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HUMANIZED ANTI-CXCRS5 ANTIBODIES, DERIVATIVES
THEREOF AND THEIR USES

FIELD OF THE INVENTION

[0001] The present invention relates to anti-CXCRS antibodies and their use
in the amelioration, treatment or prevention of diseases or disorders i mammals,
including humans, resulting from improper CXCRS activity or metabolism, or the
inappropriate or adventitious use thereof, for example, by a pathogen. An antibody of
interest may block engagement of a ligand, such as CXCL {3, with it receptor, such as,
CXCRA. Prophylactic, immunotherapeutic and diagnostic compositions comprising
the antibodies and derivatives thereof of interest and their use in methods for
preventing or treating diseases in mammals, including bumans, caused by
inappropriate metabolism andfor activity of CXCRS" cells, such as B lymphocytes,
also are disclosed. Such diseases include autoimumune deficiencies and diseases
caused by or characterized by inflammation, such as rheamatoid arthritis (RA), where

CXCRS is up-regulated.

BACKGROUND
[0002] CXCRS, also known as Burkitt lymphoma receptor (BLR1), CD1{8S,
MDRIS and MGC117347, is a G protein~coupled receptor which is a member of the
CXC chemokine receptor family. A ligand is BLC, also known as CXCL13, which is
a B cell chemoattractant.
[0003] The unprocessed CXCRS precursor is 372 amino acids in length with a

molecular weight of 42 Kp.
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F0004] CXCRS has a role in B cell migration and localization within particalar
anatomic compartments. Knockout mice lack peripheral lymph nodes, have fewer

Peyer’s patches and have decreased B cell levels.

SUMMARY

F000S] The present inventton provides novel humanized and human
antibodies, and fragments and derivatives thersof, that specifically bind to CXCRS.
Some of the antibodies, and CXCRS-binding fragments thereof, can be altered to
prevent intrachain disulfide bond formation resulting in a molecule that is stable
through manufactaring and use 71 vive. Other antibodies of interest can be altered to
oununize binding to FR. Some CXCRS antibodies of interest compete with CXCLI3
for binding to CXCRS. Other antibodies dimmnish CXCRS activity.

{0006] The mvention includes the amimo acid sequences of the variable heavy
and light chain of the antibodies and their corresponding nucleic acid sequences.

HO007] Another embodiment of the ivention includes the complementarity
determining regions (CDR) sequences of the antibodies to obtain binding molecules
that comprise one or more CDR regions, or CDR-derived regions, that retain
CXCRS-binding capacity of the parent molecule from which the CDR was{were)
obtained.

[0008] An antibody of interest can be one that prevents CXCLI3, or other
ligand, binding to CXCRS" cells, such as B cells.

[0009] Another embodiment of the present invention includes the cell lines
and vectors harboring the antibody sequences of the present nvention.

[0010] Another embodunent of the present vention i3 the use of the
antibodies for the preparation of a medicament or composition for the treatment of
diseases and disorders associated with CXCRS function and metabolism.

[0011] Another embodunent of the present mvention is the use of these
antibodies in the treatment of disorders associated with atypical or abnormal CXCRS

biology and function.
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FO012] Additional features and advantages are described herein, and will be

apparent from, the following Detailed Description.

DETAILED DESCRIPTION

[0013] This invention is not limited to the particular methodology, protocols,
cell lines, vectors, or reagents described herein because they mmay vary without
departing from the spirit and scope of the invention. Futher, the terminology used
herein is for the purpose of exemplifving particular embodiments only and is not
intended to limit the scope of the present invention. Unless defined otherwise, all
technical and scientific terms and any acronyms used heretn have the same meanings
as commonly undesstoed by one of ordinary skill m the art in the feld of the
mvention.  Any method and material similar or equivalent to those described herein
can be used in the practice of the present invention and only exemplary methods,
devices, and materials are described herem.

[0014] AH patents and publications mentioned herein are incorporated herein
u1 entirety by reference for the purpose of describing and disclosing the proteins,
enzyvmes, vectors, host cells and methodologies reported theremn that might be used
with and m the present invention. However, nothing herein is to be construed as an
admission that the invention is not entitled to antedate such disclosure by virtue of
prior invention.

[0015] Prior to teachimg the making and using of the CXCRS-related methods
and products of interest, the following non-Hnuting definitions of some terms and
plirases ave provided to guide the artisan,

[0016] “CXCRS™ relates to the naturally occurring, known molecule found on
tymphocytes, particularly B cells, and particularly naive B cells] to such a molecule
isolated from such cells; to such a molecule manufactured recombinantly using
known materials and means, and using a nucleic acid encoding a CXCRS; as well as
to portions of CXCRS, such as the extraceilnlar (EC) domain, which retams the
characteristics and properties relevant to the practice of the instant invention, such as

CXCL13 binding. A soluble CXCRS molecule can consist essentially of the EC
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domain of CXCRS, which ncludes, generally, about the first sixty amimo acids of the
malecule, that is, the amino terminal portion of CXCRS.

[0017] CXCRS is a non-promiscucns receptor.  CXCLI3 i3 a hgand of
CXCRS and is expressed constitutively on stromal cells, such as follicular dendritic
cells, and in lymphoid tissyes. CXCLI3 specifically attracts B cells and a small
subset of T cells called B helper follicular T cells, TFH. That may not be unexpected
given the many interactions between T cell and B cell populations in the immune
system. Moreover, activated T cell induces or upregulate TUXCRS expression.
Infiftration of lymphocytes into tertiary, ectopic germinal centers {GCs) has been
found to correlate well with mcreased disease severity and tolerance breakdown m
certain disorders which preset with such atvpical lymiph node-like structures. Using
i vive murme models, such as CXCRS-/- and CXCL13+- muce, the absence of either
the receptor or the ligand results in an altered GC fine architecture duoe to altered T
and B cell localization, and possibly interaction. These mice are also protected
against developing severe collagen-induced arthritis (CIA). As CXCRS 15 selectively
expressed on mature B cells, which are linked to the pathogenesis of RA, blocking
this receptor will modelate the arthritogenic response in affected mdividuals.
Rheumatoid arthritis treatment with biclogics (e, ant-TNFn and anti-CD20
antibodies, Rituximab} has shown to be clinically effective; in particular, patients on
B cell-directed therapy have shown long-lasting improvements in clinical signs and
symptoms. Selective targeting of CXCRS, which is only expressed on mature B cells
and B helper T cells, will not affect B cell development or immunocompromise the
patieat. Unhike Rituximab, an fustant antibody 1s a neutralizing antibody that does not
mediate cell cytotoxicity.

[OOI8] A “CXCRS disease”™ iy a malady, disorder, disease, condition,
abnormality and so on, which 18 characterized by or caused by overexpression or
increased levels of CXCL13 or other CXCURS ligand, increased levels of B cells,
increased levels of B cell activity, increased levels of CXCRS or improper

metabolism and activity of CXCRS.
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FO019] By “B cell activity” 1s meant higher than normal B cell levels, which
can be local, or evidence of a biclogical manifestation or function of a B cell, such as
antibody expression, Bruton’s tyrosine kinase presence or activity, expression or
presence of CDIY, expression or presence of B cell activating factor and so on.

[0020] The phrase "substantially identical” with respect to an antibody chain
polvpeptide sequence may be construed as an antibody cham exhibiting at least 70%,
80%, 90%, 95% or more sequence identity to the reference polypeptide sequence.
The term with respect to a nucleic acid sequence may be constroed as a sequence of
nucleotides exhibiting at least about 85%, 90%, 95%, 97% or more sequence identity
to the reference nucleic acid sequence,

[0021] The terms, "dentity” or "homology

o

may mean the percentage of
nucieotide bases or amino acid reswdues m the candidate sequence that are dentical
with the residoe of a corresponding sequence to which it 18 compared, after aligning
the sequences and introducing gaps, if necessary, to achieve the maximum percent
wentity for the entire sequence, and not constdering any conservative substitutions as
part of the sequence identity. Neither N-tenminal or C-terminal extensions nor
insertions shall be construed as redocing identity or homology.  Methods and
computer programs for the alignment are avadable and well known in the art
Seqguence identity may be measured using sequence analysis software,

[0022] The phrases and terms "functional fragment, variant, derivative or
analog" and the lLike, as well as forms thereof, of an antibody or amtigen is a
compound or molecule having qualitative biological activity in common with a
full-length antibody or antigen of mterest, For example, a functional fragment or
analog of an anti-CXCRS antibody 18 one which can bind to a CXCRS molecule or
one which can prevent or substantially reduce the ability of a lgand, such as
CXRCLI3, or an agonistic or antagonistic antibody, to bind to CXCRS. An example is
an scPFy molecule. As to CNCRS, a variant or dertvative thereof is a molecule that 18
not identical to a natorally ocearring CXCRS and vet can be used for a purpose of the

instant invention, such as, while not identical to the wild type CXURS nevertheless
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can be used as immunogen to raise antibodies that selectively bind to wild tyvpe
CXCRS,

{0023} "Substitutional” variants are those that bave at least one amino acid
residue 1 a native sequence removed and replaced with a different amino acid
inserted in its place at the same position. The sybstitutions may be single, where only
one amine acid in the molecule s substituted, or may be nultiple, where two or more
amino acids are substituted m the same molecule, The plural substitutions mav be at
consecutive sites. Also, one aminoe acid can be replaced with plural residues, m which
case such a varlant comprises both a substitution and an insertion.  “Insertional”
vartants are those with one or more amino acids inserted tmmediately adjacent to an
amino acid at a particular posttion in a native sequence. Immediately adjacent to an
amuno acid means connected to either the w~-carboxyl or w-amino tunctional group of
the amino acid. "Deletional” vartants are those with one or more ammo acids m the
native amino acid sequence removed, Ordinarily, deletional variants will have one or
two amino acids deleted in a particular region of the molecule.

[0024] The term "antibody" is used in the breadest sense, and specifically
covers monoclonal antibodies (ncluding full length monoclonal  antibodies),
polyclonal antibodies, multispecific antibodies {e.g., bispecific antibodies), antibody
fragments or synthetic polvpeptides carrving one or wore DR or CDR-denved
sequences so long as the polypeptides exhibit the desired biological activity.
Antibodies {Abs) and immunoglobulins (Igs) are glycoproteins having the same
structural characteristics. Generally, antibodies are considered igs with a defined or
recognized specificity. Thus, while antibodies exhibit binding specificity o a specilic
target, immunoglobuling inclade both antibodies and other antibody-like molecules
which lack target specificity. The antthodies of the mvention can be of any class
{e.g., 12, Igh leM, gD IgA and so on), or sebelass {e.g., Ig(y, 1gG;, 1Ga., IgGs,

Ly

Ta(r, fgAy, IgAs and so on) (Ctype” and “class”, and “subtype” and “7subclass”, are
used interchangeably herein).  Native or wildtype, that is, obtained from a
non-artificially  manipulated  member of a  population,  antibodies  and

ammunoegiobuling are usually heterotetrameric glvcoproteins of about 150,000 daltons,
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composed of two ideatical light (L) chains and two identical heavy (H) chains. Each
heavy chain has at one end a variable domam (Vg) followed by a number of constant
domains. Fach light chain has a variable domain at one end (V) and a constant
domain at the other end. By “non-artificially manipulated™ is meant not treated to
contain or express a foreign antigen binding molecule, Wildtype can refer to the most
prevalent allele or species found i a population or to the antibedy obtained from a
non-manipulated animal, as compared to an allele or polvmorphism, or a variant or
derivative obtained by a form of manipulation, such as mutagenesis, use of
recombinant methods and so on to change an amine acid of the antigen-binding

molecule.

FO025] As used herein, “anti-CXCR3 antibody”™ means an antibody or
potypeptide derived therefrom (a derivative} which binds specifically to hwman
CXCRS as defined heremn, including, but sot linited to, molecules which whibit or
substantially reduce the binding of CXCRS 1o its ligands or inhibit CXCRS getivity.
H0026] The term "variable™ in the context of a variable domain of antibodies,
refers to certain portions of the pertinent molecule which differ extensively in
sequence between and among antibodies and are used in the specific recognition and
binding of a particular antibody for #s particular target. Hewever, the vanability s
not evenly distributed through the vartable domains of antibodies. The variability s
concentrated in three segments called complementarity determining regions {CDRs;
t.e, CDR1, CDR2, and CDR3) also known as hypervariable regions, both i the light
chain and the heavy chain vanable domams. The more highly conserved portions of
vartable domains are called the framework (FR) regions ov sequences. The vanable
domains of native heavy and light chaims each comprise four FR regions, largely
adopting a P-sheet configuration, connected by three CDRs, which form loops
connecting, and in some cases forming part of, the f-sheet structure. The CDRs in
each chain are held together often in proximity by the FR regions and, with the CDRs
from the other chain, contribute to the formation of the target (epitope or determinant)
binding site of antibodies {see Kabat et al. Sequences of Proteins of Immunological

Interest, National Institute of Health, Bethesds, MD {1987Y).  As used herein,
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numbering of immumoglobulin amino acid residues is done according to the
unmunogiobulin amino acid residue numbering system of Kabat et al, unless
otherwise indicated. One CDR can carry the ability to bind specifically to the cognate
epitape.

[0027] The term “"antibody fragment” refers to a portion of an intact or g
full-length chain or an antibody, generally the target binding or variable region.
Examples of antibody fragments include, but are not limited to, Fa, Fay, Frp and Fo
fragments. A “functional fragment” or “analog of an anti-CXCRS antibody™ is one
which can prevent or substantially reduce the ability of the receptor to bind to a ligand
or to initiate signaling.  As used herein, functional fragment generally is synonymous
with, “antibody fragment”™ and with respect to antibadies, can refer to fragments, such
as Fy, Fun, Fure and so on which can prevent or substantially reduce the ability of the
receptor to bind to a ligand or to inttiate signaling. An "F\7 fragment consists of a
dimer of one heavy and one light chain variable domain in a non-covalent gssociation
{Vy-Vy dimer).  In that configuration, the three CDRs of each variable domain
interact to define a target binding site on the surface of the Vi-Vy dimer, as in an
intact antibody. Collectively, the six CDRs confer target binding specificity on the
intact antibody. However, even a single variable domain (or half of an F, comprising
only three CDRs specific for a target) can have the ability to recognize and to bind
target.

[0028] "Single-chain F,,” "sF." or “scAb” anuibody fragments comprise the
Vi and Vi domains of an antibody, wherein these domams are present in a single
polypeptide chain.  Generally, the F, polypeptide further comprises a polypeptide
tinker, often a flexible molecule, between the Vi and Vi domains, which enables the
sFv to form the desired structure for target binding.

{0029] The term “diabodies™ refers 1o antibody fragments with two
antigen-binding sites, which fragments can comprise a heavy chamn varable domain
{Vi) connected to a light chain vartable domain (Vp) in the same poltypeptide chain.

By using a hinker that 1s too short 1o allow pairing between the two vanable domains
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on the same cham, the diabody domains are forced to pair with the binding domains
of another cham to create two antigen-binding sites.

{0030] The by, fragment contains the variable and constant domains of the
fight cham and the variable and first constant domain {Cy) of the heavy chain. Fa
fragments differ from F, fragments by the addition of a few residues at the carboxyl
terminus of the Cyyy domain to include one or more cysteines from the antibody hinge
region. Fg fragments can be produced by cleavage of the disulfide bond at the hinge
cysteies of the Fygy pepsin digestion product.  Additional enzymatic and chemical
treatments of antibodies can yvield other functional fragments of interest.

(0031 The term "monoclonal antibody”™ as used herein refers to an antibody
obtained from a population of substantially homogeneous antibodies, ie., the
mdividual antibodies comprising the population are identical except for possible
naturally occurring mutations that may be present 1 minor amouwnts.

[0032] Monoclonal  antibodies  herem  specifically  include  “chimeric”
antibodies in which a portion of the heavy and/or light chain is identical with or
homologous to corresponding sequences m antibodies derived from a particular
species or belonging to a particular antibody class or subclass (type or subtype), with
the remamder of the chamfs) identical with or homologous to corresponding
sequences in antibodies derived from another species or belonging to another
antibody class or subclass, as well as fragments of such antibodies, so long as they
exhibit the desired biological activity of binding to CXCRS or impacting CXCRS
activity or metabolism (U.S. Pat. No. 4,816,567, and Morrison et al., Proc Natl Acad
Sci USA 81:6851 (1984)). Thus, CDRs from one class of antibody can be grafied
into the FR of an antibody of different class or subclass.

(00331 Monoclonal antibodies are highly specific, bemg directed against a
single target site, epitope or deternunant.  Furthermore, in contrast to conventional
(polyclonal) antibody preparations which typically include different antibodies
directed against different determinants {epitopes) of an antigen, each monoclonal
antibody s directed against a single determinant on the target. In addition to thew

specificity, monoclonal antibodies are advantageous bemng synthesized by a host cell,
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uncontaminated by other immunoglobuling, and provides for cloning the relevant
gene and mRNA encoding the antibody of chains thereof. The modifier "monoclonal”
indicates the character of the antibody as being obtained from a substantially
homogeneous population of antibodies, and 15 not to be construed as requiring
production of the antibody by any particolar method. For example, the monoclonal
antibodies for use with the present invention may be isolated from phage antibody
libraries using well known technigues or can be purified from a polyclonal prep. The
parent monoclonal antibodies to be used in accordance with the present invention may
be made by the hybridoma method described by Kohler et al., Nature 256:495 (1975},
or may be made by recombinant methods well known in the art.

[0034] "Humanized” forms of non-human {e.g., muring) antibodies are
chimeric inmunoglobulins, imnwmoglobulin chains or fragments theveof (such as F,,
Fan. Faw, P or other target-binding subsequences of antibodies) which contain
sequences derived from non-human tmmunoglobuling as compared to a8 human
artibody. In general, the humanized antibody will comprise substantially all of one,
and typieally two, variable domains, m which all or substantially all of the CDR
regions correspond 1o those of a non-human unmunoglobulin and all or substantially
alt of the FR regions are those of a human immunoglobulin template sequence. The
humanized antibody may also comprise at least a portion of an immunoglobalin
constant region (F.), typically that of the human innunoglobulin template chosen. In
general, the goal is to have an antibody molecule that s minimally immunogenic in a
haman. Thus, i i3 possible that one or more amino acids i one or more CDRs also
can be changed to one that is less immunogenic to @ human host, without substantially
minimizing the specific binding function of the one or more CDRs to CXCRS or to
CXCL13, Alematively, the FR can be nop-human but those amino acids most
immunoegenic are replaced with ones less imnnogenic. Nevertheless, CDR grafting,
as discussed above, is not the only way to obtain a humanized antibody. For example,
modifying just the CDR regions may be mnsufficient as it is not uncommon for
framework residues to have a role m determining the three-dimensional structure of

the CDR loops and the overall affinity of the antibody for tts ligand, Hence, any
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[0035] The adaptive imwmune response has two major arms: the cellular
unmune response of T lymphocytes and the humoral mamune response of antibody
secreting B lymphocytes. B cell epitopes can be lmear, contiguous amino acids, or
can be conformational (Protein Science (2008} 14, 246). In contrast, T-cell epitopes
are short linear peptides that are cleaved from antigenic proteins that are presented in
the context of major histocompatibility complex (MHC) proteins, or, in case of
homans, homan leukocyte antigen {HLA)Y class 1 or class 1T molecules.  Epitope
presentation depends on both MHC-peptide binding and T cell receptor (TCR)
interactions. MHC proteins are highly polymorphic, and each binds to a mited set of
peptides. Thus, the particular combination of MHC alleles present in a host mts the
range of potential epitopes recognized during an mfection,

[0036] Two fimdamental types of T cells are distinguished by expression of
CDS and CD4 protemns, which dictate whether a T cell will recogmize epitopes
presented by class I or class 1l molecules, respectively. (4" T epitopes are processed
after encapsulation by antigen presenting cells i membrane bound vesicles, where the
antigen is degraded by proteases mto peptide fragments that bind to MHC class I

proteins. In contrast, CD8 T cells generally recognize viral or selfantigens

i1
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expressed from within a cell, proteins that are cleaved into shont peptides in the
cytosol by the immunoproteasome.  After cleavage, peptides are transiocated by the
transporter associated with antigen processing {TAP) into the endoplasmic reticulum
for loading onto HLA 1 antigens. CD4" T (helper) cell epitopes are critical in driving
T cell-dependent inunune responses 1o protein antigens.

FO037] A humanization method of interest is based on the unpact of the
molecular flexibility of the antibody during and at imnwne recognition.  Protein
flexibility is related to the molecular motion of the protein molecule.  Protein
flexibility is the ability of a whole protein, a part of a protein or a single amino acid
residue to adopt an ensemble of conformations which differ significantly from each
other. Information about protein flexibility can be obtained by performing protein
X-ray crystallography experiments (see, for example, Kundu et al. 2002, Biophvs ]
83:723--732)), nuclear magnetic resonance experiments {see, for example, Freedberg
et al., b Am Chem Soc 1998, 120{311.7916-7923) or by running molecular dynamics
(MDD} stimulations.  An MD simulation of a protein is done on a computer and allows
one to determine the motion of all protem atoms over a pertod of time by calculating
the physical interactions of the atoms with each other. The output of a MD simulation
is the trajectory of the studied protein over the pertod of time of the sumulation. The
trajectory is an ensemble of protein confonmations, also called snapshots, which are
periodically sampled over the period of the simulation, e.g. every 1 picosecond (ps).
It is by analyzing the ensemble of snapshots that one can gquantify the flexibility of the
proteimn amine acid residues. Thus, a flexible residue is one which adopts an ensemble
of different conformations in the context of the polypeptide within which that residue
resides.  MD methods are known in the art, see, e.g., Brooks et al. "“Proteins: A
Theoretical Perspective of Dynamics, Structure and Thermodynamics™ (Wiley, New
York, 1988). Several software esable MDD simulations, such as Amber {see Case et al.
(2005} J Comp Chem 26:1668-1688), Charmm {see Brooks et al. {1983} } Comp
Chem 4:187-217; and MacKerell et al. (1998} m “The Encyclopedia of Computational
Chemistry™ vol. 1:1271-177, Schlever et al, eds. Chichester: John Wiley & Sons) or

Impact {(see Rizzo et al. J Am Chem Soc; 2000; 122(51):12898-12900))
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FO038] Most protem complexes share a relatively large and planar buried
surface and it has been shown that flexibility of binding partners provides the origin
for their plasticity, enabling them to conformationally adapt to each other {Structure
(2000} 8, R137-R142). As such, examples of “induced fit” have been shown to play a
dominant role in protein-protein interfaces. In addition, there is 8 steadily increasing
body of data showing that proteins actually bind ligands of diverse shapes sizes and
composition {Protein Science (20023 11:184-187) and that the conformational
diversity appears to be an essential component of the ability to recognize different
partners {Science {2003} 299, 1362-1367). Flexible residues are involved in the
binding of proiein-protein partners {(Stracture {2006} 14, 683-693),

[0039] The flexible residues can adopt a variety of conformations that provide
an ensemble of interaction areas that are likely to be recognized by wmemory B cells
and to trigger an immunogenic response.  Thus, antibody can be humanized by
modifying a number of residues from the framework so that the ensemble of
conformations and of recognition areas displaved by the modified antibody resemble
as much as possible those adopted by a human antibody.

{0040] That can be achieved by modifying a limited number of residues by:
(1) building a homology model of the parent mAb and running an MD simulation; (2)
analvzing the flexible residues and identification of the most flexible residues of a
non-human anttbody molecule, as well as identifying residues or motifs likely to be a
source of heterogeneity or of degradation reaction; (3) identifying a human antibody
which displays the most simular ensemble of recognition areas as the parent antihody;
(4) determining the flexible residues to be mutated, residues or motifs likely 1o be a
source of heterogenetty and degradation are also mutated; and (§) checking for the
presence of known T cell or B cell epitopes. The flexible residues can be found using
an MD calculation as taught herein using an implicit solvent model, which accounts
for the interaction of the water solvent with the protein atoms over the period of time
of the simulation.

{00411 Once the set of flexible residues has been identified within the variable

hght and heavy chains, a set of human heavy and light chain variable region
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frameworks that closely resemble that of the antibody of interest are identified. That
can be done, for example, using a biast search on the set of flexible residues agamst a
database of antibody human germ line sequence. [t can also be done by comparing
the dynamics of the parent mAb with the dvnamics of a library of germ line canonical
structures. The CDR residues and neighboring residues are excluded from the search
to ensure high affinity for the antigen s preserved.

[0042] Thus, a comparison the molecular dynamic trajectory of the antibody
of imerest with the trajectories of a hibrary of germ line antibody structures was
conducted. 16107 was compared to a library of 49 germ line structures. The
molecular dynamic trajectory retained of each antibody is an ensemble of molecalar
dynanic calculations during the melecular dynamics computer simulation where, for
example, about 10 diverse conformations are used as diverse starting points, and for
each starting pomt, about 10 molecular dynamic simulations are run. The 49 3D
homology models of the human antibody germ lines were built by systematically
combining the 7 most frequent human light chain (vkl, va2, va3, ved, val, vIA2 and
vA3) and the 7 most frequent heavy chains (vhia, vhib, vh2, vh3, vhd, vhS and vho)
{(Nucietc Acids Research, 2008, Vol 33, Database issue DS93-D397). The flexible
residues of 16137 are then changed to the corresponding residues of the germ line
structure with a trajectory closest to that of the antibody of interest.

[0043] Flexible residues then are replaced. When several human residues
show similar homologies, the selection is driven also by the nature of the residues that
are hikely to affect the solution behavior of the humanized antibody. For instance,
polar residues will be preferred in exposed flexible loops over hydrophobic residues,
Residues which are a potential sovrce of instability and heterogeneity are also mutated
even if there are found m the CDRs. That will wclude exposed methionines as
sulfoxide formation can result from oxygen radicals, proteolvtic cleavage of acid
labile bonds such as those of the Asp-Pro dipeptide (Drug Dev Res (2004)
61:137-1534), deamidation sites found with an exposed asparagine residue followed by
a small amino acid, such as Gly, Ser, Ala, His, Asn or Cys (J Chromatog {2006}

837:35-43) and N-glveosylation sites, such as the Asn-X-Ser/Thr site. Typically,
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exposed methionines will be sebstiteted by a Lew, exposed asparagines will be
replaced by a glutamine or by an aspartate, or the subsequent residue will be changed.
For the glycosylation site (Asn-X-Ser/Thr), either the Asn or the Ser/Thr residue will
be changed.

[0044] The resulting composite sequence is checked for the presence of
known B cell or hinear T-cell epitopes. A search is performed, for example, with the
publicly available Immune Epitope Data Base (IEDB) (PLos Biol (20053 3{3)e91). If
a known epitope is found within the composite sequence, another set of human
sequences is retrieved and substituted

10045] Unlike the resorfacing method of US Pat. No. 5,639,641, both B-cell-
mediated and T-cell-mediated immunogenic responses are addressed by the method.
The method also avoids the ssue of loss of activity that 1s sometimes observed with
CDR grafiing (US Pat. No. §530,101). In addition, stability and solubihity 1ssues also
are considered in the engmeering and selection process, resulting i an antibody that
ts optimized for low immunogenicity, high antigen affinity and maproved biophysical
properties.

{0046] Strategies and methods for resarfacing antibodies, and other methods
for reducing nvmunogemcity of antibodies within a different host, are disclosed, for
example, m US. Pat. No. 5,639,641, Brefly, in a preferred methed, (1) position
alignments of a pool of antibody heavy and hight chain variable regions are generated
to vield heavy and light chain variable region framework surface exposed positions,
wherein the alignment positions for all variable regions are at least about 98%
wentical; (2) a set of heavy and Hght chain varlable region framework surface
exposed amino acid residues 1s defined for a non-heman, sech as a rodent antibody
{or fragment thergof); (3) a set of heavy and light chain varable region framework
surface exposed amino acid residoes that s most closely identical to the set of rodent
surface exposed ammo acid residues is identified; and (4) the set of heavy and light
chain variable region framework swrface exposed amino acid restdues defined in step
{2} is substituted with the set of heavy and hight chain variable region framework

surface exposed amino acid residoes identified in step (33, except for those amino acid
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residues that are within SA of any atom of any residue of a CDR of the rodent
antibody, to vield a humanized, such as a redent antibody retamning binding
specificity.

[0047] Antitbodies can be humamzed by a variety of other technigues
including CDR grafiing (EPO 0 239 400; WO 91/09967; and US. Pat. Nos. 5,530,101
and 5,585,089}, veneering or resurfacing (EPO 0 392 106; EPO 0 519 596, Padlan,
1991, Molec Imm 28(4/5):489-498; Studnicka et al., 1994, Prot Eng 7(6):805-814;
and Roguska et al., 1994, PNAS 91:969-973) and chain shuffling (U5, Pat. No.
5,565,332). Human antibodies can be made by a variety of methods known in the art
including, but pot limited to, phage display methods, see U.S, Pat. Nos, 4444887,
4,716,111, S5.545806 and 5814318 and WO IB/M6645. WO 98/30433,
WO 98/24893, WO 98/16654, WO 96/34096, WO 96/33735 and WO 91710741, using
transgenic antmals, such as rodents, using chimeric cells and so on.

[0048] “Antibody homolog” or “homolog™ refers to any molecule which
specifically binds CXCRS as taught herein.  Thus, an antibody homolog includes
native or recombinant antibody, whether modified or not, portions of anttbodies that
retain the biological properties of interest; such as binding CXCRS, such as an P or
F. molecule, a single chain antibody, a polypeptide carrving one or more CDR
regions and so on. The amino acid sequence of the homolog need not be identical 1o
that of the naturally occurring anttbody but can be altered or modified to carry
substitute amino acids, inserted amino acids, deleted amino acids, amino acids other
than the twenty normally found i proteins and so on to obtain a polypeptide with
enbanced or other beneficial properties.

[0049] Anubodies with homologous sequences are those antibodies with
amine acid sequences that have sequence homology with the amino acid sequence of
a CXCRS antibody of the present invention. Preferably, homology is with the amino
acid sequence of the variable regions of an antibody of the present mvention.
“Sequence homology™ as applied to an amino acid sequence herein is defined as a
sequence with at least about 90%, 91%%, 92%, 93%, 94% or more sequence homology

SR

and more preferably at least about 93%, 96%, 97%, 98% or 99% sequence homology

H
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to another amino acid sequence, as determined, for example, by the FASTA search
method in accordance with Pearson & Lipman, Proc Natl Acad Sci USA 835,
2444-2448 (1988).

f0030] A chimeric antibody is one with different portions of an antibody
derived from different sources, such as differemt antibodies, different classes of
antibody, different anumal species, for example, an antibody having a variable region
derived from a muring monoclonal antibody paired with a human immnoglobulin
constant region and so on. Thus, a humanized antibody is a species of chimeric
antibody. Methods for producing chimeric antibodies are known in the art, see, e.g.,
Morrison, 1985, Science 229:1202; Oh et al, 1986, BioTechniques 4:214; Gillies
etal, 1989, J lmmunol Methods 123:191-202; and US. Pat Nos. 5807715,
4,816,567, and 4,816,397,

{0051 Artificial antibodies include single chain antibodies, scFyv fragments,
chimeric antibodies, diabodies, triabodies, tetrabodies and mru {see reviews by Winter
& Milstein, 1991, Nature 349:293-299; and Hudson, 1999, Cwrr Opin Imm
11:548-557), each with antigen-binding or epitope-binding ability. In the single chain
F, fragment {scF), the Vi and Vi domains of an antibody are linked by a Hexible
peptide. Typically, the linker is a peptide of about 15 ammo acids. If the linker 13
much smaller, for example, S amino acids, diabodies are formed, which are bivalent
scFyv dimers. If the linker 15 reduced to less than three amino acid residues, trimeric
and tetrameric structures arve formed that are called triabodies and tetrabodies,
respectively. The smallest binding unit of an antibody can be a single CDR, typically
the CDR2 or 3 of the heavy cham which has sufficient specific recognition and
binding capacity, but can be any combination of CDR sequences as can be determined
practicing the methods taught  herein.  Such 3 fragment is called a mwolecular
recogmtion umit or mru. Several such mrus can be linked together with short linker
peptides, therefore forming an artificial binding protein with higher avidity than a
sigle mru.

F0052] Also included within the scope of the mvention are functional

equivalents of an antibody of interest. The term “functional equivalents”™ includes
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F0033] The functional equivalents of the present apphication also nclude
nodified antibodies, e.g., antibodies moditied by the covalent attachment of any type
of molecale to the antibody. For example, modified antibodies include antibodies that
have been modified, eg., by glveosylation, acetviation, pegylation, deamidation,
phosphoryiation, amidation, derivatization by known protecting/blocking groups,
protectvtic cleavage, linkage to a cellular ligand, linkage to a toxin or cytotoxic
nmotety or other protein ete. The covalent attachment need not vield an antibody that
is immune from generating an anti-idiotypic response.  The modifications may be
achieved by known techniques, including, but not limited to, specific chemical
cleavage, acetvlation, formylation, metabolic synthesis etc.  Additionally, the
modified antibodies may contain one or more non-classical amino acids.

[0034] Many techniques are available to one of ordinary skill i the art which
permit the optimization of binding affinity.  Typically, the technigues involve
substitution of various amino acid residues at the site of mterest, followed bv a
screeping analysis of binding affimity of the mutant polypeptide for the cognate
antigen or epitope.

[0055] Once the antibody is identified and isolated, it i3 often useful to
generate a vartant antibody or mutant, or mutein, wherein one or more amino acid
resicues are altered, for example, 1 one or more of the hypervariable regions of the

antibody. Alternatively, or in addition, one or more alterations {e.g., substitutions) of
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framework residues may be introduced in the antibody where these resalt m an
unprovement w1 the binding affinity of the antibody mutant for CXCRS. Examples of
framework region residues that can be modified include those which non-covalenily
bind antigen directly (Amit et al., Science 233:747-753 (1986)). mieract with/affect
the conformation of a CDR (Chethia et al., J Mol Biol 196:901-917 (1987}); andfor
participate in the Vi-Vy interface (EP 239 400}  In certam embodiments,
modification of one or more of such framework region residues results i an
enhancement of the binding affinity of the antibody for the cognate antigen. For
example, from about one to about five framework residues may be altered in this
embodiment of the mvention. Sometimes, this may be sufficient to yvield an antibody
mutant suitable for use in preclinical trials, even where none of the hypervariable
region residues have been altered. Nornmally, however, the antibody mutant can
comprise one or more hypervartable region alteration{s). The constant regions also
can be altered to obtain desirable or more desirable effector properties.

[0036] The hypervanable region residues which are altered may be changed
randomly, especially where the starting binding affinity of the parent antibady is such
that randomly-produced antibody muotants can be readily screened for altered binding
in an assay as taught herein.

FO0S7] One proceduwre for obtaining antibody mutams, such as CDR mutants,
is "alanine scanning mutagenesis” {Cunningham & Wells, Science 244:1081-1083
(1989); and Cunningham & Wells, Proc Nat Acad Sci USA 84:6434-6437 (1991)).
One or more of the hypervariable region residue{s) are replaced by alanine ot
polyalanine residue{s),  Those hypervarigble region residue(s) demonstrating
functional sensitivity to the substingions then are refined by introducing further or
other mutations at or for the sitex of substitution. Thus, while the site for introducing
an amino acid sequence variation 1s predetermined, the nature of the nutation per se
need not be predetermined. Simular substitutions can be attempted with other ammo
acids, depending on the destred property of the scanned residues.

FO0SB] A more systematic method for identifving amino acid residues 1o

modify comprises 1dentifving hypervariable region residues tnvolved m binding
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CXCRS and those hypervariable region residues with hittle or no Involvement with
CXCRS binding. An alanine scan of the non-binding hypervariable region residues is
performed, with each ala mutant tested for enhancing binding to CXCRS. In another
enthodinment, those residue(s) significantly mvolved in binding CXCRS are selected to
be modified. Modification can invelve deletion of g residue or insertion of one or
more vesidues adjacent to a residue of mterest. However, normally the modification
involves substitution of the residue by another amino acid. A conservative substitution
can be a first substitution.  If such a substitution resalts 1 a change in biological
activity (e.g., binding affinity), then another conservative substitution can be made to
deternune if more substantial changes are obtamed.

[0059] Even more substantial modification in an anttbody range and
presentation of biological properties can be accomplished by selecting an amino acd
that differs more substantially 1 properties from that normally resident at a site.
Thus, such a substitution can be made while mamtaining: (a) the structure of the
polypeptide backbone in the area of the substitution, for example, as a sheet or helical
conformation; {b) the charge or hydrophobicity of the molecule at the target site, or
{¢) the bulk of the side chain.

