9.

BRIEE-SUMMARY

[0019] Recognizing the tremendous therapeutic potential of antigen binding
molecules (ABMs) that have the binding specificity of the murine B-Lyl
antibody and that have been glycoengineered to enhance Fc receptor binding
affinity and effector function, the present inventors developed a method for
producing such ABMs. Inter alia, this method involves producing recombinant,
chimeric antibodies or chimeric fragments thereof. The efficacy of these ABMs
is further enhanced by engineering the glycosylation profile of the antibody Fc
region.

[0019a] In one aspect, there is provided a humanized Tvpe II anti-CD20

antigen binding molecule comprising: (a) a heavy chain variable
region selected from SEQ 1D NO:36, SEQ 1D NO:38, SEQ 1D NO. 42,
SEQ ID NO:44, and SEQ ID NO:46; and (b) the KVI light chain variable
region of SEQ ID NO:76.

[0019b]1 In one aspect, there is provided a humanized Type-1I anti-CD20

antigen binding molecule comprising a heavy chain variable region

having the specificity determining residues of the heavy chain variable

region of the antigen binding molecule as defined hercin, wherein said

antizen binding molecule induces higher level of apoptosis when

incubated with CD20-positive human cells relative to a control under

identical conditions using the C2B8 chimeric lgGl antibody with an

identical sequence to rituximab.

[0019c¢] In one aspect, there is provided an isolated polvnucleotide

encoding the heavy chain variable region as defined herein,

[0020] Accordingly, in one aspectembodiment, the inventiondisclosure 1s
directed to an isolated polynucleotide comprising: (a) a sequence selected from
a group consisting of: SEQ ID NO.:5, SEQ ID NO.: 6 and SEQ ID NO.:7. (CDRs
Vu-1); (b) a sequence selected from a group consisting of: SEQ ID NO.::21, SEQ ID
NO.:22 and SEQ ID NO.:23. (CDRs Vy=); and SEQ ID NO:24. In another
aspeetembodiment, the isventiondisclosure is directed to an isolated polynucleotide
comprising SEQ ID NO.:8, SBQ ID NO.: 9and SEQ ID NO.:10. (CDRs V). In
one embodiment, any of these polynucleotides encodes a fusion

polypeptide.
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[6021] In a further embodimentaspest, the disclosureinvention 1s directed to an isolated polynucieotide

[002}3]

comprising SEQ ID No.:2. In another embodimentaspest, the disclosureinvention is directed to an isolated
polynucleotide comprising SEQ ID No.:4. In a further embodimentaspeet, the disclosureinvention is
directed to an isolated polynucleotide comprising a sequence selected
from the group consisting of SEQ ID No:29; SEQ ID No:31; SEQ ID No:33;
SEQ ID No:35; SEQ ID No:37; SEQ ID No;39; SEQ ID No#41; SEQ ID No43;
SEQ ID No:45; SEQ ID No:47; SEQ ID Ne:49; SEQ ID No:51; SEQ ID No:33;
SEQ ID No:55; SEQ ID No:57; SEQ ID No:59; SEQ 3D No:61; SEQ ID No:63;
SEQ ID No:65; SEQ ID No:67; SEQ ID No:69; and SEQ ID No:71 In another
embodimentaspeet, the disclosureinventien is directed to an isolated polynucleotide comprising SEQ ID
No.:75. In one embodiment, such polynucleotides encode fusion polypeptides.

In one aspect, there is provided an isolated polynucieotide encoding a heavy chain variable region

having an amino acid sequence at least 80% identical to the heavy chain variable region as defined herein.

[6021b]

In one aspect, there is provided a humanized Type-II anti~CD20 antigen binding molecule

comprising the heavy chain variable region encoded by the nucleic acid sequence as defined herein and the

KV] light chain variable region of SEQ ID NO: 76, wherein said antigen binding molecule induces higher

level of apoptosis when incubated with CD20-positive aman cells relative to a control under identical

conditions using the C2B8 chimeric IgG1 antibody with an identical sequence to rituximab.

[0022]

The disclosurermvestion is further directed to an isolated polynucleotide comprising
a sequence having at least 80% identity to SEQ ID NO:2, wherein said isolated
polynucleotide encodes a fusion polypeptide. In an additional embodimentaspeet, the disclosureinvention
is directed to an isolated polynucleotide comprising a sequence

having
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at least 80% identity to §BQ ID NO:4, wherein said isolated polynucleotide
encodes a fusion polypeptide. The disclosuremvention is further directed to an isolated
polynuclestide comprising a sequence having at least 80% identity to a sequence
selected from the group consisting of SEQ ID Ne:29; SEQ ID No:31; SEQ ID
No:33; SEQ ID No:35; SEQ ID No:37; 8BQ ID No:39; SBQ ID Ne:41; SEQ ID
No$4-3; SEQ ID No:45; SEQ ID No47; SEQ 1D No:49; SEQ ID No:51; SEQ ID
No:53; SEQ ID No:35; SBQ ID No:57; SEQ ID No:59; SEQ ID No:61; SEQ ID
Ne:63; SBQ ID No:65; SBQ ID No:67; SEQ ID No:69; and SEQ ID No:71,
wherein said isolated polynucleotide encodes a fision polypeptide. In an
additional gmbodimentaspest, the disclosureinvention is directed to an isolated polynucieotide
comprising & sequence having at least 80% identity to SEQ ID NO:75, wherein
said isolated polynucleotide encodes a fusion polypeptide.

{00231 . The disclosureimvention is further directed to a polynucleotide comprising SEQ D
NO:11 {(whole heavy chain), or to polymnclectides having 80%, 85%, 90%, 95%
or 99% identity to SEQ ID NO:11. The disclosureinventeon 1s also directed fo a
polynucleotide comprising SEQ ID NO:12 (whole light chain), or to
polymucleotides having 80%, 85%, 90%, 95% or 99% identity to SEQ IDNQ:12,

- [D624] The disclosureinvention is also directed to an isolated polynucleotide encoding a

- chimeric polypeptide having the sequence of SEQ ID No.: 1. In one embodiment,
{he polynucleotide comprises & sequence sncoding a polypeptide having the
sequence of SEQ ID No.:1; and a sequence encoding a polypeptide having the
sequence of an antibody Fe region, or 2 fragment thereof, from 2 species other
than mouse. The disclosureinvention is also directed to an isolated polynucleotide
encoding a chimeric polypeptide having a sequence selected from the group
consisting of SEQ ID Ne:30; SEQ ID Ne:32; SEQ ID No:34; SEQ ID No:36;
SHQ ID No:38; SBQ ID No:40; SEQ ID No:42; SBQ I No:44; SEQ ID Ne:46;
SEQ ID No:48; SEQ ID No:50; SEQ ID No:52; SEQ ID No:54; SEQ ID No:56;
SEQ ID No:38; 8EQ ID No:60; SEQ ID No:62; SBQ ID No:64; SEQ ID No:66;
SBQ ID No:68; SEQ ID No:70; and SEQ ID No:72. In one embodiment, the
polynucleotide comprises 2 sequance encoding a polypeptide having 2 sequence
selected from the group consisting of SBEQ ID No:30; SEQ ID No:32; SEQ ID
Ne:34; SEQ ID No:36; SEQ ID No:38; SEQ ID No:40; SEQ ID No:42; SEQID
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No:44; SEQ ID No:46; SEQ ID No:48; SEQ ID No:50; SEQ ID No:52; SEQ ID
No:54; SEQ ID No:56; SEQ ID No:58; SEQ ID No:60; SEQ ID No:62; SEQ ID
No:64; SEQ ID No:66; SEQ ID No:68; SEQ H)Na:70; and SBQE>No:72; and a
sequence encoding a polypeptide having the sequence of an antibody Fec region,
or a fragment thereof, from a species other than mouse.

[6025] In yet another embodimentaspeet, the disclosureinvention is directed to an isolated
polynucleotide encoding a chimeric polypeptide having the sequence of SEQ 1D
No.:3. In one embodiment, the polynucleotide comprises a sequence encoding a
polypeptide having the sequence of SEQ ID No.:3; and a sequence encoding a
polypeptide having the sequence of an antibody Fe region, or a fragment thereof,
from a species other than mouse. In yet another embodimentespeet, the disclosureinvention is directed to
an isolated polynucleotide encoding a chimeric polypeptide having the
sequence of SEQ ID No.:76. In one embodiment the polynucleotide comprises a
sequence encoding a polypeptide having the sequence of SEQ ID No.:76; and a
sequence encoding 2 polypeptide having the sequence of an antibody Fe region,
or a fragment thereof, from a species other than mouse,

10026] The disclosureinvention is also directed to an isolated polynucleotide comprising a
sequence encoding a polypeptide having the Vy region of the murine B-Lyl
antibody, or functional variants thereof, and a sequence encoding a polypeptide
having the sequence of an antibody Fe region, or & fragment thereof, from a
species other than mouse. In another embodimentaspeet, the disclosureinvention is directed to an
isolated polynucleotide comprising a sequence encoding a polypeptide having the
Vy region of the murine B-Lyl antibody, or functional variants thereof, and a
sequence encoding a polypeptide having the sequence of an antibody Fc region,
or a fragment thereof, from a species other than mouse.

[0026a] In one aspect, there is provided an expression vector comprising the polynucleotide as defined

herein.

