1

© CD20 ANTIBODIES WITH INCREASED FC RECEPTOR BINDING AFFINITY AND
EFFECTOR FUNCTION

BACKGROUND OF THE INVENTION.
Field Qf the Invention

60011 The present invention relates to autigen binding molecules (ABMs). In
particular embodiments, the present invention relates to recorbinant monoclonal
antihodiss, éncluding chimeric, primatized or humanized antibodies specific for
huran CD20. In addition, the present invention relates to nucleic acid molecules
encoding such ABMs, and vectors and host cells comprising such nucleic acid
molecules. The mvention further relates to methods for producing the ABMs of
the Invention, and 1o methods of using theses 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 sffector fimotion.
Background Art
The hmranne System and Anti-CD20 Antibodies

106021 The immune system of vertebrates, including humans, consists of a
number of organs and cell types, which have evolved to accurately and
specifically recognize, bind and destroy invading foreipn microorganisms
("antigens”), Lymphocytes are critical for the proper function of the immune
system. These cells are produced in the thymus, spleen and bone marrow (adulf)
and represent about 30% of the total white blood cells present in the circulatory
systern of adult humans. There are two major sub-populations of lymsphocytes: T
cells and B cells. T cells are responsible for cell mediated mmunity, while B
cells are responsibls for antibody production (humoral immunity), However, ina |
typical irnmune response, T cells and B cells function interdependently: T cells
are activated when the T cell receptor binds to fragments of an antigen that are
bound to major histocompatability complex ("MHC™) glyeoproteins on the

surface of an antigen nreseniing cell: soch sefvation causes release nfiiningical
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mediators ("interleuking™), which stimulate B cells to differentiate and produce
antibodies ("immunoglobulins") against the antigen. ,

10063] Bach B cell within the host expresses an antibody of one particular type
and specificity, and different B cells express antibodies specific for different
antigens. B cell proliferation and antibody production spike as a reaction to &
foreign antigen, and both typically cease (or substantially decrease) once the
foreign antigen has been neuiralized. Occasionally, however, proliferation of a
particular B cell will continue unabated; such proliferation can resultina canceé
referred to as "B cell lymphoma.”

[6004] T cells and B cells both comprise cell surface proteins which can be
utilized as "markers” for differentiation and identification. One such human B
cell marker is the hwmnan B lymphocyte-restricted differentiation antigen Bp33,
referred fo as "CD20." CD20 is expressed during early pre-B cell development
and remaing until plasma cell differentiation. Specifically, the CD20 molecule
may regulate a step in the activation process that is required for cell cycle
Imitiation and differentiation and is usually expressed at very high levels on
neoplastic ("tumor"} B cells. Becavse CD20 is present at high levels on
"malignant” B ceﬂs, i.e., those B cells whose imabated proliferation can lead to B
cell lymﬁhomaﬂ, the CD20 surface antigen has the potential of serving as a
candidate for "targeting” of B cell lymphomas.

{66051 In essence, such targeting can be generalized as follows: antibodies

' specific to the CD20 surface antigen of B cells are infroduced into 2 patient, by
wjection, for example, These anti-CD20 antibodies specifically bind to the CD20

* cell surface antigen of (ostensibly) both normal and malgnant B cells; the anti-
CD20 antibody bound to the CD20 surface antigen may lead to the destruction
and depletion of neoplastic B cells. Additionally, chemical agenis or radicactive
labels having the potentiz] to destroy the tumor can be conjugated to the anti-
CD20 antibody such that the agent is specifically "delivered” to e.g., the
neoplastic B cells, Iirespective of the approach, a primary goal is to desiroy the
tumor: the specific approach can be dstermined by the particular anti-CD20

antibody which is utilized and, thus, the available approaches to targeting the
CD20 antigen can vary considerably.
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[0606] Unconjugated monoclonal antibodies (mAbs) can be useful medicines for
the treatment of cancer, as demonstrated by the U.S. Food and Drug
Adrministration's approval of Rituximab (Rifuxan™; IDEC Pharmaceuticals, San
Diego, CA, and Genentech Inc., San Francisco, CA), for the freaiment of CD20
positive B-cell, low-grade or follicular Non-Hodgkin's lvmphoma, Trastazumab
(Hercentin™; Geneatech Inc,) for the freatment of advanced breast cancer
{Grillo-Lopez, A.-I., et al., Semin. Oncol. 26:66-73 (1999); Goldenberg, M. M.,
Clin. Ther. 21:309-18 (1999)}, Gemtuzumab (Mylotarg™, Celltech/Wyeth-
Ayerst) for the treatment of relapsed acute myeloid leukemis, and Alemtuzumab
(CAMPATH™, Millenium Pharmaceuticals/Schering AG) for the treatment of B
cell chronic lymphocytic lenkemia. The success of these products relies not only
on their efficacy but also on their outstanding safety profiles (Grillo-Lopez, A.-J.,
et al., Semin. Oncol. 26:66-73 (1999); Goldenberg, M. M., Clin. Ther. 21:309-18
(1999)). In spite of the achievements of these drags, there is currently a large
interest in obtaining higher specific antibody activity than what is typicaily
afforded by unconjugated mAbD therapy. The murine monocional antibody, B~
Lyl, is another antibody known to be specific to human CD20. (Poppema, S. and
Visser, L., Biotest Builetin 3: 131-139 (1987)).

(6007 The results of 2 number of studies suggest that Fe-receptor-dependent
mechanisms contribute substantially to the action of cytotoxic antibodies against
tumors and indicate that an optimal antibody against twmors would bind
preferentially to activation Fe recepiors and minimally to the inhibitory pariner
FeyRIIB. (Clynes, R. A., ef al., Natwre Medicine 6(4):443-446 (2000); Kalergis,
AM., and Ravetch, F. V., J Exp. Med. 195/12):1653-1659 (June 2002). For
example, the results of at least one study suggest that the FoyRIla receptor in
particular is strongly assoclated with the efficacy of antibody therapy. (Cartron,
G., et al., Blood 99(3):754-757 (February 2002)). That study showed that

- patients homozygous for FeyRIHa have a better response to Rituximab than
heterozygous patients, The anthors concluded that the superior response was due
io bstter in vivo binding of the antibody to FoyRIlla, which resulted in better
ADCC activity against tymphoma cells, {Cartron, G., ef al., Blood 99(3)754-757
{February 20020,
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[6009]

wdhe

Various attempts 1o target the CID20 surface antigen have been réported.
Murine (mouse) monoclonal antibody 1¥5 (an anti-CD20 antibody) was
reportedly administered by continuous intravenous infusion to B cell lymphoma
patients. Bxiremely high levels (>2 grame} of 1¥5 were reportedly required to
deplete circulating tumor cells, and the results were described as being
"trensient.” Press et al., "Monoclonal Antibody 1F5 (Anti-CD20) Serotherapy of
Human B-Cell Lymiphomas.” Blood 69/2:584-551 (1987). A potential problem
with this approach is that non-human monocional antibodies (e.z., murine
monoclonal antibodies) typically lack human effector functionality, 1.e., they are
unable to, inter alia, mediaie complement dependent lyas or lyse human target
cells throungh antibody dependent cellular toxicity or Féureceptcr mediated
phagocytosis. Furthermore, non-human monoclonal antibodies can be recognired
by the human host as a foreign protein; therefore, repeated injections of such
foreign antibodies can lead to the induction of immune responses leading to
harmful hypersensitivity resctions. For murine-based monocional antibodiss, this
is often referred fo as a Human Anti-Mouse Antibody responge, or "HAMA"

response. Additionally, these "foreign” antibodies can be attacked by the immune

system of the host such that they are, in effect, neutralized before they reach their

target site.

Another reported approach at improving the ability of murine monoclonal
antibodies to be effective in the treatment of B-cell disorders has been to
conjugate a radioactive label or toxin to the antibody such that the label or toxin
is localized at the tumor site. For example, the above-referenced 1F5 antibody has
been "labeled" with iodine-131 ("I"}) and was reporiedly svaluated for
biodistribution in two patients. See Eary, I F. et al,, "Imaging and Treatment of
B-Cell Lymphoma" J. Nuc. Med. 31/8:1257-1268 {1990); see also, Press, 0. W,
et al., "Treatment of Refractory Non-Hodgkin's Lymphoma with Radiolabeled
ME-1 (Anti-CD37) Antibody” J. Clin. One. 7/8:1027-1038 (1989) (indication
that one patient treated with 'I-labeled IF-5 achieved a "partial respons'e”);
Goldenberg, D. M. et al, "Targeting, Dosimetry and Radioimmunotherapy of B-
Cell Lymphomas with Iodine-131-Labeled LL2 Moenoclonal Antibody" J. Clin.
One. 9/4:548-564 (1991) (three of sight patients recetving muliiple injections
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reported io have developed a HAMA response); Appeloaum, F. R. "Radiolabeled
Monoclonal Antibodies in the Treatment of Non-Hodgkin's Lymphoma”
Hem./Onc. Chinics of N. 4. 5/5:1013-1025 (1991) (review arficle); Press, 0. W. et
al "Radiolsbelied-Antibody Therapy of B-Cell Lymphoma with Autologous Bone
Marrow Support.” New England J. Med. 329/17: 1216-12223 (1993) (iodine-131
labeled anti-CD20 antibody TF5 and Bl); and Kaminski, M. G. ef al
"Radiotmmunotherapy of B-Cell Lymphoma with '] Anti-BI (Anti-CD20)
Axttibedy". New England J. Med. 329/7(1993) (iodine-131 labeled anti-CD20
antibody Bl; bereinafier “Kaminski'). Toxins (i.e., chemotherapeutic agents
such as doxoruhicn or mitomycin C) have also been conjugated to antibodies.
See, for example, PCT published application WO 92/07466 (published May 14,
1992), ' '

[0010} Chimeric antibodies comprising portions of antibodies from two ormore
different species (e.g., mouse and hurnan) have been deveiépeé as an alternative
to "comugated” antibodies. For example, Liu, A. Y. et al, "Production of a
Mouse-Human Chimeric Monoclonal Antibody to CD20 with Potent Fe-
Dependent Biclogic Activity” J. Immum. 139/10:3521-3526 (1987), describes a
mouse/human chimeric autibody directed against the CD20 antigen. See also,
PCT Publication No. WO 88/04936. For example, rituximab (RITUXAN®), a
chimeric anti-CD20, antibody has been approved for the freatment of non-
Hodgicins lymphoma.

{06113 Given the expression of CD20 by B cell lymphomas, this antigen can
serve as a candidate for “targeting” of such lymphomas. In essence, such
targeting can be generalized as follows: antibodies specific for CD20 surface
antigen on B cells are administerad to a patient. These anti-CD20 antibodies
specifically bind to the CD20 antigen of (ostensibly) both normal and malignant
B cells, and the antibody bound to the CD20 on the cell surface results in the
destruction and depletion of tumorigenic B cells. Additionally, chem:ical agents,
cytotoxins or radioactive agents may be directly or indirectly attached to the anti-
CD20 antibody such that the agent is selectively "delivered" to the CD20 antigen
expressing B cells. With both of these approaches, the primary geal is to destioy
the tumor. The specific approach will depend upon the particular anti-CD20
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antibody that is uhilized. Thus, it is apparent that the various approaches for
targeting the CD20 antigen can vary considerably.

6012] The rituximab (RITUXAN®) antibody is a genetically engineered
chimeric human gamms 1 murine constant domain containing monocional
antibody directed against the human CD20 antigen. Thiz chimeric antibody
contains human gamma 1 constant domains and is identified by the name "C2B&"
inU.S. Pat. No. 5,736,137 {Andersen et, al.} issued on April 17, 1998, assigned fo
IDEC Pharmaceuticals Corporation. RTTUXAN® is approved for the treatment
of patients with relapsed or refracting low-grade or follicuiar, CD2Z0 positive, B
cell non-Hodgkin's Iviaphoma. In vitro mechanism of action studiss have shown
that RITUXAN® exhibits human complement--dependent cytotoxicity (CDC)
(Reff et. al, Blood 83(2): 435-445 (1994)), Additionaily, it exhibits significant
activity in assays that measure antibody-—-dependent cellular cylotoxicity
(ADCC). RITUXAN® has been shown to possess anti-proliferative activity in
thymidine Incorporation assays and a limited ability to induce apoptosis directly,

whereas CD20 antibodies do not (Maloney ef. al, Blood 88 (10): 637a (1996)).

Axtibody Glycosylation

8613 The oligosaccharide component can sigoificantly affect properiies
relevant to the efficacy of a therapeutic glycoprotein, including physical stability,
resistance to protease affack, interactions with the Immune system,
pharmacokinetics, and specific biological activity. Such properties may depend
not only on the presence or absence, but also on the specific structures, of
oligosaccharides. Some generalizetions betwesn oligosaccharide structure and
giycqprotem function can be made. Tor example, certain oligosaccharide
structures mediate rapid clearance of the glycoprotein from the bloodstream
through interactions with specific carbohydraie binding proteins, while others can
be bound by antibodies and trigger undesired immune reactions. (Jenkins of al.,
Nature Biotechnol. 14:975-81 (1996)).

fot14) Mammalian cells ave the preferred hosts for production of therapeutic
glycoproteins, due to their capability to glvcosylate proteins in the most

compatible form for hurnan application, (Comming ef al., Glycobiology 1:115-30
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(1991); Jenkins ef al, Nature Biotechnol, 14:975-81 {1996)). Bacieria very
rarsly glycosylate proteins, and like other types of common hosts, such as yeasts,
filamentous fungi, insect and plant cells, yield glycosylation patiems associated
with rapid ciearance from the blood sweam, undesirable immune interactions, and
in some specific cases, reduced biclogical activity., Among mammalian cells,
Chinese hamster ovary (CHO) cells have been most commonly used dming the
last two decades. In addition to giving suitable glycosylation patterns, these cells
allow consistent generation of genetically stable, highly productive clonal cell
lines. They can be cultured 1o high densities in simple bioreactors using serum-
free media, and penmit the development of safe and reproducible bioprocesses.
Other commoniy used animal cells include baby hamster kidney (BHK) cells,
NSO- and SP2/0-mouse myeloma cells. More recently, production from
ransgenic animals has also been tested. (Jemkins er al, Nature Biotechnol.
14:975-81 (1996)).

[O015] All antibodies contain carbohydrate structures at conserved positions in
the heavy chain constant regions, with each isotype possessing a distinet array of
N-iinked carboliydrate stfuctmes, which variably affect protein assembly,
secretion or functional activity. (Wright, A, and Mornison, 5. L., Trends Biotech.
15:26-32 (1997}).‘ The structure of the attached N-linked carbohydrate varies
considerably, depending on the degree of processing, and can include high-
mannose, muliiply-branched as well as biantennary complex oligosaccharides.
(Wright, A., and Morrison, 8. L., Trends Biotech, 15:26-32 (1997)). Typically,
there is heterogeneous processing of the core oligosaccharide structures attached
et a particular glycosylation site such that even monoclonal antibodies exist as
multiple glycoforms. Likewise, it has been shown that major differences in
antibody glveosylation occur between cell lines, and even minor differences are
seen for a given cell line grown under different culture conditions. (Lifsly, ML R.
et al., Glycobiology 5(8):813-22 (1995)).

fo016] One way to obtain large increases in potency, while maintaining a simple
production process and potentially avoiding significant, undesirable side effects,
is to enhance the natural, cell-mediated effector functions of monoclonal

antibodies by engineering their oligosaccharide component as deseribed in
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Umaiia, P. ef al, Nature Biotechnol. 17:176-180 (1999) and U.S. Pat. No.
_6 ,002,684, the entire contents of which are hereby incorporated by reference in
their entirety. TgGl type antibodies, the most commonly used antibodies in cancer
immunctherapy, are glycoproteins that have a conserved N-linked glycosylation
site at Asn297 in each CH2 domain. The two complex biamtermary
oligosaccharides attached to Asn297 are buried between the CHZ domains,
forming extensive contacts with the polypeptide backbone, and their presence is
essentizl for the antibody to mediate effector fimctions such as antibody
dependent cellular cytotoxicity (ADCC) (Lifely, M. R, er al., Glycobiology
5:813-822 (1995); Jefferis, R., ef al., Immunol Rev. 163:55-76 (1998); Wright, A.
-and Morrison, S. L., Trends Biotechnol. 15:26-32 (1997)).

[6017] The present inventors showed previously that overexpression in Chinese
hamster ovary (CHO) cells of P(1,4)-N-acetylglucesaminyliransferase I
(“GaTHP"), a glycosyltransferase catalyzing the formation of bisected
oligosaccharides, significantly increases the in vitre ADCC activity of an anfi-
neurcblastoma chimeric monoclonal aniibody (chCE7) produced by the
engineered CHO cells. (See Umafia, P. ef al, Nuture Biotechnol. 17:176-180
(1999);and International Publication No. WO 99/54342, the entire contenis of
which are hereby incdrporated by seference). The antibody chCE7 belongstoa
large class of unconjugated mAbs which have high tumor affinity and specificity,
but have foo littlé potency to be clinically useful when produced in standard
industrial cell lines lacking the GnTHI enzyme (Umana, P., ef al, Noture
Biotechnol 17:176-180 (1999)). That study was the first to show that large
mncreases of ADCC activity could be obtained by engineering the antibody-
producing cells to express GnTILI, which also led to an increase in the proportion
of constani region (Fo)-associated, bisected oligosaccharides, including bisected,
nonfucosylated oligosaccharides, above the levels found in naturally-occurring
antibodies.

10018] There remains a need for enhanced therapeutic approaches targeting the
CD20 antigen for the treatment of B cell lvmphomas in primates, including, but
not limited to, humans.



SUMMARY

[0619] 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 Fe receptor binding
affinity and effector function, the present inventors developed a method for
producing such ABMs. Inter alig, fhis 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.

[6619a] In one aspect, there is provided a humanized Type II anti-CD20 antigen binding molecule
comprising: (2) a heavy cham variable region selected from SEQ ID N(:62, SEQ ID NO:64, SEQ ID
NO:66, SEQ ID NO:68, SEQ ID NO:70, and SEQ ID NO:72; and (b) the K'VI light chain variable region
of SEQ ID NO:76,

[0019b] In one aspect, there is provided a humanized Type-Il anti-CD20 antigen binding meleculs
comprising a heavy chain variable region having the specificity determining residues of the heavy chain
variable region of the antigen binding molecule as defined herein, wherein said antigen binding molecule
induces higher level of apoptosis when incubated with CD20-positive human cells relative to a conirol
under identical conditions using the CZB8 chimeric IgG1 antibody with an identical sequence to rituximab.

[8019c] In one aspect, there is provided an isolated polynucleotide encoding the heavy chain variable

region as defined herein.

[0026] Accordingly, in one embodiment, the disclosure is 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 Vry); (b) a sequence
selected from a group consisting of SEQ 1D NO.::21, SEQ ID NO.:22 and SEQ
ID NO.:23. ({CDRs Vyo); and SEQ 1D NO:24, In another embodiment, the disclosure is
directed to an isolated polynucleotide comprising SEQ ID NO.:§, SBQ ID NO.: ¢
and SEQ ID NO.:10. {(CDRs V). In one embodiment, any of these
polynucleotides encodes a fusion polypeptide.
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{0021} In a further embodiment, the disclosure is directed to an isolated pojynucleotide comprising SEQ
ID Ne.:2. In another embodiment, the disclosure is directed to an isolated polynucleotide comprising SEQ
ID No.:4. In a further embodiment, the disclosure is directed to an isolated polynucleotide COmMprismg a

sequence selected
from the group consisting of SEQ ID Ne:29; SEQ ID No:31; SEQ ID Noi33;
SEQ ID No:35; SEQ ID No:37; SEQ ID No;39; SEQ ID No:41; SEQ ID Noi43;
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 3D No:6l; SEQ ID Now63;
SEQ ID No:65; SEQ ID No:67; SEQ ID No:69; and SEQ ID No:71 In another
embodiment, the disclosure is directed to an 1solated polynucleotide comprising SEQ ID
No.:75. In one embodiment, such polynucleotides encode fusion polypeptides.
{0621 a] In one aspect, there is provided an isolated polynuclestide encoding a heavy chain variable region
having an amino acid sequence at least §0% identical to the heavy chain variable region as defined herein.
[00621b] In one aspect, there is provided a humanizeé 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 human cells relative to a control under identical

conditions using the C2BE chimeric IgG1 antibody with an identical sequence to rituximab.

[0022] The disclosure is further directed to an isolated polynucleotide comprising
a sequence having at least 80% identity to SEQ ID NO:2, wherein said isolated
polynucteotide encodes a fusion pelypeptide. In an additional embodiment, the disclosure is directed to an

isolated polynucleotide comprising a sequence

having
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at teast 80% identity to SBEQ ID NO:4, whersin said isolated polynucleotide
encodes a Tusion polypeptide. The disclosure is further directed to an isolated
polynucieotide comprising a sequence having at least 80% ideniity to 2 sequence
selected from the group consisting of SEQ ID Ne:29; SEQ ID No:31; SEQ ID
No:33; SEQ ID No:35; 8B ID Na:37; SEQ ID No:39; SEQ ID No:4l; SEQ ID
No:43; SBQ ID Ne:45; SBQ ID Ned7; SEQ ID No:49; SEQ ID Ne:51; SEQ ID
No:53; SEQ ID No:53; SEQ ID Nei37; SEQ ID Ne:59; SEQ ID No:61; SEQ ID
No:63; SBQ ID No:65; SEQ ID Ne:67; SEQ ID Ne:69; and SEQ ID No:i7l,
wherein said isolated polymucleotide encodes a fusion polypeptide. In an
additional embodiment, the disclosure is directed to an isolated pelynucleotide
comprising a sequence having at least 80% identity to SEQ ID NO:75, wherein
saxd isolated polymucleotide encodes a fusion polypeptide.
[0623] The disclosure is further directed to a polynucieotide comprising SEQ D
NO:11 (whole heavy chain), or o polymmclestides having 80%, 85%, 90%, 95%
or 99% identity to SEQ ID NO:11. The disclosure is also directed to a
polyoncleotide comprising SEQ 1D WO:12 (whole light chainj, or to
polynucleotides having 80%, 85%, 90%, 95% or 99% identity to SEQ IDNC:12.
- [0024] The disclosure is also directed to an isolated polynucleotide encoding a
_ chimeric polypeptide having the seguence of SEQ ID No.: 1, In one embodiment,
the polynucleotide comprises a sequence epcoding & polvpeptide having the
sequence of SEQ ID No.:1; and a sequence encoding a polypeptide having the
sequence of an antibody Fe region, or a fragment thersof, from a species other
than mouse. The disclosure is also directed o an isolated polynucleotide
encoding & chimeric polypeptide having a sequence selected from the gronp
consisting of SEQ ID No:3¢; SEQ 1D No:32; SEQ ID No:34; SEG ID No:36;
SEQ ID No:38; SEG 1D No:40; SEQ ID No:42; SBQ ID No44; SEQ ID No4é;
SEQ ID No:4&; SEQ ID No:3d; SBQ ID Ne:32; SEQ ID No:54; SEQ ID No:36;
SEQ ID Not38; SEQ ID No:60; SEQ ID No:62; SEQ ID No:64; SEQ ID No:66;
SEQ ID No:68; SEQ ID Na:70; and SEQ ID No:72. In one embodiment, the
polynuclectide comprises 4 ssquence encoding & polypeptide having 2 sequence
selected from the group consisting of SEQ 1D No:30; SEQ ID No:32; SEQ D
No:34; SEQ ID No:36; SEQ ID Ne38; SEQ 1D No:40; SEQ ID Ne:d2; SEQ D
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Nao:d4; SEQ ID No:46; SEQ ID Now48; SEQ 1D No:56; SEQ ID Nois2;, SEQ ID
No:54; SEQ ID No:56; SEQ 1D No:38; SEQ ID No:60; SEQ ID No:62; SEQ ID
No:64; SEQ ID No:66; SEQ ID No:68; SEQ H)No:70; and SBQE>No:72; and a
sequence encoding a polypeptide having the sequence of an antibody Fc region,
or a fragment thereof, from a species other than mouse.

