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di scl osure, includes a conputer readable formand a witten seguence
i sting conprising nucleotide and/or am no acid sequences of the
present i nvenMBIHODSANBERRMEOIITKINSG PR TABGETEDRRUSE DENVELORMENT
conputer readable formis identical to the witten sequence |isting.
The subject matter of the Sequence Listing is incorporated herein by
ref erence i NCROSSeREFERBNCETELREOATEBARRNMENTIONS Eci 0033 The
present invention q%ener ally relates to devel o?rrent of new chem cal
entities for use 4P0%He THeaPRisation Flagns pAQEY oYU Fecyaireal AppliFatien
to net hods oferial e, 6Oycn g1 A3e aidd Al ReubeRT, 2008,SEhitN iHaGholEdd BErain by
drug design. EACKGRQlJ{\ID tiret r0004] Typical drug devel opnent in

t he nodern prﬁ'?fﬁﬁ%ee'ﬂt IS Wr 1 d relies on the devel opnment of nodels,
or assays, of targeted biochem cal functions. These assays are then
exposed to v'M%gOW'PN@Y'&Eﬁ%%‘?NQEr%FMAmlﬁ FREMPE B ANt ed
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process, and'stipg rg?wqit?)tqr%ggrp@ﬂ % fYTRYRYIgadablg form is identical ta the written
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affinity of fhe candi date nolecule for the binding site of the target
bi omol ecul e; | wher ei%P °dd c KPR WaY thatidrye manyiehiers; Ry eRprEns e deyrived
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the i mune system protein can have an ability tto 1nhibit an activit
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activity; expRsiy a plurality of inmmne system proteins having a
binding affipity Tor the target bionolecule to the target bionolecule
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50 Asn 52 THge38 JTU 1P2u B PPz, 9828708, 12 Lodth, ch%rbvirds - $8rs

15 | {2DD8.pdb, 2G75.pdb); Lyme Disease (1P4P.pdb, 1RJL.pdb); HIV GP120
(1ACY.pdb, 1F58.pdb, 1GO9M.pdb, 1G9N.pdb, 1GC1.pdb, 1Q1J.pdb, 1QNZ.pdb,
1RZ7.pdb, 1RZ8.pdb, 1RZF.pdb, 1RZG.pdb, 1RZ], 1RZJ.pdb, 1RZK.pdb,
1YYL.pdb, 1YYM.pdb, 2B4C.pdb, 2F58.pdb, 2F5A.pdb); HIV GP41 (1TJG.pdb,
1TJH.pdb, 1TJl.pdb, 1US2.pdb, 1U93.pdb, 1U95.pdb, 1TU8H.pdb, 1U8I.pdb,
20 |1U8J.pdb, 1U8K.pdb, 1U8P.pdb, 1U8Q.pdb, 1U91.pdb, 1USL_pdb, 1USM.pdb,
1U8N.pdb, 1U80.pdb, 2F5B); West Nile Virus {as defined in US Patent App.
Pub. No. 2006/0115837); Malaria (Dihydrofolate reductase) (as defined in Acta
Crystallographia {2004), D80(11) , 2054 - 2057); and EGFR (118l.pdb, 118K.pdb,
1YY8.pdb, 1YY9.pdb, 2EXP.pdb, 2EXQ.pdb).

IMMUNE SYSTEM PROTEIN STRUCTURE AND FUNCTION

25 [0111] Immune system proteins identified as binding to the target
biomolecule are used as a template to direct selection and/or construction of
small organic molecule inhibitors, or pharmacophores thereof, of the target
biomolecule. Generally, an immune system protein is one which binds to non-
self proteins. In various embodiments, immune system proteins are raised
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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 B-cell receptors, and antibodies. Any one of these structures can
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.

{0112] Preferably, the immune system protein binds non-self proteins
with 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 85% constant in
structure before and after binding, more preferably at least about 98% constant.
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
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, variabliity
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
capable of raising a plurality of antibodies against almost any antigen.
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[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 wiil 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 B-cell will uitimately produce, are
exposed to the molecule. Those B-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 B-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
abillity to respond in the future can be acquired.

[0115] Inthe 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 high specificity
and/or inhibits the activity of that molecule is one route to finding a meaningful
therapy (if not cure) for the disease. There are many examples of such enzymes,
including reverse transcriptase of HIV, ABL-BCR tyrosine kinase of certain types
of leukemia, and vascular endothelial growth factors (VEGFs) some of which are
associated with tumor angiogenesis.

[01161 As described in the Background of the Invention, an oft-chosen
method of identifying a lead small molecule that exhibits precisely this activity is
to randomly screen many thousands of small molecules (synthesized or
otherwise for this purpose) against the target molecule in the hopes that one of
the small molecules will exhibit the desired functional properties. The one, or
ones, that has the right characteristics is referred to as a lead, and goes on for
further refinement until a drug is found, This method of screening and
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subsequent optimization is laborious and does not begin by using any leverage
of knowledge of the target molecuie or what structures might bind to it.

[6117] In contrast, the present invention capitalizes on binding affinity
properties of immune system proteins so as to provide a high throughput affinity
screening process. Initial presentation of a target molecule to the immune
system results in antibody production by the immune system, where the
production of the many different and distinct immunoglobulin structures acts as a
massively parallel high throughput affinity screening process. Only the cell
expressing receptors that bind to the target are chosen for proliferation. This is
called clonal selection and is at the heart of the immune system's ability to
produce target specific molecules, just as screening is at the very heart of the
pharmaceutical lead discovery process.

[0118] In fact, this parallel between the immune system’s production of
antibodies in response to the presentation of a target molecule goes further than
the similarity between target presentation/clonal selection and high throughput
screening, in that once the B-cells that are capable of producing antibodies that
bind to the target are driven to proliferate, mechanisms that subtly promote
mutation (affinity maturation} are triggered. This process permits the future
generations of B-cells to generate subtly different antibodies; some of which will
bind to the target more tightly, while others will bind less tightly. The ones that
bind more tightly are driven to proliferate more, and the ones that bind less
tightly proliferate more slowly. This slow evolution toward higher binding affinity
is mirrored in the pharmaceutical development of a drug by the cycles of lead
optimization.

[0115] Antibodies within the scope of the invention include, for
example, polyclonal antibodies, monoclonal antibodies, and antibody fragments.
Numerous methods for the production, purification, and/or fragmentation of
antibodies raised against target proteins/enzymes are well known in the art (see
generally, Carter (2006) Nat Rev Immunol. 6(5), 343-357; Teillaud (2005) Expert
Opin Biol Ther. 5{Supp. 1) $15-27; Subramanian, ed. (2004) Antibodies :

22



Gng87 @

1E01 Ay 88 S g

WO 2007/087266 PCT/US2007/001685

10

15

20

25

30

Volume 1: Production and Purification, Springer, ISBN 0306482452; Lo, ed.
(2003) Antibody Ehgineering Methods and Protocols, Humana Press, ISBN
1588290921; Ausubel et al., ed. {2002) Short Protocols in Molecular Biology 5th
Ed., Current Protocols, ISBN 0471250929; Brent et al., ed. (2003) Current
Protocols in Molecular Biology, John Wiley & Sons Inc, ISBN 047150338X;
Coligan (2005) Short Protocols in Immunolagy, John Wiley & Sons, ISBN
0471715786; Sidhu {2005) Phage Display In Biotechnology and Drug Discovery,
CRC, ISBN-10: 0824754662).

[0120] Polyclonal antibodies are heterogeneous populations of
antibody molecules that are obtained from immunized animals, usually from
sera. Polycleonal antibodies may be readily generated by one of ordinary skill in
the art from a variety of warm-blooded animals, as well known in the art and
described in the humerous references listed above. Further, polyclonal
antibodies can be obtained from a variety of commercial sources.

[01211 Monoclonal antibodies are homogeneous populations of
antibodies to a particular antigen. In contrast to polyclonal antibodies that may
be specific for several epitopes of an antigen, monoclonal antibodies are usually
specific for a single epitope. Generally, monoclonal antibodies are produced by
removing B-cells from the spleen of an antigen-challenged animal (wherein the
antigen includes the proteins described herein) and then fusing these B-cells with
myeloma tumar cells that can grow indefinitely in culture. The fused hybrid cells,
or hybridomas, multiply rapidly and indefinitely and can produce large amounts
of antibodies. The hybridomas can be sufficiently diluted and grown so as to
obtain a number of different colonies, each producing only one type of antibody.
The antibodies from the different colonies can then be tested for their ability to
bind to the antigen, followed by selection of the most effective.

f01221 In particular, monoclonal antibodies can be obtained by any
technique that provides for the production of antibody molecules hy continuous
cell lines in culture such as those described in references listed above.
Preferably, myeloma cell lines that have lost their ability to produce their own
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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 ceriain
conditions (namely in the presence of HAT medium) are used. In such preferable
embodiments, one can detect successful fusion between healthy B-cells and
myeloma cells where the healthy partner supplies the needed enzyme and the
fused cell can survive in HAT medium.

(01231 Monoclonal antibodies can also be generated by other methods
such as phage display {see e.g., Sidhu (2005) Phage Display In Biotechnology
and Drug Discovery, CRC, ISBN-10: 0824754662).

[0124] Such antibodies can be of any immunoglobulin class including
19G, 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
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]1 Preferably, the antibody is of the IgG immunogiobulin class.
The following comments are direcied to the preferred IgG class, but one skilled
In the art will understand that the discussion may be applied to classes of other
embodiments as well.

(01261 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
of an IgG molecule 100 is “Y” shaped, as shown in Figure 3, with the base 102 of
the "Y" being forred by two pair of constant heavy chain segments 104,106 (two
segments, CHz-CHa, side by side). Each of the upper segments of this base
structure is linked to one of the two branches of the “Y” 108, 1 10, and specifically
each is connected to another constant heavy segment CH1 109, Each of these
two heavy chain segments CH1 is paired with a constant light chain segment
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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 anfibody binding sites is
reviewed by, for example, Lee et al. (2006) J Org Chem 71, 5082-5092.

[01271 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 CH1, 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,

[0128] The light and heavy variable chain segments, VH1 and VL1,
comprise very similar peptide sequences to the constant segments, but for three
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 the
hypervariable regions or complementarity defining regions (CDRs) 118. This
hypervariability is the result of gerietiq splicing and shuffling that occurs during
the maturation of an immunoglobulin-producing cell. Each mature
immunogtobulin-producing cell will produce only one type of antibody (if it is an
antibody producing cell), but different cells will produce different
immunoglobulins. This genetic procéss, therefore, gives rise to the wide variety
of antibodies produced within a single animal.

[0125] The three short hypervariabie peptide sequences of each of the
variable segments form a complex of six amino acid groupings that bundle
together at each of the distal tips of the antibody (the two distal tips being
identical to one another). The antibody molecule itself, therefore, can be thought
of as comprising a large structure that is dedicated to simply holding and
presenting a small group of amino acids, the CDRs, in a stable arrangement so
that they may bind with a very high affinity to a very specific target structure.
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(01301 Because the remaining sections of the variable chain segments
are highly conserved, relative to the hypervariable peptide stretches, the specific
amino acids that form the CDRs can be identified by sequencing methods.
Hypervariable regions of the variable light chain segment are found at, for
5 |example, peptides stretches 24-34, 50-56, and 89-97 (according to the
numbering systerﬁ employed by Kabat and Wu). Similarly, the hypervariable
regions of the variable heavy chain segment are found at, for example, 31-35,
50-85, and 95-102. It should be understood that specific CDRs may include a
larger number of peptides than would otherwise be permiited based solely on the
10 | numbers available, i.e., COR H3 is often larger than just 8 peptides, and in these
situations alphanumerics are employed, for example 100A, 100B, etc,, to
uniquely describe the sequence components.

SELECTION OF IMMUNE SYSTEM PROTEINS

[c131i] Immune system proteins are generally selected for their ability
to bind the biomolecule target. Preferably, the immune system protein binds the
15 | biomolecule target with a relatively high affinity. For example, preferable immune
system proteins can bind the biomolecule target with at least a Kp of about 1
mM, more usually at least about 300 uM, typically at [east about 10 uM, more
typically at least about 30 pM, preferably at least about 10 pM, and more
preferably at least about 3 pM or better. Preferably, the high affinity immune
20 | system protein is a high affinity menoclonal antibody. One skilled in the art will
understand that, while portions of the following discussion reference antibodies
and, more specifically, monoclonal antibodies, the discussion applies also to
other types of immune system protein discussed above.

[0132] Generally, binding at, in, or near the active site is a preferred
25 | embodiment given that such binding is more likely to inhibif the activity of the
target biomolecule. But other embodiments are contemplated where binding of
immune system proteins to regions of the target biomolecule may also result in
inhibition of activity through, for example, allosteric binding (e.g., stabilization of
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an inactive conformation). Algorithms to identify imimune 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
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.

[0133] Once high affinity antibody structures have been identified and
monoclonal antibody producing cell ines for them have been created, a
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 stabifity,. Monoclonal antibodies can be screened
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)).

[01341 Methods of selecting the active site high affinity binding
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
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
affinity for them as well, it is highly likely that the high affinity antibody is also an

active site high affinity antibody.
a7
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e
t8®xist at specifically enumerated stretches along the Ilght and heavy peptide
chains within the antibody provides additional reliability to this process. This in
silico technique can relate to other steps (e.g., determining specific spatial
position of the atoms of the binding portion of the antibody) of the inventive

method as well.

DETERMINING STRUCTURE SPATIAL POSITION

[0137] After immune system proteins {e.g., active site high affinity
moncclonal antibody) are selected, 3D protein binding domains are defined.
Definition of the protein binding domain(s) generally involves the determination
of the specific spatial position of the atoms of the binding portion of the immune

‘system protein that interact with the target biomolecule.
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(01381 Determination of the spatial position of the binding portion can
be achieved by means of various in sifico techniques. For example, software
packages can be used that model the structure of the binding surface and match
ittoa m;)del of the active surface of the target to assess ievels of compatibility.
Such software includes CAMAL. Also, algorithms to identify immune system
protein binding class based on the definition and site of the binding site (see Lee
et al. (2006) J Org Chem 71, 5082-5092).

[0139]1 Alternatively, the three-dimensional positioning of atoms within
a target molecule {especially a large molecule like an antibody) can be
determined by crystallizing the molecule into a long array of similar structures
and then exposing theAcrystaI to X-ray diffraction. The technique of X-ray
diffraction generally begins with the crystallization of the molecule because one
phbton diffracted by one electron cannot be reliably detected. However, because
of the regular crystalline structure, the photons are diffracied by corresponding
electrons in many symmetrically arranged molecules. Because waves of the
same frequency whose peaks match reinforce each other, the signal becomes
detectable. X-ray crystallagraphy can provide resolution down to 2 angstroms or
smaller. Techniques for employing X-ray crystallography for structural
determination are known in the art (see e.g., Messerschmidt (2007) X-Ray
Crystallography of Biomacromolecules: A Practical Guide, John Wiley & Sons,
ISBN-10: 3527313966; Woolfson (2003) An Introduction to X-ray
Crystallography, 2d Ed., Cambridge University Press, ISBN-10: 0521423597).

[0140]1 X-ray crystallography can be used to determine the structure of
atoms within a structure that is known to bind with high affinity to the active site
of a target biomolecule, and to then use this structural information to build a
synthetic molecule that retains the same affinity andfor activity as the antibody.

[0141] Structural determination via X-ray crystallography requires
crystals of the molecule of interest. Several techniques for creating such crystals
of immune system proteins are known to the art, and include those set forth in
U.S. Patent No. 6,931,325 to Wall and U.S. Patent No. 6,918,455 to Segeike,
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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 o ensure the proper binding structure is captured {see e.g.,
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, optionaily,
cryocooled with gaseous or liquid nitrogen. Cryocooling crystals can reduce
radiation damage incurred during data collection and/or decreases thermal
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
io construct a map of the electron density of the molecule that was crystallized.
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, sait bridge
interactions, polar surface area of the domain, apolar susface area of the
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 atomns 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
and double bonds typically have an about 1.30 to about (1 .35A separation.

[0243]1 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
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
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and thus similar biological activity with similar therapeutic utility.

[0245] Once the identification of the spatial orientation of atoms,

20 | preferably substantiaily all atoms and more preferably all atoms, in the binding
region(s) of an immune system protein (e.g., binding tips of an active site high
affinity monoclonal gntibody) has been accomplished, a subsequent step of
various embodiments of the present invention is generation of a pharmacophore
having a structure that approximates, preferably substantiaily approximates, at
25 |least a portion of the atoms of the immune system protein responsible, at least in
pait, for binding to the biomolecule target. For example, the pharmacophore can
approximate at least about 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, 99%, or 100% of the atoms of the immune

system protein responsible, at least in part, for binding to the biomolecule target.
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otherwise), the projected directionality of hydrogen bond donors and acceptors,
efc.

[0149] Typical feature components useful in generating a
pharmacophore scheme include, but are not limited to, atomic position; atomic
radil; hydrogen bond donor features; hydrogen bond acceptor features; aromatic
features; donor features; acceptor features; anion features; cation features;
acceptor and anion features; donor and cation features: donor and acceptor
features; acid and anion features; hydrophobic features, hydrogen bond
directionality, and metal ligands (see s.g., Example 4). Such features can be
located, for example, at a single atom, centroids of atoms, or at a projected
directional position in space.

[0150] Itis contemplated that numerous pharmacophore queries can
be designed for any given immune system protein - target biomolecule complex.
Itis further contemplated that these pharmacophore queries will be useful to
identify small molecule ligands which interact with the target biomolecute at a
site recognized by the immune system protein.

(01511 Exemplary resources for accomplishing such modeling and
queries include, but are not limited to MOE (CGG) (providing pharmacophore
query and visualization), Glide (Schrodinger) (providing docking and scoring),
Accord for Excel (Accelrys) {providing organization of molecular information
including chemical structures and formulas), and the ZINC database (UCSF)
(providing a library of commercial compounds). One design tool for the
generation of pharmacophores from immune system protein - target biomolecule
structural binding characterization is MOE, or Molecular Operating Environment
{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
features.
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abeled poinis 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
5 | be searched with a query that represenis 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 pharmacophoric 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
10 |database and the restrictiveness of the pharmacophore query (e.g., partial
mathces, number of features, efc.). 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 1o focus the outcome of the query. For example, dompounds
15 | 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

101531 The subject methods find use in the screening of a variety of
different candidate molecuies (e.q., potentially therapeutic candidate molecules).
As described above, candidate molecules can be searched using a
20 | 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 Daltons. Candidate molecules comprise functional groups necessary for
structural interaction with proteins, particularly hydrogen bonding, and typically
25 |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 andfor aromatic or
polyaromatic structures substituted with one or more of the above functional
groups.
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f0154] 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 daiabases for commercially
available compounds for screening (see e.g., ZINC database, UCSF, with 2.7
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
provided by vendors, for example: ChemBridge, Princeton BioMolecular,
Ambinter SARL, Enamine, ASD!, Life Chemicals ete).

[0155] Candidate molecules for écreening according to the methods
described herein inciude both lead-like compounds and drug-like compounds. A
lead-like compound is generally understood to have a relatively smaller scaffold-
like structure (e.g., molecular weight of about 150 to about 350 kD) with relatively
fewer features (e.g., less than about 3 hydrogen donors and/or less than about 6
hydrogen acceptors; hydrophobicity character xlogP of about -2 to about 4) (see
e.g.. Angewante {1999) Chemie int. ed. Engl. 24, 3943-3948). In contrast, a
drug-like compound is generally understood to have a relatively larger scaffoid
(e.g., molecutar weight of about 150 to about 500 kD) with relatively more
numerous features (e.g., less than about 10 hydrogen acceptors and/or less than
about 8 rotatable bonds; hydrophobicity character xlogP of less than about 5)
(see e.g., Lipinski (2000) J. Pharm. Tox. Methods 44, 235-249). Preferably, initial
screening is performed with lead-like compounds,

[0156] When designing a lead from spatial orientation data, it can be
useful to understand that certain molecular structures are characterized as being
“drug-like”. Such characterization can be based on a set of empirically
recognized qualities derived by comparing similarities across the breadth of
known drugs within the pharmacopoeia. While it is not required for drugs to meet

| all, or even any, of these characterizations, it is far more likely for a drug

candidate to meet with clinical successful if it is drug-like.
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constructing a lead molecule during rational drug design efforts such as may be

accomplished by using the methods of the present invention.

[o158] The four "rules of five” state that a candidate drug-like
compound should have at least three of the following characteristics: (i) a weight
10 |less than 500 Daitons; (i) a log of P less than 5; (jii) no more than 5 hydrogen
bond donors (expressed as the sum of OH and NH groups); and (iv) no more
than 10 hydrogen bond acceptors (the sum of N and O atoms).

(01591 Also, drug-like molecules typically have a span (breadth) of
between about 8A to about 15A. For an example of a subgroup of the atoms
15 linvolved in binding that are close enough together to be sfructured into a lead
molecule, see Table 3 of Example 1.

[0160] As explained above, the number of molecules identified as hits
to the pharmacophore depend, at least in part, on the size of the database and
the restrictiveness of the pharmacophore query. The number of molecules
20 |identified as hits from a pharmacophore query can be reduced by further
modeling of fit to the binding site of the target bicmolecule. Such modeling can
be according to docking and scoring methods, as described below.

DOCKING AND SCORING

[0161] Candidate molecules identified as having similar atoms in
similar positions and/or similar features in similar positions as compared to a
25 | pharmacophore model (e.g., through a pharmacophore query as described
above) can be further selected according to docking affinity for the target
biomolecule (see e.g., Example 5). In addition to pharmacophore model
generation for database queries, a second sequential and complementary
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method for compound identification and design can be employed.
Pharmacophore queries can filter out compounds quickly and docking and
scoring can evaluate ligand-target biomolecule binding more accurately. In the
case of protein or enzyme target biomolecules, amino acid residues of the target
protein or enzyme involved with antibody contact can be used to define the .
docking site.

