
Novel compounds for the treatment of diseases
associated with amyloid or amyloid-like proteins The
present invention relates to novel compounds that can
be employed in the treatment of a group of disorders
and abnormalities associated with amyloid protein,
such as Alzheimer's disease, and of diseases or
conditions associated with amyloid-like proteins. The
present invention further relates to pharmaceutical
compositions comprising these compounds and to the use
of these compounds for the preparation of medicaments
for the treatment of diseases or conditions associated
with amyloid or amyloid-like proteins. A method of
treating diseases or conditions associated with
amyloid or amyloid-like proteins is also disclosed.
The compounds of the present invention can also be
used in the treatment of ocular diseases associated
with pathological abnormalities/changes in the tissues
of the visual system, particularly associated with
amyloid-beta-related pathological
abnormalities/changes in the tissues of the visual
system, such as neuronal degradation. Said
pathological abnormalities may occur, for example, in
different tissues of the eye, such as the visual
cortex leading to cortical visual deficits; the
anterior chamber and the optic nerve leading to
glaucoma; the lens leading to cataract due to
beta-amyloid deposition; the vitreous leading to
ocular amyloidoses; the retina leading to primary
retinal degeneration and macular degeneration, for
example agerelated macular degeneration; the optic
nerve leading to optic nerve drusen, optic neuropathy
and optic neuritis; and the cornea leading to lattice
dystrophy.Many diseases of aging are based on or
associated with amyloid or amyloid-like proteins and
are characterized, in part, by the buildup of
extracellular deposits of amyloid or amyloid-like
material that contribute to the pathogenesis, as well
as the progression of the disease. These diseases
include, but are not limited to, neurological
disorders such as Alzheimer's Disease (AD), diseases
or conditions characterized by a loss of cognitive
memory capacity such as, for example, mild cognitive
impairment (MCI), Lewy body dementia, Down's syndrome,
hereditary cerebral hemorrhage with amyloidosis (Dutch
type); the Guam Parkinson-Dementia complex. Other
diseases which are based on or associated with
amyloid-like proteins are progressive supranuclear
palsy, multiple sclerosis; Creutzfeld Jacob disease,
Parkinson's disease, HIV-related dementia, ALS
(amyotropic lateral sclerosis), inclusion-body
myositis (IBM), Adult Onset Diabetes; senile cardiac
amyloidosis; endocrine tumors, and other diseases,
including amyloid-associated ocular diseases that
target different tissues of the eye, such as the
visual cortex, including cortical visual deficits; the
anterior chamber and the optic nerve, including
glaucoma; the lens, including cataract due to
beta-amyloid deposition; the vitreous, including
ocular amyloidoses; the retina, including primary
retinal degenerations and macular degeneration, in
particular age-related macular degeneration; the optic
nerve, including optic nerve drusen, optic neuropathy
and optic neuritis; and the cornea, including lattice
dystrophy. Although pathogenesis of these diseases may
be diverse, their characteristic deposits often
contain many shared molecular constituents. To a
significant degree, this may be attributable to the
local activation of pro-inflammatory pathways thereby
leading to the concurrent deposition of activated
complement components, acute phase reactants, immune
modulators, and other inflammatory mediators.
Alzheimer's Disease (AD) is a neurological disorder
primarily thought to be caused by amyloid plaques, an
accumulation of abnormal deposit of proteins in the
brain. The most frequent type of amyloid found in the
brain of affected individuals is composed primarily of
Ab fibrils. Scientific evidence demonstrates that an
increase in the production and accumulation of
betaamyloid protein in plaques leads to nerve cell
death, which contributes to the development and
progression of AD. Loss of nerve cells in strategic
brain areas, in turn, causes reduction in the
neurotransmitters and impairment of memory. The
proteins principally responsible for the plaque build
up include amyloid precursor protein (APP) and two
presenilins (presenilin I andpresenilin II).
Sequential cleavage of the amyloid precursor protein
(APP), which is constitutively expressed and
catabolized in most cells, by the enzymes b and g
secretase leads to the release of a 39 to 43 amino
acid Ab peptide. The degradation of APPs likely
increases their propensity to aggregate in plaques. It
is especially the Ab(l-42) fragment that has a high
propensity of building aggregates due to two very
hydrophobic amino acid residues at its Cterminus. The
Ab(l-42) fragment is therefore believed to be mainly
involved and responsible for the initiation of
neuritic plaque formation in AD and to have,
therefore, a high pathological potential. There is
therefore a need for specific molecules that can
target and diffuse amyloid plaque formation. The
symptoms of AD manifest slowly and the first symptom
may only be mild forgetfulness. In this stage,
individuals may forget recent events, activities, the
names of familiar people or things and may not be able
to solve simple math problems. As the disease
progresses, symptoms are more easily noticed and
become serious enough to cause people with AD or their
family members to seek medical help. Mid-stage
symptoms of AD include forgetting how to do simple
tasks such as grooming, and problems develop with
speaking, understanding, reading, or writing. Later
stage AD patients may become anxious or aggressive,
may wander away from home and ultimately need total
care. Presently, the only definite way to diagnose AD
is to identify plaques and tangles in brain tissue in
an autopsy after death of the individual. Therefore,
doctors can only make a diagnosis of "possible" or
"probable" AD while the person is still alive. Using
current methods, physicians can diagnose AD correctly
up to 90 percent of the time using several tools to
diagnose "probable" AD. Physicians ask questions about
the person's general health, past 



medical problems, and the history of any difficulties
the person has carrying out daily activities.
Behavioral tests of memory, problem solving,
attention, counting, and language provide information
on cognitive degeneration and medical tests such as
tests of blood, urine, or spinal fluid, and brain
scans can provide some further information. The
management of AD consists of medication-based and
non-medication based treatments. Treatments aimed at
changing the underlying course of the disease
(delaying or reversing the progression) have so far
been largely unsuccessful. Medicines that restore the
deficit (defect),or malfunctioning, in the chemical
messengers of the nerve cells (neurotransmitters), in
particular the cholinesterase inhibitors (ChEIs) such
as tacrine and rivastigmine, have been shown to
improve symptoms. ChEIs impede the enzymatic
degradation of neurotransmitters thereby increasing
the amount of chemical messengers available to
transmit the nerve signals in the brain. For some
people in the early and middle stages of the disease,
the drugs tacrine (COGNEX(r), Morris Plains, NJ),
donepezil (ARICEPT(r), Tokyo, JP), rivastigmine
(EXELON(r), East Hanover, NJ), or galantamine
(REMINYL(r), New Brunswick, NJ) may help prevent some
symptoms from becoming worse for a limited time.
Another drug, memantine (NAMENDA(r), New York, NY),
has been approved for treatment of moderate to severe
AD. Medications are also available to address the
psychiatric manifestations of AD. Also, some medicines
may help control behavioral symptoms of AD such as
sleeplessness, agitation, wandering, anxiety, and
depression. Treating these symptoms often makes
patients more comfortable and makes their care easier
for caregivers. Unfortunately, despite significant
treatment advances showing that this class of agents
is consistently better than a placebo, the disease
continues to progress, and the average effect on
mental functioning has only been modest. Many of the
drugs used in AD medication such as, for example,
ChEIs also have side effects that include
gastrointestinal dysfunction, liver toxicity and
weight loss. Other diseases that are based on or
associated with the accumulation and deposit of
amyloidlike protein are mild cognitive impairment,
Lewy body dementia (LBD), amyotrophic lateral
sclerosis (ALS), inclusion-body myositis (IBM) and
macular degeneration, in particular agerelated macular
degeneration (AMD). Mild cognitive impairment (MCI) is
a general term most commonly defined as a subtle but
measurable memory disorder. A person with MCI
experiences memory problems greater than normally
expected with aging, but does not show other symptoms
of dementia, such as impaired judgment or
reasoning.Lewy body dementia (LBD) is a
neurodegenerative disorder that can occur in persons
older than 65 years of age, which typically causes
symptoms of cognitive (thinking) impairment and
abnormal behavioral changes. Symptoms can include
cognitive impairment, neurological signs, sleep
disorder, and autonomic failure. Cognitive impairment
is the presenting feature of LBD in most cases.
Patients have recurrent episodes of confusion that
progressively worsen. The fluctuation in cognitive
ability is often associated with shifting degrees of
attention and alertness. Cognitive impairment and
fluctuations of thinking may vary over minutes, hours,
or days. Amyotrophic lateral sclerosis (ALS) is
characterized by degeneration of upper and lower motor
neurons. In some ALS patients, dementia or aphasia may
be present (ALS-D). The dementia is most commonly a
frontotemporal dementia (FTD), and many of these cases
have ubiquitinpositive, tau-negative inclusions in
neurons of the dentate gyrus and superficial layers of
the frontal and temporal lobes. Inclusion-body
myositis (IBM) is a crippling disease usually found in
people over age 50, in which muscle fibers develop
inflammation and begin to atrophy-but in which the
brain is spared and patients retain their full
intellect. Two enzymes involved in the production of
amyloid-b protein were found to be increased inside
the muscle cells of patients with this most common,
progressive muscle disease of older people, in which
amyloid-b is also increased. Macular degeneration is a
common eye disease that causes deterioration of the
macula, which is the central area of the retina (the
paper-thin tissue at the back of the eye where
light-sensitive cells send visual signals to the
brain). Sharp, clear, 'straight ahead1 vision is
processed by the macula. Damage to the macula results
in the development of blind spots and blurred or
distorted vision. Age-related macular degeneration
(AMD) is a major cause of visual impairment in the
United States and for people over age 65 it is the
leading cause of legal blindness among Caucasians.
Approximately 1.8 million Americans age 40 and older
have advanced AMD, and another 7.3 million people with
intermediate AMD are at substantial risk for vision
loss. The government estimates that by 2020 there will
be 2.9 million people with advanced AMD. Victims of
AMD are often surprised and frustrated to find out how
little is known about the causes and treatment of this
blinding condition.There are two forms of macular
degeneration: dry macular degeneration and wet macular
degeneration. The dry form, in which the cells of the
macula slowly begin to break down, is diagnosed in 85
percent of macular degeneration cases. Both eyes are
usually affected by dry AMD, although one eye can lose
vision while the other eye remains unaffected. Drusen,
which are yellow deposits under the retina, are common
early signs of dry AMD. The risk of developing
advanced dry AMD or wet AMD increases as the number or
size of the drusen increases. It is possible for dry
AMD to advance and cause loss of vision without
turning into the wet form of the disease; however, it
is also possible for early-stage dry AMD to suddenly
change into the wet form. The wet form, although it
only accounts for 15 percent of the cases, results in
90 percent of the 



blindness, and is considered advanced AMD (there is no
early or intermediate stage of wet AMD). Wet AMD is
always preceded by the dry form of the disease. As the
dry form worsens, some people begin to have abnormal
blood vessels growing behind the macula. These vessels
are very fragile and will leak fluid and blood (hence
'wet' macular degeneration), causing rapid damage to
the macula. The dry form of AMD will initially often
cause slightly blurred vision. The center of vision in
particular may then become blurred and this region
grows larger as the disease progresses. No symptoms
may be noticed if only one eye is affected. In wet
AMD, straight lines may appear wavy and central vision
loss can occur rapidly. Diagnosis of macular
degeneration typically involves a dilated eye exam,
visual acuity test, and a viewing of the back of the
eye using a procedure called fundoscopy to help
diagnose AMD, and - if wet AMD is suspected -
fluorescein angiography may also be performed. If dry
AMD reaches the advanced stages, there is no current
treatment to prevent vision loss. However, a specific
high dose formula of antioxidants and zinc may delay
or prevent intermediate AMD from progressing to the
advanced stage. Macugen(r) (pegaptanib sodium
injection), laser photocoagulation and photodynamic
therapy can control the abnormal blood vessel growth
and bleeding in the macula, which is helpful for some
people who have wet AMD; however, visionthat is
already lost will not be restored by these techniques.
If vision is already lost, low vision aids exist that
can help improve the quality of life. One of the
earliest signs of age-related macular degeneration
(AMD) is the accumulation of extracellular deposits
known as drusen between the basal lamina of the
retinal pigmented epithelium (RPE) and Bruch's
membrane (BM). Recent studies conducted by Anderson et
al. have confirmed that drusen contains amyloid beta.
(Experimental Eye Research 78 (2004) 243- 256). Prions
cause neurodegenerative diseases such as scrapie in
sheep, bovine spongiform encephalopathy in cattle and
Creutzfeldt-Jacob disease in humans. The only known
component of the particle is the scrapie isoform of
the protein, PrPSc. Although prions multiply, there is
no evidence that they contain nucleic acid. PrPSc is
derived from the non-infectious, cellular protein PrPC
by a posttranslational process during which PrPC
undergoes a profound conformational change. The
scrapie protein PrPSc has a critical role in neuronal
degeneration and during disease development undergoes
a three stage transition as follows: PrPC (normal
cellular isoform of protein) - PrPSc: infectious form
(scrapie isoform of protein) - protein PrP27-30. Such
a cascade of events occurs during the development of
Creutzfeldt-Jacob disease (CJD), Kuru,
Gerstmann-Straussler-Scheinker Syndrome (GSS), fatal
familial insomnia in man, scrapie in sheep and goats,
encephalopathy in mink and bovine spongiform
encephalopathy in cattle. The cellular non-toxic
protein (PrPC) is a sialoglycoprotein of molecular
weight 33000 to 35000 that is expressed predominantly
in neurons. In the diseases mentioned above, PrPC is
converted into an altered form (PrPSc), which is
distinguishable from its normal homologue by its
relative resistance to protease digestion. PrPSc
accumulates in the central nervous system of affected
animals and individuals and its protease-resistant
core aggregates extracellularly.Amyloidosis is not a
single disease entity but rather a diverse group of
progressive disease processes characterized by
extracellular tissue deposits of a waxy, starch-like
protein called amyloid, which accumulates in one or
more organs or body systems. As the amyloid deposits
build up, they begin to interfere with the normal
function of the organ or body system. There are at
least 15 different types of amyloidosis. The major
forms are primary amyloidosis without known
antecedent, secondary amyloidosis following some other
condition, and hereditary amyloidosis. Secondary
amyloidosis occurs in people who have a chronic
infection or inflammatory disease, such as
tuberculosis, a bacterial infection called familial
Mediterranean fever, bone infections (osteomyelitis),
rheumatoid arthritis, inflammation of the small
intestine (granulomatous ileitis), Hodgkin's disease,
and leprosy. Glaucoma is a group of diseases of the
optic nerve involving loss of retinal ganglion cells
(RGCs) in a characteristic pattern of optic
neuropathy. Glaucoma is often, but not always,
accompanied by an increased eye pressure, which may be
a result of blockage of the circulation of aqueous, or
its drainage. Although raised intraocular pressure is
a significant risk factor for developing glaucoma, no
threshold of intraocular pressure can be defined which
would be determinative for causing glaucoma. The
damage may also be caused by poor blood supply to the
vital optic nerve fibers, a weakness in the structure
of the nerve, and/or a problem in the health of the
nerve fibers themselves. Untreated glaucoma leads to
permanent damage of the optic nerve and resultant
visual field loss, which can progress to blindness.
RGCs are the nerve cells that transmit visual signals
from the eye to the brain. Caspase-3 and Caspase-8,
two major enzymes in the apoptotic process, are
activated in the process leading to apoptosis of RGCs.
Caspase-3 cleaves amyloid precursor protein (APP) to
produce neurotoxicfragments, including Amyloid b.
Without the protective effect of APP, Amyloid b
accumulation in the retinal ganglion cell layer
results in the death of RGCs and irreversible loss of
vision. The different types of glaucomas are
classified as open-angle glaucomas, if the condition
is 



chronic, or closed-angle glaucomas, if acute glaucoma
occurs suddenly. Glaucoma usually affects both eyes,
but the disease can progress more rapidly in one eye
than in the other. Chronic open-angle glaucoma (COAG),
also known as primary open angle glaucoma (POAG), is
the most common type of glaucoma. COAG is caused by
microscopic blockage in the trabecular meshwork, which
decreases the drainage of the aqueous outflow into the
Schlemm's canal and raises the intraocular pressure
(IOP). POAG usually affects both eyes and is strongly
associated with age and a positive family history. Its
frequency increases in elderly people as the eye
drainage mechanism may gradually become clogged with
aging. The increase in intraocular pressure in
subjects affected by chronic open-angle glaucoma is
not accompanied by any symptoms until the loss is felt
on the central visual area. Acute Angle Closure
Glaucoma (AACG) or closed-angle glaucoma is a
relatively rare type of glaucoma characterized by a
sudden increase in intraocular pressure to 35 to 80
mmHg, leading to severe pain and irreversible loss of
vision.. The sudden pressure increase is caused by the
closing of the filtering angle and blockage of the
drainage channels. Individuals with narrow angles have
an increased risk for a sudden closure of the angle.
AACG usually occurs monocularly, but the risk exists
in both eyes. Age, cataract and pseudoexfoliation are
also risk factors since they are associated with
enlargement of the lens and crowding or narrowing of
the angle. A sudden glaucoma attack may be associated
with severe eye pain and headache, inflamed eye,
nausea, vomiting, and blurry vision. Mixed or Combined
Mechanism Glaucoma is a mixture or combination of open
and closed angle glaucoma. It affects patients with
acute ACG whose angle opens after laser iridotomy, but
who continue to require medications for IOP control,
as well as patients with POAG or pseudoexfoliative
glaucoma who gradually develop narrowing of the
angle.Normal tension glaucoma (NTG), also known as low
tension glaucoma (LTG), is characterized by
progressive optic nerve damage and loss of peripheral
vision similar to that seen in other types of
glaucoma; however, the intraocular pressure is the
normal range or even below normal. Congenital
(infantile) glaucoma is a relatively rare, inherited
type of open-angle glaucoma. Insufficient development
of the drainage area results in increased pressure in
the eye that can lead to the loss of vision from optic
nerve damage and to an enlarged eye. Early diagnosis
and treatment are critical to preserve vision in
infants and children affected by the disease.
Secondary glaucoma may result from an ocular injury,
inflammation in the iris of the eye (iritis),
diabetes, cataract, or use of steroids in
steroid-susceptible individuals. Secondary glaucoma
may also be associated with retinal detachment or
retinal vein occlusion or blockage. Pigmentary
glaucoma is characterized by the detachment of
granules of pigment from the iris. The granules cause
blockage of the drainage system of the eye, leading to
elevated intraocular pressure and damage to the optic
nerve. Exfoliative glaucoma (pseudoexfoliation) is
characterized by deposits of flaky material on the
anterior capsule and in the angle of the eye.
Accumulation of the flaky material blocks the drainage
system and raises the eye pressure. Diagnosis of
glaucoma may be made using various tests. Tonometry
determines the pressure in the eye by measuring the
tone or firmness of its surface. Several types of
tonometers are available for this test, the most
common being the applanation tonometer. Pachymetry
determines the thickness of the cornea which, in turn,
measures intraocular pressure. Gonioscopy allows
examination of the filtering angle and drainage area
of the eye. Gonioscopy can also determine if abnormal
blood vessels may be blocking the drainage of the
aqueous fluid out of the eye. Ophthalmoscopy allows
examination of the optic nerve and can detect nerve
fiber layer drop or changes in the optic disc, or
indentation (cupping) of this structure, which may be
caused by increased intraocular pressure or axonal
drop out. Gonioscopy is also useful in assessing
damage to the nerve from poor blood flow or increased
intraocular pressure. Visual Field testing maps the
field of vision, subjectively, which may detect signs
of glaucomatousdamage to the optic nerve. This is
represented by specific patterns of visual field loss.
Ocular coherence tomography, an objective measure of
nerve fiber layer loss, is carried out by looking at
the thickness of the optic nerve fiber layer (altered
in glaucoma) via a differential in light transmission
through damaged axonal tissue. Optic nerve drusen are
globular concretions of protein and calcium salts
which are felt to represent secretions through
congenitally altered vascular structures affecting the
axonal nerve fiber layer. These accumulations occur in
the peripapillary nerve fiber layer and are felt to
damage the nerve fiber layer either directly by
compression or indirectly through disruptions of the
vascular supply to the nerve fiber layer. They usually
become visible after the first decade of life in
affected individuals. They occur most often in both
eyes but may also affect one eye, and may cause mild
loss of peripheral vision over many years. Optic
neuropathy is a disease characterized by damage to the
optic nerve caused by demyelination, blockage of blood
supply, nutritional deficiencies, or toxins.
Demyelinating optic neuropathies (see optic neuritis
below) are typically caused by an underlying
demyelinating process such as multiple sclerosis.
Blockage of the blood supply, known as ischemic optic
neuropathy, can lead to death or dysfunction of optic
nerve cells. Non-arteritic ischemic optic neuropathy
usually occurs in middle-age people. Risk factors
include high blood pressure, diabetes and
atherosclerosis. Arteritic ischemic optic neuropathy
usually occurs in older people following inflammation
of the arteries (arteritis), particularly the temporal
artery (temporal arteritis). Loss of vision may be
rapid or develop gradually over 2 to 7 days and the
damage may be to one or both eyes. In people with
optic neuropathy caused by exposure to a 



