I, P); a
hydroxyl group containing side-chain (S, T, Y); a
sulfur atom containing side-chain (C, M); a 



carboxylic acid and amide containing side-chain (D, N,
E, Q); a base containing sidechain (R, K, H); and an
aromatic containing side-chain (H, F, Y, W). Note, the
p ar enthetic letters indicate the one-letter codes of
amino acids. In the present invention, substantial
significant homology is, for example, more than 90%,
preferably 95%, more preferably 99% or 100% identity
with a known human gene product to be compared. [0042]
The peptides of this invention can be prepared as a
combination, which includes two or more of peptides of
the invention, for use as a vaccine for a disease
associated with the over-expression of CDH3, EPHA4,
ECT2, HIG2, INHBB, KIF20A, KNTC2, TTK and/or URLClO,
e.g. cancers, such a vaccine inducing CTL in vivo. The
cancers con templated include, but are not limited to,
bladder cancer, breast cancer, cervical
cancer,cholangincellular carcinoma, CML, colorectal
cancer, endometriosis, esophageal cancer, gastric
cancer, diffused type gastric cancer, liver, NSCLC,
lymphoma, o s teosarcoma, ovarian cancer, pancreatic
cancer, prostate cancer, renal carcinoma, SCLC, soft
tissue tumor and testicular tumor. The peptides may be
in a cocktail or may be conjugated to each other using
standard techniques. For example, the peptides can be
expressed as a single polypeptide sequence. The
peptides in the combination may be the same or
different. [0043] By administering the peptides of
this invention, the peptides are presented at a high
density on the HLA antigens of antigen-presenting
cells, which, in turn, induces CTLs that specifically
react toward the complex formed between the displayed
peptide and the HLA antigen. Alternatively,
antigen-presenting cells having immobilized the
peptides of this invention on their cell surface,
obtained by removing dendritic cells from the
subjects, may be stimulated by the peptides of this
invention. Readministration of these cells to the
respective subjects induces CTL, and, as a result,
aggressiveness towards the target cells can be
increased. [0044] More specifically, the present
invention provides drugs for treating and/or
preventing proliferation, metastasis, and such of a
disease associated with the over-expression of CDH3,
EPHA4, ECT2, HIG2, INHBB, KIF20A, KNTC2, TTK and/or
URLClO, e.g. cancers, which include one or more of
peptides of the present invention, or a poly
nucleotide encoding the peptides. The peptides or
polynucleotides of the present invention find
particular utility in the treatment of a disease
associating CDH3, EPHA4, ECT2, HIG2, INHBB, KIF20A,
KNTC2, TTK and/or URLClO, e.g. cancers. The cancers
contemplated include, but are not limited to, bladder
cancer, breast cancer, cervical cancer,
cholangincellular carcinoma, CML, colorectal cancer,
endometriosis, esophageal cancer, gastric cancer,
diffused type gastric cancer, liver, NSCLC, lymphoma,
osteosarcoma, ovarian cancer, pancreatic cancer,
prostate cancer, renal carcinoma, SCLC, soft tissue
tumor and testicular tumor. [0045] The peptides of
this invention can be administered to a subject
directly, as a pharma ceutical composition that has
been formulated by conventional formulation methods.
In such cases, in addition to the peptides of this
invention, carriers, excipients, and such that are
ordinarily used for drugs can be included as
appropriate, without particular limitations. The
immunogenic compositions of this invention may be used
for treatment and prevention of a disease associated
with the over-expression of CDH3, EPHA4, ECT2, HIG2,
INHBB, KIF20A, KNTC2, TTK and/or URLClO, e.g. cancers.
The cancers contemplated include, but are not limited
to, bladder cancer, breast cancer, cervical cancer,
cholangincellular carcinoma, CML, colorectal cancer,
endometriosis, esophageal cancer, gastric cancer,
diffused type gastric cancer, liver, NSCLC, lymphoma,
osteosarcoma, ovarian cancer, pancreatic cancer,
prostate cancer,renal carcinoma, SCLC, soft tissue
tumor and testicular tumor. [0046] The immunogenic
compositions for treatment and/or prevention of a
disease a s sociated with the over-expression of CDH3,
EPHA4, ECT2, HIG2, INHBB, KIF20A, KNTC2, TTK and/or
URLClO, e.g. cancers, which include as the active
ingredient one or more peptides of the present
invention, can further include an adjuvant so that
cellular immunity will be established effectively.
Alternatively, they may be ad ministered with other
active ingredients, such as anti-cancer agents. [0047]
The cancers contemplated include, but are not limited
to, bladder cancer, breast cancer, cervical cancer,
cholangincellular carcinoma, CML, colorectal cancer,
endo metriosis, esophageal cancer, gastric cancer,
diffused type gastric cancer, liver, NSCLC, lymphoma,
osteosarcoma, ovarian cancer, pancreatic cancer,
prostate cancer, renal carcinoma, SCLC, soft tissue
tumor and testicular tumor. Suitable formulations
include granules. Suitable adjuvants are described in
the literature (Johnson AG. (1994) Clin. Microbiol.
Rev., 7:277-89.). [0048] Exemplary adjuvants include,
but are not limited to, aluminum phosphate, aluminum
hydroxide, and alum. Furthermore, liposome
formulations, granular formulations in which the drug
is bound to few-mc m diameter beads, and formulations
in which a lipid is bound to the peptide may be
conveniently used. The method of administration may be
oral, intradermal, subcutaneous, intravenous
injection, or such, and may include systemic
administration or local administration to the vicinity
of the targeted tumor. [0049] The dose of the
peptide(s) of this invention can be adjusted
appropriately according to the disease to be treated,
age of the patient, weight, method of administration,
and such. Though the dosage is ordinarily 0.001 mg to
1000 mg, preferably 0.01 mg to 100 mg, more preferably
0.1 mg to 10 mg, preferably administered once in a few
days to few months, one skilled in the art can readily
select the appropriate dose and method of
administration, as, the selection and optimization of
these parameters is well within routine skill. [0050]
The present invention further provides intracellular
vesicles called exosomes, which present complexes
formed between the peptides of this invention and HLA
antigens on their surface. Exosomes can be prepared,
for example, by using the methods described in detail
in Published Japanese Translation of International
Publication Nos. Hei 11-510507 and 2000-512161, and
are preferably prepared using antigen-presenting cells
obtained from subjects who are targets of treatment
and/or prevention. The exosomes of this invention can
be inoculated as cancer vaccines, similarly to the
peptides of this invention. [005 1] The type of HLA
antigens used must match that of the subject requiring
treatment and/or prevention. For example, in the
Japanese population, HLA-A24 or HLA-A2,particularly
HLA-A2402 or HLA-A0201, is often appropriate. [0052]
In some embodiments, the vaccine compositions of the
present invention include a component which primes
cytotoxic T lymphocytes. Lipids have been identified
as agents capable of priming CTL in vivo against viral
antigens. For example, palmitic acid residues can be
attached to the epsilon-and alpha-amino groups of a
lysine residue and then linked to an immunogenic
peptide of the invention. The lipidated peptide can
then be administered either directly, in a micelle or
particle, incorporated into a liposome, or emulsified
in an adjuvant. As another example of a lipid priming
of CTL responses, E. coli lipoproteins, such as
tripalmitoyl-S-glycerylcysteinlyseryl- serine (P3CSS),
can be used to prime CTL when covalently attached to
an appropriate peptide (see, e.g., Deres K, et al.,
(1989) Nature 342:561-4.). [0053] The immunogenic
compositions of the present invention may also include
nucleic acids encoding one or more of the immunogenic
peptides disclosed here. See, e.g., Wolff JA et al.,
(1990) Science 247:1465-8; U.S. Patent Nos. 5,580,859;
5,589,466; 5,804,566; 5,739,118; 5,736,524; 5,679,647;
and WO 98/04720. Examples of DNAbased delivery
technologies include "naked DNA", facilitated
(bupivicaine, polymers, peptide-mediated) delivery,
cationic lipid complexes, and particle-mediated ("gene
gun") or pressure-mediated delivery (see, e.g., U.S.
Patent No. 5,922,687). [0054] The immunogenic peptides
of the invention can also be expressed by viral or
bacterial vectors. Examples of suitable expression
vectors include attenuated viral hosts, such as
vaccinia or fowlpox. This approach involves the use of
vaccinia virus, e.g., as a vector to express
nucleotide sequences that encode the peptide. Upon in
troduction into a host, the recombinant vaccinia virus
expresses the immunogenic peptide, and thereby elicits
an immune response. Vaccinia vectors and methods
useful in immunization protocols are described in,
e.g., U.S. Patent No. 4,722,848. Another suitable
vector is BCG (Bacille Calmette Guerin). BCG vectors
are described in Stover CK, et al., (1991) Nature
351:456-60. A wide variety of other vectors useful for
therapeutic administration or immunization e.g., adeno
and adeno-associated virus vectors, retroviral
vectors, Salmonella typhi vectors, detoxified anthrax
toxin vectors, and the like, are known in the art.
See, e.g., Shata MT, et al., (2000) MoI. Med. Today
6:66-71; Shedlock DJ and Weiner DB., et al., (2000) J
. Leukoc. Biol. 68:793-806; and Hipp JD, et al.,
(2000) In Vivo 14:571-85. [0055] The present invention
also provides methods of inducing antigen-presenting
cells using one or more peptides of this invention.
The antigen-presenting cells can be induced by
inducing dendritic cells from the peripheral blood
monocytes and then contacting (stimulating) them with
one or more peptides of this invention in vitro, ex
vivo or in vivo. When peptides of the present
invention are administered to the subjects,
antigen-presenting cells that have the peptides of
this invention immobilizedto them are induced in the
body of the subject. Alternatively, after immobilizing
the peptides of this invention to the
antigen-presenting cells, the cells can be
administered to the subject as a vaccine. For example,
the ex vivo administration may include the steps of: a
: collecting antigen-presenting cells from a subject,
and b : contacting the antigen-presenting cells of
step a with a peptide of the present invention. 



[0056] Alternatively, according to the present
invention, use of the peptides of this invention for
manufacturing a pharmaceutical composition inducing
antigen-presenting cells is provided. Further, the
present invention also provides the peptide of the
present invention for inducing antigen-presenting
cells. The antigen-presenting cells obtained by step b
can be administered to the subject as a vaccine.
[0057] This invention also provides a method for
inducing antigen-presenting cells having a high level
of cytotoxic T cell inducibility, in which the method
includes the step of transferring genes composed of
polynucleotide(s) encoding one or more peptides of
this invention to antigen-presenting cells in vitro.
The introduced genes may be in the form of DNAs or
RNAs. For the method of introduction, without
particular limitations, various methods conventionally
performed in this field, such as lipofection,
electroporation, and calcium phosphate method may be
suitably used. More specifically, transfection may be
performed as described in Reeves ME, et al., (1996)
Cancer Res., 56:5672-7.; Butterfield LH, et al.,
(1998) J. Immunol., 161:5607-13.; Boczkowski D, et
al., (1996) J . Exp. Med., 184:465-72.; Published
Japanese Translation of Inter national Publication No.
2000-509281. By transferring the gene into
antigenpresenting cells, the gene undergoes
transcription, translation, and such in the cell, and
then the obtained protein is processed by MHC Class I
or Class II, and proceeds through a presentation
pathway to present partial peptides. [0058] The
present invention further provides methods for
inducing CTL using one or more peptides of this
invention. When the peptides of this invention are
administered to a subject, CTL are induced in the body
of the subject, and the strength of the immune system
targeting the cells expressing CDH3, EPHA4, ECT2,
HIG2, INHBB, KIF20A, KNTC2, TTK and/or URLClO, e.g.
cancer cells in the tumor tissues is thereby enhanced.
[0059] The cancers contemplated include, but are not
limited to bladder cancer, breast cancer, cervical
cancer, cholangincellular carcinoma, CML, colorectal
cancer, endo metriosis, esophageal cancer, gastric
cancer, diffused type gastric cancer, liver, NSCLC,
lymphoma, osteosarcoma, ovarian cancer, pancreatic
cancer, prostate cancer, renal carcinoma, SCLC, soft
tissue tumor and testicular tumor. Alternatively, the
peptides of the present invention may be used in the
context of an ex vivo therapeuticmethod, in which
subject-derived antigen-presenting cells and
CD8-positive cells or peripheral blood mononuclear
leukocytes are contacted (stimulated) with one or more
peptides of this invention in vitro, and, after
inducing CTL, the cells are returned to the subject.
For example, the method may include the steps of: a :
collecting antigen-presenting cells from a subject, b
: contacting the antigen-presenting cells of step a
with a peptide of the present invention, c : mixing
the antigen-presenting cells of step b with CD8+ T
cells and co-culturing so as to induce cytotoxic
T-cells:, and d: collecting CD8+ T cells from the
co-culture of step c. [0060] Alternatively, according
to the present invention, use of the peptides of this
invention for manufacturing a pharmaceutical
composition inducing CTLs is provided. Further, the
present invention also provides the peptide of the
present invention for inducing CTLs. The CD8+ T cells
having cytotoxic activity obtained by step d can be ad
ministered to the subject as a vaccine. [0061] The
present invention further provides isolated cytotoxic
T cells induced using the peptides of this invention.
The cytotoxic T cells, induced by stimulation with an
antigen-presenting cell presenting one or more
peptides of this invention, are preferably derived
from subjects who are the target of treatment and/or
prevention, and can be administered alone or in
combination with other drugs, including one or more
peptides of this invention or exosomes having
anti-tumor activity. The obtained cytotoxic T cells
act specifically against target cells presenting the
peptides of this invention, or preferably the same
peptide(s) used for induction. The target cells may be
cells that express CDH3, EPHA4, ECT2, HIG2, INHBB,
KIF20A, KNTC2, TTK and/ or URLClO endogenously, or
cells that are transfected with CDH3, EPHA4, ECT2,
HIG2, INHBB, KIF20A, KNTC2, TTK and/or URLClO genes.
