
CYCLOPENTAPYRIDINE AND TETRAHYDROQUINOLINE DERIVATIVES
FIELD OF THE INVENTION The present invention relates
to 6,7-dihydro-5/-/-cyclopenta[t"]pyridine and
5,6,7,8- tetrahydroquinoline derivatives. The
compounds have been found to act as 5-HT receptor
ligands, in particular 5-HT2c receptor agonists;
therefore, the present invention also relates to their
uses in the treatment of diseases linked to the
activation of the 5-HT20 receptor in animals.
BACKGROUND Receptors for serotonin
(5-hydroxytryptamine, 5-HT) are an important class of
G protein-coupled receptors. Serotonin is thought to
play a role in processes related to learning and
memory, sleep, thermoregulation, mood, motor activity,
pain, sexual and aggressive behaviors, appetite,
neurodegenerative regulation, and biological rhythms.
As expected, serotonin is linked to pathophysiological
conditions such as anxiety, depression,
obsessivecompulsive disorders, schizophrenia, suicide,
autism, migraine, emesis, alcoholism and
neurodegenerative disorders. The serotonin receptors
are currently classified into seven subfamilies (5-HT1
through 5-HT7) . See, Hoyer, D., et a/., "VII
International Union of Pharmacology classification of
receptors for 5-hydroxytryptamine", Pharmacol. Rev.,
56, 157-203 (1994). The subfamilies have been further
divided into subtypes. For example, the 5-HT2 receptor
is currently divided into three subtypes: 5-HT2a,
5-HT2b and 5-HT20. These 5-HT2 receptor subtypes are
linked to phospholipase C with the generation of two
second messengers, diacylglycerol (which activates
protein kinase C) and inositol trisphosphate (which
releases intracellular stores of Ca2+) . The choroid
plexus, an epithelial tissue that is the primary site
of cerebrospinal fluid production, contains very high
density 5-HT2C receptors. See, Sanders-Bush, E. and
S.E. Mayer, "5-Hydroxytryptamine (Serotonin) Receptor
agonists and Antagonists", Goodman & Gilman's The
Pharmacological Basis of Therapeutics . Chapter 11,
9th Ed., McGraw-Hill, New York, NY (1996). Bishop, M.
J. and Nilsson, B. M., "New 5-HT20 Receptor Agonists"
Expert Opin. Ther. Patents, 2003, 13(11): 1691-1705,
review patent applications that describe compounds
having agonist activity at the 5-HT20 receptor. The
review also addresses indications for which evidence
exists to support the use of 5-HT20 agonists in their
treatment, such as obesity, schizophrenia, anxiety,
depression, obsessive-compulsive disorder, sexual
dysfunction, epilepsy, and urinary incontinence, among
others. Julius, et a/., isolated and characterized the
5-HT20 receptor and later reported that transgenic
mice lacking the 5-HT20 receptor exhibit seizures and
an eating disorder resulting in increased consumption
of food (see, U.S. Patent Nos. 4,985,352 and
5,698,766, respectively). Consequently, compounds
selective for the 5-HT20 receptor may provideuseful
therapies for the treatment of seizure and eating
disorders without the side effects typically
associated with nonselectivity of the ligand. Several
compounds have been proposed as 5-HT20 receptor
agonists or antagonists for use in the treatment of
obesity and other related diseases associated with
decreased neurotransmission of serotonin in mammals.
See, e.g., EP 863136 (azetidine and pyrrolidine
derivatives); EP 657426 (tricyclic pyrrole
derivatives); EP 655440 (substituted 1-aminoethyl
indoles); EP 572863 (pyrazinoindole derivatives);
WO98/030548 (aminoalkylindazole compounds); WO
98/56768 (tricyclic pyrrole and pyrazole derivatives);
WO 99/43647 (azetidine and pyrrolidine derivatives);
WO 99/58490 (aryl-hydronaphthalenalkanamine
derivatives); WO 00/12475 (indoline derivatives); WO
00/12482 (indazole derivatives); WO 00/12502
(pyrroloquinoline derivatives); WO 00/12510
(pyrroloindole, pyridoindole and azepinoindole
derivatives); WO 00/28993 (naphthylacetylpiperazine
derivatives); WO 00/44737 (aminoalkylbenzofuran
derivatives); WO 00/76984 (2,3-disubstituted
pyrazines); US Publication No. 2002/0147200 A 1 or WO
02/40456 (pyrazine, pyridine, and pyrimidine
derivatives); WO 03/000666 (pyrazine derivatives); and
US Publication No. 2003/0105106 A 1 or WO 03/000663
(pyrimidine derivatives). For a review of obesity
medications, see A. Halpern and M.C. Mancini,
"Treatment of obesity: an update on anti-obesity
medications," Obesity Reviews, 4, 25-42 (2003).
Schizophrenia is a complex multifactorial illness
caused by genetic and non-genetic risk factors that
produce a wide variety of symptoms. Historically, the
disease has been characterized by positive and
negative symptoms. The positive symptoms include
delusions and hallucinations and the negative symptoms
include apathy, withdrawal, lack of motivation and
pleasure. More recently, deficits in affect,
attention, cognition and information processing have
been recognized as key pathologies in this complex
disorder. No single biological element has emerged as
a dominant pathogenic factor in this disease. It is
likely that schizophrenia is a syndrome that is
produced by the combination of many low penetrance
risk factors. The symptoms of schizophrenia, however,
are correlated with enhanced dopamine
neurotransmission in the mesolimbic system. A 5-HT2c
agonist was shown to have activity in pre-clinical
models of depression (rat forced swim test, learned
helplessness, olfactory bulbectomy model,
resident-intruder model). Antidepressant-like Effects
of the 5-HT2C Selective Agonist WAY-1 63909 in
Rodents. Rosenzweig-Lipson S., et al., Poster at the
Society for Neuroscience 34th Annual Meeting, San
Diego, 2004; Society for Neuroscience Abstracts 2004,
34:San Diego (Abs 394.6). 5- HT2c agonists may improve
the negative symptoms and apathy associated with
schizophrenia. The selective 5-HT2c agonist of
Rosenzweig-Lipson S., et al. has also been reported to
exhibit an atypical antipsychotic-like profile in
rodent behavioral models. WAY- 163909, A 5-HT2c
Agonist, Exhibits an Atypical Antipsychotic-Like
Profile in a Battery ofRodent Behavioral Models.
Grauer, S., et al., Poster at the Society for
Neuroscience 34 Annual Meeting, San Diego, 2004;
Society for Neuroscience Abstracts, 2004, San Diego
(Abs 394.7). A rationale for the treatment of
schizophrenia recognizes that 5-HT2c agonists
selectively decrease firing and release of dopamine in
the mesolimbic dopaminergic pathway. Grauer, S., et
al., supra. It is notable that the 5-HT2c agonist
studied by Rosenzweig-Lipson S., et al. and 



Grauer, S., et al., supra, is reported to produce a
dose-dependent reduction of food intake in rats.
Pharmacological Characterization of WAY-163909, a
Novel 5-HT2c Receptor Selective Agonist. Dunlop, J.,
et al., Poster at the Society for Neuroscience 34 h
Annual Meeting, San Diego, 2004; Society for
Neuroscience Abstracts 2004, San Diego (Abs 394.10).
Toxicity and non-selectivity of ligands for the
various 5-HT receptors remain a challenge. It is
suspected that the non-selectivity of some ligands
contributes to various adverse side effects such as
hallucinations and cardiovascular complications.
Therefore, there remains a need for 5-HT2c selective
receptor ligands. SUMMARY The present invention
provides compounds of the Formula: (I) wherein; m is 1
or 2; n is 0 or 1; L is -CHR Oa- , where ROa is
hydrogen or (d-C^alkyl; R2 is hydrogen or methyl; R3
is selected from the group consisting of H, Cl, Br, F,
CH3 and CN; R1 is (a) a group of Formula (1A)(1A)
where (i) p, r and s are each independently 0 or 1,
and R1a, R1b and R1c are each independently selected
from the group consisting of F, Cl, Br, I, cyano,
-CH2-CN, -NH2, -OH, (Cr C6)alkyl, (Cr C6)alkoxy, (Cr
C4)alkylthio, fluorosubstituted (CrC 4)alkyl,
fluoro-substituted (C1-C4JaIkOXy, fluoro-substituted
(C1-C4)alkylthio, - NH-C(O)-(Ci -C4)alkyl, -C(O)-(C r
C4)alkyl, -C(O)-O(C 1-C4)alkyl, -C(O)-NH 2, -C(O)-NH(C
1- C4)alkyl, a 3- to 6-membered carbocyclic ring, and
phenyl substituted with F, Cl, Br, or I; (ii) p and r
are each Oor 1, s is 1, R1a and R1b are each
independently selected from F, Cl, Br, I, cyano, -NH2,
-C(O)-(C 1- C4)alkyl, (CrC 6)alkyl, (Cr C6)alkoxy,
(CrC 4)alkylthio, fluoro-substituted (Cr C4)alkyl,
fluorosubstituted (CrC 4)alkoxy, or fluoro-substituted
(C1-C4)alkylthio, and (R1c)s is bound to an adjacent
carbon atom of the ring other than the carbon to which
the group of Formula 1A is bound to the remainder of
the molecule, and (R1c)s taken together with the two
carbons to which it is bound form a ring selected from
the group consisting of: a 5- to 6-membered
carbocyclic ring which optionally contains a keto
group, a 5- to 6-membered heterocyclic ring containing
1 to 2 heteroatoms independently selected from O, S or
N, and which optionally contains a keto group, a
6-membered aromatic ring, and a 5- to 6-membered
heteroaromatic ring containing 1 to 2 heteroatoms
independently selected from O, S or N, where said
carbocyclic ring, said heterocyclic ring, said
aromatic ring and said heteroaromatic ring are
optionally substituted with 1 to 2 substituents
selected from the group consisting of (C-i-C4)alkyl,
cyano, acetyl, F, Cl, Br, I, phenylamino, (Ci-C
4)alkylamino, a 5- to 6-membered heterocyclic ring
containing 1 to 3 hetero atoms independently selected
from N, O and S which is optionally substituted with 1
to 3 substituents selected from (CrC 4)alkyl, and a 5-
to 6-membered heteroaryl ring containing 1 to 3 hetero
atoms independently selected from N, O and S which is
optionally substituted with 1 to 3 substituents
selected from (C1- C4)alkyl; or (Hi) p and r are each
O, s is 1, andR10 is independently selected from the
group consisting of phenyl, phenoxy optionally
substituted with F, Ci, Br, or I; benzyl, benzyloxy,
-NH(CrC 4)alkyl, -NKCVC.Jalkylfe, -CH2- NH(Ci-C
4)alkyl, -CH2-N[(Ci-C 4)alkyl] 2l -NH(phenyl), -NH(5-
to 6-membered heteroaryl containing 1 to 3 hetero
atoms independently selected from O, N, and S, which
is optionally substituted with 1 to 3 halo groups),
-N(CH3)-SO2(C1-C4)alkyl I -NH-SO 2(C1-C4)alkyl, -
NHC(O)NH2, -C(O)-Nt(C 1-C4)alkyl] 2 > -C(0)-(5- to
6-membered heterocycle containing 1 to 3 hetero atoms
independently selected from O, N, and S), -C(O)-NH(5-
to 6-membered heterocycle containing 1 to 3 hetero
atoms independently selected from O, N, and S), -C(O)-
(5- to 6-membered carbocycle), -CH2-C(O)-O(C
1-C4)alkyl, a 3- to 6-membered heterocyclic ring
containing 1 to 3 heteroatoms independently selected
from O, N or S, and a 5- to 6- membered heteroaryl
containing 1 to 3 heteroaroms independently selected
from O, N or S which is optionally substituted with
one to three substituents independently selected from
F, Cl, Br, I, and -CF 3; (b) a 5- to 6-membered
heteroaryl containing 1 to 3 heteroatoms independently
selected from O, S or N, where said heteroaryl is
optionally fused to a 5- to 6- membered carbocyclic
ring or a 6-membered aromatic ring and said heteroaryl
is optionally substituted with 1 to 2 substituents
independently selected from the group consisting of
cyano, F, Cl, Br, I, (d- a Oalkyl, (C1-C4JaIkOXy, and
-C(O)-O(d-C 4)alkyl; or a pharmaceutically acceptable
salt thereof, or a solvate or hydrate of said compound
or said salt. An embodiment of the present invention
includes a pharmaceutical composition comprising a
compound of the present invention, and a
pharmaceutically acceptable carrier. Preferably, the
composition comprises a therapeutically effective
amount of a compound of the present invention. The
composition may also contain at least one additional
pharmaceutical agent. Yet another embodiment of the
present invention includes a method for treating 5-
HT20 receptor-mediated diseases, conditions, or
disorders (as described herein) in animals comprising
the step of administering to an animal in need of such
treatment a therapeutically effective amount of a
compound of the present invention (or a pharmaceutical
composition 



thereof). One aspect of the present invention is a
method for treating obesity or controlling weight gain
(including reducing or maintaining weight) comprising
the step of administering to an animal in need of such
treatment or control a therapeutically effective
amount of a compound of the present invention. Another
aspect of the present invention is a method for
treating psychosis (e.g., schizophrenia), anxiety, and
related disorders comprising the step of administering
to ananimal in need of such treatment a
therapeutically effective amount of a compound of the
present invention. Yet another aspect of the present
invention is a method for treating female sexual
dysfunction (FSD) comprising the step of administering
to a female in need of such treatment a
therapeutically effective amount of a compound of the
present invention. In yet another aspect of the
present invention, a method is provided for treating
male erectile dysfunction (MED) comprising the step of
administering to a male in need of such treatment a
therapeutically effective amount of a compound of the
present invention. In a further aspect of the present
invention, a method is provided for treating lower
urinary tract dysfunction, including urinary
incontinence. Compounds of the present invention may
be administered in combination with other
pharmaceutical agents (e.g., anti-obesity agents,
anti-psychotic agents, agents for treating cognitive
defects, anxiolytics, agents used for treating sexual
dysfunction, agents for treating lower urinary tract
dysfunction, etc.) described herein. Combination
therapy may be administered as (a) a single
pharmaceutical composition which comprises a compound
of the present invention, at least one additional
pharmaceutical agent and a pharmaceutically acceptable
carrier; or (b) two separate pharmaceutical
compositions comprising (i) a first composition
comprising a compound of the present invention and a
pharmaceutically acceptable carrier, and (ii) a second
composition comprising at least one additional
pharmaceutical agent and a pharmaceutically acceptable
carrier. The pharmaceutical compositions may be
administered simultaneously or sequentially and in any
order. DETAILED DESCRIPTION OF THE INVENTION As used
herein, the term "alkyl" refers to a hydrocarbon
radical of the general formula nH2n+i - The alkane
radical may be straight or branched. For example, the
term "(C1- C6)alkyl" refers to a monovalent, straight,
or branched aliphatic group containing 1 to 6 carbon
atoms (e.g., methyl, ethyl, n-propyl, i-propyl,
n-butyl, i-butyl, s-butyl, t-butyl, n-pentyl, 1-
methylbutyl, 2-methylbutyl, 3-methylbutyl, neopentyl,
3,3-dimethylpropyl, hexyl, 2- methylpentyl, and the
like). Similarly, the alkyl portion (i.e., alkyl
moiety) of an alkoxy, acyl (e.g., alkanoyl),
alkylamino, dialkylamino, and alkylthio group have the
same definition as above. When indicated as being
"optionally substituted", the alkane radical or alkyl
moiety may be unsubstituted or substituted with one or
more substituents (generally, one to three
substituents except in the case of halogen
substituents such as perchloro or perfluoroalkyls)
independently selected from the group of substituents
listed below in the definition for "substituted."
"Halo-substituted alkyl" refers to an alkyl group
substituted with one or more halogen atoms (e.g.,
fluoromethyl, difluoromethyl, trifluoromethyl,
perfluoroethyl, and the like). The terms "partially or
fully saturated carbocyclic ring" (also referred to as
"partially or fully saturated cycloalkyl") refers to
nonaromatic rings that are either partially or
fullyhydrogenated and may exist as a single ring,
bicyclic ring or a spiral ring. Unless specified
otherwise, the carbocyclic ring is generally a 3- to
8-membered ring (preferably, 3- to 6- membered ring).
For example, partially or fully saturated carbocyclic
rings (or cycloalkyl) include groups such as
cyclopropyl, cyclopropenyl, cyclobutyl, cyclobutenyl,
cyclopentyl, cyclpentenyl, cyclopentadienyl,
cyclohexyl, cyclohexenyl, cyclohexadienyl, norbornyl
(bicyclo[2.2.1]heptyl), norbomenyl,
bicyclo[2.2.2]octyl, and the like. When designated as
being "optionally substituted", the partially
saturated or fully saturated cycloalkyl group may be
unsubstituted or substituted with one or more
substituents (typically, one to three substituents)
independently selected from the group of substituents
listed below in the definition for "substituted." A
substituted carbocyclic ring also includes groups
wherein the carbocyclic ring is fused to a phenyl ring
(e.g., indanyl). The carbocyclic group may be attached
to the chemical entity or moiety by any one of the
carbon atoms within the carbocyclic ring system.
Similarly, any cycloalkyl portion of a group (e.g.,
cycloalkylalkyl, cycloalkylamino, etc.) has the same
definition as above. The term "partially saturated or
fully saturated heterocyclic ring" (also referred to
as "partially saturated or fully saturated
heterocycle") refers to nonaromatic rings that are
either partially or fully hydrogenated and may exist
as a single ring, bicyclic ring or a spiral ring.
Unless specified otherwise, the heterocyclic ring is
generally a 3- to 6-membered ring containing 1 to 3
heteroatoms (preferably 1 or 2 heteroatoms)
independently selected from sulfur, oxygen or
nitrogen. Partially saturated or fully saturated
heterocyclic rings include groups such as epoxy,
aziridinyl, tetrahydrofuranyl, dihydrofuranyl,
dihydropyridinyl, pyrrolidinyl, N-methylpyrrolidinyl,
imidazolidinyl, imidazolinyl, piperidinyl,
piperazinyl, pyrazolidinyl, 2H-pyranyl, 4H-pyranyl,
2H-chromenyl, oxazinyl, morpholino, thiomorpholino,
tetrahydrothienyl, tetrahydrothienyl 1,1 -dioxide, and
the like. When indicated as being "optionally
substituted", the partially saturated or fully
saturated heterocycle group may be unsubstiuted or
substituted with one or more substituents (typically,
one to three substituents) independently selected from
the group of substituents listed below in the
definition for "substituted." A substituted
heterocyclic ring includes groups wherein the
heterocyclic ring is fused to an aryl or heteroaryl
ring (e.g., 2,3- dihydrobenzofuranyl,
2,3-dihydroindolyl, 2,3-dihydrobenzothiophenyl, 2,3-
dihydrobenzothiazolyl, etc.). The heterocyclic group
may be attached to the chemical entity or moiety by
any one of the ring atoms within the heterocyclic ring
system. Similarly, any heterocycle portion of a group
(e.g., heterocycle-substituted alkyl, heterocycle
carbonyl, etc.) has the same definition as above. The
term "aryl" or "aromatic ring" refers to aromatic
moieties having a single (e.g., phenyl) or a fused
ring system (e.g., naphthalene, anthracene,
phenanthrene, etc.). A typical 



aryl group is a 6- to 10-membered aromatic carbocyclic
ring(s). When indicated as being"optionally
substituted", the aryl groups may be unsubstituted or
substituted with one or more substituents (preferably
no more than three substituents) independently
selected from the group of substituents listed below
in the definition for "substituted" (unless specified
otherwise). Substituted aryl groups include a chain of
aromatic moieties (e.g., biphenyl, terphenyl,
phenylnaphthalyl, etc.). The aryl group may be
attached to the chemical moiety by any one of the
carbon atoms of the aromatic ring system. The aryl
portion (i.e., aromatic moiety) of an aroyl or
aroyloxy (i.e., (aryl)-C(O)-O-) has the same
definition as above. The term "heteroaryl" or
"heteroaromatic ring" refers to aromatic moieties
containing at least one heteratom (e.g., oxygen,
sulfur, nitrogen or combinations thereof) within a 5-
to 10-membered aromatic ring system (e.g., pyrrolyl,
pyridyl, pyrazolyl, indolyl, indazolyl, thienyl,
furanyl, benzofuranyl, oxazolyl, imidazolyl,
tetrazolyl, triazinyl, pyrimidyl, pyrazinyl,
thiazolyl, purinyl, benzimidazolyl, quinolinyl,
isoquinolinyl, benzothiophenyl, benzoxazolyl, etc.).
The heteroaromatic moiety may consist of a single or
fused ring system. A typical single heteroaryl ring is
a 5- to 6-membered ring containing one to three
heteroatoms independently selected from oxygen, sulfur
and nitrogen and a typical fused heteroaryl ring
system is a 9- to 10-membered ring system containing
one to four heteroatoms independently selected from
oxygen, sulfur and nitrogen. When indicated as being
"optionally substituted", the heteroaryl groups may be
unsubstituted or substituted with one or more
substituents (preferably no more than three
substituents) independently selected from the group of
substituents listed below in the definition for
"substituted" (unless specified otherwise). The
heteroaryl group may be attached to the chemical
entity or moiety by any one of the atoms within the
aromatic ring system (e.g., pyrid-2-yl, pyrid-3-yl,
pyrid-4-yl, pyrid-5-yl, or pyrid-6-yl). Similarly, the
heteroaryl portion (i.e., heteroaromatic moiety) of a
heteroaroyloxy (i.e., (heteroaryl)-C(O)-O-) has the
same definition as above. The term "acyl" refers to
alkyl, partially saturated or fully saturated
cycloalkyl, partially saturated or fully saturated
heterocycle, aryl, and heteroaryl substituted carbonyl
groups. For example, acyl includes groups such as
(Ci-C 6)alkanoyl (e.g., formyl, acetyl, propionyl,
butyryl, valeryl, caproyl, t-butylacetyl, etc.),
(C3-C6)cycloalkylcarbonyl (e.g., cyclopropylcarbonyl,
cyclobutylcarbonyl, cyclopentylcarbonyl,
cyclohexylcarbonyl, etc.), heterocyclic carbonyl
(e.g., pyrrolidinylcarbonyl,
pyrrolid-2-one-5-carbonyl, piperidinylcarbonyl,
piperazinylcarbonyl, tetrahydrofuranylcarbonyl, etc.),
aroyl (e.g., benzoyl) and heteroaroyl (e.g.,
thiophenyl-2- carbonyl, thiophenyl-3-carbonyl,
furanyl-2-carbonyl, furanyl-3-carbonyl,
1H-pyrroyl-2-carbonyl, 1H-pyrroyl-3-carbonyl,
benzo[b]thiophenyl-2-carbonyl, etc.). In addition, the
alkyl, cycloalkyl, heterocycle, aryl and heteroaryl
portion of the acyl group may be any one of the groups
described in the respective definitions above. When
indicated as being "optionally substituted", the acyl
group may be unsubstituted or optionally substituted
with one or more substituents (typically, one to three
substituents) independently selected from the group
ofsubstituents listed below in the definition for
"substituted" or the alkyl, cycloalkyl, heterocycle,
aryl and heteroaryl portion of the acyl group may be
substituted as described above in the preferred and
more preferred list of substituents, respectively. The
term "substituted" specifically envisions and allows
for one or more substitutions that are common in the
art. However, it is generally understood by those
skilled in the art that the substituents should be
selected so as to not adversely affect the
pharmacological characteristics of the compound or
adversely interfere with the use of the medicament.
Suitable substituents for any of the groups defined
above include (Ci-C bJalkyl, (C3- C7)cycloalkyl,
(C2-C6)alkenyl, (C1-C6)alkylidenyl, aryl, heteroaryl,
3- to 6-membered heterocycle, halo (e.g., chloro,
bromo, iodo and fluoro), cyano, hydroxy, (Ci-C
6)alkoxy, aryloxy, sulfhydryl (mercapto),
(C1-C6)alkylthio, arylthio, amino, mono- or dKCrC
Jalkyl amino, quaternary ammonium salts, amino(C r
C6)alkoxy, aminocarboxylate (i.e., (CVC^alkyl-
O-C(O)-NH-), hydroxy(C2-C6)alkyIamino, amino(CrC
6)alkylthio, cyanoamino, nitro, (C1- C6)carbamyl, keto
(oxo), acyl, (CrC 6)alkyl-CO 2-, glycolyl, glycyl,
hydrazine guanyl, sulfamyl, sulfonyl, sulfinyl,
thio(Ci-C 6)alkyl-C(O)-, thio(Ci-C 6)alkyl-CO 2-, and
combinations thereof. In the case of substituted
combinations, such as "substituted aryl(Ci-C 6)alkyl",
either the aryl or the alkyl group may be substituted,
or both the aryl and the alkyl groups may be
substituted with one or more substituents (typically,
one to three substituents except in the case of
perhalo substitutions). An aryl or heteroaryl
substituted carbocyclic or heterocyclic group may be a
fused ring (e.g., indanyl, dihydrobenzofuranyl,
dihydroindolyl, etc.). The term "halo" refers to a
chloro, bromo, fluoro or iodo group. The term
"solvate" refers to a molecular complex of a compound
represented by Formula (I) (including pharmaceutically
acceptable salts thereof) with one or more solvent
molecules. Such solvent molecmles are those commonly
used in the pharmaceutical art, which are known to be
innocuous to the recipient, e.g., water, ethanol, and
other Class 3 solvents (see, US Federal Drug
Administration Guidelines for a list of Class 3
solvents). The term "hydrate" refers to the complex
where the solvent molecule is water. The term
"protecting group" or "Pg" refers to a substituent
that is commonly employed to block or protect a
particular functionality while reacting other
functional groups on the compound. For example, an
"amino-protecting group" is a substituent attached to
an amino group that blocks or protects the amino
functionality in the compound. Suitable
aminoprotecting groups include acetyl,
trifluoroacetyl, f-butoxycarbonyl (BOC),
benzyloxycarbonyl (CBz) and
9-fluorenylmethylenoxycarbonyl (Fmoc). For a general
description of protecting groups and their use, see
T.W. Greene, Protective Groups in Organic Synthesis ,
John Wiley & Sons, New York, 1991 . The term "ligand"
refers to a compound that binds to a receptor. As used
herein, the ligand may possess partial or full agonist
or antagonist activity. The term "agonist",
unlessindicated otherwise, includes both partial and
full agonists. Full agonists are preferred. The term
"modulator" refers to a ligand that increases or
decreases the action of an agonist by combining with a
distinct site on the receptor macromolecule. The
phrase "therapeutically effective amount" means an
amount of a compound of the present invention that (i)
treats or prevents the particular disease, condition,
or disorder, (ii) attenuates, ameliorates, or
eliminates one or more symptoms of the particular
disease, 



condition, or disorder, or (iii) prevents or delays
the onset of one or more symptoms of the particular
disease, condition, or disorder described herein. The
term "animal" refers to humans, companion animals
(e.g., dogs, cats and horses), food-source animals,
zoo animals, marine animals, birds and other similar
animal species. The phrase "pharmaceutically
acceptable" indicates that the substance or
composition must be compatible chemically and/or
toxicologically, with the other ingredients comprising
a formulation, and/or the mammal being treated
therewith. The terms "treating", "treat", or
"treatment" embrace both preventative, i.e.,
prophylactic, and palliative treatment. The term
"compound(s) of the present invention" (unless
specifically identified otherwise) refers to compounds
of Formula (I) or (II), pharmaceutically acceptable
salts thereof, and/or and hydrates or solvates of the
compounds, and/or the salts, as well as, all
stereoisomers (including diastereoisomers and
enantiomers), tautomers and isotopically labeled
compounds. Compounds of formula I may contain chiral
centers and therefore may exist in different
enantiomeric and diastereomeric forms. Individual
isomers can be obtained by known methods, such as
optical resolution, optically selective reaction, or
chromatographic separation in the preparation of the
final product or its intermediate. This invention
relates to all optical isomers and all stereoisomers
of compounds of the formula I, both as racemic
mixtures and as individual enantiomers and
diastereoisomers of such compounds, and mixtures
thereof, and to all pharmaceutical compositions and
methods of treatment recited herein that contain or
employ them, respectively. A preferred stereochemistry
for the compound of Formula (I) is shown in Formula
(IA).(IA) where m, n, L, R1 and R2 are as defined
above for the compound of Formula (I). Where R2 is
methyl, a preferred stereochemistry for the compound
of formula (I) is shown in Formula (IB). (IB) R2 of
formula (IB) is (R)-methyl. In another embodiment in
which R2 is methyl, a preferred stereochemistry for
the compound of formula (I) is shown in formula (IC).
(IC) R2Of formula (IC) is (R)-methyl. Compounds of the
present invention may be synthesized by synthetic
routes that include processes analogous to those known
in the chemical arts, particularly in light of the
description contained herein. The starting materials
are generally available from commercialsources such as
Aldrich Chemicals (Milwaukee, Wl) or are readily
prepared using methods well known to those skilled in
the art (e.g., prepared by methods generally described
in Louis F. Fieser and Mary Fieser, Reagents for
Organic Synthesis , v. 1-19, Wiley, New York (1967-
1999 ed.), or Beilsteins Handbuch der organischen
Chemie , 4, Aufl. ed. Springer-Verlag, Berlin,
including supplements (also available via the
Beilstein online database)). For illustrative
purposes, the reaction scheme depicted below provides
a potential route for synthesizing the compounds of
the present invention as well as key intermediates.
Those skilled in the art will appreciate that other
synthetic routes may be used to synthesize the
inventive compounds. Although specific starting
materials and reagents are depicted in the scheme and
discussed below, other starting materials and reagents
can be easily substituted to provide a variety of
intermediates and/or reaction conditions. In addition,
many of the compounds prepared by the method described
below can be further modified in light of this
disclosure using conventional chemistry well known to
those skilled in the art. In the preparation of
compounds of the present invention, protection of
remote functionality (e.g., secondary amine) of
intermediates may be necessary. The need for such
protection will vary depending on the nature of the
remote functionality and the conditions of the
preparation methods. Suitable amino-protecting groups
(NH-Pg) include' acetyl, trifluoroacetyl,
f-butoxycarbonyl (BOC)1 benzyloxycarbonyl (CBz) and 9-
fluorenylmethyleneoxycarbonyl (Fmoc). The need for
such protection is readily determined by one skilled
in the art. For a general description of protecting
groups and their use, see T. W. Greene, Protective
Groups in Organic Synthesis . John Wiley & Sons, New
York, 1991 . Scheme I illustrates the general
procedures for preparing a compound of Formula (I) or
(II) where m is 0 or 1 and n is 1 (designated as a
compound of Formula (I-A)).(1q (1d Scheme I The
N-oxide intermediate ( 1b) is produced by oxidizing
the corresponding 2-chloro-
6,7-dihydro-5H-cyclopenta[b]pyridine (i.e., m = 1) or
2-chioro-5,6,7,8-tetrahydroquinoline (i.e., m = 2)
with an appropriate oxidizing agent well-known to
those skilled in the art. For example, starting
material (1a) may be treated with m-chloroperbenzoic
acid in a non-protic solvent (e.g., methylene
chloride). The acetate intermediate (1c) may then be
formed by treating the N-oxide (1b) with acetic
anhydride at elevated temperatures (e.g., 110 0C). For
general reference to acetic anhydride/acetate
rearrangements, see J. Am. Chem. Soc. 1991, 113 (1),
183-196. The racemic acetate intermediate (1c) may be
separated into the two pure enantiomers at this stage
using a Chiralpak AD column (dimension 4.6mm x 25 cm)
with an appropriate solvent. For example, the mobile
phase may contain about 85% heptane and about15% EtOH
without a modifier. The flow rate is generally set at
about 1ml_/min.The acetate protection group may then
be removed by treating with aqueous base (e.g.,
potassium carbonate in water) in a protic solvent
(e.g., methanol). The desired monoprotected piperazine
is then coupled with the chloro intermediate (1d)
using a palladium catalyst amination. For example, the
desired piperazine may be coupled to the chloro
intermediate (1d) in the presence of a palladium
catalyst (e.g., Pd2(OAc)2 or Pd2(dba)3), 2,2'-
bis(diphenylphosphino)-1,1'-binaphthyl (BINAP), and a
strong base (e.g., sodium t-butoxide) in an aprotic
solvent (e.g., toluene or THF) to yield the
intermediate (1e). The desired ether linkage may be
incorporated into intermediate (1e) using standard
ether forming conditions. 