[c162] [n various embodiments, selected compounds from the
pharmacophore queries are docked to the target proteinfenzyme binding site
using software designed for such analysis {e.g., Glide (Schrodinger, NY).
Docking affinity can be calculated as numerical values (e.g., “Glide score”)
based upon, for example, energy gained upon interaction of the molecule with
the protein {e.g., "g_score") and/or energy required to attain the docked
confarmation relative to the Iowe}.t energy conformation {e.g., “e_model") (seo
e.g., Example 8). For these particular examples, the more negative the score,
the better the docking. Preferably, the g_score is less than about -5. Preferably,
the e_model score is less than about -30. It is contemplated that the desirable
numerical quantification of docking can vary between different target
biomolecules. In various embodiments, a threshold docking score (e.g., g_score
and/or e_model écore) can be chosen so as to manage the number of molecules
for acquisition and further testing. For exampie, in‘various docking studies
described herein, for VEGF (Pdb:1¢z8) a g-score of negative 5.0 {or greater
magnitude in a negative direction) was considered a desirable docking score and
the cut off was adjusted accordingly,; yet for ErbB2 (pdb:1s78), a g_score of
negative 7.5 (or greater magnitude) was considered a desirable docking score.
In these studies, the magnitude of the g_score used to adjust the number of hits
to a workable number that could be acquired and tested. As an example, if the
total number of compounds identified from a pharmacophore query was about
1,000 to about 3,000, the docking scores can be used {fo rank such compounds
so as to select about 100 to about 200 for further testing. It is contemplated the
number of compounds to be selected for further testing could be lower or higher
than these estimates. Preferably, magnitude of the g_score is used as a
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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 resultin a group of compounds with
multiple conformers. Using suitable modeling software (e.g., MOE), 3D
structures can be converted to 2D and duplicates thereby removed. The
resuiting 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

[0164] 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
various methods known in the art (see e.g., Example 8). 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-throug;:hput Screening, Genetic
Selection and Fingerprinting, John Wiley & Sons, 386 p., ISBN-10: 352731 0959;
Eisenthall and Danson, Ed. (2002) Enzyme Assays, 2d edition, Oxford University
Press, 384 p., ISBN-10: 0199638209).

FURTHER REFINEMENT

(01651 Several methods for further refining the selected candidate
molecules. Data from biological assays can be correlated with the docking model
80 as to further refine lead-like molecules and/or drug-like molecules. Various
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
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A St el ol e AT
P d) g,A 58 and designed as a taol to identify smail molecules which have

features and components of the antibody cetuximab. Specifi ically this region is
defined as the H2 CDR of the antibody heavy chain of cetuximab. Features and
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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 |-1 52A -
WO 2007/087266 PCT/US2007/001685

components of these amino acid residues of cetuximab were used to creafe a
pharmacophore model. From this pharmacophore model is derived the following
compound:

Se

Formula (1)
5 [01681 wherein S1-88 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, C,
10 ]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 —NHz, substituted amino —NRz, or
cycloamino groups containing cne, two, or three N atoms ina 5 or 6 membered
ring); X is defined as Hz, O, S, N-R, N-OH, or N-NR;; Het is defined as one or
15 | more N atoms at any ring position; and Z Is defined as —COOH, -PO3Hz; SOsH,
tetrazole ring, sulfonamide, acy! suifonamide, -CONH; or —CONRo.

[0169] Additional analogs include those where one or more of the
nitrogen atoms are replaced with unsubstituted carbon atoms or carbon atoms
containing one or two independent substituents where $9-811 are defined as
20 |above for $1-S8:

s s s ]
s :\l/é s :sq_/g s 3\4/25';
s E S8, S, r:lz - 2 Sn i Ve s,
N “Hel E )/ “Het = Hat
8 1
' X S!&Q S X 85 3y 1 S X 8{ 8y I
Sy S, Sy

Formula (2) Formula (3) Formula (4}
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OS Sly 85 0 3.15A Thr H 33 051 Sly 86 0 3.31A Tyr H58 OH Trp 89 o
2.91A Ser L 90 O Trp 89 NE1 3.01A Asn H56 OD1 Pro 91 0 3.28A Co 2 4
81lLooking nore closely at“the relative positioning of these eiﬁht een
atons, andVRGPE8ES¢icularly to the nine atons of the aFtVBHIY7OLSH
bind Wth the atons of the target, two separate potential target
sights are identified on the angiogenin. This neans that (as shown in
Tables 11 and 12) two separate | ead nol ecul es can be constructed to
bind with the angi ogenin. The tables below include the relative

[ n f h of th n
di stances of eac [8 17(%] eigdi?ig)r?a Y. lhe een%%gor%réﬁg Psol;'nreorsm aPena sg g%spc%d to

have the same utility:

Sg

Formula {5}

5 [0171] wherein S1-38, X, Het and Z are define as above.

[01721 Inone embodiment, the inhibitor of the binding of epidermal
growth factor (EGF) to epidermal growth factor receptor (EGFR) is AD4-1025
((N'-(4-chlorophenyi)-N2-{3-pyridinyimethyl)-alpha-asparagine; Formula:
C1sH15CIN3O3; Molecular weight: 333.78)) (see e.g., Example 7). An exemplary
10 | depiction of the binding of AD4-1025 to EGFR is shown in Figure 46, The
structure of AD4-1025 is as follows:

Ch

“
. N

-
=1itn

Formula (8)

[0173] Al a concentration of 25 pM of AD4-1025, binding of EGF to
15 | EGFR is inhibited by 75.7% (see e.g., Example 6).

AD4-1038

01741 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 AD4-1038 are expected to

have the same inhibitory effect and utility. A pharmacophore model,
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Tabl e 11 TYRASNTYRTYR Atons in cl osest contact 30B30A98100B with the
first site on Angiogenin nol ecul eOHNCOH  TYR3030H ASN30AN TYR98C
TYR1003CH 0.00 3.36 7.03 8.27 3.36 0700 9.37 10.89 7.03 9.37
0. 00 3.90 WO 70873639 3. 90 0. 00 PCT/US2007/001685

Pharm1_thr100_glu105, was desighed using information from the 1YY8 protein
crystal structure to design a pharmacophore model (see e.g., Example 4; Table
17; Figure 17). The Pharm1_thr100_glu105 model was utilized to identify small
molecules which bind to EGFR. The site on the EGFR (SEQ |ID NQ: 1) protein is
5 |recognized by amino acid residues THR-~100 to GLU-58 of the antibcdy
Cetuximab (SEQ ID NO: § and SEQ ID NO:6) (Erbitux). Pharm1_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 campaonents of these amino acid residues of cetuximab
10 |were used to create a pharmacophore model. From this pharmacophore mode!
is derived the following compound:

Formula {7}

[0175] wherein S1-S4 represent independent substituents of the

15 |following type: Halogen (F, Ci, Br, or 1}; 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, O,
and S atoms; Alkoxyl (-OR where R is defined as C1-C6 straight chain or

20 |branched alkyl group, optionally substituted with halogen, hydroxyl, sulfhydryl,
carboxylate, aryl, heteroaryl, aminc —NH;, substituted amino —-NR;, or
cycloamino groups containing one, two or three N atems in a & or 6 membered
ring); X is defined as O, S, N-R, N-OH, or N-NRy; Het is defined as one or more
N atoms, located at any position of the ring; Z is defined as -COQCH, -PO3zH,,
25 | 503H, tetrazole ring, sulfonamide, acyl sulfonamide group, -CONH,, or —-CONR..

[0176] Additional analogs include those where the central nitrogen
atom is replaced with unsubstituted carbon atoms or carbon atoms containing
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Tabl e 12 THRTYRSERASN Atons in closest contact 33589056 with the °
second site on Angi ogeni n nol ecul eOCHOO THR330 TYR580H 0.00 7.18
11.28 9.3 00 9.96 3.68 WD 2007/ 087266 PCT/

SER900 118‘¥§25°7§’é%6900 13.47 ASN560 9.38 3.68 13.47 0. 0#5‘%9&“7%%@

[ 0249] As stated previously, a drug-like nolecule typically has a
span of between 8-15A and a nol ecul ar wei ght of |ess than 500
Daltons. In Table 11, it can be seen that the OH of tyrosine 308, the
nitrogen of asparagi ne 30A, the resonant carbon CD2 of tyrosine 98,
and the OH of tyrosine 1008 are cl ose enough (<11A apart) that a

sui t abl e nol &wb&mnd&&msﬁmm&&ﬁﬁdﬂmmmanﬂ Sg-drda kefisddz&s above for
Simlarly, es e, 0x t the
G of "1yt os| R 25 R Tt SRCAOA e e R RAED By XS AP el g e

cl ose enough (<14A apart) that another suitable nolecule can be
constructed]| Figures 9A show two | ead nol ecyl e structures that
neets the criteria fo an §econd r he leogenln
nol ecul es r¢specti

Ht;l S, He; S,
X X
* Formula (8) Formula (9)
5
(01771 Compounds which have a short linker moiety as indicated are
also expected to give the same inhibition of EGFR:
§2
N S
s
£ I L
Het 3
X
Formula {10)
10

[o178] wherein L is defined as a linker consisting of 1-4 linearly
connected atoms 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
15 | substituents independently selected from the group S1-86 defined above,

[0179] Additionally, compounds of different stereochemical
composition including racemates and enantiomeric isomers are also expecied to
have utility as EGFR inhibitors:

Racemates and enatiomers

e atelers

20 Formula (11) Formuta (12)

[0180] wherein 31-84, X, Het, and Z are define as above.
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(02501 The tabl es bel ow show (7) the separation of the atons in a
reasonabl e conformation of the first |lead nolecule, and (ii) the

di fference _between the positions of the atons in the first |ead as
conpar ed wWHIHHEHEta fromthe x-ray diffraction anal y8FEUSHO0T/P68S
crystallized anti body. Table 13 Key Atons Rel ative Positions in the
151 Lead Mol ecul e OHTYR NASN "Resonant Ring" C OHTYR OHNCCOH
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 Atons Rel ati veOHNCCH
Positions in the 1st Lead Ml ecul eTYRASNTYRTYR OHTYR 0.00 3.51 7.03

10

15

20

25

[0181] Inone embodiment, the inhibitor of the binding of epidermal
growth factor (EGF) to epidermal growth factor receptor (EGFR} is AD4-1038
(({2-[(4-Hydroxy-phenyt)-methyl-amino]-4-oxo-4,5-dihydro-thiazol-5-yl}-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 AD4-1038 is as follows:

AD4-1038

Formula {13}

[0182]1 Ata concentration of 25 uM of AD4-1038, binding of EGF to
EGFR is inhibited by 70.7% (see e.g., Example 6).

AD4-1020

[01833 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,
Pharm1_gly54_asp58, was designed using information from the 1YYQ protein
crystal structure to design a pharmacophore model (see e.g., Example 4). The
Pharm1_gly54_asp58 model was utilized to identify small motecules 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 NOQ:6) (Erbitux). Pharm1_gly54_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. Spegifically 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:
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8.06 ASN 3.51 0.00 9.41 10.75 WD 2007/ 087266PCT/ US2007/ 001685
"Resonant Ring" C7.03 9.41 0.00 3.95 OHTYR 8.06 10.75 3.95 | 0 00
(8 251] Si m I arl% t abl es bel ow show (i) the separation of the

in a reasof 8P or mation of the second | ead nol eculPecT"aﬁ%ﬂm(qoFﬁ83
the difference between the positions of the atons in the second | ead
as conpared with the data fromthe x-ray diffraction analysis of the
crystallized antibody. Table 15 Key Atons Positions Lead 0O CH O O
Rel ative in the 2"d Ml ecule 0 THR OHO0 TYRSERASN THR

Formula {14)

(01841 wherein S1-S6 represent independent substituents of the
following type: Halogen (F, Cl, Br, {); Hydroxyl (-OH); Suifhydry! (-SH);
5 |Carboxylate (-COOH); Alkyl (C1-C4 carbons, straight chain, branched or
optionally containing unsaturation); Cycloalkyl (C1-C6 optionally containing
unsaturation); Aryl including phenyl or heteroary! containing from 1to 4 N, O,
and S atoms; or Alkoxy] (-OR where R is defined as C1-C86 straight chain or
branched alkyl group, optionally substituted with halogen, hydroxyl, sulfhydryl,
10 | carboxylate, aryl, heteroaryl, amino —NH;, substituted amino —NRg, or
cycloamino groups containing one, two or three N atoms in a 5 or 6 membered
ring).

[0185] Additional analogs include those where one or both of the
phenyl rings is replaced by a heterocyclic ring, wherin X is defined as O, S, N-R,
15 IN-OH, or N-NRz; Het is defined as one or more N atoms, located at any position
of the ring; and Z is defined as —COOH, -PO3H3z; SO3H, tetrazole ring,
sulfonamide, acyl sulfonamide, ~-CONHz, or -CONR2.

S, X 5,
N N:_-N
. O &N L]
ot \Het/ N’N z
Formula {(15)
20 [01861 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, 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
25 |case of Car N, the atom may have one or two additional substituents
independently selected from the greup S1-S6 defined above.
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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 O O Lead
Mol ecule fromto t%hfe 2"d 0 THR OH TYR SER ASH THR 0700_0.01 0. 13

0.15 TYR HQA0E&3y6

10

15

20

PCT/US2007/001685

L) U
" N

7S Formula (16)

[01871 Additional analogs include compounds in which the tetrazole
ring is replaced with an alternative 5-membered heterocyclic ring as indicated

s, fl':
Ara
m—@‘#{. 'S
e
SS

[o188] wherein A is an atom independently selected from a group

]
* Formuia (17)

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 atiached 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 31-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-(benzyloxy)phenyl]-2H-tetrazol-2-yl}acetic acid); Formula: CigH14NaOg;
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:

AD4-1020

Formula (18)

[01920]1 At a concentration of 25 uM of AD4-1020, binding of EGF to
EGFR is inhibited by 47.8% (see e.g., Example 6).
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0.07 0.03 SER 0.13 0.07 0.00 0.00 ASN 0.15 0.03 0.00 0.00
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F3 Acc&Ani Derived from Ol y54 backbone carbonyl of the anti body

cet uxi mab. Acce tor accepts an H-bond fromor Anion forns a salt
bridge to M?ﬂ &0%f receptor Arg353. F4 Acc2 Direct iP6FAISRA0JOQHSSF3
with respect to guanidine of Arg353. F5 Acc&Ani Derived from Asp5B
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ar macophorie. om radi us ure

B hce Do 1 A ePRDHE AN RIEER (G Brctins SR BN ghoie coge e TRed as
bond from guyafz & FeNdR. Né%ié,p!l‘d\i NRzgSSS F2 Don Derived from anti body

Asn56 si de ghain NH2 donating an H-bond to receptor 5er448.
0197] Additional analogs involve the juxtaposition of groups A and

5 | C=X as found in, but not limited to, the case of a retro-amide as indicated:

si
sm o< %
| S,

Het Formula (23)

[0198] [n one embodiment, the inhibitor of the binding of epidermal
growth factor (EGF) to epidermal growth factor receptor (EGFR) is AD4-1132
10 [ {(2-{[(2, 4-dimethylphenoxy)acetyllamino}- -5-hydroxybenzoic acid); Formula:
C17H17NOs; Molecular weight: 315. 32) (see e.g., Example 11). The structure of
AD4-1132 is as foliows:

H,C COOH
E }oﬁrn@

CH, OH
AD4-1132

Formula {24)

15 [0159] Ata 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]) AD4-1142 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 expecied 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_gly54_asp58 model was utilized to identify small molecules which bind
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F3 and F4 Acc&Ani Derived from antibody Asp58 side chain car boxyl ate
accepting an Hbond fromor formng a salt bridge to 1'11-13
receBtorgW@m}mS?zGN Excl uded vol unes (not shown for &Cérqutz%mm%
2007/ 087266PCT/ US2007/ 001685 21 91y54 asp58 Partial match, lig and
must match at | east 4 pharnacophore features. Figure 13 Fl Aro
Derived from MESS (see above). Forns a favorabl e hydrophobic
interaction with pyrrolidine ring of receptor Pro349. F2 Acc&Ani
Derived from anti body Gly54 backbone carbonyl. Acceptor accepts an-
H-bond fr onito EGFR @BEQADMECA1 )5 Thé she bAUee EGFRIsBLM Rere@bgHifSERY Biino

o B bond (0] LT G CER B AFELEERhe SofERLEL, ot AG NEPLES
Di rect i onal [S5QAD N6\ Erbitnxds Pbatma3p glvbd obsSdrid bddeled after residues GLY-
54 to ASP-58 and designed as a tool to identify small molecules which have

5 |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:
4
5, 0\\ AN ~
%
Sz‘@ o} \@755
s S,
10 2 Formula (25)

{0201] wherein 51-56 represent independent substituents of the
following type: Hydrogen (-H); Halogen (F, Ci, Br, 1); Hydroxyl (-OH); Sulfhydryl (-
SH); Carboxylate (-COOH); Alkyl (C1-C4 carbons, straight chain, branched or
15 | optionally containing unsaturation); Cycloalkyl (C1-C6 optionally containing
unsaturation); Aryl including pheny! or heteroaryl rings containing from 1 to 4 N,
O, and 8 atoms; or Alkoxyl (-OR where R is defined as C1-C6 straight chain or
branched alkyl group, optienally substituted with halogen, hydroxyl, sulfhydryl,
carboxylate, aryl, heteroaryl, amino —-NHz, substituted amino ~NR,, or
20 | cycloamino groups containing one, two or three N atoms in a 5 or 8 membered
ring) and Z is defined as —COOH, -PO3Hp; SO3H, tetrazole ring, sulfonamide,
acyl sulfonamide, -CONHz, or ~-CONR3.

[0202] Additional analogs include those where the sulfonamide NH is
optionally replaced by atom of type Y, wherin Y is defined as CHs, O, S, N-R, N-
25 | OH, or N-NRz; 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
pasition of the ring.
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F5 Acc Derived from hydrophilic contact statistics. Accepts an H bond
fromreceptor 1ys443. This feature is marked essential. V1 Excluded

vol umes (not shown for clarity). 22 gly54 asp58 Partial match,
| i gand musYVORYR7246 | east 5 phar macophore features Fi gRffBUS2407401685

Acc&Ani Derived from Gly54 backbone carbonyl of the anti body

cet uxi mab. Acceptor accepts an H bond fromor Anion fornms a salt
bridge to guani di ne of receptor Arg353. F2 Don Derived from
hydrophilic contact statistics. Donates an Hbond to side chain OH of
receptor Ser418. F3 Don2 Directionality of F3 with respect to OH of
Ser418. F4jiAcc Derived from ha/drop,hl lic gontact statistics. Accepts
an H bond fromreceptor Lys443” “s.AY I’SI’ ved from hydrophobi c
contact statfistics, favorabl escigul! yteéraction with guani di ne of
Arg353 of the receptor. F6 AraZ"Bi FEC"‘E'I onal 'FtYmu?f(zé:) with respect to
guani di ne off Arg353.

[0203] Additional analogs include those where Compounds which have
a short linker moiety as indicated are also expected to give the same inhibition of
5 |EGFR, where L is defined as a linker consisting of 1-4 linearly connected atoms
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.

5
! N ?‘ z
S; (L)—N
=={et |, 5—s,
S5 Het

10 Ss 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 opticnally connected by single, doubie and triple bonds,

15 3 Formula (28)

fozo5] wherein Y is define as above and A is an atom independently
selected from a group including CHz,N,O,and 8. In the case of C and 8, the
oxidation state of the atom may have one or two oxygens attached by either a
20 | single or double bond. In the case of C or N, the atom may have one or two
additional substituents independenily selected from the group S1-S6 defined
above.

[0206] Additional analogs involve the juxtaposition of groups Aand Y
as indicated, including analogs where groups A and Y are optionally connected

25 | by single, double and triple bonds,
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23-9gl y54_asp58 Partial match, ligand nust match at |east 5

phar macophore Figure 15 FI Don Derived from anti body side chain NH2
of Asn56 fornms an H bond with receptor Ser418 side chain OH F2
Acc&Ani DeMOME /457 01y54 backbone carbonyl of the ant PEHYF2007/001685
cetuxi mab. Acceptor accepts an H-bond fromor Anion forns a salt
bridge to guanidine of receptor Arg353. F3 Acc2 Directionality
onality of F3 with respect to guanidine of Arg353. F4 Accé&Ani
Derived from anti body Asp58 side chain carboxyl ate accepting an

H bond fromor formng a salt bridge to NH3 of receptor Lys 443. F5
Don Derived fromantibody G y54, backbgne RH form ng an H bond with
si de chai n garbonyl of receptaor 84 SAro Derived from

hydr ophobi c |contact statisti c& L gvor i@t coul onbic interaction with
guani di ne off Arg353 of the recéptor. This feagtornsafs) nmarked
essential. |F7 Aro2 Directionality of F6 with respect to guanidi ne of

Arg3>53. (02071 Inone embodiment, the inhibitor of the binding of epidermal
growth factor (EGF) fo epidermal growth factor receptor {(EGFR) is AD4-1142

5 | {{5~{{{4-ethylphenyl)sulfonyllamino}-2-hydroxybenzcic acid); Formula:
C15H1sNOsS; Molecular weight: 321.35) (see e.g., Example 12). The structure of
AD4-1142 is as foliows:

M

OH
)
X
COOH

AD4-1142

Formula {30)

10 [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

102091 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
15 | 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, 1SBN: 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
20 | 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, subcutanecus, intranasal, epidural,
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24 gly54 asp58 Partial match, El Don Derived~from anti body side chain
NH2 of Asn56 fornms an H bond with receptor Ser418 side chai n OH F2
Derived from Gly54 backbone carbonyl of the antibody WD

2007/ 08726‘6’?@?‘)%@%@7/ 001685 |igand nust match at | eastPG/AZRXTAH168S
cet uxi mab. Acceptor accepts an Hbond fromor Anion fornms a salt

bri dge to guani di ne of receptor Arg353. pharnmacophore features F3
Acc2 Directionality of F3 with respect to guanidine of Arg353. Figure
16 F4 Don Derived from anti body d y54 backbone NH form ng an H bond
wi th side chain carbonyl of receptor 61n384. F5 Aro Derived from

o e St A5 S4BT AS B LR BRI oy o i
hydr ophi | i ¢ | Eotmekicatianaviisene o maceadiienabpoents @ﬁ“’l%t’@ﬁ%‘ inpention gREYor
from OH si degy dggﬁ'lé? with due&afbI86icaR) 4iSe or Yibidaicdy dagh XgdnisESuch

| thr100_glul05 ) . ) . . o
biologically active or inert agents may be in fluid or mechanical communication

—_

5 |with the agent(s) or attached to the agent(s) by ionic, covalent, Van der Waals,
hydrophobic, hydrophillic or other physical forces.