LA A AT 33

[0026b] In one aspect, there is provided an isolated host cell comprising the expression vector as defined

herein.

{6627} ) Thé disclosureinvention is further directed to an expression vector comprising any
of the isolated polynucleotides described above, and to a host cell that comprises
such an expression veetor. In a further embodimentaspeet, the disclosureinvention is directed to a host
cell comprising any of the isolated polynucleotides described above.

[6028] In one embodimentaspect, the disclosureinvention is directed to an isolated polypeptide
comnprising: (a) a sequence selected from a group consisﬁﬁg of SEQ ID NO.: 15,
SEQID NO.: 16 and SEQ ID NO.:17. (CDRs Vi); (b) asequence selected from
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a group consisting oft SEQ ID NO.:25 SEQ ID NO.:26 and SEQ 1D NO.27
(CDRs Vyz); and SEQ ID NO:28, wherein said polypeptide is a fusion
polypeptide. In another embodimentaspest, the disclosureinvention is directed to an isolated
polypeptide comprising SEQ ID NO.:18, SEQ ID NO.: 19 and SEQ ID NO.:20.

(CDRs V1), wherein said polypeptide is a fusion polypeptide.

[6029] The disclosureinvention is also directed to a chimeric polypeptide comprising the sequence of

SEQ ID NO.:1 or a variant thereof. The disclosuretnvention is further directed
to a chimeric polypeptide comprising the sequence of SEQ ID NO.:3 ora variant
thereof. In one embodiment, any one of these polypeptides further comprises a
human Fc region. The disclosureinvention is also directed to a chimeric polypeptide
comprising a sequence selected from the group consisting of SEQ ID No:30; SEQ
ID No:32; SEQ ID No:34; SEQ ID No:36; SEQ ID No:38; SEQ ID No:40; SEQ
ID No:42; SEQ ID No:44; SEQ ID No:46; SEQ ID No:48; SEQ ID No:50; SBQ
ID No:52; SEQ ID No:54; SEQ ID No:56; SEQ ID No:58; SEQ ID No:60; SEQ
ID No:62; SEQ ID No:64; SEQ ID No:66; SEQ ID No:68; SEQ ID No:70; and

SEQ ID NOG:72, or a variant thereof, The disclosurcinvention is farther directed t0 2

chimeric polypeptide comprising the sequence of SEQ ID NO.:76 or a variant
thereof. In one embodiment, any one of these polypeptides firther comprises a
human Fe region.
(60361 In another embodimentaspeet the disclosureiavention is directed to a polypeptide comprising 2
sequence derived from the murine B-Lyl antibody and a sequence derived from a
heterologous polypeptide and to an antigen-binding molecule comprising such a
polypeptide. In one embodiment the antigen-binding molecule is an antibody. In
a preferred embodiment, the antibody is chimeric. In another preferred
embodiment, the antibody is humanized or primatized.
[0631] In an additional embodimentaspest, the disclosureinvention is directed to an isolated polypeptide
comprising SEQ ID NO: 13 or a variant thereof, In another gmbodimentespeet, the disclosureinvention
is directed to an isolated polypeptide comprising SEQ 1D NO: 14.
j6032) In another embodimentespest, the disclosureinventien is directed to an ABM, which is capable
of competing with the murine B-Lyl antibody for binding to CD20 and which is
chimeric. In one embodiment, the ABM is an antibody or a fragment thereof. In

a further embodiment, the ABM is a recombinant antibody comprising a Vy
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region having an amino acid sequence selected from the group consisting of SEQ
ID NO.: 1; SEQ ID No:30; SEQ ID No:32; SEQ ID No:34; SEQ ID No:36; SEQ
ID No:38; SEQ ID No:40; SEQ ID No:42; SEQ ID No:44; SEQ ID No:46; SEQ
1D No:48; SEQ ID No:50; SEQ ID No:52; SEQ ID No:54; SEQ ID No:56; SEQ
ID No:58; SEQ ID No:60; SEQ ID No:62; SEQ ID No:64; SEQ ID No:66; SEQ
ID No:68; SEQ ID No:70; and SEQ ID No:72. In another embodiment, the ABM
is a recombinant antibody comprising a Vi region having an amino acid sequence
selected from the group consisting of SEQ ID NO.: 3 and SEQ ID NO:76. In a’
further embodiment the ABM is a recombinant antibody that is primatized In yet
a further embodiment the ABM is a recombinant antibody that is humanized. In
another embodiment, the ABM is a recombinant antibody comprising a human
Fe region. In a further embodiment, any of the ABMs discussed above may
be conjugated to a moiety such as a toxin or a radiolabel.
[0033] The disclosureinvention is further related to an ABM of the present disclosureinvention, said

ABM having modified oligosaccharides. In one embodiment the modified

oligosaccharides have reduced fucosylation as compared to non-modified

oligosaccharides. In other embodiments, the modified oligosaccharides are hybrid
or complex. In a further embodiment, the ABM has an increased proportion of
nonfucosylated oligosaccharides or bisected, nonfucosylated oligosaccharides in
the Fc region of said molecule. In one embodiment, the bisected, nonfacosylated
oligosaccharides are hybrid. In a further embodiment, the bisected,
nonfucosylated oligosaccharides are complex. In a one embodiment, at least 20%
of the oligosaccharides in the Fc region of said polypeptide are nonfucosylated or
bisected, nonfucosylated. In more preferred embodiments, at least 30%, 35%,
40%, 45%, 50%;s 55%, 60%, 65%, 70% or 75% or more of the oligosaccharides
are nonfucosylated or bisected., nonfucosylated.
[0034] The disclosureinvention is further related to a polynucleotide encoding any of the

ABMs discussed above, and to expression vectors and cells comprising such a

polynucleotide.
[06343a] In one aspect, there is provided a method for the production of the humanized Type-II anti-CD20

‘antigen binding molecule as defined herein comprising culturing the host cell as defined herein under

conditions that allow for the production of said antigen binding molecule and recovering said antigen

binding molecule from said culture,

[0634b] In one aspect, there is provided a humanized Type II anti-CD20 antigen binding molecule,

wherein the antigen binding molecule is produced by the host cell as defined herein.

[6035] The disclosureinwention is further related to a method of producing an ABM, which
is capable of competing with the murine B-Lyl antibody for binding to CD20 and
wherein said ABM is chimeric; said method comprising; (a) culturing a host cell
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comprising a polynucleotide that encodes an ABM of the present disclosurciwvention in a
medium wnder conditions allowing the expression of said polynuclectide

encoding said ABM; and (b) recovering said ABM from the resuitant culture.

[00353] In one aspect, there is provided a pharmaceutical composition comprising the antigen binding

molecule as defined herein, or produced by the method as defined herein, and a pharmaceutically

N _ac_;ceptable carrier,

[0036)

In another embodimentaspest, the disclosureinvention is related to a pharmaceutical composition

comprising the ABM of the disclosureinvention. It is contemplated that the pharmaceutical
composition may further comprise a pharmaceutically acceptable camier, an
adjuvant or a combination thereof.

{0036a] _In one aspect, there is provided the use of the antigen binding molecule as defined herein, or

produced by the method as defined herein, for the manufacture of a medicament to treat a B-cell disorder.

[0036b] In one aspect, there is provided the use of the antigen binding molecule as defined herein, or

produced by the method as defined heremn, for the manufacture of a medicament to treat a disorder

treatable by B-cell depletion.

[6037] In-a further embodimentaspest, the disclosureinvention is related to a method of treating a
disease treatable by B-cell depletion. The method comprises administering a
therapeutically effective amount of the ABM éf the present disclosureinvention to a human
subject in need thersof. In 2 preferred embodiment, the disease is treated by
adiministering an ABM that is a chimeric antibody, or a chimeric fragment of an
antibody.

{6038} In yet another embodimentaspest, the disclosureinventien is related o a host cell engineered to
express at least one mucleic acid encoding a polypeptide having GuTHI activity in
an amount sufficient to modify the oligosaccharides in the Fo region of produced
by the host cell, wherein the ABM is capable of competing with the murine B-

Lyt antibody for binding to CD20 and wherein the ABM is chimeric. In one
embodiment, the polypeptide having GnTTI activity s a fusion polypeptide. In
another embodiment, the ABM produced by the hoest cell is an antibody or an
antibody fragment. I a further émbod:iﬁieni, the ABM comprises & region

equivalent to the Fe region of a human IgG.

{8038a] Tn one aspect, there is provided the antigen binding molecule as defined herein, or produced by the

method as defined herein, wherein said antigen binding molecule comprises a glycoengineered Fc region.
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{60391 The disclosureinvention is also directed to an isolated polynucleotide comprising at
least one complementarity determining region of the nmurine B-Ly1 antibody, ora
variant or runcated form thereof containing at least the specificity-determining
residues for said complementarity determining region, wherein said isolated
polynucleotide encodes a fusion polypeptide. Preferably, such isolated
polynucleotides encode a fusion polypeptide that is an antigen binding molecule,

In one embodiment, the polynucleotide comprises three complementarity
determining regions of the murine B-Ly! antibody, or variants or truncated forms
thereof containing at least the specificity-determining residues for sach of said

three complementarity determining regions. In another embodiment, the
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polynuclestide encodes the entire varizble region ofthe Hght or heavy chain ofa
chimeric {e.g., humanized) antibody. The disclosureinvention is further directed to the
polypeptides encoded by such polynaclectides. |

[0040] In another embodiment, the disclosureinvention is directed to an antigen combining
molecule comprising at least one complementarity determining region of the
murine B-Ly1 antibody, or a variant or fronceted form thereof contaiming at lest
the specificity-determining residues for said complementarity determining region,
and comprising & sequence derived from a heterclogous polypeptide. In one
embodiment, the antigen binding molecule cormprises three complementarity
determining regions of the murine B-Lyl antibody, or variants or truncated forms
thereof containing at least the specificity-determadning residues for each of said
three complementarity determining regions, In another embodimentaspest, the antigen
binding molecule comprises the variable region of an antibody light or heavy
chain. In one partioularly useful embodiment, {he antigen binding molecule is 2
chimeric, e.g., humanized, antibody. The disclosureinventiesn is also directed to methods of
making such antigen binding molecules, and the use of same in the treatment of

 disease, including B cell lymphommas.

