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(57) Abstract: The present invention provides antibodies or the antigen-binding portion thereof to a associate carbohydrate antigen.
Also disclosed herein are pharmaceutical compositions and methods for the inhibition of cancer cells in a subject in need thereof.
The pharmaceutical compositions comprise an antibody or an antigen-binding portion thereof and at least one pharmaceutically ac-
ceptable carrier.
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NOVEL CARBOHYDRATE ANTIBODIES, PHARMACEUTICAL COMPOSITIONS

AND USES THEREOF
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority of U.S. Provisional Patent Application No.
62/238,680, filed October 7, 2015. The entirety of the aforementioned application is incorporated
herein by reference.

FIELD

[0002] The present invention relates to modified antibodies to tumor-associated
carbohydrate antigens, having some specific amino acid substitutions relative to the unmodified
antibodies, as well as the unmodified antibodies. The present invention also relates to the use of
these antibodies in the treatment, prevention or management of diseases or disorders, such as cancer
or the inhibition of cancer cells.

BACKGROUND

[0003] Numerous surface carbohydrates are expressed in malignant tumor cells. For
example, Globo H (Fuc al --> 2GalB31 --> 3GalNAcB1 --> 3Gal al --> 4Galf31 --> 4Glc) has been
shown to be overexpressed on a variety of epithelial cancers and is associated with tumor
aggressiveness and poor prognosis in breast cancer and small cell lung carcinoma.

[0004] These findings support therapeutic rationales designed to counteract the activities of
the tumor-associated carbohydrates. In particular, antibodies that bind to the tumor-associate
carbohydrates are drawing more attentions as a means to treat or inhibit cancer cells, as they have
longer half-life in plasma and fewer adverse effects. Some earliest antibodies were mouse
monoclonal antibodies (mAbs), secreted by hybridomas prepared from lymphocytes of mice
immunized with these tumor associated carbohydrates. However, there are problems associated
with the use of mouse antibodies in human, such as inability to trigger certain human effector
function and adverse reaction including cytokine releases syndrome. Antibodies derived from a
nonhuman animal species are humanized to enhance the effector function utility and/or lower the
adverse reaction. However, a humanized antibody does not have a comparable binding activity as
the non-humanized antibody.

[0005] There is still an unmet need to optimize the binding affinity of a humanized
antibody. The present invention provides antibodies with optimized binding affinity to satisfy these
and other needs.

SUMMARY OF THE INVENTION

[0006] The present invention provides for antibodies, or antigen-binding portions thereof,

comprising a variable region that bind to a carbohydrate antigen or a fragment thereof.

[0007] In one embodiment, the present invention provides for an antibody, or an antigen-
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binding portion thereof, that binds to a carbohydrate antigen or a fragment thereof and comprises a
heavy chain variable region, wherein the heavy chain variable region comprises three
complementarity determining regions (CDRs), CDR1, CDR2 and CDR3, having amino acid
sequences about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about
97%, about 98%, about 99% or about 100% homologous to the amino acid sequence set forth in
SEQ ID NOs: 1, 2 and 3 respectively, wherein the CDR comprises at least one amino acid
substitution selected from: (a) Amino acid residue 28 in CDR1 is substituted with a basic amino
acid, a neutral amino acid with the proviso that the neutral amino acid is not Serine, or a
hydrophobic amino acid; (b) Amino acid residue 31 in CDRI is substituted with a basic amino acid,;
(c) Amino acid residue 57 in CDR2 is substituted with a neutral, a basic or a hydrophobic amino
acid; (d) Amino acid residue 63 in CDR2 is substituted with a neutral amino acid, a basic amino
acid or a hydrophobic amino acid with the proviso that the hydrophobic amino acid is not Proline,
or (¢) Amino acid residue 105 in CDR3 is substituted with a basic amino acid, a hydrophobic amino
acid or a neutral amino acid.

[0008] In another embodiment, the present invention provides for an antibody, or an
antigen-binding portion thereof, that binds to a carbohydrate antigen or a fragment thereof and
comprises a light chain variable region, wherein the light chain variable region comprises three
CDRs, CDR1, CDR2 and CDR3, having amino acid sequences about 90%, about 91%, about 92%,
about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99% or about 100%
homologous to the amino acid sequence set forth in SEQ ID NOs: 7, 8 and 9 respectively; wherein
the CDR comprises at least one amino acid substitution selected from (a) amino acid residue 24 in
CDR1 is substituted with a neutral or a hydrophobic amino acid, (b) amino acid residue 32 in CDR1
is substituted with a neutral amino acid or a hydrophobic amino acid other than Methionine, (¢)
amino acid residue 49 in CDR2 is substituted with a neutral amino acid, (d) amino acid residue 53
in CDR2 is substituted with a neutral or a basic amino acid, or (¢) amino acid residue 93 in CDR3 is
substituted with a basic amino acid, a hydrophobic amino acid or a neutral amino acid other than
Asparagine.

[0009] In yet another embodiment, the present invention provides for an antibody, or an
antigen-binding portion thereof, comprises

[0010] (1) a heavy chain variable region, wherein the heavy chain variable region comprises
three CDRs, CDR1, CDR2 and CDR3, having amino acid sequences about 90%, about 91%, about
92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99% or about
100% homologous to the amino acid sequence set forth in SEQ ID NOs: 1, 2 and 3 respectively,
wherein the heavy chain comprises at least one amino acid substitution selected from: (a) Amino

acid residue 28 in CDR1 is substituted with a basic amino acid, a neutral amino acid with the
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proviso that the neutral amino acid is not Serine, or a hydrophobic amino acid; (b) Amino acid
residue 31 in CDRI is substituted with a basic amino acid; (¢) Amino acid residue 57 in CDR2 is
substituted with a neutral, a basic or a hydrophobic amino acid; (d) Amino acid residue 63 in CDR2
is substituted with a neutral amino acid, a basic amino acid or a hydrophobic amino acid, with the
proviso that the hydrophobic amino acid is not Proline, or (¢) Amino acid residue 105 in CDR3 is
substituted with a basic amino acid, a hydrophobic amino acid or a neutral amino acid, and

[0011] (ii) a light chain variable region, wherein the light chain variable region comprises
three CDRs, CDR1, CDR2 and CDR3, having amino acid sequences about 90%, about 91%, about
92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99% or about
100% homologous to the amino acid sequence set forth in SEQ ID NOs: 7, 8 and 9 respectively;
wherein the light chain comprises at least one amino acid substitution selected from (a) amino acid
residue 24 in CDRI is substituted with a neutral or a hydrophobic amino acid, (b) amino acid
residue 32 in CDRI is substituted with a neutral amino acid or a hydrophobic amino acid other than
Methionine, (c¢) amino acid residue 49 in CDR2 is substituted with a neutral amino acid, (d) amino
acid residue 53 in CDR2 is substituted with a neutral amino acid or a basic amino acid, or (¢) amino
acid residue 93 in CDR3 is substituted with a basic amino acid, a hydrophobic amino acid or neutral
amino acid other than Asparagine.

[0012] In a fourth embodiment, the present invention provides an antibodies or an antigen-
binding portion thereof, comprises (a) a heavy chain variable region, wherein the heavy chain
variable region comprise three CDRs, CDR1, CDR2 and CDR3, having amino acid sequences about
90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about
98%, about 99% or about 100% homologous to the amino acid sequences set forth in SEQ ID NOs:
1, 2 and 3, respectively, and/or (b) a light chain variable region, wherein the light chain variable
region comprises three CDRs, CDR1, CDR2 and CDR3, having amino acid sequences about 90%,
about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%,
about 99% or about 100% homologous to the amino acid sequences set forth in SEQ ID NOs: 7, 8
and 9, respectively.

[0013] Some embodiments provide pharmaceutical compositions comprising the antibody
or antigen-binding portion thereof as described herein and at least one pharmaceutically acceptable
carrier.

[0014] Some embodiments also provide for methods of inhibiting cancer cells, comprising
administering to a subject in need thereof an effective amount of the antibody or antigen-binding
portion thereof described herein. In one embodiment, the cancer cells are Globo H expressing

cancer cells.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Figure 1A illustrates the amino acid sequence of an exemplary embodiment of the
heavy chain variable region of the unmodified humanized antibody (SEQ ID NO. 13). Figure 1B
illustrates the amino acid sequence of an exemplary embodiment of the light chain variable region
of the unmodified humanized antibody (SEQ ID NO. 14).

[0016] Figure 2 illustrates the optical density (OD4sonm) of one exemplary embodiment of
the chimeric antibody (Heavy chain: SEQ ID NO. 57 and Light chain: SEQ ID NO. 58) and one
exemplary embodiment of the humanized antibody (Heavy chain: SEQ ID NO. 13 and Light chain:
SEQ ID NO. 14).

[0017] Figure 3 illustrates schematically the process for Comprehensive Positional
Evolution and Combinatorial Protein Synthesis.

[0018] Figures 4A-4E illustrate the optical density (OD4sonm) of modified antibodies with
one amino acid (AA) substitution at residue 28 (Figure 4A), residue 31 (Figure 4B), residue 57
(Figure 4C), residue 63 (Figure 4D) and residue 105 (Figure 4E) of the heavy chain variable region
of the humanized antibody and that of the wild type (WT) chimeric antibody.

[0019] Figures SA-SE illustrate OD4sonm of modified antibodies with one amino acid
substitution at residue 24 (Figure 5A), residue 32 (Figure 5B), residue 49 (Figure 5C), residue 53
(Figure 5D) and residue 93 (Figure SE) of the light chain variable region of the humanized antibody
and that of the wild type chimeric antibody.

[0020] Figure 6 illustrates OD4sonm of modified antibodies with at least two amino acid
substitutions (Combinatorial Protein Synthesis mutants) which are higher than that of the wild type
chimeric antibody.

[0021] Figure 7 illustrates the comparison of dissociation constant (Kd) of chimeric
antibody derived from hybridoma VKO (originated from Memorial Sloan Kettering Cancer Center,
MSKCC), chimeric antibody derived from hybridoma 2C2 (SEQ ID NOs: 57 and 58) and one
exemplary embodiment of the modified antibody (humanized R28 mAbs, SEQ ID NOs: 59 and 60)
with different concentrations of Globo H.

[0022] Figure 8 illustrates a linear plot showing the effect of normal saline (Vehicle),
chimeric antibody derived from hybridoma 2C2 (SEQ ID NOs: 57 and 58), humanized antibody
derived from hybridoma 2C2 (SEQ ID NOs: 13 and 14) and one exemplary embodiment of the
modified antibody (humanized R28 mAbs, SEQ ID NOs: 59 and 60) on breast cancer (MCF7)
volume in mice.

DETAILED DESCRIPTION OF THE INVENTION
[0023] As used herein, the articles “a” and “an” refer to one or more than one (i.e., at least

one) of the grammatical object of the article. By way of example, “an element” means one element
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or more than one element.

[0024] An “effective amount,” as used herein, refers to a dose of the antibody or
pharmaceutical composition that is sufficient to reduce the symptoms and signs of cancer, such as
weight loss, pain and palpable mass, which is detectable, either clinically as a palpable mass or
radiologically through various imaging means. The term “effective amount” and “therapeutically
effective amount” are used interchangeably.

[0025] The term “subject” can refer to a vertebrate having cancer or to a vertebrate deemed
to be in need of cancer treatment. Subjects include all warm-blooded animals, such as mammals,
such as a primate, and, more preferably, a human. Non-human primates are subjects as well. The
term subject includes domesticated animals, such as cats, dogs, etc., livestock (for example, cattle,
horses, pigs, sheep, goats, etc.) and laboratory animals (for example, mouse, rabbit, rat, gerbil,
guinea pig, etc.). Thus, veterinary uses and medical formulations are contemplated herein.

[0026] The term "antibody" is intended to encompass antibodies, digestion fragments,
specified portions and variants thereof, including antibody mimetics or comprising portions of
antibodies that mimic the structure and/or function of an antibody or a specified fragment or portion
thereof, including single chain antibodies and fragments thereof, each containing at least one CDR
derived from an antibody of the present invention. Antibodies include antibody fragments,
antibody variants, monoclonal antibodies, polyclonal antibodies, and recombinant antibodies and
the like. Antibodies can be generated in mice, rabbits or humans.

[0027] The antibodies can be full-length or can comprise a fragment (or fragments) of the
antibody having an antigen-binding portion, including, but not limited to, Fab (e.g., by papain
digestion), Fab' (e.g., by pepsin digestion and partial reduction) and F(ab'), (e.g., by pepsin
digestion), facb (e.g., by plasmin digestion), pFc' (e.g., by pepsin or plasmin digestion), Fd (e.g., by
pepsin digestion, partial reduction and reaggregation), Fv or scFv (e.g., by molecular biology
techniques), bivalent scFv (bi-scFv), trivalent scFv (tri-scFv), Fd, dAb fragment (e.g., Ward et al,,
Nature, 341:544-546 (1989)), an isolated CDR, diabodies, triabodies, tetrabodies, linear antibodies,
single-chain antibody molecules, bispecific and multispecific antibodies formed from antibody
fragments.

[0028] Single chain antibodies produced by joining antibody fragments using recombinant
methods, or a synthetic linker, are also encompassed by the present invention. Bird et a/., Science,
1988, 242:423-426. Huston et al., Proc. Natl. Acad. Sci. USA, 1988, 85:5879-5883.

[0029] Multispecific or bi-specific antibodies or fragments thereof may be specific for
different epitopes of one target carbohydrate (e.g., Globo H) or may contain antigen-binding
domains specific for more than one target carbohydrate (e.g., antigen-binding domains specific for

Globo H, SSEA-3 and SSEA-4). In one embodiment, a multispecific antibody or antigen-binding
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portion thereof comprises at least two different variable domains, wherein each variable domain is
capable of specifically binding to a separate carbohydrate antigen or to a different epitope on the
same carbohydrate antigen. Tutt ez al., 1991, J. Immunol. 147:60-69. Kufer ef al., 2004, Trends
Biotechnol. 22:238-244. The antibodies of the present invention can be linked to or co-expressed
with another functional molecule, e.g., another peptide or protein. For example, an antibody or
fragment thereof can be functionally linked (e.g., by chemical coupling, genetic fusion, noncovalent
association or otherwise) to one or more other molecular entities, such as another antibody or
antibody fragment to produce a bi-specific or a multispecific antibody with a second binding
specificity.

[0030] The antibodies or antigen-binding portions may be peptides. Such peptides can
include variants, analogs, orthologs, homologs and derivatives of peptides, that exhibit a biological
activity, e.g., binding to a tumor-associate carbohydrate antigen. The peptides may contain one or
more analogs of an amino acid (including, for example, non-naturally occurring amino acids, amino
acids which only occur naturally in an unrelated biological system, modified amino acids from
mammalian systems etc.), peptides with substituted linkages, as well as other modifications known
in the art.

[0031] The antibody, or antigen-binding portion thereof, can be derivatized or linked to
another functional molecule. For example, an antibody can be functionally linked (by chemical
coupling, genetic fusion, noncovalent interaction, etc.) to one or more other molecular entities, such
as another antibody, a detectable agent, a cytotoxic agent, a pharmaceutical agent, a protein or
peptide that can mediate association with another molecule (such as a streptavidin core region or a
polyhistidine tag), amino acid linkers, signal sequences, immunogenic carriers, or ligands useful in
protein purification, such as glutathione-S-transferase, histidine tag, and staphylococcal protein A.
One type of derivatized protein is produced by crosslinking two or more proteins (of the same type
or of different types). Suitable cross linkers include those that are heterobifunctional, having two
distinct reactive groups separated by an appropriate spacer (e.g., m-maleimidobenzoyl-N-
hydroxysuccinimide ester) or homobifunctional (e.g., disuccinimidyl suberate). Such linkers are
available from Pierce Chemical Company, Rockford, Ill. Useful detectable agents with which a
protein can be derivatized (or labeled) include fluorescent compounds, various enzymes, prosthetic
groups, luminescent materials, bioluminescent materials, and radioactive materials. Non-limiting,
exemplary fluorescent detectable agents include fluorescein, fluorescein isothiocyanate, rhodamine,
and, phycoerythrin. A protein or antibody can also be derivatized with detectable enzymes, such as
alkaline phosphatase, horseradish peroxidase, beta-galactosidase, acetylcholinesterase, glucose
oxidase and the like. A protein can also be derivatized with a prosthetic group (e.g.,

streptavidin/biotin and avidin/biotin).
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[0032] An antibody light or heavy chain variable region comprises a framework region
(FW) interrupted by three hypervariable regions, referred to as complementarity determining
regions or CDRs. According to one aspect of the invention, the antibody or the antigen-binding
portion thereof may have the following structure:

Leader Sequence-FW1-CDR1-FW2-CDR2-FW3-CDR3-
wherein the amino acid sequences of FW1, FW2, FW3, CDR1, CDR2 and CDR3 of the present
invention are disclosed in Table 1.

[0033] The heavy chain and light chain variable regions of the present antibodies or antigen-
binding portions thereof can be from a non-human or human source. The framework of the present
antibodies or antigen-binding portions thereof can be human, humanized, non-human (e.g., a
murine framework modified to decrease antigenicity in humans), or a synthetic framework (e.g., a
consensus sequence).

[0034] Antibodies of the present invention also include chimerized or humanized
monoclonal antibodies, generated from non-human (e.g., murine) antibodies of a hybridoma clone.
Also encompassed by the present invention are antibodies or antigen-binding portions thereof
comprising one or two variable regions as disclosed herein, wherein certain sequences of the
variable region, such as the framework sequence, replaced by sequences from at least one different
species including, but not limited to, human, rabbits, sheep, dogs, cats, cows, horses, goats, pigs,
monkeys, apes, gorillas, chimpanzees, ducks, geese, chickens, amphibians, reptiles and other
animals.

[0035] The term “humanized antibody” refers to an antibody comprising at least one human
framework and at least one, preferably all CDRs from a non-human antibody, and in which any
constant region present is substantially homologous to a human antibody constant region, i.e., about
85-90%, at least about 90%, at least about 95% homologous. Hence, all parts of a humanized
antibody, except possibly the CDR, are substantially homologous to corresponding parts of one or
more human antibody sequences. Humanized antibodies can be generated by replacing sequences
of the variable region that are not directly involved in antigen binding (e.g., framework) with
equivalent sequences from human variable regions. Techniques for obtaining humanized antibodies
are routinely available to the skilled person, they have been described, inter alia, in U.S. Pat. No.
5,225,539; U.S. Pat. No. 6,548,640; and U.S. Pat. No. 6,982,321. Those techniques are well known
in the art, include isolating, manipulating, and expressing the nucleic acid sequences that encode all
or part of variable regions from at least one of a heavy or light chain. For example, once non-
human (e.g., murine) antibodies are obtained, variable regions can be sequenced, and the location of
the CDRs and frameworks residues determined. Kabat, E. A, et al. (1991) Sequences of Proteins
of Immunological Interest, Fifth Edition, U.S. Department of Health and Human Services, NIH

7
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Publication NO. 91-3242. Chothia, C. et al. (1987) J. Mol. Biol., 196:901-917. DNA encoding the

light and heavy chain variable regions can, optionally, be ligated to corresponding constant regions
and then subcloned into an appropriate expression vector. CDR-grafted antibody molecules can be
produced by CDR-grafting or CDR substitution. One, two, or all CDRs of an immunoglobulin chain
can be replaced. For example, all of the CDRs of a particular antibody may be from at least a
portion of a non-human animal (e.g., mouse such as CDRs shown in Table 1) or only some of the
CDRs may be replaced. It is only necessary to keep the CDRs required for binding of the antibody
to a predetermined carbohydrate antigen (e.g., Globo H). Morrison, S. L., 1985, Science, 229:1202-
1207. Oi et al., 1986, BioTechniques, 4:214. U.S. Patent NOs: 5,585,089; 5,225,539; 5,693,761 and
5,693,762. EP 519596. Jones ef al., 1986, Nature, 321:552-525. Verhoeyan et al., 1988, Science,
239:1534. Beidler et al., 1988, J. Immunol., 141:4053-4060.

[0036] A chimeric antibody is a molecule in which different portions are derived from
different animal species. For example, a chimeric antibody may contain a variable region derived
from a murine mAb and a human immunoglobulin constant region. Human constant region DNA
sequences can be isolated in accordance with well-known procedures from a variety of human cells
(see Kabater al., 1991; and WO 87/02671). Chimeric antibodies can be produced by recombinant
DNA techniques. Morrison, ef al., Proc Natl Acad Sci, 81:6851-6855 (1984). For example, a gene
encoding a murine (or other species) antibody molecule is digested with restriction enzymes to
remove the region encoding the murine Fc, and the equivalent portion of a gene encoding a human
Fc constant region is then substituted into the recombinant DNA molecule. Chimeric antibodies can
also be created by recombinant DNA techniques where DNA encoding murine V regions can be
ligated to DNA encoding the human constant regions. Better ef al., Science, 1988, 240:1041-1043.
Liu et al. PNAS, 1987 84:3439-3443. Liu et al., J. Immunol., 1987, 139:3521-3526. Sun et al.
PNAS, 1987, 84:214-218. Nishimura ef al., Canc. Res., 1987, 47:999-1005. Wood ef al. Nature,
1985, 314:446-449. Shaw et al., J. Natl. Cancer Inst., 1988, 80:1553-1559. International Patent
Publication NOs: W0O1987002671 and WO 86/01533. European Patent Application NOs: 184, 187,
171,496; 125,023; and 173,494, U.S. Patent No. 4,816,567

[0037] All antibody isotypes are encompassed by the present invention, including IgG (e.g.,
IgGl, IgG2, IgG3, IgG4), IgM, IgA (IgAl, IgA2), IgD or IgE (all classes and subclasses are
encompassed by the present invention). The antibodies or antigen-binding portions thereof may be
mammalian (e.g., mouse, human) antibodies or antigen-binding portions thereof. The light chains of
the antibody may be of kappa or lambda type.

[0038] The terms "wild type antibody" and “unmodified antibody” are used interchangeably
and as used herein refer to an antibody comprising an amino acid sequence which lacks one or more

of amino acid substitutions disclosed herein.



WO 2017/062792 PCT/US2016/056032

[0039] The term "substitution" can refer to the replacement of an amino acid at a particular
position in an unmodified or wild type amino acid sequence with another amino acid. For example,
the substitution S28K refers to Serine at position 28, by Kabat numbering system, is replaced with
Lysine.

[0040] Also within the scope of the invention are antibodies or antigen-binding portions
thereof in which specific amino acids have been substituted, deleted or added. In an exemplary
embodiment, these alternations (i.e., conservative substitution, conservative deletion or conservative
addition) do not have a substantial effect on the peptide’s biological properties such as the effector
function or the binding affinity. For purposes of classifying amino acids alteration as conservative
or non-conservative, amino acids may be grouped as follows: hydrophobic, neutral, acidic, and
basic (see Table 2 for more details). Conservative substitutions involve substitutions between amino
acids in the same group. Non-conservative substitutions constitute exchanging a member of one of
these groups for a member of another. Ng ef al. (Predicting the Effects of Amino Acid
Substitutions on Protein Function, Annu. Rev. Genomics Hum. Genet. 2006. 7:61-80) provides an
overview of various amino acid substitution (AAS) prediction methods to allow a skilled artisan to
predict and select an amino acid substitution, without changing the protein function.

[0041] In another exemplary embodiment, antibodies may have amino acid substitutions in
the CDRs, such as to improve binding affinity of the antibody to the antigen. In yet another
exemplary embodiment, a selected, small number of acceptor framework residues can be replaced
by the corresponding donor amino acids. The donor framework can be a mature or germline human
antibody framework sequence or a consensus sequence. Guidance concerning how to make
phenotypically silent amino acid substitutions is provided in Bowie ef al., Science, 247: 1306-1310
(1990). Cunningham et al., Science, 244: 1081-1085 (1989). Ausubel (ed.), Current Protocols in
Molecular Biology, John Wiley and Sons, Inc. (1994). T. Maniatis, E. F. Fritsch and J. Sambrook,
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor laboratory, Cold Spring Harbor,
N.Y. (1989). Pearson, Methods Mol. Biol. 243:307-31 (1994). Gonnet ef al., Science 256:1443-45
(1992).

[0042] According to one aspect of the invention, the amino acid substitutions described
herein occur at positions corresponding to the Kabat numbering scheme (e.g., Kabat et al.,
Sequences of Immunological Interest. Sth Ed. Public Health Service, National Institutes of Health,
Bethesda, Md. (1991)).

[0043] Antibodies, or antigen-binding fragments, variants or derivatives thereof of the
present disclosure can also be described or specified in terms of their binding affinity to an antigen.
" Affinity" refers to the strength of the sum total of noncovalent interactions between a single

binding site of a molecule (e.g., an antibody) and its binding partner (e.g., a tumor associated
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carbohydrate). Unless indicated otherwise, as used herein, "binding affinity" refers to intrinsic
binding affinity which reflects a 1:1 interaction between members of a binding pair (e.g., antibody
and antigen). The affinity of a molecule X for its partner Y can generally be represented by the
dissociation constant (Kd). Affinity can be measured by common methods known in the art,
including those described herein. The affinity of an antibody for a carbohydrate antigen can be
determined experimentally using any suitable method, e.g., Berzofsky ez al., “Antibody-Antigen
Interactions,” In Fundamental Immunology, Paul, W. E., Ed., Raven Press: New York, N.Y. (1984),
Kuby, Janis Immunology, W. H. Freeman and Company: New York, N.Y. (1992); or ELISA
method.