[6025] In yet another embodiment, the disclosure is directed to an isclated
polynucleotide encoding a chimeric polypeptide having the sequence of SEQ ID
No.:3. In one embodiment, the polynucleotide comprises a sequence encoding a
polypeptide having the sequence of SEQ ID No.:3; and a seguence encoding a
polypeptide having the sequence of an antibody Fe region or a fragment thereof,
from a species other than monse. In yet another embodiment, the disclosure is directed to
an isolated polynucieotide 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 a polypeptide having the sequence of an antibody Fc region,
or a fragment thereof, from a species other than mouse.

[0026) The disclosure 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 seguence encoding a polypeptide
having the sequence of an antibody Fe region, or a fragment thereof, from a
species other than mouse. In another embodiment, the disclosure is directed to an
isolated polyruclectide comprising & sequence encoding a polypeptide having the
V. 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.

[0626b] In one aspect, there is provided an isolated host cell comprising the expression vector as defined
herein.

[0627] The disclosure is further directed to an expression vector comprising any
of the isolated polymucleotides described above, and to a host cell that comprises
such an expression vector. In a further embodiment, the disclosure is directed to a host
cell comprising any of the isolated polynucleotides described above.

[0028] In one embodiment, the disclosure is directed to an isclated polypeptide

comprising: (a) a sequence selected from a group consisting of: SEQ ID NO.: 15,
SEQID NO.: 16 and SEQ ID NO.:17. {CDRs Vim); (b) 2 sequence selected from
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a group consisting of: SEQ ID NO.:25 SEQ ID NO..26 and SEQ ID NO.27
(CDRs Vyy); and SEQ ID NO:28, wherein said polypeptide is a fusion
polypeptide. In another embodiment, the disclosure is directed 1o an isolated
polypeptide comprising SEQ 1D NO.:1&, SEQ ID NO.: 19 and SEQ ID NO.:20.
(CDRs Vi), wherein said polypeptide is a fusion polypeptide.
[6029] The disclosure is also directed to a chimeric polypeptide comprising the sequence of SEQ ID
NO.:1 or a variant thereof. The disclosure is further directed
to a chimeric polypeptide comprising the sequence of SEQ ID NO.:3 or a variant
thereof. In one embodiment, any one of these polypeptides further comprises a
human Fe region. The disclosure @s 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 Ne48; 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 NO:72, or a variant thereof. The disclosure is farther directed to a
chimeric polypeptide comprising the sequence of SEQ ID NO.:76 or a variant
thereof. In one embodiment, any one of these polypeptides further comprises a
human Fc region.

0030] In another embodiment the disclosure is directed to a polypeptide comprising a
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.

[431] In an additional embodiment, the disclosure is directed to an isolated polypeptide comprising SEQ

ID NO: 13 or a variant thereof. In another embodiment, the disclosure
1s directed to an isolated polypeptide comprising SEQ ID NO: 14

[0032] In another embodiment, the disclosure 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



region having an amino acid sequence selected from the group conststing of SEQ
ID NO.: 1; SEQ ID Ne:30; SEQ ID No:32; SEQ ID No:34; SEQ ID No:36; SEQ
D> No:38; SEQ ID No:40; SEQ ID Ne:42; SEQ ID No:d4; 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
1D No:538&; 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.Ina
further embodiment the ABM 1s a recombinant antibody that is primatized In vet
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 moitety such as a toxin or a radiolabel.

[06G33] The disclosure is farther related to an ABM of the present disclosure, said
ABM having modified oligosacchandes. 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
nonfubosykaied oligosaccharides or bisected, nonfucosylated oligosaccharides in
the Fe region of said molecule. In one embodiment, the bisected, nonfucosylated
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 disclosure is further related to a polynucieotide encoding any of the
ABMs discussed above, and to expression vectors and cells comprising sach a
polynucleotide.

[00343] - In one aspect, there is provided a method for the production of the humanized Type-IT 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 ard recovering said antigen

binding molecule from said culture.
[6034b] In one aspect, there is provided a hwmanized Type I anti-CD20 antigen binding molecule,
wherein the antigen binding molecule is produced by the host cell as defined herein.
[6035) The disclosure is further related to 2 method of producing an ABM, which
is capable of competing with the murine B-Ly! antibody for binding to CD20 and
wherein said ABM is chimeric; said method comprising: (a) culturing a host cell
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comprising & polynucleotide that encodes an ABM of the present disclosure in a
medium under conditions allowing the expression of said palynuclectide

encoding said ABM; and (b) recovering said ABM Fom the resubtant culture.

106035a] 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

acceptable carrier,

[0036]

in another embodiment, the disclosure is related to a pharmaceutical composition comprising the

ABM of the disclosure. It is contemplated that the pharmaceutical
composttion mey further comprise 2 pharmaceutically acceptable camier, an
adjuvant or & combination thereof.
[6036a] In one aspect, there is provided the use of the anfigen binding molecule as defined herein, or
produced by the method as defined berein, for the manufacture of & medicament to treat a B-cell disorder.
[6036b] 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 disorder

treatable by B-cell depletion.
10037} In a further embodiment, the disclosure is related to a method of treating a
disease freatable by B-cell depletion. The method comprises administering &
therapeutically effective amount of the ABM of the present disciosure to a human
subject in need thereof. In 2 preferred embodiment, the disease is treated by
administering an ABM that is a chimeric antibody, or a chimeric fragment of an
aniibody.
90338] In yet another embodiment, the disclosure is related o a host cell engineered to
express at least one melsic acid encoding a polypeptide having GnTHI activity in
en amnonnt suficient to modify the cligesaccharides in the Fo region of produced
by the host cell, wherein the ABM 1s capable of competing with the murine B-
Lyl antibody for binding to CD20 and wherein the ABM is chimeric. In one
embodiment, the polypeptide having Gu'TTII activity is a fusion polypeptide. In
another embodiment, the ABM produced by the host cell is an anifbody or an
entibody fragment. In a2 further embediment, the ABM comprises 2 region
equivalent to the Fe region of a human IgG. __
[3038a] In 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 Fe region.
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The disciosure is also directed to an isolated polynucleotide comprising at
least one complementarity determining region of the omrine B-Ly1 antibody, ora
variant or trancated form thersof containing at least the specificity-determining
residues for said complementarity defermining region, wherein said isolated
polynuciectide encodes z fusion polypeptide. Preferably, such isolated
pelynucleotides encode a fusion polypeptide that is an antigen binding moiecule.

In one embodiment, the polynuclectide comprises three complementarity
determining regions of the murine B-Lyl antibody, or variants or rumeated forms
thereof containing at least the specificiiy-determining residues for cach of said

three complementarity determining regioms. In ancther embodiment, the



152

polynucieotide encodes the entire variable region of the light or heavy chain of a
chimeric (e.g., humanized) antibody. The disclosure is further directed to the
polypeptides encoded by such polynucieotides.

(06401 In another embodiment, the disclosure is directed to an antigen combining
molecuie comprising at lsast one complementarity determining region of the
murine B-Ly1 antibody, or a variant or romcated form thereof containing at lest
the specificity-determining residues for szid complementarity determining resion,
and comprising a sequence derived from. a heterclogous polypeptide. In one
embodiment, the antigen binding molecule comprises three complementarity
determining regions of the murine B-Lyl antibody, or variants or tmmcated forms
thereof containing at least the specificity-determining residues for each of said
three complementarity determining regions. In another embodiment, the antigen
tinding molecule comprises the variable region of an antibody light or heavy
chain, In one particularty usefnl embodiment, the antigen binding moleculeisa
chimeric, e.g., humanized, antibody. The disclosure is also directed to methods of
making such antigen binding molecules, and the use of same in the treatment of

 disease, including B cell lymphomas.

(0041 The present disclosure is the first known instance in which a Type 1I anti-
CD2{ antibody has been engineered to have increases effector functions such as
ADCC, winile still retaining potent apoptosis ability. Accordingly, the present
disclosure is directed to an engineered Type IT anti-CDD20 antibody having
mereased ADCC as a resuit of szid engineering and without loss of substantial
sbility to induces apoptosis. In ome embodirnent, the Type I ant-CD20
antibodies have been engineered to bave an altersd pattern of glycosylation in the
Fcregion. In a particular embodiment, the aftered glycosylation cormprises an
increased level of bisected complex residues in the Fc region. In another
particular embodiment, the altered glycosylation comprises and reduced level of
fucose residuss in the Feregion. In another embodiment, the Type I anti-CD20
antibodies have undergone polypeptide engineering. The disclosure is further
directed to methods of making such engineered Type I antibodies and to
methods of using such antibodies in the treatment of various B cell disorders,

including B cell Iyraphomas.
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[0042] The host cell of the present disclosure may be selected from the group that
inchudes, but 1s not limited to, 2 CHO cell, 2 BHE cell, aNSO ¢ell, a SP2/0 cell, a
YO myeloma cell, 8 P3X63 mouse mysloma cell, s PER ¢ell, a PER.C6 celi ora
hybridoma cell. In one embodiment, the host cell of the disclosure further
compyises a transfected potynuclectide comprising a polymuclectide encoding the
Vi region of the murine B-Lyl antibody or vartants thersof and a sequence
encoding a region equivaient to the Fe region of & humean mmunoglobulin, n
another embodiment, the host cell of the disclosure further comprises a transfected
polynucizotide comprising a polynucisotide encoding the Vg region of the
murine B-Lyl antibody or variants thereof and a sequence encoding a region
equivalent to the Fe region of 2 human immunoglobulin,

{08431 In & further embodiment, the disclosure is directed to a host cell that produces an
ABM that exhibits increased Fe receptor binding affinity and/or increased
effector fimotion a5 2 result of the modification of its oligosacchanides. In one
embodiment, the increased binding affinity is to an Fe receptor, particularly, the
FoyRIIA raceptor. The effector function contemplated herein may be selected
from the group that includes, but is not limited to, increased Fo-mediated celivtar
cytotoxicity; increased binding to NK celis; inersased binding to macrophages;
increased binding to polymorphonuclear cells; mmoreased binding fo monocytes;
increased direct signaling inducing apoptosis; increased dendritic cell maturation;
and increased T cell prizming,

(0044}

In a further embodiment, the host cell of the present disclosure comprises

at least one nucleic acid encoding a polypeptide having GnTIN activity that is
operably linked to a constitutive promoter slement,
[0045] iIn another embodiment, the disclosure is directed to a method for producing an
ABM in a host cell, comprising: {a) culluring & host cell enginesred to expregs at
east one polynucieotide sncoding & fusion polypeptide having GuTII activity
under conditions which permit the production of said ABM and which permit the
modification of the oligosaccharides present on the Foregion of said ABM; aad
(b) isolating said ABM; wherein said ABM is capable of compsting with the
murine B-Lyl antibody for binding to CD20 and wherein seid ABM is chimeric.

In one embodiment, the polypeptide having GuTII activity is a- fusiom
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polypeptide, preferably corprising the catalytic domain of GnTTH and the Golgl
localization dornain of a heterologous Golgi resident polypeptide selected from
the group consisting of the localization downain of mapnosidass IL the
localization domeain of B(1,2}-N-acetylglucosaminyltransferase I (“CnTl"), the
localization domain of mannosidase I, the localization domein of B(1,2}MN-
acetylglucosaminyliransferase II (“GoTII™), and the localization domain of al-6
core fiisosyltransfsrase. Preferably, the Golgi localizalion domain is fom
mannosidase I or GnTL

[0046] In a further embodiment, the disclosure is directed to & method for modifying the
glycosylation profile of an anti-CD20 ABM produced by a host cell comprising
introducing into the host cell at least one nneleic acid or expression vector of the
disclosure. In one embodiment, the ABM is an antibody or a fragment thereof;
preferably comprising the Foregion of an IgG. Alternatively, the polypeptideisa
fusion protein that includes 2 region equivalent to the Fo region of a human 12G.

160471 In one embodiment, the disclosure is related to a recombinant, chimeric

' antibody, or a fragment thereof, capable of competing with the murine B-Lyl
antibody for bmding fo CD20 and having reduced fucosyiation.

16048} I another embodiment, the present disclosure is directed te a method of
modifying the ghycosylation of the recombmant antibody or a fragment thereof of
the disclesure by using a fusion polypeptide having GnTIII activity and
comprising the Golgl localization domain of a heterclogous Golgl resident
polypeptide. In one embodiment, the fusion polypeptides of the disclosure
comprise the catelytic domam of GnTIIL In another smbodiment, the Golgl
localization domain is selected fom the group consisting of the localization
domain of mannosidase II, the localization domam of GrTl, the localization
domain of marmosidase I the localization domain of GnTl and the locakzation
domain of ¢l-6 core fucosylransferase. Preferably, the Golgl localization
domain 1s from mannosidase I or GnTL

[0049] Iz one embodiment, the method of the disclosure is directed towards

' producing arecormtbinant, chimerie antibody or a fragment thereof, with modified
oligosaccharides wherein said modified oligosaccharides have reduced

fucosylation as compared fo non-modified oligosaccharides, According to the
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present disclosure, these modified oligosaccharides may be hybrid or complex. In another embodiment, the

method of the disclosure is directed towards producing a
recornbinent, chimeric antibody or & fragment thersof having an increased
proporiion of bisected, nonfucosylated oligosaccharides in the Fe region of said
polypeptide. Inone embodiment, the bisected, nonfucosylated oligosaccharides
are  hybrid. I another embodiment, the bisected, nonfucosyiaied
ohigosaccharides are compiex. In a firther smbodiment, the method of e
disclosure is directed towards producing a recombinant, chimeric antibody ora
fragment thereof having at least 20% of the oligosaccharides in the Fo region of
sa1d polypeptide that are bisected, nonfucosylated. In apreferred smbodiment, at
ieast 30% of the oligosaccharides in the Fo region of said polypeptide are
1sected, nonfucosylated. In another preferred embodiment, wherein at least 25%
of the oligosaccharides in the Fe region of said polypepide are bisected,
nonfucosylated.

[0050] In a further embodiment, the disclosure is ditected to a recombinant, chimeric
antibody or a fragment thereof, that exhibits increassed Fo receptor bmding
effinity and/or increased effector function as & result of the modification of its
oligosaccharides. In one embodiment, the increased binding affinity is fo an Fo
activating receptor, In a fiwther embodiment, the Fo receptor is Foy activating
receptor, parficuiarly, the FoyRIUIA receptor. The effector function conternplated
herein may be selected from the group that includes, but is not Hmited to,
increased Fe-mediated cellular cyiotoxicity; increased binding to NE celly
increased binding to macrophages; mereased binding to polymorphonuclear cells;
increased binding to monocytes; increased direct signaling mducing apopiosts;
inereased dendritic cell matoration; and increased T cell priming.

00511 In another embodiment, the disclosure is directed to a recombinant, chimeric
antibody fragment, having the binding specificity of the mourine B-Ly! antibody
and containing the Fc reglon, that is engineered to have increased effector

function produced by any of the methods of the present disclosure.

[0052] In another embodiment, the present disclosure is directed to a fusion protein that
includes 2 polypeptide having the sequence of SEQ ID Nl and a region

equivalent o the Fe region of an impnmoglobuiin and engineered to have
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increased effector function produced by any of the methods of the present
disclosure,

[0653] In another embodiment, the present disclosure is directed fo a fusion protein that

incindes 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
mcreased effector function produced by any of the methods of the present
disclosure,
[0654] In one embodiment, the present disclosure is directed to a pharmaceutical
composition comprising a recombinant, chimeric antibody, produced by any of
the methods of the present disclosure, and a pharmaceutically acceptable camier. In another embodiment,
the present disclosure is directed to a pharmaceutical
composition comprising a recombinant, chimeric antibody fragment produced by
any of the methods of the present disclosure, and a pharmaceutically acceptabie carrier. In another
embodiment, the present disclosure is directed to a pharmaceutical
composition comprising a fusion protein produced by any of the methods of the
present disclosure, and a pharmaceutically acceptable carrier,
[0055] The disclosure is further directed tc a method of treating a disease
treatable by B-cell depletion comprising administering a therapeutically effective
amount of the recombinant, chimeric, anttbody or fragment thereof, produced by

any of the methods of the present disclosure, to a human subject in need thereof.

BRIEF DESCRIPTION OF THE FIGURES

106656} FIG 1. Nucieotide (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 NC: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.

[6059] FIG 4. B-Cell depletion by Rituximab® (O) and ch-B_Lyl (A) in whole

blood of the three different classes of FoyR1Ila-158V/F genotype: (A) whole
blood from a F/F donor, homozygous for the lower affinity receptor; (B) whole
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biood from a F/V donor, heterozygous for the affinity receptor; and (C) whole
blood from 2 V/V donor, homozygous for the higher affinity receptor.

[6060] FIG 5. Nucleotide (SEQ ID NG:11) and amino acid sequence (SEQ ID
NO:13) of the heavy chain of a chimeric, anti-CID20 antibody.

f0061) FIG 6. Nucleotide (SEQ ID NO:12) and amino acid sequence (SEQ ID
NC:14) of the light chain of a chimeric, anti-CD20 aniibody.

[6862] FIG 7. Nucleotide and ammo acid sequences of the murine B-Lyl
antibody CDRs. (A) Predicted CDRs for the Vy region. (B) Predicted CDRs for
the Vi region.

{0063] FIG 8 MALDI-TOF profile of a glycoengineered, chimeric B-Lyl
antibody. (A} Table detailing the percentages of specific peaks: (B) Spectrum for
glycoengineerad chimeric B-Ly1; {C) Spectrum for glycoengineered chimeric B-
Lv1 treated with Endo-H.

10064} FIG 9. Binding of different humanized anti-CD20 antibodies to Raji B-
celis. The differences between the B-HH2 construct and the B-HL8 and B-HL11
comstructs are located in the framework 1 and 2 regions with all three CDRs
being identical. B-HLS and B-HL11 have their FR1 and FR2 sequences derived
from the human VH3 class, whereas the complete B-HH?2 framework is human
VHI derived. B-HIL11 15 & denivative of B-HLE with the single mutation
GlulGln, with Gin being the anyino acid residue in the B-FHH2 construct. This
means that the GiulGin exchange does not alter binding affinity or intensity. The
other differences between B-IH2 and B-HL8 are 14 FR residues, from which
one or more will influence the antigen binding behavior of this antibody.

[0065] FIG 10, Binding of the humanized anti-CD20 antibody BHL4-KV] on
Raji target cells, The B-HILA construct is derived from the B-HH2 antibody by
replacing the FR1 of the B-HH2 with that of the human germn Ene sequence
VEHI1_45. This construct shows greatly diminished antigen binding capacity,
despite of having different amino acids at only three positions within FR1, These
residues are located at posttions 2, 14, and 30 according to Kabat numbering, Of
these, position 30 seems to be the most influential position, since it is part‘ of the
Chothia definition of CDR1.
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FIG11. Comparison of the binding behavior between B-HH1, B-HHZ,
B-HH3, and the parental antibody B-lyl. The data show that all Abs show a
similar BC50 wvalue, but the B-HH1 construet binds with a lower
intensity/stoichiometry than the the variants B-F{H2 and B-HH3. B-HH1 can be
distinguished from B-FH2 and B-HH3 by its partially humen CDR1 and CDR2
regions {Kabat definition), as well as the Ala/Thr polymorphism at position 28
(Kabat numbering). This indicates that either position 28, the complete CDR1,
and/or the complete CDR2 is important for antibody/antigen interaction.

FIG 12.  The comparison of B-HL1, B-HHI, and the B-lyl parental
antibody. The datashowed absence of any binding activity m the B-HLI
construct, and about half of the binding intensity /sioichiometry of B-HHI
compared to B-lyl. Both B-HLI, as well as B-HHI, 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 irnportance for antigen binding,

FIG 13. Pluorecytometric analysis of the capaicty of the anti-CD20
antibody te its antigen. The data showed that the B-HL2 and B-HL3 constructs
do not display CD-20 binding activity.

FIG 14, Apoptosis of anti-CD20 antibodies on Z-138 MCL cells.

FIG 15, Apaptosis by anti-CD20 antibodies. Assay details: 5 x 1035
cells/well were seeded in 24-well plates (5 x 105 cells/ml) in culture medium. 10
mg of the respective Ab, PBS for the negative control or SmM Camptothecin
(CPT) positive control were added to the wells. Sampiles were incubated o/n {16
b), stained with AnuV-FITC and analysed by FACS. Assay was done in
triplicates.(*). Signal for PBS alone subtracted (PBS alone gave 8% and 2%
AmnV+ for PR-1 and Z-138 cells respectively). Antibodies unsed were: C2BE
(chimeric, non-glycoengineered); BHH2-KV1  {(bumanized, non-
glycoengineered), Note: this assay doss not involve any additional effector cells,
Just targets plus antibody or conirols.

FIG 16. Target-cell killing by anti-CD20 antibodies with imrune effector '
cells. Assay details: B-cell depletion in normel whole blood overnight incubation
and anabysis for CD15+CD3+by FACS. ADCC using PBMCs as effectors, 4 1
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incubation, 25:1 effectorrtarget ratio, target-killing measured by Calcein-retention
relative to detergent-lysis (100%) and fo lysis without Ab (0%). Antibodies used:
C2B8 {chimeric, non-glycoengineered form); BHH2-KV1-wt (humenized, non-
giycoengimeered forra  of BHH2-KVI), BHH2-KVI-GE (humanized,
glycoengineered form of BHH2-KV1),

J6072] FIG 17. MAIDUTOF-MS profile of PNGaseF-released Fe-
oligosaccharides of wumodified, nonglycoengineered BHH2-KV1 humanized
IgG1 B-lyl anti-human CD20 émibody.

0073} FIG 18, MALDUTOF-MS profile of PNGaseF-released Fe-
oligosaccharides of glycoengineered BHFI-KV1gl humanized 1gG1 B-iy1 anti-
human CD20 antibody. Glycoengineering done by co-expression in host cells of
antibody genes and gene encoding  enzyme with  B-1,4-N-
acetylgincosaminyltransferase I (GnT-II) catalytic activity.

10674 FIG 15, MALDITOR-MS profile of PNGaseF-released Fe-
oligosaccharides of glycoengineered BHHZ-KV1 g2 humanized 19G1 B-ly] anti-
human CD20 antibody. Glycoengineering done by co-expression in host cells of
antibody  genes and  genes  encoding  enzyme {r_aith p~1,4-N-
acetylglucosaminyltransferase 1L {(GnT-I0) catalytic activity and encoding
enzyme with Golgi o-manmosidase I catalytic activity.

0675] FIG 20, Binding of non-glycoenginesred and glycoenginesred antibodies
to human FegammaRIHa receptor displayed on the surface of vecombinant CHO-
CD16 cells.

{0076] FIG 21, Apoptosis of non-Fe engineered and Fe-engmeerad anii-CD20

-entibodies on Z-138 MCL cells. Assay details; 3 x 105 cells/well were seeded in
24-well plates (5 x 105 celis/inl) in culture medium. 10 mg of the respeciive Ab,
PBS for the negative control were added to the wells. Samples were incubated o/n
(16 I}, stained with AonV-FITC and analysed by FACS. Assay was done in
triplicates. Abs used: C2B8 = rituximab (chimeric, non-glycoenginesred form,
same as commercial form); BHH2-KV1 (humanized, non-glyvcoangineerad-ses
Figure 6 for glycosylation profiie); BHH2-XV1gl (humanized, glycoenginesred
—~ see Fig7 for glycosylation profile); BHH2-KV1ig? (humanized,
glycoengineered — see Fig § for glycosylation profile), Note: this assay does not
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involve any additional effector cells, just targets plus antibody or controls. (¥}
Signal for PBS alone subtracted.

DETAILED DESCRIPTION OF THE INVENTION

60773 Terms are used herein as generally used in the ar(, unless otherwise
defined as follows.

[6678] As used herein, the term aniibody is intended to include whole antibody
molecules, including monoclonal, polyclonal and multispecific {e.g., bispecific)
antibodies, as well as antibody fragments having the Fo region and retaining
binding specificity, and fusion proteins that include a region equivalent to the Fo
region of an immunogiobulin and that retain binding specificity. Also
encompassed are humanized, primatized and chimperic antibodies.

[6078] As used herein, the term Fe region is intended to refer to 2 C-terminal
region of an IgG heavy chain. Although the boundaries of the Fe region of an
Ie(i heavy chain might vary slighily, the human IgG heavy chein Fe region is
usually defined to stretch from the amino acid residue gt position Cys226 to the
carboxyl-terminus.

