
Isoquinolinone derivatives as NK3 antagonists Field of the invention The
present invention relates to compounds useful in therapy, in particular in
the treatment of psychosis, to compositions comprising said compounds, and
to methods of treating diseases comprising the administration of said
compounds. Background of the invention The currently approved antipsychotic
drugs share the common feature of reducing the dopamine signalling in the
brain. This is achieved through either a dopamine D2 receptor antagonistic
or partial agonistic effect. The first generation antipsychotics (also
referred to as "typical") are often associated with extra-pyrimidal side
effects wherefore the use of these agents have diminished. Second
generation or "atypical" antipsychotics in addition to the D2 receptor
affinity have affinity to the serotonin receptor 2A (5-HT A)- Some atypical
antipsychotics in addition have affinity for the 5-HT C, 5-HT ,or 5-HT
receptors. Atypical antipsychotics give rise to fewer extra-pyramidal side
effects, but are still hampered by weight gain and QTc effects. Examples of
atypicals are clozapine, olanzapine and risperidone. More recently,
neurokinin receptors have been suggested as targets for CNS diseases
[Albert, Expert Opin. Ther. Patents, 14, 1421-1433, 2004]. Neurokinins (or
tachykinins) are a family of neuropeptides, which include substance P (SP),
neurokinin A (NKA), and neurokinin B (NKB). The biological effects of these
substances are primarily effected through binding to and activation of the
three neurokinin receptors NKl, NK2, and NK3. Although some cross
reactivity probably exists, SP has the highest affinity and is believed to
be the endogenous ligand for NKl, and likewise for NKA and NK2, and for NKB
and NK3. NK3 is primarily expressed centrally in regions including cortical
regions, such as frontal, parietal and cingulated cortex; nuclei of the
amygdala, such as the basal, central and lateral nuclei; the hippocampus;
and mesencephalon structures, such as ventral tegmental area, substantia
nigra pars compacta, and dorsal raphe nuclei [Spooren et al, Nature
Reviews, 4, 967-975, 2005]. The NK3 receptor is expressed on dopaminergic
neurons, and Spooren et al has suggested that the antipsychotic effects of
NK3 antagonists are mediated by aninhibition of the dopamine tone,
particularly at the D2 receptor combined with a reduction of the
serotonergic tone, particularly at the 5-HT Areceptor. Two structurally
distinct NK3 antagonists, namely talnetant and osanetant, have been
clinically tested for antipsychotic, and in particular antischizophrenic
effects. Osanetant Talnetant Osanetant proved superior to placebo in
clinical trials, in particular on positive symptoms of psychosis, i.e.
delusions, hallucinations and paranoia [AmJ. Psychiatry, 161, 2004,
975-984]. Similarly, talnetant has been shown in clinical trials to
ameliorate the cognitive behaviour of schizophrenics
[Curr.Opion.Invest.Drug, 6, 717-721, 2005]. Nevertheless, both compounds
are hampered by poor pharmacokinetic and pharmacodynamic properties
including poor solubility, poor bioavailability, relatively high clearance,
and poor blood-brain barrier penetration [Nature reviews, 4, 967-975,
2005]. These results lend support to the notion that the NK3 receptor is a
promising target for the treatment of e.g. psychosis, however emphasising
the need for identifying compounds with adequate pharmacokinetic and
pharmacodynamic properties. WO95/32948 discloses a range of quinoline
derivatives, including talnetant as NK3 antagonists. More recently, WO
2006/130080 discloses compounds having the core structure which compounds
are said to be NK3 antagonists; and WO 2006/050991 and WO 2006/050992
disclose further quinolinecarboxamides derivatives, which derivatives are
said to be NK3 antagonists.WO 2005/014575 discloses compounds of the
formula acetyl wherein R represents N-containing heterocycles, i.e.
pyrazolyl, triazolyl and tetrazolyl. Finally, Ind.J.Chem. Section B, 18B,
304-306, 1979 discloses a study on the synthesis of compounds with the
following core structure After the priority date of the present
application, WO 2008/131779 has published disclosing NK3 antagonists of the
general structure wherein Rl represents inter alia alkyl, and wherein X
represents a cyclic moiety with at least one nitrogen ring atom. Summary of
the invention 



The present inventors have surprisingly found that certain isoquinolinone
derivatives are potent NK3 antagonists, which may as such be used in the
treatment of e.g. psychosis. Accordingly, in one embodiment the invention
relates to a compound of formula I[I] wherein A represent N, CH or CR1;
each R1 independently represents hydrogen, Ci_6alkyl, C2-6alkenyl,
C2-6alkynyl, -C(O)-Ci 6alkyl, -C(O)-C 2-6alkenyl, -C(O)-C 2-6alkynyl,
-C(O)-O-C i _6alkyl, -C(O)-O-C 2-6alkenyl, - C(O)-O-C 2-6alkynyl or phenyl,
wherein said phenyl, Ci_6alkyl, C2-6alkenyl or C2-6alkynyl is optionally
substituted with one or more substituents selected from halogen, hydroxyl,
haloCi_ 6alkyl, nitro, Ci_6alkoxy, and NR2R3; X represents hydrogen,
Ci_6alkyl or - CRaRb-X', wherein X' represents a monocyclic saturated
moiety having 5-6 ring atoms one of which is N and wherein one or two
additional ring atom may be a hetero atom selected from N, O and S, which
monocyclic ring may be substituted with one or more substituent W, wherein
W is selected from Ci_6alkyl, C2- alkenyl, C2-6alkynyl, or (=0); Ra and Rb
each individually represent hydrogen, -CH3 or halogen; Y represents a
hetero aromatic moiety having 5-6 ring atoms, wherein 1-4 of said ring
atoms are selected from N, O and S, which hetero aromatic moiety may
optionally be benzo-fused, and which hetero aromatic moiety may be
substituted with one or more substituent Z, wherein Z is selected from
Ci_6alkyl, C2-6alkenyl, C2-6alkynyl, cyano, halogen, hydroxy, Ci_ alkoxy,
Ci- haloalkyl, and NR2R3; wherein each of R2 and R3 independently
represents hydrogen, Ci_6alkyl, C2-6alkenyl, C2-6alkynyl, hydroxyCi- alkyl,
or haloCi- alkyl; each of R4-R8 and R9-R12 independently represents
hydrogen, Ci_6alkyl, C2-6alkenyl, C2- alkynyl, halogen, NR2R3, hydroxy,
cyano, nitro, Ci_6alkoxy, haloCi- alkyl or hydroxyCi_ ealkyl; and
pharmaceutically acceptable salts thereof.In one embodiment, the invention
relates to a compound of formula I and pharmaceutically acceptable salts
thereof for use in therapy. In one embodiment, the invention relates to a
pharmaceutical composition comprising a compound of formula I and
pharmaceutically acceptable salts thereof. In one embodiment, the invention
relates to a method of treatment, which methods comprise the administration
of a therapeutically effective amount of a compound of formula I and
pharmaceutically acceptable salts thereof to a patient in need thereof. In
one embodiment, the invention relates to the use of a compound of formula I
and pharmaceutically acceptable salts thereof in the manufacture of a
medicament. In one embodiment, the invention relates to a compound of
formula I and pharmaceutically acceptable salts thereof for use in the
treatment of diseases. Definitions In the present context, "alkyl" is
intended to indicate a straight, branched and/or cyclic saturated
hydrocarbon. In particular, "Ci_6alkyl" is intended to indicate such
hydrocarbon having 1, 2, 3, 4, 5, or 6 carbon atoms. Examples of Ci_6alkyl
include methyl, ethyl, propyl, butyl, pentyl, hexyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, 2-methyl-propyl, tert.- butyl, and
cyclopropylmethyl. In the present context, "alkenyl" is intended to
indicate a non-aromatic, straight, branched and/or cyclic hydrocarbon
comprising at least one carbon-carbon double bond. In particular,
"C2-6alkenyl" is intended to indicate such hydrocarbon having 2, 3, 4, 5,
or 6 carbon atoms. Examples of C2-6alkenyl include ethenyl, 1-propenyl,
2-propenyl, 1-butenyl, 2- butenyl, 3-butenyl, and cyclohexenyl. In the
present context, "alkynyl" is intended to indicate a non-aromatic,
straight, branched and/or cyclic hydrocarbon comprising at least one
carbon-carbon triple bond and optionally also one or more carbon-carbon
double bonds. In particular "C2-6alkynyl" is intended to indicate such
hydrocarbon having 2, 3, 4, 5, or 6 carbon atoms. Examples OfC - 6alkynyl
include ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl and
3-butynyl. In the present context "halogen" is intended to indicate members
of the 7th group of the periodic system, e.g. flouro, chloro, bromo, and
iodo. In the present context, "alkoxy" is intended to indicate a moiety of
the formula -OR', wherein R' indicates alkyl as defined above. In
particular "Ci_6alkoxy" is intended to indicate such moiety wherein the
alkyl part has 1, 2, 3, 4 5, or 6 carbon atoms.In the present context,
haloalkyl is intended to indicate an alkyl as defined above substituted
with one or more halogens. In particular, haloCi- alkyl is intended to
indicate a moiety wherein the alkyl part has 1, 2, 3, 4, 5 or 6 carbon
atoms. One example of haloalkyl is 



trifluoromethyl. In the present context, pharmaceutically acceptable salts
include pharmaceutical acceptable acid addition salts, pharmaceutically
acceptable metal salts, ammonium and alkylated ammonium salts. Acid
addition salts include salts of inorganic acids as well as organic acids.
Examples of suitable inorganic acids include hydrochloric, hydrobromic,
hydroiodic, phosphoric, sulfuric, sulfamic, nitric acids and the like.
Examples of suitable organic acids include formic, acetic, trichloroacetic,
trifluoroacetic, propionic, benzoic, cinnamic, citric, fumaric, glycolic,
itaconic, lactic, methanesulfonic, maleic, malic, malonic, mandelic,
oxalic, picric, pyruvic, salicylic, succinic, methane sulfonic,
ethanesulfonic, tartaric, ascorbic, pamoic, bismethylene salicylic,
ethanedisulfonic, gluconic, citraconic, aspartic, stearic, palmitic, EDTA,
glycolic, paminobenzoic, glutamic, benzenesulfonic, p-toluenesulfonic
acids, theophylline acetic acids, as well as the 8-halotheophyllines, for
example 8-bromotheophylline and the like. Further examples of
pharmaceutical acceptable inorganic or organic acid addition salts include
the pharmaceutically acceptable salts listed in J . Pharm. Sci. 1977,66,2,
which is incorporated herein by reference. Examples of metal salts include
lithium, sodium, potassium, magnesium salts and the like. Examples of
ammonium and alkylated ammonium salts include ammonium, methyl-, dimethyl-,
trimethyl-, ethyl-, hydroxy ethyl-, diethyl-, n-butyl-, sec-butyl-,
tert-butyl-, tetramethylammonium salts and the like. In the present
context, a "ring atom" is intended to indicate the atoms constituting a
ring, and ring atoms are selected from C, N, O and S. As an example,
benzene and toluene both have 6 carbons as ring atoms whereas pyridine has
5 carbons and 1 nitrogen as ring atoms. In the present context, a
"mono-cyclic moiety" is intended to indicate a ring formed structure
comprising only one ring. In the present context, the term "therapeutically
effective amount" of a compound means an amount sufficient to cure,
alleviate or partially arrest the clinical manifestations ofa given disease
and its complications in a therapeutic intervention comprising the
administration of said compound. An amount adequate to accomplish this is
defined as "therapeutically effective amount". Effective amounts for each
purpose will depend on the severity of the disease or injury as well as the
weight and general state of the subject. It will be understood that
determining an appropriate dosage may be achieved using routine
experimentation, by constructing a matrix of values and testing different
points in the matrix, which is all within the ordinary skills of a trained
physician. In the present context, the term "treatment" and "treating"
means the management and care of a patient for the purpose of combating a
condition, such as a disease or a disorder. The term is intended to include
the full spectrum of treatments for a given condition from which the
patient is suffering, such as administration of the active compound to
alleviate the symptoms or complications, to delay the progression of the
disease, disorder or condition, to alleviate or relief the symptoms and
complications, and/or to cure or eliminate the disease, disorder or
condition as well as to prevent the condition, wherein prevention is to be
understood as the management and care of a patient for the purpose of
combating the disease, condition, or disorder and includes the
administration of the active compounds to prevent the onset of the symptoms
or complications. Nonetheless, prophylactic (preventive) and therapeutic
(curative) treatments are two separate aspects of the invention. The
patient to be treated is preferably a mammal, in particular a human being.
Detailed description of the invention In one embodiment, the invention
provides compounds (i.e. the compounds of the invention) according to
formula I [I]wherein A represent N, CH or CR1; each R1 independently
represents hydrogen, Ci_6alkyl, C2-6alkenyl, C2-6alkynyl, -C(O)-Ci 6alkyl,
-C(O)-C 2-6alkenyl, -C(O)-C 2-6alkynyl, -C(O)-O-C i _6alkyl, -C(O)-O-C
2-6alkenyl, - C(O)-O-C 2-6alkynyl or phenyl, wherein said phenyl,
Ci_6alkyl, C2-6alkenyl or C2-6alkynyl is optionally substituted with one or
more substituents selected from halogen, hydroxyl, haloCi_ 6alkyl, nitro,
Ci_6alkoxy, and NR2R3; X represents hydrogen, Ci_6alkyl or - CRaRb-X',
wherein X' represents a monocyclic 



saturated moiety having 5-6 ring atoms one of which is N and wherein one or
two additional ring atom may be a hetero atom selected from N, O and S,
which monocyclic ring may be substituted with one or more substituent W,
wherein W is selected from Ci_6alkyl, C2- alkenyl, C2-6alkynyl, or (=0); Ra
and Rb each individually represent hydrogen, -CH3 or halogen; Y represents
a hetero aromatic moiety having 5-6 ring atoms, wherein 1-4 of said ring
atoms are selected from N, O and S, which hetero aromatic moiety may be
benzo-fused, and which hetero aromatic moiety may be substituted with one
or more substituent Z, wherein Z is selected from Ci_6alkyl, C2-6alkenyl,
C2-6alkynyl, cyano, halogen hydroxy, Ci_6alkoxy, Ci_ haloalkyl, and NR2R3;
wherein each of R2 and R3 independently represents hydrogen, Ci_ alkyl,
C2-6alkenyl, C2-6alkynyl, hydroxyCi- alkyl, or haloCi- alkyl; each of R4-R8
and R9-R12 independently represent hydrogen, Ci_6alkyl, C2-6alkenyl, C2-
alkynyl, halogen, NR2R3, hydroxy, cyano, nitro, Ci_6alkoxy, haloCi- alkyl
or hydroxyCi_ ealkyl; and pharmaceutically acceptable salts thereof.
Example of such mono-cyclic saturated moieties having 5-6 ring atoms one of
which is N and wherein one or two additional ring atoms may be a hetero
atom selected from N, O, S include piperazinyl, pyrrolidinyl,
imidazolidinyl, pyrrazolidinyl, piperidyl, morpholinyl, and
thiomorpholinyl. Examples of such hetero aromatic moiety having 5-6 ring
atoms , wherein 1-4 of said ring atoms are selected from N, O and S include
furyl, pyranyl, isothiazolyl, pyrimidinyl, pyridazinyl,
4H-[l,2,4]triazolyl, thienyl, thiazolyl, lH-pyrazolyl, lH-imidazolyl,
[l,3,4]thiadiazolyl, thiazolyl, oxazolyl, isoxazolyl, pyrrolyl, pyridyl,
and pyrazinyl. In one embodiment, A represents CH. In one embodiment, R1
represents Ci_6alkyl, such as ethyl, cyclopropyl, cyclobutyl or
cyclopentyl.In one embodiment, X represents H, methyl or -CH -X', wherein
X' represents a monocyclic moiety selected from piperazinyl and
pyrrolidinyl, wherein said monocyclic moiety may be substituted with one or
more substituents W, wherein W is selected from Ci_ alkyl and (=0). In
particular, X represents methyl. In one embodiment, Y represents a hetero
aromatic moiety having 5-6 ring atoms, wherein 1-3 of said ring atoms are
selected from N, O and S, and which hetero aromatic moiety may be
substituted with one or more substituent Z, wherein Z is selected from Ci_
alkyl, cyano, halogen Ci_6alkoxy, and NR2R3; wherein each of R2 and R3
independently represents hydrogen or Ci_6alkyl. In particular, Y represents
a hetero aromatic moiety selected from 4H-[l,2,4]triazo IyI, thienyl,
thiazolyl, lH-pyrazolyl, lH-imidazolyl, [l,3,4]thiadiazolyl, thiazolyl,
oxazolyl, isoxazolyl, pyrrolyl, pyridyl,or pyrazinyl. In one embodiment,
R4-R8 independently represent hydrogen or halogen. In particular, R7
represents halogen and R4, R5, and R8 represent hydrogen. In one
embodiment, R9-R12 independently represent hydrogen or halogen. In
particular, R9-Rp represent hydrogen and R12 represents halogen. In one
embodiment, the compounds of the invention are defined by formula F or I "
[I] [I"] wherein R1 represents Ci_6alkyl; X represents hydrogen, Ci_6alkyl
or -CH 2-X', wherein X' represents piperazinyl or pyrrolidinyl, wherein
said piperazinyl or pyrrolodinyl may be substituted with one or more
substituents W, wherein W is selected from Ci_6alkyl and (=0);wherein Y
represents a hetero aromatic moiety having 5-6 ring atoms, wherein 1-4 of
said ring atoms are selected from N, O and S, which hetero aromatic meiety
may optionally be benzo-fused, and which hetero aromatic moiety may be
substituted with one or more substituent Z, wherein Z is selected from
Ci_6alkyl, cyano, halogen, hydroxy, Ci_6alkoxy, Ci_ haloalkyl, and NR2R3;
wherein each of R2 and R3 independently represents hydrogen or Ci_ ealkyl;
each of R4-R8 and R9-R12 independently represent hydrogen, halogen
Ci_6alkoxy or Ci_ 6haloalkyl; and pharmaceutically acceptable salts
thereof. In one embodiment, wherein the compounds of the invention are
defined by formula I ' or I", R1 represents ethyl, cyclopropyl, or cyclo
butyl. In one embodiment, wherein the compounds of the invention are
defined by formula I ' or I", R1 represents ethyl, cyclopropyl, or cyclo
butyl; X represents Ci_6alkyl, such as 



