WO 2007/031875 PCT/IB2006/063294
1

MODIFIED ANTIGEN BINDING MOLECULES WITH
ALTERED CELL SIGNALING ACTIVITY

BACKGROUND OF THE INVENTION

Field of the Invention

[6001] The present invention relates to antigen binding molecules (ABMs). In
particular embodiments, the present invention relates to recombinant monocional
antibodies or fragments, ihcluding chimeric, primatized or humanized antibodies
or fragments, having altered ability to mediate cell signaling‘activity by atarget
antigen, and/or altered ability to mediate cross-linking of one or more target
antigens. In addition, the present mveniibn relates to nucleic acid molecules
encoding such ABMs, and vectors and host cells coriprising such nucleic acid:
molecules. The invention further relates to methods for producing the ABMs of
the invention, and to methods of using these ABMs in treatment of disease. In
addition, the present invention relates to ABMs with modified glycosylation
having improved therapeutic properties, including antibodies with increased Fo

receptor binding and increased effector function.

Background Art

[0002] Antibodies, also called immunoglébul'ms, h%we a basic structure
comptising four polypeptide chains: two identical heavy (H) chains paired with
two identical light (1) chains. Each heavy and iight chain comprises a variable
region (VH and VL, respectively) and a conmstant region (CH and CL,
respectively). The CH region has 3 domains (CH1, CH2, and CH3), while the
sfnaﬁer CL region has only one domain (simply refered to as CL). Each VH and
VL region comprises 3 complementarity determining regions (CDRs) flanked by
4 framework regions in the following order: FRI-CDRI1-FR2-CDR2-FR3-
CDR3-FR4. The CDRs are the most variable part of the of the V region, and
determine the antigen specificity of the antibody. Together, a paired VH apd VL
form the antigen binding site, and bivalent antibodies have two such antigen

binding sites. It should be noted that this basic antibody structure can be
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modified in Variqﬁs ways (e.g., by generating fragments of the structure) while
stili retaining or even improving desired functions and/or antigen binding
activity. .

[6003] The interface between the VH and CH1 domains corﬁpriscs_ conserved
amino acids. This area of contact can be described as a "molecular ball-and-
socket joint." This joint determines the "elbow motion” and also the so called
"elbow angle” of the VH and V1 regions with respect to the CH1 and CL regions,
and prevents a rigid contact from forming between the V and C.regions {Lesk and

. Chothia, Nature (1988) 335(8):188-190)). The socket of the ball-and-socket joint
is formed by amino acid residues m the VH framework region, specifically those
at positions 11, 110, and 112 (according to the numbering system of Kabat et al.,
(1987) Sequences of Proteins of Immunological Interest, 4™ ed. (Public Health -
Services, NIH, Washington, DC)). (See Lesk and Chothia, Nature (1988)
335(8):188-190.) The “ball” of this ball-and-socket joint is found in the CHI
domain, and is formed mainly by the two amino acids at positions 148 and 149
(See Landolfi et al., J. Immunol. (2001) 166:1748-1754; Lesk and Chothia,
Nature (1988) 335(8):188-190) (wherein the CH1 residues forming the "ball" are
numbered 149 and 150, respectively)). Differences in the amino acids at these
positions can dictate the elbow angle that is formed between the V and C regions,
and therefore the ortentation of the VH-VL dimer (see Lesk and Chothia, Nature
(1988) 335(8):188-190). The amino acid residues that occupy these VI positions
are highly conserved across immunoglobulin sequences (see e.g., Lesk and
Chothia, Nafure (1988) 335(8):1 8849(}).‘ Allresidues involved in this joint (e.g.,
positions 11,110, 112, 148, and 149), are located in the framework regions (e.g.,

‘residues 11, 110, and 112) or the constant domain (e.g., 148 and 149 (according
to Landolfi et al.; positions 149 and 150 according to Lesk and Chothia}, and do
not appear to be directly involved in antigen binding. Landolfi etal, J. Immunol.
{2001) 166:1748-1754,

[6004] In addition to mediating effector functions such as antibody dependent
cell-mediated cytotoxicity (ADCC) and complement dependent cytotoxicity
(CDC), monoclonal antibodies can modulate cellular functions by inducing or
inhibiting cell signaling pathways. For example, monoclonal antibodies have
been shown to mediate antigen cross-linking, activate death receptors (e.g., by

facilitating oligomerization of receptors or mimicking ligand biuding),. and
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blocking of ligand-mediated cell signéling in cell growth differentiation, and/or
proliferation pathways (see, e.g., Ludwig et al., Oncogene (2003) 22: 9097-
9106). .

[0005] Apoptosis, or programmed cell death, can be triggered by several different
ﬁl-echarﬁsms. For example, the activation of signaling pathways through cell
membrane-bound "death receptors,” e.g., members of the tumor necrosis factor
receptor (TNFR) superfamily, can lead to induction of apoptosis. Likewisé,
dimerization or cross-linking of surface antigen, e.g., CD20, can also induce
apoptosis ‘(see, e.g., Ludwig et al., Oncogene (2003) 22: 5097-9106).

[0006] "There remains a need for énhanced therapeutic ﬁppmaches targeting
antigens associated with cell signaling, including, but not lmited to, the induction
of apoptosis, for the treatmént of disease in primates, including, but not limited

{0, humans.

BRIEF SUMMARY OF THE INVENTION

[6007] Recognizing the tremendous therapeutic potential of modified antigen
binding molecules (ABMS) that have altered ability to mediate cell signaling
activity by a target antigen, and/or attered ability to mediate cross-linking of one
or more target antigéns, the present inventors developed such ABMs, aswellasa
method for producing such ABMs. Inrer alia, ﬂus method involves producing
recombinant, chimeric antibodies or chimeric fragments thereof. The efficacy of
these modified ABMs is further enhanced by engineering the glycosylation
profile of the antiBody Fe region.

{06008} Accordingly, in one aspect, the invention is directed to amodified anfigen
binding molecule comprising a heavy chain or light chain variable region
comprising at least one amino acid residue substitution in at least one framework
region of said heavy chain or light chain variable region as compared to the heavy
chain or light chain variable region of a parent antigen binding molecule, wherein
said substitution results in altered cell signaling activity of a target antigen when
said modified antigen binding molecule is complexed with said target antigen. Tn
a particular embodiment, the altered cell signaling activity is apoptosis. In one

embodiment, the modified antigen binding molecule has an increased ability to

|
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induce époptosis. In another embodiment, the modified antigen binding molecule
has areduced ability to induce apoptosis.

[6009] In another aspect, the invention is directed to a modified antigen binding
molecule comprising a heavy chain or light chain variable region comprising at
least one amino acid residue substitution in at least one framework region of said
heavy chain or light chain variable region as compared to the heavy chain or light
chain variable region of a parent antigen binding molecule, wherein said modified
antigen binﬁjng molecule has altered ability fo mediate cro ss»]inkinglof one or
more target antigens as a result of said substitution.

[e010] | In one embodiment, the modified antigen binding molecule of the present
invention comprises a substitution in FR1 of the heavy chain variable region. In

- another embodiment, the substitution comprises a replacement selected from the
group consisting of at least 2, at least 3, or at least 4 amino acids.

[0011] Tn one embodiment, the substitution comprises arepiacement of the entire

_ FR1of the héavy chain variablere gion'. In a further embodiment, the entire FR1
isreplaced by a germline VH FR1. Inparticular embodiments, the germline VEH
FR1 comprises an amino acid sequence at K.abat positions § to 13 selected from
the group consisting of SEQ ID NO:63, SEQ ID NO:64, SEQ ID NO: 65, SEQ
ID NO:66, SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:70,
. SEQ ID NO:71, SEQ ID NO:72, SEQ ID NO:73, SEQ ID NO:74, SEQ ID
NO:75, SEQ ID NG:76, SEQ ID NO:77, SEQ ID NO:78, SEQ ID NO:79, SEQ
ID NO:101, SEQ ID NO:102, SEQ ID NO:103, SEQ ID NO:104, and SEQ ID
NO:105. | '

[6012] In one embodiment, the modified ABM. comprises a substitution in FR1
of the heavy chain variable region which comprises a replacement of an amino
acid residue at one or more of Kabat positions 8, 9, 10, 11,12, 0r13.

{06013} In a particular embodiment, the substitution in FR1 of the heavy chain
variable region comprises a replacement of the amino acid residue at Kabat
position 8. In a more specific embodiment, the substitution in FR1 of the heavy
chain variable region comprises a replacement of the amino acid residue at Kabat
position 8 with an amino acid residue selected from the group consisting of
arginine, and glycine.

[0014] In another particular embodiment, the substitution in FR1 of the heavy

chain variable region comprises a replacement of the amino acid residue at Kabat

I
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position 9. In a more specific embodiment, the substitution in FR1 of the heavy
chain variable region comprises a replacement of the amino acid residue at Kabat
position 9 with an amino acid residue selected from the group consisting of
alanine, proline, glycine, serine, and histidine.

[0015] In one particular embodimént, fhe substitution in FR1 of the heavy chain
variable region comprises a replacement of the amino acid residue at Kabat
position 10. In a more specific embodiment, the substitution comprises a
replacement of the amino acid residue at Kabat position 10 with an amino acid
residue selected from the group consisting of glutamate, threonine, glycine,

' alanine, and valine,

[0016] In another particular embodiment, the substitution in FR1 of the heavy
chain variable region comprises a replacement of the amino acid residue at Kabat
position 11. In specific embodiment, the substitution comprises areplacement of -
the amino acid residue at Kabat position 11 with any amino acid but lencine. In.
another specific embodiment, the substitution comprises a replacement of the-
amino acid residue at Kabat postiion 11 with a nonpolar amino acid. In another

_specific embodiment, the substitution comprises a replacement of the amino acid
residue at Kabat position 11 with an amino acid residue selected from the group
consisting of valine, leucine, isoleucine, serine, and phenylalanine. In a particular
embodiment, the substitution comprises a replacement of the amino acid residue
at Kabat position 11 with a leucine.

[6017] In another particular embodiment, the substitution in FR1 of the heavy
chain variable region comprises a replacement of the amino acid residue at Kabat -
position 12. In a specific embodiment, the substitution comprisés areplacement
of the amino acid residue at Kabat position 12 with an amino acid residue
selected from the group consisting of lysine, valine, leucine, and isolencine. |

[0018] In another particular embodiment, the substitution in FR1 of the heavy
chain variable region comprises a replacement of the amino acid residues at
Kabat positions 11 and 12. In a specific embodiment, the substitution comprises
‘areplacement of the amino acid residue at Kabat position 11 with a valine and at
Kabat position 12 with a lysine; a replacement of the amino acid residue at Kabat
position 11 with a leucine and at Kabat position 12 with a valine; a replacement

of the amino acid residue at Kabat position 11 with a valine and at Kabat position
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12 with an .isoleucin’e; or a replacement of the amino acid residue at Kabat
position 11 with a valine and at Kabat position 12 with a valine.

[0019]) In another particular embodiment, the substitution in FR1 of the heavy
chain variable region comprises a replacement of the amino acid residue at Kabat
position 13. In a specific embodiment, the substitution comprises areplacement
of the amino acid residue at Kabat position 13 with an amino acid residue
selected from the group consisting of lysine, arginine, glutamine and glutamate.

10020} In another aspect of the present invention, the substitution in the ABM

- comprises replacement of at least one amino acid residue in FR4 of the heavy
chain variable region. In a particular embodiment, the substitution in FR4 of the
heavy chain variable region comprises a replacement of an amino acid residue at
one or more of Kabat positions 110 or 112,

[6021] In a particular embodiment, the substitution comprises a replacement of
the amino acid residue at Kabat position 110 with an amino acid selected from.
the group consisting of leucine, isoleucine, threonine or serine. In amore specific
embodiment, the susbstitution comprises a replacement of the amino acid residue
at Kabat position 110 with an isoleucine.

[06022} In another emEodiment, the substitution comprises a replacement of the
amino acid residue af Kabat position 112 with an amino acid selected from the
group consisting of valine, leucine, isoleucine, or threonine. Ina more specific
embodiment, the susbstitution comprises a replacement ofthe amnino Acid residue
at Kabat position 112 with an isoleucine. | 7

[0023] In one aspect, the present invention is further directed to'a modiﬁéd
antigen binding molecule comprising a CHI domain comprising at least one
amino acid residue substitution as compared to the CH1 domain of a parent
polypeptide, wherein the substitution results in altered cell signaling activity ofa
target anfigen when the modified antigen binding molecule is complexed with the
target antigen.

[0024] Tn another aspect, the present invention is further direcied to a modified
antigen binding molecule comprising a CH! domain comprising at feast one
amino acid residue substitution as compared to the CHI domain of a parent
polypeptide, wherein the antigen binding molecule has altered ability to madiafe

cross-linking of one or move target antigens as a result of the substitution.
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[0625) In a particolar embodiment, the substitution in CHI comprises a

replacement of an amino acid residue at one or more of positions 148, 149 or 150.
In a more specific embodiment, the substitution comprises a replacement of the
amino acid residue position 149 with a leucine. In another embodiment, the
substitution comprises a replacement of the entire CH1 domain. In another
embodiment, the substitution comprises a replacement of an IgG CH1 domain

i with an IgM CH1 domain. |

10026] In another aspect, the invention is directed to a modified antigen binding
molecule comprising at least one amino acid substitution, wherein said
substitution compriées areplacement of an amino acid residue in the hight chain
in the region of the interface between the variable and constant regions, wherein
the substitution results in altered cell signaling activity of a target antigen binding i
molecule when said modified antigen binding molecule is complexed with said -
target antigen, | “ |

[6627] In another aspect, the invention is directed to a modified antigen binding
molecule comprising at least one amino acid substitution, wherein said.
substitution comprises a replacement of an amino acid residue in the light chain
in the region of the interface between the variable and constant regions, wherein
-said modified antigen binding molecule has altered ability to mediate cross-
Iinking of one or more target antigens as a result of sid substitution.

[0028] In a particular embodiment, *Ehe substitution in the lght chain variable
region of the ABM comprises a replacement of an amino acid at ope or more of
Kabat positions 10, 12, 39, 40, 41, 80, 81, 83, 84, 103, 105, 106, and 108. lna
particular embodiment, the substitution in the light chain variable region of the
ABM comprises a replacement of an arnino acid residue at one or more of Kabat
positions 40, 80, 83, 105, or 106.

[0029] In another particular embodiment, the substitution in the light chain of the
ABM comprises a replacement of an amino acid residue at ons or more of Kabat
positions 40, 80, 83, 105, or 106 with a non-polar amino acid.

0630} In another particular embodiment, the substitution in the light chain of the

ABM comprises a replacement of an amino acid residue at Kabat position 40

with an alanine.
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10031] In another particular embodiment, the substitution in the light chain of the
ABM comprises a replacement of an amino acid residue at Kabat position 80
with a proline, ‘

[0032] | In another particular embodiment, the substitution in the light chain of the
ABM comprises a replacement of an amino acid residue at Kabat position 83
with a phenylalamine.

00333 In another particular embodiment, the substitution in the light chain of the
ABM comprises a replacement of an amino acid residue at Kabat position 105
with an alanine.

[0034] In another particular embodiment, the substitution in the I ght chain of the
ABM comprises a replacement of an amino acid residue at Kabat position 106
with an alanine. In a more particular embodiment, the substitution in the light-
chain of the ABM comprises a replacement of an amino acid residue at Kabat
posttion 106, wherein the antigen binding molecule is reduced in its ability to.
induce apof:tosis.

[0035] In some embodiments, the substitutions ofthe present invention cornprise
a combination of any of the amino acid residue replacements in the heavy and/or
light chain variable and/or constant regions as described herein.

[0636] In one aspect, the amino acid substitution(s) in the modified ABMs of the
present invention result in altered cell signaling activity of a target antigen when
the modified ABM is complexed with the target antigen. |

[6637] In one aspect of the invention, the altered cell si gnaling activity is
increased agonist activity. In one embodiment, the increased agonist activity is
selected from the group consisting induction of aiaoptosis and induction of cel}
differentiation.

[6038] In another aspect of the invention, the altered cell signaling activity is
increased antagonist activity. In one embodiment, the antagonist activity is

- blockade of a cell signaling pathway selected from the group consisting of cell
survival, cell growth, cell proliferation, and angiogenesis.

- [0039] In a further aspect, the modified antigen binding molecule of the present

invention binds specifically to human CD20. In another aspect, the modified

antigen binding molecule binds specifically fo a member of the human TNF

receptor superfamily. In a particular embodiment, the TNF receptor superfamily
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is selected from the group consisting of TNFR1, CD95, TRAILRI, TRATLR2,
EDAR, and p75NGFR. '

{0040} In aﬁother aspect of the invention, the modified antigen binding molecule
binds specifically to a receptor tyrosine kinase. In a particular embodiment, the
receptor tyrosine kinase is selected from the group consisting of HER1 (EGFR1),
HER2/nen, HER3, HER4, IGF-IR, FGER, PDGFR, VEGFR1, VEGFR2, and
VEGFR3. In amore specific embodiment, the receptor tyrosine kinase is HER1
(EGFR1).

10041} In another aspect, the present invention is further directed to a modified
ABM that can be selected from, but is not limited to, the group consisting of a
whole antibody, an Fab fragment or a fusion protein thereof, an ¥(ab')2 fragment
or a fusion protein thereof, a minibody, a diabody, a triabody, and a tetrabody. In
a particular embodiment, the modified ABM is chimeric or fully human. Ina -
more particular embodiment, the chimeric modified ABM is humanized. In
another particular embodiment, the modified ABM is multispecific. In a more
.pa.tticulax embodiment, the modified ABM is bispecific.

[0042] In another aspect, the parent antigen binding molecule according to the
‘present invention comprises a heavy chain variable region selected from the
-group consisting of SEQ ID NO:55, SEQ TD NO:56, SEQ ID NO:57, SEQ ID
NO:58, SEQ ID NO:59, SEQ ID NO:60, SEQ ID NO:61, and SEQ 1D NO:62.

[0043] In another aspect, the parent antigen binding molecule according to the
present invention comprises a light chain selected from the group consisting of
SEQ ID NO: 48, SEQ ID NO:130, SEQ ID NO:131, SEQ ID NO:132, SEQ ID
NO:133, and SEQ [D' NO:134.

[0044] - In a further aspect, the present invention is also directed to a modified
ABM further comprising a buman Fe region. According to one embodiment, the
Fc region of the modified ABM has been modified to have altered
oligosaccharides. In a more specific embodiment, the Fc region has been
modified to have a decreased proportion of fucose residues compared to a non-
modified Fc region. In another specific embodiment, the Fc region has an
increased proportion of bisected oligosaccharides compared fo a non-modified Fc

-region. In another specific émbodiment, the modified oligosaccharides are
bisected complex. In another specific embodiment, the modified

oligosaccharides have an increased proportion of bisected, nonfucosylated
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oligosaccharides in the Fc region compared to a non-modified Fc region. In
another specific embodiment, the Fc region has an increased proportion of
GicNAc residues to fucose residués in the modified Fe region compared to anon-
‘modified Fc region. In another specific embodiment, the bisected,
nonfucosylated oligosaccharides are hybrid. In another specific embodiment, the
bisected, nonfucosylated oligosaccharides are complex.

. {0045} According to another aspect, the target antigen according to the present
invention is a cell surface receptor selected from the group consisting of a
membrane fransport receptor, a G-protein-linked receptor, and an enzyme-linked
receptor. In a particular embodiment, the membrane transport receplor is a
channel-tinked receptor. In another particular embodiment, the enzyme-linked
receptor is selected from the group consisting of receptor guanylyl cyclases,.
recéptor tyrosine kinases, tyrosine«%inase associated receptors, receptor tyrosine
phosphatases, and receptor serine/threonine kinases.

{0046} In another aspect, the invention is related to a pharmaceutical composition:
comprising the modified ABM of the invention. 1t is confemplated that the
pharmaceutical composition may further cornprise a pharmaceutically acceptable
carrier, an adjuvant or a combination thereof.

[0047] The present invention is also directed to a method of treating a disease
ireatable by altered cell signaling dctivity in a patient, the method comprising
administering to the patient a theraﬁeutically effective amount of a
pharmaceutical composition comprising a modified ABM according to the
invention and a pharmaceutically acceptable carrier.

[0048] In another aspect, the invention is directed to an isolated polynucleotide

| encoding a polypeptide comprising a heavy chain or light chain variable region,
wherein the heavy chain or light chain variable region comprises at least one
amino acid residue substitution in at least one framework region as compared to a
parent heavy chain or light chain variable region, and wherein the substitution
results in altered cell signaling activity of a target antigen when the polypeptide is
complexed with the target antigen.

[6049] In a further aspect, the invention is directed to an isolated polynucieotide
encoding a pelypeptide comprising a heavy chain or light chain variable region,
wherein the heavy chain or light chain variable region comprises at least one

amino acid residue substitution in at least one framework region as compared to a
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parent heavy chain or light chain variable region, and wherein the polypeptide
has altered abilify to mediate cross-linking of one or more targef antigens as a
result of the substitution.

[6050] In one embodiment, a polynucleotide according to the present invention
encodes a polypeptide, wherein the polypeptide corprises an antibody heavy
chain or light chain. In another embodiment, a polynucleotide according to the
present invention encodes a polypeptide, wherein the polypeptide comprises a
fusion protein. The present invention is also directed to polypeptides encoded by
the polynucleotides of the present invention

[00513}  The presént invention is also directed to a vecior comprising a
polynucleotide according to ‘the‘inveﬁtion, and a host cell comprising the vector.

[0052] The invention is further directed to a ‘polynucleotide encoding a
polypeptide comprising a heavy chain or light chain variable region which
comprises at least oné: amino acid residue substitution in at least one framework
region of the heavy chain or light chain variable region as compared to the heavy
chain or light chain variable region of a parent antigen binding molecule, wherein

| the polypeptide is a modified ABM according to the invention.

[0053] The present invention is also directed to a host cell engineered to express
at least one nucleic acid encoding a polypeptide having B(1,4)-N-
acetylglucosaminyltransferase 111 activity in an amount sufficient to modify the
oligosaccharides in the Fc region of a polypeptide ﬁroduced. by the host cell,
wherein the polypeptide is a modified ABM according to the invention. In one
embodiment, the polypeptide having B(1,4)-N-acetylglucosaminyltransferase Il
activity is a fusion polypeptide. In a particular embodiment, the fusion
polypeptide  comprises  the  catalytic  domain  of  P(1,4)-N-
acetylglucosaminyliransferase ITl. In another embodmient the fusion polypeptide
further comprises the Golgi localization domain of a heterologous Golgi resident
polypeptide. The Golgt | localization domain can be selected from, but is not
limited to, the group consisting of the localization domain of mannosidase I, the
localization domain of B(1,2)-N-acetylglucosaminyltransferase I, the localization
domain of B(1,2)-N-acetylglucosaminyltransferase II, the localization domain of
mannosidase I, and the localization domain of 01-6 core fucosyltransferase.

[0054] In another embodiment, the modified ABM comprises a region equivalent
to the Fe region of a human IgG.
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[0055] Tn a further embodiment, the modified ABM produced by the host cell of
the present invention exhibits increased Fe receptor binding affinity and/or
mereased effector function as a result of the oligosaccharide modification.
According to the present invention, the increased effector function is selected
from the group consisting of increased Feo-mediated cellular cytotoxicity,

- inecreased binding to NK cells, increased binding to macrophages, increased
binding to polymorphonuclear cells, increased binding to monocytes, increased
direct signaling inducing apoptosis, increased dendritic cell maturation, and
increased T cell priming. In one embodiment, the Fc receptor is Fey activating
receptor. In another embodiment, the Fc receptor is FovRIIIA receptor.

[0056] The host cell of the present invention may be selected from the group that
includes, but is not limited to, a CHO cell, an HEK293-EBNA cell, a BHK cell, a
NS8O cell, aSP2/0 cell, 2 YO myeloma cell, a P3X63 mouse myeloma cell, a PER .

~ cell,aPER.C6 cell or a hybridoma cell.
~ [0057] In another aspect, the present invention is directed to a method for
producing a modified ABM comprising a heavy chain or light chain variable
region comprisimg at least one amino acid residue substitution in at least one
framework region of the heavy chain or light chain variable region as compared
to the heavy chain or light chain variable region of a parent ABM, wherein the

- substitution results in altered cell signaling activity of a target antigen when the
modified ABM is complexed with the target antigen, the method ‘compxising: (B
culturing the host cell of the present invention under conditions permitting the
expression of the polynucleotidé; and (i1} recovering the modified ABM ﬁom the
culture medinm.

[0058] In a further aspect, the invention is directed to a method for producing a
modified ABM comprising a heavy chain or light chain variable region
comprising at least one amino acid residue substitution inl at least one framework
region of the heavy chain or light chain variable region as compared to the heavy
chain or hight chain variable region of a parent antigen binding molecule, wherein
the modified antigen binding molecule has altered ability to mediate cross-linking
as aresult of the substitution, the method comprising: (1) culturing the host cell of
the present ivention under conditions permitting the expression of the

polynucleotide; and (if) recovering the modified ABM from the culture medium.
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| (G659} In a further aspect, the invention is directed to 2 method of altering the
ability of an ABM to facilitate formation of complexes comprising the target
antigen of the ABM, the method comprising: replacing at least one amino acid
residue in at least one heavy chain or light chain variable region framework
region of a parent ABM. In one embodiment, the ABM increases induction of
apoptosis in a cell expressing the target antigen. In another embodiment, the
ABM increases induction of cell differentiation in a cell expressing the target
anfigen.

[8060] The present invention is also directed to a method of inducing apoptosis in

o cell, the method comprising contacﬁng the cell with a modified ABM
comprising a heavy chain or light chain variable region which comprises at least
one amino acid residue substitution In at least one framework region of said
heavy cham or light chain variable region as compared to the heavy chain or light .
chain variable region of a parent ABM, wherein the modified ABM bas increased
ability to induce apopi:osis compared to the parent polypeptide. In a particular -
embodiment, the cell is a tumor cell. In one embodiment, the contacting occurs
in vivo. 4

[0061] In another aspect, the present invention is also directed method of treating
a disease or disorder that is treatable by altered cell signaling activity of a target

. antigen, the method comprising adryinistering to a subject in need thereof a
therapeutically effective amount of amodified ABM, wherein the mo.diﬁcd ABM
comprises a heavy chain or light chain variable region comprising at least one
amino acid substifution in at least one framework region of the heavy cham or
light chain variable region compared to the heavy chain or light chain variable
region of a parent ABM, and wherein the substitution resulls in altered cell
signaling activity of a target antigen when the modified ABM is complexed with
the target antigen.

[0062] In a further aspect, the invention is directed to a method of treating a
disease or disorder that is treatable by altered ability to mediate cross linking of
one or more target antigens, the method comprising administering to & subject in
need thereof a therapeutically effective amount of a modified ABM, wherein the
modified ABM comprises a beavy chain or light chain variable region comprising
at least one amino acid substitution in at least one framework region of the heavy

chain or light chain variable region compared to the heavy chain or light chain
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variable region of a parent ABM, and wherein the modified ABM has altered
ability to mediate cross-linking of one or more target antigens as a result of the
substitution. :

[0063] * In aparticular embodiment, the mogdiﬁ‘ed ABM administered according to
the present invention comprises a heavy chain variable region selected from the
group consisting of SEQ ID NO:4, SEQ ID NO:36, and SEQ ID NO:38.

{6064] In one aspect, the disease ot disorder to be treated with a modified ABM
of the present invention is a cell proliferation disorder. In one embodiment, cell

_ protliferation disorder is cancer. In another aspect, the disease or disorder o be
treated with a modified ABM of the present invention is 2 B 0611 disorder. Ina
specific embodiment, the B cell disorder is 2 B cell lymphoma. _

[0065] The present invention is also directed to use of a modified ABM
according to the present invention for the marmfacture of a medicament for the
treatment or prophylaxis of cancer. ‘ |

{0066} In 2 particular embodiment, the present invention is also directed to use of
-2 modified ABM according to the present invention for the manufacture of a
medicament for the treatment or prophylaxis of cancer, wherein said cancer 18
selected from the group consisting of B-cell Iymphoma, breast cancer, bladder
cancer, head and neck cancer, skin cancer, pancreatic cancer, lung cancer, ovarian
cancer, colon cancer, prostate canéer, kidney cancer, and brain cancer.

[0067) In another particular embodiment, the present invention is also directed to
use of a modified ABM according to the present invention for the manufacture of
a medicament for the treatment or prophylaxis of cancer, W!herein said antigen
binding molecule is used in a therapeutically effective amount from about 1.0
mg/kg to about 15 mg/kg. In a further embodiment, the therapeutically effective
amount is from about 1.5 mg/kg to about 12 mg/kg. Ina further embodiment, the
therapeutically effective amount is from about 1.5 mg/kg to about 4.5 mg/kg. In
a further embodiment, the therapeutically effective amount is from about 4.5

" mg/kgto about 12 mg/kg. Ina further embodiment, the therapeutically effective
amount is about 1.5 mg/kg. In a further embodiment, the therapeutically
effective amount is about 4.5 mghke In a further embodiment, the
therapeutically effective amount is about 12 mg/kg.

j6068] The present invention is also directed to a method for the treatment or

prophylaxis of cancer comprising administering a therapeutically effective
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amount of 2 pharmaceutical cbmposition of the invention to a patient in need
thereof. In a particular embodiment, the cancer is selected from the group
consisting of B-cell lymphoma, breast cancer, bladder cancer, head and neck
cancer, skin cancer, pancreatic cancer, lung cancer, ovarién cancer, colon cancer,
prostate cancer, kidney cancer, and brain cancer.

[0069] The present invention is also directed to a method for the treatment or
prophylaxis of a precancerous condition or lesion comprising administering a -
therapeutically effective amount of the pharmaceutical composition of claim 85
or 158 to a patient in need thereof. In aparticular embodiment, the i)recancerous
condition or lesion is selected from the groﬁp consisting of oral leukoplakia,

- actinic keratosis (solar keratosis), precancerous polyps of the colon or rectum,
gastric epithelial dysplasia, adenomatous d}lfsplasia hereditary nonpolyposis
colon cancer syndrome (HNPCC), Barreit's esophagus bladder dysplasia, and
Precancerous cervical conditions. ,

10070] The present invention is also directed to a modified antigen binding
molecule of the present mvention for use in the treatment or prophylaxis of
cancer. In a particular embodiment, the cancer is selected from the group
-consisting of B-cell lymphoma, breast cancer, bladder cancer, head and neck
Cancer, skm cancer, pancreatic cancer, lung cancér, ovarian cancer, colon cancer,
prostate canoer, kidney cancer, and brain cancer.

[0071] The present invention is also directed to a modified antigen binding
molecule of the present invention for use in the treatment or prophylaxis of a
precancerous condition or lesion. In a particular embodiment, the precancerous
condition. or lesion is selected from the group consisting of oral leukoplakia,
actinic keratosis (solar keratosis), precancerous polyps of the colon or rectum,
gastric epithelial dysplasia, adenomatous dysplasia, hereditary nonpolyposis
colon cancer syndrome (HNPCC), Barrett's esophagus, biadder dysplasia, and
precancerous cervical conditions. '

.[0{)72] The present invention is also directed to a modified antigen binding
molecule according to the present invention for use in therapy of a disorder that is |
related to altered cell signaling activity and/or altered croés-linking of one or

more target antigens.
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BRIEF DESCRIPTION OF THE FIGURES

[6673] FIG 1. Amino acid sequence alignment of various anti-CD20 antibody

- heavy chain variable region consiructs. The amino acid sequence of the
variable chain heavy region of monoclonal antibody 1¥5 is used as the
reference sequence. Differences in amino acids from 1F5. are shaded.

{00747 - FIG 2. Binding of different humanized anti-CD20 antibodies to Raji
B-cells. The parental (chimeric) B-Iyl is compared to those two humanized
heavy chain variants that were identified to induce strong apoptosis (BHH2
and BHH6), as well as those derivatives of the (humanized, nonapoptotic) B-
HL8 variant that were hypothesized to restore this effect (B-HL11 to 17). All
humanized heavy chain variants Weré paired with the same BKV1 humanized

light chain variant. .

{00751 FIG 3. Rinding of rituximab (0) and chB-lyl (A) to CD20 on Raji B-
lymphoma cells.

[0076] FIG 4. Comparison of antibody-dependent apoptosis by three anti-CD20
antibodies. chB-lylwt represents a chimeric B-lyl antibody construct having a

- murine variable region and a human constant region. BHH2-BKV1 represents a
humamzed vanant comprising murine B-lyl CDRs and human framework
regions derived from VH1 class human germline V genes for the heavy chain and
paired with the BKV1 humanized B-lyl light chain. BHL8-BKV1wtrepresents a
humanized variant comprising Iﬁurine B-lyl CDRs and human framework
regions derived from two different humen germline V genes and paired with the
BKV1 humanized B-1y1 light chain.

[0077] F1G 5. Comparison of antibody-dependent apoptosis by five humanized
variants of the B-ly1 anti~-CD20 antibody. BHH2-BK V1 represents a humanized
variant comprising murine B-lyl CDRs and human framework regions derived
from VHI class for the heavy chain (BHH2) and paired with the BKV1
humanized B-1yl light chain. BHL8-BKV 1wt represents a humanized variant
comprising murine B-Iyl CDRs and human framework regions derived from two
different human germline V genes and paired with the BKV1 humanized B-1y1
light chain. BHLI4-BKV1 represents a derivative of BHILS, with a valine to

 lysine substitution at Kabat position 12 and a valine to methionine substitution at

Kabat position 48 of the heavy chain variable region, and paired with the BKV1
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light chain construct. BHLI15-BKV1 W1 is also derived from BHLS, with a
glycine to serine substitution at Kabat position 16, and a valine to methionine
substitution at Kabat position 48 of the heavy chain variable region and pajred
with the BKV1 light chain construct. BHL16-BKV1 W1 is derived from BHLS,
with a leucine to valine substitution at Kabat position 20, and a valine to
methionine substitution at Kabat position 48 of the heavy chain variable region
and pajred with the BKV1 light chain construct. BHL17-BKV1 W1 is derived
from BHLS, with a valine to niethionine substitution at Kabat position 48 of the
heavy chain variable region and paired with the BKV1 light chain construct.

[0078] FIG 6. Comparison of antibodyﬂdeﬁendent apoptosis in Z-138 cells by
C2B8 anti-CD20 monoclonal antibody and two humanized variants of B-1y1
antibody, BHH2-BKV1 and BHL13-BKV1. BHH2-BKV1 represents a
humanized variant comprising murine B-lyl CDRs and human framework
regions dertved from VH] class human germline V genes for the heavy chain and
paired with the BKV1 humanized B-1y1 iight chain. BHL13-BKV1is derived
from BHLS (see Figure 5, above), with a leucine to valine substitution at Kabat
position 11 and a valine to methionine substitution at Kabat position 48 in the
heavy chain variable region, and paired with a BKV1 Iighf chain.

[0679] FIG 7. B-Cell depletion by rituximab (0) and chB-lyl (W) in whole blood
of the three different classes of FeyRIMla-158V/F genotype: (A) whole blood from
a F/F donor, homozygous for the lower affinity receptor; (B) whole blood ﬁréni a
F/V donor, heterozygous for the affinity receptor; and (C) whole blood from a
V/V donor, homozygcus for the higher affinity receptor.

[0080] FIG 8. MALDI-TOF profile of a glycoengineered, chimeric B-ly1
antibody. (A) Table detailing the percentages of specific peaks; (B) Spectrum for
glycoengineered chimeric B-lyl; (C) Spectrum for glycoengineered chimeric B-
Lyl treated with Endo-H.

‘[0081] FIG 9. Binding of different humanized anti-CD20 antibodies to Raji B-
cells. The differences between the B-HH2 construct and the B-HL8 and B-HI11
constructs are located in the framework 1 and 2 regions with all three CDRs
being identical. B-HLS8 and B-HL11 have their FR1 and FR2 sequences derived
from the Inmman VE?3 class, whereas the complete B-HH?2 framework is human

VH1 derived. B-HL11 is a derivative of B-HL8 with the single mutation
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GlulGln, with Gin being the amino acid residue in the B-HH?2 construct. This
means that the Glul Gln exchange does not alter binding affinity or intensity. The
other differences between B-HH?2 and B-HLS are 14 FR. residues, from which
one or more will influence the antigen binding behavior of this antibody.

[0682) FIG 10. Binding of the humanized anti-CD20 antibody BHL4-BKV1 on
Raji target cells. The B-HL4 construct is derived from the B-HH?2 antibody by
replacing the FR1 of the B-HH2 with that of the human germ line sequence
IGHV1-45 (Acc No X92209). This construct shows greatly diminished antigen
binding capacity, despite having different amino acids at dnly four positions
within FR1. These residues are located at positions 2, 14, 28 and 30 according to
Kabat niimbering. Of these, positions 28, and 30 appear to be influential
positions, since they are part of the Chothia definition of CDR1.

[0083] | FIG 11. Comparison of the binding behavior between B-HH1 , B-HH2,
B-HH3 (all p'aired with the BKV1 humanized B-1yl i ghf chain), and the parental
antibody B-lyl. The data show that all Abs show a similar EC50 value, but the
B-HHI construct binds with a lower intensity{ stoichiometry than the the variants

B-HI2 and B-HH3. B-HH]1 can be distinguished from B-HH?2 and B-HH3 byits
partially hunﬁan CDR1 and CDR2 regions (Kabat definition), as well as the
Ala/Thr polymorphism at position 28 (Kabat ﬁumbering). This indicates that
either position 28, the complete CDR1, and/or the complete CDR2 1s important

for antibody/antigen interaction.

[0084] FIG 12. Comparison of the binding behavior between B-HL], B-HHI,
and the B-1y1 parental antibody. The data showed absence of any binding activity
m the B-HL1 construct, and about half of the binding intensity /stoichiometry of
B-HE1 compared to B-ly1. Both B-HL1, as well as B-HI1, are designed based
on acceptor frameworks derived from the human VH1 class. Among other
differences, position 71 (Kabat numbering) of the B-HL1 construct is a striking
difference, indicating its putative importance for antigen binding.

{0085] FIG 13. Comparison of the binding behavior between the anti-CD20
antibody heavy chain construct B-HL2, and B-HL3 to its anfigen. In both cases
the murine VL sequence was combined with the humanized heavy chains The
data showed that the B-HL2 and B-HL3 constructs do not display CD-20 binding
activity. '

[0086] FIG 14. Apoptotic effect of anti-CD20 antibodies on Z-138 MCL cells.
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[0087] FIG 15. Apoptosis by anti-CD20 antibodies. Assay details: 5 x 10°
cells/well were seeded in 24-well plates (5 x 10° cells/ml) in culture medium. 10
pg/ml final concentration of the respective antibody, PBS for the negative control
or SmM Camptothecin (CPT) positive control were added to the wells. Samples .
were incubated o/n (16 h), stained with AonV-FITC and analysed by FACS.
Assays were performed in triplicate. (*): Signal for PBS alone subtracted (PBS
alone gave 8% and 2% AmnV+ for PR-1 and Z-138 cells, respectively).
Antibodies nsed were: C2B8 (chimeric, non-glycoengineered); BHH2-BKV1
(humanized, non-glycoengineered). Note: this assay does not involve any
additional effector cells, just targets plus antibody or controls.

[0088] FIG 16. Target-cell killing by anti-CD20 antibodies with immune effector
cells. Assay details: B~cell depletion in normal whole blood was determined by
overnight incubation and analysis for CD19+/CD3+ by FACS., ADCC was
determined using PBMCs as effectors with a 4 h incubation and a 25:1
effector:target ratio. Target-killing was measured by Calcein-retention relative to
de{ergentulysis (100%) and to lysis without antibody (0%). Antibodies used
were: C2ZBS (chimeric, non-glycoengineered form); BHH2-BKV1-wi
(humanized, non-glycoengineered form of BHH2-BKV1); BHH2-BKV1-GE
(humanized, glycoengineered form of BHH2-BKV1).

[6089] FIG 17. MALDVTOF-MS profile of PNGaseF-released Fe-

| oligosaccharides of unmodified, nonglycoengineered BHHZ-BEKV1 humanized
Ig(G1 B-lyl anti-human CD20 antibody.

[6090] FIG 18 MALDVTOF-MS profile of PNG&S§F~reIeased Fe-
oligosaccharides of glycoengineered BHH2-BKV1gl humanized IgG1 B-lyl
anti-human CD20 antibody. Glycoengineering was performed by co-expression
in host cells of antibody genes and a gene encoding an enzyme with p-1,4-N-
acetylglucosaminyltransferase T (GnT-IY) catalytic activity. ,

[0091] FIG 19. MAILDVTOF-MS rofile of PNGaseF-released Fe-
oligosaccharides of glycoengineered BHH2-BKV1g2 humanized IgG1 B-lyl
anti-human CD20 antibody. Glycoengineering was performed by co-expression
in host cells of antibody genes and genes encoding an enzyme with B-1,4-N-
acetylglucosaminyltransferase I (GnT-II) catalytic activity and encoding an
enzyme with Golgi c-mannosidase II catalytic activity. |
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[0092] FIG 20. Binding of non-glycoengineered and glycoengineered (g2
version; see Figures 17 - 19 for glycosylation profiles) antibodies to human
FegammaRilla receptor displayed on the surface of CHO cells expressing
recombinant CD16. |

[6093] FIG 21. Apoptotic effect of non-Fe engineered and Fe-engineered anti-
CD20 antibodies on Z-138 MCL cells. Assay details: 5 x 10° cells/well were
seeded in 24-well plates (5 x 10° cells/ml) in culiure medium. 10 pg/ml final
concentration of the respective aniibody, or PBS for the negative control, were
added to the wells. Samples were incubated o/n (16 h), stained with AnnV-FITC
and analysed by FACS. Assays were performed in triplicate. Antibodies used
were: C2B8 = rituximab (chimeric, non-glycoengineered form); BHH2-BKV1
(humanized, non-glycoengineered-sce Figure 17 - 19 for glycosylation profile);
BHE2-BKV1 gl (humanized, glycoengineered); BHH2-BKV1g2 (humanized,
glycoenginéered). Note: this assay does not involve any additional effector cells,.
just targets plus antibody or controls. (*): Signal for PBS alone was subtracted.

- [0094} FIG22. Binding of different humanized anti-CD20 antibodies to Raji B-

‘ cells. The humanized heavy chain construct BHH? is compared to its derivatives
BHH4 and BHH7. Also shown are variants that address the influence of Kabat
positions 28 and 30-(BHHS and BHHY).

{6695] FIG 23. Effect of single amino-acid exchange on apoptosis by anti-CID20
antibodies on Z-138 MCL cells. Assay details: 5 x 10° cells/well were seeded in
24-well plates (5 x 10° celis/m]) in culture medium. 10 ng/ml final concentration
of the respective antibody, or PBS for the negative control (no Ab), were added
'to the wells. Samples were incubated o/n (16 h), stained with AnnV-FITC and
analysed by FACS. Assays were performed in triplicate. Antibodies used were:
C2B8  (chimeric, non-glycoengineered), BHHZ (humanized, non-
glycoengineered), BHH2-A (a derivative of BHH2 with a valine to leucine
substitution at Kabat position 11), and BHH2-B (a derivative of BHH2 with a
lysine to valine substitution at Kabat position 12), the latter three paired with a
BKV1 light chain. Kp of antigen binding remains unchanged by substitution.
Note: this assay does not involve any additional effector cells, just targets plus

antibody or controls.
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[0096] FIG 24, Effect of single amino-acid exchange on apoptosis by previously
jnactive anti-CD20 antibodies on Z-138 MCL cells. Assay details: 5 x 10°
céils/w_eﬁ were seeded in 24-well plates .(5 x 10° cells/ml) in culture medium. 10
ug/ml final concentration of the respective antibody, or PBS for the negative
control, were added to the wells, Samples were incubated o/n (16 h), stained with
AnnV-FITC and analysed by FACS. Assays were performed in triplicate.
Antibodies used were: C2B8 (chimeric, non-glycoengineered), BHLS
(humanized, ﬁon-glycoengineered), BHL13 (a derivative of BHL8 with a leucine
to valine substitution at Kabat position 11 and a valine to methionine substitution
at Kabat position 48), and BHIL 14 (a derivative of BHLE with a valine to lysine
substitution at Kabat position 12 and a valine to methionine substitution at Kabat
position 48), the latter three paired with a BKV1 light chain. Note: this assay
does not involve any addifional effector cells, just targets plus antibody or

~ controls.

[6097] FIG 25. Effect of single amino-acid exchange within the light chain on
apoptosis by anti-CD20 antibedies on Z-138 MCL cells. Assay details: 5% 10°
celis/well were seeded in 24-well plates €5 x 10° cells/ml) in culture medium. 10
pg/ml final concentration of the respectivé antibody, PBS for the negative control
(no Ab), or SmM Camptothecin (CPT) for the positive control were added to the
wells. Samples were incubated o/ (16 h), stained with AnnV-FITC and analysed
by FACS. Assays were performed in triplicate. Antibodies nsed were: BHH2-A
{(a derivative of BHH? with a valine to leucine substitution at Kabat position 11)
paired with a BKV1 light chain, BHHG (a derivative of BHH2 with a methionine
to isoleucine substitution at Kabat position 34) paired with a BKV1 light chain,
and BHHG paired with a BKV14 light chain (a derivative of BKV1 with an
isoleucine to alanine substitution: at Kabat position 106).

[0498] FIG26. B;dimensional depiction of a molecular “ball and socket joint™ at
the interface between the VH and CH1 domains.

DETAILED DESCRIPTION OF THE INVENTION

[6099] Terms are used herein as generally used in the art, unless otherwise

defined as follows and herein.
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[0100] As used herein, the term antigen binding molecule (ABM) refers in its
broadest sense to a molecule that specifically binds an antigenic determinant, By
"specifically binds" is meant that the binding is selective for the antigen and can
be discriminated from unwanted or nonspecific interactions. Asused herein, the
term modified antigen binding molecule (or modified ABM) is intended to refer to
an ABM comprising at least one amino acid residue substitution in the heavy
chain variable region and/or CHI region and/or at least one amino acid residue
substitution in the light chain variable region and/or CL region.

[6101] As used herein, the term antibody is intended to include whole antibody
molecules, including monoclonal, polyclonal and multispecific {e.g., bispecific)
antibodies, as well as antibody ﬁ*agmenfs having the Fc région and retaining
binding specificity, and fusion proteins that include a region equivalent to the Fo
region of an -immunoglobulin and that retain binding specificity.  Also.
encompassed are antibody fragments that retain binding specificity including, but
not limited to, Vi fragments, Vy fragments, Fab fragments, F (ab’), fragments,
scPv fragments, Fv fragments, minibodies, diabodies, triabodies, and tetrabodies
(see, e.g., Hudson and Souriau, Nature Med. 9: 129-134 (2003), incorporated
herein by reference in its entirety). Also encompassed are humanized, primatized
and chimeric antibodies, As used hereiﬁ; whole antibody refers to an
immunoglobulin molecule comprising two heavy chains and two hight .chains,
each of which comprises 2 varjable and constant region..

[0102] As used herein, the term variable region is intended to refer to the N-
terminal domain of an immunoglobulin heavy or light chain. According to one

- embodiment of the present invention, a modified ABM can comprise a functional
fragment of a variable region.

[0163] As used herein, the tetm heavy chain variable region is intended to refer
to the N-terminal domain of an immunoglobulin heavy chain. In one example,
the heavy chain variable region is defined by Kabat positions 1 to 113 (with
possible insertions at particular residues as designated by Kabat ez al., U.S. Dept.
of Health and Human Services, "Sequencs of Proteins of Immunological Interest"
(1983)).  According to one embodiment of the present Invention, a modified
ABM can comprise a functional fragment of a heavy chain variable TEgIOoN.

10104] As used herein, the term heavy chain constant region is intended to refer

to the C terminal domain of a immunoglobulin heavy chain. There are five
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naturally-occurring classes of heavy chain constant regions: IgA, IgG, IgE, 1gD,
and IgM. In one example, the heavy chain constant region comprises a CH1
domain, a CH2 domain, and a CH3 domain.

[0105] As used herein, the term CHI region is intended to refer to the domain. of
the heavy chain of an immunoglobulin that is just C-erminal to the variable
region and N-terminal to the hinge region. In an immunoglobulin of the IgG
type, for examiale, CH1 is normally defined by Kabat positions 114 to 228.

0106} Asused herein, the term apoprosis is intended to refer to programmed cell
death, which is characterized by certain cellular events such as nuclear
fragmentation and/or formation of apoptotic bodies by condensation of
cytoplasm, plasma membranes and/or organelles.