toxin or to a nutritional deficiency, both eyes are
usually affected. About 40% of people with
non-arteritic ischemic optic neuropathy experience
spontaneous improvement over time. Non-arteritic
ischemic optic neuropathy is treated by controlling
blood pressure, diabetes and cholesterol levels.
Arteritic ischemic optic neuropathy is treated with
high doses of corticosteroids to prevent loss of
vision in the second eye.Optic neuritis is associated
with mild or severe vision loss in one or both eyes
and may be caused by a systemic demyelinating process
(see above), viral infection, vaccination, meningitis,
syphilis, multiple sclerosis and intraocular
inflammation (uveitis). Eye movement may be painful
and vision may deteriorate with repeat episodes.
Diagnosis involves examination of the reactions of the
pupils and determining whether the optic disk is
swollen. Magnetic resonance imaging (MRI) may show
evidence of multiple sclerosis or, rarely, a tumor
pressing on the optic nerve, in which case vision
improves once the tumor pressure is relieved. Most
cases of optic neuritis improve over a few months
without treatment. In some cases, treatment with
intravenous corticosteroids may be necessary. A
cataract is an opacity that develops in the
crystalline lens of the eye or in its envelope.
Cataracts typically cause progressive vision loss and
may cause blindness if left untreated. In the
Morgagnian Cataract, the cataract cortex progressively
liquefies to form a milky white fluid and may cause
severe inflammation if the lens capsule ruptures and
leaks. If left untreated, the cataract may also cause
phacomorphic glaucoma. Cataracts may be congenital in
nature or caused by genetic factors, advanced age,
long-term ultraviolet exposure, exposure to radiation,
diabetes, eye injury or physical trauma.
Extra-capsular (ECCE) surgery is the most effective
treatment to treat cataract. In the surgery, the lens
is removed, but the majority of the lens capsule is
left intact. Phacoemulsification, a small incision on
the side of the cornea, is typically used to break up
the lens before extraction. Ocular amyloidosis is a
hereditary disorder associated with Type I Familial
Amyloidotic Polyneuropathy (FAP) and characterized by
abnormal conjunctival vessels, keratoconjunctivitis
sicca, pupillary abnormalities and, in some cases,
vitreous opacities and secondary glaucoma- Type I FAP
is associated with mutations in transthyretin (TTR), a
tetrameric plasma protein (prealbumin) synthesized in
the liver, the retinal pigment epithelium2 and
thechoroid plexus of the brain. Different mutations
cause transthyretin to polymerize into a pleated
structure of amyloid fibril, leading to hereditary
amyloidosis. The most frequent mutation is TTR-met303,
in which methionine replaces valine at position 30 in
transthyretin.Type IV FAP is associated with lattice
corneal dystrophy (LCD). Lattice corneal dystrophy is
an inherited, primary, usually bilateral corneal
amyloidosis characterized by the presence of
refractile lattice lines with a double contour in the
corneal stroma. LCD type I (Biber-Haab- Dimmer) is an
autosomal dominant, bilaterally symmetrical corneal
disorder characterized by the presence of numerous
translucent fine lattice lines with white dots and
faint haze in the superficial and middle layers of the
central stroma. The symptoms start during the first or
second decades of life, causing a progressive loss of
vision. Most patients require a corneal transplant by
40 years of age. LCD type II is associated with
systemic amyloidosis (Meretoja's syndrome) and is
characterized by the presence of thick lattice lines
in the limbus, central cornea and stroma. Vision is
not affected until later in life. LCD type III affect
middle-age people and is characterized by the presence
of thick lattice lines that extend from limbus to
limbus. LCD type III A is characterized by the
accumulation of amyloid deposits in the stroma and the
presence of ribbons of amyloid between the stroma and
Bowman's layer, LCD type III A differs from LCD type
III because of the presence of corneal erosions, the
occurrence in whites and the autosomal dominant
inheritance pattern. Down's Syndrome (DS) or trisomy 2
1 is the most common genetic disorder with an
incidence of about 1:700 live births, and is often
associated with various congenital anomalies. The
disorder, which is caused by the presence of an extra
chromosome 21, is associated with premature deposits
of the plaque-forming protein amyloid-beta and
development of Alzheimer's disease by middle age.
Furthermore, many people affected by DS suffer from
cataracts beginning in childhood and many suffer from
congenital glaucoma. Since the gene for amyloid
precursor protein, which is cleaved to form amyloid
beta, is located on the long arm of chromosome 2 1 in
humans, overexpression of this gene may lead to
increased levels of amyloid precursor protein and
amyloid deposition in Down's syndrome. There is no
cure for glaucoma. Medications for the treatment of
glaucoma include agents that decrease production of
the aqueous humor in the eye, such as beta blockers
(Timoptic, Betoptic), carbonic anhydrase inhibitors
(Trusopt, Azopt), and alpha agonists(Alphagan,
Iopidine), and agents that redirect drainage of the
aqueous humor through a different pathway at the back
of the eye, such as prostaglandin (Xalatan). Laser
surgeries include trabeculoplasty, a procedure that
helps the aqueous humor leave the eye more
efficiently. According to theGlaucoma Foundation,
nearly 80% of patients respond well enough to the
procedure to delay or avoid further surgery. However,
pressure increases again in the eyes of half of all
patients within two years after laser surgery,
according to the National Eye Institute. Incisional
surgery is performed if medication and initial laser
treatments are unsuccessful in reducing pressure
within the eye. One type of surgery, a trabeculectomy,
creates an opening in the wall of the eye so that
aqueous humor can drain. However, about one-third of
trabeculectomy patients develop cataracts within five
years, according to the Glaucoma Foundation. If the
trabeculectomy fails, additional incisional procedures
include placing a drainage tube into the eye between
the cornea and iris and the use of a laser or freezing
treatment to destroy tissue in the eye that makes
aqueous humor. Surgery may save the remaining vision
in the patient, but it does not 



improve sight. Vision may actually be worse following
surgery. Age-related macular degeneration (AMD) is a
major cause of blindness among Caucasians over age 65.
Although much progress has been made recently in
macular degeneration research, there are no treatments
that rescue neuronal cell death that occurs during the
course of the disease. There are also no definitive
treatments for other ocular diseases associated with
amyloid beta-related neuronal degradation, such as
cortical visual deficits, optic nerve drusen, optic
neuropathy, optic neuritis, ocular amyloidosis and
lattice dystrophy. Amyloid deposits typically contain
three components. Amyloid protein fibrils, which
account for about 90% of the amyloid material,
comprise one of several different types of proteins.
These proteins are capable of folding into so-called
"beta-pleated" sheet fibrils, a unique protein
configuration which exhibits binding sites for Congo
red resulting in the unique staining properties of the
amyloid protein. In addition, amyloid deposits are
closely associated with the amyloid P (pentagonal)
component (AP), a glycoprotein related to normal serum
amyloid P (SAP), and with sulphated glycosaminoglycans
(GAG), complex carbohydrates of connective tissue. One
development towards the treatment of Alzheimer's
disease and prion diseases has been the design of
molecules that bind the abnormal b-sheet conformation
of Ab and PrP, respectively, thereby preventing
aggregation of these molecules. The b-sheet
conformation of peptides is characterized in that
hydrogen bonds are formed in a regular pattern between
neighboringamino acid strands. This arrangement leads
to a stable three dimensional structure. H-bond
acceptors (C=O group) and H-bond donors (NH group)
alternate in naturally occurring b-sheet peptides with
the atoms to be bonded being roughly in one line.
Within each amino acid strand, the distances between
neighboring H-bond donors and H-bond acceptors fall
within specific ranges. In particular, the distance
between the H-bond donor (NH group) and the H-bond
acceptor (C=O group) within one amino acid residue is
from 3.5 to 4.0 A. The distance between the H-bond
acceptor (C=O group) of one amino acid residue and the
H-bond donor (NH group) of the following amino acid
residue participating in the inter-strand bonding is
from 2.6 to 2.9 A. In other words, the distances
between neighboring H-bond donors and Hbond acceptors
within one amino acid strand alternate between the
following ranges: H-bond donor (amino acid 1) -H-bond
acceptor (amino acid l ) = 3.5 to 4.q A; H-bond
acceptor (amino acid 1) - H-bond donor 2 (amino acid
2) = 2.6 to 2.9 A. Ligands that are designed to bind
b-sheets ideally have an order of H-bond donors and
H-bond acceptors that is complementary to the order of
H-bond donors and H-bond acceptors in the amino acid
strands of the b-sheet. In WO 03/095429 and Rzepecki
et al., Synthesis (2003) 12, 1815-1826 synthetic
molecules are described which are said to bind the
b-conformation of Ab or PrP, thereby preventing their
aggregation. To this end, certain molecules were
synthesized containing two or more amino pyrazole
moieties linked by carbonyl group-containing linkers,
e.g. "AmpOx" and "Trimer". "AmpOx"Some of the
molecules described in WO 03/095429 are said to have
an inhibiting effect on the formation of aggregates of
Ab in two biophysical assays. According to Rzepecki et
al., Synthesis (2003) 12, 1815-1826 one of the
molecules described therein was able to reduce the
aggregation of a recombinant PrPc in solution.
Physicochemical properties, however, were not
investigated in these studies. Physicochemical
properties play a key role in the penetration of the
blood-brain barrier by neurotherapeutics. Factors
relevant to the success of CNS drugs have been
reviewed (H. Pajouhesh and G. R. Lenz, NeuroRx(r): J.
Am. Soc. Exp. Neurother. (2005) Vol. 2, 541). These
include the partition coefficient between water and
n-octanol (LogP), i.e. basically the lipophilicity of
the compound. Some of the compounds described in WO
03/095429 and Rzepecki et al., Synthesis (2003) 12,
1815-1826 have an unfavorable calculated LogP and are,
therefore, not expected to pass the blood-brain
barrier. In particular, "AmpOx" has a calculated LogP
below zero. Other compounds described in the above
documents have properties that make them unsuitable
for administration to a patient due to their
deleterious side-effects. For example, "Trimer" is
mutagenic, carcinogenic and metabolically unstable. It
was an object of the present invention to provide
compounds that can be employed in the treatment of
diseases or conditions associated with amyloid or
amyloid-like proteins, including amyloidosis. The
compounds should be able to pass the blood-brain
barrier. Furthermore, they should be pharmaceutically
acceptable, in particular, they should not have
mutagenic or carcinogenic properties or be
metabolically unstable.A further object of the
invention is to provide improved treatment options for
subjects affected by ocular diseases associated with
pathological abnormalities/changes in the tissues of
the visual system, particularly associated with
amyloid-beta-related pathological abnormalities/
changes in the tissues of the visual system, such as,
for example, neuronal degradation. Said pathological
abnormalities may occur, for example, in different
tissues of the eye, such as the visual cortex leading
to cortical visual deficits; the anterior chamber and
the optic nerve leading to glaucoma; the lens leading
to cataract due to beta-amyloid deposition; the
vitreous leading to ocular amyloidoses; the retina
leading to primary retinal degeneration and macular
degeneration, for example age-related macular
degeneration; the optic nerve leading to optic nerve
drusen, optic neuropathy and optic neuritis; and the
cornea leading to lattice dystrophy. The present
inventors have surprisingly found that these objects
can be achieved by the compounds of the general
formula (II) as described hereinafter. 



Accordingly, the present invention relates to a
compound of general formula (II). In a further aspect,
the present invention relates to a pharmaceutical
composition comprising a compound of general formula
(II). Yet another aspect of the present invention
relates to the use of a compound of general formula
(II) for the preparation of a medicament for the
treatment of diseases or conditions associated with
amyloid or amyloid-like proteins, including
amyloidosis. Also disclosed herein is a method of
treating diseases or conditions associated with
amyloid or amyloid-like proteins, comprising
administering to a subject in need of such treatment
an effective amount of a compound of general formula
(II). Yet another aspect of the present invention
relates to the use of a compound of general formula
(I) for the preparation of a medicament for treating
or alleviating the effects of ocular diseases
associated with pathological abnormalities/changes in
the tissues of the visual system.Also disclosed herein
is a method of treating or alleviating the effects of
ocular diseases associated with pathological
abnormalities/changes in the tissues of the visual
system comprising administering to a subject in need
of such treatment an effective amount of a compound of
general formula (I). The ocular diseases associated
with pathological abnormalities/changes in the tissues
of the visual system are particularly associated with
amyloid-beta-related pathological
abnormalities/changes in the tissues of the visual
system, such as, for example, neuronal degradation.
Said pathological abnormalities may occur, for
example, in different tissues of the eye, such as the
visual cortex leading to cortical visual deficits; the
anterior chamber and the optic nerve leading to
glaucoma; the lens leading to cataract due to
beta-amyloid deposition; the vitreous leading to
ocular amyloidoses; the retina leading to primary
retinal degeneration and macular degeneration, for
example age-related macular degeneration; the optic
nerve leading to optic nerve drusen, optic neuropathy
and optic neuritis; and the cornea leading to lattice
dystrophy. In a further aspect the invention relates
to a mixture (such as a pharmaceutical composition)
comprising a compound according to the present
invention and optionally at least one further
biologically active compound and/or a pharmaceutically
acceptable carrier and/or a diluent and/or an
excipient. The further biologically active substance
can be a known compound used in the medication of
diseases and disorders which are caused by or
associated with amyloid or amyloid-like proteins
including amyloidosis, a group of diseases and
disorders associated with amyloid or amyloid-like
protein such as the Ab protein involved in Alzheimer's
disease. The further biologically active substance or
compound may exert its biological effect by the same
or a similar mechanism as the compound according to
the invention or by an unrelated mechanism of action
or by a multiplicity of related and/or unrelated
mechanisms of action. A method of collecting data for
the diagnosis of an amyloid-associated disease or
condition in a sample or a patient is also disclosed
which comprises: (a) bringing a sample or a specific
body part or body area suspected to contain an amyloid
protein into contact with a compound according to the
present invention;(b) allowing the compound to bind to
the amyloid protein; (c) detecting the compound bound
to the protein; and (d) optionally correlating the
presence or absence of compound binding with the
amyloid protein with the presence or absence of
amyloid protein in the sample or specific body part or
area. Another embodiment of the present invention is a
method of determining the extent of amyloidogenic
plaque burden in a tissue and/or a body fluid
comprising: (a) providing a sample representative of
the tissue and/or body fluid under investigation; (b)
testing the sample for the presence of amyloid protein
with a compound according to the present invention;
(c) determining the amount of compound bound to the
amyloid protein; and (d) calculating the plaque burden
in the tissue and/or body fluid. A further aspect
relates to a method of collecting data for determining
a predisposition to an amyloid-associated disease or
condition in a patient comprising detecting the
specific binding of a compound according to the
present invention to an amyloid protein in a sample or
in situ which comprises the steps of: (a) bringing the
sample or a specific body part or body area suspected
to contain the amyloid protein into contact with a
compound according to the present invention, which
compound specifically binds to the amyloid protein;
(b) allowing the compound to bind to the amyloid
protein to form a compound/protein complex; (c)
detecting the formation of the compound/protein
complex; (d) optionally correlating the presence or
absence of the compound/protein complex with the
presence or absence of amyloid protein in the sample
or specific body part or area; and (e) optionally
comparing the amount of the compound/protein complex
to a normal control value. Yet another aspect of the
present invention is a method of collecting data for
monitoring minimal residual disease in a patient
following treatment with an antibody or a vaccine
composition, wherein the method comprises:(a) bringing
a sample or a specific body part or body area
suspected to contain an amyloid protein into contact
with a compound according to the present invention,
which compound specifically binds to the amyloid
protein; 



