
- WO 2007/087266PCT/US2007/001685 METHODS AND COMPOSITIONS OF
TARGETED DRUG DEVELOPMENT CROSS-REFERENCE TO RELATED APPLICATIONS
0001] This application claims priority from U.S. Provisional
Application Serial No. 60/761,123, filed on January 23, 2006, which
is incorporated herein by reference in its entirety.
INCORPORATION-BY-REFERENCE OF MATERIAL SUBMITTED ON A COMPACT DISC
(c) o 023 The Sequence Listing, which is a part of the present
disclosure, includes a computer readable form and a written sequence
listing comprising nucleotide and/or amino acid sequences of the
present invention. The sequence listing information recorded in
computer readable form is identical to the written sequence listing.
The subject matter of the Sequence Listing is incorporated herein by
reference in its entirety. FIELD OF THE INVENTION        Eci 0033 The
present invention generally relates to development of new chemical
entities for use in the treatment of disease, and more particularly
to methods of identifying lead molecules for use in quasi-rational
drug design. BACKGROUND         r0004] Typical drug development in
the modern pharmaceutical world relies on the development of models,
or assays, of targeted biochemical functions. These assays are then
exposed to various small molecules, some of which may be collected
from the natural world, or they may be entirely synthesized in a
laboratory. Without further knowledge, it can take literally
thousands or millions of separate chemical exposures before a viable
candidate lead molecule is identified. This process is entirely
random, and is;in fact, referred to as random screening. For obvious
reasons, there is no rational molecular design associated with this
process, and therefore, the ten thousandth  WO
2007/087266PCT/US2007/001685 molecule tested against the assay has no
greater probability of being effective than the first.        [0 0051
Since this form of the screening process is random, the average time
to reaching success is only shortened by accelerating the rate at
which the various chemicals to be tested can be gathered and exposed
to the assay through, for example, high throughput screening and
combinatorial chemistry has evolved.        Woos) The principle
deficiency of this type of methodology, beyond the inherent
randomness of it, is that the number of possible drug-like chemical
structures has been estimated to be greater than ten to the eightieth
power. Even using the combined power of high throughput screening and
combinatorial chemistry, therefore, it is unlikely that even one
chemical entity in ten to the seventieth power will ever be
synthesized, much less screened. The concept of combinatorial
chemistry is still valuable, inasmuch as it introduces a degree of
parallel processing into the otherwise serial nature of screening.
However, the limits of scalability are such that even screening a few
hundred distinct chemical entities requires reversion to partially
serialized testing because of the physical limits of space on a
single tray.         [0007] One way that drug manufacturers have
continued to develop new drugs without having to screen is to use an
already approved drug as the lead for future additions to the class.
That is, an FDA approved substance is used to find out if
modifications can be made to it for the purposes of enhancing its
potency, decreasing its side effects, or making it easier to take.
For this reason, many drugs within a class are very similar. This is
the case as it stands to reason that most small molecule drugs have
only a specific target region (for example a protein) for effective



WO 2007/087266 PCT/US2007/001685 and combinatorial chemistry, i.e.,
the ability to test many thousands of chemical entities to find a
strongly acting candidate, with the advantages of rational drug
design, Le., the potential of developing first-in-class drugs at a
reduced cost. SUMMARY OF THE INVENTION         [0017] Among the
various aspects of the present invention is the provision of a method
that can test literally trillions of chemical structures within a
living host to find chemical structures that bind to the target
(e.g., a protein or other large molecule); uses standard assaying
techniques to determine which of the chemical structures that bind to
the target will provide the desired activity; and/or uses already
known facts about the binding chemical structures to guide the
construction of the small molecule lead.        (0018] One aspect of
the invention is directed to a method for producing a molecular
structure having a desired pharmaceutical activity relative to a
target biomolecule. Such method includes the steps of providing at
least one immune system protein that specifically binds to a target
biomolecule; determining the identity and spatial orientation of at
least a portion of atoms of the immune system protein, wherein
interaction of the at least a portion of atoms of the immune system
protein with a binding site of the target biomolecule result in
binding thereto; and constructing a pharrnacophore, wherein the
pharmacophore comprises a model of at least one pharmacophoric
feature that approximates at least a portion of the identity and
spatial orientations of the atoms of the immune system protein that
specifically bind to the immune system protein such that the
pharmacophore structural features are complementary to the binding
site of the target biomolecule.         [0019] In various embodiments
of the above aspect, the method can further include the step of
identifying a candidate molecule with a pharmacophore hypothesis
query of a database of annotated ligand molecules, wherein an
identified candidate compound has a structure that substantially
aligns with at least one pharmacophoric feature. In various
embodiments of the above aspect, the method can further include the
step of determining a docking 5  WO 2007/087266PCT/US2007/001685
affinity of the candidate molecule for the binding site of the target
biomolecule; wherein docking affinity is quantified by energy gained
upon interaction of the candidate molecule with the target
biomolecule, energy required to attain the docked conformation
relative to the lowest energy conformation, or a combination thereof.
Is 020] In various embodiments, the immune system protein has an
ability to alter an activity of the target biomolecule. For example,
the immune system protein can have an ability to inhibit an activity
of the target biomolecule. [0021] In various embodiments, the step of
providing immune system 10 protein that specifically binds to a
target biomolecule and has the ability to alter the activity of the
target biomolecule includes the steps of providing an assay in which
the target biomolecule displays an activity that mimics an in vivo
activity; exposing a plurality of immune system proteins having a
binding affinity for the target biomolecule to the target biomolecule
in the assay; and selecting at least 15 one immune system protein
having the ability to alter the activity of the target biomolecule
within the assay. RI 022] In various embodiments, the immune system
protein that specifically binds to the target biomolecule also binds
to at least one related biomplecule that differs from the target



10 crystalline form of the at least one monoclonal antibody bound to
the target biomolecule; (iii) constructing a pharmacophore; wherein
the pharmacophore comprises a plurality of pharmacophoric features;
wherein the plurality of pharmacophoric features approximate the
identity and spatial orientation of at least about 75% of the at
least one monoclonal antibody binding tip atoms that 15interact with
the binding site of the target biomolecule;wherein the plurality of
pharmacophoric features are complementary to the binding site of the
target biomolecule; and wherein the plurality of pharmacophoric
features comprise at least one feature selected from the group
consisting of hydrophobic, aromatic, a hydrogen bond acceptor, a
hydrogen bond donor, a cation, and an anion; and 20 (iv) identifying
a candidate molecule with a pharmacophore hypothesis query of a
database of annotated ligand molecules; wherein an identified
candidate compound has a structure that substantially aligns with at
least one feature of the pharmacophore; wherein the candidate
molecule inhibits the activity of the target biomolecule; and wherein
the target biomolecule is an enzyme, a signaling 25protein, or a
receptor protein.        Io 03 0] Another aspect of the invention is
directed to a pharmaceutical composition for the inhibition of EGFR.
Such pharmaceutical composition includes at least one EGFR inhibitor
selected from the group consisting of Formula (1), Formula (7),
Formula (14), Formula (19), and Formula (25), 30 including
stereoisomers or polymorphs thereof, and a pharmaceutically
acceptable carrier or diluent. Formulas are as follows:  I.. (0 031]
Formula (1)  [0032] Formula (7) f 0 033 ] Formula (14) [0 0341
Formula (19) (0035] Formula (25)         [0036] wherein S1-S8 are
independently selected from the group consisting of halogen,
hydroxyl, sulfhydryl, carboxylate, alkyl, cycloalkyl, aryl, and
alkoxyl (-OR); X is selected from the group consisting of 1-12, 0, S,
N-R, N-OH, and N-NR2; Het is one or more N atoms at any ring
position; Z is selected from the group consisting of -COOH, -P031-12,
8031-1, tetrazole ring, sulfonamide, acyl sulfonamide, -CONH2, and
-CONR2; and R is a C1-C6 straight chain or branched alkyl group,
optionally substituted with a halogen, hydroxyl, sulfhydryl,
carboxylate, aryl, heteroaryl, amino, substituted amino, or
cycloamino containing one, two, or three N atoms in a 5 or 6 membered
ring. 9         [0 037] Another aspect of the invention is directed
to a method for the treatment of a disease or disorder associated
with EGFR including the step of administering to a mammal in need
thereof a composition that includes a therapeutically effective
amount of a pharmaceutical composition of the invention. Such
compostions include an EGFR inhibitor selected from Formula (6);
Formula (13); Formula (18); Formula (24); Formula (30), or
stereoisomers or polymorphs thereof. Structures are as follows:  ( 0
03 a) Formula (6) (ooss] Formula (13) [0040] Formula (18) Non]
Formula (24) (a 042] Formula (30)   WO 2007/087266 PCT/US2007/001685
(0 o43) Other objects and features will be in part apparent and in
part pointed out hereinafter. BRIEF DESCRIPTION OF THE DRAWINGS
[0044] Those of skill in the art will understand that the drawings,
described below, are for illustrative purposes only. The drawings are
not intended to limit the scope of the present teachings in any way.
[0045] Figure 1A-F shows the chemical structure of atenolol,
bisoprolol, metoprolol, labetalol, propranolol, and carvedilol,
respectively.        [0046] Figure 2 shows the common chemical



25 for angiogenin, bound to a molecule of angiogenin, wherein a boxed
region at the interface between the angiogenin molecule and the
binding region of the Feb fragment is expanded.  WO
2007/087266PCT/US2007/001685        [0053] Figures 9A and 98 are
chemical structures of two lead molecules having potential activity
against angiogenin, wherein said lead molecules have been designed
based upon two closely associated binding portions of an antibody
having high affinity for angiogenin as are contemplated by the
methods of the present invention.        10054] Figures 10A and 10B
are ball and stick models of the lead molecules of Figures 9A and 9B,
respectively.        [0 055] Figure 11 depicts
pharmacophoretsly54_asp58, derived from crystal 1YY9.pdb,
superimposed on gly54_asp58 region of the antibody cetuximab.
r0056] Figure 12 depicts pharmacophore 11_gly54_asp58, derived from
crystal 1YY9.pdb, superimposed on region g1y54_asp58 of the antibody
cetuximab.        [0057] Figure 13 depicts pharmacophore
21_g1y54_asp58 , derived from crystal 1YY9.pdb, superimposed on
region gly54_asp58 of the antibody cetuxima b.        Nos 8] Figure
14 depicts pharmacophore 22_gly54_asp58, derived from crystal
1YY9.pdb, superimposed on region g1y54_asp58 of the antibody
cetuximab.        [0oss] Figure 15 depicts pharmacophore
23_91y54_asp58, derived from crystal 1YY9.pdb, superimposed on region
g1y54_asp58 of the antibody cetuximab.        [0060] Figure 16
depicts pharmacophore 24_g1y54_asp58, derived from crystal 1YY9.pdb,
superimposed on region g1y54_asp58 of the antibody cetuxima b.
(0061] Figure 17 depicts pharmacophore 1_thr100_glu105, derived from
crystal 1YY9.pdb, superimposed on region thr100_glu105 of the
antibody cetuxima b.  WO 2007/087266 PCT/US2007/001685 [00627 Figure
18 depicts pharmacophore 2_thr100_glu105, derived from crystal
1YY9.pdb, superimposed on region thr100_glu105 of the antibody
cetuximab. [0 063 ] Figure 19 depicts pharmacophore 3_thr100_91u105,
derived from crystal 1YY9.pdb, superimposed on region thr100_glu105
of the antibody cetuximab. r 0 0 64] Figure 20 depicts pharmacophore
10_thr100_glu105, derived from crystal 1YY9.pdb, superimposed on
region thr100_glu105 of the antibody cetuximab. [0065] Figure 21
depicts pharmacophore 21_thr100_glu105, derived from crystal
1YY9.pdb, superimposed on region thr100_glu105 of the antibody
cetuximab.           [00661 Figure 22 depicts pharmacophore 22
thr100_91u105, derived from crystal 1YY9.pdb, superimposed on region
thr100_glu105 of the antibody 15cetuximab.         [0067] Figure 23
depicts pharmacophore 1n, derived from crystal 1CZ8.pdb, superimposed
on region tyr101_ser106 of the antibody cetuximab.        [0068]
Figure 24 depicts pharmacophore 2n, derived from crystal 1CZ8.pdb,
superimposed on region tyr101_ser106 of the antibody cetuximab.
20[0069] Figure 25 depicts pharmacophore 3n, derived from crystal
10Z8.pdb, superimposed on region tyr101_ser106 of the antibody
cetuximab.         [00701 Figure 26 depicts pharmacophore 4n, derived
from crystal 10Z8.pdb, superimposed on region tyr101_ser106 of the
antibody cetuximab.               [0071] Figure 27 depicts
pharmacophore 6n, derived from crystal 25 10Z8.pdb, superimposed on
region tyr101_ser106 of the antibody cetuximab.        [0072] Figure
28 depicts pharmacophore 7n, derived from crystal 1CZ8.pdb,
superimposed on region tyr101_ser106 of the antibody cetuximab.   WO
2007/087266 PCT/US2007/001685         [0073] Figure 29 depicts
pharmacophore 10b, derived from crystal 1CZ8.pdb, superimposed on



1N8Z.pdb, superimposed on region arg50, tyr92-thr94, gly103 of the
antibody.        [0076] Figure 32 depicts pharmacophore 2n, derived
from crystal 1N8Z.pdb, superimposed on region arg50, tyr92-thr94,
glyl 03 of the antibody. [0077] Figure 33 depicts pharmacophore 3n,
derived from crystal 10 1N8Z.pdb, superimposed on region arg50,
tyr92-thr94, gly103 of the antibody.         [0078] Figure 34 depicts
pharmacophore 5n, derived from crystal 1S78.pdb, superimposed on
region asp3l_tyr32, asn_52_pro52a asn53 of the antibody. -[0079]
Figure 35 depicts pharmacophore 6b, derived from crystal 15 1S78.pdb,
superimposed on region asp3l_tyr32, asn_52_pro52a_a5n53 of the
antibody.        10080] Figure 36 depicts pharmacophore 3h, derived
from crystal 2EXQ.pdb, superimposed on heavy chain tyr50_thr57 region
of the antibody.           [0081] Figure 37 depicts pharmacophore 4h,
2EXQ.pdb, superimposed on heavy chain tyr50_thr57   derived from
crystal region of the antibody.         [ 0 0 8 2] Figure 38 depicts
pharmacophore 5h, 2EXQ.pdb, superimposed on heavy chain tyr50_thr57
[00 8 3] Figure 39 depicts pharmacophore 6h 2EXQ.pdb, superimposed on
heavy chain tyr50_thr57        [0084] Figure 40 depicts pharmacophore
7h 2EXQ.pdb, superimposed on heavy chain tyr50_thr57        [0085]
Figure 41 depicts pharmacophore 8h 2EXQ.pdb, superimposed on heavy
chain tyr50_thr57 14         fo o 86] Figure 42 depicts pharmacophore
9h, derived from crystal 2EXQ.pdb, superimposed on heavy chain
tyr50_thr57 region of the antibody.        [0 087] Figure 43"depicts
pharmacophore 1L and 2L (same), derived from crystal 2EXQ.pdb,
superimposed on the light chain Asn32_1Ie33_G1y34, Tyr49_His5O_G1y51,
Tyr91, Phe94, and Trp96 region of the antibody.        [0088] Figure
44 depicts pharmacophore 3L, derived from crystal 2EXQ.pdb,
superimposed on the light chain Asn32_11e33_3ly34, Tyr49_His5O_G1y51,
Tyr91, Phe94, and Trp96 region of the antibody.        [0089] Figure
45 depicts Pharmacophore 1_g1y54_asp58 superimposed with residues
GLY-54 to ASP-58 from the protein crystal structure of cetuximab
(1YY9.pdb). Volume constraints were used to exclude the space
occupied by the EGFR target protein (SEQ ID NO: 1), with a group of
"dummy" spheres (dark grey) positioned to occupy the position of
atoms of the target protein during a pharmacophore query. This
representation is used to approximate the surface topology of the
EGFR target protein.          o o 9 0] Figure 46 is a diagram
depicting the compound AD4-1025 docked to EGFR as a 2D model with
amino acid residues of EGFR annotated.        [0091] Figure 47 is a
diagram depicting the compound AD4-1038 docked to EGFR as a 3D stick
model view (A) or 3D contact surface view (B).        [0092] Figure
48 is a diagram depicting the compound AD4-1010 docked to EGFR as a
2D model with amino acid residues of EGFR annotated.         [0093]
Figure 49 is a diagram depicting the compound AD4-1009 docked to EGFR
as a 2D model with amino acid residues of EGFR annotated.        [0
094] Figure 50 is a diagram depicting the compound AD4-1016 docked to
EGFR as a 2D model with amino acid residues of EGFR annotated.
fo 0 951 Figure 51 is a diagram depicting the compound AD4-1017
docked to EGFR as a 2D model with amino acid residues of EGFR
annotated.  WO 2007/087266PCT/US2007/001685        100961 Figure 52
is a diagram depicting the compound AD4-1018 docked to EGFR as a 2D
model with amino acid residues of EGFR annotated.        100971
Figure 53 is a diagram depicting the compound AD4-1020 docked to EGFR
as a 2D model with amino acid residues of EGFR annotated.
t00981 Figure 54 is a diagram depicting the compound AD4-1021 docked



101011 Figure 57 is a diagram depicting the compound AD4-1030 docked
to EGFR as a 2D model with amino acid residues of EGFR annotated.
[0102] Figure 58 is a diagram depicting the compound AD4-1132 docked
to EGFR as a 3D stick model view (A) or 3D contact surface view (B).
15101031 Figure 59 is a diagram depicting the compound AD4-1132
docked to EGFR as a 2D model with amino acid residues of EGFR
annotated.        101041 Figure 60 is a diagram depicting the
compound AD4-1142 docked to EGFR as a 3D stick model view (A) or 3D
contact surface view (B), 101051 Figure 61 is a diagram depicting the
compound AD4-1142 20 docked to EGFR as a 20 model with amino acid
residues of EGFR annotated. DETAILED DESCRIPTION OF THE INVENTION
Rao 6] The present invention is directed to methods and apparatuses
for developing one or more drugs for one or more targeted therapies.
In accordance with one aspect of the present invention, combinatorial
chemistry techniques for use with high throughput screening
techniques for identifying 25 small molecule affinity and activity
interactions are avoided by instead utilizing the natural mechanisms
of antigen response to effect a massively parallel screening of
naturally occurring molecules against an antigen. 16   WO 2007/087266
PCT/US2007/001685          (0107] Similarly, in accordance with
another aspect of the present invention, rational drug design
techniques may be guided to the creation of lead molecules for
pharmaceutical development based on copying the molecular
substructures of biologically synthesized molecules, such as
immunoglobulins, 5 that are known to have high affinity for target
structures.        [010 al In brief, a preferred embodiment of the
method for developing a drug for one or more targeted therapies is as
follows. Immune system proteins (e.g., an antibody, preferably a
monoclonal antibody) are raised against a target biomolecule,
preferably a protein, more preferably an enzyme. The binding 10
interaction between target molecule anclimmune system protein is
characterized, for example, via crystallography date. From the
binding characterization, protein binding domains are defined. The
protein binding domains can be expressed as one or more pharmacophore
features and/or compiled in a pharmacophore model comprising one or
more pharmacophore 15 features. Pharmacophore features can generally
be derived from corresponding moieties of the immune system protein
in complex with the target biomolecule. Pharmacophore generation can
be according to software designed for such a task. Candidate
molecules (from, for example, one or more chemical libraries) are
selected from those molecules which align to the pharmacophore
models. 20 Preferably, candidate molecules are docked and scored in
811:too for interaction with the target immune system protein. Again,
docking and scoring can be according to software designed for such a
task. After selection of molecules aligning to one or more
pharmacophore models, where such molecules were optionally docked and
scored in silico, the selected molecules are obtained, for 25 example
by chemical synthesis or from a commercial source. The selected
molecules can be measured for binding affinity and/or effect on
function for the target biomolecule. Such assessment is generally
according to a biological assay, The tested molecules can be further
selected according to desirable measured parameters. The selected
molecules and/or the further selected 30 molecules can optionally be
further optimized.  WO 2007/087266PCT/US2007/001685 BIOMOLECULE
TARGET SELECTION        [0109] It shall be understood that the types