For example, intermediate (1e) may be reacted with the
desired R1-C(ROa)-X (where X is a leaving group) in
the presence of a strong base (e.g., sodium hydride)
and tetrabutylammonium iodide in a polar solvent
(e.g., dimethylformamide (DMF)) to give the
intermediate (1f). Lastly, the amino-protecting group
is removed to produce the compound of Formula (I-A).
For example, when the amino-protecteding group is BOC,
the intermediate (1f) is typically treated with a
trifluoroacetic acid in methylene chloride solution to
cleave the BOC protecting group. Scheme Il illustrates
an alternative route to compounds of Formula (I) or
(II) where m is 0 or 1 and n is 1. (I-A (2b Scheme
IlThe compound of Formula (I-A) may be alternatively
synthesized by starting with intermediate (1d) from
Scheme I above, where the ether linkage is introduced
first followed by the addition of the piperazine
group. Similar to the reactions described above in
Scheme I, intermediate (1d) may be first reacted with
the desired R1-C(ROa)-X (where X is a leaving group),
a strong base (e.g., sodium hydride) and
tetrabutylammonium iodide in a polar solvent (e.g.,
dimethylformamide (DMF)) to give the intermediate
(2a). The piperazine group may then introduced using a
palladium catalyzed amination. Finally, the
amino-protecting group is removed to produce the
compound of Formula (I-A). Scheme III illustrates the
general procedures for preparing a compound of Formula
(I) or (II) where m is 0 or 1 and n is 0. ( 1q) (3a)
(I-B) Scheme III Again similar to the procedures
described above in Schemes I and II. The R1 group may
be introduced by using modified Mitsonobu conditions.
For example, intermediate ( 1e) is coupled with the
desired hydroxy compound (R1-OH) using solid phase
triphenylphosphine (i.e., polymer bound
triphenyphosphine) and diethyl azodicarboxylate
(DEAD). The aminoprotecting group may then be removed
using standard reaction conditions appropriate for the
particular protecting group used. For example,
trifluoroacetic acid may be used to remove a BOC
protecting group. Scheme IV illustrates an alternative
route to compounds of Formula (I) or (II) where m is 0
or 1 and n is 0.(1d) (4a) l . C-B) (4b) Scheme IV
Alternatively, the compound of Formula (I-B) may be
synthesized by introducing the ether linkage first
followed by the addition of the piperazine group.
Similar to the reaction conditions described in
Schemes III. The ether linkage may be introduced using
a modified Mitsonabu coupling reaction. For example,
intermediate (1d) is coupled with the desired hydroxy
compound (R1-OH) using solid phase triphenylphosphine
(i.e., polymer bound triphenyphosphine) and diethyl
azodicarboxylate (DEAD) to produce intermediate (4a).
The piperazine group may then be introduced using a
palladium catalyzed amination as described above in
Schemes I and II. Finally, the amino-protecting group
is removed using standard conditions that are
appropriate for the particular protecting group used.
Conventional methods and/or techniques of separation
and purification known to one of ordinary skill in the
art can be used to isolate the compounds of the
present invention, as well as the various
intermediates related thereto. Such techniques will be
well-known to one of ordinary skill in the art and may
include, for example, all types of chromatography
(high pressure liquid chromatography (HPLC), column
chromatography using common adsorbents such as silica
gel, and thin-layer chromatography),
recrystallization, and differential (i.e.,
liquid-liquid) extraction techniques. Enantiomeric
mixtures may be separated into the pure enantiomers
using techniques well-known to those skilled in the
art, such as chiral liquid chromatography columns or
thinlayer chromatography. For example, the racemic
compound or enantio-enriched compound may be separated
on a Chiralpak(tm) AD column (dimension 4.6mm x 25 cm)
using an appropriate mobile phase with or without a
modifer (e.g., TFA) at a flow rate of about
1mL/minute. The enantiomeric separation may be made
with one of the intermediates (preferably, the acetate
intermediate (1c)) or the final product. The
enantiomers can alternatively be resolved and
separated by crystallization with a chiral molecule.
The pure enantiomer could be recovered from a
diasteriomeric derivative. If it is desired to obtain
a high degree of optical purity, compounds may be
further purified by chiral HPLC as is well known in
the art, for example, using a Chiralcel OJ or
Chiralpak AD column in heptane/IPA with or without a
base or acid modifier. A chiral separation was
performed, for instance, using Chiralpak AD with 95/5
heptane/IPA. The term "salts" refers to inorganic and
organic salts of a compound of the present invention.
These salts can be prepared in situ during the final
isolation and purification of a compound, or by
separately reacting the compound with a suitable
organic or inorganic acid and isolating the salt thus
formed. Representative salts include the hydrobromide,
hydrochloride, hydroiodide, sulfate, bisulfate,
nitrate, acetate, trifluoroacetate, oxalate, besylate,
palmitiate, pamoate, malonate, stearate, laurate,
malate, borate, benzoate, lactate, phosphate,
hexafluorophosphate, benzene sulfonate, tosylate,
formate, citrate, maleate, fumarate, succinate,
tartrate, naphthylate, mesylate, glucoheptonate,
lactobionate, and laurylsulphonate salts, and the
like. See, e.g., Berge, et al., J. Pharm. ScL, 66,
1-19 (1977). The compounds of the present invention
may exist in unsolvated as well as solvated forms with
pharmaceutically acceptable solvents such as water,
ethanol, and the like, and it is intended that the
invention embrace both solvated and unsolvated forms.
Suitable pharmaceutically acceptable solvents include
the Class 3 solvents listed in the United States
Federal Drug Administration Guidelines. The present
invention also embraces isotopically-labeled compounds
of the present 



invention which are identical to those recited herein;
but for the fact that one or more atoms are replaced
by an atom having an atomic mass or mass number
different from the atomic mass or mass number usually
found in nature. Examples of isotopes that can be
incorporated into compounds of the invention include
isotopes of hydrogen, carbon, nitrogen, oxygen,
fluorine and chlorine, such as 2H, 3H, 13C, 14C, 15N,
180 , 170 , 18F, and 36CI. Certain
isotopically-labeled compounds of the present
invention (e.g., those labeled with 3H and 14C) are
useful in compound and/or substrate tissue
distribution assays. Tritiated (i.e., 3H) and
carbon-14 (i.e., 14C) isotopes are particularly
preferred for their ease of preparation and
detectability. Further, substitution with heavier
isotopes such as deuterium (i.e., 2H) may afford
certain therapeutic advantages resulting from greater
metabolic stability (e.g., increased in vivo half-life
or reduced dosage requirements) and hence may be
preferredin some circumstances, lsotopically labeled
compounds of the present invention can generally be
prepared by following procedures analogous to those
disclosed in the Schemes and/or in the Examples
hereinbelow, by substituting an isotopically labeled
reagent for a nonisotopically labeled reagent.
Compounds of the present invention are selective
5-HT20 agonists. The compounds may be used to treat
diseases or conditions that are effectively treated by
agonism of the 5- HT2C receptor. The compounds may be
used to treat 5-HT2 receptor-mediated diseases. An
embodiment of the present invention is a
pharmaceutical composition comprising a
therapeutically effective amount of a compound of the
present invention and a pharmaceutically acceptable
carrier and optionally, a pharmaceutically acceptable
excipient or diluent. The pharmaceutical compositions
may be used to treat 5-HT2 receptor-mediated diseases.
A typical formulation is prepared by mixing a compound
of the present invention and a carrier, and
optionally, a diluent or excipient. Suitable carriers,
diluents and excipients are well known to those
skilled in the art and include materials such as
carbohydrates, waxes, water soluble and/or swellable
polymers, hydrophilic or hydrophobic materials,
gelatin, oils, solvents, water, and the like. The
particular carrier, diluent or excipient used will
depend upon the means and purpose for which the
compound of the present invention is being applied.
Solvents are generally selected based on solvents
recognized by persons skilled in the art as safe
(GRAS) to be administered to a mammal. In general,
safe solvents are non-toxic aqueous solvents such as
water and other non-toxic solvents that are soluble or
miscible in water. Suitable aqueous solvents include
water, ethanol, propylene glycol, polyethylene glycols
(e.g., PEG400, PEG300), etc. and mixtures thereof. The
formulations may also include one or more buffers,
stabilizing agents, surfactants, wetting agents,
lubricating agents, emulsifiers, suspending agents,
preservatives, antioxidants, opaquing agents,
glidants, processing aids, colorants, sweeteners,
perfuming agents, flavoring agents and other known
additives to provide an elegant presentation of the
drug (i.e., a compound of the present invention or
pharmaceutical composition thereof) or aid in the
manufacturing of the pharmaceutical product (i.e.,
medicament). The formulations may be prepared using
conventional dissolution and mixing procedures. For
example, the bulk drug substance (i.e., compound of
the present invention or stabilized form of the
compound (e.g., complex with a cyclodextrin derivative
or other known complexation agent)) is dissolved in a
suitable solvent in the presence of one or more of the
excipients described above. The compound of the
present invention is typically formulated into
pharmaceutical dosage forms to provide an easily
controllable dosage of the drug and to give the
patient an elegant and easily handleable product.A
pharmaceutical composiiton of the present invention
can be administered to a patient in any conventional
oral, rectal, transdermal, parenteral, (for example,
intravenous, intramuscular, or subcutaneous)
intracistemal, intravaginal, intraperitoneal,
intravesical, local (for example, powder, ointment or
drop), or buccal, or nasal, dosage form. The present
invention further provides methods of treating 5-HT2
receptor-mediated diseases, conditions, or disorders
in an animal in need of such treatment that include
administering to the animal (preferably, a human) a
therapeutically effective amount of a compound of the
present invention or a pharmaceutical composition
comprising an effective amount of a compound of the
present invention and a pharmaceutically acceptable
carrier. In particular, the compounds of the present
invention act as potent full agonists at the 5-HT20
receptor, and as antagonists or weak partial agonists
at the 5-HT2a and 5-HT2b receptors. The compounds of
the present invention are functionally selective for
5-HT2c against 5-HT2a and 5-HT2b, by virtue of their
much greater agonistic potency (lower EC50) for 5-HT20
than that observed for 5-HT2a and/or 5-HT2b or their
lack of agonistic activity at 5-HT2a and/or 5-HT2b.
Receptor binding data or binding selectivity data may
not always correlate with or reflect functional data
or functional selectivity data. For example, a
compound may be selective for the 5-HT20 receptor when
functional assays are analyzed, but in the binding
assays the compound may have the same potency at other
5-HT receptors. Thus, the term "selective" as used
herein in relation to the present invention with
respect to methods of treatment means "functionally
selective". In connection with the alleviation of side
effects, preferred are compounds of the present
invention that exhibit 5-HT2a antagonism and/or 5-HT2b
antagonism in vivo. Accordingly, the compounds of the
present invention described herein are useful in
treating 5-HT2 receptor-mediated diseases, conditions,
or disorders. Consequently, the compounds of the
present invention may be used in the manufacture of a
medicament for the therapeutic applications described
herein. Diseases, conditions, and/or disorders
modulated by 5HT2 receptor ligands include eating
disorders (e.g., binge eating disorder, anorexia, and
bulimia), weight loss or control (e.g., reduction in
calorie or food intake, and/or appetite suppression),
obesity, depression, atypical depression, bipolar
disorders, psychoses, schizophrenia, behavioral
addictions, suppression of reward-related behaviors
(e.g., conditioned place avoidance, such as
suppression of cocaine- and morphine-induced
conditioned place preference), substance abuse,
addictive disorders, impulsivity, alcoholism (e.g.,
alcohol abuse, addiction and/or 



dependence including treatment for abstinence, craving
reduction and relapse prevention of alcohol intake),
tobacco abuse- (e.g., smoking addiction, cessation
and/or dependence including treatment for craving
reduction and relapse prevention of tobacco smoking),
premenstrual syndrome or late luteal phase syndrome,
migraine, panic disorder, anxiety,post-traumatic
syndrome, dementia (including memory loss, Alzheimer's
disease, dementia of aging, vascular dementia, mild
cognitive impairment, age-related cognitive decline,
and mild neurocognitive disorder), seizure disorders,
epilepsy, gastrointestinal disorders (e.g.,
dysfunction of gastrointestinal motility or intestinal
propulsion), attention deficit disorders or attention
hyperactivity disorders (ADD/ADHD), disruptive
behavior disorders, impulse control disorders,
borderline personality disorder, obsessive compulsive
disorder, chronic fatigue syndrome, anorexia nervosa,
disorders of sleep (e.g., sleep apnea), autism,
epilepsy, mutism, spinal cord injury, damage of the
central nervous system (e.g., trauma, stroke,
neurodegenerative diseases or toxic or infective CNS
diseases (e.g., encephalitis or meningitis)),
cardiovascular disorders (e.g., thrombosis),
Parkinson's disease, diabetes insipidus, and type Il
diabetes. In another embodiment, this invention
relates to a method for treating psychotic disorders
and conditions such as schizophrenia, delusional
disorders and drug induced psychosis; anxiety
disorders such as panic and obsessive-compulsive
disorder; and movement disorders including Parkinson's
disease and Huntington's disease, comprising an amount
of a compound of formula I effective in treating said
disorder or condition. Examples of psychotic disorders
that can be treated according to the present invention
include, but are not limited to, schizophrenia, for
example of the paranoid, disorganized, catatonic,
undifferentiated, or residual type; schizophreniform
disorder; schizoaffective disorder, for example of the
delusional type or the depressive type; delusional
disorder; substance-induced psychotic disorder, for
example psychosis induced by alcohol, amphetamine,
cannabis, cocaine, hallucinogens, inhalants, opioids,
or phencyclidine; personality disorder of the paranoid
type; and personality disorder of the schizoid type.
In use to treat psychotic disorders of the
schizophrenic types, the compounds would in particular
be useful for removing or ameliorating such symptoms
as anxiety, agitation, excessive aggression, tension,
and social or emotional withdrawal in psychotic
patients. In addition, the compounds may be useful in
the blocking of serotonin-induced contractions of
bronchial tissues and of blood vessels, arteries as
well as veins. The compounds of the present invention
may also be useful as sedating-, anxiolytic-,
anti-aggressive-, anti-stress-, muscular protectant-,
and cardiovascular protectant agents and,
consequently, they would be useful to protect
warm-blooded animals, for example, in stress
situations, e.g., during transport periods and the
like situations. Examples of movement disorders that
can be treated according to the present invention
include but are not limited to selected from
Huntington's disease and dyskinesia associated with
dopamine agonist therapy, Parkinson's disease,
restless leg syndrome, and essential tremor.Other
disorders that can be treated according to the present
invention are obsessive/compulsive disorders,
Tourette's syndrome and other tic disorders. This
invention also provides a method for treating an
anxiety disorder or condition in a mammal which method
comprises administering to said mammal an amount of a
compound of formula I effective in treating said
disorder or condition. Examples of anxiety disorders
that can be treated according to the present invention
include, but are not limited to, panic disorder;
agoraphobia; a specific phobia; social phobia;
obsessive-compulsive disorder; post traumatic stress
disorder; acute stress disorder; and generalized
anxiety disorder. This invention further provides a
method of treating a drug addiction, for example an
alcohol, amphetamine, cocaine, or opiate addiction, in
a mammal, including a human, which method comprises
administering to said mammal an amount of a compound
of formula I effective in treating drug addiction. A
"drug addiction", as used herein, means an abnormal
desire for a drug and is generally characterized by
motivational disturbances such a compulsion to take
the desired drug and episodes of intense drug craving.
This invention also provides a method of treating a
disorder or condition comprising as a symptom a
deficiency in attention and/or cognition in a mammal,
including a human, which method comprises
administering to said mammal an amount of a compound
of formula I effective in treating said disorder or
condition. The phrase "deficiency in attention and/or
cognition" as used herein in "disorder comprising as a
symptom a deficiency in attention and/or cognition"
refers to a subnormal functioning in one or more
cognitive aspects such as memory, intellect, or
learning and logic ability, in a particular individual
relative to other individuals within the same general
age population. "Deficiency in attention and/or
cognition" also refers to a reduction in any
particular individual's functioning in one or more
cognitive aspects, for example as occurs in
age-related cognitive decline. Examples of disorders
that comprise as a symptom a deficiency in attention
and/or cognition that can be treated according to the
present invention are dementia, for example
Alzheimer's disease, multi-infarct dementia, alcoholic
dementia or other drug-related dementia, dementia
associated with intracranial tumors or cerebral
trauma, dementia associated with Huntington's disease
or Parkinson's disease, or AIDS-related dementia;
delirium; amnestic disorder; post-traumatic stress
disorder; mental retardation; a learning disorder, for
example reading disorder, mathematics disorder, or a
disorder of written expression;
attention-deficit/hyperactivity disorder; age-related
cognitive decline; cognitive deficits associated with
psychoses, and cognitive deficits associated with
schizophrenia. This invention also provides a method
of treating a mood disorder or mood episode in a
mammal, including a human, comprising administering to
said mammal an amount of a compound of formula I
effective in treating said disorder or episode.
Examples of mood disorders and mood episodes that can
be treated according to the present invention
include,but are not limited to, major depressive
episode of the mild, moderate or severe type, a manic
or mixed mood episode, a hypomanic mood episode; a
depressive episode with atypical features; a
depressive episode with melancholic features; a
depressive episode with catatonic features; a mood
episode with postpartum onset; post-stroke depression;
major depressive 



disorder; dysthymic disorder; minor depressive
disorder; premenstrual dysphoric disorder;
post-psychotic depressive disorder of schizophrenia; a
major depressive disorder superimposed on a psychotic
disorder such as delusional disorder or schizophrenia;
a bipolar disorder, for example bipolar I disorder,
bipolar Il disorder, and cyclothymic disorder. This
invention further provides a method of treating a
neurodegenerative disorder or condition in a mammal,
including a human, which method comprises
administering to said mammal an amount of a compound
of formula I effective in treating said disorder or
condition. As used herein, and unless otherwise
indicated, a "neurodegenerative disorder or condition"
refers to a disorder or condition that is caused by
the dysfunction and/or death of neurons in the central
nervous system. The treatment of these disorders and
conditions can be facilitated by administration of an
agent which prevents the dysfunction or death of
neurons at risk in these disorders or conditions
and/or enhances the function of damaged or healthy
neurons in such a way as to compensate for the loss of
function caused by the dysfunction or death of at-risk
neurons. The term "neurotrophic agent" as used herein
refers to a substance or agent that has some or all of
these properties. Examples of neurodegenerative
disorders and conditions that can be treated according
to the present invention include, but are not limited
to, Parkinson's disease; Huntington's disease;
dementia, for example Alzheimer's disease,
multi-infarct dementia, AIDS-related dementia, and
Fronto temperal Dementia; neurodegeneration associated
with cerebral trauma; neurodegeneration associated
with stroke, neurodegeneration associated with
cerebral infarct; hypoglycemia-induced
neurodegeneration; neurodegeneration associated with
epileptic seizure; neurodegeneration associated with
neurotoxin poisoning; and multi-system atrophy. In one
embodiment of the present invention, the
neurodegenerative disorder or condition comprises
neurodegeneration of striatal medium spiny neurons in
a mammal, including a human. In a further embodiment
of the present invention, the neurodegenerative
disorder or condition is Huntington's disease. In
another embodiment of the present invention, the
compounds of the present invention may be used in the
prophylaxis and/or treatment of sexual dysfunction.
Sexual dysfunction (SD) is a significant clinical
problem, which can affect both males and females. The
causes of SD may be both organic as well as
psychological. Organic aspects of SD are typically
caused by underlying vascular diseases, such as those
associated with hypertension or diabetes mellitus, by
prescription medication and/or by psychiatric disease
such asdepression. Physiological factors include fear,
performance anxiety and interpersonal conflict. SD
impairs sexual performance, diminishes self-esteem and
disrupts personal relationships thereby inducing
personal distress. In the clinic, SD disorders have
been divided into female sexual dysfunction (FSD)
disorders and male sexual dysfunction (MSD) disorders
(Melman ef a/ 1999). FSD includes female sexual
arousal disorder (FSAD), desire disorders such as
hypoactive sexual disorder (lack of interest in sex),
and orgasmic disorders such as anorgasmia (unable to
achieve orgasm). Male sexual dysfunction (MSD)
includes male erectile dysfunction (MED) and
ejaculatory disorders such as an orgasmia (unable to
achieve orgasm) or desire disorders such as hypoactive
sexual desire disorder (lack of interest in sex). The
compounds of the invention are particularly beneficial
for the prophylaxis and/or treatment of sexual
dysfunction in the male (e.g. male erectile
dysfunction - MED) and in the female - female sexual
dysfunction (FSD), e.g. female sexual arousal disorder
(FSAD). In a further aspect, the present invention
provides a method for treating lower urinary tract
dysfunction by administering to a mammal a compound of
Formula I in an amount effective to treat the
disorder. Conditions of lower urinary tract
dysfunction include overactive bladder, increased
daytime frequency, nocturia, urgency, urinary
incontinence (any condition in which there is an
involuntary leakage of urine), including stress
urinary incontinence, urge urinary incontinence and
mixed urinary incontinence, overactive bladder with
associated urinary incontinence, enuresis, nocturnal
enuresis, continuous urinary incontinence, situational
urinary incontinence such as incontinence during
sexual intercourse, and lower urinary tract symptoms
(LUTS) associated with benign prostatic hyperplasia
(BPH). The compounds of the present invention can be
administered to a patient at dosage levels in the
range of from about 0.1 mg to about 1,000 mg per day
(preferably, about 1 mg to about 500 mg per day, more
preferably, about 2.5 mg to about 250 mg per day,
still more preferably about 5 mg to about 150 mg per
day, and most preferably, about 60 mg to about 100 mg
per day). For a normal adult human having a body
weight of about 70 kg, a dosage in the range of from
about 0.01 mg to about 2 mg per kilogram body weight
is typically sufficient. However, some variability in
the general dosage range may be required depending
upon the age and weight of the subject being treated,
the intended route of administration, the particular
compound being administered and the like. The
determination of dosage ranges and optimal dosages for
a particular patient is well within the ability of one
of ordinary skill in the art having the benefit of the
instant disclosure. It is also noted that the
compounds of the present invention can be used in
sustained release, controlled release, and delayed
release formulations, which forms are also well known
to one of ordinary skill in the art. The compounds of
the invention may also be used in conjunction with
other pharmaceutical agents for the treatment of the
diseases/conditions described herein.Therefore,
methods of treatment that include administering
compounds of the present invention in combination with
other pharmaceutical agents are also provided.
Suitable pharmaceutical agents that may be used in
combination with the compounds of the present
invention include anti-obesity agents such as
apolipoprotein-B secretion/microsomal triglyceride
transfer protein (apo-B/MTP) inhibitors, 1 1b-hydroxy
steroid dehydrogenase-1 (11 b-HSD type 1) inhibitors,
PYY3.36 and analogs thereof, MCR-4 agonists,
cholecystokinin-A (CCK-A) agonists, monoamine reuptake
inhibitors (such as sibutramine), sympathomimetic
agents, b3 adrenergic receptor agonists, dopamine
agonists (such as bromocriptine),
melanocyte-stimulating hormone receptor analogs,
cannabinoid 1 receptor antagonists (e.g., rimonabant),
melanin concentrating hormone antagonists, leptins
(the OB protein), leptin 



analogs, leptin receptor agonists, galanin
antagonists, lipase inhibitors (such as
tetrahydrolipstatin, i.e. orlistat), anorectic agents
(such as a bombesin agonist), Neuropeptide- Y receptor
antagonists (e.g., NPY Y5 receptor antagonists, such
as the spiro compounds described in US Patent Nos.
6,566,367; 6,649,624; 6,638,942; 6,605,720; 6,495,559;
6,462,053; 6,388,077; 6,335,345; and 6,326,375; US
Publication Nos. 2002/0151456 and 2003/036652; and PCT
Publication Nos. WO 03/010175. WO 03/082190 and WO
02/048152), thyromimetic agents,
dehydroepiandrosterone or an analog thereof,
glucocorticoid receptor agonists or antagonists,
orexin receptor antagonists, urocortin binding protein
antagonists, glucagon-like peptide-1 receptor
agonists, ciliary neurotrophic factors (such as
Axokine(tm) available from Regeneron Pharmaceuticals,
Inc., Tarrytown, NY and Procter & Gamble Company,
Cincinnati, OH), human agouti-related proteins (AGRP),
ghrelin receptor antagonists, histamine 3 receptor
antagonists or inverse agonists, and neuromedin U
receptor agonists. Other anti-obesity agents,
including the preferred agents set forth hereinbelow,
are well known, or will be readily apparent in light
of the instant disclosure, to one of ordinary skill in
the art. Preferred are anti-obesity agents selected
from the group consisting of orlistat, sibutramine,
bromocriptine, ephedrine, leptin, rimonabant,
pseudoephedrine, PYY3.36 or an analog thereof, and
2-oxo-N-(5-phenylpyrazinyl)spiro-[isobenzofuran-1(3H),
4'-piperidine]-1'- carboxamide. Other suitable
pharmaceutical agents that may be administered in
combination with the compounds of the present
invention include agents designed to treat tobacco
abuse (e.g., nicotine receptor partial agonists,
bupropion hypochloride (also known under the tradename
Zyban(tm)) and nicotine replacement therapies),
ADD/ADHD treatment agents (e.g., Ritalin(tm),
Strattera(tm), Concerta(tm) and Adderall(tm)), and
agents to treat alcoholism, such as opioid antagonists
(e.g., naltrexone (also known under the tradename
ReVia(tm)) and nalmefene), disulfiram (also known
under the tradename Antabuse(tm)), and acamprosate
(also known under the tradename Campral(tm))). In
addition, agents for reducing alcohol
withdrawalsymptoms may also be co-administered, such
as benzodiazepines, beta-blockers, clonidine,
carbamazepine, pregabalin, and gabapentin
(Neurontin(tm)). Treatment for alcoholism is
preferably administered in combination with behavioral
therapy including such components as motivational
enhancement therapy, cognitive behavioral therapy, and
referral to self-help groups, including Alcohol
Anonymous (AA). In addition to Zyban, other useful
nicotine receptor partial agonists are described in US
Patent Nos. 6,235,734; 6,410,550; and 6,462,035; all
of which are incorporated herein by reference. Other
pharmaceutical agents that may be used in combination
include antidepressants (e.g., fluoxetine
hydrochloride (Prozac(tm))); and neuroprotective
agents (e.g., memantine). In another embodiment,
compounds of the present invention are used in
combination with cognitive improvement agents such as
donepezil hydrochloride (Aricept(tm)) and other
acetylcholinesterase inhibitors; cannabinoid receptor
1 (CB1) antagonists; and alpha 7 nicotinic
acetylcholine receptor agonists. Representative alpha
7 agonist compounds are listed in US Patent Nos.
6,911,543; 6,809,094; and 6,881,734, all of which are
incorporated herein by reference. According to a yet
further aspect, the present invention additionally
provides a method for the treatment and/or prevention
of male sexual dysfunction via treatment with a
combination of a compound of the present invention and
at least one additional pharmaceutical agent.
Preferred additional pharmaceutical agents used in
treating male sexual dysfunction (e.g., male erectile
dysfunction) include: (1) one or more dopaminergic
agents (e.g. D2, D3 or D4 agonists and apomorphine);
(2) one or more of an NPY (neuropeptide Y) (preferably
an NPY-1 and/or NPY-5 inhibitor); (3) one or more of a
melanocortin receptor agonist or modulator or
melanocortin enhancer; (4) one or more of an NEP
inhibitor; (5) one or more of a PDE inhibitor
(preferably, a cGMP PDE-5 inhibitor); and (6) one or
more of a bombesin receptor antagonist or modulator.
According to another aspect of the present invention,
there is provided use of a compound of the present
invention and one or more additional active agents for
the treatment of female sexual dysfunction (FSD).
Preferably, the one or more additional active agents
is/are selected from the group consisting of: estrogen
receptor modulators (e.g., estrogen agonists and/or
estrogen antagonists); testosterone replacement agents
and/or testosterone (Tostrelle) and/or
dihydrotestosterone and/or dehydroepiandrosterone
(DHEA) and/or a testosterone implant; estrogen,
estrogen and medroxyprogesterone or
medroxyprogesterone acetate (MPA) (as a combination),
or a combination of estrogen and a methyl testosterone
hormone replacement therapy agent; one or more
dopaminergic agents; one or more NPY (neuropeptide Y)
inhibitors; one or more melanocortin receptor
modulators or melanocortinenhahcers; one or more NEP
(neutral endopeptidase) inhibitors; one or more PDE
(phosphodiesterase) inhibitors; and one or more
bombesin receptor modulators. In another aspect, the
compounds of the invention can be used in combination
with other agents for the treatment of lower urinary
tract dysfunction. Such other agents include:
muscarinic acetylcholine receptor antagonists such as
tolterodine; alpha adrenergic receptor antagonists, in
particular an alphal adrenergic receptor antagonist or
an alpha2 adrenergic receptor antagonist; alpha
adrenergic receptor agonists or partial agonists, in
particular an alphal adrenergic receptor agonist or
partial agonist, or an alpha2 adrenergic receptor
agonist or partial agonist; serotonin and noradrenalin
reuptake inhibitor (SNRI); noradrenalin reuptake
inhibitor (NRI) such as reboxetine, either in its
racemic or (S,S)-enantiomeric form; vanilloid receptor
(VR) antagonists, such as capsaicin; alpha2delta
ligand, such as gabapentin or pregabalin; beta3
adrenergic receptor agonists; 5HT1 a receptor
antagonists or 5HT1a receptor inverse agonists;
prostanoid receptor antagonists, e.g. EP1 receptor
antagonist. The dosage of the additional
pharmaceutical agent will be generally dependent upon
a number of factors including the health of the
subject being treated, the extent of treatment
desired, the nature and kind of concurrent therapy, if
any, and the frequency of treatment and 



the nature of the effect desired. The determination of
dosage ranges and optimal dosages for a particular
patient is also well within the ability of one of
ordinary skill in the art having the benefit of the
instant disclosure. The present invention also relates
to a method of treating a mammal suffering from
schizophrenia or psychoses, comprising administering a
compound of Formula I, or a pharmaceutically
acceptable salt thereof, in an amount that is
effective in treating schizophrenia or psychoses, and
an antipsychotic drug or pharmaceutically acceptable
salt thereof. The compound of Formula I and the
antipsychotic drug may be administered together or
separately, simultaneously or at separate intervals.
An embodiment of the present invention provides a
pharmaceutical composition comprising a compound of
the formula I, or a pharmaceutically acceptable salt
thereof, and an antipsychotic drug or pharmaceutically
acceptable salt thereof. The ' antipsychotic drug may
be, for example, Chlorpromazine, Fluphenazine,
Haloperidol, Loxapine, Mesoridazine, Molindone,
Perphenazine, Pimozide, Thioridazine, Thiothixene, or
Trifluoperazine. These drugs all have an affinity for
the dopamine 2 receptor. The antipsychotic drug may
also be, for example, Asenapine, Ziprasidone,
Olanzapine, Clozapine, Risperidone, Sertindole,
Quetiapine, Aripiprazole or Amisulpride. The
combinations may result in synergistic action allowing
a lower dose of the atypical antipsychotic to be
administered while achieving at least the same
psychotropic effect as achieved with a standard dose
of the atypical antipsychotic. The dosage of the
atypicalB2006/000655 -27- antipsychotic may be reduced
by about 25-90%, for example, about 40-80% and
typically about 50-70%. The reduction in amount of
antipsychotic required will be dependent on the amount
of the compound of Formula 1given. The selection of
the dosage of each therapeutic agent is that which can
provide relief to the patient as measured by a
reduction or amelioration of symptoms associated with
the disorder or condition of the patient. As is well
known, the dosage of each component depends on several
factors such as the potency of the selected specific
compound, the mode of administration, the age and
weight of the patient, the severity of the condition
to be treated, and the like. Determining a dose is
within the skill of the ordinary artisan. To the
extent necessary for completeness, the synthesis of
the components of the compositions and dosages are as
described in the listed patents above or the
Physicians' Desk Reference, 57th ed., Thompson, 2003
which are expressly incorporated herein by reference.
Desirably, when ziprasidone is selected as the active
agent, the daily dose contains from about 5 mg to
about 460 mg. More preferably, each dose of the first
component contains about 20 mg to about 320 mg of the
ziprasidone, and even more preferably, each dose
contains from about 20 mg to about 160 mg of
ziprasidone. Pediatric dosages may be less such as for
example in the range of about 0.5 mg to about 40 mg
daily. This dosage form permits the full daily dosage
to be administered in one or two oral doses, for
example. General outlines of the dosages for the
atypical antipsychotics, and some preferred dosages,
are provided herein. This list is not intended to be
complete but is merely a guideline for any of the
desired combinations of the present invention.
Olanzapine: from about 0.25 to about 100 mg, once/day;
preferably, from about 1 to about 30 mg, once/day; and
most preferably about 1 to about 25 mg once/day;
Clozapine: from about 12.5 to about 900 mg daily;
preferably, from about 150 to about 450 mg daily;
Risperidone: from about 0.25 to about 16 mg daily;
preferably, from about 2-8 mg daily; Sertindole: from
about 0.0001 to about 1.0 mg/kg daily; Quetiapine:
from about 1.0 to about 40 mg/kg given once daily or
in divided doses; Asenapine: from about 0.005 to about
60 mg total per day, given as a single dose or in
divided doses; Paliperidone: from about 0.01 mg/kg to
about 4 mg/kg body weight, more preferably from about
0.04 to about 2 mg/kg body weight; Bifeprunox. A
preferred atypical antipsychotic used according to the
invention is ziprasidone. Ziprasidone (5-[2-[4-(1
,2-benzisothiazol-3-yl)piperazin-1-yl]ethyl]-6-chloroi
ndolin-2-one) is a benzisothiazolyl piperazine
atypical antipsychotic with in vitro activity as a
5-HT1A receptor agonist and an inhibitor of serotonin
and norepinephrine reuptake (U.S. Patent No.
4,831,031). The postsynaptic 5-HT1A receptor has been
implicated in both depressive and anxiety disorders
(NM Barnes, T Sharp, 38 Neuropharmacology
1083-152,1999). Oralbioavailability of ziprasidone
taken with food is approximately 60%, half-life is
approximately 6-7 hours, and protein binding is
extensive. Ziprasidone is efficacious for the
treatment of patients with schizophrenia and
schizomood disorders, refractory schizophrenia,
cognitive impairment in schizophrenia, affective and
anxiety symptoms associated with schizoaffective
disorder and bipolar disorder. The drug is considered
a safe and efficacious atypical antipsychotic (Charles
Caley & Chandra Cooper, 36 Ann. Pharmacother., 839-51
; (2002). The present invention is useful in treating
mental disorders and conditions, the treatment of
which is facilitated by the administration of
ziprasidone. Thus, the present invention has
application where ziprasidone use is indicated as,
e.g., in U.S. Patent Nos. 6,245,766; 6,245,765;
6,387,904; 5,312,925; 4,831,031; and European EP
0901789 published March 17, 1999, all of which are
incorporated herein by reference. Other atypical
antipsychotics which can be used include, but are not
limited to: Olanzapine, 2-methyl-4-(4-methyl-1
-piperazinyl)-1 0H-thieno[2,3-b][1 ,5]-
benzodiazepine. Olanizapine is a known compound and is
described in U.S. Patent No. 5,229,382 as being useful
for the treatment of schizophrenia, schizophreniform
disorder, acute mania, mild anxiety states, and
psychosis. U.S. Patent No. 5,229,382 is herein
incorporated herein by reference in its entirety;
Clozapine, 8-chloro-1 1-(4-methyl-1
-piperazinyl)-5H-dibenzo[b,e][1 ,4]diazepine.
Clozapine is described in U.S. Patent No. 3,539,573,
which is herein incorporated by reference in its
entirety. Clinical efficacy in the treatment of
schizophrenia is described (Hanes, et al.,
Psychopharmacol. Bull., 24, 62 (1988)); 



