
SUBSTITUTED BIS ARYL AND HETEROARYL COMPOUNDS AS
SELECTIVE 5HT2A ANTAGONISTS BACKGROUND OF THE
INVENTION Field of the Invention The present invention
relates to a series of substituted bis aryl and
heteroaryl compounds as described herein. More
specifically, the present invention relates to a
series of dialkylamino, piperidinyl or piperazinyl
substituted bis aryl and heteroaryl derivatives. This
invention also relates to methods of making these
compounds. The compounds of this invention are
selective serotonin, 5HT2A, antagonists and are,
therefore, useful as pharmaceutical agents, especially
in the treatment and/or prevention of a variety of
diseases including diseases associated with the
central nervous system. More specifically, the
compounds of this invention are useful in the
treatment of a variety of sleep disorders. Description
of the Art Chronic insomnia among adults in the United
States has been estimated to be present in ten per
cent of the adult population, and the annual cost for
its treatment is estimated at $10.9 billion. JAMA
1997; 278: 2170-2177 at 2170. Chronic insomniacs
report elevated levels of stress, anxiety, depression
and medical illnesses. The most common class of
medications for treating insomnia are the
benzodiazepines, but the adverse effect profile of
benzodiazepines include daytime sedation, diminished
motor coordination, and cognitive impairments.
Furthermore, the National Institutes of Health
Consensus conference onSleeping Pills and Insomnia in
1984 have developed guidelines discouraging the use of
such sedative-hypnotics beyond 4-6 weeks because of
concerns raised over drug misuse, dependency,
withdrawal and rebound insomnia. /AMA 1997; 278:
2170-2177 at 2170. Therefore, it is desirable to have
a pharmacological agent for the treatment of insomnia
which is more effective and/or has fewer side effects
than those currently used. The prevalence of
obstructive sleep apnea is estimated to be
approximately 1-10% in the adult population, but may
be higher in elderly individuals; Diagnostic and
Statistical Manual of Mental Disorders 4th ed.,
American Psychiatric Association, Washington D.C.
(1994). Preliminary evidence suggests that having
obstructive sleep apnea may contribute to increased
susceptibility to cardiovascular complications such as
hypertension, cardiac arrhythmias, stroke, and
myocardial infarction. Excessive daytime sleepiness is
also a major complication. Currently, the therapies
used to treat obstructive sleep apnea include weight
loss for the obese patient, Nasal-continuous positive
Airway Pressure (a facemask used at night which
produces a positive pressure within the upper airway),
pharyngeal surgery and the administration of a variety
of pharmacologic agents which have not been proven to
be entirely successful. Chest 109 (5): 1346-1358 (May
1996) entitled Treatment of Obstructive Sleep Apnea, a
Review, hereby incorporated by reference. These agents
include Acetazolamide, Medroxyprogesterone, Opioid
Antagonists, Nicotine, Angiotensin-Converting Enzyme
Inhibitors and Psychotropic Agents (including those
that prevent the reuptake of biogenic amines such as
norepinephrine, dopamine and serotonin). Id. At 1353.
Many of these pharmacological agents used also have a
ventilatory depressant action (such as
benzodiazepines) or other side effects such as urinary
hesitancy and/or impotence in men (Protriptyline) so
that a new agent with fewer side effects is needed for
the treatment of obstructive sleep apnea. Even though
serotonin is a sleep-inducing agent and may be a
ventilatory stimulant {Id. At 1354), 5HT2A receptor
antagonists have been found useful in treating
obstructive sleep apnea. See also Am. J. Respir Crit
Care Med (153) pp 776-786 (1996) where serotonin
antagonists exacerbated sleep apnea produced in
English bulldogs. But compare, Journal of Physiology
(466) pp 367-382 (1993), where it is postulated that
an excess of serotonin due to dysfunction of the
serotonin biosynthesis mechanisms might set up
conditions which favor obstructive apneas; European
Journal of Pharmacology (259):71-74 (1994) further
work on rat model with 5HT2 antagonist.EP 1 262 197
discloses a method of treating sleep disorders
including sleep apnea by administering to a patient in
need of such a treatment a 5HT1A antagonist or an
alpha-2- adrenergic antagonist in combination with an
antidepressant such as serotonin reuptake inhibitor
(SRI). Such a combination exhibits an improvement in
efficacy. US Patent 6,143,792 discloses that a
specific 5HT2A receptor antagonist is useful in the
treatment of the sleep apnea syndrome. Similarly, US
Patent 6,576,670 discloses that a specific 5HT2A d 5HT
2A/C receptor antagonist is useful in the treatment of
snoring and upper airway high resistance syndrome. US
Patent 6,277,864 discloses that a specific 5HT2A
receptor antagonist is useful in the treatment of a
variety of sleep disorders. All of the references
described herein are incorporated herein by reference
in their entirety. However, there is still a need for
developing a compound that not only exhibits selective
5HT2A antagonistic activity but also exhibits improved
safety properties with no or minimal side-effects.
Accordingly, it is an object of this invention to
provide a series of dialkylamino, piperidinyl or
piperazinyl substituted bis aryl and heteroaryl
derivatives which are potent, selective serotonin,
5HT2A, antagonists. It is also an object of this
invention to provide processes for the preparation of
the dialkylamino, piperidinyl or piperazinyl
substituted bis aryl and heteroaryl derivatives as
disclosed herein. Other objects and further scope of
the applicability of the present invention will become
apparent from the detailed description that follows.
SUMMARY OF THE INVENTION Thus in accordance with this
invention there is provided a compound, including
enantiomers, stereoisomers, and tautomers of said
compound and pharmaceutically acceptable salts,
solvates or derivatives thereof, with said compound
having the general structure shown in formula I: 



wherein:Y denotes either a single or double bond
between X and Y; X is CR, CHR, CO, N, O or S; Y is CR,
CHR, CO, S(O) 2, N or NR; Z is NR, CO-NR, S(O) 2-NR;
A, B and E are the same or different and independently
from each other are CR or N; D is either CH2 or CO; Ar
is substituted or unsubstituted aryl or heteroaryl;
each R is independently chosen from hydrogen, halogen,
CN, C(O)NR 3R4, Q^alkyl, C1-4alkoxy, C1-4alkenyl,
aryl, heteroaryl, arylC 1-4alkyl, heteroarylC
1-4alkyl, fluoroalkyl or fluoroalkoxy of the formula
CnHxFy or OCnHxFy wherein n is an integer from 1 to 4,
x is an integer from Oto 8, y is an integer from 1 to
9 and sum of x and y is 2n+l; wherein R3 and R4 are
hydrogen or C1-4alkyl; or R3 and R4 taken together
with the nitrogen atom to which they are attached form
an unsubstituted or at least monosubstituted
heterocycle; R1 and R2 are the same or different and
selected independently of each other from substituted
or unsubstituted aryl, heteroaryl, aryloyl,
heteroaryloyl, arylsulfonyl, heteroarylsulfonyl, arylC
1-4alkyl, heteroarylC 1-4alkyl, aminoC 1-4alkyl,
Ci-4alkylaminoC \ -4alkyl , C3-8cycloalkylaminoC i.
alkyl , diC 3-8cycloalkylaminoC 1-4alkyl,
C3-8cycloalkylC 1-4alkylaminoC 1-4alkyl, diC
1-4alkylaminoalkyl, heterocycle, heterocycleC
1-4alkyl, Ci^alkylheterocycleC \ -4alkyl ; or R1 and
R2 taken together with the nitrogen atom to which they
are attached form an unsubstituted or at least
monosubstituted heterocycle; and wherein the
substituents are selected from the group consisting of
substituted or unsubstituted aryl, heteroaryl, arylC
1-4alkyl, heteroarylC 1-4alkyl, heterocycle,
C3-8cycloalkyl, C1- 4alkyl, C1-4alkoxy, C1-4alkenyl,
fluoroalkyl or fluoroalkoxy of the formula CnHxFy or
OCnHxFy wherein n is an integer from 1 to 4, x is an
integer from Oto 8, y is an integer from 1 to 9 and
sum of x and y is 2n+l, -NO 2, -NH 2, -NH(C 1-4alkyl),
-N(C 1-4alkyl) 2, -CN, -C(O)R 5, -NHC(O)(C 1-4alkyl),
-SO 2Cl, -SO 2(C1-4alkyl), halogen and hydroxy;
wherein R5 is hydroxy, d -3alkoxy, -O-phenyl, -NH 2,
-NHtQ-salkyl), -N(C 1- aIlCyI)2 or phenyl;heteroaryl
is a 5 to 10-membered, aromatic, mono- or bicyclic
heterocycle containing one or more heteroatoms
selected from the group consisting of N, O and S; aryl
is a 6 to 10-membered, aromatic mono- or bicyclic
ring; and heterocycle is a 3 to 10-membered,
non-aromatic, mono- or bicyclic heterocycle containing
one or more heteroatoms selected from the group
consisting of N, O and S. The compounds of this
invention can be formulated into pharmaceutical
compositions and are useful in treating a variety of
disease states. Especially, the compounds of this
invention are selective serotonin, 5HT2A, antagonists
and are, therefore, useful in the treatment of a wide
variety of diseases associated with the central
nervous system. More particularly, the compounds of
this invention are useful in the treatment of a wide
variety of sleep disorders including but not limited
to insomnia and obstructive sleep apnea. DETAILED
DESCRIPTION OF THE INVENTION The terms as used herein
have the following meanings: As used herein, the
expression "C1-6alkyl" includes methyl and ethyl
groups, and straight-chained or branched propyl,
butyl, pentyl and hexyl groups. Particular alkyl
groups are methyl, ethyl, n-propyl, isopropyl and
tert-butyl. Derived expressions such as "C1- 4alkoxy",
"C1-4thioalkyl" "C1-4alkoxyC 1-4alkyl",
"hydroxyC1-4alkyl", "C1-4alkylcarbonyl",
"C1-4alkoxycarbonylCi. 4alkyl", "C1-4alkoxycarbonyl",
"ammoC1-4alkyl", "C1-4alkylamino","C
1-4alkylcarbamoylC 1-6alkyl",
"d^dialkylcarbamoylC^alkyl" "mono- or di-C
1-4alkylaminoCi -4alkyl", "aminoC 1-4alkylcarbonyl"
"diphenylC 1-4alkyl", "phenylC1-4alkyl",
"phenylcarboylC 1-4alkyl" and "phenoxyC 1.4alkyl" are
to be construed accordingly. As used herein, the
expression "C2-6alkenyl" includes ethenyl and
straight-chained or branched propenyl, butenyl,
pentenyl and hexenyl groups. Similarly, the expression
"C2- 6alkynyl" includes ethynyl and propynyl, and
straight-chained or branched butynyl, pentynyl and
hexynyl groups. As used herein the expression
"C1^aCyI" shall have the same meaning as
"C1-6alkanoyl", which can also be represented
structurally as "R-CO-," where R is a C^alkyl as
defined herein. Additionally, "C1-3alkylcarbonyl"
shall mean same as C1^aCyI. Specifically, "C1-4acyl"
shall mean formyl, acetyl or ethanoyl, propanoyl,
n-butanoyl, etc. Derived expressions such as
"C1-4acyloxy" and "C1-4acyloxyalkyl" are to be
construed accordingly.As used herein, the expression
"C1-6 perfluoroalkyl" means that all of the hydrogen
atoms in said alkyl group are replaced with fluorine
atoms. Illustrative examples include trifluoromethyl
and pentafluoroethyl, and straight-chained or branched
heptafluoropropyl, nonafluorobutyl, undecafluoropentyl
and tridecafluorohexyl groups. Derived expression,
"C1-6 perfluoroalkoxy", is to be construed
accordingly. As used herein, the expression "aryl"
means substituted or unsubstituted phenyl or naphthyl.
Specific examples of substituted phenyl or naphthyl
include o-, p-, m-tolyl, 1,2-, 1,3-, 1,4-xylyl,
1-methylnaphthyl, 2-methylnaphthyl, etc. "Substituted
phenyl" or "substituted naphthyl" also include any of
the possible substituents as further defined herein or
one known in the art. Derived expression,
"arylsulfonyl," is to be construed accordingly.
Specific examples of arylsulfonyl include
benzenesulfonyl, p-toluenesulfonyl, and the like. As
used herein, the expression "C6-12arylC1-4alkyl" means
that the C6-12aryl as defined herein is further
attached to C1-4alkyl as defined herein.
Representative examples include benzyl, phenylethyl,
2-phenylpropyl, 1-naphthylmethyl, 2-naphthylmethyl and
the like. As used herein, the expression "heteroaryl"
includes all of the known heteroatom containing
aromatic radicals. Representative 5-memebered
heteroaryl radicals include furanyl, 



thienyl or thiophenyl, pyrrolyl, isopyrrolyl,
pyrazolyl, imidazolyl, oxazolyl, thiazolyl,
isothiazolyl, and the like. Representative 6-membered
heteroaryl radicals include pyridinyl, pyridazinyl,
pyrimidinyl, pyrazinyl, triazinyl, and the like
radicals. Representative examples of bicyclic
heteroaryl radicals include, benzofuranyl,
benzothiophenyl, indolyl, quinolinyl, isoquinolinyl,
benzimidazolyl, indazolyl, pyridofuranyl,
pyridothienyl, and the like radicals. Similarly, the
expression "heteroarylC 1-4alkyl" means that the
heteroaryl as defined herein is further attached to
C1-4alkyl as defined herein. Representative examples
include furanylmethyl, thienylethyl,
2-(thiophenyl)propyl, pyrrolylmethyl,
isopyrrolylethyl, pyrazolylmethyl, imidazolylmethyl,
and the like. As used herein, the expression
"heterocycle" includes all of the known reduced
heteroatom containing cyclic radicals. Representative
5-memebered heterocycle radicals include
tetrahydrofuranyl, tetrahydrothiophenyl, pyrrolidinyl,
2-thiazolinyl, tetrahydrothiazolyl,
tetrahydrooxazolyl, and the like. Representative
6-membered heterocycle radicals include piperidinyl,
piperazinyl, morpholinyl, thiomorpholinyl, and the
like. Various other heterocycle radicals include,
without limitation, aziridinyl, azepanyl, diazepanyl,
diazabicyclo[2.2.1]hept-2-yl, and triazocanyl, and the
like. Derived expression"heterocycleC 1-4alkyl" is to
be construed accordingly. Specific examples of
heterocycleQ. 4alkyl include without any limitation
the following: N-pyrrolidinylmethyl,
Npyrrolidinylethyl, pyrrolidinyl-2-methyl,
2-pyrrolidinyl-2-ethyl, and the like. Similarly, the
expression "C1-4alkylheterocycleC 1-4alkyl" should be
construed accordingly. Representative examples include
without any limitation the following:
N-ethylpyrrolidinyl-N' -methyl, 2-
ethyl-N-pyrrolidinylethyl,
N-ethyl-pyrrolidinyl-2-methyl,
2-pyrrolidinylethyl-2-ethyl, and the like. "Halogen"
or "halo" means chloro, fluoro, bromo, and iodo. As
used herein, "patient" means a warm blooded animal,
such as for example rat, mice, dogs, cats, guinea
pigs, and primates such as humans. As used herein, the
expression "pharmaceutically acceptable carrier" means
a non toxic solvent, dispersant, excipient, adjuvant,
or other material which is mixed with the compound of
the present invention in order to permit the formation
of a pharmaceutical composition, i.e., a dosage form
capable of administration to the patient. One example
of such a carrier is pharmaceutically acceptable oil
typically used for parenteral administration. The term
"pharmaceutically acceptable salts" as used herein
means that the salts of the compounds of the present
invention can be used in medicinal preparations. Other
salts may, however, be useful in the preparation of
the compounds according to the invention or of their
pharmaceutically acceptable salts. Suitable
pharmaceutically acceptable salts of the compounds of
this invention include acid addition salts which may,
for example, be formed by mixing a solution of the
compound according to the invention with a solution of
a pharmaceutically acceptable acid such as
hydrochloric acid, hydrobromic acid, sulfuric acid,
methanesulfonic acid, 2-hydroxyethanesulfonic acid,
p-toluenesulfonic acid, fumaric acid, maleic acid,
hydroxymaleic acid, malic acid, ascorbic acid,
succinic acid, glutaric acid, acetic acid, salicylic
acid, cinnamic acid, 2-phenoxybenzoic acid,
hydroxybenzoic acid, phenylacetic acid, benzoic acid,
oxalic acid, citric acid, tartaric acid, glycolic
acid, lactic acid, pyruvic acid, malonic acid,
carbonic acid or phosphoric acid. The acid metal salts
such as sodium monohydrogen orthophosphate and
potassium hydrogen sulfate can also be formed. Also,
the salts so formed may present either as mono- or di-
acid salts and can exist substantially anhydrous or
can be hydrated. Furthermore, where the compounds of
the invention carry an acidic moiety, suitable
pharmaceutically acceptable salts thereof may include
alkali metalsalts, e.g. sodium or potassium salts;
alkaline earth metal salts, e.g. calcium or magnesium
salts, and salts formed with suitable organic ligands,
e.g. quaternary ammonium salts. The expression
"stereoisomers" is a general term used for all isomers
of the individual molecules that differ only in the
orientation of their atoms in space. Typically it
includes mirror image isomers that are usually formed
due to at least one asymmetric center, (enantiomers).
Where the compounds according to the invention possess
two or more asymmetric centers, they may additionally
exist as diastereoisomers, also certain individual
molecules may exist as geometric isomers (cis/trans).
Similarly, certain compounds of this invention may
exist in a mixture of two or more structurally
distinct forms that are in rapid equilibrium, commonly
known as tautomers. Representative examples of
tautomers include keto-enol tautomers, phenol-keto
tautomers, nitroso-oxime tautomers, imine-enamine
tautomers, etc. It is to be understood that all such
isomers and mixtures thereof in any proportion are
encompassed within the scope of the present invention.
The term "solvate" as used herein means that an
aggregate that consists of a solute ion or molecule
with one or more solvent molecules. Similarly, a
"hydrate" means that a solute ion or molecule with one
or more water molecules. In a broad sense, the term
"substituted" is contemplated to include all
permissible substituents of organic compounds. In a
few of the specific embodiments as disclosed herein,
the term "substituted" means substituted with one or
more substituents independently selected from the
group consisting of C1-6alkyl, C2-6alkeriyl,
C1-6perfluoroalkyl, phenyl, hydroxy, - CO2H, an ester,
an amide, d-C 6alkoxy, C!-C6thioalkyl,
Q-Ceperfluoroalkoxy, -NH2, Cl, Br, I, F, -NH-lower
alkyl, and -N(lower alkyl)2. However, any of the other
suitable substituents known to one skilled in the art
can also be used in these embodiments.
"Therapeutically effective amount" means an amount of
the compound which is effective in treating the named
disease, disorder or condition. The term "treating"
refers to: (i) preventing a disease, disorder or
condition from occurring in a patient that may be
predisposed to the disease, disorder and/or condition,
but has not yet been diagnosed as having it; ()
inhibiting the disease, disorder or condition, i.e.,
arresting its development; and (iii) relieving the
disease, disorder or condition, i.e., causing
regression of the disease, disorder and/or
condition.Thus, in accordance with the practice of
this invention there is provided a compound including
enantiomers, stereoisomers, and tautomers of said
compound and pharmaceutically 



acceptable salts, solvates or derivatives thereof,
with said compound having the general structure shown
in formula I : wherein: denotes either a single or
double bond between X and Y; X is CR, CHR, CO, N, O or
S; Y is CR, CHR, CO, S(O)2, N or NR; Z is NR, CO-NR,
S(O)2-NR; A, B and E are the same or different and
independently from each other are CR or N; D is either
CH2 or CO; Ar is substituted or unsubstituted aryl or
heteroaryl; each R is independently chosen from
hydrogen, halogen, CN, C(O)NR R , C1-4alkyl,
Ci-4alkoxy, C1-4alkenyl, aryl, heteroaryl, arylC
1-4alkyl, heteroarylQ^alkyl, fluoroalkyl or
fluoroalkoxy of the formula CnHxFy or OCnHxFy wherein
n is an integer from 1 to 4, x is an integer from Oto
8, y is an integer from 1 to 9 and sum of x and y is
2n+l ; wherein R3 and R4 are hydrogen or C1-4alkyl; or
R and R4 taken together with the nitrogen atom to
which they are attached form an unsubstituted or at
least monosubstituted heterocycle; R1 and R2 are the
same or different and selected independently of each
other from substituted or unsubstituted aryl,
heteroaryl, aryloyl, heteroaryloyl, arylsulfonyl,
heteroarylsulfonyl, arylC 1-4alkyl, heteroarylC
1-4alkyl, aminoC 1-4alkyl, Ci-4alkylaminoC 1-4alkyl,
C3-8cycloalkylaminoCi -4alkyl, diC3-8cycloalkylaminoC
1-4alkyl, C3-8cycloalkylC 1-4alkylaminoCi -4alkyl, diC
1-4alkylaminoalkyl, heterocycle, heterocycleCi^alkyl,
C _4alkylheterocycleC \ -4alkyl ; or Ri and R2 taken
together with the nitrogen atom to which they are
attached form an unsubstituted or at least
monosubstituted heterocycle; and whereinthe
substituents are selected from the group consisting of
substituted or unsubstituted aryl, heteroaryl, arylC
1-4alkyl, heteroarylC 1-4allcyl, heterocycle,
C3-8cycloalkyl, C1. 4alkyl, C1-4alkoxy, C1-4alkenyl,
fluoroalkyl or fluoroalkoxy of the formula CnHxFy or
OCnHxFy wherein n is an integer from 1 to 4, x is an
integer from 0 to 8, y is an integer from 1 to 9 and
sum of x and y is 2n+l, -NO2, -NH2, -NH(C 1-4alkyl),
-N(C1-4alkyl)2, -CN, -C(O)R5, -NHC(O)(C 1-4alkyl),
-SO2Cl, -SO2(C1-4alkyl), halogen and hydroxy; wherein
R5 is hydroxy, Cr 3alkoxy, -O-phenyl, -NH2, -NH(C
!-3alkyl), -N(C1-3alkyl)2 or phenyl; heteroaryl is a 5
to 10-membered, aromatic, mono- or bicyclic
heterocycle containing one or more heteroatoms
selected from the group consisting of N, O and S; aryl
is a 6 to 10-membered, aromatic mono- or bicyclic
ring; and heterocycle is a 3 to 10-membered,
non-aromatic, mono- or bicyclic heterocycle containing
one or more heteroatoms selected from the group
consisting of N, O and S. In one aspect of this
invention, the compounds of formula (I) having the
following substituents are preferred: D is CH2; Ar is
substituted or unsubstituted phenyl, pyridinyl,
pyrazinyl, furanyl or thiophenyl; wherein the
substituents are selected from the group consisting of
fluorine, chlorine, C1-4alkyl, C1-4alkoxy and -CF 3;
each R is independently chosen from hydrogen, CN or
C1-4alkyl; R1 and R2 are the same or different and
selected independently of each other from substituted
or unsubstituted benzoyl, thiophenylcarbonyl,
pyridinylcarbonyl, pyrazinylcarbonyl,
pyrimidinylcarbonyl, pyridazinylcarbonyl,
dihydrobenzo[ l,4]dioxinylcarbonyl,
benzo[l,3]dioxolylcarbonyl, phenylC 0-4alkyl,
thiophenylC 1-4alkyl,
aza-bicyclo[2.2.2]octylCo-4alkyl, azabicyclo[
3.2.1]octylC 0.4alkyl, piperidinylCo-4alkyl,
pyrrolidinylC 0.4alkyl, C1.4alkylaminoC 1-4alkyl and
diC1.4alkylaminoC 1-4alkyl; wherein the substituted
moieties may be substituted with one or more
substituents selected from the group consisting of
fluorine, chlorine, Q^alkyl, C3-8cycloalkyl,
C1-4alkoxy, OCF3 and CF3; or R1 and R2 taken together
with the nitrogen atom to which they are attached form
a unsubstituted or at least monosubstituted
heterocycle selected from the groupconsisting of
piperazine and diazepane; wherein the substituents are
selected from the group consisting of phenyl,
fluorophenyl, trifluoromethylphenyl, pyridinyl,
thiophenyl, furanyl and C1-4alkyl. In a further aspect
of this invention, the compounds of formula (I) with
the following substituents are preferred: denotes a
double bond between X and Y; X is CR; Y is CR; Z is
NR; A, B and E are the same or different and
independently from each other are CH or N; Ar is
phenyl, fluorophenyl, chlorophenyl, pyridinyl,
pyrazinyl, furanyl or thiophenyl; each R is
independently chosen from hydrogen, CN, methyl, ethyl,
methoxy, fluorine, CF3 or OCF3; R1 and R2 are the same
or different and selected independently of each other
from benzyl, fluorobenzyl, fluorobenzoyl,
chlorobenzoyl, isopropoxybenzoyl,
trifluoromethylbenzoyl ,
fluoro-trifluoromethylbenzoyl,
trifluoromethoxybenzoyl, thiophenylcarbonyl,
pyridinylcarbonyl, pyrazinylcarbonyl,
pyrimidinylcarbonyl, pyridazinylcarbonyl,
dihydrobenzo[ l,4]dioxinylcarbonyl,
benzo[l,3]dioxolylcarbonyl, azabicyclo[ 2.2.2]octyl,
aza-bicyclo[2.2.2]octylmethyl, N-methyl-piperidinyl,
pyrrolidinylmethyl, pyrrolidinylethyl,
pyrrolidinylpropyl and 



dimethylaminoethyl ; or R1 and R taken together with
the nitrogen atom to which they are attached form a
unsubstituted or at least monosubstituted heterocycle
selected from the group consisting of piperazine and
diazepane; wherein the substituents are selected from
the group consisting of phenyl, fluorophenyl,
trifluoromethylphenyl, pyridinyl, thiophenyl, furanyl
and methyl. Examples of compounds encompassed within
the above noted embodiment without any limitations
include the following:
N-benzyl-N-[3-(lH-indol-5-yl)-benzyl]-N',N'-dimethyl-e
thane-l,2-diamine;
4-fluoro-N-[2-fluoro-5-(lH-indol-5-yl)-benzyl]-N-(2-py
rrolidin-l-yl-ethyl)-benzamide;
N-(2-dimethylamino-ethyl)-4-fluoro-N-[2-fluoro-5-(2-me
thyl-lH-indol-5-yl)-benzyl]- benzamide;
N-(2-dimethylamino-ethyl)-4-fluoro-N-[2-fluoro-5-(lH-i
ndol-5-yl)-benzyl]- benzamide;
4-fluoro-N-[3-(lH-indol-5-yl)-benzyl]-N-(l-methyl-pipe
ridin-4-yl)-benzamide; thiophene-2-carboxylic acid
[3-(lH-indol-5-yl)-benzyl]-(l-methyl-piperidin-4-yl)-
amide; thiophene-2-carboxylic acid
[2-fluoro-5-(lH-indol-5-yl)-benzyl]-(l-methyl-piperidi
n- 4-yl)-amide; thiophene-2-carboxylic acid
(2-dimethylamino-ethyl)-[2-fluoro-5-(lH-indol-5-yl)-
benzyl]-amide;
4-fluoro-N-[2-fluoro-5-(lH-indol-5-yl)-benzyl]-N-(l-me
thyl-piperidin-4-yl)- benzamide;
N-(l-aza-bicyclo[2.2.2]oct-4-ylmethyl)-4-fluoro-N-[2-f
luoro-5-(lH-indol-5-yl)- benzylj-benzamide
trifluoro-acetate;
4-fluoro-N-[5-(lH-indol-5-yl)-pyridin-3-ylmethyl]-N-(2
-pyrrolidin-l-yl-ethyl)- benzamide;
4-fluoro-N-[4-fluoro-3-(lH-indol-5-yl)-benzyl]-N-(l-me
thyl-piperidin-4-yl)- benzamide;
4-fluoro-N-[4-(lH-indol-5-yl)-thiophen-2-ylmethyl]-N-(
2-pyrrolidin-l-yl-ethyl)- benzamide acetate;
(4-fluoro-benzyl)- [2-fluoro-5-(lH-indol-5-yl)-benzyl]
-(1-methyl-piperidin-4-yl)- amine;
N-(4-fluoro-benzyl)-N-[2-fluoro-5-(lH-indol-5-yl)-benz
yl]-N',N'-dimethyl-ethane-l,2- diamine;
(l-aza-bicyclo[2.2.2]oct-4-ylmethyl)-(4-fluoro-benzyl)
-[2-fluoro-5-(lH-indol-5-yl)- benzyl]-amine acetate;
N-(2-dimethylamino-ethyl)-4-fluoro-N-[5-(lH-indol-5-yl
)-pyridin-3-ylmethyl]- benzamide trifluoroacetate;
4-fluoro-N-[5-(lH-indol-5-yl)-thiophen-2-ylmethyl]-N-(
2-pyrrolidin-l-yl-ethyl)- benzamide;
4-fluoro-N-[4-(lH-indol-5-yl)-furan-2-ylmethyl]-N-(l-m
ethyl-piperidin-4-yl)- benzamide;
N-(l-aza-bicyclo[2.2.2]oct-3i?-yl)-4-fluoro-N-[2-fluor
o-5-(lH-mdol-6-yl)-benzyl]- benzamide;
pyriniidine-4-carboxylic acid
[2-fluoro-5-(lH-indol-5-yl)-benzyl]-(l-methyl-piperidi
n- 4-yl)-amide; pyrimidine-2-carboxylic acid
[2-fluoro-5-(lH-indol-5-yl)-benzyl]-(l-methyl-piperidi
n- 4-yl)-amide; pyridazine-3-carboxylic acid
[2-fluoro-5-(lH-indol-5-yl)-benzyl]-(l-methyl-piperidi
n- 4-yl)-amide; pyridazine-4-carboxylic acid
[2-fluoro-5-(lH-indol-5-yl)-benzyl]-(l-methyl-piperidi
n- 4-yl)-amide;
2,3-dihydro-benzo[l,4]dioxine-6-carboxylic acid
[2-fluoro-5-(lH-indol-5-yl)-benzyl]-
(1-methyl-piperidin-4-yl)-amide;
N-[2-fluoro-5-(lH-indol-5-yl)-benzyl]-4-isopropoxy-N-(
l-methyl-piperidin-4-yl)- benzamide;
N-[2-fluoro-5-(lH-indol-5-yl)-benzyl]-3-isopropoxy-N-(
l-methyl-piperidin-4-yl)- benzamide;
N-[2-fluoro-5-(lH-indol-5-yl)-benzyl]-N-(l-methyl-pipe
ridin-4-yl)-4- txifluoromethoxy-benzamide;
4-chloro-N-[2-fluoro-5-(lH-indol-5-yl)-benzyl]-N-(l-me
thyl-piperidin-4-yl)- benzamide; benzo[l
,3]dioxole-5-carboxylic acid
[2-fluoro-5-(lH-indol-5-yl)-benzyl]-(l-methylpiperidin
- 4-yl)-amide;
N-[2-fluoro-5-(lH-indol-5-yl)-benzyl]-N-(l-methyl-pipe
ridin-4-yl)-4-trifluoromethylbenzamide; 4-fluoro-N-
[2-fluoro-5-( lH-indol-5-yl)-benzyl]-N-(I
-methyl-piperidin-4-yl)-3- trifluoromethyl-benzamide;
N-[2-fluoro-5-(lH-indol-5-yl)-benzyl]-N-(l-methyl-pipe
ridin-4-yl)-isonicotinamide;
N-[3-(lH-indol-5-yl)-benzyl]-N-(l-methyl-piperidin-4-y
l)-4-trifluoromethylbenzamide;
4-fluoro-N-[4-fluoro-3-(lH-indol-5-yl)-benzyl]-N-(2-py
rrolidin-l-yl-ethyl)-benzamide;
N-[2-fluoro-5-(lH-indol-5-yl)-benzyl]-N-(2-pyrrolidin-
l-yl-ethyl)-4-trifluoromethylbenzamide;
4-fluoro-N-[3-fluoro-5-(lH-indol-5-yl)-benzyl]-N-(2-py
rrolidin-l-yl-ethyl)-benzamide;
N-[3-(lH-indol-5-yl)-benzyl]-N-(2-pyirolidin-l-yl-ethy
l)-4-trifluoromethylbenzamide;
N-[3-(lH-indol-5-yl)-benzyl]-N-(2-pyrrolidin-l-yl-ethy
l)-isonicotinamide;
N-[4-fluoro-3-(lH-indol-5-yl)-benzyl]-N-(2-pyrrolidin-
l-yl-ethyl)-4-trifluoromethylbenzamide;
N-[3-(lH-indol-5-yl)-benzyl]-N-(3-pyrrolidin-l-yl-prop
yl)-isonicotinamide;
N-[4-fluoro-3-(lH-indol-5-yl)-benzyl]-N-(3-pyrrolidin-
l-yl-propyl)-isonicotinamide; pyridine-2-carboxylic
acid [3-(lH-indol-5-yl)-benzyl]-(3-pyrrolidin-
1-yl-propyl)- amide; 



N-[3-(lH-indol-5-yl)-benzyl]-N-(3-pyrrolidin-l-yl-prop
yl)-4-trifluoromethylbenzamide; pyridine-2-carboxylic
acid
[4-fluoro-3-(lH-mdol-5-yl)-benzyl]-(3-pyrrolidin-l-ylp
ropyl)- amide; pyridine-2-carboxylic acid
[4-(lH-indol-5-yl)-thiophen-2-ylmethyl]
-(3-pyrrolidin-1-ylpropyl)- amide;
N-[4-(lH-indol-5-yl)-thiophen-2-ylmethyl]-N-(3-pyrroli
din-l-yl-propyl)-4- trifluoromethyl-benzamide;
N-[4-(lH-indol-5-yl)-thiophen-2-ylmethyl]-N-(2-pyrroli
din-l-yl-ethyl)- isonicotinamide;
pyridine-2-carboxylic acid
[4-(lH-indol-5-yl)-thiophen-2-ylmethyl]-(2-pyrrolidin-
l-ylethyl)- amide;
N-[4-(lH-indol-5-yl)-thiophen-2-ylmethyl]-N-(2-pyrroli
din-l-yl-ethyl)-4- trifluoromethyl-benzamide;
pyridine-2-carboxylic acid
[4-(lH-indol-5-yl)-furan-2-ylmethyl]-(3-pyrrolidin-l-y
lpropyl)- amide;
N-[4-(lH-indol-5-yl)-furan-2-ylmethyl]-N-(3-pyrrolidin
-l-yl-propyl)-4- trifluoromethyl-benzamide;
N-[4-(lH-indol-5-yl)-furan-2-ylmethyl]-N-(2-pyrrolidin
-l-yl-ethyl)-isonicotinamide;pyridine-2-carboxylic
acid [4-(lH-indol-5-yl)-furan-2-ylmethyl]
-(2-pyrrolidin-1-ylethyl)- amide;
N-[4-(lH-indol-5-yl)-furan-2-ylmethyl]-N-(2-pyrrolidin
-l-yl-ethyl)-4-trifluoromethylbenzamide;
N-[4-(lH-indol-5-yl)-thiophen-2-ylmethyl]-N-(3-pyrroli
din-l-yl-propyl)- isonicotinamide;
N-[4-(lH-indol-5-yl)-furan-2-ylmethyl]-N-(3-pyrrolidin
-l-yl-propyl)-isonicotinamide;
N-[2-chloro-5-(lH-indol-5-yl)-benzyl]-N-(l-methyl-pipe
ridin-4-yl)-isonicotinamide; pyridine-2-carboxylic
acid
[2-fluoro-5-(lH-indol-5-yl)-benzyl]-(l-methyl-piperidi
n-4- yl)-amide;
N-[2-fluoro-5-(lH-indol-5-yl)-benzyl]-N-(l-methyl-pipe
ridin-4-yl)-nicotinamide;
N-[2-fluoro-5-(lH-indol-5-yl)-benzyl]-N-(l-methyl-
riperidin-4-yl)-3- trifluoromethoxy-benzamide;
N-[2-fluoro-5-(lH-indol-5-yl)-benzyl]-N-(2-pyrrolidin-
l-yl-ethyl)-isonicotinamide;
N-[4-fluoro-3-(lH-indol-5-yl)-benzyl]-N-(2-pyrrolidin-
l-yl-ethyl)-isonicotinamide;
N-[4-fluoro-3-(lH-indol-5-yl)-benzyl]-N-(2-pyrrolidin-
l-yl-ethyl)-4-trifluoromethoxybenzamide acetate;
N-[3-(1H-indol-5
-yl)-benzyl]-N-(1-methyl-piperidin-4-yl)-isonicotinami
de ; pyrazine-2-carboxylic acid
[2-fluoro-5-(lH-indol-5-yl)-benzyl]-(l-methyl-piperidi
n-4- yl)-amide;
5-[4-fluoro-3-(4-methyl-2-pyridin-3-yl-piperazin-l-ylm
ethyl)-phenyl]-lH-indole acetate;
5-{4-fluoro-3-[4-methyl-2-(4-trifluoromethyl-phenyl)-p
iperazin- 1-ylmethyl]-phenyl }- lH-indole;
5-[4-fluoro-3-(4-methyl-2-pyridin-2-yl-piperazin-l-ylm
ethyl)-phenyl]-lH-indole acetate;
5-{5-[25-(4-fluoro-phenyl)-4-methyl-piperazin-l-ylmeth
yl]-pyridin-3-yl}-lH-indole acetate;
5-{4-fluoro-3-[25-(4-fluoro-phenyl)-4-methyl-piperazin
-l-ylmethyl]-phenyl}-lHindole;
5-[4-fluoro-3-(2-furan-2-yl-4-methyl-piperazin-l-ylmet
hyl)-phenyl]-lH-indole;
5-{5-[25-(4-fluoro-phenyl)-4-methyl-piperazin-l-ylmeth
yl]-furan-3-yl}-lH-indole trifluoro-acetate;
5-{5-[25-(4-fluoro-phenyl)-piperazin-l-ylmethyl]-pyrid
in-3-yl}-lH-indole acetate;
5-{5-[2S-(4-fluoro-phenyl)-piperazin-l-ylmethyl]-furan
-3-yl}-lH-indole;
5-[3-(4-methyl-piperazin-1-ylmethyl)-phenyl]-1H-indole
;
5-[4-fluoro-3-(4-methyl-2-pyridin-4-yl-piperazin-l-ylm
ethyl)-phenyl]-lH-indole;
5-{3-[25-(4-fluoro-phenyl)-4-methyl-piperazin-1-ylmeth
yl]-phenyl }-lH-indole ;
5-{6-[2S-(4-fluoro-phenyl)-4-methyl-piperazin-1-ylmeth
yl]-pyrazin-2-yl }-1H-indole acetate;
5-{4-fluoro-3-[2Sr-(4-fluoro-phenyl)-piperazin-
1-ylmethyl]-phenyl }-lH-indole acetate;
5-{4-fluoro-3-[2S-(4-fluoro-phenyl)-4-methyl-piperazin
-l -ylmethyl]-phenyl}-IHidole- 3-carbonitrile;
5-[3-(4-methyl-[1,4]diazepan-1-ylmethyl)-phenyl]-1H-in
dole ;
5-{4-fluoro-3-[25-(4-fluoro-phenyl)-4-methyl-piperazin
-l-ylmethyl]-phenyl}-3- methyl-lH-indole;
N-[5-(3-cyano-lH-indol-5-yl)-2-fluoro-benzyl]-N-(2-dim
ethylamino-ethyl)-4-fluorobenzamide;
5-{4-fluoro-3-[2S-(4-fluoro-phenyl)-piperazin-1-ylmeth
yl]-phenyl}-1H-indole-3- carbonitrile;
5-(3-{[(2-dimethylamino-ethyl)-(4-fluoro-benzyl)-amino
]-methyl}-4-fluoro-phenyl)- lH-indole-3-carbonitrile
trifluoro-acetate;
4-fluoro-N-[2-fluoro-5-(lH-pyrrolo[3,2-b]
ryridin-5-yl)-benzyl]-N-(2-pyrrolidin-l-ylethyl)-
benzamide;
5-{4-fluoro-3-[2-(4-fluoro-phenyl)-4-methyl-piperazin-
l-ylmethyl]-phenyl}-lHpyrrolo[ 3,2-b]pyridine; and
4-fluoro-N-[2-fluoro-5-(lH-pyrrolo[2,3-c]pyridin-5-yl)
-benzyl]-N-(2-pyrrolidin-l-ylethyl)- benzamide; or a
pharmaceutically acceptable salt thereof or an optical
or stereoisomer thereof. In yet another embodiment of
this invention, the compounds of formula (I) having
the following substituents are also preferred: denotes
a double bond between X and Y;X is CR; Y is N; Z is
NR; A, B and E are CH; 