0107} Asused herein, the term agonist activity is intended to refer to activity.of
an agent (€.g., an antigen binding molecule) when it interacts with (for example,
binds o) a molecule associated with a cell surface and initiates or induces a
reaction, | ;

[6108] Asused herein, the term antagonist activity 18 intended to refer to activity

| of an agent (e.g., an antigen binding molecule) when it interacts with (for
example, binds to) a molecule on a cell and prevents initiation or induction of a
reaction or discontinues an ongoing reaction.

[0109] Ag used herein, the terms fusion and chimeric, when used in reference to
polypeptides such as ABMs refer to polypeptides comprising amino acid
sequences derived from two or more heterologous polypeptides, such as portions
of antibodies from different species. For chimeric ABMs, for example, the non-
antigen binding components may be derived from a wide variety of species,
inciﬁding primates such as chimpanzees and humans. The constant region of the
chimeric ABM is most preferably substantially identical to the constant region of
a natural human antibody; the variable region of the chimeric antibody is most
preferably derived from a non-human (i.e., donor) antigen binding molecule that
specifically binds an antigen of interest. The chimeric ABM may comprise the
entire donor variable region; alternatively, the chimeric antibody may comprise a
humanized or primatized antibody. Humanized antibodies are a particularly
preferred form of fusion or chimeric antibody.

[0110] As used herein, the term humanized is used to refer to an antigen binding

molecule derived from a non-human antigen-binding molecule, for example, a
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murine antibody, that retains or substentially retains the antigen-binding

properties of the parent molecule but which is less immunogenic in humans. This
may be achieved by various methods including (2) grafting the entire non-human
variable domains onto human constant regions to generate chimeric antibodies,
(b) grafiing only the non-human CDRs onto human framework and constant
regions with or without retention of critical framework residues (e.g., those that
are important for retaining good antigen binding affinity or an’cibody functions),
or (c) transplanting the entire non-human variable domains, but "cloaking" them
with a human-like section by replacement of surface residues. Such methods are
disclosed in Jones et al., Morrison et al., Proc. Natl. Acad. Sci., 81:6851-6855
(1984); Morrison and Of, Adv. Immunol., 44:65-92 (1988); Verhoeyeﬁ et al.,
Science, 239:1534-1536 (1988); Padlan, Molec. Immun., 28:439-498 (1991);
Padlan, Molec. Jrmmn., 31(3):169-217 (1994), all of which are incorporated by
reference in their entirety herein.

{6111] There are generally 3 complementarity determining regions, or CDRs,
(CDR1, CDRZ and CDRS3)in each of the heavy and light chain variable domains
of an antibody, which are flanked by four framework subregions (L.e., FR1, FRZ,
FR3, and FR4) in each‘ of the heavy and light chain variable domains of an
antibody: FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4. A discussion of humanized
antibodies can be found, inter alia, in U.S. Patent No. 6,632,927, and in
published U.S. Applioation No. 2003/0175269, both of which are incorporated
herein by reference in their entireties.

10112} Similarly, as used herein, the term primatized is used to refer to an
antigen-binding molecule derived from a non-primate antigen-binding molecule,
for exainple, a nurine antibody, that retains or substantiafly retains the antigen-
binding properties of the parent molecule but which is less immunogenic in
primates.

10113} In the case where there are two or more definitions of a term which is
used and/or accepted within the art, the definition of the term as used herein 1s
intended to include all such meanings unless explicitly stated to the contrary. A
specific example is the use of the term "complementarity determining region"
("CDR") to describe the non-contignous antigen combining sites found within the
variable region of both heavy and light chain polypeptides. This particular region
has been described by Kabat et al., U.S. Dept. of Health and Human Services,
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"Sequences of Proteins of Immunological Interest" (1983) and by Chothia et al.,
J. Mol. Biol. 196:901-917 (1987), Whiéh ére incorporated herein by reference,
where the definitions include overlapping or subsets of amino acid residues when
compared against each other. Nevertheless, application of either definition to
refer to a CDR of an antibody or variants fhereof is intended to be within the
scope of the term as defined and used herein. The appropziate amino acid residues
which encompass the CDRs as defined by each of the above cited references are
set forth below in Table I as a comparison. The exact residue numbers which
encompass a particular CDR will vary depending on the sequence and size of the
CDR. Those skilled in the art can routinely determine which residues comprise &

particular CDR given the variable region amino acid sequence of the antibody.

TABLE 1. CDR Definitions*

POT/ABI006/083294

| Kabat Chothia OxAbM?
Vi CDR1 31-35 26-32 26-35
Vi CDR2 50-65 52-58 50-58
Vy CDR3 95-102 95-102 95-102
vV, CDR1 24-34 26-32 24-34
Vi CDR2 50-56 50-52 50-56
Vi CDR3 89-97 91-96 89-97°

"Numbering of all CDR definitions in Table 1 is zccording to

the numbering conventions set forth by Kabat et al, (see below).

"OxAbM" refers to the CDRs as defined by Oxford
Molecular's "AbM" antibody modeling software.

Kabat et ol also defined a numbering system for variable domain
sequences that is applicable to any antibody. One of ordinary skill in the art can
uambigously assign this system of "Kabat numbering” to any variable domain
sequence, without reliance on any experimental data beéyond the sequence itself.
As used herein, "Kabat numbering" refers to the numbering system set forth by
Kabat ef al., U.S. Dept. of Health and Human Services, "Sequence of Proteins of
Immunological Interest” (1983). Unless otherwise specified, references to the
numbering of specific amino acid residue positions in an ABM are according fo
the Kabat numbering system. The sequences of the sequence listing are not

munbered according to the Kabat numbering system.



WG Z607/031875 PCT/IB2806/003294
26 .

[0115] As used herein, a polypeptide having "GnTIl activity” refers to
polypeptides that are able to catalyze the addition of a N-acetylglucosamine .
(GlcNAc} residue in B-1-4 linkage to the B-linked manmposide of the trimanmosyl
core of N-linked oligosaccharides. This includes fusion polypeptides exhibiting
enzymatic activity similar to, ‘but not necessarily identical to, an activity of |
B(1,4)-N-acetylglucosaminyltransferase II, also known as B-1,4-mannosyl-
glycoprotein 4-beta-N-acetylglucosaminyl-transferase (EC 2.4.1.144), .according
to the Nomenclature Committee of the International Union of Biochezﬁistxy and
Molecular Biology (NC-IUBMB), as measured in a parficular biological assay,
with or without dose dependency. In the case where dose dependency does exist,
it need not be identical to that of GnTTH, but rather substantially similar to the

“dose-dependenceina givén activity as compared to the GnTTII (i.e., the candidate
polypeptide will exhibit greater activity or not more than about 25-iold less and,
preferably, not more than about tenfold less activity, and most preferably, not
more than about three-fold less activity relative to the GoTTIL)

[0116] As used herein, the term variant (or analog) refers to a polypeptide
differing from & specifically recited polypeptide of the invention by amino acid
nsertions, deletions, and substitutions, created using, e g., recombinant DNA
techmiques. Variants of the ABMs df the present invention include ohhheric,
primatized or humanized antigen binding molecules wherein one or several of the
amino acid residues are modified by replacement, addition and/or deletion in such
mammer that does not substantially affect antigen binding affinity. Guidance in
determining which amino acid residues may be replaced, added or deleted
without abolishing activities of interest, may be found by comparing the sequence
of the particular polypeptide with that of homélogous peptides and minimizing
the number of amino acid sequence changes made in regions of high homology
(conserved regions) or by replacing amino acids with consensus sequence.

[6117] Alternatively, recombinant variants encoding these same or similar
palypeptides may be synthesized or selected by making use of fhe "redundancy"
in the genetic code. Various codon substitutions, such as the silent changes which
produce various restriction sites, may be introduced to optimize cloning into a
plasmid or viral vector or expression in a particular prokaryotic or eukaryotic

system. Mutations in the polynucleotide sequence may be reflected in the
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polypeptide or domains of other peptides added to the polypeptide to modify the
properties of any part of the polypeptide, to change characteristics such as Iigand-
binding affinities, interchain éfﬁnities, or degradation/turnover rate.

[0118] As used herein, amino acid residue substitution is intended to refer to
replacing one or more amino acids in a reference sequence (e.g., a parent
molecule, such as an antigen binding molecule). In one embodiment, amino acid
residue substitution may be achieved by, for example, a point mutation in the
sequence of a nucleic acid encoding a polypeptide as compared to a parent
sequence. In another embodiment, substitution of an amino acid residue may be
achieved by replacing the entire framework region of the parent polypeptide with,
for example, a framework region from a germline VH sequence that comprises
the desired amino acid at the position to be substituted in reference to the parent,

[0119] "Conservative" amino acid substitutions are those made by replacing one
amino acid with another amino acid having similar structural and/or chemical
properties, 1.e., conservaiive amino acid replacements, and may be made on the
basis of similarity in polarity, charge, sombﬂi?:y,'hydrophobicity, hydrophilicity,
and/or the amphipathic nature of the residues involved. For example, nonpolar
(hydrophobic) amino acids include glycine, alanine, lencine, isoleucine, valine,
proline, phenylalanine, tryptophan, and methionine; polar neutral amino acids
include serine, threonine, cysteine, tyrosine, asparagine, and ghrtamine; positively
charged (basic) amino acids include arginine, lysine, and histidine; and negatively
charged (acidic) amino acids include aspartic acid and glutamic acid. "Insertions”
or "deletions” are preferably in the range of about 1 to 20 amino acids, more
preferably 1 to 10 amino acids. The variation allowed may be experimentally
determined by systematically making insertions, deletions, or substitutions of
amino acids in a polypeptide molecule using recombinant DNA techniques and
assaying the resulting recombinant variants for activity.

f0120] As used herein, the term parent antigen binding moleculé, or parent
molecule refers to a polypeptide having a particular amino acid sequence encoded
by a polynucleotide sequence. The sequence of the parent molecule (i.e., the
parent sequence) serves as a reference sequence for making amino acid residue
substitutions that alter the ability of the resulting molecule {e.g., a modified
antigen binding molecule) to induce or block cell signaling activity and/or cross-

linking of antigen. Likewise, the activity of a parent molecule serves as the
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reference when determining whether a substitution has an effect on cell signaling
activity and/or cross-linking of antigen, and, where relevant, the extent of that
effect. A sequence containing one or more amino acid substitutions in
comparison to its parent (e.g., a modified ABM} may in tirn serve as a parent
sequence for further substitutions.

[0121] As used herein, the term altered cell signaling activity is intended to refer
to an increase or decrease in the ability of an ABM to induce or inhibit cell
signaling activity of a target antigen. |

fo122] As used herein, the term alfered cross-linking of one or more target
antigens is intended to refer o an increase or decrease in the ability of an ABM
{0 bring into closer proximity to each other, and/or into closer proximity with
other membrane-associated molecules, and/ of into a more favorable conformation
for interaction target antigens that are capable of forming complexes (e.g.,
thfough cross-linking of proteins, or oligomerization of membrane-associated
feoeptors) to initiate cell signaling pathways.

[0123] As used herein, cell signaling mechanism ot cell signaling activity is
intended to refer to the entire signaling (i.e., signal transduction) pathway that
teads to a particular cellular event or biological function, a5 well as any signaling
steps along the pathway.

[06124] By anucleic acid or polynucleotide having a nucleotide sequence at least,
for example, 95% "identical" to 2 reference ;mc}eotide sequence of the present
inventioﬁ, it is intended that the nucleotide sequence of the polynucleotide is
identical to the reference sequence except that the polynucleotide sequence may
include up to five point mutations per each 100 nucleotides of the reference
nucleotide sequence. In other words, to obtain a polynmucleotide having a
nucleotide sequence at least 95% identical to a reference nucleotide sequence, up
1o 5% of the nucleotides in the reference sequence may be deleted or substituted
with another nucleotide,. or a number of nucleotides up to 5% of the total
nucleotides in the reference sequence may be inserted info the reference
sequence. '

{0125} As a practical matter, whether any particular nucleic acid molecule or
polypeptide is at least 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identical to
a nucleotide sequence or polypeptide sequence of the present invention can be

 determined conventionally using known computer programs. A preferred method
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for determining the best overall match between a query sequence (a sequence of
the present invention) and a subject seciuence, also referred to as a global
sequence alignment, can be determined using the FASTDB computer program
based on the algorithm of Brutlag et al., Comp. App. Biosci. 6 237-245 (1950). In
a sequence alignment the query and subject sequences are both DNA sequences.
An RNA sequence can be compared by converting U's to T's. The result of said
global sequence alignment is in percent identity. Preferred parameters used ina
FASTDB alignment of DNA sequences to calculate percent ideniity are:
Matrix=Unifary, k-tuple=4, Mismaich Penalty=1, Joining Penalty=30,
Randomization Group Length=0, Cutoff Score=1, Gap Penalty=>5, Gap Size
Penalty 0.05, Window Size=500 or the length of the subject nucleotide sequence,
whichever is shorter. _

[0126] If the subject sequence is shorter than the query sequence because of 5' or
3' deletions, not becanse of internal deletions, a manual correction must be made
to the results. This is because the FASTDB program does not account for 5' and

‘3' truncations of the subject sequence when calculating percent identity. For
subject sequences truncated at the 5' or 3' ends, relative to the query sequence, the
percent identity is corrected by calculating the number of bases of the query
sequence that are 5' and 3' of the subject sequence, which are not
matched/aligned, as a percent of the total bases of the query sequence. Whether a
nucleotide is matched/aligned is determined by results ofthe FASTDB sequence
alignment. This percentage is then subtracted ﬁoﬁ the percent identity,
calculated by the above FASTDB program using the specified parameters, to
arrive at a final percent identity score. This corrected score is what is used for the
purposes of the present invention. Only bases outside the 5' and 3' bases of the
subject sequence, as displayed by the FASTDB alignment, which are not
matiched/aligned with the query sequence, are calculated for the purposes of
manually adjusting the percent identity score.

16127} For example, a 90 base subject sequence is aligned to a 100 base query
sequence to determine percent identity. The deletions occur at the 5' end of the
subject sequence and therefore, the FASTDB alignment does not show a
matched/alignment of the first 10 bases at 5' end. The 10 unpaired bases
represent 10% of the sequence (number of bases at the 5' and 3' ends not

matched/total number of bases in the query sequence) so 10% is subtracted from
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the percent identity score calculated by the FASTDB program, | If the remaining

90 bases were perfectly matched the final percent identity would be 90%. In
another example, a 90 base subject sequence is compared with a 100 base query
sequence. This time the deletions are internal deletions so that there are no bases
on the 5' or 3' end of the subject sequence which are not matched/aligned with the
query. In this case the percent identity calculated by FASTDB is not manuaily
corrected. Once again, only bases on the 5' and 3' end of the subject s_equence
which are not matched/aligned with the query sequence are manually corrected
for. No other manual corrections are to made for the purposes of the present
invention. '

[0128] By a polypeptide having an amino acid sequence at least, for example,
95% “identical” to a query amino acid sequence of the present invention, it is
mntended that the amino acid sequancé of the subject polypeptide is identical to
the query sequence except that the subject polypeptide sequence may include up
fo five amino acid aiteration.s per eaéh 100 amino acids of the query amino acid
sequence. In other words, to obtain a polypeptide having an amino acid sequanc‘e‘
at least 95% identical to a query amino acid sequence, up to 5% of the amino acid
residues in the subject sequence may be inserted, deleted, or substituted with
another amino acid. These alterations of the reference sequence may occur atthe
amino or carboxy terminal positions of the reference amino acid sequence or
anywhere between those terminal positions, interspersed either individually
among residues in the reference sequence or in one or more contiguous groups
within the reference sequence.

[0129] As a practical matter, whether any particular polypeptide is at least 80%,
85%, 90%, 95%, 96%, 97%, 98% or 99% identical to a reference polypeptide can
be determined conventionally using known computer programs. A preferred
method for determining the best overall match between a query sequence (a
sequence of the present invention) and a subject sequence, also referred to as a
global sequence aligﬁment, can be determined using the FASTDB computer
program based on the algorithm of Brutlag er al., Comp. App. Biosci. 6:237-245
(1990). In a sequence alignment the query and subject sequences are either both
mucleotide sequences or both amino acid sequences. The result of said global
sequence alignment is in percent identity. Preferred parameters used in a

FASTDB amino acid alignment are: Matrix=PAM 0, k-tuple=2, Mismatch
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Penalty=1, Joining Penalty=20, Randomization Group Length=0, Cutoff Score=1,
Window Size=sequence length, Gap Penalty=>5, Gap Size Penalty=0.05, Window
Size=500 or the length of the subject amino acid sequence, whichever is shorter.

[0134] If the subject sequence is shorter than the query sequence due to N—or
C-terminal deletions, not because of internal delétions, amanual correction must
be made to the results. This is because the FASTDB program does not account
for N- and C-terminal truncations of the subject sequence when calenlating
global percent identity. For subject sequences truncated at the N— and C-termini,
relative to the query sequence, the percent identity is corrected by calculating the
number of residues of the query sequence that are N— and C-terminal of the
subject sequence, which are not maiched/aligned with a corresponding subject
residue, as a percent of the tatal bases of the query sequence. Whether a residue
1s matched/aligned is determined by resulis of the FASTDB sequence alignment.
This percentage is then subtracted from the percent identity, calculated by the
above FASTDB program using the specified parameters, to arrive at a final
percent identity score. This final percent identity score is what is used for the
purposes of the present invention. Only residues to the N— and C-termini of the
subject sequence, which are not matched/aligned with the query sequence, are
considered for the purposes of manually adjusting the percent identity score.
That is, only query residue positions outside the farthest N— and C-terminal
residues of the subject sequence. |

[0131] For example, a 90 amino acid residue subject sequence is aligned with a
100 residue qﬁery sequence to determine percent identity. The deletion occurs at
the N-terminus of the subject sequence and therefore, the FASTDB alignment
does not show a matching/alignment of the first 10 residues at the N-terminus.
The 10 unpaired residues represent 10% of the sequence (number of residues at
the N- and C- termini not matched/total number of residues in the query
sequence) so 10% is subtracted from the percent identity score calculated by the
FASTDB program. Ifthe remaining 90 residues were perfectly matched the final
percent identity would be 90%. In another example, a 90 residue subject
sequence is compared with a 100 residue query sequence. This time the deletions
are Internal deletions so there are no residues at the N or C-termini of the subject
sequence which are not matched/aligned with the query. In this case the percent
identity calculated by FASTDB is not manually corrected. Once again, only
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residue positions outside the N— and C-terminal ends of the subject sequence, as
displayed in the FASTDB alignment, which are not matched/aligned with the
query sequence are manually corrected for. No other manual corrections are to
be made for the purposes of the present invention.

[0132] As used herein, a nmucleic acid that "hybridizes under stringent conditions™
to a nucleic acid sequence of the invention, refers to a polynucleotide that
hybridizes in an overnight incubation at 42° C in a solution comprising 50%
formamide, 5x SSC (750 mM NaCl, 75 mM sodium citrate), 50 mM sodiwm
phosphate (pH 7.6), 5x Denhardt's sotution, 10% dextran sulfate, and 20 ng/ml
denatured, sheared salmon sperm DNA, followed by washing the filters in 0.1x
SSC at about 65°C.

[0133] As used herein, the term Fe region is intended to refer to a C-terminal
region of an IgG heavy chain. Alfhough the boundaries of the Fc region of an
1gG heavy chain might vary slightly, the human IgG heavy chain Fc region is
usually defined to stretch from the amino acid residue at position Cys226 to the
carboxyl-terminus.

[0134] As used herein, the term region equivalent to the Fe region of an

' irnniunoglobulin is intended to include naturally occurring allelic variants of the
Fe region of an immunoglobulin as well as variants having alterations which
produce substitutions, additions, or deletions but which do not decrease
substantially the ability of the immunoglobulin to mediate effector finctions
(such as antibody dependent cellular cyiotoxicity). For example, one or more
amino acids can be deleted from the N-terminus or C-terminus of the Fe region of
an immunoglobulin without substantial loss of biological fimction. Such vanants
can be selected according to general rules known iﬁ the art so as to have minimal
offect on activity. (See, e.g., Bowie, I. U. ef al., Science 247:1306-10 (1990)). In
one embodiment, a region equivalent to the Fc region can also form part of 2
heterologous fusion protein. In some embodiments, a region equivalent to the Fc
region also encompasses a corresponding region from another class of
immunogliobutin heavy chain (e.g., IgA, IgE, IgD, and IgM).

[6135] As used herein, the term Golgi localization domain refers to the amino

acid sequence of a Golgi resident polypeptide which is responsible for anchoring
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the polypeptide: in location within the Golgi complex. Generally, localization
domains comprise amino ferminal "tails" of an enzyme.

[0136] As used heremn, the term effector function tefers to those biological
activities attributable to the Fc region {(a native sequence Fe region or amino acid
sequence variant Fc region) of an antibody. Examples of antibody effector
functions include, but are not limited to, Fc receptor binding affinity, antibody-
dependent cellular cytotoxicity (ADCC), antibody-dependent cellular
phagocytosis {(ADCP), cytokine secretion, immumne~complex-mediated antigen
uptake by antigen-presenting cells, dom—regulaﬁon of cell surface receptors, etc.

[0137] As used horein, the ferms engineer, engineered, engineering,
glycoengineer, glvcoengineered, glycoengineering, and glycosylation engineering
are considered to melude any manipulation of the glycosylation pattern of a
naturally occurring or recombinant polypeptide, such as an antigen binding
molecule (ABM), or fragment thereof. Glycosylation engineering includes
metabolic engineering of the glycosylation machinery of a cell, including genetic
manipulations of the oligosaccharide synthésis pathways to échieve altered
glycosylation of glycoproteins expressed in cells. In one embodiment, the
ghycosylation engineering is an alteration in glycosyltransferase activity. In a
particular embodiment, the engineering results in altered glucosaminyliransferase

_ activity and/or fucosyliransferase activity.

[0138] As used herein, the term host cell covers any kind of cellular system
which can be engineered to generate the polypeptides and antigen-binding
molecules of the present ‘invention. Host cells include cnlttured cells, e.g.,
mammalian cultured cells, such as CHO celis, BHK cells, HEK 293-EBNA cells,
‘NSO cells, SP2/0 cells, Y0 myeloma cells, P3X63 mouse myeloma cells, PER
cells, PER.C6 cells or hybridoma cells, yveast cells, insect cells, and plant cells, to
name only a few, but also cells comprised within a transgenic amimal, transgenic
plant or culfured plant or animal tissue. In one embodiment, the host cell is
engineered to allow the production of an antigen binding molecule with modified
glycoforms. In a preferred embodiment, the antigen binding molecule is an
antibody, antibody fragment, or fusion protein. In certain embodiments, the host
cells have been further manipulated to express increased levels of one or more
polypeptides having GnTTH activity, In other embodiments, the host cells have

been engineered to have eliminated, reduced or inhibited core l,6-
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fucosyltransferase activity. The term core al,6-fucosyltransferase activity
encompasses both expression of the core v1,6-fucosyltransferase gene as well as
interaction of the core ul,6-fucosyliransferase enzyme with its substrate.

[0139] As used herein, the term Fe-mediated cellular cytotoxicity includes

| antibody-dependent celtular cviotoxicity and cellular cytotoxicity mediated by a
soluble Fc-fusion protein containing a bhuman Fc-region. If is an mmmune
mechanism leading to the lysis of “antibody-targeted cells™ by “human immune
effector cells”, wherein:

[0144) The huhan immune effector cells are a population of leukocytes that
display Fe receptors on their surface through which they bind to the Fe-region of

- antibodies or of Fe-fusion proteins and perform effector functions. Such a
populé_tion may include, but is not limited to, peripheral blood mononuclear cells
. {PBMC) and/or natural killer (NK) cells.

[0141] The antibody-targeted cells are cells bound by the antibodies or Fe-fusion .
proteins. The antibodies or Fo fusion-proteins bind to target cells via the protein”
part N-terminal to the Fo region.

[0142] As used herein, the term increased F c-mediated celiular cytotoxicity is
defined as either an increase in the number of “antibody-targeted cells” that are
lysed in a given time, at a given concentration of antibody, or of Fe-fusion
protein, in the medium swrounding the target cells, by the mechanism of Fe-
mediated cellular cytotoxicity defined above, and/or a reduction in the
concentration of antibody, or of Fe-fusion protein, in the medium surrounding the
target cells, required to achieve the lysis of a given number of “antibody-targeted
cells”, in a given time, by the mechanism of Fc -mediated cellular cytotoxicity.
The increase in Fe-mediated cellular cytoioxicity is relative to the cellular
cytotoxicity mediated by the same antibody, or Fo-fusion protein, produced by
the same type of host cells, using the same standard production, purification,
formulation and storage methods, which are known to those skilled in the art, but
that has not been produced by host cells engineered to express the
glycosyltransferase GnTIII by the methods described herein.

{0143} B§ antibody having increased antibody dependent cellular cytotoxicity
(ADCC) is meant an antibody, as that term is defined herein, having increased
ADCC as determined by any suitable method known to those of ordinary skill in
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the art. One accepted ADCC assay is described in the Examples set forth herein
~ below. Another accepted in vitro ADCC assay is as foﬂows:‘

1) the assay uses target cells that are known to express the target
antigen recognized by the antigen-binding region of the antibody;

2) the assay uses human peripheral blood mononuclear cells
(PBMCs), isolated from blood of a randomly chosen lealthy donor, as effector
cells; .

3} the 5ssay is carried out according to following protocol:

iy - the PBMCs are isolated using' standard density
centrifugation procedures and are suspended at 5 x 10° cells/ml in RPMI cell
culture medium;

i) the target cells are grown by standard tissue culture -
methods, harvested from the exponential growth phase with a viability higher
than 90%, washed in RPMI cell culture mediun:i, labeled with 100 micro-Curies.
of *'Cr, washed twice with cell culture medium, and resuspended in cell culture
medium at a density of 10° cells/mi;

1ii} 100 microliters of the final target cell suspension above are
transferred to each well of a 96-well microtiter plate;

iv) the antibody is serially-dituted from 4000 ng/ml to 0.04
ng/ml m cell culture medinm and 50 microliters of the resulting antibody
solutions are added to the target cells in the 96-well microtiter plate, testing in
triplicate various antibody concentrations covering the whole concentration range

_ above; _

v} for the maximum release (l\}lR) controls, 3 additional wells
in the plate containing the labeled target cells, receive 50 microliters of a 2%
(V/V) aqueous solution of non-ionic detergent (Nonidet, Sigima, St. Louis),
instead of the antibody solution (point iv above);

vi) for the spontaneous release (SR) controls, 3 additional
wells in the plate containing the labeled target cells, receive 50 microliters of
RPMI cell culture medium instead of the antibody sohution (point iv above);

vii)  the 96-well microtiter plate is then centrifuged at 50 x g for

1 minute and incubated for 1 hour at 4°C;
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viii}) 50 microliters of the PBMC suspension (point i above) are
added to each well to yield an effector:target cell ratio 0f25:1 and the plates are
placed in an incubator under 5% CO, atmosphere at 37°C for 4 hours;

ix)  the cell-free supernatant from each well is harvested and
the experimentally released vadioactivity (ER) is quanﬁﬁed using a gamma
éounter; ]

x} the percentage of specific lysis is calenlated for each
antibody concentration according to the formula (ER-MR)/(MR-SR) x 100,
where ER is the average radioactivity quantified (see point ix above) for that
antibody concentration, MR is the average radicactivity quantified (see point ix
above) for the MR couirols (see point v above), and SR is the average
radioactivity quantified (see point ix above) for the SR controls (seé point vi
above);

4 “increased ADCC” is defined as either an inerease in the.
maximum percentage of specific lysis observed within the antibody concentration -
range tested above, and/or a reduction in the concentration of antibody required
o achievé one half of the maximum percentage of specific lysis observed within
the antibody concentration range tested above. The increase in ADCC is relative
to the ADCC, measured with the above assay, mediated by the same antibody,
produced by the same type of host cells, using the same standard production,
purification, formulation and storage methods, which are known to those skilled

1 the art, but that has not been produced by host cells engineered to overexpress
GnTHL

Antigen Binding Molecules with Heavy Chain and/or Light Chain Amino Acid
Substitutions ’

[0144] In one aspect, the present invention is directed to ABMs comprising
modfied heavy chain and/or light chain V regions and/or C regions, and to the
discovery that the ability of these ABMs to induce cell signaling activity of a
target antigen and/or mediate cross-linking of target antigen can be enhanced
(i.e., induced or increased) or reduced (i.e., inhibited or decreased) by such
modifications. Thus, the present invention provides polypeptides, including
ABMs, having modified heavy chain and/or light chain V regions and/or C

regions, nucleic acid sequences (e.g. vectors) encoding such polvpeptides,
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methods for generating polypeptides having modified heavy chain and/or light
chain V regions and/or C regions, and methods for using same in the treatment of
various diseases and disorders. | |

[0145] ¥t is known that several mechanisms are involved in the therapeutic

~ efficacy of aniibodies, including antibody dependent cellular cytotoxicity -
(ADCC), complement-dependent cytotoxicity (CDC), and the induction of
growth arrest er.époptosis and the blocking or inhibition of cell growth, cell
proliferation, cell sarvival and/or other cellular events. For example, instances of
induction of cell death and other cell signaling events by agonisti'o monoclonal
“autibodies have been reported. Cerisano et al., showed the induction of caspase-
independent cell death characterized by apoptosis-like features (inchuding
phosphatidyl-serine (PS) exposure, morphological bhanges and/or propidinm-
iodide (PI) uptake), as well as homotypic aggregation of Ewing's sarcoma cells,
by stimulation with agonistic antibodies against the transmembrane glycoprotein,
CD9S (e.g., anti-CD99 013 MAD and 0662 MAD) (Cerisano ef al., Oncogene 23:
- 5664-5674 (2003)). Likewise, Hahn ef al reported activation of MAPK signaling
pathways by engagement of CD99 with anti-CD99 monoclonal antibodies (e.' 2.,
DN16 and Y(G32), which led to homotypic aggregation of cells (Hahn ef al,
FEBS Letters 470: 350-354 (2000)). Pettersen et al. identified a new functional
domain of CD99 that could be activated by the anti-CD99 monoclonal antibody, -
Ad20, which activation induced apoptosis in transformed T cells (Pettersen ef al,
J. Tmmunol. 166:4931-4942 (2001)). Monoclonal antibodies against CD47 (e.g.,
B6H12) can also induce caspase-independent cell death, which is associated with
cytoskeletal reorganization signaling pathways (Mateo ef al., Blood 100:2882-
2890 (2002)). Each of the above-mentioned references is mcorporated herein by
reference in its entirety.

6146} In other examples, certain antibodies against CD20 (e.g., rituximab and
tositumomab) and CD52 (CAMPATH-1H) have been shown to directly induce
apoptosis in tumor cells. See Ludwig ef al.,, Oncogene 22: 9097-9106 (2003).
For rituximab and several other monoclonal antibodies with Iittle orno signali.ng
activity (anti~C]j19, CD21, CD22 and Her2), ability to induce apoptosis or
growth arrest was enhanced by chemically converting the antibodies into IgG-
1gG homodimers, Ghetie et al,, Proc. Natl. Acad. Sci. 94:7509-14 (1997). It was

speculated that the enhancement was due fo increased negative signaling and/or -
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hypercrosslinking by the tetravalent antibody homodimers. Ghe‘tie et al., Proc.
Natl. Acad. Sei. 94:7509-14 (1997). Cross-linking and increased apc:;ptosis have
also been achieved through the use of secondary antibodies or Fe-receptor-
bearing accessory cells. See Jazhirehi and Bonavide, Oncogene 24:2121-43
(2005). Each of the above-mentioned references is incorporated herein by
reference in its entirety.

[01‘47} Without wishing to be hound by theory, the present inventors have
determined that modifications to the amino acid residues in the elbow hinge
region of an antigen binding molecule can affect the ability of the ABM to induce
or inhibit signaling activity and/or cross-linking of target antigen. The angle of
the elbow hinge region controls the orientation of the V region with respect to the
C region of an immunoglobulin, and as such, facilitates the ‘interactions of
antibodies with antigen and effector proteins. See Lesk and Chothia, Nasure 335:
188-90 (1988). Lesk and Chothia identified the residues that make up the
molecular ball-and-socket joint of the elbow hinge region in antibodies, i.e.,
Kabat positions 11, 110, and 112 in the VH region and positions 149 and 150 in
the CHI region, and noted the high degreé of conservation across antibodies of
residues that make up this joint. Lesk and Chothia, Nature 335: 188-90 (1988)
(herein incorporated by reference in its entirety). However, they did not make
modifications to the ball-and-socket residues or the residues in their vicinity.
Landolfi et al. showed that modifications to Kabat positions 10-13 in AF2, a
neutralizing antibody against human IFNy, resulted in a éigniﬁcant loss in
neutralizing activity of the antibody, but did not affect binding of the antibody to
its target antigen. Landolfi er al, J. Immunol. 166: 1748-54 (2001) (herein
mcorporated by reference in its entirety). However, Landolfi ez al. did not show
an effect on the ability of an antibody to induce cell signaling or to mediate
antigen cross-linking. |

[0148] With a multivalent ABM, the ability to change the orientation of the
antigen binding sites allows for the adjustment of the proximity of bound antigen
units when it is complexed with the multiple antigen binding sites. The proximity
of the antigen units to each other facilitates greater or lesser interaction (e.g.,
cross-linking, dimerization, etc.) between the antigen units. For example, if the
elbow angle of each VH/VL-CH1/CL pair in an ABM is oriented such that the

antigen binding sites are brought into closer proximity to each other, the bound
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antigen units (&.g, cell surface receptor molecules) witl also be brought into closer
proximity to each other or brought into a conformation that is more favorable for
interaction. This proximity or conformational change can mediate interactions,
for example, cross-linking and oligomerization, between the bound antigens. On
the other hand, orientation of the antigen binding sites so that they are farther
apart or have a less favorable conformation can prevent them from interacting.

0149} Amino acid residues at the VL-CL interface can also be modified to affect

| the antigen binding site orientation. For example, Kabat residuss 40, 80, 83, 105,
‘and 106 in the light chain variable region frameworks are situated at the VL/CL
interface.

(61501 The activity of any cell signaling mechanisms can be affected (i.e.
induced or inhibited) by the ABMs-of the present invention. In one aspect ofthe -
invention, the cell signaling mechanisms involved are those initiated through cell
surface receptor proteins including ion-channel linked, G—pmteiﬁulirﬂ{ed, and .
enzyme-linked cell-sarface receptor proteins. See generaily, Chapter 15: Cell"
Signaling in MOLECULAR BIOLOGY OF THE CELL, Alberts et al, eds., (3d ed.
1994) (incorporated herein by reference). Thus, for example, the cell signaling
activities of the present invention include, but are not Iimited to, lthose which
result in apoptosis, cell differentiation, cell grovvfh, cell proliferation, and cell
survival, as well as any of the signaling steps along the pathway. In one
embodiment, the cell signaling activity occurs through an enzyme-linked
receptor; in a particular embodiment, the enzyme-linked receptor is a receptor
tyrosine kinase. In another embodiment, the cell signalmg activity is through an
ion channel-linked receptor.

{0151] The modified heavy chain or light chain V regions and/or C regions of the
ABMs of the present invention differ from the corresponding nonmodified parent

- polypeptide (e.g., a parent antigen biﬁding molecule) regions by at least one
amino acid substitution. The "parent," "starting," or "nonmodified" polypeptide
preferably comprises at least aportion of an antibody heavy chain or light chain,
and may be prepared using techniques available in the art for generating
polypeptides comprising aheavy cham V region or CH1 region or portion thereof
and/or a light chain V or C region or portion thereof. In specific embodiments,
the parent polypeptide is an antigen binding molecule and comprises at least a

portion of 2 VH or VL region. In certain embodiments, a modified heavy chain
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and/or light chain V region may be generated (e.g. according to the methods
disclosed herem) and can be fused to a heterologous polypeptide of choice, such
as an antibody Fo. In one smbodiment of the present invention, amodified ABM
or fragment thereof comprises a fusion protein, wherein a modified heavy chainV
region or fragment thereofis fused to a heavy chain constant region selected from
the group consisting of IgA, 1gG, IgE, IgD, and IgM, or a fragment or derivative
thereof. In aparticular embodiment, the heavy chain constant region is IgG. In
another embodiment of the present invention, a modified ABM or fragment
thereof comprises a fusion protein, wherein a modified light chain V region or
fragment thereof'is fusedtoa light chain constant region selected from the group
consisting of Ig, IgG, IgE, IgD, and IgM, or a fragment or derivative thereof. In
a particular embodiment, the light chain constant region is IgG.' In specific
embodiments, the polypeptides of the invention comprise a whole antibody {e.g.,
1gG) compmsmg light chains and heavy chains having a modlﬁed heavy chain. -
and/or light chain V region.

[0152] Polynucleotides encoding a pelypeptide comprising a modified heavy
chain V region or CHI region or light chain V region or CL region may be
prepared by methods known in the art using the guidance of the present
specification for particular sequences. These methods include, but are not limited
to, preparation by site-directed (or oligonucleotide-mediated) mutagenesis, PCR
mutagenesis, and cassette muiagenesis of an earlier prepared nucleic acid
encoding the polypeptide. Site-directed mutagenesis is a preferred method for
preparing substitution variants, This technique is well known in the art (see e.g.,
Carter ea‘ldl. Nucleic Acids Res. 13: 4431-4443 (1985) and Kunkel er. al,, Froc.
Natl. Acad. Sci. US4 82: 488 (1987), both of which are hereby incorporated by
reference). Briefly, in carrying out site directed mutagenesis of DNA, the starting
DNA 1s altered by first hybridizing an oligonucleotide encoding the desired
mutation to a single strand of such starting DNA. After hybridization, a DNA.
polymerase is used to synthesize an entire second strand, using the hybridized
oligonucleotide as a primer, and using the single strand of the starting DNA as a
template. Thus, the oligonucleotide encoding the desired mutation is incorporated
in the resulting double-stranded DNA.

[0153] PCR mutagenesis is also suitable for making amino acid sequénce

variants of the nonmodified starting polypeptide (see, e.g., Vallette ef. al., Nuc.
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Acids Res. 17:723-733 (1989), hereby incorporated by reference). Briefly, when
small amounts of template DNA are uséd as starting material in a PCR, primers
that differ slightly in sequence from the corresponding region in a template DNA
can be used to generate relatively large quantities of a specific DNA fragment
that differs from the template sequence only at the positions where the primers
differ from the template.

[0154] Another method for preparing ABM variants, cassetie mufagenesis, is
based on the technique described by Wells et al., Gene 34: 315-323 (1985),
hereby incorporated by reference. The starting material is the plasmid (or other
vector) comprising the starting polypeptide DNA to be modified. The codon(s) in
the starting DNA to be mutated are identified. There must be a unique restriction
endonuclease site on eacfa side of the identified mutation site(s). If no such
restriction. sites exist, they may be generaied using the above-described .
oligonucleotide-mediated mutagenesis method to introduce them at appropriate.
locations in the starting polypeptide DNA. The plasmid DNA is cut at these sites-
to linearize it. A double-stranded oligonuncleotide encoding the sequence of the
DNA. between the testriction sites but containing the desired mutation(s) is
synthesized using standard procedures, wherein the two sfrands of the
oligonucleotide are synthesized separately and then hybridized together using
standard technigues. This double-stranded oligonucieotide is referred to as the
cassette. This cassette is designed to have 5' and 3' ends that are Gompatiblé with
the ends of the linearized plasmid, such that it can be directly ligated to the
plasmid. This plasmid now contains the mutated DNA sequende.

[6155] Alternatively, or additionally, the desired amino acid sequence encoding a

| polypeptide variant can be determined, and a nucleic acid sequence encoding
such an aminoe acid sequence variant can be generated synthetically.

[0156] The amino acid sequencs of the parent polypeptide may be modified to
generate an ABM having a modified heavy chain V region and/or modified CH1
region, and/or a modified light chain V region and/or modified CL region, with
altered ability to induce cell signaling activity of a target antigen when the
modified ABM is complexed with (e.g., bound to) the target antigen. Thecell
signaling activity can be agonist activity or antagonist éctivity. According to one
aspect of the invention, agonist activity is induced by amodified antigen binding

molecule when it binds to a cell membrane-associated receptor and initiates a cell
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signaling pathway. In a specific embodiment, the cell signaling pathway is an
apoptosis pathway. In another embodiment, the cell signaling pathway is a cell
differentiation pathway. According to another aspect of the invention, antagonist
activity by a modified antigen binding molecule occurs, for example, when the
ABM binds to a cell membrane-associated recepior and prevents the induction of
a cell signaling pathway or disrupts an ongoing signal. Antagonist activity may
be achieved, for example, by blocking the binding and subsequent signal
transduction of an endegenous ligand and/or by preventing the cross-linking or
oligomerization of receptors or other molecules that would be necessary for
induction of a cell sigﬂaiing pathway. In one embodiment, the cell éignaling

- pathway that is inhibited or disrupted is a cell growth pathway. In another
smbodiment, the cell signéling pathway that is inhibited or disrupted is a cell
division pathway. In another embodiment the cell signaling pathway that is' .
inhibited or disrupted is a cell survival pathway.

f0157] Likewise, the amino acid sequence of the parent polypeptide may alsobe -

- modified to generate an ABM having a modified heavy chain V region or
modified Cregion (e.g., a modified CH1 region), and/or amodified light chain V
region and/or modified CL. region, with altered ability to mediate cross-linking of
one or more target antigens when the modified ABM is complexed with (e:g,,
bound to) the target antigen(s). In one embodiment, the bound target antigens
(e.g, cell surface receptor molecules) are brought into closer proximity o each
other and/or a more favorable conformation for interaction than they would be by
the corresponding non-modified parent ABM, thereby increasing cross-finking
and oligomerization between the bound antigens. In another embodiment, the
bound target antigens (e.g, cell surface receptor molecules) are kept farther apart
from each other, and/or in a less favorable conformation for interaction than they
would be by the corresponding non-modified parent ABM, thereby reducing or
preventing cross-linking and oligomerization between the bound antigens. Ina
particular embodiment, the increased cross-linking or oligomerization results in
mereased apoptosis. In another embodiment, the increased cross-linking or
oligomerization results in increased cell differentiation. In another embodiment,
the reduction in cross-linking or oligomerization results in decreased cell growth,

decreased cell division, or decreased cell survival.
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[6158] Substantial modifications in the biological properties of the heavy chain V

region or CH1 region, or light chain V region or CL region, may be accomplished
© by selecting substitutions that differ significantly in their effect on maintaining

(a) the structure of the polypeptide backbone in the area of the substitution, for
example, as a sheet or helical conformation, (b) the charge or hydrophobicity of
the molecule at the target site, or (¢} the bulk of the side chain. Naturalty
occuzﬁﬁg residues are divided into classes based on common side-chain
properties: : |

' (1) hydrophobic: met, ala, val, ley, ile;

(2) neuiral hydrophilic: bys, ser, thr;

(3)  acidic: asp, ghy; '

(&) basic: asn, gin, his, lys, arg;

(5)  residues that influence chain orientation: gly, pro; and

(6)  aromatic: trp, tyr, phe.

{0159] Non-conservative substitutions will entail exchanging a member of one of
these classes for a member of another class. Conservative substitutions will entail

exchanging a member of one of these classes for another member of the same

class..

Exemplary Polypeptides Comprising Modified ABMs

[6160] In one aspect, the present invention is related to antigen binding molecues
with amino acid modifications that alter the ability of the ABMs to induce cell
signaling activity and/or to mediate cross-linking of antigens. In one
embodiment, the modification to the ABM comprises at Ieast one amino acid
residue substitution in at least one framework region of the heavy chain or light
chain variable region as compared to a parent molecule. In a particular
embodiment, tﬂe substitution replaces an amino acid residue in heavy chain FR1.

In a preferred embodiment, the meodification to the ABM comprises a
substitution of an amino acid residue at one or more of Kabat positions 8, 9, 10,
11, 12, or 13 in the heavy chain variable region. In another embodiment, the "
modification to the ABM comprises 2 substitution of an amino acid residue in
heavy chain FR4. In a particular embodiment, the modification to the ABM

comprises a substitution of an amino acid residue at one or more of Kabat
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positions 110 or 112 in the heavy chain variable region. In another embodiment,
the modification to the ABM comprises at Ieast one amino acid residue
‘substitution in the light chain at the interface between the V and C re gions. Ina
more particular embodiment, the modification to the ABM comprises a
substitution of an amino acid residue at one or more of Kabat positions 40, SQ,
83, 105; or 106. |

[0161] In one embodiment, an amino acid may be substituted by generating a
point mutation in the parent sequence that results in the desired change in the
amino écid residue(s). Alternatively, the modification to the ABM may comprise
replacing an entire framework region of a parent molecule with a framework
region that comprises a desired amino acid residue at a particular position. In a
particular embodiment, thé modification to the ABM comprises replacing the .
FR1 of a parent molecule with the FR1 encoded by a germline variable gene:
sequence. |

[0162] In another embodiment of the invention, the ABM comprises at least a:
CHI! region and modification of the ABM comprises at least one amino acid
residue substitution as compared to a parent polypeptide. In a particular
embodiment, the modification to the ABM comprises substitution of one or more
of the amino acid residues at positions 148, 149 and/or 150 in the heavy chain
constant region.

[0163] In another aspect, the invention is directed to modified.antigen binding
molecules comprising one or more tnuncated CDRs of a parent antigen binding
moiecule. Such truncated CDRs will contain, at a minimum, the specificity-
determining amine acid residues for the given CDR. By "specificity-determining
residue” 1s meant those residues that are directly involved in the interaction with
the antigen. In general, only about one-fifth to one-third of the residues in a
given CDR participate in binding to antigen. The specificity-determining
residues in a particular CDR can be identified by, for example, computation of
interatomic contacts from three-dimensional modeling and determination of the
gsequence variability at a given residue position in accordance with the methods
described in Padlan er al., FASEB J. 9(1):133-139 (1995), the contents of which
are hereby incorporated by reference in their entirety.

{6164] Accordingly, the invention is also directed to an isolated polynucleotide

comprising at least one complementarity determining region of a parent
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molecule, or a variant or truncated form thereof containing at least the specificity-
determining residues for said coraplementarity determining region, wherein said
isolated polynucleotide encodes a fusion polypeptide. Preferably, such isolated
polynucleotides encode a fusion polypeptide that is a modified antigen binding
molecule. In one embodiment, the polynucleotide comprises three
complementarity determining regions of parent molecule, or variants or truncated
forms thereof containing at least the specificity-determining residues for each of
said three complementarity defermining regions. In another embodiment, the
polynucleotide encodes the entire variable region of the light or heavy chain of a
* chimeric (e.g., humanized) antibody. The invention is firther directed to the
polypeptides encoded by such polynucleotides. i
[0165] In another embodiment, the invention is directed to 2 modiﬁed‘lantigen
binding molecule comprising at least one complementarity determining region of -
a parent molecule, or a variant or truncated form thereof containing af lest the .
specificity-determining residues for said complementarity determining region, -
and comprising a sequence derived from a heterologous polypeptide. In one
embodiment, the modified antigen binding molecule comprises three
complementarity determining regions of the parent moleclue, or variants or
truncated forms thereof containing at least the specificity-determining residues
for each of said three complementarity determining regions.‘ In another aspect,
the modified antigen binding molecule comprises the variable region of an
antibody light or heavy chain. In one particularly useful embodiment, the antigen
binding molecule is a chimeric, e.g., humanized, antibody, The invention is also
directed to methods of making such modified antigen binding molecules, and the
use of same in the treatment of disease, inclﬁding cell proliferation disorders.
6166} It is kmown that several mechanisms are involved in the therapeutic
efficacy of antibodies, including antibody dependent cellular cytotoxicity
(ADCC), complement-dependent cytotoxicity (CDC), and the induction of
growth arrest, cell differentiation, or apoptosis.
{6167} The present invention is directed to modified ABMs that have increased
ability to induce apoptosis compared to the corresponding non-modified parent
ABM. For example, a parent ABM that has litfle or no ability to induce apoptosis
may be modified according to the present invention to generate a modified ABM

that does have the ability to induce apoptosis or that has an increased ability to
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induce apoptosis. The present invention is also directed to modified ABMs that

have incréased ability to induce growth arvest or cell differentiation as compared
to the corresponding non-modified parent ABM. For example, a parent ABM
thaf has little or no ability to induce growth arrest or cell differentiation may be
modified according to the present invention to generate a modified ABM that
does have the ability to induce growth arrest or differentiation or that has an
increased ability to induce growth arrest or differentiation.