{0684} As used herein, the term region eguivalent fo the Fc region of an
immunoglobulin is intended to mnclude naturally occurring allelic variants of the
Fe region of an fmmunoglobulin 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 fimctions
(such as antibody dependent cellular cytotoxicity). For example, oné or more
arino acids can be deleted from the N-tenminus or C-tenminus of the Fo region of
0 SITOUNO globulin without substantial loss of biological finction. Such varianis
can be selectsd according to general rules known in the art so as to have minimal
effect on activity, (See, e.g., Bowie, J. U. ef al., Science 247:1306-10 (1990},

{6081} As used herein, the term anfigen binding molecule refers in its broadest
sense to a molecule that specifically binds an antigenic determimant. More
specifically, an antigen binding molecule that binds CD20 1s a molecule which

anerificativ hindas to a cell surface non-olveogviated nhosphonrotetn of 35.000
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Daltons, typically designated as the human B lymphocyte restricted
differentiation antigen Bp33, commonly referred to as CDZ0. By "specifically
binds" iz meant that the binding is selective for the antigen and can be
discriminated from unwanted or nonspecific interactions.

(6082} As used herein, the terms fiesion and chimeric, when used in reference to
polypeptides such as ABMs refer o polypeptides comptising amino acid
sequences derived from two or more heterclogous polypeptides, such as portions
of antibodies from different species. For cimeric ABMs, for example, the non-
antigen binding componenis may be derived from a wide varisty of species,
including primates such as chimpanzess 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 substaniially 1dentical to that of & recombinent antiCD-20 antibody

 having the amino acid sequence of the mnwine B-Lyl variable region
Huomanized antibodies are a particularly preferred form of fusion or chimeric
antibody.

[0083] As used herein, a polypeptide having "GnIII activity” refers to
polypeptides that are able to caialyze the addition of a N-acetylglucosamine
(GicNAc) residue in 8-1-4 linkage to the fB-linked marmmeside of the trimannosyl
core of N-linked oligosaccharides. This includes fusion polypeptides exhibiting
enzymatic activity similar to, buf pot necessarily identical to, an aciivity of
B(1,4)-N-acetylglucosaninyltransferase I, alse known as p-1,4-mannosyl-
glycoprotein 4-beta-N-acetylgiucosaminyl-transferase (EC 2.4.1.144), according
to the Nomenclatire Commities of the International Union of Biochemistry and
Molecular Biology (NC-IUBMB), as measured in & particular biological assay,
with or without dose dspendency. In the case where dose dependency does exist,
it need not be identicat to that of GaTTI, bwt rather substantially sirmlar fo the
dose-dependence in a given activily as compared tothe GnTl (Le., the candidate
polypeptide will exhibit greater activi{'y or not mnore than about 25-fold less and,
preferably, not more than about tenfold less activity, and most preferably, not

more than about three-fold less activity relative to the GnTHL)
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{04841 As used herein, the term varignt {(or analog) refers to a polypeptide
differing from a specifically recited polypeptide of the invention by amino acid
insertions, deletions, and substitutions, created using, e g, recombinant DNA
techniques. Variants of the ABMs of the presezit invention include chimeric,
primatized or humanized antigen binding molecules wherein one or several of'the
amine acid residues are modified by substitution, addition and/or deletioninsuch
manner that does not substantially affect antigen (e.g., CD20) binding affinity.
Guidance i determining which arnine acid residues may be replaced, added or
deleted without abolishing activities of inferest, may be found by comparing the
sequence of the particular polypeptide with that of hdmologous peptides and
minimizing the mumber of amino acid sequence changes made in regions of kigh
homology {conserved regions) or by replacing amino acids with consensus
sequence.

[B085]) Alternatively, recombinant variants encoding these same or similar
polypeplides may be synthesized or selected by maling use of the "redundancy™
in the genetic code. Various coden substitutions, stich as the sitent changes which
produce various msﬁiction sites, may be introduced o optimize cloning to &
plasmid ar viral vector or expression in a particular prokaryotic or enkaryotic
system. Muiations in the polynucleotide sequence may be reflected in the
polypeptide or domains of other peptides added to the polypeptide to modify the
properties of any part of the polypeptide, to changs characteristics such as ligand-
binding affinities, interchain affinities, or degradation/fmrpover rate.

[0686] Preferably, amino acid "substitutions" are the result of replacing one
amino acid with another amino acid having similar structural and/or chemical
properties, i.¢., conservative amino acid replacernents. "Conservative” amino acid
substifutions may be made on the basis of similarity in polarity, charge,
solubility, hydrophobicity, hydrophilicity, and/or the amphipathic natore of fhe
regidues involved. For example, nonpolar (hydrophobic) amino acids include
slamine, leucine, isolevcine, valine, proline, phenylalanine, tryptophan, and
methionine; polar neutral amino acids include ghycins, serine, threonine, cysteine,
tyrosine, asparagine, and ghutamine; positively charged (basic) amino acids

© include arginine, lysine, and histidine; and negatively charged (acidic) amino
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acids mclude 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
arpino acids. The variation allowed may be experimentally determined by
systematically making insertions, deletions, or substitutions of amino acids ina
polypeptide molecule using recombinant DNA techniques and assaying the
resulting recombinant variauts for activity,

16087 Asused herein, the term humanized is used to refer to ap anfigen -binding
molecule dertved from a non-human antigen-binding molecule, for example, a
murine antibody, that retains or substantizlly retaing the antigen-binding
properties of the parent molecule but which is less immunogenic in humans. This
may be achieved by varions methods mcluding (2) grafting the entire non-human
variable domains onto human constant regions to generate chimeric antibodies,
(b) grafting only the non-human CDRs onto human framework and constant
regions with or without retention of eritical framework residues (e.g., those that
are important for retaining good antigen binding affinity or antibody functions),
or (¢} transplanting the entire non-human variable domains, but "cloaking” them
with a uman-like section by replacement of surface residues. Such methods are
disclosed in Jones et al.,, Morrison et al., Proc. Na#l Acad. Sci, 81:6851-6855
(1584); Morrison and Oi, Adv. Immunol., 44:65-92 (1588); Verhoeyen et al.,
Science, 239:1534-1536 {1988); Padlan, Molec. Immun., 28:485-498 (1991);
Padian, Molec. Immun., 31(33:169-217 (1994), all of which are incorporated by
reference in their entirety herein. There are generally 3 complementarity
determining regions, or CDRs, (CDR1, CDRZ and CDR3) in sach of the heavy
and light chain variable domains of an antibody, which are flanked by four
framework subregions (I.e., FR1, FR2, FR3, and FR4) in each of the heavy and
light chain variable domains of an antibody: FR1-CDR1-FR2-CDR2-FR3-CDR3-
FRA. A discussion of humanized antibodies can be found, inter alig, in U.S.
Patent Ne. 6,632,927, and in published U.S. Application No. 2003/6175269, both
of which are Incorporated herein by reference in their entirety.

[0088] 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 example, a murine antibody, that retains or substantially retains the antigen-
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binding properiies of the parent molecule but which is less immmunogenic in

primates.

{0089] In the case where there are two or more definitions of 2 term which is

used and/or .a'ccepted within the art, the defimition of the term as used berein is
intended fo 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-contiguous snfigen combining sites found within the
variable region of both heavy and Hght chain polypeptides. This perticularregion
has been described by Kabat ¢t al,, U.S. Dept. of Health and Human Services,
"Sequences of Proteins of Immunoelogical Interest” {1983) and by Chothiz et al.,
J. Mol Biol. 196:901-317 (1987), which are incorporated herein by reference,
where the definitions include overlapping or subsets of arnino acid residues when
compared against each other. Nevertheloss, application of either definition to
refer to a CDR of an antibody or variants thereof is intended to be within the
scope of the term as defined and used herein. The appropriate amino acid residues
which encompass the CDRs as defined by each of the abovs cited references are
set forth below in Table [ 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 2

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

TABLE 1. CDR Definitions’

Kahat Chothiz ABM |
Vy CDR1 31-33 26-32 26-35 |
Vi CDR2 50-65 52-58 50-58
Vi CDR3 05-102 95102 95-102
Vi CDR1 24-34 26-32
V; CDR2 50-56 50-52
V; CDR3 89-97 91-96 |

"Numbering of all CDR definitions in Table 1 is according to
the numbering conventions sef forth by Kabat et al. {see below).

[0090] Kabat et al. zlso defined a nuwmbering system for variable domain

sequences that is applicable to any antibody. One of ordinary skill in the art can

unambigously assign this system of "Kabat numbering” 1o any varable domain
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sequence, without reliance on any experimental data beyond the s&quenoé itself.
As used herein, "Kabat numbering” refers to the numbering system set forth by
Kabat et al., U.S. Dept. of Health and Human Services, "Sequence of Proteins of
Imrmmological Interest” (1983}, Unless otherwiss specified, references to the
numbering of specific amino acid residue positions in an ABM are according to
the Kabat numbering system. The sequences of the sequence Bsting (e, SEQ ID
NO:T to SEQ ID NO:78) are not numbered sccording to the Kabat numbering
gystem.

foa51] By anucleic acid or polynucleotide having a nucleotide sequence at least,
for example, 95% “identical” to a reference nuclectide sequence of the present
invention, it is intended that the nucleotide sequaﬁce of the polynacleotide is
identical to the reference sequence except that the polynucleotide sequence may
include uwp to five point mutations per sach 100 nuclectides of the reference
nucleotide sequence. In other words, fo obtain a polynucleotide baving a
nuclectide sequence at Tsast 95% identical io a reference nucleotide sequence, up
10 5% of the nucleotides in the reference sequence may be deleted or substituted
with another nuclectide, or a mumber of nucleotides up to 5% of the total
nucleatides in the reference sequence may be inserted into the reference
sequence. The query sequence may be the entire sequence shown in either FIG,
24 or FIG. 25, |

[06092] As a practical matter, whether any particular nucleic acid moleculs 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
for determining the best overall match between a query sequence {a sequence of
the present invemfion) and a subiect sequence, also referred to as a global
sequence alignment, can be determined using the FASTDB computer program
based on the algorithmm of Brutlag ef al., Comp. App. Biosci. 6:237-245 (1990). In
a sequence alignment the guery and subject sequences are both DMNA sequences.
An RNA sequence can be compared by converting U's fo T's. The result of said
global sequence alignment is in percent identity. Preferred parameters usedina

FASTDB alignment of DNA sequences to calculate percent identity are:
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Matrix=Unitary, k-tupie=4, Mismaich Penalty=1, Joining Penalty=30,
Randomization Group Length=(, Cutoff Score=1, Gep Penalty=5, Gap Size
Penalty 0.05, Window Size=500 or the length of the subject nucleotide sequence,
whichever is shorter.

Ifthe subject sequence is shorter than the query sequence because of 5 or
3' deletions, not because of mternal deletions, a manual correction most be made
to the resnlts. 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

593941

matched/aligned, as a percent of the total bases of the query sequence. Whethera
nucleotide is matched/aligned is determmed by results of the FASTDB sequence
alignment. Tius percentage is then subiracted from the percent identity,
caloulated by the above FASTDR program using the specified parameters, to
arrive at a final percent ideniity score. This corrected score is what is used for the
purpeses 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
matched/atigned with the query seguence, are calculated for the purposes of
marually adjusting the percent identity score.

For example, a 90 base subisct 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 therefors, 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 seuence (pumber of bases at the 5' and 3' ends not
matched/iotal number of bases m the query sequence) so 10% is subtracted from
the percent identity score caleulated by the FASTDB program. If the remaining
90 bases were perfectly maiched the final percent identity would be 90%. In
another example, a 90 bese subject sequence is cornpared with a 100 base query
sequence, This time the deletions are internal deletions so that there are no bases
on the 5' or 3' of the subject sequence which are not matched/aligned with the

query. In this case the percent identity calenlated by FASTDB is not manually
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corrected. Onoe again, only bases 5' znd 3’ of the subject sequence 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.

16095} By a polypeptide having an amino acid sequence at least, for exampls,
959 “"identical” to a query amino acid sequence of the present invention, it is
intended that the amino acid sequence of the subject polypeptide is identical to
the query sequence except that the subject polypeptide sequence may inclnde up
to five amino acid alterations per each 100 amino acids of the query amino acid
sequence, In other words, to obtain a polypeptide having an awino acid sequence
atleast $5% identical to 2 query amino acid sequence, up to 3% of the amino acid
residues in the subject sequeﬁse may be inserted, deleied, or substituted with
another arnino acid. These alierations of the reference sequence may oceur at the
amino or carboxy terminal positions of the reference amino ascid sequence or
anywhere between those terminal positions, interspersed either mdividually
among residues in the reference sequence or In one or mMore cOTHIZUOUS ETOUPS
within the reference sequence.

[0696] As apractical matter, whether any particular polypeptide is at least 80%,
85%, 90%, 95%, B6%, 97%, 98%% or 99% identical to areference polypeptide can
be determined conventionally using kmown computer programs, A preferred
method for determining the best overall maich between a query sequence (a
sequence of the present invention) and a subject sequence, alsc referred to as a
global sequence alignment, can be determuned using the FASTDEB computer
program based or the al;gsrithm of Brutlag ez al., Comp. App. Biosci. 6:237-245
(1950). In a sequence alipnment the guery and subject sequences are either both
nuclectide sequences or‘boi:“n amino acid sequences. The result of said global
sequence alignment 18 in percent identity. Preferred parameters used in z
FASTDER amino acid alignment are; Matrix=PAM 0, k-tuple=2, Mismatch
Penalty=1, Joining Penatty=20, Randomization Group Lengih=0, Cuatoff Score=1,

indow Size=sequence length, Gap Penalty=5, Gap Size Penalty=0.05, Window
Size=500 or the length of the subject amino acid sequence, whichever ig shorter.
[6097] If the subject sequence is shorter than the query sequence due fo N—or

C-terminal deletions, not becanse of internal deletions, a manual correction must
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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 caloulating
global percent identity. For subject sequences troncated at the N—and C-termini,
relative to the query sequence, the percent identity is corrected by calculating the
number of residuss of the query sequence that are N- and C-terminal of the
subject sequence, which are not matched/aligned with a corresponding subject
residue, as a percent of the total bases of the query sequence. Whether a residue
is rpaiched/aligned is determined by results of the FASTDE sequence alignment.
This percentage is then subiracted from the percent identity, calculated by the
above FASTDB program using the specified parameters, to arrive at g final
petcent 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 guery sequence, are
considered for the purposes of manually adjusting the percent identity score.
That is, only query residus positions outside the farthest N— and C-terminal
residues of the subject sequence.

[0098] For example, a 90 amino acid residue subject sequence 1s aligned with a
100 residue guery sequence to determine percent identity. The deletion occors at
the N-terminus of the subject sequence and therefors, the FASTDB alignment
does not show a matching/alignment of the frst 10 residues at the Nerminus.
The 10 unpaired residues represent 10% of the sequence (mumber of residues at
the N- and C- termini not matched/total number of residues in the query
sequence} so 10% 18 subtracted from the percent identity score caleulated 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 guery sequence. This time the deletions
are infernal deletions so there are no regidues at the N— or C-termini of the subject
sequence which are not matched/aligned with the query. In this case the percent
identity calouiated by FASTDB is not manually corrected. Once again, only
residue positions oufside the N and C-terminal ends of the subject sequence, as

displayed m the FASTDB alignment, which are not matched/aligned with the
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query sequence ars manually corvected for. No other manual corrections are o
be made for the purposes of the present invention.

As used herein, a nucleic acid that "hybridizes under stringent conditions”
to 2 nucleic acid sequence of the invention, refers to a polynucleotide that
hybridizes in an overnight incubation at 42° C in 2 solution comprising 50%
formamide, 5% SSC (750 mM NaCl, 75 mM sodium citrate), 50 mM sodium
phosphate (pH 7.6}, 5x Denhardt's solution, 10% dextran sulfate, and 20 pg/ml
denatured, sheared salmon sperm DNA, followed by washing the filters in 0.1x
SSC at about 65°C,

 As used herein, the term Golgi localization domain refers to the amino
acid sequence of a Golgi resident polypeptide which is responsible for anchering
the polypeptide in location within the Golgi complex. Generally, localization
dormains comprise amino terminal "ails” of an enzyme.

As used hersin, the term effector funcrion refers to those bielogical
activities attributable to the Fe region (a native sequence Foregion or aming acid
sequence variant Fe region) of an aotibody. Examples of anfibody effector
functions include, but are not imited to, Fc receptor binding affinity, antibody-
dependent cellular cytotoxicity (ADCC), antibody-dependent cellular
phagocytosis (ADCP), cytokine secretion, immune-complex-mediated antigen
uptaks by antigen-presenting cells, down-regulation of cell surface receptors, ete.

As used herein, the temms engineer, engineered, engineering and
glyeosylation engineering ave considered 1o include any manipulation of the
giycosylation pattem of & naterally occurring or recombinant polypeptide or
fragment thereof. Glycosylation engineering includes metabolic engineering of
the glycosylation machinery of a cell, including genetic manipulations of the
oligosaccharide synthesiz pathways to achieve alfered glycosylation of
glycoproteins expressed in cells. FPurthermore, glycosylation engneering
inciudes the effects of muetations and cell environment on glveesylation.

As used herein, the term host cell covers any kind of cellnlar sysiem
which can be engineered to generate the polypeptides and antigen-binding
molecules of the present invention. In one embodiment, the host cell is

engineered fo allow the production of an antigen binding molecule with modified
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glycoforms. In a preferred embodiment, the antigen binding molecnis is an
antibody, antibody fragment, or fusion protein. In certain embodiments, the host
cells have been further manipulated to expross increased levels of one or more
polypeptides having GnTHI activity. Host cells include cultured cells, eg.,
manumalian cultured cells, such as CHO celis, BHK cells, NSO cells, SP2/0 cells,
YO myeloma cells, P3X63 mouse myeloms cells, PER cells, PER.C6 cells or
hybridoma cells, yeast cells, insect cells, and plant cells, to name only a few, but
also eells comprised within a transgenic animal, transgenic plant or cultured plant
or animal tissue,

(01041 As used herein, the term Fe-mediated cellular cytotexicity ncludes
antibody-dependent cellular cytotoxicity and celiular cytotoxicity mediated by a
soluble Fe-fusion protein containing a human Fe-region. It is an immune
mechanism leading to the lysis of “antibody-targeted cells” by “human immune
effecior cells”, wherein:

16105} The human immune effector cells are a population of leukecytes 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 2
population may include, but 1s not limited {o, peripheral blood mononuclear cells
{(PBMC) and/or natural killer (INK; cells.

[0106] The antibody-targeted cells ave cells bound by the antibodies or Fe-fusion
proteins, The antibodies or Fe fusion-proteins bind to target cells via the protein
part N-terminal to the Fe region,

(0107} As used herein, the term increased Fe-mediated cellular cytotoxicity is
defined ag either an incresse in the number of “antibody-targeted cells” that are
Iysed in & given time, at a given concenfration of antibody, or of Foe-fusion
protein, i the medium surrounding the target cells, by the mechanism of Fe-
mediated cellnlar cylotoxicity defined sbove, and/or z reduction m the
conceniration of antibody, or of Fo-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 mechamsm of Fo -mediated cellular oyiotoxicity.
The increase in Fo-mediated cellular cyietoxicity is relative fo the cellular

cytotoxicity mediated by the same antibody, or Fe-fusion protein, produced by
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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 ic express the
glycosyltransferase GnTUI by the methods described herein.

[0108] By antibody having increased antibody dependent cellular cytotoxicizy
(ADCC}) is meant an antibody, as that term is defined herein, having increased
ADCC as detormined by any suitable method known to those of ordinary skill in
the art. One accepted in vitro ADCC assay is as follows:

1) the assay uses target cells that are known to express the target

anfigen recognized by the antigen-binding region of the antibody;

2} the assay uses human peripheral blood mononuclesr cells
(PBMCs), isolated from blood of e randomnily chosen healthy donor, as effector
cells;

3} the assay is carried out according to following protocol:

i} | the PBMCs arc isolated using standard density

centrifugation procedures and are suspended at 5 x 10° cells/ml in RPMI cell
culture medium;

it} the target cells are grown by standard tissue culture
methods, harvested from the exponential growth phase with a viahility higher
than 90%, washed in RPMI cell culture medium, labeled with 100 micro-Curies
of 3Cr, washed twice with cell culture medium, and resuspended in cell culture

medinm at a density of 10° cellg/ml;

if) 100 microliters of the final target'cell suspension above are
trapsierred to each well of a 96-well microtiter plate;

v} the antibody is serially-diluted from 4000 ng/mi to 0.04
ng/ml in cell culture medimm and 50 microliters of the resulting antibody
soluiions are added to the target cells in the 96-well microtiter plate, testing in
triplicate various antibody concenirations covering the whole concentration range
above;

V) for the maximum release (MR) controls, 3 additional wells

i the plate containing the labeled target cells, receive 50 microliters of a 2%
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(V/V) agueous solution of non-ionic detergent (INonidet, Sigma, St. Louis),
insiead of the antibody solution (pomt v above};

vi) for the spontansous release (SR) comirols, 3 additional
wells in the plate containing the labeled target cells, receive 50 raicroliters of
RPMI cell culture medium instead of the antibody solution (point iv above};

vil)  the 96-well microtiter plate is then cenirifuged at 50x g for
1 minute and incubated for 1 hour at 4°C;

viil)  30microliters of the PBMC suspension {pointi above) are
added to each well to vield an effactortarget cell ratio of 25:1 and the plates are
placed in an incubator under 5% CO, atmosphere at 37°C for 4 hours;

x) the cell-free supernatant from each well is harvested and
the experimentally released radioactivity (ER) is guantified using a gamma
counter; ‘

x) the percentage of specific lysis is calculated for each
mtibody concentration according to the formula (ER-MR)/(MR-SR} x 100,
where ER is the average radioactivity quentified (see point ix above) for that
antibody concentration, MR is the average radicactivity quaniified (see point ix
shove) for the MR controls (ses point v above), and SR is the average
radicactivity guantified (see point ix above) for the SR controls (see point vi
shove};

43 “increased ADCC” is defined ag either an increass in the
frex gtassndl perceﬁtage of spectfic lysis observed within the autibody concentration
range tested above, and/or a reduction in the concentration of antibody required
to achieve 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 aniibody,
produced by the same type of host cells, using the same standard production,
purification, formulation and storage methods, which are known to those skilied
in the art, but that has not been produced by host cells engineered to overexpress
GaTHL

[0169] In one aspsct, the present invention is related fo antigen binding

molecules having the binding specificity of the murine B-Lyl antibody, and to
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the discovery that their effector functions can be enhanced by altered
glycosylation. In 5116 embodiment, the antigen binding molecule is a chimeric
antibody. In a preferred embodiment, the invention ig direcied to a chimeric
| antibody, or a fragment thereof, comprising the CDRs shown in Figure 7.

Specifically, in a preferred embodiment, the invention is directed to an isolated
polynucleotide comprising: (a) a sequence selected from a group consisting of;
SEQ ID NC..5, SEQ ID NO.: 6 and SEG ID NO..7. (CDRs Vy.1); and (b) a
sequence selected from a group consisting oft SEQ ID NG.:21, SEQ 1D NO.:22
and SEQ ID NO.:23, (CDRs Vy,); and SEQ ID NO:24. In another preferred
embodiment, the mvention is divected to an isolated polynuclectide comprising
SEQ ID NO.§, BEQ ID NO.: 9 and SEQ ID NO.:10. {CDRs Vi). In one
embodiment, any of these polynucleotides encodes a fusion polypeptide.

10110] In another embodiment, the antigen binding molecule comprises the Vi
domain of the murine B-Lyl antibody shown in Figure 1, or a variant thereof;
and a non-murine polypeptide. In another preferred embodiment, the invention is
directed to an antigen binding moleculs comprising the Vi domain of the murine
B-Lyl antibody shown in Figure 2, or g variant thereof, and & non-mnurine
polypepiide.

