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This application clainms priority to U S. Provisional Application No.: 5

60/ 419163, GMIM35BE COct ober 17, 2002, and U.S. Provisional Application No.:
60/ 460028, filed on April 2, 2003, both entitled HUVAN MONOCLONAL

ANTI BODI ES AGAI NST CD20, and both of which are incorporated herein in their
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located within the cytoplasm. The length of this region contrasts with that of other B

cell-specific surface structures such as IgM, IgD, and IgG heavy chains or

25  histocompatibility antigens class II o or B chains, which have relatively short
intracytoplasmic regions of 3, 3, 28, 15, and 16 amino acids, respectively (Komaromy et
al. (1983) NAR 11:6775-6785). Of the last 61 carboxyl-terminal amino acids, 21 are
acidic residues, whereas only 2 are basic, indicating that this region has a strong net
negative charge. The GenBank Accession No. is NP_690605.

30 It is thought that CD20 might be involved in regulating an early step(s) in
the activation and differentiation process of B cells (Tedder et al. (1986) Eur.J.
Immunol. 16:881-887) and could function as a calcium ion channel (Tedder et al. (1990)
J. Cell. Biochem. 14D:195).

Despite uncertainty about the actual function of CD20 in promoting

35  proliferation and/or differentiation of B cells, it provides an important target for antibody
mediated therapy to control or kill B cells involved in cancers and autoimmune
disorders. In particular, the expression of CD20 on tumor cells, e.g., NHL, makes it an
important target for antibody mediated therapy to specifically target therapeutic agents
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GM - 055PC agai nst CD20-positive neoplastic cells. However, while the
results obtained to date <clearly establish CD20 as a useful target for

i mmunot her aBMI-838RC al so show that currently available nmurine and chineric
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PWNs). Furthernore ﬁaxcr@phﬁqﬁldmee@, the hurpen anfibedics @ﬁthmyvqnﬁan sediate
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non- Hodgki &ténﬂi?fég)llﬁ(m@presence of 33 vol/vol% plasma or whole blood cells within 3 hours at
25 37 °C at an antibody concentration of 10 ug/ml. In another embodiment, human
antibodies of the invention induce apoptosis of cells expressing CD20. In another
embodiment, human antibodies of the invention induce homotypic adhesion of cells
expressing CD20. Furthermore, the human antibodies of the invention may induce
antibody dependent cellular cytotoxicity (ADCC) of cells expressing CD20 in the
30  presence of human effector cells (e.g., monocytes, mononuclear cells, NK cells and
PMNs). Furthermore, human antibodies of the invention may induce phagocytosis of
cells expressing CD20 in the presence of macrophages. The human monoclonal
antibodies of the invention may work by one or more of these mechanisms. Examples
of cells which can be killed by human antibodies of the present invention include, but
35  are not limited to, B cells expressing CD20, such as tumorigenic B cells and B cells
involved in immune diseases. In a particular embodiment, the human antibodies are
used to mediate killing of B lymphocytes in the treatment of lymphoma, e.g., B cell non-
Hodgkin’s lymphoma.




-2 GM -055PC Human anti bodi es of the invention include IgGl (e.g., 194d,x),
lg&@ (e.g., 1g&3,ic ) and IgHA (e.g., IgHA, x) antibodi es. However, other
ant i body i sGMPpOSSBCe al so enconpassed by the invention, including |g&,
lgM 1gAl, 1gA2, secretory IgA 1gD and IgE. The anti bodi es can be whol e
(intact) antibodies or antigen-binding 5 fragnents thereof including, for

exanple, Fab, F(ab')2. . Fv. sipgl.e chain Fv.fra n | I fi
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aci d sequences as set forth in SE?I NGs: 2, 6, r 10 and SEQ I D NGCs: 4, 8,
or 12, resp8etheydisclosedip AU/ 85 9%andd82ReH 0138939 i cati ons thereof. In
Ket angt her ehnb_odi nMenPartichidr H&tﬁ&rﬂk arlﬁmo'ﬁié@dﬁﬂ}% paés@ntpihgfrﬂfbheﬁ(tla@éﬂthbse_ Eavi ng
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sequences ag_se 1. SEQ I . ectively; SEQ ID
NO 6 and SE rﬁ‘dﬁ%ﬁ%@sﬁiﬂ%&%&é?%?& ’r\‘fngooreg%%hgé% NO. 12,

r espect i vel gons@vatye sggnenceunedifipaiions theraof.b budneshes tmbhdinient,dhe hwmnar ncl ude
t hose which | ' | 4 :chai n
CORL 6] on R AR o P Al R e M KA Bt i oy
and |i gl cHarablaaormng egmpfising fiseynaipg agid sequeacespar set forthip SEQHY HORE, Hhuman

heavy chai nof EWARISEQIDINOSE, &ldr 13/VefjRcvdly, maQupRemtivelsefleact from the group
consisting of .t o acid sequences 35 CDR1l, CDR2, and CDR3 shown in

e.am
Fi gur es 53,“’§§}&6P°‘§7‘p‘%r§ ID NOs: 13-15, 19-21, and 25-27), and
conservative sequencelmydiahothat ¢robslitbuet the fhumandntibodies are characterized by

having human heavy chain and human kappa light chain variable regions which are at
25  least 90% homologous, preferably at least 95% homologous, and more preferably at
least 98%, or at least 99% homologous to the amino acid sequences as set forth in SEQ
ID NO:2 and SEQ ID NO:4, respectively; SEQ ID NO:6 and SEQ ID NO:8,
respectively; or SEQ ID NO:10 and SEQ ID NO:12, respectively.
Other particular human antibodies of the invention include those which
30 comprise a CDR domain having a human heavy and light chain CDR1 region, a human
heavy and light chain CDR2 region, and a human heavy and light chain CDR3 region,
wherein
(a) the CDR1, CDR2, and CDR3 human heavy chain regions comprise an
amino acid sequence selected from the group consisting of the amino acid sequences
35 CDRI1, CDR2, and CDR3 shown in Figures 53, 55, or 57 (SEQ ID NOs:13-15, 19-21,
and 25-27), and conservative sequence modifications thereof, and
(b) the CDR1, CDR2, and CDR3 human light chain regions comprise an

amino acid sequence selected from the group consisting of the amino acid sequences
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(b) the CODR I, CDR2, and CDR3 human |ight chain regions conprise an am no
aci d sequence selected fromthe group consisting of the am no acid sequences
-3 GM - 055PGMEIFSRC CDR2, and CDR3 shown in Figures 53, 55, or 57 (SEQ ID
NGs: 16-18, 22-24, and 28-30), and conservative sequence nodifications
thereof. In another enbodiment, the human anti-CD20 antibodies of the

t I . t t .f CDR
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SEQ | D NGs: ard®8-20), aiil corR@va@®® wruéhte mddifidalioiHRetebf NOs: 25, 26, 27, 28, 29
0 2% 50 RS T I BB ERSAIACS RO Chob IR SRR bl ¢ "
defi ned i n invyntion domprise at I)easianC\DRsemmm or et b;ast fomreCIQBrsbqueymsmemcwd to
human CB320. frbllﬁ thr s enbodi nent , pr ef erred anti bodies include: (i) SEQID

NO 15 or 27; 15, 16, 17 and 18; (ii) SEQ ID
NOs: 19, 20, 21 (1)22 §1§8319dNQa 13, éfhh%léé@qr O8\os: 25, 26, 27, 28, 29 and

30; or (iv) at ¢lgastsEQqDNDE%s19§Q{)ez:1th yerm4;: (a) SEQ ID NOs: 13, 19 or 25,

e Sotoanc® oy "B, SpRIDINETSSg8 o 5 il o 9 el on, or 2eLtion o
a sequence havi n@v)l- 4cc&mnvat1mseduem:ahnmdliﬁ¢a1nbnmsf thels¢piehandisted imadgli(ii) ons of
t he seqygence of ?ﬁ) 14, 20 or 26; 25 (c) SEQ ID NGs: 15 or 27, or a
sequence havr ng A *ahi no acid substituti ons, deletions or additions of the

sequence of SEQ (VD NCEagménts ofarlwone((xf)he%@@ngemﬁnﬁd in Gy, (8),{Bwefive havi ng

1-2 amno acid SMH&B'rétHﬁl'tH@%ﬂlt |b@ﬁd{8'}ﬁlnﬁh@§%.t' ons of the sequence of SEQ
ID NO 16; 30 (e) a seguence,havi ng 1-2 am no acid

substitutions, del eﬁ”othbs %YFbOQHH?IttrIHﬁge“G aptipodiesJudiés of SEQ ID NO 17; and
(1) SEQ | D NCS (133 orsgg IDcNoa1§@1qgrpnce having 1-2 amno acid

subst it fJSt i ons, dﬂ eti gga IBr 8ddf 12”135 ?g t a‘t;ldsl@gquence of SEQ ID NGs: 18 or
(i) SEQID NOs: 19, 20, 21, 22, 23 and 24;
(ii1)) SEQ ID NOs: 25, 26, 27, 28, 29 and 30; or
(iv) at least four CDRs selected from:
(a) SEQ ID NOs: 13, 19 or 25, or a sequence having 1 amino acid

20 substitution, deletion or addition of the sequence of SEQ ID NOs: 13, 19
or25;

(b) SEQ ID NOs: 14, 20 or 26, or a sequence having 1-4 amino acid
substitutions, deletions or additions of the sequence of SEQ ID NOs: 14,
20 or 26;

25 (c) SEQ ID NOs: 15 or 27, or a sequence having 1-4 amino acid
substitutions, deletions or additions of the sequence of SEQ ID NOs: 15
or27;

(d) SEQ ID NO: 16, or a sequence having 1-2 amino acid substitutions,
deletions or additions of the sequence of SEQ ID NO: 16;

30 (e) SEQ ID NO: 17, or a sequence having 1-2 amino acid substitutions,

deletions or additions of the sequence of SEQ ID NO: 17; and

() SEQ ID NOs: 18 or 30, or a sequence having 1-2 amino acid
substitutions, deletions or additions of the sequence of SEQ ID NOs: 18
or 30.

35 In a further embodiment, the antibody of the invention comprises a heavy
chain variable region amino acid sequence derived from a human Vy3-13/DP-44
germline sequence (SEQ ID NO: 54) and a light chain variable region amino acid
sequence derived from a human L6/JK4-CK (SEQ ID NO: 55) germline sequence, or a

4.




35 In a further enbodi nent, the anti body of the invention conprises a heavy
chain variable region am no acid sequence derived froma human VH3- 13/ DP- 44
gernmine seGMRIBSRGEQ ID NO 54) and a |light chain variable regi on am no
acid sequence derived froma human L6/ JK4-CK (SEQ ID NO 55) gerniine
sequence, or a -4 GM - 055PC heavy chai n variabl e region am no acid sequence
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as determined by the Pnbalnr?meﬁﬁm@@g}epwﬁ?laﬁ‘plgté'lcgjs@gar@?o%ﬁ h«s PES %%{I i gure 9)
herei n; c) aveitemoandeicbaractatizeddynsteamimdrk df therfollovdbg @regertadsout 10- 4 sec- |
or |ess o 15 preferabgl geéﬁi?ff}‘do’r‘?wﬁlaﬁ%di .or less and, nore preferably,

about 10-6 sec-1 or t he dissociation rate experi nment
di scl osed i n Exanpl e B)a(lmngmg@f@)ltmr@% (1%3) of rborbl 4 aivlyortlessrprefesably.a hi gh

level of CDGoR 5&iNIRElesCRR/ nadte PRIGED eabo%fl@%@o??es@@§ﬁétbﬁﬁﬁn&?i) ﬁfe e) the
ability to translocate i toll(gldra MﬁpHrelnln to CD20 f) the

ability to 'P‘Hﬁ‘in&ef‘PGErH%efé m Bxample HNPEEES cD20:  g) the ability

to induce apoptosis of) £dibdosialibh edic xRS &k CBEH; CH0 bhﬁaoaxbnd)i“tsyc-ﬂ@ridaduce
hom)typfsc adh t o i nduce

t
nooe oPIE ERRE Ryl S SeoglesTAiRt B0 prsteahly, bl 88ec! flebpas "95°r,
t he abil it yddternpnel tpnthe slissodintadn mfe expetitnpaclischased nyExample Sc(Elguse Ntiecdin;

CD20; k) th | 1
Tho abi 11ty to Hepl ot 3 e abilich B ARRUE R Ete} & JHOLIE R AT S Pnediléh O 1
cells). 30 aHeDhYABposifve caid20 ant i bOdI es of the present invention can be

derivatized, |inked tg tHé aﬁﬁt;ﬂ%ﬁfa%l%@ﬁe trfo Hbf&%ﬁft?hﬁtﬁi lSlHdﬁE%&Cbz@' ties. In a
particul ar enbodi rrentL) i'nvent1.on provides ecif % mul tispecific
mol ecul 49 conpri si ng the ab111ty to 1nh1b1t the growth of cells wh1c express C 20;

g) the ability to induce apoptosis of cells which express CD20;

h) the ability to induce homotypic adhesion of cells which express CD20;

i) the ability to induce ADCC of cells which express CD20 in the
presence of effector cells;

25 j) the ability to prolong survival of a subject having tumor cells which
express CD20;

k) the ability to deplete cells which express CD20; and/or
1) the ability to deplete cells which express low levels of CD20 (CD20"Y
cells).

30 The human anti-CD20 antibodies of the present invention can be
derivatized, linked to or co-expressed to other binding specificities. In a particular
embodiment, the invention provides a bispecific or multispecific molecule comprising
at least one first binding specificity for CD20 (e.g., a human anti-CD20 antibody or
mimetic thereof), and a second binding specificity for a human effector cell, such as a

35  binding specificity for an Fc receptor (e.g., a human Fcy receptor, such as FcyRI, or a
human Fca receptor) or a T cell receptor, e.g., CD3.

Accordingly, the present invention includes bispecific and multispecific
molecules that bind to both human CD20 and to an Fc receptor or a T cell receptor, e.g.,

5.




at | east one first binding specificity for CD20 (e.g., a human anti-CD20
anti body or mnetic thereof), and a second binding specificity for a human
ef fector ceGMI-@88Cas a 35 binding specificity for an Fe receptor (e.g., a
human Fcy receptor, such as FcyRI, or a human Fca receptor) or a T cell
receptor, e.g., CD3. Accordingly, the present invention includes bispecific
and rrultisp&g)lflc Ieggl es that bind tg both human CD20 and to an Fc
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functional characteristics, such as inducing CDC and inducing apoptosis. A composition
30 of the invention may further comprise a therapeutic agent. The therapeutic agent may be
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-6-



selected froma cytotoxic agent, a radiotoxic agent, an inmmunosuppressant,
an i munol ogi cal nodul ati ng agent, such as a cytokine or a chenokine,
doxor ubi ci NnGMEDSSPGEL i n, bl eomycin, carnustine, chloranbucil,
cycl ophospham de, anti-CD25 antibodies, anti-CD19 anti bodies, anti-CD21
anti bodi es, anti-CD22 anti bodies, anti 35 CD37 anti bodi es, ant | - CD38
anti bodi es, anti-IL6Rantihbo anti-1L18.an odi e ti- .lL1
antibodies, anti-IL 1 mélﬁtaflﬁ%%‘f%slmrgﬁflﬁ)co&wa%ﬁtbqlﬁﬁaﬁgﬁngﬂ?l 18 Eﬁfl a
ant i bodi es, mokastles ahdbempdsiigars-of themreggni imv¢ntlondan de tisébisi aemne@'l’cb.f/kﬂeth«gisand
ant i - C30(1 ) ranbiaslh Bowthdt M L3 i ik

i F owth™of ¢ )&e‘%glﬁgs R nﬁmrkl?l‘ﬂg g8t d Qi&g b

bi specific and nul peci f conp05| I ons
i nvention ca?ntefémgélwcqlh vathmﬁéqcyvmmﬁwwé&@ anfigpdy, ARITHINEPHIBEAIE- ot h of

celI's expr esﬁeh uszﬁa%ﬁls@aqt‘l@fndiéchld &&oﬁ?bhﬁo@%ﬁ&l@ﬁfat the &R d¥he Geqm acting
1

the cells w unt _ of nti bo | nmmco
bi speci fi c/ §e§§8g/0f ﬁ@%ﬁl@gﬁ% Byone il ﬂgg}f&*wdtlﬁﬁﬂfl SMS}W of
the cell iscell e)méssmd:mmmhe pieseree bof efféctdd dells,dor éxmpi@ b@rr(tde z{ﬁbpfomsll he

t hod i ncl Ki | | t ] f
et hod 1oL KSR, bbbl of Do cSabhaPSR O SRAZ MR KSR SREASE O |
combi nat i onceil‘s atwe&rahmkéledforulﬂabl@drmﬂmmkﬂm orTinhibitogy the actinvetypfetlds abl y
killed o5 iQfidaidosit %%‘{EDM %t' cl%lakfnﬂr& Q*efrﬁxﬁlg ﬁ&g?esé‘ﬁtsﬂn‘{dtﬁr%llﬁel&@&' s 10

whi ch do not express ress tructurally
rel ated cefdll-giiface aetigent(. geWItbputé:rOSSxmthur t%mglbléafemqtmmlyy digtincscelf ed but

functional | é‘uercéTahﬁ\g‘etns}?@élls e%Bfefsﬁﬁ CR20IVERESdan BeahhiditeX BF BiHsd ﬁﬁn&@%ol whi ch
can be |nh|€|ted or lII u5|n C&‘gﬂbu n antj bodi es of fhe invention
b tﬂ?%fﬁ

i ncl ude, urggL K18 letsﬁ 1@%‘?5’1 18“[5“ T EXURBIegumprizeni dhesisant i bodi es of
the present inventi OnA@&Frdbtgly;&&ﬁhah antibddidsfof die prasthoinvprit@itedin ba uséd foet y  of

0 seasofs PN BRULR R0 00 0 A i B A kbl ot bod'es o
treated (e.gdminateingshasmijodes t@p@ﬁ@tﬁtwﬁermgfmdesucbdtseaﬂe& Be¢mplaryi t ed to,
tumor i geni ¢4l IEAFESAM tgéﬂéé‘g g\ﬁﬁéﬁ%dg@r grevexﬁé’& Rfcgﬂg{:@t%esﬁcﬁ‘%ﬁﬁted

Exanpl es of tunorigenic treate revent ed
i ncl ude B c#h rmmcgrrg@nwrmseaw a@dgmmurxﬂldlseamle@ oipmengrdigpases. Expmples of

| ynphobl ast hgndrie Kﬁ%ﬁé&&%ﬂ%n%&rdﬁ%d%@/o@ re8hted HRAR A B8 1y§gm|amas B cell

chronic_| ymhoc c ukem a C:I_Li3 honma n% B cell
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treated andf@fuse large B cell lymphoma, Burkitt's lymphoma, plasmacytoma, plasma cell

myeloma, post-transplant lymphoproliferative disorder, Waldenstrom's
macroglobulinemia, and anaplastic large-cell lymphoma (ALCL). Examples of immune
disorders in which CD20 expressing B cells are involved which can be treated and/or
30 prevented include psoriasis, psoriatic arthritis, dermatitis, systemic scleroderma and
sclerosis, inflammatory bowel disease (IBD), Crohn’s disease, ulcerative colitis,
respiratory distress syndrome, meningitis, encephalitis, uveitis, glomerulonephritis,
eczema, asthma, atherosclerosis, leukocyte adhesion deficiency, multiple sclerosis,
Raynaud’s syndrome, Sjdgren’s syndrome, juvenile onset diabetes, Reiter’s disease,
35 Behget’s disease, immune complex nephritis, IgA nephropathy, IgM polyneuropathies,
immune-mediated thrombocytopenias, such as acute idiopathic thrombocytopenic
purpura and chronic idiopathic thrombocytopenic purpura, hemolytic anemia,
myasthenia gravis, lupus nephritis, systemic lupus erythematosus, rheumatoid arthritis
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complex between the antibody and CD20. Complex formation is then detected (e.g.,
using an FACS analysis or Western blotting). When using a control sample along with
the test sample, complex is detected in both samples and any statistically significant
difference in the formation of complexes between the samples is indicative of the
30 presence of CD20 in the test sample.
In yet another aspect, the invention provides a transgenic non-human
animal, such as a transgenic mouse, which express human monoclonal antibodies that
bind to CD20. In a particular embodiment, the transgenic non-human animal is a
transgenic mouse having a genome comprising a human heavy chain transgene and a
35  human light chain transgene encoding all or a portion of an antibody of the invention.
The transgenic non-human animal can be immunized with a purified or enriched
preparation of CD20 antigen and/or cells expressing CD20. Preferably, the transgenic
non-human animal, e.g., the transgenic mouse, is capable of producing multiple
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25 In yet another aspect, the invention provides nucleic acid molecules
encoding human anti-CD20 antibodies (e.g., variable regions thereof), as well as
recombinant expression vectors which include the nucleic acids of the invention, and
host cells transfected with such vectors. Methods of producing the antibodies by
culturing these host cells are also encompassed by the invention. Particular nucleic
30  acids provided by the invention comprise the nucleotide sequences shown in SEQ ID
NOs:1, 5, or 9 and SEQ ID NOs:3, 7, or 11, encoding the heavy and light chains,
respectively, of human anti-CD20 antibodies 2F2, 7D8, and 11B8.
In another aspect, the invention provides anti-idiotypic antibodies binding
to human anti-CD20 antibodies of the invention.
35 Other features and advantages of the instant invention will be apparent

from the following detailed description and claims.



encodi ng human anti-CD20 anti bodies (e.g., variable regions thereof), as
wel |l as reconbi nant expression vectors which include the nucleic acids of

t he i nventi GMI-@88PChost cells transfected with such vectors. Methods of
produci ng the anti bodies by culturing these host cells are al so enconpassed
by the invention Particul ar nucleic 30 acids provided by the invention

conpri se thﬁ eotide se uenEhlgs shown in SEQID NGs:I, 5, or 9 and SEQ ID
NGs: 3, 7, R MﬁTlﬁaq hel %Vméﬁﬁj | i ght chai ns, respectively, of

human anti - CD20 ant i b&tues 1 8k@ws thE)&,C(H#qdf/izérmﬂe-héaVyarwtolﬂesech&)pect t he
o hou o R iRtAne Bkl Vel By hORTGR BAAING 265 ng A TBR, BN |- P2
0 en van

ant i bodi es ures an ages of the instant
invention will be appEF&lmz Sh@‘ﬁfmh@I1i>é3GWVmblﬁgllgiétvattbedsedefgmep@nbmnntand
claims. 59 FauQRpye 2/BRNER 1BRSCRI PTI ON OF THE DRAW NGS Figure 1 shows the
pCONyl f/ vari abl e- heav vect or d for reconbjnant production _of the human
nmonocl onal anti bodi es ‘X?L&BBIOUMF@GP%C lonigg ygetor (RCYRERGW2VA) vs8Bl e- 1 i ght

vect or USedf(erécoﬁIﬂﬁMpﬁﬁllﬁttlolﬁoﬁ)Zm.iﬁtlllm of 2F2 and 11B8. Fi gure 3 shows
t he doubl e- gene cl oni vect or L x2 sed or reco

production of 2F2 andga’%i‘lﬁ%9 §'§?B . P%“’E%F%ﬁ‘%‘#dﬁ’ﬂaﬁdn? ﬁdl ng of

hunman rmnochmi’tmldies 20?2 Hotliand 12B8 to REB,, Dardil ahd & Za)trﬁafacted[béﬂdlcellsam CD20

transfe Bygétgggsho&ugﬁgn%%@f}pﬁﬁ&ﬂ% NS/ 0 cells using flow cytonetry.

Fi gures W F2 to PBMCs fromthree hunman donors
using flow cytonetry. Figiuges & @dégahcgvﬁpiblléﬁbng)aﬂﬁ?gtotﬂw&smgﬂ@ffi nity of
1251 - | abel efygidoRsuside NoWaReIRdryl 1B8 to Ranpbs- EHRB cells. 15 Figures 7A
and 7B show the binding of 125I-1 abeI ed .Zg(ﬁégg nd. 1251-] ab jze ei 8 conpar ed
to 1251 -1abel ed ri tuxﬂ%e 0 & greph copatin nging, 4] asf/yo cpbede2F2

1251 - | abel eghd®*-14bd1ed 1 BSMoRAnGPEHRBARAES to the unlabel ed form of

Bexxar T which is a 311 be ti-hu b ul ter)
to Ranps® EHRB cel s ( 58“%%4&&(%15?51&‘87 h§eb(“§¥ng Qg ﬁqg'?F?D"ngf dal 33%5691%0
conparing t hiBglcaspareditd G1-labdlabrinkin a6 (chinadiel aad- cmm;boag,amca)tmued 2F2,
1251 - | abel ed !s e 0

di ssoci atio Sflaﬁéiés(d g?%th%Ré ?13 S&)rggésmen luﬂgb %#Zf()ﬁh%}}@gar:n’gwﬁﬁl uxi mab in
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rituximab, agdsD ?]Insdgs)otype control antibody (HuMab-KLH) of Daudi cells
ce

(A and_SU DHL- 125
20 Figure 8 is a graph comparing the dissociation rates of ““I-labeled

11B8T, '®I-labeled 2F2, '»I-labeled rituximab (RIT), and '*I-labeled B1.
Figure 9 shows the dissociation rates of the F(ab’), fragments of 2F2,
11B8T, and rituximab in Ramos-EHRB cells.
Figures 104 and 10B show the CDC by 2F2T, 11B8T, 7D8, rituximab,
25  and an isotype control antibody (HuMab-KLH) of Daudi cells (A) and SU-DHL-4 cells
(B) at different time points (functional off-rate) using flow cytometry.
Figures 11A4-E show the kinetics of CDC induced by 2F2 and rituximab
in different cell lines using flow cytometry.
Figures 124-D show CDC induced by 2F2 and rituximab in different
30  cell lines as a function of the concentration of complement (normal human serum
(NHS)) at two different antibody concentrations using flow cytometry.
Figures 134-D show concentration-dependent induction of CDC by 2F2
and rituximab in different cell lines using flow cytometry.
Figures 144 and 14B show concentration-dependent induction of CDC
35 by 2F2, 2F2T, 11B8T, B1, and rituximab in Daudi cells (A) and Raji cells (B).
Figures 154 and 15B are graphs comparing CDC of Daudi cells (cells
expressing low levels of CD55/59) by human monoclonal antibodies 2F2, 7D8, and
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(B) at different tinme points (functional off-rate) using flow cytonetry.
Figures Il A-E show the kinetics of CDC induced by 2F2 and rituximab in
different ceMI-b55m3 using flow cytonetry. Figures 12A-D show CDC i nduced by
2F2 and rituximab in different 30 cell lines as a function of the
concentration of conplenment (normal human serum (NHS)) at two different

I flow cytonetry. Figures 13A-D show

anti body co trations usin

concentr at i gﬁ@@ﬁ&ﬁ@éﬁ?am ﬁﬁh%}qwrpesﬁendwsWUQWQsheéﬁeilSrqrxdd%) FROVS PEIGRNY f er ent
cell lines Misamcéllﬁwhlehmm%med&ﬂiﬂéﬂﬁ aﬂiélﬁolf)i@ﬁsérﬂﬁ show ;
concentration-dependept in Bl1, an
rituximab in Daudi ﬁgg AéBCAta‘H’cﬁpﬁ??re géalpp%cczr%garmgé]aé iﬁai@ﬂ &SIIS_LSB are

gr aphs conp@mrwgin@miglolevaaoﬂ[?wé!ﬂ%by beinks menpelesaiangbddies 2k @DS, mfd CD55/ 59)
by hunans no [ }%—;55%

rituxi mrasb @ﬁﬁlmﬁlﬂﬁdw? “%lrércc# Fﬁﬁ\?\gg el ‘%QPmeggﬁgg?t‘ oWs per cent

| ysis of cemt}s ClRP @t hpws @@réemtﬂwsaqﬂ@edlisb}pcmd withami-GPuands 16A
and 16B ar e,gi-apias agggmég ng CDC of Raji cells (ceI S expre55| ng hi gh

| evel s of CD55/59) by _human | onal ant and 11B8 and
rituxi mab; (A) shows 6@?‘6’@%”@&%‘”2‘?‘3 r@@q fjsébiggt %@%3 indhged BpD55 and
an:| - CD59 arFl muemmazbgd Ka[ji)ceﬂglo(&ﬁ) thlezf’v@ﬂ{btpdr(}@lta%e@fl)%edi balshipolﬁlaeai%mnctDES g
anti - an ie [ ole.o an
oo 1 ool wieeRes BombosdoBRHONT Hisaickeanaeh oRsre edliion Adgitin St e
per cent age 6D5P ym@hb@ehﬁcb(@)pshnwadnﬂ feraentagd Of bffsechmlis-uﬁﬁﬁﬁdchnbm bbbiyth af) shows
t he percentég%g{_lmgé/c@ d%ﬁ l("g)%)ﬁl gl tion of anti CD59 antibody, and (C

n S

shows the percentage-o on addition of both anti- CD55
anti body and anti - CDS@@MS I$ddl) shew dhe kisding af pomplemenhiactor by 252 and

conpl ement  fia&lR4b Qd]ff@r)ént?d:e% lfHéQas Adtbihih howd ofn?ern‘%f”t cell lines as
determ ped by flow cytonetr ur 19A-D_s t he deposition of
conpl enkht factor frageems e SBQW%WZE@HEFUPPPG%? BmERt 1gtor g’?@ﬁ?nt(%‘lcl l'i nes
gézdet erni D@%Marfdd@ﬁfxgg@r&lﬁﬂhﬁb&ﬁnﬂeﬂm:ﬁs @damﬁf ed ysflow@itoffdity77 cel L\; Iby

, rituxi mab, an t ole
bl ood. Figure 21 sho ’&"%?qu%wsay%ﬁ ngﬁey) ?F%Fz &s}}rflﬁ}ﬁ H’irlugéﬂjilBST in
20 the presMhepm‘sexiéMﬁﬁPl\MMNﬁb,aﬂmamwﬁuﬁblobtlood Fi gure 22 shows lysis

of HCL (hairy cell (E@F@l 3 s}?b‘?vs 13 mngﬁ'iglrL c%llstﬂi@r’ﬁaﬁtu)@ggb LhBYT k’f‘ i he

presence of PMNs, MN shows y5|s of
B-ALL c0 | sthepresence of i F,tMNGﬁ?ablaSm@]OIthOICMC@ﬁence of PMNs, M\Cs, plasma or

whol e bl ood. Figure 22 shows lysis of HCL (hairy cell leukemia) cells by 2F2,
rituximab, and 11B8T in the presence of PMNs, MNCs, plasma or whole blood.
Figure 23 shows lysis of B-ALL cells by 2F2, and rituximab, in the
presence of PMNs, MNCs, plasma or whole blood.
25 Figure 24 shows lysis of follicular lymphoma (FL) cells by 2F2,
rituximab, and 11B8T in the presence of PMNs, MNCs, plasma or whole blood.
Figure 25 shows lysis of mantle cell lymphoma cells by 2F2, rituximab,
and 11B8T in the presence of PMNs, MNCs, plasma or whole blood.
Figure 26 shows concentration dependent lysis of ARH-77 cells by 2F2
30  and rituximab in the presence of whole blood.
Figure 27 shows MNC-mediated lysis of ARH-77 cells by 2F2T,
11B8T, and rituximab.
Figure 28 shows MNC-mediated lysis of Raji cells by 2F2T, 11B8T,
and rituximab.
35 Figures 294, B, and C are graphs showing clustering of CD20 in the
lipid rafts upon incubation with 2F2, 7D§, or 11B8 using FRET analysis and Triton-X
insolubility assay.
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25 Figure 24 shows lysis of follicular |ynphoma (FL) cells by 2F2,

rituxi mab, and 11B8T in the presence of PMNs, M\Cs, plasma or whol e bl ood.

Fi gure 25 sGMEOSSBRCs of mantle cell |ynphoma cells by 2F2, rituximb, and
11B8T in the presence of PMNs, M\Cs, plasma or whol e blood. Figure 26 shows
concentration dependent lysis of ARH 77 cells by 2F2 30 and rituximb in

t he presence of whol e bl oo Fi gure 27 shg C: nedj ated | ysis of, ARH 77
cell's by 2F2T, 1158Tf1’3gé‘ﬁ%|94’?1? ﬂ%@r%%ﬁ@@%@%ﬁa@r&ﬁm&mg@&ovysi s of
Raji cells bwth2F2TritukinB®l or 1 BBRIT nsihg KREAnaBSsisFi gures 29A, B, and C are
graphs showi ng cl ust ek i P P oY fts.upon,incu iop wWith
2F2, 7D8, or 11B8 usi ﬁgélgﬁg;rs%oﬂl/‘é prsotpgﬁ%i’“ﬁfﬁ@nq%ma?nﬁs%f’h%f" F’?SPQ‘%Lesrégy. -11
GM - 055PC Firgeticn a8@r rhagmentwvith {Teitomy- 190 (EB2 @nd incubagioni witli2F2; fritexioyabyor

i ncubatipn (ygé¢p 2F2, rituximab, or 11B8T using FRET analysis. Figure 31

shows the proportion of CD20 remaining. in the insoluble raft fraction after
treatment with Tritonf5ued? shoys thedisiriutisnof 6R2ihehveenshe raftapdineayaftor 5

11B8T. f tFi gumngﬁi’an%rf?wm?shq)oﬂi sﬁhfdld@mttgimldp{qu@mﬂl ﬂ?’ mgamhb,e;rrlgBBTand
non-ra menbrane fragction on stinulati u e

tuxirmb, Tor 1ameT. | gty b B3Rt contnrs phHeutrelohy sha A% and £y, oro,
7D8, and 11&8ng flswregtdnhedny. cyt onetry. 10 Figure 34 shows induction of
apoptosys of Raji cell s, . T ' . i

cyt onet yf/ Figure BSA%' pev\éflgt}loc}%%g |§ocrt1108fo lfé%@ﬁ{;%%;?fsﬁ%% g%‘asﬁﬁﬁgéﬂésw%y 2F2T,
11B8T, ri t ukiuwxihab, or BBusingi fhay £ytometryt onetry. Figure 35B shows early stage

and | ate stage apopt og}es5,,055Paudls inghdid UOBN B R >»7ant i bodi es
OF2T, 11 138T. rituxinab, and Bl Su‘siuggo P%W%@?%mtr? g@g@?%i 36A-E show

horot ypi ¢ abHe8Y.atwemahetrddl psipgflew yomairyoF2, 708, and 11B8 using | i ght
m croscopy. Figure 37FEhen:hesmiwdkiaely eHpe ah® hitddtadPapdptBR| IfDai g by

(1L TR 0, Bl el 5, SRR a1 Soek P ShRRaSr ol "
with 2F2 or 7D8. Fi guFiud& abEshéwdometypinddhssior bf Bhmos-ERBEcetisdy i nj ect ed
W th TanouEFf’%g? aﬁ&?lﬁé SﬁBEHgW$Qro%E%y. rituxi mab, or B 1.
Figure 37 show homotypic adhesion of Daudi cells by 2F2, rituximab,
and B1 using light microscopy.
20 Figure 38 is a graph showing the percent survival of SCID mice
injected with Daudi cells and treated with 2F2 or 7D8.
Figure 39 shows the percent survival of SCID mice injected with
Tanoue cells and treated with 2F2, rituximab, or B1.
Figure 40 shows the percent survival of SCID mice injected with Daudi
25  cells and treated with different concentrations of 2F2 or rituximab.
Figure 41 shows the percent survival of SCID mice injected with Daudi
cells and treated with 11B8T or B1.
Figure 42 shows bioluminescence imaging of tumor cells in SCID mice
on day 39 (31 days after treatment with 10 pg of B1, rituximab, 11B8T, 2F2T, or
30 hulgGl). The bioluminescence is represented in red color (the dark areas in the mice)
(light intensity > 50 photons per 5 min) as overlay on the black and white body image
of the mice.
Figure 43 shows the tumor mass in each mouse quantified on day 25,
32, 39, and 46 following administration, on day 8, of 10 pg of B1, rituximab, 11B8T,
35  2F2T, or hulgGl1 by integrating the light signals over the body surface.
Figures 444-C show flow cytometric analysis of CD20" cells in
peripheral blood of cynomolgus monkeys following intravenous administration of 2F2
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Fi gure 40 shows the percent survival of SCID mce injected with Daudi 25
cells and treated with different concentrations of 2F2 or rituxinmab. Figure
41 shows t heMBOSSRC survival of SCID mce injected with Daudi cells and
treated with | IB8T or Bl. Figure 42 shows biolum nescence imagi ng of tunor
cells in SCID nmce on day 39 (31 days after treatment with 10 g of B 1,

Fed col o (PAUHR & AR osties ¥ 25 kg ik Grg MGRE BoorfBigag per 5
m n) as ovemlgéyg (. t he bl ack and white body image of the mice. Figure 43
shows the tumor mass F&]?&%ﬁ%ﬁgw%@%&&ﬁf%BalgﬁxoPémlgg%us?iﬁlBa”d 46

follow ng adm ni strati
2F2T, or hupﬁgcahewblqwd@épmdm@gumonkegfhfolbqvgnairgraavmustaﬁmlmsimjlosmffzaze

Fi gures 44 i | I er al
g 4 %Qltﬁﬁmﬁdtqm&yﬁ&m%rew%gqlsﬁfygvg@o %gg;n ﬁ%’ﬁf@t or 4),?1 B

bl ood of cyno us nonkeys f Ion o 2F2 -12
GM - 055PC B xi mab at different dosages, 4 x 1.25 nk/kg (A, 4 x 6. 25

ng/ kg (B), or 4 x 12. ngurmmc(s@w fﬂwﬁﬁetﬁéanﬁ §§|@Y\Cﬁ2()wcélbétlﬂﬂ’§3ﬁ

anal ysi s + cel | eral ood of cyno nke foIIo n
D e enousnaia ey Smaians MogRSls Bk g e R o AU P Attt qgagos, 4 X
1. 25 nk/ kg fiiximab at cﬁff%ntrtg)’sk@s(tB)( 1.2rmK/ky (AR .4506.26mdddkeg () or FxdArs®s 46A- C

show f c ic analysis of CD20+ cells in lynph node of cynonol gus
rmnkeyquvol ?%\%ge)l ntravenous adm ni stration of 2F2 or rituximb at

different dosages, 4 Kigur@S//k{lshoyMpw ytomgrignalygikgf (B), or 4 x 12.50 10

/k C o
020" ovCh23 T RBION B Chorpsa e en PAlITBHIperd ERAR| Rafimoleus monkes fhqus

monkeys f ofqllewnrgglnfrﬂwrw&a@agn%ﬁpﬁ PE@EQa?Ii Wﬁxwabﬁélf&remuqoaeae
di f f er ent d q3), 41x>62$18%/kgf(136|iﬁ4(x°~1)25 /Kg.(2%. o/ kg (B), or 4 x 12 50

k() oi° 50U e SR SIS S b D, PR L2
wild type (W) o@?ﬁotypermblaftﬂ afliRdy((BX R) CH@rceﬂsbhpl‘éﬂélmﬂdaypé (WIDeD2@D20
bi i ng-of A (AP oS3 Thidand hEHREEDA T BRUBIGRIASR 0 ()
per cent age ﬂbw@imgle@fy 2F2T, 11B8T, Bl1l, CAT (CAT 13.6E12, a nouse nonocl onal
Ir ?thuQI ﬁg;' . gDzrrSt gm I DafYre @ F%Ho@BE‘?centh&ElH&ﬂh@'onF@tM@%Taﬁtl'o@()dy (KLH) or
20  rituximab to mutant 1728 vs. WT CD20 (A), percentage binding of 2F2T, 11B8T,
B1, CAT (CAT 13.6E12, a mouse monoclonal IgG2A anti-CD20 antibody,
Diatec.Com), a control isotype antibody (KLH) or rituximab to mutant CD20 (AxP) vs.
WT CD20 (B), percentage binding of 2F2, 11B8T, B1 or rituximab to mutant N166D
vs. WT CD20 (C), percentage binding of 2F2T, CAT or rituximab to mutant N166D
25  vs. WT CD20 (D), percentage binding of 2F2T, 2F2, 11BS8T, B1 or rituximab to
mutant N163D vs. WT CD20 (E), and percentage binding of 2F2T, CAT or rituximab
to mutant N163D vs. WT CD20 (F).
Figure 50 shows binding of 2F2T, 7D8, and isotype control antibody, as
determined by ELISA, to three anti-idiotypic antibodies, anti-2F2 sab 1.1, anti-2F2 sab
30 1.2, and anti-2F2 sab 1.3, raised against 2F2.
Figure 51 shows binding of 11B8T, as determined by ELISA, to anti-
idiotypic antibodies, anti-11B8T sab 2.2, anti-11B8T sab 2.3, anti-11B8T sab 2.4, anti-
11B8T sab 2.5, and anti-11B8T sab 2.6, raised against 11B8T, but no binding to the
anti-idiotypic anti-2F2 antibodies.
35 Figures 524-C show dose-dependent binding of 2F2T, as determined by
ELISA, to three anti-idiotypic antibodies, anti-2F2 sab 1.1 (A), anti-2F2 sab 1.2 (B),
and anti-2F2 sab 1.3 (C), raised against 2F2.
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W CD20 (B), percentage binding of 2F2, 11 138T, Bl or rituxinmb to nutant
N166D vs. WI CD20 (C), percentage binding of 2F2T, CAT or rituximab to

mut ant N166GMEB0SSPC W CD20 (D) , percentage binding of 2F2T, 2F2, 11B8T, B
1 or rituximab to nutant N163D vs. WI CD20 (E), and percentage binding of
2F2T, CAT or rituximab to nutant N163D vs. WI CD20 (F). Figure 50 shows

bi nd| ng of 2F2T, 708, _and e . control, anti bod term ned by ELI SA,
to three anti-idiot pr@%#f%ége argﬁlplacgﬁsgqg%eiSliCﬁQrﬁ&zgpg}@j@aV%O 1.2,
and anti - 2Rhaga¥ rdgi8n andiiteathingadid seqlchcRS@(LTPD BO:$hsfitke bipindkagpapéhald B8T, as
det 1 ned [ 1138T b 2.2,

det 1 m e R Himab i ABLpl BLUPL, 0 ALK Gy g H4°0T 20
anti-11138T sab 2.6, Figuead sheasrike nucl®aite sequenem(SEQHD MO 1 bofitheheavy

anti -i dipt ygHam ‘a%glo@ Bd ﬁm'atdut?fégh@esseggélcg'(gmqg N83)6f %QY%@ gé‘ﬁgg%ﬂgfﬁd@nt

bi ndi ng of 2F2T, g det erm ned ¥ to three anti -1
ant i bodi es, regiopiof p@laggg)nfclgngl@m%ﬁ@ 2F2 sab 1.2 (B), and anti -2F2 sab

1.3 (O, raised agai nB'ltguM 55 shdwelthe &hmBGcid @Ylichcd BSBEQIDNOI ofifieHRaAL

sequence ( S8 PR ndhesiing Fa ewa%p@}%cﬁ;iﬁ#? § St et Efbealitin o

nonocl onal =mgionledtymak ZomotlondRRtibedy DS with<I YR a¢gdns designated54 shows t he

nucl eotjde sequence th

nucl eot |Ogle seguence E@E%é%%@@th@{mcﬁ%%d?%‘&ﬁ%ﬁio @bek ?ﬁ&t@ﬂ 1311&I(J’P’oneof
human nonoctheimV regien bmblghemuclepgdﬁr@qwcglﬁ ﬁ&pﬁ&ledtgha(l@eq@&hw\(SEQ | D

NO 6) of thg fg,%mumgg%dhoyjom%%omg he am no acid sequence (SEQ I D NQO 8)
of the |ight (kappa) chain gl on of human nonocl onal _antibody 7D8 with

CDR regi ons desi gnat e@gumﬁhw hesaming agid seawense EPRQIPINOIL) 0bhe 8eaSEQ | D
NG 5) of t héhalieRvygios Bid fhe\énﬁ@@h@ﬂsétﬁﬁnéd‘(SE@m RO | Do fsealigh CeappSFéBaliD NO 7)

f the | K h I I t dy 7D8.