[0168} With respect to anti-CD20 antibodies in particuiar, for example, the
majority of experimental evidence indicates that rituximab operates through
conventional effector mechanisms measured by CDC and ADCC assays.
Similarly, it has been shown that the resistance of different lymphoma cells to
rituximab in vivo is a function of éheir sensitivity to CDC in vitro. In contrast,
the mode of action in vivo of another anti-CD20 antibody that has been approved .
for therapeutic use, B1, requires neither complement nor natural killer (NK cell
activity. Rather, the efficacy of B1 in vivo is due to its ability to induce potent™
apoptosis. In general, anti-CD20 monoclonal antibodies fall info two distinct
categories based on their mechanism of action in eradicating lymphoma cells.
Type I anti-CD20 antibodies primarily utilize complement to kill target cells,
while Type II antibodies operate by different mechanisms, primarily apoptosis.
Rituximab and 1F5 are examples of Type I anti-CD20 antibodies, whereas B1 s
an example of a Type II antibody. See, e.g., Cragg, M.S. and Glennie, MLF.,
Blood 103(7):2738-2743 (April 2004); Teeling, T.L. ef al., Blood 104(6):1793- -
1800 (September 2004), the entire contents of which are hereby incorporated by
reference. |

[0169] U.S. Pat. Appl. Pub. No. 2005/0123546 to Umafia ef al. (which s herein
incorporated by reference in its entirety) discloses the first known instance in
which a Type I anti-CD20 antibody was engineered o have increased effector
functions such as ADCC, and to generate potent apoptosis ability, effectively
changing a Type 1 anti-CD20 antibody into a Type II anti-CD20 antibody. In one
embodiment, the present invention is-directed to a modified anti-CD20 antibody
comprising a substitution in a heavy chain or light chain variable region
compared to a Type I parent anti-CD20 antibody, wherein. the substitution(s)
result in increased induction of apoptosis by the modified anti-CD20 antibody.

In another embodiment, the present invention is directed to engineered Type I
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anti-CD20 antibodies having increased ADCC as a result of engineering for
increased effector function and without loss of substantial ability to induces
apoptosis. In one embodiment, the Type If anti-CD20 antibodies comprise a
substitution in one ot more amino acids in theheavy chain or light chain variable
region compared to a parent molecule. In another embodiment, the TypeI and/or
Type I anti-CD20 antibodies have been engineered to have an altered pattern of
glycosylation in the Fc region. In a particular embodiment, the altered
glycosylation of the modified ABM comprises an increased level of bisected
complex residues in the Fc region. In another particular smbodiment, the altered
glycosylation of the modified ABM comprises a reduced level of fucose residues
mthe Fe region. See U.S. Pat.‘Appl, Pub. No. 2004 0093621 to Shitara et al., the
entire contents of which is incorporated by reference. In another embodiment,
the Type I or Type U anti-CD20 antibodies have undergone polypeptide
engineering as taught in U.S. Pat. No. 6,737,056 to Presta or U.S. Pat. Appl. Pub..
No. 2004 0185045 (Macrogenics) or U.S. Pat. Appl. Pub, No. 2004 0132101
(Xencor), the entire contents of each of which are incorporated by reference. The
imvention is further directed to methods of making such engineered Type I or
Type II antibodies and to methods of using such antibodies in the treatment of

various B cell disorders, including B cell Iymphomas.

Chimeric and Humanized Modified ABMs

[0176] Chimeric mouse/human aniibodies have been described. See eg,

Morrison, S. L. f al., PNAS T1:6851-6854 (November 1984); European Patent
Publication No. 173494; Boulianna, G. L, at al., Nature 312:642 (Decen:iber
1984); Neubeiger, M. S. et al., Nature 314:268 (March 1985); Furopean Patent
Publication No. 125023; Tan et al., J. fmmunol. 135:8564 {(November 1985); Sun,
L. K et al., Hybridoma 5(1):517 (1986); Sahagan et al., J. Immunol. 137:1066-
1074 (1986). See generally, Muron, Nature 312:597 (December 1984); Dicksoxn,
Genetic Engineering News 5(3) (March 1985); Marx, Science 229:455 (August
1985); and Morrison, Science 229:1202-1207 (September 1985). Robinson ef al.,
in PCT Publication Number WO/88104936 describe a chimeric antibody with
human constam‘ region and murine variable region, having specificity to an
epitope of CD20; the murine portion of the chimeric antibody of the Robinson

references is derived from the 257 mouse monoclonal antibody (gamma 2b,
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kappa). While the reference notes that the described chimeric antibody is a
"prime candidate" for the treatment of B cell disorders, this statsment can be
viewed as no more than a suggestion to those in the art to determine whether or
not this suggestion is accurats for this particular antibody, particularly because
the reference lacks any data to support an assertion of therapeutic effectiveness,
and importantly, data using higher order mammals such as primates or humans.

[0171] Methodologies for generating chimeric antibodies are available to thosé n
the art. For exarmple, the light and heavy chains can be expressed separately,
using, for example, immunoglobulin light chain and immunoglobulin heavy
chains in separate plasmids, or on a single (e.g., polycistronic) vector. These can
then be purified and assembled in vitro into complete antibodies; methodologies
for accomplishiﬁg such assembly have boen described. See, for example, Scharff,
M., Harvey Lectures 69:125 (1974). In viiro reaction parameters for the-
formation of IgG antibodies from reduced isolated light and heavy chains have
also been described. See, for example, Sears er al., Biochem. 16(9):2016-25
Q9T |

[0172] Inaparticularly preferred embodirnent, the chimeric ABM ofthe present
mvention is a humanized antibody. Methods for humanizing non-human
antibodies are known in the art. For example, humanized ABMs of the present
invention can be prepared éccording to the methods of U.S. Pat. No. 5,225,539 to
Winter, U.S. Pat. No. 6,180,370 to Queen et al., or U.S. Pat. No. 6,632,927 to
Adair ef al., U.S. Pat. Appl. Publ. No. 2003/0039649 to Foote; U.S. Pat. Appl.
Publ. No. 2004/0044187 to Sato et al; or U.S. Pat. Appl. Publ. No.,
2005/0033028 to Leung et al., the entire contents of each of which are hereby
incorporated by reference. Preferably, a humanized antibody has one or more
amino acid residues introduced into it from a source which is non-human, These
non-human amino acid residues are often referred to as "import" residues, which
are typically taken from an “import" variable domain. Humanization can be
essentially performed following the method of Winter and co-workess (Jones et
al., Nature, 32.1:522—525 (1986); Riechmann et al., Nature, 332:323-327 (1988);
Verhoeyen et al., Science, 239:1534-1536 (1988)), by substituting hypervariable
region sequences for the corresponding sequences of a human antibody.
Accordingly, such "homanized" antibodies are chimeric antibodies (U.S. Pat, No.

4,816,567) wherein substantially less than an intact human variable domain has
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been substituted by the corresponding sequence from a non-human species. In
practice, humanized antibodies are typically human antibodies in which some
hypervariable region residues and possibly some FR residues are substituted by
residues from analogous sites in rodent antibodies. The subject humanized anti-

, CD20 antibodies will conprise constant regions of human immunoglobulin.

[0173] The choice of human variable domains, both Iighf and heavy, to be used
in making the humanized antibodies is Verf important to reduce antigenicity.
According to the so-called "best-fit" method, the sequence of the variable domain
of a rodent antibody is screened against the entire library of known human
variable-domain sequenées. The human sequence which is closest to that of the
rodent is then accepted as the human framework region (FR) for the humanized
antibody (Sims et al., J. Immunol., 151:2296 (1993); Chothia et al.,.J. Mol Biol.,
196:901 (1987)). Another method of selecting the human framework sequence is
to compare the sequence of each individual subregion of the full rodent
framework (i.e., FR1, FR2, FR3, and FR4) or some combination of the individual
subregions (e.g., FR1 and FR2) against a library of known human variable region
sequences that correspond to that framework subregion (e.g., as determined by
Kabat numbering), and choose the humai_& sequence for each subregion or
combination that is the closest to that of the rodent (Leung U.S. Patent
Application Publication No. 2003/0040606A1, published Feb. 27, 2003).
Another method uses a particular framework region derived from the consensus
sequence of all human antibodies of a particular subgroup of light or heavy
chains. The same framework may be used for sévleralz different humanized
antibodies (Carter et al., Proc. Natl. Acad. Sci. USA, 89:4285 {1992); Presta et
al., J. Immunol., 151:2623 (1993), the entire contents of each of which are herein
incorporated by reference in their entireties).

[0174) Itis further important that antibodies be humanized with retention of high
affinity for the antigen and other favorable biological properties. To achieve this
goal, according to a preferred method, humanized antibodies are prepared bya
process of analysis of the parental sequences and various conceptual humanized
products using thres-dimensional models of the parental and humanized
sequences. Three-dimensional immunoglobulin models can be generated using
computer programs familiar to those skilled in the art (e.g. InsightT], accelrys inc

- {former MSI), or at htip://swissmodel.expasy.org/ described by Schwede et al.,
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Nucleic Acids Res. 2003 (13):3381-3385), Inspection of these models permits
analysis of the likely role of the residues in the functioning of the candidate

~ immuno globulin sequence, i.e., the analysis of residues that influence the ability
of the candidate immunoglobulin to bind its antigen. In this way, FR residues can
be selected and combined from the recipient and import sequences so that the
desired antibody chamcterisﬁc, such as maintained affinity for the target
antigen(s), is achieved. In general, the hypervariable region residues are directly
and most substantially iﬁvoived In influencing antigen binding.

[6175) In another embodiment, the antigen binding molecules of the present
mvention are engineered to have enhanced binding affinity according to, for
example, the methods disclosed in U.S. Pat. Appl. Pub. No. 2004/0132066 to
Balint et al., the entire contents of which are hereby incorporated by reference.

[6176] In a preferred embodiment, the present invention is directed to an isolated -
polynucleotide comprising a sequence that encodes a polypeptide having an .
amino acid sequence as shown in Tables 3 and/or 5, below. The invention i§
further directed to an isolated nucleic acid comprising a sequence at least 80%;
85%, 90%, 95%, 96%, 97%, 98% or 99% identical to a nucleotide sequence
shown in Tables 2 and/or 4, below. In another embodiment, the invention is
-dirested to an isolated nucleic acid comprising a sequence that encodes a
polypeptide having an amino acid se@uence at least 80%, 85%, 90%, 95%, 96%,
97%, 98% or 99% identical to an amino acid sequence in-Tables 3 and/or 5,

‘below. The invention also encompasses an isolated nucleic acid comprising a
sequence that encodes a polypeptide having the amino ac;id sequence of any of
the constructs in Tables 3 and/or 5, with conservative amino acid substitutions.
In certain embodiments, any of the polynucleotides or polypeptides of Tables 2- 5
may be excluded. Therefore, for example, in certain embodiments, the modified
ABM, and/or the polynucleotide encoding the modified ABM, does not comprise
any or all of SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:35, SEQ IDNG:36, SEQ
ID NO:37, or SEQ ID NO:38. In another example, in certain smbodiments, the
modified ABM of the present invention does not comprise any or all of SEQID
NOs:55-62. |

{0177) In another embodiment, the present invention is directed to an isolated
polypeptide comprising an amino acid sequence as shown in Tables 3 and/or 5,

below. The invention is further directed to an isolated polypeptide comprising a
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sequence encoded by a nucleotide sequence shown in Tables 2 and/or 4, below.
In another embodiment, the invention is directed to an isolated polypeptide
comprising an amino acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%,
98% or 99% identical to an amino acid sequence in Tables 3 and/or 5, below.
The mvention also encompasses an isolated polypeptide comprising an amino
acid sequence of any of the consiructs in Tables 3 and/or 5, with conservative
amino acid substitutions. In certain embodiments, any of the polynucleotides or
polypeptides of Tables 2- 5 may be excluded. Therefore, for example, m certain
embodiments, the polypeptide does not comprise an amino acid sequence
corresponding to or encoded by any or all of SEQ ID NO:3, SEQ ID NO4, SEQ
D NO:BS, SEQ ID NO:36, SEQ ID NO:37, or SEQ ID NO:38. In another
example, in certain embodiments, the modified ABM of the present invention

does not comprise any or all of SEQ ID NOs:55-62.
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TABLE 2
CONSTRUCT NUCLEOTIDE SEQUENCE SEQID
‘ NG
B-HH1 CAGGTGCAATTGGTGCAGTCTGGCOGCTGAAGTTAAGAAGC 1

CTGGGAGTTCAGTGAAGGTCTCCTGCAAGGCTTCCGGATA
CACCTTCAGCTATTCTTGGATGAGCTGGGTGCGGCAGGCC
CCTGGACAAGGGCTUGAGTGGATGGGACGGATCITTCCCG
GOGATGGUGATACTGACTACGCACAGAAATTCCAAGGAAG
AGTCACAATTACCGCCGACAAATCCACTAGCACAGCCTAT
ATGGAGCTGAGCAGCCTGAGATCTGAGGACACGGCCGTGT
-ATTACTGTGCAAGAAATGTCTITTGATGGTTACTGGCTTGTT
TACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCA ‘
B-HI2 CAGGTGCAATTGGTGCAGTCTGGCGCTGAAGTTAAGAAGC 3
CTGGGAGTTCAGTGAAGGTCTCCTGCAAGGCTTCCGGATA
CGCCTTCAGCTATTCTTGGATGAACTGGGTGOGGCAGGCC
CCTGGACAAGGGCTCGAGTGGATGGGACGGATCTTTCCCG
GCGATGGGGATACTGACTACAATGGGAAATTCAAGGGCAG
AGTCACAATTACCGCCGACAAATCCACTAGCACAGCCTAT
ATGGAGCTGAGCAGCCTGAGATCTGAGGACACGGCCGTGT
ATTACTGTGCAAGAAATGTCTTTGATGGTTACTGGCTTGTIT
TACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTICA
BEH3 CAGGTGCAATTGOTGCAGTCTGGOGCTGAAGTTAAGAAGC 5
CTGGGAGTTCAGTGAAGGTCTCCTGCAAGGCTTCCGGATA ‘
CGCCTTCAGCTATTCTTGGATGAACTGGGTGCGGCAGSECC
CCTGGACAAGGGCTCGAGTGGATGGGACGGATCTTTCCCG
GCGATGUGGATACTGACTACAATGGGAAATTCAAGGGCAG
AGTCACAATTACCGCOGACAAATCCACTAGCACAGCCTAT
ATGGAGCTGAGCAGCCTGAGATCTGAGGACACGGCCGTGT
ATCTGTGTGCAAGAAATGTCITTGATGGTTACTAGGCTTGTT
TACTGGGGCCAGGGAACCCTGETCACCGTCTCCTCAGCTA
GCACC
B-HH4 CAGGTGCAATTGGTGCAGTCTGGCGCTGAAGTTAAGAAGC 7
CTGGAGCTTCAGTGAAGGTCTCCTGCAAGGTCTCCGGATA
CGCGTTCAGCTATTCTITGGATGAACTGGGTGECGGCAGGCC
CCTGGACAAGGGCTCGAGTGGATGGGACGGATCTTTCCCG
GCGATGGGGATACTGACTACAATGGGAAATTCAAGGGCAG
AGTCACAATTACCGCCGACAAATCCACTAGCACAGCCTAT
ATGGAGCTGAGCAGCCTGAGATCTGAGGACACGGCCGTAET
ATTACTGTGCAAGAAATGTCTTTGATGGTTACTGGCTTGIT
TACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTICA
B-HHS CAGGTGCAATTGGTGCAGTCTGGCGUTGAAGTTAAGAAGC 9
CTGGGAGTTCAGTGAAGGTCTCCTGCAAGGCTTCCGGATA
CGCGTTCAGCTATTCTTGGATGAGCTGGATGCGGCAGGCG
CCTGGACAAGGGCTCGAGTGGATGGGACGGATCTTTCCCG
GCGATGGGGATACTGACTACAATGGGAAATTCAAGGGCAG
AGTCACAATTACCGCCGACAAATOCACTAGCACAGCCTAT
ATGGAGCTGAGCAGCCTGAGATCTGAGGACACGGCCATAT
- ATTACTGTGCAAGAAATGTCTTTGATGGTTACTGGCTIGIT
TACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCA
B-HHe CAGGTGCAATTGGTGCAGTCTGGCGCTGAAGTTAAGAAGC 11
CTGGGAGTTCAGTGAAGGTCTCCTACAAGGCTTCCGGATA
CGCCTITCAGCTATTCTTGGATCAATTGGGTGCGGECAGGUGC
CTGGACAAGGGCTCGAGTGGATGGGACGGATCTTICCCGG
COGATGGGGATACTGACTACAATGGGAAATTCAAGGGCAGA
GTCACAATTACCGCCGACAAATCCACTAGCACAGCCTATA
TGGAGCTGAGCAGUCTGAGATCTGAGGACACGGCCGTGTA
TTACTGTGCAAGAAATGTCTITTGATGGTTACTGGCTTGTTT
ACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCA,
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CONSTRUCT NUCLEOTIDE SEQUENCE SEQID
, NOC
B-HIE7 CAGGTGCAATTGGTGCAGTCTGGCGCTGAAGTTAAGAAGC 13
CTGGGAGTTCAGTGAAGGTCTCCTGCAAGGCTTCCGGATA
CGCCTTCAGCTATTCTTGGATCTCGTGGGTGCGGCAGGCGE
CTGGACAAGGGCTCGAGTGGATGGGACGGATCTTTCCCGG
CGATGGGGATACTGACTACAATGGGAAATTCAAGGGCAGA
GTCACAATTACCGCCGACAAATCCACTAGCACAGCCT ATA
TGGAGCTGAGCAGCCTGAGATCTGAGGACACGGLCATGTA
TTACTGTGCAAGAAATGTCTITTGATGGTTACTGGCTIGTTT
ACTGGGGCCAGGRAACCCTGGTCACCGTCTCUTCA,

B-HHS CAGGTGCAATTGGTGCAGTCTGGCGCTGAAGTTAAGAAGC 15
CIGGCGCCTCAGTGAAGGTCTCCTGCAAGGCTTCCGGATA
CACCTTCACATACAGCTGGATGAACTGGGTGCGGCAGGCC
CCTGGACAAGGGCTCGAGTGGATGGGACGGATCTTTCCCG
GCGATGGGGATACTGACTACAATGGGAAATTCAAGGGCAG
AGTCACAATTACCGCCGACAAATCCACTAGCACAGCCTAT
ATGGAGCTGAGCAGCCTGAGATCTGAGGACACGGCCGTGT
ATTACTGTGCAAGAAATGTICTTITGATGGTTACTGGCTTGTT
TACTGGGGCCAGGGAACCCTGATCACCGTCTCCTCA,

B-HH9 CAGGTGCAATTGGTGCAGTCTGGCGCTGAAGTTAAGAAGC 17
CTGGCGCCTCAGTGAAGGTCTCCTGCAAGGCTTCCGGATA
CACCTTCAGCTATTCTTGGATGAACTGGGTHCGGCAGGCC
CCTGGACAAGGGCTCGAGTGGATGGGACGGATCTTTCCCG
GCGATGGEGGATACTGACTACAATGGGAAATTCAAGGGCAG
AGTCACAATTACCGCCGACAAATCCACTAGCACAGCCTAT
ATGGAGCTGAGCAGCUTGAGATCTGAGGACACGGCCOGTGT
ATTACTGTGCAAGAAATGTCTITGATGGTTACTGRCTTGTT
TACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCA

B-HLI CAGGTGCAATTGGTGCAGTCTGGCGCTGAAGTTAAGAAGC 19
CTGGGGCCTCAGTGAAGGTCTCCTGCAAGGCTTCCGGATA
CACCTTCACCTATTCTTGGATGCACTGGGTGCGGCAGGCCC
CTGGACAAGGGCTCGAGTGGATGGGACGGATCTTTICCCGG
CGATGGGGATACTGACTACGCACAGAAATTCCAAGGAAGA
GTCACAATGACACGGGACACGTCCACTTCCACCGTCTATA,
TGGAGCTGAGCAGCCTGAGATCTGAGGACACGGCCGTGTA
TTACTGTGCAAGAAATGTCTTTGATGGTTACTGGCTTGTTT
ACTGGGGCCAGGGAACCCTGGTCACCGTCTCCUTCA

B-HL2 GAGGTGCAATTGATGCAGTCTGGCGCTGAAGTTAAGAAGC 21
CTGGGGCCACCGTGAAGATCTCCTGCAAGGTGTCCGGATA
CACCTTCACCTATTCTTGGATGCACTGGGTGCAGCAGGCCC
CTGGAAAGGGGCTCGAGTGGATGGGACGGATCTTTCCCGG
CGATGGGGATACTGACTACGCAGAGAAATTCCAAGGAAG
AGTCACAATCACAGCCGACACGTCCACTGACACCGCCTAT
ATGGAGCTGAGCAGCCTGAGATCTGAGGACACGGCCGTGT
ATTACTGTGCAACCAATGTCTTTIGATGGTTACTGGCTTIGIT
TACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCA

B-HL3 GAGGTGCAATTGGTGCAGTCTGGUGCTGAAGTTAAGAAGC 23
CTGGGGCCACCGTGAAGATCTCCTGCAAGATGTCCGGATA
CACCTTCACCTATTCTTOGATGAACTGGGTGCAGCAGGCCC
CITGGAAAGGGGCTCGAGTGGATGGGACGGATCTTTCCCGG
CGATGGGGATACTGACTACAATGGGAAATTCAAGGGAAG
AGTCACAATCACAGCCGACACGTCCACTGACACCGCCTAT
ATGGAGCTGAGCAGCCTGAGATCTGAGGACACGGCCGTGT
ATTACTGTGCAACCAATETCTITTGATGGTTACTGGCTIGIT
TACTGGGGCCAGGGAACCCTGGTCACCGTCTCCICA
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‘ NO
B-HL4 CAGATGCAATTGGTGCAGTCTGGCGCTGAAGTTAAGAAGA 23
CCGGGAGTTCAGTGAAGUTCTCCTGCAAGGCTTCCGGATA
CACCTITCACCTATTCITGGATGAGCTGGGTGCGGCAGGCCC
CTGGACAAGGGCTCGAGTGGATAGGGACGGATCITICCCGG
CGATGGGGATACTGACTACGCACAGAAATTCCAAGGAAGA
GTCACAATTACCGCCOGACAAATCCACTAGCACAGCCTATA
TGGAGCTGAGCAGCCTGAGATCTGAGGACACGGCCGTIGTA
TTACTGTGCAAGAAATGTCTITGATGGTTACTGGCTTGTYIT
ACTGGGGCCAGGGAACCCTIGUTCACCGTCTCCTCAGCTAG
CACC :
B-HI1.8 GAAGTGCAGCTGGTGGAGTCTGGAGGAGGCTTGGTCAAGC 27
CTGGCGGGTCCCTGCGGCTCTCCTGTGCAGCCTCTGGATTC
ACATTTAGCTATICTTGGATGAACTGGGTGCGGCAGGCTCC
TGGAAAGGGUCTCGAGTGGGTGGGACGGATCTTTCCCGGC
GATOGGGATACTGACTACAATGGCGAAATTCAAGGGCAGA
GTCACAATTACCGCCGACAAATCCACTAGCACAGCCTATA
TGGAGCTGAGCAGCCTGAGATCTGAGGACACGGCCGTGTA
TTACTGTGCAAGAAATGTCTTITGATGGTTACTGGCTTGTTT
ACTGGGGCCAGGGAACCCTGGTCACCGTCTICCTCA
B-HL10 CGGAATTCGGCCCACCGGTGGCCACCATGGACTGGACCTG 29
GAGGATCCTCTTCTTGGTGGCAGCAGCCACAGGAGCCCAC
TCCGAAGTGCAGCTGGETGGAGTICTGGAGGAGGCTTGGTCA
AGCCTGGCGGGTCCCTGCGGCTCTCCTGTGCAGCCTICTGGA
TTCGCATTCAGCTATTCTTGGATGAACTGGGTGCGGCAGGC
TCCTGGAAAGGGCCTCGAGTGGETGGGACGGATCTTICCC
GGOGATGGGGATACTGACTACAATGGGAAATTCAAGGGCA
GAGTCACAATTACCGCCGACAAATCCACTAGCACAGCCTA
TATGGAGCTGAGCAGCCTGAGATCTGAGGACACGGLCGTG
TATTACTGTGCAAGAAATGTCTTTGATGGTTACTGGCTTIGT
TTACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCAGCT
AGCGAATTCTCGA
B-HLI1 CAGGTGCAGCTGGTGGAGTCTGGAGGAGGCTTGGTCAAGC 31
CTGGCGGGTCCCTGCGRCTCTCCTGTGCAGCCTCTGGATIC
ACATTTAGCTATTCTTGGATCGAACTGGGTGCGGCAGGCTCC
TGGAAAGGGUCTCGAGTGGGTGEGACGGATCTTTCCCGGC
GATGGGGATACTGACTACAATGGGAAATTCAAGGGCAGA
GTCACAATTACCGCCGACAAATCCACTAGCACAGCCTATA
TGGAGCTCGAGCAGCCTGAGATCTGAGGACACGGCCGTGTA
TTACTGTGCAAGAAATGTCITTGATGGTTACTGGCTIGTTT
ACTGGGGCCAGGGAACCCTGOTCACCGTCTICCTCA '
B-HL12 || CGGAATTCGGCCCACCGGTGGCCACCATGGACTGGACCTIG 33
GAGGATCCTCTTCTTGGTGGCAGCAGCCACAGGAGCTCAC
TCCGAAGTGCAGCTCGTGGAGTCTGGAGCAGGCTTGGTCA
AGCCTGEGCGAETCCCTGCEGCTICTCCTGCGCAGCCTCTGG
ATTCACATTTAGCTATTCTTGGATGAACTGGGTGCGGCAGG
CTCCTGGAAAGGGCCTCGAGTGGGTGGGACGGATCTITTCC
CGGCGATAGGGATACTGACTACAATGGGAAATTCAAGGGC
AGAGTCACAATTACCGCCGACAAATCCACTAGCACAGCCT
ATATGGAGCTGAGCAGCCTGAGATCTGAGGACACGGCCGT
GTATTACTGTGCAAGAAATGTCTITGATGGTTACTGGCTTG
TTTACTGGGGCCAGGGAACCCTGETCACCGTCTCCTCAGCT
AGCQAATTCTCGA
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CONSTRUCT NUCLEOTIDE SEQUENCE SEGID
NO
B-HL13 CGGAATTCGGCCCACCGGTGGCCACCATGGACTGGACCTG 35
GAGGATCCTCTTCTTGGTGGCAGCAGCCACAGGAGCTCAC
TCCGAAGTGCAGCTCATCGAGTCTGGAGGAGGCGTGGTCA
AGCCTGGCGGGETCCCTGCGGCICTCCTGCGTAGCCTCTGG
ATTCACATTTAGCTATTCTTGGATGAACTGGGTGCGGCAGG
CTCCTGGAAAGGGCCTCGAGTGGGTGGGACGGATCTTTCC
CGGCGATGGGGATACTGACTACAATGGGAAATTCAAGGGC
AGAGTCACAATTACCGCCGACAAATCCACTAGCACAGCCT
ATATGGAGCTGAGCAGCCTGAGATCTGAGGACACGGCLGT
GTATTACTGTGCAAGAAATGTCTTTGATGGTTACIGGCTTG
TTTACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTICAGCT
AGCGAATTCTCGA
B-HL14 CGGAATTCGGCCCACCAGTGGCCACCATGGACTGGACCTG 37
GAGGATCCTCTTCTTGGTGGCAGCAGCCACAGGAGCTCAC
TCCGAAGTGCAGCTGGTCGAGTCCGOAGGAGGCTTGAAGA
AGCCTGGCGGGTCCCTGOGGCTCTCCTGOGCAGCCTCIGG
ATTCACATTTAGCTATTCTTGGATGAACTGGGETGCGGCAGS
CTCCTGRAAAGUGCCTCGAGTGGETGGGACGBATCTTTCC
CGGCGATGGGGATACTGACTACAATGGGAAATTCAAGGGC
AGAGTCACAATTACCGCCGACAAATCCACTAGCACAGCCT
ATATGGAGCTGAGCAGCCTGAGATCTGAGGACACGGCUGT
GTATTACTGTGCAAGAAATGTCTTTGATGGTTACTGGCTTG
TITACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCAGCT
AGCGAATTCTCGA
B-HLI3 CGGAATTCGGCCCACCGGTEGCCACCATGGACTGGACCTG 39
GAGGATCCTCTTCTTGGTGGCAGCAGCCACAGGAGCCCAC
TCCGAAGTGCAGCTOGGTGGAGTCTGGAGGAGGCTTGGTCA
AGCCTGGCTCTTCCCTGCGGCTCTCCTGCGCAGCCTCTGGA
TTCACATTTAGCTATTCTTGGATGAACTGGGTGCGGTCAGGC
TCCTGGAAAGGGCCTCGAGTGGETGGGACGGATCTTICCC
GGCGATGGGGATACTGACTACAATGGGAAATTCAAGGGCA
GAGTCACAATTACCGCCGACAAATCCACTAGCACAGCCTA
TATGGAGCTGAGCAGCCTGAGATCTGAGGACACGGCLGTG
TATTACTGTGCAAGAAATGTCTTTGATGGTTACTGGCTTGT
TTACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCAGCT
_ AGCGAATTCTCGA
B-HL16 * | CGGAATTCGGCCCACCGGTGGCCACCATGGACTGGACCTG 41
GAGGATCCTCTTCTTGETGGCAGCAGCCACAGGAGCCCAC
TCCGAAGTGCAGCTGGTGGAGTCTGOAGGAGGCTTGGTCA
AGCCTGGCGGGTCCCTGCOGGTCAGCTGCGCAGCCTCTIGE
ATTCACATTTAGCTATTCTTGGATGAACTGGGTGCGGCAGG
CTCCTGGAAAGGGCCTCGAGTGGGTGGGACGGATCETTCC
COGCGATGGGGATACTGACTACAATGGGAAATTCAAGGGC
AGAGTCACAATTACCGCCGACAAATCCACTAGCACAGCCT
ATATGGAGCTGAGCAGCCTGAGATCTGAGGACACGGCCGT
GTATTACTGTGCAAGAAATGTCTTTGATGGTITACTGGCTTG
TTTACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCAGCT
AGCGAATTCTCGA
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CONSTRUCT NUCLEOCTIDE SEQUENCH ' SEQ ID
NO
B-H1.17 CGGAATTCGGCCCACCGGTGGCCACCATGGACTGGACCTA 43
GAGGATCCTCTTCITGGTGGCAGCAGCCACAGGAGCCCAC
TCOCGAAGTGCAGCTGGTGGAGTCTGGAGGAGGCTTIGGTCA.
AGCCTGGCGGETCCCTECGGCTCTCCTGCGCAGCCTCIGG |
ATTCACATITAGCTATTCITGGATGAACTGGGTGCGGCAGE
CTCCTGGAAAGGGCCTCGAGTGGGTGGGACGGATCTTTCC
CGGCGATGGGGATACTGACTACAATGGGAAATTCAAGGGC
AGAGTCACAATTACCGCCGACAAATCCACTAGCACAGCCT
ATATGGAGCTGAGCAGCCTGAGATCTGAGGACACGGCCGT
GTATTACTGTGCAAGAAATGTCTTTGATGGTTACTGGCTTG
TITACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCAGCT
AGCGAATTCTCGA

VH Signal | ATGGACTGGACCTGGAGGATCCTCTTCTTGGTGGCAGCAG | 45
Sequence | CCACAGGAGCCCACTCC ‘

B-KV1 GATATCGTGATGACCCAGACTCCACTCTCCCTGCCCATCAL 47
CCCTGGAGAGCCCGCCAGCATTAGCTGCAGGTCTAGCAAG
AGCCTCTTGCACAGCAATGGCATCACTTATTTGTATTGGTA
CCTGCAAAAGCCAGGGCAGTCTCCACAGCTCCTGATTTAT
CAAATGTCCAACCTTIGTICTCTGGCGTCCCTGACCGGTTCTIC
CGGATCCGGGTCAGGCACTGATTTICACACTGAAAATCAGC
AGGGTGGAGGCTCGAGGATAGTTGGAGTTTATTACTGCGCTL
AGAATCTAGAACTTCCTITACACCTTCGGCGGAGGGACCAA
‘ GGTGGAGATCAAACGTACGATG
VL Sigmal ) ATGGACATGAGGGTCCCCGCTCAGCTCCTGGGCCTCCTGCT 49"
Sequence | GCTCTGGTTCCCAGGTGCCAGGTGT

TABLE 3

CONSTRUCT ‘ AMING ACID SEQUENCE SEQ ID
: NO
B-HH1 QVQLVQSGAEVKKPGSSVEVSCRASGYTFSYSWMSWVRQAP 2
GQGLEWMGRIFFGDGDTDYAQKFQGRVTITADKSTSTAYMEL
SSLRSEDTAVYYCARNVEDGYWLVYWGQGTLVTVSS

B-HR2 QVQLVQSGAEVEEPGSSVEVSCRKASGYAFSYSWMNWVRQA 4
PGQGLEWMGRIFPGDGDTDYNGKFEGRVTITADKSTSTAYME
LSSLRSEDTAVYYCARNVEDGYWLVYWGQGTLVTVSS

B-HH2A QVQLVOSGABLEKPGSSVEVSCEASGYAFSYSWMNWVROAP 124
GOQGLEWMGRIFPGDGDTD YNGR FKGRVIITADESTSTAYMEL
SSLRSEDTAVYYCARNVFDGYWLVYWGQGTLVTVSS

B-HH2B QVQLVQSGAEVVEPGSSVEK VSCKASGYAPSYSWMNWVRGA 125
| PGQGLEWMGRIFPGDGDTDYNGKFK GRVTITADKSTSTAYME
LSSLRSEDTAVYYCARNVEDGYWLVYWGQGTLVTIVSS
B-HH2C QVOLVQSGGEVEXPGSSVEVSCRASGYAFSYSWMNWVRQA 126
PGQGLEWMGRIFPGDGDTDYNGEFEKGRVTITADRSTSTAYME
LSSLRSEDTAVYYCARNVFDGYWLVYWGQGTLVTVSS
B-HEID QVQLVOSGAGVEEPGSSVRVSCEASGYAFSYSWMNWVROA 127
PGQGLEWMGRIFPGDGDTDYNGKFKGRVTITADESTSTAYME
LSSLRSEDTAVYYCARNVFDGYWLVYWGQGTLVTVSS
B-HE2E .} QVQLVQSGAEVEKEPGSSVEVECEASGYAFSYSWMNWVRQA 128
PGQGLEWMGRIFPGDGDTDYNGEFKGRVIITADKSTSTAYME
LSSLRSEDTAVYYCARNVEDGYWLYVYWGQGTLVIVSS
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CONSTRUCT AMING ACTD SEQUENCE SEQID
‘ NO
B-HH2F QVOQLVQSGAEVERPGSSVEVSCKASGYAFSYSWMNWVYRQA 129

' PGQGLEWMGRIFPGDGDTDYNGKFEKGRVTITADESTSTAYME
LSSIRSEDTAVYYCARNVFDGYWLVYWGQGTLVIVIS

B-HH3 OVQLVYQSGABVEKPGESSVEVSCKASGY APSYSWMNWVRQA 6
PGQGLEWMGRIFPGDGDTDYNGRFEGRVTITADKSTSTAYME
LSSLRSEDTAVYL.CARNVFDGYWLYYWGQGTLVIVSS

B-HH4 QVOQLVQSGAEVEKPGASVEVSCKVSGYAFSYSWMINWVRQA 8
PGQGLEWMGRIFPGDGDTDYNCGRFEGRVTITADESTSTAYME
LSSLRSEDTAVYYCARNVFDGYWLVYWGQGTLVTVSS

BAHRIS QVQLVQSGABVEKPGSSVEVSCKASGYAFSYSWMSWVRQAP 10
GQGLEWMGRIFPGDGDTDYNGEFEGRVTITADKSTSTAYMEL
SSLRSEDTAVYYCARNVEDGYWLVYWGQGTLVTIVSS

B-FH6 QVOLVQSGAEVKKPGSSVEVSCRASGYAFSYSWINWVRQAP 12
GQGLEWMGRIFPGDGDTDYNGKFKGRVTITADKSTSTAYMEL
SSLRSEDTAVYYCARNVFDGYWLVYWGQGTLVTVSS

B-HEL7 QVQLVQEGAEVERPGESVEVECKASGYAFSYSWISWVROAP 14
GQGLEWMGRIFPGDGDTDYNGRKFKGRVTITADESTSTAYMEL
| SSLRSEDTAVYYCARNVFDGYWLVYWGQGATLVIVSS

B-EHE QVQLVQSGAEVEKKPGASVEVSCKASGYTHFTYSWMINWVRQA 1o
PGOGLEWMGRIFPGDGDTDYNGEFEGRVTITADESTSTAYME
LSSIRSEDTAVYYCARNVFDGYWLVYWGQGTLVTVSS

B-HHS | QVQLVQSGAEVEKPGASVEVSCKASGYTFSY SWMNWVRQA 13
PGQGLEWMGRIFPGDGDTDYNGEKFK GRVTITADKSTSTAYME
LSSLRSEDTAVYYCARNVEDGYWLVYWGQGTLVTVSS

B-HL1 QVOLVQSGAEVERTPGASVEVECEASGYTFTYSWMHWVRGA 20
PGQGLEWMGRIFPGDGDTDYAQEFQGRVTMIRDTSTSTVYM
EBLSSIRSEDTAVYYCARNVFDGYWLVYWGQGTLVTVSS

B-HL2 EVQLVQSGAEVEKPGATVEKISCKVSGYTFTYSWMHWVYQQAP 22
GEGLEWMGRIFPGDGDTDYAERFQGRVTITADTSTDTAYMEL
SSLRSEDTAVYYCATNVEDGYWLYYWGQGTLVTVSS

BHL? | EVQLVQSGAEVERPGATVEISCKVSGYTFIYSWMNWVOOQAP | 24
GEGLEWMGRIFPGDGDTDYNGEFEGRVTITADTSTDTAYME
LSSLRSEDTAVYYCATNVEDGYWLVYWGQGTLVTVSS
BHLA | QMQLVQSGAEVEKRTGSSVEVSCEASGYIFIY SWMSWVROA 26
PGQGLEWMGRIFPGDGDTDYAQRFQGRVTITADKSTSTAYME
LSSLRSEDTAVYYCARNVFDGYWLVYWGQGTLVTVSS

- B-HLE EVOLVESGGGLVEPGGSLRLSCAASGFTESYSWMNWVRQAY 28
GEGLEWVGRIFPGDGDTDYNGEFEGRVTITADRSTSTAYMEL
SSLRSEDTAVYYCARNVFDGYWLVYWGQGTLVTVSS

B-HL10 EVQLVESGGGLVEPGGSLRLSCAASGFATSYSWMNWVRQAP 30
GRGLEWVGRIFPGDGDTDYNGRFEGRVTITADK STSTAYMEL
SSLRSEDTAVYYCARNVFDGYWLVYWGQGTLVTIVSS
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CORSTRUCT AMING ACID SEQUENCE SEQ D
. NO
BHLI] | OVOLVESGGGLVRKPGGSLRLICAASGITSYSWMNWVROAD | 32
GKGLEWVGRIFPGDGDTDYNGKFEGRVTITADKSTSTAYMEL
SSIRSEDTAVYYCARNVEDGYWLVYWGQGTLVTVSS

B-HI.12 EVQLVESGAGLVKPGGSLRI;SCAASGF’I’F SYSWMNWVRQAP 34
GEGLEWMGRIFPGDGDTDYNGEFKGRVTITADESTSTAYMEL
SSLRSEDTAVYYCARNVFDGYWLVYWGQGTLVTVSS

B-HL13 EVQLVESGGGVVEPGGSLRLECAASGFTFSYSWMNWVRQAP 36
GRGLEWMGRIFPGDGDTDYNGEFEGRVTITADKSTSTAYMEL
't SSLRSEDTAVY Y CARNVEDGYWLVYWGQGTLVTVSS

B-HL14 BEVQLVESGGGLEKEPGGSLRLESCAASGFTESYSWMNWVROQAP 38
GEGLEWMGRIFPGDGDTDYNGEFEGRVTITADRSTSTAYMEL
SSLRSEDTAVYYCARNVEDGYWLVYWGQGTLVTVSS

B-HLLS EVQLVESGGGLYKPGSSLRLSCAASGFTESYSWMNWVRQAP 40
GKGLEWMGRIFPGDGDTDYNGEFEGRVTITADESTSTAYMEL
SSLRSEDTAVYYCARNVEDGYWLVYWGQGTLVTVSS

B-HL16 EVQLVESGGGLVEPGGSLRVSCAASGFTFSYSWMNWVRQAP 42
GEGLEWMGRIFPGDGDTDYNGEFEGRVTITADKSTSTAYMEL
SSLRSEDTAVYYCARNVFDGYWLVYWGQGTLVTVSS

B-HL1Y EVQLVESGGGLVEPGGSLRLESCAASGFTFSYSWMNWVRQAP 44
GEGLEWMGRIFPGDGDTDYNGEFEKGRVTITADESTSTAYMEL
SSLRSEDTAVYYCARNVEDGYWEVYWGQGTLVTVSS

VH Signal | MDWTWRILFLYAAATGAHS 46
Sequence

BREVI | DIVMTQTPLSLPVIPGEPASISCRSSKSLLESNGITYLYWYLQK | 48
PGQSPOLLIYQMSNLYVSGVPDRPSGSGSGTDRTLKISRVEAED
' VGVYYCAQNLELPYTRGGGTKVEIKRTV

B-RKV10 | DIVMTQIPLSLPVIPGEPASISCRSSKSLLHSNGITYLYWYLQK 130
AGQSPQLLIYGMSNLVSGVPDRFSGSGSGTDETLKISRVEAED
VEVYYCAQNLELPYTFGGGTEVEIKRTV

B-KV1ii1 DIVMTQTPLSLPVIPGEP ASISCRSSKSLIHSNGITYLYWYLQK 131
PGQSPQLLIY QMSNLVSGVPDREFSGSGSGTDFTLEISRVEPEDVY
GVYYCAQNLELPYTFGGGTRVEIKRTY .

B-RVIZ DIVMTQTPLELPVTPGEPASISCRSSKSLLHSNGITYLYWYLQK 132
PGQSPQLLIY QMSNLVSGVPDRFESGSGSGTDFTLRISRVEAEDF
GVYYCAQNLELPYTFGGGTEVEIERTV

B-EVi3 DIVMTQTPLSLEVTPGEPASISCRESKSLLHSNGITYLYWYLQK 133
PGQSPOQLLIYOMSNLVSGVPDRFSGSGSGTDFTLKISRVEAED
VOVYYCAQNLELPYIFGGGTEVAIERTV

B-KV14 DIVMTQTPLELPVIPGEFASISCRSSKSLLHSNGITYLYWYLQK 134
PGOSPQLLIY QMSNLYSGVPDRFSGRGSGTDFTLEISRVEAED
VGVYYCAQNLELPYTFGGGTEVEAKRTV
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CONSTRUCT AMING ACID SEQUENCE SEQ 1D
: NO
VL Signal | MDMRVPAQLLGLLLLWEPGARC 50

Sequence
TABLE 4

SEQID
CONSTRUCT NUCLEOTIDE SEQUENCE NQ.
I-HHD CAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGA 51

AGCCTGGGTCCTCAGTGAAGGTCTCCTGCAAGGCCTCT
GGTTTCACATTCACTGACTACAAGATACACTGGGTGCG
ACAGGCCCCTGGACAAGGGCTCGAGTGGATGGGATATT
TCAACCCTAACAGCGGTTATAGTACCTACGCACAGAAG
TTCCAGGGCAGGGTCACCATTACCGCGGACAAATCCAC
GAGCACAGCCTACATGGAGCTGAGCAGCCTGAGATCTG
AGGACACGGCCGTGTATTACTGTGCGAGACTATCCCCAG
GCGGTTACTATGTTATGGATGCCTGGGGCCAAGGGACCA
CCGTGACCGTICTCCTCA

M-HHA GAAGTGCAGCTGGTGGAGTCTGGAGGAGGCTTGGTCAAGC | 53

CTGGLGGGETCCCTGCGGUTCTCCTGTGCAGCCTCCGGATTC
ACATTTAGCAACTATTGGATGAACTGGGTGCGGCAGGCTCC
TGGAAAGGGCCTCGAGTGGATGGGAGAGATCAGATTGAAA
TCCAATAACTTCGGAAGATATTACGCTGCAAGCGTGAAGGG
CCGGTTCACCATCAGCAGAGATGATTCCAAGAACACGCTGT
| ACCTGCAGATGAACAGCCTGAAGACCGAGGATACGGCCGT
GTATTACTGTACCACATACGGCAACTACGTTGGUCACTACT
TCGACCACTGGGGCCAAGGGACCACCGTCACCGTCTCCAGT
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TABLE S
SEQID
CONSTRUCT AMING ACID SEQUENCE NO.
D QVQLVQSGAEVEKPGSSVEVSCKASGFTFIDYRITWY

RQAPGOQGLEWMGYFNPNSGYSTYAQEFQGRVTITADK
STSTAYMELSSLRSEDTAVYYCARLSPGGYYVMDAWG
QGTITVTVSS '

52

M-HHA. EVQLVESGGGLVEPGGSLRISCAASGFTFSNYWMNWVRQAP 54
GKGLEWVGEIRLESNNEGRY YAASVE GRFTISRDDSENTLYL
QMNSLEKTEDTAVYYCTTYGNYVGHYFDEWGQGTTVTVSS

[0178] In another particular embodiment, the present invention is directed to an

isolated polynucleotide comprising a sequence that encodes a polypeptide having

an amino acid sequence derived from a parent sequence shown in FIG. 1 and

Table 6, a;r'ld comprising at Ieast one amino acid substitution in at least one heavy

chain FR region. In another embodiment, the present invention is directed to an

isolated polypeptide comprising an amino acid sequence derived from a parent

sequence shown in FIG. 1 and Table 6, and comprising at Ieast one amino acid: -

substitution in at least one heavy chain FR region.

TABLEG

SEQUENCE
NAME

AMINOQ ACID SEQUENCE

SEQ D
NO.

1F3-VH

QVQLRQPGAELVEPGASVEMSCRASGY TETSY NMBWY
KQTPGQGLEWIGAIYPGNGDTSYNQRKFKGKATLTADKS

SSTAYMQLSSLTSEDSAVYYCARSHYGSNYVDYEDYWG
QGTLVTVST

35

BOES-VH

QVOLVQSGAELVEPGASVEMSCKASGY TFTSYNMEWY
KQTPGQGLEWIGAIYPGNGDTSYNQKFEGKATLTADKS
SSTAYMQLSSLTSEDSAVYYCARAQLRPNYWYEDVWG
AGTTVTVS

56

C2B3-VH

QVQLOQPGAELVEPGASVEMSCKASGYTFTSYNMHWY
KOQTPGRGLEWIGAIYPGNGDTSYNOKFEGKATLTADRS

SSTAYMQLSSLTSEDSAVYYCARSTYYGGDWYFNVWG

AGTTVTVEA

57

AH7-VH

GAYLQQSGAELVRPGASVEMSCKASGYTFISYNMEWV
KQTPRQGLEWIGATYPGNGDTSYNQKFKGKATLTVDKS
SSTAYMOLSSLTSEDSAVYFCARVVYYSNSYWYEDVWG

TGTTVTVS

58

Byl-VH

EVKLQQSGPELVKPGASVKISCKASGY AFSYSWMNWY
KLRPGQGLEWIGRIFPGDGDTDYNGRFKGKATLTADKS
SNTAYMQLTSLTSVDSAVYLCARNVFDGYWLVYWG
QGTLVTVSA

59
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SEQUENCE
NAME AMING ACID SEQUENCE SEQGID
NQ.
2F2-VH EVQLVESGGGLVQPGRSLRLSCAASGFTFNDY AMHWV 60
ROAPGKGLEWVSTISWNSGSIGYADSVEGRETISRDNAK
ESLYLOMNSLRAEDTALYYCAEDIQYGNYYYOMDVWG
QGTTVTVSS -
TDS.VH EVQLVESGGGLVQPDRSLRLSCAASGFTFHDY AMEWY 61
: ROAPGKGLEWVSTISWNSGTIGYAD SVEGREFTISRDNAK
NSLYLOMNSLRAEDTALYYCARDIQYGNYYYGMDVWG
QGTTVIVSS
11B8-VH EVQLVQSGGGL"VHPGGSLRLSCTGSGFTFSYHAIV&IWV 62
ROAPGKGLEWVSIIGTGGVTY YADSVE GRFTISRDNVE
NSLYLOMNSLRAEDMAVYYCARDYVGAGSEYDGLYG
MDVWGQGTTVTVSES
{01791 In one aspect, the modified ABMs of the present invention can comprise a

substitution of an entire framework region compared o a parent ABM. Thus, for
example, the present invention is further directed to an isolated polynucleotide
comprising a sequence that encodes a polypeptide having at least one heavy chain
FR derived from a human germline VH sequence. In a preferred embodiment;
- the human VH germline sequence in the FR1 region, or in the Kabat positions §-
13 is derived from any one of the sequences identified in Table 7, below. These

sequences are available from the IMGT database (http:/imgt.cines.fr:8104/textes/

MG Treperioire), and each sequence as identified by its accession number is

expressly incorporated herein by reference in its entirety.