(b) allowing the compound to bind to the amyloid
protein to form a compound/protein complex; (c)
detecting the formation of the compound/protein
complex; (d) optionally correlating the presence or
absence of the compound/protein complex with the
presence or absence of amyloid protein in the sample
or specific body part or body area; and (e) optionally
comparing the amount of the compound/protein complex
to a normal control value. A method of collecting data
for predicting responsiveness of a patient being
treated with an antibody or a vaccine composition is
also described which comprises: (a) bringing a sample
or a specific body part or body area suspected to
contain an amyloid protein into contact with a
compound according to the present invention, which
compound specifically binds to the amyloid protein;
(b) allowing the compound to bind to the amyloid
protein to form a compound/protein complex; (c)
detecting the formation of the compound/protein
complex; (d) optionally correlating the presence or
absence of the compound/protein complex with the
presence or absence of amyloid protein in the sample
or specific body part or body area; and (e) optionally
comparing the amount of the compound/protein complex
to a normal control value. A further aspect of the
present invention is a test kit for detection and
diagnosis of an amyloidassociated disease or condition
comprising a compound according to the present
invention.In a first embodiment the present invention
relates to a compound of the general formula (II)
independently represents a single bond or a double
bond. It is evident that the selection of the two -
should lead to a compound having sufficient stability
for pharmaceutical applications. Therefore, in a first
preferred alternative one is a double bond and the
other Z is a single bond or in a second preferred
alternative both are a single bond. It will be
understood that the first preferred alternative,
wherein one : is a double bond and the other is a
single bond, includes embodiments, wherein the two are
part of an aromatic system. p is 1, 2 or 3. Each
linker K is independently Ci-3 alkylene which is
optionally substituted by one or more C1-4 alkyl
groups. Preferably, each linker K is -CH 2- , -CH
2CH2- or -CH 2CH2CH2- . Each B is independently a 5-
or 6-membered saturated or unsaturated heterocyclic
ring, wherein the heterocyclic ring B is optionally
substituted by one or more, preferably one or two,
substituents selected from Ci-4 alkyl, C1-4 alkoxy,
mono- and di-C1-4 alkyl amino, C3-7 cycloalkyl amino,
and 5- or 6-membered saturated heterocyclyl, or two
substituents may be joined to form a saturated,
unsaturated or aromatic 5- to 7-membered ring which is
fused with the heterocyclic ring B, and wherein the
heterocyclic ring B may contain in addition to the
units V and W one or more, preferably one or two,
heteroatoms, selected from N, NR, S and O, wherein R
is selected from H and C1-4 alkyl. The 5- or
6-membered saturated heterocyclyl group contains
carbon atoms and 1 or more, preferably 1 or 2,
heteroatoms selected from N, NH, O and S. The nitrogen
and sulfur atoms may optionally be oxidized. The 5- or
6-membered saturated heterocyclyl group may beattached
to its pendant group at any heteroatom or carbon atom.
Examples of the 5- or 6- membered saturated
heterocyclyl group include, but are not limited to,
pyrrolidinyl, piperidinyl and morpholinyl. Preferably,
each heterocyclic ring B is independently selected
from optionally substituted indoline, optionally
substituted pyrazolylene, optionally substituted
pyridinylene, optionally substituted 2-pyridinonylene,
optionally substituted 2-piperidonylene, optionally
substituted thiazolylene and optionally substituted
isothiazolylene. More preferably, each heterocyclic
ring B is independently selected from the following
groups: These groups need not be incorporated in the
indicated direction but can also be incorporated in
the opposite direction. E.g.,can also be incorporated
as . Preferably, however, they are incorporated in the
given direction. R1 is selected from -H, -halogen, -Ci
- alkyl, -NH , -NH-C 1-4 alkyl, - C1 alkylene-NH 2, -
C -4 alkylene-NH-C 1-4 alkyl, -aryl, -aryl-R 3, -Ci -
alkylene-aryl, -Ci -4 alkylene-aryl-R 3, -heteroaryl,
-heteroaryl-R 3, -NH-Ci -4 alkylene-aryl, -NH-Ci -4
alkylene-aryl-R 3, -OH and -O-C M alkyl. R1 is
preferably -H, -CH 3, -NH-C alkyl or -CH 2-NH-CH 3. R3
is Ci-4 alkyl, halogen, OH or Q-Ci-4 alkyl. R, 2 is
-H, -aryl, -Ci - alkyl or a group of the formula
wherein B, V,W and K are as defined above, q is 0 or 1
and r is 0 or 1. Preferably, R2 is H or aryl. Each
unit W is independently a H-bond acceptor. Preferably,
each unit W is independently N or C=O. Each unit V is
independently optional and, if present, is
independently a H-bond donor. Each unit V is
preferably NH. Aryl is preferably a 5- to 7-membered
aryl such as phenyl. Heteroaryl is preferably a 5- to
7-membered heteroaryl (preferably a 5-membered
heteroaryl), 



which includes at least one heteroatom selected from
O, S or N. Examples areHalogen is preferably F or Cl.
In one embodiment the compounds of the formula (II)
have the formula (II1) (JT) independently represents a
single bond or a double bond. It is evident that the
selection of the two should lead to a compound having
sufficient stability for pharmaceutical applications.
Therefore, in a first preferred alternative one is a
double bond and the other is a single bond or in a
second preferred alternative both - are a single bond.
It will be understood that the first preferred
alternative, wherein one :1 : is a double bond and the
other is a single bond, includes embodiments, wherein
the two are part of an aromatic system. p is 2 or 3.
Each linker K is independently C1-3 alkylene which is
optionally substituted by one or more CJ-4 alkyl
groups. Preferably, each linker K is -CH 2- or -CH
2CH2- . Each B is independently a 5- or 6-membered
heterocyclic ring, wherein the heterocyclic ring B is
optionally substituted by one or more, preferably one
or two, substituents selected from C alkyl, Ci-4
alkoxy, mono and di C -4 alkyl amino, C3-7 cycloalkyl
amino, and 5- or 6-membered saturated heterocyclyl, or
two substituents may be joined to form a saturated,
unsaturated or aromatic 5- to 7-membered ring which is
fused with the heterocyclic ring B, and wherein the
heterocyclic ring B may contain in addition to the
units V and W one or more, preferably one or two,
heteroatoms, selected from N, NR, S and O, wherein R
is selected from H and Ci-4 alkyl.The 5- or 6-membered
saturated heterocyclyl group contains carbon atoms and
1 or more, preferably 1 or 2, heteroatoms selected
from N, NH, O and S. The nitrogen and sulfur atoms may
optionally be oxidized. The 5- or 6-membered saturated
heterocyclyl group may be attached to its pendant
group at any heteroatom or carbon atom. Examples of
the 5- or 6- membered saturated heterocyclyl group
include, but are not limited to, pyrrolidinyl,
piperidinyl and morpholinyl. Preferably, each
heterocyclic ring B is independently selected from
optionally substituted pyrazolylene, optionally
substituted pyridinylene, optionally substituted
2-pyridinonylene, optionally substituted
2-piperidonylene, optionally substituted thiazolylene
and optionally substituted isothiazolylene. More
preferably, each heterocyclic ring B is independently
selected from the following groups: R1 is selected
from H, C1-4 alkyl, NH2, NH-C 1-4 alkyl, C1
alkylene-NH 2, Ci alkylene-NHC 1-4 alkyl, OH and 0-Ci
-4 alkyl. R1 is preferably H, CH3, NH-CH 3 or
CH2-NH-CH 3. R2 is H, or a group of the formula
wherein B, V, W and K are as defined above and q is 0
or 1. Preferably, R2 is H.Each unit W is independently
a H-bond acceptor. Preferably, each unit W is
independently N or C=O. Each unit V is independently
optional and, if present, is independently a H-bond
donor. Each unit V is preferably NH. Preferred
compounds are summarized in the following
table.qzMARKER GENES FOR USE IN THE IDENTIFICATION OF
CHONDROCYTE PHENOTYPIC STABILITY AND IN THE SCREENING
OF FACTORS INFLUENCING CARTILAGE PRODUCTION FIELD OF
THE INVENTION The present invention relates to methods
and tools for determining chondrocyte phenotypic
stability and screening systems for identifying
compounds of use in the treatment of cartilage defects
and cartilage related diseases. BACKGROUND Repair of
cartilage defects is mainly achieved by surgical
methods such as bone marrow stimulation techniques or
by the implantation of cartilage forming cells
(chondrocytes, (chondro-) progenitors and precursors
thereof or stem cells which develop into cartilage).
In view of this, the identification of factors capable
of positively affecting in vivo cartilage formation is
of interest. It is indeed desirable to identify
surgical procedures, or therapeutic methods or
compounds capable of positively affecting cartilage
formation mediated by local cells present in or in the
vicinity of the defect. In addition, it is of interest
for cellbased therapies to identify factors or
treatments which can positively affect the ability of
isolated cell populations that have been expanded or
passaged in vitro to produce stable cartilage in vivo.
Different assays have been described wherein the
expression of genes involved in cartilage formation is
used as a parameter for screening compounds.
US2002061514 describes a method wherein a reporter
gene is responsive to the transcription factor SOX9.
SOX9 is a high-mobility-group (HMG) domain
transcription factor that is expressed in
chondrocytes, chondroprogenitors and other tissues and
has been found to be essential for chondrocyte
differentiation and cartilage formation. Other methods
are based on the expression levels of individual genes
which are involved in cartilage metabolism and
osteochondral defects [e.g. osteoporosis related genes
inScreening methods have also been described which are
based on the in vitro differentiation of cells into
cartilage. However, the predictive value of such
models has been found to be limited and these assays
require large amounts of 



cells and are time consuming. WO200466723 provides an
in vivo model wherein the effect of compounds on bone
and cartilage formation in zebrafish is evaluated in
vivo. One of the most reliable models for assessing
the ability of cells to form stable cartilage is the
intramuscular implantation of cells into nude mice
followed by the histological evaluation of the
generated implants. The use of this nude mouse model,
which in itself is time-consuming and impractical for
highthroughput screening, was avoided with the
technology disclosed in WO0124833. This patent
application describes the use of molecular markers,
identified based on the nude mouse model for cartilage
formation, to evaluate the chondrogenic potential of
expanded or passaged cells for transplantation
purposes. Similarly, a set of suitable markers for
chondrocyte phenotypic stability are described in
US2003235813. However, while the identification of
these markers provided a basis for the identification
of cell populations capable of producing stable
hyaline cartilage in vivo, there remains a need for
further improvement. SUMMARY OF THE INVENTION The
present invention is based on the novel concept of
providing a specific marker profile which is
indicative of cartilage formation in any given
circumstance, i.e. whether native to the cells or
induced, which can be considered as the target profile
in the identification of factors capable of affecting
cartilage formation. Accordingly, the present
invention provides a set of markers, which can be
reliably used to predict the cartilage forming
potential of a population of cells. The expression
level of these markers can be used to predict whether
a cell population, e.g. in vitro or in vivo, is able
to produce cartilage in vivo upon implantation or upon
stimulation. This is of interest for determining
thetherapeutic potential of a cell population. The set
of markers also provides a reliable tool to determine
the impact of a given treatment on the chondrocyte
phenotypic stability of a population of cells prior to
implantation. Furthermore the present invention
provides for combined treatment regimes comprising the
administration of stem cells or osteochondral cells in
a joint and the administration of a medicament
affecting the chondrogenic potential of the
administered cell population. According to the present
invention, the phenotypic stability of a cell
population in vitro is used in screening assays for
the identification of factors capable of affecting
chondrocyte phenotypic stability in vitro and/or in
vivo. The invention provides a set of markers
indicative of chondrocyte phenotypic stability, the
expression of which is used to predict the effect in
vitro or in vivo of compounds and/or conditions on the
ability of a cell population to produce cartilage in
vivo. The use of these markers in screening assay
allows the screening of a large number of compounds
and/or conditions on chondrocytes, without performing
time consuming and laborious animal experiments. In
one aspect of the invention methods for determining
the ability of a cell population to produce stable
hyaline cartilage are provided. More particularly,
methods are provided for determining in vitro the
ability of a cell population to produce stable hyaline
cartilage in vivo. In particular embodiments, methods
are provided which comprise determining the expression
by the cell population of a set of at least three
marker genes comprising FRZB, ALK1 and one or more
markers selected from the group consisting of PEDF,
COL1 1, COL2, FGFR3, OPN, BMP-2 and RASF-PLA. In
particular embodiments of methods provided herein, the
cell population is contacted with a compound or
condition. In particular embodiments, methods are
provided which comprise the steps of contacting a
population of cells with a compound or condition, and
determining the expression level in the population of
cells of a set of at least three marker genes
comprising FRZB, ALK1 and one or more marker genes
selected from the group consisting of PEDF, COL1 1,
COL2, FGFR3, OPN,BMP-2 and RASF-PLA. In these methods,
the expression level of the set of at least three
markers is indicative of the ability of the cells to
produce stable hyaline cartilage in vivo, e.g. upon
implantation into a patient. Further embodiments of
methods described herein comprise the steps of, prior
to contacting the cell population with a compound or
condition, determining in the population of cells the
expression level of the set of at least three marker
genes, and, after the contacting step, determining
whether the the presence of the compound or condition
affects the expression in the cell population of one
or more of the set of at least three marker genes.
More particularly, methods are provided which comprise
determining, based on the effect of the presence of
the compound or condition on the expression of the set
of at least three marker genes in the cell population,
the effect of the compound or condition on the ability
of the cell population to produce stable hyaline 



cartilage in vivo. In particular embodiments of the
methods described herein, compounds or conditions
capable of increasing the expression of one or more
positive marker genes selected from the group
consisting of FRZB, COL1 1, COL2, FGFR3, OPN, BMP-2
and RASF-PLA are identified as positively affecting
cartilage formation and compounds capable of
increasing the expression of either PEDF and/or ALK-1
are identified as negatively affecting cartilage
formation, more particularly the ability of cells to
produce stable hyaline cartilage in vivo. In further
particular embodiments of methods described herein,
the set of markers are a set of at least 4 , 5 or 6
marker genes comprising FRZB, ALK1 and comprising
respectively 2 , 3 and 4 marker genes selected from
the group consisting of PEDF, COL1 1, COL2, and FGFR3.
More particular embodiments of methods described
herein, relate to methods wherein the of marker genes
is a set of at least six marker genes comprising FRZB,
ALK1 , PEDF, COL1 1, COL2 and FGFR3. In particular
embodiments of methods described herein, the ability
of a compound or condition to affect cartilage
formation is determined based on the cumulative effect
of the compound or condition on the expression of the
set of at least three marker genes. More particularly,
the cumulative effect of thecompound or condition on
the expression of the positive marker genes selected
from the group consisting of FRZB, COL1 1, COL2,
FGFR3, OPN, BMP-2, and RASF-PLA and the cumulative
effect of the compound or condition on the expression
of negative marker genes PEDF and/or ALK-1 is
indicative of the ability of the compound or condition
to affect chondrocyte phenotypic stability of a cell
population. In particular embodiments of methods
described herein, the population of cells is obtained
from a joint. The population of cells is obtained from
a healthy donor or from an individual with an
osteochondral defect. In particular assays the effect
of a compound or condition on both types of cells is
envisaged. In particular embodiments of methods
described herein the expression level of one or more
of the markers is determined with a quantitative
method. A further aspect of the invention relates to
the use of a set of markers for identifying a compound
that is capable of affecting the ability of cells,
more particularly chondrocytes or chondrocyte
precursor cells, to produce cartilage in vivo. In
particular embodiments the use is characterised in
that the set of markers comprises a set of at least
three marker genes comprising FRZB, ALK1 and one or
more markers selected from the group consisting of
PEDF, COL1 1, COL2, FGFR3, OPN, BMP-2 and RASF-PLA. In
specific embodiments, the use involves a set of at
least six marker genes comprising FRZB, ALK1 , PEDF,
COL1 1, COL2, and FGFR3. A further aspect of the
invention provides kits comprising probes for
detecting the expression of a set of genes in
cartilage forming cells wherein the set of genes
comprises a set of at least three marker genes
comprising FRZB, ALK1 and one or more markers selected
from the group consisting of PEDF, COL1 1, COL2,
FGFR3, OPN, BMP-2 and RASF-PLA. In specific
embodiments, kits are provided wherein the set of
marker genes is a set of at least six marker genes
comprising FRZB, ALK1 , PEDF, COL1 1. COL2, and FGFR3.
Particular embodiments of the kits provided herein are
kits wherein theprobes are oligonucleotides which
hybridise with mRNA, wherein the probes are antibodies
and/or wherein the probes are sets of PCR primers
specific for the markers to be tested. Kits are
envisaged which comprise different types of probes. In
further particular embodiments of the kits, labelled
probes are provided. Yet a further aspect of the
invention provides devices for detecting the
expression of a set of genes in cells, more
particularly cells typically capable of cartilage
formation. In particular embodiments of such devices,
one or more of the following components are provided:
a unit for detecting the expression of marker genes,
and probes for a set of at least three marker genes
comprising FRZB, ALK1 and one or more markers selected
from the group consisting of PEDF, COL1 1, COL2,
FGFR3, OPN, BMP-2 and RASF-PLA. Specific embodiments
of devices described herein are devices particularly
suited for detecting expression of a set of marker
genes by a cell population wherein the set of marker
genes is a set of at least six marker genes comprising
FRZB, ALK1 , PEDF, COL1 1, COL2, and FGFR3. DETAILED
DESCRIPTION OF THE INVENTION Definitions The term
"chondrogenic" when applied to a cell or a population
refers to the inherent capacity of that cell or
population to produce cartilage or to stimulate
cartilage growth, under appropriate circumstances. A
"chondrogenic compound" as used herein refers to a
compound which 



induces a stable chondrocyte phenotype and/or promotes
cartilage formation. The term "chondrocyte phenotypic
stability" or "chondrogenic potential" when referring
to a cell population, refers to the ability of the
cell population to produce cartilage in vivo. This
ability can be tested by (ectopically) injecting a
fraction of the cell population (at least about 1 - 20
x 106 cells) in a mammal (in vivo), such as
immune-deficient mice, and determining (in a time
frame of about 3 weeks), the development of a
cartilage implant without signs of vascular invasion,
mineralisation or replacement by bone or fibrous
tissue. Alternatively,a fraction of the cell
population (at least about 1 - 20 x 106 cells per cm2)
can be seeded onto, or encapsulated in, a
biocompatible matrix and implanted subcutaneously
under the skin for about 6-8 weeks before determining
the development of a stable cartilage implant without
signs of vascular invasion or endochondral bone
formation. According to the present invention a
population of cells that is capable of producing
stable hyaline cartilage in vivo, is characterized by
the presence of a specific combination of markers of
phenotypic stability described herein. Chondrocyte
phenotypic stability is gradually lost in mature
chondrocytes upon passaging. The term "freshly
isolated cells" (Fl) as used herein refers to the cell
population obtained from a biopsy after tissue
digestion. The term "freshly isolated cartilage cells"
as used herein thus refers to the cell population
directly obtained from a chondrocyte-containing
tissue, such as cartilage, by digestion, without
passaging. The term "expanded", when referring to a
cell population obtained from a tissue, such as
cartilage, indicates that the cell population has been
placed under conditions whereby the number of cells
has increased by proliferation. In its simplest
version, expansion is performed by providing the cell
population in a cultivation recipient with appropriate
cultivation medium, optionally until confluency. The
population which is obtained as a result of expanding
freshly isolated cells is referred to as PO. The term
"passaged" refers to cells which have been expanded,
and which following expansion have been harvested from
the cultivation recipient using enzymatic, chemical
and/or physical methods and are placed at a lower
density in another cultivation recipient. Passaged
cells are referred to by their passage number (P1 ,
P2, etc.) their time in culture or alternatively, by
the number of their population doublings (PD1 , PD2
etc). The term "cartilage defect" as used herein
refers to any condition resulting from the loss or
damage of cartilage or any diseased portion of
cartilage. The term "marker score" as such is used to
refer to a numeric value which can be attributed to
the expression of a marker according to the
presentinvention. The 'cumulative marker score' refers
to the combination of the marker score of the
different markers of the sets of markers of the
present invention. This can be the result of a sum of
the individual markers. Alternatively, the cumulative
marker score takes into account differences in the
contribution of each marker in the ability to predict
chondrocyte phenotypic stability and accordingly is
based on a more complex mathematical formula. The term
"histology score" refers to a qualitative or
semi-qualitative value attributed to cartilage based
on a histological analysis (e.g. no cartilage,
fibrocartilage, hyaline cartilage). The abbreviations
used for genes in the context of the present
application are: FRZB: Frizzled-Related Protein 1
[OMIM 605083, Genbank U91903 ] ALK1 : Activin A
Receptor, Type Il-Like Kinase 1 [OMIM 601284, Genbank
Z22533] PEDF: Pigment Epithelium-Derived Factor [OMIM
172860, Genbank M76979] COL11: Collagen, Type Xl A 1
[OMIM 120280, Genbank J04177] COL2: Collagen, Type II,
Alpha 1 [OMIM 120140, Genbank L10347] FGFR3:
Fibroblast Growth Factor Receptor 3 [OMIM 134934,
Genbank M58051] BMP-2: Bone Morphogenetic Protein 2
[OMIM 112261 , Genbank M22489] RASF-PLA2:
Phospholipase A2, Group MA [OMIM 17241 1, Genbank
M22430] OPN: Osteopontin [OMIM 166490, Genbank X
13694] The present invention is based on the
identification of a selected set of marker genes, the
expression of which has been found to be indicative
for the ability cartilage formation of cells in vivo.
More specifically, it has been determined that by
attributing a value to each of these markers, the
cumulative value, which can be expressed as a
cumulative marker score, reflects the ability of a
cell population to produce phenotypically stable
cartilage in vivo.The marker genes identified in the
present invention as useful in the assessment of the
ability of a cell population to ensure cartilage
formation are 



