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NOVEL RABBIT ANTIBODY HUMANIZATION
METHODS AND HUMANIZED RABBIT ANTIBODIES

BACKGROUND OF THE INVENTION

Related Applications

{0001] This application relates to and claims priority to provisional application US Senal

No. 60/924,550 and 60/924,551 and utihty patent application US Serial No.
11/802,235 each of which was filed on May 21, 2007, and the contents of which are
incorporated by reference in their entireties herein. In addition, this application

claims priority to and incorporates by reference in its entirety PCT applications filed

on May 21, 2008 entitled “IL-6 antibodies and Use Thereof’” and TNF-Alpha
Antibodies™ and which PCT applications were filed under Attorney Docket Numbers

07858-701902 and 67858-701802.

Field of the Invention

[0002] This invention provides a novel and tmproved amino acid sequence-and

homology-based method for modifying (humanizing) rabbit antibody amino acid
vartable heavy and light chain polypeptide sequences or antibodies [rom closely
related species such as other lagomorphs. The resulting modified antibody sequences
are less or non-immunogenic in humans relative to the parent antibody, ¢.g., rabbit
anttbody and retain the same or substantially the same antigen hinding affimty
relative to the parent antibody from which the modified (humanized) antibody

sequences are derived.

[0003] The invention further provides humanized variable light and variable heavy

chains denved from rabbit antibodies which are produced by such methods. As

shown mfra, the methods of the object invention reproducibly yield humanized
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antibodies that retain the antigenic specificity and affinity of the original rabbit
antibodies. The inventive procedure in general relies on transferring specific amino
acid residues (“selectivity determining residues”) contained m rabbit antibody
complementarity determining regions (CDRs) from rabbit antibodies onto

homologous human antibody vanable heavy and light chain polypeptide sequences.

[0004] This invention 1in more specific embodiments exemplifies humanized antibodies
and humanized antibody fragments and variants thereof having binding specificity to
interleukin-6 (IL-6) or tumor necrosis factor alpha (hereinafler “TNF-alpha”™) which
were produced using the novel humanization protocols provided herein. However, 1t
should be understood that the novel humanization protocols provided herem are
applicable to the humanization of rabbit or other lagomorph derived antibodies that
specifically bind to any desired antigen. This includes by way of example antibodies
specific to antigens from infectious agents (viruses, bacteria, fungi, parasites and the
like), allergens, human antigens such as enzymes, hormones, autoantigens, growth
factors, cytokines, receptors, receptor ligands, immunoregulatory and

immunomodulatory molecules, et al.

[0005] The invention also pertains to methods of using humanized antibody and antibody
fragments produced according to the invention as therapeutics and for diagnostic
purposes such as for in vitro and in vivo screening assays for detecting diseases and
disorders associated with such antigens. For example this includes in vivo imaging
screening methods using antibodies to IL-6 or TNF-alpha and methods of treating
diseases or disorders associated with TNF-alpha or IL-6 by administering said

humanized antibodies or fragments thereof.
Description of Related Art

[0006] Antibodies play a vital role in our immune responses. They can inactivate viruses

and bacterial toxins, and are essential in recruiting the complement system and

various types of white blood cells to kill invading microorganisms and large parasites.
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Antibodies are synthesized exclusively by B lymphocytes, and are produced in

millions of forms, each with a different amino acid sequence and a different binding
sitc for an antigen. Antibodics, collectively called immunoglobulins (Ig), are among
the most abundant protein components in the blood. Alberts et al., Molecular Biology
of the Cell, 2nd ed., 1989, Garland Publishing, Inc.

[0007] A typical antibody is a Y-shaped molecule with two identical heavy (H) chains
(each containing about 440 amino acids) and two identical light (L) chains (cach
containing about 220 amino acids). The four chains are held together by a
combination of noncovalent and covalent (disulfide) bonds. The proteolytic enzymes,
such as papain and pepsin, can split an antibody molecule into different characteristic
fragments. Papain produces two separate and identical Fab fragments, each with one

antigen-binding site, and one Fc fragment. Pepsin produces one F(ab’); fragment.
Alberts et al., Molecular Biology of the Cell, 2nd ed., 1989, Garland Publishing, Inc.

[0008] Both L and H chains have a variable sequence at their amino-terminal ends but a
constant sequence at their carboxyl-terminal ends. The L chains have a constant
region about 110 amino acids long and a variable region of the same size. The H
chains also have a variable rcgion about 110 amino acids long, but the constant region
of the H chains is about 330 or 440 amino acid long, depending on the class of the H
chain, Alberts et al.,, Molecular Biology of the Cell, 2nd ed., 1989, Garland
Publishing, Inc. at pp 1019.

[0009] Only part of the variable region participates directly in the binding of antigen.
Studies have shown that the variability in the variable regions of both L and H chains
is for the most part restricted to three small hypervariable regions (also called
complementarity-determining regions, or CDRs) in each chain. The remaining parts
of the variable region, known as framework regions (FR), are relatively constant.
Alberts et al., Molecular Biology of the Cell, 2nd ed., 1989, Garland Publishing, Inc.
at pp 1019-1020.
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[00010] Natural immunogiobulins have been used in assays, diagnosis and, to a more
limited extent, therapy. However, such uses, especially in therapy, have been
hindered by the polyclonal nature of natural immunoglobulins. The advent of
monoclonal antibodies of defined specificity increased the opportunities for
therapeutic use. However, most monoclonal antibodies are produced following
immunization of a rodent host animal with the target protein, and subsequent fusion
of a rodent spleen cell producing the antibody of interest with a rodent myeloma cell.
They are, thcrefore, essentially rodent proteins and as such are naturally
immunogenic in humans, frequently giving rise to an undesirable immune response
termed the HAMA (Human Anti-Mouse Antibody) response.