[0210] 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
10 |action or other characteristics, such as blood levels of the agent, and
consequently affect the occurrence of side effects.

[0211] When used in the methods of the invention, a therapeutically
effective amount of one of the agents described herein can be employed in pure
form or, where such forms exist, in pharmaceutically acceptable salt form and
15 | with or without a pharmaceutically acceptable excipient. For example, the agents
of the invention can be administered, at a reasonable benefit/risk ratio applicable
in a sufficient amount sufficient to inhibit the target biomolecule for which the
compound is specific'for the treatment or prophylaxis of a disease, disorder, or
condition associated with the target biomolecule,

20 [0212]1 Toxicity and therapeutic efficacy of such compounds, and
pharmaceutical formulations thereof, can be determined by standard
pharmaceutical procedures in cell cultures and/or experimental animals for
determining the LDsp (the dose lethal to 50% of the population) and the EDsg,
(the dose therapeutically effective in 50% of the population). The dose ratio

25 | between toxic and therapeutic effects is the therapeutic index that can be
expressed as the ratio LDso/EDsp, where large therapeutic indices are preferred.

[0213] The amount of a compound of the invention that may be
combined with a pharmaceutically acceptable carrier to produce a single dosage
form will vary depending upon the host treated and the particular mode of
30 | administration. it will be appreciated by those skilled in the art that the unit
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[ match |igand nust match at |east 6 pharnacophore features
E?(E]fjlrgl 1r7ra}:| Accheri ved fromthe backbone carbonyl of the antibody
Tyr102 accepting an H bond fromthe OH side chain of theg{"/géﬁlg%/gorlﬁss
Ser 440. Oﬁ@ﬁgosl?)’r‘gﬁectionality of FI with respect to th o
Ser 440. F3 Aro Deri ved fromside chain phenol ring of the anti blo y
Tyr101 formng a favorable coulonbic interaction with the |md§:z),o eth
side chain of the receptor H s408. F4 Aro2 Directionality of = W
respect to the imdazoie of H s409. F5 Don Derived fromth_ed5| ﬁ -
chain OH of ,the antibody Tyr 102 donat! ng an H-bond to the side chai ‘
car bonyl of F%efﬂ&@sﬁa?c@mmm aﬂ?ﬁdmmamsamdch%bhﬁéfd?hﬁﬂﬁd ot Gle

i Th the o fle o ool ¢ SeaoeuaeR oAl ity SR Retatsntl | 1y of s
W 1 1 oapec] TPEEHLCy AE AmeHRtsoHH beofeached OB admgevatotuia number
Derived fropetihdivisudiedazsba) Mgé?ﬂhbﬁﬂd&ét?ét%n@an%%hlbé’éié( s@@ﬂi et oFGG& O
accepts a RO IE WAL AL Olporfe?c%rqlsp!é% a%aalgtent can ge administered daily,

weekly, bi-weekly, or monthly. For some conditions, treatment could extend from
several weeks to several months or even a yvear or moare.

[0214] The specific therapeutically effective dose leve| 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
heaith, 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. !t 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.

(02151 Compounds of the invention that inhibit the target biomolecule
" 20 [can also be used in combination with other therapeutic modailities. Thus, in
addition to the therapies described herein, one may also provide to the subject
other therapies known to be efficacious for partrcular conditions linked to the
target biomolecule.

[0216] Having described the invention in detail, it will be apparent that
25 | modifications, variations, and equivalent embodiments are possibie 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.
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NH3 of receptor Lys465. This feature is marked essential. V1

Excl uded vol unes 2 thr100_glul05 Partial match, |ig and nmust match
at | east 7wphsowszephore features Figure 18 This phar neCuy$oe@oysery
is the sane as 1_thr100_, glul05 with the exception that F8 Acc&Ani is
not narked essential. . 3 jhrioo_giul05 .-11 FI Don&Acc Derived
fromthe side chain OH of antibody Tyr102. This OH donates an H- bond
to the side chain carbonyl of receptor G n408 and accepts an H bond
fromthe side chain NH2 of WD 2007/ 087266PCT/ US2007/ 001685 |i gand
nmust mat ch dexsemsied phar nacophore features Fi gure 19 receptor

01n384. F2|Arc .
[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

5 |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 specif"ic embodiments that are disclosed and
stifi obtain a like or similar result without departing from the spirit and scope of
the invention.

EXAMPLE 1: VASCULAR ENDOTHELIAL GROWTH FACTOR

10 [0218] 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 endothetial growth factor
(VEGF-A) (SEQ ID NO: 2). In short, a human vascular endothelial growth factor
(VEGF-A) is presented o 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 molecuie at different surface areas of the molecule. It is
expected that at least one of the antibadies binds to the active region of the
VEGF-A molecule,

(0219] By way of clarification, the VEGF family currently comprises
seven members: VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E, VEGF-F, and
25 | PIGF. All members have a common VEGF homology domain that includes a
cystine knot motif, with eight invariant cysteine residues invoived in inter- and
intramolecular disulfide bonds at one end of a conserved central four-stranded
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Derived fromthe side chain phenol ring of antibody Tyr102 formng a
favorabl e hydrophobic interaction with the side chain of receptor

Val 417.  FaoMwerdserssved from side chain phenol ring of pomusibi/doshs
Tyr101 formng a favorable coulonbic interaction with the im dazole
side chain of the receptor Hi s409. F4 Don&Acc Derived from side
chain OH of Tyr101. F5 Ace Derived fromthe backbone carbonyl of
antibody Tyr102 accepting an Hbond fromthe side chain OH of
receptor 8er440. F6, F7 Acc&Anl Derived fromthe side chain

car boxyl at e M | . Accept o ccepts an H bond fro_ or,
Ani on ?‘/or s g’t?*sagﬁéeg%ﬁ‘éﬁgﬁ‘%"ﬁ‘?“ \E\)IhlgéFsi?rg?n{eylg@éggnnpﬁamgkgHgZE'gdsude
vol une 1Q origptation.gl ul0 5 Partial match |igand nust match at |east

hore features. Al |l pharmacophores spheres have a radius of
g gh%,ggtcfgm [0220] MAB GENERATION; CRYSTALLIZATION, X-RAY

DIFFRACTION; SPATIAL POSITION

5 [02211 A VEGF 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 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, th:a L 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 Fab molecule.)

[0222] 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 Fab 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

4 A l H chain peptides (amino acid and sequence number)
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Fi gure 20 .F1 Don&Acc Derived fromthe *side chain OH of~anti body
Tyr102. This OH donates an H bond to the side chain carbonyl of
receptor 0in408 and accepts an H bond fromthe side chain NH2 of

recept or OYRF8Y/087266 Aro Derived fromthe side chain phErBFSPIHYLIEE

anti body Tyr

102 form ng a favorabl e hydrophobic interaction with the

side chain of receptor Val4l7. F3 Ace Derived fromthe backbone

car bonyl of
OH of recept
car boxyl at e

anti body Tyr102 accepting an H bond fromthe side chain
or 5er440. F4, F5 Acc&Ani Derived fromthe side chain
of anti body Aspl03. Acceptor accepts an H bond from or

Ani on forns
Derived f roA
accepting ar
Aro Derived
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[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 profein 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.
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Derived fromthe side chain ON of antibody Tyr102. This OH donates an
H bond to the side chain carbonyl of receptor G n408 and accepts an
H bond fromthe side chain NH2 of receptor G n384. |igand nust match
at | east 7WERONYBTHEr i ved from the backbone carbonyl of PERUPHEHIP168S
Tyr 102 accepting an Hbond fromthe side chain OH of receptor 8er440.
phar macophore 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 Tyr101l form ng a favorabl e coul onbic interaction
with the imdazole side chain of the receptor H s409. F5 Aro2

Di rectional ity of tﬁgzﬂ‘l t g P8 BaHbwE thd AShdndagrenOhintdted YEGH6
Derived fromthe side chain carboxylate of anti bogy 103. %R
2007/ 087266 RO IesIBENHPIEgEs thahthedanae aF pepitdss 30, éE%f% e gRorpglRythe
fromor Ani qantipédiBara is @hd rdhoed9 60 te1003dieH israpapbpthadyshfls  F7

Acc2 Directifonality of E6 with respect to the side chain of Lys465.
F8 Don Derivébr"?"?‘t‘ﬁ/ﬁefjﬂ‘éf%‘?‘i\%fec%“ﬁ- 01-1 of antibody Tyr102. This OH

donat es ap H-bond f,9,Ehe Ai{cgﬁsrfgl\%itﬂe EREROMYAL., Bf vifr§ CeRbASe A0S shdli S

feature i S nmarked essenti a i ) . . perne
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.

10 [02271 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
CDRs, 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

15 | 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)
lie 80 o Tyr 102 OH 2.47A
Gin 87 Q Tyr 99 OH 2.50A
Gin 89 NEZ2 Thr 30 0 2.78A
His 20 ND1 Pro 100 0 2.67A
His 00 NE2 Ser 1086 oG 2.50A
Giu 03 OE2 Tyr 101 OH 2.92A
20 [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 ihe relative distances of each of these atoms from one another.
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F9 Don2 Directionality with respect to the side chain carbony!’of
receptor G n40B. V1 Excluded vol unme ] 223hrﬁ00 gLulO 5 Parti al -
mat ch tch at | east 6 pharmacophore feat

Thi s phar%ﬁ@%ﬂﬁﬁﬁzm uery is the sane as 21_thr100_glu_ E@gﬁgf{kﬂ@%§
exceptions: F6 Aci &ni is nmarked essential. F8 Don is not marked
essential. VEGF conpl exed wth anti body cetuxi mab (1CZ8) [0 2
6 6] The crystal (1CZ8) of protein VEG- (SEQ ID NO 2) conplexed wth
anti body was anal yzed according to the procedures descri bed above.
Resul ts showed that one set of six residues of the antibody makes
contact with the Fadegtor. This is Tyr101-Ser106. This section of the

antibody is the pharmacophore mndel s described bel ow
in Table 18 and Fi ures 23- 29F|m&{r)|eezéygc\é€A;RoAcce£;r ac;;;ts a:ER
Iz-l-ogzlnng?ng?r: orvzf%cma t‘% va sa?g bri dg to glggm di n(?ilm de ﬁlhal n o(f(:
receptor Arg82 -t ..e si-de—chay -body
Tyr102. Thi § Of onatzgs an H-ho‘ﬁ?Pt B87 hhcRbBhe | cA¥$hnk| 1239 13.18
receptor 11¢80TYR F6 BBn2 DHr éctiBonalli topoof [ F3.esi t h n@speft 14a thes.7o
backbone carbosstd 11@B0. o 1077 9.65 *0.00 *9.15 *8.35 *6.99
TYR 101 OH 13.90 18.53 *9.15 *0.00 *7.89 *12.17
TYR 102  OH 12.39 14.69 *8.35 *7.88 *0.00 *6.00
SER 106  OG 13.18 9.70 6.99 *12.17 *6.09 *0.00
[0228] 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.'
5 | Oxygen and nitrogen atoms are often interchangeable when a hydrogen
acceptor or donor is necessary.

[o230] The asterisked numbers in Table 3, showing distances amang
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 (i) the
difference beiween the positions of the atoms in the lead as compared with the

data from the x-ray diffraction analysis of the crystallized antibody.

10

15

Table 4

Key Atoms Relative PRO TYR TYR SER
Positions in the Lead
Maolecule O OH OH O
PRO o | o000 | ais | 835 | s90
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F7 Don Derived fromthe batkbone NH of antibody G yl104. This NH
donates an Hbond to the backbone carbonyl ﬁf LecEBtor GlugS F8
cc2 Directionality of F7 with respect to the backbone car

é u93. VIS vol ume 2n Pgrt ial match, |igand hayes %?é’f‘f?:“ﬁ‘;sét
| east 7 pharmacophore features. Figure 24 Fl Aro Derived from _
hydrophobi c contact statistics, favorable coul ombic interaction with
guani di ne of Arg82 of the receptor. F2 Aro2 Directionality of Fl
with respect to guanidine of Arg82. F3 Don Derived fromthe side
chain OH of antibody Tyr101. This OH donates an Hbond to the side
chai n carboxyl ate ofereceptqu Glu9§15 This ngtur]e 4G Mar kec,izl”gn red.

F4 Acc&Ani Derive Ay ackhone yt—of —theranttety).
Accept or acqepts 1Iri%]ond rorr Eg oh-t6Ffs 4 2P b i df% o

guani di ne silde chhi %% rec&btof AP8B2. | FRAon| 609 0.00
Table 5
Difference from
Antibody to L oad PRO TYR TYR SER
Maolecule 8] OH OoH o
PRO 0] 0.00 0.29 0.42 0.08
TYR OH 0.29 0.00 0.27 0.38
TYR OH 0.42 0.27 0.00 0.03
SER o} 0.08 0.38 0.03 _ 0.00

[0231]1 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
S | 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, (ji) have a log of P greater than
5; (iii) have at no more than 5 hydrogen bond donors (expressed as the sum of
10 | OH and NH groups); and (iv) have no more than 10 hydrogen bond acceptors
(the sum of N and O atoms). The presently described lead, CaiHop04, has the
following characteristics: (i) a molecular weight of 336; (i) 2 hydrogen bond
donors; and (iii) 4 hydrogen bond acceptors.

EXAMPLE 2: INFLUENZA GLYCOPROTEIN

[0233]1 Another desirable target might be a protein associated with a
185 | 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.
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-~

Derived fromthe side chain OH of antibody Tyr102. This OH donates an
H bond to the backbone carbonyl of receptor 11e80. F6 Don2 _
Di recti onaWiot0i8726b Wi t h respect to the backbone car boPGT/USL0eBW16SSF7
Don Derived fromthe backbone NH of antibody G yl1l04. This NH donates
an H bond to the backbone carbonyl of receptor 6lu93. F8 Acc2
Directionality of F7 with respect to the backbone carbonyl Glu93. F9
Acc Derived from backbone carbonyl of antibody Tyr102 accepting an

H bond from the backbone NH of receptor G u93. F10 Don Derived from

the backbond NH of[o@m bﬂfﬁh{oﬂ'é/éfﬁgle-rh'ﬂ?e b'hhefiﬁ gagés\sl(gl%m?:é&%g%é arigBe
B2k or BN 2LIGESEILEL S g e iosin vl v somnons
features. Fi gesmte251 addredsive B@ﬂia\/@ﬂnﬁa\'@{?ﬁ x&ﬁ;@@bﬁuf@m&% &Edﬁéﬂ{) ]}03
recept or 0188 R s REren o eaihe efhistond Nl subic ReainBlost
side chaih ()pem@ gdho get influenza will recover in one to two weeks, but others will
develop life-threatening compiications (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
10 | 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 maost deadly outbreak which killed upwards of 50 miilion
people between 1918 and 1920.

15 f0235] 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

20 |partially 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]1 Fleury, et al., have published the results of their crystallization
of hemagglutinin complexed with a neutralizing antibody. The data from their x-
ray crystailization 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).
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F3 Don Derived fromthe backbone NH of antibody Tyr102. This NH
donates an Hbond to the backbone carbonyl of receptor 11e91. F4
Don2 Di r ecwiomnad/gstassof F3 with respect to the backbone pex/bsavyt/ooadss
receptor 11e91. F5 Don Derived fromthe 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/ 00
. . : 1685
F7 Acc Derived from backbone carbonyl of Tyr102 accepting an H bond

fromthe bagkbone f . : : shli
with respect to t%d;ﬁﬁ BECRicRicAih 9eonfeiidendydi oetbispatdli ty of F7

Vol e an. Pheangemantohina msaeneiah e ot Bigpos R o ¢
fT)e/fagrzeS -Th:: sﬂél.»r\lhs%%ﬁﬂﬁ caglﬁlea@ﬁ (n;ora]tach fieLanalizing abticddyoongstaline Stragttresvasg
receptor 11 Lepnducted to detérmine R:os atdnd BEind %ﬁh@@dﬁré@?‘ﬁ&ﬁgﬁl\e&fy and light
5 |variable chains) that are close encugh 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

10 | provided the tightest binding of the antibody to the hemagglutinin protsin.

[02381 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 o) Lys gz s} 3.13A
Ser 28 cB Asp 271 ob2 3.08A
Thr 31 0G1 Asp 27 O 2.82A
Tyr 32 CH Arg 90 NE 3.38A
Tyr 3z OH Asp B0 ob2 2.97A
Arg o4 NH1 lle 62 CD1 3.24A
Arg 94 NH2 Asp 83 oD 2.74A
Trp 100 NE1 Asp 63 oD2 3.07A
Phe 100A cp2 His 75 0 2.78A

15
(0233] 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 anocther.
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F2 Don2 Directionality of FI with respect to the backbone carbonyl
11e91. F3 Acc Derived from backbone carbonyl of antibody Tyr102
accepting an hl-bond fromthe backbone NH of receptor A u93. F4 Acc2
Di recti onal"PtA)0#87368 with respect to the backbone NH of P¢EERIPH01685
A u93. F5 Acc&Ani Derived from Gly1l04 backbone carbonyl of the
anti body. Acceptor accepts an H bond fromor Anion forns a salt
bridge to guanidi ne side chain of receptor Arg82. This feature is
mar ked essential F6 Acc2 Directionality of F5 with respect to the
si de chain guani dine of receptor Arg82. F7 Don Derived fromthe side
chain OH of janti b@dipleTdr 102. This OH donates an Hbond to the
backbone car nyl _of receptor 11080 ES Arc Derived fromside chain . _
phenol of’ Tyr103 form' ng a faWabl%EFklyderBhobTYﬁl nt*&Bact AR WITRR t HEE
si de chain qf % 249 Aro@2 Digectienal itysof 3 witido  100A
ﬁlélt C
B

respect to th p u@f 0}u93. ooVl Exgludgd VOILWIE w2z nE1 oD

GLY 2 0.00 7.31 10.05 8.92 5.36 7.05 12.61 | 11.00
8ER 28 cB 7.31 0.00 3.92 6.96 8.co 10.17 | 16.81 | 13.34
THR 31 OG1 | 10.05 3.92 0.00 5.22 872 1042 | 16.64 | 1247
TYR 32 OH 8.92 6.96 522 *0.00 *6.12 *6.92 | *11.64 | *7.37
ARG 94 NH1 5.36 8.00 8.72 *6.12 *0.00 *2.31 | 017y *7.33
ARG 94 NHZ2 7.05 10.17 | 10.42 | *6.82 *2.31 *0.00 | *B.31 | *3.70
TRP 100 NE1 12.61 16.81 | 1664 | *11.64 | *10.17 | *8.31. | *0.00 | *4.71
PHE 100A CD1 11.00 § 13.34 | 1247 | *7.37 *7.33 *5.70 | *4.71 | *0.00

[0240]1 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
5 | between 8-15A and a molecular weight of less than 500 Daltons. The 5 atoms of
the tyrosine 32, arginine 94, tryptophan 100, and phenylalanine 100A are close
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
10 | conformation of the lead molecule, and (i) 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 OH NH NH N C
Positions in the Lead
Molecule TYR ARG ARG TRP PHE
OH TYR 0.00 5.79 7.44 12.18 8.03
NH ARG 5.78 0.00 2.24 10.08 6.91
NH ARG 7.44 2.24 0.00 8.26 5.83
N TRP 12.19 10.08 8.26 0.00 4.17
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6n Partial match, |igand nust match at- | east 8 pharnacophore
features. Figure 27 FI Don Derived fromthe side chain OH of anti body
Fyr102. This OH donates an H bond to the backbone carbonyl of
recept or 1W@W7/08FBEDon2 Directionality of Fl w th respBcE/UBHOTACES
backbone carbonyl 11e80. F3 Acc Derived from backbone carbonyl of
anti body Tyr102 accepting an H bond fromthe backbone NH of receptor
Glu93. F4 Acc2 Directionality of F3 with respect to the backbone NH
of receptor A u93. F5 Acc&Ani Derived from 61y104 backbone carbonyl
of the antibody. Acceptor accepts an H-bond fromor Anion forns a
salt bridgeto gpani di ne S|“de cha| n of recetorAr

Directionalilty of Fe°W tR"S & ¥
receptor Arg82. F7 Don Derlved fromthe Si de chal n C]—I of antl body
Tyr102. Thig OH ddable®s an H bond to the backbone carbonyl of
receptor 11¢480. FE8 Aro Derived fromside chain phenal of Tyr102

favor abl e cqul onbi coifferereedohi on wWoth si dsHchai mituani dNne of €ecegpt or
Ar g82. Antibody 1o Lead
Molecule TYR ARG ARG TRP PHE
OH TYR 0.00 0.33 0.52 0.55 0.68
NH ARG 0.33 0.00 0.07 0.09 0.42
NH ARG 0.52 0.07 0.00 0.05 0.13
N TRP 0.55 0.09 0.05 0.00 0.54
“Resonant Ring” C 0.66 0.42 0.13 0.54 0.00

[0241]1 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
5 | deviation) from their relative locations in the antibody's binding tip.

[0242] Asintroduced 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, {jii} have a log of P less than 5;
(iii) have at no more than 5 hydrogen bond donors (expressed as the sum of OH
10 | and NH groups); and (iv) have no more than 10 hydrogen bond acceptors (the
sum of N and O atoms). The presently described lead, CzzH1sNao, has the
following characteristics: (i) a molecular weight of 354; (ii} 3 hydrogen bond
donors; and (iii) 5 hydrogen bond acceptors.

: EXAMPLE 3: ANGIOGENIN

[0243] Angiogenesis (sprouting of new capillary vessels from pre-

15 | existing 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 normail 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
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F9 Aro2 Directionality of F13 with respect to the side chain

guani di ne of receptoryAr982. WO 2007/ 087266 PCT/ US2007/ 001685 V1
Excl uded velowowros7zéén Partial match, |igand nmust mat ch pET/SR61009685
phar macophore features. Figure 28 FI Don Derived fromthe backbone NH
of antibody Tyr102. This NH donates an H-bond to the backbone
carbonyl of receptor 11e91. F2 Don2 Directionality of FI with
respect to the backbone carbonyl 11e91. F3 Ace Derived from backbone
carbonyl of antibody Tyr102 accepting an H bond fromthe backbone NH
of receptor Acc2 .Directionali t)énof F3 with respect to the

backbone. NH| B PERUNY S0 EF4S rolRgeREaRANKnDMP faRiel FYRYROyFTgipoenesis
backbone cail soangiogsnin, ivehignisisbsioygle polypeptide chaln of 123 amino acids.