methyl; Y represents a hetero aromatic moiety having 5-6 ring atoms,
wherein 1-4 of said ring atoms are selected from N, O and S, and which
hetero aromatic moiety may be substituted with one or more substituent Z,
wherein Z is selected from Ci_6alkyl, cyano, halogen hydroxy, Ci_6alkoxy,
Ci- haloalkyl, and NR2R3; wherein each of R2 and R3 independently
represents hydrogen or Ci_6alkyl; R4-R8 independently represent hydrogen or
halogen; and R9-R12 independently represent hydrogen or halogen. In
particular, R7 represents halogen and R4, R5, and R8 represent hydrogen;
and R9-Rp represent hydrogen and R12 represents halogen. In particular, Y
represents a hetero aromatic moiety selected from 4H-[1, 2,4]triazolyl,
thienyl, thiazo IyI, lH-pyrazolyl, lH-imidazolyl, [l,3,4]thiadiazolyl,
thiazolyl, oxazolyl, isoxazolyl, pyrrolyl, pyridyl,or pyrazinyl. In one
embodiment, compounds of the invention are selected from a list comprising
I a 3-Methyl-l-oxo-2-pyridin-3-yl-l,2-dihydro-isoquinoline-4-carboxylic
acid ((S)-l-phenylpropyl)- amide I b
3-Methyl-l-oxo-2-[l,2,4]triazol-4-yl-l,2-dihydro-isoquinoline-4-carboxylic
acid ((S)-Iphenyl- propyl)-amide I c
3-Methyl-l-oxo-2-thiophen-3-yl-l,2-dihydro-isoquinoline-4-carboxylic acid
((S)-Iphenyl- propyl)-amide 2a
8-Fluoro-3-methyl-l-oxo-2-pyridin-3-yl-l,2-dihydro-isoquinoline-4-carboxyli
c acid [(S)- cyclopropyl-(3-fluoro-phenyl)-methyl]-amide2aa
8-Fluoro-3-methyl-2-(5-methyl-isoxazol-3-yl)- 1-oxo-
1,2-dihydro-isoquinoline-4- carboxylic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2ab
8-Fluoro-3-methyl-2-(5-methyl-[ 1,3,4]thiadiazol-2-yl)- 1-oxo-
1,2-dihydro-isoquinoline- 4-carboxylic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2ac
8-Fluoro-3-methyl-l-oxo-2-pyrrol-l-yl-l,2-dihydro-isoquinoline-4-carboxylic
acid [(S)- cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2ad
8-Fluoro-3-methyl-2-(5-methyl-thiazol-2-yl)- 1-oxo-
1,2-dihydro-isoquinoline-4- carboxylic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2ae
2-(3-Cyano-thiophen-2-yl)-8-fluoro-3-methyl- 1-oxo-
1,2-dihydro-isoquinoline-4- carboxylic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2af
8-Fluoro-2-isoxazol-3-yl-3-methyl- 1-oxo-
1,2-dihydro-isoquinoline-4-carboxylic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2b
8-Fluoro-3-methyl-l-oxo-2-pyridin-2-yl-l,2-dihydro-isoquinoline-4-carboxyli
c acid [(S)- cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2c
8-Fluoro-3-methyl-l-oxo-2-pyrazin-2-yl-l,2-dihydro-isoquinoline-4-carboxyli
c acid [(S)- cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2d
2-(6-Chloro-pyridin-3-yl)-8-fluoro-3-methyl- 1-oxo-
1,2-dihydro-isoquinoline-4-carboxylic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2e
8-Fluoro-2-(6-methoxy-pyridin-3-yl)-3-methyl- 1-oxo-
1,2-dihydro-isoquinoline-4- carboxylic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2f
2-(2-Amino-pyridin-3-yl)-8-fluoro-3-methyl- 1-oxo-
1,2-dihydro-isoquinoline-4-carboxylic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2j
8-Fluoro-2-(2-fluoro-pyridin-3-yl)-3-methyl- 1-oxo-
1,2-dihydro-isoquinoline-4-carboxylic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2k 8-Fluoro-3-methyl-
1-oxo-2-pyrimidin-5-yl- 1,2-dihydro-isoquinoline-4-carboxylic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2 1
8-Fluoro-3-methyl-2-(6-methyl-pyridin-3-yl)- 1-oxo-
1,2-dihydro-isoquinoline-4-carboxylic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2m
8-Fluoro-3-methyl-2-(2-methyl-pyridin-3-yl)- 1-oxo-
1,2-dihydro-isoquinoline-4- carboxylic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2n
8-Fluoro-2-(6-fluoro-pyridin-3-yl)-3-methyl- 1-oxo-
1,2-dihydro-isoquinoline-4-carboxylic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide2o
8-Fluoro-3-methyl-2-(4-methyl-pyridin-3-yl)- 1-oxo-
1,2-dihydro-isoquinoline-4- carboxylic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2p
8-Fluoro-3-methyl-2-(5-methyl-pyridin-3-yl)- 1-oxo-
1,2-dihydro-isoquinoline-4- carboxylic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2r
8-Fluoro-3-methyl-2-(4-methyl-thiazol-2-yl)- 1-oxo-
1,2-dihydro-isoquinoline-4-carboxylic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2s
2-(l,3-Dimethyl-lH-pyrazol-4-yl)-8-fluoro-3-methyl-l-oxo-l,2-dihydro-isoqui
noline-4- carboxylic acid [(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide
2t 8-Fluoro-3-methyl-2-(2-methyl-imidazol- 1-yl)- 1-oxo-
1,2-dihydro-isoquinoline-4- 



carboxylic acid [(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2u
8-Fluoro-3-methyl- 1-oxo-2-[l ,2,4]triazol-4-yl-
1,2-dihydro-isoquinoline-4-carboxylic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2v 2-(5-Ethyl-[
1,3,4]thiadiazol-2-yl)-8-fluoro-3-methyl- 1-oxo-
1,2-dihydro-isoquinoline-4- carboxylic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2w
8-Fluoro-3-methyl-l-oxo-2-thiazol-2-yl-l,2-dihydro-isoquinoline-4-carboxyli
c acid [(S)- cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2x
2-(lH-Benzoimidazol-2-yl)-8-fluoro-3-methyl-l-oxo-l,2-dihydro-isoquinoline-
4- carboxylic acid [(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2y
2-(3,5-Dimethyl-[1,2,4]triazol-4-yl)-8-fluoro-3-methyl- 1-oxo-
1,2-dihydro-isoquinoline-4- carboxylic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 2z
2-(2,5-Dimethyl-2H-pyrazol-3-yl)-8-fluoro-3-methyl- 1-oxo-
1,2-dihydro-isoquinoline-4- carboxylic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 3a
8-Fluoro-3-methyl-l-oxo-2-pyridin-3-yl-l,2-dihydro-isoquinoline-4-carboxyli
c acid [(S)- cyclobutyl-(3-fluoro-phenyl)-methyl]-amide 3b
8-Fluoro-3-methyl-l-oxo-2-pyrazin-2-yl-l,2-dihydro-isoquinoline-4-carboxyli
c acid [(S)- cyclobutyl-(3-fluoro-phenyl)-methyl]-amide 3c
8-Fluoro-3-methyl-2-(5-methyl-isoxazol-3-yl)- 1-oxo-
1,2-dihydro-isoquinoline-4- carboxylic acid
[(S)-cyclobutyl-(3-fluoro-phenyl)-methyl]-amide 3d
8-Fluoro-2-(6-hydroxy-pyridin-3-yl)-3-methyl- 1-oxo-
1,2-dihydro-isoquinoline-4- carboxylic acid
[(S)-cyclobutyl-(3-fluoro-phenyl)-methyl]-amide 4a
8-Fluoro-3-methyl-l-oxo-2-pyridin-3-yl-l,2-dihydro-isoquinoline-4-carboxyli
c acid ((S)- cyclobutyl-phenyl-methyl)-amide5a
8-Fluoro-3-methyl-l-oxo-2-pyridin-3-yl-l,2-dihydro-isoquinoline-4-carboxyli
c acid [(S)- cyclopropyl-(3,4-difluoro-phenyl)-methyl]-amide 5b
8-Fluoro-3-methyl-l-oxo-2-pyridin-3-yl-l,2-dihydro-isoquinoline-4-carboxyli
c acid [(S)- cyclobutyl-(4-fluoro-phenyl)-methyl]-amide 5c
8-Fluoro-3-methyl-l-oxo-2-pyridin-3-yl-l,2-dihydro-isoquinoline-4-carboxyli
c acid [(S)- cyclobutyl-(3 ,4-difluoro-phenyl)-methyl] -amide 6a
3-(4-tert-Butyl-piperazin- 1-ylmethyl)-8-fluoro-l -oxo-2-pyridin-3-yl-
1,2-dihydroisoquinoline- 4-carboxylic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl] -amide 6b 8-Fluoro-
1-oxo-3-(2-oxo-pyrrolidin- 1-ylmethyl)-2-pyridin-3-yl-
1,2-dihydro-isoquinoline- 4-carboxylic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 7a
4-({[(S)-Cyclopropyl-(3-fluoro-phenyl)-methyl]-amino}-methyl)-7,8-difluoro-
3-methyl- 2-pyridin-3-yl-2H-isoquinolin- 1-one 5d N'-(3-Methyl-
1-oxo-2-pyridin-3-yl-
1,2-dihydro-isoquinoline-4-carbonyl)-N-phenylhydrazinecarboxylic acid
methyl ester 7b 7,8-Difluoro-3-methyl- 1-oxo-2-pyrazin-2-yl-
1,2-dihydro-isoquinoline-4-carboxylic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 5e
8-Fluoro-3-methyl-l-oxo-2-pyridin-3-yl-l,2-dihydro-isoquinoline-4-carboxyli
c acid [(S)- cyclopropyl-(3,5-difluoro-phenyl)-methyl]-amide 5f
8-Fluoro-3-methyl-l-oxo-2-pyridin-3-yl-l,2-dihydro-isoquinoline-4-carboxyli
c acid [(S)- cyclopropyl-(4-fluoro-phenyl)-methyl]-amide 7c
6,8-Difluoro-3-methyl- 1-oxo-2-pyridin-3-yl-
1,2-dihydro-isoquinoline-4-carboxylic acid
[(S)-cyclobutyl-(3-fluoro-phenyl)-methyl]-amide 3e
2-(6-Bromo-pyridin-3-yl)-8-fluoro-3-methyl- 1-oxo-
1,2-dihydro-isoquinoline-4- carboxylic acid
[(S)-cyclobutyl-(3-fluoro-phenyl)-methyl]-amide 2ag 8-Fluoro-3-methyl-2-(
1-methyl- 1H-pyrazol-3-yl)- 1-oxo- 1,2-dihydro-isoquinoline-4- carboxylic
acid [(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide 3f
8-Fluoro-3-methyl-2-(l -methyl- 1H-pyrazol-3-yl)- 1-oxo-
1,2-dihydro-isoquinoline-4- carboxylic acid
[(S)-cyclobutyl-(3-fluoro-phenyl)-methyl]-amide 8a
8-Hydroxy-3-methyl-l-oxo-2-pyridin-3-yl-l,2-dihydro-isoquinoline-4-carboxyl
ic acid [(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide. Further, the
compounds of the invention may exist in unsolvated as well as in solvated
forms with pharmaceutically acceptable solvents such as water, ethanol and
the like.In general, the solvated forms are considered equivalent to the
unsolvated forms for the purposes of this invention. The compounds of the
present invention may have one or more asymmetric carbons and it is
intended that any optical isomers (i.e. enantiomers or diastereomers), as
separated, pure or partially purified optical isomers and any mixtures
thereof including racemic 



mixtures, i.e. a mixture of stereoisomeres, are included within the scope
of the invention. In particular, when A represents CH or CR1, A may be an
optical centre giving rise to two optical isomers, an R form and an S form.
In one embodiment, the compounds of the present invention have the S form.
In a particular embodiment, the compounds of the present invention have the
following absolute configuration around A, A being CH or In this context is
understood that when specifying the enantiomeric form, then the compound is
in enantiomeric excess, e.g. essentially in a pure form. Accordingly, one
embodiment of the invention relates to a compound of the invention having
an enantiomeric excess of at least 60%, at least 70%, at least 80%, at
least 85%, at least 90%, at least 96%, preferably at least 98%. Racemic
forms can be resolved into the optical antipodes by known methods, for
example by separation of diastereomeric salts thereof with an optically
active acid, and liberating the optically active amine compound by
treatment with a base. Another method for resolving racemates into the
optical antipodes is based upon chromatography of an optically active
matrix. The compounds of the present invention may also be resolved by the
formation of diastereomeric derivatives. Additional methods for the
resolution of optical isomers, known to those skilled in the art, may be
used. Such methods include those discussed by J . Jaques, A. Collet and S.
Wilen in "Enantiomers, Racemates, and Resolutions", John Wiley and Sons,
New York (1981). Optically active compounds can also be prepared from
optically active starting materials.Furthermore, when a double bond or a
fully or partially saturated ring system is present in the molecule
geometric isomers may be formed. It is intended that any geometric isomers,
as separated, pure or partially purified geometric isomers or mixtures
thereof are included within the scope of the invention. Likewise, molecules
having a bond with restricted rotation may form geometric isomers. These
are also intended to be included within the scope of the present invention.
Furthermore, some of the compounds of the present invention may exist in
different tautomeric forms and it is intended that any tautomeric forms
that the compounds are able to form are included within the scope of the
present invention. NK3 receptor antagonists have been implicated in various
diseases in addition to psychosis and schizophrenia discussed above.
Langlois et al in J.Pharm.Exp.Ther ., 299, 712- 717, 2001, concludes that
NK3 antagonists may be applicable in CNS diseases in general, and in
anxiety and depression in particular. Yip et al in Br.J.Phar., 122,
715-722, 1997 further implicates NK3 antagonists in diverse brain
functions, such as cortical processing, learning and memory, neuroendocrine
and behavioral regulation. Additional studies have shown that NKB and NK3
receptors are involved in pain, and that NK3 antagonists have an
antinociceptive and analgesic effect [Fioramonti, Neurogastroenterol.MotiL,
15, 363-369, 2003]. Mazelin et al in Life ScL, 63, 293-304, 1998 show that
NK3 antagonists have an effect in gut inflammation and concludes that such
antagonists may be used in the treatment of irritable bowel syndrome (IBS).
In addition, NK3 antagonists have in in vivo models been demonstrated to be
useful in the treatment of airway related diseases, such as asthma, airway
hyperresponsiveness, cough, and bronchorestriction [Daoui, AmJ.Respir.
Crit. Care Med., 158, 42-48, 1998]. Maubach et al in Neurosci., 83,
1047-1062, 1998 show that NKB and the NK3 agonist senktide increase the
frequency and duration of epileptiform discharges, and thus by inference
that NK3 antagonists have a anticonvulsive potential. Finally, Kernel et al
in J.Neurosci., 22, 1929-1936, 2002, suggests the use of NK3 antagonists in
the treatment of Parkinson's Disease. Accordingly, clinical, pre-clinical,
in vivo and in vitro studies support that NK3 receptor antagonists are of
relevance for the treatment of various disorders including psychosis,
schizophrenia, depression, anxiety, cognitive impairment, obesity,
Alzheimer's disease, Parkinson's disease, pain, convulsions, cough, asthma,
airway hyperresponsiveness, microvascular hypersensitivity,
bronchoconstriction, gut inflammation, and inflammatory bowel
syndrome.Schizophrenia may be classified into subgroups. The paranoid type
is characterised by delusions and hallucinations and absence of thought
disorder, disorganized behavior and affective flattening. The disorganized
type, which is also named 'hebephrenic schizophrenia' in the ICD, in which
thought disorder and flat affect are present together. The catatonic type,
in which prominent psychomotor disturbances are evident, and symptoms may
include 