Ar is phenyl, fluorophenyl, chlorophenyl, pyridinyl,
pyrazinyl, furanyl or thiophenyl; each R is
independently chosen from hydrogen, methyl, ethyl,
methoxy, fluorine, CF3 or OCF3; R1 and R2 are the same
or different and selected independently of each other
from benzyl, fluorobenzyl, fluorobenzoyl,
chlorobenzoyl, isopropoxybenzoyl,
trifluoromethylbenzoyl, fluoro-trifluoromethylbenzoyl,
trifluoromethoxybenzoyl, thiophenylcarbonyl,
pyridinylcarbonyl, pyrazinylcarbonyl,
pyrimidinylcarbonyl, pyridazinylcarbonyl,
dihydrobenzo[ l,4]dioxinylcarbonyl,
benzo[l,3]dioxolylcarbonyl, N-methyl-azabicyclo[
2.2.2]octyl, aza-bicyclo[2.2.2]octyl,
aza-bicyclo[2.2.2]octylmethyl, Nmethyl- piperidinyl,
piperidinyl, N-methyl-pyrrolidinyl,
pyrrolidinylmethyl, pyrrolidinylethyl,
pyrrolidinylpropyl, methylaminoethyl, and
dimethylaminoethyl; or R1 and R2 taken together with
the nitrogen atom to which they are attached form a
unsubstituted or at least monosubstituted heterocycle
selected from the group consisting of piperazine and
diazepane; wherein the substituents are selected from
the group consisting of phenyl, fluorophenyl,
trifluorornethylphenyl, pyridinyl, thiophenyl, furanyl
and methyl. Examples of compounds within the scope of
this embodiment without any limitations may be
enumerated as follows:
N-benzyl-N-[3-(lH-indazol-5-yl)-benzyl]-N',N'-dimethyl
-ethane-l,2-diamine hydrochloride;
N-(4-fluoro-benzyl)-N-[5-(lH-indazol-5-yl)-pyridin-3-y
lmethyl]-N',N'-dimethylethane- l,2-diamine acetate;
(4-fluoro-benzyl)-[2-fluoro-5-(lH-indazol-5-yl)-benzyl
]-pyrrolidin-25-ylmethyl-amine;
(4-fluoro-benzyl)-[2-fluoro-5-(lH-indazol-5-yl)-benzyl
]-piperidin-4-yl-amine;
N-(4-fluoro-benzyl)-N-[2-fluoro-5-(lH-indazol-5-yl)-be
nzyl]-N'-methyl-ethane-l,2- diamine;
(4-fluoro-benzyl)-[2-fluoro-5-(lH-indazol-5-yl)-benzyl
]-(l-methyl-piperidin-4-yl)- amine;
(4-fluoro-benzyl)-[4-(lH-indazol-5-yl)-furan-2-ylmethy
l]-(l-methyl-piperidin-4-yl)- amine;
4-fluoro-N-[2-fluoro-5-(lH-indazol-5-yl)-benzyl]-N-(2-
pyi tolidin-l-yl-ethyl)- benzamide;
4-fluoro-N-[2-fluoro-5-(lH-indazol-5-yl)-benzyl]-N-(ex
o-8-methyl-8-azabicyclo[ 3.2.1]oct-3-yl)-benzamide;
4-fluoro-N-[2-fluoro-5-(lH-indazol-5-yl)-benzyl]-N-(en
do-8-methyl-8-azabicyclo[ 3.2.1]oct-3-yl)-benzamide;
4-fluoro-N- [2-fluoro-5-(I
H-indazol-5-yl)-benzyl]-N-(I -methyl-piperidin-3-yl)~
benzamide;
4-fluoro-N-[2-fluoro-5-(lH-indazol-5-yl)-benzyl]-N-(l-
methyl- riperidin-35-yl)- benzamide trifluoro-acetate;
4-fluoro-N-[2-fluoro-5-(lH-indazol-5-yl)-benzyl]-N-(l-
methyl-pyrrolidin-3i?-yl)- benzamide
trifluoro-acetate;
4-fluoro-N-[2-fluoro-5-(lH-indazol-5-yl)-benzyl]-N-(l-
methyl-pyrrolidin-35-yl)- benzamide trifluoro-acetate;
4-fluoro-N-[2-fluoro-5-(lH-indazol-5-yl)-benzyl]-N-(3-
pyrrolidin-l-yl-propyl)- benzamide;
4-fluoro-N-[2-fluoro-5-(lH-indazol-5-yl)-benzyl]-N-(l-
methyl-piperidin-4-yl)- benzamide;
N-(l-aza-bicyclo[2.2.2]oct-3/?-yl)-4-fluoro-N-[2-fluor
o-5-(lH-indazol-5-yl)-benzyl]- benzamide; chiral
N-[2-fluoro-5-(lH-indazol-5-yl)-benzyl]-N-(l-methyl-py
rrolidin-3 -yl)-4- trifluoromethyl-benzamide;
4-fluoro-N- [4-( lH-indazol-5-yl)-f
uran-2-ylmethyl]-N-(I -methyl-piperidin-4-yl)-
benzamide;
5-{4-fluoro-3-[2-(4-fluoro-rhenyl)-piperazin-
1-ylmethyl]-phenyl }-1H-indazole ;
5-[4-fluoro-3-(25-thiophen-2-yl-piperazin-l-ylmethyl)-
phenyl]-lH-indazole acetate;
5-[4-fluoro-3-(2-thiophen-2-yl-piperazin-l-ylmethyl)-p
henyl]-lH-indazole; chiral
5-[4-fluoro-3-(2-thiophen-2-yl-piperazin-l-ylmethyl)-p
henyl]-lH-indazole acetate; 5-{4-fluoro-3-
[2S-(4-fluoro-phenyl)-4-methyl-piperazin-
1-ylmethyl]-phenyl }- IHindazole;
5-{5-[25-(4-fluoro-phenyl)-4-methyl-piperazin-
1-ylmethyl]-pyridin-3-yl }-lH-indazole ;
5-{5-[25-(4-fluoro-phenyl)-piperazin-
1-ylmethyl]-pyridin-3-yl}-1H-indazole ;
5-{5-[25'-(4-fluoro-phenyl)-piperazin-l-ylmethyl]-fura
n-3-yl}-lH-indazole;
5-[4-fluoro-3-(4-methyl-2/?-thiophen-2-yl-piperazin-l-
ylmethyl)-phenyl]-lH-indazole acetate;
5-[4-fluoro-3-(4-methyl-2S'-thiophen-2
yl-piperazin-1-ylmethyl)-phenyl]-1H-indazole acetate;
and 5-{5-[2S~(4-fluoro-phenyl)-4-methyl-piperazin-
1-ylmethyl]-furan-3-yl }-lH-indazole; or a
pharmaceutically acceptable salt thereof or an optical
or stereoisomer thereof. In another embodiment of this
invention, compounds of formula (I) having the
following substituents are preferred: denotes a double
bond between X and Y; X is N; Y is CR; Z is NR; A, B
and E are CH; Ar is phenyl, fluorophenyl,
chlorophenyl, pyridinyl, pyrazinyl, furanyl or
thiophenyl; 



each R is independently chosen from hydrogen, methyl,
ethyl, methoxy, CF3 or OCF ; R1 and R2 are the same or
different and selected independently of each other
from benzyl, fluorobenzyl, fluorobenzoyl,
chlorobenzoyl, isopropoxybenzoyl,
trifluoromethylbenzoyl, fluoro-trifluoromethylbenzoyl,
trifluoromethoxybenzoyl, thiophenylcarbonyl,
pyridinylcarbonyl, pyrazinylcarbonyl,
pyrimidinylcarbonyl, pyridazinylcarbonyl,
dihydrobenzo[ l,4]dioxinylcarbonyl,
benzo[l,3]dioxolylcarbonyl, N-methyl-azabicyclo[
2.2.2]octyl, aza-bicyclo[2.2.2]octyl,
aza-bicyclo[2.2.2]octylmethyl, Nmethyl- piperidinyl,
piperidinyl, N-methyl-pyrrolidinyl,
pyrrolidinylmethyl,pyrrolidinylethyl,
pyrrolidinylpropyl, methylaminoethyl,
dimethylaminoethyl and dimethylaminopropyl; or R1 and
R2 taken together with the nitrogen atom to which they
are attached form a unsubstituted or at least
monosubstituted heterocycle selected from the group
consisting of piperazine and diazepane; wherein the
substituents are selected from the group consisting of
phenyl, fluorophenyl, trifluoromethylphenyl,
pyridinyl, thiophenyl, furanyl and methyl. Specific
examples of compounds within the scope of this
embodiment without any limitations are listed as
follows:
N-[3-(lH-benzoimidazol-5-yl)-benzyl]-N-benzyl-N',N'-di
methyl-ethane-l,2-diamine hydrochloride; and
N-[3-(lH-benzoimidazol-5-yl)-benzyl]-N-benzyl-N',N'-di
methyl-propane-l,3-diamine hydrochloride; or a
pharmaceutically acceptable salt thereof or an optical
or stereoisomer thereof. In another embodiment of this
invention the compound of formula (I) is having the
following substituents: denotes a double bond between
X and Y; X is N; Y is N; Z is NR; A, B and E are CH;
Ar is phenyl, fluorophenyl, chlorophenyl, pyridinyl,
pyrazinyl, furanyl or thiophenyl; R is hydrogen,
methyl or ethyl; R1 and R2 are the same or different
and selected independently of each other from benzyl,
fluorobenzyl, fluorobenzoyl, difluorobenzoyl,
chlorobenzoyl, isopropoxybenzoyl,
trifluoromethylbenzoyl, fluoro-trifluoromethylbenzoyl,
trifluoromethoxybenzoyl, thiophenylcarbonyl,
pyridinylcarbonyl, pyrazinylcarbonyl,
pyrimidinylcarbonyl, pyridazinylcarbonyl,
dihydrobenzo[ l,4]dioxinylcarbonyl,
benzo[l,3]dioxolylcarbonyl, thiophenylmethyl, Nmethyl-
aza-bicyclo[2.2.2]octyl, aza-bicyclo[2.2.2]octyl,
azabicyclo[ 2.2.2]octylmethyl, N-methyl-piperidinyl,
N-isopropyl-piperidinyl, Ncyclopropyl-piperidinyl,
piperidinyl, N-methyl-pyrrolidinyl,
N-ethylpyrrolidinylmethyl, pyrrolidinylmethyl,
pyrrolidinylethyl, pyrrolidinylpropyl,
methylaminoethyl, dimethylaminoethyl and
dimethylaminopropyl; or R1 and R taken together with
the nitrogen atom to which they are attached form a
unsubstituted or at least monosubstituted heterocycle
selected from the group consisting of piperazine and
diazepane; wherein the substituents are selected from
the group consisting of phenyl, fluorophenyl,
trifluoromethylphenyl, pyridinyl, thiophenyl, furanyl
and methyl. Examples of compounds of formula (I)
falling within the scope of the above noted embodiment
include without any limitations the following:
N-[3-(lH-benzotriazol-5-yl)-benzyl]-N-benzyl-N',N'-dim
ethyl-propane-l,3-diamine;
[5-(lH-benzotriazol-5-yl)-2-fluoro-benzyl]-(4-fluoro-b
enzyl)-pyrrolidin-2i?-ylmethylamine trihydrochloride;
[5-(lH-benzotriazol-5-yl)-2-fluoro-benzyl]-piperidin-4
-yl-thiophen-2-ylmethyl-amine;
[5-(lH-benzotriazol-5-yl)-2-fluoro-benzyl]-(4-fluoro-b
enzyl)-piperidin-4-yl-amine;
N-[5-(lH-benzotriazol-5-yl)-2-fluoro-benzyl]-N-(4-fluo
ro-benzyl)-N'-methyl-ethane- 1,2-diamine;
[5-(lH-benzotriazol-5-yl)-2-fluoro-benzyl]-(l-ethyl-py
rrolidin-2 S'-ylmethyl)-(4-fluorobenzyl)- amine
hydrochloride;
[5-(lH-benzotriazol-5-yl)-2-fluoro-benzyl]-(4-fluoro-b
enzyl)-(l-methyl-piperidin-4- yl)-amine hydrochloride;
N-[3-(lH-benzotriazol-5-yl)-benzyl]-N-benzyl-N',N'-dim
ethyl-ethane-l,2-diamine hydrochloride;
N-[5-(lH-benzotriazol-5-yl)-2-fluoro-benzyl]-N-(l-ethy
l-pyrrolidin-25-ylmethyl)-4- fluoro-benzamide;
N-[3-(lH-benzotriazol-5-yl)-benzyl]-4-fluoro-N-(2-pyrr
olidin-l-yl-ethyl)-benzamide hydrochloride;
thiophene-2-carboxylic acid
[5-(lH-benzotriazol-5-yl)-2-fluoro-benzyl]-(2-pyrrolid
inl- yl-ethyl)-amide hydrochloride;
N-[5-(lH-benzotriazol-5-yl)-2-fluoro-benzyl]-2,4-diflu
oro-N-(2-pyrrolidin-l-yl-ethyl)- benzamide
hydrochloride;
N-[5-(lH-benzotriazol-5-yl)-2-fluoro-benzyl]-4-fluoro-
N-(2-pyrrolidin-l-yl-ethyl)- benzamide;
N-[5-(lH-benzotriazol-5-yl)-2-fluoro-benzyl]-4-fluoro-
N-piperidin-4-yl-benzamide;
N-[5-(lH-benzotriazol-5-yl)-2-fluoro-benzyl]-4-fluoro-
N-(l-isopropyl-pi reridin-4-yl)- benzamide;
N-[5-(lH-benzotriazol-5-yl)-2-fluoro-benzyl]-N-(l-cycl
opropyl-piperidin-4-yl)-4- fluoro-benzamide ;
N-[5-(lH-benzotriazol-5-yl)-2-fluoro-benzyl]-N-(l-meth
yl-piperidin-4-yl)-4-fluorobenzamide; 



5-[3-(4-methyl-piperazin-l-ylmethyl)-phenyl]-lH-benzot
riazole;
5-[4-fluoro-3-(4-methyl-piperazin-l-ylmethyl)-phenyl]-
lH-benzotriazole; and
5-{4-fluoro-3-[25-(4-fluoro-phenyl)-piperazin-l-ylmeth
yl]-phenyl}-lH-benzotriazole; or a pharmaceutically
acceptable salt thereof or an optical or stereoisomer
thereof. In yet another embodiment of this invention
the compound of formula (I) is having the following
substituents: denotes a single bond between X and Y; X
is CHR; Y is CHR; Z is NR; A, B and E are CH; Ar is
phenyl, fluorophenyl, chlorophenyl, pyridinyl,
pyrazinyl, furanyl or thiophenyl; each R is
independently chosen from hydrogen, methyl, ethyl or
CF3; R1 and R2 are the same or different and selected
independently of each other from benzyl, fluorobenzyl,
fluorobenzoyl, difluorobenzoyl, chlorobenzoyl,
isopropoxybenzoyl, trifluoromethylbenzoyl,
fluoro-trifluoromethylbenzoyl,
trifluoromethoxybenzoyl, thiophenylcarbonyl,
pyridinylcarbonyl, pyrazinylcarbonyl,
pyrimidinylcarbonyl, pyridazinylcarbonyl,
dihydrobenzo[ l,4]dioxinylcarbonyl,
benzo[l,3]dioxolylcarbonyl, thiophenylmethyl, Nmethyl-
aza-bicyclo[2.2.2]octyl, aza-bicyclo[2.2.2]octyl,
azabicyclo[ 2.2.2]octylmethyl, N-methyl-piperidinyl,
N-isopropyl-piperidinyl, Ncyclopropyl- piperidinyl,
piperidinyl, N-methyl-pyrrolidinyl,
N-ethylpyrrolidinylmethyl, pyrrolidinylmethyl,
pyrrolidinylethyl, pyrrolidinylpropyl,
methylaminoethyl, dimethylaminoethyl and
dimethylaminopropyl; or R1 and R2 taken together with
the nitrogen atom to which they are attached form a
unsubstituted or at least monosubstituted heterocycle
selected from the group consisting of piperazine and
diazepane; wherein the substituents are selected from
the group consisting of phenyl, fluorophenyl,
trifluoromethylphenyl, pyridinyl, thiophenyl, furanyl
and methyl. An example of a compound of formula (I)
falling within the scope of the above noted embodiment
includes without any limitations the following:
N-[5-(2,3-dihydro-lH-indol-5-yl)-2-fluoro-benzyl]-N-(2
-dimethylamino-ethyl)-4- fluoro-benzamide ; or a
pharmaceutically acceptable salt thereof or an optical
or stereoisomer thereof. In yet another embodiment of
this invention the compound of formula (I) is having
the following substituents: denotes a single bond
between X and Y; X is O, S or NR; Y is CO; Z is NR; A,
B and E are CH; Ar is phenyl, fluorophenyl,
chlorophenyl, pyridinyl, pyrazinyl, furanyl or
thiophenyl; each R is independently chosen from
hydrogen, methyl or ethyl; R1 and R2 are the same or
different and selected independently of each other
from benzyl, fluorobenzyl, benzoyl, fluorobenzoyl,
difluorobenzoyl, chlorobenzoyl, isopropoxybenzoyl,
trifluoromethylbenzoyl, fluoro-trifluoromethylbenzoyl,
trifluoromethoxybenzoyl, thiophenylcarbonyl,
pyridinylcarbonyl, pyrazinylcarbonyl,
pyrimidinylcarbonyl, pyridazinylcarbonyl,
dihydrobenzo[ l,4]dioxinylcarbonyl,
benzo[l,3]dioxolylcarbonyl, thiophenylmethyl, Nmethyl-
aza-bicyclo[2.2.2]octyl, aza-bicyclo[2.2.2]octyl,
azabicyclo[ 2.2.2]octylmethyl, N-methyl-piperidinyl,
N-isopropyl-piperidinyl, Ncyclopropyl- piperidinyl,
piperidinyl, N-methyl-pyrrolidinyl,
N-ethylpyrrolidinylmethyl, pyrrolidinylmethyl,
pyrrolidinylethyl, pyrrolidinylpropyl,
methylaminoethyl, dimethylaminoethyl and
dimethylaminopropyl; or R1 and R2 taken together with
the nitrogen atom to which they are attached form a
unsubstituted or at least monosubstituted heterocycle
selected from the group consisting of piperazine and
diazepane; wherein the substituents are selected from
the group consisting of phenyl, fluorophenyl,
trifluoromethylphenyl, pyridinyl, thiophenyl, furanyl
and methyl. Examples of compounds of formula (I)
falling within the scope of the above noted embodiment
include without any limitations the following:
6-(3-{[benzyl-(2-dimethylamino-ethyl)-amino]-methyl}-p
henyl)-3H-benzothiazol-2- one hydrochloride;
N-(2-dimethylamino-ethyl)-N-[3-(2-oxo-2,3-dihydro-benz
othiazol-6-yl)-benzyl]- benzamide hydrochloride;
4-chloro-N-(2-dimethylamino-ethyl)-N-[3-(2-oxo-2,3-dih
ydro-benzothiazol-6-yl)- benzyl]-benzamide
hydrochloride;
N-(3-dimethylamino-propyl)-N-[3-(2-oxo-2,3-dihydro-ben
zothiazol-6-yl)-benzyl]- benzamide; hydrochloride;
6-(3-{[benzyl-(2-dimethylamino-ethyl)-amino]-methyl}-p
henyl)-3H-benzooxazol-2- one hydrochloride;
6-(5-{[(2-dimethylamino-ethyl)-(4-fluoro-benzyl)-amino
]-methyl}-pyridin-3-yl)-3Hbenzooxazol- 2-one;
6-(5-{[(2-dimethylamino-ethyl)-(4-fluoro-benzyl)-amino
]-methyl}-furan-3-yl)-3Hbenzooxazol- 2-one;
6-(3-{[(l-ethyl-pyrrolidin-2/?-ylmethyl)-(4-fluoro-ben
zyl)-amino]-methyl}-4-fluorophenyl)-
3H-benzooxazol-2-one trifluoro-acetate;
6-(4-fluoro-3-{[(4-fluoro-benzyl)-(l-methyl-piperidin-
4-yl)-amino]-methyl}-phenyl)- 



3H-benzooxazol-2-one;
6-(5-{[(4-fluoro-benzyl)-(l-methyl-piperidin-4-yl)-ami
no]-methyl}-furan-3-yl)-3Hbenzooxazol- 2-one;
4-fluoro-N-[2-fluoro-5-(2-oxo-2,3-dihydro-benzooxazol-
6-yl)-benzyl]-N-(2-pyrrolidinl- yl-ethyl)-benzamide;
N-(2-dimethylamino-ethyl)-N-[3-(2-oxo-2,3-dihydro-benz
ooxazol-6-yl)-benzyl]- benzamide hydrochloride;
N-(l-ethyl-pyrrolidin-2-ylmethyl)-4-fluoro-N-[2-fluoro
-5-(2-oxo-2,3-dihydrobenzooxazol-
6-yl)-benzyl]-benzamide;
4-chloro-N-(2-dimethylamino-ethyl)-N-[3-(2-oxo-2,3-dih
ydro-benzooxazol-6-yl)- benzyl]-benzamide
hydrochloride;
N-(l-ethyl-pyrrolidin-2i?-ylmethyl)-4-fluoro-N-[2-fluo
ro-5-(2-oxo-2,3-dihydrobenzooxazol-
6-yl)-benzyl]-benzamide trifluoro-acetate;
4-fluoro-N-[2-fluoro-5-(2-oxo-2,3-dihydro-benzooxazol~
6-yl)-benzyl]-N-(l-methylpiperidin- 4-yl)-benzamide;
N-(l-aza-bicyclo[2.2.2]oct-35-yl)-4-fluoro-N-[2-fluoro
-5-(2-oxo-2,3-dihydrobenzooxazol-
6-yl)-benzyl]-benzamide hydrochloride;
N-(l-aza-bicyclo[2.2.2]oct-37?-yl)-4-fluoro-N-[2-fluor
o-5-(2-oxo-2,3-dihydrobenzooxazol-
6-yl)-benzyl]-benzamide hydrochloride;
N-(2-dimethylamino-ethyl)-4-fluoro-N-[2-fluoro-5-(2-ox
o-2,3-dihydro-benzooxazol-6- yl)-benzyl]-benzamide;
6-[3-(4-methyl-piperazin-l-ylmethyl)-phenyl]-3H-benzoo
xazol-2-one;
6-{5-[2i?-(4-fluoro-phenyl)-4-methyl-piperazin-l-ylmet
hyl]-furan-3-yl}-3Hbenzooxazol- 2-one;
6-{5-[2S-(4-fluoro-phenyl)-4-methyl-piperazm-
1-ylmethyl]-furan-2-yl }-3Hbenzooxazol- 2-one;
6-{5-[25-(4-fluoro-phenyl)-4-methyl-piperazin-l-ylmeth
yl]-thiophen-3-yl}-3Hbenzooxazol- 2-one;
6-[4-fluoro-3-(2-thiophen-2-yl-piperazin-l-ylmethyl)-p
henyl]-3H-benzooxazol-2-one; 6-{5-[2
S-(4-fluorophenyl)-4-methylpiperazine-l-ylmethyl]-fura
n-3-yl}-3Hbenzoxazol- 2-one;
6-{5-[25-(4-fluoro-phenyl)-piperazin-l-ylmethyl]-furan
-3-yl}-3H-benzooxazol-2-one acetate;
6-{4-fluoro-3-[2S-(4-fluoro-phenyl)-4-methyl-piperazin
-l-ylmethyl]-phenyl}-3Hbenzooxazol- 2-one;
6-{5-[25-(4-fluoro-phenyl)-4-methyl-piperazin-l-ylmeth
yl]-pyridin-3-yl}-3Hbenzooxazol- 2-one acetate;
and5-(3-{[benzyl-(2-dimethylamino-ethyl)-aniino]-methy
l}-phenyl)-l,3-dihydrobenzoimidazol- 2-one
hydrochloride; or a pharmaceutically acceptable salt
thereof or an optical or stereoisomer thereof. In yet
another embodiment of this invention the compound of
formula (I) is having the following substituents:
denotes a single bond between X and Y; X is O or CO; Y
is CHR or NR; Z is CONR; A, B and E are the same or
different and independently from each other are CH or
N; Ar is phenyl, fluorophenyl, chlorophenyl,
pyridinyl, pyrazinyl, furanyl or thiophenyl; each R is
independently chosen from hydrogen, methyl or ethyl;
R1 and R2 are the same or different and selected
independently of each other from benzyl, fluorobenzyl,
benzoyl, fluorobenzoyl, difluorobenzoyl,
chlorobenzoyl, isopropoxybenzoyl,
trifluoromethylbenzoyl, fluoro-trifluoromethylbenzoyl,
trifluoromethoxybenzoyl, thiophenylcarbonyl,
pyridinylcarbonyl, pyrazinylcarbonyl,
pyrimidinylcarbonyl, pyridazinylcarbonyl,
dihydrobenzo[ l,4]dioxinylcarbonyl,
benzo[l,3]dioxolylcarbonyl, thiophenylmethyl, Nmethyl-
aza-bicyclo[2.2.2]octyl, aza-bicyclo[2.2.2]octyl,
azabicyclo[ 2.2.2]octylmethyl, N-methyl-piperidinyl,
N-isopropyl-piperidinyl, Ncyclopropyl- piperidinyl,
piperidinyl, N-methyl-pyrrolidinyl,
N-ethylpyrrolidinylmethyl, pyrrolidinylmethyl,
pyrrolidinylethyl, pyrrolidinylpropyl,
methylaminoethyl, dimethylaminoethyl and
dimethylaminopropyl; or R1 and R2 taken together with
the nitrogen atom to which they are attached form a
unsubstituted or at least monosubstituted heterocycle
selected from the group consisting of piperazine and
diazepane; wherein the substituents are selected from
the group consisting of phenyl, fluorophenyl,
trifluoromethylphenyl, pyridinyl, thiophenyl, furanyl
and methyl. Examples of compounds of formula (I)
falling within the scope of the above noted embodiment
include without any limitations the following:6-(3-
{[benzyl-(2-dimethylamino-ethyl)-amino]-methyl
}-phenyl)-3-methyl-IHquinazoline- 2,4-dione
hydrochloride; and
7-(3-{[benzyl-(2-dimethylamino-ethyl)-amino]-methyl}~r
henyl)-4H-pyrido[3,2- b][l,4]oxazin-3-one
hydrochloride; or a pharmaceutically acceptable salt
thereof or an optical or stereoisomer thereof. In yet
another embodiment of this invention the compound of
formula (I) is having the following substituents:
denotes a double bond between X and Y; X is CR; Y is
CR; Z is NR; A, B and E are the same or different and
independently from each other are CH or N; D is CO; 



Ar is phenyl, fluorophenyl, chlorophenyl, pyridinyl,
pyrazinyl, furanyl or thiophenyl; each R is
independently chosen from hydrogen, methyl, ethyl,
methoxy, fluorine, CF3 or OCF3; R1 and R2 are the same
or different and selected independently of each other
from benzyl, fluorobenzyl, benzoyl, fluorobenzoyl,
difluorobenzoyl, chlorobenzoyl, isopropoxybenzoyl,
trifluoromethylbenzoyl, fluoro-trifluoromethylbenzoyl,
trifluoromethoxybenzoyl, thiophenylcarbonyl,
pyridinylcarbonyl, pyrazinylcarbonyl,
pyrimidinylcarbonyl, pyridazinylcarbonyl,
dihydrobenzo[ l,4]dioxinylcarbonyl,
benzo[l,3]dioxolylcarbonyl, thiophenylmethyl, Nmethyl-
aza-bicyclo[2.2.2]octyl, aza-bicyclo[2.2.2]octyl,
azabicyclo[ 2.2.2]octylmethyl, N-methyl-piperidinyl,
N-isopropyl-piperidinyl, Ncyclopropyl- piperidinyl,
piperidinyl, N-methyl-pyrrolidinyl,
N-ethylpyrrolidinylmethyl, pyrrolidinylmethyl,
pyrrolidinylethyl, pyrrolidinylpropyl,
methylaminoethyl, dimethylaminoethyl and
dimethylaminopropyl; or R1 and R2 taken together with
the nitrogen atom to which they are attached form a
unsubstituted or at least monosubstituted heterocycle
selected from the group consisting of piperazine and
diazepane; wherein the substituents are selectedfrom
the group consisting of phenyl, fluorophenyl,
trifluoromethylphenyl, pyridinyl, thiophenyl, furanyl
and methyl. An example of a compound of formula (I)
falling within the scope of the above noted embodiment
includes without any limitations the following:
[2-fluoro-5-(lH-indol-5-yl)-phenyl]-[2S-(4-fluoro-phen
yl)-4-methyl-piperazin-l-yl]- methanone; or a
pharmaceutically acceptable salt thereof or an optical
or stereoisomer thereof. The compounds of this
invention can be synthesized by any of the procedures
known to one skilled in the art. Specifically, several
of the starting materials used in the preparation of
the compounds of this invention are known or are
themselves commercially available. The compounds of
this invention and several of the precursor compounds
may also be prepared by methods used to prepare
similar compounds as reported in the literature and as
further described herein. More specifically, the
compounds disclosed herein can be synthesized
according to the following procedures of Schemes 1 -
10, wherein the X, Y, Z, A, B, D, E, Ar, R1 and R are
as defined for Formula I unless otherwise indicated.
Schemes 1 and 2 illustrate synthesis of a key
intermediate II used in the preparation of compounds
of formula I . However, the intermediate aldehyde II
can be synthesized by any of the methods known in the
art. Scheme 1 (III) (IV) (H) As shown in Scheme 1, the
aldehyde II is prepared starting from a compound of
the formula EI, wherein W is halogen or
trifluoromethanesulfonate (triflate). As illustrated,
IE is reacted with boronic acid or ester of the
formula IV (wherein R is hydrogen, C1-4alkyl or the
two R's taken together with the oxygen atoms to which
they are attached form a five or six membered ring) to
obtain aldehyde intermediate II. This reaction can be
carried out by any of the methods known in the art.
For example, such addition reactions are carried out
in the presence of a suitable catalyst such as
palladium compounds. Examples of palladium compounds
suitable for such coupling reactions include
tetrakis(triphenylphosphine)palladiumchloride or PdCl
2(dppf) (dppf = 1,1' bis(diphenylphosphino)ferrocene),
and the like. The reaction is also generally carried
out in the presence of a suitable base, such as for
example, cesium carbonate and the like. Further, any
groups that may interfere with this addition reaction
may need to be protected. For instance, when Z = NH,
the nitrogen may be suitably protected before carrying
out this coupling reaction. Any of the known nitrogen
protecting groups can be employed as long as such
protecting groups do not interfere with this reaction.
Such protecting groups are described in T. W. Greene,
Protective Groups in Organic Synthesis, J .
Wiley-Interscience Publication (1999). The reaction
can further be carried out in a suitable solvent
preferably an organic solvent such as dioxane,
dimethylsulfoxide, dimethylformamide, or the like, or
in the presence of water as a co-solvent, and at
subambient to superambient temperature conditions.
Normally, the reaction is carried out at elevated
temperatures, for example, at the reflux temperature
of the solvent and preferably in an inert atmosphere.
The reaction mixture can be heated using conventional
methods or alternatively using microwave irradiation.
However, as noted above, any of the other known
methods can also be used to bring about this coupling
reaction to form the aldehyde II. Alternatively, the
aldehyde II can also be prepared using a boronic acid
or ester of formula V and an aromatic aldehyde of
formula VI as illustrated in Scheme 2. This coupling
reaction can essentially be carried out under similar
conditions as described above in order to obtain the
aldehyde H Scheme 2 (V) (Vi) (H) Scheme 3 illustrates
preparation of a series of compounds of formula I
wherein D is CH2 and R2 is either Ar 5CH2 or Ar' CO
and wherein Ar' is aryl or heteroaryl as described
herein. In Scheme 3, the intermediate aldehyde II is
reacted with a desirable amine under reductive
alkylation conditions to form compound of formula VTO.
This amine coupling reaction can be carried out using
any of the known methods in the art. Generally such
reductive amination can be carried out using a
reducing agent such as sodiumcyanoborohydride, or
sodium triacetoxyborohydride, (NaB(O 2CCH 3)3H), and
the likein a suitable reaction medium, such as
tetrahydrofuran or dichloroethane. Alternatively, the
reaction of the aldehyde and amine can be carried out
in the presence of a dehydrating agent, such as, for
example, molecular sieves, in an organic solvent such
as methanol, followed by addition of a reducing agent
such as sodium borohydride. Scheme 3 