[0131] In another aspect, the invention is directed to antigen binding molecules
comprising one or more truncated CDRs of BLy-1. Such iruncated CDRs will
cortain, at a mintmum, the specificity-determining amino acid residues for the
given CDR. By "specificity-dstermining residue” is meant those residues that are
directly mvolved in the inferaction with the entigen. 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 mteratomic contacts from three-dimensional
modsling and defermination of the sequence variability at a given residue
position in accordance with the methods described i Padlan et al., FASER J.
9¢1):133-139 (1995}, the contents of which are hereby incorporated by reference
in their entirety. '

[0112] Accordingly, the invention is also directed to an isolated polynucleotide

comprising at least one complementarity determining region of the murine B-Lyl
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antibody, or & variant or truncated form thereof containing at least the specificity-
determmining residues for said complementarity determining region, wherein said
isolated polynucleotide encodes a fugion 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-Lyl antibody, or varians or fruncated forms
fhereof containing at least the specificity-determining residues for sach of said
three complementarity. determining regions. In another embodiment, the
polynucleotide encodes the entite varisble region of the lght or heavy chain of a
chimernic {e.g., umanized) antibody. The invention is further directed to the
polypeptides enceded by such polynucieotides.

[8113] In another smbodiment, the invention is divected to an antigen combining
molecuis comprising at least one complementarily determining region of the
murine B-Lyl antibody, or a variant or truncated form thereof contaming at lest
the specificity-determining residves for said complementarity determining region,
and comprising a sequence derived from a heterologous polypeptide. In one
embodiment, the antigen binding molecule comprises three compiementazity
determining regions of the murine B-Ly1 antibody, 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 antigen
binding molecule comprises the variable region of an antibody light or heavy
chain. In one particularly useful embodiment, the anfigen binding molecule is a
chimeric, &.g., humanized, antibody. The invention is also directed to methods of
making such antigen binding molecules, and the use of same in the treatment of
disease, mncluding B cell lymphomas.

{01141 It is known that several mechanism are invoived in the therapeutic
efficacy of anti-CD20 antibodies, mncluding antibody dependent celiular
cytotoxicity (ADCC), complement-dependent cytotoxicity (CDC), and the
induction of growih arrest or apoptosis. For example, the maority of
experimental svidence indicates that rituximsb 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 vive is a
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function of their sensitivity to CDC in vitro. In contrast, the mode of action in
vivo of another antibody that has been approved for therapeutic use, B1, requires
neither complement nor natural killer (NK)) cell activity. Rather, the efficacy of
Bl in vivo is dus to is ability to induce potent apopiosis.

[6115] In general, anti-CD20 monoclonal antibodies fall into two distinct
categories based on thelr mechanism of action in eradicating lymphoma celis,
Type 1 anti-CD20 antibodies primarily utilize complement to kill target cells,
while Type I antibodies operate by different mechanisms, primarily apoptosis.
Rituximab and 1F5 are examples of Type 1 anti-CD20 antibodies, whereas Bl is
an example of a Type I antibody. See, e.g., Cragg, M.S. and CGlennie, M.,
Blood 103(7):2738-2743 (April 2004); Teeling, J.L. et al., Blood 104(6):1793-

| 1800 (September 2004), the entire contents of which are hereby incorporated by
reference.

[G116] The present invention is the first known instance in which a Type If anti-
CD20 anfibody has been engineered to have increases effector functions such as
ADCC, while still retaining potent apoptosis ability. Accordingly, the present
mvention 18 directed to an engineersd Type IT anii-CD20 antibody having
increased ADCC as a result of said engineering and without loss of substantial
ability to induces apoptosis. In one embodiment, the Type I anti-CD20
antibodies have been engineered to have an altered pattern of glycosylation in the
¥e region. In a particular smbodiment, the altered glycosylation comprises an
increased level of bisected complex residues in the Fe reglon. In another
particular embodiment, the altered glycosylation comprises and reduced level of
fucose residues in the Fo region. See ULS. Pat. Appl. Pub. No. 2004 0093621 to
Shitara er al., the entire contents of which is incorporated by reference. In
another embodiment, the Type II anti-CD20 antibodies have undergone
nolypepiide 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 invention is further directed to methods of making such
engineered Type II antibodies and to methods of vsing such antibodies in the

treatment of various B cell disorders, including B cell lymphomas.
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{0117} Chimeric mouse/human antibodies have been described. See, for example,

- Morrison, S. L. et al., PNAS 11:6851-6854 (November 1984); European Patent

Publication No. 173454, Boulignna, G. L, st al., Naoture 312:642 (December

1984); Neubeiger, M. S. et al., Natuwre 314:268 (March 1985); Buropean Patent

Pubiication No. 125023; Tan et al., J. Fmmmunol, 13 5:8564 (November 1985); Sun,

L. K et al., Hybridoma 5{11:.517 (1986); Sahagan et al,, J. Immunol. 137:1066-

1074 (1586}, See generally, Muron, Nakure 312:597 (December 1984); Dickson,

Genetic Engineering News 5(3) (March 1985); Marx, Science 229:455 {August

1985); and Morrison, Science 229:1202-1207 (September 1985}, Robinson et al.,

in PCT Publication Number WO/88104936 describe a chimeric antibody with

 human constant region and murine variable region, having specificity to an

epitope of CID20; the murine portion of the chimeric antibody of the Robinson

references is derived from the 2H7 mouse monoclonal aniibody {gamma 2b,

kappa), While the reference notes that the deseribed chimeric antibody is a

"srime candidate” for the weatment of B cell disorders, this statement can be

viewed asno more than a suggestion to those in the art to determine whether or

pot this suggestion is accurate for this particular antibody, particularly because

the reference lacks any data o support an assertion of therapeutic effectiveness,

and importantly, data using higher order mammals such as primnates or bumans.

[0118] Methodologies for generating chimeric antibodies are available to those in

the art. For example, the light and heavy chains can be expressed separately,

using, for example, imunucoglobulin light chain and immunoglobulin heavy

chains in separate plasmids, or on a single (e.g., polycisironic) vector, These can

‘then be purified and assembled in vitro into complete antibodies; methodologies

for accomplishing such assembly have been described. Ses, for exarnple, Scharff,

M., Harvey Lectures 69:125 (1974). In vitro reaction parameiers for the

formation of IgG antibodies from reduced isolated light and heavy chains have

also been described. See, for example, Sears ef al, Biochem. 16(9):2016-25
{1977). .

[6119] In a particuiarly preferred embodiment, the chimneric ABM of the present

mvention is a humanized antibody. Methods for humenizing non-human

antibodies are known in the arf. For example, humanized ABMs of the present
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nvention can be prepared according to the methods of 1.5, Pat, No. 5,225,539 to
Winter, U.S. Pat. Ne. 6,180,370 to Queen e al., or U.S. Pat. No. 6,632,927 to
Agdair er al, the entive contents of each of which is 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-hurman amino
acid residues are often referred to as "import” residues, which are typically taken
from an "import" variable domain. Humanization can be essentially performed
follewing the method of Winter and co-workars (Jones et al,, Nature, 321:522-
245 (1586); Riechmann et al., Nature, 332:323-327 (1988); Verhoeyen et al.,
Science, 239:1534-1536 (1988)}, by substituting hiypervariable region sequences
for the corresponding sequences of a humsn antibody, Accordingly, such
"humagized" aniibodies are chimeric antibodies (LS. Pat. No. 4,816,567)
wherein substantially less than ap intact human varizble domain has been
substituted by the corresponding sequence from a non-human species. In practics,
hﬁmanizsd aptibodies are typically human antibodies in which some
hypervariable region residues and possibly some FR residues are substifuted by
residues from analogous sites in rodent antibodies. The subject humanized anti-
CD20 antibodies will comprise constant regions of human immunoglobulin,
{6120} The choice of human variabie domains, both light and heavy, to be nsed
in making the bumanized antibodies is very important io reduce antigenicity.
According to the so-cailed "best-fit" method, the sequence of the variable domain
of a rodent antibody is screenad against the entire lbrary of known human
variable-domain sequences. 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 (Le., FRI, FR,?,,ERB, and FR4) or some combination of the individual
subregions (s.g., FRI and FR2) against a Bbrary of known human variableregion
sequences that correspond to that framework subregion {(e.g., as determined by
Kabat numbering), and choose the human sequence for each subregion or

combinafion that is the closest to that of the rodent (Leung U.S. Patent
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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 & particular subgroup of light or heavy
chains. The same framework may be used for several different humanized
antibodies (Carter ot al., Proe. Natl. Acad. Sci. USA, 89:4285 (1992); Presta et
al., J Jmmunod., 151:2623 (1963)).
0121} It is further important that antibodies be humanized with reteption ofhigh
. effinity for the antigen and other favorable biclogical properties. To achieve this
goal, according to a preferred method, humanized antibodies are prepared by a
process of anatysis of the parental sequences and varions conceptual bumanized
products using three-dimensional models of the parental and humanized
sequences. Three-dimensional immuﬂoglobulin models are commonly avaiiable
and are famibar to those skilled in the art. Computer programs are available
which iflustrate and display probable three-dimensional conformational structures
of selected candidste immunoglobulin sequences, Inspection of these displays
permits analysis of the likely role of the residues in the functioning of the
candidate immunoglobulin 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 tmport sequences
so that the desired anfibody characteristic, such as increased affinity for the target
antigen(s), is achieved. In general, the hypervariable region residues are directly
and most substantially invelved in influencing antigen binding.

{61221 In another embodiment, the antigen binding molecules of the present
mveniion are engineered to have enhanced binding affinity according to, for
example, the methods disclosed in U.S. Pat. Appl. Pob. No. 2004/0132066 to
Balint er o/, the entire contents of which are hereby incorporated by reference.

01231 In one embodiment, the antigen binding molecule of the present invention
is conjugated to an additional moiety, such as a radiolabel or 2 toxin. Such
coryugated ABMs can be produced by numercus methods that are well known in
the art.

[0124] A variety of radionuclides are applicabls to the pregent invention and

those gkilled in the art are credited with the abilify to readily determune which
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radionuclide is most appropriate under a variety of circumstances, For example,

Plhodine is a well known radionuclide used for targeted immmumotherapy.
However, the clinical usefulness of Blodine can be limited by several faciors
including: eight-day physical half-life; dehalogenation of iodinated antibody both
in the blood and at tamor sites; and emission characteristios (eg, large gamma
component) which can be suboptimal for localized dose deposition i 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 indium and Pytirivm.  **Ytifum provides several
benefits for utilization in radioimmunotherapentic applications: the 64 hourhalf-
life of %yttrium is long enough to allow antibody accumulation by tumor and, |
unlike eg, liodine, Pytirium is 4 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
altows for outpatisnt adwinistration of gﬁﬁ’ﬁium—labeled antibodies. Additionally,
internalization of labeled antibody is not required for cell killing, and the local
emission of iomzing radiation should be lethal for adjacent turnor cells lacking
the target antigen.

[0125] Effective single treatment dosages (L.e., therapeutically effective amounts)
of “*ytirium labeled anti-CD20 antibodies range from between about 5 and about
75 m(3, more preferably between about 10 and about 40 mCi. Effective single
freatment non-marrow ablative dosages of " jodine labeled anti-CD20 antibodies
range from between about 5 and about 70 mCi, more preferably between about 5
and gbout 40 mCi. Effective single treatment ablative dosages (ie, may require
autologous bone mamow ‘rapsplantation) of “Yodine labeled anii-CD20
antibodies range from between about 30 and about 600 mCi, more preferably
between about 50 and less than about 500 mCi. In conjunction with a chimeric
ati-CIx20 antibody, owing to the longer circulating half life vis-a-vis murine
antibodies, an effective single ireatment non-marrow ablative dosages of ™ iodine
labeled chimerie anti-CD20 antibodies range from between about 5 and about 40
mCi, more preferably less than about 30 mCi. Imaging criteria for, e.g., the

"indium label, are typically less than about 5 mCi.
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[0126] With respect to radiolabeled anti-CD20 antibodies, therapy therswith can
also oceur using a single therapy treatment or using multiple treatments. Because
of the radionuoclide component, it is preferred that prior to treatment, 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 techniguies, and then purged and frozen
for possible reinfusion. Additionally, it is most preferred that prior to treatment a
diagnostic dosimetry study using a diagnostic labeled antibody (eg, using
"lindium) be conducted on the patient, a purpose of which is to ensure that the
therapeutically labeled antibody (sg, using “yttrium) will not become
unnecessarily "concentrated” in any normal organ or tissue.

[0127] In apreferred esnbodiment, the present invention s directed to an isolated
polymucleotide comprising a sequence that encodes a polypeptide having an
amino acid sequence as shown in Table 3 below. The invention is further directed
1o an 1solated neleic acid comprizing a sequence af least 80%, 85%, 90%, 95%,
96%, 97%, 98% or 59% identical to a nucleotide sequence shown in Table 2
helow. In another embodiment, the Invention is directed fo an isolated nucleic

- acid comprising & sequence that encodes a polypeptide having an amino acid
sequence at least 80%, 85%, 90%, 95%, 96%, 7%, 98% or 99% identical to an
amino agid sequence in Table 3. The invention also encompasses an isolated
rucleic acid comprising a seguence that encodes a polypeptide having the amino
acid sequence of any of the constructs in Table 3 with conservative ammo acid

substitutions.

TABLE 2

| CONSTRUCT | NUCLEOTIDE SEQUENCE | SEQIDNO




Ad-

CONSTRUCT

B-HHI

NUCLEOTIDE SEQUENCE

“SEQIDNO

CAGHETGCAATTGETGCAGTCTGGCGCTGAAGTTAA
CAAGCCTGGGAGTTCAGTGAAGGTCTICCTGCAAGG
CTTCCGGATACACCTTCAGCTATICTIGGATCAGCT
GEGTGCGGCAGGCCCCTIGOACAAGGGCTUGAGTGS
ATGCGACGGATCTITCCCGECGATGGGGATACTGA
CTACGCACAGAAATTCCAAGGAAGAGTCACAATTA
CCGCCGACAAATCCACTAGCACAGCCTATATOGAG
CTGAGCAGCCTCAGATCTGAGGACACGGUCGTGTA
TITACTGTGCAAGAAATOTCTTTGATOGTTACTGGCT

TGTITACTGOGGCCAGCGAACCCTGETCACCGTCT
CCTCA

29

B-HH2

CAGGTGCAATTGETGCAGTCTGGOCGUTGAAGTTAA
GAAGCCTGOGGAGTTCAGTGAAGGTCTCCTGLAAGG
CTTCCGUGATACGCCTTCAGCTATTCTTGGATGAACT
GGGTGCGCGCAGGCCCCTECACAAGGECTCGAGTGEG
ATGGGACGGATCITTCCCGGCGATGGGGATACTGA
CTACAATGOOAAMATTCAAGGGCAGAGTCACAATTA
CCGCCGACAAATCCACTAGCACAGCCTATATGGAG
CITGAGCAGCCTOAGATCTGAGGACACGGCCGTGTA
TTACTGTGCAAGAAATGTICTTTGATGGTTACTGGCT

TCTITACTGEGGCCAGGGAACCCTGGTCACCGTCT
CCICA

31

B-HH3

CAGGTGCAATTGETGCAGTCTGGCGCTGAAGTTAA
GAAGCCTGGCAGTTCAGTGAAGETCICCTGCAAGS
CITCCGGATACGCCTICAGCTATTICTTGGATGAACT
GOCTACOGCAGGCCCCTGGACAAGGGCTCGAGTGG
ATGGGACGCGATCTTTCCCOGCGATGGGOATACTGA
CTACAATGGGAAATTCAAGGGCAGAGTCACAATTA
CCOCCGACAAATCCACTAGCACAGCCTATATGGAG
CTOAGCAGCCTGAGATUTGAGGACACGGCCOTGTA
TCTGTGTGCAAGAAATGICTTICGATGGTTACTGGCT

TGTTEACTGGGOCCAGGGAACCCTGGTCACCGTCT
CCTCAGCTAGCALCC

33

B-HB4

CAGGTGCAATTGGTOCAGICTOGCGUTGAAGTTAA
GAAGCCTGGAGCTTCAGTCAAGGTCTCCTGCAAGG
TCTCOGGATACGCGTTICAGCTATTCTTIGGATGAACT
GGOTGOUGGCAGGCCCCTGCACAAGGGCTICGAGTGE
ATGGGACGGATCITTCCCGGCGATGGGOATACTGA
CTACAATGGGAAATICAAGGOGCAGAGTICACAATTA
CCGCCGACAAATCCACTAGCACAGUCTATATGGAG

TTACTGTGCAAGAAATGTCT I TGATGGTIACTGGCT

TGTITACTGGGGCCAGOGAACCCTGETCACCGTCT
CCTCA

35




S

CONSTRUCT

B-HH5

SEQGIDNO

CAGGTGCAATTGOTGCAGTCTGOCOCTGAAGTTAA
GAAGCCTGOGAGTTCAGTGAAGGTCICCTGUAAGS
CTICCGGATACGUGTICAGCTATTCTIGGATGAGCT
GOOTECGGCAGGCGCCTGEACAAGGECTCGAGTG

GATGGGACGGATCTTTCCCGGCGATGGGGATACTG
ACTACAATGGGAAATTCAAGGGCAGAGTICACAATT
ACCGCCGACAAATCCACTAGCACAGCCTATATGGA
GCTGAGCAGCCTGAGATCTGAGGACACGGCCETGT
ATTACTGTGCAAGAAATGTICTITGATGETTACTGGO

TTGTTTACTGGGOCCAGGGAACCCTGOTCACCETCT
CCICA

37

B-HHG

CAGGTGCAATTIGOTGCACGTCTGGCGCTGAAGTTAA
GAAGCCTGGGAGTTICAGTGAAGGTCTCCTGCAAGG
CITCCGGATACGUCTTCAGCTATICTITGGATCAATT
GGETGCGGCAGCGCCCCTGCACAAGGGCTCGAGTG

GATGGOACGGATCITTICCCGGCGATGGGGATACTG

ACTACAATGGGAAATTCAAGGGCAGAGTCACAATT

ACCOCCOACAAATCCACTAGCACAGCCTATATGGA

GCTGAGCAGCCTGAGATCTGAGGACACCLCCATGT

ATTACTGTOCAAGAAATGTCTTTGATGOTTACTGGC
TTGTTITACTGGGGUCAGGCAACCCTGGTCACCGTCT
CCTCA,

39

B-HHT

CAGGTCCAATTGOTGCACGTCTGGCCCTGAAGTTAA
GAAGCCTGGOAGTTCAGTIGAAGGTICTCCTGCAAGE
CTTCCGGATACGCCTICAGUTATTCTTGCGATCTCGT
GOOTCCGGLAGGCGCUTGGACAAGOGCTCGAGTG
GATGOGACGOATCTTTCCCGGUGATACGGOATACTG
ACTACAATGGGAAATTCAAGGGCAGAGTCACAATT
ACCGCCGACAAATCCACTAGCACAGCCTATATGGA
GCTGAGCAGCCTGAGATCTGAGCGACACGGCCGETGT
ATTACTCTGCAACGAAATGTCTTTGATGETTACTGGC

TIGITTACTGGGGCCAGGGAACCCTGGTCACCETCT
CCICA

B-HH8

CAGGTGCAATTGGTGCAGTCTGGCGCTGAAGTTAA
GAAGQCCTGOCGCCTCAGTGAASGTCICCTOCAAGT
CITCCGGATACACCTTICACATACAGCTGGATGAAC
TGGETCCGGCACGGCCCCTGGACAAGOGCTCGAGTG
GATGGGACGGATCTTTCCCGGOGATCOGGATACTA
ACTACAATGGGAAATTCAAGGOCACAGTCACAATT
ACCGCCGACAAATCCACTAGCACAGCCTATATGGA
GCTGAGCAGCCTGAGATCTGAGCGACACCGCCGTGT
ATTACTGTGCAAGAAATGTCTTTGATGGTTACTGGC

TTGTITACTGGGGCCAGGGAACCCTCUTCACCGTCT
CCTCA

43




i} G

CORSTRUCT

NUCLEOTIDE SEQUENCE

B-HHS

SEQID NG

CAGGTGCAATTGGOTGCAGTCTGOCGCTGAAGTTAA
SAAGCCTGGCGCCTCAGTOAAGGICTCCTGCAAGG
CTTCCGGATACACCTTCAGCTATTCTIGGATCGAACT
GGGTGCGGCAGGCLCCTOGACAAGGGCTCGAGTGG
ATGGGACGGATCTTITCCOGGCGATGGOGATACTGA
CTACAATGGOAAATTCAAGOGCAGAGTCACAATTA
CCGCCGACAAATCCACTAGCACAGCCTATATGGAG
CTGAGCAGCCTCAGATCTGAGGACACGGCCGTGTA
TIACTGTGCAAGAAATGICTTTCGATCGHTTACTGGCT

TGTITACTGGGGCCAGGGAACCCTGETCACCOTCT
CCTCA

45

B-HL1

CAGGTGCAATTGGETGCAGTCTGGCGCTCGAAGTTAA
GAAGCCTCGOGCCTCAGTCAAGGTCTCCTGCAAGG
CITCCGCGATACACCTTCACCTATTCTTIGGATCGCACT
GGGTGCGGCAGGCCCCTUCGACAAGOGCTCGAGTGE
ATGGCACGGATCTTTCCCGGCCGATGGGGATACTGA
CTACGCACAGAAATTCCAAGGAAGAGTCACAATGA
CACGGCACACGTCCACTICCACCGTCIATATGGAG
CIGAGCAGCCTGAGATCTGAGCGACACGGCCOTGTA
TTACTGTGCAAGAAATGICTTICATGGTTACTGGOT
TOTTTACTGOGGCCAGGCGAACCCTGGTCACCGTCT
CCTCA

47

B-HL2

GAGGTGCAATTGGTOCAGTCTOGOCGCTCAAGTTAA
GAAGCCTGGOGCCACCGTGAAGATUTCCTGCAAGG
TATCCGGATACACCTITOACCTATTICTIGGATGCACT
GGOTGCAGCAGGLCCCTCGAAAGGGRCTCCGAGTG
GATGGGACGCATCTTTCCCOGCGATGGOGATACTG
ACTACGCAGAGAAATTCCAAGGAAGAGTCACAATC
ACAGCCGACACGTOCACTGACACCGCOTATATGGA
GCTGAGCAGCCTGAGATCTGAGGACACGGCCGTGT
ATTACTGTGCAACCAATGTCTITIGATGGETITACTGGE
TIGTITACTGGGGCCAGGGAACCCTGGTCACCGTICT

CCTCA

49

B-HL3

GAGGTGCAATTGCTGCACGTCTOCCGCTGAAGTEAA
GAAGCCTGGGGCCACCGTGAAGATCTCCTGCAAGS
TGTCCHRATACACCTTCACCTATTCTTGGATGAACT
GGGTGCAGCAGGCCCCTGEAAAGOGGCTCEACGTG

GATGGGACGGATCTTTCCCGGCGATGGOGATACTG
ACTACAATGGOAAATTCAAGGGAAGAGTCACAATC
ACAGCCGACACGTCCACTGACACCGCCTATATGGA
GCTGAGCAGCCTCGAGATCTGAGGACACGGCCETGT
ATTACTGTGCAACCAATGTCTTTIGATGGTTACTGGC

TTGTTTACTGGOGCCAGGGAACCCTGRTCACCETCT
CCTCA

51




47

CONSTRUCT

NUCLEOTIDE SEQUENCE

SEQID KO

B-HLA

CAGATGCAATTGGTGCAGTCTGGCGCTGAAGTTAA
GAAGACCGGGAGTTCAGTIGAAGGTCTCCTOCAAGG
CETCCGOATACACCTICACCTATTCTIGGATGAGCT
GGETGCAGCAGGCCCCTGOACAAGGGCTCGAGTGG
ATGGCACGGATCTTICCCGGCGATGGGGATACTGA
CTACGCACAGAAATTCCAAGGAAGAGTCACAATTA
CCGCCCACAAATCCACTAGCACAGCCTATATCGGAG
CTGAGCAGCCTGAGATCTGAGGACACGGCCGTGTA
ITACTGTGCAAGAAATGTCTTTOATGGTTACTGGCT
TGTTTACTAGGGCCAGGGAACCCTGGTCACCGTCT
CCTCAGCTAGCACC