TABLE 7
IMGT DATABASE NAME ACCESSIQN NUMBER (NU CLF?(])%I‘?DI;)SIQSUE NCE)
IMGT hVH_ 1 2 ‘ X07448 82
IMGT_hVH 2 3 X62111 ' 83
IMGT_hVH_2_26 M59648 84
IMGT_kVH_2_70 121969 85
MGT_KVH 3 7 M99649 86
IMGT_hVH 3 11° M99652 : 87
IMGT_hVH 3 19 M99656 88
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TMGT DATABASE NAME ACCESSION NUMBER (Nu cngfr?ﬁg)sigumcn)
IMGT_hVH 3 20 MO99657 ‘ 89
IMGT_hVE_ 3 33 106618 90
IMGT _hVH_3_43 M99672 91
IMGT _hVH 3 33 M99679 92
IMGT hVH 3 d ' Z18898 93
IMGT LVH 4 4 X05713 94
IMGT hVH 4 30 2 L10089 95
IMGT_hvH 4 34 X92278 96
I'NIGT_ﬁh‘v;H_S_Sl M99686 ' 97
IMGT hVH 6 1 X92224 98
IMGT_hVH_ 7 4 1 110057 | 99
IMGT_bVH 7 81 727500 . 100
161801 In another embodiment, the present invention is directed to an isolated

polynucleotide comprising a sequence that encodes a polypeptide comprising an
amino acid sequence at Kabat positions 8 to i?: of the heavy chain variable
region, or any subset thereof (e.g., positions 9 to 12, positions 10-12, etc.)
according to any one of the sequences presented in Table § below. In another
embodiment, the present imvention is directed to an isolated polypeptide
comprising an amino acid sequence at Kabat positions 8 to 13, or any subset
thereof (e.g., positions 9 to 12, 10 to 12, efc.) according to any one of the

sequences presented in Table 8 below.

TABLE 8
AMING ACIB SEQUENCE SEQID NO
GAEVKEK 63
GPTLVE 64
GPVLVE. 65
GPALVE 66
GGGLVQ 67
GGGLVK 68
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AMINO ACID SEQUENCE SEQIDNO
- GGGLVE 6%
GGGVVR 70
GGGYVQ 71
GGVVVQ 72
GGGLIQ 73
RGVLVQ 74
GPGLVK 75
GSGLVE 76
- GAGLLK 77
GSELKX 78
GHEVEKQ 79
GAELEK 101
GABVVE 102
GGEVRE 163
GAGVEKE 104
GGGVVK 103
[0181) In another embodiment, the present invention is directed to an isolated

polynucleotide comprising a sequence that encodes a polypeptide comprising an'

amino acid sequence at Kabat positions 108 to 113 of the heavy chain variable

region, or any subset thereof (e.g., positions 110 to 112, positions 110 and 112,

etc.). In a particular embodiment, the sequence at positions 108 to 113 is as

shown in Table 9 below. In another embodiment, the present invention is

directed to an isolated polypeptide comprising an amino acid sequence at Kabat

positions 108 to 113, or any subset thereof (e.g., positions 110 to 112, positions

110 and 112, ete.) according to any one of the sequences presented in Table ©

below.
TABLE S
AMING ACID SEQUENCE SEQID NO
LVTVSS 106
LVIVSS 107
LVTVIS 108
LVIVIS 109
LVGVSS 110
LVTVGS 111
- LVGVGS 112
LVAVSS 113
LVTVAS 114
LVAVAS 115
LVVVSS 116
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AMING ACTD SEQUENCE SEQ ID NG
LVTVVS 117
LVVVVS 118
LVLVSS 119
LVTVLS 120
LVLVLS 121
LYVSVSS 122
LVTIVTS 123
[6182] In another embodiment, the present invention is directed to an expression

vector and/or a host cell which comprise one or more isolated polynucleoiides of
~ the present invention.

[0183] Generally, any type of cultared cell line can be used to express the ABMs
of the present invention. Ina p‘refezréd embodiment, CHO cells, HEK2S3-EBNA
céﬂs, BHK c‘e‘Iis,' NSO cells, SP2/0 cells, YO myeloma cells, P3X63 mouse
myeloma cells, PER cells, PER.Cﬁ cells or hybﬁdoma cells, other mammalian

©.cells, yeast cells, insect cells, or plant cells are used as the background cell ineto

generate the engineered host cells of the invention.

Modified ABMs Further Comprising Fc Regions and Fc Region Variants

[0184] In one embodiment, the ABMs of'the present invention comprising one or
more amino acid substitutions_ in the heavy chain V and/or CH1 regions and/or
the light chain V and/or C regions may further comprise a human Fe region. Ina
specific embodiment, the human constant region is 1gG1, as set forth in SEQ ID
NOs 80 and 81, and set forth below:

Ig(G1 Nucleotide Sequence (SEQ ID NO:380)

ACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTC
TGGGGGCACAGCGGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAAC
CGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGCGGCGTGCACACC
TTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTG
ACCGTGCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAA
TCACAAGCCCAGCAACACCAAGGTGGACAAGAAAGCAGAGCCCAAATCT
TGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTIGGG
GGGACCGTCAGTCITCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGA
TCTCCCGGACCCCTGAGGTCACATGCUGTGGTGGETGGACGTGAGCCACGAA
GACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAA
TGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTIG
GTCAGCGTICCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTA
CAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAAACCA
TCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCCTGCCC
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CCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGT
CAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGG
CAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACG
GCTCCTTCTITCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAG
CAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCA.
CTACACGCAGAAGAGCCICTCCCTGTCTICCGGGTAAATGA

1gG1 Amino Acid Sequence (SEQ 1D NO:81)

TKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVETEPA,
VLQSSGLYSLSSVVTVPSSSLGTOTYICNYNEEPSNTK VDKKAEPESCDK THT
CPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTICVVYDYSHEDPEVERNWY
VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCK VSNK AL
PAPIEKTISKAKGQPREPQVY TLPPSRDELTENQVSLTCLVKGEYPSDIAVEWE

SNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALH
NHYTQKSLSLSPGK.

[0185] However, varianis and isoforms of the human Fc region are also

~ encompassed by the present invention. For example, variant Fc ragions suitable

for use in the present invention can be produced according to the methods taught

m U.S. Pat. No. 6,737,056 to Presta (Fc region variants with altered effector

function due to one or more amino acid modifications); or in U.S. Pat. Appl. Nos.

60/439,498; 60/456,041; 60/514,549; or WO 2004/063351 (variant Fc regions

with increased binding affinity due to amino acid modification); or in U.S. Pat.

Appl. No. 10/672,280 or WO 2004/099249 (Fe variants with altered binding 1o

FegammaR due to amino acid modification), the contents of each of which is
herein incorporated by reference in its entirety.

0186} In another aspect of the invention, the ABMs comprising one or more
amino acid substitutions in the heavy chain V and/or CH1 regions and/or the light
chain V and/or C regions may further comprise an Fc region variant. One can
engineer ap Fo region to produce a variant with altered binding affinity for one or
more FcRs. One may, for example, modify one or more amino acid residues of
the Fc region in order to alter {e.g. increase or decrease) binding to an FcR, as
described in U.S. Provisional Pat. Appl. No. 60/678,776, incorporated herein by
reference in its entirety. Generally, one will make an amino acid substitution at
one or more of the Fc region residues identified as affecting FcR binding in order
to generate such an Fc region variant. In preferred embodiments, no more than
one to about ten Fe region residues will be deleted or substituted. The Fo regions
herein comprising one or MOre aMino acid modifications (e.g. substitutions) will

preferably retain at least about 80%, and preferably at least about 90%, and most
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preferably at least about 95%, of the parent Fc region sequence or of a native
sequence human Fc region. '

{0187} One may also make amino acid insertion modified Fe regions, which
variants have altered effector function. For example, one may introduce at least
one amino acid residue (e.g. one to two amino acid residues and generally no
more than ten residues) adjacent to one or more of the Fc region positions
identified herein as impacting FcR binding, By adjacent is meant within one to
two amino acid residues-of an Fe region residue identified herein. Such Fc region
variants may display enbanced or diminished FcR binding and/or effector
fimction. In order to generate such insertion vaﬁants, one may evaluate a co-
crystai structure of a polypeptide comprising a binding region of an FeR (e.g. the
extracellular domain of the FcR of interest) and the Fc region into which the
amino acid residue(s) are to be inserted (see, e.g., Sondermann et al. Nature
406:267 (2000); Deisenhofer, Biochemistry 20 (9): 2361-2370 (1981); and
Burmeister et al., Nature 3442: 379-383, (1994), all of which are herein
incorporated by reference} in order to rationally design a modified Fc region that
exhibits, e.g., tmproved FcR binding ability.

[0188] By introducing the appropriate amino acid sequence modifications in a
parent Fc region, one can generate a variant Fc region which {8) mediates one or
more effector functions in the presence of human effector cells more or less
effectively and/or (b) binds an Fo y receptor (FovR) or Fe neonatal receptor
(FeRn) with better affinity than the parent polypeptide. Such modified Fc regions
will generally comprise at least one amino acid modification in the Fe region.

10185}  Inpreferred embodiments, the parent polypeptide Fc region is a human Fc
region, €.g. a native human Fo region human IgGl (A and non-A allotypes),
1g(G2, 1gG3, IgG4, and all allotypes known or discovered from any species. Fo
regioﬁ. Such regions have sequences stch as those disclosed 1n U.S. Provisional
Patent Application No. 60/678,776, which is herein incorporated by reference in
its entircty.

[6190] In certain embodiments, in order to generate an ABM comprising one or
more amino acid substitutions in the heavy chain V and/or CI1 regions and/or
the light chain V and/or C regions and further comprising a modified Fe region
with improved effector function (e.g., ADCC), the parent polypeptide preferably
has pre-existing ADCC activity (e.g., the parent polypeptide comprises a human
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IgG1 or human IgG3 Fc regioxx}.lln some embodiments, a2 modified Fe region
with improved ADCC mediates ADCC substantially more effectively than an
. antibody with a native sequence IgG1 or IgG3 Fe region.

[0191] In particular embodiments, amino acid modification(s) are introduced info
the CH2 domain of the parent Fe region.

[0192] The polypeptides of the invention having modified Fc regions may be
subjected to one or more further modifications, depending on the desired or
intended use of the polypeptide. Such modifications may involve, for example,
further alteration of the amino acid sequence (substitution, insertion and/or
deletion of amino acid residues), fusion to heterologous polypeptide(s) and/or
covalent modifications. Such further modifications may be made prior to,
simultaneously with, or following, the amino acid modification(s) disclosed
above which result in an alteration of Fc recepior ‘oiﬁding and/or effector
function. :

[0193] Alternatively or additionally, it may be useful to combine amino acid’
modifications with one or more finther amino acid modifications that alter Clg
binding and/or complement dependent cytoxicity function of the Fo region. The
starting polypeptide of particular interest in this regard herein is one that binds to
Clg and displays complement dependent cytotoxicity (CDC). Amino acid
substitutions described herein may serve to alter the ability of the starting
polypeptide to bind to Clq and/or modify its complement dependent cytotoxicity
function (e.g. to reduce and preferably abolish these effector ﬁmctioné).
However, polypeptides comprising substitutions at one or more of the described
positions with improved Clq binding and/or complement dependent cytotoxicity
(CDC) function are contemplated herein. For example, the starting polypeptide
may be unable to bind Clg and/or mediate CDC and may be modified according
to the teachings herein such that it acquires these further effector functions.
Moreover, poiypep’tides with pre-existing Clq binding activity, optionally further
having the ability to mediate CDC may be modified such that one or both of these
activities are enhanced. Amine acid modifications that atter Clg and/or modify its
complement dependent cytotoxicity function are described, for example, in
WO00/42072, which is hereby incorporated by reference.

[0194] As disclosed above, one can design an Fe region or portion thereof with
altered effector function, e.g., by modifying Clq binding and/or FcR binding and
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thereby changing CDC activity and/or ADCC activity. For example, one can
generate a modified Fe region with improved Clq binding and improved FeyRIIL

| binding (e.g. having both improved ADCC activity and improved CDC activity).
Alternatively, where one desires that effector function be reduced or ablated, one
may engineer a modified Fe region with reduced CDC activity and/or reduced
ADCC activity. In other embodiments, one may increase only one of these
activities, and optionally also reduce the other activity, e.g. to generate a modified |

- Fo region with improved ADCC activity, but reduced CDC activity and vice
Versa. | '

[0195] Another type of amino acid substitution serves to alter the glvcosylation
pattern ofthe polypepﬁde. This may be achieved, for example, by deleting one or
more carbohydrate moieties found in the polypeptide, and/or adding one or more
glycosylation sites that are not present in the polypeptide. Glycosylation of .
polypeptides 1s typically either N-linked or O-linked. N-linked refers to the
attachment of the carbohydrate moiety to the side chain of an asparagine residue.
The peptide sequences asparagine-X-serine and asparagine-X-threonine, where X
is any amino acid except proline, are the recognition sequences for enzymatic
attachment of the carbohydrate moiety to the asparagine side chain. Thus, the
presence of either of these peptide sequencesin a poiypeptidelcreates apotential
giycosylation site. O-linked glyc;osylation refers to the attachment of one of the
sugars N-aceylgalaciosamine, galactose, or xylose to a hydroxyamino acid, most
commonly serine or threonine, although 5-hydroxyproline or 5-hydroxylysine
may also be used. ‘

[0196] In some embodiments, the present invention provides compositions
comprising a modification of a parent polypeptide having an Fe region, wherein
the modified Fc region comprises at least one surface residue amino acid
modification (See e.g., Deisenhofer, Biochemistry, 28;20(9):2361-70, April 1981,
and WO00/42072, both of which are hereby incorporated by reference). In other
embodiments, the present invention provides compositions comprising a
modification of a parent polypeptide having an Fe region, wherein the modified
Feregion comprises at east one non-surface residue amino acid modification. In
further embodiments, the present invention comprises a variant of a parent

polypeptide having an Fe region, wherein the variant comprises at least one
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surface amino acid mbdiﬁcation and at least one non-surface amino acid
modification.

[0197] The therapeutic efﬁcacy of the modified ABMs of the present invention
can be further enhanced by producing them in a host cell that has been
glycoengineered to have altered expression of at least one glycoprotein-
modifying gloyosyltransferase. In one embodiment, the glycoengineered host
cell further expresses one or more of the following: a polynucleotide encodinga
polypeptide having GnTIHI activity, a polynucleotide encoding a polypeptide
having Manil activity, or a polynucleotide encoding a polypeptide having GalT
activity. In a preferred embodiment, the host cell expresses a polynucleotide
encoding a polypeptide having GnTIII activity or Manll activity. In another
preferred embodiment, the host cell expresses a polynucleotide encoding a
polypetide having GnTII activity as well as a polynucleotide encoding a -
polypeptide having ManIl activity. In yet another preferred embodiment, the
polypé{:tide having GnTTH activity is a fusion polypeptide comprising the Golgl
localization domain of a Golgi resident polypeptide. In another preferred
embodiment, the expression of the modified ABMs of the present invention in a
‘host cell that expresses a polynucleotide encoding a poiypepti'de having GnTIIL
activity results in modified ABMs with increased Fc receptor binding affinity and .
increased effector function. Accordingly, in one embodiment, the present
invention is directed to a host cell comprising (a) an isolated nucleic acid
comprising a seguence encoding a polypeptide having GnTTI activity; and (b) an
isolated polynucleotide encoding an ABM of the present invention, such as a
chimeric, primatized or humanized antibody that binds human CD20. In a
preferred embodiment, the polypeptide having GnTHI activity is a fusion
polypeptide comprising the catalytic domain of GnTHI and the Golgi localization
domain is the localization domain of mannosidase II. Methods for generating
such fusion polypeptides and using them to produce antibodies with increased
effector fimetions are disclosed in U.S. Provisional Pat. Appl. No. 60/495,142
and U.S. Pat. Appl. Publ. No. 2004/0241817, the entire contents of each of which
are expressly incorporated herein by reference. In another preferr;ed embodiment,
the chimeric ABM Is a thmeric antibody or a fragment thereof, having the
binding specificity of the murine B-Lyl antibody. In a particularly preferred
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embodiment, the chimeric antibody comprises a human Fe. In another preferred
embodiment, the antibody is primatized or humanized.

[6198] - In one embodiment, one or several polynucleotides encoding an ABM of
the present invention may be expressed under the control of a comstitutive
promoter or, alternately, a regulated expression system. Suitable regunlated
expression systems include, but are not limited io, a tetracycline-regulaied
expression system, an écdysone—inducible expression system, a lac-swiich
expression system, a ghucocorticoid-inducible expression system, a femperature-
inducible promoter system, and a metallothionein metal-inducible expression
system. If several different nucleic acids encoding an ABM of the present
invention are comprised wifhin the host cell system, some of them may be
expressed under the control of a constitutive promoter, while others are expressed
under the control of a regulated promoter. The maximal expression level is
censidérsd to be the highest possible level of stable polypeptide expression that
does not have a significant adverse effect on cell growth rate, and will be
determined using routine experimentation. Expression levels are determined by
methods generally known in the arf, including Western blot analysis using an
ailﬁbody specific for the ABM or an antibody specific for a peptide tag fused to
the ABM; and Northern blot analysis. In a further alternative, the polynucleotide
may be operatively linked to a reporter gene; the expression levels of a modified
ABM having substantially the same binding specificity of a parent antibody are
determined by measuring a sigﬁal correlated with the expression level of the
reporter gene. The reporter gene may be transcribed together with the nucleic
acid(s) encoding said fusion polypeptide as a single mRNA molecule; their
respective coding sequences may be linked either by an internal ribosome entry
site (JRES) or by a cap-independent translation enhancer (CITE). The reporter
gene may be franslated together with at least one nucleic acid encoding a
modified ABM having substantially the same binding specificity of a parent
antibody such that a single polypeptide chain is formed. The nucleic acids
encéding the AMBs of the present invention may be operatively linked to the
reporter gene under the control of a single promoter, such that the nucleic acid
encoding the fusion polypeptide and the reporter gene are transcribed into an

RNA molecule which is alternatively spliced into two separate messenger RNA
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(mRNA) molecules; one of the resulting mRNAs is translated into said reporter
protein, and the other is translated into said fusion polypeptide.

Expression of Modified ABMs

[6199] Methods which are well known to those skilled in the arf can be used tb
construct expression vectors containing the coding sequence of a modified ABM
having substantialty the same binding speciﬁcity of a parent antibody along with
appropriate transcriptional/transiational contro! signals. These methods include
in vitro recombinant DNA ‘techniéues, synthetic techniques and in vivo
recombination/genetic recombination. See, for example, the techniques described
in Maniatis ef al., ‘MOLECULAR CLONDNG A LABORATORY MANUAL, Cold Spring
Harbor Laboratory, N.Y. (1989) and Ausubel ef al., CURRENT PROTOCOLS IN
MOLECULAR BIOLOGY, Greene Publishing Associates and Wiley Interscience, -
N.Y (1589).

[0200] A variety of host-expression vector systems may be utilized to express the
coding éequence of the ABMs of the present invention. Preferably, mammalian
cells are used as host cell systems transfected with recombinant plasmid DNA or
cosmid DNA expression vectors containing the coding sequence of the protein of
interest and the coding sequence of the fusion polypeptide. Most preferably,
CHO cells, BEK293-EBNA. cells, BHEK. cells, NSO cells, SP2/0 cells, YO -
myeloma cells, P3X63 mouse myeloma cells, PER cells, PER.C6 cells or
hybridoma cells, other mammalian cells, yeast cells, insect cells, or plant cells are
used as host cell system. Some examples of expression systems and selection
methods are described in the following references, and references therein: Borth
et al., Biotechnol. Bioen. T1(4):266-73 (2000-2001), in Wemer et al,
Arzneimittelforschung/Drug Res. 48(8):870-80 (1998), in  Andersen and
Krummen, Curr. Op. Biotechnol. 13:117-123 (2002), in Chadd and Chamow,
Curr. Op. Biotechnol. 12:188-194 (2001}, and in Giddings, Curr. Op.
Biotechnol. 12: 450-454 (2001). In alternate embodiments, other eukaryotic host
cell systems may be contemplated, including yeast cells transformed with
recombinant yeast expressibn vectors containing the coding sequence of an ABM
ofthe pfesent invention, such as the expression systems tanght in U.S. Pat. Appl,
No. 60/344,169 and WO 03/056914 (methods for producing human-like

glycoprotein in a non-human eukaryolic host cell) (the contents of each of which
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are incorporated by reference in their entirety); insect cell systems infected with
recombinant virus expression vectors (e.g., baculovirus) containing the coding
sequence of a modified ABM having substantially the same binding specificity of
a parent antibody; plant cell systems infected with recombinant virus expression
vectors (e.g., cauliflower mosaic virus, CaMV; tobacco mosaic virus, TMV) or
transformed with recombinant plasmid expression vectors (e.g., Ti plasmid)
containing the coding sequence of the ABM of thie invention, mcluding, but not
limited to, the expression systems taught in U.S. Pat, No. 6,815,184 (methods for
expression and secretion of biologically active polypeptides from genetically
engineered duckweed); WO 2004/057002 (production of glycosylated proteins in
bryophyte plant ceils by introduction of a glycosyl transferase gene) and WO
2004/024927 (methods of generating extraceliular heterologous non-plant protein
in moss protoplast); and U.S. Pat. Appl. Nos. 60/365,769, 60/368,047, and WO
2003/57 8614 (glycoprotein processing in transgenic plants comprising a
functional mammalian GnTTI enzyme) (the contents of each of which are hereby
incorporated by reference in their entirety); or animal cell systems infected with
recombinant virus expression vectoss (e.g., adenovirus, vaccinia virus) including
cell lines engineered to contain multiple copies of the DNA encoding a modified
ABM having substantially the same binding specificity of a parent antibody
either stably amplified (CHO/dhfY) or unstably amplified in double-minute
chromosomes (e.g., murine cell lines). In one embodiment, the vector comprising
the polynucieotide(s) encoding the ABM of the invention is polycistronic. Also,
in one embodiment the ABM discussed above is an antibody or a fragment
thereof. In a preferred émbodilnent, the ABM is a huraanized antibody.

[6201) For the methods of this invention, stable expression is generally preferred
1o transient expression because it typically achieves more reproducible results and
also is more amenable to large-scale production. Rather than using expression
vectors which contain viral origins of replication, host cells can be transformed
with the respective coding nucleic acids controlled by appropriate expression
control elements (e.g., promoter, enhancer, sequences, transcription terminators,
polyadenylation sites, efc.), and a selectable marker. Following the introduction
of foreign DNA, engineered cells may be allowed to grow for 1-2 days in an
enriched media, and then are switched to a selective media. The selectable

marker in the recombinant plasmid confers resistance to the selection and allows
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selection of cells which have stably integrated the plasmid info their
chromosomes and grow to form foci which in turn can be cloned and expanded
into cell lines.

[0202] A number of selection systems may be used, including, but not limited to,
the herpes simplex virus thymidine kinase (Wigler et al, Cell 11:223 (1977)),
hypoxanthine-guanine phosphoribosyltransferase (Szybalska & Szybalski, Proc.
Nuatl. Acad. Sci. US4 48:2026 (1962)), and adenine phosphoribosyliransferase
(Lowy et al., Cell 22:817 (1980)) genes, which can be employed in tk", hgprt or
aprt” cells, respectively. Also, antimetabolite resistance can be used as the basis
of selection for dhfr, which confers resistance to methotrexate (Wigler ef al.,
Natl. Acad. Sci. US4 77:3567 (1989); O'Hare ef al., Proc. Natl. Acad. Sci. USA
78:1527 (1981)); gpt, which confers resistance to mycophenolic acid (Mulligan &
Berg, Proc. Natl. Acad. Sci. USA 78:2072 (1981)); neo, which confers resistance
to the aminoglycoside G-418 (Colberre-Garapin et al., J. Mol Biol. 150:1
(1981)); and hygro, which confers resistance to hygromycin (Santerre et al., Gene
30:147 (1984) genes. Recently, additional selectable genes have been described,
néme}y trpB, which allows cells to utilize indole in place of tryptophan; hisD,
which allows cells to utilize histinol in place of histidine (Flartman & Mulligan,
Proc. Natl. Acad. Sci. USA 85:8047 (1988)); the glutarine synthase system; and
ODC (ornithine decarboxylase} which confers resistance to the ornithine
decarboxylase inhibitor, 2-(difluoromethyl)-DL-omithine, DEMO (McConlogue,

in: Current Communications in Molecular Biology, Cold Spﬁng Harbor
Laboratory ed. (1987)).

Expression of Modified ABMs compnsing F¢ Regions with Altered
Glycosylation

{0203] In another aspect, the present invention is further directed to a method fér
modifying the glycosyiation profile of the modified ABMs comprising af least
one amino acid substitution in the V or CH1 region that are produced by a host
cell, comprising expressing in said host cell a nucleic acid encoding a modified
ABM of the invention and a nucleic acid encoding a polypeptide with GnTIIl
activity, or a vector comprising such nucleic acids. Preferably, the modified
polypeptide i1s IgG or a fragment thersof comprising the Fc region. In a
particularly preferred embodiment the ABM is awhi)manized antibody or a
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fragment thereof. In another embodiment, the host cell is engineered o
coexpress an ABM of the invention, GnTIII and mannosidase IT (Manll).

[6264] The modified ABMs produced by the host cells of the invention exhibit
increased Fc receptor binding affinity and/or increased effector function as a
result of the modification. In a particularly prefeﬁed embodiment the modified
ABM is a humanized antibody or a fragment thereof containing the Fc region.
Preferably, the increased Fc receptor binding affinity is increased binding to a
Foy activating receptor, such as the FeyRIIle receptor. The increased effector
function is preferably an increase in one or more of the following: increased
antibody-dependent cellular cytotoxicity, increased antibody-dependent cellular
phagocytosis (ADCP), increased cytokine secretion, increased immune-complex-
mediated antigen uptake by antigen-presenting cells, increased Fe-mediated
cellular cytotoxicity, ihcreas ed binding to NK cells, increased binding to
macrophages, increased binding to polymorphonuclear cells (PMNs), increased
binding to monocytes, increased crosstinking of target-bound antibodies,
increased direct signaling inducing apoptosis, increased dendritic cell maturation,
and increased T cell priming. '

[6205] Effector functions can be measured and/or determined by various assays
known to those of sidll in the arf. Various assays for measuring effector
functions, including Fe receptor bin&ing affinity and complement dependent
cytotoxicity, are described in TUUS Application Publication No. 2004/0241817A1,
which is herein incorporated by reference in its entivety. Cytokine secrefion can
be measured, for example, using a sandwich ELISA, see, e.g., McRae et al., J.
Immunol. 164: 23-28 (2000) and the cytokine sandwich ELIS A protocol available
at www.bdbiosciences.com/pharimingen/protocols, or by the methods described in
Takahashi ef al., British J. Pharmacol. 137: 315-322 (2002), each of which 1s
herein incorporated by reference in its entirety. Dendritic cell maturation, for
example, can be determined using assays as set forth by Kalergis and Ravetch, J.
Exp. Med. 195: 1653-59 (2002), which is herein incorporated by reference in its
entirety. Examples of phagocytosis and antigen uptake/presentation assays are
provided by Gresham et al,, J. Exp. Med. 191: 515-28 (2000); Krauss et al., J.
Immunol. 153: 1769-77 (1994); and Rafig et al,, J. Clin. Invest. 110: 71-79
(2002}, and Hamano ez al., J. Immunol. 164: 6113-19 (2000}, each of which is

herein incorporated by reference in its entirety. Down regulation of cell-surface
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receptors can be measured, for example, by methods set forth by Liao et al,
Blood 83: 2294-2304 (1994), which is herein incorpdrated by reference in its
entirety. General methods, protocols and assays, can be found in. CELL BIOLOGY:
A LABORATORY HANDBOOK, Celis, T.E., ed., (2d od., 1998), which is herein
incorporated by reference in its entirety. It is within the skill of one in the art to
adapt the above-referenced methods, protocols and assays for use with the present
invention.

{6206] The present invention is also directed to a method for producing an ABM
of the present invention, having modified oligosaccharides in a host cell
comprising (a) culturing a host cell engineered to express at least one ﬁucleic acid
encoding a polypeptide having GuTIH activity under conditions which permit the
producﬁon of an ABM according to the present invention, wherein said
polypeptide having GrTHI activity is expressed In an amount sufficient to modify
the oligosaccharides in the Fo region of said ABM produced by said host cell; and

(b) isolating said ABM. In a preferred embodiment, the polypeptide having
GunTII activity is a fusion polypeptide comprising the cétalytic domain of
GnTHL In a particularly preferred embodiment, the fusion polypeptide further
comprises the Golgi localization domain of a Golgi resident polypeptide.

{6207} Preferably, the Golgi localization domain is the localization domain of
mannosidase I or GnTIL. Alternatively, the Golgi localization domain is selected
from the group consisting of: the localization domain of mannosidase I, the
localization domain of GnTIl, and the localization domain of o 1-6 core
fucosyitransferase. The ABMSs produced by the methods of the present invention
have increased Fc receptor binding affinity and/or increased effector function.
Preferably, the increased effector function is one or more of the following:
increased Fc-mediated cellular cytotoxicity {including increased antibody-
dependent cellular cytotoxicity), increased aniibody-dependent cellular
phagocytosis (ADCP), increased cytokine secretion, increased immune-complex-
mediated antigen uptake by antigen-presenting cells, increased binding to NK
cells, increased binding to macrophages, increased binding to monocytes,
increased binding to polymorphonuclear cells, increased direct signaling inducing
apoptosis, increased crosshinking of target-bound antibodies, increased dendritic
cell maturétion, or increased T cell priming. The increased Fc receptor binding

affinity is preferably increased binding to Fec activating receptors such as
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FeyRllla. In a particularly preferred embodiment the ABM is a humanized
antibody or a fragment thereof.

[0208] In another embodiment, the present invention is directed to 2 modified
ABM having substantially the same binding specificity of a parent antibody
produced by the methods of the invention which has an increased proportion of
bisected oligosaccharides in the Fe region of said polypeptide. It is contemplated
that such an ABM encompasses antibodies and fragments thereof comprising the
Ecregion. In apreferred embodiment, the ABM is a humanized antibody. Inone
embodiinent, the percentage of bisecied oligosaccharides in the Fc region of the
ABM is at least 50%, mbre preferably, at least 60%, at least 70%, at least 80%, or
at least 90%, and most preferably at least 90-95% of the total oligosaccharides.
In vet aneﬂier embodiment, the ABM produced by the methods of the invention
has an increased proportion of nonfucosylated oligosaccharides in the Fe region
as a result of the modification of its oligosaccharides by the methods of the
present invention. In one embodiment, the percentage of nonfucosylated
oligosaccharides is at least 50%, preferably at least 60% to 70%, most preferably
at least 75%. The nonfucosylated oligosaccharides may be of the hybrid or
complex type. In a particalarly preferred embodiment, the ABM produced by the
ﬁost cells and methods of the invention has an increased proportion of bisected,
nonfucosylated oligosaccharides in the Fe region. The bisected, nonfucosylated
oligosaccharides may be either hybrid or complex. Specifically, the methods of
the present invention may be used to produce ABMs in Wﬁich at least 15%, more
preferably at least 20%, more preferably at least 25%, more preferably at least
30%, more preferably at least 35% of the oligosaccharides in the Fe region of the
ABM are bisected, nonfucosylated. The methods of the present invention may
also be used to produce polypeptides in which at least 15%, more preferably at
least 20%, more preferably at least 25%, more preferably at least 30%, more
preferably at least 35% of the oligosaccharides in the Fe region of the polypeptide
are bisected hybrid nonfucosylated.

{02091 In another embodiment, the present invention is directed to a modified
ABM having substantially the same binding specificity of a patent antibody
engineered to have increased effector function and/or increased Fe receptor
binding affinity, produced by the methods of the invention. Preferably, the

increased effector function is one or more of the following: increased Fe-
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mediated cellular cytotoxicity (including increased antibody-dependent céilular
cytotoxicity), increased antibody-dependent .cellular phagocytosis (ADCP),
increased  cytokine secretion, increased immune-complex-mediated antigen
uptake by antigen-presenting cells, increased binding to NK cells, increased
binding to macrophages, increased binding to monocytes, increased binding to
polymorphonuciear cells, increased direct signaling inducing apoptosis, increased
crosshinking of target-bound antibodies, increased dendritic cell maturation, or
increased T cell priming. In apreferred embodiment,.the increased Fc receptor
 binding affinity is increased binding to a Fc activating receptor, most preferably
FeyRIMa. In one embodiment, the modified ABM is an antibody, an antibody
fragment containing the Fc region, or a fusion protein that includes a region
equivalent to the Fe region of an immunoglobulin. In a particularly preferred

embodiment, the ABM is a humanized antibody.

Pharmaceutical Compositions Comprising Modified ABMs

02161 The present invention is further directed to pharmaceutical compositions
comprising the modified ABMs of the present invention and a pharmaceutically
acceptable carrier.

[0211] Anyconventional carrier material can be utilized. The carrier material can
be an.or‘gamc or inorganic one suitable for eteral, percutaneous or parenteral
administration. Suitable carrers include water, gelatin, gum .arabic, lactose,
starch, magnesium stearate, talc, vegetable oils, polyalkylene-glycols, pefroleum
jelly and the like, Furthf:rm;:)re, the pharmaceutical preparations may contain
other pharmaceutically active agents. Additional additives such as flavoring
agents, stabilizers, emulsifying agents, buffers and the like may be added in
accordance with accepted practices of pharmaceutical compounding.

{62121 The phrase "pharmaceutically acceptable” is employed herein to refer to
those compounds, materials, compositions, and/or dosage forms which are,
within the scope of sound medical judgment, suitable for use in contact with the
tissues of human beings and animals without excessive toxicity, irritation, allergic
response, or other problem or complication, commensurate with a reasonable
benefit/risk ratio.

[0213] The present mvention is further divected to such pharmaceutical

compositions for use in the treatment or prohpylaxis of cancer. The present
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invention is further directed to a method for the treatment or prophylaxis of
cancer comprising administering a therapeutically effective amount of the
- pharmaceutical composition of the invention.

[0214] Preferably, the cancer is selected from the group consisting of breast
cancer, bladder cancer, head and neck cancer, skin cancer, pancreatic cancer, lung
cancer, ovarian céncer, colon cancer, prostate cancer, kidney cancer, and brain
cancer.

j0215] ' The present invention is further directed to such pharmaceutical
compositions for use in the treatment or prophylaxis of aprecancerous condition
or lesion. The present invention is further directed o a meth}od for the treatment
or prophylaxis of a precancerous condition or lesion comprising administering a
therapeutically effective amount of the pharmaceutical compoéition of the
invention. '

[06216] Preferably, the precancerous condition or lesion is selected from the group
consisting of oral leukoplakia, actinic keratosis (solar keratosis), precancerous
polyps of the colon or rectum, gastric epithelial dysplasia, adenomatous
dysplasia, hereditary nonpolyposis colon cancer syndrome (HNPCC), Barrett's
esophagus, bladder dysplasia, and precancerous cervical conditions.

[6217] The present mvention further provides methods for the generation and use
of host cell systems for the production of glycoforms of the modified ABMs of
the present invention, having increased Fe receptor binding affinity, preferably
increased binding to Fe activating receptors, and/or having increased effector
functions, including antibody-dependent cellular cytotoxicity. The
glycoengineering methodology that can be used with the modified ABMs of the
present invention has been described in greater detail in U.S. Pat. No. 6,602,684
and Provisional U.S. Patent Application No. 60/441,307 and WO 2004/065540,
the entire contents of each of which is incorporated herein by reference in its
entirety. The modified ABMs of the present invention can alternatively be
glycoengineered to have reduced fucose residues in the Fe region according to the
techniques disclosed in EP 1 176 195 Al, the entire contents of which is

incorporated by reference herein.
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Generation Of Cell Lines For The Production Of Modified ABMs With
Altered Glycosylation Patiern ' ‘

[0218] The present invention provides host cell expression systems for the
generation of the modified ABMs of the present invention having' modified
glycosylation patterns. In particular, the present invention provides host cell
systems for the generation of glycoforms of the modified ABMs of the present
invention having an improved therapeﬁtic value. Therefore, the invention
provides host cell expression systems selected or engineered fo express a
poiypeptide having GnTI activity. In one embodiment, the polypeptide having
GnTIII activity is a fusion polypeptide comprising the Golgi localization domain
of a heterologous Golgi tesident polypeptide. Specifically, such host cell
expression systers may be engineered to comprise a recombinant nucleic acid
molecule encoding 2 polypeptide having GnTII, operatively linked to a
constitutive or regulated promoter system.

[0219] In one specific embodiment, the present invention provides a host cell that
has been engineered to express at least one nucleic acid encoding a fusion
polypeptide having GnTII activity and comprising the Golgi localization domain

. of a heterologous Golgi resident polypeptide. In one aspect, the host cell is
engineered with a nucleic acid molecule comprising at least one gene encoding a
fusion polypeptide having GnTIII activity and comprising the Golgi localization
domain of a heterologous Golgi resident polypeptide.

[0226] Generally, any type of cultured cell line, including the cell lines discus'sed
above, can be used as a background to engineer the host cell lines of the present
invention. T a preferred embodiment, CHO cells, BHK cells, NSO cells, SP2/0
cells, YO myeloma cells, P3X63 mouse myeloma cells, PER cells, PER.C6 cells
or hybridoma cells, other mammalian cells, yeast cells, insect cells, or plant ceﬁs
are used as the background cell line to generate the engineered host cells of the
invention.

0221} The invention is contemplated to encompass any engineered host cells
expressing a polypeptide having GnTIH activity, including a fuston polypeptide
that comprises the Golgi localization domain of a heterologous Golgi resident
poiypeptlde as defined herein.

[0222] One or several nucleic acids encoding a polypepﬁde havmg GnTTI

activity may be expressed under the control of a constitutive promoter of,
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alternately, a regulated expression system. Such systems are well known in the
art, and include the systems discussed above, If several different nucleic acids
encoding fusion polypeptides having GnTII activity and comprising the Golgi
localization domain of a heterologous Golgi resident polypeptide are comprised
within the host cell system, some of them may be expressed under the control of a
constitutive promoter, while others are expressed under the contro] of aregulated
promoter. Expression levels of the fusion polypeptides having GnTTI activity
are determined by methods generally known in the art, including Western blot
analysis, Northern blot analysis, reporfer genme expression analysis or
measurement of GnTIII activity. Alternatively, a lectin may be employed which
binds to biosynthefic products of the GnTIl, for example, By-PHA lectin.
Alternatively, a functional assay which measures the increased Fc receptor
binding or increased effector fimetion mediated by antibodies produced by the
cells engineered with the nﬁcleic acid encoding a polypeptide with GnTIIL

activity may be used.

Identification Of Transfectants Or Transformants That Express The
Protein Having A Modified Glycosylation Pattern

[0223] The host cells which contain the coding sequence of a modified ABM of
the present invention and which express the biologically active gene products
may be identified by at least four general approaches; (a) DNA-DNA or DNA-
RNA hybridization; (b) the presence or absence of "marker" gene functions; (c)
assessing the level of transcription as measured by the expression of the
respective mRINA transcripts in the host cell; and (d) detection of the gene
product as measured by immunoassay or by its biological activity. '

{0224}‘ In the first approach, the presence of the coding sequence of a modified
ABM ofthe present invention and the coding sequence of the polypeptide having
GnTT activity can be detected by DNA-DNA or DNA-RNA hybridization using
probes comprising nucleotide sequences that are homologous to the respective
cocﬁng sequences, respectively, or portions or derivatives thereof.

02251 In the second approach, the recombinant expression vector/host system
can be 1dentified and selected based upon the presence or absence of certain
"marker" gene functions (e.g., thymidine kinase activity, resistance to antibiotics,

resistance to methotrexate, transformation phenotype, occlusion body formation
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inbaculovirus, etc.). For example, if the coding sequence of the modified ABM
of the invention, or a fragment thereof, and the coding sequence of the
polypeptide having GnTIII activity are inserted within a marker gene sequence of
the vector, recombinants containing the respective coding sequences can be
identified by the absence of the marker gene function. Alternatively, a marker
gene can be placed in tandem with the coding sequences under the controi of the
same or different promoter used to conirol the expression of the coding
sequences. Expreséion of the marker in response to induction or selection
indicates expression of the coding sequence of the modified ABM of the
invention and the coding sequence of the polypeptide having GnTTI activity.

102261 In the third approach, transcriptional activity for the coding region of the
modified ABM of the invention, or a fragment thereof, and the coding sequence
of the polypeptide having GnTIII activity can be assessed by hybridization
assays. For example, RNA can be isolated and analyzed by Northern blotusing a .
probe homologous to the coding sequences of the modified ABM of the
invention, or a fragment thereof, and the coding sequence of the polypeptide
having GnTII aciivity or particular portions thereof. Alternatively, total nucleic
acids of the host cell may be extracted and assayed for hybridization to such
probes, |

[6227]  In the fourth approach, the expression of the protein products can be
assessed immunologically, for example by Western blots, immunoassays such as
radioimmunc-precipitation, enzyme-linked immunoassays and the like. The
ultimate test of the suécass of the expression system, however, involves the

detection of the biologically active gene products.

Generation And Use Of Modified ABMs Having Increased Effector
Function Including Antibody-Dependent Cellular Cytotoxicity

{0228] In preferred embodiments, the present fiivention provides ghycoforms of
chimeric modified ABMs hﬁving substantially the same binding specificity of the
murine B-Lyl antibody and having increased effector function including
antibody-dependent cellular cytotoxicity.  Glycosylation engineering of
antibodies has been previously described. See, e.g., U.S. Patent No. 6,602,684,

incorporated herein by reference in its entirety.
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[0229] Clinical trials of unconjugated monoclonal antibodies {mAbs) for the
treatment of some types of cancer have recently yielded encouraging results.
Dillman, Cancer Biother. & Radiopharm. 12:223-25 (1997); Deo et al,
Immunology Today 18:127 {(1997). A chimeric, unconjugated IgG1 has been
approved for low-grade or follicular B-cell non-Hodgkin's tymphoma, Dillman,
Cancer Biother. & Radiopharm. 12:223-25 (1997), while another unconjugated
mAb, a humanized [gG1 targeting solid breast tumors, has also been showing

- promising results in phase I clinical trials. Deo er al., Inmunology Today
18:127 (1997). The antigens of these two mAbs are highly expressed in their
respective tumor cells and the antibodies mediate potent tamor destruction by
effector cells in vitro and in vivo. In contrast, many other unconjugated mAbs
with fine tumor specificities cannot trigger effector functions of sufficient
potency to be clinically useful. Frost et al., Cancer §0:317-33 (1997); Surfus et
al., J. Fmmunother. 19:184-91 (1996). For some of these wealker mAbs, adjunct.
cytokine therapy is currently being tested. Addition of cytokines can stimulate
antibedy-dependent cellular cytotoxicity (ADCC) by increasing the activity and
number of circulating lymphocytes. Frost ef al., Cancer 80:317-33 (1997);
Surfus et al., J. Immunother. 19:184-91 (1996). ADCC, a Iytic attack on
antibody-targeted cells, is triggered upon binding of leukocyte receptors to the
constant region (Fc) of antibodies. Deo et al., Immunology Today 18:127 (1997).

[0230] A different, but complementary, approach to increase ADCC activity of
unconjugated 1gGls is to engineer the Fc region of the antibody. Protein
engineering studies have shown that FeyRs interact with the lower hinge region
ofthe IgGG CH2 domain. Lund e al., J. Immunol. 157:4963-69 (1996). However,
FeyR binding also requires the presence of oligosaccharides covalently attached
at the conserved Asn 297 in the CH2 region. Lumd et al., J, Jmmunol. 157:4963-
69 (1996); Wright and Morrison, Trends Biotech. 15:26-31 (1997), suggesting
that either oligosaccharide and polypeptide both directly contribute to the

' inleraction site or that the oligosaccharide is required to maintain an active CH2
polypeptide conformation. Modification of the oligosaccharide structure can
therefore be explored as a means to increase the affinity of the interaction.

[0231] An IgG molecule carries two N-linked oligosaccharides in its Fc region,
one on each heavy chain. As any glycoprotein, an antibody is produced as a

population of glycoforms which share the same polypeptide backbone but have
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different oligosaccharides attached to the glycosylation sites.  The
oligosaccharides normally found in the Fe region of serum IgG are of complex
bi-antennary type (Wormald ez al., Biochemistry 36:130-38 (1997), with a low
level of temziﬁal sialic acid and bisecting N-acetylglucosamine (GlcNAc), and a
variable degree of terminal galactosylation and core fucosylation. Some studies
suggest that the minimal carbohydrate structure required for FeyR binding Hes
within the oligosaccharide core. Lund er al., J. -Imﬁunol. 157:4963-69 (1996)

{0232} The mouse- or hamster-derived cell lines used in mdustry and academia
for production of unconjugated ﬂlerapéutic mAbs normally attach the required
oligosaccharide determinants to Fc sites. 1gGs expressed in these cell lines lack,
however, the bisecting GleNAc found in low amounts in serum IgGs. Lifely et
al., Glvcobiology 318:813-22 (1995). In contrast, it was recently observed that a.
rat myeloma;produced, humanized IgG1l (CAMPATH-1H) carried a bisecting. -
GleNAe in some of its glycoforms.  Lifely et al., Glycobiology 318:813-22
(1995). The rat cell-derived antibody reached a similar maximal in vitro ADCC"
activity as CAMPATH-1H antibodies produced in standard cell lines, but at
significantly lower antibody concentrations. ' |

' [0233] The CAMPATH antigen is normally present at high levels on lymphoma
cells, and this chimeric mAb has high ADCC activity in the absence of 2
bisecting GleNAc. Lifely ef al., Glycobiology 318:813-22 (1995). Tn the N-
linked glycosylation pathway, a bisecting GleNAc is added by GnTIL
Schachter, Biochem. Cell Biol. 64:163-81 (1986).

[0234] Previous studies used a single antibody-producing CHO cell line, that was
previously engineered to express, in an externally-regulated fashion, different
levels of a cloned GnTIU gene enzyme (Umana, P., ef al, Nature Biotechnol.
17:176-180 (1999)). This approach established for the first time a rigorous
correlation between expression of GnTHI and the ADCC activity of the modified
antibody. Thus, the invention contemplates a recombinant, chimeric antibody or
a fragment thereof with the binding specificity of the murine B-Ly1 antibody,
having altered glycosylation resulting from increased GnTII activity. The
increased GnTHI activity results in an increase in the percentage of bisecied
oligosaccharides, as well as a decrease in the percentage of fucose residues, in the
Fc region of the modified ABM. This antibody, or fragment thereof, has |
increased Fc receptor binding affinity and increased effector function. In
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addition, the invention is directed to antibody fragment and fusion proteins

comprising a region that is equivalent to the Fc region of immunoglobulins.

Therapeutic Applications of Modified ABMs According to the
Methods of the Invention.

[0235] In the broadest sense, the modified ABMz of the present invention canbe
used to target cells in vive or in vitro that express a target antigen, in paiticular,
where said target antigen is expressed on the cell surface. The cells expressing a
target antigen can be targeted for diagnostic or therapeutic purposes. In one
aspect, the modified ABMs of the present invention can be used to alter cell
signaling activity in cells expressing a target antigen. In another aspect, the

‘modified ABMs of the ?re_sent invention can be used to alter the cross-linking
and/or oligomerization of one or more target antigens. Target antigens for the
moified ABMs of the present invention éan be cell surface receptors including,
but not limited to CD20, CD21, CD22, CD19, CD47, CD99, CD2, CD45, Herl .
(EGFR), Her2/neu, Her3, Herd, TRAIL receptors (e.g., TRAILRL, TRAILR2),
TNER, FGF receptors (e.g., FGFR1), IGF receptors, PDGF receptors, VEGF
receptors, and other cell-surface associated receptors. Jfn a particular
embodiment, the target antigen is CD20. The modified ABMs of the invention
also act to arrest the cell cycle, cause apoptosis of the target cells (e.g., tumor
cells), mhibit angiogenesis and/or cause differentiation of target cells.

[0236] In another aspect, the invention is directed to a method for freating a
disease that is treatable by aliered cell signaling activity of a target antigen and/or
by altered ability to mediate cross-linking of one or more target antigens

‘comprising administering a therapeutically effective amount of a modified ABM
of the present invention fo a subject in need thereof. In a specific embodiment
the modified ABM is an antibody. In a more specific embodiment, the antibody

is humanized. Examples of diseases for which the modified ABMs can be
admiﬁistered includle, but are not limited to, cell proliferation diseases or
disorders, antoimmune diseases or disorders, and diseases or &isorders related to
bacterial or viral infection.