catatonic stupor and waxy flexibility. The undifferentiated type in which
psychotic symptoms are present but the criteria for paranoid, disorganized,
or catatonic types have not been met. The symptoms of schizophrenia
normally manifest themselves in three broad categories, i.e. positive,
negative and cognitive symptoms. Positive symptoms are those, which
represent an "excess" of normal experiences, such as hallucinations and
delusions. Negative symptoms are those where the patient suffers from a
lack of normal experiences, such as anhedonia and lack of social
interaction. The cognitive symptoms relate to cognitive impairment in
schizophrenics, such as lack of sustained attention and deficits in
decision making. The current antipsychotics are fairly successful in
treating the positive symptoms but fare less well for the negative and
cognitive symptoms. Contrary to that, NK3 antagonists have been shown
clinically to improve on both positive and negative symptoms in
schizophrenics [AmJ .Psychiatry, 161, 975-984, 204], and according to the
above discussion they are also expected to deliver an effect on the
cognitive symptoms. Cognitive impairment include a decline in cognitive
functions or cognitive domains, e.g. working memory, attention and
vigilance, verbal learning and memory, visual learning and memory,
reasoning and problem solving e.g. executive function, speed of processing
and/or social cognition. In particular, cognitive impairment may indicate
deficits in attention, disorganized thinking, slow thinking, difficulty in
understanding, poor concentration, impairment of problem solving, poor
memory, difficulties in expressing thoughts and/or difficulties in
integrating thoughts, feelings and behaviour, or difficulties in extinction
of irrelevant thoughts. In one embodiment, the present invention relates to
the compounds of the present invention for use in therapy. In one
embodiment, the present invention relates to a method of treating a disease
selected from psychosis; schizophrenia; schizophrenoform disorder;
schizoaffective disorder; delusional disorder; brief psychotic disorder;
shared psychotic disorder; psychotic disorder due to a general medical
condition; substance or drug induced psychotic disorder (cocaine, alcohol,
amphetamine etc); schizoid personality disorder; schizoptypal personality
disorder;psychosis or schizophrenia associated with major depression,
bipolar disorder, Alzheimer's disease or Parkinson's disease; major
depression; general anxiety disorder; bipolar disorder (maintenance
treatment, recurrence prevention and stabilization); mania; hypomania;
cognitive impairment; ADHD; obesity; appetite reduction; Alzheimer's
disease; Parkinson's disease; pain; convulsions; cough; asthma; airway
hyperresponsiveness; microvascular hypersensitivity; bronchoconstriction;
chronic obstructive pulmonary disease; urinary incontinence; gut
inflammation; post tramatic stress disorder; dementia; agitation and
delirium in elderly; and inflammatory bowel syndrome the method comprising
the administration of a therapeutically effective amount of a compound of
the present invention to a patient in need thereof. In one embodiment, the
present invention relates to a method for the treatment of schizophrenia,
the method comprising the administration of a therapeutically effective
amount of a compound of the present invention to a patient in need thereof.
In particular, said treatment includes the treatment of the positive,
negative and/or cognitive symptoms of schizophrenia. In one embodiment, the
present invention relates to a method of treating cognitive impairment, the
method comprising the administration of a therapeutically effective amount
of a compound of the present invention to a patient in need thereof. In
particular, said cognitive impairment is manifested as a decline in working
memory, attention and vigilance, verbal learning and memory, visual
learning and memory, reasoning and problem solving e.g. executive function,
speed of processing and/or social cognition. The antipsychotic effect of
typical and atypical anti-psychotics, in particular D2 antagonists is
exerted via an inhibition of the post-synaptic D2 receptors. Pre-synaptic
D2 auto-receptors, however, are also affected by the administration of
these compounds giving rise to an increase in the dopamine neuron firing
rate, which, in fact, counteracts the antipsychotic effects. The increased
firing rate continues until the effect of the pre-synaptic auto -receptors
is blocked (the depolarization block), typically after approximately 3
weeks of chronic treatment with typical or atypical anti-psychotics. This
model explains the up to 3 weeks delay of clinical effect normally seen
when D2 antagonist treatment is initiated. NK3 antagonists seem to inhibit
the increase in the dopamine neuron firing mediated by the pre synaptic D2
auto-receptors brought about by D2 antagonists, wherefore the combined 



administration of NK3 antagonists and D2 antagonists is expected to give
rise to a faster onset of the clinical effect. Moreover, D2 antagonists are
known to increase prolactin levels,which may give rise to serious side
effects, such as osteoporosis. It is known that NK3 agonists give rise to
an increase in prolactin from which it may be deduced that a NK3 antagonist
will lower an increased prolactin level, i.e. normalise the prolactin
level. A combined use of NK3 antagonists and D2 antagonists may thus
address some of the safety aspects associated with D2 antagonists
administration. Similarly, NK3 antagonists may be administered together
with antagonists/inverse agonists/negative modulators/partial agonists of
one or more of the targets dopamine D2 receptor, dopamine D3 receptor,
dopamine D4 receptor, phosphodiesterase PDElO, serotonin 5-HTi A receptor,
serotonin 5-HT2Areceptor, serotonin 5-HT receptor, adrenergic alpha 2
receptor, cannabinoid type 1 receptor, histamine H3 receptor,
cyclooxygenases, sodium channels or glycine transporter GIyTl; or with
agonists/positive modulators/partial agonists of one or more of the targets
serotonin 5-HT2c receptor, KCNQ channels, NMDA receptor, AMPA receptor,
nicotinic alpha-7 receptor, muscarinic Ml receptor, muscarinic M4 receptor,
metabotropic glutamate receptor mGluR2, metabotropic glutamate receptor
mGluR5, dopamine Dl receptor or dopamine D5 receptor. Such combined
administration of compounds of the present invention and other ant i
psychotic compounds, such as D2 antagonists, D2 partial agonists, PDElO
antagonists, 5- HT2Aantagonists, 5-HT antagonists or KCNQ4 antagonists may
be sequential or concomitant. Examples of D2 antagonists or partial
agonists include haloperidol, chlorpromazine, sulpirid, risperidone,
ziprasidon, olanzapine, quetiapin, and clozapine. In one embodiment, the
compound of the present invention is administered in an amount from about
0.001 mg/kg body weight to about 100 mg/kg body weight per day. In
particular, daily dosages may be in the range of 0.01 mg/kg body weight to
about 50 mg/kg body weight per day. The exact dosages will depend upon the
frequency and mode of administration, the sex, the age the weight, and the
general condition of the subject to be treated, the nature and the severity
of the condition to be treated, any concomitant diseases to be treated, the
desired effect of the treatment and other factors known to those skilled in
the art. A typical oral dosage for adults will be in the range of 1-1000
mg/day of a compound of the present invention, such as 1-500 mg/day, such
as 1-100 mg/day or 1-50 mg/day. In one embodiment, the present invention
relates to the use of the compounds of the present invention in the
manufacture of a medicament for the treatment of a disease selected from
psychosis; schizophrenia; schizophrenoform disorder; schizoaffective
disorder; delusional disorder; brief psychotic disorder; shared psychotic
disorder; psychotic disorderdue to a general medical condition; substance
or drug induced psychotic disorder (cocaine, alcohol, amphetamine etc);
schizoid personality disorder; schizoptypal personality disorder; psychosis
or schizophrenia associated with major depression, bipolar disorder,
Alzheimer's disease or Parkinson's disease; major depression; general
anxiety disorder; bipolar disorder (maintenance treatment, recurrence
prevention and stabilization); mania; hypomania; cognitive impairment;
ADHD; obesity; appetite reduction; Alzheimer's disease; Parkinson's
disease; pain; convulsions; cough; asthma; airway hyperresponsiveness;
microvascular hypersensitivity; bronchoconstriction; chronic obstructive
pulmonary disease; urinary incontinence; gut inflammation; post tramatic
stress disorder; dementia; agitation and delirium in elderly; and
inflammatory bowel syndrome. In one embodiment, the present invention
relates to the use of a compound of the present invention in the
manufacture of a medicament for the treatment of schizophrenia. In
particular, said treatment includes the treatment of the positive, negative
and/or cognitive symptoms of schizophrenia. In one embodiment, the present
invention relates to the use of a compound of the present invention in the
manufacture of a medicament for the treatment of cognitive impairment. In
particular, said cognitive impairment is manifested as a decline in working
memory, attention and vigilance, verbal learning and memory, visual
learning and memory, reasoning and problem solving e.g. executive function,
speed of processing and/or social cognition. In one embodiment, the present
invention relates to a compound of the present invention for use in the
treatment of a disease selected from psychosis; schizophrenia;
schizophrenoform disorder; schizoaffective disorder; delusional disorder;
brief psychotic disorder; shared psychotic disorder; psychotic disorder due
to a general medical condition; substance or drug induced psychotic
disorder (cocaine, alcohol, amphetamine etc); schizoid 



personality disorder; schizoptypal personality disorder; psychosis or
schizophrenia associated with major depression, bipolar disorder,
Alzheimer's disease or Parkinson's disease; major depression; general
anxiety disorder; bipolar disorder (maintenance treatment, recurrence
prevention and stabilization); mania; hypomania; cognitive impairment;
ADHD; obesity; appetite reduction; Alzheimer's disease; Parkinson's
disease; pain; convulsions; cough; asthma; airway hyperresponsiveness;
microvascular hypersensitivity; bronchoconstriction; chronic obstructive
pulmonary disease; urinary incontinence; gut inflammation; post
tramaticstress disorder; dementia; agitation and delirium in elderly; and
inflammatory bowel syndrome. In one embodiment, the present invention
relates to a compound of the present invention for use in the treatment of
schizophrenia. In particular, said treatment includes the treatment of the
positive, negative and/or cognitive symptoms of schizophrenia. In one
embodiment, the present invention relates to a compound of the present
invention for use in the treatment of cognitive impairment. In particular,
said cognitive impairment is manifested as a decline in working memory,
attention and vigilance, verbal learning and memory, visual learning and
memory, reasoning and problem solving e.g. executive function, speed of
processing and/or social cognition. The compounds of the present invention
may be administered alone as a pure compound or in combination with
pharmaceutically acceptable carriers or excipients, in either single or
multiple doses. The pharmaceutical compositions according to the invention
may be formulated with pharmaceutically acceptable carriers or diluents as
well as any other known adjuvants and excipients in accordance with
conventional techniques such as those disclosed in Remington: The Science
and Practice of Pharmacy, 19 Edition, Gennaro, Ed., Mack Publishing Co.,
Easton, PA, 1995. The pharmaceutical compositions may be specifically
formulated for administration by any suitable route such as the oral,
rectal, nasal, pulmonary, topical (including buccal and sublingual),
transdermal, intracisternal, intraperitoneal, vaginal and parenteral
(including subcutaneous, intramuscular, intrathecal, intravenous and
intradermal) route, the oral route being preferred. It will be appreciated
that the preferred route will depend on the general condition and age of
the subject to be treated, the nature of the condition to be treated and
the active ingredient chosen. Pharmaceutical compositions for oral
administration include solid dosage forms such as capsules, tablets,
dragees, pills, lozenges, powders and granules. Where appropriate, they can
be prepared with coatings. Liquid dosage forms for oral administration
include solutions, emulsions, suspensions, syrups and elixirs.
Pharmaceutical compositions for parenteral administration include sterile
aqueous and nonaqueous injectable solutions, dispersions, suspensions or
emulsions as well as sterile powders to be reconstituted in sterile
injectable solutions or dispersions prior to use.Other suitable
administration forms include suppositories, sprays, ointments, cremes,
gels, inhalants, dermal patches, implants, etc. Conveniently, the compounds
of the invention are administered in a unit dosage form containing said
compounds in an amount of about 0.1 to 500 mg, such as 1 mg, 5 mg, 10 mg,
50 mg 100 mg, 150 mg, 200 mg or 250 mg of a compound of the present
invention. For parenteral routes such as intravenous, intrathecal,
intramuscular and similar administration, typically doses are in the order
of about half the dose employed for oral administration. For parenteral
administration, solutions of the compound of the invention in sterile
aqueous solution, aqueous propylene glycol, aqueous vitamin E or sesame or
peanut oil may be employed. Such aqueous solutions should be suitably
buffered if necessary and the liquid diluent first rendered isotonic with
sufficient saline or glucose. The aqueous solutions are particularly
suitable for intravenous, intramuscular, subcutaneous and intraperitoneal
administration. The sterile aqueous media employed are all readily
available by standard techniques known to those skilled in the art.
Suitable pharmaceutical carriers include inert solid diluents or fillers,
sterile aqueous solution and various organic solvents. Examples of solid
carriers are lactose, terra alba, sucrose, cyclodextrin, talc, gelatine,
agar, pectin, acacia, magnesium stearate, stearic acid and lower alkyl
ethers of cellulose. Examples of liquid carriers are syrup, peanut oil,
olive oil, phospho lipids, fatty acids, fatty acid amines, polyoxyethylene
and water. The pharmaceutical compositions formed by combining the compound
of the invention and the 