0060 For example, the naturally occurring amino acids can be divided into
groups based on common side chain properties:

[0061] (1) hydrophobic: methionine (M or met), alanine (A or ala), valine (V
or val}, lencine (L or leu) and isolencine (I or ie);

[0062] (2) neutral, hydrophilic:  cysteme (C or cys), serine {8 or ser),
threonine (T or thry, asparagine (N or asn) and glutamine {(Q or gln),

H0063] (3) acidic: aspartic acid (D or asp} and glatamic acid (E or ghu);

[0064] (4) basic: histidine (H or his}, lysine (K or lys) and arginine (R or arg);

{0063] (5) residues that influence chan orientation:  glyeme (G or gly) and
proline {P ar pro), and

FO066] (6) aromatic: tryplophan (W or up), tvrosine (Y or tyr} and

phenvialanine {F or phe}
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F0067] Non-conservative substituttons can entail exchanging an amino acid
with an ammo acid from apother group.  Conservative substitutions can entail
exchange of one amino acid for another within a group.

[0068] Preferred amino acid substitutions include those which: (1} reduce
susceptibitity to proteolysis, (2) reduce susceptibility to oxidation, (3) alter binding
affinity and (4) confer or modify other physico-chemical or functional properties of
such analogs. Analogs can include various muteins of a sequence other than the
naturally cccurring peptide sequence. For example, single or multiple amino acid
substitutions {preferably conservative amino acid substitutions) may be made in the
natorallv-occwring sequence {preferably in the portion of the polypeptide outside the
domain {s} forming mtermolecular contacts. A conservative amino acid substitution
should not substantially change the structural characteristics of the parent sequence {e.
., a replacement amino acid should not tend to break a helix that occwrs m the parent
sequence, or disrupt other types of secondary structure that chargcterizes the parent
sequence) unless of a change in the bulk or conformation of the R group or side chain,
Proteins, Structures and Molecular Principles {Creighton, ed., W. H. Freeman and
Company, New York (1984)); Introduction to Protemn Structere (Branden & Tooze,
eds., Garland Publishing, New York, N. Y. {1991}); and Thomton et al. Nature
354:108 (1991}

[0069] Ordinarily, the anttbody mutant with improved biological properties
will have an amino acid sequence having at least 75% amino acid sequence identity or
sunilanty with the anuno acid sequence of either the heavy or light chain varable
domain of the parent anti-human CXCRS antibody, at least 80%, at least 85%, at least
90% and often at least 95% identity. Identity or similarity with respect to parent
antibody sequence is defined herein as the percentage of amino acid residues in the
candidate sequence that are wdentical (i.e., same restdue) or stmlar (i.e., amino acid
residue from the same group based on common side-chain properties, suprg} with the
parent antibody residues, after aligning the sequences and introducing gaps, if

necessary, to achieve the maximum percent sequence wdentity.
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FO070] Alternatively, antibody mutants can be generated by systematic
mutation of the FR and CDR regions of the heavy and hight chains, or the F, region of
the anti-CXCRS antibody.  Another procedwe for generating antibody mutants
involves the use of affinity maturation using phage display (Hawkins et al. | J Mol Biol
254:889-896 ({1992) and Lowman et al., Biochemistry 30(45):10832-10838(1991}).
Bacteriophage coat-protein fustons {Smith, Science 228:1315 {1983); Scott & Smith,
Science 249:386 (1990}, Cwirla et al. Proc Natl Acad S USA 8309 {1990); Devlin
et al. Science 249:404 (1990); Wells & Lowman, Curr Opin Struct Biol 2:597 (1992);
and U.S. Pat. No. 5,223,409} are known 1o be useful for linking the phenotype of
displayed proteins or peptides 1o the genotype of bacteniophage particles which
encode them. The Fu domams of antibodies have also been displayved on phage
{McCafferty et al,, Nature 348; 552 (1990); Barbas et al. Proc Natl Acad Sai USA
&R:7978 {1991}, and Garrard ot al. Biotechnol 911373 {(1991)).

[0071] Monovalent phage display consists of displaving a set of protein
variants as fustons of a bacteriophage coat protein on phage particles (Bass et al.,
Proteins 8309 (1990). Affinity maturation, or mnprovement of equilibrium binding
affiuties of vartous proteins, has previously been achieved through successive
application of mutagenesis, monovalent phage display and functional analysis
{Lowman & Wells, J Mol Biol 234:564 378 (1993); and U.S. Pat. No. 53,534,617, for
example, by focusing on the CDR regions of antibodies {Barbas et al., Proc Natl Acad
Sci USA 91:3809 (1994): and Yang et al., J Mol Biol 254:392 (1993)).

[0072) Libraries of many (for example, 10° or more) protein variants, differing
at defined positions i the sequence, can be constructied on bacteriophage particles,
each of which contains DNA encoding the particalar protein variant. Afler cycles of
affinity purification, using an inuobihized antigen, individual bacteriophage clones
are isolated, and the amino acid sequence of the displayed protein 1s deduced from the
DNA.

{0073] Following production of the antibody mutant, the biological activity of
that molecule relative to the parent antibody can be determined as taught herein. As

noted above, that may involve deternuning the binding affinity and/or other biological

e
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activities or physical properties of the antibody. In a preferred embodiment of the
wivention, a panel of antibody mutants are prepared and are screened for binding
affimity for the antigen. One or more of the antibody mutants selected from the scveen
are optionally subjected to one or more further biclogical activity assays to confirm
that the antibody mntant(s) have new or improved properties, In preferred
embodiments, the anttbody mutant retains the ability to bind CXCRS with a binding
affinity similar to or better‘higher than that of the parent antibody.

[0074] The antibody mutant{s) so selected may be subjected to further
modifications, often depending on the intended use of the antibody.  Such
modifications may involve further alteration of the amino acid sequence, fuston to
heterologous polypeptide(s) andior covalent modifications. For example, a cysteme
restdue not involved wn maintamning the proper conformation of the antibody mutant
may be sobstituted, generally with serine, to mmprove the oxidative stability of the
molecule and to prevent gberrant cross-linking. Conversely, a cysteing may be added
to the antibody to mmprove stability (particularly where the antibody is an antibody
fragment such as an F, fragment).

{0075] Another type of antibody mutant has an altered glycosviation pattern.
That may be achieved by deleting one or more carbohydrate moieties found  the
antibody and/or by adding one or more glycosvlation sites that are not present in the
antibody. Glycosylation of antibodies is typically either N-linked to Asn or O-linked
to Ser or Thr. The tipeptide sequences, asparagine-X-serine and asparagine-X-
threonine, where X is any ammo acd except proline, are comumon recognition
sequences for enzymatic attachment of & carbohvdrate moety 1w the asparagine side
chain. N-acetylgalactosamine, galactose, fucose or xylose, for example, are bonded to
a hydroxvanunoe acid, most commonly serine or threonine, although S-hydroxyproline
or S-hydroxylysine also may be used. Addition or substitution of one or more serine
or threonine residues to the sequence of the original antibody can enhance the
likehibood of O-linked glvcosylation.

F0076] It may be desirable to modify the antibody of the mvention with

respect to effector function, so as to enhance the effectiveness of the antibody. For
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[0077] Covalent modifications of the antibody are mcluded within the scope
of the fnvention.  Such may be made by chemical synthesis or by enzvmatic or
chemical cleavage of the antibody, if applicable. Other tvpes of covalent
ntodifications of the antibody are wtroduced nto the molecnle by reacting targeted
amino acid residues of the antibody with an organic dertvatizing agent that is capable
of reacting with selected side chains or with the N-terminal or C-terminal residue.

HO078] Cystemyl  residues can be reacted with o-haloacetates  {and
corresponding  amines), such as chloroacetic acid or chlorcacetanude, to vield
carboxylmethyl or carboxyanmudomethy! derivatives. Cysteinyl residues also can be
derivatized by  reaction with bromotrifluoroacetone,  g~bromo-B-(5~
inidozovljpropionic acid, chloroacetyl phosphate, Nealkyimaleimides, 3-nitro-2-
pyridyl  disulfide, methyl  2Z-pyridyl  disulfide,  p-chloromercurtbenzoate,
2-chloromercura-4-nitrophenol  or  chloro-7-nitrobenzo-2-oxa-1 3-diazole,  for
example.

[0079] Histidyl  residues  can be  denvatized by reasction  with
diethylpyrocarbonate at pH 5.5-7.0. p-bromophenacyl bromide also can be used, the
reaction 15 preferably performed in 0.1 M sodium cacodylate at pH 6.0,

F00R0] Lysinvl and o terminal residues can be reacted with succinic or other
carboxylic acid anhvdrides to reverse the charge of the residues. Other suitable

¢ residues nchude imidoesters, such as

Pod

reagents for derbvatizing g-amino-containin

methyl  pieolimimidate,  pyridoxal  phosphate,  pyridoxal,  chloroborohydride,
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trinitrobenzenesulfonic acid, O~-methyhisourea and 2 4-pentanedione, and the amino
acid can be transaminase-catalyzed with glvoxylate.

[0081] Arginyl residues can be modified by reaction with one or several
conventional reagents, such as phenvlglyoxal, 2 3-butanedione, 1.2-cyclohexanedione
and nighydrin, Derivatization of arginine residues ofien requires alkaline reaction
conditions. Furthermore, the reagents may react with lysine as well as the argmmne
£-amino group.

[0082] The spectfic modification of tyrosyl residues can be made with
aromatic  diazonium  compounds  or  tetranitromethane. For example,
N-acetylimidizole and tetranitromethane are used to form Q-acety! tyrosyl species and
3-nitre derivatives, respectively. Tvrosyl residues can be fodinated using "1 or "' to
prepare labeled protems for use in a radicimmunoassay.

{0083] Carboxvl side groups {aspartyl or glutamyl) can be modified by
reaction with carbodiimides {R-N=C=C-R", where R gnd R’ can be different alkyl
groups, such as 1-eyclohexyl-3-(2-morphotinyi-4-ethyl) carbodiimide or 1-ethyl-3-(4-
azonia-4 4-dimethylpentyl) carbodiimide.  Furthermere, aspartyl and ghatamyl
residoes can be converted 1o asparaginyl and ghitaminyl residues by reaction with
anENoNium ons.

{0084] Glutaminy! and asparaginyl residues are frequently deamidated to the
corresponding glutamyl and aspartyl residues, respectively, under neutral or basic
conditions. The deamidated form of those residues falls within the scope of this
invention.

[O085] Other mwodifications mclode hydroxvlation of prohine and lysine,
phosphoryviation of hydroxyl groaps of serinyl or threony! residues, methylation of the
a-anine groups of lysine, arginine, and histidive side chans {Creighton, Proteins:
Structure and Melecolar Properties, W H. Freeman & Co., San Francisco, pp. 79-86
(1983)), acetyvlation of the N-terminal amine and amudation of any C-terminal
carboxyl group.

[0086] Another type of covalent modification mvolves chemically or

enzymatically coupling glveosides to the antibody. Those procedures do not require
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production of the antibody in a host cell that has glycosylation capabilities tor
N-linked or O-linked glycosvlation. Depending on the coupling mode used, the
sugar{s) may be attached to: {a) arginine and listidine; (b) free carboxvl groups; (¢}
free sulfhydryl groups, such as those of cysteine; (d) free hydroxyl groups, such as
those of serine, threonine or hvdroxyproline; {¢) aromatic residues such as those of
phenylalanine, tyrosme or tryptophan; or (f) the amide group of glutamine. Such
methods are described in WO 87/05330 and in Aplin & Wriston, CRC Crit Rev
Biochem, pp. 259-306 (1981).

[0087] Removal of any carbohydrate moigties present on the antibody may be
accomplished chenucally or enzymatically. Chemical deglycosylation, for example,
can require exposure of the antibody to the compound, trifluoromethanesulfonic acid,
or an equivalent compound, resulting in cleavage of most or all sugars except the
hnking sugar {(N-acetvighicosamine or N-acetylgalactosamie), while leaving the
antibody intact. Chemical deglycosylation is described, for example, m Hakimuddin
et al. Arch Biochem Biophys 259:32 (1987) and in Edge etal, Anal Biochem
1I8:131 {1981} Enzyvmatic cleavage of carbohydrate moteties on antibodies can be
achieved by any of a variety of endoglycosidases and exoglycosidases as described,
for example, in Thotakura et al,, Meth Enzymol 138:350(1987).

[O088] Another tvpe of covalemt modification of the antibody comprises
tinking the antibody to one of a variety of nonproteinaceous polvmers, e.g,
polvethyviene glveol, polvpropylene glycol or polvoxylaliylenes, in the manner set
forth in U.S. Pat. Nos. 4,040,833 4.496,689; 4 3(1,144; 4670417, 4,761,192 or
4,179,337,

FO089] Another technigue preferred for obtaining mutants or muteins is
affinity maturation by phage display (Hawking et al., J Mol Biol 254:889-896 (1992);
and Lowman et al, Biochemistry 30{(45):10832-10838 (1991)). Bunefly, several
hypervanable region sites (e.g., 6-7 sites) are mutated to generate all possible ammo
acid substitutions at each site. The antibody mutants thus generated are displayved in
monovalent fashion on phage particles as fusions to a protein found on the particles.

The phage expressing the various mutants can be cveled through rounds of binding
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[0090] The wethod of selecting novel binding polypeptides can utilize a
library of structwally related polypeptides. The bibrary of structurally related
polypeptides, for example, fused to @ phage coat protein, is produced by mutagenesis,
and s displayed on the surface of the particle. The particles then are contacted with a
target molecule and those particles having the highest affinity for the target are
separated from those of lower affinity. The high affinity binders then are amplified
by infection of a suitable bacterial host and the competitive binding step is repeated.
The process is repeated until polypeptides of the desired atfinily are obtained.

[0091] Alterpatively, multivalent phage (McCafferty et al. (1990) Nature
348:552-554; and Clackson et al. (1991} Nature 352:624-628) also can be used to
express random point mutations {for example, generated by use of an error-prone
DNA polvmerase} to generate a library of phage antibody fragments which then could
be screened for affinity to CXCRS, Hawkins et al., (1992) F Mol Biol 254:889-896.

[0092] Preferably, during the affinity maturation process, the replicable
expression vector s under tight control of a transcription regulatory element, and the
culturing conditions are adjusted so the amount or number of particles displaying
more than one copy of the fusion protein is less than about 1%. Also preferably, the
amount of particles displaying more than one copy of the fusion protein is less than
10% of the amount of particles displaying a single copy of the fusion protein.
Preferably the amownt i3 less than 20%.

[0093] Fuactional equivalents may be produced by iterchanging different
CDRs of different antibody chains within a framework or a composite FR derived
from plural antibodies. Thus, for example, different classes of antibody are possible
for a given set of CDRs by substitution of different heavy chains, for example, lgGi,
IeM, IgA . or Igh), to vield differing CXCRS antibody types and isotypes. Similarly,
artificial antibodies within the scope of the invention may be produced by embedding

a given set of CDRs within an entirely syathetic framework.

£3
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[0094] For example, a suitable framewaork and F, portion to camry the variable
region or one or more CDR’s of interest 1s obtained from an IgG4 molecule, which
has reduced effector function.

[0095] In other embodiments, to enhance the properties of a CXCRS-lunding
molecule of interest, certain modifications can be made to the framework portion
and/or F. portion of the molecule carrving the antigen-binding portion of a molecule
of interest. For example, amine acid substitutions can be made to enhance or to
reduce properties of interest. Thus, in an IgG4 molecule, substitntions at sites known
to impact function, for example, in the hinge region, in a region that bmpacts an
effector function or that mmpacts F; bmding, for example, are suitable for
madification. in an IgG4 molecule, substitutions, using Kabat numbering, at amine
acid 225, 226, 227, 228, 229, 230, 231, 232, 233, 234,
241, 242, 243, 244, 245, 246, 247 248, 249, 250, 251, 252, 253, 254, 255 and so on,
or combinations thereof, can be made to obtain desired properties, For example,
substituting a proline for serine 241 can stabilize the tertiary and quaternary structures
of the molecule (Mol fmm 30(1}105-108, 1993), and substituting glutamic acid for
feucine 248 can dampen effector function{s} (J Imm 164(431925-1033, 2000; and Clin
I 98(23164-174, 2001 ).

[0096] Another beneficial property is obtaining an antibody dertvative which
binds CXCRS but, for example, does not deplete B cells. That can be advantageous
as amtibody production in a patient is not compromised. Treatment with such a
reagent also facilitates a combination regimen with a second drug for a particular
mndication that acts at a level other than at the B cell. That miay be at the level of the
T cedl, for example.

[0097] Hence, for example, 16D7-HCH-LC3 was treated to contain two
substitutions, S241P and L248E. The proline and glotamic acid residues confer
desired properties on a CXCRS-binding molecule of mnterest carrving an 1G4
framework, such as, stability and reduced effector Tunction.

FO098] The antibody fragments and fonctional equivalents of the present

mvention encompass those molecules with a detectable degree of specific binding to
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CXCRS. A detectable degree of binding includes all vahies in the range of at least
10-100%, preferably at least 50%, 60% or 70%, more preferably at least 75%, 80%,
85%%, 90%, 93% or 99% of the binding abilitv of an antibody of interest.  Also
included are equivalents with an affinity greater than 100% that of an antibody of
interest.

[0099] The CDRs generally are of importance for epitope recognition and
antibody binding. However, changes may be made to residues that comprise the
CDRs without interfering with the ability of the antibody to recognize and to bind the
copnate epitope.  For example, changes that do not impact epitope recognition, vet
increase the binding affinity of the antibody for the eptiope, may be made. Several
studies have surveved the effects of introducing one or meore amino acid changes at
various positions 10 the sequence of an antibody, based on the knowledge of the
primary antibody sequence, on the properties thereof, such as binding and level of
expression {Yang et gl., 1995, J Mol Biol 254:392-403; Rader et gl., 1998, Proc Natl
Acad Sci USA 95:8%910-8915; and Vaughan etal, 1998, Nature Biotechnology 16,
35539y

LA

{60100} Thus, equivalents of an antibody of interest can be generated by
changing the sequences of the heavy and light chain genes in the CDRI, CDR2Z or
CDR3, or framework regions, using methods such as oligonucleotide-mediated
site~directed mutagenesis, cassette mutagenesis, error-prone PCR, DNA shuffling or
mwytator-strains of £. coli {(Vaughan et al, 1998, Nat Biotech 16:535-5339; and Adey
et al., 1996, Chap. 16, pp. 277291, in Phage Display of Peptides and Protems, eds.
Kay et al., Academic Press). The methods of changing the nucleic acid sequence of
the primary antibody can result in antibodies with mmproved affinity (Gram et al.,
1992, Proc Natl Acad Sci USA &9:3576-3580; Boder et al., 2000, Proc Natl Acad Sci
USA 97:16701-10705; Davies & Riechmann, 1996, Immunotech 2:169-179;
Thompson et al, 1996, I Mol Biol 256:77-88; Short etal, 2002, J Biol Chem
277:16365-16370; and Furukawa et al., 2001, J Biol Chem 276:27622-27628).

(001011 Repeated cycles of "polyvpeptide selection™ can be used to

select for higher and higher affinity binding by, for example, the selection of multiple
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amino acid changes which are selected by multiple selection of cycles. Following a
first round of selection, involving a fust region of selection of amino acids in the
higand or antibody polypeptide, additional rounds of selection in other regions or
amino acids of the ligand are conducted. The cvcles of selection are repeated until the
desired affinity properties are achieved.

HO0102] Improved antibodies also include those antibodies having
improved characteristics that are prepared by the standard techniques of animal
immmunization, hybridoma formation and selection for antibodies with specific
charactenstics.

(00103} "Antagorust” refers to a molecule capable of inlubiting one or
mare bological activities of a target molecule, such as signaling by CXCRS.
Antagonists may mterfere with the binding of a receptor 1o a higand and vice versa, by
incapacitating or killing cells activated by a hgand, and/or by interfering with receptor
or ligand activation {e.&., tyrosine kinase gctivation) or signal transduction after ligand
binding to a receptor.  The antagonist may completely block receptor-ligand
uiteractions or may substantially reduce such interactions. Al such points of
infervention by an antagonist shall be considered equivalent for puorposes of the
instant invention. Thus, included within the scope of the invention are antagonists
{e.g., peutralizing antibodies) that bind to CXCRS, CXCL13 or other ligands of
CXCRS, or a complex of CXCRS and a ligand thereof, such as CXCL13; amino acid
sequence variants or derivatives of CXCRS or CXCL13 which antagonize the
interaction between CXCRS and a hgand, sueh as CXCLI3; solable CXCRS,
optionally fused to a heterologous molecule such as an wnnwnoglobulin region {e.g.,
an wnmunoadhesin}; a complex comprising CXCRS m association with another
receptor or biclogical molecule; synthetic or native sequence peptides which bind to
CXCRS; and so on.

00104} “Agonist” yefers to a compound, mcluding a protein, a
polypeptide, a peptide, an antibody, an antibody fragment, a conjugate, a large
molecule, a small molecule, which actrvates one or more biological activities of

CXCRS, Agonists may interget with the binding of a receptor to a ligand and vice
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{00105} The terms “cell,” "cell line” and "cell culture” wclude progeny
thereof. It is also understood that all progeny may not be precisely identical, such as
1 DNA content, due to deliberate or inadvertent mutation. Variant progeny that have
the same function or biological property of interest, as screened for in the eriginal
cell, are incloded.  The "host cells” used in the present mvention generally are
prokaryotic ar eukaryotic hosts, selected as a design choice.

(001061 "Transformation” of a cellular organism, cell or cell hine with a
nacteic acid means introducing a nucleic acid mto the target cell so that the nucleic
acid is replicable, either as an extrachromosomal element or by chromosomal
integration, and, optionally, expressed. "Transfection™ of a cell or organism with a
nucleic acid refers 1o the taking vp of the nucleic acid, e.g., an expression vector, by
the cell or organism whether or not any coding sequences are i fact expressed. The
terms "transfected host cell” and "transformed” refer to a cell i which a nucleic acid
was introduced.  Typical prokaryotic host cells include vanious straing of £ eoll.
Typical eukaryotic host cells are mammal cells, such as Chinese hamster ovary, or
cells of human origin. The mtroduced nucleic acid sequence may be from the same
species as the host cell or of a different species from the host cell, or may be a hybnid

nucleic geid sequence, comtaining some foreign and some homologous nucleic acids.
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{60107} The term "vector” means 8 nucleic acid construct, a carrier,

gene ofr the gene of mierest,

& &

containing a nucleic acid, the transgene, the foreign
which can be opersbly linked to suitable control sequences for expression of the
transgene in a suitable host. Such control sequences mclude, for example, a promoter
to effect transcription, an optional operator sequence to control such transcription, a
sequence encoding suitable mRNA ribosome binding sites and sequences which
controf the termination of transcription and translation. The vector may be a plasimid,
a phage particle or just a potential genomic msert. Once tansformed into a suitable
host, the vector may replicate and function mdependently of the host genrome, or may
i some instances, ntegrate into the host cell genome. In the present specification,
"plasmid” and "vector” are used interchangeably, as the plasmid is a commonly used
form of vector. However, the invention is mitended to mclude such other forms of
vectors which serve equivalent carrier function as and which are, or become, known
u1 the art, such as viruses, synthetics molecules that carry nucleic acids, liposomes and
the like.

[O0108] "Mammal” for purposes of treatment refers to any anmal
classified as a mammal, mcloding wman, domestic and farm anmimals, nonhoman
primates, and zoo, sports or pet animals, such as dogs, horses, cats, cows etc.

001087 The antibodies of interest can be screened or can be used in an
assay as described heremn or as known in the art. Often, such assays require a reagent

¥

to be detectable, that is, for example, labeled. The word "label” when used herein
refers to a detectable compound or composition which can be conpugated divectly or
indirectly to a molecule or protein, e.g., an antibody. The label may itself be
deteciable (e.g., radioisotope labels, particles or fluorescent labels) or, 1o the case of
an enzyvmatic label, may catalyze chemical alteration of a substrate compound or
composition which 1s detectable.

(001101 As vsed heretn, "solid phase” means a non~aqueous matnx to

which an entity or molecule, such as the antibody of the instant tavention, can adhere.

Lt
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Example of solid phases encompassed herein include those formed partially or
entirely of glass {e.g., controlled pore glass), polysaccharides {e.g, agarose),
polvacrylamides, polystyrene, polyvinyl  alcohol and  sihicones. in  certain
enthodinments, depending on the context, the solid phase can comprise the well of an
assav plate; in others can be ysed in a purification column {e.g., an affinity
chromatography column). Thus, the solid phase can be a paper, a bead, a plastic. a
chip and so on, can be made from a variety of materials, such as nitrocellulose,
agarose, polystyrene, polvpropylene, silicon and so on, and can be in a variety of
configurations.

LHUOREE Soloble CXCRS or fragments thereof, such as the extracellular
domain (EC) domain, can be used as imununogens for generating antibodies of
mterest, The immunogen can be obtained or isolated from natural sources or can be
made recombinantly. Whole cells, such as CXCRS™ cells, cells derived from a natural
source (e.g., B cell, Beell lines or cancer cell lines) or cells transformed (or
transfected) by recombinant techoiques to express, and perhaps to overexpress
CXCRS, may be used as the ymmunogen for making the antibodies of interest.  Also,
membrane preparations carrying CXCRS  or synthetic peptides  or  truncated
polypeptides corresponding to the EC regions of CXCRS can be used, as known m the
art.

F00112] The EC, which is about 60 amino acids in length, or portions
thereof, of CXCRS can be used as the immunogen, Other forms of the inmmunogen
usefid for preparing antibodies, such as a conjugate, will be apparent to those m the
art. Thus, CXCRS, or portions thereof, can be attached to a carvier molecule, such as
albumin or KLH, to be used as an unmunogen. Of cowse, with cells expressing

CXCRS, it is the EC domain which iz the preferred unmunogen or portion of the

immunogen.
00113} The gene or a cDNA encoding CXCRSE, as known in the art

may be cloned in a plasmid or other expression vector and expressed in any of a
number of expression systems according to methods well known 1o those of skill in

the art,. and see below, for example. Because of the degeneracy of the genetic code, a

Lab
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multitude of nucleotide sequences encoding CXCRS protemn or polypeptides may be
used in the practice of expressing recombinant CXCRS or functional products thereof.
The nucleotide sequence may vary by selecting combinations based on possible codon
choices, such as those preferred by the host cell. The combmations are made in
accordance with the standard triplet genetic code as applied to the nucleotide
sequence that codes for natwrally occurring CXCRS and all such variations may be
considered. Thus, the CXCRS-encoding sequence can be recoded to contain codons
expressing the amino acid of interest, however, the triplet codon is one favored by the
gene expression machinery of the host cell, such as a human cell. Aay one of those
polypeptides may be used in the mmunization of an animal, such as a camehd, or
other system to generate antibodies that bind to CXCRS.

{00114} As meationed above, the CXCRS immunogen may, when
heneficial, be expressed as a fusion protein that has CXCRS attached to a fusion
segment, which generally is a polypeptide with one or more beneficial functions, The
fusion segment often aids i protein purification, e.g., by permitting the fusion protein
to be isolated and purified by affinity chromatography, but can also be used to
increase immunogenicily.  Fusion proteins can be prodoeced by calturing a
recombinant cell transformed with a fusion nuclete acid sequence that encodes a
protein attached to etther the carboxyl andior amino termunal end of the CXCRS
polvpeptide. Fusion segments may include, but are not limited to, immunoglobulin F,
regions, glutsthione-S-iransterase, P-galactosidase, a poly-histidine segment capable
of binding to a divalent metal ton and maltose binding protein.

001153 Nucleie aaid molecules encoding andunoe acid sequence nwitants
can be prepared by a variety of methods known i the art. The methods include, bot
are not limited to, ohigonuclentide-mediated {or site-directed) mutagenesis, PCR

mutagenesis and cassetie mutagenesis of an earlier prepared mutant or a non-mutant
version of the molecule of interest, {see, for example, Kunkel, Proc Natl Acad Sci
USA B2:488 {1985

(001164 Recombinant expression of an antibody of the invention, or

fragment, derivative or analog thereof, {e.g., a heavy or light chain of an antibody of



WO 2009/032661 PCT/US2008/074381

the mvention, a single chain antibody of the mvention or an antibody mutein of the
wivention) includes construction of an expression vector containing a polynucleotide
that encodes the antibody or a fragment of the antibody as described herein. Once a
polynucleotide encoding an antibody molecule has been obtained, the vector for the
production of the antibody may be produced by recombinant DNA technology as
known in the art.  An expression vector is constructed containing antibody coding
sequences and appropriate transcriptional and translational control signals. The
methods include, for example, i vigro recombinant DNA techniques, synthetic
techniques and in vive genetic recombination.

(001174 The expression vector is transterred to a host cell by
conventional technigues and the transfected cells then are cultured by conventional
technigues to produce an antibody or fragment of the invention. In one aspect of the
mnvention, vectors encoding both the heavy and hight chains may be co-expressed in
the host cell for expression of the entire immunoglobulin molecule, as detailed herein,

F00118] A variety of host/expression vector systems may be utilized to
express the antibody molecules of the mvention. Such expression systems represent
vehicles by which the coding sequences of interest may be produced and subseqguently
purified, but also represent cells which may, when transformed or transfected with the
appropriate nucleotide coding sequences, express an antibody molecule of the
invention # sine. Bacterial cells, such as £, coli, and eukaryotic cells are commonty
used for the expression of a recombinant antibody molecule, especially for the
expression of whole recombinant antibody molecule.  For example, mammal cells
such as CHO cells, v conjunciion with a vector, such as one carrving the mgjor
intermediate early gene promoter element from bhuman cviomegaloviras, are an
effective expression system for antibodies (Foecking ot al., Gene 45:161 (1986); and
Cockett et al., Bio/Technology 8:2 (1990)). Plants and plant cell culture, insect cells
and so on also can be used to make the proteins of interest, as known in the art.

(001191 In addition, a host cell 15 chosen which modolates the
expression of the inserted sequences, or modifies and processes the gene product in

&

the specific fashion destred. Such modifications {e.g., ghveosylation) and processing

Lad
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{e.g., cleavage) of protemn products may be important for the function of the protem.
Different host cells have charactenistic and  specific mechanisms  for  the
post-translational  processing and woditication of proteing and gene products.
Appropriate cell lines or host systems can be chosen to ensure the correct
modification and processing of the expressed antibody of interest. Hence, eukaryotic
host cells which possess the cellular machinery for proper processing of the primary
transcript, glveosylation and phosphorvlation of the gene product may be used. Such
mammalian host cells include, but are not hmited to, CHQ, COS, 293, 373 or
myeloma cells.

F00120] For long-term, bigh~vield prodoction of recombinant proteins,
stable expression is preferred. For example, cell hnes which stably express the
antibody molecule may be engineered. Rather than using expression vectors which
contain viral origing of replication, host cells can be transformed with DNA controlled
by appropriate expression comrol elemenmts {e.g., promoter, enhancer, segquences,
transcription  terminators, polyadenylation sites etc.) and a selectable marker,
Followmg the miroduction of the foreign DNA, engineered cells may be allowed to
grow for one to two days in an enriched media, and then are moved to a selective
media. The selectable marker in the recombinant plasnud confers resistance to the
selection and allows cells to stably integrate the plasmid into a chromosome and be
expanded into a cell ine. Such engineered cell lines not only are useful for antibody
production but are useful m screening and evaluation of compounds that interact

directly or indirectly with the antibody molecule.

001211 A number of selection systems may be used, including but not
fimited to the Herpex simplex vivus thymidine kinase (Wigler et al., Cell 11:223

{1977)), hypoxanthine-guaning phosphoribosyltransferase {Szyvbalska et al., Proc Natl
Acad Sct USA 48:202 (1992)), glotamate svnthase selection in the presence of
methionine sulfoximide (Adv Drug Del Rev 58, 671, 2006 and see the website or
titerature of Lonza Group Lid.) and adenine phosphoribosvlitransferase (Lowy et al,
Cell 22:817 (1980)) genes in th, hgprt or aprt cells, respectively. Also, antimetabolite

resistance can be used as the basis of selection for the following genes: dhir, which



WO 2009/032661 PCT/US2008/074381

60122} The expression levels of an antibody molecule can be increased
by vector amphfication {for example, see Bebbington et al., i DNA Cloning, Vol 3,
Acadenuc Press (19871, When a marker in the vector system expressing antibody is
amplifiable, an increase in the level of inhibitor present in the culture will increase the
number of coptes of the marker gene. Since the amplified region 1s associated with
the antibody gene, production of the antibody will also increase {Crouse et al, Mol
Cell Biol 3:257 (1983)).

[00123] The host cell may be co-transfected with two or more
expression vectors of the invention, for example, the first vector encoding 8 heavy
chain-derived polvpeptide and the second vector encodmg a hght chamm-derived
polypeptide. The two vectors may cortain identical selectable markers which enable
equal expression of heavy and light chain polvpeptides. Alternatively, a single vector
may be used which encodes, and is capable of expressing, both heavy and Light chain
polypeptides. In such situations, the light chain should be placed before the heavy
chain to avord an excess of toxic free heavy chain {Proudfoot, Nature 322:52 (1986);
and Kohler, Proc Natl Acad Sci USA 77:2197 (1980)). The coding sequences for the

heavy and light chains may comprise ¢DNA or genomic DNA,

s
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[001241 Once an antibody molecule of the mvention has been produced
by an animal, chemically synthesized or recombinantly expressed, it may be purified
by any method known in the ant for purification of an immunoglobulin wolecule, for
example, by chromatography (e.g., ion exchange, affinity, particularly by affinity for
CXCRS after Protein A and size-exclusion chwomatography and so  on),
centrifugation, differential solulnlity or by any other standard techmque for the
purification of proteins.  In addition, the antibodies of the instant invention or
fragments thereof can be fused to heterologons polypeptide sequences described
herein or otherwise known in the art, to facilitate purification.

1001251 Recombinant CXCRS protein, as exemplified m the examples
below, was used to mnmunize mice to generate the hvbridomas that produce
nwonoclional antibodies of the present mvention.  The monoclonals obtained were
selected for those with beneficial therapewtic potential, for example, preventing
binding of CXCRS higand thereto, The selected antibodies then were modified to
obtain beneficial properties, such as having enhanced stability 7o vivo.

(001261 The antibodies of the present imvention may be generated by
any suitable method known m the art. The antibodies of the present inveation may
comprise polyvcional antibodies, although because of the modification of antibodies to
optinize use in bwman, as well as to optinuze the use of the antibody per se,
monocional antibodies are preferred because of ease of production and manipulation
of particular proteins, Methods of preparing polvclonal antibodies are known to the
skilled artisan (Harlow et al,, Antibodies: a Laboratory Manual, Cold Spring Harbor
Laboratory Press, 2nd ed. (1988)).

00127} For example, an immunogen, as exemplified berein, may be
admunistered 1o various host amimals including, but not himited to, rabbits, mice,
camelids, rats etc., to induce the production of seram containing polvcional antibodies
specific for CXCRS. The admimistration of the immunogen may entail one or more
injections of an immunizing agent and, if desired, an adjpvant.  Various adjuvants
may be used to increase the immanological response, depending on the host species,

and include but are not limited to, Freund’s {complete and incomplete), mineral o,

Lab
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gels, alum (aluminom hydroxade), swrface active substances, such as lvsolecrthin,
pluronic polyols, polyanions, peptides, ol emulsions, kevhole lmpet hemocvanins
{(KLH}), dinitrophenol and potentially useful homan adjuvants, such as BCG (Bacifle
Calmette-Gueriny and Corvaebgcteriim parvgm.  Additional examples of adjuvants
which may be emploved include the MPL-TDM adjuvant (monophosphoryl lipid A,
synthetic trehalose dicorynomycolate). Immunization protocols are well known in the
art and may be performed by any method that elicit an immune response in the animal
host chosen. Thus, various admumistration routes can be nsed over varnous time
periods as a design choice.