[0044] The present antibodies or antigen-binding portions thereof can be produced by host
cells transformed with DNA encoding light and heavy chains (or portions thereof) of a desired
antibody. Antibodies can be isolated and purified from these culture supernatants and/or cells using
standard techniques. For example, a host cell may be transformed with DNA encoding the light
chain, the heavy chain, or both, of an antibody. Recombinant DNA technology may also be used to
remove some or all of the DNA encoding either or both of the light and heavy chains that is not
necessary for binding, e.g., the constant region. DNA can be expressed in various suitable cells,
including prokaryotic and eukaryotic cells, e.g., bacterial cells, (e.g., E. coli), yeast cells, plant cells,
insect cells, and mammalian cells. A number of mammalian cell lines are known in the art and
include immortalized cell lines available from the American Type Culture Collection (ATCC).
Non-limiting examples of the cells include all cell lines of mammalian origin or mammalian-like
characteristics, including but not limited to, unmodified cells, derivatives and/or engineered variants
of monkey kidney cells (COS, e.g., COS-1, COS-7), HEK293, baby hamster kidney (BHK, e.g.,
BHK?21), Chinese hamster ovary (CHO), NSO, PerC6, BSC-1, human hepatocellular carcinoma
cells (e.g., Hep G2), SP2/0, HeLa, Madin-Darby bovine kidney (MDBK), myeloma and lymphoma
cells. The engineered variants include, e.g., glycan profile modified and/or site-specific integration
site derivatives.

[0045] All numbers herein are approximations and may be modified by “about.”
UNMODIFIED ANTIBODIES

[0046] The present invention provides antibodies or the antigen binding portions thereof,
without at least one amino acid substitution disclosed herein (unmodified or wild type antibody).

[0047] In one aspect of the invention, the unmodified antibody or the antigen-binding
portion thereof comprises a heavy chain variable region, wherein the heavy chain variable region
comprises three CDRs, CDR1, CDR2 and CDR3, having amino acid sequences about 80%, about
81%, about 82%, about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about
89%, about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about
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97%, about 98%, about 99% or about 100% homologous to the amino acid sequence set forth in
SEQ ID NOs: 1, 2 and 3 respectively.

[0048] In some embodiments, the heavy chain variable region of the unmodified antibody or
the antigen-binding portion thereof further comprises at least one framework selected from (1) a
framework between a leader sequence and said CDR1 of the heavy chain, having an amino acid
sequence about 80%, about 81%, about 82%, about 83%, about 84%, about 85%, about 86%, about
87%, about 88%, about 89%, about 90%, about 91%, about 92%, about 93%, about 94%, about
95%, about 96%, about 97%, about 98%, about 99% or about 100% homologous to SEQ ID NO: 4,
(i1) a framework between said CDR1 and said CDR2 of the heavy chain, having an amino acid
sequence about 80%, about 81%, about 82%, about 83%, about 84%, about 85%, about 86%, about
87%, about 88%, about 89%, about 90%, about 91%, about 92%, about 93%, about 94%, about
95%, about 96%, about 97%, about 98%, about 99% or about 100% homologous to SEQ ID NO: 5,
or (ii1) a framework between said CDR2 and said CDR3 of the heavy chain, having an amino acid
sequence about 80%, about 81%, about 82%, about 83%, about 84%, about 85%, about 86%, about
87%, about 88%, about 89%, about 90%, about 91%, about 92%, about 93%, about 94%, about
95%, about 96%, about 97%, about 98%, about 99% or about 100% homologous to SEQ ID NO: 6.

[0049] In other embodiment, amino acid residue 46 in framework 2 (or the 6th amino acid
residue from the C-terminal of framework 2) of the heavy chain variable region (SEQ ID NO.5) is
glycine and not substituted. The position of the amino acid residues of SEQ ID NO. 5 is illustrated

below:

Amino Acid [W* |1 R Q P |S G K |G |[L [E W [L |A**

Residue

Position 38 (39 |40 |41 42 |43 |44 |45 |46 |47 |48 |49 [50 |51
NO.

*Amino acid residue 38 of framework 2 (W) is the residue adjacent to CDR 1 or the first amino
acid residue from the N terminal of framework 2.
** Amino acid residue 51 of framework 2 (A) is the residue adjacent to CDR2 or the first amino
aicd residue from the C-terminal of framework 2.

[0050] In another aspect of the invention, the unmodified antibody or the antigen-binding
portion thereof comprises a light chain variable region, wherein the light chain variable region
comprises three CDRs, CDR1, CDR2 and CDR3, having amino acid sequences about 80%, about
81%, about 82%, about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about
89%, about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about
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97%, about 98%, about 99% or about 100% homologous to the amino acid sequence set forth in
SEQ ID NOs: 7, 8 and 9 respectively.

[0051] In some embodiments, the light chain variable region of the unmodified antibody or
the antigen-binding portion thereof further comprises at least one framework selected from (a) a
framework between a leader sequence and said CDR1 of the light chain, having an amino acid
sequence about 80%, about 81%, about 82%, about 83%, about 84%, about 85%, about 86%, about
87%, about 88%, about 89%, about 90%, about 91%, about 92%, about 93%, about 94%, about
95%, about 96%, about 97%, about 98%, about 99% or about 100% homologous to SEQ ID NO:
10, (b) a framework between said CDR1 and said CDR2 of the light heavy chain, having an amino
acid sequence about 80%, about 81%, about 82%, about 83%, about 84%, about 85%, about 86%,
about 87%, about 88%, about 89%, about 90%, about 91%, about 92%, about 93%, about 94%,
about 95%, about 96%, about 97%, about 98%, about 99% or about 100% homologous to SEQ ID
NO: 11, or (c) a framework between said CDR2 and said CDR3 of the light chain, having an amino
acid sequence about 80%, about 81%, about 82%, about 83%, about 84%, about 85%, about 86%,
about 87%, about 88%, about 89%, about 90%, about 91%, about 92%, about 93%, about 94%,
about 95%, about 96%, about 97%, about 98%, about 99% or about 100% homologous to SEQ ID
NO: 12.

[0052] In other embodiment, amino acid residue 45 in framework 2 (or the 4th amino acid
residue from the C-terminal of framework 2) of the light chain (SEQ ID NO. 11) is proline and/or
amino acid residue 46 in framework 2 (the 3rd amino acid residue from the C-terminal of
framework 2) of the light chain is tryptophan, with the proviso that amino acid residue 45 and/or
amino acid residue 46 not substituted. The position of the amino acid of SEQ ID NO: 11 is

illustrated below:

E3 RF

Amino AcidW |[Y |Q [Q K (P |G |S (S [P |[K |[P (W [ |Y

Residue

Position 34 |35 (36 |37 |38 |39 (40 |41 |42 |43 |44 |45 |46 |47 (48
NO.

"The amino acid at position 34 of framework 2 (W) is the residue adjacent to CDR 1 or the first
amino acid residue from the N-terminal of framework 2.
“The amino acid at position 48 of framework 2 (Y) is the residue adjacent to CDR2 or the first
amino acid residue from the C-terminal of framework 2.

[0053] The unmodified antibodies of the present invention also include humanized
antibodies that bind to a tumor carbohydrate or a fragment thereof. In one embodiment, the

humanized antibody comprises a heavy chain variable region having an amino acid sequence about
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80%, about 81%, about 82%, about 83%, about 84%, about 85%, about 86%, about 87%, about

88%, about 89%, about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about
96%, about 97%, about 98%, about 99% or about 100% homologous to SEQ ID NO: 13, and/or a
light chain variable region comprises a light chain having an amino acid sequence about 80%, about
81%, about 82%, about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about
89%, about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about
97%, about 98%, about 99% or about 100% homologous to SEQ ID NO: 14.

[0054] The unmodified antibodies of the present invention also include chimeric antibodies
that bind to a tumor carbohydrate or a fragment thereof. In one embodiment, the chimeric antibody
comprises a heavy chain variable region having an amino acid sequence about 80%, about 81%,
about 82%, about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%,
about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%,
about 98%, about 99% or about 100% homologous to SEQ ID NO: 57, and/or a light chain variable
region comprises a light chain having an amino acid sequence about 80%, about 81%, about 82%,
about 83%, about 84%, about 85%, about 86%, about 87%, about 88%, about 89%, about 90%,
about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%,
about 99% or about 100% homologous to SEQ ID NO: 58.

[0055] In some embodiments, the unmodified antibodies or the antigen-binding portions
thereof are produced from non-human antibodies obtained from the hybridoma designated 2C2
(deposited under ATCC Accession No.: PTA-121138). See PCT/US15/25305, the content of which
is incorporated by reference in its entirety.

[0056] Table 1 shows the amino acid sequences of the heavy chain variable region, the light
chain variable region, the CDRs, and FWs of the unmodified antibodies and one exemplary

embodiment of the modified antibodies.

Table 1
Variable Region Amino Acid Sequences SEQ ID NO.
Heavy Chain CDR1 | GFSLYTFDMGVG 1
Heavy Chain CDR2 | HHWWDDDKYYNPALKS 2
Heavy Chain CDR3 | VRGLHDYYYWFAY 3
Humanized
Heavy Chain FW1 QITLKESGPTLVKPTQTLTLTCTFS 4
Humanized
Heavy Chain FW2 WIRQPPGKGLEWLA 5
Humanized
Heavy Chain FW3 RLTISKDTSKNQVVLTMTNMDPVDTATYYCAR 6
Light Chain CDR1 RASSSVSYMH 7
Light Chain CDR2 ATSNLAS 8
Light Chain CDR3 QQWSRNPFT 9
Humanized EIVLTQSPATLSLSPGERATLSC 10

13



WO 2017/062792 PCT/US2016/056032
Light Chain FW1
Humanized
Light Chain FW2 WY QQKPGKSPKPWIY 11
Humanized
Light Chain FW3 GVPSRFSGSGSGTDFTFTISSLQPEDIATYYC 12
Heavy Chain | QITLKESGPTLVKPTQTLTLTCTFSGFSLYTFDMGVGW
Variable Region of | IRQPPGKGLEWLAHIWWDDDKYYNPALKSRLTISKDT 13
Humanized SKNQVVLTMTNMDPVDTATYYCARVRGLHDYYYWF
Antibody AY
%;agr}il;ble Regiglhag} EIVLTQSPATLSLSPGERATLSCRASSSVSYMHWYQQ
Humanized KPGKSPKPWIYATSNLASGVPSRFSGSGSGTDFTFTISS | 14
Antibody LQPEDIATYYCQQWSRNPFT
Heavy Chain QVTLKESGPGILQPSQTLSLTCSFSGFSLYTFDMGVGW
Variable Region of IRQPSGKGLEWLAHIWWDDDKY YNPALKSRLTVSKD 57
} . ; TSKNQVFLKIPNVDTADSATYYCARVRGLHDYYYWF
Chimeric Antibody AY
Light Chain | QIVLSQSPTILSASPGEKVTMTCRASSSVSYMHWYQQ
Variable Region of | KPGSSPKPWIYATSNLASGVPARFSGSGSGTSYSLTISR | 58
Chimeric Antibody VEAEDAATYFCQQWSRNPFT
QITLKESGPTLVKPTQTLTLTCTFSGFSLYTFDMGVGW
IRQPPGKGLEWLAHIWWDGDKY YNPALKSRLTISKDT
SKNQVVLTMTNMDPVDTATYYCARVRGLHRYYYWF
AYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAA
Heavy Chain | LGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSG
Variable Region of | LYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKV
Modified Antibody | EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMIS | 59
(Humanized R28 | RTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKT
mAb) KPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSN
KALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQV
SLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLYSKLTVDK SRWQQGNVFSCSVMHEALHNHY
TQKSLSLSPGK
Light Chain EIVLTQSPATLSLSPGERATLSCRASSSVSYMHWYQQ
Variable Region of KPGKSPKPWIYATSNKASGVPSRFSGSGSGTDFTFTISS
Modified  Antibody | FQPEDIATYYCQQWSRRPFTFGQGTKVEIKRTVAAPS | o

VFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKYVD

(Hggamzed R28 | NALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEK
m HKVYACEVTHQGLSSPVTKSFNRGEC
Modified Antibodies

[0057] In accordance with this description and the teachings of the art, it is contemplated

that in some embodiments, a modified antibody of the invention may comprise one or more

alterations, e.g. in one or more CDRs, as compared to the wild type counterpart antibody. The

modified antibody would retain substantially the same characteristics required for therapeutic utility

as compared to their unmodified wild type counterpart. However, it is thought that certain

alterations in amino acid residues at positions described herein would result in a modified antibody

with improved or optimized binding affinity for the tumor-associate carbohydrates, compared to the
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unmodified wild type antibody from which it is generated. In one embodiment, the modified
antibody of the present invention is an “affinity matured” antibody.

[0058] One type of alterations involves substituting one or more amino acid residues of a
CDR of a wild type/unmodified antibody to generate a modified antibody. Such modified antibody
may be conveniently generated using phage display-based affinity maturation techniques. Briefly,
several hypervariable region sites (e.g. 6-7 sites) are mutated to generate all possible amino acid
substitutions at each site. The antibodies thus generated are displayed from filamentous phage
particles as fusions to at least part of a phage coat protein (e.g., the gene III product of M13)
packaged within each particle. The phage-displayed variants are then screened for their biological
activity (e.g. binding affinity). In order to identify candidate hypervariable region sites for
modification, scanning mutagenesis (e.g., alanine scanning) can be performed to identify
hypervariable region residues contributing significantly to antigen binding. Alternatively, or
additionally, it may be beneficial to analyze a crystal structure of the antigen-antibody complex to
identify contact points between the antibody and antigen. Such contact residues and neighboring
residues are candidates for substitution according to techniques known in the art, including those
elaborated herein. Once such modified antibodies are generated, the panel of variants is subjected to
screening using techniques known in the art, including those described herein, and modified
antibodies with superior properties in one or more relevant assays may be selected for further
development.

[0059] The modified antibodies may also be produced by methods described, for example,
by Marks et al., 1992, (affinity maturation by variable heavy chain (VH) and variable light chain
(VL) domain shuftling), or Barbas, ef al., 1994; Shier ef al., 1995; Yelton et al., 1995; Jackson et
al., 1995; and Hawkins et al., 1992 (random mutagenesis of CDR and/or framework residues).

[0060] In one aspect of the invention, the modified antibody or the antigen binding portion
thereof of the present invention comprises a heavy chain variable region wherein the heavy chain
variable region comprises three CDRs, CDR1, CDR2 and CDR3, having amino acid sequences
about 80%, about 81%, about 82%, about 83%, about 84%, about 85%, about 86%, about 87%,
about 88%, about 89%, about 90%, about 91%, about 92%, about 93%, about 94%, about 95%,
about 96%, about 97%, about 98%, about 99% or about 100% homologous to the amino acid
sequence set forth in SEQ ID NOs: 1, 2 and 3 respectively; in which at least one amino acid residue,
selected from amino acid residues 28, 31, 57, 63 or 105, is substituted with another amino acid
which is different from that present in the unmodified antibody, thereby increasing the binding
affinity of the unmodified antibody by about 5%, about 10%, about 20%, about 30%, about 40%,
about 50%, about 60%, about 70%, about 80%, about 90%, about 100%, about 150%, about 200%,
about 300%, about 400%, about 500%, about 600% or about 700%.
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[0061] In one embodiment, the heavy chain variable region of the modified antibody
comprises at least one of the following amino acid substitutions:

[0062] Amino acid residue 28 (Serine) in CDRI is substituted with a basic amino acid , a
neutral amino acid with the proviso that the neutral amino acid is not Serine, or a hydrophobic
amino acid,

[0063] Amino acid residue 31 (Threonine) in CDR1 is substituted with a basic amino acid,

[0064] Amino acid residue 57 (Aspartic Acid) in CDR2 is substituted with a neutral, a basic
or a hydrophobic amino acid,

[0065] Amino acid residue 63 (Proline) in CDR2 is substituted with a neutral amino acid, a
basic amino acid or a hydrophobic amino acid, with the proviso that the hydrophobic amino acid is
not Proline, or

[0066] (e)Amino acid residue 105 (Aspartic Acid) in CDR3 is substituted with a basic
amino acid, a hydrophobic amino acid or a neutral amino acid.

[0067] The twenty amino acids are divided into four classes (Basic, Neutral, Hydrophobic
and Acidic) according to its side chain. Table 2 lists the four classes of amino acids.

Table 2

Side Chain Amino Acid

Basic Arginine (R), Lysine (K) or Histidine (H)

Neutral Cysteine (C), Tyrosine (Y), Glycine (G), Glutamine (Q),
Threonine (T), Asparagine (N) or Serine (S)

Hydrophobic Isoleucine (I), Leucine (L), Methionine (M), Tryptophan (W),
Proline (P), Valine (V), Phenylalanine (F) or Alanine (A)

Acidic Aspartic Acid (D) or Glutamic Acid (E)

[0068] Embodiments include modified antibodies with at least one of the following amino
acid substitutions in the heavy chain region: (a) Amino acid residue 28 in CDR1 (or the 3rd amino
acid residue from the N-terminal of CDR1) is substituted with a basic amino acid, a neutral amino
acid other than Serine, Glycine or Glutamine, or a hydrophobic amino acid other than Isoleucine,
Leucine, Methionine or Tryptophan, (b) Amino acid residue 31 in CDR1 (or the 6th amino acid
residue from the N-terminal of CDR1) is substituted with a basic amino acid other than Histidine,
(c) Amino acid residue 57 in CDR2 (or the 6th amino acid residue from the N-terminal of CDR2) is
substituted with a neutral amino acid other than Asparagine or Threonine, a basic amino acid or a
hydrophobic amino acid other than Isoleucine, Proline or Valine, (d) Amino acid residue 63 in

CDR2 (or the 5th amino acid residue from the C-terminal of CDR?2) is substituted with a neutral
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amino acid other than Asparagine, Glutamine or Threonine, a basic amino acid, or a hydrophobic
amino acid other than Proline or Methionine, or (¢) Amino acid residue 105 in CDR3 (or the 6th
amino acid residue from the N-terminal of CDR3) is substituted with a basic amino acid, a neutral
amino acid or a hydrophobic amino acid other than Leucine.

[0069] Table 3 provides examples of the amino acid substitution of the heavy chain variable
region of the modified antibody. For each substitution, the first letter indicates the amino acid of
the unmodified antibody, the number indicates the position according to Kabat numbering scheme,
and the second letter indicates the amino acid of the modified antibody. For example, Serine at
amino acid residue 28 is substituted with Lysine (S028K) or Arginine (SO28R), Tyrosine (S028Y),
Phenylalanine (S028F), Threonine at amino acid residue 31 is substituted with Lysine (T031K) or
Arginine (TO31R), Aspartic Acid at amino acid residue 57 is substituted with Glycine (D057G),
Serine (D57S), Glutamine (D057Q), Histidine (DO57H) or Tryptophan (D57W), Proline at amino
acid residue 63 is substituted with Histidine (PO63H), Arginine (PO63R), Tyrosine (P063Y),
Alanine (P063A), Leucine (PO63L) or Valine (PO63V), Aspartic Acid at amino acid residue 105 is
substituted with Arginine (D105R), Glycine (D105G), Threonine (D105T), Methionine (D105M),

Alanine (D105A), Isoleucine (D105I), Lysine (D105K) or Valine (D105V).

Table 3
Substituting Amino Acid | Amino Acid | Amino Acid | Amino Acid | Amino Acid
Amino acid Residue 28 Residue 31 Residue 57 Residue 63 Residue 105
Basic Amino S028K TO31K DO5S7H PO63H DI105R
Acid (SEQ ID NO. | (SEQ ID NO. | (SEQ ID NO. | (SEQ ID NO. | (SEQ ID NO.
15) 19) 21) 26) 32)
S028R TO31R PO63R D105K
(SEQ ID NO. | (SEQ ID NO. (SEQ ID NO. | (SEQ ID NO.
16) 20) 27) 33)
Neutral S028Y DO057G PO63Y D105G
Amino Acid (SEQ ID NO. (SEQ ID NO. | (SEQ ID NO. | (SEQ ID NO.
17) 22) 28) 34)
D057S DI105T
(SEQ ID NO. (SEQ ID NO.
23) 35)
D057Q
(SEQ ID NO.
24)
Hydrophobic S028F DOS7TW PO63A D105M
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Amino Acid (SEQ ID NO. (SEQ ID NO. [ (SEQ ID NO. | (SEQ ID NO.
18) 25) 29) 36)
PO63L DI105A
(SEQ ID NO. | (SEQ ID NO.
30) 37)
PO63V D105I
(SEQ ID NO. | (SEQ ID NO.
31) 38)
D105V
(SEQ ID NO.
39)

[0070] In another aspect of the invention, the modified antibody or the antigen binding

thereof of the present invention comprises a light chain variable region wherein the light chain

variable region comprises three CDRs, CDR1, CDR2 and CDR3, having amino acid sequences
about 80%, about 81%, about 82%, about 83%, about 84%, about 85%, about 86%, about 87%,
about 88%, about 89%, about 90%, about 91%, about 92%, about 93%, about 94%, about 95%,
about 96%, about 97%, about 98%, about 99% or about 100% homologous to the amino acid

sequence set forth in SEQ ID NOs: 7, 8 and 9 respectively; in which at least one amino acid residue,

selected from amino acid residues 24, 32, 49, 53 or 93, is substituted with another amino acid which

is different from that present in the unmodified antibody, thereby increasing the binding affinity of
the unmodified antibody by about 5%, about 10%, about 20%, about 30%, about 40%, about 50%,
about 60%, about 70%, about 80%, about 90%, about 100%, about 150%, about 200%, about

300%, about 400%, about 500%, about 600% or about 700%.

[0071] In one embodiment, the light chain variable region of the modified antibody

comprises at least one of the following amino acid substitutions:

(a) Amino acid residue 24 (Arginine) in CDRI1 (or the Ist amino acid residue from the N-
terminal of CDR1) is substituted with a neutral amino acid or a hydrophobic amino acid,

(b) Amino acid residue 32 (Methionine) in CDR1 (or the 2nd amino acid residue from the C-
terminal of CDR1) is substituted with a neutral amino acid or a hydrophobic amino acid, with
the proviso that the hydrophobic amino acid is not Methionine,

(¢) Amino acid residue 49 (Alanine) in CDR2 (or the 1st amino acid residue from the N-
terminal of CDR2 is substituted with a neutral amino acid,

(d) Amino acid residue 53 (Leucine) in CDR2 (or the 5th amino acid residue from the N-

terminal of CDR2) is substituted with a neutral amino acid or a basic amino acid, or
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(e) Amino acid residue 93 (Asparagine) in CDR3 (or the 6th amino acid residue from the N-

terminal of CDR3) is substituted with a neutral amino acid with the proviso that the neutral

amino acid is not Asparagine, a basic amino acid or a hydrophobic amino acid.

[0072] Embodiments include modified antibodies with at least one of the following amino

acid substitutions in the light chain region: (a) Amino acid residue 24 in CDR1 is substituted with a

neutral amino acid other than Threonine or a hydrophobic amino acid other than Methionine,

Proline or Valine, (b) Amino acid residue 32 in CDR1 is substituted with a neutral amino acid other

than Serine or Threonine, or a hydrophobic amino acid other than Methionine, Leucine or

Tryptophan, (¢) Amino acid residue 49 in CDR2 is substituted with a neutral amino acid with the

proviso that is it not Asparagine or Threonine, (d) Amino acid residue 53 in CDR2 is substituted

with a neutral amino acid other than Asparagine or Serine or a basic amino acid other than

Arginine, or (¢) Amino acid residue 93 in CDR3 is substituted with a neutral amino acid with the

proviso that the neutral amino acid is not Asparagine, a basic amino acid or a hydrophobic amino

acid with the proviso that the hydrophobic amino acid is not Valine.

[0073] Table 4 provides examples of the amino acid substitution of the light chain variable

region of the modified antibody. For example, the amino acid residue at 24, using Kabat numbering
scheme, is substituted with Glycine (R024G), Serine (R024S) or Tryptophan (R024W), the amino
acid residue at 32 is substituted with Glycine (M032G), Glutamine (M032Q) or Valine (M032V),

the amino acid residue at 49 is substituted with Glycine (A049G), the amino acid residue at 53 is
substituted with Lysine (LO53K), Glutamine (L053G), or Threonine (L053T), the amino acid
residue at 93 is substituted with Arginine (NO93R), Glutamine (N093Q), Serine (N093S),

Threonine (N093T), Phenylalanine (NO93F), Leucine (NO93L), Methionine (NO93M).