Risperidone,
3-[2-[4-(6-fluoro-1,2-benzisoxazol-3-yl)piperidino]eth
yl]-2-methyl-6,7,8,9
-tetrahydro-4H-pyrido-[1,2-a]pyrimidin-4-one.
Risperidone and its use in the treatment of psychotic
diseases are described in U.S. Patent No. 4,804,663,
which is herein incorporated by reference in its
entirety; Sertindole, 1-[2-[4-[5-chloro-1
-(4-fluorophenyl)-1 H-indol-3-yl]-1
-piperidinyljethyl]- imidazolidin-2-one. Sertindole is
described in U.S. Patent No. 4,710,500. Its use in the
treatment of schizophrenia is described in U.S. Patent
Nos. 5,1 12,838 and 5,238,945. U.S. Patent Nos.
4,710,500; 5,112,838; and 5,238,945 are herein
incorporated by reference in their entireties;
Quetiapine, 5-[2-(4-dibenzo[b,f][1 ,4]thiazepin-1 1-yl
- 1-piperazinyl)ethoxy]ethanol. Quetiapine and its
activity in assays which demonstrate utility in the
treatment of schizophrenia are described in U.S. Pat.
No. 4,879,288, which is herein incorporated by
reference in its entirety. Quetiapine is typically
administered as its (E)-2-butenedioate (2:1)
salt.Aripiprazole, 7-{4-[4-(2,3-dichlorophenyl)-1
-piperazinyl]-butoxy}-3- ,4-dihydro carbostyril or
7-{4-[4-(2,3-dichlorophenyl)-1-piperazinyl]-butoxy}-3,
4-dihydro -2(1 H)- quinolinone. Aripiprazole is an
atypical antipsychotic agent used for the treatment of
schizophrenia and described in U.S. Patent No.
4,734,416 and U.S. Patent No. 5,006,528, which are
herein incorporated by reference in their entireties.
Amisulpride, which is described in U.S. Patent No.
4,401,822. U.S. Patent No. 4,401 ,822 is incorporated
herein in its entirety. Asenapine,
trans-5-chloro-2-methyl-2,3,3a,1 2b-tetrahydro-1
H-dibenz[2,3:6,7]- oxepino[4,5-c]pyrrole. Preparation
and use of asenapine is described in U.S. Patent Nos.
4,1 45,434 and 5,763,476, the entire contents of which
are incorporated herein by reference. Paliperidone,
3-[2-[4-(6-fluoro-1
,2-benzisoxazol-3-yl)-1-piperidinyl]ethyl]-6,7,8 ,9-
tetrahydro-9-hydroxy-2-methyl-4H-pyrido[1,2-a]pyrimidi
n-4-one. Preparation and use of paliparidone is
described, for example, in U.S. Patent Nos. 6,320,048;
5,158,952; and 5,254,556, the entire contents of which
are incorporated herein by reference. Bifeprunox,
2-[4-[4-(5-fluoro-1H-indol-3-yl)-3,6-dihydro-1(2H)-pyr
idinyl]butyl] -1Hisoindole- 1 ,3(2H)-dione.
Preparation and use of bifeprunox is described in U.S.
Patent 6,225,312, which is incorporated in its
entirety herein. A preferred combination is
ziprasidone with a corhpound of Formula I or
pharmaceutically acceptable salt thereof of the
present invention. The present invention includes each
of the following compounds, as well as
pharmaceutically acceptable salts of the compounds,
and solvates or hydrates of the compounds or salts:
(7S)-7-[(2,5-difluorobenzyl)oxy]-2-piperazin-1-yl-6,7-
dihydro-5Hcyclopenta[ b]pyridine;
(7S)-7-[(3-fluorobenzyl)oxy]-2-[(2R)-2-methylpiperazin
-1-yl]-6,7-dihydro-5Hcyclopenta[ b]pyridine;
(7S)-7-[(2-chlorobenzyl)oxy]-2-[(2R)-2-methylpiperazin
-1-yl]-6,7-dihydro-5Hcyclopenta[ b]pyridine;
3-[({(7S)-2-[(2R)-2-methylpiperazin-1-yl]-6,7-dihydro-
5H-cyclopenta[b]pyridin-7- yl}oxy)methyl]benzonitrile;
(7S)-7-[(2,5-difluorobenzyl)oxy]-2-[(2R)-2-methylpiper
azin-1-yl]-6,7-dihydro-5Hcyclopenta[>] pyridine;
(7S)-7-[(2,5-dichlorobenzyl)oxy]-2-[(2R)-2-methyipiper
azin-1-yl]-6,7-dihydro-5Hcyclopenta[ b]pyridine;
(7S)-7-[(2-chloro-5-f
luorobenzyl)oxy]-2-[(2R)-2-methylpiperazin-1
-yl]-6,7-dihydro-5Hcyclopenta[ b]pyridine;
(7S)-7-[(2-methyl-5-chlorobenzyl)oxy]-2-[(2R)-2-methyl
piperazin-1-yl]-6,7-dihydro-5Hcyclopenta[ b]pyridine;
(7S)-7-[(5-fluoro-2-methyl-benzyl)oxy]-2-[(2R)-2-methy
lpiperazin-1-yl]-6,7-dihydro-5Hcyclopenta[ b]pyridine;
4-methyl-3-[({(7S)-2-[(2R)-2-methylpiperazin-1
-yl]-6,7-dihydro-5Hcyclopenta[
d]pyridin-7-yl}oxy)methyl]benzonitrile;
(7S)-7-(2-chlorophenoxy)-2-piperazin-1-yl-6,7-dihydro-
5H-cyclopenta[b]pyridine;
(7S)-7-(3-chlorophenoxy)-2-piperazin-1-yl-6,7-dihydro-
5H-cyclopenta[b]pyridine;
3-{[(7S)-2-piperazin-1-yl-6,7-dihydro-5H-cyclopenta[t)
]pyridin-7-yl]oxy}benzonitrile; 3-{[(7R)-2-piperazin-1
-yl-QJ-dihydro-SH-cyclopentaCblpyridin^-ylloxyJbenzoni
trile;
(7R)-7-(3,5-difluorophenoxy)-2-piperazin-1-yl-6,7-dihy
dro-5/-/-cyclopenta[b]pyridine;
(7S)-7-(2,3-dihydro-1H-inden-4-yloxy)-2-piperazin-1-yl
-6,7-dihydro-5/-/- cyclopenta[b]pyridine;
(7S)-7-[(6-fluoro-2,3-dihydro-1
H-inden-4-yl)oxy]-2-piperazin-1
-yl-6,7-dihydro-5Hcyclopenta[ b]pyridine;
(7S)-7-(1-naphthyloxy)-2-piperazin-1-yl-6,7-dihydro-5/
-/-cyclopenta[b]pyridine;
5-{[(7S)-2-piperazin-1-yl-6,7-dihydro-5H-cyclopenta[b]
pyridin-7-yl]oxy}isoquinoline;
8-{[(7S)-2-piperazin-1-yl-6,7-dihydro-5H-cyclopentatb]
pyridin-7-yl]oxy}quinoline;
8-{[(7S)-2-piperazin-1-yl-6,7-dihydro-5H-cyclopentatt"
]pyridin-7-yl]oxy}quinoline-2- carbonitrile;
4-{[(7S)-2-piperazin-1-yl-6,7-dihydro-5H-cyclopenta[b]
pyridin-7-yl]oxy}-1,3- benzoxazole;
7-(2-chlorophenoxy)-2-[(2R)-2-methylpiperazin-1-yl]-6,
7-dihydro-5Hcyclopenta[ b]pyridine;
(7S)-7-(2,3-dihydro-1
H-inden-4-yloxy)-2-[(2R)-2-methylpiperazin-1
-yl]-6,7-dihydro-5Hcyclopenta[ b]pyridine;
(7S)-7-(6-fluoro-2,3-dihydro-1H-inden-4-yloxy)-2-[(2R)
-2-methylpiperazin-1-yl]-6,7-
dihydro-5H-cyclopenta[b]pyridine;
4-{[(7S)-2-piperazin-1-yl-6,7-dihydro-5H-cyclopenta[b]
pyridin-7-yl]oxy}isoquinoline;
8-(2-fluorophenoxy)-2-piperazin-1-yl-5,6,7,8-tetrahydr
oquinoline; 



(8S)-8-(3-fluorophenoxy)-2-piperazin-1-yl-5,6,7,8-tetr
ahydroquinoline;
3-{[(8R)-2-piperazin-1-yl-5,6,7,8-tetrahydroquinolin-8
-yl]oxy}benzonitrile;
3-{[(8S)-2-piperazin-1-yl-5,6,7,8-tetrahydroquinolin-8
-yl]oxy}benzonitrile;
(8S)-8-(5-fluoro-2-methylphenoxy)-2-piperazin-1-yl-5,6
,7,8-tetrahydroquinoline;
(8S)-8-(2-chloro-5-methylphenoxy)-2-piperazin-1-yl-5,6
,7,8-tetrahydroquinoline;
(8S)-8-(3,5-difluorophenoxy)-2-piperazin-1-yl-5,6,7,8-
tetrahydroquinoline; and
(8S)-8-(3-chloro-2-fluorophenoxy)-2-piperazin-1-yl-5,6
,7,8-tetrahydroquinoline;
(8S)-8-(2,3-dihydro-1H-inden-4-yloxy)-2-piperazin-1-yl
-5,6,7,8-tetrahydroquinoline;
(8S)-8-(6-fluoro-2,3-dihydro-1H-inden-4-yloxy)-2-piper
azin-1-yl-5,6,7,8- tetrahydroquinoline;
(8S)-8-(6-fluoro-2,3-dihydro-1H-inden-4-yloxy)-2-[(2R)
-2-methylpiperazin-1-yl]- 5,6,7,8-tetrahydroquinoline;
3-Chloro-7(S)-(2,5-difluoro-benzyloxy)-2-(2-(R)-methyl
-piperazin-1-yl)-6,7-dihydro-5H- [1]-pyridine;
3-Chloro-7-(5-fluoro-2-methyl-benzyloxy)-2-(2-methyl-p
iperazin-1-yl)-6,7-dihydro-5H- [1]pyridine;
3-[3-Chloro-2-(2-methyl-piperazin-1
-yl)-6,7-dihydro-5H-[1 ]pyridin-7-yloxymethyl]-4-
methyl-benzonitrile;
3-Chloro-8-(2,3-dichloro-phenoxy)-2-piperazin-1-yl-5,6
,7,8-tetrahydro-quinoline;
3-Chloro-8-(2-fluoro-phenoxy)-2-piperazin-1-yl-5,6,7,8
-tetrahydro-quinoline;
3-Chloro-8-(5-fluoro-2-methyl-phenoxy)-2-piperazin-1-y
l-5,6,7,8-tetrahydro-quinoline; 3-Chloro-8-(3,5-dif
luoro-phenoxy)-2-piperazin-1
-yl-5,6,7,8-tetrahydro-quinoline;
3-Chloro-8-(3-fluoro-phenoxy)-2-piperazin-1-yl-5,6,7,8
-tetrahydro-quinoline;
3-Chloro-8-(3-chloro-2-fluoro-phenoxy)-2-piperazin-1-y
l-5,6,7,8-tetrahydro-quinoline;
3-Chloro-7-(2-chloro-phenoxy)-2-piperazin-1
-yl-6,7-dihydro-5H-[1 ]pyridine; and
3-Chloro-7-(3-chloro-phenoxy)-2-piperazin-1-yl-6,7-dih
ydro-5H-[1]pyridine. Embodiments of the present
invention are illustrated by the following Examples.
It is to be understood, however, that the embodiments
of the invention are not limited to the specific
details of these Examples, as other variations thereof
will be known, or apparent in light of the instant
disclosure, to one of ordinary skill in the art.
EXAMPLES Unless specified otherwise, starting
materials are generally available from commercial
sources such as Aldrich Chemicals Co. (Milwaukee, Wl),
Lancaster Synthesis, Inc. (Windham, NH), Acros
Organics (Fairlawn, NJ), Maybridge Chemical Company,
Ltd. (Cornwall, England), Tyger Scientific (Princeton,
NJ), and AstraZeneca Pharmaceuticals (London,
England). Geheral Experimental Procedures NMR spectra
were recorded on a Varian Unity(tm) 400 (available
from Varian Inc., Palo Alto, CA) at room temperature
at 400 MHz for proton. Chemical shifts are expressed
in parts per million (d) relative to residual solvent
as an internal reference. The peak shapes are denoted
as follows: s, singlet; d, doublet; t, triplet; q,
quartet; m, multiplet; br s, broad singlet; 2s, two
singlets. Atmospheric pressure chemical ionization
mass spectra (APCI) were obtained on a Fisons(tm)
Platform Il Spectrometer (carrier gas: acetonitrile:
available from Micromass Ltd, Manchester, UK).
Chemical ionization mass spectra (Cl) were obtained on
aHewlett-Packard(tm) 5989 instrument (ammonia
ionization, PBMS: available from Hewlett- Packard
Company, Palo Alto, CA). Electrospray ionization mass
spectra (ES) were obtained on a Waters(tm) ZMD
instrument (carrier gas: acetonitrile: available from
Waters Corp., Milford, MA). Where the intensity of
chlorine or bromine-containing ions are described, the
expected intensity ratio was observed (approximately
3:1 for 35CI/37CI-containing ions and 1:1 for
^Br/^Br-containing ions) and the intensity of only the
lower mass ion is given. In some cases only
representative 1H NMR peaks are given. MS peaks are
reported for all examples. Optical rotations were
determined on a PerkinElmer(tm) 241 polarimeter
(available from PerkinElmer Inc., Wellesley, MA) using
the sodium D line (l = 589 nm) at the indicated
temperature and are reported as follows [a]D temp ,
concentration (c = g/100 ml_), and solvent. Column
chromatography was performed with either Baker(tm)
silica gel (40 mm; J.T. Baker, Phillipsburg, NJ) or
Silica Gel 50 (EM Sciences(tm), Gibbstown, NJ) in
glass columns or in Flash 40 Biotage(tm) columns (ISC,
Inc., Shelton, CT) under low nitrogen pressure.
Preparative thin-layer chromatography was performed
using Analtech silica gel GF with UV254 indicator
(Analtech Inc., Newark, DE) 20 cm x 20 cm X 1mm
plates. When needed multiple plates are used. After
eluting the plates with the indicated solvent, the
desired band is marked under UV light, and scrapped
off. The desire product is extracted from the silica
using the designated solvent. Racemic compounds or
enantio-enriched compounds were separated on a
Chiralpak(tm) AD column (dimension 4.6mm x 25 cm).
Chiralpak(tm) AD columns are available from
Daicel(tm). As used herein, the following acronyms
have the corresponding meanings. TFA - trifluoroacetic
acid THF- tetrahydrofuran TLC - thin layer
chromatography DMF - dimethylformamide BOC -
fert-butoxycarbonyl dba - dibenz[a,h]anthracene BINAP
- 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl DEAD -
diethyl azodicarboxylatePreparation of Intermediates
Preparation of Intermediate
2-chloro-6,7-dihvdro-5H-cvclopentafblovridine N-oxide
(IM: 1-1 a A solution of m-chloroperbenzoic acid 70%
(520.9 mg, 2.1 13 mmol) in 5 mL of CH2CI2 was added
drop wise to a stirring solution of
2-chloro-6,7-dihydro-5H-cyclopenta[b]pyridine (295mg,
1.921 mmol) in 3 mL of CH2CI2 and the resulting
solution was allowed to stir at room 



temperature overnight. The reaction mixture was
quenched with a saturated aqueous solution of NaHCO 3
and the CH2CI2 layer was separated. The aqueous phase
was then extracted with CH2CI2 (3X), and the combined
organic extracts were washed with brine and then dried
over anhydrous Na2SO4. After removing solvent at
reduced pressure, the residue was purified by
preparative TLC (eluting with 70% EtOAc/Hexane) to
afford the title compound (1-1 a). MS calculated =
169.91, MS+1 observed =170.0 Preparation of
Intermediate
2-chloro-6,7-dihvdro-5H-cvclopenta[blDyridin-7-yl
acetate ILM: 1-1 b In round bottom flask equipped with
a condenser, intermediate (1-1 a: 249.7mg, 1.472mmol)
was dissolved in 6mL acetic anhydride and heated at
110 C overnight. The reaction mixture was allowed to
cool and the solvent was removed under reduced
pressure. The resulting residue was dissolved up in
CH2CI2, and washed successively with saturated aqueous
solution of NaHCO3 (2X) and brine (1X). After drying
over anhydrous Na2SO4, the solution was removed under
reduce pressure and purified by preparative TLC
(eluting with 20% EtOAc/Hexane) to afford the title
compound (1-1 b). MS calculated = 2 11.65, MS+1
observed =212.00655 -34- Racemic acetate was separated
on column Chiralpak AS (dimension 4.6mm x 25 cm). The
mobile phase contained 85% heptane and 15% EtOH
without modifier. The flow rate was set at
1ml_/minute. 7(S)
2-chloro-6,7-dihydro-5H-cyclopenta[b]pyridin-7-yl
acetate: MS calculated = 2 11.65, MS+1 observed =21
2.0 7(R)
2-chloro-6,7-dihydro-5H-cyclopenta[b]pyridin-7-yl
acetate: MS calculated = 2 11.65, MS+1 observed =212.0
Preparation of Intermediate
2-chloro-6.7-dihvdro-5H-cvcloDenta[blpyridin-7-ol (1-1
c): M c To a solution of intermediate 1-1 b (233.6mg,
1.104mmol) in 3.7 ml_ methanol, was added a 10% K2CO3
aqueous solution (366 mg, 2.649 mmol, 3.7 ml. H2O) and
the mixture was allowed to stir at room temperature
overnight. The reaction mixture was extracted with
CH2CI2 (5X), washed with brine and dried over
anhydrous MgSO4. After removing solvent under reduced
pressure, the residue was purified by preparative TLC
(eluting with 25% EtOAc/Hexane) to afford the title
compound (Mc). MS calculated = 169.91 , MS+1 observed
=170.0 Preparation of Intermediate
2-[4-(2,2-dimethylpropanoyl)piperazin-1-ylh6.7-dihvdro
- 5H-cvclopenta[hhyridin-7-o l (1-1d): M d
Intermediate M c (163.0 mg, 0.961 mmol), piperazine-1
-carboxylic acid tert-butyl ester (232.6 mg, 1.249
mmol), Pd2(dba)3 (17.6 mg, 0.0192 mmol), BINAP (23.9
mg, 0.0384mmol), and sodium t-butoxide (129.3 mg,
1.346 mmol) was added to a pre-dried reaction vial
under a nitrogen atmosphere. After dissolving in 3 mL
anhydrous toluene, the reaction mixture was stirred
and heated at 80aC overnight. After cooling, the
reaction was filtered through celite, washed with
EtOAc, and the solvent was removed in vacuo. The
residue was purified by preparative TLC (eluting with
40% EtOAc/Hexane) to afford 100 mg (14.8% yield for
4-step synthesis) of the title compound (Md).MS
calculated = 319.41 , MS+1 observed =320.2 Preparation
of Intermediate
(7S)-2-chloro-7-[(3-fluorobenzyl)oxyl-6,7-dihvdro-5Hcv
clooentafbhyridine (\-2a): l-2a The (S) enantiomer of
Intermediate 1-1 c (30.0mg, 0.177mmol),
1-bromomethyl-3- fluoro-benzene (57 mg, 0.301 mol),
sodium hydride 60% (28 mg, 0.707 mmol), and
tetrabutylammonium iodide (0.7 mg, 1.77X1 0~3 mmol)
was added to a predried vial under N2 atmosphere. The
reagents were then dissolved in 2 ml_ anhydrous DMF
and stirred at room temperature overnight. Water was
added to the reaction mixture and then extracted with
EtOAc (3X). The combined organic extracts were washed
successively with H2O (2X) and brine (1X) 1 and then
dried over anhydrous MgSO4. The solvent was removed in
vacuo and the residue was purified by preparative TLC
(eluting with 20% EtOAc/Hexane) to afford the title
compound (l-2a). The (S) enantiomer of Intermediate
1-1 c used to synthesize this compound was obtained as
described in the preparation of 1-1c, although the
starting material was the (S) enantiomer of
Intermediate 1-1 b which was obtained as described in
the preparation of 1-1b. Preparation of Intermediate
(7S)-2-chloro-7-(2,3-dichloroDhenoxy)-6,7-dihvdro-5Hcv
clopentafblDyridine (l-3a): l-3a The (R) enantiomer of
Intermediate 1-1 c (30.0mg, 0.177mmol) and
2,3-dichlorophenol (57.7 mg, 0.354 mmol) were
dissolved up in 2 ml_ anhydrous THF in a predried
reaction vial under a N2 atmosphere. Polymer bound
triphenylphosphine ( 154mg, 2.3 mmol/g loaded, 0.354
mmol) was added and the mixture was allowed to stir at
room temperature for30 minutes. The reaction mixture
was then cooled to 0 SC, DEAD (40% in toluene, 161
ml_, 0.354 mmol) was introduced, and then allowed to
reach room temperature overnight. The resin was
filtered off washing with THF, the solvent was removed
in vacuo and the residue was purified by preparative
TLC (eluting with 30% EtOAc/Hexane) to afford the
title compound (l-3a). MS calculated = 314.60, MS+1
observed =314.1 Example 1 illustrates the preparation
of compounds of Formula (I) where m is 1, n is 1 and
R2 is hydrogen. Example 1 Preparation of
(7S)-7-[(2-ethylbenzyl)oxyl-2-DiDerazin-1-yl-6.7-dihvd
ro-5HcyclopentafblDyridine (1A-1 ): 1A-1 



Intermediate (S)- 1-1 d (25.0 mg, 0.0783 mmol),
1-bromomethyl-2-ethyl-benzene (26.5 mg, 0.133 mol),
sodium hydride 60% (12.5 mg, 0.313 mmol), and
tetrabutylammonium iodide (0.29 mg, 7.83X1 O^mmol) was
added to a a predried vial under a N2 atmosphere. The
reagents were dissolved in 0.6 ml_ anhydrous DMF and
the reaction mixture was stirred at room temperature
over weekend. Water was added to the mixture and then
extracted with EtOAc (3X). The combined organic
extracts were successively washed with H2O (2X) and
brine (1X). After drying over anhydrous MgSO4, the
solvent was removed in vacuo and the residue was
purified by preparative TLC (eluting with 20%
EtOAc/Hexane) to afford BOCprotected
(7S)-7-[(2-ethylbenzyl)oxy]-2-piperazin-1-yl-6,7-dihyd
ro-5H-cyclopenta[b]pyridine. Trifluoroacetic acid
(52.3 mL, 0.679 mmol) was added to a solution of the
BOCprotected compound from above (29.7 mg, 0.0679
mmol) in 1.5 mL of CH2CI2 and the mixture was allowed
to stir at room temperature overnight. The solvent was
removed in vacuo and the residue was purified by
preparative TLC (eluting with 10% MeOH, 1% NH4OH/
CH2CI2) to yield 19.3 mg (73.0% for 2-step synthesis)
of the title compound ( 1A-1). MS calculated = 337.47,
MS+1 observed =338.2 1H NMR (400M Hz, CD3OD): d 7.44
(d, 1H), 7.33 (d, 1H), 7.21-7.09 (m, 3H), 6.70 (d,
1H), 4.98 (d, 1H), 4.77 (m, 1H), 4.71 (d, 1H), 3.45
(m, 4H), 2.90 (m, 4H), 2.70-2.61 (m, 4H), 2.38-2.29
(m, 1H), 2.09-2.02 (m, 1H), 1.14 (t, 3H).0655 -37- The
compounds listed in Tables 1A, 1B and 1C below were
prepared using procedures analogous to those described
above for the synthesis of Compound 1A-1 using the
appropriate starting materials which are available
commercially, prepared using preparations well-known
to those skilled in the art, or prepared in a manner
analogous to routes described above for other
intermediates. For those compounds that were prepared
from a racemic intermediate, the racemic compound or
enantio-enriched compound was separated on column
Chiralpak AD (dimension 4.6mm x 25 cm). Mobile phase
contained heptane and EtOH with TFA as modifier. The
flow rate was set at 1mL/min. Table 1AANTIGEN BINDING
MOLECULES DIRECTED TO MCSP AND HAVING INCREASED Fc
RECEPTOR BINDING AFFINITY AND EFFECTOR FUNCTION
BACKGROUND OF THE INVENTION Field of the Invention
[0001] The present invention relates to antigen
binding molecules (ABMs). In particular embodiments,
the present invention relates to recombinant
monoclonal antibodies, including chimeric, primatized
and humanized antibodies specific for the high
molecular weight-melanoma-associated antigen
(HMW-MAA), also known as the melanoma chondroitin
sulfate proteoglycan (MCSP). In addition, the present
invention relates to nucleic acid molecules encoding
such ABMs, and vectors and host cells comprising such
nucleic acid molecules. The invention further relates
to methods for producing the ABMs of the invention,
and to methods of using these ABMs in treatment of
disease. In addition, the present invention relates to
ABMs with modified glycosylation having improved .
therapeutic properties, including antibodies with
increased Fc receptor binding and increased effector
function. . Background Art Melanoma Associated
Antigens [0002] Malignant melanoma is the most common
type of fatal skin cancer in humans, and its incidence
is estimated to be increasing at a rate of 5%per year.
Campoli et al., Crit. Rev. Immunol 24(4):267-296
(December 2004). The mortality rate has also increased
over the last decade despite advances in diagnosis and
therapy. While early stage melanoma is highly
treatable, advanced stage melanoma is frequently
resistant to conventional therapeutic regimens. The
limitations of conventional therapies have stimulated
research into novel strategies for treating patients
with malignant melanoma. Much of the research has
focused on immunotherapies. [0003] Most of the human
melanoma immunotherapy regimes being developed focus
on melanoma-associated antigens (MAA). The preferred
MAAs for immunotherapyare antigens that are expressed
in a large percentage of melanomas but have restricted
distribution in normal tissues. One such antigen is
the melanoma chondroitin sulfate proteoglycan (MCSP),
also referred to as the high molecular
weight-melanoma-associated antigen (HMW-MAA). Pluschke
et al, Proc. Natl. Acad. ScL USA 93:9710-9715 (1996);
Yang et al., J. Cell Biol. 755^:881-891 (June 2004).
MCSP is a highly glycosylated integral membrane
chondroitin sulfate proteoglycan consisting of an
N-linked 280 kDa glycoprotein component and a 450-kDa
chondroitin sulfate proteoglycan component expressed
on the cell membrane. Ross et al, Arch. Biochem.
Biophys. 225:370-383 (1983). Proteoglycans are
proteins covalently linked to glycoaminoglycans (GAG).
Both the 280-kDa component and the 450 kDa component
of MCSP contain the same core protein. Ross et al.
,Arch. Biochem. Biophys. 225:370-383 ( 1983); Bumol et
al., J. Biol Chem. 259:12733-12741 (1984). [0004] The
cDNA encoding the full-length MCSP core protein has
been identified and the amino acid sequence deduced.
Pluschke et al., Proc. Natl. Acad. ScL USA
93:9710-9715 (1996); Yangetal.,J. Cell Biol
J65(6):SSl-89l (June 2004) (the contents of each of
which are herein incorporated by reference in their
entirety). The MCSP sequence has been deposited and
assigned the following accession numbers: GenBank
Accession No. MIM:601172 (gene); GL1617313,
GL21536290, GL34148710, and GL47419929 (mRNA);
GL1617314, GL4503099, GL34148711, and GL47419930
(protein). The core protein, consisting of 2322 amino
acids, contains 3 major domains: a large extracellular