53

B-HLE

GAAGTGCAGCTGGTGCGAGTCTGGAGGAGGCTITGGET
CAAGCCTGGOGGGETCCCIGCGGCTCICCTGTGCAG
CCTCTGGATTCACATTTAGCTATICTITGGATGAALT
GOGTGLEGCAGGCTCCTGGAAAGGGCCTCGAGTGG
GTGGGACGCATCTTTCCCGGCGATGGGGATACTGA
CTACAATGGGAAATTCAAGGGCAGAGTCACAATTA
CCOCCOACAAATCCACTAGCACAGCCTATATGGAG
CTGAGCAGCCTGAGATCTGAGGACACGGCCGTGTA
TTACTGTGCAAGAAATGTCTITGATGGETTACTGGCT
TCTTTACTGOGGUCAGGGAACCCTGGTCACCGTCT
CCTCA

35

B-HLIO

CEOAATTCGGCCCACCOGTGGCCACCATGGACTGS
ACCTGGAGCATCCTCTTICTTGETGGCAGCAGCCAL

ACGGAGCCCACTCCGAAGTGCAGCTGGTGGAGTCTG
GAGGAGGCTTGGETCAAGCCTGGCGGETCCCTGCGG
CICTCCTGTGCAGCCTCIGGATICGCATTCAGCTAT
TCTTGGATGAACTGGETCCGGCAGGCTCCTGGAAA
GGGCCTCCAGTGGETGEOACGRATCTITICCCGGCG
ATGOGUATACTGACTACAATGGGAAATTCAAGGGC

- AGAGTCACAATTACCGOCCACAAATCCACTAGCAC

AGCCTATATGCAGCTGAGCAGCCTGAGATCTGAGG
ACACGGCCCTCTATTACTGTOCAAGAAATGTCTTT
GATGOTTACTGGCTIGTTTACTOGGGLCAGGGAAC
CCTQGTCACCAGTCTCCTCAGCTAGCGAATTCTCGA

B-HI11

57

CAGGTGCAGCTGETGGAGTCTGGAGGAGGCTTIGET
CAAGCCTGGCGGGTICCCTGCGGCTCTCCTGTGCAG
CCTCTGGATTCACATTTAGCTATTICTIGGATGAALT

GOGTCCCGCAGGCTCCTGGAAAGGGCCTCGAGTGG

GTGGGACGGATCTTTICCCGGCCATGGGGATACTGA
CTACAATGOGAAATTCAAGGGCAGAGTCACAATTA
CCGCCGACAAATCCACTAGCACAGCCTATATGGAG
CTGAGCAGCCTGAGATCTGAGGACACGGCCGTGTA
TEACTCGTGCAAGAAATGTICTTTGATGGTTACTGGLT

TGTTTACTGGGGCCAGGGAACCCTGGTCACCGTCT
CCTCA




wih

CONSTRUCT

NUCLEQTIDE SEQUENCE

SEG ID NG

B-HL12

CGCGAATTCGCCCCACCGOTGECCACCATGGACTGG
ACCTGGAGGATCCTICTTCITGGTGGCAGCAGCCAC
AGGAGCTCACTCCGAAGTGCAGCTCETGGAGTCTIG
GAGCAGGCTTGGTCAAGCCTGGCOGETCCCTGOGG
CICTCCTGCGCAGOCTOTGOGATICACATTTAGCTAT
TCTTGOATGAACTGOGTGCGGCAGGCTICCTGOAAA
GOGCCTCGAGTOGGTGGCACGGATCTTTCCCGGRG
ATCGGUATACTGACTACAATGGGAAATTCAAGGGC
AGAGTCACAATTACCGCCCACAAATCCACTAGCAC
AGCCTATATGGAGCTGAGCAGCCTGAGATCTGAGG
ACACGGUCGTGTATTACTGTGCAAGAAATETCTTT
GATGGTTACTGGCTTGTTTACTGGUCCCAGGGAAC
CCTGGICACCGTOCTCCTCAGCTAGCCGAATICTCGA

61

B-HL13

CGGAATTCGGCCCACCGATGOCCACCATGGACTGG
ACCTGGAGGATCCTICTICTTGGTCGCAGCAGCCAC
AGGAGCTCACTCCGAAGTOCAGCTCGTCGAGTCTG
GAGGAGGCGTGGTCAAGCCTGGLGOETCOCTGOGH
CLCTCCTGCGOAGCCICTGEATICACATITAGCTAT
TCTTGGATGAACTGGGTGCEGCAGGCTCCTGGAMA
GGGCCTCGAGTGOETGGRACGGATCTTTICCCGGCG
ATGGGGATACTGACTACAATGGGAAATTCAAGGGC
AGAGTCACAATTACCGCCGACAAATCCACTAGCAC
AGCCTATATCGAGCTGAGCAGCCTCGACGATCTGAGG
ACACGGOOGTCTATTACTCTGCAAGAAATGTCTTT
CATGGTTACTGGCTTGTTTACTGGGGCCAGGGAAC
CCTGGTCACCGTCICCTCAGCTAGCGAATTCTCGA

63

B-HL14

CGOAATTCGGCCCACCGGTGGCCACCATGGACTGG
ACCTGGAGGATCCTCITCTTGOTGGCAGCAGCCAC
AGGAGCTCACTCCOGAAGTGCAGCTIGOTCGAGTCCG
GAGGAGGCTTGAAGAAGCCTGGCGGATCCCTGCGE
CTCTCCTGCGCAGCCTCTOGATTCACATITAGCTAT
ICTTCGATGAACTGGGTGCGGCAGGOTCCTGGAAA
GGGCCTCGAGTGOGTGGRACGOGATCTTTICCCGGCG
ATGGGGATACTGACTACAATGGGAAATTCAAGGEC
AGAGTCACAATTACCGCCGACAAATCCACTAGCAC
AGCCTATATGGAGCTGAGCAGCCTGAGATCTGAGS
ACACGGCCETOTATTACTCTGCAAGAAATETCTTT
GATGOTTACTGGCTTGTITACTGGGUCCAGGGAAC
CCTGOTCACCGTICTCCTCAGCTAGCGAATICTCGA

&5
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CONSTRUCT

NUCLEOTIDE SEQUENCE

B-HL15

SEGIDNO

COGAATTCGGCCCACCGETGGCCACCATGGACTGG
ACCTGGAGGATCCTCTICTTGGTGGCAGCAGCCAL

AGGAGCCCACTCOGAAGTGCAGCTGGTGGAGTICTG
GAGGAGGCTIGGTCAAGCCTGGCTCTTCCCTGCGS

CICTCCTGCGCAGCOTCTGGATTCACATTTAGCTAT
TCTTGGATCGAACTGGGTGCGGCAGGCTICCTGGAAA
GGGCCTCGAGTGGGTGGUACGGATCTTITCCCGRCG

ATCGOGATACTGACTACAATGGGAAATTCAAGGGC

AGAGTCACAATTACCGOCGACAAATCCACTAGCAC
AGCCTATATGGAGCTGAGCAGCCTGAGATCTGAGG
ACACGOGCCCTCTATTACTGTGCAAGAAATGICTTT
GATGGTTACTGGCTITOTTTACTGGGGCCAGGGAAC

B-HI16

CCTGGTCACCGTCTCCTCAGCTAGCGAATTCTCGA

67

CGCEAATTCCGGCCCACCEOTCGCCACCATGRACTGG
ACCTGCGAGOATCCTCTTCTTGCGTGGCAGCAGUCAC
AGGAGCCCACTCCGAAGTGCAGCTGGTCGGAGICTIG
GAGGAGGCTIGUTCAAGCCTGGCGGUTCCCTGCGG
GTCAGCTGUGUAGCCTCTGGATTCACATTTAGCTAT
TCTTGCATGAACTGGOTGUOCCAGGCTCCTGGAAA
GGGCCTCGAGTGOOTGGCACGGATCTITTCCCGGCG
ATGOGGATACTGACTACAATGGGAAATTCAAGGGC
ACGAGTCACAATTACCGCOCGACAAATCCACTAGCAC
AGCCTATATAGAGCTGAGCAGCCTCAGATCTGAGS
ACACGGCCGTCGTATIACTGIGCAAGAAATGICTTT
GATGGTTACTGGCTTCTITACTGGGGCCAGGQAAL
COTGGTCACCGTCTCOTCAGCTAGCGAATTCTOGA

B-HL17

Gs

CAGAATTCGGCCCACCGOTGOCCACCATGGACTGG
ACCTGGAGGATCCTCTTCTTGETGGCAGCAGCCAC

AGGAGCCCACTCCGAAGTIGCAGCTGGTGGAGTCTG
GAGGAGGCTTIGGTCAAGCCTGGCGGETCCCTGCGE
CTCTCCTACOCAGCCTCIAGATTCACATITAGCTAT
TCTTGGATGAACTOOCGTOCGGCAGGCTCCTGGAAA
GGGCCTCGACGTCGETGCGCACGGATCTITCCCGGCG
ATGGGGATACTGACTACAATGGGAAATTICAAGGGT
AGAGTCACAATTACCGCCCACAAATCCACTAGCAL
AGCCTATATGGAGCTGAGCAGCCTGAGATCTGAGG

ACACGGCCGTGTATIACTCTGCAAGAAATGTCTIT

GATCOTTACTGOCTIGTTTACTGGGGCCAGGGAAC
CCTAGTCACCGTCTCCTCAGCTAGUGAATICTCGA

VH Signai
Seguence

ATGGACTGGACCTGGAGGATCCTCITCTTIGGTGGC
AGCAGCCACAGGAGCCCACTCC

B-KV1

73

CGATATCATCATGACCCAGACTCCACTCTCCCTGCCC
GTCACCCCTGUAGAGCCCECCAGCATTAGCTGCAG
GICTAGCAAGAGCCTCTTGCACAGCAATGGCATCA
CITATTYGTATTGGTACCTCCAAAAGCCAGGGCAG
TCTCCACAGCTCCTGATTTATCAAATGTCCAACCTT
GTCTCTGGCGTCCCTGACCGGTICTCCGGATCCGGE
TCAGGCACTGATTTCACACTGAAAATCAGCAGGET

GCEAGGCTGAGGATGTTGGAGTIYATTACTGCGCTC
AGAATCTAGAACTTCCTTACACCTTCGGCGGAGGG
ACCAAGGTGGAGATCAAACGTACGETG

75
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CONSTRUCT

VL Signal
Sequence

ATGGACATGAGGGICCCOGCTCAGCTCCTGGGCCT

NUCLECTIDE SEOUENCE SEQID NGO

CCTOCTGCTCTGOTTCCCAGGTGCCAGGTGT

77

TABLE 3

CONSTRUCT

AMIMO ACTD SEQUENCE

SEQGE

B-HH1

OVOLVOSGAEVERPGESSVRE VSCKASGY TFSYSWMEWVR
QAPGOGLEWMGRIFPGDGDTDYAQKFOGRVTITADKSTS

TAYMELSSIRSEDTAVYYCARNVFDGYWIVYWGOGTL
VIVSS

3t

B-HHZ

OVOLVOSCGAEVEEPGSSVE VSCEASGY AFSYSWMINWY
ROAPGOGLEWMGRIFPGDGDTDYNGEKFRGRVITTADES
ISTAYMELSSIRSEDTAVY YCARNVERGYWLVYWGOG
TLYTIVES

B-HIH3

OVOLVOSGAEVERPGSSVE VSCEASGYAFSYSWMNWY
ROAPGOGLEWMGRIFPGDGDTDYNGEFRKGRVITTADKS
TSTAYMELSSLRSEDTAVYLCARNVEDGY WL VYWGOGT
LVYTVES

B-Hi4

OVOLVOSGAEVEERDPGASVE VECKVSGYARSYSWMNWY
ROAPGOGLEWMGRIFPGDGDTDYNGEFKGRVITTADES
TSTAYMELSSIRSEDTAVY YCARNVEDGYWLVYWGOG
LLVIVES

B-HIIS

OVOLVOSGABVEKPGESVE VSCKASGYAFSYSWMSWY |

ROAPGOGLEWMGRIFPGDGDTRYNGRFRGRVTITADES
TSTAYMELSSLRSEDTAVY YCARNYIDGYWEVYWGOG
TLVTIVSS

&2

OVOLVOSGABVREPOGSSYK VSCKASGYAFSYSWINWVR

1 QAPGOGLEWMGRIFPGDGDTDYNGEFREGRVITTADESTS

TAYMELSSIRSEDTAVYYCARNVIEDGY WLV Y WGOGTL
VTVES

&

B-EH7

OVOIVOSGARVERPGSSVE VESCEASGYAFRSYSWISWVR

OAPGOGLEWMGRIFPGDGD TDYNGEFKGRVTITADKSTS |
TAYMELSSLRSEDTAVYYCARNVEDGYWLVYWGOGTL |

VTVSS

B-HHS

OVOLVOSGAEVEEPGASVE VISCKASGYTFTYIIWMNWY
ROAPGOCLEWMGRIFPGDGDTDYNGEFEGRVTITADKS
TSTAYMELSSLRSEDTAVY YCARNVEDGY WL VY WGOG
TLVTVSS

B-HHS

QVOLYOSGAEVEKEPGASVE VSCKASGYTPSYSWHINWY
ROAPGOGLEWMGRIFPGDGDTDYNGEFEGRVITTADKS

TSTAYMELSSLRSEDTAVY YCARNVEDGYWLVYWGOG
TLYTVES

B-HL1

OVQLVOSGAEVERPCGASVEVSCEASGYTITTYSWMHWY
ROAPGOGLEWMGRIFPGDGDTDY ACKFQOGRYTMTIRDT
STSTYYMELSST RSEDTAVY YOARNVEDGYWLVYWGO
GTLVTVSS
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CONSTRUCT

AMONG ACHD SEQUENCE

B-HL2

EVOLYOSGAEVRRPGATVRISCKVSGYTFTYSWMHWY
QOUAPGEGLEWMGRIFPGDGDTDY AFRFQGRVITTADTS

TDTAYMELSSLRSEDTAVYYCATNVEDGYWLVYWGOG
TLVTVSS

SEO Th NO
20

B-HIL3

EVOLVOSGAEVEEKPGATVEIS CKVSGY}TFTYSWMNW
QOAPCGRGLEWMGRIFPGDGDTDYNGRFKGRVTITADTS

TDTAYMEL SSLRSEDTAVYYCATNVEDGYWLVYWGOG
ILYTVSS

B-HIA

OMOLVOSGAEVEETGSSVEVSCKASGYTFTYSWMSWY
ROAPGOGLEWMGRIFPGDGDTDYAQKFOGRVTITADES
TRTAYMELSSLRSEDTAVYYCARNVEDGYWLVYWGQG
TEVTVES

Im
P

B-HLE

EVOLVESGGGLVEPGGSLRLSCAASGETESYSWMNWYR
QAPGEGLEWVERIFPGDGDTDYNGRFKCGRVITTADKST

STAYMELSSIRSEDTAVYYCARNVEDGYWILVYWGOGT
LYIVYSS

|U1
Lo

B-HL10

EVOLVESGGGLYEPGGSLRISCAASGEARSYSWMINWYR
OAPGRGLEWVGRIFPGDGDTIDYNGKFEGRVTITADESTS

TAYMELSSLRSEDTAVYYCARNVIDGYWLVYWGOGTL
VIVES

58

B-HIL11

OVOLVESGGGLVEPGGSLRISCAASGHTESY SWMNWVR,
QAPGRGLEWVERIFPGDGDIDYNGRFRGRYTITADEST
STAYMELSSLREEDTAVYYCARNVEDGYWLYYWGOGT
LVIVSES

B-HI.1Z

EVOLVESGAGLVEPGGSLRISCAASGFTFSYSWMNWVYR
QAPGEGLEWMGRIFPGDGDTDYNGKFKGRYITTITADKST
STAYMELSSLRSEDTAVY YCARNVEDGYWILVYWGOGT
LYTV3S

B-HL13

EVOLVESGGGVVEPGGSLRLSCAASGHTESYSWMNWVER,
QAPGRGLEWMGRIFPGDGDTDYNGKEFKGRVITTADESTS

TAYMELSSLRSEDTAVYYCARNVEDGYWLVYWGOGTL
VTVSS

B-HL4

BYQLVESGGOLEKPGGSLRLSCAASGFTESY SWMNWYR
OAPGEGLEWMGRIFPGDGDTDYNCGKFRKGRVTITADKETS
TAYMELSSIRSEDTAVYYCARNY PD(}YWL VYWGOGTL
VIVES

B-HI1S

EVQLVESGGGLVKPGSSLRLSCAASGF’I’FSYSWNWVR
QAPGEGLEWMGRIFPGDGDTDYNGEFRGRVTITTADEST
STAYMELSSIRSEDTAVYYCARNVEDGYWEVYWGOQGT
LYTV3S

B-HI.16

EVOLVESGGQLVEPGGSLRVSCAASGFTFSYSWHMINWYR
CAPGEGLEWMGRIFPGDGDTDYNGEFRGRVITTADESTS

TAYMELSSLRSEDTAVYYCARNVEDGYWILVYWGOGTL
VIVES

B-HL17

EVOLVESGGOLVEPGGSILRLSCAASGFTFSYSWMNWVER
QAPGKGLEWMGRIFPGDCGDTDYNGEPFRKGRVTITADKST

STAYMELSSLRSEDTAVYYCARNVEDGY WLVYWGOGT
LVTVYSS

WWTWJLFLVAAATGAHS
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CONSTRUCT AMING ACID SEQUENCE 1
B-EV1 DIVMTQTPLSLPYTPGEPASISCRSSKSLLHSNGITYLYWY

LORPGOSPOLLIVOMSNL VSGVPDRFESGSGSGTDFTLKIS
: RVEAEDVGVYYCAONLELPYTFGGGTEVEKRTV
VL Signal | MDMRVPAOLLGLLLI WFPGARC 78

Sequence
{2.8] In another preferred embodiment, the present invention is directed fo an

isolated polynuciectide comprising a sequence that encodes a polypeptide having
the amino acid sequence shown in FIG. 1 or FIG. 2. The mvention is further
directed to an isolated nucleic acid comprising a sequence at least 80%, 85%,
90%, 95%, 96%, 97%, 98% or 99% identical 1o the nucleotide sequence shown in
FIG. 5 or FIG. 6. In another embodiment, the invention is directed to an isolated
nucleic acid comprising a sequence that encodes a polypeptide having an amino
acid sequence at least 80%, 85%, 50%, 95%, 96%, 7%, 98% or 99% identical to
the argino acid sequence FIG. 5 or FIG. 6, The tnvention also encompasses an
isolated nucleic acid comprising a sequence that encodes a polypeptide having
the amino acid sequence of any of FIG. 1, FIG. 2, FIG. 5 or FIG. 6 with
conservative amino acid substitutions.

1291 In another embodiment, the present mvention is direcied fo an expression
vector and/or 2 host cell which comaprise one or more isolated polynucieotides of
the present invention.

1301 Generally, any type of cultured cell line can be used to express the ABM
ofthe present invention. In a preferred embodiment, CHO celis, BHK cells, NSO
cells, SP2/0 cells, YO myeloma cells, P3X63 mouse myeloma cells, PER cells,
PER.CE cells or hybridoma cells, other mammalian cells, yeast cells, msect celis,
or plant cells are nsed as the background cell line to generate the engineered host
celis of the invention.

131} The therapeutic efficacy of the ABMs of the present invention can be
enhanced by producing them in 2 host cell that further expresses a polynuclestide
encoding a polypepiide having GnTI activity. In a preferred embediment, the
polypeptide having GaTUI activity is a fusion potypeptide comprising the Golgi
localization domain of a Golgl resident polypeptide. In another preferred
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that expresses a polynucleotide encoding a polypeptide having GnTTI activity
resulis in ABMs with increased Fe 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
sequence encoding a polypeptide having GnTI activity; and (b) an 1solated
polynuclectide encoding an ABM of the present invention, such as a chimeric,
primatized or humanized antibody that binds human CD20. In a preferred
enbodiment, the polypeptide having GaTHI activity is a fusion polypeptide
comprising the cataiytic domain of GnTHI and the Golgl locatization domain is
the localization domain of mannosidase 1. Methods for generating such fusion
polypeptides and wsing them fo produce antibodies with increased effector
funetions are disclosed in U.S. Provisional Pat. Appl. No. 6(};’4953 142, the entire
contents of which are expressly meorporated herein by fefereme. in another
proferred embodiment, the clumeric ABM is a chimeric antibody or a fragment
thereof, having the binding specificity of the murine B-LY1 antibody. In a
pariicularly preferred embodiment, the chimeric antibody comprises a human Fe.
In another preferred embodiment, the antibody is primatized or humanized.
[9132) In one embodiment, one or several polynucleotides encoding an ABM of
the present invention may be expressed under the comtrol of a constitutive
promoter or, alternately, a regulated expression system. Suiiable regulated
expression systems include, but are not imited to, a ietracycline-roguiated
expression system, an ecdysone-inducible expression systern, a lac-switch
expression system, a ghicocorticoid-inducible expression system, a iemperature-
inducible promoter gystem, and a metallothionein metal-inducible expression
system. I several different nucleic acids encoding an ABM of the present
invention are comprised within the host cell system, some of them may be
expressed under the control of & constitutive promoter, while others are expressed
under the control of a regulated promoter. The maximal expression level is
considered to be the highest possible level of stable polypeptide expression that
does not have a significent adverse effect on cell growth rate, and will be
determined using routine experimentation. Expression levels are determined by

methods generally known in the att, including Western blot analysis using an
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antibody 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 polymiciestide
may be operatively linked to a reporter gene; the expression levels of a chimeric
ABM having substantially the same bmding specificity of the murine B-Lyl
antibody are determined by measuring & signal correlated with the expression
level of the reporter gene. The reporter gene may be transcribed fogether with the
nucleic acid(s) encoding said fusion polypeptide as 2 single mRNA. molecule;
their respective coding sequences may be linked either by an intemal ribosome
entry site (IRES) or by a cap-independent translation enhancer (CITE). The
reporter gene may be translated together with at least one nucleic acid encoding a
chimeric ABM having substantially the same binding specificity of the murine B-
Lyl antibody such that a single polypeptide chain is formed. The nucleic acids
encoding 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
sncoding the fusion polypeptide and the reporter gene are franseribed imio an
RNA molecule which is alternatively spliced into two separate messenger RINA
{mRBRNA) molecules; one of the resulting mRNAs is translated mto said reporter
protein, and the other is translated into said fusion polypeptide. ’

[0133] Methods which are well known to those skilled in the art can be usad to
sonstruct expression vectors containing the coding sequence of an ABM having
substantially the same binding specificity of the murine B-Lyl antibody along
with appropriate transcriptional/translational control signals. These methods
include in vitro recombinant DNA techniques, synthetic techniques and in vivo
recombination/genetic recombination. See, for example, the techniques described
n Maniatis et al., MOLECULAR CLONING A LABGRATORY MANUAL, Cold Spring
Harbor Laboratory, N.Y. (1989) and Ausubel ef al., CURRENT PROTOCOLS IN
MOLECULAR B1oLogy, Greene Publishing Associates and Wiley Inferscience,
N.Y (1989).