Fi gur e léyg“ﬁaéeafﬁﬁﬁlgﬁaﬂéga%qlw‘iﬁa@m d1PEEEh CPROFEHS riiethenvy  chai n v
regi on and the am no Eiguek Sechoecke uskeQtidDsédieddt) (SEIQ IMAO:Dpbiith¢ kegyya) chain
LS gL on Gl DYIRG, TRNAEaDEh A LAty (BTN A, PRSI EShART o0
regi on and Yh@lmgf@mimoe@dmmh@eﬂk(ogﬁ@m& NO 11) of the light (kappa)

chain V region of human nonoclonal antibody 11B8. 20 DETAI LED DESCRI PTI ON

OF THE | NVENTI ON The present invention provides inproved antibody-based
t her apids fBFTAIPFEAlESEBIP&h@IN OF IHEINYENTIQNvari ety of di sorders invol ving

cel I s expressing CD20The present invention provides improved antibody-based therapies for
treating and diagnosing a variety of disorders involving cells expressing CD20.
Therapies of the invention employ isolated human monoclonal antibodies which
specifically bind to an epitope present on CD20. Isolated human monoclonal antibodies
25 encompassed by the present invention include IgA, IgG1-4, IgE, IgM, and IgD
antibodies.

In one embodiment the antibody is an IgG1 antibody, more particularly
an IgGl,k or I[gG1,) isotype. In another embodiment the antibody is an IgG3 antibody,
more particularly an IgG3,k or IgG3,A isotype. In yet another embodiment the antibody

30 is an IgG4 antibody, more particularly an IgG4,k or IgG4,A isotype. In still another
embodiment the antibody is an IgA1 or IgA2 antibody.

In still another embodiment the antibody is an IgM antibody.

In one embodiment, the human antibodies are produced in a non-human
transgenic animal, e.g., a transgenic mouse, capable of producing multiple isotypes of

35  human monoclonal antibodies to CD20 by undergoing V-D-J recombination and isotype
switching. Accordingly, aspects of the invention include not only antibodies, antibody
fragments, and pharmaceutical compositions thereof, but also non-human transgenic

animals, B cells, host cell transfectomas, and hybridomas which produce monoclonal
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Ther api es of the invention enploy isolated human nonocl onal anti bodi es which
specifically bind to an epitope present on CD20. I|sol ated human nonocl onal
ant i bodi es eMEBOsSSPQassed by the present invention include IgA 1g9d-4, |gE
IgM and IgD antibodies. In one enbodi nent the antibody is an IgQd

anti body, nore particularly an IgG 1,x or 1gG I, X isotype I n anot her

enbodi nent t nti cnlls an | antibolc)l, nore p uIarI .an 1gG3, x or
erod et SNBaNL! Sadl a0 LGS SN bR, oL PATS BV At v an |
anti body, npolgclpaaltantibddied suchns HigEdsed iatUs ZJ)(BVD()lIJSstoAymdmgly ﬁfellh\lenﬁﬁlﬁ)t her

enbodi mont +REcRRESRY nhihadfotSishanibifes Bfich S8 calf b 0 B M,
ant i bodi es an@d;mou&tbemwentl@n redmesrleyclmahmB@edles whidhrhding tceangepitoge on

transgeny ¢ gpYse; 3 vARRARES Bl ¢ uifkiid zﬁln'?)o aéfatrwgge ﬁxrolmg’ét g
nonocl onal ant| b d| es to CD20 und ol ng V- tron an |sotype
swi t chi ng. AC%énhvhighdoesrgl cpmprisg OItq%mrqqtlAé ﬁﬁl%aqlﬁtqsm@és planing @ gosition

gn: i b?)dl es, 1790;& ﬂ?@ﬁlﬂe atfposiioB N Y3, (u@r\dhl@mecséﬂp%l lblbt hhlr@m@t (a.lﬁlugd M]Eetslll?éﬁ()f

u al SO nNon unan rans S, ce S e ranst ect.onas,
oot mybri dompRiagRd o A T nd Bt af bR siqaheo) BB brRich doP AT CRE P

t ransgeni c amieqeikre maranamsmcldbeesaiderpwlsgempcsmabbn bﬁowhtch@dnn@rmg orpOI ycl onal
ant i bodjes clo / r di . nvent i on
oo onGr Rdfillesthe Ao REfsldler Rostdoe QP ARGl 16 SR b idkle al AR T
CD20. I n onkse; @nﬁdcwfnelndoetsh@t comupritei ay mequiie dheamino qm:d igsiduescdlaring atbodi es

whi ch bind pa;&dh ?ﬂér@)‘?@lu@h%o@gﬁ)lﬁ buthich ¢ gﬁl‘f)ﬁ &chr \,\ﬂm%ﬁlt nino A&qul I €

t he amnoaldre5|du rol1ne at position oes not
conpri se orresidyes 45931@5@3%139@1%1@ Wﬂsﬁﬂié@n%@ﬂsﬁ@nalt“po& tion 170 or

proline at position lwmolnelbhbwhfemﬁ@mdnﬁsﬁrémemqwnﬁ dlytoralN No aci d

i ch dbs ABBORER I GUEOnF LRk AG U IE %%'s%%r%tgsﬁﬁé' tipieimuay ('
posi tion 172]1728UCDA (prbliscatposisies 102 nilflate®mpsetias) Wluleatalmsmdlemnﬂ a]ffﬁﬁt}dises
asparag ne RnpRd ¢ho0 AFRPEN HEMRAE AR ALBRA LI dRBieddl bk A 1

does not cohprise Nno ac ues al ani ne a
170 or pr ol prodingat ppeiion 161’21 nted fesserink) whh@bhmtltbfe@nmafﬁeq”w@shmm am no

acid_resi deg ng@@ﬁgﬁaw?e&ke@eﬁ,a %'lsé‘?%rarﬂﬁre%éﬁﬁﬁ NIBsB! aBigdcap 166. In

anot her enb I nvention r | ates t %c ona 15~ant 1 bodi es
whi ch h3fve pesitiasy 1Gfonutated te Aepartig acidta Humpan A0t @gﬂn Rody(Gopcentrgton of nut ant

P172S CD20 ((p LIS ST (ngsmowreaﬁeedrﬂiﬁcﬁhgdf @02 hidi€10 fﬁh{ahtm63reast t he
sanme affini as . to hupn %32 t% bi nd t p,_nut ant E’é eat
posi ti on 17HPAIREIN o ROSHICE, [OAdnttahe o ppaTticAei) FomBaeg (o umanCIaD 4t 8 1 o
serine) w tinttbod} earsdentriviorsefii®) jgf/mi.ni ty as to human CD20; (iii) show a

. - 4 5 .
reduced bi ndi ng of SOAJ}(,)erthq%;ler%n rruta ] N’l?g ngﬁﬁgﬂ{ %06(}‘ l"attes%gh tion

166 nutated to aspartic concen i on of
25  polyclonal antibodies which bind to an ep1tope in the small first extracellular loop of

human CD20. In still another embodiment the invention also encompasses human
polyclonal antibodies which bind to a discontinuous epitope on CD20. In a further
embodiment the invention relates to human polyclonal antibodies which bind a
discontinuous epitope on CD20, which has part of the first small extracellular loop and
30  part of the second extracellular loop. In still a further embodiment the invention relates
to human polyclonal antibodies which bind to a discontinuous epitope on CD20, which
has residues AGIYAP of the small first extracellular loop and residues
MESLNFIRAHTPYT of the second extracellular loop.
Methods of using the antibodies of the invention to detect a cell
35  expressing CD20 are encompassed by the invention. Methods of using the antibodies of
the invention to block or inhibit CD20 induced activities, e.g., proliferative and/or
differentiation activities, are also provided and are useful in the treatment of disorders
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10 pg/ M ; and/or (iv) show a reduced binding of 50%or nore to mutant N163D
(asparagine at position 163 nutated to aspartic acid) conpared to human CD20
at an anti GMI08sBCentration of 10 pg/m. In yet another enbodi nent the
invention the invention relates to human 25 pol ycl onal anti bodi es which
bind to an epitope in the small first extracellular |loop of human CD20. In

still another enb he .i nventi.on .al,so enconpgss | ycl onal
ant i bodi es W?%ﬁteglwﬁng SHFS AL MPORERIS dEB?SFBEEeg oﬁ @E;}gnf)jlf 3 aF‘grt her
enbodi ment atteimmurendiseasesr(elgatRes, Cloomisdiseqmeland Voephedgiaholdimasosishi ch bi nd a

di sconti nuous epi tOpedp%S%QtthX"Efegghthﬁﬁenﬂgﬁ ha fbe%FFualdﬁ& Flga'gtjoo‘iin still a

extracellular | oop an ’Wg second trace
further embesdtaseterms pre fir ﬁltﬂﬁd)nAdélItlatlfdsieﬁtlléthmmﬁetpfgﬂbéhl@nahowﬁﬂtel bodi es
whi ch bind §Qaikeddies&ionnuous ep| t ope on CD20, which has residues AG YAP of

the small first extragel | ul ar D resi dues ~MESLNFI RAHTPYl of the
second extracel | ul ar ﬁ‘g ?ng ‘85? W3t hantiger” asuserbmtarshapgeabhshergipent i on

to detect aarﬁﬂhblu35a1€9<¢drﬁﬁlﬁd, mgfdsaaanaﬁpecwm@me@hbmaﬁ I@J@zonmeaﬁ hen.

Met hods of % ﬁ t he anhibbodhes of the iny ﬁlton % Béﬂﬁlk i bit CD20

i nduced act 'VIPFeS*PIERF PV 5F T?‘raéFS’fI?TSSée%RHf S TSt RKPvities,
are al so prBinddedbfandntibedustahe inventidhte the éb)Qﬁanngddlskarthi@klﬂmg](ﬁ celld - 055PC

Zﬁzocgﬁt(gﬁmﬁftﬁ @?g(ggsegécé(" f‘ﬁnﬁo‘ﬂgg}rl)' l@ﬂhﬁwﬁhﬁ%@?@%sﬁe% h{}goﬁ{% cpllsy phoma)

gr anul onat o®ipsgssingC132¢mey ph@:tf byteae r E@&@fthﬁwmlwﬁmbﬂiwamr e readily

understood, certain {(§h Bh€debifideh EioRed(chd bféél’l@%k defi ns are set
forth throughout the SIglg{cnal o esgﬁeptmp( 9 torne R 10g‘CD'29 " D20

antigen" are used i nt&WHS é’ﬁﬂ?e%?sél“ﬂ id |ncI ude any variants,
i sof orms and speci es éf¢oadragH ph ﬁidvyfmrs dEeIls arpresbingGD203ak ur al Iy expressed

by cells.or are expr es ?fg%(on ce %dt ag@ﬁgg zﬁlﬁrﬁéﬁtthe y%ggﬂgg%elup:shgdgpg

of an amnti body of t he® rftep(?ﬂ
cells 10 exgupesssingd"[TIPO0 (e.g., a tunor cell) by inactivating CD20. The

Ki11ing of the cells sHtARSIRh R0 IR AGGH indYy Q@qufg&g&@&gﬁhe

fol l ow ng nechani sis: I'ls

expressi ng @mEen C%Bt-ldm OO)fte swrffdce ae&gﬁﬂe&lslhw I@DBD3 ¥écarskLice| |
phagocytosis of cell SAg)ﬁpémélﬂgth%’“lﬁ{lbl:{é%lgth’fﬂ?%%’r r‘éﬁng"tBtdethy

dependent cellular cytaotoxicity expressing g ynonyns

of CD2020 asintended i inglude any W@asaﬁr%ble ii‘?Fé‘Fat:?ﬁHl fhe I°9'11r§¥ﬂ%9t"\41enéﬁ?‘ia@é
B- | ynphocyt sntB@DRoatiBey BeRmPhredts thelfowtPaThe Bivive céil’ﬂdxot-ﬁﬁconta%w&tﬁ@d

herein, t hea&tle-&BbO. p f)cl)ocl ! ggg rtl(mje mﬁlbltgon (% growt%fo a ceﬂ%uiturecb at rfe)as { about 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 99%, or 100%. Such a decrease in cell
growth can occur by a variety of mechanisms, e.g., effector cell phagocytosis, ADCC,

25  CDC, and/or apoptosis.

The term “raft” refers to the sphingolipid- and cholesterol-rich membrane
microdomains located in the outer leaflet area of the plasma membrane of a cell. The
ability of certain proteins to associate within such domains can effect the protein’s
function. For example, the translocation of CD20 molecules into lipid rafts, after being

30 bound by human antibodies of the present invention, creates a high density of CD20
antigen-antibody complexes in the plasma membranes. Such a high density of CD20
antigen-antibody complexes can enable efficient activation of the complement system
during CDC.

The term “antibody” as referred to herein includes whole antibodies and

35 any antigen binding fragment (i.e., “antigen-binding portion™) or single chain thereof.
An "antibody" refers to a glycoprotein comprising at least two heavy (H) chains and two
light (L) chains inter-connected by disulfide bonds, or an antigen binding portion
thereof. Each heavy chain is comprised of a heavy chain variable region (abbreviated
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20 intended to include any neasurable decrease in the cell growth when
contacted with an anti-CD20 anti body as conpared to the growmh of the sane
cells not | GMBOASERC with an anti-CD20 anti body, e.g., the inhibition of
growh of a cell culture by at |east about 10% 20% 30% 40% 50% 60%
70% 80% 90% 99% or 100% Such a decrease in cell growth can occur by a

i et f hani 10. f ect | ] 2
hndl or apopPaeies Vaand &y, diaitCngloal Seiop” 2RER S¥b Rafiis Grimtisedipt  neht
chol est er ol ehain hanmbidoregiva (abbreviewd trareirsasd V)andd light thuen oeriseant tegidd. éfhear ea of
the plasm 'EBB & Bn@ceﬁlfer;el ﬁn’ti(%esubglg dgh%ﬁ{to 95%18&8" éﬂgﬁe&&ﬁgﬁllﬁgtehﬁgfs soci ate

within such onai se an e S t he
t rans| ocat i e¥nPFMEMAGtHEsteraUNiag r¢gms (CDR)dintessnessed afitheregivns thyt 3@ Im;nnd by

human ang i beglsese@ tetnhl RARSOON rk MﬁﬂtF’anEaa{Vﬂtaﬁé\Q1Eb&ﬂp6§%&‘%fﬂﬁ‘eé)f CD20

antigen-anti y es int pl asmd nenbr anes uch hi gh density of
CD20 anti ggﬁ%éﬂﬁg%f%@%?%?égr%ﬁn%éﬁwnﬁYoi‘if'ﬂ?-?ﬁfb’ tS@?IP\}%{I‘ltbﬁ of the
conpl enent ﬁqllss) order: i FRII, VR 1, TR, (CDR2, Fm;cbn@yFRas Tmefvaﬁatﬂélrgﬁbda@lfel n

i ncl udes mh ant di s ‘and n nt ndi. n
"anti gen- b| ?ﬂ%tol chaing cq ﬂﬁf‘ﬁ%ﬁr}ﬁ %&? f?tel%ﬁtﬁ Wi GLJr-l?:\‘?f ers to
a gl ycoprot emnstamt)rqgrqns iofi thezdntibedist mhyvmeldete/the (DH)dimg’n@ﬁ the 1ramdnd>globulim tght ( L)

h t
tchglr 23 ] i@ ngé%s? ﬁ@éﬁ%%leﬁxcms (i'ﬂcsfﬁHJﬁ%gﬁ&g le?s oﬂh ﬁﬂmﬁﬂ%é&ﬁe’ﬁl QJ ?a%f?%tﬁgr ltl%
(abbr evi at eand the ﬁG‘VICOIDI%F@t (Glsp ef thegtassiepl canmlmeméawsyem hai n constant region.

Each light chain is c?prerﬁeqm@genamhalﬂgPonfaﬁabﬁaﬁ/a{db%%%or sﬁﬁb@n'aﬁm evi at ed

herein as VL) and a Ilght chai n” const ah VL regl ns can
be further BRIHANV; {faised AL EfPi514Q 0Bs O Pt iagment; crﬂawntli)@%@at retain the

conpl erreng anbility td@b&ﬁﬁézﬂlllyﬂﬂnd @gancumagér{:@@k ,CDhpbe rllgmr&gd slg]vs\a\b/ﬂﬂfaemeoEs t hat
are nor conser,v rk regio ac a

conposet of 3t }%‘Q’Eé’mcgfﬁ?é’ ﬁ&ln P{)"H} ar}{i:\égdy Eia e‘%rﬁéfﬁ”&?% fagmenis of ﬁ:%ﬂbl/nlgﬁ‘

car boxy-ter al_ltlhmdyl Exmhples bf)bllndumgﬁglgmedsrencmass@RthnﬁEQtenﬁDRQt,lgeERB, _ CDRB,
FR4. The Vaﬁﬁ&@gﬁ) f&'“%‘?%ﬁ 9I1t1bc§dﬂ/'?na§&v(¥)]zﬂlggo %r’%g%‘%mc Fo Héva?é?ﬂtﬂ%}g&eﬁt bi ndi ng

domai n t hat regl ons o
anti bodi es mlsnegipéthe \ﬁhé’Han@,nqh@aodommes,u(m}i@@l)mﬁmgmmebmldmbst tissues

or factors, frh%ﬁéﬁil oi r1¥ﬁ%p H%aﬁ%'a%%eﬂtfs lﬁﬂi‘é‘d l'))FrE'Hi%‘élfﬁDé%trﬁ@} ﬁtethg hm ehd 6, o

cells) _and t onent cl assical _Conpl enent system

The ter# " afiil) §Ed fgemantrypnpisting X)fH ad Camdpwaw @vya EY FFﬁgI})emtzfﬁf‘$1§$Hk$y
portion"), @sthtSghnlaLddinaih€bfd Single aﬁﬂ@f axi a¥iody f (V3.6 ARt fFagafend(Wardtdr body

hac. been snblt PRI A SRR ' sty Ber L ahfelay can be

per formed byorhplamertatity determifing redi@n@DR), andl (i dyconibraatiph @ twd obinki ng

22??333;5. ﬁﬁfif&g@%ﬁﬁ?? \Qﬂ@]b%% é%l‘?on%f& B Jo"iH'IQd' tgrezrseyrltme?ﬁg '1fikﬂerp%HhQHnor9f an

although the two domains of the Fv fragment Vi and Vy, are coded for by separate

genes, they can be joined, using recombinant methods, by a synthetic linker that enables
them to be made as a single protein chain in which the V| and Vy regions pair to form
monovalent molecules (known as single chain Fv (scFv); see e.g., Bird et al. (1988)
Science 242:423-426; and Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-

30 5883). Such single chain antibodies are also intended to be encompassed within the
term "antigen-binding portion" of an antibody. A further example is binding-domain
immunoglobulin fusion proteins comprising (i) a binding domain polypeptide that is
fused to an immunoglobulin hinge region polypeptide, (ii) an immunoglobulin heavy
chain CH2 constant region fused to the hinge region, and (iii) an immunoglobulin heavy

35  chain CH3 constant region fused to the CH2 constant region. The binding domain
polypeptide can be a heavy chain variable region or a light chain variable region. The
binding-domain immunoglobulin fusion proteins are further disclosed in
US 2003/0118592 and US 2003/0133939. These antibody fragments are obtained using
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consisting of the VL, VH CL and CH domains; (ii) a F(ab')2 fragnent, a

bi val ent fragnment conprising two Fab fragnments |inked by a disulfide bridge
at the hi ng6ME@SSRC 20 (iii) a Fd fragnent consisting of the VH and CHI
domains; (iv) a Fv fragnent consisting of the VL and VH domains of a single
armof an antibody, (v) a dAb fragnent (Ward et al., (1989) Nature

341: 544-546 i ch i st f Hd in; i i | at ed

conpl enent a)r:(lh}v\fllﬁlb& a’e%%ﬁhﬁ?%@&“ﬁﬂﬁ?%ﬁoﬁl, Isgﬂldﬁ"\(/tb% ?‘?’naélhigﬁﬁflgfﬁ?qt%ﬂeof two or
nore i sol asceetn@DRy utiity in thve yaropmaomealak yrebetaptantibddiey. a synt hetic |inker .
Furthernore, 25 alt ho?ﬂé‘teﬁﬂ‘*‘eﬁf{f%e"%h@%g%ﬁeiﬁ B&gﬁﬁm&ﬁ@&ﬁ?ﬁlé of Wecfiftd VH are

coded for b%/_ separate _genes, they can ol ned,  usI ng’reconbl nant net hods,
by a synt hebindingjtoppntitosy. Epitppessisuallyegansist ofechamirally achvessunfire gioupings n

chai n i ns whpfehiolebflesducBnd aihd £9dsBtSuPaisidel Pafn@hid uSRNG WAl EHYecIR!tREH! €S
(known as S|.ngel e caal n Fvaég:ﬁCFV) . see e.qg., Bird et al. (1988). Science

; : 9
242: 423- 4263MeRSgNYk sipeiral chagpcteristiss s SPReifif Fh%s%l&*.‘a(f gristieisn g5: 5879 30
588ﬁ) : SlHIC hCsnfoghsticnabarid micblgfb&hﬁ&)nar @i@bss)?r'b ﬂisﬁﬁgﬁd%etdanlﬁat el}feclﬁmfi]iag &ed
within the  term"anfi - bi ndi n ortion” n_antibody. A further exanple
' bi nai ng- s aamer SRR RBEk Mk O ofen o MR Sk, (1) bi nd ng
domai n pol ypept i de t hdhe fesm "Hissedinuousepitoperliapygsediherdim théange r egi on
pol ypeptd deeorfbimatidfall MMunogl obulin heavy chain CH2 constant region fused
to the hinge region, and (iii) an inmunogl obulin heavy 35 chain CH3 constant
regi on f use@Pitope ppa peptpinatigerwhichdgfosmed fiem #ilerst twp Hrpamtaregions yipdst i de can

be a heavy ghdhfy S\éqﬁé@@bgtﬁe%&@mor a light chain variable region. The
bi ndi ng- donmai n i m’runo,g%%obuli n Eﬂr@gggh ns, are further disclosed in US

. fusio
2003/ 0118562 and US 2008en3tisneritiamelssler s IBtsaged lodgelurt anyagenb Eaitned
uﬁi ng -17 gMei@,ﬁ;;éBﬁ‘eie, @ﬁpt«b@&ihbﬂﬁ@tid&&ﬁiﬁgie?uﬁhickfhlﬁmd @iffeﬁﬁﬁbiﬂdﬁdgh skill in
the art,. and the.fragnents ar screened for utili in. sa ner as
PR S i Ry R SEOU R T A
capabl e of apigenfnd(b)anddiracgptar carthastrfdge dfjan Eféctapel. Theadriny"mdtispesificof
chem cal | y ﬁﬁﬁfe!cﬂl%" gti¥ e?e(}g?gFﬁlé%(ﬂg&le" s fter el 85 Hic e%HﬁQ ax, e]agn Qpro%’e%ds or
sugar side chalns and usually have specific three dine s.gona Struct ural
char act er i speptide, arProjein orpsphgreeantplex, sruehyeasanere sandwodiffersnt bitding or mat i onall
and nonconf g-pmciiREaF LR aPIE théin8lcdile mhdyBihS REEr inferhdtatitt, [ Aeidiffaeet 0 the
former but not th(g | agter is lost in the pr Eeence ﬁrg&ﬂz%atlljrl ng sol vents.
The tersH " dPtesRPhalis reshpien pe fhe sysfagesoidiniiiegion cel c)t lepst gl mat i onal
epi tope on énppcesi. NA@BEdiggR, hBiimkniion fnoludes] bt BMoalimitedsd, bispecifiepar at e
regions in éhe .ﬁri rg ) queacgleof tlthe ‘ﬁ ot ecjlnule-ls_r%vehit erm 'irbi:t% gcie]‘lli o
ol eoul e i €opssifin disPesifivapd siher myitRgeific mplghules Whigh g dingerii ety o,
protei n or pefice datigeossuelx as (P20 andds otheotadgdts, snanas Ky nedéptors 08 effector

specificitiggy, For exanple, the nolecule may bind to, or interact with, (a)

a cell surface . . . L S
25 The term "bispecific antibodies" also includes diabodies. Diabodies are

bivalent, bispecific antibodies in which the Vy and V| domains are expressed on a single
polypeptide chain, but using a linker that is too short to allow for pairing between the
two domains on the same chain, thereby forcing the domains to pair with
complementary domains of another chain and creating two antigen binding sites (see
30 e.g, Holliger, P., et al. (1993) Proc. Natl. Acad. Sci. USA 90:6444-6448; Poljak, R.J., et
al. (1994) Structure 2:1121-1123).
The term “human antibody derivatives” refers to any modified form of
the antibody, e.g., a conjugate of the antibody and another agent or antibody.
As used herein, a human antibody is “derived from” a particular germline
35  sequence if the antibody is obtained from a system using human immunoglobulin
sequences, e.g., by immunizing a transgenic mouse carrying human immunoglobulin
genes or by screening a human immunoglobulin gene library, and wherein the selected

human antibody is at least 90%, more preferably at least 95%, even more preferably at
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antigen and (b) an Fc receptor on the surface of an effector cell. The term
"mul tispecific nolecule” or "heterospecific nolecule" is intended to

i nclude any agent, e.g., a protein, peptide, or protein or peptide conplex,
whi ch has nghgr-g¢spctwo different binding specificities. For exanple, the
nol ecule may bind to, or interact wwth, (a) a cell surface 20 antigen, (b)
an Fc receptor on the surface of an effector cell, and (c) at |east one

ot her  conponent Accordinglg t he invention |ncludes but is not limted
to, bispecikpst 96%, 97 %p88%6f pr99% ddantisalde pming acihsequenrerio thel amisp eeidf i ¢

nol ecul es V%q@d‘hcéreﬁcdiieﬂ%‘?ttl%jgérﬁllﬁ@|11hmu§ 1bBdfh gkl q? Rallp WU a8y and to
ot her targ n effector 25 The t

as recept or
" bi speci fi c&eémea l‘b!"BHi %Em‘ﬁiﬂ%ﬁ‘i“ﬁ%‘} ng seaysRgeaill ‘%ﬁlﬂ%ﬂ? gore,fhan 1§F‘9‘é‘i‘b nt,
bi speci fi c auid diffeeiness, mrm/prafdsrabllyendﬁﬂomﬂaﬁls, di@lvam ﬁ&r@p&fe@i&ﬂy ags@ereOn a

single ol t4de LR, bu in |inker .that,is too short,.tq allow for
et 11 ng het TR, bizaof T AisMin il it from B Ehuic tic ' ek R s he
domai ns t o geainlingimmuncglopllengentary dommi ns of anot her chain and creating
Natl - hcad. Sl U Db ERARREn, i el helfRlanifffies Fefersth e beie?) | 7 O

2: 1121- 11233ntibysigs.idsrinatries tharelzorm, quyg@ebm@@gm&gns liréwéﬁ@geil@r,amean&mpfi ed
form of thevamth HMYdlff@reﬁt spedifieARk UTAER &Ffer%ﬁ%p@ﬂﬁbﬁ@gﬁicﬁm@ 2HHiRer agent

or anti pody. ein, a huma antigg é i (ﬁerive ni a particular
germ i égﬁmé ém TEFRPLO AN Wifpeios celh @l Adipding sRes! *5% YrANAMBE human
i mmunogl obLkbndpltoﬁequemga cel, Qg., atmncbrrmllini zing a transgenic m)use carrying
human innunoglobulin enes" enin hunan obulin gene

l'i brary, and mherein g%?@%M§ﬁﬁ§§ a§ﬁ$%6§8§nlsug%%rgg%rm nor e
preferably attibbéiasha@ﬁg/&armb@imntnoastpntaﬁgmabﬂqmaﬂ froh8h@vhn Q& BDE I east 96%
e enet RS HRRSERlentd. AT HANAR BRANCNGE: koAl AR BOLAELHino

sequence enco ne 1 mru
anti bodyp dasid vé@uﬁsmheacwﬂthymgqtmgw igunvRagibu eqa@meewigi, di spl ay no

nore than L@luﬁﬁbﬁ‘somtr@&ih&d%‘yfrﬁiﬁfo@m%te-s'ﬁ%lﬁc Iﬁﬁﬁzﬁg‘%hé‘&?& Mvzﬁ@ offBY Sorh&t@n 5, or
even nore preferabl 3 nor e t han 4, acid differecgce

from the anPHBUIGE e e b Biynerh@ltlbggy 8 Hed BRrcifas PobaIeRH G ene.
As used heriincluddantibedies imehith CDR saprhes 'defieddfromithe gemlme offericther

anti bodi es, deriéatives there froq% or, an? g ﬂ? ndin ons“%inked

toget her, aPAPERUEN SRESTSHTCHAT & VST LY PrBaLalte 05‘&% f"é‘% These

di f f er 4t sgpquérfceci ties i nclude a binding 10 specifici ty for an Fc receptor
on an effector cell, and a binding specificity for an antigen or epitope on

a target cell, e.g., a tunor cell. The term™ hunan anti body", as used
herein, is intended tBhe tsenstmoneginnabentibedy her/imepoplonhlastibody eorepasisionnt

regi ons derjRed hérRiR RETRNa PRIpIIatiBR of antibody molecules of single molecular

composition. A monoclonal antibody composition displays a single binding specificity

25  and affinity for a particular epitope. Accordingly, the term "human monoclonal
antibody" refers to antibodies displaying a single binding specificity which have variable
and constant regions derived from human germline immunoglobulin sequences. In one
embodiment, the human monoclonal antibodies are produced by a hybridoma which
includes a B cell obtained from a transgenic or transchromosomal non-human animal,

30 e.g., atransgenic mouse, having a genome comprising a human heavy chain transgene
and a light chain transgene fused to an immortalized cell.

The term "recombinant human antibody", as used herein, includes all
human antibodies that are prepared, expressed, created or isolated by recombinant
means, such as (a) antibodies isolated from an animal (e.g., a mouse) that is transgenic

35 or transchromosomal for human immunoglobulin genes or a hybridoma prepared
therefrom (described further in Section I, below), (b) antibodies isolated from a host cell
transformed to express the antibody, e.g., from a transfectoma, (c) antibodies isolated

from a recombinant, combinatorial human antibody library, and (d) antibodies prepared,
-19.



i mmunogl obul i n sequences. The human anti bodi es of the invention may include
am no 15 acid residues not encoded by human germ i ne i mrunogl obulin
sequences (GMI-0SSBft ati ons i ntroduced by random or site-specific
rrutagenesis invitro or by somatic mnutation in vivo). However, the term
"human anti body"”, as used herein, is not intended to include antibodies in
whi ch CDR s n |vedfr the gernmin f._anot h mmal i an speci es,
such as a g E%S&ﬁg{/eea%g Soé?’t #)E]%ﬁn%%@?)”ﬁﬁfﬁléﬁhﬁgﬂré‘%‘éﬁfr c%rrg. &P3Rces. The
terns mno@mn@glmﬂmmdy SequencesbmothboRNIA s;:qtlcrbcedysmcmnbmmn humas used
herein ref efni8dRs Bk @Ble%d% Akl r%&a& ds?llv@& \Rﬂar§%M1ﬁeml ecul ar
ona y o

conposi tion, A nonoc antib onposi tion ays si hgl e bi ndi ng
speci fi ci t yimmungglobiinisaqueiceso rln gerzin embogd W“@ph@‘ﬁﬁ‘@r sNel srcambiiant t he term

" human rmnomxﬂﬁaénubaaieg batlye sdbgaefceerd&owvmtmﬁagble&s%rSWhaﬂhﬂamﬁlaqsI ngl e
bi ndi ng speci f| 3@:“%?) have vari ab@g const ant er?g ns dE Sr%Ed from
human ger ni T JBSRIUSBERS R bR, 7 et fbak ip) andrju
nonocl onal aninlotaodll sequaices off thel Weeahd B regiloydof the mecowtbigant amtmddwda&a a B cell
obtained fr [ Nj _C; .0l nschr | nonhma e.g., a
ransgeni o fegudiset ARG eHed RARSEHARRARTRLAE R IR MR sefacisdene
and a |i ght menadtnatyrally geistewithisdhe hwnamantibody germlzedepﬁeﬂone iThigot er m
"recombjpant human angpbpdy’ “traﬁ‘s?feé{&‘ﬁg’ Q@ﬁ?‘édﬁeréﬁﬁhﬁlﬁ& blhaman anti bodi es

that are prepared, expressed reco I nant neans,

such as (a)e%ﬁmowapescell%pr&@%@g the antibedyapiches C(P@gells NP ells) HEK2D3 i s

transgeni ¢ &hlsOflakt’ca§ o TR SIAEM@HIng Feash dETRN |mTunogI obul i n genes or a
hybri doma prepared t her ef yom %dez}crl ed furtp?é, 1§ge ctlon |, below), (b)

anti bodi es isol at ed ffAdHed gd eferolpgoyis apl é‘iFﬂr‘%&’éatM‘etoé'i‘Fu body,

e. ?m , from a?ﬁsgaﬁshe@hmman ofgﬁhls&ﬂpmbﬁdngmdhsmlaahwﬁy fT}ﬁmeamrre&fsrfglanantl .
Cco i natoria n.ant antib e repare -
an - osepe | BsPUTRRRE b B8 peid RliesdBin biodliE bRl B HRERKE | vl ve
spli ci ng of cdmespondingrmthatdbaidylini an qmmeq&x@mmesng of thc trensm ns)edumoes
Such recombjf Qf aH&l’g&{% nﬁlﬁf‘ﬁbﬁ%%g eJ‘@Hﬁr t}{ﬁ{ ihﬁpéteché‘{‘rgné‘ggfx‘étn%ﬂthuhﬁﬂ'aﬁﬂﬁal

derived from sequen
enbodi nent s, however Aéuﬁﬁh%@en%lhﬁmh}@ﬂﬁ@ﬁﬁbpddf refigesdp @8 aptbpdydhayingjaect ed

to in vi tr011@&!%%65@@'&a(n@bfdiﬁt@éht@&a?&h@bngﬁé aFéxg@dtMﬁfblchﬁaMB} Hading |
sequences i s, use ivo soma agen n us aC|
Sequencal of MR bR FHaRSSETGH I mREe TR A elo RS BbaDe
sequences t Beamplehof leetetohybriibantibodieaindlude khingdictand humanizge antibodéesyH and VL
sequences, ﬁilﬁc%ﬁgpt naturally eX| st within the human anti body gerniine

repertoire »'PT0 The term "transfectoma”, as used herein, i ncl udes
reconbi nant eukaryot Ao "isobltedtmﬂtllbowgba&almdlhgretmes iantﬁtnidbd)mef%m@hn argiboHp

cell's, NS/ OyfehliSsubslEAAR 680 F RherhfBdiCSdving diffefetNHtigehdGhetdfidtfley €aSt

cells
(e.g., an isolated antibody that specifically binds to CD20 is substantially free of

antibodies that specifically bind antigens other than CD20). An isolated antibody that
specifically binds to an epitope, isoform or variant of human CD20 may, however, have
cross-reactivity to other related antigens, e.g., from other species (e.g., CD20 species
homologs). Moreover, an isolated antibody may be substantially free of other cellular
30 material and/or chemicals. In one embodiment of the invention, a combination of
“isolated” monoclonal antibodies having different specificities are combined in a well
defined composition.
As used herein, "specific binding" refers to antibody binding to a
predetermined antigen. Typically, the antibody binds with an affinity corresponding to a
35 Kpofabout 1 x 107 M or less, and binds to the predetermined antigen with an affinity
corresponding to a Kp, that is at least two orders of magnitude lower than its affinity for
binding to a non-specific antigen (e.g., BSA, casein) other than the predetermined

antigen or a closely-related antigen. The phrases "an antibody recognizing an antigen"
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As used herein, a "heterol ogous antibody” is defined in relation to the

t ransgeni ¢ non- human organi sm produci ng such an anti body. This termrefers
to an 15 a@MIkegdPhavi ng an am no aci d sequence or an encodi ng nucleic acid
sequence corresponding to that found in an organi smnot consisting of the
transgeni ¢ non-human animal, and generally froma species other than that
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conposi ti onypdifedBR&ivieheine k, b§RRALf i ¢ binding” refers to antibody binding
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antigen or the class et isotypk adfennt aatibodyechangddsefrqu nas Bsclissto ant bbibd ythee togni zi ng
an antigen” GM - 055PC and " an antibody specific for an antigen" are

used int erccf%%ngséabl y herein with the term "an anti body which binds
specifically to an anh$ yedherelg, "nersvitebedisatypeheefere tontbe ksptypieeless of, as used

herein, is ﬂéa%fa@agmﬁamsrﬁs&iqedweh %_iwtﬁa%%%@hingplag #lken 5&@@;&1@1@&:@%@

Be" tho 301 Fengegin MBSy O PO RS R sollydbe B! ChEsenedmmediaelh, i s i nt ended

to refer tojdvifitress $0el teifoictionhlty fARSARAIVDS gehePAsdtysevatchiiptiadBebtr ant i gen

interaction, The term "KD" ,..as used herein, isyintended to refer to the
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the transgene. Non-classical isotype switching may occur by, for example, homologous

25  recombination between human o, and human Y., (8-associated deletion). Alternative
non-classical switching mechanisms, such as intertransgene and/or interchromosomal
recombination, among others, may occur and effectuate isotype switching.

As used herein, the term "switch sequence" refers to those DNA

sequences responsible for switch recombination. A "switch donor" sequence, typically a

30  p switch region, will be 5' (i.e., upstream) of the construct region to be deleted during
the switch recombination. The "switch acceptor” region will be between the construct
region to be deleted and the replacement constant region (e.g., v, €, etc.). As there is no
specific site where recombination always occurs, the final gene sequence will typically
not be predictable from the construct.