FO0128] Typically, the mmmunogen (with or without adjovant) s
wijected into the mammal by multiple subcutaneous or intraperitoneal mjections, or
mtramuscularly  or nfravenousty,  The wmmunogen may include a CXCRS
polypeptide, a tusion protetn, or vartants thereof, which may be produced by a cell
that produces or overproduces CXCRS, which may be a naturally occurring cell, @
nmaturally occurring mutant celt or a genetically engineered cell.  In certain
circumstances, whole cells expressmg CXCRS can be used. Depending on the nature
of the polvpeptides (1.e.. percent hydrophobicity, percent hydrophilicity, stability, net
charge, isoelectrnic point etc.), the CXCRS or portion thereof may be modified or
conjugated to be hnmunogenic or more mmunogenic i the amimal, such as a
mammal, being immunized. For example, CXCRS or a portion thereof can be
conjugated to a carrier.  The conjugation ncludes either chemical conjugation by
derivatizing active chemical functional groups to both the immunogen and the
immunogenic protein to be conjugated such that a covalent bond s formed, or through
fusion-protein based methodology, or other methods known to the skilled artisan.
Examples of such carriers or immunogenic proteins inchade, but are not himited to,
KLH, ovalbamin, serum albumin, bovine thyroglobulin, soybean trypsin inhibitor,
and pronuscuous T helper peptides. Various adjuvants may be used to increase the
immunological response as described above.

[00129 Once a suitable preparation is obtained, it is possible to solate

particular antibodies from the plural antibodies by kaown separation technigues, such
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as affinity chromatography, panning, absorption and so on. I that way, an individual
antibody species can be obtamed for further study, for example, sequencing to obtain
the amino acid sequences of one or more CDRs.

001301 The antibodies of the present invention preferably comprise
monocional antibodies, Monoclonal antibodies may be prepared using hvbridoms
technology, such as described by Kohler et al., Nature 256:495 (1975), US. Pat. No.
4,376,110; Harlow et al., Aatibodies: A Laboratory Manual, Cold Spring Harbor
Laboratory Press, 2nd ed. {1988) and Hammerling et al., Monoclonal Antibodies and
T-Cell Hybridomas, Elsevier (1981}, recombinant DNA methods, for example,
making and using transfectomas, or other methods known to the artisan.  Other
examples of methods which may be emploved for producing monocional antibodies
mclude, but are not Hmited to, the human B-cell hvbridoma technigoe (Kosbor et al,,
Immunology Today 4:72 {(1983); and Cole et al,, Proc Natl Acad Sci USA 80:2026
{1983}, and the EBV-hybridoma technique {Cole et al., Monoclonal Antibodies and
Cancer Therapy, pp. 77-96, Alan R. Liss {1985)). Such antibodies may be of any
unmunoglobulm class including oG, fgM, IpE, lgA and IgD., and any subclass
thereot. The hybrnidoma producing the wmAb of the tnvention may be cultivated
I VHTO OF I vive,

(0013 In the hybridoma model, a host such as a mouse, a humanized
mouse, a transgenic mouse with buman immune system genes, hamster, rabbit, rat,
camel or any other appropriate host animal, i3 immunized to ehicit ymphooytes that
produce or are capable of producing antibodies that specifically bind to CXCRS.
Alternatively, yruphocyies may be tmunized in vivo. Lymphocytes then are fused
with myeloma cells asing a saitable fusing agent, such as polyethylene glycol, to form
a hybridoma cell {Goding, Monoclonal Antibodies: Principles and Practice, Acadenuc
Press, pp. 59-103 (1986)).

(00132} Generally, in nkimng antibody-producing hyvbridomas, either
periphieral blood hvimphocytes ("PBLs"} are used it cells of human origin are desired,
or spleen cells or lyvmph node cells are vsed if non-human mammalian sources are

destred.  Dmmortghized cell lines are usually transformed mammalian  cells,

40
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particularty myveloma cells of rodent, bovine or buman origin.  Typically, a rat or
meuse myeloma cell line s employed. The hybridoma cells may be cultured in a
suitable culture medium that preferably contains one or move sabstances that inhibit
the growth or survival of the unfused, tmmortalized cells. For example, if the parental
cells lack the enzyme hypoxanthine guanine phosphoribosyl transferase {(HGPRT or
HPRT), the culture medium for the hybridomas typically will include hypoxanthine,
aminopterin and thymiding ("HAT medium”), substances that prevent the growth of
HGPRT-deficient cells.

(00133} Preferred immortalized cell lines are those that fuse efficiently,
support stable high level production of antibody by the selected antibody-producing
cells, and are sensitive to a medium such as HAT medim.  Among these myeloma
cell lines are murine myeloma hnes, such as those denved from the MOPC-21 and
MPC-11 mouse tumors avatlable from the Ralk Instinge Cell Distribution Center, San
Diego, Calif, and SP2/Q, FO or X63-Ag8-633 cells gvailable from the American Type
Culture Collection, Manassas, VA,

(001341 Human myeloma and mouse-human heteromyeloma cell lines
also have been described for the production of hwman monoclonal antibodies
(Kozbor, J Immunol 1333001 (1984}, and Brodeur et al, Monoclonal Antibody
Production Technigues and Applications, Marcel Dekker, Inc, pp. 51-63 (1987)). The
mouse myeloma cell ling NSO may also be used {(FEuwropean Collection of Cell
Caltures, Salisbury, Wilshire, UK).

(00135} Another allernative is to ase electrical fusion rather than
chemical fusion to form hybridomas. Instead of fusion, a B cell can be inwmortalized

using, for example, Epstein Barr Virgs or another transforming gene, see, e

Peg R R bachi
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Zurawaki et al., in Monoclonal Antibodies, ed., Kennett &t al., Plenum Press,
pp. 19-33. (1980).  Transgenic muce expressing imubunoglobulins and severe
combined immmunodeficient {SCID) muce transplanted with buman B iymphocytes
also can be used.

(001361 The colture mediom in which hybridoma cells are grown s

assayed for production of monoclongl antibodies directed against CXCRS, The
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binding specificity of monoclonal antibodies produced by hybridoma cells may be
determined by immunoprecipitation or by an imvitre bmding assay, such as
radionmmunocassay  (RIA), fleorocytometric analysis (FACS) or enzyme-linked
imanmosorbent assay (ELISAY Such techniques are known m the art and are within
the skill of the artisan. The binding affinity of the monocional antibody to CXCRS
can, for example, be determined by a Scatchard analysis (Munson et al, Anal
Biochem 107:220 {1880)).

(00137} After hvbridoma cells are identified that produce antibodies of
the desired specificity, affinity, andfor activity, the clones may be subcloned by
timuting dilution procedores and grown by standard methods (Goding, Monoclonal
Antibodies: Principles and Practice, Academic Press, pp. 59-103 (1986)). Suitable
culture media include, for exarple, Dulbecco's Modified Eagle’s Medium (D-MEM)
or RPMI-1640 medium.  In addition, the hybridoma cells may be grown i vive as
ascites tumors in gn animal,

FO01381 The meonoctonal antibodies secreted by the subclones are
suitably separated ov isolated from the culture medium, ascites fluid or serum by
conventional immunoglobulin purtfication procedures such as, for example, protein
A-Sepharose, protein G-Sepharose, hydroxviapatite chromatography, gel exclusion

gel electrophoresis, dialysis or affinity chromatography.

&

chromatography,

001391 A variety of methods exist in the art for the production of
monocional antibodies and thus, the invention is not limited to their sole production in
hybridomas. For example, the monoclonal antibodies may be made by recombimant
DNA methods, such as those described m ULS, Pat. No. 4,816,567, In this context,
the term "movnoclonal antibody” refers to an antbody dernved from a single
eukaryotic, phage or prokaryotic clone.

{00140} DNA encoding the monoclonal antibodies of the mvention is
readily isolated and sequenced wusing conventional procedures {e.g. by usmg
oligonucleotide probes that are capable of binding specifically 1o genes encoding the
heavy and light chains of murine antibodies, or such chaing from human, bumanized

or other sources) (Innis et gl in PCR Prowocols. A Guide 1o Methods and
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Applications, Academic (1990}, and Sanger et al., Proc Natl Acad Scit 74:5463
(1977)). The hybridoma cells serve as a sowrce of such DNA. Once isolated, the
DNA may be placed into expression vectors, which are then transfected into host cells
such as £. cofi cells, NSO cells, COS cells, Chinese hamster ovary (CHQ) cells or
myeloma cells that do not otherwise produce immunoglobulin protein, to obtain the
synthesis of monocional antibodies in the recombinant host cells. The DNA also may
be modified, for example, by substituting the coding sequence for human heavy and
hight chain constant domains in place of the bomologous murine sequences (ULS. Pat.
No. 4.816,507; and Morrison et al., Proc Natl Acad Sci USA 81:6851 (1984)) or by
covalently joining to the immunoglobulin coding sequence all or part of the coding
sequence for a pon-ummunoglobulin polypeptide.  Such a non-vnmunoglobulin
potypeptide can be sobstitnted for the constant domains of an antibody of the
invention, or can be substituted for the varable domams of one CXCRS-combining
site of an antibody of the invention to create a chimeric bivalent antibody.

[0014 1 The antibodies may be monovalent antibodies. Methods for
preparing monovalent antibodies are well known in the art. For example, one method
involves recombinant expression of immunoglobulin fight cham and modified beavy
chain. The heavy chain is truncated generally at any pomt in the F, region so as to
prevent heavy chain cross-linking. Alternatively, the relevant cysteine residues are
substituted with another amino acid residue or are deleted so as to prevent cross-
Hinking.

(00142} Antibody fragments which recognize specific epitopes may be
generated by known techmques.  Traditionally, these fragments were derived vig
proteolytic digestion of intact antibodies (see, e.g, Mormoto et al, J Biochem
Biophys Methods 24:107 (1992); and Brennan et al., Science 22981 (1985)). For
example, Fg and Feep fragments of the invention may be produced by proteolytic
cleavage of mamunoglobulin molecules, using enzymes such as papam {to produce Fg
fragments) or pepsin (to produce Foyy fragments).  Fogyp fragments contain the

vartable region, the hght cham constant region and the constant region Cyy domam of

the heavy chain. However, those fragments can be produced directly by recombinant
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host cells. For example, the antibody fragments can be solated from an antibody
phage hbrary. Alternatively, Fepo-SH fragments can be directly recovered from £
coli and chemically coupled to form F(ab™), fragments (Carter et al., Bio/Technology
10:163 (1992).  According to another approach, Fuyye fragments can be isolated
directly from recombinant host cell culture. Other technigues for the production of
antibody fragments will be apparent to the skilled practitioner. In other embodiments,
the antibody of choice is a single chain ¥, fragment (F,) (WO 93/16185).

[001431 For some uses, including 7 vive use of antibodies in humans
and in vitro detection assays, it may be preferable to use chimeric, humanized or
human antibodies. Methods for producing chimeric antibodies are known in the art,
see e.2., Morrison, Science 229:1202 (1983); O1 et al., BioTechniques 4:214 (1986);
Gillies et al, J mmunol Methods 125:191 (1989}, gnd U.S. Pat. Nos. 5,807,715,
4.816,567; and 4,816397.

001441 Humanized antibodies are denved from antibody molecules
generated in a non-human species that bind CXCRS wherein one or more CDRs
therefrom are inserted into the FR regions from a human immunoglobulin molecule.
Anttbodies can be bumanized using a vartety of techmigues known i the art
including, for example, CDR grafting (EPO 239.400; WO 81/09967, and 1S, Pat.
Nos. 5,225,539; 5,530,101 and 5,585,089}, veneering or resurfacing (EPQ 592,106;
EPO 519.396; Padlan, Molecular Immunology 28489 (1991); Studnicka et al,
Protein Engineering 7:805 (1994}, and Roguska et al, Proc Natl Acad Sci USA
91:969 (1994)), and chain shuftling (U.S. Pat. No. 5.565.332).

(00145} A humanized antibody has one or more amine acid residues
from a sowrce that is pon-human. The non-heman amino acid residues are offen
referred to as “import” residues, which are typically taken from an "import” variable
domain. Humanization can be essentially performed following the methods of Winter
and co-workers {Jones et al., Nature 321:522 (1986); Riechmann et al, Nature
332:323 (1988); and Verhoeven et al, Science 239:1534 (1988)), by substiluting
non-human CDRs or portions of CDR sequences for the corresponding sequences of a

human antibody.  Accordingly, such "humanized” antibodies are chimeric antibodies
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{LLS. Pat. No. 4,816,567}, wherein substantially less than an intact human vanable
domain has been substituted by the corresponding sequence from a non-human
species. In practice, humanized antibodies are typically human antibodies in which
some CDR residues and possible some FR residues are substituted from analogous
sites in rodent antibodies. The heavy chain constant region, which can mclude one or
mere heaevy cham domams, and hinge region can be from any class or subclass to
obtain a desired effect, such as a particular effector function.

(00146} Often, framework residues in the human framework regions
can be substituted with the corresponding residue from the CDR donor antibody to
alter, and possibly mmprove, antigen binding.  The framework subsiitutions are
wentified by methods known in the art, e.g., by modeling of the mteractions of the
CDR and framework residues to dentify framework residues important for antigen
hinding and sequence comparison to identify anuseal framework residues at particular
positions, see, e, U.S, Pat. No. 5,585,089; and Riechmann et al,, Nature 332:323
{1988).

(001471 It 1s further preferable that humanized antibodies retain high
affimity for CXCRS, and retain or acquure other favorable biological properties. Thus,
humanized antibodies are prepared by a process of analysis of the parental sequences
and various conceptual humanized products using three-dimensional models of the
parental and humanized sequences. Three-dimensional immunoglobulin models are
commonly available and are familiar to those skilled in the art. Computer programs
are available which iflustrate and display probable three-dimensional conformational
structures of selected candidate mnmunoglobulin sequences.  Inspection of the
displays permits analysis of the bkely role of certain residees in the functioning of the
candidate immunoglobulin sequence, i.e., the analysis of residues that influence the
ability of the candidate immmunoglobulin to bind CXCRS. n that way, FR residoes
can be selected and combined from the recipient and import sequences so that the
desired antibody charactenistic, such as increased affinity for the target antigen, 18
maxinuzed, although it 18 the CDR residues that directly and most substantially

mfluence CXCRS binding. The CDR regions also can be modified 1o contain one or
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more amino acids that vary from that obtained from the parent antibody from which
the CDR was obtained, to provide enhanced or different properties of interest, such as
binding of greater affinity or greater avidity, for example.

(00148} Certain portions of the constant regions of antibody can be
manipolated and changed 1o provide antibody homologs, derivatives, fragments and
the like with properties different from or better than that observed in the parent
antibody. Thus, for example, many 1gG4 antibodies form intrachain disulfide bonds
near the hinge region. The intrachain bond can destabilize the paremt bivalent
molecule forming monovalent molecules comprising a heavy chain with the
associated light chain, Such molecules can reassociate, but on a random basts.

(001491 Bwas observed that modifying amino acids in the hinge region
of 1gG4 molecules can reduce the hkelthood of wtrachain bond formation, thereby
stabilizing the IgG4 molecule, which will mmimize the hkelihood of forming
bispecific molecules. That modification can be beneficial if a therapeutic antibody 18
an Ig(G4 molecule as the enhanced stability will mininuze the likelihood of having the
molecule dissociate during production and manufacture, as well as Invive. A
monovalent antibody may not have the same effectiveness as the bivalent parent
molecule.  For example, when bivalent {gG4 is admumstered to a patient, the
percentage of bivalent 1gG4 decays to about 30% over a two-week period. Ap amino
acid substitution at position 228 enhances 1gG4 stability. The serine that resides at
228 can be replaced with another smino acid, such as one of the remaining 19 amino
acids. Such a change can be made particularly with recombinant antibodies wherein
the nucleic acid coding sequence can be mutated to yield a replacement amino acd at
position 228, For example, the S can be replaced with a prohine.

[00150] Ancther set of ammo acids suitable for modification include
amino acids m the area of the hinge which impact binding of a molecule contaiing a
heavy chain with binding to the F, receptor and interpalization of bound antibody.
Such amino acids incloede, 1wy 1gG1 molecules, residues from about 233 to about 237

{Glo-Leu-Lew-Gly-Gly); (SEQ ID NO:49) from about 252 to about 256 {(Met-Ile-Ser-

46



WO 2009/032661 PCT/US2008/074381

Arg-Thr} (SEQ 1D NO:50) and from about 318 {Glo) to about 331 (Pro), including,
for example, Lysize, Lys 322 and Progae.

{60151} Completely human antibodies are particularly desirable for
therapeutic treatment of human patients. Human antibodies can be made by a variety
of methods known in the ant including phage display methods described above using
antibody libraries derived from human immunoglobulin sequences, see, L1.S. Pat. Nos.
4.444.887 and 4.716,111; and WO 98/46645, WO 9850433, WO 98/24893,
WO 98/166534, WO 9634006, WO 96733735 and WO 91/10741. The techniques of
Cole et al. and Boerder et al. are also available for the preparation of human
monocional antibodies (Cele et al., Monoclonal Antibodies and Cancer Therapy, Alan
R. Lisg (1985} and Boerner et al., J Immunol 147:86 (1891))

{001521 Human antibodies can also be produced using transgeme mice
which are mmcapable of expressing functional endogenons immunoglobulins, but
which also express certain human immunoglobulin genes. For example, the human
heavy and light chain immuonoglobulin gene complexes may be mitroduced randomly
ot by hemologous recombination into mouse embryonic stem cells. Alternatively, the
human variable region, constant region and diversity region may be introduced into
mouse embryonic stem cells, in addition to the human heavy and light chain genes.
The mouse heavy and light chain ymmunoglobulin genes may be rendered non-
fonctional separately or simultaneously with the introduction of the human
immunoglobylin loci by homologons recombination.  In particular, homozygous
deletion of the JH region prevents endogenous antibody production.  The modified
embryonic stem cells are expanded and microinjected ato blastocysts o produce
chimeric mice. The chimernic mice are then bred to produce homozvgouns offspring
which express human antibodies, see, e.g., Jakobovitis et al., Proc Natl Acad Sci LISA
Q0:2551 (1993); Jakobovitis et al., Nature 362:255 {1993}); Broggermann et al., Year
in fmumunol 7:33 (1993); and Duchosal et al., Nature 355258 (1992)).

[O0153] The transgenic mice are immuenized in the normal fashion with
a CXCRS, eg. all or a portion of CXCRS, such as the EC domain thereof

Monoclonal antibodies directed ggainst CXCRS can be obtained from the immunized,
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transgenic  mice  using  conventional  hybridoma  technology. The homan
unmunogiobulin transgenes harbored by the transgenic mice rearrange during B cell
differentiation, and subsequently undergo class switching and somatic mutation. Thus,
using such a technique, it 1s possible to produce therapeutically useful 1gG, lgA, 1gM
and IgE antibodies. For an overview, see Lonbery et al, Int Rev Immunol 13:635-93
{1993). For a discussion of producmg human antibodies and human monoclonal
antibodies and protocols for producing such antibodies, see, e.g., WO 98/24893; WO
Q2/01047; WO 96/34096; and WO 86/33735; EPO No. 0 5398 877; and U8, Pat. Nos.
5,413,923, 5.625126; 5.633,425. 5569825, 50661016, 5345806, 5814318;
5,885,793, 5916771, and 5,939,598, In addition, companies such as Amgen
{Fremont, CA), Genpharm (San Jose, CA} and Medarex, Inc. (Princeton, NJ) can be
engaged to provide human antibodies directed agammst CXCRS using technology
stnular to that described above.

001541 Also, human mAbs could be made by immunizing mice
transplanted with human peripheral blood leukocytes, splenocytes or bone marrow
{e.g., trioma technique of XTL Biopharmaceuticals, Israel}. Completely human
antibodies which recognize a selected epitope can be generated using a technigque
referred to as "guided selection.” In that approach, a selected non-hwman monoclonal
antibody, e.g., a mouse antibody, is used to guide the selection of a completely human
antibody recognizing the same epitope {Jespers et al., Bioftechnology 12:899 {198&)).

[00155] When using recombinant technigues, the antibody variant can
be produced intracellularly, m the periplasmic space. or directly secreted into the
medium. i the anubody vartant is produced mtraceltularly, as a first step, the
particulate debris, either host cells or lysed fragments, may be removed, for example,
by centrifugation or ultrafiltration. Carter etal, Bio/Technology 10163 {(1992)
describe a procedure for isolating antibodies which are secreted to the periplasnuc
space of £. coli. Briefly, cell paste is expeosed to sodium acetate {(pH 3.5) and EDTA.
Ceil debris can be removed by centrifugation. Where the antibody variant is secreted
into the medium, supematant trom such expression systems are generally first

concentrated using a commercially available protein concentration filter, for example,
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an Amicon or Millipore Pellicon ulrafilration urat. A protease inhibitor such as
PMSF may be included to inhibit proteolvsis, and antibiotics may be included to
prevent growth of adventitious contaminants.

(00136} The antibody composition prepared from the cells can be
purified using, for example, hydroxylapatite chromatography, gel electrophoresis,
dialysis and atfinity chromatography. The suttability of protein A or protein G as an
affinity ligand depends on the species and isotvpe of any immunoglobulin F, domain
that is present in the antibody variant. Protein A can be used to purify antibodies that
are based on human IgGl, 1gG2 or IgG4 heavy chains (Lindmark et al., J Immunol
Meth 62:1 {(1983)). Protein G can be used for mouse sotypes and for human IgG3
{Guss etal., EMBO 1 5:1567 (1986)). The matrix to which the affinity ligand is
attached 1s most often agarose, but other matrices gre avadable, Mechanically stable
matrices, such as controlled pore glass or polv(styrenedivinyllbenzene, allow for
faster flow rates and shorter processing times than can be achieved with agarose.
Where the antibody variant comprises a (i domain, the Bakerbond ABXTM resin
{JT Baker; Phillipsburg, NJ) is useful for purtfication. Other techmques for protein
parification, such as fractionation on an ton-exchange column, ethanol precipitation,
reverse phase HPLC, chromatography on silica, chromatography on beparin agarose
chromatography on an anion or cation exchange resin {such as a polyaspartic acid
column), chromatofocusing, SDS-PAGE and ammonium sulfate precipitation are also
available, depending on the antibody or variant to be recovered.

(00157} Following any prelinunary punification step(s), the muxture
comprising the antibody or varant of interest and contamninants may be subjected to
tow pH hydrophobic interaction chromatography using an elotion buffer at a pH of
between about 2.5-4.5, preferably performed at low salt concentrations {e.g., from
about 0-0.25 M salt).

(00158} Further, antibodies of the invention can, in turn, be utilized to
generate anti-idiotype antibodies that "mimic” CUXCRS using techniques well known
to those skilled m the art (see, e.g., Greenspan etal, FASER 1 7:437 (1989); and

Nigsinoff, I Immunol 147:2429 (1991)). For example, antibodies which bind to and
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HO0159] The antibodies of the present mvention may be bispecific
antibodies.  Bispecific antibodies can be monoclonal, preferably hwman or
homanized, antibodies that have binding specificities for at least two different
antigens. In the present invention, one of the binding specificities is directed towards
CXCRS, the other may be for any other antigen, such as a cell-surface protem,
receptor, receptor subunit, higand, tssue-specific antigen, virally-derived protein,
virally-encoded envelope protein, bacterially-derived protemn, bacterial surface protemn
etc. Thus, the other specificity could be to CXCL13.

00160} Methods for making bispecific antibodies are well known,
Traditionally, the recombinant production of bispecific antitbodies is based on the
co-expression of two imnumoglobulin heavy chaindight chain pairs, where the two
heavy chains have different specificities (Milstemn et al,, Nature 305:537 (1983))
Because of the random assortment of immunoglobulin heavy and light chams, the
hyvbridomas (quadromas) produce a potential mixture of ten different amiibody
matecules, of which ouly one has the correct bispecific structure. The purification of
the correct molecule is usually sccomplished by affinity chromatography steps.
Sunilar procedures are disclosed in WO 93/08829 and in Travnecker et al., EMBO §
10:3655 (1991). Other methods for making bispecific antibodies are provided in, for
example, Kufer et al., Trends Biotech 22:238-244, 2004,

(001611 Antibody  variable domains  with  the desired binding
spectficities can be fused to snmunoglobulin constant domam sequences. The fusion
preferably 1s with an immunoglobulin heavy chain constant domain, comprising at
feast part of the hinge, Gy, and Gy regions. It may have the first heavy chain
constant region {Cyy ) containing the site necessary for light chain binding present m at

least one of the fusions. DNAs encoding the immunogicbulin heavy chain fusions
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and, if desired, the mmumoglobuelin light chain, are inserted 1to separate expression
vectors, and are co-transformed mto a suitable host organism. For further details of
generating bispecific antibodies see, for example Swesh et al, Meth Enzym 121:210
(1986).

(00162} Heteroconjugate antibodies are also contemplated by the
present invention. Heteroconjugate antibodies are composed of two covalently joined
antibodies.  Such antibodies have, for example, been proposed to targer immune
system cells to unwanted cells (LS. Pat. No. 4,676,980). It is contemplated that the
antibodies may be prepared f winro using known methods in syathetic protein
chenusiry, inclading  those volving  cross-linking  ageats. For example,
unmunotoxms may be constructed using a disuifide exchange reaction or by forming
a thioester bond. Examples of suitable reagents for that purpose include imunothiolate
and methyl-4-mercaptobutyrimidate, and those disclosed, for example, v US. Pat
No. 4,676 980,

[001631 In addition, one can generate single-domain antibodies to
CXCRS. Examples of that technology have been described i W(09425591 for
antibodies dertved from Camelidae heavy chain Ig, as well as in US20030130496
describing the isolation of single domain fully human antibodies from phage libraries.

(001641 Alternatively, techniques described for the production of single
chain antibodies {ULS. Pat. No. 4.946,778; Bud, Science 242:423 (1988); Huston
et al., Proc Natl Acad Sci USA 855879 (1988); and Ward, et al., Nature 334544
(1989)) can be adapted to produce single chain aotibodies. Single chain antibodies
are formed by hinking the heavy and light chain fragments of the F, region via an
amino acid bridge, resulting in a single chamn polvpeptide.  Technigues for the
assembly of functional Fo fragments in £, coff may also be used (Skerra et al., Science
242:1038 {1988)).

(00165} The instant invention encompasses antibodies recombinantly
fused or chemically conjugated (mcluding both covalently and non-covalently
conjugations) to a polvpeptide.  Fused or copjugated antibodies of the present

invention may be used for ease in punification, see e.g., WO 93/21232; EP 439,095,
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Naramga et al., Immunol Lett 39:91 (1994); 118, Pat. No. 5,474 981; Gillies et ai,,
Proc Natl Acad Sci USA 891428 (1992); and Fell et al., J Inmnunol 146:2446 (1991).
The marker amino acid sequence can be a hexa-histidine peptide (SEQ ID NO:581),
such as the tag provided in a pQE vector ((HAGEN, Inc., Chatsworth, CA), among
others, many of which are commercially available, Gentz et al., Proc Natl Acad Sci
USA 86:821 (1989). Other peptide tags useful for purification mclude, but are not
limited to, the "HA" tag, which corresponds 1o an epitope derived from the influenza
hemagglutinin protein (Wilson et al,, Cell 37:767 (1984)) and the "flag” tag.

00166} One can also create a single peptide chain binding molecules in
which the heavy and light chain F. regtons are connected. Single cham antibodies
{“scF.") and the method of their construction are described m, for example, 118 Pat.
No. 4,946,778, Alernatively, Fu can be constructed and expressed by stnular means.
All of the wholly and partially Inuman antibodies can be less immunogenic than
wholly murine mAbs, and the fragments and single chain antibodies also can be less
URNUOZENIC,

HO0167} Antibodies or antibody fragments can be solated from antibody
phage libraries generated using the techniques described in MeCafferty et al., Nature
348:552 (1990}, Clarkson et al., Nature 3532:624 (1991) and Marks et al., J Mol Biol
222:581 {1991} describe the isolation of muwrine and human antibodies, respectively,
using phage librartes.  Subsequent publications describe the production of high
affinity  (nM  range) homan antibodies by chain shuffling (Marks et al,
Bio/Technology 10:779 {1992)), as well as combinatonial infection and i vho
recombination as a strategy for constructing very large phage Libranes (Waterhouse
et al., Nucl Acids Res 21:2265 (1993)). Thus, the techniques are viable alternatives to
traditional monocional antibody hybridoma technigues for isolation of monoclonsl
antibodies.

(00168} Anti-CXCRS  antibodies  are  tested by enzyme-linked
immunosorbent  assay  {(ELISA), FACS, Western smmmunoblotting  or  other
immuenochemical techniques as known in the art. Thus, B cells or cells expressing

CXCRS can be used to detect antibody binding thereto using g known technique, or
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recombinantly expressed CXCRS or portion thereof] such as the EC domain, can be
adhered to a solid phase and used as a capture element in an assay, configured as a
design choice.

001691 To determine whether 8 particular antibody homolog binds to

human CXCRS, any conventional binding assav mav be used. Useful CXCRS
binding assays include FACS analysis, ELISA assays, radwoinsmunoassays and the
like, which detect binding of antibody, and functions resulting therefrom, to human
CXCRS, Full-length and soloble forms of human CXCRS taught herein are useful in
such assays. The binding of ap antibody or homolog to CXCRS, or to soluble
fragments thereof, may conventently be detected through the use of a second antibody
specific for immunoglobuling of the species from which the antibody or homolog is
derived.

{60170} To determine whether a particular antibody or homelog does or
does not significantly block binding of CXCL13 or other ligand to human CXCRS,
any suitable competition assay may be used. Useful assays include, for example,
ELISA assays, FACS assays, radicimmunoassays and the like that quantify the ability
of the antibody or homolog to compete with CXCLI3 or other ligand for binding to
human CXCR3S. Preferably, the ability of ligand to block binding of labeled human
CXCRS to mmobilized antibody or homolog 1s measured.

00171} The ability of an antibody or homolog to bind to human
CXCRS can be evaluated by testing the ability thereof to bind to human CXCRS’
cells. Suitable CXCRS™ cells for use in determining whether a particular antibody or
homolog binds to human CXCRS are manuual tissue culture cells transformed with
DNA encoding full-length human CXCRS and expressing the CXCRS on the ¢ell
surface or B cell lines.

{00172} Rinding of the antibody or homolog to the CXCRS' cell can be
detected by staining the cells with a fluorescently-labeled second antibody speeific for
immuonogiobuling of the same species from which the antibody bomolog being tested

ts dertved. A fhuorescence activated cell sorter ("FACS") can be used to detect and to

LAy
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quantify any bindmg, see generally, Shapiro, Practical Flow Cytometry, Alan R. Liss,
Inc., New York, NUY. {1985},

{00173} Also, the ability of an antibody homolog to block binding ot a
Higand, such as CXCLI3, to human CXCRS can be determined bv preincubating
excess ligand with CXCRS™ cells and gquantifying the degree to which the bound
higand blocks binding of the antibody or homolog to the cells. Binding of the
antibody homolog to the CXCRS™ cells can be quantified by FACS analysis, using a
fluorescently labeled second antibody specific for immunoglobuling of the same
species from which the anttbody homolog being tested is derived.  Alternatively, a
competition assay can be configured using labeled ligand or antibody as known in the
art.

[001741 Ligand, such as CXCL13, used i the above assays nway be
provided by cells transtformed with the gene for the ligand, or by isolated CXCLI13,
obtatned practicing methods taught herem, or purchased commercially.

H001751 To determine whether a particular antibody or homolog causes
no significant decrease in the number of circulating CXCRS ™ cells in vivo, the number
of circulating CXCRS™ cells isolated from a mammal within 24 hours after
administration of the antibody or homolog to a mammal having normal immune
function is quantified, and compared to the pre-adnunistration number or the number
in a control mammal to whom an isotype-matched antibody or homolog of irrelevant
specificity has been administered instead of an antibody or homolog of the instant
invention. Quantification of CXCRS" cells in animals dosed with a CXCRS antibody
or functional portion or derivative thereof may be accowmplished, for example, by
staining obtained cells with fhuorescently-labeled antibodies that bind the anti-CXCRS
antibodies, as well as labeled antibodies specitfic for T cells and B cells, followed by
FACS analysis,

(00176} Antibodies of the mstant invention may be described or
specified 1o terms of the epitope(s) or portion{s) of CUXCRS to which the antibody

recognizes or specifically binds. The epitope(s) or polypeptide portion{s} may be
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specified as deseribed herein, e.g., by N-terminal and C-terminal positions, by size i
contiguous amino acid residues, conformational epitopes and so on.

{60177} Antibodies of the instant mvention may also be described or
specified m terms of cross-reactivity.  Antibodies that bind CXCRS polypeptides,
which have at least 95%, at least 90%, at least 83%, at least 80%, at least 75%, at least
T0%, at teast 65%, at least 60%, at least 55%, and at least 530% identity {as calculated
using methods known in the art and described herein) to CXCRS are also included in
the instant invention.

(00178} Antibodies of the instant invention also may be described or
spectfied 1o terms of binding affinity to a CXCRS of interest. Anti-CXCRS antibodies
may bind with a Kp of less than about 1077 M. less than about 107 M, or less than
about 107 M. Higher binding affinities in an antibody of interest can be beneficial,
such as those with an equilibriam dissociation constant or Ky of from abowt 107 to
about 1077 M, from about 107 to about 1077 M, from about 10 to about 107" M, or
from about 107 to about 107" M. The invention also provides antibodies that
competitively inlibit binding of an antibody to an epitope of the invention as
determined by any method known 1m the art {for determining competitive binding, for
example, the immunoassays described herein.  In preferred embodunents, the
antibody conmpetitively inhibits binding to the epitope by at least 95%, at least 90%, at

feast 85%, at least 80%, at least 75%, at least 70%, at least 60%, or at least 50%.

(00179 The instant mvention also mcludes conjugates comprising an
antibody of mterest. The conjugates comprise two primary components, an antibody
of interest and a second component, which may be a cell-binding agent, a cytotoxic
agent and so on.

[OO180] As used herem, the term “cell-binding agent” refers to an agent
that specifically recognizes and binds to a molecule on the cell surface. Thus, the
cell-binding agent can be a CD antigen, a pathogen antigen, such as a virus antigen, a
differentiation antigen, a cancer antigen, a cell-specific antigen, a tissue-specific

antigen, an Ig or Ig-like molecule and so on.

L
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[O0IR1] In one embodiment, the cell-binding agent specifically
recognizes UNCLI3 or the complex of CXCRS and a ligand thereof., such as
CXCL13. The conjugate may be in contact with the target cell for a sufficient period
of time to allow an effector function of the conjugate to act on the cell, andfor to allow
the conjugate sufficient time in which to be internalized by the cell.

(001821 Cell-binding agents may be of any type as presently known, or
that become known, and includes peptides, non-peptides, saccharides, nucleic acids,
Ligands, receptors and so on, or combinations thereof. The cell-binding agent may be
any compound that can bind a cell, either in a specific or non-specific manner.
Generally, the agent can be an antibody (especially monoclonal antibodies),
tymphokines, hormones, growth factors, vitamms, nutnient-transport molecules {such
as transferring, or any other cell-binding wolecule or substance.

{00183} Other examples of cell-binding agents that can be vsed inchude:
polyclonal antibodies; monoeclonal antibodies; and fragments of gntibodies such as
Fato Fae, Fawp and Fo (Parham, J. Immunol. 131:2895-2902 (1983); Spring et al., L
Immunol. 113:470-478 (1974); and Nisonoff et al., Arch. Biochem. Biophys. 89
230-244 (1960}).

(00184} The second component also can be a cytotoxic agent. The term
“cytotoxic agent”™ as used herein refers to a substance that reduces or blocks the
fanction, or growth, of cells and/or causes destruction of cells. Thus, the cytotoxic
agent can be g taxol, a maytansinoid, such as DM or DM4, CC-1065 or a CC-1065
analog, a nein, mitomycin € and so on. In some embodiments, the cytotoxic agent, as
with any binding agent of a conjugate of the instart mwveation is covalently attached,
divectly or via a cleavable or non-cleavable linker, to an antibody of interest.

[O0185] Examples of suitable mayvtansmmowds include maytansmol and
mavtansinol analogs. Maytansmoids inhibit mucrotobule formation and are highly
toxic to mammalian cells.

0013861 Examples of suitable maytansinol analogees include those
having a modified aromatic ring and those having modifications at other posttions.

Such suitable mavtansinoids are disclosed in ULS. Patent Nos. 4,424,219; 4,256,746,
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4,294.757;, 4,307 016, 4313946, 4315929, 4,331598; 4361650, 4362663,
4,364,866, 4,450,254; 4322 348; 4,371,533; 6,333 410; 5475092, 5,585,499, and
5,846,545,

00187} Examples of suitable analogues of maviansinol having a
modified aromatic ring include: (1) C-19-dechloro {U.S. Pat. No. 4,256,746)
{prepared, for example, by LAH reduction of ansamytocin P2}, (2) C-20-hydroxy (or
C-20-demethyl) +~ C-19-dechlore (11S. Pat. Nos. 4361650 and 4307016}
{prepared, for example, by demethylation using Streptomyces or Actinomyces or
dechlorination using lithium aluminum hydride (LAH)), and (3) C-20-demethoxy,
C-20-acvioxy (-OCOR), +/~dechloro (U1.S. Pat. No 4,284,757} (prepared by acylation
using acyl chionides).