{0237} In one embodiment, the disease or disorder is a cell proliferation disorder,
Examples of cell proliferation disorders that can l?e treated by an ABM of the

present invention include, but are not limited to, neoplasms, cancers,
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malignancies and/or tumors located in the abdomen, bone, breast, digestive
system, liver, pancreas, peritoneum, endocrine glands (adrenal, parathyroid,
pituitary, testicles, ovary, thymus, thyroid), eye, head and neck, nervous gystem
(central and peripheral), lymphatic system, pelvic, skin, soft tissue, spleen,
thoracic region, and urogemital system. Particular neoplasms, cancers,
malignancies, and/or tumors that can be treated with the ABMs of the invention
nclude, but are not limited to, epidermal and squamous cell carcinomas, gliomas,
pancreatic cancer, ovarian cancer, prostate cancer, breast cancer, bladder cancer, |
head and neck cancer, renal cell carcinomas, colon cancer, colorectal cancer, lung
cancer, brain tumor, malignant melanoma, leukemia, Iymphomas, T cell
Iymphomas, multiple myeloma, gastric cancer, cervical cancer, endometrial
carcinoma, esophageal cancer, liver cancer, cutaneous cancer, urinary tract
carcinoma, chd'riocarcinoma, pharyngeal cancer, laryngeal cancer, theconiatosis,
androblastoma, endometrium  hyperplasy, endometriosis, embryoma,
fibrosarcoma, Kaposi's sarcoma, hemangioma, cavernous hemangioma,
angioblastoma, retinoblastoma, astrocytoma, neurofibroma, oligodendroglioma,
medulloblastoma,  ganglioneuroblastoma, glioma, rhabdomyosarcoma,
hamartoblastoma, osteogenic sarcoma, Ieiomyosarcoma, thyroid sarcoma,
Ewing's sarcoma, and Wilms tumor.

[0238] Similarly, other cell ‘proliferaﬁon dfsorders can aiso be treated with the
modified ABMs of the preseut invention. Examples of such-cell proﬁferaﬁon
disorders imclude, but are not lmited to hypergammaglobulinemia,
lymphoproliferative disorders, paraproteinemias, purpura, sarcoidosis, Sezary
Syndrome, Waldenstron's Macroglobulinemia, Gaucher's Disease, histiocytosis,
and any other cell proliferation disease, besides neoplasia, located in an organ
system listed above. | , _ |

[0239] Examples of autoimmune diseases or disorders include, but are not
bimited to, immune-mediated thrombocytopenias, such as acute idiopathic
thrombocytopenic purpurea and chronic idiopathic thrombocytopenic purpurea,
dermatomyositis, Sydenham's chorea, lupus nephritis, rheumatic fever,
poiyglandular syndromes, Henoch-Schonlein purpura, post-sireptococcal
nephritis, erythema nodosum, Takayasu's arteritis, Addison's disease, erythema
multiforme, polyarteritis nodosa, ankylosing spondylitis, Goodpasture's
syndrome, thromboangitis ubiterans, primary biliary cirrhosis, Hashimoto's
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thyroiditis, thyrotoxicosis, chronic active hepatitis,
polymyositis/dermatomycsitis, polychondritis, pamphigus vulgaris, Wegener's
granulomatosis, membranous nephropathy, amyotrophic lateral sclerosis, tabes
dorsalis, polymyaglia, pernicious anemia, rapidly progressive glomerulonephritis
and fibrosing alveolitis, inflanumatory responses such as inflammatory skin
diseases including psoriasis and dermatitis (e.g. atopic déimati.tis); systeric
scleroderma and sclerosis; responses associated with inflammatory bowel disease
(such as Crohn's disease and ulcerative colitis); respiratory distress syndrome
(including adult respiratory distress syndrome; ARDS); dermatitis; meningitis;
encephalitis; uveitis; colitis; glomernlonephritis; allergic conditions such as
eczema and asthma and other conditions involving infiltration of T cells and
chronic inflammatory responses; atherosclerosis; leukocyte adhesion deficiency;
theumatoid arthritis; systemic lupus erythematosus (SLE); diabetes mellitus (e.g..
Type 1 diabetes mellitus or insulin dependent diahetes mellitus); multiple .
sclerosis; Reynaud's  syndrome; autoimmune  thyroiditis; allergic -
encephalomyelitis; Sjorgen's syndrome; juvenile onset diabetes; and immune
responses associated with acute and delayed hypersensitivity mediated by
cytokines and T-lymphocytes typically found in tuberculosis, sarcoidosis,
polymyositis, granulomatosis and vasculitis; pernicious amenia (Addison's
disease); diseases involving leukocyte diapedesis; central nervous system (CNS)
inflammatory disorder; multiple organ injury syndrome; hemolytic anemia
(including, but not limited to cryoglobinemia or Coombs positive anemia); -
myasthenia gravis; antigen-antibody complex mediated diseases; anti-glomerular
basement membrane disease; antiphospholipid syndrbme; allergic peuritis;
Graves' dissase; Lambert-Eaton myasthenic syndrome; pemphigoid bullous;
pemphigus; antoimmune polyendocrinopathies; Reiter's disease; stiff-man
syndrome; Behoet disease; giant cell arteritis; immune complex nephritis; IgA
nephropathy; 1gM polyneuropathies; immune thrombocytopenic purpura (ITP) or
autoimmune thrombocytopenia ete.

[0240] The modified ABMs of the present invention can be used alone or in
combination with other treatments or therapeutic agents to treat disorders that are
treatable by increasing or decreasing cell signaling activity and/or cross;lin}cing
of one or more target antigens. In one embodiment, modified ABMs 6f the

present can be used alone to target and kill tnmor cells in vivo. The modified
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-AEMS can also be used in conjunction with an appropriate therapeutic agerit to
treat human carcinoma. For example, the modified ABMS can be used in
combination. with standard or conventional treatment methods such as
chemotherapy, radiation therapy or can be conjugated or linked to a therapeutic
drug, or toxin, as well as to a lymphokine or a tumor-inhibitory growth factor, for
delivery of the therapeutic agent to the site of the carcinomz. In particular
embodiments, the conjugaies of the modified ABMs ofthis invention include (1)
immunotoxins {conjugates of the modified ABM and a cytotoxic moiety) and (2}
labeled (e.g. radiolabeled, enzyme-iabeled, or fluorochrome-iabeled) modified
ABMs in which the label provides a means for identifying immune complexes
that include the labeled ABM. The modified ABMs can also be used to induce

" lysié through the natural complement process, and to interact with antibody
dependent cytotoxic cells normally present.

10241} The cytotoxic moiety of the immunotoxin may be a cytotoxic drug or an

" enzymatically active foxin of bacterial or plant origin, or an enzymatically active
fragment ("A chain") of such a toxin. Enzymatically active toxins and fragments
thereof used are diphtheria A chain, nonbinding active fragments of diphtheria
toxin, exotoxin A chain (from Pseudomonas asruginosa), ricin A chain, abrin A
chain, modeccin A chain, alpha-sarcin, Aleurites fordii ‘proteins, dianthin
proteins, Phytolacca americana proteins (PAPI, PAPII, and PAP-S), momordica
charantia inhibitor, curcin, crotin, sapaonaria officinalis inhibitor, gelonin,
mitogellin, restrictocin, phenomycin, and enomycin. In another embodiment, the
modified ABMs are conjugated to small molecule anﬁcancer drugs. Conjugates
of the modified ABM and such cytotoxic moieties are made using a variety of
bifunctional protein coupling agents. Exampies of such reagenis are SPDP, IT,
vifunctional derivatives of imidoesters such a dimethyl adipimidate HCJ, active
esters such as disuccinimidyl suberate, aldehydes such as ghutaraldehyde, bis-
azido compounds such as bis (p-azidobenzoyl) hexanediamine, bis-diazonium
derivatives such as bis-(p-diazoniumbenzoyl)-ethylenediamine, diisocyanates
such as tolylene 2,6-diisocyanate, and bis-active fiuorine compounds such as 1,5-
difluoro-2 4-dinitrobenzene. The lysing portion of a toxin may be joined to the
Fab fragment of the modified ABMs. Additional appropriate toxins are known in
the art, as evidenced in e.g, published U.S. Patent Application No.
2002/0128448, incorporated herein by reference in, its entirety.
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[0242] In one embodiment, the antigen binding molecule of the pi'esent invention
is conjugated to an additional moiety, such as a radiolabel or a toxin. Such
conjugated modified ABMs can be produced by numerous methods that are well
known in the art. - _ ‘

[0243] - A variety of radionuclides are applicable to the present invention and
those skilled in the art are credited with the ability to readily determine which
radionuclide is most appropriate under a variety of circumstances. For example,
3lodine is 2 well known radionuclide used for targeted immunotherapy.
However, the clinical usefulness of “'iodine can be limited by several factors
including: eight-day physical half-life; dehalogenation of iodinated antibody both
in the blood and at tumor sites; and emission characteristics (eg; large gamma
component) which can be suboptimal for localized dose deposition in tumor.
With the advent of superior chelating agents, the opportunity for attaching metal -
chelating groups to proteins has increased the opportunities to utilize other
radionuclides such as 'lindium and Pytrivm.  **Yttrium provides several
benefits for utilization in radioimmunotherapeutic applications: the 64 hourhalf-
fife of Pyttrium is long enough to allow antibody accumulation by tumor and,
unlike eg, “lodine, “yttrium is a pure beta emitter of high energy with no
accompanying gamma irradiation in its decay, with a range in tissue of 100 o
1000 cell diameters. Furthermore, the minimal amount of penetrating radiation
allows for outpatient administration of “yttrivm-labeled antibodies. Additionally,
infernalization of labeled antibody is not required for cell killing, and the local
emission of ionizing radiation should be lethal for adjacent tumor cells lacking
the target antigen. | .

[(244] Effective single treatment dosages (i.e., therapeutically effective amounts)
of yttrium labeled modified ABMs of the present invention range from between
about 5 and about 75 mCi, more preférably between about 10 and about 40 mCi.
EffectiVe single treatment non-marrow ablative dosages of Blisdine labeled
ABMs of the present invention range from between about 5 and about 70 mCi,
more preferably between about 5 and about 40 mCi. Effective single treatment
ablative dosages (i.e., may require antologous bone marrow transplantation} of
34 odine labeled antibodies of the present invention range from between about 30

and about 600 mCi, more preferably befween about 50 and less than about 500

mCi. In conjunction with a chimeric antibody according to the present invention,
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owing to the longer circulating half life vis-a-vis murine antibodies, an effective
single treatment non-matrow ablative dosages of *!jodine labeled chimeric
antibodies range from between about 5 and about 40 mCi, more preferably less
than about 30 mCi. lmaging criteria for, e.g., the "'indium label, are typically
less than about 5 mCi.

[0245] With respect to radiolabeled antibodies of the present invention, therapy
therewith can élsc_) occur using a single ﬂierapy treatment or using mulfiple
ireatments. Because of the radionuclide component, it is preferred that prios to
{freatment, peripheral stem cells ("PSC") or bone marrow ("BM") be "harvested"
for patients experiencing potentially fatal bone marrow toxicity resulting from
radiation. BM and/or PSC are harvested using standard techniques, and then
purged and frozen for possible reinfusion. Additionally, it is most preferred that
prior fo treatment a diagnostic dosimetry study using a diagnostic labeled”
antibody (e.g., using '*'indium) be conducted on the patient, a purpose of which.
is to ensure that the therapentically labeled antibody (eg, using **yttrium) willnot -
become unnecessarily "concentrated” in any normal organ or tissue,

[0246] In one embodiment, a chimeric, glycoengineered modified ABM of the

‘ present invention, is conjugated to ricin A chain. Most advantageously, the ricin
A chain" is deglycosylated' and produced through recombinant means. An
advantageous method of making the ricin immunotoxin is described in Vitetta et
al., Science 238, 1098 (1987), hereby incorporated by reference.

[0247] When used to kill human cancer cells in vitro for diagnostic purposes, the
conjugates will typically be added to the cell culture medium at a céncentrat_ion
of at least about 10 nM. The formulation and mode of administration for in vitro
use are ot eritical. Aqueous formmilations that are compatible with the culture or
perfusion medium will normally be used. Cytotoxicity may be read by
conventional techniques to determine the presence or degree of cancer.

[0248] As discussed above, a cytotoxic radiopharmaceutical for treating cancer
may be made by conjugating a radioactive isotope (e.g., 1, Y, Pr) to a chimeric,
glycoengineered and/or modified ABM of the present invention. The term
"cy{o‘zoxic moiety" as used herein is intended to include such isotopes.

[0249] In another embodiment, liposomes are filled with a cytotoxic drug and the |

fiposomes are coated with the ABMs of the present invention. Becaunse many of |

the target molecules for the modified ABMs of the present invention expressed
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on the cell surface (e.g,, there are many CD20 molecules on the surface of the
malignant B-cell), this method permits delivery of large amounts of drug to the
correct cell type. '

{0250 | Techniques for conjugating such therapeutic agents to antiﬁodies are well
known (see, e.g., Amnon ef al., "Monoclonal Antibodies for Immunotargeting of
Drugs in Cancer Therapy", in Monoclonal Antibodies and Cancer Therapy,
Reisfeld et al. (eds.), pp. 243-56 (Alan R. Liss, Inc. 1985); Hellstrom ef al,
"Antibodies For Drug Delivery”, in Controlied Drug Delivery (2nd Ed.),
Robinson ef al. (eds.), pp. 623-53 (Marcel Dekker, Inc. 1987); Thorpe, "Antibody
Carriers Of Cytotoxic Agents In Cancer Therapy: A Review", in Monocional
Antibodies '84: Biological And Clinical Applications, Pinchera et al. (eds.), pp.
475-506 (1985); and Thorpe et al., "The Preparation And Cytotoxic Properties Of
Antibody-Toxin Conjugates”, Immunol. Rev., 62:119-58 (1982) (each of Wlﬁch is
incorporated by referenée herein in ifs entirety).

{0251] © Still other therapeutic applications for the ABMs of the invention include
conjugation or linkage, e.g., by recombinant DNA techmiques, to an enzyme
capable of converting a prodrug into a cytotoxic drug and the wuse of that
antibody-enzyme conjugate in conibinatian with the prodrug to convert the
prodrug to a cytotoxic agent at the tumor site (see, ¢.g., Senter et al., " Anti-Tumor
Effects of Antibody-alkaline Phosphatase”, Proc. Nail Acad. Sei. USA
85:4842-46 (1988); "Enhancement of the in vifro and in vivo Antitumor Activites
of Phosphorylated Mitocycin C and Etoposide Derivatives by Monoclonal
Antibody-Alkaline Phosphatase Conjugates”, Cancer Research 49:5789-5792

‘ (1989); and Senter, "Activation of Prodrugs by Antibody-Enzyme Conjugates: A
New Approach to Cancer Theraj;:y,“ FASEB J. 4:188-193 (1990)).

10252] Still another therapeutic use for fche ABMs of the invention involves use,
either unconjugated, in the presence of complement, or as part of an
antibody-drug or antibody-toxin conjugate, to remove tumor cells from the bone
marrow of cancer patients. According to this approach, autologous bone marrow
may be purged ex vive by treatment with the antibody and the marrow infused
back into the patient (see, e.g., Ramsay et al., "Bone Marrow Purging Using
Monocional Antibodies", J. Clin. fmmunol., 8(2):81-88 (1988)).

[0253] Furthermore, it is contemplated that the invention comprises a single-

chain immunotoxin comprising antigen binding domains that allow substantially
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the same specificity of binding as a parent antibody (e.g., ‘polypeptides
comprising the CDRs of the parent antibody) and further comprising a toxin
polypeptide. The single-chain immunotoxins of the invention may be used to
treat human carcinoma in vivo. '

[0254] Similarly, a fusion protein comprising at least the antigen-binding region
of an ABM of the invention joined to at least a functionally active portion of a
second protein having anti-tumor acitivty, e.g., a lymphokine or oncostatin, can
be used to treat human carcinoma in vivo.

[0255] The present invention provides a method for selectively killing tumor
cells expressing cell surface receptors including, but not limited to CD20, Herl
(EGFR), HerZ/néu, Her3, Her4, TRAIL receptors (e.g., TRAILR1, TRATLR2),
INFR, FGF receptors (e.g., FGFR1), IGF ‘r.eceptors, PDGEF receptors, VEGF -
receptors, and other celi-surface associated receptors. This method comprises
reacting the modified ABM of the invention (conjugated, e.g., as an -
immunotoxin, or unconjugated) with said tumor cells. These tumor cells may be
from a human carcinoma. |

[0256] ~  Additionally, this invention provides a method of treating carcinomas (for
example, human carcinomas) in vivo. This method comprises administering to a
subject a pharmaceutically effective amount of a composition containing at least
one of the modified ABMs of the invention (corjugated, e.g., as an immunotoxin,
or unconjugated).

[0257) In a further aspect, the invention is directed to an improved method for
treating B-cell proliferative disorders including B-cell lymphoraa, as well as an
autoimmune disease produced in whole or in part by pathogenic autoantibodiss,
based on B-cell depletion comprising administering a therapeutically effective
amount of an ABM of the present invention to a human subject in need thereof,
In a preferved embodimént, the ABM is a glycoengineered anti-CD20 antibody
with a binding specificity substantially the same as that of the murine B-Lyl
antibody. In ahoﬂtler preferred embodiment the antibody is humanized. In this
aspect of the invention, the ABMs of the invention are used to deplete the blood
of normal B-cells for an extended period.

16258} . In accordance with the practice of this invention, the subject may be a
human, equine, porcine, bovine, murine,l canine, feline, and avian subjects. Other

warm blooded animals are also included in this invention.
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[0259] The subject invention further provides methods for inhibiting the growth
of human tumor cells, treating a tumor in a subject, and treating a proliferative
type disease in a subject. These methods comprise administering to the subject an

- effective amount of the composition of the invention.

{62607 In one embodiment, the invention relates to an ABM according to the
present invention for use in the treatment or prophylaxis of cancer, a
precancerous condition or lesion, or an autoimmune disorder. In yet another
embodiment, the invention relates to an ABM according to the present invention
for use as a medicament for the treatment or prophylaxis of cancer, 2
precancerous condition or legion, or an autoimmune disease. The cancer may bé,
for example, B-cell lymphoma, lung cancer, non small cell lung (NSCL) cancer,
bronchioalviolar ceil lung cancer, bone cancer, pancreatic cancer, skin cancer,
cancer of the head or neck, cutaneous or intraocular melanoma, uterine cancer,
ovarian cancer, rectal cancer, cancer of the anal region, stomach cancer, gasiric
cancer, colon cancer, breast cancer, uterine cancer, carcinoma of the fallopian
tubes, carcinorna of the endometrium, carcinoma of the cervix, carcinoma of the
vagina, carcinoma of the vulva, Hodgkin's Disease, cancer of the esophagus,
cancer of the small infestine, cancer of the endocrine system, cancer of the
thyroid gland, cancer of the parathyroid gland, cancer of the adrenal gland,
sarcoma of soft tissue, cancer of ﬂlé urethra, cancer of the penis, pr'o.stlate cancer,
cancer of the bladder, cancer of the kidney or ureter, renal cell carcinoma,
carcinoma of the renal pelvis, mesothelioma, hepatocellular cancer, biliary
cancer, chronic or acute leukemia, lymphocytic lymphomas, heoplasms of the
central nervous. system (CNS), spinal axis twmors, brain stem glioma,
glioblastorna multiforme, astrocytomas, schwannomas, ependymomas,
medulloblastomas, meningiomas, squamous cell carcinomas, pituitary adenomas,
including refractory versions of any of the above cancers, or a combination of one
ormore of the above cancers. The precancerous condition or lesion includes, for
example, the group consisting of oral leukoplakia, actinic keratosis (solar
keratosis), precancerous polyps of the colon or rectum, gastric epithelial
dysplasia, adenomatous dysplasia, hereditary nonpolyposis colon cancer

syndrome (HNPCC), Barrett's esophagus, bladder dysplasia, and precancerous
cervical conditions.
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| {0261} Preferably, the cancer is selected from the group consisting of B-cell
Iymphoma, breast cancer, bladder cancer, head and neck cancer, skin cancer, '
pancreatic cancer, lung cancer, ovarian cancer, colon cancer, prostate cancer,
kidney cancer, and brain cancer. Examples of autoimmune disorders are

. provided, above.

[0262] Yet another embodiment is the use of the ABM according to the present
invention for the manufacture of a medicament for the treatment or prophylaxis
of cancer or for the treatment or prophylaxis of a precancerous condition or
lesion. Cancer and precancerous condition or lesion are defined as above.

[0263] It is apparent, therefore, that fhe present invention encompasses
pharmaceutical compositions, combinations, uses, and methods for treating
human carcinomas. For example, the invention includes pharmaceutical
compositions for use in the treatment of human carcinomas comprising a
pharmaceutically effective amount of an antibody of the present invention and a.
pharmaceutically acceptable carrier.

[0264] The ABM compositions of the mvention can be administered using
conventional modes of administration including, but not limited to, intravenous,
intraperitoneal, oral, iniralymphatic or administration directly into the tumor.
Intravenous administration is preferred.

[0265] In one aspect of the invention, therapeutic formulations containing the
ABMs of fhe invention are prepared for storage by mixing an antibody having the
desired degree of purity with optional pharmaceutically acceptable carriers,
excipients or stabilizers (Remington's Pharmaceutical Sciences 16th edition,
0501, A. Ed. (1980)), in the form of lyophilized formulations or aqueous
solutions. Acceptable carriers, excipients, or stabilizérs are nontoxic to recipients
at the dosages and concentrations employed, and include buffers such as
phosphate, citrate, and other orgamc acids; antioxidants including ascorbic acid
and methionine; preservatives (such as octadecyldimethylbenzyl ammonium
chloride; hexamethonium chloride; benzalikonium chioride, benzethonium
chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as methy! or propyl
paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low
molecular weight (less than about 10 residues) polypeptides; proteins, such as
serum. albumin, gelatin, or imnmunoglobulins, hydrophilic polymers such as

polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine,
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histidine, arginine, or lysine; monosaccharides, disaccharides, and other
carbohydrates including glucose, nﬁazmose, or dextrins ; chelating agents such as
EDTA,; sugars such as sucrose, mannitol, trehalose or sorbitol; salt-forming
counter-ions such as sodium; metal complexes (e.g., Zn-protein complexes);
and/or non-ionic surfactants such as TWEEN™, PLURONICS™ or polyethylene
glycol (PEG). _
[0266] Exemplary anti-CD20 ABM formulations are descﬁbed mWO098/56418,
expressly incorporated herein by reference. This publication describes é hiquid
multidose formulation comprising 40 mg/ml rituximab, 25 mM acetate, 150 mM
trehalose, 0.9% benzyl alcohél, 0.02% polysorbate 20 at pH 5.0 that has a
minimum shelflife of two vears storage at 2-8°C. Another anti-CD20 formulation
of interest comprises 10 mg/mL rituximab in 9.0 mg/mL sodium chloride, 7.35
mg/mL sodium citrate dihydrate, 0.7 mg/mL polysorbate 80, and Sterile Water-
for Injection, pH6.5. In the present invention,l rituximab will be substituted by a.
modified ABM of the present invention. ‘ '
[0267] Lyophilized formulations adapted for subcutaneous administration are
described in W097/04801. Such lyophihized formulations may be reconstituted
with a suitable diluent to a high protein concentration and the reconstituted
formulation may be administered subcutaneously to the mammal fo be treated
herein. _
[0268] The formulation herein'may also contain more than one active comﬁound
as necessary for the parficular indication being treated, preferaﬁiy those with
complementary activities that do not adversely atfect each other. For example, it
may be desirable to further provide a cytotoxic agent, chemotherapeutic agent,
cytokine or immunosuppressive agent {e.g. one which acts on T cells, such as
cyclosporin or an antibody that binds T cells, e.g., one which binds LFA-1). The
effective amount of such other agents depends on the amount-of antagonist
present in the formulation, the type of disease or disorder or ireatment, and other
factors discussed above. These are generally used in the same dosages and with
adminisiration routes as used hereinbefore or about from 1 to 39% of the
heretofore employed dosages.
[6269] The active ingredients may also be entrapped in microcapsules prepared,
for example, by coacervation techniques or by interfacial polymerization, for

example, hydroxymethylcellulose or gelatin-microcapsules and poly-
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(methylmethacylate) microcapsules, respectively, in colloidal drug delivery
systems (for example, liposomes, albumin microspheres, microemuisions, nano-
particles and nanocapsules) or in macroemulsions. Such techniques are disclosed
n Reﬁﬁngton's Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980).

102706 Sustained-release preparations may be prepared. Suitable examples of
sustained-release preparations include semipermeable matrices of solid
hydrophobic polymers containing the antagonist, which matrices are in the form
of shaped articles, e.g., films, or microcapsules. Examples of sustained-release
matrices include polyesters, hydrogels (for example, poly(2-hydroxyethyl-
methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,919),
copolymers of L-glutamic acid and yethyl-L-glutamate, non-degradable etﬁyiene—

| vinyl acetate, degradable lactic acid-glycolic acid copolymers such as the

LUPRON DEPOT™ (injectable microspheres composed of lactic acid-glycoli¢
acid copolymer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid. .

{6271} The formulations to be used for in vivo administration must be sterife.

.' This is readily accomplished by filtration through sterile filiration membranes:

{0272] The compositions of the invention may be in a variety of dosage forms
which include, but are not limited to, liquid solutions or suspension, tablets, pills,
powders, suppositories, polymeric microcapsules or microvesicles, liposomes,
and injectable or infusible solutions. The preferred form depends upon the mode
of administration and the therapeutic application.

[0273] The compositions of the invention also preferably inciude conventional

" pharmaceutically acceptaﬁle carriers and adjuvants known in the art such as

hurman serum albumin, ion exchangers, alumina, lecithin, buffer substances such
as phosphates, glycine, sorbic acid, potassivin sorbate, and salts or electrolvtes
such as protamine sulfate. |

[0274} The most éﬂ'ective mode of administration and dosage regimen for the
pharmaceutical compositions of this invention depends upon the severity and
course of the disease, the patient's health and response to treatment and the
judgment of the treating physician. Accordingly, the &osages of the compositions
should be titrated to the individual patient. Nevertheless, an effective dose of the
compogitions of this invention will generally be in the range of from about 0.01
{o about 2000 mg/kg.
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[0275] The molecules described herein may be in a variety of dosage forms
which include, but are not limited to, liquid solutions or suspensions, tablets,
pills, powders, suppositories, polymeric microcapsules. or microvesicles,
liposomes, and injectable or infusible sohitions. The preferred form depends upon
the mode of administration and the therapeutic application.

[0276] The dosages of the present invention may, in some cases, be determined
by the use of predictive biomarkers. Predictive biomarkers are molecular
markers that are used to deterﬁme (i.e., observe and/or quanitate) a pattern of
expression and/or activation of tumor related genes or protei:mé, or cellular
components of a tumot-related signaling pathway. Elucidating the biological
effecis of targeted therapies in tumor tissue and correlating these effects with
clinical response helps identify the predominant growth and survival pathways
operative in tumors, thereby establishing a profile of likely responders and
conversely providing a rationale for designing strategies to overcoming resistance
to therapy. For example, where the modified ABM is an antibody specific for
EGER, biomarkers for anti-EGFR therapy may comprise one or more molecules
that are in the EGFR. downstream signeling pathway leading to a celi proliferation
disorder including, but not limited to, Akt, RAS, RAT, MAPK, ERK 1, ERK?2,
PEC, STAT3, STATS (Mitchell, Nature Biotech. 22: 363-364 (2004); Beckes,
Naiure Biotech 22: 15-18 (2004); Tsao and Herbst, Signal 4: 4-9 (2003)).
Biomarkers for anti-EGFR therapy may also comprise growth factor receptors
such as EGEFR, ErbB-2 (HERZ/neu), and ErbB-3 (HER3), and may be positive or
negative predictors of patient response to anti-EGER therapy. For exampile, the
growth. factor receptor ErbB-3 (HER3) was determined to be a negative
predictive biomarker for the anti-EGFR antibody ABX-EGF (U.S. Pat. Appl.
Pub.‘ No. 2004/0132097 Al).

[8277] Predictive biomarkers may be measured by cellular assays that are well
known in the art including, but not limited to immunohistochemistry, flow
cytometry, immumofluorescence, capture-and-detection assays, and reversed
phase assays, and/or assays set forth in U.S. Pat. Appl. Pub. No. 2004/0132097
Al, the entire contents of which are herein incorporated by reference . Predictive
biomarkers of anti-EGFR therapy, themselves, can be identified according to the
techniques set forth in U.S. Pat. Appl. Pub. No. 2003/019068%A1, the entire

conients of which are hereby incorporated by reference.
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{02781 Thus, in one aspect, the present invention provides for a method for
treating a disorder that is related to altered or dysregulated cell signaling by a
target antigen and/or altered ability to mediate cross-linking and/or
oligomerization of one or more target antigens comprising predicting a response
to themapy with a modified ABM in a buman subject in need of treatment by
assaying a sample from the human subject prior to therapy with one or a plurality
of reagents that detect expression and/or activation of predictive biomarkers for

~ disorder that is reiafed o altered or dysregulated cell signaling by a target antigen
and/or altered ability to mediate cross-linking and/or oligomerization of one or
more target antigens (such as cancer); determining a pattern of expression and/or
- activation of one or more of the predictive biomarkers, wherein the pattern
predicts the human subject's response to the modified ABM therapy, and
administering to a human subject who is predicted to respond positivély to
modified ABM treatment a therapeutically effective amount of a composition
comprising a modified ABM of the present invention. As used herein, a human
subject who is predicted to respond positively to modified ABM treatment is one
for whom the modified ABM will have a measurable effect on the disease or
disorder that is related to altered or dysregulated cell signaling by atarget antigen
-and/or altered ability to mediate cross-linking and/or oligomerization of one or
more target antigens (e.g., tumor regression/shrinkage) and for whom the benefits
of meodified ABM therapy are not ouiweighed by adverse effects (e.g., toxicity).
As used herein, a sample means any biological sample from an organism,
particularty a human, comprising one or more cells, including single cells of any
origin, tissue or biopsy samples which has been removed from organs such as
breast, lung, gastrointestinal tract, skin, cervix, ovary, prostate, kidney, brain,
head and rieck, or any othér other organ or tissue of the body, and other body
samples including, but not limited to, smears, sputum, secretions, cerebrospinal
fiuid, bile, blood, lymph fluid, urine and feces.

[0279] The composition comprising a modified ABM of the present invention
will be formulated, dosed, and administered in a fashion consistent with good
medical practice. Factors for consideration in this context include the particular
disease or disorder being treated, the particular mammal being treated, the clinic
condition of the individual patient, the cause of the disease or disorder, the site of

delivery of the agent, the method of adminmistration, the scheduling of
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adrministration, and other factors known to medical ‘praétitioners. The
therapeutically effective amount of the antagonist to be administered will be
govermed by such considerations.

[0230] As a general proposition, the therapeutically effective amount of the
antibody administered parenterally per dose will be in the range of about 0.1 to
20 mgfkg of patient body weight per day, with the typical initial range of
antagonist used being in the range of about 2 to 10 mg/kg.

[0281] Also preferably, the modified ABM is used in a therapeutically effective
“amount from about 1.0 mg/kg to about 15 mg/kg. '
[0282] Also more preferably, the modified ABM is used in a therapeutically

effective amount from about 1.5 mg/kg to about 12 mg/kg.

{0283] Also more preferably, the modified ABM is used in a therapeutically
effective amount from about 1.5 mg/kg to about 4.5 mg/kg.

10284] Also more preferably, the modified ABM is used in a therapeutically
effective amount from about 4.5 mg/kg to about 12 mg/kg.

[6285] Most preferably, the modified ABM is used in a therapeufically effective
amount of about 1.5 mg/kg. '

[0286] Also most preferabiy, the modified ABM is used in a therapeutically
effective amount of about 4.5 mg/kg.

[0287] Also most preferably, the modified ABM is used in a therépeutically
effective amount of about 12 mg/kg.

[0288) In a preferred embodiment, the modified ABM is an antibody, preferably
a humanized antibody. Suitable dosages for such an unconjugated antibody are,
for exarple, in the range from about 20 mg/m” to about 1000 mg/m °. In one
embodiment, the dosage of the antibody differs from that presently recommended
for rituximab. For example, one may administer to the patient one or more doses
of substantially less than 375 mg?mz of'the antibody, e.g., where the dose isin the
range from about 20 mg/m® to about 250 mg/m?, for example from about 50
mg/m” to about 200 mg/m®,

[0289] Moreover, one may administer one or imore mittal dose(s) of the antibody
followed by one or more subsequent dose(s), wherein the mg/m* dose of the
antibody in the subsequent dose(s) exceeds the mg/m? dose of the antibody in the
initial dose(s). For example, the initial dose may be in the range from about 20

mg/m” to about 250 mg/m? {e.g., from about 50 mg/m” to about 200mg/m?) and
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the subsequent dose may be in the range from about 250 mg/m® to about 1000
mg/m’. |

{02907 Asnoted above, however, these suggested amounts of modified ABM are
subject to a great deal of therapeutic discretion. The key facior in selecting an
appropriate dose and scheduling is the result obtained, as indicated above. For
example, relatively higher doses may be needed initially for the treatment of
ongoing and acute diseases. To obtain the most efficacious results, depending on
the disease or disorder, the antagonist is administered as close to the first sign,
diagnosis, appearance, or occurrence of the disease or disorder as possible or
during remissions of the disease or disorder.

[0291] The modified ABM of the present invention is administered By any
suitable means, including parenteral, subcutaneous, intraperitoneal,
intmpuiinbnary, and intranasal, and, if desired for local Immunosuppressive
‘treatment, intralesional administration. Parenteral infusi_ons include
intramuscular, intravenous, intraarterial, infraperiioneal, or subcutaneous
administration. In addition, the antagonist may suitably be administered by ?ulse
infusion, e.g., with declining doses of the antagonist. Preferably the dosing is
given by injections, most preferably intravenous or subcutaneous injections,
depending in part on whether the administration is brief or chronic.

[0292] One may administer other compounds, such as cytotoxic agents,
chemotherapeutic agents, immunosuppressive agents and/or cytokines with the
antagonists herein. The combined administration includes coadministration, using
separate fﬁrmula‘cions or a single pharmaceutical formulation, and consecutive
administration in either order, wherein preferably there is a time period while
both (or all) active agents simultaneously exert their biclo gicé.l activities.

{0293) It would be clear that the dose of the composition of the invention
required to achieve cures may be further reduced with schedule optimization.

16294} "In accordance with the practice of the invention, the pharmaceutical
carrier may be a lipid carrier, The lipid carrier may be a phospholipid. Further,
the lipid carrier may be a fatty acid. Also, the lipid carrier may be a detergent. As
used herein, a detergent is-any substance that alters the surface tension of a liquid,
generally lowering if.

[6295] In one example of the invention, the detergent may be a nonionic

detergent. Examples of nonionic detergents include, but are not limited to,
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polysorbate 80 (also known as Tween 80 or (polyoxyethylenesorbitan
monooleate), Brij, and Triton (for example Triton WR-1339 and Triton A-20).
[0296] Alternatively, the detergent may be an ionic detergent. An example of an
ionic detergent includes, but is not limited to, alkyltrimethylammonium bromide.
[0297] Additionally, in accordance with the invention, the lipid carrier may be a
liposome. As used in this application, a "liposome" is any membrane bound
vesicle which contains any molecunles of the invention or combinations thereof,
[0298] The examples below explain the invention in more detail. The following
preparations and examples are given to enable those skilled in the art to more
clearly understand and to practice the present invention. The present invention,
however, is not limited in scope by the exemplified embodiments, which are
intended as illustrations of single aspects of the invention only, and methods
which are functionally equivalent are within the scope of the invention. Indeed,
various modifications of the invention in addition to those described herein will
become apparent to those skilled in the art from the foregoing description and’
aofcomp anying drawings. Suchmodifications are intended to fall within the scope

of the appended claims.

EXAMPLES

{02991 Unless otherwise specified, references to the numbering of specific atino
acid residue positions in the following Examples are according to the Kabat

~ numbering systerm.
EXAMPLE 1

Materials and Methods

Cloning and Expression of Recombinant Antibody B-Lyl

[0300] B-Lyl expressing hybridoma cells (see, e.g., Poppema, S., et al., 1987,
Proceedings of the 9" Biotest Symposium, Institute of Bducation, London,
(Somneborn, H.H. and Tills, D, Eds.); Ling, N.R, et al., 1987, In Leucocyte
Typing Conference III: White cell differentiation antigens, 302-355, Oxford
Uﬁiversity Press, Oxford. (A.J. McMichael, Ed.); Knapp, W. 1990. Leukocyte



WO 2607/031875 PCT/IB2006/063294
101

Typing Conference IV Proceedings, Oxford University Press, Oxford) were
grown in RPMI containing 10% FBS and 4 mM L-glutamine. 6 x 10° cells with a
viability > 90% were harvested and total RNA was isolated using a Qiagen
RNAeasy midi kit. ¢cDNAs encoding the variable lght and heavy chains of B-
Lyl were amplified by RT-PCR. The RT-PCR reaction was performed using the
following conditions: 30 min at 50 °C for the first strand cDNA synthesis; 15 min
at 95 °C initial denaturation; 30 cycles of 1 min at 94 °C, 1 min at 45 °C, 1.5 min
at 72 °C; and a final elongation step for 10 min at 72 °C. The expected size 0f the
PCR products was confirmed by gel electrophoresis. The PCR products were
cloned into suitable E. coli vectors and DNA sequencing confirmed that the
variable light and heavy chain encoding genes were isolated.

[03061] For consﬁ“uction of chimeric B-Lyl expression vectors, synthetic signal
sequences and appropriate restriction sites were fiised to the variable chains by
additional PCR reactions. After a final confirmation of the correct DNA seguence
of the variable chains, they were combined with the corresponding human IgGI
constant regions. Once the genes were constructed, they were cloned under
control of the MPSV promoter and upstream of a synthetic polyA site, using two
separate vectors, one for each chain, resulting in the plasmids pETR1808 (heavy
chain expression vector) and pETR1813 (light chain expression vector). Each
vector carried an EBV OnP sequence.

[6302] Chimeric B-Lyl was produced by co-transfecting HEK293-EBNA cells

' with vectors pETR1808 and pETR 1813 using a calciwm phosphate-transfection
approach. Exponentially growing HEK293-EBNA cells were transfected by the
calcium phosphate method. Cells were grown as adherent monolayer cultures in
T flasks using DMEM culture medium supplemented with 10% FCS, and were
transfected when they were between 50 and 80% confluent. For the {ransfection
of a T75 flask, 8 million cells were seeded 24 hours before transfection in 14 ml
DMEM culture medium supplemented with FCS (at 10% V/V final), 250 pg/ml
neomycin, and cells were placed at 37°C in an incubator with a 5% CO,
atmosphere overnight. For each T75 flask to be transfected, a solution of DNA,
CaCl, and water was prepared by mixing 47 pg total plasmid vector DNA divided
equally between the light and heavy chain expression vectors, 235 ul of a 1M
CaCl, solution, and adding water to a final volume of 469 ul. To this solution,
469 pl of a 50 mM HEPES, 280 mM NaCl, 1.5 mM Na;HPO, solution at pH 7.05
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were added, mixed immediately for 10 sec and left to stand at room temperature
for 20 sec. The suspension was diluted with 12 m] of DMEM suppismented with
2% FCS, and added to the T75 in place of the existing medium. The cells were
incubated at 37°C, 5% CO, for about 17 to 20 hours, then medium was replaced
with 12 ml DMEM, 10% FCS. For the production of unmodified antibody “chB-
Ly1”, the cells were transfected only with anttbody expression vectors pETR1808
and pETRI813 in a 1:1 ratio. For the production of the glycoengineered
antibody “chB-Lyl-ge”, the cells were co-transfected with four plasmids, two for
antibody expression (pETR1808 and pETR1813), one for a fusion GnTII
polypeptide expression (pETR1519), and one for mannosidase I expression

. (pCLF9) at aratio 0f4:4:1:1, respectively. At day 5 post-transfection, supernatant
was harvested, cenfrifuged for 5 min at 1200 i‘pm, followed by a second
centrifugation for 10 min at 4000 rpm and kept at 4°C.

103031 chB-Lyl and chB-Lyl-ge were purified from culture supernatant using
three sequential chromatographic steps, Protein A chromatography, cation:
exchange chromatography, and a size exclusion chromatography step on a
Superdex 200 column (Amersham Pharmacia) exchanging the buffer to
phosphate buffer saline and collecting the monomeric antibody peak from this
last step. Antibody concentration was estimated using a specirophotometer from

the absorbance at 280 nm.

Oligosaccharide Analysis

[0304] Oligosaccharides were enzymatically released from the antibodies by
PNGaseF digestion, with the antibodies being either immobilized on a PVDF
membrane or in solution.

[6305] The resulting digest solution containing the released oligosaccharides was
either prepared directly for MALDYTOF-MS analysis or was further digested
with EndoH glycosidase prior to sample preparation for MALDI/TOF-MS

analysis.

(ligosaccharide release method for PVDF membrane-immobilized
antibodies

[6306] The wells of a 96-well plate made with a PVYDF (Immobilon P, Millipore,

Bedford, Massachusetts) membrane were wetted with 100 pl methanol and the
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liquid was drawn through the PVDF membrane using vacwum applied to the
Multisereen vacuum manifold (Millipore, Bedford, Massachusetts). The PVDF
membranes were washed three times with 300 ul of water. The wells were then
washed with 50 ul RCM buffer (8M Utrea, 360 mM Tris, 3.2 mM EDTA, pH
8.6). Between 30-40 pg antibody was loaded in a well containing 10 pl RCM
buffer. The lquid in the well was drawn through the membrane by applying
vacuun, and the membrane was subsequently washed twice with 50 pl RCM
buffer. The rednction of disulfide bridges was performed by addition of 50 ul of
0.1 M dithiothreftol in RCM and incubation at 37°C for 1 h.

[0307] Following reduction, a vacuum was applied to remove the dithiothreitol
solution from the well. The wells were washed three times with 300 pl water
before performing the carboxymethylation of the cysteine residues by addition of
50 pu1 0.1 M iodoacetic acid in RCM buffer and incubation at yoom tepuperature in
the dark for 30 min. | |

[6308] Afier carboxymethylation, the wells were drawn with vacuum and
subsequently washed three times with 300 ul water. The PVDF membrane was
then blocked, to prevent adsorption of the endoglycosidase, by incubating 100 pl
of a 1% aqueous solution of polyvinylpyrrolidone 360 at room temperature for 1
hour. The blocking reagent was then removed by gentle vacuum followed by
three washes with 300 ul water. |

10369] N-linked oligosaéchaﬁdes were released by éddition of 2.5 mU peptide-
N- glycoéydase F ( recorbinat N-Glycanase, GLYKO, Novate, CA) and 0.1 mU
Sialidase (GLYKO, Novato, CA), to remove any potential charged
monosaccharide residues, in a final volume of 25 pl in 20mM NaHCOs, pH7.0).

Digestion was performed for 3 houss at 37°C.

Oligosaccharide release method for antibodies in solution

[0310] Between 40 and 50 pig of antibody were mixed with 2.5 mU of PNGaseF
(Glyko, U.S.A.) in 2 mM Tris, pH 7.0 in a final volume 025 ul, and the MiX Was
incubated for 3 hours at 37°C.
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Use of Endoglycosidase H digestion of PNGaseF-released
oligosaccharides for the assignment of hybrid bisected oligosaccharide
structures to MALDI/TOF-MS neutral oligosaccharide peaks

[0311} The PNGaseF released oligosaccharides were subsequently digested with
Endoglycosidase H (BEC 3.2.1.96). For the EndoH digestion, 13 mU of EndoH
(Roche, Switzerland) were added to the PNGaseF digest (antibody in solution
method above) to give a final volume of 30 pl, and the mix was incubated for 3

~hours at 37°C. EndoH cleaves between the N-acetylglncosamine residues of the
chitobiose core of N-linked oligosaccharides. The enzyme can only digest

oligomannose and most hybrid type glycans, whereas complex fype

oligosaccharides are not hydrolyzed.

Sample preparation for MALDI/TOF-MS

[0312] The enzymatic digests containing the released oligosaccharides were
incubated for a further 3 h at room after the addition of acetic acid to a final
concentration of 150 mM, and were subsequently passed through 0.6 1l of cation

‘ exchange resin (AGS0W-X8 resin, hydrogen form, 100-200 mesh, BioRad,
Switzerland) packed iito a micro-bio-spin chromatography column (BioRad,
Switzerland) to remove cations and proteins. One microliter of the resulting
sample was applied to a stainless steel target plate, and mixed on the plate with 1
pi of sDHB matrix. sDHB matrix was prepared by dissolving 2 mg of 2,5-
dihydroxybenzoic acid plus 0.1 mg of 5-methoxysalicylic acid in 1 ml of
ethanol/10 mM agqueous sodium chloride 1:1 (v/v). The samples were air dried,
0.2 wl ethanol was applied, and the samples were finally allowed to re-crystallize

under air.

MALDUTOE-MS

j0313] The MALDI-TOF mass spectrometer used to acquire the mass specira
was a Voyager Elite (Perspective Biosystems). The instrument was operated in
the linear configuration, with an acceleration of 20 kV and 80 ns delay. External
calibration using oligosaccharide standards was used for mass assignment of the

ions. The spectra from 200 laser shots were summed to obtain the final spectrum.
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Whole blood B Cell Depletion

[6314) 495 pl heparinized biood from a healthy donor was aliguoted into 5 mi
polystyrene tubes, 5 ul 100-fold concentrated antibody samples (1-1000 ng/ml
final concentration) or PBS only were added and the tubes were incubated at 37°,
After 24h 50 pl blood was transferred to a fresh tube and stained with anti-CD3-
FITC, anti-CD19-PE and anti-CD45-CyChrome (Becton-Dickinson) for 15 min
at room temperature in the dark. Before analysis, 500 pl FACS buffer (PBS
containing 2% FCS and SmM EDTA) was added to the tubes. The CD3-FITC
and CD19-PE fluorescence of the blood samples were flowcytometrically
apalyzed by setting a threshold on CD45-CyChrome. B cell-depletion was
determined by plotting the ratio of CD19" B cells to CD3" T cells.

Binding of anti-CD20 Antibodies fo Raji Cells

[0315] 200,000 cells in 180 ul FACS buffer (PBS containing 2% FCS and SmM.
EDTA) were transferted to 5 ml polystyrene tubes. Next, 20 pl of 10-fold
concentrated anti-CD20 antibody samples (1-5000 ng/m] final concentration) or
PBS c:;nly were added, and the tubes were incubated ai 4°C for 30min.

" Subsequently, samples were washed twice with FACS buffer and pelleted at 300
% g for 3min. Supernatant was aspirated off and cells were taken up in 100 pl
FACS buffer. Next, 1 ul anti—Fc;speciﬁc F(ab")2-FITC fragments (Jackson
Tmrmmo Research Laboratories, USA) was added and the tubes were incubated at
4°C for 30min. Samples were washed twice with FACS buffer and taken up in
500 ul of FACS buffer containing 0.5 p.g/mi P1 for analysis by Flow Cytometry.

Binding was determined by plotting the geomstric mean fluorescence against the

antibody concentrations.

EXAMPLE 2

High Homology Acceptor Approach

[0316] The high homology antibody acceptor framework search was performed
by aligning the mouse B-lyl protein sequence to a collection of human germ-line

sequences and picking that human sequeﬁce that showed the highest sequence
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identity. Here, the sequence VI—IIJO (locus 1-e, Acc. No. DP-88) from the
VBase database was chosen as the heavy chain framework acceptor sequence,
and the IGKV2-40 (Acc. No X59314) sequence from the IMGT database was
chosen to be the framework acceptor for the light chain. Onto these two acceptor
frameworks, the three complementary determining regibns (CDRs) ofthe mouse
heavy and light variable domains were grafted. Since the framework 4 region is
not part of the variable region of the germ line V gene, the alignment for that
position was done individually. The JH4 region was chogen for the heavy chair,
and the JK4 region was chosen for i'hé light chain. Molecular modelling of the,
designed immunoglobulin domain revealed one spot potentially requiring the
murine amino acid residues instead of the human ones outside of the CDR. Re-
introducing murine amino acid resi&ues mito the human framework would
generate the so-called back mutations. For example, the human acceptor amino
-acid residue at Kabat position 27 was back mutated to a tyrosine residue.
Humanized antibody varianis were designed that either included or omitted the
5ack mutations. The humanized antibody light chain did not require any back
mutations. After designing the protein sequences, DNA sequences encoding

- these proteins were synthesized as detailed below.