35 As used herein, "glycosylation pattern" is defined as the pattern of
carbohydrate units that are covalently attached to a protein, more specifically to an
immunoglobulin (antibody) protein. A glycosylation pattern of a heterologous antibody

can be characterized as being substantially similar to glycosylation patterns which occur
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associ ation equilibriumconstant of a particul ar antibody-antigen
I nteraction and is obtained by dividing the ka by the kd. As used herein,
"isotype" r &GMI®55PCt he anti body class (e.g., IgMor 1gd) that is encoded
by heavy chain constant region genes. 15 As used herein, "isotype swtching"
refers to the phenonenon by which the class, or isotype, of an antibody

As used herein,
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transgene WeINeA HRYdcURS ancT R&A gioeculed! WiilcleYe K56 HoldcAE mapbdiSiggleRRhRidd as
applied to an,object fers t.he % t hat bj ect can be found in
nat ure. For %% granéle &“&B@%‘i rpRj iydou ifo?tiﬁﬂd‘é‘fﬁBﬁﬁ ‘de sequence that is
present in an organi Sith¢ tendl isdilaied nMidleis esid nidiéduleg’ans ised herein in reference to
nucleic acids encoding whole antibodies or antibody portions (e.g., Vu, Vi, CDR3) that
25  bind to CD20, is intended to refer to a nucleic acid molecule in which the nucleotide
sequences encoding the intact antibody or antibody portion are free of other nucleotide
sequences encoding whole antibodies or antibody portions that bind antigens other than
CD20, which other sequences may naturally flank the nucleic acid in human genomic
DNA. In one embodiment, the human anti-CD20 antibody includes the nucleotide or
30 amino acid sequence of 2F2, 7D8, or 11B8, as well as heavy chain (Vy) and light chain
(VL) variable regions having the sequences shown in SEQ ID NOs: 1, 5, or 9, and SEQ
ID NOs: 3, 7, or 11, respectively.
As disclosed and claimed herein, the sequences set forth in SEQ ID NOs:
1-30 include “conservative sequence modifications,” i.e., nucleotide and amino acid
35  sequence modifications which do not significantly affect or alter the binding
characteristics of the antibody encoded by the nucleotide sequence or containing the
amino acid sequence. Such conservative sequence modifications include nucleotide and

amino acid substitutions, additions and deletions. Modifications can be introduced into
o
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25  alteration in an effector funct1on while retaining the ability to bind to the antigen as

compared with the unmodified antibody, cf. US 5,624,821 and US 5,648,260.
The in vivo half-life of the antibodies can also be improved by modifying

the salvage receptor epitope of the Ig constant domain or an Ig-like constant domain
such that the molecule does not comprise an intact CH2 domain or an intact Ig Fc

30 region, cf. US 6,121,022 and US 6,194,551. The in vivo half-life can furthermore be
increased by making mutations in the Fc region, e.g., by substituting threonine for
leucine at position 252, by substituting threonine for serine at position 254, or by
substituting threonine for phenylalanine at position 256, cf. US 6,277,375.

Furthermore, the glycosylation pattern of the antibodies can be modified

35 inorder to change the effector function of the antibodies. For example, the antibodies
can be expressed in a transfectoma which does not add the fucose unit normally attached
to Asn at position 297 of the Fc region in order to enhance the affinity of the Fc region
for FcyRIII which, in turn, will result in an increased ADCC of the antibodies in the
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uncharged pol ar side chains (e.g., glycine, asparagine, glutamne, serine,

threonine, tyrosine, cysteine, tryptophan), nonpol ar side chains (e.g.,

al ani ne, vaGMB(053RTCci ne, isoleucine, proline, phenyl al ani ne, nethionine),

bet a- branched si de chains (e.g., 10 threonine, valine, isoleucine) and

aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan,

hi stidi ne). Thus i cte nes id residue in a human
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25 homology exists when the DNA segments w1ll hybridize under selectlve hybridization

conditions, to the complement of the strand.

The percent identity between two sequences is a function of the number
of identical positions shared by the sequences (i.e., % homology = # of identical
positions/total # of positions x 100), taking into account the number of gaps, and the

30 length of each gap, which need to be introduced for optimal alignment of the two
sequences. The comparison of sequences and determination of percent identity between
two sequences can be accomplished using a mathematical algorithm, as described in the
non-limiting examples below.

The percent identity between two nucleotide sequences can be

35  determined using the GAP program in the GCG software package (available at
http://www.gcg.com), using a NWSgapdna.CMP matrix and a gap weight of 40, 50, 60,
70, or 80 and a length weight of 1, 2, 3, 4, 5, or 6. The percent identity between two
nucleotide or amino acid sequences can also be determined using the algorithm of E.
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partially purified or substantially pure form. A nucleic acid is "isolated" or "rendered
substantially pure" when purified away from other cellular components or other

25  contaminants, e.g., other cellular nucleic acids or proteins, by standard techniques,
including alkaline/SDS treatment, CsCl banding, column chromatography, agarose gel
electrophoresis and others well known in the art. See, F. Ausubel, et al., ed. Current
Protocols in Molecular Biology, Greene Publishing and Wiley Interscience, New York
(1987).

30 The nucleic acid compositions of the present invention, while often in a
native sequence (except for modified restriction sites and the like), from either cDNA,
genomic or mixtures thereof, may be mutated in accordance with standard techniques to
provide gene sequences. For coding sequences, these mutations, may affect amino acid
sequence as desired. In particular, DNA sequences substantially homologous to or

35 derived from native V, D, J, constant, switches and other such sequences described
herein are contemplated (where "derived" indicates that a sequence is identical or

modified from another sequence).
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table, a gap length penalty of 12 and a gap penalty of 4. In addition, the
percent identity between two ami no acid sequences can be determ ned using

t he Needl en&MEBASSRENsch 5 (J. Ml . Biol. 48:444-453 (1970)) al gorithm which
has been incorporated into the GAP programin the GCG software package
(avail able at http://ww. gcg.con), using either a Blossum62 matrix or a
PAMRP50 matri x, and a ga ight.of 16 4 2..10, .8, 6,,.or 4. and | ength
wei ght of 1, 2, 3, 4, gsr?ucgfc %c.laﬁshé)p?ﬁﬁhllyéfn@e%cWhe%‘MF Iﬂ?ﬁﬁdép{? as%‘ﬂff&’@gs of the
present i nveshationship avithlhother nheeiclheidissgubnas Bor'igstemoe, 8 prpmesterdr enbarper sor m a

h i tafy
g e A
prograns (VvESBIchEp arpyripongfiregafory sequences, ppomblylinked meaps #iat the DA 403- 10.

BLAST nul e%qhéilﬂ:e§ Séihg h@Re S AR cBRtRRUS AidT®heYd AdkedshB) M%ﬁ%oﬁﬁ&gfn%ﬁmgscor e =
100, wordl en%t h = o obtain nucleoti dl_e

nucl ei c 15 % fodlsrﬁﬂné‘g'ﬂﬁ‘lﬁﬁefn feading ftAme | &ﬁswgu%%%%%?‘iﬁse‘?ﬂ?”giﬁfﬁlﬁés can be
per f or rre_ddvmﬂdicatebehatXﬁl.s%&i[emwgfeaﬂpabw@ﬁéffeeuﬁ@swiwﬁb@rﬁgﬁlbu?n 3 to obtain
am no aci d sequences qoys | rotei.n of the inyention.
To obtain gapged al i gxﬁ% ?8# %SH'E?\&PE%W HdPi?gg%@o rﬁﬁﬁb %In%ﬁ_ﬂg?m an be
utilized asmobsuleichpablé nf mnsgcmg apothert nucled 894 Jo wWhichef lmasAeenlbnkds .One

25( 17): R3990 3402, M0l P ASEA01 DR e SEASL PROGTATSp e

defaul t par espective progra XST) can
be used. SewhishiadditionphidNALegmERSS maY. hgdxgatenihé\wﬂ@r &ipe cAveelsr ivyvitsk present

in whol e celdcor, WHel"éerﬁidﬁtldn}iﬁB?\ﬁ& se@fnehf rRay &aﬁgm&i lhu) A "virfal @e%ﬁl@ Certain
substantially pure for nucl ei ¢ "ac,i d .i ender ed

subst ant i al V%ﬁt(ﬁa@@ Cmﬁ@]ﬁoﬁth\i‘PI@%“%{WaﬂPwﬁ% %Fe@m ﬁ’lhéﬁhtﬁ%?fﬁnent s or

ot her 25 cofadicdit.s., bactgnal \Qt:thbesrh@ﬁ{gl dibaterialiotigin ©f a€plidation andr pisoimas, by

st andar d. t echni q"i v ﬁﬂl gcg 2I i ne/ SDS treat nent CsCIt andi ng col um
chr omat oyr apA{r™ r8%t8“§e CEVEL? %ﬁaP%%*’*%‘s%m g ERlian g Orﬁ ®'n the
art. See, Fmtdgu&udbeito thetgeabme o€ d hostieed @pon inildbudmml istoi the Madt eelly and tiRirelyogy,

G eene mubl kR ARaRA% !\ I BLSREGRECMAEN el Uekiaip(HORR are pabficegnuct e ¢

aci d conposi ti
sequence ( estieesting fths emsmn@é genestte Whichdheysire eperatively hiaked. k%L)Ch Vﬁ?‘@fﬁ a¢ t her

CDNA,  genopfGrddf o Hepeint! ﬁse'freédﬁ%lﬁé}ft exﬁ%&’sﬁ?ﬁvé&&r@t (EQE’ s1&r[blﬁ°‘69;61@%ﬁkﬁﬁvéé&otr§“
standard t echni qqafs to .provide ene sequencge m qu seq ugnces t hese
mutat i offs, TeGPIaR cxprestiph Socier o ud B Arcombinga b AUGsATE PReR Wy the

sequences Sﬂntmt@ptlasﬁhdis{ IthJbﬂégfﬁiﬂSpdcﬁidif10135'pli§1|hidl‘eﬁdf"ﬁ/€dfbﬂ’laﬂiay\/l& Wéed D, J

tant, t ch he d
cont enpl at ol raERetRaf 1 elpsti i BERIS! oty SiIEim o FehliaR Fesr o
nodi fi ed frteiaventibeis inegdehoajcludssuehotliEs 5@ sAhfruplesiion eaiters) sich aparabl y
linked” whepedd; '(ég.?l'e%ﬁ@éjtidnrﬁe?ecﬁvg p&fb’ifﬁrﬁg@,l adenoviruses and adeno-associated

25  viruses), which serve equivalent functions.

The term "recombinant host cell" (or simply "host cell"), as used herein,
is intended to refer to a cell into which a recombinant expression vector has been
introduced. It should be understood that such terms are intended to refer not only to the
particular subject cell but to the progeny of such a cell. Because certain modifications

30 may occur in succeeding generations due to either mutation or environmental influences,
such progeny may not, in fact, be identical to the parent cell, but are still included within
the scope of the term "host cell" as used herein. Recombinant host cells include, for
example, transfectomas, such as CHO cells, NS/0 cells, and lymphocytic cells.

As used herein, the term "subject" includes any human or non-human

35 animal. The term "non-human animal" includes all vertebrates, e.g., mammals and non-
mammals, such as non-human primates, sheep, dog, cow, chickens, amphibians, reptiles,

etc.
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rel ati onship with another nucleic acid sequence. For instance, a pronoter or
enhancer is operably linked to a coding sequence if it affects the

transcri pti GMBOSIHE® sequence. Wth respect to transcription of regulatory
sequences, operably linked neans that the DNA 5 sequences being |inked are
contiguous and, where necessary to join tw protein coding regions,
contiguous and in readj frame. For switch se nc er al | i nke

i ndi cates that the sﬂh‘é‘%ﬁ‘&% téwg?fﬁf)é’r?f’émg’fané’f’ﬁ‘e%t 8’%9\/@ BABTHRAL i on.
The term " vieviny 3 gerameusatprisagaine or noré hireadkehvy and/fet hghttc(ham tram@gehiegoraci d

mol ecul e Caﬁ’ﬁ-%lé}ﬁoﬁl s&{l?{'@ {r 1hfegra?éaoérr}ﬁ%ﬁ-1ﬂfégga%d mﬂ%cthgaﬁlgaamlnﬁtrﬁral cbeen

| i nked. One rcuI ar
doubl e straAbéda hIIQiblp capable ‘v@ﬁxtpfﬁsadﬂhllymawbgélgﬁemrsexmplebe | i gat ed.

Anot her ¢ yp@afRfei@fiodSe éah vy b hidinan Yight Hain 418 &ein@thes LRGha yegnents
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aut ononous TeH fransgensrpriymanthsayy ehaf transehyomesemhe.tely that the IWRSF PEdlEeRs (e. g.,
bact elrl al weﬁ?@ra&mh@mzognt@bd@l@?txe}rdnainnﬁrmmmwﬂf CDQOhhﬁg%tnl @a/ol'a\@ellsepl S?mill ) 15
manmal i an vector.s ect or,s non- e vect ors) can
be i ntegrat®s Flﬁéglﬁd;e&? \gyﬁlggr}trgrglgen ?5”6’ clﬂtteg’i?g%ﬁ‘f‘ gtﬁ into the
host cel |, dmombsvanatDNA af ﬁrermmhmpatremeaiam@rmnigehhee BostuMiAb atiee, sidbr eover ,
certainvec i S to which
cert et Ny ok PLenepPaRLc. Sy TubRRHENS G5 FUBEERLR HRlEY 0

"r econbi namxt@xlppemsvmnllm@enms'cas(eépr sansplirpmosemplr(essikavl) maest asrdesoribe@0 | n
general , eXWW@)%ZMBM@Cts%E trgﬁngﬁr'c |ah§|ﬁaﬁs‘&hfo%ﬁ%m'af‘ﬁme NGy JaB P ?d{ﬁn%m re

oftenlnthe formof plasm [ esent ggem |cat|on "pl asm and

"vector" mepulipl %@@dpemft@n@ﬁm@shml aa’élbewesm A9 -85l &Chég'ﬁfﬁél@/o&&ﬁ}only
used form oby weRting quqweéomblhﬁg,nldﬁmerw@hmgtended to include such

ot her fqrns of expressi on vect such as viral eplication
def eCtI& retrovi ruse?a“%mé’ﬁa‘?ﬁ?sr?féB%”’é(ﬁ%‘l%"éﬁée%‘?%‘&fﬁﬁé@erz%tﬁl ‘F’J@"es) whi ch
serve equi viallewingfsubsdctionss. The term "reconbi nant host cell" (or sinply
"host cell"), as used herein, is intended to refer to a cell into which a
reconbi nant expression vector has been introduced. It should be understood
that such terns are intended to refer not only to the particular subject
cell but to the progeny of such a cell. Because certain nodifications 30 may
occur in succeeding generations due to either nutation or environnental

i nfluerd®s, such progeny may not, in fact, be identical to the parent cell,

but are stil lprbdsdticd @8 Hidntai AntidolRs $¢opegof the term "host ceII as used
herei n. Reconbi nant st cells 1In IuﬂE for exangté transf (ﬁga such as
Wean Yferm

CHO cel I's, NS/O cel | sEUmaARmapaeiapRlpnfthodies gfdhe mye eﬂr‘ﬁ uce
"subj ect" |miet§dﬁ“steaﬂryqdw,rmcﬂudmgr¢omdmun’ﬁal rﬁﬁroalmnabdnﬂbiﬁdﬁ;enteéroﬂologp,mgw man

animal " inc n ch as
o human ﬁrggépga"’}d sorﬁﬁﬁé Eéigrgyb?sdiz \%oﬁ*t chil ﬁc’ﬁﬂeén'é‘fs RoRl@ ﬂ r{%ﬂ@{l allsljgﬁl%k %gé‘ ol
26 GM -355 P@S (1975). Although somatlc cell hybrrdlzatlon procedures are preferred 1n pr1nc1ple

other techniques for producing monoclonal antibody can be employed, e.g., viral or

oncogenic transformation of B-lymphocytes or phage display techniques using libraries
of human antibody genes.
The preferred animal system for preparing hybridomas that secrete
30  human monoclonal antibodies is the murine system. Hybridoma production in the
mouse is a very well established procedure. Immunization protocols and techniques for
isolation of immunized splenocytes for fusion are known in the art. Fusion partners
(e.g., murine myeloma cells) and fusion procedures are also known.
In a preferred embodiment, human monoclonal antibodies directed
35 against CD20 can be generated using transgenic or transchromosomal mice carrying
parts of the human immune system rather than the mouse system. These transgenic and
transchromosomic mice include mice referred to herein as HuMAb mice and KM mice,

respectively, and are collectively referred to herein as “transgenic mice.”
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The terns "transgenic, non-human animal" refers to a non-human ani nmal
havi ng a genone conprising one or nore human heavy and/or |ight chain
transgenes GMI-053FGchronosones (either integrated or non-integrated into
the animal's natural genomc DNA) and which is capable of expressing fully
human anti bodi es. For exanple, a 5 transgeni c nouse can have a human |i ght

chain transgene and e human heav chai n trans . or huna av
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techni ques for pro u0|nﬂ nmonocl.onal ‘anti bod viral or

oncogent .t IHLIREROA- 005 B iYL Beh Tpmiee miﬁ?lgyzsp@ehﬂm%%gt usi ng
libraries a')zf (mx)md Wa@meBla@@mqDelss&-ssg Neonbe B, (mﬁymalnabootmbg rfrﬁ)é’ntalt ]
prepari ri do nocl gna i € e
muri ne gﬁ E‘f g?’%iﬂgh%ﬁgﬁuﬁ?ﬁ?fnﬁl ‘H“ﬂ@&‘g& E”‘f"gnﬁl@&’ Og%@?’(;sé?abl i shed
procedure. 59’ﬂm]mnbe&gJ N nandribtseg Ds (E99) freertrnRew dantuaol. Vo&dBa&ﬂ 231 Heirdingmuni zed
spl enocyt es Lom@ Joa S i nmuri ne
rrSeI orraycel éﬁ?r&m ofﬁ%gc’é’ad\'{ Ee}s’&%{]rd e§c'}7568 Sgﬁggvm@ F?ﬁ&’ﬂg e]‘t%’ral(ggd9 6) |
enbodi nent , NhlunaBlomﬁodloanM 84m8b boleecekirttien &St Mok. 5335804i 51.§69 8ZRO can be

generated usihgie. %r@ﬁer{?scs %9%8@@§W§§7"§%‘P'01@1 §§143§‘f8f BS'SW, 29924dgs of the

human i nmunée %St ém r af mousé s ése rans enhi ¢ and

t r anschbmo®dif-¢2%ialldo llﬁéb‘ﬂé @n?an@@ %‘Séif’@lr %Séeﬁglﬁé“ﬁ@p@ it Sa@nmm&bWﬁ) ce and KM

nice, resm‘/m:sal WO 8805385 WOl 4327V el(y 92/20649, WOt9Q/0301 afd MO "t r ansgeni ¢
mce." GQ/{/O&E&E?PC The HuMAb nmouse contains a human I rmunogl obul i n gene

m ni | OCI
The KM mouse contains a human heavy chain transchromosome and a

human kappa light chain transgene. The endogenous mouse heavy and light chain genes
25  also have been disrupted in the KM mice such that immunization of the mice leads to
production of human immunoglobulins rather than mouse immunoglobulins.

Construction of KM mice and their use to raise human immunoglobulins is described in
detail in WO 02/43478.

30  Immunizations
To generate fully human monoclonal antibodies to CD20, transgenic or

transchromosomal mice containing human immunoglobulin genes (e.g., HCo12, HCo7
or KM mice) can be immunized with an enriched preparation of CD20 antigen and/or
cells expressing CD20, as described, for example, by Lonberg et al. (1994), supra;

35  Fishwild et al. (1996), supra, and WO 98/24884. Alternatively, mice can be immunized
with DNA encoding human CD20. Preferably, the mice will be 6-16 weeks of age upon
the first infusion. For example, an enriched preparation (5-50 pg) of the CD20 antigen

can be used to immunize the HuMAb mice intraperitoneally. In the event that
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encodes unrearranged human heavy ( and y) and x light chain i mmunogl obulin
sequences, together with targeted nutations that inactivate the endogenous
and K chai nGMB@35RConberg, N. et al. (1994) Nature 368 (6474): 856-859).
Accordingly, the mce 5 exhibit reduced expression of nouse IgMor K and in
response to innunization the introduced human heavy and |ight chain

transgenes, nder c ass . sw sona t afl 0 nerate high
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113: 49- 101, , D. (1995) Intern. 10 Rev. I|nmmunol. Vol.
13: 65-93, lédrrfgiblﬁgbgm“m‘ﬁ RS hberg, N (1995) Ann. N.Y Acad Sci 764:
536-546) . The prepar atVBH a&f’e PRIVRISNGH Widh varios sptigens dhas shayer that the Flulvgdb or , L.
et al. (5199@3ns§1§iﬁé ﬁil@e R6pohd HResARenGhitidly ﬁﬁ&ﬁnﬁ@@ﬁxtraﬁ&‘i‘@nealg (ﬁb‘]) I &l (1993)

| nt ernationa 4 656; Tuail]lon et a munol .
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Bi ot I 4 8

5 ooe. 195, Blrlfcl® Ltng FOFERESMlisti Mbing Dol piee it Bfcigy, 0.
and 20 5, 77*416@2@ antiy({D2bhymeaiamunneipbrlip can ewﬂlfoaﬁuswss sMigsc®d® to Sur ani
et al .; VO bOReARBAenUBOHMRTIID o pRsAAL LARTs dWOLIRI23RSiTce YR RRIQAP1S and

WO 01/ 09187 TheI KM nouse cont ai ns hunan heavy chai n transchronosone and
a human ka‘bf gae $R'gf% chai n transgene. The endogenous nmouse heavy and i ght
chain genes 25 also have been disrupted in the KM m ce such that

i h ad f h [ i h

han modse CHIHUT ARG idenes BsodiePlecdiiai SPrRaio Rt Lkde) ReePMse Lo rai oo
human i m‘runogl obul i nsTé gemteate hytradbmas pr@thmmglhmnvm)mlmnﬂmboaes to

| muni zat i OtﬂﬁnaTPCEQ@es ﬁé‘w Ar?ﬁ 1&5@2%&8’&%'ﬁ%%lrﬂﬁﬂhlzp@ﬁh&scah%m

transgeni c or transc cont al nin | 'obul 1'n genes
(e.g., HColad fpugegno a@rapmrvpﬁﬂt@emn@atnhm qeHringi w@h awmwuaﬁnwﬁhnm line.

preparati onmefresmﬂg EiBricH)%{hs%HﬁiﬁQh be%@r’eéx%ed%?&%%%diﬂu&%@ant%‘énﬁg&ﬁﬁd bed, for
exanpl e 9 t al supr a,

et al su
and VWO 48 /284@32 lemgfgreefamp!ﬁeﬁlyg erﬁelﬂ!éu%gﬂsw 9 r?ﬁf?mczéalpﬁwww fm& encod| ng
human CD20. infh@figddahicy cat be fused e SP2/0-A18. ﬁsmnmeétﬁagqﬁo@genmmﬁa cdlke first

can- e used VG rhn 38 R SO P R B kPt M Pkl UMl (Pt
28 GM - 055R¢er well in flat bottom microtiter plate, followed by a two week incubation in selective
medium containing besides usual reagents 10% fetal Clone Serum, 5-10% origen
25  hybridoma cloning factor (IGEN) and 1X HAT (Sigma). After approximately two
weeks, cells can be cultured in medium in which the HAT is replaced with HT.
Individual wells can then be screened by ELISA for human kappa-light chain containing
antibodies and by FACS analysis using CD20 expressing cells for CD20 specificity.
Once extensive hybridoma growth occurs, medium can be observed usually after 10-14
30 days. The antibody secreting hybridomas can be replated, screened again, and if still
positive for human IgG, anti-CD20 monoclonal antibodies can be subcloned at least
twice by limiting dilution. The stable subclones can then be cultured in vitro to generate

antibody in tissue culture medium for characterization.
35  Generation of Transfectomas Producing Human Monoclonal Antibodies to CD20

Human antibodies of the invention also can be produced in a host cell

transfectoma using, for example, a combination of recombinant DNA techniques and
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i mruni zations using a purified or enriched preparation of the CD20 anti gen
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expressi ng GPPOYSSP@., a cell line, to pronote i mune responses. Cumnul ative
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human kappa-1ight chain containing antibodies and by FACS anal ysis using

CD20 expressgjin |.ls, for 20 1 ficity. X i.ye.hybri grow h
occurs, ne 'lﬁrr% ¢ Z%c %b'{)’ 's’telgg%n(f f?ﬁ&ﬁ%ﬁf‘fﬁé “g’r“"%?’f%?%%?g‘zgfégd’%@ dzﬁﬁrxtg)lody
secreting hybri domas Alernbiévalpphaclongd antibedngeheagan bg exmressed irsathérl  positi ve

for human | Nt s : i i : t st
i co by 1 1 SAPresSBhigy e FHE0GRE ORRapRAL BRI G AHMRBHRTI SN 1. RS

vitro t49 gelvetheisodugtion 9ésipgleshainda antibodiesy; algirasavelhassigsect pillsact er i zat i on.

35 Cener at i piHRimdrcaitea8fboITBScaRR Préduted HtBRgdE A6h-Bikahn AfibiakO didsast 0 CD20
Human anti bodi es . of S&}ge |nv§&t)| on .al so can be produced i.n @Hho t cell

transfect on'd frgm shgep andApPis ordn eggs oM el Opin FANSEsRIF REAtS- ¢€echni ques
and -29 GWe@bRC er gk IiE98).aAnfiBady anginvetingdSonfsarissn vEbdctdtiah\yeastnintdee art

(Morrison, a‘cﬁd Iﬁg'rgglg?iansg)i(pef\gsgleon systems. J. Immunol. Meth. 216:165-181; Pollock, et al.
25  (1999). Transgenic milk as a method for the production of recombinant antibodies.
J Immunol. Meth. 231:147-157; and Fischer, R., ef al. (1999). Molecular farming of
recombinant antibodies in plants. Biol. Chem. 380:825-839.

Use of Partial Antibody Sequences to Express Intact Antibodies

30 Antibodies interact with target antigens predominantly through amino
acid residues that are located in the six heavy and light chain complementarity
determining regions (CDRs). For this reason, the amino acid sequences within CDRs
are more diverse between individual antibodies than sequences outside of CDRs.
Because CDR sequences are responsible for most antibody-antigen interactions, it is

35 possible to express recombinant antibodies that mimic the properties of specific
naturally occurring antibodies by constructing expression vectors that include CDR
sequences from the specific naturally occurring antibody grafted onto framework

sequences from a different antibody with different properties (see, e.g., Riechmann, L. et
-30-



229:1202). For exanple, in one enbodi nent, the gene(s) of interest, e.qg.,
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Because sequences are responsl st ant i body- ant |
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25

and . . . 3
optimization of particular codons.

The nucleotide sequences of heavy and light chain transcripts from
hybridomas are used to design an overlapping set of synthetic oligonucleotides to create
synthetic V sequences with identical amino acid coding capacities as the natural
sequences. The synthetic heavy and kappa chain sequences can differ from the natural

30  sequences in three ways: strings of repeated nucleotide bases are interrupted to facilitate
oligonucleotide synthesis and PCR amplification; optimal translation initiation sites are
incorporated according to Kozak’s rules (Kozak, 1991, J. Biol. Chem. 266:19867-19870);
and HindlIII sites are engineered upstream of the translation initiation sites.

For both the heavy and light chain variable regions, the optimized coding

35 and corresponding non-coding, strand sequences are broken down into 30 -

50 nucleotides approximately at the midpoint of the corresponding non-coding
oligonucleotide. Thus, for each chain, the oligonucleotides can be assembled into
overlapping double stranded sets that span segments of 150 - 400 nucleotides. The pools
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C et al. (1989) Proc. Natl. Acad. Sci.. U S. A 86:10029-10033). Such
framewor k sequences can be obtained from public DNA databases that include
germ i ne anGMbBO§5PQene sequences. These gernline sequences will differ from
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an enti ggl y ﬁ%nt hetic variable region clone. This process has certain

advant a B-as elimination or inclusion or particular restriction sites,
or 25 optimzation oPlapmltdslfouh@rmconmmmstloﬁl'dﬂfee)apmsblentvecterssfeqhmnme@@xf heavy

and 1190t ohal D LiARSEIP! Pod HRIGONRKI ARSI & HRSKCA InRRLOY, vy and
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rul es (Kozal<j !]aﬁilﬁm‘é? Bi ol . Chem 66 19867-19870); and Hindlll sites are

engi neer ed MShe translation initiation sites. For both the heavy
and light chain vari alihes,iegiahe aspdeeodiht inventon ,dhdstngturdifeancks obtheespondi ng

non- codi ng, P%E‘?Q‘?’h%%% %?E&%l@sf &t?i%@ﬂn @’g’ - gh% # c?’r@%}i’%iee&%h?c?s

appr oxi mat e non-
ol i gonug$ eomed@ strmﬁumllyfrehateémaoWatlﬂDzm@txbbdrg@tm«t:r@@nuadl,sgstmn finstigralenbl ed

Inﬂtcloeo?:/grels ﬁfb%hlgﬁ Bgﬂﬂg%ﬁbé&l&%ﬂﬁ@'nﬁgﬁ%r{ bt SRANISEHEDLS. Mord stidcificA)
one or more CDR regions of 2F2, 7D8§, or 11B8 can be combined recombinantly with
known human framework regions and CDRs to create additional, recombinantly-
engineered, human anti-CD20 antibodies of the invention.

30 Accordingly, in another embodiment, the invention provides a method for
preparing an anti-CD20 antibody comprising:

preparing an antibody comprising (1) human heavy chain framework

regions and human heavy chain CDRs, wherein at least one of the human heavy chain
CDRs comprises an amino acid sequence selected from the amino acid sequences of

35 CDRs shown in Figures 53, 55, or 57 (or corresponding amino acid residues in SEQ ID
NOs:13-15, 19-21, or 25-27); and (2) human light chain framework regions and human
light chain CDRs, wherein at least one of the human light chain CDRs comprises an

amino acid sequence selected from the amino acid sequences of CDRs shown in Figures
232



GM - 055PC are then used as tenplates to produce PCR anplification products
of 150 400 nucleotides. Typically, a single variable region oligonucleotide
set will beGMBBSSPCdown into two pools which are separately anplified to
generate two overlapping PCR products. These overl apping products are then
conbi ned by PCR anplification to form5 the conplete variable region. It may
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(1) hu hetippdy mdﬁqi?rmramtl @fé’gﬁ'ﬂéhﬁ“ acmmth%hwyeh@mrp nd/Ger ei n
at | east ongeQfght ERINCDRY di%\zymkl&irmB@Dl?ﬁeﬁﬂthdyse@ ﬁ&hamcm)reelﬂsé sequence

selected fromth e n own Fi gures 53, 55,
sl SRR R e A e b S A L P
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25  disclosed herein. However, the ordinarily skilled artisan will appreciate that some

deviation from the exact CDR sequences of 2F2, 7D8§, or 11B8 may be possible while
still retaining the ability of the antibody to bind CD20 effectively (e.g., conservative
substitutions). Accordingly, in another embodiment, the engineered antibody may be
composed of one or more CDRs that are, for example, 90%, 95%, 98% or 99.5%

30 identical to one or more CDRs of 2F2, 7D8, or 11B8.

In addition to simply binding CD20, engineered antibodies such as those
described above may be selected for their retention of other functional properties of
antibodies of the invention, such as:

(1) low dissociation rate from CD20;

35 (2) high affinity binding to CD20;

(3) binding to a unique epitope on CD20, and/or binding in a specific

orientation to CD20, and/or binding to a specific form of CD20;
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am no aci d sequence selected fromthe am no acid sequences of CDRs shown in
Figures -32 GM -055PC 53, 55, or 57 (or corresponding am no acid residues
in SEQ | D NGMI-8&P8. 22-24, or 28-30); wherein the antibody retains the
ability to bind to CD20. The ability of the antibody to bind CD20 can be
determ ned using standard bindi ng assays, such as those set forth in the
Exanples (e.g., a FACS analysis). 5 Since it is well known in the art that

anti body heavy and | i¢hmediasion ofmkhdevelion D! eny eishey 4135430 megativé empor t ant
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anti bodies 10 further .can, conpr.i se t e.C%I s of 2F2. 7 or 11138.
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framework regions, a human |ight chain CORI region, a human |ight chain CDR2

regi on, l%nd®tECHicalS:| i ght chain CDR3 region, wherein the human |ight chain

5CDR37 ( region is tge QDR&glﬁiﬁtthE_ZicpIE%en@micha&pﬁﬁs cmoon aﬂéﬂoﬂ:i gures 53, 225, or
or corresponding np, acid residues.as shown i 180w 24, oOr

30), wherein the 20 aquﬁgﬁvatBi(ﬁB@%dﬁgﬁ.W% eexglﬁﬁs%%{}vaﬁgfhgmpa onpri se
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anti body may fur . iSe: . i g | chain
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o di mar 1y ST e el Bl e S TR et he
[ ily ski [ Wi [ evi at i
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retaini ng ttlsrpica.lg'b bé tapable dffdepliihg bélg:;hefafl) Bliefl6l e io26kirgs Ibepr:gveésbsfcbeo gh,

conservativ it ons rdin i n_anat her. enbodi ment e
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exanpl €0 908ta dos8ge &2 50mghke.pfe¥dB0for denbsecuativet dayone or nore CDRs of 2F2,

7D8, or 11B8. In addition to sinply binding CD20, engi neered anti bodi es such
as those described above may be selected for their retention of other

functi onal @hargetericationotf Bindivg nbbvean Morodlenalndraibodisato €BeA as: (1) 1ow
di ssociation rate from 628 humdm dAICD@bhiffoliiel] delecRidibAdohss R

grown in two-liter spinner-flasks for monoclonal antibody purification. Supernatants

25  can be filtered and concentrated before affinity chromatography with protein A-
sepharose (for IgG1 isotype antibodies) (Pharmacia, Piscataway, NJ) or anti-human IgG
coated sepharose or protein G-sepharose in case of IgG3 isotype antibodies. Eluted IgG
can be checked by gel electrophoresis and high performance liquid chromatography to
ensure purity. The buffer solution can be exchanged into PBS, and the concentration

30  can be determined by OD»g using 1.43 extinction coefficient. The monoclonal
antibodies can be aliquoted and stored at -80 °C.

To determine if the selected human anti-CD20 monoclonal antibodies
bind to unique epitopes, site-directed or multi-site directed mutagenesis can be used.
To determine the isotype of purified antibodies, isotype ELISAs can be

35 performed. Wells of microtiter plates can be coated with 10 pg/ml of anti-human Ig
overnight at 4 °C. After blocking with 5% BSA, the plates are reacted with 10 pg/ml of
monoclonal antibodies or purified isotype controls, at ambient temperature for two
hours. The wells can then be reacted with either human IgGl, IgG2, IgG3 or IgG4 or

_34.




(3) binding to a unique epitope on CD20, and/or binding in a specific
orientation to CD20, and/or binding to a specific formof CD20; -33

GM - 055PC (éMEess8pti on of a high level of CDC on either CD55/59 negative or
CD55/59 positive cells; (5) translocation into lipid rafts upon binding to
CD20; (6) inhibition of the growth of cells which express CD20; 5 (7)
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used.  To dﬁE&ﬁJﬁhQI%[sfsh%f#e? efew@;grfafreswme sbﬁ&at%&fahﬁ’é%b ) bb%%&eﬁecﬁﬂ' SAs can

be 35 perforne m cro tes can be coated wth 10 g/m of
ant i - hudfan migocellulose membranes, blocked w1th 20% mouse serum, and probed with the
monoclonal antibodies to be tested. Human IgG binding can be detected using anti-
human IgG alkaline phosphatase and developed with BCIP/NBT substrate tablets

(Sigma Chem. Co., St. Louis, MO).

25  Phagocytic and Cell Killing Activities of Human Monoclonal Antibodies to CD20
In addition to binding specifically to CD20, human monoclonal anti-

CD20 antibodies can be tested for their ability to mediate phagocytosis and killing of
cells expressing CD20. The testing of monoclonal antibody activity in vitro will provide
an initial screening prior to testing in vivo models. Briefly, polymorphonuclear cells

30 (PMNs), NK cells, monocytes or other effector cells, from healthy donors can be
purified by Ficoll Hypaque density centrifugation, followed by lysis of contaminating
erythrocytes. Washed PMNSs, can be suspended in RPMI supplemented with 10% heat-
inactivated fetal calf serum and mixed with >'Cr labeled cells expressing CD20, at
various ratios of effector cells to tumor cells (-effector cells:tumor cells). Purified

35  human anti-CD20 IgGs can then be added at various concentrations. Irrelevant human
IgG can be used as negative control. Assays can be carried out for 4 to 20 hours at 37
°C depending on the effector cell type used. Samples can be assayed for cytolysis by

measuring > !Cr release into the culture supernatant. Anti-CD20 monoclonal antibodies
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pPNPP substrate /m ) and .anal yzed at of 405-650. In order ;to
denonst r at ecaﬁ‘raéé"ell?f‘rc%“ﬁr% "h?ﬂqgjblmsém&ﬁ %%%r iorfleé“émén“o‘l"hetﬂ‘?ﬁﬁﬁﬁﬁﬁ%lsm ce or
bi ndi ng of ealaacddoniah maltipld adneslohal ahiiv&lige! | s expressing the CD20, 5 flow

cytonetry can be used rief 1 .lines Less) 0 r.0 der
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fl uorescein-labeled anti-human 1gG anti under the sane Irtions as
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cytonmetry with aj FACSHnBfgty RO telkSxpstihgaD2and side scatter properties to
gate on single, Livi ng) cg.l s, An alter ngbl %‘.e assay using fluorescence

m croscopy may b& usetPW Fisosttion s iom GP2Vnst ead of ) the flow cytometry
assay. Cells caB. be highiaffityeofdgidig @sCOe@,cri bed above and exam ned by

fluoresgence m cposcopy.... Lhis nethod allo i sual bzati on of i.adi vi dual
ol T BT ey Fhioe” oPhiinedagm R Baitafarl} Do R bERAAER SretiBE el 1y of
t he anti genorightition@DZI A, pediot biGding ama bpecifia formrofC@¥0ed for reactivity with
CD20 antigen bys.V\éStgﬁs%nﬁlaﬁéﬁ Bﬁ&ilsgﬁﬁr@{)s!ir{gCBgd)'l extracts fromcells
prep subj ect e

expressing CD20 can b epared and ‘suhb to sodi um dodecyl sulfate
(SDS) pol yacryl afi de Fefiatian etgrovfhinhibitian, phpgasytosis@atios kHungef ellst he
EFDaLaged_ ?iﬁpé%?}ﬂ@ ObH20 inkfe bfe@étﬁ:fe%fh@n%aﬁ efféforndelis.ocel | ul Iose lm‘«‘nb: _anezg t
ocke mouse .serum , an obed wi monocl onal .anti bodies to
be test]eivjm. Humanol'l gG gl?lﬁﬁ’i tRgndus B%F'ﬁéil&ré{]ﬁtéaﬁy&ﬁgi}tl.ver%ﬂﬁﬂ“}’eg‘é A kal i ne
phosphat ase and 8level syifit) tolihducBGbiolyigic sihbsibti;ate tablets (Sigma Chem Co.,
St. Louis, MJ). 25 Ph ti.c,an Il KiLLing. Activities . of H .
Monocl onal Anti b%‘di es?@ﬁfy‘éﬁﬁu@ ﬂraﬁﬁ%atuloghnt? @gbﬁﬁﬁf HE,O%g‘é‘Si“ﬁit%g% ’to CD20,
human nonocl onal l(b_ntiabiﬁlmtﬁ inax_lucblapaztjteés;can be tested for their ability to
nmedi ate phagocytpgis Anf L gA(ﬁCC%ﬁ!cH% 5S§@gldgz(pD2_0. The testing of
n vitro w provi ;

monocl onal antibody actl Vﬂay [ an’initial screening
prior t¥ testingl?n vahibitytedeplste s which expessy GB2Bhandien ear cel s 30 (PM\s),
NK cell's, monocyies ogbifty8ldepletetel19which! dxpres [odMeREdbF TD2AQEE28 Tt adlishe
2,2 RSl S s e
suppl ement eghovd éfithd@%ribenat - i nactivated fetal calf serumand mxed with 51Cr
a0l e el L, oXPT eSSl e VRIS FHT RS o o LRSI B U
25 mediate CDC using a variety of known techniques. For example, serum for complement
can be obtained from the blood of healthy subjects which can be centrifuged and
harvested. To determine the CDC activity of various mAbs, different methods can be
used. 'Cr release can for example be measured or elevated membrane permeability can
be assessed using a propidium iodide (PI) exclusion assay. Briefly, target cells can be
30  washed and resuspended in RPMI-1% BSA at 1 x 10%ml. Various concentrations of
mADb can be added to the cells and allowed to bind for 10-15 min at room temperature.
Serum can then be added to a final concentration of 20% (v/v) and the cells incubated at
37 °C for 45 min. All cells from each sample can be added to the PI solution in a FACS
tube. The mixture can then be assessed immediately by flow cytometry using a
35  FACScalibur flow cytometer and analysed using CellQuest pro software (BD
Biosciences, Mountain view, CA).
To test for the ability to initiate apoptosis, human monoclonal anti-CD20

antibodies can, for example, be incubated with CD20 positive tumor cells, e.g., Daudi at
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35 human anti-CD20 1gGs can then be added at various concentrations.
Irrelevant human |gG can be used as negative control. Assays can be carried
out for 4 tGMDOSSRECs at 37 C depending on the effector cell type used.
Sanpl es can be assayed for cytolysis by neasuring 51Cr release into the

cul ture supernat ant Anti-CD20 rmnocl onal antibodies -35 GM-055PC can

al so be tes tio hother to det.erm ne r
cytolysis i éifd% (ﬂ\ﬁ%‘is gﬁ]i‘et ‘f%‘ %Wﬁsﬁ%ﬁ W&H}EquBdst%xm\fﬁ@%ESnonocl onal
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3. high aff|n|ty of bj ndaarg to CD20; 10 4. binding to_a unique epitope on
CD20: and/or bi ndi ng 1A BarGgdes embodimentof the inyentios, tepgmagmimeclopalndi ng to a
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expr essi ng Ifl?fetaﬂgr%[?%i gdgrfﬁsrﬂ%ﬁheéf QF PXAMRlgy ugnany tl#Dg(El lity to
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i nduce oy . [ | pi d
rafts uirﬂ)tgn %L&D%ﬁ%@ﬂ'[%?ﬁ)égg Gcl%ei%ghésgte tlie?a eﬁgéjﬁlgdlééx%gﬁt gﬁ%t (fx[;'a k%tfé)rréél ity to
i nduce Ammbpch@bntstl@mmsutlng l@z@smMI @20albnnamryom®lqj@bmmbedy:é1at s whi ch
express CDZﬂedlﬁfEQ/GHC égmbﬁ‘lt?di WnthyaanPthﬁHhQ{ ﬁltﬁébbé nYﬁHo@f&nElxagll 1§§§yofhgf"’ level s

of CD20 (CD2 s).. _Preferred human_nonocl gnal anti S

i nvention n’é‘ét‘ceéﬁEOE}Pm nBPlEXIMple: dhecantippdethatmedigies £ o Ay |cewarlseahwnart:ozo
ant i b?dl efs E@K}y bﬁatuhaﬁa ﬁdmﬁ@ka;s dight eldin VirlableOregidns 68D ﬂ§lﬁ fﬂefétnuﬁda a@dg

vari e Yy nown ecnni r CO nmen can e

obt ai ne]dsof r SHPEIES BY 6L Iﬂi\i@[ﬁg‘i‘@(ﬁ@&mlﬁ(& c%?ﬁpeif n?’]‘dl e ged and
harvest ed. amibddy dramndﬁcctsmpoﬂaﬁismthl oontpyisohuman heavy chdinsand hivhfaakepga met hods
can be “Se@gm%ﬁ% vaﬁllbeié‘%e &Mom 1531”1‘1'1’33&& g%cﬁes%glgé’ ggs %’{ﬁ f% SGyahed menbrane

perneabi lity>can be as PN prop| um excl usi on assay.
Briefly, taSg@tIDA¥D! &0 andhSHQ I@G\Iﬁldgh@apﬁmdelwesuspended in RPM-1% BSA at | x

106/ m . Various C0“Ceﬂltzﬁﬁme?BﬁbQ&meﬁﬁ%&%&%ﬁ%ﬂq&qu&éa h*&‘ﬁuﬂ‘(ﬁbi@hﬁﬂﬁl al | owned

to bind for 10-15 mn_at room tenperature, um can ded to a

final c&hcemepeglonsh a@tﬁb@a%@wwatwghlméffé@twesklllws%&réﬁ cglls in the presence

of effector cells, combined with another human anti-CD20 monoclonal antibody that
inhibits the growth of cells expressing CD20.