(01343 A variety oThost-expression vector systems may be utilized to express the
coding sequence of the ABMs of the present invention. Preferably, mammalian
cells are used as host cell systems transfected with recornbinant plasmid DNA or

sosrmid DNA expression vectors containing the coding sequence of the protein of
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interest and the coding sequence of the fusion polypeptide. Most preferably,
CHO éeﬂs, BHXK cells, NSO cells, SP2/0 cells, YO myeloma celis, P3X63 mouse
myeloma cells, PER celis, 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 n the
following references, and references therein: Borth er al., Biotechnol. Bioen.
71{4%266-73 {2000-2001), in Wemer et al., Areneimittelforschung/Drug Res.
48(B):870-80 (1998}, in Andersen and Krummen, Curr. Op. Bivtechnol. 13:117-
123 (2002), in Chadd and Chamow, Curr. Op. Biotechnol. 12:188-194 (2001),
and in (iddings, Curr.  Op. Biotechnol. 12 450-454 (2001). In alternate
embodiments, other eukaryotic host cell systems may be contemplated, including
veast cells transformed with recombinant yeast expression vectors containing the
coding sequence of an ABM of the present invention; insect cell systems infected
with recombinant viras expression vectors (e.g., baculovirus) containing the
coding sequence of a chimeric ABM having substentially the same binding
specificity of the murine B-Lyl antibody; plant cell systems infected wiih
recombinant virus expression vectors (e.g., cauliflower mosaic virug, CaMV;
tobacco mosaic virus, TMV) or transformed with recombinant plasmid
expression vectors (e.g., Ti plasmid) containing the coding sequence of the ABM
of the invention; or amimal cell systems infected with recombinant virns
expression vectors (e.g., adenovirus, vaccinia virus) including cell lines
engineered to contain multiple copies of the DNA encoding a chimeric ABM -
having substantially the same binding specificity of the murine B-Ly1 antibody
either stably amplified {(CHO/dhft) or vnstably amplified in double-minute
chromosomes {e.g., murine cell lines). In one embodiment, the vector comprising
the polynucleotide(s) encoding the ABM of the invention is polycistronic. Also,
in one embodiment the ABM discussed sbove is an aniibody or a fragment
thereof. In a preferred embodiment, the ABM is a humanized antibody,

[0135] For the methods of this imvention, stable expression is generally preferred
to transient expression becauss it typically achieves more reproducible resulis and
also is more amensble fo large-scale production. Rather than using expression

vectors which contain viral origins of replication, host cells can be transformed
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with the respective coding nucleic acids controlied by sppropriate expression
control elements {e.g., promoter, enhancer, sequences, franscription terminators,
polyadenviation sites, ete.), and & selectable marker. Following the introduction
of foreign DNA, engineered cells may be allowed fo grow for 1-2 days in an
enriched mmedia, and then are switched to z selective media, The seleciable
marker in the recombinant plasmid confers resistance to the selection and allows
seiection of cells which have stably integrated the plasmid inmto their
chromosomes and grow te form foci which in turn can be cloned and expanded
into cell Hnes.

[0136] A number of selection systems may be used, including, butnot Bmited to,
the herpes simplex virns thymidine kinase (Wigler et al., Cell 11:223 (1977)),
hypoxanthine-guanine phosphoribosyltransferase (Szybalska & Szybaiski, Proc.
Natl, Acad. Sci, USA 482026 (1962)), and adenine phesphoribosyliransferase
(Lowy et al.,, Cell 22:817 (1980)) genes, which can be employed in 1k, hgprt or
aprt cells, respectively. Also, anlimetabolile 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 (1989Y); OHars et al., Proc. Natl. Acad. Sci. US4
78:1527 (1981)); ppt, which confers resistance to mycophenobic acid (Mullipan &
Berg, Proc. Natl. Acad. Sci. US4 78:2072 {1981)); neo, which confers resistance
to the aminoglvcoside G-418 (Colberre-Garapin ef al., J Mol Biol 150:1
(1981)); and hygro, which confers resistance to hygromyein (Santerre ef al., Gene
30:147 (1984) genes. Recently, additional seleciable genes have been described,
namely irpB, which allows cells to utilize indole in place of tryptophan; hisD,
which allows cells to utilize histinol in place of histidine (Hartman & Mulligan,
Proc. Natl. Acad. Sci. USA 85:8047 (1988)); the glutamine synthase system; and
ODC (omithine decarboxylase) which confers resistance o the orithine
decarboxylase mhibitor, 2-(difluoromethyl)-Di-omithine, DFMO (McConlogue,
i Current - Communications in Molecular Biology, Cold Spring Harbor
Laboratory ed. {1987)).

10137 The present invention is Auther directed to a method for modifving the
glycosylation profile of the ABMs of the present invention that are produced by a

host cell, comprising expressing in said host cell anucleic acid encoding ean ABM
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of the invention and a nucleic acid encoding a polypeptide with GnTIH activity,
or a vector comprising such mucleic acids. Preferably, the modified polypeptide
18 fgG or a fragmient thereof comprising the Fe region. In a particularly preferred
embodiment the ABM is a bumanized antibody or & fragment thereof.

The modified ABMs produced by the host cells of the invention exhibit
increased Fe receptor binding affinity and/or increased effector function as a
result of the modification. In & particularly preferred embodiment the ABM iz a
hemanized antibody or & fragment thereof containing the Fo region. Preferably,
the increased Fe receptor hinding affinity is increased binding to a Foy activating
receptor, such as the FeyRIlla receptor. The increased effector function is
preferably en increase in one or more of the following: increased antibody-
dependent cellular oyiotoxicity, incressed antibody-dependent cellular
phagocytosis (ADCP), increased cytokine secretion, increased immune-complex-
mediated antigen upiake by antigen-presenting cells, increased Fo-mediated
celiular cytotoxicity, increased binding to NEK cells, Increased binding to
mecrophages, increased binding to polymorphonuclear cells (FMNs), increased
binding to monocvies, increased crosslinking of target-bound aniibodies,
increased direct signabing inducing spoptosis, mereased dendritic cell maturation,
and increased T cell priming.

The present mvention is also directed to 2 method for producing an ABM
of me present invention, having modified oligosaccharides in 2 hogt cell
comprising (2) culturing a host cell engineered to express at least one nucleic acid
encoding 2 polypeptide having Gn'TIIT activity under conditions which permit the
production of an ABM according fo the present inveniion, wherein said
polypeptide having GnTHI activity is expressed in an amount sufficient to modify
the oligosaccharides in the Fe region of sald ABM produced by said host cell; and

{b) isolafing said ABM. Ina prefe:fed embodiment, the polypeptide having
GnTII activity is a fusion polypeptide comprising the catalylic domain of
GHTI]I. In a particularly preferred embodiment, the fusion polypeptide further
comprises the Golgi localization domain of & Golgi resident polypeptide.

Preferably, the Golgl localization domain is the localization domam of

mamosidase ILor GaTL Alternatively, the Golgi localization domain is selected
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from the group consisting of: the localization domain of mannosidase I, the
localization domain of GnTIL, and the localizafion domain of o 1-6 core
fucosyltransferase. The ABMs produced by the methods of the present invention
have increased Fo recepior binding affinity and/or inoreased effector function.
Preferably, the ncreased effector function is one or more of the following:
increased Fe-mediated cellular eytotoxicity (including increased antibody-
dependent cellular cyiotoxicity), increased antibody-dependent cellular
phagocytosis (ADCP), inereased oviokine secretion, increased inmuns-complex-
mediated éntigen uptake by antigen-presenting cells, increased bindmg to NK
cells, increased binding to macrophages, increased binding to monocyies,
increased binding to polymorphonuclear cells, inereased direct signaling inducing
apoptosis, increased crossiinking of target-bound antibodies, increased dendritic
cell maturation, or increased T cell priming. The increaged Fo receptor binding
affinity is prefersbly incressed binding to Fc activating receptors such as
FeyRITa, In a particularly preferred embodiment the ABM is a humanized
antibody or a fragment thereof.

0141} I another embodiment, the present mvention is directed fo a chimeric
ABM having substantially the same binding specificity of the murine B-Lyl
antibody produced by the methods of the invention which has an increased
proportion of bisscted oligosaccharides in the Fo region of said polypeptide, Itis
contermpiated that such an ABM sncompasses antibodies and fragments thereof
comprising the Feregion. In a preferred embodiment, the ABM is a humenized
entibody. In one embodiment, the percentage of bisected oligosaccharides in the
Fo region of the ABM is at least 50%, more preferably, at least 60%, at least
T0%, at least 0%, or at least 50%, and most preferably at least 90-95% of the
total oligosaccharides. In yet another embodiment, the ABM produced by the
methods of the invention has an increased propordon of nonfucosylated
ohgosaccharides in the Fe region as a result of the modification of ifs
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 hybrnid or complex type. In a particularly
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preferred embodiment, the ABM produced by the host cells and methods of the
imveption has an moreased proportion of bisected, nonfucosylated
oligosaccharides in the Fo region. The bisected, nonfocosylated cligosaccharides
may be cither hybrid or complex. Specifically, the methods of the present
invention may be used to produce ABMs 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 ABM are
bisected, nonfucosylated. The methods of the present invention may also be used
to produce polypeptides in wiuch at iéast 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 Feregion of the polypeptide are bisected
hybrid nonfucosylated.

[0142] In another embodiment, the present invention is dirscted {o a chimeric
ARM baving substantially the same binding specificity of the murine B-Lyl
antibody engineersd 1o have ingcreased effector function and/or increased Fo
receptor binding affinity, produced by the methods of the invention. Preferably,
the increased effector function is one or more of the following: ncreased Fe-
mediated celtular cytotoxicity (including increased antibody-dependent celiular
cytotoxicity), increased antibody-dependent cellular phagocytosis (ADCP),
increased cytokine secretion, increased immune-complex-mediated anfigen
uptake by antigen-presenting cells, increased binding to NE cells, increased
binding to macrophages, increased binding to moenocyies, increased binding to
polymorphonuclear cells, increased direct signaling inducing apoptosis, increased
crosshinking of target-bound antibodies, ncreased dendritic cell maturation, or
increased T cell priming.  In apreferred ezﬁbodiment, the increased Foreceptor
bindmg affirity is increased binding o a ¥e activating receptor, most proferably
FeyRiIla. in one embodiment, the ABM is an antibody, an antibody fragment
containing the Fe region, or a fusion protein that includes a region equivalent to
the Feregion of an immmnogiobulin, In a particularly preferred embodiment, the

ABM is a humanized antibody.
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[9143] The present invention is further directed to pharmaceutical compositions
comprising the ABMs of the present invention and a pharmaceutically acceptabie
carriet.

10144} The present invention is further directed to the use of such pharmaceutical
compositions in the method of freatment of cancer. Specifically, the present
invention is directed to a method for the treatment of cancer comprising
administering 2 therapeufically effective amount of the pharmaceuntical
composition of the invention.

{0145] The present invention forther providesmethods for the generation and use
ofhost cell systems for the production of glysoforms of the ABMs of the present
invention, having increased Fec receptor binding affinity, preferably increased
bmding to Fo activating receptors, and/or having increased effector functions,
including antibody-dependent cellular cytotoxicity. The glycoengineering
methodology that can be nused with the ABMs of the present invention has been
desoribed m greater detail in U8, 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 hersin by reference in ifs entirety. The ABMs of the
present invention can alternatively be glvcoenginesred to have reduced fucose
residues in the Fo region according to the techniques disclosed in EP 1 176 195

Al, the entive contents of which is incorporated by reference herein.

Generation Of Cell Lines For The Production Of Proteing With Altered
Glycosylation Patiern

[6146] The present invention provides host cell expression systems for the
generation of the ABMs of the present invention having modified glycosviation
patierns. In particular, the present invention provides host cell systems for the
generation of glycoforms of the ABMs of the present inveniion having an
improved therapeutic value. Therefore, the invention provides host cell
expression systems selecied or enginesred to express a polypeptide having
Gr'TT activity. In one embodiment, the polypeptide having GeTTH activity is 2
fusion polypeptide comprising the Golgl localization domain of a heterclogous

(Golgl resident nolynentide. Svnecificallv. such host oall axnreasion svatems may
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be engineered to comprise a recombinant nucleic acid molecule encoding a
polypeptide having GnTIIl, operatively linked to a constifutive or regulated
promofer systen. ' '

{6147] 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
polypeptids having GnTHI activity and comprising the Golg: localization domain
of 2 heterologous Golgi resident polypeptide. In one aspect, the host cell is
engineered with 2 mucleic acid molecule comprising at least one gene encoding a
fusion polypeptide having GaTI activity and comprising the Golgi localization
domain of a heterologous Golgl resident polypeptide.

F0148] Generally, any type of cultured oell line, including the cell lines discussed
above, can be used as a background to engineer the host cell lines of the present
imvention. Tn 2 preferred embodiment, CHO cells, BHK cells, NSO cglis, SP2/0
cells, YO myeloina celis, P3X63 mouse myelomas cells, PER cells, PER.C6 cells
or hybridoma cells, other mammalian celis, veast cells, insect cells, or plant cells
are used as the background cell line io generate the engineersd host cells of the
invention. -

[0148] The invention is contemplated to encompass any engineered host celis
expressing a polypeptide having GnTII activity, inclnding a fusion polypeptide
that comprises the Golg localization domain of a heterologous Golgi resident
polypeptide as defined hersin.

18150] One or several mucleic acids encoding a polypeptide having GunTTO
activity may be expressed wnder the coutrol of a constitutive promoter or,
alternately, a regulated expression system. Such systems are well kmown in the
art, and include the systems discussed above, If several different niucleic 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 ofa
constitutive promoter, while others are expressed under the control of a regulated
promoter. Expression levels of the fusion polypeptides having GnTIH activity
are determined by methods generally kmown in the arf, including Western blot

analysis, Northemn blot amalysis, reporfer gene expression analysis or
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measurement of GnTHl activity, Alternatively, a lectin may be employed which
binds to biosynihetic producis of the GnTIl, for example, E;-PHA lectin.

“Alternatively, 2 functional assay which measures the increased Feo receptor

binding or increased effector fnction mediated by antibodies produced by the
cells engincered with the nucleic acid encoding a polypeptide with GnTIO

activity may be used.

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

The host cells which contain the coding sequence of a chimeric ABM
having substantially the same binding specificity of the murine B-Ly1 antibody
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; (¢) assessing the level of
franseription as measured by the expression of the respective mRNA transcripts
m the host cell; and (d) detection of the gene product as measured by
immunoassay or by its biclogical activity.

In the first approach, the presence of the coding sequence of a chimeric
ABM baving substantially the same binding specificity of the murine B-Ly1
aptibody and the coding sequence of the polypeptide having GnT activity can
be detected by DNA-DNA or DNA-RNA hybridization using nrobes comprising
nucleotide sequences that are homologous to the respective coding sequences,
respectively, or portions or dexivatives thereof,

In the second approach, the recombinant expression vector/bost system
can be identifled and selected based upon the presence or absence of certain
"marker" gene functions (e g., thymidine kinase activity, reststance to antibiotics,
Tesistance to methoirexate, transformation phenotype, occtusion body formation
in baculovirus, etc.). For example, if the coding sequence of the ABM of the
mvention, or a fragment thereof, and the coding sequence of the polypeptide
having GnTII aciivity are mserted within a marker gene sequence of the vector,
recombinants containing the respecﬁ:ive coding sequences can be identified by the

absence of the marker gene function. Alternatively, amarker gene can be placed
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in tandem with the coding sequences vnder the control of the same or different
promoter used to control the expression of the coding sequences. Expression of
the marker in response to induction or selection indicates expression of the
coding sequence of the ABM of the invention and the coding sequence of the
polypeptide having GnTI activity.

In the third approach, transcriptional activity for the coding region of the
ABM of the invention, or a fragment thereof, and the coding sequence of the
polypeptide having GnTTH activity can be assessed by hybridization assays. For
exaraple, RNA can be isolated and analyzed by Northern blot using a probe
homologous to the coding sequences of the ABM of the invention, or a fragment
thereof, and the coding sequence of the polypeptide having GnTiil activity or
particular portions thereof. Alternatively, totel nucieic acids of the host cell may
be extracted and assayed for hybridization fo such probes.

In the fourth approach, the expression of the protein products can be
assessed immunologicalty, for example by Western blots, mrmunoassays such as
radioimmuno-precipitation, enzyme-linked immunoassays and the like. The
ultimate test of the success of the expression system, however, involves the

detection of the biologically active gene products.

Generstion And Use Of ABMs Baving Increased Effector Function
Including Antibody-Dependent Cellular Cytotoxicity

In preferred erdbodirents, the present invention provides glycoforms of
chimeric ABMs having substantially the same binding specificity of the murine
B-Lyl antibody and heving incressed effector function including antibody-
dependent cellular cytotoxicity. Glycosylation engineering of antibodies has
been previcusly described. See, eg., U.S. Patent No. 6,602,684, incorporated
heremn by reference in its entirety.

Clinical trials of unconjugated menoclonal antibodies (mAbs) for the
treatment of some fypes of cancer have recently vielded encouraging results.
Dillman, Cancer Biother. & Radiopharm. 12:223-25 (1997); Deo er al.,
Immunology Today 18:127 (1997). A chimeric, unconjugated IgG1 has been

sooroved for low-grade or follicnlar B-cell non-Fodekin's lvamhomea. Dillman,



64

Cancer Biother. & Radiopharm. 12:223-25 (1997, while snother unconjugated
mAb, & humanized IgGl targeting solid breast tumors, has also been showing
prorising results in phase 1T clinical trials. Deo et al., Immunology Today
18:127 (1997). The antigens of these two mAbs are highly expressed in their
respective turoer cells and the sntibodies mediate potent tumor destruction by
effector cells in vitro and in vive. In conirast, many other unconjugated mAbs
with fine tumor specificities cannot irigger effector functions of sufficlent
potency to be clinically useful, Frost et al., Cancer §0:317-33 (1997); Surfus ez
al., J. Immunother. 19:184-91 (1996}, For some of these weaker mAbs, adjunct
cytokine therapy is currently being tested. Addition of cytokines can stimulate
antibody-dependent cellular eytotoxicity (ADCC) by increasing the activity and
number of circulating lyvmphocytes. Frost e al., Cancer 80:317-33 (1897);
Surfus ef al., J Immunother. 19:184-91 (1996). ADCC, a lytic attack on
antibody-targeted cells, is triggered upon binding of leukocyte receptors to the
constant region (Fo) of antibodies. Deo et al., Immunclogy Today 18127 (1997).
[0158] A different, but complementary, approach to increase ADCC activity of
unconjugated IzGiis is to engineer the Fo region of the antibody. Protein
engineering studies have shown that FoyRs interact with the lower hinge region
of the IgG CH2 domain. Lond et 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 CHZ region. Laumd et al., J. Immumol. 1574963~
69 (1996); Wright and Morrison, Trends Biotech. 15:26-31 (1997), suggesting
that either oligosaccharide and polypepiide both directly contribute to the
mteraction 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 mcrease the affinity of the interaction.
[6159] An IgG molecule carries two N-linked oligosaccharides in its Fe region,
one on each heavy chain. As any glycoprotein, an antibody is produced as 2
population of glycoforms which share the same polypeptide backbone but have
different oligosaccharides attached to the glyeoosylation sites.  The
oligosaccharides normally found in the Fo region of serum IgG are of complex

bi-antennary type (Wormald ef al, Biochemistry 36:130-38 {1997}, with a low
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level of terminal sialic acid and hisecting N-acstylghicosamine (GICNAC),V and a
varizble degree of terminal galactosviation and core fucosylation. Some studies
suggest that the minimal carbohydraie structure required for FoyR binding lies
within the oligosaccharide cove. Lund ef al., J. Jrmmunol. 157:4563-6%9 (1956)

The mouse- or hamster-derived cell lines used in industry and academia
for production of unconjugated therapeutic mAbs normally attach the required
oligosaccharide determinants to Fo sites. IpGs expressed in these cell lines lack,
hewever, the bisecting GleNAc found in low amnounts in serum IgGs. Lifely e
al., Glycobiology 318:813-22 (1995). In confrast, it was recently observed that a
rat mysloma-produced, humanized IpGl (CAMPATH-1H) camried a bisecting
(leNAc m some of its glycoforms.  Lifely et al., Ghyeobiology 318:813-2
{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.

The CAMPATH antigen is normally present at high levels on lymphoma
cells, and this chimeric mAb has high ADCC aciivity in the absence of 2
bisecting GicNAc. Lifely et al., Glycobivlogy 318:813-22 (1995), In the N-
linked glycosylation pathway, a bisecting GleNAc 15 added by GnoTTL
Schachter, Biochem. Cell Biol. 64:163-81 (1986),

Previous studies used a single antibody-producing CHO cell line, that was
praviously engineered to express, in an externally-regolated fashion, different
tevels of a cloned GnT I 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 GuTII and the ADCC activity of the modified
antibody. Thus, the invention contemplates 2 recombinant, chimerie antibody or
a fragment thereof with the binding specificity of the murine B-Ly1 antibody,
Laving aitered glycosylation resulfing from increased GuTITH activity. The
increased GnTHI activity results in an increase in the percentage of bisected
oligosaccharides, as well as a decrease in the percentage of fucose regidues, inthe
Fe region of the ABM. This antihody, or fragment thereof, has increased Fc

receptor binding affinity and increased effector function. In addition, the
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invention is directed to aniibody fragment and fusion profeins comprising a

region that is equivalent to the Fe region of immunoglobulins,

Therapeutic Applcations of ABMs Produced According to the Methods
of the Invention.

[0163] The ABMs of the present can be used alone to target and kall tumor cells
in vivo. The ABMs can also be used in conjunction with an appropriate
therapentic agent o treat human carcinoma. For example, the ABMs canbe used
in combinztion 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 tmor-inhibitory growth factor, for
delivery of the therapeutic agent fo the site of the carcinoma. The conjngates of
the ABMs of this invention that are of prime importance are {1) immunotoxins
(conjugates of the ABM and & cylotoxic moiety) and (2) labeled (e.g.
radiolabeled, enzyme-labeled, or fluorochrome-tabeled) ABMSs in which the label
provides & means for identifying imomme complexes that include the labeled
ABM., The ABMs can also be used to induce lysis through the natoral
cornplement process, and to ixmeract with antibody dependent cytotoxic cells
norinally present.

[0164] The cytotoxic moiety of the immunotoxin may be a ovlotoxic drog oran
enzymatically active toxin of bacterial or plant origin, or an enzymatically active
fragment ("A chain™} of such a toxin. Enzymetically active foxins and fragments
thereof used are diphtheria A chain, nonbinding acttve fragments of diphtheria
toxin, exotoxin A chain (from Pseudomonas aeruginosa), ricin A chain, abrin A
chain, modeccin A chain, alpha-sarcin, Aleurites fordil proteins, dianthin
proteins, Phiytolacea americana proteins (PAPL PAPTI, and PAP-S), momordica
charaniia inhibiior, curcin, crotin, sepaonaria officinalis inhibitor, gelomin,
mitogellin, restrictocin, phenomycin, and enomycin, In ancther embodiment, the
ABMs are conjugated to small molecnle anficancer drugs. Conjugates of the
ABM and such cytotoxic moieties are made using a variety of bifunctional
protein coupling agents. Examples of such reagents are SPDP, IT, bifunctional

derivatives of imidoesters such a dimethy] adipimidate HC, active esters such as
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disuccinimidyl suberate, aldehvdes such as ghutaraldeliyde, bis-azido compounds
such ag bis (p-azidobenzoyl) hexanediamine, bis-diavonium derivatives such as
bis~(p-diazoniumbenzoyl)-ethylenediamine, ditsocyanates such as folylene 2,6~
diisocyanate, and bis-active fluorine compounds such as 1,5-difluorc-2,4-
dinitrobenzene. The lysing portion of a toxin may be joined to the Fab fragment
ofthe 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.

[0165] In one embodiment, a chimerc, glycoengineersd ABM having
substantially the same binding specificity of the murine B-Lyl antibody, 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.

161661 ‘When used o kill lnpnan cancer cells in vitro for diagnostic purposes, the
conjugates will typically be added to the cell culture medivm at & concentration
of at least about 10 nM. The formulation and mode of administration for in vitro
use are not critical, Agueous formulations that are compatible with the culture or
perfusion medinm will normally be used. Cytotoxicity may be read by
contventional tec;hhiques to determine the presence or degree of cancer.

(0167} As discussed above, a cytotoxic radiopharmaceutical for treating cancer
may be made by conjugeting & radioactive isotope (s.g., §, Y, Pr) to a chimerie,
glycoengineered ABM having substantially the same binding specificity of the
murine B-Ly1 antibody. The term "cytotoxic moiety” as used herein is intended
to mclude such isotopes.

{0168] In anocther embodiment, Hposomes are filled with a cytotoxic drug and the
fiposomes are coated with the ABMs of the present invention. Becanse there are
many CD20 molecules on the surface of the malignant B-cell, this method
permifs delivery of large amounis of drug to the correct cell type.