Table 4
Substituting Amino Acid | Amino Acid | Amino Acid | Amino Acid | Amino Acid
Amino acid Residue 24 Residue 32 Residue 49 Residue S3 Residue 93
Basic Amino LOS3K NO93R
Acid (SEQ ID NO. | (SEQ ID NO.
47) 50)
Neutral R024G MO032G A049G L053G NO093Q
Amino Acid (SEQ ID NO. | (SEQ ID NO. | (SEQ ID NO. | (SEQ ID NO. | (SEQ ID NO.
40) 43) 46) 48) 51)
R024S MO032Q LOS3T NO093S
(SEQ ID NO. | (SEQ ID NO. (SEQ ID NO. | (SEQ ID NO.
41) 44) 49) 52)
NO93T
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(SEQ ID NO.
53)

Hydrophobic RO24W MO032V NO93F
Amino Acid (SEQ ID NO. | (SEQ ID NO. (SEQ ID NO.
42) 45) 54)

NO93L

(SEQ ID NO.
55)

N093M

(SEQ ID NO.
56)

[0074] In one embodiment, the modified antibody comprises:

(a) a heavy chain variable region comprises three CDRs, CDR1, CDR2 and CDR3, having
amino acid sequences about 80%, about 81%, about 82%, about 83%, about 84%, about
85%, about 86%, about 87%, about 88%, about 89%, about 90%, about 91%, about 92%,
about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99% or
about 100% homologous to the amino acid sequence set forth in SEQ ID NOs: 1, 2 and 3
respectively and includes at least one of the following amino acid substitution:

(1) Amino acid residue 28 in CDRI is substituted with Lysine (S028K), Arginine (S028R),
Tyrosine (S028Y) or Phenylalanine (S028F),

(i1) Amino acid residue 31 in CDR1 is substituted with Lysine (T031K) or Arginine (TO31R),

(1i1) Amino acid residue 57 in CDR?2 is substituted with Histidine (DO57H), Glycine (D057QG),
Serine (D0578S), Glutamine (D057Q) or Tryptophan (DO57W),

(iv) Amino acid residue 63 in CDR2 is substituted with Histidine (P063H), Arginine (PO63R),
Tyrosine (P063Y), Alanine (P063A), Leucine (PO63L) or Valine (PO63V),

(v) Amino acid residue 105 in CDR3 is substituted with Arginine (D105R), Glycine (D105G),
Threonine (D105T), Methionine (D105M), Alanine (D105A), Isoleucine (D105I), Lysine
(D105K) or Valine (D105V), and/or

(b) a light chain variable region, comprises three CDRs, CDR1, CDR2 and CDR3, having
amino acid sequences about 80%, about 81%, about 82%, about 83%, about 84%, about
85%, about 86%, about 87%, about 88%, about 89%, about 90%, about 91%, about 92%,
about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99% or
about 100% homologous to the amino acid sequence set forth in SEQ ID NOs: 7, 8 and 9

respectively and includes at least one of the following amino acid substitution:
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(1) Amino acid residue 24 in CDRI1 is substituted with Glycine (R024G), Serine (R024S) or

Tryptophan (R024W),

(i) Amino acid residue 32 in CDRI1 is substituted with Glycine (M032G), Glutamine (M032Q)
or Valine (M0O32V),

(ii1) Amino acid residue 49 in CDR?2 is substituted with Glycine (A049G),

(iv) Amino acid residue 53 in CDR2 is substituted with Lysine (L053K), Glutamine (L053G),
or Threonine (LO53T),

(v) Amino acid residue 93 in CDR3 is substituted with Arginine (NO93R), Glutamine
(N093Q), Serine (N093S), Threonine (N0O93T), Phenylalanine (NO93F), Leucine (NO93L)
or Methionine (NO93M).

[0075] In another embodiment, the modified antibody comprises:

(c) a heavy chain variable region comprises three CDRs, CDR1, CDR2 and CDR3, having
amino acid sequences about 80%, about 81%, about 82%, about 83%, about 84%, about
85%, about 86%, about 87%, about 88%, about 89%, about 90%, about 91%, about 92%,
about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99% or
about 100% homologous to the amino acid sequence set forth in SEQ ID NOs: 1, 2 and 3
respectively and includes at least one of the following amino acid substitution:

(1) Amino acid residue 28 in CDR1 is substituted with Arginine (S028R),

(i1) Amino acid residue 31 in CDR1 is substituted with Arginine (TO31R),

(ii1) Amino acid residue 57 in CDR2 is substituted with Glycine (D057G),

(iv) Amino acid residue 63 in CDR2 is substituted with Tyrosine (P063Y),

(v) Amino acid residue 105 in CDR3 is substituted with Arginine (D105R), and/or

(d) a light chain variable region, comprises three CDRs, CDR1, CDR2 and CDR3, having
amino acid sequences about 80%, about 81%, about 82%, about 83%, about 84%, about
85%, about 86%, about 87%, about 88%, about 89%, about 90%, about 91%, about 92%,
about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99% or
about 100% homologous to the amino acid sequence set forth in SEQ ID NOs: 7, 8 and 9
respectively and includes at least one of the following amino acid substitution:

(1) Amino acid residue 24 in CDR1 is substituted with Tryptophan (R024W),

(i) Amino acid residue 32 in CDRI1 is substituted with Glutamine (M032Q),

(ii1) Amino acid residue 49 in CDR2 is substituted with Glycine (A049G),

(iv) Amino acid residue 53 in CDR2 is substituted with Lysine (LO53K),

(v) Amino acid residue 93 in CDR3 is substituted with Arginine (NO93R).

[0076] In yet another embodiment, the present invention provides a modified antibody or

the antigen binding portion thereof, comprising:
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(e) a heavy chain and a light chain, wherein the heavy chain having an amino acid sequence
about 80%, about 81%, about 82%, about 83%, about 84%, about 85%, about 86%, about
87%, about 88%, about 89%, about 90%, about 91%, about 92%, about 93%, about 94%,
about 95%, about 96%, about 97%, about 98%, about 99% or about 100% homologous to
the amino acid sequence selected from SEQ ID NO. 15, SEQ ID NO. 16, SEQ ID NO. 17,
SEQ ID NO. 18, SEQ ID NO. 19, SEQ ID NO. 20, SEQ ID NO. 21, SEQ ID NO. 22, SEQ
ID NO. 23, SEQ ID NO. 24, SEQ ID NO. 25, SEQ ID NO. 26, SEQ ID NO. 27, SEQ ID
NO. 28, SEQ ID NO. 29, SEQ ID NO. 30, SEQ ID NO. 31, SEQ ID NO. 32, SEQ ID NO.
33, SEQ ID NO. 34, SEQ ID NO. 35, SEQ ID NO. 36, SEQ ID NO. 37, SEQ ID NO. 38,
SEQ ID NO. 39, and/or

(b) a light chain, wherein the light chain having an amino acid sequence about 80%, about
81%, about 82%, about 83%, about 84%, about 85%, about 86%, about 87%, about 88%,
about 89%, about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about
96%, about 97%, about 98%, about 99% or about 100% homologous to the amino acid
sequence selected from SEQ ID NO .40, SEQ ID NO. 41, SEQ ID NO. 42, SEQ ID NO. 43,
SEQ ID NO. 44, SEQ ID NO. 45, SEQ ID NO. 46, SEQ ID NO. 47, SEQ ID NO. 48, SEQ
ID NO. 49, SEQ ID NO. 50, SEQ ID NO. 51, SEQ ID NO. 52, SEQ ID NO. 53, SEQ ID
NO. 54, SEQ ID NO. 55 or SEQ ID NO. 56.

[0077] In other embodiments, the variable regions of the modified antibodies or the antigen
binding portions thereof described herein do not include the amino acid substitutions listed in
Figure 5.

[0078] Any of a variety of tumor associated carbohydrate antigens, particularly Globo H,
may be used in the practice of the present invention. Examples of tumor-associate carbohydrate
antigens include, but are not limited to Globo antigens such as Globo H, stage-specific embryonic
antigen 3 (SSEA-3) (also called Gb5), stage-specific embryonic antigen 4 (SSEA-4), Gb4 and Gb3,
Lewis antigens such as sLe*, Le¥, sLe®, Le® and Le’, mucin glycans such as sTn, Tn and Thomsen-
Friedenreich antigen (TF), the ganglioside such as GD1a, GT1b, A2B5, GD2, GD3, Fucosyl GM1,
GM1, GM2, GM3, Neu5GcGM3 and polysialic acid (PSA), sulfitide antigen such as 6Gal-HSO:;-
SialLex and 6GluNAc-HSOs-Sialex. Other carbohydrate antigens include, but are not limited to:

a -Galactose, « -Man-6-phosphate, « -L-Rhamnose,a-GalNAc(Tn), a-NeuAc-OCH,CsHy-p-
NHCOOCH,, Fucal-2GalB1-4GalNAc (H types3), NeuAca2-8NeuAca,(NeuAca2-8)2 Polysialic
acid, NeuAca2-6Galb, NeuAcb2-6Gala(STn), Galal-3Galb1-4GlaNAcb (NeuAca2-8)3, GalNAcaa-
3(Fucal-2)Galp (Blood Group A), Gala1-3(Fucal-2)Galp (Blood Group B), 6Gal-HSOs-Sial.ex,
6GluNAc-HSO;-Sialex anda2-6 sialylated diantennary N-glycans.

[0079] The present antibodies or antigen-binding portions thereof have in vitro and in vivo
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therapeutic, prophylactic, and/or diagnostic utilities. For example, these antibodies can be
administered to cells in culture, e.g., in vitro or ex vivo, or to a subject, e.g., in vivo, to treat, inhibit,
prevent relapse, and/or diagnose diseases, such as cancer.

[0080] The antibodies or antigen-binding portions thereof can be used on cells in culture,
e.g., in vitro or ex vivo. For example, cells can be cultured in vifro in culture medium and contacted
by the antibody or the antigen binding portion thereof. The methods can be performed on cells
present in a subject, as part of an in vivo (e.g., therapeutic or prophylactic) protocol. For in vivo
embodiments, the contacting step is effected in a subject and includes administering the antibody or
the antigen binding portion thereof to the subject under conditions effective to permit binding of the
antibody, or the antigen binding portion thereof, to a tumor-associate carbohydrate antigen (e.g.,
Globo H) expressed on one or more cancer cells in the subject, e.g., in the breast cancer cell.
METHODS FOR INHIBITING CANCER CELLS

[0081] Antibodies or the antigen binding portions thereof of the present invention are
capable of modulating, decreasing, antagonizing, mitigating, alleviating, blocking, inhibiting,
abrogating and/or interfering with at least one tumor-associate carbohydrate antigen or a fragment
thereof in vitro, in situ and/or in vivo.

[0082] The invention also provides methods for inhibiting the growth of a cell in vifro, ex
vivo or in vivo, wherein the cell, such as a cancer cell, is contacted with an effective amount of an
antibody or an antigen-binding portion thereof as described herein. Pathological cells or tissue such
as hyperproliferative cells or tissue may be treated by contacting the cells or tissue with an effective
amount of an antibody or an antigen-binding portion thereof of this invention. The cells, such as
cancer cells, can be primary cancer cells or can be cultured cells available from tissue banks such as
the American Type Culture Collection (ATCC). The pathological cells can be cells of a Globo H
expressing cancer, gliomas, meningioma, pituitary adenomas, or a CNS metastasis from a systemic
cancer, lung cancer, prostate cancer, breast cancer, hematopoietic cancer or ovarian cancer. The
cells can be from a vertebrate, preferably a mammal, more preferably a human. U.S. Patent
Publication No. 2004/0087651. Balassiano et al. (2002) Intern. J. Mol. Med. 10:785-788. Thorne,
et al. (2004) Neuroscience 127:481-496. Fernandes, ef al. (2005) Oncology Reports 13:943-

947. Da Fonseca, ef al. (2008) Surgical Neurology 70:259267. Da Fonseca, et al. (2008) Arch.
Immunol. Ther. Exp. 56:267-276. Hashizume, ef a/. (2008) Neuroncology 10:112-120. In one
embodiment, the cancer is Globo H expressing cancer. In another embodiment, the cancer is SSEA-
3 expressing cancer. In yet another embodiment, the cancer is SSEA-4 expressing cancer. Globo H
expressing cancer, SSEA-3 expressing cancer and SSEA-4 expressing cancer include one or more
of sarcoma, skin cancer, leukemia, lymphoma, brain cancer, glioblastoma, lung cancer, breast

cancer, oral cancer, head-and-neck cancer, nasopharyngeal cancer, esophageal cancer, stomach
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cancer, liver cancer, bile duct cancer, gallbladder cancer, bladder cancer, pancreatic cancer,
intestinal cancer, colorectal cancer, kidney cancer, cervix cancer, endometrial cancer, ovarian
cancer, testicular cancer, buccal cancer, oropharyngeal cancer, laryngeal cancer and/or prostate
cancer. In one aspect, the method comprises the assaying of a sample selected from one or more of
breast, ovary, lung, pancreatic, stomach (gastric), colorectal, prostate, liver, cervix, esophagus,
brain, oral, and/or kidney cancer.

[0083] /n vitro efficacy of the present antibody or the antigen-binding portion thereof can be
determined using methods well known in the art. MTT assay is based on the principle of uptake of
MTT, a tetrazolium salt, by metabolically active cells where it is metabolized into a blue colored
formazan product, which can be read spectrometrically. J. of Immunological Methods 65: 55 63,
1983. The cytotoxicity of the present antibody or the antigen-binding portion thereof may be
studied by colony formation assay. Functional assays for binding Globo H antigen may be
performed via ELISA. Cell cycle block by the antibody or the antigen-binding thereof may be
studied by standard propidium iodide (PI) staining and flow cytometry. Invasion inhibition may be
studied by Boyden chambers. In this assay a layer of reconstituted basement membrane, Matrigel,
is coated onto chemotaxis filters and acts as a barrier to the migration of cells in the Boyden
chambers. Only cells with invasive capacity can cross the Matrigel barrier. Other assays include,
but are not limited to cell viability assays, apoptosis assays, and morphological assays. Assays can
also be done in vivo using a murine model. See, e.g., B. Teicher, Tumor Models for Efficacy
Determination. Mol Cancer Ther 2006; 5: 2435-2443”

Pharmaceutical Composition

[0084] In some embodiments, the present invention provides pharmaceutical compositions
comprising an antibody or antigen-binding portion thereof described herein, and a pharmaceutically
acceptable carrier. Pharmaceutically acceptable carriers include any and all solvents, dispersion
media, isotonic and absorption delaying agents, and the like that are physiologically compatible. In
one embodiment, the pharmaceutical composition is effective to inhibit cancer cells in a subject.

[0085] Routes of administration of the present pharmaceutical compositions include, but are
not limited to, intravenous, intramuscular, intranasal, subcutaneous, oral, topical, subcutaneous,
intradermal, transdermal, subdermal, parenteral, rectal, spinal, or epidermal administration.

[0086] The pharmaceutical compositions of the present invention can be prepared as
injectables, either as liquid solutions or suspensions, or as solid forms which are suitable for
solution or suspension in liquid vehicles prior to injection. The pharmaceutical composition can also
be prepared in solid form, emulsified or the active ingredient encapsulated in liposome vehicles or
other particulate carriers used for sustained delivery. For example, the pharmaceutical composition

can be in the form of an oil emulsion, water-in-oil emulsion, water-in-oil-in-water emulsion, site-
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specific emulsion, long-residence emulsion, stickyemulsion, microemulsion, nanoemulsion,
liposome, microparticle, microsphere, nanosphere, nanoparticle and various natural or synthetic
polymers, such as nonresorbable impermeable polymers such as ethylenevinyl acetate copolymers
and Hytrel® copolymers, swellable polymers such as hydrogels, or resorbable polymers such as
collagen and certain polyacids or polyesters such as those used to make resorbable sutures, that
allow for sustained release of the pharmaceutical composition.

[0087] Naturally, the pharmaceutical compositions to be used for in vivo administration
must be sterile; sterilization may be accomplished be conventional techniques, e.g. by filtration
through sterile filtration membranes. It may be useful to increase the concentration of the antibody
to come to a so-called high concentration liquid formulation (HCLF); various ways to generate such
HCLFs have been described.

[0088] The pharmaceutical composition are administered alone, and/or mixed with another
therapeutic agent, for example, a second monoclonal or polyclonal antibody or the antigen-binding
portion thereof or an anti-cancer agent such as DNA damaging or tubulin binding agents, or agents
which inhibit angiogenesis, signal transduction pathways or mitotic checkpoints. The combination
product may be a mixture of the two ingredients or they may be covalently attached. In one
example, the antibody or antigen-binding portion thereof specifically binds to Globo H is combined
with an antibody (monoclonal or polyclonal) or antigen-binding portion thereof specifically binds
VEGF. In another example, the second agent is a chemotherapy agent (e.g., cyclophosphamide, 5-
fluorouracil or Actinomycin-D). The antibodies can also be administered in combinations with a
cancer vaccine, e.g., Globo H conjugated with Diphtheria Toxin and a saponin adjuvant. The
additional therapeutic agent may be administered simultaneously with, optionally as a component of
the same pharmaceutical preparation, or before or after administration of the claimed antibody of
the invention. Actual methods of preparing such dosage forms are known, or will be modified, to
those skilled in the art. See, e.g., Remington’s Pharmaceutical Sciences, Mack Publishing
Company, Easton, Pennsylvania, 21st edition.

[0089] Pharmaceutical compositions can be administered in a single dose treatment or in
multiple dose treatments on a schedule and over a time period appropriate to the age, weight and
condition of the subject, the particular composition used, and the route of administration, whether
the pharmaceutical composition is used for prophylactic or curative purposes, etc. For example, in
one embodiment, the pharmaceutical composition according to the invention is administered once
per month, twice per month, three times per month, every other week (qow), once per week (qw),
twice per week (biw), three times per week (tiw), four times per week, five times per week, six
times per week, every other day (qod), daily (qd), twice a day (qid), or three times a day (tid).

[0090] The duration of administration of an antibody according to the invention, e.g., the
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period of time over which the pharmaceutical composition is administered, can vary, depending on
any of a variety of factors, e.g., subject response, etc. For example, the pharmaceutical composition
can be administered over a period of time ranging from about one or more seconds to one or more
hours, one day to about one week, from about two weeks to about four weeks, from about one
month to about two months, from about two months to about four months, from about four months
to about six months, from about six months to about eight months, from about eight months to
about 1 year, from about 1 year to about 2 years, or from about 2 years to about 4 years, or more.

[0091] For ease of administration and uniformity of dosage, oral or parenteral
pharmaceutical compositions in dosage unit form may be used. Dosage unit form as used herein
refers to physically discrete units suited as unitary dosages for the subject to be treated; each unit
containing a predetermined quantity of active compound calculated to produce the desired
therapeutic effect in association with the required pharmaceutical carrier.

[0092] The data obtained from the cell culture assays and animal studies can be used in
formulating a range of dosage for use in humans. In one embodiment, the dosage of such
compounds lies within a range of circulating concentrations that include the EDs, with little or no
toxicity. The dosage can vary within this range depending upon the dosage form employed and the
route of administration utilized. In another embodiment, the therapeutically effective dose can be
estimated initially from cell culture assays. A dose can be formulated in animal models to achieve a
circulating plasma concentration range that includes the ICs (i.e., the concentration of the test
compound which achieves a half-maximal inhibition of symptoms) as determined in cell culture.
Sonderstrup, Springer, Sem. Immunopathol. 25: 35-45, 2003. Nikula ef al., Inhal. Toxicol. 4(12):
123-53, 2000.

[0093] An exemplary, non-limiting range for a therapeutically or prophylactically effective
amount of an antibody or antigen-binding portion of the invention is from about 0.001 to about 60
mg/kg body weight, about 0.01 to about 30 mg/kg body weight, about 0.01 to about 25 mg/kg body
weight, about 0.5 to about 25 mg/kg body weight, about 0.1 to about 20 mg/kg body weight, about
10 to about 20 mg/kg body weight, about 0.75 to about 10 mg/kg body weight, about 1 to about 10
mg/kg body weight, about 2 to about 9 mg/kg body weight, about 1 to about 2 mg/kg body weight,
about 3 to about 8 mg/kg body weight, about 4 to about 7 mg/kg body weight, about 5 to about 6
mg/kg body weight, about 8 to about 13 mg/kg body weight, about 8.3 to about 12.5 mg/kg body
weight, about 4 to about 6 mg/kg body weight, about 4.2 to about 6.3 mg/kg body weight, about 1.6
to about 2.5 mg/kg body weight, about 2 to about 3 mg/kg body weight, or about 10 mg/kg body
weight.

[0094] The pharmaceutical composition is formulated to contain an effective amount of the

present antibody or antigen-binding portion thereof, wherein the amount depends on the animal to
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be treated and the condition to be treated. In one embodiment, the present antibody or antigen-
binding portion thereof is administered at a dose ranging from about 0.01 mg to about 10 g, from
about 0.1 mg to about 9 g, from about 1 mg to about 8 g, from about 2 mg to about 7 g, from about
3 mg to about 6 g, from about 10 mg to about 5 g, from about 20 mg to about 1 g, from about 50 mg
to about 800 mg, from about 100 mg to about 500 mg, from about 0.01 ug to about 10g, from about
0.05 pg to about 1.5 mg, from about 10 ug to about 1 mg protein, from about 30 ug to about 500
ug, from about 40 ug to about 300 ug, from about 0.1 g to about 200 pg, from about 0.1 g to
about 5 ug, from about 5 ug to about 10 g, from about 10 ug to about 25 g, from about 25 g to
about 50 ug, from about 50 g to about 100 g, from about 100 pg to about 500 g, from about 500
Lg to about 1 mg, from about 1 mg to about 2 mg. The specific dose level for any particular
subject depends upon a variety of factors including the activity of the specific peptide, the age, body
weight, general health, sex, diet, time of administration, route of administration, and rate of
excretion, drug combination and the severity of the particular disease undergoing therapy and can
be determined by one of ordinary skill in the art without undue experimentation.

[0095] The present antibodies, antigen-binding portions thereof, pharmaceutical
compositions and methods of use are applicable and can be used in all vertebrates, e.g., mammals
and non-mammals, including human, mice, rats, guinea pigs, hamsters, dogs, cats, cows, horses,
goats, sheep, pigs, monkeys, apes, gorillas, chimpanzees, rabbits, ducks, geese, chickens,
amphibians, reptiles and other animals.

[0096] The following examples of specific aspects for carrying out the present invention are
offered for illustrative purposes only, and are not intended to limit the scope of the present
invention in any way.

EXAMPLES
Example 1: Generation of Modified Antibody

[0097] The wild type humanized antibody, with a heavy chain variable region comprising
SEQ ID NO. 13 and a light chain variable region comprising SEQ ID NO. 14, and wild type
chemirice antibody, with a heavy chain variable region comprising SEQ ID NO. 57 and a light
chain variable region comprising SEQ ID NO. 58, were derived from the non-human antibody of
hybridoma 2C2. Figure 1 illustrates the amino acid sequence of the heavy chain variable region
(Figure 1A; one hundred and twelve amino acid residues) and the light chain variable region
(Figure 1B: ninety-six amino acid residues) of the unmodified humanized antibody. Please referred
to the PCT patent application (application number: PCT/US15/25305) for more details regarding
the experimental procedure.

[0098] The modified antibodies of the present invention was generated using the following
two-steps: (1) Comprehensive Positional Evolution, followed by (2) Combinatorial Protein
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Synthesis.

Example 2: Binding Affinity Comparison of Chimeric and Humanized Antibodies

[0099] An in vitro evaluation of the binding affinity of the unmodified chimeric and
humanized antibodies from Example 1 was performed, using ELISA. Figure 2 illustrated the
ODysonm of the chimeric antibody (Heavy chain: SEQ ID NO. 57 and Light chain: SEQ ID NO. 58)
and the humanized antibody (Heavy chain: SEQ ID NO. 13 and Light chain: SEQ ID NO. 14). The
OD value of the chimeric antibody (Heavy chain: SEQ ID NO. 57 and Light chain: SEQ ID NO.
58) was 0.89 and the OD value of the humanized antibody (Heavy chain: SEQ ID NO. 13 and Light
chain: SEQ ID NO. 14) was only 0.34. The lower OD value of the humanized antibody indicated
that the following CDR sequence modification/mutation of the unmodified humanized antibody is
necessary.

Example 3: Comprehensive Positional Evolution

[0100] Referring to Figure 3, at least 10 amino acid mutant/substitutions were created for
each amino acid residue within the three heavy chain and light chain CDRs of the unmodified
humanized antibody (SEQ ID NOs: 1-3 and 7-8) using the Comprehensive Positional Evolution
technology (BioAtala, USA). Twenty-six amino acid residues in the light chain CDRs and forty-
one amino acid residues in the heavy chain CDRs were identified, with a total of 670
Comprehensive Positional Evolution mutants created, 260 of which were in the light chain CDRs
and 410 of which were in the heavy chain CDRs.

[0101] Figures 4A-4E illustrated the OD4sonm of the modified antibody with a single
Comprehensive Positional Evolution amino acid mutant substitution at residue 28 (Figure 4A),
residue 31 (Figure 4B), residue 57 (Figure 4C), residue 63 (Figure 4D) and residue 105 (Figure 4E)
of the heavy chain variable region and that of the wild type chimeric antibody. Figures SA-SE
illustrated OD4sonm of modified antibodies with a single Comprehensive Positional Evolution
amino acid mutant substitution at residue 24 (Figure 5SA), residue 32 (Figure 5B), residue 49 (Figure
5C), residue 53 (Figure 5D) and residue 93 (Figure SE) of the light chain variable region and that of
the wild type chimeric antibody.

[0102] The following ten Comprehensive Positional Evolution mutants were chosen to
undergo Combinatorial Protein Synthesis, based on their binding activities to Globo-H ceramide
and expression screening: Heavy Chain (HC)-S028R, HC-TO31R, HC-D057G, HC-P063Y, HC-
D105R, Light Chain (LC)-R024W, LC-M032Q, LC-A049G, LC-L053K and LC-NO93R.

Example 4: Combinatorial Protein Synthesis

[0103] A Combinatorial Protein Synthesis library of the 10 chosen Comprehensive

Positional Evolution mutants in Example 3 was created, containing all possible combinations of

these 10 chosen Comprehensive Positional Evolution mutants (a total of 930 Combinatorial Protein
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Synthesis mutants).