II. Production of Transgenic Non-human Animals Which Generate Human Monoclonal
25  Anti-CD20 Antibodies

In yet another aspect, the invention provides transgenic and

transchromosomal non-human animals, such as transgenic or transchromosomal mice,
which are capable of expressing human antibodies that specifically bind to CD20. Ina
particular embodiment, the invention provides a transgenic or transchromosomal mouse

30 having a genome comprising a human heavy chain transgene, such that the mouse
produces human anti- CD20 antibodies when immunized with cells expressing CD20.
The human heavy chain transgene can be integrated into the chromosomal DNA of the
mouse, as is the case for transgenic, e.g., HUIMAD mice, as described in detail herein and
exemplified. Alternatively, the human heavy chain transgene can be maintained

35  extrachromosomally, as is the case for transchromosomal (e.g., KM) mice as described
in WO 02/43478. Such transgenic and transchromosomal animals are capable of
producing multiple isotypes of human monoclonal antibodies to CD20 (e.g., IgG, IgA
and/or IgE) by undergoing V-D-J/V-] recombination and isotype switching. The design
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37 Cfor 45 min. Al cells fromeach sanple can be added to the Pl sol ution
in a FACS tube. The m xture can then be assessed i mediately by flow
cytonetry uGMB0SSE5 FACScal i bur flow cytometer and anal ysed using Cel | Quest
pro software (BD Biosciences, Muntain view, CA). To test for the ability
to i nitiate apopt osi s, human rmnocl onal anti-CD20 antibodies can, for
exanpl e, ncubat ed tive tunor ce - 36
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transchr ormﬁgggj PQ&WNBHE&WE%&! @@{,&,Pé%cm @s transgenic or transchronosonal
m ce, which are capable of ex essi ng. human anti bodi es t hat Fpemflcally

bi nd t ALD20. I & pHYEraln ERSRdHB R IuRFansEHEC PR UBHChiMosPRe] BRishyman
transgeni ¢ gimalsaRed o gvmeﬁmk hiBidf moiaclbﬁamamb@dlmﬁe ifventidr confign & human
heavy chai n_transgene, such,that tF IDuS gl{l_)rod ces. human cht (IZDQ

anti bodi es WABAPSSHTFYERES PR EUPPRARY0IIE unrearranged heterologous

immunoglobulin heavy and light chain transgenes in the germline of the transgenic

animal. Each of the heavy chain transgenes comprises at least one Cy gene. In addition,

25  the heavy chain transgene may contain functional isotype switch sequences, which are
capable of supporting isotype switching of a heterologous transgene encoding multiple
Cy genes in the B cells of the transgenic animal. Such switch sequences may be those
which occur naturally in the germline immunoglobulin locus from the species that serves
as the source of the transgene Cy genes, or such switch sequences may be derived from

30 those which occur in the species that is to receive the transgene construct (the transgenic
animal). For example, a human transgene construct that is used to produce a transgenic
mouse may produce a higher frequency of isotype switching events if it incorporates
switch sequences similar to those that occur naturally in the mouse heavy chain locus, as
presumably the mouse switch sequences are optimized to function with the mouse

35  switch recombinase enzyme system, whereas the human switch sequences are not.
Switch sequences may be isolated and cloned by conventional cloning methods, or may
be synthesized de novo from overlapping synthetic oligonucleotides designed on the

basis of published sequence information relating to immunoglobulin switch region |
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The human heavy chain transgene can be integrated into the chronbsonmal DNA
of the nouse, as is the case for transgenic, e.g., HuMAb m ce, as descri bed
in detail hevH-055PC exenplified. Alternatively, the human heavy chain
transgene can be nmaintai ned 35 extrachronosonmally, as is the case for
transchronosomal (e.g., KM mce as described in W 02/43478. Such
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edition (21989).. Paul AL E,, ed. Raven Press . N Y. 20 | rtain
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02 o Ml RSSO S TR, ORI A, Ly Trom
swi t ch Z%equdsmoesndsplicbacehptinseghencesifior RNA processing, recombination signals and the
like, comprise corresponding sequences derived from the heterologous DNA. Such
regulatory sequences may be incorporated into the transgene from the same or a related
species of the non-human animal used in the invention. For example, human
immunoglobulin gene segments may be combined in a transgene with a rodent
30 immunoglobulin enhancer sequence for use in a transgenic mouse. Alternatively,
synthetic regulatory sequences may be incorporated into the transgene, wherein such
synthetic regulatory sequences are not homologous to a functional DNA sequence that is
known to occur naturally in the genomes of mammals. Synthetic regulatory sequences
are designed according to consensus rules, such as, for example, those specifying the
35 permissible sequences of a splice-acceptor site or a promoter/enhancer motif. For
example, a minilocus comprises a portion of the genomic immunoglobulin locus having

at least one internal (i.e., not at a terminus of the portion) deletion of a non-essential
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construct (the transgenic aninmal). For exanple, a human transgene construct
that is use@MB0§FRuce a transgenic nouse may produce a hi gher frequency
of isotype switching events if it incorporates switch sequences simlar to
t hose t hat occur naturally in the nouse heavy chai n | ocus, as presunmably

t he nouse s ence are tlmzedtofu hthem)se 35
switch reco w ez<§/n’é1 ?y%‘}‘%? We%"?ﬁép gﬂesr%)é BHoTRRA t(?etge are
not. Sw tcrhatmeﬂylenoesngrgymﬂmedgdﬂmmed and cl oned by conventional cloning
nmet hods, or may be sy = i i

oli gonucl eot i des_desi gﬂr%e t17a E%&?Cba;ﬁytgmfs?ﬂ%g%lﬁi%ggggglﬁgﬁggﬂaﬁ%ﬁe(ﬁ ‘mat i on
rel ating tomiwﬂbwwn1mmue%1@lzmmrr§gd®ﬁon satha sigVficp spertoseddeatlves (M 1 1's
et al., NuciubstkiidB ﬁﬁﬁar tlaEthﬁ%@ﬁh?lﬁﬂaﬁ aftd O histing 'f&exfcﬁ&n@t al., Intl.

Irmunol 1: 631-642°( . _For f t he .forego tran genlc ani mal s,
functionally rearran eﬁ%‘i“é‘Feo‘TvﬁgigE%l Al tﬁ ngﬁl’fhi’ umaRWAeRy| obul i n

transgenes afjgstédfon dolume asuallg with zﬁdmérsfty adkasp abat lomasE’greeaJ ;brafe@fbbt he

transgenic a t .10 5 Th £ t
I Rl o (KT B ARt B
transgene clg@)s preferapl P tori®d di mgreawwill beptodorel, depanidaty en genensegofnt, one
di versi{qy gﬁﬁ%reﬁ?gn?gﬁqp%%mﬂn%ﬁgc&%% tﬁeeﬂl%ﬁ&t ¢ABfhedhd dkiG@rhy fa€ constant
regi on gene segnen I n"transgene ° conpri ses DNA
encodi ng ataddéml diversipn genasated BeYé- Q—ébmtsegmﬁé rf@T&ﬂgﬁgﬂ@}én@dﬁ@grrent 10 and

iat Ihfast gnﬁm%ﬂa&aaumamt% Rehks /S %@ntr pit A%y, YR i RGP HuBinE RHPEXHTE t he
g an e

ene segnents ar goustothetr@ns Rl c
ani mal in t#LR gmag@)rfeg pwe#%@ﬁw&m ofgbel%ﬁpe ah epof hslpw éﬂcé@gl
i munogl obuM ¢t IEa¥y oee@nllbwert cha| n gene segrrents from a speci es not

consistjng of the tr enic n (iH‘ ect of the
inventi%, t he transgjg S§EE adﬁgf n?‘ﬁ“f’?. mf’ﬂgmi \7|gdl}5]|ce’ga§ne 15
segment s ar describegaaboae gathe mnmumzmbwlthefaremgﬂxd cells @pressingr{do2e a functi onal
i rmunogl obu 18 \ upport
reconbi nati %lr%&g%ﬁ‘%ﬂ% t@){ tr%ﬁ@&%gﬁﬁﬂagsn%aﬁ;bgq% “%{j fvﬁi%]tg|fh(')qn&?:Ia g?@%ﬁgeggn

and pref er@BRY- Eh«pmmalswdbh%p llQﬂnBéﬁl sawhich underge elaposwidghing varsyichn gene

segnent in fhGnbingGsH Gc?s%wﬁ&ﬂé)%ﬂ@@gprbm B‘B{lhﬁb ﬂé@&i’\bé WiRCD2Wi rhé n the
transgeni ¢ ani nmal an alternate

embodi ntht | IMMARAG gﬂ%@ae%& ec@wq ag’él%aﬁeﬁ Sé’aFF aw ééjas nseguanse  syuch

transgenes zhmb@eb i)ywmamrths ﬁea’i'ysaub srgammai pqosa;setpuaes aﬁf: eﬁmieﬂ:by Bumand J
segnents as such t{lans

comatr vt o rgeneEn e S Beb I e AR ES WEVET by AR uhENREETE, o
class swt cﬂegroagemmsblnaipmlgem% agiwalbas gerchlinplencaled ceqenoss; dese/bwnas f or RNA
; e ' h ;

] o e
encoded by a human V|, and J; or Vg Dy and Jy gene segments, even though other non-

germline sequences may be present as a result of somatic mutation and differential V-J
and V-D-J recombination joints. The variable regions of each antibody chain are
typically at least 80 percent similar to human germline V, J, and, in the case of heavy
chains, D, gene segments; frequently at least 85 percent similar to human germline

30  sequences present on the transgene; often 90 or 95 percent or more similar to human
germline sequences present on the transgene. However, since non-germline sequences
are introduced by somatic mutation and VJ and VDI joining, the human sequence
antibodies will frequently have some variable region sequences which are not encoded
by human V, D, or J gene segments as found in the human transgene(s) in the germline

35 of the mice. Typically, such non-germline sequences (or individual nucleotide
positions) will cluster in or near CDRs, or in regions where somatic mutations are

known to cluster.
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regul atory sequences may be incorporated into the transgene fromthe sane or
a related species of the non-human ani mal used in the invention. For

exanpl e, huGMI-033R@nogl obul i n gene segnents may be conbined in a transgene
with a rodent 30 immunogl obulin enhancer sequence for use in a transgenic
nmouse. Alternatively, synthetic regulatory sequences nmay be incorporated
into the transgene, wher |n such nth tic regul atory, nces are. not
honol ogous to a funct{BA Fr 5Rect é&lf‘éﬁ%"él iPRARclydes @ﬁ\ﬁﬁe{%%%ﬁraﬁ%geﬂ}cm ly in
t he genonesomdtansehrombsom Synohthmirian anagall ad desyrilseicheesineThe Breelld esi gpesdd
according g éﬁ&éﬁﬂgﬂﬁd?%@éﬁr%ﬁ& h%ﬁianf&no%gmn%bo&@?%v%lct%%ffa bofth gyl P 35

perm ssi bl e
notif. For af miyrfﬁ &; adlsmmtmmsnyllﬁmnpr¢oslet@ndeﬂpf lomrdﬁantlﬁ)e ¥ trolmingan

I munoglpbuEbag! ThYES iNAYHRG enﬁ;odirﬁéﬁtthé’ﬂﬁ/ehﬁﬁ@%re@ﬂdeﬂéh nddﬁﬁ)}wﬁitcha term nus
of the portion) deletlono DNA portion

non- esse
(e g Pt choaieehd haasnantod Rvins Archpsy (ot ERMEHT Masu O POV 0  he
nat ur al | y- opwls, no@wef nd) I"ma dr@vérpl@)wfir whteli@emeded bﬁmmcparﬁmls of CD20

t h I | obul
or oduct | o GHRSEESF bR anie ByoiebCafied pitbSiiooal ntinl e By qelFRyRCR s
to that of ef thehafnekimeal tnnijmgtoncgnﬁratron\usinngS' hralydgpertoire wl I i deal |y

approxifpte that shounelth AMIBRIONIRibAS) BT Bhulgh WBpnHAY bicil? £ 1 2

diversity at | east Yoas great
General |y, enmpasedof (alb@dmghhchanowwh& rdglfoflémemg amﬁmptﬂa)mums V(hld@al ly

119G, pref e§1f?a§t|aMt1a318A1dE&1c%p@> é’ﬁol%’pﬁde wqhbn&%n%&q ér{wse eﬁthe
nunmber of 10 differen : I Ons |ntroduced |nt e nouse genomne
and driven ¥y %W%&FW@%@%@@#@%& ShayeeaBstiankigion mcogﬁcj by gbpwan @grrent

rearr angeneging sé@h éil@mndnucl eot i de addi ti ons at the joining regions.

ot esel e ed ant 32‘;2"%#88%4 SAERe ey SEheoBBPa Lt Dl SRty Weik paripbiey o
1010 M or etegionlhaviag.a ptﬁyp'Epadsmmemeaﬂdch rsa;nbsldirrtmﬂpsdnmbalrtom poilypaptideni mal s,

€.g., m CE, @ﬁﬁr&g%ﬁ\ﬁdeg% a,% Va%\? rﬁgﬁ{nébe gidi ﬁ%dgﬂmgﬁ%n%%%w cell s

expr essi ng ernative e tr ehi'c s can B zed
Wi th DNA em@dﬂhgcmmremwcofmbb)amhmm wigehe sagarenpr oduce B cel |'s which

undergo class-swi t chi fge yd\@1opMehft hlgﬁﬁﬁim&%ﬁhiaﬁ'?nc( ﬁ)nﬁl"ér&f%&@gﬁ AR

express |rmunoal obulins reactive wt i nmmunogl obul |ns can be

human 4% i beHRE san be fsilitaled by adnathpdsfor expapdingdbg)isppdere %ﬂh‘}%d‘faé@ e wherein
the heavy aRdionigghé sephings m.l tymgamaﬁc&l-mfﬁa@mmdﬁﬁhvbyg D Péfde édnﬁi?ﬁﬁm%fhﬂ
sequences, i ch I ncl ude ences deriv ﬁ?’ somat.l.c mutati.on.and V
o e le et g g ISR JreeaE. st e i SRR L EE THERRE aa0 " Yose
human ant i thegessmeaV fumetahsgenedomprising Meiep@npehs sepnienad Wyich dentotcal to a
obePs SRS RRGG AR Aol i AuRIBN rahOfend - len e VHgRA IH gone

segnent s,
25 transgene is a yeast art1ﬁ01a1 chromosome comprising a portion of a human Vy or Vi

(V) gene segment array, as may naturally occur in a human genome or as may be
spliced together separately by recombinant methods, which may include out-of-order or
omitted V gene segments. Often at least five or more functional V gene segments are
contained on the YAC. In this variation, it is possible to make a transgenic animal

30 produced by the V repertoire expansion method, wherein the animal expresses an
immunoglobulin chain comprising a variable region sequence encoded by a V region
gene segment present on the V region transgene and a C region encoded on the human
Ig transgene. By means of the V repertoire expansion method, transgenic animals
having at least 5 distinct V genes can be generated; as can animals containing at least

35 about 24 V genes or more. Some V gene segments may be non-functional (e.g.,
pseudogenes and the like); these segments may be retained or may be selectively deleted

by recombinant methods available to the skilled artisan, if desired.
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gernm i ne sequences may be present as a result of somatic nutation and
differential V-J and V-D-J reconbination joints. The variabl e regi ons of
each anti bo@®MEBSSRCare typically at |least 80 percent simlar to human
germine V, J, and, in the case of heavy chains, D, gene segnents;
frequently at | east 85 percent sim I ar to human gerniine 30 sequences
present on the transg of ten 90 %éﬁercent or.yTor.e sim]lar.to human

gernl i ne sequences prg)gg% ed]ilnm{sﬁgexfn?é{’ﬁ gen qRgIneGed §P?1t?:1é‘ ctigmaly i ne
sequences ¥AE havingatucgdndsd ¥ cegihént repettaire cslubﬁmha‘]/].y rahpresédd in therhungn t he

o .
RSSO A U BTN e e SORELTR AR
in the huneiitq phesgragt¢ byckigrounds 1gduq‘¢pg heckgsustls Whérerﬁ?@ &nctigndl GACy, such

non- ger rq i nﬁaﬁﬁ‘él&f?&&ﬁﬁde(@v séé}ﬂéﬁ{'rébé?{jo1r95’scl5r@d’idt61§noH@x%hfahQHﬁﬁal‘thﬁlnfél uster in
or near ons where so h{pil%éﬁmtl on ar e known to cl uster.

| re
-40 GM - 055 1%6@'2@&8@]5@6{‘ I%fra%srsémi Hé*sCSélacYé}gl%leef@?Iﬁ?éd from
transgenic VQEgﬁléﬂiﬁS}@difdmmﬁ@nEd bred it & FBfinlael t0BYFk aGthdemeiibiRdrdnsgcdk (lor The B

| b te hy d I
et bod, o5 T By O iR AicoBR P falo 5¢in g JATE RalBRgResiihl  bri um
const ant ( Kitnsgénds (wacn ibtegrateiGnd thy germmnmmjns&sﬁﬁﬁﬁlly Tabki g¢ast seqaemiener

nmbod t,
Criodt AP s B AR R AR W, SRR 0
10-9 M or optmawy be reéwwdlbmwnetwmmen@g (ﬁmer@stnytlméngéﬁmnémlsy@-f igldof

CD20 eXpreéeﬁ'el&trGﬁﬁdr@sM& SHerBsultaile ?deﬂﬁidb \dﬁéryrebl?&ﬁbﬁ% POREE InBNGhgepNt | body or
by determ nation of the hal f-maxi mal bindin

% centrati on usin FA@
anal ysi s. 10PRRSRBY Wtﬂ?@omfagpmpngﬁmawe §rﬁs 08 WOUSE PRAZEEPLS) %d%th i ght
chain conpegmdpapating theardid @mun;dﬁasequmaé mhh@oglagnmn:xbﬁ:wsla@, iAclpdd ypept i de

sequencg. Whj ch..is . substant. al cal 1o uence encoded
by 5 hulsan GEegiRa BaRanidp Py g 5 [ehsRineld i fioB R Gt ° harn
const ant r elavimg #finotienhl MA@ hhvingan Ekpandeh¥ ssggmﬁtn’eperwnd Bi)tlthtamiNLs equence

ol yhept | dee SETRaREHs Hay elptdselh AEFLYACRTHe ogBil Spinfd e Bt By
sequence enbasigrpub¢ desitedrbarthe/pr ag@mnes,egﬁbdmg baCkIErfPlEl@iS bhr bOHnﬂ otilehhwmn J H
segment, aﬂ&hs@@ﬂes %ngﬁpﬁfga}ﬂﬁnarnqg IR RRCOHRIbr ManSp RLIBR ol ARG hiRGERENL . The

devel oprrent of I nit uman nocl onal i es a ainst 20 CD20
can be #hci lymp&p@%e IBW%}nﬁfeTK‘bHWF@FODQMH}’Hﬁs %ﬁl@ rait%m laﬂmaél SAYNSFan

variabl e  rhhoRogstigingReARed By hmraﬁsgeh&nﬁ@fsmh@vm ran feuﬁmleam féglonhavi ng a
genone conprisin i nte rat nmuno | n t en sai d et hod
Compri si ng. THERUELLAGHHERHe fﬁﬂwgsﬁﬁwé%?gvngﬁﬁé AR EERR ISRy
regi on genethsépnegehis adimalofaheinventionpptheeerhbodimsats drd conéomElated whichdave
I munogl obup el i4s@PRRE G free Lakdgidried:Ne V regi ON
25 I. Transgenic animals containing an unrearranged heavy and rearranged
light chain immunoglobulin transgene;
II. Transgenic animals containing an unrearranged heavy and
unrearranged light chain immunoglobulin transgene; and
III. Transgenic animal containing rearranged heavy and an unrearranged
30 light chain immunoglobulin transgene.
Of these categories of transgenic animal, the preferred order of preference
is as follows II > I > III where the endogenous light chain genes (or at least the K gene)
have been knocked out by homologous recombination (or other method) and 1> II > III
where the endogenous light chain genes have not been knocked out and must be
35  dominated by allelic exclusion.

II1. Bispecific/ Multispecific Molecules Which Bind to CD20
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25 transgene is a yeast artificial chronosone conprising a portion of a
human VH or VL (VK) gene segnent array, as may naturally occur in a human
genone or a&MBISFRC spliced together separately by reconbi nant net hods,
whi ch may include out-of-order or omtted V gene segnents. Oten at |east
five or rmre functional V gene segnents are cont ai ned on the YAC. In this

vari ation, i's possible to, make a.transgenic 30 pro by the V
repertoire expan5| on kb¥%380thﬁ]/}1 el% dimen O%gl?ﬁ Wﬁ?n nﬁ‘é@%’b?oﬁ?\c aimmogl obul i n
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can ani nal Semimalaﬂlaﬂﬁb@d éﬁﬁ@lnv@ﬁtlcﬁp&ﬂtbe%c\ﬁoﬂ@lmy@ﬁnl&rd (g%r %Iy cﬁefm%:ar/ gene
segnents ma Elnon fun tlonal (0 g %&eudo ﬁ’é‘r a&d the Nk t hese
segment s maé‘“}? ng. APl HISIN. ARRFOBUICH Assaciation fo o OFE’(E’ fant

met hods avabﬂndhllgen(bleclﬂéwswh ds|aﬁdthaf rtibady, pef)tldte& birding nﬂﬂneﬁﬁM 055PC Once the
nmouse germ ine has begn eg ?lie t 0. con havi-ng an

€ ent 1V tonr} angléerCti O{}ﬁzl d ti
expanded V segnent repg?? UBETARYY SIH A% psr ARG tnPl T"ﬁfﬁlg
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non- human aHivegtionggerfictond targs em@palwﬁ%qemtomaﬂarhungntFﬁaWs@é?@) oRal tiple
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m t k [t
tg reans:ggﬁes;) m%ﬁa%{shﬁ% ﬁfe@%ﬁw&fﬁfg ng eﬁu %5 Able; &H&‘ﬁ%@%tﬂ t%ﬁevﬂ*q FepBnsgenes
Wheﬂ i nt egr at BgRi ea:tpaestslhg egé?omlnsy gs utvmbeynts, aialc;oplhagds of paBimaplipnaciess, 10
sSucC as e u or ononous on |1
sequench e ERPITAN 5t sl RRyEChEl IEi o ki Seehe
restricti onmlegeks tang\etﬁﬁlZlem@dmgwellsjto effectoe chbancb piko thedivenapr mondebomal
sui tabl e ”Emg%gct ! bk e lﬁmloﬁ,ﬁ% ég& Fég'eé’eg)ﬁﬁtmécﬁat%’ eh@a&eéeu JE'EQB?E? asw}hég e.

prior to intr on.into a NDUS e @ﬁg
pr opagat i ngPhagecytpsip pf@)fCDi’lQrmmreé@qg;eﬂkseantrh@dhégm@%mtmll pedewKisity i ncl ud

15 breedi ng(RDECRANSAKMCreRATBE oblRYAM JfIEpIeHBE akion ! r ansgene(s), and

opti onaé y aI SO haV| a func |onal YAC havi Peg a anded V seh%rrent

repertoffe. Both VHa P?fL“C@ @@@Qﬁ%ﬁf?% é’g?"e‘ tiogcan fEthenc  The

transgeni c aiudel tﬂMbiﬁﬂlr@fs@dCIﬁﬁﬂtﬁ imBdditi b kg atiFiec lﬁiﬁsmgeﬂed@ﬁclth an

D o e e SRR RS 5o BBl B BB whEERER R 0

| ynphocyt e gntemdlansemﬁﬂéaqtmn,@ﬁb portioa) 9, pnmﬂﬂcubswmchbgidsmasmfetcy phtean e

sequence i ; anded V
4 VYRR H&%@o%cl%ﬁ@feﬂi | %Xre%zﬁﬁﬁéh%ﬁs%? Fm RS Fes ?fé e Cgalgg't th& P

region repertoire or egol ng es a
preferrdd et@ﬁgﬁgpﬁlénfh%fantltﬁ@amemg@m% palmo A Farghe th@tibﬁdlérfﬂil@wna'ot her

enbodi ment s@{R1G HALRMRRY Gl 1600 kIgh bR € a given molecule, e.g., an antigen or a
receptor, and thereby results in an enhancement of the effect of the binding determinants
for the F, receptor or target cell antigen. The "anti-enhancement factor portion" can
bind an F receptor or a target cell antigen. Alternatively, the anti-enhancement factor

30 portion can bind to an entity that is different from the entity to which the first and second
binding specificities bind. For example, the anti-enhancement factor portion can bind a
cytotoxic T cell (e.g., via CD2, CD3, CD8, CD28, CD4, CD40, ICAM-1 or other
immune cell that results in an increased immune response against the target cell).

In one embodiment, the bispecific and multispecific molecules of the

35 invention comprise as a binding specificity at least one antibody, including, e.g., an Fab,

Fab', F(ab')y, Fv, or a single chain Fv. The antibody may also be a light chain or heavy

chain dimer, or any minimal fragment thereof such as a Fv or a single chain construct as
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been classified in three categories: 25 |. Transgenic aninmals containing an

unr earranged heavy and rearranged |ight chain i munogl obulin transgene; I1.
Transgeni ¢ GMIfRSSPCont ai ni ng an unrearranged heavy and unrearranged |ight
chai n i mmunogl obulin transgene; and I11. Transgenic ani mal contai ning

rearranged heavy and an unrearranged 30 |ight chain i munogl obulin

t ransgene. j ' | ref.err order of
pr ef erence ffglcs%ﬁ%gq %ﬁ%e\?g?ﬂ' %@Af}giéjfﬁ]s%ﬁeeryrn gb‘?‘?}’e@%‘ég@ﬁéﬁ’é’? Hl?%ﬂ?rg%l ain
genes (or ammunggtobulie fusiereprelein sradisclonsdin KS084148392ndHoP30GHB133939.

reconbi nation (or ot hﬁron%h{b@gﬁnéi‘lﬁgiskec?ﬁé AnPmlitispeciieh@ldciRs 8pgRgenous | i ght
chai n genes_have not bheen kr&

ocked .quj ?nd %gslé be §5 domnated by allelic
excl usi on. IPY§NUOBCOMPESS ¢ Bindipg speaifieity for an {6YR enirw Ecodhpegsemiandhe surtaspo - 42
GM - 055BC |df ayieffeatontdlE ané aecbndividing spebigicityn YaH taryet céllamigei @ cCDDA
anti bodi es to CD20 can be

derivati zed .or. | i nked .t o. another functiongl
nol ecul e, e.g., anotherc 55‘3’9 fh&l?eenl&ﬁﬁep]?lélfhélighpfcéﬁi‘d& foéﬁ“t&ﬁ“?&’é&r@ﬂ\’@eq 0
gener at e a Wy aslpeoarf monaalonaimahtibaslyethie bindimgd forhitle ismvit blockedblg htmoanrul t i pl e
b| nd| n Si t' ; (0] 3 ||| lj 0, t
Mnvent fon daroek BRI 0G| AEScd it X RRY R MR AR B ot ¢
fusion, norfighiatchain gessvlorated on chiomaspae Wi Jdipse genehencode atetel afitwelve bi ndi ng
mol eculi@s, (pdhSheMrat Ot BSIbRRIEIBRA YsofRaRIWIHEN B dPbipdl ko ThiB FLfreceptor

&
Accordingly, the_present .invention_ jnclude i specifjc and ltispecific
mol ecul es COMPFST SPHRY @PQ“éan"tYRHﬁ(gD?#)F %fgqymﬁﬁégéé}echqn&ﬂr °FEt CD20 and a
second 10 hinttsbidivgergpthe IFtt edckptof Bra Muns@dagtdafifiaitgFeyRpi t ope. In a particul ar
enbodi nent of the inyventi

oo, Muman FoyRy_( ColR Prafoton ia SR deroa Bt E% ol ugioglefal S7PP" O
recept or, entjbodi€DBe dereibefl by &angdrer ahnineWQ 88/00052cdndde3)04.9p4617.i Theaard
mul ti speci falnfi}a&&lle@ﬁiﬂh ‘?cﬁu? ‘E’otb'e%f?%%ﬁ’ﬂ PZﬁﬂoPﬁc&hlﬁ% EG¥Ranfchais@hict RRER
expressing efrector cells (e.g., nocyt es, crophages_or pol ynor phonucl ear
15 cel | s ( PhaEY) binding site of thegeqeptasiand thysy theirdindjngippt bm&egsws@p@a}m i c and
! Spec i kg sl SRS SRRITGUEGI kAo el | anc
rlecept or - medy %F‘?‘%‘E?&?rmggl“l‘h @étlﬁ‘?s?iat"idé%’}géagh?%%ther ’ l@ﬁd&‘g?‘&ﬁsit e @ti-a D20
expr essi ng Kglrécptorahiibuadys d dpsagieed forl dfuh@ockybldmibody 2y (HEDHDAGE, cyt oki ne
ol cculls rORRECR o e SHAROR o AR T2 fieeBtis A SRR o Brftbieg o sl T ci .
i n addi ti or(1995)dnIramunelAS 5Kl G)d#HG-S@Rcandi Witk 34/ Wi 2arThe &2 anGbady bi ndi ng
SPect 1oL S TR e N A TR b 21
surface prd¥evyember 4, 1992 under the designation HA022CL1 and has the accession No. CRL
11177.
25 In still other preferred embodiments, the binding specificity for an Fc
receptor is provided by an antibody that binds to a human IgA receptor, e.g., an Fc-alpha
receptor (FcaRI (CD89)), the binding of which is preferably not blocked by human
immunoglobulin A (IgA). The term "IgA receptor” is intended to include the gene
product of one a-gene (FcaRI) located on chromosome 19. This gene is known to
30  encode several alternatively spliced transmembrane isoforms of 55 to 110 kDa. FcaRI
(CD89) is constitutively expressed on monocytes/macrophages, eosinophilic and
neutrophilic granulocytes, but not on non-effector cell populations. FcaRI has medium
affinity for both IgA1 and IgA2, which is increased upon exposure to cytokines such as
G-CSF or GM-CSF (Morton, H.C. et al. (1996) Critical Reviews in Immunology
35 16:423-440). Four FcaRlI-specific monoclonal antibodies, identified as A3, A59, A62
and A77, which bind FcaRI outside the IgA ligand binding domain, have been described

(Monteiro, R.C. et al. (1992) J. Immunol. 148:1764).
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involved in cytotoxic activity and thereby increases the immune response
agai nst the 25 target cell. The "anti-enhancenent factor portion" can be an
anti body, fGMIOZFPC anti body fragment or a ligand that binds to a given
nol ecule, e.g., an antigen or a receptor, and thereby results in an
enhancenment of the effect of the binding determnants for the Fc receptor
or target cell antigep. e an enh cement fact ortion' can _.bind an
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e
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i sof orns whi ch are grAnpeffiedtortaelltshecfc Exﬁ;bodye’tmplsed heelraéars to #FcanfibodyCD64) |

FoyRI | (OB bbby i nd Bl (Pnﬁfmﬁergéfe SHEE cRIRMULAE rerckilg Fey

recept or 1s a unan 1 ONn an characterization
of these pra;ft@pdleslfqmmm thnaubje@tnnvemdn éHldethQa desseptobelieffpetaraalieat agiteat i n

WO 88/ 00052,,8pf id ﬁbtlﬂguf}d 8§émcﬁ)jgznou-§h§1%ﬁmoé§bﬁlnﬁ' bodi es bind to an epitope of
Fc7RlI, Fc7RI'l or FcyRI I at e whi Is distinct fromthe [égy bi ndi ng

site of2& he receptor éﬁ&sedt}?ﬁ@n the Erp "Effﬁ?i%if]i Zefgisito g dupame selb¥hichis o) [y

b% physi ol ogi6lakd {rethe lefe&br ﬂ)lﬂa@e oSmeﬁmﬁm@e @mdnscFCayBbp@saalt@mélc@gmuseﬁmd in
this inventi

th
enbod ment AU RISTHRRARE 91 B reolin BGHyTRL MmO EBe o RiilpE
nonocl onal myelohhdyyﬁﬁh@&lbﬁgm ﬂge, Ip@pooythace. go B ahld andArcalls eclwdatg on of t he

2 o) oSSR, 5 BNl e, ln il 155
deposi t2d agostriephilmaeuteenhilyyprdy apiphonruslegs p¢ll§egﬁaanloeﬁes mast ce ls and
basophils. Some effector cells express specific Fc receptors and carry out specific
immune functions. In preferred embodiments, an effector cell is capable of inducing
antibody-dependent cellular cytotoxicity (ADCC), e.g., a neutrophil capable of inducing
ADCC. For example, monocytes, macrophages, which express FcR are involved in
30  specific killing of target cells and presenting antigens to other components of the
immune system, or binding to cells that present antigens. In other embodiments, an
effector cell can phagocytose a target antigen, target cell, or microorganism. The
expression of a particular FcR on an effector cell can be regulated by humoral factors
such as cytokines. For example, expression of FcyRI has been found to be up-regulated
35 by interferon gamma (IFN-y). This enhanced expression increases the cytotoxic activity
of FcyRI-bearing cells against targets. An effector cell can phagocytose or lyse a target

antigen or a target cell.
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Novenber 4, 1992 under the designation HA0O22CLI and has the accessi on No.
CRL 11177. 25 In still other preferred enbodi nents, the binding specificity
for an Fc GMIeQASRC i s provided by an antibody that binds to a human | gA
receptor, e.g., an Fc-alpha receptor (Fc(xR (CD89)), the binding of which
is preferably not blocked by human i mmunogl obulin A (IgA). The term"IgA

receptor"” is intended, ' t he gene uct, Q e Fc( xR

| ocat ed on chronosone thgg t‘?lglﬁ S%alelrrlneeafls %H%%lrgbg %ll gh%%tg’ ecz&%%r%’l‘&m l-f )
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| s constituliinelnt @aRhEBSRLIR ImPRPAEY SR {me@dm%%efeﬁ%aﬂeﬁdl eh®S, @0

neut rophi | i ¢ "granul ocytes, but not on non-effector cel t1 ons. FcaRl
has medi um tasget ¢ehlis ¢ cElb expressing efoversxaresyjng CDRR: ék“%xprﬁ%ﬁl%@%o tinglly

exposur g tqnglﬁa@jglc@ﬂ;sammemum&sCSF or GMWCSF (Mxrton, H C et al. (1996)

Critical Reviewsinl 4 . Four. Fc ifjc
monocl onal anti bodi es BBH{"gg éé’ é@nﬂl&%&s akg pref ?Fﬁﬁiaﬂtf‘?r g%ﬁﬁoé’r?sbl nd FcaRl
out si de t hewhigi\car bﬂmﬂplbyedilnrtge tispenific ohdukispenific ﬂeﬁcﬁ]lebeﬂthe(letlem se, R C

et al. (199 4 44 055PG. FeaR| re
preferred trfg%IggérhlmQ%Pd umgmjzzgn)omdo?a}ln%l%ovdz t%&lﬁﬁ%f) glgu‘q}% ey d;jltre (1)
expressed primpaizedynanoclomalantibedies canore prepdred by mgthodsknowy irethe artPIVNs,