[0244] Angiogenin is one of the normal cytokines that is
commandeered by cancer fo assist in its rapid growth. In this case, tumor cells
S |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.

[02451 Chavali, et al., have published the results of their crystallization
of angiogenin complexed with a neutralizing antibody. The data from their x-ray
10 | crystaliization 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]
arrangement of the non-hydrogen atoms of the crystailine structure was

More specifically, a geometric analysis of the spatial

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 1CDRs 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 (peptide, #, atom) Dist (A)
Tyr L 30B OH Leu 35 o 3.31A
Asn L 30A ND2 Ser 37 o] 2.70A
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Acceptor accepts an Hbond fromor Anion fornms a salt bridge to

guani di-ne side chain of receptor Arg82. F6 Acc2 Directionality of F5
W t h respewto doerdshcsi de chai n guani di ne of receptor Arg8Rus20b7ooess
Derived fromthe side chain OH of antibody Tyr102. This OH donates an
H bond to the backbone carbonyl of receptor Ilea. F13 Aro Derived
from si de chain phenol of antibody Tyr-102, favorable coul onbic

I nteraction with side chain guanidine of receptor Arg82. F9 Aro2
Directionality of F8 with respect to the side chain guanidine of

receptor Ar. 8%@' Firo—PonDel Vet T heggidg Thigin [OH 0f;, ant [ boglyqa
Tyr101. Thi s-O3—dehates—anr—H-bofd—to—t+he—stHdeehatrr—~ecarboxytate of
receptor G u93™" F11 bonp Di%ectii offlitly BP Fi0 with rpcpgl_u;_gﬁ”‘_
si de chain clarbpxylate of ré&teptlorc® ug3. Cysvl |Exd@uded voPune 3684
Partial match, 7l gandymu$t 1088 ch abdl edst cps 39 o] 2.78A
Ser H 52A, oG Gly 85 o) 3.15A
The H 33 0G1 Gly 86 0 3.31A
Tyr H 58 OH Trp 89 O 2.81A
Ser L 90 o] Trp 89 NE1 3.01A
Asn H 56 oD1 Pro 91 0 3.28A

[02481 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, two separate potential target sights are identified on
5 |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 aof these atoms in each group from one

another.
Table 11
TYR ASN TYR TYR
Atoms in closest contact
with the first site on 308 30A o8 1008
Angiogenin molecule OH N c OH
TYR 30B OH 0.00 3.36 7.03 © 8.27
ASN 30A N 3.36 0.00 9.37 10.89
TYR a8 C 7.03 9.37 .00 3.80
TYR 1008 OH 8.27 10.89 3.80 0.00
Table 12
THR TYR SER ASN
Atoms in closest contact
with the second site on 33 58 90 56
Angiogenin molecule O OH o) O
THR 33 O 0.00 7.18 11.28 8.38
TYR 58 OH 7.18 0.00D 9.86 368
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phar macophore features. Al pharmacophore feature spheres have a 0.8
Angstrom radi us. Figure 29 FI Don&Acc Derived from side chain OH of
ant i body %’r 102 donatl ng an H bond to the backbone car @gﬁ of ~
receptor | WOSB0708E$6 \r Derived from Ayl 04 backbone cafOUHSAMH1EHe
anti body which accepts an H bond from guani di ne side chain of
receptor Arg82. F3 Don&Acc Derived fromthe side chain COH of

anti body Ser106 donating an H-bond to an im dazole ring nitrogen of
Hi s90 F4 Don Derived fromthe backbone NH of antibody Tyr102. This

NH donat.es an H-bond to the backbone carbonyl of receptorlle9l. F5
Acc Derivedifrom one _car bo of ti Tyr 1 acicept jong| an

H bond fromjt he baE@%%h Rf?i tﬁ% “qggs &59‘ n i f rom
si de chain ghenol [pfASFyr 1689, fa@orabl 83801l ofB8 c |i nt3et7ack | 88wi | h

si de chai n quani di ne of receptor Arg82. WO

2007/ 087266RCT/ US20944 D0 AGRBaEEBR VA, 8%F m«m AL %al(y]+'1\§32 8

[ 02671The crystal¥ 1N3 %gdb) ofo)erotel n HE (% eﬁ%ﬁ algﬁae
wi th antibodf P?%Faz% PS‘EQW‘%QN@?'WE'QHHO%E%?"I“B“Q@U %‘t%éngﬁaﬁ%d

according tqd
resi dues gf

Ar g50, Tyr9<
cl ose proxir
of phar macoy

30-33. Tabl g

10

15

ittdae Her sseedtstthe s of lyh:fsﬁhea.‘_kmw Ethe Remgbh of shﬁymﬁné 308, the

he aﬁ{ Lh gé{ Sf%(ﬁég Jf%f?%bgrm 0] bagg%m%

y are in
nenyumfm(@déhanﬂrﬂ &hat awbimn@eg@e d:an begoneiragted trd hgs doye-

h% 8izBPSRhifang SFiE tagEerisanie 12, 1RdbR/otR i HtebhiAE385the OH
of tyrosine 58, and the oxygens of serine 80 and asparagine 56 are close
enough (<14A apart) that another suitable molecule can be constructed. Figures
2A and 9B show two lead molecule siructures that meets the criteria for the first
and second regions of the angiogenin molecules respectively.

[0250]
reasonable conformation of the first lead molecule, and (ii) the difference

The tables below show (i) the separation of the atoms ina

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 Relativa OH N [} OH
Positions in the 1%
Lead Molecule TYR ASN TYR TYR
OH TYR 0.00 3.51 703 2.06
N ASN 3.51 0.00 9.41 10.75
“Resonant Ring" C 7.03 a4t 0.00 3.95
OH TYR 8.06 10.75 3.85 0.00
Table 14
Key Atoms Relative OH N C CH
Positions in the 1%
Lead Molecule TYR ASN TYR TYR
OH TYR 0.00 3.51 7.03 8.06
N ASN 3.51 0.00 9.41 10.75

87



Phar macophores of 1N8Z. pdb crystal of protein HER2Z conplexed with
anti body trastuzumab Ib Partial match, |igand nust match at | east 5
phar macophor€ features. Figure 30 FI Don&Acc Derived fromthe side
chain OH oVONE/BMPbody Tyr92 accepting an H bond fronPtHESHOHW168S
chain NH3+ of receptor Lys569. F2 Don&Cat Derived fromthe side

chai n guani di ne of anti body Arg50 donating an H-bond to the side

chai n carboxyl ate of receptor 01lu556. F3 Don2 Directionality of F2
with respect to the side chain carboxylate of receptor 6l u558 F4 Acc
Derived fromthe side chain of antibody Thr94. F5 Don2
Directionality of F7. F6 Acc Derjved fromthe backbong carbonyl of
anti body Gly|103 accelptfResgpaatRing’ Sond f%PRaom t feflsi de Q:‘P?aiﬁ % of
Lys593. F7 |Don&Cat [Derdwed fremn {he.si dé¢ oehas n|gund dijneo.od 4gnti body
Arg50 donatijng an H-bond To the side chaln carboxylate of receptor
Asp560.

{02511 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
5 |data from the x-ray diffraction analysis of the crystallized antibody.

Table 15
Key Atoms Relative O OH O O
Positions in the 2™
Lead Molecule THR TYR SER ASN
O THR 0.00 7.7 11.15 9.23
OH TYR 7.17 D.00 . 9.89 3.65
(8] SER 11.15 9.89 0.00 13.47
O ASN 9.23 3.65 13.47 0.00
Table 16
Difference from 0 OH o (@)
Antibody to the 2™
Lead Molecule THR TYR SER ASN
0 THR 0.00 0.01 0.13 0.15
oH TYR 0.01 0.00 0.07 0.03
o SER 0.13 Q.07 0.00 0.00
@) ASN ¢.15 0.03 .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
10 jdeviation) 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 [east three of the following
characteristics (i} a weight less than 500 Daltons, (ii) have a log of P less than 5;

(iit) have at no more than 5 hydrogen bond donors (expressed as the sum of OH
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F8 Don2 Directionality of F7 with respect to the side chain
carboxyl ate of receptor Asp560. F9 Aro Derived from side chain

ti bod ng a favorabl e hydrophobic interac
glndle By?/r(g?"ﬁ%?%éofs?#g‘g gf Pro571. V1 Excluded vol une 2b é;gﬁz}ﬁ%f&%&s

match, ligand nust match at |east 6 pharmacophore features. Figure 31
Pharmacophore nodel 2b is the same as Ib with the follow ng
exceptions: F2, F3, F4, F5, F7 and F8 are marked essenti al . WO

2007/ 087266PCT/ US2007/ 001685 2n Partial match, FI Arc Derived from
side chain antibody Lys569 form ng a favorabl e hydrophobic _
| nt eracti on|and NH Qmuais)den@yiv) odvediowmord thgna Hydedgeh. bord &c&p@waﬁel s

mar ked essenft,i A e ram
the side ch ;u'ﬂ&fil\‘% ant tgﬁ%{/ T‘Tﬁt@% l%%dcéé %"s(}até ézzﬂ-%@?gﬁ ﬁ}?\q:f’ﬁu%‘mg?de
chai n NH3+ pfharaelepstiss: (_g,g g'ggec:uiar weight of 329 (n) 4 hydrogen bond donors; and
(iii} 4 hydrogen bond acceptors. The second lead candidate, CasHp004, has the

5 | 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

[0255] The following example describes l'::_nalysis 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 1 (SEQ ID NO: 5 and SEQ |D 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 o 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

25 | recognition 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
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phar nmacophore features. Figure 32 F3 Don&Cat Derived fromthe side
chai n guani di ne of anti body Arg50 donating an H-bond to the side

chain carb receptor Asp560. This feature is

essential . Wﬂ%&%ﬁu rectionali ![Dy of F3 with respect fg&f/ﬁgzogwpéﬁss
chain carboxylate of receptor Asp560. F5 Don&Cat Derived fromthe

si de chai n guanidine of antibody Arg50 donating an Hbond to the side
chai n carboxylate of receptor Qu558. F6 Don2 Directionality of F5

with respect to the side chain carboxylate of receptor 0lu558. F7
Acc Derived fromthe backbone carbonyl of antibody G yl103 accepting

an F-bond 1 amabAge 8t Qﬁn&%arﬁg%asléaw&séfyraﬁ@&wm Budyyithay espopdusites

sphere radi ngstrons

ol ore ark gree
Hydr ophobe f ohmn%@qpa?@r aysodhas{d T, Bﬁlﬁ‘éﬁ{lkpfﬁﬂfﬂéf"aﬁ)@f”fﬁw\ﬁ steg } t?linglM: §§ ot
?rgf“cﬂ phenyl} .pdn FRGSREPacERRRIEIeaturél dPlied Hoey ty thaipearmacOphdi featres
’ present in the ligands of the searched database. The of MOE software suite
5 | provides 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 algorithim 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).

(02591 The pharmacophore features of this example were generated
using the Pharmacophore Query Editor in MOE. All hydrogen bond donor
features are spheres of 1.2 Angstroms in radius and are colored purpie. Al
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.

(02601 All of the pharmascophore 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 EGFT,

30 |pdb accession number 1YY9) taken from crystal structures deposited in the

protein databank (PDB:1YY9) with two exceptions. In some cases two methods
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|l igand nust match at | east 3 pharnacophore features. Fig ure33 F1 Aro
Derived from side chain antibody Lys569 forming a favorable
hydr ophobi'c i nteraction with the side pyrrolidine ring of

Pro
Acc Deri velWOPHMEIHE side chain OH of antibody Tyr92 acE%BP?’%‘f&m%Gs’
H bond fromthe side chain NH3+ of receptor Lys569. F3 Doné&Cat
Derived fromthe side chain guanidine of antibody Arg50 donating an
H bond to the side chain carboxyl ate of receptor Asp560. This feature
is marked essential. The sphere radius is 1.0 Angstrons. F4 Don2
Directionality of F3 with respect to the side chain carboxyl ate of

recept or Asppefidedby M% sdPRrdriy @fb fscnotgMeitiRmabapbre Yartids ne  of
ant i body Argégl donatl Bﬁ-g} ond to the side chain carboxyl ate of
receptor G\ §Seaﬁ96e %Qe ?(‘f‘honallty of F5 with respect to the

side chain gar box;tlo?gg] Oﬁhg?&&&rsb@%g%g%'%”'ﬁwﬁﬁﬁ dﬁgt‘jf"l;'gm t he

backbone carlbonyl anti bo romthe
si de chain Nﬂgqrdej’fatgygi\;zggecepﬁg W{prred |ocat|ons for hydrophobic and hydrophilic

5 |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 receptor's
10 }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.
15 | 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,

[0263) Excluded volumes were generated for the pharmacophores
defined below except when indicated. These were derived from the position of
20 |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.

25 {0264] In the Individual Pharmacophore Definitions described below,
abbreviations were as follows: F = pharmacophore feature: Donor = Don,
Acceptor = Acc, Anion = Ani, Cation = Cat, Acceptor and Anion = Acc&Ani, ‘
Donor and Cation = Don&Cat, Donor and Acceptor = Don&Acc, Aromatic = Aro,
Hydrephobe = Hyd.
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(hydr ophobe, sphere radius 1.8 Angstrons, colored dark green)?:
Derived from IVFSS Forms a favorabl e hydrophobic Interaction with the
side chain hen recéptor Phe573. V1 Excluded volune WO
2007/ 08726 2%5‘67/ 001685 ErbB2 conpl exed with anti bBEYUEAE7HItD)
[0 2 6 8] The crystal (1S78. pdb) of protein ERBB2 (SEQ I D NO 4)
conpl exed with antibody pertuzumab (SEQ ID NO 9 and SEQ I D NO 10)
was anal yzed according to the procedures descri bed above. Results
showed five residues of the anti body make contact with the receptor.
These are Asp31-Tyr32 and Asn52- Pro52A- Asn53. These residues of the
antibody arg in close pEPR &bhpldx@dsath aftiBody cEisymeanr{eYvogaib) o
generate theg two pharmacophore nodel s described below in Table 20 and
Figures 34-35. Tahioes2. THehaystalddhemeib) of prost@ EGHR tFE5QURAING1)
protein ErbB2 co b el

ConTIEX %%19% %t ﬁidtmf%b §é@|§ﬂeaé 5%d%ﬁ1‘é B INGYBS G:Es

r

| i gand nust 'east ar macophore tures. lgure 34 Acc
Deri ved fronpartalyzedcicoomingdarthe Ricederes fespiRar aaqyesRes é‘ipih%déﬁat two

H-bond fromithe: backhaas oNHeOJntt%&yzé@tuxmﬁ% r@Qlﬂa El@ithbt@ﬂtl’f tlh@msceptor

hydrophilic [contact statistics

carbonyl & [Ehesgtase ySa058 and B&'ﬂ?c’%"%%{ %W?ﬂ %ﬁe S?QIPE {flﬁes f the
respect to thmiibag¥kBRNRotGALREE Yroxihity &cwﬁmth@ﬂmﬂuere%eﬂdn gBeeratetivo

fromthe side chain, NH2 o g

backbone car PYRYPS §EP %E@ﬁ?@?oréﬁ%ﬁ&gggﬁ %Bér’?'r?/ from phe SILQ%S
chai n car bonydesofibedh belovdy Tablest a@d:éﬁmlptﬁg i Fig4reohtt28r om t he si de
chain OH of feceptor Thr268.

Table 17

Pharmacophores of 1YY9.pdb crystal of protein EGFR complexed with antibody cetuximab

Pharmacophore F comment

1_glyS4_asp58 F1 Aro Derived from hydrophobic contact statistics, favorable coulombic
interaction with guanidine of Arg353 of the receptor.

Partial match, F2 Aro2 Directionality of F% with respect to guanidine of Arg383.
ligand must . -
match atleast 5 F3 Derived from Gly54 backbone carbonyl of the antibody

Acc&ANI cetuximab, Acceptor accepts an H-bond from or Anion forms a

pha;g?:;%hore salt bridge to guanidine of receptor Arg353.
F4 Acc2 Directionality of F3 with respect to guanidine of Arg353,
Figure 11 F5 Derived from Asp58 side chain carboxylate. Acceptor accepts an

AcclAni | H-bond from or Anion forms a salt bridge to NH;" of Lys 443 side
chain of the receptar.

F6 Acc Derived from hydrophilic contact statistics. Accepts an H-bond
from side chain OH of Ser448 of the receptor.

V1 Excluded volumes (not shown for clarity).

11_gly54_aspb8 F1 Ace Derived from antibody Gly54 backbone carbonyl accepts an H-
bond from guanidine of receptor Arg353.

Full match F2 Don Derived from antibody Asn56 side chain NH2 donating an H-
query. All bond to receptor Ser448.

?:;LT: goE:?:: F3 and Derived from antibody Asp58 side chain carboxylate accepting
have apo 8 Fa an H-bond from or forming a salt bridge to NH,' of receptor Lys
Angstror.n AcciAni 443,

radius.
Figure 12
Vi Excluded volumes (not shown Tor clarity).
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“F6 Aro Derived fromthe side chain pheno

ring of antibody Tyr32

formng a favorable hydrophobic interaction with the pyrrolidine ring

of receptor
Leu295.

0ys246.

Pro294.

Mc Der

ant i
Tyr32 acceWPiXiy 0876k bond from t he backbone carbonyl of ?BE’%’&PWDIG%
F8 Hyd (1.8 Angstrom sphere):
favorabl e hydrophobic interaction with the side chain of

ived fromthe side chain OH of body

Derived from MFSS formng a
recept or

F9 Don Derived fromthe side chain NH2 of anti body Asnb52

donating an H bond to the backbone carbonyl of receptor Val286. Fl 0
Don2 Directionality of FO with respect to the backbone carbonyl of
recept or va%288_——ﬁi I—Acc&AnT T DerTved fromthe side chain
car boxyl ate gt a“% b@? @%e%; Aeecpt;“" Mﬂﬁgnd 'iygtuc aide chat
OH of recept|&i- c lAd erﬁgﬁ)f '"ﬁﬁ; ,?
. . h b:c m o3 tio in r 348,
Ace Derived frog1the Si ge gha: = of ﬁ e o2 A3 IA fr
W & 6’&%352 one car ony ccep or
H-bond fromjt |égarE1)l mus ﬁAgcé:ﬁgio 1y| ?clﬁegﬁ s an H-bond fror‘gifz nidn forms a salt bridge to
match at least 4 guanidine of raceptor Arg353.
P hag?lioepshore Fa Don Derived from hydrophilic contact statistics. Donates an H-bond
) to side chain OH of receptor Serd18.
Figure 13 F4 Don2 Directionality of F3 with respect to OH of Ser418
F5 Ace Derived from hydrophilic contact statistics. Accepts an H-bond
from receptor Lys443. This feature is marked essential.
V1 Excluded volumes (not shown for clarity).
22_gly54_aspb8 F1 Derived from Gly54 backbone carbonyl of the antibody
Acc&Ani cetuximab. Acceptor accepts an H-bond from or Anicn forms a
Partial match, salt bridge to guanidine of receptor Arg353.
ligand must F2 Don Derived from hydrophilic contact statistics. Donates an H-bond
match at least 5 to side chain OH of receptor Ser418.
phammacophor® | r3 bon2 Directionality of F3 with respect to OH of Serd 18.
F4 Acc Derived from hydrophilic contact statistics. Accepts an H-bond
Figure 14 from receptor Lys443.
F5 Aro Derived from hydrophobic contact statistics, favorable coulombic
interaction with guanidine of Arg353 of the receptor.
FB Aro2 Directionatlity of F1 with respect ta guanidine of Arg353.
23_gly54_asp58 | F1 Don Derived from antibody side chain NH2 of Asn56 forms an H-
bond with receptor Ser418 side chain OH.
Partial match, F2 Derived from Gly54 backbone carbonyl of the antibody
ligand must AccBAni cetuximab. Acceptor accepts an H-bond from or Anion forms a
match atleast 5 salt bridge to guanidine of receptor Arg353.
pha;em;ﬁfggc’re F3 Acc2 Directionality of F3 with respect to guanidine of Arg353.
F4 Derived from antibody Asp58 side chain carboxylate accepting
Figure 15 Acc&Ani an H-bond from or forming a salt bridge to NH;" of receptor Lys
443,
F5 Don Derived from antibody Gly54 backbone NH forming an H-bond
with side chain carbonyl of receptor Gin384.
FB 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 F& with respect to guanidine of Arg353.
24_gly54_asp58 | F1 Don Derived from antibody side ¢hain NH2 of Asn56 forms an H-
bond with receptor Ser418 side chain OH.
Partial match, F2 Derived from Gly54 backbone garbonyl of the antibedy
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F2 Derived fromthe side chain carboxytate of antibody Asp31 WO -~
2007/ 087266PCT/ U52007/ 001685 Iigand must match at least 5
pharmacophore features. Figure” 35 Acc&Ani accepting an H bond from
the side cWRAOWIITHE receptor 8er288. This feature i s nBEKE§007/001685
essential. F3 Don2 Directionality of F6. F4 Acc Derived fromthe
backbone carbonyl of antibody Asn53 accepting an H bond fromthe
backbone NH of Cys246. This feature is marked essential F5 Aro
Derived fromthe side chain phenol ring of antibody Tyr32 fornming a
favor abl e hydrophobl c interaction W|th the pyrrolidi ne ri ng of
receptor Pr¢ PI ;
-h

accepting an H Bewesfro ?bz.ccz Id??%&“ﬂgﬁf\f?wm* Stgyu?ll'l\i?@?éfmggsa.
feature is narked essent iF4iDon 1D@X%Hf[ﬂ “kpqaig bgj@% ‘E%}%%ﬁ unb%d

t he heavy chai rFigfe ¥nt i pody—cef-txt e 2E=X0

D

2EXO. nd i G:lf_-@ T e drophoblc dontact statlstics, favor&ble cou!omblc
( Qp b) ’ protein H P( SE ;)DP ntera cﬂomfvwith side chain CONH2 of receptor GIn384.
F6 Derived from hydrophilic contact statistics. Acceptor or anion
Acc&Ani accepts an H-bond from OH side chain of receptor Ser418.
V1 Excluded volumes
1_thr100_glu105 | F1 Acc Derived from the backbone carbonyl of the antibody Tyr102
. accepting an H-bond from the OH side chain of the receptor
Partial match, Serdd0.
ligand must F2 Acc2 Directionality of F1 with respect to the OH of Ser440.
match at least 6 . " : - f th b Tveio1
pharmacaphore F3 Aro Dfanved from side chain p_hepol ring of the anti _od_y yr101
fealures forming a favorable coulombic Interaction with the imidazole side
chain of the receptor His408.
Figure 17 F4 Aro2 Directionality of F3 with respect to the imidazole 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 Gln408.
F6 Aro Derived from the phenol side chain of antibody Tyr102 forming a
favorable hydrophobic interaction with the side chain of receptor
Vaid17.
F7 Don2 Directionality of F5 with respect to the side chain carbonyl of
GIn408.
F8 Derived from the side chain carboxylate of antibody Asp103.
Acc&Ani | Acceptor accepts an H-bond from or Anion forms a salt bridge to
NH;" of receptor Lys465, This feature is marked essential.
Vi1 Excluded volumes
2_thr100_glu105 This pharmacophore query is the same as 1_thr100_glu105 with
the exception that F8 Acc&Ani is not marked essential.
Partial match,
figand must
match at least 7
pharmacophaore
features
Figure 18
3_thr100_glui05 F1 Derived from the side chain OH of antibody Tyr102. This OH
Don8Ace donates an H-bond to the side chain carbonyl of receptor
Partial e GIn408 and accepts an H-bond from the side chain NH2 of
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conpl'exed with the heavy chain of antibody Cetuxinmab (SEQ D NO 5 ’
and SEQ I D NO 6) was anal yzed according to the procedures descri bed

above.