{00188} Examples of suitable analogues of mavtansinol baving
modifications of other positions melade: (1) C-9-SH (US. Pat. No. 4424219)
{prepared by the reaction of mavtansinol with HaS or PaSsi; (2) C-14-alkoxymethyl
{demethoxy/CHOR) (ULS. Pat. No. 4331598y (3) C-1d-hydroxymethyl or
acyloxymethyl (CHOH or CH0Ac) (1.8, Pat. No. 4450254) {prepared from
Nocardia};, (4} C-15-hydroxyfacyloxy (US. Pat. No. 4,364 866} {prepared by the
conversion of maytansinol by Sueptomyces), (5) C-15-methoxy (ULS. Pat. Nos.
4313946 and 4,315,929} {isolated from Trewia nudiflora); (6) C-18-N-demethyl
(ULS. Pat. Nos. 4362663 and 4322348) (prepared by the demethylation of
mavtansinol by Streptomyces); and (7) 4,5-deoxy (U.S. Pat. No 4,371,533) {prepared
by the titanium trichloride/LAH reduction of maytansimol).

(00189} The cytotoxic conjugates may be prepared by i vitre methods,
To link 8 cvtotoxic agent, drug or prodrag to the antibody, commonly, a linking group
ts used. Suitable linking groups are known in the art and iclude disulfide groups,
thivether groups, acid labile groups, photolabile groups, peptidase labile groups and
esterase Jabile groups. For example, conjugates can be constructed using a disulfide
exchange reaction or by forming a thioether bond between an antibody of interest and

the drag or prodrug.

LA
g



WO 2009/032661 PCT/US2008/074381

[001901 As discussed above, the mstant invention provides isolated
nucleic acid sequences encoding an antibody or functional variant thereof as disclosed
herein, wvector constructs comprising a nocleotide sequence encoding  the
CXCRS-binding polvpeptides of the present invention, host cells comprising such a
vector, and recombinant technigues for the production of the polypeptide.

(00191 The vector normally contains components known in the art and
generally include, but are not Limited to, one or more of the following: a signal
sequence, an origin of replication, one or more marker or selection genes, sequences
facilitating and/or enhancing wanslation, an enhancer element and so on. Thus, the
expression vectors melude a nucleotide sequence operably hinked to such suiable
transcriptional or translational regulatory nucleotide sequences such as those derived
from mammalian, mucrobial, viral or insect genes. Examples of additional regulatory
sequences include operators, mRNA ribosomal binding sites, andfor other appropriate
sequences which control transcription and fransiation, such as initiation and
termination thereof. Nucleotide sequences are "operably linked” when the regulatory
sequence functionally relates to the nucleotide sequence for the appropriate
polypeptide. Thus, a promoter nucleotide sequence is operably linked to, e.g., the
antibody heavy chain sequence If the promoter nucleotide sequence controls the
transcription of that nucleotide sequence.

001921 In addition, sequences encoding appropriate signal peptides that
are not naturally associgted with antibody heavy and/or light chain sequences can be
incorporated into expression vectors. For example, a mucleotide sequence for a signal
peptide (secretory leader) may be fused in-frame to the polypeptide sequence so that
the antibody s secreted to the periplasmic space or into the mediom. A signal peptide
that is functional i the mtended host cells enhances extracellular seeretion of the
appropriate antibody or portion thereof. The signal peptide may be cleaved from the
polypeptide on secretion of antibody from the cell. Examples of such secretory
signals are well known and include, e.g., those described i ULS. Pat. Nos. 5,698 435;

5,698417; and 6,204,023
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[001931 The vector may be a plasmid, a smgle-stranded or
double-stranded viral vector, a single-stranded or double-stranded RNA or DNA
phage vector, a phagemid, a cosmid or any other carrter of a transgene of interest.
Such vectors may be introduced mto cells as polynucleotides by well known
techniques for introducing DNA and RNA into cells. The vectors, in the case of
phage and viral vectors also may be introduced into cells as packaged or encapsulated
virus by well known technigues for infection and transduction.  Viral vectors may be
rephication competent or replication defective. In the latter case, viral propagation
generally will occur only in complementing host cells and using plural vectors
carrying the various virns components necessary to produce a particle.  Cell-free
translation systems may also be emploved to produce the protein using RNAs derived
from the present DNA constructs {(see, e.g., WO 86/05807 and WO 89/01036; and
ULS. Pat. No. 5,122 464).

(00194} The antibodies of the present invention can be expressed from
any suitable host cell. Examples of host cells nsetul w the instant wvention mcelude
prokaryotic, yeast or higher eukaryotic cells and mclude but are not limited to
nucroorgamisms such as bactenia {e.g., &£ coli, B. subtilis, Enterobgcter, Erwinda,
Kiebsiella, Proteus, Salmonella, Serratra, and  Shigella, as well as Baally,
Psendomonas and Streptomvees) transtormed with recombinant bacteriophage DNA,
plasmid DNA or cosnud DNA expression vectors contanming the antibody coding
sequences of inferest; veast {e.g., Saccharomvces, Pichia, Actinomycetes,
Kloyveromyces, Schizosaccharomyces, Candida, Trichoderma, Newrospora, and
filamentous fungi, such as Neurospora, Penicilliom, Tolypociadium and Aspergilius)
transformed with recombinant veast expression vectors contaimng antibody coding
sequences; insect cefl systems infected with recombmant virus expression vectors
{e.g., Baculovirus) containing antibody coding sequences; plant cell svstems infected
with recombinant viras expression vectors {e.g., cauliffower mosaic virus, CaMV; or
tobacco mosaic viras, TMV} or transformed with recombinant plasmid expression
vectors (e, Tt plasmid) containing antibody coding sequences; or mammalian cell

systems {e.g., COS, CHO, BHK, 293 or 313 cells) harboring recombinant expression
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constructs containing promoters derived from the genome of mammalian cells {e.g.,
metallothionein promoter} or from mamumalian viruses {e.g., the adenovirus late
promoter; or the vaccinia virus 73K promoter).

(001951 Expression vectors for use in prokaryotic host cells generally
comprise one or more phenotypic selectable marker genes. A phenotypic selectable
marker gene is, for example, a gene enceding a protein that confers antibiotic
resistance or that supplies an autotrophic requirement. Examples of useful expression
vectors for prokarvotic host cells include those derived from commercially available
plasmids, such as pKK223-3 {(Pharmacia Fine Chemicals, Uppsala, Sweden)}, pGEMI
{(Promega Biotec, Madison, WI}, pET {(Novagen, Madison, WI} and the pRSET
{Invitrogen, Carlsbad, CA} series of vectors (Studier, J Mol Biol 219:37 (1991); and
Schoepfer, Gene 124:83 (1993}).  Promoter sequences commonly used for
recombinant prokaryvotic host cell expression vectors include T7, {Rosenberg et al.,
Gene 56:125 (1987)), B-lactamase (penicillingse), lactose promoter system {Chang
et al., Nature 275615 (1978); and Goeddel et al., Nature 281:344 (1979)), trvptophan
{trp) promoter svstem {(Goeddel et al, Nucl Acids Res 84057 (1980)), and tac
promoter (Sambrook et al., Molecelar Cloning, A Laboratory Manual, 2nd ed., Cold
Spring Harbor Laboratory (19903).

(001961 Yeast vectors will often contain an ownigin of replication
sequence, such as from a 2p veast plasmid, an autonomously replicating sequence
{ARS), a promoter region, sequences for polyadenylation, sequences for transcription
ternunation and a selectable marker gene.  Suitable promoter sequences for yeast
vectors inchude, among others, promoters for metaltothionein, 3-phosphoglyveerate
kinase (Hitzeman et al., J Biol Chem 255:2073 (1980)) or other glveolytic enzymes
(Holland et al, Biochem 17:4900 (1978)) such as enolase, glyceraldehyde-3-
phosphate dehydrogenase, hexokinase, pyruvate decarboxylase, phosphofructokinase,
glucose~-6-phosphate  isomerase, 3-phosphoglycerate mutase, pyruvate kinase,
triosephosphate  isomerase, phosphoglocose 1somerase and glocokinase.  Other
suitable vectors and promoters for use in yeast expression are forther descnibed in

Fleer et al., Gene 107:285 (1991}, Other suitable promoters and vectors for veast and
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veast transformation protocols are well known 1o the art. Yeast transformation
protocols are well known. One such protocol s described by Hinnen et al., Prec Natl
Acad Sci 75:1929 (1978), which selects for Trp” transformants in a selective medium.

(001971 Anv euvkarvotic cell culture i3 workable, whether from
vertebrate or invertebrate culture. Examples of invertebrate cells include plant and
msect cells (Luckow et al, Bio/Technology 6:47 (1988);, Miller et al, Genetic
Engineering, Setlow et al., eds., vol. 8, pp. 277-9, Plenum Publishing (1986); and
Maeda et al., Nature 315:592 (1985)). For example, Baculovirus systems may be
used for production of heterologous proteins. In an insect svstem, Awtographa
californica nuclear polvhedrosis virus (AcNPV) may be used as a vector to express
foreign genes. The virus grows in Spodopiera frugiperda cells. The antibody coding
sequence may be cloned under control of an AcNPV promoter (for example the
polyhedrin promoter).  Other hosts that have been identified include Aedes,
Drosophila melanogaster and Bombyx mori, A variety of viral strains for transfection
are publicly available, e.g., the L-1 variant of ACNPV and the Bm-3 strain of Bombyy
mori NPV, Moreover, plant cell cultures of cotton, corn, potato, sovbean, petunia,
tomato, and tobacco and also be utilized as hosts as known 1o the art.

{00198} Vertebrate cells, and propagation of vertebrate cells, in culture
{tissue culture) can be a rovtine procedure, althoogh fastidions cell lines do exist
which require, for example, a specialized medium with unique factors, feeder cells
and s0 on, see Tissue Culture, Kruse et al., eds., Academic Press (1973). Examples of
usefid mammal host cell lines are monkey kidney; human embrvonic kidney Hne;
baby hamster kiduney cells; Chinese hamster ovary cells/-DHFR (CHO, Urlaub et al.,
Proc Natl Acad Sci USA 77:4216 (1980)). mouse sertoli cells; human cervical
carcinoma cells {for example, Hela); canine kidney cells; human lung cells; human
bver cells; mouse mammary tumor; and NSO cells.

001991 Host cells are transformed with vectors for antibody production
and celtured i conventional notrient mednen containing growth factors, vitamins,
minerals and so on, as well as indocers appropriate for the cells and vectors used.

Commonly used promoter sequences and enhancer sequences are derived from
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polyvoma virus, Adenovirus 2, Stouan vires 40 (SV40) and homan cytomegalovirus
{CMVY. DNA sequences derived from the SV40 viral genome may be used to
provide other genetic elements for expression of a structural gene sequence in a
manmalian host cell, e.g., SV40 origin, early and late promoter, enhancer, splice and
polvadenylation sites. Viral early and late promoters are particularly useful because
both are easily obtained from a viral genome as a fragment which may also contain a
viral origin of replication. Exemplary expression vectors for use in mammalian host
cells are commercially available.

(002003 Conmumercially available medinm such as Ham's F10, Minimal
Essential Medium (MEM), RPMI-1640 and Dulbecco’s Modified Eagle's Medinm
{DMEM) are suitable for culturing host cells. In addition, any of the media described
i Ham et al., Meth Engymol 3844 (1979) and Barnes et al., Anal Biochem 102255
(1980), and in U.S. Pat. Nos. 4,767,704, 4,657 866; 4,560,655, 5,122 469; 5712,163;
or 6,048,728 may be used as a culture medium for the host cells. Any of those media
may be supplemented as necessary with hormones andfor other growth factors {such
as msulin, transferrin or epadermal growth factor), salts {(such as chiorides, such as
sodivm, caleom or magnesiem chloride; and phosphates), buffers (such as HEPES),
nucleotides {such as adeposine and thymudine), antibiotics, trace elements {defined as
inorganic compounds usually present at final concentrations in the mucromolar range)
and glucose or an equivalent epergy source. Any other necessary supplements may be
included at approprigte concentrations, as a design choice. The culture conditions,
such as temperature, pH and the like, are as known in the art appropriate for the cell
and 1o enable the desived expression of the transgene.

{00201 The polynucleotides of interest may be obtained, and the
nucteotide sequence of the polvnucleotides determined, by any method known m the
art.  For example, i’ the nucleotide sequence of the antibody is known, a
polynucleotide encoding the antibody may be assembled from chemically synthesized
oligonucleotides (e.g., as described in Kutmeier et al., Bio/Techniques 17:242 {1994))

and then amplifying the ligated oligonucleotides, for example, by PCR.
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(002021 Alternatively, a polynucleotide encoding an antibody mway be
generated from nucleic acid of a cell expressing same. 1f a clone containing a nuclete
acid encoding a particular antibody s not available, but the sequence of the antibody
molecule is known, a nucleic acid encoding the immunogiobulin may be obtained
from @ suitable source, such as a library, which mav be one specific for
antibody-producing cells, such as hybridoma cells selected to express an anttbody of
the invention. Suitable primers can be configured for PCR amplification. Amplified
nocleic acids generated by PCR may then be cloned into replicable cloning vectors
using any method well known in the art.

(00203} Once the nucleotide sequence and corresponding amino acid
sequence of the antibody are determined, the nucleotide sequence of the antibody may
be manipulated to obtatn the equivalents of interest described herein using methods
known i the art for mampulating nucleotide sequences, e.g., recombinant DNA
techniques, site directed mutagenesis, PCR ete. {see, for example, Sambrook et al.,
Molecular Cloning, A Laboratory Manual, 2nd ed., Cold Spring Harbor Laboratory
{1990); and Ausubel et al.| eds., Current Protocols in Molecular Biology, John Wiley
& Sons {1998} to generate antibodies baving a different amino acid sequence, for
example, to create amine acid substitutions, deletions and/or insertions.

(002041 The amino acid sequence of the heavy andfor light chain
variable domain may be inspected to identify the sequences of the CDRs by well
known methods, e.g., by comparison to known amino acid sequences of other heavy
and hight chain variable regions to deternune the regions of sequence hypervariabiiity.
Using routine recombingnt DNA technigues, one or mwore of the CDRs may be
inserted within framework regions, e.g., into heman framework regions to humanize a
non-human antibody, as described sypre. The polynucieotide of interest penerated by
the combination of the framework regions and one or more CDRs encodes an
antibody that specifically binds CXCRS, or at least the ED domain thereof. For
example, such methods may be used to make anmino acid sebstitutions or deletions of
one or more variable region cvstemne residues participating in an imtrachain disulfide

bond 1o generate antibody molecules lacking one or more intrachain disulfide bonds.
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1002051 The antibodies or antibody fragments of the mvention can be
used to detect CXCRS, and hence cells expressing CXCRS, in a bivlogical sample in
vifro or - vive. In one embodiment, the anti-CXCRS antibody of the invention is
used to determine the presence and the level of CXCRS in a tissue or in cells derived
from the tissue. The levels of CXCRS in the tissue or biopsy can be determined, for
example, in an immuncassay with the antibodies or antibody fragments of the
invention, The tissue or biopsy thereof can be frozen or fixed. The same or other
methods can be used to determine other properties of CXCRS, such as the level
thereof, cellular localization, mRNA levels, mutations thereot and so on.

(002061 The above-described method can be used, for example, 1o
diagnose a cancer in a subject known to be or suspected to have a cancer, wherein the
level of CXCRS measured 1o said patient 1s compared with that of a normal reference
subject or standard. The assay of mterest also can be used to diagnose arthritis or
other autoimmune diseases characterized by B cell infiltration and concentration,
along with development of differentiated tymphoid tissue.

(00207} The mstant invention further provides for monoclonal
antibodies, humanized antibodies and epitope-binding fragments thereof that are
further labeled for use in research or diagnostic applications. In some embodiments,
the label is a radiolabel, a fluorophore, a chromophore, an imaging agemt or a metal
ton.

00208} A method for diagnosis is also provided in which said labeled
antibodies or epitope-binding fragments thereof are admimstered to a sabject
suspected of baving g cancer, arthyitis, autommmune diseases or other CXCRS disease,
and the distribution of the label within the body of the subject i3 measured or
monitored.

002091 The antibody and fragments thereo! of the instant invention
may be used as affmity punfication agents. In that process, the antibedies are
immaobihized on a solid phase, such as a dextran or agarose resin or filter paper, using
methods known in the art. The immobilized antibody is contacted with a sample

containing CXCRS or cells carrying same to be purified, and thereafter the support is
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washed with a suitable solvent that will remove substantially all the material m the
sample except the CXCURS or cell to be purified, which is bound to the nnmobilized
antibody of interest. Finally, the support is washed with another suitable solvent, such
as glycine buffer, pH 5.0, that will release the CXCRS or cell from the antibody of
interest.

(002101 For diagnostic applications, the antibody of interest typically
will be labeled with a detectable moiety. Numerous labels are available which can be
generally grouped into the following categories: {a) radioisotopes, such as g, e,
SHH and T (The antibody can be labeled with the radioisotope using a technigues
described i Current Protocols in Immunology, vol. 12, Coligen et al,, ed., Wiley-
Interscience, New York {1991}, for example, and radioactivity can be measured using
scintillation counting); (b} fluorescent labels, sach as rare carth chelates (ewropium
chelates), Hoorescetn and s dervatives, rhodamine and s dervatives, dansyl,
Hssamineg, phveoervibrin and Texas Red, the fluorescent labels can be conjugated 1o
the antibody using a technique disclosed i Cwrrent Protocels in Immunoclogy, supra,
for example, where fluorescence can be quantified using a fluorimeter; and (¢} various
enzvme substrate labels are available (1S, Pat. No. 4,275,149 provides a review), the
enzyme generally catalyzes a chemical alteration of the cliromogenic substrate which
can be measured using various technigques, for example, the enzyime may catalyze a
color change m a substrate, which can be measured spectrophotometrically, or the
enzyme may alter the fluorescence or chemiluminescence of the substrate.
Techmiques for quantifying a change in fluorescence are known, for example, using a
tuminometer, or the label donates energy 1o a fluorescent acceptor.  Examples of
enzymatic labels inclede luciferases {e.g., firefly huciferase and bacterial hsciferase;
.8, Pat. Nop. 4,737.456), lucferin, 2.3-dihvdrophthalazinediones, malate
dehydrogenase, urease, peroxidase, such as horseradish peroxidase (HRPQ), alkahine
phosphatase, f-galactosidase, glucoamylase, lysozyme, saccharide oxidases (e.g.,
glucose oxidase, galactose oxidase, and glucose-6-phosphate  dehvdrogenase),
heterocvehe oxidases (such as uricase and xanthine oxidase), lactoperoxidase,

microperoxidase and the like, Technigues for conjugating enzymes to antibodies are
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described in O'Sullivan et al., Meth Enz, ed. Langone & Van Voenakis, Academic
Press, New York, 73 (1981).

{00211} When such labels are used, suitable substrates ave available,
such as: {1) for horseradish peroxidase with hydrogen peroxidase as a substrate,
wherein the hydrogen peroxidase oxidizes a dve precursor (e.g., orthophenylene
diamine {OPD} or 335 5-tetramethyl benzidine hydrochloride {TMB)); {1} for
alkaline phosphatase (AP} with p-nitrophenyl phosphate as the chromogenic
substrate; and (i) f-D-galactosidase (B-D-Galy with a chromogenic substrate (e.g.,
p-nitrophenyl-B-D-galactosidase)  or  a  fluorogenic  substrate  such  as
4-methylombelliferyl-fi-D-galactosidase.

(002121 Other enzyme-substrate combinations are available te those
skilled in the art. For a general review, see U.S. Pat. Nos. 4,275 149 and 4,318,980,

(602131 Sometimes, the label 1 indirectly conjugated with the
antibody. For example, the antibody can be conjugated with biotin and any of the
reporters mentioned above can be conjugated with avidin, or vice versa. Biotin binds
selectively to avidin and thus, the label can be conjugated with the antibody i that
indirect manner.  Alternatively, to achieve mdirect conjugation of the label, the
antibody 1s conjugated with a small hapten {e.g., digoxin} and one of the different
types of labels or reporters mentioned above s conjugated with an anti-digoxin
antibody. Thus, mdirect conjugation of the label with the antibody or mutemn can be
achieved using a second antibody.

(00214} In another embodiment of the invention, the antibody need not
be tabeled, and the presence thereof can be detected using a labeled antibody which
binds to the antibody, another form of a second antibody.

(002151 The antibodies of the present invention may be employved in
any known assay method, such as competitive binding assays, direct and mdirect
sandwich assays, and unmunoprecipitation assays. Zola, Monoclonal Antibodies: A
Manuaal of Techoiques (CRC Press, Inc. 1987).

(002161 Competitive biding assays rely on the ability of a labeled

standard to compete with the test sample for binding with a limited amount of

66



WO 2009/032661 PCT/US2008/074381

antibody.  The amouant of antigen in the test sample 15 mversely proportional to the
amount of standard that becomes bound to the antibodies. To facilitate determining
the amount of standard that becomes bound, the antibodies generally are insolubilized
before or after the competition. As a result, the standard and test sample that are
bound to the antibodies may conveniently be separated from the standard and test
sample which remain unbound.

[00217] Sandwich assays imvolve the use of two antibodies, each
capable of binding to a different immunogenic portion, detenminant or epitope, of the
target to be detected. In a sandwich assay, the test sample to be analyzed is bound by
a first antibody which is immobilized directly or indirectly on a sohd support, and
thereafier a second antibody divectly or indirectly labeled binds to the bound test
sample, thus forming an isoluble three-part complex, see eg. US. Pat. No.
4,376,110, The second antibody may 1tself be labeled with a detectable moiety {direct
sandwich gssays) or may be measured using an anti-tmmunoglobolin antibody or
other suitable member of the bmding pair (anttbody/antigen, receptor/ligand,
enzymessubstrate, for example) that i3 labeled with a detectable molety (indirect
sandwich assay). For example, one type of sandwich assay 18 an ELISA assay, in
which case the detectable moiety Is an enzyine.

(00218} For immunohistochemistry, the cell or tissue sample may be
fresh or frozen or may be embedded in paraffin and fixed with a preservative such as
formalin, for example.

(00219} The antibodies may also be used for iz vive diagnostic assays.
Generally, the antibody mutant is labeled with a radionucleotide {such as *'n, PTe,
B, ML HL TP or BS) so that the sites expressing CXCRS can be localized using
unmunoscintography.

1002201 The mstant nvention also includes kits, e.g., comprising an
antibody, fragment thereof, homolog, dervative thereof and so on, such as a labeled
or cytoloxic conjugate, and mstructions for the use of the antibody, conjugate for
killing particular cell types and so on. The mstractions may include directions for

using the antibody, conjugate and s0 on i vitro, in vivo or ex vivo, The antibody can
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be i hiqud form or as a solid, generally Ivophilized. The kit can contain suitable
other reagents, such as a buffer, a reconstituting solution and other necessary
ingredients for the itended wse. A packaged combination of reagents
predetermined amounts with instructions for use thereof, such as for a therapeutic use
of for performing a diagnostic assay is contemplated. Where the antibody is labeled,
such as with an enzyme, the kit can include substrates and cofactors required by the
enzyme {£.g., a substrate precursor which provides the detectable chromophore or
fluorophore). In addition, other additives may be included such as stabilizers, buffers
(e.g., a block buffer or tysis buffer) and the like. The relative amounts of the various
reagents may be varied to provide for concentrates of a solution of a reagent, which
provides user flexibidity, economy of space, economy of reagents and so on. The
reagents may be provided as dry powders, usually lyophilized, wcluding excipients,
which on dissolution provide a reagent solotion having the appropriate concentration.

002213 The antibodies of the present invention mayv be used to treat g
mammal. In one embodiment, the antibody or equivalent of interest is admnistered
to a nonhuman mammal for the purposes of obtaining preclumncal data, for example.
Exemplary nonhuman mammals to be treated inclede nonhuman primates, dogs, cats,
rodents and other mammals in which preclinical studies are performed.  Such
mammals may be established animal models for a disease to be treated with the
antibody, or may be used to study toxicity of the antibody of interest. In gach of those
embodiments, dose escalation studies may be performed in the mammal.,

(002221 An antibody, with or without a second component, such as a
therapeutic moiety conjugated to same, administered alone or in combination with
cytotoxic factor{s} can be used ag a therapeutic. The present invention is directed to
antibody-based therapies which mvoelve administering antibodies of the invention to
an animal, a mammal, or a human, for treating a CXCRS-mediated disease, disorder
or condition. The apimal or subject may be a mammal m need of a particular
treatment, such as a mammal having been diagnosed with a particular disorder, e.g.,
one relating to CXCRS, Antibodies directed against CXCRS are useful, for example,

for prophylaxis or treatment of arthritis, inflammatory diseases, in general, graft
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rejection, cancer and autommmune disorders.  For example, by administering a
therapeutically acceptable dose of an anti-CXCRS antibody of the instant invention,
or a cocktail of a plurality of the instant antibodies or equivalents thereof, or in
combination with other antibodies of varying sources, disease symptoms nway be
ameliorated or prevented in the treated mammal, particularly humans,

H00223} Therapeutic compounds of the invention mclude, but are not
limited to, antibodies of the invention (including fragments, analogs, equivalents and
derivatives thereof as described herein) and nucleic acids encoding antibodies of the
invention as described herein {including fragments, analogs and derivatives thereof)
and anti-idiotypic anttbodies as described herein. The antibodies of the mvention can
be used to treat, inhibit or prevent diseases, disorders or conditions associated with
aberrant expression andfor activity of CXCRS, mcluding, but not himited to, any one
or more of the diseases, disorders, or conditions described herein.  The treatment
and/or prevention of diseases, disorders or conditions associated with aberram
expression andfor activity of CXCRS mcludes, but is not linmited to, alleviating at least
one symptom associated with those diseases, disorders, or conditions.  Antibodies of
the invention may be provided in pharmaceuntically acceptable compositions as known
in the art or as described herein.  The term "physiologically acceptable,”

“pharmacologically acceptable” and so on mean approved by a regulatory agency of

Lo}

the Federal or a state government or hsted in the U.S. Pharmacopeia or other
generally recognized pharmacopeia for nse in animals and more particularly in
humans.

002241 The anti-CXCRS antibody can be administered to a manuual in
any acceptable manner. Methods of introdection inclode, g are not himited to,
parenteral, subcutaneous, intraperitoneal, iotrapulmonary, miranasal, epidural,
inhalation and oral routes, and iIf desired for ummunosuppressive ireatment,
intralesional administration. Parenteral infusions include intramuscular, intradermal,
intravenous, infraarterial or intraperitoneal administration.  The antibodies or
compositions may be administered by any convenlent route, for example, by infusion

or bolus myjection, by absorption through epitheligl or mucocutaneous linings {e.g.,
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oral mucosa, rectal and intestinal mucosa ete.} and may be administered together with
other biologically active agents. Admumistration can be systenuc or local. In addition,
it may be desirable to imtroduce the thevapeutic antibodies or compositions of the
invention into the central nervous systern by any suitable route, including
intraventricular and intrathecal mjection; intraventricular injection may be facilitated
by an miraventricular catheter, for example, attached to a reservoir, such as an
Ommava reservoir.  In addition, the antibody is snitably administered by pulse
infusion, particularly with declining doses of the antibody. Preferably the dosing is
given by injection, preferably inttavenous or subcutansous injections, depending, in
part, on whether the adnumistration s brief or chromic.

(002251 Various other delivery systems are known and can be used to
admimister an antibody of the presemt wvention, mcluding, e.g., encapsulation in
Hiposomes, microparticles, microcapsules (see Langer, Science 249:1527 (1990);
Tregt et gl, in Liposomes i the Therapy of Infectious Disease and Cancer;
Lopez-Berestein et al, eds, p. 353.365 (1989}, and Lopez-Berestem, hid., p.
317-327y  and  recombinant cells capable of expressmg  the compound,
receptor-mediated endocyiosis (see, e.g., Wu et al, I Biol Chem 262:4429 (1987));
construction of a nucleic acid as part of a retroviral or other vector etc.

100226} The active ingredients may also be entrapped in microcapsule
prepared, for example, by coascervation techniques or by interfacial polymerization,
for example, hvdroxymethvlcellulose ofr gelatin-microcapsule and
poly-{methylmethacvlate} microcapsule, respectively, in collowdal drog delivery
systents  (for  example, liposomes, albumin  microspheres, microemulsions,
nanoparticles and nanocapsules) or in macroemuldsions. Such technigues are disclosed
in Remington's Pharmaceutical Sciences, 16th edition, A. Osal, Ed. (1980).

100227} Pulmonary administration can also be emploved, e.g, by use of
an whaler or nebulizer, and formulation with an aerosolizing agent. The antibody
may also be admunistered into the lungs of a patient in the form of a dry powder

composition, see e.g., U.S. Pat. No. 6,514,496
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(002281 In a specific embodiment, it may be desirable to administer the
therapeutic antibodies or compositions of the mvention locally to the area i need of
treatment; that may be achieved by, for example, and not by way of limitation, local
infiiston, topical application, by injection, by means of a catheter, by means of a
suppository or by means of an implant, said implant being of a porous, non-porous or
gelatinous material, wicluding membranes, such as sialastic membranes or fibers.
Preferably, when administering an antibody of the invention, care is taken to use
niaterials to which the protem does not absorb or adsorb.

(00229} In vet another embodiment, the antibody can be delivered in a
controtled release system. In one embodiment, a pump may be used (see Langer,
Science 249:1527 (1990); Sefton, CRC Crit Ref Biomed Eng 14:201 (1987}
Buchwald et al., Surgery 88:507 (1980); and Saudek et al., N Engl J Med 321:574
{1989)). In another embodiment, polymeric materials can be used (see Medical
Applications of Controlled Release, Langer et gl eds., CRC Press (1974); Controlled
Drug Broavailability, Drug Product Design and Performance, Smwolen et al., eds,
Wiley (1984); Ranger et al., J Macromol Sci Rev Macromol Chem 23:61 (1983); see
also Levy et al., Science 228:190 (1985); During et al., Ann Neurol 25:351 (1989);
and Howard et al, J Neurosurg 71105 (1989)). In vet another embodument, a
controlled release system can be placed i proximity of the therapeutic target.

00230} Therapeutic formulations of the polypeptide or antibody may
be prepared for storage as lyophilized formulations or aqueous solutions by mixing
the polypeptide having the desived degree of purity with optional “pharmaceutically
acceptable” carriers, diluents, excipients or stabilizers typically employed o the art,

gents, stabilizing  agents, preservatives, isotonifiers, non~-ionic

ot

te., buffering a
detergents, antioxidants and other miscellansous additives, see Remungton's
Pharmaceutical Sciences, 16th ed., Osol, ed. (1980). Such additives are generally
noptoxic to the recipients at the dosages and concentrations emploved, hence, the
excipients, diluents, carriers and so on are pharmaceutically acceptable.

(002311 An “isolated” or "purified” antibody s substantially free of

cellular material or other contaminating proteins from the cell or tissue source or
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mediom from which the protein is derived, or substantially free of chemical
precursors or other chenucals when chemically synthesized.  The language
"substantially free of cellular material” includes preparations of an antibody in which
the polypeptide/protein i3 separated from cellular components of the cells from which
same is isolated or recombinantly produced. Thus, an antibody that is substantally
free of celludar material includes preparations of the antibody having less than about
30%, 20%, 10%, 5%, 2.5% or 1%, (by dry weight} of contaminating protein. When
the antibody is recombinantly produced, it is also preferably substantially free of
culture medium, te., culture medinm represents less than about 20%, 10%, 3%, 2.5%
or 1% of the volume of the protein preparation. When antibody is produced by
chemical synthesis, it 15 preferably substantially free of chenucal precursors or other
chemicals and reagents, e, the antibody of wnterest 1§ separated from chemical
precursors or other chemicals which are involved in the synthesis of the protem.
Accordingly, such preparations of the antibody have less than about 30%, 20%, 10%,
5% or 1% (by dry weight} of chemical precursors or compounds other than antibody
of interest. In a preferred embodinent of the present invention, antibodies are isolated
or purified.

(00232} As used herein, the phrase "low to undetectable levels of
aggregation” refers to samples comtaining no more than 5%, no more than 4%, no
more than 3%, no more than 2%, no more than 1% and often so more than 0.5%
aggregation, by weight protein, 8s measured by, for example, high performance size
exclusion chromatography (HPSEC).

002331 As used herein, the term "low to undetectable levels of
fragmentation” refers to samples contaming equal to or more than 80%, 85%, %0%,
95%, 98% or 99%, of the total protein, for example, in a single peak, as determined
by HPSEC, or in two {2) peaks (heavy chain and light chain) by, for example, reduced
capillary gel electrophoresis (tCGE} and containing no other single peaks having
more than 5%, more than 4%, more than 3%, more than 2%, more than 1% or more

than 0.5% of the total protem, each. The rCGE as used herew refers to capiliary gel
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electrophoresis under reducing conditions sutficient to reduce disulfide bonds in an
antibody or antibody-type or derived molecule.

{60234} As used herein, the terms "stability” and "stable” m the comtext
of a hquid formulation comprising 8 CXCRS antibody or binding fragment thereof
refer to the resistance of the antibody or antigen-binding fragment thereof in the
formulation to thermal and chenvical unfolding, apgregation, degradation or
fragmentation under given manufacture, preparation, transportation and storage
conditions. The "stable” formulations of the invention retain biological activity equal
to or more than 80%, 85%, 90%, 95%, 98%, 99% or 99.5% under given manufacture,
preparation, transportation and storage conditions., The stability of said antibody
preparation can be assessed by degrees of aggregation, degradation or fragmentation
by methods known to those skilled n the art, including, but not luntted to, rCGE,
sodivm dodecyl sulfate polvacrylamide gel electrophoresis (SDS-PAGE) and HPSEC,
compared to g reference.

H002351 The term, "carrier,” refers to a dilnent, adjuvant, excipient or
vehicle with which the therapeutic s administered. Such phivsiological carriers can be
sterile hquids, such as water and oils, includimg those of petroleum, ammal, vegetable
or synthetic origin, such as peanut oil, sovbean oil, mineral oil, sesame oil and the
tike. Water 1s a suitable carrier when the pharmaceutical composition is administered
intravenously. Saline solutions and agueous dextrose and glycerol solutions also can
be emploved as hquid carriers, particularly for injectable solutions.  Suitable
pharmaceutical excipients include starch, glucose, lactose, sucrose, gelatin, malt, rice,
flowr, chalk, silica gel, sodiom stearate, glycerol monostearate, tale, sodiunt chlonde,
dried skim mailk, glycerol, propylene glycol, water, ethanol and the hke.  The
composition, if desired, can alse contain minor amounts of wetting or enudsifving
agents, or pH buftering agents. The compositions can take the form ot solutions,
suspensions, emulsion, tablets, pills, capsules, powders, sustained-release
formulations, depots and the bike.  The composition can be formulated as a
supposttory, with traditional binders and camiers such as tnglyecendes.  Oral

formulations can include standard carviers such as pharmaceutical grades of mannitol,

o
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tactose, starch, magnpestom  stearate, sodiwm saccharine, celhulose, magnesiom
carbonate etc.  Examples of suitable carviers are described in "Remmgton's
Pharmaceutical Sciences,” Mantin.  Such compositions will contain an effective
amount of the antibody, preferably in purtfied form, together with a suitable amount
of carrier so as to provide the form for proper administration to the patient. As known
i the art, the formulation will be constructed to suit the mode of administration.
(00236} Buffering agents help to maintain the pH in the range which
approximates physiological conditions.  Buffers are preferably present at a
concentration ranging from about 2 mM to about 50 mM. Suitable buffering agents
for use with the mstant invention inchude both organic and inorganic acids, and salts
thereof, such as citrate buffers {e.z., monosodium citrate-disodium citrate mixture,
citrie acid-trisodnon citrate mixture, citnic acid-monoesoditim cifrate mixture ec.),
suceinate  buffers {e.g. succinic acid-monosodium  succinate mixture, suecinic
acid-sodium  hydroxide mixture, succmic geid-disodivm succinate mixture e1¢.),
tartrate buffers {e.g., tartaric acid-sodinm fartrate mixtwre, tartaric acid-potassiom
tarirate mixture, tartaric acid-sodium hvdroxide mixture etc.), fumarate buffers {e.u,,
fumaric acid-monosodium  femarate mixture, fumaric acid-disodiom  fumarate
mixture, monosedivm fumarate-cdisodium fumarate mixture etc.), gluconate buffers
{e.g., gluconic acid-~sodium glvconate mixture, gliconic acid-sodnan hvdroxide
nuxture, gluconic acid-potassium gluconate mixtare etc. ), oxalate buffers {e.g., oxalic
acid-sodium  oxalate mixture, oxalic acid-sodinm  hyvdroxide mixture, oxalic
acid-potassium oxalate mxivre eic.), lactate bufters (e.g., lactic acid-sodium lactate
mixture, lactic acid-sodium hydroxide mixtwre, lactic acid-potassium lactate mixture
ete.} and acetate buffers {e.g., acetic acid-sodium acetate mixtore, acetic acid-sodium
hvdroxide mixture etc.).  Phosphate buffers, carbonate buffers, histidine buffers,
trimethylamine salts such as Tris, HEPES and other such known buffers can be used.
(00237} Preservatives may be added to retard microbial growth, and
may be added in amouants ranging from 0.2%-1% (w/v). Suitable preservatives for
use with the present mvention mclade phenol, benzyl alcohol, m-cresol, methyl

paraben, propyl paraben, octadecyldimethyibenzyl  ammonnun  chloride,
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benzyaconium hahides (e.g., chloride, bromide and 1odide), hexamethonium chloride,
alkyl parabens such as methy! or propyl paraben, catechol, resorcinol, cyclohexanol
and 3-pentanol.