100, 000 "per 22f’| dendrth e el El B ARERS0E: Bt B plichlRhToh s 5 000
phagocyt osimB3de ysing ‘glemé%ﬁl w@@ﬁmﬁ%@ga& Mydiraps elsdntl 8] rrOéfN@(ﬁtAcgéns
including se¥ fuswtmgs%m "ﬁ@lymﬁﬁdeéqueaesee U$4ana18be o Readigrept the

bi speci fic nol \]r_gif‘co tised by two hunman nonoci onal anti bodi es
accordi ng t6°H n?’ﬁ th have conpl enentary functional activities,
such as one anti body Iprpacttnﬂiianalblqbejmﬁwddlmlgtlkpemﬁtduclleageﬁﬁhap&sérﬂ t he ot her

anti bo pr.edom nat e wor Ki hy. i chn

conbi nact oty et b pleBpsa s, B E S PRARL P Bl ine R feii B8 1 By 1

nol ecul es aititfeR aridantin€ D3 bingdingwpecifiortes, usmganﬁhmﬂ kngvagadhe artandy whi ch

recogni zes, g¢ ed 19'&{3—: afn‘ﬁ es r(S\?}&&Fﬁerelﬁei:Br %H&@Qac}?bl ding ; g&ﬁcﬂ fihe
enbo b

preferred pecificity provi uman
nonocl onal lameic%dlyldémultlmqfweg@lﬁ%ulqt ﬁazbbﬁge@ﬁrateﬁlrsep@ﬁegc@r&th%wan&d.tp. c

anti body” asmeltpsthel eWRER tHediRdifig bFbcatifddtardPidyeinObr ﬁeﬁﬁ&és‘ Qmadletﬁefl body
fragme t t hat PI nds the, F¢ receﬁtor of effector cell Pr ef erregals ?ntl bodi es

for useli n qOHBIRE,H; @ess-linkingegegh 93n g U OFEO‘Pé%’éﬁ?‘HPg%’Pn frapplsotelIs at a
site whi cheross-linkingoapent lbc}luwpi@gﬁﬂAUSarbdiﬂﬁﬂmdg,lT@hud:dlmmlaﬂ Hacatged herein,

ei fector. praEane AT g FLlpReAR-BEaGBL QIBER (0 11 ve ana

phenylenedimaleimide (oPDM) N- succm1m1dyl-3-(2-pyr1dyld1th10)pr0p10nate (SPDP),

and sulfosuccinimidyl 4-(N-maleimidomethyl)cyclohexane-1-carboxylate (sulfo-SMCC)
25 (see e.g., Karpovsky et al. (1984) J. Exp. Med. 160:1686; Liu, MA et al. (1985) Proc.
Natl. Acad. Sci. USA 82:8648). Other methods include those described by Paulus
(Behring Ins. Mitt. (1985) No. 78, 118-132); Brennan et al. (Science (1985) 229:81-83),
and Glennie et al. (J. Immunol. (1987) 139: 2367-2375). Preferred conjugating agents
are SATA and sulfo-SMCC, both available from Pierce Chemical Co. (Rockford, IL).
30 When the binding specificities are antibodies, they can be conjugated via
sulfhydryl bonding of the C-terminus hinge regions of the two heavy chains. In a
particularly preferred embodiment, the hinge region is modified to contain an odd
number of sulthydryl residues, preferably one, prior to conjugation.
Alternatively, both binding specificities can be encoded in the same
35  vector and expressed and assembled in the same host cell. This method is particularly
useful where the bispecific and multispecific molecule is a mAb x mAb, mAb x Fab,
Fab x F(ab")y or ligand x Fab fusion protein. A bispecific and multispecific molecule of

the invention, e.g., a bispecific molecule can be a single chain molecule, such as a single
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activation phases of an inmune response. Exenplary immune cells include a
cell of a nyeloid or lynphoid origin, e.g., |lynphocytes (e.g., B cells and
T cells i ncGME-8&8SPCytolytic T cells (CTLs)), killer cells, natural killer
cell s, macrophages, nonocytes, 25 eosinophils, neutrophils,
ponnDrphonucIear ceIIs granul ocytes, nast cells, and basophils. Sone

effector cell s ific Fc receptor out specif i mmune
functi ons. (ilﬁlrb?l eé”‘ "‘Hl%@ﬂg%&l Sihgly gha"éﬁ SPfrcffZ% ec'é]glcpx\p?s‘(% BISIélng’fChFWduci ng
anti body- deEpmhdéy’mnctebindhgrdewmmanxlocalsmg(eﬁdh@(ﬁ)blslgcg‘lc malecdacomptisihg capabl e
of inducin d‘ﬂ?@ ress FcR
are invol vgtd in Sgspem IC kl ﬁp%'ﬁg(é%{& ﬁﬁl’ltlsgg&ﬁgﬁbq&grﬁeé c%ﬁlgfégr??:éﬁléﬁantl gens
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[ icu

on ag effe(a:]{JgS @g cgg %@1 {e@ pgtagﬁzg%ml’ %@ﬁ i@rgﬁé@%@% cyt oki nes.
For exanpl e5,08%@5%2 < @as&ﬂ%:(ayiHHUSﬁa%hegm found to be up regul ated 35 by
interferon gamma (IF ed expr.essi ea the totoxic
activi by of FeyRl - bediting s SORR R SRR ARG R e ettt o
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" Tar getycel .2 human
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ant i body, aWepeBpRlo H\lss;ayorEgaah ﬁﬁﬂﬁﬂsﬁkﬁé@isf&e@erﬁﬁl’ é@tmte}hedfrreaen@e ofprelsit-on. I n
preferred eJH%GH ﬁlexés*’tﬁ’ ahtRuBeinteRbtb CIgQO ;ﬁoﬁﬁéhleﬁ%l&ﬁ%&eﬁg(

over expr essi n ﬁb S ex ressing t ypi cal | i ncl ude’ B cells and
SP%CI

B cel | tunoAibo SRI D EBRIES AAMSIFR] BORSRER. dh d-aptiady ot her
anti bodi es completescambdaetected asiag eigh ahhﬁz;bnesnﬂleddfanﬁbody odritibs O frhgrhént

nol ecul of the inventi i ne hi umani z | onal
T bodties Wsh FechBy ERL A nt By B oot PR o bitiR e RBt Lo o
be prepar edhbyomptehcxkanlhealmtecteld using aay tof a veri@y o ethief 1mmamhssayls1 Fepecific

(sec o o, el RICROBha) AR pgaSRinpibeiREf WylHga sRETH g Sa T 07y

" pol ydona (R A (Heguiios exaende, tEemtmva Bsglérlncnldemfa&adﬁ@ynmmoassam&mmhnt DNA

t echni ques. Tﬂa&lﬁ’%’ﬂc%&é’ bﬁ‘Radf%'h%@&PAgs‘a‘} T%El%ldiﬂélstTl%pﬁﬁdJchﬁe RBtieGuUMasHOf the
present_15 jnventjon can_ be prepared y cor‘gydyg t he cons%[%tuent bi ndi ng

speci i ti E56)-el radtq%étlveamtpp@:e*m “tﬁaﬂﬂ?%'&eé‘ﬁ% 37 QUL

usi ng net hogtsa s}é[}@il\lﬁtlblﬁ'lcédiﬁeraﬁ-ﬂ) yaltradiegspliyped in the exanpl es provided
herei n. For exanple, each blndlng speC|f|C|ty of the bispecific and

mul ti specific nolecule can be generated separately and then conjugated to
one anot herlIV. \Ilhﬁrunbbmljm'am;i ng specificities are proteins or peptides, a

ggfn; 5;; ?anoEgggg' | N6 ouHEF BRce, IO ARETH: o TBRRE a HAfifdn hifi-(T9XA! et
25  monoclonal antlbody conjugated to a therapeutic moiety, such as a cytotoxin, a drug

(e.g., an immunosuppressant) or a radioisotope. Such conjugates are referred to herein
as “immunoconjugates”. Immunoconjugates which include one or more cytotoxins are
referred to as “immunotoxins.” A cytotoxin or cytotoxic agent includes any agent that
is detrimental to (e.g., kills) cells. Examples include taxol, cytochalasin B, gramicidin

30 D, ethidium bromide, emetine, mitomycin, etoposide, tenoposide, vincristine,
vinblastine, colchicin, doxorubicin, daunorubicin, dihydroxy anthracin dione,
mitoxantrone, mithramycin, actinomycin D, 1-dehydrotestosterone, glucocorticoids,
procaine, tetracaine, lidocaine, propranolol, and puromycin and analogs or homologs
thereof.

35 Suitable therapeutic agents for forming immunoconjugates of the
invention include, but are not limited to, antimetabolites (e.g., methotrexate, 6-
mercaptopurine, 6-thioguanine, cytarabine, fludarabin, 5-fluorouracil decarbazine),

alkylating agents (e.g., mechlorethamine, thioepa chlorambucil, melphalan, carmustine
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cross-linking agents include protein A carbodiimde,

N-succi ni m dyl - S-acetyl - thioacetate (SATA), 5,5'-dithiobis(2-nitrobenzoic
aci d) (DTNBEMBOSSHE@ny| enedi mal ei m de (oPDMV),

N-succi ni m dyl - 3- (2- pyri dyl di t hi o) propi onate (SPDP), and sul fosucci ni m dyl
4- (N-mal ei m domet hyl ) cycl ohexane-1| - car boxyl ate (sul fo-SMCC) 25 (see e.g.,

Nt |+ Acad SO 08 e RlopRP it e bl FitGemSantiloon by
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>, 482, 358 sgél'sfﬁg anesr%&Pbﬁlo%R%Fédéfvg?a@ﬁc%ié] Eﬁﬁg)afdcﬁld@fo‘?‘ékﬁb el their

specific rgets-can I Muhoso ne’ assay
(ELISA), a qraymanraﬂymmmawapr artive)fragmeashareal. puslsas abrig;, seidishy (e. g. ,

growt h inhi R‘e{lﬂ&ﬂénasQg(ot%xmv\élsal‘ﬁﬁﬂﬁel% ﬂ)txnﬁ‘%ﬁfi‘é’tem'-:s‘%ah aQ{uIﬁ(ﬁ‘%%@ro@@ ?ﬁ:‘t’&r ogeneral Iy
det ects_t he, Peat%sence of E)r otﬁr n- anti bo es of rt| c l.ar i nterest

by errpl%ﬂ/r nigtesferoqys| wdbiplogisahtespansg modiers %{Wraﬁrd‘)éwx Y‘inB PKIpesy he conpl ex
of inter eStlntdﬂéﬁklﬁxlam-Q") ﬁdieldakﬁr-a(rtILmylynteﬂarmeeﬂ G'Qﬂgﬂ@ﬁuldqtteCt ed using

Spaci 11 cal | GHTPREAEEC O TR A A B e e ST ok EOmuRey &ty Sl RiRg = "

conpl exes cfantob€'GHESELY edothsr grywainfacwls.a var i et y of other i mrunoassays For
exanpl e, the antibodyrcafifies fAbRAEAnEHu¥h ARG ARty ’FhtfbBdils are

radi oi nmunoassay S .
well known, see, e.g., Arnon et al., "Monoclonal Antibodies For Immunotargeting Of

Drugs In Cancer Therapy", in Monoclonal Antibodies And Cancer Therapy, Reisfeld et
al. (eds.), pp. 243-56 (Alan R. Liss, Inc. 1985); Hellstrom e al., "Antibodies For Drug
Delivery", in Controlled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 623-53
(Marcel Dekker, Inc. 1987); Thorpe, "Antibody Carriers Of Cytotoxic Agents In

30  Cancer Therapy: A Review", in Monoclonal Antibodies '84: Biological And Clinical
Applications, Pinchera et al. (eds.), pp. 475-506 (1985); "Analysis, Results, And
Future Prospective Of The Therapeutic Use Of Radiolabeled Antibody In Cancer
Therapy"”, in Monoclonal Antibodies For Cancer Detection And Therapy, Baldwin et
al. (eds.), pp. 303-16 (Academic Press 1985), and Thorpe et al., "The Preparation And

35  Cytotoxic Properties Of Antibody-Toxin Conjugates”, Immunol. Rev., 62:119-58
(1982).
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(RIA) (see, for exanmple, Weintraub, B., Principles of Radioi nmunoassays,
Seventh Training Course on Radioligand Assay Techni ques, The Endocrine
Soci ety, MGMI-0S5PC1986). The radi oactive isotope can be detected by such
means as the use of a y counter or a scintillation counter or by

aut or adi ography. 1V. | mmunocon; ugat es I n anot her aspect t he present

invention features a jhu ant | 5.nmonocl onal nt i conjugated to a
t her apeuti c i ety, ﬂ&%& ren&‘iﬂ HPgQi eh&’“&?&b"mf aantlg Rétes ac8Hdin to

i mmnosupprtbsmnnt)'omareattadddcbo 8 tinkgrecheBtnrhe. g o tipxsyat, eehictr allavestfor thed to her ei n
as "1 munocoRhbA{aR COWqugqid;&%tgg . Whi ch include one or nore cytotoxins
are referred to as not oxi ns ytotoxin or cytotoxic agent includes
any agent that 1is detrinmental to (e.g., kills) cells. Exanples include

t axol , Gyt oghghasiateBicaDCamb6didbny 30 D, et hidium brom de, enetine,
m tomyci n, etoposide, ten%pom de, .vincristi n? nw nbl asti ne, col chicin,

doxor ubi ci n, daunor ubPERMCEARGtH e PresARtiPYRITAN BIQdes 2 GHMEOSLION, ¢8ed
m t hranyci rphaﬁnadenm:atcompasltldn dehtithint @&tm&t@hmmnoglotﬁthom@n nonocldaal
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honol ogs Pereo . rape
i munocon; Lfganeigtedf\mthwlarmmm:allymcpmabld e@rrlbtstorainleemgas weelkias ey otber

anti mety @b()llln]tcol@\& c?le?uz;%Pﬁ aﬁﬁte?ﬂhfeﬁfgem gcco?daélg%g&gQBﬁp toRS tf(ng 9 Sitansne

cyt ar abi ne orour aci azl ne t| n? agents

(e.g., mecHhevedisdoredn Remingion: Th Ssieasmand Fracties|of alamacy(:b?nﬁ@lme -47 |
GM - 055PC  G&aid), E@nMé&rPifb‘llklﬁlﬁ CGOEld%toncy&I 18980 $PBAEHBodiReAt! tHea N,

di br omomanni tol ,.. streptozoto h c and ci s-di chl or.odi ami ne

pl ati num ( 1S9/RROBIEENS ckide 2iSom matlaﬂto F"%&Ié? K%st‘ﬂ(oeorgnorebgaﬁm faimany,
(fornmerly dmtibodigcoithe &ndnd@rxwhuhladelfféfm hieclidnisins, €.€.,®ne adl&ilﬁddynorryci n

Char s 60 B e DSBSl COF G o RS B RRRR Ehods C1o) e

embodi ment , whikke ptedeménpéely iacts by énducing apoptpsist oxi ¢ agent or a radi ot oxic
agent. In another emg&mlcﬂtcgﬁlpt)ﬂgf)@)&‘fﬁé ﬁw@xﬁ[ﬁm 1$Pcdtbe administered

i nunosuppr, essant. In et anot er apeut| C agent is
GM CSF. Inig cgméfr@ﬂ%&leéaﬂyom neambinedhwith pther agrats: | For ggemplei Yiedoxor ubi ci n,

cisplatin, dnffmtohtherapy EatiRcludas BbEHbsHEon HAhe PreSém MBketibn Witk Gl ga&ospham de
or ri c?&A Anti.hodi es of the p ent invention also can bﬁBcon jugated to a

r adi oi ofie agtigntlamgaiony, agep or ?‘tslﬁarsf ORf GRINUROSPPRIFESNC28EDt 1B O ner at e
cytot oxi ¢ entsbdirpératrsueictisiapedtSagdents 1ﬁdla&tonegarancﬁaaﬂmimﬂlammﬁkoﬁy @mﬁer such

as a cancer_ .The _ant S Q tion ca o nodify
2 g ven b o1 rea ot AR GANS A orslentit] B PARIERES BRRISHC, e
as |imted agentslimdwdes fir exhmmplec adpirin and other salicylates, Cox 2 inhibitors, such as

rofecoxib (Vioxx) and celecoxib (Celebrex), NSAIDs such as ibuprofen (Motrin,

25  Advil), fenoprofen (Nalfon), naproxen (Naprosyn), sulindac (Clinoril), diclofenac
(Voltaren), piroxicam (Feldene), ketoprofen (Orudis), diflunisal (Dolobid),
nabumetone (Relafen), etodolac (Lodine), oxaprozin (Daypro), and indomethacin
(Indocin).

In another embodiment, such therapeutic agents include one or more

30 DMARD:s, such as methotrexate (Rheumatrex), hydroxychloroquine (Plaquenil),
sulfasalazine (Asulfidine), pyrimidine synthesis inhibitors, e.g., leflunomide (Arava), IL-
1 receptor blocking agents, e.g., anakinra (Kineret), and TNF-a blocking agents, e.g.,
etanercept (Enbrel), infliximab (Remicade) and adalimumab.

In another embodiment, such therapeutic agents include one or more

35 immunosuppressive agents, such as cyclosporine (Sandimmune, Neoral) and

azathioprine (Imural).
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t herapeutic agents. For exanple, the drug noiety nmay be a protein or
pol ypepti de possessing a desired biological activity. Such proteins may
i ncl ude, foGMIX@SHA(E, an enzymatically active toxin, or active fragnent
t hereof, such as abrin, ricin A  pseudonpnas exotoxin, or diphtheria toxin;
a protein such as tunor necrosis factor or 20 interferon-y; or, biol ogi cal
response nodifiers s X nes i.nterl euk I n- "IL-1
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In another particular embodiment, the human monoclonal antibodies are
25  administered in combination with one or more antibodies selected from anti-CD19 anti-
bodies, anti-CD21 antibodies, anti-CD22 antibodies, anti-CD37 antibodies, and anti-
CD38 antibodies for the treatment of malignant diseases.
In still another particular embodiment, the human antibodies are
administered in combination with one or more antibodies selected from anti-IL6R
30 antibodies, anti-IL8 antibodies, anti-IL15 antibodies, anti-IL15R antibodies, anti-CD4
antibodies, anti-CD11a antibodies (e.g., efalizumab), anti-alpha-4/beta-1 integrin
(VLAA4) antibodies (e.g natalizumab), and CTLA4-Ig for the treatment of inflammatory
diseases.
In yet a further embodiment, the human antibodies may be administered
35 in combination with an anti-C3b(i) antibody in order to enhance complement activation.
As used herein, "pharmaceutically acceptable carrier" includes any and
all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and

absorption delaying agents, and the like that are physiologically compatible. Preferably,
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rapid release, such as a controlled release formulation, including implants, transdermal

and

patches, and microencapsulated delivery systems. Biodegradable, biocompatible

25  polymers can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic
acid, collagen, polyorthoesters, and polylactic acid. Methods for the preparation of
such formulations are generally known to those skilled in the art. See, e.g., Sustained
and Controlled Release Drug Delivery Systems, J.R. Robinson, ed., Marcel Dekker,
Inc., New York, 1978.

30 To administer a compound of the invention by certain routes of
administration, it may be necessary to coat the compound with, or co-administer the
compound with, a material to prevent its inactivation. For example, the compound
may be administered to a subject in an appropriate carrier, for example, liposomes, or a
diluent. Pharmaceutically acceptable diluents include saline and aqueous buffer

35  solutions. Liposomes include water-in-oil-in-water CGF emulsions as well as

conventional liposomes (Strejan et al. (1984) J. Neuroimmunol. 7:27).
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i ncl ude25 vehicle that contains a basw dispersion medium and the required other ingredients

from those enumerated above. In the case of sterile powders for the preparation of
sterile injectable solutions, the preferred methods of preparation are vacuum drying
and freeze-drying (lyophilization) that yield a powder of the active ingredient plus any
additional desired ingredient from a previously sterile-filtered solution thereof.

30 Dosage regimens are adjusted to provide the optimum desired response
(e.g., a therapeutic response). For example, a single bolus may be administered,
several divided doses may be administered over time or the dose may be proportionally
reduced or increased as indicated by the exigencies of the therapeutic situation. It is
especially advantageous to formulate parenteral compositions in dosage unit form for

35 ease of administration and uniformity of dosage. Dosage unit form as used herein
refers to physically discrete units suited as unitary dosages for the subjects to be
treated; each unit contains a predetermined quantity of active compound calculated to

produce the desired therapeutic effect in association with the required pharmaceutical
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by f&fhulations of the present invention which are suitable for vaginal

25  administration also include pessaries, tampons, creams, gels, pastes, foams or spray
formulations containing such carriers as are known in the art to be appropriate. Dosage
forms for the topical or transdermal administration of compositions of this invention
include powders, sprays, ointments, pastes, creams, lotions, gels, solutions, patches and
inhalants. The active compound may be mixed under sterile conditions with a

30 pharmaceutically acceptable carrier, and with any preservatives, buffers, or propellants
which may be required.

The phrases "parenteral administration" and "administered parenterally”
as used herein means modes of administration other than enteral and topical
administration, usually by injection, and includes, without limitation, intravenous,

35 intramuscular, intraarterial, intrathecal, intracapsular, intraorbital, intracardiac,
intradermal, intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticular,

subcapsular, subarachnoid, intraspinal, epidural and intrasternal injection and infusion.
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al ly-acg
i ncl ude?Y (1) water s ihew the CQHtHOBRﬁl%%fﬁ %pregqjtéﬁwggtlggg@,ag{ném&tgte Ascyst ei ne
hydr ochl ori ;dﬁnnmdhwn t@hﬁmhxflsedxﬂ,an&ﬁﬂs theyn@inetei e dlogs orss@i um sul fite and

the |ike; 0|I-oube nti |dant C al m t.at
butyl ot ed HurDssRRL PPorR) SRR fs aRtRDarto f RER SR ol Bt ¢ i
propyl gal | &l & 9Gflpbladctive aEredialt in acmdbmlmoﬂ wibha phmﬂna(cal)ttumﬂyrmd:@tabmel ating

agents, such citric acid, ethylenediamne tetraacetic acid (EDTA),

sorbitol, tartaric acid, cE)hos phoric acid, and the |ike.
25 Regar less of the route of administration selected, the compounds of the

present invention, which may be used in a suitable hydrated form, and/or the
pharmaceutical compositions of the present invention, are formulated into
pharmaceutically acceptable dosage forms by conventional methods known to those of
skill in the art.

30 Actual dosage levels of the active ingredients in the pharmaceutical
compositions of the present invention may be varied so as to obtain an amount of the
active ingredient which is effective to achieve the desired therapeutic response for a
particular patient, composition, and mode of administration, without being toxic to the
patient. The selected dosage level will depend upon a variety of pharmacokinetic

35 factors including the activity of the particular compositions of the present invention
employed, or the ester, salt or amide thereof, the route of administration, the time of
administration, the rate of excretion of the particular compound being employed, the

duration of the treatment, other drugs, compounds and/or materials used in
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For the therapeutic conpositions, formulations of the present invention

i nclude those suitable for oral, nasal, topical (including buccal and

subl i ngual )GMI@3SFIC vagi nal and/or parenteral adm nistration. The
formul ati ons may conveniently be 15 presented in unit dosage formand may be
prepared by any nethods known in the art of pharmacy. The anount of active
i ngredi ent which can . a carrier . materi al toéﬁroduce a

singl e dos acé’énbr‘%artwlﬂ} ﬂ\?é’f‘?‘%@ﬁéﬂ‘&?ﬁﬁ QRS SPRPEds B 28815V HEM t r eat ed, and
the parti cuonditivngdgenefal heatimirsitprivk inedicallhistogyofithe patiendbeing ereatedy adilikat

whi ch can b@ct%%r@élpﬁ?o mpﬁﬂﬁ%al £t material to produce a single dosage

formwl| genera amount of the conposition which produces a
t herapeutic effect. éﬁ‘flallan Pr vesgrinasfan baeing grdinary sk indbeart carhiegdibnount

will range fdQmiabdatdtp rQsc%e AR effeeBM arhSurBOHe ﬂhﬂﬁédéuﬁédl‘%oxﬂ%é}t%ﬁ of active
i ngredi ent, pref erabl from about, 0.1 per cent to about 70 Ber cent, nost

pref erabl y ‘Fﬂ'&)‘Fﬁdat]fd’tﬁlex?mb'érthE@hYS“E‘Bn ab%?“@@abé?u Id skrt dases 4that i ons of t he
present | nvaiﬁipo@ﬁdywsmﬁhuﬁz@ﬁu@mmplbyai inQhe ymmaaéuuca&oaq;msmbﬁtaf Rbelon al so

| ud te
For mul at | o Ebiea i FRURR i RER Paeeyg e PEShe D prapRiT dleaf fhdRhagyaty
appropri at enciesahedodage ostilfthe dedm(edteffpctaahclmafvedr dmgeteratpd suatdbierdayr at i on of
g?gg‘r);' o O“c‘fos%f&@blﬁgbé‘t\{&f&ttﬂg ln\)eﬂﬁ&t’@ﬁl Q@%ﬁ;{ o ? ﬁ?rétscgm%?ﬁﬁmtcﬁ’ls pastes,

cormpound nethe tnsqut slesg eifaeléve tgtm@duce aglasepentio nﬁfecw tSnclaamgffM@m dasewill cal |y

accept abl e g%%{au%e é}ﬂ%_p%ttﬁle ﬁ@%r@d&&%e\d%w@sltl Efefled thf hdRiMRRHLANT S
WhICh may he required rases "parenteral adm nistr t| n" and

"adni ni st erl@dnﬁé‘f“é‘ﬁt‘%r‘%ﬁ"r‘?“scu% IRfEPSTIRBER; O SYRsyansoysd¥eisrabitimi ni strati on

ot her than fmiakaredndxin®its e sitadMibRitsrgeratlf @és;redlauabftyctb& dlany @6deiofa, and
thout. | i mtat.i on |ntravenou Intraarterial,

| ud
it r at Hocal PRt SoRRTF HPS Ry EAGRUNPGISS 4 P uBigeclouE Ve, ik LB g
i ntraperit alvsed adninstestd sephmddly atsa.;ipmprmtaantcsvalsthmg&muuhaday,|omt1mm11yt i cul ar,

subcapsul ar;,, . {hj ection
aﬁd i Ir[:f 3SI on ﬁﬂt&@gaa%@%g %ﬂéxtqr%g#)gé?l%@?Qlcglt.@g.{"n@mhb tegagﬁgveﬁgh%a&u{aousl
carri ers wHesddninigtered alengs ity pref¢rable ﬁeacbmrmé@w@muné@ﬁ-p@bﬁmm@m@k t he

i nvention |fgﬁhglq§0[y\@;o Sﬁtog)amol pol yol s (such as glycerol, propylene

gl ycol,_polyethylene choI and th i ke) ui tabl e m xtur es ther eof,
veget ab 02 oi l's, such i Bong empedimgnt, tgﬁlﬂ‘“ﬂ?ﬂ@@?&‘ﬂ?’%ﬁ ba‘?d“?:g agcrdingig thes ych as
et h%/I ol eatlﬁverﬁfoﬁﬂﬂdy B adnﬁh%siér&ﬁﬂiyt ; hgusion lﬂtﬁawéb(k@{ ?dsage eﬂmr?lﬂ)g rbg/mtzhe uze of
coating nater ugh as [ e _Imai nt enance o uire

ot che o1 Sigh 3 200 D Bm3y SubE pniolialion mid oE S RAB L€ b0 Bt ant s.
These conposich apBso frtiyneal The admimstratian jmwa}etp@rfpnnéd blyscqmtmaems/mfusms ,

wetting A0eRel e SEE¥hRG2A5RLS, 306 P RERSS oy ARRALS. Prevent]on of

presence of croorgani s ensure ilization
procedes, supra, ana mthehgmbodlment the human monoclona antibodies are

administered by slow continuous infusion over a long period, such as more than 24
hours, in order to reduce toxic side effects.
In still another embodiment the human monoclonal antibodies are
administered in a weekly dosage of from 250 mg to 2000 mg, such as for example 300
30 mg, 500 mg, 700 mg, 1000 mg, 1500 mg or 2000 mg, for up to 8§ times, such as from 4
to 6 times. The administration may be performed by continuous infusion over a period
of from 2 to 24 hours, such as of from 2 to 12 hours. Such regimen may be repeated
one or more times as necessary, for example, after 6 months or 12 months. The dosage
can be determined or adjusted by measuring the amount of circulating monoclonal
35 anti-CD20 antibodies upon administration in a biological sample by using anti-
idiotypic antibodies which target the anti-CD20 antibodies.
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I nclusion of various antibacterial and antifungal agents, for exanple,
paraben, chl orobutanol, phenol sorbic acid, and the like. It may al so be
desirabl e tGMIR@33P® i sotonic agents, such as sugars, sodium chloride, and
the like into the conpositions. In addition, prolonged absorption of the

I nj ectabl e pharmaceutical form may be brought 15 about by the inclusion of

agents which del ay absorpti such .as al um num nonostearate..and gelatin. In
one enbodi nent the h ﬁ?ﬁ%(ﬁg?le et %gh}“@gn B}Onf’?%n‘f Ngﬁ?qIWe are

adm ni st er ediministrgdsbyamaimenahcr thetapy ssuble ag, @igeamse b week foranperiod.of ¥ang et al .
(2003) PNAS LhO8f hate 6934-6939 20 When the conpounds of the present
invention are adm nistered as pharmaceuticals, to hunmans and ani mals, they

can be given al one orIngillanofienembediment the worapgsenackmabamibediesng, for
exanpl e,5 0. &%ofdﬂ)gtgt%-tﬁg/‘i‘n(vgﬁ’ﬁ(ﬁl ﬂﬁﬁf)@ﬁ(ﬁmﬂstere@b}atrégil%g%ncmdiﬁgéﬁé’iﬁfdsﬂﬁr&d' ent

I n conbination with a _phar rraé:(g‘utlc,al lé’ ac%qi]g)t ahle carrjer. 25 Regardless of
the route of YR meeedlaral gptikodyagaimst CPAQIQCIomsd by aa pfusioof aumannt

i nvention, mbhedlomintitddy@sinstTR2G thrj@dated tbdadibRetoper The fdpiknen mhaliBe

pharmaceutical conposjtions of the present invention, are fornmulated into
phar maceutir(’?B?qtgfeﬁt‘?cﬁpttoa?b‘?aé’sgﬁgage forms by conventional methods known to

those of skill in thEhaapeutid@opositibnscan hgediemistred ofith inedieadtdeviees

i ngredi gnt s i | r | eal i 1] r ' tion may
e vari i gidbet HIEUE FREGUHACH o BRTRAY hdtdindl, 4 EBERCHmpdEh;
effective tof thehivention ¢na bgeasiminigteradevisipe neddielessdypodemicimjegtiopdevites ul ar
patient, coqRAgs iHeQdviceOdisEBERI iATURSRHN I 63,13 5883 894 1M9Yl31b8RHgu§oxi ¢ to the
patient. The sel ected dosage |l evel w || (%gi)end upon_a varlgéy IJO:IS

phar macoki nePPb4BE USt081-830:1E3 ddPRG2tme Lt t090:0y0-oFxamplepal wellkgnown

Cg”posic t i onignpMnté Al Pb@seNtseifil VR tHel fResenEifipériondnclode: t US 4876503, which or ami de
t hereo

- the route of admnpistrati.on, the ti of . adm.nistration, the rate
of exorB i HsOrscs AR TpRAL IR C N mePBR FoT g SERBT BE BRIE RS Sdlr at i on of t he
treat ment, aitrellediratg$]S ¢48G,d2hdshiendisclosarattherapdusic dsede for adidni€kting 55PC
conbi nati on_\W: rii 0 htl] I .sex, weight,
condi ti on, Iél\é\%%%}g% Eﬁ%lgq%[thé gﬁhaﬁ§%04rmgzégi %:Vg'{aﬁﬁ?s 3§§/§%Fdl§ctﬁ]tzmg%ﬁsén bei ng
treated, anpump ko defivaringrmediedtioniahawrecisa imfnélonwﬁcé$ 47224 awhiahsi ci an or
vet er i nar i afis1gy B9l ARWinitddibbid hidhith Apardt Yo Eaflirbus drufGkivaryne. and

prescri be the effective anpunt phar maceuti ca nposition required.
For exatfpl eUSthB9pRpsmhichrlisstosgeanspsmpsicidire edivery ststem hadagmulii-chamber
conmpounds  Ofonifetmanve Bhd OIS £4T, e hhidh diftfosean FRESY drig dele@iPomtdnh.on at
levels I|o t han t hat, rf:a%u reld in order t aghll eve .t he deﬁ{ redk.f h&arapeutl C
ef f ect and"‘g{,ﬁaﬂatglﬂ §)Jc implants, delivery systems, and modules are known to those skilled in

the art.

In certain embodiments, the human monoclonal antibodies of the
25 invention can be formulated to ensure proper distribution in vivo. For example, the
blood-brain barrier (BBB) excludes many highly hydrophilic compounds. To ensure

that the therapeutic compounds of the invention cross the BBB (if desired), they can be
formulated, for example, in liposomes. For methods of manufacturing liposomes, see,
e.g.,US 4,522 811; US 5,374,548; and US 5,399,331. The liposomes may comprise

30  one or more moieties which are selectively transported into specific cells or organs,
thus enhance targeted drug delivery (see, e.g., V.V. Ranade (1989) J. Clin. Pharmacol.
29:685). Exemplary targeting moieties include folate or biotin (see, e.g., US 5,416,016
to Low ef al.); mannosides (Umezawa et al., (1988) Biochem. Biophys. Res. Commun.
153:1038); antibodies (P.G. Bloeman et al. (1995) FEBS Lett. 357:140; M. Owais et al.

35  (1995) Antimicrob. Agents Chemother. 39:180); surfactant protein A receptor (Briscoe
et al. (1995) Am. J. Physiol. 1233:134), different species of which may comprise the
formulations of the inventions, as well as components of the invented molecules; p120
(Schreier et al. (1994) J. Biol. Chem. 269:9090); see also K. Keinanen; M.L.
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I ncrease the dosage until the desired effect is achieved. In general, a
suitable daily 10 dose of a conposition of the invention wll be that anount
of the conpGMBOSSRCh is the | owest dose effective to produce a therapeutic
effect. Such an effective dose will generally depend upon the factors
descri bed above. Is preferred that adnfnlstratlon be intravenous,

LPL&?%?CFLE%%%%I{@%) HERE B 36 B4CE SRR RUELADER Aot e
a 15 ther a2idl.i m aemposidiment afthe iheermidn] the sheeapedtiasompaunds bf de, | our five,

si x or mor e{tﬁ%l 308 ?&P%Mcﬁnsﬁp% Sfles ?rp?ﬁlﬁgee%r%feﬁed% a%érﬁttﬁe;l egl S

t hr oughout I ona PP p055|ble
for a conpoiabd eﬂtarﬁetu;grlegem Ilnmﬁemtlpmfemd erbbodamqntnthgttbqfrepbuélbone it is

preferaly e é&nﬁﬁﬂumrﬁfl% B%&%@@é{%@%yaoomemﬂe&&%' acefe préﬂﬁﬁwo%é on

(conposi tion OIn one‘ Hglnent human ‘nonocl onal “ant 1 bodi es
accordi ng t &sitRdarea g gnihesife Wﬂﬁ@“fﬁ?&fﬁ’flrﬁ’ir afection, ey the site,ef & mas. 3' feekl y
dos age of 1&3{11&1&)55% gyt B8 fluidteahe @&elﬂQQatte@sy"@ﬁngﬂﬁ - exfuE Mt ﬁﬂﬁl B sdpl@t i on
may be repea

o o L TP ool metpoflarios oEmAmtadTiiap Sioktks Had atsDbs pirsTed el od of

from2 to 2éontmmninstingamtionad naérobrganiststsochlds baoteria an@Burdgh anot her enbodi nent,
the humgp monocl onal - an fpadi &seafifen@ A RLR0GGdinThRECRU BYGHR

i nfusi on over a |ong period, Such as hDre n-or 0 reduce
toxic side efnfhedbenulpidge preverimsréduce greirddingpart acrhss the planentonElis caabe

anti bodi es gff bﬂﬂ&h@&sﬁ&rﬁﬁ»ﬁﬁ Iifle & kﬂWP}@'G?l%ﬁ@n QFthE Hﬁ%&ﬁ&&& tRe 6900 Ny,
such as for_exanple 3 my, 500 or 2000 ny,

for up to 8F@b¥e ag@&l@}ﬁ Berth%?ﬁenpn@e @npp ngqh%u%f*ﬂh@f‘bgflﬁ‘il% . FP De
perfornmed bgrie@As, rmeu&u Tl 95) PiolepiRhl Rtivities @ﬂpolyéthwjleeérg@cblo 24 hours, such

as of f m2 to urs Such ma ber peat ed |mes as
necessaly, PRI ST T M e S NI 8
det ermi ned b52: HHj- L&0; edd by"IrmdenM 0@96hMaaam]rfetabframslfefrmﬂImtnunggln’mldms] onal 35

ant - C20 agh BRgleoon MR Al e osabson T i MobagL falespaRLeyly Usi ng

anti- idioty plca Which rar ge an res.” -55
GM - 055PC | antipedicanrstused fcarrttﬁ@tjngremrevemmegfnmmnnhmootahmlabamombod| es are

adm ni stered by naintgn " oriod
of 6 nonths or. nore. gl ﬁ{égfplelhp %@fﬁ:cﬁ%&bﬁ%e fer &mor%@p}ﬁca\f%%lﬁnéagﬁma P

hdman nonocl onal
ant i bodt®s By aliedigitagor ispenses Whishepwpithes pe semalﬁﬁ <PF rsamafle& ynplete egi men

i ncl udi ng ofgpdrisé (@Rﬁﬁ definecad W& hi¢HD rr@aabwgaﬂal adth&radideng@bditeaSd2Q f ol | owed
by an infusion of u cl onal, anti ai nst CD20 con ated to a
Al 01 sot opBAHHESIRBE (R TR e § BguEn SELERe pngy Yool R Ban
50%. Median time to progression is a measure that characterizes the durability of the
objective tumor response.
25 A "therapeutically effective dosage" for tumor therapy can also be
measured by its ability to stabilize the progression of disease. The ability of a
compound to inhibit cancer can be evaluated in an animal model system predictive of
efficacy in human tumors. Alternatively, this property of a composition can be
evaluated by examining the ability of the compound to inhibit cell growth or apoptosis
30 by invitro assays known to the skilled practitioner. A therapeutically effective amount
of a therapeutic compound can decrease tumor size, or otherwise ameliorate symptoms
in a subject. One of ordinary skill in the art would be able to determine such amounts
based on such factors as the subject's size, the severity of the subject's symptoms, and
the particular composition or route of administration selected.
35 A "therapeutically effective dosage" for rheumatoid arthritis preferably
will result in an ACR20 Preliminary Definition of Improvement in the patients, more
preferred in an ACRS50 Preliminary Definition of Improvement and even more preferred
in an ARC70 Preliminary Definition of Improvement.
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Ther apeutic conpositions can be adm ni stered with nedical devices 10 known

inthe art. For exanple, in a preferred enbodi nent, a therapeutic

conposi ti onGMI-085RCi nventi on can be admi nistered with a needl el ess

hypoderm c injection device, such as the devices disclosed in US 5,399, 163;

US 5, 383, 851; US 5, 312,335; US 5,064,413, US 4,941, 880; US 4,790,824; or US

4,596, 556. Exanpl es of own ants nodul es ef uI in the

present invention inc Opﬁgplﬂl%g’?bnﬁ@uo{}\ﬁfﬁ?}’r%elﬂ?@d? 6"2}58? d3% i npl ant abl e

ni cr o- i nf usk@A%pmypoveanentirs JendérgimEduna@CINamt Swollanivint@duadSwle; US

4, 486, 194, { SBodli: A | .C j nistering medicants

thr ough thexle EO%UE&Z&%% ggbi]gmﬂgﬁ&d(ﬁs %@Xés&%n{soﬁat?ﬂ[”b ik Asgfsﬁlfng%l on punp

for deliver (%Sh@dﬂ@m@l@\mlaﬁseaSImIééV%),lﬂhﬁ’slSIaoﬁlobﬂléssmnw(m&ﬂﬂawmh| ch

di scl oses aguaNsalk&l ]f)is@HYh’tW&QB ke PH&EURh&H?arﬁQ@RP%ESﬁ or continuous drug
e

delivery; 20 US 4,439 |sc oses._an osnotic delivery s ste
having mul ti - chanber 40 argdgfingd in theysameyway Withend Qe aad 3g8¢

0s got i g ldr ugnlﬁiﬁ{léndﬁftsl résip’éétﬁﬂ?ll Mmmmﬂaefalﬁ y@dFdlml @m S0 AGRIricHe Cﬁll@@é&ifem;
ana noaul es

thos ski.l.| ertal n. enbodi ment s,
fhe human nBRGENSAEED B ingus de ttionl rovedent AR SE GRS a ed to
ensur e propArthdiis Rhelmatison(1i995y38:327H86. exanpl e, the bl ood-brain barrier

(B33) effpl udes many RBLamBYGEORILLLS OTRITA TR SIRN Bt B3 Che

t herapeuti c conpounds 0 nventi on Ccross desired), they can
be formul at@upositinn isdekiysirable by syringss dmedditifto waset thbscapfierrean bt an mtqnng

Do mes: Bffered alfhe solfofl ol bhiyol HoPerfthie WiecptbrbBy Brdtect i The

|IpOSOI’T'ES my TTB’I’I se nore nol e are se

transport edllﬂlﬁé@ 5@@@% glyépi angythe dikgh ard suitahleamixtiprgs theraoky Bréapéﬂﬂw iy
delivery (sef bemgintainédYfor BRABER, byLERDY cdatirfgl Jubh aEPRHINBCEY mairddhaR&DOf.

Exenpl t t | f ol. at bi ot
S are, ond Rl ot if Phe e pifpefit Sl e st i) B s
Bi ophys. Reftis fefambie to ihbladd &3&nic aﬁg’ehisbfmdleeanplB Bga| pepaitoleis aich@d 995) FEBS

s0: 180) . sultat e bR lediin PRt pih cBbBOSHon DS GE BRbAS o
Physi ol . 1288: 1m3¢lt)1bledbmpeslanms czapémbe@lgdit alyhit b invlydingimphe sempogation an

ol Z‘QL?LL-"”%%" BW“{‘E ‘1?‘%?2% Bien, B iR AR e R el ™S al so

K. Kei n%(hen 5 6 W e comprashis suifabhompiactadsas deseribaladoyas; J. 3.
Killion; |.the c6 béfd ;P84 brdl FadaRAERAfor edardple; with af eredihedi sremt of the
i nventi on, the %P uti c. conpounds of the invention are fornulated in

| i posones; Wné\‘ ﬁ‘r"éf‘g}erred enbodi ment, the |iposomes include a

targeting noiety. In a nost preferred enbodi ment, the therapeutic 5

compounds i gt heylip vered by bol us injection to a site
pr oxi mal to{}tI Usestand MEthod! of « c?h{ve& site of inflanmmation or infection,

or the 2ite of a tunpThe Mawan antibodies (including immunoconjugates,

bispecifics/multispecifics, compositions and other derivatives described herein) of the
present invention have numerous in vitro and in vivo diagnostic and therapeutic utilities
involving the diagnosis and treatment of disorders involving cells expressing CD20. For
example, the antibodies can be administered to cells in culture, e.g., in vitro or ex vivo,

30  orto human subjects, e.g., in vivo, to treat, prevent and to diagnose a variety of
disorders. As used herein, the term "subject" is intended to include human and non-
human animals which respond to the human antibodies against CD20. Preferred
subjects include human patients having disorders that can be corrected or ameliorated by
inhibiting or controlling B cells (normal or malignant).