Cells that present the peptides of this invention on
the cell surface, due to stimulation with these
peptides, can also become targets of attack. [0062]
The present invention also provides antigen-presenting
cells presenting complexes formed between HLA antigens
and one or more peptides of this invention. The
antigen-presenting cells, obtained through contact
with the peptides of this invention or the nucleotides
encoding such peptides, are preferably derived from
subjects who are the target of treatment and/or
prevention, and can be administered as vaccines, alone
or in combination with other drugs, including the
peptides, exosomes, or cytotoxic T cells of the
present invention. [0063] The present invention also
provides a composition composed of nucleic acids
encoding polypeptides that are capable of forming a
subunit of a T cell receptor (TCR), and methods of
using the same. The TCR subunits have the ability to
form TCRs thatconfer specificity to T cells for tumor
cells presenting CDH3, EPHA4, ECT2, HIG2, INHBB,
KIF20A, KNTC2, TTK or URLClO. By using the known
method in the art, the nucleic acids of alpha- and
beta-chain as the TCR subunits of the CTL induced with
one or more peptides of this invention may be
identified (WO2007/032255 and Morgan et al., J
Immunol, 171, 3288 (2003)). The derivative TCRs
preferably bind target cells displaying the CDH3,
EPHA4, ECT2, HIG2, INHBB, KIF20A, KNTC2, TTK or URLClO
peptide with high avidity, and optionally mediate
efficient killing of target cells presenting the CDH3,
EPHA4, ECT2, HIG2, INHBB, KIF20A, KNTC2, TTK or URLClO
peptide in vivo and in vitro. [0064] The nucleic acids
encoding the TCR subunits can be incorporated into
suitable vectors e.g. retroviral vectors. These
vectors are well known in the art. The nucleic acids
or the vectors containing them usefully can be
transferred into a T cell, which T cell is preferably
from a patient. Advantageously, the invention provides
an offthe- shelf composition allowing rapid
modification of a patient's own T cells (or those of
another mammal) to rapidly and easily produce modified
T cells having excellent cancer cell killing
properties. [0065] Also, the present invention
provides CTLs which are prepared by transduction with
the nucleic acids encoding the TCR subunits
polypeptides binding with CDH3, EPHA4, ECT2, HIG2,
INHBB, KIF20A, KNTC2, TTK or URLClO peptide e.g. SEQ
ID NOs: 19, 22, 30, 34, 344, 358, 41, 44, 46, 48, 78,
376, 379, 80, 100, 101, 110, 111, 387, 112, 394, 114,
116, 117, 121, 395, 133, 135, 137, 426, 174, 178, 186,
194, 196, 202, 210, 213, 214, 217, 223, 227, 228, 233,
254, 271, 272 or 288 in the context of HLA-A24 or
HLA-A2. The transduced CTLs are capable of homing to
cancer cells in vivo, and expanded by well known
culturing method in vitro (e.g., Kawakami et al., J
Immunol., 142, 3452-3461 (1989)). The T cells of the
invention can be used to form an immunogenic
composition useful in treating or preventing cancer in
a patient in need of therapy or protection
(WO2006/031221). [0066] In the context of the present
invention, the term "vaccine" (also referred to as an
im munogenic composition) refers to a substance that
induces anti-tumor immunity or suppresses cancers upon
inoculation into animals. According to the present
invention, polypeptides having the amino acid sequence
of SEQ ID NO: 19, 22, 30, 34, 344, 358, 41, 44, 46,
48, 78, 80, 100, 101, 110, 111, 387, 112, 394, 395,
133, 135, 137, 426, 174, 178, 186, 194, 196, 202, 210,
213, 214, 217 or 223 were suggested to be HLA-A24 re
stricted epitope peptides and those of SEQ ID NO: 376,
379, 114, 116, 117, 121, 227, 228, 233, 254, 271, 272
or 288 were suggested to be HLA-A2 restricted epitope
peptides that may induce potent and specific immune
response against cells expressing CDH3, EPHA4, ECT2,
HIG2, INHBB, KIF20A, KNTC2, TTK and/or URLClO, e.g.
cancer cells expressing CDH3, EPHA4, ECT2, HIG2,
INHBB, KIF20A, KNTC2, TTKand/or URLClO. The cancers
contemplated include, but are not limited to bladder
cancer, breast cancer, cervical cancer,
cholangincellular carcinoma, CML, colorectal cancer,
endometriosis, esophageal cancer, gastric cancer,
diffused type gastric cancer, liver, NSCLC, lymphoma,
osteosarcoma, ovarian cancer, pancreatic cancer,
prostate cancer, renal carcinoma, SCLC, soft tissue
tumor and testicular tumor. [0067] Thus, the present
invention also encompasses a method of inducing
anti-tumor immunity using polypeptides having the
amino acid sequence of SEQ ID NO: 19, 22, 30, 34, 344,
358, 41, 44, 46, 48, 78, 376, 379, 80, 100, 101, 110,
111, 387, 112, 394, 114, 116, 117, 121, 395, 133, 135,
137, 426, 174, 178, 186, 194, 196, 202, 210, 213, 214,
217, 223, 227, 228, 233, 254, 271, 272 or 288 or a
variant thereof (i.e., including 1, 2, or several
(e.g., up to 5) amino acid substitutions, deletions,
or additions). In general, anti-tumor immunity
includes immune responses such as follows: - an
induction of cytotoxic lymphocytes against tumors
containing cells expressing CDH3, EPHA4, ECT2, HIG2,
INHBB, KIF20A, KNTC2, TTK and/or URLClO, - an
induction of antibodies that recognize tumors
containing cells expressing CDH3, EPHA4, ECT2, HIG2,
INHBB, KIF20A, KNTC2, TTK and/or URLClO, and - an
induction of anti-tumor cytokine production. [0068]
Therefore, when a certain peptide induces any one of
these immune responses upon inoculation into an
animal, the peptide is decided to have anti-tumor
immunity inducing effect. The induction of the
anti-tumor immunity by a peptide can be detected by
observing in vivo or in vitro the response of the
immune system in the host against the peptide. [0069]
For example, a method for detecting the induction of
cytotoxic T lymphocytes is well known. A foreign
substance that enters the living body is presented to
T cells and B 



cells by the action of antigen-presenting cells
(APCs). T cells that respond to the antigen presented
by APC in antigen specific manner differentiate into
cytotoxic T cells (also referred to as cytotoxic T
lymphocytes or CTLs) due to stimulation by the
antigen, and then proliferate; this process is
referred to herein as "activation" of T cells.
Therefore, CTL induction by a certain peptide can be
evaluated by presenting the peptide to a T cell by
APC, and detecting the induction of CTL. Furthermore,
APCs have the effect of activating CD4+ T cells, CD8+
T cells, macrophages, eosinophils and NK cells. Since
CD4+ T cells are also important in anti-tumor
immunity, the anti tumor immunity inducing action of
the peptide can be evaluated using the activation
effect of these cells as indicators. [0070] A method
for evaluating the inducing action of CTL using
dendritic cells (DCs) as APC is well known in the art.
DC is a representative APC having the strongest CTL
inducing action among APCs. In this method, the test
polypeptide is initially contacted with DC and then
this DC is contacted with T cells. Detection of T
cells havingcytotoxic effects against the cells of
interest after the contact with DC shows that the test
polypeptide has an activity of inducing the cytotoxic
T cells. Activity of CTL against tumors can be
detected, for example, using the lysis of 5
1Cr-labeled tumor cells as the indicator.
Alternatively, it is well known to evaluate the degree
of tumor cell damage using 3H-thymidine uptake
activity or LDH (lactose dehydrogenase)-release as the
indicator. Furthermore, it can be also examined by
measuring IFN-gamma produced and released by CTL in
the presence of antigen-presenting cells that carry
immobilized peptides by visualizing using
anti-IFN-gamma antibodies, such as an ELISPOT assay.
[0071] Apart from DC, peripheral blood mononuclear
cells (PBMCs) may also be used as the APC. The
induction of CTL is reported to be enhanced by
culturing PBMC in the presence of GM-CSF and IL-4.
Similarly, CTL has been shown to be induced by
culturing PBMC in the presence of keyhole limpet
hemocyanin (KLH) and IL-7. [0072] The test
polypeptides confirmed to possess CTL inducing
activity by these methods are polypeptides having DC
activation effect and subsequent CTL inducing
activity. Therefore, polypeptides that induce CTL
against cells expressed CDH3, EPHA4, ECT2, HIG2,
INHBB, KIF20A, KNTC2, TTK and/or URLClO are useful as
vaccines against diseases associating CDH3, EPHA4,
ECT2, HIG2, INHBB, KIF20A, KNTC2, TTK and/or URLClO,
e.g. cancers. Furthermore, APC that have acquired the
ability to induce CTL against a disease associated
with the over-expression of CDH3, EPHA4, ECT2, HIG2,
INHBB, KIF20A, KNTC2, TTK and/or URLClO, e.g. cancers,
by contacting with the polypeptides are useful as
vaccines against the disease. Fur thermore, CTL that
have acquired cytotoxicity due to presentation of the
polypeptide antigens by APC can be also used as
vaccines against a disease associating CDH3, EPHA4,
ECT2, HIG2, INHBB, KIF20A, KNTC2, TTK and/or URLClO,
e.g. cancers. Such therapeutic methods for a disease
associating CDH3, EPHA4, ECT2, HIG2, INHBB, KIF20A,
KNTC2, TTK and/or URLClO, e.g. cancers, using
anti-tumor immunity due to APC and CTL, are referred
to as cellular immunotherapy. The cancers contemplated
include, but are not limited to, bladder cancer,
breast cancer, cervical cancer, cholangincellular
carcinoma, CML, colorectal cancer, endometriosis,
esophageal cancer, gastric cancer, diffused type
gastric cancer, liver, NSCLC, lymphoma, osteosarcoma,
ovarian cancer, pancreatic cancer, prostate cancer,
renal carcinoma, SCLC, soft tissue tumor and
testicular tumor. [0073] Generally, when using a
polypeptide for cellular immunotherapy, efficiency of
the CTL-induction can be increased by combining a
plurality of polypeptides having different structures
and contacting them with DC. Therefore, when
stimulating DC with protein fragments, it is
advantageous to use a mixture of multiple types of
fragments.[0074] The induction of anti-tumor immunity
by a polypeptide can be further confirmed by observing
the induction of antibody production against tumors.
For example, when an tibodies against a polypeptide
are induced in a laboratory animal immunized with the
polypeptide, and when growth, proliferation and/or
metastasis of tumor cells is suppressed by those
antibodies, the polypeptide is determined to induce
anti-tumor immunity. [0075] Anti-tumor immunity can be
induced by administering a vaccine of this invention,
and the induction of anti-tumor immunity enables
treatment and prevention of a disease associated with
the over-expression of CDH3, EPHA4, ECT2, HIG2, INHBB,
KIF20A, KNTC2, TTK and/or URLClO, e.g. cancers.
Therapy against or prevention of the onset of a
disease associated with the over-expression of CDH3,
EPHA4, ECT2, HIG2, INHBB, KIF20A, KNTC2, TTK and/or
URLClO, e.g. cancers, may include in hibition of the
growth of cells expressing CDH3, EPHA4, ECT2, HIG2,
INHBB, KIF20A, KNTC2, TTK and/or URLClO, e.g. cancer
cells, involution of these cells and suppression of
occurrence of these cells, e.g. cancer cells. Decrease
in mortality of in dividuals having a disease
associating CDH3, EPHA4, ECT2, HIG2, INHBB, KIF20A,
KNTC2, TTK and/or URLClO, e.g. cancers, decrease of
the disease markers in the blood, alleviation of
detectable symptoms accompanying the disease and such
are also included in the therapy or prevention of the
disease, e.g. cancers. Such therapeutic and preventive
effects are preferably statistically significant, for
example, observed at a significance level of 5% or
less, wherein the therapeutic or preventive effect of
a vaccine against a disease associating CDH3, EPHA4,
ECT2, HIG2, INHBB, KIF20A, KNTC2, TTK and/or URLClO,
e.g. cancers, is compared to a control without vaccine
administration. For example, Student's t-test, the
Mann-Whitney U-test or ANOVA may be used for
determining statistical significance. [0076] In that
the present invention provides a method for treating,
or preventing a disease associated with the
over-expression of CDH3, EPHA4, ECT2, HIG2, INHBB,
KIF20A, KNTC2, TTK and/or URLClO, e.g. cancers, the
therapeutic compounds or compositions may be
administered prophylactically or therapeutically to
subjects suffering from or at risk of (or susceptible
to) developing the disease. Such subjects may be
identified using standard clinical methods. In the
context of the present invention, prophylactic
administration occurs prior to the manifestation of
overt clinical symptoms of disease, such that a
disease or disorder is prevented or a l ternatively
delayed in its progression. In the context of the
field of medicine, the term "prevent" encompasses any
activity which reduces the burden of mortality or
morbidity from disease. Prevention can occur at
primary, secondary and tertiary prevention levels.
While primary prevention avoids the development of a
disease, secondary and tertiary levels of prevention
encompass activities aimed at preventing the
progressionof a disease and the emergence of symptoms
as well as reducing the negative impact of an already
established disease by restoring function and reducing
disease-related com plications. [0077] In the context
of cancer treatment, the term "efficacious" refers to
a treatment that leads to a decrease in size,
prevalence or metastatic potential of cancer in a
subject. When a treatment is applied prophylactically,
"efficacious" means that the treatment retards or
prevents occurrence of non cancer or alleviates a
clinical symptom of cancer. The assessment of cancer
can be made using standard clinical protocols.
Furthermore, the efficaciousness of a treatment may be
determined in association with any known method for
diagnosing or treating cancer. For example, cancer can
be diagnosed histopathologically or by identifying
symptomatic anomalies. [0078] The above-mentioned
peptide, having immunological activity, or a
polynucleotide or vector encoding such a peptide, may
be combined with an adjuvant. An adjuvant refers to a
compound that enhances the immune response against the
peptide when ad ministered together (or successively)
with the peptide having immunological activity.
Examples of suitable adjuvants include cholera toxin,
salmonella toxin, alum and such, but are not limited
thereto. Furthermore, a vaccine of this invention may
be combined appropriately with a pharmaceutically
acceptable carrier. Examples of such carriers are
sterilized water, physiological saline, phosphate
buffer, culture fluid and such. Fur thermore, the
vaccine may contain as necessary, stabilizers,
suspensions, preservatives, surfactants and such. The
vaccine is administered systemically or locally.
Vaccine ad ministration may be performed by single
administration or boosted by multiple admin
istrations. [0079] When using APC or CTL as the
vaccine of this invention, a disease associated with
the over-expression of CDH3, EPHA4, ECT2, HIG2, INHBB,
KIF20A, KNTC2, TTK and/or URLClO, e.g. cancers, can be
treated or prevented, for example, by the ex vivo
method. More specifically, PBMCs of the subject
receiving treatment or prevention are collected,
contacted ex vivo with a peptide of the present
invention. Following the induction of APC or CTL, the
cells may be administered to the subject. APC can be
also induced by introducing a vector encoding the
peptide into PBMCs ex vivo. APC or CTL induced in
vitro can be cloned prior to administration. By
cloning and growing cells having high activity of
damaging target cells, cellular immunotherapy can be
performed more effectively. Furthermore, APC and CTL
isolated in this manner may be used for cellular
immunotherapy not only against individuals from whom
the cells are derived, but also against similar types
of diseases in other individuals. [0080] Aspects of
the present invention are described in the following
examples, which are presented only to illustrate the
present invention and to assist one of ordinary skill
in making and using the same. The examples are not
intended in any way to otherwiselimit the scope of the
invention. [0081] Although methods and materials
similar or equivalent to those described herein can be
used in the practice or testing of the present
invention, suitable methods and materials are
described below. 



[0082] EXAMPLES Hereinafter, the present invention is
exemplified, but not restricted, by the following
Examples. However, materials, methods and such
described herein only illustrate aspects of the
invention and in no way are intended to limit the
scope of the present invention. As such, materials,
methods and such similar or equivalent to those
described therein may be used in the practice or
testing of the present invention. [0083] MATERIALS AND
METHODS Cell lines A24-LCL cells (HLA-A24), human
B-lymphoblastoid cell line, was established by
transforming with Epstain-bar virus. T2 cell, COS7,
A498, Caki-2 and HEK 293 were purchased from ATCC.
Caki-1 and MIAPaca-2 were purchased from JCRB. PK-45P,
PK-59, TE-5 and TE-6 were purchased from TKG. 293 T
was purchased from GenHunter. [0084] Candidate
selection of peptide derived from CDH3. EPHA4. ECT2.