[0104] The 930 Combinatorial Protein Synthesis mutants were transfected into CHO-S cells
in 96 well format, cultured at 37 °C in DMEM with 10% serum and expressed as full length IgG1
molecules. Supernatant was collected at 48 hours post transfection. Concentration of IgG in the
supernatant was determined using the ELISA protocol for quantification of human IgGs. IgG in the
cell culture supernatant was captured on the plate with anti-human-IgG Fc antibody. Bound IgG
was detected with anti-human-IgG conjugated with HRP (Promega, USA). Concentration of the
IgG was calculated using commercial available human IgG as standard. Supernatants were adjusted
to 50 ng/ml and tested for binding to Globo-H ceramide using affinity ELISA protocol. The
unmodified chimeric antibody were used as controls in the ELISA plates. The reactions were
stopped with 1N HCI after TMB was added to the wells and were read immediately. OD4sonm
value of the reaction was measured with SpectraMax Plus (Molecular Devices, USA).

[0105] Figure 6 illustrated six hundred and sixty-nine Combinatorial Protein Synthesis
mutants with a higher OD4sonm value comparing to that of the unmodified chimeric antibody
(Heavy chain: SEQ ID NO. 57 and Light chain: SEQ ID NO. 58). The higher OD value indicates a
stronger binding affinity to Globo H.

[0106] Figure 7 illustrated the dissociation constant (Kd) of chimeric antibody obtained
from hybridoma VK9 (originated from Memorial Sloan Kettering Cancer Center, MSKCC),
chimeric antibody derived from hybridoma 2C2 (the amino acid of the heavy chain is SEQ ID NO:
57 and the amino acid sequence of the light chain is SEQ ID NO:58), and an exemplary
embodiment of the modified antibody (human R28 mAbs, wherein the amino acid of the heavy
chain is SEQ ID NO: 59 and the amino acid sequence of the light chain is SEQ ID NO: 60). It
shows the chimeric antibody derived from hybridoma 2C2 (8.60E-07) and humanized R28 mAb
(5.04E-07) have better binding affinities compare to VK9 (1.21E-05) antibody.

Example 5: In vivo Anti-Tumor Evaluation of Anti-Globo H Antibodies

[0107] Nude mice weighing 27 g with human breast cancer (MCF7) xenograft were injected
with 5 mg/kg of chimeric antibody derived from hybridoma 2C2 (SEQ ID NOs: 57 and 58),
humanized antibody of hybridoma 2C2 (SEQ ID NOs: 13 and 14) or humanized R28 antibodies
(SEQ ID NOs: 59 and 60). The mice were observed for a period of 18 days for tumor volume and
the results were recorded and summarized in Figure 8. The tumor volume was calculated by the
formula: (Length x Width)* / 2. As shown in figure 8, the tumor volumes of the modified antibodies
(chimeric 2C2, humanized 2C2 and humanized R28) were significantly reduced compared to that of
the control group (vehicle only) (P<0.05) since Day 8.

[0108] While specific aspects of the invention have been described and illustrated, such

aspects should be considered illustrative of the invention only and not as limiting the invention as
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construed in accordance with the accompanying claims. All publications and patent applications
cited in this specification are herein incorporated by reference in their entirety for all purposes as if
each individual publication or patent application were specifically and individually indicated to be
incorporated by reference in its entirety for all purposes. Although the foregoing invention has been
described in some detail by way of illustration and example for purposes of clarity of
understanding, it will be readily apparent to one of ordinary skill in the art in light of the teachings
of this invention that certain changes and modifications can be made thereto without departing from

the spirit or scope of the appended claims.
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What is claimed is:

1.

An antibody, or an antigen-binding portion thereof, that binds to a carbohydrate antigen and

comprises a heavy chain variable region, wherein the heavy chain variable region comprises

three complementarity determining regions (CDRs), CDR1, CDR2 and CDR3, having amino
acid sequences about 90% to about 100% homologous to the amino acid sequence set forth in

SEQ ID NOs: 1, 2 and 3, respectively;

wherein the antibody or the antigen-binding portion thereof comprises at least one of the

following amino acid substitution:

(a) amino acid residue 28 in CDRI is substituted with a basic amino acid, a neutral amino acid
that is not Serine or a hydrophobic amino acid,

(b) amino acid residue 31 in CDR1 is substituted with a basic amino acid,

(c) amino acid residue 57 in CDR2 is substituted with a neutral, a basic or a hydrophobic amino
acid,

(d) amino acid residue 63 in CDR2 is substituted with a neutral amino acid, a basic amino acid
or a hydrophobic amino acid that is not Proline, and/or

(e) amino acid residue 105 in CDR3 is substituted with a basic amino acid, a hydrophobic
amino acid or a neutral amino acid.

The antibody or the antigen binding portion of claim 1, further comprises at least one of the

following framework:

(a) a framework between a leader sequence and said CDR1 of the heavy chain, having an amino
acid sequence about 90% to about 100% homologous to SEQ ID NO: 4,

(b) a framework between said CDR1 and said CDR2 of the heavy chain, having an amino acid
sequence about 90% to about 100% homologous to SEQ ID NO: 5,

(c) a framework between said CDR1 and said CDR2 of the heavy chain, having an amino acid
sequence about 90% to about 100% homologous to SEQ ID NO: 5, wherein amino acid
residue 46 in the framework is Glycine and not substituted, and/or

(d) a framework between said CDR2 and said CDR3 of the heavy chain, having an amino acid
sequence about 90% to about 100% homologous to SEQ ID NO: 6.

The antibody or the antigen binding portion of claim 1, wherein said amino acid residue 28 in

said CDR1 is substituted with any one of the following:

(a) a basic amino acid selected from Lysine or Arginine,

(b) a neutral amino acid which is Tyrosine, or

(c) a hydrophobic amino acid which is Phenylalanine.

The antibody or the antigen binding portion of claim 1, wherein said amino acid residue 31 in

said CDR1 is substituted with a basic amino acid selected from Lysine or Arginine.
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5. The antibody or the antigen binding portion of claim 1, wherein said amino acid residue 57 in
said CDR2 is substituted with any one of the following:

(a) a neutral acid selected from Glutamine, Glycine or Serine,
(b) a basic amino acid which is Histidine, or
(¢) a hydrophobic amino acid which is Tryptophan.

6. The antibody or the antigen binding portion of claim 1, wherein said amino acid residue 63 in

said CDR2 is substituted with any one of the following:

(a) a neutral amino acid which is Tyrosine,

(b) a hydrophobic amino acid selected from Alanine, Leucine or Valine, or
(c) a basic amino acid selected from Histidine or Arginine.

7. The antibody or the antigen binding portion of claim 1, wherein said amino acid residue 105 in

said CDR3 is substituted with any one of the following:

(a) a basic amino acid selected from Arginine or Lysine,

(b) a neutral amino acid selected from Glycine or Threonine.

(¢) a hydrophobic amino acid selected from Methionine, Alanine, Isoleucine or Valine.

8. An antibody, or an antigen-binding portion thereof, that binds to a carbohydrate antigen and
comprises a light chain variable region, wherein the light chain variable region comprises three
CDRs, CDRI1, CDR2 and CDR3, having amino acid sequences about 90% to about 100%
homologous to the amino acid sequence set forth in SEQ ID NOs: 7, 8 and 9, respectively;

wherein the CDR at least one of the following amino acid substitution:

(a) amino acid residue 24 in CDRI is substituted with a neutral amino acid or a hydrophobic
amino acid,

(b) amino acid residue 32 in CDRI1 is substituted with a neutral amino acid or a hydrophobic
amino acid that is not Methionine,

(c) amino acid residue 49 in CDR2 is substituted with a neutral amino acid,

(d) amino acid residue 53 in CDR2 is substituted with a neutral amino acid or a basic amino acid,
and/or

(e) amino acid residue 93 in CDR3 is substituted with a neutral amino acid that is not Asparagine,
a basic amino acid or a hydrophobic amino acid.

9. The antibody or the antigen binding portion of claim 8, further comprises at least one of the
following framework:

(a) a framework between a leader sequence and said CDR1 of the light chain, having an amino
acid sequence about 90% to about 100% homologous to SEQ ID NO: 10;

(b) a framework between said CDR1 and said CDR2 of the light chain, having an amino acid
sequence about 90% to about 100% homologous to SEQ ID NO: 11,
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(c) a framework between said CDR1 and said CDR2 of the light chain, having an amino acid

sequence about 90% to about 100% homologous to SEQ ID NO: 11, wherein the amino acid
residue 45 in the framework is Proline and not substituted,

(d) a framework between said CDR1 and said CDR2 of the light chain, having an amino acid
sequence about 90% to about 100% homologous to SEQ ID NO: 11, wherein the amino acid
residue 46 in the framework is Tryptophan and not substituted, and/or

(e) a framework between said CDR2 and said CDR3 of the light chain, having an amino acid
sequence about 90% to about 100% homologous to SEQ ID NO: 12,

The antibody or the antigen binding portion of claim 8, wherein said amino acid residue 24 in

CDRI1 is substituted with any one of the following:

(a) a neutral amino acid selected from Glycine or Serine, or

(b) a hydrophobic amino acid which is Tryptophan.

. The antibody or the antigen binding portion of claim 8, wherein said amino acid residue 32 in

CDRI1 is substituted with any one of the following:

(a) a neutral amino acid selected from Glycine or Glutamine, or

(b) a hydrophobic amino acid which is Valine.

The antibody or the antigen binding portion of claim 8, wherein said amino acid residue 49 in
CDR2 is substituted with a neutral amino acid which is Glycine.

The antibody or the antigen binding portion of claim 8, wherein said amino acid residue 53 in
CDR2 is substituted with any one of the following:

(a) a neutral amino acid selected from Glycine or Threonine, or

(b) a basic amino acid which is Lysine.

The antibody or the antigen binding portion of claim 8, wherein said amino acid residue 93 in
CDR3 is substituted with any one of the following:

(a) a neutral amino acid selected from Glutamine, Serine or Threonine,

(b) a basic amino acid which is Arginine, or

(c) a hydrophobic amino acid selected from Phenylalanine, Leucine or Methionine.

An antibody that binds to a carbohydrate antigen or an antibody binding portion thereof,
comprising a heavy chain variable region and a light chain variable region, wherein the heavy
chain variable region comprise three CDRs, CDR1, CDR2 and CDR3, having amino acid
sequences about 90% to about 100% homologous to the amino acid sequences set forth in SEQ
ID NOs: 1, 2 and 3, respectively, and/or wherein the light chain variable region comprises three
CDRs, CDRI1, CDR2 and CDR3, having amino acid sequences about 90% to about 100%
homologous to the amino acid sequences set forth in SEQ ID NOs: 7, 8 and 9, respectively.
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The antibody or antibody binding portion thereof of claim 15, further comprises at least one of

the following framework:

(a) a heavy chain framework having an amino acid sequence about 90% to about 100%
homologous to SEQ ID NO. 4,

(b) a heavy chain framework having an amino acid sequence about 90% to about 100%
homologous to SEQ ID NO. 5,

(c) a heavy chain framework having an amino acid sequence about 90% to about 100%
homologous to SEQ ID NO .6,

(d) a heavy chain framework having an amino acid sequence about 90% to about 100%
homologous to SEQ ID NO. 5, wherein the Amino acid residue 46 in the framework is
Glycine and not substituted,

(e) alight chain framework having an amino acid sequence about 90% about 100% homologous
to SEQ ID NO.10,

(f) alight chain framework having an amino acid sequence about 90% about 100% homologous
to SEQ ID NO. 11,

(g) alight chain framework having an amino acid sequence about 90% about 100% homologous
to SEQ ID NO. 12,

(h) alight chain framework having an amino acid sequence about 90% about 100% homologous
to SEQ ID NO. 11, wherein the amino acid residue 45 in the framework is Proline and not
substituted, and/or

(1) alight chain framework having an amino acid sequence about 90% about 100% homologous
to SEQ ID NO. 11, wherein the amino acid residue 46 is Tryptophan and not substituted.

The antibody or the antigen binding portion thereof of claims 1, 8 or 15, wherein the

carbohydrate antigen is Globo H, stage-specific embryonic antigen 3 (SSEA-3), stage-specific

embryonic antigen 4 (SSEA-4), Gb4, Gb3, sLe”, Le*, sLe”, Le”, Le’, polysialic acid (PSA), sTn,

Tn, TF, GD1a, GT1b, A2B5, GD2, GD3, Fucosyl GM1, GM1, GM2, GM3 or Neu5GcGMS3.

A pharmaceutical composition, comprising

the antibody or the antigen biding portion thereof of claims 1, 8 or 15; and

a pharmaceutical acceptable carrier.

The pharmaceutical composition of claim 18, further comprising at least one additional

therapeutic agent.

A method for inhibiting the proliferation of cancer cells, comprising the administering of an

effective amount of an antibody or antigen-binding portion thereof of claims 1, 8 or 15 to a

subject in need thereof, wherein the proliferation of cancer cells is inhibited.

The method of claim 20, wherein the subject is human.
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22. The method of claim 20, wherein the cancer is a Globo H expressing cancer.

23. The method of claim 22, wherein the Globo H expressing cancer is selected from the group
consisting of sarcoma, skin cancer, leukemia, lymphoma, brain cancer, glioblastoma, lung
cancer, breast cancer, oral cancer, head-and-neck cancer, nasopharyngeal cancer, esophageal
cancer, stomach cancer, liver cancer, bile duct cancer, gallbladder cancer, bladder cancer,
pancreatic cancer, intestinal cancer, colorectal cancer, kidney cancer, cervix cancer, endometrial
cancer, ovarian cancer, testicular cancer, buccal cancer, oropharyngeal cancer, laryngeal cancer

and prostate cancer.
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Gin He Thr Leu Lys Glu Ser Gly Pro Thr Leu Val Lys Pro Thr
1 5 10 15

Gln Thr Leu Thr Leu Thr Cys Thr Phe Ser Gly Phe Ser Leu Tyr
20 25 30

Thr Phe Asp Met Gly Val Gly Trp He Arg Gin Pro Ser Gly Lys
35 40 45

Gly Leu Glu Trp Leu Ala His Hle Trp Trp Asp Asp Asp Lys Tyr
50 5 60
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Tyt Asn Pro Ala Leu Lys Ser Arg Leu Thr He Ser Lys Asp Thr
65 70 75

Ser Lys Asn Gln Val Val Leu Thr Met Thr Asn Met Asp Pro Val
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-
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Glu He Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro
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Tyr Met His Trp Tyr Gln Gin Lys Pro Gly Ser Ser Pro Lys Pro
35 40 45
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65 70 75

Ser Leu Gln Pro Glu Asp lle Ala Thr Tyr Tyr Cys Gin Gin Trp
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Heavy Chain O Dysenm
. . . , | Mutant AA ) .
AA residue 28 Light Chain AA [Mutant AA . {Peptide conc.
L classification|
substitution 28 ng/mL)
Humanized :

; . F Hydrophobic )
SO28F (SEQ ID No. 14) 0.16
SO28K Humanized K Basic .29
SO028R Humanized R Basic (.60
S028Y Humanized Y Neutral 0.17
SO028G Humanized G Neutral .06
50281 Humanized I Hydrophobic 0.08
S028L Humanized L Hydrophobic 0.10
SO28M Humanized M Hydrophobic 0.07
S0280 Humanized Q Neutral 0.12
SOZ8W Humanized W Hydrophobic 0.11
Chimeric Chimeric
(SEQ 1D No. 57) {(SEQ ID No. 58) 0.13

FIGURK 4A
Heavy Chain . . OBDyspnm
. Light Chain ] Mutant AA .
AA residue 31 Mutant AA . {Peptide cone,
L AA classification ,
substitution 25 ng/mi)
Humanized :
R Basic

TO31IR (SEQ ID No. 14) 0.28
TO31D Humanized D Acidic 0.06
TO31E Humanized E Acidic 0.06
TO31G Humanized & Neutral (.08
TO31H Humanized H Basic 0.10
TO31K Humanized K Basic 0.13
TO31L Humanized L Hyvdrophobic 0.09
TO3 1M Humanized M Hydrophobic 0.08
TO31Q Humanized Q Neutral 0.08
TO318S Humanized S WNeutral 0.12
Chimeric Chimeric

(SEQ ID No. 57) (SEQ ID No. 58} 0.13

FIGURE 4B
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Heavy Chain OBysonm
. . . ] Muiant AA ) .
AA residue 57 Light Chain Mutant AA . . {Peptide cone.
L classification
substitution 28 ng/mL)
Humanized
. - G Neutral
DO57G (SEQ ID No. 14) 0.20
DOSTH Humanized H Basic 0.15
DBos7 Humanized I Hyvdrophobic 0.09
DOSTN Humanized N Neutral 0.09
pos7p Humanized P Hydrophobic 0.07
DO570Q Humanized 0] Neutral 0.12
DO5S7S Humanized S Neutral 0.15
DO5STT Humanized Neutral 0.08
DOs7Y Humanized v Hydrophobic 0.07
DOSTW Humanized W Hydrophobic 0.15
Chimeric Chimeric
(SEQ ID No. 573 {(SEQ ID No. 58) 0.11
FIGURE 4C
Heavy Chain OBDyspnm
. . . ] Mutant AA | .
AA residue 63 Light Chain Mutant AA L {Peptide conc.
L classification| ,
substitution 25 ng/mi)
Humanized ‘
, A Hydrophobic .
POG3A (SEQ ID No. 14) 0.15
PO63L Humanized L Hydrophobic 0.17
PO63V Humanized vV Hydrophobic 0.16
POE3Y Humanized Y Neutral 0.17
PO63H Humanized H Basic 0.13
PO63M Humanized M Hydrophobic 0.10
POO3N Humanized N WNeutral 011
PO63Q Humanized Q Neutral 0.11
POG3R Humanized R Basic 0.12
POO3T Humanized T WNeutral 011
Chimeric Chimeric
(SEQ ID No. 57) (SEQ ID No. 58} 011

FIGURE 4D
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Heavy Chain O Bysenm
. o . ) Mutant AA | .
A residue 105 Light Chain Mutant AA . {Peptide conc.
L classification] \
substitution 25 ng/mL)
Humanized )

e " G Neutral ,
D105SG (SEQ ID No. 14) 0.15
DI105SK Humanized K Basic 0.11
DP10sM Humanized M Hydrophobic 0.12
DI10SR Humanized R Basic 0.38
D105SA Humanized A Hydrophobic 0.10
DI0sSE Humanized E Acidic (.08
105K Humanized I Hydrophobic 0.11
DI105L Humanized L Hydrophobic 0.09
DiosT Humanized T Neutral 0.10
P1osv Humanized \Y Hyvdrophabic 0.10
Chimeric Chimeric
(SEQ ID No. 57) (SEQ ID No. 58) 0.09

FIGURE 4E
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Light Chain OB ysenm
. ” . , Mutant aa .
AA residue 24 Heavy Chain | Mutant AA . . {Peptide conc.
L. classification
substitution 50 ng/ml)
Humanized .
" G Neutral 0.497
R0O24G (SEQ ID No. 13)
ROZ24H Humanized H Basic 0.354
R0O24M Humanized M Hyvdrophobic 0.060
ROZ4N Humanized N Neutral 0.366
RO24P Humanized P Hydrophobic 0.209
R0O248 Humanized S WNeutral 0871
ROZ4T Humanized T Neutral 0.247
RO24V Humanized v Hydrophobic 0.063
RO24W Humanized W Hydrophobic 0.512
R0OZ4Y Humanized Y Neutral 0.300
Chimeric Chimeric
e e e 0.388
(SEQ ID No. 58} (SEQ ID No. 57)
FIGURK 5A
Light Chain , O Dysenm
] , . ] ; Mutant aa ) .
AA residue 32 Heavy Chain | Mutant AA L {Peptide conc.
L classification
substitution 56 ng/mL)
Humanized . ] )
G Neutral 0.516
MO32G (SEQ ID No. 13)
MO32ZH Humanized H Basic 0211
MO32K Humanized K Basic 0.251
MO32L Humanized L Hydrophobic $.369
MO320Q Humanized Q Neutral 0.520
MO32R Humanized R Basic 0.061
MO328 Humanized S WNeutral (.064
MO32T Humanized T Neutral 0.306
MO32V Humanized v Hydrophobic 0.888
MO3ZW Humanized W Hyvdrophobic 0.364
Chimeric Chimeric
. $.396
(SEQ ID No. 58) (SEQ ID No. 57)
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Light Chain ODyenm
. ” . , Mutant aa .
AA residue 49 Heavy Chain | Mutant AA . . {Peptide conc,
L. classification _ ,
substitution 30 ng/mi)
Humanized . .
. D Acidic 0.060
AG49D (SEQ ID No. 13)
AG49E Humanized E Acidic (.065
AOC49F Humanized F Hyvdrophobic 0.062
AD49G Humanized G Neutral (0.592
AG40K Humanized K Basic (.061
A049L, Humanized L Hyvdrophobic 0.061
AQ49M Humanized M Hydrophobic 0.061
AO49N Humanized N Neutral (3.063
AD49R Humanized R Basic (3.067
A049T Humanized T Neutral 0.061
Chimeric Chimeric i
e I 0.396
(SEQ ID No. 58} (SEQ ID No. 57)
FIGURE s8C
Light Chain , O Dysenm
] , . ] ; Mutant aa ) .
AA residue 53 Heavy Chain | Mutant AA L {Peptide conc.
L classification
substitution 56 ng/mL)
Humanized L
D Acidic 0.308
L0530 (SEQ ID No. 13)
LOS3E Humanized E Acidic (3.340
LO53G Humanized G Neutral 0.490
LOA3K Humanized K Basic (0.532
LOS3N Humanized N Neutral 0.102
LO53P Humanized P Hydrophobic 0.250
LOS3R Humanized R Basic (.348
L0538 Humanized S Neutral 0.305
L0537 Humanized T MNeutral 0.401
LOS3W Humanized W Hyvdrophobic 0.389
Chimeric Chimeric
. (.396
(SEQ ID No. 58) (SEQ ID No. 57)
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Light Chain OB ysenm
. . - , Mutant aa .
AA residue 93 Heavy Chain | Mutant AA . . {Peptide conc.
L. classification
substitution 50 ng/ml)

Humanized ; o e
. ) Acidic 0216

NG93E (SEQ ID No. 13)
NO93F Humanized F Hydrophobic 0.455
NO93H Humanized H Basic 0.088
NOO3L Humanized L Hydrophobic 0.426
NOO3M Humanized M Hydrophobic 0.310
NO930Q) Humanized 0] Neutral 0337
NO93R Humanized R Basic 0.375
NO93S Humanized S Neutral 0316
NO93T Humanized T Neutral 0.346
NO93V Humanized \Y Hydrophobic 0.121

Chimeric Chimeric ,

e e e 0.164

(SEQ ID No. 58} (SEQ ID No. 57)

FIGURE SE
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OBysonm

Light Chain Variable Region Heavy Chain Variable Region (peptide

Amine Acid Substitutions Amine Acid Substitutions conc. 56

ng/mb)
AD49G SO28R,TO31R,DOSTG,POOG3Y,BDI0SR)  3.09
AD49G LOS3K, NOO3R SO28R,TO31R,DIOSR 3.04
AD49G LOS3K NO93R SOZ8R,TO31R,DOSTG,DICSR 3.00
LOS53K, NO93R SO28RTO31R DIGSR 3.00
A049G LOSIK NO93R TO3IR,DI05R 299
A049G NOI3R SO28R,TO31R,DI0SKR 2.99
RO24W A049G,LOS3K NO93R TO3IR,DO5S7G,D105R 2.98
LOS3K,NOS3R TO3IR,DIOSR 2.94
AD49G SO28R,TO3 1R, DI0SR 292
A049G LOS3K NOG3R TO31R,DOSTG,POGIY.DIOSR 291
A049G NO93R SO28R,TO31R,DOSTG,DIOSR 2.90
LOS3K SOZ8R,TO31R,DICSR 2.88
LO53K S028R, TO3 1R DOSTG,PO6G3Y,DIOSR]  2.82
A049G NOI3R TO3IR,DI05R 2.81
A049G NOI3R TO3IIR,DOSTG,POG3Y,DI0SR 279
A049G,LO53K SO28R,TO31R,DI0SKR 275
A049G,LOS3K NO93R SOZ8R,TO31R,PO6G3Y 2.73

AQ49G NO93R. TO31R POG3IY,DIOSR 27

A049G LOS3K NOG3R TO31R POGIY.DIOSR 272
Humanized (S8EQ ID No. 14) S0Z8R,TO3IR,DIOSR 2.70
A049G TO31R, DOSTG,POG3Y,D10SR 2.69
RO24W LOS3K NO93R TO3IR,DOSTG,DI0SR 2.69
RO24W, A049G, NOS3R SOZ8R,TO31IR POG3Y,DIOSR 2.69
A049G,LOS3K 028R,TO3IR.DOSTG.PO63IY,DIOSR)  2.68
LOS3K,NO93R TO3IR,DOS7G,POG3Y,DI05R 2.68
A049G NO93R 028R . TO3 1R, DOSTG POG3Y, DI0SR)  2.68
Humanized (SEQ ID No. 14) SO0Z8R,TO3 1R, DOS7G,DIOSKR 2.66