35 For example, in one embodiment, human antibodies of the present
invention can be used to treat a subject with a tumorigenic disorder, e.g., a disorder
characterized by the presence of tumor cells expressing CD20 including, for example, B

cell lymphoma, e.g., NHL. Examples of tumorigenic diseases which can be treated
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conposition nust be fluid to the extent that easy syringability exists. It
must be stable under the conditions of manufacture and storage and nust be
preserved aGMROsSRMe contam nating action of mcroorgani sms such as
bacteria and fungi. 10 In a further enbodi nent, human nonocl onal anti bodi es
of the invention can be fornmulated to prevent or reduce their transport

across the placenta. Thi an b daone by ds known in the art, e.g., by
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on such factors as theg® fsegmgn%qezdeforgﬂgms‘é’blé:sit(ﬁﬁﬁoﬁmﬁféﬁg ?%léta}es
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selected. 3 | I : ' ) oid arthritis
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thrombocytopenias, such as acute idiopathic thrombocytopenic purpura and chronic

idiopathic thrombocytopenic purpura, hemolytic anemia, myasthenia gravis, lupus
nephritis, systemic lupus erythematosus, rheumatoid arthritis (RA), atopic dermatitis,
pemphigus, Graves’ disease, Hashimoto’s thyroiditis, Wegener’s granulomatosis,
Omenn’s syndrome, chronic renal failure, acute infectious mononucleosis, HIV, and
30  herpes virus associated diseases. Further examples are severe acute respiratory distress
syndrome and choreoretinitis. Furthermore, other diseases and disorders include those
caused by or mediated by infection of B-cells with virus, such as Epstein-Barr virus
(EBV).
Further examples of inflammatory, immune and/or autoimmune disorders
35 in which autoantibodies and/or excessive B lymphocyte activity are prominent and

which can be treated and/or prevented, include the following:
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25 arthritides, such as ankylosing spondylitis, juvenile chronic arthritis,
adult Still’s disease, and SAPHO syndrome; further examples are sacroileitis, reactive
arthritis, Still’s disease, and gout;

hematologic disorders, such as aplastic anemia, primary hemolytic

anemia (including cold agglutinin syndrome), hemolytic anemia secondary to CLL or

30  systemic lupus erythematosus; POEMS syndrome, pernicious anemia, and
Waldemstrom’s purpura hyperglobulinaemica; further examples are agranulocytosis,
autoimmune neutropenia, Franklin’s disease, Seligmann’s disease, p-chain disease,
paraneoplastic syndrome secondary to thymoma and lymphomas, and factor VIII
inhibitor formation,;

35 endocrinopathies, such as polyendocrinopathy, and Addison’s disease;
further examples are autoimmune hypoglycemia, autoimmune hypothyroidism,
autoimmune insulin syndrome, de Quervain’s thyroiditis, and insulin receptor antibody-

mediated insulin resistance;
-60 -



| eukem a, |ynphopl asmacytic | ynphoma, mantle cell |ynphoma (MCL), follicular
5 Il ynphoma (FL), including |owgrade, internedi ate-grade and hi gh-grade FL,
cut aneous GMI-083pC center |ynphoma, marginal zone B cell |ynphoma (MALT
type, nodal and splenic type), hairy cell |eukem a, diffuse |arge B cell

| ynphoma, Burkitt's |ynphoma, plasnacyt oma pl asma cell nyel ong,

post -transpl ant | ynphpproliferative disor enst.rom 1

macr ogl obul i neni a, angép fRsgpstynigstingf gsordersy S‘}ci?r?ﬁﬁglﬁf cilﬁ?&)swhlPBlerurt her
exanpl es of difeasg|printeon biiadgkirthosis,| hatioamive e patitisnahioprah adydclegysaigul omat osi s,
primry eff%’iﬁ)a%%p*]ymﬂﬁ%efa&ﬁ]aﬁﬁﬁ Hlu%{mé ggsgf B cell lynmphoma, nediastinal

| arge B cel ai n di sease |nCIud|ng y, , and a di sease),
| ynphonas i nduced by 'adpér@whlw,tsmh %mdm¢$s@|gk@nagmlshrltwp¢stas

CYC'OSPCS“”ﬁrC?ptdEQé&?H%dMHEhGH@d o O gk esm[#@ﬁﬂaﬁrhmg &émm@gﬁg s,aml |N @

further enmbodi nent hunman rese I nvent can be
used to treﬁvoslebfgjmeﬁngnmh%uq lsélﬂlnlmﬁﬁhén&ﬁ #a8rs in whi ch CD20

explrezsl ngt B cells grﬁ‘eurblﬁ Qbmﬁomwsc&hcﬁ%@ atRirhmeAd ﬁéhraisutﬂﬁleg nmr@ﬁ&{ﬂtﬁd

I NCl ude au OI ne | SucC ori asi psQriatl C rtls
e T S B Soies Pt RIS Sy SongBRcy v ey Dol

di sease (| Bﬁ)d Glﬁtla)llanmais syariseme; lﬂmleafrakhmpleeaielmyélopatlgs’ﬁoplaﬁlcspysncdl stress

Soorar BB, B FOERT D0k b Rhbdlor ST BG B SER o

Raynaud' s so;mdmgmﬁlam@tom@m&lmytmgmimeumméml e onset diabetes, Reiter's

di sease, Behget's dis r ropat hy, IgM
& dggg'dnﬁ(;pnggfmﬁ})%rﬁm ds tﬂb?osdggﬁv&ﬁﬂi@

pol yneur opat hi es, | mune-ne ronbocyt openi as as acute
i di opat hi ¢ PrerGHplisAbbirsars a%‘trgmsaeralrhlemémyw ﬁbrqsm Ia@féhehséyrﬂwraﬁbocyt openi ¢

purpura, hegboardifis,ane fﬂeﬁearﬁkﬁsﬁm&' @aﬁ{p?ééla% hypéPddfisitiPiRP Phduimchitiss sd em ¢
umatoid arthrjtis (RA), atopic dermatitis,
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25  to testicular neoplasms; and
transplantation-derived disorders, such as allograft and xenograft
rejection, and graft-versus-host disease.
In one embodiment, the disease is an inflammatory, immune and/or
autoimmune disorder selected from ulcerative colitis, Crohn’s disease, juvenile onset
30 diabetes, multiple sclerosis, immune-mediated thrombocytopenias, such as acute
idiopathic thrombocytopenic purpura and chronic idiopathic thrombocytopenic purpura,
hemolytic anemia (including autoimmune hemolytic anemia), myasthenia gravis,
systemic sclerosis, and pemphigus vulgaris.
In another embodiment, human antibodies of the invention can be used to
35  detect levels of CD20, or levels of cells which contain CD20 on their membrane surface,
which levels can then be linked to certain disease symptoms. Alternatively, the
antibodies can be used to deplete or interact with the function of CD20 expressing cells,
thereby implicating these cells as important mediators of the disease. This can be
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per ni ci ous barlegita activitednhd thhitdt the gtesvth of pud/ar dijfiereng htodrudf ncedlrdxpeessihgir t her
exanpl es a |.oCYt.QS1 Sq; I ' Ln.s di sease,
Sel i gmann' s@) dzl’bgé(g@g,a cl‘\egl-eg?]{f?ﬂn%?gézgﬁfgmgﬁgggﬁ%)gpgg{s% As%gglrglghge@econdary to
t hynoma an@xprgssingorid) imthe presencsrofiuman effaefioprallsi tormediatei(dPE o8 cell
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anti body- mipili afte dporbinling GBX). st ance; -60 GM - 055PC hepat o- gast r oi nt est i nal

di sorders, such as C?rlx Ia%%rtﬁ’:'u a?g%%bdivmvélng ?rlleehusman antibodies are used in vivo to

treat, prevent or diagnose a variety of CD20-related diseases. Examples of CD20-
related diseases include, among others, B cell lymphoma, e.g., NHL, and immune
25  diseases, e.g., autoimmune diseases, such as those listed above.
In a particular embodiment, the antibodies of the invention are used to
treat or to prevent NHL, as the antibodies deplete the CD20 bearing tumor cells).
Non-Hodgkin’s lymphoma is a type of B cell lymphoma. Lymphomas,
e.g., B cell lymphomas, are a group of related cancers that arise when a lymphocyte (a
30  blood cell) becomes malignant. The normal function of lymphocytes is to defend the
body against invaders: germs, viruses, fungi, even cancer. There are many subtypes and
maturation stages of lymphocytes and, therefore, there are many kinds of lymphomas.
Like normal cells, malignant lymphocytes can move to many parts of the body.
Typically, lymphoma cells form tumors in the lymphatic system: bone marrow, lymph
35 nodes, spleen, and blood. However, these cells can migrate to other organs. Certain
types of lymphoma will tend to grow in locations in which the normal version of the cell
resides. For example, it's common for follicular NHL tumors to develop in the lymph
nodes.
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reproduct i Ve dbs@ GRESdisS4EN as paraneopl astic syndrome secondary 25 to
testicul ar neopl asns; _and transpl antati on-derived di sorders, such as
al l ograft and xenogra$?“ﬂ#%¥ﬁgﬁpéﬁInﬁﬁﬂﬂgﬁﬁb?am@¥§d§9H6@EUGF%@d%é“m¥W~one
enbodi ment , moheclehas et dics, MltispédiBEmRI Bik peci fldMBREUIH Sdimm BcOhjiAt

O Oels Seb R e L PR i R e ko B o BREER St o%teﬁs%aé' 6332ﬁetas
acute idi opﬁxbkn af drimarpbskily. t Ecpxeaxamp_r.a,l thelanébedydeantipositions cat bpadnhinistered by
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C
anem a) nya enra I’aVI S, em C SC1erosit s us VU garils. I n
anot her enbwdl dapend Ohﬂmeandumteﬁtlmfsubjhet andxthmcqmnntcaemntaadmed to 35

det ect Ievefogmafau@% theh ltsr%eéo?ncﬁi 1tﬁ>§eﬁﬁrt}’1‘é‘rhﬁ4?e § %)gloﬁd A0 @é(]eﬁﬂlﬁéd

menbr ane sur be |1 nke certaln disease
synpt omd AR SﬁﬁfQ‘b’f’é‘F%latetSWéabJﬁ\@Qsﬁé%ﬁ es can be used to deplete or interact

with the f unct i on of APRRvENRIEESEMEICRIths anti OBR6RMtibdtMs &fakd Mgerdtimse cells
as import an(t:an edcloaé rusns?efrec{ \Qleth Cci)lneS gra otﬁer r;lr(r)]rlestherapeu%c aget%(s e.g., a cytotoxic
agent, a radiotoxic agent or an immunosuppressive agent. The antibody can be linked to
the agent (as an immunocomplex) or can be administered separate from the agent. In the
25  latter case (separate administration), the antibody can be administered before, after or
concurrently with the agent or can be co-administered with other known therapies, e.g.,
an anti-cancer therapy, e.g., radiation. Such therapeutic agents include, among others,
anti-neoplastic agents such as doxorubicin, cisplatin, bleomycin, carmustine,
chlorambucil, and cyclophosphamide. Co-administration of the human anti-CD20
30 antibodies of the present invention with chemotherapeutic agents provides two anti-
cancer agents which operate via different mechanisms which yield a cytotoxic effect to
human tumor cells. Such co-administration can solve problems due to development of
resistance to drugs or a change in the antigenicity of the tumor cells which would render
them unreactive with the antibody.
35 Target-specific effector cells, e.g., effector cells linked to compositions
(e.g., human antibodies, multispecific and bispecific molecules) of the invention can also
be used as therapeutic agents. Effector cells for targeting can be human leukocytes such

as macrophages, neutrophils or monocytes. Other cells include eosinophils, natural
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gernms, Vir fungi, even cancer. There are nany subtypes and nmaturation
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25  appropriate effector cells can be supplemented by the addition of complement or serum

containing complement. Phagocytosis of target cells coated with a binding agent of the

invention can be improved by binding of complement proteins. In another embodiment

target cells coated with the compositions (e.g., human antibodies, multispecific and

bispecific molecules) of the invention can also be lysed by complement. In yet another
30 embodiment, the compositions of the invention do not activate complement.

The compositions (e.g., human antibodies, multispecific and bispecific
molecules and immunoconjugates) of the invention can also be administered together
with complement. Accordingly, within the scope of the invention are compositions
comprising human antibodies, multispecific or bispecific molecules and serum or

35 complement. These compositions are advantageous in that the complement is located in
close proximity to the human antibodies, multispecific or bispecific molecules.
Alternatively, the human antibodies, multispecific or bispecific molecules of the

invention and the complement or serum can be administered separately. Binding of the
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nodes. -62 GM -055PC CD20 is usually expressed at el evated | evels on

neopl astic (i.e., tunorigenic) B cells associated with NHL. Accordingly,
CD20 bi ndi nGVHR@SIPELi es of the invention can be used to deplete CD20
bearing tunmor cells which lead to NHL and, thus, can be used to prevent or
treat this disease. 5 Human anti bodies (e.g., human nonocl onal anti bodi es,

B RS L Bl B PR £,
t hat CD20 iastigepastssey compRx intypipod yéfesof tlenat1lirsermbrand.vSakchi trarisloeation

liferati _ R R | . _ .
Puncti on acten@ehilh dehsitalrantidl iiboRl cSEREesEhich ma el LPRE0G " 7
medi at ed t Radégsygnhance4ilyet B | ynphocytes, e.g., to inactivate or kill B
| ynphocytes, i nvol veglsh Ryidiih e SbREfdhe Bebieh ﬁlve%&ha@%@'cmﬂﬁngufﬁor ders

i ncl ude, for ex e, .the above listed dj seases_Suitable routes’

admi ni st er i W 9&@0&%%&? Ozéwagqmparﬁ%g-e augan anfihedies apg HBRUBAGINIUAtCFhodi es,
mul ti speci fdnd iagithctibSPRE ufd. CTHEN S€anl faghé@tdnialidHEEGRdrd @ddieidnal reabenef t he
invention in vivo and in vitro are [ kqown intthe acﬁt and catn be sel ect ed
by those of SUGP & HAIYMURG SUPPrepsiye TeaRifly e YIQEC 287795 YA L BIP A MO be
adm ni st er edoteyadditioneldiunom an¢ibgdies ofthe inventiurs(eqg., shimart antibody havifiglat abl e

dosage f I ed wll depend on the age and wei ght of the
subj ectslogndgo?rﬁ’elgﬂg%)lﬁ%gnat%rﬁ‘é]t. on and/or fornulation of the antibod .
conposi tion. Furt her ndewrdingkyopatieptsdreated voith ahdibedyrcompositansad dhaliguentiop

cal cul ate suhtRBUgiHEANARGSEninfierfld on?%{fk%mﬂﬁ%{dsﬁﬁ\git}\}ﬁ@r@%@% |- CD20

anti bodi es of the |nverition can be co-adm nistere one Or other nore

t her apeut i cadmyistrationeoit humarcantibpey pithe sysption)avithgnodhes thesargyinaeat. an

| MUNOSUPPrRiSE kY & cABRXic oragiotXid ARl whidh diBahded b Budents 1he tR@gRutit as an

I m"runoclgrrpl ef%% 0, cgn be %m ni stered separate fromthe agent. In the 25

| atter case bﬁéﬁ‘& BmaR aptkadiesat i on), the antibody can be admi ni stered
before, after or coninwtherehbpdimdnts, thessubgendandre addiiobelly teatedvithahered wi t h
ot her known_ th i . 3. n antir-cancer th e a.. ragdiatign. Such
t her apeuti Caggafgth?t:mlgﬁg?tg%g;g. ’aerrn%ﬁ%cetsjto ﬁg‘?@,‘&’ t_arelte f(gljr’e]gsg% %rsz}cggft\éagﬁ Y;%rsl:(égh as
doxor ubi ci rrecepiterp byt fon exdmplotyeating theesuhjest Witk a cytokmeaPinefeired cytokines for

eyl ophos phalififiradd dftHentealhaliith BE nilpBURB Mdthie fRA: of frafibbRed! es of
t he present I nvention W Eh Chermt erapeut i ¢ agents provides t ant1- cancer

agent s 4thi ctolepyeytmuatingfagior {Gre¥), srarHasitermacipphage golopgsimplating Bt ef f ect
to human t@MICS®! inferfeRMED (FN-RACBAusHor Abrogls ERPrIPNYSg. probl ems due to
devel opnent of resi s,i.ance t o.t%rnugégnow chatu%sgiel n t ttle aﬂl}é%%%m tm)ﬁ of the
tunor cell's which woul ¥ SSRASHIont UHBHOECh BHUERRS Hyeilies
Tar get - specmblecules)fof ¢hieoihvartionsan @lsg be uedd airget ck kspressingeFcyRoordiidgm $ort i ons
example for labeling such cells. For such use, the binding agent can be linked to a
25  molecule that can be detected. Thus, the invention provides methods for localizing ex
vivo or in vitro cells expressing Fc receptors, such as FcyR, or CD20. The detectable
label can be, e.g., a radioisotope, a fluorescent compound, an enzyme, or an enzyme co-
factor.
In a particular embodiment, the invention provides methods for detecting
30  the presence of CD20 antigen in a sample, or measuring the amount of CD20 antigen,
comprising contacting the sample, and a control sample, with a human monoclonal
antibody which specifically binds to CD20, under conditions that allow for formation of
a complex between the antibody or portion thereof and CD20. The formation of a
complex is then detected, wherein a difference complex formation between the sample
35 compared to the control sample is indicative the presence of CD20 antigen in the

sample.
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(e.g., human anti bodies, nultispecific and bispecific nolecules) of the

I nvention can also be used as therapeutic agents. Effector cells for
targeti ng c&GMIb@53RCan | eukocytes such as nmacrophages, neutrophils or
nonocytes. Qther cells include eosinophils, natural -63- GM-055PC killer
cells and other 1gG or IgA-receptor bearing cells. If desired, effector

|1 b bt ai t.h ct. to be treated. The.t t- f
ffector colls. can bf ObSPErRiHE TEin urs sbhbfemapodepr Beflfes T ©
physi ol ogi cdibdrjerdovapinglvets exgpressingrCDAhin a subjesge. go,fnomdllb&glmdnﬂymlﬂtoma&d can
be in the Ofdhasly érﬁgﬁfsobﬁ&nwermg th eNbicHPRERARAR B MR drfighapeLt | c

pur pose. I n gener I cient to oC I'zatl on
at the tar ggoveebuch @t@odleaamiumrrvatjéfrﬂth@ﬁ@ﬁztrsgswgtoqlﬂzbltsz!)lnéuc@ﬂf ect cell

ki l'1ing 0y, acBivlies assBE‘ﬁ%C‘Wﬁ}P@ér@un HesHES, & é}ht%rf ﬁ{d/é}rﬂlffé’t@n@a{tﬁ)ﬁ By
Therapy with target-spe ector ceI S can I n con unction

with ot her ﬁ%ﬂpaﬁ@@flg?dw \9%9 Ve g éﬁygﬁémst@gpgghe qﬂ&‘g(’@k‘é}rﬁﬁ ubjechntie- 10

t unmor t her aqhlityif ODANS iLAUTP 86¢H ActiRRick & ithibithbd! BRd) tIRAR] ileadiceitcdaibdriianec T i c
and bi speci f | ? qm)l ecul es) of the invention and/or effector cells armed with
0

t hese corrp ns can be used in conjunction w th chenotherapy.
Addi tionally, conbi naAcandinglypimablier eppodiment) eheumregent mventic@cprovides ali st i nct

t ot Oxj | e,
ot Ot nbaEl S RAH: BLBRDE B RLRorb TP kst i Bl B30 itk FETP: ¢
conj unct i oncelstdg. YBL. oThelrgﬂhoéWpiws adipingstéring thiarsybjegt eagamltbsdy Bi specific
and mul ti spg dSﬁlOF{SJ r??en?fnv%ﬁ't?or{ P‘éﬁ%ﬂoﬂﬂt é?f?é&u% &Ptré%ﬁ‘ Oi‘lﬁl%ggpttt?e modul at e

FcyR or FcczR 'l eve fector, ce suc | m nation
of " r ecept ordiseyder; rﬂle@@rlbocbmoﬁmltwwﬁ@ he é@mmist%rﬁ@ alopé Of é@@%%ﬁl@n@ﬁlﬁr al so be

used for thihgrapOHicR@EAY, sﬁdh amez:yﬁﬁmaafataaﬁt&oheagem wHidrBat it doR Rk

mul tis ifig, and bis ul.es an t
vent B it A Rt SRRl B (R TR GomBr N o rar oL 21 éﬁ%eaf%m ey
-2, or - 3 mmvblgMg\/@DMe@rewngwmk ehenpartiodalppreterivd embpdiném, thbpreperesence of

Corrpl ement . vgnt%n%rg "Jﬁgsde{ ﬂl%d f%)&re hnén&g %!gtglgtstlﬁﬁlpﬂomgo})u' ation of cells

conpri si ng 1tnarge _ he*i'nvention and 25
appropri at e ef f ect or Insinpbther embbdimsup theepresentihvenytianprovidel a insthodfforconpl enent

or serum ttl?l? B} E&v&ﬂﬂ@' a‘?l%lmn?mw&egﬁv%l\ﬁﬁ%hﬁ% ]fZ@lelx regﬁ%FéilsW' th a

bi ndi ng agent ention can rove enent

protei i) 14g aﬂ@ﬁ%é‘ﬁeaéﬁﬁb@ﬁdi&ﬁ@ﬁbwﬁ aTb‘émeﬁ@Fill%VQiYﬁétaéH“W&eﬁng Fﬂaa 2isbat t i ons
(e. 9., humegnBBay E)é}ﬂp@samm thé &@&itﬁﬂ\&nﬁ&ﬂm A a'irlikﬁﬁl't Effective It@&bl&t%ﬂar&%mt he

composi 1 onBeGRoRRe T h THHOGN ROPRBNORE e A0S BOIFHICHER o 8 CURPRURE] ons.
(e.g., hu rraﬂhelapéuttwgem sudmstanmﬁm:lbs@pmghnb Méhilfhcacfsl ia coﬂj\nha(mi with and
I nmunoconj u § OlIly B ddvent |don can. tao S9 tree ardrp ni Eheer §je L O etlher with
compl ement - JRedbiafighyR A vTERT ReRBRf 8 e A Tt A A <R8N 1 on
25  cells expressing CD20.
In still another embodiment, the invention provides a method for
detecting the presence or quantifying the amount of CD20-expressing cells in vivo or in
vitro. The method comprises (i) administering to a subject a composition (e.g., a multi-
or bispecific molecule) of the invention conjugated to a detectable marker; (ii) exposing
30 the subject to a means for detecting said detectable marker to identify areas containing
CD20-expressing cells.
In yet another embodiment, immunoconjugates of the invention can be used to target
compounds (e.g., therapeutic agents, labels, cytotoxins, radiotoxins
immunosuppressants, efc.) to cells which have CD20 expressed on their surface by
35  linking such compounds to the antibody. Thus, the invention also provides methods for
localizing ex vivo or in vitro cells expressing CD20, such as Reed-Sternberg cells (e.g.,
with a detectable label, such as a radioisotope, a fluorescent compound, an enzyme, or

an enzyme co-factor). Alternatively, the immunoconjugates can be used to kill cells
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conprising human anti bodies, multispecific or bispecific nolecules and serum
or 35 conplenent. These conpositions are advantageous in that the conpl enent
is |located GMI-@3S& proximty to the human anti bodies, nultispecific or

bi specific nolecules. Alternatively, the human anti bodies, nultispecific or
bi specific nolecules of the invention and the conplenent or serum can be

adm ni stered, separa . Bi ndi,n f. the -64 GM : 055 .conposi tions of the
present inv‘é’hltcﬁglﬁvet {;B{Zéreégrtessggloﬂggedﬁﬂgﬁge BY LT 8L TUor1BY 5?44310&‘2@ to

anti gen-ant€bhadly conplex into lipid rafts of the cell nenbrane. Such

transl ocation creat LOh: 113 Ak | - a0t whi ch
may efficiently acti \?Z}tl%pljag%?i @@H@%ﬁég@{g@@&@f&@?@%@%ﬁ@%ﬁ@%pe of the
present i nv‘é‘hlpxéhpldﬁiéokbet@néwarsiwﬁberﬂm@tm&nti body conpositions of the
invention (e.g., human anti bodi es and i nmunoconjugates) and instructions
for use. The kit can further contain_ogne or nore additional reagents, such
as an i nmunosuppressi ve reagent, a C@MM]A)P@Sagent or a radiotoxic agent, or
one or nore additional human anti bodies of the invention (e.g., a hunman
anti body having a 10 conpl enenj ary,.activity). Accordingly, patients treated
with antibody conpositions of 'ﬁ"éh‘ﬁ?éﬁﬁ!‘ b‘xlheceé‘ﬁmx?éesaddi tionally

adm ni stered (prior to, sinultaneously with, or followng admnistration of
a human antCé&bliye of t heOtiginenti on) w t h anot her t her aQbtdined fidgent, such as
a cytotldxi c or radiotoxic agent, which enhances or augnents the therapeutic
15 effect of the human antibodies. Tn other enbodi nments, the subject can be

addi tional I gaidieat ed wi NBg@m BAKAPS LiRphommdul at es, eE@AC@F@ﬁ‘P@ﬁPW
ccarpl e e SEFD 5! b bl PG
adm ni sirat]ison during t[y gﬁcﬁerﬁtlmvr\ﬂnﬁb@%téc GF i speci fi ?% Zg‘ég éﬁ?ncl ude of
granul ocyte_20 col ony- spi ing factor (G CSF), grapulocyte- macrophage
cocrod VLS B botibes oyt apiomron BAMBGACELS
necrosis fa TNF) . ) g RIS 1€ &YTRPNOMY man :

mul ti speci fRamexxBHBiBs peButfkit’s Liypiphbomies) of the i nvenECAHCEERS030804) be used
to target cEidoseexpr essHomakBZ&1bleulcn®i@, for exanpl eDSMZ (AGEIZAY such
cells. For such use, the binding agent can be linked to a 25 nol ecul e that
can be detected. Thus, the invention provi des netnods for localizing ex
vivo or in vitro cells expressing Fc receptors, such as FcyR, or CD20. The
detectable |abel can be, e.g., a radioisotope, a fluorescent conpound, an

enzy_rrg, 1501 ?E Snz]ym% ]ggldif,?RHO’}”}, Docmt{ﬁ, Rajﬁ,tRaGﬁBsaEHfRBi,)%ﬁ TRMue B-841 linggent i oln

provi des net hods, for, . [ e.presence o antigen.in a sanple,

or measuri nﬁe?ﬁéltﬁﬁ?ﬂ&%ﬁi}g/ﬁ ]éggﬁu ‘r‘FFi%"é‘HB“ § ?‘g?%g%gﬂt/‘aﬁf’ﬁqﬁaffﬂﬁmsanpl e,

and a cont r@CS3a0plimumvi241, &ikerrdinc. heorBrahe,@dnada), 2 mM L-glutamine, 100 IU/ml
penicillin, 100 pg/ml streptomycin, and 1 mM sodium pyruvate (all Gibco BRL, Life

Technologies, Paisley, Scotland).
20 SU-DHL-4 B-cell line was cultured in the same medium but without
sodium pyruvate.

Cultures were maintained at 37 °C in a humidified 5% CO, incubator,
split and harvested at 80-90% confluence. Medium was refreshed twice a week. At this
time cells were split and seeded out to 1-1.5 x 10 cells/ml to ensure viability and

25  optimal growth.

Example1l Production of Human Antibodies Against CD20
HCo7 and KM Mice: Fully human monoclonal antibodies to CD20 were
prepared using HCo7 and KM mice which express human antibody genes. In the KM
30  mouse strain, the endogenous mouse kappa light chain gene has been homozygously
disrupted as described in Chen et al. (1993) EMBO J. 12:811-820 and the endogenous
mouse heavy chain gene has been homozygously disrupted as described in Example 1 of
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anti body which specifically binds to CD20, under conditions that allow for
formation of a conplex between the antibody or portion thereof and CD20.
The formati GMI#SEC conpl ex is then detected, wherein a difference conpl ex
formati on between the sanple 35 conpared to the control sanple is indicative
the presence of CD20 antigen in the sanple. Il -65 ~I GV -055PC In other

nbod d hods .f

Cmvorvi . 2o T BanhUBR A 1KY I TRis TG0 SRy Shrrick S AR \Bppd i ARERSD 1o
or rheunattwinggenet KEKobi as, eb«yrllwdnnﬁlsbwdlengl (W9%h&asub Béxtechnblogh hARAS-

ant i bodi es @bqscmé)ﬁ@us@mﬁﬁalso%he@mmme% %Hﬂnqiﬁgéc\ﬁ%rhéf ?neté?fﬁ{r{)%g’éd&}fe

used to inhibit CD20 | nduced activities as ocl at certai di sorders,

e.qg., proliFEpEesEHe bﬂnﬁwnerthfFe(.S&%P}%&deéﬁlbeﬂyn W44 7%g the antibody wit h
CD20 (e.5g., by adm niFheHTBY IﬁlkehmtalJlish@nanwmeﬁcehﬂo%g nbes hghlchmhy of

CD20 to |nd ce such agctivit. I nhi at ed
di sorder is aPR%&F%“G a @??8?%?% @wn eﬁa g%ﬁ%ﬁ)égﬁrﬂg% sent
i nvent i on pdisvpti@sinitheit endogehag Heavy él’[aﬁageri&g (a3rdeparibed it Engnpletlwf(W'Ogeni c

di d h I
admi ni ot er 14 1403 oby L APRAT Rl tihaTuBee il eR T e Wy ent on
in an anmounl 9%6)f1t&durrev&0teohmcrlegt 1684 8N eand a2 HE07 Hiumen Heavy C'hlam teamsgdmody

CoNposi g ONLE ARG AHTWSIsS181496).al one or al ong with another therapeutic
agent, such as a cytotoxic or a radiotoxic agent which acts in conjunction

15 with or synergistically with the antibody conposition to treat or prevent
the diseases invol VlHQ‘o@DB@I@%Mz@esﬁmﬁwﬂmioh&- HGb’/aad@laKM faibeatdry preferred

enmbodi nent,. t he esen i on proyi or. treatin

mon- Fodgki HMRy AR SRA A LHUPHERS BrEtNHEARTS. TRE Ty LSUm RGBS
provi des a mﬁd&pdxlfoﬁrcellst1lhel§'0|mg’BSrw¢ré eveed i mgw&nCampmenFmamsdA.@avmand

i nvol vi hunma aeases as |isted

Lbove. T80 R e B PR ik, REbigtuens TP Frfunigh SR Suté BRAED
conposi t i onsimilat dreowprt ©f eelts withaem tdjovanit.n Three and two defsf priir lmvﬁlstcm the mage or

pr event th\gergl Pef\/éﬁéilﬁefﬁ'&s?e'at\hlﬁ?ﬁ% xcmeﬁgnédsg&d gmlpg adm ni stered al one or

along with anot utic agent an i mmunosuppressant which
acts in conjunction V\Tlnenprgq?encgyﬁgrt@pglep dleqted ggainst hwaan D294 vhecssimvef t i on

to treat OorhPhAYERhs MbRitcH8 @9%“; d}’{&hé’&}nﬁkmg?pAGS'alnﬁly@i’ﬁ higarEB8 | n
still ot her enbo t he on provides or detecting the
presenc® ort rﬂﬁgﬁ{qdwﬁﬁe]gﬁ%f -} fﬁéb e Bﬁrﬁp@égﬁn@ léi s in vivo or in
vitro. The nethod corrpr i ses ( i) adm nistering to a subject a corrposi tion
((jgi gci agl guLéIr [( e?;r é? eegé %? %m%?r rodutcpn?g man onoclgn&]frgt% gtes }00 a
CD20: The mouse splenocytes were isolated from the HCo7 and KM mice and fused
with PEG to a mouse myeloma cell line based upon standard protocols. The resulting
25  hybridomas were then screened for human IgG,k production by ELISA and for CD20
specificity using human CD20 transfected NS/0 and SKBR3 cells by FACS analysis.
Single cell suspensions of splenic lymphocytes from immunized mice were fused to one-
fourth the number of SP2/0 nonsecreting mouse myeloma cells (ATCC, CRL 1581) with
50% PEG (Sigma). Cells were plated at approximately 1 x 10°/well in flat bottom
30 microtiter plate, followed by about two week incubation in selective medium containing
10% fetal bovine serum, 10% P388D1 (ATCC, CRL TIB-63) conditioned medium, 3-
5% origen (IGEN) in DMEM (Mediatech, CRL 10013, with high glucose, L-glutamine
and sodium pyruvate) plus S mM HEPES, 0.055 mM 2-mercaptoethanol, 50 mg/ml
gentamycin and 1x HAT (Sigma, CRL P-7185). After 1-2 weeks, cells were cultured in
35 medium in which the HAT was replaced with HT. Individual wells were then screened
by flow cytometry for human anti-CD20 monoclonal IgG antibodies. Once extensive
hybridoma growth occurred, medium was monitored usually after 10-14 days. The

antibody secreting hybridomas were replated, screened again and, if still positive for
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30 the subject to a nmeans for detecting said detectable marker to identify
areas contai ning CD20-expressing cells. In yet another enbodi nent,

i mmunoconj uGMI853IC t he i nvention can be used to target compounds (e.g.,

t herapeutic agents, |abels, cytotoxins, radiotoxins inmunosuppressants,
etc.) to cells which have CD20 expressed on their surface by 35 |inking such

conmpounds to th ntib Thus e i.nvention I des t hods, f or

| ocal i zi ng 8 elgg; S?tl"(aﬂy%p qlpgoca@argnt&gé}eéévserqﬁl @%?5&)L§¥‘EHU%%HE¥5@& f&r nber g
cells (e.qg. stablwsuﬁttlcmeslmm:ﬂhainbuitdrad)ei vitrg i eregat@smaltl aimb st op entibedy innor escent
conmpound, a t

| mrranoconJ 3%%?%@@%% (Eahulr}ggb %p EIXEEP?&OB e loélgﬁ %&g&é(ma ‘pﬁlﬁhhave CD20
expressed oitaingdithe Eﬁﬁﬁ‘ﬂﬁb@oﬁgﬂfﬁt@ﬁ@}@tﬁbﬁéA@&)oW@S@h%emﬁ -1 8 ariad celk banks wsre CD20.

The present enefﬁeéatfopeadhscléﬂerénh%fored inqﬁuﬁ@ﬁl% &y the following exanples
whi ch should not be construed as further |mt| ng. 5 EXAMPLES B-cell lines

used in the exanples Cell line Oigin Cbtained from 10 Daudi Negroid
Burkitt's Lynphonam EM%&W%Z)MoM&nZFAh%dwsﬁ%ng@d CD2espnara DSMZ

Negr oi d Burtiies. LY ARHATE: PEABDRHOTI F05 SRt (1§%§¢€73eafor%€§£“°”"" !
hi sti ocyt i cWellsphmiaotDEMzlalcdASErel&dmred Wil gughiRE rﬁ}uusle iahiti-hsumay rkajpyeentig hE CACC

Coo0o0St) gy Rl SRS R A0 ARy Bt L

c uI t ure rreoﬁeumlstbp platasevare ceagled wittosupematant and nunf@riumtyl(ems;rol( clfi@fswmeczm

W sent Inc. the§§ncu§ftéﬁ‘9t an%&ﬁqgrn%lj)ergtupg\@ohgﬂ RN ﬂ?ewéi%owér'eytﬁ@n reRQ& @ithl in,
100 g/ M streptony sodi um vat e LPG co BRL, Lif

Technol ogi et epml@%{gGlségm R4 or ROBEPC lzIOIBereéxs PO ilagE.s CoRIFEAiEd | n
the same nmeglobes. lluﬁtey\wtexl@amelogaﬂammwzud/ad @escibidi dboes. wer e maintai ned at 37
Cin a mdified 5\'@,\/;]502 at(gr1 ; i angah rtves 1onof?&/{°
confl uence. Medi um Urré’P'BEg ofad S¢llines “é fueeneratyd, thnge Iro

mouse and one from fusion of HCo7 mouse, expressing the followmg antibodies:

2F2: a human monoclonal IgG1,k antibody with the nucleotide
sequences: SEQ ID NOs: 1 and 3 and the amino acid sequences: SEQ ID NOs: 2 and 4.

4C9: a human monoclonal IgGl,k antibody with exactly the same amino

20  acid sequences as 2F2: SEQ ID NOs: 2 and 4.

7D8: a human monoclonal IgG 1,k antibody with the nucleotide
sequences: SEQ ID NOs: 5 and 7 and the amino acid sequences: SEQ ID NOs: 6 and 8.

11B8: a human monoclonal IgG3, k antibody with the nucleotide
sequences: SEQ ID NOs: 9 and 11 and the amino acid sequences: SEQ ID NOs: 10 and

25 12.

The term “2F2” is used herein to designate both the antibody derived
from hybridoma clone 2F2 and the identical antibody derived from hybridoma clone
4C9.

The antibodies of the invention can be switched to other isotypes as

30 determined by the transgenic or transchromosomal non-human animal from which they
are derived. In one embodiment of the invention, the 11B8 human monoclonal IgG3,x
antibody can be switched to a human monoclonal IgG1,k isotype having exactly the
same Vyand V| sequences. In another embodiment, the 2F2 IgG1,k antibody or 7D8
IgG1,k antibody can be switched to a human monoclonal 1gG2, IgG4, IgAl, IgA2 or

35 IgE isotype having exactly the same Vyand V| sequences.
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time cells were split and seeded out to 1-1.5 x 106 cells/m to ensure
viability and 25 optiml growh. Exanple 1 Production of Human Anti bodi es
Agai nst CD2GMIASSPd KMM ce: Ful Iy human nonocl onal anti bodies to CD20 were
prepared using HCo7 and KM m ce whi ch express human anti body genes. In the
KM 30 nouse strain, the endogenous nouse kappa |ight chain gene has been
honnzygousl di s te cri bed | t al.. (1993 J 12:811-820
and t he end [? n‘gﬂgg &%Swe@ﬁﬁﬁgﬁ’ d'gh a%é@t@’é'gffgm% y di srupted
as descri beBequandingobihe Vi anid Viz B&gibngGM - 055PC  PCT Publ i cati on WD 01/09187.
This nmouse strain carries a human kappa |ight chain transgene, KCo5, as
described in Fishwild et al. (1996I)T Nat ur e Bi ot echnol oggﬂé{% 845- 851. This
mouse strain al so carRiNdgreparaiem Hetel N wanprepaed diom wellcefrablosed of
chronpsoe AdMARODROh yﬁ%rﬁa%amne@%ﬂdle?)’gS'alﬁﬁqlBB) w%@@déb%zﬁ Qmgdhie HCo7

m ce have ru n.their e ogenous | i chai n kappa) genes
(as describ (TS‘iIBHrg@iré\’Pp PQIQ‘? heréafg%cc g thel‘?an‘g‘g‘im@gé)pmtac‘éim di sruption
in their endogenous heavy chain genes (as described in Exanple 1 of WD

01/ 14424), a KCo5 hu a |j.ght ai n g escribed in

Fi shwild et al . (193%?]"‘@?{)3”& }éﬁ'o?f(gé‘%ﬂ&f’c?tdgfli %é&gﬁ SR8 o
heavy chai nDNAafe®NNeof RIVA (s memred fied li ugld&l&ﬁ\?ﬁ,&;sﬁ%&he SMZORT RACEKM M ce
| muni zgf i o :WH 0 transfected
NS/ 0 ceﬁ s.&?—N 'ﬁﬁéh II‘SFM”MHI za fOﬁ &%ﬁﬁg&&ﬁ%gg@ s in 150 Id
PBS were mxed 1:1 with Conplete Freunds Ad] uvant and 15 |nj ected

i ntraperitoggahd WL(ré 19ns)we1§‘éﬁﬁﬁi‘iﬁ'éﬁﬁ§mg aR advdNG4R IHIAS PORSK WRCRndREE BIS) Ng a
simlar am)unt of tﬁ%wmt hqut adjuvant. Three and two days prior to fusion

the mice vRICESINg §$9“E‘855ted with 0.5 x 107 cells suspended in PBS.
The presence of antibodies directed against human CD20 in the ser um of the

m ce Wa]zjf moni t ored by fl ow Cé(tometr usi ng FACS anal ysi s human CD20
20 trankY ecVeRARE) 0 cEIGCA GEC HER CARCAGHES ﬁéﬁér'tTF\FeAGdg]F]é?l“? RGP i CEEPPRS
Gener ati on wfRAGHY | dosTEE TRITEHCOE OQA BugeTGNIOTIAG@E GANt | bodi esnéals in G[P20: The

nouse spl enocytes were isolated fromthe HCo7 and KM m ce and fused wth
PEG to a nouse nyel oma cell |ine based upon standard grot ocols. The

resul ting 25 hybri doneRNdgreparaiéan ¢fdl88ndomhpleminiasnDNg'G PN peflRNAon by
ELI SA and fﬁ‘ém@%@ ceflDRAS gfeghrte){ fHﬁd B‘ WHPI@N@Q@% hMVﬁe%ﬁs@ffrah@é@thé%d SKBR3

cells by FACS anal ysi s, l e cel uspensl ons of splenic |ynpphocytes from

i muni z&H nvith bﬂﬁg@%&@@@lqg@ogm Gm@ﬂprMﬁmh?gnn@?m&n%fohspﬂm 768t i ng
nouse nyel oNRdEEh,|WI ([PQ_Q:dN@@L(R%ﬁelﬂ)ldghbsl’hcs m%}PE@aMegﬂBGem@ayj gédver e

plated at aﬁﬁk%i(nl ([E%nelel:ga) accor&ing tc\{\%e manufafc{urer S pro%ocrrl (2000, version 3).