HIG2. INHBB. KIF20A. KNTC2. TTK and URLClO 9-mer and
10-mer peptides derived from CDH3, EPHA4, ECT2, HIG2,
INHBB, KIF20A, KNTC2, TTK or URLClO that bind to
HLA-A*2402 or HLA-A*0201 molecule were predicted using
the binding prediction software "BIMAS"
(http://bimas.dcrt.nih.gov/cgi-bin/molbio/ken_parker_c
omboform) (Parker KC, et al., (1994) J Immunol.;
152(l):163-75.; Kuzushima K, et al., (2001) Blood.;
98(6):1872-81.). These peptides were synthesized by
Sigma (Sapporo, Japan) according to the standard solid
phase synthesis method and purified by reversed phase
HPLC. The purity (>90%) and the identity of the
peptides were determined by analytical HPLC and mass
spectrometry analysis, respectively. Peptides were
dissolved in dimethylsulfoxide (DMSO) at 20 mg/ml and
stored at -80 degrees C. [0085] In vitro CTL Induction
Monocyte-derived dendritic cells (DCs) were used as
antigen-presenting cells (APCs) to induce CTL
responses against peptides presented on HLA. DCs were
generated in vitro as described elsewhere (Nukaya I et
al., (1999) Int. J. Cancer 80, 92-7., Tsai V et al.,
(1997) J . Immunol 158:1796-802.). Briefly, peripheral
blood mononuclear cells (PBMCs) isolated from a normal
volunteer (HLA-A*2402 and/or HLA-A*0201) by
Ficoll-Paque (Pharmacia) solution were separated by
adherence to a plastic tissue culture flask (Becton
Dickinson) so as to enrich them for the monocyte
fraction. The monocyte-enriched population was
cultured in the presence of 1000 U/mlof GM-CSF
(Genzyme) and 1000 U/ml of IL-4 (Genzyme)in AIMV(
Invitrogen)containing 2% heat-inactivated autologous
serum (AS). After 7 days in the culture, the
cytokine-generated DCs were pulsed with 20 micro g/ml
of the syn thesized peptides in the presence of 3
micro g/ml of beta 2-microglobulin for 4 hrs at 20
degrees C in AIM-V. These peptide-pulsed DCs were then
inactivated by MMC (30micro g/ml for 30 mins) and
mixed at a 1:20 ratio with autologous CD8+ T cells,
obtained by positive selection with Dynabeads M-450
CD8 (Dynal) and DETACHa BEAD(tm) (Dynal). These
cultures were set up in 48-well plates (Corning); each
well contained 1.5xlO4 peptide-pulsed DCs, 3xlO5 CD8+
T cells and 10 ng/ml of IL-7 (Genzyme) in 0.5 ml of
AIM-V/2% AS. Three days later, these cultures were sup
plemented with IL-2 (CHIRON) to a final concentration
of 20 IU/ml. On day 7 and 14, the T cells were further
restimulated with the autologous peptide-pulsed DCs.
The DCs were prepared each time by the same way
described above. CTL was tested against peptide-pulsed
A24-LCL cells or T2 cells after the 3rd round of
peptide stimulation on day 21. [0086] CTL Expansion
Procedure CTLs were expanded in culture using the
method similar to that described by Riddell SR, et
al., (Walter EA et al., (1995) N Engl J Med
333:1038-44.; Riddel SR, et al., (1996) Nature Med.
2:216-23.). A total 5xlO4 of CTLs were resuspended in
25 ml of AIM-V/5% AS with 2 kinds of human
B-lymphoblastoid cell lines, inactivated by MMC, in
the presence of 40 ng/ml of anti-CD3 monoclonal
antibody (Pharmingen). One day after initiating the
cultures, 120 IU/ml of IL-2 were added to the
cultures. The cultures were fed with fresh AIM-V/5% AS
containing 30 IU/ml of IL-2 on days 5, 8 and 11.
[0087] Establishment of CTL clones The dilutions were
made to have 0.3, 1, and 3 CTLs/well in 96
round-bottomed micro titer plate (Nalge Nunc
International). CTLs were cultured with 7xlO4
cells/well of 2 kinds of human B-lymphoblastoid cell
lines, 30ng/ml of anti-CD3 antibody, and 125 U/ml of
IL-2 in total of 150micro I/well of AIM-V containing
5%AS. 50 micro 1 / well of IL-2 was added to the
medium 10 days later so that IL-2 became 125 U/ml in
the final concentration. CTL activity of CTLs was
tested on the 14th day, and CTL clones were expanded
using the same method above. [0088] Specific CTL
activity To examine the specific CTL activity,
IFN-gamma ELISPOT assay and IFN-gamma ELISA assay were
performed. Briefly, peptide-pulsed A24-LCL or T2 cell
(lxlO 4/well) was prepared as stimulator cells.
Cultured Cells in 48 wells or CTL clones after
limiting dilution were used as responder cells.
IFN-gamma ELISPOT assay and ELISA assay were performed
undermanufacture procedure. [0089] Establishment of
the cells forcibly expressing either or both of the
target gene and HLA-A02 or HLA-A24 The cDNA encoding
an open reading frame of taget genes or HLA-A02 or
HLA-A24 was amplified by PCR. The PCR-amplified
product was cloned into pcDNA3. 1 myc- His vector
(Invitrogen). The plasmids were transfected into the
taget genes, HLA-A02 and HLA-A24-null nomal human cell
line COS7 or 293T using lipofectamine (Invitrogen)
according to the manufacturer's recommended
procedures. Alternatively, the plasmid contained the
target genes were transfected into A24-LCL by
electroporation using GenePulserII (Biorad). Briefly,
2.5x106 A24-LCL cells were pulsed with 10 meg prasmid
at 140V and 1000 micro F. After 2days from
transfection, the transfected cells were treated with
Cell dissociation solution and used as the target
cells for CTL activity assay. [0090] Cytotoxicity
Assay Cytotoxic activity was evaluated by a four-hour
5 1Cr release assay. The target cells were pulsed with
a 20 micro g/mL concentration of peptide overnight.
The target cells were labeled with 100 micro Ci of Na2
5 1CrO4 at 37 degrees C for one hour, and then washed
three times with RPMI 1640. The target cells (Ix
104/100 micro L) and 100 micro L of effector cells at
various numbers with a total volume of 200 micro L
were placed into a round-bottomed 96-well microtiter
plate (Corning), and cultured at 37 degrees C in a CO2
incubator for four hours. After culturing, 100 micro L
of the su pernatant was collected from each well, and
measured the radioactivity using a gamma counter.
Spontaneous release was the radioactivity from the
target cells with medium in the absence of effector
cells, and maximum releasewas the radioactivity from
the target cells with 1M HCl. The Percentage of
specific cytotoxicity was determined by calculating as
following formula: % Specific lysis = [(experimental
release - spontaneous release) / (maximum release -
spontaneous release)] xlOO. [0091] RESULTS Enhanced
CDH3. EPHA4. ECT2. HIG2. INHBB. KIF20A. KNTC2. TTK and
URLClO expression in cancers The global gene
expression profile data obtained from various cancers
using cDNAmicroarray revealed that the expression of
the following genes was elevated. CDH3 (GenBank
Accession No. NM_001793; SEQ ID Nos.l, 2), EPHA4
(GenBank Accession No. L36645; SEQ ID Nos.3, 4), ECT2
(GenBank Accession No. AY376439; SEQ ID Nos.5, 6),
HIG2 (GenBank Accession No. NM_013332; SEQ ID Nos.7,
8),INHBB (GenBank Accession No. NM_002193; SEQ ID
Nos.9, 10), KIF20A (GenBank Accession No. NM_005733;
SEQ ID Nos.ll, 12), KNTC2 (GenBank Accession No.
AF017790; SEQ ID Nos.13, 14), TTK (GenBank Accession
No. NM_003318; SEQ ID Nos.15, 16) and URLClO (GenBank
Accession No. NM_017527; SEQ ID Nos.17, 18) CDH3
expression was validly elevated in the following
cancers in comparison with corresponding normal
tissue. 26 out of 34 bladder cancer, 17 out of 19
cervical cancer, 19 out of 19 cholangincellular
carcinoma, 30 out of 34 colorectal cancer, 20 out of 2
1 endometriosis, 13 out of 20 gastric cancer, 7 out of
8 diffuse-type gastric cancer, 36 out of 37 NSCLC, 16
out of 16 pancreatic cancer, 2 1 out of 2 1 soft
tissue tumor and 10 out of 10 testicular tumor [0092]
EPHA4 expression was validly elevated in the following
cancers in comparison with corresponding normal
tissue. 



14 out of 34 bladder cancer, 8 out of 14 cervical
cancer, 10 out of 25 cholangincellular carcinoma, 5
out of 15 endometriosis, 5 out of 8 diffuse-type
gastric cancer, 5 out of 5 ovarian cancer, 14 out of
14 pancreatic cancer, 20 out of 51 prostate cancer and
14 out of 23 soft tissue tumor [0093] ECT2 expression
was validly elevated in the following cancers in
comparing with corresponding normal tissue. 17 out of
19 bladder cancer, 5 out of 12 breast cancer, 14 out
of 14 cervical cancer, 13 out of 13 cholangiocellular
carcinoma, 5 out of 5 CML, 7 out of 8 colorectal
cancer, 12 out of 16 esophageal cancer,6 out of 16
NSCLC, 8 out of 10 lymphoma, 1 out of 1 pancreatic
cancer, 10 out of 13 prostate cancer, 3 out of 6 renal
carcinoma and 12 out of 13 SCLC cancer HIG2 expression
was validly elevated in 19 out of 20 renal cancer and
7 out of 9 soft tissue tumor in comparing with
corresponding normal tissue. INHBB expression was
validly elevated in the following cancers in comparing
with corresponding normal tissue. 10 out of 2 1
cholangiocellular carcinoma, 12 out of 12 esophageal
cancer, 10 out of 13 NSCLC, 22 out of 24 renal
carcinoma, 8 out of 14 SCLC cancer and 45 out of 49
soft tissue tumor [0094] KIF20A expression was validly
elevated in the following cancers in comparing with
corresponding normal tissue. 31 out of 31 bladder
cancer, 38 out of 6 1 breast cancer, 10 out of 11
cholangiocellular carcinoma, 7 out of 19 esophageal
cancer, 2 1 out of 22 NSCLC, 6 out of 6 ovarian
cancer, 17 out of 36 prostate cancer, 6 out of 11
renal carcinoma and 15 out of 15 SCLC [0095] KNTC2
expression was validly elevated in the following
cancers in comparing with corresponding normal tissue.
30 out of 32 bladder cancer, 47 out of 56 breast
cancer, 10 out of 10 cervical cancer, 16 out of 22
cholangioncellular carcinoma, 17 out of 37 CML, 3 out
of 10 colorectal cancer, 11 out of 46 esophagus
cancer, 15 out of 19 NSCLC, 7 out of 8 lymphoma,20 out
of 24 osteosarcoma, 3 out of 5 ovarian cancer, 2 out
of 2 pancreatic cancer, 15 out of 37 prostate cancer,
14 out of 19 renal carcinoma, 15 out of 15 SCLC and 40
out of 59 soft tissue tumor [0096] TTK expression was
validly elevated in the following cancers in comparing
with cor responding normal tissue. 27 out of 27
bladder cancer, 25 out of 30 breast cancer, 15 out of
16 cervical cancer, 10 out of 10 cholangiocellular
carcinoma, 5 out of 7 CML, 6 out of 10 colorectal
cancer, 24 out of 44 esophageal cancer, 8 out of 15
liver cancer, 12 out of 12 NSCLC, 6 out of 6 lymphoma,
13 out of 16 osteoblastoma, 12 out of 17 prostate
cancer, 15 out of 15 SCLC and 16 out of 33 soft tissue
tumor [0097] URLClO expression was validly elevated in
the following cancers in comparing with corresponding
normal tissue 29 out of 29 bladder cancer, 15 out of
16 cervical cancer, 7 out of 7 cholangiocellular
carcinoma, 7 out of 19 esophageal cancer, 3 out of 3
gastric cancer, 24 out of 27 NSCLC, 15 out of 19
osteosarcoma, 4 out of 5 pancreatic cancer, 33 out of
43 soft tissue tumor. [0098][Table 1] Ratio of cases
observed up-regulation of CDH3, EPHA4, ECT2, HIG2,
INHBB, KIF20A, KNTC2, TTK or URLClO in cancerous
tissue as compared to normal corresponding
tissue[0099] Prediction of HLA-A24 or HLA-A2 binding
peptides derived from CDH3. EPHA4. ECT2. HIG2. INHBB.
KIF20A. KNTC2. TTK or URLClO Table 2 sets forth the
HLA-A*2402 binding peptides for CDH3 in order of
binding affinity. Table 2A sets forth 9-mer peptides
derived from CDH3 and Table 2B sets forth 10-mer
peptides derived from CDH3. Table 3 sets forth the
HLA-A*2402 and HLA-A*0201 binding peptides for EPHA4
in order of binding affinity. Table 3A sets forth the
HLA-A*2402 binding 9-mer peptides derived from EPHA4,
Table 3B shows the HLA-A*2402 binding 10-mer peptides
derived from EPHA4 and Table 3C sets forth the
HLA-A*0201 binding 9-mer peptides derived from EPHA4.
Table 4 sets forth the HLA-A*2402 binding peptides for
ECT2 in order of binding affinity. Table 4A sets forth
9-mer peptides derived from ECT2 and Table 4B shows
10-mer peptides derived from ECT2. Table 5 sets forth
the HLA-A*2402 and HLA-A*0201 binding peptides for
HIG2, Table 5A sets forth the HLA-A*2402 binding 9-mer
peptides derived from HIG2, Table 5B sets forth the
HLA-A*2402 binding 10-mer peptides derived from HIG2,
Table 5C sets forth the HLA-A*0201 binding 9-mer
peptides derived from HIG2, and Table 5D sets forth
HLA-A*0201 binding 10-mer peptides derived from HIG2.
Table 6 sets forth the HLA-A*2402 and HLA-A*0201
binding peptides for INHBB, Table 6A shows the
HLA-A*2402 binding 9-mer peptides derived from INHBB,
Table 6B sets forth the HLA-A*2402 binding 10-mer
peptides derived from INHBB, Table 6C sets forth the
HLA-A*0201 binding 9-mer peptides derived from INHBB,
and Table 6D sets forth HLA-A*0201 binding 10-mer
peptides derived from INHBB. Table 7 sets forth the
HLA-A*2402 binding peptides for KIF20A in order of
binding affinity. Table 7A sets forth 9-mer peptides
derived from KIF20A and Table 7B sets forth 10-mer
peptides derived from KIF20A. Table 8 sets forth the
HLA-A*2402 binding peptides for KNTC2 in order of
binding affinity. Table 8A sets forth 9-mer peptides
derived from KNTC2 and Table 8B sets forth 10-mer
peptides derived from KNTC2. Table 9 sets forth the
HLA-A*0201 binding peptides for TTK in order of
binding affinity. Table 9A sets forth 9-mer peptides
derived from TTK and Table 9B sets forth 10-mer
peptides derived from TTK. Table 10 sets forth the
HLA-A*0201 binding peptides for URLClO in order of
binding affinity. Table 1OA sets forth 9-mer peptides
derived from URLClO and Table 1OB sets forth 10-mer
peptides derived from URLClO. [0100] Explanation and
definition about the terms in tables Start position
indicates the number of amino acid from N-terminal.