The intermediate amino compound VIE thus formed is
then subjected to another reductive alkylation
reaction using a suitable aromatic aldehyde to form
compounds of formula I wherein D = CH2 and R2 = Ar CH
. This alkylation reaction can also be carried out
under essentially similar conditions as described
above. That is, compound of formula VHI is reacted
with Ar' CHO in the presence of a suitable reducing
agent such as sodium triacetoxyborohydride
(NaB(O2CCHs)3H) to form the corresponding compound of
formula I . The compound of formula VIII can be
reacted with a suitable aromatic carboxylic acid of
formula Ar CO2H or carboxylic acid chloride to form
compound of formula I wherein D = CH2 and R2 = Ar'CO.
This reaction can again be carried out using any of
the methods known in the art. For instance such
acylation reactions with carboxylic acid chlorides are
carried out in the presence of a suitable base such as
triethylamine or diisopropylethylamine in an organic
solvent such as dichloromethane. Alternatively
reaction of the compound of formula VDI with a
carboxylic acid and an amine coupling reagent such as,
for example, O-(7-azabenzotriazol-lyl)-
N,N,N',N'-tetramethyluronium hexafluorophosphate
(HATU) in the presence of a base such as
diisopropylethylamine also affords compounds of
formula 1.Scheme 4 (I); D = CH2 and R2 = Ar1CH2 (I); D
= CH2 and R2 = Ar1CO Alternatively, compounds of
formula I of the types shown in Scheme 3 can also be
prepared starting from the aldehyde II and a suitable
amino compound IX or X as illustrated in Scheme 4. The
compound of formula II can also be reacted with cyclic
amines such as piperidine derivatives shown to form
the corresponding compounds of formula I . Again this
amination reaction can be carried out under similar
conditions as described above. That is, the aldehyde
II is reacted with suitable amine IX or piperidine
derivative or suitable amide X in the presence of a
suitable reducing agent such as sodium
triacetoxyborohydride (NaB(O2CCH3)3H) to form the
corresponding compounds of formula I. Scheme 5
illustrates further variation of a synthetic method
for the preparation of compounds of formula I . In
this approach, halo-aromatic aldehyde of formula VI is
first reacted with an amine to form compound of
formula XI, which is reacted either with aralkyl
halide or aromatic carboxylic acid to form
corresponding compounds of formula XE and XDI. The
latter compounds are finally reacted with boronic
acids or esters of formula V to form the corresponding
compounds of formula I wherein D = CH2 and R2 is
either Ar CH2 or Ar' CO.Scheme 5 (I); D= CH2 and R2 =
Ar1CH2- (I); D = CH2 and R2 = Ar1COSimilar reaction
conditions can be employed for various steps set forth
in Scheme 5 as described above. For instance, the
reductive animation reaction of the halo-aromatic
aldehyde VI with the amine is affected under reductive
conditions in the presence of a reducing agent such as
sodium triacetoxyborohydride as discussed above for
similar reductive animation reactions. The amino
compound XI so formed is then subjected to arylation
or aroylation by reacting respectively with aralkyl
halide such as arylmethylhalide of formula Ar'CH
2-halo or an aromatic carboxylic acid such as Ar CO2H
under conditions as described in scheme 4 to obtain
the corresponding compounds of formula XII and XIH
Finally, each of which is reacted with the boron
compound V to form the corresponding compound of
formula I. The compounds of formula I may also be
prepared as outlined in Scheme 6, using the methods
described above. For example, the reductive alkylation
reaction of the boranylaromatic aldehyde XV with an
amine is affected under reductive conditions in the
presence of a reducing agent such as sodium
triacetoxyborohydride as discussed above for similar
reductive alkylation reactions. Further treatment of
the amine obtained with an aldehyde under similar
conditions then provides the boranyl-amine XVI. This
boronic acid or ester can then be coupled to an aryl
or heteroaryl halide or trifluoromethanesulfonate, in
the presence ofa suitable organometallic coupling
agent as described earlier to afford compounds of
formula I . Scheme 6 |) In a similar fashion, as shown
in Scheme 7, the boranyl-amine XVII may be prepared by
treatment of an amino substituted aryl halide or
triflate with a borylating agent such as
bis(pinacolato)diboron in the presence of an
organometallic coupling agent such as Pd(dppf).DCM in
an organic solvent such as dioxane, dimethylsulfoxide
or dimethylformamide at elevated temperature. This
boronic acid or ester can then be coupled with an aryl
halide or trifluoromethanesulfonate under the
conditions described above, or for example using
fibreCat 1001 in the presence of a phase transfer
catalyst such as tetrabutylammonium bromide, a base
such as cesium carbonate in a mixture of an organic
solvent such as dioxane and water at elevated
temperatures. Scheme 7 L NR.R L ? B E NR1R2 (XlV)
(XVIl) (I) Compounds of formula I may also be prepared
as outlined in Scheme 8. Carboxylic acids or esters
may be prepared as described for aldehydes in Schemes
1 and 2. Reduction of the acids or esters to the
alcohols XIX may be carried out by any number of
methods known in the art, including the use of, for
example, hydride reducing agents such as lithium
aluminum hydride in an appropriate solvent such as
diethyl ether or THF. The alcohols so prepared can be
activated by transformation into a halide, a mesylate,
triflate or nosylate. For example mesylates may be
prepared by treating the alcohols with methanesulfonyl
chloride ormethanesulfonyl anhydride in the presence
of a base such as triethyl amine or
diisopropylethylamine in an appropriate solvent such
as DCM or DCE. Compounds XX can then be transformed to
the targets of formula I by treatment with an
appropriate amine. Scheme 8 (XVIII) (XIX) (c c )
Compounds of formula I in which D = CO may be prepared
by methods similar to those described above, replacing
a reductive alkylation with an amide forming reaction.
For example (Scheme 9), in a method related to the one
described in Scheme 5, amidation of a 



carboxylic acid or carboxylic acid derivative can be
accomplished by many known methods. For example amides
XXII may be obtained by treatment of carboxylic acids
XXI (R" = H) upon treatment with an amine in the
presence of a coupling agent, such as HOBT, HOAT or
HATU, with a base such as triethylamine or
diisopropylamine in an appropriate solvent, for
example dimethylformamide or dichloromethane.
Subsequent organometallic coupling as described above
provides compounds of formula I (D = CO). Scheme 9 In
an alternative approach to the preparation of the
compounds of this invention, the heterocyclic ring
formed by X, Y, and Z may be prepared by any of a
variety of methodsknown in the art. For example, as
shown in Scheme 10, an indole may be prepared from a
suitably substituted biaryl or heteroaryl (prepared by
the methods described above). Treatment of the nitro
compound XXIH with dimethylformamide dimethylacetal in
a suitable solvent, such as dimethylformamide,
followed by hydrogenation using a Pd or Pt catalyst
(for example 10% Pd supported on carbon) provides an
compound of formula 1where X,Y, and Z are C=CN and are
part of an indole. Scheme 10 (XXlIl) NRi 2 (I) As
noted above, various modifications can be made to the
above described schemes in order to prepare various
other compounds of formula I employing suitable
starting materials and using other methods known in
the art. A wide variety of such specific synthetic
examples are further provided below. In another aspect
of this invention, a specific disease, a disorder or a
condition that can be treated with the compound of
this invention include, without any limitation a wide
variety of sleep disorders. In addition, the compounds
of this invention are selective serotonin antagonists
particularly the compounds of this invention are
selective antagonists at the 5HT 2A receptor. One of
skill in the art readily appreciates that the
pathologies and disease states expressly stated herein
are not intended to be limiting rather to illustrate
the efficacy of the compounds of the present
invention. Thus it is to be understood that the
compounds of this invention may be used to treat any
disease caused by the effects of 5HT2A receptor. That
is, as noted above, the compounds of the present
invention are selective 5HT A antagonists and thus may
be effectively administered to ameliorate any disease
state which is mediated all or in part by 5HT 2A
receptor. All of the various embodiments of the
compounds used in the methods of this invention as
disclosed herein can be used in the method of treating
various disease states as described herein. As stated
herein, the compounds used in the method of this
invention arecapable of antagonizing the effects of
5HT2A receptor and thereby alleviating the effects
and/or conditions caused due to the activity of 5HT2A
receptor. In a specific embodiment of this invention
the compounds of this invention are particularly
suitable for the treatment of a variety of sleep
disorders. The term "sleep disorder" as used herein
shall mean all of the description as delineated in the
Diagnostic and Statistical Manual of Mental Disorders,
4th Edition (1994), hereafter referred to as DSM-IV,
published by the American Psychiatric Association.
Specific sleep disorders that can be treated in
accordance with this invention include without any
limitation insomnia, primary insomnia, sleep disorder
related to another mental disorder substance induced
sleep disorder and obstructive sleep apnea. Further
description and discussion of sleep disorders are
found in the International Classification of Sleep
Disorders: Diagnostic and Coding Manual (1990),
published by the American Sleep Disorders Association.
The term "insomnia" as used herein includes all sleep
disorders, which are not caused due to other factors
such as mental disorders, other medical conditions and
substance induced sleep disorders. Insomnia as used
herein shall also mean primary sleep disorders as
defined in DSM-IV, which includes two sub-categories,
namely, dyssomnias and parasomnias. The term "primary
insomnia" shall mean all of the definitions provided
in DSM-IV. In addition, "primary insomnia" as used
herein also includes "sleep maintenance insomnia." The
DSM-IV lists the diagnostic criteria for primary
insomnia as follows: A. The predominant complaint is
difficulty initiating or maintaining sleep, or
nonrestorative sleep, for at least one month. B. The
sleep disturbance (or associated day time fatigue)
causes clinically significant distress or impairment
in social, occupational, or other important areas of
functioning. C. The sleep disturbance does not occur
exclusively during the course of narcolepsy,
breathing-related sleep disorder, circadian rhythm
sleep disorder, or a parasomnia. D. The disturbance
does not occur exclusively during the course of
another mental disorder (e.g., major depressive
disorder, generalized anxiety disorder, a delirium).
E. The disturbance is not due to the direct
physiological effects of a substance (e.g., a drug of
abuse, a medication) or a general medical
condition.The term "sleep disorder related to another
mental disorder" as used herein includes both insomnia
and hypersomnia related to another mental disorder.
The DSM-IV lists the diagnostic criteria for insomnia
related to another mental disorder as follows: A. The
predominant complaint is difficulty initiating or
maintaining sleep, or nonrestorative sleep, for at
least one month that is associated with daytime
fatigue or impaired daytime functioning. B. The sleep
disturbance (or daytime sequelae) causes clinically
significant distress or impairment in social,
occupational, or other important areas of functioning.
C. The insomnia is judged to be related to another
axis I or axis II disorder (e.g., major depressive
disorder, generalized anxiety disorder, adjustment
disorder with anxiety, schizophrenia, etc.), but is
sufficiently severe to warrant 



independent clinical attention. D. The disturbance is
not better accounted for by another sleep disorder
(e.g., narcolepsy, breathing-related sleep disorder, a
parasomnia). E. The disturbance is not due to the
direct physiological effects of a substance (e.g., a
drug of abuse, a medication) or a general medical
condition. Similarly, the DSM-IV lists the diagnostic
criteria for hypersomnia related to another mental
disorder as follows: A. The predominant complaint is
excessive sleepiness for at least one month as
evidenced by either prolonged sleep episodes or
daytime sleep episodes that occur almost daily. B. The
excessive sleepiness causes clinically significant
distress or impairment in social, occupational, or
other important areas of functioning. C. The
hypersomnia is judged to be related to another axis I
or axis It disorder (e.g., major depressive disorder,
dysthymic disorder, schizophrenia, etc.), but is
sufficiently severe to warrant independent clinical
attention. D. The disturbance is not better accounted
for by another sleep disorder (e.g., narcolepsy,
breathing-related sleep disorder, a parasomnia) or by
an inadequate amount of sleep. E. The disturbance is
not due to the direct physiological effects of a
substance (e.g., a drug of abuse, a medication) or a
general medical condition.The term "substance induced
sleep disorder" as used herein means a prominent
disturbance in sleep that is sufficiently severe to
warrant independent clinical attention and is judged
to be due to the direct physiological effects of a
substance (i.e., a drug of abuse, a medication, or
toxin exposure). Specific examples of drug of abuse, a
medication or toxin exposure as referred to herein
include without any limitations caffeine, alcohol,
amphetamine, opioids, sedatives, hypnotics,
anxiolytics, and the like. The DSM-IV lists the
diagnostic criteria for substance induced sleep
disorder as follows: A. A prominent disturbance in
sleep that is sufficiently severe to warrant
independent clinical attention. B. There is evidence
from the history, physical examination, or laboratory
findings of either (1) or (2): (1) the symptoms in
criterion A developed during, or within a month of,
substance intoxication or withdrawal; (2) medication
use is etiologically related to the sleep disturbance.
C. The disturbance is not better accounted for by a
sleep disorder that is not substance induced. Evidence
that the symptoms are better accounted for by a sleep
disorder that is not substance induced might include
the following: the symptoms precede the onset of the
substance use (or medication use); the symptoms
persist for a substantial period of time (e.g., about
a month) after the cessation of acute withdrawal or
severe intoxication, or are substantially in excess of
what would be expected given the type or amount of the
substance used or the duration of use; or there is
evidence that suggests the existence of an independent
non-substance-induced sleep disorder (e.g., a history
of recurrent non-substance-related episodes). D. The
disturbance does not occur exclusively during the
course of a delirium. E. The sleep disturbance causes
clinically significant distress or impairment in
social, occupational, or other important areas of
functioning. As used herein "withdrawal" refers to a
syndrome characterized by untoward physical changes
that occur following cessation of or reduction in
substance use, or administration of a pharmacologic
antagonist (or medication). The term "obstructive
sleep apnea" as used herein is breathing related sleep
disorder as defined in DSM-IV. It is also referred to
as upper airway resistance syndrome and generally
involves repeated episodes of upper-airway obstruction
during sleep and is normallycharacterized by loud
snores or brief gasps that alternate with episodes of
silence. The DSMIV lists the diagnostic criteria for
breathing related sleep disorder as follows: A. Sleep
disruption, leading to excessive sleepiness or
insomnia, that is judged to be due to a sleep-related
breathing condition (e.g., obstructive sleep or
central sleep apnea syndrome or central alveolar
hypoventilation syndrome). B. The disturbance is not
better accounted for by another mental disorder and is
not due to the direct physiological effects of a
substance (e.g., a drug of abuse, a medication) or
another general medical condition (other than a
breathing related disorder). Subjective and Objective
Determinations of Sleep Disorders: There are a number
of ways to determine whether the onset, duration or
quality of sleep (e.g. non-restorative or restorative
sleep) is impaired or improved. One method is a
subjective determination of the patient, e.g., do they
feel drowsy or rested upon waking. Other methods
involve the observation of the patient by another
during sleep, e.g., how long it takes the patient to
fall asleep, how many times does the patient wake up
during the night, how restless is the patient during
sleep, etc. Another method is to objectively measure
the stages of sleep. Polysomnography is the monitoring
of multiple electrophysiological parameters during
sleep and generally includes measurement of
electro-encephalogram (EEG) activity,
electroculographic activity and electromyographic
activity (EMG), as well as other measurements. These
results, along with observations, can measure not only
sleep latency (the amount of time required to fall
asleep), but also sleep continuity (overall balance of
sleep and wakefulness) which may be an indication of
the quality of sleep. There are five distinct sleep
stages which can be measured by polysomnography: rapid
eye movement (REM) sleep and four stages of no-rapid
eye movement (NREM) sleep (stages 1, 2, 3 and 4).
Stage 1 NREM sleep is a transition from wakefulness to
sleep and occupies about 5% of time spent asleep in
healthy adults. Stage 2 NREM sleep, which is
characterized by specific EEG waveforms (sleep
spindles and K complexes), occupies about 50% of time
spent asleep. Stages 3 and 4 NREM sleep (also known
collectively as slow-wave sleep) are 



the deepest levels of sleep and occupy about 10-20% of
sleep time. REM sleep, during which the majority of
typical story like dreams occur, occupies about 20-25%
of total sleep. These sleep stages have a
characteristic temporal organization across the night.
NREM stages 3 and 4 tend to occur in the first
one-third to one-half of the night and increasein
duration in response to sleep deprivation. REM sleep
occurs cyclically through the night, alternating with
NREM sleep about every 80-100 minutes. REM sleep
periods increase in duration toward the morning. Human
sleep also varies characteristically across the life
span. After relative stability with large amounts of
slow-wave sleep in childhood and early adolescence,
sleep continuity and depth deteriorate across the
adult age range. This deterioration is reflected by
increased wakefulness and stage 1 sleep and decreased
stages 3 and 4 sleep. In general, the compounds of
this invention improve quality of sleep through
serotonergic mechanisms (acting at the 5HT2A receptor
site) when administered to a patient suffering from
any of the sleep disorders as described hereinabove.
That is, in general, it has been found that the
administration of compounds of this invention
increases the duration of stages 3 and 4 of slow wave
sleep (SWS, measured as NREM sleep). This is also
measured by decrease in wake after sleep onset (WASO),
the primary efficacy measure in the clinical trial. In
addition, enhancement of SWS in older adults may also
yield increases in cognition and enhanced quality of
life. SWS could play an important role in the
regulation of cognitive processes in older adults. It
has been shown that there is a direct relationship
between the SWS amount and performance on daily
cognitive testing. Thus, it has now been found that
compounds of this invention are useful in increasing
cognition and thereby enhancing quality of life in a
patient, preferably in older adults. The improvement
in sleep quality is measured by polysomnography. The
results of polysomnographic and sleep EEG studies in
small numbers of young and aged healthy volunteers,
and in patients with primary insomnia have shown an
increase of SWS, and a decrease in WASO. In another
embodiment of the method of this invention, the
compounds of this invention can be administered by any
of the methods known in the art. Specifically, the
compounds of this invention can be administered by
oral, intramuscular, subcutaneous, rectal,
intratracheal, intranasal, intraperitoneal or topical
route. Finally, in yet another embodiment of this
invention, there is also provided a pharmaceutical
composition comprising a pharmaceutically acceptable
carrier and a compound, including enantiomers,
stereoisomers, and tautomers of said compound and
pharmaceutically acceptable salts, solvates or
derivatives thereof, with said compound having the
general structure shown in formula I as described
herein.As described herein, the pharmaceutical
compositions of this invention feature 5HT2A
antagonistic activity and thus are useful in treating
any disease, condition or a disorder caused due to the
effects of 5HT2A in a patient. Again, as described
above, all of the preferred embodiments of the
compounds of this invention as disclosed herein can be
used in preparing the pharmaceutical compositions as
described herein. Preferably the pharmaceutical
compositions of this invention are in unit dosage
forms such as tablets, pills, capsules, powders,
granules, sterile parenteral solutions or suspensions,
metered aerosol or liquid sprays, drops, ampoules,
auto-injector devices or suppositories; for oral,
parenteral, intranasal, sublingual or rectal
administration, or for administration by inhalation or
insufflation. Alternatively, the compositions may be
presented in a form suitable for once-weekly or
once-monthly administration; for example, an insoluble
salt of the active compound, such as the fatty acid
salt, for example stearate, etc. may be adapted to
provide a depot preparation for intramuscular
injection. An erodible polymer containing the active
ingredient may be envisaged. For preparing solid
compositions such as tablets, the principal active
ingredient is mixed with a pharmaceutical carrier,
e.g. conventional tableting ingredients such as corn
starch, lactose, sucrose, sorbitol, talc, stearic
acid, magnesium stearate, dicalcium phosphate or gums,
and other pharmaceutical diluents, e.g. water, to form
a solid preformulation composition containing a
homogeneous mixture of a compound of the present
invention, or a pharmaceutically acceptable salt
thereof. Similarly, the pharmaceutical compositions of
this invention can also be mixed with a wide variety
of pharmaceutically acceptable excipients. Examples of
pharmaceutically acceptable excipients include without
any limitation acacia, acesulfame potassium, albumin,
aliphatic polyesters, aspartame, bentonite,
butylparaben, calcium stearate, canola oil, carbomer,
carboxymethylcellulose, cellulose acetate, dextrin,
guar gum, hydroxyethyl cellulose, maltodextrin,
starch, and the like. When referring to these
preformulation compositions as homogeneous, it is
meant that the active ingredient is dispersed evenly
throughout the composition so that the composition may
be readily subdivided into equally effective unit
dosage forms such as tablets, pills and capsules. This
solid preformulation composition is then subdivided
into unit dosage forms of the type described above
containing from 0.1 to about 500 mg of the active
ingredient of the present invention. Flavored unit
dosage forms contain from 1 to 100 mg, for example 1,
2, 5, 10, 25, 50 or 100 mg, of the active ingredient.
The tablets or pills of the novel compositioncan be
coated or otherwise compounded to provide a dosage
form affording the advantage of prolonged action. For
example, the tablet or pill can comprise an inner
dosage and an outer dosage component, the latter being
in the form of an envelope over the former. The two
components can be separated by an enteric layer which
serves to resist disintegration in the stomach and
permits the inner component to pass intact into the
duodenum or to be delayed in release. A variety of
materials can be used for such enteric layers or
coatings, such materials including a number of
polymeric acids and mixtures of polymeric acids with
such materials as shellac, cetyl alcohol and cellulose
acetate. The liquid forms in which the novel
compositions of the present invention may be
incorporated for administration orally or by injection
include aqueous solutions, suitably flavored syrups,
aqueous or oil suspensions, and flavored emulsions
with edible oils such as cottonseed oil, sesame oil,
coconut oil or peanut oil, as well as elixirs and
similar pharmaceutical vehicles. Suitable dispersing
or suspending agents for aqueous suspensions 



include synthetic and natural gums such as tragacanth,
acacia, alginate, dextran, sodium
carboxymethylcellulose, methylcellulose,
polyvinyl-pyrrolidone or gelatin. The pharmaceutical
compositions of this invention can be administered by
any of the methods known in the art. In general, the
pharmaceutical compositions of this invention can be
administered by oral, intramuscular, subcutaneous,
rectal, intratracheal, intranasal, intraperitoneal or
topical route. The preferred administrations of the
pharmaceutical composition of this invention are by
oral and intranasal routes. Any of the known methods
to administer pharmaceutical compositions by an oral
or an intranasal route can be used to administer the
composition of this invention. In the treatment of
various disease states as described herein, a suitable
dosage level is about 0.001 to 250 mg/kg per day,
preferably about 0.005 to 100 mg/kg per day, and
especially about 0.05 to 20 mg/kg per day. The
compounds may be administered on a regimen of 1 to 4
times per day. More specifically, the dosage range at
which the compounds of this invention exhibit its
ability to treat sleep disorders, including each
specific type of sleep disorder, can vary depending
upon the specific disorder, its severity, the patient,
any underlying disease states that the patient is
suffering from, and other medications that may be
concurrently administered to the patient. Generally
though, as noted above, the compounds of this
invention will exhibitits ability to treat sleep
disorders at a range of from about 0.001mg/kg/day to
about 100mg/kg/day. This invention is further
illustrated by the following examples which are
provided for illustration purposes and in no way limit
the scope of the present invention. Examples (General)
Reactions generally are run under an inert atmosphere.
All commercial chemicals and solvents are reagent
grade and were used without further purification
unless otherwise specified. All reactions except those
in aqueous solution or otherwise noted were carried
out with the use of standard techniques for the
exclusion of moisture. Flash chromatography was
carried out using silica gel 60 (35-70 um) according
to the literature procedure (Still, W.C.; Kahn, M;
Mitra, A. / . Org. Chem. 1978 43, 2923) or a variation
of this method using commercially available silica gel
cartridges (for example Isco Redi Sep) Reactions using
focused or single mode microwave irradiation were
performed on instruments from CEM Corporation or
Personal Chemistry. The 1H NMR spectra are run at 300
MHz or 400 MHz on a Gemini 300, Varian VXR 300 or
Varian Inova-400 spectrometer and are determined in a
deuterated solvent, such as DMSO-D6 or CDCl3 unless
otherwise noted. Chemical shifts values are indicated
in parts per million (ppm) with reference to
tetramethylsilane (TMS) as the internal standard.
Liquid chromatography with mass spectral analysis
(LC/MS) is recorded on a Platform LC Mass Spectrometer
with electrospray source operating in positive and
negative ion mode and an HPIlOO with inline HPIlOO DAD
detection and SEDEX ELS detection using a Waters
XTerra MS C18 3.5mm 4.6 x 30 mm or a Phenomenex Luna
C18(2) 30 x 4.6mm column eluting with 0.1% formic acid
in water/acetonitrile (short LC/MS), or a Finnigan
TSQ700 Mass Spectrometer with electrospray source
operating in positive ion mode and an HP1050 system
with inline HP1050 Single Wavelength UV detector at
254 nm using a Higgins Clipeus C18 5um 100 x 3.0mm
column eluting with 0.1% formic acid in
water/acetonitrile (long LC/MS), or a Micromass LCTAPI
LC-TOF (time of flight) Mass Spectrometer and Masslynx
Data System. Ionization mode = electrospray (esi),
values are determined for the protonated molecular
ions (M+ + 1) using a Synergi 2U HYDRO-RP 20 x 4 mm
column, eluting with 0.1% trifluoroacetic acid (TFA)
in water/acetonitrile (method 3) As used in the
examples and preparations that follow, the terms used
therein shall have the meanings indicated: "kg" refers
to kilograms, "g" refers to grams, "mg" refers
tomilligrams, "mg" refers to micrograms, "pg" refers
to picograms, "Ib" refers to pounds, "oz" refers to
ounces, "mol" refers to moles, "mmol" refers to
millimoles, "mmole" refers to micromoles, "nmole"
refers to nanomoles, "L" refers to liters, "mL" or
"ml" refers to milliliters, "mL" refers to
microliters, "gal" refers to gallons, "0C" refers to
degrees Celsius, "Rf " refers to retention factor,
"mp" or "m.p." refers to melting point, "dec" refers
to decomposition, "bp" or "b.p." refers to boiling
point, "mm of Hg" refers to pressure in millimeters of
mercury, "cm" refers to centimeters, "nm" refers to
nanometers, "abs." refers to absolute, "cone." refers
to concentrated, "c" refers to concentration in g/mL,
"dppf" refers to 1,1' bis(diphenylphosphino)ferrocene,
"THF" refers to tetrahydrofuran, "DMF" refers to
dimethylformamide, "DMAP" refers to
dimethylaminopyridine; "DMSO" refers to
dimethylsulfoxide; "NMP" refers to
l-methyl-2-pyrrolidinone, "DCM" refers to
dichloromethane, "DCE" refers to dichloroethane,
"EtOAc" refers to ethyl acetate, "MeOH" refers to
methanol, "HOAc" or "AcOH" refers to acetic acid,
"H2O" refers to water; "NaOH" refers to sodium
hydroxide, "HCl" refers to hydrochloric acid, "Cs CO3"
refers to cesium carbonate, "MgSO4"refers to magnesium
sulfate, "Na2SO4" refers to sodium sulfate, "brine"
refers to a saturated aqueous sodium chloride
solution, "HATU" refers to 0-(7-
azabenzotriazol-l-yl)-l,l,3,3-tetramethyluronium
hexafluorophosphate, "M" refers to molar, "mM" refers
to millimolar, "mM" refers to micromolar, "nM" refers
to nanomolar, "N" refers to normal, "TLC" refers to
thin layer chromatography, "HPLC" refers to high
performance liquid chromatography, "HRMS" refers to
high resolution mass spectrum, "L.O.D." refers to loss
on drying, "mCi" refers to microcuries, "Lp." refers
to intraperitoneally, "Lv." refers to intravenously,
anhyd = anhydrous; aq = aqueous; min = minute; hr =
hour; d = day; sat. = saturated; s = singlet, d =
doublet; t = triplet; q = quartet; m = multiplet; dd =
doublet of doublets; br = broad; LC = liquid
chromatograph; MS = mass spectrograph; ESI/MS =
electrospray ionization/mass spectrograph; RT =
retention time; M = molecular ion. The following
examples describe the procedures used in the
preparation of the compounds of this invention.
Example 1
N-Benzyl-N-[3-(lH-indol-5-yl)-benzyl]-N',N'-dimethyl-e
thane-l,2-diamineStep 1:
3-(lH-Indol-5-yl)-benzaldehyde: A mixture of
5-bromo-indole (8.7 g, 44.4 mmol), 3-
formylbenzeneboronic acid (10 g, 66.7 mmol), cesium
carbonate in water (2M, 88.8 mL, 178 mmol) in 450 mL
of dioxane was degassed (evacuate in vacuo and
pressurize with nitrogen, 3 



times) PdCl2(dppf).DCM (1.1 g , 1.3 mmol) was added
and the mixture degassed one more time as described
above. The resulting mixture was heated at 1000C for
3h, then it was allowed to cool to room temperature
and partitioned between diethyl ether and water. The
aqueous phase was extracted with diethyl ether and the
combined organic phases were washed with water, brine,
dried over MgSO4, filtered and evaporated to give the
crude product. Chromatography on silica gel (elution
with ethyl acetate/heptane) afforded 5.6 g of the
desired product. Step 2:
N-Benzyl-N-[3-(lH-indol-5-yl)-benzyl]-N',N'-dimethyl-e
thane-l,2-diamine: Sodium triacetoxyborohydride (480
mg, 2.3 mmol) was added to a solution of
3-(lH-indol-5-yl)- benzaldehyde (250 mg, 1.1 mmol) and
N'-benzyl-N,N-dimethyl-ethane-l,2-diamine (600 mg, 3.4
mmol) and acetic acid (204 mg, 3.4 mmol) in 8 mL of
tetrahydrofuran. The mixture was stirred at ambient
temperature overnight, and then it was diluted with
ethyl acetate, and neutralized with the careful
addition of saturated sodium bicarbonate solution. The
layers were separated and the organic phase was
treated with polystyrene supported isocyanate resin
(1.49 mmol/g, 1.7 g) for 2 h. The mixture was filtered
and the filtrate was washed with IM sodium carbonate
solution. The aqueous phase was extracted into ethyl
acetate, and the combined organic phases were dried
over magnesium sulfate, filtered and concentrated to
leave 290 mg of the title compound. LC/MS (short
method): retention time, 2.61 min; (M+H) = 384. 1H NMR
(400 MHz, chloroform-D) d ppm: 2.20 (s, 6 H) 2.49-2.55
(m, 2 H), 2.65- 2.68 (m, 2 H) 3.66 (s, 2 H) 3.69 (s, 2
H) 6.61 (br s, 1 H) 7.21-7.26 (m, 3 H) 7.28 - 7.34 (m,
3 H) 7.35 - 7.41 (m, 3 H) 7.45 (s, 2 H) 7.52 (d, 1H,
J= 7.6 Hz), 7.64 (s, 1H) 7.85 (s, 1H) 8.26 (s, 1
H).Examples 2 to 16 Example 1 was substantially
repeated in Examples 2 to 16 with the exception of
utilizing the respective starting materials and
reagents in appropriate quantities in order to prepare
the Examples 2 to 16 as tabulated in Table 1. Also
summarized in Table 1 are the observed LC/MS data for
Examples 2 to 16. Table 1INHIBITING HER2 SHEDDING WITH
MATRIX METALLOPROTEASEANTAGONISTS This is a
non-provisional application claiming priority under 35
USC 119 to provisional application no. 60/651,348
filed February 9, 2005, the entire disclosure of which
is hereby incorporated by reference. Field of the
Invention The present invention concerns using
antagonists of matrix metalloproteases (MMPs),
especially of MMP-15, for inhibiting HER2 shedding.
Background of the Invention The HER family of receptor
tyrosine kinases are important mediators of cell
growth, differentiation and survival. The receptor
family includes four distinct members including
epidermal growth factor receptor (EGFR, ErbBl, or
HERl), HER2 (ErbB2 or pl85 "), HER3 (ErbB3) and HER4
(ErbB4 or tyro2). EGFR, encoded by the erbBl gene, has
been causally implicated in human malignancy. In
particular, increased expression of EGFR has been
observed in breast, bladder, lung, head, neck and
stomach cancer as well as glioblastomas. Increased
EGFR receptor expression is often associated with
increased production of the EGFR ligand, transforming
growth factor alpha (TGF-a), by the same tumor cells
resulting in receptor activation by an autocrine
stimulatory pathway. Baselga and Mendelsohn Pharmac.
Ther. 64:127-154 (1994). Monoclonal antibodies
directed against the EGFR or its ligands, TGF-a and
EGF, have been evaluated as therapeutic agents in the
treatment of such malignancies. See, e.g., Baselga and
Mendelsohn., supra; Masui et al Cancer Research
44:1002-1007 (1984); and Wu etal. J. Clin. Invest.
95:1897-1905 (1995). The second member of the HER
family, P185""", was originally identified as the
product of the transforming gene from neuroblastomas
of chemically treated rats. The activated form of the
neu protooncogene results from a point mutation
(valine to glutamic acid) in the transmembrane region
of the encoded protein. Amplification of the human
homolog of neu is observed in breast and ovarian
cancers and correlates with a poor prognosis (Slamon
et al, Science, 235:177-182 (1987); Slamon et al,
Science, 244:707-712 (1989); and US Pat No.
4,968,603). To date, no point mutation analogous to
that in the neu proto-oncogene has been reported for
human tumors. Overexpression of HER2 (frequently but
not uniformly due to gene amplification) has also been
observed in other carcinomas including carcinomas of
the stomach, endometrium, salivary gland, lung,
kidney, colon, thyroid, pancreas and bladder. See,
among others, King et al, Science, 229:974 (1985);
Yokota et al, Lancet: 1:765-767 (1986); Fukushige et
al., MoI Cell Biol, 6:955-958 (1986); Guerin et al,
Oncogene Res., 3:21-31 (1988); Cohen et al, Oncogene,
4:81-88 (1989); Yonemura et al, Cancer Res., 51:1034
(1991); Borst et al, Gynecol Oncol, 38:364 (1990);
Weiner et al, Cancer Res., 50:421-425 (1990); Kern et
al, Cancer Res., 50:5184 (1990); Park et al, Cancer
Res., 49:6605 (1989); Zhau et al, MoI Carcinog.,
3:254-257 (1990); Aasland et al Br. J. Cancer
57:358-363 (1988); Williams et al Pathobiology
59:46-52 (1991); and McCann etal, Cancer, 65:88-92
(1990). HER2 may be overexpressed in prostate cancer
(Guetal. Cancer Lett. 99:185-9 (1996); Ross etal. Hum.
Pathol. 28:827-33 (1997); Ross etal. Cancer 79:2162-70
(1997); and Sadasivan etal. J. Urol. 150:126-31
(1993)). Antibodies directed against the rat pl85'
1<!" and human HER2 protein products have been
described. Drebin and colleagues have raised
antibodies against the rat neu gene product, p i
85"(tm) See, for example, Drebin et al, Cell
41:695-706 (1985); Myers et al, Meth. Enzym.
198:277-290 (1991); and WO94/22478. Drebin et al.
Oncogene 2:273-277 (1988) report that mixtures of
antibodies reactive with two distinct regions of pl85
n " result in synergistic anti-tumor effects on
ek-transformed NIH-3T3 cells implanted into nude mice.
See also U.S. Patent 5,824,31 1 issued October 20,
1998. Hudziak et al, MoI. Cell. Biol. 9(3):1 165-1 172
(1989) describe the generation of a panel of HER2
antibodies which were characterized using the human
breast tumor cell line SK-BR-3. Relative cell
proliferation of the SK-BR-3 cells following exposure
to the antibodies was determined by crystal violet
staining of the monolayers after 72 hours. Using this
assay, maximum inhibition was obtained with the
antibody called 4D5 which inhibited cellular
proliferation by 56%. Other antibodies in the panel
reduced cellular proliferation to a lesser extent in
this assay. The antibody 4D5 was further found to
sensitize HER2- overexpressing breast tumor cell lines
to the cytotoxic effects of TNF-a. See also U.S.
Patent No. 5,677,171 issued October 14, 1997. The HER2
antibodies discussed in Hudziak et al. are further
characterized in Fendly et al. Cancer Research
50:1550-1558 (1990); Kotts et al. In Vitro 26(3):59A
(1990); Sarup et al. Growth Regulation 1:72-82 (1991);
Shepard et al. J. Clin. Immunol. 11(3):1 17-127
(1991); Kumar et al. MoI. Cell. Biol. ll(2):979-986
(1991); Lewis et al. Cancer Immunol. Immunother.
37:255-263 (1993); Pietras et al Oncogene 9:1829-1838
(1994); Vitetta et al Cancer Research 54:5301-5309
(1994); Sliwkowski et al J. Biol 