WO 2007/087266 PCT/US2007/001685  against a target biomolecule. It is
understood that multiple structures produced in the immune system
express selectively high affinity for corresponding molecular
structures. These include, for example, major histocompatibility
complexes, various T- and fl-cell receptors, and antibodies. Any one
of these structures can 5 be utilized in the steps of the present
inventions; however, for the purposes of describing the preferred
embodiments hereof, antibodies shall be referred to. One skilled in
the art will understand that the following discussion applies to
other immune system proteins as well. Din] Preferably, the immune
system protein binds non-self proteins 10with little or no structural
distortion caused, for example, by induced fit. It is this property
of various immune system proteins that, at least in part, makes this
class of molecules desirable in the methods described herein. In
various emodiments, the immune system protein is at least about 95%
constant in structure before and after binding, more preferably at
least about 98% constant. 15 In other words, preferable immune system
proteins undergo less than about 5% or less than about 2%
conformational change, as measured by the spatial position of atoms,
upon binding to a non-self protein target. For example, immune system
proteins of various embodiments undergo average atomic spatial
movement of less than about 3 A or less than about 2 A after binding
to a 20 biomolecule target.        0113] With respect to
immunoglobulins, which are an aspect of a preferred method of this
invention, every single healthy mammal can produce upwards of ten to
the tenth different and distinct antibodies, each responding to a
different antigen. Across species and even across the animal kingdom,
variability 25 in the intra-species genetic codes (specifically for
the complementarity defining regions (CDR) components of antibodies)
and the form of antibodies (the overall structures being monomeric,
e.g., camels, versus dimeric, e.g., humans and mice) raise the number
of possible antibody responses to greater than ten to the twentieth
power. And every individual animal having a healthy immune system is
30 capable of raising a plurality of antibodies against almost any
antigen.         (0114) When a foreign molecule, for example an
enzyme indigenous to another species, is injected into the body of an
animal having a healthy immune system, a response of that system will
be raised against the structure. During this response, millions of
individual nascent (3-cells, each expressing a distinct receptor that
mirrors the identical antibody that J3-cell will ultimately produce,
are exposed to the molecule. Those (3-cells that express receptors
that bind tightly to the foreign molecule are caused to proliferate,
thus providing a colony of cells that each produces the same
antibody, which is specific for the target. Some of these (3-cells
are released into the body to combat the foreign substance, while
other members remain within the lymph nodes, spleen and thalamus,
prepared to respond with a flood of antibodies in the event that the
foreign molecule is presented to the system in the future. This
ability to lie in wait for the future presentation of the foreign
molecule is referred to as "acquired immunity" inasmuch as it
requires an initial presentation of the foreign substance before the
ability to respond in the future can be acquired.        (01151 In
the event that a specific molecular structure, for example a protein
or more specifically an enzyme, is a contributor to the pathogenesis
of a disease, a pharmaceutical agent that binds to that molecule with



technique that provides for the production of antibody molecules by
continuous cell lines in culture such as those described in
references listed above. 30 Preferably, myeloma cell lines that have
lost their ability to produce their own  WO
2007/087266PCT1US2007/001685 antibodies are used, so as to not dilute
the target antibody. Preferably, myeloma cells that have lost a
specific enzyme (e.g., hypoxanthine-guanine
phosphoribosyltransferase, HGPRT) and therefore cannot grow under
certain conditions (namely in the presence of HAT medium) are used.
In such preferable embodiments, one can detect successful fusion
between healthy a-cells and myeloma cells where the healthy partner
supplies the needed enzyme and the fused cell can survive in HAT
medium.           01233 Monoclonal antibodies can also be generated
by other methods such as phage display (see e.g., Sidhu (2005) Phage
Display In Biotechnology 10 and Drug Discovery, CRC, ISBN-10:
0824754662).         [0124] Such antibodies can be of any
immunoglobulin class including IgG, IgM, IgE, IgA, IgD and any
subclass thereof. A hybridoma producing a mAb of the invention may be
cultivated in vitro or in vivo. The ability to produce high titers of
monoclonal antibodies in vivo makes this a particularly useful method
of 15 production. Monoclonal antibodies generally have a longer
terminal half life than many antibody fragments, translating into
greater uptake, that can be desirable for various applications.
[0125] Preferably, the antibody is of the IgG immunoglobulin class.
The following comments are directed to the preferred IgG class, but
one skilled 20 in the art will understand that the discussion may be
applied to classes of other embodiments as well.        Co 1263 Each
IgG molecule consists of two different classes of polypeptide chains,
the heavy and light chains. These heavy and light chains are further
subclassified as constant and variable segments. The overall
construction 25 of an IgG molecule 100 is "Y" shaped, as shown in
Figure 3, with the base 102 of the "Y" being formed by two pair of
constant heavy chain segments 104,106 (two segments, CH2-CH3, side by
side). Each of the upper segments of this base structure is linked to
one of the two branches of the "V" 108,110, and specifically each is
connected to another constant heavy segment CH1 109. Each of these 30
two heavy chain segments CH1 is paired with a constant light chain
segment  WO 2007/087266PCT/US2007/001685 CL1 112. The distal tips of
the constant heavy and light chain segments are connected to variable
heavy and light chain segments VH1 114 and VL1 116 (one pair of
variable segments per branch). These paired variable segments form
the distal tips of the "Y" structure, and include the binding tips
that are formed with such high antigen specificity. Topography of
antibody binding sites is reviewed by, for example, Lee et al. (2006)
J Org Chem 71, 5082-5092.        (0127] While variability in the
structure of the constant segments exists across species and even
some variation has been reported within species, the constant heavy
segments CHI, CH2, and CH3, in mammals generally consist of a very
highly conserved 110-120 amino acid sequence. Similarly, the constant
light chain segments generally consist of a very highly conserved
100-110 amino acid sequence.        [012 s] The light and heavy
variable chain segments, VH1 and VU, comprise very similar peptide
sequences to the constant segments, but for three 15 small peptide
stretches that are approximately 5 to 15 amino acids in length. These
short stretches are highly variable, and are generally referred to as



WO 2007/087266PCT/US2007/001685  an inactive conformation).
Algorithms to identify immune system protein binding class based on
the definition and site of the binding site are known to the art (see
Lee et al. (2006) J Org Chem 71, 5082-5092). In accord with the
vernacular of Lee et al., in various embodiments, immune system
proteins can have a 5 binding topography of cave, crater, canyon,
valley, or plain. Preferably, the immune system proteins have a
binding topography of canyon, valley, or plain, more preferably,
canyon or plain.        0 133] Once high affinity antibody structures
have been identified and monoclonal antibody producing cell lines for
them have been created, a 10 subsequent step in the method of
embodiments of the present invention is to select the high affinity
binding antibodies that bind at, in, or near the active site from
among the plurality of antibodies (e.g., monoclonal antibodies).
Monoclonal antibodies can be selected on the basis of, for example,
their specificity, high binding affinity, isotype, and/or stability.
Monoclonal antibodies can be screened 15 or tested for specificity
using any of a variety of standard techniques, including Western
Blotting (Koren, E. et al., Biochim. Biophys. Acta 876:91-100 (1986))
and enzyme-linked immunosorbent assay (ELISA) (Koren et al., Biochim.
Biophys. Acta 876:91-100 (1986)). [0134] Methods of selecting the
active site high affinity binding 20 antibodies can be utilized when
other members of a family of molecules exist, and share the same
substructure of the active region thereof. One aspect of the present
invention includes a method for identifying if a high affinity
antibody is also an active site high affinity antibody by determining
if it also binds to other members of a family of similar proteins
that conserve their active region. If an 25 high affinity antibody
raised against a target molecule (e.g., VEGF-A) does not bind well to
other members of the family, it is more likely that it is not binding
to the active region. Alternatively, if an high affinity antibody
cultivated by inoculation against a target molecule (e.g., VEGF-A) is
screened against several other members of the family (e.g., VEGF-B,
VEGF-C, etc.) and shows a high 30affinity for them as well, it is
highly likely that the high affinity antibody is also an active site
high affinity antibody.         (0135) In the case of molecules
without similar family molecules, alternative means of determining
the nature of the binding site may be employed. One example of how
this determination may be made is by producing a functional assay of
the target and exposing the antibody to the assay to 5 determine if
the antibody inhibits the functioning of the assay.         (01361
Another exemplary method of selecting active site high affinity
antibodies from a group of high affinity antibodies, which is
entirely in silico, is to sequence each antibody, model the structure
of the binding surface, and to match it to a model of the active
surface of the target to see if the two are 10 compatible. This
method may require knowledge of the specific target, and access to
one of the several programs that are available for estimating the
surface composition of antibodies. It is contemplated that this
alternate method of filtering the non-active site high affinity
antibodies from those antibodies that bind to the active surface
target will be increasingly efficient as more target 15 structures
are fully characterized, and the accuracy of antibody modeling from
sequence information alone is enhanced according to the various
methods disclosed herein or otherwise. The fact that the CDRs of the



the specifications, teachings, and references of which are
incorporated herein fully by reference. To overcome difficulties in
crystallization of antibodies and potential distortion of the binding
tips, the antibody can be crystallized with the target biomolecule to
ensure the proper binding structure is captured (see e.g., 5 entry
1CZ8 in the RCSB Protein Data Bank, which is a vascular endothelial
growth factor in complex with an affinity matured antibody).
(0142] Once prepared, the crystals can be harvested and, optionally,
cryocooled with gaseous or liquid nitrogen. Cryocooling crystals can
reduce radiation damage incurred during data collection and/or
decreases thermal 10 motion within the crystal. Crystals are placed
on a diffractometer coupled with a machine that emits a beam of
X-rays. The X-rays diffract off the electrons in the crystal, and the
pattern of diffraction is recorded on film or solid state detectors
and scanned into a computer. These diffraction images are combined
and used to construct a map of the electron density of the molecule
that was crystallized. 15 Atoms are then fitted to the electron
density map and various parameters, such as position, are refined to
best fit the observed diffraction data. Parameters derived from X-ray
crystallography observed diffraction data include, but are notlimited
to, hydrogen bonders, apolar hydrophobic contacts, salt bridge
interactions, polar surface area of the domain, apolar surface area
of the 20 domain, shape complementarily score for the antibody-target
complex, and explicitly placed water molecules. Also useful is
characterization of bonds between atoms. The distance between two
atoms that are singly bonded ranges from about 1.45 to about 1.55A.
Atoms that are double bonded together are typically about 1.2 to
about 1.25A apart. Bonds that are resonant between single 25 and
double bonds typically have an about 1.30 to about 1.35A separation.
[01433 By way of example, a VEGF (SEQ ID NO: 2) molecule bound to an
affinity-matured antibody (the Fab fragment thereof) has been
previously crystallized and published by Chen, et al. in the RCSB
database as 1CZ8. More particularly, their crystallization data
includes regions V and W, which are the 30 members of the VEGF dimer,
and regions L, H, X, and Y which represent the antibody light and
heavy chains of the Fab molecule. (More particularly, the L   WO
2007/087266 PCT/US2007/001685 and H regions comprise one of the
branches of the Fab molecule, including both the variable and
constant regions of each chain. Similarly, X and Y are the light and
heavy chains of the other branch of the Feb molecule.) By
geometrically analyzing the spatial arrangement of the more than
eight thousand non-hydrogen atoms of the crystalline structure, those
atoms of one structure that are within a specified distance of atoms
of another structure can be identified. This filter determines, by a
straightforward geometric comparison across all possible
combinations, the peptides that are in association across the two
molecules. Using a maximum separation (e.g., 4 A), those atoms of the
heavy variable chain (H) that are within such a short range of atoms
of the W component of the VEGF dimer can be determined, and are most
likely to be the ones in the CDRs of the Fab fragment (see e.g.,
Example 1). CONSTRUCTION OF PHARMACOPHORES         (01441 Immune
system protein structural information, including definition of atom
position, can be used to construct a pharmacophore model 15 used to
identify small molecules which have similar atoms in similar
positions. Small molecules that have similar features to the immune



25 (Chemical Computing Group). Model generation uses geometrical and
electronic constraints to determine the 3D positions of features
corresponding to the immune system protein. The model of these
embodiments consists of spherical features in 3D space. The diameter
of the spheres can be adjusted (e.g., about 0.5 to about 3.0 A). Such
models allow matches and/or partial matches of the 30 features.  WO
2007/087266 PCIMS2007/001685        [3152] Pharmacophoric structural
features can be represented by labeled points in space. Each ligand
can be assigned an annotation, which is a set of structural features
that may contribute to the ligand's pharmacophore (see e.g., Example
4). In various embodiments, a database of annotated ligands can be
searched with a query that represents a pharmacophore hypothesis (see
e.g., Example 5). The result of such a search is a set of matches
that align the pharmacophoric features of the query to the
pharrnacophoric features present in the ligands of the searched
database (see e.g., Example 5, Table 23-28). The number of hits
within the database depends, at least in part, upon the size of the
database and the restrictiveness of the pharmacophore query (e.g.,
partial mathces, number of features, etc.). As an example, the
pharmacophore queries of Example 4 generated about 1,000 to about
3,000 hits against the ZINC databse. Properties and parameters of the
molecules present within the search database are used to focus the
outcome of the query. For example, compounds with a defined range of
molecular weight (MW) or lipohilicity (logP) can be present in the
searched section of the library database of compounds. CANDIDATE
MOLECULES        10153] The subject methods find use in the screening
of a variety of different candidate molecules (e.g., potentially
therapeutic candidate molecules). As described above, candidate
molecules can be searched using a pharmacophore query. Candidate
molecules encompass numerous chemical classes, though typically they
are organic molecules, preferably small organic compounds having a
molecular weight of more than 50 and less than about 2,500 DaItons.
Candidate molecules comprise functional groups necessary for
structural interaction with proteins, particularly hydrogen bonding,
and typically include at least an amine, carbonyl, hydroxyl or
carboxyl group, preferably at least two of the functional chemical
groups. The candidate molecules often comprise cyclical carbon or
heterocyclic structures and/or aromatic or polyaromatic structures
substituted with one or more of the above functional groups.  WO
2007/087266PCT/US2007/001685        [0154] In preferred embodiments,
the candidate molecules are compounds in a library database of
compounds. One of skill in the art will be generally familiar with,
for example, numerous databases for commercially available compounds
for screening (see e.g., ZINC database, UCSF, with 2.7 5 million
compounds over 12 distinct subsets of molecules; Irwin and Shoichet
(2005) J Chem Inf Model 45, 177-182). One of skill in the art will
also be familiar with a variety of search engines to identify
commercial sources or desirable compounds and classes of compounds
for further testing (see e.g., ZINC database; eMolecules.com; and
electronic libraries of commercial compounds 10 provided by vendors,
for example: ChemBridge, Princeton BioMolecular, Ambinter SARL,
Enamine, ASDI, Life Chemicals etc).        [0155] Candidate molecules
for screening according to the methods described herein include both
lead-like compounds and drug-like compounds. A lead-like compound is
generally understood to have a relatively smaller scaffold- 15 like



selection criteria, but it is contemplated that e_model score could
be similarly used, especially where e_model score is of low
magnitude. It is further contemplated that the selection criteria can
be based upon both g_score and e_model score, preferably weighted
toward g_score.        [0163] Docking and scoring can result in a
group of compounds with multiple conformers. Using suitable modeling
software (e.g., MOE), 3D structures can be converted to 20 and
duplicates thereby removed. The resulting list of preferred chemical
structures can used to search for commercial vendors using, for
example, search engines designed for such a task (e.g.,
eMolecules.com). EFFECT ON TARGET BIOMOLECULE         [01643
Candidate molecules selected according to pharmacophore query and/or
further selected according to docking analysis can be tested for
effect on the target biomolecule. Assessment of effect of a molecule
on biomolecule function (e.g., inhibition of enzymatic activity) can
be assessed by 15 various methods known in the art (see e.g., Example
6). For example, inhibitory effect of a candidate molecule on the
catalytic activity of a target enzyme can be assessed by known
activity assays specific for the target enzyme (see e.g., Reymond,
ed. (2006) Enzyme Assays: High-throughput Screening, Genetic
Selection and Fingerprinting, John Wiley & Sons, 386 p., ISBN-10:
3527310959; 20 Eisenthall and Danson, Ed. (2002) Enzyme Assays, 2d
edition, Oxford University Press, 384 p., ISBN-10: 0199638209).
FURTHER REFINEMENT        (0166] Several methods for further refining
the selected candidate molecules. Data from biological assays can be
correlated with the docking model so as to further refine lead-like
molecules and/or drug-like molecules. Various 25 software packages
(e.g., MOE) can be employed to visualize active compounds in the
binding site of the target biomolecule to identify sites on the
template  WO 2007/087266 PCT/US2007/001685 suitable for modification
by de novo design. Analogs of active compounds can be identified
using similarity and sub-structure searches (see e.g., SciFinder;
eModel). Available analogs can be analyzed according to docking and
scoring procedures described above. Analogs with desirable docking
scores can be acquired and further tested for biological effect on
the target biomolecule according to methods described above. One
skilled in the art will understand these, and other, methods of
refining and further developing candidate molecules identified by the
methods presented herein. MOLECULES         10166] Another aspect of
the present invention includes compounds, identified by the methods
described herein, and useful for treatment of diseases, disorders, or
conditions related to the target biomolecule according to which they
were identified from. For example, it is well known that inhibition
of growth factor proteins has a benefit in treatment of certain
conditions in oncology. As another example, AIM-1025 150167] AD4-1025
is identified as an inhibitor of epidermal growth factor binding to
its receptor (see e.g., Example 7). Such compounds have utility as
treatments in oncology. Analogs and derivatives of AD4-1038 are
expected to have the same inhibitory effect and utility. A
pharmacophore model, Pharntl_gly54_asp58, was designed using
information from the 1YY9 protein 20 crystal structure to design a
pharmacophore model (see e.g., Example 4). The Pharmtgly54_asp58
model was utilized to identify small molecules which bind to EGFR
(SEQ ID NO: 1). The site on the EGFR protein is recognized by amino
acid residues GLY-54 to ASP-58 of the antibody Cetuximab (SEQ ID NO:



WO 2007/087266PCT/US2007/001685        [0170] Additionally, the
enantiomeric isomers are also expected to have the same utility: [017
1] wherein S1-38, X, Elet and Z are define as above.        [0172] In
one embodiment, the inhibitor of the binding of epidermal growth
factor (EGF) to epidermal growth factor receptor (EGFR) is AD4-1025
01-(4-chloropheny1)-N2-(3-pyridinylmethyl)-aloha-asparagine; Formula:
D161-116CIN303; Molecular weight: 333.78)) (see e.g., Example 7). An
exemplary depiction of the binding of AD4-1025 to EGFR is shown in
Figure 46. The structure of AD4-1025 is as follows:  Cl     Formula
(6)        [0173] At a concentration of 25 pM of AD4-1025, binding of
EGF to EGFR is inhibited by 75.7% (see e.g., Example 6). AIM-1038
[0174] AD4-1038 is identified as an inhibitor of epidermal growth
factor binding to its receptor (see e.g., Example 8). Such compounds
have utility as treatments in oncology. Analogs and derivatives of
AN-1038 are expected to have the same inhibitory effect and utility.
A pharmacophore model, 41  WO 2007/087266PCMJS2007/001685
Pharmi_thr100_glul 05, was designed using information from the 1YY9
protein crystal structure to design a pharmacophore model (see e.g.,
Example 4; Table 17; Figure 17). The Pharmi_thr100_glu105 model was
utilized to identify small molecules which bind to EGFR. The site on
the EGFR (SEQ ID NO: 1) protein is recognized by amino acid residues
THR-100 to GLU-58 of the antibody Cetuximab (SEQ ID NO: Sand SEQ ID
NO:6) (Erbitux). Pharmi_thr100_glu105 is modeled after residues
THR-100 to GLU-58 and designed as a tool to identify small molecules
which have features and components of the antibody cetuximab.
Features and components of these amino acid residues of cetuximab
were used to create a pharmacophore model. From this pharmacophore
model is derived the following compound:   Formula (7)         tolls]
wherein S1-54 represent independent substituents of the following
type: Halogen (F, Cl, Br, or I); Hydroxyl (-OH); Sulfhydryl (-SH);
Carboxylate (-COOH); Alkyl (C1-C4 carbons, straight chain, branched,
or optionally containing unsaturation); Cycloalkyl (C1-C6 optionally
containing unsaturation); Aryl including phenyl or heteroaryl
containing from 1 to 4 N, 0, and S atoms; Alkoxyl (-OR where R is
defined as C1-C6 straight chain or branched alkyl group, optionally
substituted with halogen, hydroxyl, sulfhydryl, carboxylate, aryl,
heteroaryl, amino -NI-12, substituted amino -NR2, or cycloamino
groups containing one, two or three N atoms in a 5 or 6 membered
ring); X is defined as 0, S, N-R, N-OH, or N-NR2; Het is defined as
one or more N atoms, located at any position of the ring; Z is
defined as -COOH, -P03H2. SO3H, tetrazole ring, sulfonamide, acyl
sulfonamide group, -CONH2, or -CONR2.        (0 1763 Additional
analogs include those where the central nitrogen atom is replaced
with unsubstituted carbon atoms or carbon atoms containing  WO
2007/087266 PCT/US2007/001685 one or two independent substituents
where S2 and S6 are defined as above for S1-84 or the central carbon
atom bears the functionality X as described above:   Formula (8)
Formula (9)         (01771 Compounds which have a short linker moiety
as indicated are also expected to give the same inhibition of EGFR: X
Formula (10)  10 