domain, a hydrophobic transmembrane region, and a
short cytoplasmic tail. Homology searches using the
MCSP sequence indicate that homologues are expressed
in other animal species. Specifically, the rat and
mouse homologues of MCSP are known asNG2 and AN2,
respectively. Each shares substantial amino acid
sequence identity with MCSP and has a similar
expression profile. Stallcup et al,J. Neurocytol
31-.423-435 (2002); Schneider et al, J. Neurosci.
21:920-933 (2001). [0005] It was originally thought
that MCSP had restricted tissue distribution as it was
initially detected only in cells of melanocyte
lineage, as well as cells within hair follicles, the
basal cell layer of the skin epidermis, endothelial
cells, andpericytes. Fenone etal, Pharmacol. Ther.
57:259-290 (1993); Schlingemanne ah, Am. J. Pathol. 7
5:1393-1405 (1990). More recently, however, it has
been determined that MCSP is more broadly distributed
in a number of normal and transformed cells. In
particular, MCSP is found in almost all basal cells of
the epidermis. [0006] The link between MCSP and
melanoma is well-established. MCSP is differentially
expressed in melanoma cells, and was found to be
expressed in more than 90% of benign nevi and melanoma
lesions analyzed. Campoli et at, Crit. Rev. Immunol.
24(4):261-296 (December 2004). Moreover, MCSP
expression has not been found to vary between primary
and metastatic lesions in all types of melanoma.
Kageshita et al, Int. J. Cancer 56:310-314 (1994). J
MCSP has also been found to be expressed in tumors of
nonmelanocytic origin, including basal cell carcinoma,
various tumors of neural crest origin, and in breast
carcinomas. Kageshita et al., J. Invest. Dermatol.
55:535-537 (1985); Chekenya et al, Int. J. Dev.
Neurosci. 77:421-435 (1999); Chekenya et al, J.
Neurocytol. 37:507-521 (2002); Shoshan et al, Proc.
Nat. Acad. Sci. USA 26:10361-10366 (1999); Godal /.,r.
J Cancer 53:839-841 (1986); Dell'Erba et al,
Anticancer Res. 27:925-930 (2001). [0007] Substantial
evidence indicates that MCSP is differentially
involved in influencing the malignant behavior of
melanoma cells. It is well known that both the GAG
constituent and the core protein of proteoglycans
generally are responsible for binding several
different ligands including, but not limited to,
adhesion molecules, chemokines, cytokines,
extracellular matrix (ECM) components, and growth
factors. Bernfield et al, Ann. Rev. Biochem.
68:129-111 (1999). With respect to MCSP specifically,
studies have demonstrated that MCSP-specific
antibodies can inhibit melanoma cell attachment to
capillary endothelium and spreading on various ECM
components, including collagen and collagenfibronectin
complexes. Harper et al. , J. Natl. Cancer Inst.
71:259-263 (1983); de Vries et al.Jnt. J. Cancer
3d:465-473 (1986); Iida et al, Cancer Res. 55:2177-
2185 (1995); Burg et al, J. Cell. Physiol. 777:299-312
(1998). Other studies have shown that MCSP expression
is restricted to cell surface microspike domains on
migrating melanoma cells. Garrigues et al, J. Cell
Biol. 103:1699-1710 (1986). Microspike domains are
actin-rich structures that are important for the
formation of adhesive contacts with ECM components in
migrating cells. Collectively, the evidence indicates
that MCSP promotes the formation of initial adhesive
contacts at the leading edge of migrating cells.
[0008] Additional evidence indicates that MCSP also
modulates melanoma cell migration through a second
mechanism involving the initiation of intracellular
signaling events mparticular, both MCSP and NG2 have
been shown to trigger signal transduction pathways
through activation of Rho GTPase family proteins.
Stallcup et al, J. Neurocytol 3/:423-435 (2002);
Eisenmann et al, Nat. Cell Biol. i:507-513 (1999).
Other studies indicate that MCSP expression leads to
enhanced activation of focal adhesion kinase (FAK) by
an integrin-dependent mechanism and to enhanced
activation of extracellular signal-regulated kinase
(ERK) by an independent mechanism. Yang et al., J.
Cell Biol. 55:881-891 (June 2004). [0009] MCSP is also
implicated in melanoma cell proliferation.
Specifically,melanoma cells transfected to expressMCSP
orNG2 exhibit enhanced proliferation rates in vitro
and increased growth rates in vivo. These effects are
inhibited by anti- MCSP or anti-NG2 monoclonal
antibodies. [0010] Substantial evidence indicates that
MCSP plays a key role in angiogenesis and melanoma
cell invasion. First, MCSP is expressed at high levels
in both "activated" pericytes and pericytes in tumor
angiogenic vasculature. Ruiter et al., Behring Inst.
Mitt. 92:258-272 (1993). Pericytes are known to be
associated with endothelial cells developing
vasculature and it is thought that they participate in
the regulation of angiogenesis by controlling
endothelial cell proliferation and invasion. Witmer et
al., J. Histochem. Cytochem 52(J):39-52 (2004); Erber
et al., FASEB ./8:338-340 (2004); Darland et al, Dev.
Biol. 264:275-288 (2003). Second, MCSP and NG2 are
widely expressed by angiogenic blood vessels in
normally developing tissues. Chekenya et al, FASEB
16:586-588 (2002); Ruiter et al, Behring Inst. Mitt.
P2:258-272 (1993). [0011] The high level of expression
of MCSP on melanoma cells, along with its restricted
distribution in normal tissues and the availability of
MCSP specific mAbs make MCSP a logical marker for
melanoma lesions and a candidate targetfor
immunotherapy. Indeed, a number of murine monoclonal
antibodies to MCSP have been developed. Campoli et al,
Crit. Rev. Immunol. 24(4):261-296 (2004). Although
murine anti-MCSP mAbs have been shown to control tumor
growth in animal models, only minor clinical responses
were observed in clinical trials with these
antibodies. What benefits are seen are generally
attributed to the ability of the anti-MCSP antibody to
influence the biology of melanoma cells and 



not to antibody-mediated immunologic mechanisms.
Accordingly, most of the MCSP targeted immunotherapies
utilize anti-idiotypic antibodies that mimic the MCSP
epitope. [0012] Unconjugated monoclonal antibodies
(mAbs) can be useful medicines for the treatment of
cancer, as demonstrated by the U.S. Food and Drug
Administration's approval of Trastuzumab
(Herceptin(tm); Genentech Inc,) for the treatment of
advanced breast cancer (Grillo-Lopez, A.-J., et al,
Semin. Oncol. 26:66-73 (1999); Goldenberg, M. M.,
Clin. Titer. 27:309-18 (1999)), Rituximab
(Rituxan(tm); IDEC Pharmaceuticals (now Biogen IDEC),
San Diego, CA and Cambridge, MA, and Genentech Inc.,
San Francisco, CA), for the treatment of CD20 positive
B-cell, low-grade or follicular Non-Hodgkin's
lymphoma, Gemtuzumab (Mylotarg(tm),
Celltech/Wyeth-Ayerst) for the treatment of relapsed
acute myeloid leukemia, and Alemtuzumab (CAMPATH(tm),
Millenium Pharmaceuticals/Schering AG) for the
treatment of B cell chronic lymphocytic leukemia. The
success of these products relies not only on their
efficacy but also on their outstanding safety profiles
(Grillo-Lopez, A.-J., et al., Semin. Oncol. 26:66-73
(1999); Goldenberg, M. M., Clin. Ther. 27:309-18
(1999)). In spite of the achievements of these drugs,
there is currently a large interest in obtaining
higher specific antibody activity than what is
typically afforded by unconjugated mAb therapy. [0013]
The results of a number of studies suggest that
Fc-receptor-dependent mechanisms contribute
substantially to the action of cytotoxic antibodies
against tumors and indicate that an optimal antibody
against tumors would bind preferentially to activation
Fc receptors and minimally to the inhibitory partner
FcgRIIB. (Clynes, R. A., et al, Nature Medicine
6(4):443-446 (2000); Kalergis,A.M., and Ravetch, J.
V., J. Exp. Med. 195(12):1653-1659 (June 2002). For
example, the results of at least one study suggest
that the FcgRIIIa receptor in particular is strongly
associated with the efficacy of antibody therapy.
(Cartron, G., et al, Blood 99(3):754-757 (February
2002)). That study showed that patients homozygous for
a polymorphism in FcgRIIIa have a better response to
Rituximab than heterozygous patients. The authors
concluded that the superior response was due to better
in vivo binding of the antibody to FcgRIIIa, which
resulted in better ADCC activity against lymphoma
cells. (Cartron, G., et al, Blood 99(3):754-757
(February 2002)). [0014] Various immunotherapy
strategies that target MCSP have been reported. _Early
immunotherapies used MCSP as a target in
antibody-based passive immunotherapy in advanced
melanoma patients. In general, anti-MCSP antibodies
were administered to patients alone or conjugated to
toxins. Schroff et al, Cancer Res. 5:879-885 (1985);
Spitler et al, Cancer Res. 7:1717-1723 (1987); Bumol
et al, Proc. Nat. Acad. ScL USA 80:529-533 (1983).
Although such antibodies exhibited tumor inhibition in
animal models, only minor clinical responses were
observed in a few patients. Matsui et al, Jap. J.
Cancer Res. 76:119-123 (1985); Morgan et al, J. Natl.
Cancer Inst. 7 :1101-1106 (1987); Ghose et al, Cancer
Immunol. Immunother. 34:90-96 (1991). More recently,
improved therapeutic responses have been observed with
single-chain Fv immunoconjugates and with
anti-idiotypic antibodies monoclonal antibodies that
target MCSP. Wang et al, Proc. Natl Acad. Sd. USA
96:1627-1632 (1999); Kang et al, CHn. Cancer Res.
(5:4921-4931 (2000); Mittelman et al, Proc. Nat. Acad.
Sd. USA 89:466-470 ( 1992); U.S. Pat. No. 5,270, 202;
U.S. Pat. No. 5,780, 029; U.S. Pat. No. 5,866,124.
However, these immunotherapies have drawbacks.
Specifically, anti-idiotypic antibodies are not useful
in targeting MCSP expressing cells. Also, scFv
constructs lack Fc regions and therefore cannot alone
induce lysis of MCSP positive target cells. [0015]
Most of the anti-MCSP monoclonal antibodies that have
been developed are murine. They include mAb 149.53,
mAb 225.28; mAb 763.74; and mAb 9.2.27. Campoli et al,
Crit. Rev. Immunol 24(4):267 -296 (2004). To date,
only a few anti-MCSP antibodies from human sources
have been isolated. Wang et al,Proc. Nat. Acad. ScL
96:1627-1632 (1999). It is believed that to date none
of the murine (or any other nonhuman) anti-MCSP
antibodies have been humanized. A potential problem
with the use of murine antibodies in therapeutic
treatments is that non-human monoclonal antibodies can
be recognized by the human host as a foreign protein;
therefore, repeated injections of such foreign
antibodies can lead to the induction of immune
responses leading to harmful hypersensitivity
reactions. For murine-based monoclonal antibodies,
this is often referred to as a Human Anti-Mouse
Antibody response, or "HAMA" response, or aHuman Anti-
Rat Antibody, or "HARA" response. Additionally, these
"foreign" antibodies can be attacked by the immune
system of the host such that they are, in effect,
neutralized before they reach their target site.
Furthermore, non-human monoclonal antibodies (e.g.,
murine monoclonal antibodies) typically lack human
effector functionality, i.e., they are unable to,
inter alia, mediate complement dependent lysis or lyse
human target cells through antibody dependent cellular
toxicity or Fc-receptor mediated phagocytosis. [0016]
Chimeric antibodies comprising portions of antibodies
from two or more different species (e.g., mouse and
human) have been developed as an alternative to
"conjugated" antibodies. Antibody Glycosylation [001
7] The oligosaccharide component can significantly
affect properties relevant to the efficacy of a
therapeutic glycoprotein, including physical
stability, resistance to protease attack, interactions
with the immune system, pharmacokinetics, and specific
biological activity. Such properties may depend not
only on the presence 



or absence, but also on the specific structures, of
oligosaccharides. Some generalizations between
oligosaccharide structure and glycoprotein function
can be made. For example, certain oligosaccharide
structures mediate rapid clearance of the glycoprotein
from the bloodstream through interactions with
specific carbohydrate binding proteins, while others
can be bound by antibodies and trigger undesired
immune reactions. (Jenkins ei al. , Nature Biotechnol.
14:975- 81 (1996)).[0018] Mammalian cells are the
preferred hosts for production of therapeutic
glycoproteins, due to their capability to glycosylate
proteins in the most compatible form for human
application. (Gumming et al. , Glycobiology 7:115-30
(1991); Jenkins et al., Nature Biotechnol. 14:975-81
(1996)). Bacteria very rarely glycosylate proteins,
and like other types of common hosts, such as yeasts,
filamentous fungi, insect and plant cells, yield
glycosylation patterns associated with rapid clearance
from the blood stream, undesirable immune
interactions, and in some specific cases, reduced
biological activity. Among mammalian cells, Chinese
hamster ovary (CHO) cells have been most commonly used
during the last two decades. In addition to giving
suitable glycosylation patterns, these cells allow
consistent generation of genetically stable, highly
productive clonal cell lines. They can be cultured to
high densities in simple bioreactors using serumfree
media, and permit the development of safe and
reproducible bioprocesses. Other commonly used animal
cells include baby hamster kidney (BHK) cells, NSO-
and SP2/0-mouse myeloma cells. More recently,
production from transgenic animals has also been
tested. (Jenkins et al. , Nature Biotechnol. 14:975-81
(1996)). [0019] AUantibodies contain carbohydrate
structures at conserved positions in the heavy chain
constant regions, with each isotype possessing a
distinct array of N-linked carbohydrate structures,
which variably affect protein assembly, secretion or
functional activity. (Wright, A., and Morrison, S. L.,
Trends Biotech. 15:26-32 (1997)). The structure of the
attached N-linked carbohydrate varies considerably,
depending on the degree of processing, and can include
high-mannose, multiplybranched as well as biantennary
complex oligosaccharides. (Wright, A., and Morrison,
S. L., Trends Biotech. 15:26-32 (1997)). Typically,
there is heterogeneous processing of the core
oligosaccharide structures attached at a particular
glycosylation site such that even monoclonal
antibodies exist as multiple glycoforms. Likewise, it
has been shown that major differences in antibody
glycosylation occur between cell lines, and even minor
differences are seen for a given cell line grown under
different culture conditions. (Lifely,M.R. et al.,
Glycobiology 5(8):Sl3-22 (1995)).[0020] One way to
obtain large increases in potency, while maintaining a
simple production process and potentially avoiding
significant, undesirable side effects, is to enhance
the natural, cell-mediated effector functions of
monoclonal antibodies by engineering their
oligosaccharide component as described in Umana, P. et
al, Nature Biotechnol. 77:176-180 (1999) and U.S. Pat.
No. 6,602,684, the contents of which are hereby
incorporated by reference in their entirety. IgGl type
antibodies, the most commonly used antibodies in
cancer immunotherapy, are glycoproteins that have a
conserved N-linked glycosylation site at Asn297 in
each CH2 domain. The two complex biantennary
oligosaccharides attached to Asn297 are buried between
the CH2 domains, forming extensive contacts with the
polypeptide backbone, and their presence is essential
for the antibody to mediate effector functions such as
antibody dependent cellular cytotoxicity (ADCC)
(Lifely, M. R., et al, Glycobiology 5:813-822 (1995);
Jefferis, R., etal, Immunol Rev. 163:59-76 (1998);
Wright, A. and Morrison, S. L., Trends Biotechnol.
15:26-32 (1997)). [0021] Umana et al. showed
previously that overexpression in Chinese hamster
ovary (CHO) cells of
b(l,4)-N-acetylglucosaminyltransferase III ("GnTIII"),
a glycosyltransferase catalyzing the formation of
bisected oligosaccharides, significantly increases the
in vitro ADCC activity of an anti-neuroblastoma
chimeric monoclonal antibody (chCE7) produced by the
engineered CHO cells. {See Umana, P. et al, Nature
Biotechnol. 17:176-1 80 (1999); and International
Publication No. WO 99/54342, the entire contents of
which are hereby incorporated by reference). The
antibody chCE7 belongs to a large class of
unconjugated mAbs which have high tumor affinity and
specificity, but have too little potency to be
clinically useful when produced in standard industrial
cell lines lacking the GnTIII enzyme (Umana, P., et
al, Nature Biotechnol. 77:176- 180 (1999)). That study
was the first to show that large increases of ADCC
activity could be obtained by engineering the
antibody-producing cells to express GnTIII, which also
led to an increase in the proportion of constant
region (Fc)- associated, bisected oligosaccharides,
including bisected, nonfucosylated oligosaccharides,
above the levels found in naturally-occurring
antibodies.[0022] There remains a need for enhanced
therapeutic approaches targeting MCSP for the
treatment of cell proliferation disorders in mammals,
including, but not limited to, humans, wherein such
disorders are characterized by MCSP expression,
particularly abnormal expression (e.g., overxpression)
including, but not limited to, melanomas, gliomas,
lobular breast cancer, and also tumors that induce
neovasculature. BRIEF SUMMARY OF THE INVENTION [0023]
Recognizing the tremendous therapeutic potential of
antigen binding molecules (ABMs) that have the binding
specificity of the murine 225.28S antibody andthat
have been glycoengineered to enhance Fc receptor
binding affinity and effector function, the present
inventors developed a method for producing such ABMs..
Inter alia, this method involves producing
recombinant, chimeric (including 



humanized) antibodies or chimeric fragments thereof.
The efficacy of these ABMs is further enhanced by
engineering the glycosylation profile of the antibody
Fc region. [0024] Thus, in one embodiment, the present
invention is directed to an isolated polynucleotide
comprising: (A) a sequence selected from the group
consisting of: SEQ ID NO:61; SEQ ID NO:63; SEQ ID
NO:65; SEQ ID NO:67; SEQ ID NO:69; SEQ ID NO:71; SEQ
ID NO:73; SEQ ID NO.75; and (B) a sequence selected
from the group consisting of: SEQ ID NO:77; SEQ
IDNO:79; SEQ ID NO:81; SEQ ID NO.83; SEQ ID NC-.85;
SEQ ID NO:87; SEQ ID NO.89; SEQ ID NO:91 ; and SEQ ID
NO:93; and (C) SEQ ED NO.95. Preferably, the isolated
polynucleotide encodes a fusion protein. [0025] In
another embodiment, the invention is directed to an
isolated polynucleotide comprising: (A) a sequence
selected from the group consisting of: SEQIDNO:97; SEQ
ID NO:99; and SEQ ID NO:101; and (B) SEQ IDNO:103 or
SEQ ID NO:105; and (C) SEQ ID NO.107. Preferably, the
isolated polynucleotide encodes a fusion protein.
[0026] In a further embodiment, the present invention
relates to an isolated polynucleotide comprising a
sequence selected from the group consisting of: SEQID
No:3; SEQ ID No:5; SEQ ID No:7; SEQ ID No:9; SEQ ID
No:ll; SEQ ID No:13; SEQIDNo:15; SEQ IDNo:17; SEQ
IDNo:19; SEQIDNo:21; andSEQ ID No:23. The invention
also relates to an isolated polynucleotide comprising
a sequence selected from the group consisting of SEQ
ID No:29, SEQ ID No:31, and SEQ ID No:33; SEQ ID
NO:35; SEQ ID NO:37; SEQ ID NO:39; SEQ ID NO:41 ; SEQ
ID NO:43; SEQ IDNO:45; SEQ ID NO:47; SEQ ID NO:49; SEQ
ID NO:51. Preferably, the isolated polynucleotide
encodes a fusion protein. [0027] A further embodiment
of the invention relates to an isolated polynucleotide
comprising: (A) a sequence encoding a polypeptide
having a sequence selected from the group consisting
of SEQ ID No:2; SEQ ID No:4; SEQ ID No:6; SEQ ID No:8;
SEQ ID No:10; SEQ ID No:12; SEQ ID No:14; SEQ ID
No:16; SEQ ID No:18; SEQ ID No:20; SEQ ID No:22; SEQ
ID No:24; and (B) a sequence encoding a polypeptide
having a sequence selected from the group consisting
of: SEQ ID NO:28 SEQ ID NO:30, SEQ ID NO:32, SEQ ID
NO:34 and SEQ ID NO:36; SEQ ID NO:38; SEQ ID NO:40;
SEQ ID NO:42; SEQ ID NO:44; SEQ ID NO:46; SEQ ID
NO:48; SEQ ID NO:50; SEQ ID NO:52. [0028] In another
embodiment, the inventionrelates to an isolated
polynucleotide comprising a sequence having at least
80%, alternatively at least 85%, alternatively at
least 90%, alternatively at least 95%, alternatively
at least 99%, identity to a sequence selected from the
group consisting of: SEQ ID Noil; SEQ ID No:3; SEQ ID
No:5; SEQ ID No:7; SEQ ID No:9; SEQ ID No:l 1; SEQ ID
No:13; SEQIDNo:15; SEQIDNo:17; SEQIDNo:19; SEQIDNo:21;
andSEQ ID No:23, wherein said isolated polynucleotide
encodes a fusion polypeptide. Such isolated
polynucleotides may further comprise a nucleotide
sequence encoding a human antibody light or heavy
chain constant region. [0029] In yet another
embodiment, the invention also relates to an isolated
polynucleotide comprising a sequence having at least
80%, alternatively at least 85%, alternatively at
least 90%, alternatively at least 95%, alternatively
at least 99%, identity to a sequence selected from the
group consisting of: SEQ ID NO:27, SEQ ID NO:29, SEQ
ID NO:31; SEQ ID NO:33; SEQ ID NO:35; SEQ ID NO:37;
SEQ ID NO:39; SEQ ID NO:41; SEQ ID NO:43; SEQ ID
NO:45;SEQ ID NO:47; SEQ ID NO:49; and SEQ ID NO:51,
wherein said isolated polynucleotide encodes a fusion
polypeptide. Such isolated polynucleotides may further
comprise a nucleotide sequence encoding ahuman
antibody light or heavy chain constant region. [0030]
The present invention also relates to an isolated
polynucleotide comprising: (A) a sequence encoding a
polypeptide having a sequence selected from the group
consisting of SEQ IDNo:2; SEQ ID No:4; SEQ IDNo:6; SEQ
ID No:8; SEQ ID No:10; SEQ ED No:12; SEQ ID No:14; SEQ
ID No:16; SEQ ID No:18; SEQ ID No:20; SEQ ID No:22;
and SEQ ID No:24; and (B) a sequence encoding a
polypeptide having the sequence of an antibody Fc
region, or a fragment thereof, from a species other
than a murine species. Alternatively, the invention
encompasses an isolated polynucleotide comprising: (A)
a sequence encoding a polypeptide having sequence
selected from the group consisting of: SEQ ID No:28,
SEQ ID NO:30, SEQ ID NO:32; SEQ ID NO:34; SEQ ID
NO:36; SEQ ID NO:38; SEQ ID NO:40; SEQ ID NO:42; SEQ
ID NO:46; SEQ ID NO:48; and SEQ ID NO:52; and (B) a
sequence encoding a polypeptide having the sequence of
an antibody light chain constant domain, or a fragment
thereof, from a species other than mouse. [0031] The
invention is further directed to an isolated
polynucleotide encoding a polypeptide having a
sequence selected from the group consisting of SEQ ID
No:4; SEQ ID No:6; SEQ DD No:8; SEQ ID No:10; SEQ ID
No:12; SEQ ID No: 14; SEQ IDNo: 16; SEQ ID No: 18; SEQ
ID No:20; SEQ ID No:22; and SEQ ID No:24. ha another
embodiment, the invention is directed to n isolated
polynucleotide encoding a polypeptide having selected
from the group consisting of SEQ ID NO:30, SEQ ID
NO.32; SEQ ID NO:34; SEQ ID NO:36; SEQ ID NO:38; SEQ
ID NO:40; SEQ ID NO:42; SEQ ID NO:46; SEQ ID NO:48;
and SEQ ID NO:52. [0032] The present invention also
encompasses an expression vector comprising one or
more of the polynucleotides of the invention set forth
above. Preferably, the expression vector encodes at
least the light or heavy chain of an antibody hione
embodiment, the expression vector encodes both the
light and heavy chain of 



an antibody. The vector can be a polycistronic vector.
[0033] The present invention further relates to a host
cell comprising one or more expression vectors of the
present invention or one or more polynucleotides of
the invention hi one embodiment, the host comprises an
isolated polynucleotide comprising a sequence having
at least 80%, alternatively at least 85%,
alternatively at least 90%, alternatively at least
95%, alternatively at least 99%, identity to a
sequence selected from the group consisting of: SEQ ID
No: 1; SEQ ID No:3; SEQ ID No:5; SEQ ID No:7; SEQ ID
No:9; SEQ ID No:ll; SEQ ID No:13; SEQIDNo:15;
SEQIDNo:17; SEQIDNo:19; SEQIDNo:21; and SEQ IDNo:23,
and further comprises a second polynucleotide
comprising a sequence encoding the variable region of
an antibody light chain hi yet another embodiment,
host cell of the invention comprises an isolated
polynucleotide comprising a sequence having at least
80%, alternatively at least 85%, alternatively at
least 90%, alternatively at least 95%, alternatively
at least 99%, identity to a sequence selected from the
group consisting of: SEQ ID NO:27, SEQ ID NO:29, SEQ
ID NO:31; SEQ ID NO:33; SEQ ID NO:35; SEQ ID NO:37;
SEQ IDNO:39; SEQ IDNO:41; SEQ ID NO:43; SEQ IDNO:45;
SEQ ID NO:47; SEQ ID NO:49; and SEQ ID NO:5 1, and
further comprises a second polynucleotide comprising a
sequence encoding the variable region of an antibody
heavy chain. [0034] In other embodiments, the present
invention is directed to a fusion polypeptide
comprising a sequence selected from the group
consisting of SEQ ID No:2; SEQ ID No:4; SEQ ID No:6;
SEQ ID No:8; SEQ ID No:10; SEQ ID No:12; SEQ ID No:14;
SEQ ID No:16; SEQ ID No:18; SEQ IDNo:20; SEQID No:22;
and SEQ ID No:24, or a variant thereof. [0035] The
invention is also directed to a fusion polypeptide
comprising a sequence selected from the group
consisting of: SEQ IDNO:28; SEQ ID NO:30, SEQ ID
NO:32; SEQ ID NO:34; SEQ ID NO:36; SEQ ID NO:38; SEQ
ID NO:40; SEQ ID NO:42; SEQ ID NO:46; SEQ ID NO:48;
and SEQ ID NO:52. or a variant thereof.[0036] The
present invention also relates to antigen binding
molecules. Thus, in one embodiment, the invention is
directed to an antigen binding molecule comprising one
or more fusion polypeptides of the invention.
Preferably, the antigen binding molecule selectively
binds to human MCSP. In one preferred embodiment, the
antigen binding molecule is an antibody. A humanized
antibody is a particularly preferred antigen binding
molecule. Alternatively, the antibody can be
primatized. In other embodiments, the antigen binding
molecule of the invention comprises an antibody
fragment having an antibody Fc region or a region
equivalent to the Fc region of an antibody. In still
other embodiments, the antigen binding molecule of the
invention is a scFv, diabody, triabody, tetrabody, Fab
or Fab2 fragment. In a preferred embodiment, the
antigen binding molecule is a recombinant antibody,
for example, a humanized, recombinant antibody. The
recombinant antibody will generally comprise ahuman Fc
region, preferably a human IgG Fc region. [0037] In
another embodiment, the present invention relates to
an antigen binding molecule as discussed above that
has been glycoengineered to have an Fc region with
modified oligosaccharides. In one embodiment, the Fc
region has been modified to have a reduced number of
fucose residues as compared to the nonglyco engineered
antigen binding molecule. In another embodiment, the
Fc region has an increased proportion of bisected
oligosaccharides as compared to the nonglycoengineered
antigen binding molecule. In yet another embodiment,
the bisected oligosaccharides are predominantly
bisected complex. In another embodiment, the
glycoengineered antigen binding molecules of the
invention have an increased proportion of bisected,
nonfucosylated oligosaccharides in the Fc region of
said antigen binding molecule as compared to the
nonglycoengineered antigen binding molecule.
Alternatively, the antigen binding molecules of the
invention may have an increased ratio of GIcNAc
residues to fucose residues in the Fc region compared
to the nonglycoengineered antigen binding molecule.
[0038] In one embodiment, the bisected, nonfucosylated
oligosaccharides are predominantly hybrid form.
Alternatively, the bisected, nonfucosylated
oligosaccharides are predominantly complex type. In
certain embodiments, atleast 20%, at least 30%, at
least 35% or at least 40%, of the oligosaccharides in
the Fc region are bisected, nonfucosylated. In other
embodiments, at least 50%, or at least 60%, or at
least 70%, or at least 80%, or at least 90%, or at
least 95%, of the oligosaccharides in the Fc region
are bisected. In yet another embodiment, at least 50%,
alternatively at least 60%, alternatively at least
70%, alternatively at least 75%, of the
oligosaccharides in the Fc region are nonfucosylated.
[0039] The present invention is also directed to a
method of producing an antigen binding molecule
capable of competing with the murine 225.28S
monoclonal antibody for binding to human MCSP, said
method comprising: a) culturing the host cell of the
invention under conditions allowing the expression of
a polynucleotide encoding said antigen binding
molecule; and b) recovering said antigen binding
molecule. In one embodiment, the antigen binding
molecule is an antibody, such as a humanized antibody.
[0040] The invention is further directed to a
pharmaceutical composition comprising an antigen
binding molecule of the invention and a
pharmaceutically acceptable carrier. The
pharmaceutical composition may optionally comprise an
adjuvant. [0041] The invention is still further
directed to a method for identifying cells 



expressing MCSP in a sample or a subject comprising
administering to said sample or subject an antigen
binding molecule of the invention. In one embodiment,
the identification is for diagnostic purposes. hi
another embodiment, the identification is for
therapeutic purposes, such as treatment of a disease
or disorder. Thus, in certain aspects, the invention
is directed to a method of treating an MCSP-mediated
cell proliferation disorder in a subject in need
thereof comprising administering a therapeutically
effective amount of a pharmaceutical composition of
the invention to said subject. Preferably, the subject
is a human hi one embodiment, the treatment comprises
blocking MCSP-mediated interactions selected from the
group consisting of: MCSP ligand binding, melanoma
cell adhesion, pericyte activation, chemotactic
responses to fibronectin, cell spreading on ECM
proteins, FAK signal transduction and EPJC signal
transduction, hi another embodiment, the disease or
disorder treated is selected from the group consisting
of: melanoma, glioma, lobular breast cancer,acute
leukemia, or a solid tumor inducing neovascularization
of blood vessels. In yet another embodiment, the
treatment comprises killing of MCSP-expressing cells,
preferably cells overexpressing MCSP. [0042] The
present invention is further directed to a host cell
glycoengineered to express at least one nucleic acid
encoding a first polypeptide having
b(l,4)-Nacetylglucosaminyltransferase III activity in
an amount sufficient to modify the oligosaccharides in
the Fc region of a second polypeptide produced by said
host cell, wherein said second polypeptide is an
antigen binding molecule of the invention. In one
embodiment, the host cell further expresses a
polypeptide having mannosidase II activity. In a
specific embodiment, the first polypeptide further
comprises the localization domain of a Golgi resident
polypeptide. Preferably, the antigen binding molecule
of the invention is an antibody or antibody fragment
hi another embodiment, antigen binding molecule
comprises the Fc region of a human IgG or a region
equivalent to the Fc region of a human IgG. [0043] The
antigen binding molecules produced by the host cells
of the invention exhibit increased Fc receptor binding
affinity and/or increased effector functions compared
to the antigen binding molecule produced by the
nonglycoengineered host cell. [0044] In certain
embodiments, the first polypeptide expressed by the
host cell comprises the catalytic domain of
b(l,4)-N-acetylglucosaminyltransferase III. In one
embodiment, said first polypeptide further comprises
the Golgi localization domain of a heterologous Golgi
resident polypeptide, such as the localization domain
of mannosidase II, the localization domain of
b(l,2)-Nacetylglucosaminyltransferase I, the
localization domain of
b(l,2)-Nacetylglucosaminyltransferase II, the
localization domain of mannosidase I, or the
localization domain of al-6 core fucosyltransferase.
[0045] The increased effector function exhibited by
the antigen binding molecules produced by the host
cells of the invention is one or more of increased
Fc-mediated cellular cytotoxicity, increased binding
to NK cells, increased binding to macrophages,
increased binding to polymorphonuclear cells,
increasedbinding to monocytes, increased direct
signaling inducing apoptosis, increased dendritic cell
maturation, or increased T cell priming. [00461 The
increased Fc receptor binding exhibited by the antigen
binding molecules of the invention is, in one
embodiment, increased binding to an Fcg activating
receptor, such as FcgRIII. In a specific embodiment,
the increased binding is to the human FcgRIIIa
receptor or a naturally occurring variant thereof.
[0047] In certain embodiments, the host cell of the
invention is an HEK293- EBNA cell, a CHO cell, a BHK
cell, a NSO cell, a SP2/0 cell, a YO myeloma cell, a
P3X63 mouse myeloma cell, a PER cell, a PER.C6 cell or
a hybridoma cell one embodiment, the host cell of the
invention comprises at least one nucleic acid encoding
a polypeptide having
b(l,4)-Nacetylglucosaminyltransferase III activity
that is operably linked to a constitutive promoter
element. In another embodiment, the polypeptide having
b(l,4)-Nacetylglucosaminyltransferase III activity
that is expressed by the host cell is a fusion
polypeptide. [0048] The present invention also
encompasses an isolated polynucleotide comprising at
least one, alternatively at least two, alternatively
at least three, complementarity determining region of
the murine 225.28S monoclonal antibody, or a variant
or truncated form thereof containing at least the
specificitydetermining residues for said
complementarity determining region, wherein said
isolated polynucleotide encodes a fusion polypeptide.
Preferably, the complementarity determining region is
selected from the group consisting of: SEQ ID NO:61;
SEQ E) NO:63; SEQ ID NO:65; SEQ ID NO:67; SEQ ID
NO:69; SEQ ID NO:71; SEQ ID NO:73; SEQ ID NO:75; SEQ
ID NO:77; SEQ ID NO:79; SEQ ID NO:81; SEQ ID NO:83;
SEQ ID NO:85; SEQ ID NO:87; SEQlDNO:89; SEQIDNO:91;
SEQIDNO:93; andSEQIDNO:95. In another embodiment, the
complementarity determining region is selected from
the group consisting of: SEQ ID NO: 97, SEQ ID NO: 99,
SEQ ID NO: 101 ; SEQ ID NO: 103; SEQ ID NO:105; SEQ ID
NO: 107. Preferably, the fusion polypeptide encodes an
antigen binding molecule of the invention.[0049] In a
specific embodiment, the CDRs comprise at least one
sequence selected from the group consisting of: SEQ ID
NO:61; SEQ ID NO:63; SEQ ID NO:65; SEQ ID NO:67; SEQ
ID NO:69; SEQ ID NO:71; SEQ ID NO:73; SEQ ID NO:75;
SEQ ID NO:77; SEQ ID NO:79; SEQ ID NO:81; SEQ ID
NO:83; SEQ ID NO:85; SEQ ID NO:87; SEQ ID NO:89; SEQ
ID NO:91; SEQ ID 