{00238} Isotonicifiers are present to ensure physiotogical isotonicity of
tignid compositions of the instant invention and include polhvdric sugar alcohols,
preferably tribydric or higher sugar alcohols, such as glycenmn, ervthritol, arabitol,
xylitol, sorbitol and mannitol. Polvhydric alcohols can be present in an amount of
between about 0.1% to about 25%, by weight, preferably 1% to 5% taking into
account the relative amounts of the other ingredients.

H00239 Stabilizers vefer t0 a broad category of excipients which can
range in function from a bulking agent to an additive which solubilizes the therapeutic
agent or helps to prevent denaturation or adherence to the contammer wall. Typical
stabilizers can be polvhvdric sugar alcohols; amino acids, such as arginine, lvsine,
glycine, glutamine,  asparagine, |listidine, alamine, omithine, L-leucine,
2-phenylalanine, glutamic acid, threonine etc., organic sugars or sugar alcohols, such
as lactose, trehalose, stachvose, arabutol, ervthritol, mannitol, sorbitol, xylitol, ribitol,
mvoinisitol, galactitol, glveerol and the like, melading cychitols such as mositol;
polvethylene glycol; amino acid polymers; sulfur containing reducing agents, such as
wea,  ghatathione,  thioctic  acid,  sodiom  thioglveolate,  thioglveerol,
a-monothioglyeerat and sodium thiosulfate; low molecular weight polypeptides (i.e.,
<10 residues); proteins, such as human serum albumin, bovine serum albumin, gelatin
or immunoglobulins;  hydrophilic  polymers, suveh  as  polyvinylpyrrolidone,
saccharides, wonosacchandes, such as  xylose, mannose, fructose, glucose;
disaccharides, such as lactose, maltose and sucrose; trisaccharides such as raffinose;
polysaccharides such as dextran and so on. Stabilizers are present in the range from
0.1 to 10,000 wiw per part of active protei.

(002401 Additional nuscellanecus excipients melude bulking agents,
{e.g., starch), chelating agents {e.g., EDTA), antioxidants {e.g.. ascorbic acid,

methiomine or vitamin £} and cosolvents.
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[0024H The tormudation heremn also may contain more than one active
compound as necessary for the particular indication being treated, preferably those
with complementary activities that do pot adversely impact each other. For example,
it may be desirable to further provide an immunosuppressive agent.  Such molecules
suitably are present in combination i amounts that are effective for the purpose
uitended.

(002421 As used herein, the term “surfactamt" refers to organic
substances having amphipathic structures, namely, are composed of groups of
opposing solubility tendencies, typically an oil-soluble bydrocarbon chain and a
water-sotuble tonic group. Surfactants can be classified, depending on the charge of
the swrface-active moiety, into antonic, cationic and nontonic surfactants. Surfactants
often are used as wetling, emulsifving, solubthzing and dispersing agents for various
pharmaceutical compositions and preparations of biological materials,

00243} Non-ionic surfactants or detergents (also known as "wetting
agents"} may be added to help solubilize the therapeutic agent, as well as to protect
the therapeutic protein against agitation-induced aggregation, which also permits the
formulation to be exposed to shear surface stresses without causing denaturation of
the protem. Suitable non-ionic surfactants include polysorbates (20, 30 etc.),
polyoxamers (184, 188 etc), Pluronic” polyols and polvoxvethylene sorbitan
in 8 range of about 0.05 mg/ml to about 1.0 mp'mi, preferably about 0.07 mg/ml to
about (0.2 mgfml.

(002443 As used herein, the termy, "morganic sglt” vefers to aay
compound, containing no carbon, that result from replacement of part or all of the
acid hvdrogen or an acid by a metal or a group acting like a metal, and often are used
as a tonicity adjusting compound 1o pharmaceutical compositions and preparations of
biological materials. The most common inorganic salts are NaCl, KU, NaH,PQOy ete.

[002451 The present invention provides lqoid formulations of an
anti-CXORS-binding compound or fragment thereof, having a pH ranging from about

5.0 to about 7.0, or about 5.5 to 6.5, or about 5.8 to ghout 6.2, or ghout 6.0
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1002461 The mstant invention encompasses liquid formulations having
stability at temperatures found in a conmumercial reffigerator and freezer found mn the
office of a physician or Iaboratory, such as from about -20° C to about 5% €, said
stability assessed, for example, by high performance size exclusion chromatography
(HPSEC), for storage purposes, such as for about 60 days, for about 120 davs, for
about 180 days, for abeout a yvear, for about 2 vears or more. The liquid formulations
of the present invention also exhibit stability, as assessed, for example, by HSPEC, at
room temperatures, for a at least a few hours, such as one howr, two hours or about
three hours priot to use.

(002471 The term "small molecule” and analogous terms include, but
are npot himited to, peptides, peptidomimetics, aming acids, amino acid analogues,
polynucleotides, polvnucieotide analogues, nucieotides, nucleotide analogues, organic
or morganic compounds (e, inclading heterorganic and/or ganometaliic compounds)
having a molecular weight less than about 10000 grams per mole, organic or
wiorganic compounds having a molecular weight less than about 5,000 grams per
mole, organic or inorganic compounds having 3 molecular weight less than about
1,000 grams per mole, organic or morganic compounds having a molecular weight
less than about 300 grams per mole, and salts, esters, and other pharmaceutically
acceptable forms of such compounds.

[00248] Thus, in the case of cancer, for example, the antibodies of the
invention may be administered alone or in combination with other types of cancer
treatments, including conventional chemotherapeuntic agents {pachitaxel, carboplatin,
cisplatin and doxorubicin), anti-EGFR ggents (gefitintb, erlotinib and cetuximab),
anti-angiogenesis agents (bevaclzumab and senitinib), as well as immoenomodulating
agents, such as interferon o and thalidomide,

(002491 In another embodiment, in the case of rheumatic diseases, such
as rheamatoid arthritis (RA), a combination therapy can be used comprising a

CXCR-binding molecule of interest. For example, a humanized CXCRS antibody can

be dosed with a small wolecule, such as a disease modifying antivheurnatic drug,

including, but not hmited 1o, for example, methotrexate and pyndine synthesis
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inhibitors, such as, leflunomide (Mader & Keystone, J Rheum 34 Supp{16-24) 2007,
Gaffo et al., Am J Health Syst Pharm 63:2451-2465, 2006).

002501 Because varions forms of a CXCRS-binding molecule of
interest can be non-B cell-depleting, the instant molecule can be combined with other
drugs having overlapping mechanisms of action to vield an additive or synergistic
endpoint. Hence, for example, a second drug can be one which acts at the Jevel of a
cvtokine, in the T cell axis and so on.

(00251} As used herein, the terms "therapeutic agent” and "therapeutic
agents” refer to any agent(s) which can be used in the weatment, management or
amelioration of a disease, disorder, malady and the like associated with aberrant
CXCRS andfor CXCL13 metabolism and activity. That can be manifest in abnormal
B cell levels or B cell activity.  Also included are known compounds with a
pharmacologic effect in treating a disorder and so on that 15 associated with aberrant
CXCRS andfor CXCL13 metabolism and activity,

00232} In addition, the antibodies of the instant invention may be
conjugated to various effector molecules such as heterologous polypeptides, drugs,
radionucleotides or toxins, see, e.g., WO 92/08495; WO 91/14438; WO 89/12624;
U.S. Pat. No. 5,.314.995; and EPO 396,387, An antibody or fragment thereof may be
conjugated to a therapeutic moiety such as a cviotoxin {e.g., a cytostatic or cytocidal
agent), a therapeuntic agent or a radioactive metal ion {e.g., o emitters such as, for
example, *UBi). A cytotoxin or cytotoxic agent includes any agent that is detrimental
to cells.  Examples mclude pachitaxol, cylochalasin B, gramicidin D, ethidium
bronude, emetine, mitomycin, etoposide, tenoposide, vincristine,  vinblastine,
colchicine, doxorebicin, daunorubicin, dibydroxy anthracindione, mitoxantrone,
mithramycin, actinomyein D, 1-dehvdrotestosterone, glucocorticoids, procaine,
tetracaine, ldocaine, propranolol and puromvein and analogs or homologues thereof.
Therapeutic agents include, but are not limited to, antimetabolites {e.g., methotrexate,
G-mercaptoparine,  6-thioguanine, cytarabie, S-floorowactl and  decarbazine),
atkvlating agents {(e.g., mechlorethamine, chlorambuctl, melphalan, carmuostine

{BSNU) and lomustine (CONU), cyclothosphamide, busulfan, dibromomannitol,

.
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streptozotocin, mitomyein €, and cis-dichlorodiamine platinom (1) (DDP) cisplatin),
anthracyclines (e.g., daunorubicin, daunomycin and doxorubicin, antibiotics {e.g.,
dactinomyein, actinomycin, bleomycin, mithramyein and anthramyein {AMC)), and
anti-mitotic agents {e.g., vincristine and vinblastine).

00253} Technigques for conjugating such g therapeutic moiety to
antibodies are well known, see, e.g., Armon et al., in Monoclonal Antibodies and
Cancer Therapy, Reisfeld et al. {eds.), p. 243-56 Alan R. Liss {(1985); Hellstrom et al.,
in Comrolled Drug Delivery, 2nd ed., Robinson et al, eds., p. 623-53, Marcel Dekker
(1987, Thorpe, in Monoclonal Antibodies '84; Biological And Clinical Applications,
Pinchera et al., eds., p. 475-5306 (1985); Monoclonal Anttbodies For Cancer Detection
and Therapy, Baldwin et al| eds,, p. 303-16, Academic Press (1983); and Thorpe, et
al., mmunoel Rev 62119 (1982). Alternatively, an antibody can be conjugated to a
second antibody to form an antibody heteroconjugate, such as a bifenctional antibody,
see, e.g., ULS, Pat. No. 4,676 980,

[00254] The conjugates of the invention can be used for modifying a
given rologrcal response, the therapeutic agent or drug moiety 18 not to be construed
as limited to classical chemical therapentic agents. For example, the drug motety may
be a protein or polvpeptide possessing a desired biological activity. Such proteins
may mclude, for example, a toxin such as abrin, ricin A, psendomonas exotoxin, or
diphtheria toxin; a protein such as tumor necrosis factor, a-futerferon, B-imerferon,
nerve growth factor, platelet derived growth factor, tissue plasminogen activator, an
apoptotic agent, e.g., TNF-g, TNF-f. AIM I {WQ 97/33899), AIM I (WO 97/34911),
Fas ligand {Takabashi et al., lnt homuael, 61567 (19943, VEGF (WO 99/23105), &

gent, e.g., angiostatin or endostating or

ot

thrombotic agent; ap anti-angiogenic &
biclogical response modifiers such as, for example, lymphokines, interleukin-1 (IL-1).
mterfenkin-2 (IL-2), interleukin-6 (I1L-6)}, granulocyte macrophage colony stimulating
factor (GM-CSF), granulocyte colony stimulating factor {GUSF) or other growth
factors.

FO02551 The formudations to be used for i vivo administtation must be

sterile, That can be accomplished, for example, by filtration through sterile filtration
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membranes. For example, the hiquid formulations of the present mvention may be
steritized by filtration using a 0.2 pm or a 0.22 wm filter.

{00256} Sustained-release preparations may be prepared.  Suitable
examples of sustained-release preparations include semi~-penmeable matrices of sohd
hvdrophobic polvmers containing the antibody, which mairices are in the form of
shaped articles, e.g. fibns or matrices. Examples of sustained-release muatrices
include polvesters, hydrogels (for example, polv(2-hydroxvethvimethacrylate),
polw(vinylalcohol)), polvlactides (U.S. Pat. No. 3,773 .919), copolvmers of L-glutamic
acid and ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable lactic
acid-glyeolic acid copolymers (such as injectable microspheres composed of lactic
acid-glvcolic acid copolymer) and poly-D-{-}-3-hvdroxybutynic acid. While polymers
such as ethviene-vinyl acetate and lactic acid-glycolic acid enable release of
molecules for over 100 days, certain hydrogels release proteins for shorter time
periods.  Rational strategies can be devised for stabilization depending on the
mechanism involved. For example, if the aggregation mechanism is discovered to be
urtermolecular S-S bond formation through thio-disulfide interchange, stabilization
may be achieved by modifying sulthydryl residues, Ivophilizing from acidic solutions,
controlling moisture content, using appropriate additives, amino acid substitution and
developing specific polymer matrix compaositions.

[002571 The antibody, or variant thereof, composition will be
formuplated, dosed and administered in a8 manner consistent with good medical
practice. Factors for consideration in this context inclade the particalar disorder being
tregted, the particular mammal being treated, the clinical condition of the individual
patient, the cause of the disorder, the site of delivery of the agent, the method of
admmnistration, the scheduling of administration, and other factors known to medical
practitioners. The "therapeutically effective amount” of the antibody or variant to be
administered will be governed by such considerations, and can be the minimum
amount pecessary to prevent, ameliorate or treal a CXCRS disease, condition or

disorder.
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(002581 The antibody, or variant thereof, optionally 1s formulated with
one or more agents currently used to prevent or treat the disorder in question. The
effective amount of such other agents depends on the amount of antibody present in
the formulation, the type of disorder or treatment and other factors discussed above.
These are generally used in the same dosages and with administration routes as used
herembefore or about from 1 to 99% of the heretofore emploved dosages.

(002591 As used herein, the term “effective amonnt® refers to the
amount of a therapy (c.g., a prophylactic or therapeutic agent), which is sufficient to
reduce the severity andior duration of a UXCRS disease, ameliorate one or more
symptoms thereof, prevent the advancement of a CXCRS disease or cause regression
of a CXCRS disease, or which is sufficient to result in the prevention of the
development, recurrence, onset, or progression of a CXCRS disease or one or more
symptoms thereof, or enhance or improve the prophylactic andiéor therapeutic effect(s)
of ancther therapy (e.g., another therapeutic agent) useful for treating a CXCRS
disease. For example, a treatment of interest can reduce elevated B cell levels, based
on baseline or a normal level, by at least 3%, preferably at least 10%6, at least 15%, at
least 209, at least 25%, at least 30%, at least 359, at least 40%, at least 45%, at least
50%, at least $5%, at least 60%, at least 63%, at least 70%, at least 73%, at least 809%,
at least 85%, at least 9096, at least 95%, or at least 100%. In another embodiment, an
effective amount of a therapewtic or a prophylactic agent reduces the symptoms of a
CXCRS disease, such as arthritis or graft rejection by at least 5%, preferably at least
10%%, at least 15%, at least 20%, at least 25%, at least 30%, ai least 35%, at least 40%,
at least 45%, at least 50%, at least 55%, at least 60%, at least 65%. at legst 70%, at
feast 73%, at least 809, at least 85%%, at least 90%, at least 95%, or at least 100%.
Also used herein as an equivalent is the term, “therapeutically effective amount.”

002601 The amount of therapeuntic polypeptide, antibody or fragment
thereof which will be effective in the use or reatment of a particular disorder or
condition will depend on the nature of the disorder or condition, and can be
determined by standard clinical technigues. Where possible, a dose-response curve

and the pharmaceutical compositions of the invention can be first derived in virro. If
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a suitable animal wodel svstem s available, again a dose-response curve can be
obtained and used to extrapolate a suitable human dose practicing methods known in
the art.  However, based on commmon knowledge of the art, a pbarmaceutical
composition effective in promoting a diminution of an mflammatory effect, for
example, may provide a local therapeutic agent concentration of between about 5 and
20 ng/ml, and, preferably. between about 10 and 20 ng/ml. In an addiional specific
embodiment of the mnvention, a pharmaceutical composition effective in ameliorating
the growth and survival of cells responsible for B cell-dependent autoimmune
manifestations or graft rejection may provide a local therapeutic agent concentration
of between about 16 ng/mi and about 100 ng/ml.

{00261 In a preferred embodiment, an aqueous solution of therapeutic
polvpeptide, antitbody or fragment thereof can be admimistered by subcutancous
injection. Each dose may range from about 0.5 mg to about 50 mg per kilogram of
body weight, or more preferably, from about 3 my to about 30 mg per kilogram body
weight. The dosage can be ascertained empirically for the particular disease, patient
population, mode of administration and so on, practicing pharmaceutic methods
known i1 the art.

(002621 The dosing schedule for subcutaneous administration may vary
from once a week to daily depending on a number of clinical tactors, including the
type of disease, severity of disease and the sensitivity of the subject to the therapeutic
agent,

00263} The instant invention provides methods for prepaning hiqud
formulations of the antibody or CXCRS3-binding fragment thereof, said methods
comprising concentrating a fraction of purified antibody to a final concentration of
abowt 15 mg/mi, about 20 mgfml, about 30 my/mi, about 40 mg/ml, about 50 mg/mi,
about 60 mg/mi, about 70 mg/mi, about 80 mg/mi, about 90 mg/mi, aboot 100 mg/mi,
about 200 mg/mi, about 250 mg/mi, about 360 mg'ml or more using, for example, a
semi-permeable membrane with an appropriate molecular weight (mw) cutoff {e.g.,

30 Kp cutoft for Frap fragments thereof] and 10 Ky cutofl for Fa fragments) and,
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optionally, diafiltering the concentrated antibody fraction into the formulation buffer
using the same membrane.

{00264 In addition, the present mvention also encompasses stable, such
as Ky stable, liquid formulations of the products of interest that have improved half-
fife in vive. Thus, the antibody of interest has a half-life in a subject, preferably a
human, of greater than 3 days, greater than 7 days, greater than 10 days, greater than
15 davs, greater than 25 days, greater than 30 dayvs, greater than 35 days, greater than
40 days, greater than 45 days, greater than 2 months, greater than 3 months, greater
than 4 months, greater than 5 months or more.

F002651 To prolong the serum circulation of an antibody i1 vive, various
techniques can be used. For example, inert polymer molecules, such as high
nolecular weight polyethviene glycol (PEQ), can be aitached to an antibody with or
without a multitunctional linker etther through site-specific conjugation of the PEG o
the N-terminus or to the C-terminus of the antibody or via € amine groups present on
fysine residues. Linear or branched polymer derivatization that results in minimal
foss of biological activity can be used. The degree of conjugation can be closely
monitored by SDS-PAGE and mass spectrometry to ensure proper conjugation of
PEG molecules to the antibodies. Unreacted PEG can be separated from
antibody~-PEG conjugates by size-exclusion or by ion exchange chromatography.
PEG-~derivatized antibodies can be tested for binding activity as well ag for in vivo
efficacy using methods known to those of skilled in the art, for example, by
imammoassays described herein.

002661 An aatibody having an mcreased half-life in vive can also be
generated by introdecing one or more amino acid modifications (1.e., substitutions,
insertions or deletions) into an IgG constant domam, or F.R binding fragment thereof
{such as an F; or hinge F, domam fragment), see, e.g., WO 98/23289; WO 97/34631;
and ULS. Pat. No. 6,277,375,

[002671 Further, an antibody can be conjugated to albumin to make an
antibody more stable in vive or have a longer half life in wivo. The techniques are

known in the art, see e.g., WO 93715199, WO 93/15200 and WO 01/77137; and EPO
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413, 622, The antibody also can be modified, for example, by glycosviation,
acetylation, phosphorylation, anndation, dertvatization by known protecting/blocking
groups, proteolvtic cleavage, hinkage to a cellular hgand or other protein and so on.

(00268} In one embodiment, the composition i3 formulated in
accordance with routine procedures as a pharmaceytical composition adapted for
witravenous admnustration to human beings. Typically, compositions for intravenous
administration are solutions in sterile isotonic agueous buffer. Where necessary, the
composition may also include a solubilizing agent and a local anesthetic such as
Hdocaine or other “caine” anesthetic to ease pain at the site of the injection
Generally, the gredients are supplied either separately or mixed together i anit
dosage form, for example, as a dry lyvophilized powder or water-free concentrate v a
sealed container, such as an ampule or sachet indicating the quantity of active agent.
Where the composition is to be administered by infusion, it can be dispensed with an
infusion bottle containing sterile pharmaceutical grade water or salme.  Where the
composition is admimstered by injection, an ampule of sterile water for injection or
salime can be provided, for example, 1 a kit, so that the ingredients may be mixed
prior to admunistration.

002691 The invention alse provides that a hiquid formulation of the
present invention is packaged m a sealed comtainer such as an ampule or sachet
indicating the guantity of the product of imerest. The liguid formulations of the
instant invention c¢an be in a sealed comainer indicating the quantity and concentration
of the antibody or antibody fragment. The liquid formulation of the mstant invention
can be supplied in a sealed container with &t least 15 mg/ml, 20 mgfml, 30 mg/ml,
40 mgfml, 50 mg/ml, 60 mgmil, 70 mg/ml, 80 mgiml, 98 mg/ml, 100 me/ml, 150
mg'ml, 200 mgimi, 250 mgdml, or 300 mg/ml of CXCRS antibody in a gquantity of
tmi, 2ml, 3 ml 4 ml Smi, 6 mi, 7 ml 8§ ml, 9mi, 10 mi, 15 mi or 20 ml, for
example.

1002701 An article of manufacture containing materials useful for the
treatment of the disorders described above 15 provided. The article of manufacture

comprises a container and a label. Suitable containers inchude, for example, botiles,
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vials, syringes and test tubes. The containers may be formed from a variety of
materials such as glass or plastic.  The container holds a composttion which is
effective for diagnosing, preventing or treating 8 CXCRS condition or disease and
may have a stertle access port {for example, the container may be an Intravenous
selution bag or a vial having a stopper pierceable by a hypodermic injection needle).
The label on or associated with the container indicates that the composition is used for
treating the condition of choice. The article of manufacture may further comprise a
second comtainer comprising a pharmaceutically acceptable buffer, such as phosphate-~
buffered saline, Ringer’s solution and dextrose solution. It may further include ather
materials desirable from a commercial and user standpomnt, mcloding buffers,
dituents, filters, needles, syringes and package inserts with instructions for use.

1002711 In another aspect of the invention, nucleic acids comprising
sequences encoding antibodies or functional derivatives thereof, are administered to
treat, inhibit or prevent a disease or disorder associated with aberrant expression
and/or activity of CXCRS, by way of gene therapy. (ene therapy refers to therapy
performed by the administration to a subject of an expressed or expressible nuclete
acid of mnterest. In the embodiment of the invention, the nucleic acids produce the
encoded protein in and by target host cells that mediate a therapeutic effect. Any of
the methods for gene therapy available can be used according to the instant invention.

002721 For general reviews of the methods of gene therapy, see
Goldspiel et al., Clinical Pharmacy 12:488 (1993); Wu et al., Biotherapy 3:87 (1991);
Tolstoshey, Ann Rev Pharmacol Toxicol 32:373 (1993}, Mulligan, Science 260:926
(1993} Morgan et al, Ann Rev Biochem 62:191 (1993); and May, TIBTECH 1 11153
{1993},

(002731 In one aspect, the compound comprises nucleic acid sequences
encoding an antibody, or functional binding fragments thereof, said nucleic acid
sequences bemg part of expression vectors that express the antibody or fragiments or
chimeric proteins or heavy or light chains thereof 1 a suitable host. In particular, such

nucieic acid sequences have promoters operably linked to the antibody coding region,
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said promoter being inducible or constitutive, and, optionally, tissue-specific, as well
as other regulatory sequences.

{00274} In another particular embodiment, nucleic actd molecules are
used in which the antibody coding sequences and any other desired sequences are
flanked by repions that promote homologous recombination at a desired site in the
genome, thus providing for mtrachromosomal expression of the antibody-encoding
nucleie acids (Koller, et al., Proc Natl Acad Sci USA 86:8932 (1989); Zijlstra et al,,
Natore 342:435 {1989)). In specific embodiments, the expressed antibody molecule is
a single chain antibody; alternatively, the nucleic acid sequences include sequences
encoding both the heavy and lLight chains, or fragments thereof, of the antbody.
Alternative methods for mtegration include using particular transcription factors that
recognize spectfic nucleic acid sequences, zine fingers and so on.

(00275} Detivery of the nucleic acids into a patient may be either direct,
in which case the patient is divectly exposed to the nucleic acid or nucleie
acid-carrying vectors, of indirect, in which case, cells are first transformed with the
nucteic acids in vitro, then transplanted into the patient.

(00276} In one embodiment, the pucleic acid sequences are directly
administered i vive and is expressed to produce the encoded product. That can be
accomplished by any of munerous methods known in the art, e g, by constructing the
antibody encoding sequences as part of an appropriate nucleic acid expression vector
and administering same so that the vectors become intracellular, e.g., by infection
using defective or atenuated refrovirals or other viral veciors (see 1S, Pat. No.
4,980,286), by direct mnjection of naked DNA, by use of mucroparticle bombardment
feg., a gene gan; Biolistic, Dupont), using non-viral vectors, such as svnthetic
compositions comprising an amphipathic compound that binds the hydrophilic nucleic
actd and has the ability to tuse with cells, generally thus containing a hydrophobic
portion for combining with membranes, coating with lipids or cell-surface receptors
or transfecting agents, encapsulation in liposomes, microparticles, or microcapsules,
by administering the vector i linkage to a peptide which 18 known to enter the

nucleus, by administering the vector in linkage to 8 lgand subjett to
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receptor-mediated endocytosis (see, e.g., Wu et al, T Biol Chem 262:4429 {1987))
{which can be used to target cell tvpes specifically expressing the receptors) ete. In
another embodiment, nucleic acid-ligand complexes can be formed in which the
ligand comprises a fusogenic viral peptide to disrupt endosomes, allowing the mucleic
acid to avoid lysosomal degradation. In vet another embodiment, the nucleic acid can
be targeted i vive for cell-specific uptake and expression, by targeting a specific
receptor (see, e.g., WO 9206180, WO 92/22035; WO92/20316; WO93/14188 and
WO 93/20221).

(00277} Regarding vectors, for example, a lentiviral vector can be used
as known m the art. The lentiviral vectors contain components for packaging the viral
genome and integration mto the bost cell DNAL The nucleic acid sequences encoding
the antibody to be used 1 gene therapy are cloned 1nto oue or more vectors, which
facilitate the delivery of the gene into a patient. For example, a lentiviral vector can
be used to deliver a transgene to hematopotetic stem cells. References illustrating the
use of retroviral vectors in gene therapy are: Clowes et al., J Clin Invest 93:644
{1994); Kiem et al, Blood 83:1467 (1994); Salmons et al., Human Gene Therapy
4:129 (1993}); and Grossman et al, Curr Opin Gen and Dev 3:110 (1993).

(00278} Adenoviruses also may be used in the mstant mvention
Targets for adenovirus-based delivery systems are liver, the central nervous system,
endothelial cells and muscle, for example. Adenoviruses mfect non-dividing cells, an
advantage over early retroviral vectors. Kozarsky et al., Curr Opin Gen Dev 3:499
(1993) present a review of adenovirus-based gene therapy. Bouat et al., Human Gene
Therapy 5:3 (1994) demoustrated the use of adenovirys vectors 1o wauster genes to
the respiratory epithelia of rhesus monkeys.  Other instances of the ase of
adenovituses m gene therapy can be found in Rosenfeld et al., Science 252:431

{1991); Rosenfeld et al., Cell 68:143 (1992); Mastrangeli et al,, J Chn Invest 91:225

(1993); WOS4/12649; and Wang et al., Gene Therapy 2:775 (1983).
[002791 Adeno~assoctated virus (AAV) also can be used in gene

therapy (Walsh et al., Proc Soc Exp Biol Med 204:289 (1993}, and U.S. Pat. Nos.
5,436,146, 6,632 670; and 6 642 051},
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002801 Another approach to gene therapy mvolves transferring a gene
to cells in tissue culture by such methods as electroporation, lipofection, calcium
phosphate-mediated transfection or viral infection.  Usnally, the method of transfer
includes the wanster of a selectable marker to the cells. The cells then are placed
under selection to isolate those cells that have taken up and are expressing the
transferred gene. Those cells then are delivered to a patient.

002811 Thus, the nucleic acid can be introduced into a cell prior to
administration in vivae of the resulting recombinant cell.  Such introduction can be
carried out by any method known in the arnt, including but not Bmited to transtection,
electroporation, micromjection, infection with a viral or bacteriophage vector
containing the nucleic acid sequences, cell fusion, chromoseme-mediated gene
transfer, mucrocell-mediated pene transfer, spheroplast fusion etc. Numerous
techiiques are known 1 the art for the ntroduction of foreign genes into cells {see,
e.¢., Loeffler et al, Meth Enzymol 217:599 (1993); Cohen et al, Meth Enzymol
217618 (1993); and Cline Pharm Ther 29:69 {1985)} and may be used in accordance
with the present mvention, provided that the necessary developmental and
physiological functions of the recipient cells are not disrupted.  The technigue should
provide for the stable transfer of the nucieic acid to the cell, so that the nucleic acid s
expressed by the cell, heritable and expressed by the celf progeny.

[002821 The resulting recombinant celis can be delivered to a patient by
various methods known in the art. Recombinant blood cells {2.g., hematopoietic stem
or progenitor cellsy are preferably administered intravenously. The amount of cells
envisioned for use depends on the deswed effect, patient state etc,, and can be
deternuined by one skilled 1 the art.

[00283] Cells into which a nucleic acid can be introduced for purposes
of gene therapy encompass any desired, available cell type, and include, but are not
Hinnted to, epithelial cells, endothelial cells, keratinocvtes, fibroblasts, muscle cells,
hepatocvtes, blood cells, such as T iymphocytes, B lymphocyles, monocytes,

macrophages, peutrophils, cosmophils, megakaryoeytes and granulocytes; various
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stem or progenitor cells, in particular hematopoietic stem or progentior cells, eg., as
obtamed from bone marrow, umbilical cord blood, peripheral blood, fetal hiver etc.
{00284} In one embodiment, the cell used for gene therapy is
autologous to the patient. Nucleic acid sequences encoding an antibody of the instant
invention are introduced into the cells such that the transgene is expressed by the cells
or their progeny, and the recombinant cells then are admunistered in wve for
therapeutic effect. In a specific embodiment, stem or progenitor cells are used. Any
stem and/or progemtor cells which can be isolated and mamtained 7n vifre can
potentially be used in accordance with the embodiment of the instant invention {see
e.g2., WO 94/08598; Stemple etal, Cell 71973 (1992}, Rheinwald Meth Cell Bio
21A229 (1980} and Pittelkow et al., Mavo Clune Proc 61:771 (1986)). Because

o’

CXCRS i35 expressed on, for example, B cells, blood cells and bone marvow cells are
suitable host cells. However, the scope of the instant Invention regarding the use of
stem cell hosts does not comtemplate the making and using of a transgene to make a
transgenic organism by admunistering the transgene of mterest to embryos and
embryonic stem cells.

(00285} The invention provides methods of treatment, prophylaxis and
amelioration of CXCRS diseases or one or more symptoms thereof by adiministrating
to 8 subject of an effective amouvnt of, for example, a hguwd formulation of the
invention. The subject is preferably a mammal such as non-primate {e.g., cows, pigs,
horses, cats, dogs, rats etc.) and & primate (e.g.. monkey, such as a cynomolgus
monkey, and a human). In a preferred embodiment, the subject 15 a hbuman.

002861 CXCRS also is expressed on certain cancer cells, such as
pancreas, colon and bladder, as well as on T cell leskemias (Qinping et al., Oncogene
24:573-584, 2005), and B cell leukenmas (Bwrkel et al., Blood, Jul 2007,
do1:10.1182/blood-2007-05-089409) and stimulation of CXCURS correlated with
proliferation of carcinoma cells, Meijer et al., Cane Res 66:9576-9582, 2006.

[O02871 Thus, the antibody or derivative thereot of interest can be used
to control proliferation of cancer cells expressing CXCRS, which cancers are

identified by determining presence of CXCRS expression by a diggnostic assay taught
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herein.  The antitbody of mterest can reduce wnfiltration of malignant cells, reduce
resistance to apoptosis and nununize proliferation.  Such patients then are
admunistered a cancer cell proliferation whibiting amount of an antibody, or
derivative thereof, of interest as provided herein.

00288} Autoinynune disorders are associated with aberrant and/or high
expression of CXCL13, such as lupus (Ishikawa et al., § Exp Med 193:1393-1402,
2001) and Sjoren’s Syndrome (Salomonsson et al., Scan J Imumn 55:336-342, 2002;
and Barone et al., Arth Rheum 52(6)1773-1784, 200%), or high expression of CXCRS,
such as in myasthenia gravis (Sims et al., J Imm 167:1935-1944, 2001 Satto et al.,
Neuroimm 55:336-342, 2008; and Tackenberg et al,, Eor J Imum 37:849-863, 2007).
Hence, an antibody of interest is used to mininuze the effect of high levels or high
activity of CXCL13 or CXCRS hgand, In awtoimmune disorders characterized by
high levels of B cells, high levels of CXCRS or high levels of CXCL13, or other
CXCRS higand, a B cell activity inhibiting amount of an antibody of interest is
admunistered as taught berein,

(002891 Aberrant CXCRS expression is observed in multiple sclerosis,
Bram 129(P{ 1)200-211, 2006,

(002901} In coltis, CXCRS has a role in GALT formation and function
(Carlsen et al, Gut, 2002, S1(3)364-367).  CXCRS-mediated wmigration and
infiltration of B cells into the gut lamina propria, and mwcosal infiltration in general,
{Mazzucchelli et gl., ¥ Clin Invest, 1999, 104(10)R49-R54) and expression thereof in
ulcerative colitis Jesions which contain ectopic gemmunal centers, 1s inhibited by an
antibody of mterest.

{00291 B cell depletion can be of therapeutic benefit in ameliorating
symptoms  under certain cucumstances and i certain indications, such as, in
rheamatotd arthritis (Oligino & Dalrymple, Arth Res Ther 3{Suppl 4)87-S11, 2003).
CXCRS is expressed at high levels in the synovial tissue of arthritis patients, as
compared 1o tissue from individuals not afflicted with rheumatotd arthritis (Schmutz
et al., Arth Res Ther 7-RZ17-R229, 2005). Thus, certain forms of the instant

antibody, and derivatives thereof, can deplete B cell populations, and can prevent
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infiltration and interaction of B cells i a joint. Accordingly, a treatment can include
administering a B cell level reducing amount of an antibody of interest to a patient
diagnosed with arthritis.  The antibody can be admibustered locally to the affected
joint.

00292} Ectopic lymphoid neogenesis is observed in several conditions,
wicluding psortatic arthritis (Canete et al, Ann Rhewm Dis, Jan 12, 2007,
doir10:1136/ard 2006.062042), chronic mflammatory diseases, in general (Aloisi &
Pujol-Borrell, Nat Rev Inm 6:205-217, 2006} and in grafts andergoing rejection, both
chronic (Baddoura et al., Am J Trans 5:510-516, 2005) and acute {IiCarlo et al., Am
J Trans 7:201-210, 2007). CXCLI3 and CXCRS were present in cardiac grafts
{DiCarlo et al., supra); and CXCL13 was present in psoriatic arthritis {Canete et al,,
supra). Presence of CXCL13 and/ior CXCRS s associated with the development of
the ectopic lymphoid follicles with B cell and T cell areas, as found m normal nodes.
B cell antigen presentation of alloantigen alse was assoctated with acute cardiac
allograft model {Noorchashm et al., J bmm 177:7715-7722, 2006).