t he receptor

Resul t s showed™t hat , .
ei ght resi YRSLV 7256 ¢ heavy chain of the antibody nake B
These are Tyra) Thr57. They were used to generate the

in

hore nodel s

PaR0p7/ReEs

the first set of pharmaco

seven pharmacophore nodel s descri bed below in Tabl e 21 and Fi gures

36-42. Table 21 Pharmacophores of 2EXQ pdb crystal (
conpl exed wi th heavy chain of antibody cetuxinab 3h Parti al

of protein EGr
mat ch

ligand nust match at |east 5 pharmacophore features. Figure 36 F1 Arc
Derived from tkendmag chal n phenol of anti DOG¥cehYor Bihas 0T M Ny a .
favorabl e hy d@?’rﬂé [%F"g?rsl N RS T | ONodMdd o e SdeThRailt PrEnb: rﬁg}oof’ aﬁ{ﬁa%g} Tyr1027>
303. This fagdt u;gguﬁ’eg fel ked esp aniningla. favofagie EYMophEdd MB/@ctioh Wb 5 8ida chain
backbone NHiof antibody] Thr57 gdonating an H ebesdtotaiditie backbone
carbonyl of |regpiofe Lys3@4ro F3 dieted flohskiechaMisehol Fidlg @ thelaaubbly Tyr101
respect to tihe backbone car bonybmits lewesptesouloniiSittaction ditihbe Bddzole side
Derived fromthe side chain of _ant i bodyehe e rerepiepii$s498: an H- bond
fromthe side chain NH3+ oOF4 Lys304. Thilsrifegdbursie cisin QM Tyrto1.
2007/ 087266RCT/ US2007/ &4c¢ | marked essential. F5 Don Derived f r om
the side chgain N -12 of| &tcbody Asrbe frdlgrh‘?tpaﬂgﬁla{balﬁgh}mmnﬁmdi heiezl de
chain car bo><y| ate of r ecept ar (SGeryng an H-bond from the side chain OH of receptor Ser440.
F6, F7 Derived from the side chain carboxylate of antibody Asp103.
Acc&Anl | Acceptor accepts an H-bond from or Anion forms a salt bridge to
NH3" of receptar Lys465.
Vi Excluded volume
10_thr100_glu10 -F1 Derived from the side chain OH of antibody Tyr102. This OH
5 Don&Acc donates an H-bond to the side chain carbony! of receptor
: GInd08 and accepts an H-bond from the side chain NH2 of
Partial match receptor GIn384.
ligand must F2 Aro Derived from the side chain phenol ring of antibody Tyr102
match at least 5 forming a favorable hydrophobic interaction with the side chain
pharmacophore of receptor Vald17.
features. All : -
pharmacophores F3 Acc De_rtved from the backbone carbonyl of antibody Tyr102
spheres have a accepting an H-bond from the side chain OH of receptor Serd40.
radius of 0.8 F4, F5 Derived from the side chain carboxylate of antibody Asp103.
Angstroms. Acc&Ani | Acceptor accepts an H-bend from or Anion forms a salt bridge to
NH;" of receptor Lys465.
Figure 20 F6 Derived from the side chain OH of antibody Tyr104 donating or
Don&Acc | accepting an H-bond from the side chain OH of receptor Serd40,
F7 Aro Derived from side chain pheno! ring of antivody Tyr104 forming
a favorable hydrophobic interaction wilh receptor Ser468.
21_thr100_glu10 F1 Derived from the side chain OH of antibody Tyr102. This OH
5 Don&Acc donates an H-bond to the side chain carbony! of receptor
GInd08 and accepts an H-bond from the side chain NH2 of
Partial match receptor Gin384.
ligand must F2 Acc Derived from the backbone carbonyi of antibody Tyr102
maltch ai least 7 accepting an H-bond from the side chain OH of receptor Serd40,
h N .
pha;g?j;i_ °" I'Fa Acc? Directionality of F2 with respect to the QH of Serd 40,
F4 Aro Derived from side chaln phenol ring of the antibody Tyr101
Figure 21 forming a favorable coulombic interaction with the imidazole side
chain of the receptor His409.
F5 Aro2 Directionality of F4 with respect to tha Imidazole of His409.
F8 Derived from the side chain carboxylate of antibody Asp103.
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F6 Don2 Directionality of F5 with respect to the side chain

carboxyl ate of receptor Glu293. V1 .Excluded vol une 4h Parti al

mat ch, ligand nust match at least 5 Dhar macophore features. Figure 37
FI Aro Der Wo2d0%18336t he si de chain phenol of antibody TY¢BHYSIBHMIEHE a
favorabl e hydrophobic interaction with the side chain of receptor Lys
303. F2 Don Derived fromthe 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 fromthe side chain OH of

anti body Thr ST—aCTEptT M ABEARAT REEEkof 4cERFts M F-50nH Frorh DFANBN e @ St Eridge to
Lys304. Thisj feature is| nmarked|essential. k" ddostepiertysasd. from t he

side chain N-I2 of ant| BoRYASIRG CRRGH oPeS A HEo0RWFInd Bad e SF UFves

chain car boxyl ate of re %Lnon P Deived from the side chain OH of antibody Tyrt02. This OH
donates an H-bond to the side chain carbenyl of receptor
Gln408. This featurs is marked essential.

9 Don2 | Directionality with respect to the side chain carbonyl of receptor

Gin408.
V1 Excluded volume
22_thr100_glu10 This pharmacophore query is the same as 21_thr100_glu_105
5 with two exceptions;
F6 Aci&Ani is marked essential,
Pariial match, F8 Don is not marked essential.
ligand must
match at least 6
pharmacophore
features.
Figure 22

VEGF complexed with antibody cetuximab (1CZ8)

[0266] 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
5 |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

Pharmacophores of 1CZ8.pdb crystal of protein VEGF complexed with antibody
Pharmacophore F comment

n F1Aro Derived from hydrophobic contact statistics, favorable coulombic
interaction with guanidine of Arg82 of the receptor
Partial match, F2 Aroz Directionality of F1 with respect to guanidine of Arg82,
ligand must
ma?ch at least 6 F3 Don Derived from the side chain OH of antibody Tyr101. This OH
pharmacophore donates an H-bond to the side chain carboxylate of receptnr
features. _ Gluss.
F4 Derived from Gly104 backbone carbonyl of the antibody.
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F6 Don2 Directionality of F5 with respect to the side chain

car boxyl at e of

receptor

d u293.

F7 - F9 ignored F10 Don Derived

fromthe side chain OH of antibody Tyr 53 donating an H-bond to the

backbone c¥
essenti al .
at

si de chai n phenol
interaction with the side chain of
mar ked essenti al .

Thr57 donati
Lys304. F3
car bonyl of

P83 726¢

receptor Tyr
V1 Excl uded vol unme

| east 5 pharmacophore features.
of anti body Tyr50 form ng a favorabl e hydrophobic

2902. This feature is Hal/R¥a§07/001685

5h Partial match, ligand nust match
Figure 38 FI No Derived fromthe

receptor Lys 303. This feature is

F2 Don _Derived fromthe backbone NH of antibody

ng Fagyre 3 bojn dcaddnit

héccheiesiasesnts ap & qspthigm

Anjog $ @ pailt bridge to
E2 \QPinHi n ‘%T‘\ECFM%EK_};QQ@__

Don2 Directjonal ity of
receptor Lys384#on F4Dpgvegfgm the side chain OH of antibody Tyr102. This OH
donates an H-bond to the hackbone carbonyl of receptor ile80,
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 Glug3.
F8 Acc2 | Directionality of F7 with respect to the backbone carbony! Glug3.
V1 Exciuded volume
2n F1 Aro Derived from hydrophobic contact statistics, favorable coulombic
interaction with guanidine of Arg82 of the receptor.
Partial match, F2 Aro2 Directionality of F1 with respect to guanidine of Arg82.
figand must F3Don | Derived from the side chain OH of antibody Tyr101. This OH
match at least 7 . ;
donates an H-bond to the side chain carboxylate of receptor
pharmacophore GIuS3. This feat . ked i d
features, u83. This feature is marked ignored.
Fa Derived from Gly104 backhone carbonyl of the antibody.
Figure 24 Acc&Ani | Acceptor accepts an H-bond from or Anion forms a salt bridge: to
guanidine side chain of receptor Arg82.
F5 Don Derlved from the side chain OH of antibody Tyr102, This CH
donates an H-bond ta the backbone carbonyl of receptor Ile80.
F& Don2 | Directionality of F5 with respect to the backbone carbonyl lle80.
F¥ Don Derived from the backbone NH of antibody Gly104. This NH
donates an H-bond to the backbone carbonyl of receptor Glu93.
F8 Acc2 | Directionality of F7 with respect to the backbone carbonyl Glu93,
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 lle91.
V1 Excluded volume
3n F1 Aro Derived from side chain phenol of Tyr103 forming a favorable
hydrophobic interaction with the side chain of receptor Glug3.
Partial match, F2 Aro2 Directionality of F1 with respect to the side chain of Glu93.
ligand t -
malﬁsinat?;:sst 8 F3 Don Derived from the backbone NH of antibody Tyr102. This NH
donates an H-bond to the backbone carbonyl of receptor tie91.
pharmacophore
features, F4 Don2 Directionality of F3 with respect to the backbone carbonyl of
receptor 1leg1,
Figure 25 F5 Don Derived from the side chain OH of antibody Tyr102. This OH
donates an H-bond to the backbone carbonyl of receptor Ile80.
F8 Don2 Directionality of F5 with respect to the backbone carbonyl of
receptor 1e80.
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Derived fromthe side chaim OH of antibody Thr57 accepting an H bond
fromthe side chain NH3+ of Lys304. This feature is marked essenti al.
F5 Don Derived fromthe side chain NH2 of antibody Asn56 donating an
H bond to PPV BE% hai n car boxyl ate of receptor Glu293.PCT"IE§20%ﬂgGSP
Directionality of F5 with respect to the side chain carboxyl ate of
receptor 0lu293. F7 - F9 ignored F10 Don Derived fromthe 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 vol une 6h Partial match, |igand

nust match U Teast 4 phaRe OPheked frddbdekidfe cdbddUloETydfh2Rkceplird an H-bond
Derived fromthe side chain phgnol of fentthdisdkbotsy NBEf recapior By9d

favorabl e hy d.r ophobi ¢ | NEgRAST | @Redtbdahy b with AR psdh@lie HkkubRERMD biGEceptor

Glu93.
Vi Excluded volume
4n F1 Don Derived from the backbone NH of antibody Tyr102. This NH

donates an H-bond to the bagkbone carbonyl of receptor lle91.

Partial match, F2 Don2 | Directionality of F1 with respect to the backbone carbanyl lle81.

mgﬁ:ahngtrlr;l;sstt 7 F3 Acc Derived from backbone carbonyl of antibody Tyr102 accepting
pharmacophore an H-bond from the backbone Nt of receptor Glu93.
features. F4 Acc2 Directionality of F3 with respect to the backbone NH of receptor
Gluo3,
Flgure 26 F5 Derived from Gly104 backbone carbonyl of the antibody.
Acc&Ani | Acceptor accepis an H-bond from or Anion forms a salt bridge to
guanidine side chain of receptor ArgB82. This feature is marked
essential.
F8 Acc2 Directlonality 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 carbony! of receptor lle80.
F8 Aro Derived from side chain phenol of Tyr103 forming a favorable
hydrophobic interaction with the side chain of receptor Glu93,
Fa Aro2 Directionality of F8 with respect to the side chain of Glug93.
V1 Excluded volume
Bn F1 bon Derived from the side chain OH of antibody Tyr102. This OH

donates an H-bond to the backbone carbony! of receptor 11e80.

Partial match, F2 Don2 | Directionality of F1 with respect to the backbone carbonyl [1e80.

mgﬁ;ngtrg;sstt 8 F3 Acc Derived from backbone carbonyl of antibody Tyr102 accepting
pharmacophore an H-bond from the backbone NH of receptor Glu93.
features. F4 Accz Directionality of F3 with respect to the backbaone NH of receptor
Glug3,
Figure 27 F5 Darived from Gly104 backbone carbonyl of the antibody.

Acc&Ani | Acceptor accepts an H-bond from or Anlon forms a sait bridge to
guanidine side chain of receptor Arg82.

F6 Acc2 Directionality of F5 with respect to the side chain guanidine of
receptor ArgB82,
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 phenof of Tyr102, favorable coulombic
interaction with side ¢hain guanidine of receptor Arg82.

F9 Aro2 Directionality of F8 with respect to the side ¢hain guanidine of
receptor Arg82.
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«

Lys 303. This fedture .1s nmarked essential. F2 Don Derived fromthe
backbone NH of anti body Thr57 don%gi ng an H bond to the backbone
car bonyl Lys304. F3 n2 Directionality of | _
respect tg‘;’f)ﬁg&g@zﬁ%one carbonyl of receptor Lys304. FPAE%E%M&W‘%
Derived fromthe side chain OH of antibody Thr57 accepting an H bond
fromthe side chain NH3+ of Lys304. F5 Don Derived fromthe side
chain NH2 of antibody Asn56 donating an H bond to the side chain

carboxyl ate of receptor Qu293. F6 Don2 Directionality of F5 with
respect to the side chai n car boxyl ate of receptor 61u293. F7 - F9

i gnored FlG—PorBerTved fypmresrde Tiaim 2] ody Tyr 53
: ¢>% o VAL 0O
donati ng an jE-bond-te—the “m—‘" enre—ear-beryt—et—eeeptor—Tyt 2J7_ 13-
Acc&Ani Derifved fromhydrophiljc caontact statistics This feature
accepts an H- bondmnf r om | e Deack b @eavelfom therbedeprtedtt ¢itaoidody Tyri@2-dihisiNie
side chain N H3* of recleptor L d ckboge;¢arbopyl P 1.
the side chgi mahibimatth, r eE2POr | DireORity Bt 1gvith embent © tieshapipokee@rbonyl lle91.
essent ! al . V&g?cingtﬂl;sstt g | F8Acc Derived from backbone carbonyl of antibody Tyr102 accepting
pharmacophore an H-bend from the backbonge NH of receptor Glu93,
features. F4 Acc2 | Directionality of F3 with respect to the backbone NH of receptor
Glug3.
Figure 28 F5 Derived from Gly104 backbone carbony! of the aniibody.
Acc&Ani | 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 fo the backbone carbonyl of receptor Hle80.
Fa Aro Derived from side chain pheno) of antibody Tyr102, favorable
coulombic interaction with side chain guanidine of receptor
Arg82.
F9 Aro2 Directionality of F8 with respect to the side chain guanidine of
receptor ArgB2.
F10 Don Derived from the side chain OH of antibody Tyr101. This OH
donates an H-bond to the side chain carboxylate of receptor
Giug3.
F11 Directionality of F10 with respect to the side chain carboxylate of
Don2 receptor Glu93,
Vi Excluded volume
10b Fi Derived from side chain OH of antibody Tyr102 donating an H-
Don&Acc bond to the backbone carbonyl of receptor lle80.
Partial match, F2 Acc Derived from Gly104 backbane carbonyl of the anfibody which
ligand must accepts an H-bond from guanidine side chain of receptor ArgB2.
match at least 5 . . - " N
pharmacophore F3 Derived from the side cfh?in OoH o_f anttpody Ser10§ donating an
features. Al Don&Acc H-bond to an imidazole ring nitrogen of Hisg0.
pharmacophore | F4 Don Derived from the backbone NH of antibody Tyr102. This NH
fear':ure SPSGBT es donates an H-bond to the backbone carbonyl of receptor (fe91.
aveal.
Angstrom F5 Acc Derived from backbone carbonyl of antibody Tyr102 accepting
radius. an H-bond from the backbone NH of receptor Glu93,
F8 Aro Derived from side chain phenol of Tyr102, favorable coulombic
Figure 28 interaction with side chain guanidine of receptor Arg82.
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Excl uded vol une 7h Partial mdtch, ligand nust match at |east 4
phar macophore features. Figure 40 FI Aro Derived fromthe side chain
phenol of anti bod¥ Tyr50 fornming a favorabl e hydrophobic interactian
with the sP@S"®WE/3¥00f receptor Lys 303. F2 Don Derivell€ TPB’WP? 083
backbone NH of anti body 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 fromthe side chain OH of antibody Thr57 accepting an H bond
fromthe side chain NH3+ of Lys304. This feature is nmarked essenti al.
F5 Don Derived fromth d bdkyz.papp6é donating an
H bond to thle si de Chaﬁﬁ%ﬁl@g?xgt Ehgl? Qﬁgggaﬁ)%or 613292 F6 Don g
Directionalifty of ffo2zswit MMHeaspeak(1NSZifhie) of preteih HERZBEQAD INQ:8)of
receptor Glu293

corr')p[exFeZ'! \Rritthntibody 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,

5 |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 1NBZ.pdb crystal of protein HER2 complexed with antibody trastuzumab
1b F1 Derived from the side chain OH of the antibody Tyr82 accepting
Don&Acc an H-bond from the side chain NH3+ of receptor Lys569.
Partial match, F2 Derived from the side chain guanidine of antibody Arg50
ligand must Don&Cat donating an H-bond to the side chain carboxylate of receptor
match at least 5 Glus58.
pha;;z;::;zhore F3 Don2 | Directionality of F2 with respect to the side chain carboxylate of
) receptor Glus58
Figure 30 F4 Acc Derived from the side chain of antibody Thr34.
F5 Don2 Directionality of F7.
F6 Acc Darived from the backbone carbonyl of antibody Gly103
accepting an H-bond from the side chain NH3+ of Lys593,
F7 Derived from the side chaln guanidine of antibody Arg5Q
Don&Cat 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 AspSa60.
F9 Ara Derived from side chain antibody Lys569 forming a favorable
: hydrophobic interaction with the side pyrrolidine ring of Pro§71.
V1 Excluded volume
2b Pharmacophore model 2b is the same as 1b with the following
exceptions:
Partial match, F2, F3, F4, F5, F7 and F8 are marked essential.
ligand must
match at least 6
pharmacophore
features.
Figure 31
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ignored F10 Don Derived fromthe side chain OH of anti body Tyr 53
donating an Hbond to the backbone carbonyl of receptor Tyr 292. Ei
Deri ved fron1h%prg%glllc contact statistics. This feature accqp

WO 2007/ 08%968PEF 1952007/ 001685 Acc&Ani an H-bond fr on? CHESBYOHSRe
NH of receptor Met294 and/or the side chain NH3+ of receptor Lys303
and/or forns a salt bridge with the side chain NH3 of receptor

Lys303. This feature is nmarked essential VI Excluded vol une 8h
Partial match, ligand nust matCh at | east 4 pharnmacophore features.
Figure 41 FI Aro Derived fromthe side chain phenol of antlbody Tyr 50
formng a fj Fophobrg—nteracttomwththe—side chain of
recept or

303 E2 n DeLL¢ed—LLgnLLhe—ba@kbene—%#ke%—aﬁ%fbﬁdz*———
1 b dyJeys favorable
ICQ%&T"’”E%‘ g arenH- bohd" e t e Spre RS e D e S PEIRRE SRt

d assential.
Partial match, This feature is marke i

ligand must F2 Acc Derived from the side chain OH of antibady Tyr82 accepting an
match at least & H-bond from the side chain NH3+ of receptor Lys568.
pha;;:l?:::apshore F3 Derived from the side chaln guanidine of antibody Args0

Don&Cat donating an H-bond to the side chain carboxyiate of receptor
Asp560. This feature is marked essential.

Figure 32 F4 Don2 | Directionality of F3 with respect fo the side chain carboxylate of
receptor Asp560.
F5 Derived from the side chain guanidine of antibody Arg50
Don&Cat donating an H-bond to the side chain carboxylate of receptor
Glus58.
F5 Don2 | Directionality of F5 with respect to the side chain carboxylate of
receptor Glub88.
F7 Acc Derived from the backbone carbonyl of antibody Gly103
accepting 2n H-bond from the side chain NH3+ 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.
Vi Excluded volume
3n F1 Aso Derived from side chain antibody Lys569 forming a favorable
hydraphobic interaction with the side pyrrelidine ring of ProS71.
Partial match, F2 Acc Derived from the side chain OM of antibody Tyr92 accepting an
ligand must H-bond from the side chain NH3+ of receptor Lys569.
mha;:;:é::iis;rg F3 Derived from the side chain guanidine of antibody Arg50
P features Don&Cat donating an H-bond to the side chain carboxylate of receptor
: Asp560. This feature is marked essential. The sphere radius is
1.0 Angstroms.
Figure33 N " . .
F4 Don2 { Directionality of F3 with respect to the side chain carboxylate of
receptor Asp560.
Fs Derived from the side chain guanidine of antibody Arg50
Don&Cat 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 Glub58.
F7 Acc Derived from the backbone carbonyl of antibody Gly103

accepting an H-bond from the side chain NH3+ of Lys583.