16041] The present disclosureinvention is the first known instance in which a Type II anti-
CD20 antibody has been engineered to have mncreases effector functions such as
ADCC, while still retaining potent apoptosis ability. Accordingly, the present
disclosureinvention is directed to an engineered Type II anti-CD20 antibody having
mereased ADCC as a result of said engineering and without loss of substantial
ability to induces apoptosis. In ome embodiment, the Type I ant-CD20
antibodies have been engineered to have an altered pattern of glycosylation in the
Fc region. In a particular embodiment, the altered glycosylation comprises an
increased level of bisected cornplex residaeS in the Fo region. In another
particutar embodiment, the éltered glycosylation comprises and reduced level of
fucose residues in the Feregion. In another embodiment, the Type I anti-CD20
antibodies have undergone polypeptide engineering. The disclosureinvention is further
directed to methods of making such engineered Type II antibodies and o
methods of using such antibodies in the reatment of varicus B cell disorders,

melading B cell lymphomas.



-16-

[6042] The host cell of the present disclosureinvention may be selected from the group that
includes, but is not limited to, a CHO cell, a BHK cell, a NSO cell, a SP2/0 cell, 2
YO myé}cma cell, a P3X63 mouse myeloma cell, aPER celi, aPER.C6cellora
hybridoma cell. In one embodiment, the host cell of the disclosureinvention further
comprises a transfected potynueleotide comprising a polynucieotide encoding the
Vi region of the murine B-Lyl antibody or variants thersof and a sequence
sncoding 2 region equivalent to the Fe region of & human mmunoglobulin, In
another embodiment, the host cell of the disclosureinvention further comprises a transfected
polynucleotide comprising 2 polynucleotide encoding the Vy region of the
murine B-Lyl antibody or variants thereof and a sequence encoding a region
equivalent fo the Fe region of & human immunoglobulin.

{00433 In a further embodimentaspeet, the disclosureinventien is directed to a host cell that produces an
ABM that exhibitt increased Fo receptor binding affmity. and/or increased
effector fanction 2s a result of the modification of its oligosaccharides. In one
embodiment, the increased binding affinity is to an Fo receptor, particulasly, the
FeyRIIA receptor. The effector function conternplated herein may be selected
from the group that includes, but is not limated to, increased Fo-mediaied cellutar
cytotoxicity, increased binding to NK cells; incressed binding to macrophages;
increased binding to polymorphonucliear cells; increased binding fo monocytes;
increased direct signaling indncing apoptosis; ncreased dendritic cell mataration;
and inereased T cell primaing.

[0044] In a further embodiment, the host cell of the present disclosureinvention comprises
at least one mucleic acid encoding 2 polypeptide baving GnTTI activity that is
operably linked {0 a constitutive promoter element,

{0045} In another embodimentaspeet, the disclosureinvention is directed to a method for producing an

ABM i ahost cell, comprising: () culturing a host cell engineered to express at
least one polynuclectide encoding 2 fusion polypeptide having GnTIIT activity
under conditions which pernit the production of said ABM and which permit the
modificafion of the oligosaccharides present on the Fo region of said ABM; and
(b) isolafing said ABM; wherein said ABM is capable of competing with the
murine B-Lyl antibody for binding to CD20 and wherein said ABM is chimeric.
In one embodiment, the polypeptide having GrTIHI activity is a. fusion
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polypepiide, preferably comprising the catalytic domain of GnTIN and the Golgi
localization domain of a heterologous Golgd resident polypeptide selected from
the group consisting of the localization domain of mannosidase I, the
localization domain of B(1,2)-N-acetylglucosaminyltransferase I (“GnTT™), the
localization domain of mannosidase I, the localization domsin of B(1,2)-N-
acetylglucosaminyltransferase IL (“GnTII™), and the localization domain of al-6
care f@asyltransferase. Preferably, the Golgi localization domain is from
marmosidase T or GnTL

{0046] In a farther embodimentaspeet, the disclosureinvention is directed to a method for modifying the

glycosylation profile of an anti-CD20 ABM produced by a host cell comprising
infroducing into the host cell at least one nucleic acid or expression vector of the
disclosuretnvention. In one embodiment, the ABM is an antibody or a fragment thereof}
preferably comprising the Feregion of an IgG. Alternatively, the polypeptideisa
fusion protein that includes a region equivalent to the Fe region of a human IgG.
(0047 In one embodimentaspeet, the disclosureinvention is related to a recombinant, chimeric

‘ antibody, or a fragment thereof, capable of competing with the murine B-Lyl

antibody for binding to CD20 and having reduced fucosylation.

F6048] In another embodimentaspest, the present disclosureinvention is directed to 2 method of

modifying the giycosylation of the recombinant mﬂquy or a fragrnent thereof of-
the disclosureimvention by using a fusion polypeptide having GnTIII activity and
comprising the Golgl localization domain of a heterologous Golgi resident
polypeptide. In one embodiment, the fusion polypeptides of the disclosureinvention
comprise the catatytic domain of GuTIL In another smbodiment, the Golgi
localization domain is selected from the group consisting of the localization
domain of mannosidase II, the localization domsin of GnTI, the localization
domain of mannosidase I, the localization domain of GuTT and the localization
domain of ¢1-6 core fucosyliransferase. Preferably, the Golgi localization
domain is from mannosidase I or GnTL '

[6049] In one embodiment, the method of the disclosureimvention is directed towards
producing 2 recombinant, chimmeric antibody or a fragment thereof, with modified
oligosaccharides wherein said modified oliposaccharides have reduced

fucosylation as compared to non-modified oligosaccharides. According to the
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present disclosureinvention, these modified oligosaccharides may be hybrid or complex. In another
embodiment, the method of the disclosureinvention is directed towards producing a
recombinant, chimeric antibody or 2 fragment thereof having an increased
proportion of bisected, nonfucosylated oligosaccherides in the Fe region of said
polypeptide. In one embodiment, the bisected, mmfucosyléted cligosaccharides
a:ré hybrid, In snother embodiment the bisected, nonfocosylated
oligosaccharides are complex. In a firther embodiment, the method of the
disclosureinvention is directed towards producing a recombinant, chimeric antibody or &
fragment thereof having at least 20% of the oligosaccharides in the Fo region of
said polypeptide that are bisested, nonfucosylated. In a preferred embodiment, at
least 30% of the oligosaccharides in the Fc region of said polypeptide are
bigected, nonfucosylated. In another preferrsd emibodiment, wherein at least 35%
of the oligosaccharides in the Fo region of said polypeptide are bisected,
noufucosylated.
[0058] In a further embodimentaspeet, the disclosureinvention is directed to a recombinant, chimeric
antibody or a fragment thersof, that exhibiis increased Fe receptor binding
affinity and/or increased effector function as a result of the modification of its
oligosaccharides, In one embodimert, the increased binding affinity is to an Fe
activating receptor. In a further embodiment, the Fe receptor is Foy activating
receptor, particularly, the FoyRILA receptor. The sffector function contemplated
herein may be selected from the group that inclndes, but is not Iumited to,
increased Fo-mediated celtular cytotoxicity; increased binding to NK celis;
increased binding to macrophages; increased binding to polymorphonuclear cells;
increased binding to monocyies; increased direct signahing inducing apoptosis;
ncreased dendritic cell maturation; and inereased T cell priming.
[0851] . In another embodimentaspeet, the disclosureinventien is directed fo a recombinant, chimeric
antibody fragment, having the binding specificity of the nmurine B-Ly! antibody
and contaiming the Fc region, that is engineered to have increased effector
function produced by any of the methods of the present disclosureinvention,
[0052] In another embodimentaspeet, the present disclosureinvention is directed to a fusion protein that
includes a polypeptide having the sequence of SBEQ ID NO:1 and a region

equivalent to the Fo region of an impmunoglobulin and engineered to have
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increased effector function produced by any of the methods of the present
disclosureinvention.
10053} In another embodimentespest, the present disclosureisvention is directed to a fusion protein that
includes a polypeptide having the sequence of SEQ ID NO:3 and a region
equivalent to the Fc region of an immunoglobuin and engineered to have
increased effector function produced by any of the methods of the present
disclosureinvention,
[0034] In one embodimentaspest, the present disclosureipvention is directed to a pharmaceutical
composition conprising a recombinant, chimeric antibody, produced by any of
the methods of the present disclosureinvention, and a pharmaceutically acceptable carrier. In another
-ernbodimentespest, the present disclosureinvention is directed to a pharmaceutical
composition comprising a recombinant, chimeric antibody fragment produced by
any of the methods of the present disclosureimwention, and & pharmaceutically acceptable carrier. In
-another embodimentaspeet, the present disclosureinventios 1s directed to a pharmaceutical
composition comprising a fusion protein produced by any of the methods of the
present disclosureinvention, and a pharmaceutically acceptable carrier,
[0055] The disclosureinvention is further directed to a method of treating a disease
treatable by B-cell depletion comprising administering a therapeutically effective
amount of the recombinant, chimeric, entibody or fragment thereof, produced by

any of the methods of the present disclosureinvention, t0 a human subject in need thereof.