[0169] Techniques for conjugating such therapeutic agents to antibodies are well
known {sse, e.g., Arnon et al., "Monoclonal Antibodies for Immunotargeting of

Drugs in Cancer Therapy”, in Menoclonal Antibodies and Cancer Therapy,



68

Reisfeld er al. (eds.), pp. 243-56 {Alan R. Liss, Inc. 1985}, Hellstrom ef al,
" Antibodies For Drug Delivery”, in Controlled Drug Delivery (Znd Ed.),
Robinson ef al. {eds.), pp. 623-53 (Marcel Delker, Inc. 1987); Thorpe, "Antibody
Cariers Of Cytotoxic Agents In Cancer Therapy: A Review", in Monoclonal
Antibodias '84. Biological And Clinical Applications, Pinchera et al. (eds.), pp.
475-506 (1985); and Thorpe ez al., "The Preparation And Cytotoxic Properties Of
Antibody-Toxin Conjugates”, Immunol. Rev,, 62:119-58 (1982}). '

[0170] Stili other therapeutic applications for the ABMSs of the invention inciuds
conjugation or linkage, e.g., by recombinant DINA techmiques, to an ¢nzyme
capable of converting a prodrug into a cytotoxic drug and the use of that
antibody-enzyme conjugate in combination with the prodrug to convert the
prodrug to a cytotoxic agent at the fumor site {see, ¢.g., Senter et al., "Anti-Tumor
Effects of Antibody-alkaline Phosphatase", Proc. Nafl Acad. Sci. USA
§5:4842-46 (1988); "Enhancement of the in vitro and in vivo Antitumor Activites
of Phosphorylated Mitocyein € and Bioposide Derivatives by Monoclonal
Antibody-Alkaline Phosphatase Conjugates”, Cancer Research 49:3789-5752
(1989); and Senter, "Activation of Prodmgs by Antibody-Enzyme Conjugates: A
New Approach to Cancer Therapy,” FASEE J. 4:188-193 {1990)).

[01713 Still another therapeutic use for the 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 turnor ceils from the bone
marrow of cancer patients. Accordmg 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
Monoclonal Antibodies”, J. Clin. Immunol., 8(2:81-88 (1988}

(8172} Furthermore, it 15 contemplated that the invention comprises a single-
chain Immunotoxin comyprising antigen binding domains that allow substantially
the same specificity of binding as the rourine B-Ly1 antibody (e.g., polypeptides
comprising the CDRs of the murine B-Lyl antibody) and further compnising 2
toxin polypeptide. The single-chain inmmunotoxins of the invention may be used

o treat human carcinoma iz vivo.
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[6373] Similarly, a fusion protein comprising at least the antigen-binding region
of an ABM of the invention joined to at least 2 functionally active portion of a
second protein having anti-tumor acitivty, e g, & tymphokine or oncostatin, can
be used to freat human carcinoma in vivo.

10174} The present invention provides a method for selectively killing tumor
cells expressing CD20. This method comprises reacting the immunoconjugate
{&.g., the immunotoxin) of the nvention with said tumor cells. These tumor cells
mey be from a human carcinoma.

[6175] Additionally, this invention provides a method of treating carcinomas (for
example, buman carcinomas) in vivo. This method comprises administeringtoa
subject a pharmaceutically effective amount of 2 composition containing at least
one of the immunoconivgates (e.g., the immunotoxin) of the invention.

16176] in a further aspect, the invention is dwected to an improved method for
treating B-cell proliferative disorders including B-cell lymphoma, as well as an
autoimmune disease produced in whole oy in part by pathogenic sutosntibodies,
based on B-cell depletion comprising administering 2 therapentically effective
amount of an ABM of the present invention to & human subiject in: need thereof,
In a preferred embodiment, the ABM is a glycoengineered anti-CD20 antibody
with a hinding specificity substantially the same as that of the murine B-Ly1
antibody. In apother prefarred embodiment the antibody is hummanized.
Exaraples of autoimmune diseases or disorders include, but are not limited o,
immune-mediated thromboceytopenas, such as acute idiopathic thrombocytopenic
purpurea and chromnic idiopathic thrombocytopenic purpurea, dermatomyositis,
Sydenham's chorea, lupus nephritis, rheurnatio fever, polyglandular syndromes,
Henoch-Schonlein purpura, post-streptococcal nephritis, erythema nodosum,
Takayasu's arieritis, Addison's disease, erythema nwitiforme, polvarteritis
nodosa, ankylosing spondylitis, Goodpasture's syndrome, thromboangitis
ubiteravs, primery biliary cirrhosis, Hashimoto's thyroiditis, thyrotoxicosis,
chronic active hepatitis, polymyositis/dermatomyositis, polychondritis,
pamphigus vulgaris, Wegener's granulomatosis, membranous nephropathy,

amyotrophic lateral sclerosis, tabes dorsalis, polymyaglia, pernicious anemia,

rapidly progressive glomerulonephritis and fibrosing alveolitis, inflammatory
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responses such as inflammatory skin diseases including psoriasis and dermatitis
(e.g. atopic dermatitis); syétemic scleroderma and sclerosis; responses associated
with inflanmatory bowel disease.(s_uch as Crohn's disease and uleerative colitis);
respiratory distress syndrome (including adult respiratory disiress syndrome;
ARDS); dermatitis; meningitis; encephalitis; uveitis; colitis; glomerulonephritis;
allergic conditions such as eczema and asthma and other conditions involving
infiltration of T cells and chronic inflammatory responses; atherosclerosis;
leukoovte adhesion deficiency; rheumatoid arthritis; systemsc Iupus
erythematosus (SLE); diabetes mellitus (e.g. Type 1 diabetes melfitos or insulin
dependent disbetes mellitng); muitiple sclerosis; Reypaud's syndrome;
autoinumune thyroiditis; allergic encephalomyelitis; Sjorgen's syndrome; juvenite
onsst diabeies, and inumune respomnses associaied Wit}i acute and delayed
hypersensitivity mediated by cytokines and T-iymphooytes typically found in
tuberculosis, sarcoidosis, polymyositis, grasulomatosis and vasculitis; pernicious
amenia (Addisor's disease); diseases involving leukocyte diapedesis; cenfral
nervous system (CNS) mflammatory disorder; multiple organ ijury syndrome; -
hemolvtic anemia (inclading, but not Hmited to cryogiobinemia or Coombs
positive anemia); myasthenia gravis; anfigen-aniibody complex mediated
diseases; anti~glomerular basement membrane disease; antiphospholipid
syndrome; allergic neuritis; Craves' disease; Lambert-Eaton myasthenic
syndrome; pemphi goid bullous; pemphigus; sutoimmune polyendoecrinopathies;,
Reiter‘rs disease; stiff-man syndrome; Behoet disease; giant cell arteritis; immune
complex nephritis; IgA nephropathy, Igh polyneuropatines; immune
thrombocytopenic purpura (IT7) or antoimmune thrombocytopenia efe. In this
aspect of the invention, the ABMs of the invention are ussd to deplete the blood
of normal B-cells for an extended period.

G177 In accordance with the practice of this invention, the subject may be 2
human, equine, porcine, bovine, murine, canine, feline, and avian subjects. Other
warm blocded animals are also ncluded m thas invention.

[0178] The subject invention firther provides methods for mhibiting the growth

of hurnan tumor cells, treating a tumor in 2 subject, and treating a proliferative
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type disease in a subject. These methods comprise administering to the subject an
effective amount of the composition of the invention.

[0179] It is apparent, therefore, that the present imvention encompasses
pharmaceutical compositions, combinations and methods for treating buman
carcinomag, such as a B cell lymphoma. For examyple, the invention includes
pharmacentical compositions for use in the treatment of human carcinomas
comprising e pharmaceutically effective amount of an antibody of the present
mvention and a pharmaceutically acceptable carrier.

01801 The ABM compositions of the mvention can be administered using
conventional modes of administration including, vut not limited to, intravenous,
intraperitoneal, oral, intralymphatic or administration directly into the fumor.
Intravenous administration is preferred.

{0181} In one aspect of the invention, therapsutic formulations containing the
ABMs of the inivention are prepared for storags by mixing an antibody having the
desized degree of purity with optional pharmaceutically acceptable carriers,
excipients or stabilizers (Remington's Pharmaceutical Sciences 16th edition,
Osol, A. Ed. {1980}), m the form of lyophilized formulations or agneous
solutions. Acceptable carriers, excipients, or stabilizers are nontoxic fo recipients
at the dosages and concenirations employed, and inciude buffers such as
phosphate, citrate, and other organic acids; antioxidants including ascorbic acid
and methionine; preservatives (such as octadecyldimethylbenzyl ammonium
chioride; hexamethonivm chloride, benzalkoniwm chlondes, benzethoniom
chioride; phenol, butyl or benzyl alcohol; alkyl parabens such as methy! or propyl
paraben; catechol; resorcinol; cyclohexanol; 3-pentancl; end m-cresol); low
molscnlar weight (Jess than about 10 residues) polypeptides; proteins, such as
serum albumin, gelatin, or immunoglobuling; hydrophilic polymers such as
polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine,
histidine, argimine, or lvsins; monosacchavides, disaccherides, and other
carbohydrates including glucose, mannoge, or dextring; chelating agenis such ag
EDTA,; sugars such as sucrose, mannitol, trehalose or sorbitol; sali-forming

counter-ions such as sodinm; metal complexes (e.g., Zn-protein complexes);
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and/or non-tonic surfactants such as TWEEN™, PLURONICS ™ or polyethylene
giycol (PEG).

Bxemplary anti-CD20 ABM formulations are described in W098/50418,
expressiy incorporated herein by reference. This publication describes a liquid
multidose formulation comprising 40 mg/ml riteximab, 25 mM acetate, 150 mM
trehalose, 0.9% benzyl alcohol, 0.02% polysorbate 20 at pH 5.0 that has a
minimurm shelf life of two vears storage at 2-8°C. Anocther anti-CD20 formulation
of interest comprises 10 mg/mL rituximab in 9.0 mg/mL sodivim chloride, 7.35
mg/mL sodium citrate dihydrate, 0.7 mg/mL polysorbate 80, and Sterile Water
for Injection, pHO.5. In the present invention, RITUXAN® will be substituted by
an ABM of the present invention.

Lyophilized formulations adapted for subcutaneous adminisiration are
deseribed in WOS7/04801. Such lyophihized formulations may be reconstifuted
with a suitable diluent to a high profein concentration and the reconstifuted
formulation may be administered subcutaneously to the mammal to be treated
herein.

The formulation herein may also contain more than one active compound
as necessary for the particular indication being treated, preferably those with
complementary activities that do not adversely affect each other. For example, it
may be desirable to further provide a cytotoxic agent, chemotherapeutic agent,
cytokine or immunosuppressive agent (2.g. one which acts on T cells, such as |
cyclogporin or an antibody that binds T cells, ¢.g., one which binds LEA-1). The
effective amount of such other agenis depends on the amount of antagonist
present in the formulation, the type of disease or disorder or treatment, and other
factors discussed above. These are generally used in the same dosages and with
administration routes as uwsed hereinbefore or about from 1 fo 99% of the
herefofore employed dosages.

- The active ingredients may also be entrapped in microcapsules prepared,
for example, by coacervation techniques or by interfacial polymerization, for
example, hyvdroxymethyleelivlose or gelafin-microcapsules znd  poly-
(methylmethacylate) microcapsules, respectively, in colloidal drug delivery

systems (for example, liposomes, albumin microspheres, microcmulsions, nano-
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particles and nanocapsules) or in macroemulsions. Such techniques are disclosed
in Remington's Pharmacewtical Sciences 16th edition, Osol, A. Ed. {1980).

[0186] Sustained-release preparations may be prepared. Suitable examples of
sustained-release preparations imclude semipermeable mafrices of solid
hydrophobic polymers containing the antagonist, which matrices are in the form
of shaped articies, s.g., films, or microcapsules. Examples of sustained-release
matrices include polyesters, hydrogels (for example, poly(Z-hydioxyethyl-
methacrylate), or poly(vinylalcohol)), polviactides (U.S. Pat. No. 3,773,919),
copolymers of L-glutamic acid and yethyl-L-ghntaraate, non-degradable cthylene-
vinyl acetate, degradable lactic acid-glyeolic acid copolymers such as the
LUPRON DEPOT™ (injectable microspheres composed of lactic acid-glycolic
acid copolymer and leuprolide acetate), and poty-D-{-)-3-hydroxybutyric acid.

[0187] The formulations to be used for in vive administration must be sterile.
This is readily accomplished by filtration fhrough sterile fitration membranes.

[6188] The compositions of the invention may be in a variety of dosage forms
which include, but are not imited to, liquid solutions or suspension, tablets, pilis,
powders, sappositories, polymeric microcapsules or microvesicles, liposomes,
and injectable or infusible solutions. The preferred form depends upon the mode
of adminisiration and the therapentic appiication.

{01891 The compositions of the invention also preferably inclade conventional
pharmaceutically acceptable carriers and adjuvants known in the art such as
human serum albumin, ion exchangers, alumina, lecithin, buffer substances such
as phosphates, glycine, sorbic acid, potassium sorbate, and salts or electrolytes
such as protamine sulfate,

{0150] The most effective mode of administration and dosage regimen for the
pharmacentical composiiions of this invention depends upon the severity and
course of the disease, the patient's health and response to freatment and the
judgment of the treating physician. Accordingly, the dosages of the compositions
should be titrated to the individual patient. Nevertheless, an effective dose of the
compositions of this invention will generally be in the range of from about 0.01
to about 2000 mg/ke.
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[0191] - 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, supposiforics, polymeric microcapsules or microvesicles,
Hposomes, and injectable or infusible solutions. The preferred form depends upon
the mode of adnunisiration and the therapeutic application.

[0197] The composition comprising an 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 tﬁe particular disease or
disorder being treated, the particular mammal being treated, the clinic condition
of the individnal patient, the cause of the disease or disorder, the site of delivery
of the agent, the method of adounistration, the scheduling of administration, and
other factors kmown to medical practitioners. The therapentically effective
amount of the antagomist to be administered will be governed by such
considerations.

061931 As a general proposition, the therspentically effective amount of the
aotibody administered parenterally per dose will be in the range of about (.1 to
20 mg/kg 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.

19194} In & preferred embodiment, the ABM i3 an antibody, preferably a
sumanized antibody Suitable dosages for such an unconjugated entibody are, for
exanple, in the rénge from about 20 mg/m® to about 1000 mg/m % In one
embodiment, the dosage of the antibody differs from that presently recommended
for RITUXAN®, For example, one may administer to the patient one or more
doses of substantially less than 375 mg/m® of the antibody, e.g., where the dose is
in the range from about 20 me/m?® to about 250 mg/m, for example from about
50 mg/m” to about 200 mg/m’.

10195] Moreover, one may administer one or more mnitial 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”.

[0126] Asnoted above, however, these suggested amounts of ABM are subject to
a great deal of therapentic discretion. The key factor in selecting an appropriate
dose and scheduiing 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 resulis, depending on the disease ot
disorder, the antagonist is administered as close to the first sign, diagnosis,
appearance, ar occurrence of the disease or disorder as possible or during
remissions of the disease oy disorder.

{0197} The ABM of the present invention is administered by any suitable means,
including parentersl, subcutaneous, iﬁtraperitoneal, mtrapulinonary, and
intranasal, and, if desired for local immunosuppressive (reatment, intralesional
admimstration. Parenteral infusions include intramuscular, intravenous,
miraarterial, intréperitoneaiﬁ or subcuianecus adpumistration, In sddition, the
antagonist may suitably be administered by pulse infusion, e.g., with declining
doses of the antagonist. Preferably the dosing is given by injections, most
preferably miravenous or subcikaneous mjections, depending in part on whether
the administration is brief or chronic,

{0198] One may adminmister other compounds, such as cyiotoxic agents,
chemotherapentic agents, immunosuppressive agemts and/or cytokines with the
anftagonists herein. The combined admimistration includes coadministration, using
separate formulations or a single pharmacentical formulation, and consecutive
administzation in either order, wherein preferably there is a time pentod while
botk {or all) active agents simultaneousty exert their biological activities.

[6159] It would be clear that the dose of the compesition of the invention
required fo achieve cures may be further reduced with schedule optimization.

{62063 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 Jipd carrier may be a fatty acid, Also, the lipid camier may be a detergent. As
used herein, a detergent is any substance that alters the surface tension of 2 iguid,

generally lowering it.
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{G2061] In one example of the invention, the detergent may be a nomionic
detergent. Examples of nonionic detergents include, but are not Hmited fo,
polysorbate 80 (also known as Tween 80 or {(polyoxyethylenesorbitan
moneoleate), Brij, and Triton (for example Triton WR-1339 and Triton A-20).

[6262] Alternatively, the detergent may be an ionic detergent. An example of an
tonic detergent includes, but is not lunited 1o, alkyltrimethylammonium bromide.

[0203] Additionally, in sccordance with the invenition, the lipid carriermaybe a
liposome. As used in this application, a "liposome” is any membrane bound
vesicle which contains any molecules of the invention or combinations thereof.

f204] 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
clearty 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 functionzally equivalent are within the scope of the invention. Indesd,
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

accompanying drawings. Suchmodifications are intended to fall within the scope

of the appended claims,



-77-
EXAMPLES

[NOTE: Unless otherwise specified, references to the numbering of specific
amino acid residue positions in the following Examples are according to the

Kabat numbering system.

EXAMPLE 1

Materials and Methods

Cloning and Expression of Recombinant Antthbody B-Lyl

[62065) B-Lyl expressing hybridoma cells were grown in RPMI containing 10%
FBS and 4 mM L-glutamine. 6 x 10 cells with a viability > 90% were harvested
and total RINA was isolated using a Qiagen RNAeasy midi kit. ¢cDNAs encoding
the variable light and heavy chains of B-Lyl were amplified by RT-PCR. The
RT-PCR. reaction was performed using the following conditions: 30 min 50 °C
for the first strand cDNA synthesis; 15 min 95 °C initial denaturation; 30 cycles
of 1 min 94 °C, 1 min 45 °C, 1.5 min 72 °C; and = final elongation step for 10
min at 72 °C. The expected gize of the PCR products was confirmed by gel
electrophoresis. The PCR products were cloned into snitable E. coli vectors and
DNA sequencing confirmed that the variable light and heavy chain encoding
genes were isolated.

10206] For construction of chimeric B-Ly] expression vectors, synthetic signal
sequences and approprizte resiriction sites were fused to the variablie chains by
additional PCR reactions. After a final confirmation of the correct DNA sequence
of ke variable chaing, they wers combined with the corresponding human IgGl
constant regions. Once the genes were constructed, they were cloned under
control of the MPSV promoter and upsiream of a synthetic polyA site, ustng two

eparate vectors, one for each chain, resulting in the plasmids pETR1808 (heavy
chain expression vestor) and pETR1813 {light chain expression vector). Each

vector carried an EBV OriP sequence.
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[6207] Chimeric B-Ly1 was produced by co-iransfecting HEK293-EBNA cells
with vectors pETR1808 and pETR 1813 using a calcium phosphate-transiection
approach. Exponentially growing HEK293-EBNA. cells were transfected by the
calcimn phosphete method. Cells were grown as adherent monolayer cultures in
T flasks nsing DMEM culture medium supplemented with 10% FCS, and were
transfected when they were between 50 and 80% confluent. For the transfection
of a T75 flask, & million cells were seeded 24 hours before transfection in 14 ml
DMEM culture medium supplemented with FCS (at 10% V/V fmal), 250 ng/ml
neomyein, and cells were placed at 37°C in an incubator with a 5% CO,
atmosphers overnight. For each T75 flask fo be transfected, a solution of DNA,
CaCl, and water was prepared by mixing 47 ug total plesmid vector DNA divided
equally between the light and heavy chain expression vectors, 235 pl of 2 IM
CaCly solution, and adding water to a final volume of 469 ul To this solution,
469 ul of a 50mM HEPES, 280 mM NaCl, 1.5 mM Na,HPO4 solution at pH 7.05
were added, mixed immediately for 10 sec and left to stand at room temperature
for 20 sec. The suspension was diluted with 12 ml of DMEM supplemented with
2% FCS, and added to the T75 in place of the existing medium. The cells were
ineubated at 37°C, 5% CO, for about 17 10 20 hourg, then medinm was replaced
with 12 ml DMEM, 10% FCS. For the production of unmoedified antibody “chB-
Ly17, the cells were transfected onlty with antibody expression vectors pETR 1888
and pETR1813 in & 1:] ratio. For the production of the glycoengineered
antibody “chB-Lyl-ge”, the cells were co-transfected with four plasmids, two for
antibody expression (pETRIB08 and pETRIE13), one for a fusion GanTI
polypeptide expression (pETR1519), and one for mannosidase I expression
(pCLF9) at aratio of4:4:1:1, respectively. Atday 5 post-transfection, supernatant
was harvested, centrifuged for 5 min at 1200 rpm, followed by 2 second
centrifugation for 10 min at 4000 rpm and kept at 4°C.

02081 chB-Lyl and chB-Lyl-ge were pwrified from culture supernatant using
three sequential chromatographic sieps, Profein A chromatography, cation
exchange chromatography, and a size exclusion chromatography step on a
Superdex 200 column (Amershamn Pharmacia) exchanging the buffer to
phosphate buffer saline and collecting the monomeric antibody ?eak from this



79

last step. Antibody concentration was estimated using a spectrophotometer from
the absorbance at 280 nm,

Oligosaccharide Anatysis

[0209] Oligosaccharides were enzymatically released from the antibodies by
PNGaseF digestion, with the antibodies being sither immobilized on a PVDF
membrane or in solution.

162181 The resulting digest solution containing the released oligosaccharides
either prepared directly for MALDY/TOF-MS analysis or was further digested
with Endoll glycosi&ase prior to sample preparation for MALDYTOF-MS
analysis. |

(ligosaccharide release method for PVDF membrane-inomobilized antibodies

f0211} Thewells of 2 96-well plate made with a PVDF (Immobilon P, Millipore,
Bedford, Massachusetis) membrane were wetted with 100 i methanol and the
lquid was drawn through the PVDF membrane using vacuum applied to the
Multiscreen vacuumm manifold (Millipore, Bedford, Massachusetts). The PVDF
membranes were washed three Hmes with 300 ul of water. The wells were then
washed with 50 pl RCM buffer (8M Ures, 360 Tris, 3.2mM EDTA, pl 8.6},
Between 30-40 nug anbibody was loaded in a well containing 10 ul RCM buffer.
The Hauid in the well was drawn through the membrane by applying vacuum, and
the membrane was subsequently washed twice with 50 pl RCM buffer. The
reduction of disulfide bridges was performed by addition of 50 pl of 0.1IM
dithiothreitol in RCM and incubation at 37°C for 1 b

18212} PFollowing reduction, & vacuwm was applied to remove the dithiothreitol
solution fom the well, The wells were washed three times with 300 ul water
before performing the carboxymethylation of the cysteine residess by addition of
30 pd 0.1M iodoacetic acid in RCM buffer and ineubation at room temperature in
the dark for 30 min.

[6213] After carboxymethylation, the wells were drawn with vacuum and
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(02151

[0216)

[0217]
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then blocked, o prevent adsorption of the endoglycosidase, by mncubating 100 pl
of & 1% agueous solution of potyvinylpyrrolidone 360 at room temperature for 1
hour. The blocking reagent was then removed by gentle vacuum followed by
thres washes with 300 pl water.

N-linked cligosaccharides were released by addition of 2.5 mU peptide-
N-glycosydase ¥ ( recombinat N-Glycanage, GLYKO, Novato, CA) and 6.1 mU
Sialidase (GLYKO, Novato, CA), to remove any potential charged
monosaccharide residu.es, in 2 final volume of 25 wlin 20mM NaHCO;, pH7.0).

Digestion was performed for 3 hours at 37°C.

Oligosaccharide release method for antibodies in sotution

Between 40 and 50 ng of antibody were mixed with 2.5 mU of PNGaseF
(Glyko, U.S.A) in 2 mM Tris, pH7.0 in a final volume of 25 microliters, and the

mix was incubated for 3 hours at 37°C.

Use of Endoglycosidase H digestion of PNGaseF-released oligosaccharides for
the assignment of hybrid bisected oligosaccharide structures to MALDITOPF-MS
neutral oligosaccharide peaks '

The PNGaseF released oligosaccharides were subsequently digested with
Bndoglycosidase H (EC 3.2.1.96), For the BndoH digestion, 15 mU of BndoH
{Roche, Switzerland) were added to the PNGaseF digest (antibody in solution
method above) to give a final volume of 30 microliters, and the mix was
mcubated for 3 hours at 37°C. EndoH cleaves between the N-acetylglucosamine
residuss of the chitobiose cors of N-lisked oligosaccharides. The enzyme can
only digest oligomarmose and most hybrid type glyeans, whereas complex type

oligosacchanides are not hydrolyzed.