F8 Hyd | {hydrophabe, sphere radius 1.8 Angstroms, colored dark green):
Derived from MFSS. Forms a favorable hydrophobic Interaction
with the side chain pheny} of receptor Phe573.

V1 Excluded volume
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Directionality of F2 with respect to t'he backbone carbonyl of
.receptor Lys304. F4 Accg&Ani
antl body Thr57 acceptl ng an H-bond fromthe side chai n” NH3+

Lys304. FRO33W/8B&%Pved fromthe side chain NH2 of antl%ggyszogﬁ@éﬁss

donating an H bond to the side chain carboxylate of receptor GLu293.

This feature

i's mar ked essent

Derived fromthe side chain O—l of

lal. Fe Don2 Directionality of F5 with

respect to the side chain carboxylate of receptor Glu293. F7 - F9
ignored F10 Don Derived fromthe side chain CH of antibody Tyr 53
donating an H bond to the backbone carbonyl of receptor Tyr 292. EI

Acc&Ani Derived from hgﬁgg@@b}ﬁﬂefé}m,ﬁﬁtan%b@hquggBgtggi s feature

accepts an
si de chain
t he side ch
essenti al .

bond fromthe ba

ckbone NH of recéptor 94 and/or the

H3+ of[ozesgptTiie dry=tB(3SABHUD) off protein ERSB2(SEQ MYROM) h

| Rt o] SGERY

analyzed according to the procedures described above. Results showed five

ﬁgeh&ﬁéﬁgb @@@%Dfl@@l#gﬁd b%d*ﬁﬂ Klﬁ)d 10) was

residues of the antibody make contact with the receptor. These are Asp31-Tyr32
and Asn52-Pro52A-Asnb3. These residues of the antibody are in close proximity
to each other. They were used to generate the two pharmacophore modeis
described below in Table 20 and Figures 34-35.

Table 20
-Pharmacophores of 1578.pdb crystal of protein ErbB2 complexed with antibody periuzumab
5n F1 Acc Derived from the backbone carbonyl of antibody Asn53
accepting an H-bond from the backbone NH of Cys246.
Partial match, F2 Don Derived from hydrophilic contact statistics donating an H-bond to
ligand must the backbone carbony! of receptor Gly287,
match at least 8 - - -
pharmacophare F3 Don2 Directionality of F2 with respect to the backbone carbonyl of
features. receptor Gly287.
F4 Don | Derived from the side chain NH2 of antibody Asn53 donating an
Figure 34 H-bond te the backbone carbony! of receptor Val2886,
FS Acc Derived from the side chain carbonyl of antibody Asn53
accepting an H-bond from the side ¢hain OH of receptor Thr268.
F6 Aro Derived from the side chain phenol ring of anfibody Tyr32
forming a favorable hydrophobic interaction with the pyrralidine
ring of receptor Pro294.
F7 Acc Derived from the side chain OH of antibody Tyr32 accepting an
H-bond from the backbone carbonyl of receptor L.eu295.
F8 Hyd (1.8 Angstrom sphere): Derived from MFSS forming s favorable
hydrophebic interaction with the side chain of receptor Cys246.
Fo Don Derived from the side chain NH2 of antibody Asn52 donating an
H-bond to the backbone carbonvl of receptor Val286.
F10 Directicnality of F9 with respect to the backbone carbonyl of
Don2 receptor Val286.
F11 Derived from the side chain carboxylate of antibody Asp31
AccdAni | accepting an H-bond from the side chain OH of receptor Ser288.
V1 Excluded volume
6b F1 Acc Derived from the side chain OH of antihody Tyr32 accepting an
H-bond from the backbone carbonyl of receptor Leu285.
Partial maich, F2 Derived from the side chain carboxylate of antibody Asp31
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| i gand nust

Derived fromthe side chain phenol
Interaction with the side chain of
187388 from t he backbone NH of antibody TRFEYSY

favorabl e h

303. F2

an H-bond to the backbone carbonyl

mat ch at

dr ophobi c

.is marked essenti al .

t he backbone carbonyl

of

| east 4 ‘pharmacophore features.

F3 Don2

receptor

Figure 42 FI Aro
of antibody Tyr50 form ng a

receptor

Bidiessy
of receptor Lys304. This feature
Directionality of F2 with respect to
Lys304. F4 Acc&Ani Derived from

the side chain OH of antibody Thr57 accepting an H bond fromthe side
F5 Don

chai n NH3-

of Lys304.

anti body As
receptor 014
Directionali

receptor 01y
t he side chai
backbone car

50igdRd@lst N0
298ch af lepg 5

Agtssnib
eat ure

Derived fromthe side chain NH2 of

DEdedtifg 2r b orid Grom Ghboaida chaank OR Shetdp@r Sar2es.
s nmar ked @sisEatiredd markdaGsBoRR.

%hazafacqq:gor

29 geatur% 2010
urof an

bor{: OF re

(Fo 569D
Uls

cept or

ect to t he si dglr&tmbnyga;@.boxyl ate of
192 y

; mﬂbﬁa{nkue’ rlgﬁénrs@m

F5 Aro

= 248, This
feature is marked essential.
Derived from the side chain phenol ring of antibody Tyr32
forming a favorable hydrophaobic interaction with the pyrrolidine
ring of receptor Pro294.

F& Don

Derived from the side chain NH2 of antibody Asn53 donating an
H-bond to the backbone carbony! of receptor Val2B6.

F7 Acc

Derived from the side chain carbonyl of antibody Asn53
accepting an H-bond from the side chain OH of receptdr Thr258.
This feature is marked essential.

V1

Excluded volume

EGFR complexed with the heavy chain of antibody cetuximab
(2EXQ.pdb)

[0269]

The crystal (2EXQ.pdb) of protein EGFR (SEQ ID NO: 1)
complexed with the heavy chain of antibody Cetuximab (SEQ ID NO: 5 and SEQ
1D 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

TyrB0_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 F1 Aro Derived from the side chain phenol of antibody Tyr50 forming a
favorable hydrophobic i_nteraction with the side chain of receptor
Partial match, Lys 303, This feature is marked essential,
ligand must F2 Don | Derived from the backbone NH of antibody Thr57 donating an t-
match atleast 5 bond to the backbone carbonyl of receptor Lys304.
h = - -
pha;err;?:;ps ore F3 Don2 Directionality of F2 with respect to the backbone carbony! of
) receptor Lys304.
Figure 36 F4 Derived from the side chain OH of anttbody Thr57 accepting an
Acc&Ani H-bond from the side chain NH3+ of Lys304. This feature is
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Derived from hydrophilic contact statistics.”

H-bond fromthe backbone NH of

NH3+ of rece

pt or

This feature accepts an

receptor Met294 and/or the side chain

Lys303 and/or forms a salt bridge with the Side

chai n NH3+WE20p$&6or Lys303. This feature is marked eBSEHEI0A]/001685
Excl uded vol une EG-r conplexed with the Iight chain of antibody

cetuximb (2

EXQ pdb)

The

crystal (2EXQ pdb) of protein EGFR

(SEQ ID NO 1) conplexed with the |ight chain of antibody Cetuxi nab
(SEQ ID NO 5 and SEQ I D NO 6) was anal yzed according to the

procedures descri bed above.

Results showed that,

in the first set of

phar macophorje nodel s, n|ne residues of the |ieg#kedsstarkelof t he
ant i body nmakje contact w tesddae | teaepion the e skaitKiez dAsndadyldseSBddeayng 4n
Tyr49 Hi s50 |Gly51, Tyr9l, Phe9¢&, dhiepnd rssideThalp catepxdatg obigeapter Glu293.
generate the| si x phar maf#pherz | Mmdelsaiteses vbatspaalome sige dhabero@dasnd
Fi gures 43-44. Tabl e 22| Phar magophores of 2EXGcpdty ©u29&tal of protein
EGr conplexed with |ight ¢hain of antibody cekdugedwiume 1L Parti al
match, |ig amd—most—Tatechat | qﬂaSI 4 pnar macopnor e f eat ur €s. |—| gur e
43 - FlI Don Fved fro‘.ﬁH Fre—strde—ehath 7:1,[1 - n_;m
an H-bond to| t he #ackbope b’é(?b() "" o Oéﬁgﬁgl ﬁgﬁfﬂhe'é“g‘ygéé%egm
Derived fromthe SI de chain car ant| bo dyLyé\ses32 accepting an
Hbond from pr g{ | R Hgﬁgsﬁw bR ofgmm, TR g dtha an -
receptor Lys| & b at 2 g\fo Deri B NS bidk iyl 4 PR BRtor LOd304.
ANt body Ph e T, f BT 0T S ERRL RV £ i Yo &R hOBactbdnll clrBEhi of
si de chai n NH3+™8Weecept or Ly33 receptor Lys304.
Figure 37 F4 Derived from the side chain OH of antibody Thr57 accepting an
Acc&Ani 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 Glu293.
F6 Don2 Directionality of F5 with respect to the side chain carbaoxylate of
receptor Glu293.
F7-F9 ignored
F10 Don Derived from the side chain QH of antibody Tyr 53 donating an
H-bond to the hackbone carbonyl of receptor Tyr 292. This
feature is marked essential.
Vi Excluded volume
ah F1 Aro Derived from the side chain phenol of antibody Tyr50 farming a
favorable hydrophobic Interaction with the side chain of receptor
. Lys 303. This feature is marked essential.
Partial match,
ligand must F2 Deon | Derived fror the backbone NH of antibody Thr57 donating an H-
match at least 5 bond to the backbone carbonyl of receptor Lys304.
pha;::;:l%pshore F3 Don2 Directionality of F2 with respect to the backbone carbonyl of
. : receptor Lys304.
Figure 38
Fa4 Derived from the side chain OH of antibody Thr57 accepting an
Acc&Ani 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 denating an
H-bond to the side chain carboxylate of receptor Giu293,
F& 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
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F4 Arc Derived fromthe side chai n“phenyl of antibody Trp96 formng a
favorabl e coul onbic interaction with the side chain 'carboxyl ate of
receptor GLu296. F5 Don Derived fromthe backbone NH of _antibody _
1-1i 50 doWQZHYSZMSH bond to the side chain carboxyl a't’%TfB?zOP"é@ or
Asp297. 16 Acc&Ani Derived from hydrophilic contact statistics. This
feature accepts an H-bond fromor forns a salt bridge with the side
chain N1-134. of receptor Lys 303. This feature is marked essenti al .
WD 2007/ 087266PCT/ US2007/ 001685 F7 Aro Derived fromthe side chain
phenol of anti body Tyr 91 form ng a favorabl e hydrophobic interaction

wi th the side—ehain—of—recept . Fto thy ba y Sor Tyr 208.
Partial matgh, |igand nust ;‘utﬂ—bu at—teast—3 H-dl é%vcl%‘” e features.:
Fi gure 43 his nodel ils t\r\n S as—-1l excent X€ ] 50%!4' F2 - Acc&AnH
and F6 Acc&Anl are marked essentlal_

&h F1 Aro Derived from the side chain phanol of antibody Tyr50 forming a

favorable hydrophobic interaction with the side chain of recaptor

. ture is marked essential.
Partial match, Lys 303. This feature is marked essenti

ligand must F2 Don | Derived from the backbone NH of antibody Thr57 donating an H-
match at least 4 bond to the backbone carbony} of receptor Lys304.
pha;::ta:;;;hore F3 Don2 Diractionality of F2Z with respect to the backbone carbonyl of

' receptor Lys304,
Figure 39 Fa Derived fromn the side chain OH of antibody Thr57 accepting an
g Acc8Ani 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 carboxyiate of receptor Glu293.

F6 Don2 | Directionality of F5 wilh 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 recepter Tyr 292.

Fi1 Derived from hydrophilic contact statistics. This feature accepts
Acc8Ani | an H-bond from the backbone NH of receptor Met234 and/or the
side chain NHa " of receptor Lys303 and/or forms a salt bridge

with the side chain NHa" of receptor Lys303. This feature is
marked essential.

V1 Excluded volume
7h F1 Aro Derived from the side chain phenol of antibody Tyr50 forming a
favorable hydrophobic interaction with the side chain of receptor
Partial match, Lys 303,
ligand must F2 Don | Derived from the backbone NH of antibody Thr57 donating an H-
match at least 4 bond to the backbone carbonyl of receptor Lys304.
pha;éna?:%%hore F3 Don2 Directionality of F2 with respect to the backbone carbonyl of
' receptor Lys304.
Figure 40 F4 Derived from the side chain OH of antibody Thr57 accepting an
Acc&Ani H-bond from the side chain NH3+ of Lys304. This feature is

marked essential.

F3 Don Derived from the side chain NH2 of antibody AsnS6 donating an
H-bond to the side chain carboxylate of receptor Glu293.

F6 Don2 Directionality of FS 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,

=11 Derived from hydrophilic contact statistics. This feature accepis
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3L Partial match, ligand nust . match at | east 4 pharnacophore
Figure 44 F1 Don Derived fromthe side chain OH of antibody Tyr91
donating an H-bond to the backbone carbonyl of receptor Asp297. F2
Acc&Ani DeMOROH/G7M t he side chain carbonyl of anti bodyCEERHY7/001685
accepting an Hbond fromor formng a salt bridge with the side chain
NH3 of receptor Lys 301. F3 Arc Derived ved fromthe side chain
phenyl of antibody Phe94 formng a favorable coul ombic interaction
with the side chain NH3+ of receptor Lys304. F4 Arc Derived fromthe
side chain phenyl of anti body Tr p96 form ng a favorabl e coul onbl c

| nteraction oA RSl p it A S anabrine |
Don Derived |f rom t he balcK¥: %' l\ﬂgﬁmn YD e@ %‘E’,‘f } Bghsalkalbridge
bond to the |side chain car boxy atvmhﬂfe sfde @Rl 10" A3 @R LysFo8. Thisuéatute is
Derived from hydrophilijc contapct statistics. "A%esefsa¥aire accepts an
H bond fromijor forns a jsal¥{ brjidge with the stdedahaivmeNH3+ of
receptor Lys 303 —This featurefl ) mar Ked essent aI F7 Arc Derived
fromthe si chain. . nhobhal  of
Gt |JIIU TO1 \VA] [IAY |U| |
; F1. Ao g gr 3; I'Ye s?dJ' ain p enct of anh&\éy 5’3‘3‘9& t@rmlng a
hydr ophobi ¢ fi nt erfct i on| wi'tH°t L hdbid terE&GﬁthrptBe side chain of receptor
Partial match, Lys 303.
ligand must F2 Don Derived from the backbone NH of antibody Thr57 denating an H-
match at least 4 bond to the backbone carbonyl of receptor Lys304.
phafrén acophore F3 Don2 Dlrectlonality of F2 with respect to the backbone carbonyl of
atures.
receptor Lys304.
Figure 41 F4 Derived from the side chain OH of antibody Thr&7 accepting an
Acc8Ani H-bond from the side chain NH3+ of Lys304.
5 Bon Derived from the side chain NH2 of antibody AsnS6 donating an
H-bend to the side chain carboxylate of receptor Giu293. This
feature is marked essential.
F6 Don2 | Directionality of F5 with respect to the slde chain carboxylate of
receptor Glu293.
F7-F9 ignored
F10 Don Derived from the side chain OH of antibody Tyr 53 donating an
H-kond to the backbone carbonyl of receptor Tyr 292.
F11 Derived from hydrophilic contact statistics. This feature accepts
AcciAni | an H-bond from the backbone NH of receptor Met294 and/ar the
side chaln NH;' of receptor Lys303 and/or forms a salt bridge
with the side chain NH;" of receptor Lys303. This feature is
marked essential,
W1 Excluded volume
9h F1 Aro Derived fram the side chain phenol of antibody Tyr50 forming a
favorable hydrophobic interaction with the side chain of receptor
Partial match, Lys 303.
ligand must F2 Don | Derived from the backbone NH of antibody Thr57 donating an H-
match at least 4 bond to the backbone carbony! of receptor Lys304. This feature
pharmacophore is marked essential.
features. . - " .
F3 Dcn2 Directionality of F2 with respect to the backbone carbonyl of
receptor Lys304.
Figure 42 . X . s .
F4 Derived from the side chain OH of antibody Thr57 accepting an
AccBANI H-bond from the side chain NH3+ of Lys304.
FS Don Derived from the side chain NH2 of antibody Asn56 donating an
H-bond fo the side chain carboxylate of receptor Glu293. This
feature is marked essential.
FG Don2 | Directionality of F5 wiih respect to the side chain carboxylate of
receptor Glu283.
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I m dazol e side chain of antibody Hi s50 formng a favorabl.e coul onbic
I nt er act i owoMob#ostise car boxyl ate side chain of receptorprdsp2Ra 01063
Excl uded vol une 5L Partial match, ligand nust match at |east 4
phar macophore features. This nodel is the same as 3L except that the
FI Don is marked essential. WD 2007/087266PCT/ US2007/ 001685 Fi gure
44 61. Partial match, |igand nust nmatch at | east 3 pharnacophore

features. Figure 44 ' This nodel is the sane as 3L except that the Fl
Don, the F2

F7~F9 ignored

F10 Don Derived from the side chaln OH of antibody Tyr §3 donating an
H-bond to the backbone carbonyl of receptor Tyr 292,

F1i Derived from hydrophilic contact statistics. This feature accepts
Acc&Ani | an H-bond from the backbone NH of receptor Met294 and/or the
side chain NH;" of receptor Lys303 and/or forms a salt brndge

with the side chain NH;" of receptor Lys303. This feature is
marked essential.

V1 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
5 |the first set of pharmacophore models, nine residues of the light chain of the
antibody make contact with the receptor. These are Asn32_lle33_Gly34,
Tyr49_His50_Gly51, Tyr91, Phed4, and Trp96. They were used to generate the
six pharmacophore madels described below in Table 22 and Figures 43-44.

Table 22
Pharmacophores of 2EXQ.pdb crystal of protein EGFr complexed with light chain of antibody
cetuximab
1L - F1 Don Derived from the side chain OH of antibody Tyr91 donaling an
H-bond to the backbone carbonyl of receptor Asp297.
Partial match, F2 Derived from the side chain carbonyl of antibody Asn32
| ligand must Acc&Ani accepting an H-bond from or forming a sait bridge with the side
match at least 4 chain NHs" of receptor Lys 301.
pha;’;na?froepshore F3 Aro Derived from the side chain phenyl of antibody Phe94 forming a
) favorable coulombic Interaction with the side chain NH3+ of
receptor Lys304.
Figure 43

Fd4 Aro Derived from the side chaln phenyl of antibody Trp96 forming a
favorable coulombic interaction with the side ¢hain ‘carboxylate
of receptor GlU296.

F5 Don | Derived from the backbone NH of antibody His50 donating an H-
bond to the side chain carboxylate of receptor Asp287.

F6 Derived from hydrophilic contact statistics. This feature accepts
Acc&Ani an H-bond from or forms a salt bridge with the side chain NH,"
of receptor Lys 303. This feature is marked essential.
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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, 1 E4X.pdb); Thrombopoletin complexed with
TN1 (1V7M.pdb, 1V7N.pdb); Tissue Factor complexed with 5G9 (1FGN.pdb,
1AHW pdb, 1JPS.pdb, 1UJ3.pdb); Von Willenbrand Factor complexed with
NMC-4 {(1OAK.pdb, 2ADF.pdb, 1FE8.pdb, 1FNS.pdb, 2ADF.pdb); VEGF
complexed with B20-4 (2FJH.pdb, 2FJF.pdb, 2FJG.pdb, 1TZH.pdb, 1TZLpdb,
1CZ8.pdb, 1BJ1.pdb); Coronavirus - SARS (2DD8.pdb, 2G75.pdb); Lyme
Disease (1P4P.pdb, 1RJL.pdb); HIV GP120 (1ACY.pdb, 1F58.pdb, 1G9M.pdb,
1GIN_pdb, 1GC1.pdb, 1Q1J.pdb, 1QNZ.pdb, 1RZ7.pdb, 1RZ8.pdb, 1RZF.pdb,
1RZG.pdb, 1RZl, 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, 1U8l.pdb, 1U8J.pdb, 1U8BK.pdb, 1U8P .pdb,
1U8Q.pdb, 1U91.pdb, 1U8L.pdb, 1USM.pdb, 1U8N.pdb, 1U8O.pdb, 2F5B); West
Nile Virus (as defined in US Patent App. Pub. No. 2006/01 15837), Malaria
(Dihydrofolate reductase) (as defined in Acta Crystéllographia (2004), D60(11) ,
2054 - 2057); and EGFR (1181.pdb, 118K.pdb, 1YY8.pdb, 1¥Y9.pdb, 2EXP.pdb,
2EXQ.pdb).

EXAMPLE 5: LIGAND DOCKING AND SCORING

[o271] 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 Inf 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.

f0z272] 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. lonization
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states were generated for the ligands at 7.0 +/- 1.0 pH units. After this,
tautomers were generated when necessary, aliernate chiralities were generated
and low energy ring conformers were produced. This was followed by removing
any problematic structures and energy minimizing the resulting ligands using
MacroModel software module. Finally a Maestro file (*.mae) was written of the
ligands which were now ready for docking. All of these steps were automated via
a python script supplied by Schrodinger, LLC.

[0273] The following describes protein preparation. First a protein was
imported into Maestro in PDB format. Hydrogens were added and any errors
such as incomplete residues were repaired. The protein structure was checked
for metal ions and cofactors. Charges and atom types were set for metal ions
and cofactors as needed. Ligand bond orders and formal charges were adjusted
if necessary. The binding site was determined by picking the ligand (for 1YY9 it
is either the Thr100-Tyr101-Tyr102-Asp103-Tyr104-Glu105 or Gly54-Gly55-
Asn5B-Thr57-Asp58 pieces of the antibody) in Maestro (Glide). The pragram
determines the centroid of the picked ligand and draws a 20 Angstrom box which
represents the default setting with the centroid of the ligand at the center of the
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,
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.

[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,
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
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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
5 |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.