selected from the group including the positive marker
genes FRZB, COL1 1, COL2, FGFR3, BMP-2, RASF-PLA2, and
OPN and the negative marker genes ALK1 and PEDF.
Additional markers may be included in the set, e.g. as
controls. Thus, according to the present invention, a
set of 9 markers has been identified, comprising both
positive and negative markers. Positive markers are
strongly expressed by populations capable of producing
stable hyaline cartilage in vivo, while negative
markers are expressed at low levels or not expressed
by populations capable of producing stable hyaline
cartilage. According to the present invention, the
absence of expression of a negative marker, can serve
as a positive marker. However, in the context of the
present invention such markers of which the absence of
expression is indicative of the ability of chondrocyte
phenotypic stability, are referred to herein as
negative markers. Expression of the marker genes of
the present invention is a feature characteristic of a
cell population, typically consisting of around 0.2x1
05 - 1.0x1 06 cells. Different methods for determining
expression of genes are known in the art. Most
typically, according to the present invention, RNA is
isolated from a fraction of the cell population
(typically between 0.2 x105 - 1.0x1 06 cells and
preferably between 0.2x1 06 - 1x106) and amplified
using reverse PCR. Such amplification can be performed
in a semi-quantitative way via the electrophoresis of
amplified fragments and measurement of their relative
intensity compared with that of a housekeeping gene
such as beta-actin. However, lower amounts of cells
and even individual cells can be analysed for
expression of cells using nucleotide amplification
techniques. Additionally or alternatively, the amount
of DNA is measured in a quantitative way using e.g.
the Taqman technology. Primers which are suitable for
the markers mentioned in this application can easily
be identified by the skilled person based on the known
sequences of the marker genes. Alternatively or
additionally, the expression of the markers is
measuredat the protein level. Protein levels can be
determined by immunological methods such as Western
blots or ELISA. In specific embodiments of the
invention, the expression of markers is evaluated by
comparing the expression of markers in a control
population and an experimental population, such as via
micro array technology or analysis after 1D or 2D
protein electrophoresis. Herein, the marker proteins
migrate in a gel in accordance with their Mr ( 1D) and
their iso-electric point (IEP) (2D). Differences in
expression at the protein level can be measured by
detecting the amount of protein present at the
position corresponding with its Mr and/or IEP.
Proteins can be quantified after staining with
Coomassie Brilliant Blue or an equivalent staining or
can be quantified by incorporating a radioactive
metabolic label (eg 35S methionine). Depending on the
technology used, antibodies, oligonucleotide probes or
protein probes (such as antibodies) can be labelled,
e.g. with chromophohc or magnetic or radioactive
labels, so as to allow detection of expression. In
specific embodiments it is envisaged to detect
different markers by different techniques. For
example, a number of markers are detected by ELISA
while others are detected via PCR. A further aspect of
the invention provides a device suitable for the
detection of the markers of the invention. In
particular embodiments such devices comprises a unit
for directly or indirectly detecting the markers of
the present invention (at DNA, RNA, or protein level).
The unit can be based on RNA, DNA hybridization or
based on immunological detection. Such a unit can be a
(quantitative) PCR apparatus, a device for performing
immunological assays, or a device for determining
proteins (e.g. HPLC, mass spectrometer,
electrophoresis apparatus), but can also be a
(disposable) micro array device or chip. Such unit is,
when applicable, equipped with probes or antibodies
for detecting the marker genes or proteins of the
invention. Optionally, such a device can further
comprise a cell-cultivation unit, wherein two or more
cell populations can be grown under identical or under
different conditions (e.g. density, passage number,
medium composition). Furthermore the device of
theinvention can comprise a unit for delivering one or
more test compounds to the cell-cultivation unit
(which delivery can be individually varied in amount
or in time-profile). Finally, the device can comprise
a unit for collecting cells and isolating cellular
material (DNA, RNA, proteins). In addition, disposable
cartridges are envisaged comprising probes or specific
reagents for the markers described herein which can be
used to determine the expression of these markers for
a rapid and efficient determination of the status of a
cell population. Accordingly, the present invention
envisages automated devices, which are optionally
combined with disposable cartridges, which allow
efficient quality control of cells for use in in 



vivo or in vitro applications. According to specific
embodiments of the present invention, subsets of the
marker genes identified are provided which allow a
reliable assessment of the chondrocyte phenotypic
stability of a cell population or of the ability of a
compound or condition to influence cartilage formation
by a cell population in vivo. Most particularly,
suitable sets of marker genes comprise at least 3,
more particularly at least 4 , even more particularly
at least 5, and most particularly at least 6 of the
identified marker genes. According to one embodiment,
a suitable set of marker genes comprises at least one
positive marker gene and one negative marker gene. In
general, the lower the number of marker genes taken
into account, the higher the impact of both measuring
errors and the potential aberrant expression of one
particular marker. The different markers also reflect
the different processes (e.g. anabolic processes,
catabolic processes, etc.) and pathways involved in
chondrocyte cell metabolism (signalling pathways,
receptors and ligands, matrix components, processing
enzymes, ...) and each of these processes can have an
individual impact on chondrocyte phenotypic stability.
Thus, the more marker genes are taken into account,
the more representative the assay becomes of the
complete environment ensuring stable cartilage
formation. On the other hand, the more marker genes
are to be determined, the more technically complicated
the assay becomes,compromising its ease of use in
high-throughput screening. Also, in order to maintain
the relevance of the contribution of each of the
marker genes to the overall evaluation, the number of
marker genes should be kept below 10. Indeed, the
change of the expression of a single marker gene
within a large set of marker genes will be of little
influence on the overall expression score of the
marker genes. Based on these arguments and the
observed relative contribution of the different
markers identified, it has been determined that any
number of markers between 3 and 9 is suitable to
determine the chondrocyte phenotypic stability of a
cell population or to assess the influence of a
compound or condition on chondrocyte phenotypic
stability of a cell population. According to one
embodiment, a set of 5, 6 or 7 markers is an optimal
compromise between the accuracy of the obtained score
from such a set of markers and the practical
feasibility of the assay in high throughput screening.
One aspect of the present invention thus provides set
of at least three markers representative of cartilage
formation selected from the group consisting of the
positive marker genes FRZB, COL1 1, COL2, FGFR3,
BMP-2, RASFPLA2, and OPN and the negative marker genes
ALK1 and PEDF. According to a particular embodiment of
the present invention, the set of at least three
markers making up the chondrogenic potential markers,
i.e. representative of cartilage formation includes
FRZB, ALK1 and a marker gene selected from the group
consisting of PEDF, COL1 1, COL2, FGFR3, BMP-2,
RASF-PLA2 and OPN. More particularly, the set of at
least three markers representative of cartilage
formation includes FRZB, ALK1 and a marker gene
selected from the group consisting of PEDF, COL1 1,
COL2, and FGFR3. Further embodiments of the invention
relate to sets of at least 4 , 5 or 6 marker genes
comprising FRZB, ALK1 and respectively 2, 3 and 4
markers selected from the group consisting of PEDF,
COL1 1, COL2, FGFR3, BMP-2, RASFPLA2 and OPN. More
particularly, the sets of at least 4, 5 or 6 marker
genes comprise FRZB, ALK1 and respectively 2 , 3 and 4
markers selected from the group consisting of PEDF,
COL1 1, COL2 and FGFR3. According to a particular
embodiment, a set of six marker genes is used to asses
the ability to producestable cartilage in vivo, the
set consisting of FRZB ALK1 , PEDF, COL1 1, COL2, and
FGFR3. The cumulative score of the this set of marker
genes described in Example 1 referred to herein as the
"ChondroCelect(tm) markers" (CC markers) is also
referred to as the "ChondroCelect(tm) score".
Alternatively, the set of markers comprises a
variation of this set of chondrogenic potential
markers wherein one of the markers PEDF, COL1 1, COL2
and FGFR3 is replaced by one marker selected from the
group of RASF-PLA2, OPN and BMP-2. More particularly,
the set of markers comprises a variation of the
abovedescribed chondrogenic potential markers, wherein
one of the positive markers COL1 1, COL2 is replaced
by either RASF-PLA, OPN or BMP-2. The examples section
herein demonstrates that marker scores based on the
expression of the sets of markers disclosed herein by
a chondrogenic cell population reliably predict the
nature of the cartilage produced by the cell
population (as determined by histological analysis).
According to another aspect, the present invention
provides methods of determining chondrocyte phenotypic
stability of a cell population. More particularly, the
present invention provides for the use of the sets of
marker genes disclosed herein as a tool in the
assessment of chondrocyte phenotypic stability of a
cell population. This is of importance e.g. in the
quality control of 



cell populations used in the transplantation of cells
in the context of the treatment of cartilage defects.
These methods are characterized in that they comprise
the step of determining the expression by the cell
population of a set of marker genes as described
herein. More particularly, the expression of a set of
marker genes according to the present invention,
optionally expressed as a cumulative marker score,
more particularly the Chondrogenic potential score, is
used as an indication of the quality of a cell
population for implantation purposes. Typically, the
quality assessment of a cell population is performed
in a laboratory using standard techniques such as
those described herein and the outcome of the
assessment is generated in a report or summarized in a
quality control sheet. The cell population may be PO
or any passage of a cell population obtained from a
human or animal tissue. According to oneembodiment,
the cell population is between P2 and P6 of a
population obtained from a human cartilage biopsy.
Alternatively, the number of population doublings can
be considered. For most cell populations considered in
the context of the present invention, every passage
involves 2-3 population doublings. Accordingly in the
context of the present invention, the cell population
is assessed after 1 or two population doublings (PO).
Optionally, the cell population is a combination of
different passages (optionally including PO) of cells
from one or from different biopsies. Where autologous
transplantation of cells is intended, the cells
obtained from one or more biopsies from a specific
patient are optionally combined and checked for
chondrocyte phenotypic stability (before and/or after
combination thereof). Typically, the quality
assessment is performed at specific time points, i.e.
prior to implantation (as cells or 2D or 3D tissues in
a scaffold or matrix), prior to storage (e.g.
freezing) and/or retrieval from storage, prior to
and/or after subjecting the cell population to
specific treatments and/or conditions. Indeed, the
object of one aspect of the invention is to determine
the ability of a cell population to produce stable
hyaline cartilage in vivo prior to either direct
implantation, or seeding onto, or encapsulation in a
biocompatible matrix and subsequent implantation. The
marker score is indicative of the ability of the cell
population or cells to ensure a cartilage implant
without signs of vascular invasion or endochondral
bone formation. Typically, the expression of the
markers for determining the marker score according to
the present invention is performed on a cell
population as a whole, whereby a representative sample
is taken to determine, by methods such as those
described herein, whether or not the markers are
expressed by the cell population under investigation.
Alternatively, individual cells can be checked for the
expression of specific genes using cell-specific
methods known in the art. According to another aspect,
the invention provides methods for determining the
effect of a compound or condition on the ability of
chondrogenic cells to produce stable hyaline cartilage
in vivo, which methods are of use as screening tools.
These methods comprise the step of contacting a
chondrogeniccell population with a compound or
condition and, determining the expression of a set of
marker genes according to the present invention, by
that cell population. Accordingly, the invention
provides methods and assays for identifying compounds
or conditions that affect the chondrogenic capacity of
a population of cells. According to one embodiment,
the method is used to identify adequate conditions for
cultivating, storing and/or administering cell
populations for transplantation in the context of the
treatment of cartilage defects. In such methods, a
chondrogenic cell population is subjected to specific
conditions and the expression of the marker genes is
determined. Typical conditions are specific
cultivation media, cultivation temperatures,
cultivation times, cultivation density etc., as well
as combinations with other cell types. Additionally or
alternatively, the methods and assays are used for the
identification of molecular factors capable of
affecting chondrocyte phenotypic stability of
chondrogenic cells. Such factors can include growth
factors, mitogens, additives, small chemical molecules
etc... The object of the screening can be to identify
factors useful in the cultivation, storing or
administration of cell populations for transplantation
in the context of the treatment of cartilage defects.
Typically, factors of interest are factors which are
capable of positively affecting the chondrocyte
phenotypic stability of a cell population and/or
factors which positively affect other features of the
cells (e.g., cell number, stability, etc..) and/or
parameters of the cultivation conditions (e.g.,
storage time, number of passages that can be used,
etc..) without negatively affecting the chondrocyte
phenotypic stability of the cell population.
Additionally or alternatively, the assays and methods
of the present invention are of use in the screening
and identification of compounds with a potential
effect in vivo on cartilage formation by chondrogenic
cells. The use of the screening methods of the present
invention is envisaged for the 



identification of compounds which affect cartilage
formation by local cells in the body of the patient to
be treated and/or cartilage formation by cells used in
the context of cell transplantation. The screening
methods can be used to identify and/or evaluate
compounds which can counteract factors or
conditionsoccurring in pathological situations. For
instance, cells can be stimulated e.g. with IL-1 (to
stimulate inflammatory conditions, to enhance
catabolic pathways and to downregulate anabolic
processes) before addition of compounds that
potentially counteract this effect. Also envisaged
within the scope of the present invention is the use
of the marker genes for assessing the potential side
effects of therapeutic compounds, including those used
outside the context of cartilage repair, on the
ability of chondrogenic cells to produce cartilage in
vivo. The methods of the present invention potentially
allow the direct identification of effects of
compounds on bone formation, which, when tested
directly in vivo, would only be noticed on a longer
term. The methods of the invention relating to the
screening of compounds, will typically comprise the
step of contacting a chondrogenic cell population with
one or more compounds of interest and determining the
expression of a set of marker genes as described
herein by the chondrogenic cell population. The
methods of the present invention allow high-throughput
screening of e.g. chemical compound libraries, peptide
libraries, expression libraries etc... According to
one embodiment, the methods of the present invention
comprise the step of comparing the expression of a set
of marker genes according to a present invention in a
cell population to which one or more compounds has
been added/which has been subjected to a particular
condition with the expression of the set of marker
genes in the absence of the compound or condition in
the same or a different cell population. In a typical
embodiment, (a) different fraction(s) originating from
the same cell populations are subjected to different
conditions and/or compounds for comparison with each
other and/or with a positive and/or negative control.
The negative control can be a blank or a compound
known not to affect chondrocyte phenotypic stability.
The positive control can be a compound or condition
known to (positively or negatively) affect the
phenotypic stability of a cell population. In the
screening methods of the present invention, different
parameters can be evaluated. Cells can be seeded in
individual recipients or multiwell plates at different
densities. Cells can be incubated during different
time periodsbefore adding a compound/factor or
applying a condition or both. Different regimes and
combinations of compounds and cultivation conditions
can be combined. Compounds/factors can be added at
different concentrations and remain in contact with
the cells for different periods of time. The same
applies to cultivation conditions. The present
invention is based on the observation that the ability
of a cell population to produce hyaline cartilage in
vivo after implantation can be predicted based on the
expression of specific genes (the marker genes) by
that cell population in vitro, prior to implantation.
Thus, the expression of the marker genes is used to
monitor the chondrogenic "quality" of the cells prior
to implantation and the effects of compounds and
conditions thereon. As detailed below, the expression
of the genes can be expressed as a marker score,
whereby the (relative) expression level of the
different marker genes is added up to obtain a value,
which can be compared to the optimal value (i.e. high
expression of all positive markers, low expression of
all negative markers under consideration).
Additionally or alternatively, the screening can take
into account the ability of the compounds or
conditions to influence any one marker within this set
of genes. Expression of the marker genes of the
present invention can be assessed based on absolute or
relative value. Typically, the expression of the
marker gene compared to a house-keeping gene is used.
This is exemplified with actin herein. As the
expression levels of different housekeeping genes may
be different, the skilled person will understand that
the relative expression of the marker genes compared
to the selected housekeeping gene will need to be
established beforehand in a population with
chondrocyte phenotypic stability for each
house-keeping gene used. According to the present
invention, the combined information on the expression
of the selected markers is indicative of whether or
not the cells are capable of cartilage formation in
vivo. The present invention envisages the use of the
marker combinations described herein both in the
context of assessing the quality of a given cell
population and for the evaluation of the influence of
factors/conditions on the ability of cells to produce
cartilage after implantation in vivo. Where the set
ofmarkers is used to determine the effect of a
compound, cell or condition on the ability of a cell
population to produce hyaline cartilage in vivo, the
effect can be based on determining 'increased' or
'decreased' expression of the marker genes of the
invention relative to a control or relative to the
expression level 



prior to contacting the cell population with the
compound or condition. In this regard, compounds,
cells or conditions which increase expression of one
or more positive marker genes and/or decrease the
expression of one or more negative marker genes
according to the invention can be considered capable
of positively affecting cartilage formation.
Compounds, cells or conditions which decrease
expression of one or more positive marker genes and/or
increase the expression of one or more negative marker
genes according to the invention can be considered
capable of negatively affecting cartilage formation.
According to one aspect of the invention, expression
of the different marker genes of the set of markers by
a cell population is represented by a 'cumulative
marker score , which correlates with and is indicative
of the chondrocyte phenotypic stability of the cell
population. The cumulative marker score is used for
the qualitative and/or quantitative interpretation of
the results in the methods and assays of the present
invention. Different types of marker scores are
envisaged within the context of the present invention.
The expression level of a set of markers can be
represented by a numerical value which is/corresponds
to the sum of the absolute expression level of each of
the gene products in the marker set. Such calculation
method can be used when a quantitative detection of
the expression of the marker genes is performed e.g.
by quantitative PCR or ELISA. Alternatively, the
expression level of each of the genes in the marker
set can be represented by a ratio, i.e. the expression
level of a gene is compared to that of another gene
such as a housekeeping gene which is considered to
have an equal expression level regardless of the
treatment of a cell or of which the expression is
considered as relatively stable, independent of the
ability of the cell to produce stable hyaline
cartilage. This will result in the values of
expression levels for the different markers being more
comparable (and mostlywithin the 0.001 to 10 range).
Accordingly, the cumulative marker score can be the
sum of the ratios for each marker gene. According to a
particular embodiment of the invention, however, the
cumulative marker score is not based on the absolute
or relative values of expression for each of the
marker genes, but on the qualitative assessment of
this expression. According to a specific embodiment of
the present invention, qualitative assessment of the
marker genes is arbitrarily assigned a numerical
value, e.g. '1'. More particularly, according to the
present invention, increased/high expression of the
positive markers is assigned the value ' 1' and
absence of expression of a negative marker is also
assigned the value '1'. Most particularly, according
to the present invention, ranges of expression levels
(or ratios of expression) are defined for both
expression levels of positive marker genes and
expression levels of negative markers of chondrocyte
phenotypic stability, whereby expression levels
falling within the predetermined ranges are attributed
a value. According to a further embodiment, expression
values falling outside the predetermined ranges of
expression of the positive and/or negative marker
genes (e.g. when very low expression of a positive
marker gene is observed or very high expression of a
negative marker gene) is also attributed a value. When
determining the relative impact of each of the marker
genes in the cumulative marker score, the expression
of each gene can have the same weight. Alternatively,
the expression level of one or more genes can be
considered as having a stronger impact on chondrocyte
phenotypic stability than other genes, which can be
incorporated in the relative impact of the marker
genes on the calculation of the cumulative marker
score. According to a specific embodiment of the
invention, the relative impact of the different
markers is the same and is attributed the value 'V
when falling within the predetermined ranges of
expression (or of expression ratios) attributed the
value '-1', when falling outside of the ranges (below
or higher than the predetermined ranges for the
positive and negative markers, respectively).
Optionally, the expression levels within a certain
range can be considered to correspond to a value O',
which corresponds to an expression level of the
positive or negative markergene which does not
positively or negatively affect chondrocyte phenotypic
stability in the cell. In the examples section
described herein, a further particular embodiment of
the invention is described. The cumulative marker
score representative of a stable cartilage phenotype
is determined by a set of up to six markers, each of
which is attributed equal importance. The expression
of each of the markers is quantified, and a scoring
approach based on expression relative to a marker gene
is applied. In this specific embodiment, the score
calculated from these markers is referred to as the
"Chondrogenic potential score" i.e. a cumulative
marker score which reflects the overall expression of
a defined set of six markers of cartilage phenotypic
stability According to this embodiment of the
invention, the expression level of each gene is
determined 