Cliem. 269(20): 14661 -14665 (1994); Scott et al. J.
Biol. Cliem. 266:14300-5 (1991); D'souza et al Proc.
Natl. Acad. ScL 91:7202-7206 (1994); Lewis et al
Cancer Research 56:1457-1465 (1996); and Schaefer et
al. Oncogene 15:1385-1394 (1997). A recombinant
humanized version of the murine HER2 antibody 4D5
(huMAb4D5-8, rhuMAb HER2, trastuzumab or HERCEPTDSf;
U.S. Patent No. 5,821,337) is clinically active in
patients with HER2- overexpressing metastatic breast
cancers that have received extensive prior anti-cancer
therapy (Baselga et al., J. Clin. Oncol. 14:737-744
(1996)). Trastuzumab received marketing approval from
the Food and Drug Administration September 25, 1998
for the treatment of patients with metastatic breast
cancer whose tumors overexpress the HER2 protein.
Other HER2 antibodies with various properties have
been described in Tagliabue et al. Int. J. Cancer
47:933-937 (1991); McKenzie et al. Oncogene 4:543-548
(1989); Maier et al. Cancer Res. 51:5361-5369 (1991);
Bacus et al. Molecular Carcinogenesis 3:350-362
(1990); Stancovski et al. PNAS (USA) 88:8691-8695
(1991); Bacus et al. Cancer Research 52:2580-2589
(1992); Xu et al. Int. J. Cancer 53:401-408 (1993);
WO94/00136; Kasprzyk et al. Cancer Research
52:2771-2776 (1992);Hancock et al. Cancer Res.
51:4575-4580 (1991); Shawver et al. Cancer Res.
54:1367-1373 (1994); Arteaga et al. Cancer Res.
54:3758-3765 (1994); Harwerth etal. J. Biol. Cliem.
267:15160-15167 (1992); U.S. Patent No. 5,783,186; and
Klapper etal. Oncogene 14:2099-2109 (1997). Homology
screening has resulted in the identification of two
other HER receptor family members; HER3 (US Pat. Nos.
5,183,884 and 5,480,968 as well as Kraus et al. PNAS
(USA) 86:9193-9197 (1989)) and HER4 (EP Pat Appln No
599,274; Plowman et al., Proc. Natl Acad. ScL USA,
90:1746-1750 (1993); andPlowman et al, Nature,
366:473-475 (1993)). Both of these receptors display
increased expression on at least some breast cancer
cell lines. The HER receptors are generally found in
various combinations in cells and heterodimerization
is thought to increase the diversity of cellular
responses to a variety of HER ligands (Earp et al.
Breast Cancer Research and Treatment 35: 115-132
(1995)). EGFR is bound by six different ligands;
epidermal growth factor (EGF), transforming growth
factor alpha (TGF-a), amphiregulin, heparin binding
epidermal growth factor (HBEGF), betacellulin and
epiregulin (Groenen et al. Growth Factors 11:235-257
(1994)). A family of heregulin proteins resulting from
alternative splicing of a single gene are ligands for
HER3 and HER4. The heregulin family includes alpha,
beta and gamma heregulins (Holmes et al, Science,
256:1205-1210 (1992); U.S. Patent No. 5,641,869; and
Schaefer et al. Oncogene 15:1385-1394 (1997)); neu
differentiation factors (NDFs), glial growth factors
(GGFs); acetylcholine receptor inducing activity
(ARIA); and sensory and motor neuron derived factor
(SMDF). For a review, see Groenen et al. Growth
Factors 11:235-257 (1994); Lemke, G. Molec. & Cell.
Neurosci. 7:247-262 (1996) and Lee et al. Pharm. Rev.
47:51-85 (1995). Recently three additional HER ligands
were identified; neuregulin-2 (NRG-2) which is
reported to bind either HER3 or HER4 (Chang et al.
Nature 387 509-512 (1997); and Carraway et al Nature
387:512-516 (1997)); neuregulin-3 which binds HER4
(Zhang et al PNAS (USA) 94(18):9562-7 (1997)); and
neuregulin-4 which binds HER4 (Harari et al. Oncogene
18:2681-89 (1999)) HB-EGF, betacellulin and epiregulin
also bind to HER4. While EGF and TGFa do not bind
HER2, EGF stimulates EGFR and HER2 to form a
heterodimer, which activates EGFR and results in
transphosphorylation of HER2 in the heterodimer.
Dimerization and/or transphosphorylation appears to
activate the HER2 tyrosine kinase. See Earp et al,
supra. Likewise, when HER3 is co-expressed with HER2,
an active signaling complex is formed and antibodies
directed against HER2 are capable of disrupting this
complex (Sliwkowski et al, J. Biol. Chem., 269(20):
14661-14665 (1994)). Additionally, the affinity of
HER3 for heregulin (HRG) is increased to a higher
affinity state when co-expressed with HER2. See also,
Levi et al, Journal of Neuroscience 15: 1329-1340
(1995); Morrissey et al, Proc. Natl. Acad. Sci. USA
92: 1431-1435 (1995); and Lewis et al, Cancer Res.,
56:1457-1465 (1996) with respect to the HER2-HER3
protein complex. HER4, like HER3, forms an active
signaling complex with HER2 (Carraway and Cantley,
Cell 78:5-8 (1994)). The HER signaling network is
depicted in Fig. 4. Patent publications related to HER
antibodies include: US 5,677,171, US 5,720,937, US
5,720,954, US 5,725,856, US 5,770,195, US 5,772,997,
US 6,165,464, US 6,387,371, US 6,399,063,
US2002/0192211A1, US 6,015,567, US 6,333,169, US
4,968,603, US 5,821,337, US 6,054,297, US 6,407,213,
US 6,719,971, US 6,800,738, US2004/0236078A1, US
5,648,237, US 6,267,958, US 6,685,940, US 6,821,515,
WO98/17797, US 6,127,526, US 6,333,398, US 6,797,814,
US 6,339,142, US 6,417,335, US 6,489,447, WO99/31140,
US2003/0147884A1, US2003/0170234A1, US2005/0002928A1,
US 6,573,043, US2003/0152987A1, WO99/48527,
US2002/0141993A1, WO01/00245, US2003/0086924,
US2004/0013667A1, WO00/69460, WO01/00238, WO01/15730,
US 6,627,196Bl, US6,632,979B1, WO01/00244,
US2002/0090662A1, WO01/89566, US2002/0064785, US2003/0
134344, WO 04/24866, US2004/0082047, US2003/0175845A1,
WO03/087131, US2003/0228663, WO2004/008099A2,
US2004/0106161, WO2004/048525, US2004/0258685A1, US
5,985,553, US 5,747,261, US 4,935,341, US 5,401,638,
US 5,604,107, WO 87/07646, WO 89/10412, WO 91/05264,
EP 412,116 Bl, EP 494,135 Bl, US 5,824,311, EP 444,181
Bl, EP 1,006,194A2, US 2002/0155527A1, WO 91/02062, US
5,571,894, US 5,939,531, EP 502,812 Bl, WO 93/03741,
EP 554,441 Bl, EP 656,367 Al, US 5,288,477, US
5,514,554, US 5,587,458, WO 93/12220, WO 93/16185, US
5,877,305, WO 93/21319, WO 93/21232, US 5,856,089, WO
94/22478, US 5,910,486, US 6,028,059, WO 96/07321, US
5,804,396, US 5,846,749, EP 711,565, WO 96/16673, US
5,783,404, US 5,977,322, US 6,512,097, WO 97/00271, US
6,270,765, US 6,395,272, US 5,837,243, WO 96/40789, US
5,783,186, US 6,458,356, WO 97/20858, WO 97/38731, US
6,214,388, US 5,925,519, WO 98/02463, US 5,922,845, WO
98/18489, WO 98/33914, US 5,994,071, WO 98/45479, US
6,358,682 Bl, US 2003/0059790, WO 99/55367, WO
01/20033, US 2002/0076695 Al, WO 00/78347, WO
01/09187, WO 01/21192, WO 01/32155, WO 01/53354, WO
01/56604, WO 01/76630, WO02/05791, WO 02/11677, US
6,582,919, US2002/0192652A1, US 2003/021 1530A1, WO
02/44413, US 2002/0142328, US 6,602,670 B2, WO
02/45653, WO 02/055106, US 2003/0152572, US
2003/0165840, WO 02/087619, WO 03/006509, WO03/012072,
WO 03/028638, US 2003/0068318, WO 03/041736, EP
1,357,132, US 2003/0202973, US 2004/0138160, US
5,705,157, US 6,123,939, EP 616,812 Bl, US
2003/0103973, US 2003/0108545, US 6,403,630 Bl, WO
00/61145, WO 00/61185, US 6,333,348 Bl, WO 01/05425,
WO 01/64246, US 2003/0022918, US 2002/0051785 Al, US
6,767,541, WO 01/76586, US 2003/0144252, WO 01/87336,
US 2002/0031515 Al, WO 01/87334, WO 02/05791, WO
02/09754, US 2003/0157097, US 2002/0076408, WO
02/055106, WO 02/070008, WO 02/089842 andWO 03/86467.
The HER2 extracellular domain (ECD) is proteolytically
shed from breast carcinoma cells in culture (Petch
etal, MoI. Cell. Biol. 10:2973-2982 (1990); Scott
etal, MoI. Cell. Biol 13:2247-2257 (1993); and Lee and
Maihle, Oncogene 16:3243-3252(1998)), and is found in
the serum of some cancer patients (Leitzel et al., J. 



Clin. Oncol. 10:1436-1443 (1992)). HER2 ECD may be a
serum marker of metastatic breast cancer (Leitzel et
al., J. Clin. Oncol. 10:1436-1443 (1992)), and may
allow escape of HER2 overexpressing tumors from
immunological control (Baselga et al, J. Clin. Oncol.
14:737-744 (1997), Brodowicz et al, Int. J. Cancer
73:875-879 (1997)). Shed HER2 ECD serum levels
represent an independent marker of poor clinical
outcome in patients with HER2 overexpressing
metastatic breast cancer (AIi et al, Clin. Chem.
48:1314-1320 (2002); Molina etal, Clin. Cancer Res.
8:347-353 (2002)). A truncated extracellular domain of
HER2 is also the product of a 2.3 kb alternative
transcript generated by use of a polyadenylation
signal within an intron (Scott et al, MoI Cell. Biol.
13:2247-2257 (1993)). The alternative transcript was
first identified in the gastric carcinoma cell line,
MKN7 (Yamamoto et al, Nature 319:230-234 (1986); and
Scott et al, MoI Cell Biol 13:2247-2257 (1993)) and
the truncated receptor was located within the
perinuclear cytoplasm rather than secreted from these
tumor cells (Scott et al, MoI. Cell. Biol.
13:2247-2257 (1993)). Another alternatively spliced
product of HER2, called "herstatin," has also been
identified (Doherty et al, Proc. Natl. Acad. Sci.
96:10869-10874 (1999); Azios et al, Oncogene
20:5199-5209 (2001); Justman and Clinton, J. Biol
Chem. 277:20618-20624 (2002)). This protein consists
of subdomains I and II from the extracellular domain
followed by a unique C-terminal sequence encoded by
intron 8. Another mechanism that may account for poor
clinical outcome in HER2 overexpressing tumors is
suggested by the observation that, in some HER2
overexpressing tumor cells, the receptor is processed
by an unknown metalloprotease (or metalloproteinase)
to yield a truncated, membrane-associated receptor
(sometimesreferred to as a "stub" and also known as
p95), and a soluble extracellular domain (also known
as ECD, ECD105, orpl05). As with other HER receptors,
loss of the extracellular ligand binding domain
renders the HER2 intracellular membrane-associated
domain a constitutively active tyrosine kinase. It has
therefore been postulated that the processing of the
HER2 ECD creates a constitutively active receptor that
can directly deliver growth and survival signals to
the cancer cell. See, US Pat No. 6,541,214 (Clinton),
and US Patent Appln No. 2004/0247602A1 (Friedman et
al.) Saez et al. Clin Cancer Res. 12(2): 424-431
(January, 2006) report that patients whose tumors
express high levels of p95 have a significantly worse
outcome than patients who do not. At present p95 level
can only be determined by Western blot. Summary of the
Invention In a first aspect, the invention concerns a
method for inhibiting HER2 shedding comprising
treating a HER2 expressing cell with a matrix
metalloprotease (MMP) antagonist in an amount
effective to inhibit HER2 shedding. In addition, the
invention provides a method for reducing HER2
extracellular domain (ECD) serum level in a mammal,
comprising administering a matrix metalloprotease
(MMP) antagonist to the mammal in an amount effective
to reduce the HER2 ECD serum level in the mammal. In
yet another aspect, a method for treating cancer in a
mammal is provided, which comprises administering a
matrix metalloprotease (MMP) antagonist to the mammal
in an amount effective to treat the cancer. Also, the
invention concerns a method for treating a HER
inhibitor-resistant cancer in a mammal comprising
administering to the mammal a matrix metalloprotease
(MMP) antagonist in an amount effective to treat the
cancer. In yet a further aspect, the invention relates
to a method for reducing r95 HER2 level in a cell
comprising exposing the cell to a matrix
metalloprotease (MMP) antagonist in an amount
effective to reduce the p95 HER2 level. The invention
also concerns a method of diagnosis (or prognosis)
comprising evaluating MMP- 15 (MT2- MMP) in a sample
from a cancer patient, wherein elevated MMP- 15 level
or activity indicates the patient has an elevated p95
HER2 and/or shed HER2 serum level, and/or will have a
poor clinical outcome. Preferably, MMP- 15 level
(protein or nucleic acid) is evaluated in the method
and is used to identify patients with a poor
prognosis, or who will have a poor clinical outcome.
Optionally, the patient's cancer further displays HER
expression, amplification, or activation, most
preferably HER2 overexpression or amplification. Brief
Description of the Drawings Figure 1 provides a
schematic of the full length HER2 protein structure,
and amino acid sequences for Domains I-IV (SEQ ID NOs.
1-4, respectively) of the extracellular domain
thereof. Figures 2A and 2B show the amino acid
sequences of trastuzumab light chain (Fig. 2A; SEQ ID
No. 5) and heavy chain (Fig. 2B; SEQ ID No. 6),
respectively. Figures 3A and 3B show the amino acid
sequences of pertuzumab light chain (Fig. 3A; SEQ ID
NO. 7) and heavy chain (Fig. 3B; SEQ ID NO. 8). CDRs
are shown in bold. Calculated molecular mass of the
lightchain and heavy chain are 23,526.22 Da and
49,216.56 Da (cysteines in reduced form). The
carbohydrate moiety is attached to Asn 299 of the
heavy chain. Fig. 4 depicts the HER signaling network.
Fig. 5 illustrates trastuzumab inhibition of HER2 ECD
shedding from HER2 overexpressing breast cancer cell
lines (SKBR3, MT474) compared to nonoverexpressing
breast cancer cell line (MCF-7). Fig. 6 illustrates
differences in p95 HER2 and shed HER2 ECD levels in
MMTVHER2 transgenic tumors (f2:1282 tumors,
trastuzumab-sensitive; andFo5 tumors,
trastuzumab-resistant). Fig. 7 depicts the strategy
used to identify HER2 sheddase. Fig. 8 illustrates
experiments which demonstrated sheddase had properties
of a metalloprotease. Fig. 9 shows expression of MMPs
in MMTV-HER2 tumors and cell lines. MMP- 15 is a
candidate for explaining differences between f2:1282
tumors which are trastuzumab-sensitive, and Fo5 tumors
which are trastuzumab-resistant. Fig. 10 reflects
interaction between flag-HER2 and MMP-15. Fig. 11
shows interaction between fiagHER2-f2:1282 and
flagHER2-Fo5 and MMP-15. Differences between f2:1282
and Fo5 are not explainable by differential binding of
mutants to MMP-15. Fig. 12 illustrates somatic
mutations found in MMTVHER2 transgenic mice. The
sequences are: sheddase site (SEQ ID NO. 23),
wild-type (WT) (SEQ ID NO. 24), splice (SEQ ID NO.
25), Fo5 (SEQ ID NO. 26), and f2:3078.10 (SEQ ID NO.
27). Fig. 13 depicts results of the in vitro sheddase
assay. gDHER29(DIV)-IgG is a substrate for the
catalytic domains of MMP-15, MMP-16, MMP-19, and
MMP-25. The sequences for protease digests are MMP-15
(SEQ ID NO. 28), MMP-16 (SEQ ID NO. 29), MMP-19 (SEQ
ID NO. 30), MMP-25 (SEQ ID NO. 31), all other (SEQ ID
NO. 32); and for the HER2 ECD C-terminal site (SEQ ID
NO. 33). Fig. 14 illustrates results of experiment
demonstrating MMP-15 does not clip other HER
receptors. 



The sequences demonstrating sequence variation near
transmembrane domain are HER2 (SEQ ID NO. 34), EGFR
(SEQ ID NO. 35), HER3 (SEQ ID NO. 36), HER4 (Jma) (SEQ
ID NO. 37), and HER4 (Jmb) (SEQ ID NO. 38). Fig. 15
shows MMP-15 "full length" clips HER2(+)-IgG. Fig. 16
demonstrates an experiment which indicated p95HER2 is
constitutively phosphorylated, but must heterdimerize
with HER3 to activate Akt. Fig. 17 shows MMP-15 RNA
inhibitor (RNAi) reduces HER2 ECD shedding and r95
HER2 levels in SKBR3 and BT474 cells. Fig. 18
illustrates how trastuzumab-mediated growth inhibition
in SKBR3 cells is independent of inhibiting HER2
shedding. Fig. 19 demonstrates that inhibition of
metalloprotease activity in Fo5 xenograft tumors
reduces HER2 shedding and inhibits p95HER2 levels.
Fig. 20 depicts members of the matrix
metalloproteinase (MMP) family. MMP family members are
grouped according to domain structure. The
abbreviations used in this figure are: PRE,
pre-domain; PRO, prodomain; CAT, catalytic domain; H,
hinge; HEM, hemopexin domain; F, furin-cleavage
consensus domain; FN, fibronectin-like domain; GPI,
glycophosphatidyl inositol anchor; TM, transmembrane
domain; Ig, immunoglobulin-like domain; CA, cysteine
array; CL, collagen-like domain.Detailed Description
of the Preferred Embodiments I. Definitions The terms
"matrix metalloprotease" or "MMP" herein refer to a
protein which is a member of a matrix metalloprotease
(MMP) superfamily, dependent on Zn or Ca for activity.
MMP herein includes the preproprotein, mature protein
and variant forms thereof. See, also, Fig. 20 herein
for examples of MMPs with various domains. MMPs are
reviewed in Wagenaar-Miller et al. Cancer and
Metastasis Reviews 23: 119-135 (2004). A
"membrane-tethered MMP" or "MT-MMP" herein is a MMP as
defined above, where the MMP is capable of being
attached to a cell membrane via either a transmembrane
(TM) domain or a glycophosphatidyl inositol (GPI)
anchor. Examples of MT-MMPs anchored by a
transmembrane domain herein include MTl- MMP (MMP-14),
MT2-MMP (MMP-15), MT3-MMP (MMP-16), MT5-MMP (MMP-24).
Examples of MTMMPs anchored by a GPI anchor include
MT4-MMP (MMP-17), and MT6-MMP (MMP-25). MMP-15 is the
preferred MT-MMP herein. "MT2-MMP" and "MMP-15"are
synonyms herein and describe the preproprotein
NP_002415 in the NCBl database, the mature protein
comprising amino acids 132-699 thereof, as well as
variant forms thereof. Known substrates for MMP-15
include collagen, fibronectin, CD44, and complement.
MMP-15 is upregulated in some cancers, and
overexpression of this protease enhances tumor
invasion and tumor cell growth. A "MMP antagonist" is
an agent that binds to and/or interferes to some
extent with proteolytic activity of at least one MMP.
Preferably, the MMP antagonist selectively binds to,
or inhibits, the MMP, without significantly binding
to, or inhibiting, other proteases, such as proteases
in the ADAM (a disintegrin and metalloprotease)
family. Examples of MMP antagonists herein include
antibodies that bind to a MMP, small molecule
inhibitors, pseudopeptides that mimic MMP substrates,
nonpeptidic molecules that bind the catalytic zinc of
MMPs, isolated natural tissue inhibitors of MMPs
(TIMPs), nucleic acid inhibitors, such as RNA; or
antisense inhibitors, etc. A "MT-MMP antagonist" is an
agent that binds to and/or interferes to some extent
with proteolytic activity of at least one MT-MMP.
Preferably, the MT-MMP antagonist selectively binds
to, or inhibits, the MTMMP, without significantly
binding to, or inhibiting, other proteases (including
other MMPs that are not membrane-tethered). Examples
of MT-MMP antagonists include antibodies that bind to
a MT-MMP, small molecule inhibitors, pseudopeptides
that mimic MT-MMP substrates, nonpeptidic molecules
that bind the catalytic zinc of a MT-MMP, isolated
natural tissue inhibitors of MT-MMPs, MT-MMP nucleic
acid inhibitors, such as RNA; or antisense inhibitors,
etc. A "MMP-15 antagonist" is an agent that binds to
and/or interferes to some extent with proteolytic
activity of MMP-15. Preferably, the MMP-15 antagonist
selectively binds to, or inhibits, MMP-15 without
significantly binding to, or inhibiting, other
proteases (including MMPs other than MMP-15). Examples
of MMP-15 antagonists include antibodies that bind to
MMP-15, small molecule inhibitors, pseudopeptides that
mimic MMP-15 substrates, nonpeptidic molecules that
bind the catalytic zinc of MMP-15, isolated natural
tissue inhibitors of MMP-15, MMP-15 nucleic acid
inhibitors such as RNA; or antisense inhibitors etc.
By "elevated MMP level" is meant an amount of MMP in a
biological sample, such as a tumor sample, that
exceeds the normal amount of the MMP, for instance the
amount in a normal, or non-tumor, sample of thesame
tissue type. Such "normal amount" of MMP (e.g. of MMP-
15) includes no or undetectable amount of MMP-15.
Elevated MMP levels can be determined in various ways,
including those which measure MMP protein or MMP
nucleic acid. A "HER receptor" is a receptor protein
tyrosine kinase which belongs to the HER receptor
family and includes EGFR, HER2, HER3 and HER4
receptors. The HER receptor includes native sequence
HER receptor, and variants thereof. Preferably the HER
receptor is native sequence human HER receptor. A
"full length" HER receptor comprises an extracellular
domain, which may bind an HER ligand and/or dimerize
with another HER receptor molecule; a lipophilic
transmembrane domain; an intracellular tyrosine kinase
domain; and a carboxyl-terminal signaling domain
harboring several tyrosine residues which can be
phosphorylated. The terms "ErbBl," "HERl", "epidermal
growth factor receptor" and "EGFR" are used
interchangeably herein and refer to EGFR as disclosed,
for example, in Carpenter et al. Ann. Rev. Biochem.
56:881-914 (1987), including variant forms thereof
{e.g. a deletion mutant EGFR as in Humphrey et al.
PNAS (USA) 87:4207-421 1 (1990)). The expressions
"ErbB2" and "HER2" are used interchangeably herein and
refer to human HER2 protein described, for example, in
Semba et al, PNAS (USA) 82:6497-6501 (1985) and
Yamamoto et al. Nature 319:230-234 (1986) (Genebank
accession number X03363), as well as variant forms
thereof, such as alternatively spliced forms (Siegel
etal. EMBOJ. 18(8):2149-2164 (1999)). Herein, "HER2
extracellular domain" or "HER2 ECD" refers to a domain
of HER2 that is outside of a cell, either anchored to
a cell membrane, or in circulation, including
fragments thereof. In one embodiment, the
extracellular domain of HER2 may comprise four
domains: "Domain I" (amino acid residues from about
1-195; SEQ ID NO:1), "Domain II" (amino acid residues
from about 196-319; SEQ ID NO:2), "Domain III" (amino
acid residues from about 320-488: SEQ ID NO:3), and
"Domain IV" (amino acid residues from about 489-630;
SEQ ID NO:4) (residue numbering without signal
peptide). See Garrett et al MoI Cell. 11: 495-505
(2003), 



Cho et al. Nature All: 756-760 (2003), Franklin et al
Cancer Cell 5:317-328 (2004), and Plowman et al Proc.
Natl. Acad. ScL 90:1746-1750 (1993), as well as Fig. 1
herein. Herein, "HER2 shedding" refers to release of a
soluble extracellular domain (ECD) fragment of HER2
from the cell surface of a cell which expresses HER2.
Such shedding may be caused by proteolytic cleavage of
cell surface HER2 resulting in release of an ECD
fragment from the cell surface, or the soluble ECD or
fragment thereof may be encoded by an alternate
transcript. By "shed HER2 serum level" is meant the
amount of HER2 ECD present in the serum or circulation
of a mammal. Such levels can be evaluated by various
techniques including those described in: AIi et al
CUn. Chem. 48:1314-1320 (2002); Molina etal. Clin.
Cancer Res. 8:347-353 (2002); U.S. Patent No.
4,933,294 issued June 12, 1990; WO91/05264 published
April 18, 1991; U.S. Patent 5,401,638 issued March 28,
1995; or Sias etal. J. Immunol. Methods 132: 73-80
(1990). Herein, "elevated shed HER2 serum level"
refers to an amount of shed HER2 or HER2 ECD in the
serum of a mammal (e.g. human) that exceeds the amount
present in the serum a normal mammal (e.g. human).
Elevated HER2 ECD serum levels may correlate with a
poor prognosis and decreased responsiveness to
endocrine therapy and chemotherapy in patients with
advanced breast cancer. The expression "p95 HER2"
herein refers to NH2-terminal truncated HER2 protein.
Generally, p95 isa membrane-bound stub fragment which
may arise from cleavage of full length HER2 by a
protease or sheddase (Yuan et al. Protein Expression
and Purification 29: 217-222 (2003)). p95 may have a
Mr of about 95,000 and may be phosphorylated (Molina
etal. Cancer Research Al AA-AlA9 (2001)). p95 has been
found in some breast cancer samples (Christianson
etal. Cancer Res. 15:5123-5129 (1998)). By "elevated
p95 level" is meant a level of p95 in a cancer cell
that exceeds the normal level, for instance the leval
in a normal or non-cancerous cell of the same tissue
type as the cancer cell. Such elevated p95 level may
result in constitutive signaling, and nodal metastasis
(Molina etal. Clin. Cancer Research 8:347- 353 (2002);
Christianson etal. Cancer Res. 15:5123-5129 (1998)).
By "evaluating" a marker, such as MMP-15, is intended
a diagnostic and/or prognostic analysis thereof,
including an analysis of the presence or absence of
that marker, measurement of the amount thereof, and/or
an analysis of activity thereof (e.g. increased
activity). A cancer patient with "a poor clinical
outcome" is one with a poor prognosis, who is less
likely to respond to cancer therapy, such as
chemotherapy or therapy with a HER2 antibody, such as
trastuzumab. The clinical outcome can be measured by
standard means, such as survival, including disease
free survival, etc. "ErbB3" and "HER3" refer to the
receptor polypeptide as disclosed, for example, in US
Pat. Nos. 5,183,884 and 5,480,968 as well as Kraus
etal. PNAS (USA) 86:9193-9197 (1989), including
variant forms thereof. The terms "ErbB4" and "HER4"
herein refer to the receptor polypeptide as disclosed,
for example, in EP Pat Appln No 599,274; Plowman et
al, Proc. Natl. Acad. ScL USA, 90:1746-1750 (1993);
and Plowman et al., Nature, 366:473-475 (1993),
including variant forms thereof, such as the isoforms
disclosed in WO99/19488, published April 22, 1999. By
"HER ligand" is meant a polypeptide which binds to
and/or activates a HER receptor. The HER ligand of
particular interest herein is a native sequence human
HER ligand such as epidermal growth factor (EGF)
(Savage et al., J. Biol. Chem. 247:7612-7621 (1972));
transforming growth factor alpha (TGF-a) (Marquardt et
al., Science 223:1079-1082 (1984)); amphiregulin also
known as schwanoma or keratinocyte autocrine growth
factor (Shoyab et al. Science 243:1074-1076 (1989);
Kimura et al. Nature 348:257-260 (1990); and Cook et
al. MoI. Cell. Biol. 11:2547-2557 (1991));
betacellulin (Shing et al, Science 259:1604- 1607
(1993); and Sasadaef a . Biochem. Biophys. Res.
Commun. 190:1173 (1993)); heparin-binding epidermal
growth factor (HB-EGF) (Higashiyama et al, Science
251:936-939 (1991)); epiregulin (Toyoda et al, J. Biol
Chem. 270:7495-7500 (1995); and Komurasaki et al.
Oncogene 15:2841-2848 (1997)); a heregulin (see
below); neuregulin-2 (NRG-2) (Carraway etal, Nature
387:512-516 (1997)); neuregulin-3 (NRG-3) (Zhang etal,
Proc. Natl. Acad. ScL 94:9562-9567 (1997));
neuregulin-4 (NRG-4) (Harari etal. Oncogene 18:2681-89
(1999)); and cripto (CR-I) (Kannan etal J. Biol Chem.
272(6):3330-3335 (1997)). HER ligands which bind EGFR
include EGF, TGF-a, amphiregulin, betacellulin, HB-EGF
and epiregulin. HER ligands which bind HER3 include
heregulins. HER ligands capable of binding HER4
include betacellulin, epiregulin, HB-EGF, NRG-2,
NRG-3, NRG-4, and heregulins. "Heregulin" (HRG) when
used herein refers to a polypeptide encoded by the
heregulin gene product as disclosed in U.S. Patent No.
5,641,869, or Marchionni et al, Nature, 362:312-318
(1993). Examples of heregulins include heregulin-a,
heregulin-bl , heregulin-b2 and heregulin-b3 (Holmes
et al, Science, 256:1205- 1210 (1992); and U.S. Patent
No. 5,641,869); neu differentiation factor (NDF)
(Peles etal Cell 69: 205-216(1992)); acetylcholine
receptor-inducing activity (ARIA) (Falls etal. Cell
72:801-815 (1993)); glial growth factors (GGFs)
(Marchionni et al, Nature, 362:312-318 (1993));
sensory and motor neuron derived factor (SMDF) (Ho
etal. J. Biol. Chem. 270:14523-14532 (1995));
g-heregulin (Schaefer etal. Oncogene 15:1385- 1394
(1997)). A "HER dimer" herein is a noncovalently
associated dimer comprising at least two HER
receptors. Such complexes may form when a cell
expressing two or more HER receptors is exposed to an
HER ligand and can be isolated by immunoprecipitation
and analyzed by SDS-PAGE as described in Sliwkowski et
al, J. Biol. Chem., 269(20):14661-14665 (1994), for
example. Examples of such HER dimers include
EGFR-HER2, HER2-HER3 and HER3-HER4 heterodimers.
Moreover, the HER dimer may comprise two or more HER2
receptors combined with a different HER receptor, such
as HER3, HER4 or EGFR. Other proteins, such as a
cytokine receptor subunit {e.g. gpl30) may be
associated with the dimer. A cell, cancer, or
biological sample which "displays HER expression,
amplification, or activation" is one which, in a
diagnostic test, expresses (including overexpresses)
HER, has amplified HER gene, and/or otherwise
demonstrates activation or phosphorylation of HER
receptor(s). Such activation can be determined
directly {e.g. by measuring HER phosphorylation) or
indirectly {e.g. by gene expression profiling or by
detecting HER heterodimers). A cancer or tumor cell
with "HER2 receptor overexpression or amplification"
is one which has significantly higher levels of a HER2
protein or gene compared to a noncancerous cell of the
same tissue type. Such overexpression may be caused by
gene amplification or by increased transcription or
translation. HER2 overexpression or amplification may
be determined in a diagnostic or prognostic assay by
evaluating increased levels of the HER2 protein
present on the surface of a cell (e.g. via an
immunohistochemistry assay; IHC). Alternatively, or
additionally, one may measure levels of HER2 nucleic
acid in the cell, e.g. via fluorescent in situ
hybridization (FISH; see WO98/45479 published October,
1998), southern blotting, or polymerase chain reaction
(PCR) techniques, such as quantitative real time PCR
(qRT-PCR). One may also study HER2 



overexpression or amplification by measuring shed HER2
in a biological fluid such as serum (see, e.g., U.S.
Patent No. 4,933,294 issued June 12, 1990; WO91/05264
published April 18, 1991; U.S. Patent 5,401,638 issued
March 28, 1995; and Sias et al. J. Immunol. Methods
132: 73-80 (1990)). Aside from the above assays,
various in vivo assays are available to the skilled
practitioner. For example, one may expose cells within
the body of the patient to an antibody which is
optionally labeled with a detectable label, e.g. a
radioactive isotope, and binding of the antibody to
cells in the patient can be evaluated, e.g. by
external scanning for radioactivity or by analyzing a
biopsy taken from a patient previously exposed to the
antibody. Conversely, a cancer or tumor cell which
"does not overexpress or amplify HER receptor" is one
which does not have higher than normal levels of HER
receptor protein or gene compared to a noncancerous
cell of the same tissue type. Antibodies that inhibit
HER dimerization, such as pertuzumab, may be used to
treat cancer which does not overexpress or amplify
HER2 receptor. A "HER inhibitor" is an agent which
interferes with HER activation or function. Examples
of HER inhibitors include HER antibodies {e.g. EGFR,
HER2, HER3, or HER4 antibodies); HER dimerization
inhibitors; EGFR-targeted drugs; small molecule HER
antagonists; HER tyrosine kinase inhibitors; HER2 and
EGFR dual tyrosine kinase inhibitors such as
lapatinib/GW572016; antisense molecules (see, for
example, WO2004/87207); and/or agents that bind to, or
interfere with function of, downstream signaling
molecules,such as MAPK or Akt. Preferably, the HER
inhibitor is an antibody or small molecule which binds
to a EIER receptor. Specific examples of HER
inhibitors include trastuzumab, pertuzumab, cetuximab,
ABX-EGF, EMD7200, gefitinib, erlotinib, CP724714,
CI1033, GW572016, IMC-1 1F8, and TAK165. A "HER
dimerization inhibitor" is an agent which inhibits
formation of a HER dimer. Preferably, the HER
dimerization inhibitor is an antibody, for example an
antibody which binds to HER2 at the heterodimeric
binding site thereof. The most preferred dimerization
inhibitor herein is pertuzumab or monoclonal antibody
2C4 (MAb 2C4). Other examples of HER dimerization
inhibitors include antibodies which bind to EGFR and
inhibit dimerization thereof with one or more other
HER receptors (for example EGFR monoclonal antibody
806, MAb 806, which binds to activated or "untethered"
EGFR; see Johns et al., J. Biol. Chem. 279(29):30375-
30384 (2004)); antibodies which bind to HER3 and
inhibit dimerization thereof with one or more other
HER receptors; antibodies which bind to HER4 and
inhibit dimerization thereof with one or more other
HER receptors; peptide dimerization inhibitors (US
Patent No. 6,417,168); antisense dimerization
inhibitors; etc. A "HER antibody" is an antibody that
binds to a HER receptor. Optionally, the HER antibody
further interferes with HER activation or function.
Preferably, the HER antibody binds to the HER2
receptor. HER2 antibodies of particular interest
herein are trastuzumab and pertuzumab. Examples of
EGFR antibodies include cetuximab, ABX0303, EMD7200
and IMC-1 1F5. "HER activation" refers to activation,
or phosphorylation, of any one or more HER receptors.
Generally, HER activation results in signal
transduction (e.g. that caused by an intracellular
kinase domain of a HER receptor phosphorylating
tyrosine residues in the HER receptor or a substrate
polypeptide). HER activation may be mediated by HER
ligand binding to a HER dimer comprising the HER
receptor of interest. HER ligand binding to a HER
dimer may activate a kinase domain of one or more of
the HER receptors in the dimer and thereby results in
phosphorylation of tyrosine residues in one or more of
the HER receptors and/or phosphorylation of tyrosine
residues in additional substrate polypeptides(s), such
as Akt or MAPK intracellular kinases.
"Phosphorylation" refers to the addition of one or
more phosphate group(s) to a protein, such as a HER
receptor, or substrate thereof. An antibody which
"inhibits HER dimerization" is an antibody which
inhibits, or interferes with, formation of a HER
dimer. Preferably, such an antibody binds to HER2 at
the heterodimeric binding site thereof. The most
preferred dimerization inhibiting antibody herein is
pertuzumab or MAb 2C4. Other examples of antibodies
which inhibit HER dimerization include antibodies
which bind to EGFR and inhibit dimerization thereof
with one or more other HER receptors (for example EGFR
monoclonal antibody 806, MAb 806, which binds to
activated or "untethered" EGFR; see Johns etal, J.
Biol. Chem. 279(29):30375-30384 (2004)); antibodies
which bind to HER3 and inhibit dimerization thereof
with one or more other HER receptors; and antibodies
which bind to HER4 and inhibit dimerization thereof
with one or more other HER receptors. A "heterodimeric
binding site" on HER2, refers to a region in the
extracellular domain of HER2 that contacts, or
interfaces with, a region in the extracellular domain
of EGFR, HER3 or HER4 upon formation of a dimer
therewith. The region is found in Domain II of HER2.
Franklin et al. Cancer Cell 5:3 17-328 (2004). The
HER2 antibody may be one which, like trastuzumab,
"inhibits HER2 ectodomain cleavage" (Molina et al.
Cancer Res. 61:4744-4749(200 1)) or may be one which,
like pertuzumab, does not significantly inhibit HER2
ectodomain cleavage.A HER2 antibody that "binds to a
heterodimeric binding site" of HER2, binds to residues
in domain II (and optionally also binds to residues in
other of the domains of the HER2 extracellular domain,
such as domains I and III), and can sterically hinder,
at least to some extent, formation of a HER2-EGFR,
HER2-HER3, or HER2-HER4 heterodimer. Franklin etal.
Cancer Cell 5:317-328 (2004) characterize the
HER2-pertuzumab crystal structure, deposited with the
RCSB Protein Data Bank (ID Code IS78), illustrating an
exemplary antibody that binds to the heterodimeric
binding site of HER2. An antibody that "binds to
domain II" of HER2 binds to residues in domain II and
optionally residues in other domain(s) of HER2, such
as domains I and III. Preferably the antibody that
binds to domain II binds to the junction between
domains I, II and III of HER2. A "native sequence"
polypeptide is one which has the same amino acid
sequence as a polypeptide {e.g., HER receptor or HER
ligand) derived from nature. Such native sequence
polypeptides can be isolated from nature or can be
produced by recombinant or synthetic means. Thus, a
native sequence polypeptide can have the amino acid
sequence of naturally occurring human polypeptide,
murine polypeptide, or polypeptide from any other
mammalian species. The term "antibody" herein is used
in the broadest sense and specifically covers intact
monoclonal antibodies, polyclonal antibodies,
multispecific antibodies {e.g. bispecific antibodies)
formed from at least two intact antibodies, and
antibody fragments, so long as they exhibit the
desired biological activity. The term "monoclonal
antibody" as used herein refers to an antibody from a
population of substantially homogeneous antibodies,
i.e., the individual antibodies comprising the
population are identical and/or bind the same
epitope(s), except for possible variants that may
arise during production of the monoclonal antibody,
such variants generally being present in minor
amounts. Such monoclonal antibody typically includes
an antibody comprising a polypeptide sequence that
binds a target, wherein the target-binding polypeptide
sequence was obtained by a process that includes the
selection of a single target binding polypeptide
sequence from a plurality of polypeptide sequences.
For example, the selection process can be the
selection of a unique clone from a 