Binding score is derived from "BIMAS" described in
Materials and Methods.Positive donor number indicates
the number of doner whoes CD8+-T-cells can be 



induced to the specific CTL by the ex vivo stimulation
with antigen-presenting cells. This is shown as
(positive donor number / hole donor nember). Positive
well number indicates the number of wells where
specific IFN-gamma production can be detected by
IFN-gamma ELISPOT assay. 4 to 8 wells can be prepared
from one donor. This is shown as (positive wells
number / the number of hole wells tested by IFN-gamma
ELISPOT assay). Positve CTL line indicates the number
of CTL line established from positive wells. The
generation of CTL line is determined by ELISA. This is
shown as (established CTL line number / the number of
positive wells tested by IFN-gamma ELISPOT assay). No
positive donor is not defined by no detectable
positive wells, but by no established CTL line. The
peptides showed by bold character in tables possesses
the stimulation activity of the T cells. No data at
positive donor number, positive well nember and
positive CTL line in dicating "-" means that the
peptides can't be synthesized for any reason.[Table
2A- 1][Table 2A-2]DESCRIPTION INK CARTRIDGE Technical
Field [0001] The present invention relates generally
to an ink cartridge. In particular, the present
invention is related to an ink cartridge which is
configured to dispense ink when used in combination
with a printer. Background Art [0002] A known
recording apparatus, such as an ink-jet recording
apparatus, includes an ink-jet recording head and a
mounting portion to which a known ink cartridge is
mounted. When the known ink cartridge is mounted to
the mounting portion, the known recording apparatus is
configured to dispense ink from a plurality of nozzles
to record an image on a sheet of paper. [0003] The
known ink cartridge is detachably mounted to the known
recording apparatus. The known ink cartridge includes
an ink chamber for storing ink, a wall, and an ink
supply portion positioned at the wall. In operation,
the ink supply portion supplies ink from an interior
of the ink chamber to the known recording apparatus.
This known ink cartridge also includes an air intake
portion which is positioned at the wall and is
configured to draw air into the ink chamber from the
atmosphere. [0004] The known ink cartridge also
includes a cover which encloses the wall at which the
ink supply portion and the air intake portion are
positioned, and protects the ink supply portion and
the air intake portion. Such a known ink cartridge is
described in US 2006/020305 1Al for example. Before
the ink cartridge is mounted to the recording
apparatus, the cover first needs to be removed.
Moreover, when the ink cartridge is removed from the
recording apparatus with ink remaining therein, and
the user intends to use the ink cartridge again in the
future, the user generally will re-cover the ink
cartridge using the cover. Nevertheless, if the user
is not able to locate the cover, e.g , if the user
misplaced the cover or discarded the cover after the
user mounted the ink cartridge to the recording
apparatus, the user will not be able to re-cover the
ink cartridge. Consequently, the ink cartridge may
become damaged if the ink supplyportion or the air
intake portion contact a surface when the ink
cartridge is accidentally dropped onto the surface, or
the ink cartridge may drip ink onto a surface or the
user. [0005] Another known ink cartridge is configured
to be mounted to an accommodating chamber of a known
recording apparatus, and the accommodating chamber
includes a door which is configured to be opened and
closed. After this known ink cartridge is mounted to
the accommodating chamber and the door is closed, the
door is configured to latch on to the ink cartridge to
remove the ink cartridge from the accommodating
chamber when the door is opened by a user, which
increases the ease with which the ink cartridge may be
removed from the accommodating chamber. Such a known
ink cartridge is described in US 2007/0070140 Al for
example. Nevertheless, the user relies on the
recording apparatus to remove the ink cartridge from
the recording apparatus. Disclosure of the Invention
[0006] Therefore, a need has arisen for an ink
cartridge which overcome these and other shortcomings
of the related art. A technical advantage of the
present invention is that the ink cartridge may
include a movable member which is movably attached to
a case of the ink cartridge and is configured to
protect the ink supply portion or the air intake
portion, or both, whenever the ink cartridge is not
mounted to the recording apparatus. Consequently, the
ink supply portion or the air intake portion, or both,
may not be damaged if the ink cartridge contacts a
surface. Another technical advantage of the present
invention is that the movable member may allow the ink
cartridge to readily be removed from the recording
apparatus. [0007] According to an embodiment of the
present invention, an ink cartridge comprises a case
comprising a front face and a rear face opposite the
front face, in which the case has at least a portion
of an ink chamber defined therein, and the ink chamber
is configured to store ink. The ink cartridge also
comprises an ink supply portion positioned at the
front face of the case, in which the ink supply
portion is configured to dispense ink from an interior
of the ink chamber to an exterior of the ink chamber,
and an air intake portion positioned at the case, in
which the air intake portion is configured to draw air
into the ink chamber. Moreover, the ink cartridge
comprisesa movable member configured to move between a
first position and a second position relative to the
case, and at least one resilient member having a first
end which is coupled to the front face of the case and
a second end which is coupled to the movable member.
Specifically, the at least one resilient member is
configured to expand and to contract to move the
movable member relative to the case between the first
position and the second position. [0008] With this
configuration of the ink cartridge, the ink supply
portion may not be damaged if the ink cartridge
contacts a surface. Moreover, the ink cartridge may
readily be removed from a recording apparatus. [0009]
The air intake portion also may be positioned at the
front face of the case. With this configuration, the
air intake portion also may not be damaged if the ink
cartridge contacts a surface. [0010] The front face of
the case may have a first end and a second end
opposite the first end, the at least one resilient
member may comprise a first resilient member and a
second resilient member which expand and contract in
the same direction as each other, and the first
resilient member may be positioned closer to the first
end of the front face of the case than to the second
end of the front face of the case and the second
resilient member may be positioned closer to the
second end of the front face of the case than to first
end of the front face of the case. With this
configuration, the first resilient member and the
second resilient member may be able to stably and
evenly urge the movable member. [0011] The case may
comprise a right side face and a left side face
opposite the right side face. The movable member may
comprise a front wall facing the front face of the
case, a right side wall covering at least a portion of
the right side face of the case, and a left side wall
covering at least a portion of the left side face of
the case. With this configuration, the movable member
may readily move relative to the case while the right
side wall and the left side wall of the movable member
are sliding on the right side face and the left side
face of the case. [0012] The case also may further
comprise a top face and a bottom face opposite the top
face. The movable member also may further comprise a
top wallcovering at least a portion of the top face of
the case, and a bottom wall covering at least a
portion of the bottom face of the case. When the
movable member is in the first position the ink supply
portion is positioned within an inner space defined by
the front wall, the right side wall, the left side
wall, the top wall, and the bottom wall of the movable
member. With this configuration, the ink supply
portion may not drip ink onto a surface or a user of
the ink cartridge. [0013] The ink cartridge may
further comprise a translucent portion positioned at
the front face of the case, and a signal blocking
member positioned within the translucent portion for
detecting an amount of ink in the ink chamber. With
this configuration, the translucent portion also may
not be damaged if the ink cartridge contacts a
surface. [0014] The at least one resilient member may
contact the front face of the case at a predetermined
position which is offset from each of the air intake
portion and the ink supply portion. Other objects,
features, and advantages of embodiments of the present
invention will be apparent to persons of ordinary
skill in the art from the following description of
preferred embodiments with reference to the
accompanying drawings. Brief Description of Drawings
[0015] For a more complete understanding of the
present invention, the needs satisfied thereby, and
the objects, features, and advantages thereof,
reference now is made to the following description
taken in connection with the accompanying drawings.
[0016] Fig. 1 is a cross-sectional, pattern diagram of
a recording apparatus according to an embodiment of
the present invention. [0017] Figs. 2(a) and 2(b) are
perspective views of an ink cartridge in which a
movable member is in a second position and a first
position, respectively, according to an embodiment of
the present invention. 



[0018] Figs. 2(c) and 2(d) are perspective views of an
ink cartridge in which a movable member is in a second
position and a first position, respectively, according
to another embodiment of the present invention. [0019]
Figs. 3(a) and 3(b) are side views of the ink
cartridge of Figs. 2(a) and2(b), respectively. [0020]
Figs. 3(c) and 3(d) are side views of the ink
cartridge of Figs. 2(c) and 2(d), respectively. [0021]
Figs. 4(a) and 4(b) are a front-face perspective view
and a rear-face perspective view of a main body of the
ink cartridge of Figs. 2(a) and 2(b). [0022] Fig. 5 is
a side view of the main body of Figs. 4(a) and 4(b).
[0023] Fig. 6 is a cross-sectional view taken along
the line VI-VI of Fig. 4(a). [0024] Fig. 7 is a
partial, enlarged front-face cross-sectional view of
the body of Figs. 4(a) and 4(b). [0025] Fig. 8 is a
cross-sectional view taken along the line VIII-VIII in
Fig. 2(a). [0026] Fig. 9 is a cross-sectional view
taken along the line IX-IX in Fig. 2(b). [0027] Figs.
10(a) and 10(b) are enlarged, cross-sectional views of
an upper portion and a lower portion, respectively, of
the main body of Figs. 4(a) and 4(b). [0028] Figs.
11(a) and ll(b) are perspective and side views,
respectively, of a movable member, according to
another embodiment of the present invention. [0029]
Fig. 12 is a vertical, cross-sectional view of a
cartridge mounting portion of a recording apparatus,
according to an embodiment of the present invention.
[0030] Fig. 13 is a cross-sectional view of an ink
cartridge being mounted to the cartridge mounting
portion of Fig. 12. [0031] Fig. 14 is a
cross-sectional view of an ink cartridge mounted to
the cartridge mounting portion of Fig. 12, in which a
lock lever of the recording apparatus is in an open
position. [0032] Fig. 15 is a cross-sectional view of
an ink cartridge mounted to the cartridge mounting
portion of Fig. 12, in which the lock lever of the
recording apparatus is in a closed position. [0033]
Fig. 16 is a block diagram of a main controller of the
recording apparatus, according to an embodiment of the
present invention. [0034] Figs. 17(a) and 17(b) are
exemplary timing diagrams of a sensor signal outputted
from a first optical sensor and a second optical
sensor, respectively, ofthe recording apparatus when a
first ink cartridge is mounted to the cartridge
mounting portion. [0035] Figs. 17(c) and 17(d) are
exemplary timing diagrams of a sensor signal outputted
from the first optical sensor and the second optical
sensor, respectively, of the recording apparatus when
a second ink cartridge is mounted to the cartridge
mounting portion. [0036] Fig. 18 is a flowchart of a
procedure performed by the main controller of the
recording apparatus, according to an embodiment of the
present invention. [0037] Fig. 19 is a perspective
view of a packaging arrangement comprising the ink
cartridge of Figs. 2(a) and 2(b) enclosed in a
packaging member, according to yet another embodiment
of the present invention. [0038] Fig. 20 is a
cross-sectional view of an ink cartridge mounted to
the cartridge mounting portion, according to another
embodiment of the present invention. [0039] Fig. 2 1
is a cross-sectional view of the ink cartridge being
ejected from the cartridge mounting portion of Fig.
20. Explanation of Reference 10 ink cartridge 10' ink
cartridge 20 main body 2 1 movable member 22 cover
member 23 coil spring 24 coil spring 72 signal
blocking portion 80 air intake portion 90 ink supply
portion 100 ink chamber 140 translucent portionBest
Mode for Carrying Out the Invention [0040] Embodiments
of the present invention and their features and
technical advantages may be understood by referring to
Figs. 1-21, like numerals being used for like
corresponding portions in the various drawings. [0041]
Referring to Fig. 1, a recording apparatus 250
according to an embodiment of the present invention is
depicted. The recording apparatus 250 comprises a
paper feeding apparatus 252, a transferring apparatus
253, a recording unit 254, and a cartridge mounting
portion 276. A paper feed tray 257 is provided at the
bottom of the recording apparatus 250, and sheets of
paper positioned on the paper feed tray 257 are fed,
one by one, to a path 259 by the paper feeding
apparatus 252. [0042] The transferring apparatus 253
is disposed in the path 259, and comprises a first
pair of transferring rollers 261 and a second pair of
transferring rollers 262. The pair of transferring
rollers 261 is positioned on the upstream side of the
recording unit 254 in a paper-transferring direction,
and the pair of transferring rollers 262 is positioned
on the downstream side in the paper-transferring
direction. [0043] A sheet of paper fed to the path 259
is transferred toward a platen 264 by the pair of
transferring rollers 261, and the recording unit 254
is positioned above the platen 264. An image is
recorded on the sheet of paper passing over the platen
264 by the recording unit 254, and the sheet of paper
then is discharged to a paper discharge tray 258
positioned on the downstream end of the path 259 by
the pair of transferring rollers 262. [0044] The
recording unit 254 comprises a carriage 266 and a
recording head 272 mounted to the carriage 266. The
recording head 272 comprises a sub-tank 268 and a head
control board 270, and has a plurality of nozzles 274
formed therein. The carriage 266 is slidably supported
by a supporting rail, and is configured to slide in
the direction vertical to the paper plane of Fig. 1.
The sub-tank 268 is configured to store ink to be
supplied to the nozzles 274. When image signals are
supplied to the head control board 270, ink is
discharged from the nozzles 274 toward the sheet of
paper based on the image signals. The recording
apparatus 250 comprises a main controller 200 (shown
in Fig. 16) for controlling the recording apparatus
250, and the imagesignals are outputted from the main
controller 200 and supplied to the head control board
270. [0045] An ink cartridge 10 is configured to be
mounted to the cartridge mounting portion 276. The
cartridge mounting portion 276 comprises a plurality
of cases 280, each of which is configured to receive a
corresponding ink cartridge 10 therein. For example,
the cartridge mounting portion 276 comprises four
cases 280, and each case 280 corresponds to an ink
cartridge containing a different color of ink. The ink
cartridge 10 is configured to be mounted to and
removed from the cartridge mounting portion 276. The
ink cartridge 10 comprises a main body 20, and the
main body 20 comprises an ink chamber 100 configured
to store ink therein, and ink is supplied from the ink
chamber 100 to the recording head 272 via an ink tube
278. [0046] In an embodiment of the present invention,
two different ink cartridges may have different ink
capacities or may store different initial amounts of
ink, and may store the same color ink, e.g., black
ink. For example, a first ink cartridge 10 and second
ink cartridge 10' have different ink capacities or
store different initial amounts of ink, and store the
same color ink. Moreover, the recording apparatus 250
is configured, such that the ink cartridges 10 and 10'
are mounted to the same case 280 of the cartridge
mounting portion 276. The recording apparatus 250 is
configured to determine which type of ink cartridge is
mounted to the case 280. [0047] Referring to Figs.
2(a), 2(b), 3(a), 3(b), and 4-10(b), the ink cartridge
10 has a substantially flat, hexahedron shape. A width
of the ink cartridge, as indicated by an arrow 31, is
relatively short, and each of a height of the ink
cartridge 10, as indicated by an arrow 32, and a depth
of the ink cartridge 10, as indicated by an arrow 33,
is greater than the width of the ink cartridge 10.