via a semi-quantitative method and the obtained values
are normalised by comparison with a reference gene
(e.g. beta actin). Thus, an expression level of 1
refers to an expression that is the same as that of
actin, an expression level below 1 refers to an
expression that is lower than that of actin (0.1
corresponding to an expression level which is 10x
lower than that of beta-actin) and an expression level
above 1 refers to an expression level that is higher
than that of actin. In this specific embodiment of the
present invention, the expression level of each of the
marker gene corresponds to one of three possible
scores. In the case of a positive marker (FRZ, COL1 1,
COL2, FGFR3) a very low expression level (0-0.1) is
represented by a score of - 1, a low expression level
(0.1-1) is represented by a score of 0 and a high
expression (>1) is represented by a score of + 1.
Inversely, for a negative marker (ALK1 , PEDF) a very
low expression level (0-0.1) is represented by a score
of + 1, a low expression level (0.1-1) is represented
by a score of 0 and a high expression level (>1) is
represented by a score of - 1. The sum of all these
individual scores represents the expression level of
the entire set of markers as a whole. For a set of 6
markers, the score can thus range from -6 (all
positive markers expressed at a level which is lower
than the reference and all negative markers expressed
at a level which is higher that the reference gene) to
+6 (all positive markersexpressed at a level which is
higher than the reference gene and all negative
markers expressed at a level which is lower than the
reference gene). Where this score is based on the
expression of the markers FRZB, COL1 1, COL2, FGFR3,
ALK1 and PEDF by a cell population, this score is
referred to herein as the Chondrocelect(tm) score. As
shown in the examples of the present invention, is it
possible to correlate the expression levels of a set
of markers, as well as the cumulative marker score
obtained therefrom, with the chondrocyte phenotypic
stability of a chondrocyte cell population.
Accordingly, evaluation of the expression levels of a
defined set of markers, or of the (cumulative) marker
score of a chondrogenic cell population upon
administration of certain compounds thereto, can be
used to evaluate the ability of the compound to affect
chondrocyte phenotypic stability of cells and/or the
ability of cells to form cartilage in vivo. More
particularly it is demonstrated that addition of
particular compounds to an expanded chondrocyte cell
population improves the Chondrogenic potential score
and the phenotype of this cell population. Negative
controls, e.g. addition of compounds which promote
bone formation decrease the Chondrogenic potential
score. Accordingly, the present invention provides
cumulative marker scores which can be used in a
cell-based screening assay to assess the influence of
any factor or condition on the capacity of a
chondrogenic population to produce stable cartilage.
In view of the fact that the cartilage phenotypic
stability of a cell population as identified in vitro,
is representative of the activity of the cells in
vivo, the assay can be reliably used to identify
compounds capable of influencing cartilage formation
by local chondrogenic cells upon administration to the
cartilage defect. Importantly, the assay and marker
analysis as disclosed in the present invention do not
require a subsequent or parallel in vitro or in vivo
cartilage formation assay to validate the results,
which dramatically shortens and simplifies large scale
screening of compounds. According to the present
invention, the use of a cumulative marker score is a
reliable and efficient tool to evaluate chondrocyte
phenotypic stability of a cell population and/or to
assess the effect of conditions or compounds on the
chondrocyte phenotypic stability of chondrogenic
cells. The reliability of thescore is determined on
the one hand by the correlation between positive
scores and the ability to generate phenotypically
stable cartilage in vivo and the correlation between
negative scores and the fact that the cells are not
capable of generating phenotypically stable cartilage
in vivo. An additional desirable requirement of a
reliable cumulative marker score is its efficiency,
i.e. its ability to efficiently distinguish
populations that are and populations that are not
capable of generating phenotypically stable cartilage
in vivo. For instance, where the number of markers is
six, and the scoring system varies between +6 and -6,
as described above, there is typically a "grey zone"
(populations characterized by a cumulative marker
score of a range located between +6 and -6), for which
the cumulative marker score is not unequivocal and
which, when tested would be found to comprise both
populations that are and populations that are not
capable of forming stable hyaline cartilage. Ideally,
the marker score will result in a minimal number of
populations in that grey zone, but will allow a
maximally efficient classification of populations
either as "positive" or as "negative". More
particularly, in the context of determining
chondrocyte phenotypic stability of a cell population
used for transplantation, both the reliability and the
efficiency of the cumulative marker score can be
critical, so as to allow a 



straightforward and correct determination of fate of
the cell population. Indeed, the use of a cumulative
marker score of a relatively low predictive value for
characterizing a population of cells intended for
transplantation is of limited value as it does not
allow to decide upon implantation or not. For such
applications, the use of the Chondrogenic potential
score of the present invention as a scoring tool is
considered particularly appropriate, in view of its
high reliability and efficiency. It is however
envisaged that for use in screening, the efficiency of
the predictive value may be less critical. As
indicated above, a potential purpose of the screening
assays of the present invention is to identify
pharmaceutical compounds that affect, more
particularly improve, the chondrocyte phenotypic
stability of a cell population. Thus, in such
screening methods, the relative improvement of
chondrocyte phenotypic stability can be envisaged to
be the critical requirement rather than the ability of
the compoundsto induce or maintain a perfect
chondrocyte phenotypic stability. For example, it is
envisaged that upon performing a screening assay, the
compounds capable of converting low quality cells (no
cartilage after implantation) into intermediate
quality cartilage (cells having a score which can not
be used to predict unequivocally the result of after
implantation), will also be considered of interest.
The cell populations that are used in the methods and
assays of the present invention include any cells that
are believed to be capable of producing cartilage or
that can develop into cartilage producing cells.
Typically, the cells are osteochondral cells, such as
chondrocytes and their precursor or progenitor cells
obtained from articular cartilage, meniscus or
synovial fluid. According to one embodiment, the cells
used in the context of the present invention are the
precursor cells described in WO01/25402. In some
embodiments the cell population are precursor cells or
stem cells that are derived from other tissues such as
blood bone marrow or fat and that can be induced into
the osteochondral cell lineage. The assays of the
present invention can be used to determine whether
these cells have been committed to the osteochondral
cell lineage. The cells used in the screening methods
and assays of the invention can be freshly isolated,
expanded or passaged for one or more passages. The
cells can be present as cell cultures either in
culture flasks or present on a matrix or scaffold. The
expression of the set of markers by cells on a matrix
can be determined by dissolving the matrix and
determining the expression by the cells. Cells can be
of human or animal origin. Examples of animals that
have been used for the study of cartilage are Xenopus,
zebrafish, chicken, mouse, rat, rabbit, sheep and
goat. The methods and assays of the present invention
can be performed with cells, which have a stable
chondrocyte phenotype as a result of their origin
and/or the cultivation conditions. Such cells are of
particular use to assay detrimental effects of a given
compound, treatment or condition. According to an
alternative embodiment, the methods and assays of the
present invention are performed using cells that do
not have a stablechondrocyte phenotype or that have
lost the chondrocyte stable phenotype, as a result of
their origin and/or cultivation conditions. Examples
hereof are chondrocytes that have undergone extensive
passaging and stem cells. Also suitable are
chondrocytes derived from individuals with an
osteochondral defect such as (resulting from)
osteoarthritis or rheumatoid arthritis or from
individuals which are predisposed to acquire a
osteochondral disorder based on to their genetic
makeup. Also suitable are cartilage tumour cells or
chondrosarcoma cells. Cells not having chondrocyte
phenotypic stability are of particular use in the
methods of the present invention to screen for
compounds or conditions that improve or restore the
stable cartilage phenotype of cells, or that can
convert certain cell populations such as stem cells
into cells with stable cartilage phenotype. The
present invention envisages the use of the methods and
assays of the present invention in a variety of
different applications. As detailed above, the methods
and assays of the present invention make it possible
to test cultivation conditions of cells intended for
use in ACT such as cell density, passage number,
medium composition, growth in or on two- or
three-dimensional substrates, oxygen concentration,
pressure, shear stress. In particular the assay allows
the testing of the influence of the composition of the
medium on chondrocyte phenotypic stability. Factors
therein which potentially have an impact on the
chondrocyte phenotypic stability include, but are not
limited to, the type and batch of serum, different
formulations of synthetic serum-free media, and a
variety of hormones, growth factors, vitamins,
proteins and organic compounds with a alleged effect
chondrocyte phenotypic stability. One application of
the methods and assays of the present invention is the
screening of compounds or conditions, which
differentiate precursor or stem 



cells into the osteochondral and more particularly in
the chondrogenic lineage. Another application is the
screening of compounds or conditions which can restore
or maintain the chondrocyte phenotypic stability of
healthy cells that have been or are being passaged
many times, respectively, so as to obtain asufficient
number of cells. Yet another application is the
screening of compounds or conditions which can induce
chondrocyte phenotypic stability in cells which are
obtained from individuals having or predisposed to an
osteochondral defect. In another application, the
assay is used to evaluate the impact of matrices,
scaffolds, gels or their constituents, which are often
used in cell transplantation procedures. The methods
and assays of the present invention are also suitable
in classical screenings of peptide libraries,
antisense libraries or compound libraries. The
compounds making up these libraries include, but are
not limited to biologicals and organic or inorganic
compounds, which are produced synthetically or
obtained from natural sources. Examples hereof are
libraries of compounds may be used such as antibody
fragment libraries, peptide phage display libraries,
peptide libraries (e.g.LOPAP # , Sigma Aldrich), lipid
libraries (BioMol), synthetic compound libraries
(e.g.LOPAC@, Sigma Aldrich) or natural compound
libraries (Specs, TimTec). The screening methods and
assays described herein are of particular use in the
identification of lead compounds for medicaments for
the treatment of osteochondral disorders.
Osteochondral defect envisioned to be of interest in
the context of the screening methods of the present
invention include, but are not limited to defects
occurring in the joints, such as, but not limited to
knee, elbow, ankle, commonly referred to as articular
cartilage defects. Cartilage defects are also named
after the proximal bone such as defects of the
condyles of the femur, of the humerus etc. Frequently
occurring cartilage disorders, for which the screening
of compounds capable of affecting chondrocyte
phenotypic stability are envisaged to be of interest
are osteoarthritis, rheumatoid arthritis, articular
cartilage injuries, chondromalacia,
spondyloarthropathies. Brief description of the
Figures The following examples are intended to
illustrate the invention without implying any
limitation of the invention to the specific
embodiments described therein.These examples are
illustrated by the following Figures in which, Figure
1 shows a scatter plot of histology score against
Chondrogenic potential score (each point has been
moved by a small random amount and direction in order
to avoid points being superimposed). Figure 2 shows
the effect of compound A on the cumulative marker
score (the CC score as determined in Example 1) as
determined by Real-Time quantitative PCR on human
chondrocytes cultured from PO until P3 in monolayer.
Results represent mean cumulative marker score
relative to a control (DMSO). *p<0.05 when compared to
DMSO control (n=4). Figure 3 shows the effect of
compound A on the expression of molecular markers COL2
(A), COLH(B), FRZB (C) and FGFR3 (D) positively
correlated with the chondrogenic potential of human P3
chondrocytes cultured in monolayer as determined by
Real-Time quantitative PCR. Results represent target
gene expression relative to the DMSO control as
determined by the 2-deltadeltaCT *p<0.05 when compared
to DMSO control (n=4). Figure 4 shows the effect of a
compound A on the expression of molecular markers PEDF
(A) and ALK1 (B) negatively correlated with the
chondrogenic potential of human P3 chondrocytes
cultured in monolayer as determined by Real-Time
quantitative PCR. Results represent target gene
expression relative to DMSO control as determined by
the 2 deltadeltaCT. *p<0.05 when compared to DMSO
control (n=4). EXAMPLES Methodology Chondrocyte
cultivation Chondrocytes derived from adult human
articular cartilage were isolated and expanded in
vitro using standard conditions as described by
Dell'Accio et al.(2001), Arthritis Rheum. 44,
1608-1619). In vivo assay The markers of the present
invention were validated using a set of 48 chondrocyte
samples which were obtained from different persons and
were freshly isolated or passaged for 1 up to 5
passages. A part of the chondrocytes were used for
marker analysis (see example 3) while another part was
used in an in vivo assay to verify the cartilage
forming capacity of each sample. Female NMRI nu/nu
mice were injected intramuscularly (posterior
compartment of the thigh) with about 5 million human
cells. Implants are collected after 2 weeks. 



[Lipman et al. (1983) Calcif. Tissue Int. 35, 767-772;
Ostrowski et al. (1975) Somatic Cell Genet. 1,
391-395]. The cartilage implants were dissected from
the muscle and histology was performed using
hematoxilin-eosin, toluidin blue and Safranin O
staining. A histology score ranging from 1 to 3 is
attributed to the implant after staining. A histology
score of 3 refers to hyaline-like cartilage with
highly sulfated proteoglycans, strong staining with
toluidine blue and Safranin O. A histology score of 2
refers to well differentiated hyaline-like cartilage,
strong staining with toluidine blue, weak staining
with Safranin O. A histology score of 1 refers to
"fibrocartilage", undifferentiated fibrous tissue, no
or weak staining with toluidine blue. A histology
score of 0 refers to experiments wherein no implant
was retrieved. Cartilage with a histology score of 2
or 3 represents successful implantations. Cartilage
with a histology score of 0 or 1 represent failed
implantations. Example 1: Marker analysis A fraction
of the injected cells was used for gene expression
analysis. RNA isolation, reverse transcription and PCR
were performed using the methods described in
WO0124832. PCR primers for these markers are shown in
Table!The expression levels of the markers are
determined by measuring the intensity of PCR products
after electrophoresis. All values are then compared
relative to a 600 bp band of a DNA-marker and a value
is obtained. The concentration of the individual
markers is represented by a numerical value. In the
case of a positive marker (COL1 1, COL2, FGFR3) a very
low expression (0-0.1) is represented by - 1, a low
expression (0.1-1) is represented by a 0 and a high
expression is represented by + 1. On the contrary In
the case of a negative marker (ALK1 , PEDF) a very low
expression (0-0.1) is represented by + 1, a low
expression (0.1-1) is represented by a 0 and a high
expression is represented by - 1. The sum of all these
individual markers (defined as Chondrogenic potential
score) represent the expression level of the entire
set of markers. This number can range from -6 to +6.
The individual data for each marker, its Chondrogenic
potential score and histology score are compiled in
Table 2 .Table 2: Overview of histology scores and
Chondrogenic potential scores performed on
respectively cartilage implants and injected
chondrocytes. Sample codes refer to a patient code, a
passage number and eventually the confluency of the
cells. COOJ OExample 2 : Data analysis The correlation
between the Chondrogenic potential score as determined
in Example 1 and the histology score is depicted in
Table 3 and in Figure 1. The correlation coefficient
between the Chondrogenic potential score and histology
score is 0,78 and statistically significant
(p<0.0001). Samples with a Chondrogenic potential
score of -3 or lower always result in fibrocartilage
or no cartilage at all. Samples with a Chondrogenic
potential score of 2 or more will always result in
hyaline cartilage. Samples with a Chondrogenic
potential score of 1 results in 1 out of 6 cases into
hyaline cartilage. As a yardstick, a sample with a
Chondrogenic potential score of 0 or more is
considered to be suitable for implantation. Based on
the present data set it is possible to predict in 77%
(37/48) the outcome of a transplantation with high
certainty and in 64% without errors. Based on this
data set, a chondrocyte culture is approved for use in
an ACI procedure when the Chondrogenic potential score
is 0 or more. In summary, stable hyaline-like
cartilage can only be obtained with cells having a
Chondrogenic potential score of 0 or higher. Cells
that form no cartilage at all had a negative score.
Further analysis of individual genes may further help
to refine the model. a) relationship between
Chondrogenic potential score and histology score The
relationship between Chondrogenic potential score and
histology score is depicted in Figure 1 and in Table
3. Table 3 : Frequency table for histology score, with
statistical summaries.In addition to the frequency
table, Table 3 also shows the mean histology score for
each value of the Chondrogenic potential score. This
mean value increases significantly (from 1.0 to 2.7)
between Chondrogenic potential scores of - 1 and 0 .
This suggests to consider samples with a Chondrogenic
potential score of 0 or higher as suitable for ACI. b)
Data analysis using a categorical scale An "ordered
categorical scale" is a scale in which the categories
are numbered purely to show their sequence: the actual
numbers assigned provide no other information. For
example, the histology scale here takes values of 0,
1, 2 , 3. Interpreting this as an ordered categorical
scale implies that 1 is better than 0, but says
nothing about how much better. For an interval scale,
however, the actual numbers are regarded as
meaningful, wherein 1 is better than 0 by the same
amount that 2 is better than 1, etc. In calculating
mean values as in Table 3, the implicit assumption is
made that the histology score can be validly treated
as an interval scale. The more points a scale has, the
more it is accepted that such scale is an interval 