Mixed Framework Approach

[6317] Tn order to avoid introducing back mutations at critical amino acid residue
positions {critical to retain good antigen binding affinity or antibody functions) of
the human acceptor framework, it was investigated whether either the whole
framework region 1 (FRl ), or framework regions 1 (FR1) and 2 (FR2) together,
could be replaced by human antibody sequences already having donor residues,
or functionally equivalent ones, at those important positions in the natural human
germline sequence. For this purpose, the VH frameworks 1 and 2 of the mouse B-
1yl sequence were aligned individuaily to human germ-line sequences. Here,
highest sequence identity was not important, and was not used, for choosing
acceptor frameworks, but instead matching of several critical residuss was
assumed to be more important. Those critical residues comprise residues 24, 71,
and 94 (Kabat numbering), and also those residues at position 27, 28, and 30

- (Kabat numbering), which lie outside of the CDR1 definition by Kabat, but often
are involved in antigen binding. The IMGT sequence IGHV3-15 (Acce No
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X62216) was chosen as a suitable one. After having designed the protein
sequences, DNA sequences encoding these proteins were synthesized as detailed
below. Using this approach no back mutations were required either for the light

or heavy chain, in order to retain good levels of antigen binding.

Synthesis of the antibody genes

[0318] After having designed the amino acid sequence of the humanized
antibody V region, the DNA sequence had to be génerated. The DNA sequence
data of the individual framework regions was found in the databases for human
germ line sequences. The DNA sequence ofthe CDR regions.was taken from the
corresponding murine cDNA data. With these sequences, the whole DNA.
sequence was virtaally assembled. Having this DNA sequence data, diagnostic
restriction sites were infroduced in the virtual sequence, by intreducing silent
mutations, creating recognition sites for restriction endonucleases. To obtain the
physical DNA chain, gene synthesis was performed (e.g., Wheeler et al. 1995). In:
this method, oligonucleotides are designed from the genes of interest, such, that a

-series of oligonucleotides is derived from the coding strand, and one other series
is from the non-coding strand. The 3’ and 5* ends of each oligonucleotide (except
the very first and last in the row) always show complementary sequences to two
primers derived from the opposite strand. When putting these oligonucleotides
into a reaction buffer suitable for any heat stable poiymerasé, and adding Mg®",

+ dNTPs and a DNA polymerase, sach oligonucleotide is extended from its 3’ end.
The newly formed 3’ end of one primer then anneals with the next primer of the
opposite strand, and extending its sequence further under conditions suitable for
template dependant DNA chain elongation. The final product was cloned into a

conventional vecior for propagation in E. eoli.

Antibody production

[6319] : Human heavy and light chain leader sequences (for secretion) were added
upstream of the above variable region sequences émd these were then jomned
upstream of human IgG1 kappa constant heavy and light chain sequences,
respeciively, using standard molecular biology techniques. The resulting full
antibody heavy and light chain DNA sequences were subcloned into mammalian

expression vectors (one for the light chain and one for the heavy chain) under the
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control of the MPSV promoter and npstream of a synthetic polvA site, each
vector carrying an EBV OriP sequence, as described in Example 1 above.
Antibodies were produced as described in Example 1 above, namely by co-
transfecting HEK293-EBNA with the mammalian antibody heavy and light chain
expression vectors, harvesting the conditioned culture medium 5 to 7 days post-
transfection, and purifying the secreted antibodies by Protein A affinity
chromatograpby, followed by cation exchange chromatography and a final size
exclusion chromatographic siep to isolate pure monomeric IgG1 antibodies. The
antibodies were formulated in a 25 mM potassium phosphate, 125 mM sodium
chloride, 100 mM glycine solution of pH 6.7. Glycoengineered variants of the
humanized antibody variants were produnced by co-transfection of the antibody
expression vectors together with a GoT-II glycosyltransferase expression
vectors, or together with a GoT-III expression vector plus a Golgi mannosidase 1T
expression Veétcr, as described for the chimeric antibody in Example 1 above.
Glycoengineered antibodies were purified and formulated as described above for:
the non-glycoengineered antibodies, The oligosaccharides attached to the Fe
région of the antibodies was analysed by MALDYV/TOF-MS as described below,

Oligossacharide analysis

[6320] Oligosaccharide release method for antibodies in solution Between 40 and
50 pg of antibody were mixed with 2.5 mU of PNGaseF (Glyko, U.S.A)) n 2
mM Tris, pH7.0in a ﬁnall volume of 25 microliters, and the mix was incubated
for 3 hours at 37°C. |

Sample preparation for MALDY/TOF-MS

{0321} The enzymatic digests containing the released oligosaccharides were
moeubated for a further 3 h at room temperature after the addition of acetic acid to
a final concentration of 150 mM, and were subsequently passed through 0.6 ml of -
cation exchange resin (AG50W-X8& resin, hydrogen form, 100-200 mesh,
BioRad, Switzerland) packed into a micro-bio~spin chromatography columm
(BioRad, Switzerland) to remove cations and proteins. One microlifer of the
resulting sample was applied to a stainless steel target plate, and mixed on the
plate with 1 pl of SDHB matrix. sDHB matrix was prepared by dissolving 2 mg
of 2,5-dihydroxybenzoic acid plus 0.1 mg of 5-methoxysalicylic acid in 1 ml of
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ethanol/10 mM aqueous sodinm chioride 1:1 (v/v). The samples were air dried,
0.2 pl ethanol was applied, and the samples were finally allowed to re-crystallize

under air.

MALDVTOF-MS

[0322] The MALDI-TOF mass spectrometer used fo acquire the mass spectra
was a Voyager Elite (Perspective Biosystems). The instrument was operated in
the linear configuration, with an acceleration of 20kV and 80 ns delay. External
calibration using oligosaccharide standards was used for mass assignment of the

ions. The spectra from 200 laser shots were summed to obtain the final spectrum.

Antigen binding assay

[0323] The purified, monomeric humanized antibody variants were tested for
binding to human CD20 on Raji B-cell lymphoma target cells using a flow
cytometry-based assay, as described for the chimeric B-lyl antibody in Example -

1 above.

Binding of monomeric IgG1 glycovariants to NK cells and FoyRIIIA-expressing
CHO cell line

[0324] Human NK. cells were isolated from freshly isolated peripheral blood
mononuclear cells (PBMC) applying a negative selection enriching for CD16-
and CD56-positive cells (MACS system, Miltenyi Biotec GmbH, Bergisch
Gladbach/Germany). The purity determined by CD56 expression was between
88-95 %. Freshly isolated NK cells were incubated in PBS without calcium and
magnesium ions (3 x 10° cells/ml) for 20 minutes at 37°C to remove NK cell-
associated IgG. Cells were incubated at 10° cells/m! at different concentrations of
anti-CD20 antibody (0, 0.1, 0.3, 1, 3, 10 ug/ml) in PBS, 0.1% BSA. After several
washes aniibody binding was detected by incubating with 1:200 FITC-conjugated
F(ab’); goat anti-human, F(ab’)2 specific IgG (Jackson ImmunoReasearch, West
Grove, PA/USA) and anti-hwman CD56-PE  (BD  Biosciences,
Allschwil/Switzerland). The anti-FegammaRITA 3G8 F(ab”)2 fragments (Ancell,
Bayport, MN/USA) were added at a concentration of 10 pg/ml to compete
binding of antibody glycovariants (3 ug/ml). The fluorescence mtensity referring

to the bound antibody variants was determined for CD56-positive cells on a
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FACSCalibur (BD Biosciences, Allschwil /Switzerland). CHO cells were
transfected by electroporation (280 'V, 950 pF, 0.4 cm) with an expression vector
coding for the FegammaRITA-Vall58 a-chain and the v-chain. Transfectants
were selected by addition of 6 pg/ml puromycin and stable clones were analyzed
by FACS using 10 p,i FITC-conjugated-anti-FogammaRITT 3G8 monoclonal
antibody (BD Biosciences, Allschwil/Switzerland) for 10° cells. Binding of IgGl
to FegammaRIITA-Vall58-expressing CHO cells was performed analogously o
the NK celi binding described above,

ADCC assay

[0325] Human peripheral blood mbnonuclear cells (PBMC) were used as effector
cells and were prepared using Histopaque-1077 (Sigma Diagnostics Inc., St.
Louis, MO63178 USA) and following essentially the manufacturer’s instructions.
In brief, venous blood was taken with heparinized syringes from volunteers. The
blood was diluted 1:0.75-1.3 with PBS (not containing Ca++ or Mg++) and
layered on Histopagque-1077. The gradient was centrifuged at 400 x g for 30 min
at room teraperature (RT) without breaks. The interphase containing the PBMC
was collected and washed with PBS (50 ml per cells from two gradients) and
harvested by centrifugation at 300 x g for 10 minutes at RT, After resuspension
of the pellet with PBS, the PBMC were counted and washed a second time by
centrifugation at 200 x g for 10 minutes at RT. The cells were then resuspended
in the appropnate medium for the subsequent procedures.

[a326] The effector to target ratio used for the ADCC assays was 25:1 and 10 1
for PBMC and NK cells, respectively. The effector cells were prepared in AIM-V
medium at the appropriate concenfration in order to add 50 ul per well of round
bottom 96 well plates. Target cells were human B lymphoma cells (e.g., Raji
cells) grown in DMEM containing 10% FCS. Target cells were washed in PBS,
counted and resuspended in AIM-V at 0.3 million per ml in order to add 30,000 -
cells in 100 pl per microwell. Antibodies were diluted in AIM-V, added 1 50 u}
to the pre-plated target cells and aliowed to bind to the targets for 10 minutes at
RT. Then the effector cells were added and the plate was incubated for 4 hours at
37°C in a hurnidified atmosphere containing 5% CO,. Killing of target cells was
assessed by measwrement of lactate dehydrogenase (LDH) release from damaged

cells using the Cytotoxicity Detection kit (Roche Diagpostics, Rotkreuz,
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Switzerland). After the 4-hour incubation the plates were cenfrifuged at 800 % g.
100 pl supernatant from each well was transferred to a new transparent flat
bottom 96 well plate. 100 pl color substrate buffer from the kit were added per
well. The Vmax values of the color reaction were determined in an ELISA reader
at 490 nm for at least 10 min using SOFTmax PRO software (Molecular Devices,
Surinyvale, CA94089, USA). Spontaneous LDH release was measured from wells
containing only target and effector cells :éut no antibodies. Maximal release was
determined from wells containing only target cells and 1% Triton X-100.
Percentage of specific antibody-mediated killing was calculated as follows: ((x~
SR)/(MR. — SRY*100, where x is the mean of Vmax at a specific antibody
concentration, SR is the mean of Vmax of the spontaneous release and MR is the

mean of Vmax of the maximal release, | ‘ )

Complement dependent cytotoxicity assay

[6327] Target cells were counted, washed with PBS, resuspended in AIM-V
(Invitrogen) at 1 million cells per mi. 50 ul cells were plated per well in a flat
bottom 96 well plate. Antibody dilntions were prepared i ATM-V and added in
50 pl to the celis. Antibodies were allowed to bind to the cells for 10 minutes at
room temperature. Human serum complement (Quidel) was freshly thawed,
dituted 3-fold with ATM-V and added m 50 pl to the wells. Rabbit complement
(Cedarlane Laboratorieé) was prepared as described by the manufacturer, diluted
3-fold with AIM-V and added in 50 ul to ﬂle wells. As a control, complement
sources were heated for 30 min at 56°C before addition to the assay.

The assay plates were incubated for 2h at 37°C. Killing of cells was determined
by measuring LDH reiease. Briefly, the plates were centrifuged at 300 x g for 3
min. 50 pl supernatant per well were transferred to a new 96 well plate and 50 pl
of the assay reagent from the Cytotoxicity Kit (Roche) were added. A kinetic
measurement with the ELISA reader determined the Vinax corresponding with
LDH concentration in the supernatant. Maximal release wag determined by

incubating the cells in presence of 1% Trition X-100.
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Whole blood B-cell depletion assay

[0328] Normal B-cell depletion in whole blood by the anti-CD?20 antibodies was

carried out as described in Example 1 above.

Apoptosis Assay

10329] The apoptotic potency of the antibodies was assayed by incubating the
antibody at 10 pg/ml (saturating conditions in respect to antigen binding) with the
target cells (at a target cell concentration of 5 x 10° cells/ml) overnight (16-24 h).
Samples were stained with AnnV-FITC and analyzed by FACS. Assay was done
in triplicates.

[0330} Detection is performed by flow cytometry by following the appearance of
apoptotic markers like annexin V and phosphatidy serine. Negative contrel (no
apoptosis induced) does not contain any antibody, but only phosphate buffered
saline. Positive control (maximal apoptosis) contains 5 micromolar of the strong

apoptosis inducer Camptothecin (CPT).

Results and Discussion

j0331] Comparison of the binding to human CD20 antigen of antibody variants
B-HHI, B-HH2, B-TIH3, complexed with the humanized B-Iyl light chain
(BKV1), and the parental, chimeric antibody chB-ly1 (described in Example 1
above) shows that all antibodies have a similar BC50 value, but the B-HH]I
construct binds with a lower intensity/stoichiometry than the variants B-HH?2 and
B-HH3 (Figure 11). B-HHI can be distinguished from B-HH?2 and B-HH3 by its
partially human CDR1 and CDR2 regions (Kabat definition), as well as the
Ala/Thr polymorphism at position 28 (Kabat numbering). This indicates that
cither position 28, the complete CDR1, and/or the complete CDR2 are important
for antibody/antigen interaction.

[0332] The comparison of the B-HLI, B-HH1, and the chimeric chB-ly} parental
antibody showed absence of any binding activity in the B-HL1 constfuct, and
about half of the binding intensity /stoichiometry of the B-HH1 compared to B-
lyl (Figure 12). Both the B-HL1 as well as the B-HH]1 are designed based on
acceptor frameworks derived from the human VHI class. Among other
differences, position 71 (Kabat numbering) of the B-HL1 construct is a striking

difference, indicating its putative importance for antigen binding. The amino acid
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at position 71 is one of the residues that determine the canonical loop structure of
CDR2 of the heavy chain. Here, alanine or a functional equivalent thereof (e.g.,
leucine, valine, or threonine (see, e.g., Morea et al., Methods 20: 267-279 (2000))
seems to be important for antigen binding, whereas arginine seems to be
detrimental to antigen binding.

[0333] When comparing the antigen binding data of Figures 2, and 9 to 13, the
BI-H—IZ—BKVL BHLE-BKV1, and BHL11-BKV1 varianis show good binding
affinity, among the different humanized antibody variants tested, to human CD20
on the surface of human cells. Despite similar EC50 values for antigen binding,
these variants differ strongly in their behavior to iﬁduce apoptosis in CD20
positive target cellé (see Figures 4 — 6, 14, 15). Since the'original B-ly1 antibody
showed low induction of apoptosis,' the present nventors determined the

~ differences between the parental B-1y1 antibody contstruct and the B-FIL8 and B-
HHZ2 constructs. Seven residues were identified in the B-HEL2 heavy chain that
" were not present in the B-HL8 or parental B-ly1l heavy chains: Ginl, Ala9,
Valll, Lys12, Serl6, Val20, and Met48. All seven of these residues are located
in the framework regions of the VH domain. The likelihood of direct antigen
contact was improbable, except for Glul. To determine if a single one of these
residues alone was responsible for the newly generated apoptosis-inducing
property, seven variants of the B-HL8 heavy chain were generated, that
potentially could restore the apopiotic behavior of the B-HH2 construct: B-
HL11(having the mutation E1Q), B-HL12(GSA, V48M), B-HLI3(L11V, V48M),
B-HLI4(V1ZK, V4AEM), B-HL15(G16S, V48M), B-HL16(L20V, V48M), and B-
HE17(VASM). See SEQ ID NOs: 32, 34, 36, 38, 40, 42, and 44 (which, as
presented in the Sequence Listing are not numbered according to Kabat, but
whose Kabat numbering can be readily determined by one of ordinary skill). The
antigen binding properties of these variants do not differ drastically with respect
to EC50 values and stoichiometry (see Figure 2). However, a pronounced
difference can be found in their ability to induce apotosis (Figures 4 - 6, 14, 15,
and 24). The construct with the L11V, V48M modifications, B-HL13,
significantly increased the ability to induce apoptosis (see Figure 24). The V48M
modification, alone, however, did not have a visible effect (see Figure 5). Hence,
the residues at Kabat positions 11 and 12 influenced the apoptotic behavior to the
largest extent. These residues do not affect the antigen binding directly, but rather
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influence the interface between the VH and CH1 domains and thus act via a
modification of the elbow angle.

{0334} The B-HIL4 construct is derived from the B-HH2 antibody by replacing
the FR1 of the B-HH2 with that of the human germ line sequence IGHV1-45
(Acc No X92209). This construct shows greatly diminished antigen binding
capacity, despite having different amino acids at only four positions within FR1.
These residues are located at positions 2, 14, 28 and 30 (Kabat numbering). Of
these, position 28 and 30 could be an influential position, since it is part of the
Chothia definition of CDR1. In variants B-HH8 and 9 (both with the BEV1 light
chain}, positions 28 and 30 are modified compared to the parental B-lyl
sequence. As seen in Figure 22 the binding property does not suffer significantly
if threonine 28 or threonine 30 are present (Figure 22). No back mutations were
introduced in the humanized Light chain, which had the full Kabat CDRL- CDR2
and CDR3 grafted. In induction of apoptosis (see Figures 14, 15 and 21), the
most potent variant was humanized B-lyl variant BHH2-BKV1 (even more
potent than the original chB-lyl and much more potent than an antibody with a
sequence identical to rituximab, C2B8). Other humanized variants that can
recover the increased apoptosis are: B-HL13 and B-HL 14 (derivatives of BHLS),
BHHS ("mixed framework™), BHH9 (“mixed framework™ with one back
mutation to examine the effect of S30T), and B-HH6 (M341 derivative of B-
HE2). Variant BHH4 1s another humanized B-1y1 variant that does not infroduce
additional non-human sequences. Variants B-HHS, B-HH6 and B-HH7 are
derivatives of the B-HHZ2 construct with a partially humanized Kabat CDR1
T6gIon. .

10335] Important properties of the humanized B-1y! antibody arethatitisatype
T anti-CD20 antibody as defined in Cragg, M.S. and Glennie, M.]., Blood
103(7):2738-2743 (April 2004). I therefore did not induce, upon binding 1o
CD20, any significant resistance to non-ionic detergent extraction of CD20 from
the surface of CD20+ human cells, using the assay described for this purpose in
Polyak, M.J. and Deans, I.P., Blood 99(9):3256-3262 (2002). It induced
significantly less resistance to non-ionic detergent extraction of CD20 than the
C2B8 antibody (another anti-CD20 antibody with a sequence identical to
rituximab (See U.S. Pat. Pub. No. 2003 0003097 to Refl)). As expected ofatype
I anti-CD20 antibody, the humanized B-lyl did not have any significant
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complement mediated Iysis activity and displayed much lower complement
mediated lysis activity than the anti-CD20 antibody C2BS8 (chimeric TeG1 with
identical sequence to rituximab). Another important property of the humanized
B-iyl antibody (variant B-HH2 B-KV1) was that it was very potent in the
homotypic aggregation assay. In this assay CD20-positive human cells, Daudi
cells, were incubated in cell culture medium for up to 24 howrs at 37°C in a 5%
CO; atmosphere in a mammalian cell incubator as described in detail in Deans ef
al., with the antibody at a concentration of 1 microgram per m! and in parallel ata
concentration of 5 micrograms per ml. As a comparison, parallel control
incubation of the cells was performed under identical conditions using the anti-
CD20 antibody, C2B8. At different time points, including 8 hours and 24 hours
of incubation, the cells were inspec’r:ed visually using a microscope. It was found
that the humanized B-1y1 antibody led to strong homotypic aggrégation, with
agpregates being significantly larger that those induced by addition of the C2B8 \
control antibody. In addition, and consistent with the antibody being anti-CD20
type 11, it imduced higher levels of apoptosis when CD20-positive human cells
were incubated with the humanized B-lyl antibody, relative to a control under
identical conditions using the C2B& chimeric IgGl antibody with identical
sequence to rituximab.
10336] Giycoengineered variants of the humanized antibodies were produced by
- co-expression of GuTIII glycosyltransferase, together with the antibody genes, in
mammalian cells. This led to an increase in the fraction of non-fucosylated
oligosaccharides attached to the Fc region of the antibodies, including bisected
non-fucosylated oligosaccharides, as has been described in WO 2004/065540
(Figures 17-19). The glycoengineered antibodies had sigrﬁﬁcanﬂy higher levels _
of binding to human FogammaRIIT receptors (Figure 20) and higher ADCC '
activity as well (Figure 16), relative to the non-glycoengineered antibody and
relative to the C2B8 antibody. The humanized B-ly1 antibody was also more
potent at inducing human B-cell depletion in a whole blood assay (Figare 16)
than the conirol C2B8 antibody. This was true both for the non-glycoengineered
B-1y1 antibody and for the glycoengineered version of it. The glycoengineered
antibody was approximately 1000-fold more potent than the C2B8 control anti-
CD20 antibody in depleting B-cells in the whole blood assay. This comparison is
important both for the non-glycoengineered and for the glycoengineered
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hymanized forms of B-lyl antibody, because it showed that in assays that
combined Fc receptor-dependent activities, such as ADCC, plus complement
mediated lysis, plus induction of apoptosis, that both forms of B-lyl were
significantly more potent than C2BS8, although both forms of B-lyl have
dramatically lower complement mediated lysis activity. The ADCC, Fe receptor-
dependent cell killing activities and apoptosis induction were present m this
superior activity of the humanized B-ly1 antibody variants. Furthermore, in the
' apoptosis assay, both the glycoengineered and non-glycoengineered forms of this
type Tf-anti-CD20 antibody were potent, with the Fo-engineered variants with
increased binding affinity fo Fcgamma receptors being even more potent in
apoptosis induction than the non-Fe-engineered variant, and with all variants
being signiﬁoanﬂy more potent than the control antibody C2B8. The exact
mechanism for enhanced homotypic aggregation and induction of apoptopsis
mediated by type II anti-CD20 antibodies is not known and concomitant binding
to other molecules on the surface of CD20-positive cells, such as Fc gamma
receptors, can influence this important property. It was therefore importantto -
demonstrate that anti-CD20 antibodies of type II that have been engmeered in
their Fe region for increased binding affinity to Fc gamma receptors, including
FogammaRITL and with an associated increase in ADCC activity, were still able
to induce strong apoptosis, even higher than the non-Fc-engineered, and
homotypic aggregation. Apoptopsis induction is important since, in vivo, there
are locations in the body where the target CD20-positive cells can be found, but
where access to FegammaRTH-positive cells is more difficult than in blood (for
example, lymph nodes). In those locations, the induction of apoptosis by the anti-
CD20 antibedy, iiself, can be crocial for good efficacy of the anti-CD20 antibody
therapy in humans, both for the treatment of haematological malignancies such as
non-Hodgkins lymphomas and B-cell chronic tymphocytic leukaemia, and for the
treatment of autoimmume diseases such as rheumatoid arthritis and lupus viaa B-
cell depletion approach. The increased binding affinity to FegammaRTIl and
higher ADCC of the humanized, Fc;engineered type 1T anti-CD20 antibody can
"also be a very important attribute for such therapies. Finally, the reduced or
negligible complement mediated lysis activity of this type [l anti-CD20 antibody,

including humanized and Fc-engineered variants, can also be important, since
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higher complement activation by anti~-CD20 antibodies has been correlated with

increased, undesirabie side-effects.

EXAMPLE 3

[0337] To further examine residues influencing apoptotié activity, six varfants of
the BHE2 heavy chain were generated: BHH2-A (V11L) (SEQ ID NO: 124),
BHH2-B (K12V) (SEQ ID NO: 125), BHH2-C (A9G) (SEQ ID NO: 126),
BHH2-D (E10G) (SEQ ID NO: 127), BHH2-E (T110D) (SEQ ID NO: 128), and
BHH2-F (S1121) (SEQ ID NO: 129). These variant constructs were tested for
binding to target antigen {(CD20) by methods described herein above. All six
variant constructs retained binding activity. |

[0338] These heavy chain variant constructs were also tested for apoptotic effect

" by methods described herein above. Five of the constructs, BHH2-B, BHH2-C,
BHH2-D, BHI-2E, and BHH-2F, had the same apoptic poteﬁtial as the BHH2
parent construct. However, the ability of BHH2-A (V11L) to induce apoptosis
was significantly decreased in comparison to BHH2 (see Figure 23).

[0339] The apoptotic effect of single amino acid subsitutions in the humanized
B-lyl light chain (BKV1) was also examined through the generation of five
variants: BKV-10 (P40_A) (SEQ ID NO:130), BKV-11 (A80P) (SEQ ID
NO:131), BKV-12 (V83F) (SEQ ID NO:132), BKV-13 (E105A) (SEQ ID
NG:133), and BKV-14 (I106A) (SEQ ID NO:134). Constructs BKV-11, BKV-
12, BKV-13, and BKV-14 were tested for binding to target antigen (CD20) by
methods described herem above, and it was determined that all four retained
binding activity. These four light chain variant constructs were also tested for
apoptotic effect by methods described herein above. The apoptotic potential of
BKV-11, BKV-12, and BKV-13 was unchanged by their respective substiutions.
However, BKV-14 demonstrated a reduced ability to induce apoptosis in
comparison to BKV1 (see, e.g., Figure 25).

{0340} All publications such as textbooks, journal articles, GenBank entries, and
published apphcations, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual
publication or patent application was specifically and individually indicated to be

incorporated by reference.
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WHAT IS CLAIMED IS:

1. A modified antigen binding molecule comprising 2 heavy chain or light
chain variable region comprising at least one amino acid residue
substitution in at least one framework region of said heavy chdin or light
chain variable region as compared to the heavy chain or hght chain
variable region of a parent snfigen binding molecule, wh‘erein said
substitution results in altered cell signaling activity of a target antigen
when said modified antigen binding molecule is complexed with said

target anfigen.

2. A modified antigen binding molecule comprising a heavy chain or lght
chain variable region comprising at least one amino acid residue
substitution in at least one framework region of said heavy chain or light
chain variable region as compared to the heavy chain or light chain

 variable region of a parent antigen binding molecule, wherein said
modified antigen binding molecule has altered ability to mediate cross-

linking of one or more target antigens as a result of said substitution.

3. - The modified aﬁtigen binding molecule of claim 1 or 2, wherein said

substitution is in said heavy chain variable region.

4. The modified antigen binding molecule of claim 3, wherein said

substitution is in FR1 of said heavy chain variable region.

5. The modified antigen binding molecule of claim 3, wherein the entire
FR1 of said heavy chain variable region is replaced by a germline VH
FR1.

6. The modified antigen binding molecule of claim 5, wherein the germline

VH FR1 comprises an amino acid sequence at Kabat positions 8 to 13

selected from the group consisting of SEQ ID NO:63, SEQ ID NO:64,
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SEQ ID NO: 63, SEQ ID NO:66, SEQ ID NO:67, SEQ ID NO:68, SEQ
ID NO:69, SEQ ID NO:70, SEQ ID NO:71, SEQ ID NO:72, SEQ ID
NO:73, SEQ ID NO:74, SEQ ID NO:75, SEQ ID NO:76, SEQ ID NO:77,
SEQ IDNO:78, SEQ ID NO:79, SEQ ID NO:101, SEQ ID NO:102, SEQ
ID NO:103, SEQ ID NO:104, and SEQ ID NO:105.

7. The modified antigen binding molecule of claim 4, wherein said
substitution in FR1 of said heavy chain variable region corhpzises a
replacement of an amino acid residue at one or more of Kabat positions 8,
9,10, 11,12, or'13.

8. The modified antigen binding molecule of claim 7, wherein said
substitution in FR1 of said heavy chain variable region comprises a

replacement of the amino acid residue at Kabat position 11.

9. The modified antigen binding molecule of claim &, wherein said
substitution comprises a replacement of the amino acid residue at Kabat

position 11 with a valine.

10.  The modified antigen binding molecule of claim 7, wheremn said
substitntion in FR1 of said heavy chain variable region comprises a

replacement of the amino acid residue at Kabat position 12.

11.  The modified antigen binding molecule of claim 10, wherein said
substitution comprises a replacement of the amino acid residue at Kabat

N

position 12 with a lysine.

12.  The modified antigen binding molecule of claim 7, wherein said
substitution in FR1 of said heavy chain variable region comprises &

replacement of the amino acid residues at Kabat positions 11 and 12.
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13.  The modified antigen binding molecule of claim 12, wherein said
substitution comprises a replacement of the amino acid residue at Kabat

position 11 with a valine and at Kabat position 12 with a lysine.

‘

14, The modified antigen binding molecule of claim 12, wherein said
substitution comprises a replacement of the amino acid residue at Kabat

position 11 with a leucine and at Kabat position 12 with a valine.

15, The modified antigen binding molecule of claim 3, wherein said
substitution comprises replacement of at least one amino acid residue in

FR4 of said heavy chain variable region.

16.  The modified antigen binding molecule of claim 15, wherein said
substitution in FR4 of said heavy chain variable region comprises a

replacement of an amino acid residue at one or more of Kabat positions
110 or 112.

17.  The modified antigen binding molecule of claim 1 or 2, wherein said

substitution is in said light chain variable region.

18.  The modified antigen binding molecule of claim 17, wherein said
substitution in said light chain variable region comprises a replacement of
an amino acid residue at one or more of Kabat positions 40, 80, 83, 105,
or 106.

19.  The modified antigen binding molecule of claim 1, wherein said aliered

cell signaling activity is increased agonist activity.

20, The modified antigen binding molecule of claim 19, wherein said

increased agonist activity is induction of apoptosis.
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21.  The modified antigen binding molecule of claim 1, wherein said altered

cell signaling activity is increased antagonist activity.

22.  The modified antigen binding molecule of claim 1 or 2, wherein said

modified antigen binding molecule binds specifically to human CD20.

23.  ‘The modified antigen binding molecule of claim 1 or 2, wherein said
modified antigen binding molecule binds specifically fo a receptor

tyrosine kinase.

24.  The modified antigen binding molecule of claim 23, wherein said
receptor tyrosine kinase is selected from the group consisting of HER1
(EGFR1), HER2/neu, HER3, HER4, IGF-1R, FGFR, PDGFR, VEGFR1,
VEGFRZ, and VEGFR3. :

25.  The modified antigen binding molecule of claim 1 or 2, wherein said
parent antigen binding molecule comprises a heavy chain variable region
selected from the group consisting of SEQ ID NQ:55, SEQ ID NO:56,
SEQ ID NO:57, SEQ ID NO:58, SEQ ID NO:59, SEQ ID NQO:60, SEQ .
ID NO:61, and SEQ ID NO:62, '

26.  The modified antigen binding molecule of claim 1 or 2, further

comprising a human Fe region.

27.  The modified antigen binding molecule of claim 26, wherein said Fe

region has been modified to have altered oligosaccharides.

28.  The modified antigen binding molecule of claim 27, wherein said Fc
region has been modified to have a decreased proportion of fucose

residues compared to a non-modified Fc region.
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29.  The modified antigen binding molecule of claim 27, wherein said Fc
region has an increased ratio of GleNAc residues to fucose residues in

the modified Fc region compared to a non-modified Fe region.

30, A modiﬁed antigen binding molecule comprising a CHI domain
comprising at least one amino acid residue substitution as compared to
the CH1 domain of a parent polypeptide, wherein said substitution results
in either altered cell signaling activity of a target antigen when said
modified antigen binding molecule is complexed with said target antigen
or altered ability to mediate cross-linking of one or more target antigens

as a resuli of said substitution.

31. . The modified antigen binding molecule of claim 30, wherein said
substitution in CH1 comprises a replacement of an amino acid residue at.

one or more of positions 148, 149 or 150.

32.  Anisolated polynucleotide encoding a polypeptide comprising a heavy
chain or light chain variable region, wherein said heavy chain or light
chain variable region comprises at least ome amino acid resicue
substitution in at least one framework region as compared to a parent
heavy chain or light chain variable region, and wherein said substitution
results in either altered cell signaling activity of a target antigen when
said polypeptide is complexed with said target antigen or altered ability to
mediate cross-linking of one or more target antigens as a result of éaid

substitotion.
33. A vector comprisihg the polynucleotide of claim 32.
34. A host cell comprising the vector of claim 33.

35. A host cell enginesred to express at least one nucleic acid encoding a
polypeptide having B(1,4)-N-acetylglucosaminyitransferase Il activity in

an amount sufficient to modify the oligosaccharides in the Fe region of a
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polypeptide produced by said host cell, wherein said polypeptide is a
modified antigen binding molecule according to claim 1 or 2.

36.  The host cell of claim 35, wherein said antigen binding molecule
~produced by said host cell exhibits increased effector function as a result

of said oligosacchéride modification.

37. A host cell according to claim 36, wherein said increased effector

function is increased Fe-mediated cellular eytotoxicity.

38. A host cell according to claim 37, wherein said increased effector

function is increased direct signaling inducing apoptosis.

39.  Amethod for producing a modified antigen binding molecule comprising -
a heavy chain or light éhain variable region comprising at least one amino
acid residue substitution in at least one framework region of said heavy
chain or light chain variable region as compared to the heavy chain or
light chain variable region of a parent antigen binding molecule, wherein
said substitution results in altered cell signaling activity of a target
antigen when said modified antigen binding molecule is complexed with

said target antigen, said method comprising: :

(i) culturing the host cell of claim 34 under conditions permitting the
exp'rf:_ssion of said polynucleotide; and
(i)  recovering said modified antigen binding molecule from the

culture medium.

40, A method for p]fc')&ucing amodified antigen binding molecule comprising
aheavy chain or light chain variable region comprising at least one
arnino acid residue substitution in at least one framework region of said
heavy chain or light chain variable region as compated to the heavy cham
or light chain variable region of a parent antigen binding molecule,
wherein said substitution results in altered ability to mediate cross-tinking

as a result of said substitution, said method comprising:
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0 culturing the host cell of claim 34 under conditions permitting the
expression of said polymucleotide; and
(i)  recovering said modified antigen binding molecule from the

culture medium.

41, A pharmaceutical composition comprising the modified antigen binding
molecule of any one of claims 1, 2, or 30 and a pharmmaceutically

accepiable carrier.

42.  Use of the antigen binding molecule according to claim 1 or 2 for the
manufacture of a medicament. for the treatment or prophylaxis of cancer

or a precancerous condition or lesion.

43.  The use according to claim 42, wherein said cancer is selected from the
group consisting of B-cell lymphoma, breast cancer, bladder cancer, head
and neck cancer, skin cancer, pancreatic cancer, lung cancer, ovarian

cancer, colon cancer, prostate cancer, kidney cancer, and brain cancer.

A4,  The use according to claim 42, wherein said precancerous condition or
lesion is selected from the group consisting of oral leukoplakia, actinic
keratosis (solar keratosis), precancerous polyps of the colon or rect{xm,
gastric epithelial dysplasia, adenomatous dysplasia, hereditary
nonpolyposis colon cancer syndrome (HNPCC), Barett's esophagus,

bladder dysplasia, and precancerous cervical conditions.

45.  Theuse according to claim 42, wherein said antigen binding molecule is
used in a therapeutically effective amount from about 1.0 mg/kg to about
15 mg/kg.

46.  Amodified antigen binding molecule according to claim 1 or 2 for use as
a medicament in the treatment or prophylaxis of a disorder that is related
to altered cell signaling activity and/or altered cross-linking of one or

more target antigens.
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47.  The modified antigen binding molecule according to claim 46, wherein

said altered cell signaling activity is increased apoptosis. -

48.  The modified antigen binding molecule according to claim 46, wherein

said disorder is a B cell disorder.

49.  The modified antigen binding molecule according to claim 46, wherein

said target antigen is CD20.

50.  Useofamodified antigen binding molecule comprising a heavy chain or
light chain variable region for the preparation of a medicament for
inducing apoptosis in a cell, wherein said heavy chain or light chain
variable region comprises at least one amino acid residue substitution in
at least one framework region of said heavy chain or light chain variable.
region as compared to the heavy chain or light chain variable region of a
parent antigen binding molecule, and wherein said modified antigen
binding molecule has increased ability to induce apoptosis compared to

said parent polypeptide.

51.  Use of a modified antigen binding molecule for the preparation of a
medicament for tile treatment of a disease or disorder that is treatable by
altered cell signaling activity of a targeﬁ antigen, wherein said modified
antigen binding ﬁlolecule comprises a heavy chain or light chain variable
region comprising at least one amino acid substitution in at least one
framework region of said heavy chain or light chain variable region
compared to the heavy chain or light chain variable region of a parent
antigen binding molecule, and wherein said substitution results in altered
cell signaling activity of a target antigen when said modified antigen

binding molecule is complexed with said target antigen.

52, The use of claim 51, wherein said altered cell signaling activity is

increased induction of apoptosis.
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53. Use of a modified antigen binding molecule for the preparation of a
medicament for the treatment of a disease or disorder that is treatable by
altered ability to mediate cross-linking of one or more target anfigens,
wherein said modified antigen binding molecule comprises 2 heavy chain
or light chain variable region comprising at least one amino acid
substitution in at least one framswork region of said heavy chain or light
chain variable region compared to the heavy chain or light chain variable
region of a parent antigen binding molecule, and wherein said modified
antigen binding molecule has altered ability to mediate cross-linking of

one or more target antigens as a result of said substitution.

54.  The use of claim 51 or 53, wherein said modified antigen binding

molecule comprises said heavy chain variable region.

55. The use of claim 54, wherein said modified antigen binding molecule
comprises a heavy chain variable region selected from the group

consisting of SEQ ID NO:4, SEQ ID NQ:36, and SEQ ID NO:38,

56.  The use of claim 51 or 53, wherein said disease or disorder is a cell

proliferation disorder.
57.  The use of claim 56, wherein said cell proliferation disorder is cancer.

58.  Theuse of claim 57 » wherein said cancer is a B cell lymphoma.
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<4Q0> 4
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20 25 ‘ 30

Trp Met Asn Trp Val Arg Gln Ala Pro Gly @ln Gly Leu Glu Trp Met
35 40 45

Gly Arg Ile Phe Pro Gly Asp Gly Asp Thr Asp Tyr Asn Gly Lys Phe
‘ 50 55 &0

Lys Gly Arg Val Thr Ile Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyvr
65 70 : 75 ' . B0

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys’
85 a0 ' 25

Ala Arg 2sn Val Phe Asp Gly Tyr Trp Leu Val Tyr Trp Gly Glu Gly
100 105 ‘ 110

Thr Leu Val Thr Val Ser Ser

115"
<210> 5
<21i> 366
«<212> DNA

«213> Artificial Sequeﬁce

<220% .
<223> B-HH3 construct of a mouse/human modified antigen binding
molecule

<400> 5. :

caggtgeaat tggtgcagtc tggcgotgaa gttesagsage ctgggagtto agtgaaggtc &0

toectgecaagy ctteoeggata cgqcttcagé tattettgga tgaactgggt goggraggec 120

cctggacaay ggotegagtg gatgggacgg atgetittcececg gegatgggga tactgactac 180

aatgggaaat tcaagggeag agtcacaatt accgcogaca aatcoactag cacageootat 240
.atggagctga geagectygag atchgaggac acggoegtgt atetgtgtge aagazatgte 300

tttgatggtt actggeottgt ttactgggge cagggaacce tggteoaccegt cteocteaget 360

agcacc | 366

«210> &

<211> 118

<23i2» PRT

<213> Artificial Seguence

<220>
<223> B-HH3 comnstruct of a mouse/human modified antigen binding
molecule
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<400> &
Gln Val Gln Leu Val @Glm-Ser Gly Ala Glu Val Lys Lys Pro Gly Ser
i 5 ‘ 10 i5
Sexr Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Alz Phe Ser Tyr Ser
20 25 30
Trp Met Asn Trp Val Arg ¢ln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 4C 45
Gly Arg Ile Phe Prc @ly Asp Gly Asp Thr Asp Tyr Asﬁ Gly Liys Phe
50 55 50
Lys Gly Arg Val Thr Ile Thr Ala aAsp Lys Ser Thr Ser Thr Ala Tvr
65 ‘ 70 75 BO
Met @lu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Leu Cys
85 50 95
Ala Akg Asn Val Phe Asp Gly Tyr Trp Leu Val Tyr Trp Gly Gla Gly
100 105 110
Thr Leu Val Thr Val Ser Ser
115 ‘
«210s 7
<211> 357
<212> DNA
«213> Artificial Sequence
<220>
<223> B-HH4 construct of a mouse/human medified antigen binding
molegulie
<400> 7
caggtgeaat tggtgcagtc tggcgotgaa gttaagaage ctggagoctitc agtgaaggte 60
toetgoaagy totoeggata cgegttcage tatteottgga tgaactgogt goggoaggeoo 120
cctggacasy ggetogagty gatdgggacgg atctttoceg gogatgggga tactgactac 180
aatgggaaat tcaagggrag agtcacaatt accgecgaca aatccactag cacagoctakt 240
atggagetga geagoectgag atctgaggac acggecgtot attactgtge aagaaatgte 300
tttgatggtt actggetigt ttactggoge cagggaacce tggtoaccgt choctea 357
<210> 8
<211» 119
<212> DPRT
<213> Artificial Sequence
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<220>
<223> B-FH4 construct of a mouse/human modified antlgen binding
nmolecule
<400> B8

¢ln Val Gln Leu val Gln Ser @ly Ala Glu Val livs Lys Pro Gly ala
1 5 ) 10 15

Ser Val Lys Val Ser Cys Lys Val Ser Gly Tyr Ala Phe Ser Tyr Ser
20 25 30

Trp Met Asn Trp Val Arg Gln Ala Pro Gly Gla Gly Leu Glu Trp Met
35 449 45

Gly Arg Ile Phe Pro Gly As? Gly Asp Thr Asp Tyr Asn Gly Lys Phe
50 b5 60

Lys Gly Arg Val Thr Ile Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr
&5 ' ‘ 70 75 80

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr ala vVal Tyr Tyr Cys
85 30 95

Ala Arg Asn Val Phe Asp Gly Tyr Trp Leu Val Tyr Trp Gly Glmn aly
100 105 110

Thy Leu Val Thr Val Ser Ser

115
<210> B
<211> 357
<212> DNA

<213> Artificial Sequence

<220>

<223> B-HHS comstruct of a mouse/human modified antigen binding
nciecule

<400> 9

caggtgoaat tggtgeagtc tggogetgaa gtiaagaage ctgggagttec aghtosagote 690

tectgeaagy cttceagata cgogttcage tattcitgga tgagctyggt gcggeaggey 120
cctgyacaag ggotcogagtg gatgggacyy atotticeoog gegatgggga tactgactac 180
aatgggaaat teaagggeay agteacaatt accgeocgaca aatocactag cacagaectat 240
atggagetga geagectgayg atctgaggac acggeogtght attactgtge aagaaatgto 360

tttgatggtt actggettgt ttactgsgge cagogaaces tggtcaccegt ctectea 357
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<210> 10
<21il> 119
«212> PRT
<213> Artificial Seguence
<220> ) ' )
<223> B-HH5 construct of a mouse/human modified antigen binding
molecule
<400> 10

Gln val Glo Leu Val Gln Ser Gly Ala Giu Val Lys Lys Pro Gly Ser
1 5 106 ‘ .15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Ala Phe Ser Tyr Ser
20 25 30

Trp Met Ser Trp Val-Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 49 45

Gly Arg Ile Phe Pro Gly RAsp Gly Asp Thr Asp Tyr Asn Gly Lys Phe
BO - 55 &80

Lys Gly Arg Val Thr Ile Thr Ala Adp Lys Ser Thr Ser Thr Ala Tvr

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 20 g5

Ala Arg Bhsu Val Phe Asp Gly Tyr Trp Leu Val Tyr Trp Gly Gin Gly
100 105 ‘ 110

Thr Leu Val Thr Val Ser Ser

115
<210> 11
«<2Z11l» 357
<212> DNA

213> Artificial Segquence

<2205

<223> B-HH6 comstruct of a mouse/human modified antigen binding
molecule

.<400> 11

caggtgcaat tggtgcagte tggcgctgaa gttaagaage ctgggagttc aghgaaggtc &0

tcetgeaagy ottcoocggata cgecttcage tattettgga toaattgggr goggoaggey 128
cctggacaag ggotcgagtyg gatgggacygg atebtteccg gegatgggga tactgactac 180

aatgggaaat tcaagggcag agtcacaatt accgocgaca aatccactay cacagcecctat 240
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atggagctga gcagectgayg atctgaggac acggoogtgt attactgtge aagaaatgte 300

tttgatggtt actggctigt, ttactggoge cagggaaccc,tggtéaccgt ctoatca 357

<210> 12

<211l> 119

<212> PRT

<213> Artificial Sequence

<220>

<223»> B-HH6 construct of a mouse/human modified antigen binding

‘ molecule '

<400> 12

Gln Val Gin Leu Val Gln Ser Gly Ala @lu Val Lys Lys Pro Gly Ser

1 ’ 5 1o 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Ala Phe Ser Tyr Ser .
20 25 Y

Trp Ile RAsn Trp Val Arg @ln Ala Pro Gly Gln Gly Leu Glu Trp Met

35 40 45
Gly Arg Ile Phe Pro'Gly hsp Gly Asp Thr Asp Tyr Asn Gly Lye Phe
50 5% a0

Lys Gly Arg Val Thr Ile Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr

&5

Met Glu

Ala Arg

Thr Leu

<210>
<211>
<Z212>
<213>

<220>
<223

<400>
caggtgo

70 . 75 80

Leu Ser Ser Leu Arg Sexr Glu Asp Thr Ala Val Tyr Tyr Cys
85 50 95

Asn Val Phe Asp Gly Tyr Trp Leu Val Tyr Trp Gly Gln Gly
100 105 110

Val Thr val Ser Ser
115

13

357

DA

Artificial Seguence

B-EH7 comstruct of a mouse/human modified antigen binding
molecule

13
aat tggtgcagtc tggegetgaa, gttaagaage ctgygagtteo agtgaaggto &0
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tcotgoaagg cttoeggata cgoctteage tattcottgga tctegtbgggh gcggeaggly 120
cctggacaag ggotcgagtg gatgggacgg atchttocceyg gegatgggga tactgactac 180
aatgggamat tcaagggoag aghcacaatt accgoegaca aatccactag cacagcectat 240
atggagctga gcagcoctgag atctgaggac acggecgtgt attactgtge aagaaatgte 300
tttgatggtt actggetigt ttactgggge cagggaacce tggteaccgt atootea 357
<210= 14

<211> 357

<212> PRT

<213> BArtificial Sequence

<220>

<223>» B-HH7 construct of a mouse/human modified antigen binding
molecule

<400> 14

Cys Ala Gly Gly Thr Gly Cys Ala Ala Thr Thr Gly @iy Thr ¢ly Cys
1 5 10 15

Ala Gly Thr Cys Thr Gly Gly Cys Gly Cys Thr Gly Ala Ala Gly Thr
20 25 36

Thr Ala Ala Gly'Ala Ala Gly Cys Cys Thr Gly Gly Gly Ala Gly Thr
35 40 45

Thr Cys'Ala @ly Thr Gly Ala Ala Gly Gly Thr Cys Thr Cys Cys Thr
50 ‘ 55 60

@ly Cys Ala nla Gly Gly Cys Thr Thr Cys Cys Gly Gly Ala Thr Ala
&5 ’ 70Q 75 , a0

Cys G@ly Cys Cys Thr Thr Cys Ala Gly Cys Thr &la Thr Thr Cys Thr
85 a0 =1

Thr Gly Gly Ala Thr Cys Thr Cys Gly Thr Gly Gly Gly Thr Gly Cys
100 105 1310

@iy Gly Cys Ala Gly Gly Cys Gly Cys Cys Thr Gly Gly Ala Cys Ala
115 120 125

Ala Gly Gly Gly Cys Thr Cys Gly Ala Gly Thr Gly Gly Ala Thr Gly
130 135 - ‘ 140

cly Gly Ala Cys Gly Gly Ala Thr Cys Thx Thr Thr Cys Cys Cys Gly
1458 150 155 180



Gly

Cys

Ala

Thr

Cys
225

Ala

Thy

Gly

Gly

213

305

Thr

Alg

Cys

WO 2007/031875

Cys

Thr

Ala

Thr

210

Ala

Thr

Gly

Gly

Cys

290

Thxr

Thr

Cys

Cys

<210>
<21il>
2212>
<213

220>
223>

Gly

Ala

Gly

195

Ala

Cys

Gly

Ala

Cya

275

Ala

Gly

Ala

Cys

Thr

388

15
387
DNA

Rla
Cys
186
Gly
Eys
Thr
Gly
Gly
260
Cys
Ala
aly
Cys
Cys
340

Cys

Thr
165

Ala

Gly

Cys

Ala

Ala

245

Ala

Gly

Gly

Thx

Thr

325

Thr

iz

Gly
Ala
Cyg
Gly
Gly
230
Gly
Thr
Thr
Ala
Thr
310

Gly

Gly

Gly

Ala

Cys

215

Cys

Cys

Cys

CGly

2la

285

Ala

Gly

Gly

Artificial Sequence

Gly

Gly

Gly

200

Cyvs

Ala

Thr

Thx

Thr

280

Ala

Cysa

Gly

Thy

Gly

Gly

i85

Ala
Gly
Cys
Gly
oly
2658
Ala
Thx
Thy

Gly

Cys
345

9/64

Ala Thr Ala

170

Gly
Gly
Ala
Ala
Lila

250

-

Ala
Thy
Sly
Gly
Cys

330

Ala

Ala

Thxr

Cys

Gly

235

Gly

Thr

Thr

Gly

315

Cys

Cysg

Ala

Cys

Ala

220

Cyg

Cys

Gly

hla

Cys

3e¢e

Cys

Ala

Cys

Cyve

Ala

Ala

208

Ala

Cys

Ala

Ala

Cys

285

Thr

Thy

Gly

Gly

Thx
Thr
180
Cys
Ala
Thr
Gly
Cys
270
Thr
Thr
Thy

Gly

Thr
350

Gly
175
Thr
Ala
Thr
Ala
Cys
255
Bla
Gly
Thr
Gly
Gly
335

Cyes

PCT/IBI606/003294

Ala

Cys

Cya
Thr
240
Cys
Cvys
Thr
Gy
Thr
32¢

Ala

Thr

B-HHB construct of a mouse/human modified antigen binding
melecule
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<4£00> 15 i
caggtgcaat tggtgeagte tggoegcotgaa gttaagsage ctggegecte agtgaaggte 60
teetgeaagy cttocggata cacctteaca tacagectgga tgaactgggt goggcaggeco 120
cctggacaag ggctegaghy gatgggacgg atctttcc:cg gegatgggga tactgactac 180
aatgogazal tdaagggcag agtcacaatt accgecgaca aatccaétag cacagoctat 240
atggagetga geagoctgag atcotgaggac acggeogtgt attactgtgc aagaaatgtce 300
tttgatogtt actggettgt ttactgggge cagggaacoe tggbteacegt ctectcea 357
<210+ 1€
<21i> 118
<212 PRT
£213> Artificial Sequence
<220>
<223> B-HHE construct of a mouse/human modified antigen binding
molecule :
<400> 16
Gln Val Gln Leu Val Gla Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
i 5 16 15
Ser Val liys Val Ser Cys Lys Ala Ser (Gly Tyr Thr Phe Thy Tyr Ser
20 25 30

Trp Met Asn Trp Val Arg €ln Ala Pro Gly @ln @iy Leu Glu Trp Met

35 40 45
Gly Arg Ile Phe Pro Gly Asp Gly Asp Thr Asp Tyr Asn Gly Lys Phe

50 55 60
Lys Gly Arg Val Thr Ile Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr
85 ' 70 75 80
Met Glu Deu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val ’i‘yr Tyr Cys
85 20 85
Ala Arg Asn Val Phe Asp Gly Tyr Trp Leu Val Tyr Trp Gly Gin Gly
100 105 1190

Thr Leu Val Thr Val Ser Ser

115
<210> 17
<211> 357

<212> DNA
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<213>» Artificial Sequence
<220
<223> B-HES construct of a mouge/human modifisd antigen binding
melecule
<400> 17
caggtgeaat tggtgeagtc tggegeotgaa gttaagaage ctggegecte agtgaagghc 60

tectgeaagg cttecggata cacettcage tattettgga tgaactgggt gcggcaggcc 120
cetoggaceag gactegagtg gatgggacgygg atotttoceyg gegatgggga tactgactac 180

aatgggaaat tcaagggcag aghtcacaatt acugccgaca aatecactag cacagectat 240

atggagctga geagcoetgag atotgaggae acggcegtgt attactgtge aagaaatgtc 3¢
titgatggtt actggettgt ttactgggge cagggaacco tggtcacogt ctectea E1-4
«<210> 18

<21l> 118

<21i2> PRT

<213> Artificial Sequence

<220> .