[01783 wherein L is defined as a linker consisting of 1-4 linearly
connected atoms including C, N, 0, and S. In the case of C and 3, the
oxidation state of the atom may have one or two oxygens attached by
either a single or double bond. In the case of C or N, the atom may
have one or two additional substituents independently selected from
the group S1-S6 defined above.        E01791 Additionally, compounds
of different stereochemical composition including racemates and
enantiomeric isomers are also expected to have utility as EGFR
inhibitors: Racemates and enatiomers  12), NIS (L)S4 3 Formula (12)
WO 2007/087266PCT/US2007/001685        01813 In one embodiment, the
inhibitor of the binding of epidermal growth factor (EGF) to
epidermal growth factor receptor (EGFR) is AD4-1038
(({2-[(4-Hydroxy-pheny1)-methyl-arnino]-4-oxo-4,5-dihydro-thiazol-5-y
1)-acetic acid; Formula: C12H12N204S; Molecular weight: 280.30) (see
e.g., Example 8). An exemplary depiction of the binding of AD4-1038
to EGFR is shown in Figure 47. The structure of AD4-1033 is as
follows:  Formula (13)        f0182) At a concentration of 25 pM of
AD4-1038, binding of EGF to EG FR is inhibited by 70.7% (see e.g.,
Example 6). AD4-1020        [0183] AD4-1020 is identified as an
inhibitor of epidermal growth factor binding to its receptor (see
e.g., Example 10). Such compounds have utility as treatments in
oncology. Analogs and derivatives of AD4-1020 are expected to have
the same inhibitory effect and utility. A pharmacophore model,
Pharmi_g1y54_asp58, was designed using information from the 1YY9
protein crystal structure to design a pharmacophore model (see e.g.,
Example 4). The Pharml_g1y54_asp58 model was utilized to identify
small molecules which bind to EGFR (SEQ ID NO: 1). The site on the
EGFR protein is recognized by amino acid residues GLY-54 to ASP-58 of
the antibody Cetuximab (SEQ ID NO: 5 and SEQ ID NO:6) (Erbitux).
Pharm1 _gly54_asp58 is modeled after residues GLY54 to ASP-58 and
designed as a tool to identify small molecules which have features
and components of the antibody cetuxirrtab. Specifically this region
is defined as the H2 CDR of the antibody heavy chain of cetuximab.
Features and components of these amino acid residues of cetuximab
were used to create a pharmacophore model. From this pharmacophore
model is derived the following compound:  WO
2007/087266PCT/US2007/001685   Formula (14)         [0184] wherein
S1-S6 represent independent substituents of the following type:
Halogen (F, Cl, Br, I); Hydroxyl (-OH); Sulfhydryl (-SH); Carboxylate
(-COOH); Alkyl (C1-C4 carbons, straight chain, branched or optionally
containing unsaturation); Cycloalkyl (C1-C6 optionally containing
unsaturation); Aryl including phenyl or heteroaryl containing from 1
to 4 N, 0, and S atoms; or Alkoxyl (-OR where R is defined as C1-C6
straight chain or branched alkyl group, optionally substituted with
halogen, hydroxyl, sulfhydryl, carboxylate, aryl, heteroaryl, amino
-NH2, substituted amino -NR2, or cycloamino groups containing one,
two or three N atoms in a 5 or 6 membered ring).         [018 5]
Additional analogs include those where one or both of the phenyl
rings is replaced by a heterocyclic ring, wherin Xis defined as 0, S,
N-R, N-OH, or N-NR2; Het is defined as one or more N atoms, located
at any position of the ring; and Z is defined as -COOH, -P03H2; SO3H,
tetrazole ring, sulfonamide, acyl sulfonamide, -CONH2, or -CONR2.
xS. <0_ \--c->R1 HetIrNyz X Formula (15)        (01863 Additional
analogs include those where Compounds which have a short linker
moiety as indicated are also expected to give the same inhibition of



(0187) Additional analogs include compounds in which the tetrazole
ring is replaced with an alternative 5-membered heterocyclic ring as
indicated  Formula (17)         [0 188] wherein A is an atom
independently selected from a group including C,N,O,and S. In the
case of C and S, the oxidation state of the atom may have one or two
oxygens attached by either a single or double bond. In the case of C
or N, the atom may have one or two additional substituents
independently selected from the group S1-S6 defined above.
[0189] In one embodiment, the inhibitor of the binding of epidermal
growth factor (EGF) to epidermal growth factor receptor (EGFR) is
AD4-1020 (({5-[4-(henzyloxy)phenyli-2H-tetrazol-2-yl}acetic acid);
Formula: C161-114N403; Molecular weight: 310.31) (see e.g., Example
10). An exemplary depiction of the binding of AD4-1020 to EGFR is
shown in Figure 53. The structure of AD4-1020 is as follows:  Formula
(18)        (0190] At a concentration of 25 pM of AD4-1020, binding
of EGF to EGFR is inhibited by 47.8% (see e.g., Example 6).  WO
2007/087266 PCT/US2007/001685 AD4-1132        0191] AD4-1132 is
identified as an inhibitor of epidermal growth factor binding to its
receptor (see e.g., Example 11). Such compounds have utility as
treatments in oncology. Analogs and derivatives of AD4-1132 are
expected to have the same inhibitory effect and utility. A
pharmacophore model, Pharm23_g1y54_asp58, was designed using
information from the 1YY9 protein crystal structure to design a
pharmacophore model (see e.g., Example 4; Table 17; Figure 15). The
Pharm23_91y54_asp58 model was utilized to identify small molecules
which bind to EGFR (SEQ ID NO: 1). The site on the EGFR protein is
recognized by amino acid residues GLY-54 to ASP-58 of the antibody
Cetuximab (SEQ ID NO: 5 and SEQ ID NO:6) (Erbitux).
Pharm23_g1y54_asp58 is modeled after residues GLY-54 to ASP-58 and
designed as a tool to identify small molecules which have features
and components of the antibody cetuximab. Features and components of
these amino acid residues of cetuximab were used to create a
pharmacophore.model. From this pharmacophore model is derived the
following compound:   6 Formula (19)         [01923 wherein S1-S6
represent independent substituents of the following type: Halogen (F,
Cl, Br, I); Hydroxyl (-OH); Sulfhydryl (-SH); Carboxylate (-0001-1);
Alkyl (C1-C4 carbons, straight chain, branched or optionally
containing unsaturation); Cycloalkyl (C1-C6 optionally containing
unsaturation); Aryl including phenyl or heteroaryl containing from 1
to 4 N, 0, and S atoms; or Alkoxyl (-OR where R is defined as C1-C6
straight chain or branched alkyl group, optionally substituted with
halogen, hydroxyl, sulfhydryl, carboxylate, aryl, heteroaryl, amino
-NI-I2, substituted amino -NR2, or cycloamino groups containing one,
two or three N atoms in a 5 or 6 membered ring) and Z is defined as
-COOH, -P03H2; SO3H, tetrazole ring, sulfonamide or acyl sulfonamide
group, -CONH2 or -CONR2.  WO 2007/087266 PCT/US2007/001685
[0193] Additional analogs include those where the phenolic ether
oxygen is replaced by atom of type Y, wherin Y is defined as CH2, 0,
S, N-R, N01-1, or N-N R2. In the case of C and S, the oxidation state
of the atom may have one or two oxygens attached by either a single
or double bond. In the case of C 5 or N, the atom may have one or two
additional substituents independently selected from the group S1-S6
defined above; and one or both phenyl rings is optionally replaced by
a heterocyclic ring; wherein Het is defined as one or more N atoms,
located at any position of the ring:   S. (Formula 20) 10



Formula (22)         [0 19 6] wherein A is an atom independently
selected from a group including CH21N,O1and S. In the case of C and
S, the oxidation state of the atom may have one or two oxygens
attached by either a single or double bond. In the  WO
2007/087266PCT1US2007/001685 case of C or N, the atom may have one or
two additional substituents independently selected from the group
S1-S6 defined above, and X is defined as 112, 0, S, N-R, N-OH, or
N-NR2.        C0197] Additional analogs involve the juxtaposition of
groups A and C=X as found in, but not limited to, the case of a
retro-amide as indicated: s, 52s, Het (L) A Het Formula (23)
cols s] In one embodiment, the inhibitor of the binding of epidermal
growth factor (EGF) to epidermal growth factor receptor (EGER) is
A04-1 132 10
((2-{[(214-dimethylphenoxy)acetyl]amino}-5-hydroxybenzoic acid);
Formula: C17H17N05; Molecular weight: 315.32) (see e.g., Example 11).
The structure of AD4-1132 is as follows:   Formula (24)        (0199)
At a concentration of 25 pM of AD4-1132, binding of EGF to EGFR is
inhibited by 59.6% (see e.g., Example 6). AD4-1142         [0200]
A04-1 142 is identified as an inhibitor of epidermal growth factor
binding to its receptor (see e.g., Example 12). Such compounds have
utility as treatments in oncology. Analogs and derivatives of
AD4-1142 are expected to 20 have the same inhibitory effect and
utility. A pharmacophore model, Pharm23_gly54_asp58, was designed
using information from the 1YY9 protein crystal structure to design a
pharmacophore model (see e.g., Example 4). The Pharm23_21y54_asp58
model was utilized to identify small molecules which bind  WO
2007/087266 PCT/US2007/001685 to EGFR (SEQ ID NO: 1). The site on the
EGFR protein is recognized by amino acid residues GLY-54 to ASP-58 of
the antibody Cetuximab (SEQ ID NO: 5 and SEQ ID NO:6) (Erbitux).
Pharm23_91y54_asp58 is modeled after residues GLY54 to ASP-58 and
designed as a tool to identify small molecules which have features
and components of the antibody cetuximab. Specifically this region is
defined as the H2 CDR of the antibody heavy chain of cetuximab.
Features and components of these amino acid residues of cetuximab
were used to create a pharmacophore model. From this pharmacophore
model is derived the following compound:    Formula (25)
[0201] wherein S1-S6 represent independent substituents of the
following type: Hydrogen (-H); Halogen (F, Cl, Br, I); Hydroxyl
(-OH); Sulfhydryl (- SH); Carboxylate (-COOH); Alkyl (C1-C4 carbons,
straight chain, branched or optionally containing unsaturation);
Cycloalkyl (C1-C6 optionally containing unsaturation); Aryl including
phenyl or heteroaryl rings containing from 1 to 4 N, 0, and S atoms;
or Alkoxyl (-OR where R is defined as C1-C6 straight chain or
branched alkyl group, optionally substituted with halogen, hydroxyl,
sulfhydryl, carboxylate, aryl, heteroaryl, amino -NH2, substituted
amino -NR2, or cycloamino groups containing one, two or three N atoms
in a 5 or 6 membered ring) and Z is defined as -COOH, -P03H2; SO3H,
tetrazole ring, sulfonamide, acyl sulfonamide, -CONH2, or -CONR2-
[0202] Additional analogs include those where the sulfonamide NH is
optionally replaced by atom of type Y, wherin Y is defined as CH2, 0,
S. N-R, N-OH, or N-NR2; and one or both phenyl rings is optionally
replaced by a heterocyclic ring; wherin Het is defined as one or two
N atoms located at any position of the ring.  WO
2007/087266PCMJS2007/001685   Formula (26) 



[0203] Additional analogs include those where Compounds which have a
short linker moiety as indicated are also expected to give the same
inhibition of EGFR, where L is defined as a linker consisting of 1-4
linearly connected atoms including C, N, 0 and S. In the case of C
and S, the oxidation state of the atom may have one or two oxygens
attached by either a single or double bond. In the case of C or N.
the atom may have one or two additional substituents independently
selected from the group S1-S6 defined above.  Formula (27)
[0204] Additional analogs include compounds in which aromatic groups
are connected by groups A, and Y as indicated; including analogs
where groups A and Y are optionally connected by single, double and
triple bonds,  Formula (28)         (0205] wherein Y is define as
above and A is an atom independently selected from a group including
CH2,N,O,and S. In the case of C and S, the oxidation state of the
atom may have one or two oxygens attached by either a single or
double bond. In the case of C or N, the atom may have one or two
additional substituents independently selected from the group S1-S6
defined above.        [0206] Additional analogs involve the
juxtaposition of groups A and Y as indicated, including analogs where
groups A and Y are optionally connected by single, double and triple
bonds,   WO 2007/087266 PCT/US2007/001685   5, Formula (29)
(0207] In one embodiment, the inhibitor of the binding of epidermal
growth factor (EGF) to epidermal growth factor receptor (EGFR) is
AD4-1142 5((5-{[(4-ethylphenyOsulfonstl]amino)-2-hydroxybenz0ic
acid); Formula: C151-115N05S; Molecular weight: 321.35) (see e.g.,
Example 12). The structure of AD4-1142 is as follows:   Formula (30)
[0208] At a concentration of 25 pM of AD4-1142, binding of EGF to
EGFR is inhibited by 49.8% (see e.g., Example 6). PHARMACEUTICAL
FORMULATIONS        [0209] Embodiments of the compositions of the
invention include pharmaceutical formulations of the various
compounds described herein. The compounds described herein can be
formulated by any conventional manner using one or more
pharmaceutically acceptable carriers and/or excipients as described
in, for example, Remington's Pharmaceutical Sciences (A.R. Gennaro,
Ed.), 21st edition, ISBN: 0781746736 (2005). Such formulations will
contain a therapeutically effective amount of the agent, preferably
in purified form, together with a suitable amount of carrier so as to
provide the form for proper administration to the subject. The
formulation should suit the mode of administration. The agents of use
with the current invention can be formulated by known methods for
administration to a subject using several routes which include, but
are not limited to, parenteral, pulmonary, oral, topical,
intradermal, intramuscular, intraperitoneal, intravenous,
subcutaneous, intranasal, epidural, 52  ophthalmic, buccal, and
rectal. The individual agents may also be administered in combination
with one or more additional agents of the present invention and/or
together with other biologically active or biologically inert agents.
Such biologically active or inert agents may be in fluid or
mechanical communication with the agent(s) or attached to the
agent(s) by ionic, covalent, Van der Weals, hydrophobic, hydrophillic
or other physical forces.        [ono] Controlled-release (or
sustained-release) preparations may be formulated to extend the
activity of the agent and reduce dosage frequency. Controlled-release
preparations can also be used to effect the time of onset of action
or other characteristics, such as blood levels of the agent, and



WO 2007/087266 PCT/US2007/001685  content of agent contained in an
individual dose of each dosage form need not in itself constitute a
therapeutically effective amount, as the necessary therapeutically
effective amount could be reached by administration of a number of
individual doses. Agent administration can occur as a single event or
over a 5 time course of treatment. For example, an agent can be
administered daily, weekly, bi-weekly, or monthly. For some
conditions, treatment could extend from several weeks to several
months or even a year or more.         [0214] The specific
therapeutically effective dose level for any particular subject will
depend upon a variety of factors including the condition 10 being
treated and the severity of the condition; activity of the specific
agent employed; the specific composition employed; the age, body
weight, general health, sex and diet of the patient; the time of
administration; the route of administration; the rate of excretion of
the specific agent employed; the duration of the treatment; drugs
used in combination or coincidental with the specific 15 agent
employed and like factors well known in the medical arts. It will be
understood by a skilled practitioner that the total daily usage of
the compounds for use in the present invention will be decided by the
attending physician within the scope of sound medical judgment.
[0215] Compounds of the invention that inhibit the target biomolecule
" 20 can also be used in combination with other therapeutic
modalities. Thus, in addition to the therapies described herein, one
may also provide to the subject other therapies known to be
efficacious for particular conditions linked to the target
biomolecule. (02163 Having described the invention in detail, it will
be apparent that 25 modifications, variations, and equivalent
embodiments are possible without departing the scope of the invention
defined in the appended claims. Furthermore, it should be appreciated
that all examples in the present disclosure are provided as
non-limiting examples.  WO 2007/087266 PCT/US2007/001685 EXAMPLES
[0217] The following non-limiting examples are provided to further
illustrate the present invention. It should be appreciated by those
of skill in the art that the techniques disclosed in the examples
that follow represent approaches the inventors have found function
well in the practice of the invention, and thus can be considered to
constitute examples of modes for its practice. However, those of
skill in the art should, in light of the present disclosure,
appreciate that many changes can be made in the specific embodiments
that are disclosed and still obtain a like or similar result without
departing from the spirit and scope of the invention. EXAMPLE 1:
VASCULAR ENDOTHELIAL GROVVTH FACTOR 10ozis] The following example is
directed toward the generation of one or more pharmacophores based at
least in part upon antibodies raised against a target molecule, in
this example human vascular endothelial growth factor (VEGF-A) (SEQ
ID NO: 2). In short, a human vascular endothelial growth factor
(VEGF-A) is presented to a number of animals (for example a group of
15 genetically dissimilar mice). The inoculation and repeated
presentation of the VEGF-A results in the animals raising a variety
of IgG antibodies (polyclonal high affinity antibodies), against the
molecule. These antibodies differ across the animals as each has a
distinct genetic potential for antibody production (different
combinations of possible CDRs). The variation in the antibodies
results in them 20 binding to the VEGF-A molecule at different



5[02217 A VEGF molecule bound to an affinity-matured antibody (the
Feb fragment thereof) has been previously crystallized and published
by Chen, etal. in the ROSS database as 1CZB. More particularly, their
crystallization data includes regions V and W. which are the members
of the VEGF dimer, and regions L, H, X, and Y which represent the
antibody light and heavy chains of the 10 -Fab molecule. (More
particularly, the L and H regions comprise one of the branches of the
Feb molecule, including both the variable and constant regions of
each chain. Similarly, X and Y are the light and heavy chains of the
other branch of the Fab molecule.) (02221 By geometrically analyzing
the spatial arrangement of the more 15 than eight thousand
non-hydrogen atoms of the crystalline structure of VEGF-A, those
atoms of one structure that are within a specified distance of atoms
of another structure can be determined. This filter determines, by a
straightforward geometric comparison across all possible
combinations, the peptides that are in association across the two
molecules. Using a maximum separation of four 20 Angstroms, those
atoms of the heavy variable chain (H) that are within such a short
range of atoms of the W component of the VEGF dimer are determined,
which are most likely to be the ones in the CDRs of the Feb fragment.
0223] In the present instance, this analysis revealed that the
following amino acids of the H region of the antibody fragment and
the W region of the 25 VEGF molecule included side chain atoms that
were within 4 angstroms of one another (set forth in a table with the
total number of side chain atoms between the two that are within that
range): Table 1 44.H chain peptides (amino acid and sequence number)
WO 2007/087266PCT/US2007/001685 separatio n Th r 30 His 31 Tyr 32 Trp
50 Asn 52 Thr 53 Tyr 54 Tim 59 Tyr 99 Pr o 10 0 Tyr 10 1 Tyr 10 
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C041            (0224) This analysis further confirms that the
antibody binding to the target protein has been identified correctly
as it involves an interaction between the CDRs of the antibody, as
the location of the CDRs on the variable heavy chain include peptides
in the 30-33, 50-55, and 100-110 ranges. More specifically, as is
shown in Figure 4, which is a computer simulation of the VEGF 202
bound to the Fabs 204,206, the target protein is constructed of
dimerized molecules W 208 and V 210. Despite the fact that this
antibody is an affinity-matured version, it can be seen in the focus
box to the right of the entire molecular model that the interaction
between the lower Fab 204 is limited to two of the CDRs 212,214 of
the variable region 216 of the heavy chain.   WO 2007/087266
PCT/US2007/001685        [0225] Figure 5 shows the ribbon model of
the dimerized VEGF molecule, and confirms that the range of peptides
302 that are engaged by the antibody are in the range of 80 to 100,
which is again by the analysis summarized in the table above.
[0226] According to the Chen, et al., in vitro cell-based assays show
that this affinity-matured antibody yielded significant potency for
inhibition of VEGF-dependent cell proliferation. An aspect of the
present invention is to recognize the possibility of using the
structure of the binding interface of the antibody as a guide to the
generation of a synthetic lead molecule.        [0227] This level of
accuracy is helpful-to confirm that the peptides believed to be
involved in binding to the target are actually members of the CDIfts,
and the closeness of the atoms are not simply an artifact of the
crystallization process. In order to isolate the most vital atoms
involved in the binding, however, to use as a model for the synthesis
of a lead molecule, it is necessary to narrow the number of
atom-to-atom interactions down to only those few that are most
closely associated. This can be achieved by reducing the acceptable
separation in the filter to 3 angstroms. Table 2 below shows the
results of this more focused analysis. Table 2 Heavy chain (peptide,
#, atom) VEGF (peptide, #, atom) Dist (A) Ile 80 0 Tyr 102 OH 2.47A
Gin 87 0 Tyr 99 



OH 2.59A Gin 89 NE2 Thr 30 0 2.78A His 90 ND1 Pro 100 0 2.67A His 90
NE2 Ser 105 OG 2.59A Glu 93 0E2 Tyr 101 OH 2.92A        [0228]
Looking more closely at the relative positioning of these twelve
atoms, and more particularly to the six atoms of the antibody that
bind with the atoms of the target, a lead molecule can be
constructed. The table below includes the relative distances of each
of these atoms from one another. 58  WO 2007/087266 PCT/US2007/001685
Table 3 Heavy Chain Atoms in 



closest contact with the VEGF target molecule THR300 TYR99OH PRO1000
TYR101OH TYR102OH SER106OG THR7YRPROTYRTYRSER 3099100101102106
0OH001-1OHOG  0.00 13.07 10.77 13.90 12.39 13.18  13.07 0.00 9.65
18.53 14.69 9.70  10.77 9.65 *0.00 *9.15 *8.35 *6.99  13.90 18.53
*9.15 0.00 *7.89 *12.17 