BRIEF DESCRIPTION OF THE FIGURES

[0656] FIG 1. Nucleotide (SBQ ID NO:2} and ammo acid sequence (SEQ ID
NO: 1) of the Vy region of the murine B-Lyl.

[0057] FIG 2. Nucleotide (SEQ ID NO:4) and amino acid sequence (SEQ ID
NO:3) of the V,region of the murine B-Lyl.

{0058} FIG 3. Binding of Rituximab® (O) and ¢ch-B_Lyl (A) to CD20 on Raji
B-lymphoma cells.

{0059} FIG 4. B-Cell depletion by Rituximab® (O) and ch-B_Lyl (A) in whole

blood of the three different classes of FeyRIIIa-158V/F genotype: (A) whole
blood from a F/F donor, homozygous for the lower affinity receptor; (B) whole
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WHAT IS CLAIMED IS: /

L. An isolated polynucleotide comprising /
a. asequence selected from the group consisting of: SEQ IDNO.:5, S,E@ |
ID NO.: 6 and SEQ ID NO:7; and /
b. a sequence selected from the group consisting of:SEQ Iyﬁ(): 21,
SEQ ID NQO: 22 and SEQ ID NO:23; and
c. sequence ID NO:24.

2. An isolated polynucleotide comprising SEQ ID NO.:8, SEQ ID N(j.: 9

and SEQ ID NO.:10.

3. An isolated polynucleotide according tg claim 1 or claim 2, which

encodes a fusion polypeptide.
4, An isolated polynucleotide cory) rising SEQ ID No.:3.
5. An isolated polynucleoti ec/omprising SEQ ID No.:4.

6. An isolated poliyk leotide acéording to claim 4 or 5, wherein said
isolated polynucleotide gncodes a fusion polypeptide.

7. An isolated polynucleotide comprising a sequence having at least 80%

identity to SE: NO:3, wherein said isolated polynucleotide encodes a fusion

polypeptides

An isolated polynucleotide comprising a sequence having at least 80%
identity to SEQ ID NO:4, wherein said isolated polynucleotide encodes a fusion
olypeptide.
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9. An isolated polynucleotide comprising
a. a sequence encoding a polypeptide having the sequence of SEQ ID
No.:1; and

b. a sequence encoding a polypeptide having the sequence of an antibod

Fc region, or a fragment thereof, from a species other than mouse.

10.  Anisolated polynucleotide comprising /
a. a sequence encoding a polypeptide having the sequencé of SEQ ID

No.:2; and /
b. a sequence encodmg a polypeptide having the secy nce of an antibody

Fc region, or a fragment thereof, from a species other thaf mouse.

11.  Anisolated polynucleotide encoding a polypeptide having the sequence of
SEQ ID No.:1.

12.  Anisolated polynucleotide encoding a polypeptide having the sequence of
SEQ ID No.:2.

13.  An isolated polynucleotide comprising SEQ ID NO.: 11.
14.  Anisolated polyn (4(18 comprising SEQ ID NO.: 12.

15. An isolated polynucleotide comprising a sequence having at least 80%
identity to SEQ IID NO.:11 or to SEQ ID NO.:12.

16.  An i$olated polynucleotide comprising a sequence having at least 85%
identity 6 SEQ ID NO.:11 or to SEQ ID NO.:12.

An isolated polynucleotide comprising a sequence having at least 90%
dentity to SEQ ID NO.:11 or to SEQ ID NO.:12.
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18.  Anisolated polynucleotide comprising a sequence having at least 95%
identity to SEQ ID NO.:11 or to SEQ ID NO.:12.

19.  Anisolated polynucleotide comprising a sequence having at least 99%
identity to SEQ ID NO.:11 or to SEQ ID NO.:12.

20.  An isolated polynucleotide comprising a sequence that eé)des a
polypeptide having SEQ ID NO:13 (heavy chain aa).

21.  An isolated polynucleotide comprising a sequey that encodes a

polypeptide having SEQ ID NO:14 (light chain aa). /

/

Vs

22.  Anisolated polynucleotide comprising ~ /

a. a sequence encoding a polypeptide hey'{g the Vy region of the murine
B-Lyl antibody, or variants thereof; and ~ /

b. asequence encoding a polypept},de having the sequence of an antibody

Fc region, or a fragment thereof, from 9/§pecies other than mouse.

23.  Anisolated polynucleoti !oo/mprising

a. a sequence encodin /a/iolypeptide having the V1 region of the murine
B-Ly1 antibody, or varianty/thereof; and

b. a sequence engdding a polypeptide having the sequence of an antibody

Fcregion, or a fragment thereof, from a species other than mouse.

24.  Anexpréssion vector comprising an isolated polynucleotide according to

any one of claims 1-23.

The vector of claim 24, wherein said vector is polycistronic.

A host cell comprising the expression vector of claim 24.
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27.  Ahost cell comprising an isolated polynucleotide according to any one of

claims 1-23.
//
28. A polypeptide comprising a sequence derived from the murine B—L/}/&l
antibody and a sequence derived from a heterologous polypeptide. // !
/

29.  An antigen-binding molecule comprising the polypeptide ?aiaim 28.

S/

~ 30.  An antigen-binding molecule according to claim 29, Wl}i”c/‘,h binds human
CD20.

Ve

e
/
s

/
31.  Anantigen-binding molecule according to clai/pz(/ 29, which is an antibody.

32.  An antigen-binding molecule according 10 claim 31, which is a chimeric
antibody.
//

33.  An antigen-binding molecule’ according to claim 31, which is a

humanized antibody. /

34.  An antigen-binding me@lecule according to claim 31, which is a primatized

antibody.

35. A chimeric pélypeptide comprising the sequence of SEQ ID NO:1 ora

variant thereof.

36. A ciimeric polypeptide comprising the sequence of SEQ ID NO:2 or a

variant tHereof,

A chimeric polypeptide comprising:
a. apolypeptide having a sequence selected from the group consisting
of: SEQ ID NO:15, SEQ ID NO:16 and SEQ ID NO: 17; and
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b. apolypeptide having a sequence selected from the group consisting
of: SEQ ID NO:25, SEQ ID NO:26 and SEQ ID NO: 27; and
c. SEQ ID NO:28.

38. A chimeric polypeptide according to claim 37, further comprising a?e vy

chain variable region framework, wherein said framework comprises an alanine

residue at position 71, according to Kabat numbering,.
39. A chimeric polypeptide according to claim 37, further copiprising 2 heavy
chain variable region framework, wherein said framework corfiprises an arginine

residue at position 94, according to Kabat numbering.

40. A chimeric polypeptide comprising SEQ IDNO:18, SEQ ID NO:19 and
SEQ ID NO: 20.

41.  Anisolated polypeptide comprising’SEQ ID NO:13 or a variant thereof.

42.  Anisolated polypeptide comprising SEQ ID NO:14 or a variant therof.

43, The isolated polypeptigé according to any of claims 35-40, wherein said

polypeptide is a fusion polypeptide.

44,  An antigen birding molecule comprising the isolated polypeptide of

claim 43.

45, The

molecule 1 an antibody.

tigen binding molecule of claim 44, wherein said antigen binding

The antibody of claim 45, wherein said antibody is a primatized antibody.

47.  Theantibody of claim 45, wherein said antibody is a humanized antibody.
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48.  The antigen binding molecule of claim 44, wherein said antigen binding

molecule is an antibody fragment.

49.  The antibody fragment of claim 48, wherein said antibody fragment i

primatized.

50.  The antigen binding molecule of claim 48, wherein said

fragment is humanized.

51.  An antigen binding molecule, which is capable of cgmpeting with the
murine B-Lyl antibody for binding to CD20, wherein /4aid antigen binding

molecule is chimeric.

52.  The antigen binding molecule of claim 5}, wherein said antigen binding

molecule is an antibody.

53.  The antigen binding molecule ¢f claim 52, wherein said antibody is

primatized.

54.  The antigen binding molecule of claim 51, wherein said recombinant

antibody is humanized.

55 The antigey'nding molecule of claim 51, wherein said recombinant
antibody compriseg a human Fc region.

56.  The gntigen binding molecule of claim 55, wherein said human Fc region

is a humayf IgG Fc region.

57.

tigen binding molecule having an Fc region with modified oligosaccharides.

An antigen binding molecule of any of claims 29-34 or 44-56, said




-100-

58.  An antigen binding molecule according to claim 57, wherein said Fc
region has been modified to have reduced fucose residues as compared to non-

modified antigen binding molecule.

59.  An antigen binding molecule according to claim 57, wherein said Fc

region has an increased proportion of bisected oligosaccharides.
60. An antigen binding molecule according to claim 59, wherein said

modified oligosaccharides are bisected complex.