FIGURE 6
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NO93R S028R.TO31R.DI0SR 2.65
RO24W,A049G,NO93R TO31R,DO57G,D105R 2.65
Humanized (SEQ ID No. 14) S028R, TO3 1R PO63Y 2.64
A049G,LO53K, NO93R SO28R,TO31R DOSTG PO63Y 2.62
L.O53K, NO93R S028R,T03 1R, DOSTG,D105R 2.61
Humanized (SEQ ID No. 14) T031R,DOSTG,PO63Y.DIOSR 2.60
Humanized (SEQ ID No. 14) $028R, TO31R,D057G,POG3Y,DIOSR]  2.59
MO32Q,A049G,1L 053K, NO93R TO31R,DOS7G,D105SR 2.59
A049G,LOS3K TO31R,DOS7G, POS3Y.D105R 2.59
A049G,LO53K NO93R S028R,TO3 1R, DOSTG POS3Y.DIOSR]  2.58
A049G, LO53K NOS3R $O28R, TO3 1R, DOS7G 2.57
LOS3K, NOY3R TO31R,POG3Y,D105R 2.56
A049G,LO53K, NO93R SOZ8R,DIOSR 2.56
L053K S028R,T03 1R, DOSTG,D105R 2.54
M032Q,A049G NO93R TO31R.DOSTG.DI0SR 2.54
A049G,10S3K SO28R, TO31R,DOSTG,D105R 2.53
RO24W,A049(G,LO53K, NO93R S028R, TO31R,PO63Y,D105R 2.50
Humanized (SEQ ID No. 14) TO31R,PO63Y.D105R 2.49
LO53K NO93R S028R,T03 1R, DOSTG POG3Y 2.47
LO53K TO31R,DO57G,POG3Y,D105R 2.47
NO93R SO28R,TO31R,DOSTG.POG3Y.DIOSR]  2.46
A049G,LOS3K, NOY3IR SO28R, DOSTG,PO63Y 2.46
LO53K,NO93R 8028R, TO3 1R, DOSTG 2.46
NO9IR S028R . T031R.DO57G.PO63Y 2.45
A049G,NO93R $028R . T031R,DO5TG PO63Y 2.45
RO24W,A049G SO28R, TO31R,D105R 2.45
NO93R SO28R,TO31R,DO57G DIOSR 2.44
LO53K NO93R S028R,D105R 2.44
Humanized (SEQ ID No. 14) S028R,TO31R,DOSTG, PO63Y 237
NO93R TO31R,DO57G,POG3Y,D105R 2.36
ROZ4W, A049G,LOS3K NO93IR TO31R,DOSTG,PO63Y 235
A049G NO93R SO28R TO31R,PO63Y 2.33

FIGURE 6 (CONT'D)
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A049G S028R,T03 1R, DOSTG POG3Y 2.32
LO53K S028R,TO31R,DOSTG PO63Y 2.32
A049G,1053K TO31R,POG3Y,D105R 2.31
A049G,LO53K, NO93R TO31R,PO63Y 2.30
ROZ4W A049G, NOO3R T031R PUOS3Y.D10SR 2.29
NO9IR TO31R.D10SR 2.29
A049G,LOS3K TO31R,D10SR 2.28
NO93R TO31R,POG3Y.D105R 227
RO24W, A049G, NO93R SO28R,TO31R,D1OSR 2.25
LO53K NO93R S028R,TO3 1R, DOSTG, POG3Y,DIOSR]  2.24
A049G S028R.T031R,DO57G.D10SR 2.21
RO24W,A049G, NO93R TO31R,D105R 2.19
RO24W SO28R,TO3 1R, DOSTG PO63Y 2.19
NO9IR S028R D10SR 2.19
NO9IR SO28R TO31R,POS3Y 2.18
RO24W, A049G S028R, TO31R,DOSTG,D105R 2.18
L0S3K,NO93R SO28R, T3 1R, PO63Y 2.16
MO32Q,A049G,1L 053K, NO93R TO31R,DO37G,POS3Y 2.15
A049G,LO53K NO93R SO28R. PO63Y 2.14
RO24W,LOS3K NO93R SO28R, TO3 IR, POSIY.DIOSR 2.14
ROZ4AW,A049G,1L053K S028R, TO3 1R PO63Y 2.13
RO24W,A049G,LOS3K NO93IR SO28R,D0OSTGPO63Y.DI05R 2.13
RO24W,A049G,1053K SO28R,TO3 1R, DOSTG PO63Y 2.12
A049G.LOS3K S028R . T031R.DO57G.PO63Y 2.12
RO24W SO28R,TO31R,D10SR 211
Humanized (SEQ ID No. 14) TO31R,D10SR 2.10
RO24W, A049G, NO93R S028R, DOSTG,POG3Y,D105R 2.10
A049G,LOS3K S028R,TO3 1R, POG3Y 2.09
RO24W,A049G,NO93R T031R DO57G,PO63Y 2.09
RO24W,LOS3K NO93R TO3IR,D105R 2.08
RO24W.A049G 028R.TO31R.DOSTG,PO63Y.DIOSR]  2.08
RO24W,A049G TO31R,DO57G,POS3IY.D105R 2.08
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RO24W AD49G LO53K DOS7G,D10SR 2.08
ROZAW, A049(G, LO53K SOZ8R,TO31R,DIOSR 2.08
NOS3R SO28R,TO31R,DBO5S7G 2.07
ROZ4W LOS3K NGO3R SO28R,TO3 1R, DI0OSK 2.07
LOS3K SOZ28R,TO31R,PO63Y 2.04
AQ45G NO93R SOZ8R,D10SR 2.04
ROZ4W, A049G TO31R,PO63Y,DIOSK 2.04
ROZ24W A049G NOS3R SOZBR,TO31R, DO57G,DIOSR 2.01
MO320, A0459G NOO3R TO3IR DO57G,POO3Y 2.01
RO24W LOS3K NUO93R TO3IR DOS7G POG3Y 1.98
ROZ4W A049G TOIIR DI05R 1.98
ROZ24W LO53K SO28R,TO31R,DIOSR 1.97
RO24W A049G SOZBR,TC31R 1.96
A049G NO93R. S028R,TO31R DOSTG 1.95
RO24W, A049G.LOS3K D105R 1.95
RO24W, A049G NO93R SO28R,TO3 IR, DOST7G,PO63Y 1.95
A049( SO28R,DOSTG,POG3Y, DIOSK 1.95
ROZ4W MO320Q,A049G, NOS3R TO31R,DOS7G DI0SK 1.94
NO93R DOS7G,DI0SKR 1.93
MO32Q,NO93R TO3IR,DOST7GDI0SR 1.93
ROZ4W A049(G LOS3K TO31R 1.92
ROZ4W A049G DOST7GPOG3Y,DI0SR 1.92
NO93R D0s7G,PO63Y,D105R 1.91
NO93R TO3IR, DOSTG,DIOSR 1.91
ROZ24W A049G,LOS3K , NO93R TO3IR,DIOSR 1.90
RO24W,A049G,LOS3K DO57G,POO3Y,DI05R 1.90
RO24W,A049G,LO53K SOZ8R,DO57G PO63Y 1.90
A049G,LO53K NO93R PO63Y,DI0OSR 1.90
ROZAW, A049(G LO53K PO63Y,D1OSKR 1.90
ROZ4W, A049G, LOSIK, NO93R DOSTGDIOSR 1.90
Humanized (SEQ 1D No. 14) SO28R,TO3 IR, PO63Y,DIOSR 1.85
A049(G NO3R D0s7G,PO63Y,D105R 1.89
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RO24W LO53K SO0Z8R,TO3IR DOS7G 1.89
A049G,LOS3K D10SR 1.88
ROZ4W, LOS3K NOS3R D10SR 1.88
ROZ4W, A049G, LOS3K SOZ8R,TO31R 1.87
ROZ4W A049G NO93R TO3IR DOS7G POC3I Y, DIOSR 1.87
RO24W, A049G.LOS3K TO3IR. DOSTGPOG3IY.DIOSR 1.87
Humanized (S8EQ ID No. 14) TOZIR,POO3Y 1.86
A049G,LO53K NO93R TO31R,DOS7G,DI0SK 1.86
ROZ24W A049G NOS3R SO28R,DI0SKR 1.85
RO24W SOZ8R,TO31R,DO5TG,DIOSR 1.85
LOS3K TO3IR POG3Y,D105R 1.85
RO24W,A049G, LOS3K, NOO3R SO28R,TO31R,DIOSR 1.84
LOS3K NOS3R D0s7G,PO63Y,D105R 1.84
ROZAW,A049G LOS3K NOS3R D105R 1.33
Humanized (SEQ ID No. 14) TO3IR.DOSTGDIOSR 1.83
ROZ4W, A049G DO37G,DI103R 1.82
ROZ4W A049G,LOS3K,NOS3R TO31R 1.81
NO93R SOZ8R,DO57G PO63Y 1.81
A049G TO3 IR, DOS7G D10SK 1.80
RO24W, A049(G,NO93R SO0Z8R,TO31R PO63Y 1.80
ROZ4AW,A049G, LOSIK,NOS3R SOZBR,TO31IR 1.80
A049G,LOS3K NO93R DOSTGPOO3Y,DI0SR 1.80
ROZ4AW LO53K DOS7G,D10SKR 1.79
ROZAW,A049G LOS3K NOS3R POG3Y D105R 1.79
ROZ4W SO28R,TO3IR,DOSTG,POG3Y, DIOSRY  1.79

ROZ4W LOS3K NO93R DO57G,B103R 1.7
RO24WLO53K S028R,TO31R V77
ROZAW,A049G SO28R, TO3 1R POG3Y 177
LOS3K DOSTG,DI0SR V77
RO24W, A049G, LOSIK, NO93R SO28R,TO31R,DOSTG,DI0SR 1.76
A049G NOI3R D10SR 1.76
A049(G NO3R SO28R, DOSTG,POG3Y 175
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A049G,NOI3R S028R,DOSTG,POG3Y,DIOSR .75