Sarnple preparation for MALDI/TOR-MS

The enzymatic digests contaming the released oligosaccharides were

incubated for a fizther 3 b at room afier the addition of acetic acid fo a final

nevinmaetnds o mf T AN am WA and ssrevs svhoacaarntivaocead thenpoh 1A 1 AT ratiem
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exchange resin (AG50W-X8 resin, hydrogen form, 100-200 mesh, BioRad,
Switzeriand) packed into a micro-bio-spin chromatography column (BioRad,
Switzerland) to remove cations and proteins. One microliter of the resulting
sample WE.S applied to a stainless steel target plate, and mixed on the plate with 1
ul of sDUB matrix. sDHEB matrix was prepared by dissolving 2 mg of 2,5-
dihydroxybenzoic acid plus 0.1 mg of S-methoxysalicyiic acid in 1 mi of
ethanol/10 mM aqueons sodium chloride 1:1 (v/v). The samples were air dried,

0.2 pl ethano! was applied, and the samples wers finally allowed to re-crystaliize

under air.

MALDVTOFR-MS

[0218] The MALDI-TOF mass spectrometer used to ascquire 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. Extermnal
catibration using oligosaccharide standards was used for raass assignment of the

ions. The spectra from 200 laser shots were surmed fo obtain the final spectrum,

Whole blood B Cell Depletion

[8219] 495 1l heparimzed blood from 2 healthy donor was aliguoted into 5 ml
polystyrene tubes, 5 i 100-fold concentrated antibody samples {1-1000 ng/m!
final concentration) or PBS only were added and the tubes were incubated at 37°,
After 245 50 1l blood was transferred to 8 fresh tube and stained with anti~CD3-
FITC, anti-CD19-PE end anti-CD45-CyChrome (Becton-Dickinson) for 15 min
at room temperatare in the dark. Before analysis, 500 pl FACS buffer (PBS
contzining 2% FCS and SmM EDTA) was added to the tubes, The CD3-FITC
and CD19-PE fluorescence of the blood samples were floweytometrically
analyzed by setiing & threshold on CD45-CyChrome. B cell-depletion was
determined by plotting the ratio of CD19" B cells to CD3™ T cells,
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Binding of anti-CD20 Antibodies to Raji Cells

102203 500,000 in 180 pl FACS buffer (PBS containing 2% FCS and SmM
EDTA) were transferred to 5 mi polystyrene fubes and 20 ul 10 fold concentrated
anti-CD20 antibody samples {1-53000 ng/ml final concentration) or PBS only
were added and the tubes were Incubated at 4°C for 30min. Subsequently,
samples were washed twice with FACS buffer and pelleted 2t 300 x g for 3min.
Supernatant was aspirated off and celis were taken up in 100 ®1FACS buffer and
1yl anti-Fe-specific Flab’y2-FITC fragments (Jackson Immuno 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 ug/m! P for analysis by Flow Cytometry. Binding was
determined by plotiing the geometric mean fluorescence against the antibody

- concentrations.

HXAMPLE 2
High Homology Acceptor Approach

16221} 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 sequence that showed the highest sequence
identity. Here, the sequence VH1 10 from the VBase database was chosen as the
heavy chain framework acceptor sequence, and the VI 2 40 sequence was
chosen to be the framework acceptor for the light chain. Onto thess two acceptor
frameworks, the three complementary defermining regions (CDRs) of the mouse
heavy and hight variable domains were grafted. Sinee the framework 4 region is
not part of the variable region of the germ line V gene, the atignment for that
position was done individually. The JTHA4 region was chosen for the heavy chain,
and the JK4 region was chosen for the light chain. Molecular modeliing 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-

infroducing murine amino acid residues info the tuman framework would
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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 variants were designed that either included or omitted the
back mutations, The humardzed antibody Hght chain did not require any back
mudations. After having designed the protein sequences, DNA sequences

encoding these proteins were synthesized as detailed below.

Mixed Framework Approach

[0227] In order to avoid introducing back mutations &t critical amine acid residue
positions (critical to retamn good antigen binding affinity or antibody functions) of
the human acceptbr framework, 1t was investigated whether either the whole
framework region 1 (FR1), 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 natoral buman
germlime sequence. For this purpose, the VH frameworks 1 and 2 of the rnouse
Blyl sequence were aligned individually to hurnan germ-line sequences. Here,
highest sequence identity was not important, and was not used, for choosing
acceptor frameworks, but mstead maiching of several critical residues was
assumed to be more mportant. Those crifical residues comprise residues 24, 71,
and 94 (Kabat numbering), and also those residues at position 27, 28, and 30
(Kabat numbering}, which lie ouiside ofthe CDR 1 definition by Kabat, but ofien
are involved in antigen binding. The IMGT sequence VH_3_15 was chosen asa
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

[0223] After having designed the amino acid sequence of the humanized
antibody V region, the DNA sequence had to be generated. The DNA sequence

data of the mdividual framework regions was found in the databases for human
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germ line sequences. The DNA sequence ofthe CDR regions was taken from the
.cen'espouding murine ¢cDNA data, With these sequences, the whole DNA
sequence was virtually assembled. Having this DNA sequence data, diagnostic
restriction sites were introduced in the virtual sequence, by infroducing silent
mutations, creating recognition sites for restriction endonucleases. To obtain the
physical DNA chain, gene synthesis was performed (e.g., Wheeler et al. 1995).1n
this method, oligonucleotides are designed from the genes of inferest, such, thata
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) altways show complementary sequences to two
primers derived from the opposite strand. When putting these oligomucleotides
info a reaction buffer suitable for any heat stable polymerase, and adding Mg®',
dNTPsanda DNA. polymerase, each oligonucleotide is extended from its 3 end.
The newly formed 3° end of one primer then anneals with the next primer of the
opposiie strand, and extendimg its sequence further under conditions suitable for
template dependant DNA chain slongation. The final product was cloned info &

conventional vector for propagation in E. coli.

Antibody production

[0224] Hurnan heavy and light chain leader sequences (for secretion) wers added
upstreamn of the above variable region sequences and these were then joined
upstream of human IgG1 kappa copstant heavy and light chain sequences,
respectively, using standard molecular biology techuriques. 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) underihe
control of the MPSV promoter and upstream of a synthetic polyA site, each
vecter 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 culiure medivm 5 to 7 days post-

ransfection, and purifying the secrsted antibodies by Protein A affinity
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exclusion chromatographic step to isolate pure monomeric IgG1 amtibodies. 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
hwmanized antibody variants were produced by co-transfection of the antibody
expression vectors together with a GnT-III glycosyliransferase expression
vectors, or together with a GnT-{11 expression vector plus a Golgl mannosidase I
expression vector, as described for the chimeric antibody in Example | above,
Glycosngineered antibodies were purified and formulated as described above for
the non-glycoengineered antibodies. The oligosaccharides attached to the Fo
region of the antibodies was analysed by MALDI/TOF-MS as described below.

Oligossacharide analysis

[0225] Oligosaccharide release method for antibodies in solufion
Between 40 and 50 pg of antibody were mixed with 2.5 mU of PNGaseF (Glyko,
- U.8.A) in 2 mM Tns, pH7.0 in a final volume of 25 microliters, and the mix was
mcubated for 3 hours at 37°C.

Sample preparation for MALDI/TOE-MS

[0226] The enzymatic digests containing the released oligosaccharides were
incubated for a further 3 h at room temperature after the addition of acetic acid to
2 final concentration of 150 mM, and were subsequently passed through 0.6 miof
cation exchange resin {AGS0W-X8 resin, hyvdrogen form, 100-200 mesh,
BioRad, Switzerland} packed into a micro-bio-gpin 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 ul of sDHB matrix, sDHB matrix was prepared by dissolving 2 mg
of 2,5-dibydroxybenzoic acid plus 0.1 mg of 5-methoxysalicylic acid in 1 m! of
ethanol/10 mM agueous sodhum chloride 1:1 (v/v). The samples were air dried,
0.2 pl ethanol was applied, and the samples were finally allowed to re-crystallize

wnder air.
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MATDI/TOF-MS

{6227} The MALDETOF mass spectrometer used to acquire the mass specira
was a Voyager Blite (Perspective Biosystems). The instrument was operated in
the linear configuration, with an acceleration of 20k'V and 80 ns delay. External
calibration using oligosaccharide standards was used for mass assignment of the

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

Antigen binding assay

[0228] The purified, monomeric humanized antibody variants were tested for
binding o human CD20 on Raji B-cell lymphoma target cells using a flow
eytometry-based assay, as described for the chimeric B-ly1 antibody in Example

1 abave,

Binding of monomeric IgG1 glycovariants to NK cells and FoDDRIIA~expressing
_ CHO cell line

{02291 Human NX cells were isolated from freshiy isolated peripheral blood
moncnucliear cells PBMC) applying a negative selection enriching for CD16-
and CD356-positive cells (MACS system, Miltenvi Biotec GmbH, Bergisch
Gladbach/Germany). The purity determined by CD56 expression was between
88-95 %, Freshly isolated NK. cells were incubated in PBS without caleium and
magnesium ions (3 x 105 cells/ml) for 20 minutes at 37°C o remove NK cell-
assoctated IpG. Cells were incubated at 106 cells/ml 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 antibody 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-human CDS56-PE  (BD  Biosciences,
Allschwil/Switzerland). The anti-FegammaR A 3G F(ab™)2 fragments (Ancell,
Beyport, MN/USA) were added at a concentration of 10 pg/m! fo compete
binding of antibody glycovariants (3 ng/ml). The fluorescence intensity referring

to the bound antibody variants was defermined for CD56-positive cells on a



87

FACSCalibur (BD Biosciences, Allschwil /Switzerland). CHO cells were
transfected by electroporation (280 V, 950 uF, 0.4 om) with an expression vector
coding for theFogammaRIITA-Vali58 w-chain and the y-chain. Transiectants
were selected by addition of 6 pg/ml puromyoin and stable clones were analyzed
by FACS using 10 pl FITC-conjugated-anti-FegammaRITE 3G8 monoclonal
antibody (BD Biosciences, Allschwil/Switzerland) for 10° cells. Binding of TgG1
{o FogammaRIILA-Vall 58-expressing CHO cells was performed analogously to
the NK cell binding deseribed above.

ADCC assay

9230} Human peripheral blood menonuclear cells (PBMC) were used as effector
cells and were prepared vsing Histopagque-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 voluntsers. The
blood was diluted 1:0.75-1.3 with PBS (not containing Cat++ or Mg++) and
layered on Histopague-1077. The pradient was centrifuged at 400 x g for 30 min
at room temperature (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 appropriate medivm for the subssquent procedures.

(02331 The effector to targst ratio used for the ADCC assays was 25:1 and 1G¢:1
for PBMC and NK cells, respectively. The sffector cells were prepared in AIM-V
medium at the appropriate concentration m order to add 50 ul per well of round
bottom 96 well plates. Target cells were human B lymphome 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 m! in order to add 3C'000
cells in 100 el per microwell. Antibodies were diluted in AIM-V, added in 50 ul
10 the pre-plated target cells and allowed to bind to the targets for 10 minutes at

RT. Then the effector cells were added and the plate was incubated for 4 hours af
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assessed by measurement of lactate dehydrogenase (1DH) release from damaged
cells using the Cytotoxicity Detection kit (Roche Diagnostics, Rotkreuz,
Switzerland). After the 4-hour incubation the plates were centrifuged at 800 x g
160 pl supernatant from each well was fransferred to a new transparent flat
botiom 96 well plate, 100 1l 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 vsing SOFTmax PRO software (Molecular Devices,
Sunnyvale, CA94089, USA). Spontaneous LDH release was measured from wells
containing only target and effector cells but no antibodies. Mayimal release was
determined from wells contaiming only target cells and 1% Triton X-10€.
Percentage of specific antibody-mediated killing was calculated as follows: ((x —
SRY(MR — SR)y*100, where x is the mean of Vmax at a specific antibody
concentration, SR i the mean of Vmax of the spontaneous release and MR is the

mean of Vmax of the maximal release.

Complement dependent cytotoxicity assay

{6232} ' Ta:fget cells were counted, washed with PBS, resuspended in ATM-V
(Invitrogen) at 1 million cells per mi 50 pl cells were plated per well in a flat
bottom 96 well plate. Antibody dilnfions were prepared in AIM-V and added 1
30 ul to the cells. Antibodies were allowed to bind to the cells for 10 minutes at
Toom temperature. Human serum complement (Quidel) was freshly thawed,
diluted 3-fold with AIM-~V and added in 50 pl to the wells. Rabbit complement
{Cedarlane Laboratories) was prepared as described by the manufacturer, diluted
3-foid with AIM-V and added in 50 ul o the 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 LIDH release, Brisfly, 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 agsay reagent from the Cytotoxicity Kit (Roche) were added. A kinetic

meagurement with the ELISA reader determined the Vmax corresponding with
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LDH concentration in the supematant. Maximal release was determined by

incubating the cells in presence of 1% Trition X-100.

Whole blood B-cell depletion assay

10233] Normal B-cell depletion in whole blood by the anti-CD20 antibodies was

carried out as described in Example 1 above.

Apoptosis Assay

10234} The apoptotic potency of the antibodies was assayed by incubating the
antibody at 10pg/ml (saturating conditions in respect to antigen binding) with the
target cells (at a target cell concentration of 5 x 105 cells/m]) overnight (16-24 h).
Samples were stained with AnnV.FITC and analyzed by FACS. Assay was done
in triplicates.

[6235] Detection is performed by flow cytometry by following the appearance of
apoptotic markers like annexin V and phosphatidy serine. Negative control (no
apoptosis induced)y doss not contain any antibody, but only phosphate buffered
saline. Positive control (maximal apoptosis) contains 5 micromolar of the strong

gpoptosis inducer Camptothecin (CFT).

Results and Discussion

[6236)] Comparison of the binding to buman CD20 antigen of antibody variants
B-HHI, B-HH2, B-ITH3, either complexed with the chimeric B-1y1 light chain
(mVL, as described in Example 1 above) or with the humanized B-1y1 lght chain
(KV1), and the parental, chimeric aniibody chB-lyl (described in Exampie 1
above) shows that all antibodies have a similar EC50 value, but the B-HH1
construct binds with 2 lower intensity/stoichiometry than the variants B-EH?2 and
B-HH3 (Figure 11). B-HF1 can be distinguished from B-HH2 and B-HH3 by its
partially human CDRI1 and CDR2 regions (Kabat definition), as well as the
Ala/Thr polymorphism at position 28 (Kabat mumbering). This indicates that
either position 28, the complete CDR1, and/or the complete CDR?2 are important
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0237} The comparison of the B-HL1, B-HH]1, and the chimeric chB-1y1 parental
antibody showed absence of any binding activity in the B-HL! consiruct, and
about half of the binding intensity /stoichiometry of the B-HH1 compared to B-
vyl (Figure 12). Both the B-HL1 as well zs the B-HHI are designed based on
acceptor frameworks derived from the homan VHI class. Among other
differences, position 71 (Kabat numbering; Kabat position 71 corresponds to
position 72 of SEQ 1D NC:48} of the B-HIL1 construct is a striking difference,
mdicating its putative importance for antigen binding.

[6238] When comparing the antigen binding data of Figures 9 to 13, the BHE?2-
KV1, BHLS-KV1, and BHL11-KV1 variants show the best binding affinity,
among the different humanized antibody variants tested, fo human CD20 on the
surface of human cells., The differences between B-HH2Z, on one hand, and B-
HLR and B-HL11 on the other hand are located in the FR1 and FR2 regions only ,
with all three CDRs being identical (compare, 6.g., SEQ ID NOs: 32, 56, and 60,
which are not numbered according to Kabat, but whose Kabat numbering can be
readily determined by one of ordinary skill). B-HL8 and B-HIL11 have their FR1
and FR2 seguences derfved from the human VH3 class, whereas the complete B-

- HH2 framework is human VH1 dertved. B-HL11 is a dertvative of B-HL8 with
the single mutation GlulGin (position 1 is the same in both Kabat numbering and
the conventional mmmbering system used in the sequence listing), with Gin being
the amine acid residue in the B-HH2 construct. This means that GlulGlin
exchange does not alter binding affinity nor intensity. The other differences
between B-HH2 and B-HL8 are 14 framework residues, of which one or more
will influence the antigen binding behavior of this antibody.

i8239] The B-HL4 construct is derived from the B-HHZ anfibody by replacing
the FR1 of the B-HH2 with that of the human germ line sequence VEH1_45. This
construct shows greatly dimimished antigen binding capacity, despite having
different amino acids at only three positions within FR1. These residues are
located at positions 2, 14, and 30 (Kebat numbering). Of these, position 30 could
be an mnfluential position, since it is part of the Chothia definition of CDRL.
Overall analysis of all the hinding curves from Figures ¢ to 13 indicates that the

following humanized B-lyl heavy chain residues (Kabat numbering) are
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jmportant for binding fo CD20: W35 (end of Kabat CDR1), full Kabat CDR3, full
Kabat CDR2 and fufl Kabat CDR3, residues A71 and R94 (in this case R94
cannot be replaced by a threonine} and Y27. A28 and S30 also contributs to a
lesser extent. In addition, Kabat CIDR3 and all canonical residues are important
for antigen binding. No back mutations were introduced in the humanized light
chain, which had the full Kabat CDR1, CDR2 and CDR3 grafied. In induction of
spoptosis (Figures 14, 15 and 21}, the most potent variant was hemanized B-ly]
variant BHH2-KV1 (even more potent than the original chB-iyl and a lot more
potent than an antibody with 2 sequence identical to rituximah, CZB8). Other
humenized variants (derivatives of BHLS) that can recover the ncreased
apoptosis are: B-HL1Z to B-HIL17 (see Table) and BHHS (mixed frameworks)
and BHHS (“mixed frameworks” with one back mutation, S30T). Positions 9 and
48 (K abat numbering) can contact the antigen. Variants BFH4 to BHH7 are other
humanized B-1y1 variants that do not introduce additional non-humarn sequences.
0240} Important properties of the humanized B-ly1 antibody are that itis atyps
It anti-CD20 antibody as defined in Cragg, M.S. and Glennie, M.T., Blood
103(7):2738-2743 (April 2004); . It therefore did not induce, upon binding to
CD20, any significant resistance to non-ionic detergent extraction of CD20 from
the surface of CD20+ humean cells, using the sssay described for this purposes in
Polyak, M.I. and Deans, I.P., Blood 99(9):3256-3262 (2002). It certainly induced
significantly less resistance to non-ionie detergent sxtraction of CD20 than the
C2B8 antibody does (another anti-CD20 antibody with identical sequence to
rituximab,{See U.S. Pat. Pub. No. 2003 0003097 to Reff). As expected of a type
1T anti-CD20 aniibody, the bumanized B-lyl did not have amy significant
complement mediated lysis activity and certainly a lot complement mediated Lysis
activity than the anti-CD20 antibody C2ZB& (chimeric IgGl with identical
sequence 1o rifuximab), Another important property of the humanized B-1yl
antibody was that it was very potent ia the hemotyg;ﬁc aggregation assay. In this
assay CDZ20-positive tuman cells, Daudi cells, were incubated in cell culture
medium for up to 24 hours at 37°C in a 5%CO2 atmosphere in a mammalian cell
incubator as described in detail in (Deans reference), with the antibody at a

concentration of 1 microgram per ml and in parallel at a concentration of 5
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micrograms per mi. As a comparison, conirol, paxallé‘l incubation of the cells
were done under identical conditions but using the anti-CD20 antibody C2B8. At
different time points, including 8 hours and 24 hours of incubation, the cells wers
ingpected visually using a microscope. It was found that the humanized B-lyt
antibody led to strong homotypic aggregation, with aggregates being significantly
larger that those induced by addition of the C2B8 confro] antibody. In addition,
and consistent with the antibody being anti-CIY20 type IL, it indnced higher levels
of apoptosis when CD20-posifive human cells were incubated with the
huomanized B-lyl antibody, relative to a control under identical conditions using
the C2B8 chimeric Ig(31 antibody with identical sequence to rituximab.
(Hycoengineered variants of the humanized aniibodies were produced by
co-expression of GnTIIF glycosyitransferase, 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 significantly higher levels
of binding to human FegammaRI receptors (Figure 20) and ADCC activity as
well (Figure 16), relative to the non-glycoengineered antibody and relative fo the
C2B8 antibody. The hureeanized B-1yl antibody was also more potent at inducing
buman B-cell depletion in a whole blood assay (Figure 16) than the control C2B8
antibody. This was true both for the non-glveoengineered B-lyl antibody and for
the glycosngineered version of it. The glycoengineered antibody was
approximatety 100¢-fold more potént than the C2B8 control anti-CD20 antibody
m depleting B-cells in the whole blood assay. This comparison is important both
for the non-ghycoengineered and for the glycoengineesred humanized forms of B-
Iyl antibody, because it showed that in assays that combined Fo recepior-
dependent activities, such as ADCC, plus complement mediated lysis, plus
induction of apoptosis, that both forms of B-lyl were significantly more potent
that CZBS, although both forms of B-Iyl have dramatically lower complement
mediated lysis activity, The ADCC, Fe receptor-dependent cell killing activities
anci apoptosis nduction were present in this superior activity of the humanized B-

lyl antibody variants. Furthermore, in the apoptosis assay, both the
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glycoengineered and non-glycoengineered forms of this type II anti-CD20
antibody were potent, with the Fe-engineered variants with increased binding
affinity to Fogamma receptors being sven more potent in apoptosis induction than
the non-Fe-engineered varant, and with all variants being significantly more
potent than the conirol antibody C2ZBE. The exact mechanism for enhanced
homotypic aggregation and induction of apoptopsis mediated by type I anti-
CD20 antibodies 18 not known and concomitant binding to other molecules on the
surface of CD20-positive cells, such as Fo gamma recepiors, can influence thig
important property. It was therefore important to demonstrate that anti-CD20
antibodies of type II that have been engineered in their Fe region for increased
binding affinity to Fo gamma receptors, inclnding FogammaRIIl and with an
associated increase in ADCC activity, were still able to induce strong apoptosis,
even higher than the non-Fe-engmeered, and homotypic aggregation. Apoptopsis
induction is important as in vive, as there are locations in the body where the
target CD20-positive cells can be found, but were access to FegammaRIT-
posttive cells is more difficult than in blood, such locations are, for example,
lymph nodes. In those locations, the induction of apoptosis by the anti-CD20
antibody itself can be crucial for good efficacy of the anti-CD20 antibody therapy
1 humans, both for the treatment of haematological malignancies such as non-
Hodgkins lymphomas and B-cell cluepic lymphocoytic levkaemia, and for the
irsatment of autotmmune diseases such as theumatoid arthritis and lupus viaa B-
cell deplétion approach. The increased binding affinity to FogammaRIN and
highez; ADCC of the humanized, Fe-engineered type I anti-CD20 antibody can
also be a very nmportant attribute for such therapies, Fmally, the reduced or
negligible complement mediated lysis activity of this type I anti-CD20
anfibodies, including humanized and Fe-engineered variants, can also be
mporiant higher complement activation by anti-CD20 antibodies has been

correlated with increasad, undesivable side-effects
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WHAT IS CLAIMED 1S:

1. A humanized Type I anti-CD20 antigen binding molecule comprising:
(a) a heavy chain variable region selected from SEQ ID NO:62 SEQ ID NO:64 SEQ 1D
NO:66, SEQ ID NO:68 SEQ ID NO:70, and SEQ ID NO:72; and

(bythe KVI light chain variable region of SEQ ID NG: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 claim 1 or 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 claim 1 or 2.

5. A humanized Type-H 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
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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,

6. An expression vector comprising the polynucleotide 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-IT anti-CD20 antigen

binding molecule of any one of claims 1, 2 and 5 comprising culturing the host cell of
claim 7 under conditions that allow for the production of said antigen binding molecule

and recovering said antigen binding molecule from said culture.

0. 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
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disorder treatable by B-cell depletion.

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

or an autoimmune disease.

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

lymphoma, non-Hodgkin’s Iymphoma, 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 FegammaRII receptors

relative to the non-glycoengineered antigen binding molecule.

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

molecule.