scale. The Chondrogenic potential score which is
represented by 13 data points is accordingly treated
as an interval score. An additional analysis is
presented in the last column of Table 3, which treats
the histology score as an ordered categorical scale.
Herein the scores are merged into two categories, 0 or
1 (no or low fibrocartilage) and 2 or 3 (hyaline
cartilage), the data represent the probability of
observing a histology score of 2 or 3. It In the last
two columns of Table 3 , the column headed 'observed'
shows the actual numbers of samples in this category
(and the percentages) for each Chondrogenic potential
score. This value also increases between Chondrogenic
potential scores - 1 and 0, suggesting a threshold
value cut-point. For this analysis the
Chondrogenicpotential score is considered as and
ordered categorical scale. c) Data analysis using an
interval scale When the Chondrogenic potential score
is treated as an interval scale, the observed
responses can be smoothed out using logistic analysis.
This method predicts the probability of being in the
desired category (2 or 3). The fitted values do not go
outside the plausible range (0 to 100%). These fitted
values are shown in the final column of Table 3, and
shows the effect of smoothing. These fitted estimates
are assumed to provide a more reliable prediction of
the chance of getting a 2 or 3 histology score at any
given Chondrogenic potential score than by other
methods. Note that in particular for a Chondrogenic
potential score of - 1, the fitted model is predicting
a chance of 4 1.5% of getting a 2 or 3, and
consequently, this raises the question of whether a
score of - 1 should be accepted. Example 3. Impact of
individual markers The impact of individual markers is
assessed by recalculating the expression profile of 5
markers instead of 6 markers of the set of markers
determining the Chondrogenic potential score in
Example 1. The same scoring system was applied,
wherein scores now can range from -5 to +5. Data are
presented in Tables 4 to 9. Table 4 : Frequency table
for histology score without COL11 markerTable 5:
Frequency table for histology score without COL2
marker Table 6 : Frequency table for histology score
without PEDF marker Table 7: Frequency table for
histology score without FRZB markerP 76176 - 1 - *
RO/EP POUCH-LIKE CONSTRUCT FOR PREVENTING HEART
DISTENSION FIELD OF THE INVENTION The invention is
directed to a pouch-like construct comprising
mammalian tissue which can be used for preventing
distension and/or resisting dilation of the heart in a
mammal . Prefera bly, the pouch-like tissue construct
has contractile proper ties . The invention further
relates to a method for the prepa ration of a pouch-
like construct comprising mammalian tissue which can
be used for the above purposes BACKGROUND OF THE
INVENTION Cardiac dilation is a common clinical
phenomenon observed in several cardiac diseases, such
as post -myocardial infarction and heart failure. In
an early stage of cardiac dilation, the organ
enlargement may be restricted to only a portion of the
heart, such as the left ventricle In an advanced
stage, the complete heart may be enlarged With each
type of cardiac di lation, serious problems are
associated which may include ar rhythmias or leakage
of the cardiac valves. Cardiac dilation is a frequent
reason for subjecting a patient to heart trans
plantation Drugs (e g beta-adrenoceptorblockers,
angiotensin converting enzyme inhibitors, aldosterone
antagonists, digoxin, diuret ics) are frequently
employed for treating problems associated with cardiac
dilation and heart failure, Yet, drugs can at best
delay the natural progression of most cardiac diseases
Complete healing of myocardial dilation or heart
failure has not been achieved so far . Recently,
passive ventricular restraint devices (e g , CorCap
Cardiac Support Device,- Acorn Cardiovascular Inc , St
Paul, MN, USA) have been applied to stop adverse LV
remodelling anddilation in failing hearts (Blom et al
, (2005), Circulation; 112:1274-83) . International
application WO 98/58598, for exam ple, describes an
elastic plastic bag for avoiding an exces sive
dilation of the heart beyond a critical volume . US
Patent 5,702,343 discloses a jacket for constraining
cardiac expan sion during diastole. US Patent
application 2005/0085688 de scribes an elastic cardiac
support device of a biocompatible material for
constraining expansion of the heart without in
terfering with systolic contraction Despite positive
trials in Europe and North America, the use of cardiac
support de 



vices (CSD) has recently been stopped by the U.S. Food
and Drug Administration due to safety concerns It has
been found that pericardial constriction may occur in
patients with car diac support devices making
reoperations necessary which are technically
challenging (Schroder et al . (2006), Eur J
Cardiothorac Surg,- 29:848-50) The ex vivo-production
of heart tissue by tissue engineering offers an
alternative approach of preventing cardiac dilation
and heart failure, Tissue engineering aims at
generating func tional three-dimensional tissues that
can by tailored in size, shape and function according
to the respective needs before implanting them into
the body Therapeutically applied artifi cial heart
tissue should stabilize the failing heart to pre vent
further dilation and in addition add contractile
elements to a dilated or failing heart . Several
publications describe the in vitro generation of
engineered myocardium in different geometrical sizes
and shapes (Akins RE, et al . (1999), Tissue Eng,
5:103-18; Bursac N , et al (1999), Am J Physiol,
277:H433-44; Carrier RL, et al (1999), Biotechnol
Bioeng; 64:580-9; Eschenhagen T , et al .. (1997),
Faseb J , 11:683-94; Leor J , et al , (2000),
Circulation, 102:111 56-61; Li RK, et al (1999),
Circulation, 100:11 63-9; Shimizu T , et al. (2002),
Circ Res, 90:E40; van Luyn MJ, et al " (2002)
Biomaterials, 23:4793-801; Zimmermann WH, et al ,
(2002), Circ Res,,90:223-30; Zimmermann WH, et al ..
(2000), Biotechnol Bioeng, 68:106-14) , Engineered
heart tissue can be reconstituted by mixing heart
cells from rat (including cardiac myocytes, fi
broblasts, smooth muscle cells, endothelial cells,
macrophages and other cells of leukocytic origin,
etc.) with collagen type I , matrigel and culture
medium, European application 05400038,5 describes the
generation of engineered human heart tissue constructs
derived from stem cells,, However, the generation o f
engineered tissue is technically challenging, since
the size o f the constructs appears to be limited by
the maximum diffusion distances for nutrients and
oxygen, Therefore, it was not possible so far to
construct larger three-dimensional tissue constructs
which are suitable to be used for stabilizing a large
mammalian heart suffering from cardiac dilation,,
Description of the Figures Fig, 1 shows a schematic
depiction of the method for preparing the pouch-like
tissue construct according to the invention,, F i g .
2 shows a further schematic depiction o f the method
of the invention,. The sketch on the top left /middle
demonstrates the casting of a pouch- like myocardial
tissue construct.. The picture on the top right shows
a complete casting mold filled with culture medium and
the inner glass spacer covered by a pouch- like
myocardial tissue construct. The middle picture
demonstrates two pouch- like myocardial tissue
constructs being resiliently based on two metal
holders to facilitate auxotonic contractions of the
constructs The bottom picture on the right
demonstrates a pouch- like myocardial construct in an
isometric contraction experiment to define its
contractility,Fig 3 shows a pouch- like tissue
construct prepared from rat cardiac myocytes according
to the method of the invention (A) shows the heart of
a neonatal rat; (B) shows a ring-shaped tissue
construct prepared from rat cardiac myocytes according
to a method described in WO 01/5529 7 ; (C) shows a
spheroidal pouch- like tissue construct according to
the invention; (D) shows the heart of an adult rat Fig
4 shows the contraction experiments conducted with the
pouch-like tissue construct according to the invention
Fig 5 shows the implantation of the pouch- like tissue
con struct in Wistar rats Fig 6 shows the morphology
of the pouch- like tissue construct after implantation
into Wistar rats On the left panel, the pouch-like
tissue construct is shown on a rat heart explanted
after two weeks On the right panel, the surviving of
cardiac myocytes after two weeks is shown as
controlled by confocal laser scanning analyses using
DNA and actin labelling tech niques (DAPI and
phalloidin-Alexa 488, respectively) 



Description of the Invention It has now been found in
the course of the present invention that it is
possible to prepare a large pouch- like construct, i e
a bag- shaped structure having an opening and
preferably a single opening, which comprises mammalian
tissue, preferably human tissue , The construct is
shaped in such a manner that it is suitable for
enclosing and compressing at least part of the heart
of a mammal This means that the pouch- like construct
is adapted to receive the heart of a mammal in such a
manner that a slight pressure is applied by the
pouch-like construct on the surface of the heart,
which pressure prevents distensionand/or resists
dilation during systolic and diastolic activity of the
heart Preferably, the construct embraces the ventri
cles of the heart, which means that when applied to
the sur face of the heart, the construct reaches from
the Apex cordis to the Sulcus coronarius cordis which
is the annular groove located between the ventricles
and the atria Preferably, the construct is to be
applied to the outer surface of the heart such that it
is in direct contact with the epicardium of the heart
This procedure requires the removal of the pericardium
Alternatively, the pericardium can remain intact and
the pouch-like myocardial tissue construct can be
applied on its outer surface Another alternative is to
manually roughen/ injure the epicardium before
applying the construct to facilitate direct contact to
the myocardium The construct has in either case, and
specially after removal of the peri cardium, the
capability to structurally integrate into the
myocardium In a preferred embodiment of the invention,
the construct is adapted to be applied to a heart from
a dog, cat, sheep, primate or a human, The pouch- like
construct of the invention has structural prop erties
which render it highly suitable for use as a biologi
cally compatible cardiac support device to reduce
and/or pre vent cardiac dilation in a mammal suffering
from such condi tion . The construct may consist of
mammalian tissue or it may comprise such mammalian
tissue For example, it may consist of a
three-dimensional support material to which individual
por tions of engineered mammalian tissue adhere These
portions can be fused together at a later stage of the
preparation pro cess to form the final tissue
construct . Preferably, the sup port materials are
designed such that they degrade as the in dividual
tissue portions fuse together Suitable support mate
rials are known in the art and comprise, for example,
colla gen, silk proteins, and highly elastic
glycerol-polymers (such as "Biorubber") . Preferably,
the pouch-like construct consists- b o f mammalian
tissue., Preferably, the mammalian tissue is engi
neered tissue, i,e,. tissue generated by in- vitro
tissue eng i neering techniques., It is particular
preferred that the mam malian engineered tissue is
engineered heart tissue,. A s used herein, the term
"engineered heart tissue" means a tissue of mammalian
origin, preferably o f human or primate origin, which
comprises mammalian cardiac myocytes and has been
obtained by tissue engineering techniques.. A s used
herein, the terms "car diac myocyte" and
"cardiomyocyte" are used interchangeably and refer to
a cell composed of myofibrils that provide con trac
tile force when stimulated. Apart from cardiac
myocytes, heart tissue can also comprise fibroblasts,
endothelial cells, smooth muscle cells, macrophages
and other cells of mononu clear origin.. Preferably,
the pouch-like construct comprises or consists of
mammalian tissue comprising cardiac myocytes .
Typically, the presence o f cardiac cells within a
tissue construct can be confirmed by positive staining
with anti-cardiac myosin heavy chain, anti- a-actinin,
anti-desmin and/or anti-cardiac tro ponin I antibodies
{see Kehat I , et a l . (2001), J Clin Invest 108 ,
407-14) .. More than 25% o f the volume o f the pouch-
like construct may consist o f cardiac myocytes.,
Preferably, these tissues are designed such that they
confer contractile prop er ties to the construct. The
in-vitro generation of contractile engineered heart
tissue comprising cardiac myocytes has been 



extensively described in the art, for example in
Zimmermann WH, et al., (2002), Circ Res,., 90:223-30;
Zimmermann WH, et a l . (2000), Biotechnol Bioeng,
68:106-14, or in international ap plication WO 01/5529
7,. Here, it was shown that threedimensional
contractile heart muscle constructs can be ob tained
from mammalian cardiac myocytes. The pouch-like con
structs of the present invention may be prepared
according to the same reconstitution mixture and
protocols disclosed in these publications, Due to
their unique shape, the constructsadvantageously offer
structural support (restraint) as well as functional
support (contractility) to failing hearts The con
structs according to the invention preferably have a
wall thickness of 1-8 mm, more preferably 2-3 mm. Due
to the con siderably low thickness of the constructs,
it is possible to use a plurality of these constructs
nested one in the other in an onion- like fashion, In
general, the pouch- like constructs of the invention
can be generated from muscle and non-muscle cells as
well as from mixtures of muscle and non-muscle cells
Muscle cells may in clude primary and stem cell
derived cardiac myocytes as well as primary and stem
cell derived skeletal and smooth muscle ce l l s .
These cell types would either actively support myocar
dial contractility by conferring force of contraction
to the heart or offer passively structural support to
the h ea r t For example, cardiac myocytes obtained
from cell samples of hearts of different mammals, such
as rat, mouse, primates or human, may be used for
preparing the contractile engineered tissue, as
described in Zimmermann, et al ., Circ Res 90, 223-30
(2002) and International application WO 01/5529 7..
Preferably, fetal or neonatal cardiac myocytes are
used for engineering the tis sue con structs . These
cells are particularly suitable, since they have the
capability to redif ferentiate after dedifferentiation
It has also been shown that mixed populations con
sisting of almost identical portions of cardiac
myocytes and non-cardiac myocytes result in engineered
tissues with in creased contractile properties
compared to selected cardiac myocytes (Zimmermann et
al . (2003), Heart Failure Rev , 8 , 259-269) "
Briefly, a solution of a scaffold substance (such as
collagen type I ) is mixed with culture medium (final
concentration in the mixture: 1 x DMEM; 2% chicken
embryo extract; 10% horse serum; 100 mg/ml
Streptomycin; 100 U/ml penicillin) . . The pH ofthe
mixture is adjusted to a physiologic pH value of about
7 4 with 0 1 N NaOH Engelbreth-Holm-Swarm tumor
exudate {known as "Matrigel") is added to give a final
concentration of 5-15% This mixture is added to a cell
suspension of fetal or neona tal cells (for example, 2
5 x 10 cells/ engineered heart tis sue) . The
reconstitution mixture is incubated for 0 5-3 h ,
preferably for 1 h , at 370C in a humidified cell
culture incu bator (5-10% CO2 in room air) to
facilitate hardening The re sulting tissue construct
is further cultured in a suitable me dium In this
step, which has been used for casting the tissue
construct Suitable culturing conditions are described
in the art and comprise a physiological temperature
range of 30-40C, preferably 36-38 0C , and more
preferably 37 0C . The percentage of O2 in the ambient
air should range from 21-80%, preferably 70%, 60%,
50%, and more preferably 40% Culturing may be per
formed for 3 to 50 days, preferably 10-30 days, and
more pref erably 15-2 0 days It has been shown that
the Matrigel in the medium may be sub stituted against
insulin and triiodothyronine in order to pro vide a
more defined medium The addition of insulin (for exam
ple, 10 mg/ml) and triiodothyronine (for example 1 nM)
allowed for the generation of strongly contracting
engineered tissues Simultaneous addition of both
factors for only 24 h at the be ginning of the tissue
culture was sufficient By using insulin and
triiodothyronine during tissue construction, improved
con tractility was achieved with the engineered heart
tissues . These effects did not stem from enhanced
overall cell number in the engineered tissues, since
no difference in the DNA con tent and no apparent
structural differences were observed 



Rather, the effects may be the result of enhanced
protein con tent or improved survival of cardiac
myocytes leading to a higher cardiac myocyte fraction
without an apparent change of the overall cell
numberAdditionally, the culturing of the engineered
tissues of the invention may also be performed by use
of media as described above, wherein the serum is
replaced (e g by ESC) Culturing may also be performed
in serum-free media. A serum-free medium suitable for
culturing the cardiac myocytes is exemplified in Table
1 . The person skilled in the art will readily be able
to further modify the medium on the basis of the
disclosure pro vided herein by replacing distinct
components and/or growth factors by similar sub
stances . Table 1 : Serum-free culture medium
Following the above protocols, it will also be
possible to generate pouch- like constructs from cells
of heart tissue other than cardiac myocy tes . The
skilled person will appreci ate that constructs
without cardiac myocytes will serve as a pure
restraint device without providing any contractile sup
port to the failing heart In this regard, human
mesenchymal stem cells, e.g.. from the bone marrow,
blood, heart tissue, or fat tissue (for example,
islet-1, CDIl 7 and/or CD105 positive) may be used as
a starting material Further, resident or circulating
endothelial stem cells, for example, from the bone
marrow or blood (e .g . CD133 and/or CD34 positive)
may be used. Primary mesenchymal (e g vimentin, CDIl 7
and/or CD105 posi tive) and endothelial (e.g. CD34
and/or CD31 positive) cells from the bone marrow,
blood or heart tissue may also be used in this respect
. According to a further aspect, fibroblasts, smooth
muscle cells, and the like will serve as a starting ma
terial, For example, Zimmermann WH, et al " (2006),
Nat Med, 12:452-458, describes the generation of
engineered heart tis sue (EHT) from fibroblasts (about
80%) and smooth muscle c e l ls Non-contractile cell
fractions from enzymatically (trypsin/DNase) digested
hearts were grown on standard culture dishes and
propagated by serial plating Subsequently, cells were
detached from the culture dish by trypsin/EDTA
treatment . Dispersed cells (250 000-10 "000 000,
ideally 2 500 000 were mixed with collagen and
concentrated culture medium according to the protocol
published in Zimmermann et al 2002 Circ Res Matrigel
is not necessary to generate non-contractile tissue
constructs Culture is performed according to the
published protocol It must be understood that many
cell types including fibroblasts from heart biopsies
from mammals including humans, fat tissue-derived
mesenchymal stem cells (from liposection samples) from
mammals including humans as well as endothelial cells,
smooth muscle cells, pluripotent stem cells and others
can be applied to generate non-contractile tissue
constructs that can be applied as restraint devices .
Additional benefit may stem from paracrine factors, e
.. g.. growth promoting fac tors, angiogenic factors
or antiapoptotic factors.. Examples for such factors
include, but are not limited to, VEGF, HGF, PLGF PDGF,
CT-I, FGF, SDF-I, HCG, IGF-I, BMP and others These
factors could induce angiogenesis, support heart cell
sur vival, induce cell proliferation or hypertrophic
growthAccording to a particular preferred embodiment
of the inven tion, the cells which are used for
preparing the pouch- like constructs of the invention
are derived from the patient who shall receive the
construct in order to prevent or ameliorate distension
and/or resisting dilation of the heart Accord ingly,
the construct will essentially consist of tissue that
originates from the patient to be treated. As outlined
above, stem cells of different mammalian origin are
also a suitable source for generating pouch-like
tissue constructs comprising cardiac myocytes .
Pluripotent embryonic stem cells may be used for
preparing the pouch- like tissue constructs of the
invention However, other types of stem cells, such as
pluripotent adult stem cells may also be used The
preparation of contractile tissue constructs derived
from human stem cells is particularly described in the
example part of the present invention This protocol
can be applied to the novel molding method of the
present invention 