NO:93; and SEQ ID NO:95; and at least one sequence
selected from the group consisting of: SEQ ID NO: 97,
SEQ ID NO: 99, SEQ ID NO: 101; SEQ ID NO: 103; SEQ ID
NO: 105; SEQ ID NO: 107, or variants or truncated
forms of said sequences that contain at least the
specificity-determining residues for each of said
complementarity determining regions. The invention
also encompasses the polypeptides encoded by such
polynucleotides, as well as antigen binding molecules
comprising such polypeptides. [0050] The antigen
binding molecules of the invention will, in some
embodiments, comprise the variable region of an
antibody light or heavy chain. In other embodiments,
the ABM will be a chimeric or humanized, antibody.
[0051] The present invention is further directed to a
method for producing an antigen binding molecule
having modified oligosaccharides in a host cell, said
method comprising: (a) culturing a host cell
glycoengineered to express at least one nucleic acid
encoding a polypeptide having
b(l,4)-Nacetylglucosaminyltransferase III activity
under conditions which permit the production of said
antigen binding molecule, and which permit the
modification of the oligosaccharides present on the Fc
region of said antigen binding molecule; and (b)
isolating said antigen binding molecule wherein said
antigen binding molecule is capable of competing with
the murine 225.28S monoclonal antibody for binding to
MCSP and wherein said antigen binding molecule or
fragment thereof is chimeric or humanized. In one
method of the invention, the modified oligosaccharides
have a reduced proportion of fucose residues as
compared to the oligosaccharides of the
nonglycoengineered antigen binding molecule h certain
embodiments, the modified oligosaccharides are
predominantly hybrid form hi an alternative
embodiment, the modified oligosaccharides are
predominantly complex form hi another embodiment, at
least 40%, at least 50%, at least 60%,at least 70%, at
least 80%, or at least 90% of the modified
oligosaccharides are bisected, nonfucosylated. [0052]
hi other embodiments of the methods of the invention,
the recombinant antibody or fragment thereof produced
by said host cell has an increased proportion of
bisected, nonfucosylated oligosaccharides in the Fc
region of said polypeptide as compared to the antigen
binding molecule produced by the nonglyco engineered
cell. Li one embodiment, the bisected, nonfucosylated
oligosaccharides are predominantly hybrid form hi
another embodiment, bisected, nonfucosylated
oligosaccharides are predominantly complex form. In
certain embodiments, at least 20%, at least 30%, at
least 35%, or at least 40%, of the oligosaccharides in
the Fc region of said polypeptide are bisected,
nonfucosylated. [0053] The antigen binding molecules
produced by the methods of the invention will, in
certain embodiments, have increased effector function
and or increased Fc receptor binding affinity. In one
embodiment, said antigen binding molecule is an
antibody. The increased effector function can be one
or more of increased Fc-mediated cellular
cytotoxicity, increased binding to NK cells, increased
binding to macrophages, increased binding to
monocytes, increased binding to polymorphonuclear
cells, direct signaling inducing apoptosis, increased
dendritic cell maturation, or increased T cell
priming. Preferably, the increased Fc receptor binding
is increased binding to a Fc activating receptor, such
as FcgRIIIa. [0054] The present invention is also
directed to an antigen binding molecule that is a
fusion protein that includes a polypeptide having a
sequence selected from the group consisting of: SEQ ID
No:2; SEQ ID No:4; SEQ ID No:6; SEQ ID No:8; SEQ ID
No:10; SEQ ID No:12; SEQ ID No:14; SEQ ID No:16; SEQ
ID No:18; SEQ ID No:20; SEQ ID No:22; and SEQ ID
No:24; and a region equivalent to the Fc region of an
immunoglobulin and engineered to have increased
effector function. In another embodiment, said antigen
binding molecule is a fusion protein that includes a
polypeptide having a sequence selected from the group
consisting of SEQ ID NO:28, SEQ ID NO:30, SEQ ID
NO:32, SEQ ID NO: 34, SEQ ID NO: 36; SEQ ID NO: 38,
SEQ IDNO:40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID
NO:46, SEQ ID NO:48, SEQ ID NO:50,and SEQ ID NO52, and
a region equivalent to the Fc region of an
immunoglobulin and engineered to have increased
effector function. The invention is also directed to a
pharmaceutical composition comprising such an antigen
binding molecules and a pharmaceutically acceptable
carrier. [0055] The present invention is also directed
to a method of inducing lysis of activated pericytes
in tumor neovasculature in a subject in need thereof,
comprising administering to said subject an antigen
binding molecule of the invention or a pharmaceutical
composition comprising same. Preferably, said subject
is a human. In one embodiment, the said neovasculature
is not melanoma neovasculature or glioblastoma
neovasculature. In another embodiment, the antigen
binding molecule is coadministered with another
anti-angiogenic agent, such as an anti-VEGF-I
antibody. BRIEF DESCRIPTION OF THE FIGURES [0056]
FIGURE 1 shows the binding activity of the three heavy
chain constructs MHHA, M-HHB, and M-HHC as well as the
three light chain constructs M-KVl, M-KV2, and M-KV3.
The humanized heavy chain constructs were coexpressed
with murine light chain (mVL), and the humanized light
chain constructs were coexpressed with the murine
heavy chain (mVH). M-HHA andM-HHB more or less
retained their binding properties when combined with
murine VL. In contrast, M-HHC loses its binding
potential significantly. M-KVl and M-KV2 show strongly
diminished binding activity compared to the murine
counterpart, whereas M-KVC shows binding behavior
similar to the murine light chain. 



[0057] FIGURE 2 shows the binding data of the
"low-homology" constructs M-HLA, M-HLB, and M-HLC.
[0058] FIGURE 3 shows the binding data of light chain
constructs M-KV4, M-KV5,MKV6, M-KV7, M-KV8 and M-KV9
when paired with the M-HHB heavy chain. M-KV4 showed
increased affinity to antigen compared to the
ch-225.28S antibody, while M-KV5 and M-KV6 lost
functional properties and M-KV7 showed binding similar
to ch-225.28S.[0059] FIGURE 4 shows results of antigen
binding assay when heavy chain constructs M-HLEl,
M-HLE2, M-HLF and M-HLG were paired with the light
chain construct m-KV4. Constructs M-HLEl and M-HLE2
showed some residual binding, while M-HLF showed
almost no binding. M-HLG, on the other hand, showed
higher affinity to antigen than the parental antibody
ch-225.28S. [0060] FIGURE 5 shows binding of the light
chain variant M-KV9 when combined with M-HHB. This
construct showed good binding data. [0061] FIGURE 6
shows the comparison of different glycoforms of the
humanized MHLG/ M-KV9 construct ofthe225.28S antibody
in antibody-mediated cell killing using human PBMC
cells. Target cells are human A2058 cells, and one can
see a strong increase in potency and efficacy of the
glycoengineered construct compared to the wild-type
antibody. [0062] FIGURE 7 shows the comparison of the
antigen binding behavior of the light chain constructs
M-KVl 0, M-KVl 1, and M-KVl 2, combined with the M-HLG
heavy chain. These variants all show reduced binding
compared to the M-KV9 light chain construct. Also
shown in this figure is the M-HLD heavy chain paired
with the M-KV9 light chain. M-HLD is the Tyr27Phe and
Thr3OS er variant of the completely inactive
constructM-HLC. Thus, these two mutations partially
restore antigen binding activity. This indicates the
importance of these two residues for the whole
humanization process. [0063] FIGURE 8 shows the
MALDI/TOF-MS profile of PNGaseF-released
Fcoligosaccharides of the non-glycoengineered
M-HLG/M-KV9 G2 humanized IgGl 225.28S anti-human MCSP
antibody. The two main peaks at 1485.5 and 1647.6 m/z
both correspond to hybrid bisected fucosylated sugars.
[0064] FIGURE 9 shows the MALDI/TOF-MS profile of
PNGaseF-released Fcoligosaccharides of the
glycoengineered M-HLG/M-KV9 G2 humanized IgGl 225.28S
anti-human MCSP antibody. Glycoengmeering done by
co-expression in host cells of antibody genes and
genes encoding enzyme with
b-l,4-Nacetylglucosaminyltransferase III (GnT-III)
catalytic activity and encoding enzyme with Golgi
a-mannosidase II catalytic activity. The four main
peaks at1542.9, 1688.7, 1704.6, and 1850.5 all
correspond to complex bisected sugars, which are
present in their fucosylated as well as in their
non-fucosylated form. [0065] FIGURE 10 shows a
schematic drawing of the different N-linked
oligosaccharides that can be affected by the
glycoengineering via GnTIII and/or ManII coexpression.
[0066] FIGURE 11 shows antibody dependent cellulat
cytotoxicity (ADCC) using the M-HLG/M-KV9 antibody,
human smooth musmcle cells (HuSMC) as targets, and
human PBMC as effector cells. Effector/target ratio
was 25/1, and the duration of the experiment was 4h.
[0067] FIGURE 12 shows antibody dependent cellulat
cytotoxicity (ADCC) using the M-HLG/M-KV9 antibody in
its non-glycoengineered as well as in its
glycoengineered form (G2), human glioblastoma cell
line LN229 as targets, and human PBMC as effector
cells. Effector/target ratio was 25/1, and the
duration of the experiment was 4h. DETAILED
DESCRIPTION OF THE INVENTION [0068] Terms are used
herein as generally used in the art, unless otherwise
defined as follows. [0069] As used herein, the term
antibody is intended to include whole antibody
molecules, including monoclonal, polyclonal and
multispecific (e.g., bispecific) antibodies, as well
as antibody fragments having the Fc region and
retaining binding specificity, and fusion proteins
that include a region equivalent to the Fc region of
an immunoglobulin and that retain binding specificity.
Also encompassed are chimeric and humanized
antibodies, as well as camelized and primatized
antibodies. [0070] As used herein, the term Fc region
is intended to refer to a C-terminal region of a human
IgG heavy chain. Although the boundaries of the Fc
region of an IgG heavy chain might vary slightly, the
human IgG heavy chain Fc region is usuallydefined to
stretch from the amino acid residue at position Cys226
to the carboxylterminus. [0071] As used herein, the
term region equivalent to theFc region of an
immunoglobulin is intended to include naturally
occurring allelic variants of the Fc region of an
immunoglobulin as well as variants having alterations
which produce substitutions, additions, or deletions
but which do not decrease substantially the ability of
the immunoglobulin to mediate effector functions (such
as antibody dependent cellular cytotoxicity). For
example, one or more amino acids can be deleted from
the N-terminus or C-terminus of the Fc region of an
immunoglobulin without substantial loss of biological
function. Such variants can be selected according to
general rules known in the art so as to have minimal
effect on activity. {See, e.g., Bowie, J. U. et al,
Science 247:1306-10 (1990). [0072] As used herein, the
term MCSP refers to the human melanoma chondroitin
sulfate proteoglycan (also known as the high molecular
weight-melanoma-associated antigen (HMW-MAA)), as well
as naturally-occurring isoforms and variants thereof.
The MCSP sequences have been deposited and assigned
the following accession numbers: GenBank Accession No.
MIM:601172 (gene); GL1617313, GL21536290, GL34148710,
and GI:47419929 (mRNA); GL1617314, 



GL4503099, GL34148711, and GL47419930 (protein) [0073]
As used herein, the term MCSP ligand refers to a
polypeptide which binds to and/or activatesMCSP. The
term includes membrane-bound precursor forms of an
MCSP ligand, as well as proteolytically processed
soluble forms of an MCSP ligand. [0074] As used
herein, the term disease or disorder characterized by
abnormal activation, expression, or production of MCSP
or an MCSP ligand or disorder related to MCSP
expression refers to a condition, which may or may not
involve malignancy or cancer, where abnormal
activation and/or production of MCSP and/or an MCSP
ligand is occurring in cells or tissues of a subject
having, or predisposed to, the disease or disorder.
[0075] As used herein, the terms overexpress,
overexpressed, and overexpressing, as used in
connection with cells expressing MCSP, refer to cells
which have measurably higher levels of MCSP on the
surface thereof compared to a normalcell of the same
tissue type. Such overexpression may be caused by gene
amplification or by increased transcription or
translation. MCSP expressionmay be determined in a
diagnostic or prognostic assay by evaluating levels of
MCSP present on the suface of a cell (e.g. via an
immunohistochemistry assay; immunofluorescence assay,
immunoenzyme assay, ELISA, flow cytometry,
radioimmunoassay, Western blot, ligand binding, kinase
activity, etc.) (See generally, CELLBIOLOGY:
ALABORATORYHANDBOOK, Celis, J., ed., Academic Press
(2d ed., 1998); CURRENTPROTOCOLSIN PROTEIN SCIENCE,
Coligan, J.E. et ah, eds., John Wiley & Sons
(1995-2003); see also, Sumitomo et ah, Clin. Cancer
Res. 10: 794-801 (2004) (describing Western blot, flow
cytometry, and immunohistochemstry) the entire
contents of which are herein incorporated by
reference)). Alternatively, or additionally, one may
measure levels of MCSPencoding nucleic acid molecules
in the cell, e.g. via fluorescent in situ
hybridization, Southern blotting, or PCR techniques.
The levels of MCSP in normal cells are compared to the
levels of cells affected by a cell proliferation
disorder (e.g., cancer) to determine if MCSP is
overexpressed. [0076] As used herein, the term antigen
binding molecule or ABM refers in its broadest sense
to a molecule that specifically binds an antigenic
determinant. More specifically, an antigen binding
molecule that binds MCSP is a molecule which
specifically binds to MCSP as defined above.
Preferably, the ABM is an antibody; however, single
chain antibodies, single chain Fv molecules, Fab
fragments, diabodies, triabodies, tetrabodies, and the
like are also contemplated by the present invention.
[0077] By "specifically binds" or "binds with the same
specificity" is meant that the binding is selective
for the antigen and can be discriminated from unwanted
or nonspecific interactions. [0078] As used herein,
the terms fusion and chimeric, when used in reference
to polypeptides such as ABMs refer to polypeptides
comprising amino acid sequences derived from two or
more heterologous polypeptides, such as portions of
antibodies from different species. For chimeric ABMs,
for example, the nonantigen binding components may be
derived from a wide variety of species, including
primates such as chimpanzees and humans. The constant
region of thechimeric ABM is most preferably
substantially identical to the constant region of a
natural human antibody; the variable region of the
chimeric antibody is most preferably substantially
identical to that of a recombinant anti-MCSP antibody
having the amino acid sequence of the murine variable
region. Humanized antibodies are a particularly
preferred form of fusion or chimeric antibody. [0079]
As used herein, apolypeptide having "GnTIIIactivity"
refers to polypeptides that are able to catalyze the
addition of a N-acetylglucosamine (GIcNAc) residue in
b- 1-4 linkage to the b-linked mannoside of the
trimannosyl core of N-linked oligosaccharides. This
includes fusion polypeptides exhibiting enzymatic
activity similar to, but not necessarily identical to,
an activity of b(l,4)-Nacetylglucosaminyltransferase
III, also known as b-1,4-mannosyl-glycoprotein 4-
beta-N-acetylglucosaminyl-transferase (EC 2.4.1.144),
according to the Nomenclature Committee of the
International Union of Biochemistry and Molecular
Biology (NC-IUBMB), as measured in a particular
biological assay, with or without dose dependency. In
the case where dose dependency does exist, it need not
be identical to that of GnTIII, but rather
substantially similar to the dose-dependence in a
given activity as compared to the GnTITI (i.e., the
candidate polypeptide will exhibit greater activity or
not more than about 25-fold less and, preferably, not
more than about tenfold less activity, and most
preferably, not more than about three-fold less
activity relative to the GnTIII.) [0080] As used
herein, the term variant (or analog) refers to a
polypeptide differing from a specifically recited
polypeptide of the invention by amino acid insertions,
deletions, and substitutions, created using, e g.,
recombinant DNA techniques. Variants of the ABMs of
the present invention include chimeric, primatized or
humanized antigen binding molecules wherein one or
several of the amino acid residues are modified by
substitution, addition and/or deletion in such manner
that does not substantially affect antigen (e.g.,
MCSP) binding affinity or antibody effector function.
Guidance in determining which amino acid residues may
be replaced, added or deleted without abolishing
activities of interest, may be found by comparing the
sequence of the particular polypeptide with that of
homologous peptides and minimizing the number of amino
acid sequencechanges made in regions of high homology
(conserved regions) or by replacing amino acids with
consensus sequences. [0081] Alternatively, recombinant
variants encoding these same or similar polypeptides
may be synthesized or selected by making use of the
"redundancy" in the genetic 



code. Various codon substitutions, such as the silent
changes which produce various restriction sites, maybe
introduced to optimize cloning into a plasmid or viral
vector or expression in a particular prokaryotic or
eukaryotic system. Mutations in the polynucleotide
sequence maybe reflected in the polypeptide or domains
of other peptides added to the polypeptide to modify
the properties of any part of the polypeptide, to
change characteristics such as ligand-binding
affinities, interchain affinities, or
degradation/turnover rate. [0082] Preferably, amino
acid "substitutions" are the result of replacing one
amino acid with another amino acid having similar
structural and/or chemical properties, i.e.,
conservative amino acid replacements. "Conservative"
amino acid substitutions may be made on the basis of
similarity in polarity, charge, solubility,
hydrophobicity, hydrophilicity, and/or the amphipathic
nature of the residues involved. For example, nonpolar
(hydrophobic) amino acids include alanine, leucine,
isoleucine, valine, proline, phenylalanine,
tryptophan, and methionine; polar neutral amino acids
include glycine, serine, threonine, cysteine,
tyrosine, asparagine, and glutamine; positively
charged (basic) amino acids include arginine, lysine,
and histidine; and negatively charged (acidic) amino
acids include aspartic acid and glutamic acid.
"Insertions" or "deletions" are preferably in the
range of about 1to about 20 amino acids, more
preferably about 1to about 10 amino acids. The
variation allowed may be experimentally determined by
systematically making insertions, deletions, or
substitutions of amino acids in a polypeptide molecule
using recombinant DNA techniques and assaying the
resulting recombinant variants for activity. [0083] As
used herein, the term humanized is used to refer to an
antigen-binding molecule (ABM) derived from a
non-human antigen-binding molecule, for example, a
murine antibody, that retains or substantially retains
the antigenbinding properties of the parent molecule
but which is less immunogenic in humans. This may be
achieved by various methods including (a) grafting
only thenon-human CDRs onto human framework and
constant regions with or without retention of critical
framework residues (e.g., those that are important for
retaining good antigen binding affinity or antibody
functions), or (b) transplanting the entire non-human
variable domains, but "cloaking" them with a
human-like section by replacement of surface residues.
Such methods are disclosed in Jones et al., Nature
321:6069, 522-525 (1986); Morrison et al., Proc. Natl.
Acad. ScL, 81:6851-6855 (1984); Morrison and Oi, v.
Immunol., 44:65-92 (1988); Verhoeyen et al., Science,
239:1534-1536 (1988); Padlan, Molec. Immun.,
28:489-498 (1991); Padlan, Molec. Immun.,
31(3):169-217 (1994), all of which are incorporated by
reference in their entirety herein. There are
generally 3 complementarity determining regions, or
CDRs, (CDRl, CDR2 and CDR3) in each of the heavy and
light chain variable domains of an antibody, which are
flanked by four framework subregions (i.e., FRl , FR2,
FR3, and FR4): FRl -CDRl -FR2-CDR2-FR3-CDR3-FR4. A
discussion of humanized antibodies can be found, inter
alia, in U.S. Patent No. 6,632,927', and in published
U.S. Application No. 2003/0175269, both of which are
incorporated herein by reference in their entirety.
[0084] Similarly, as used herein, the term primatized
is used to refer to an antigenbinding molecule derived
from a non-primate antigen-binding molecule, for
example, a murine antibody, that retains or
substantially retains the antigenbinding properties of
the parent molecule but which is less immunogenic in
primates. [0085] In the case where there are two or
more definitions of a term which is used and/or
accepted within the art, the definition of the term as
used herein is intended to include all such meanings
unless explicitly stated to the contrary. A specific
example is the use of the term "complementarity
determining region" ("CDR") to describe the
non-contiguous antigen combining sites found within
the variable region of both heavy and light chain
polypeptides. This particular region has been
described by Kabat et al., U.S. Dept. of Health and
Human Services, "Sequences of Proteins of
Immunological Interest" (1983) and by Chothia et al.,
J. MoI. Biol. 196:901-917 (1987), which are
incorporated herein by reference, where the
definitions include overlapping or subsets of amino
acid residues when comparedagainst each other.
Nevertheless, application of either definition to
refer to a CDR of an antibody or variants thereof is
intended to be within the scope of the term as defined
and used herein. The appropriate amino acid residues
which encompass the CDRs as defined by each of the
above cited references are set forth below in Table 1
as a comparison. The exact residue numbers which
encompass a particular CDR will vary depending on the
sequence and size of the CDR. Those skilled in the art
can routinely determine which residues comprise a
particular CDR given the variable region amino acid
sequence of the antibody. TABLE l . CDR DEFINITIONS 1
Numbering of all CDR definitions in Table 1 is
according to the numbering conventions set forth by
Kabat et al. (see below). 2 "AbM" refers to the CDRs
as defined by Oxford Molecular's "AbM" antibody
modeling software. Kabat et al. also defined a
numbering system for variable domain sequences that is
applicable to any antibody. One of ordinary skill in
the art can unambigously assign this system of "Kabat
numbering" to any variable domain sequence, without
reliance on any experimental data beyond the sequence
itself. As used herein, "Kabat numbering" refers to
the numbering system set forth by Kabat et al., U.S.
Dept. of Health and Human Services, "Sequence of
Proteins of 



Immunological Interest" (1983). Unless otherwise
specified, references to the numbering of specific
amino acid residue positions in an ABM are according
to the Kabat numbering system. The sequences of the
sequence listing (i.e., SEQ ID NO: 1to SEQ ID NO:1 10)
are not numbered according to the Kabat numbering
system. However, as stated above, it is well within
the ordinary skill of one in the art to determine the
Kabat numbering scheme of anyvariable region
sequencein the Sequence Listing based on the numbering
of the sequences as presented therein. [0087] By a
nucleic acid or polynucleotide having a nucleotide
sequence at least, for example, 95% "identical" to a
reference nucleotide sequence of the present
invention, it is intended that the nucleotide sequence
of the polynucleotide is identical to the reference
sequence except that the polynucleotide sequence may
include up to five point mutations per each 100
nucleotides of the reference nucleotide sequence. In
other words, to obtain a polynucleotide having a
nucleotide sequence at least 95% identical to a
reference nucleotide sequence, up to 5% of the
nucleotides in the reference sequence may be deleted
or substituted with another nucleotide, or a number of
nucleotides up to 5% of the total nucleotides in the
reference sequence may be inserted into the reference
sequence. [0088] As a practical matter, whether any
particular nucleic acid molecule or polypeptide is at
least 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
identical to a nucleotide sequence or polypeptide
sequence of the present invention can be determined
conventionally using known computer programs. A
preferred method for determining the best overall
match between a query sequence (a sequence of the
present invention) and a subject sequence, also
referred to as a global sequence alignment, can be
determined using theFASTDB computer program based on
the algorithm of Brutlag et al, Comp. App. Biosci.
5:237-245 (1990). In a sequence alignment the query
and subject sequences are both DNA sequences. An RNA
sequence can be compared by converting U's to T's. The
result of said global sequence alignment is in percent
identity. Preferred parameters used in a FASTDB
alignment of DNA sequences to calculate percent
identity are: Matrix=Unitary, k-tuple=4, Mismatch
Penalty=l, Joining Penalty=30, Randomization Group
Length=0, Cutoff Score=l, Gap Penalty=5, Gap Size
Penalty 0.05, Window Size=500 or the length of the
subject nucleotide sequence, whichever is shorter.
[0089] If the subject sequence is shorter than the
query sequence because of 5' or 3' deletions, not
because of internal deletions, a manual correction
must be made to the results. This is because the
FASTDB program does not account for 5' and
3'truncations of the subject sequence when
calculatingpercent identity. For subject sequences
truncated at the 5' or 3' ends, relative to the query
sequence, the percent identity is corrected by
calculating the number of bases of the query sequence
that are 5' and 3' of the subject sequence, which are
not matched/aligned, as a percent of the total bases
of the query sequence. Whether a nucleotide is
matched/aligned is determined by results of the FASTDB
sequence alignment. This percentage is then subtracted
from the percent identity, calculated by the above
FASTDB program using the specified parameters, to
arrive at a final percent identity score. This
corrected score is what is used for the purposes of
the present invention. Only bases outside the 5' and
3' bases of the subject sequence, as displayed by the
FASTDB alignment, which are not matched/aligned with
the query sequence, are calculated for the purposes of
manually adjusting the percent identity score. [0090]
For example, a 90 base subject sequence is aligned to
a 100 base query sequence to determine percent
identity. The deletions occur at the 5' end of the
subject sequence and therefore, the FASTDB alignment
does not show a matched/alignment of the first 10
bases at 5' end. The 10 unpaired bases represent 10%
of the sequence (number of bases at the 5' and 3' ends
not matched/total number of bases in the query
sequence) so 10% is subtracted from the percent
identity score calculated by the FASTDB program. If
the remaining 90 bases were perfectly matched the
final percent identity would be 90%. In another
example, a 90 base subject sequence is compared with a
100 base query sequence. This time the deletions are
internal deletions so that there are no bases on the
5' or 3' of the subject sequence which are not
matched/aligned with the query. In this case the
percent identity calculated by FASTDB is not manually
corrected. Once again, only bases 5' and 3' of the
subject sequence which are not matched/aligned with
the query sequence are manually corrected for. No
other manual corrections are to made for the purposes
of the present invention. [0091] By a polypeptide
having an amino acid sequence at least, for example,
95% "identical" to a query amino acid sequence of the
present invention, it is intended that the amino acid
sequence of the subject polypeptide is identical to
the query sequence except that the subject polypeptide
sequence may include up to fiveamino acid alterations
per each 100 amino acids of the query amino acid
sequence. In other words, to obtain a polypeptide
having an amino acid sequence at least 95% identical
to a query amino acid sequence, up to 5% of the amino
acid residues in the subject sequence may be inserted,
deleted, or substituted with another amino acid. These
alterations of the reference sequence may occur at the
amino or carboxy terminal positions of the reference
amino acid sequence or anywhere between those terminal
positions, interspersed either individually among
residues in the reference sequence or in one or more
contiguous groups within the reference sequence.
[0092] As a practical matter, whether any particular
polypeptide is at least 80%, 85%, 90%, 95%, 96%, 97%,
98% or 99% identical to a reference polypeptide can be



determined conventionally using known computer
programs. A preferred method for determining the best
overall match between a query sequence (a sequence of
the present invention) and a subject sequence, also
referred to as a global sequence alignment, can be
determined using the FASTDB computer program based on
the algorithm of Brutlag et al. , Comp. App. Biosci.
(5:237-245 ( 1990). hi a sequence alignment the query
and subject sequences are either both nucleotide
sequences or both amino acid sequences. The result of
said global sequence alignment is in percent identity.
Preferred parameters used in a FASTDB amino acid
alignment are: Matrix=PAM 0, k-tuple=2, Mismatch
Penalty^l, Joining Penalty=20, Randomization Group
Length=0, Cutoff Score=l, Window Size=sequence length,
Gap Penalty=5, Gap Size Penalty=0.05, Window Size=500
or the length of the subject amino acid sequence,
whichever is shorter. [0093] If the subject sequence
is shorter than the query sequence due toN- or
C-terminal deletions, not because of internal
deletions, a manual correction must be made to the
results. This is because the FASTDB program does not
account for N- and C-terminal truncations of the
subject sequence when calculating global percent
identity. For subject sequences truncated at the N-and
C-termini, relative to the query sequence, the percent
identity is corrected by calculating the number of
residues of the query sequence that are N- and
C-terminal of the subject sequence, which are not
matched/aligned with a corresponding subject residue,
as a percent of the total bases of the query sequence.
Whether a residue ismatched/aligned is determined by
results of the FASTDB sequence alignment. This
percentage is then subtracted from the percent
identity, calculated by the above FASTDB program using
the specified parameters, to arrive at a final percent
identity score. This final percent identity score is
what is used for the purposes of the present
invention. Only residues to the N- and C-termini of
the subject sequence, which are not matched/aligned
with the query sequence, are considered for the
purposes of manually adjusting the percent identity
score. That is, only query residue positions outside
the farthest N- and C-terminal residues of the subject
sequence. [0094] For example, a 90 amino acid residue
subject sequence is aligned with a 100 residue query
sequence to determine percent identity. The deletion
occurs at the N-terminus of the subject sequence and
therefore, the FASTDB alignment does not show a
matching/alignment of the first 10 residues at the
N-terminus. The 10 unpaired residues represent 10% of
the sequence (number of residues at the Nand C-
termini not matched/total number of residues in the
query sequence) so 10% is subtracted from the percent
identity score calculated by the FASTDB program. If
the remaining 90 residues were perfectly matched the
final percent identity would be 90%. In another
example, a 90 residue subject sequence is compared
with a 100 residue query sequence. This time the
deletions are internal deletions so there are no
residues at the N-or C-termini of the subject sequence
which are not matched/aligned with the query. In this
case the percent identity calculated by FASTDB is not
manually corrected. Once again, only residue positions
outside the N- and C-terminal ends of the subject
sequence, as displayed in the FASTDB alignment, which
are not matched/aligned with the query sequence are
manually corrected for. No other manual corrections
are to be made for the purposes of the present
invention. [0095] As used herein, a nucleic acid that
"hybridizes under stringent conditions" to a nucleic
acid sequence of the invention, refers to a
polynucleotide that hybridizes in an overnight
incubation at 42 C in a solution comprising 50%
formamide, 5x SSC (750 mM NaCl, 75mM sodium citrate),
50 mM sodium phosphate (pH 7.6),5x Denhardt's
solution, 10% dextran sulfate, and 20 mg/ml denatured,
sheared salmon sperm DNA, followed by washing the
filters in O.lx SSC at about 65C. [0096] As used
herein, the term Golgi localization domain refers to
the amino acid sequence of a Golgi resident
polypeptide which is responsible for anchoring the
polypeptide in location within the Golgi complex.
Generally, localization domains comprise amino
terminal "tails" of an enzyme. [0097] As used herein,
the term effector function refers to those biological
activities attributable to the Fc region (a native
sequence Fc region or amino acid sequence variant Fc
region) of an antibody. Examples of antibody effector
functions include, but are not limited to, Fc receptor
binding affinity, antibody-dependent cellular
cytotoxicity (ADCC), antibody-dependent cellular
phagocytosis (ADCP), cytokine secretion,
immune-complex-mediated antigen uptake by
antigenpresenting cells, down-regulation of cell
surface receptors, etc. [0098] As used herein, the
terms engineer, engineered, engineering,
glycoengineered andglycosylation engineering are
considered to include any manipulation of the
glycosylation pattern of a naturally occurring or
recombinant polypeptide, such as an antigen binding
molecule (ABM), or fragment thereof. Glycosylation
engineering includes metabolic engineering of the
glycosylation machinery of a cell, including genetic
manipulations of the oligosaccharide synthesis
pathways to achieve altered glycosylation of
glycoproteins expressed in cells. Furthermore,
glycosylation engineering includes the effects of
mutations and cell environment on glycosylation. In
one embodiment, the glycosylation engineering is an
alteration in glycosyltransferase activity. In a
particular embodiment, the engineering results in
altered glucosaminyltransferase activity and/or
fucosyltransferase activity. [0099] As used herein,
the term host cell covers any kind of cellular system
which can be engineered to generate the polypeptides
and antigen-binding molecules of the present
invention. In one embodiment, the host cell is
engineered to allow the production of an antigen
binding molecule with modified glycoforms. In a 