[0048] The ink cartridge 10 comprises a case, e.g., a
main body 20, a movable member 21, a cover member 22,
and at least one coil spring, e.g., a pair of coil
springs 23 and 24. The main body 20 comprises an ink
chamber 100 for storing ink. The movable member 2 1
and the cover member 22 encloses the main body 20
therein. Each of the main body 20, the movable member
21, and the cover member 22 is formed of a resin
material, e.g. nylon, polyethylene, polypropylene, or
the like, andcombinations thereof. [0047] The ink
cartridge 10 is inserted into the recording apparatus
in a direction indicated by an arrow 30 in an upright
state. A front portion 20a of the main body is
enclosed by the movable member 21, and a rear portion
20b of the main body 20 is enclosed by the cover
member 22. Accordingly, in this embodiment of the
present invention, the front portion 20a is protected
by the movable member 21, and the rear portion 20b is
protected by the cover member 22. [0048] The movable
member 2 1 is configured to slide in the depth
direction, as indicated by the arrow 33, with respect
to the main body 20. The movable member 2 1 is
configured to move with respect to main body 20.
Specifically, movable member 2 1 is configured to move
between a first position, as shown in Figs. 2(b) and
9, in which 



movable member 2 1 is at its furthest position from a
front face 4 1 of the main body, and a second
position, as shown in Figs. 2(a) and 8, in which
movable member 2 1 is at its closest position to the
front face 41. When the movable member 2 1 is at the
first position, at least a portion of the movable
member 2 1 is positioned further from the front face 4
1 than the ink supply portion 90 is positioned from
the front face 4 1. In an embodiment, when a
predetermined amount of force greater than the biasing
force of the coil springs 23 and 24 is applied to the
movable member 21, and thereby the movable member 2 1
moves from the first position to the second position,
a rod 84 of an air intake portion 80 contacts the
movable member 2 1 and is pressed by the movable
member 21, and an ink supply portion 90 emerges from
an inside of the movable member 2 1 to extend outside
the movable member 21. When the predetermined amount
of force is released from the movable member 21, and
thereby the movable member 2 1 subsequently moves from
the second position to the first position, the rod 84
separates from the movable member 21, and the ink
supply portion 90 returns to the inside of the movable
member 21. The entire moveable member 2 1 is
configured to substantially simultaneously move in a
first direction relative to the main body 20 when the
coil springs 23 and 24 expand, and the entire moveable
member 2 1 is configured to substantially
simultaneously move in a second direction opposite the
first direction when the coil springs 23 and 24
contract. Each of the first direction and the
seconddirection is substantially parallel to each of
the expansion direction and the contraction direction
of the coil springs 23 and 24. In another embodiment,
discussed in detail below and shown in Figs. 2(c),
2(d), 3(c), and 3(d), an opening 180' may be formed
through a front wall 161 of the movable member 2 1
adjacent to and in alignment with the air intake
portion 80, such that a component of the printer may
apply the force to the rod 84 instead of the movable
member 2 1 applying the force to the rod 84. [0049]
The main body 20 has a substantially flat, hexahedron
shape. When the ink cartridge 10 is mounted to the
mounting portion of the recording apparatus, the main
body 20 is in an upright state. The main body 20
comprises the front face 41, a rear face 42, a top
face 43, and a bottom face 44. The main body 20 also
comprises a pair of side faces 45 and 46 which oppose
each other, and each of the side faces 45 and 46 is
connected to the front face 41, the rear face 42, the
top face 43, and the bottom face 44. Each of side
faces 45 and 46 has a surface area which is greater
than each of a surface area of the front face 41, the
rear face 42, the top face 43, and the bottom face 44.
[0050] The main body 20 comprises a frame 50, an arm
70, the air intake portion 80, and the ink supply
portion 90. Moreover, the side face 45 or the side
face 46, or both, comprises a film, e.g., a
translucent film. Specifically, the film is welded to
the frame 50, such that the frame 50 is sealed by the
film to define an ink chamber 100 therein. The frame
50 is formed of a translucent resin material, i.e., a
transparent or semi-transparent resin material e.g.
polyacetal, nylon, polyethylene, or polypropylene, and
combinations thereof, to allow light to pass
therethrough, and the frame 50 is formed by
injection-molding. The frame 50 is sufficiently rigid,
such that the shape of the frame 50 is not be altered
in the expansion and contraction directions of the
coil springs 23 and 24 when the coil sprints 23 and 24
expand and contract. [0051] The frame 50 comprises an
outer peripheral wall 5 1 and a plurality of inner
walls 52. The inner walls 52 are positioned within the
outer peripheral wall 51. The outer peripheral wall 5
1 and the inner walls 52 are integral and define the
frame 50. The outer peripheral wall 5 1 and the inner
walls 52 extend from the left side face 45 to the
right side face 46 of the main body 20. The outer
peripheral wall 5 1 has an annularshape extending
along the front face 41, the top face 43, the rear
face 42, and the bottom face 44, and forms a space
inside. Accordingly, an opening 57a is formed on the
left side face 45 of the frame 50, and an opening 57b
is formed on the right side face 46. [0052] The films
are welded to the side faces 45 and 46 of the frame
50, respectively, via ultrasonic welding, and the
opening 57a and the opening 57b are covered by the
respective films, such that a space surrounded by the
outer peripheral wall 5 1 and the films form the ink
chamber 100. Alternatively, the films may be omitted,
and the frame 50 may have a parallelepiped, container
shape, such that the frame 50 defines the ink chamber
100 therein. [0053] The inner walls 52 are positioned
within a space surrounded by the outer peripheral wall
51, and the films are welded to the outer edge
portions of the inner walls 52 on the sides of the
side faces 45 and 46. Accordingly, the film is
prevented from sagging. Moreover, when the movable
member 2 1 and the cover member 22 are deformed toward
the main body 20, the deformation of the movable
member 2 1 and the cover member 22 is restricted by
the inner walls 52. Accordingly, damage to the main
body 20 and the films is prevented. [0054] An ink
introduction port 150 is formed in the rear face 42 of
the frame 50. The ink introduction port 150 has a
substantially cylindrical hole formed therein, which
extends from the rear face 42 toward the ink chamber
100, and the ink introduction port 150 is in fluid
communication with an interior of the ink chamber 100.
The ink introduction port 150 is configured to
introduce ink into the interior of the ink chamber 100
therethrough when the ink cartridge 10 is
manufactured. After the ink chamber 100 is filled with
ink, the ink introduction port 150 is closed by
positioning a plug in the ink introduction port 150.
[0055] A translucent portion 140 is positioned at the
front face 4 1 of the frame 50 and extends from the
ink chamber 100. An amount of ink stored in the ink
chamber is optically or visually detected through the
translucent portion 140. The translucent portion 140
is integral with the frame 50, and is formed of the
same material as the frame 50, e.g., the translucent
portion 140 is formed of a translucent resin material
to allow light to pass therethrough.[0056] The
translucent portion 140 projects outward from a center
portion of the front face 4 1 of the main body 20 in a
direction opposite from the ink chamber 100. The
translucent portion 140 is partitioned by five
rectangular walls and has a substantially a hollow box
shape. For example, the translucent portion 140 is
partitioned by a front wall 140a, a pair of side walls
140b, top wall 140c, and bottom wall 14Od. The front
wall 140a extends parallel to the front face 4 1 and
is separated from the front face 4 1 by a
predetermined distance. The pair of side walls 140b is
connected to the front face 4 1 and the front wall
140a, the top wall 140c is connected to top ends of
the front wall 140a and the side walls 140b, and the
bottom wall 14Od is connected to bottom ends of the
front wall 140a and the side walls 140b. Moreover, the
width of the front wall 140a is less than the width of
the front face 4 1. [0057] The translucent portion 140
is configured to be sandwiched between a
light-emitting element (not shown) and a
light-receiving element (not shown) of an optical
sensor (not shown), e.g. photo interrupter, mounted to
the recording apparatus. Light emitted by the
light-emitting element passes through the side walls
140b and is received by the light-receiving element.
[0058] The translucent portion 140 has an inner space
142 formed therein, which is defined by the front wall
140a, the side walls 140b, the top wall 140c and the
bottom wall 14Od. There is no wall positioned between
the inner space 142 and the ink chamber 100, and the
inner space 142 is configured to be in fluid
communication with the interior of the ink chamber
100. A signal blocking portion 72 of the arm 70 is
configured to selectively enter into and be removed
from the inner space 142 based on an amount of ink
within the ink chamber 100. [0059] The arm 70 is used
in detecting the amount of ink stored in the ink
chamber 100. The arm 70 comprises the signal blocking
portion 72 at one end thereof, and a float portion 73
at the other end thereof. The arm 70 is pivotably
supported at a rib 74 extending upright from the
widthwise center of the outer peripheral wall 51. The
specific gravity of the float portion 73 is less than
the specific gravity of ink stored in the ink chamber
100. The float portion 73 has a hollow formed therein,
and floats on liquid, such that the float portion 73
moves upward and downward based on theamount of ink
within the ink chamber 100, and the arm 70 pivots
based on the movement of the float portion 73. The rib
74 is positioned at the outer peripheral wall 51
adjacent to a corner of the front face 4 1 and the
bottom face 44. Referring to Fig. 6, the rib 74
comprises a supporting portion 77 configured to
pivotably support the arm 70. [0060] Referring to
Figs. 4(a)-6, the arm 70 is positioned, such that the
signal blocking portion 72 is positioned in the inner
space 142 when a sufficient amount of ink is stored in
the ink chamber 100. For example, the signal blocking
portion 72 contacts the bottom wall 14Od of the
translucent portion 140 to maintain the signal
blocking portion 72 within the inner space 142 of the
translucent portion. Moreover, when the amount of ink
in the ink chamber 100 is less than a predetermined
amount of ink, the float portion 73 moves downward,
and the signal blocking portion 72 moves out of the
inner space 142. Consequently, whether a sufficient
amount of ink remains in the ink chamber 100 is
detected by monitoring whether the signal blocking
portion 72 is positioned within the inner space 142.
For example, an optical sensor, such as a photo
interrupter, is used to monitor whether the signal
blocking portion 72 is positioned within the inner
space. [0061] Referring to Fig. 7, the air intake
portion 80 comprises a cylindrical valve storage
chamber 55 formed in the front face 4 1 above the
translucent portion 140. The valve storage chamber 55
is open to the outside of main body 20 at an end 82
thereof. The valve storage chamber 55 extends in the
depth direction of the main body 20, and is in fluid
communication with the interior of the ink chamber 100
at the other end thereof. [0062] The air intake
portion 80 also comprises a valve mechanism for 



selectively opening and closing a path extending from
the end 82 of the valve storage chamber 55 to the
interior of the ink chamber 100. For example, the air
intake portion 80 comprises a valve element 87, a
spring 86, a sealing member 83, and a cap 85. The
valve element 87 is configured to slide in the depth
direction of the main body 20 in the valve storage
chamber 55. The valve element 87 comprises a lid 88
and the rod 84. The cap 85 is attached to the outer
edge of the end 82 of the valve storage chamber 55,
sandwiching the sealing member 83 therebetween. The
cap 85 and the sealing member83 have through holes
formed therethrough. When the cap 85 and the sealing
member 83 are attached to the outer edge of the end
82, an air communicating port 8 1 is formed by the
through holes, and an inside and an outside of the
valve storage chamber 55 is in fluid communication via
air communicating port 81. The rod 84 is inserted into
the air communicating port 81, and the diameter of the
rod 84 is less than the diameter of the air
communicating port 81, such that a gap for allowing
air flow is formed between the rod 84 and the interior
walls of the air communicating port 81. The rod 84
projects outward from the center of the lid 88 through
the air communicating port 81. [0063] When the valve
element 87 slides in the valve storage chamber 55, the
lid 88 slides between a position in which the lid 88
contacts the sealing member 83 and a position in which
the lid 88 is separated from the sealing member 83.
When the lid 88 contacts the sealing member 83, the
air communicating port 8 1 is closed, and when the lid
88 separates from the sealing member 83, the air
communicating port 8 1 is opened. [0064] In the valve
storage chamber 55, the spring 86 urges or biases the
valve element 87 in the direction to close the path
extending from the inside of the valve storage chamber
55 to the outside of the valve storage chamber 55,
thereby causing the lid member 88 to contact the
sealing member 83. When the rod 84 is pressed toward
the valve storage chamber 55, the lid 88 of the valve
element 87 separates from the sealing member 83
against urging force of the spring 86. Accordingly,
the path extending from the inside of the valve
storage chamber 55 to the outside of the valve storage
chamber 55 is opened, and the communication between
the interior of the ink chamber 100 and the outside of
the main body 20 via the air intake portion 80 is
established. With air flowing in and out of the ink
chamber 100 via the air intake portion 80, the
pressure of the interior of the ink chamber 100 is
equalized as the ambient pressure. [0065] Referring to
Fig. 7, the ink supply portion 90 comprises a
cylindrical valve storage chamber 54 formed in the
front face 4 1 below the translucent portion 140, and
the valve storage chamber 54 is open to the outside of
the main body at an end 92 thereof. The valve storage
chamber 54 extends in the depth direction of the main
body20, and is in fluid communication with the
interior of the ink chamber 100 at the other end
thereof. [0066] The ink supply portion 90 also
comprises a valve mechanism for selectively opening
and closing an ink path extending from the end 92 of
the valve storage chamber 54 to the interior of the
ink chamber 100. The ink supply portion 90 comprises a
valve element 97, a spring 96, a sealing member 93,
and a cap 95. [0067] The cap 95 is attached to the
outer edge of the end 92 of the valve storage chamber
54, sandwiching the sealing member 93 therebetween.
The cap 95 and the sealing member 93 have through
holes formed therethrough. When the cap 95 and the
sealing member 93 are attached to the outer edge of
the end 92 of the valve storage chamber 54, an ink
supply port 9 1 is formed by the through holes, and
the ink supply port 9 1 communicates an inside and an
outside of the valve storage chamber 54. A tube is
inserted into the ink supply port 9 1 when the ink
cartridge 10 is mounted to the cartridge mounting
portion 276. [0068] In the valve storage chamber 54,
the spring 96 urges or biases the valve element 97 in
the direction to close the ink path, such that the
valve element 97 contacts the sealing member 93 and
communication between the interior of the ink chamber
100 and the outside of the main body 20 is prevented.
When the tube is inserted into the ink supply port 91,
the tube pushes the valve element 97, and the valve
element 97 separates from the sealing member 93
against the urging force of the spring 96, and the ink
supply port 9 1 is opened. Accordingly, the
communication between the interior of the ink chamber
100 and the outside of the main body 20 via the ink
supply portion 90 is established, and the ink in the
ink chamber 100 is supplied through the tube to the
recording apparatus 250. [0069] A recessed portion 59
is formed in the top face 43 of the frame 50, and a
recessed portion 60 is formed in the bottom face 44 of
the frame 50. The recessed portions 59 and 60 engage
with projecting strips 210 and 211 (shown in Fig. 8),
respectively, formed on the inner surface of the cover
member 22 when the rear portion 20b of the main body
20 is covered by the cover member 22. The projecting
strip 210 is fitted to the recessed portion 59, and
the projecting strip 211 is fitted to the
recessedportion 60, to provide secure engagement
between the rear portion 20b and the cover member 22.
[0070] Referring to Fig. 6, a spring storage chamber
110 is formed in the front face 4 1 above the valve
storage chamber 55, and a spring storage chamber 111
is formed in the front face 4 1 below the valve
storage chamber 54. The spring storage chambers 110
and 111 are substantially cylindrical chambers
extending from the front face 4 1 toward an ink
chamber 100, such that at least a rear portion of
spring storage chambers 110 and 111, respectively,
define a portion of front face 4 1. Referring to Fig.
8, the coil springs 23 and 24 are positioned within
the valve storage chambers 110 and 111, respectively.