<223> B-HHY construct of a mouse/human medified antigen binding
molecule

<400> 18

Gln Val Gln Leu Val Gln Ser Gly Ala Giu al Liys Liys Pro Gly Ala
1 : 5 i¢ 15 '

Ber Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr FPhe Ser Tyr Ser
20 25 30

Trp'Met Asn Trp Val Arg @ln Ala Pre Gly Gln Gly Leu Glu Trp Met
35 40 45

Gly Aryg Ile Phe Pro Gly Asp Gly Asp'Thr Asp Tyr Asn Gly Lys Phe
50 55 60

Lys Gly Arg Val Thr Ile Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr
65 - 70 75 80

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 240 85

Ala Arg Asn Val Phe Asp Gly Tyr Trp Leu Val Tyr Trp Gly Gln Gly
100 . : 105 110

Thr Leu Val Thr Val Ser Ser
115
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<210> 19
<211l> 357
<212> DNA
<213> Artificisl Sequence
<220>
<223> B-HL1l construct of a wmouse/human wodified antigen binding
molecules :
<400> 19 .
caggtgcaat tggtgoagtc tggegrigaa gtitaagasge ctggggecte agtgaaggte &0
toceotgcaagy cttooggata cacchttecace tattetigga tgcadtgggt goggcagygco 1248
cctggacaag ggctegagtyg gatgggasogy atetitocey gegatuggga tactgactac 180
gracagaaat tccaaggaag agtbcacaatg acacgggaca cgtocactte caccogtetat 240

atggagctga goagootgag atctgaggac acggeogtgt attactgtge aagaaatgtc 300

ttigatggtt actagebtgt ttactggdge cagggaaccoo tggtcaceogt ctoctea 387
<210> 20
«<211> 119
<212> PRT

<213» Artificial Bequence

. <220> ‘
<223> B-HL1 construct of z mouse/human modified antigen binding
' molecule
<400> 20

Gln Val Bln Leu Val Gln Ser Gly Ala Glu val Lys Lys Pro ¢ly Ala
1 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Tyr Ser’
20 25 -3¢

Trp Met His Trp Val Arg Gln Alas Pro Gly Gln Gly Leu Glu Trp Meb
35 40 45

Gly Arg Ile Phe Pro Gly BAsp Gly Asp Thr Asp Tyr Ala Gln Livs Phe
50 55 &0

Gln Gly arg Val Thr Met Thr Arg Asp Thr Ser Thr Ser Thr Val Tyr
&5 70 75 BO

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
: 85 20 a5

Ala Arg Asn Val Phe Asp Gly Tyr Trp Leu Val Tyr Trp Gly Gln &ly
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160

Thr Leu Val Thr Val Ser Ser
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105

110

PCT/IB2006/0032%4

118 ‘
’ i
<210> 21
<211> 357
<Z12> DNA
<213> Artificial Sequence
<220>
<222> B-HL2 construct of a mouse/human modified antigen binding
' molecule '
<4CG0> 21
gaggtgcaat tggtgeaghbc tggogotgaa gttaagaage ctggggocac cgtgaagato 60
teoctgeaagy tgtocoggata caccttcacce tattcttgga tgcactgggt gecageaggec 120
cctgganagyg ggotcgagtyg gatgggacgg atcottteceg gcgatgggga tactgactac 180
gcagagaaat tccaaggaag agtcacaatc acagcocgaca cgtccactga caccogectat 240
atggagetga geagectyay atctgaggac acguccgtgh attactgtge aaccaabtghe 300
tttgatggtt actggettgt ttactgggge cagggaacco tggtcacegt cteoetcoa 357
<210> 22
«2il» 118&
<212> PRT
<213> Artificlal Seguence
<220> :
<223» B-HL2 construct of a mouse/human modified antigen binding
molecule
<400> 22
Glu Val Gin Leu Val Gln Ser Gly Ala Glu Val Lys Lve Pro Gly aAla
1 5 10 15
Thr Val Lys Ile Ser Cys Lys Val Ser Gly Tyr Thr Phe Thr Tyr Ser
20 25 30
Trp Met His Trp Val Gln Gin Ala Fro Gly Lys Gly Leu Glu Trp Met
35 40 45
Gly Arg Ile Phe Pro Gly Asp Gly Asp Thr Zsp Tvr Ala Qlu Lye Phe
50 55 . : 60
Gln Gly Arg Val Thr Ile Thr Ala Asp Thr Ser Thr Asp Thr Ala Tyt
65 70 75 80
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Met Glu Leu Ser Ser Leu Aryg Ser Glu Asp Thr Ala val Tyr Tyr Cys

B5

95

Ala Thr Asn Val Phe Agp Gly Tyr Trp Leu Val Tyr Trp Gly Gin Gly

ilco 105

Thr Leu Val Thr val Ser Ser

115
<210> 23
<211> 357
212> DNA

<213> Artificial Seguence

<220

110

<223> B-HL3 construct of a mouse/human medified antigen binding

melecule

<400> 23

gaggtgcaat tggbtgeagte tggegotgaa gttaagaage
teootgeaagy tgtccecggata cacecttcace tatteottgga
critggaaagy ggcteogagtg gatgggacgglatctttcccg
aatgggaaalt tcaagggaag agtcacaatc acagccgaca
atggagctyga geagectgag atctgaggac acggocogtgt

tttgatggtt actggcttét ttactgggge cagggaaccoco

' <210s 24

<211> 112
<212> PRT

<213» Artificial Sequence

<220>

ctggggeocac cgtgaagatc &0

tgaactggot goagoaggog 120

gocoatggygga tactgactac isd

cgteccactga caccgecotat 240
attactgtge aaccaatghc 300
tggteacogt ctectea 357

<223> B-HL3 construct of a mouse/human modified anibigen binding

molecule
<400> 24
Glu Val Gln Lieu Val Gln 8er Gly Ala
i 5

Thr Val Lys Ile Ser Cys Lys Val SBer
20 - 25

Trp Met Asn Trp Val Gln Gln Als Pro
35 40

Gly Arg Ile Phe Pro Gly isp Gly Asp
50 55

Gilu Val Lys Lys Pro Gly Ala

R

@ly Tyr Thr Phe Thr Tyr Ser

30

Gly Lys Gly Leu Glu Trp Met

45

Thr Asp Tyr Asn G8ly Lys Phe

60
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Lys Gly Arg Val Thr Ile Thr Ala Asp Thr Ser Thr Asp Thr Ala Tyr
65 70 75 80

Met Glu Leu Ser Ser Leu Arg Ser 8lu Asp Thr Als Val Tyr Tyr Cys
85 S0 25

Ala Thr Asn Val Phe ZAsp Gly Tyr Trp Leu Val Tyr Trp Gly Gln Gly
100 105 1148

Thy Leu Val Thr Val Ser Ser

Gln Met Gln Leu Val Gln Ser Glf 2la Glu Val Lys Lys Thr Gly Ser

1

5

10

15

Ser Val Lys Val Ser Cys bys Ala Ser Gly Tyr Thr Phe Thy Tyr Ser

20

25

30

115
<210> 25
<21l1l> 366
<212> DNA
<213> BArtificial Sequence
<220> .
<223»> B-HDL4 construct of a mouse/human modified antigen binding
molecule
<400> 25 : :
cagatgcaat tggtgcagtec tggogotgaa gttaagaaga ccgggagttc aghtgaaggtc 60
-tectgeaagyg cttceggata cacottcace tattctitgga tgagetgggt geggeaggeco 120
cctggacaag ggctegagtg gatgogacgg atcttteceg gcgatgggga tactgactac 180
gcacagaaat tocaaggaag agtcacaatt accgcegaca aatccactag cacagectat 240
atggagotga gcagectgag atctgaggac acggecghgh attactgtge aagaaatgtc 300
tttgatggtt actggettgt ttactaggge cagggaacces tggtcacogt ctectecagot 360
agcacc 366
<210> 286
<211> 119
<212> PRT
<213> Artificial Seguence
<220>
<223> " B-EL4 construct of a mouse/human medified antigen binding
molecule
<400> 26
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Trp Met Ser Trp Val Arg Gln &Ala Pro Gly @ln Gly Leu Glu Trp Met
35 40 %5

Gly Arg Ile Phe Pro Gly Asp Gly Asp Thr 2sp Tyr Ala Gln Lys Phe
50 55 60

‘Gln Gly Arg Val Thr Ile Thr Ala Asp Lys Ser Thr Sexr Thr Ala Tyr
65 76 75 i ‘80

‘Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tvr Tyr Cys,
85 20 a5

" Ala Arg ksn Val Phe Asp Gly Tyr Trp.keu Val Tyr Trp Gly Gln Gly
100 105 110

Thr Leu Val Thr Val Ser Ser

115
<210 27
<21ll> 357
<212> DNA

<213> Artificial Sequence

<220>

<223> B-HL8 construct of a mouse/human modified antigen binding
molecule

<400> 27

gaagtgcage tggitggagte tggsggagge ttggtcaage ctggegggte cctgoggotc 60

Ecotgtgoag cototggatt cacatttage tattettgga tgaactgggt goggcagygct 120

cctggaaagg gectegagtg gotaggacgg atcttteccg gogatggoga tactgactac 180

aatgggaaat tcaagggcayg agtcacaatt accgocogaca aétccactag cacagcctat 240

atggagcetaa goagoctgag atctgaggac'acggccgtgt attactgtgc aagaaatogte 300

tttgatggtt actggettg: ttactggoge cagggaacae tggtcaccgt ctectea 357

<218> 28

<211l> 119

<212> PRT

<213> Artificial Sequence

<220>

<223> B-HL8 construct of a mouse/human modified antigen binding
molecule

<400> 28

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Vval Lys Pro Gly Gly
1 5 10 is
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' Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Tyr Ser
20 25 3¢
Trp Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45
Gly Arg Ile Phe Pro Gly Asp Gly Asp Thr Asp Tyr Asn Gly Lys Phe
50 55 &80

Lys Gly Arg Val Thr Ile Thr Ala Asp Lys Ser Thr Ser Thr Ala Tvr

65 - 70 75 80

Met Glu Leu Ser Ser Leu Arg Ser @lu Asp Thr Als val Tyr Tyr Cys

' 85 S0 ' 95
Ala Aryg Asn Val Phe‘Asp Gly Tyr Trp Leu Val Tyr Trp Gly Gln Gly
100 105 110
Thyr Leu Val Thr Val Ser Ser
115 :

<210> 239

<21i> 48586

«212> DNA

<213> BArtificial Seguence

<220> .

<223> B-HLIO comstruct of a mouse/human modified antigen binding

molecule '

<400> 29

cggaattegy cocaceggtyg gocaccatygg actggacchg gaggatccte ticttggtgg &0
cégcagccac aggagcccac tccgaagtge agetggiggs ghtotogagga ggcttggtea 1zo0
agcetygegy gtecoctgegy ctotectgty cagectotygy attogoatte agctattctt iso
ggatgaactg ggtgeggeay getectgygaa aggyoctcoga gtggghggga cggatcottte 240
ceggegatgg ggatactgac tacaatggga aattcaaggg cagagtcaca attacogeey 300
acaaatccac tagcracagec tatatggage tgageageoct gagatcetgag gacaaggcag 360
tgtattactg tgcoaagsaabt gtectttgatg gttactgget tgtttactgy ggccagagaaa 420
ceetggteac ¢gtrtocteca gotagegaat tctcega 456
<210> 30

<231= 119

«<212> PRT

<213> Artificial Ssguence
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<220>
<223> B-HL10 comstruct of a mouse/human modified antigen binding
molecule

<400> 30

Glu Val Gln Leu Val Glu Ser Gly @iy Gly Leu Val Lys Pro Gly Gly

1 5 ‘ 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Zla Phe Ser Tyr Sear

20 25 30
Trp Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45
Gly Arg Ile Phe Pro Gly Asp Gly Asp Thr Asp Tyr Asn Gly Lys Phe
50 S5 60 i

Lys Gly Arg‘Vai Thr Ile Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr

&5 70 75 80

Met lu Leu Ser Ser Leu Arg Ser Glu Asp Thr ala Val Tyr Tyr Cys

83 80 85
 Ale Arg Asn Val Phe Asp Gly Tyr Trp Leu Val Tyr Trp Gly Gin Gly
100 108 110
Thr Leu Val Thr Val Ser Ser
i1k

<210> 31

<211l> 35%

<212> DNA

<213> Artificial Sequence

<220>

<223> B-HL11 construct of a mouse/human modified antigem binding

molecule

<400> 31 :

caggtyeage tggtggagte togaggagge ttggtcaage ctggogggtoe cobgeggeotc 60
tectygtgeag cctetggatt cacatttage tattettgga tgaactgggt geggocagget 120
cctyggaaagg gectegagty ggtgggacgg atebticoeg gegatgggga tactgactac 1BO
aatgggaaat tcaaggycag agtcacaatt accgccegaca aatcecactayg cacagoctat 240
atggagctga gecagectgag atctgaggac acggeccgtgt attactgtge aagaaatgtce 300
tttgatggtt actggecttot ttactgggge cagggaacce tgghcacegt ctectea is7
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15/64
«210> 32
<21%i» 118
<212= PRYT
<213> Artificial SBequence
<220» .
<223> B-HL11 construct of a mouse/human modified antigen binding
molecule
<400> 32

\
Gln Val Gln Leu Val Glu Ser Gly Gly &ly Leu Val Lys Pro Gly Gly
i 5 1o 15

Ser Leu Brg Leu Ser Cvs Ala Ala Ser Gly Phe Thr Phe Ser Tyr Ser
20 : 25 30

Trp Met Ass Trp Val Arg Gln Ala Pro Gly Lye Gly Leu Glu Trp Val
35 ’ ' 40 45

Gly Arg Ile Phe Pro Gly Asp Gly Asp Thr Asp Tyr Asﬁ aGly Lys‘Phe
: 50 ‘ 55 &0 7 ' :

Lys Gly Arg Val Thr Ile Thr Ala Asp Lys Ser Thr Ser Thr bla Tyr

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr ARla Val Tyr Tyr Cys
85 90 @5

als Arg Bsm Val Phe Asp 8ly Tyr Trp Leu Val Tyr Trp Gly Gln Gly
- 100 108 110

Thr Leu Val Thr Val Ser Ser

118
<210> 33
<211> 456
<212> DNA

<213> Artificial Sequence

<220

«223> B-EL12 construct of a mwougse/human modified antigen binding
molecule

<400> 33

cggaattoygy cocacoggtg gecaccatygg actggacctg gagyatecte ttottggtgy €0

cagcagcceas aggagetcac tccgaagtyge agotegtgga gtctggagca ggettgatoa 120
agcctggegs ghcoetgegg ctotectgeg cagectetgy attoacsttt agctattctt 180

ggatgaacty ggtgeggeag getcootgygaa agggoctoga gtgggtgyga cggatcttte 240
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coagegatgg ggatactgac tacaatggga aattcaaggy cagagtcaca attacegecy 300
acaaatccac tagocacagcoco tatatggage tgagcageoct gagatctgag gacacggeceg 360

tgtattacty tgcaagaaat gtctttgatg gttactgget tgtttactgy ggocagggaa 220

cectoggteac cgtotectea gotagogaat toteoga 458
<210> 34

T «21iy 119
«212> PRT

<213> Artificial Sequence

<220

«223» B-HL12 construct of a mouse/human modifled antigen binding
melecule

<400> 34

‘@iu Val Gln Leu Val Glu Ser Gly Ala @iy Leu Val Lys Pro Gly Gly
1 ' © B 10 15

Ser Leu Arg Leu Ser Cys Ble Ala Ser Gly Phe Thx Phe Ser Tyr Sar
20 25 30

@

Trp Met Asn "Prp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Met
35 40 45

Gly Arg Ile Phe Pro Gly Bsp Gly Asp Thr Asp Tyr Asn @ly Lys Phe
50 55 ' 60

Lys Gly Arg Val Thr Ile Thr Ala Asp Lys Ser Thr Ser Thy Ala Tyr
&5 : 70 ‘ 75 80

Mét Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 20 g5

Ala Arg Zsn Val Phe Asp Gly Tyr Trp Leu Val Tyr Trp @ly ¢ln Gly
100 105 110

Thr Leu Val Thr Val Ser Ser

115
<210> 35
«<211l> 4586
<212 DNA

<213> Artlficial Sequence

220>
«223> B-HL13 construct of a mouse/human modified antigen binding
molecule



WO 2007/631878 PCT/IB2006/603294
21/64 :
<400> 35
cggaattegg ccocaccggty goecaccatgy actggacoty gaggatocte ttettgogtyg 60
cageagoeac aggagctcoac tcecgaagtge agetegtega grtotggagga ggegtggtcea 120
agectggegg gtocctgogy cteteetgeg cagecketgg atteoacatit agetattott 180
ggatgaacty ggtogcggeag gebectggaa agyugectcoga gtgggtggga cggatottte 240
ceggegatgg ggatactgac tacaatggga aatteaaggg cagagbeaca attaccgecg 300
acaaabceac Qagcacégcc tatatggage tgageagect gagateotbtgag gacacggocg 360
tgtattactg tgeaagaaat gtcotttgatg gttactgget tgtttactgg ggocagggaa 420
ccctggtecac cgteotcectea getagecgaat totoga 456
<210> 36
<211> 118
«212> PRT _
<213> Artificial Segquence ‘ ;
<220> 5 ‘ _
<223> B-HLi3 construct cof a mouse/human modified antigen binding
molecule :
<400> 386
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Val Vval Lys Pro Gly Gly
I 5 ic 15
Ser Leu Arg Leu Ser Cys Ala Zla Ser Gly Phe Thr Phe Ser Tyr Ser
20 25 30
Trp Met Asn Trp Val Arg Gln Ala Pro Gly Lys CGly Leu Glu Trp Met
35 . 40 45
Gly Arg Ile Phe Pro Gly Asp . -Gly Asp Thr Asp Tyr Asn @Gly Lys Phe
50 55 60

Lys Gly Arg val Thr Ile Thr Ala Asp Liys Ser Thr Ser Thr Ala Tyr
65 70 75 80
Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyvr CQys

85 80 95
Ala Brg Asn Val Phe Asp Gly Tyr Trp Leu Val Tyr Trp Gly @Gln Gly

100 105 il0 ‘

Thr Leu Val Thr Val Ser Ser

115



WO 2007/031878 PCT/IB3B06/063294

22/64
<210> 37
<21i> 456
<212> DNA
<213» Artificial Zequence
<220> )
«223> B-HLiI4 construct of a mouse/human medified antigen binding
molecule
<400> 37

eggaatbogy cecaccgghty geocaccatgg actggaccty gaggatccocto ttettggtgg 60
cagcagccéc aggagctcac tccgaagbge agctggtoge gtcocQoagga ggcttgaaga 120
agectggogg gtccdtgcgg ctctoctgeg cagectotgy attcacatitt agetattett 180
géatgaabtg ggtgecggeay getcctggaa agggectoga gtggstogoa cggatobite 240
ceggegatgg ggatactgac tacaatggga aattcaaggg cagagtcoaca attacogecg 300
acasatccac tagcacagec tatatggage tgagcageceh gagatctgayg gacacggeeg 360

tgtattactg tgcaégaaat gtetbtgaty gbtactgget tgtttactgg ggecagggaa ‘ 420

cectggteac cgtetoctea getagegaat tetega 456
<210> 38

<211> 1158

<21k2» PRT

<213>» BArtificial SBequence

<220>

<223>» B-HL14 construct of a mouse/human modified antigen binding
molecule

«<400> 38

Glu Val Gln Leu Val @lu Ser Gly Gly Gly Leu Lys Lye Pro Gly Gly
1 - 10 is

Ser Leu Arg Leu Ber Cys Ala Ala Ser Gly Phe Thr Phe Ser Tyr Ser
20 25 30

Trp Met Asn Trp Val Arg Gln Ala Preo Gly Lys Gly Leu Glu Trp Met
35 40 45

) .
Gly Arg Ile Phe Pro Gly Asp Gly Asp Thr Asp Tyr Asn Gly Lys Phe
50 55 60

Lys Gly Arg Val Thr Ile Thr &la Asp Lye Ser Thr Ser Thr Ala Tyr

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
’ 85 S0 95
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Als Arg Asn Val Phe Asp Gly Tyr Trp Leu Val Tyr Trp Gly &la Gly
100 105 110

Thr Lew Val Thr Val Ser Ser

115
<210> 39
<211> 456
<212> DNA
<213> BArtificial Seguence
<220>
<223» B~HL15 construct of a mouse/human modified antigen binding

moleculie
<400> 39 -
cggeattcgg cceaceggty gecacceatgy actygacctyg gaggatcaete ttoettggtay 60
cagcagecac aggagcccac tcoecgaaghbge agetoghboga gtotggagga ggettggtea 120
agectggete tteectgegg chetoctgey cagectotgg attcacattt agotattcett 180
ggatgaactyg ggtgeggcag gctoctggaa agggoectega gtgggtggga cggatcotite 240
‘weggegatgg ggatactgac tacaatggga aattcaaggg cagagtcaca atbacegecg 300
acaaatccac tagcacageoe tatatggage tgagoagect gagatcotgag gacagggoeg 350
tgtattactyg tgeoaagaaat gtctttgatg gttactgget tgtttactgy ggccagggaa 420
ccetgobeae cgtetectea getageogaat tcotega 456
<21G> 40
<217> 1189
<212> PRT
<213» Artificial Sequence
<220>
<223> B~HL15 construct of a mouse/human modified antigen binding
molecule
<400> 40
Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Lys Pro Gly Ser
i 5 10 i5
Ser Leu Arg Leu SBer Cys Ala Ala Ser Ely Phe Thy Phe Ser Tyr Ser
20 25 30

Trp Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Met

35 40 45
Gly Arg Ile Phe Pro CGly Asp Gly Asp Thr Asy Tyr Asn Gly Lys Fhe

50 55 60
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78

PCT/IB2006/003294

Agp Liys 8Ser Thr Ser Thr Ala Tyr

80

Glu Asp Thr Ala Vval Tyr Tyr Cys

20

85

Trp Lew Val Tyr Trp Gly Gln Gly

1065

actggacctyg
agctggtygga
cagectetay
agggectcocga
aattcaaggy
tgageagect
gttactgget

totega

Lys Gly Arg Val Thr Ile Thr Ala
&5 70
Met @lu Leu Ser Ser Leu Arg Ser
g5
Ala Arg Asu Val Phe Asp Gly Tyx
100
Thr Leu Val Thr Val Ser Ser
118
<210> 41
<211> 456
«212> DNA
<213> Artificial Segquence
«220>
<2323
moleculs
400> 41
cggaattegg cocaccggty gecaccabgg
cagoagcecac aggagcccac Lccgaagtge
agectggegy gtocctgegy gteageotgoeg
ggatgaacty ggtgeggeag gcotoctggaa
coggegatygy ggatactgac tacaatggga
acaaatccac tageacagee tatatggagoe
tgtattactg tgcaagaaat gtotttgatg
cochggteoac egbtotectea gctagegaat
<210> 42
<21l> 119
<212 PRT
<213> -Artificial Seguence
<220>
<223>
molecule
<400> 42

110

gaggatcctc
gtetggagga
attcagattt
gtgggtggga
cagagtcaca
gagatctgag

tgtttactgy

B-HL16 construct of a mouss/humen modifled antigen binding

ttettggtgy
gucttggtea
agetatictt
caggatotite
attaccgecyg

gacacggoog

ggccagggas

B-HL1§ ccnstruct of a mouse/human modified antigen binding

¢lu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Lys Pro Gly Gly‘

1

5

10

15

Ser Leu Arg Val Ser Cys Rla Ala Ser Gly Phe Thr Phe Ber Tyx Ser

180

240

300

360

420

456
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20 25 3G

Trp-Met Asn Trp Val Arg Glm Ala Pro Gly Lys Gly Lew Glu Trp Met

35 40 45
Gly Arg Ile Phe Prc Gly Asp Gly Asp Thr Asp Tyr Asn &8ly Lys Phe

50 55 60
Lys Gly Arg Val Thr Ile Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr
65 70 75 80
Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 g5
Ala Arg Asn Val Phe Asp Gly Tyr Trp Leun Val Tyr Trp Gly Gln Gly
100 105 110

Thr Leu Val Thr Val Ser Ser

115
<210> 43
<211> 456
<212> DNA
<213> Artificial Sequence
<220>
<223> B-HL17 construct of a mouse/human modified antigen binding

molecule

<400> 43
cagaattogg cocacegdty gucaccatgg actggacctg gaggatccte ttettgotgg 60
cageageoas agQagcecac tcogaagtge agcetggtgga ghtctggagga gogcttagtca 120
agoetggegy ghocchgegg ctcteotgeg cagectetgg attgacattt agctatictk 180
ggatgaactg gotgeggeag gotcctggaa agggcétcga gbtgggtggga cggatctite 240
ceggegatygy ggatactgace tacaatggga aattcaaggg cagaghbcaga attacogorg 300
acaaatccac tagcacagec tatatggage tgageagect gagabtctgag gacacggocy 360
tgtattactg tgcaagaaat gtetttgaty gttactgget tgtttactyg ggocagggas 420
cecctggtcac cgteteocteca goctagogaat tcoboga 456
<210> 44
<21i> 118
<212> PRT
<213> Artificial Segquence
<220
<223>
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«<400>

26/64
molecule

44

Glu val @ln Leu Val Glu Ser Gly Gly Gly Leu Val Lys Pro Gly Gly

1

Ser Leu

Trp Met

Gly Arg
50

5 10 15

Arg Leu Ser Cys Ala Ala Ser @iy Phe Thr Phe Ser Tyr Ser
20 25 30

Asn Trp Val Arg Gln Ala Pro Gly Lys Giy Leu Glu Trp Met
35 40 45

Ile Phe Pro Gly Asp Gly Asp Thr Asp Tyr Asn Gly Lve Phe
55 &0

Lys Gly Arg Val Thr Ile Thr Ala Asp lys 8er Thr Ser Thr Ala Tyr

65 70 75 80
Met Glu Leu Ser Ser Leu Arg Ser &ld Aep Thr Ala Val Tyr Tyr Cys
85 20 95
Ala Arg Asn Val Phe Asp Gly Tyr Trp heu val Tyr Trp Gly Gin @ly
100 108 . 110
Thr Leu Val Thr val Ser Ser
115 - ’
<210» . 45
<«21i> 57
<212> DRA
<213> Homo sapiens
<400> 45
atggactgga cctggaggat cctettottg gtggcagcayg ccacaggage ccactee 57
<210> 4¢
<211> 1%
<212> PRT
<213> Howmo sapilens
<400> 46

Met Asp Trp Thr Trp Arg Tle Leu Phe Lew Val Ala Ala Ala Thr Gly

1

s 10 15

Alas His Ser

210>

47
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<211ls 345
<212> DNA
<213> Artificial Seguence
<220>
=223> B-XV1l of a mouse/humar modified antigen binding molacule
<400> 47
gatatcgtga tgacocagac tccactetoco ctgeecgtea cccctggaga goocgooage &0
attagcetgea ggtetagcaa gagectettg cacageaatyg goatcactta tttgtattyg 12¢
tacctgeaaa ageeagggeoa ghotccacag ctectgattt atcaaatgtc:caaccttgtc 180
tctygegtoe ctgaccggtt ctecggatee gggtoaggea cﬁgatttcac actgaaaatc 240
ageagggtgg aggetgagga tgttggagtt tattactgcg‘ctcagaatct agaacttcet aeo
tacacctteg geggagggac caaggitggayg atcaaacgta cggtg - 345
<210> 48
<211> 11z
<212> PRT
<213> Artificial Sequence
220>
<223> B-KV1 of a2 mouse/human modified antigen binding molecule
<400> 48
Asp Ile Val Met Thr Gln Thr Pro Leu Ser Leu Pro Val Thr Pro aly
1 5 10 15
Glu Pro Ala Ser Ile Ser Cys Arg Ser Ber Lys Ser Leu Leu His Ser
20 25 30
Asn Gly Ile Thr Tyr Leu Tyr Trp Tyr Leu Glo Lys Pro Gly Gln Ser
35 40Q 45
Pro Gln Leu Leu Ile Tyr Gln Met Ser Asn Leu Vel Ser Gly val Pro
50 55 ' 60
Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr asp Phe Thr Leu Lys Ile
&5 7C 75 80
Ser Arg Val Glu Rla Glu Asp Val Gly Val Tyr Tyr Cys Ala ¢ln Asn
85 80 85
Leu Glu Leu Pro Tyr Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Livs
100 105 110

Thix
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<210> 49
<Z211l» 66
<212> DNA
<213>
<400> 4%

Homo sapiens

28/64

POT/IB2006/0632%4

. atggacatga gggteccoge tcagetccote ggectocktge tgetotggbt coeaggtgeco

aggtgt
<218 50
«21i> 22
<212> PRT
<213>= Homo
<400> 50

Met Asp Met

i

Phe Pro Gly

sapiens

Arg Val Pro Rla Gln Leu Leu Gly Leu Leu Leu Leu Trp

5

20

Ala Arg Cvs

<210> 51
<211>» 360
<212> DNA
<213> Artificial Sequence
<220>
<223>
molecule
‘<400> 51
caggtgcage tggtgecagtc tggggctgag
tcectgecaagg cotectggttt cacattcact
cctggacaag ggotcgagtg gatgggatat
goeacagaagt tcocagggcag ggtcaccatt
atggagoeiga geagoecigag abtetgaggac
caaggcggtt actatgttat ggatgeoctgyg
<210> 52
<211= 120
<212> PRT
<213> Artificial Sequence
<220>
<Z223>
molecule
<400> 52

i0

gtgaagaage
gactacaaga
ttcaaccota
accgoggaca
aeggeoghtgt

ggoccaaggga

ctgggtecto
tacactggygt
acagoggtta

aatacacgag

attactgtygce

ceacagtgac

15

I-HED construct of a mouse/human modified antigen binding

ggtgaaggtc

gcgacaggoc

tagtacctac
cacagecctac
gagactatce

cgtotcetca

I-HHD construct of a mouse/human modified antigen binding

60

66

G0
120
180

240

300

360
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Gln val Gln DLeu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser
1 5 10 i5
Ser val Lys Val Ser Cys Lys Ala Ser Gly Phe Thr Phe Thr Asp Tyr
20 25 30
Lys Ile His Trp Vdal Arg Glm Ala Pro Gly @ln Gly Leu Glu Trp Met
35 40 45
Gly Tyr Phe Asn Pro hsn Ser Gly Tyr fer Thr Tyr Ala Gln Lys Phe
=1 55 £0
Gln Gly Arg Val Thr Ile Thr Rle Asp Lys Ser Thr Ser Thr Ala Tyy
&5 70 75 80
Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 g5
Lla Arg Leu. Ber Pro Gly Gly Tyr Tyf Val Met Asp Ala Trp Gly Gln
100 105 110
Gly Thr Thr val Thr Val Ser Ser
1is 120
<210> 53
<21l> 366
<212> DNA
«213> Artificial Seguence
<220> ‘
<223> M-HHA construct of a mouse/human modified antigen binding
molecule
<400>= 53
gaagtgcage toggtagagtc tggaggagyce ttggtcaage chggegggte cctgeggete &0
tectagtgeayg cctocggatt cacatttégc aactattygga tgaactgggt geoggeaggcet 120
cctggaaagy goctogagty ggbgggagag atcagatitga satccaataa ctteggaaga 180
tattacgetg caagegtgaa gggecggtbc accatcagca gagatgatto caagaacacg 240
ctgtacctge agatgaacag cotgaagacc gaggatacgg ccogtgtatta ctgtaccaca 300
tacggcaact acgttgggca ctacttegac cactggggece aagggaccac cgtcaccgtco 360
tecagt 366
<210> 54
<211> 122
<212> PRT



WO 2607/031875

213> Artificlial Sequence

<2205

<223> M-HHA construct of a
molecule

<400> 54
Glu Vval Gln

i

Ser Leu Arg

Trp Met Asn
35

Gly Glu Ile
50

Ser Val Lys
&5

Lieu Tyr Leu

Tyr Cys Thr
Gly Gln Gly
115
<21iC>» 55
<223> 122
<212> PRT

Lisu

Leu
20

Trp

Aryg

Gly

Gln

Thx

100

Thr

val

Ser

Yal

Leu

Arg

Met

85

Tyr

Thxr

Glu

Cys

Arg

Lys

Phe

70

Asn

Gly

Val

Ser

Ala

Gln

Sey

55

Thr

Ser

Asn

Thr

<213> Artificial Sequence

<220>

<223> IF5-VH - mouse/human

<400> 55

Gin val Gln Leu Arg Gln Pro

1

5

Ser Val Lys Met Ser Cys Lys

20

Agn Met His Trp Val Lys Gln

35

30/64

mouse /human

Gly Gly Gly

10

Als Ser Gly
25

Ala Proc Gly
40

Asn Asn Phe

Ile Ser Arg

Leu Lys Thr
S0

Tyr Val Gly @

105

Val Ser Ser
120

chimeric polypeptide

PCT/IB20G6/003294

modified antigen binding

Leu

Phe

Lys

aly

Asp

75

Glu

Val
Thr
Gly
Arg
60

Asp
Asp

Tyr

Liyy

Phe

Leu

45

Tyx

Thir

Phe

Gly Ala Glu Leu Val Lys

10

2Ala Ser Gly Tyr Thr Phe

25

Pro

Ser

30

Glu

Tyr

Ala

Asp
110

Ero

Gly Gly
15

Asn Tyr

Trp Val

Ala Ala

Asn Thr
B0

val Tyr
95

His Trp

@ly Bla
15

Thr Ser Ty

3G

Thr Pro Gly Gln Gly Leu Glu Trp Ile

40

45
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Gly ala Iie Tyi Pro @ly hAsn Gly Asp Thr Ser Tyr Asn @ln Lye Phe
50 55 60

Lys Gly Lys Ala Thr Leu Thr Ala Asp Lys Ser Ser Ber Thr Ala Tyvr
&5 70 75 80

Met @ln Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys
85 990 85

Ala Arg Ser His Tyr 81y Ser Asn Tyr Val Asp Tvr Phe Asp Tyr Trp
: 100 108 110

Gly Gln Gly Thr Leu Val Thr Val Ser Thr

115 120
<210> &6
«211> 120
«Z12> PRT

<213> Artificial Seguence

«220>
<223> BSES-VH - mouse/human chimeric polypeptide

<£00> B5é
@Gln val Gln Leu Val Gln Ser Gly Ala Glu Leu Val Iys Pro Gly Ala

1 5 1o 15

Ser Val Lys Met Ber Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr
20 25 30

Asn Met His Trp Val Liys Gln Thr Pro Gly Gln Glvy Leu Glu Trp Ile
35 40 45

Gly Ala Ile Tyr Pro Gly Asn Gly Asp Thr Ser Tyr Asn Glo Lys Phe
50 55 &0 -

Lys Gly Lws Ala Thr Leu Thr Ala Asp Lys Ser Ser Ser Thr Als Tyr
&5 70 75 80

Met Gln Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys
85 20 85

Ala Arg Ala Gln Leu Arg Pro Asn Tyr Trp Tyr Phe Asp Val Trp Gly
100 145 110

Ala Gly Thr Thr Val Thr val Ser
115 120
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A2L0> 57
<211 121
<212» PRT

<213> Artificial Seguence

«220>
<223> C2B3-VH - mouse/human chimeric polypeptide

<400> 57
@ln val Gln Leu Gln Gln Pro Gly Ala Glu Leu Val Lys Pro Gly Ala

1 5 18 15

Ser Val Lys Met Ser Cys Lys Ala Ser Giy Tyr Thr Phe Thr Ser Tyr
20 25 ' 30

Asn Met His Trp Val nys Gln Thr Pro Gly Arg Gly Leu Glu Trp Ille
35 40 45

Gly Ala Ile Tyr Pro Asn Gly Asp Thr Ser Tyr Asn Gln Lye Phe
50 55 . &0 ‘

)
<

Lys Giy Lys Ala Thr Leu Thr Ala Asp Lys Ser Ser Ser Thr Ala Tyr

Met Gln Leu Ser Ser Leu Thr Ser Glu Asp Sexr Ala Val Tyr Tyr Cys
85 20 25

Ala Rrg Ser Thr Tyr Tyr Gly Gly Asp Trp Tyr Phe Asn Val Trp Gly
‘ 160 105 1310

Ala Gly Thr Thr Val Thr Val Ser Ala

118 1290
<210> k8
<211l> 121
<Z12> DRT

<Z13> Artificial Sequence

<220>
<223> 2H7-VH - mouse/human chimeric polypeptide

<400> 58
Gln Ala Tyr Leu Gln Gln Ser Gly Als Glu Leu val Arg Pro Gly Ala

1 = 10 15

Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyxr
20 25 30
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Asn Metl

Gly dla
- 508

Iye Gly
85

Met Gln
- Ala Arg
Gly Thr

<210>
" <2lls
<212>
<213>

220>
<223 >

<400
Glu val

i

Ser Val
Trp Met

Gly Arg
50

Lys Gly
65

Met Gln

Ala Arg

His
35

Tle

Lya

Leu

Val

Gly

118

59
113
PRT

59

Lys.

Liys

Asn

35

Ile

Lys

Leu

Lgn

Trp

Tyr

Ala

Ser

Val

100

Thr

Fen

Ile

20

Trp

Phe

Ala

Thr

Val
100

val

Pro

Thr

Ser

85

TV

Thr

Gln

Ser

Val

Pro

Thr

Ser

85

Fhe

Lys

Gly

Lieu

TG

Leuw

Val

Gln

Cys

Livs

Gly

Len

70

Leu

Asp

Agn

55

Thr

Thr

Ser

Thr

“Artificial Seguence

Ser

Lys

Leu

Asp

55

Thr

Thr

Gly

Thr

40

Gly

Val

Ser

Lsn

33/64

Pro Arg Gln

Asp

Asp

Glu

Ser

105

Val
120

Gly
rla
Arg
40

Gly
ala

Ser

Tyr

Ser

Proc

Ser

25

Pro

hep

Asp

val

Trp
105

Thr

ye

Asp

80

Tyxr

Glu

1¢

Gly

Gly

Thr

Lys

Agp

50

Leu

Ser

Ser

.75

Ser

Trp

Tvr

Gln

Asp

Ser

75

ger

Yal

Gly

TyTr

60

Ser

Ala

Tyr

val

Ala

Gly

Sexr

Ala

Tyr

Leu
45
Asn

Ser

Val

Phe

B-lyl-VH - wouse/human chimerlc polypeptide

Liys

Phe

Leu

45

hsn

Azn

Val

Trp

Glu

Gin

Thr

Tyr

Asp
110

Pro

Ser

30

Glu

Gly

Thr

Tyx

Gly
110

Trp

Liys

Ala

Phe
95

Val

Gly

15

Ty

Trp

Liys

Ala

Leu

95

Glo

PCT/IB2006/003294

Iie

Phe

Tyy

B0

Cvs

Trp

Ala
Ser
Ile
Phe

Tyr
BO

Cys

Gly



W0 2007/031875 PCT/IB2066/003294
34/64

Thr Leu Val Thr val Ser Ala

115
<210> &0
<211ls> 122
«212> PRT

<213> Artificial Sequence

<220
223> 2F2-VH - mouse/human chimeric polypeptide

<400> &0
Glu Val Gln Leu Val Giu Ser Gly Giy Gly Leu Val Gln Pro Gly Arg

1 5 190 is

Ser Leu Arg Leu Ser Cye Ala Ala Ser Gly Phe Thr Phe Asn Asp Tyr
20 25 ' 30

Ala Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Thr Ile Ser Trp Asn Ser Gly Ser Ile Gly Tyr Ala Asgp Ser Vval
50 . 55 C &0

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Lys Ser Leu Tyr
65 7L 75 80

Leu @ln Met Asn Ser Leu Arg Ala Giu Asp Thr Ala Zeu Tyr Tyr Cys
85 ‘ ' 90 25

Ala Lye Asp Ile Gln Tyr Gly Aen Tyr Tyr Tyr Gly Met Asp Val Trp
100 105 116

Gly Gln Gly Thr Thr Val Thr Val Ser Ser

115 120
<210 &1
<213is>= 122
<212> PRT

<213> Artificial Seguence

<220>
<223»> 7D8-VH - mouse/human chimeric polypeptide

<400> 61

Giu Val Gln Leu Val Glu Ser Gly Gly Gly Zeu Vval Gln Pro Asp Arg
i 5 10 15



Ser

Bla

Ser

Lys

65

heu

Ala

Gly

WO 2607/831875

Leu
Met
Thr
50
Gly
Gln

Live

Gln

210>
<21il>
<212>

<213

<220

<223

<400>

Arg Leu Ser

His
325

Ile

Arg

Met

Asp

Gly

115

62
125
PRT

62

@lu val @ln

1

Ser

Ala

Ser

Gly

&5

Gln

Lisu

Met

Tle

50

Arg

Met

Arg

Hig

35

Ile

Phe

Asn

20

Txp

Ser

Phe

Aan

Ile

100

Thr

Leu

Leu

20

Trp

Gly

Thr

Ser

val

Thr

.Ber

85

Gln

Thr

Val

Ser

Val

Thr

Tle

ey

8%

Cys

Arg

T Asn

Ile

70

Leu

Tyr

Val

Gln

Cys

Arg

Gly

Ser

70

Arg

Ala

3in

Sar

55

Ser

Arg

Gly

Thr

Artificial Sequence

Ser

Thr

Gln

Gly

55

Arg

Ala

Ala

Alm

40

Gly

Arg

Ala

Asn

Val
120

Gly

Gly

Ala

40

Val

Asp

Glu

Ser
25

Thr

Asp

Glu

Tyr
1c8

Ser

Gly

Ser

25

Pro

Thx

Azn

Asp

35/64

Gly

Gly

Ile

Asn

Asp

20

Tyr

Ser

Gly

10

Gly

aly

Tyr

Val

Phe Thr E

Lys Gly
Gly Tyxr

60

BAla Live
75 '

Thr Ala

Tyr Gly

Leu Val
Phe Thr
Liys Qly
Tyr Ala
60

Lys Asn

75

Met
50

Alza val

Lt

45

Ala

Asn

Leu

Met

11B8-VH - mouse/buman chimeric polypeptide

His

Phe

Leu

45

Asp

Ser

Tyr

Hig

30

Glu

Asp

Ser

Tyr

ABp
110

Pro

Ser

30

Glu

Ser

Leu

Ty

Asp

Trp

Ser

Leu

Tyr
95

Val

Gly
15

Tyxr

Trp

Val

Tyx

Cyvs
85

PCT/IB2606/003294

Tyr

Val

Val

%
80

Cys

Txrp

Gly

His

Val

Lys

Leu

80

Ala
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36/64

Arg Asp Tyr Tyr Gly Ala Gily Ser Phe Tyr Asp Gly Leu Tyr Gly Met
100 105 110

Asp Val Trp Gly Gln Gly Thr Thr val Thr Val Ser Sex

115 . 120 125
<210> 63
<21l> 6
<212> PRT
<213»> Artificial Sequence ¢

<220>
<223> Vh Sequence at Kabat positiong 8-13 of mouse/humsn modified

antigen bhinding molecule

<400> 63

Gly Ala Glu Val Lys Lys

1 5
<210> B4

<21l> B

<212» PRT

<213> Artificial Seguence

<220>

«223> Vh Sequence at Kabat peositions 8-13 of mouse/human modified
antigen bkinding molecule

<400> 64

Gly Pro Thr Leu Val Lye

1 g
<210> 65

<21l> &

212> PRT

<213> Artilficial Sequence

<220>

<223> Seguence abt the Kabat positions of mouse/human wmodified antigen
binding molecule

<400> &5

Gly Pre Val Leu Val Lys

1 5
<210> &8

<21ll> 6

<212> FPRT

<213> Artificial Seguence

<220



WO 2007/631875 PCT/IB2006/003294
3764

<223> Vh Seguence at Kabat positions B-13 of mouse/human modified
antigen binding molecule

<400> &€&

Gly Pro Rla Leu Val Lys

1 5
<210> &7

<211l &

<212> PRT

<213> Artificial Sequence

<220>
<223> Vh Sequence at Kabat positions 8-12 of mouse/human modified
antigen binding molecule

<&00= 67

Gly Gly Gly Leu Val Gln

1 5
<210> o8

<21ll> 6

<212> PRT

<213> Artificial Seguence

<2205 ‘

<223> Vh Becquence at Kabat positions 8§-13 of mouse/human modified
antigen binding molecule

<400> 68

Gly Gly Gly Leu Val Lys

1 5
<230> &5

<21i1l> &

<212 PRT

<213> Artificial Sequence

<220> - ‘

<223> Vh Seguence at Kabat positions 8-13 of mouse/human modified
antigen binding molecule

<4 00> €9

Gly Gly Gly Leu Val Glu

1 5
<210= 70

<211l> &

<212> PRT

<213> Artificial Seguence

<2205
<223>» Vh Sequence at Kabakt positicns 8-13 of mouse/human modified



WO 2007/031875 PCT/IB2006/003294
38/64

antigen binding molecule
<4£00> 70

Gly Gly @Gly Val Val Arg

1 5
C<210s 71

<21ll> &

<212> PRT

<213> Artificial Sesguence

<220
<223» Vh Sequence at Kabat positions 8-13 of mouss/human modified
entigen binding wolecule

<4&00> 71

Gly Gly Gly val val Gln

1 5
<210> " 72

<211l> 6

<212 PRT

<213> Artificial Seguence

<220> . .
<223> Vh Segquence at Xabat positions 8-13 of mouse/human modified

antigen binding molecule

<400> 72

@ly Gly val val val Gln

1 5
<210 73

<21l> 6

«<212> PRT

<213> BArtificial Seguence

<220>

<223> Vh Sequence at Kabat positilons §-13 of mouse/human modified
antigen binding molecule

<400> 73

Gly Gly Gly bLeu Ile Gln

1 5
<210> 74

<211l> 6

<212> PRT

<213> BArtificial Seguence

<220>
<223> Vh Seguence at Kabat positions E-13 of mouse/human modified
antigen binding mclecule
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39/64

<400> 74

Arg Gly Val Leu Val Gln

1 5
<210 75

<211l> 6

<212> PRT

<213> Artificial Sequence

<220 .