preferred embodiment, the antigen binding molecule is
an antibody, antibody fragment, or fusion protein. In
certain embodiments, the host cells have beenfurther
manipulated to express increased levels of one or more
polypeptides having GnTIII activity. In other
embodiments, the host cells have been engineered to
have eliminated, reduced or inhibited core al
,6-fucosyltransferase activity. The term "core
al,6-fucosyltransferase activity" encompasses both
expression of the core al,6-fucosyltransferase gene as
well as interaction of the core
al,6-fucosyltransferase enzyme with its substrate.
Host cells include cultured cells, e.g., mammalian
cultured cells, such as CHO cells, BHK cells, NSO
cells, SP2/0 cells, YO myeloma cells, P3X63 mouse
myeloma cells, PER cells, PER.C6 cells or hybridoma
cells, yeast cells, insect cells, and plant cells, to
name only a few, but also cells comprised within a
transgenic animal, transgenic plant or cultured plant
or animal tissue. [00100] As used herein, the term
Fc-mediated cellular cytotoxicity includes
antibody-dependent cellular cytotoxicity and cellular
cytotoxicity mediated by a soluble Fc-fusion protein
containing a human Fc-region. It is an immune
mechanism leading to the lysis of "antibody-targeted
cells" by "human immune effector cells", wherein:
[00101] The human immune effector cells are a
population of leukocytes that display Fc receptors on
their surface through which they bind to the Fc-region
of antibodies or of Fc-fusion proteins and perform
effector functions. Such a population may include, but
is not limited to, peripheral blood mononuclear cells
(PBMC) and/or natural killer (NK) cells. [00102] The
antibody-targeted cells are cellsboundby the ABMs
(e.g., antibodies or Fc-fusion proteins) of the
invention. In general, the antibodies or Fc
fusionproteins bind to target cells via the protein
part N-terminal to the Fc region. [00103] As used
herein, the term increased Fc-mediated cellular
cytotoxicity is defined as either an increase in the
number of "antibody-targeted cells" that are lysed in
a given time, at a given concentration of antibody, or
of Fc-fusion protein, in the medium surrounding the
target cells, by the mechanism of Fcmediated cellular
cytotoxicity defined above, and/or a reduction in the
concentration of antibody, or of Fc-fusion protein, in
the medium surrounding the target cells, required to
achieve the lysis of a given number of
"antibody-targeted cells", in a given time, by the
mechanism of Fc -mediated cellular cytotoxicity.The
increase in Fc-mediated cellular cytotoxicity is
relative to the cellular cytotoxicity mediated by the
same antibody, or Fc-fusion protein, produced by the
same type of host cells, using the same standard
production, purification, formulation and storage
methods, which are known to those skilled in the art,
but which have not been produced by host cells
glycoengineered to express the glycosyltransferase
GnTIII by the methods described herein. [00104] By
antibody having increased antibody dependent cellular
cytotoxicity (ADCC) is meant an antibody, as that term
is defined herein, having increased ADCC as determined
by any suitable method known to those of ordinary
skill in the art. One accepted in vitro ADCC assay is
as follows: 1) the assay uses target cells that are
known to express the target antigen recognized by the
antigen-binding region of the antibody; 2) the assay
uses human peripheral blood mononuclear cells (PBMCs),
isolated from blood of a randomly chosen healthy
donor, as effector cells; 3) the assay is carried out
according to following protocol: i) the PBMCs are
isolated using standard density centrifugation
procedures and are suspended at 5 x 106 cells/ml in
RPMI cell culture medium; ii) the target cells are
grown by standard tissue culture methods, harvested
from the exponential growth phase with a viability
higher than 90%, washed in RPMI cell culture medium,
labeled with 100 micro-Curies Of 5 1Cr, washed twice
with cell culture medium, and resuspended in cell
culture medium at a density of 105 cells/ml; iii) 100
microliters of the final target cell suspension above
are transferred to each well of a 96-well microliter
plate; iv) the antibody is serially-diluted from 4000
ng/ml to 0.04 ng/ml in cell culture medium and 50
microliters of the resulting antibody solutions are
added to the target cells in the 96-well microtiter
plate, testing in triplicate various antibody
concentrations covering the whole concentration range
above;v) for the maximum release (MR) controls, 3
additional wells in the plate containing the labeled
target cells, receive 50 microliters of a 2% (WV)
aqueous solution of non-ionic detergent (Nonidet,
Sigma, St. Louis), instead of the antibody solution
(point iv above); vi) for the spontaneous release (SR)
controls, 3 additional wells in the plate containing
the labeled target cells, receive 50 microliters of
RPMI cell culture medium instead of the antibody
solution (point iv above); vii) the 96-well microtiter
plate is then centrifuged at 50 x g for 1 minute and
incubated for 1 hour at 40C; viii) 50 microliters of
the PBMC suspension (point i above) are added to each
well to yield an effector:target cell ratio of 25:1
and the plates are placed in an incubator under 5% CO2
atmosphere at 370C for 4 hours; ix) the cell-free
supernatant from each well is harvested and the
experimentally released radioactivity (ER) is
quantified using a gamma counter; x) the percentage of
specific lysis is calculated for each 



antibody concentration according to the formula
(ER-MR)/(MR-SR) x 100, where ER is the average
radioactivity quantified (see point ix above) for that
antibody concentration, MR is the average
radioactivity quantified (see point ix above) for the
MR controls (see point v above), and SR is the average
radioactivity quantified (see point ix above) for the
SR controls (see point vi above); 4) "increased ADCC
is defined as either an increase in the maximum
percentage of specific lysis observed within the
antibody concentration range tested above, and/or a
reduction in the concentration of antibody required to
achieve one half of the maximum percentage of specific
lysis observed within the antibody concentration range
tested above. The increase in ADCC is relative to the
ADCC, measured with the above assay, mediated by the
same antibody, produced by the same type of host
cells, using the same standard production,
purification, formulation and storage methods, which
are known to those skilled in the art, but that has
not been produced by host cells engineered to
overexpress GnTIII.[00105] In one aspect, the present
invention is related to antigen binding molecules
having the same binding specificity as the murine
225.28S antibody, (i. e., binds to substantially the
same epitope with substantially the same affinity) and
to the discovery that their effector functions can be
enhanced by altered glycosylation. hi one embodiment,
the antigen binding molecule is a chimeric antibody.
In a preferred embodiment, the invention is directed
to a chimeric antibody, or a fragment thereof,
comprising at least one, alternatively at least two,
alternatively at least three, alternatively at least
four, alternatively at least five, or alternatively at
least six of the CDRs of Tables 3 or 4 (SEQ ID
NOs:62-108.) Specifically, in a preferred embodiment,
the invention is directed to an isolated
polynucleotide comprising: (a) a sequence selected
from a group consisting of: SEQ ID NO:61 SEQ ID NO:63,
SEQ ID NO:65, SEQ ID NO:67, SEQ IDNO:69 SEQ ID NO:71,
SEQ ID NO:73, and SEQ ID NO:75; (b) a sequence
selected from a group consisting of: SEQ ID NO:77, SEQ
ID NO:79, SEQ ID NO:81, SEQ ID NO:83, SEQ ID NO:85,
SEQ ID NO:87, SEQ ID NO:89, SEQ ID NO:91, and SEQ ID
NO:93; and (c) SEQ ID NO:95. In another preferred
embodiment, the invention is directed to an isolated
polynucleotide comprising (a) a sequence selectd from
the group consisting of: SEQ ID NO:97; SEQ ID NO:99;
and SEQ ID NO: 101; (b) a sequence selected from the
group consisting of: SEQ ID NO:103 and SEQ ID NO:105;
and (c) SEQ ID NO:107. hi one embodiment, any of these
polynucleotides encodes a fusion polypeptide. [00106]
In another embodiment, the antigen binding molecule
comprises the VH domain of the 225.28 antibody encoded
by a sequence in Table 6 (SEQ ID NOS:l-23 odd), or a
variant thereof; and a non-murine polypeptide. In
another preferred embodiment, the invention is
directed to an antigen binding molecule comprising the
VL domain of the rat antibody encoded by SEQ ID
NOS:27-51 (odd) or a variant thereof; and a non-murine
polypeptide. [00107] In another aspect, the invention
is directed to antigen binding molecules comprising
one or more truncated CDRs of 225.28S. Such truncated
CDRs will contain, at a minimum, the
specificity-determining amino acid residues for the
given CDR. By "specificity-determining residue" is
meant those residues that are directly involved in the
interaction with the antigen hi general, only about
onefifth to one-third of the residues in a given
CDRparticipate in binding to antigen. The
specificity-determining residues in a particular CDR
can be identified by, for example, computation of
interatomic contacts from three-dimensional modeling
and determination of the sequence variability at a
given residue position in accordance with the methods
described in Padlan et al., FASEB J. 9(7):133-139
(1995), the contents of which are hereby incorporated
by reference in their entirety. [00108] Accordingly,
the invention is also directed to an isolated
polynucleotide comprising at least one complementarity
determining region of the murine 225.28S antibody, or
a variant or truncated form thereof containing at
least the specificity-determining residues for said
complementarity determining region, wherein said
isolated polynucleotide encodes a fusion polypeptide.
Preferably, such isolated polynucleotides encode a
fusion polypeptide that is an antigen binding
molecule. In one embodiment, the polynucleotide
comprises two or three or four or five or six
complementarity determining regions of the murine
225.28S antibody, or variants or truncated forms
thereof containing at least the specificitydetermining
residues for each of said two or three or four or five
or six complementarity determining regions. In one
embodiment, the polynucleotide comprises at least one
of the CDRs set forth in Tables 2 and 5, below). In
another embodiment, the polynucleotide encodes the
entire variable region of the light or heavy chain of
a chimeric (e.g., humanized) antibody. The invention
is further directed to the polypeptides encoded by
such polynucleotides. [00109] In another embodiment,
the invention is directed to an antigen binding
molecule comprising at least one, alternatively at
least two, alternatively at least three, alternatively
at least four, alternatively at least five, or
alternatively at least six complementarity determining
region of the murine 225.28S antibody, or a variant or
truncated form thereof containing at least the
specificity-determining residues for each said
complementarity determining region, and comprising a
sequence derived from a heterologous polypeptide. In
one embodiment, the antigen binding molecule comprises
three complementarity determining regions of the
murine 225.28S antibody, or variants or truncated
forms thereof containing at least the
specificity-determining residues for each of said
threecomplementarity determining regions. In one
embodiment, the antigen binding 



molecule comprises at least one, alternatively at
least two, alternatively at least three, alternatively
at least four, alternatively at least five, or
alternatively at least six of the CDRs set forth in
Tables 3 and 4, below. In another aspect, the antigen
binding molecule comprises the variable region of an
antibody light or heavy chain. In one particularly
useful embodiment, the antigen binding molecule is a
chimeric, e.g., humanized, antibody. The invention is
also directed to methods of making such antigen
binding molecules, and the use of same in the
treatment of disease, particularly cell proliferation
disorders wherein MCSP is expressed, particularly
wherein MCSP is abnormally expressed (e.g.
overexpressed), compared to normal cells of the same
tissue type. Such disorders include, but are not
limited to, melanoma, glioma, lobular breast cancer,
some acute leukemia, and all tumors inducing
neovasculature. MCSP expression levels may be
determined by methods known in the art and those
described herein (e.g., via immunohistochemistry
assay, immunofluorescence assay,immunoenzyme assay,
ELISA, flow cytometry, radioimmunoassay, Western blot,
ligand binding, kinase activity, etc.). ] The
invention is also directed to a method for targeting
in vivo or in vitro cells expressing MCSP. Cells that
express MCSPmaybe targeted for therapeutic purposes
(e.g., to treat a disorder that is treatable by
disruption ofMCSP binding to a ligand, or by targeting
MCSP -expressing cells for destruction by the immune
system). In one embodiment, the present invention is
directed to a method for targeting cells expressing
MCSP in a subject comprising administering to the
subject a composition comprising an ABM of the
invention. Cells that express MCSP may also be
targeted for diagnostic purposes (e.g., to determine
if they are expressing MCSP, either normally or
abnormally). Thus, the invention is also directed to
methods for detecting the presence of MCSP or a cell
expressing MCSP, either in vivo or in vitro. One
method of detectingMCSP expression according to the
present invention comprises contacting a sample to be
tested, optionally with a control sample, with an ABM
of the present invention, under conditions that allow
for formation of a complex between the ABM and MCSP.
The complex formation is then detected (e.g., by ELISA
orother methods known in the art). When using a
control sample with the test sample, any statistically
significant difference in the formation of ABM-MCSP
complexes when comparing the test and control samples
is indicative of the presence of MCSP in the test
sample. TABLE 2TABLE 3TABLE 4 TABLE 5 ] It is known
that several mechanism are involved in the therapeutic
efficacy of anti-MCSP antibodies, including binding to
MCSP, blocking of MCSP ligands, antibody dependent
cellular cytotoxicity (ADCC), inhibition of melanoma
cell adhesion and migration, inhibition of chemotactic
responses to fibronectin, and inhibition/killing of
pericytes, inhibition of cell spreading on ECM
proteins such as collagen and fibronectin, inhibition
of cytoskeletal reorganization, and inhibition of
MCSP-mediated signal transduction networks(e.g., FAK
and ERK networks). Thus, the ABMs of the invention
canbe used for any of these purposes. [00112] The
murine monoclonal antibody 225.28S has been used in
the radioimmunodetection of malignant melanoma.
Buraggi et al, Nuklearmedizin 25(6):220-224 (1986).
More recently, it has been cloned in single-chain Fv
configuration for soluble expression in bacteria. Neri
et al, J. Invest. Dermatol. 107(2): 164-1 70 (1996),
which is incorporated herein by reference in its
entirety. [00113] Chimeric mouse/human antibodies have
been described. See, for example, Morrison, S. L. et
al., PNAS 77:6851-6854 (November 1984); European
Patent Publication No. 173494; Boulianna, G. L, at
al., Nature 312:642 (December 1984); Neubeiger, M. S.
et al., Nature 314:268 (March 1985); European Patent
Publication No. 125023; Tan etal, J.Immunol. 135:8564
(November 1985); Sun, L. K et al., Hybridoma 5(1):517
(1986); Sahagan et al., J. Immunol. 137:1066- 1074 (
1986). See generally, Muron, Nature 312:597 (December
1984); Dickson, Genetic Engineering News 5(3) (March
1985); Marx, Science 229:455 (August 1985); and
Morrison, Science 229:1202-1207 (September 1985). [001
14] In a particularly preferred embodiment, the
chimeric ABM of the present invention is a humanized
antibody. Methods for humanizing non-human antibodies
are known in the art. For example, humanized ABMs of
the present invention can be prepared according to the
methods of U.S. Pat. No. 5,225,539 to Winter; U.S.
Pat. No. 6,180,370 to Queen et al; U.S. Pat. No.
6,632,927 to Adair et al; U.S. Pat. Appl. Pub. No.
2003/0039649 to Foote; U.S. Pat. Appl. Pub. No.
2004/0044187 to Sato etal; or U.S. Pat. Appl. Pub. No.
2005/0033028 to Leung et al, the entire contents of
each of which are hereby incorporated by reference.
Preferably, a humanized antibody has one or more amino
acid residues introduced into it from a source which
is non-human. These non-human amino acid residues are
often referred to as "import" residues, which are
typically taken from an "import" variable domain.
Humanization can be essentially performed following
the method of Winter and co-workers (Jones et al.,
Nature, 321:522- 525 (1986); Riechmann et al., Nature,
332:323-327 (1988); Verhoeyen et al., Science, 239:
1534-1 536 (1988)), by substituting hypervariable
region sequencesfor the corresponding sequences of a
human antibody. Accordingly, such "humanized"
antibodies are chimeric antibodies (U.S. Pat. No.
4,816,567) wherein substantially less than an intact
human variable domain has been substituted by the
corresponding sequence from anon-human species hi
practice, humanized antibodies are typically human
antibodies in which some hypervariable region residues
and possibly some FR residues are substituted by 



residues from analogous sites in rodent antibodies.
The subject humanized anti- MCSP antibodies will
generally comprise constant regions of human
immunoglobulins, such as IgGl. The choice of human
variable domains, both light and heavy, to be used in
making the humanized antibodies is very important to
reduce antigenicity. According to the so-called
"best-fit" method, the sequence of the variable domain
. of a rodent antibody is screened against the entire
library of known human variable-domain sequences. The
human sequence which is closest to that of the rodent
is then accepted as the human framework region (FR)
for the humanized antibody (Sims et al., J. Immunol,
151 :2296 (1993); Chothia et al., J.MoI Biol, 196:901
(1987)). Another method of selecting the human
framework sequence is to compare the sequence of each
individual subregion of the full rodent framework
(i.e., FRl , FR2, FR3, and FR4) or some combination of
the individual subregions (e.g., FRl and FR2) against
a library of known human variable region sequences
that correspond to that framework subregion (e.g., as
determined by Kabat numbering), and choose the human
sequence for each subregion or combination that is the
closest to that of the rodent (Leung U.S. Patent
Application Publication No. 2003/0040606A1, published
Feb. 27, 2003) (the entire contents of which are
hereby incorporated by reference). Another method uses
a particular framework region derived from the
consensus sequence of all human antibodies of a
particular subgroup of light or heavy chains. The same
framework may be used for several different humanized
antibodies (Carter et al., Proc. Natl. Acad. Sd. USA,
89:4285 ( 1992); Presta et al., J Immunol, 151:2623
(1993)) (the entire contents of each of which are
hereby incorporated by reference).[00116] It is
further important that antibodies be humanized with
retention of high affinity for the antigen and other
favorable biological properties. To achieve this goal,
according to a preferred method, humanized antibodies
are prepared by a process of analysis of the parental
sequences and various conceptual humanized products
using three-dimensional models of the parental and
humanized sequences. Three-dimensional immunoglobulin
models can be generated using computer programs
familiar to those skilled in the art (e.g. InsightII,
accelrys inc (former MSI), or at http ://swissmodel
.expasy.org/ described by Schwede et ah, Nucleic Acids
Res. 2003 (13):3381-3385). Inspection of these models
permits analysis of the likely role of the residues in
the functioning of the candidate immunoglobulin
sequence, i.e., the analysis of residues that
influence the ability of the candidate immunoglobulin
to bind its antigen. In this way, FR residues can be
selected and combined from the recipient and import
sequences so that the desired antibody characteristic,
such as maintained affinity for the target antigen(s),
is achieved. In general, the hypervariable region
residues are directly and most substantially involved
in influencing antigen binding. In a particular
embodiment, the ABM of the invention comprises an
antibody light chain variable region with a Proline at
position 46 (Kabat). In another embodiment, the ABM of
the invention comprises an antibody heavy chain
variable region with one or more of aphenylalanine
residue at position 27, a serine residue at position
30, or a serine or threonine residue at position 94.
These residues may either be naturally occurring in
the particular light or heavy chain variable region,
or may be introduced by amino acid substitution.
[00117] In one embodiment, the antibodies of the
present invention comprise a human Fc region. In a
specific embodiment, the human constant region is IgGl
, as set forth in SEQ ID NOs 109 and 110, and set
forth below: Human IgGl Constant Region Nucleotide
Sequence (SEQ ID NO:110)
ACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTG
GGGGCACAGCGGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGT
GACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACCTTCCCG
GCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGC
CCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGCC
CAGCAACACCAAGGTGGACAAGAAAGCAGAGCCCAAATCTTGTGACAAAACTCA
CACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCAGTC
TTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCCTGA
GGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTC
AACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGG
GAGGAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGC
ACCAGGACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAG
CCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCG
AGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAA
CCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCC
GTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCT
CCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGA
CAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAG
GCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAAT
GA Human IgGl Constant Region Amino Acid Sequence (SEQ
ID NO: 109)
TKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPA
VLQSSGLYSLSSVVTVPSSSLGTQTYICISIVNHKPSNTKVDKKAEPKSCDKTH
T CPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVWDVSHEDPEVKFNWY
VDGVEVHNAKTKPREEQYNSTYRWSVLTVLHQDWLNGKEYKCKVSNKAL
PAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWE
SNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALH
NHYTQKSLSLSPGK 



However, variants and isoforms of the human Fc region
are also encompassed by the present invention. For
example, variant Fc regions suitable for use in the
present invention can be produced according to the
methods taught in U.S. Pat. No. 6,737,056 to Presta
(Fc region variants with altered effector function due
to one or more amino acid modifications); or in U.S.
Pat. Appl. Nos. 60/439,498; 60/456,041; 60/514,549;
orWO 2004/063351 (variant Fc regions with increased
binding affinity due to amino acid modification.); or
in U.S. Pat. No. 10/672,280 or WO 2004/099249 (Fc
variants with altered binding to FcgammaR due to amino
acid modification), the contents of each of which are
incorporated herein by reference in their entirety.
[00118] In another embodiment, the antigen binding
molecules of the present invention are engineered to
have enhanced binding affinity according to, for
example, the methods disclosed in U.S. Pat. Appl. Pub.
No. 2004/0132066 to Balint et al., the entire contents
of which are hereby incorporated by reference. [00119]
In one embodiment, the antigen binding molecule of the
present invention is conjugated to an additional
moiety, such as a radiolabel or a toxin.
Suchconjugated ABMs can be produced by numerous
methods that are well known in the art. [00120] A
variety of radionuclides are applicable to the present
invention and those skilled in the art are credited
with the ability to readily determine which
radionuclide is most appropriate under a variety of
circumstances. For example, 13liodine is a well known
radionuclide used for targeted immunotherapy. However,
the clinical usefulness of 131iodine can be limited by
several factors including: eight-day physical
half-life; dehalogenation of iodinated antibodyboth in
the blood and at tumor sites; and emission
characteristics (eg, large gamma component) which can
be suboptimal for localized dose deposition in tumor.
With the advent of superior chelating agents, the
opportunity for attaching metal chelating groups to
proteins has increased the opportunities to utilize
other radionuclides such as "indium and yt mm.
90Yttrium provides several benefits for utilization in
radioimmunotherapeutic applications: the 64 hour
halflife of 90yttrium is long enough to allow antibody
accumulation by tumor and, unlike eg, 131iodine,
9Oyttrium is a pure beta emitter of high energy with
no accompanying gamma irradiation in its decay, with a
range in tissue of 100 to 1000 cell diameters.
Furthermore, the minimal amount of penetrating
radiation allows for outpatient adrninistration of
90yttrium-labeled antibodies. Additionally,
internalization of labeled antibody is not required
for cell killing, and the local emission of ionizing
radiation should be lethal for adjacent tumor cells
lacking the target antigen. [00121] With respect to
radiolabeled anti-MCSP antibodies, therapy therewith
can also occur using a single therapy treatment or
using multiple treatments. Because of the radionuclide
component, it is preferred that prior to treatment,
peripheral stem cells ("PSC") or bone marrow ("BM") be
"harvested" for patients experiencing potentially
fatal bone marrow toxicity resulting from radiation.
BM and/or PSC are harvested using standard techniques,
and then purged and frozen for possible reinfusion.
Additionally, it is most preferred that prior to
treatment a diagnostic dosimetry study using a
diagnostic labeled antibody (eg, using m indium) be
conducted on the patient, a purpose of which is to
ensure that thetherapeutically labeled antibody (eg,
using 90yttrium) will not become unnecessarily
"concentrated" in any normal organ or tissue. 122] In
a preferred embodiment, the present invention is
directed to an isolated polynucleotide comprising a
sequence that encodes a polypeptide having an amino
acid sequence in Table 7 below (SEQ ID NOS: 2-52
even). The invention is further directed to an
isolated nucleic acid comprising a sequence at least
80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identical to
a nucleotide sequence shown in Table 6 below (SEQ ID
NOS: 1-51 odd). Ia another embodiment, the invention
is directed to an isolated nucleic acid comprising a
sequence that encodes a polypeptide having an amino
acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%,
98% or 99% identical to an amino acid sequence in
Table 7(SEQ ID NOS: 2-52 even). The invention also
encompasses an isolated nucleic acid comprising a
sequence that encodes a polypeptide having the amino
acid sequence of any of the constructs in Table 7 (SEQ
ID NOS: 2-52 even) with conservative amino acid
substitutions. TABLE 6CELL The present invention
relates to a method for the isolation of large numbers
of haemopoietic stem cells. In particular the
invention relates to a method for the isolation of
viable haemopoietic stem cells from the placenta. The
placenta which is usually discarded represents a rich
source of potent transplantable hematopoietic stem
cells. The uses of these isolated cells for clinical
transplantation therapies are also described.
BACKGROUND. The haemopoietic system is a complex
hierarchy of cells of different mature cell lineages.
These include, amongst others, the cells of the immune
system that offer protection from invading pathogens,
the cells that carry oxygen through the body and cells
involved in wound healing. All these mature cells are
derived from a pool of haemopoietic stem cells (HSCs)
that, in the adult, reside in the bone marrow and that
are capable of self-renewal and differentiation into
any blood lineage. It is these cells that are also
often targets of mutations that result in a number of
blood-related diseases and/or malignancies. It is
therefore not surprising that these cells have been
the subject of intense studies due to their enormous
potential in clinical applications. Studies have
focused on ways of harvesting HSCs from different
sources, on ways of enriching for 



them, expanding their limited numbers outside the
body, storing them and manipulating them. As these
cells have the ability to replenish the entire
haemopoietic system, they are not only currently used
for transplantations following haemotoxic insults such
as radiotherapy or chemotherapy or for the replacement
of leukaemic cells, but they are also attractive
targets for gene therapy, since the genetic
manipulation done in HSCs will be passed on to all the
blood lineages as these cells differentiate. There
have also been a number of reports in the last few
years that claim that HSCs are not only restricted to
producing haemopoietic progeny, but may also be able
to differentiate into cells of the liver, muscle, gut
and brain in a process termed plasticity. If these
claims can be substantiated, it would open up a vast
array of new HSC-based therapies for diseases such as
muscle-wasting diseases orneurodegenerative diseases
(reviewed in (de Vries et al., 2004; Pamphilon, 2004;
Peterson, 2004)). Conventionally, HSCs have been
obtained from the bone marrow of donors (autologous or
allogeneic). Despite the fact that relatively high
numbers of HSCs can be obtained in this way, it is a
rather cumbersome and invasive process that requires
general anesthetics for the donor and further handling
and purification processes (Pamphilon, 2004). Other
possible sources of HSCs have therefore been explored.
Apart from residing in the bone marrow, HSCs have also
been observed to circulate in the peripheral blood.
The number of these circulating HSCs can be increased
either by insults to the haemopoietic system or by
administering mobilising factors such as GCSF. This
source of HSCs is much more accessible than HSCs from
the bone marrow, yet it also requires pretreatment of
the donor and substantial amounts of blood being taken
from the donor, especially since the yield is lower
(de Vries et al., 2004; Pamphilon, 2004). A third
source of HSCs has received increasing attention in
recent years (reviewed in (Rocha et al., 2004). It was
found that the umbilical cord vessels of newborns
contain HSCs (Benito et al., 2004; Cohen and Nagler,
2004; de Vries et al., 2004; Pamphilon, 2004). This
tissue is normally discarded and therefore obtaining
this tissue requires no invasive procedures for the
donor. It was also observed that cord blood (CB) HSCs
are more naive than adult HSCs which results in less
stringent criteria for HLA matching (allowing a
mismatch in 1-2 loci) which makes these cells
available for unrelated, partially matched recipients
and thus to a much wider population (Benito et al.,
2004; Cohen and Nagler, 2004; de Vries et al., 2004).
The consequence of using a mismatched graft is a
complication known as graft-versushost- disease
(GVHD), which not only results in graft rejection, but
can also have a serious health impact. By using these
more naive CB HSCs, it was observed that the incidence
of GVHD can be reduced. Other advantages of CB HSCs
include their higher proliferative potential, a lower
transmission rate of infectious and genetic diseases,
an immediate availability of the product, thus
avoiding the risks for the donor and loss of
registries, and the relative ease with which HSCs can
be obtained from theCB (Benito et al., 2004; de Vries
et al, 2004). Protocols have also been established
that allow the freezing and thus long-term storage
(more than 15 years) of CB HSCs which has resulted in
the establishment of a number of CB banks all over the
world (Benito et al., 2004; de Vries et al., 2004;
Pamphilon, 2004). These cells retain their stem cell
potential during the storage period. This not only
greatly increases the chance of finding matched
grafts, but also allows the storage of an individuals
own HSCs for a long period of time, thus making them
available at later times in that individuals life if
required. Although over 85,000 cryopreserved CB units
are ready for clinical use, the major disadvantage of
CB HSCs is their low number per CB unit, which is 10
times less than what can be obtained from 1 bone
marrow unit (Benito et al., 2004; Cohen and Nagler,
2004; de Vries et al., 2004). This can result in a
higher risk of graft failure and a delayed
haemopoietic recovery. For this reason, CB grafts have
primarily been used for paediatric patients. As
inventoried recently by Netcord (Rocha et al., 2004),
the cooperative network of experienced CB banks, 1815
children and 982 adults have been transplanted with CB
cells. Like the cord blood, the placenta is derived
from fetal cells and contains hematopoietic cells.
Most work concerning the haemopoietic potential of the
placenta has been performed in the mouse model. The
chorioallantoic placenta forms at the junction of the
allantois and chorion and thereafter, the allantois
contributes the fetal vascular and associated stromal
components, including the umbilical vessels (Downs et
al., 1998). In the chick embryo, the allantois has
been identified as a haemopoietic site (Caprioli et
al., 1998). However, in murine embryos it is not yet
clear whether the allantois is haemopoietic (Downs and
Harmann, 1997). The murine allantois derives from the
mesoderm at the posterior end of the mouse embryo and
makes contact with the chorion at E8.5 (reviewed in
(Cross, 1998; Cross et al., 2003a; Cross et al.,
2003b; Han and Carter, 2001; Rossant and Cross, 2001).
It is at this time that the mouse placenta contains
its first haemopoietic activity in the form of
clonogenic haemopoietic progenitors including CFU-GMs,
CFU-GEMMs, BFU-Es and HPP-CFCs (Alvarez- Silva et al.,
2003). Moreover, between ElO and E12 these progenitors
were present at numbers higher than those found in the
other sites of fetal haemopoietic generation, the yolk
sac, aorta-gonad-mesonephiOs (AGM) and fetal liver.
Progenitor numbersincrease until E17 just before
birth. However, in these studies it was not
investigated whether the placenta also contains HSCs.
In a recent abstract of the American Society for
Hematology meeting (Mikkola et al, 2004), it was
reported that the mouse placenta contains HSCs. The
onset of HSC activity in the placenta occurs at
ElO.5/1 1.0 and expands until E12.5/13.5. Expansion of
placental HSCs is 17-fold as compared to the 2-fold
expansion of clonogenic progenitors at El 1.5/12.5.
However, it was found by the authors that HSC cell
activity declines towards the end of gestation. Thus
making the mouse placenta an unsuitable source of
HSCs. 