[00011] Many groups have devised techniques to decrease the immunogenicity of
therapeutic antibodies. Traditionally, a human template is selected by the degree of
homology to the donor antibody, 1.e., the most homologous human antibody to the
non-human antibady in the varniable region is used as the template for humamization.
The rationale 15 that the [ramework sequences serve to hold the CDRs 1n their correct
spatial onentation for interaction with an antigen, and that framework residues can
sometimes even participate in antigen binding. Thus, if the selected human
framework sequences are most similar to the sequences of the donor frameworks, it
will maximize the likelthood that affinity will be retained in the humanized antibody.
Winter (EP No. 0239400), for instance, proposed generating a humanized antibody by
site-directed mutagenesis using long oligonucleotides in order to graft three
complementarity determining regions (CDR1, CDR2 and CDR3) from each of the
heavy and light chain variable regions. Although this approach has been shown to
work, it limits the possibility of selecting the best human template supporting the
donor CDRs.

[00012] Although a humanized antibody is less immunogenic than its natural or
chimeric counterpart in a human, many groups find that a CDR grafied humanized

antibody may demonstrate a significantly decreased binding affinity (e.g., Riechmann
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et al., 1988, Nature 3 32:323-327). For instance, Reichmann and colleagues found
that transfer of the CDR regions alone was not sufficient to provide satisfactory
antigen binding activity in the CDR-grafted product, and that it was also necessary to
convert a serine residue at position 27 of the human sequence to the corresponding rat
phenylalanine residue. These results indicated that changes to residues of the human
sequence outside the CDR regions may be necessary to obtain effective antigen
binding activity. Even so, the binding affinity was still significantly less than that of

the original monoclonal antibody.

[00013] For example, Queen et al (U.S. Pat. No. 5,530,101) described the preparation
of a humanized antibody that binds to the interleukin-2 receptor, by combining the
CDRs of a murine monoclonal (anti-Tac MAb) with human immunoglobulin
framework and constant regions. The human framework regions were chosen to
maximize homology with the anti-Tac MAb sequence. In addition, computer
modeling was used to identify framework amino acid residues which were likely to
interact with the CDRs or antigen, and mouse amino acids were used at thesc
positions 1n the humanized antibody. The humanized anti-Tac antibody obtained was
reported to have an affinity for the interleukin-2 receptor (p55) of 3x 107 M, which
was still only about one-third of that of the murine MAb.

[00014] Other groups identified further positions within the framework of the variable
regions (i.e., outside the CDRs and structural loops of the variable regions) at which
the amino acid identities of the residues may contributc to obtaining CDR-grafted
products with satisfactory binding affinity. See, e.g., U.S. Pat. Nos. 6,054,297 and
3,929,212, Still, it is impossible to know beforehand how effective a particular CDR

grafting arrangement will be for any given antibody of interest.

[00015] Leung (U.S. patent application Publication No. US 2003/0040606) describes a
framework patching approach, in which the variable region of the immunoglobulin is
compartmentalized into FR1, CDR1, FR2, CDR2, FR3, CDR3 and FR4, and the

individual FR scquence is selected by the best homology between the non-human
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antibody and the human antibody template. This approach, however, i1s labor

intensive, and the optimal framework regions may not be easily identified.

100016] As more therapeutic antibodies are being developed and are holding more
promising results, it 1s important to be able to reduce or eliminate the body's immune
response elicited by the administered antibody. Thus, new approaches allowing
efficient and rapid engineering of antibodies to be human-like, and/or allowing a

reduction in labor to humanize an antibody provide great benefits and medical value.

{00017} Citation or discussion of a reference herein shall not be construed as an

admission that such is prior art to the present invention.

SUMMARY OF THE INVENTION

[00018] The invention is based, in part, on a new humanization strategy for producing
humamzed variable heavy and/or light regions and humanized antibodies or antibody
fragments containing such humanized variable heavy and light regions derived from
rabbit or other lagomorph antibodies. Preferably these rabbit or other lagomorph
derived antibodies which are used for humanization arc derived from a clonal B cell

population obtained from immunized rabbits.

[00019f More specifically, the present invention provides a novel humanization
strategy for the humanization of antibody variable light chains derived from rabbit or
another lagomorph antibodies that relies on the selection of appropriate homologous
human light chain variable sequences and the retention of specific selectivity
determining residues contained in the rabbit light chain CDRs as part of the

humanization strategy.

[00020] “Selectivity determining residues™ are defined in more detail infra but
essentially correspond to specific amino acid residues which are contained in the
rabbit CDR regions which based on their structure and/or chemical propertics

compared 1o a corresponding amino acid residue contained in a human germline CDR
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used for deriving the humanized antibody are believed to have a significant effect on

antigen recognition and/or antigen binding.

(00021} Also more specifically the present invention provides a novel strategy for
humanization of antibody variable heavy chains derived from rabbit or another
lagomorph antibodies that relies on the selection of appropriate homologous heavy

chain variable sequences and the retention of specific selectivity determining residues

as part of the humanization strategy.

[00022] Also more specifically, the present invention provides novel humanization
strategics for producing humanized antibodies and antibody fragments comprising
humamzed variable heavy and/or light chains which ar¢ derived from rabbit or

another lagomorph antibody variable heavy and light chain polypeptides.