12.39 14.69 *8.35 *7.89 '0.00 *6.09  13.18 9.70 *6.99 *12.17 *6.09
*0.00          [022 9) As can be seen above, the atoms that are most
closely associated in the binding region of the target and the
antibody are Oxygen atoms. Nitrogen atoms are also highly prevalent
among these high affinity sites.. Oxygen and nitrogen atoms are often
interchangeable when a hydrogen acceptor or donor is necessary.
[0230] The asterisked numbers in Table 3, showing distances among the
identified atoms of the binding region, represent an ideal subgroup
of the atoms involved in binding that are close enough together to be
structured into a lead molecule. The 4 oxygen atoms of the proline
100, tyrosines 101 and 102, and the serine 106 are close enough (<13A
apart) that a suitable molecule can be constructed that has drug-like
size. Figures 6A and 6B show a lead molecule structure that meets
these criteria. The tables below show (i) the separation of the atoms
in a reasonable conformation of the lead molecule, and (ii) the
difference between the positions of the atoms in the lead as compared
with the data from the x-ray diffraction analysis of the crystallized
antibody. Table 4     Key Atoms Relative Positions in the Lead
Molecule  PROTYRTYRSER 0OHOH PRO0  0.009.158.356.99   WO 2007/087266
PCT/US2007/001685  Table 5         [0231] As the tables above show,
the proposed lead molecule, generated by the methods of the present
invention, provides key atoms that are positioned with an average of
0.18A deviation (and no more than 0.42A deviation) from their
relative locations in the antibody's binding tip.        [0232] As
described above, the four "rules of five" state that a candidate
drug-like compound should have at least three of the following
characteristics (i) a weight less than 500 Daltons, (ii) have a log
of P greater than 5; (iii) have at no more than 5 hydrogen bond
donors (expressed as the sum of OH and NH groups); and (iv) have no
more than 10 hydrogen bond acceptors (the sum of N and 0 atoms). The
presently described lead, C211-12004, has the following
characteristics: (i) a molecular weight of 336; (ii) 2 hydrogen bond
donors; and (iii) 4 hydrogen bond acceptors. EXAMPLE 2: INFLUENZA
GLYCOPROTE1N 



[0233] Another desirable target might be a protein associated with a
15 viral infection, for example the hemagglutinin. Hemagglutinin is
an antigenic glycoprotein found on the surface of the influenza
viruses and is responsible for binding the virus to the cell that is
being infected.  WO 2007/087266 PCT/US2007/001685         102347
Millions of people in the United States (some estimates range as high
as 10% to 20% of U.S. residents) are infected with influenza each
year, despite an aggressive media campaign by vaccine manufacturers,
medical associations, and government organizations concerned with
public health. Most people who get influenza will recover in one to
two weeks, but others will develop life-threatening complications
(such as pneumonia). While typically considered by many to be simply
a bad version of a cold, influenza can be deadly, especially for the
weak, old or chronically ill. An average of about 36,000 people per
year in the United States die from influenza, and 114,000 per year
are admitted to a hospital as a result of influenza. According to
estimates by the World Health Organization, between 250,000 and
500,000 die from influenza infection each year worldwide. Some flu
pandemics have killed millions of people, including the most deadly
outbreak which killed upwards of 50 million people between 1918 and
1920. 15[0235] Failure of many patients to avail themselves of the
vaccines against the flu may be the result of the fact that mutations
in the glycoproteins found in the viral coat makes annual
vaccinations a requirement to fully protect an individual from the
latest version of the virus. A medication capable of blocking the
ability of the virus to bind to the cells of the host, even if only
20partially effective, would dramatically enhance the likelihood that
the infected individual's immune system would defeat the infection
before clinically significant symptoms appear. If the medication were
to be made available after the beginning of such symptoms, a
reduction in the severity and duration of the infection are possible
as well. 25[0236] Fleury, et al., have published the results of their
crystallization of hemagglutinin complexed with a neutralizing
antibody. The data from their x-ray crystallization efforts are
provided in the protein data bank and were analyzed by the inventor
hereof in a manner similar to that disclosed hereinabove with respect
to VEGF (see Example 1).  WO 2007/087266 PCT/US2007/001685
E02371 More specifically, a geometric analysis of the spatial
arrangement of the more than eight thousand non-hydrogen atoms of the
hemagglutinin complexed with a neutralizing antibody crystalline
structure was conducted to determine those atoms of the antibody
fragments (heavy and light 5 variable chains) that are close enough
to the target protein to be part of the binding to the hemagglutinin.
The filters used, including straightforward geometric methods,
confirmed that the variable heavy chain CDR regions, and in
particular peptides within the CDR1 and CDR3 (peptides 26-32 and
99-102 in particular, according to the Kabat and Wu numbering) were
the ones that 10provided the tightest binding of the antibody to the
hemagglutinin protein.         (0 2 3 81 Using a maximum separation
of four Angstroms, those atoms within these CDRs were determined, as
well as the specific atoms within the target glycoprotein that are
engaged with one another. These are provided in the following table:
Table 6 Heavy chain (peptide, #, atom) Hemagglutinin (peptide, #,
atom) Dist (A) Gly 26 0 Lys 92 0 3.13A Ser 28 CB Asp 



271 0D2 3.05A Thr 31 031 Asp 271 0 2.82A Tyr 32 OH Arg 90 NE 3.39A
Tyr 32 OH Asp 60 0D2 2.97A Arg 94 NI-11 Ile 62 CD1 3.24A Arg 94 NH2
Asp 63 001 2.74A Trp 



100 NE1 Asp 63 0D2 3.07A Phe 100A CD2 His 75 0 2.78A 15 Eo 2 391
Looking more closely at the relative positioning of these eighteen
atoms, and more particularly to the nine atoms of the antibody that
bind with the atoms of the target, a lead molecule can be
constructed. The table below includes the relative distances of each
of these atoms from one another.  WO 2007/087266 PCT/US2007/001685
Table 7 Heavy Chain Atoms in closest contact with the Hemagglutinin
molecule GLY260 SER28CB THR31OG 1 TYR32OH ARC94NH1 ARG94NH2 TRP100NE1
P HE100ACD 1 GLYSERTHRTYRARCARCTRPPHE 262831329494100100A
0CB0G1OHNH1NH2NE1CD1  0.00 7.31 10.05 



8.92 5.36 7.05 12.61 11.00  7.31 0.00 3.92 6.96 8.00 10.17 16.81
13.34  10.05 3.92 0.00 5.22 8.72 10.42 16.64 12.47  8.92 6.96 5.22
*0.00 *6.12 *6.92 *11.64 *7.37  5.36 8.00 8.72 *6.12 *0.00 *231 



*10.17 *7.33  7.05 10.17 10.42 *6.92 *2.31 *0.00 *8.31 '5.70  12.61
16.81 16.64 *11.64 *10.17 *8.31 *0.00 *4.71  11.00 13.34 12.47 *7.37
7.33 *5.70 *4.71 *0.00        (0240) The asterisked numbers represent
an ideal subgroup of the atoms involved in binding that are close
enough together to be structured into a lead molecule. More
specifically, a drug-like molecule typically has a span of between
8-15A and a molecular weight of less than 500 Daltons. The 5 atoms of
the tyrosine 32, arginine 94, tryptophan 100, and phenylalanlne 100A
are dose enough (<12A apart) that a suitable molecule can be
constructed that has drug-like size. Figures 7A and 7B show a lead
molecule structure that meets these criteria. The tables below show
(i) the separation of the atoms in a reasonable conformation of the
lead molecule, and (ii) the difference between the positions of the
atoms in the lead as compared with the data from the x-ray
diffraction analysis of the crystallized antibody. Table 8 Key Atoms
Relative Positions in the Lead Molecule OHTYR NHARC NHARC TRP OHNHNH 



TYRARCARCTRPRHE  0.00 5.79 7.44 12.19 8.03  5.79 0.00 2.24 10.08 6.91
7.44 2.24 0.00 8 26 5.83        12.19 10.08 8.26 0.00 4.17  63   WO
2007/087266 PCT/US2007/001685 I"Resonant Ring" C
I8.03I6.91I5.834.17I0.00I Table 9 



Difference from Antibody to Lead Molecule OHTYR NHARC NHARC NTRP
"Resonant Ring" C OHNHNHNC TYRARCARCTRPPHE  0.00 0.33 0.52 0.55 0.66
0.33 0.00 0.07 0.09 0.42  0.52 0.07 0.00 0.05 0.13  0.55 0.09 0.05
0.00 0.54  0.66 0.42 0.13 0.54 



0.00        [02411 As the tables above show, the proposed lead
molecule, generated by the methods of the present invention, provides
key atoms that are positioned with an average of 0.33A deviation (and
no more than 0.66A deviation) from their relative locations in the
antibody's binding tip.        102421 As introduced earlier, the four
"rules of five" state that a candidate drug-like compound should have
at least three of the following characteristics (i) a weight less
than 500 Daltons, (ii) have a log of P less than 5; (iii) have at no
more than 5 hydrogen bond donors (expressed as the sum of OH and NH
groups); and (iv) have no more than 10 hydrogen bond acceptors (the
sum of N and 0 atoms). The presently described lead, C22H18N40, has
the following characteristics: (i) a molecular weight of 354; (ii) 3
hydrogen bond donors; and (iii) 5 hydrogen bond acceptors. EXAMPLE 3:
A NGio GENN        [0243] Angiogenesis (sprouting of new capillary
vessels from preexisting vasculature) is a critical aspect of
development in the fetus and in children, as their circulatory system
expands during growth. In adults angiogenesis is required during the
normal tissue repair, and for the remodeling of the female
reproductive organs (ovulation and placental development). Certain
pathological conditions, however, such as tumor growth and diabetic
WO 2007/087266 PCT/US2007/001685  retinopathy, also require
angiogenesis. A known factor involved in angiogenesis is angiogenin,
which is a single polypeptide chain of 123 amino acids. (0 244 ]
Angiogenin is one of the normal cytokines that is commandeered by
cancer to assist in its rapid growth. In this case, tumor cells 5
secrete angiogenin in order to recruit greater blood flow to the
tumor. It would, therefore, be of great value to find a drug that
could inhibit the production of, or the activity of angiogenin.
(0245] Chavall, et al., have published the results of their
crystallization of angiogenin complexed with a neutralizing antibody.
The data from their x-ray 10 crystallization efforts are provided in
the protein data bank and have been analyzed by the inventor hereof
in a manner similar to that disclosed hereinabove with respect to
both VEGF and Hemagglutinin.         (0246] More specifically, a
geometric analysis of the spatial arrangement of the non-hydrogen
atoms of the crystalline structure was 15 conducted to determine
those atoms of the antibody fragments (heavy and light variable
chains) that are close enough to the angiogenin molecule to be part
of the binding to it. The filters used, including straightforward
geometric methods, confirmed what can be seen in Figure 8, which is
that both the variable light and heavy chains, and in particular
peptides within the CDR1 of the light chain, and 20 CDRs 2 and 3 of
the heavy chain were the ones that provided the tightest binding of
the antibody to the angiogenin.        [0247] Using a maximum
separation of four Angstroms, those atoms within these CDRs were
determined, as well as the specific atoms within the target
glycoprotein that are engaged with one another. These are provided in
the 25 following table: Table 10  Antibody (chain, peptide, #, atom)
Hemagglutinin (pepCde, #, atom) Dist (A) Tyr  30B OH Leu 35 0 3.31A
Asn  30A ND2 Ser 37 



0 2.70A  WO 2007/087266PCT/US2007/001685 Tyr L 303 OH Ser 37 0 3.51A
Tyr L 30B OH Pro 38 0 2.51A Tyr H 98 CD1 Cys 39 0 3.56A Tyr H 100B OH
Cys 39 0 2.78A Ser I-I 52A 



OS Sly 85 0 3.15A Thr H 33 051 Sly 86 0 3.31A Tyr H 58 OH Trp 89 o
2.91A Ser L 90 0 Trp 89 NE1 3.01A Asn H 56 OD1 Pro 91 0 3.28A Co 2 4
81Looking more closely at the relative positioning of these eighteen
atoms, and more particularly to the nine atoms of the antibody that
bind With the atoms of the target, two separate potential target
sights are identified on the angiogenin. This means that (as shown in
Tables 11 and 12) two separate lead molecules can be constructed to
bind with the angiogenin. The tables below include the relative
distances of each of these atoms in each group from one another. 



Table 11  TYRASNTYRTYR Atoms in closest contact 30B30A98100B with the
first site on Angiogenin moleculeOHNCOH   TYR303OH ASN30AN TYR98C
TYR1003OH 0.00 3.36 7.03  8.27    3.36 0.00 9.37 10.89    7.03 9.37
0.00 3.90    827 10.89 3.90 0.00  



Table 12  THRTYRSERASN Atoms in closest contact 33589056 with the
second site on Angiogenin molecule0OH00   THR330 TYR58OH 0.00 7.18
11.28 9.38    7.18 0.00 9.96 3.68   WO 2007/087266 PCT/U52007/001685
SER900 11.28 9.96 0.00 13.47 ASN560 9.38 3.68 13.47 0.00
[0249] As stated previously, a drug-like molecule typically has a
span of between 8-15A and a molecular weight of less than 500
Daltons. In Table 11, it can be seen that the OH of tyrosine 308, the
nitrogen of asparagine 30A, the resonant carbon CD2 of tyrosine 98,
and the OH of tyrosine 1008 are close enough (<11A apart) that a
suitable molecule can be constructed that has drug-like size.
Similarly, with respect to Table 12, the oxygen of threonine 33, the
OH of tyrosine 58, and the oxygens of serine 90 and asparagine 56 are
close enough (<14A apart) that another suitable molecule can be
constructed. Figures 9A and 98 show two lead molecule structures that
meets the criteria for the first and second regions of the angiogenin
molecules respectively. 



(02501 The tables below show (i) the separation of the atoms in a
reasonable conformation of the first lead molecule, and (ii) the
difference between the positions of the atoms in the first lead as
compared with the data from the x-ray diffraction analysis of the
crystallized antibody. Table 13 Key Atoms Relative Positions in the
151 Lead Molecule OHTYR NASN "Resonant Ring" C OHTYR OHNCOH
TYRASNTYRTYR  0.00 3.51 7.03 8.06  3.51 0.00 941 10.75  7.03 9.41
0.00 3.95  8.06 10.75 3.95 0.00 Table 14 Key Atoms RelativeOHNCOH
Positions in the 1st Lead MoleculeTYRASNTYRTYR  OHTYR 0.00 3.51 7.03 



8.06 ASN 3.51 0.00 9.41 10.75   WO 2007/087266PCT/US2007/001685
"Resonant Ring" C 7.03 9.41 0.00  3.95 OHTYR 8.06 10.75 3.95 I 0.00
(8 251] Similarly tables below show (i) the separation of the atoms
in a reasonable conformation of the second lead molecule, and (ii)
the difference between the positions of the atoms in the second lead
as compared with the data from the x-ray diffraction analysis of the
crystallized antibody. Table 15  Key Atoms Positions Lead 0 OH 0 0
Relative in the 2"d Molecule 0 THR OH00 TYRSERASN  THR 



0.00 7.1711.159.23  TYR 7.17 0.009.893.65  SER 11.15 9.890.0013.47
ASN 9.23 3.6513.470.00 Table 16  Difference Antibody 0 01-1 0 0 Lead
Molecule from to the 2"d 0 THR OH TYR SER ASH  THR 0.00 0.01 0.13
0.15  TYR 0.01 0.00 



0.07 0.03  SER 0.13 0.07 0.00 0.00  ASN 0.15 0.03 0.00 0.00
0252] As the tables above show, the proposed lead molecule, generated
by the methods of the present invention, provides key atoms that are
positioned with an average of 0.05A deviation (and no more than 0.15A
deviation) from their relative locations in the antibody's binding
tip.          [ 0253) As introduced earlier, the four "rules of five"
state that a candidate drug-like compound should have at least three
of the following characteristics (i) a weight less than 500 Daltons,
(ii) have a log of P less than 5; (iii) have at no more than 5
hydrogen bond donors (expressed as the sum of OH 68  WO 2007/087266
PCT/US2007/001685 and NH groups); and (iv) have no more than 10
hydrogen bond acceptors (the sum of N and 0 atoms). The first lead
candidate, C22H19NO2, has the following characteristics: (i) a
molecular weight of 329; (ii) 4 hydrogen bond donors; and (iii) 4
hydrogen bond acceptors. The second lead candidate, C22H2004, has the
following characteristics: (i) a molecular weight of 348; (ii) 4
hydrogen bond donors; and (iii) 4 hydrogen bond acceptors. [0254]
EXAMPLE 4: GENERATION OF PHARMACOPHORES FOR TARGET INHIBITION
[02551 The following example describes analysis of target
protein-antibody crystal structure complexes and generation of
pharmacophores for 10 identifying molecules which inhibit EGFR, HER2,
and ErbB2 binding.         (0256] The protein crystal structure of
cetuximab complexed to EGFR is reported by Ferguson et al. (Cancer
Cell, 2005, 7, 301-311) and the crystallographic data is deposited in
the Protein Data Bank as PDB code 1YY9. Structural information which
defines the position of the atoms of Cetuximab 15 (SEQ ID NO: 5 and
SEQ ID NO:6) was utilized to construct a pharmacophore model used to
identify small molecules having corresponding atoms in similar
positions. Small molecules having similar features to the antibody
can demonstrate similar biological activity and thus have similar
therapeutic utility. [0257] The pharmacophore feature generation and
pharmacophore 20 virtual screening module of the Molecular Operating
Environment (MOE) software from Chemical Computing Group (CCG)
(Montreal, Quebec, Canada) was used in the pharmacophore definitions
described below. MOE's pharmacophore applications use a general
notion of a pharmacophore being a set of structural features in a
ligand that are directly related to the ligand's 25recognition at a
receptor site and thus its biological activity.          (0258] In
MOE, pharmacophoric structural features are represented by labeled
points in space. Each ligand is assigned an annotation, which is a
set of structural features that may contribute to the ligand's
pharmacophore. A  WO 2007/087266PCT/US2007/001685 database of
annotated ligands can be searched with a query that represents a
pharmacophore hypothesis: The result of such a search is a set of
matches that align the pharmacophoric features of the query to the
pharmacophoricleatures present in the ligands of the searched
database. The of MOE software suite 5provides for interactive
modifications (positions, radii, as well as other characteristics of
the pharmacophoric query can be interactively adjusted); systematic
matching (all possible matches of the ligand and the query are
systematically examined); partial matching (the search algorithm is
capable of finding ligands that match only a portion of the query);
and volume filtering (the 10 query can be focused by adding
restrictions on the shape of the matched ligands in the form of a set
of volumes). [0259] The pharmacophore features of this example were



using the Pharmacophore Query Editor in MOE. All hydrogen bond donor
features are spheres of 1.2 Angstroms in radius and are colored
purple. All 15 hydrogen bond acceptor features are spheres of 1.2
Angstroms in radius and are colored cyan. All aromatic features are
spheres of 1.2 Angstroms in radius and are colored green. All
combined acceptor-anion pharmacophore features are spheres of 1.2
Angstroms in radius and are colored grey. All combined donor-acceptor
features are spheres of 1.2 Angstroms in radius and are colored pink.
20 All combined donor-cation features are spheres of 1.2 Angstroms
and are colored red. All donor, acceptor, aromatic, combined
acid-anion, and combined donor-acceptor directionality features are
spheres of 1.5 Angstroms in radius and colored dark grey for donors,
dark cyan for acceptors, dark green for aromatics, dark cyan for
combined acid-anions, and dark grey for combined 25 donor-acceptors.
A feature that is marked essential in the pharmacophore query must be
contained in the ligand in order for that ligand to be a hit.
r02603 All of the pharmacophore features were derived from the
corresponding donor, acceptor, aromatic and acid moieties of the
corresponding antibody in complex with its receptor (e. g., cetuximab
complexed with EGFr, 30 pdb accession number 1YY9) taken from crystal
structures deposited in the protein databank (PDB:1YY9) with two
exceptions. In some cases two methods 70  WO
2007/087266PCT/US2007/001685 provided by the MOE software are used to
place pharmacophore features. These are explained below.
[0261] The Contact statistics calculated, using the 3D atomic
coordinates of a receptor, preferred locations for hydrophobic and
hydrophilic ligand atoms using statistical methods. Using this method
hydrophobic-aromatic and H-bonding features were placed, as noted in
the individual pharmacophore definitions.        [0262] The
MultiFragment Search essentially places a relatively large number of
copies of a fragment (e.g., 200 copies of ethane) into a receptors
active site. The fragments are placed randomly around the active site
atoms and are assumed not to interact with each other; no regard is
paid to fragment overlap. Next, a special energy minimization
protocol is used to refine the initial placement: the receptor atoms
feel the average forces of the fragments, while each fragment feels
the full force of the receptor but not of the other fragments. Using
this technique it was possible to place hydrophobic, H-bond donors,
acceptors and anions and cations in favorable positions within the
receptors for use as MOE pharmacophore features.        [02 63 ]
Excluded volumes were generated for the pharmacophores defined below
except when indicated. These were derived from the position of the
receptor atoms near the antibody binding site. Excluded volumes are
positions in space where ligand atoms must be excluded in order to
avoid bumping into the receptor. They were generated in MOE by
selecting the receptor residues within 5 Angstroms from the antibody
and selecting "union" from the pharmacophore query editor in MOE.
[0 2 6 4 ] In the Individual Pharmacophore Definitions described
below, abbreviations were as follows: F = pharmacophore feature;
Donor = Don, Acceptor = Ace, Anion = Ant, Cation = Cat, Acceptor and
Anion = Acc&Ani, Donor and Cation = Don&Cat, Donor and Acceptor =
Don&Acc, Aromatic = Aro, Hydrophobe = Hyd.   WO 2007/087266
PCPUS2007/001685 EGFR complexed with antibody cetuximab (1YY9.pdb)
[0265] The crystal (1YY9.pdb) of protein EGFR (SEQ ID NO: 1)
complexed with antibody Cetuximab (SEQ ID NO: 5 and SEQ ID NO:6) was



F3 Acc&Ani Derived from 0ly54 backbone carbonyl of the antibody
cetuximab. Acceptor accepts an H-bond from or Anion forms a salt
bridge to guanidine of receptor Arg353.  F4 Acc2 Directionality of F3
with respect to guanidine of Arg353.  F5 Acc&Ani Derived from Asp5B
side chain carboxylate. Acceptor accepts an H-bond from or Anion
forms a salt bridge to NH3t of Lys 443 side chain of the receptor.
F6 Acc Derived from hydrophilic contact statistics. Accepts an H-bond
from side chain OH of 8er448 of the receptor.  V1 Excluded volumes
(not shown for clarity).    11gly54_asp58 Full match query. All
pharmacophore feature spheres have a 0.8 Angstrom radius. Figure 12
El Acc Derived from antibody 01y54 backbone carbonyl accepts an H-
bond from guanidine of receptor Arg353.  F2 Don Derived from antibody
Asn56 side chain NH2 donating an H-bond to receptor 5er448.. 