ROZ4W A049G TO31R L.75

A049G NOI3R PO63Y,DIOSK 175

A049(G, L 053K SOZBR,TC31R 175

LOS3K TO3IR, DOSTG,DIOSR 174

NO93IR TOIIR,DOSTG,POG3Y 1.74

ROZ4W,A049G, NO93R DO57G,POO3Y,DI05R 1.74

A049G,NO93R TO31R,DOS7G,DI0SK 1.74

MO32Q,A049G,LOS3K NO93R TO31R,BDIOSK 1.73

MO320Q,A049G,LOS3K TO3 IR 173

ROZ4AW LO53K D10SR 173

AB49G SOZBR,TO31IR 1.73

A049G,LOS3K NO93R SOZ8R,TO31R 1.72

ROZ4W LOS3K NO93R DOSTGPOG3IY, DI0SR 171

ROZ4W, A049G SO28R,TO3 1R, DOST7G,PO63Y 171

AQ45GLLOS3K POG3Y,D105R 1.70
A049¢,LOS3K DO57G,DI105R 1.7

RO24W A049(,LO53K NO93R SO28R,DI0SKR 1.70

ROZ4W,A049G NO93R SO0Z8R,TO3IR DOS7G 1.70

NO93R D10SR 170

MO32Q,A049G,LOS3K NO93R D10SR 1.69

ROZ4W A049(G LOS3K S028R 1.69

Humanized (SEQ 1D No. 14) SOZ8R,TO3 1R, DO5S7G 1.69

ROZ4W LOS3K NO93R POG3Y D105R 1.69

A049G,LOS3K NOI3R D105R 1.68

A049( POG3Y,DI05SR 1.68

ROZ4W A049(G,LO53K NO93R SO28R 1.68

A049G,LOS3K S028R,DOSTG POG3Y, DIOSR 1.67

RO24W, A049G, LOSIK, NO93R SO28R,TO3 IR, DO37G 1.66

ROZ4W, A049(G LO53K 028R,TO3 1R, DOSTG PU63YDIOSKR 1.65

A049G NOI3R TO31R,DOSTGPOG3Y 1.65

NO93R SOZ8R,DO57G,PO63Y,DIOSR 1.64
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Humanized (SEQ ID No. 14) S028R,DOSTG POG3Y, DIOSR 1.64
AO049GLOSIK NO93R TO3IR. DOSTGPOO3Y 1.64
A049(G1L053K DOSTGPOO3Y,DI0SR t.64
LOS3K NOS3R TOIIR,DOS7G,DI0SR 1.64
ROZ4W A049G POG3Y D105R 1.63
AQ45GLLOS3K TO3IR,DOSTGDIOSR 1.63
Humanized (S8EQ ID No. 14) SO28R,DIGSR 1.63
RO24W LO5S3K NO93R SOZBR,TO31R, DOS7TG,DI0SR 1.62
LO5S3K DO57G,POO3Y,DI0SR 1.62
ROZ4W A049G, LOSIK NO93R DO57G 1.62
A049G,NOI3R DOSTG,DI0SR 1.62
M032Q,A049G,NO93R. D10SR 1.62
A049(G NO3R SOZ8R,TO31R 1.60
NO93R SO0Z8R,TO31R 1.60
RO24W, A049G.LOS3K TO3IR,DIOSR 1.60
AD49G S028R,TO3 IR, PO63Y,DIOSR 1.60
RO24W,A049G,LOS3K SOZ8R,TO31R, DOSTGDIOSR 1.60
RO24W, A049G,LO53K TO31R PO63Y,D10SK 1.60
MO320 A049G,LOS3K TO31R,DI105R 1.59
RO24W, A049G, LOSIK, NO93R TOIIR POG3Y,D105R 1.59
LOS3K,NOS3R D10SR 1.58
LOS3K SOZBR,TO31IR 1.58
MO0320Q,A049G SO28R,TO3 1R, DI0OSK 1.58
ROZAW LOS3K SO028R,TO3 1R, DOSTG,DIOSKR 1.58
ROZ24W A049G,LOS3K , NO93R DOSTGPOG3IY DI0SR 1.58
A049G,LOS3K NOI3R TO3IR 1.58
A049G TO3IR,DO57G,POO3Y 1.58
RO24W AD49G LO53K S028R,DIOSR 1.58
ROZAW, A049(G, LO53K DO5TG 1.57
ROZAW, A049(G LO53K TO31R,POG3Y 1.57
MO32Q,A049G,LOS3K NO93R TO31R 1.55
AG49G DOS7G,D10SR .55
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Humanized (SEQ ID No. 14) TO3IR,DOSTG POO3Y 1.55
NO93R TO31R,POG3Y 1.55
ROZ4W A049G D10SR 1.55
A049(G NO3R TO3IR POG3Y 1.54
M03203,A049G,LOS3K SOZ8R 1.54
RO24W, A049G NO93R S028R,DOSTGPO63Y 1.54
LOS3K,NOS3R DO57G,DI105R 1.53
MO3ZQ,LOS3K NOS3R D10sR 1.53
Humanized (SEQ ID No. 14) SOZ8R,DO57G,PO63Y 1.53
NO93R SOZ8R,TO31R PO63Y,DIOSR 1.53
RO24W, A049(G,NO93R SO28R,TO3 IR 1.533
LOS3K,NOS3R TO31R, PO63Y 1.52
LOS3K NOS3R PO63Y,D105SK 1.52
LOS3K D105R 1.52
RO24W, A049G NO93R TO31R 1.52
RO24W LOS3K NO93R. SO28R,DO5STGPOOIY.DIOSR 1.52
ROZ4W, A049G SOZ8R 1.51
Humanized (SEQ ID No. 14) PO6G3Y,DI0SR 1.51
MO320Q, A049G NO93R TO31R,DI105R 1.51
AG49G D10SR 1.50
A049(G1L053K TO3IR,DOSTG,POG3Y 1.45
LOS3K PO63Y,DI0SK 1.45
AG49G D0s7G,PO63Y,D105R 1.48
RO24W SOZ8R,TO31R PO63Y 1.47
ROZ4W, A049G TO3IR,DOSTGDIOSR 1.47
RO24W,A049G,LOS3K Humanized (SEQ ID No. 13} 1.47
LO53K NOG3R SOZ8R,DO57G PO63Y 1.47
RO24W LO53K TO3 IR 1.46
A049G,LOS3K SO28R,DOSTG,PO63Y 1.46
AG49G TOZIR,DIOSR 1.46
RO24W MO32Q,A049G,NOS3R D10SR 1.46
LOS3K NOS3R SOZ8R,TO31R 1.46
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A049G,LOS3K S028R,D105R 1.45
M032Q.A049G.LOS3K, NO93R DOSTG 1.44
Humanized (SEQ ID No. 14) SO28R, TO3 1R 1.44
Humanized (SEQ ID No. 14) SO28R, POG3Y 1.44
NO9IR POG3Y,D105R 1.43
LOS3K TO3 IR, DOSTG,POG3Y 1.43
RO24W,A049G, NO93IR DOSTG 1.43
MO320Q,A049G,L053K DI10SR 1.42
RO24W,LO53K NO93R TO31R,POG3Y.D105R 1.42
M0320,A049G,1053K S028R,T03 1R, DOSTG, POG3Y 1.41
MO32, A049G NO9IR DOS7G.D10SR 1.41
M0320,L053K TO31R 1.41
MO32Q, A049G, NOI3R S028R, TO3 1R, POG3Y,D10SR 1.41
RO24WIL053K POG3Y,D105R 1.41
LOS3K TO31R.D10SR 1.41
RO24W, A049G DO57G 1.41
MO32Q, A049G,LOS3IK, NO93R SO28R 1.40
LOS3K S028R,D105R 1.40
RO24W,A049G,NO93R DOS7G,DI0SR 1.40
AD49G NO93R SO28R,TO31R POSIY.DIOSR 1.39
ROZAW,LO53K S028R, TO3 1R PO63Y 1.38
LOS3K, NOY3R TO31R 1.38
A049G TO3 1R, POSIY.DI05R 1.38
A049G NO93R S028R,POG3Y 138
A049G,10S3K S028R, TO31R,PO63Y.DIOSR 137
RO24W.LOS3K DO057G,POG3Y,D105R 1.35
LO53K, NO93R SOZ8R PO63Y 1.35
ROZ4W,A049G,LOSIK NO93IR T03 1R, DOSTG,POG3Y,D105R 1.33
M032Q.A049G.LOS3K, NO93R S028R,D105R 133
A049G S028R,D105R 132
RO24W,M0320,A049G NOY3R TO31R,D105R 132
RO24W, AG49G,LOS3K, NOI3R SO28R,TO3 1R, DOSTG PO63Y 1.32
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RO24W,A049G,LOSIK NO93R TO31R,PO63Y 131
RO24W,A049G,NO93R PO63Y.D10SR 1.31
ROZ4W, A049G,LOS3K NO93IR POG3Y 1.31
RO24W,A049G, NOO3R SO28R 1.31
MO320,A049G D105R 131
RO24W A049G, NO9IR TO3IIR,POG3Y 1.31
RO24W.LOS3K TO31R,D10SR 1.30
RO24W,A040G, LO53K NO93R SOZ8R, 057G, PO63Y 1.30
RO24W,A049G,LO53K SO2Z8R PO63Y 1.30
LO53K S028R.TO3 1R POS3Y.DIOSR 1.29
RO24W,LO53K TO3 IR, POS3Y,D105R 1.29
MO320,A049G DOS7G.D10SR 1.29
RO24W,A049G, NOO3R 028R, TO3 1R, DOSTG,PO63Y.DI0SR]  1.28
A049G.1053K, NO93R S028R.DO57G.PO63Y.DIOSR 128
Humanized (SEQ ID No. 14) DO57G,POG3Y,D105R 1.26
A049G NO93R TO31R 1.26
RO24W,A049G, LOS3K, NO93R Humanized (SEQ ID No. 13) 1.26
RO24W,LO53K NO93R TO31R 1.26
RO24W,A049G S028R.TO31R,DO57G 1.26
M0320,A049G, LOS3K Humanized (SEQ ID No. 13) 1.26
RO24W S028R,D105R 1.25
M0320,A049G, LOS3K DOSTG 1.25
A049G,LO53K TO31R,PO63Y 1.25
M032Q,L053K S028R,TO3 1R 1.24
A049G NO93R SO28R 1.24
M0320Q. A049G ND93R SO28R, DOSTG,PO63Y,D10SR 1.23
MO32Q,NOO3R DI10SR 1.23
MO0320,NO93R T031R,DO57G,PO63Y 1.23
A049G SO28R, TO31R,POG3Y 122
MO320,A049G TO3IR,D105R 1.22
ROZ4W,LOS3K NO93R SO28R, TO3 1R, DO37G 122
MO32Q,LO53K, NOO3R TO31R,D10SR 1.21
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M0320.L053K SO28R. 1.21
RO24W,LOS3K NO93R S028R,D105R 1.21
M0320,L053K DOSTG 1.20
MO320,A049G $028R, TO3 1R, DOSTG 1.20
A049G.1053K, NO93R SO28R 119
M0320,A049G SO28R 1.19
MO32Q,NO93R TO31R,D10SR 1.19
AD49G,LO53K NOO3R SOZ8R,TO3 1R, POSIY.DIOSR 1.1%
RO24W TO31R,POG3Y.D105R 1.1%
M0320Q,A049G,L0S3K S028R . T031R.D10SR 1.18
MO320,NO93R $028R, TO3 1R, DO57G 1.18
RO24W,A049G, NO93R DI10SR 1.17
RO24W SO28R, TO3 IR 1.17
RO24WIL053K SO28R 117
MO320,A049G S028R.TO31R 1.17
M0320,A049G TO31R 1.16
RO24W,A049G SO28R,DOSTGPO63Y 1.16
MO320,A049G SO28R,TO31R,DO5TG.D10SR 1.15
RO24W LOS3K NO23R DO57G 1.15
RO24W M0320,A049G NOS3R DOS7TG.DI0SR 1.15
MO320,A049G DOS7G,PO63Y.D10SR 1.14
RO24W.A049G T031R,DOS7G,PO63Y 1.14
RO24W, A049G,1.053K SO28R, TO3 IR, DOSTG 1.14
M032Q,A049G,NOI3R S028R,TO3 1R, D105R 1.14
AD49G.LOS3K, NO93R DO57G,D105R 1.14
RO24W.LO53K NO93R SO28R 1.14
RO24W,A049G,LO53K PO63Y 1.14
RO2Z4W,L0O53K DO57G 1.13
MO32, A049G NO9IR DOSTG.PO63Y.DI0SR 113
MO32, A049G NO9IR TO3 IR, POS3Y,D105R 112
RO24W TO31R,DO37G,PO63Y,D105R 1.12
A049G,LO53K TO31R 112
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MO32Q,A049G,LOS3K NO93R DOSTGDI0OSR 111
RO24W, LOS3K NO93R SO28R,TO31IR P
RO24W,LOS3K NG93R Humanized (SEQ 1D No. 13) 110
024WMO32(Q, A049G,LOS3K NO93R TO31IR D1OSR 1.10
NO93R SO028R,PO63Y 110
LOS3K S0Z8R,TO31R,DOSTG 1.09
A049G,LOS3K SO2Z8R 1.09
NO93R TO3IR 1.09
MO32Q,A049G,LOS3K NO93R SO28R,TO31IR, DIOSR 1.08
LO53K TO31R POG3Y 1.07
MO32Q,NO93R SO28R,TO31R,DIOSR 1.07
024W MO32(, A049G,LOS3K, NO93R PD10SR 107
ROZAW LOS3K TO31R,POG3Y 1.07
RO24W A049G TO3 1R, POG3Y 1.07
MO0O32Q,A049G,NO3R SO28R,TO31R,DOSTG,DIOSR 1.07
A049G LOS3K NOG3R DO5S7G 1.06
RO24W A049(G LOS3K,NO93R S0Z8R,POG3Y 1.05
RO24W LO53K SOZ8R,DOS7G,PO63Y 1.05
MO32G,A049G DOSTG 1.05
Humanized (SEQ 1D No. 14) DOSTGDIOSR 1.05
MO32Q,A049G,LOS3K SOZ8R,TO31R 1.04
LOS3K NO93R S0Z8R,DOSTGPOG3Y, DI0SR 1.04
MO32(, A049G,LO53K NO93R. SO28R,TO31R,DO5STG 1.04
MO32Q,A049G,LOS3K S028R,DOSTGPOG3Y 1.04
MO0O32Q,A049G,NO3R SO28R 1.03
MO323,LOS3K NO93R DO37G,B105R 1.02
RO24W, A049G SOZ8R,PO63Y 1.01
LOS53K, NO93R SO28R 1.01
MO32Q,A049G,LOS3K NOG3R SOZ8R,TO31R,POGIY,DIOSR 1.01
MO32(3,A049G PO63Y,DI0SR 1.01
MO3203,A049G TO31R,DO5S7G,POG3Y,DI0SR 1.01
LOS3K TO31R 1.01
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MO320,NO93R DOSTGDI0OSR 1.00
RO24W A049G,LOS3K NO93R S028R,TO3 1R, POG3Y 1.00
RO24W, A0490G, NO93R SO28R,PO6G3Y 1.00
MO32G,LOS3K NO93R SOZBR,DIOSR 0.99
AQ49G NOI3R. DOS7G 0.99
MO323,LOS3K NO93R DOS7G 0.99
LOS3K,NO93R TO31R,DOSTG,POG3Y (.99
MO32Q,A049G,LOS3K NO93R S028R,TO31R 0.99
MO320,A049G,LO53K TO31IR,POO3Y 0.98
ROZ4W DOSTGDIOSR 0.98
MO320Q,A049G,LOS3K DOSTG.DIOSR 0.98
MO32G3,L0S3K D10SR 0.98
024WMO32(Q, A049G,LOS3K NO93R DOSTG 0.98
RO24W DOS7G,POG3Y, D105R. 0.98
MO323, LOS3K NO93R SO28R 0.97
ROZ4W TO31R.DOSTGDIOSR 0.97
MO320,A049G,NO93R POO3Y,D105R 0.97
RO24W LO53K TO31R DOSTG,POGIY, D10SR 0.97
MO320, A049G NOI3R S028R,D105SR 0.97
AD49G S028R 0.96
RO24W A049(¢ SO28R,TO31R,POG3Y,DIOSKR 0.96
M032G3,L0S3K POS7G,D10SKR 0.95
ROZ4W,A049G,NO93R POO3Y 0.95
MO32Q,A049G,NO93R TO31R 0.94
MO0320Q,A049G,LOS3K SO28R,DI0SR 0.94
LOS3K,NO93R BO57G .94
ROZ4W TO31R DI05SR (.94
RO24W 053K SOZ8R,PO63Y 0.93
Humanized (SEQ 1D No. 14) TO3IR 0.92
A049G,LOS3K DOSTG 0.92
RO24W,LOS3K NG93R TO31R,DO5S7G,POG3Y,DI0SR 0.92
MO0320Q,A049G SOZ8R,TO31R, DOSTG,PO63Y 0.92
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A049G,LOS3K SOZ8R,TO31R,DOSTG 0.92
MO32Q,LOS3K, NO93R TO31R 0.92
RO24W MO32Q,NOS3R D10SR 0.92
MO32(, A049G,LO53K NO93R. Humanized (SEQ D No. 13} 0.91
MO32Q,NO93R SOZ8R,TO31R,DO5STG,PO63Y 0.91
MO320,A049G TO31R POGIY.DIOSR 091
ROZ4W MO032(,LO5S3K DOS7G 0.91
A049G TO3IR 0.91
RO24W LO53K Humanized (SEQ ID No. 13) 0.90
ROZ4W MO32Q,L053K TO3 IR 0.89
MO320Q,A049G,LOS3K SO28R,TO3 1R, D0O57G 0.89
MO32Q,A040G,LOS3K, NO93R POG3Y,D10SR 0.89
RO24W, A049G POO3Y 0.88
024W MO320, A049G LOS3K NO93R TO31R 0.88
MO0O32Q,A049G,NO3R SO0Z8R,TO31R,DOSTG 0.87
Humanized (SEQ ID No. 14) DI105R 0.87
LOS3K SO28R,BOSTG,PO63Y,D10SR 0.87
ROZ4W,LOS3K NO93R TO31IR,POO3Y 0.87
A049G,LOS3K NO93R POG3Y 0.87
MO320, A049G, NO93R. DO5STG 0.86
MO32G,LOS3K, NO93R SO28R,TO31R,DOSTG 0.86
MO32Q,A049G,LOS3K POS7GPOG3Y,D10SR 0.86
NO93R S028R 0.85
AQ49G NOI3R. TO31R,DO5STG 0.85
A049G LOS3K NOG3R Humanized (SEQ ID No. 13) 0.84
ROZ4W SO0Z8R,TO31R.DOSTG (.84
MO32(, A049G,NO93R S028R,TO31R 0.84
LOS53K, NO93R Humanized (SEQ ID No. 13) 0.84
A049G NOI3R DO37G,POG3Y 0.84
A049G,LOS3K SOZ8R,PO63Y 0.84
MO32Q,L0S3K SO28R,TO31R,DOSTG 0.83
AD49G SO28R,DOSTG,POG3Y 0.83
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A049G,LO53K NO93R DO57G,PO63Y 0.83
M032Q.L0S3K, NO93R Humanized (SEQ ID No. 13) 0.82
MO320,A049G SO28R, DOSTG,PO63Y 0.82
L053K S028R, DOSTG,POG3Y 0.82
RO24W,LOS3K, NO93R S028R.T03 1R, DO57G,PO63Y 0.81
M032Q NO93R DO57G,POG3Y,D105R 081
ROZ4W S028R, TO31R,PO63Y,D105R 0.81
024W M0320Q,A049G,LOS3K NOI3R SO28R,TO3 1R, DOSTG 0.81
RO24W.L0O53K TO31R,DOS7G,D105SR 0.81
MO0320, A049G,NO93R S028R.DO5TG.PO63Y 0.81
NO93R DOSTG 0.81
MO320,NO93R TO31R 0.80
MO32Q, A049G,LOS3K NO93R TO31R POS3IY.D105R 0.80
L053K DO57G 0.80
MO032(,A049G,L053K $028R TO31R,POS3Y 0.80
MO03203,A049G,LOSIK, NO9IR SO28R, TO31R,DOSTG,D10SR 0.80
L0S3K,NO93R S028R, TO31R,PO63Y,DT05R 0.79
M032Q, AD49G NO93R TO31R, POS3Y 0.79
RO2Z4W,A049G,L053K TO31R,DOSTG,D105R 0.79
M0O320,A049G, LOS3K PO63Y.D10SR 0.79
RO24W,M0320,A049G NOY3R $028R, TH31R,D057G 0.79
A049G,LOS3K, NOY3IR TO31R,DOSTG 0.79
RO24W,LO53K POG3Y 0.78
RO24W POG3Y,D105R 0.78
MO320,A049G Humanized (SEQ ID No. 13) 0.77
M0320Q. A049G ND93R SO28R,TO3 1R, DO5TG,PO63Y 0.77
A049G NO37G 0.77
RO24WM0320,A049G NO93R TO3 IR 0.77
LO53K S028R 0.77
RO24W M0320,A049G NO93R DOSTG 0.77
ROZ4W,LOS3K NO93R S028R, TO3 1R PO63Y 0.76
MO32Q,NO93R S028R, TO3 1R, POG3Y,D10SR 0.76
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024W M032Q,A049G,L053K NOI3R S028R,D105R 0.76
RO24W.M0320Q.L053K S028R 0.75
ROZ4W,LO53K T031R,DOS7G,PO63Y 0.75
MO320,A049G TO31R,PO63Y 0.75
RO24W TO31R 0.75
M032Q,A049G NO93R $028R TO31R,POS3Y 075
RO24W.LO53K NO93R SO28R PO63Y 0.7
M032Q,A049G S028R, T3 1R, PO63Y 0.74
LO53K, NO93R DOSTGPO63Y 0.73
ROZ4WMO320 NOY3R DO57G 0.73
RO24W M0320,A049G NOS3R S028R,D105R 0.72
M0O320,A049G,L0S3K, NO93R SO28R, 057G, PO63Y.DI05R 0.72
AD49G NOO3R Humanized (SEQ 1D No. 13) 0.71
A049G NO93R PO63Y 0.7
M032Q NO93R SO28R, TO31R,DOSTG,D105R 07
MO320,A049G PO63Y 07
RO24W,A049G Humanized (SEQ ID No. 13) 0.7
RO24W,A040G, LO53K NO93R S028R, TO3 1R, DOSTG POG3Y.DIOSR]  0.70
MO0320,NO93R PO63Y.D10SR 0.70
024W M032Q,A049G LOS3K NOI3R S028R 0.70
ROZAW,LO53K SO28R,TO31R,DOSTG PO63Y 0.69
LO53K SO28R, PO63Y 0.69
MO32Q, A049G,LOS3K NO93R POG3Y 0.69
L.O53K, NO93R PO63Y 0.69
RO24W,LOS3K NO93R PO63Y 0.68
A049G,LOS3K PO63Y 0.68
RO24W TO31R, POS3Y 0.68
MO32Q,A049G T031R,DO57G,PO63Y 0.68
024W M032Q,A049G.LOS3K NOI3R Humanized (SEQ ID No. 13) 0.66
RO24W,LOS3K NO93R SO28R, DO5TG,PO6IY 0.66
MO320,NO93R SO28R, DOSTG,PO63Y 0.66
MO32Q,NO93R DOSTG 0.65
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A049G LO53K Humanized (SEQ D No. 13} 0.65
M032Q,L053K Humanized (SEQ D No. 13} 0.65
RO24W MO32Q,LOS3K NO93R DOS7G 0.64
Humanized (SEQ ID No. 14) SO23R 0.64
MUO32Q,A049G 028R, TO3 IR, DOS7G,POO3Y,DI0OSR]  0.64
MO32Q,A049G,LOS3K NO93R TO31IR,POO3Y 0.63
MO320, A049G NOI3R TO3 1R, DOSTG,POG3Y,DI10SR 0.63
RO24W MO320Q,NO93R SO28R, TO31R,DO57G 0.61
RO24W MO32Q,A040G NO93R SO28R,TO31R,DIOSR 0.60
RO24W,MO32Q,L0S3K Humanized (SEQ 1D No. 13) 0.60
RO24W, A049G SOZBR,DIOSR 0.59
MO32(3, LO53K NOO3R SO28R,TO3 1R, DI0SR 0.59
MO32(3,A049G,LOS3K SO28R,TO31R,DOSTG,DIOSR 0.59
RO24W A049G,LOS3K TO31R,DBO5S7G,POG3Y 0.58
MO320,A049G,LO53K SOZ8R,PO63Y 0.58
MO32Q,A049G,LOS3K NO93R SOZ8R, DO5STGPO63Y 0.58
RO24W, A049G S028R, DOSTG POG3Y,DIOSR 0.58
NOI3R Humanized (SEQ D No. 13) 0.58
RO24W MO32Q,A040G NOS3R PO63Y,D10SR 0.58
RO24W S028R 0.58
MO32Q,L053K POO3Y 0.57
024W MO032(,A049G,LO53K NO93R S028R,TO31R 0.57
MO323, LOS3K NO93R S028R,TO31R 0.57
Humanized (S8EQ ID No. 14) DOS7G 0.56
MO32Q,LOS3K NO93R POO3Y,D10SR 0.56
RO24W MO320Q, A049G NOY3R TO31R, DOSTG,POG3Y 0.56
AG49G Humanized (SEQ D No. 13) 0.56
RO24W MO032(},A049G 1L.053K,NO93R TO3IR,DBO5S7G,B105R 0.56
NO93R POO3Y 0.56
RO24W SO28R,DOSTG,POG3Y 0.55
AD49G POO3Y 0.55
MO32(,L053K DO37G,POG3Y,DI10SR 0.55
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RO24W A049G,LO53K Da";S?G,Pﬂ&Y 0.54
MO32(3,A049G TO3IR,DO57G,D105R 0.54
RO24W,MO32Q,L0S3K SOZ8R,TO31R 0.53
M032Q,L053K POG3Y.D105SR 0.53
RO24W MO32(3, A040G, NOS3R S028R, TO3 1R 0.52
MO323, LOS3K NO93R DO37G,POG3Y,DI10SR 0.52
ROZ4W TO31R,DBO5S7G,POG3Y 0.52
ROZ4W D105R 0.52
A049G,LOS3K DOS7G POG3Y 0.52
MO320Q,L0S3K SO28R,TO31R,DOSTG DICSR 0.51
LO33K Humanized (SEQ D No. 13) 0.51
NO93R TO31R,DOSTG 0.51
LOS3K,NOS3R TO31R,DOS7G 0.51
MO320,A049G,LOS3K TO31R DOSTG,POGIY,DIOSR 0.50
RO24WILOS3K SO28R,DI0SR 0.50
RO24W LO5S3K NO93R 028R, TOI IR, DOSTG,POG3Y,DI05R)  0.50
RO24W.LOS3K 028R, TO3IR, DOS7G,POO3Y,DI0OSR)  0.50
MO32Q,A040G SOZ8R,PO63Y 0.49
ROZ4W MO32Q,L053K DI10SR 0.48
MO32Q,NO93R SO28R,TO31IR 0.48
MO32Q,NO93R TO3 1R, POG3Y 0.47
MO32¢} SO28R,TO31R,DI0SKR 0.47
MO32Q,A040G,LOS3K POO3Y 0.47
MO0320,A049G,LO53K NO93R. TO31R DOS7G,POG3IY.DI0SR 0.46
MO32Q TO31R (.46
RO24W MO320,LOS3K,NO93R Humanized (SEQ ID No. 13) 0.40
024W MO032Q,A049G,LOS3K NO93R DO5S7G,D10SR 0.46
MO32¢3 SOZ8R, TO31R,DOSTG 0.45
ROZ4W,A049G,NO93R DO57G,POG3Y 0.45
MO32Q,NO93R TO3I1R,POG3Y,DI05R 0.45
RO24W MO32Q,NOS3R POS7G,D10SR 0.45
MO32(, A049G,LO53K NO93R. SOZB8R,TO31R, DOSTG,PO63Y 0.44
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RO2Z4W,A049G,L053K S028R.TO3 1R PO6S3Y.DIOSR 0.44
RO24W M0320,A049G NO93R S028R 0.44
M0320,A049G, LOS3K SO28R,TO31R.DOSTG POG3YDIOSR]  0.43
AD49G SO28R, TO3 IR, DOSTG 0.43
L053K PO63Y 0.42
MO0320,LO53K, NO93R TOIIR,POG3Y 042
A049G,LOS3K TO31R,DOSTG ¢.42
MO32Q,NOO3R TO31R,DOS7G,POS3Y.D105R 0.42
RO24W MO320Q NO93R TO31R,D10SR 0.41
MO0320, A049G,NO93R Humanized (SEQ ID No. 13) 0.41
RO24W M0320 NO9IR TO31R,DO57G,D105R 0.41
MO32Q,L053K TO3IR,D105R 0.41
MO32Q, A049G,LOS3K NO93R SO28R, POG3Y 0.41
M032(,A049G,LO53K T031R PUOS3Y.D10SR 0.41
M032Q NO93R SO28R,DOSTG,PO63IY.DIOSR 041
M032Q NO93R $028R TO31R,POS3Y 041
RO24W MO0320,A049G NOI3R DO057G,PO63Y,D105R 0.40
MO0320,L053K SO28R,TO31R, D1OSR (.40
MO0320 S028R.T031R.DO57G.D10SR 0.40
MO320 SO28R, TO3 IR 0.39
MO32Q,L053K TO31R,PO63Y 0.39
M0O320,A049G,L0S3K, NO93R DO57G,PO63Y.D10SR 0.39
RO24W,M0320, A049G NO93R SO28R,T03 1R, DOSTG,D10SR 0.39
MO0320,L053K . NOO3R PO63Y 0.39
RO24W,M03203 NO93R SO28R,D10SR 039
MO320,L053K, NO93R SO28R,DOSTGPO63Y 0.38
MO320 NO37G 038
ROZ4W POG3Y 0.38
M032Q.L0S3K, NO93R S028R,TO31R,DOSTG PO63Y 037
RO24W, A049G,LO53K S028R,DOSTG,POG3YV.DI05R 037
MO320 Humanized (SEQ ID No. 13) 0.37
M0320Q,A049G, LOS3K TO31R,DOSTG, POG3Y 0.37
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ROZ4W MO32Q,LOS3K NO93R TO3 1R 037
RO24W LO53K SOZ8R,TO31R,POGIY,DIOSR 0.37
RO24W MO32Q,A040G NOS3R TO31R,POG3Y 0.37
Humanized (SEQ 1D No. 14) TO31R,DOS7G 0.36
RO24W MO32Q TO31R 0.36
AD49G TO3IIR,POG3Y 0.36
M0320 SO28R,TO31R,DOSTG,POG3Y 0.36
A049G DOS7G POG3Y 036
RO24W MO32Q,LO53K NO93R SO28R 0.35
ROZ4W MO32Q,L053K SO28R,TO31IR,DOSTG 0.35
RO24W MO32Q,A049G NO93R Humanized (SEQ D No. 13) 0.35
MO32Q,A049G,LOS3K TO3IR,BO57G,B105R 0.35
MO32(,LO53K NO93R SO28R, TO3 1R, DOSTG,DI0SR 0.35
Humanized (SEQ ID No. 14) POO3Y 0.34
ROZ4W S028R,PO63Y 0.34
ROZ4W DOs7G (.34
RO24W A049(G LOS3K,NO93R DOS7G,PO63Y 0.34
ROZ4W Humanized (SEQ ID No. 13) 0.34
RO24W MO320Q, A049G NOY3R SOZ8R,TO31IR POG3Y,DIOSR 034
MO320, A049G, NO93R. POG3Y 0.34
RO24W MO32Q,A049G, NOI3R TO3IR,POG3Y,B105R 0.33
024W MO32Q,A049G,LOS3K, NO93R TO31R,DOS7G,PO63Y 0.33
ROZ4W,A049G,NO93R Humanized (SEQ D No. 13} 0.33
MO32Q,NO93R SO028R,PO63Y 0.33
MO032(3,A049G,LO5S3K NO93R. SOZ8R,TO31R,PO6G3Y 0.33
MO32Q TO31R,DOSTG,POG3Y 0.32
ROZ4W, MO320Q NO93R S028R,TO31R 032
LO53K DO57G,POG3Y 0.32
ROZ4W S028R,DOSTGPO6G3Y,DIOSR 0.31
MO32Q LOS3K,NO93R SOZ8R,PO63Y 0.31
RO24W BO57G,POO3Y 0.31
MO32G,LOS3K NO93R TO31R, POO3Y,D10SR 0.31
RO24W MO32Q,LOS3K NO93R D105R 0.30
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024W.M032Q,A049G, LOS3K,NO93R TO3 1R PO63Y 0.30
NOS3R DO5S7G,POG3Y 0.30
MO32(}2,A049¢ SO0Z8RDIOSR 0.30
ROZ4W LOS3K DO5T7(G,POO3Y 0.29
MO32Q,A049G,NO93R SO28R, TO31IR, DOS7G POG3IY,DIOSR] 029
Humanized (SEQ ID No. 14) DOSTG,POG3Y 0.29
MO32(3, A049(G,NOO3R SO0Z8R PO63Y 0.29
MO32Q TO3IR,DI0SKR (.29
RO24W MO320) Humanized (SEQ ID No. 13) 0.29
MO32Q,LOS3K NOS3R SO28R, TO3 1R, POG3Y 0.29
MO320,L0S3K TO3IR,POG3Y,D105R. 0.29
ROZAW,LOS3K NO93R DBO57(,P0O3Y 0.28
ROZ4W MO32¢ BOsS7G 0.28
AD49G SO028R PO63Y 0.28
MO32Q,L053K SO28R,TO31R,PO6G3Y 0.28
RO24W,M0320,A049G, NO93R $028R. TO31R PO63Y 027
A049( TO3IR,DOSTG 0.27
024W M032Q,A049G, LOS3K NOI3R POG3Y.D105R )27
M032Q,A049G S028R,DOSTG,POG3YV.DI0SR 0.26
MO320,L053K SO28R,DO5STG,PO6G3Y 0.26
ROZ4W MO032Q, A049(,LOS3K, NOS3R POO3Y 0.26
MO32(}2,A049¢ SO28R, TO31R,POG3Y,DIOSKR 0.26
MO32¢0} DO5S7G,D10SR 0.26
MO32Q D105R 0.25
RO24WMO32Q S028R, TO3 1R, DOSTG 0.25
ROZ4W MO32{(3 NOO3R POO3Y,DI105R 0.25
MO320,L053K SOZ8R PO63Y 0.24
MO32(3 NO93R SOZ28R. 0.24
ROZ4W MO320 DOSTG,DI0OSR 0.24
RO24W MO32(, LO53K, NO93R SO28R,TO31R, D057 0.23
ROZ24W 033K SOZ8R, DOSTGPO63Y, DIOSR 0.23
ROZ4W MO32¢ SO28R,TO3 1R 0.23
ROZ24W MO32(3, NOS3R Humanized (SEQ 1D No. 13} 0.23
Wild Type Chimera Wild Type Chimera

(SEQ 1D No. 58) (SEQ 1D No. 57) 0.22
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Globe H (ng/ml) Chimeric YRS Chimeric 2C2 Humanized R28
1006 17448.0 509.0 T4
500 22340 992 .4 578.2
250 16663.0 1078.0 861.6
Average 121150 859.8 503.7
Kd (M) 1L.21E-05 8.606K-07 5.04E-07
FIGURE 7
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293706_1.txt
SEQUENCE LISTING

<110> OBI PHARMA INC

<120> NOVEL CARBOHYDRATE ANTIBODIES, PHARMACEUTICAL COMPOSITIONS AND USES
THEREOF

<130> 2011-006 PCT (262374)
<160> 60

<170> PatentIn version 3.5

<210> 1

<211> 12

<212> PRT

<213> Mus musculus

<400> 1

Gly Phe Ser Leu Tyr Thr Phe Asp Met Gly val Gly

1 5 10

<210> 2

<211> 16

<212> PRT

<213> Mus musculus

<400> 2

His Ile Trp Trp Asp Asp Asp Lys Tyr Tyr Asn Pro Ala Leu Lys Ser
1 5 10 15
<210> 3

<211 13

<212> PRT

<213> Mus musculus

<400> 3

val Arg Gly Leu His Asp Tyr Tyr Tyr Trp Phe Ala Tyr
1 5 10

<210> 4

<211> 25

<212> PRT

<213> Artificial Sequence
<220>

<223> Humanized Heavy Chain Frame work 1
<400> 4

Gln Ile Thr Leu Lys Glu Ser Gly Pro Thr Leu val Lys Pro Thr Gln
Page 1



293706_1.txt
10

1 5 15
Thr Leu Thr Leu Thr Cys Thr Phe Ser
20 25
<210> 5
<211> 14
<212> PRT
<213> Artificial Sequence
<220>
<223> Humanized Heavy Chain Frame work 2
<400> 5

Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu Trp Leu Ala
1 5 10

<210> 6
<211> 32
<212> PRT

<213> Artificial Sequence

<220>
<223> Humanized Heavy Chain Frame work 3

<400> 6
Arg Leu Thr Ile Ser Lys Asp Thr Ser Lys Asn GIn val val Leu Thr
1 5 10 15

Met Thr Asn ggt Asp Pro val Asp ghr Ala Thr Tyr Tyr ggs Ala Arg
5

<210> 7

<211> 10

<212> PRT

<213> Mus musculus

<400> 7

Arg Ala Ser Ser Ser val Ser Tyr Met His
1 5 10
<210> 8

=21l 7

<212> PRT

<213> M™Mus musculus

<400> 8

pPage 2



293706_1.txt
Ala Thr Ser Asn Leu Ala Ser

1 5

<210> 9

<211> 9

<212> PRT

<213> Mus musculus

<400> 9

Gln Gln Trp Ser Arg Asn Pro Phe Thr

1 5

<210> 10

<211> 23

<212> PRT_ )

<213> Artificial Sequence

<220> ) . .