[00023] Even more specifically, the invention provides a humanization strategy for
producing a humanized light chain antibody sequence derived from a lagomorph

(rabbit) light chain antibody sequence comprising the following steps:

(1) obtaining a rabbit light chain antibody sequence from a rabbit antibody that
specifically binds to a desired antigen and identifying the amino residues spanning the

veginning of Framework 1 (FR1) to the end of Framework 3 (FR3) inclusive;

(11) conducting a homology scarch using said rabbit light antibody amino acid
sequence spanmng the beginning of FR1 to the end of FR3 sequence against a library
containing human light chain antibody variable sequences and identifying a human
light chain antibody sequence that exhibits substantial sequence homology thereto,
1.e,, which preferably *possesses at least 80%-90% identity thereto and/or which
exhibits the most sequence identity at the amino acid level relative to other human

light chain antibody variable sequences in the library;

(i11) 1dentifying in both the rabbit and human light chain variable sequences the

arrangement and the specific residues thercof that correspond to FR1. FR2, FR3,
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CDR1, CDR2 regions and aligning these discrete regions in the rabbit and selected
human antibody hight chain ;

(iv)  constructing a DNA or amino acid scquence wherein at lcast the amino
acid residues in the CDR1 and CDR2 regions of the selected homologous human light
chain sequence that differ from the corresponding selectivity determining residues 1n
the rabbit light chain CDR1 and CDR2 are substituted with the corresponding
selectivity determining residues in the rabbit CDR1 and CDR2 regions;

(v)  further attaching to the DNA or amino acid sequence obtained by step (1v)
a DNA sequence encoding or polypeptide containing the corresponding amino acid

residues of the rabbit CDR3 light chain antibody sequence;

(vi)  further selecting a human light chain framework 4 region (FR4) that 1s
homologous to the FR4 contained in the rabbit light chain and which preferably

differs therefrom by at most 2-4 amino acid residues and attaching a DNA sequence

encoding said human FR4 or the corresponding amino residues of said human FR4

onto the DNA or amino acid sequence obtained after step (v); and

(vii) synthesizing a DNA or amino acid sequence encoding or containing the

humanized rabbit light chain sequence that results from steps (1) through (v2).

[00024] Also more specifically, the invention provides a humanization strategy for
producing a humanized heavy chain antibody sequence from a rabbit heavy chain

antibody sequence comprising the following steps:

(1) obtaining a rabbit heavy chain antibody sequence from an rabbit antibody that
specifically binds to a desired antigen and identifying the amino residues spanning the

beginning of Framework 1 (FR1) to the end of Framework 3 (FR3) inclusive;

(i1) conducting a homology scarch (c.g., by BLAST secarching of human germline

antibody sequence containing libraries) using said rabbit heavy anlibody amino acid



CA 02688829 2009-11-23

WO 2008/144757 PCT/US2008/064421

sequence spanming the beginning of FR1 to the end of FR3 sequence and 1dentifying a
human heavy chain antibody sequence that is homologous thereto, i.e. which
preferably possesses at least 80%-90% identical thereto at the amino acid level and/or
which exhibits the most sequence identity at the amino acid level relative to other

human heavy chain antihody variable sequences in the library;

(1) 1dentifying in both the rabbit and human heavy chain sequences the
arrangement of and the specific residues thereof that correspond to FR1, FR2, FR3,
CDR1, CDR2 regions and aligning these discrete regions of the rabbit against the

corresponding regions of the selected homologous human antibody heavy chain;

(1v) constructing a DNA or amino acid sequence wherein at least the amino acid
residues in the CDR1 and CDR2 regions of the selected homologous human heavy
chain sequehce which differ from the corresponding selectivity determining residues
in the rabbit heavy chain CDR1 and CDR2 regions are substituted by the
corresponding selectivity determining residues contained in the CDR1 and CDR2
regions of the rabbit heavy chain sequence and further optionally replacing the
terminal 1-3 amino acids of the human heavy FR1 region with the corresponding
terminal 1-3 amino acids of the rabbit heavy chain FR1; and/or optionally replacing
the terminal amino acid of the human heavy chain framework 2 region with the
corresponding termimal amino acid residue of the rabbit heavy chain framework 2
and/or optionally replacing the fourth amino acid from the terminus of the rabbit
heavy chain CDR2 (typically a tryptophan) with the corresponding human CDR2

residue (typically a serine);

(V) further attaching to the DNA or amino acid sequence obtained by step (iv)
a DNA sequence encoding or having the corresponding amino acid residues of the
rabbit heavy chain CDR3 which is contained in the sam6 rabbit heavy chain antibody
sequence; and which rabbit CDR3 is typically 5-19 amino acids in length (and
wherein said CDR3 typically precedes the residues WGXG and further wherein X is

typically Q or P);



CA 02688829 2009-11-23

WO 2008/144757 PCT/US2008/064421

(vi)  further selecting a human heavy chain framework 4 region (FR4) that is
homologous thereto (preferably differs from the FR4 contained in the humanmized
rabbit antibody heavy chain sequence by at most 4 amino acid residues) and attaching
a DNA sequence encoding said sclected homologous human FR4 or the
corresponding amino residues of said human FR4 onto the DNA or amino acid
sequence obtained after step (v) (frequently this human FR4 DNA or polypeptide
sequence will encode or comprise WGQGTLVTVSS); and

(vi1) synthesizing a DNA or amino acid sequence encoding or containing the

humanized rabbit heavy chain sequence that results from steps (i) through (vi).