pharmaceutical acceptable carriers are then readily administered in a
variety of dosage forms suitable for the disclosed routes of
administration. Formulations of the present invention suitable for oral
administration may be presented as discrete units such as capsules or
tablets, each containing a predetermined amount of the active ingredient,
and which may include a suitable excipient. Furthermore, the orally
available formulations may be in the form of a powder or granules, a
solution or suspension in an aqueous or non-aqueous liquid, or an
oil-in-water or water-in-oil liquid emulsion. If a solid carrier is used
for oral administration, the preparation may be tablet, e.g. placed in a
hard gelatine capsule in powder or pellet form or in the form of a troche
or lozenge. The amount of solid carrier may vary but will usually be from
about 25 mg to aboutIf a liquid carrier is used, the preparation may be in
the form of a syrup, emulsion, soft gelatine capsule or sterile injectable
liquid such as an aqueous or non-aqueous liquid suspension or solution.
Tablets may be prepared by mixing the active ingredient with ordinary
adjuvants and/or diluents followed by the compression of the mixture in a
conventional tabletting machine. Examples of adjuvants or diluents
comprise: Corn starch, potato starch, talcum, magnesium stearate, gelatine,
lactose, gums, and the like. Any other adjuvants or additives usually used
for such purposes such as colourings, flavourings, preservatives etc. may
be used provided that they are compatible with the active ingredients. In
one embodiment, the invention relates to a pharmaceutical composition
comprising a compound of the present invention together with a second
anti-psychotic agent. In one embodiment, said second anti-psychotic agent
is selected from antagonists/inverse agonists/negative modulators/partial
agonists of the targets dopamine D2 receptor, dopamine D3 receptor,
dopamine D4 receptor, phosphodiesterase PDElO, serotonin 5-HTiA receptor,
serotonin 5-HT2Areceptor, serotonin 5-HT6 receptor, adrenergic alpha 2
receptor, cannabinoid type 1 receptor, histamine H3 receptor,
cyclooxygenases, sodium channels or glycine transporter GIyTl; or from
agonists/positive modulators/partial agonists of the targets serotonin
5-HT2c receptor, KCNQ channels, NMDA receptor, AMPA receptor, nicotinic
alpha-7 receptor, muscarinic Ml receptor, muscarinic M4 receptor,
metabotropic glutamate receptor mGluR2, metabotropic glutamate receptor
mGluR5, dopamine Dl receptor or dopamine D5 receptor. In one embodiment,
said second anti-psychotic agent is selected from typical anti-psychotics,
atypical anti-psychotics, D2 antagonists, partial D2 agonists, PDElO
antagonists, 5-HT2Aantagonists, 5-HT antagonists and KCNQ4 antagonists, and
in particular atypical anti-psychotics, D2 antagonists, partial D2
agonists. Particular examples of such anti-psychotics include haloperidol,
chlorpromazine, sulpirid, risperidone, ziprasidon, olanzapine, quetiapine,
and clozapine. In one embodiment, the invention relates to a pharmaceutical
kit comprising a container comprising a compound of the present invention
and a separate container comprising an anti-psychotic drug, such as typical
anti-psychotics, atypical anti-psychotics, antagonists/inverse
agonists/negative modulators/partial agonists of one or more of the targets
dopamine D2 receptor, dopamine D3 receptor, dopamine D4 receptor,
phosphodiesterase PDElO, serotonin 5-HTiA receptor, serotonin 5-HT2A
receptor, serotonin 5-HT6 receptor, adrenergic alpha 2 receptor,
cannabinoid type 1 receptor, histamine H3receptor, cyclooxygenases, sodium
channels or glycine transporter GIyTl; or with agonists/positive
modulators/partial agonists of one or more of the targets serotonin 5-HT C
receptor, KCNQ channels, NMDA receptor, AMPA receptor, nicotinic alpha-7
receptor, muscarinic Ml receptor, muscarinic M4 receptor, metabotropic
glutamate receptor mGluR2, metabotropic glutamate receptor mGluR5, dopamine
Dl receptor or dopamine D5 receptor. Particular examples of such
anti-psychotics include haloperidol, chlorpromazine, sulpirid, risperidone,
ziprasidon, olanzapine, quetiapine, and clozapine. All references,
including publications, patent applications, and patents, cited herein are
hereby incorporated by reference in their entirety and to the same extent
as if each reference were individually and specifically indicated to be
incorporated by reference and were set forth in its entirety herein (to the
maximum extent permitted by law), regardless of any separately provided
incorporation of particular documents made elsewhere herein. The use of the
terms "a" and "an" and "the" and similar referents in the context of
describing the invention are to be construed to cover both the singular and
the plural, unless otherwise indicated herein or clearly contradicted by
context. For example, the phrase "the compound" is to be understood as
referring to various "compounds" of the invention or 



particular described aspect, unless otherwise indicated. Unless otherwise
indicated, all exact values provided herein are representative of
corresponding approximate values (e.g., all exact exemplary values provided
with respect to a particular factor or measurement can be considered to
also provide a corresponding approximate measurement, modified by "about,"
where appropriate). The description herein of any aspect or aspect of the
invention using terms such as "comprising", "having," "including," or
"containing" with reference to an element or elements is intended to
provide support for a similar aspect or aspect of the invention that
"consists of, "consists essentially of, or "substantially comprises" that
particular element or elements, unless otherwise stated or clearly
contradicted by context (e.g., a composition described herein as comprising
a particular element should be understood as also describing a composition
consisting of that element, unless otherwise stated or clearly contradicted
by context). SYNTHETIC ROUTES The compounds of the present invention of the
general formula I, wherein R -R12 , A, and X are as defined above can be
prepared by the methods outlined in the following reactionschemes and
examples. In the described methods it is possible to make use of variants
or modifications, which are themselves known to chemists skilled in the art
or could be apparent to the person of ordinary skill in this art.
Furthermore, other methods for preparing compounds of the invention will be
readily apparent to the person skilled in the art in light of the following
reaction schemes and examples. In the intermediate compounds of the general
formulae II - XXXI, R1-R12 , A, X, and Y are as defined under formula I .
For compounds, which can exist as a mixture or equilibrium between two or
more tautomers, only one tautomer is represented in the schemes, although
it may not be the most stable tautomer. For compounds, which can exist in
enantiomeric, stereoisomeric or geometric isomeric forms their geometric
configuration is specified; otherwise the structure represents a mixture of
stereoisomers. Such compounds include, but not limited to 1,3- ketoesters
or enamines of the general formula IV and VII, which can exist in
equilibrium between keto or enol forms and the latter may also exist in
isomeric Z- and E-forms as wellknown to chemists skilled in the art. Such
compounds also include compounds of the present invention of the general
formula I, which may exist as a mixture of atropisomers due to restricted
rotation around carbon-carbon single bonds similar to atropisomerism in
ortho, ortho'-disubstituted biaryl compounds also well-known to the person
skilled in the art. Starting materials of the general formulae III, VI, and
XI are either obtained from commercial sources as summarized in the Table 2
or they can be readily prepared by standard methods or their modifications
described in the literature. 2-Bromobenzoic acids of the general formula II
are coupled with keto-esters of the general formula III in the presence of
a strong base such as sodium hydride and copper or copper salts such as
copper (I) bromide in a suitable solvent such as 1,4-dioxane, acetonitrile
or an excess of the above keto-esters at suitable temperature such as
reflux or at 700C with the formation of compounds of the general formula
IV. Such arylation reaction is well-known in general as copper-catalyzed
Ullmann-type coupling reaction (review: S.V. Ley, A.W. Thomas Angew. Chem.
Int. Ed. 2003, 42, 5400). Also, in this particular case when the coupling
reaction involves activated methylene compounds such as compounds of the
general formula IV in the presence of copper or copper salts the reaction
is known as the Hurtley reaction (W.R.H. Hurtley J. Chem. Soc. 1929, 1870).
The obtained compounds of the general formula IV are then reacted with
anilines of the general formula VI with or without appropriate solvent
under the heating conditions withthe formation of isoquinolones of the
general formula VIII via intermediate formation of enamines of the general
formula VII which are usually not separated from the reaction mixture.
Alternatively, the enamines of the general formula VII can be obtained from
anilines of the general VI in the presence of the appropriate dehydrating
agent such as tetraethoxysilane under heating conditions or at ambient
temperature in the presence of a catalytic amount of acid such as acetic
acid. Then, the cyclisation reaction with the formation of isoquinolones of
the general formula VIII can be carried out under the heating conditions as
mentioned above or at ambient temperature in the presence of an appropriate
coupling reagent such as EDC/HOBT. Furthermore, isoquinolinones of the
general formula VIII can be obtained directly from the starting
2-bromobenzoic acids of the general formula II and deprotonated enamines 



of the general formula V in a modified one-pot procedure involving Hurtley
reaction performed at 700C with the formation of the compounds of the
general formula VII and subsequent cyclisation performed at higher
temperature. Enamines of the general formula V are readily available from
ketoesters III and anilines VI under conditions described above for
preparation of enamines of the general formula VII. Compounds of the
general formula VIII are readily hydrolyzed to acids of the general formula
IX under conditions for ester hydrolysis well known to chemists skilled in
the art. Finally, the subsequent coupling with amines (A = C) or hydrazines
(A = N) of the general formula XI leads to the formation of the compounds
of the invention of the general formula I . Such coupling reactions usually
performed via activation of the acid with an appropriate coupling or
activation reagent such as but not limited to thionyl chloride with the
formation of corresponding acid chloride or in the presence EDC/HOBT.
Hydrazines of the general formula I where Rl = H can be converted to
disubstituted hydrazides of the same general formula where Rl is not
hydrogen by acylation, alkylation or arylation reactions with appropriate
acylation or alkylation reagents such as but not limited to acid chlorides,
carbamoyl chlorides, chloroformates or alkylhalogenides. Compounds of the
general formula I where X is hydrogen can be converted to the compounds of
the general formula XII by regio selective bromination reaction in the
presence of bromination reagent such as bromine. Then the bromine atom can
be substituted by various nucleophiles of the general formula X-H or X with
the formation of the compounds of the invention of the general formula I .
Those skilled in the art will readily appreciate that many nitrogen, carbon
and sulphur nucleophiles such as but not limited to amines, aromaticamines,
amides, heterocycles, alcohols, phenols, cyanides or thiols are
commercially or readily available in the neutral or in the deprotonated
anionic form required for such transformation. If necessary, further
derivatisation or transformation can be performed in the substituents
R4-R12 and X using standard methods of organic synthesis known to the
person of ordinary skill in the art.Scheme 3. Synthesis of homophthalic
anhydrides. h..2 I (X=CH3) Alternatively, compounds of the general formula
I can be prepared starting from substituted homophthalic anhydrides of the
general formula XVIII as shown in Scheme 4. Homophthalic anhydrides are
either commercially available or can be prepared as shown in scheme 3
starting from corresponding fluorobenzonitriles or fluorobenzoates of the
general formula XIII and XVII, respectively. They undergo aromatic
nucleophilic substitution reaction with ethyl cyanoacetate XIV in the
presence of base such as potassium carbonate or cesium carbonate under
heating conditions in appropriate solvent such as dimethylsulfoxide. The
coupling products are hydrolyzed in the presence of strong acids such as
sulfuric or hydrochloric acids in water under heating conditions with the
formation of diacids of the general formula XVI. Finally, the diacids are
converted into the homophthalic anhydrides of the general formula XVIII in
the presence of dehydrating agent such as but not limited to acetyl
chloride without a solvent or in the appropriate solvent such as toluene
under heating conditions such as reflux.Homophthalic anhydrides of the
general formula XVIII can be regioselectively converted into the
acid-amides of the general formula XIX at room temperature or under heating
conditions in the appropriate solvent such as acetonitrile. Then they are
treated with appropriate acid anhydrides or acid chlorides of the general
formula XX and XXI, respectively, in the absence or presence of base such
as triethyl amine and DMAP in the appropriated solvent, usually in
acetonitrile, at room temperature or under mild heating conditions (T <
+1000C). This transformation first provides intermediate ketene-aminals of
the general formula XXII, which undergo further acylation reaction with the
formation of ketene-aminals of the general formula XXIII. Further heating
at higher temperature such as at +1500C leads to the rearrangement with the
formation of amides of the general formula XIV. Compounds of the general
formula XXIII and XXIV can be readily hydrolyzed at ambient temperature
with an appropriate base such as sodium hydroxide in aqueous methanol or
aqueous tetrahydrofurane as a solvent. The obtained keto-acids of the
general formula XXV or ketene-aminals of the general formula XXIII are
converted to the final compounds of the invention of the general formula I
by condensation with anilines of the general formula VI under the same
conditions as described above for condensation with keto-acids of the
general formula IV. Alternatively, acid-amides of the general formula XIX
can be converted directly to 



the compounds of the invention of the general formula I by condensation
with appropriate imidoyl chlorides of the general formula XXVII which are
readily available from corresponding amide of the general formula XXVI,
which are easily prepared by well-known coupling between aminohetero cycles
of the general formula VI and corresponding carboxylic acids or their
anhydrides or acid chlorides of the general formula XX and XXI,
respectively. In addition to the above methods, carbonylation reaction, in
particular, the threecomponent coupling of an aryl halide, carbon monoxide,
and a nucleophile, such as amine or alcohol (Schoenberg, A.; Bartoletti, L;
Heck, R. F. J. Org. Chem. 1974, 39, 3318; Schoenberg, A.; Heck, R. F. J.
Org. Chem. 1974, 39, 3327) can be used in a key step as illustrated in
scheme 5. Thus, diacids of the general formula XVI are converted into
ketoacids of the general formula XXVIII in one-pot acylation -
decarboxylation reaction in acetic anhydride (in the case of acetic
anhydride substituent X is Me) and in the presence of pyridine followed by
condensation with aminohetero cycles of the general formula VI with
formation of isoquinolinones of the formula XXIX. They are regioselectively
brominated with N-bromosuccinimide with formation of bromides of the
general formula XXX. Theaminocarbonylation reaction with bromides of the
general formula XXX in the presence of amines of the general formula XI
under an atmosphere of carbon monoxide promoted by a catalyst, for example
palladium acetate - Xanthphos (Kranenburg, M.; van der Burgt, Y. E. M.;
Kamer, P. C. J.; van Leeuwen, P.W.N.M. Organometallics 1995, 14, 3081)
leads to the formation of compounds of the invention of the general formula
I where X is Me. Alternatively, carbonylation reaction in the presence of
alcohols such as benzyl alcohol under the same conditions leads to
formation of benzyl esters of the general formula XXXI, which are readily
converted into acids of the general formula IX by palladium catalyzed
hydrogenation reaction followed by condensation with amines of the general
formula XI as described above (scheme I). Also, acids of the general
formula IX can be prepared directly by the carbonylation method in the
presence of water insead of the benzyl alcohol under the same conditions
(Scheme 5). Examples Analytical LC-MS, method A (used in most cases unless
noted otherwise): data were obtained on a Sciex API 150EX analytical LC/MS
system equipped with Applied Biosystems API 15OEX single qaudrupole mass
spectrometer and atmospheric pressure photo ionisation (APPI) ion source,
Shimadzu LClOADvp LC pumps (3X), Shimadzu SPD-M20A photodiode array
detector, SEDERE Sedex 85 - low temperature Evaporative Light Scattering
Detector (ELSD), Shimadzu CBM-20A system controller, Gilson 215 autosampler
and Gilson 864 degasser controlled by Analyst Software. Column: 30 X 4.6 mm
Waters Symmetry Cl 8 column with 3.5 mm particle size; Injection Volume: 15
mL; Column temperature: 600C; Solventsystem: A = water/trifluoroacetic acid
(100:0.05) and B = water/acetonitrile/trifluoroacetic acid (5:95:0.035);
Method: Linear gradient elution with 10% B to 100% B in 2.4 minutes then
with 10% B in 0.4 minutes and with a flow rate of 3.3 niL/minute. The
retention times (tR) are expressed in minutes based on UV-trace at 254 nm.
Analytical LC-MS, method B: data were obtained on a Sciex API300 analytical
LC/MS system equipped with Applied Biosystems API300 triple qaudrupole mass
spectrometer with atmospheric pressure photo ionisation (APPI) ion source,
Shimadzu LClOADvp LC pumps (3X), Shimadzu SPD-M20A photodiode array
detector, Polymer Labs PL-ELS 2100 - low temperature Evaporative Light
Scattering Detector (ELSD), Shimadzu SCLlOA VP system controller, Gilson
215 autosampler and Gilson 864 degasser controlledby Analyst Software.
Column: Symmetry C18 3.5 mm, 4.6 x 30 mm 30 X 4.6 mm; Injection Volume: 5
mL; Column temperature: 600C; Solventsystem: A = water/trifluoroacetic acid
(100:0.05) and B = water/acetonitrile/trifluoroacetic acid (5:95:0.035);
Method: Linear gradient elution with 10% B to 100% B in 1.45 minutes then
with 10% B in 0.55 minutes and with a flow rate of 5.5 niL/minute: Time,
min. %B 0.00 10.0 1.45 100.0 1.55 10.0 2.0 10.0 The retention times (tR)
are expressed in minutes based on UV-trace at 254 nm. Preparative LC-MS
purification was performed on the same Sciex API 150EX system equipped with
Gilson 333 and 334 pumps, Shimadzu LClOADvp pump, Gilson UV7VIS 155 UV
detector, Gilson 233XL autosampler, Gilson FC204 fraction, Gilson 506C
system 