For example, each of the coil springs 23 and 24 is
coupled to the front face 4 1 at one end and is
coupled to the movable member 2 1 at the other end.
Specifically, the coil springs 23 and 24 are coupled
to the front face 4 1 and the movable member 2 1 by
direct contact between the coil springs 23 and 24 and
the front face 4 1 and the movable member 21, or by
indirect contact between the coil springs 23 and 24
and the front face 4 1 and the movable member 21,
i.e., with at least one other element positioned
between the coil springs 23 and 24 and the front face
4 1 and the movable member 2 1. The coil springs 23
and 24 are configured to resiliency urge the movable
member 2 1 away from the front face 4 1 by applying a
biasing force to the movable member 2 1. Moreover, in
order to stably and evenly urge the movable member 21,
the spring storage chamber 110 and the spring storage
chamber 111 are sufficiently separated from each other
in the height direction of the main body 20, e.g., are
positioned adjacent to opposite ends of the front face
4 1 in the height direction. In other words, the coil
spring 23 is positioned closer to the upper end of the
front face 4 1 than to the lower end of the front face
41, and the coil spring 24 is positioned closer to the
lower end of the front face 4 1 than to the upper end
of the front face 4 1. [0071] A supporting member 115
is formed at an front end of the top face 43 of the
frame 50. The supporting member 115 supports the
movable member 21, such that the movable member 2 1
slides with respect to the main body 20, and the
supporting member 115 limits the sliding range of the
movable member 21. The movable member 2 1 is slidably
supported at two points by the supporting member 115
and asupporting member 116 described later. The
supporting member 115 is integral with the frame 50.
The supporting member 115 comprises a first portion
118 extending vertically upward from the top face 43,
a second portion 119 extending from an top end of the
first portion 118 in the direction of insertion 30 in
parallel to the top face 43, and a hook portion 120
formed at a front end of the second portion 119 and
extending upward. A gap 122 is be formed between the
second portion 119 and the top face 43, which allows
the second portion 119 to bend in the height direction
of the main body 20. [0072] The supporting member 116
has substantially the same shape as the supporting
member 115, and is positioned at a front end of the
bottom face 44 of the frame 50. The supporting member
116 is integral with the frame 50, and comprises a
first portion 124 extending vertically downward from
the bottom face 44, a second portion 125 extending
from an end of the first portion 124 in the direction
of insertion 30 in parallel to the bottom face 44, and
a hook portion 126 formed at an front end of the
second portion 125 and extending downward. [0073]
Referring to Figs. 2(a)-3(b) and Figs. 8-10(b), the
movable member 2 1 and the cover member 22, according
to an embodiment of the present invention, are
depicted. The cover member 22 has a container shape,
and is configured to accommodate the rear portion 20b
of the main body 20 therein. The cover member 22 has a
flat shape corresponding to the outer shape of the
rear portion 20b. The cover member 22 comprises a rear
wall 212 facing and covering the rear face 42 of the
main body 20, a top wall 213 facing and covering the
top face 43 of the main body 20, a bottom wall 214
facing and covering the bottom face 44 of the main
body 20, a left wall 215 facing and covering the left
side face 45 of the main body 20, and a right wall 216
facing and covering the right side face 46 of the main
body 20. The walls 212-216 define a space therein
which is configured to accommodate the rear portion
20b. In an embodiment, a portion of the top wall 213
of the cover member 22 and a portion of the top face
43 of the main body 20 defines a latching recess 1000
therebetween. In another embodiment, a latching recess
may be formed in the top face 43 of the main body 20,
or may be formed in the top wall 213 of the cover
member 22.[0074] The projecting strips 210 and 211 are
positioned on the inner surface of the cover member 22
adjacent to the opening of the cover member 22. The
projecting strips 210 and 211 are at positions
corresponding to the recessed portions 59 and 60. The
projecting strip 210 is fitted to the recessed portion
59 formed in the top face 43 of the main body 20, and
the projecting strip 211 is fitted to the recessed
portion 60 formed in the bottom face 44 of the main
body 20. Accordingly, the main body 20 



and the cover member 22 is securely engaged. [0075]
The movable member 2 1 has a container shape, and is
configured to accommodate the front portion 20a of the
main body 20 therein. The movable member 2 1 has a
flat shape corresponding to the outer shape of the
front portion 20a. The movable member 2 1 comprises a
front wall 161 facing the front face 4 1 of the main
body 20, a top wall 163 covering the top face 43 of
the main body 20, a bottom wall 164 covering the
bottom face 44 of the main body 20, a left wall 165
covering the left side face 45 of the main body 20,
and a right wall 166 covering the right side face 46
of the main body 20. The walls 163-166 define a space
therein which is configured to accommodate the front
portion 20a. [0076] The left wall 165 and the right
wall 166 extend from the front wall 161 in the depth
direction of the main body 20 and cover the left side
face 45 and the right side face 46 of the main body
20. Therefore, when the movable member 2 1 slides, the
left wall 165 and the right wall 166 act as guide
surfaces for the left side face 45 and the right side
face 46, such that the movable member 2 1 slides
smoothly. [0077] In an embodiment of the present
invention, at least a portion of the movable member 2
1 has substantially the same color as the color of ink
stored in the ink chamber 100, such that the movable
member 2 1 readily indicates the ink color to a user.
[0078] The movable member 2 1 comprises a signal
blocking arrangement 185, a signal blocking
arrangement 186, a cutout 187 formed therethrough,
supporting bars 168 and 169, slide grooves 171 and
172, a pressing portion 174, and an opening 180 formed
therethrough. [0079] Referring to Figs. 2(a)-3(b), the
cutout 187 is formed at a center of the front wall
161, and the cutout 187 is configured to expose the
translucent portion 140 tothe outside when the movable
member 2 1 is in the second position, such that at
least a portion of the translucent portion 140 extends
through the cutout 187 when the movable member 2 1 is
in the second position. For example, the cutout 187 is
formed by removing rectangular portions from the front
wall 161 and the side walls 165 and 166, facing the
front wall 140a and the side walls 140b of the
translucent portion 140. The cutout 187 extends from
the front wall 161 rearwardly in the direction of
insertion 30. When the ink cartridge 10 is mounted to
the cartridge mounting portion 276 (shown in Fig. 12),
a light-emitting element and a light-receiving element
of an optical sensor 230 (shown in Fig. 12) sandwich
the cutout 187. Therefore, light emitted from the
light-emitting element passes through the cutout 187,
and the side wall 140b of the translucent portion 140
is irradiated with the light. [0080] The signal
blocking arrangement 185 comprises a signal blocking
portion 189 projecting from the front wall 161 in the
direction of insertion 30. The signal blocking portion
189 is bridged over the cutout 187 in the vertical
direction on the front wall 161. The signal blocking
portion 189 has a plate shape, and a space 190 is
formed behind the signal blocking portion 189. The
ends of the signal blocking portion 189 in the width
direction and the cutout 187 forms rectangular
openings in the side walls 165 and 166, respectively.
[0081] Referring to Fig. 12, the signal blocking
portion 189 is configured to enter into an optical
path 231 of the optical sensor 230 provided on the
cartridge mounting portion 276 during the mounting of
the ink cartridge 10 into the cartridge mounting
portion 276. The signal blocking portion 189 is formed
of a resin material which does not allow light to pass
therethrough or alters the path of light traveling
therethrough. For example, the signal blocking portion
189 may be formed of a resin material including a
black pigment. Alternatively, the signal blocking
portion 189 may be a prism formed of a transparent
resin material. The signal blocking arrangement 186 is
configured to enter into an optical path 236 of an
optical sensor 235 provided on the cartridge mounting
portion 276 during the mounting of the ink cartridge
10 to the cartridge mounting portion 276. The signal
blocking arrangement 186 is formed of a resin material
which does not allow light to pass therethrough or
alters a path of lightpassing therethrough. Referring
to Figs. 2(a)-3(b), the signal blocking arrangement
186 is positioned at or adjacent to a distal end of
the top wall 163, and the signal blocking arrangement
186 projects from the front wall 161 away from the
front wall 161. The signal blocking arrangement 186
comprises a signal blocking portion 191, e.g., a rib
portion, and a pair of grooves 192 is formed on
opposite sides of the signal blocking portion 191. The
signal blocking portion 191 is inserted into the
optical path 236 of the optical sensor 235. The signal
blocking portion 191, the signal blocking portion 189,
and the ink supply portion 90 intersect a first plane,
e.g. a plane which is parallel with the arrow 32 and
the arrow 33 of Figs. 2(a)-2(d), and the signal
blocking portion 189 and the signal blocking portion
72 intersect a second plane which is perpendicular to
the first plane, e.g., a plane which is parallel with
the arrow 3 1 and the arrow 33 of Figs. 2(a)-2(d),
when a sufficient amount of ink is stored in the ink
chamber 100 and the signal blocking portion 72 is
positioned in the inner space 142. With this
configuration, a later-described procedure for
determining the type of the ink cartridge is readily
performed. [0082] The projecting portion 181 is
positioned at or adjacent to a lower end of the front
wall 161, and projects away from the front wall 161.
Distal ends of the projecting portion 181 and the
signal blocking arrangement 186 contact the innermost
wall surface of the cartridge mounting portion 176
when the ink cartridge 10 is mounted to the cartridge
mounting portion 276. [0083] The supporting bar 168 is
configured to support the coil spring 23, and the
supporting bar 169 is configured to support the coil
spring 24. The supporting bars 168 and 169 are
positioned on a surface of the front wall 161 facing
the front face 4 1 of the main body 20. The supporting
bar 168 is at a position corresponding to the spring
storage chamber 110, and the supporting bar 169 is at
a position corresponding to the spring storage chamber
111. [0084] Referring to Figs. 10(a) and 10(b), the
supporting bars 168 and 169 extend from the surface of
the front wall 161 in the depth direction of the main
body 20. When the front portion 20a of the main
bodyj20 is inserted into the movable member 2 1 in a
state in which the coil spring 23 is stored in the
spring storage chamber 110 and thecoil spring 24 is
stored in the spring storage chamber 111, the
supporting bar 168 is inserted into the coil spring 23
and the supporting bar 169 is inserted into the coil
spring 24. Accordingly, the coil springs 23 and 24 are
supported by the supporting bars 168 and 169,
respectively. The direction of expansion and
contraction of the coil springs 23 and 24 is limited
to the depth direction of the main body 20. [0085] The
coil springs 23 and 24 are compression coil springs,
i.e., the coil springs 23 and 24 are compressed and
stored in the spring storage chambers 110 and 111 when
the front portion 20a is inserted into the movable
member 2 1. Therefore, the coil springs 23 and 24 urge
or bias the movable member 2 1 in the direction away
from the front face 4 1 of the main body 20
independent of the position of the movable member 21.
[0086] Referring to Figs. 2(a) and 2(b), the slide
groove 171 is formed in the top wall 163, and a
cross-sectional shape of the slide groove 171 is
substantially an inverted U-shape. Referring to Fig.
10(a), the supporting member 115 is inserted into the
slide groove 171, and a projecting strip 182 extends
from a bottom surface of the top wall 163 toward an
interior of the slide groove 171. Therefore, the slide
groove 171 is narrowed in part by the projecting strip
182. The slide groove 172 is formed in the bottom wall
164, and a cross-sectional shape of the slide groove
172 is substantially a U-shape. As shown in Fig.
10(b), the supporting member 116 is inserted into the
slide groove 172, and a projecting strip 183 extends
from a top surface of the bottom wall 164 toward an
interior of the slide groove 172. Therefore, the slide
groove 172 is narrowed in part by the projecting strip
183. [0087] During insertion of the front portion 20a
of the main body 20 into the movable member 21, the
supporting member 115 is inserted into the slide
groove 171, and the supporting member 116 is inserted
into the slide groove 172. When the supporting member
115 is inserted into the slide groove 171, the
projecting strip 182 and the hook portion 120 contact
each other. Then, when the supporting member 115 is
further inserted, the supporting member 115 bends
toward the gap 122, and the hook portion 120 climbs
over the projecting strip 182 while a bevel 182a of
the projecting strip 182 and a bevel 120a of the hook
portion 120 slide over each other. When thehook
portion 120 has climbed over the projecting strip 182
once, the movable member 2 1 and the main body 20 are
not disassembled because the hook portion 120 is
received by the projecting strip 182 when the
disassembly is attempted. The supporting member 116 is
also inserted into the slide groove 172 in the same
manner. [0088] When the front portion 20a is inserted
into the movable member 21, the movable member 2 1 is
urged away from the front face 4 1 by the coil springs
23 and 24. Therefore, unless an external force is
applied to the movable member 21, the movable member 2
1 remains in the first position (shown in Figs. 2(b)
and 9) corresponding to the movable member's 2 1
furthest distance from front face 4 1 of the main body
20. The movable member 2 1 remains in the first
position by the contact between the projecting strip
182 and the hook portion 120 and the contact between
the projecting strip 183 and the hook portion 126. On
the other hand, when an external force is applied to
the front face of the movable member 21, the movable
member 2 1 slides from the first position to the
second position (shown in Figs. 2(a) and 8)
corresponding to the movable member's 2 1 closest
distance to front face 4 1 of the main body 20. [0089]
Referring to Figs. 8 and 9, the pressing portion 174
is positioned on the surface of the front wall 161
facing the front face 4 1 of the main body 20. The 



pressing portion 174 is at a position corresponding to
the rod 84 of the air intake portion 80. The pressing
portion 174 is separated from a distal end of the rod
84 when the movable member 2 1 is in the first
position, and the pressing portion 174 comes into
contact with the distal end of the rod 84 while the
movable member 2 1 slides from the first position
toward the second position. Then, when the movable
member 2 1 further slides toward the second position,
the rod 84 is pushed toward the ink chamber 100 to
open the air communicating port 8 1. [0090] The
opening 180 is formed through the front wall 161 at a
position adjacent to a lower end of the front wall
161, and is formed at a position corresponding to the
ink supply portion 90. The diameter of the opening 180
is greater than the diameter of the cap 95 of the ink
supply portion 90, such that the cap 95 is inserted
into and through the opening 180. When the movable
member 2 1 is in the first position,the entire ink
supply portion 90 is positioned within the movable
member 21, such that the entire ink supply portion 90
is recessed from the opening 180. As the movable
member 2 1 moves from the first position to the second
position, at least a portion of the ink supply portion
90 moves into and then passes through the opening 180
to protrude from the front wall 161 . Referring to
Figs. 2(a), 2(b), 3(a), and 3(b), in an embodiment of
the present invention, the air intake portion 80 is
covered by the front wall 161, such that the air
intake portion 80 is not exposed to the outside of the
ink cartridge 10. In this embodiment, relatively small
air holes (not numbered but shown in Figs. 2(a) and
2(b)) are formed in front wall 161 to allow air to be
drawn into the air intake portion 80. Nevertheless,
referring to Figs. 2(c), 2(d), 3(c), and 3(d), an
opening 180' may be formed through the front wall 161
adjacent to and aligned with the intake portion 80. In
this embodiment, when the movable member 2 1 is in the
first position, the entire air intake portion 80 is
positioned within the movable member 21, such that the
entire air intake portion 80 is recessed from the
opening 180. As the movable member 2 1 moves from the
first position to the second position, the air intake
portion remains entirely within the movable member 21,
however, the air intake portion moves closer to the
opening 180'. In this embodiment, air is drawn into
the ink chamber 100 when a component of the printer
contacts and applies a force to the rod 84 of the air
intake portion 80 via opening 180'. [0091] Referring
to Figs. 11(a) and ll(b), in an embodiment of the
present invention, ink cartridge 10 may be replaced by
ink cartridge 10'. Specifically, in ink cartridge 10',
the signal blocking arrangement 185 is replaced by a
signal blocking arrangement 195 which has a different
shape than the signal blocking arrangement 185. The
signal blocking arrangement 195 comprises a signal
blocking portion 199 projecting from the front wall
161. The signal blocking portion 199 is bridged over
the cutout 187 in the vertical direction on the front
wall 161. The signal blocking portion 199 comprises a
front wall and a pair of side walls 198 at both ends
in the width direction. The side walls 198 extend from
the front wall of the signal blocking portion 199 to
the front wall 161 of the movable member 21. The side
walls 198 and the cutouts 187 form rectangular
openings in the side walls 165 and 166. The
signalblocking portion 199 is configured to enter into
the optical path 231 of the optical sensor 230
provided on the cartridge mounting portion 276 during
the mounting of the ink cartridge 10 to the cartridge
mounting portion 276. The signal blocking portion 199
is formed of a resin material which does not allow
light to pass therethrough or alters the path of light
passing therethrough. The signal blocking portion 191,
the signal blocking 199, and the ink supply portion 90
intersect a first plane, e.g. a plane which is
parallel with the arrow 32 and the arrow 33 of Figs.