[00025] Also more specifically, the invention provides a humanization strategy for
producing a humanized antibody or antibody fragment containing at least one
humanized light chain antibody sequence derived from a rabbit light chain antibody
sequence and/or at least one humanized heavy chain sequence derived from a rabbit
antibody hcavy chain wherein such humanized light and/or heavy chain sequences are

denved from rabbit heavy and light chains according to the following steps:

(1) obtaming a rabbit light chain antibody sequence from an rabbit antibody
specific to a desired antigen and identifying the amino residues spanning the

beginning of Framework 1 (FR1) to the end of Framework 3 (FR3) inclusive;

(11) conducting a homology search using said rabbit light antibody amino acid
sequence spanming the beginning of FR1 to the end of FR3 sequence against a library
containing human light chain antibody sequences and identifying a human light chain
antibody sequence that is homologous thereto, i.e., which preferably is at least 80%-
90% 1dentical thereto at the amino acid level and/or which exhibits the most sequence
identity at the amino acid level relative to other human light chain antibody variable

sequences in the library;

() identifying in both the rabbit and human light chain sequences the
arrangement of and the specific residucs thereof that correspond to FR1. FR2, FR3,

10
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CDR1, CDR2 regions and aligning these discrete regions of the rabbit light chain

with the corresponding regions of the selected homologous human light chain region;

(iv) constructing a DNA or amino acid sequence whercin at Icast thc amino acid
residues in the CDR1 and CDR2 regions of the selected homologous human hght
chain sequence which differ from the corresponding selectivity determining residues
in the rabbit variable light chain CDR1 and CDR2 regions are substituted by the
corresponding selectivity amino acid residues in the rabbit CDR1 and CDR2 regions

of the rabbit light chain sequence;

(v)  further attaching to the DNA or amino acid sequence obtained by step (1v)
a DNA sequence encoding or having the corresponding amino acid residues of CDR3
contained in the rabbit light chain antibody sequence;

(vi) further selecting a human light chain framework 4 region (FR4) that is
homologous to FR4 contained in said rabbit antibody light chain and which human
FR4 preferably differs from the FR4 of the rabbit antibody light chain sequence by at
most 2-4 amino acid residues and attaching a DNA sequence encoding said human
FR4 or the corresponding amino residues of said human FR4 onto the DNA or ammo

acid sequence obtained after step (v); and

(vii) synthesizing a DNA or amino acid sequence encoding or containing the
humanized rabbit light chain sequence that results from steps (i) through (vi),

and/or further producing a humanized heavy chain antibody sequence from a rabbit

heavy chain antibody sequence comprising the following steps:

(1) obtaining a rabbit heavy chain antibody sequence from an rabbit antibody
specific to a desired antigen and identifying the amino residues spanning the

beginning of Framework 1 (FR1) to the end of Framework 3 (FR3) inclusive;

11
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(i1) conducting a homology search e.g., by BLAST searching of human germline
antibody sequence containing libraries using said rabbit heavy antibody amino acid
sequence spanning the beginning of FR1 to the end of FR3 sequence and identifying a
human heavy chain antibody scqucnce that is at least 85%-90% identical thereto at
the amino acid level and/or which exhibits the most sequence identity at the amino

acid level relative to other human heavy chain antibody variable sequences contained

in the library;

(111) 1dentifying in both the rabbit and human heavy chain sequences the
arrangement of and the specific residues thereof that correspond to FR1, FR2, FR3,
CDRI1, CDR2 regions and aligning these discrete regions of the rabbit antibody

against the selected homologous human heavy chain;

(1v) constructing a DNA or amino acid sequence wherein at least the amino acid
residues contained in the CDR1 and CDR2 regions of the selected homologous
human heavy chain sequence which differ from the corresponding selectivity
determining residues in the rabbit variable heavy chain CDR1 and CDR2 regions are
substituted by the corresponding selectivity determining residues of the CDR1 and
CDR2 regions of the rabbit heavy chain sequence and/or optionally replacing the final
1-3 amino acids of thc human heavy FR1 region with the terminal 1-3 amino acids of
the rabbit heavy chain FR1; and/or optionally replacing the terminal amino acid of the
human heavy chain framework 2 region with the terminal amino acid residue of the

rabbit heavy cham framework 2; and/or further optionally replacing the fourth amino
acid from the terminus of the rabbit heavy chain CDR2 (typically a tryptophan) with

the corresponding human CDR2 residue (typically a serine);

(v)  fwrther attaching to the DNA or amino acid sequence obtained by step (1v)
a DNA sequence encoding or the corresponding amino acid residues of the rabbat
heavy chain CDR3 contained in the same rabbit heavy chain antibody sequence;
(which CDR3 is typically 5-19 amino acids in length) (and which CDR3 further
typically precedes WGXG);
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(vi) further selecting a human heavy chain framework 4 region (FR4) that 1s
homologous thereto (i.e., that preferably differs from the FR4 contained in the
humanized rabbit antibody heavy chain sequence by at most 2-4 amino acid restdues)
and attaching a DNA sequence encoding said selected homologous human FR4 or the
corresponding amino residues of said human FR4 onto the DNA or amino acid
sequence obtained after step (v) (typically the human FR4 DNA or polypeptide
sequence will encode or comprise WGQGTLVTVSS); and

(vii) synthesizing a DNA or amino acid sequence encoding or containing the
humanized rabbit heavy chain sequence that results from steps (1) through (vi);

and using said synthesized humanized heavy and light chain DNA or amino acid
sequences produced as set forth above to produce a humanized antibody or fragment
or DNA sequences encoding containing at least one humanized rabbit light chain

and/or at least one humanized rabbit heavy chain.

|00026] Also the invention provides novel and improved humanized antibody heavy
and light chains and antibodies comprising said humanized heavy and light chains
produced by the subject humanization methods and use theréof in therapy and
diagnostic methods.