interface, Gilson 864 degasser, DIY flowsp litter (approx. 1:1000), and LC
Packings Accurate flowsplitter (1:10.000 @ 140 ml/min). The MS and fraction
collector was controlled by Masschrom software (Macintosh PC), the LC
system was controlled by Unipoint software. For a small scale (<20 mg)
purification fractions were collected in 4 ml vials using Symmetry Cl 8 5
mm, 10 x 50 mm column, injection volume of 0-300 mL, flow rate of 5.7
ml/min and duration of 8 min. Gradient: Time, min. %B 0.00 10.0-50 .0
(variable, depending on the sample) 7.00 100.0 7.10 10.0-50 .0 8.00 10.0-50
.0 1H NMR spectra were recorded at 500.13 MHz on a Bruker Avance DRX-500
instrument at T=303.3 K. Variable temperature 1H NMR spectra were recorded
on the same instrument or at 250 MHz on a Bruker Avance DPX-250 instrument.
Deuterated dimethyl sulfoxide (DMSO-d , 99.8%D) was used as solvent unless
noted otherwise. Tetramethylsilane was used as internal reference standard.
Chemical shift values areexpressed in ppm-values relative to
tetramethylsilane unless noted otherwise. The following abbreviations or
their combinations are used for multiplicity of NMR signals: s = singlet, d
= doublet, t = triplet, q = quartet, qui = quintet, h = heptet, dd = double
doublet, ddd = double double doublet, dt = double triplet, dq = double
quartet, tt = triplet of triplets, m = multiplet and br = broad or broad
singlet. Microwave experiments were performed in sealed process vials or
reactors using an Emrys Synthesizer or Emrys Optimizer EXP from Personal
Chemistry or a Milestone Microsynth instrument from Milestone. Before
sealing the process vial it was flashed with argon. When a reaction was
heated in a microwave instrument, it was cooled to 25°C before the next
process step. Preparation of intermediates Synthesis of homophthalic
anhydrides of the general formula XVIII:
Cyano-(2-cyano-3-fluoro-phenyl)-acetic acid ethyl ester. A mixture of
cyanoacetic acid ethyl ester (26.7 mL, 251 mmol), 2,6-difluorobenzonitrile
(33.2 g, 239 mmol) and potassium carbonate (82.5 g, 597 mmol) in dimethyl
sulfoxide (120 mL) was stirred at +55°C for 16 hours and poured into
ice-water mixture (ca. 400 mL). It was acidified with cone. aq. HCl with
caution (CO evolution) and extracted with ethyl acetate (600 ml). The
organic phase was washed with brine (100 mL) and evaporated to give 55.1 g
of a pale yellow solid that was used in the next step without further
purification. 1H NMR (500 MHz, CDCl3) : 1.35 (t, J=7.0 Hz, 3H), 4.34 (m,
2H), 5.13 (s, IH), 7.33 (t, J=8.4 Hz, IH), 7.57 (d, J=7.9 Hz, IH), 7.33
(dd, J=7.9 Hz, J=13.9 Hz, IH). 2-Carboxymethyl-6-fluoro-benzoic acid.A
mixture of 62% sulfuric acid (2:1 cone. H SO in water, 400 ml) and
cyano-(2-cyano-3- fluoro-phenyl)-acetic acid ethyl ester (52.0 g, 224 mmol)
was stirred at +1500C overnight (16 hours). The reaction mixture was poured
into ice (ca. 500 g) and neutralised with 10.8 N aq. NaOH (500 mL) with
cooling. The mixture was extracted with ethyl acetate (3 x 50OmL) and the
combined organic solution was washed with brine, dried over MgSO and
evaporated to give 40.28 g of crude product that was used in the next step
without further purification. The analytical sample was prepared by
recrystallisation from toluene - ethyl acetate. 1H NMR (500 MHz, DMSO-de):
3.4 (br, CO2H + H2O), 3.77 (s, 2H), 7.17 (d, J=I.9 Hz, IH), 7.2
(overlapping t (unres. dd), IH), 7.45 (dd, J=I.9 Hz, J=13.9 Hz, IH), 12.95
(br, CO2H). 8-Fluoro-isochroman- 1,3-dione.
2-Carboxymethyl-6-fluoro-benzoic acid (130 mg, 0.65 mmol) in acetyl
chloride (2 ml) was heated under microwave irradiation at 1500C for 10 min
then concentrated in vacuo to give the title product (120 mg, 100% yield).
The compound is hydroscopic and slowly decomposes back to the starting
diacid in wet solvents or under moisturised atmosphere. 1H NMR (500 MHz,
DMSO-d6) : 4.29 (s, 2H), 7.27 (d, J=7.8 Hz, IH), 7.34 (dd, J=8.5 Hz, J=I l
Hz, IH), 7.76 (dt, J=5.3 Hz, J=8 Hz, IH). The following homophthalic
anhydrides were synthesized analogously: 7, 8-Difluoro-isochroman-l,
3-dione. 6, 8-Difluoro-isochroman-l, 3-dione.Synthesis of chiral and
racemic amines of the general formula XI:
(S)-(-)-2-Methyl-2-propanesulfinan iide. The title chiral auxiliary was
prepared according to a described procedure for the (R)-(+)- enantiomer by
D.J. Weix and J.A. Ellman Organic Syntheses 2005, 82, 157. 



(S)-2-Methyl-2-propanesulfinic acid l-cyclopropyl-methylideneamide. The
title compound was prepared according to a general procedure described by
G. Liu, D.A. Cogan, T.D. Owens, T.P. Tang, and J.A. Ellman J. Org. Chem.
1999, 64, 1278: A mixture of cyclopropanecarboxaldehyde (35.0 g, 0.5 mol),
2-methyl-2-propanesulfmic acid 1- cyclopropyl-methylideneamide (30 g, 0.25
mol) and anhydrous CuSO (120 g, 0.75 mol) in CH Cl (1500 mL) was stirred at
room temperature overnight. The reaction mixture was filtered and
evaporated to give the title compound (39 g, yield 95%), which was used in
the next step without further purification. {S)-2-Methyl-2-propanesulfinic
acid [(S)-cyclopropyl-(3-fluoro-phenyl)-methyl] -amide and
(S)-2-Methyl-2-propanesulfinic acid
[(R)-cyclopropyl-(3-fluoro-phenyl)-methyl] -amide. The title compounds were
obtained according to a general described procedure for 1,2-
stereoselective addition of organometallic reagents to sulfmyl imines by
D.A. Cogan, G. Liu, J.A. Ellman, Tetrahedron 1999, 55, 8883. Procedure A:
To an anhydrous lithium chloride (1.7 g, 40 mmol) THF (20 ml) was added
under nitrogen followed by slow addition of /-PrMgCl (22 mL, 2 M in THF)
and the obtained mixture was stirred at r.t. overnight. The obtained
/-PrMgCl-LiCl solution was addeddropwise to a stirred solution of
l-bromo-3-fluorobenzene (5.6 g, 33 mmol) in THF (25 ml) at 00C and stirring
continued for 2 hours. The obtained Grignard reagent was added to a
solution of (S)-2-methyl-2-propanesulfmic acid
1-cyclopropyl-methylideneamide (2.5 g, 14 mmol) in CH2Cl2 (60 mL) at -480C.
The mixture was stirred at -480C for 5 hours and then at room temperature
overnight. The reaction mixture was quenched by addition of aq. sat. NH Cl
(50 mL) and extracted with CH2Cl2 (3x100 mL). The combined organic solution
was dried (Na2SO ) and evaporated to give a crude mixture, which was
purified by column chromatography on silica gel (EtOAc/petroleum ether =
1/10). The obtained mixture of diastereoisomers was resolved by SFC to give
the title (S,S)-isomer as the major product (1.5 g, yield 37.5%) and the
title (S,R)-isomer (0.16 g, yield: 4.0%). Procedure B: Alternatively, to a
suspension of Mg (13.4 g, 0.55 mol) in 50 mL of anhydrous THF at 5O0C a
solution of l-bromo-3-fluorobenzene (89.0 g, 0.50 mol) was added dropwise.
The mixture was stirred for 2 hours at +500C and then it was added dropwise
to a solution of (S)-2-methyl-2-propanesulf únic acid
1-cyclopropyl-methylideneamide (78.0 g, 0.46 mol) in 100 mL of THF at
50-600C and stirred for 2 hours. It was quenched with aq. sat. NH4Cl (100
ml), water (300 mL), filtered, and the both solid and filtrate were
extracted with hot ethyl acetate (600 mL) and evaporated in vacuo. The
residue was crystallized from a mixture of ethyl acetate and petroleum
ether (1:1, 200 mL) at -2O0C to give 80 g of the title (S,S)-isomer as a
white powder, 66% yield, de 100% according to chiral HPLC. 1H NMR (CDCl3
400 MHz, TMS=O ppm): 7.34-7.28 (m, IH), 7.16-7.12 (m, 2H), 7.00-6.96 (m,
IH), 3.68 (dd, J = 8.8 Hz, 3.2 Hz, IH), 3.52 (s, IH), 1.42 (s, 9H),
1.15-1.08 (m, IH), 0.84-0.75 (m, IH), 0.69- 0.61 (m, IH), 0.55-0.46 (m,
IH), 0.28-0.21 (m, IH).
(S)-(+)-C-[C-Cyclopropyl-C-(3-fluoro-phenyl)]-methylamine hydrochloride To
a saturated solution of HCl in anhydrous dioxane (400 ml)
(S)-2-methyl-2-propanesulfmic acid
[(S)-cyclopropyl-(3-fluoro-phenyl)-methyl]-amide (80 g, 0.3 mol) was added
at O0C. After stirring at r.t. for 1 hour, the reaction mixture was
evaporated in vacuo. The residue was washed with anhydrous ether (2x100 ml)
and dried in vacuo to give 56 g of the title compound as a white solid,
yield 93%, ee 100% according to chiral HPLC. [a]20,D= + 52.69 (c = 10
mg/mL, CH3OH). 1H NMR (CD3OD, 400 MHz, TMS=O): 7.44-7.39 (m, IH), 7.25-7.19
(m, 2H), 7.12-7.07 (m, IH), 3.56 (d, J = 10.0 Hz, IH), 1.37-1.28 (m, IH),
0.78-0.75 (m, IH), 0.61-0.55 (m, 2H), 0.39-0.36 (m, IH).
(R)-(-)-C-[C-Cyclopropyl-C-(3-fluoro-phenyl)]-methylamine hydrochloride.
The title compound was prepared according to the above identical procedure
from (S)-2- methyl-2-propanesulfmic acid
[(R)-cyclopropyl-(3-fluoro-phenyl)-methyl] -amide (0.1 6g, 0.6 mmol) to
give 0.1 16 g of the title compound as a white solid. [a]20,D= - 49.18 (c =
10 mg/mL, CH3OH), ee 100%. 1 NMR (CD3OD, 400 MHz, TMS=O): identical with
(S)-enantiomer. The following enantiomerically pure amine hydrochlorides
were obtained analogously in three-step procedure starting from
condensation of the corresponding aldehyde with chiral auxiliary,
stereoselctive Grignard addition where the mixture of diastereoisomers was
resolved either by recrystallisation or by chromatography (SFC or column)
and the major (S,S)-diastereoisomer was finally converted to a chiral amine
with HCl.METHODS FOR PREPARING HUMAN SKIN SUBSTITUTES FROM HUMAN
PLURIPOTENT STEM CELLS FIELD OF THE INVENTION: The present invention
relates to ex vivo methods for obtaining populations of 



human keratinocytes derived from human pluripotent stem cells and methods
for preparing human skin substitutes. BACKGROUND OF THE INVENTION: The skin
consists of self-renewing layers organized into functional units of
differentiating cells with their origin in a single basal stratum of
proliferating keratinocytes. The dead and dying cells that comprise the
stratum corneum are continually shed during desquamation and replaced by
cells derived from epidermal stem cells found in the stratum germinativum.
Loss of epidermal function leads to loss of thermal regulation, reduced
microbial defences, risks of desiccation, inhibited wound repair, and
cosmetic concerns. In the absence of sufficient autologous donor for skin
grafts, coverage of wounds with cultured human keratinocytes represents a
promising option for treatment. Furthermore, in vitro and in vivo models
for human skin may represent tremendous tools for studying the lineage of
epidermis cells or for testing cosmetic and pharmaceutical compounds for
therapeutic or toxicological effects. For example the need for in vitro
models is strengthened by the fact that there is an incentive to provide an
alternative to the use of animals for testing compounds and formulations.
In addition, a number of diseases affect the function of keratinocytes,
either cell autonomously or through alteration of their ability to form the
pluristratified epidermal tissue. In vitro and in vivo models for human
skin may represent ways to reveal molecular mechanisms of diseases and, as
a consequence, identify pharmacological or biological compounds endowed
with therapeutic potentials. Thus, there is a need for methods for
obtaining populations of human keratinocytes that may then be useful for
skin therapy or for obtaining in vitro and in vivo models for human
skin.Embryonic stem cells and somatic cells that are genetically
reprogrammed in order to replicate all characteristics of embryonic stem
cells (such as, for example, those called "iPS" cells, for "induced
pluripotent stem" cells) are pluripotent stem cells with an extensive
proliferative capacity and accordingly offer a great potential use in
research and medicine. Several attempts have therefore been described in
the prior art for obtaining human keratinocytes from pluripotent stem
cells. For example, document WO02/097068 describes a method for inducing
keratinocyte differentiation of embryonic stem cells. Further studies
report the use of embryonic stem cells for obtaining population of human
keratinocytes (Coraux C. et al. 2003; Ji L. et al. 2006; Metallo CM. et al.
2007; and Aberdam E. et al. 2008). However, up to now, the methods of the
prior art have failed to obtain human keratinocytes derived from human
pluripotent stem cells that would demonstrate an ability to form a
pluristratified epidermis (in vitro or following xenografting in animals),
when treated according to techniques that were shown instrumental when
using adult basal keratinocytes from donors (see, e.g., Green, 2008).
SUMMARY OF THE INVENTION: The present invention relates to an ex vivo
method for obtaining a population of human keratinocytes derived from human
pluripotent stem cells comprising a step of co-culturing human pluripotent
stem cells with cells that support ectodermal differentiation in presence
of an agent that stimulates epidermal induction and an agent that
stimulates terminal differentiation of keratinocytes. The invention also
relates to an ex vivo method for obtaining a population of human
keratinocytes derived from human pluripotent stem cells, said method
comprising a step of culturing human pluripotent stem cells on a cell
culture surface coated with a layer of feeder fibroblasts in the presence
of a keratinocyte culture medium supplemented with BMP-4 and ascorbic acid.
The present invention also relates to an isolated substantially pure
homogenous population of human keratinocytes derived from human pluripotent
stem cells obtainable by the method as above described. The present
invention also relates to pharmaceutical composition comprising a
substantially pure homogenous population of human keratinocytes derived
fromhuman pluripotent stem cells of the invention and optionally a
pharmaceutically acceptable carrier or excipient. The present invention
also relates to a method for preparing a human skin substitute comprising a
step consisting of providing an organotypic culture of the 



substantially pure homogenous population of human keratinocytes derived
from human pluripotent stem cells of the invention. The invention also
relates to a human skin substitute obtainable by the method as above
described. The invention also relates to a method for grafting an animal
with a human skin substitute as described above. The invention also relates
to an animal model for human skin obtainable by the method as above
described. Finally, the invention relates to the human skin substitute as
above described for the treatment of a pathology associated with skin
damage. DETAILED DESCRIPTION OF THE INVENTION: Definitions: As used herein,
the term "marker" refers to a protein, glycoprotein, or other molecule
expressed on the surface of a cell or into a cell, and which can be used to
help identify the cell. A marker can generally be detected by conventional
methods. Specific, non-limiting examples of methods that can be used for
the detection of a cell surface marker are immunohistochemistry,
fluorescence activated cell sorting (FACS), and enzymatic analysis. The
term "population of human keratinocytes" refers to a population of cells
that is able to reconstruct the human epidermis and that is characterized
by the capacity to produce keratin in the process of differentiating into
the dead and fully keratinized cells of the stratum corneum. Markers of
basal keratinocytes include markers of basal layer with keratin 5, 14
(K5/K1 4) and transcription factor p63, markers of supra basal layer with
keratin 1 and keratin 10 (K1/K1 0), involucrin, fillagrin and markers
specific of dermal-epidermal junction with integrins alpha and beta4,
laminin-5 and collagen VII.As used herein, the term "human pluripotent stem
cell" refers to any human precursor cell that has the ability to form any
adult cell. As used herein, the term "human embryonic stem cells" or "hES
cells" or "hESC" refers to human precursor cells that have the ability to
form any adult cell. hES cells are derived from fertilized embryos that are
less than one week old. As used herein, the term "human induced pluripotent
stem cells" or "human iPS cells" or "human iPSCs" refers to a type of human
pluripotent stem cell artificially derived from a human non-pluripotent
cell (e.g. an adult somatic cell). Human induced pluripotent stem cells are
identical to human embryonic stem cells in the ability to form any adult
cell, but are not derived from an embryo. Typically, a human induced
pluripotent stem cell may be obtained through the induced expression of
Oct3/4, Sox2, Klf4, and c-Myc genes in any adult somatic cell (e.g.
fibroblast). For example, human induced pluripotent stem cells may be
obtained according to the protocol as described by Takahashi K. et al.
(2007), by Yu et al. (2007) or else by any other protocol in which one or
the other agents used for reprogramming cells in these original protocols
are replaced by any gene or protein acting on or transferred to the somatic
cells at the origin of the iPS lines. Basically, adult somatic cells are
transfected with viral vectors, such as retroviruses, which comprises
Oct3/4, Sox2, Klf4, and c-Myc genes. The term "substantially pure
homogenous population", as used herein, refers to a population of cells
wherein the majority (e.g., at least about 80%, preferably at least about
90%, more preferably at least about 95%) of the total number of cells have
the specified characteristics of the keratinocytes of interest. As used
herein, the term "isolated" refers to a cell or a population of cells which
has been separated from at least some components of its natural
environment. As used herein, the term "keratinocyte culture medium" refers
to a culture medium that contains nutrients necessary to support the
growth, proliferation and survival of human keratinocytes. Thus, an
appropriate culture medium according to the invention may consist in a
minimal medium in which cells can grow, such as for example Dulbecco
modified Eagle's minimal essential medium (DMEM), which issupplemented with
at least 10% of fetal calf serum (FCS). In another particular embodiment
the culture medium consists in a FAD medium composed of 2/3 DMEM, 1/3
HAM:F1 2 and 10% of fetal calf serum (FCII, Hyclone) supplemented with
5mg/ml insulin , 0.5mg/ml hydrocortisone, 10-1 OM cholera toxin, 1.37ng/ml
triodothyronin, 