2(a)-2(d), and the signal blocking portion 199 and the
signal blocking portion 72 intersect a second plane
which is perpendicular to the first plane e.g., a
plane which is parallel with the arrow 31 and the
arrow 33 of Figs. 2(a)-2(d), when a sufficient amount
of ink is stored in the ink chamber 100 and the signal
blocking portion 72 is positioned in the inner space
142. With this configuration, a later-described
procedure for determining the type of the ink
cartridge is readily performed. [0092] Referring to
Fig. 12, according to an embodiment of the present
invention, the cartridge mounting portion 276
comprises a plurality, e.g., four, cases 280
corresponding to different colors, e.g., cyan,
magenta, yellow, and black, arranged in parallel in
the widthwise direction. Each case 280 comprises a
case body 281 and a lock lever 283. The case body 281
comprises a storage chamber 282 configured to
selectively store the ink cartridge 10 and 10'
therein, and an opening 284 is formed through the
front side of the case body 281. The case 280 is
configured to allow the ink cartridge 10 and 10' to be
mounted to and removed from the case body 281 via the
opening 284. [0093] The optical sensor 230 and the
optical sensor 235 are positioned on the closed end
side of the storage chamber 282. The optical sensor
230 is positioned at a wall surface 286 which forms
the closed end of the storage chamber 282. The optical
sensor 230 is configured (a) to detect the type of the
ink cartridge 10 and 10' mounted to the case 280; and
(b) to detect whether the amount of ink in the ink
cartridge 10 and 10' is less than or equal to a
predetermined amount of ink, e.g , an amount of ink
sufficient to render an image onto a recording medium.
For example, the optical sensor 230 comprises a photo
interrupter including a light-emitting element and
alight-receiving element. The optical sensor 230 is
coupled to the main controller 200, and electric
signals outputted from the light-receiving element is
supplied to the main controller 200. The optical path
231 is formed between the light-emitting element and
the light-receiving element of the optical sensor 230.
The type of the ink cartridge is determined on the
output signal, which corresponds to the intensity of
received light, of the optical sensor 230 when the
signal blocking arrangement 185 or the signal blocking
arrangement 195 is inserted into the optical path 231.
[0094] The optical sensor 235 is positioned at the
inner side of a wall surface 287 which forms the top
of the case body 281 . The optical sensor 235 is
configured to detect whether the signal blocking
portion 191 of the signal blocking arrangement 186 is
present at a predetermined position, such that whether
or not the ink cartridge 10 and 10' is mounted is
determined. For example, the optical sensor 235
comprises a photo interrupter comprising a
light-emitting element and a light-receiving element.
The optical sensor 235 is coupled to the main
controller 200, and electric signals outputted from
the light-receiving element are supplied to the main
controller 200. When light is blocked by the signal
blocking portion 191 in the optical path 236 of the
optical sensor 235, the intensity of light received by
the light-receiving element is substantially
instantaneously reduced. [0095] A connecting portion
285 is positioned at the lower portion of the wall
surface 286 and is configured to be connected to the
ink supply port 91. The connecting portion 285
projects from the wall surface 286 toward the interior
of the storage chamber 282. A through hole 288 is
formed through the connecting portion 285, and an ink
tube 278 is inserted into the through hole 288. The
through hole 288 is formed at a position corresponding
to the ink supply port 9 1. A tube is provided on the
inner side of the connecting portion 285, and when the
ink cartridge 10 is mounted in the case 280, the tube
is inserted into the ink supply port 91, such that the
ink supply port 9 1 and the connecting portion 285 are
connected to each other. [0096] A contact portion 240
is positioned at the upper portion of the wall surface
286, and a contact portion 241 is positioned at the
lower portion of the wall surface 286. When the ink
cartridge 10 is inserted into the case 280, the
contactportion 240 contacts the distal end of the
signal blocking arrangement 186, and the contact
portion 241 contacts the distal end of the proj ecting
portion 181. [0097] The lock lever 283 is configured
to selectively open and close the opening 284, and to
reliably secure the ink cartridge 10 and 10' in the
storage chamber 282. The lock lever 283 is supported
at one end, so as to be rotatable about an axis 290 at
the upper edge of the opening 284. The lock lever 283
comprises an operating portion 293 and a claw 294. The
operating portion 293 is positioned at an outer
surface 297 of the lock lever 283 adjacent the other
end of the lock lever, and the claw 294 is positioned
at the other end of the lock lever 283. A groove 299
is formed at the lower edge of the opening 284, and is
configured to engage the claw 294. [0098] Referring to
Figs. 2(a), 2(b), 8, and 13-15, a process for mounting
or inserting the ink cartridge 10 into the case 280 is
depicted. When the ink cartridge 10 is inserted into
the storage chamber 282 of the case 280, the signal
blocking portion 189 of the signal blocking
arrangement 185 first enters into the optical path 231
of the optical sensor 230. Then, when the ink
cartridge 10 is further inserted into the storage
chamber 282, the signal blocking portion 191 of the
signal blocking arrangement 186 enters into the
optical path 236 of the optical sensor 235. At a time
when the signal blocking portion 191 enters into the
optical path 236, the signal blocking portion 189 has
passed through the optical path 231 of the optical
sensor 230, and light emitted from the light-emitting
element passes through the space 190 behind the signal
blocking portion 189. [0099] When the ink cartridge 10
is inserted to the closed end of the storage chamber
282, the distal end of the signal blocking arrangement
186 contacts the contact portion 240, and the distal
end of the projecting portion 181 contacts the contact
portion 241 . At this time, the cutout 187 has entered
into the optical path 231. [0100] When the lock lever
283 is rotated in the direction to close the opening
284, an inner surface 296 of the lock lever 283
contacts the rear wall of the cover member 22 and
presses the ink cartridge 10 in the direction of
insertion. At this time, the coil springs 23 and 24
are compressed. Accordingly, the main body 20 moves in
the direction of insertion in a state in which the
movable member 2 1 isstationary and the main body 20
moves toward the movable member 21. 



[0101] When the main body 20 is further moved in the
direction of insertion, the ink supply port 9 1 is
connected to the connecting portion 285, and the
translucent portion 140 enters into the cutout 187 and
into the optical path 231 of the optical sensor 230.
[0102] When the lock lever 283 is completely closed,
and the claw 294 engages with the groove 299, the lock
lever 283 is locked with respect to the opening 284,
and the opening 284 is closed by the lock lever 283.
At this time, the main body 20 of the ink cartridge 10
receives an urging force of the coil springs 23 and
24, and the rear wall of the cover member 22 is
pressed against the inner surface 296 of the lock
lever 283. [0103] Referring to Fig. 16, the main
controller 200 controls the operation of the recording
apparatus 250. The main controller 200 is a micro
computer comprising a central processing unit (CPU)
201, a read only memory (ROM) 202, a random access
memory (RAM) 203, an electrically erasable
programmable read only memory (EEPROM) 204, and an
application specific integrated circuit (ASIC) 205.
[0104] The ROM 202 stores a program used by the CPU
201 for controlling the respective operations of the
recording apparatus 250, and a program for
discriminating the type of the ink cartridge 10 and
10'. The RAM 203 is a storage area or a work area for
temporarily storing the respective data used by the
CPU 201 for executing the programs. The EEPROM 204
stores settings, flags, or the like to be retained,
even after the power is turned off. [0105] Referring
to Figs. 1 and 16, the head control board 270, the
optical sensor 230, and the optical sensor 235 are
coupled to the ASIC 205. A drive circuit (not shown)
for driving the respective rollers of the paper
feeding apparatus 252 and the transferring apparatus
253, an input unit for entering printing instruction
or the like to the recording apparatus 250, and a
display device for displaying information relating the
recording apparatus 250, are also connected to the
ASIC 205. [0106] The head control board 270 controls
the recording head 272 based on the signals, e.g.,
control signal and image signal, supplied from the
ASIC 205.Accordingly, the ink is selectively
discharged at a predetermined timing from the nozzle
274 of the recording head 272. [0107] The optical
sensor 230 outputs sensor signals based on the
intensity of light received by the light-receiving
element. For example, analog electric signals, such as
voltage signals or current signals, are outputted from
the optical sensor 230 based on the intensity of light
received by the light-receiving element. The sensor
signal outputted from the optical sensor 230 is
supplied to the main controller 200, and the main
controller 200 determines that the sensor signal is a
HIGH level signal when the electrical level, e.g.,
voltage value or current value, of the sensor signal
is greater than or equal to a predetermined threshold
value, and determines that the sensor signal is a LOW
level signal when the electrical level is less than
the threshold value. For example, it is determined
that the sensor signal is a LOW level signal when the
optical path 231 of the optical sensor 230 is blocked,
and that the sensor signal is a HIGH level signal when
the optical path 231 is not blocked. The intensity of
the light received by the light-receiving element may
be zero when the light emitted by the light-emitting
element is blocked or the path of the light is
altered. [0108] The optical sensor 235 functions in
substantially the same way as the optical sensor 230,
and outputs sensor signals based on the intensity of
light received by the light-receiving element. [0109]
Referring to Figs. 17(a) and 17(b), exemplary time
profiles of signal levels of the sensor signals
outputted from the optical sensor 230 and the optical
sensor 235 during the mounting of the ink cartridge 10
are depicted, and referring to Figs. 17(c) and 17(c),
exemplary time profiles of signal levels of the sensor
signals outputted from the optical sensor 230 and the
optical sensor 235 during the mounting of the ink
cartridge 10' are depicted. [0110] As shown in Figs.
17(a) and 17(c), the time profile of the signal level
of the sensor signal outputted from the optical sensor
235 when the ink cartridge 10 is mounted to the case
280 is the same as the time profile of the signal
level of the sensor signal outputted from the optical
sensor 235 when the ink cartridge 10' is mounted to
the case 280. Specifically, when the signal blocking
portion 191 enters into the opticalpath 236 of the
optical sensor 235 and blocks or alters the path of
the light, the signal level changes from HIGH to LOW
at the time Tl. In the main controller 200, this
change of the signal level from HIGH to LOW is used as
a trigger signal in a process for determining the type
of the ink cartridge. [0111] Referring to Fig. 17(b),
when the ink cartridge 10 is mounted to the case 280,
the signal blocking portion 189 enters into the
optical path 231 and blocks or alters the path of the
light at a time TO. At this time, the signal level of
the sensor signal outputted from the optical sensor
230 changes from HIGH to LOW. Because the signal
blocking portion 189 is a flat plate, the duration in
which the light is blocked or its path is altered is
relatively short. The signal blocking portion 189
passes through the optical path 231 and the space 190
enters the optical path after the time TO and before
the time Tl . Therefore, at the time Tl , the signal
level of the optical sensor 230 has been restored from
LOW to HIGH. [0112] Subsequently, when the ink
cartridge 10 is further inserted, the cutout 187
enters the optical path 231, and when the ink
cartridge 10 is completely mounted to the case 280,
the translucent portion 140 enters the optical path
231 via the cutout 187 between a time T2 and a time
T3. In this state, the position of the signal blocking
portion 72 is detected. In Fig. 17(b), the signal
level when the signal blocking portion 72 is in the
optical path 231 is represented by a solid line (LOW
level), and the signal level when the signal blocking
portion 72 is out of the optical path 231 is
represented by a broken line (HIGH level). [0113]
Referring to Fig. 17(d), when the ink cartridge 10' is
mounted to the case 280, the signal blocking portion
199 also enters the optical path 231 to block the
light or alter the path of the light at the time TO.
At this time, the signal level of the sensor signal
outputted from the optical sensor 230 changes from
HIGH to LOW. Because the signal blocking portion 199
has the side walls 198, the duration during which the
light is blocked or altered by the signal blocking
portion 199 is greater than the duration during which
the light is blocked or altered by the signal blocking
portion 189. Specifically, at the time Tl, the side
walls 198 are still in the optical path 231.
Therefore, at the time Tl, the signal level of the
sensor signal outputted from the opticalsensor 230 is
maintained in the LOW state. [0114] Subsequently, when
the ink cartridge 10' is further inserted, at the time
T2, the side walls 198 pass through the optical path
231, and the cutout 187 enters the optical path 231.
At this time, the signal level of the optical sensor
230 is restored from LOW to HIGH. Then, when the ink
cartridge 10' is completely mounted to the case 280,
the translucent portion 140 enters the optical path
231 via the cutout 187 at a time between time T2 and
Time T3. In this state, the position of the signal
blocking portion 72 may be detected. In Fig. 17(d),
the signal level when the signal blocking portion 72
is in the optical path 231 is represented by a solid
line (LOW level), and the signal level when the signal
blocking portion 72 is out of the optical path 231 is
represented by a broken line (HIGH level). [0115] The
type of the ink cartridge is determined by the main
controller 200 based on the time profiles of the
optical sensor 230 and the optical sensor 235. [0116]
Referring to Fig. 18, a procedure for determining
whether the mounted ink cartridge is the ink cartridge
10 or the ink cartridge 10' is depicted. In Step Sl,
the main controller 200 determines whether the signal
blocking portion 189 or 199 has entered the optical
path 231 of the optical sensor 230, e.g., it is
determined whether or not the signal level of the
sensor signal outputted from the optical sensor 230
has changed from HIGH to LOW. When the main controller
200 determines that the signal blocking portion 189 or
199 has entered the optical path 231, Step S2 is
performed. Step S2 is not performed until the main
controller 200 determines that the signal blocking
portion 189 or 199 has entered the optical path 231.