plurality of clones, such as a pool of hybridoma
clones, phage clones or recombinant DNA clones. It
should be understood that the selected target binding
sequence can be further altered, for example, to
improve affinity for the target, to humanize the
target binding sequence, to improve its production in
cell culture, to reduce its immunogenicity in vivo, to
create a multispecific antibody, etc., and that an
antibody comprising the altered target binding
sequence is also a monoclonal antibody of this
invention. In contrast to polyclonal antibody
preparations which typically include different
antibodies directed against different determinants
(epitopes), each monoclonal antibody of a monoclonal
antibody preparation is directed against a single
determinant on an antigen. In addition to their
specificity, the monoclonal antibody preparations are
advantageous in that they are typically uncontaminated
by other immunoglobulins. The modifier "monoclonal"
indicates the character of the antibody as being
obtained from a substantially homogeneous population
of antibodies, and is not to be construed as requiring
production of the antibody by any particular method.
For example, the monoclonal antibodies to be used in
accordance with the present invention may be made by a
variety of techniques, including, for example, the
hybridoma method {e.g., Kohler etal., Nature, 256:495
(1975); Harlow etal., Antibodies: A Laboratory Manual,
(Cold Spring Harbor Laboratory Press, 2nd ed. 1988);
Hammerling et al, in: Monoclonal Antibodies and T-CeIl
Hybridomas 563-681, (Elsevier, N.Y., 1981)),
recombinant DNA methods (see, e.g., U.S. Patent No.
4,816,567), phage display technologies (see, e.g.,
Clackson et al, Nature, 352:624-628 (1991); Marks
etal, J. MoL Biol, 222:581-597 (1991); Sidhu etal, J.
MoI. Biol. 338(2):299-310 (2004); Lee etal,
J.Mol.Biol.340(5):1073-1093 (2004); Fellouse, Proc.
Nat. Acad. ScL USA 101 (34): 12467-12472 (2004); and
Lee et al. J. Immunol. Methods 284(1-2): 119-132
(2004), and technologies for producing human or
human-like antibodies in animals that have parts or
all of the human immunoglobulin loci or genes encoding
human immunoglobulin sequences (see, e.g., WO
1998/24893; WO 1996/34096; WO 1996/33735; WO
1991/10741; Jakobovits etal, Proc. Natl. Acad. ScL
USA, 90:2551 (1993); Jakobovits etal, Nature, 362:255-
258 (1993); Bruggemann etal, Year in Immune., 7:33
(1993); U.S. Patent Nos. 5,545,806; 5,569,825;
5,591,669 (all of GenPharm); U.S. Patent No.
5,545,807; WO 1997/17852; U.S. Patent Nos. 5,545,807;
5,545,806; 5,569,825; 5,625,126; 5,633,425; and
5,661,016; Marks etal., Bio/Technology, 10: 779-783
(1992); Lonberg etal, Nature, 368: 856-859 (1994);
Morrison, Nature, 368: 812-813 (1994); Fishwild etal,
Nature Biotechnology, 14: 845-851 (1996); Neuberger,
Nature Biotechnology, 14: 826 (1996); and Lonberg and
Huszar, Intern. Rev. Immunol, 13: 65-93 (1995). The
monoclonal antibodies herein specifically include
"chimeric" antibodies in which a portion of the heavy
and/or light chain is identical with or homologous to
corresponding sequences in antibodies derived from a
particular species or belonging to a particular
antibody class or subclass, while the remainder of the
chain(s) is identical with or homologous to
corresponding sequences in antibodies derived from
another species or belonging to another antibody class
or subclass, as well as fragments of such antibodies,
so long as they exhibit the desired biological
activity (U.S. Patent No. 4,816,567; and Morrison et
al, Proc. Natl. Acad. ScL USA, 81:6851-6855 (1984)).
Chimeric antibodies of interest herein include
"primatized" antibodies comprising variable domain
antigen-binding sequences derived from a non-human
primate (e.g. Old World Monkey, Ape etc) and human
constant region sequences. "Antibody fragments"
comprise a portion of an intact antibody, preferably
comprising the antigen binding region thereof.
Examples of antibody fragments include Fab, Fab',
F(ab')2 , and Fv fragments; diabodies; linear
antibodies; single-chain antibody molecules; and
multispecific antibodies formed from antibody
fragment(s). An "intact antibody" herein is one which
comprises two antigen binding regions, and an Fc
region. Preferably, the intact antibody has one or
more effector functions. Depending on the amino acid
sequence of the constant domain of their heavy chains,
intact antibodies can be assigned to different
"classes". There are five major classes of intact
antibodies: IgA, IgD, IgE, IgG, and IgM, and several
of these may be further divided into "subclasses"
(isotypes), e.g., IgGl, IgG2, IgG3, IgG4, IgA, and
IgA2. The heavy-chain constant domains that correspond
to the different classes of antibodies are called a,
d, e, g, and m, respectively. The subunit structures
and three-dimensional configurations of different
classes of immunoglobulins are well known. Antibody
"effector functions" refer to those biological
activities attributable to an Fc region (a native
sequence Fc region or amino acid sequence variant Fc
region) of an antibody. Examples of antibody effector
functions include CIq binding; complement dependent
cytotoxicity; Fc receptor binding; antibody-dependent
cell-mediated cytotoxicity (ADCC); phagocytosis; down
regulation of cell surface receptors (e.g. B cell
receptor; BCR), etc. "Antibody-dependent cell-mediated
cytotoxicity" and "ADCC" refer to a cell-mediated
reaction in which nonspecific cytotoxic cells that
express Fc receptors (FcRs) (e.g. Natural Killer (NK)
cells, neutrophils,and macrophages) recognize bound
antibody on a target cell and subsequently cause lysis
of the target cell. The primary cells for mediating
ADCC, NK cells, express FcgRIII only, whereas
monocytes express FcgRI, FcgRII and FcgRIII. FcR
expression on hematopoietic cells in summarized is
Table 3 on page 464 of Ravetch and Kinet, Annu. Rev.
Immunol 9:457-92 (1991). To assess ADCC activity of a
molecule of interest, an in vitro ADCC assay, such as
that described in US Patent No. 5,500,362 or 5,821,337
may be performed. Useful effector cells for such
assays include peripheral blood mononuclear cells
(PBMC) and Natural Killer (NK) cells. Alternatively,
or additionally, ADCC activity of the molecule of
interest may be assessed in vivo, e.g., in a animal
model such as that disclosed in Clynes et al. PNAS
(USA) 95:652-656 (1998). "Human effector cells" are
leukocytes which express one or more FcRs and perform
effector functions. Preferably, the cells express at
least FcgRIII and perform ADCC effector function.
Examples of human leukocytes which mediate ADCC
include peripheral blood mononuclear cells (PBMC),
natural killer (NK) cells, monocytes, cytotoxic T
cells and neutrophils; with PBMCs and NK cells being
preferred. The effector cells may be isolated from a
native source thereof, e.g. from blood or PBMCs as
described herein. The terms "Fc receptor" or "FcR" are
used to describe a receptor that binds to the Fc
region of an antibody. The preferred FcR is a native
sequence human FcR. Moreover, a preferred FcR is one
which binds an IgG antibody (a gamma receptor) and
includes receptors of the FcgRI, FcgRII, and Fcg RIII
subclasses, including allelic variants and
alternatively spliced forms of these receptors. FcgRII
receptors include FcgRIIA (an "activating receptor")
and FcgRIIB (an "inhibiting receptor"), which have
similar amino acid sequences that differ primarily in
the cytoplasmic domains thereof. Activating receptor
FcgRIIA contains an immunoreceptor tyrosine-based
activation motif (ITAM) in its cytoplasmic domain.
Inhibiting receptor FcgRIIB contains an immunoreceptor
tyrosine-based inhibition motif (ITIM) in its
cytoplasmic domain (see review M. in Daeron, Annu.
Rev. Immunol. 15:203-234 (1997)). FcRs are reviewed in
Ravetch and Kinet, Annu. Rev. Immunol 9:457-92 (1991);
Capel et al., Immunomethods 4:25-34 (1994); and de
Haas et al, J. Lab. Clin. Med. 126:330-41 (1995).
Other FcRs, including those to be identified in the
future, are encompassed by 



the term "FcR" herein. The term also includes the
neonatal receptor, FcRn, which is responsible for the
transfer of maternal IgGs to the fetus (Guyer et al.,
J. Immunol. 117:587 (1976) and Kim et al, J. Immunol.
24:249 (1994)), and regulates homeostasis of
immunoglobulins. "Complement dependent cytotoxicity"
or "CDC" refers to the ability of a molecule to lyse a
target in the presence of complement. The complement
activation pathway is initiated by the binding of the
first component of the complement system (CIq) to a
molecule (e.g. an antibody) complexed with a cognate
antigen. To assess complement activation, a CDC assay,
e.g. as described in Gazzano-Santoro et al., J.
Immunol. Methods 202:163 (1996), may be performed.
"Native antibodies" are usually heterotetrameric
glycoproteins of about 150,000 daltons, composed of
two identical light (L) chains and two identical heavy
(H) chains. Each light chain is linked to a heavy
chain by one covalent disulfide bond, while the number
of disulfide linkages varies among the heavy chains of
different immunoglobulin isotypes. Each heavy and
light chain also has regularly spaced intrachain
disulfide bridges. Each heavy chain has at one end a
variable domain (VH) followed by a number of constant
domains. Each light chain has a variable domain at one
end (VL) and a constant domain at its other end. The
constant domain of the light chain is aligned with the
first constant domain of the heavy chain, and the
light-chain variable domain isaligned with the
variable domain of the heavy chain. Particular amino
acid residues are believed to form an interface
between the light chain and heavy chain variable
domains. The term "variable" refers to the fact that
certain portions of the variable domains differ
extensively in sequence among antibodies and are used
in the binding and specificity of each particular
antibody for its particular antigen. However, the
variability is not evenly distributed throughout the
variable domains of antibodies. It is concentrated in
three segments called hypervariable regions both in
the light chain and the heavy chain variable domains.
The more highly conserved portions of variable domains
are called the framework regions (FRs). The variable
domains of native heavy and light chains each comprise
four FRs, largely adopting a b-sheet configuration,
connected by three hypervariable regions, which form
loops connecting, and in some cases forming part of,
the b-sheet structure. The hypervariable regions in
each chain are held together in close proximity by the
FRs and, with the hypervariable regions from the other
chain, contribute to the formation of the
antigen-binding site of antibodies (see Kabat et al.,
Sequences of Proteins of Immunological Interest, 5th
Ed. Public Health Service, National Institutes of
Health, Bethesda, MD. (1991)). The constant domains
are not involved directly in binding an antibody to an
antigen, but exhibit various effector functions, such
as participation of the antibody in antibody dependent
cellular cytotoxicity (ADCC). The term "hypervariable
region" when used herein refers to the amino acid
residues of an antibody which are responsible for
antigen-binding. The hypervariable region generally
comprises amino acid residues from a "complementarity
determining region" or "CDR" {e.g. residues 24-34
(Ll), 50-56 (L2) and 89-97 (L3) in the light chain
variable domain and 31-35 (Hl), 50-65 (H2) and 95-102
(H3) in the heavy chain variable domain; Kabat et al,
Sequences of Proteins of Immunological Interest, 5th
Ed. Public Health Service, National Institutes of
Health, Bethesda, MD. (1991)) and/or those residues
from a "hypervariable loop" (e.g. residues 26- 32
(Ll), 50-52 (L2) and 91-96 (L3) in the light chain
variable domain and 26-32 (Hl), 53-55 (H2) and 96-101
(H3) in the heavy chain variable domain; Chothia and
Lesk J. MoI. Biol. 196:901-917 (1987)). "Framework
Region" or "FR" residues are those variable domain
residues other than the hypervariable region residues
as herein defined. Papain digestion of antibodies
produces two identical antigen-binding fragments,
called "Fab" fragments, each with a single
antigen-binding site, and a residual "Fc" fragment,
whose name reflects its ability to crystallize
readily. Pepsin treatment yields an F(ab')2 fragment
that has two antigen-binding sites and is still
capable of cross-linking antigen. "Fv" is the minimum
antibody fragment which contains a complete
antigen-recognition and antigenbinding site. This
region consists of a dimer of one heavy chain and one
light chain variable domain in tight, non-covalent
association. It is in this configuration that the
three hypervariable regions of each variable domain
interact to define an antigen-binding site on the
surface of the VH-VL dimer. Collectively, the six
hypervariable regions confer antigen-binding
specificity to the antibody. However, even a single
variable domain (or half of an Fv comprising only
three hypervariable regions specific for an antigen)
has the ability to recognize and bind antigen,
although at a lower affinity than the entire binding
site. The Fab fragment also contains the constant
domain of the light chain and the first constant
domain (CHl) of the heavy chain. Fab' fragments differ
from Fab fragments by the addition of a few residues
at the carboxy terminus of the heavy chain CHl domain
including one or more cysteines from the antibody
hinge region. Fab'-SH is the designation herein for
Fab' in which the cysteine residue(s) of the constant
domains bearat least one free thiol group. F(ab')2
antibody fragments originally were produced as pairs
of Fab' fragments which have hinge cysteines between
them. Other chemical couplings of antibody fragments
are also known. The "light chains" of antibodies from
any vertebrate species can be assigned to one of two
clearly distinct types, called kappa (K) and lambda
(l), based on the amino acid sequences of their
constant domains. "Single-chain Fv" or "scFv" antibody
fragments comprise the VH and VL domains of antibody,
wherein these domains are present in a single
polypeptide chain. Preferably, the Fv polypeptide
further comprises a polypeptide linker between the VH
and VL domains which enables the scFv to form the
desired structure for antigen binding. For a review of
scFv see Plckthun in The Pharmacology of Monoclonal
Antibodies, vol. 113, Rosenburg and Moore eds.,
Springer-Verlag, New York, pp. 269-315 (1994). HER2
antibody scFv fragments are described in WO93/16185;
U.S. Patent No. 5,571,894; and U.S. Patent No.
5,587,458. The term "diabodies" refers to small
antibody fragments with two antigen-binding sites,
which fragments comprise a variable heavy domain (VH)
connected to a variable light domain (V1J in the same
polypeptide chain (VH - VL) . By using a linker that
is too short to allow pairing between the two domains
on the same chain, the domains are forced to pair with
the complementary domains of another chain and create
two antigen-binding sites. Diabodies are described
more fully in, for example, EP 404,097; WO 93/1 1161;
and Hollinger etal, Proc. Natl. Acad. Set. USA,
90:6444-6448 (1993). "Humanized" forms of non-human
(e.g., rodent) antibodies are chimeric antibodies that
contain minimal sequence derived from non-human
immunoglobulin. For the most part, humanized
antibodies are human immunoglobulins (recipient
antibody) in which residues from a hypervariable
region of the recipient are replaced by residues from
a hypervariable region of a non-human species (donor
antibody) such as mouse, rat, rabbit or nonhuman
primate having the desired specificity, affinity, and
capacity. In some instances, framework region (FR)
residues of the human immunoglobulin are replaced by
corresponding non-human residues. Furthermore,
humanized antibodies may comprise residues that are
not found in the recipient antibody or in the donor
antibody. These modifications are made to further
refine antibody performance. In general, the humanized
antibody will comprise substantially all of at least
one, and typically two, variable domains, in which 



all or substantially all of the hypervariable loops
correspond to those of a non-human immunoglobulin and
all or substantially all of the FRs are those of a
human immunoglobulin sequence. The humanized antibody
optionally also will comprise at least a portion of an
immunoglobulin constant region (Fc), typically that of
a human immunoglobulin. For further details, see Jones
et al., Nature 321:522-525 (1986); Riechmann et al,
Nature 332:323-329 (1988); and Presta, Curr. Op.
Struct. Biol. 2:593-596 (1992). Humanized HER2
antibodies include huMAb4D5-l, huMAb4D5-2, huMAb4D5-3,
huMAb4D5-4, huMAb4D5-5, huMAb4D5-6, huMAb4D5-7 and
huMAb4D5-8 or trastuzumab (HERCEPTIN(r)) as described
in Table 3 of U.S. Patent 5,821,337 expressly
incorporated herein by reference; humanized 520C9
(WO93/21319); and humanized 2C4 antibodies such as
pertuzumab as described herein. For the purposes
herein, "trastuzumab," "HERCEPTIN(r)," and
"huMAb4D5-8" refer to an antibody comprising the light
and heavy chain amino acid sequences in SEQ ID NOS. 5
and 6, respectively. Herein, "pertuzumab" and
"OMNITARG(tm)" refer to an antibody comprising the
light and heavy chain amino acid sequences in SEQ ID
NOS. 7 and 8, respectively. A "naked antibody" is an
antibody that is not conjugated to a heterologous
molecule, such as acytotoxic moiety or radiolabel. An
"isolated" antibody is one which has been identified
and separated and/or recovered from a component of its
natural environment. Contaminant components of its
natural environment are materials which would
interfere with diagnostic or therapeutic uses for the
antibody, and may include enzymes, hormones, and other
proteinaceous or nonproteinaceous solutes. In
preferred embodiments, the antibody will be purified
(1) to greater than 95% by weight of antibody as
determined by the Lowry method, and most preferably
more than 99% by weight, (2) to a degree sufficient to
obtain at least 15 residues of N-terminal or internal
amino acid sequence by use of a spinning cup
sequenator, or (3) to homogeneity by SDS-PAGE under
reducing or nonreducing conditions using Coomassie
blue or, preferably, silver stain. Isolated antibody
includes the antibody in situ within recombinant cells
since at least one component of the antibody's natural
environment will not be present. Ordinarily, however,
isolated antibody will be prepared by at least one
purification step. An "affinity matured" antibody is
one with one or more alterations in one or more
hypervariable regions thereof which result an
improvement in the affinity of the antibody for
antigen, compared to a parent antibody which does not
possess those alteration(s). Preferred affinity
matured antibodies will have nanomolar or even
picomolar affinities for the target antigen. Affinity
matured antibodies are produced by procedures known in
the art. Marks et al. Bio/Technology 10:779-783 (1992)
describes affinity maturation by VH and VL domain
shuffling. Random mutagenesis of CDR and/or framework
residues is described by: Barbas et al. Proc Nat.
Acad. Sci, USA 91:3809-3813 (1994); Schier etal. Gene
169:147-155 (1995); Yelton etal. J. Immunol.
155:1994-2004 (1995); Jackson etal., J. Immunol.
154(7):3310-9 (1995); and Hawkins etal, J. MoI. Biol.
226:889-896 (1992). The term "main species antibody"
herein refers to the antibody structure in a
composition which is the quantitatively predominant
antibody molecule in the composition. An "amino acid
sequence variant" antibody herein is an antibody with
an amino acid sequence which differs from a main
species antibody. Ordinarily, amino acid sequence
variants will possess at least about 70% homology with
the main species antibody, and preferably, they will
be at least about 80%, more preferably at least about
90% homologous with the main species antibody. The
amino acid sequence variants possess substitutions,
deletions, and/or additions at certain positions
within or adjacent to the amino acid sequence of the
main species antibody. A "glycosylation variant"
antibody herein is an antibody with one or more
carbohydrate moeities attached thereto which differ
from one or more carbohydate moieties attached to a
main species antibody. A "deamidated"antibody is one
in which one or more asparagine residues thereof has
been derivitized, e.g. to an aspartic acid, a
succinimide, or an iso-aspartic acid. The terms
"cancer" and "cancerous" refer to or describe the
physiological condition in mammals that is typically
characterized by unregulated cell growth. Examples of
cancer include, but are not limited to, carcinoma,
lymphoma, blastoma (including medulloblastoma and
retinoblastoma), sarcoma (including liposarcoma and
synovial cell sarcoma), neuroendocrine tumors
(including carcinoid tumors, gastrinoma, and islet
cell cancer), mesothelioma, schwannoma (including
acoustic neuroma), meningioma, adenocarcinoma,
melanoma, and leukemia or lymphoid malignancies. More
particular examples of such cancers include squamous
cell cancer (e.g. epithelial squamous cell cancer),
lung cancer including small-cell lung cancer (SCLC),
non-small cell lung cancer (NSCLC), adenocarcinoma of
the lung and squamous carcinoma of thelung, cancer of
the peritoneum, hepatocellular cancer, gastric or
stomach cancer including gastrointestinal cancer,
pancreatic cancer, glioblastoma, cervical cancer,
ovarian cancer, liver cancer, bladder cancer,
hepatoma, breast cancer (including metastatic breast
cancer), colon cancer, rectal cancer, colorectal
cancer, endometrial or uterine carcinoma, salivary
gland carcinoma, kidney or renal cancer, prostate
cancer, vulval cancer, thyroid cancer, hepatic
carcinoma, anal carcinoma, penile carcinoma,
testicular cancer, esophagael cancer, tumors of the
biliary tract, as well as head and neck cancer. A
mammal with a "HER inhibitor-resistant cancer" is one
who has progressed while receiving HER inhibitor-based
therapy (i.e. the patient is "HER inhibitor
refractory"), or the mammal has progressed within 12
months (for instance, within 6 months) after
completing a HER inhibitor-based therapy regimen. The
HER inhibitor-based therapy includes therapy with
naked or conjugated HER inhibitor, where the HER
inhibitor is administered as a single-agent, or in
combination with other anti-tumor drug(s). The HER
inhibitor may be trastuzumab, pertuzumab, cetuximab,
ABX-EGF, EMD7200, gefitinib, erlotinib, CP724714, CIl
033, GW572016, IMC-1 1F8, or TAKl 65, but preferably
is trastuzumab. A "mammal" for purposes of treatment
refers to any animal classified as a mammal, including
humans, domestic and farm animals, and zoo, sports, or
pet animals, such as dogs, horses, cats, cows, etc.
Preferably, the mammal is human. A "tumor sample"
herein is a sample derived from, or comprising tumor
cells from, a patient's tumor. Examples of tumor
samples herein include, but are not limited to, tumor
biopsies, circulating tumor cells, circulating plasma
proteins, ascitic fluid, primary cell cultures or cell
lines derived from tumors or exhibiting tumor-like
properties, as well as preserved tumor samples, such
as formalin-fixed, paraffin-embedded tumor samples or
frozen tumor samples. A "fixed" tumor sample is one
which has been histologically preserved using a
fixative. A "formalin-fixed" tumor sample is one which
has been preserved using formaldehyde as the fixative.
An "embedded" tumor sample is one surrounded by a firm
and generally hard medium such as paraffin, wax,
celloidin, or a resin. Embedding makes possible the
cutting of thin sections for microscopic examination
or for generation of tissue microarrays (TMAs). 



A "paraffin-embedded" tumor sample is one surrounded
by a purified mixture of solid hydrocarbons derived
from petroleum. Herein, a "frozen" tumor sample refers
to a tumor sample which is, or has been, frozen. A
"growth inhibitory agent" when used herein refers to a
compound or composition which inhibits growth of a
cell, especially a HER expressing cancer cell either
in vitro or in vivo. Thus, the growth inhibitory agent
may be one which significantly reduces the percentage
of HER expressing cells in S phase. Examples of growth
inhibitory agents include agents that block cell cycle
progression (at a place other than S phase), such as
agents that induce Gl arrest and M-phase arrest.
Classical M-phase blockers include the vincas
(vincristine and vinblastine), taxanes, and topo II
inhibitors such as doxorubicin, epirubicin,
daunorubicin, etoposide, and bleomycin. Those agents
that arrest Gl also spill over into S-phase arrest,
for example, DNA alkylating agents such as tamoxifen,
prednisone, dacarbazine, mechlorethamine, cisplatin,
methotrexate, 5-fluorouracil, and ara- C. Further
information can be found in The Molecular Basis of
Cancer, Mendelsohn and Israel, eds., Chapter 1,
entitled "Cell cycle regulation, oncogenes, and
antineoplastic drugs" by Murakami et al. (WB Saunders:
Philadelphia, 1995), especially p. 13.Examples of
"growth inhibitory" antibodies are those which bind to
HER2 and inhibit the growth of cancer cells
overexpressing HER2. Preferred growth inhibitory HER2
antibodies inhibit growth of SK-BR-3 breast tumor
cells in cell culture by greater than 20%, and
preferably greater than 50% (e.g. from about 50% to
about 100%) at an antibody concentration of about 0.5
to 30 mg/ml, where the growth inhibition is determined
six days after exposure of the SK-BR-3 cells to the
antibody (see U.S. Patent No. 5,677,171 issued October
14, 1997). The SK-BR-3 cell growth inhibition assay is
described in more detail in that patent and
hereinbelow. The preferred growth inhibitory antibody
is a humanized variant of murine monoclonal antibody
4D5, e.g., trastuzumab. An antibody which "induces
apoptosis" is one which induces programmed cell death
as determined by binding of annexin V, fragmentation
of DNA, cell shrinkage, dilation of endoplasmic
reticulum, cell fragmentation, and/or formation of
membrane vesicles (called apoptotic bodies). The cell
is usually one which overexpresses the HER2 receptor.
Preferably the cell is a tumor cell, e.g. a breast,
ovarian, stomach, endometrial, salivary gland, lung,
kidney, colon, thyroid, pancreatic or bladder cell. In
vitro, the cell may be a SK-BR-3, BT474, CaIu 3 cell,
MDA-MB-453, MDA-MB-361 or SKOV3 cell. Various methods
are available for evaluating the cellular events
associated with apoptosis. For example, phosphatidyl
serine (PS) translocation can be measured by annexin
binding; DNA fragmentation can be evaluated through
DNA laddering; and nuclear/chromatin condensation
along with DNA fragmentation can be evaluated by any
increase in hypodiploid cells. Preferably, the
antibody which induces apoptosis is one which results
in about 2 to 50 fold, preferably about 5 to 50 fold,
and most preferably about 10 to 50 fold, induction of
annexin binding relative to untreated cell in an
annexin binding assay using BT474 cells (see below).
Examples of HER2 antibodies that induce apoptosis are
7C2 and 7F3. The "epitope 2C4" is the region in the
extracellular domain of HER2 to which the antibody 2C4
binds. In order to screen for antibodies which bind to
the 2C4 epitope, a routine cross-blocking assay such
as that described in Antibodies, A Laboratory Manual,
Cold Spring Harbor Laboratory, Ed Harlow and David
Lane (1988), can be performed. Preferably the antibody
blocks 2C4's binding to HER2 by about 50% or more.
Alternatively, epitope mapping can be performed to
assess whether the antibody binds to the 2C4 epitope
of HER2. Epitope 2C4 comprises residues from Domain II
in the extracellular domain of HER2. 2C4 and
pertuzumab binds to the extracellular domain of HER2
at the junction of domains I, II and III. Franklin et
al. Cancer Cell 5:317-328 (2004). The "epitope 4D5" is
the region in the extracellular domain of HER2 to
which the antibody 4D5 (ATCC CRL 10463) and
trastuzumab bind. This epitope is close to the
transmembrane domain of HER2, and within Domain FV of
HER2. To screen for antibodies which bind to the 4D5
epitope, a routine cross-blocking assay such as that
described in Antibodies, A Laboratory Manual, Cold
Spring Harbor Laboratory, Ed Harlow and David Lane
(1988), can be performed. Alternatively, epitope
mapping can be performed to assess whether the
antibody binds to the 4D5 epitope of HER2 (e.g. any
one or more residues in the region from about residue
529 to about residue 625, inclusive of the HER2 ECD,
residue numbering including signal peptide). The
"epitope 7C2/7F3" is the region at the N terminus,
within Domain I, of the extracellular domain of HER2
to which the 7C2 and/or 7F3 antibodies (each deposited
with the ATCC, see below) bind. To screen for
antibodies which bind to the 7C2/7F3 epitope, a
routine cross-blocking assay such as that described in
Antibodies, A Laboratory Manual, Cold Spring Harbor
Laboratory, Ed Harlow and David Lane (1988), can
beperformed. Alternatively, epitope mapping can be
performed to establish whether the antibody binds to
the 7C2/7F3 epitope on HER2 {e.g. any one or more of
residues in the region from about residue 22 to about
residue 53 of the HER2 ECD, residue numbering
including signal peptide). "Treatment" refers to both
therapeutic treatment and prophylactic or preventative
measures. Those in need of treatment include those
already with the disease as well as those in which the
disease is to be prevented. Hence, the patient to be
treated herein may have been diagnosed as having the
disease or may be predisposed or susceptible to the
disease. The term "effective amount" refers to an
amount of a drug effective to treat cancer in the
patient. The effective amount of the drug may reduce
the number of cancer cells; reduce the tumor size;
inhibit {i.e., slow to some extent and preferably
stop) cancer cell infiltration into peripheral organs;
inhibit {i.e., slow to some extent and preferably
stop) tumor metastasis; inhibit, to some extent, tumor
growth; and/or relieve to some extent one or more of
the symptoms associated with the cancer. To the extent
the drug may prevent growth and/or kill existing
cancer cells, it may be cytostatic and/or cytotoxic.
The effective amount may extend progression free
survival, result in an objective response (including a
partial response, PR, or complete response, CR),
increase overall survival time, and/or improve one or
more symptoms of cancer. By "complete response" or
"complete remission" is intended the disappearance of
all signs of cancer in response to treatment. This
does not always mean the cancer has been cured.
"Partial response" refers to a decrease in the size of
one or more tumors or lesions, or in the extent of
cancer in the body, in response to treatment. The term
"cytotoxic agent" as used herein refers to a substance
that inhibits or prevents the function of cells and/or
causes destruction of cells. The term is intended to
include radioactive isotopes {e.g. At211 , 1131 ,
1125, Y90, ReISd, Re188, Sm153, Bi212, P32 and
radioactive isotopes of Lu), chemotherapeutic agents,
and toxins such as small molecule toxins or
enzymatically active toxins of bacterial, fungal,
plant or animal origin, including fragments and/or
variants thereof. A "chemotherapeutic agent" is a
chemical compound useful in the treatment of cancer.
Examples of chemotherapeutic agents include alkylating
agents such as thiotepa and CYTOXAN(r)
cyclosphosphamide; alkyl 



sulfonates such as busulfan, improsulfan and
piposulfan; aziridines such as benzodopa, carboquone,
meturedopa, and uredopa; ethylenimines and
methylamelamines including altretamine,
triethylenemelamine, trietylenephosphoramide,
triethiylenethiophosphoramide and
trimethylolomelamine; TLK 286 (TELCYTA(tm));
acetogenins (especially bullatacin and bullatacinone);
delta-9-tetrahydrocannabinol (dronabinol, MARINOL(r));
beta-lapachone; lapachol; colchicines; betulinic acid;
a camptothecin (including the synthetic analogue
topotecan (HYCAMTIN(r)), CPT-Il (irinotecan,
CAMPTOSAR(r)), acetylcamptothecin, scopolectin, and 9-
aminocamptothecin); bryostatin; callystatin; CC-1065
(including its adozelesin, carzelesin and bizelesin
synthetic analogues); podophyllotoxin; podophyllinic
acid; teniposide; cryptophycins (particularly
cryptophycin 1 and cryptophycin 8); dolastatin;
duocarmycin (including the synthetic analogues,
KW-2189 and CBl-TMl); eleutherobin; pancratistatin; a
sarcodictyin; spongistatin; nitrogen mustards such as
chlorambucil, chlornaphazine, cholophosphamide,
estramustine, ifosfamide, mechlorethamine,
mechlorethamine oxide hydrochloride, melphalan,
novembichin, phenesterine, prednimustine,
trofosfamide, uracil mustard; nitrosureas such as
carmustine, chlorozotocin, fotemustine, lomustine,
nimustine, and ranimnustine; bisphosphonates, such as
clodronate; antibiotics such as the enediyne
antibiotics {e. g., calicheamicin, especially
calicheamicingammall and calicheamicin omegall (see,
e.g., Agnew, Chemlntl. Ed. Engl, 33: 183-186 (1994))
and anthracyclines such as annamycin, AD 32,
alcarubicin, daunorubicin, dexrazoxane, DX-52-1,
epirubicin, GPX- 100, idarubicin, KRN5500, menogaril,
dynemicin, including dynemicin A, an esperamicin,
neocarzinostatin chromophore and related chromoprotein
enediyne antiobiotic chromophores, aclacinomysins,
actinomycin, authramycin, azaseripe, bleomycins,
cactinomycin, carabicin, carminomycin, carzinophilin,
chromomycinis, dactinomycin, detorubicin,
6-diazo-5-oxo-L-norleucine, ADRIAMYCIN(r) doxorubicin
(including morpholinodoxorubicin,
cyanomorpholino-doxorubicin, 2-pyitolino-doxorubicin,
liposomal doxorubicin, and deoxydoxorubicin),
esorubicin, marcellomycin, mitomycins such as
mitomycin C, mycophenolic acid, nogalamycin,
olivomycins, peplomycin, potfiromycin, puromycin,
quelamycin, rodorubicin, streptonigrin, streptozocin,
tubercidin, ubenimex, zinostatin, and zorubicin; folic
acid analogues such as denopterin, pteropterin, and
trimetrexate; purine analogs such as fludarabine,
6-mercaptopurine, thiamiprine, and thioguanine;
pyrimidine analogs such as ancitabine, azacitidine,
6-azauridine, carmofur, cytarabine, dideoxyuridine,
doxifluridine, enocitabine, and floxuridine; androgens
such as calusterone, dromostanolone propionate,
epitiostanol, mepitiostane, and testolactone;
anti-adrenals such as aminoglutethimide, mitotane, and
trilostane; folic acid replenisher such as folinic
acid (leucovorin); aceglatone; anti-folate
anti-neoplastic agents such as ALIMTA (r), LY231514
pemetrexed, dihydrofolate reductase inhibitors such as
methotrexate, anti metabolites such as 5-fluorouracil
(5-FU) and its prodrugs such as UFT, S-I and
capecitabine, and thymidylate synthase inhibitors and
glycinamide ribonucleotide formyltransferase
inhibitors such as raltitrexed (TOMUDEX^, TDX);
inhibitors of dihydropyrimidine dehydrogenase such as
eniluracil; aldophosphamide glycoside; aminolevulinic
acid; amsacrine; bestrabucil; bisantrene; edatraxate;
defofamine; demecolcine; diaziquone; elfornithine;
elliptinium acetate; an epothilone; etoglucid; gallium
nitrate; hydroxyurea; lentinan; lonidainine;
maytansinoids such as maytansine and ansamitocins;
mitoguazone; mitoxantrone; mopidanmol; nitraerine;
pentostatin; phenamet; pirarubicin; losoxantrone;
2-ethylhydrazide; procarbazine; PSK(r) polysaccharide
complex (JHS Natural Products, Eugene, OR); razoxane;
rhizoxin; sizofiran; spirogermanium; tenuazonic acid;
triaziquone; 2,2',2"~trichlorotriethylamine;
trichothecenes (especially T-2 toxin, verracurin A,
roridin A and anguidine); urethan; vindesine
(ELDISINE(r), FILDESIN(r)); dacarbazine; mannomustine;
mitobronitol; mitolactol; pipobroman; gacytosine;
arabinoside ("Ara-C"); cyclophosphamide; thiotepa;
taxoids and taxanes, e.g., TAXOL(r) paclitaxel
(Bristol-Myers Squibb Oncology, Princeton, N.J.),
ABRAXANE(tm) Cremophor-free, albumin-engineered
nanoparticle formulation of paclitaxel (American
Pharmaceutical Partners, Schaumberg, Illinois), and
TAXOTERE (r) docetaxel (Rhdne-Poulenc Rorer, Antony,
France); chloranbucil; antimetabolite chemotherapeutic
agent such as gemcitabine (GEMZAR (r)), 5-fluorouracil
(5-FU), capecitabine (XELODA(tm)), 6-mercaptopurine,
methotrexate, 6-thioguanine, pemetrexed, raltitrexed,
arabinosylcytosine ARA-C cytarabine (CYTOSAR-U(r)),
dacarbazine (DTIC-DOME(r)), azocytosine,
deoxycytosine, pyridmidene, fludarabine (FLUD ARA(r)),
cladrabine, and 2-deoxy-D-glucose; 6-thioguanine;
mercaptopurine; platinum-based chemotherapeutic agent
such as carboplatin, cisplatin, or oxaliplatinum;
vinblastine (VELBAN(r)); etoposide (VP-16);
ifosfamide; mitoxantrone; vincristine (ONCOVIN(r));
vinca alkaloid; vinorelbine (NAVELBINE (r));
novantrone; edatrexate; daunomycin; aminopterin;
xeloda; ibandronate; topoisomerase inhibitor RFS 2000;
difluorometlhylornithine (DMFO); retinoids such as
retinoic acid; pharmaceutically acceptable salts,
acids or derivatives of any of the above; as well as
combinations of two or more of the above such as CHOP,
an abbreviation for a combined therapy of
cyclophosphamide, doxorubicin,vincristine, and
prednisolone, and FOLFOX, an abbreviation for a
treatment regimen with oxaliplatin (ELOXATIN(tm))
combined with 5-FU and leucovorin. Also included in
this definition are anti-hormonal agents that act to
regulate or inhibit hormone action on tumors such as
anti-estrogens and selective estrogen receptor
modulators (SERMs), including, for example, tamoxifen
(including NOLVADEX(r) tamoxifen), raloxifene,
droloxifene, 4-hydroxytamoxifen, trioxifene,
keoxifene, LYl 17018, onapristone, and FARESTON(r)
toremifene; aromatase inhibitors that inhibit the
enzyme aromatase, which regulates estrogen production
in the adrenal glands, such as, for example,
4(5)-imidazoles, aminoglutethimide, MEGASE(r)
megestrol acetate, AROMASIN (r) exemestane,
formestanie, fadrozole, RIVISOR (r) vorozole,
FEMARA(r) letrozole, and ARIMIDEX(r) anastrozole; and
anti-androgens such as flutamide, nilutamide,
bicalutamide, leuprolide, and goserelin; as well as
troxacitabine (a 1,3-dioxolane nucleoside cytosine
analog); antisense oligonucleotides, particularly
those that inhibit expression of genes in signaling
pathways implicated in abherant cell proliferation,
such as, for example, PKC-alpha, Raf, H-Ras, and
epidermal growth factor receptor (EGF-R); vaccines
such as gene therapy vaccines, for example, ALLOVECTIN
(r) vaccine, LEUVECTIN (r) vaccine, and VAXID(r)
vaccine; PROLEUKIN (r) rBL-2; LURTOTECAN(r)
topoisomerase 1 inhibitor; ABARELIX (r) rmRH; and
pharmaceutically acceptable salts, acids or
derivatives of any of the above. An "anti-angiogenic
agent" refers to a compound which blocks, or
interferes with to some degree, the development of
blood vessels. The anti-angiogenic factor may, for
instance, be a small molecule or antibody that binds
to a growth factor or growth factor receptor involved
in promoting angiogenesis. The preferred
antiangiogenic factor herein is an antibody that binds
to vascular endothelial growth factor (VEGF), such as
bevacizumab (AVASTIN (r)). The term "cytokine" is a
generic term for proteins released by one cell
population which act on another cell as intercellular
mediators. Examples of such cytokines are lymphokines,
monokines, and traditional polypeptide hormones.
Included among the cytokines are growth hormone such
as human growth hormone, Nmethionyl human growth
hormone, and bovine growth hormone; parathyroid
hormone; thyroxine; insulin; proinsulin; relaxin;
prorelaxin; glycoprotein hormones such as follicle
stimulating hormone (FSH), thyroid 