24mg/ml adenine and 10ng/ml recombinant human EGF. The term "cell culture
surface" or "cell culture matrix" refers to every type of surface or matrix
suitable for cell culture. The term "cell culture surface" includes but is
not limited to tissue culture plate, dish, well or bottle. In a particular
embodiment, the culture surface is plastic surface of the culture plate,
dish, well or bottle. The cell culture surface is to be compatible with the
coating of dermis fibroblasts. As used herein, the expression "cells that
support ectodermal differentiation" refers to cells that provide an
appropriate substrate and which secrete appropriate factors to support the
growth and the differentiation of human pluripotent stem cells. In a
particular embodiment, cells that support ectodermal differentiation are
selected from the group of fibroblasts, more particularly of human
fibroblasts and more particularly of dermis fibroblasts. In a particular
embodiment, the cells that support ectodermal differentiation are
mitomycin-inactivated human dermis fibroblasts. As used herein, the
expression "feeder fibroblasts" refers to cells that serve as a basal layer
for pluripotent stem cells and provide secreted factors, extracellular
matrix, and cellular contacts for the maintenance of stem cells in the
undifferentiated state without losing pluripotency. Feeder cells can be
inactivated by gamma irradiation or mitomycin. According to an embodiment
of the invention, the feeder fibroblasts may be from the group of
fibroblasts, more particularly of human fibroblasts and more particularly
of dermis fibroblasts, including dermis fibroblast cell lines. Examples of
dermis fibroblast cell lines include but are not limited to CCD- 1112SK
(Hovatta O, et al. 2003) and 3T3-J2 (Rheinwald JG et al. 1975). In a
particular embodiment, dermis fibroblasts are previously treated to stop
their proliferation before to be coated in the culture surface. Therefore,
dermis fibroblasts may be irradiated or treated with a cell cycle blocking
agent such as mitomycin. As used herein, the tern "dermis fibroblast"
refers to a population of cells that synthesizes and maintains the
extracellular matrix of dermis. Specific markers of dermis fibroblasts
include vimentin and FAP (fibroblast activation protein).As used herein,
the expression "agent that stimulates epidermal induction" refers to an
agent that is capable of inducing the expression of epidermal markers such
as keratin 8, keratin 18, keratin 5 and keratin 14 . Typically an agent
that stimulates epidermal induction inhibits trophoblast and mesoderm
induction. In a particular embodiment, the agent that stimulates epidermal
induction is selected from the group consisting of Bone Morphogenetic
Proteins (such as BMP-2, BMP-4 and BMP-7), receptor-regulated Smad proteins
(such as Smad 1, Smad 5 and Smad 9) and ligands of the TGF-beta family
(such as Growth and Differenciation Factor 6 GFD-6) (Moreau et al., 2004).
In a preferred embodiment the agent that stimulates epidermal induction is
selected from the group consisting of BMP-, BMP-4, BMP-7, Smadi , Smad5,
Smad7 and GFD-6. In a preferred embodiment, the agent that stimulates
epidermal induction is BMP-4. The term "BMP-4" refers to Bone morphogenetic
protein 4 . BMP-4 is a polypeptide belonging to the TGF-b superfamily of
proteins. An exemplary native BMP-4 amino acid sequence is provided in
GenPept database under accession number AAC72278. As used herein, the
expression "agent that stimulates terminal differentiation of
keratinocytes" refers to an agent that stimulates the expression of keratin
5 and keratin 14 . Indeed, keratin 5 and keratin 14 are markers of the
basal keratinocytes which are capable of terminal differentiation in 3D
culture. In one particular embodiment, the agent that stimulates terminal
differentiation of keratinocytes is selected from the group consisting of
ascorbic acid and retinoic acid. The term "ascorbic acid" refers to
(R)-3,4-dihydroxy-5-((S)- 1,2- dihydroxyethyl)furan-2(5H)-one which has the
formula of : As used herein, the term "organotypic culture" refers to a
three-dimensional tissue culture where cultured cells are used reconstruct
a tissue or organ in vitro.As used herein, the term "pathologies" refers to
any disease or condition associated with skin damage. The term "pathology
associated with skin damage" refers to any disease or clinical condition
characterized by skin damage, injury, dysfunction, defect, or abnormality.
Thus, the term encompasses, for example, injuries, degenerative diseases
and genetic diseases. In certain embodiments, pathologies of interest are
genodermatosis such as Epidemolysis bullosa, Xeroderma 



pigmentosum, ichthyosis, ectodermal dysplasia, kindler syndrome and others.
As used herein, the term "subject" refers to a mammal, preferably a human
being, that can suffer from pathology associated with skin damage, but may
or may not have the pathology. In the context of the invention, the term
"treating" or "treatment", as used herein, refers to a method that is aimed
at delaying or preventing the onset of a pathology, at reversing,
alleviating, inhibiting, slowing down or stopping the progression,
aggravation or deterioration of the symptoms of the pathology, at bringing
about ameliorations of the symptoms of the pathology, and/or at curing the
pathology. Methods of the invention: The present invention relates to an ex
vivo method for obtaining a population of human keratinocytes derived from
human pluripotent stem cells comprising a step of co-culturing human
pluripotent stem cells with cells that support ectodermal differentiation
in presence of an agent that stimulates epidermal induction and a agent
that stimulates terminal differentiation of keratinocytes. The human
keratinocytes derived from human pluripotent stem cells obtainable by the
method as above described are able to recapitulate all morphological and
functional attributes of human basal keratinocytes. Indeed the inventors
demonstrated that said cells are able to reconstruct a human epidermis (in
vitro and in vivo) and that are characterized by the capacity to produce
keratin. More particularly said cells express markers of basal
keratinocytes that include markers of basal layer with keratin 5, 14
(K5/K14) and transcription factor p63, markers of supra basal layer with
keratin 1 and keratin 10 (K1/K1 0), involucrin, fillagrin and
markersspecific of dermal-epidermal junction with integrins alpha6 and
beta4, laminin-5 and collagen VII. They may also express keratin 19, which
is a marker of skin stem cells, as well as keratin 3 and 12, which are
markers of the corneal cells. An embodiment of the invention relates to an
ex vivo method for obtaining a population of human keratinocytes derived
from human pluripotent stem cells, said method comprising a step of
culturing human pluripotent stem cells on a cell culture surface coated
with a layer of feeder fibroblasts in the presence of a keratinocyte
culture medium supplemented with BMP-4 and ascorbic acid. In a particular
embodiment, human pluripotent stem cells include but are not limited to
embryonic stem cells (hES cells) or human induced pluripotent stem cells
(human iPS cells). According to an embodiment of the invention, hES cells
may be selected from any hES cell lines. Examples of hES cell lines include
but are not limited to, SA-01 , VUB-01 , H 1 (Thomson JA et al 1998), and
H9 (Amit M et al. 2000). According to the invention hES cells are not
previously cultured in the presence of LIF as described in the
international patent application WO2002/097068. Moreover, according to the
invention it shall be understood that hES cells are not previously
differentiated in embryoid bodies as described in Metallo CM. et al. (2007)
or in Ji L; et al. (2006). According to an embodiment of the invention
human iPS cells may be selected from any human iPS cell lines. Examples of
human iPS cell lines include but are not limited to clones 201 B (Takahashi
et al., 2007) and iPS (Foreskin or IMR90)-1 -MCB- 1 (Yu et al., 2007).
Alternatively, hES cells or human iPS cells may be selected from master
cell banks that may be constituted in a therapeutic purpose. In a preferred
manner, hES cells or human iPS may be selected to avoid or limit immune
rejection in a large segment of the human population. Typically hES cells
or human iPS cells are HLAhomozygous for genes encoding major
histocompatibility antigens A, B and DR, meaning that they have a simple
genetic profile in the HLA repertory. The cells could serve to create a
stem cell bank as a renewable source of cells that may be suitable for
preparing human skin substitutes for use in cell therapy of pathologies
associated with skin damage (e.g. wound, burns, irradiation,
disease-related abnormalities of epidermis...).In another particular
embodiment, human pluripotent stem cells may carry a mutation or a
plurality of mutations that are causative for a genetic disease of the
human skin. According to an embodiment of the invention, the cell culture
surface is 



selected in the manner that dermis fibroblasts may naturally adhere on it.
Various materials of cell culture surface may be selected. Examples of such
materials include but are not limited to tissue culture dishes or dishes
coated with gelatine. In a particular embodiment, the keratinocyte culture
medium may be supplemented with one or more agents selected from the group
consisting of glutamine, epidermal growth factor (EGF), sodium pyruvate,
adenine, insulin, hydrocortisone, choleric toxin and triodothyronin. In a
particular embodiment, the keratinocyte medium culture is the one described
by Rheinwald JG. et al. (1975). According to an embodiment of the
invention, the concentration of ascorbic acid in the keratinocyte culture
medium may vary from 0.01 mM to 1 mM. In a particular embodiment the
concentration of ascorbic acid is 0.3mM. The concentration of BMP-4 in the
keratinocyte culture medium may vary from 0.02 nM to 77 nM or 0.3ng/ml to
1000ng/ml. In a particular embodiment the concentration of BMP-4 is 0.5nM.
According to the invention, human pluripotent stem cells (e.g. hES cells or
human iPS cells) are cultivated for a time period sufficient for allowing
the complete differentiation of said cells in a population of cells that
recapitulate all morphological and functional attributes of human basal
keratinocytes ("human keratinocytes derived from human pluripotent stem
cells"). According to a particular embodiment, the time period may vary
from 20 days to 60 days, preferably 20 days to 40 days. A further object of
the invention relates to an isolated population of human keratinocytes
derived from human pluripotent stem cells obtainable by a method as above
described. According to another embodiment, the method of the invention may
further comprise a step of culturing the population of human keratinocytes
derived from human pluripotent stem cells obtained as previously described
on a cell culture surface coated with a layer of dermis fibroblasts in the
presence of a keratinocyteculture medium devoid of acid ascorbic and BMP-4.
The further step may be suitable to obtain a substantially pure homogenous
population of human keratinocytes derived from human pluripotent stem
cells. Dermis fibroblasts, cell culture surface and keratinocyte culture
medium may be the same as previously described provided that the
keratinocyte culture medium is not supplemented with acid ascorbic and
BMP-4. A further object of the invention relates to an isolated
substantially pure homogenous population of human keratinocytes derived
from human pluripotent stem cells obtainable by a method as above
described. Pharmaceutical compositions: The substantially pure homogenous
population of human keratinocytes derived from human pluripotent stem cells
obtained according to the method of the invention may be then suitable for
skin therapy. Therefore the invention relates to a pharmaceutical
composition comprising a substantially pure homogenous population of human
keratinocytes derived from human pluripotent stem cells of the invention
and optionally a pharmaceutically acceptable carrier or excipient. In
certain embodiments, a pharmaceutical composition may further comprise at
least one biologically active substance or bioactive factor. As used
herein, the term "pharmaceutically acceptable carrier or excipient" refers
to a carrier medium which does not interfere with the effectiveness of the
biological activity of the progenitor cells, and which is not excessively
toxic to the host at the concentrations at which it is administered.
Examples of suitable pharmaceutically acceptable carriers or excipients
include, but are not limited to, water, salt solution (e.g., Ringer's
solution), oils, gelatines, carbohydrates (e.g., lactose, amylase or
starch), fatty acid esters, hydroxymethylcellulose, and polyvinyl pyroline.
Pharmaceutical compositions may be formulated as liquids, semi-liquids
(e.g., gels) or solids (e.g., matrix, lattices, scaffolds, and the like).
As used herein the term "biologically active substance or bioactive factor"
refers to any molecule or compound whose presence in a pharmaceutical
composition of the invention is beneficial to the subject receiving the
composition. Aswill be acknowledged by one skilled in the art, biologically
active substances or bioactive factors suitable for use in the practice of
the present invention may be 



found in a wide variety of families of bioactive molecules and compounds.
For example, a biologically active substance or bioactive factor useful in
the context of the present invention may be selected from anti-inflammatory
agents, anti-apoptotic agents, immunosuppressive or immunomodulatory
agents, antioxidants, growth factors, and drugs. A related aspect of the
invention relates to a method for treating a subject suffering from a
pathology associated with skin damage, said method comprising a step of
administering to the subject an efficient amount of a substantially pure
homogenous population of human keratinocytes derived from human pluripotent
stem cells of the invention (or a pharmaceutical composition thereof). As
used herein, the term "efficient amount" refers to any amount of a
substantially pure homogenous population of human keratinocytes derived
from human pluripotent stem cells (or a pharmaceutical composition thereof)
that is sufficient to achieve the intended purpose. The substantially pure
homogenous population of human keratinocytes derived from human pluripotent
stem cells (or a pharmaceutical composition thereof) of the invention may
be administered to a subject using any suitable method. The substantially
pure homogenous population of human keratinocytes derived from human
pluripotent stem cells of the invention may be implanted alone or in
combination with other cells, and/or in combination with other biologically
active factors or reagents, and/or drugs. As will be appreciated by those
skilled in the art, these other cells, biologically active factors,
reagents, and drugs may be administered simultaneously or sequentially with
the cells of the invention. In certain embodiments, a treatment according
to the present invention further comprises pharmacologically
immunosuppressing the subject prior to initiating the cell-based treatment.
Methods for the systemic or local immunosuppression of a subject are well
known in the art. Effective dosages and administration regimens can be
readily determined by good medical practice based on the nature of the
pathology of the subject, and will depend on a number of factors including,
but not limited to, the extent of the symptoms of the pathology and extent
of damage or degeneration of the tissue ororgan of interest, and
characteristics of the subject (e.g., age, body weight, gender, general
health, and the like). Human skin substitutes and animal models of the
invention: The substantially pure homogenous population of human
keratinocytes derived from human pluripotent stem cells of the invention
may be also suitable for preparing human skin substitutes. Typically the
human skin substitute of the invention comprises a pluristratified
epidermis which results from the in vitro derived culture of the
substantially pure homogenous population of human keratinocytes derived
from human pluripotent stem cells as above described that has stratified
into squamous epithelia. In a particular embodiment, the human skin
substitute of the invention may comprise a pluristratified epidermis as
above described and a dermis. Therefore a further aspect of the invention
relates to a method of preparing a human skin substitute comprising a step
consisting of providing an organotypic culture of the substantially pure
homogenous population of human keratinocytes derived from human pluripotent
stem cells of the invention. Full stratification and histological
differentiation of the substantially pure homogenous population of human
keratinocytes derived from human pluripotent stem cells of the invention
can be achieved by the use of three-dimensional organotypic culture methods
(Doucet O, et al. 1998 ; Poumay y. et al. 2004 ; Gache Y. et al. 2004). For
example, when in vitro cultures of the substantially pure homogenous
population of human keratinocytes derived from human pluripotent stem cells
of the invention are grown at an air-liquid interface, a highly ordered
stratum corneum is formed. In a particular embodiment, human skin
substitutes according to the invention may be generated as described by
Poumay, Y et al. 2004. Culture of the substantially pure homogenous
population of human keratinocytes derived from human pluripotent stem cells
of the invention may be performed on polycarbonate 