[0117] In the Step S2, the main controller 200
determines whether the signal blocking portion 191 has
entered the optical path 236, e.g., it is determined
whether the signal level of the optical sensor 235 has
changed from HIGH to LOW, which corresponds to a
detection of a trigger signal. When the trigger signal
is detected in Step S2, in Step S3, the main
controller 200 determines whether the signal level of
the sensor signal outputted from the optical sensor
230 at the time Tl when the trigger signal is detected
is HIGH or LOW. For example, when the signal level at
the time Tl is HIGH, the main controller 200
determines that the ink cartridge 10 is inserted in
thecase 280, and when the signal level at the time Tl
is LOW, the main controller determines that the ink
cartridge 10' is inserted in the case 280. [0118] When
it is determined that the signal level of the sensor
signal outputted from the optical sensor 230 is HIGH
in Step S3, a bit flag indicating that the installed
ink cartridge corresponds to the ink cartridge 10 is
set to a register, e.g., a register of the CPU 201 in
Step S4. If a bit flag indicating that the installed
ink cartridge corresponds to the ink cartridge 10' has
been set previously, the bit flag indicating that the
installed ink cartridge corresponds to the ink
cartridge 10' is cleared, and the bit flag indicating
that the installed ink cartridge corresponds to the
ink cartridge 10 is set. On the other hand, when it is
determined that the signal level of the sensor signal
outputted from the optical sensor 230 is LOW, the bit
flag indicating that the installed ink cartridge
corresponds to the ink cartridge 10' is set to the
register in Step S5. If the bit flag indicating that
the installed ink cartridge corresponds to the ink
cartridge 



10 has been set previously, the bit flag indicating
that the installed ink cartridge corresponds to the
ink cartridge 10 is cleared, and the bit flag
indicating that the installed ink cartridge
corresponds to the ink cartridge 10' is set. If the
bit flag is set, the recording apparatus 250 or an
information processing apparatus e.g. a personal
computer connected to the recording apparatus 250,
displays which of the ink cartridges 10 and 10' is
inserted, based on the flag. [0119] If signal level of
the optical sensor 235 changes from Low to High, the
determination process may start again. Moreover, the
determination process may be executed when the lock
lever 283 is opened, and the determination process may
conclude when the lock lever 283 is closed. [0120] The
type of the ink cartridge 10 and 10' is determined
based on the signal level of the sensor signal
outputted from the optical sensor 230 at the time Tl
when the trigger signal is detected. Therefore, the
configuration of the ink cartridge 10 and 10' allows
the recording apparatus 250 to accurately determine
the type of the ink cartridge 10 or 10' independent of
the speed with which the user mounts the ink cartridge
10 or 10' to the printer and regardless of whether the
user begins to insert the ink cartridge into the
printer and then partially removes the ink cartridge
before finallyfully inserting the ink cartridge into
the printer. [0121] The above described process is
configured to discriminate between the two types of
the ink cartridges 10 and 10', however, three or more
types of ink cartridges may be discriminated.
Moreover, an ink cartridge containing black ink and an
ink cartridge containing color ink other than the
black ink may be discriminated, and an ink cartridge
containing pigment ink and an ink cartridge containing
dye ink also may be discriminated. [0122] Referring to
Fig. 19, a packaging arrangement 230, according to an
embodiment of the present invention, is depicted. The
packaging arrangement 230 comprises an ink cartridge,
e.g., the ink cartridge 10 (or 10'), and a packaging
member 231. The ink cartridge 10 is accommodated in an
interior of the packaging member 231. The ink
cartridge 10 is shipped and sold in the packaging
arrangement 230. [0123] The interior of the ink
chamber 100 is depressurized to a pressure less than
the atmospheric pressure by, for example, a vacuum
pump to reduce an amount of air dissolved in the ink
in the ink chamber 100. The interior of the packaging
member 231 is also depressurized to a pressure less
than the atmospheric pressure by, for example, a
vacuum pump to prevent air from entering into the ink
chamber 100 through the films covering the side faces
45 and 46. [0124] The packaging member 231 is
liquid-proof but has some gas permeability. Therefore,
air may enter the interior of the packaging member 231
when the packaging arrangement 230 is left unused for
an extended period of time. Nevertheless, if a
depressurized space exists in the interior of the
packaging member 231, the interior of the packaging
member 231 is maintained at a stable depressurized
state for an extended period of time. [0125] The
packaging arrangement 230 is manufactured as follows.
The ink cartridge 10 is accommodated in the interior
of the packaging member 231 in a state in which the
movable member 2 1 is held at the first (extended)
position shown in Fig. 2(b). While maintaining this
state, the pressure in the interior of the packaging
member 23 1 is reduced to a pressure which is less
than the atmospheric pressure, and the packaging
member 231 is sealed. Because the ink cartridge 10 is
accommodated in the packagingmember 23 1 in this
manner, the depressurized space of a predetermined
capacity is formed between the front face 4 1 of the
main body 20 and the front wall 161 of the movable
member 2 1 in the interior of the packaging member
231. Therefore, the interior of the packaging member
231 is maintained as the depressurized state for an
extended period of time. [0126] Nevertheless, if the
interior of the packaging member 231 is depressurized
too much, a pressure difference between the
atmospheric pressure and the pressure in the interior
of the packaging member 231 may become so great that a
relatively large force acts on the ink cartridge 10.
In this case, if the depressurized space is formed
between the front face 4 1 of the main body 20 and the
front wall 161 of the movable member 21, the movable
member 2 1 may deform inward and may not be restored
to an original shape. Therefore, in another embodiment
of the present invention, the ink cartridge 10' may be
accommodated in the packaging member 231 in a state in
which the movable member 2 1 is held at the second
(retracted) position shown in Fig. 2(c). When the
movable member 2 1 is at the second position, the
depressurized space between the front face 4 1 of the
main body 20 and the front wall 161 of the movable
member 2 1 is relatively small, and therefore, the
deformation of the movable member 2 1 may be
prevented. The size of the packaging arrangement 230
is also reduced. Because the depressurizes space still
exits even though it is relatively small, the interior
of the packaging member 231 is maintained at a stable
depressurized state for a reasonable period of time.
[0127] Referring to Figs. 20 and 2 1 a cartridge
mounting portion 1276, according to another embodiment
of the present invention, is depicted. The cartridge
mounting portion 1276 comprises a lock lever 1283
instead of the lock lever 283 of the cartridge
mounting portion 276. The lock lever 283 comprises a
first portion 1291, a second portion 1292, and a pivot
portion 1290 between the first portion 1291 and the
second portion 1292. The pivot portion 1290 is
supported at the upper portion of the case 280
adjacent to the opening 284 such that the lock lever
1283 pivots about the pivot portion 1290. The first
potion 1291 extends from the pivot portion to the
outside of the case 280, and the second portion 1292
extends from the pivot portion 1290 to thestorage
chamber 282. The first potion 1291 is positioned above
the second portion 1292 because the weight of the
first portion 1291 is less than the weight of the
second portion 1292. As shown in Fig. 20, when the ink
cartridge 10 is installed in the cartridge mounting
portion 1276, a portion of the second portion 1292
contacts a portion of the latching recess 1000. The
main body 20 of the ink cartridge 10 receives the
urging force of the coil springs 23 and 24 toward the
opening 284. Nevertheless, because the portion of the
second portion 1292 contacts the portion of the
latching recess 1000 to retain the main body 20 in the
case 280 against the urging force of the coil springs
23 and 24, the ink cartridge 10 remains in the case
280. [0128] When a user intends to remove the ink
cartridge 10 from the cartridge mounting portion 1276,
the user applies a downward force to an end portion of
the first portion 1291. The lock lever 1283 then
pivots about the pivot portion 1290, as shown in Fig.
21, and the second portion 1292 moves up and separates
from the latching recess 1000. Consequently, the coil
springs 23 and 24 expand, and the ink cartridge 10 is
partially ejected from the cartridge mounting portion
1276. The user then grasps the rear portion of the ink
cartridge 10 and removes the ink cartridge 10 from the
cartridge mounting portion 1276. Thus, the ink
cartridge is readily removed from the cartridge
mounting portion 1276. Moreover, because the ink
cartridge 10 is not configured to retain the movable
member 2 1 in the second position by itself, the
movable member 2 1 moves freely from the second
position to the first position when the second portion
1292 separates from the latching recess 1000, and
thereby the ink cartridge 10 is partially ejected from
the cartridge mounting portion 1276. [0129] While the
invention has been described in connection with
exemplary embodiments, it will be understood by those
skilled in the art that other variations and
modifications of the exemplary embodiments described
above may be made without departing from the scope of
the invention. Other embodiments will be apparent to
those skilled in the art from a consideration of the
specification or practice of the invention disclosed
herein. It is intended that the specification and the
described examples are considered merely as exemplary
of the invention, with the true scope of the invention
being indicated by the flowing claims.Industrial
Applicability [0130] The ink cartridge of the present
invention is widely used for home and office
uses.CLAIMS 1. An ink cartridge, comprising: a case
comprising a front face and a rear face opposite the
front face, wherein the case has at least a portion of
an ink chamber defined therein, and the ink chamber is
configured to store ink; an ink supply portion
positioned at the front face of the case, wherein the
ink supply portion is configured to dispense ink from
an interior of the ink chamber to an exterior of the
ink chamber; an air intake portion positioned at the
case, wherein the air intake portion is configured to
draw air into the ink chamber; a movable member
configured to move between a first position and a
second position relative to the case; and at least one
resilient member having a first end which is coupled
to the front face of the case and a second end which
is coupled to the movable member, wherein the at least
one resilient member is configured to expand and to
contract to move the movable member relative to the
case between the first position and the second
position. 2. The ink cartridge of claim 1, wherein the
at least one resilient member applies a biasing force
to the movable member to bias the movable member into
the first position. 3. The ink cartridge of claim 1,
wherein the at least one resilient member is disposed
between the case and the moveable member to couple the
case to the moveable member. 4. The ink cartridge of
claim 1, wherein the front face comprises a first
portion, a 



second portion, and a third portion, and the second
portion is recessed from the first portion and the
third portion, wherein the at least one resilient
member contacts the second portion of the front
face.5. The ink cartridge of claim 1, wherein the at
least one resilient member comprises a first resilient
member and a second resilient member which expand and
contract in the same direction as each other. 6. The
ink cartridge of claim 2, wherein the movable member
moves from the first position to the second position
when a predetermined amount of force greater than the
biasing force is applied to a front face of the
movable member, and when the predetermined amount of
force is released the movable member moves from the
second position to the first position, wherein a
distance between the second position and the front
face of the case is less than a distance between the
first position and the front face of the case. 7. The
ink cartridge of claim 6, wherein the ink supply
portion extends from the front face of the case, and
the movable member has a particular opening formed
therethrough, wherein the ink supply portion is
separated from the particular opening when the movable
member is in the first position, and at least one of a
portion of the ink supply portion and a portion of the
ink chamber is positioned within the particular
opening when the movable member is in the second
position. 8. The ink cartridge of claim 7, wherein the
case further comprises: a right side face; and a left
side face opposite the right side face, wherein each
of the right side face and the left side face of the
case extends from the front face of the case to the
rear face of the case, wherein the movable member
comprises: a front wall facing the front face of the
case; a right side wall covering at least a portion of
the right side face of the case; and a left side wall
covering at least a portion of the left side face of
the case, wherein the particular opening of the
movable member is formed through the front wall of the
movable member.9. The ink cartridge of claim 8,
wherein the case further comprises: a top face; and a
bottom face opposite the top face, wherein each of the
top face and the bottom face of the case extends from
the front face of the case to the rear face of the
case, wherein the movable member further comprises: a
top wall covering at least a portion of the top face
of the case; and a bottom wall covering at least a
portion of the bottom face of the case, wherein when
the movable member is in the first position the ink
supply portion is positioned within an inner space
defined by the front wall, the right side wall, the
left side wall, the top wall, and the bottom wall of
the movable member, and the ink supply portion extends
from the front wall of the movable member via the
particular opening of the movable member when the
movable member is in the second position. 10. The ink
cartridge of claim 6, wherein when the movable member
is at the first position, at least a portion of the
movable member is positioned further from the front
face of the case than the ink supply portion is
positioned from the front face of the case. 11. The
ink cartridge of claim 7, wherein the movable member
comprises: a front wall facing the front face of the
case, wherein the front wall has a first end and a
second end opposite the first end of the front wall;
and a particular protrusion extending from the front
wall at or adjacent to one of the first end and the
second end of the front wall in a particular direction
away from the case. 12. The ink cartridge of claim 7,
further comprising a translucent portion positioned at
the front face of the case, wherein the translucent
portion extends away from the ink chamber, and the
translucent portion has an inner space formed therein,
wherein the inner space is configured to be in fluid
communication with the ink chamber, and the movable
member has a further opening formed therethrough,
whereinthe translucent portion is separated from the
further opening when the movable member is in the
first position, and at least a portion of one of the
translucent portion and the ink chamber is positioned
within in the further opening when the movable member
is in the second position. 13. The ink cartridge of
claim 12, further comprising a signal blocking member
positioned within the inner space of the translucent
portion, wherein the signal blocking member is
configured to move within the inner space of the
translucent portion at least based on an amount of ink
in the ink chamber. 14. The ink cartridge of claim 7,
wherein the air intake portion positioned at the front
face of the case. 15. The ink cartridge of claim 14,
wherein the air intake portion extends from the front
face of the case, and the movable member has a further
opening formed therethrough, wherein the air intake
portion is separated from the further opening and is
positioned between the further opening and the front
face of the case when the movable member is in the
first position and the second position, respectively.
16. The ink cartridge of claim 1, wherein the case
further comprises a top face extending from the front
face of the case to the rear face of the case, and the
top face of the case has a latching recess formed
therein. 17. The ink cartridge of claim 9, further
comprising a cover member comprising: a rear wall
covering the rear face of the case; a right side wall
covering at least a portion of the right side face of
the case; a left side wall covering at least a portion
of the left side face of the case; a top wall covering
at least a portion of the top face of the case; and a
bottom wall covering at least a portion of the bottom
face of the case.18. The ink cartridge of claim 17,
wherein one of: a portion of the top wall of the cover
member and a portion of the top face of the case
define a latching recess therebetween; and the top
wall of the cover member has a latching recess formed
therein. 19. The ink cartridge of claim 1, wherein the
ink supply portion comprises: a first opening formed
therethrough; a first valve element; and a first
urging element configured to urge the first valve
element to close the first opening, wherein the air
intake portion comprises: a second opening formed
therethrough; a second valve element; and a second
urging element configured to urge the second valve
element to close the second opening. 20. The ink
cartridge of claim 1, wherein the movable member is
positioned outside the ink chamber. 21. The ink
cartridge of claim 5, wherein the front face of the
case comprises a first end and a second end opposite
the first end, and the first resilient member is
positioned closer to the first end of the front face
of the case than to the second end of the front face
of the case and the second resilient member is
positioned closer to the second end of the front face
of the case than to first end of the front face of the
case. 22. An ink cartridge, comprising: a case
comprising a front face and a rear face opposite the
front face, wherein the case has at least a portion of
an ink chamber defined therein, and the ink chamber is
configured to store ink; an ink supply portion
positioned at the front face of the case, wherein the
ink supply portion is configured to dispense ink from
an interior of the ink chamber to anexterior of the
ink chamber; an air intake portion positioned at the
case, wherein the air intake portion is configured to
draw air into the ink chamber; a movable member
configured to move between a first position and a
second position relative to the case; and at least one
resilient member having a first end which is coupled
to the front face of the case and a second end which
is coupled to the movable member, wherein the at least
one resilient member is configured to expand and to
contract to move the movable member relative to the
case between the first position and the second
position, and the at least one resilient member
contacts the front face of the case at a predetermined
position which is offset from each of the air intake
portion and the ink supply portion. 