F3 and F4 Acc&Ani Derived  from antibody Asp58 side chain carboxylate
accepting an H-bond from or forming a salt bridge to 1'11-13 of
receptor Lys 443.  Vi Excluded volumes (not shown for clarity).  WO
2007/087266PCT/US2007/001685    21_91y54_asp58 Partial match, lig and
must match at least 4 pharmacophore features. Figure 13 Fl Aro
Derived from MESS (see above). Forms a favorable hydrophobic
interaction with pyrrolidine ring of receptor Pro349.  F2 Acc&Ani
Derived from antibody G1y54 backbone carbonyl. Acceptor accepts an
H-bond from or Anion forms a salt bridge to guanidine of receptor
Arg353.  F3 Don Derived from hydrophilic contact statistics. Donates
an H-bond to side chain OH of receptor Ser418.  F4 Don2
Directionality of F3 with respect to OH of Ser418  



F5 Acc Derived from hydrophilic contact statistics. Accepts an H-bond
from receptor 1ys443. This feature is marked essential.  V1 Excluded
volumes (not shown for clarity).    22_g1y54_asp58 Partial match,
ligand must match at least 5 pharmacophore features Figure 14 Fl
Acc&Ani Derived from G1y54 backbone carbonyl of the antibody
cetuximab. Acceptor accepts an H-bond from or Anion forms a salt
bridge to guanidine of receptor Arg353.  F2 Don Derived from
hydrophilic contact statistics. Donates an H-bond to side chain OH of
receptor Ser418.  F3 Don2 Directionality of F3 with respect to OH of
Ser418.  F4 Acc Derived from hydrophilic contact statistics. Accepts
an H-bond from receptor Lys443.  F5 Aro Derived from hydrophobic
contact statistics, favorable coulombic interaction with guanidine of
Arg353 of the receptor.  F6 Aro2 Directionality of Fl with respect to
guanidine of Arg353. 



23_gly54_asp58 Partial match, ligand must match at least 5
pharmacophore Figure 15 Fl Don Derived from antibody side chain NH2
of Asn56 forms an H- bond with receptor Ser418 side chain OH.  F2
Acc&Ani Derived from 01y54 backbone carbonyl of the antibody
cetuximab. Acceptor accepts an H-bond from or Anion forms a salt
bridge to guanidine of receptor Arg353.  F3 Acc2 Directionality
onality of F3 with respect to guanidine of Arg353.  F4 Acc&Ani
Derived from antibody Asp58 side chain carboxylate accepting an
H-bond from or forming a salt bridge to NH3 of receptor Lys 443.  F5
Don Derived from antibody Gly54 backbone NH forming an H-bond with
side chain carbonyl of receptor 01n384.  F6 Aro Derived from
hydrophobic contact statistics, favorable coulombic interaction with
guanidine of Arg353 of the receptor. This feature is marked
essential.  F7 Aro2 Directionality of F6 with respect to guanidine of
Arg353. 



24_g1y54_asp58 Partial match, El Don Derived from antibody side chain
NH2 of Asn56 forms an H- bond with receptor Ser418 side chain OH.  F2
Derived from G1y54 backbone carbonyl of the antibody  WO
2007/087266PCT/US2007/001685 ligand must match at least 5 Acc&An1
cetuximab. Acceptor accepts an H-bond from or Anion forms a salt
bridge to guanidine of receptor Arg353. pharmacophore features F3
Acc2 Directionality of F3 with respect to guanidine of Arg353. Figure
16 F4 Don Derived from antibody Gly54 backbone NH forming an H-bond
with side chain carbonyl of receptor 6In384.  F5 Aro Derived from
hydrophobic contact statistics, favorable coulombic interaction with
side chain CONH2 of receptor GIn384.  F6 Acc&Ani Derived from
hydrophilic contact statistics. Acceptor or anion accepts an H-bond
from OH side chain of receptor Ser418.  V1 Excluded volumes
l_thr100_g1u105 



Partial match ligand must match at least 6 pharmacophore features
Figure 17 Fl Acc Derived from the backbone carbonyl of the antibody
Tyr102 accepting an H-bond from the OH side chain of the receptor
Ser440.  F2 Acc2 Directionality of Fl with respect to the OH of
Ser440.  F3 Aro Deri ved from side chain phenol ring of the antibody
Tyr101 forming a favorable coulombic interaction with the imidazole
side chain of the receptor His408.  F4 Aro2 Directionality of F3 with
respect to the imidazoie of His409.  F5 Don Derived from the side
chain OH of the antibody Tyr102 donating an H-bond to the side chain
carbonyl of the receptor GIn408.  F6 Aro Derived from the phenol side
chain of antibody Tyr102 forming a favorable hydrophobic interaction
with the side chain of receptor VaI417.  F7 Don2 Directionality of F5
with respect to the side chain carbonyl of GIn408.  F8 Acc&Ani
Derived from the side chain carboxylate of antibody Aspl 03. Acceptor
accepts an H-bond from or Anion forms a salt bridge to 



NH3 of receptor Lys465. This feature is marked essential.  V1
Excluded volumes    2_thr100_glu105 Partial match, lig and must match
at least 7 pharmacophore features Figure 18  This pharmacophore query
is the same as 1_thr100_,g1u105 with the exception that F8 Acc&Ani is
not marked essential. .    3 jhrioo_giu105 .-I1 Fl Don&Acc Derived
from the side chain OH of antibody Tyr102. This OH donates an H-bond
to the side chain carbonyl of receptor GIn408 and accepts an H-bond
from the side chain NH2 of  WO 2007/087266PCT/US2007/001685 ligand
must match at least 5 pharmacophore features Fi gure 19  receptor
01n384.  F2 Arc 



Derived from the side chain phenol ring of antibody Tyr102 forming a
favorable hydrophobic interaction with the side chain of receptor
VaI417.  F3 Aro Derived from side chain phenol ring of the antibody
Tyr101 forming a favorable coulombic interaction with the imidazole
side chain of the receptor His409.  F4 Don&Acc Derived from side
chain OH of Tyr101.  F5 Ace Derived from the backbone carbonyl of
antibody Tyr102 accepting an H-bond from the side chain OH of
receptor 8er440.  F6, F7 Acc&AnI Derived from the side chain
carboxylate of antibody Asp103. Acceptor accepts an H-bond from or
Anion forms a salt bridge to NH3 of receptor Lys465.  V1 Excluded
volume    10_thr100_glu10 5 Partial match ligand must match at least
5 pharmacophore features. All pharmacophores spheres have a radius of
0.8 Angstroms. 



Figure 20 .F1 Don&Acc Derived from the *side chain OH of antibody
Tyr102. This OH donates an H-bond to the side chain carbonyl of
receptor 0in408 and accepts an H-bond from the side chain NH2 of
receptor 01n384:  F2 Aro Derived from the side chain phenol ring of
antibody Tyr102 forming a favorable hydrophobic interaction with the
side chain of receptor VaI417.  F3 Ace Derived from the backbone
carbonyl of antibody Tyr102 accepting an H-bond from the side chain
OH of receptor 5er440.  F4, F5 Acc&Ani Derived from the side chain
carboxylate of antibody Asp103. Acceptor accepts an H-bond from or
Anion forms a salt bridge to NH3. of receptor Lys465.  F6 Don&Acc
Derived from the side chain OH of antibody Tyr104 donating or
accepting an H-bond from the side chain OH of receptor Ser440.  F7
Aro Derived from side chain phenol ring of antibody Tyr104 forming a
favorable hydrophobic interaction with receptor 8er468. -
21_thr100_glu10 5 Partial match Fl Don&Acc 



Derived from the side chain ON of antibody Tyr102. This OH donates an
H-bond to the side chain carbonyl of receptor GIn408 and accepts an
H-bond from the side chain NH2 of receptor GIn384. ligand must match
at least 7 F2 Ace Derived from the backbone carbonyl of antibody
Tyr102 accepting an H-bond from the side chain OH of receptor 8er440.
pharmacophore features. F3 Acc2 Directionality of F2 with respect to
the OH of Ser440. Figure 21 F4 Aro Derived from side chain phenol
ring of the antibody Tyr101 forming a favorable coulombic interaction
with the imidazole side chain of the receptor His409.  F5 Aro2
Directionality of F4 with respect to the Imidazole of H1s409.  F6
Derived from the side chain carboxylate of antibody Asp103.  WO
2007/087266PCT/US2007/001685   Acc&Ani Acceptor accepts an H-bond
from or Anion forms a salt bridge to NH34 of receptor Lys465.  F7
Acc2 Directionality of F6 with respect to the side chain of Lys465.
F8 Don Derived from the side chain 01-1 of antibody Tyr102. This OH
donates an H-bond to the side chain carbonyl of receptor 0In408. This
feature is marked essential. 



F9 Don2 Directionality with respect to the side chain carbonyl of
receptor GIn40B.  V1 Excluded volume    223hr100_glu10 5 Partial
match, ligand must match at least 6 pharmacophore features. Figure 22
This pharmacophore query is the same as 21_thr100_glu_105 with two
exceptions: F6 Aci&Ani is marked essential. F8 Don is not marked
essential. VEGF complexed with antibody cetuximab (1CZ8)        [0 2
6 6] The crystal (1CZ8) of protein VEGF (SEQ ID NO: 2) complexed with
antibody was analyzed according to the procedures described above.
Results showed that one set of six residues of the antibody makes
contact with the receptor. This is Tyr101-Ser106. This section of the
antibody is used to generate the pharmacophore models described below
in Table 18 and Figures 23-29. Table 18  WO
2007/087266PCT/US2007/001685 Figure 23 Acc&Ani Acceptor accepts an
H-bond from or Anion forms a salt bridge to guanidine side chain of
receptor Arg82.  F5 Don Derived from the side chain OH of antibody
Tyr102. This OH donates an H-bond to the backbone carbonyl of
receptor 11e80.  F6 Don2 Directionality of F5 with respect to the
backbone carbonyl 11e80. 



F7 Don Derived from the backbone NH of antibody Gly104. This NH
donates an H-bond to the backbone carbonyl of receptor G1u93.  F8
Acc2 Directionality of F7 with respect to the backbone carbonyl
Glu93.  V1 Excluded volume    2n Partial match, ligand must match at
least 7 pharmacophore features. Figure 24 Fl Aro Derived from
hydrophobic contact statistics, favorable coulombic interaction with
guanidine of Arg82 of the receptor.  F2 Aro2 Directionality of Fl
with respect to guanidine of Arg82.  F3 Don Derived from the side
chain OH of antibody Tyr101. This OH donates an H-bond to the side
chain carboxylate of receptor G1u93. This feature is marked ignored.
F4 Acc&Ani Derived from Gly104 backbone carbonyl of the antibody.
Acceptor accepts an H-bond from or Anion forms a salt bridge to
guanidine side chain of receptor Arg82.  F5 Don 



Derived from the side chain OH of antibody Tyr102. This OH donates an
H-bond to the backbone carbonyl of receptor 11e80.  F6 Don2
Directionality of F5 with respect to the backbone carbonyl 11e80.  F7
Don Derived from the backbone NH of antibody Gly104. This NH donates
an H-bond to the backbone carbonyl of receptor 6lu93.  F8 Acc2
Directionality of F7 with respect to the backbone carbonyl G1u93.  F9
Acc Derived from backbone carbonyl of antibody Tyr102 accepting an
H-bond from the backbone NH of receptor Glu93.  F10 Don Derived from
the backbone NH of antibody Tyr102. This NH donates an H-bond to the
backbone carbonyl of receptor 11e91.  V1 Excluded volume    3n
Partial match,   ligand must matcht least 8        a  pharmacophore
features. Figure 25. Fl Aro Derived from side chain phenol of Tyr103
forming a favorable hydrophobic interaction with the side chain of
receptor 01u93.  F2 Aro2 Directionality of Fl with respect to the
side chain of G1u93. 



F3 Don Derived from the backbone NH of antibody Tyr102. This NH
donates an H-bond to the backbone carbonyl of receptor 11e91.  F4
Don2 Directionality of F3 with respect to the backbone carbonyl of
receptor 11e91.  F5 Don Derived from the side chain OH of antibody
Tyr102. This OH donates an H-bond to the backbone carbonyl of
receptor 11e80.  F6 Don2 Directionality of F5 with respect to the
backbone carbonyl of 'receptor Ilea.  WO 2007/087266PCT/US2007/001685
F7 Acc Derived from backbone carbonyl of Tyr102 accepting an H-bond
from the backbone NH of receptor 01u93.  F8 Acc2 Directionality of F7
with respect to the backbone NH of receptor Glu93.  V1 Excluded
volume 4n Partial match, ligand must match at least 7 pharmacophore
features. Figure 26 Fl Don Derived from the backbone NH of antibody
Tyr102. This NH donates an H-bond to the backbone carbonyl of
receptor 11e91. 



F2 Don2 Directionality of Fl with respect to the backbone carbonyl
11e91.  F3 Acc Derived from backbone carbonyl of antibody Tyr102
accepting an hl-bond from the backbone NH of receptor Glu93.  F4 Acc2
Directionality of F3 with respect to the backbone NH of receptor
Glu93.  F5 Acc&Ani Derived from G1y104 backbone carbonyl of the
antibody. Acceptor accepts an H-bond from or Anion forms a salt
bridge to guanidine side chain of receptor Arg82. This feature is
marked essential  F6 Acc2 Directionality of F5 with respect to the
side chain guanidine of receptor Arg82.  F7 Don Derived from the side
chain OH of antibody Tyr102. This OH donates an H-bond to the
backbone carbonyl of receptor 11080.  F8 Arc Derived from side chain
phenol of Tyr103 forming a favorable hydrophobic interaction with the
side chain of receptor Giu93.  F9 Aro2 Directionality of F8 with
respect to the side chain of 01u93.  V1 Excluded volume    



6n Partial match, ligand must match at least 8 pharmacophore
features. Figure 27 Fl Don Derived from the side chain OH of antibody
Tyr102. This OH donates an H-bond to the backbone carbonyl of
receptor 11e80.  F2 Don2 Directionality of Fl with respect to the
backbone carbonyl 11e80.  F3 Acc Derived from backbone carbonyl of
antibody Tyr102 accepting an H-bond from the backbone NH of receptor
G1u93.  F4 Acc2 Directionality of F3 with respect to the backbone NH
of receptor Glu93.  F5 Acc&Ani Derived from 61y104 backbone carbonyl
of the antibody. Acceptor accepts an H-bond from or Anion forms a
salt bridge to guanidine side chain of receptor Arg82.  F6 Acc2
Directionality of F5 with respect to the side chain guanidine of
receptor Arg82.  F7 Don Derived from the side chain OH of antibody
Tyr102. This OH donates an H-bond to the backbone carbonyl of
receptor Ile80.  F8 Aro Derived from side chain phenol of Tyr102,
favorable coulombic interaction with side chain guanidine of receptor
Arg82. 



F9 Aro2 Directionality of F13 with respect to the side chain
guanidine of receptor Arg82.  WO 2007/087266 PCT/US2007/001685   V1
Excluded volume    7n Partial match, ligand must match at least 8
pharmacophore features. Figure 28 Fl Don Derived from the backbone NH
of antibody Tyr102. This NH donates an H-bond to the backbone
carbonyl of receptor Ile91.  F2 Don2 Directionality of Fl with
respect to the backbone carbonyl 11e91.  F3 Ace Derived from backbone
carbonyl of antibody Tyr102 accepting an H-bond from the backbone NH
of receptor G1u93.  F4 Acc2 Directionality of F3 with respect to the
backbone NH of receptor Glu93.  FS Acc&Ani Derived from 0ly104
backbone carbonyl of the antibody. 



Acceptor accepts an H-bond from or Anion forms a salt bridge to
guanidine side chain of receptor Arg82.  F6 Acc2 Directionality of F5
with respect to the side chain guanidine of receptor Arg82.  F7 Don
Derived from the side chain OH of antibody Tyr102. This OH donates an
H-bond to the backbone carbonyl of receptor Ilea.  F13 Aro Derived
from side chain phenol of antibody Tyr-102, favorable coulombic
interaction with side chain guanidine of receptor Arg82.  F9 Aro2
Directionality of F8 with respect to the side chain guanidine of
receptor Arg82.  F10 Don Derived from the side chain OH of antibody
Tyr101. This OH donates an H-bond to the side chain carboxylate of
receptor Glu93.  F11 Don2 Directionality of F10 with respect to the
side chain carboxylate of receptor Glu93.  V1 Excluded volume    10b
Partial match, ligand must match at least 5 



pharmacophore features. All pharmacophore feature spheres have a 0.8
Angstrom radius. Figure 29 Fl Don&Acc Derived from side chain OH of
antibody Tyr102 donating an H- bond to the backbone carbonyl of
receptor Ile80.  F2 Mc Derived from Glyl 04 backbone carbonyl of the
antibody which accepts an H-bond from guanidine side chain of
receptor Arg82.  F3 Don&Acc Derived from the side chain OH of
antibody Ser106 donating an H-bond to an imidazole ring nitrogen of
His90  F4 Don Derived from the backbone NH of antibody Tyr102. This
NH donates an H-bond to the backbone carbonyl of receptorlle91.  F5
Acc Derived from backbone carbonyl of antibody Tyr102 accepting an
H-bond from the backbone NH of receptor G1u93.  F6 Aro Derived from
side chain phenol of Tyr102, favorable coulombic interaction with
side chain guanidine of receptor Arg82.  WO
2007/087266PCT/US2007/001685 HER2 compIexed with antibody (1N82.pdb)
[02671The crystal (1N82.pdb) of protein HER2 (SEQ ID NO: 3) complexed
with antibody trastuzmab (SEQ ID NO: 7 and SEQ ID NO: 8) was analyzed
according to the procedures described above. Results showed five
residues of the antibody make contact with the receptor. These are
Arg50, Tyr92-Thr94, and Gly103. These residues of the antibody are in
close proximity to each other. They were used to generate one group
of pharmacophore models described-below in Table 19 and Figures
30-33. Table 19 



Pharmacophores of 1N8Z.pdb crystal of protein HER2 complexed with
antibody trastuzumab lb Partial match, ligand must match at least 5
pharmacophore features. Figure 30 Fl Don&Acc Derived from the side
chain OH of the antibody Tyr92 accepting an H-bond from the side
chain NH3+ of receptor Lys569.  F2 Don&Cat Derived from the side
chain guanidine of antibody Arg50 donating an H-bond to the side
chain carboxylate of receptor 01u556.  F3 Don2 Directionality of F2
with respect to the side chain carboxylate of receptor 6lu558  F4 Acc
Derived from the side chain of antibody Thr94.  F5 Don2
Directionality of F7.  F6 Acc Derived from the backbone carbonyl of
antibody G1y103 accepting an H-bond from the side chain NH3+ of
Lys593.  F7 Don&Cat Derived from the side chain guanidine of antibody
Arg50 donating an H-bond to the side chain carboxylate of receptor
Asp560.  