culture inserts. These cells may be maintained for 11 days in Epilife
medium supplemented with 1.5 mM CaCI2 and 50 mg/ml ascorbic acid. The cells
were exposed to the air-liquid interface by removing the culture medium for
10 days.In a particular embodiment, the substantially pure homogenous
population of human keratinocytes derived from human pluripotent stem cells
is previously seeded on a cell culture matrix populated with human dermis
fibroblasts before providing an organotypic culture of it as above
described. This particular embodiment allows obtaining a human skin
substitute which comprises dermis and epidermis. Such a method may be
performed through the protocol as described by Del Rio M. et al. (2002) or
Larcher F. et al. (2007). For example, the substantially pure homogenous
population of human keratinocytes derived from human pluripotent stem cells
of the invention may be seeded on a fibrin matrix populated with live
dermis fibroblasts. Organotypic cultures are then grown submerged up to
keratinocyte confluence, and finally maintained at the air-liquid interface
for 7 days to enhance stratification and differentiation of the epithelium.
A further object of the invention relates to a human skin substitute
obtainable by the method as above described. A further object of the
invention relates to a method for grafting an animal, preferably a mammal,
more preferably a mouse, with a human skin substitute as described above.
In a particular embodiment said animal is an immunodeficient animal (e.g.
NOD/SCID mouse). Said method may be useful to provide animal models for
human skin. In a particular embodiment, animals grafted with a human skin
substitute of the invention may be generated as described by Del Rio M. et
al. (2002). Briefly, animals are shaved and aseptically cleansed.
Full-thickness wounds are then created on the dorsum of mice and finally
grafting with the human skin substitute of the invention is performed under
sterile conditions. 10-12 weeks may be then sufficient to obtain a human
skin on said animal. A further object of the invention relates to an animal
model for human skin obtainable according to the method as above described.
The human skin substitutes and animal models of the present invention may
have a variety of uses. These uses include, but are not limited to, use for
screening compounds, substrates for culturing tumors and pathological
agents (e.g., humanpapilloma virus), and for modelling human injuries or
pathologies associated with skin damage. For example human skin substitutes
and animal models of the present invention may be used for a variety of in
vitro and in vivo tests. In particular but in non limiting way, the human
skin substitutes and animal models of the present invention find use in the
evaluation of: skin care products, drug metabolism, cellular responses to
test compounds, wound healing, phototoxicity, dermal irritation, dermal
inflammation, skin corrosivity, and cell damage. Typically, for animal
models of the invention, the product may be administered topically on the
human skin, or may be administered through an oral, sublingual,
subcutaneous, intramuscular, intravenous, and transdermal route. The
present invention encompasses a variety of screening assays. In some
embodiments, the screening method comprises providing a human skin
substitute or an animal model of the present invention and at least one
test compound or product (e.g., a skin care product such as a moisturizer,
cosmetic, dye, or fragrance; the products can be in any from, including,
but not limited to, creams, lotions, liquids and sprays), applying the
product or test compound to said human skin substitute or animal model ,
and assaying the effect of the product or test compound on the human skin
substitute or animal model. Typically, for animal models of the invention,
the test compound or product may be administered topically on the human
skin, or may be administered through an oral, sublingual, subcutaneous,
intramuscular, intravenous, and transdermal route. A wide variety of assays
may be used to determine the effect of the product or test compound on the
human skin substitute or animal model. The assays may be directed to the
toxicity, potency, or efficacy of the compound or product. Additionally,
the effect of the compound or product on growth, barrier function, or
tissue strength can be tested. In other preferred embodiments, the human
skin substitutes or animal models 



of the invention find use for screening the efficacy of drug introduction
across the skin. In a particular embodiment, the human skin substitutes or
animal models of the present invention are also useful for the culture and
study of tumours that occur naturally in the skin as well as for the
culture and study of pathogens that affect the skin. Accordingly, in some
embodiments, it is contemplated that the human skin substitutes or animal
models of the present invention are seeded with malignantcells. These
reconstructed human skin substitutes or animal models can then be used to
screen compounds or other treatment strategies (e.g., radiation or
tomotherapy) for efficacy against the tumour in its natural environment. In
some embodiments of the present invention provide methods comprising
providing a reconstructed human skin substitute or animal model infected
with a pathogen of interest and at least one test compound or treatment and
treating the skin substitute or animal model with the test compound or
treatment. In another particular embodiment, the human skin substitutes or
animal models of the present invention are also useful for modelling human
injuries or pathologies associated with skin damage. For example, the human
skin substitutes and animal models of the present invention may provide
both in vitro and in vivo models for modelling wounds, bums (e.g. fire
burns, sunburns.. .), or lesions caused by irradiations, pathogens.. . ,
irritations caused by chemical products or environment conditions,
degenerative diseases and genetic diseases. In certain embodiments,
pathologies of interest are genodermatosis such as Epidermolysis bullosa,
Xeroderma pigmentosum, ichthyosis, ectodermal dysplasia, kindler syndrome
and others. Typically, the human skin substitutes or animal models of the
present invention may be generated form pluripotent stem cells that may
carry a mutation or a plurality of mutations that are causative for a
genetic disease of the human skin. Both in vitro and in vivo models as
described above may have particular interests for medical research or may
be useful for screening compounds for the treatment or the prevention of
said injuries and pathologies. In particular, the present invention
contemplates the use of the human skin substitutes and animal models
according to the invention for screening of compounds from libraries, in
particular combinatorial libraries, using e.g. high throughput or high
content techniques. Typically, for animal models of the invention, the test
compound or product may be administered topically on the human skin, or may
be administered through an oral, sublingual, subcutaneous, intramuscular,
intravenous, and transdermal route. In a further aspect of the invention,
the human skin substitutes of the present invention may be used for the
treatment of a pathology associated with skin damage. Therefore the present
invention relates to a method for the treatment of a pathology associated
skin damage comprising a step consisting of grafting a patient in need
thereof with a human skin substitute of the invention.For example, the
human skin substitutes of the present invention find use in wound closure
and burn treatment applications. The use of grafts for the treatment of
burns and wound closure is described U.S. Pat. Nos. 5,693,332; 5,658,331 ;
and 6,039,760. Accordingly, the present invention provides methods for
wound closure, including wounds caused by burns,, comprising providing a
human skin substitute according to the present invention and a patient
suffering from a wound and grafting the patient with the human skin
substitute under conditions such that the wound is closed. The invention
will be further illustrated by the following figures and examples. However,
these examples and figures should not be interpreted in any way as limiting
the scope of the present invention. FIGURES: Figure 1: Establishment of a
keratinocyte lineage: Morphology microscopy analysis of hES cells at
different steps of differentiation (0-10-25-40 days). Initially, typical
hES cells colonies are round. At 10 days, derived hES cells from the
periphery of the colonies started to migrate and to spread into the feeder
layer. From the twenty days onwards, these cells increased in volume,
flattened and acquired epithelial morphology. At the end of
differentiation, these cells became to have the pavimentous epithelial
morphology, formed colonies of tightly packed, cohesive cells,
characteristic of keratinocyte morphology. 



Figure 2: Establishment of a keratinocyte lineage: Quantitative PCR
analysis of cells derived from hES cells during the 40 days of
differentiation. The pluripotency gene markers OCT4 and NANOG, decreased
rapidly from 5 days to finally be undetectable at 20 days. The transcript
of keratin 18 and keratin 8 (KRT18 and KRT8), first specific markers of
simple epithelia, were strongly increased up to 10 days to next decreased
and be stabilized at a basal level until the end of the differentiation.
Transcripts encoding keratin 5 and keratin 14 (KRT5 and KRT14), specific of
the proliferative basal layer of the epidermis, increased steadily between
10 and 40 daysFigure 3: Establishment of a keratinocyte lineage : FACS
analyses of hES cells during the 40 days of differentiation confirmed a
loss of the marker of undifferentiatied state SSEA3 (Stage-Specific
Embryonic Antigen) from near 60% at the beginning of the kinetic to near 1%
at 40 days. Commitment to the epidermal lineage was observed at 10 days
when the pick of expression of keratini (K1 8) rise to 63%. After 25 days K
18 decreased continuously until to reach a basal level at 40 day (9%). From
25 days, a switch between the marker of simple epithelia K8/K1 8 and K5/K1
4 markers of stratified epithelia occurred with 59% of derived hES cells
positive for K 14 , confirming an enrichment of the culture in basal
proliferative epidermal cells. Figure 4 : Characterization of a homogenous
and pure population of keratinocytes derived from hES cells: Morphology
microscopy analysis of human primary adult keratinocytes (HK) and
keratinocytes derived from hES cells (K-hES cells) after subsequent
culture. After 40 days of differentiation, subsequent cultivation of
keratinocytes derived from hES cells was done without BMP4 and ascorbic
acid in FAD medium seeded onto mitomycin treated 3T3 feeder cells. Under
these conditions, keratinocytes derived from hES cells (K-hES cells)
presented the same colony morphology than the adult primary human
keratinocytes (HK). K-hES cells formed colonies of tightly packed, cohesive
cells, characteristic of keratinocyte morphology. Figure 5 :
Characterization of a homogenous and pure population of keratinocytes
derived from hES cells: FACS analysis of HK and K-hES cells revealed a loss
of K 18 and a homogenous cell population of K-hES cells in which more than
95% of the cells expressed K5 and K 14 . Figure 6 : Characterization of a
homogenous and pure population of keratinocytes derived from hES cells:
Quantitative PCR analyses of K-hES cells and HK with OCT4/NANOG,
KRT8/KRT18, KRT5/KRT14, integrins alpha6 and beta4 (ITGA6/ ITGB4),
laminin-5 and collagen VII (LAMB3/ Col7A1 ) gene markers of keratinocytes
adhesion were performed . Gene expression levels were similar for all these
tested genes that are characteristic of basal keratinocytes.Figure 7:
Establishment of functional keratinocytes derived from hES cells. Colony
forming assay of HK and K-hES cells. The growth potential of human
keratinocytes in vitro can be estimated by the number of the growing
adherent clones. Colony forming analysis of K-hES cells showed an increased
of 40% of clonogenic potential of these cells compared to HK. Figure 8:
Establishment of functional keratinocytes derived from hES cells.
Organotypic epithelia culture of HK and K-hES cells. Hematoxylin/Eosin
histological staining after 10 days of air liquid differentiation. The
epidermal architecture appeared to be composed of a well-defined basal
layer with a pavimentous cell shape and suprabasal layers, including a
stratum granulosum containing keratohyalin granule and a stratum corneum,
seen as superposed layers of dead squame enucleated cells. Figure 9 : PCR
Array on organotypic HK and K-hESC epidermis. A large panel of epidermis
genes has been tested on cDNA extracted from HK and K-hES cells derived
organotypic epidermis. Data were collected using home made
keratinocyte-focused primer quantitative PCR arrays and heat map analysis
performed on Array Assist software. The two organotypic epidermis presented
very similar patterns of expression. Figure 12: Long-term in vivo human
epidermal regeneration following xenografting to immunodeficient mice. a.
Haematoxylin-eosin staining of artificial skin implants grafted with
K-hESC. Scale bar is 50 mm. b. Immunoperoxydase staining using mAb SY-5
directed against human involucrin on artificial skin implants 



grafted with K-hESC is appropriately located in spinous and granular
layers. Note that dermal background could be observed, due to the
anti-mouse secondary antibody. Scale bar is 50 mm. Figure 13: Long-term in
vivo human epidermal regeneration following xenografting to 4
immunodeficient mice. Haematoxylin-eosin staining of artificial skin
implants grafted with K-hESC. Scale bar is 100 mm.Figure 10: Homogenous
profile of K-hES cells in semi-defined serumfree medium: Quantitative PCR
analysis of K-hES cells maintained in semi-defined serum-free medium, and
in FAD medium with feeder cells demonstrated similar expression of the
transcripts of keratin 5 and 14 (KRT5 and KRT14). Figure 11: Stable
phenotype of K-hESC up to nine passages: Quantitative PCR analyses of K-hES
cells at successive passages, up to 9, showed stable expression of genes
associated to the keratinocyte phenotype, including KRT5, KRTU, ITGA6 and
ITGB4. Figure 14: Establishment of a keratinocyte lineage: Quantitative PCR
analysis: PCR analyses of K-hES cells and HK showed different expression
levels of the K 19, K3 and K 12 genes. Figure 15: Expression of MHC class I
(HLA-ABC) and class Il (HLA-DR) proteins in hESC, K-hESC and HK
Representative FACS analysis of MHC class I (HLA-ABC) and class Il (HLADR)
expression in hESC, HK and K-hESC derived from H9. Figure 16: Establishment
of a keratinocyte lineage using induced pluripotent stem cells (A)
Morphology analysis of induced pluripotent stem cells (iPS) and derived iPS
at 40 days of differentiation (B) Quantitative PCR analysis of 0CT4/NAN0G,
KRT8/KRT18, KRT5/KRT14 of derived induced pluripotent stem cells (iPS)
during the 40 days of differentiation. Figure 17: Characterization of
keratinocytes derived from iPS. (A) Microscopy analysis of keratinocytes
derived from iPS (K-iPS) and from hESC (K-hESC), and human primary
keratinocytes (HK) after subsequent culture. (B Quantitative PCR analysis
of 0CT4/NAN0G, KRT8/KRT18, KRT5/KRT14 and P63 in K-iPS, K-hESC and HK. (C)
Immunofluorescence analysis of keratins 5 and 14 in K-iPS, K-hESC and
HK.EXAMPLE 1: METHOD FOR PREPARING A POPULATION OF KERATINOCYTES AND A
HUMAN SKIN SUBSTITUTE FROM hES Material & Methods Maintenance culture of
hES cells. The hESC (SA-01 and H9) were grown on a feeder layer of mouse
fibroblast cells, STO (inactivated with 10 mg/ml mitomycin C and seeded at
30000/cm 2) in DMEM/F1 2 (Sigma) supplemented with 20% (vol/vol) Knockout
Serum Replacement (KSR, Invitrogen), 1mM glutamine, 0.1 mM nonessential
amino acids (Invitrogen), 4ng/ml recombinant human bFGF (PeProTech) and 0.1
mM 2-mercaptoethanol at 37°C under 5% CO2. For passaging, hESC colonies
were cut and passages were done every 5 days. Derivation of hES cells in
keratinocytes. For derivation, clumps were seeded onto mitomycin C-treated
3T3 fibroblasts in FAD medium composed of 2/3 DMEM, 1/3 HAM:F1 2 and 10% of
fetal calf serum (FCII, Hyclone) supplemented with 5mg/ml insulin , 0.5
mg/ml hydrocortisone, 10 10M cholera toxin, 1.37ng/ml T3, 24mg/ml adenine
and 10ng/ml recombinant human EGF. The induction of ectodermal
differentiation was done when 0.5nM of human recombinant BMP-4 (R&D Systems
Europe, LJK) and 0,3mM ascorbic acid (Sigma) were added. Cells were grown
in the same medium until clones of epithelial cells were isolated. Cells
were then seeded in the same feeder layer in FAD medium devoid of BMP4 and
ascorbic acid. As a control, primary human keratinocytes (HK) were cultured
on mitomycin C treated 3T3 fibroblasts in FAD medium. For culture in
semi-defined serum-free medium , HK and k-hES cells were seeded on BioCoat
Collagen I plastic (BD Biosciences) in KGM-2 medium (Lonza). Quantitative
PCR. Total RNA was isolated from hES cells, HK and K-hES cells using RNeasy