61.  An antigen binding molecule according to clgim 57, wherein said
modified oligosaccharides have an increased plroportion of bisected,
nonfucosylated oligosaccharides in the Fc regiph of said antigen binding

molecule.

62.  An antigen binding molecule agtording to claim 61, wherein said
bisected, nonfucosylated oligosaccharides are hybrid.

63.  An antigen binding molecule according to claim 61, wherein said
bisected, nonfucosylated ohi fsaccharides are complex.

64.  Anantigen bindihg molecule according to claim 57, wherein at least 20%
of the oligosacchardies in the Fc region of said polypeptide are bisected,

nonfucosylated.

66.  An antigen binding molecule according to claim 57, wherein at least 35%
of the oligosacchardies in the Fc region of said polypeptide are bisected,

nonfucosylated.
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67.  Anantigen binding molecule according to claim 57, wherein at least 70%
of the oligosacchardies in the Fc region of said polypeptide are bisected,

nonfucosylated.

68. A method of producing an antigen binding molecule, which is capable of
competing with the murine B-Ly1 antibody for binding to human D20, and
wherein said antigen binding molecule is chimeric; said method czr/:;rising

a. culturing the host cell of claim 26 or claim 27 in/ézedium under
conditions allowing the expression o)f said polynucleotide engoding said antigen

binding molecule; and

b. recovering said antigen binding molecule frgm the resultant culture.

69.  The method of claim 68, wherein said ghtigen binding molecule is an

antibody.

70. A pharmaceutical composition ¢gémprising the antigen binding molecule
according to any of claims 29-34 or'46-67 and a pharmaceutically acceptable

carrier.

71.  The pharmaceutical €omposition of claim 70, wherein said composition

further comprises a pharghaceutically acceptable carrier.

72.  The pharmgteutical composition of claim 70, wherein said composition

further comprisgs an adjuvant.

ethod of treating a disorder treatable by B-cell depletion comprising
iétering a therapeutically effective amount of pharmaceutical composition

of gniy of claims 70-72 to a human subject in need thereof.

74.
polypeptide having B(1,4)-N-acetylglucosaminyliransferase III activity in an

A host cell engineered to express at least one nucleic acid encoding a
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amount sufficient to modify the oligosaccharides in the Fc region of a
polypeptide produced by said host cell, wherein said polypeptide is an antigen

binding molecule according to any of claims 44-67.

75.  The host cell of claim 74, wherein said polypeptide having p(1,4)-N-

acetylglucosaminyliransferase IIT activity is a fusion polypeptide.

76. The host cell of claim 74, wherein said antigen binding piolecule is an

antibody.

77.  The host cell of claim 74, wherein said antigen ¥inding molecule is an

antibody fragment.

78.  The host cell of claim 74, wherein gaid antigen binding molecule

comprises a region equivalent to the Fc regioh of a human IgG.

79.  The host cell of claim 74, 2/ nerein said antigen binding molecule
produced by said host cell exhibiis increased Fc receptor binding affinity as a

result of said modification.

80.  The host cell of ¢laim 74, wherein said antigen binding molecule

produced by said host cell exhibits increased effector function as a result of said

modification.

81. A host £ell according to claim 75, wherein said fusion polypeptide
comprises the catalytic domain of B(1,4)-N-acetylglucosaminyltransferase III.
82. /Ahost cell according to claim 75, wherein said fusion polypeptide further
rises the Golgi localization domain of a heterologous Golgi resident

lypeptide.
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83. A host cell according to claim 82, wherein said Golgi localization domain

is the localization domain of mannosidase II.

84.  Ahostcell according to claim 82, wherein said Golgi localization domai

- is the localization domain of B(1,2)-N-acetylglucosaminyltransferase I

85. A host cell according to claim 82, wherein said Golgi localization domain

is the localization domain of $(1,2)-N-acetylglucosaminyltransfepase II.

86.  Ahostcell according to claim 82, wherein said Golgifocalization domain

is the localization domain of mannosidase I.

87.  Ahostcell according to claim 82, wherein said Golgi localization domain

is the localization domain of a1-6 core fucosyltransferase.

88. A host cell according to claim 80, wHerein said increased effector function

is increased Fc-mediated cellular cytotoxicity.

89. A hostcell according to cladm 80, wherein said increased effector function

is increased binding to NK cells.

90.  Ahostcell according to claim 80, wherein said increased effector function

is increased binding to'macrophages.

91.  Ahostcgll according to claim 80, wherein said increased effector function

is increased binding to polymorphonuclear cells.

92. host cell according to claim 80, wherein said increased effector function

is indreased binding to monocytes.

93. A host cell according to claim 80, wherein said increased effector function

is increased direct signaling inducing apoptosis.
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94. A host cell according to claim 80, wherein said increased effector function

is increased dendritic cell maturation.

95.  Ahostcell according to claim 80, wherein said increased effector funcf{on

is increased T cell priming.

96. A host cell according to claim 79, wherein said Fc recgptor is Fey

activating receptor.

97.  Ahost cell according to claim 79, wherein said Fc yeceptor is FoyRIIIA

receptor.

98. A host cell according to claim 74, whereiny/said host cell isa CHO cell, a
BHK cell, a NSO .cell, a SP2/0 cell, a YO fyeloma cell, a P3X63 mouse
myeloma cell, a PER cell, a PER.C6 cell or/a hybridoma cell.

99.  The host cell of claim 74, further comprising at least one transfected
polynucleotide encoding a polypeptide according to any of claims 28 and 35-41,
and wherein said nucleic acid coiprises a sequence encoding a region equivalent

to the Fc region of a human j

100. Thehost cell of tlaim 74, wherein said at least one nucleic acid encoding
a polypeptide havidg PB(1,4)-N-acetylglucosaminyliransferase Il activity is

operably linked t¢ a constitutive promoter element.

ost cell of claim 100, wherein said polypeptide having f(1,4)-N-

acetylglycosaminyltransferase III activity is a fusion polypeptide.

A method for producing an antigen binding molecule having modified

bligosaccharides in a host cell, said method comprising:
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a. culturing a host cell engineered to express at least one nucleic acid
encoding a polypeptide having B(1,4)-N-acetylglucosaminyltransferase III
activity under conditions which permit the production of said antigen binding
molecule, and which permit the modification of the oligosaccharides present o
the Fc region of said antigen binding molecule; and

b. isolating said antigen binding molecule wherein said antigen bifiding
molecule is capable of competing with the murine B-Ly1 antibody for binding to
CDZO and wherein said antigen binding mélecule or fragment thereofis chimeric.

103. A method according to claim 102, wherein said modified oligosaccharides

have reduced fucosylation as compared to non-modified gligosaccharides,

104. A method according to claim 102, wherein said modified oligosaccharides
are hybrid.

105. A method according to claim 102, wlerein said modified oligosaccharides
are complex.

106. A method according to claym 102, wherein said recombinant antibody or
fragment thereof produced by/said host cell has an increased proportion of
bisected, nonfucosylated oli osaccharides in the Fc region of said polypeptide.

107. A method accgrding to claim 106, wherein said bisected, nonfucosylated

oligosaccharides arg hybrid.

1gosaccharides in the Fc region of said polypeptide are bisected,

nonfucosylated.
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110. A method according to claim 102, wherein at least 30% of the
oligosaccharides in the Fc region of said polypeptide are bisected,

nonfucosylated.

111. A method according to claim 102, wherein at least 35% of /he
oligosaccharides in the Fc region of said polypeptide are bigected,

nonfucosylated.

112.  An antigen binding molecule engineered to have ingreased effector

function produced by the method according to any one of clagims 102-111.

113.  The antigen binding molecule of claim 112, wherein said antigen binding

molecule is an antibody

114.  An antibody engineered to have incregsed Fc receptor binding affinity
produced by the method of any one of clairds 102-111.

115. The antigen binding molecule 6f claim 114, wherein said antigen binding

molecule is an antibody.

116. An antigen binding fnolecule according to claim 112, wherein said

increased effector functiod is increased Fe-mediated cellular cytotoxicity.

117. An antigen binding molecule according to claim 112, wherein said

increased effector function is increased binding to NK. cells.

118. An/antigen binding molecule according to claim 112, wherein said

effector function is increased binding to macrophages.

An antigen binding molecule according to claim 112, wherein said

increased effector function is increased binding to monocytes.
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120. An antigen binding molecule according to claim 112, wherein said

increased effector function is increased binding to polymorphonuclear cells.

121.  An antigen binding molecule according to claim 112, wherein sai

increased effector function is direct signaling inducing apoptosis.

122. An antigen binding molecule according to claim 112, wherein said
increased effector function is increased dendritic cell maturation.
123. An antigen binding molecule according to claim }12, wherein said

increased effector function is increased T cell priming.

124.  An antigen binding molecule according to ¢laim 114, wherein said Fc

receptor is Fc activating receptor.

125. An antigen binding molecule according to claim 114, wherein said Fc

receptor is FeyRIlla receptor.

126. An antigen binding molecule produced by the method of any of claims

102 to 111, wherein said antige/n binding molecule is an antibody fragment

containing the Fc region and’engineered to have increased effector function.
127. An antigen binding molecule produced by the method of any of claims
102 to 111, wherein said antigen binding molecule is a fusion protein that
includes a poly;é;ide having the sequence of SEQ ID NO:1 and a region
equivalent to’the Fc region of an immunoglobulin and engineered to have

increased gffector function.