stimulating hormone (TSH), and luteinizing hormone
(LH); hepatic growth factor; fibroblast growth factor;
prolactin; placental lactogen; tumor necrosis factor-
aand -b; mullerian-inhibiting substance; mouse
gonadotropin-associated peptide; inhibin; activin;
vascular endothelial growth factor; integrin;
thrombopoietin (TPO); nerve growth factors such as
NGF- b; platelet-growth factor; transforming growth
factors (TGFs) such as TGF-a and TGF- b; insulin-like
growth factor-I and -II; erythropoietin (EPO);
osteoinductive factors; interferons such as
interferon- a, -b, and -g ; colony stimulating factors
(CSFs) such as macrophage-CSF (M-CSF);
granulocyte-macrophage-CSF (GM-CSF); and
granulocyte-CSF (G-CSF); interleukins (ILs) such as
IL-I, ILl a, IL-2, BL-3, IL-4, IL-5, IL-6, IL-7, IL-8,
DL-9, IL-IO, DL-Il, BL-12; a tumor necrosis factor
such as TNF- a or TNF- b; and other polypeptide
factors including LIF and kit ligand (KL). As used
herein, the term cytokine includes proteins from
natural sources or from recombinant cell culture and
biologically active equivalents of the native sequence
cytokines. As used herein, the term "EGFR-targeted
drug" refers to a therapeutic agent that binds to EGFR
and, optionally, inhibits EGFR activation. Examples of
such agents include antibodies and small molecules
that bind to EGFR. Examples of antibodies which bind
to EGFR include MAb 579 (ATCC CRL HB 8506), MAb
455(ATCC CRL HB8507), MAb 225 (ATCC CRL 8508), MAb 528
(ATCC CRL 8509) (see, US Patent No. 4,943, 533,
Mendelsohn et al.) and variants thereof, such as
chimerized 225 (C225 or Cetuximab; ERBUTIX(r)) and
reshaped human 225 (H225) (see, WO 96/40210, Imclone
Systems Inc.); IMC-1 1F8, a fully human, EGFRtargeted
antibody (Imclone); antibodies that bind type II
mutant EGFR (US Patent No. 5,212,290); humanized and
chimeric antibodies that bind EGFR as described in US
Patent No. 5,891,996; and human antibodies that bind
EGFR, such as ABX-EGF (see WO98/50433, Abgenix); EMD
55900 (Stragliotto etal. Eur. J. Cancer 32A:636-640
(1996)); EMD7200 (matuzumab) a humanized EGFR antibody
directed against EGFR that competes with both EGF and
TGF-alpha for EGFR binding; and mAb 806 or humanized
mAb 806 (Johns et al, J. Biol. Chem.
279(29):30375-30384 (2004)). The anti-EGFR antibody
may be conjugated with a cytotoxic agent, thus
generating an immunoconjugate (see, e.g., EP659.439A2,
Merck Patent GmbH). Examples of small molecules that
bind to EGFR include ZDl 839 or Gefitinib (IRESSA(tm);
Astra Zeneca); CP-358774 or Erlotinib (TARCEVA(tm);
Genentech/OSI); and AG1478, AG1571 (SU 5271; Sugen);
EMD-7200. A "tyrosine kinase inhibitor" is a molecule
which inhibits tyrosine kinase activity of a tyrosine
kinase such as a HER receptor. Examples of such
inhibitors include the EGFR-targeted drugs noted in
the preceding paragraph; small molecule HER2 tyrosine
kinase inhibitor such as TAK165 available from Takeda;
CP- 724,714, an oral selective inhibitor of the ErbB2
receptor tyrosine kinase (Pfizer and OSI); dual-HER
inhibitors such as EKB-569 (available from Wyeth)
which preferentially binds EGFR but inhibits both HER2
and EGFRoverexpressing cells; GW572016 (available from
Glaxo) an oral HER2 and EGFR tyrosine kinase
inhibitor; PKI-166 (available from Novartis); pan-HER
inhibitors such as canertinib (CI-1033; Pharmacia);
Raf-1 inhibitors such as antisense agent ISIS-5132
available from ISIS Pharmaceuticals which inhibits
Raf-1 signaling; non-HER targeted TK inhibitors such
as Imatinib mesylate (Gleevac(tm)) available from
Glaxo; MAPK extracellular regulated kinase I inhibitor
CI- 1040 (available from Pharmacia); quinazolines,
such as PD 153035,4-(3-chloroanilino) quinazoline;
pyridopyrimidines; pyrimidopyrimidines;
pyrrolopyrimidines, such as CGP 59326, CGP 60261 and
CGP 62706; pyrazolopyrimidines,
4-(phenylamino)-7H-pyrrolo[2,3-d] pyrrolidines;
curcumin (diferuloyl methane, 4,5-bis
(4-fluoroanilino)phthalimide); tyrphostines containing
nitxothiophene moieties; PD-0183805 (Warner-Lamber);
antisense molecules (e.g. those that bind to
HERencoding nucleic acid); quinoxalines (US Patent No.
5,804,396); tryphostins (US Patent No. 5,804,396);
ZD6474 (Astra Zeneca); PTK-787 (Novartis/Schering AG);
pan-HER inhibitors such as CI-1033 (Pfizer); Affinitac
(ISIS 3521; Isis/Lilly); Imatinib mesylate (Gleevac;
Novartis); PKI 166 (Novartis); GW2016 (Glaxo
SmithKline); CI-1033 (Pfizer); EKB-569 (Wyeth);
Semaxinib (Sugen); ZD6474 (AstraZeneca); PTK-787
(Novartis/Schering AG); INC-lCll (Imclone); or as
described in any of the following patent publications:
US Patent No. 5,804,396; WO99/09016 (American
Cyanimid); WO98/43960 (American Cyanamid); WO97/38983
(Warner Lambert); WO99/06378 (Warner Lambert);
WO99/06396 (Warner Lambert); WO96/30347 (Pfizer, Inc);
WO96/33978 (Zeneca); WO96/3397 (Zeneca); and
WO96/33980 (Zeneca). II. Inhibiting HER2 Shedding The
present application concerns a method for inhibiting
HER2 shedding comprising treating, or exposing, a HER2
expressing cell with or to a matrix metalloprotease
(MMP) antagonist in an amount effective to inhibit
HER2 shedding. Preferably, the MMP antagonist is a
membrane-tethered MMP (MT-MMP) antagonist, such as
MTl-MMP (MMP-14), MT2-MMP (MMP-15), MT3-MMP (MMP-16),
MT5-MMP (MMP24), MT4-MMP (MMP-17), or MT6-MMP
(MMP-25). Most preferably, the MT-MMP is MMP-15, and
desirably, the antagonist binds selectively or
preferentially to MMP-15, without significantly
binding other proteases or MMPs other than MMP-15,
and/or the antagonist interferes with MMP-15
proteolytic function without significantly interfering
with function of other proteases or MMPs other than
MMP-15. In the preferred embodiment, the treated cell
displays HER and/or MMP expression, amplification, or
activation. For example, the cell may display HER2
and/or MMP-15 overexpression or amplification. The
activity of the MMP antagonist may be enhanced by
combining it with another anti-tumor drug, HER
inhibitor, or HER2 antibody (such as trastuzumab or
pertuzumab). Examples of HER inhibitors that may be
combined with the MMP antagonist include trastuzumab,
pertuzumab, cetuximab, ABX-EGF, EMD7200, gefitinib,
erlotinib, CP724714, CI1033, GW572016, IMC-1 1F8, and
TAK165. The invention also concerns a method for
reducing HER2 extracellular domain (ECD) serum level
in a mammal, comprising administering a matrix
metalloprotease (MMP) antagonist to the mammal in an
amount effective to reduce the HER2 ECD serum level in
the mammal. The mammal optionally has an elevated MMP
level. The invention also provides a method for
treating cancer in a mammal comprising administering a
matrix metalloprotease (MMP) antagonist to the mammal
in an amount effective to treat the cancer. The cancer
may display HER and/or MMP expression, amplification,
or activation. For example, the cancer may display
HER2 or MMP-15 overexpression or amplification. In one
embodiment, the treated mammal has an elevated shed
HER2 serum level or elevated p95 HER2 level. This
invention also relates to a method for treating a HER
inhibitor-resistant cancer in a mammal comprising
administering to the mammal a matrix metalloprotease
(MMP) antagonist in an amount effective to treat the
cancer. For example, the mammal may be resistant to a
HER2 antibody, such as trastuzumab. Also provided is a
method for reducing p95 HER2 level in a cell
comprising exposing the cell to a matrix
metalloprotease (MMP) antagonist in an amount
effective to reduce the p95 HER2 level. Various MMP
antagonists may be used, but preferably the MMP
antagonist is a small molecule inhibitor or an
antibody. Methods for making antibodies are described
hereinbelow. III. Production of Antibodies 



A description follows as to exemplary techniques for
the production of antibodies used in accordance with
the present invention. The antigen to be used for
production of antibodies may be, e.g., a soluble form
of the antigen or a portion thereof, containing the
desired epitope. Alternatively, cells expressing the
antigen at their cell surface (e.g. NIH-3T3 cells
transformed to overexpress HER2; or a carcinoma cell
line such as SKBR- 3 cells, see Stancovski et al. PNAS
(USA) 88:8691-8695 (1991)) can be used to generate
antibodies. Other forms of antigen useful for
generating antibodies will be apparent to those
skilled in the art. (i) Polyclonal antibodies
Polyclonal antibodies are preferably raised in animals
by multiple subcutaneous (sc) or intraperitoneal (ip)
injections of the relevant antigen and an adjuvant. It
may be useful to conjugate the relevant antigen to a
protein that is immunogenic in the species to be
immunized, e.g., keyhole limpet hemocyanin, serum
albumin, bovine thyroglobulin, or soybean trypsin
inhibitor using a bifunctional or derivatizing agent,
for example, maleimidobenzoyl sulfosuccinimide ester
(conjugation through cysteine residues),
N-hydroxysuccinimide(through lysine residues),
glutaraldehyde, succinic anhydride, SOCI2, or R
N=C=NR, where R and R are different alkyl groups.
Animals are immunized against the antigen, immunogenic
conjugates, or derivatives by combining, e.g., 100 mg
or 5 mg of the protein or conjugate (for rabbits or
mice, respectively) with 3 volumes of Freund's
complete adjuvant and injecting the solution
intradermally at multiple sites. One month later the
animals are boosted with 1/5 to 1/10 the original
amount of peptide or conjugate in Freund's complete
adjuvant by subcutaneous injection at multiple sites.
Seven to 14 days later the animals are bled and the
serum is assayed for antibody titer. Animals are
boosted until the titer plateaus. Preferably, the
animal is boosted with the conjugate of the same
antigen, but conjugated to a different protein and/or
through a different cross-linking reagent. Conjugates
also can be made in recombinant cell culture as
protein fusions. Also, aggregating agents such as alum
are suitably used to enhance the immune response. (H)
Monoclonal antibodies Various methods for making
monoclonal antibodies herein are available in the art.
For example, the monoclonal antibodies may be made
using the hybridoma method first described by Kohler
et al, Nature, 256:495 (1975), by recombinant DNA
methods (U.S. Patent No. 4,816,567). In the hybridoma
method, a mouse or other appropriate host animal, such
as a hamster, is immunized as hereinabove described to
elicit lymphocytes that produce or are capable of
producing antibodies that will specifically bind to
the protein used for immunization. Alternatively,
lymphocytes may be immunized in vitro. Lymphocytes
then are fused with myeloma cells using a suitable
fusing agent, such as polyethylene glycol, to form a
hybridoma cell (Goding, Monoclonal Antibodies:
Principles and Practice, pp.59-103 (Academic Press,
1986)). The hybridoma cells thus prepared are seeded
and grown in a suitable culture medium that preferably
contains one or more substances that inhibit the
growth or survival of the unfused, parental myeloma
cells. For example, if the parental myeloma cells lack
the enzyme hypoxanthine guanine phosphoribosyl
transferase (HGPRT or HPRT), the culture medium for
the hybridomas typically will include hypoxanthine,
aminopterin, and thymidine (HAT medium), which
substances prevent the growth of HGPRT-deficient
cells. Preferred myeloma cells are those that fuse
efficiently, support stable high-level production of
antibody by the selected antibody-producing cells, and
are sensitive to a medium such as HAT medium. Among
these, preferred myeloma cell lines are murine myeloma
lines, such as those derived from MOPC-21 and MPC-1 1
mouse tumors available from the SaIk Institute Cell
Distribution Center, San Diego, California USA, and
SP-2 or X63-Ag8-653 cells available from the American
Type Culture Collection, Rockville, Maryland USA.
Human myeloma and mouse-human heteromyeloma cell lines
also have been described for the production of human
monoclonal antibodies (Kozbor, J. Immunol., 133:3001
(1984); and Brodeur etal, Monoclonal Antibody
Production Techniquesand Applications, pp. 51-63
(Marcel Dekker, Inc., New York, 1987)). Culture medium
in which hybridoma cells are growing is assayed for
production of monoclonal antibodies directed against
the antigen. Preferably, the binding specificity of
monoclonal antibodies produced by hybridoma cells is
determined by immunoprecipitation or by an in vitro
binding assay, such as radioimmunoassay (RIA) or
enzyme-linked immunoabsorbent assay (ELISA). The
binding affinity of the monoclonal antibody can, for
example, be determined by the Scatchard analysis of
Munson etal., Anal. Biochem., 107:220 (1980).After
hybridoma cells are identified that produce antibodies
of the desired specificity, affinity, and/or activity,
the clones may be subcloned by limiting dilution
procedures and grown by standard methods (Goding,
Monoclonal Antibodies: Principles and Practice,
pp.59-103 (Academic Press, 1986)). Suitable culture
media for this purpose include, for example, D-MEM or
RPMI-1640 medium. In addition, the hybridoma cells may
be grown in vivo as ascites tumors in an animal. The
monoclonal antibodies secreted by the subclones are
suitably separated from the culture medium, ascites
fluid, or serum by conventional antibody purification
procedures such as, for example, protein ASepharose,
hydroxylapatite chromatography, gel electrophoresis,
dialysis, or affinity chromatography. DNA encoding the
monoclonal antibodies is readily isolated and
sequenced using conventional procedures (e.g., by
using oligonucleotide probes that are capable of
binding specifically to genes encoding the heavy and
light chains of murine antibodies). The hybridoma
cells serve as a preferred source of such DNA. Once
isolated, the DNA may be placed into expression
vectors, which are then transfected into host cells
such as E. coli cells, simian COS cells, Chinese
Hamster Ovary (CHO) cells, or myeloma cells that do
not otherwise produce antibody protein, to obtain the
synthesis of monoclonal antibodies in the recombinant
host cells. Review articles on recombinant expression
in bacteria of DNA encoding the antibody include
Skerra et al, Curr. Opinion in Immunol, 5:256-262
(1993) and Plckthun, Immunol. Revs., 130:151-188
(1992). In a further embodiment, monoclonal antibodies
or antibody fragments can be isolated from antibody
phage libraries generated using the techniques
described in McCafferty et ah, Nature, 348:552-554
(1990). Clackson et al, Nature, 352:624-628 (1991) and
Marks et al, J. MoI Biol, 222:581-597 (1991) describe
the isolation of murine and human antibodies,
respectively, using phage libraries. Subsequent
publications describe the production of high affinity
(nM range) human antibodies by chain shuffling (Marks
et al, Bio/Technology, 10:779-783 (1992)), as well as
combinatorial infection and in vivo recombination as a
strategy for constructing very large phage libraries
(Waterhouse et al, Nuc. Acids. Res., 21:2265-2266
(1993)). Thus, these techniques are viable
alternatives to traditional monoclonal antibody
hybridoma techniques for isolation of monoclonal
antibodies. The DNA also may be modified, for example,
by substituting the coding sequence for human heavy
chain and light chain constant domains in place of the
homologous murine sequences (U.S. Patent No.
4,816,567; and Morrison, et al., Proc. Natl Acad. ScL
USA, 81:6851 (1984)), or by covalently joining to the 



immunoglobulin coding sequence all or part of the
coding sequence for a non-immunoglobulin polypeptide.
Typically such non-immunoglobulin polypeptides are
substituted for the constant domains of an antibody,
or they are substituted for the variable domains of
one antigen-combining site of an antibody to create a
chimeric bivalent antibody comprising one
antigen-combining site having specificity for an
antigen and another antigen-combining site having
specificity for a different antigen. (Ui) Humanized
antibodies Methods for humanizing non-human antibodies
have been described in the art. 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 etal, Nature, 321:522-525
(1986); Riechmann etal, Nature, 332:323-327 (1988);
Verhoeyen etal, Science, 239:1534-1536 (1988)), by
substituting hypervariable region sequences for
thecorresponding sequences of a human antibody.
Accordingly, such "humanized" antibodies are chimeric
antibodies (U.S. Patent No. 4,816,567) wherein
substantially less than an intact human variable
domain has been substituted by the corresponding
sequence from a non-human species. In 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 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
variabledomain 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 ah, J. Immunol, 151:2296 (1993); Chothia et
ah, J. MoI. Biol., 196:901 (1987)). 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 etal, Proc. Natl. Acad. ScL USA,
89:4285 (1992); Presta etal, J. Immunol, 151:2623
(1993)). 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 are commonly
available and are familiar to those skilled in the
art. Computer programs are available which illustrate
and display probable three-dimensional conformational
structures of selected candidate immunoglobulin
sequences. Inspection of these displays 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
increased affinity for the target antigen(s), is
achieved. In general, the hypervariable region
residues are directly and most substantially involved
in influencing antigen binding. (iv) Human antibodies
As an alternative to humanization, human antibodies
can be generated. For example, it is now possible to
produce transgenic animals (e.g., mice) that are
capable, upon immunization, of producing a full
repertoire of human antibodies in the absence of
endogenous immunoglobulin production. For example, it
has been described that the homozygous deletion of the
antibody heavy-chain joining region (JH) gene in
chimeric and germ-line mutant mice results in complete
inhibition of endogenous antibody production. Transfer
of the human germ-line immunoglobulin gene array in
such germ-line mutant mice will result in the
production of human antibodies upon antigen challenge.
See, e.g., Jakobovits etal., Proc. Natl. Acad. ScL
USA, 90:2551 (1993); Jakobovits etal, Nature,
362:255-258 (1993); Bruggermann etal, Year in Immuno.,
7:33 (1993); and U.S. Patent Nos. 5,591,669, 5,589,369
and 5,545,807. Alternatively, phage display technology
(McCafferty etal, Nature 348:552-553 (1990)) can be
used to produce human antibodies and antibody
fragments in vitro, from immunoglobulin variable (V)
domain gene repertoires from unimmunized donors.
According to this technique, antibody V domain genes
are cloned inframe into either a major or minor coat
protein gene of a filamentous bacteriophage, such as
M13 or fd, anddisplayed as functional antibody
fragments on the surface of the phage particle.
Because the filamentous particle contains a
single-stranded DNA copy of the phage genome,
selections based on the functional properties of the
antibody also result in selection of the gene encoding
the antibody exhibiting those properties. Thus, the
phage mimics some of the properties of the B-cell.
Phage display can be performed in a variety of
formats; for their review see, e.g., Johnson, Kevin S.
and Chiswell, David J., Current Opinion in Structural
Biology 3:564-571 (1993). Several sources of V-gene
segments can be used for phage display. Clackson et
al, Nature, 352:624-628 (1991) isolated a diverse
array of anti-oxazolone antibodies from a small random
combinatorial library of V genes derived from the
spleens of immunized mice. A repertoire of V genes
from unimmunized human donors can be constructed and
antibodies to a diverse array of antigens (including
selfantigens) can be isolated essentially following
the techniques described by Marks et al., J. MoI.
Biol. 222:581- 597 (1991), or Griffith et al., EMBO J.
12:725-734 (1993). See, also, U.S. Patent Nos.
5,565,332 and 5,573,905. As discussed above, human
antibodies may also be generated by in vitro activated
B cells (see U.S. Patents 5,567,610 and 5,229,275).
Human HER2 antibodies are described in U.S. Patent No.
5,772,997 issued June 30, 1998 and WO 97/00271
published January 3, 1997. (V) Antibody fragments
Various techniques have been developed for the
production of antibody fragments comprising one or
more antigen binding regions. Traditionally, these
fragments were derived via proteolytic digestion of
intact antibodies (see, e.g., Morimoto et al. ,
Journal of Biochemical and Biophysical Methods 24:
107-1 17 (1992); and Brennan et al, Science, 229:81
(1985)). However, these fragments can now be produced
directly by recombinant host cells. For example, the
antibody fragments can be isolated from the antibody
phage libraries discussed above. Alternatively,
Fab'-SH fragments can be directly recovered from E.
coli and chemically coupled to form F(ab') fragments
(Carter et al, Bio/Technology 10:163-167 (1992)).
According to another approach, F(ab')2 fragments can
be isolated directly from recombinant host cell
culture. Other techniques for the production of
antibody fragments will be apparent to the skilled
practitioner. In other embodiments, the antibody of
choice is a single chain Fv fragment (scFv). SeeWO
93/16185; U.S. Patent No. 5,571,894; and U.S. Patent
No. 5,587,458. The antibody fragment may also be a
"linear antibody", e.g., as described in U.S. Patent
5,641,870 for example. Such linear antibody fragments
may be monospecific or bispecific. 



(vi) Bispecific antibodies Bispecific antibodies are
antibodies that have binding specificities for at
least two different epitopes. Exemplary bispecific
antibodies may bind to two different epitopes of the
HER2 protein. Other such antibodies may combine a HER2
binding site with binding site(s) for EGFR, HER3
and/or HER4. Alternatively, a HER2 arm may be combined
with an arm which binds to a triggering molecule on a
leukocyte such as a T-cell receptor molecule (e.g. CD2
or CD3), or Fc receptors for IgG (FcgR), such as FcgRI
(CD64), FcgRII (CD32) and FcgRIII (CD16) so as to
focus cellular defense mechanisms to the
HER2-expressing cell. Bispecific antibodies may also
be used to localize cytotoxic agents to cells which
express HER2. These antibodies possess a HER2-binding
arm and an arm which binds the cytotoxic agent (e.g.
saporin, antiinterferon- a, vinca alkaloid, ricin A
chain, methotrexate or radioactive isotope hapten).
Bispecific antibodies can be prepared as full length
antibodies or antibody fragments (e.g. F(ab')2
bispecific antibodies).WO 96/16673 describes a
bispecific HER2/FcgRIII antibody and U.S. Patent No.
5,837,234 discloses a bispecific HER2/FcgRI antibody
IDMl (Osidem). A bispecific HER2/Fcaantibody is shown
in WO98/02463. U.S. Patent No. 5,821,337 teaches a
bispecific HER2/CD3 antibody. MDX-210 is a bispecific
HER2-FcgRIII Ab. Methods for making bispecific
antibodies are known in the art. Traditional
production of full length bispecific antibodies is
based on the coexpression of two immunoglobulin heavy
chain-light chain pairs, where the two chains have
different specificities (Millstein etai, Nature,
305:537-539 (1983)). Because of the random assortment
of immunoglobulin heavy and light chains, these
hybridomas (quadromas) produce a potential mixture of
10 different antibody molecules, of which only one has
the correct bispecific structure. Purification of the
correct molecule, which is usually done by affinity
chromatography steps, is rather cumbersome, and the
product yields are low. Similar procedures are
disclosed inWO 93/08829, and in Traunecker et al,
EMBOJ., 10:3655-3659 (1991). According to a different
approach, antibody variable domains with the desired
binding specificities (antibody-antigen combining
sites) are fused to immunoglobulin constant domain
sequences. The fusion preferably is with an
immunoglobulin heavy chain constant domain, comprising
at least part of the hinge, CH2, and CH3 regions. It
is preferred to have the first heavy-chain constant
region (CHl) containing the site necessary for light
chain binding, present in at least one of the fusions.
DNAs encoding the immunoglobulin heavy chain fusions
and, if desired, the immunoglobulin light chain, are
inserted into separate expression vectors, and are
co-transfected into a suitable host organism. This
provides for great flexibility in adjusting the mutual
proportions of the three polypeptide fragments in
embodiments when unequal ratios of the three
polypeptide chains used in the construction provide
the optimum yields. It is, however, possible to insert
the coding sequences for two or all three polypeptide
chains in one expression vector when the expression of
at least two polypeptide chains in equal ratios
results in high yields or when the ratios are of no
particular significance. In a preferred embodiment of
this approach, the bispecific antibodies are composed
of a hybrid immunoglobulin heavy chain with a first
binding specificity in one arm, and a hybrid
immunoglobulin heavy chain-light chain pair (providing
a second binding specificity) in the other arm. It was
found that this asymmetric structure facilitates the
separation of the desired bispecific compound from
unwanted immunoglobulin chain combinations, as the
presence of an immunoglobulin light chain in only one
half of the bispecific molecule provides for a facile
way of separation. This approach is disclosed inWO
94/04690. For further details of generating bispecific
antibodies see, for example, Suresh et al, Methods in
Enzymology, 121:210 (1986). According to another
approach described in U.S. Patent No. 5,731,168, the
interface between a pair of antibody molecules can be
engineered to maximize the percentage of heterodimers
which are recovered from recombinant cell culture. The
preferred interface comprises at least a part of the
CH3 domain of an antibody constant domain. In this
method, one or more small amino acid side chains from
the interface of the first antibody molecule are
replaced with larger side chains (e.g. tyrosine or
tryptophan). Compensatory "cavities" of identical or
similar size to the large side chain(s) are created on
the interface of the second antibody molecule by
replacing large amino acid side chains with smaller
ones (e.g. alanine or threonine). This provides a
mechanism for increasing the yield of the heterodimer
over other unwanted end-products such as
homodimers.Bispecific antibodies include cross-linked
or "heteroconjugate" antibodies. For example, one of
the antibodies in the heteroconjugate can be coupled
to avidin, the other to biotin. Such antibodies have,
for example, been proposed to target immune system
cells to unwanted cells (U.S. Patent No. 4,676,980),
and for treatment of HIV infection (WO 91/00360, WO
92/200373, and EP 03089). Heteroconjugate antibodies
may be made using any convenient cross-linking
methods. Suitable cross-linking agents are well known
in the art, and are disclosed in U.S. Patent No.
4,676,980, along with a number of cross-linking
techniques. Techniques for generating bispecific
antibodies from antibody fragments have also been
described in the literature. For example, bispecific
antibodies can be prepared using chemical linkage.
Brennan et al, Science, 229: 8 1 (1985) describe a
procedure wherein intact antibodies are
proteolytically cleaved to generate F(ab')2 fragments.
These fragments are reduced in the presence of the
dithiol complexing agent sodium arsenite to stabilize
vicinal dithiols and prevent intermolecular disulfide
formation. The Fab' fragments generated are then
converted to thionitrobenzoate (TNB) derivatives. One
of the Fab'-TNB derivatives is then reconverted to the
Fab'-thiol by reduction with mercaptoethylamine and is
mixed with an equimolar amount of the other Fab'- TNB
derivative to form the bispecific antibody. The
bispecific antibodies produced can be used as agents
for the selective immobilization of enzymes. Recent
progress has facilitated the direct recovery of
Fab'-SH fragments from E. coli, which can be
chemically coupled to form bispecific antibodies.
Shalaby et al, J. Exp. Med., 175: 217-225 (1992)
describe the production of a fully humanized
bispecific antibody F(ab')2 molecule. Each Fab'
fragment was separately secreted from E. coli and
subjected to directed chemical coupling in vitro to
form the bispecific antibody. The bispecific antibody
thus formed was able to bind to cells overexpressing
the HER2 receptor and normal human T cells, as well as
trigger the lytic activity of human cytotoxic
lymphocytes against human breast tumor targets.
Various techniques for making and isolating bispecific
antibody fragments directly from recombinant cell
culture have also been described. For example,
bispecific antibodies have been produced using leucine
zippers. Kostelny et al, J. Immunol, 148(5): 1547-1553
(1992). The leucine zipper peptides from the Fos and
Jun proteins were linked to the Fab' portions of two
different antibodies by gene fusion. The antibody
homodimers were reduced at the hinge region to form
monomers and then re-oxidized to form the antibody
heterodimers. This method can also be utilized for the
production of antibody homodimers. The "diabody"
technology described by Hollinger etal, Proc. Natl.
Acad. ScL USA, 90:6444-6448 (1993) has provided an
alternative mechanism for making bispecific antibody
fragments. The fragments comprise a heavy-chain 



variable domain (VH) connected to a light-chain
variable domain (VL) by a linker which is too short to
allow pairing between the two domains on the same
chain. Accordingly, the VH and VL domains of one
fragment are forced to pair with the complementary VL
and VH domains of another fragment, thereby forming
two antigenbinding sites. Another strategy for making
bispecific antibody fragments by the use of
single-chain Fv (sFv) dimers has also been reported.
See Gruber et al, J. Immunol, 152:5368 (1994).
Antibodies with more than two valencies are
contemplated. For example, trispecific antibodies can
be prepared. Tutt etal. J. Immunol. 147: 60 (1991).
(vii) Other amino acid sequence modifications Amino
acid sequence modification(s) of the antibodies
described herein are contemplated. For example, it may
be desirable to improve the binding affinity and/or
other biological properties of the antibody. Amino
acid sequence variants of the antibody are prepared by
introducing appropriate nucleotide changes intothe
antibody nucleic acid, or by peptide synthesis. Such
modifications include, for example, deletions from,
and/or insertions into and/or substitutions of,
residues within the amino acid sequences of the
antibody. Any combination of deletion, insertion, and
substitution is made to arrive at the final construct,
provided that the final construct possesses the
desired characteristics. The amino acid changes also
may alter post-translational processes of the
antibody, such as changing the number or position of
glycosylation sites. A useful method for
identification of certain residues or regions of the
antibody that are preferred locations for mutagenesis
is called "alanine scanning mutagenesis" as described
by Cunningham and Wells Science, 244:1081-1085 (1989).
Here, a residue or group of target residues are
identified {e.g., charged residues such as arg, asp,
his, lys, and glu) and replaced by a neutral or
negatively charged amino acid (most preferably alanine
or polyalanine) to affect the interaction of the amino
acids with antigen. Those amino acid locations
demonstrating functional sensitivity to the
substitutions then are refined by introducing further
or other variants at, or for, the sites of
substitution. Thus, while the site for introducing an
amino acid sequence variation is predetermined, the
nature of the mutation per se need not be
predetermined. For example, to analyze the performance
of a mutation at a given site, ala scanning or random
mutagenesis is conducted at the target codon or region
and the expressed antibody variants are screened for
the desired activity. Amino acid sequence insertions
include amino- and/or carboxyl-terminal fusions
ranging in length from one residue to polypeptides
containing a hundred or more residues, as well as
intrasequence insertions of single or multiple amino
acid residues. Examples of terminal insertions include
antibody with an N-terminal methionyl residue or the
antibody fused to a cytotoxic polypeptide. Other
insertional variants of the antibody molecule include
the fusion to the N- or C-terminus of the antibody to
an enzyme (e.g. for ADEPT) or a polypeptide which
increases the serum half-life of the antibody. Another
type of variant is an amino acid substitution variant.
These variants have at least one amino acid residue in
the antibody molecule replaced by a different residue.
The sites of greatest interest for substitutional
mutagenesis include the hypervariable regions, but FR
alterations are also contemplated. Any cysteine
residue not involved in maintaining the proper
conformation of the antibody also may be substituted,
generally with serine, to improve the oxidative
stability of the molecule and prevent aberrant
crosslinking. Conversely, cysteine bond(s) may be
added to the antibody to improve its stability
(particularly where the antibody is an antibody
fragment such as an Fv fragment). A particularly
preferred type of substitutional variant involves
substituting one or more hypervariable region residues
of a parent antibody (e.g. a humanized or human
antibody). Generally, the resulting variant(s)
selected for further development will have improved
biological properties relative to the parent antibody
from which they are generated. A convenient way for
generating such substitutional variants involves
affinity maturation using phage display. Briefly,
several hypervariable region sites (e.g. 6-7 sites)
are mutated to generate all possible amino
substitutions at each site. The antibody variants thus
generated are displayed in a monovalent fashion from
filamentous phage particles as fusions to the gene III
product of M13 packaged within each particle. The
phage-displayed variants are then screened for their
biological activity (e.g. binding affinity) as herein
disclosed. In order to identity candidate
hypervariable region sites for modification, alanine
scanning mutagenesis can be performed to identify
hypervariable region residues contributing
significantly to antigen binding. Alternatively, or
additionally, it may be beneficial to analyze a
crystal structure of the antigenantibody complex to
identify contact points between the antibody and human
HER2. Such contact residues andneighboring residues
are candidates for substitution according to the
techniques elaborated herein. Once such variants are
generated, the panel of variants is subjected to
screening as described herein and antibodies with
superior properties in one or more relevant assays may
be selected for further development. Another type of
amino acid variant of the antibody alters the original
glycosylation pattern of the antibody. By altering is
meant deleting one or more carbohydrate moieties found
in the antibody, and/or adding one or more
glycosylation sites that are not present in the
antibody. Glycosylation of antibodies is typically
either N-linked or O-linked. N-linked refers to the
attachment of the carbohydrate moiety to the side
chain of an asparagine residue. The tripeptide
sequences asparagine-Xserine and
asparagine-X-threonine, where X is any amino acid
except proline, are the recognition sequences for
enzymatic attachment of the carbohydrate moiety to the
asparagine side chain. Thus, the presence of either of
these tripeptide sequences in a polypeptide creates a
potential glycosylation site. O-linked glycosylation
refers to the attachment of one of the sugars
N-aceylgalactosamine, galactose, or xylose to a
hydroxyamino acid, most commonly serine or threonine,
although 5-hydroxyproline or 5-hydroxylysine may also
be used. Addition of glycosylation sites to the
antibody is conveniently accomplished by altering the
amino acid sequence such that it contains one or more
of the above-described tripeptide sequences (for
N-linked glycosylation sites). The alteration may also
be made by the addition of, or substitution by, one or
more serine or threonine residues to the sequence of
the original antibody (for O-linked glycosylation
sites). Where the antibody comprises an Fc region, the
carbohydrate attached thereto may be altered. For
example, antibodies with a mature carbohydrate
structure that lacks fucose attached to an Fc region
of the antibody are described in US Pat Appl No US
2003/0157108 Al, Presta, L. See also US 2004/0093621
Al (Kyowa Hakko Kogyo Co., Ltd). Antibodies with a
bisecting N-acetylglucosamine (GIcNAc) in the
carbohydrate attached to an Fc region of the antibody
are referenced in WO03/01 1878, Jean-Mairet et a\. and
US Patent No. 6,602,684, Umana et al. Antibodies with
at least one galactose residue in the oligosaccharide
attached to an Fc region of the antibody are reported
in WO97/30087, Patel et al. See, also, WO98/58964
(Raju, S.) and WO99/22764 (Raju, S.) concerning
antibodies with altered carbohydrate attached to the
Fc region thereof. It may be desirable to modify the
antibody of the invention with respect to effector
function, e.g. so as to enhance antigen-dependent
cell-mediated cyotoxicity (ADCC) and/or complement
dependent cytotoxicity (CDC) of the antibody. This may
be achieved by introducing one or more amino acid
substitutions in an Fc 