Thus, there remains in the art a need for an abundant
source of HSCs for therapeutic and other uses. SUMMARY
OF THE INVENTION. The present inventors have
surprisingly found, contrary to previous suggestions
concerning mouse placenta, that the human placenta at
the time of birth of an individual is a rich source of
HSCs. In addition, the inventors have found that HSCs
isolated from the placenta are of a more naive nature
with a higher proliferative capacity than HSCs
isolated from peripheral blood or bone marrow. Thus in
a first aspect, the present invention provides a
method for obtaining a population of haemopoietic
stem-cells (HSCs) which method comprises extracting
those cells from a placenta of a human individual
post-partum. Isolation of HSCs from the placenta
follows a well established protocol and will be
familiar to those skilled in the art, and despite
requiring more handling steps than cord blood (CB) HSC
isolation, results in higher numbers of HSCs. As with
cord blood HSCs, routine record keeping for HLA type,
storage and a network of banks can easily be
established, thus resulting in the immediate
availability of low risk HSC grafts.Thus, in a further
aspect the present invention provides a population of
haemopoietic stem cells (HSC) isolated from the
placenta of a human individual post-partum. According
to the above aspect of the invention, HSCs isolated
from the human placenta post-partum are of a more
naive nature and/or have higher proliferative capacity
than HSCs isolated from peripheral blood or bone
marrow. Placental HSCs according to the invention are
suitable for storage by freezing methods that follow a
well established protocol and will be familiar to
those skilled in the art. As with cord blood, human
placental HSCs maintain the viability and function
after storage in liquid nitrogen. Thus, in a further
aspect the present invention provides a population of
haemopoietic stem cells isolated from the placenta of
a human individual post-partum that maintain their
viability and function after storage. The present
inventors have found that populations of HSCs isolated
from human placenta may be expanded (that is increased
in number) by treating those cells ex vivo with any
one or more of the growth factors in the group
consisting of the following: IL-3, IL-6, Tpo, OSM,
SCF, GM-CSF, MIPl g, Wnt, BMP, NGFb. This list is non
limiting. Further, those skilled in the art will be
aware of other growth factors suitable for the
expansion of HSCs. Therefore, in a further aspect the
present invention provides a method for providing a
population of HSCs comprising the steps of: (a)
Extracting a population of HSCs from human post-partum
placenta, and (b) Treating that population of cells
with one or more growth factors in the group
consisting of: IL-3, IL-6, Tpo, OSM, SCF, GM-CSF, MIP
l g, Wnt, BMP, NGFb; (c) Optionally treating them with
explant cultures derived from placenta, and/or with
explant cultures derived from aorta gonad mesonethros
(AGM) and/or stromal cells lines derived from these
tissues.These treatments (b) and (c) referred to above
can be performed individually (that is either one or
the other treatment) or in combination. Further, when
administered in combination, the treatments may be
administered either sequentially or simultaneously. In
yet a further aspect the invention provides a
population of HSCs extracted from human placenta
according to the present invention, wherein the number
of HSCs within that population has been increased by
treatment of that cell population with any one or more
growth factors in the group consisting of the
following: IL-3, IL-6, Tpo, OSM, SCF, GM-CSF, MlPl g,
Wnt, BMP, NGFb Further, human HSCs according to the
invention may be treated with explant cultures derived
from placenta, and/or with explant cultures derived
from aorta gonad mesonethros (AGM) and/or stromal
cells lines derived from these tissues. These
treatments (treatment with growth factors and explant
cultures/stromal cells may be performed individually
individually (that is either one or the other
treatment) or in combination. Further, when
administered in combination, the treatments may be
administered either sequentially or simultaneously. In
yet a further aspect, the present invention provides
the use of HSCs isolated from the human placenta of an
individual post-partum, in therapy. In yet a further
aspect the present invention provides the use of HSCs
isolated from the human placenta of an individual
post-partum in populating an individual with
haemopoietic stem cells. In yet a further aspect the
present invention provides the use of HSCs isolated
from the placenta of a human individual post-partum in
populating a variety of nonhematopoietic tissues of an
individual with haemopoietic stem cells. In yet a
further aspect the present invention provides the use
of HSCs isolated from the placenta of a human
individual post-partum in populating a variety of
nonhematopoietic tissues of an individual with ex vivo
treated/manipulated haemopoietic stem cells.
DEFINITIONS. Haemopoietic stem cells (HSCs):
Pluripotent stem cells are found in certain organs of
the body such as the bone marrow and cord blood. These
stem cells form cells of all mature blood cell
lineages and are thus capable of re-colonising the
entire immune system and the erythroid and myeloid
lineages in all the haemopoietic tissues such as bone
marrow, spleen, thymus, etc. In addition these cells
are capable of self-renewal. They provide for
life-long production of all lineages of haemopoietic
cells. It is these cells that are also often targets
of mutations that result in a number of blood-related
diseases and/or malignancies. Such haemopoietic stem
cells are typically of low forward scatter and side
scatter profile by flow cytometric procedures. Some
are metabolically quiescent as demonstrated by
Rhodamine labeling which allows 



determination of mitochondrial activity. Haemopoietic
stem cells comprise certain cell surface markers such
as CD34, CD45, c-kit, Sca-1, PLCP, FIk-I, Mac-1, CD31,
VEcadherin, endoglin, etc. They can also be defined as
cells lacking the expression of the cell surface CD38
marker for example. However, expression of some of
these markers is dependent upon the developmental
stage and tissue specific context of the HSC. Some
HSCs called "'side population cells" exclude the
Hoescht 33342 dye as detected by flow cytometry. Thus,
HSCs have descriptive characteristics that allow for
their identification and isolation.. Nave haemopoietic
stem cells: Haemopoietic stem cells from embryonic,
fetal and early post-partum sources can be considered
nave. Nave defines those HSCs that are the direct (or
almost the direct) progeny of non-haemopoietic cells,
for example the direct progeny of haemangioblasts
(common precursor cells for endothelial and
haemopoietic lineages) or endothelial cells with
haemopoietic potential. Nave HSCs possess the most
extensive proliferative potential since they are
young. They can be amplified to greater numbers of
progeny than older bone marrow derived HSCs. They have
a wider range of differentiation potentials and for
example may generate specialT and B lymphocytes that
adult bone marrow HSCs cannot. Importantly nave HSCs
are less likely to elicit a graft-versus-host response
and therefore, can be used clinically for
transplantations in which a matched donor is not
available. A population of haemopoietic stem cells:
According to the present invention, a population of
haemopoietic stem cells refers to more than one stem
cell. Preferably, it refers to more than 2, 5, 10, 20,
50, 100, 200, 500, 1000, 2000, 5000 or 10,000 20, 000
or 50, 000 cells. Populating/Repopulating an
individual with haemopoietic stem cells: According to
the invention described herein, the term refers to
increasing the numbers and/or functional activity of
haemopoietic stem cells in an individual. In a
preferred embodiment of the invention, the individual
is a human. The term 'extracting those cells' (from
the placenta of a human individual) refers to the
process of substantially separating those HSCs from
human placental tissue. Those skilled in the art will
appreciate that as a result of the extraction process
the HSC cell population obtained may not be 100% pure.
For example there may be present other cell types,
cell and tissue matrix material and so on.
Advantageously, the extraction process will result in
an HSC cell population which comprises 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 88%, 89%, 90%, 92%,
94%, 96%, 98%, 99% HSCs as compared with other cell
types. Most advantageously, the extraction process
will result in an HSC cell population which comprises
100% HSCs as compared with other cell types. BRIEF
DESCRIPTION OF THE FIGURES Figure 1 (A, B, E)
describes HSCs clusters along the vasculature of a
developing mouse embryo and (C, D, F-I) the
development of the placenta. Figure 2_describes the
presence of placental haemopoietic stem cells in mouse
embryos at mid-gestation. A) shows high level,
multi-hematopoietic lineagerepopulation by placental
HSCs in the hematopoietic tissues of transplanted
mice. B-I) shows FACS data phenotypically indicating
HSCs in the placenta. Figure 3 describes the
distribution of haemopoietic stem cells in mouse
placentas with antibodies specific for hematopoietic
markers (A-D, M) CD31, (E-H, N) CD34 and (IL, O) CD41.
Figure 4 describes histological expression studies of
hematopoietic transcription factors and demonstrates
the localisation of haemopoietic stem cells within
mouse placentas. Figure 5 Thepost-partum placenta
contains haemopoietic stem cells. Figure 6 Growth
factors MIPl g and NGFb increase and BMP antagonists
(gremlin and noggin) decrease haemopoietic stem cell
numbers in mouse AGM stromal cell cocultures. Figure 7
shows (A) the structure of the human placenta and the
segments used for HSC isolation and (B) shows FACS
evidence of phenotypically defined HSCs in the
post-partum human placenta. Figure 8 shows the
presence of potent single and multilineage
hematopoietic progenitor (CFU; colony-formining unit)
activity in post-partum human placenta. Figure 9 shows
evidence of functional HSCs in post-partum human
placenta as measured by hematopoietic repopulation in
the SCID-NOD xenotransplantation assay (A) In vivo
method to test for placental HSCs (B) FACS analysis of
recipient blood and (C) PCR analysis of recipient
blood. Figure 10 shows that ex vivo culture of mouse
placenta tissue with IL-3 increases HSCs l.8- to
5.0-fold.DETAILED DESCRIPTION QF THE INVENTION. (A)
Extraction of HSCs from human post-partum (post-birth)
placenta. In a first aspect the present invention
provides a method for obtaining a population of
haemopoietic stem cells (HSCs) which method comprises
extracting those cells from a placenta of a human
individual post-partum. According to the method of the
invention, the term 'extracting those cells' (from the
placenta of an individual) refers to the process of
substantially separating those HSCs from placental
tissue. Those skilled in the art will appreciate that
as a result of the extraction process the HSC cell
population obtained may not be 100% pure. For example
there may be present other cell types, cell and tissue
matrix material and so on. Advantageously, the
extraction process will result in an HSC cell
population which comprises 40%, 45%, 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 88%, 89%, 90%, 92%, 94%, 96%,
98%, 99% HSCs as compared with other cell types. Most
advantageously, the extraction process will result in
an HSC cell population which comprises 100% HSCs as
compared with other cell types. Extraction techniques.



(i) FACs sorting. FACS (fluorescence activated cell
sorting) analysis may be used to sort and separate
HSCs in the placenta from other cells types on the
basis of one or more cell surface markers which are
found on the surface of HSCs and are advantageously
absent on the surface of other cell types present in
placental tissue or vica versa. In a preferred
embodiment of the above aspect of the invention the
cell surface marker is any one or more of those in the
group consisting of the following: CD34, CD38, CD31,
c-kit, FIk-I, KDR, Mac-1, CD45, Seal, Hoescht 33342
exclusion, endoglin, PLCP (Robin et al, 2004)The FACS
allows cells to be separated and isolated through the
use of tagged antibodies, antiimmunoglobulins, or
other binding proteins or moieties. The sample mixture
is funnelled through a nozzle which isolates cells and
charges them. At the base of the FACS, there are 2
variably charged deflection plates and cell
collectors. In order to cany out FACS, the individual
cells with similar size and density to the resting
lymphocyte pool must be isolated. This is accomplished
by suspending the cells in a fluid (e.g., saline).
This suspension of cells is then forced through a
fine, high-pressure nozzle or fluidic diluting system
which distributes the cells into a singlefile line or
flow cell (Kidd and Nicholson 2292) . Light is an
integral part of the FACS technique. Light striking
each cell is scattered. By using electronic devices
that measure scattered light and fluorescence,
different types of cells and their sizes can be
identified. FACs have two types of data collecting
hardware: light scatter sensors and photomultiplier
tubes (PMTs). The light scatter sensors measure the
light that is scattered by each cell from two
different angles. The forward angle light scatter
sensor (FALS) gathers light scattered in the forward
direction. This type of scattered light gives a clue
as to a cell's size. Right angle, orthogonal, or side
light scatter (SS) sensors gather light scattered at
90 from the original direction of the light source.
This light reveals cell granularity, refractiveness,
and the presence of intracellular structures that
reflect light (Darzynkiewicz, et al. 335). Scatter
sensors are useful in distinguishing cells based on
the cells' different structures. Neutrophils, for
example, display more SS than lymphocytes (Kidd and
Nicholson 229). In addition, different cell lineages
or cells at different stages of development i.e., pre
B cells versus plasma B cells) can be distinguished
based on their forward and side scatters (Kantor,
Merrill, and Hillson 13.1). Finally, PMTs detect
fluorescent emissions from the fluorescent dyes on
antibodies bound to cells or from auto-fluorescence of
the cells. To collect selected cells, the cells are
passed through an electric field generated by
oppositelycharged plates. By changing the direction of
the electric field between the plates, selected cells
can be directed into precise collection areas.
(Apoptosis by Flow Cytometry." Manual of Clinical
Laboratory Immunology, 5th edn. Ed. Noel R.
Rose,Everly Conway deMacario, James D. Folds, H.
Clifford Lane, Robert M. Nakamura. Washington, D.C :
American). (ii) MACs analysis. The process of magnetic
cell sorting will be familiar to those skilled in the
art. Such a technique may either in addition or as an
alternative to FACs sorting in extracting a population
of HSCs from post-partum placenta. (iii) Other methods
for the extraction of HSCs from post-partum placenta.
Other methods suitable for the extraction of HSCs from
human post-partum placenta include any one or more of
the techniques selected from the group consisting of:
adhesion to plastic, protein coated plates or
matrices, density gradient fractionations. (B)
Haemopoietic stem cells extracted from post-partum
placenta. The present inventors have found potent HSCs
in the mouse placenta beginning at El 1 and increasing
in number thereafter. The inventors took advantage of
a well-known HSC marker (Seal) to sort for placental
HSCs and found that placental HSCs have many of the
phenotypic properties of bone marrow HSCs. Most
importantly, they possess potent repopulating activity
when transplanted into irradiated adult recipient
mice, giving rise to long-term, high level,
multilineage haemopoietic repopulation. However,
unlike the Mikkola et at. study (Mikkola et al.,
2004), the present inventors find HSCs in the late
gestation mouse placenta. More importantly, the
present inventors find abundant HSCs in the
post-partum human placenta. These cells are as potent
as human cord blood haemopoietic stem cells. Thus the
postpartum (post-birth) human placenta is a rich
source of HSCs that may be exploited for purposes of
clinical transplantation. Moreover, they represent an
important source of HSCs that may be stored along with
cord blood for future clinical therapeutic use.A
well-recognized feature shared by tissues within the
embryo that are haemopoietic is the associated
development of the vascular systems. A wide range of
evidence has supported hemangioblasts (a common
mesodermal precursor for both the endothelial and
haemopoietic lineages) and hemogenic endothelium as
the presumptive precursors to emerging haemopoietic
cells (reviewed in (Dieterlen-Lievre, 1998; Nishikawa,
2001). The placenta is indeed a well-vascularized
tissue and thus, it is possible that both the
endothelial and haemopoietic lineages are generated in
parallel and perhaps from a common precursor. If this
is the case, then as the placenta grows throughout
development, vasculogenesis and haemopoietic stem cell
emergence will also and HSC activity should be
isolated in both cell lineages. Previously the present
inventors have generated Ly-6A(Sca-l)GFP transgenic
mice expressing the green fluorescent protein (GFP)
under the regulatory elements of the HSC marker Sca-1.
In these studies it was demonstrated that all HSC
activity was confined to the GFP+ fraction in AGM,
fetal liver and adult bone marrow tissues (de Bruijn
et al., 2002; Ma et al., 2002). It was further shown
by immunohistologic analysis of E9-1 1 embryos that
GFP expression localizes to the endothelial layer of
the dorsal aorta, the vitelline artery and the major
blood vessels of the YS. The common expression of this
transgene, as well as other markers, in endothelial
cells and AGM HSCs highlights the close relationship
between these two cell types and supports the 



notion that HSCs derive from specialized 'hemogenic'
endothelial cells that are present for at least a
period of time during midgestation and perhaps at
later gestational stages and early post-partum. In
extending the analysis of these HSC marker transgenic
embryos to earlier times in development, E6-E7.5, high
GFP expression was found restricted to extraembryonic
tissues; the ectoplacental cone and the extraembryonic
ectoderm. Since these sites contribute to the
placenta, the temporal expression was examined in the
placenta, beginning from E9, just after the fusion of
the chorion and the allantois. At all stages examined,
the inventors found high level GFP expression
restricted to the embryonic/fetal vessels of the
placental labyrinth (the layer of the placenta where
the embryonic circulation comes into contact with the
maternal circulation). Thisobservation prompted them
to test for HSC activity in the placenta. The
inventors found that adult-type HSCs are indeed
present in the placenta, starting from Ell, and that
they are again exclusively found in the Ly-6A(Sca-
I)GFP + fraction. Moreover, other HSC markers
co-localize with GFP+ cells in the labyrinth region.
These results implicate the placenta as a potent
generating source of haemopoietic stem cells and that
these cells may arise from the placental vascular
endothelium. Moreover, these HSCs are not
maternally-derived. They are derived from the embryo
and thus, these cells possess high proliferative
potential, extensive regenerative potential and are
useful for transplantation to unrelated recipients.
Haemopoietic stem cell development in the human embryo
closely parallels that of the mouse embryo. Several
elegant studies (reviewed in (Marshall and Thrasher,
2001; Peault, 1996)) have been performed to examine
the origin of human HSCs. As in the mouse, prior to
the onset of circulation between the embryo proper and
the yolk sac, the intraembryonic splanchnopleura (from
3-4 weeks in gestation) contains cells with
multilineage potential (both lymphoid and myeloid),
while yolk sac contains cells with only myeloid
potential (Tavian et al., 2001). Beginning precisely
at 27 days of gestation (Labastie et al., 1998; Tavian
et al., 1996), just prior to the establishment of
liver haemopoiesis, haemopoietic cell clusters are
found adhering to the ventral wall of the dorsal
aorta. These cells express surface markers
characteristic of haemopoietic progenitors and it is
thought that these cells colonize the fetal liver and
are thus, the founders of the human adult haemopoietic
system (Tavian et al., 1999). Furthermore, the ventral
aortic mesenchyme underlying the haemopoietic clusters
resembles a haemopoietic stromal layer with a
morphological cell polarity (Marshall et al., 1999).
Importantly, at least part of the emerging
haemopoietic cells within the human embryo appear to
be derived from cells in the vascular walls (Oberlin
et al., 2002). To directly analyze the haemopoietic
potential of YS and AGM endothelial cells, Oberlin and
colleagues purified by cell sorting, on the basis of
CD31/CD34 and CD45 expression, endothelial and
haemopoietic cells from these tissues. Importantly,
endothelial CD31+/CD34+ CD45 cells isolated from the
AGM and cultured on MS-5 stromal cells give rise to
haemopoietic progeny including myeloid, NK and B
cells. In contrast, the sorted cells from the YS only
generatemyeloid and NK cells. Together, these results
strongly support the existence of a hemogenic
potential of the intraembryonic vascular endothelium.
Similarities between haemopoietic cell emergence in
the human embryo with that in the mouse embryo
prompted the inventors examination of the human
placenta for HSCs. Previously, the human placenta has
been examined for mesengenic cells (WuIf et al., 2004)
and mesenchymal stem cells (Fukuchi et al., 2004;
Romanov et al., 2003; Zhang et al., 2004) but not for
haemopoietic progenitors or HSCs. Mesengenic cells
were obtained from full-term placentas and propogated
in vitro for three passages. These cells were
exclusively of maternal origin and exhibited
differentiation potential along osteogenic,
chondrogenic, adipogenic and myogenic lineages and
they expressed markers characteristic of mesenchymal
cells: CD9, CD29 and CD73 (WuIf et al., 2004).
Mesenchymal stem/progenitor cells have been isolated
from placentas (Fukuchi et al., 2004; Zhang et al.,
2004) and also from the mesenchymal layer underlying
the umbilical endothelium in the umbilical cord
(Romanov et al., 2003). These cells displayed a
fibroblastic morphology and expressed the following
surface markers; CD73, CD105, CD29, CD44, HLA-ABC and
CD166. They are negative for CD14, CD31, CD34, CD45
and HLA-DR. As with mesengenic cells, they
differentiate to adipocytic and osteogenic lineages
and additionally to the chondrogenic lineage. These
cells are clearly different in both phenotype and
function to HSCs and may serve as the supportive
microenvironment for HSCs, providing for their growth
and maintenance. The present inventors have examined
post-partum human placentas for the presence of HSCs.
They have demonstrated the presence of bona fide
functional HSCs in the human placenta by the SCID-NOD
in vivo hematopoietic repopulation assay. This
xenotransplantation assay has been used routinely as
the gold-standard for identification of human HSCs in
bone marrow, mobilized peripheral blood and umbilical
cord cell populations. Post-partum placentas were
obtained from consenting healthy individuals. During
pregnancy individuals were screened to verify the
absence of viral infections. Placentas were collected
and processed immediately following birth. Placentas
werewashed extensively to remove blood remaining in
the placental vessels and also to remove maternal
blood contamination. Maternal tissue components were
dissected away. Placental cells were dispersed by
mechanical and enzymatic methods to yield a single
cell suspension. In some cases, the placenta was
divided into 2 segments: a segment comprised of the
placental villi and a segment derived from the major
placental vasculature (extensive collagenase
treatment) (Figure 7A). FACS analysis for defined HSC
markers revealed high percentages of CD34+ and CD34+38
in both placental segments (Figure 7B). These
percentages are 10 times higher than those found in
umbilical cord blood, thus suggesting that the
placenta contains abundant immature haemopoietic cells
(progenitors and stem cells) (Table 4). CD34 placental



cells were sorted and tested for uni- and
multi-lineage hematopoietic progenitor activity. Both
the vascular and villi segments of the placenta
contained CFU-G, CFUM, BFU-E, CFU-GM and CFU-GEMM
(Figure 8) indicating that indeed the CD34+ fraction
of placenta contains haemopoietic progenitors. All
haemopoietic progenitors were found in the CD34+
fraction of placenta cells and are represented at a
frequency of 7.6 CFU per 100 CD34+ placenta cells.
Progenitors for both white (CFU-G, CFUM, CFU-GM) and
red (BFU-E) blood cell lineages were found, as were
progenitors with potential for multiple lineages
(CFU-GM and CFU-GEMM), indicating the presence of the
most immature haemopoietic cells in the placenta. The
most stringent test for human HSC function is an in
vivo xenotransplatation of the putative HSC population
into immunodeficient SCID-NOD mouse recipients (Figure
9A). When placental cells were injected intravenously
into sublethally irradiated SCID-NOD recipients, human
CD45+ hematopoietic cells were observed in the
peripheral blood as early as 3 weeks
post-transplantation (Figure 9B). The HSC repopulating
ability of placenta was equivalent (or better) than
that found in cord blood (Figure 9B). As the placenta
was male in origin, it was possible to determine
whether donor male placental HSCs rather than maternal
HSCs contributed to the haemopoietic repopulation. A
human Y and X chromosome PCR method was used. As shown
in Figure 9C, PCR of peripheral blood DNA of female
SCID-NOD mouse recipients receiving human male
placental cells (lane 2) showed the presence of the
human Y chromosome marker. The equimolar presence of
the Y and Xchromosome markers proves that the
repopulating HSCs were derived human male placental
cells, thus demonstrating that the placenta is a
potent source of functional in vivo repopulating HSCs.
(C) Cell-surface markers detected on the surface of
HSCs isolated from post partum placenta. The following
cell surface markers have been to detect HSCs isolated
from mouse and/or human placenta by the present
inventors: Sca-1, CD34, CD38, CD45, c-kit3 (D)
Enrichment of haemopoietic stem cells isolated from a
post-partum placenta. Enrichment of HSCs
isolated/extracted from post-partum placenta for
therapeutic use and/or functional analysis is possible
through a variety of techniques including density
gradient centrifugation, flow cytometric sorting based
on activation, size and/or cell cycle status and
combined surface antigen expression. These methods
will be familiar to those skilled in the art. However,
to date no unique single phenotypic characteristic has
been found to specifically isolate HSCs. Instead,
sorting for several cell surface protein markers, in
combination with the techniques mentioned above, is
commonly used in the enrichment of HSCs. In this
context, mouse adult bone marrow HSCs are the best
characterized. In addition to the absence of mature
haemopoietic lineage-specific markers (Lin ), they
express the two glycophosphatidyl inositol-linked
immunoglobulin superfamily molecules, Sca-1 (Ly6A/E)
and Thy-1 (at low level) (Spangrude et al., 1988) and
also highly express the c-kit receptor tyrosine kinase
(Ikuta and Weissman, 1992). Thus, the murine
c-kit+Thy-l l0WSca-l +Lin bone marrow cell population
clearly contains most/all HSCs. Most recently, adult
bone marrow HSCs have been efficiently sorted based on
their staining with rhodamine and high endoglin
expression (Chen et al., 2003).Some HSC markers are
highly conserved across species barriers (such as
CD34) and some vary with species (Thy-1, CD38), allele
(Thy-1.1/1.2, Ly-6A/E), developmental stage and/or
anatomical site of residence (Lansdorp et al., 1993;
Morrison et al., 1996; Sanchez et al., 1996; Spangrude
et al., 1988). Concerning spatial and temporal
expression differences, adult bone marrow HSCs can be
CD34 or CD34 (Ito et al., 2000; Ogawa, 2002; Osawa et
al., 1996), while all AGM and fetal liver HSCs are
CD34+. Thus, the molecular profile characterizing HSCs
is variable, and HSCs in the embryo are somewhat
phenotypically distinct from their adult counterparts
due to their localization, but more likely, due to the
fact that they are newly emerging cells taking on a
stem cell fate. In particular, AGM HSCs are found in
close association with the major vasculature of the
embryo in a unique inducing micro environment. The
developmental lineage relationship between the
haemopoietic and endothelial lineage suggested by this
co-localization is strengthened through molecular
expression studies which reveal common expression of
surface markers such as Flkl, tie-2, CD31, CD34,
c-kit, AA4.1, Flt-3 ligand, VEGFR1/2, Sca-1, VCAMl and
transcriptional factors such as SCL, GATA-2, Runxl and
Lmo2 in both associated cell types in the mouse embryo
(Garcia- Porrero et al., 1998; Keller et al., 1999;
Nishikawa, 2001; Shivdasani et al., 1995; Zhu and
Emerson, 2002). In the human embryo, CD34 and CD31 are
expressed by vascular endothelial cells, haemopoietic
progenitors and stem cells (Bonnet, 2002; Marshall and
Thrasher, 2001). In both species CD45 is exclusively
expressed by haemopoietic cells including HSCs. Thus,
the differential expression of CD34 (or CD31, which is
often restricted to the cells closest to the lumen)
and CD45 allows the discrimination of intra-aortic
haemopoietic cell clusters (CD34/31+CD45+) from
adjacent endothelial cells(CD34/3 1+CD45 )
(Garcia-Porrero et al., 1998; Jaffredo et al., 1998;
Marshall et al., 1999; Tavian et al., 1996). Human
intra-aortic CD34+ cells in the clusters express some
haemopoietic transcriptional factors (SCL, GATA-2,
Runxl and c-myb) and also many molecules involved in
homing and adhesion (CD44/HCAM, WASP, CD106/VCAMl,
VE-cadherin, CD31) (Bernex et al., 1996;
Garcia-Porrero et al., 1998; Labastie et al., 1998;
Marshall et al., 1999). The majority of cells in the
clusters are vonWillebrand factor (vWf) and are BSLB4
while the area underlying the haemopoietic clusters is
vWf 1 . In the human fetal liver, the discrimination
between endothelial and HSCs is more straightforward
since CD34 expression is restricted to haemopoietic
cells and CD31 to endothelial cells. It is important
to remark that the expression of some endothelial
markers is variable during the development and depends
also on the 



localization and the size of vessels. For example, all
endothelial cells are CD34+ and CD31+, but vWf and
FGF-R expressions are restricted to the large vessels
and BSLB4 to the capillaries. Several markers (CD31,
vWf or lectin BSLB4) are present from the onset of
blood vessel development. The isolation of HSCs from
the mouse embryo for functional studies has relied
mainly on the c-kit, CD34, Sca-1 and Runxl markers.
The c-kit marker, which is commonly used to sort for
adult bone marrow HSCs and haemopoietic progenitors,
is expressed on 10-15% of midgestation mouse AGM cells
(Sanchez et al., 1996). All midgestation AGM HSCs
express c-kit at high levels as determined by in vivo
repopulation with c-kit sorted cells. Since CD34 is
expressed on only 25% of c-kit+ AGM cells, sorting
based on both c-kit and CD34 expression yields further
enrichment of HSCs (representing ~2% of total cells).
Interestingly, Mac-1, which is a mature macrophage
lineage marker in the adult (and not expressed on
adult bone marrow HSCs), is expressed on 50% of AGM
c-kit+ HSCs (Sanchez et al., 1996). This expression
together with the known expression of Mac-1 on all
fetal liver HSCs, suggests that this marker is
indicative of HSCs that migrate and colonize the fetal
liver. Also, in the Ell mouse AGM, around 2% of cells
are Sea- 1+. Long-term transplantation experiments
with Sca-1 sorted cells have shown that HSCs are
localised in both AGM cell fractions, Sca-1+ and Sca-1
, and not only in the Sca-1+ fraction as expected from
adult bone marrow and fetal liver sorts (de Bruijn et
al., 2002). This result could be explained by a low or
negative expression of Sca-1 by HSCs as they are
actively being generated in the AGM region. This
notion is supported by results from transgenic mice
expressing the GFP reporter gene under the control of
the Sca-1 (Ly-6A) gene regulatory sequences. In these
mice, all adult bone marrow HSCs express the Ly-6A GFP
transgene and sorting based on GFP expression
(yielding 100-fold enrichment of HSCs) (Ma et al.,
2002). Importantly, 2% of EllAGM cells express GFP
and, unlike the Sca-1 marker, Ly-6A GFP transgene
expression marks all HSCs in the AGM region. While the
Sca-1 protein on the surface of these HSCs may be
limiting, the cytoplasmic fluorescence signal produced
by eight copies of the Ly-6A GFP transgene allows for
greater sensitivity of detection. These GFP+ cells are
found specifically in the aortic endothelium and
associated haemopoietic clusters of the AGM. Thus, the
temporal and spatial expression pattern of Ly-6A GFP
together with the finding that all AGM HSCs are GFP+
localize these first stem cells to the aortic
endothelium and/or associated haemopoietic clusters in
the midgestation mouse embryo. This is consistent with
the expression patterns of c-kit and CD34 in the
aortic endothelium and haemopoietic clusters.
Furthermore, all AGM HSCs are CD31+, VE-cadherin + and
50% are FIk-I + (North etal, 2002). Extensive sorting
experiments for AGM HSCs have also been performed with
embryos in which a lacZ reporter gene was recombined
into the Runxl transcription factor gene. Mice that
are deficient for Runxl have a complete block in
definitive haemopoiesis, while primitive YS
haemopoiesis is unaffected (Okuda et al., 1996; Wang
et al., 1996). Runxl expression in the ElO.5 AGM
region (as followed by the expression of a lacZ
reporter in a mutant allele) is in haemopoietic cells
in the lumen of the dorsal aorta, as well as in cells
attached to the endothelium (North et al., 1999).
Endothelial cells in the dorsal aorta are positive,
the majority of which are located on the ventral side
of the aorta. When sorted and transplanted into
irradiated adult mouse recipients, all midgestation
AGM HSCs were found to be Runxl lacZ+ (North et al.,
2002). Hence, the HSCs can be efficiently isolated
based on the expression of several cell surface and
molecular markers in limited number of cells localized
to the endothelium and haemopoietic clusters of the
embryo. (E) Enrichment of haemopoietic stem cells
isolated from a post-partum placenta. Several culture
systems offer the opportunity of growth and expansion
of HSCs. Explant cultures of whole AGM tissue increase
HSC activity by 16-fold within 3 days (Medvinsky et
al., 1996). Explant cultures of placenta may be used
to expand placenta HSCs. Alternatively, stromal cells
isolated from the AGM and/or placentamay be used to
expand placental HSCs. The addition of cocktails of
haemopoietic growth factors are also useful in such
expansion cultures and may include, IL-3 (Table 3),
IL-6, Tpo, OSM, SCF, GM-CSF, MIP l g, Wnt, BMP, NGFb
(Fig 6) . The inventors have shown that placental HSCs
can be increased by ex vivo culture in hematopoietic
growth factor IL-3. Mouse placental tissues were
cultured as explants for 3 days in the absence or
presence of IL-3. Cells from these ex vivo treated
placentas were injected into irradiated adult
recipient mice to test for HSC repopulation. Donor
cell repopulation was compared. As shown in Figure 10,
ex vivo IL-3 treated placentas repopulated more
recipients. Indeed, culture in IL-3 increased HSC
activity 1.8- to 5- fold. Hence, the ex vivo treatment
of placental tissue offer great opportunity for the
growth and expansion of potent HSCs. (F) Post partum
human placenta haemopoietic stem cell storage Cord
blood banks have been established in which human cord
blood haemopoietic cells are stored in defined
freezing medium by well established protocols under
GMP conditions. Cells are stored indefinitely in
liquid nitrogen and have been shown to retain HSC
activity. The inventors have tested for the
maintenance of human CD34+ placental cells and have
found that such cells remain viable, are functional
and are even enriched after storage (Table 5). Thus,
placental HSCs are excellent candidate stem cells for
banking and future use in clinical therapies. (G
Significance of the present invention. The present
inventors have shown here that the placenta, a highly
vascularized tissue necessary for the exchange of
oxygen and nutrients between the embryo and the
mother, contains potent adult repopulating HSCs. These
are not maternally-derived HSCs, but are derived from
the conceptus, as evidenced by the presence of the
human b-globin and Ly-6A GFP transgenic markers in the
mouse (Table 1) and human male 