128/ An antigen binding molecule produced by the method of any of claims
2 to 111, wherein said antigen binding molecule is a fusion protein that
includes a polypeptide having a sequence selected from the group consisting of

SEQ ID No:30; SEQ ID No:32; SEQ ID No:34; SEQ ID No:36; SEQ ID No:38;
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SEQ ID No:40; SEQ ID No:42; SEQ ID No:44; SEQ ID No:46; SEQ ID No:48;
SEQ ID No:50; SEQ ID No:52; SEQ ID No:54; SEQ ID No:56; SEQ ID No:58;
SEQ ID No:60; SEQ ID No:62; SEQ ID No:64; SEQ ID No:66; SEQ ID No:68;
SEQ ID No:70; and SEQ ID No:72, and a region equivalent to the Fc region of an
immunoglobulin and engineered to have increased effector function.
129. An antigen binding molecule produced by the method of any of claims
102 to 111, wherein said antigen binding molecule is a fusioh protein that
includes a polypeptide having the sequence of SEQ ID N@:3 and a region

equivalent to the Fc regic;n of an immunoglobulin and /fngineered to have

increased effector function.

130. An antigen binding molecule produced by/the method of any of claims
102 to 111, wherein said antigen binding mglecule is a fusion protein that
includes a polypeptide having the sequencg’ of SEQ ID NO:76 and a region
equivalent to the Fc region of an immuhoglobulin and engineered to have
increased effector function.

131. A pharmaceutical comp?'tion comprising the antigen binding molecule

of any of claims 112 to 130 apd a pharmaceutically acceptable carrier.

method of treating a disease treatable by B-cell depletion comprising
istering a therapeutically effective amount of the antigen binding according

to/any of claims 112 to 130 to a human subject in need thereof.
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135.  Anisolated polynucleotide according to claim 4 or 5 further comprising a

sequence encoding a human antibody light or heavy chain constant region.

136. An isolated polynucleotide comprising a sequence with at least 80%
identity to SEQ ID NO:24, wherein said isolated polynucleotide encodes a
polypeptide.

137. A host cell coexpressing an isolated polynucleotide /according to
claim 136 and a polynucleotide comprising a sequence encoding the variable
region of an antibody light chain.

138. An antigen binding molecule according to claigh 57, wherein at least 50%

of the oligosaccharides in the Fc region are bisect

139. Anantigen binding molecule according to claim 57, wherein at least 60%

of the oligosaccharides in the Fc region apé bisected.

140. Anantigen binding moleculg’according to claim 57, wherein at least 70%

of the oligosaccharides in the Fc fegion are bisected.

141. Anantigen binding tholecule accofding to claim 57, wherein at least 80%
of the oligosaccharides jfi the Fc region are bisected.
inding molecule according to claim 57, wherein at least 90%

of the oligosaccharides in the Fc region are bisected.

143,
of the

antigen binding molecule according to claim 57, wherein at least 50%

igosaccharides in the Fc region are nonfucosylated.

44. Anantigen binding molecule according to claim 57, wherein at least 60%

of the oligosaccharides in the Fc region are nonfucosylated.
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145.  Anantigen binding molecule according to claim 57, wherein at least 70%

of the oligosaccharides in the Fc region are nonfucosylated.

146.  An antigen binding molecule according to claim 57, wherein at least 75%

of the oligosaccharides in the Fc region are nonfucosylated.

147. A method according to claim 73, wherein said disorder 5 a B cell

lymphoma.

148.  An isolated polynucleotide comprising a sequencg selected from the
group consisting of SEQ ID No:29; SEQ ID No:31; SEQ ID No:33; SEQ ID
No:35; SEQ ID No:37; SEQ ID No:39; SEQ ID No:4}4 SEQ ID No:43; SEQID
No:45; SEQ ID No:47; SEQ ID No:49; SEQ ID No/51; SEQ ID No:53; SEQID
No:55; SEQID No:57; SEQ ID No:59; SEQ ID Xo:61; SEQ ID No:63; SEQ ID
No:65; SEQ ID No:67; SEQ ID No:69; and SEQ ID No:71.

149.  Amnisolated polymioleotide according to claim 148, wherein said isolated

polynucleotide comprises SEQ ID NO:31.

150.  Anisolated polynucleofide according to claim 148, wherein said isolated

polynucleotide comprises SEQ ID NO:55.

152.  Anisolated polynucleotide comprising SEQ ID No:75.

153,
isolated polynucleotide encodes a fusion polypeptide.

isolated polynucleotide according to claim 148 or 149, wherein said

154.  Anisolated polynucleotide comprising
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a) a sequence encoding a polypeptide having a sequence selected
from the group consisting of SEQ ID NO:32; SEQ ID NO:56; and SEQ ID
NO:60; and

b) a sequence encoding a polypeptide having the sequence of SE
ID NO:76

155.  Anisolated polynucleotide comprising a sequence having at Igast 80%
identity to a sequence selected from the group consisting of SEQ ID Xo:29; SEQ
ID No:31; SEQ ID No:33; SEQ ID No:35; SEQ ID No:37; SEQ JD No:39; SEQ
ID No:41; SEQ ID No:43; SEQ ID No:45; SEQ ID No:47; SEQ ID No:49; SEQ
1D No:51; SEQ ID Neo:53; SEQ ID No:55; SEQ ID No:57;SEQ ID No:59; SEQ
ID No:61; SEQ ID No:63; SEQ ID No:65; SEQ ID Noz67; SEQ ID No:69; and
SEQ ID No:71, wherein said isolated polynucleotide encodes a fusion
polypeptide.

156.  An isolated polynucleotide compriging a sequence having at least 80%
identity to SEQ ID NO:75, wherein said 36olated polynucleotide encodes a fusion
polypeptide.

157. An isolated polynucleotide comprising a sequence having at least 85%
identity to a sequence selected from the group consisting of SEQ ID No:29; SEQ
ID No:31; SEQ ID No:33; SEQ ID No:35; SEQ ID No:37; SEQ ID No:39; SEQ
ID No:41; SEQ ID No#43; SEQ ID No:45; SEQ ID No:47; SEQ ID No:49; SEQ
ID No:51; SEQ IDNo:53; SEQ ID No:55; SEQ ID No:57; SEQ ID No:59; SEQ

ideptity to SEQ ID No: 75.

159. An isolated polynucleotide comprising a sequence having at least 90%
identity to a sequence selected from the group consisting of SEQ ID No:29; SEQ
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ID No:31; SEQ ID No:33; SEQ ID No:35; SEQ ID No:37; SEQ ID No:39; SEQ
ID No:41; SEQ ID No:43; SEQ ID No:45; SEQ ID No:47; SEQ ID No:49; SEQ
ID No:51; SEQ ID No:53; SEQ ID No:55; SEQ ID No:57; SEQ ID No:59; SEQ
ID No:61; SEQ ID No:63; SEQ ID No:65; SEQ ID No:67; SEQ ID No:69; an
SEQ ID No:71.

160. An isolated polynucleotide comprising a sequence having at Jéast 90%
identity to SEQ ID No: 75.

161. An isolated polynucleotide comprising a sequence having at least 95%
identity to a sequence selected from the group consisting o 'SEQ ID No:29; SEQ
ID No:31; SEQ ID No:33; SEQ ID No:35; SEQ ID No;37; SEQ ID No:39; SEQ
ID No:41; SEQ ID No:43; SEQ ID No:45; SEQ D 0:47\; SEQ ID No:49; SEQ
ID No:51; SEQ ID No:53; SEQ ID No:55; SEQ ID No:57; SEQ ID No:59; SEQ
ID No:61; SEQ ID No:63; SEQ ID No:65; SEQ ID No:67; SEQ ID No:69; and
SEQ ID No:71.

162. An isolated polynucleotide cgfimprising a sequence having at least 95%
identity to SEQ ID No: 75.

163. An isolated polynucleotide comprising a sequence having at least 99%

identity to a sequence selgcted from the group consisting of SEQ ID No:29; SEQ
ID No:31; SEQ ID No/33; SEQ ID No:35; SEQ ID No:37; SEQ ID No:39; SEQ
ID No:41; SEQ IDNo:43; SEQ ID No:45; SEQ ID No:47; SEQ ID No:49; SEQ
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165. Anisolated polynucleotide comprising

a) a sequence encoding a polypeptide having a sequence selected from the
group cousisting of SEQ ID No:30; SEQ ID No:32; SEQ ID No:34; SEQ ID
No:36; SEQ ID No:38; SEQ ID No:40; SEQ ID No:42; SEQ ID No:44; SEQ ID
No:46; SEQ ID No:48; SEQ ID No:50; SEQ ID No:52; SEQ ID No:54; SE
No:56; SEQ ID No:58; SEQ ID No:60; SEQ ID No:62; SEQ ID No:64; SEQ ID
No:66; SEQ ID No:68; SEQ ID No:70; and SEQ ID No:72; and

b) a sequence encoding a polypeptide having the sequence of/éan antibody

Fc region, or a fragment thereof, from a species other than mougé.

166. An isolated polynucleotide comprising

a) a sequence encoding a polypeptide having the sequence of SEQ ID
No:76; and

b) a sequence encoding a polypeptide havigg the sequence of an antibody

Fc region, or a fragment thereof, from a specigé other than mouse.