(002931 Thus, an antibody of mterest can be used to dampen
inflammation and grafl rejection. A patient then s administered a B cell activity
inhibiting ameount of an antibody to dampen milammation, to minimize ectopic
germinal center development, to mininize B cell recruitment to a graft and to
minimize B cell alloantigen presentation before or following a transplantation
procedure.

(002941 The wmvention now will be exemplified for the benefit of the
artisan by the following non-hmiting examples that depict sowe of the enmbodiments

by and i which the instant invention can be practiced.

EXAMPLES
EXAMPLE 1: GENERATION OF IMMUNOGEN
[002951 Anti-CXCRS monoclonal antibodies can be raised to CHO cells
transformed with DNA encoding foll-length human CXCRS and expressed on the cell

surface ("r-CXCRS-CHO cells™). The CXCRS sequence used to transform the cells

a1
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{60296} The CXCRS open reading frame was placed into an expression
vector, such as pCUDNA3 Ineo DEST, and then transfected mto 300-19 cells
{(Immunogen).

(002971 Also, the CXCRS EC domam, with the amino acid sequence,
MNYPTLEMDLENLEDLFWELDRLDNYNTSLVENHLC (SEQ 1D NO), was
conjugated to KLH by the Cierminal cysteine | and was nsed as immunogen. Cells
expressing CXCRS or the CXCRS EC domain were administered IP {5 x 10" cells in
(.2 ml or 30 pg peptide in 100 ul of buffer, optionally mixed with 100 gl of adjuvant,
such as Freund’s complete adjuvant). Injections with the antigen were repeated every
two weeks untit high titer CXCRS antibody was detected in the senum using any of' a
variety of known methods, for example, by ELISA or FACS using, for example,

CXCRS' cells, which can be isolated, for example by FACS, and, for example, the

commercially available MABI90 (R & D Systems) as a positive control.
[O0298] The cells expressing CXCRS were mamtained at 37°C. under

§% COz m RPMI {Invitrogen, Carlsbad, CA) supplemented with 10% dialyzed fetal
bovine serum (FBS) (Invitrogen). Cells were prepared for injection by substituting
the above culture medium with phosphate-buffered (Ca/Mg-free) saline (CMF-PRS)
supplemented with SmM EDTA, and harvesting the cells in that buffer. The
harvested cells were pelleted by centrifugation at 500 x g for about 5 minutes, washed
once by resuspending the pellet in CMF-PBS and centrifuging as before, counted, and
adjusted to the appropriate volume (such as 5 x 10° cells in 0.2 mi) for injection by
resuspending the cell pellet in CME-PBS.

(00299 As mentioned, CXCRS expression was monttored, for example,
by FACS analysis, using commercially avatlable CXURS antibodies, such as
MABIS0 R & D), clone RF882 and 2G8 (2G8 i3 an rat anti-mouse CXCRS
antibody, while the other purchased antibodies are anti-human CXCRS antibodies)
(BD), and 2C1 (Abnova), as well as various polvclonal antibodies directed 1o

hCXCRS made practicing methods known in the art.
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003001 To factlitate the plasmid construction and to enhance the
expression of CXCRS, oligonucleotides corresponding to the leader peptide sequence
conmprising the first 135 base pairs of the CXCRS nucleic acid coding sequence were
generated. The oligonucleotides contained some changes m the wobble coding
positions to lower the GC content.  All nucleotide sequence changes were silent, 1.e.,
no amino acid sequence changes resulted.  After annealing the oligonucleotides
together, the engineered leader peptide coding sequence was linked to the rest of the
coding sequence by PCR-SOE (Ho et al, Gene 77:31 (1989); and Horton et al,
BioTechniques 8528 (1990}).

1003011 Expression of UXCRS was verthied prior to use as mmunogen.
Cells are cultured in RPMI (Invitrogen, Carlsbad, CA} containing 10% FBS, 0.2 mM
of glutamine and 1 x non-essential amino acid solution followed by seeding about
3-5 % 107 cells per well in a T75 flask and grown for approximately 24-48 howrs.

(003021 The transformed or transfected cells were cultured for abouwt
two weeks until the cells not carrying CXCRS expression plasmid were eliminated by
antibiotic selection. Cells of the stable cell lines can be lysed, proteins obtained and
subjected to Western blot analysis.

(00303} Stable or transient wansfected cells were assayed for
expression of CXCRS using methods for detecting cell surface expression of CXCRS,
such as by FACS analysis. ARematively, cells can be lysed and the proteins studies,
for example, by Western blot analysis. Transfected cells harvested from culture
dishes were washed once with phosphate-buffered saline {PBS) and resuspended in
detonized water, mixed with an equal volume of 2 x protein sarple loading buffer
{BioRad, Hercules, CA) and then heated at about 100° C for 10 minutes. Membrane
protein was analyvzed using conditioned medium mixed with an equal volume of 2 x
protein sample loading buffer and heaied at 100° € for 10 mmutes. The samples were

separated using 4-12% gradient SDS-PAGE. The proteins were transferred from the

.

gel to a nitroceliulose membrane (BioRad, Hercules, CA), which was blocked with

5% nonfat dry milk in PBST (PBS with 0.05% TWEEN-20%) for at least one hour

prior to transter of protein,
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[003041 CXCRS was detected by meubating the membrane with
CXCRS-specific primary antibody in blocking buffer for at least an bowr at room
temperature, with shaking. The membrane was washed at least three times and a
reporter-conjugated secondary anttbody in blocking buffer was added o the
membrane and incubated for at least one hour at room temperatore, with shaking, The
membrane was washed three times m PBST and developed with, for example, a

chemiluminescent substrate.

EXAMPLE 2: GENERATION OF ANTI-CXCRS mABS

(003051 A/l or BALB/cJ mice, about 4-6 weeks old (Jackson Labs, Bar
Harbor, ME) were unmunized with the CXCRS-transfected cells or an EC peptide. A
group of mice were primed mirgperitoneally on day 0 with a 11 emulsion of KLH-
comjugated peptide mixed with adjuvant (CFA), boosted ip on day 20 with the
peptides with IFC (incomplete Freund's adjuvant) andfor cells in PBS without
adjuvant, and finally boosted intravenously on day 44 with the KLH-peptides mixed
ut IFC and/or cells in PBS, without adjuvant. Another group of mice were primed ip
on day 0, boosted 1p on days 15, 39, 53 and 67, and finally boosted intravenously on
day 81 (all mjections with cells in PBS, without adjuvant). For both groups of mice,
sach injection contained approximately 3 x10% to 2 x 107 cells in a volume of
approximately 200 ul.  Altematively, peptide andior cell immunizations were
performed once every two weeks, 3-6 times until a desirable anti-CXCRS titer was

obtained, as ascertained, for example, by FACS analysis or ELISA.

003061 Three days afler the last ingection, the mice, optionally were
tested for anti-CXCRS antibody titer in serum, were sacrificed and the spleen was

removed and placed i approximately 16 ml of serum-free DMEM {Gibeo) in 3 Petni
dish. The splenocytes were teased out of the capsule using forceps and washed twice
in 10 mi of serum-~free IMDM (Cellgro, Herndon, VA}Y at 37°C. The spleen cell
suspensions were transferred to a 15 mi conucal bottom tube and debris allowed 1o

settle for about 2-3 mmutes.  The supernatant containing the splesocytes was
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transferred to a fresh 15 mi conical bottom tube and washed three more times with
MM until the fusion. The spleen cells from mice can be pooled.

{60307} Optionally, a § mi single cell suspension of control spleen
feeder cells was prepared from an unimmunized mouse essentially as described above
for the mnmunized spleen cells and placed in an incubator (37° C, 5% COy) until
needed.

(003081 The fusion partner for the immunized spleen cells can be a
hypoxanthine/aminopterin/thymidine  (HAT )-sensitive, non-secreting myeloma cell
Hne, such as PIX63-AGR.653 or SP2/0 (ATCC, Manassas, VA) or FO B
tymphoblasts (ATCC, CRL-1646)). Prior to the fusions, the lymphoid cells were
maintained o IMDMA0%% FBS (37°C, T CO,) ensuring that the cells are in
logarithimic growth phase on the dav of the fusion.  An alternative selection
mechanism relies on using azaserine, which typically is added one day after fusion.

[003091 The fusion protocol used is a hybrid of the protocols set forth in
Lemner (Yale | Biol Med, 1981, S4(3)387-402) and Gefter et al. {Somatic Cell Genet,
1977, 3(2)231-236). Before the fusion, the pooled spleen cells were washed three
times with serum-~free IMDM, and counted.  Also, mmmediately before fusion, the
logarithmic phase myeloma cells were washed three times with serum-~free IMDM
and counted. The lymphoid cells were resuspended to 1 x 107 cells/ml in seram-free
IMDM. For each fusion, 1-1.5 x 10" spleen cells were mixed with 1-3 x 10’ myeloma
cells in a 50 ml conical bottom polypropvlene tube, and the cells were washed once
with serum-free IMDM. The ratio of spleen cells to myeloma cells was 5:1. The
tubes were centrifuged at 500 x g for 10 nunutes to pellet the cells. After aspiration of
the sapematants, the pellets were resuspended gently by tapping the botiom of the
tubes. The tubes then were placed in a beaker of 37° € water. All subsequent fusion
steps were carried out in that beaker.

00310} Next, 1 ml of polvethylene glycol 1300 {Roche Applied
Science, Indianapolis, IN) preheated to 37°C was added slowly to each cell pellet over
the course of about 1 munute, while gently rocking the tube. The cells were incabated

i the PEG for sbout one minute followed by addition of one mi serum-free IMDM
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added dropwise 1o each pellet over the course of 30 seconds, and then 9 mi seram-free
IMIDM were added to each pellet over the next minute. Both tubes were centrifuged
at 800 x g for 10 minmutes at room temperature, and the supernatants were aspirated.
‘The cell pellet was resuspended v 160 ml of filtered complete bybridoma production
media (500 ml IMDM (Cellgro) mixed with 10% FBS (SeraCare, Millford, M4), 0.2
mM of L-glutamine, 1x non-essential amino acid solution, 1 mM sodium pyruvate,
0.01% pen-strep (Invitrogen) and 1 X HT supplement (Invitrogen)).

(003111 Each 100 mi cell suspension was plated in ten 96-well
flat-bottom microtiter plates, with a volume of ~100 pliwell. The plates were kept in
an imcubator at 37°C., 7% COz. On day 2 post-fusion, the cells were selected by
addition of 5.7 uM azaserme m IMDM to the fused cells at 100 pl per well.
Supernatants were withdrawa for pnimary screening, typieally on days 10-14
post-fusion, from wells contaming clones.  The fosion efficiency was 73-99%
(720-950 out of 960 possible wells developed clones that were screened).

F003121 The primary screen can be a radioimmumneassay (RIA} designed
to detect antibodies that bind to human CXCRS. To perform the RIA, affinity-
purified goat anti-mouse IgG {F; fragment-specitic) (Cappell. Cochranville, PA) in
PBS is added to 96-well PV microtiter plates {30 ul/well) and incubated overnight at
4°C. The goat anti-mouse IgG is removed from the plates and the wells are blocked
with 100 uliwell of 5% FCS/PBS for | hour at room temperature.  After removing the
blocking solution, neat hybridoma culture supernatant is added to the wells
(50 pliwell) and incubated 1 hour at room temperatwre. The plates are washed 3 times
with PBS/0.05% Tween-20. Next, 50 pl *-CXCRS (~20,000 cpm) in PRS/5% FCS
are added to each well, and incubated 1 hour at room temperature. Fmally, the wells
are washed 3 times with PBS/0.05% Tween-20. After flicking out all the wash buffer,
the wells are separated by cutting the plates and analyzed in a gamma counter. Wells
to which 3% FOS/PBS is added instead of culture superpatant served as background
wells.

(003131 The purified CXCRS is labeled with "1 according to the

Bolton-Hunter method, substantially as described by the supplier of the Bolton-
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Hunter reagent (New Fngland Nuclear, Boston, MA). The guality of the "I-CXCRS
s monitored by confirming that the labeling procedure did not destroy the epitopes
recognized by commercially available CXCR3 antibodies (R & D or Becton
Dickinson, Mountain View, CA).

(003141 Clones are considered to be positive on primary screening if
supernatant samples are labeled approximately 10-fold over background in the RIA.
Positive clones are pulled, expanded and stored frozen.

(00315} A primary hybridoma screen was designed to deternune
whether the antibodies recognized native CXCRS epitopes. That was accomplished
by FACS analysis of celt surface CXCRS displayed on CXCRS™ cells stained with the
menoctonal antibodies, visualizing binding with fluorescently labeled goat anti-mouse
second antibody.  Clones were coustdered to be positive on primary screening if
supernatant samples were labeled approximately 10-fold over background in the
FACS analysis.  Also, to localize the CXCRS epitopes bound by antibodies,
competition assays with CXCRS antibodies were conducted.  Positive clones were

selected, expanded and stored frozen.

EXAMPLE 3: CELL-BASED BINDING ASSAYS
FOR ANTI-CXCRS mABS

00316} A cell-based binding assay was used to characterize the
amti-CXCRS mAbs., For example, the CXCRS-expressing transfected cells described
above, such as hCXCRSHEK293, can be used. A foll-length human CXCRS open
reading frame was cloned wto a vector, for example, pCDNA3 Inee DEST
{lnvitrogen, Carlsbad, CA). The CXCRS-coding region was synthesized by RT-PCR
using human brain and hver RNA {(Ambion, Inc., Austin, TX) as a template. The
final plasmid construct, CXCRS/CDNA3 Ineo, expressed a full-lengith CXCRS
protein. A stable cell line expressing CXCRS was generated by transfection of
CXURNpCUDNAS3 Ineo plasnid construct into CHO or HEK293 cells {ATCC No.
CRE-1573) usmg a standard and commercially available Lipofectamine 2000 kit

After wansfection, the cells were cultured in DMEM overmight, then reseeded in
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mediom with 200 pg/ml neomyein and coltured for 12-14 days.  Isolated single
colontes were picked and grown in separate wells until enough clonal cells were
amplified. Stable clones resistant to peomycin and which expressed high levels of
CXCRS protein were identified by FACS analysizs using polycional anti-CXCR3
antibodies (R&D Systems, Minneapolis, MN) or custom generated polyclonal
antibodies.

(003171 Human HS Sultan cells (ATCC No. CRL-1484) naturally
expressing UXCRS were also confirmed for CXCRS expression by FACS analysis.
HS Sultan cells were grown in RPMI 1040 containing 10% fetal calf serum, 0.2 mM
of glutanmune and 0.1% pen/strep solution (100 pg/ml pemcillin and 10 pg/ml
streptomycin).

00318} Cell-based antibody-binding can be  assessed  using the
FMAT™ (fluorescence macro~-confocal high-throughput screening) 8100 HTS or
8200 Cellular Detection System {Apphied Biosystems, Foster City, CA) following the
protocol provided by the manufacturer. Cell lines naturally expressing CXCRS or
stably transfected with CXCRS expression constructs are seeded in 96-well plates.
Alernatively, transtently transfected 2937 or CHO cells are seeded in the 96-well
plate. The cells are seeded at a density of 5,000-30,000 cells per well. After 20-24
hours, anti-CXCRS mAbs and FMAT-conjugated goat anti-mouse Igl antibody are
added together to the wells and mcubated for 1h, 2, 4 hr or overnight at room
temperature.

(00319} Cell-based antibody-binding was also assessed by FACS using
a HEK293/CXCRS stable cell line expressing CXCRS, Cells were incubated with
anti-CXCRS mAbs i PBS.  After three washes, the cells were incubated with
fluorescent molecule-conjugated secondary antibody (B Sciences, Palo Alto, CA).

00320} The results indicated that several mAbs bhind to CUXCRS
expressed from etther recombinant plasiid constructs. For example, clones 1106,
P4CO 19HS, HZB, 3446, G7, S6H6, 79B7 and 16D7, as well as gnanized variants of
the latter antibody, 16D7, 16D7-HCI-LC3, 16D7T-HCI-LC2, 16D7-HCL-LCT and

16D7-HC2-LCH, a negative control [L13 antibody, CAI3, positive controls,
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MABI90, 2C1 and RFIB2, three mouse isotype controls to [gGl, IgGRa and {gG2b
and a rat IpG2b isotype control {matched to RF8B2), were tested for binding to
HEK293 cells wansfected 1o express CXCRS. The 2C1 and MAB190 positive control
antibodies bind to the CXCRS cells. RF8B2 presented with mtermediate binding
fevels. The negative control antibodies exhibited only background binding. All
antibodies except for CA13 bound to the hCXCRSHEK293 cells with sumilar binding
profiles and titration kinetics as the parent antibody 16D7 and with 79B7.

(00321} Transiently transfected HEK293 cells containing a CXCRS/neo
plasmid are also stained with mnmunofluorescence as described above and observed
by fluorescent microscopy. The cell-based FMAT and FACS analyses confizm that
mAbs mdeed bind to CXCRS expressed either from recombinant plasmid constructs
or as native protetn in cultured cells. A positive binding signal 1s determined based on
the FMAT signal read-out that is significantly bhigher than background bmding and
other negative hybridoma clones {p > 0.01),

00322} The CXCRS mAbs generated, such as 16D7, 1409, 19HS, H28§,
S54G6, (7, S6H6 and 7987, bind to the EC domain and block bmndmg of CXCLI3 to
CXCRS on the cell.

EXAMPLE 4: BIACORE AFFINITY ANALYSIS

[00323] The N-terminal EC region of CXCRS (amine acids 1-59) from
homan and mouse were synthesized with g terminal biotin tag, and used in a forward
format Biacore assay where the peptides were immobilized on a Biacore chip and
then the Kinetics of antibody interaction with the pepudes on the clip were
determined.  The synthetic peptides were immobilized on a Biacore chip for
approximately 20 response units {RUs™). Then the mAb’s were exposed to the chip
for kinetic measurements, following the manufacturer’s recommendations (GE
Healtheare, Piscataway, NI

[003241 Mouse anti-hCXCRS mAb clone, 16137, had a calculated Ky of
2167 M: mousehuman IgG4 chimeric 16D7 (16D7 VH and VL regions grafied onto

a human IgG4 Fe, the sequence of which s known in the art, optionally codon

9%
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optimized, using standard methods, such as cloning, amplification of eads,
ascertaining the mass of the regions and cloning the portions) had a Kp of 1.4 M;
and for vartous humanized variants of 16D7. wherein the structure of the variants and
the derivation of the heavy and light chains thereof iz denoted by the terms, “HC 7 for
a particnlar heavy chain and “LC ™ for a particular light chain, which are grafted onto
an Ig(G4 backbone, where the composition of the chains s provided hereinbelow,
16D7-HCI-LCY had a Kp of 3117 M: 16D7-HCI-LC2 had a Kp of 1417 M,
16D7-HC2-LCT had a Kp of 2407 M; 16D7-HC1-LC3 had a Ky of 12177 M;
16D7-HC3-LC4 had a Kp of 4.927% M; 16D7-HC3-LCS had a Kp of 1,84 M1 and
16D7-HC1-L.C6 had a Kp of 9171 M,

(003257 Humanized SAR1I3244, a form of the 16D7 humanized
variant, 16D7-HCI-LC3 that carries the S241P and L248E substitutions (substitutions
introduced practicing known methods and reagents, using Kabat numbering), was
captured on a Biacore chip by pre-immaobilized mouse anti-human {gG Fo antibody,
and then used m a reverse assay format Biacore assay where the kinetcs of the un-
tagged human CXCRS N-terminal peptide {amino acids 1-39) mieraction with the
mAbL’s on the chip were determined. The K for SARTI3244 was determuined to be
113 = 008" M. The Kp values determined with the forward assay using
biotinylated human peptide imwmobilized on the chip surface and SARII3244 as

analyte, were consistent with those obtained using the reverse assay.

EXAMPLE §5: WESTERN BLOT ANALYSIS OF
ANTI-OXCRS MABS BINDING ACTIVITY
[003261 Western blot was performed to assess the anti-CXCRS mAb
binding activity to CXCRS under denaturing condition, as well as, expression levels
of CXCRS and other CXCRS-related protein in buman cell lines.  Protein samples
also were prepared from stably transfected cells using M-PER mammalian protein
extraction reagent kit {Pierce, Rockland, L, Cat # 78501) following manufacturer’s
instructions, and heated at 76" C for 10 minutes after adding an equal volume of 2 x

protein sample loading buffer, Al samples were separated by electrophoresis m a 4-

106



WO 2009/032661 PCT/US2008/074381

12% gradient SDS-PAGE gel. The protems were transferred from the gel to a PVDF
membrane and ant-CXCRS mAbs were applied to the Western blot membrane as the
primary detection antibody. An Alexa 680-conjugated secondary antibody was used
for detection and the membranes were scanned using the Odyssey Infrared Imaging
svstemy (Li-cor, Lincoln, Nebraska} or using electrochemiluminescence (ECL).

Positive control antibodies agamst human CXCRS were generated as taught herein.

EXAMPLE 6: FACS ASSAY FOR MONITORING
CXCRS INTERNALIZATION

(003271 Buffy coat cells are obtamed from healthy volunteers (Gulf
Coast Blood Center, Houston, TX). Human peripheral mononuclear cells (PBMCs)
are isolated with a standard Ficoll-Hypagque gradient method. PBMCs are cultured
(0.5 x 10° cellsiwell) in 96-well plate at 4°C. Each well contains 0.2 ml of RPMI
1640 supplemented with 10% FBS in the presencefabsence of monoclonal gntibodies
(10 ug/miy.  After 30 minutes, the medium is replaced with fresh, cold RPMI 1640
supplemented with 10% FBS and no antibodies. The cells are transferred to a 37° C
hamidified tissue culture chamber contaming 5% CO,. Monoclonal antibody-~treated
cells are harvested mnmediately, 2 hr or 24 hr after transferring the cells to 37°C,
Cells are washed once with PBS and incubated in cold PBS containing 1% BSA
(PBSB} for 30 minutes. Cells then are stamed with PE-conjugated anti-human
CXCRS (BD Biosciences), After 30 minutes, cells are washed 3 times with PBSB
and fixed 1% paraformaldehyde solution overnight. The next day. presence of
CXCRS s analyzed with a BD FACSCalibur™ system flow coytometer (BD

Biosciences, San Jose, CA).

EXAMPLE 7: FLIPR ASSAY
00328} Changes m intracellular calcium were measured by plating
9000 cellstwell and mcubating overnight. The cells were the RBL-ZH3 line stably
transfected with human CXCRS. Cells then were washed and then loaded with 2 mM

fluo-4/AM {Molecular Probes) in g buffer contatning 2.5 mM probenicid. Cells were

1
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exposed to CXCRS mAD then washed with assay buffer. The cells were exposed 1o
10 oM CXCLIZ (R & D). Changes in intracellular Ca™ were recorded using the 384-
B FLIPR device {Molecular Devices). Commercially available anti-haman CXCR3S
mAbs, and mouse [gG1l and 1gG2b were used as controls.

(00329} As discussed herein below, several humanized versions of mAb
1617 were constructed, such as chimernic 1607 (the hlgGs chimera), 16D7-HCT-LCI,
16D7-HCI-LC2, 16D7-HC2-LCL, 16D7-HCL-LC3, 16D7-HC3-LC4, 16D7-HC3-
LCS and 16D7-HC1-LC6, and they were tested tor biological activity as evidenced by
calcium flux.

[003301 The hwmanized anttbodies, aside from a negalive control,
CA13, demonstrated signal neutralizing activity equal to that of the parent 16D7

antibody on transfected cells stably expressing CXCRS.

EXAMPLE 8: CHEMOTAXIS ASSAY

H03311 CXCRS™ HS Sultan cells (ATCC CRL1484) were added to the
upper chamber of a manswell plate (Millipore) at 0.5 x 10° cellsfwell in the presence
of 100 oM CXCLI3 (R & D) or UTX baffer (RPMI without phenol red, containing
1% FBS, 0.5% BSA and 1 nM Na pyruvate) and migrating cells to the lower chamber
were assessed. The two chambers were assembled and incubated for two hours. Cells
in the lower chamber were counted after adding colorimetric reagent {Promega) and
reading at Oy

(00332} CXCRS specific migration was determuned as the difference
between the total number of migrated cells and the number of spontancously
migrating cells. H an anti-CXCRS 15 tested, the cells are incobated with the antibody
for 30 nunutes prior to adding to the upper chamber. The degree of antibody
inhibition Is the ratio of the specific mugration in the presence of antibody 1o the
amount of migration m the absence of anttbody. That ratio can be multiplied by
100% to yield a percent inhibition metric.

F003331 The antibodies of Example 7 were compared to the parent

16D7 antibody for the ability to neutralize chemotaxis. All of the homanized
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antibodies aside from negative control mAb CA13, neotralized chemotaxis in a profile
comparable to that of 16D7 and 7987, 1409, 19HS, H28, 54G6H, G7, 56H6. R&D
MARBIS0 had intermediate activity while H28 and Abnova antibody 2C1 did not

completely neutralize higand-induced cell migration.

EXAMPLE 9: PRIMARY HUMAN B CELL
REACTIVITY ASSAY

(00334} Human PBMCs were isolated from whole blood using
Accuspin colummns {(Sigma). PBMCs then were resuspended in BD Stain buffer
{Becton Dickinson) at 20 mullion cellsfml. One yg of mouse anti-human CXCRS
monocional anttbody was added to 50 pl PBMCs and allowed to bind for 20 minutes
at 47 C. Cells were washed two times with BD Stain buffer. Fifty ul of the second
antibody, goat-anti-mouse 18G-PE Fi (Beckman Coulter) diluted 17100, were added
to the PBMC-antibody cocktail and allowed to bind for 20 minutes at 4° C. Cells
were washed three times with BD Stam buaffer. A cockiail containing mouse
anti-haman CD2ZO-FITC (BD) and CD4-APC {BD) at 1730 dilution, each was added to
the cells, which ther were incubated for 20 munutes at 47 € to assess BT cell
specificity. Cells were washed 3 times with BID Stain buffer and resuspended i 250
gl BD Stain buffer and subjected to FACS analysis on a FACStr Plus. Mouse
anti-human CXCRS antibody (R&D: mABb190) is used as a positive control. Titration
curves were generated for humanized antbodies and Mean Fluorescence Intensity

(MFI) plotied against concentration.

003351 The humanized antibodies of Example 7 were tested for
binding to human PMBCs.
{00336} The antibodies, aside from negative control CAl3, bind and

have the same titration profile on human B cells.  Negative control CAL3,
demonstrated only background binding. BD clone RF8B2 bhinds poorly to human
PBMCCs.
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EXAMPLE 10: CYNOMOLGUS B CELL
REACTIVITY ASSAY

{60337} Cynomolgus (cyne} monkey whole blood was obtamned from
Bioreclamation, Inc. (Hicksville, NY). The blood was shipped in BD) Cell Preparation
Tubes (CPT) post-centrifugation.  The cyno PBMCs contained in the plasma laver
were removed from the CPT tube into a 30 mi tube leaving the gradient gel layer
undisturbed. The tube was washed with 5 ml PBS to completely extract all the cells
and the wash was added to a fresh 50 ml tube. The cyno PBMUs were centrifuged at
1200 RPM for 10 minutes at 4°C. The pellet was resuspended in 1 ml BD FACS
Stain buffer (BD). One million cells were used per assay. One pg of mouse
anti-human CXCRS monoclonal antibody {purified) was added to 50 gl PBMC and
allowed to bind for 20 minutes at 4°C. Cells were washed 2 times with BD Stain
buffer. Fiftv pl of second antibody, goat anti-mouse [2G-PE Flay (Beckman Coulter)
dituted 14100, was added to the cells and allowed to bind for 20 minutes at 4°C. Cells
were washed three times with BD Stain buffer. A cocktail contaming mouse
anti-human CR20-FITC (BD) and CD4-APC (BD) at 1/20 dilution each was added to
cells for a 20 minute iwcubation at 47 C for assessment of B/T cell specificity, Cells
were washed 3 times with BD Stain buffer, and resuspended in 250 uyl BD Stain
buffer and subjected to FACS analysis on a FACStarPlus. Comumercial mouse anti-
human CXCRS mAb (R&D; MAB190) was used as a positive control.

[O0338] Mouse monoclonal 11D6 of the mstant invention reactive to
human CXCRS, was compared to an 1gG isotype control. The humanized versions of

16137 and the commercially available MABI90 were tested for reachivity to

cynomolges CXCRS. 79R7 also was tested.
(003391 Cells positive for CD20 and CXCRS were found with MABI90

and 11D6e. On the other hand, 16D7 and the humanized variants thereof, as well as
G7 and BD RF8B2 and Abnova 2C1 did not bind to cynomolgus B cells.  14C9,

1OHS, H2B, S4G6, S6HS6 and 79B7 also boend cynomolgus B cells.
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1003401 The mstant CXCRS antibodies were used  to study peripheral
bleod cells. B cells expressed CXCRS and in at least one experiment, about 10% of

peripheral T cells were found to express CXCRS.

EXAMPLE 11: SEQUENCING OF ANTI-CXCRS mABS

F00341} The mouse monoclonal antibodies were isotyped using a
commercially available sotyvping kit.  The variable sequences of 16D7 and other
anti~CXCRS mAb were sequenced. Total RNA was isolated from about 5 million
cells of the hybridoma using the Qiagen Qianeasy miniprep kit by following the kit
protocol. First strand ¢cDNA was synthesized using the Invitrogen Superscript kit {Uat
11904-018), the kit protocols were followed.

003421 The heavy chain and light chain vanable regions were first
amplified vsing the followmg degenerate PCR primers and Taq polymerase {Roche)

based on methods described in Wang et al. I Immunol Methods, 233:167-77, 2000,

H03431 Heavy chamn: Left primer:

o CPTCCGGAATTCSARGTNMAGCTGSAGSAGTC (SEQ 1D NOD)

2 CTTCCGOGAATTCSARGTNMAGUTGSAGSAGTOWGEG  (SEQ ID
NG:3)

(00344} Heavy chain @ Right primer:

GGAGGATCCATAGACAGATGOGGGGTOTCGTTTTGOC (SEQ ID NO)

003451 Light chain: Left primer:

GOAGCTCGAYATTGTOMTSACMCARWOTMCA {(SEQ 1D NO:S)

(00346} Laght chan, Right primer;

TATAGAGCTCAAGCTTGOATGGTGGOAAGATGGATACAGTTGGETGC
{SEQ ID NO:6)

1003471 where R is etther A or G; N s etther A, G, T or C; M 15 enther
AoCWisether Aar T, SsGor Ciand Y s Car T,
003481 The PCR products were cloned into the pCR4-TOPOY using

the Invitrogen TOPO TA cloning™ kit (Cat # 45-0641) and sequenced using T3 and

T7 primers. Sequences then were blasted against the gene bank database to deduce
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the leader sequences for cloning of tull variable regions. Based on the blast resulis,
the following primers {Chardes et al., FEBS Letters 452:386-394, 1999} were chosen

for a second round of PCR amplification using Pfx polvmerase (Invitrogen).

(00349} Heavy chain:

(003501 Left primer:

CCAAGCTOTGTCCTRTCC (SEQ D NOT)

003511 Right primer:
COGACAAGTCOGACTAGCCCTTGACCAGOGCATOC (SEQ 1D NOE)
1003521 Light chain:

(003531 Left primer:

WTCTCTROAGTCAGTOGE (SEQ ID NO9)

{00354} Right primer:
COACTAGTCGACTOGTGGGAAGATGUATACAG (SEQ 1D NO: 1)
H00335} The PCR products were cloned into pCR-Blunt HF-TOPOY

using the Invitrogen Zero Blum™ TOPO® PCR cloning kit (Cat 45-0245) and
sequenced using T7 primers.
003561 Once the light and heavy chains are sequenced, the nucleic

acids can be recoded to optimize expression in, for example, buman host cells.

EXAMPLE 12: TRANSFECTOMAS

{00357} NS@-eu cells are grown to a density of 1 x 10° cellymi. The
cells are mamntained n exponential growth phase and mediwn is changed the day
before transfection. The day of transfection, 40 x 10° cells are washed. Then, 10 pg
of lnearized vucleic acid, such as Light chain DNA, and 10 pg of, for example,
hinearized heavy chain DNA are added to the cell suspension (the fotal DNA vohune
should be less than 30 pl} and the culture incubated on ice for 15 min. The DNA and
cell mixture is transterred to a chilled cuvette (0.4 cmy) and an electric pulse (750 ¥
and 25 pF} s applied. The covette 15 placed on ice immediately after the electric

pulse and kept on ice for 10-15 min. The cells are collected and plated. The cells are
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incabated m a S% CO; mcubator for 12-16 days or until colomes appear. The
supernatant of the cell colonies or cells grown in suspension culture is tested by
ELISA and positive transfectomas are cloned in fresh wediom. To further sereen the
positive transfectomas, either tifration ELISA or the Biacore assay is conducted.
Expanded wransfectomas gre maintained in shaker flasks and antibody or derivative

thereof collected from the supernatant.

EXAMPLE 13: IN FIVO ASSAYS

(00358} Collagen-induced arthritis (CIA), a well-established model for
human RA, has been used to demonstrate the efficacy of antibodies to TNFu
{Williams et al, PNAS 1992 &9:9784.9788&), as well as, fusion proteins of CTLA4
and TNFu (Webb et al., Eur § Immunol. 1996, 26:2320-2328; and Wooley et al,, §
Immunol. 1993, 151:6602-6607). A rat anti-mopse CXCRS monoclonal antibody,
clone 1038, was profiled m a mouse model of CIA i which DBA/LT nuce were
unmunized and boosted with chick collagen type 1. Disease severity {which was
visually scored by measuring paw swellng/inflammation) was monitored twice
woeekly, while jomnts collected at study termination were evaloated for changes in
inflammation, pannus, cartilage destruction and bene erosion.  Clone 1038, when
administered in a prophylactic dosing regimen, significantly reduced both disease
severity and joint pathology compared to isotype-treated CIA mice (repeated measure
ANOVA, p<0.05),

003359} An  acute mouse model for assessmg  efficacy  of
ODT-HCT-LC3 v vive chemotaxis was emploved.  Briefly, C537/B16 nuce (8-16
weeks of age) selectively expressing huCXCRS on mamunocytes, sach as B cells, T
cells and neutrophils, were penerated by traditional transgenic methods using a
CD1la promoter. The fn vivo chemotaxis model 5 a neutrophil-driven model. On
intraperitoneal  administration of 20 pg of huCXCLI3 lgand (R&D), mouse
neutrophils expressing the huCXCRS receptor migrated to the perttoneal cavity in
response to a huCXCLI3 gradient. Perdloneal cavity washes were used to recover

cells 80  minutes post-intraperitongal  administration  of  hyCXCL13  and
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fluorocvtometric analysis was osed to quantify the nomber of huCXCRS-expressing
neutraphils in 2 mi samples of peritoneal lavages that specifically migrated into the
peritoneal cavity in response to huCXCL13 mstillation. Neutrophils were identified
by phenotypic markers, such as Ly6G, CDI9 and CDiib. Subcutaneous
administration of humanized anti-hCXCRS, 16D7-HCILC3, at two different doses
(7.5 pg or 15 ug) 24 hows prior to instillation of huCXCL13 showed efficacy in
reducing huCXCRS—expressing neutrophil migration to the peritoneal cavity in
response to huCXCL13 when compared to an isotype-treated comirol, the two CXCRS
antibody treated samples demonstrating essentially no statistically different levels of
neutrophils as compared to the isotype negative control level of neutrophils. At
1.5 pg, the hwmnanized CXCRS antibody showed a low level of neutrophil nugration

mbubition as compared to the lngher doses of CXCRS antibody tested.

EXAMPLE 14: RESURFACING

003601 Resurfacing of the murine 16D7 clone followed the steps
described in Proc. Natl Acad. Sci. USA (1994) 91:969 and in US Pat. No. 5,639,641,
(003611 The Vi and Vy sequences of 16D7 were biasted agamst the

Protein Data Bank (Nucleic Acids Research, 28:235-242 (2000) or one can access the
Protein Data Bank (PDB) on the mternet, which contamns the 3D coordinates of
biological macromolecules, and the ten light and heavy chain amino acid sequences
most simdar to that of 16D7 were retrieved. The PDB ideatification codes are used
for identitving the sequences.