F8 Don2 Directionality of F7 with respect to the side chain
carboxylate of receptor Asp560.  F9 Aro Derived from side chain
antibody Lys569 forming a favorable hydrophobic interaction with the
side pyrrolidine ring of Pro571.  V1 Excluded volume 2b Partial
match, ligand must match at least 6 pharmacophore features. Figure 31
Pharmacophore model 2b is the same as lb with the following
exceptions: F2, F3, F4, F5, F7 and F8 are marked essential.   WO
2007/087266PCT/US2007/001685    2n Partial match, Fl Arc Derived from
side chain antibody Lys569 forming a favorable hydrophobic
Interaction with the side pyrrolidine ring of Pro571. This feature is
marked essential. ligand must match at least 5 F2 Acc Derived from
the side chain OH of antibody Tyr92 accepting an H-bond from the side
chain NH3+ of receptor Lys569. 



pharmacophore features. Figure 32 F3 Don&Cat Derived from the side
chain guanidine of antibody Arg50 donating an H-bond to the side
chain carboxylate of receptor Asp560. This feature is marked
essential.  F4 Don2 Directionality of F3 with respect to the side
chain carboxylate of receptor Asp560.  F5 Don&Cat Derived from the
side chain guanidine of antibody Arg50 donating an H-bond to the side
chain carboxylate of receptor Glu558.  F6 Don2 Directionality of F5
with respect to the side chain carboxylate of receptor 0lu558.  F7
Acc Derived from the backbone carbonyl of antibody Gly103 accepting
an H-bond from the side chain NI-13+ of Lys593.  F8 Hyd hydrophobe,
sphere radius 1.8 Angstroms, colored dark green): Derived from MFSS.
Hydrophobe forms a favorable hydrophobic interaction with the side
chain phenyl of receptor Phe573.  V1 Excluded volume    3n Partial
match, 



ligand must match at least 3 pharmacophore features. Fig ure33 F1 Aro
Derived from side chain antibody Lys569 forming a favorable
hydrophobic interaction with the side pyrrolidine ring of Pro571.  F2
Acc Derived from the side chain OH of antibody Tyr92 accepting an
H-bond from the side chain NH3+ of receptor Lys569.  F3 Don&Cat
Derived from the side chain guanidine of antibody Arg50 donating an
H-bond to the side chain carboxylate of receptor Asp560. This feature
is marked essential. The sphere radius is 1.0 Angstroms.  F4 Don2
Directionality of F3 with respect to the side chain carboxylate of
receptor Asp560.  F5 Don&Cat Derived from the side chain guanidine of
antibody Arg50 donating an H-bond to the side chain carboxylate of
receptor Glu558.  F6 Don2 Directionality of F5 with respect to the
side chain carboxylate of receptor G1u558.  F7 Acc Derived from the
backbone carbonyl of antibody G1y103 accepting an H-bond from the
side chain NH3+ of Lys593.  F8 Hyd 



(hydrophobe, sphere radius 1.8 Angstroms, colored dark green):
Derived from MFSS. Forms a favorable hydrophobic Interaction with the
side chain phenyl of receptor Phe573.  V1 Excluded volume  WO
2007/087266PCT/US2007/001685 ErbB2 complexed with antibody (1378.pdb)
[0 2 6 8]The crystal (1S78.pdb) of protein ERBB2 (SEQ ID NO: 4)
complexed with antibody pertuzumab (SEQ ID NO: 9 and SEQ ID NO: 10)
was analyzed according to the procedures described above. Results
showed five residues of the antibody make contact with the receptor.
These are Asp31-Tyr32 and Asn52-Pro52A-Asn53. These residues of the
antibody are in close proximity to each other. They were used to
generate the two pharmacophore models described below in Table 20 and
Figures 34-35. Table 20. .Pharmacophores of 1578.pdb crystal of
protein ErbB2 complexed with antibody pertuzumab 5n Partial match,
ligand must match at least 8 pharmacophore features. Figure 34 Fl Acc
Derived from the backbone carbonyl of antibody Asn53 accepting an
H-bond from the backbone NH of Cys246.  F2 Don Derived from
hydrophilic contact statistics donating an Fl-bond to the backbone
carbonyl of receptor 01y287.  F3 Don2 Directionality of F2 with
respect to the backbone carbonyl of receptor 01y287.  F4 Don Derived
from the side chain NH2 of antibody Asn53 donating an H-bond to the
backbone carbonyl of receptor Va1286.  F5 Ace Derived from the side
chain carbonyl of antibody Asn53 accepting an H-bond from the side
chain OH of receptor Thr268. 



F6 Aro Derived from the side chain phenol ring of antibody Tyr32
forming a favorable hydrophobic interaction with the pyrrolidine ring
of receptor Pro294.  F7 Mc Derived from the side chain OH of antibody
Tyr32 accepting an H-bond from the backbone carbonyl of receptor
Leu295.  F8 Hyd (1.8 Angstrom sphere): Derived from MFSS forming a
favorable hydrophobic interaction with the side chain of receptor
0ys246.  F9 Don Derived from the side chain NH2 of antibody Asn52
donating an H-bond to the backbone carbonyl of receptor Va1286.  Fl 0
Don2 Directionality of F9 with respect to the backbone carbonyl of
receptor Va1288.  Fl 1 Acc&Ani Derived from the side chain
carboxylate of antibody Asp31 accepting an H-bond from the side chain
OH of receptor 5er288.  V1 Excluded volume    6b Partial match, Fl
Ace Derived from the side chain OH of antibody 1yr32 accepting an
H-bond from the backbone carbonyl of receptor Leu295.  



F2 Derived from the side chain carboxytate of antibody Asp31  WO
2007/087266PCT/U52007/001685 ligand must match at least 5
pharmacophore features. Figure 35 Acc&Ani accepting an H-bond from
the side chain OH of receptor 8er288. This feature is marked
essential.  F3 Don2 Directionality of F6.  F4 Acc Derived from the
backbone carbonyl of antibody Asn53 accepting an H-bond from the
backbone NH of Cys246. This feature is marked essential  F5 Aro
Derived from the side chain phenol ring of antibody Tyr32 forming a
favorable hydrophobic interaction with the pyrrolidine ring of
receptor Pro294.  F6 Don Derived from the side chain NH2 of antibody
Asn53 donating an H-bond to the backbone carbonyl of receptor Va1286.
F7 Acc Derived from the side chain carbonyl of antibody Asn53
accepting an H-bond from the side chain OH of receptor Thr268. This
feature is marked essential.  V1 Excluded volume EGFR complexed with
the heavy chain of antibody cetuximab (2EXQ.pdb) 02693The crystal
(2EXQ.pdb) of protein EGFR (SEQ ID NO: 1) 



complexed with the heavy chain of antibody Cetuximab (SEQ ID NO: 5
and SEQ ID NO:6) was analyzed according to the procedures described
above. Results showed that, in the first set of pharmacophore models,
eight residues of the heavy chain of the antibody make contact with
the receptor. These are Tyra) Thr57. They were used to generate the
seven pharmacophore models described below in Table 21 and Figures
36-42. Table 21 Pharmacophores of 2EXQ.pdb crystal of protein EGFr
complexed with heavy chain of antibody cetuximab 3h Partial match
ligand must match at least 5 pharmacophore features. Figure 36 F1 Arc
Derived from the side chain phenol of antibody Tyr50 forming a
favorable hydrophobic interaction with the side chain of receptor Lys
303. This feature is marked essential.  F2 Don Derived from the
backbone NH of antibody Thr57 donating an H- bond to the backbone
carbonyl of receptor Lys304.  F3 Don2 Directionali ty of F2 with
respect to the backbone carbonyl of receptor Lys304.  F4 Acc&Ani
Derived from the side chain OH of antibody 1hr57 accepting an H-bond
from the side chain NH3+ of Lys304. This feature is  WO
2007/087266PCT/US2007/001685   marked essential.  F5 Don Derived from
the side chain NI-12 of antibody Asn56 donating an H-bond to the side
chain carboxylate of receptor G1u293.  



F6 Don2 Directionality of F5 with respect to the side chain
carboxylate of receptor G1u293.  V1 .Excluded volume    4h Partial
match, ligand must match at least 5 pharmacophore features. Figure 37
Fl Aro Derived from the side chain phenol of antibody Tyr50 forming a
favorable hydrophobic interaction with the side chain of receptor Lys
303.  F2 Don Derived from the backbone NH of antibody Thr57 donating
an H- bond to the backbone carbonyl of receptor Lys304.  F3 Don2
Directionality of F2 with respect to the backbone carbonyl of
receptor Lys304.  F4 Acc&Ani Derived from the side chain OH of
antibody Thr57 accepting an 14-bond from the side chain NH3+ of
Lys304. This feature is marked essential.  F5 Don Derived from the
side chain N}-I2 of antibody Asn56 donating an H-bond to the side
chain carboxylate of receptor G1u293.  



F6 Don2 Directionality of F5 with respect to the side chain
carboxylate of receptor Glu293.  F7 - F9 ignored  F10 Don Derived
from the side chain OH of antibody Tyr 53 donating an H-bond to the
backbone carbonyl of receptor Tyr 292. This feature is marked
essential.  V1 Excluded volume    5h Partial match, ligand must match
at least 5 pharmacophore features. Figure 38 Fl No Derived from the
side chain phenol of antibody Tyr50 forming a favorable hydrophobic
interaction with the side chain of receptor Lys 303. This feature is
marked essential.  F2 Don Derived from the backbone NH of antibody
Thr57 donating an H- bond to the backbone carbonyl of receptor
Lys304.  F3 Don2 Directionality of F2 with respect to the backbone
carbonyl of receptor Lys304.  F4 Acc&Ani 



Derived from the side chain OH of antibody Thr57 accepting an H-bond
from the side chain NH3+ of Lys304. This feature is marked essential.
F5 Don Derived from the side chain NH2 of antibody Asn56 donating an
H-bond to the side chain carboxylate of receptor G1u293.  F6 Don2 .
Directionality of F5 with respect to the side chain carboxylate of
receptor 0lu293.  F7 - F9 ignored  F10 Don Derived from the side
chain OH of antibody Tyr 53 donating an   WO
2007/087266PCT/US2007/001685   H-bond to the backbone carbonyl of
receptor Tyr 292.  Vi Excluded volume    6h Partial match, ligand
must match at least 4 pharmacophore features. Figure 39 Fl Aro
Derived from the side chain phenol of antibody Tyr50 forming a
favorable hydrophobic Interaction with the side chain of receptor 



Lys 303. This feature .1s marked essential.  F2 Don Derived from the
backbone NH of antibody Thr57 donating an H- bond to the backbone
carbonyl of receptor Lys304.  F3 Don2 Directionality of F2 with
respect to the backbone carbonyl of receptor Lys304.  F4 Acc8,Ani
Derived from the side chain OH of antibody Thr57 accepting an H-bond
from the side chain NH3+ of Lys304.  F5 Don Derived from the side
chain NH2 of antibody Asn56 donating an H-bond to the side chain
carboxylate of receptor Glu293.  F6 Don2 Directionality of F5 with
respect to the side chain carboxylate of receptor 61u293.  F7 - F9
ignored  F10 Don Derived from the side chain OH of antibody Tyr 53
donating an H-bond to the backbone carbonyl of receptor Tyr 292.  F11
Acc&Ani Derived from hydrophilic contact statistics. This feature
accepts an H-bond from the backbone NH of receptor Met294 and/or the
side chain N H3* of receptor Lys303 and/or forms a salt bridge with
the side chain NH; of receptor Lys303. This feature is marked
essential.  V1 



Excluded volume    7h Partial match, ligand must match at least 4
pharmacophore features. Figure 40 Fl Aro Derived from the side chain
phenol of antibody Tyr50 forming a favorable hydrophobic interaction
with the side chain of receptor Lys 303.  F2 Don Derived from the
backbone NH of antibody Thr57 donating an H- bond to the backbone
carbonyl of receptor Lys304.  F3 Don2 Directionality of F2 with
respect to the backbone carbonyl of receptor Lys304.  F4 Acc&Ani
Derived from the side chain OH of antibody Thr57 accepting an H-bond
from the side chain NH3+ of Lys304. This feature is marked essential.
F5 Don Derived from the side chain NH2 of antibody Asn56 donating an
H-bond to the side chain carboxylate of receptor G1u293.  F6 Don2
Directionality of F5 with respect to the side chain carboxylate of
receptor G1u293.  F7 - F9 



ignored  F10 Don Derived from the side chain OH of antibody Tyr 53
donating an H-bond to the backbone carbonyl of receptor Tyr 292.  Eli
Derived from hydrophilic contact statistics. This feature accepts _
WO 2007/087266PCT/US2007/001685  Acc&Ani an H-bond from the backbone
NH of receptor Met294 and/or the side chain NH3+ of receptor Lys303
and/or forms a salt bridge with the side chain NH3 of receptor
Lys303. This feature is marked essential  VI Excluded volume    8h
Partial match, ligand must matCh at least 4 pharmacophore features.
Figure 41 Fl Aro Derived from the side chain phenol of antibody Tyr50
forming a favorable hydrophobic interaction with the side chain of
receptor Lys 303.  F2 Don Derived from the backbone NH of antibody
Thr57 donating an H- bond to the backbone carbonyl of receptor
Lys304.  F3 Don2 



Directionality of F2 with respect to the backbone carbonyl of
.receptor Lys304.  F4 Acc&Ani Derived from the side chain OH of
antibody Thr57 accepting an H-bond from the side chain NH3+ of
Lys304.  F5 Don Derived from the side chain NH2 of antibody .sn56
donating an H-bond to the side chain carboxylate of receptor G1u293.
This feature is marked essential.  Fe Don2 Directionality of F5 with
respect to the side chain carboxylate of receptor G1u293.  F7 - F9
ignored  F10 Don Derived from the side chain OH of antibody Tyr 53
donating an H-bond to the backbone carbonyl of receptor Tyr 292.  Ell
Acc&Ani Derived from hydrophilic contact statistics. This feature
accepts an H-bond from the backbone NH of receptor Met294 and/or the
side chain NH3+ of receptor Lys303 and/or forms a salt bridge with
the side chain NH3+ of receptor Lys303. This feature is marked
essential.  V-1 Excluded volume    9h  Partial match, 



ligand must match at least 4 pharmacophore features. Figure 42 Fl Aro
Derived from the side chain phenol of antibody Tyr50 forming a
favorable hydrophobic interaction with the side chain of receptor Lys
303.  F2 Don Derived from the backbone NH of antibody Thr57 donating
an H-bond to the backbone carbonyl of receptor Lys304. This feature
.is marked essential.  F3 Don2 Directionality of F2 with respect to
the backbone carbonyl of receptor Lys304.  F4 Acc&Ani Derived from
the side chain OH of antibody Thr57 accepting an H-bond from the side
chain NH3- of Lys304.  F5 Don Derived from the side chain NH2 of
antibody Asn56 donating an H-bond to the side chain carboxylate of
receptor 01u293. This feature is marked essential.  F6 Don2
Directionality of F5 with respect to the side chain carboxylate of
receptor 01u293.  WO 2007/087266 PCT/US2007/001685     Derived from
the side chain OH of antibody Tyr 53 donating an H-bond to the
backbone carbonyl of receptor Tyr 292. 



Derived from hydrophilic contact statistics. This feature accepts an
H-bond from the backbone NH of receptor Met294 and/or the side chain
NH3+ of receptor Lys303 and/or forms a salt bridge with the side
chain NH3+ of receptor Lys303. This feature is marked essential.
Excluded volume  EGFr complexed with the light chain of antibody
cetuximab (2EXQ.pdb)       The crystal (2EXQ.pdb) of protein EGFR
(SEQ ID NO: 1) complexed with the light chain of antibody Cetuximab
(SEQ ID NO: 5 and SEQ ID NO:6) was analyzed according to the
procedures described above. Results showed that, in the first set of
pharmacophore models, nine residues of the light chain of the
antibody make contact with the receptor. These are Asn32_11e33_G1y34,
Tyr49_His5O_G1y51, Tyr91, Phe94, and Trp96. They were used to
generate the six pharmacophore models described below in Table 22 and
Figures 43-44. Table 22 Pharmacophores of 2EXO pdb crystal of protein
EGFr complexed with light chain of antibody cetuximab    1L Partial
match, lig and must match at least 4 pharmacophore features. Figure
43 - Fl Don Derived from the side chain OH of antibody Tyr91 donating
an H-bond to the backbone carbonyl of receptor Asp297.  F2 Acc&Ani
Derived from the side chain carbonyl of antibody Asn32 accepting an
H-bond from or forming a salt bridge with the side chain NH34' of
receptor Lys 301.  F3 Aro Derived from the side chain phenyl of
antibody Phe94 forming a favorable coulombic interaction with the
side chain NH3+ of receptor Lys304. 



F4 Arc Derived from the side chain phenyl of antibody Trp96 forming a
favorable coulombic interaction with the side chain 'carboxylate of
receptor G1u296.  F5 Don Derived from the backbone NH of antibody
1-lis50 donating an H- bond to the side chain carboxylate of receptor
Asp297.  16 Acc&Ani Derived from hydrophilic contact statistics. This
feature accepts an H-bond from or forms a salt bridge with the side
chain N1-134. of receptor Lys 303. This feature is marked essential.
WO 2007/087266PCT/US2007/001685  F7 Aro Derived from the side chain
phenol of antibody Tyr91 forming a favorable hydrophobic interaction
with the side chain of receptor Asp297.  V1 Excluded volume    2L
Partial match, ligand must match at least 3 pharmacophore features.
Figure 43  This model is the same as 1L except that both F2 Acc&Ani
and F6 Acc&An1 are marked essential.  



3L Partial match,   ligand must . match at least 4 pharmacophore
Figure 44 F1 Don Derived from the side chain OH of antibody Tyr91
donating an H-bond to the backbone carbonyl of receptor Asp297.  F2
Acc&Ani Derived from the side chain carbonyl of antibody Asn32
accepting an H-bond from or forming a salt bridge with the side chain
NH3 of receptor Lys 301.  F3 Arc Derived ved from the side chain
phenyl of antibody Phe94 forming a favorable coulombic interaction
with the side chain NH3+ of receptor Lys304.  F4 Arc Derived from the
side chain phenyl of antibody Trp96 forming a favorable coulomblc
interaction with the side chain carboxylate of receptor 01u296.  F5
Don Derived from the backbone NH of antibody His50 donating an H-
bond to the side chain carboxylate of receptor Asp297.  F6 Acc&Ani
Derived from hydrophilic contact statistics. This feature accepts an
H-bond from or forms a salt bridge with the side chain NH3+ of
receptor Lys 303. This feature is marked essential.  F7 Arc Derived
from the side chain phenol of antibody Tyr91 forming a favorable
hydrophobic interaction with the side chain of receptor 



Asp297. This feature is marked essential.  F8 Aro Derived from the
Imidazole side chain of antibody His50 forming a favorable coulombic
interaction with the carboxylate side chain of receptor Asp297.  V1
Excluded volume    5L Partial match, ligand must match at least 4
pharmacophore features.  This model is the same as 3L except that the
Fl Don is marked essential.  WO 2007/087266PCT/US2007/001685  Figure
44      61. Partial match, ligand must match at least 3 pharmacophore
features. Figure 44 ' This model is the same as 3L except that the Fl
Don, the F2 



Acc&Ani and the F3 Aro are marked essential.    7L Partial match,
ligand must match at least 4 pharmacophore features. Figure 44  This
model is the same as 3L except that the Fl Don, the F2 Acc&AnI and
the F5 Don are marked essential [027 01Using the above described
methodology, one can generate pharmacophore models for a variety of
protein targets (crystalized with ligand) including, but not limited
to: Foot and Mouth Disease (1QGC.pdb); Angiotensin II (1CKO.pdb,
3CKO.pdb, 2CKO.pdb); ErbB2 complexed with pertuzumab antibody
(1L71.pdb, 1S78.pdb, 2GJJ.pdb); Flu Agglutinin (1DNO.pdb, 10SP.pdb);
Flu Hemagglutinin (1E08.pdb, 1QFU.pdb, 2VIR.pdb, 2VIS.pdb, 2V1T.pdb,
1KEN.pdb, 1FRapdb, 1HIM.pdb, 1HIN.pdb, 11FH.pdb); Flu Neuraminidase
(NC10.pdb, 1A14.pdb, 1NMB.pdb, 1NMC.pdb, 1NMA.pdb, 1NCA.pdb,
1NCD.pdb, 2AEQ.pdb, 1NCB.pdb, 1NCC.pdb, 2AEP.pdb); Gamma Interferon
(HuZAF.pdb, 1T3F.pdb, 1B2W.pdb, 184J.pdb, 1T04.pdb); HER2 complexed
with Herceptin (1N8Z.pdb, 1FVC.pdb); Neisseria Meningitidis
(1MNU.pdb, 1MPA.pdb, 2MPA.pdb, 1UWX.pdb); HIV1 Protease (1JP5.pdb,
10L7.pdb, 1MF2.pdb, 2HRP.pdb, 1SVZ.pdb); HIV-1 Reverse Transcriptase
(21-IMI.pdb, 1J50.pdb, 1N5Y.pdb, 1N6Q.pdb, 1HYS.pdb, 1C9R.pdb,
1HYS.pdb, 1R08.pdb, 1T04.pdb, 2HRP.pdb); Rhinovirus (1FOR.pdb,
1RVF.pdb, 1BBD.pdb, 1A3R.pdb,  WO 2007/087266PCT/US2007/001685
1A6T.pdb); platelet fibrinogen receptor (1TXV.pdb, 1TY3.pdb,
1TY5.pdb, 1TY6.pdb, 1TY7.pdb); Salmonella oligosaccharide (1MFB.pdb,
1MFC.pdb, 1MFE.pdb); TGF-Alpha (1E4W.pdb, 1E4X.pdb); Thrombopoietin
complexed with TN1 (1V7M.pdb, 1V7N.pdb); Tissue Factor complexed with
5G9 (1FGN.pdb, 5 lAHW.pdb, 1JPS.pdb, 1UJ3.pdb); Von Willenbrand
Factor complexed with NMC-4 (10AK.pdb, 2ADF.pdb, 1FE8.pdb, 1FNS.pdb,
2ADF.pdb); VEGF complexed with 820-4 (2FJH.pdb, 2FJF.pdb, 2FJG.pdb,
1TZH.pdb, 1TZI.pdb, 1CZ8.pdb, 1BJ1.pdb); Coronavirus - SARS
(2DD8.pdb, 2G75.pdb); Lyme Disease (1P4P.pdb, 1RJL.pdb); HIV GP120
(1ACY.pdb, 1F58.pdb, 1G9M.pdb, 10 1G9N.pdb, 1GC1.pdb, 1Q1J.pdb,
1QNZ.pdb, 1RZ7.pdb, 1RZ8.pdb, 1RZF.pdb, 1RZG.pdb, 1RZI,1RZJ.pdb,
1RZK.pdb, 1YYL.pdb, 1YYM.pdb, 2B4C.pdb, 2F58.pdb, 2F5A.pdb); HIV GP41
(1TJG.pdb, 1TJH.pdb, 1TJI.pdb, 1U92.pdb, 1U93.pdb, 1U95.pdb,
1U8H.pdb, 1U81.pdb, 1U8J.pdb, 1U8K.pdb, 1U8P.pdb, 1U8Q.pdb, 1U91.pdb,
1U8L.pdb, 1U8M.pdb, 1U8N.pdb, 1U80.pdb, 2F5B); West 15 Nile Virus (as
defined in US Patent App. Pub. No. 2006/0115837); Malaria
(Dihydrofolate reductase) (as defined in Ada Crystallographia (2004),
D60(11) , 2054 - 2057); and EGFR (1181.pdb, 1I8K.pdb, 1YY8.pdb,
1YY9.pdb, 2EXP.pdb, 2EXQ.pdb). EXAMPLE 5: L1GAND DOCKING AND SCORING
[0271) The compounds selected for docking to the target protein were
those which were found to align to the pharmacophore models generated
in the MOE modeling software (see Example 4). These compounds were
obtained in MOE database format from the ZINC database (see Irwin and
Shoichet (2005) J Chem Int Model 45, 177-182). The 3-dimensional
atomic coordinates of these compounds were written to a structure
data format (*.sdf) file using the export command in the MOE database
window without adding hydrogens.         [0272] The LigPrep software
module of Maestro modeling software (Schrodinger LLC, NY, NY) was
next employed to prepare the compounds for docking. The *.sdf file
was converted into Maestro format using LigPrep. Hydrogens were then
added and any charged groups neutralized. Ionization  WO
2007/087266PCT/US2007/001685 states were generated for the ligends at
7.0 +/- 1.0 pH units. After this, tautomers were generated when
necessary, alternate chiralities were generated and low energy ring
conformers were produced. This was followed by removing any