Mini extraction kit (Qiagen) according to the manufacturer's protocol. An
on-column DNase I digestion was performed to avoid genomic DNA
amplification. RNA level and quality were checked using the Nanodrop
technology. A total of 500 ng of RNA was used for reverse transcription
using the Superscript III reverse transcription kit(Invitrogen). To
quantify mRNA expression real time RT-PCR analysis was performed using a
LightCycler 480 system (Roche diagnostics) and SYBR Green PCR Master Mix
(Roche Diagnostics) following the manufacturer's instructions.
Quantification of gene expression was based on the DeltaCt Method and
normalized on 18s expression. Melting curve and electrophoresis analysis
were performed to control PCR products specificities and exclude
non-specific amplification. FACS analyses Cells were detached from culture
plates using Trypsin-EDTA (Invitrogen) and fixed in 2% paraformaldehyde for
15 minutes at room temperature. After PBS wash, cells were permeabilized
with 0.1 % Saponin (Sigma). Primary antibodies diluted at 1:1 00 were
incubated one hour at room temperature in PBS containing 0.1 % FCS. Control
samples were done using isotype specific or no primary antibody. Species
specific secondary antibodies were added for 1 hour at room temperature and
stained cells were analyzed on a FACScalibur flow cytometer using CellQuest
software (BD Biosciences). Immunocytochemistry. Cells were fixed in 4%
paraformaldehyde for 15 minutes at room temperature before permeabilized
and blocking in PBS supplement with 0.4% Triton X-1 00 and 5% BSA (Sigma).
Primary antibodies were incubated overnight at 4°C in blocking buffer.
Mouse anti-K14, rabbit anti-K1 4, mouse anti-K5 were purchased from
Novacastra, mouse anti-ColVII, mouse anti-integrin a6 and mouse
anti-laminin5 were from Santa-Cruz Biotechnology and mouse anti-integrin b4
was from BDbiosciences. Cells were stained with the species specific
fluorophore-conjugated secondary antibody (Invitrogen) for 1 hour at room
temperature and nucleus were dye using DAPI. Immunofluorescence images were
acquired on a Zeiss Z 1 microscope using Axiovision imaging software.
Colony forming assay. Primary keratinocytes and K-hES cells were
trypsinized and plated on mitomycin C treated 3T3 fibroblasts feeder layer
in FAD medium at 14 cells/cm2 in a 10-cm plates. Cells were cultured for 2
weeks before being fixed with 70% ethanoland stained with Blue-RAL 555
(Sigma). After a tap water wash, plates were dried and colonies were
counted. Each experiment was done in triplicate. Organotypic cultures.
Human skin substitute was generated as detailed elsewhere (Poumay Y et al.,
2004). Keratinocytes cultures were performed on polycarbonate culture
inserts (NUNC). These cells were maintained for 11 days in Epilife medium
supplemented with i .5mM CaCI2 and 50mg/ml ascorbic acid. The cells were
exposed to the airliquid interface by removing the culture medium for 10
days. Grafting onto immunodeficient mice. Bioengineered skin equivalents
were generated using fibrin matrix populated with human fibroblasts. K-hESC
were seeded on the fibrin matrix, grown immersed to confluence, and then,
grafted on the back of 6-week-old female nu/nu mice (Jackson Laboratory,
Bar Harbor, ME) as described (Del Rio et al., 2002). Implants were
harvested 10-1 2 weeks after grafting, and the tissue specimens fixed in
10% buffered formalin for paraffin embedding. Array-based comparative
genomic hybridization Array-based comparative genomic hybridization (a-CGH)
analysis was done using lntegragen Chip genome- wide BAC array of 5245 BAC
clones (526 kb median spacing). Results: hES cells (SA-01 or H9) were
seeded on 3T3 feeder cells previously treated with mitomycin C in FAD
medium supplemented with BMP4 (0.5nM) and ascorbic acid (0.3 mM) and
harvested at different time points 10, 25 and 40 days. During the kinetic
of differentiation, we observed by microscopy a gradually increased of
epithelial morphology. Originally, undifferentiated hES cells formed
single-cell layer colonies in culture. At 10 days, derived hES cells from
the periphery 



of the colonies started to migrate and to spread into the feeder layer.
From the twenty days onwards, these cells increased in volume, flattened
and acquired epithelial morphology. At the end of differentiation, these
cells became to have thepavimentous epithelial morphology, formed colonies
of tightly packed, cohesive cells, characteristic of keratinocyte
morphology (Figure 1) . A molecular characterization of the differentiation
of hES cells was done all along the kinetic by quantitative-PCR and FACS
analyses. Time course q-PCR analysis demonstrated that the pluripotency
gene markers OCT4 and NANOG (Amit M. et al. 2000), decreased rapidly from 5
days to finally be undetectable at 20 days (Figure 2). Specifically, FACS
analysis confirmed a loss of the marker of undifferentiated state SSEA3
(Stage-Specific Embryonic Antigen) from near 60% at the beginning of the
kinetic to near 1% at 40 days (Figure 3). Epidermis development in vivo is
characterised by temporal expression pattern of structural molecules during
embryonic development (Mack JA. et al. 2005). The epidermis is derived from
the ectoderm that gives rise to the single-layer ectodermal cells
expressing the keratin 8 and the keratin 18 (K8 and K 18). Using
quantitative Q-PCR, expression of genes encoding the earlier markers along
the keratinocyte lineage, keratin 18 and 8 {KRT8/KRT1 8) peaked at 10 days
in culture then decreased progressively over the following weeks.
Expression of genes encoding keratin 5 and 14 {KRT5/KRT14), which are
specific of the proliferative basal layer of the epidermis all along life,
increased progressively from day 10 on (figure 1B). FACS analyses confirmed
the transitory expression of K18 with a pick of expression between 10 and
25 (63% to 59%) days consistent to a decreased until a basal level at 40
days (9%). At the end of the 40 days of differentiation we confirmed an
enrichment of the culture in keratin 14 (59%) (Figure 3). Finally, the
derivation of hES cells to keratinocytes is comparable to epidermal
development in vivo (Byrne C. et al. 1994). Altogether, data obtained
clearly demonstrate that this protocol of differentiation reproduce in
vitro all steps of epidermal development given the chance to a better
understanding of the molecular events that are responsible for this drastic
transition K8/K1 8 to K5/K1 4 At 40 days of differentiation. We considered
that the period of induction was over, and stopped it by withdrawing BMP4
and ascorbic acid from the medium. After passage onto mitomycin C treated
3T3 feeder cells in FAD medium, cells exhibiting typical pavimentous
epithelial morphology spontaneously formed growing colonies; we named them
"keratinocytes derived from human embryonic stem cells" (K-hES cells).
(Figure 4). FACS analysis after four passages revealed no more keratin 18
and a quite homogenous cell population in which morethan 95% of the cells
expressed keratin 5 and 14 as in HK (Figure 5). Comparison of K-hES cells
with HK pointed to similar phenotypes. Gene expression levels as assessed
by Q-PCR were similar for all tested genes that are characteristic of basal
keratinocytes, including those encoding keratin 14 , keratin 5, integrins
alpha and beta4, collagen VII and laminin-5 (Figure 6). Localization of
keratin 5 and 14 were determined by immunofluorescence in cell compartments
of K-hES cells identical to those in which they are observed in HK. As
expected any staining for Oct4 and some remaining K 18 staining were
observed. Keratin 10, a marker of more differentiated keratinocytes of
suprabasal layers, was absent, confirming the phenotypic characterization
of K-hESC as basal keratinocytes. Adhesion capacity of these cells was
suggested by the localization of integrins alphab and beta4 at the
membrane, and that of laminin-5 and collagen VII in the extracellular
matrix. The characterization of K-hES cells obtained in our condition shows
that cells were closely identical to HK in culture. In addition derivation
of hES cells offers an efficient means of generating a substantially pure
homogenous population of keratinocytes with the same genetic background.
However, in addition to the typical markers of human adult primary
keratinocytes, K-hES cells expressed significant levels of keratin 19 (a
marker of skin stem cells in vivo and in vitro, which is expressed only in
a few keratinocytes of the interfollicular epidermis and keratinocytes of
the hair follicle) and of keratin 3 and 12 (corneal cell markers) (see
Figure 14). The generally accepted criteria used to defined keratinocytes
in vitro are their capacity to form colony in cell culture systems. The
growth potential of human keratinocytes in vitro can be estimated by the
clone number that they are able to 



generate (Barrandon Y. et al. 1985).. Interestingly, colony forming
analysis of K-hES cells showed an increased of at least 40% of clonogenic
potential (Figure 7). To test their physiological relevance, the K-hES
cells were evaluated for their capacity to produce a pluristratified
epidermis (Figure 8). Reconstituted epidermis was generated in vitro using
K-hES cells. After 10 days of air-liquid differentiation, histological
staining of cryosection of organotypic cultures of K-hES cells showed the
reconstitution of a stratified epidermis (Poumay Y. et al. 2004). The
epidermal architecture appeared to be composed of a well-defined basal
layer with a pavimentous cell shape and suprabasal layers, including a
stratum granulosum containing keratohyalin granule and a stratum corneum,
seen as superposed layersof dead squame enucleated cells. The normal
morphological organization of the KhES cells derived epidermis was also
reflected in the regular expression and localization of differentiation
markers, as analysed by indirect immunofluorescent staining. As expected,
K14 staining was observed in the basal compartment of the reconstituted
epidermis but was negative for the other suprabasal layers. K10 was present
in the entire differentiated layer, just above the K14 positive single
basal layer. Finally, fillagrin and involucrin, late markers of
keratinocytes differentiation were detected exclusively in the most upper
layers of the epidermis. Presences of late markers at the expected sites
were indicators that our organotypic K-hES cells cultures had followed the
physiological pathway toward differentiation. To assess whether a basement
membrane zone was found under the culture conditions used, the expression
of adhesion molecules was examined in the reconstituted skin. The adhesion
capacity of these cells was confirmed by a good localization of the
integrin alpha 6 and beta 4 at the membrane of basal cells. In addition,
the secretion of laminin-5 and collagen VII, extracellular matrix proteins
allowing adhesion between the epidermis and the dermis were observed.
Moreover, a PCR Array using a panel of epidermis genes revealed that HK and
K-hES cells organotypic epidermis displayed very similar patterns of
expression (Figure 9). As a final demonstration, the capability of the
K-hESC to generate selfrenewing epithelia was evaluated through a stringent
in vivo test. Fibrin matrix containing adult human fibroblasts were seeded
with K-hESC to obtain confluent epidermal layer in vitro. These organotypic
cultures were then grafted onto the dorsal region of immunodeficient nu/nu
mice by orthotopical grafting (Del Rio M. et al. 2002; Larcher F. et al.
2007). 10-12 weeks later, K-hESC-derived epidermis from 4 mice on 5
exhibited a morphologically normal pluristratified architecture, consistent
to that of mature native human skin (Figure 12a and Figure 13).
Immunoreactivity for human involucrin was appropriately located in spinous
and granular layers (dermal background due to secondary antibody) (Figure
12b). This long-term in vivo regenerative features clearly indicate that
K-hESC possess functional abilities of epidermal stem cells. For clinical
application, it's essential to use in vitro culture protocols devoid of
animal or human products. The ideal culture medium for promoting the
proliferation or terminal differentiation keratinocyte progenitor should be
chemically defined andeither be serum-free or synthetic serum replacement.
Interestingly, we performed culture of K-hES cells in KGM2, a serum-free
medium without feeder layers.lmmunofluorescence analysis of K-hESC growing
in KGM2 showed a homogenous expression of keratin 5, 14, and integrins
alpha-6 and beta-4. Quantitative PCR analysis of K-hES cells maintained in
semi-defined serum-free medium, and in FAD medium with feeder cells
demonstrated similar expression of the transcripts of keratin 5 and 14
(Figure 10). The main result of the present study is the demonstration that
cells derived from hESC are able to recapitulate all morphological and
functional attributes of adult human keratinocytes in vitro and in vivo.
This was obtained by treating undifferentiated ES cells using a protocol
based on co-culture with cells that support ectodermal differentiation,
preferably associated with long-term and low concentration BMP4 treatment
able to stimulate epidermal induction and inhibit trophoblast and mesoderm
induction. Ascorbic acid was added to stimulate terminal differentiation of
keratinocytes in the absence of retinoic acid that was used by other
authors (Bamberger C. et al. 2002). Successful outcome of our protocol may
also 



arise from the fact that treatment was continuously applied up to full
differentiation of keratinocytes, which required 40 days in culture. At
that stage, the culture was enriched in cells that closely compared to
adult epidermal inter-follicular keratinocytes. As these cells can be
maintained for up to 9 passages (Figure 11), frozen and thawed at will,
they may represent a practical intermediate step for mass cell production
of human keratinocytes, and pluristratified epidermis. lmmunogenicity of
K-hESC was analyzed by FACS. Unlike adult basal keratinocytes, K-hESC
revealed only very low levels of HLA-ABC antigens, and no HLA-DR (Figure
15). K-hESC express little antigen if any of the major histocompatibility
complex, demonstrating a low immunogenicity of the skin substitute. EXAMPLE
2: METHOD FOR PREPARING A POPULATION OF KERATINOCYTES AND A HUMAN SKIN
SUBSTITUTE FROM iPS The same protocol of differentiation as described in
Example 1 was performed with human induced pluripotent stem cells (iPS).
Briefly, iPS were seeded ontomitomycin C-treated 3T3 fibroblasts in FAD
medium composed of 2/3 DMEM, 1/3 HAM:F1 2 and 10% of fetal calf serum
(FCII, Hyclone) supplemented with 5mg/ml insulin , 0.5mg/ml hydrocortisone,
10-1 OM cholera toxin, 1.37ng/ml triodothyronin, 24mg/ml adenine and
10ng/ml recombinant human EGF. The induction of ectodermal differentiation
was done when 0.5nM of human recombinant BMP-4 (R&D Systems Europe, UK) and
0.3mM ascorbic acid (Sigma) were added. Cells were grown in the same medium
until clones of epithelial cells were isolated. Cells were then seeded in
the same feeder layer in FAD medium devoid of BMP4 and ascorbic acid. As a
control, primary human keratinocytes (HK) were cultured on mitomycin C
treated 3T3 fibroblasts in FAD medium. As shown in Figures 16 and 17, the
inventors have shown that an isolated substantially pure homogenous
population of human keratinocytes can also be derived from induced
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19 17 - 1920 (2007)CLAIMS: 1. An ex vivo method for obtaining a population
of human keratinocytes derived from human pluripotent stem cells comprising
a step of co-culturing human pluripotent stem cells with cells that support
ectodermal differentiation in presence of an agent that stimulates
epidermal induction and an agent that stimulates terminal differentiation
of keratinocytes. 2. An ex vivo method for obtaining a population of human
keratinocytes derived from human pluripotent stem cells, said method
comprising a step of culturing human pluripotent stem cells on a cell
culture surface coated with a layer of feeder fibroblasts in the presence
of a keratinocyte culture medium supplemented with BMP-4 and ascorbic acid.
3. The ex vivo method according to claim 1 or 2 wherein said human
pluripotent stem cells are embryonic stem cells (hES cells) or human
induced pluripotent stem cells (human iPS cells). 4 . The method according
to claim 2 or 3 which comprises a further step of culturing the human
keratinocytes derived from human pluripotent stem cells on a cell culture
surface coated with a layer of dermis fibroblasts in the presence of a
keratinocyte culture medium devoid of acid ascorbic and BMP-4. 5. An
isolated substantially pure homogenous population of human keratinocytes
derived from human pluripotent stem cells obtainable by the method
according to claim 4 . 6. A pharmaceutical composition comprising a
substantially pure homogenous population of human keratinocytes derived
from human pluripotent stem cells of claim 5 and optionally a
pharmaceutically acceptable carrier or excipient. 7. The isolated
substantially pure homogenous population of human keratinocytes derived
from human pluripotent stem cells according to claim 5 for the treatment of
a pathology associated with skin damage.8. A method for preparing a human
skin substitute comprising a step consisting of providing an organotypic
culture of the substantially pure homogenous population of human
keratinocytes derived from human pluripotent stem cells according to claim
5. 9. The method according to claim 8 wherein the substantially pure
homogenous population of human keratinocytes according to claim 5 is
previously seeded on a cell culture matrix populated with human dermis
fibroblasts. 10 . A human skin substitute obtainable by the method
according to claim 8 or 9. 11.Use of the human skin substitute according to
claim 10 for screening compounds. 12. Use of the human skin substitute
according to claim 10 for culturing tumours or pathological agents 13.The
human skin substitute according to claim 10 for the treatment of a
pathology associated with skin damage. 14 .The human skin substitute
according to claim 10 for wound closure or burn treatment. 