100362} The ten closest bomologues for the variable light chamn were
IMIU (J Mol Birol 332:423-435, 20033, 1AE6 (Proteins 29:161-171, 1997), 1QYG
(Pozharski et al, “Carving a Binding Stter  Structural Study of an Anti-Cocaine
Antibody™ in “Complex with Three Cocaine Analogs™, UZG (J Virel 79:1223,
2003), 1UBS (Beuscher et al., “Structure and Dynamics of Blue Fluorescent Antibody
19G2 at Blue and Vieolet Fluorescent Temperatures™), IRUR (Proc Natl Acad Sai
USA 110:2247.2252, 2004, 1FPT (Nat Struct Biol 2:232-243, 1995}, 1QFU (Nat
Struct Biol 6:530-534, 1999, INAK (Virology 315:159-173 | 2003) and 1CGS (J
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Mol Biot 236:247-274, 1994) (redundant sequences were removed) and the ten closest
homologues for the variable heavy chain are IFNS (Nat Struct Biol 7:881-884, 2000),
TOAK (Nat Struct Biol 5:189-194, 1998), IVFB (Proc Natl Acad Sci 91:1089-1093,
1994), 1CIC Nature 348:254-257, 1990}, 1GIG {Acta Crystallogr D Biol Crystallogr
SO:768-777, 1994y, 1T4K (J Mol Biol 343:1269-1280, 2004), 1ATP (Marks et al},
IFES (1 Biol Chem 276:9983-9991, 20013, 1DL7 (J Exp Med 191:2101-.2112, 2000}
and 1YY® (Cancer Cell 7:301-311, 2005). The closest homologs for the light and
heavy chain were IMJIU and 1FNS, respectively. Those two sequences were used to
build a homology model of the variable domains which was subsequently
energy-minintized by a conjugate gradient minimization of atomic coordinate
positions with the CHARMM22 force field (J Comput Cheny (1983} 4, 187, J Comput
Chem (1986} 7, 591} as mnplemented m the MOE suite (Chemical Computing Group,
Quebee, CA). The model was used to locate the CDR regions and the framework
residues. The solvent gecessibility for each variable region residue of the ten closest
homologs for each antibody vartable region was calculated and averaged in an Excel
spreadsheet as implemented in a Scitegic protocol (Hill & Lewicki (2006) Statistics:
Methods and Applications, Statsoft, Tulsa, OK). Positions with greater than a 30%
average accessibility were considered surface residues.  Positions with average
accessibilities of between 25% and 30% were forther considered depending on
proximity to the CDR loops.

003631 The surface positions of the mwrine 16D7 varigble region were
compared to the corresponding positions in the human antibody sequences. Only
those residoes which displaved an accessible surface areg greater than 30%., with g
few residues displaying an accessible surface area greater than 25% and which were
flanking solvent exposed residues, were retained for the search. Some conserved
residoes o all immunoglobulin sequences were incladed to mmprove convergence of
the search. Only germ line sequences were retained for analysis of the hits. The
human antibody variable region sarface with the most identical surface residues, with
special consideration given to positions that come within 5.0 A of a CDR, was chosen

to replace the murine 16D7 antibody vartable region surface residues.
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[003641 None of the sequences contains any known B-cell or T-cell
epitope histed in the Immune Epitope database (1EDB, hnmune Epitope Database and

Analysis Besonres web site; BPLo® Biol 2005 3381

{00365} The original sequences of murine 16D7 variable domains are:
00366} the light chain {CDRs are underlined):
(003671 DIVMTQAAPSVAVTPRESVSISCRSSKESELHSSGKTYLY

WEFLQRPGQSPQLLIY RMSNLASGVPDRESGSGSGTAFTLRISRVEAEDVGY
YYCMOHLEYP YTFGGGTKLE K (SEQ ID NO:11); and

(00368} the heavy chain (CDRs are underlined)
(003691 QVOLKESGPGLVAPSQSLSITCTVSGESLIDYGVNWIR(P

PORGLEWLGYIWGUDGTTYYNSALKSRLSIRKDNSQSQVFL
KMNSLOTDDTAMYYCARIVYWGQGTLVTVSA (SEQ 1D NO:12).

{60370} The retained set of surface residues for the search of the hight
chain mcladed D1, V3, A7, P9, P15, RI6, E17, S18, P45, 46, Q47, D65, R79, RR2,
E86, K108, Ell0 and K112,

(003711 The query for the hight chain contains the set of surface
residoes defined above and the conserved amino acids, €23, W40, Q43, Y91, (93,
F103, G104, G106 and T107, which were meluded for the convergence of the BLAST
protocol. All the other amino acids could be any of the 20 naturally amino acids. The
BLAST search was done against the human germline antibody sequence database
compiled by the IMGT (International Immunogenetics Information Systems website,
Molec Immunol, 2004, 40:647-659). The best scoring match was found to be X72482
(protein_id=CAAST150.1) from which was derived the light chain, LC4. LCS and
LC6 are two vartants of VL4 (VL means variable light) that are suggested to address
potential problematic residues in the light chatn: 1 exposed methionine (MS1) to be
mutated to Leu (LCS & LO6) and | potential deamidation site {1.C6) where the
asparagine N33 is changed to a serme residue. In total, 3 versions are propesed for
the variable light cham which contain between 4 and 6 mutations when compared to
the parent murime 16137 clone. The corresponding mutations are given m the

following Table 1. Sequential and Kabat numbering are given,
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F00372 The retained set of surface residues for the variable heavy chain
mcluded Q1F, Q3, K5, 87, PO, L1, S15, Ql6, S20, P41, G42, K43, 861, A62, K4,
S68, R70, S74, Q73, Q86, T®7, D8, Q103, L1006, A111, A112 and K113 (sequential
numbering). The invariant amine acids which were mcluded in the BLAST query for
the convergence of the search were: €22, W36, 137, Q39 D89, Y93, (95, WI0I,
G102, G104 and T105. The BLAST search was done against the human germime
antibody sequence database compiled by IMGT. One version for the heavy chain
(HC3} was retained. The two Vi domains of AF062266 (protein id=AACI8304.1)
and AY393082 (protein_id=AASBO018.1), that showed the best matching score for
the set of surface residues, exhibit equivalent similarity score and display identical
surface residues. Consequently only a single sequence for the heavy chain was
retained with ten mutations. The lower sconng sequences that have different surface
residoes were not retamed as they have less polar residues soggestive of potential

reduced solubility,

TABLE 1
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{00373} Three versions are proposed for the hight chain (LC4, LCS and
LC6). Individual mutations introduced through the resurfacing of the variable chains
are noted in lowercase and underhined and CDRs are underlined.  Resurfaced
sequences of the variable regions are histed below, the constant domain (IgG4) is not

included.
LC4:
DIVMTOsALS VAVTPgESYS ISCRSSKSLL HSSGRIYLYW

FLORPGQSPQ LEIYRMSNLASGVPDRESGS GSGTAFTLEI SRVEAEDVGYV
YYCMOHLEYP YTFGGGTKLE IK (SEQ ID NO:13)

LS

DIVMTOQsSALS VAVTPgESVE ISCRSSKSLL HSSGKTYLYW
FLORPGOQSPQ LLIYRISNLASGVPDRFSGS GSGTAFTLEI SRVEAEDVGY
YYCMOHLEYP YTFGGQGTKLE IK (SEQ D NO: 14y
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LE6:

DIVMTQsAIS VAVTPgESVS ISCRSSKSLLHSSGRTYLYW
FLORPGQSPQ LLIYRISsnLASGVPDRESGS GSGTAFTLEKI SRVEAEDVEGV
YYCMOHLEYPYTFGGGTKLE IK (SEQ 1D NO:15)

(00374} One version was proposed for the heavy chain {(VH3) {VH
means variable heavy), Mutations infroduced through the resurfacing of the vanable
chain are m lowercase and underlined, and the CDRs are underlined. The constant

domain sequence 1s not included.

HE3:

QVQLGESGPG LVAPSeSLSI TCTVSGESLIDYGVNWIRQP
POKGLEWLGVIWGDGTTY YN psLKSRLSEs KDNSKSOVFL KMNSLigaDT
AMYYCARIVYWGOQGTLVTVS s (SEQ IDNO:16)

[0037351 Nucleotide sequences were generated by OE-PCR and cloned
mto Nhel/HindH sites of the episomal expression vector pXL4214 (Durocher et al,,
NAR, 2002, 30(2), E9. Sequences are codon optunized for expression m human cells.
Vi owas fused to IGKC (AAH93097). Vi was fused to IGHGY {AAH25988), lacking
the C-terminal Lys (IGHG4AK).  Sequences were vahdated by double strand

sequencing.

1.C4:

S

MGOWSCHLFLVATATGVHSDIVMTOSALSVAVTPGESVSISCRSSKSLL
HSSGKTYLYWFEFLORPGQSPOQLLIYRMSNLASGVPDRESGSGSGTAFTLKISRY
VVCLLINNFYPREAKVOQWKVDNALQSOGNSQESVTEQDSKDSTYSLSSTLTLSK
ADYEKHKVYACEVTHOQGLSSPVTRKSENRGEC (SEQ ID NO:T)

GUTAGCACCATGOGGUTOGGAGUTGCATCATCCTGTTCCTGGTOGGUCA
CCOGCCACCGOGCOGTGCACAGCGACATCGTGATCGACCCAGAGUGCCCTCAGC
GTGGCCGTGACCCOCCGGUGAGAGOGTCGAGCATCAGUTGUCGCAGCAGCAA
GAGCCTGCTGCACAGCAGCGGCAAGACCTACCTOTACTGOTTCCTGCAGC
GCCCCOGCCAGAGCCCCCAGCTGCTGATCTACCGUCATCAGCAACCTGGCT

AGCGGUGTGCCCGACCGCTTCAGCGHGCAGCGGCAGUGGCACCGCUTTCAC
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CCTGAAGATCAGUCGCGTGOGAGGUCGAGGACGTGOGGUGTGTACTACTGCA
TGCAGCACCTGGAGTACCCCTACACCTTCGGUCGGCGGCACCAAGCTGGAG
ATCAAGUGTACGGTGGCCOCTCCTTCCGTGTTCATCTTCCCTCCCTCCGAC
JAGCAGCTGAAGTCCGOGCACCGUCTCCOGTGETOGTGTCTGUTGAACAACTTY
CTACCCTCGGGAGGCCAAGGTGCAGTGGAAGGTGGACAACGCCCTGCAGT
CCGGCAACTCCCAGGAGTCCGTCACCGAGCAGGACTCCAAGGACAGCACC
TACTCCCTOTCCTCCACCCTOACCCTOTCCAAGGCCGACTACGAGAAGCALC
AAGGTGTACGCCTGTGAGOGTCGACCCACCAGGGUCTGTCCAGCCCTGTGAC
CAAGTCCTTCAACCGGOGCGAGTGCTCGAAGCTT (SEQ D NO:AR)

LS

MOWSCHLFLVATATGVHSDIVMTOQSALSVAVTPGESVSISCRSSKSLL
HSSGKTYLYWFLQRPGOQSPQLLIYVRLSNLASGVPDRFSGSGSGTAFTLKISRVE
AEDVGVYYOMOHLEYPYTFGGOGTILEIKRTVAAPSVEIFPPSDEQLKSGTASY
VCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTRKSENRGEC (SEQ ID NO:19)

GCTAGCACCATOOGGCTGOGAGCTGCATCATCCTGTTCCTGGTGGCCA
CCGCCACCGGCGTGCACAGCCGACATCGTOGATGACCCAGAGCGCCCTCAGC
GTGOCCOGTOGACCCCCOGUGAGAGUGTGAGCATCAGCTGUCGLCAGCAGCAA
GAGCCTGCTGCACAGCAGCGGCAAGACCTACCTGTACTOGTTCCTGCAGC
GCCCCGGCCAGAGCCCCCAGUTGUTGATCTACCGCUTOAGCAACCTGGOC
AGCGGLOTGUCCGACCGUTTCAGCGGCAGCGGCAGUGGCACCGCCTTCAC
CCTGAAGATCAGCCGCOTGGAGGCCGAGGACOTGGGCOTGTACTAUTGCA
TOCAGUACCTGGAGTACCCCTACACCTTCGGUGGUGGCACCAAGCTOGAG
ATCAAGCGTACGGTOGCCGUTCCTTCCGTGTTCATCTTCCCTCCCTCCGAC
GAGCAGCTGAAGTCCOGGCACCGCCTCCGTGUTOTGTICTGUTGAACAACTT
CTACCCTCGGGAGGCCAAGOGTGCAQGTGGAAGOGTGGACAACGCCCTGCAGT
CCGGCAACTCCCAGGAGTCCGTCACCGAGCAGGACTCCAAGGACAGCACC
TACTCCCTOGTCCTCCACCCTGACCCTOTCCAAGGCCGACTACGAGAAGCALC
AAGGTOGTACGCCTGTOAGGTGACCCACCAGGGUCTOTCCAGCCCTGTGAC
CAAGTCCTTCAACCGGGGUOAGTGOCTGAAGCTT (SEQ ID NO:20)

LEG:

HSSGKTYLYWFLOQRPGQSPOLLIYRLSSLASGVPDRESGSGSGTAFTLKISRVE
AEDVOGVYYCOMOQHLEYPYTHFGOGGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASY
VCOLINNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHOGLSSPVTKSENRGEC (SEQ 1D NO21)
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GCTAGCACCATOGGGUTGGAGCTGUATCATCCTOTTCCTGETGGCCA
CCGCCACCOGCGTGCACAGCOGACATCGTGATGACCCAGAGCGCCCTCAGC
JPGGCCGTGACCCCCGLCGAGAGCGTGAGCATCAGUTOCUGCAGCAGUAA
JAGCCTGUTGCACAGCAGCGGUAAGACCTACCTGTACTGOGTTCCTGUAGO
GCCCCGGCCAGAGCCCCCAGCTGCTGATCTACCGUCTOGAGCAGCCTGGCC
AGUGGCGTOCCCGACCGUTTCAGUGGUAGCGOGCAGCGGUACCGCCTTCAC
CCTOAAGATCAGCCOUGTGUAGOGCUGAGGACGTGOGCGTGTACTACTGCA
TGCAGUACCTGGAGTACCCCTACACCTTICOGCGGCGGCACTCAAGCTGGAG
ATCAAQCCTACOGTGGCCOCTCCTTCCOGTOTTCATCTTCCCTCCCOTCCGAC
GAGCAGCTGAAGTCCGOGCACCGUCTCCGTGOTOTGTCTGUTGAACAACTT
CTACCCTCGGGAGGUCAAGGTGCAGTGUGAAGGTGGACAACGUCCTGCAGT
CCGGCAACTCCCAGGAGTCUCGTCACCGAGCAGGACTCCAAGGACAGCACT
TACTCCCTGTCCTCCACCCTGACCCTGTCCAAGGCCGACTACGAGAAGCALC
AAGGTGTACGCCTGTGAGGTGACCCACCAGGGCCTGTCCAGCCCTGTGAC
CAAGTCCTTCAACCGOGGCGAGTGUCTGAAGCTT (SEQ ID NO:22)

HC3:

MOWSCHLFLVATATGVHSQVOQLQESGPGLVAPSESLSITCTVSGFSLID
YOVYNWIRQPPOGRGLEWLGVIWGDGTTY YNPSLKSRLSISKDNSKSQVELKMN
SLTAADTAMYYCARIVYWGQGTLVTVSSASTRGPSVEPLAPCSRETSESTAAL
GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOQSSGLY SLSSVVTVPSSSLGT
KTYTONVDHKPSNTKVDKRVESKYGPPCPSCPAPEFLGGPSVELFPPKPKDTL.
MISRTPEVTCVVVDVSQEDPEVOENWYVDGVEVHNAKTKPREEQENSTYRY
VIVLTVLHQDWINGKEYKCKVSNKGLPSSIEKTISKAKGQPREPOQVYTLPPSQ
EEMTRNOQVSLTCLVKGEYPSDIAVEWESNGOQPENNYKTTPPVLDSDGSFFLYS
RLUTVDRKSRWQEGNVFSCSVMHEALHNHYTOQKSLSLSLG (SEQ 1D NO:23)

GCTAGCACCATGOGOGCTOGGAGCTGCATCATCCTAGTTCCTGGTGOGCCA
CCGCCACCGGUGTGCACAGCCAGUGTGCAGUTGCAGGAGAGCGGLCCCGG
CCTGOTOGGUCCCCAGUGAGAGCCTGAGCATCACCTGCACCGTGAGCGGCT
TCAGCCTOGATCGACTACGGUGTGAACTOGATCCGUCAGCCCCCCGGCAAG
GGCCTGGAGTGGCTGGGCGTOATCTGOGHOUGACGGUACCACCTACTACAA
CCCCAGCCTGAAGAGCCGCUTOGAGCATCTCCAAGGACAACAGCAAGAGCC
AGOGTOGTTCCTOGAAGATGAACAGCCTGACCGCCOGCCGACACCGCCATGTAC
TACTGCGCCCGUATCGTOGTACTGGGGCCAGGGCACCCTGGTGACCGTGAG
CAGUGCCAGCACCAAGGGUCCTTCOGTOGTTCCCTCTOGOGUCCOTTGUTCCCG
GTCCACCTCCGAGTCCACCGCCGCTCTGOGCTGCCTGGTGAAGGACTACTT
CCCTGAGCCTOTGACCGTOGTCCTGGAACTCTGGCGUCCTGACCTCCGGCGT
GCACACCTTCCCTGCCGTOCTGCAGTCCTCCGGCCTGTACTCCCTGTOCTO
COTGGTGACCOGTGCCTTCCTCCTCCCTGOOGUCACCAAGACCTACACCTGTAA
CGTGGACCACAAGCUTTCCAACACCAAGGTGGACAAGCGGGTOGAGTCCA
AGTACGGCCOTCCTTIGCCCTTCCTGCCCTGCCCCTGAGTTCCTGGOGUGGAC
CTAGCOGTGTTCCTGTTCCCTCCTAAGUCTAAGGACACCCTGATGATCTCCC
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GGACCCCTGAGOGTGACCTOTGTGGTOGOTGOACGTOGTCCCAGGAGGACCCT
GAGGTCCAGTTCAACTOQGTACGTGGACGGUGTGOAGGTGCACAACGCCAA
JACCAAGCCTCOGGGAGGAGCAGTTCAATTCCACCTACCGOGTGGTOGTCTG
TGUTOGACCGTGCTGCACCAGGAUTGGUTGAACGGCAAAGAATACAAGTGT

AAGGTCTCCAACAAGGGCCTGCCCTCCTCCATCGAGAAAACCATCTCCAA
GGCCAAGOGGCCAGCCTAGGGAGUCTCAGOTGTACACCCTGCUTCCTAGCC
AGGAAGAGATGACCAAGAACCAGGTOTCCCTGACCTGTCTGGTGAAGGGC
TTICTACCCTTCCGACATCGCCOGTOGGAGTOGGOAGTCCAACGGUCAGCUTGA
GAACAACTACAAGACCACCOCTCCTOTGCTGGACTCCGACGOUTCCTTICTT
CCTGTACTCCAGGCTGACCOGTGCGACAAGTCCCGOTGGCAGGAGGGCAACG
TCTTTTCCTGOTCOGTGATGUACGAGGUOCTGCACAACCACTACACCCAGA
AGTCCCTGTCCUCTOTUTCTOOGGUTGAAGUTT (SEQ 1D NO:24)

EXAMPLE I5: HUMANIZATION

{00376} The Vi and Vi sequences of 1607 were blasted and the closest
homologues for the varigble light chain are TMHS, IMI and 1IMIU (J Mol Biol
332:423-435, 2003), with equivalent similarity scores.  IMIU was retained as a
template because of high accuracy of the crvstal structure, which had been determined
down to 1224 resolution. The closest homologue for the heavy chain was found to
be TFNS (Nat Struct Biol 7:881-884, 2000}, The structures, IMIL and 1FNS, were
used to build up a homology model of the variable domains which was subsequently
energy minimized using standard procedures. A molecolar dynamic (MD) calculation
of a 3D homology maodel of 16D7 was subsequently performed for 1.7 nanoseconds in
Generalized Born implicit solvent (see Gallicchio & Levy, I Compuat Chem 2004,
25:479-499),

03771 The MD starts by an mitialization of the velocities from a
Gaussian distribution at 298157 K, followed by an equilibration period of 300 ps.
During the MD, all bonds are coustrgined using the SHAKE algorithm (see Barth,
Etal, J Comp Chem, 1995, 16:1192-1209), the time step was 1 femtosecomd (1), and
the simulation, based on the Verlet mtegration algorithm, was run in the canomcal
NVT (number of particles, volume and temperature) ensemble at a temperatore of
298.15°K. During the production period, 1,700 snapshots were then stoved, one every
t ps. The 1,700 conformations of the munne antibody constitute the ensemble on

which the following analvsis was performed to identify the most flexible residues.
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The Scientific Vector Language (SVL), available within the MOE wmolecular
modeling  emvironment, (Molecular Operating  Envircomment (MOE), Chemical
Computing Group, Quebec, Canada) was used to code the following analvsis. First,
each snapshot, N, was optumally superposed onto its predecessor, the snapshot N-1, to
control the overall rotational and translational motions which occur during the MD
madeling and calculation. The superposition was obtained by minimizing the Root
Mean Sqguare Distance (RMSD) between all pairs of corresponding atoms from the
two snapshots. Only the heavy atoms of the antibody backbone were considered in
the superposition exercise. Using the same superposition method, each snapshot then
was superposed onto the medoid snapshot. The medoid spapshot is the antibody
conformation with the Cartesian coordmnates the closest from the average coordinates
of all conformations.

{00378} For each of the antibody residue i, the RMSD between the

heavy atoms of the conformation j and a medoid reference conformation k were

f‘
;‘}_;(d -}

calculated.  The RMSD bhas the following formula: RASD/=Y . with dy

defined as the Buclidean distance expressed in Angstroms (A) between the heavy
atom 1 of the residue j and s counterpart of the medoid reference conformation k.
For the pairwise association of heavy atoms 1, the symmetry of the side-chain heavy
atoms for the amino acids, Asp, lLeu, Val, Glu, Arg, Phe and Tyr, also was
considered.  The reference conformation k varies from one residue to another, and
corresponds to the medoid conformation k with the closest Fuchdean distance to the
average coordinates of all conformations of the studied residue 1. Then, for each
residue 1, a distribution of 1,700 RMSD values, which reflects the vartation of
coordinates of the residue 1 in the course of the MD, was obtained. By aggregating all
the RMSD values of all the residues of the studied antibody, a global distribution of
all RMSDs was obtained. The global distribution of all RMSD then was used as a
reference distribution.  If the reuidue 1 s highly Hexible, then a statistical test was

performed o decide whether the observed mean RMAD of residue 1, my, was

,_4
3
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signiticantly hugher than the global mean RMSD for all restdues, my. As the sample
ts large, e g. 1,700 for the analysis of clone 16D7, a one~tailed Z-test (see Dorofeev &
Grant, “Statistics for real-life sample svrveys. Non-simple-random samples and
weighted data”™ 2006, Cambridge University Press) with the nuli-hypothesis Hy bemng
that “the observed m; is lower than the global m,” was used to calculate the statistic,

. o I 7 2 . N
Z; according to the formula /’zﬁ{—rwli} where my; is the mean RMSD calculated

fron: the RMSD distnibution of residue 1, my 1s the mean RMSD calculated from the
global RMSD distiibution, sd; is the standard deviation calcalated from the RMSD
distribution of residue 1 and 1 is the sample size, i.e. n=1,700 for the analysis of the
16D7 clone. The calculated Zi was then compared to the cumulative probabilities of
the standard normal distribution to assess a 99.9% level of significance of the
alternative hypothesis, Le., that “the observed my is higher than the global m,”. That
corresponded to a Zi = 3.08. The Zi statistic, which can be viewed as a flexibility
score, 18 not correlated with either the molecular weight or the namber of beavy atoms
of the anttbody residue (r*=0.014 and 0.0009, respectively when analyzing the 16D7
anti-CXCRS model MD).

(003791 The set of flexible residues for the light chain include the
followmg residues {(sequential numbering): DI, T4, P15, R16, EI7, Q47, D65, §72
R79, R82, E86, K10&, F110 and K112; and for the heavy cham include the following
restdues: Q1, V2, Q3, L1, 815, Qlo, 561, An2, K64, 8565, R70, D72, Q75, K81,
M82, N83, Q86, Q103, S110, Atll, Al12 and K113, The flexible portions of 16D7
were compared 1o the corresponding positions of human antibody sequences m the
September 2005 version of the ImMunoGeneTics Database website.

003801 Those restdues which display a sigmificantly agh flexible score
and a few Hanking residues that preserve the 3D structures of the flexible residues
were retained for the search.

[003811 The buman antibody variable region with the most dentical
flexible residues, with special considerations given to positions that come within 5.0

A of a CDR, was chosen to replace the murine the 16D7 antibody variable region
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flexible residues.  The resolting humanized sequences were blasted for sequence
simifarity i the UniProtkKB/SwissProt database providing confidence that reasonable
assumptions had been made. Al sequences showed a high degree of similarity to a
number of human antibodies. In addition, none of the sequences contains any known
B-cell or T-cell epitope listed in the IEDB database.

(003821 The best sequence match in the IEDB for the light cham (LC1,
LC2 and LC3) was KPGOQPPRLLIYDASNRATGIPA (SEQ 1D NO:25), which covers
CDR2 but has significant residue difference as tvpified by a 56% sequence identity
obtained from a BLAST search within the IEDB database.

FO03831 The best match in the IEDB for the heavy cham (HCI and
HC2) was TDDTAMYYCARI (SEQ 1D N(:26) which is located before the start of
the CDR3.  The sequence exiubus 61% sequence identity with the peptide
SEDSALYYCARD (SEQ ID NO:27), making 1t unlikely to be a potential buman T
cell epitope (J Exp Med (1995} 181, 1540)

H00384] Original sequences of murine 16037 variable domains are:
[O038S] fight chamn (CDRs underlined):
00386} DIVMTOAAPSVAVTPRESVSISCRSSKSLLHSSGKTYLY

WEFLOQRPGQSPOQLLIYRMSNLASGVPDRFSGSGSGTAFTLRISRVEAEDVGVYY
CMOHLEYPYTFGGGTKLE IK (SEQ D NO:28); and

[00387] heavy chain {CDRs undertined):
003881 QVQLKESGPGLVAPSOQSLSITCTVSGESLIDYGVYNWIRQP

POKGLEWLGVIWGODOTTYYNSALKSRLSIRKDNSOQSOVFLKMNSLOQTDDTA
MYYCARIVYWGQGTLVTVS A (SEQ ID NO:29).

FO0389} Two versions for the heavy chain (HC1 & HC2Z) and three
verstons were suggested for the light chamn (LCI, LOC2 and LC3). Both versions of
the  heavy  chain  are  derived  from  AF62006/AAFT9987 and
ABO63OST/BACOI285.1, respectively.  The tweo sequences exhibit equivalent
stmilarity score, but were kept because the sets of residues to mutate appear relatively
different and display different physico-chenucal properties.  The LC1 sequence s

derived from BACO1682/AB064054.1 and there are only two residues to be mutated.
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LC2 and LO3 are vanants of LCT that are suggested to address potential problematic
residues in the light chain: an exposed methionine (M31) mutated to Leu (versions 3
and 4} and one potential deanudation site (version 4) where the asparagine, N33, is
changed to a serine residue. Not all combinations were retained but four cover most

of the key points to be addressed. Kabat numbering is used.

Table 2

1l & 1 7 3 5
B Bevh ¥ A B iy

¥ i 7 D k]
&1 Alas 3 F 3 8

& Sy el ex =L
Se 3 G 3 3

TES 3 2 Ly ax b
% Awgy 3 3 S 3

g7 U ey =L ax =L
] ind I T I T

s < Vs VE V8 VE
}’.r}\" .E’.:_\?\.?: E‘f ‘: ‘\; L T

58 S L ¥ W&
Mea W M W %

g 3 et ¢ ] al
AR Asrl T A T i

ni3 2 e an Fog b




WO 2009/032661 PCT/US2008/074381

[00390] Mutations introduced through the humanization of the variable
chains are in lowercase and underlined and CDRs are underlined. The constant

domains are not included.
LG
DIVMTQAAPSVAVTPgaSVSISCRSSKSLLHSSGKTYLYW

FLORPGQSPOLLIYRMSNLASGVPDRESGSGSGTAFTLRISRVEAEDVGY
YYCMQHLEYPYTFGGGTKLE IK (SEQ 1D NO3G)

LC2:

DIVMTQAAPSVAVTPgaSYS ISCRSSKSLELHSSGKIYLY W
FLORPGOSPOLLIVRISNLASGVPDRESGSGSGTAFTLRISRVEAEDVGY
YYCMOQHLEYPYTFGGGTKLEIK (SEQ 1D NO31)

LC3:

DIVMTOQAAPSVAVTPaaSVSISCRSSKSLLHSSGKTY LYW
FLORPGQSPQLLIYRISSLASGVPDRESGSGSGTAFTLRISRVEAEDVGY
YYCMOQHEEYPYTFGGGTKLEIK (SEQ ) NO32)

HCL

QVQLKESGPGLVAPSeSLSITCTVSGFSLIDYGVNWIRGP
PORGLEWLGVIWGDGTTY Y NpsLKSRLUSIEKDNSKSQVFLKySLITDDT
AMYYCARIVYWGOQGTLVTVSA (SEQ ID NO:33)
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HC2:

eVOQLKESGPGLVAPgeSLSITCTVSGESLIDYGVNWIRQP
PGKGLEWLGVIWGDGTTY Y Napl KgRUSISKDNSEkSQVELgMNSLKTDDT
AMYYCARIVYWGOQGTLVTVSs (SEQ HD NO:34)

(003917 The sequences of the chimeric constructs are as follows:

Chimeric LC Seguence

MOGWSCHLFLVATATGVHSDIVMTQAAPSVAVTPRESVSISCRSSKSLL
HSSGKTYLYWFLQRPGQSPOLLIYRMINLASGVPDRFSGSGSGTAFTLRISRY
EAEDVGVYYOMOQHBLEYPYTFGOGGTKLEIKRRTVAAPSVEIFPPSDEQLKSGTAS
VVCLLNNFYPREAKVOQWRKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSK
ADYEKHKVYACEVTHQGLSSPVTKSENRGEC (SEQ ID NO:35)

GUTAGCACCATGGGUTGGAGUTGCATCATCCTAETTCCTGGTGGCCA
CCGCCACCGGUGTGCACAGCGACATCGTOGATGACCCAGGUCGCCCCCAGC
GTGOCCGTOGACCCCCCGUGAGAGCOGTGAGUATCAGCTGUUGCAGCAGUAA
GAGCCTGCTOCACAGCAGCGGCAAGACCTACCTGTACTOGTTICCTGCAGC
QCCCCGGCCAGAGCCCCCAGCTGUTGATCTACCGCATCGAGCAACCTGGCC
AGUGGUOTGUCCGACCOCTTCAGUCGGCAGUGGCAGCOGUACCGUUTTCAC
CCTGCGCATCAGCCGLOTGGAGGCCGAGOGACGTGLGCGTGTACTACTGCA
TOCAGCACCTGOGAGTACCCCTACACCTTCGGUGGUGGUACCAAGCTGGAG
ATCAAGCGTACGGTGGCCGUTCCTTCOCGTOGTTCATCTTCCCTCCCTCCGAC
GAGCAGCTGAAGTCCGGCACCGUCTCCGTGUGTOTGTCTGUTGAACAACTT
CTACCCTCGGGAGGUUAAGUTGCAGTGOAAGOTGGACAACGCUCTGCAGT
CCGGCAACTCCCAGGAGTCCGTCACCGAGCAGGACTCCAAGGACAGCALCC
TACTCCCTGTCCTCCACCCTGACCOTOTCCAAGGUCGACTACGAGAAGCAC
AAGGTOTACGCCTOGTGAGGTGACCCACCAGGGCCTOTCCAGCCCTUTGAC
CAAGTCCTTCAACCGGGUGCGAGTGOTOGAAGCTT (SEQ ID NQ:36)

Chimeric HC Sequence

MGWSCHLFLVATATGVHSQVOQLKESGPGLVAPSQSLSITCTVSGESLID
YOVNWIRQPPGKGLEWLGVIWGDOGTTYYNSALKSRESIRKDNSQSOQVFLKM
NSLOTDDTAMYYCARIWVYWGQOGTLVTVSAASTKGPSVFPLAPCSRSTSESTA
ALGCLVKDYFPEPVTVIWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSL
GTKTYTONVDHKPSNTKVDKRVESKYGPPCPSCPAPEFLGGPSVFLFPPKPKD
TLMISRTPEVTCVVVDVSQEDPEVOFNWYVDGVEVHNAKTRKPREEQFNSTY
RVVSVLTVLHOQDWINGKEYKCKVINKGLPSSIEKTISKAKGOPREPQVYTLP
PSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQOPENNYKTTPPVLDSDGSFF
LYSRLTYVDKSRWQEGNVEFSCSVMHEALENHYTOKSLSLSLG (SEQ ID NO3T)
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GCTAGCACCATOGGGUTGGAGCTGUATCATCCTOTTCCTGETGGCCA
CCGCCACCGGCGTGCACAGCCAGGTGCAGCTGAAGGAGAGCGGLCCCGH
CCTOGOTGGUUCCCAGCCAGAGUUTGAGUATCACCTGCACCGTGAGCGOOT
TCAGCCTGATCGACTACGOCGTOGAACTGOATCCGUCAGCCCCUCGGCAAG
GGCCTGOAGTGGCTGGGCGTGATCTGOGGGCGACGGUACCACCTACTACAA
CAGCGUCCTGAAGAGCCGUCTCGAGUATCUGCAAGGACAACAGCCAGAGT
CAGOGTGTTCCTCGAAGATGAACAGUCTOCAGACCCACCGATACCGCCATGTA
CTACTGCGCCCGCATCOTOTACTGGOGUCAGGOUCACCCTGOTGACCGTGA
GCGCOGCCAGCACCAAGGGCCCTTCCOTOTTCCCTCTGGCCCCTTGUTCCC
GGTCCACCTCCGAGTCCACCGCUGCTCTGOGUGOTGCCTGGTGAAGGACTALC
TTCCCTGAGCCTGTGACCGTOGTCCTGGAACTCTGGOGCCCTGACCTCCGET
GTGCACACCTTCCCTGCCGTGUTGCAGTCCTCCGGUCTGTACTCCOTGTCC
TCCOTOGGTGACCGTGCCTTCCTCCTCCCTOGOGCACCAAGACUTACACCTOY
AACGTGGACCACAAGCCTTCCAACACCAAGGTGGACAAGUGGHTGGAGT
CCAAGTACGGUCCTCCTTGCCCTTCCTQCCCTGCCCCTGAGTTCCTOGGLG
GACCTAGCGTOTTCCTGTTCCCTCCTAAGCCTAAGGACACCCTGATGATCT
CCCGGACCCCTGAGGTGACCTOTOTGGTGUGTGGACGTOGTCCCAGGAGGAC
CCTGAGOGTCCAGTTCAACTGGTACGTQOACGGCOGTGGAGGTGCACAACGC
CAAGACCAAGUCTCGOGOGAGGAGCAGTTCAATTCCACCTACCGGOGTOGUTGT
CTGTGCTCGACCGTGCTGCACCAGGACTGGCTOAACGGCAAAGAATACAAG
TGTAAGGTCTCCAACAAGGOQUCTGCCCTCCTCCATCOAGAAAACCATCTC
CAAGGCCAAGGOCCAGUCTAGGGAGCCTCAGGTGTACACCCTGCCTCCTA
GCCAGGAAGAGATCACCAAGAACCAGGTGTCCCTGACCTOGTCTGGTGAAG
GGUTTCTACCCTTCCGACATCGCCGTGLRAGTGOOGAGTCCAACGGCCAGCO
TGAGAACAACTACAAGACCACCCCTCCTGTGCTGGACTCCGACGGCTCCT
TCTTCCTGTACTCCAGGCTGACCGTGGACAAGTCCCGGTGGCAGGAGGGC
AACGTCTTTTCCTGCTCCOGTGATGCACGAGGUCCTOGCACAACCACTACACC
CAGAAGTCCCTGTCCCTGTCTCTGGOGCTGAAGCTT (SEQ 1D NO:38)