[0275] 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
10 | 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
15 | hierarchical filters that evaluate the ligand’s interaction with the recepior. 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
20 | nonbonded ligand-receptor interaction energy. Final scoring is then carried out
on the energy-minimized poses. By default, Schrédinger’s proprietary
GlideScore muiti-ligand scoring function is used to score the poses. If GlideScore
was selected as the scoring function, a composite Emodel scare is then used to
rank the poses of each ligand and 1o select the poses to be reported to the user.
25 | Emodel combines GlideScore, the nonbonded interaction energy, and, for flexible
docking, the excess internal energy of the generated ligand conformation.
Conformational fiexibility 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
30 |bonds.
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[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 window for keeping initial poses was 100.0
5 [({default). Best 800 poses per ligand for the energy minimization was kept
(default). For the energy minimization, a distance dependent dielectric constant
of 2,0 was used and maximum number of conjugate gradient steps was 100
(defauits). The ligand file was then loaded. Molecules with > 120 atoms and/or >
20 rotatable bonds were not docked (default). Van der Waals radii of ligand
10 | atoms with partial charges < 0.15 were scaled by 0.80. This was done to mimic
receptor flexibility. Constraints and similarity were not used. Poses with Coulomb
plus Van der Waals energies > 0.0 were rejected. To ensure that poses for each
molecule were conformationally distinct, poses with RMS deviation < 0.5 and/or
maximum atomic displacement of 1.3 Angstroms were discarded.

15 [02771 The following describes Glide Scoring. The choice of best-
docked structure for each ligand was made using a model energy score
{Emodel) that combines the energy grid score, the binding affinity predicted by
GlideScore, and (for flexible docking) the internal strain energy for the model
potential used to direct the conformational-search aigorithm. Glide also

20 |computed a specially constructed Coulomb-van der Waals interaction-energy
score (CvdW) that was formulated to avoid overly rewarding charge-charge
interactions at the expense of charge-dipole and dipole-dipole interactions. This
score was intended to be more suitable for comparing the binding affinities of
different ligands than is the "raw" Coulomb-van der Waals interaction energy. In
25 |the final data work-up, one can combine the computed GlideScore and
"modified” Coulomb-van der Waals score values to give a composite score that
can help improve enrichment factors in database screening applications. The
mathematical form of the Glide score is:

[0278] GScore = 0.065"EvdW + 0.130*Coul + Lipo + Hbond + Metal +
30 |BuryP + RotB + Site
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[02791 where EvdW is van der Waals energy (calculated with reduced
net ionic charges on groups with formal charges, such as metals, carboxylates,
and guanidiniums); Coul is the Coulomb energy {(calculated with reduced net
ionic charges on groups with formal charges, such as metals, carboxylates, and
guanidiniums); Lipo is the lipophilic contact term (rewards favorable hydrophobic
interactions); HBond is the hydrogen-bonding term {separated into differently
weighted components that depend on whether the donor and acceptor are neutral,
one is neutral and the other is charged, or both are charged); metal is the metal-
binding terrh (only the interactions with anionic acceptor atoms are included; if the
net metal charge in the apo protein is positive, the preference for anionic ligands
is included; if the net charge is zero, the preference is suppressed); BuryP is the
penalty for buried polar groups; RotB is the penalty for freezing rotatable bonds;
and Site is polar interactions in the active site {polar but non-hydrogen-bonding
atoms in a hydrophobic region are rewarded).

[0280) The following describes generation of the virtual compound
library that was screened. The lead-like compounds from a free, virtual database
of commercially available compounds was downloaded in structure data format
(sdf, Molecular Design Limited) from the ZINC database (Irwin and Shoichet
(2005) J. Chem. Inf. Model. 45(1}, 177-182). The lead-like database is
comprised of approximately 890,000 compounds divided into 33 segments. This
was used to generate the database of conformers for screening by MOE.
Hydrogens were then added. For a pharmacophore search, a database of low
energy conformers must be generated. The Conformation Import command was
applied 1o the sdf file above. After the conformers were generated,
preprocessing of the conformer database was applied. This step, called feature
annotation, determined the types of pharmacophore features in each
molecule/conformation and their geometrical relationships. This was then
compared with the query and those molecules/conformations that matched the
qguery within the given tolerance were saved as hits.
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ZI NCD4123287 AD4- EG FR -5.90937 -49.9531 23 g |y54 asp58 1128
ZI NC00142260 AD4- EG FR -5.88248 -32.5697 1 _thr100_gl ul05 1038
ZI NC0O01326@0 2007087266EGFR - 5. 87764 -43.513 23 _gly54 asP58pCT/US2007/001685

EGFR

[0281]1 Analysis of compounds from the ZINC database against the
pharmacophores identified from the 1YY9.pdb crystal of protein EGFR (SEQ ID
NO: 1) complexed with antibody Cetuximab (SEQ ID NO: 5 and SEQ ID NO:6)
(see e.g., Example 4; Table 17) identified 183 similar compounds. Those
5 | compounds were analyzed according to the docking and scoring methods
described above. Exemplary resuits from the docking and scoring tests are
presented in Table 23. '

Table 23
ZING# AD4 | target | G_score | E_model Pharmacophore
# model
ZINGD4342588 AD4- | EGFR | -7.51718 | -38.7811 1_gly54_aspss
1020
ZINC00148428 AD4- | EGFR | -7.34233 | -37.5868 - 1_gly54_asp58
1021
ZINC04649255 AD4- | EGFR | -7.13496 | -41.4482 23_gly54 asp58
1178
ZINC00073705 AD4- | EGFR | -6.9552 | -43.1905 23_gly54_asp58
1142
Similar to AD4- | EGFR -6.83 -38.3 Similarity -
ZINCD4342589 1175 1_gly54_asp58
ZINC04824B60 AD4- | EGFR | -6.73644 | -42.237% 1_glyb4 asp38
1022
ZINC04651153 AD4- | EGFR | -6.69071 | -38.8887 1_oly54_aspsS8
1070
ZINC00528869 AD4- } EGFR | -6.54409 | -45.9287 23_gly54 aspts
1176
ZINC04687278 AD4- | EGFR -6,4093 -51.0833 1_gly54_asp58
1025
ZINC00459879 AD4. | EGFER | -6.33665 | -42.7825 23_the100_glu105-
1133 round 2
ZINC004825941 AD4- | EGFR | -6.28522 | -42.9355 23_thr100_glu105-
1132 round 2
ZINC04124337 AD4- 1 EGFR | -6.2815 | -31.6679 i_gly54_asp58
1027
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1148 ZI NCO2107327 AO4- EG FR -5. 78666 -41.2423 1 thr100_gl ul05
1047 ZI NC0O4280006 AD4- EG FR -5.76102 -47.0273 1_gly54 asp58
1039 20743 A04- EGFR -5.68324 -36. 6217 PCT/US2007/001685

ZINC01011300 AD4- | EGFR | -6.21569 | -20.4831 22_thr100_glu105-

1109 round 2
Similar to AD4- | EGFR | -6.14168 -47.3274 Similarity to

ZINC(05257849 1165 1_thr100_glu105

ZINC00062419 AD4- | EGFR | -6.04072 | -40.5308 21_glyS4_asp58
1108

ZINC04123287 AD4- | EGFR | -5.90937 | -49.8531 23_gly54_asp58
1128

ZINC00142260 AD4- | EGFR | -5.88248 | -32.5697 1_thr100_glu105
1038

ZINC00132680 AD4- | EGFR | -5.87764 ; -43.513 23_gly54_aspS8
1148

ZINC02107327 AD4- | EGFR | -5.78666 | ~41.2423 1_thr100_glu105
1047

ZINC04280006 AD4- | EGFR | -5.76102 | -47.0273 1_gly54_aspsB
1039

ZINC00187413 AD4- | EGFR | -5.68324 | -36.6217 1_gly54_aspS8
1030

ZINC00060213 AD4- | EGFR | -5.54974 | -32.537 10_thr100_gu105
1057

ZINC02821322 AD4- | EGFR | -5.43675 | -32.9549 22_thri00_gi105
1139

ZINCO4A706675 AD4- | EGFR | -5.26581 | -39.7123 22_thr100_glu105
1123

ZINC02998684 AD4- | EGFR | -5.2081 [ -34.3632 21_thr100_glu105
124

ZINC02550733 AD4- | EGFR | -5.1875 | -35.4196 1_thr100_glu105
1009

ZINC000234700 AD4- | EGFR | -5.18527 | -36.6651 2_thr100_glu105

1010

ZINC02324009 AD4- | EGFR | -5.1848 | -28.3449 2 _thr100_glu105
1060

ZINC02972737 AD4- | EGFR | -6.14851 } -31.5451 22_thr100_glu105
1121

ZINCQ2182988 AD4- | EGFR | -5.09654 ~29.76 11_gly54_asp58
1016

ZINC00255042 AD4- | EGFR | -5.08696 | -34.0888 10_thr100_glu105
1017

ZINC02666610 AD4- | EGFR | -5.08543 | -32.1631 10_thr100_glu105
1018

ZINC04248154 AD4- | EGFR | -5.01311 | -37.7306 22_thr100_glu10s
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1_gly54_asp58 1030 ZI NCOO060213 A04- EGER -5.54974 -32.537

10_thr100_, glu 105 1057 - ZINCO2821322 AD4A- EG FR -5.43675
-32. 9549 2\%0t2r3571000 91u 105 1139 Z1NC04706675 104-
/08720 PCT/US2007/001685
1141
ZING04625685 AD4- | EGFR | -4.99755 | -46.9094 21_gly54_asps8
1147
Similar to AD4- | EGFR -4.91 -50.2 1_glvy54_aspb8
ZINC04687278 1167
Similar to AD4- | EGFR -4.83 -47.8 1_gly54_asp58
ZINC04687278 1149
Similar to AD4- | EGFR -4.74 -49.2 Similarity to
ZINC04687278 1171 1_gly54_aspb8
Similar to AD4- | EGFR -4.48 -45.6 Similarity to
ZINC04687278 1155 1gly54_asp58
Simitar to AD4- | EGFR | -4.32091 | -39.5498 Similarity to
ZINC00148428 1150 1_gly54_aspS8
Similar to AD4- | EGFR -4.09 -44.4 Similarity to
ZINC04342589 1164 1_glys4_asp58
Similar to AD4- | EGFR | -3.83555 | -33.6026 Similarity to
ZINC04133773 1140 4_thr100_glu105
Similar to aD4- | EGFR 377 -28.5 Similarity to
ZINC04342589 1169 1_gly54_asp38
Similar to AD4- | EGFR | -3.51745 | -50.5481 1_thr100_glu105
ZINC05257849 1166

[0282] Docking of compound AD4-1008 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
5 |example, in Figure 50. Docking of compound 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
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EGFR -5.26581 -39.7123 22_thr100_91u 105
AD4- EGFR -5.2081 -34.3632 21_thr100_glu 105

104- EGFR -5.1875 -35.4196 1_thr100_gl u105
WO 2007/087266 - -

10

1123 ZI NCO2998684

1124 ZI NCO2550733

1009
PCT/US2007/001685

example, in Figure 46. Docking of compound AD4-1038 to EGFR is depicted, for

example, in Figure 47.

VEGF

[0283] 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 ZINC02338377 (AD4-2008) (having a g_score = -
4.9158) to represent a compound identified using pharmacophore 6n.

Table 24
ZINC# AD4# | target | G_score | E_model Pharmacophore
model

ZINC04632336 AD4- | VEGF -5.847 -31.94 2n
2030

ZINCQ4618722 AD4- | VEGF | -5.7582 -21.61 2n
2025

ZINC00309762 AD4- | VEGF | -5.6213 -39.17 an
20089

ZINC00394756 AD4- | VEGF -5.502 -31.2 10b
2018

ZINC04548161 AD4- | VEGF -5.405 -40.69 10b
2031

ZINC04813342 ADd- VEGF -5.3473 -31.7 3n
2026 .

ZINGO5100656 AD4- | VEGF | -5.2796 -31.86 3n
2027

ZINCD4978204 AD4- | VEGF | -5.2786 -39.89 4n
2011 .

ZINCD0185093 AD4- | VEGF | -5.1386 -33.25 10b
2028

ZINGC04858568 AD4- | VEGF -5.095 -30.03 2n
2014
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Z1NC000234700 AD4- EGFR G—5. 18527 -36.6651 2_t hr100_gl ul05 1010
ZI N002324099 104- EGFR -5.1848 -28.3449 2 thr100_gl ul05 1060
ZINCOR2972 "0 20/M0%7266CGFR - 5. 14851 -31. 5451 22 t hr 100_gl ud®Bus20d1edisss

10

ZINC01795276 AD4- | VEGF -5.095 -36.99 2n
2024 ’

ZINC02207908 AD4- | VEGF © -5.0471 -29.29 2n
2002

ZINC02338377 AD4- | VEGF | -4.9156 -30.83 &n
2008

HER2

[o284] Analysis of compounds from the ZINC database against the
pharmacophores Identified from the 1N8Z.pdb crystal of protein HER2 (SEQ ID
NO: 3) complexed with antibody trastuzmab (SEQ ID NO: 7 and SEQ ID NO: 8)
(see Example 4; Table 19) according to the methods described above identified,
compounds including those in Table 25. Glide scores were generated on the hits
from the pharmacophore queries described above. Resulting data was arranged
according to glide score and 18 AD4 compounds were selected based upon
having a g_score of -6.0 (or greater magnitude) plus ZINC00177228 (AD4-3006)
(having a g_score = -5.8263) to represent a compound identified using
pharmacophore 3n.

Table 25
ZINC# AD4# | target | G_score | E_model Pharmacophore
. model

ZINC02431338 AD4- | HER2 -7.3043 -30.04 2b
3047

ZINC04301085 AD4- | HERZ2 -7.273 -42.59 th
3035

ZINC04844436 AD4- HERZ2 -7.1972 -34.22 2h
3048

ZINCD2874992 AD4- HER2 -7.1271 -35.43 2b
3001

ZINC02215883 AD4- HER2 -7.0761 -37.48 2b
3049

ZINC04085319 AD4- HER2 ~-7.0274 -41.7 1b
3050

ZINC02203252 AD4- HER2 -6.7834 -35.72 ib
3051

ZINC02338116 AD4- HER2 -6.7116 -35.45 2b
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ZI NCO2182988 AD4- EG FR -5.09654 -29.76 11 _gly54_asp58 1016
Z1NC00255042 AD4- EG FR -5.08696 -34.0888 10 thr100 gl ul05 1017
Z1NCO26 6663 20Mk726EGFR - 5. 06543 -32. 1631 10_t hr 100_gl upBhus2007/001685

10

3052

ZINCO00B9553 AD4- | HER2 | -6.6966 -35.83 2b
3005

ZINC04085335 AD4- | HER2 | -6.6431 -35.55 1b
3053

ZINC05274525 AD4- HER2 -5.6279 -37.32 "2b
3066

ZINC05052130 AD4- | HER2 | -5.5488 -36.83 2b
3036

ZINC02275796 AD4- | HER2 | -5.5308 ~31.77 2b
3054

ZINCO2151172 AD4- | HER2 | -8.2257 -35.14 1b
3055

ZINC04834339 AD4- | HER2 ;| -5.1942 -45.86 1b
3010

ZINC05029084 AD4- | HER2 | -6.1297 -31.28 2b
3037

ZINC00056472 AD4- HER2 -6.1152 -37.51 1ib
3009

ZINCD0177228 AD4- | HER2 | -5.8263 -43.84 3n
3006
ErbB2

[02851 Analysis of compounds from the ZINC database against the
pharmacophores identified from the 1878.pdb crystal of protein ERBB2 {SEQ ID
NO: 4) complexed with antibody pertuzumab {SEQ ID NO: 9 and SEQ 1D NO:
10) (see Example 4; Table 19) according to the methods described above,
identified compounds including those in Table 28. Glide scores were generated
on the hits from the pharmacophore queries described above. Resulting data
was arranged according to glide score and 17 AD4 compounds were selected
based upon having a g_score of -7.5 {or greater magnitude) plus ZINC01800927
(AD4-3044) (having a g_score = -7.3143} to represent a compound identified
using pharmacophore 8n.

Table 26

ZINC# AD4# | target | G_score | E_medel Pharmacophore
model
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1018
105

VA

N CO4248154 104- EGFR -5.01311 -37.7306 22_thr100 _glu

WD 2007/ 087266PCT/ US2007/ 001685

1141 Z1NC04625685 A04-
EGFR 4. 99785 1#%s94 21_91y54_asp58 1147 Si mi | ar pd-Bus2007/001685

ZINC02705114 AD4- ErbB2 -11.281 -42.61 b
3045

ZINCQ0068737 AD4- ErbB2 -9.9158 -39.64 Bb
3085

ZINC01237884 AD4- ErbB2 -9.4174 -37.89 . Bb
3040

ZINC02700145 AD4- ErbB2 -8.7023 -37.78 &b
3028

ZINC04174810 AD4- ErbB2 -8.4735 -40.81 8b
307

ZINCO0D206522 AD4- ErbB2 -8.3726 -44.14 éb
3025

ZINCD2671167 AD4- ErbB2 -8.1816 -36.3 Bb
3030

ZINC02755700 AD4- ErbB2 -8.1703 -43.73 6b
3018

ZINC04065004 AD4- ErbB2 -8.0536 -50.41 6b
3041

ZINC00214733 AD4- ErbB2 -8.0259 ~35.94 Gb
3019

ZINCR4187766 AD4- ErbB2 -7.7892 -43,09 gh
3042

ZINC04825536 AD4- ErbB2 -7.7817 -44.39 6b
3031

ZINC04818614 AD4- ErbB2 =7.7392 -38.97 []e]
3033

ZINC00467700 AD4- ErbB2 -7.6976 -35.65 6b
3027

ZINC04551629 AD4- ErbB2 -7.5778 -37.9 &b
: 3063

ZINC01533049 AD4- ErbB2 -7.5731 -38.17 b
3016

ZINC01800927 AD4- ErbB2 -7.3143 -58.84 8n
3044

EXAMPLE 6: TESTING OF IDENTIFIED COMPOUNDS FROM PHARMACOPHORES
For EGFR INHIBITION

(02861

Identified compounds, representing various pharmacaphore
models, were tested for ability to inhibit EGFR at 25 pM.
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AD4- EGFR -4.91 -50.2 1_gl y54_asp58 ZI NC04687278 1167 .
AD4- EGFR -4.83 -47.8 1_gly54_asp58 ZI N004687278 1149

Simlar to
Simlar to

AD4- EGFR A 6th/a8962 Simlarity to ZINCO4687278 1171 por/us2007/001685

10

156

20

[02871 AD4-compounds were identified using pharmacophore models
(see Example 4) and then were docked with the binding site of EGFR (SEQID
NO: 1) that is recognized by defined CDRs of cetuximab. The inhibition of
epidermal growth factor binding by AD4-compounds was then determined
(NovaScreen BioSciences, Hanover, MD). Inhibition of EGF binding was
determined at 25 pM concentration.

[02881 For the inhibitor assays, Kp (binding affinity) was 1.04 nM, while
Bmax (receptor number) was 43.0 fmol/mg tissue (wet weight). Receptor source
was rat liver membranes. The radioligand was [**I|]EGF (150-200 Ci/ug) at a final
ligand concentration of 0.36 nM. A non-specific determinant was used as EGF —
[100 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 250C 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
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, (1988) J. Biol. Chem. 264(32), 19318-19326.

[02891 Results of the EGFR inhibition assays for identified compounds

representing various pharmacophore models are presented in Table 27.

Table 27
EGFR
STRUCTURE " AD4-NUMBER INHIBITION Pharmacophore Mode!
COOH
”Y[
foga.
= AD4-1025 75.74% Pharm11_gly54_asp58
CH,
M. s CODH
IO
Hi
° o AD4-1038 70.91% Pharm1_thr100_glu105
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1 gly54 aspb8 Simlar to
ZlNOO4687278 1155

é@}iotﬁfﬂm%ﬁ

- 39. 5498
to

Jf“:,L nOWOM.

AD4-1132

AD4-1142

AD4-1020

AD4-1165

AD4-1171

AD4-1141

AD4-1021

AD4-1147

AD4-1148

AD4-1180

103

1 glyb4 a

59.60%

49.76%

47.84%

47.18%

47.18%

46.74%

43.44%

43.35%

43.18%

43.07%

AD4- EGFR -4.48 -45.6 Simlarity to
1gly54 asp58 Simlar to’
to Z1NC00148428 1150
44. 4 Simlarity to ZI NC04342589 1&‘2

AO4- EGFR -4. 32091

2%82%(')7 001683

Pharm23_gly54_asps8

Pharm23_gly54_asp58

Pharm11_gly54_asp58

Pharm1_thr100_glu108

Pharm1_gly54_asp58

Pharm22_thr100_glu105

Pharm11_gly54_asp58

Pharm21_gly54_asp58

Pharm23_gly54_asp58

Pharm1_gly5d_asp_58



~

"1 gly54 asp58 Simlar to
Z1NC04133773 1140
-28.5 Simlarity

' ne ..o
He N \Ki
IOR!

CH

H’c_é;jkﬂr“
o \©\“,HWCUDH
Q

cH,
He.

i CODH
O’Y
CH, a
OH .
[+{+]4] .}
c
N LCO0OH
\ 4

BH, OH
SI;H

=

H,C

£
Q
Et0 HN '&_ICOOH
Negelos
CH,

HO

Br

to a NOD4342589 1169
AD4- EGFR W8 8974526650 5481 1 thr 100 gl ul105

AD4-1010

AD4-1139

AD4-1022

AD4-1027

AD4-1128

AD4-1016

AD4-1030

AD4-1133

AD4A-1140

104

AD4- EGFR -3.83555 -33.6026 Sinmlarity to
1 thr100 91ul05 Simlar to

AO4- EGFR -3.77

38.40%

38.97%

38.57%

38.57%

38.05%

37.81%

37.66%

37.33%

36.48%

1 g lyb54 aspb58 Simlar ta
PCT/US2007/001683

Pharm2_thr100_glu105

Pharm22_thr100_glu105

Pharm11_gly54_asp58

Pharm11_gly54_asp58

Pharm23_gly54_asp58

Pharm11_gly54_asp58

Pharm1_thr100_glu105

Pharm23_thr100_giu105

Pharm1_thr100_giu105



ZI NCOb257849 1166 (0282) Docking of compound AD4-1009 to EGFR i s
depicted, for exanple, in Figure 49. Docking of conpound AD4-1010 to
EGFR i s degi r exanple, in Figure 48. Docking of <
Ao 1036 £ RO s7iel pERIER s

I's depicted, for exanple, in Figure 50. I'ng o
cornpound AD4- 1017 to EGFR i s depicted, for exanple, in Figure 51
Docki ng of conpound AD4-1018 to EGFR is depicted, for exanple, in
Fi gure 52. Docki ng of conpound AD4-1025 to EGFR i s depicted, for WO
2007/ 087266 PCT/ US2007/ 001685 exanple, in Figure 46. Docking of
conmpound AD4-1038 to EGFR i s depicted, for exanple, in Figure 47.