Y chromosome marker positive cells in SCID-NOD
transplanted mice (Figure 9C). Moreover, the
percentages of HSCs (as defined by CD34+38 phenotype)
are higher in the human placenta than in cord blood
(Table 4). They are as potent as HSCs derivedfrom the
adult bone marrow in that they give rise to long-term,
high level multilineage haemopoietic engraftment of
irradiated adult recipients. Placental HSCs are also
selfrenewing, since they can repopulate secondary
recipients. These novel data in the mouse and human
species now provide evidence that along with the AGM
and YS, the placenta is an additional generating
source of HSCs that sequentially migrate and colonize
the fetal liver and bone marrow (Fig 5). Moreover,
placental HSCs can be increased by ex vivo treatment
with hematopoietic growth factors. Placental HSCs can
be stored and maintained in their viability and
function for later use in transplantations. Hence,
placenta HSCs offer great benefit for banking and use
in clinical transplantations and cell replacement
therapies. The placenta as a reservoir for expanding
HSCs or for their generation? The data provided by the
inventors shows that prior to mouse Ell, placental HSC
activity appears to be limiting. No HSCs were found in
the mouse placenta at E9 or ElO (Table 1). At Ell,
only one out of five transplanted recipients receiving
two tissue equivalents of placental cells is HSC
engrafted. At E12, 12 HSCs per placenta were found and
these numbers increase thereafter. Thus, the numbers
of HSCs in the mouse placenta increase rapidly with
developmental time. Indeed, large numbers of immature
progenitors have been found previously in the mouse
placenta and greatly exceed the numbers found in the
fetal liver (Alvarez-Silva et al., 2003). Here, the
inventors have shown that the post-partum human
placenta contains potent HSCs that can functionally
repopulate irradiated recipients. Others have shown
that the human placenta secretes haemopoietic growth
factors that stimulate haemopoietic colony formation
(Burgess et al., 1977). More recent work demonstrates
that mesenchymal progenitor cells isolated from the
human placenta can expand long-term cultureinitiating
cells from cord blood (Zhang et al., 2004). Hence, the
haemopoietic growth capacity of the placenta is
enormous demonstrating that it is a potent
haemopoietic microenvironment for HSCs. Recently,
quantitative data on the numbers of HSCs present in
the various haemopoietic tissues and circulation in
the midgestation mouse has been presented. Kumaravelu
and colleagues found that at E12 there are 3.2 HSCs in
circulation(Kumaravelu et al, 2002). Correcting for
numbers of HSCs in tissues due to circulation, the
mouse AGM was found to contain 2.7 HSCs, the YS 1.8,
the liver 53 and the umbilical cord 0.8. Given that
the E12 mouse placenta contains 12 HSCs (four times
more HSCs than in the whole of the embryonic blood)
and considering that the fetal liver contains 53 HSCs
at E12, it is highly likely that the placenta is a
potent HSC contributor to the colonization of the
fetal liver, along with the AGM and YS. It is as yet
uncertain whether the HSCs in the placenta are
intrinsically or extrinsically generated. If the
placenta was found to contain HSCs at ElO or earlier,
it would implicate the placenta as the first site of
emergence of HSCs in the mouse embryo. Previously, to
detect the onset of HSC activity in the ElO AGM
region, it was necessary to transplant 96 adult
recipients with a total of 112 AGM tissue equivalents
of cells to observe the long-term, high level,
multilineage repopulation of 3 recipients (Muller et
al., 1994). Given the limited number of mice
transplanted with ElO placental cells in this study,
it remains a possibility that the placenta contains
HSCs at this earlier time point. Thus, the origins of
the HSCs in the placenta are unclear and await the
results of lineage marking approaches. Association of
placental HSCs and the vasculature The strong
association of haemopoietic and endothelial markers on
the earliest haemopoietic cells in the mouse embryo,
including HSCs, prompted the present inventors'
studies on the placenta. The Ly-6A GFP transgenic
marker was found to be expressed in the endothelial
cells lining the major vessels of the placenta.
Moreover, all HSC activity was attributed to the GFP+
fraction of the placenta. Thus, consistent with
previous data, the Ly-6A GFP expression again marks
all HSCs. While the number of GFP cells in the
placenta far exceeds the number of HSCs, other markers
(such as CD34, CD31, c-kit, etc.) were used to further
localize placental HSCs. Previous studies on the AGM
have shown that all AGM HSCs are c-kit+CD34+ (Sanchez
1996) and CD31+ (North et al., 2002). The inventors'
multicolor flow cytometric analysis strongly suggests
that placental HSCs are GFP+c-kit+CD34+ (Table
2).Immunostaining of Ly-6A GFP transgenic placentas
has further supported the notion that these HSCs are
CD34+. CD34 and GFP co-expressing cells were found in
the labyrinth region (Fig 3). This highly vascularized
region showed co-expressing cells lining the embryonic
vessels. Similarly, although at a lower frequency,
CD31 and GFP co-expressing cells were also found in
endothelial cells lining the vessels of the labyrinth.
Moreover, c-kit expression was found in a few cells in
this region by in situ transcription analysis (Fig
4A). In no sections did the inventors find prominent
haemopoietic clusters with these phenotypic
characteristics. However, they did observe rare single
GFP+ cells adhering closely to the lumenal surface of
the larger vessels. Thus, in analogy to the AGM region
in which GFP and CD34/CD31 are coexpressed in the
ventral aortic endothelial cells and some cells of the
associated haemopoietic clusters, these markers may
also indicate associations of these two lineages in
putative hemogenie endothelium of the placenta.
Similarly, the human CD34 marker (Figure 7B) suggests
associations between hemogenic endothelium and HSCs in
the human placenta. A role for transcription factors
GATA2 and Runxl in placental haemopoiesis? Previously,
it was reported that GATA2 and GATA3 are highly
expressed in the placenta in the trophoblast giant
cells positioned at the embryonic-maternal interface
during midgestation (Ng et al., 1994). The GATA
transcription factors regulate the 



expression of a number of trophoblast-specif c genes,
such as the prolactin hormone placenta lactogen I and
the angiogenic factor proliferin (Ma et al., 1997; Ng
et al., 1994). These molecules appear to play an
important role in the neovascularization of the
placenta in the interface region (Ma et al., 1997).
The present inventors also found expression of these
transcription factors in trophoblast giant cells. The
lower frequency of GATA expressing trophoblast cells
(Fig 4E-F) that they found most likely was a
reflection of a haploinsufficiency of GATA due to a
defective targeted allele. Nonetheless, GATA3 was
restricted in its expression to these cells and is
known to rapidly decline in its expression after ElO
(Ng et al., 1994). GATA2 had a much more widespread
expression pattern than previously described (Fig
4B-D). GATA2 was expressed in some endothelial cells
lining thevessels of the labyrinth, as well as in many
cells surrounding the vessels. The intensity of
expression increased with proximity to the chorionic
plate of the placenta. At the interface of the
labyrinth region with the chorionic plate, GATA2
expression was the highest. Thus, GATA2 may be
required for the neovascularization of the labyrinth
by regulating the expression of angiogenic factors.
Additionally, it may also be involved in the
generation and/or proliferation of HSCs from hemogenic
endothelial cells in the labyrinth. Previously, the
expression of Runxl in the placenta was found by
RT-PCR (Alvarez-Silva et al., 2003), but its
expression pattern within the placenta was not
explored. As one of the most important HSC
transcription factors, Runxl is required for the
emergence of HSCs in the midgestation embryo and is
expressed in aortic haemopoietic clusters, endothelial
cells and underlying mesenchymal cells (North et al.,
1999). The expression pattern of Runxl lacZ in the
placenta is reminiscent of this pattern (Fig 4G-J).
The present inventors found high-level Runxl
expressing cells in the lumen of the labyrinth
vasculature as well as in some of the endothelial
cells lining the vessels. Lower level expressing cells
were found underlying some of the endothelium. Thus,
as in the AGM region, Runxl is most likely playing a
role in the emergence of HSCs. Finally, we have also
investigated the possible role of the oncogene c-fos
in placental HSC generation. High levels of c-fos have
previously been observed in the placenta (Muller et
al., 1983) and a placental defect in c-fos ' embryos
been suggested on the basis of lower placenta weight,
although no conclusive evidence had been provided
(Johnson et al., 1992). The inventors transplanted E12
placentas from c-fos embryos and found some low level
HSC activity still present (data not shown). In
summary, the present inventors have found that mouse
and human placentae are highly haemopoietic tissues,
supporting the growth and/or emergence of potent in
vivo repopulating HSCs. As found by flow cytometric
and histologic analysis, the placenta appears to
possess hemogenic endothelium. Notwithstanding, this
may be taken as another example of the recurring theme
of HSC development within the majorvasculature of the
embryo and indicates that the Ly-6A GFP transgene
serves as a useful marker for hemogenic endothelium in
the embryo. Thus, the results now add the placenta to
the list of embryonic tissues that contain HSCs (Fig
5) and it is proposed that it plays an important role
in the long-term development of the adult haemopoietic
system and the colonization of the bone marrow with
HSCs. The invention will now be described by way of
the following examples which in no way be considered
limiting of the invention. EXAMPLES. Example 1 :
Materials and Methods. Human placentas are collected
from normal full-term pregnancies (consenting donors)
according to regulations of Erasmus MC and the Medical
Ethical Board. Extra tissues such as amniotic sac and
decidua and other maternal components are removed from
the placenta. The whole placenta as well as the
vascular labyrinth is extensively washed in phosphate
buffered saline (PBS) containing EDTA. Medium
containing 0.125% type I collagenase (or other enzymes
such as dispase or trypsin) is injected inside the
vascular labyrinth to detach closely adherent and
emerging haemopoietic cells and hemogenic endothelium.
The injected placenta is incubated for 1 hour at 370C.
After incubation, the solution is collected and the
labyrinth is washed extensively. The wash is pooled
and the cells are centrifuged at 1000 rpm for 5
minutes. Mononuclear cells are collected after density
gradient centrifugation in Ficoll or Percoll. Villi
segments from freshly delivered human term placentas
are dissected in cold PBS, minced, passed through a
stainless steel large mesh grid. Cells are washed
thoroughly with cold Hank's balanced salt solution
(HBSS) or phosphate buffered saline (PBS) containing
EDTA. The residual tissue fragments are then treated
with 0.125% type I collagenase (Sigma-Aldrich Chemie ,
Gmbh, Germany) in PBS (or medium 199) supplemented
with 10% fetal calf serum (or other
serum-freesupplements) and penicillin/streptomycin (or
other suitable antibiotics) for 1.5 - 2 hours. The
tissue is then dissociated by repeated pipetting and
transferred to centrifuge tubes. After sedimentation,
the suspended cells are transferred to a fresh tubes
and the remaining pellet of large fragments washed
several times with cold PBS (or HBSS) supplemented
with 10% fetal calf serum (or other serum-free
supplements) and penicillin/streptomycin (or other
suitable antibiotics). The suspended cells from each
wash are pooled. Smaller cell clumps are further
treated with enzymatic digestion (for example 0.2%
trypsin/0.1% Dnase type IV) for maximum yield of
suspended cells. The pooled cells are then filtered
through a course sterile cotton mesh and/or a 56-100
mm nylon mesh. The large number of erythroid cells are
removed by subjecting the cell suspension to a density
gradient centrifugation. These steps already yield a
high level of enrichment. Viable cell counts are
determined by trypan blue exclusion prior to further
enrichment procedures, assay or storage. 



Exclusion of other cell placental cell types. Various
populations of cells in the placenta may be negatively
selected. These include mesenchymal stem cells (MSC)
and cytotrophoblast cells. Cytotrophoblast cells may
be eliminated by the method of Kliman et al (Kliman et
al., 1986). Human placental mesenchymal
stem/progenitors cells may be eliminated through
antibody mediated selection based on cell surface
markers expressed on these cells. Maternal cells may
also be excluded or fetal cells enriched by this
method. These may include antibodies directed against
antigens such as CD73, CD29, CD44, HLA-ABC. One or
more of these markers can be used in a negative
selection procedure that eliminates these cells from
the placental cell pool. These antibodies may be used
for negative selection by magnetic bead, panning or
flow cytometric methodologies. An additional,
pre-enrichment step may include adherence to plastic
or to reagent coated plates. For example, this more
simple approach eliminates fibroblastic type cells.
Positive selection of cells including placental
haemopoietic stem cells. Because of the shared
phenotype of endothelial and haemopoietic stem cells
and for optimal isolation of the clinically relevant
repopulating stem cells within bothpopulations,
enrichment processes aim at the isolation of both of
these cell lineages. As endothelial cells require
further treatments in order to disrupt their strong
association within the endothelium and to obtain
single cell suspensions, tissue preparations may be
further subjected to enzymatic perfusion in order to
release endothelial cells from small placental
vessels. Further purification steps then include
centrifugation in density gradients to isolate
mononuclear cells. The final step in the enrichment
for repopulating HSCs may be specific
antibody-mediated cell sorting, panning or plate
adherence procedures. Initially, HSCs will be
separated from mature haemopoietic cells by the
negative selection of lineage marker (mature
haemopoietic cell markers such as CD19, CD8, CD4,
CD15, CDlIb, CD56)-expressing cells, as these markers
are not found on HSCs. Cocktails of antibodies against
lineage markers may be used to remove mature
haemopoietic cells in a single step. As a positive
enrichment step HSC activity may be obtained in the
CD34+ CD38 and CD34+ CD38 population. Alternatively,
the side population and more specifically the tip of
the side population of Hoescht 33342 stained cells may
yield a highly enriched HSC population. Enhancement of
placental HSC growth and expansion. Several culture
systems offer the opportunity of growth and expansion
of HSCs. Explant cultures of whole AGM tissue increase
HSC activity by 16-fold within 3 days (Medvinsky et
al., 1996). Similar cultures of placenta may be used
to expand placenta HSCs. Alternatively, stromal cells
isolated from the AGM and/or placenta may be used to
expand placental HSCs (Fig 6). The addition of
cocktails of haemopoietic growth factors are also
useful in such expansion cultures and include, IL-3
(Table 3), IL-6, Tpo, OSM, SCF, GM-CSF, MIPl g, Wnt,
BMP, NGFb (Fig 6) . Example 2. Results Expression
ofLy-6A GFP in the highly vascularized tissues of the
embryo Previously the inventors have shown that all
HSCs in the AGM region of the midgestation mouse
embryo are localized to the Ly-6A GFP+ aortic fraction
of cells(de Bruijn et al., 2002). GFP expression is
found in some endothelial cells of the dorsal aorta
and an even stronger expression is found in the
endothelial cells lining the vitelline artery (Fig
IA). Haemopoietic clusters along the lumen of the
aorta and vitelline arteries also contain GFP+ cells
(Fig 1 B). Moreover, strong GFP expression is found in
the umbilical artery (Fig IE) and the major vessels of
the YS (de Bruijn et al., 2002). All these sites
contain potent HSC activity as determined by in vivo
transplantation into adult irradiated recipients (de
Bruijn et al., 2000; Medvinsky et al., 1996). In
addition to these known haemopoietic tissues, the
placenta is also highly vascularized and thus, the
inventors examined this tissue for expression of the
Ly-6A GFP marker. As the placenta is formed from both
maternally and embryonic-derived cells, the Ly-6A GFP
transgene was transmitted only through the male
germline. Already in the pre-streak stage embryo, high
GFP expression is found in the extraembryonic ectoderm
and ectoplacental cone (Fig 1C, D). The highest
intensity of GFP expression is found where the
extraembryonic ectoderm borders the primitive
ectoderm. At E7.25, the extraembryonic ectoderm
remains GFP+ (Fig IF-H). At this stage the exocoelom
is forming and the extraembryonic ectoderm appears to
be advancing towards the GFP+ ectoplacental cone. Most
strikingly, at El 2 high levels of GFP expression are
found in the embryonic vessels of the placenta (Fig
II). Thus, similar to the other major haemopoietic
tissues in the embryo, the placental vasculature
expresses Ly-6A GFP suggesting a potential for
haemopoietic activity. Placenta contains potent HSCs
beginning at midgestation Previously, Alvarez-Silva
and colleagues have found haemopoietic progenitor
activity in the placenta (Alvarez-Silva et al., 2003).
However, the presence of HSC activity was not tested.
To examine the placenta for potent adult engrafting
HSCs, the inventors obtained E9 though E12 embryos
(human b-globin transgenic), dissected the placenta
(without the decidua or umbilical vessels), made a
single cell suspension and injected various doses of
cells (placental tissue equivalents) into irradiated
adult recipients. Engraftment was tested by peripheral
blood DNA PCR for the presence of the donor (human
b-globin) marker at 1 and greater than 4 months
posttransplantation. As shown in Table 1, no engrafted
mice were found after transplantation of E9 or ElO
placenta cells. However, potent engraftment (greater
than 10% donor cell contribution) was found beginning
at Ell and was present at high levels at E12. The
inventors tested these recipients for multilineage
engraftment. Highlevel engraftment was observed in all
haemopoietic tissues and in sorted myeloid, T lymphoid
and B lymphoid cells in recipients of Ell (not shown)
and E12 placental 



cells (Fig 2A). Moreover, the transplantation of the
bone marrow from these primary recipients into
secondary adult irradiated recipients resulted in
similar high-level repopulation at greater than 4
months post-transplantation (6 positive/6 injected,
range of repopulation 75-98%). Frequency analysis of
HSCs within the E12 placenta showed 1 HSC per 49,713
cells with approximately 12 HSCs per placenta (as
determined by Poisson statistics). Thus, the placenta
contains potent repopulating cells that fulfill all
the established functional criteria of HSCs. All
placental HSCs are contained within the GFP+fraction
The inventors next performed flow cytometric analysis
to determine the number and phenotypic characteristics
of GFP cells in the midgestation placenta. El 2
placenta cells were stained with antibodies specific
for CD3 1 (endothelial, macrophage and AGM HSC marker
(North et al, 2002)), CD34 (endothelial and AGM HSC
marker (Sanchez et al., 1996)), c-kit (HSC and
immature haemopoietic progenitor marker (Sanchez et
al., 1996)), CD45 (pan-haemopietic marker (Morrison et
al., 1997)), Terll9 (erythroid progenitor marker (Kina
et al., 2000)) and CD41 (haemopoietic progenitor and
megakaryocyte marker (Mikkola et al., 2003)). GFP+
cells (Fig 2B) were found to represent 3.09% of the
total viable, nucleated cell population (absolute
number per placenta = 1.8 x 104 GFP+ cells). No GFP+
cells were detected in the maternally-derived decidua
(Fig 2C). This was due to the paternal transmission of
the transgene and confirms the embryonic origins of
GFP+ cells. In addition, when E12 decidua cells were
transplanted, no HSC activity was detected (1 month
post-translation). Not surprisingly, the placenta is
36% erythroid as determined by Terll9 staining (Fig
2H) and appears to have a high endothelial cell
content as judged by the fact that 40% of placental
cells are CD31+ (Fig 2D). However, CD31 also marks
cells of the trophoblast lineage (Cross et al.,
2003a). Non-erythroidhaemopoietic cells make up
5.7-7.6% of the placenta (CD41 and CD45 positive
cells; Fig 21 and E, respectively). There is almost no
overlap in Terll9 and Ly-6A GFP expression. However,
7%, 13%, 15% and 78% of the respective CD31+, c-kit+,
CD45+ and CD34+ populations are Ly-6A GFP+. Most
interestingly, 75%, 66%, and 56% of GFP+ cells express
CD3 1, c-ldt (Fig 2F) and CD34 (Fig 2G), respectively.
Since AGM HSCs coexpress c-kit and CD34, the inventors
tested the overlap in expression of these markers with
GFP in placental cells. As shown in Table 2, over 50%
of GFP+ cells are c-kit+CD34+. Similarly, over 50% of
GFP+ cells are ckit+ CD31+, while lower percentages of
GFP+ cells are c-kit+CD41+ and c-kit+CD45+. This
marker distribution within the GFP+ placental cell
population is reminiscent of that observed for AGM
HSCs (de Bruijn et al, 2002) and thus, suggests that
at least some of the placental GFP cells are HSCs. To
determine whether the placental HSC activity lies
within the GFP+ fraction of cells, the inventors
sorted GFP+ and GFP cells from E12 transgenic
placentas. One and 0.25 placenta equivalents of cells
were injected into irradiated adult recipients and
were analyzed 1 and/or 4 months later for donor cell
engraftment. As shown in Table 1, all HSC activity was
found in the GFP+ fraction. These cells yielded high
level, long-term repopulation and contributed to all
haemopoietic lineages (not shown). In addition,
secondary transplantations of bone marrow showed that
GFP+ placental HSCs are self-renewing (4 positive/6
injected, 1 month post-transplantation). Thus, all
placental HSCs are Ly-6A GFP expressing. However,
since frequency analysis demonstrates that there are
only approximately 12 HSCs per E12 placenta, not all
GFP+ cells are HSCs. These results are consistent with
previous findings in the AGM region for GFP cells.
GFP+ cells localize to vascular labyrinth Since flow
cytometric analysis demonstrated that GFP+ cells were
distributed between the cell fractions characterized
by both endothelial and haemopoietic stem/progenitor
markers, the inventors took a temporal and spatial
immunostaining approach to examine the specific
localization of these cells. The inventors stained Ly-
6A GFP transgenic placentas from E9 (not shown) and
ElO to E12 embryos (Fig 3)with antibodies specific for
CD31, CD34 and CD41. For orientation purposes they
show a schematic diagram of a transverse and coronal
section of the placenta (Fig 3P). Distinct differences
in the expression patterns of the three surface
markers were clearly observed in both coronal sections
(Fig 3M-O) and transverse sections (Fig 3A-C, E-G and
I-K). CD31 is expressed in many cells of the outer
placenta spongiotrophoblast layer (Fig 3A-C and M). It
is highly expressed on the cells of the dilated
maternal blood vessels and at a lower level on
endothelial cells in the labyrinth. It is also
expressed by a few endothelial cells lining the
vessels in the chorionic plate (Fig 3D). Expression
begins in the outer layer at E9 and by E12 is found
also in the inner placenta, although at lower levels.
CD34 is expressed exclusively in the cells of the
inner placenta (Fig 3E-G, N) where it seems to outline
the embryonic vessels (Fig 3H). Expression is low at
E9 and ElO and increases thereafter. In complete
contrast to CD31 and CD34, CD41 shows a punctate
expression pattern mainly in the inner placenta (Fig
3I-K, O) where it predominantly marks cells within the
blood vessels (Fig 3L). In situ hybridization was
performed to localize c-kit expressing cells in the
placenta, since high background staining was observed
with c-kit specific antibodies. As shown in Fig 4A,
c~kit expression is found in mesenchymal cells of the
chorionic plate (black arrow) and in islands of
mesenchymal cells in the labyrinth (white arrows).
Many of the vessels also contained c-zY-expressing
endothelial cells (arrowheads). The inventors also
detected expression in some trophoblast giant cells
(not shown). The expression of c-kit was highest on
the embryonic face of the placenta. The general
expression pattern of Ly-6A GFP is very similar to
that of CD34 as expected from the results of the flow
cytometric analysis (78% of CD34+ cells are 



GFP+) . Expression begins at E9 in some of the cells
of the labyrinth and increases thereafter. GFP+ cells
are also found lining the fetal blood vessels in the
chorionic plate and in the umbilical vessel
(arrowheads in Fig 3A and E). Most overlap in the
expression of GFP with CD34 is in the labyrinth region
(Fig 3F) in the endothelial cells lining the fetal
vessels that form a network through this region. There
appears tobe only a small amount of overlap of CD3 1
with GFP expressing cells confirming flow cytometric
data (only 7% of CD31+ cells are GFP+) . These cells
are found in the large embryonic vessels within the
chorionic plate and also in the umbilical artery (Fig
3A and D and Fig IE). They observed no overlap in the
expression of CD41 and GFP (Fig 3J and L). Thus, these
immuno staining and in situ transcription results
taken together with the multicolor flow cytometric
analysis and the finding that all HSCs are GFP+,
strongly suggest that placental HSCs are localized
within the endothelium of the embryonic vessels in the
chorionic and labyrinth regions. Placental embryonic
vessel endothelium expresses haemopoietic
transcriptionfactors To further explore whether HSCs
in the placenta may be generated in situ, the
inventors examined the expression pattern of three
haemopoietic transcription factors; GATA2, GATA3 and
Runxl known to be important for HSC/progenitor
development. Briefly, embryos deficient for GATA2 die
at ElO.5, display severe anemia and lack HSCs (Tsai et
al., 1994). A haploid dose of GATA2 results in
defective HSC expansion in the AGM (Ling et al.,
2004). The disruption of the related transcription
factor GATA3, leaves YS erythropoiesis largely
unaffected, but results in defective fetal liver
haemopoiesis, as demonstrated by a reduction in
haemopoietic colony formation (Pandolfi et al., 1995).
Runxl deficiency results in E12.5 lethality, fetal
liver anemia and an absence of HSCs (Okuda et al.,
1996; Wang et al., 1996). A haploid dose of Runxl
disrupts the normal pattern of HSC emergence in the
embryo (Cai et al., 2000). The inventors obtained Ell
GATA2 lacZ, GATA3 lacZ and Runxl lacZ embryos and
stained and sectioned the placentas. GATA2 lacZ
embryos carry a lacZ reporter transgene that
recapitulates the endogenous GATA2 gene expression
pattern (Zhou et al., 1998). GATA3 lacZ and Runxl lacZ
embryos contain an endogenous gene targeted lacZ
reporter (North et al., 1999; van Doominck et al.,
1999). The expression pattern of all three
transcription factors differed. In GATA2 lacZ
transgenic placental sections, they found some
expression in trophoblast giant cells, as reported
previously (arrowhead in Fig 4B). However, higher
levels of b- galactosidase staining were found in the
labyrinth (Fig 4B and C). An increasingintensity of
staining was observed towards the fetal side of the
placenta, especially on the borders of the labyrinth
region with the chorionic plate. GATA2 is expressed in
some endothelial cells and in the underlying cells
that surround the fetal blood vessels (Fig 4D). Like
GATA2, GATA3 is expressed in the trophoblast giant
cells, although to higher levels (Fig 4E and F,
arrowheads) hi contrast to GATA2, GATA3 expression is
restricted to only these few cells at the
fetal-maternal interface. This pattern of expression
confirms the previous pattern seen by others using in
situ transcription analysis (Ng et al, 1994). The
endothelial expression of GATA2 (but not GATA3) is
reminiscent of the expression of GATA2 at the onset of
HSC emergence in the midgestation aorta (Minegishi et
al., 1999; Zhou et al., 1998). Runxl expression
appears to localize to cells within the blood vessels
of the labyrinth (in the circulation, as well as cells
attached to the lumenal side of the endothelium), to
endothelial cells (Fig 4H-J ) and to cells located
just underneath the endothelium (arrows in Fig 41).
Occasionally, the inventors see clusters of b-
galactosidase positive cells within the circulation or
attached to the endothelium. There also seems to be an
accumulation of positive cells in the chorionic plate
(Fig 4G). These Runxl expressing cells are located
both within the walls of the vessels and surrounding
the major blood vessels at their junction with the
umbilical vessels (Fig 4G). Thus, the distribution of
Runxl expressing cells amongst haemopoietic,
endothelial and mesenchymal cells is similar to what
has been reported for Runxl expressing cells in the
AGM and suggests that Runxl may also be involved in
the generation of HSCs in the placenta (North et al.,
1999; North et al., 2002). Table 1. Adult repopulating
HSC activity increases in the placenta at different
developmental stageS __ __ Placenta Number of mice
Range of Stage equivalent repopulated/total
repopulatioii _____ _ _ t^ransplanted ElO < 35 SP 3
0/2 0 > 35 SP 1-3 0/4 0E12 1 3/3 15-62% 0.3 3/4 33-61%
0.1 3/6 48-67% E12 GFP+ 1 "3/6 28- HK)Vo~ ~ 0.25 4/9
32-100% E12 GFP 1 0/6 0 0.25 0/8 ______JL_______
E=embryonic day; SP=somite pairs.Table 2. Multicolor
flow cytometric analysis of E12 placental cells. % of
total % ofGFP" absolute number/placenta GFP 1 2.54
0.47 15216  2809 GFP+ ckit+ CD34+ 54.70  11.27 7958
1429 GFP+ ckit+ CD3 1+ 55.26  16.74 8654  3237 GFP+
ckit+ CD41+ 32.62  7.43 5044  1508 GFP+ ckit+ CD45+
11.88  2.32 1743  424 Table 3. Frequencies and
estimated numbers of HSCs per AGM obtained after
explant culture in absence or presence of different
doses of IL-3. Explant culture HSCs HSCs/AGM
Amplification 



+ IL-3 factor 0 1/165709 1.7 - 2 ng/ml 1/49713 5.9 3.5
20 ng/ml 1/19885 14.7 8.6 200 ng/ml 1/4971 58.6 34.5
Table 4. Human placentas routinely contain higher
percentages of phenotypically-defined HSCs than cord
blood. Percentage of cells CD34+ CD34+CD38 Placenta 1
Cord Blood 0.36 0.05 Placenta nd nd Placenta 2 Cord
Blood 0.41 0.03 Placenta 2.39  1.01 0.27  0.11
Placenta 3 Cord Blood 0.13 0.01 Placenta - villi 0.26
0.11 0.11  0.04 Placenta - vascular 1.18 0.26Placenta
4 Cord Blood nd nd Placenta 2.68  0.59 0.52  0.15
Placenta 7 Cord Blood 0.37 nd Placenta - villi 4.70 nd
Placenta - vascular 6.45 nd FACS results of 5
individual placentas are presented here. The
percentages of CD34 and CD34+ 38 cells may vary
between placentas due to differences in cell
extraction procedures. Table 5. CD34+ placenta cells
are efficiently recovered after storage Human placenta
cells were obtained and analysed by FACS for CD34
expression. Thereafter, cells were frozen in liquid
nitrogen according to standard procedure. After
storage for several weeks, cells were thawed and
analysed by FACS for CD34 expression. Percentages of
CD34+ cells in the placenta post-storage is increased
as compared to pre-storage, indicating that freezing
does not negatively affect human placenta CD34 cells.
Instead, freezing may lead to an enrichment of these
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method for obtaining a population of human
haemopoietic stem-cells (HSCs) which method comprises
extracting those cells from a placenta of a human
individual post-partum. 2. A method according to claim
1 wherein the step of extracting the HSCs from
placenta comprises the process of sorting the cells
using a HSC cell surface marker. 3. A method according
to claim 1 or claim 2 wherein the cell surface marker
is any one or more of those in the group consisting of
the following: Seal and CD34 and CD38 and Thyl. 



4. A method according to claim 2 or claim 3 wherein
the sorting method comprises the use of flow
cytometry. 5. A population of haemopoietic stem cells
(HSCs) isolated from the placenta of a human
individual post-partum. 6. A population of
haemopoietic stem cells (HSCs) according to claim 5
which have potent multi-lineage cell repopulation
activity. 7. A population of human haemopoietic stem
cells (HSCs) according to claim 6 which have a more
potent multi-lineage cell repopulation activity than a
similar number of HSCs extracted from one or more
sources of HSCs selected from the group consisting of:
cord blood, bone marrow and peripheral blood. 8. A
population of human haemopoietic stem cells (HSCs)
according to any of claim 5, 6 and 7 wherein the
number of HSCs within that population has been
increased by treatment of that cell population with
any one or more growth factors in the group consisting
of the following: IL-3, IL-6, Tpo, OSM, SCF, GM-CSF,
MIPl g, Wnt, BMP,NGFb; or treating them with explant
cultures derived from placenta, and/or treating them
with explant cultures derived from AGM and/or
reaggregation cultures and/or stromal cell cocultures.
9. A method for providing a population of human HSCs
comprising the steps of: (d) Extracting a population
of HSCs from human post-partum placenta, and (b)
Treating that population of cells with one or more
growth factors in the group consisting of: IL-3, IL-6,
Tpo, OSM, SCF, GM-CSF, MIPl g, Wnt, BMP, NGFb-;
treating them with explant cultures derived from
placenta, and/or treating them with explant cultures
derived from AGM and/or reaggregation cultures and/or
stromal cell cocultures. 10. The use of haemopoietic
stem cells (HSCs) isolated from the placenta of a
human individual post-partum in therapy. 11. The use
of haemopoietic stem cells according to claim 10,
wherein those cells possess one or more of the
features of claims 5 to 8. 12. The use of one or more
human haemopoietic stem cells (HSCs) according to any
of claims 5 to 8 in populating a human individual with
haemopoietic stem cells. 13. A population of
haemopoietic stem cells isolated from the placenta of
a human individual post-partum that maintain their
viability and function after storage. 14. The use of
HSCs isolated from the placenta of a human individual
post-partum in populating a variety of
non-hematopoietic tissues of an individual with
haemopoietic stem cells and/or the progeny of those
cells obtained after ex vivo culture. 