region of the antibody. Alternatively or additionally,
cysteine residue(s) may be introduced in the Fc
region, thereby allowing interchain disulfide bond
formation in this region. The homodimeric antibody
thus generated may have improved internalization
capability and/or increased complement-mediated cell
killing and antibodydependent cellular cytotoxicity
(ADCC). See Caron et al, J. Exp Med. 176:1191-1195
(1992) and Shopes, B. J. Immunol. 148:2918-2922
(1992). Homodimeric antibodies with enhanced
anti-tumor activity may also be prepared using
heterobifunctional cross-linkers as described in Wolff
et al Cancer Research 53:2560-2565 (1993).
Alternatively, an antibody can be engineered which has
dual Fc regions and may thereby have enhanced
complement lysis and ADCC capabilities. See Stevenson
et al. Anti-Cancer Drug Design 3:219-230 (1989).
WO00/42072 (Presta, L.) describes antibodies with
improved ADCC function in the presence of human
effector cells, where the antibodies comprise amino
acid substitutions in the Fc region
thereof.Preferably, the antibody with improved ADCC
comprises substitutions at positions 298, 333, and/or
334 of the Fc region. Preferably the altered Fc region
is a human IgGl Fc region comprising or consisting of
substitutions at one, two or three of these positions.
Antibodies with altered CIq binding and/or complement
dependent cytotoxicity (CDC) are described in
WO99/51642, US Patent No. 6,194,551Bl, US Patent No.
6,242,195Bl, US Patent No. 6,528,624Bl and US Patent
No. 6,538,124 (Idusogie et al). The antibodies
comprise an amino acid substitution at one or more of
amino acid positions 270, 322, 326, 327, 329, 313, 333
and/or 334 of the Fc region thereof (using Eu
numbering of Fc region residues as in Kabat). To
increase the serum half life of the antibody, one may
incorporate a salvage receptor binding epitope into
the antibody (especially an antibody fragment) as
described in US Patent 5,739,277, for example. As used
herein, the term "salvage receptor binding epitope"
refers to an epitope of the Fc region of an IgG
molecule {e.g., IgG1, IgG2, IgG3, or IgG4) that is
responsible for increasing the in vivo serum half-life
of the IgG molecule. Antibodies with improved binding
to the neonatal Fc receptor (FcRn), and increased
half-lives, are described in WO00/42072 (Presta, L.)
and US2005/0014934A1 (Hinton et al). These antibodies
comprise an Fc region with one or more substitutions
therein which improve binding of the Fc region to
FcRn. For example, the Fc region may have
substitutions at one or more of positions 238, 250,
256, 265, 272, 286, 303, 305, 307, 311, 312, 314, 317,
340, 356, 360, 362, 376, 378, 380, 382, 413, 424, 428
or 434 thereof (using Eu numbering of Fc region
residues as in Kabat). The preferred Fc
region-comprising antibody variant with improved FcRn
binding comprises amino acid substitutions at one, two
or three of positions 307, 380 and 434 of the Fc
region thereof. Engineered antibodies with three or
more (preferably four) functional antigen binding
sites are also contemplated (US Appln No.
US2002/0004587 Al, Miller et al). Nucleic acid
molecules encoding amino acid sequence variants of the
antibody are prepared by a variety of methods known in
the art. These methods include, but are not limited
to, isolation from a natural source (in the case of
naturally occurring amino acid sequence variants) or
preparation by oligonucleotidemediated (or
site-directed) mutagenesis, PCR mutagenesis, and
cassette mutagenesis of an earlier prepared variant or
a non-variant version of the antibody. (viii)
Immunoconjugates The invention also pertains to
immunoconjugates comprising an antibody conjugated to
a cytotoxic agent such as a chemotherapeutic agent,
toxin (e.g. a small molecule toxin or an enzymatically
active toxin of bacterial, fungal, plant or animal
origin, including fragments and/or variants thereof),
or a radioactive isotope (Le., a radioconjugate).
Chemotherapeutic agents useful in the generation of
such immunoconjugates have been described above.
Conjugates of an antibody and one or more small
molecule toxins, such as a calicheamicin, a maytansine
(U.S. Patent No. 5,208,020), a trichothene, and CC1065
are also contemplated herein. In one preferred
embodiment of the invention, the antibody is
conjugated to one or more maytansine molecules (e.g.
about 1 to about 10 maytansine molecules per antibody
molecule). Maytansine may, for example, be converted
to May-SS-Me which may be reduced to May-SH3 and
reacted with modified antibody (Chari etal. Cancer
Research 52: 127-131 (1992)) to generate a
maytansinoid-antibody immunoconjugate.Another
immunoconjugate of interest comprises an antibody
conjugated to one or more calicheamicin molecules. The
calicheamicin family of antibiotics are capable of
producing double-stranded DNA breaks at sub-picomolar
concentrations. Structural analogues of calicheamicin
which may be used include, but are not limited to, g
and (Hinman etal. CancerResearch 53: 3336-3342 (1993)
and Lode etal. Cancer Research 58: 2925-2928 (1998)).
See, also, US PatentNos. 5,714,586; 5,712,374;
5,264,586; and 5,773,001 expressly incorporated herein
by reference. Enzymatically active toxins and
fragments thereof which can be used include diphtheria
A chain, nonbinding active fragments of diphtheria
toxin, exotoxin A chain (from Pseudomonas aeruginosa),
ricin A chain, abrin A chain, modeccin A chain,
alpha-sarcin, Aleurites fordii proteins, dianthin
proteins, Phytolaca americana proteins (PAPI, PAPII,
and PAP-S), momordica charantia inhibitor, curcin,
crotin, sapaonaria officinalis inhibitor, gelonin,
mitogellin, restrictocin, phenomycin, enomycin and the
tricothecenes. See, for example, WO 93/21232 published
October 28, 1993. The present invention further
contemplates an immunoconjugate formed between an
antibody and a compound with nucleolytic activity
{e.g. a ribonuclease or a DNA endonuclease such as a
deoxyribonuclease; DNase). A variety of radioactive
isotopes are available for the production of
radioconjugated HER2 antibodies. Examples include
At211 , 1131 , 1125, Y90, Re186, Re188, Sm153, Bi212,
P32 and radioactive isotopes of Lu. Conjugates of the
antibody and cytotoxic agent may be made using a
variety of bifunctional protein coupling agents such
as N-succinimidyl-3-(2-pyridyldithiol) propionate
(SPDP), succinimidyl-4-(Nmaleimidomethyl)
cyclohexane-1-carboxylate, iminothiolane (IT),
bifunctional derivatives of imidoesters (such as
dimethyl adipimidate HCL), active esters (such as
disuccinimidyl suberate), aldehydes (such as
glutareldehyde), bis-azido compounds (such as bis
(p-azidobenzoyl) hexanediamine), bis-diazonium
derivatives (such as
bis-(p-diazoniumbenzoyl)-ethylenediamine),
diisocyanates (such as tolyene 2,6-diisocyanate), and
bisactive fluorine compounds (such as
l,5-difluoro-2,4-dinitrobenzene). For example, a ricin
immunotoxin can be prepared as described in Vitetta et
al. Science 238: 1098 (1987). Carbon- 14-labeled
l-isothiocyanatobenzyl-3- methyldiethylene
triaminepentaacetic acid (MX-DTPA) is an exemplary
chelating agent for conjugation of radionucleotide to
the antibody. See WO94/11026. The linker may be a
"cleavable linker" facilitating release of the
cytotoxic drug in the cell. For example, an
acid-labile linker, peptidase-sensitive linker,
dimethyl linker or disulfide-containing linker (Chari
et al Cancer Research 52: 127-13 1 (1992)) may be
used. Alternatively, a fusion protein comprising the
antibody and cytotoxic agent may be made, e.g. by 



recombinant techniques or peptide synthesis. Other
immunoconjugates are contemplated herein. For example,
the antibody may be linked to one of a variety of
nonproteinaceous polymers, e.g., polyethylene glycol,
polypropylene glycol, polyoxyalkylenes, or copolymers
of polyethylene glycol and polypropylene glycol. The
antibody also may be entrapped in microcapsules
prepared, for example, by coacervation techniques or
by interfacial polymerization (for example,
hydroxymethylcellulose or gelatin-microcapsules and
roly-(methylmethacylate) microcapsules, respectively),
in colloidal drug delivery systems (for example,
liposomes, albumin microspheres, microemulsions,
nano-particles and nanocapsules), or in
macroemulsions. Such techniques are disclosed in
Remington's Pharmaceutical Sciences, 16th edition,
Oslo, A., Ed., (1980).The antibodies disclosed herein
may also be formulated as immunoliposomes. Liposomes
containing the antibody are prepared by methods known
in the art, such as described in Epstein et al, Proc.
Natl. Acad. ScL USA, 82:3688 (1985); Hwang etal, Proc.
Natl Acad. ScL USA, 77:4030 (1980); U.S. Pat. Nos.
4,485,045 and 4,544,545; and WO97/38731 published
October 23, 1997. Liposomes with enhanced circulation
time are disclosed in U.S. Patent No. 5,013,556.
Particularly useful liposomes can be generated by the
reverse phase evaporation method with a lipid
composition comprising phosphatidylcholine,
cholesterol and PEG-derivatized
phosphatidylethanolamine (PEG-PE). Liposomes are
extruded through filters of defined pore size to yield
liposomes with the desired diameter. Fab' fragments of
the antibody of the present invention can be
conjugated to the liposomes as described in Martin et
al. J. Biol. Chem. 257: 286-288 (1982) via a disulfide
interchange reaction. A chemotherapeutic agent is
optionally contained within the liposome. See Gabizon
et al. J. National Cancer /"^.81(19)1484 (1989). IV.
Pharmaceutical Formulations Therapeutic formulations
of the MMP antagonists used in accordance with the
present invention are prepared for storage by mixing a
MMP antagonist having the desired degree of purity
with optional pharmaceutically acceptable carriers,
excipients or stabilizers (Remington's Pharmaceutical
Sciences 16th edition, Osol, A. Ed. (1980)), in the
form of lyophilized formulations or aqueous solutions.
Acceptable carriers, excipients, or stabilizers are
nontoxic to recipients at the dosages and
concentrations employed, and include buffers such as
phosphate, citrate, and other organic acids;
antioxidants including ascorbic acid and methionine;
preservatives (such as octadecyldimethylbenzyl
ammonium chloride; hexamethonium chloride;
benzalkonium chloride, benzethonium chloride; phenol,
butyl or benzyl alcohol; alkyl parabens such as methyl
or propyl paraben; catechol; resorcinol; cyclohexanol;
3-pentanol; and m-cresol); low molecular weight (less
than about 10 residues) polypeptides; proteins, such
as serum albumin, gelatin, or immunoglobulins;
hydrophilic polymers such as polyvinylpyrrolidone;
amino acids such as glycine, glutamine, asparagine,
histidine, arginine, or lysine; monosaccharides,
disaccharides, and other carbohydrates including
glucose, mannose, or dextrins; chelating agents such
as EDTA; sugars such as sucrose, mannitol, trehalose
or sorbitol; salt-forming counterions such as sodium;
metal complexes (e.g. Zn-protein complexes); and/or
non-ionic surfactants such as TWEEN(tm), PLURONICS(tm)
or polyethylene glycol (PEG). Lyophilized antibody
formulations are described in WO 97/04801, expressly
incorporated herein by reference. The formulation
herein may also contain more than one active compound
as necessary for the particular indication being
treated, preferably those with complementary
activities that do not adversely affect each other.
Various drugs which can be combined with the MMP
antagonist are described in the method of treatment
section below. Such molecules are suitably present in
combination in amounts that are effective for the
purpose intended. The active ingredients may also be
entrapped in microcapsules prepared, for example, by
coacervation techniques or by interfacial
polymerization, for example, hydroxymethylcellulose or
gelatin-microcapsules and poly-(methylmethacylate)
microcapsules, respectively, in colloidal drug
delivery systems (for example, liposomes, albumin
microspheres, microemulsions, nano-particles and
nanocapsules) or in macroemulsions. Such techniques
are disclosed in Remington's Pharmaceutical Sciences
16th edition, Osol, A. Ed. (1980).Sustained-release
preparations may be prepared. Suitable examples of
sustained-release preparations include semipermeable
matrices of solid hydrophobic polymers containing the
antibody, which matrices are in the form of shaped
articles, e.g. films, or microcapsules. Examples of
sustained-release matrices include polyesters,
hydrogels (for example,
poly(2-hydroxyethyl-methacrylate), or
poly(vinylalcohol)), polylactides (U.S. Pat. No.
3,773,919), copolymers of L-glutamic acid and g
ethyl-L-glutamate, non-degradable ethylenevinyl
acetate, degradable lactic acid-glycolic acid
copolymers such as the LUPRON DEPOT(tm) (injectable
microspheres composed of lactic acid-glycolic acid
copolymer and leuprolide acetate), and poly-D-(-)-3-
hydroxybutyric acid. The formulations to be used for
in vivo administration must be sterile. This is
readily accomplished by filtration through sterile
filtration membranes. V. Treatment Examples of various
cancers that can be treated with the MMP antagonist
are listed in the definition section above.
Administration of the MMP antagonist will result in an
improvement in the signs or symptoms of cancer. The
MMP antagonist is administered to a human patient in
accord with known methods, such as intravenous
administration, e.g. , as a bolus or by continuous
infusion over a period of time, by intramuscular,
intraperitoneal, intracerobrospinal, subcutaneous,
intra-articular, intrasynovial, intrathecal, oral,
topical, or inhalation routes. For the prevention or
treatment of disease, the dose of MMP antagonist will
depend on the type of cancer to be treated, as defined
above, the severity and course of the cancer, whether
the antibody is administered for preventive or
therapeutic purposes, previous therapy, the patient's
clinical history and response to the antibody, and the
discretion of the attending physician. While the MMP
antagonist may be the sole anti-tumor drug
administered, the patient is optionally treated with a
combination of the MMP antagonist, and one or more
other anti-tumor agent(s). The combined administration
includes coadministration or concurrent
administration, using separate formulations or a
single pharmaceutical formulation, and consecutive
administration in either order, wherein preferably
there is a time period while both (or all) active
agents simultaneously exert their biological
activities. Thus, the other anti tumor agent may be
administered prior to, or following, administration of
the MMP antagonist. In this embodiment, the timing
between at least one administration of the MMP
antagonist and at least one administration of the
other anti-tumor agent is preferably approximately 1
month or less, and most preferably approximately 2
weeks or less. Alternatively, the MMP antagonist and
other anti-tumor agent are administered concurrently
to the patient, in a single formulation or separate
formulations. Treatment with the combination of 



the MMP antagonist and the other anti-tumor agent may
result in a synergistic, or greater than additive,
therapeutic benefit to the patient. Examples of second
anti-tumor agents that may be combined with the MMP
antagonist include: one or more chemotherapeutic
agent(s); a HER inhibitor (e.g. trastuzumab,
pertuzumab, cetuximab, ABX-EGF, EMD7200, gefitinib,
erlotinib, CP724714, CI1033, GW572016, IMC-1 1F8,
TAK165, etc); Raf and/or ras inhibitor (see, for
example, WO 2003/86467); a growth inhibitory HER2
antibody such as trastuzumab; a HER dimerization
inhibitor such as Pertuzumab; a HER2 antibody which
induces apoptosis of a HER2- overexpressing cell, such
as 7C2, 7F3 or humanized variants thereof; an antibody
directed against a tumorassociated antigen, such as
EGFR, HER3, HER4; anti-hormonal compound, e.g., an
anti-estrogen compound such as tamoxifen, or an
aromatase inhibitor; a cardioprotectant (to prevent or
reduce any myocardial dysfunction associated with the
therapy); a cytokine; an EGFR-targeted drug (such as
TARCEVA(r), IRESSA(r) or Cetuximab); an
anti-angiogenic agent (especially bevacizumab sold by
Genentech under the trademark AVASTIN(tm)); a tyrosine
kinase inhibitor; a COX inhibitor (for instance a
COX-I or COX-2 inhibitor); non steroidal
anti-inflammatory drug, Celecoxib (CELEBREX(r));
farnesyl transferase inhibitor (for example,
Tipifarnib/ZARNESTRA(r) Rl 15777 available from
Johnson and Johnson or Lonafarnib SCH66336 available
from Schering-Plough); antibody that binds oncofetal
protein CA 125 such as Oregovomab (MoAb B43.13); HER2
vaccine (such as HER2 AutoVac vaccine from Pharmexia,
or APC8024 protein vaccine from Dendreon, or HER2
peptide vaccine from GSK/Corixa); doxorubicin HCl
liposome injection (DOXIL(r)); topoisomerase I
inhibitor such as topotecan; taxane; HER2 and EGFR
dual tyrosine kinase inhibitor such as
lapatinib/GW572016; TLK286 (TELCYTA(r)); EMD-7200; a
temperature-reducing medicament such as acetaminophen,
diphenhydramine, or meperidine; hematopoietic growth
factor, etc. Suitable dosages for any of the above
coadministered agents are those presently used and may
be lowered due to the combined action (synergy) of the
agent and MMP antagonist. In addition to the above
therapeutic regimes, the patient may be subjected to
surgical removal of cancer cells and/or radiation
therapy. Aside from administration of protein MMP
antagonists to the patient, the present application
contemplates administration of MMP antagonists by gene
therapy. See, for example, WO96/07321 published March
14, 1996 concerning the use of gene therapy to
generate intracellular antibodies. There are two major
approaches to getting the nucleic acid (optionally
contained in a vector) into the patient's cells; in
vivo and ex vivo. For in vivo delivery the nucleic
acid is injected directly into the patient, usually at
the site where the antibody is required. For ex vivo
treatment, the patient's cells are removed, the
nucleic acid is introduced into these isolated cells
and the modified cells are administered to the patient
either directly or, for example, encapsulated within
porous membranes which are implanted into the patient
(see, e.g. U.S. Patent Nos. 4,892,538 and 5,283,187).
There are a variety of techniques available for
introducing nucleic acids into viable cells. The
techniques vary depending upon whether the nucleic
acid is transferred into cultured cells in vitro, or
in vivo in the cells of the intended host. Techniques
suitable for the transfer of nucleic acid into
mammalian cells in vitro include the use of liposomes,
electroporation, microinjection, cell fusion,
DEAEdextran, the calcium phosphate precipitation
method, etc. A commonly used vector for ex vivo
delivery of the gene is a retrovirus. The currently
preferred in vivo nucleic acid transfer techniques
include transfection with viral vectors (such as
adenovirus, Herpes simplex I virus, or
adeno-associated virus) and lipid-based systems
(useful lipids for lipid-mediated transfer of the gene
are DOTMA, DOPE and DC-Choi, for example). In some
situations it is desirable to provide the nucleic acid
source with an agent that targets the target cells,
such as an antibody specific for a cell surface
membrane protein or the target cell, a ligand for a
receptor on the target cell, etc. Where liposomes are
employed, proteins which bind to a cell surface
membrane protein associated with endocytosis may be
used for targeting and/or to facilitate uptake, e.g.
capsid proteins or fragments thereof tropic for a
particular cell type, antibodies for proteins which
undergo internalization in cycling, and proteins that
target intracellular localization and enhance
intracellular half-life. The technique of
receptor-mediatedendocytosis is described, for
example, byWu et al., J. Biol. Chem. 262:4429-4432
(1987); and Wagner et al, Proc. Natl. Acad. ScL USA
87:3410-3414 (1990). For review of the currently known
gene marking and gene therapy protocols see Anderson
etal, Science 256:808-813 (1992). See also WO 93/25673
and the references cited therein. VI. Deposit of
Materials The following hybridoma cell lines have been
deposited with the American Type Culture Collection,
10801 University Boulevard, Manassas, VA 20110-2209,
USA (ATCC): Antibody Designation ATCC No. Deposit Date
7C2 ATCCHB-12215 October 17, 1996 7F3 ATCCHB-12216
October 17, 1996 4D5 ATCC CRL 10463 May 24, 1990 2C4
ATCC HB-12697 April 8, 1999 Further details of the
invention are illustrated by the following
non-limiting Examples. The disclosures of all
citations in the specification are expressly
incorporated herein by reference. EXAMPLE 1 The
following example investigated the role of matrix
metalloproteases (MMPs) in HER2 shedding. MATERIALS
AND METHODS Cell Culture and Transfections All cell
lines used in this study were obtained from the
American Type Tissue Culture Collection (ATCC,
Manassas, VA). BT 474, MCF-7, and SKBR-3 cells were
maintained in high-glucose DMEM:Ham's F12 (50:50)
supplemented with 10% heat-inactivated FBS and 2mM
L-Glutamine. Cos-7 cells were maintained in
High-Glucose DMEM supplemented with 10%
heat-inactivated FBS and 2mM L-Glutamine. Cell lines
were maintained at 370C in a humidified incubator
supplied with 5% CO2. BT 474 and SKBR-3 cells were
transiently transfected with constructs as described
by electroporation using kit V according to the
manufacturer's instructions (AMAXA(tm)). Cos-7 cells
were transfected as described using LIPOFECTAMINE(tm)
2000 (Invitrogen) according to the manufacturer's
recommendations. Fo5 and f2:1282 Mouse Xenograft Tumor
lines The Fo5 and f2:1282 lines have been previously
described (Finkle etal., Clin. Cancer Res. 10: 2499-
2511 (2004)). These lines were derived from primary
tumors from a MMTV HER2 transgenic mouse and passaged
in the mammary fat pad of FVB mice. GM6001 injections
Fo5 tumors were transplanted into FVB mice and allowed
to grow to an average size of 400-600 mm3 



prior to initiating the study. GM6001
(3-[N-hydroxycarbomyl]-[2R]-isobutylpropionyl-L-trypto
phan methylamide) was obtained from Calbiochem and
reconstituted in a slurry of 4%
carboxymethylcellulose/0.9% PBS and administered daily
by intraperitoneal injection at 100mg/kg body weight
for 3 days. Twenty-fourhours after the third day of
injection, animals were sacrificed and serum collected
by cardiac puncture. Tumors size was measured at day 0
and at day 4. Tumors were removed and flash frozen for
further analysis. RNA preparation and AFFYMETRIX(tm)
arrays Total RNA was isolated from flash frozen tumor
samples using a RNAEASY(tm) kit (Qiagen, Chatsworth,
CA). Residual genomic DNA was removed by DNAse I
treatment (Roche Molecular Biochemicals). Microarray
experiments were performed and analyzed as previously
described (Jin, H et al., Circulation 103:736-742
(2001)). Samples were hybridized to the AEFYMETRIX(tm)
mouse genome single array (MOE430P) and known genes
array (MOE430A) (AFFYMETRIX(tm), Inc., Santa Clara,
CA). Experiments were done in three replicates for
three Fo5 and three f2:1282 tumor samples. A
Mann-Whitney pairwise comparison was performed and
those genes with a 2-fold increase in expression
having a concordance of greater than 80% were
considered significant. The GeneLogic Bioexpress
Database (GeneLogic, Gaithersburg, MD), a collection
of gene expression data from AFFYMETRIX(tm) microarray
analysis of cell lines and tissues, was used to
examine the expression of proteases identified from
the Fo5-f2:1282 tumor differential screen for
expression in SKBR-3 and BT 474 cell lines. HER2 ECD
ELISA Serum from mice harboring Fo5 or f2:1282
xenograft tumors was collected by cardiac puncture and
HER2 ECD levels detected using a previously described
HER2 ELISA (Finkle et al. Clin. Cancer Res. 10:
2499-2511 (2004)). Serum was diluted 1:50 using assay
buffer (PBS/0.5% BSA, 0.05% TWEEN(r) 20/10 ppm
PROCLIN(r) 300/0.2% BGG/0.25% CHAPS/0.15 M NaCl/5mM
EDTA (pH 7.4) followed by additional 1:2 serial
dilutions. Shed HER2 was captured using a goat
anti-HER2 polyclonal antibody (Genentech) onto NUNC(r)
Maxisorp plates and detected using a biotin-conjugated
rabbit anti-HER2 polyclonal antibody (Genentech)
followed by a AMDEX(tm)-strepavidin-horseradish
peroxidase antibody (Amersham Pharmacia Biotech)
following a procedure described previously (Sias et
al., J. Immunol. Meth. 109:219-27 (1990)). For cell
culture experiments, cells were treated as indicated
and conditioned media was collected and diluted in
assay buffer serially 1:2. The concentration of shed
HER2 in serum or in conditioned media was determined
from a four-parameter fit of a standard curve using
purified recombinant HER2 ECD protein (Genentech) as a
standard. DNA constructs and Protein Purification
Human MMP-15 was cloned into pRK5 by PCR using an
origen clone as a template. A C-terminally V5His
tagged full length version was generated by PCR using
primers 5'-GCCGAAGCTTGCCACCATGGGCAGCGACCCGAGCGCG-S'
(SEQ ID NO. 9) and
5'-GCTGTCTAGAGTTCACCGTCCGTGCCAGTGCCACCTCCTCC-S'
(SEQIDNO. 10) and cloned in rcDNA3.1V5His. A soluble
version of MMP-15, which lacks the transmembrane
domain, was generated by PCR using primers
5'-GCCGAAGCTTGCCACCATGGGCAGCGACCCGAGCGCG-S' (SEQIDNO.
11) and 5'-GCTGTCTAGAGACCCACTCCTGCAGCGAGCG-S' (SEQID
NO. 12).A catalytically dead mutant of MMP-15 was
generated by substituting an alanine residue for
glutamine at amino acid 260 of the mature protein by
site-directed mutagenesis. pRK5.gDHER2-Fc
(pRK5.gDHER2-IgG) was generated by PCR using primers
5'-CGAGTCGACCTCGAGGCCAGCCCTCTGACGTCC-S' (SEQIDNO. 13)
and 5'-GGCACGCGTCGTCAGAGGGCTGGCTCTCTG-S' (SEQ ID NO.
14) and cloned into the Xhol-Mlu digested
pRK5.gDHER2-Fc (Fitzpatrick et. al, FEBBS Lett.
431(l):102-6 (1998)). This introduced the putative
cleavage site of HER2 identified from purified HER2
ECD isolated from SKBR-3 conditioned media (Yuan et
al, Protein Expression and Purification 29:217-222
(2003)). A truncated version of gDHER2-Fc was also
generated that only contains domain IV of HER2 using
PCR primers 5'-GGCCTCGAGGGCCTGGCCTGCCACCAG-S'
(SEQIDNO. 15) and 5'-GGCACGCGTCGTCAGAGGGCTGGCTCTCTG-S'
(SEQIDNO. 16). pRK5.HER3-Fc and pRK5.HER4-Fc have been
previously described (Fitzpatrick et al, FEBBS Lett.
431(1): 102-6 (1998)). A FLAG epitope
(Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys; (SEQ ID NO. 17)) was
introduced into the N-terminus of pRK5. HER-Fc fusion
proteins were transfected into 293 cells and purified
from serum free conditioned media as previously
described (Fitzpatrick et. al, FEBBS Lett,
431(l):102-6 (1998)). Soluble MMP-15V5His and
sMMP-15V5His(E260A) protein was generated from
transiently transfected 293 cell conditioned medium
and purified using Ni-NTA agarose according to
manufacturer's recommendations (Qiagen). shRNA
knockdown of MMP-15 Several different shRNAs were
evaluated for the ability to reduce MMP-15 protein
levels when introduced into cells. The most effective
shRNA directed against human MMP-15 was found to
recognize bp 5'-CCACCATCTGACCTTTAGCTT-S' (SEQ ID NO.
18) corresponding to nt 1396-1414 (GENBANK(tm)
accession number NM_002428). The RNAi to MMP-15 was
introduced and into the BamHl-EcoRI sites pSIREN
vector (BD Biosciences) as oligos: 5'-
GATCCGCCACCATCTGACCTTTAGCTTCAAGAGAGCTAAAGGTCAGATGGTGGT
TTTTTGCTAGCG- 3' (SEQ ID NO. 19) and 5'-
AATTCGCTAGCAAAAAACCACCATCTGACCTTTAGCTCTCTTGAAGCTAAAGGT
CAGATGGTGGCG -3' (SEQ ID NO. 20) which contain an
internal hairpin to form a shRNA. A shRNA to MMP-25
was purchased from OPENBIOSYSTEMS(tm). The pSIREN
shRNA constructs) or vector alone were transiently
transfected into SKBR-3 and BT 474 cells using
AMAXA(tm) kit V following manufacturer's
recommendations. After 48 hours, conditioned media was
collected and assayed for shed HER2 by HER2 ELISA and
the cells were lysed directly on the plate using
2xSample buffer. MMP-15, full length HER2, and p95
HER2 proteins were detected by Western blotting using
a rabbit polyclonal anti-MMP-15 antibody (Labvision
cat. no. RB-1546-P) or mouse monoclonal anti-HER2
antibody Ab- 15 (Labvision, cat. no. MS-599-P0).In
Vitro HER2 cleavage assay The ability of candidate
proteases to cleave HER2 ECD was determined in vitro
using purified gDHER2-Fc fusion protein as a
substrate. The purified catalytic domains of MTl-MMP
(MMP- 14), MT2- MMP (MMP-15), MT3-MMP (MMP-16),
MT4-MMP (MMP- 19), and MT5-MMP (MMP-25) were purchased



from R&D systems. MMP purified proteins were mixed
with gDHER2-Fc, or other HER-Fc proteins as described,
in assay buffer (10OmM Tris (pH=7.4), 100 mM NaCl, 2.5
mM ZnCl2, 10 mM CaCl2, 0.001% Brij35) in a ratio of
1:100, enzyme:substrate, and incubated at 370C for 20
minutes. Reactions were stopped using an equal volume
of 2x Sample buffer (Invitrogen), and boiled for 5
min. prior to loading onto a 4-20% Tris-glycine
gradient gel (Invitrogen). Proteins were visualized by
staining with GEL CODE BLUE(tm) stain reagent (Pierce
cat. no. 24592) following manufacturer's
recommendations. The MMP cleavage site was determined
by N-terminal protein sequencing by automated Edman
degradation using an automated protein sequencer
(Kishiyama, A., Anal. Chem. 72(21):5431-6 (2000)).
Immunoprecipitation assays and Western Blotting Cos-7
cells were co-transfected with pRK5.Flag-HER2 and
pcDNA3 .MMP-15 constructs or pcDNA3.1 vector alone
using LIPOFECTAMINE(tm) 2000. Cells were allowed to
recover for 48 hrs. Transfected cells were rinsed with
PBS and cells were ruptured in lysis buffer (1%TRITON
X-100(tm), 50mMTris (pH=7.4), 15OmM NaCl, ImM PMSF,
lOmg/ml leupeptin, lOU/ml aprotinin, and 2mM Na2VO4).
Lysates were cleared of insoluble material by
centrifugation and total protein levels were
determined using a BCA protein assay kit (Pierce cat.
no. 23229). Two-hundred micrograms of total cellular
protein was added to lysis buffer to a final volume of
1ml and Flag-HER2 was immunoprecipitated using
anti-Flag M2-agarose (Sigma) or with polyclonal
anti-MMP-15 antibody complexed to ProteinA/G agarose.
Immune complexes were washed twice with lysis buffer
and resuspended in SDS sample buffer and boiled.
Samples were separated on a 4-12% Tris-glycine
gradient gel (Invitrogen) and transferred to
nitrocellulose membranes. Blots were blocked in
5%BSA/TBST and probed with antibodies to either MMP-15
or HER2 followed by a peroxidase conjugated anti-mouse
or rabbit secondary antibody as described. Blots were
developed by enhanced chemiluminescence (ECL, Amersham
Pharmacia Biotech). Fo5 and f2:1282 tumors were
resuspended in lysis buffer with protease inhibitors
and homogenized using a POLYTRON TISSUEMIZER(tm)
(PT2100) on ice. Tumor lysates were cleared of
insoluble material by centrifugation and total protein
levels were determined using a BCA protein assay kit.
HER2 was immunoprecipitated from 1 mg total protein
from at least three independent tumor lysates using
mouse monoclonal antibody Ab-15 (Labvision, cat. no.
MS-599-P0) complexed to Protein A/G sepharaose
overnight at 40C. Complexes were pelleted by
centrifugation, washed twice with lysis buffer and
resuspended in SDS sample buffer and boiled. Samples
were separated on a 4-12% Tris-Glycine gel and
transferred to nitrocellulose membranes. Blots were
probed with mouse monoclonal antibody Ab-18 to detect
phosphorylated HER2 (Labvision, cat. no. MS-1072-P) or
with Ab-15 (Labvsion cat. no., MS-599-P0). Expression
of MMP-14, MMP-15, and MMP-25 was evaluated by Western
blotting from 50 ug of tumor lysate or from 50 ug from
BT 474, or MCF-7, or SKBR-3 cellular lysate using
rabbit polyclonal Ab-I (Labvision cat. no. RB-1544-P)
to detect MMP-14, rabbit polyclonal Ab-I (Labvision
cat. no. RB-1546-P) to detect MMP-15,or rabbit
polyclonal Ab-I (Oncogene Research Products cat. no.
PC499) to detect MMP-25.Activated MAPK (Cell Signaling
Technology cat. no. 9101), PhosphoAkt Ser473 (Cell
Signaling Technology cat. no. 9271), total Akt (Cell
Signaling Technology cat. no. 9272), total Erk (Cell
Signaling Technology cat. no. 9102, or phosphoHER3
(Cell Signaling Technology cat. no. 4791) was
determined by Western blotting of 50 mg of cellular
lysate. Proliferation assays Cells were seeded into
96-well dishes (Nunc) at a density of 104 cells per
well in quadruplicate and allowed to adhere overnight.
Cells were treated as indicated, or transfected as
indicated. Following a 3 day incubation, 25ml of
Alamar blue reagent (Trek Diagnostic Systems, cat. no.
00-100) was added to each well, and incubated for an
additional 3 hours. Plates were read in a flourometer
with excitation wavelength of 530nm and emission
wavelength of 590nm according to manufacturer's
recommendations. Proliferation relative to
nonstimulated or control transfected cells was
determined as previously described (Lewis et al,
Cancer Res. 56(6): 1457-65 (1996)). RESULTS The ECD of
HER2 is proteolytically shed from breast carcinoma
cells in culture and has been detected in the serum of
patients with metastatic breast cancer, where it is
associated with a poor clinical prognosis (Molina et
al. Cancer Res. 61: 4744-4749 (2001)). However, the
biological role of HER2 shedding is unclear. The
experiments herein were carried out in order to
identify the HER2 sheddase. Identification of the HER2
sheddase may also be important as trastuzumab has
previously been demonstrated to inhibit shedding in
breast carcinoma cell lines (Molina et al. Cancer Res.
61:4744-4749 (2001)). Consistent with previously
reported results, trastuzumab reduced shedding in the
breast cancer cell lines BT 474 and SKBR-3 cells by
more than 60% at a concentration of 10 mg/ml (Fig. 5,
left panel) and reduced cellular proliferation in
these cell lines by 50% (Fig. 5, right panel). An
animal model system where mammary tumors derived from
a MMTVHER2 transgenic mouse (Finkle etal. Clin. Cancer
Res. 10:2499-2511 (2004)) was used to identify the
HER2 sheddase. This animal model system reproducibly
shed different levels of HER2 into serum and exhibited
differential sensitivity to trastuzumab (Fig. 6, right
panel). This difference in the level of serum HER2
also correlated well with the presence of a protein
fragment immunoprecipitated from three independent Fo5
tumor cell lysates having an apparent molecular weight
of 95 kD, consistent with the size of p95 HER2 (Figure
6, lower left panel). This fragment is constitutively
phosphorylated in the Fo5 tumor cell lysates,
indicating that this fragment may have biological
activity in these tumors. The increased levels of a
HER2 sheddase may contribute to the trastuzumab
resistance of this line, since the epitope of
trastuzumab would be lost by proteolytic cleavage (Cho
et al. Nature 421: 756-760 (2003)). Since the Fo5
tumor line sheds higher levels of HER2 and has high
levels of p95HER2 fragment, differential expression
analysis was used as an approach to identify
transcripts that are upregulated in Fo5 tumors
relative to f2: 1282 tumors. RNA was prepared from 3
individual tumor samples from either Fo5 tumors or
f2:1282 tumors with an average tumor size of
300-600mm3. RNA from each independent tumor sample was
hybridized in triplicate to AFFYMETRIX(tm) mouse
genome single array chip (MOE430P) and known gene
array (MOE430A). A Mann-Whitney pairwise comparison
was performed identifying 638 upregulatedtranscripts
in Fo5 tumor samples. Since BT 474 and SKBR-3 cell
lines also shed HER2 ECD into conditioned medium (Fig.
5, left panel), this list was compared to transcripts
that are expressed in both cell lines using the
Genelogic Bioexpress database. The approach taken to
identify the HER2 sheddase is illustrated in Fig. 7.
In order to narrow down the number of candidate genes,
the general metalloprotease inhibitor GM6001 was used
to evaluate whether MMP activity plays a role in
regulating HER2 shedding. GM6001, but not its
stereoisomer, dose dependently inhibited HER2 shedding
in SKBR-3 cells as determined by a HER2 ECD ELISA
(Fig. 8, left panel). This result is consistent with
previously published reports that the general 