167. An isolated polynucleotide encoding a polypeptide having a sequence
selected from the group consisting of/SEQ ID No:30; SEQ ID No:32; SEQ ID
No:34; SEQID No:36; SEQ ID Np#38; SEQ ID No:40; SEQ ID No:42; SEQ ID
No:44; SEQ ID No:46; SEQ IDNo:48; SEQ ID No:50; SEQ ID No:52; SEQ ID
No:54; SEQ ID No:56; SE No:58; SEQ ID No:60; SEQ ID No:62; SEQ ID
No:64; SEQ ID No:66; SEQ ID No:68; SEQ ID No:70; and SEQ ID No:72.

168.  Anisolated golynucleotide encoding a polypeptide having the sequence of
SEQ ID No:76.

169. isolated polynucleotide comprising a sequence that encodes a
polypeptide having a sequence selected from the group consisting of SEQ ID
No:30; SEQ ID No:32; SEQ ID No:34; SEQ ID No:36; SEQ ID No:38; SEQ ID
Néo; SEQ ID No:42; SEQ ID No:44; SEQ ID No:46; SEQ ID No:48; SEQID
No:50; SEQ ID No:52; SEQ ID No:54; SEQ ID No:56; SEQ ID No:58; SEQ ID
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No:60; SEQ ID No:62; SEQ ID No:64; SEQ ID No:66; SEQ IDNo:68; SEQ ID
No:70; and SEQ ID No:72.

170. An isolated polynucleotide comprising a sequence that encodes
polypeptide having SEQ ID NO:76.

171.  Anexpression vector comprising an isolated polynucleotide acéording to

any one of claims 148-170.

172.  The vector of claim 171, wherein said vector is polygistronic.

173. A host cell comprising the expression vector of claim 171.

174.  Ahost cell comprising an isolated polynugleotide according to any one of
claims 148-170.

175. Ahumanized polypeptide compyising a sequence selected from the group
consisting of SEQ ID No:30; SEQ D No:32; SEQ ID No:34; SEQ ID No:36;
SEQ ID No:38; SEQ ID No:40; SEQ ID No:42; SEQ ID No:44; SEQ ID No:46;
SEQ ID No:48; SEQ ID No:507/ SEQ ID No:52; SEQ ID No:54; SEQ ID No:56;
SEQ ID No:58; SEQ ID No60; SEQ ID No:62; SEQ ID No:64; SEQ ID No:66;
SEQ ID No:68; SEQ ID,/No:70; and SEQ ID No:72, or a variant thereof.

176.  Ahumanizéd polypeptide comprising the sequence of SEQ ID NO:76, or

isolated polypeptide comprising a sequence selected from the group
g of SEQ ID No:30; SEQ ID No:32; SEQ ID No:34; SEQ ID No:36;
SEQ ID No:38; SEQ ID No:40; SEQ ID No:42; SEQ ID No:44; SEQ ID No:46;
EQ ID No:48; SEQ ID No:50; SEQ ID No:52; SEQ ID No:54; SEQ ID No:56;
SEQ ID No:58; SEQ ID No:60; SEQ ID No:62; SEQ ID No:64; SEQ ID No:66;
SEQ ID No:68; SEQ ID No:70; and SEQ ID No:72, or a variant thereof.
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178.  Anisolated polypeptide comprising SEQ ID NO:76, or a variant thereof.

179.  The isolated polypeptide according to any of claims 177-178, wherei
said polypeptide is a fusion polypeptide.

180. An antigen binding molecule comprising the isolated polypéptide of

claim 179.

181. The antigen binding molecule of claim 180, wherein said antigen binding

molecule is an antibody.

182. The antibody of claim 181, wherein said/antibody is a humanized

183. The antigen binding molecule of clatm 180, wherein said antigen binding

molecule is an antibody fragment.

184. The antigen binding mo}écule of claim 183, wherein said antibody

fragment is humanized.

185. The antigen bindjng molecule of claim 180, wherein said antigen binding

molecule is a recombjfiant antibody.

186. The antjgen binding molecule of claim 185, wherein said recombinant
antibody is
187. he antigen binding molecule of claim 180, wherein said recombinant

antibody comprises a human Fc region.

188. The antigen binding molecule of claim 187, wherein said human Fc

region is a human IgG Fc region.




-116-

189. An antigen binding molecule of any of claims 180-188, said antigen

binding molecule having an Fc region with modified oligosaccharides.

190. An antigen bindiné molecule according to claim 189, wherein s? Fc
region has been modified to have reduced fucose residues as compared §0 non-

modified antigen binding molecule.

191.  An antigen binding molecule according to claim 189, wherein said Fc

region has an increased proportion of bisected oligosaccharides.

192.  An antigen binding molecule according to ¢laim 189, wherein said

modified oligosaccharides are bisected complex.

193. An antigen binding molecule according to claim 189, wherein said
modified oligosaccharides have an jdcreased proportion of bisected,
nonfucosylated oligosaccharides in thé Fc region of said antigen binding

molecule.

194. An antigen binding molecule according to claim 193, wherein said

bisected, nonfucosylated olfgosaccharides are hybrid.

195. An antigen bihding molecule according to claim 193, wherein said

bisected, nonfucogylated oligosaccharides are complex.

196. An anitigen binding molecule according to claim 189, wherein at least
20% of tife oligosacchardies in the Fc region of said polypeptide are bisected,

nonfugosylated.

97. An antigen binding molecule accoéding to claim 189, wherein at least
30% of the oligosacchardies in the Fc region of said polypeptide are bisected,
nonfucosylated.
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198. An antigen binding molecule according to claim 189, wherein at least
35% of the oligosacchardies in the Fc region of said polypeptide are bisected,
nonfucosylated.

199. An antigen binding molecule according to claim 189, wherein
70% of the oligosaccharides in the Fc region of said polypeptide are/bisected,

nonfucosylated.

200. A method of producing an antigen binding molecule, which is capable of
competing with the murine B-Lyl antibody for binding fo human CD20, and
wherein said antigen binding molecule is chimeric; sa'r{nethod comprising

a) culturing the host cell of claim 173 or c/lmn 174 in a medium under
conditions allowing the expression of said polynycleotide encoding said antigen

binding molecule; and

b) recovering said antigen binding rholecule.

201. The method of claim 200, wherein said antigen binding molecule is an

antibody.

202. The method of clgim 200, wherein said chimeric antigen binding

molecule is humanized.

203. A pharmacgutical composition comprising the antigen binding molecule

according to any of claims 189-199 and a pharmaceutically acceptable carrier.

204. Thépharmaceutical composition of claim 203, wherein said composition

further/Comprises a pharmaceutically acceptable carrier.

5. The pharmaceutical composition of claim 203, wherein said composition

further comprises an adjuvant.




-118-

206. A method of treating a disorder treatable by B-cell depletion comprising
administering a therapeutically effective amount of pharmaceutical composition

of any of claims 203-205 to a human subject in need thereof.

207. A host cell engineered to express at least one nucleic acid encoding a
polypeptide having B(1,4)-N-acetylglucosaminyltransferase III activity/in an

amount sufficient to modify the oligosaccharides in the Fc region of a

polypeptide produced by said host cell, wherein said polypeptide ig'an antigen

binding molecule according to any of claims 180-197.

208.  The host cell of claim 207, wherein said polypeptide having B(1,4)-N-

acetylglucosaminyltransferase ITI activity is a fusion pglypeptide.

209. The host cell of claim 207, wherein said aptigen binding molecule is an

antibody.

210. The host cell of claim 207, wheret
antibody fragment.

said antigen binding molecule is an

211.  The host cell of claim 207, wherein said antigen binding molecule

comprises a region equivalent'to the Fc region of a human IgG.

212. The host cell
produced by said host cell exhibits increased Fc receptor binding affinity as a

claim 207, wherein said antigen binding molecule

result of said modification.

modiffcation.

14,

comprises the catalytic domain of (1 ,4)-N—acetylglucosaminylt%ansferase 1.

A host cell according to claim 208, wherein said fusion polypeptide
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215. A host cell according to claim 208, wherein said fusion polypeptide
further comprises the Golgi localization domain of a heterologous Golgi resident

polypeptide.

216. A host cell according to claim 215, wherein said Golgi localjzation

domain is the localization domain of mannosidase I

217. A host cell according to claim 215, wherein said Golgi localization
domain is the localization domain of §(1,2)-N-acetyl glucosan/myltransferase L

218. A host cell according to claim 215, wherein/said Golgi localization

domain is the localization domain of B(1,2)-N-acety}glucosaminyltransferase II.

219. A host cell according to claim 2105/ herein said Golgi localization

domain is the localization domain of m sidase L.

220. A host cell according to cl 215, wherein said Golgi localization

domain is the localization domain/0f a1-6 core fucosyliransferase.

221. A host cell accordigg to claim 213, wherein said increased effector

function is increased Fe-phediated cellular cytotoxicity.

222. A host celVaccording to claim 213, wherein said increased effector

function is incredsed binding to NK cells.

223.
functi

A /host cell according to claim 213, wherein said increased effector

is increased binding to macrophages.

4. A host cell according to claim 213, wherein said increased effector

function is increased binding to polymorphonuclear cells.
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225. A host cell according to claim 213, wherein said increased effector

function is increased binding to monocytes.