The invention further provides a method for the
preparation of the above-described pouch- like
construct Thus according to a separate aspect of the
invention, a method for the preparation of a pouch-
like construct suitable for enclosing at least part of
the heart of a mammal and comprising engineered tissue
com prises the following steps: a ) providing a matrix
having a recess in one surface of the matrix, which
recess has dimensions corresponding to the desired
dimensions of the exterior of the pouch-like construct
to be formed, b ) providing a body having dimensions
corresponding to the desired dimensions of the
interior of the pouchlike construct to be formed,c )
disposing the body in the recess of the matrix such
that the body is spaced from the walls of the recess
to form a space between the body and the walls of the
recess corresponding to the desired dimensions of the
construct, d ) disposing a reconstitution mixture in
the recess, which reconstitution mixture comprises
mammalian cells and suitable scaffold material which
can be in cubated to form an engineered tissue
construct, e ) contacting the reconstitution mixture
disposed within the recess with a culture medium
suitable for culturing the cells in the reconstitution
mixture, f ) incubating the reconstitution mixture
until the tis sue construct forms within the matrix
recess between the body and the matrix until a tissue
construct is formed, g ) removing the body with the
tissue construct adherent thereto from the matrix
recess, and h ) separating the tissue construct from
the body. Thus, according to the method, a matrix with
a recess in one surface and a body are provided, the
body is disposed in the recess, and a reconstitution
mixture is introduced into the recess in order to form
the pouch-like construct from the tis sue cells of the
reconstitution mixture in the space between the outer
surface of the body and the inner surface of the ma
trix walls defining the recess, The matrix together
with the body serves as a mold. A s used herein, the
term matrix desig nates any body having a recess or
cavity used for shaping an object or material and is
e,,g,, a mold or part of a mold,,Within the meaning of
the present invention, the term "reconstitution
mixture" designates a mixture comprising mammalian
cells and suitable scaffold material which can be
incubated to form an engineered tissue construct,,
Reconstitution mixtures for generating engineered
heart tissue are exemplified in the prior art
mentioned above , While the recess has dimensions
which correspond to the dimen sions of the exterior of
the desired pouch- like construct, the body to be
disposed in the recess has dimensions corresponding to
the desired dimensions of the interior of the
construct , In other words, by choosing the dimensions
of the body in rela tion to the dimensions of the
recess, the available space for introducing the tissue
reconstitution mixture which forms the pouch-like
construct is determined, The person of skill will have
no problems in changing the space between the body and
the walls defining the recess of the matrix in order
to adjust the volume of the tissue reconstitution
mixture, that he in tends to apply, to a particular
application,, For example, when the preparation of a
pouch- like construct for use as a support device of a
rat heart is sought, body and recess can be chosen to
have a spherical shape ox the shape of a segment of a
sphere, A s shown in Figure 1 , a matrix recess having
the shape of a segment of a sphere with a diameter of
14 mm and a spherical body having a diameter of 10 mm
may be used,, The body is disposed in a spaced
relationship with respect to the walls defining the
recess., Preferably it is disposed in the recess such
that the radial distance between the body and the
walls defining the recess is essentially uniform, i ,e
ap proximately the same at each location within the
space, which 



means that the radial distance is about 2 mm . In this
manner, it was possible to dispose about 4 m l of
tissue reconstitution mixture in the space between the
body and the walls of the re cess "The dimensions of
the space between the body and the walls of the recess
determine the dimensions of the pouch- like con struct
formed.. The concrete design chosen for the recess of
the matrix depends on the size of the heart to be
treated with the tissue construct. For example, if the
pouch- like construct is intended for supporting a
human heart, it should have a length of about 50-200
mm, preferably of about 80-150 mm, and more preferably
or 100-120 mm, wherein the length is measured from the
center of the bottom of the pouch-like construct to
the center of the opening of the pouch-like construct
. For disposing the mixture for the reconstitution of
the tissue construct in the recess, in the easiest
embodiment the recon stitution mixture is prepared and
subsequently pipetted into the recess of the matrix..
Of course, it is also possible to directly add the
distinct components of the reconstitution mixture into
the recess and to thoroughly mix these components by
repeatedly p ip etting The method further comprises
contacting the reconstitution mixture within the
recess with a culture medium that is suit able for
culturing cells in the mixture such that they can form
the con stru ct . Accordingly, the matrix used for the
preparation of the pouch- like construct can be any
matrix which allows a suitable contact between the
tissue reconstitu tion mixture in the recess of the
matrix and a medium used for culturing the tissue
construct during its formation. After the body and the
reconstitution mixture have been dis posed in the
recess in the above manner and the reconstitution
mixture has been brought into contact with a culture
medium, the arrangement is incubated for 3 to 50 days,
preferably 10- 30 days, and more preferably 12 to 20
days until the tissue construct has been formed around
and on the outside of the body A s outlined above, the
same media as used within the reconstitution mixture
can be used during this incubation pe riod. Suitable
culturing conditions are described in the art and
comprise a physiological temperature range of 30-40 0
C , preferably 36-38 0C , and more preferably 37C The
percentage of O2 in the ambient air should range from
21-80%, preferably 70%, 60% 50%, and more preferably
40%. In this connection it is to be understood that
the step of contacting the reconstitution mixture with
a culture medium does not have to be performed prior
to the step of incubating the reconstitution mixture .
It is also possible that the con tacting step is
performed during the incubating step or be tween two
parts of the incubating step. For example, it is
preferred that the reconstitution mixture is incubated
without being in contact with a culture medium for a
first period of time of e g I h until the
reconstitution mixture solidifies or hardens to some
extent, e.g into a semi-solid, and that only this
reconstitution mixture of increased viscosity is
contacted with a culture medium Following this
contacting step, a further incubation period is
performed for the abovementioned periods of time
Following formation of the construct within the
recess, the body is removed from the recess together
with the construct adhering to the body Then, the
construct is separated and re moved from the body
without damaging the construct . The iso lated
construct may then be stored in an appropriate culture
medium until use. Such culture medium may include, for
exam ple, (DMEM, 10% horse serum, 2% chick embryo
extract, 100 U/ml penicillin, 100 mg/ml streptomycin)
According to a preferred embodiment, the step of
providing a matrix includes providing a porous matrix,
the pores of which are at least partially filled with
a liquid in order to impede outflow of reconstitution
mixture from the recess into the porous matrix by
blocking outflow paths.. The step of contacting the
reconstitution mixture disposed within the recess with
a culture medium includes disposing a liquid culture
medium on the surface of the matrix in which the
recess is form ed . In 



this way, a layer is formed on this surface of the
matrix that covers this surface including the free
surface of the recon stitution mixture in the recess .
Subsequently, mixing between the layer of culture
medium and the reconstitution mixture oc curs via the
boundary surface and/or by the culture medium moving
into the pores of the m a tr ix . A suitable matrix
com prises or consists of agarose, alginates, Agar or
PEG For a agarose matrix, the agarose content can be
adjusted (2-10%) to alter culture medium perfusion
throughout the mold In an alternative embodiment, a
porous or non-porous matrix can be provided which
already contains the culture medium which is to be
used for culturing the tissue constructs in solid,
semi-solid or liquid form throughout the entire matrix
or at least in the regions adjacent the recess For
example, an agarose matrix may be prepared by mixing
dissolved agarose with concentrated culture medium
(e.. g . addition of 2x DMEM, 20% horse serum, 4%
chick embryo extract, 200 U/ml penicillin, 200 mg/ml
streptomycin to 4% agarose yields a final mixture
containing 2% agarose in culture medium) Care has to
be taken to add the sterile culture medium components
to solubilised agarose, e.g. at 40-60 0 C . Hardening
will occur after incuba tion at room temperature Of
course, it is also possible to combine aspects of
these two embodiments, e.g. by using a po rous,
liquid-filled matrix which includes a culture medium
and by disposing a layer of liquid culture medium on
top of the matrix surface The body used for
establishing the interior of the pouch-like construct
preferably has a spherical sh ap e Further, it is
constructed such that at least a surface layer of the
body ismade of a material that is inert with respect
to the reconstitution mixture and allows for readily
separating the pouchlike construct from the body once
the construct has formed., It is preferred that the
body comprises a surface layer of glass, stainless
steel, teflon, delrin or silicone.. Even more pref
erably, the entire body consist of one or more of
these mate rials. For example, the body can be a glass
ball. It is to be understood that disposing the body
in the recess might be performed by disposing the
entire body in the recess o by disposing only part of
the body in the recess with the remainder of the body
projecting out of the recess , In the latter case, the
pouch-like construct, of course, only forms on and
about the portion of the body disposed in the recess.,
Further, the remainder of the body projecting out of
the re cess may be used to manipulate or mount the
body,, The body can be mounted on a rod-shaped
portion., The rodshaped portion can be used to connect
the body with a fixture by means of which the position
of the body within the recess of the matrix can be set
and precisely maintained throughout the formation of
the construct on the body., In a further preferred
embodiment, the body is an inflatable structure, such
as an inflatable balloon which is connected with means
for effecting a precisely controlled inflation of the
body.. By controlled inflation, for example by using a
suitable pump, the dimensions of the balloon forming
the body can be precisely adjusted, so that the space
between the body and the walls of the recess and,
ultimately, the wall thick ness and the interior
dimensions of the engineered tissue con struct can be
adapted to a particular application,, The balloon can
be made of silicone or similar flexible inert
materials and can be filled with water, mineral oil or
air connected to a pump to inflate the balloon.
Further, the balloon may be inflated and deflated
during or after the formation of the con struct at a
given rate (e.g. 1-10 Hz) and rhythm (e.g, sinus
rhythm} . This would allow simulation of physiological
loading and unloading of a ventricle and can (1)
improve the mo pho logical and functional properties
of the tissue constructs and (2) allow force
measurements by detecting the pressure change in the
balloon developed by the spontaneously contracting tis
sue constructs . In the method according to the
invention, it is irrelevant whether the body or the
reconstitution mixture is disposed in 



the recess f ir st Thus, either the body is introduced
into the recess after a suitable quantity of
reconstitution mixture was filled into the recess, or
the space between the body and the walls of the recess
is filled with a suitable amount of recon stitution
mixture after the body was put in position within the
recess " According to a particularly preferred
embodiment, the pouchlike constructs obtained from the
surface of the body in step h ) are further processed
by culturing the constructs under tensile stre ss
According to a preferred embodiment of the in vention,
tensile stress is applied in a static, phasic or
auxotonic manner or a combination thereof Tensile
stress can be performed for example by actively
stretching the engineered tissues, for instance by use
of a mechanical stretching device like the one
described in Zimmermann, W ..H et al , Circulation Res
90, 223-3 0 {2002) . Such device can provide for a
"static" load, i.e. a permanent load produced by
expanding the tissue construct by 3 to 20%, preferably
10%, of its original length (original length
determined in the absence of any load) as de scribed
in WO 01/55297 . Alternatively, a "phasic" load can be
applied by periodically expanding the tissue construct
by 3 to 20%, preferably 10% of its original length,
for example at a frequency of 0,1-10 Hz, preferably
1-5 H zAccording to a particularly preferred
embodiment of the inven tion, the tensile stress is
auxotonic str ess . Applying "auxotonic stress", as
used herein, means that the engineered tis sue
constructs are kept under conditions so that they have
to contract against a defined force and are reexpanded
during re laxation by another force or, preferably,
the same force. For example, if the construct is held
under tension by using a spring, this spring will
provide a defined force against which the engineered
heart tissue constructs must con tract . Upon re
laxation of the tissue constructs, the spring will
expand the tissue constructs . It has been found that
culturing the engi neered heart tissue constructs in
this manner leads to a con siderable increase of
contractile properties compared to pha sic and static
p rocesses . Therefore, the pouch- like engineered
heart tissue constructs show improved maximal active
forces during contraction. Under auxotonic load, the
tissue con structs have to perform contraction under
conditions which re semble the systole and diastole
phase of the heart cycle . In other words, the tissue
constructs are held under conditions which corresponds
to the native environment of active heart tissue
Devices that might be used for culturing engineered
tissue constructs under tensile stress are described
elsewhere in the art, for example in WO 01/55297,
European application 05400038.. 5 , and in Zimmermann
WH, et al . (2006), Nat Med, 12 :452-458 In accordance
with these disclosures, the person of skill will be
able to provide means for applying tensile stress to
the pouch- like constructs of the present invention.
The pouch- like constructs can be suspended in or on a
suitable device, such as an inflatable and deflatable
balloon. A suit able device is shown in the middel
panel of Fig, 2 , Alterna tively, tensile stress may
be applied to the constructs of the invention by
placing the constructs on an inflatable ba lloon .In
several publications, it was demonstrated that
contractile properties of artificially synthesized
heart tissue can be im proved by mechanically
stretching the tissues after casting (see Eschenhagen
et al ., 2002; Fink et al ", 2000; Zimmermann et al, ,
2002b). It has been demonstrated that mechanical load
improves both orientation and differentiation of
muscle cells in engineered tissues, Tensile stress can
be applied for a pe riod of time ranging from several
hours to more than 40 days,, Preferably, tensile
stress is applied for 5-9, more preferably 7 days.
During imposing tensile stress, the engineered tissues
are cultured under the conditions as described above .
According to a further aspect, the invention relates
to a method of treating a disease which is associated
with dilation of the heart of a mammal, The treatment
comprises steps in which the pouch- like construct of
the invention is applied to the surface of the heart
in order to prevent distension and/or 



resisting dilation of the heart , Preferably, the
mammal is a h um an . The invention further relates to
the use of the pouchlike construct of the invention
for preventing distension and/or resisting dilation of
a mammalian heart, preferably of a human heart
According to a further aspect, the invention relates
to the use of the pouch- like construct of the
invention for drug tar get validation and drug
development. According to a preferred embodiment, the
pouch- like construct is used in drug screening or
target validation assays, In this context, it is
preferred that the pouch- like construct used is
derived from a mammal, such as a human For example,
the pouch- like construct can be used to analyze the
capability of candidate drugs to interfere with the
physiological function of the native cardiac tissue of
a mammal,. For this, the capability of said candidate
drug to enhance or reduce contractile functions of the
pouch- like construct is determined. Moreover, the
pouch-like constructmay be used in determining the
influence of the activity of certain genes on the
physiological function of the native car diac tissue
of a mammal (referred to herein as target valida tion)
. For this purpose, genes of the cells within the con
structs (or cells which are used for preparing the
same) may be knocked-out or overexpressed or otherwise
influenced in view of their expression rate (e.g. by
addition of inhibitory molecules, such as small
interfering RNAs) Genes may be se lectively switched
on or off, and the alterations in the con tractile
functions of the pouch- like construct are determined.
EXAMPLES Statistical analysis Data are presented as
mean + standard error of the mean Sta tistical
differences were determined using a repeated ANOVA
(contraction experiments) . A P value of < 0.05 was
considered statistically significant Methods and
Materials All procedures were approved by the local
animal protection authority (BWG of the Freie und
Hansestadt Hamburg: #54/04) and conformed to the Guide
for the Care and Use of Laboratory Animals (NIH
publication 86-23, revised 1996) . Cell isolation
Cardiac myocytes were isolated from neonatal Wistar
rats {postnatal on day 0-3) by a fractionated
DNase/Trypsin diges tion protocol as described in
Zimmermann WH, et al . (2000), Biotechnol Bioeng,
68:106-14 The resulting cell populationwhich consisted
of approximately 50% cardiomoycytes and 50%
non-myocytes (Naito H , et al {2006), Circulation
114:1 72-8) was immediately subjected to EHT
generation, Construction of a casting mold for a
pouch-like construct A novel casting mold was
developed to facilitate the const uc tion of
pouch-like engineered tissue (Fig. 1 and 2),. Briefly,
the pointed tip of a sterile 50 m l polypropylene tube
with a screw cap (#62,54 7.004; Sarstedt, Germany) was
cut off under sterile conditions.. Subsequently, a
round glass spacer (diame ter: 14 mm) connected to a
shaft {diameter: 13 mm) was placed into the tube,.
Subsequently, sterile 2% agarose, either in phosphate
buffered solution or in serum- containing culture me
dium (DMEM, 10% horse serum, 2% chick embryo extract,
100 U/ral penicillin, 100 mg/ml streptomycin} were
filled into the tube . The agarose was allowed to
solidify,. Thereafter, the glass spacer was removed
leaving a hollow circular space in the aga rose block
Another round glass spacer was then inserted into the
hollow space to construct the final casting mold..
This spacer had a diameter of approx. 10 mm with a
thin shaft of a diameter of 2 mm) . The described
set-up was assembled under sterile conditions .
Generation of pouch- like constructs 4 m l of an
engineered heart tissue reconstitution mixture con
taining 1OxIO 6 freshly isolated neonatal rat heart
cells (ap proximately 50% cardiomoycytes and 50%
non-myocytes), 3,2 mg solubilized collagen type I ,
Matrigel (10% v/v) and concen trated culture medium
(2x DMEM, 20% horse serum, 4 % chick em bryo extract,
200 U/ml penicillin, 200 mg/ml streptomycin; to 



adjust the culture medium concentration in the
complete reconstitution mixture to Ix DMEM, 10% horse
serum, 2% chick embryo extract, 100 0/tnl penicillin,
100 mg/ml streptomycin) was pipetted into the mold
Matrigel can be replaced by Insulin {10 mg/ml) and
triiodothyronine (1 nM) as described earlier (Naito H
, et al (2006), Circulation, 114:1 72-8) The
engineered tissues were then incubated for 1 h at 370C
in a humidified cell culture incubator (10% CO2 in
room air) to facilitate hardening of the
reconstitution mixture Subsequently, culture medium
(DMEM, 10% horse serum, 2% chick embryo extract, 100
U/ml penicillin, and 100 mg/ml streptomycin) was
carefully added to not disturb the reconstitution
mixture The agarose mold allowed free diffusion of
culture medium throughout the casting mold enabling
unrestricted supply with nutrients and oxygen to the
reconstitution mixture , The engineered heart tissue
condensed within 3-7 days and started to contract spon
taneously The constructs maintained their
spontaneously con tractions (1-2 Hz) throughout the
experiments for at least 14 days Spontaneously beating
engineered heart tissue were transferred onto flexible
holders to facilitate auxotonic con tractions on
culture day 7 . Analyses of morphological and con
tractile properties of the constructs were examined
after 12- 14 culture days . The size of the construct
was eventually com parable to the size of a native
adult rat heart (Figure 3 ) Isometric force
measurements Force of contraction (twitch tension: TT)
, resting tension (RT), and contraction kinetics
(contraction time: Tl; relaxa tion time: T2) of the
engineered tissues were analysed under isometric
conditions and electrical stimulation in standard
organ baths as previously described (Zimmermann WH, et
al (2002), Circ Res, 90:223-30) Inotropic and
lusitropic re sponses to calcium (0 2-2 8 mmol/1) and
isoprenaline (0 1-10 00 nmol/1) of the pouch-like
constructs were analysed and compared to native
myocardium (Zimmermann WH, et al (2002), Circ Res,
90:223-30).. The pouch-like tissue constructs could be
stimulated in a electrical field (0,5-6 Hz; Figure 4A
demon strates contraction amplitudes of electrical
stimulated [at 2 Hz] constructs) and demonstrated a
baseline twitch tension of 0.7+0.2 mN at 0.2 mmol/1
calcium (n=4) . Addition of calcium and isoprenaline
increased twitch tension to 1.2+0.3 mN and 0.9+0.3 mN,
respectively (n=4; Figure 4C+D) . Figure 4B shows an
original tracing of a contraction experiment (upper
and lower lines indicate maximal [systolic] and
minimal [dia stolic] force of pouch- like constructs..
Taken together; pouchlike engineered heart tissue show
contractile properties of native mammalian myocardium
Morphologic evaluation of the engineered heart tissues
Formaldehyde fixed engineered heart tissues were
embedded in paraffin, sectioned, and stained with
hematoxylin and eosin (H&E) for light microscopic
evaluation or processed for LSM as described
previously in Zimmermann WH, et al . (2002), Circ Res,
90:223-30. Specific labelling of a-sar comer ic
actinin and sarcomeric actin, CD31, and prolyl
-hydroxylase was employed with appropriate secondary
antibodies to identify cardiomoycytes, enothelial
cells, and fibroblasts in the engineered heart tissues
. Confocal laser scanning analyses were performed with
a Zeiss LSM 510 META system. The pouch-like tissue
constructs contained a highly intercon nected network
of differentiated cardiomyocytes . Cells were
interconnected through connexin 43 suggesting
electrical cou pling and formation of a functional
syncytium. Notably, the surface of the engineered
heart tissues was covered by a dense epithelium
consisting of prolyl -hydroxylase positive cells
suggesting that fibroblast- like cells formed a
pseudo-epi/endocardium. CD31 and lectin staining
demonstrated the forma tion of capillary like
structures throughout the engineered heart tissues.
Implantation of engineered heart tissues The
engineered heart tissues were implanted in male Wistar
rats (n=10; 300-350 g ) . Anaesthesia was induced in
an induc tion chamber filled with isoflurane (4%) and
maintained after incubation and continuous ventilation
with room air supple 