[00027] In particular the invention provides humanized antibody light chains which
contain the following: (1) the amino acid residues spanning the first residue of FR1

through the terminus of FR3 including the CDR1 and CDR2 regions of a human hight

chain germline sequence that is selected from a library of human germline sequences
based on its greater homology (sequence identity) at the amino acid level to the amino
acid residues spanning FR1 through FR3 (prefecrably sequence possessing greatest
percent sequence identity al the amino acid level relative to said region in the rabbit
variable light chain spanning FR1 through FR3 relaive to the other human light chain
germline sequences in the library) to the corresponding amino acid residues of the

light chain of a parent rabbit antibody having specificity to a desired antigen that is to

13



CA 02688829 2009-11-23

WO 2008/144757 PCT/US2008/064421

be humanized and (ii) further wherein the CDR residues in CDR1 and CDR2
corresponding to “selectivity determining residues™ in the light chain of the same
parent rabbit antibody are replaced with the corresponding rabbit selectivity
determining residues; (iii) the amino acid residues encompassing the entire CDR3
region of the same parent rabbit antibody; (iv) the amino acid residues encompassing
the entire FR4 region of an antibody light chain derived from a library of human
germline sequences based on its greater homology (sequence identity) to the
corresponding FR4 region contained in the light chain of the same parent rabbit
antibody; and (v) further wherein few or none of the FR residues of the human FR1,
FR2, FR3 and FR4 regions in the selected homologous human FR regions are
substituted with the corresponding rabbit FR residues (i.e., the residues present at the
corrcsponding site(s) in the parent rabbit light chain antibody sequence being

humanized).

{00028] In addition the invention provides humanized antibody heavy chain
polypeptides which contain at least the following (i) the amino acid residues spanning
the first residue of FR1 through the terminus of FR3 including the CDR1 and CDR2
regions of a human germline sequence that is selected from a library of human
germline sequences based on its greater homology (percent sequence identity at the
amino acid level) of the selected amino acid residues spanning FR1 through FR3
(relative to other human germline sequences in the library) to the corresponding
amino acid residues of the heavy chain of a parent rabbit antibody having specificity
to a desired antigen that is to be humanized and (i1) further wherein the CDR residues
mm the CDR1 and CDR2 regions of the human heavy chain corresponding to
“selectivity determining residues” in the CDR1 and CDR2 regions of the heavy chain
of the same parent rabbit antibody are replaced with the corresponding heavy chain
selectivity determining residues contained in the CDR1 and CDR2 regions of the
rabbit heavy chain; (iii) the amino acid residues encompassing the entire CDR3
region of the same parent rabbit antibody; (iv) the FR4 region derived from a library

of human germline sequences based on its greater homology (sequence identity) to
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the corresponding FR4 region contained in the heavy chain of the same parent rabbit
antibody; and (v) wherein the final 1-3 amino acids of the human heavy FR1 region
are optionally replaced with the terminal 1-3 amino acids of the corresponding rabbit
heavy chain FR1 residues; and/or the terminal amino acid of the human heavy chamn
framework 2 region are optionally replaced with the corresponding terminal amino
acid residue of the rabbit heavy chain framework 2; and/or the fourth amino acid from
the termunus of the rabbit heavy chain CDR2 (typically a tryptophan) is optionally
replaced with the corresponding human CDR2 residue (typically a serine); and (v1)
wherein few or none of the remaining FR residues of the selected homologous human
FR regions are substituted with the corresponding rabbit FR residues (i.e., FR
residues present at corresponding site(s) in rabbit antibody heavy chain neing

humanizcd).

[00029] Further, the invention provides novel and improved humanized antibodies
containing the foregoing humanized heavy and light chain polypeptides and nucleic
acid sequences encoding said humanized heavy and light chain polypeptides and
humanized antibodies containing said humanized heavy and light chains as well as
vectors and host cells containing said vectors and nucleic acid sequences and use

thereof in therapeutic and diagnostic methods and compositions.

[00030] The invention further contemplates attaching said humanized heavy or light
chain DNA or polypeptide(s) or to a DNA or polypeptide sequence containing or
encoding a desired antibody constant domain, preferably a human antibody constant
domain and/or the attachment (direct or indirect) at the carboxy or amino terminus of
the antibody polypeptide or nucleic acid sequence to a desired effector moiety e.g.,
toxins, drugs, radionuclides, fluorophores, enzymes, cytokines, or translocating

sequences such as signal peptides, and polypeptides that facilitate affinity isolation.

Brief Summary of the Invention
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[00031] As discussed the invention provides novel and improved methods for
obtaining humanized variable light and variable heavy chains derived from rabbit
antibodies and humanized heavy and/or light chain polypeptides and DNAs encoding
produced by such methods. The mcthods of the subject invention reproducibly yield
humanized antibodies which should be substantially non-immunogenic in humans
and which retain the antigenic specificity and substantially or entirely the binding
affimty of the parent rabbit antibodies. The inventive procedure 1n general relies on
transferring specific amino acid residues from the donor rabbit antibodics (in
particular selectivity determining residues that are putatively instrumental 1n antigen
recognition and binding and if necessary a few number of framework residues) onto

homologous acceptor human antibody vaniable heavy and light chain sequences.

[00032] More specifically, the present invention is directed to a novel humanization
strategy for humanization of antibody variable light chains derived from rabbat
antibodies which incorporates a discrete number of rabbit light chain CDR residues
referred to herein as “selectivity determining residues” and optionally no or very few

framework residues onto homologous human antibody hght chain sequences.

[00033] Also more specifically the present invention provides a novel strategy for
humanization of antibody variable heavy chains derived from rabbit antibodies which
icorporates no or very few discrete number of rabbit CDRs onto homologous human

heavy chain sequences.

[00034] Further more specifically, the present invention is directed to novel and

improved humanization strategies for producing humanized antibodies and
humamzed antibody fragments comprising humanized variable heavy and/or light
chains which are denved from rabbit antibody vanable heavy and light chain
polypeptides and approprale homologous human antibody vaniable heavy and light
chain polypeptides such that at least specific residues contained in the human heavy
and light chain CDRs which differ from the corresponding selectivity determining

residues in the rabbit heavy and light chain CDRs (selectivity determining residues)
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are retained 1n the humanized heavy and/or light chain regions and wherein very few

or no framework residues in the human light chain and very few framework residues
in the human heavy chain are substituted with the corresponding rabbit framework

residues.