PCR primers used to amplify Vi and V}, regions for cloning:

25
Primer pairs used:
Vu: FR1 5’ primers
AB62 CAg gTK CAg CTg gTg CAg TC
AB63 SAg gTg CAg CTg KTg gAg TC
30 AB65 gAg gTg CAg CTg gTg CAg TC
Vpu leader 5° primers
AB85 ATg gAC Tgg ACC Tgg AgC ATC
AB86 ATg gAA TTg ggg CTg AgC Tg
35 ABS87 ATg gAg TTT ggR CTg AgC Tg
ABSS8 ATg AAA CACCTg Tgg TTC TTC
AB89 ATg ggg TCA ACC gCC ATC CT
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30 microtiter plate, foll owed by about two week incubation in selective
medi um containing 10% fetal bovine serum 10% P388D 1 (ATCC, CRL Tl B-63)
condi ti onedGVEHORSRC 3- 5% origen (I GEN) in DVEM (Medi atech, CRL 10013, with
hi gh glucose, L-glutam ne and sodium pyruvate) plus 5 nM HEPES, 0.055 mM
2- mer capt oet hanol, 50 ng/m gentanycin and | x HAT (Sigma, CRL P-7185).
After 1-2 weeks, cell§ were cultured in 35 nmediumin which the HAT was

repl aced with HT. | n- 832 %el | s were then screened by flow cytonmetry for
human anti - CD20 nonocABfial | gG ap€itraggesgA Opd. EgAcfy ve hybri doma grow h
occurred, nediumwas nonitored usually after 10-14 days. The anti body
secreting hybridomas were replated, screened again and, if still positive
for -68 | - 055PC FRLARPrimgrs, anti - CD20 nonocl onal anti bodi es were

subcl oned by |im tingaggl ution. RAreaTEI@ERE A TRUPECAES TR € then cultured in

vitro to generate srraeIIAbearmunts fga@fﬁi GOdIKEIgQMé:ﬂ?ﬁSggﬁccm ture medi um for

characterization. On one fro ; retained the

r5eacti Vi :ydo; paren':1 ABl0s (bé EACATT gmgqulg%@c.qﬁg AQ vi aIS IceI ![ bankfs ﬁere
generated for eac e and stor [ u rogen. Sel ection of Human

Monocl onal  Ant i bodi esxéﬁﬂdi ng t%‘agljég?lgﬁlgﬁl&%y&ggcﬁé%ﬂg To deternine the

i sotype of antibodi esABaR i sot ypSARTEATRATgACArChg TC Wells of nmicrotiter

pl at es re coated w g/ m I - g@% a light 10 chain, 50

|/ wel | Wﬁ PBS i ncubat}égl% C oveg}‘anght .ﬁﬁa'?Z?Abrqjoc |(I§nq%\?vi th 5% chi cken

serum the plates werdBléacted sAAMELgEeficahCTAME pGrified i sotype

control. Plates were then incubated at anbient tenperature for 1-2 hours.

The wells were then rgacted with either human 1gG, 19g&, 19G3 or

| gHA-specific Horseraﬁ&-iﬂ@-‘iﬁbidﬂ%e - conjugated probes. Plates were

devel oped and anal yzegBag3 descrCoek@boye CTECFoEsg UM Ctgma cell lines were
%rct.rc]n](.)fg sion of HCo7 nouse,

Deprcasthy the ol | oy Zhnt i boii boteC SE3 8t (lieed @b alonal Toar' K

anti body with the nucABd2S de seGUENsgS gCAELYT DCIGETT L@NECT ghd t he am no
aci d sequences: SEQ | 2 a . : gaét gG |, x
anti body wth exactl yRP@same g‘%g%éA g:g%a](;?%ﬂg‘ quegggg&gg‘qg‘ég:b SEQ I D NGs:

2 and 4. 7D8: a human nonoclonal 1gd,ic antibody with the nucl eotide

sequences: SEQ I D NOsy, 3° gafley and the am no acid sequences: SEQ ID NGs: 6
and 8. _11B8: a human ponoclonal 1gG3, x anti bo&y W th the nucleotide

sequenc®ds: SEQ | D NosABdband 11CeaaARA haN WAL AR d8uences: SEQ I D NOs: 10
and 25 12. The term "2F2" is used herein to designate both the antibody

derived from hyhridoma.clone 2E2 and t j dentigal ti pody. derived from
hybr i doma C‘vg]?{g%tk—dloorG, = orE,R—goer?—%ﬁ'orf,and%—kor)f.

PCR conditions used to amplify Vy and V|, regions for cloning 2F2 and
25 7D&: Polymerase chain reactions (PCR) were performed with HF polymerase mix
(Clonetech.) on a T1 cycler (Biometra, Westburg).
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4C9. The anti bodies of the invention can be switched to other isotypes as 30
determ ned by the transgenic or transchronosomal non-human ani mal from which
they are deMIF@85PCn one enbodi ment of the invention, the 11B8 human

nonocl onal 1gG3,x antibody can be switched to a human nonocl onal 1gd, K

i sotype having exactly the sane VH and VL sequences. |n another enbodinent,
the 2F2 1gd,K antibody or 7D8 1gd,K anti body can be switched to a human
nonocl onal 1g&, 1g&, 1gAl, 1gA2 or 35 IgE isotype having exactly the sane
VH and VL sBgRenodiions:69 GM - 055PC  Exanple 2 Anti body Sequenci ng of Human
Ant i bodi es Agai nst CD20 Sequencing of the VI and VH Regi ons RNA
preparation;: Total RNA was prepared from 5x106 cells of all 5 HuMAb CD20
hybri doma c® fCPBPsess §oredes 7D8 and 11B8) with RNeasy kit (Q agen, Westburg,
Leusden,s Nether hghgls) according to the manufacturer's protocol. cDNA
preparation of 2F2 and 7D8: 5'-RACE-Ready Conpl enmentary DNA (cDNA) of RNA
was prepared from1l g total RNA, using the SMART RACE 10 cDNA Anplification
kit (Clonetect 30ked | ow ng the manufacturer's protocol. VH and VL regions
were anpli f%@d%géi ng an cgdvant age HF 2 PCR Kit (Cl onetech, BD) and using
the fol lowi hg prAers? “AB°VK RACE2 5° GCA GGC ACA CAA CAG AGG CAG TTC CAG
ATT TC anne@ $Cilmi@- kappa VH RACE2 5' GCT GIG CCC CCA GAG GIG CTC TTG GAG G
anneal s;gn CH  cDNA preparation of 11B8: Conplenentary DNA (cDNA) of RNA
from 11188 cells was prepared from3 g total RNA with AW Reverse

Transcri pt a2e°C30s¢d t h buffer (Roche Diagnostics GrbH, Mannheim Germany),

ol igo d(T) 1&g ¢FroRE9a27-3hRdiIson, W, USA), dNTP (Roche Di agnostics GrbH,
Mannhei m Cﬁr)gmny), and RNAsin (Promega) according to the manufacturer's
protocol (2 & Lipsi on 3). PCR prinmers used to anplify VH and VL regions
for cloning: 25 Primer pairs used: VH FRI 5 priners AB62 CAg gTK CAg CTg

gTg CAg, JJC AB63 SAg CAq..CTg KTg gAq,. 30, AB65. gA .CA g gTg CAg
TC VH eader 5' opri ngag cﬂ%@'goﬂgﬁediﬁg'@@%@f"ﬁﬁ rﬂé’ég'ig‘%fgcy‘%g’%g Mﬂé-l% gAA TTg
ggg CTg Ag(PdlgmesBise B8 reatgorgpAR CR) Weggprrictmedg@hiaympliTaq polymerase (Perkin

Elmer) ona T1 Cycler (Biometra, Westburg, Leusden, Netherlands).

PCR cycling protocol:
20 94 °C 2 min
11 cycles 94 °C 30 sec
65 °C 30 sec, minus 1 °C per cycle
72 °C 30 sec
30 cycles 94 °C 30 sec
25 55 °C 30 sec
72 °C 30 sec
72 °C 10 min
cool down to 4 °C

30 Cloning of Vg and Vi in pGEMT-Vector System II (2F2, 7D8, and 11B8):
After analysing the PCR products on an agarose gel, the products were purified with the
QIAEX 1I Gel Extraction Kit (Qiagen, Westburg, Leusden, Netherlands). Two
independently amplified PCR products of each Vi and V|, region were cloned in
pGEMT-Vector System II (Promega) according to manufacturer’s protocol (1999,

35  version 6).

After transformation to E. coli IM109, individual colonies were screened
by colony PCR using T7 and SP6 primers, 30 annealing cycles at 55 °C. Plasmid DNA
from colonies was purified using Qiaprep Spin miniprep kit (Qiagen). To further
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AB88 ATg AAA CAC CTg Tgg TTC TTC AB89 ATg ggg TCA ACC gCC ATC CT -70 ~lI

GM - 055PC VH 3' prinmer AB90 TgC CAg ggg gAA gAC CgA Tgg VK FRI 5" priners
5 AB8 RAC AGMIG#§SPIg AYC CAg TC AB9 gYC ATC YRg ATg ACC CAg TC AB 10 gAT
ATT gTg ATg ACC CAg AC AB1l1 gAA ATT gTg TTg ACR CAg TC ABl12 gAA ATW(QTR
ATg ACA CAg TC 10 AB 13 gAT gTT gTg ATg ACA CAG TC ABl14 gAA ATT gTg CTg ACT

CAg TC VK |l eader. 5 pripers . AB 1 g CT g ggg CIC CIg 15
AB124 CCC w@we&%&%ﬁgww@a%r 11& g@ﬂbﬁgg’f‘g&&f%&uﬁ@ﬁ CTT CCT CCT
gC AB126 AVgthgrdhdSCAigdgmpnAvey pefformébaniditagéd onviigdvdse gel.i mer 20 AB16 Cgg gAA
gAT gAA gAC AgA Tg wherein K=Tor G S=Cor G, R=Aor G, Y=Cor T, andWFAor T. PCR
conditions used to anplify VH and VL regions for cloning 2F2 and 25 7D8:

Pol yner ase chai n r eacbdquercig®(R)2, i@8angddi B8k ndte Wi-tegiods rqgidnsmeerase mi x

d onet ech. ' 65 if Bi , : . . PCR
Condi 11 ong: SGATISR SReCSHRL if e PUENID, QL Syt eyt e
cycles 72 Baseclgpr{LeislegsNethetands): By sequmeeewerzanglyzed by aligning germline V-

gene sequences in Vbase (www.mrc-cpe.cam.ac.uk/imt-

doc/public/intro.htm).http://www.mrc-cpe.cam.ac.uk/vbase-ok.php?menu=901.

10 The sequences obtained are shown in Figures 53-58.

Example3 Recombinant production of 2F2 and 11B8 in GS-NS/0 cell line
2F2T: The heavy chain and light chain variable regions of the 2F2
antibody were amplified, using PCR, from a standard cloning vector, pGem-5Zf

15  (Promega), using primers which included an optimal Kozak sequence and suitable
restriction sites to clone the fragments in the GS constant region vectors pCONy1f and
PCONKk (Lonza).

After amplification, the fragments were purified and digested with the
restriction enzymes for cloning and ligated in the two vectors. The heavy chain variable

20 fragment was digested with Hind III and Bsi W1 and ligated into the pCONYy1f vector
which had been digested with Hind 11l and Bsi W1, and dephosphorylated with alkaline
phosphatase. The light chain variable fragment was digested with Hind 111 and Apa 1
and ligated into the PCONk vector which had been digested with Hind 111 and 4Apa 1, and
dephosphorylated with alkaline phosphatase. The pCONy1f/variable-heavy and

25 PCONk/variable-light vectors are shown in Figures 1 and 2, respectively. Transformed
E. coli colonies were checked by colony PCR and 2 positive colonies of each the heavy
chain (HC) and light chain (LC) construct were grown for plasmid isolation. Isolated
plasmid of these 4 clones was sequenced to confirm the sequence. Both of the HC
clones and one of the LC clones were found to have the correct sequences.

30 The two HC and one LC constructs were combined to give two
combinations of LC-HC and transiently co-transfected in CHO-K1 cells to check the
constructs for proper production of 2F2 antibody. Normal production levels were
reached for all combinations in this expression experiment and 1 clone of each of the HC
and LC constructs were chosen for construction of a double-gene vector.

35 Standard cloning procedures were used to combine the HC and LC
constructs in a double-gene cloning vector, designated pCONy1{/x2F2, by ligating the

complete expression cassette from the heavy chain vector, pPCONy1f/variable-heavy,
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72 C1 mn 15 PCR conditions used to anplify VH and VL regions for cloning
11B8: Pol ynerase chain reactions (PCR) were perforned with Anpli Taq

pol ynerase GME¥-633PCEl nmer) on a Ti Cycler (Bionetra, Wstburg, Leusden,

Net herl ands). PCR cycling protocol: 20 94 C 2 mn 11 cycles 94 C 30 sec 65
C 30 sec, mnus 1 C per cycle 72 C 30 sec 30 cycles 94 C 30 sec 25 55 C 30

pcEwT veot ot Spetish st el nepR et ‘g RN B PS Ror frsfoom

products ornna‘hglagér ose gel, the products were purified with the QIAEX I

Cel Extraction Kit (%ﬁgg@gt%ﬁgﬁ%{%m @ﬁg&%ogﬁﬂ%ﬁ dglﬁ | ARGE At ralRection in

|ndependentI1¥I n'E)|IfI pro regron were cloned in
pGEMT- Vect o HEyK{ eglly and(showiae gaymal esprestionyleves.manuf acturer s protocol (1999,

35 versipn 6). After Tﬁ@%fa@[é@éﬂoﬁ@ofﬂeﬁC(ﬁ\glf/dMngﬁsmimél‘é's (gﬁ:}q c&Plooni es

wer e screened fb ol ony PCR using T7 a SP6 pri 30 ann Ing cycles
at 55 C. PI&StH COF?‘Bﬁ?‘B{?P%ﬁ?r es was purified using Q aprep Spin mniprep

kit (Q agen) To furtméar_ﬁé’smlawaswdfaﬂ@hmsefahif@ctwﬂs@wlgébuﬁgegl ons, a
or for med SOSKEEA2 e blahStsstipiot St e o gl T

rformed Th
P/?regl gﬁs regrasisnWweomplets tigemizatch wﬁsmnﬁmmeahbyggarnsdghéehafwhomm Systgm
e SR DNR SR SLHRLTESY Abrea BEACLAR (he! don Nether) ands) . The

sequences werée ana gene sequences in Vbase
( WWW. nT c- cpe. cam ac. u‘&mltmsfedmsmmﬁ/@hqmml&s \h@rnperfpnmd byuelectroporatian cam

ac. Uk vbas ey i pRORRIBC Aothg (ALabERE 1AEH IR GhashRAFIRAVAD Sraflfelibd e gur es
53-58. Exanpl e 3 Reconbi’nan uction of 2F2 and 11B8 ©n GS—NS cell line

2F2T: The rf@élweewélmlbmé into W‘élifenlﬁe%ﬁf%q inpykatgda giedsctive mediyan opptaitdpg i hody
vere anpl i f10%1dlaﬂb%bﬂﬁetﬂqalfsﬁftﬁﬂ(cﬂ?@%fi@l@oﬁMbﬂﬂhmeS REHi R - Iaamnazef 15

(Promecs) . SSoS,BHETEL bl Shuunel 0o, 20, UL focal Seuenpe and
vect or s pCQyédrinimnethen the non-transfected cells died to leave foci of transfected cells. For

further details concerning GS vector systems, see WO 87/04462. The transfected plates
were incubated for approximately three weeks to allow colony formation. The resulting
colonies were examined microscopically to verify that the colonies were of a suitable

20  size for assay (covering greater than 60% of the bottom of the well), and that only one
colony was present in each well. Cell supernatants from 436 transfectants were screened
for assembled antibody by IgG,k-ELISA. Using this data, 111 transfectants were
selected for progression and further assessment in static culture. Cultures of the selected
cell lines were expanded and adapted to low-serum containing medium (containing

25  bovine serum albumin (BSA) and added 1% dFCS) and a further assessment of
productivity in static culture was undertaken (ELISA and measurement of percentage
confluence). The 65 highest ranking cell lines were selected for progression. A
preliminary assessment of the productivity of the selected cell lines was made in batch
shake flask suspension culture in low serum-containing medium (containing BSA and

30 added 1% dFCS). Based upon harvest antibody concentration (by ELISA) and
acceptable growth characteristics, 30 cell lines were selected for further evaluation in
serum-free medium using a batch shake flask suspension culture. The 10 cell lines that
produced the highest antibody concentrations were further evaluated in duplicate fed-
batch shake flask suspension cultures in serum-free medium. Product concentrations at

35  harvest were determined by protein A high performance liquid chromatography (HPLC),
according to well-known standard methods. All cell lines produced 2F2 antibody
(denoted 2F2T) in good yields in the range of from 671-1333 mg/L as determined by
protein A HPLC.
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PCONx (Lonza). After anplification, the fragnents were purified and di gested
with the restriction enzynmes for cloning and ligated in the two vectors.
The heavy cGMR053RCG able 20 fragnent was digested with Hind Il and Bsi W
and ligated into the pCONyl If vector which had been digested with Hnd I11
and Bsi W, and dephosphorylated with al kaline phosphatase. The |ight chain
vari abl e fragnent was digested with Hnd Il and Apa | and ligated into the
PCONi ¢ vector which had been digested with Hind Ill and Apa |, and
dephosphoryl at ed wi t h! BB87al imesiptilas plagtadESNSTheel PNy § ésviisladdl fer heavy and
25 PCON / vat,] =1 . ' i . I | vel

Tr anst or medocnoia ALy RGP FRf(fenpdTnsT) oHiS ol BB KGN0k BRRFTH .
col oni es ofslightlnas fdlowsavy chain (HC) and Iight chain (LC) construct were
grown foy plasmd i Sofﬁh't%sfe&t%s%tfm/o H&s@%@ﬂsdw% pEH@ﬁﬁed‘lb‘ilefé@F@

sequenced to, COEI(g ‘g]#zﬁi seq uence Bot h _of C | ones and one the LC
cl ones wer eVitBa D é‘S‘thé %W@é@e%réﬂﬂérﬂi@@ 3éf¢h6x¥%1q8¢h“a¥?§u@% LC
con ft r uc]E s Mdsﬁc_ascmmm&@ﬁcaloy olgi \)‘é@lfff Wt the @B1INRR twepd 61 QéultaG]td-i(?zeafBelaisﬁy?mSI ently
co-transfec i uc or

producti on §fY ?ﬁ%ﬁ??rﬁhﬁ?%ﬁcﬂf OE\D ?ftctp?gﬁﬁ?@fttﬁ@t?é}@ne? ﬁ‘é’ﬂsfor al |

conbi nat i ongresent inhéash evetly edbsuparmatapesrframe 696 &ankféctmitmwere(n‘crc&aed]fcmf t he HC
and LC gpnsiLlehisg %ﬂ%&&%&%@&é ELI§£36%irng(ﬁrllrET§Qta QCPtx AR a‘i&&ﬁ%@ sYEGEE" -

St andard cl oning proce Wer € use cons ructs

in a doubl efogemr@sl@nuangfmﬂmmsesmt gm\at@opq!m@\uﬂulmm thiyselgaitegiellng t he
conpl ete exl?ﬂe@%%r@@xﬁ%ﬁﬁé@ﬁﬂogaél; E@H‘t& PAv- E@aﬁ%oﬁmhﬂg Mﬁﬁﬁﬂ{ (coRfafMe bovine

f/vari abl e- heav C Into @ngjﬁlca'n vector
d 1 er¢1f@$3;an9‘ gher agsespiaei ofPFOdBFtiYiREIN3. Thi s

GM
pCONi ¢/ var i 5&5‘!’%—‘4‘1"5}1{1 (B§Aea
const ruct vmalca@ﬂﬂufh WaGrideaiRdn (ELISA tafd measlaeﬁléxﬂrbfl enbnﬁag@a@ffﬁfémeqnm@

SN AT R N KNI R T

Li near pl aslined fovashiph @nﬁuemlbodatsmbhﬁavhrlmiemm almprog;es@hdgeﬂsprehmmary
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performance liquid chromatography (HPLC), according to well-known standard
methods. Based on this one of the cell lines was discarded. The resulting 9 cell lines all
25  produced 11B8 antibody (denoted “11B8T”) in good yields in the range of from 354-771
mg/L as determined by protein A HPLC.

Example4 Comparison of hybridoma-derived 2F2 and transfectoma-derived
recombinant 2F2T
30 By use of gel electrophoresis (SDS-PAGE and native agarose gel
electrophoresis) it was shown that 2F2 and 2F2T are of the same size, and only slightly
differ in electric charge.
Furthermore, 2F2 and 2F2T bind to CD20-transfected NS/0 cells and Raji
cells with similar affinity as measured by flow cytometry using FACScalibur™ (Becton
35 Dickinson, San Diego, CA, USA). No binding to non-transfected NS/0 cells was
observed demonstrating the specificity of 2F2 and 2F2T. 2F2 and 2F2T also induce
CDC in a concentration-dependent manner to the same extent in ARH-77 cells (IgG
plasma cell leukemia), Daudi cells, DOHH cells (refractory immunoblastic B cell
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determ ne when the non-transfected cells died to | eave foci of transfected
cells. For further details concerning GS vector systens, see WO 87/04462.
The transfechMHs8mtes were incubated for approximately three weeks to
all ow colony formation. The resulting colonies were exam ned

m croscopically to verify that the colonies were of a suitable 20 size for
assay (cove]rin reat er th n %( I the hottomof the well), and that only
one col ony 3Wé’gl %‘F‘é’é‘éﬂ?ss% regiollguar centeqblasticisentrplytibymphomn LWSHIZ,
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charactﬁjrl stics, 30 cell lines were selected for further evaluation in
serum free medi um usi ng a batch shake flask suspension culture. The 10 cell
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progr essi oncondiionssthereforadewermen fluarescenge intensitiey faampared ftoLﬁFésar%f t he

sel ect ed cebpserelines were expanded and adapted to | ow serum contai ni ng

medi um (cont ai ni ng bovine serum al bunmn (BSA) and added 1% dFCS) and a
further assessnment of productivity in static culture was undertaken (ELI SA
and nmeaxurenent of peECenaagen/QoBids\weremined bBp@ow cytometry: In order to

determine the apparent affinity of 2F2 for CD20 expressed on human B cells, a binding

curve was made of 2F2 using isolated PBMCs from three human donors and gating of
CD3-negative cells. The isolated PBMCs were incubated for 1 hour with a
concentration range of FITC labeled 2F2 and analysed on FACS, and the mean

30  fluorescence intensity (MFI) determined. The MFI values are shown in Figures SA and
5B as a function of the antibody concentration. The ECs, values were calculated by use
of Graph Pad Prism 3.02 by non-linear regression. The ECsy value of 2F2 in humans
was similar for all three donors with a mean (+ s.e.m.) of 287 £+ 12.7 ng/ml (1.9 + 0.1
nM).

35

Binding of "% I-labeled mAbs to CD20 expressing cells: mAbs were

jodinated using Iodobeads (Pierce Chemical Co., Rockford, IL). '*I-labelled mAbs
were serially diluted and incubated with Ramos-EHRB (cells for 2 hours at 37 °C in the
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15 60 hi ghest ranking cell lines were selected for progression, and an

additional 13 cell lines for which productivity data was unavail able were
al so progr e&ME05FPQrel i mnary assessnment of the productivity of the
selected cell lines was made in batch shake flask suspension culture in |ow

serum cont ai ni ng nmedi um (cont ai ni ng BSA and added 1% dFCS). Based upon
harvest antibody concegntration (by ELISA) and acceptabl e growh
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cells using )T escel n-conj ugate sg onal  “anti1 bodi es for
det ect i Yy banpaexigatsly tvige the npmbex afvpl B8 snddp hmolggulen dpued rthe eellss of Human
Ant i bodi es Against CD20 Binding to different cell lines: NS/ 0, NS/ 0

transfected with huma . . _
Bissociation rate: To determine the dissociation rate of the mAbs,

Ramos-EHRB cells (final volume of 1 ml in the presence of azide/2DOG) were
incubated for 2 hours at 37 °C with 2 pg/ml '*’I mAbs to achieve maximum binding.

25  Following centrifugation in a microfuge (2000 rpm for 2 min), the supernatant was
removed, the pellet quickly resuspended in 1 ml medium, and immediately transferred to
9 ml medium at 37 °C in a 15 ml conical tube. At various times over the next 2 hours,
0.4 ml samples were removed and separated on phthalate oils to determine the level of
radiolabeled mAbs remaining on the cell surface. As shown in Figure 8, both 2F2 and

30 11BS8dissociated significantly more slowly from CD20 than rituximab or B1.

Dissociation rates of anti-CD20 F(ab), fragments: Ramos-EHBR cells
were saturated with 2 pg/ml of 12]_labeled F(ab), fragments of 2F2, 11B8, and
rituximab, respectively. The Ramos-EHBR cells were washed and incubated in the

35  presence of a high concentration of the unlabeled antibody. The maximal (initial)
binding to Ramos-EHRB cells was set at 100%. At several time points over the next 3
hours following loading, 0.4 ml samples were removed and separated on phthalate oil to

determine the levels of radiolabeled mAb remaining on the cell surface. As can be seen
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CD20, Daudi and Raji cells were incubated for 30 mn at 4 Cwith culture
supernatant containing human anti bodi es 2F2, 7D8, and 11B8 fol |l owed by

i ncubati on GMRhOFSPAC 15 conj ugated anti-hunman 1gG Ab. Bi ndi ng was assessed
by flow cytometry using a FACScalibur flow cytoneter. Fluorescence
intensities were conpared with negative control isotype matched sanples. As

shown in Figqure..4, hr tj bodi es bound t S[O cel | s_transfected

wi th human ,lg'dﬁﬁ?r ég aﬂ%%ﬁﬁﬂﬁﬁ&‘ﬁ%@‘“&%@f’%ﬁowg é%ﬂ‘é]l‘ﬁ girface of CD20
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oF2, 7D8, %@@f@é&a"reél’ %%g?gggf 23 .kab%%e%(f RalegEs XVS%‘};{FW%WEQ%Y br"31 B9
wer e t est edhenrsieThevkntksmitvahus ifor2F2¢ b3S T, iaod situximaeb efearattuldtadves fotteast
fluorescence intensities conpared to 2F2 are observed. 25 EC50 val ue of 2F2

as determned by flow cytonetry: In order to determ ne the apparent
affinity of 2F2 for CD20 expressed on human B cells, a binding curve was

made of 2F2F@Esh,mF2i kRPE 4 24, F&Bwssni‘zmmdok(g&@%wmnod@ws and gating of
CD3-negative cells. The isolated PBMCs were incubated for 1 hour with a
concentration range of FITC | abel ed 2F2 and anal ysed on FACS, and the nean

30 fl uorescE@bp iB8EANRS +¥n PAL (sec)eie?/aD0te@ec) 1R 7MAI0\sat les are shown in

Fi guresléA and 5B as a function of the antibody concentration. The EC50
val ues were cal cul ated by use of Gaph Pad Prism 3.02 by non-linear

regr essi on. Fehp riE@Sitabakyre Irod/t26E2c)ininUst00gseoas] . 3 krtiol*aec f or al | three
donors with a nean (t s.e.m) of 287 12.7 ng/m (1.9 0.1 nM 35 Binding

oft 251 -1 abel ed mAbs to CD20 exgressj ng cells: mAbs were iodinated using
| odobeads (Pierce Chedtd4iDmAb Renskiprn! @ff nates: Timsmpagird|thegdowm®dd  wer e
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e - - ) e of sodium azide an - deoxy. se to preven
endocyt byi sendpfanin ST Clfiovers e adaiqtandh Lo Rpfioni B56 ey Yéar at ed
by centri f ugatypebomtol hétibB&dy, washed@id Indtibited ihmedigh for diffdretteings paiits.hAk at e
oils, allow,ng rapid separation w thout disturbi.ng.t bi ndi equi | i brium
The pellete egeeﬁnpgpfng eﬁﬁérstaWO?ﬁheo%?Wd SWIF%WSV ‘{Rg}bﬁeﬁh‘@ﬁ‘ ‘é%ﬂglgﬁgts using a
gamma count @roriyliiunzan sekan 26 volNyélvo an&ehenesqubaléi forrmotiieodh min aF3YtC.e 6, 2F2
and 11B8 exhi hi i I Si A j J: : Ve i ng that
both anti bo?b%géfbe?’n%hv%? {lﬁ@ls %Q‘F%’?‘l“gz{ {‘)?ﬁf\t Y. }Jlj%s\?\ﬁng/@rn(p po%i‘?ggplgg@gj_r sg@éfsngat a
| over | Vel methed. g % hied ealls{Gl-positive eellslare ghoweih Figuief Hdr drauds eslls) of
CD20. Thi s F%uﬁ:' B ;SU-@IHI?@JS@@ as fuldcor & ihEati6X BRIl @FQ"incﬁR@H‘h&ﬂ dipat a
simlar 10 ndnber of 2F2 and rituxi mab antl I bod}/ nol ecul es. bi nds to (ﬁDQO on
Ranos- EHRB Hepqth cell lines, and still lysed up to 90% of the cells after 6 hours, indicating that the

CD20 saturation of the cells remained sufficiently high to induce complement-mediated

lysis of most of the cells. Rituximab, in contrast and in agreement with the above

25  dissociation rate studies, dissociated rapidly from the cells and failed to induce specific
lysis following the 6 hour incubation period. 11B8 was used as a control and did not

induce CDC.

Example 6 CDC of Human Antibodies Against CD20

30 Serum preparation: Serum for complement lysis was prepared by
drawing blood from healthy volunteers into autosep gel and clot activator vacutainer
tubes (BD biosciences, Rutherford, NJ) which were held at room temperature for 30-60
min and then centrifuged at 3000 rpm for 5 min. Serum was harvested and stored at -80
°C.

35
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and Daudi cells, as shown by the simlar |evels of binding saturation
(approximately 2-3 x 105 anti body nol ecul es per cell). 11B8 and Bl, in
contrast, s&MiI-a53P@t half this level and only about 1-2 x 105 anti body
nol ecul es bind to the Ranbs-EHRB cells (Figure 7A) and Daudi cells (Figure
7B). 15 To exclude the possibility that the iodinated antibodies bind via
Fc- receptors, binding, curves were cqnfirnmed b of .anti-CD20 F(ab')?2
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m n, appr oxantiody ydBDeslyfshowe ifFFigbie2l IB)t uxi mab nol ecul es were bound to the
cell, whereas half of the F(ab)2 2F2 nol ecul es were dissociated after 3
hours. The kd (kff) values for 2F2, 11B8T, and rituxinmab are cal cul ated as
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concentration range of NHS was added. At 45 min after induction of CDC, cells were
resuspended in PI solution. Cell lysis (number of PI-positive cells) was measured by
25  flow cytometry. Figures 12A-D show the percentage of lysed (PI-positive) cells as a
function of NHS concentration. Figure 12A shows cell lysis of Daudi cells, Figure 12B
cell lysis of ARH-77 cells, Figure 12C cell lysis of DOHH cells, and Figure 12D cell
lysis of Raji cells. Increased lysis of cells was observed with increased NHS
concentration. Addition of 2F2 caused maximal lysis of Daudi cells at the highest NHS
30 and antibody concentration. Rituximab induced about 50% cell lysis of Daudi cells at
the highest NHS concentration.
In ARH-77 cells, only the highest concentration of NHS and 2F2 led to
approximately 75% cell lysis. Lower antibody concentrations were insufficient to
induce ARH-77 cell lysis. Rituximab was not able to induce cell lysis of ARH-77 cells
35  in this experiment.
2F2 was able to induce NHS-concentration dependent cell lysis of DOHH
cells at both the high and the low concentration, whereas rituximab was not able to
induce lysis under these conditions.
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di ssociation rate conpared to rituxi mab was assessed in a functional CDC
assay. To this 15 end, Daudi or SU-DHL4 cells were pre-incubated with 10
g/ M anti-COMI-08POr an isotype control antibody, washed and i ncubated in
mediumfor different tinme points. At these tinme points after start of the
assay, sanples were incubated with conplenment (normal human serum 20

vol /vol %9 and then ingubat f.or a r 45 mn at 37.C.. Thereafter, cell
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suffi ci entl yntbold (dfa htdHEE&nEONPl ement - nedi ated |ysis of nost of the cells.
Ri tuxi mab, in contrast and 1h agreenent with the above 25 dissociation rate
studies, dissociated rapidly fromthe cells and failed to induce specific

lysis follow ng the 6CIeVanibdgybpution MR hefurcihS8biBsottaean@egocontrol and
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ysis was reached at an antibody concentration of 10 ug/ml. At its highest concentration,

rituximab induced lysis in only ~23% of ARH-77 cells, and in only ~6% of Raji cells.
In a similar experiment, 2F2, 2F2T, 11B8T, and rituximab were

25  investigated for their ability to induce CDC of Daudi and Raji cell lines, see Figures 14A
and 14B. Also in this experiment more than 80% lysis of Daudi cells was observed with
(transfectoma-derived) 2F2T at 10 ug/ml, whereas rituximab reached only to 60% lysis
even at 10 ug/ml, cf. Figure 14A. Lysis of Daudi cells with 2F2T was identical to the
lysis obtained with hybridoma-derived 2F2.

30 Lysis of Raji cells was more difficult, but again both 2F2 and 2F2T
induced lysis of Raji cells to a similar extent (Figure 14B). Rituximab was not able to
induce CDC of Raji cells which is in agreement with the experiment shown in Figure
13D.

As can be seen from Figures 14A and 14B neither Daudi nor Raji cells

35  were susceptible to CDC by 11B8T. B1 induced lysis of Daudi cells, but only to a small

extent, and was not able to induce lysis of Raji cells.
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Daudi cell lines, whereas the cell lysis of the DOHH cell line was -50% and
|l ess than 20%in the ARH 77 and Raji cell lines. No lysis was observed with
the 1gG conGMI-055#¢Ci body (data only shown in Figure 11B). 20 CDC serum
titration: In a separate set of experiments (n=5), NHS (normal human serumn
was titrated at two different antibody concentrations of 0.5 g/m and 5

.tg/m. Cells were pr bate &Jb 5’%4%0]2 qlftlig ,Igra(%for tﬁ@, Dg} before a

Concent rati on range o
cells were acrtﬁfml3);5emlﬂﬂltllbﬁd)PIelmiedhm@ﬂibral@;bdrmlemh@ \&ﬁuh”sb@;&ed)lﬁsu@ FAQSI t i ve

I | t th t
of I ysed (P wg & rrOpiofih |ouRlt Y SUTR densT BHINT DR B SO e fedhef o o S5
shows cel | iesuspendadiiv IRPM/ 1% BYA gui & 102@®Istll [Vdripsis somenitdiens df cel | s,
Figure 12C gghln h¥abdoidl fa.%'éﬁléé%é@ ad A Veeglyﬁlﬁh 1R 4R Allodgﬁm nffio RAJ

cells. Increased ?1/5|s S was o wth incr
concent r at i 6R20 88dhe ¢dls forr 13D mip akroamptasperature.y Shereafter gmum agasowceef t he

hi ghest NHSc&Qplam@mamsl éaaayt&a)ﬂﬁﬁrébﬁ@etnt@mnmm (\%Padd‘lﬂé'ﬁﬁfétu?é%%e 50% cel |
| ysis of Daudi JC%) g S} gt}E HS concentration. QRH- 71 cells,
only the hifaetaecioné HPP&{ on redlsamere shepkeptat 4 ¢ “‘&Hﬁf‘ sisnEathy 750
Z eR u 7I7y3| IsI sdnqyle(lsa)rnl) b@dmeg@dd@hbrmtulcmm mwondm)tﬂgf/mﬂxﬂrﬁspﬁ a HA%(;I:%?

mab wa i n SiS.0
oot o BE' | wh¥p rhe abts W RsYS Rhe R Ao Rbet st if Fight
dependent CMA IKPsind 7338 §boMidd supdrios CRAC haivitytcompharegito situkimbak. | ow
concentration, wherea er th
conditions. 79 GM - 05§)P%£w'lt£'HM F?;Qn\‘l@eé&'&‘é’ltlsdﬁgﬂgg thl??él %gﬁggﬁ?ééﬁngﬂ%%pendeﬁfe
lysis of Rajmitibodics gs abapsi drn was qsirﬂngl ingbated i PBY forsdd win & /9 prigsio thao | ysi s

was obser veghaiddlof deﬁdﬁ)@eﬁﬁxb Th3 chf\RSEHAXHRY WABBYIS bolAd 'td’ﬁxb%el‘l‘@ﬁth@hﬁﬁrVEd
with the isofype cg&trol {]aH body . (data ot shown

ody
titratibh: ccAEme leow@saml VO@F“Y%C Fmeﬁéer C%lhltYPlsoaaSé OVB 14 nduce CDC
at | ow COnCEigtlfeaUg}Id&cre@d&d@ﬁﬂ@htt:iﬁptwﬂﬂ'@uﬂﬁfcfr@itﬂﬁdxabﬁﬁgm@argﬂ h@zﬁmandomo es
were titrated. (pn=6),.,Vari ous ¢ A re-inc t W t 1
boncent s a1 BdiceRg ias B3 aGfbodies B2 41 7B8ERE ol Ry Wt Btk
NHS was adpeat to Mid &iditddn ofisarunmcubati on at 37 C (when nmaxi mal |ysis occurs)

the cells were resuspended in Pl solution and cell lysis (nunber of
Pl -positive cells) was neasured by flow cytonetry. Figures 13A (Daudi

cells),203B (DOHH cel £OC aanay phwpti-¢P20dn Raji cellsanélll%@pt(‘mjwas&éqsqsseﬂ show t he
percent age 9§1né Rﬁﬁ’ dellR \JVhlBHﬁh\tfé I\éﬁa}lvgﬂmg% ﬁﬁfa@e Eieﬁ}esxsid?{bf@Dé-Ssarﬁf@D?@Qﬂd
concentrati glerefore are %nore reswtz{nlt %ouc):((;mnalemler?t alflthGk ﬁur(rzlgril1 gr?t tord?e;[slvee?e g(?cﬁ:?indent
Raji cells and allowed to bind for 15 min. Human serum (20%) was added and the
mixtures incubated for 45 min at 37 °C. As shown in Figure 16A, rituximab was
25  ineffective in mediating CDC of Raji cells whereas significant levels of cell lysis
occurred in Raji cells opsonized with 2F2 or 7D8. Accordingly, 2F2 and 7D8 have a
unique capacity to lyse CD55/59 positive target cells.
In a separate experiment, Raji cells were pre-incubated with saturating
concentrations of anti-CD55 mAb (final concentration of 5 pg/ml) and anti-CD59 mAb
30 (final concentration of 5 pg/ml) to block the effects of these complement defense
molecules. Human anti-CD20 antibodies were then added along with serum (20%) as
above for 45 min at 37 °C. As shown in Figure 16B, the blockade of CD55 and CD59
molecules resulted in almost 100% lysis of Raji cells with human antibodies 2F2 or 7D8
whereas only a 25% increase in cell lysis was observed using rituximab.
35
Role of complement inhibitors I — Expression of surface molecules:
Since complement inhibitors such as CD55 and CD59 appear to play an important role
in susceptibility to rituximab-induced CDC, an experiment was performed to determine
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increase in cell lysis. 2F2 induced nore than 80% 1 ysis of Daudi cells upon
addition of 2 g/m, whereas with rituximab this | evel was not reached even
after addi tiGMI-OS5RO g/ m . Furthernmore, 2F2 induced nore than 80% I ysis of
DOHH cells at 0.4 g/m, whereas mininmal |ysis was observed with rituximb
at this concentrati on The maximal 20 lysis of DO-lH ceI s with rituximb

(-30% of to cel I. zed) reached I nductjon_of lysis of
ARH 77 and eixpgeéﬁogo bP/ °W§V@ %@Prﬁaﬁ?}f 1gets|q %%“gl"‘?%'} @%Qa}“@ached at
an anti bodyDﬂiﬁdeARHaﬂ and SU-DBlIg4) . At its highest concentration,

rituxi mab induced lys 0 % of

Raji cells. In a sim F§?Icél}?g\gérri\éﬁ%%fé&vgwgopﬁga&@lm%ﬁas llr]d):(iﬁ%%. (%vere 25
i nvest i gat eant-6D20matibodips #1d moleeulenetpessiop®asiangiyeed bsaﬂ@lwmajmnqtm IThei nes,

see Fi gus esrekfis ardRBoviA B thelbeRw Tatibi s experiment nore than 80% | ysis of
Daudi cells was observed with (transfectoma derived) 2F2T at 10 g/ m,

whereas rituxi mab reached only to 60%I9‘§les even at 10 g/m, cf. Figure
14A. Lysis of Daudi cells with 2F2T was identical to the Iysi s obtai ned

wi th hybridgpa-derived M sis of Raji | s was nore ficult, but

agai n both %‘&Qr S 2F2T |ﬁ(8[a%%d | ysi s of gé?% cells to aC@S | ar extent
(Figure 14B)ARIrR|7t7UX| mab wastinot able to i+ndkce CDC of Raj+ cells which is
in agreemeng.w th the experjinment shown in Figure 13D. As,can be seen from
Figures 14A and 14B neither Daudi nor Raji cells 35 were susceptible to CDC
by 11B8T. BPQHduced |ysis ©f Daudi cells,*but only to a $#all extent, and
was not abl gutpygiluce |ysisof Raji cellsy 80 GM-055PC €PC activity of
anti-CD20 in Daudi cells: To determine the CDC activity of each anti body,

el evat ed mePBEdine permeabi Ity was assessell using FACS ~ahal ysis of

propi diumiodide (Pl)-stained cells. Briefl y, the Daudi cells were washed

d ded in RP % BSA, at 1 106 ti
of 5 human monocl onal AalRysAPEGenE kAt T Behes o et Dind 19 | oved
to bi ndl@o fuzih2dstady theeoles bl €D56rand T imianti-AID2Gimdutein@PCabetheompleareanf t er
serumas a RMGAS Rflec FQTRLE BRkedBPoBUFR dnliBodled bR BRACRAL LAHEN O 20%

(v/v) and t ures were ‘1 ncu e ce Is wer e
t hen kept atn=).CRancells wergluged becateamly partipl lsig 98¢ inducedhby 2healoneld@dit o 10 1

of Pl solutigp (ﬁ%ol(}?/cgi‘ls/%‘ f}’@@re 1R-i Ecxﬁf%ﬁﬁv%%&b‘&ﬁen&hﬁon% %ﬁ%dassessed

i mredi ately by flow ¢ Fi gure nd 7D8 showed

n
superi or CDG%PF‘?/FO@ﬁ%EbWﬁhPBH'QWSrGStH&mM ah?ﬁ@%@d&ﬂﬁﬂll)ﬁlﬁ)‘é?‘ihﬁ%f?{ OcelI's
were | apgl emlwﬁemrbpmed NHB1095)3Vas adbéd. batd EmisftaigdiRtioh Bﬁ(ID&a%Elﬁd and

Thi s ensur eAEHEEBAIFAIRET BBYITLGLHEDES (HBbE T PLEPHHESFlshyat BeBRr&Ey im
addi ti on waby 8vei dyadrhetryt. oFigares VA eC sloowpthe perdenfage of Biséd (Bigjositivéscefibasun i n
function of antibody concentration, and show one experiment which is exemplary of
three experiments. Figure 17A shows incubation of Raji cells with anti-CDS55 antibody,
20  Figure 17B incubation of Raji cells with anti-CD59 antibody, and Figure 17C incubation
of Raji cells with anti-CD5S5 and anti-CD59 antibodies.