metalloprotease inhibitor BB-94 inhibited HER2 ECD
shedding in breast carcinoma cell lines (Codony-Servat
etal. Cancer Res. 59:1196-1201 (1999)). Timp-1, Timp-2
and Timp-3 are naturally occurring peptides that
regulate metalloprotease activity (Overall and
Lopez-Otin Nature Reviews Cancer 2:657-672 (2002)).
Adding purified Timp-1, Timp-2, or Timp-3 to the
conditioned media of SKBR-3 cells at a concentration
of 1 mg/ml reduced HER2 ECD levels (Fig. 8, right
panel). However, Timp-2 reduced HER2 ECD shedding the
most efficiently (Fig. 8, right panel). Timp-2 is
known to efficiently inhibit the MT-MMP subfamily of
metalloproteases (Overall and Lopez-Otin Nature
Reviews Cancer 2:657-672 (2002)). These data suggested
that the protease responsible for HER2 shedding in
SKBR-3 and BT 474 cells is a metalloprotease,
significantly reducing the number of candidates
identified from the bioinformatics screen. Several
members of the MT-MMP family are expressed in SKBR-3
and BT 474 cells based on the GENELOGIC(tm) database.
Both MTl-MMP and MT2-MMP are also expressed in Fo5
tumors from the AFFYMETRIX(tm) microarray data. To
determine if these transcripts are expressed, Fo5 and
f2:1282 tumor and breast carcinoma cell line lysates
were immunoblotted with polyclonal antibodies to these
MT-MMPs that recognize both human and mouse proteins
(Fig. 9). The cell lines all express MMP-14, MMP-15,
and MMP-25, at different levels. While MMP-14 is
expressed in both f2:1282 and Fo5 tumor cell lysates,
MMP-15 is abundantly expressed in Fo5 tumors lysates.
This result was consistent with the Mann-Whitney
comparison which indicated a 2-fold higher level of
mRNA expression of MMP-15 in Fo5 tumors. To verify
that MMP-15 was expressed in the epithelial cells of
the tumor, and not the surrounding stromal cells, Fo5
and f2:1282 tumors were sectioned and stained with
either an anti-HER2 antibody (Dako) or an anti-MMP-15
antibody (Ab-I). Both f2:1282 and Fo5 tumors express
human HER2, but MMP-15 is more abundantly expressed in
the Fo5 tumors than the f2:1282 tumors. Substrates for
members of the MT-MMPs have traditionally been thought
to be extracellular matrix proteins. A biochemical
assay was set up to test candidates identified from
the microarray data to cleave full length HER2 in
vitro. This assay uses a purified recombinant fusion
protein as a substrate for candidate proteases and
consists of a N-terminally gD epitope-tagged HER2 ECD
in-frame with the Fc heavy chain of human IgG. Several
different proteins were used in these studies.
gDHER2(+)-IgG contains amino acids 2-656 of HER2 ECD
(GenBank accession AAA75493) and gDHER2(-)-IgG
contains amino acids 2-626 of HER2 ECD. The
gDHER2(+)-IgG recombinant protein contains
juxtamembrane sequence that have previously been shown
to contain a putative HER2 sheddase site (PA/EQR/ASP;
SEQ ID NO. 23) while the gDHER2(-)-IgG protein lacks
this sequence (Yuan et al. Protein Expression and
Purification 29:217-222 (2003)). A truncated version
gDHER2(+)-IgG was also used in this assay,
gDHER2(DIV)-IgG, which has only domain IV (DIV) of
HER2 in-frame with human Fc. Purified catalytic
domains of MMP-14, MMP-15, MMP-16, MMP-19, and MMP-25
were incubated with gDHER2(DIV)-IgG for 20 minutes at
370C. All MT-MMPs except MMP-14efficiently cleave
gDHER2(DIV)-IgG substrate (Fig. 13, left panel). The
cleaved protein products were excised and N-terminally
sequenced to identify the cleavage site. All four
MT-MMPs cleaved HER2 near the published sequence site
(Yuan et al Protein Expression and Purification 29:
217-222 (2003)) (Fig. 13, right panel). HER2-FC fusion
proteins that have the sequence
PINCTHSCVDLDDKGCPAEQRASPASPLTSIV (SEQ ID NO. 21) are
substrates for these four MMPs in vitro (Fig. 14).
This data suggest that HER2 is a substrate for MMP-15.
MT-MMP substrate recognition may be influenced by the
hemopexin domain (Overall and Lopez-Otin Nature
Reviews Cancer 2:657-672 (2002)). A soluble form of
MMP-15 with a C-terminal V5 His epitope was
transiently expressed in 293 cells and purified from
293 conditioned media by affinity chromatography. As
shown in Fig. 15, this soluble form of MMP-15 can also
cleave gDHER2(+)-IgG in the in vitro sheddase assay.
To determine if MMP-15 and HER2 can associate in the
membrane, co-immunoprecipitation assays were performed
using transiently transfected Cos-7 cells.
pRK5.FlagHER2 was co-transfected with either vector,
pcDNA3.MMP-15V5His, pcDNA3.sMMP-15V5His,
orpcDNA3.MMP-15(E260A). FlagHER2 was
immunoprecipitated with an anti-FLAG resin. Fig. 10
shows that both soluble MMP-15 and a catalytically
dead (E260A) mutant can associate with Flag-HER2. This
is consistent with the notion that MMP-15 can cleave
HER2 in membranes since the wild-type version of the
protease, pcDNA3.MMP-15V5His, would remove the
FlagHER2 ECD and a HER2-MMP-15 complex would not be
co-immunoprecipitated. Somatic point mutations and
deletions and splice variants have been identified
mammary tumors from MMTVHER2 transgenic animals
(Siegel et al. EMBOJ. 18:2149-2164 (1999)); andFinkle
etal. Clin. Cancer Res. 10:2499-2511 (2004)). These
mutations most frequently occur in the HER2
extracellular domain near the transmembrane domain.
The Fo5 tumor line has a five amino acid deletion
DLDDK (SEQ ID NO. 22) that is adjacent to the HER2
cleavage site while the f2:1282 tumor line has a
single point mutation C for R (Fig. 12). These
mutations do not influence MMP-15 association (Fig.
11). However, it is possible that the proximity of the
DLDDK (SEQ ID NO. 22) deletion to the HER2 MMP
cleavage site may influence enzymatic activity of the
protease. RNA inhibition (RNAi) is a method that can
downregulate target transcript and protein levels. To
examine the biological role of MMP-15 in SKBR-3 and BT
474 cells, an anti-MMP-15 RNAi construct was used.
When introduced into SKBR-3 or BT 474 cells, this
shRNAi expression plasmid reduced endogenous protein
levels of MMP-15 in both cell types (Fig. 17, left
upper panel). Transfection of this shRNA also reduced
the amount of p95 HER2 in both cell lines (Fig. 17,
left lower panel). Loss of MMP-15 protein in these
cells significantly reduced HER2 ECD shedding in both
lines (Fig. 17, right panel). However, no significant
reduction in HER2 ECD shedding was observed when a
shRNAi to MMP-25 was introduced into either cell line
(Fig. 17, right panel). These experiments strongly
suggest that loss of MMP-15 dramatically effects HER2
ECD shedding. Reducing MMP-15 protein levels by RNAi
also has an effect on the growth rates of SKBR-3 and
BT 474 cells (Fig. 18, left panel). This effect is
also duplicated by a shRNAi to MMP-25. This suggests
that reducing HER2 ECD shedding also downregulates the
amount of p95 HER2 in BT 474 and SKBR-3 cells, thereby
reducing cell growth rates. When a gD-tagged p95 HER2
construct was introduced into these cell lines, an
increase in cell growth rates was detected in both
cell types relative to control transfected cells (Fig.
18, left panel). This construct is constituively
phosphorylated and activates MAPK when introduced into
Cos-7 cells ina ligand-independent manner (Fig. 16).
However, this construct must still heterodimerize with
HER3 or EGFR in order to activate Akt signaling
pathways consistent with a previously published study
(Xia et al. Oncogene 23:646-653 (2004)).
Overexpression of gDp95HER2 in SKBR-3 cells did not
significantly inhibit trastuzumab-mediated growth
inhibition in these cells (Fig. 18, right panel). A
pharmacological approach was used to determine if MMP
activity plays a role in regulating HER2 shedding and
p95 HER2 levels in Fo5 tumors. FVB mice with Fo5
tumors with average size of 400-600 mm3 were injected
with GM6001 intraperitoneally or control vehicle daily
over the course of three days. On day 



four, serum was collected and assayed for HER2 ECD by
ELISA, and tumors collected and weighed. BDER2 was
immunoprecipitated from tumor cell lysates and assayed
for p95 HER2 levels by Western blotting. GM6001
treated animals showed a significant reduction in the
amount of p95 HER2 as compared to control animals
(Fig. 19, right panel). Serum HER2 ECD levels were
reduced in both vehicle and GM6001 treated animals
(Fig. 19, left panel), however, a greater reduction
was observed in GM6001 treated animals. SUMMARY The
experiments above demonstrate that the matrix
metalloprotease MMP- 15 cleaves HER2 in vitro at a
site that is consistent with purified shed ECD from
SKBR3 cells, and interacts with full length HER2.
Reducing levels of this MMP correlates well with
reduced HER2 receptor shedding, and decreases basal
proliferation levels in SKBR3 and BT474 cell lines.
Trastuzumab appears to inhibit HER2 receptor shedding
by indirectly regulating MMP-15 activity, but does not
compete with MMP-15 for substrate binding and
cleavage. Reducing HER2 shedding with a MMP
antagonist, such as an MMP-15 antagonist, represents a
therapeutic approach for treating cancer, including
trastuzumab-resistant cancer.What is claimed is: 1. A
method for inhibiting HER2 shedding comprising
treating a HER2 expressing cell with a matrix
metalloprotease (MMP) antagonist in an amount
effective to inhibit HER2 shedding. 2. The method of
claim 1 wherein the MMP antagonist is a
membrane-tethered MMP (MT-MMP) antagonist. 3. The
method of claim 2 wherein the MT-MMP is selected from
the group consisting of MMP-15 (MT2- MMP), MMP-16
(MT3-MMP), MMP-24 (MT5-MMP), MMP-17 (MT4-MMP), and
MMP-25 (MT6- MMP). 4. The method of claim 3 wherein
the MT-MMP is MMP-15. 5. The method of claim 1 wherein
the cell displays HER2 overexpression, amplification,
or activation. 6. The method of claim 5 wherein the
cell displays HER2 overexpression or amplification. 7.
The method of claim 1 further comprising treating the
cell with a HER inhibitor. 8. The method of claim 7
wherein the HER inhibitor is a HER2 antibody. 9. The
method of claim 8 wherein the HER2 antibody is
trastuzumab or pertuzumab. 10. The method of claim 7
wherein the HER inhibitor is selected from the group
consisting of trastuzumab, pertuzumab, cetuximab,
ABX-EGF, EMD7200, gefitinib, erlotinib, CP724714,
CI1033, GW572016, IMC-llF8, and TAK165. 11. A method
for reducing HER2 extracellular domain (ECD) serum
level in a mammal, comprising administering a matrix
metalloprotease (MMP) antagonist to the mammal in an
amount effective to reduce the HER2 ECD serum level in
the mammal. 12. The method of claim 11 wherein the
mammal has an elevated MMP level. 13. A method for
treating cancer in a mammal comprising administering a
matrix metalloprotease (MMP) antagonist to the mammal
in an amount effective to treat the cancer. 14. The
method of claim 13 wherein the cancer displays HER
expression, amplification, or activation. 15. The
method of claim 14 wherein the cancer displays HER2
overexpression or amplification. 16. The method of
claim 13 wherein the mammal has an elevated shed HER2
serum level or elevated p95 HER2 level. 17. A method
for treating a HER inhibitor-resistant cancer in a
mammal comprising administering to the mammal a matrix
metalloprotease (MMP) antagonist in an amount
effective to treat the cancer. 18. The method of claim
17 wherein the HER inhibitor is trastuzumab. 19. A
method for reducing p95 HER2 level in a cell
comprising exposing the cell to a matrix
metalloprotease (MMP) antagonist in an amount
effective to reduce the p95 HER2 level. 20. A method
of diagnosis comprising evaluating MMP-15 (MT2-MMP) in
a sample from a cancer patient, wherein elevated
MMP-15 level or activity indicates the patient has an
elevated p95 HER2 or shed HER2 serum level, or will
have a poor clinical outcome. 21. The method of claim
20 wherein an elevated MMP-15 level indicates the
patient will have a poor clinical outcome.Sequence
Listing <110> GENENTECH, INC. CAREY, Kendall D .
SCHWALL, Ralph H . SLIWKOWSKI, Mark X . <12 0>
INHIBITING HER2 SHEDDING WITH MATRIX MXTALLOPROTEASE
ANTAGONISTS <130> P2195R1 <150> US 60/651,348 <151>
2005-02-09 <160> 38 <210> 1 <211> 195 <212> PRT <213>
Homo sapiens <400> 1 Thr GIn VaI Cys Thr GIy Thr Asp
Met Lys Leu Arg Leu Pro Ala 1 5 10 15 Ser Pro GIu Thr
His Leu Asp Met Leu Arg His Leu Tyr GIn GIy 20 25 30
Cys GIn VaI VaI GIn GIy Asn Leu GIu Leu Thr Tyr Leu
Pro Thr 35 40 45 Asn Ala Ser Leu Ser Phe Leu GIn Asp H
e GIn GIu VaI Gin GIy 50 55 60 Tyr VaI Leu H e Ala His
Asn GIn VaI Arg GIn VaI Pro Leu GIn 65 70 75 Arg Leu
Arg H e VaI Arg GIy Thr Gin Leu Phe GIu Asp Asn Tyr 80
85 90 Ala Leu Ala VaI Leu Asp Asn GIy Asp Pro Leu Asn
Asn Thr Thr 95 100 105 Pro VaI Thr GIy Ala Ser Pro GIy
GIy Leu Arg GIu Leu GIn Leu 



110 115 120 Arg Ser Leu Thr GIu H e Leu Lys GIy GIy
VaI Leu H e GIn Arg 125 130 135 Asn Pro GIn Leu Cys
Tyr Gin Asp Thr H e Leu Trp Lys Asp H e 140 145 150
Phe His Lys Asn Asn GIn Leu Ala Leu Thr Leu H e Asp
Thr Asn 155 160 165 Arg Ser Arg Ala Cys His Pro Cys
Ser Pro Met Cys Lys GIy Ser 170 175 180 Arg Cys Trp
GIy GIu Ser Ser GIu Asp Cys GIn Ser Leu Thr Arg 185
190 195 <210> 2<211> 124 <212> PRT <213> Homo sapiens
<400> 2 Thr VaI Cys Ala GIy GIy Cys Ala Arg Cys Lys
GIy Pro Leu Pro 1 5 10 15 Thr Asp Cys Cys His GIu GIn
Cys Ala Ala GIy Cys Thr GIy Pro 20 25 30 Lys His Ser
Asp Cys Leu Ala Cys Leu His Phe Asn His Ser GIy 35 40
45 lie Cys GIu Leu His Cys Pro Ala Leu VaI Thr Tyr Asn
Thr Asp 50 55 60 Thr Phe GIu Ser Met Pro Asn Pro GIu
GIy Arg Tyr Thr Phe GIy 65 70 75 Ala Ser Cys VaI Thr
Ala Cys Pro Tyr Asn Tyr Leu Ser Thr Asp 80 85 90 VaI
Gly Ser Cys Thr Leu VaI Cys Pro Leu His Asn Gin GIu
VaI 95 100 105 Thr Ala GIu Asp Gly Thr GIn Arg Cys GIu
Lys Cys Ser Lys Pro 110 115 120 Cys Ala Arg VaI <210>
3 <211> 169 <212> PRT <213> Homo sapiens <400> 3 Cys
Tyr Gly Leu Gly Met GIu His Leu Arg GIu VaI Arg Ala
VaI 1 5 10 15 Thr Ser Ala Asn H e GIn GIu Phe Ala Gly
Cys Lys Lys H e Phe 20 25 30 Gly Ser Leu Ala Phe Leu
Pro GIu Ser Phe Asp Gly Asp Pro Ala 35 40 45 Ser Asn
Thr Ala Pro Leu GIn Pro GIu Gin Leu GIn VaI Phe GIu 50
55 60 Thr Leu GIu GIu H e Thr Gly Tyr Leu Tyr H e Ser
Ala Trp Pro 65 70 75 Asp Ser Leu Pro Asp Leu Ser VaI
Phe Gin Asn Leu GIn VaI H e 80 85 90 Arg Gly Arg H e
Leu His Asn Gly Ala Tyr Ser Leu Thr Leu Gin 95 100 105
Gly Leu Gly H e Ser Trp Leu Gly Leu Arg Ser Leu Arg
GIu Leu 110 115 120 Gly Ser Gly Leu Ala Leu H e His
His Asn Thr His Leu Cys Phe1 2 5 1 3 0 1 3 5 VaI His
Thr VaI Pro Trp Asp Gin Leu Phe Arg Asn Pro His GIn
140 145 150 Ala Leu Leu His Thr Ala Asn Arg Pro GIu
Asp GIu Cys VaI GIy 155 160 165 GIu GIy Leu Ala <210>
4 <211> 142 <212> PRT <213> Homo sapiens <400> 4 Cys
His GIn Leu Cys Ala Arg GIy His Cys Trp GIy Pro GIy
Pro 1 5 10 15 Thr Gin Cys VaI Asn Cys Ser GIn Phe Leu
Arg GIy Gin GIu Cys 20 25 30 VaI GIu GIu Cys Arg VaI
Leu GIn GIy Leu Pro Arg GIu Tyr VaI 35 40 45 Asn Ala
Arg His Cys Leu Pro Cys His Pro GIu Cys Gin Pro GIn 50
55 60 Asn Gly Ser VaI Thr Cys Phe GIy Pro GIu Ala Asp
Gin Cys VaI 65 70 75 Ala Cys Ala His Tyr Lys Asp Pro
Pro Phe Cys VaI Ala Arg Cys 80 85 90 Pro Ser GIy VaI
Lys Pro Asp Leu Ser Tyr Met Pro lie Trp Lys 95 100 105



Phe Pro Asp GIu GIu GIy Ala Cys GIn Pro Cys Pro lie
Asn Cys 110 115 120 Thr His Ser Cys VaI Asp Leu Asp
Asp Lys GIy Cys Pro Ala GIu 125 130 135 GIn Arg Ala
Ser Pro Leu Thr 140 <210> 5 <211> 214 <212> PRT <213>
Artificial sequence <220> <223> Sequence is
synthesized <400> 5 Asp lie GIn Met Thr GIn Ser Pro
Ser Ser Leu Ser Ala Ser VaI 1 5 10 15 GIy Asp Arg VaI
Thr H e Thr Cys Arg Ala Ser GIn Asp VaI Asn 20 25 30
Thr Ala VaI Ala Trp Tyr GIn GIn Lys Pro GIy Lys Ala
Pro Lys3 5 4 0 4 5 Leu Leu lie Tyr Ser Ala Ser Phe Leu
Tyr Ser GIy VaI Pro Ser 50 55 60 Arg Phe Ser GIy Ser
Arg Ser GIy Thr Asp Phe Thr Leu Thr lie 65 70 75 Ser
Ser Leu GIn Pro GIu Asp Phe Ala Thr Tyr Tyr Cys Gin
GIn 80 85 90 His Tyr Thr Thr Pro Pro Thr Phe GIy Gin
GIy Thr Lys VaI GIu 95 100 105 lie Lys Arg Thr VaI Ala
Ala Pro Ser VaI Phe lie Phe Pro Pro 110 115 120 Ser
Asp GIu GIn Leu Lys Ser GIy Thr Ala Ser VaI VaI Cys
Leu 125 130 135 Leu Asn Asn Phe Tyr Pro Arg GIu Ala
Lys VaI GIn Trp Lys VaI 140 145 150 Asp Asn Ala Leu
GIn Ser GIy Asn Ser Gin GIu Ser VaI Thr GIu 155 160
165 GIn Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser
Thr Leu Thr 170 175 180 Leu Ser Lys Ala Asp Tyr GIu
Lys His Lys VaI Tyr Ala Cys GIu 185 190 195 VaI Thr
His Gin GIy Leu Ser Ser Pro VaI Thr Lys Ser Phe Asn
200 205 210 Arg GIy GIu Cys <210> 6 <211> 449 <212>
PRT <213> Artificial sequence <220> <223> sequence is
synthesized <400> 6 GIu VaI GIn Leu VaI GIu Ser GIy
GIy GIy Leu VaI GIn Pro GIy 1 5 10 15 GIy Ser Leu Arg
Leu Ser Cys Ala Ala Ser GIy Phe Asn lie Lys 20 25 30
Asp Thr Tyr lie His Trp VaI Arg GIn Ala Pro GIy Lys
GIy Leu 35 40 45 Glu Trp VaI Ala Arg lie Tyr Pro Thr
Asn GIy Tyr Thr Arg Tyr 50 55 60 Ala Asp Ser VaI Lys
GIy Arg Phe Thr H e Ser Ala Asp Thr Ser 65 70 75 Lys
Asn Thr Ala Tyr Leu Gin Met Asn Ser Leu Arg Ala GIu
Asp8 0 8 5 9 0 Thr Ala VaI Tyr Tyr Cy s Ser Arg Trp
GIy GIy Asp GIy Phe Tyr 9 5 100 105 Ala Met Asp Tyr
Trp GIy GIn GIy Thr Leu VaI Thr VaI Ser Ser 110 115
120 Ala Ser Thr Lys GIy Pro Ser VaI Phe Pro Leu Ala
Pro Ser Ser 125 130 135 Lys Ser Thr Ser GIy GIy Thr
Ala Ala Leu GIy Cys Leu VaI Lys 140 145 150 Asp Tyr
Phe Pro GIu Pro VaI Thr VaI Ser Trp Asn Ser GIy Ala
155 160 165 Leu Thr Ser GIy VaI His Thr Phe Pro Ala
VaI Leu Gin Ser Ser 170 175 180 GIy Leu Tyr Ser Leu
Ser Ser VaI VaI Thr VaI Pro Ser Ser Ser 185 190 195
Leu GIy Thr GIn Thr Tyr lie Cys Asn VaI Asn His Lys
Pro Ser 200 -205 210 Asn Thr Lys VaI Asp Lys Lys VaI
GIu Pro Lys Ser Cys Asp Lys 215 220 225 Thr His Thr
Cys Pro Pro Cys Pro Ala Pro GIu Leu Leu GIy GIy 



230 235 240 Pro Ser VaI Phe Leu Phe Pro Pro Lys Pro
Lys Asp Thr Leu Met 245 250 255 H e Ser Arg Thr Pro
GIu VaI Thr Cys VaI VaI VaI Asp VaI Ser 260 265 270
His GIu Asp Pro GIu VaI Lys Phe Asn Trp Tyr VaI Asp
GIy VaI 275 280 285 GIu VaI His Asn Ala Lys Thr Lys
Pro Arg GIu GIu GIn Tyr Asn 290 295 300 Ser Thr Tyr
Arg VaI VaI Ser VaI Leu Thr VaI Leu His GIn Asp 305
310 315 Trp Leu Asn GIy Lys GIu Tyr Lys Cys Lys VaI
Ser Asn Lys Ala 320 325 330 Leu Pro Ala Pro H e GIu
Lys Thr H e Ser Lys Ala Lys GIy GIn 335 340 345 Pro
Arg GIu Pro GIn VaI Tyr Thr Leu Pro Pro Ser Arg GIu
GIu 350 355 360 Met Thr Lys Asn GIn VaI Ser Leu Thr
Cys Leu VaI Lys GIy Phe 365 370 375 Tyr Pro Ser Asp H
e Ala VaI GIu Trp GIu Ser Asn GIy GIn Pro 380 385 390
GIu Asn Asn Tyr Lys Thr Thr Pro Pro VaI Leu Asp Ser
Asp GIy3 9 5 400 405 Ser Phe Phe Leu Tyr Ser Lys Leu
Thr VaI Asp Lys Ser Arg Trp 410 415 420 GIn Gin GIy
Asn VaI Phe Ser Cys Ser VaI Met His GIu Ala Leu 425
430 435 His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu
Ser Pro GIy 440 445 <210> 7 <211> 214 <212> PRT <213>
Artificial sequence <220> <223> Sequence is
synthesized <400> 7 Asp H e GIn Met Thr GIn Ser Pro
Ser Ser Leu Ser Ala Ser VaI 1 5 10 15 GIy Asp Arg VaI
Thr lie Thr Cys Lys Ala Ser GIn Asp VaI Ser 20 25 30
lie GIy VaI Ala Trp Tyr GIn Gin Lys Pro GIy Lys Ala
Pro Lys 35 40 45 Leu Leu lie Tyr Ser Ala Ser Tyr Arg
Tyr Thr GIy VaI Pro Ser 50 55 60 Arg Phe Ser GIy Ser
GIy Ser GIy Thr Asp Phe Thr Leu Thr H e 65 70 75 Ser
Ser Leu GIn Pro GIu Asp Phe Ala Thr Tyr Tyr Cys GIn
GIn 80 85 90 Tyr Tyr H e Tyr Pro Tyr Thr Phe GIy GIn
GIy Thr Lys VaI GIu 95 100 105 H e Lys Arg Thr VaI Ala
Ala Pro Ser VaI Phe H e Phe Pro Pro 110 115 120 Ser
Asp GIu GIn Leu Lys Ser GIy Thr Ala Ser VaI VaI Cys
Leu 125 130 135 Leu Asn Asn Phe Tyr Pro Arg GIu Ala
Lys VaI GIn Trp Lys VaI 140 145 150 Asp Asn Ala Leu
Gin Ser GIy Asn Ser GIn GIu Ser VaI Thr GIu 155 160
165 GIn Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser
Thr Leu Thr 170 175 180 Leu Ser Lys Ala Asp Tyr GIu
Lys His Lys VaI Tyr Ala Cys GIu 185 190 195 VaI Thr
His GIn GIy Leu Ser Ser Pro VaI Thr Lys Ser Phe Asn
200 205 210 Arg GIy GIu Cys<210> 8 <211> 448 <212> PRT
<213> Artificial sequence <220> <223> Sequence is
synthesized <400> 8 GIu VaI GIn Leu VaI GIu Ser GIy
GIy GIy Leu VaI GIn Pro GIy 1 5 10 15 GIy Ser Leu Arg
Leu Ser Cys Ala Ala Ser GIy Phe Thr Phe Thr 20 25 30
Asp Tyr Thr Met Asp Trp VaI Arg Gin Ala Pro GIy Lys
GIy Leu 35 40 45 GIu Trp VaI Ala Asp VaI Asn Pro Asn
Ser GIy GIy Ser lie Tyr 50 55 60 



Asn GIn Arg Phe Lys GIy Arg Phe Thr Leu Ser VaI Asp
Arg Ser 65 70 75 Lys Asn Thr Leu Tyr Leu GIn Met Asn
Ser Leu Arg Ala GIu Asp 80 85 90 Thr Ala VaI Tyr Tyr
Cys Ala Arg Asn Leu GIy Pro Ser Phe Tyr 95 100 105 Phe
Asp Tyr Trp Gly Gin GIy Thr Leu VaI Thr VaI Ser Ser
Ala 110 115 120 Ser Thr Lys GIy Pro Ser VaI Phe Pro
Leu Ala Pro Ser Ser Lys 125 130 135 Ser Thr Ser GIy
Gly Thr Ala Ala Leu GIy Cys Leu VaI Lys Asp 140 145
150 Tyr Phe Pro GIu Pro VaI Thr VaI Ser Trp Asn Ser
Gly Ala Leu 155 160 165 Thr Ser Gly VaI His Thr Phe
Pro Ala VaI Leu GIn Ser Ser Gly 170 175 180 Leu Tyr
Ser Leu Ser Ser VaI VaI Thr VaI Pro Ser Ser Ser Leu
185 190 195 Gly Thr GIn Thr Tyr lie Cys Asn VaI Asn
His Lys Pro Ser Asn 200 205 210 Thr Lys VaI Asp Lys
Lys VaI GIu Pro Lys Ser Cys Asp Lys Thr 215 220 225
His Thr Cys Pro Pro Cys Pro Ala Pro GIu Leu Leu Gly
Gly Pro 230 235 240 Ser VaI Phe Leu Phe Pro Pro Lys
Pro Lys Asp Thr Leu Met lie 245 250 255 Ser Arg Thr
Pro GIu VaI Thr Cys VaI VaI VaI Asp VaI Ser His2 6 0
265 2 7 0 GIu Asp Pro GIu VaI Lys Phe Asn Trp Tyr VaI
Asp GIy VaI GIu 275 280 285 VaI His Asn Ala Lys Thr
Lys Pro Arg GIu GIu GIn Tyr Asn Ser 290 295 300 Thr
Tyr Arg VaI VaI Ser VaI Leu Thr VaI Leu His GIn Asp
Trp 305 310 315 Leu Asn GIy Lys GIu Tyr Lys Cys Lys
VaI Ser Asn Lys Ala Leu 320 325 330 Pro Ala Pro lie
GIu Lys Thr H e Ser Lys Ala Lys GIy GIn Pro 335 340
345 Arg GIu Pro GIn VaI Tyr Thr Leu Pro Pro Ser Arg
GIu GIu Met 350 355 360 Thr Lys Asn Gin VaI Ser Leu
Thr Cys Leu VaI Lys GIy Phe Tyr 365 370 375 Pro Ser
Asp lie Ala VaI GIu Trp GIu Ser Asn GIy GIn Pro GIu
380 385 390 Asn Asn Tyr Lys Thr Thr Pro Pro VaI Leu
Asp Ser Asp GIy Ser 395 400 405 Phe Phe Leu Tyr Ser
Lys Leu Thr VaI Asp Lys Ser Arg Trp GIn 410 415 420
GIn GIy Asn VaI Phe Ser Cys Ser VaI Met His GIu Ala
Leu His 425 430 435 Asn His Tyr Thr GIn Lys Ser Leu
Ser Leu Ser Pro GIy 440 445 <210> 9 <211> 37 <212> DNA
<213> Homo sapiens <400> 9 gccgaagctt gccaccatgg
gcagcgaccc gagcgcg 37 <210> 10 <211> 41 <212> DNA
<213> Homo sapiens <400> 10 gctgtctaga gttcaccgtc
cgtgccagtg ccacctcctc c 41 <210> 11 <211> 37 <212> DNA
<213> Homo sapiens <400> 11 gccgaagctt gccaccatgg
gcagcgaccc gagcgcg 37 <210> 12<211> 31 <212> DNA <213>
Homo sapiens <400> 12 gctgtctaga gacccactcc tgcagcgagc
g 31 <210> 13 <211> 33 <212> DNA <213> Homo sapiens 



<400> 13 cgagtcgacc tcgaggccag ccctctgacg tec 33 <210>
14 <211> 30 <212> DNA <213> Homo sapiens <400> 14
ggcacgcgtc gtcagagggc tggctctctg 30 <210> 15 <211> 27
<212> DNA <213> Homo sapiens <400> 15 ggcctcgagg
gcctggcctg ccaccag 27 <210> 16 <211> 30 <212> DNA
<213> Homo sapiens <400> 16 ggcacgcgtc gtcagagggc
tggctctctg 30 <210> 17 <211> 8 <212> PRT <213>
Artificial sequence <220> <223> Sequence is
synthesized <400> 17 Asp Tyr Lys Asp Asp Asp Asp Lys 5
<210> 18 <211> 21 <212> DNA <213> Homo sapiens <400>
18 ccaccatctg acctttagct t 21 <210> 19 <211> 66 <212>
DNA <213> Homo sapiens<400> 19 gatccgccac catctgacct
ttagcttcaa gagagctaaa ggtcagatgg 50 tggttttttg ctagcg
66 <210> 20 <211> 66 <212> DNA <213> Homo sapiens
<400> 20 aattcgctag caaaaaacca ccatctgacc tttagctctc
ttgaagctaa 50 aggtcagatg gtggcg 66 <210> 21 <211> 32
<212> PRT <213> Homo sapiens <400> 21 Pro lie Asn Cys
Thr His Ser Cys VaI Asp Leu Asp Asp Lys GIy 1 5 10 15
Cys Pro Ala GIu GIn Arg Ala Ser Pro Ala Ser Pro Leu
Thr Ser 20 25 30 H e VaI <210> 22 <211> 5 <212> PRT
<213> Homo sapiens <400> 22 Asp Leu Asp Asp Lys 5
<210> 23 <211> 8 <212> PRT <213> Homo sapiens <400> 23
Pro Ala GIu GIn Arg Ala Ser Pro 5 <210> 24 <211> 42
<212> PRT <213> Homo sapiens <400> 24 GIu Glu GIy Ala
Cys GIn Pro H e Asn Cys Thr His Ser Cys VaI 



1 5 10 15 Asp Leu Asp Asp Lys GIy Cys Pro Ala Glu GIn
Arg Ala Ser Pro 20 25 30 Leu Thr Ser H e VaI Ser Ala
VaI VaI GIy H e Leu 35 40<210> 25 <211> 26 <212> PRT
<213> Homo sapiens <400> 25 GIu GIu GIy Ala Cys GIn
Pro lie Asn Cys Thr His Ser Pro Leu 1 5 10 15 Thr Ser
lie VaI Ser Ala VaI VaI GIy lie Leu 20 25 <210> 26
<211> 37 <212> PRT <213> Homo sapiens <400> 26 GIu GIu
GIy Ala Cys GIn Pro H e Asn Cys Thr His Ser Cys VaI 1
5 10 15 GIy Cys Pro Ala GIu GIn Arg Ala Ser Pro Leu
Thr Ser lie VaI 20 25 30 Ser Ala VaI VaI GIy lie Leu
35 <210> 27 <211> 33 <212> PRT <213> Homo sapiens
<400> 27 GIu GIu GIy Ala Cys GIn Pro lie Asn Cys Thr
His Ser Cys VaI 1 5 10 15 Asp Leu Asp Asp Lys GIy Cys
Pro Ala Glu Gin Arg Ala VaI VaI 20 25 30 GIy H e Leu
<210> 28 <211> 16 <212> PRT <213> Homo sapiens <400>
28 Leu Thr Ser H e VaI Ser Thr Arg Asp Lys Thr His Thr
Cys Pro 1 5 10 15 Pro <210> 29 <211> 16 <212> PRT
<213> Homo sapiens <400> 29 Leu Thr Ser H e VaI Ser
Thr Arg Asp Lys Thr His Thr Cys Pro 1 5 10 15Pro <210>
30 <211> 16 <212> PRT <213> Homo sapiens <400> 30 Leu
Thr Ser lie VaI Ser Thr Arg Asp Lys Thr His Thr Cys
Pro 1 5 10 15 Pro <210> 31 <211> 16 <212> PRT <213>
Homo sapiens <400> 31 Leu Thr Ser H e VaI Ser Thr Arg
Asp Lys Thr His Thr Cys Pro 1 5 10 15 Pro <210> 32
<211> 8 <212> PRT <213> Homo sapiens <400> 32 Lys Tyr
Ala Leu Ala Asp Ala Ser 5 <210> 33 <211> 41 <212> PRT
<213> Homo sapiens <400> 33 Cys Pro H e Asn Cys Thr
His Ser Cys VaI Asp Leu Asp Asp Lys 



1 5 10 15 GIy Cys Pro Ala GIu GIn Arg Ala Ser Pro Leu
Thr Ser H e VaI 20 25 30 Ser Ala VaI VaI GIy H e Leu
Leu VaI VaI VaI 35 40 <210> 34 <211> 27 <212> PRT
<213> Homo sapiens <400> 34 Asp Leu Asp Asp Lys GIy
Cys Pro Ala GIu GIn Arg Ala Ser Pro 1 5 10 15 Leu Thr
Ser H e VaI Ser Ala VaI VaI GIy H e Leu 20 25<210> 35
<211> 9 <212> PRT <213> Homo sapiens <400> 35 Pro Thr
Asn GIy Pro Lys lie Pro Ser 5 <210> 36 <211> 14 <212>
PRT <213> Homo sapiens <400> 36 Cys Leu GIy GIn Thr
Leu VaI Leu lie GIy Lys Thr Leu Thr 5 10 <210> 37
<211> 18 <212> PRT <213> Homo sapiens <400> 37 Cys lie
Tyr Tyr Pro Trp Thr GIy His Ser Thr Leu Pro GIn His 1
5 10 15 Ala Arg Thr <210> 38 <211> 8 <212> PRT <213>
Homo sapiens <400> 38 Cys lie GIy Leu Met Asp Arg Thr
5 