box. The box was the binding site for the ligands to be docked. The
protein preparation facility, which is automated in Glide, consists
of two components, 20 preparation and refinement. The preparation
component added hydrogens and neutralized side chains that are not
close to the binding site and do not participate in salt bridges. The
refinement component performed a restrained minimization of the
co-crystallized complex which reoriented side-chain hydroxyl groups
and alleviated potential steric clashes. 25[0274] The following
describes receptor grid generation. Glide  searches for favorable
interactions between one or more ligand molecules and a receptor
molecule, usually a protein. The shape and properties of the receptor
are represented on a grid by several different sets of fields
including hydrogen bonding, coulombic (i. e., charge-charge)
interactions hydrophobic interactions, 30 and steric clashes of the
ligand with the protein. In the first step the receptor must be
defined. This was done by picking the ligand. The unpicked part of
the 91  WO 2007/087266PCT/US2007/001685 structure was the receptor.
The ligand was not included in the grid calculation but was used to
define the binding site as described above. Scaling of the nonpolar
atoms of the receptor was not included in the present docking runs.
The grids themselves were calculated within the space of the
enclosing box. This is the box described above and all of the ligand
atoms must be contained in this box. No pharmacophore constraints
were used because the Glide extra precision scoring function performs
better without these constraints.        [02753 To use Glide, each
ligand must be a single molecule, while the receptor may include more
than one molecule, e.g., a protein and a cofactor. Glide can be run
in rigid or flexible docking modes; the latter automatically
generates conformations for each input ligand. The combination of
position and orientation of a ligand relative to the receptor, along
with its conformation in flexible docking, is referred to as a ligand
pose. All docking runs are done using the flexible docking mode. The
ligand poses that Glide generates pass through a series of
hierarchical filters that evaluate the ligand's interaction with the
receptor. The initial filters test the spatial fit of the ligand to
the defined active site, and examine the complementarity of
ligand-receptor interactions using a grid-based method. Poses that
pass these initial screens enter the final stage of the algorithm,
which involves evaluation and minimization of a grid approximation to
the OPLS-AA nonbonded ligand-receptor interaction energy. Final
scoring is then carried out on the energy-minimized poses. By
default, Schrc5dinger's proprietary GlideScore multi-ligand scoring
function is used to score the poses. If GlideScore was selected as
the scoring function, a composite Emodel score is then used to rank
the poses of each ligand and to select the poses to be reported to
the user. Emodel combines GlideScore, the nonbonded interaction
energy, and, for flexible docking, the excess internal energy of the
generated ligand conformation. Conformational flexibility is handled
in Glide by an extensive conformational search, augmented by a
heuristic screen that rapidly eliminates unsuitable conformations,
such as conformations that have long-range internal hydrogen bonds.
[0276] The settings used in the docking runs of this example were as
follows. Grid file was read in. Extra precision (XP) scoring function
was used. Docked using conformational flexibility. 5000 poses per
ligand for the initial Glide screen were kept (default). Scoring



1_g1y54_asp58   1020     ZINC00148428  AD4- EGFR -7.34233 -37,5868
1_g1y54_asp58   1021     ZINC04649255  AD4- EGFR -7.13495 -41.4482
23_g1y54_asp58   1178     ZINC00073705  A04- 



EGFR -6.9552 -43.1905 23_g1y54_asp58   1142     Similar to  A04- EGFR
-6.83 -38.3 Similarity - Z1NC04342589  1175    1_91y54_asp58
ZINC04824860  A04- EGFR -6.73644 -42.2379 1_g ly54_asp58   1022     



ZINC04651153  AD4- EGFR -6.69071 -38.8887 1_gly54_asp58   1070
Z1NC00528869  AD4- EGFR -6.54409 -45.9287 23_91y54_asp58   1176
ZINC04687278  AD4- EGFR -6.4093 -51.0833 1_g ly54_asp58   1025  



Z1NC00459879  A04- EGFR -6.33665 -42.7825 23_thr100_glu105-   1133
round 2 Z1NC004825941  A04- EGFR -6.28522 -42.9355 23_thr100_91u105-
1132    round 2 ZIN004124337  A04- EGFR -6.2615 -31.6679
1_gly54_asp58  



1027       ZINC01011300  AD4- 1109 EGFR -6.21569 -29.4831 22_thr100_9
Iu105- round 2 Similar to Z1NCO5257849  AD4- 1165 EGFR -6.14168
-47.3274 Similarity to 1 thr100_glu105 ZINC00062419  A04- EGFR
-6.04072 -40.5308 21_g ly54_asp58   1108   



ZINC04123287  AD4- EG FR -5.90937 -49.9531 23_g ly54_asp58   1128
ZINC00142260  AD4- EG FR -5.88248 -32.5697 1_thr100_glu105   1038
ZINC00132680  104- EGFR -5.87764 -43.513 23_g1y54_asP58   



1148     ZINCO2107327  A04- EG FR -5.78666 -41.2423 1 thr100_glu105
1047     ZINC04280006  AD4- EG FR -5.76102 -47.0273 1_g1y54_asp58
1039     ZINC00187413  A04- EGFR -5.68324 -36.6217 



1_g1y54_asp58   1030     ZINC00060213  A04- EGER -5.54974 -32.537
10_thr100_,g1u 105   1057     ZINCO2821322  AD4- EG FR -5.43675
-32.9549 22_thr100_g1u 105   1139     Z1NC04706675  104- 



EGFR -5.26581 -39.7123 22_thr100_9Iu 105   1123     ZINCO2998684
AD4- EGFR -5.2081 -34.3632 21_thr100_glu 105   1124     ZINCO2550733
104- EGFR -5.1875 -35.4196 1_thr100_glu105   1009     



Z1NC000234700  AD4- EGFR -5.18527 -36.6651 2_thr100_glu105   1010
ZIN002324099  104- EGFR -5.1848 -28.3449 2 thr100_glu105   1060
Z1NCO2972737  A04- EGFR -5.14851 -31.5451 22 thr100_glu105   1121  



ZINCO2182988  AD4- EG FR -5.09654 -29.76 11_g1y54_asp58   1016
Z1NC00255042  AD4- EG FR -5.08696 -34.0888 10_thr100_glu105   1017
Z1NCO2666610  AD4- EGFR -5.06543 -32.1631 10_thr100_glu105  



1018     ZI N CO4248154  104- EGFR -5.01311 -37.7306 22_thr100_gIu
105   WO 2007/087266PCT/US2007/001685   1141     Z1NC04625685  A04-
EGFR 4.99755 -49.9094 21_91y54_asp58   1147     Similar to  



AD4- EGFR -4.91 -50.2 1_gly54_asp58 ZINC04687278  1167     Similar to
AD4- EGFR -4.83 -47.8 1_gly54_asp58 ZIN004687278  1149     Similar to
AD4- EGFR -4.74 -49.2 Similarity to Z1NC04687278  1171    



1_g1y54_asp58 Similar to  AD4- EGFR -4.48 -45.6 Similarity to
Z1NC04687278  1155    1g1y54_asp58 Similar to  A04- EGFR -4.32091
-39.5498 Similarity to Z1NC00148428  1150    1_g ly54_asp58 Similar
to  AD4- EGFR -4.09 -44.4 Similarity to ZINC04342589  1164 



1_g1y54_asp58 Similar to  AD4- EGFR -3.83555 -33.6026 Similarity to
Z1NC04133773  1140    1 thr100_91u105 Similar to  A04- EGFR -3.77
-28.5 Similarity to a NC04342589  1169    1_g ly54_asp58 Similar to
AD4- EGFR -3.51745 -50.5481 1 thr100_glu105 



ZINCO5257849  1166     (0282) Docking of compound AD4-1009 to EGFR is
depicted, for example, in Figure 49. Docking of compound AD4-1010 to
EGFR is depicted, for example, in Figure 48. Docking of compound
AD4-1016 to EGFR is depicted, for example, in Figure 50. Docking of
cornpound AD4-1017 to EGFR is depicted, for example, in Figure 51.
Docking of compound AD4-1018 to EGFR is depicted, for example, in
Figure 52. Docking of compound AD4-1025 to EGFR is depicted, for   WO
2007/087266 PCT/US2007/001685 example, in Figure 46. Docking of
compound AD4-1038 to EGFR is depicted, for example, in Figure 47.
VEGF         [0 2 83 ] Analysis of compounds from the ZINC database
against the pharmacophores identified from the 1CZ8.pdb crystal of
protein VEGF (SEQ ID NO: 2) complexed with antibody pertuzumab (see
Example 4; Table 18) according to the methods described above,
Identified compounds including those in Table 24. Glide scores were
generated on the hits from the pharmacophore queries described above.
Resulting data was arranged according to glide score and 13 AD4
compounds were selected based upon having a g_score of -5.0 (or
greater magnitude) plus ZINCO2338377 (AD4-2008) (having a g_score = -
4.9156) to represent a compound identified using pharmacophore 6n.
Table 24 ZINC#  AD4# target G_score E_model Pharmacophore model
ZINC04632336  AD4- 2030 VEGF -5.847 -31.94 2n ZINC04618722  



A04- 2025 VEGF -5.7582 -21.61 2n ZINC00309762  AD4- VEGF -5.6213
-39.17 4n   2009     ZINC00394756  A04- VEGF -5.502 -312 10b   2018
ZIN004548161  A04- VEGF -5.405 



-40.69 10b   2031     ZINC04813342  A04- VEGF -5.3473 -31.7 3n   2026
ZI N CO5100656  A04- VEGF -5.2796 -31.86 3n   2027     ZIN CO4978204



AD4- VEGF -5.2786 -39.89 4n   2011     ZIN000185093  AD4- VEGF
-5.1386 -33.25 10b   2028     ZINC04858568  A04- VEGF -5.095 -30.03
2n   2014    



WO 2007/087266PCT/US2007/001685  WO 2007/087266PCT/US2007/001685
ZIN002705114  AD4- 3045 ErbB2 -11.291 -42.61 6b ZINC00068737  A04-
3065 ErbB2 -9.9158 -39.64 6b ZINC01237884  A04- 3040 ErbB2 -9.4174
-37.89 . 6b ZINCO2700145  AD4- ErbB2 -8.7023 -37.78 6b  



3028     ZINC04174810  A04- ErbB2 -8.4735 -40.81 6b   3017
21NC00206522  AD4- ErbB2 -8.3726 -44.14 613   3025     ZIN CO2671167
AD4- ErbB2 -8.1816 



-36.3 6b   3030     ZINCO2755700  AD4- ErbB2 -8.1703 -43.73 6b   3018
ZINC04065004  A04- ErbB2 -8.0536 -50.41 fib   3041     Z1NC00214733  



A04- ErbB2 -8.0259 -39.94 6b   3019     2INC04187766  A04- ErbB2
-7.7892 -48.09 6b   3042     21N004825536  AD4- ErbB2 -7.7817 -44.39
6b   3031    



ZINC04818614  A04- ErbB2 -7.7392 -39.97 6b   3033     ZIN CO0467700
A04- ErbB2 -7.6976 -35.65 6b   3027     ZINC04551629  PO4- ErbB2
-7.5778 -37.9 6b   3063 



ZINC01533049  A04- ErbB2 -7.5731 -38.17 6b   3016     ZINC01800927
AD4- ErbB2 -7.3143 -58.84 5n   3044     EXAMPLE 6: TESTING OF
IDENTIFIED COMPOUNDS FROM PHARMACOPHORES FOR EGFR INHIBITION
[0 286] Identified compounds, representing various pharmacaphore
models, were tested for ability to inhibit EGFR at 25 pM.  WO
2007/087266 PCT/US2007/001685          (0287] AD4-compounds were
identified using pharmacophore models (see Example 4) and then were
docked with the binding site of EGFR (SEQ ID NO: 1) that is
recognized by defined CDRs of cetuximab. The inhibition of epidermal
growth factor binding by AD4-compounds was then determined 



5 (NovaScreen BioSciences, Hanover, MD). Inhibition of EGF binding
was determined at 25 pM concentration.        [02883 For the
inhibitor assays, KD (binding affinity) was 1.04 nM, while 13,-","
(receptor number) was 43.0 fmol/mg tissue (wet weight). Receptor
source was rat liver membranes. The radioligand was [251]EGF (150-200
Ci/pg) at a final 10 ligand concentration of 0.36 nM. A non-specific
determinant was used as EGF - 1100 nM]. The reference compound and
positive control was EGF. Reactions were carried out in 10 mM HEPES
(pH 7.4) containing 0.1% BSA at 25oC for 60 minutes. The reaction was
terminated by rapid vacuum filtration onto glass fiber filters.
Radioactivity trapped onto the filters was determined and compared to
15 control values to ascertain any interactions of test compounds
with the EGF binding site. The EGF inhibitor assays were modified
from, for example, Mukku (1984) J. Biol. Chem. 259, 6543-6546; Duh et
al. (1990) World J. Surgery 14, 410-418; Lokeshwar. et al. (1989) J.
Biol. Chem. 264(32), 19318-19326.               0289) Results of the
EGFR inhibition assays for identified compounds 20 representing
various pharmacophore models are presented in Table 27. Table 27
STRUCTURE EG FR  AD4-NUMBERINHIBITION Pharmacophore Model
AD4-1025 AD4-1038  75.74%Pharm11_gly54_asp58 70.91%Pharm1
thr100_glu105   A04-1 132 59.60% Pharm23_g1y54_asp58 AD4-1142 49.75%
Pharm23_g1y54_a3p58 AD4-1020 47.84% Pharm11_91y54_asp58 A04-1 165
47.18% Pharrnl_thr100_glu105 AD4-1171 47.18% Pharmi_gly54_asp58
AD4-1141 46.74% 



Pharm22_thr100_glu 105 AD4-1021 43.44% Pharm11_gly54_asp58 AD4-1147
43.35% Pharm21_g1y54_asp58 A04-1 145 43.18% Pharm23_91y54_asp58
AD4-1150 43.07% Pharmtg1y54_asp_58 103    WO
2007/087266PCT/US2007/001685   AD4-1010 39.40% Pharm2 thr100_glu105
AD4-1139 38.97% Pharm22 thr100_gl u 105 AD4-1022 38.57%
Pharmitgly54_asp58 AD4-1027 38.57% Pharm1l_gly54_asp58 AD4-1128
38.05% Pharm23_91y54_asp58 AD4-1016 37.81% Pharm1l_gly54_asp58
AD4-1030 



37.66% Pharmt_thr100_g lul 05 A04-1 133 37.33% Pharm23 thr100_91u 105
A04-1 140 36.48% Pharm1 thr100_91u105    - WO
2007/087266PCT/US2007/001685  30.22%Pharm2_thr100_glu 105
30.14%Pharml_gly54_asp58 30.12%Pharml 0 thr100_glu 105           [0
2907 AD4-1025
(N1-(4-chloropheny1)-N2-(3-pyridinylmethyl)-alphaasparagine; Formula:
C161-11601N303; Molecular weight: 333.78)18 an inhibitor of the
binding of epidermal growth factor (EGF) to epidermal growth factor
receptor (EGFR (SEQ.ID NO: 1)).  CI  Formula (6)        [0291] At a
concentration of 25 pM of AD4-1025, binding of EGF to EGFR (SEQ ID
NO: 1) is inhibited by 75.7% (see e.g., Example 6). The protein
crystal structure of cetuximab complexed to EGFR has been reported by
Ferguson et at ((2005) Cancer Cell 7, 301-311) and the
crystallographic data deposited in the Protein Data Bank as PDB code
1YY9 ("1YY9.pdb").        [0292] AD4-1025 was identified using
information from the 1YY9 protein crystal structure to design a
pharmacophore model (see e.g., Example  WO
2007/087266PCT/US2007/001685 4). The model, Pharml_gly54_asp58, was
utilized to identify small molecules 'which bind to EGFR. The site on
the EGFR protein is recognized by amino acid residues GLY-54 to
ASP-58 of the antibody Cetuximab (SEQ ID NO: 5 and SEQ ID NO:6)
(Erbitux). Pharml_g1y54_asp58 is modeled after residues GLY-54 to 5
ASP-58 and designed as a tool to identify small molecules which have
features and components of the antibody cetuximab. Specifically this
region is defined as the H2 CDR of the antibody heavy chain of
cetuximab. Features and components of these amino acid residues of
cetuximab were used to create a pharmacophore model. 10[02931
Pharmacophore features (F) and components of Pharmi_g1y54_asp58
include: Fl:Aro - an aromatic ring center component with a spherical
radius of 1.2 Angstroms positioned to interact with ARG353 of EGFR;
F2:Aro2 - an aromatic ring center component with a spherical radius
of 1.5 Angstroms positioned to model the projected directionality to
interact with 15 AGR353 of EGFR; F3:Acc&Ani - a hydrogen bond
acceptor and anion component with a spherical radii of 1.2 Angstroms
positioned to model the carbonyl of GLY-54 of cetuximab; F4:Acc2 - a
hydrogen bond acceptor component with a spherical radius of 1.5
Angstroms positioned to model the directionality of the lone pair of
electrons of the carbonyl group of GLY54 of 20 cetuximab which is
seen in the protein crystal structure PDB:1YY9 to engage in a
hydrogen bond with ARG353 of EGER; F5:Acc&Ani - a hydrogen bond
acceptor and anion component with a spherical radii of 1.4 Angstroms
positioned to model the carboxylate oxygen atoms of ASP-58 of
cetuximab; and F6:Acc - a hydrogen bond acceptor component with a
spherical radius of 1.2 Angstroms 25 positioned to model the
directionality of the lone pair of electrons of the amide carbonyl of
THR57 (see e.g., Table 17; Figure 11).        (02 9 4] For
pharmacophore 10, not all components are essential at one time. The
pharmacophore model Pharml_g1y54_asp58 allows for a partial match of
5 of the 6 features and components. Additionally, a feature known as
excluded 