[00035] Sull more specifically, the invention is directed to a humanization strategy for
producing a humanized light chain antibody sequence derived from a donor rabbit
light chain antibody sequence and acceptor human light chain antibody sequence

comprising the following steps:

(1) obtaining a rabbit hight chain antibody sequencc from a rabbit antibody that
specifically binds to a desired antigen and identifying the amino residues spanning the

beginning of Framework 1 (FR1) to the end of Framework 3 (FR3) inclusive;

(11) conducting a homology search using said rabbit light antibody amino acid
scquence spanning the beginning of I'R1 to the end of FR3 sequence against a library
conlamning human light chain antibody sequences and identifying a human light chain
antibody sequence that exhibits substantial sequence homology thereto, i.e., which
preferably possesses at least 80%-90% identity thereto at the amino acid level and/or
which preferably posscsscs greatest percent sequence identity at the amino acid level
relative to other sequences in the library containing human light chain antibody

sequences;

(111) identifying in both the rabbit and human light chain sequences the orientation

of and the specific residues thereof that correspond to FR1. FR2, FR3, CDR1, CDR2

regions and aligning these discrete regions in the rabbit and selected human antibody
light chain ;

(1v) constructing a DNA or amino acid sequence wherein at least the residues in
the CDR1 and CDR2 regions of the selected homologous human light chain sequence

which differ from the corresponding selectivity determining residues contained in the

rabbit light chain CDR1 and CDR2 regions are substituted by the corresponding
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selectivity determining residues contained in the CDR1 and CDR2 regions of the

rabbit light chain sequence;

(V) further attaching to the DNA or amino acid sequence obtained by step (1v)
a DNA sequence encoding or polypeptide containing the corresponding amino acid

residues of the rabbit CDR3 light chain antibody sequence;

(vi)  further selecting a human light chain framework 4 region (FR4) that is
homologous to the FR4 contained in the rabbit light chain and which preferably
differs therefrom by at most 2-4 amino acid residues and attaching a DNA sequence
encoding said human FR4 or the corresponding amino residues of said human FR4

onto the DNA or amino acid sequence obtained after step (v); and

(vi1) synthesizing a DNA or amino acid sequence encoding or containing the

humanized rabbit light chain sequence that results from steps (i) through (vi).

[00036] Also more specifically, the invention provides a humanization strategy for
producing a humanized heavy chain antibody sequence from a rabbit heavy chain

antibody sequence comprising the following steps:

(1) obtaimng a rabbit heavy chain antibody sequence from an rabbit antibody that
specifically binds to a desired antigen and identifying the amino residues spanning the

beginning of Framework 1 (FR1) to the end of Framework 3 (FR3) inclusive;

(11) conducting a homology search (e.g., by BLAST searching of human germline
antibody sequence containing libraries) using said rabbit heavy antibody amino acid
scquence spanning the beginning of FR1 to the end of FR3 sequence and identifying a
human heavy chain antibody sequence that is homologous thereto, i.e. which
preferably possesses at least 85%-90% identical thereto at the amino acid level and/or
which preferably possesses greatest percent sequence identity at the amino acid level

relative to other sequences in the library containing human heavy chain antibody

Sequences;
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(iii) identifying in both the rabbit and human light chain sequences the residues
thereof that correspond to FR1, FR2, FR3, CDR1, CDR2 regions and aligning these
discrete regions of the rabbit against the corresponding regions of the selected

homologous human antibody heavy chain;

(iv) constructing a DNA or amino acid sequence wherein at least the amino acid
residues contained in the CDR1 and CDR2 regions of the selected homologous
human heavy chain sequence that differ from thc corresponding selectivity
determining residues in the CDRI and CDR2 regions of the rabbit heavy chain
sequence are substituted by the corresponding selectivity determining residues
contained 1n the CDR1 and CDR2 regions of the rabbit heavy chain sequence and
optionally replacing the terminal 1-3 amino acids of the human hcavy FR1 region
with the corresponding terminal 1-3 amino acids of the rabbil heavy chain FRI;
and/or optionally replacing the ternunal amino acid of the human heavy chain
framework 2 region with the corresponding terminal amino acid residue of the rabbit
heavy chain {framework 2 and/or optionally replacing the fourth amino acid from the
terminus of the rabbit heavy chain CDR2 (typically a tryptophan) with the

corresponding human CDR2 residue (typically a serine);

(V) further attaching to the DNA or amino acid sequence obtained by step (1v)
a DNA sequence encoding or having the corresponding amino acid residues of the
rabbit heavy chain CDR3 which is contained in the same rabbit heavy chain antibody
sequence; and which rabbit CDR3 is typically 5-19 amino acids in length (this CDR3
typically precedcs the residues WGXG);

(vi)  further selecting a human heavy chain framework 4 region (FR4) that is
homologous thereto (preferably differs from the FR4 contained in the humanized
rabbit antibody heavy chain sequence by at most 1-4 amino acid residues) and
attaching a DNA sequence encoding said selected homologous human FR4 or the

corresponding amino residues of said human FR4 onto the DNA or amino acid
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sequence obtained after step (v) (frequently thas human FR4 DNA or polypeptide
scquence will encode or comprise WGQGTLVTVSS); and

(vi1) synthesizing a DNA or amino acid sequence encoding or containing the

humanized rabbit heavy chain sequence that results from steps (1) through (vi).