<223> Vh Segquance at Kabat positions 8-13 of mouse/human modifisd
antigen binding molecule

<400> 75

Gly Pro Gly Leu Val Lys

1 5
<210> 76
<211l> &
«212> PRT .

<213> Artificial Seguence

<220>

<223> Vh Sequence at Kabat positions 8-13 of mouse/human modified
antigen binding molecule

<400> 76

Gly Ser Gly Leu Val Lys

1 5
<210= 77

<21l> 6

<212> PRT

<213> Artificizl Seguence

<220> o

<223> Vh Sequence at Kabat positions 8-13 of mouse/human modified
: antigen binding molecule

<400= 77

Gly Ala Gly Leu Leu Lys

1 5
<210> 78

«211l> 6

<212> PRT

<213> Artificial Seguence

<220>
<223> Vh Sequence at Kabat positions 8-13 of mouse/human modified
antigen binding molecule



WO 2007/031875

<400> 78

Gly Ber Qlu Leu Lys Lys

L

Artificial Sequence

antlgen binding molecule

1

<210 79
<211l 6
<212> PRT
<Z213>
<220>
<223
<400> 79

Gly His Glu val Lys Gln

i

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

80
287
DNA

<400> 80
. accaagggec

‘geggecctgy
tcaggogeoo
tacteccctes
tgcaacgtga
tgtgacaaaa
gtcttcctqt
acatgogtgg
gacggcegtygy
tacogtotag
aagtgcaagyg
aaagggoagce
aagaaccagyg
gagtgggaga
tcogacgget
gggaacgtot

agecktetoce

5

Homo sapiens

catcggtett
getgoocktggt
ﬁgaccagcgg
gcagegtagt
atcacaagecc
ctcaqacaﬁg
tceccccaaa
tggtggacgt
aggtygrataa
teagoegtect
tectecaacaa
cccgagaacé
teagectgac
gecaatgggea
ccttottect
tcteatgete

tgtctooggg

cececctggea

caaggactac:

cgtgoacace
gacegtgooe
cageaacacc

cecaceghge

acccaaggac

gagocacgaa
tgocaagaca
cacegtectg
agocotocca
acaggtgtac
chgoetgygte
gocoggagaac
ctacagcaag

cgtgatgeat

taaatga

40/64

cocooctaca
ttececgaac
ttocecegogotg
tcoagoaget
aaggtggaca
cocageacety
acoecteatga
gaccctgagy
aagcoecgeggyg
caccaggact
gcecccatoyg
accctgcﬁcc
aaaggcttct
aactacsaga
cteoacecgtgg

gaggcetetge

agagcagcctce

cggtgacggt

tcctacagte

tgggcacceca
agaaagcaga
‘aactecctygy

tectoocggac

tcaagtitcas
aggagcagta
gactgaatgg
agaaaaccat
catcocoggoga
atcccagoga
ccacgectee
acaagagcag

acaaccacta

PCT/IB2006/0603294

Vh Sequence at Kabat positions 8-13 of mouse/human modified

tgggggeaca
gtcgtggéac
cteoaggacte
gacctacatc
geecaaatet
gugacogtea
cectgaggte
ctggtacgtg
caacagcacyg
caaggagtac

ctocaaagod

tgagetgace

catogeegtyg
cotgetaggac
gtagcagcayg

cacgcagaag

60

120

180

2490

300

360

420

480

540

600

660

720

780

8B40

S00

860

587



WO 2067/031875

<210»
<Z211»
<2123

<2313

<400

81
328
PRT
Homo

8l

Thr Lys Gly

1

Ser

Glu

Ser
65
Cys
Glu
Pro
Liys
val
145
Asp
Ty

Asp

Leu

Gly

Prq

Asn

Fro

Glu

Asp

130

Asp

Gly

Asn

Trp

Pro

Gly

Val

35

Phe

val

Val

Lys

Leu
115

Thr

val

Ser

Len
125

Ala

sapiens

PO

Thr

2¢

Thr

Pro

Thr

Asn

Ser
100

Leu G

Leu

Ber

Glu

Thr

180

Lsn

Pro

Ser
Ala
Val
Ala
Val
His
85

Cys

Met

val
i858

Tyr

Gly

Iie

Val

Ala

Ser

Val

Pro

70

Lys

Asp

Gly

Tie

Giu

158

Hig

Arg

Lys

Glu

Phe

Leu

Trp

Leu

55

Ser

Bro

Lys

Pro

Ser

135

hep

AsTl

Val

Glu

Lys

Pro
Gly
Asn
40

Gln
Ser
Ser
Thr
Ser
129
Arg
Pro

Ala

Val

igts
200

Thr

Leu

Cys

25

Ser

Ser

Ser

Asn

Thr

Glu

Lys

Ser

185

Lys

Ile

41/64

Ala

10

Leu

Gly

Ser

Leu

Thy

=18}

Thr

Phe

Pro

Val

Thr

170

Val

Cys

Ser

Pro

Bla

Gly

Gly

75

Liys

Cys

Lewx

Glu

vs

155

Lys

Leu

Lys

Lys

Ser
Lys
Leu
Leu
60

Thr
Val
Pro
Phe
Val
140
Phe
Pro
Thx

Val

Ala

Ser
Asp
Thr
45

Tyr
Gin
ASD

Pro

Pro

125

Thr

AsT

Arg

Val

Ser

205

Lys

Lys

Tyr

30

Ser

Ser

Thr

nys

Cys

110

Pro

Cys

Trp

Glu

Lien

120

Asn

Gly

Ser

15

FPhe

aly

Leu

Tyr

Lys

25

Lys

Val

Tyr

Giu

175

Lye

@ln

PCT/IB2606/603254

Thr

Bro

Val

Ser

Ile

BC

Ala

Pro

val

Val

160

Gln

Gln

Ala

Pro



WG 2007/631875 PCTB2006/603294
42/64 )

210 215 220
Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr
225 : 230 235 240
Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser

245 250 255
Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyx
260 265 270
Lys Thr Thr Pro Dro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr
275 280 285

Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe

250 2825 300
Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys
305 310 315 © 320
Ser lLeu Ser Leu Ser Pro Glv Lys

325
. <210> 82

<211l> 618
«212> DNA
<213> Homo sapiens
<400> 82 ‘
ctecatgaata tgoaaataac ctgagattta ctgaagtaaz tacagatctyg tcctgtgecee 50
‘tgagagcatc acccagcaac cacatctgtc ctotagagaa tecccotgaga gotceogttoc 120
tcaccatgga ctggacctgg aggatcctet tettggtgge agragacaca ggtaagaggc 180
teccotaghtec cagbgatgag aaagaggatt gaétccagtc cagggagate teatccactt 240
ctgtgttete tcocacaggag cccactccca ggtgcagetg gtgcagtcectyg gggotgaggt 300
gaagaagcct ggggecteag tgaagghtcotce ctgeaagget totggataca cobtcacegy 360
ctactatatg cactgggtge gacaggcccc tggacaaggg cttgagtgga tgggacggal 420
caaccctaac agtggtggca caaactatge acagaagtbt cagggcaggg tcacceagtac 480
cagggacacyg tocatcagea cagectacat ggagetgage aggctgagabt ctgacgacac 540
ggtcocgtgtat tactgtgoga gagacacaglht gtgaasaccec acatcctgag ggtgﬁcagaa &00
accoCaggga gyaggcag €18
<210> 83



WO 2007/031875
<211l> &13
'<212> DNA
<213> Homo sapiensg

<400> 83

ccagotocac coctecteotgy gttgamaasag

gtgcacecace
gtgctgtogt
tettcottatg
acgctggtga
agcéctagtg
cttgecactca
accatcacca
gtggacacag
ctgtacazas
aagtcotgtct
<210>
<Z1l>

<212>
‘<213

B84
546
DNA
Homo

<4200> B84
agtgactcct

cttootgtga
gtgggettea
gtetggtect
gtteteacte
cotggagtgy
gagceaggcekc
catggacect
aggatgcote
agaaca
<210>
<211>

<212>
<213=

85
460
DNA

<400> 85

atggacacac
cagggactoec
ctttotecac
agCooacaca
gagtgggtygt
tttattggaa
aggacaccte
ccacatatté
acccaggcety

get

saplens

gtgogecace
gtyctgtggt
tettettatg
gtgctggtga
agcaatécta
cttgcacaca
accatcetoca
gtggacacayg

ctgtacaaga

Homo saplens

tttgotocac
tteacgggtyg
aggggtettg
gacectoacg
gggctggate
tgaﬁgataég
cazaaacoag
ctgtgcacac

ctteteattg

atggasacac
cagoggacttc
tectitcteorac
aacccacaga
gaatgggtgt
tEttttegas
aggacaceto

ccacabtatta

acctagetge

43/64

cogageacay
gctoctgety
aaacabtcagt
tocccagatea
ctgacctgea
cgtoagoeoe
cgetacagec
gtgétcctta
agaccacaaa

gtgotegete

tttgetacac
cteagaagty
aggggtottg
gagectcocacg
gagctggate
tgacgaaaaa
caaaageoay
ctgtgeacag

atctcagtgg

gtaccaéctc
ctgaceatee
tttettgttt
ccttgaagga
cotibotetgy
caggaaaggs
catctotgaa
caatgaccaa
gacacagccco

cceacctotyg

actectgetg
aaacatcagt
tcecaggtea

ctgacctgea

‘agtragecce

tectacagea
tggtectta
ataccacaga

tgeteecteo

PUT/IB2006/063294

agtgactect
cttecatgtga
gtgggcttea

gtetggtack

gttectecacte

cctggagtgy
gagoaggcte
catggaccet
agggoacctco

cagaacagga

ctgaccacec
tgtetoottt
cctitgaagga
cecgtctetgg
cagggaaggc
catctotgaa
ccatgacoaa
gacacagcoc

ctacectotge

60

120

180

240

300

360

420

480

540

600

513

60

120

180

300

360

420

480

540

546



WO 2007/031875

atggacatac
caggtagtac
tcttétccac
aagocacacs
lgaatgtgtgt
ttgattggga
aggacaccktc
ccacgtatta
<210>
<211>

<212>
<213>

86
877
DNA

<400> 86

acagceotatt
gaceeteoot
cecttagooct
accatggaat
aaaactagga
agtttctgac
§t3£99§993
attecaccttt
gtgggtggoo
cogattcacc
gagagoogay
tgagacoaga
attgagcact

geggtetggg

gtactgacat
87

EB7
DNA

<210
<211s
212>
<213

<400> 87

tttgticeac
ttcagaagca
agyggtctta
gacectceaca
gagctggate
tgatgataaa
caaaaaccag

ctgtgecacgyg

Howmo sapiens

ccteeageat
ctactgatga
ggactccaag
tggggctgay
agattgagty
cttggtgtet
ggcttggtceo
agtagctatt
aacataaagc
atctocagag
gacacggctg
cacaaacctce
gggctgtcoke
gctgeoctegt

ttcatgtetce

Homo sapiens

geteoetgeta
aazaatetat
tccoccaggtea
ctgacctgea
cgtcagcccd
tactacagca
gtggtoctta

ataccacaga

¢ccactagag
aaaccaaccc
gecectttogac
ctgggtttte
tgtgtggata
ctttgtttge
agcetogggy
ggatgagotyg
aagatggaag
acaacgccaa
tgtattactg
cctgcagggyg
caggagcaggt
cgtcaaatit

taaatgcaat

44/64
ctgactgtec

teteteoehtt

cocttgaggga

céttctctgg
cagggaaggc
catctetgaa

caatgaccaa

gacacagoeca

cttettatat
gaccctgacoe
ttggtgatca
cbttgttgeta
tgagtgtoag
aggtgtccag
gtoootgaga
gytoogocayg
tgagaaatac
gaactcactg
tgegagagac
tcoottgyga
gcaggtgety
coccaggaac

acttttt

cgtecotgtyga
gtgggcttea
gtctggtect
gttcteacte
cetggaghtgy
gaccagactc

catggacaeh

agtaggagac
ctgecaggtat
geactgagea
ttttaéaagg
aaacagtgga
tgtgaggtygce
ctetectgtg
getecaggga
tatgtggact

taktctgeaaa

acagtgaggy

ccaccaggdyg
ctgagggetyg

ttetocagat

PCT/IB2006/603294
gtgctgtggot 60
teticttaty 120
gegetggbga 180
ageagtagtyg 240
&ttgcactca 300
accatctooa 360
ghggacacay 420

450
atgcaaatay g0
cagagaggag 120
cagaggacte 130
tgatteatag 2490
tttgtgtage 300
agctgogtgga SGQ
cagcctqtgé 420
aggggctgga 480
ctgtéaaggg 540
tgaacagect 600
gaagtcagtyg 660
gegacaggge 720
gotboatata 780
ttécaatﬁct 8440

877

cecaggagtil ceattcggtg atcagcactg aacacagagg actcaccatg gagtittggge

&80



WO 20607/031875

tgagoctgggt
agtggacgtyg
gtgtttgeag
cctggagggt
atgagctgga
agtggtagta
macgccaaga
tattactgtyg
tgcagggagt

88
727

<23i0>
«211>
«212>
<213>

<400> B8
agatttaaga

ttgtttatea
aaattattag
~cocettooteg
aaaggactct
gecagetggty
~ tgeageetcet
aaaggggetg
ctetgtgaag
aatgaacage
aggacggaag
caggoggcde
gggtttt

89

514
DNA

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

<400> 88

tttecttgtt
agtgagataa
gtgtocagtyg
coctgagact
toogoeagye
coatatacta
actcactgta
cgagagacac

cecttgg

DA -
Homo sapilens

agcltbgeace
ctctgtaaét
atttgagtao
tggcegagad
taattoegtet
gagtetgggy
ggattcacct
gagtgggtat
ggecgatica
ctgaggcoocog
tgtgageoeca

tcaagacoea

Homo saplens

gctataataa
gcagtgaata
tcaggtgeag
ctcétgtgca
tccagggaay
cgeagactet
totgeaaaty

aghgagggga

tggtaccogt
attittgatta
ctctooccett
aattttgage
caaagtgbogy
gaggettggt
tcagtaacag
cgggtgttag
tcatctoccag
aggacatggc
gacacaaacc

ctoatcagag

45/64

aaggtgéttt
tatgtggcayg
ctggtggagt
gecectetggat
gggctggagt
gtgaagggec
aacagoctga

agtcagtgtg

tgetottett
ttttgattct
cctaaaccta
atgagctgtco
cgttttotta
agagectggy
tgacatgaac
ttggaatgge
agacaattoo
tgtatattac
tcetgecagga

tcaaccccayg

atggagaact
tetectgacta
ctggaggagy
tcaccttcag
gggtttcata
gattcaccat
gagecgagga

agcceagaca

gtaaccattt
tgocatgtttt
ggtataaaat
tecttbtggeag
actcacctgg
agggtccctga
tgggtcecgec
agéaggacgc
aggaactteo
tgtgtygagas
acgttggggg

agcaggtgca

PCT/IBIOGG/003294
agagacattg 120
ggtigtetet 1B0Q
cttggtcaag 240
tgactactac 300
cattagtagt 360
ctoccagggas 420
cacggecogtyg 480
caaacctoce 540

557
gtcttitaag 60
tacttctgta 120
ttactegage 180
cocggcettaat 240
gtacaacagt 3060
gactctectg 360
aguchocagg 420
actatgcaga 480
tgtatcagea 540
acactgtgag 600
aaatoagety 660
catggagget 720

727

gogactcgoca tggagtttgg getgagetgyg gttttoetty ttgetatttt aaaaggtgat

60



WO 2007/031875

Ccakbggatca
tgtggcagtt
ggtggagtet
ctctggatte
gctggagtgg
gaagggacga
cagtobgaga
ccagigagag
<210>
<Z21il>

<212>
<213

90

DA
<400> 90

tgattcatgy
tgtgtggeat
ctgotggagt
gegtetggat
gggetogagt
gtgaagggcec
aacageotga
<210>
<211l>

<2125
<213

21
870
DINA

<220>
<221
<222>
<223

<220>
<2Z21>
<222>
<223>

<400> 9214
catctgttac

gatgaaaacc

teceaggtgt ttacattegg

412

atagagatgt
tctgaccagy
gggggaggtg
accttigatyg
gtctetggta
ttcaceatct
goccgaggaca

cccagacaca

Homo sapiens

agaaatagag
tttctéataa
ctggyygagy
tcaccttcay
gggtggcagt
gattcaccat

gagedgagga

Homo sapiens

misc_feature
(43} ..(43)
nis a, ¢, g, or t

misc_feature
{824) .. (824)
n is a,

¢, 9,

agaactcatt

ageoeagooe

tgagtgtgag
gtgtctetgt
tggtécggcc
attatggeat
ttaattoggaa
ccagagacaa
cggectigta

aacgbocetg

agactgagtyg
cggtgteekt
cgtogtocag
tagetatgge
tatatggtat
ctcragagac

cacggetgtg

or t

46/64
tgaacacgsag

gtttycaggt
tggggggtec
gagctgggte
tggtggtage
cgcocaagaac
tcactgtgeg

cagy

tgagtgaaca-
ctgtttgecag
cctgggagyt
atgcac#ggg
gatggaagta
aatteccaaga

tattactgtg

tgagagaaac
gteeagtytg
ctgagactct
cgocaageto
écaggttatg
tceoectgtate

agagacacag

tgagtgagaa
gtgtccagtyg
cocctgagact
tecegooaggo
ataaatacta
acacgctgta

cgagagacac

PCT/IB2006/003294

agtggatttyg
aggtgcaget
cotgtygeago
cagggaaggg
cagactctgt
tgcaaatgaa

tgaggggaag

aaactggatt
teagytgeag
ctcetgtgea
tcecaggcaag
tgeagactcoc
tetgrcaaatg

ag

atatagtagg agacatccaa atngggtccc tocecteotget

tgacectgea gotctgggay aggageccca goootgagat

tgatcagcac tgasacacaga gaacgcacca tggagtitygg

12¢

1890

240

360

360

420

480

514

60

12¢

180

240

300

360

412

60

120

180
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actgagetgy

tgagtgtgag

gtgtctctgt
tggtacages
attataccat
ttagttggga
ccagégagaa
cogacttgta
aaaacctege
gagcataggg
gagtetteac
ttggatctge
<210>
<211>

212>
<213>

82
724
DNA

<220>
<221
«222>
<Z2Z23>

<400> 92
ceattoggty

tttoctbgbt
aécacgagtg
geadgtgtae
gggtccetyga
tgggtecgco
agcacatact
aacacgctgt
gogagagaca
getgggggga
ggeaggtgea

acgggttoecoe

gttttcctt§
tgaacatgag
gtttgeaggt
tggggggtece
geactgggte
tggtggtaga

cageanaaac

tractgtgea

tgcaggaaga
Ltaactetgy
aaatttctec

tgaaactgce

Home sapiens

misc_feature
(560) ..(560}
nis a,

€, g,

atcagecactg

gotattitaa

Aagagaaacag

agtutgaggt
gactoteetg
aggctccagg
acgeagacto
atcttcaaat
cagtyagggyg
aatcagecggn
gatggagget

caggyggaaca

ttgctatttt

tgagagaaac
gtccagtgtg
ctgagactct
cgtcaageto
acatactaty
teectgtate
aaagatacac
cagyagggge
gacaagttge
atctaacagt

tgtgtecacct

or

aacacagagg
aaggtgattc
tggatatgtyg
gueagetggly
tgeagcootet
gaaggggcty
cgtgaagggce
gaacagcctg
aagtcattot
agggggeget
gatttocttyg

tobteotaagtt

47164

aaaaggtgat
agtggatatyg
aagtgcagct
cctgtgeage
cggggaagyy
cagacteotgt
tgcaaatgaa
agtgaggoga
ctgggetgea
tcaggaaggt

ttcoccocagga

actcaccatyg
atggagaact
tggroagttte
gagtotggay
gggtteaceg
gagtgggtet
cgattcacca
agagccgagg
gogoccagac
caggagocac
tecaggatghty

tagcattctg

tcatggataa
totoggeagtyg
gatggagtct
ctetggatte
tctggagtgy
gaagggecda
cagtoctgaga
agtcagogag
gaggeccacte
taagagetgg

accngtctag

gagtttbgge
agagatattg
taaccaatgt
gaggcttgat

tcagtagcaa

‘cagttatita

toctcocagaga
acacggccgt
acaaacctoc
tgatcagagt
gggactttty

tgoctatgaa

PCT/IB2006/603294
atagagatgt 240
tctgaccaég‘ 300
gggggagteg 369
accttigaty 420
gtctctctta 480
ttecaccatct 540
actgaggaca 600
aggeccagacsa 660
aagacacact 720
tttectitea 780
atctgtgate 840

‘ 879
tgagctgggt 60
agtgtgagtg 120
ctotgtgtet 189
ceagectggy 240
ctacatgage 300
tagecggtggt 360
caattccaag 420
gtattactgt 480
ctgcaggaac 540
cagccoogga 600
tettcttetg 660
cgktettctet 720
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aagt

<210
<2L1ls
<212%
<213>

83
288

<400» &3
gaggtgcage

tecctgtgrag
cecagggaagy
tocaggaagg
atgaacagee
<210
<21il>

<212>
<213 >

84
&§26
DNA

<400> 54

cateccobtit
ccacaggaas
tetgagaget
tggtggcagc
ctotgatcoo
ctgcaggagt
gtctctggty
aaggggetgy
ctcaagagtc
agetetgtga
ggtgagtgtg
<Z210>
<21l>

<2L2>
<213>

85
298

<400» SB
cagetgoage

accbtgogetyg

cagecaccag

DNA
Home sapiens

DNA
Homo sapiens

tggtggagto
cetetggatt
gtetggagty
gcagatteac

tgagagctga

Homo gapiens

cacctoettia

cCcaccacaca

catgggcoceoto

teoccagatgt
agggotcact
cgggeccagyg
gctccatcaé
agtggatigg
gagtcoaccat
cogoogegda

ageecagaca

tgeagygagte
tctetggtgy

ggaagggoct

toggggagte
caccgteagt
ggtcteatce

catcteccaga

ggacacggoet

Lacaaaggca
tttccttaaa
ctgoacaaga
gagtgtcotca
gtgggteotet
actggtgasag
cagtagtaac
ggaaatctat
atcagtagac
cacggsogty

caaacc

48/64

ttggtacage
agcaatgaga
attagtggtg
gacaatboca

gtgtattact

ccacctacat
ttcagggtoc
acatgaaaca
éggctgcaga
ctgttoacag

cotocgggga

tggtggagth

catagtggga
asgtccaaga

tattgctgtg

ctgggggétc
tgagetgagt
gtagcacata
agaacacgct

gtaagaaa

gcaaatccte
agctcacatg
cotgtggtte
catgggggta
gagtoctgtc
ccetgteooet
gggtcogeca
gecaccaacta
accagttcte

cgagagacac

PCT/IBI066/003294

T24
¢ctgagactc 60
cegocaggot i2¢
ctacgoagac 180
geatcticaa 240

288
acttaggecac 60
ggaaatacktt 120
ttectectee 180
tgggagotge 240
tcaggtgoag 300
cacetgeget 380
gecoooaggyg 420
caaccegtec 480
cctgaagetg 540
agtgagggga 600

626

cggctcaggae ctagtgaage cttcacagac cectgtoecte

chtecateage agtggtggtt actectggag ctggatecygg

ggagtggatt gggtacatet atcatagtygg gagcacctac

60

120

180



WO 2607/031875

tacaacgegt

‘teooctgaage

210>
<211>
<212
<213>

96
410
DNA

<400> 88
gggtoctgte

ccctgtoeet

tcegocagee
ccaactacaa
agttotocot
gaggcacaglt

agggdgcayg

<210»
<211
<212
<213>

27
700
DNA

<220>
<221>
<3222>
<223»
<220>
<221
<2225
<223>

<400> 97
aggttetggyg

aatgcaagty
actgoceage
ceatcctoge
'cagaggagaé
chgttocgag
gaagatctoc

ccagatgoed

ccctcaaygag

tgagctctgt

Homeo sapiens

ccaggtycay
cagetgcgcth
cccagggaayg
coegteecte
gaagetygage
gaggggaggt

cgcaggtact

Homo sapiens

misc_feature
(19} .. (19}
nis a,

Cr d

misc_feature
(45) .. {46)
n is a,

<, 9y

ttataaacnc
ggggcctece
tgggatcetea
cectaoctectyg
cgggtggaaa
gtgcagotygg
tgtaagggtt

gygaaaggec

tegagtoace

gacogoogeyg

ctacageagt
gtetatagtg
gggctggagt
aagagtcgayg
tebghgacey
gagtgtgagc

gctocaagaco

or t

or t

J.

cagatacage cegtecttee

tgtagactoc
caéttaaacc
goggetteatt
gctgtteton
ggagecooctg
tgcagtotgy
ctggatacag
tggagtggat

aagaccaogt

49/64
atatcagtag

gacacggecg

ggygcgcagy
ggtccottoag
ggatigggge
tecacceatate
cogoggacac

ccagacaaaa

agcaggtggd

teocottoagy

cagggectcoce
trtotgtecte
aaggteagte
attcaaattt
agcagagaty
ctttaccage

goggatcatc

caccatctoca

agagglbccaa

tgtattactg

actgttgaag
tggttactac
aatcaatcat
agtagacacg
ggctgtgtat
acctccoctge

gegodycgeo

gcaggntgac

ctoccacagtyg

caccatcatg
ctgeogaggg
tgtgtctoee
asaangocog
tactggatog
tatcoctgotyg

gecgacaagh

PCT/IB2006/003294
gaaccagtte 240
tgccagaga 289
cotteggags 60
tggagoetgga 126
agtggaagca 180
Looaagaace 240
tactgiguga 300
aggtaggcag‘ 360

410
caactatyges 60
agtctcccte 120
gggteaaceg 180
cttgaggﬁca 240
ccacaggagt 300
gagagtctet 380
getgggtaey 420
actctgatac 480

coatcageac

540



WO 2007/031875

S0/e4

PCT/IB2006/603294

cgectacotyg caghagagea goctgaagge ctoggacace gecatgtatt actgtgegag

acacacagty agagaaacca goeccgageoe cgtetaaaac cctecacace geaggtgeag

aatgagetge tagagactca ckccccaggg gectetotat

<210>

98
<211> 650
<212> DNA
<213» Homo saplens

<220

<221> wmisc feature
<222> (621} ..{821)
<223> n ls a, ¢, g,
<400> 9B

or t

.agggcagtca ccagagetece agacaatgto

ggygcctocca
aggggtgttt
cagcagtcag
teococggggaca
agaggeetty
ghatctygtga
cagotgaact
‘aggggaagtc
aggeagocag
atggaacttc
<210>
<21l»>

<212>
<213>

29
388
DNA

<400> 9%

taagggacte
geactooeoat
tgagttgaag
cactagetat
atggatcaac
cttetecktig

ggacactged

tggggtcagt
cactttgetg
gteceaggact
gtgtctetag
agtggetgag
aaagtegaat
ctgtgactcec

agtgtgagece

cactaccage

ttgotgtgte

Homo sapliens

cecagteact
ctecetoteoca
aagootgggy
getatgaatt
accaacactg
gacacctetyg

gtgtattact

gheagggaga
tttocttttg
ggtgaagcec
caacagtget
aaggacatac
aaccatcaac
cgaggacacg
cagacacaaa
goagggeooa

ntaaactgth

gggetgagyy
caggtgccoca
cctcagtygaa
gggtgegaca
ggaacccaac
teagcacggce

gtgcgaga

tgtcteotte
tgccgtattc
tetccaggtyg

tcgcagacce

cteatcttee
acagcageat
tocctgtcecaca

tetecacteac

gottggaact ggatcaggca

tacagateca
ccagacacat
getgtogtatt
cetoeoctgua
gaccaggagc

gttgttittt

agaaaccage
cteocaggty
gygtttoetge
ggcccqtgga
gtatgcoccay

atatctygeay

agtgatataa
ccaagaacca
actgtgcaag
gggatgetca
aggtgtggag

tttttthtet

acagtcaaght
cagetggtgo
aaggehtetg
caagggettg

gogoetteacag

atetgeagee

tgeceogtget
tecacagactg
ggtacagetyg
ctgtgecoate
gtcecovatoeg
tgattatgea
gttetecetyg
agacacagtg
ggaccooaga

ttaagcaaaa

gagacttcoat
aatctgggte
gatacacctt
agtggatggg
gacggotttgt

taaaggctga

600

660

700

60

120

180

S 240

300
360
420
480
540
600

650

&0
120
180
240
300

360

388
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Homo sapiens

tggtgeagte tggoeatgag
cttectggtta cagtttcacc
gyctigagtg gatgggatgg
tcacaggacg gtttgtectto

geagectaaa ggctgaggac

Artificial Sequence

antigen binding wmolecule

«<210> 100
<21i» 294
<212> DNA
<213>
<400> 100
caggtgcage
tectgeaagg
cctggacaay
gcocaggget
ctgcagatca
<210> 101
<2li> &
«212> PRT
«2l3>
<320
<223>
<400> 101

Gly Ala Glu Leu Lys Lys:

5

Artificial Seguence

antigen binding molecule

3

<210> 102
<21l> 6
<212» PRY
<213>
<220>
<Z23>

<4 00> 102

Gly Ala Glu Val val Lys

5

Artificial Seguence

antigen binding molecule

1
<210> 163
<23il> &

" 212> PRT
<213
<220>
223>
<400> 103

Gly Gly Glu Val Lys Lys

51/64

gtgaagcagc
acctatggta
theaacacch
tecatggaca

atggocatgt

ctggggeeta
tgaattgggt
acactgggaa

cctectbgeeag

attactgtge

PCT/IB2006/003294
agtgaaggtc 60
gocacaggcoo 120
cocaacatat 180
cacagcatac 240
gaga 294

Vh Seguence at Kababt positions 108-113 of mouse/human modified

Vh Seguence at Kabat positions 108-113 of mouse/human modified

Vh Seguence at Kabat positions 108-113 of mouse/human modified
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<210
<211
<212>
<213

<220>
223>

<400>

52/64

104

8

PRT

Artificial Seguence

Vh Sequence at Kabat positions 108-113 of mouse/human modified
antigen binding molecule

104

Gly Ala Gly Val Lys Lys

L

<210>
<211>
<212
<213>

<220>
<223 >

<400>

5

105
e
PRT
Artificial Seguence

Vh ESequence at Xabat positions 108-113 of mouse/human modifiled
antigen binding molecule

105

Gly Gly Gly Val val Lys

1

<210>
<21l>
<212
<213>

<220>
<223>

<400

s

1086

6

PRT

Axrtificial Sequence

Vh Sequence at Kabat positions 108-113 of mouse/human modified
antigen binding molecule ‘

106

Leu Val Thr Val Ser Ser

L

<21C>
<21ll>
<212
<213>

«220>
<223

<400>

5

107

&

BRT

Artificial Sequence

Vh Seguence at Kabat positions 108-~113 of mouse/human modified
antigen binding molecule

107

Leu Val Tle Val Ser Sex

1

5
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<Z21i0»
<21iis
212>
<213

220>
<223 >

<400>

53/64

108

&

BRT

Artificial Sequence

Vh Seguence at Kabat positions 108-113 of mouse/ human modified
antigen binding melecule

108

Leu Val Thr Val Ile Ser

1

<2105
w2ils
<2125
213>

" <220

<223>

<400>

5

108
&
PRT

Artificial Seguence

Vh Seguence at Kabat positions 108-113 of mouse/human modified
antigen binding moclecule

1G9

et Val Tie Val Tle Ser

1

<210>
<21l>
<Z12>
<Z213>

<220
<2235>

<400>

5

110

&

PRT

Artificial Sequence

Vh Sequence at Kabat positions 108-113 of mouse/human modified
antigen binding molecule :

110

Leu Val Gly Val Ser Ser

1

<210
<211
<212>
<213>

220>
223>

<400>

5

111

)

PRT

Artificial Seguence

Yh Sequence at Kabat positions 108-113 of mouse/human modified
antigen binding mcolecule

111

Leu Val Thr vzl @ly Ser

1

5
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<210>
<21l
<2125
<213

<220>
<223

<400>

54/64

112

&

PRT

Artificial Sequence

Vh Seguence at Kabat positions 108-113 of mouse/human modified
antigen binding molecule

112

Leu Val Gly Val Gly Ser

L

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

<220>
223>

<400

5

1i3

)

PRT

Artificial Seguence

Vh Seguence at Kabat positions 108-113 of mouse/human modlfled
antigen binding molecule

113

Len Val Ala Val Ser Ser

1

<210>
<21l>
<212
<213>

<220>
<223

<400>

5

114

&

PRT

Artificial Seguence

Vh Sequence at Kabat positions 108B-113 of mouse/human modified
antigen binding molecule

114

Leu Val Thr Val Ala Ser

1

<210>
<21L>
<2i2>
<213=

<220>=
«<223>

<400

5

115

)

PRT

Artificial Seguence

Vh Sequence at Kabat positions 108-113 of mouse/human meodified
antigen binding molecule

115

Leu Val Ala Val Ala Ser

1

5
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<210>
<21l1l>
<212>
<213

<220>
<223

<40

55/64
)
&
PRT

Artificial Seguence

Vi Seqguence at Kabat positiomns 108-~113 of mouse/human modified
antigen binding molecule

116

Leu Val Val Val Ser Ser

1

<210>
<21i>

<212>-

213>

<220>
<223 >

<400>

5

117

&

PRT )

Artificial Sequence

Vh Sequence at Xabat positions 108-113 of wouse/human modifisd
antigen binding molecule

117

Leu Val Thr val Val Ser

1

<210>
<Z21il>
<212>
<213>

<220»
<223

<400>

5

118

3]

BRT

Artificial Seguence

Vh Seguence at Kabat positions 108-113 of mouse/human modified
antlgen binding molecule

118

Lezu Val val Val Val Ser

i

<210
<211l
<212>
<213>

<220>
<223>

«<400>

5

118

&

ERT

Artificial Sequence

Vh Sequence at Kabat positions 108-113 of mouse/human modified
antigen binding molecule

119

Leu Val Leu Val Ser Ser

1

<210>

5

120
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<z21l>
<212>
«213>

<220
<223

<400

56/64

&
PRT
Artificial Seguence

Vh Seguence at Kabat positionsg 108 113 of mouse/human modified
antigen binding molecule

120

Leu Val Thr val Leu Ser

1

<210>
«Z211>
<212
<213

<220>
<223>

" <400>

PRT
Brtificlal Sequence

Vh Sequence at Kabat positions 108-113 of mouse/human modified
antigen binding molecule

121

Leu Val Leuw Val Leu Ser

1

210>
<21l>
<212
<213

<220>
<223>

<400

5

122

&

PRT

Artificial Seguence

Vh Seguence at Kabat positions 108-113 of mouse/human modified
antigen binding molecule

122

Leu Val Ser Val Ser Ser

1

<210>
<231>
<212>
<213>

<220
<223

<400

5

123

6

PRT

Artificial Seguence

Vh Sequence at Kabat positions 108-113 of mouse/human modified
antigen binding molecule

123

Leu Val Thr val Thr Ser

1

«210>
<211>

5

124
118
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) 57/64
«212> . PRT
<213> Artificial Sequence
<220>
<223> B-HH2R construct of a mouse/human modified antigen binding
molecule
<400> 124

Gin Val Gln Leu Val @ln Ser Gly Ala Glu Leu Lys Lye Pro Gly Ser
i 5 10 is

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Ala Phe Ser Tyr Ser
. 20 ‘ 25 30

Trp Met Asn Trp Val BArg Glm Ala Pro Gly Glm Gly Leu Glu Trp Met
35 40 45

Gly Arg Ile Phe Pro Gly Asp Gly Asp Thr Asp Tyr Asn Gly Lys Phe
50 : ' 55 60

Lys Gly Arg Val Thr Iie Thr Ala Asp Lys Ser Thr Ser Thr &la Tyr

Met Glu L.eu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyvr Cys
85 90 85

Ala Arg Asn Val Phe Asp Gly Tyr Trp Leu Val Tyr Trp Gly Gin Gly
100 105 110

Thr Leu Val Thr val Ser Ser

115
<210> 125
<211s 119
<2125 PRT

<213> Artificial Sequence

<220> -

<223> B-HH2B construct of a mouse/human modified antigen binding
melectule _ ’

<400> 125

Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Val Lys Pro Gly Ser
1 B 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser @ly Tyr Ala Phe Ser Tyr Ser
24 ’ 25 30

Tryp Met Asn Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
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35 40 &5

Gly Arg Ile Phe Pro Gly Asp Gly Asp Thr Asp Tyr Asn Gly Lys Phe
50 55 60

Lys Gly Arg Val Thr Ile Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr
&5 ' 70 75 89

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 o0 ‘ a5

Ala Arg Asn Val Phe BAsp Gly Tyr Trp Leu. Val Tyr Trp Gly Gln Gly
100 ' : 105 . . 118

Thr Leu Val Thr Val Ser Ser

118
<210> 126
<211l> 1198
<212> PRT

<213> Artificial Seguence

<220> :

<223> B-HH2C construct of a mouse/human modified antigen binding
molecule

<400> 126

Gin Val Glu Leu Val Gln Ser Gly Gly Glu Val Lys Lys Pro Gly Ser
A 5 10 1B

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Ala Phe. Ser Tyr Ser
: 20 25 30

Trp Met Asn Trp Val Arg CGln Ala Pre Gly Gln Gly Leu Glu Trp Met
35 40 ‘ 45

- @ly Arg Ile Phe Pro Gly Asp Gly Asp Thr Asp Tyr Asn Gly Lys Phe
50 ' B85 a0

Lys Gly Arg Val Thr Ile Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr
65 790 75 ‘ 80

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr 2la Val Tyr Tyr Cys
85 S0 85

Ala Arg Asn Val Phe BAgp Gly Tyr Trp Leu Val Tyr Trp Gly Gin Gly
100 105 11i¢
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Thr Leu Val Thr Val Ser Sex

115
«<210> 127
«211> 118
<212> PRT
<213> Artificial Seguence
220>
<223> B-HH2D construct of a mouse/human modified antigen binding

molecule

«<4£00> 127

Gln Val Gin Leun Val Gln Ser Gly Ala Gly Val Lys Lys Pro Gly Ser
ik 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Ala Phe Ser Tyr Ser
20 .25 30

Trp Met Asn Trp Val Arg Gln Als Pro Gly eln Gly Leu Glu Trp Met
35 ‘ 40 ‘ 45

Gly Arg Ile Phe Pro Gly Asp Gly Asp Thr Asp Tyr Asn Gly Lys Fhe -
5C ' 55 60

Lys Gly Arg Val Thr Ile Thr Ala Asp Lys Ser Thr Ser Thyx Ala Tyr
65 70 75 80

Met Glu Leu Ser Ser Leuw Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
BS 890 95

'Ala Arg Asn Val bhe Asp Gly Tyr Trp Leu Val Tyr Trp Gly Gln Gly
: 100 105 110

Thr Leu Val Thr Val 8er Ser

115
<210> 128
<211> 118%
<212> PRT

<213> Artificial Sequence

<220>

<223> B-HHIE construct of a mouse/human modified antigen binding
molecule

<400> 128

Gln Val Gln Leu Val Gin Ser ¢ly Alas @lu Val Lys Liys Pro Gly Ser
1 = 10 18
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Ala

Ala

40

Gly

Ala

Ssr

Tyr

Ser

25

Pro

Asp

Lsp

Glu

Trp
105

60/64

Gly Tyr Ala

Gly Qln Gly

Thr Asp Tyr

&0

Lys Ser Thr

75

Agp Thr Ala

20

Leu Val Tyx

Phe

Leu

45

Asn

Ser

Val

Tre

Ser

30

Glu

Gly

Thr

Tyr

Gly
110

TyY

Trp

Lys

Ala

PCENB2006/003294

Ser

Met:

Phe

Tyr

80

Cys

Gly

of a mouge/human modified antigen binding

Ser Val Lys Val Ser Cys Lys
20

Trp Met Asn Trp Val Arg Gln
35

Gly Arg Ile Phe Pro Gly Asp

50 55

Lys Gly Arg Val Thr Ile Thr

65 70

Met Glu L.eu Sey Ser Leu Arg

8%
Ala Arg Asn Val Phe Asp Gly
100

Thr Leu Val Ile Val Ser Ser
115

<210> 1Z9

<211l> 119

<212> PRT

«213> Artificial Sequence

220>

<223> B-HH2F construct

molecule :
<400> 129

Gln Val Glin
1

Ser Val Iws

ASn
35

Trp Met

Ile

Arg

Leu Val
5

Val Ser
20

Trp Val

FPhe Pro

Val Thr

Gln
Cys
Arg
=

Ile
70

Sex

Lys

Gln

hep

Gly

Ala

Ala

49

Gly

Ala

Sexr
1

Pro

Rsp

55 . .. ...

Thr

Ala

Asp

Glu val Lys
10

Gly Tyr Ala
Gly Gln Gly

Thy Asp Tyr
. 60

Lys Ser Thr
75

Teys

Phe

Len

45

Asn

Sexr

Pro
Sery
30

Glu

Gly

Thr

Gly

i85

Tyr

Trp

Liys

Ala

Ser

Ser

Meti

Phe

Tyr

80
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Met Glu Leu Ser Ser

85

Ala Arg Asnm Val Phe

100

Thr Leu Val Thr Val

<230
<2311
<212»

115

130
115
PRT

Leu

Asp

Ile

PCT/IBZ2006/603294
61/64

Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
o0 85

Gly Tyr Trp Leu Val Tyr Trp Gly Gln Gly
i05 110

Ser

<213> Artificial Segquence

<220>

<223» B-KV1{ construckt
molecule

<400>

Asp Ile
Glu Pro
Asn Gly
Pro @ln

50

hep Arg
65

Ser Arg
Leu Glu

hrg Thr

<2105
<211l
<212

130

Val

Ala

Ile

35

Leu

Phe

Val

Leu

val
115

131

115
PRT

Met

Ser

20

Thxr

Leuy

Ser

Glu

Pro
100

Thr

Tie

Tyr

Ile

Gly

Ala
85

Tyx

Gln

Ser

Leu.

Tyr

Ser

70

Glu

Thy

of a mouse/humen medified antigen binding

Thr Pro Leu Ser Leu Pro Val Thr Pro Gly

10 15

Cys Arg Sar Ser Lys Ser Leu Leu His Ser
25 30

Tyr Trp Tyr Leu Gln Lys Ala Gly Gln Ser
40 .45

@in Met Ser Asn Leu Val Ser ,Gly Val Pro
55 &0

Gly Ser Gly Thr Asp Phe Thr Leu Lyes Tle
75 ’ BO

Asp Val Gly Val Tyr Tyr Cys Ala Gln Asn
90 8z

Phe Gly Gly Gly Thr Lys Val Glu Ile Lys
1058 110

<213> Artificial Sequence

220>
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62/64
<223 B-XVil construct of a mouse/human modified antigen binding
molecule
<400> 131

asp Ile Val Met Thr Gln Thr Pro Leu Ser Leu Pro Val Thr Pro Gly
X 5 10 15

@¢lu Pro Ala Ser Ile Ser Cys Arg Ser Sexr Lys Ser Leu Leu Hig Ser
20 25 30

Asn Gly Ile Thr Tyr Leu Tyr Trp Tyr Leu Gln Lys Pro Gly Gln Ser
3

pro Gln Leu Leu Tle Tyr Gln Met Ser Asn Leu Val Ser Gly Val Pro
B0 55 60

asp Arg Phe Ser Gly Ser Gly Ser @ly Thr Asp Phe Thr Leu Lys Ile
65 70 75 . BOD

Ser Arg Val Glu Pro Glu Asp Val @ly Val Tyr Tyr Cys Ala Gln Asn
BE 30 a5

Leu Glu Leu Pro Tyy Thr Fhe Gly Gly Gly Thr Lys Val Glu Ile Lvys
100 i05 110

Arg Thr Val

115
«210> 132
<211> 115
<212 PRT

<213> Artificial Seqguence

<220

<223 B-KV1i2 construct of a mouse/human modified antigen binding
molecule

<400> 132

Asp Ile Vval Met Thr Giln Thr Pro Leu Ser Leu Pro Val Thyr Pro Gly
1 5 1 10 ‘ 15

@lu Pro Lla Ser Ile Ber Cys Arg Ser Ser Lys Ser Leu Leu His Ser
20 25 30

Asn Gly Ile Thr Tyr Leu Tyr Trp Tyr Leu Gin Lys Pro Gly Glm Ser
35 S 40 45

Pro Gin Leu Leu Ile Tyr Gln Met Ser Asn Leu Val Ser Gly Val Pro

PCT/IB2006/003254



Asp
65

Ser

Leu

WO 2607/031875 PCT/AB2006/003294
63/64

50 55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile
70 75 B0

Arg val Glu Ala Glu Zsp Phe Gly Val Tyr Tyr Cys Ala Gln Asn
85 aG 25

Glu Leu Pre Tyr Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys
100 105 110

hrg Thr Val
115
<210> 133
<21i> 118
<21l2> PRT

<213>» Artificial Sequence

<220

<223> B-KV13 comstruct of a mouse/human modified antigen binding
molecule

<400> 133

BED

1

Glu

Asn

Pro

hgp
65

Ser.

Leu

Arg

Iie Val Met Thr Gln Thr Pro Leu Ser Leu Pro Val Thr Pro Gly

Pro Alia Ser Ile Ser Cys Arg Ser Ser Lys Ser Leu Leu His Ser
20 25 30

Gly Ile Thr Tyr Leu Tyr Trp Tvr Leu 8ln Lys Pro Gly Gln Ser
38 40 45

Gln Leu Leu Ile Tyr Gln Met Ser &Asn Leu Val Ser Gly Val Pro
50 55 60

Arg Phe Ser Gly Ser Gly Ser CGly Thr Asp Phe Thr Leu Lys Ile
70 75 80

Arg Val Glu Ala @lu Asp Val Gly Val Tyr Tyr Cys Zla Gln Asn
85 a0C 25

Glu Leu Pro Tyr Thr Phe Gly Gly Gly Thr Lys Vel Bla Ile Lys
100 108 110

Thr Val
115
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<210> 134
<21i= 115
<212> PRT
213>
<220>
<223>
molecule
<400> 134

aAsp Ile Val

1

Zlu

Asn

Pro

Aép

65

Sexr

Leu

Pro

Gly

Gln

50

Arg

Arg

Glu

Thr

Ala

Ile

3B

Leu

Phe

Val

Leu

Val
115

Met

Ser

20

Thr

Leu

Ser

Glu

Pro
100

Thir

Ile

YT

Ile

Gly

Ala

85

TYY

B-KVi4 construct

Gln

Ser

Leu

Tyxr

Ser

70

Glu

Thr

Artificial Seguence

64/64

PCT/IB20606/603294

of a mouse/human modified antigen binding

Thr

Cys

Ty

Gin

55

Gly

AsSp

Phe

Pro

Arg

Trp

40

Mat

Ser

Val

Gly

Leu

Ser
25

Tvr

Sexr

Bly

Gly

Gly
105

Ser

10

Ser

Leu

ASD

Thr

Val

80

Gly

Lieu

Liys

Gln

Leu

Asp

75

Tyr

Thy

Pro

Ser

Lye

Val

60

Phe

Tyxr

Liys

val

Leu

Pro

45

Ser

Thr

Cys

val

Thr

Lew

30

Gly

Gly

Leu

aAla

Giu
110

Pro

15

His

Gln

Val

Lys

Gln

85

Ala

Gly

Ser

Ser

Tle
80

Asn

iiys