mented and isoflurane (1%) throughout the surgery as
described earlier in Zimmermann WH, et al (2006), Nat
Med, 12:452-458 The thoracic cavity was opened through
a bilateral thoracotomy (Figure 5A) or left lateral
thoracotomy {n=10; Figure 5B) . The hearts were
exposed after excision of the pericardium. The en
gineered heart tissue construct was slipped over the
entire left and right ventricles from apex to base and
fixed with two sutures (5-0 Ethibond , Ethicon) at the
anterior and lateral base of the beating hearts..
Tardomyocel (r) (12,500 IU pen icil lin/kg and 15 5 mg
streptomycin/kg, intramuscular injection; Bayer) and
buprenorphine hydrochloride (0.1 mg/kg, intraperi
toneal injection) were injected during su rgery .
Cyclosporine A (5 mg/kg) , azathioprine (2 mg/kg) ,
and methylprednisolone (2 mg/kg) were administered
daily by subcutaneous injection for immune suppression
. All animals survived this procedure . 14 days after
implantation, we could clearly identify the en grafted
pouch- like engineered heart tissues on the heart (Fig
ure 6 ; left panel) . Moreover, confocal laser
scanning analyses indicated that morphological
structures of native myocardium were maintained in
engrafted engineered heart tissues (Figure 6 ; right
panel) .. In addition, vascularization of engrafted
tissue constructs was ob serv ed .Engineered tissue
construction from human embryonic stem cells Suitable
ES cell lines Pluripotent human embryonic cell lines
have been established and can be commercially obtained
from different providers , These cell lines have been
listed by the US National Insti tutes o f Health
(Bethesda, Maryland, USA) , from which further
information as to the cell line characteristics and
providers may be obtained., The following ES cell
lines are available and may be used for preparing
engineered heart tissue: cell lines hESBGN-01,
hESBGN-02, hESBGN-03 from BresGen, Inc., (Athens,
USA), NIH Code: BGOl, BG02, BG03 ; cell lines
Sahlgrenska 1 , Sahlgrenska 2 from Cellartis AB (G
dteborg, Sweden), NIH Code: SAOl, SA02; cell lines
HES-I, HES-2, HES-3, HES-4, HES-5, HES- 6 from ES Cell
International (Singapore) , NIH Code: ESOl, ES02,
ES03, ES04, ES05, ES06; cell line Miz-hESl from the
Medical Research Center, MizMedi Hospital (Seoul,
Korea), NIH Code: MIOl; cell lines I 3 , I 3,. 2 , I
3,3, I 4 , I 6 , I 6,2, J 3 , J 3., 2 from the Rambam
Medical Center (Haifa, Israel), NIH Code: TE03, TE32,
TE33, TE04 , TE06, TE62, TEO 7 , TE72; cell lines
HSF-I, HSF-6 from the University of California, Depart
ment o f Obstetrics, Gynecology & Reproductive
Sciences (San Francisco, USA), NIH Code: UCOl, UC06;
cell lines Hl, H7, H 9 , H13, H14 from the Wisconsin
Alumni Research Foundation (Madi son, USA), NIH Code:
WAOl, WA07, WA09, WAl 3 , WAl 4 . Different groups
have shown that human embryonic stem cell lines WAOl
(Hl), WAO 7 (H7) , WA09 (H9) including subclones H9.1,
H9.2 and ES02 can differentiate either spontaneously
or if co-cultured with visceral -endoderm like cells
(END-2) or liver parenchymal carcinoma cells (HepG2)
into cardiac myo cytes (Xu, C , et al "
Characterization and enrichment of car diac myocytes
derived from human embryonic stem cells,, CircRes 91,
501-8 (2002); Kehat, I , et al ., supra; Mummery, C .
et al . Differentiation of human embryonic stem cells
to cardiac myocytes: role of co-culture with visceral
endoderm-like cells. Circulation 107, 2733-40 (2003)).
However, the propen sity of mammalian embryonic stem
cells to differentiate into cardiac myocytes is an
inherent trait of all true embryonic stem cells and
thus not limited to the above mentioned cell lines.
Apart from embryonic cells, other stem cells may be
used for preparing the engineered tissue constructs
according to the invention. Such stem cells include,
but are not limited to, human pluripotent adult stem
cells with a propensity to give rise to cardiac
myocytes (e.g. c-kit positive cells (BeItrami et al "
Cell 2003), endothelial progenitor cells (Badorff et
al , Circ Res 2002), side population cells (Jackson et
al , JCI 20Ox), Sca-1 positive cells (Oh et al .
2002), IsI-I posi tive cells (Laugwitz et al . 2005),,
These cells may be derived from the blood, bone marrow
or from various organs including the heart, the liver,
umbilical cord, placenta, fat tissue, 



among others . It is particularly preferred to employ
genetically modified human embryonic stem cells for
reconstitution of engineered heart tissue, e.g. cells
capable of expressing proteins that allow selection of
cardiac myocytes and/or depletion of nonmyocytes . By
selecting ES, homogenous cell populations can be
formed which may again be substituted with defined and
also selectable non-myocytes which include, but are
not limited to, endothelial cells, fibroblasts, smooth
muscle cells, and macrophages within the engineered
heart tissue.. Moreover, se lection allows for
depletion of tumorigenic cells which is a prerequisite
for the use of the engineered heart tissues in
therapeutic approaches . Selection can be performed
before or simultaneously with reconstitution of the
cells. For instance, in vitro-dif ferentiation may be
performed directly after propagation of the ES cells
and the resulting embryonic stemcell derived cardiac
myocytes can be subjected to selection before
reconstituting the engineered heart tissue A lterna
tively, undifferentiated embryonic stem cells are
propagated and used for the preparation of engineered
heart tissue con structs and selection is performed on
the constructs at a later stage Preferably, selection
is to be performed after the constructs have been
formed Selection may be achieved by stable
introduction of selectable marker genes The expression
of such genes is controlled ei ther by a cardiac
myocyte specific promoter {positive selec tion) or a
non-myocyte specific promoter {negative selection)
into embryonic stem cells These may be but are not
limited to: amino-3' glycosyl phosphotransferase
conferring a neo mycin resistance [neoR] herpes
simplex virus thymidine kinase [TK] which transforms
ganciclovir into a cytotoxic triphosphate purine
nucleoside phosphorylase [PNP] from Escherichia coli
which converts fludarabine to toxic fluoro-ATP
fluorescing proteins and b-galactosidase which facili
tate optical identification Expression of neoR,
fluorescing proteins, or b-galactosidase under the
control of a cardiac myocyte specific promoter, e g
a-myosin heavy chain promoter (see Klug, M G.,
Soonpaa, M H , Koh, G Y Sc Field, L J . Genetically
selected cardiac myocytes from differentiating
embryonic stem cells form stable intra cardiac grafts
J Clin Invest 98, 216-24 (1996)), myosin light chain
2v promoter (see Muller, M et al Selection of ven
tricular -like cardiac myocytes from ES cells in vitro
Faseb J 14, 2540-8 (2000)) enable positive selection
of cardiac myo cytes by eliminating non-myocytes
either through addition of cytotoxic G418 or
fluorescence activated cell sorting (FACS) .The
techniques for selection are well known to the person
of skill. Alternatively, non-myocytes expressing TK or
PNP under the control of a promoter that is not active
in cardiac myo cytes, e.. g.. the Oct-4 promoter
(Boiani, M., Kehler , J , Scholer, H..R. Activity of
the gextnline- specif ic Oct4-GFP transgene in normal
and clone mouse embryos., Methods MoI Biol 254, 1-34
{2004}}, the Rex-1 promoter (see Hosier, B..A,,
Rogers, M .B., Kozak, C ,A.. Gudas , L., J . An
octamer motif con tributes to the expression of the
retinoic acid-regulated zinc finger gene Rex-1
(Zfp-42) in F9 teratocarcinoma cells. MoI Cell Biol
13, 2919-28 {1993}} can be eliminated (negative se
lection) by addition of ganciclovir or fludarabine,
respec tively (Lockett, L.J., Molloy, P,, L..,
Russell, P.. J., Both, G.. W,, Relative efficiency of
tum or cell killing in vitro by two enzyme -prodrug
systems delivered by identical adenovirus vec tors .
Clin Cancer Res 3 , 2075-80 (1997)).. Genetic
modification of human embryonic stem cells is either
performed by stable transformation utilizing
established lipofection or electroporation protocols
to introduce the genetic information [cDNA] into stem
cells {see, for example, Nagy, A , Gertsenstein, M.,
Vintersten, K . S- Behringer, R,. Manipulating the
Mouse Embryo: A Laboratory Manual. (2002); Eiges, R..
et al .. Establishment of human embryonic stem
cell-transf ected clones carrying a marker 



for undifferentiated cells,, Curr Biol 11, 514-8
{2001)) or by lentivirus mediated gene transfer
leading to stable transduc tion of embryonic stem
cells (see Ma, Y.., Ramezani, A., Lewis, R.., Hawley,
R.G,, Thomson, J..A, High-level sustained transgene
expression in human embryonic stem cells using
lentiviral vectors. Stem Cells 21, 111-7 (2003)) ,
Integration of the ex ogenous genetic material is
confirmed by standard methods (e.g.. southern
blotting, polymerase- chain-reaction,- see Sambrook, J
, Russell, D., Molecular Cloning: A Laboratory Man
ual. (2001} ) .Preparing EHTs from selectable,
undifferentiated ES cells Selectable human embryonic
stem cells are used for reconstitution in an
undifferentiated state. The undifferentiated human
embryonic stem cells are cultured for propagation in
DuIbecco's modified Eagle's medium (DMEM) with 20%
batch tested fetal calf serum or 20% serum
replacement, 1 mM L-glutamine, 0 1 mM
b-mercaptoethanol, and 1% nonessential amino acids on
mitotically inactivated fibroblast feeders (see Xu, C
, et al . supra; Kehat, I et al , supra) until a
sufficient cell number of about O.l-lOxlO 6 cells is
reached. All substances are pro vided by several
companies including Invitrogen . Human basicfibroblast
growth factor (bFGF, 4 ng/ml) is not essential but may
be added to improve maintenance of an undifferentiated
state. Antibiotics (100 U/ml penicillin and 100 mg/ml
strepto mycin} may also be added Subsequently,
undifferentiated se lectable embryonic stem cells (0
l-10xl0s cells) are mixed with scaffold material (e.g.
collagen type I , concentration: 0 5- 1.5 mg/ml) and
growth promoting culture medium (see above).. The
total reconstitution volume consists normally of 0 5-1
ml but may be reduced or increased depending on the
respective demand. The reconstitution mixture is
filled into casting molds {e .g the circular molds
described in the WO 01/55297 or the novel mold
disclosed in the present invention) immediately after
m ix ing Under normal culture conditions {e.g. 3 70C ,
5 - 10% CO2, 21-40% O2) solid tissue-like structures
will form within 1-10 days. Under these conditions,
differentiation of the embryonic stem cells occurs
spontaneously and may addi tionally be affected by
exogenous factors (e.g. addition to the culture medium
of growth factors and cytokines including insulin,
insulin- like growth factor, cardiotrophin-1, bone
morphogenic proteins, sonic hedgehog at EC50
concentrations) The solid tissue-like structures may
optionally be transferred on stretch devices (as
described above) to optimize culture medium perfusion
and impose defined mechanical strain - whichmay be
static, phasic, or auxotonic - on the tissue con
structs . Positive or negative selection (see above)
may be performed after formation of contractile aieas
within the engineered tissues 5-3 0 days after casting
of the reconstitution mixture into the mold.
Alternatively, selection may be performed after the
constructs have been transferred to the stretching
device Selection may be performed until optimal tissue
structure and function has developed {e g 10-40 days
depending on the ob served effect) Selection may be
achieved by addition of a de fined pharmacological
agent (e.g G418, ganciclovir, fludarabine) into the
culture medium) Preparing engineered tissue from
ES-derived cardiac myocytes For the preparation of
engineered heart tissue from human cells, we utilised
cardiac myocytes derived from an estab lished human
embryonic stem cell line {H9, H9,2) However, it is to
be understood that all true human and non- human embry
onic stem cells can be used for preparing the
engineered heart tissue of the invention., For
example, human embryonic stem cells derived from
individual blast smeres (Klimanskaya I , Chung Y ,
Becker S , Lu SJ, Lanza R (2006) "Human embryonic stem
cell lines derived from single blastomeres" , Nature,
elec tronic publication ahead of print on August 23,
2006) or from the inner cell mass of an embryo in the
blastocyst stage (Thomson JA et al . (1998), Science
282:1145-7) as well as other multipotent embryonic-
stem cell like cells, e.g. from parthenogenetic
embryos (Vrana KE et al . (2003), Proc Natl 



Acad Sci USA, 100 Suppl 1:11911-6), adult germline
stem cells (Guan K et al.(2006), Nature 440:1199-203),
somatic nucleartransfer derived embryos (Wakayama T et
al . (2001), Science 292:740-3) or reprogrammed
somatic cells (Cowan CA, et al .(2005), Science
309:1369-7; Takahashi K and Yamanaka S (2006), Cell
126:663-76) can be used. Similarly, somatic stem cells
(Badorff C 7 et al .. (2003), Circulation 107:1024-32;
BeItrami AP, et al., (2003), Cell 114:763-76; Dimmeler
S , et al . , (2005); J Clin Invest 115:572-83; Murry
CE, et al ,. (2005), Circulation 112:3174-83) with a
cardiogenic potential are applicable in engineered
heart tissue construction as outlined for embryonic
stem cells., Embryonic stem cell derived cardiac
myocytes were selected by micro-dissection after
spontaneous differentiation in vitro, Differentiation
was performed in suspension culture, and the cells
were subsequently plated on gelatine coated cu l ture
dishes as previously described by Kehat, I et al ., ,
J Clin Invest 108, 407-14 (2001) , Beating clusters
containing embryonic stem cell derived cardiac
myocytes were excised with a sharp, sterile glass or
plastic pipette,, Prior to reconstitution, ES-cell
derived cardiac myocytes were enzymatically dispersed
in collagenase IV (Life Technologies Inc ,, 1 rag/ml
for 20 min) or with trypsin/ EDTA,, ES-cell derived
cardiac myo cytes (10,000 - 15 x 10s dispersed
cells/500 ml reconstitution mix, preferably
20.000-250..000 dispersed cells/500 ml recon stitution
mix) were reconstituted with collagen, Matrigel and
culture medium according to the established protocol
by Zimmermann W ,H , et al ", Circ Res 90, 223-30
(2002) and WO 01/552 97, with the exemption that the
following culture medium was used: DMEM (preferably
containing 80% knock-out DMEM [nopyruvate,
high-glucose formulation; Life Technologies, Inc ]),
20% fetal calf serum, 1 mM glutamine, 0,1 mM b-
mercaptoethanol, 1% non-essential amino acids,
Matrigel can be replaced by a mixture of
triidothyronine (1 nM) and insulin (10 mg/ml) . . The
EHT reconstitution mixture was pipetted into circular
casting molds as described and the mixture was incu
bated to allow hardening . First contractions of
single cardiac myocytes were observed after 24 hours
of human engineered heart tissue culture, larger cell
accumulations within the hu man engineered heart
tissue started to contract synchronouslyafter approx.
1-3 days whereas in unison contractions of whole
engineered heart tissues with 1-2 Hz were observed
after approx 2-10 culture daysCLAIMS 1 . Method for
the preparation of a pouch-like construct suit able
for enclosing at least part of the heart of a mammal
and comprising engineered tissue, wherein the method
com prises the steps of: a ) providing a matrix having
a recess in one surface of the matrix, which recess
has dimensions corresponding to the desired dimensions
of the exterior of the pouch-like construct to be
formed, b ) providing a body having dimensions
corresponding to the desired dimensions of the
interior of the pouchlike construct to be formed, c )
disposing the body in the recess of the matrix such
that the body is spaced from the walls of the recess
to form a space between the body and the walls of the
recess corresponding to the desired dimensions of the
construct, d ) disposing a reconstitution mixture in
the recess, which reconstitution mixture comprises
mammalian cells and suitable scaffold material which
can be in cubated to form an engineered tissue
construct, e ) contacting the reconstitution mixture
disposed within the recess with a culture medium
suitable for culturing the cells in the reconstitution
mixture, f ) incubating the reconstitution mixture
until the tis sue construct forms within the matrix
recess between the body and the matrix,g ) removing
the body with the tissue construct adherent thereto
from the matrix recess, and h ) separating the tissue
construct from the body. 2 . Method according to claim
1 , wherein the step of providing 



a matrix includes providing a porous matrix filled
with a liquid in order to impede outflow of
reconstitution mix ture from the recess into the
porous matrix, and wherein the step of contacting the
reconstitution mixture disposed within the recess with
a culture medium includes disposing a liquid culture
medium on the surface of the matrix in which the
recess is formed in order to form a layer of the
culture medium on top of the matrix and the
reconstitution mixture disposed within the recess. 3 .
Method according to claim 1 , wherein the step of
providing a matrix includes providing a porous matrix
including the culture medium. 4 . Method according to
any of the preceding claims, wherein the body is
spherical. 5 . Method according to any of the
preceding claims, wherein the body comprises a surface
of glass, teflon or silicone. 6 . Method according to
any of the preceding claims, wherein the body is an
inflatable structure. 7 . Method according to any of
the claims 1 to 6 , wherein step c ) is performed
prior to step d ) . 8 . Method according to any of
claims 1 to 6 , wherein step d ) is performed prior to
step c ) .9 . Method according to any of the preceding
claims, wherein after step h ) , the construct is
subjected to tensile stress . 10. Method according to
claim 9 , wherein said tensile stress is static,
phasic or auxotonic stress or a combination thereof .
11. Method according to claim 10, wherein said tensile
stress is auxotonic stress. 12. Pouch-like construct
obtainable by a method according to any of claims 1 to
11. 13. Pouch-like construct suitable for enclosing at
least part of the heart of a mammal, wherein the
pouch-like construct comprises mammalian tissue. 14.
Pouch-like construct according to claim 13, wherein
the pouch-like construct consists of mammalian tissue.
15. Pouch-like construct according to claim 13 or
claim 14, wherein the mammalian tissue comprises
cardiac myocytes. 16. Pouch-like construct according
to claim 15, wherein more than 25% of the volume of
the construct consists of car diac myocytes. 17.
Pouch-like construct according to claim 15 or 16,
wherein the construct has contractile properties. 18.
Pouch-like construct according to any of claims 13 to
17, wherein said mammalian tissue is human heart
tissue com prising human cardiac myocytes.19.
Pouch-like construct according to according to any of
claims 13 to 19, wherein the construct has a wall
thick ness of 1-8 mm. 20. Pouch-like construct
according to claim 19, wherein the construct has a
wall thickness of 2-3 mm. 