[00037] Also more specifically, the invention provides a humanization strategy for
producing a humanized antibody or antibody fragment containing at least one
humanized light chain antibody sequence derived from a rabbit light chain antibody
sequence and/or at least one humanized heavy chain sequence derived from a rabbit
antibody heavy chain wherein such humanized light and heavy chain sequences are

derived from rabbit heavy and light chains according to the following steps:

(1) obtaining a rabbit light chain antibody sequence from an rabbit antibody
specific to a desired antigen and identifying the amino residues spanning the

beginning of Framework 1 (FR1) to the end of Framework 3 (FR3) inclusive;

(1) conducting a homology search using said rabbit light antibody amino acid
sequence spanning the beginning of FR1 to the end of FR3 sequence against a library
containing human light chain antibody sequences and identifying a human light chain
antibody sequence that is homologous thereto, i.e., which preferably is at least 80%-
90% identical thereto at the amino acid level and/or which preferably possesses
greatest percent sequence 1dentity at the amino acid level relative to other sequences

in the library containing human light chain antibody sequences;

(111) 1dentifying in both the rabbit and human light chain sequences the orientation
of and the specific residues thereof that correspond to FR1. FR2, FR3, CDR1, CDR2
regions and aligning these discrete regions of the rabbit light chain with the

corresponding regions of the selected homologous human light chain region;

(1v) constructing a DNA or amino acid sequence wherein at least the residues

conlained m the CDR1 and CDR2 regions of the selected homologous human light
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chain sequence which differ from the corresponding selectivity determining residues

contained in the CDR1 and CDR2 regions of the rabbit are substituted by the
corresponding CDR1 and CDR2 regions of the rabbit light chain sequence;

(v) further attaching to the DNA or amino acid sequence obtained by step (1v)
a DNA sequence encoding or having the corresponding amino acid residues of CDR3
contained in the rabbit light chain antibody sequence (this CDR3 typically comprises

9-15 amino acid residues and often precedes FGGG residues);

(vi)  further selecting a human light chain framework 4 region (FR4) that is
homologous to FR4 contained in said rabbit antibody light chain and which human
FR4 preferably differs from the FR4 of the rabbit antibody light chain sequence by at
most 2-4 amino acid residues and attaching a DNA sequence encoding said human
FR4 or the corresponding amino residues of said human FR4 onto the DNA or amino

acid sequence obtained after step (v); and

(vi1) synthesizing a DNA or amino acid sequence encoding or containing the

humanized rabbit light chain sequence that results from steps (i) through (vi);

and/or further producing a humanized heavy chain antibody sequence from a rabbit

heavy chain antibody sequence comprising the following steps:

(1) obtaining a rabbit heavy chain antibody sequence from an rabbit antibody
specific to a desired antigen and identifying the amino residues spanning the

beginning of Framework 1 (FR1) to the end of Framework 3 (FR3) inclusive;

(1) conducting a homology search e.g., by BLAST searching of human germline
antibody sequence containing libraries using said rabbit heavy antibody amino acid
sequence spanning the beginning of FR1 to the end of FR3 sequence and identifying a
human heavy chain antibody sequence that is at least 80%-90% identical thereto at

the amino acid level and/or which preferably greatest percent sequence identity at the
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amino acid level relative to other sequences in the library containing human heavy

chain antibody sequences;

(11) 1dentifying in both the rabbit and human heavy chain sequences the residues
thereof that correspond Lo FR1, FR2, FR3, CDR1, CDR2 regions and ahgmng these
discrete regions of the rabbit antibody against the selected homologous human heavy

chain;

(1v) constructing a DNA or amino acid sequence wherein at least the residues
contained in the CDR1 and CDR2 regions of the selected homologous human heavy
chain sequence which differ from the corresponding selectivity determining residues
contained in the rabbit heavy chain CDR1 and CDR2 regions are substituted by the
corresponding CDR1 and CDR2 regions of the rabbit heavy chain sequence and/or
optionally replacing the final 1-3 amino acids of the human heavy FR1 region with
the terminal 1-3 amino acids of the rabbit heavy chain FR1; and/or optionally
replacing the terminal amino acid of the human heavy chain framework 2 region with
the terminal amino acid residue of the rabbit heavy chain framework 2; and/or further
optionally replacing the fourth amino acid from the terminus of the rabbit heavy chain
CDR2 (typically a tryptophan) with the corresponding human CDR2 residue
(typically a serine); |

(v) further attaching to the DNA or amino acid sequence obtained by step (1v)
a DNA sequence encoding or the corresponding amino acid residues of the rabbit

hcavy chain CDR3 contained in the same rabbit heavy chain antibody sequence;
(which CDR3 is typically 5-19 amino acids in length and typically precedes WGXG)

(vi)  further sclecting a human heavy chain framework 4 region (FR4) that is
homologous thereto (i.e., that preferably differs from the FR4 contained in the
humamized rabbit antibody heavy chain sequence by at most 2-4 amino acid residues)
and attaching a DNA sequence encoding said selected homologous human FR4 or the ‘

corrcsponding amino residues of saild human FR4 onto the DNA or amino acid
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sequence obtained after step (v) (frequently the human FR4 DNA or polypeptide
sequence will encode or comprise WGQGTLVTVSS); and

(vi1) synthesizing a DNA or amino acid sequence encoding or containing the
humamzed rabbit heavy chain sequence that results from steps (i) through (vi); and
producing a nucleic acid sequence or polypeptide containing at least one of said

humanized light chains and heavy chains; and

synthesizing a DNA encoding a humanized antibedy or an antibody fragment or a
polypeptide comprising a humanized antibody or an antibody fragment that contains a
DNA encoding or polypeptide containing at least humanized light chain sequence

and/or at least one humanized heavy chain produced according to the foregoing steps.

[00038] The invention further contemplates attaching said humanized antibody DNA or

polypeptides to desired constant domains, preferably human constant domains and/or
the attachment (dircct or indirect) at the carboxy or amino terminus to desired effector\
moleties e.g., toxins, drugs, radionuclides, fluorophores, enzymes, cytokines,
translocating sequences such as signal peptides, and polypeptides that facilitate

affinity 1solation.