30 volume constraints is incorporated in Pharmtg1y54_asp58. Excluded
volume constraints is used to exclude the space occupied by the
target protein, in this 108  WO 2007/087266 PCT/US2007/001685  case
EGFR. To restrict the geometry of the small molecules identified
during a pharmacophore query, a group of "dummy" spheres were
positioned to occupy the position of atoms of the target protein.
These can be seen as the dark grey spheres in Figure 45. This
representation is used to approximate the surface 5 topology of the
target protein, EGFR (see e.g., Figure 45).        [0295] Small
molecules were identified using a pharmacophore based search of a
database of 850,000 commercial compounds (see e.g., Example 4). The
compounds identified by Pharml_g1y54_asp58 were then docked, in
silico, (see e.g., Example 5) to amino acid residues of the binding
site of EGFR (see 10e.g., Figure 46) to provide a list of targeted
inhibitors.        I o 2 9 6] Using the pharmacophore designated
Pharmi_g1u54_asp58 to model amino adds 0LY54 to ASP58 of cetuximab,
compound A04-1 025 was identified. Further testing demonstrated that
compound AD4-1025 inhibited EGFR by 76% at 25 PA. An exemplary
depiction of AD4-1025 docking with the 15 amino acid residues of the
binding site of EGFR is provided in Figure 46.        [0297] Other
small molecule EGFR inhibitors identified with Pharrni_g1u54_asp58
included: AD4-1020 (48% inhibition at 25 MM); AD4-1021 (43%
inhibition at 25 MM); AD4-1027 (39% inhibition at 25 IsM); AD4-1022
(39% inhibition at 25 MM); A04-1 030 (38% inhibition at 25 MM); and
AD4-1039 (32% inhibition at 25 uM). EXAMPLE 8: AD4-1038 COMPOUND
[0298] AD4-1038 ({24(4-Hydroxy-phenyl)-methyl-amino]-4-oxo-4,5-
dihydro-thiazol-5-y1}-acetic acid; Formula: C12H12N2045; Molecular
weight: 280.30) is an inhibitor of the binding of epidermal growth
factor (EGF) to epidermal growth factor receptor (EGFR (SEQ ID NO:
1)).  Formula (13)  WO 2007/087266 PCT/US2007/001685         [0299]
At a concentration of 25 pM of AD4-1038, binding of EGF to EGFR was
inhibited by 70.7% (see e.g., Example 6). The model, Pharm1
thr100_glu105, was utilized to identify small molecules which bind to
5 EGFR. The site on the EGFR protein is recognized by amino acid
residues THR- 100 to GLU-105 of the antibody Cetuximab (SEQ ID NO: 5
and SEQ ID NO:6) (Erbitux). Pharmi_thr100_glu105 was modeled after
cetuximab amino acid residues THR-100 to GLU-105 and was designed as
a tool to identify small molecules which have features and components
of the antibody cetuximab. 10 Specifically, this region is defined as
the H3 CDR, which is located on the antibody heavy chain of
cetuximab. Features and components of these amino acid residues of
cetuximab were used to create a pharmacophore model. [03003
Pharmacophore features (F) and components of Pharm1 thr100_glu105
include Fl - F8 (see e.g., Table 17; Figure 17). An 15 exemplary
depiction of AD4-1038 docking with the amino acid residues of the
binding site of EGFR is provided in Figure 47. Another small molecule
EGFR inhibitor identified with Pharm 1_thr100_glu105 was AD4-1009
(35.01% inhibition at 25 pM). EXAMPLE 9: ,AD4-1010 COMPOUND        [
0 3 01] AD4-1010 (4-(4-hydroxyphenyI)-6-methyl-N-(3-methylpheny1)-2-
oxo-1,2,3,4-tetrahydo-5pyrimidinecarboxamide; Formula: C19H19N303;
Molecular weight: 337.37) is an inhibitor of the binding of epidermal
growth factor (EGF) to epidermal growth factor receptor (EGFR (SEQ ID
NO: 1)). OHFormula (31)        [03023 At a concentration of 25 pM of
AD4-101, binding of EGF to EGFR is inhibited by 39.40% (see e.g.,
Example 6). The protein crystal structure  WO 2007/087266



of cetuximab complexed to EGFR has been reported by Ferguson etal.
((2005) Cancer Cell 7, 301-311) and the crystallographic data
deposited in the Protein Data Bank as PDB code 1YY9 r1YY9.pdb"). [0 3
0 3 AD4-1010 was identified using information from the 1YY9  5
protein crystal structure to design another pharmacophore model. This
model ' was used to identify a different set of EGFR inhibitors. The
site on the EGFR protein is recognized by amino acid residues TYR-101
to TYR-104 of the antibody Cetuximab (SEQ ID NO: 5 and SEQ ID NO:6)
(Erbitux). Pharm 2_thr100_glu105 was modeled after residues TYR101 to
TYR104 and is used to 10 identify small molecules which have features
and components of the antibody cetuximab (see e.g., Example 4).
Specifically, this region is defined as the H3 CDR of the antibody
heavy chain. Features and components of these amino acid residues of
cetuximab were used to create pharmacophore model Pharm
2_thr100_glu105 (see e.g., Example 4). 15(0304] Pharmacophore
features (F) and components include: Fl:Don&Acc - a hydrogen bond
donor and hydrogen bond acceptor component with a spherical radius of
0.8 Angstroms positioned to model the hydroxyl of TYR-102 of
cetuximab; F2:Aro - an aromatic ring component with a spherical
radius of 1.2 Angstroms positioned to model the phenyl ring of
TYR-102 of 20 cetuximab; F3:Acc - a hydrogen bond acceptor component
with a spherical radius of 0.8 Angstroms positioned to model the
carbonyl oxygen of TYR-102; F4 and F5:Acc&Ani - hydrogen bond
acceptors and anion components with a spherical radii of 0.8
angstroms each positioned to model the carboxylate oxygen atoms of
ASP-103 of cetuximab; F6:Don&Acc - a hydrogen bond donor 25 and
hydrogen bond acceptor component with a spherical radius of 0.8
Angstroms positioned to model the hydroxyl of TYR-104 of cetuximab;
and F7:Aro - an aromatic ring component with a spherical radius of
1.2 Angstroms positioned to model the phenyl ring of TYR-104 of
cetuximab (see e.g., Table 17; Figure 18).   WO 2007/087266
PCT/US2007/001685         (03053 For the pharmacophore, not all
components are essential at one time. A partial match of 5 of the 7
features and components is allowed. A representation of Pharm
2_thr100_glu105 superimposed with residues TYR-100 to TYR-104 from
the protein crystal structure of cetuximab is shown in, for 5
example, Figure 18. [03063 AD4-1010 was identified by a search of
commercial compounds using Pharm 2_thr100_glu105. An exemplary
depiction of AD4-1010 docking                       with the amino
acid residues of the binding site of EGFR is provided in Figure 48.
EXAMPLE 10: AD4-1020        (03073 AD4-1020 (
{514-(benzyloxy)pheny11-2H-tetrazol-2-yl}acetic acid; Formula:
C16ht14N403; Molecular weight: 310.31) is an inhibitor of epidermal
growth factor (EGF) binding to its receptor (EGFR (SEQ ID NO: 1)).
Formula (28)          [0308] At a concentration of 25 WI of AD4-1020,
binding of EGF to EGFR is inhibited by 47.8% (see e.g., Example 6).
The protein crystal structure of cetuximab complexed to EGFR has been
reported by Ferguson et at ((2005) Cancer Cell 7, 301-311) and the
crystallographic data deposited in the Protein Data Bank as PDB code
1YY9 ("1W9.pdb").        (0309] AD4-1020 was identified using
information from the 1YY9 protein crystal structure to design another
pharrnacophore model. This model was used to identify a different set
of EGFR inhibitors. The site on the EGFR protein is recognized by
amino acid residues GLY-54 to ASP-58 of the antibody Cetuximab (SEQ
ID NO: 5 and SEQ ID NO:6) (Erbitux). Pharmi_gly54_asp58 is modeled



5 (see e.g., Example 4).        103101 Pharmacophore features (F) and
components include: Fl Aro - derived from hydrophobic contact
statistics, favorable coulombic interaction with guanidine of Arg353
of the receptor; F2 Aro2 - directionality of Fl with respect to
guanidine of Arg353; F3 Acc&Ani - derived from Gly54 backbone
carbonyl of the 10 antibody cetuximab, acceptor accepts an H-bond
from or Anion forms a salt bridge to guanidine of receptor Arg353; F4
Acc2 - directionality of F3 with respect to guanidine of Arg353; F5
Acc&Ani - derived from Asp58 side chain carboxylate, acceptor accepts
an H-bond from or Anion forms a salt bridge to NH3+ of Lys 443 side
chain of the receptor; F6 Acc - derived from hydrophilic 15 contact
statistics, accepts an H-bond from side chain OH of Ser448 of the
receptor; V1 - excluded volumes (not shown for clarity).
10311] For the pharmacophore, not all components are essential at one
time. A partial match of 5 of the 6 features and components is
allowed. A representation of Pharmt91y54_asp58 superimposed with
residues GLY-54 to 20 ASP-58 from the protein crystal structure of
cetuximab is shown in, for example, Figure 11.        f03123 AD4-1020
was identified by a search of commercial compounds using
Pharm1_gly54_asp58 . An exemplary depiction of AD4-1020 docking with
the amino acid residues of the binding site of EGFR is provided in
Figure 53. EXAMPLE 11: A D4-1132        [ 3 13] AD4-1132
((2-{[(2,4-dimethylphenoxy)acetyljamino)-5- hydroxybenzoic acid);
Formula: C17H17N05; Molecular weight: 315.32) is an inhibitor of
epidermal growth factor (EGF) binding to its receptor (EGFR (SEQ ID
NO: 1)).  WO 2007/087266PCT/US2007/001685    Formula (24)
[03 14] At a concentration of 25 pM of AD4-1132, binding of EGF to
EGFR is inhibited by 59.6% (see e.g., Example 6). The protein crystal
structure 5 of cetuximab complexed to EGFR has been reported by
Ferguson et at ((2005) Cancer Cell 7, 301-311) and the
crystallographic data deposited in the Protein Data Bank as PDB code
1YY9 ("1YY9.pdb").        tO 3153 AD4-1132 was identified using
information from the 1YY9 protein crystal structure to design another
pharmacophore model. This model 10 was used to identify a different
set of EGFR inhibitors. The site on the EGFR protein is recognized by
amino acid residues GLY-54 to ASP-58 of the antibody Cetuximab (SEQ
ID NO: 5 and SEQ ID N0:6) (Erbitux). Pharrn23_g1y54_asp58 is modeled
after residues GLY-54 to ASP-58 and is used to identify small
molecules which have features and components of the antibody
cetuximab (see 15 e.g., Example 4). Specifically, this region is
defined as the H2 CDR of the antibody heavy chain. Features and
components of these amino acid residues of cetuximab were used to
create pharmacophore model Pharm23_91y54_asp58 (see e.g., Example 4).
(o 3163 Pharmacophore features (F) and components include: Fl Don 20
- derived from antibody side chain NH2 of Asn56 forms an H-bond with
receptor Ser418 side chain OH; F2 Acc&Ani - derived from G1y54
backbone carbonyl of the antibody cetuximab, acceptor accepts an
H-bond from or Anion forms a salt bridge to guanidine of receptor
Arg353; F3 Acc2 - directionality of F3 with respect to guanidine of
Arg353; F4 Acc&Ani - derived from antibody Asp58 side 25 chain
carboxylate accepting an H-bond from or forming a salt bridge to NH3+
of receptor Lys 443; F5 Don - derived from antibody G1y54 backbone NH
forming an H-bond with side chain carbonyl of receptor 01n384; F6 Aro
- derived from hydrophobic contact statistics, favorable coulombic
interaction with guanidine of  WO 2007/087266 PCT/US2007/001685



[0319] A04-1 142 ((5-{[(4-ethylphenyl)sulfonyljamino}-2-
hydroxybenzoic acid); Formula: C151-115N05S; Molecular weight:
321.35) is an inhibitor of epidermal growth factor (EGF) binding to
its receptor (EGFR (SEQ ID NO: 1)). The structure of AD4-1142 is as
follows:  Formula (30)         [0320] At a concentration of 25 pM of
AD4-1142, binding of EGF to EGFR is inhibited by 49.8% (see e.g.,
Example 6). The protein crystal structure of cetuximab complexed to
EGFR has been reported by Ferguson etal. ((2005) Cancer Cell 7,
301-311) and the crystallographic data deposited in the Protein Data
Bank as PDB code 1YY9 ("1YY9.pdb").        [0321] AD4-1142 was
identified using information from the 1YY9 protein crystal structure
to design another pharmacophore model. This model was used to
identify a different set of EGFR inhibitors. The site on the EGFR
protein is recognized by amino acid residues GLY-54 to ASP-58 of the
antibody 115  WO 2007/087266 PCT/US2007/001685  Cetuximab (SEQ ID NO:
5 and SEQ ID NO:6) (Erbitux). Pharm23_91y54_asp58 is modeled after
residues GLY-54 to ASP-58 and is used to identify small molecules
which have features and components of the antibody cetuximab (see
e.g., Example 4). Specifically, this region is defined as the H2 CDR
of the 5 antibody heavy chain. Features and components of these amino
acid residues of cetuximab were used to create pharmacophore model
Pharm23_91y54._asp58 (see e.g., Example 4).         (0322]
Pharmacophore features (F) and components include: Fl Don - derived
from antibody side chain NH2 of Asn56 forms an H-bond with receptor
10 5er418 side chain OH; F2 Acc&Ani - derived from 01y54 backbone
carbonyl of the antibody cetuximab, acceptor accepts an H-bond from
or Anion forms a salt bridge to guanidine of receptor Arg353; F3 Acc2
- directionality of F3 with respect to guanidine of Arg353; F4
Acc&Ani - derived from antibody Asp58 side chain carboxylate
accepting an H-bond from or forming a salt bridge to NH3+ of 15
receptor Lys 443; F5 Don - derived from antibody 31y54 backbone NH
forming an H-bond with side chain carbonyl of receptor GIn384; F6 Aro
- derived from hydrophobic contact statistics, favorable coulombic
interaction with guanidine of Arg353 of the receptor, essential; and
F7 Aro2 - directionality of F6 with respect to guanidine of Arg353.
20(03237 For the pharmacophore, not all components are essential at
one time. A partial match of 5 of the 7 features and components is
allowed. A representation of Pharm23_g1y54_asp58 superimposed with
residues GLY-54 to ASP-58 from the protein crystal structure of
cetuximab is shown in, for example, Figure 15. 25[0324] A04-1 142 was
identified by a search of commercial compounds using
Pharm23_91y54_asp58. An exemplary depiction of AD4-1142 docking with
the amino acid residues of the binding site of EGFR is provided in
Figures 60-61.  CLAIMS What is claimed is: 51. A method for producing
a molecular structure having a desired pharmaceutical activity
relative to a target biomolecule, comprising the steps of: providing
at least one immune system protein that specifically binds to a
target biomolecule;                 determining the identity and
spatial orientation of at least a portion IQ of atoms of the at least
one immune system protein, wherein the at least one
Immune.syptern,pcotain specifically bind to the target majecule via
the at least a portion of atoms of the at least one immune system
protein; and constructing a pharmacophore comprising 15at least one
pharrnacophore feature that approximates at least a portion of the
identity and spatial orientations of the atoms of the at least one



hypothesis query of a database of annotated ligand molecules, wherein
an 25identified candidate compound has a structure that substantially
aligns with at least one pharrnacophoric feature. 3. The method of
claim 2 further comprising the step of:
determining a docking affinity of the candidate molecule for the
30binding site of the target biomolecule;             wherein docking
affinity is quantified by energy gained upon interaction of the
candidate molecule with the target blomolecule, energy required to
attain the docked conformation relative to the lowest energy
conformation, or a combination thereof.  WO 2007/087266
PCT/US2007/001688  4. The method of claim 1 wherein the at least one
immune system protein has an ability to alter an activity of the
target biomolecule.        5. The method of claim 4 wherein the at
least one immune system protein has an ability to inhibit an activity
of the target biomolecule.        6. The method of claim 4 wherein
the step of providing at least one immune system protein that
specifically binds to a target biomolecule and has the ability to
alter the activity of the target biomolecule comprises the steps of:
providing an assay in which the target biomolecule displays an
activity that mimics an in vivo activity;               exposing a
plurality of immune system proteins having a binding affinity for the
target biomolecule to the target biomolecule in the assay; and
selecting at least one immune system protein having the ability to
alter the activity of the target biomolecule within the assay.
7. The method of claim 1 wherein the at least one immune system
protein that specifically binds to the target biomolecule also binds
to at least one related biomolecule that differs from the target
biomolecule in portions thereof, but wherein similar or identical
portions of the structure and activity of the target molecule are
retained by the at least one related biomolecule.        8. The
method of claim 1, wherein the at least one immune system protein is
at least one of the group consisting of a major histocompatibility
complex, a T-cell receptor, a 5-cell receptor, and an antibody.  9.
The method of claim 8 wherein the at least one immune system protein
is at least one monoclonal antibody. 30  WO 2007/087266
PCT/US2007/001685 10. The method of claim 9 wherein determining the
identities and spatial orientations of at least a portion of the
atoms of the at least one monoclonal antibody comprises determining
the identities and spatial orientations of at least a portion of the
atoms of a binding tip of the at least one monoclonal antibody.
11. The method of claim 10 wherein identities and spatial
orientations are determined for a substantial portion of the atoms of
the binding tip of the at least one monoclonal antibody.         12.
The method of claim 1 wherein the pharmacophore features comprise at
least one feature selected from the group consisting of hydrophobic,
aromatic, a hydrogen bond acceptor, a hydrogen bond donor, a cation,
and an anion.         13. The method of claim 1 wherein the target
biomolecule is a protein.  15          14. The method of claim 13
wherein the target biomolecule is an enzyme, a signaling protein, or
a receptor protein.         15. The method of claim 1 wherein the
target biomolecule is selected from the group consisting of Foot and
Mouth Disease, Angiotensin II; ErbB2; Flu Agglutinin; Flu
Hemagglutinin; Flu Neuraminidase; Gamma Interferon; HER2; Neisseria
Meningitidis; HIV1 Protease; HIV-1 Reverse Transcriptase; Rhinovirus;
platelet fibrinogen receptor; Salmonella oligosaccharide; TGF-a;



17. The method of claim 16 wherein the target biomolecule is EGFR.
WO 2007/087266 PCT/US2007/001685  18. The method of claim 1, wherein
the step of determining the identities and spatial orientations of at
least a portion of atoms of the at least one immune     system
protein comprises analysis of X-ray crystallographic data derived
from a 5 crystalline form of the at least one immune system protein.
19. The method of claim 18 wherein the X-ray crystallographic data is
derived from a crystalline form of the at least one immune system
protein bound to the target biomolecule. 10        20. The method of
claim 1, wherein the step of determining the identity and spatial
orientation of at least a portion of atoms of the at least one immune
system protein comprises the steps of: determining the peptide
sequence of the at least one immune 15system protein; producing a
virtual model of the three dimensional structure of the immune system
protein; and analyzing the virtual model of the three dimensional
structure of the    immune system protein so as to determine the
identity and spatial orientation of 20 at least a portion of atoms of
the at least one immune system protein that interacts with a binding
site of the target biomolecule resulting in binding thereto. 21. A
method for producing a molecular entity having a desired
pharmaceutical activity relative to a target biomolecule, comprising
the steps of: (i) providing at least one monoclonal antibody; wherein
the at least one monoclonal antibody specifically binds to a target
biomolecule and inhibits an activity of the target biomolecule;
wherein the at least one monoclonal antibody comprises a binding tip;
and wherein the binding tip comprises a plurality of atoms that
interact with a binding site of the target biomolecule resulting in
binding thereto;  (ii) determining identity and spatial orientation
of a substantial portion of the binding tip atoms that interact with
the binding site of the target biomolecule; 5wherein such
determination of identity and spatial orientation comprises analysis
of X-ray crystallographic data derived from a crystalline form of the
at least one monoclonal antibody bound to the target biomolecule;
10(iii) constructing a pharmacophore;                    wherein the
pharmacophore comprises a plurality of pharmacophoric features;
wherein the plurality of pharmacophoric features approximate the
identity and spatial orientation of at least about 75% of the at
15least one monoclonal antibody binding tip atoms that interact with
the binding site of the target biomolecule;
wherein the plurality of pharmacophoric features are complementary to
the binding site of the target biomolecule; and
wherein the plurality of pharmacophoric features comprise at 20least
one feature selected from the group consisting of hydrophobic,
aromatic, a hydrogen bond acceptor, a hydrogen bond donor, a cation,
and an anion; and             (iv) identifying a candidate molecule
with a pharmacophore hypothesis query of a database of annotated
ligand molecules; 



25wherein an identified candidate compound has a structure that
substantially aligns with at least one feature of the pharmacophore;
wherein the candidate molecule inhibits the activity of the target
biomolecule; and                    wherein the target biomolecule is
an enzyme, a signaling protein, 30or a receptor protein.        22. A
pharmaceutical composition for the inhibition of EGFR, identified
according to the method of claim 21, the composition comprising at
least one EGFR inhibitor selected from the group consisting of
Formula (1), Formula (J), Formula (14), Formula (19), and Formula
(25), including stereoisomers or polymorphs thereof, and a
pharmaceutically acceptable carrier or diluent:    wherein
S1-S8 are independently selected from the group consisting of
halogen, hydroxyl, sulfhydryl, carboxylate, alkyl, cycloalkyl, aryl,
and alkoxyl (:-OR);  WO 20071087266PCITUS2007/001685 Xis selected
from the group consisting of Hz, 0, S, N-R, N-OH, and N- NR2.; Het is
one or more N atoms at any ring position;  Z Is selected from
the.group consisting of -COOH, -F03H2, S03H, 5 tetrazole ring,
sulfonamide, acyl sulfonamide, -CONH2, and -CONR2; and       R is a
Cl-C6 straight chain or branched alkyl group, optionally substituted
with a halogen, hydroXyl,sulfhydryl, carboxylate, aryl, heteroaryl,
amino, substituted amino, or cycloamino containing one, two, or three
N atoms in a 5 or 6 membered ring. 10 23. A use of an at least one
pharmaceutical composition of claim 22 in the manufacture of a
medicament for the therapeutic and/or prophylactic treatment of a
disease or disorder associated with EGFR. 15 24. The use of claim 23,
wherein the at least one EGFR inhibitor is selected from the group
consisting of Formula (6); Formula (13); Formula (18); Formula (24);
and Formula (30), or stereoisomers or polymmphs thereof:   Formula
(18)   Formula (24)  , and Formula (30)    