<223> Humanized Light Chain Frame work 1

<400> 10

Glu I1e val Leu Thr GIn Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys
20

<210> 11

<211> 15

<212> PRT

<213> Artificial Sequence

<220> )

<223> Humanized Light Chain Frame work 2

<400> 11

Trp Tyr Gln Gln Lys Pro Gly Lys Ser Pro Lys Pro Trp Ile Tyr
1 5 10 15
<210> 12

<211> 32

<212> PRT

<213> Artificial Sequence

<220>

<223> Humanized Light chain Frame work 3

<400> 12

Page 3



Gly val
1
Phe Thr

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Gln Ile
1

Thr Leu
Asp Met

Trp Leu
50

Leu Lys
65

val Leu

293706_1.txt
Pro Ser Arg Phe Ser Gly Ser Gay Ser Gly Thr Asp Ege Thr
5 1

Ile ser Ser Leu GIn Pro Glu Asp Ile Ala Thr Tyr Tyr Cys
20 25 30

13

112

PRT

Artificial Sequence

Full-length Humanized Heavy Chain

13

Thr Leu Lys Glu Ser Gly Pro Igr Leu val Lys Pro Tgr Gln
1

Thr Leu Thr Cys Thr Phe Ser Gly pPhe Ser Leu Tyr Thr Phe
20 25 30

Gly val Gly Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu
35 40 45

Ala His Ile Trp Egp Asp Asp Asp Lys Egr Tyr Asn Pro Ala

Ser Arg Leu Thr Ile Ser Lys Asp Thr Ser Lys Asn Gln val
70 75 80

Thr Mmet Thr Asn Met Asp Pro val Asp Thr Ala Thr Tyr Tyr
85 90 95

cys Ala Arg val Arg Gly Leu His Asp Tyr Tyr Tyr Trp Phe Ala Tyr

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Glu Ile

100 105 110

14

96

PRT

Artificial Sequence

Full-Tength Humanized Light Chain
14

val Leu Thr GIn Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
Page 4



Glu Arg Ala Thr
20

His Trp Tyr Gln
35
Ala Thr Ser Asn
50

Gly ser Gly Thr
65

Asp Ile Ala Thr

<210> 15
<211> 112
<212> PRT
<213>

<220>

<223> S028K
<400> 15

Gln Ile Thr Leu
i i

Thr Leu Thr Leu
20

Asp Met Gly val
35

Trp Leu Ala His
50

Leu Lys Ser Arg
65

val Leu Thr Met

Leu

GlIn

Leu

Asp

Tyr
85

Lys

Thr

Gly

Ile

Leu

Thr
85

ser

Lys

Ala

Phe
70

Tyr

Glu

Cys

Trp

Trp

Thr

70

Asn

Cys

Pro

Ser

55

Thr

cys

Artificial Sequence

ser

Thr

Ile

Trp

55

Ile

Met

Arg
Gly
40

Gly

Phe

GlIn

Gly

Phe

Arg

40

Asp

Ser

Asp

293706_1.txt

10

Ala Ser Ser Ser

25

Lys

val

Thr

GIn

Pro

Ser

25

Gln

Asp

Lys

Pro

ser Pro

Pro Ser

Ile ser
75

Trp Ser
90

Thr Leu
10

Gly Phe

Pro Pro

ASp Lys

Asp Thr
75

val Asp
90

Page 5

Lys
Arg
60

ser

Arg

val

Lys

Gly

Tyr

60

Ser

Thr

val

Pro

45

Phe

Leu

Asn

Lys

Leu

Lys

45

Tyr

Lys

Ala

561

30

Trp

ser

GlIn

Pro

Pro

Tyr

30

Gly

Asn

Asn

Thr

15

Tyr

Ile

Gly

Pro

Phe
95

Thr

15

Thr

Leu

Pro

GIn

Tyr
95

Met

Ser

Glu

80

Thr

Gln

Phe

Glu

Ala

val

80

Tyr



293706_1.txt

Cys Ala Arg val Arg Gly Leu His Asp Tyr Tyr Tyr Trp Phe Ala Tyr
100 110

<210>
<211>
<212>
<213>

<220>
<223>

<400>

1

105

16
112
PRT
Artificial Sequence

S028R
16

GIn Ile Thr Leu Lys Glu Ser Gly Pro Thr Leu val Lys Pro Thr GlIn
5

10 15

Thr Leu Thr Leu Thr Cys Thr Phe Ser Gly Phe Arg Leu Tyr Thr Phe

20 25 30

Asp Met Gly val Gly Trp Ile Arg GIn Pro Pro Gly Lys Gly Leu Glu

35 40 45

Trp Leu Ala His Ile Trp Trp Asp Asp Asp Lys Tyr Tyr Asn Pro Ala

50

55 60

Leu Lys Ser Arg Leu Thr Ile Ser Lys Asp Thr Ser Lys Asn Gln val

65

70 75 80

val rLeu Thr Met Thr Asn Met Asp Pro val Asp Thr Ala Thr Tyr Tyr

85 90 95

Cys Ala Arg val Arg Gly Leu His Asp Tyr Tyr Tyr Trp Phe Ala Tyr

<210>
<211>
<212>
<213>

<220>
<223>

<400>

100 105 110

17

112

PRT

Artificial Sequence

S028y
17

GIn Ile Thr Leu Lys Glu Ser Gly Pro Thr Leu val Lys Pro Igr Gln
1

5 10

Thr Leu Thr Leu Thr Cys Thr Phe Ser Gly Phe Tyr Leu Tyr Thr Phe

Page 6



Asp Met

Trp Leu
50

Leu Lys
65

val Leu

Gly
35

Ala
Ser

Thr

Cys Ala Arg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

18
112
PRT

20

val

His

Arg

Met

val
100

Gly

Ile

Leu

Thr

85

Arg

Trp

Trp

Thr

70

Asn

Gly

Ile

Trp

55

Ile

Met

Leu

Artificial Sequence

S028F

18

Gln Ile Thr Leu

1

Thr Leu

AsSp Met

Trp Leu
50

Leu Lys
65

val Leu

Thr
Gly
35

Ala

Ser

Thr

Leu

20

val

His

Arg

Met

Lys

Thr

Gly

Ile

Leu

Thr
85

Glu

cys

Trp

Trp

Thr

70

Asn

Ser

Thr

Ile

Trp

55

Ile

Met

Arg

40

Asp

Ser

Asp

His

Gly

Phe

Arg

40

Asp

ser

Asp

293706_1.txt

25

GIn Pro Pro Gly

Asp

Lys

Pro

ASp

Pro

ser

25

Gln

Asp

Lys

Pro

Asp Lys

Asp Thr
75

val Asp
90

Tyr Tyr

Thr Leu
10

Gly Phe

Pro Pro

Asp Lys

Asp Thr
75

val Asp
90

Page 7

TYyr
60
Ser

Thr

Tyr

val

Phe

Gly

Tyr

60

ser

Thr

TYyr

Lys

Ala

Trp

Lys

Leu

Lys

45

TYr

Lys

Ala

30

Gly

Asn

Asn

Thr

Phe
110

Pro

TYr

30

Gly

Asn

Asn

Thr

Leu

Pro

Gln

Tyr

95

Ala

Thr

15

Thr

Leu

Pro

GlIn

Tyr
95

Glu

Ala

val

80

Tyr

TYr

GIn

Phe

Glu

Ala

val

80

Tyr



~293706_1.txt
Cys Ala Arg val Arg Gly Leu His Asp Tyr Tyr Tyr Trp Phe Ala Tyr
100 105 110

<210> 19

<211> 112

<212> PRT

<213> Artificial Sequence

<220>

<223> TO31K

<400> 19

Gln Ile Thr Leu Lys Glu Ser Gly Pro Thr Leu Vval Lys Pro Thr Gln
1 5 10 15

Thr Leu Thr Leu Thr Cys Thr Phe Ser Gly Phe Ser Leu Tyr Lys Phe
20 25 30

Asp Met Gly val Gly Trp Ile Arg GIn Pro Pro Gly Lys Gly Leu Glu
35 40 45

Trp Leu Ala His Ile Trp Trp Asp Asp Asp Lys Tyr Tyr Asn Pro Ala

50 55 60

Leu Lys Ser Arg Leu Thr Ile Ser Lys Asp Thr Ser Lys Asn Gln val

65 70 75 80

val Leu Thr Met Thr Asn Met Asp Pro val Asp Thr Ala Thr Tyr Tyr
85 90 95

Cys Ala Arg val Arg Gly Leu His Asp Tyr Tyr Tyr Trp Phe Ala Tyr

100 105 110

<210> 20

<211> 112

<212> PRT

<213> Artificial Sequence

<220>

<223> TO31R

<400> 20

Gln Ile Thr Leu Lys Glu Ser Gly Pro Thr Leu val Lys Pro Thr GlIn

i 5 10 15

Thr Leu Thr Leu Thr Cys Thr Phe Ser Gly Phe Ser Leu Tyr Arg Phe
Page 8



AsSp Met

Trp Leu
50

Leu Lys
65

Gly
35
Ala

ser

val Leu Thr

Cys Ala Arg

<210>
<211>
<212>
<213>

<220>
<223>
<400>
1

Thr Leu

AsSp Met

Trp Leu
50

Leu Lys
65

val Leu

21
112
PRT

20

val
His
Arg
Met

val
100

Gly Trp

Ile Trp

Leu Thr
70

Thr Asn
85

Arg Gly

Ile

Trp

55

Ile

Met

Leu

Artificial Sequence

DO57H

21,

Thr

Gly

35

Ala

ser

Thr

Leu

20

val

His

Arg

Met

Gln Ile Thr Leu %ys Glu

Thr Cys

Gly Trp

Ile Trp

Leu Thr

70

Thr Asn
85

ser

Thr

Ile

Trp

55

Ile

Met

Arg
40

Asp
Ser

Asp

His

Gly

Phe

Arg

40

Asp

Ser

Asp

293706_1.txt

25

Gln

ASp

Lys

Pro

Pro

ser

25

GIn

His

Lys

Pro

Pro

Asp

Asp

val

90

Tyr

B

10

Gly

Pro

Asp

Asp

val
50

Page

Pro

Lys

Thr

75

Asp

Tyr

Leu

Phe

Pro

Lys

Thr

75

Asp

9

Gly

Tyr

60

ser

Thr

Tyr

val

ser

Gly

Tyr

60

ser

Thr

Lys

Tyr

Lys

Ala

Trp

Lys

Leu

Lys

45

Tyr

Lys

Ala

30

Gly

Asn

Asn

Thr

Phe
110

Pro

TYyr

30

Gly

Asn

Asn

Thr

Leu

Pro

GIn

Tyr

95

Ala

Thr

15

Thr

Leu

Pro

Gln

Tyr
95

Glu

Ala

val

80

TYyr

TYyr

Gln

Phe

Glu

Ala

val

80

Tyr



Cys Ala

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Gln Ile
1

Thr Leu

Asp Met

Trp Leu
50

Leu Lys
65

val Leu

Cys Ala

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Gln Ile
1

Thr Leu

293706_1.txt
Arg val Arg Gly Leu His Asp Tyr Tyr Tyr Trp Phe Ala Tyr
100 105 110

22

112

PRT

Artificial Sequence

DO57G
22
Thr Leu Eys Glu Ser Gly Pro Igr Leu val Lys Pro Igr Gln

Thr Leu Thr Cys Thr Phe Ser Gly Phe Ser Leu Tyr Thr Phe
20 25 30

Gly val Gly Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu
35 40 45

Ala His Ile Trp Trp Asp Gly Asp Lys Tyr Tyr Asn Pro Ala
55 60

Ser Arg Leu Thr Ile Ser Lys Asp Thr Ser Lys Asn Gln val
70 75 80

Thr Met Thr Asn Met Asp Pro val Asp Thr Ala Thr Tyr Tyr

85 90 95
Arg val Arg Gly Leu His Asp Tyr Tyr Tyr Trp Phe Ala Tyr
100 105 110
23
112
PRT

Artificial Sequence

DO57S

23

Thr Leu Lys Glu Ser Gly Pro Igr Leu val Lys Pro Igr Gln
5

Thr Leu Thr Cys Thr Phe Ser Gly Phe Ser Leu Tyr Thr Phe
page 10



Asp Met Gly

35
Trp Leu Ala
Leu Lys Ser
65

val Leu Thr

Cys Ala Arg

<210> 24
<211> 112
<212> PRT

20

val

His

Arg

Met

val
100

Gly Trp

Ile Trp

Leu Thr
70

Thr Asn
85

Arg Gly

Ile

Trp

55

Ile

Met

Leu

<213> Artificial Sequence

<220>

<223> DO57Q

<400> 24
GIn Ile Thr
1

Thr Leu Thr

Asp Met Gly
35

Trp Leu Ala
50

Leu Lys Ser
65

val Leu Thr

Leu

Leu

20

val

His

Arg

Met

Lys Glu
5

Thr Cys

Gly Trp

Ile Trp

Leu Thr

70

Thr Asn
85

Ser

Thr

Ile

Trp

55

Ile

Met

Arg

40

Asp

Ser

Asp

His

Gly

Phe

Arg

40

Asp

Ser

Asp

293706_1.txt

25

Glnh Pro Pro

ser Asp Lys

Lys Asp Thr
75

Pro val Asp
90

Asp Tyr Tyr
105

Pro Thr Leu
10

Ser Gly Phe
25

GIn Pro Pro

GIn Asp Lys

LyS Asp Thr
75

Pro val Asp
90

Page 11

Gly

Tyr

60

ser

Thr

Tyr

val

ser

Gly

TYyr

60

ser

Thr

Lys

45

Tyr

Lys

Ala

Trp

Lys

Leu

Lys

45

Tyr

Lys

Ala

30

Gly

ASN

Asn

Thr

Phe
110

Pro

Tyr

30

Gly

Asn

Asn

Thr

Leu

Pro

Gln

Tyr

Ala

Thr

15

Thr

Leu

Pro

GIn

TYyr
95

Glu

Ala

val

80

Tyr

TYr

GIn

Phe

Glu

Ala

val

80

TYr



Cys Ala

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Gln Ile
1.

Thr Leu

Asp Met

Trp Leu
50

Leu Lys
65

val Leu

293706_1.txt
Arg val Arg Gly Leu His Asp Tyr Tyr Tyr Trp Phe Ala Tyr
100 105 110

25

112

PRT

Artificial Sequence

DO57wW
25
Thr Leu Eys Glu ser Gly Pro Igr Leu val Lys Pro Igr Gln

Thr Leu Thr Cys Thr Phe Ser Gly Phe Ser Leu Tyr Thr Phe
20 25 30

Gly val Gly Trp Ile Arg GIn Pro Pro Gly Lys Gly Leu Glu
35 40 45

Ala His Ile Trp Trp Asp Trp Asp Lys ggr Tyr Asn Pro Ala
55

Ser Arg Leu Thr Ile Ser Lys Asp Thr Ser Lys Asnh Gln val
70 75 80

Thr Met Thr Asn Met Asp Pro val Asp Thr Ala Thr Tyr Tyr
85 90 95

Cys Ala Arg val Arg Gly Leu His Asp Tyr Tyr Tyr Trp Phe Ala Tyr

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Gln Ile
1

Thr Leu

100 105 110

26

112

PRT

Artificial Sequence

PO63H
26
Thr Leu Lys Glu Ser Gly Pro Thr Leu val Lys Pro Thr Gln

10 15

Thr Leu Thr Cys Thr Phe Ser Gly Phe Ser Leu Tyr Thr pPhe
Page 12



Asp Met
Trp Leu
50

Leu Lys
65

val Leu

20

Gly val
35

Ala His
Ser Arg

Thr Met

Cys Ala Arg val

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Gln Ile
1

Thr Leu
ASp Met

Trp Leu
50

Leu Lys
65

val Leu

100

27
112
PRT

Gly

Ile

Leu

Thr

85

Arg

Trp

Trp

Thr

70

Asn

Gly

Ile

Trp

55

Ile

Met

Leu

Artificial Sequence

PO63R
27

Thr Leu

Thr Leu
20

Gly val
35
Ala His

ser Arg

Thr met

Lys
5

Thr
Gly
Ile
Leu

Thr
85

Glu

Cys

Trp

Trp

Thr

70

Asn

Ser

Thr

Ile

Trp

55

Ile

Met

Arg

40

Asp

Ser

Asp

His

Gly

Phe

Arg

40

Asp

Ser

Asp

293706_1.txt

25

Gln Pro Pro Gly

Asp

Lys

Pro

Pro

Ser

25

Gln

Asp

Lys

Pro

Asp

Asp

val

90

TYyr

Thr

10

Gly

Pro

Asp

Asp

val
90

Page

Lys

Thr

75

Asp

TYyr

Leu

Phe

Pro

Lys

Thr

75

Asp

13

Tyr
60
Ser

Thr

TYyr

val

sar

Gly

Tyr

60

ser

Thr

LysS

45

Tyr

Lys

Ala

Trp

Lys

Leu

Lys

Tyr

Lys

Ala

30

Gly

Asn

Asn

Thr

Phe
110

Pro

TYyr

30

Gly

Asn

Asn

Thr

Leu

His

Gln

Tyr

95

Ala

Thr

15

Thr

Leu

Arg

Gln

TYyr

Glu

Ala

val

80

Tyr

Tyr

GlIn

Phe

Glu

Ala

val

80

Tyr



293706_1. txt
Cys Ala Arg val Arg Gly Leu His Asp Tyr Tyr Tyr Trp Phe Ala Tyr

100 105 110
<210> 28
<211> 112
<212> PRT
<213> Artificial Sequence
<220>
<223> PO63Y
<400> 28

GIn Ile Thr Leu Lys Glu Ser Gly Pro Thr Leu val Lys Pro Thr GlIn
1 5 10 15

Thr Leu Thr Egu Thr Cys Thr Phe ggr Gly Phe Ser Leu gﬁr Thr Phe

Asp Met Gly val Gly Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu
35 40 45

Trp Leu Ala His Ile Trp Trp Asp Asp Asp Lys ggr Tyr Asn Tyr Ala
50 55

Leu Lys Ser Arg Leu Thr Ile Ser Lys Asp Thr Ser Lys Asnh Gln val

65 70 75 80
val Leu Thr Met Thr Asn Met Asp Pro val Asp Thr Ala Thr Tyr Tyr
85 90 95

Cys Ala Arg val Arg Gly Leu His Asp Tyr Tyr Tyr Trp Phe Ala Tyr
100 105 110

<210> 29

<211> 112

<212> PRT

<213> Artificial Sequence

<220>

<223> P063A

<400> 29

GIn Ile Thr Leu Lys Glu Ser Gly Pro Thr Leu val Lys Pro Thr Gln
1 5 10 15

Thr Leu Thr Leu Thr Cys Thr phe Ser Gly Phe Ser Leu Tyr Thr Phe
Page 14



AsSp Met

Trp Leu
50

Leu Lys
65

val Leu

20

Gly val
35
Ala His

ser Arg

Thr Met

Cys Ala Arg val

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Gln Ile
1

Thr Leu

Asp Met

Trp Leu
50

Leu Lys
65

val Leu

100

30
112
PRT

Gly Trp

Ile Trp

Leu Thr
70

Thr Asn
85

Arg Gly

Ile

Trp

55

Ile

Met

Leu

Artificial Sequence

PO63L

30

Thr Leu

Thr Leu
20

Gly val

35

Ala His

Ser Arg

Thr Met

Lys Glu
5

Thr Cys
Gly Trp
Ile Trp
Leu Thr

70

Thr Asn
85

ser

Thr

Ile

Trp

55

Ile

Met

Arg

40

Asp

5er

ASp

His

Gly

Phe

Arg

40

ASp

Ser

Asp

293706_1.txt

25

GIn Pro Pro Gly

ASp ASp

Lys Asp

Pro val
90

Asp Tyr

Pro Thr
10

ser Gly
25

Gln Pro

Asp Asp

Lys Asp

Pro val
90

Page

Lys

Thr

75

ASp

TYr

Leu

Phe

Pro

Lys

Thr

745

Asp

Tyr
60
Ser

Thr

Tyr

val

Ser

Gly

Tyr

60

Ser

Thr

Lys

Ala

Trp

Lys

Leu

Lys

Ala

30

Gly

AsSn

Asn

Thr

Phe
110

Pro

Tyr

30

Gly

Asn

Asn

Thr

Leu

Ala

Gln

Tyr

95

Ala

Thr

15

Thr

Leu

Leu

Gln

Tyr
95

Glu

Ala

val

80

TYyr

Tyr

Gln

Phe

Glu

Ala

val

80

TYyr



Cys Ala

<210>
<211>
<212>
<213>

<220>
<223>

<400>
GIn Ile
1

Thr Leu
Asp Met

Trp Leu
50

Leu Lys
65

val Leu
Cys Ala

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Gln Ile
1

Thr Leu

293706_1.txt
Arg val Arg Gly Leu His Asp Tyr Tyr Tyr Trp Phe Ala Tyr
100 105 110

31

112

PRT

Artificial Sequence
PO63V

31

Thr Leu Lys Glu Ser Gly Pro Thr Leu val Lys Pro Thr GlIn

Thr Leu Thr Cys Thr Phe Ser Gly Phe Ser Leu Tyr Thr Phe
20 25 30

Gly val Gly Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu
35 40 45

Ala His Ile Trp Trp Asp Asp Asp Lys gyr Tyr Asn val Ala
55 0

Ser Arg Leu Thr Ile Ser Lys Asp Thr Ser Lys Asn Gln val
70 75 80

Thr Met Thr Asn Met Asp Pro Vval Asp Thr Ala Thr Tyr Tyr
85 90 95

Arg val Arg Gly Leu His Asp Tyr Tyr Tyr Trp Phe Ala Tyr
100 105 110

32

112

PRT

Artificial Sequence

D105R

32

Thr Leu Lys Glu Ser Gly Pro Thr Leu val Lys Pro Ihr Gln
) 10 5

Thr Leu Thr Cys Thr Phe Ser Gly Phe Ser Leu Tyr Thr Phe
Page 16



20

Asp Met Gly val
35

Trp Leu Ala His
50

Leu Lys Ser Arg
65

val Leu Thr Met

Cys Ala Arg val
100

<210> 33

<211> 112

<212> PRT

<213>

<220>

<223> DI105K

<400> 33

GIn Ile Thr Leu
1

Thr Leu Thr Leu
20

Asp Met Gly val
35

Trp Leu Ala His
50

Leu Lys Ser Arg
65

val Leu Thr Met

Gly
Ile
Leu
Thr

85

Arg

Lys
5

Thr
Gly
Ile
Leu

Thr
85

Trp
Trp
Thr
70

Asn

Gly

Glu

cys

Trp

Trp

Thr

70

Asn

Ile

Trp

25

Ile

Met

Leu

Artificial Sequence

Ser

Thr

Ile

rp

55

Ile

Met

Arg

40

Asp

s5er

Asp

His

Gly

Phe

Arg

40

Asp

ser

AsSp

293706_1.txt
25

Gln Pro Pro

AsSp

Lys

Pro

Arg

Pro

Ser

25

Gln

Asp

Lys

Pro

ASp

Asp

val

90

Tyr

Thr

10

Gly

Pro

Asp

Asp

val
90

Page

Lys

Thr

75

Asp

TYyr

Leu

Phe

Pro

Lys

Thr

75

Asp

Tyr
60
ser

Thr

Tyr

val

Ser

Gly

Tyr

60

Ser

Thr

Lys

Tyr

Lys

Ala

Trp

Lys

Leu

Lys

Tyr

Lys

Ala

30

Gly

Asn

Asn

Thr

Phe
110

Pro

TYyr

30

Gly

Asn

Asn

Thr

Leu

Pro

GIn

TYr

95

Ala

Thr

15

Thr

Leu

Pro

Gln

Tyr
95

Glu

Ala

val
80

Tyr

Tyr

GIn

Phe

Glu

Ala

val

80

TYr



293706_1.txt
110

Ccys Ala Arg val Arg Gly Leu His Lys Tyr Tyr Tyr Trp Phe Ala Tyr
100 105

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Gln Ile Thr Leu Lys Glu Ser Gly Pro Thr Leu val Lys Pro Thr Gln

1

Thr

Asp

Trp

Leu

65

val

Cys

Leu

Met

Leu

50

Lys

Leu

Ala

<210>
<211>
<212>
<213>

<220>
<223>

<400>

1

34

112

PRT

Artificial Sequence

D105G
34

Thr Leu Thr Cys Thr Phe Ser Gly Phe Ser Leu Tyr Thr Phe
20 25 30

Gly val Gly Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu
35 40 45

Ala His Ile Trp Egp Asp Asp Asp Lys Egr Tyr Asn Pro Ala

Ser Arg Leu Thr Ile Ser Lys Asp Thr Ser Lys Asn Gln val
70 75 80

Thr Met Thr Asn Met Asp Pro val Asp Thr Ala Thr Tyr Tyr
85 90 95

Arg val Arg Gly Leu His Gly Tyr Tyr Tyr Trp pPhe Ala Tyr
100 105 110

35

112

PRT

Artificial Sequence

D105T
35

Gln Ile Thr Leu gys Glu Ser Gly Pro Igr Leu val Lys Pro Igr Gln

Thr Leu Thr Leu Thr Cys Thr pPhe Ser Gly Phe Ser Leu Tyr Thr Phe

Page 18



20

Asp Met Gly val
35

Trp Leu Ala His
50

Leu Lys Ser Arg
65

val Leu Thr Met

Cys Ala Arg val
100

<210> 36

<211> 112

<212> PRT

<213>

<220>

<223> D105M

<400> 36

GIn Ile Thr Leu

1

Thr Leu Thr Leu

Asp Met Gly val
35

Trp Leu Ala His
50

Leu Lys Ser Arg
65

val Leu Thr met

Gly
Ile
Leu
Thr

85

Arg

Lys
5

Thr
Gly
Ile
Leu

Thr
85

Trp
Trp
Thr
70

Asn

Gly

Glu

Cys

Trp

Trp

Thr

70

Asn

Ile

Trp

55

Ile

Met

Leu

Artificial Sequence

ser

Thr

Ile

Trp

55

Ile

Met

Arg
40

Asp
Ser

Asp

His

Gly

Phe

Arg

40

Asp

Ser

Asp

293706_1.txt

25

Gln

Asp

Lys

Pro

Thr
105

Pro

Ser

25

GlIn

Asp

Lys

Pro

Pro

Asp

Asp

val

90

TYyr

Thr

10

Gly

Pro

Asp

Asp

val
90

Page

Pro

Lys

Thr

75

Asp

Tyr

Leu

Phe

Pro

Lys

Thr

75

Asp

Gly
Tyr
60

ser

Thr

Tyr

val

ser

Gly

Tyr

60

Ser

Thr

Lys

Ala

Trp

Lys

Leu

Lys

Ala

30

Gly

Asn

Asn

Thr

Phe
110

Pro

Tyr

30

Gly

Asn

Asn

Thr

Leu

Pro

GIn

Tyr

95

Ala

Thr

15

Thr

Leu

Pro

GIn

TYyr
95

Glu

Ala

val

80

Tyr

Tyr

Gln

Phe

Glu

Ala

val

80

TYr



Cys Ala

<210>
<211>
<212>
<213>

<220>
<223>

<400>
GlIn Ile
1

Thr Leu
Asp Met

Trp Leu
50

Leu Lys
65

val Leu
Cys Ala

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Gln Ile
1

Thr Leu

293706_1. txt
Arg val Arg Gly Leu His Met Tyr Tyr Tyr Trp Phe Ala Tyr
100 105 110

37

112

PRT

Artificial Sequence
D105A

37

Thr Leu Lys Glu Ser Gly Pro Thr Leu val Lys Pro Thr Gln

Thr Leu Thr Cys Thr Phe Ser Gly Phe Ser Leu Tyr Thr Phe
20 25 30

Gly val Gly Trp Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu
35 40 45

Ala His Ile Trp Trp Asp Asp Asp Lys Tyr Tyr Asn Pro Ala
55 60

ser Arg Leu Thr Ile Ser Lys Asp Thr Ser Lys Asn GIn val
70 75 80

Thr Met Thr Asn Met Asp Pro val Asp Thr Ala Thr Tyr Tyr

85 90 95
Arg val Arg Gly Leu His Ala Tyr Tyr Tyr Trp Phe Ala Tyr
100 105 110
38
112
PRT