[00039] The invention in more specific embodiments is directed to specific humanized

antibodies and fragments thereof having binding specificity for TNF-alpha or IL-6 in
particular humanized antibodies having spccific epitopic specificity and/or functional

properties.,

[00040] One embodiment of the invention encompasses specific humanized antibodies

and fragments thereof capable of binding to IL-6 or TNF-alpha and/or the TNF-
alpha/TNFR or IL-6/IL-6R complex.

[00041] Another embodiment of this invention relates to the humanized antibodies that

possess binding affinities (Kds) less than 50 picomolar and/or K ¢ values less than or
equal to 10° S,
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[00042] In preferred embodiments of the invention these humanized antibodies and
humanized antibody fragments and versions will be derived from rabbit immune cells
(B lymphocytes) or less preferably hybridomas secreting rabbit antibodies specific to
a desired antigen. In addition the rabbit antibodies used for humamization may be
further selected based on their homology (sequence identity) to human germ line
antibody sequences. These antibodies may further facilitate retention of functional
properties after humanization since lesser amino acids are modified when using the

subject humanization methods.

[00043] A further embodiment of the invention 1s directed to humanized antibody
fragments produced according to the invention e.g., specific to IL-6 or TNF-alpha
.contamning humanized Vg, V. and CDR polypeptides produced according to the
invention, e.g., derived from antibodies secreted by rabbit immune cells and the
polynucleotides encoding the same, as well as the use of these antibody fragments
and the polynucleotides encoding them in the creation of novel antibodies and
polypeptide compositions capable of recognizing desired antigens such as IL-6, TNF-
alpha and/or TNF-alpha/TNFR or IL-6/IL-6R complexes.

[00044] The invention also contemplates conjugates of the subject humanized rabbit
antibodics and fragments, e.g., humanized anti-TNI-alpha or anti-1L-6 antibodies and
binding fragments thereof conjugated to one or more functional or detectable
moieties. The mvention also contemplates methods of making said humanized anti-
TNF-alpha, IL-6 or anti-TNF-alpha/TNFR or anti-IL-6/{L-6R complex antibodies and
binding fragments thereof. In one embodiment, binding fragments include, but arc
not limited to, humamzed Fab, Fab', F(ab');, Fv and scFv fragments.

[00045] Embodiments of the invention further pertain to the use of the subject
humanized antibodies specific to 1 desired antigen, €.g., humamzed anth-TNF-alpha
or anti-IL-6 antibodies for the diagnosis, assessment and treatment of diseases and
disorders associated with the particular antigen. e.g., TNF-alpha, IL-6 or the aberrant

expression thereof. The invention also contemplates the use of humanized antibody
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fragments according to the invention, e.g., humanized anti-TNF-alpha or anti-1L-6
antibodies for the diagnosis, assessment and treatment of diseases and disorders
associated with a particular antigen, e.g., IL-6, TNF-alpha or the aberrant expression

thereof.

[00046] Other embodiments of the invention relate to the production of humanized
antibodies and humanized antibody fragments produced according to the novel and
improved humanization protocols derived from rabbit antibody scquences in
recombinant host cells, preferably diploid yeast such as diploid Pichia and other yeast

strains.

BRIEF DESCRIPTION OF THE FIGURES

{00047} Figure 1 contains a flow chart depicting schematically the inventive rabbit

antibody humanization protocol.

[00048]  Figure 2 contains alignments of specific exemplary variable light and variable
heavy chain polypeptide sequence, i.e., antigen specific rabbit antibody variable light
chain polypeptides and variable heavy chain polypeptides sequences and homologous
human sequences identified in a library of human germline sequences and the final

humanized sequences produced using the inventive humanization protocols
Framework regions are identified therein as FR1-FR4. Complementarity determining
regions (CDRs) are identified as CDR1-CDR3. Amino acid rcsidues are numbered as
shown in the Figure and conform to the Kabat numbering scheme. The initial rabbit
sequences are referred to in the Figure and infra as RbtVL and RbtVh for the rabbit
variable light and variable heavy chain polypeptide sequences respectively. Three of
the most similar human germline antibody sequences spanning from the beginning of
FR1 to the end of FR3 identified in a library of human germline sequences are
aligned below the rabbit sequences. The human sequence that is considered the most
similar to the rabbit sequence is immediately below the rabbit sequence. In this

exemphification of the inventive humanization strategy the most similar human

25



CA 02688829 2009-11-23
WO 2008/144757 PCT/US2008/064421

germline sequences are L12A for the hight chain and 3-64-04 for the heavy chain.
Human CDR3 sequences are not shown. The closest human Framework 4 sequence 1s
aligned below the rabbit Framework 4 sequence. The vertical dashes indicate a
residue where the rabbit residuc is identical with one or more of the human residues
at the same position. The bold residues indicate that the human residue at that
position is identical to the rabbit residue at the same position. The final humamzed

sequences are called VLh and VHh for the variable light and variable heavy

sequences respectively. In this Figure the underlined residucs indicate that the residue
is the same as the rabbit residue at that position but different than the human residues

at that position 1n the three aligned human sequences.

[00049] Figure 3 similarly contains an alignment of the same parent rabbit varable
heavy and light chain sequences derived from an IL-6 specific antibody, homologous
human germline sequences, and two humanized variable heavy and light chamn
sequences produced therefrom using the subject humanization strategies. Specifically,
this Figure contains the original rabbit light and heavy chain sequences, three
homologous human germline sequences and 2 humanized heavy and 2 humanized
light chain sequences referred to theremn as “aggres” and “consrv”. It can be seen
from the alignment that the humanized “aggres” and “consrv’’ sequences differ from

each other 1n the presence or absence of specific rabbit framework residues.

[00050] Figure 4 compares the dissociation constants of chimeric versus humanized
antibodies derived from rabbit antibodies specific to hIL-6 and TNF-alpha which

were produced using the inventive humanization procedures.
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