Humanized VL Sequences

LCT:

MOGWSCHLFLVATATGVHSDIVMTQAAPSVAVTPGASVSISCRISKSLL
HSSGKTYLYWEFLORPGQSPOLLIYRMSNLASGVPDRESGSGSGTAFTLRISRY
EAEDVGVYYOMQHLEYPYTFGGGTKLEIKRTVAAPSVFIFPPSDEQLKSGTAS
VVCLLNNFYPREAKVOQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSK
ADYEKHKVYACEVTHOQGLSSPVTKSENRGEC (SEQ 1D NO:39)

GCTAGCACCATGOGUTGGAGCTGCATCATCCTATTCCTGGTGGCCA
CCGCCACCOGCGTGCACAGCCGACATCUTGATCACCCAGGCLGCCCCCAGC
GTGGCCGTGACCCCCGGUGCCAGCAGTGAGCATCAGCTGCCGCAGCAGCAA
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GAGCUTGCTGUACAGUAGUGGUAAGACCTACCTGTACTOOUTTCUTGCAGC
GCCCCGGLCAGAGCCCCCAGCTGUTGATCTACCGCATGAGCAACCTGGCC
AGCGGLOTGUCCGACCGUTTCAGCGGCAGCGGCAGUGGCACCGCCTTCAC
CCTGOCGCATCAGCUGCGTGGAGGCCGAGGACGTGGGCGTGTACTACTGCA
TGUAGCACCTGOAGTACCCCTACACCTTICGGOGGCGGCACCAAGCTGGAG
ATCAAGCGTACGGTGGCCGUTCCTTCOCGTOGTTCATCTTCCCTCCCTCCGAC
GAGCAGCTGAAGTCCOGCACCGCOTCCGTGUTOTGTICTGUTGAACAACTT
CTACCCTUGGOAGGCCAAGGTGCAGTGOAAGOGTGGACAACGCCCTGCAGT
CCOGCAACTCCCAGGAGTCOGTCACCGAGCAGGACTCCAAGGACAGCALCC
TACTCCCTGTCCTCCACCCTGACCOTOTCCAAGGUCGACTACGAGAAGCAC
AAGGTGTACGCCTGTOGAGOGTGACCCACCAGGGUCTGTCCAGOCCTGTGAC
CAAGTCCTTCAACCOQGGUUGAGTGUTGAAGUTT (SEQ 1D NO:Q)

LC2:

MGWSCHLFLVATATGVHSDIVMTQAAPSVAVTPGASVSISCRSSKSLL
HSSGKTYLYWFLORPGQSPQLLIYRLSNLASGVPDRFSGSGSGTAFTLRISRVE
AEDVGVYYCMQHLEYPY TFGGGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASY
VCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSENRGEC (SEQ ID NO:41)

GCTAGCACCATOGGOCTGGAGCTGCATCATCCTOTTCCTGGTGGCCA
CCGCCACCOGULGTGCACAGUGACATCOGTCATGACCCAGGCCGLCCCCAGC
GTGGCCGTCGACCCCCGGUGCCAGCGTGAGCATCAGCTGUCGCAGCAGCAA
GAGCCTGCTGCACAGCAGCOGGCAAGACCTACCTOGTACTGUTTCCTGCAGC
GCCCCGGCCAGAGCCCCCAGUTGUTGATCTACCGCCTGAGUCAACCTGGCC
AGCGGCOTGCCCGACCGUTTCAGCGGCAGCGGLCAGCGGCACCGLCTTCAL
CCTOCGCATCAGCCGCOTGOAGUGCCGAGUACGTGOGCOGTGTACTACTGCA
TGCAGCACCTGGAGTACCCCTACACCTTICGOGUGOUCGGCACCAAGCTGGAG
ATCAAGCGTACGGTGGCCGCTCCTTCCGTOTTCATCTTCCCTCCCTCCGAC
GAGCAGCTGAAGTCCOGLACCOCCTCCGTGOTOTOTUTGUTGAACAACTT
CTACCCTCGGGAGGUCAAGHTGCAGTGUGAAGGTGGACAACGCCCTGCAGT
CCGGUAACTCCCAGGAGTCCGTCACCGAGCAGGACTCCAAGGACAGCALCC
TACTCCCTGTCOCTCCACCCTOACCCTOGTCCAAGGCCGACTACGAGAAGCALC
AAGGTOGTACGUOTOGTCGAGOGTCGACCCACCAGGGCOTOTCCAGCCCTOGTGAC
CAAGTCCTTCAACCGOGGUGAGTGUTGAAGUTT (SEQ 1D NO:42)

LE3:

MGWSCHLFLVATATGVHSDIVMTQAAPSVAVTPGASVSISCRSSKSLL
HSSGKTYLYWFLQRPGQSPQLLIYRLSSLASGVPDRESGSGRGTAFTLRISRVE
AEDVOVYYCMOHLEYPYTFGGGTRKLEIKRTVAAPSVEIFPPSDEQLKSGTASY
VCLLNNFYPREAKVOQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTRKSENRGEC (SEQ 1D NO:43)
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GCTAGCACCATGGGCTGOGAGCTGCATCATCCTGTTCCTGGTGGCCA
CCOCCACCOGGUGTGUACAGCGACATCGTCGATGACCCAGGCUGCCUCCAGC
FTGGCCGTGACCCCCGGCGUCAGCGTGAGCATCAGCTGUCGCAGUAGCAA
GAGCCTGCTGCACAGCAGCGGCAAGACCTACCTGTACTGOTTCCTGCAGC
GUCCCGGCCAGAGUUCCCAGUTGCTGATCTACCGUCTGAGCAGCCTGHCC
AGCGGCGTCGCCCCACCGUTTCAGUGGCAGCGUCAGCGGCACCGOCTTCAC
CCTQCOGCATCAGCCOUGTOGOAGGCCGAGGACGTOOGOUGTGTACTACTGCA
TGCAGCACCTOGGAGTACCCCTACACCTTCGUOUGGUGGCACCAAGUTOGAG
ATCAAGCGTACGOTGGCCGCTCCTTCCGTGTICATCTTCCCTCCCTCCGAC
GAGCAGUTGAAGTCOGGCACCGCCTCCOGTGOGTGTGTCTGCTGAACAACTT
CTACCCTCGGGAQGGUCAAGOTGUAGTGGAAGGTGGACAACGUCCTGCAGT
CCOGGCAACTCCCAGGAGTCOGTCACCGAGCAGGACTUCAAGGACAGCACC
TACTCCCTGTCCTCCACCCTGACCOCTGTCCAAGGUCGACTACGAGAAGCAC
AAGGTGTACGCCTGTGAGGTGACCCACCAGGOUCTGTCCAGCCCTGTGAC
CAAGTCCTTCAACCGOGGGCGAGTGOCTGAAGCTT (SEQ 1D NO44)

Humamzed VH Sequences

HCL

YGVNWIRGPPGKGLEWLGVIWGDGTTY YNPSLKSRLSISKDNSKSQVFLRVT
SLTTDDTAMYYCARIVYWGQGTLVTVSAASTKGPSVEPLAPCSRSTSESTAAL
GCLVKDYFPEPVTVSWNSGALTSGVHTTPAVLQSSGLY SLSSVVTVPRSSSLGT
KTYTONVDHEKPONTKVDRRVESKYGPPCOPSCPAPEFLGGPSVELFPPRKPRDTL
MISRTPEVTOVVVDVSQEDPEVOFNWYVDGVEVHNAKTKPREEQFNSTYRY
VSVLTVLHQDWINGKEYKCKVSNKGLPSSIEKTISKAKGOQPREPOVYTLPRSQ
EEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYS
RLUTVDKSRWQEGNVFSCSVMEBEALHNHY TQKSLSLSLG {SEQ ID NQO:45)

GCTAGCACCATGGGCTGGAGCTGCATCATCCTGTTCCTGGTGGCCA
CCGCCACCOGCGTGUACAGCCAGGTGCAGUTGAAGGAGAGUGGCCCCGH
CCTGOTGGUCCCCCAGCGAGAGCCTGAGCATCACCTGCACCGTGAGCGGAT
TCAGCCTGATCGACTACGGCGTGAACTGGATCCGCCAGCCCCCCGGCAAG
GOCCTGOGAGTGOUTGOGUGTGATCTOGOGCGACGGCACCACCTACTACAA
CCCCAGCCTGAAGAGCCGCCTGAGCATCAGCAAGGACAACAGCAAGAGC
CAGOGTGTTCCTGAAGGTGACCAGCCTGACCACCGACGACACCGCCATGTA
CTACTGUGCCCGCATCGTGTACTGGGGCCAGGGCACCCTGHGTGACCGTGA
GCGCCOGCCAGCACCAAGGGCCCTTCCOTGTTCCCTCTGGCCCCTTGOTCCC
GGTCCACCTCCGAGTCCACCGCCGCTCTGGGOTGOCCTGGTGAAGGACTAC
TTCCCTGAGCCTGTOGACCGTOTCCTGGAACTCTGGCGUCCTGACCTCCGGT
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GTGCACACCTTCCCTGCCGTOUTGCAGTCCTCOGGCCTUGTACTCCCTOGTCC
TCCGTGGTGACCGTGCCTTCCTCCTCCCTGOGUACCAAGACCTACACCTGT
AACGTGCACCACAAGUCTTCCAACACCAAGGTGOGACAAGCGGHTGGAGT
CCAAGTACGGUCCTCCTTGUCCTTCCTOCUCTGCCCCTGAGTTCCTGGGUG
GACCTAGCOTOGTTCCTGTTCCCTCCTAAGCCTAAGGACACCCTGATOATCT
CCCGGACCCCTGAGGTGACCTOGTOTGOTGOGTGGACGTGTCCCAGOGAGGAC
CCTGAGUGTCCAGTTCAACTOUTACGTGCACGGCGTGGAGGTGCACAACGC
CAAGACCAAGCCTCGOOAGGAGCAGTTCAATTCCACCTACCGOGOGTGOTAT
CTGTGCTGACCGTOGCTGUACCAGGACTGOCTGAACGGUAAAGAATACAAG
TGTAAGGTCTCCAACAAGGGCCTGCCCTCCTCCATCGAGAAAACCATCIC
CAAGGCCAAGGOGUCAGCCTAGGGAGCCTCAGGTGTACACCCTGCUTCCTA
GCCAGGAAGAGATGACCAAGAACCAGGTGTCCCTGACCTOGTCTGGTGAAG
GGCTTCTACCCTTCCGACATCGCOGTGOAGTGGOAGTCCAACGGCCAGCC
TGAGAACAACTACAAGACCACCCOCTCCTGTGCTGGACTCCGACGGUTCCY
TCTTCCTGTACTCCAGGCTGACCGTGGACAAGTCCCGGTGGCAGGAGGGC
AACGTCTTTTCCTGCTCCGTGATGUACGAGGUCCTGCACAACCACTACACC
CAGAAGTCCCTOTCCCTOTOCTCTGGOGUTGAAGCTT (SEQ ID NO:46;

HE2:

MGWSCHLFLVATATOGVHSEVOLKESGPGLVAPGGSLSITCTVSGFSLE
DYGVNWIRQPPGKGLEWLGVIWGDGTTY YNAPLKGRLSISKDNSKSQVFLQ
MNSLKTDDTAMYYCARIVYWGOQGTLVTVSSASTRGPSVEPLAPCSRSTSEST
AALGCLVEDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSS
LOTKTYTONVDHKPSNTKVDKRVESKYGPPCPSCPAPEFLGGPSVFLFPPKPK
DTLMISRTPEVTCVVVDVSQEDPEVOFNWY VDGVEVHNAKTKPREEQFNST
YRVVSVLTVLHODWILNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTL
PPSQEEMTENQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSF
FLYSRLTVDKSRWOQEGNVFSCSYMHEALHNHY TQRKSLSLSLG (SEQ ID
NO:4T)

GCTAGCACCATOGOGCTGGAGCTGCATCATCCTGTTCCTGGTGGOCA
CCGCCACCOGCOTGUACAGCGAGGTGCAGCTGAAGGAGAGCGGCCCCGG
CCTGUTGGCCCCCGGUGLGCAGCCTGAGCATCACCTGUACCGTGAGCGGUT
TCAGCCTGATCGACTACGLGCGTGAACTGGATCCGCCAGUCCCCUGGUAAG
GGCCTGOAGTGGCTGGGCGTGATCTGOGGGCGACGGUACCACCTACTACAA
CGOCCCCCTGAAGGGCCGUCTGAGCATCAGCAAGGACAATCAGCAAGAGC
CAGGTOTTCCTOCAGATGAACAGCUTGAAGACCGACGACACCOGCCATGTA
CTACTGUGCCCGCATCGTGTACTGGGGCCAGGGCACCCTGHGTGACCGTGA
GCAGCGCCAGCACCAAGGGUCCTTCCGTOGTTCCCTCTGOGCCCOTTGOUTCCC
GGTCCACCTCCGAGTCCACCGCCOOTCTGOGCTOCCTGGTGAAGGACTALC
TTCCCTOAGCCTOTGACCGTGTCCTGGAACTCTGOUGCCCTGACCTCCOGGO
GTGCACACCTTCCCTGCCGTGCTGCAGTCCTCCGGCCTGTACTCCCTGTCC
TCCGTOGOGTOGACCOGTGCCTTCCTCCTCCCTGOGCACCAAGACCTACACCTGTY
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AACGTGGACCACAAGCUTTCCAACACCAAGOGTOGUGACAAGCGGGTOGAGT
CCAAGTACGGCCCTCCTTGCCCTTCCTGCCCTGUCCCTGAGTTCCTGOGGOG
JACCTAGCGTGTTCCTOGTTCCCTCCTAAGUCTAAGGACACCCTGATGATCT
CCCGGACCUCCTOQAGGTOGACCTOTGTGGTGUGTOGOGACGTGTCCCAGGAGGAC
CCTGAGOTCCAGTTCAACTOGGTACGTGGACGGUGTGGAGGTGUACAACGC
CAAGACCAAGUCTCGGGAGGAGUAGTTCAATTCCACCTACCGGGTGOTGT
CTQTGCTCGACCGTGCTGCACCAGUGACTOGCTCAACGGLAAAGAATACAAG
TOTAAGOTCTCCAACAAGGGCCTGCCCTCCTCCATCGAGAAAACCATCTC
CAAGGUCAAGOGGCCAGCCTAGGCGAGCCTCAGGTOTACACCCTGCCTCCTA
GCCAGGAAGAGATGACCAAGAACCAGGTGTCCCTGACOTOGTCTGGTGAAG
GGUTTCTACCOCTTCCGACATCGUCGTGGAGTGGGAGTCCAACGGCCAGCEC
TOAGAACAACTACAAGACCACCCOTCCTOTGUTGGACTCCGACGGUTCCT
TCTTCCTGTACTCCAGGUTGACCGTGGACAAGTCCCGHTGOGCAGGAGHGO
AACGTCTTITCCTGCTCCGTGATGCACGAGGCCCTGUACAACCACTACALCC
CAGAAGTCCCTGTCCCTGTCTCTGGGUTGAAGCTT (SEQ 1D NO:48)

EXAMPLE 16: HUMANIZATION BASED ON MOLECULAR DYNAMIC
TRAJECTORIES

(003921 The Vi, and Vy sequences of 16D7 were blasted in the protein
data base (PDB) (Berman et al., Nucleic Aaids Research, 2000, 28 :235-242} and the
closest homologues for the variable hight chain are IMHS, IMIF and 1M (3 Mol
Biol 332:423-433, 2003), with equivalent similarity scores. 1MIU was retained as a
template becanse of high accuracy of the crystal stracture, which had been determined
up to 1.22 A resolution. The closest homologne for the heavy chain was found to be
TENS {Nat Stract Biol 7:881-884, 2000). The stroctures, TMIL and TENS, were used

to build up a homology medel of the varable domamns which was subsequently

energy minimized using standard procedures.
(003931 A molecular dynamic (MD) stmulation of the 3D homology

nmodel of 16D7 was subsequently performed for 1.1 nanosecond {os) in Generalized
Born implicit solvent {see Gallicchio & Levy, J Comput Chem 2004, 25:479-499},
The MD simulation starts by an initialization of the velocities from a Ganssian
distritngtion at 300 K, followed by an equilibration period of 200 picoseconds (ps).
Dring the MD simalation, all bonds are constrained using the SHAKE algorithm {see
Barth. et al., J Comp Chem, 1995, 16:1192-1209), the time step was | foamtosecond

(fs), and the simulation, based on the Verlet inmtegration algorithm, was run in the
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canontcal NVT {oumber of particles, volume and temperature} ensemble at a
temperature of 300 K. This simulation is done with harmonic constramts apphied to
the backbone atoms. Ten diverse conformations ave exiracted, one every 100 ps,
during the last I ns of this first simulation.

00394} These 10 diverse conformations are then used as 10 diverse
starting points to run 16 molecular dynamic sunulations, without constramnts on the
backbone, at a 300 K temperature for 2.3 ns i Generalized Borm implicit solvent.
Each MD simulation starts by an initialization of the velocities from a Gaussian
distribution at 298,15 K, followed by an equilibration period of 300 ps. All bonds are
constrained using the SHAKE algonithm {(see Barth. et al, I Comp Chem, 1995,
16:1192-1209), the time step was 1 fs, and the simulation, based on the Verlet
mtegration algorithm, was run in the canonical NVT (number of particles, volume and
temperature)} ensemble at a temperature of 29815 K. During the production period,
2,000 snapshots were then stored, one every 1 ps. The Scientific Vector Language
{SVL}, available within the MOE molecular modeling environment, (Molecular
Operating Environment (MOE), Chemical Computing Group, Quebee, Canada) was
used to code the following post-treatment protocol.

003951 First, each snapshot. N, was optimally superposed onto is
predecessor, the snapshot N~ to discard the overall rotational and translational
mations which occur daring the MD modeling and calculation.  The saperposition
was obtained by minimizing the Root Mean Square Distance (RMSD) between all
pairs of corresponding atoms from the two snapshots. Only the heavy atoms of the
antibody backboune were considered in the superposition operation.  Using the same
superposition method, each snapshot then was superposed onto the medoid snapshot.
The medoid snapshot 1s the antibody conformation with the Cartesian coordinates the
closest from the average coordinates of all conformations, For each of the 10 MD
simulations, the ast 2,000 conformations are used to quantify, for each amino acid of
the murine antibody, the deviation of the atomic positions with respect to a medoid
conformation of the amino-acid. For each of the antibody residue 1, the RMSD

between the hegvy atoms of the conformation j and a medoid reference conformation
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A k3
kK were calculated. The RMSD has the following formula: Rﬂ-ﬁllj:\f««;;«« , with

dy defined as the Euclidean distance expressed in Angstroms (A) between the heavy
atom 1 of the residue j and its counterpart of the medoid reference conformation k.
For the pair wise association of heavy atoms 1, the symmetry of the side chain heavy
atoms for the amine acids, Asp, Leu, Val, Glu, Arg, Phe and Tyvr, also was
considerad.  The reference conformation k varies from one residue to another, and
corresponds to the medoid conformation k with the closest Euclidean distance to the
average coordinates of all conformations of the studied residue 1.

00396} The humanizing mutations are found by determining which
buman antibody germ fine 1s the most sumilar to the murine antibody i terms of their
most flexable amino acids. To do so, the motions of the 60 most flexible gmino acids
of the murine antibody, durmg the 20 ns (10 x 2 ns) of molecular dynamic sinulation,
are compared to the motions of the corresponding amino acids of 49 homology
models of human antibody germ lines, for each of which 10 molecular dynamic
simulations bave been run using the same protocol. The 49 3D homology models of
homan antibody germ hnes were built by systematically combining the 7 most
frequent human light chain (w1, w2, w3, vied, VAL, vA2, i3} and the 7 most
frequent heavy chains (vhia, viilb, vh2, vi3, vhd, viS, vhé) (Nucleic Acids Research,
2008, Vol. 33, Database issae D393-33597),

003971 The 60 most flexible amino gcids exclude any gnuno acid in the
CDR, and its immediate vicinity, t.e. amino acid with an o carbon at a distance of less
than 5 A to any o carbon of CDR amino acids as seen in the 3D homology model.

(00398} The flexthility s quantified by comparing the RMSD (Fi) of ¢
given amino acid (1) to its medoid conformation as defined previously, averaged over
10 molecular dynamic simulations, to the RMSD (Fm) of all amino acids of the
murine antibody, averaged over the same 10 molecalar dyvnamic simulations.  An

amino acid 1§ considered flexible encugh to potentially interact with the T-cell

129
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receptors, and trigger an immune-response, 1f the Hexibility score 7, defined as 24y =
{Fi ~ Fm)YFm, is above 0.15.

{00399} Using this molecular dynamic averaged flexibility estimation
protocel, 23 amino acids have been considerad as flexible in the variable region of the
murine 16D7 antibody, excluding the CDR region and its immediate vicinity thereof

H00400} The set of flexible vesidues for the light cham include the
following residues (sequential numbering): R16, E17, R44, G46, Q47, S48, R79, R&2,
ER4, ER6, and E110; and for the heavy chain include the following residaes: K5, P41,
G42, K43, Ke4, R70, D72, N73, 8§74, Q75, Q86, and Q103

(00401} The quadridimensional sinnfarity of the murine antibody to the
49 human germ line homology models is quantified by sampling the positions of
specific atoms of the 60 tlextble anuno acids, using all preosecond snapshots of the 10
molecular dynanuic simuolations, by means of a umique tridimensional cobic grid. This
grid has a | A resolution. The tridimensional grid is made of 445740 points and has
been mutialized using the tridimensional structure of a human  antibody
crystatlographic model based on antibody, 8FAB (Biochem 30:3739-3748, 1991).
The SFAB model s also used to position all picosecond snapshot conformations of an
antibody which are sampled in the tridunensional grid. For this purpose, the medoid
conformation of the wolecular dynamic of the antibody is superposed onto the SFAB
madel. This superposition consists of aligning the moments of wertia of the 2
models, followed by the minimization of the scalar distances between the « carbons of
both models. All the remaining conformations of the molecolar dynamic simulation
are superposed onto the medoid conformation using the same method.

F0046021 Two types of sampling are done which result in two similarities
{electrostatic simudarity and lpophilic similarity), for a pair of antibodies being
compared. These two similarities are then added to obtain the total sinularity. The
electrostatic sampling considers all atoms of the aming acid side cham. The value
one point, x, of the grid 1s obtained by applying a tridimensional Gaossian Tunction
f{x} weighted with the atomic partial charge as described in the Amber99 torce field

{Cieplak et al.; 1. Comp. Chem, 2001, 22 :1048-1057). The f{x) function is gpplied on
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the 3 Cartestan coordinate  axis using  the  followmg  formula:
7 . ..“{\ w1 }.. . - it
F{x)y= ( N2, \mpi\w} . x and u being, respectively, the Carlesian

coordinates of a grid point and a sampled amine-acid atom, and s+ /1.6 & =
covalence radius of the atom). The sampling is repeated for all conformations of the
amino acid and the obtained results are averaged at all pomts of the tnidimensional
grid. The lipophihic sampling considers only the lipophilic atoms of the amino acid
stde-chain. The value at one point of the grid s calculated with the same Gaussian
function §x)} without weighting.  As a result, the two ensembles of picosecond
snapshot conformations from the wmolecolar dynamic simulations, of the two
antibodies being compared are sampled by the same tridimensional gnd. The
clectrostatic similarity  (sim-glec), between antibody a and antibody b, can be

45T ¢ A

calcolated with the followmg formula: sim — elec = S . The

$AFTE . }
> o]

iy

Hpophilic stnularity 15 caleulated with the same formula applied to the data generated
by the lipophilic sampling previously described.

(004031 The human germ hne model vA2-vhd displays the highest
quadridimensional simularity (total similarity = 530%) of its 60 most flexible amine
acids with respect to the 60 most flexible amino acids of the murine antibody 16D7.
The human germ hne model vAZ-vhd has thus been used to replace the muwine
antibody 1607 flexible residues. Beforehand, the amine acids of the two sequences
were aligned according to the optimal superposition of the o carbons of the
corresponding 31 homology models.  Upwanted motifs were searched for i the
resufting humanized sequences using a blast search, as previowsly described
paragraph 41 above. In addition, known B-cell or T-cell epitopes were searched for in
the resulting humanized sequences using the IEDB database as described in paragraph
44, supra.

(00404} The best sequence match in the IEDB for the light chain (LC7)
was POGKAPQLLIYRMSNL (SEQ ID NO:52), which covers CDR2. The sequence
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exhibits 73% sequence wdentity with the peptide PGKAPKLLIYAASSL (SEQ ID
NQ:53) which shows binding to HLA-DRB1 0404* but has not been demonstrated to
be immunogenic in man {J Immunol (1995) 155, 5655,

(00405} The best match in the IEDB for the beavy chain (HC4 and
HCS) was SLIDYGVNWIRQPPG (SEQ ID NO:54) which covers CDRI but has
significant residue difference as typified by a 40% sequence wdentity obtained from a
BLAST search within the IEDB database.

00406} Two versions for the heavy cham (HC4 & HCS) and one
version for the light chain (LC7) were obtained. Both versions of the heavy chain are
dertved from the human germ line model vAZ-vhd. HCS 13 a variant of HC4 with an
additional mutation to address a potential problematic residue: one potential
dearmdation site where the asparagine, NG, is changed into a proline residue,

00407} Mutations introduced through the bumanization of the variable
chains are in lowercase and underlined and CDR's are underlimed. The constant

domams are not included.

LCT:

DIVMTOAAPSVAVTPegSVSISCRSSKSLLHSSGKTY LY WFLOhPGEaPQ
LLIYRMSNLASGVPDRFSGSGSGTAFTLUSgVaAEDVGVY YCMOHLEYP
YTFGGGTKLEIK (SEQ ID NO:55)

HC4:;

QVOQLGESGPGLVAPSQSLIITCTVSGESLIDYGVNWIRQP
POGKGLEWLOGVIWGDGOTTY YNSALKSRLSIsKIMSKSOVEFLKMNSLITDDT
AMYYCARIVYWGOGTLVTVSAAK (SEQ 1D NO:S6)

HCS:

QVOLGESGPGLVAPSQSLATCTVSGESLIDY GVNWIRQP
POKGLEWLGYIWGDGTTY YpSALKSRLSISKDISKSQVFLKMNSLTDDT
AMYYCARIVYWGQGTLVTVSAAK (SEQ 1D NO:ST)
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GLULT GILN
ARG HIS

GLN4T LYS
SER4S ALA
ARGTO THR
ARGEZ GLY
GLUSY L]

LYSS A
ASNGO ASN PRO
ARGT0 SER SER

ASNT3 THR THR

ENAMPLE 17: PHARMACOKINETICS

00408} The study is conducted with a snitable number of animals, (for
example, 4 1 a stody, 2 for single dose and 2 for repeat dose, 5 doses weekly)
healthy, purpose-bred male Cynomolgus monkeys weighing between 2.0 and 5.4 kg
and ranging from 2 to 7 years of age. The animals can be allocated to two treatment
groups, one receiving control 1gG4 antibodies and one gronp receiving homanized
16D7. Monkeys in each group are adminmstered a single intravenous bolus dose for
example, 2.5-10 mg'kg in a dose volume of 2-3 mL/kg, or 5 weekly doses, 1.v. Blood
samples are collected at various time points after each dose administration and
processed to plasma.  The plasma samples are analyzed for concentration of total

Ig(G4 and CXCRS mAbs using an ELISA.

el
]
[N
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EXAMPLE 18: COMPARATIVE STUDIES

(00409 Some of the mstant antibodies were compared to commercially
available antibodies in side-by-side experiments. MABI00, available rom R & D
Systems, is a mouse mAb. RF82B s a rat anti-lngman CXCRS available from BD.
Clone 2C1 is a mouse mAb with a GST tag available from Abnova. The various
humanized antibodies described herein were isotyped using reagents and methods
known in the art. For exanple, those taught herein bave a x light chain, many are
Ig(51, while 46C9, 68D3 and H28 {gG2a. Most of the antibodies bind to the amino
terminal end of CXCRS, and several of the antibodies compete with each other for

binding to the same epitope or region..

(004107 The BD antibody binds poorly to human PBMCs.
100411} While the antibodies generally did not bind o cynomelgus

cells, 14C9, 19HS, H2B, 54606, 36HO6 and 7987 of the mstant invention did.
00412} 16D7 was found to be of higher affinity, at least 10-fold, than

the commercial antibodies, and bas an oft rate 100 times better than the other

antibodies.
EXAMPLE 19: SCALE-UP
(004131 Each monoclonal antibody variant was produced in suspension-

a1

cultivated HEK293 FS  cells by transient transfection of two expression plasmids
encoding the heavy or the light chain complexed with 293fectin’ (Invitrogen).
Secreted proteins were harvested eight days posttransfection and centrifuged.
Proteins were purified by affimty clromatography on Protein & (ProSepvA,
Millipore)} after elution from the column with 23 mM citrate pH 3, 815 M Na(l
buffer. The monoclonal antibodies were formulated in PBS and 0.22 um filtered.
Protein concentration was determined by measorement of absorbance at 280 nm.
Each batch was analvzed by SDS-PAGE {(Nupage Bistris/ MES-SDS 10%) under
reducing and non-reducing conditions to determine the purity and the molecalar

weight of each subunit and of the monomer. Each protein lot was also analyzed by
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gel filtration (Tricorn 10300 GL. Superdex 200) to determine the homogeneity of the
meanomer and the presence of high molecular weight species.

{00414} From 240 mlb cultures, a total of 30 to 40 mg of eight 16D7
vartant monoclonal antibodies was available and of appropriate quality for subsequent
in vitro and in vivo tests.

(004157 Those skilled mn the art will recognize, or be able to ascertain
using no more than routine experimentation, many equivalents to the specific

embodiments of the invention described herein. Such equivalents are intended to be

encompassed by the following claims.



CLAIMS

1. An isolated antibody or fragment thereof that specifically binds to the extracellular
domain of human CXCRS5, wherein the antibody or fragment thereof comprises a light chain
variable domain comprising the amino acid sequence of SEQ ID NO: 11 and a heavy chain
variable domain comprising the amino acid sequence of SEQ ID NO: 12.

2. An isolated antibody or fragment thereof that specifically binds to the extracellular
domain of human CXCRS5, wherein the antibody or fragment thereof comprises the amino acid
sequences of RSSKSLLHSSGKTYLY, RMSNLAS, MQHLEYPYT, GFSLIDYGVN,
VIWGDGTTY, and IVY.

3. An isolated antibody or fragment thereof that specifically binds to the extracellular
domain of human CXCRS5, wherein the antibody or fragment thereof comprises a light chain
variable domain comprising the amino acid sequence of SEQ ID NO: 13, SEQ ID NO: 14, or
SEQ ID NO: 15 and a heavy chain variable domain comprising the amino acid sequence of
SEQ ID NO: 16.

4, An isolated antibody or fragment thereof that specifically binds to the extracellular
domain of human CXCRS5, wherein the antibody or fragment thereof comprises:

@ the amino acid sequences of RSSKSLLHSSGKTYLY, RLSNLAS, and
MQHLEYPYT, or the amino acid sequences of RSSKSLLHSSGKTYLY, RLSSNLAS,
and MQHLEYPYT; and

(b) the amino acid sequences of GFSLIDYGVN, VIWGDGTTY, and IVY.

5. An isolated antibody or fragment thereof that specifically binds to the extracellular

domain of human CXCRb5, wherein the antibody or fragment thereof
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comprises variable light chain (V) comprising the amino acid sequence of SEQ ID NO: 17, SEQ
ID NO: 19, or SEQ ID NO: 21 and a variable heavy chain (Vy) comprising the amino acid
sequence of SEQ ID NO: 23.

6. An isolated antibody or fragment thereof that specifically binds to the extracellular
domain of human CXCRS5, wherein the antibody or fragment thereof comprises a light chain
variable domain comprising the amino acid sequence of SEQ ID NO: 28 and a heavy chain
variable domain comprising the amino acid sequence of SEQ ID NO: 29.

7. An isolated antibody or fragment thereof that specifically binds to the extracellular
domain of human CXCRS5, wherein the antibody or fragment thereof comprises a variable light
chain comprising the amino acid sequence of SEQ ID NO: 30, SEQ ID NO: 31, or SEQ ID NO:
32, and a variable heavy chain comprising the amino acid sequence of SEQ ID NO: 33 or SEQ
ID NO: 34.

8. The isolated antibody or fragment thereof of claim 7, wherein the antibody or fragment
thereof comprises a variable light chain comprising the amino acid sequence of SEQ ID NO: 32,

and a variable heavy chain comprising the amino acid sequence of SEQ ID NO: 33.

9. An isolated antibody or fragment thereof that specifically binds to the extracellular
domain of human CXCR5, wherein the antibody or fragment thereof comprises:

(a) the amino acid sequences of RSSKSLLHSSGKTYLY, RMSNLA MQHLEYPYT;
the amino acid sequences of RSSKSLLHSSGKTYLY, RLSNLA, and MQHLEYPYT; or the
amino acid sequences of RSSKSLLHSSGKTYLY, RLSSLA, and MQHLEYPYT; and

(b) the amino acid sequences of GFSLIDYGVN, VIWGDGTTY, and IVY.
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10. The isolated antibody or fragment thereof of claim 9, wherein the antibody or fragment
thereof comprises the amino acid sequences of RSSKSLLHSSGKTYLY, RLSSLA,
MQHLEYPYT, GFSLIDYGVN, VIWGDGTTY, and IVY.

11. An isolated antibody or fragment thereof that specifically binds to the extracellular
domain of human CXCRS5, wherein the antibody or fragment thereof comprises a variable light
chain comprising the amino acid sequence of SEQ ID NO: 35, and a variable heavy chain
comprising the amino acid sequence of SEQ ID NO: 37.

12. An isolated antibody or fragment thereof that specifically binds to the extracellular
domain of human CXCRS5, wherein the antibody or fragment thereof comprises a variable light
chain comprising the amino acid sequence of SEQ ID NO: 39, SEQ ID NO: 41, or SEQ ID NO:
43, and a variable heavy chain comprising the amino acid sequence of SEQ ID NO: 45 or SEQ
ID NO: 47.

13. An isolated antibody or fragment thereof that specifically binds to the extracellular
domain of human CXCR5, wherein the antibody or fragment thereof comprises a variable light
chain comprising the amino acid sequence of SEQ ID NO: 55, and a variable heavy chain
comprising the amino acid sequence of SEQ ID NO: 56 or SEQ ID NO: 57.

14. An isolated antibody or fragment thereof that specifically binds to the extracellular
domain of human CXCRS5, wherein the antibody or fragment thereof comprises:

(@) the amino acid sequences of RSSKSLLHSSGKTYLYW, RMSNLA,
MQHLEYPYT; and

(b) the amino acid sequences of GFSLIDYGVN, VIWGDGTTY, and IVY.
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15. The antibody or fragment thereof of any one of claims 1-14, wherein the antibody or

fragment thereof comprises one or more constant region domains.

16. The antibody or fragment thereof of any one of claims 1-14, wherein the antibody or
fragment thereof comprises the constant domains Cy1, Cy2, Cpz, CL Or combinations thereof.

17. The antibody or fragment thereof of claim 15, wherein the one or more constant region
domains are from an IgG antibody.

18. The antibody or fragment thereof of claim 17, wherein the IgG antibody is an IgG4
antibody.

19. The antibody or fragment thereof of any one of claims 1-14, wherein the antibody or

fragment thereof is a single chain Fv antibody.

20. A pharmaceutical composition comprising a pharmaceutically acceptable carrier and a

therapeutically effective amount of the antibody or fragment thereof of any one of claims 1-19.

21. Use of a CXCR5 antagonist in the manufacture of a medicament for the treatment of a
CXCR5-related disease, wherein the CXCR5 antagonist comprises the antibody or fragment

thereof of any one of claims 1-19.

22. Use of claim 21, wherein the CXCR5-related disease is pancreatic cancer, colon cancer,
bladder cancer, T cell leukemia, B cell leukemia, lupus, Sjoren's Syndrome, myasthenia gravis,
multiple sclerosis, ulcerative colitis, rheumatoid arthritis, psoriatic arthritis, chronic inflammatory

diseases, or grafts undergoing rejection.

23. Use of claim 21, wherein the CXCR5-related disease is rheumatoid arthritis.
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24, An isolated nucleic add molecule encoding the antibody or fragment thereof of any one

of claims 1-14.

25. A vector comprising the nucleic acid molecule of claim 24.

26. An isolated host cell comprising the vector of claim 25.
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