Artificial Sequence

D105T

38

Thr Leu Lys Glu Ser Gly Pro Thr Leu val Lys Pro Thr Gln
5 10 15

Thr Leu Thr Cys Thr Phe Ser Gly Phe Ser Leu Tyr Thr Phe
Page 20



ASp Met
Trp Leu
50

Leu Lys
65

val Leu

Gly
35

Ala
Ser

Thr

Cys Ala Arg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

39
112
PRT

20

val

Arg

Met

val
100

Gly Trp

Ile

Leu

Thr

85

Arg

Trp
Thr
70

Asn

Gly

Ile

Trp

55

Ile

Met

Leu

Artificial Sequence

D105V

39

ng ITe Thr Leu

Thr Leu

AsSp Met

Trp Leu
50

Leu Lys
65

val Leu

Thr

Gly

35

Ala

ser

Thr

Leu

20

val

His

Arg

Met

LyS
5

Thr
Gly
Ile
Leu

Thr
85

Glu

Cys

Trp

Trp

Thr

70

Asn

ser

Thr

Ile

Trp

55

Ile

Met

Arg
40

Asp
Ser

Asp

His

Gly

Phe

Arg

40

Asp

Ser

Asp

293706_1. txt
25

GIn Pro Pro Gly

Asp AsSp Lys Tyr
60

Lys Asp Thr Ser
75

Pro val Asp Thr
90

Ile Tyr Tyr Tyr
105

Pro Thr Leu val
10

Ser Gly Phe Ser
25

Gln Pro Pro Gly

Asp Asp Lys Tyr
60

Lys Asp Thr Ser
75

Pro val Asp Thr
90

Page 21

Tyr

Lys

Ala

Trp

Lys

Leu

45

Tyr

Lys

Ala

30

Gly

Asn

Asn

Thr

Phe
110

Pro

Tyr

30

Gly

Asn

Asn

Thr

Leu

Pro

Gln

TYyr

95

Ala

Thr

15

Thr

Leu

Pro

GIn

Tyr
95

Glu

Ala

val

80

Tyr

Tyr

Phe

Glu

Ala

val

80

TYyr



293706_1.txt
Cys Ala Arg val Arg Gly Leu His val Tyr Tyr Tyr Trp Phe Ala Tyr
100 105 1

10
<210> 40
<211> 96
<212> PRT
<213> Artificial Sequence
<220>
<223> R024G
<400> 40
Glu ITe val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Gly Ala Ser Ser Ser Val Ser Tyr Met
20 25 30

His Trp gyr Gln GIn Lys Pro Gly Lys Ser Pro Lys Pro Trp Ile Tyr

Ala Thr Ser Asn Leu Ala Ser Gly val Pro Ser Arg Phe Ser Gly Ser
50 55 60

Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu GIn Pro Glu
65 70 75 80

Asp Ile Ala Thr Tyr Tyr Cys GIn Gln Trp Ser Arg Asn Pro Phe Thr

85 90 95
<210> 41
<211> 96
<212> PRT
<213> Artificial Sequence
<220>
<223> R024s
<400> 41

Glu Ile val Leu ghr Gln Ser pPro Ala Igr Leu Ser Leu Ser igo Gly

Glu Arg Ala Thr Leu Ser Cys Ser Ala Ser Ser Ser val Ser Tyr Met
20 25 30

His Trp Tyr Gln Gln Lys Pro Gly Lys Ser Pro Lys Pro Trp Ile Tyr
Page 22



35

40

Ala Thr Ser Asn Leu Ala Ser Gly

Gly ser Gly Thr
65

Asp Ile Ala Thr

<210> 42
<211> 96
<212> PRT
<213>
<220>
<223> R024w
<400> 42
gTu Ile val Leu
Glu Arg Ala Thr
20
His Trp Tyr Gln
35
Ala Thr Ser Asn
50
Gly Ser Gly Thr
65
Asp Ile Ala Thr
<210> 43
<211> 96
<212> PRT
<213>
<220>
<223> M032G

Asp Phe Thr
70

Tyr Tyr Cys
85

Artificial Sequence

Thr Gln Ser

Leu Ser Cys

Gln Lys Pro

Ala ser

55

Leu

Phe Thr

70

ASp

Tyr
85

Tyr Cys

Artificial Sequence

Phe

GlIn

Pro

Trp

Gly

40

Gly

Phe

Gln

293706_1.txt

val Pro Ser Arg

60

Thr Ile Ser Ser

75

GIn Trp Ser Arg
90

Thr ser

10

Ala Leu

Ala Ser Ser

25

ser

Lys Ser Pro Lys

val Pro Ser Arg

60

Thr Ile Ser Ser

75

GIn Trp Ser

90

Arg

Page 23

Phe

Leu

Asn

Leu

val

Pro

45

Phe

Leu

Asn

aer

Gln

Pro

ser

ser

30

Trp

ser

Gln

Pro

Gly

Pro

Phe
95

Pro

15

Tyr

Ile

Gly

Pro

Phe
95

Ser
Glu

80

Thr

Gly

Met

Tyr

ser

Glu

80

Thr



<400> 43
Glu Ile val
)

Glu Arg Ala

His Trp Tyr

35

Thr ser
50

Ala

Gly Ser Gly

65

Asp Ile Ala

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Glu Ile val
1

44
96
PRT

44

Glu Arg Ala

His

Trp Tyr
35

Thr Ser
50

Ala

Gly ser Gly

65

Asp Ile Ala

Leu

Thr

20

GlIn

Asn

Thr

Thr

M032Q

Leu

Thr

20

GIn

Asn

Thr

Thr

Thr
Leu
Gln
Leu
Asp

Tyr
85

Thr
5

Leu
GlIn
Leu
Asp

TYyr

GlIn

ser

Lys

Ala

Phe

70

Tyr

Gln

ser

Lys

Ala

Phe

70

Ty

Ser

cys

Pro

Ser

5:5

Thr

cys

Artificial Sequence

Ser

Cys

Pro

ser

55

Thr

Cys

Pro

Arg

Gly

40

Gly

Phe

GIn

Pro

Arg

Gly

40

Gly

Phe

GlIn

293706_1.txt

Ala Thr Leu
10

Ala
25

Ser.ser

Lys Ser Pro

val Pro Ser

Thr Ile sSer

75

Gln Trp Ser

90

Thr
10

Ala Leu

Ala
25

ser ser

Lys Ser Pro

val Pro Sser

Thr Ile ser

75

Gln Trp Ser
Page 24

Ser

ser

Lys

Arg

60

ser

Arg

ser

ser

Lys

Arg

60

Ser

Arg

Leu

val

Pro

45

Phe

Leu

Asn

Leu

val

Pro

45

Phe

Leu

Asn

ser

Ser

30

Trp

ser

Gln

Pro

Ser

ser

30

Trp

Ser

Gln

Pro

Pro

15

Tyr

Ile

Gly

Pro

Phe
95

Pro

15

Tyr

Ile

Gly

Pro

Phe

Gly

Gly

Tyr

ser

Glu

80

Thr

Gly

GlIn

Tyr

ser

Glu

80

Thr



293706_1.txt
90

85 95
<210> 45
<211> 96
<212> PRT
<213> Artificial Sequence
<220>
<223> MO32v
<400> 45

Glu Ile val Leu Thr Gin Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg gga Ser Ser Ser val ger Tyr val
20 0

His Trp Tyr Gln GIn Lys Pro Gly Lys Ser Pro Lys zgo Trp Ile Tyr
35 40

Ala Thr Ser Asn Leu Ala ggr Gly val pPro Ser Arg Phe Ser Gly Ser
50 60

Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu GlIn Pro Glu

65 70 75 80

Asp ITe Ala Thr Tyr Tyr Cys Gln GIn Trp Ser Arg Asn Pro Phe Thr
85 90 95

<210> 46

<211> 96

<212> PRT

<213> Artificial sequence

<220>

<223> A049G

<400> 46

Glu Ile val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Ser Ser val Ser Tyr Met
25 30

His Trp Tyr GIn GIn Lys Pro Gly Lys Ser Pro Lys Pro Trp Ile Tyr
35 40 45

Page 25



293706_1. txt

Gly Thr ser Asn Leu Ala Ser Gly val Pro Ser Arg Phe Ser Gly Ser
50 55 60

Gly ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu GIn Pro Glu
65 70 75 8

Asp Ile Ala Thr Tyr Tyr Cys Gln Gln ggp Ser Arg Asn Pro Phe Thr
85

95
<210> 47
<211> 96
<212> PRT
<213> Artificial Sequence
<220>
<223> LO53K
<400> 47
Glu Ile val Leu Thr GIn Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly

10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Ser Ser val ggr Tyr Met
20 25

His Trp ;yr GIn GIn Lys Pro Gly Lys Ser Pro Lys zgo Trp Ile Tyr
5 40

Ala Thr Ser Asn Lys Ala Ser Gly val Pro Ser Arg Phe Ser Gly Ser

50 55 60
Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu GIn Pro Glu
65 70 75 80
Asp Ile Ala Thr Tyr Tyr Cys GIn GIn Trp Ser Arg Asn Pro Phe Thr
85 90 95
<210> 48
<211> 96
<212> PRT
<213> Artificial Sequence
<220>
<223> LO053G
<400> 48

Page 26



Glu Ile val Leu

Glu Arg Ala Thr
20

His Trp Tyr Gln
35

Ala Thr Ser Asn
50

Gly ser Gly Thr
65

Asp Ile Ala Thr
<210> 49

<211> 96

<212> PRT
<213>

<220>

<223> LO53T
<400> 49

Glu Ile val Leu
1

Glu Arg Ala Thr
20

His Trp Tyr Gln
35

Ala Thr Ser Asn
50

Gly Ser Gly Thr
65

Asp Ile Ala Thr

Thr
Leu
Gln
Gly
Asp

Tyr
85

Thr
5

Leu
Gln
Thr
ASp

Tyr
85

GIn

Ser

Lys

Ala

Phe

70

Tyr

GlIn

sSer

Lys

Ala

Phe
70

TYyr

Ser

Cys

Pro

Ser

55

Thr

Cys

Artificial Sequence

Ser

Cys

Pro

Ser

55

Thr

cys

Pro

Arg

Gly

40

Gly

Phe

Gln

Pro

Arg

Gly

40

Gly

Phe

GlIn

293706_1.txt

Ala Thr Leu Ser

Ala

25

Lys

val

Thr

Gln

Ala

Ala

25

Lys

val

Thr

Gln

10

Ser

Ser

Pro

Ile

Trp
90

Thr

10

Ser

ser

Pro

Trp
90

Ser

Pro

ser

ser

75

ser

Leu

Ser

Pro

ser

Ser

75

ser

Page 27

sSer

Lys

Arg

60

Ser

Arg

ser

ser

Lys

Arg

60

ser

Arg

Leu

val

Pro

45

Phe

Leu

Asn

Leu

val

Pro

45

Phe

Leu

Asn

ser

Ser

30

Trp

sen

Gln

Pro

ser

Ser

30

Trp

ser

Gln

Pro

Pro

15

TYyr

Ile

Gly

Pro

Phe
95

Pro

15

Tyr

Ile

Gly

Pro

Phe
95

Gly

Met

Tyr

ser

Glu

80

Thr

Gly

Met

Tyr

sSen

Glu

80

Thr



293706_1.txt

<210> 50

<211> 96

<212> PRT

<213> Artificial Sequence

<220>

<223> NO93R

<400> 50

Glu Ile val Leu Thr GIn Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Ser Ser val Ser Tyr Met
20 25 30

His Trp ggr GIn GIn Lys Pro Gly Lys Ser Pro Lys Pro Trp Ile Tyr
40 45

Ala Thr Ser Asn Leu Ala Ser Gly val Pro Ser Arg Phe Ser Gly ser
50 55 60

Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu Gln Pro Glu
65 70 75 80

Asp Ile Ala Thr Tyr Tyr Cys Gln GIn Trp Ser Arg Arg Pro Phe Thr

85 90 95
<210> 51
<211> 96
<212> PRT
<213> Artificial Sequence
<220>
<223> N093Q
<400> 51
Glu Ile val Leu Thr GIn Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Ser Ser val ggr Tyr Met
20 25

His Trp Tgr GIn GIn Lys Pro Gly Lys Ser Pro Lys Pro Trp Ile Tyr
3 40 45

Page 28



Ala Thr Ser Asn Leu Ala ggr Gly
Gly Ser Gly Thr Asp Phe Thr Phe
65 70

Asp Ile Ala Thr ggr Tyr Cys Gln

<210>
<211>
<212>
<213>

<220>
<223>

<400>

1

Glu Arg Ala Thr Leu Ser Cys

His Trp Tyr GIn GIn Lys Pro
35

Ala Thr Ser Asn Leu Ala Ser

Gly Ser Gly Thr Asp Phe Thr

65

Asp Ile Ala Thr Tyr Tyr Cys

<210>
<211>
<212>
<213>

<220>
<223>

<400>

52

96

PRT

Artificial Sequence

N093s
52

Glu ITe val Leu Ehr GIn ser

55

70

85

53

96

PRT

Artificial Sequence

NO93T
53

293706_1.txt

val Pro Ser Arg Phe Ser

Thr Ile Ser Ser Leu GlIn

75

Gln Trp Ser Arg Gln Pro
90

Ala Thr Leu Ser
10

Ala Ser Ser Ser
25

Lys Ser Pro Lys

val Pro Ser Arg
60

Thr Ile Ser Ser
75

Gln Trp Ser Arg
90

Page 29

Leu

val

Pro

45

Phe

Leu

Ser

Ser

Ser

30

Trp

ser

Gln

Pro

Gly ser

Pro Glu
80

Phe Thr
g5

Pro Gly
15

Tyr Met

Ile Tyr

Gly ser

Pro Glu

80

Phe Thr
95



§1u Ile val Leu

Glu Arg Ala Thr
20

His Trp Tyr Gin
35

Ala Thr ser Asn
50

Gly Ser Gly Thr
65

Asp Ile Ala Thr
<210> 54

<211> 96

<212> PRT
<213>

<220>

<223> NO93F
<400> 54

Glu Ile val Leu
1

Glu Arg Ala Thr
20

His Trp Tyr Gln
35

Ala Thr Ser Asn
50

Gly ser Gly Thr
65

Asp Ile Ala Thr

Thr

Leu

GIn

Leu

Asp

Tyr
85

Thr

Leu

Gln

Leu

Asp

Tyr
85

GIn

ser

Lys

Ala

Phe

70

Tyr

Gln

ser

Lys

Ala

Phe

70

Tyr

ser

Cys

Pro

ser

55

Thr

cys

Artificial Sequence

ser

cys

Pro

ser

55

Thr

Cys

Pro

Arg

Gly

40

Gly

Phe

GlIn

Pro

Arg

Gly

40

Gly

Phe

Gln

293706_1.txt

Ala Thr Leu Ser

Ala

25

Lys

val

Thr

GIn

Ala

Ala

25

Lys

val

Thr

10

Ser

ser

Pro

Ile

Trp
90

Thr

10

Ser

ser

Pro

Ile

Trp
90

ser

Pro

Ser

Ser

75

ser

Leu

ser

Pro

Ser

Ser

75

ser

Page 30

Ser

Lys

Arg

60

Ser

Arg

Ser

Ser

Lys

Arg

60

Ser

Arg

Leu

val

Pro

45

Phe

Leu

Thr

Leu

val

Pro

45

Phe

Leu

Phe

Ser

Ser

30

Trp

ser

GlIn

Pro

sSer

ser

30

Trp

Ser

Gln

Pro

Pro

15

Tyr

Ile

Gly

Pro

Phe
95

Pro

15

TYyr

Ile

Gly

Pro

Phe
95

Gly

Met

Tyr

Ser

Glu

80

Thr

Gly

Met

Tyr

ser

Glu

80

Thr



293706_1.txt

<210> 55

<211> 96

<212> PRT

<213> Artificial Sequence

<220>

<223> NO93L

<400> 55

Glu Ile val Leu Thr GlIn Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala ;Sr Leu Ser Cys Arg Ala Ser Ser Ser val Sgr Tyr Met
25 3

His Trp Tyr GIn GIn Lys Pro Gly Lys Ser Pro Lys Pro Trp Ile Tyr
35 40 45

Ala Thr Ser Asn Leu Ala ggr Gly val Pro Ser Arg Phe Ser Gly Ser
60

Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu GIn Pro Glu
65 70 75 80

Asp Ile Ala Thr Tyr Tyr Cys GIn GIn Trp Ser Arg Leu Pro Phe Thr

85 90 95
<210> 56
<211> 96
<212> PRT
<213> Artificial Sequence
<220>
<223> N093Mm
<400> 56
Glu Ile val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg g]a Ser Ser Ser val Ser Tyr Met
20 5 30

His Trp Tyr GIn GIn Lys Pro Gly Lys Ser Pro Lys Pro Trp Ile Tyr
35 40 45

Page 31



293706_1.txt
Ala Thr Ser Asn Leu Ala Ser Gly val Pro Ser ggg Phe Ser Gly Ser

50 55
Gly ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu GIn Pro Glu
65 70 75 80
Asp Ile Ala Thr Tyr Tyr Cys Gln GIn Trp Ser Arg Met Pro Phe Thr

85 90 95

<210> 57
<211> 112
<212> PRT
<213> Artificial Sequence
<220> )
<223> Heavy chain variable Region of Chimeric Antibody
<400> 57
GIn val Thr Leu Lys Glu Ser Gly Pro Gly Ile Leu Gln Pro Ser Gln
1 5 10 15

Thr Leu Ser Eeu Thr Ccys Ser Phe Ser Gly Phe Ser Leu gzr Thr pPhe
0 Zh

Asp Met Gly val Gly Trp Ile 269 GIn Pro Ser Gly hgs Gly Leu Glu
35

Trp Leu Ala His Ile Trp Trp Asp Asp Asp Lys Tyr Tyr Asn Pro Ala

50 55 60
Leu Lys Ser Arg Leu Thr val Ser Lys Asp Thr Ser Lys Asn Gln val
65 70 75 80
Phe Leu Lys Ile Pro Asn val Asp Thr Ala Asp Ser Ala Thr Tyr Tyr
85 90 95
Cys Ala Arg val Arg Gly Leu His Asp Tyr Tyr Tyr Trp Phe Ala Tyr
100 105 110
<210> 58
<211> 96
<212> PRT
<213> Artificial Sequence
<220>

<223> Light chain variable Region of Chimeric Antibody
Page 32



<400> 58
GIn 1le val
I

Glu Lys val

His Trp Tyr

35

Ala Thr ser
50

Gly ser Gly
65

Asp Ala Ala

<210> 59
<211> 453
<212> PRT
<213>
<220>
<223>
<400> 59

Leu

Thr

20

Gln

Asn

Thr

Thr

Ser

Met

Gln

Leu

Ser

TYyr
85

Gln

Thr

Lys

Ala

Tyr

70

Phe

ser

cys

Pro

ser

55

Ser

Cys

Artificial Sequence

Heavy Chain variable

GIn ITe Thr Leu Lys Glu Ser

1

5

Thr Leu Thr Leu Thr Cys Thr
20

Asp Met g;y val Gly Trp Ile

Trp Leu Ala His Ile Trp Trp
55

50

Leu Lys Ser Arg Leu Thr Ile
65

Pro

Arg

Gly

40

Gly

Leu

GIn

293706_1.txt

Thr

Ala

25

Ser

val

Thr

Gln

Ile

10

ser

Ser

Pro

Ile

Trp
90

Leu ser

Ser Ser

Pro Lys

Ala Arg
60

ser Arg
75

Ser Arg

Ala

val

Pro

45

Phe

val

Asn

Ser

Ser

30

Trp

ser

Glu

Pro

Region of Chimeric Antibody

Gly Pro Thr Leu val Lys Pro

10

Phe Ser Gly Phe Ser Leu Tyr
25 30

40

Arg GIn Pro Pro Gly hgs Gly

Asp Gly Asp Lys ggr Tyr Asn

ser Lys Asp Thr Ser Lys Asn
75

Page 33

Pro

15

Tyr

Ile

Gly

Ala

Phe
95

R28

Thr

15

Thr

Leu

Pro

Gln

Gly

Met

Tyr

ser

Glu

80

Thr

GIn

Phe

Glu

Ala

val
80



val

Cys

Trp

Pro

Thr

145

Thr

Pro

Thr

Asn

ser

225

Leu

Leu

ser

Glu

Thr

Leu

Ala

Gly

ser

130

Ala

val

Ala

val

His

210

Cys

Gly

Met

His

val

290

Tyr

Thr

Arg

Gln

115

val

Ala

ser

val

Pro

195

Lys

Asp

Gly

Ile

Glu

275

His

Arg

Met

val

100

Gly

Phe

Leu

Trp

Leu

180

ser

Pro

Lys

Pro

Ser

260

Asp

AsSn

val

Thr

85

Arg

Thr

Pro

Gly

Asn

165

Gln

Ser

Ser

Thr

ser

245

Arg

Pro

Ala

val

Asn

Gly

Leu

Leu

cys

150

ser

Ser

ser

Asn

His

230

val

Thr

Glu

Lys

ser

Met

Leu

val

Ala

135

Leu

Gly

ser

Leu

Thr

215

Thr

Phe

Pro

val

Thr

295

val

ASDp

His

Thr

120

Pro

val

Ala

Gly

Gly

Lys

Cys

Leu

Glu

LysS

Lys

Leu

293706_1.txt
Pro val Asp Thr

Arg

105

val

Ser

Lys

Leu

Leu

185

Thr

val

Pro

Phe

val

265

Phe

Pro

Thr

90

Tyr

ser

ser

Asp

Thr

170

Tyr

GIn

Asp

Pro

Pro

250

Thr

Asn

Arg

val

Page

Tyr

sSer

Lys

Tyr

155

Ser

Ser

Thr

Lys

Cys

Pro

cys

Trp

Glu

Leu
34

TYr

Ala

ser

140

Phe

Gly

Leu

Tyr

Lys

220

Pro

Lys

val

Tyr

Glu

300

His

Ala

Trp

Ser

125

Thr

Pro

val

ser

Ile

205

val

Ala

Pro

val

val

285

Gln

Gln

Thr

Phe

110

Thr

ser

Glu

His

ser

190

cys

Glu

Pro

Lys

val

270

Asp

Tyr

Asp

TYyr

95

Ala

Lys

Gly

Pro

Thr

175

val

Asn

Pro

Glu

ASp

255

Asp

Gly

Asn

Trp

TYyr

Tyr

Gly

Gly

val

160

Phe

val

val

Lys

Leu

240

Thr

val

val

ser

Leu



305

Asn

Pro

Gln

val

val

385

Pro

Thr

val

Leu

Gly

Ile

val

ser

370

Glu

Pro

val

Met

ser
450

<210>
<211>
<212>
<213>

<220>
<223>

<400>

1

Lys

Glu

Tyr

355

Leu

Trp

val

Asp

His

435

Pro

60
213
PRT

Glu

Lys

340

Thr

Thr

Glu

Leu

Lys

420

Glu

Gly

Tyr

325

Thr

Leu

Cys

sern

Ala

Lys

310

Lys

Pro

Leu

Asn

390

ser

Arg

Leu

Cys

Ser

Pro

val

375

Gly

Asp

Trp

His

Artificial Sequence

Lys

Lys

ser

360

Lys

GIn

Gly

Gln

AsSn
440

293706_1.txt

val

Ala

345

Arg

Gly

Pro

ser

sSer

330

Lys

Asp

Phe

Glu

Phe

410

Gly

Tyr

315

Asn

Gly

Glu

Tyr

Asn

395

Phe

Asn

Thr

Lys

GIn

Leu

Pro

380

Asn

Leu

val

Gln

Ala

Pro

Thr

365

ser

Tyr

Tyr

Phe

Lys
445

Leu

Lys

Asp

Lys

ser

ser

430

ser

Light chain variable Region of Chimeric Antibody

60

10

Glu Ile val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser
5

320
Pro Ala
335
Glu Pro
Asn GIn
Ile Ala
Thr Thr

400
LyS Leu

Cys ser

Leu Ser

R28 (HCO08)

Pro Gly
15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Ser Ser val Ser Tyr Met
25 30
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His

Ala

Gly

65

Asp

Phe

ser

Ala

val

145

ser

Thr

Cys

Asn

Trp

Thr

50

ser

Ile

Gly

val

Ser

130

GIn

val

Leu

Glu

Tyr

35

Ser

Gly

Ala

Gln

Phe

115

val

Trp

Thr

Thr

val

195

Gly

Gln

Asn

Thr

Thr

Gly

Ile

val

Lys

Glu

Leu

180

Thr

Glu

Gln

Lys

Asp

Tyr

85

Thr

Phe

cys

val

GlIn

165

ser

His

Cys

Lys

Ala

Phe

70

Tyr

Lys

Pro

Leu

Asp

Lys

Gln

Pro

Ser

55

Thr

cys

val

Pro

Leu

135

Asn

ser

Ala

Gly

Gly

40

Gly

Phe

GIn

Glu

Ser

120

Asn

Ala

Lys

Asp

Leu
200

293706_1.txt
Lys Ser Pro Lys

val Pro Ser

Thr

Gln

Ile

105

Asp

Asn

Leu

Asp

TYyr

185

ser

Ile

Trp

90

Lys

Glu

Phe

Gln

Ser

170

Glu

ser

Ser

75

ser

Arg

Gln

Tyr

Ser

155

Thr

Lys

Pro
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