VEGF [0 2 83 ] ;Analgsi s of conpounds from the ZI NC dat abase
agai nst the phar Lgsjidentified fromthe 1CZ8. pdb crystal of
protei n VEGF ( SEG-¥D 2) conpl exe%mi@{: ant i bgdyoper t Uz PraR6S&800_glu105
Exanpl e 4; [Table 18) actording to t K&*ethods descri bed above,
| dentified lconp inclugding those in Table 24. dide scores were
generated on the N he phar macophore queries descri bed above.
Resul ti ng data wasearranged~accor di ngpatmigl i de s8®2a% and 13Phampo_thr100_glu105
conpounds were sel ected based upon having a g_score of -5.0 (or
great er maghi t udée? Jucz§.§FNC12338377 (AD4-2008) (having a g_score = -
4.9156) to [epKedefit Y&’ corbed identified using pharmacophore 6n.
Table 24 ZINC# ~AD4# target G score &avdel  Phar 388Bphor e nodefmi_glys4_asp58
ZINC0463233p  ADg4; 2030 VEGE -5.847 -31.94 2n ZI NC04618722
i~
’ & AD4-1017 35.03% Pharm10_thr100_glu105
COGH
cl
()/n"so,
#o AD4-1009 35.01% Pharm1_thr100_glu105
H
OyrNngz® COOH
HN =9 o
° New, AD4-1121 34.98% Pharm22_thr100_glu105
cooH
a QH
s\,kﬁ
@ AD4-1178 34.61% Pharm23_gly54_asp58
COOH
[+ 5 o
San
AD4-1123 34.14% Pharm22_thr100_glu105
COOH
Mo‘n-—g—@—"}"
Wadh AD4-1153 34.02% Pharm23_gly54_asp58
H,e i Ny -0
LA ~
HH, AD4-1176 33.98% Pharm23_gly54_asp58
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AO4- 2025 VEGF -5.7582 -21.61 2n ZI NC00309762 AD4- VEGF -5.6213 |
-39.17 4n 2009 ZI NCD0394756 AO4- VEGF -5.502 -312 10b 2018
ZI NOO45481§% 20726y EGFE - 5. 405

PCT/US2007/001685
i
N)J\(\caou
HN
&
= AD4-1148 33.62% Pharm1_gly54_asp58
N:N
0O
F
e AD4-1164 33.31% Pharmi_gly54 aspb8
Ho® N
! Q
s )
o AD4-1124 33.09% Pharm21_thr100_glu105
o]
o COOH
N
[+ AD4-1108 33.06% Pharm21_gly54_asp58

jesaa !
HO e" "o CH, AD4-1047 32.70%

Pharm1_thri00_glu105

R
' . AD4-1039 31.69% Pharm1_gly54_asp58
o N Ev
Hooc—/ NN~ coon AD4-1169 31.41% Pharm1_gly54_asp58
H COOH
oYy
. o Iu’ﬁ
e AD4-1166 31.24% Pharmi_thri00_glu105

‘“’CL

QJ%“

AD4a-1167 30.55% Pharmi_gly54_asp58
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-40.69 10b

ZI

2031 ZI NC04813342 A04- VEGF -5.3473 -31.7 3n 2026
N CC6100656 AO04- VEG -5.2796 -31.86 3n 2027 ZI N CO4978204
WO 2007/087266 PCT/US2007/001685

10

e
AD4-1060 30.22% Pharm2_thri100_glu105

5 . AD4-1155 30.14% Pharm1_gly54_asp58

H
HO AD4-1057 30.12% Pharm10_thr100_glu105

EXAMPLE 7: AD4-1025 COMPOUND

[0zs0] AD4-1025 (N'-(4-chlorophenyl)-N2-(3-pyridinylmethyl)-alpha-
asparagine; Formula: C1gH1sCIN2O3; Molecular weight: 333.78) is an inhibitor of
the binding of epidermat growth factor (EGF) to epidermal growth factor receptor
(EGFR (SEQ ID NO: 1)).

Gl
\@\ UOOH

Formula {5)

[0291] Ata 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 8). The protein
crystal structure of cetuximab complexed to EGFR has been reported by
Ferguson et al. ((2005) Cancer Cell 7, 301-311) and the crystallographic data
deposiled 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
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AD4- VEGF -5.2786 -39.89 4n 2011 Z1 NO00185093 AD4- VEG-
-5.1386 -33.25 10b 2028 ZI NC04858568 A04- VEGF -5.095 -30.03

2n 2014

10

15

20

25

30

WO 2007/087266 PCT/US2007/001685

4). The model, Pharm1_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 ASR-58 of the antibody Cetuximab {SEQ ID NO: 5 and SEQ
1D NO:6) (Erbitux). Pharm1_gly54_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. 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.

(02931 Pharmacophore features (F) and components of
Pham1_gly54_asp58 include: F1: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
AGR253 of EGFR; F3:Acc&Ani — a hydrogen bond acceptor and anion
component with a spherical radii of 1.2 Angstroms positioned to model the
carbon{rl of GLY-54 of cetuximab; F4:Acc2 — a hydrogen bond acceptor
component with a spherical radius of 1.5 Angstroms positioned to modet the
directionality of the lone pair of electrons of the carbonyl group of GLY54 of
cetuximab which is seen in the protein crystal structure PDB:1YY9 to engage in
a hydrogen bond with ARG353 of EGFR; 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 sphetical radius of 1.2 Angstroms
positioned to model the directionality of the lone pair of elecirons of the amide
carbonyl of THR57 (see e.g., Table 17; Figure 11).

[6294] For pharmacophore 10, not ali components are essential at one
time. The pharmacophore mode! Pharm1_gly54_asp58 allows for a partial match
of 5 of the 6 features and components. Additionally, a feature known as excluded
volume constraints is incorporated in Pharm1_gly54_asp58. Excluded volume
constraints is used to exclude the space occupied by the target protein, in this
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case EGFR. To restrict the geometry of the smail molecules dentified 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).

raz2951 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 Pharm1_gly54_asp58 were then docked, i silico,
(see e.g., Example 5) to amino acid residues of the binding site of EGFR (see
10 |e.g., Figure 46) to provide a list of targeted inhibitors.

[o296] Using the pharmacophore designated Pharm1_glub4_asp58 {o
moaodel amino acids GLY54 to ASP58 of cetuximab, compound AD4-1025 was
identified. Further testing demonstrated that compound AD4-1025 inhibited
EGFR by 76% at 25 uM. An exemplary depiction of AD4-1025 docking with the
15 | amino acid residues of the binding site of EGFR is provided in Figure 46.

(02971 Other small molecule EGFR inhibitors identified with
Pharm1_glu54_asp58 included: AD4-1020 {48% inhibition at 25 uM); AD4-1021
(43% inhibition at 25 pM); AD4-1027 (39% inhibition at 25 pM); AD4-1022 (38%
inhibition at 25 pM); AD4-1030 (38% inhibition at 25 nM); and AD4-1039 (32%
20 |inhibition at 25 uM).

ExampLE 8: AD4-1038 COMPOUND

fo298] AD4-1038 ({2-[(4-Hydroxy-phenyl)-methyl-amino]-4-oxo-4,5-
dihydro-thiazol-5-yl}-acetic acid; Formula: C12H12N204S; 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)).

GH,
M. _g  COOH
oy
N
HO
25 o Formula {13}
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[6299]1 Ata 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
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). Pharm1_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.
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.

[0300] Pharmacophore features (F) and components of
Pharm1_thr100_glu105 include F1 - F8 (see e.g., Table 17; Figure 17). An
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

(03011 AD4-1010 (4-(4-hydroxyphenyl)-6-methyl-N-(3-methylphenyl)-2-
oxo-1,2,3,4-tetrahydo-5pyrimidinecarboxamide; Formula: CqeH1gN303; 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)).

H,C N O

OH  Formula (31)
[0302] Ata concentration of 25 pM of AD4-101, binding of EGF to

EGFR is inhibited by 39.40% (see e.g., Example 8). The protein crystal structure
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of cetuximab complexed to EGFR has been reported by Ferguson et al. ((2005)
Cancer Cell 7, 301-311) and the crystallographic data deposited in the Protein
Data Bank as PDB code 1YY9 (*1YY8.pdb”).

(03031 AD4-1010 was identified using information from the 1YYO -
protein crystal structure 1o 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-1 01 to TYR-104 of the
antibody Cetuximab (SEQ ID NO: 5 and SEQ ID NQ:8) (Erbitux). Pharm
2_thr100_glu105 was modeled after residues TYR101 to TYR104 and is used to
identify smali molecules which have features and components of the antibody
cetuximab (see e.g., Example 4). Specifically, this region is defined as the H3
GDR of the antibody heavy chain. Features and compoenents of these amino acid
residues of cetuximab were used to create pharmacophore model Pharm
2_thr100_glu105 (see e.g., Example 4).

[0304] Pharmacophore features {F} and components include:
F1: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
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 radi of 0.8 angstroms each positioned to model the carboxylate
oxygen atoms of ASP-103 of cetuximab; F6: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-1 04 of cetuxirnab; and
F7:Aro — an aromatic ring component with a sphérical radius of 1.2 Angstroms
positioned to model the phenyl ring of TYR-104 of cetuximab (see e.g., Table 17;
Figure 18).
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(03051 For the pharmacophore, not all components are essential at
one time. A partial match of 5 of the 7 features and components s allowed. A
representation of Pharm 2_thr100_glu105 superimposed with residues TYR-100
to TYR-104 from the protein crystal siructure of cetuximab is shown in, for
example, Figure 18.

[0306] 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

(0307} AD4-1020 ( {5-[4-(benzyloxy)phenyll-2H-tetrazol-2-yl}acetic
acid: Formula: CygH14N403; Molecular weight: 310.31} is an inhibitor of epidermal
growth factor (EGF) binding to its receptor (EGFR (SEQ ID NO: 1)).

O
e N~N._COOH

AD4-1020

Formuia (28}

[0308] Ata concentration of 25 uM of AD4-1020, binding of EGF to
EGFR is inhibited by 47.8% (see e.g., Example 8). The protein crystal structure
of cetuximab complexed to EGFR has been reported by Ferguson et al. ((2005)
Cancer Cell 7, 301-311) and the crystallographic data deposited in the Protein
Data Bank as PDB code 1YY9 (“1YY9.pdb").

[0309] AD4-1020 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
Cetuximab (SEQ ID NO: § and SEQ 1D NO:6) (Erbitux). Pharm1_gly54_asp38 is
modeled after residues GLY-54 to ASP-58 and is used to identify small
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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
antibody heavy chain. Features and components of these amino acid residues of
cetuximab were used to create pharmacophore model Pharm1_gly54_asp58
{see e.g., Example 4).

[0310] Pharmacophore features (F) and components include: F1 Aro —
derived from hydrophobic contact statistics, favorable coulombic interaction with
guanidine of Arg353 of the receptor; F2 Aro2 — directionality of F1 with respect to
guanidine of Arg353; F3 Acc&Ani — derived from Gly54 backbone carbonyi of the
antibody cetuximab, acceptor accepts an H-bond from or Anion farms 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; F& Acc — derived from hydrophilic
contact statistics, accepts an H-bond from side chain OH of Ser448 of the
receptor; V1 — excluded volumes (not shown for clarity).

[031131 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 Pharm1_gly54_asp58 superimposed with residues GLY-54 to
ASP-58 from the protein crystal siructure of cetuximab is shown in, for example,
Figure 11. '

[0312] AD4-1020 was identified by a search of commercial compounds

using Pharmt_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.

ExAmpPLE 11: AD4-1132

[03131 AD4-1132 ((2-{[(2,4-dimethylphenoxy)acetyllamino}-5-
hydroxybenzoic acid); Formula: Ci7H+7NOs; Molecular weight: 315.32) is an
inhibitor of epidermal growth factor (EGF) binding to its receptor (EGFR (SEQ ID
NO: 1)).
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[0314] Ata 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
of cetuximab complexed to EGFR has been reported by Ferguson et al. {(2005)
Cancer Cell 7, 301-311) and the crystallographic data deposited in the Protein
Data Bank as PDB code 1YY9 (“1YY9.pdb").

103151 ADA4-1132 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
Cetuximab (SEQ ID NO: 5 and SEQ ID NO:6) (Erbitux). Pharm23_gly54_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
antibody heavy chain. Features and components of these amino acid residues of
cetuximab were used to create pharmacophore model Pharm23_giy54_asp58
(see e.g., Example 4).

[0316]1 Pharmacophore features (F) and components include: F1 Don
— derived from antibody side chain NH2 of Asn56 forms an H-bond with receptor
Ser418 side chain OH; F2 Acc&Ani — derived from Gly54 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
recepltor Lys 443; F5 Don — derived from antibody Gly54 backbone NH forming
an H-bond with side chain carbonyl of rece;;tor GIn384; F6 Aro — derived from
hydrobhobic contact statistics, favorable coulombic interaction with guanidine of
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EXAMPLE 12: AD4-1142

{03191 AD4-1142 ((5-{[{4-ethylphenyl)sulfonyl]amino}-2-
hydroxybenzoic acid); Formula: C1sH1sNOsS; Molecular weight: 321.35)is an
inhibitor of epidermal growth factor (EGF) binding 1o its recepior (EGFR (SEQ ID
NO: 1)). The structure of AD4-1142 is as follows:

C:\ ,H ©:OH
COOH

W
Ard-1132

[0

Hy

Formula (30)

[0320] Ata 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 et al. ((2005)
Cancer Cell 7, 301-311) and the crystallographic data deposited in the Protein
Data Bank as PDB code 1YY9 ("1YY9.pdb").

[0321]1 AD4-1142 was identified using information from the 1YY®@
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

25

protein is recognized by amino acid residues GLY-54 to ASP-58 of the antibody
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Cetuximab (SEQ ID NO: 5 and SEQ ID NO:8) (Erbitux). Pharm23_gly54_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 COR of the

5 |antibody heavy chain. Features and components of these amino acid residues of
cetuximab were used to create pharmacophore model Pharm23_gly54_asp58
(see e.g., Example 4}.

[0322] Pharmacophore features (F) and components include: F1 Don
— derived from antibody side chain NH2 of Asn56 forms an H-bond with receptor
10 | Ser418 side chain OH; F2 Acc&Ani — derived from Gly54 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 sait bridge to NH3+ of
15 |receptor Lys 443; F5 Don — derived from antibody Gly54 backbone NH forming
an H-bond with side chain carbony! of receptor GIn384; F6 Aro — derived from
hydrophobic contact statistics, favorable coulombic interaction with guanidine of
Arg3563 of the receptor, essential; and F7 Aro2 — directionality of F6 with respect
to guanidine of Arg353.

20 [0323] 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_gly54_asp58 superimposed with residues GLY-54 to
ASP-58 from the protein crystai structure of cetuximab is shown in, for example,
Figure 15.

25 [0324] AD4-1142 was identified by a search of commercial compounds
using Pharm23_gly54_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.
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hypot hesi s query of a database of annotated |igand nol ecul es, wherein ~
an 25identified candi date conpound has a structure that substantially
aligns w t‘Q %07{,0%?2%& one pharrnacophoric feature. 3. Thﬁcffﬁéz’ﬂ@ﬁboi’()fss
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conformatio 1,zsg'r;né}u@ﬁgﬁigﬂ@éik@rﬁertsftﬁrp@quorpmml 88V 2 pBarmaceutically
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atons of the at | east one nﬁnggthﬁgkzé%tiocdy conpri ses determ ning
the identitijles and spatial oriént&i dins mﬁ;-j | east a portion of the
atoms of a indingbhhgmgﬁgfhe at lea$t on€ nonocl onal anti body.
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17. The method of claim 16 Merel n tne t ar get bl onol ecul € 15 EOFR
WO 2007/ 087266 PCT/ U$2007/001685 18. The nethod of claim1, wherein
the step of deternining the identities and spatial orient atl ons of at
| east a portion of atons of the at l.east one i nmmune system
prot ei n- conpr WEMIHBA6ysi s of X-ray crystallographic dat aceesioyadiess
froma 5 crystalline formof the at |east one i mMmune system protein.
19. The method of claim 18 wherein the X-ray crystallographic data is
derived froma crystalline fermof the at | east one i mmune system
protein bound to'the target bionolecule. 10 20. The net hod of
claim1l1, wherein the step of determ-ning the identity and spati al
orientation of at |east a ortion of atons of the at |east ane |m"rune
system protei n conpri§eelg féQ’EBLleP“P grsStiRg Hf'ﬁgq Fe NoR Qg and
sequence of then, | east one i mmune 155ystem protein; producing a
virtual nodel of the,t ree di men sttructure ﬁf the i nmune system
protein; and anal y2|lﬁ ?H'é O PP jﬂaﬂ’&fe? aBY "PREY ke di mensi onal
structur'e of the Z imseiestes) fsim thepgrote cansisting of +Q0 06, FOdH eSO

L ent 1Y and oS ekl abie ot BhAlothof ithal (RS oG AR Ehl OB R ALALE Of

the at | east one I mMmune~ system I nterac i ndi n?d
e

site of the target bR(b?t%PécQﬁ@W@'ﬁ@h@fﬂﬂjbrﬁ’i*%ﬂﬂl‘ﬂ@“t%%ﬁ@a“ﬂﬁybsﬁu
met hod for prodvﬁmw\a@ogj@al BRlib, sBMfhydy, wwm@a@&tat@daryi amino,

Phar Theeut 2! bbby i S SRRy i bt T G ha09ER SR B

the at |east oné memberednag. ant i body specifically binds to a target

bi onol ecul e gnd inhibits an activity of the target bionolecule;

wherein the-at |east one nonoclonal antibody conprises a binding tip;
and wherein the binding tip conprises a plurality of atons that

interact with a bindidng $ he dfantddeabtadrgathaimpenicaiCetmosidonbf t18h 2 in the
bi nding thereto; (imdnufiRtues 6f Nindicdnbatior the tRdsbestiadndah pfoph@adiia thie@ifent of
of g substantial porddissasedr disdrlebisteidia@ wit)E@FRNS that 1 nteract with
the binding site of the target bionol ecul e;--5wherein such -
determ nati-ors of identi ty and spati al ori ent ation conprises analysis

of x-ray crystallogr dat 2 ooy o ﬁmfawatt fﬂmt&ftsta@cted
at | east one nonocl o 3 und,

. of "(5}%% 3‘}”& (], (£8); Formula
10(iii) constru_ctlng o o o ggrelnt e
phar macophor e corrprl ? ’o’t‘ﬁterﬁ%%umﬁﬁsc }?ﬁgm Ephfea ures
wherein the plurality of pharchor|c features approxinate the :
identity and spatial orientati o i f2Ust about 75% of the af
151 east one monocl onal antibody BNy Ay tip atons that interact with
the binding site of the target bionol &Cyl e;
wherein the plurality of. pharmacophori g=features are corrpl ementary to
the binding site of { ﬁ? L et bionole b and
wherein the &aur ality of pharmacophoric features conprise at 20l east
one feature | ected fromthe group consisting of hydrophobic,
aromatic, a hydrogen bond.accyq donor, a cati on,
and an- ani on; and- i NQFeCHC Al didate nol ecul e
wi'th a phar macophore hypot he5| f iﬁ abasel|of annot at ed:
| i gand nol ecul es; ' '

. AD&-1038
Formula (13) L,
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25wherein an identified candi date conpound has a structure that
substantially aligns with at | east one feature of the pharnacophore;

wherein the ¢ e nolecule inhibits the activity of .

bi onol ecul‘g g‘ﬁ% %% wherein the target %‘f‘gﬁ%ﬁ@z‘ﬁf@% S
an enzynme, a signaling protein, 30or a receptor protein. 22. A
phar maceuti cal conposition for the inhibition of EGFR, identified
according to the nethod of claim2l, the conposition conprising at

| east one EGFR inhibitor selected fromthe group consisting of
Formula (1), Formula (J), Fornula (14), Fornmula (19), and Formul a
(25), inclqding stereoi songrs or polynorphs therepf, and a
pharmaceutijcal |y acceptableg;EZLker diN=yjent : wherein

S1- S8 are ijndependently se d L ouporcpnsi sting of

hal ogen, hydroxyl, sulfhydfyl, carboxylate, alkyl| cycloal kyl, aryl,
and al koxyl| (:-OR); WO 20371087266R6hﬁu82007/001385 Xi s sel ected
fromthe grpup cdesinsta (1§) 6f—+Hz—6—S—NR—NCH— and N- NR2.; Het is
one or norel N atons at any ring position; Z Is selected from

t he. group cpnsisting of -COOH, - FO3H2, S03H, R.Lptrazole ring,

sul fonam de} acyl sul fonam dge -00 H2 and ; and Ris a
G -C6 straight chain or br nch ro ) op ionally substituted
wi th a hal ogen, hydroXyl,s Ifh ate aryI het er oaryl ,

am no, substituted am no, ¢r cycﬁbanld% C bAli one, two, or three
N atons in @ 5 or 6 nmenber d rlng AH&n&B A use f ap at | east one
phar maceuti ¢al cdrosia (% of—ctarm 22— the manu?4tture of a

medi canment f{or the therapeutic and/ or prophylactic treatnment of a

di sease or &isorder associ ated with EGER-— 15 24. The use of claim 23,
wherein thejat | east one EGR |nth\ o isuse|l ected fromthe group
consisting ¢f Fornula (6); {For Q(l' FormJIa (18); Formula (24);
and Formul a|(30), or sterec s or ol ¥8*tphs t hereof: For mul a
(18) Formila (24) , and I%D4§g)

5 Formula {(30)
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