226. A host cell according to claim 213, wherein said increased effect

function is increased direct signaling inducing apoptosis.

227. A host cell according to claim 213, wherein said increased effector

function is increased dendritic cell maturation.

228. A host cell according to claim 213, wherein said/increased effector

function is increased T cell priming.

229. A host cell according to claim 212, whergin said Fc receptor is Fey

activating receptor.

230. Ahostcell according to claim 212, wherein said Fc receptor is FoyRIIIA

receptor.

231.  Ahostcell according to claim 207, wherein said host cell is a CHO cell, a
BHK cell, a NSO cell, a SP2Z0 cell, a YO myeloma cell, a P3X63 mouse
myeloma cell, a PER cell, a PER.C6 cell or a hybridoma cell.

232. The host cell of claim 207, further comprising at least one transfected
polynucleotide encgding a polypeptide according to any of claims 28 and 35-41,
and wherein said/nucleic acid comprises a sequence encoding a region equivalent

to the Fe regjén of a human immunoglobulin.

233.
a polypeptide having B(1,4)-N-acetylglucosaminyltransferase III activity is

he host cell of claim 207, wherein said at least one nucleic acid encoding

operably linked to a constitutive promoter element.




-121-

234. The host cell of claim 233, wherein said polypeptide having (1,4)-N-

acetylglucosaminyltransferase 11T activity is a fusion polypeptide.

235. An antigen binding molecule according to claim 189, wherein at leas

50% of the oligosaccharides in the Fc region are bisected.

236. An antigen binding molecule according to claim 189, whereix at least
. 60% of the oligosaccharides in the Fc region are bisected.
237. An antigen binding molecule according to claim 189{ wherein at least

70% of the oligosaccharides in the Fc region are bisected.

238. An antigen binding molecule according to ¢laim 189, wherein at least

80% of the oligosaccharides in the Fc region are Pisected.

239,  An antigen binding molecule ac? ing to claim 189, wherein at least

90% of the oligosaccharides in the Fc region are bisected.

240. An antigen binding molecile according to claim 189, wherein at least

50% of the oligosaccharides in the Fc region are nonfucosylated.

70% of the ojigosaccharides in the Fc region are nonfucosylated.

243,

75%/0f the oligosaccharides in the Fc region are nonfucosylated.

antigen binding molecule according to claim 189, wherein at least

244, A method according to claim 206, wherein said disorder is a B cell

lymphoma.
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245. An isolated polynucleotide comprising at least one complementarity
determining region of the murine B-Ly1 antibody, or a variant or truncated form
thereof containing at least the specificity-determining residues for said
complementarity determining region, wherein said isolated polynucleotide

encodes a fusion polypeptide.

246. An isolated polynucleotide according to claim 245, wherdin said
complementarity determining region is selected from the group copsisting of :
[LIST ALL B-Lyl CDR SEQUENCES].

247.  Anisolated polynucleotide according to claim 245, wherein said isolated

polynucleotide encodes an antigen binding molecule.

248. An isolated polynucleotide comprising at lgast three complementarity
determining regions of the murine B-Ly1 antibody, or variants or truncated forms
thereof containing at least the specificity-detefmining residues for each of said
three complementarity determining regions/wherein said isolated polynucleotide

“encodes a fusion polypeptide.

249. An isolated polynucleotide according to claim 248, wherein said
complementarity determining régions comprise at least one sequence selected
from the group consisting of/ SEQ ID NO:5, SEQ ID NO:6 and SEQ ID NO:7;
and at least one sequence gelected from the group consisting of: SEQ ID NO:21,
SEQ IDNO:22, and SEQ ID NO:23; and SEQ ID NO:24, or variants or truncated
forms of said sequerces that contain at least the specificity-determining residues

for each of said domplementarity determining regions.

250.  Anjbolated polypeptide encoded by the isolated polynucleotides of any of
claims
25Y.  An antigen binding molecule comprising at least one complementarity
etermining region of the murine B-Ly1 antibody, or a variant or truncated form

thereof containing at lest the specificity-determining residues for said
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complementarity determining region, and further comprising a sequence derived

from a heterologous polypeptide.

252. An antigen binding molecule according to claim 251, wherein said
antigen binding molecule comprises at least three complementarity determinin
regions of the murine B-Lyl antibody, or variants or truncated forms thereof
containing at least the specificity-determining residues for each said

" complementarity determining regions.

253. An antigen binding molecule according to claim 252/wherein said
antigen binding molecnle comprises the variable region of ap/antibody light or

heavy chain.

254.  An antigen binding molecule according ;2 laim 252, wherein said
d

antigen binding molecule is a chimeric or humanizéd, antibody.

ir@ having increased ADCC as a

result of said engineering without substanjial loss of ability to induce apoptosis of

255.  Anengineered Type Il anti-CD20 an

target cells.
256. An engineered Type II #nti-CD20 antibody according to claim 255,
wherein said antibody has Ween engineered to have an aliered pattern of

glycosylation in the Fc region.

257. An engineergd Type II anti-CD20 antibody according to claim 256,
wherein said altefed glycosylation is an increase in the amount of bisected
complex oligogaccharides.

258. engineered Type I anti-CD20 antibody according to claim 256,

whergin said altered glycosylation is a decrease in the amount of fucose residues.
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259. An engineered Type II anti-CD20 antibody according to claim 255,

wherein said antibody has been engineered to have an altered amino acid

sequence in the Fc region.
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WHAT IS CLAIMED IS:

1. A humanized Type II anti-CD20 antigen binding molecule comprising:
(a) aheavy chain variable region selected from SEQ ID NO:36, SEQ ID NO:38, SEQ ID
NO. 42, SEQ ID NO:44, and SEQ ID NO:46; and

(b)the KV1 light chain variable region of SEQ ID NO:76.

2. A humanized Type-II anti-CD20 antigen binding molecule comprising a heavy chain
variable region having the specificity determining residues of the heavy chain variable
region of the antigen binding molecule of claim 1, wherein said antigen binding molecule
induces higher level of apoptosis when incubated with CD20-positive human cells relative to a
control under identical conditions using the C2B8 chimeric IgGl antibody with an identical

sequence to rituximab.

3. An isolated polynucleotide encoding the heavy chain variable region of any one of

claims 1 to 2.

4, An isolated polynucleotide encoding a heavy chain variable region having an amino

acid sequence at least 80% identical to the heavy chain variable region of any one of claims

1to 2.

5. A humanized Type-II anti-CD20 antigen binding molecule comprising the heavy chain
variable region encoded by the nucleic acid sequence of claim 4 and the KV1 light chain
variable region of SEQ ID NO: 76, wherein said antigen binding molecule induces
higher level of apoptosis when incubated with CD20-positive human cells relative to a
control under identical conditions using the C2B8 chimeric IgG1 antibody with an

identical sequence to rituximab.
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6. An expression vector comprising the polynucleétide of claim 3 or 4.
7. An isolated host cell comprising the expression vector of claim 6.
8. A method for the production of the humanized Type-II anti-CD20 antigen

binding molecule of any one of claims 1, 2 and 5 comprising culturing the host cell of
claim 8 under conditions that allow for the production of said antigen binding molecule

and recovering said antigen binding molecule from said culture.

9. A humanized Type II anti-CD20 antigen binding molecule, wherein the

antigen binding molecule is produced by the host cell of claim 7.

10. A pharmaceutical composition comprising the antigen binding molecule of
any one of claims 1, 2, 5 and 9, or produced by the method of claim 8, and a

pharmaceutically acceptable carrier.

11. Use of the antigen binding molecule of any one of claims 1,2, 5 and 9, or
produced by the method of claim 8, for the manufacture of a medicament to treat a B-

cell disorder.

12. The use of claim 11, wherein said B-cell disorder is a B-cell lymphoma.

13. Use of the antigen binding molecule of any one of claims 1,2, 5 and 9, or

produced by the method of claim 8, for the manufacture of a medicament to treat a

disorder treatable by B-cell depletion.

14. The use of claim 13, wherein said disorder is a haematological malignancy

or an autoimmune disease.
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15. The use of claim 14, wherein said haematological malignancy is B-cell

lymphoma, non-Hodgkin s lymphoma, or B-cell chronic lymphocytic leukaemia.

16. The use of claim 14, wherein said autoimmune disease is rheumatoid

arthritis or lupus.

17. The antigen binding molecule of any one of claims 1, 2 , 5 and 9, or
produced by the method of claim 8, wherein said antigen binding molecule comprises a

glycoengineered Fc region.

18. The antigen binding molecule of claim 17, wherein said antigen binding
molecule has an increase in the fraction of non-fucosylated oligosaccharides attached to

said glycoengineered Fc region.

19. The antigen binding molecule of claim 17, wherein said antigen binding
molecule has an increase in the fraction of bisected, non-fucosylated oligosaccharides

attached to said glycoengineered Fc region.

20. The antigen binding molecule of claim 17, wherein said antigen binding
molecule has significantly higher levels of binding to human FcgammaRIII receptors

relative to the non-glycoengineered antigen binding molecule.

21. The antigen binding molecule of claim 17, wherein said antigen binding
molecule has significantly higher levels of antibody-dependent cell-mediated
cytotoxicity (ADCC) activity relative to the non-glycoengineered antigen binding

molecule.