As can be seen in Figure 17A, addition of anti-CD55 antibody did not
influence 2F2 or rituximab-induced CDC. Addition of anti-CD59 antibody increased
susceptibility of the cells to both 2F2 and to rituximab with ~30% (Figure 17B).

25  Addition of both anti-CDS55 and anti-CD59 further enhanced anti-CD20-induced lysis of
cells with ~30% (Figure 17C).

Role of complement factors, as determined by flow cytometry I - Clq
binding: Anti-CD20 antibodies (2F2 and rituximab) and an isotype control antibody
30  were added to various B-cell lines. After 10 min incubation, NHS (1 vol/vol%) was
added. After further incubation for 10 min at 37 °C and washing of the cells, the
supernatant was discarded and the cell pellet was incubated with FITC-conjugated anti-
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Figure 15B, decreased CDC activity was found for rituxi mab conpared to 2F2
and 7D8 indicating that the human anti bodies (2F2 and 7D8) are not affected
by washi ng GMI-088#G prior to the addition of serum 20 CDC activity of
anti-CD20 in Raji cells: CDC activity was assessed wusing Raji cells which
have relatively high surface expression of CD55 and CD59 and, therefore,
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nol ecul es oﬁﬁph@rtﬂ;eb@wbqtnoﬁégd ei\ﬁal@flg Pfﬂh@%ﬁlﬁg élﬂq Pempiant wagdisearded andythe

AR}'("_‘ 77, andceﬂbdﬂ@l—wﬁé }nCJMedJﬂ'ith FIT€cBnjuipated @ﬁftl-‘@% Ianﬁlb&@' Tdth SR Ridan
antl -

CD59. and 20 .ant.1 Qodi d .npl.ecul es ,LONn was
Snal v ol by Hhesssseass nfdeiny SF sqi Stanedduth C2 aribard Aewiftep &t bt B DRdie. 1
Table 1 Expt%@ARH T2 XCOBOHEDSEhd IARHRA]) (=6 + Comptem&ajfactor Gde fixation DO—IH ++
+++ ++ +4 udi o+t + | | inhihi;tors Il -
Bl ocka de of Pg]géwas c%fna%ga:lteql??n gﬂ BcE1 finés teﬁ%d ?n‘—oj), SRR W AE AL r@pch% Lers
ng/ml of antibody. Fixation of C4c after 2F2 binding was much higher than after
rituximab, irrespective of the cell line tested. No increase in mean fluorescence was

20  observed with the isotype control antibody (data not shown).

CDC in heat-inactivated serum: Cells (Daudi cells, ARH-77 cells or
Raji cells) and antibodies (rituximab, 2F2, 2F2T, 11B8, and isotype control antibody
HuMab-KLH IgG1) were pre-incubated in a concentration range of anti-CD20
25  antibodies for 10 min, before NHS (active or heat-inactivated in a water bath at 57 °C at
30 min) was added. At 45 min after induction of CDC, cells were resuspended in PI
solution. Cell lysis (number of PI-positive cells) was measured by flow cytometry. No
lysis of the cells was observed in the presence of heat-inactivated serum, irrespective of
the cell-line and CD20-antibody used, no CDC was observed in the presence of heat-

30 inactivated serum.
Example 7 ADCC of Human Antibodies Against CD20 ADCC Assay I

Enrichment of human neutrophils: Polymorphonuclear cells (neutrophils,
35  PMNs) were enriched from heparinized whole blood. Blood was diluted twice in RPMI
1640 and was layered on Ficoll (Lymphocyte Separation Medium 1077 g/ml, 710 g, RT,
20 min; BioWhittaker, cat. 17-829E, lot no. 0148 32) and centrifuged at 2000 rpm for 20
min. The mononuclear cell layer was removed, and erythrocytes within the pellet
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10 further study the roles of CD55 and CD59 in anti-CD20-i nduced CDC, both
conpl enent i nhibitor nolecules were bl ocked by specific antibodies prior to
i nduction oGMDG53PE3). Raji cells were used because only partial |ysis was
i nduced by 2F2 alone. Raji cells (1 x 105 cells/50 |) were pre-incubated
with a concentration range of 2F2 and rituximab together with anti-CD55 (5

/ t' bodi f 10,15 f 00l S
0L R Al B B e e N G BB o
in Pl sol ut N6hCl,a8IhM NsHE O iV EITA) ppad).t neremuhmg nemsophilasereed by
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m n incubat W&hﬁmﬁgpgg/(gm%mm addegheqAf ter further incubation for 10
mn at 37 C and washing of the cells]; the supernatant was di scarded and the

cell pellet was incubated with FI TC—COI’I] ugated anti- -82 1 GM-055PC C 1| q
ané i body. Data sgow nﬁ@m:dkmpespa atsqﬁesﬁlylAgg&té%Blcsllﬁblaﬁch-wt h SgSD
an ar e e | n
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i ncrease | nhdmrmdAlftgr miteﬁvm@ngERPMI-l@;S]meeetlismre)hdjukted B tellD’ tdlisénl.

| nvest gat e WPGROYSE 1o DDA 09\ E40ERNES FyaL ISl Lf han bi ndi ng

by rituxi mab, th arr S es m ean- flor escence
was obser vestnsitizingtangbodies (Hauly @nd BIBIMIaHi GSIQOd}/W(‘:Eeﬁddemtﬁ roghdhptfomRol e of

conpl enent  fagth ePpla (éﬁtlﬁefr'ﬁlg Qﬂle@mf)ﬁop‘h&&hﬁmteﬁ méﬁnan%)o%@dﬁﬁg oated cells

activation via t e cl.assi cal rout FI xati on_ of

10 i s affi ndtaded byadding teget ¢ells GA %)rglwgmfm@bﬁ@lu@@tqf@&l@ bk e igo {“ﬁ@ cl assi cal
route. Anti offR6 RN, MdfeHor (o?ﬁ?gﬁe@(ElT teIth%Q)w@d’hﬁbedn Fbﬁ@hbﬂl@@)ld‘cﬂn&ﬂ ol

ti bod d t t 37
e {1“’5%15?@%0%93 YRR Y SsekiepRpsnonfiREs: ah tiiatd et 1o JHER M of ¢ ho

cells, the sliperrfetr arubaem Gitmassy 828CHaskayheerecstdpe &l lcettrifiagationcant t@&d with
FI TG conj uggi&d. ABlY t_ri%ﬁgatgsr\&"asbr%gé/surelaqﬁ Lodtd Peiftlte (cpm) in a scintillation

25  counter. Percentage of cellular cytotoxicity was calculated using the following formula:
% specific lysis = (experimental cpm — basal cpm)/(maximal cpm — basal cpm) x 100
with maximal >'Cr release determined by adding perchloric acid (3% final

30  concentration) to target cells, and basal release measured in the absence of sensitizing
antibodies and effector cells.

Statistics: Data were analyzed by one-way ANOVA, followed by

Tukey’s multi comparison post-hoc test. Analysis was performed using Graph Pad
35  Prism (version 3.02 for Windows, Graph Pad Software, San Diego, CA, USA).
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15 fluorescence intensity of cells stained wwth C4c and are depicted in

Fi gures 19A (Daudi), 19B (ARH77), 19C (DOHH), and 19D (Raji) (n=6).

Conpl enent 1GMI-®SSPEc fixation to 2F2 was denonstrated in all B-cell lines
tested (n=3), with a maxi numreached at -1 gg/m of antibody. Fixation of
C4c after 2F2 binding was much hi gher than after rituximb, irrespective of

the cell line tested. ,No. qu scence wa rved with
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st rept oryci ANQYVA) aMareasgr.2E3rmesized srecHicdysis pr %eﬂ Szafteﬁmcrq E’sm
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B-cells or f S. b Aner sham
Bi osci ences, E%EJBE%%)E& ﬁ%@gﬁ‘))of uxémaﬁglf?) &JIAM\BQ%%%PW}%? Mg in
RPM - 10, thebMd@nWﬁemﬂcusfMch& x 105 cells/m . \Wole blood or
i sol ated effector cel IB%C&I%Q lrl’tu)Mﬁgﬁ Wag)%)to ﬁ{edﬁkea&ﬁti(fé Q\ﬂdﬁ but not CDC of

25  the tumor cells tested, it is likely that whole blood-induced B-cell lysis by 2F2 is

mediated via complement.

Lysis of hairy cell leukaemia (HCL) cells: In a third set of experiments
lysis of HCL cells by 2F2, 11B8T, and rituximab by ADCC or in the presence of plasma
30  or whole blood was determined. Data are shown in Figure 22. Whereas neutrophils
could not mediate ADCC irrespective of the mAb used, 11B8T was able to induce
MNC-mediated lysis of HCL cells more efficiently than 2F2 (p<0.001, ANOVA) or
rituximab (p<0.05, ANOVA). 2F2 and rituximab were not able to induce MNC-
mediated lysis of HCL cells. Plasma-mediated lysis of the cells was strongly enhanced
35  with 2F2, as compared to rituximab (p<0.05, ANOVA), 11B8T (p<0.01, ANOVA) or
without antibody (p<0.001, ANOVA). When lysis induced by anti-CD20 in the
presence of whole blood was studied, 2F2 induced complete lysis of cells, and was
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sensitizing anti bodies (50 I), and RPM-10 (50 |) were added to round-bottom
mcrotiter plates (G einer Bio-One GrbH, Frickenhausen, Germany). Assays
were 20 st &MEBOSSRCaddi ng target cells (50 1) giving a final volunme of 200
| . For isolated effector cells, an effector to target (E:T) ratio of 40:1
was used. For whol e blood, an anount of 33 vol/vol % was used correspondi ng

to an estimated effector .t g i 40: 1. . After, . ipcu pon (3
hours, 37 C)s?pegggf%;étuma@ @f @%be‘gfq@\?@emﬁﬁﬂbﬁ? F?}mOdXﬁgd%‘{l}éFB%biﬂ ease from
triplicatesAM3VAgasured in counts per nminute (cpm) in a scintillation 25
counter. Percentage of cellular cytotoxicity was cal cul ated using the
following formula: %specific lysis = (experinental cpm- basal

cpm/ (maxi mal cpm - b&zss otBALLcellpo Using ¢ellydsonniro patientsrthe akibity of@Fer ni ned
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ARH- 77 cel |l somere wused as target cells (Figure 20). Addition of 2F2 (n=3),
rituxi (n=3) or 11B8T (n=1) resulted in MNC nediated |lysis of ARH 77
cells of approximately 50% No specific Iysis was observed in the presence
of neutrophils. Additiwsis effoBicakimdymphomancslisiatWhembyss of dollicdar ympbpmaent )

i nduced |'ystg1sqh=ARMhs/iAvEtibhiRd & differenDFidRAd &RBrgdl (gdle24) DUt mpeE PMAL er
i ncubation with rituyxi 2F2 vs. no NOVA) or 11B8T. In

p<0,.05, ant | body, .
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absence_of antibody, no specific |lysis was observ?ld, but,  additi on of 2F2,
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25  not able to induce lysis of primary mantle cell lymphoma cells.

Antibody concentration-dependent lysis of ARH-77 cells in whole blood:
In a further experiment (n=4) dose-dependency regarding the induction of ADCC on
ARH-77 cells in the presence of whole blood was analyzed. As can be seen in Figure
30 26, titration of 2F2 induced a dose-dependent increase in the percentage of specific lysis
(p<0.05: treatment-effect, two-way ANOVA) of ARH-77 cells. No specific lysis of
ARH-77 cells was observed with rituximab.

ADCC assay II
35
Preparation ¥ Cr-labeled target cells: ARH-77 cells and Raji cells were
collected (3 x 10° cells) in RPMI++, spun down (1500 rpm; 5 min), resuspended in 140
pl >'Cr (Chromium-51; CJS11-1mCi, batch 12; 140 pl is about 100 uCi) and incubated
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observed in the presence of neutrophils. Because rituximab was able to
nmedi ate effective ADCC but not CDC of 25 the tunor cells tested, it is

l'i kel y that GMBOSSPCood-i nduced B-cell lysis by 2F2 is nediated via
conplement. Lysis of hairy cell |eukaema (HCL) cells: Ina third set of
experiments |lysis of HCL cells by 2F2, 11B8T, and rituxinmb by ADCC or in

Figure 2o (HeeReeh By bARY < ARBLN R il S0P RpB i PR Felof the |

mAb used, lWeETreswspemizdan REMIHcand coliied by diypareblut ysilssioh. EElls werk bsought e

efficiently A) or rituximb (p<0.05, ANOVA). 2F2 and
rituximab \/\/%%%%E%&Fagflgf?g%ﬁ tice 'MNC- nedi at ed | ysis of HCL cells.

Pl asma- nedi ated Iysis of the cells was strongly enhanced 35 with 2F2, as

conparedsto rituxi mbﬁ%ﬁ@av\hew celljslBIBr-gsl'( sribhaal bﬂ&%moﬂﬁclee‘ﬁ‘c@ﬁ?m
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GM - 055PC 1bﬁrmdd@um|dauxmabﬁ)(ﬂ&&a@&facmsmichoﬁ%;(ﬁemm aisidrisrdy

dded 0.0
The abi i ty %?S in BN colloferd il PR e A S Ald 8 aw”AB?:E' oo

conpl enent menmammtquaxé@fce(lﬂngure 23). As was observed in the previous
experinmgpts, 2F2 and rituxinab induced MC-nediated ADCC of B-ALL cells to
a simlar extent. But again 2F2 was able to induce plasma- and whol e

bl ood- medi at ed |ysi s dPU mrupcedld sl RMME-ewes pipetisd web9Gwrslls plates, and S0y si s
of fol i cul a bﬁm@fl&@@leeﬂrb&s cAMERerk YA Olfhef'é%htef %Ulpﬁrof Llﬁ{tmax%s aH@éd S (n 2)

was i nvesti gat ed ferent pl cture ener

medi at ed | ydilatedin BBMI#\@@%H conegnifaionsdfe 35& 0. %ang/mﬂ hcélsmrﬁemub%ta% mab
were not afRE, ltoqmrf)ouiﬂesol\ml@ffée@r aélgdve%medlﬂe@&ﬁng@rsaﬁéff&dtoﬁbltﬁgémﬂld\duce
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lysis was obBeffacet cellé)h CRHR we spun dowti(50M e, i dandiaotaetde37 J6j %6 was
whote. bl ood et tpudf ARG Sofie dRlFlichily (1506 HEh TR i 00 MlesBodtalls O\
cel | | ynphoias bavesed @pfemlcfrpmc Ityhsis sangfconmind irea gamamia cpymiphohhe Restentagaas nor e

di fficult todfiflugsis WATLalchiadraS fdfows: M ni mal or no lysis Dby 2F2, 11B8T or
rituxi neb was obsérved after addition of PMN or MNC and CD20 rrAbs However ,

2F2 wasZ%till able to induce approximately 40% 1 ysis by plasnma or whole
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was cells only) x 100

Statistics: Data were analyzed by one-way ANOVA, followed by
25  Tukey’s multi comparison post-hoc test. Analysis was performed using Graph Pad
Prism (version 3.02 for Windows, Graph Pad Software, San Diego, CA, USA).

Antibody concentration-dependent lysis of ARH-77and Raji cells: 2F2T
and 11B8T were tested for their ability to induce ADCC of ARH-77 and Raji cells (n=3)
30  in comparison with rituximab.
A dose-effect relation with CD20 mAbs was observed in ADCC of ARH-
77 cells using MNC as effector cells (Figure 27). Both 2F2T and 11B8T induced
specific lysis of ARH-77 cells which was maximal (50%) at 10 pg/ml of mAb.
Rituximab induced only 25% lysis of target cells. Addition of the isotype control
35 antibody (HuMab-KLH) did not induce ADCC. No specific lysis was observed without
addition of MNCs (data not shown).
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25 not able to induce lysis of primary mantle cell |ynphoma cells. Antibody
concentration-dependent lysis of ARH77 cells in whole blood: In a further

experiment GMIS8PE€e- dependency regardi ng the induction of ADCC on ARH 77
cells in the presence of whole bl ood was anal yzed. As can be seen in Figure
30 26, titration of 2F2 induced a dose-dependent increase in the percentage
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17-829E) vi ufacturer's instructions. After resuspension of <cells in
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and 50 | effector cell’s were added, resulting in an effector to . target ratio
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and i ncybate . 5% rsS). er, spinnin ) e cells
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counted i n mgadmelycalded ¢ 1 nmighef the mady) badjmcubpat atfrooml tymparatudsinahe darkat ed as
foll : 20:.% i f | S. % - t /
ol l'ovs: 20¢36,SRGR! Hirg 1heblam bk SR BB Ml LGS hesiE e L) / (cPM
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g650 = 250/mM/cm for Cy3, and €559 = 170/mM/cm for protein, and ranged from 5- to 8-

fold excess dye:protein.

FRET analysis: Daudi cells were resuspended at 5 x 108 cells/ml in
PBS/0.1% BSA, and equimolar donor (Cy3)-conjugated and acceptor (CyS)-conjugated
25 mADb were combined and added to the cell suspension (final concentration 10 pg/ml).
Cells were incubated for 30 min in the dark, at 4 °C or 37 °C. Each experiment included
cells labeled with donor- and acceptor-conjugated mAb after pre-incubation with a 20-
fold molar excess of unconjugated mAb, and cells labeled with donor-or acceptor-
conjugated mAb in the presence of equimolar unlabeled mAb. To assess the association
30 oflabeled antigens, flow cytrometric FRET measurement was carried out using a
FACScalibur (BD Biosciences). The fluorescence intensities at 585 nm (FL2) and 650
nm (FL3), both excited at 488 nm, and the fluorescence intensities at 661 nm (FL4),
excited at 635 nm, were detected and used to calculate FRET according to the equitation
below, where A is acceptor (Cy5), and D is donor (Cy3). All values obtained were

35 corrected for autofluoresence using the following formula:

FRET = FL3(D,A)-FL2(D,A)/a-FL4(D,A)/b
where a = FL2(D)/FL3(D), and b = FL4(A)/FL3(A)
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Anti body concentration-dependent |ysis of ARH77and Raji cells: 2F2T and 11
B8T were tested for their ability to induce ADCC of ARH 77 and Raji cells
(n=3) 30 i GMbBOFSPCson with rituxi mab. A dose-effect relation wth CD20
mAbs was observed in ADCC of ARH 77 cells using MNC as effector cells
(Figure 27). Both 2F2T and 11B8T induced specific lysis of ARH 77 cells
whi ch was maximal (50% at 10 .tg/m of mAb. Rituximb induced only 25%

|l ysis of target cells. Addition of the isotype control 35 anti body

( HuMab- KLH) Cdirectinat parandeters widCObtaived sipieg idhtacollyged fromssingls-tabeled cells, hodit
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suscept i bl eldbeled imi Al irnthb vioiwie off donopfabtleé mistnt ype control anti body
(HuMab- KLH) did not induce ADCC. No specific |lysis was observed w thout
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anal ysi s: Dgglljlg'ing%% S vve/(]; %&gﬂé:gﬁg%%rﬁgv lsgwgeﬁgé%egéﬁfg% %&%’th d;%gi 8( 1% BSA,
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FITC-labeled mAb.
As shown in Figures 29A, 29B, and 29, fluorescence resonance energy
25  transfer (FRET) analysis indicates clustering of CD20 upon incubation with 2F2 or 7D8.
No such clustering was observed upon incubation with 11B8. These results are
consistent with the TX treatment data, cf. Figure 29C, (i.e., 2F2 and 7DS8, unlike 11B8
remain with the insoluble fraction of the cell following binding) and support the concept
that 2F2 and 7D8, upon binding, translocate CD20 into lipid raft compartment of the B

30 cell membrane.

As shown if Figure 30 (FRET values and s.e.m. of three experiments
using one-way ANOVA followed by Tukey’s multi comparison post-hoc test) the FRET
analysis indicates clustering of rituximab and 2F2, whereas no clustering was observed
with 11B8T. These data are in agreement with the data obtained after treatment with

35  0.5% TX prior to binding of FITC-labeled mAbs as shown in Figure 31 (n=2).
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30 of l|abeled antigens, flow cytronetric FRET neasurenent was carried out
using a FACScalibur (BD Biosciences). The fluorescence intensities at 585
nm (FL2) an&GMBOS5PG) (FL3), both excited at 488 nm and the fluorescence
intensities at 661 nm (FL4), excited at 635 nm were detected and used to
cal cul ate FRET according to the equitation below, where A is acceptor

St of | uor esence st ng b QAR dET At andigeriens blofting. KRSHE way o
FL3( D, A) - FL2xdmiAg ttee- dskakiddioh)dfiCD2eweh dipid it (O ikkS¢iRate tedistpibation of
FLA(A) / FL3( @D&O b%&véen t&%\/*afpégﬂg %n—rgﬂ ﬁﬁrhr?&r%&foﬁggglﬁ%ﬁlel%r Bse g{aﬂleﬂF d using

data col | ect fromsi Scattering

was used t ofigetienagon H@él'mdlaé disetpsedhyi Deans, &P., RRELT Jbétahe@lnem db99<8r 2%d): apcept or

mAb deri yat By£349nexddiilthat ORI ided) |v§as'1§e@fﬁ@fa§§§?ﬁc¥&et ?Jicgﬂi)cﬁﬁfnalS accept or
sensitized enission. at 488 nm Laréﬁd‘rg/fp T valyes | n te cl gser physical

associ at i ona®bodigs difseisd agaipsf Xl pereallowsd ‘Bdﬂi“g‘oo IBpudi celisgi &

,(ignSI ty OI afObEf‘@EfllT mir &t3el °t€d Haﬁb;mig thisebinwb&tlam lthe &dllsd@rep elﬂ@&ﬁk&?ﬁ%@lﬁb 10
sessnen . raf. ocC . anti gen . [ ,

n o rapd Muick i B BhEFpRBadT by ool kO TR W S iRt 8

fl ow cyt omemM MERtptd4. szhSQamMNaﬂllth Pheh@indthip{pulfonydflubiidd, Syugahl | ow

t |1

washed 18" RapifionS §mBRupbRRCTJ HRALENAY. OYfc Jell tflePihlenyBliity °° (100 1)

were then i Honerghbdand lnhu@@dg‘/on{lO cfln OFuwcTélorqaﬁglat@dymwabml&esi ‘Wiﬂh & 37 C

washed in cgj E'olﬁ’%ﬁ"/o ép/ﬁli%ﬁd(slél ) Miesa HIH?, SR (vi?ﬁ% 665);11 sRprepg sanpl e

was di vi ded |n I ce throughout the r emai nder

of the assay? /oa%%%h%fr% S %.Qﬂtmr%a llﬁ’ﬂs blefgert d hgerasignte were ppaR AP B0 1000
surf ace_ ant rER At 4 v edrsl8 hdud. Sﬂlxtfﬁ@tl@ish‘ﬁ:c’m RSop Wedd esllevict reSo1po@ (TI%(a 4f18% I15bI
mn on orti.on antn ns renainin e _insol ubl e
Part " Hice SHsPAGE el Teangro @ RRlna RokeMiioR tne et RRingHEed Ptk PR ncer
of th e as S ayntfrzﬂy\msbmhm]neﬁzo poRBGafKrotee UK pdolliaded by HRB—dBS;mg;antdas sessed
by flow cyt f t.l I S ation
of the tar gg@éﬁ%?/ agﬁl%od}e(é%b? a\r%‘/glr e$]$l ?ﬂ? J? %’ﬁéé}f Vfgar Ifa}fﬁ& R@d}[ eT;ﬁ]A 2 @k mn on
i ce and was et Yisuah B@l@SumrSIngBmega eftended Tigratigh siesiraf(Piergss shown in
Fi gures 29A d fl uorescence resonance energy 25 transf er (FRET)
Wbilth, MROUSR).

anal ysi s _indicatés clustéring of CD20 upon incubation with 2F2 or No
such cl 28tering was o%‘éﬁﬁéﬂs Etfﬁéhoi"’ﬂé%l&ﬂeo}? v@%ﬁc?L‘lB‘Bsee?h@QQOPE%‘iﬂu{eé are

consi st ent wetdontihel ththé h@htd&':lﬁ'ty gadtdn SC(funtrEJt&Ucfeﬂ?ls?- 9@ells(tteafbd witrdtugfiflaty D8,

unli ke 11B8 0 fraction o e

bi ndt ng)andhetiEfich sniEOR o R iion 5 adtsRaean{sRomonds g JoWt”

t ransl ocat e d&32§ mamlorahé fraclionatand SnpeEndidem twithf the fract®n where membrane rafts
are expected to sediment. Cells treated with 2F2 also showed this shift to fractions 2 and

25 3. Incontrast, cells treated with 11B8T for 20 min showed a similar distribution to
untreated cells, with CD20 molecules in fraction 5. In conclusion binding to 2F2 and
rituximab induces a shift of CD20 molecules to the lower density membrane fractions,
whereas binding to 11B8T does not.

30 Example9 Apoptosis of Burkitt Cell Lines with Human Antibodies Against

CD20
Apoptosis: Daudi cells, 0.5 x 10® in 1 ml tissue culture medium, were

placed into 24-well flat-bottom plates with 1 or 10 pg/ml mAb or control antibodies, and
incubated at 37 °C. After 20 hours, cells were harvested, washed in Annexin-V-FITC

35 binding buffer (BD biosciences) and labeled with Annexin V-FITC (BD biosciences) for
15 min in the dark at 4 °C. The cells were kept at 4 °C until analysis. Each sample (150
ul) was added to 10 pl of PI solution (10 pg/ml in PBS) in a FACS tube. The mixture
was assessed immediately by flow cytometry using a FACScalibur flow cytometer with
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30 cell nenbrane. As shown if Figure 30 (FRET values and s.e.m of three
experinments using one-way ANOVA fol |l owed by Tukey's nulti conpari son
post - hoc t e&MI-OB®PERET anal ysis indicates clustering of rituximb and 2F2,
whereas no clustering was observed wth 11B8T. These data are in agreenent
with the data obtained after treatment with 35 0.5% TX prior to binding of
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associ at i onwefe iiegedifartanhliypisd rafts, is to investigate the distribution of
CD20 between the raft and non-raft nmenbrane fractions usi ng t he sucrose
gradient fractionation nethod as di scl osed by Deans, et al., J. Biol.
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were allowed.to bi cel, 1 mn at . Fol'l owi ng
this i ncuban%?Fco?‘ﬂ"éy 8@5%"‘%@‘& é‘?qygﬁ UCQ\%{’S opmsws\gﬁeﬁseﬁ@g and |ysed
in ice-col dAh;l%ﬂﬁVﬂl]fsfaﬁtmg i]mﬂgdlﬂis)(r dyfbn%éfﬁ* buffered saline (25 mM MES, pH
6.5, 150 mM Nad , phen th LLuor i 5.sq9/ nm..10 aprotinin,
5 g/m |eupeptin, 10% E‘B*XI}“F §§g (Ig’) %@g%‘?w\ﬁ/ﬁg F%%‘S%%«Sr‘?&?—ﬂfﬁc‘tngor oughl y
and i ncubat agbptasts @0nikdrrto that inclecedTpearcati-kgM antiwdlyy s 2andsZD $rilidendt widube 400

| cold % I 0 t

cach  3b% %0393&5@@ 193?&? b BB RER i BUGES Moo dufddll aTed R D
spun at 40.B®dasagantel- 4 C for 18 hours. Six fractions fromthe top were

collected, resolved on a 4-15% 15 SDS- PAGE gel transferred onto
nitrocel |l ul ose nenbranes and | ncubated w t h h@rg Etl body (nouse
By P

anti-CD20 pol ysera; SEMEEYT ogRPPlossIv Bak ge ortasis of Kaghrghs y

ant i body ( Ir ezbbidetstedmlih deuisentricon rd@éﬁ@DﬂBﬁAbHaFigﬂfe, 34\éHone thé@ﬁ&ent@eot S
were Vi allse us n ten 1 On

Chl or eolS o b PeR iR boRRS batlg G cal oo i TALER 35 10F RORIO PP Rop® © (|
be seen, CDag@i- hurhm(i[ﬁ@-mAbeB b,oncﬂuqaéd cbucentretidn-dépedders iinoredse ac apoptosts of

(untreat ed u]tl'céﬁs wﬁ?hhﬁxﬁxﬁﬁlﬁt g’ggfg‘okﬂna&él%%%”ﬁ% @%ﬁn%&[ba A5 §§va§9' ft in

CD20 distri ion wth a si ortion i
menbr ane f r seanggnducer aﬁ@oytosworqs@magm apgiptasis if R Aireedls o f\/mé’?l@luma%r ane

rafts are expecitad éigﬂnﬁﬁ?\lm the%érﬁaﬁd QFQ%HthJ)J'&nZE%e?éV‘Sé? EB&Wﬁ‘d this
shift to fractions cel streigalted wl%/ 11B8T for 20

nt.ra
m n shotd Hldls‘?lﬁgF‘E?Ptaﬁl%f’gﬁﬁbﬁ‘?lgnwft shgmfyr%%l lewsls of apgPtasisEOpPatFgItRcul es
i n fracti onpépativVécafetleigison binding to 2F2 and rituximab induces a shift
of CD20 nol ecules to the |ower density nenbrane fractions, whereas binding
to 11B8T does not. 30 Exanple 9 Apoptosis of Burkitt Cell Lines with Human
Ant i bodi es Agai nst  CBi#fdction of apoptosis in Daudi cells: The same picture emerged when

Daudi cells were used as target cells, after addition of 1.0 pg/ml CD20 mAb (Figures

25 35A and 35B). Data in Figure 35A show the total of annexin-V positive cells, and data
in Figure 35B (the X-axis showing annexin-V, and the Y-axis showing PI) show the
percentages of Daudi cells in early apoptosis (annexin-V positive and PI negative) and
late apoptosis (annexin-V positive and PI positive). Again, Both B1 (65.9%) and 11B8T
(56.3%) were strong inducers of apoptosis (Figure 36), when used at a concentration of

30 1.0 ug/ml. Addition of 2F2T resulted in a low level of apoptotic Daudi cells (17%).
Addition of rituximab resulted in approximately 29% apoptosis of Daudi cells. Addition
of isotype control antibody HuMab-KLH did not induce apoptosis of Daudi cells (6%).
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Apoptosis: Daudi cells, 0.5 x 106 in 1 m tissue culture nmedium were

pl aced into 24-well flat-bottomplates with 1 or 10 g/m mAb or control

ant i bodi es, GMB05§PCubated at 37 C. After 20 hours, cells were harvested,
washed in Annexi n-V-FI TC 35 binding buffer (BD biosciences) and | abeled with
Annexin V-FI TC (BD bi osciences) for 15 m n in the dark at 4 C. The cells

wer e kept a 4 C u anal ysi E.ach ( .added to pl of
Pl sol uti on 1P &ffﬂf h?“ﬂg@“ l%fs\‘—’ﬂ& ﬂ*l'ﬁ “x‘%ﬁ? Od'ﬁiagg%l‘gstegéggl
i mredi ately by fl ow cHoreypiyagmegagioa cEAﬂSteaMtlhundlidtmwafyp@pmer with -90

GM - 055PC gﬁéljef‘g‘ﬂg %fle 9619‘2/Sé}'ftflé[’\ﬁ{tf Cgﬁ? n?Astt%'IS g%bfn% <% ?ég:]?e%a;n%}?’bf gA) Al

| east 10, 000 event’s anal'ysi apoptosis in
Daudi ceIIstEGW§HHw§hB§C¢ere i ncubated for 20 5 hours in the presence of
human angi bodi es against CD20 (1 .xg/m) (wthout the addition of a
secondary cross-|Iinki antibody). Induction of apgptosis was assessed by

n
Annexi nV/ Pl st ai ni ng G%W@’PF‘T ST ESAL i Rgmop& 9&4& nRW@%EgBQ’,@NS(Q 11B8
shows cl ear xa0f Benme tigfue Icﬁﬂmlnli@ilurﬁpﬁ&bﬁﬁdlﬁ)a(eﬂlaﬂﬂ aC 6104 hdras irl thel pFesehcly an

anti-1gM ant i nduc apopt.osi. s f Dau cells.
An apopt 0si gk?lﬁldébpﬂ ﬁ%‘lﬁﬁ % glégéﬁc}?ﬁ V‘ Cr%SISBIHH( Eé?nd "g
control . | nboobtypic a(dheamwamssssssembﬁhght miekdssopy (ad dedcribad aﬁovapopt osi s of

Raji celgs was tested uhidh i FRNGEARAA! AR B04S QlenBleMRPRionr0ur & 34

shows the percentage ann X1 N- O’SI I've ce e seen from
Fi gure 34, Ramo vellsdemilagto tm@gereamqnqausmirbmnnml CB29 anfibafiyced a

concentrati pgd th a nmaxi num
of appr oxi n§?§9§ 70%§g(2 7?(')%@1?021%%%&%% a%g&% a\t/:/aazbgRQIg%) % gﬂ}g i nducer of

apoptosis, resulting in apoptosis of Raji cells with a maxi nrum of 53.4% at
10 g/nl mAb. On the OHbﬁfoo)pkﬂ&ﬁ 2deion O Dablioel[FBDangir 1Y eye la@@trd lhtrcb 220
TS

compar o8 ¢ 0N digkBeim pTs B eeé%‘“gg’%lmﬂ%%%mﬁ%b%%ﬁ%a@%% R

The same pi ﬁtcubz&ecbmg’éﬁfon/he}mursljéﬂdlexteat bﬁhomcb‘tgpmaggegmdrﬁwmdetemﬂm& byaf t er

addi tion of él?t %S%rPJX. Vrm% s%%::ﬁ AYL8S ]F%%S?@ @4}?{5}’3 %h‘%&fg‘gﬁ gure 35A

show t he to ositive ce ure (the

X-axi s shovmgg;emeﬁlf ii)avdl QQHGI, witthe 1.9- mnh(asﬁdw%gnpﬁytammhomﬁ Rifgkioeabt ages
of Daudi Cegéws l%tﬂe ﬁ&hbbrgppoo%g}égahén &Pﬁﬁ\f‘&f u;nsv IH%h&%s‘t’E{h@B@ aRlib&§YALs ve) and

| at e apo annexi tive and positive Agai n, Both Bl (65.9%
and 11 steg3nguage pehepetyplg agategations of apopt osi s (Figure 36), when used
at a concentration of 30 1.0 g/m . Addition of 2F2T resul ted in a low | evel

. . 0 , .
g];)p?gg Pﬁgt Lﬁ?%ﬁg lalggblf'?}& lz@rh%%?ﬂé@ﬁ%gf@&h#qﬁggﬁ ’Bf‘“ @%@gel (r:] ont r ol
anti body HuMab- KLH di @herapy wivduigh dgpepl @sig 2512 daditd8 801D mkerhallenged
with Daudi cells: The SCID mice were obtained from Harlan UK Ltd., Blackthorn,
25  Oxon, UK, and bred and maintained under pathogen free conditions. Daudi cells (2.5 x
10%) were injected i.v. into the tail vein of cohorts of 12-16 weeks old SCID mice,
followed 7 days later by injection of 100 pg of 2F2 or 7D8 via the same route. Animals
were sacrificed upon presentation of limb paralysis, according to the instructions of the
animal ethics committee. As shown in Figure 38, survival of the mice is prolonged after
30 treatment with 2F2 or 7D8.

Therapy with high dose (100 ug) 2F2 and rituximab of SCID mice
challenged with Tanoue cells. Tanoue cells (2.5 x 10% in 200 ul PBS) were injected i.v.
into the tail vein of cohorts of 12-16 week old SCID mice (Harlan UK Ltd., Blackthorn,
35  Oxon, UK) followed 7 days later by the injection of 100 pg (in 200 pl PBS) of anti-
CD20 mAb via the same route. In this experiment, 2F2 was compared to rituximab and
B1. Animals were sacrified upon presentation of rear-limb paralysis. The results are

shown in Figure 39. At day 39, the first two control mice died, and death within this
-92.




it -91 GM-055PC Exanple 10 Honotypi ¢ Adhesion of Cells w th Human

Ant i bodi es Agai nst CD20 Honotypi ¢ aggregation correlates with induction of
apoptosis. GMEO8SP€e, the ability of the anti-CD20 mAbs to i nduce honotypic
aggregation of B cells was investigated 5 Honotypi c aggregation of

Ranos- EHRB cel | s: Ranps-EHRB cells (0.5 x 106 in 1 m tissue culture

di bat ed,at 3 f 4 h - CD20
ant1 boti ee. Fru B ZSRDI0E el g Unsiiencotse fied BB BRI imuchietoiowhe
honot ypi ¢ aaFnbHﬁ&tmedea&m‘éssle&hs@ni;idghblyrinc:rea:ssddiqsmhe( athedmsoerin lﬂﬁdg@lupve) 10
As shown i nofk %u@éﬁl%ﬁ’%'l Rays at owi ﬁ%ﬁﬁe@tlgﬁgﬁ?@ﬂrﬁomg ggé%g'%mgf ng?ﬂggs EHRB

ceIIs(S|mIar to t eaggr murine anti -

AT80) . 2F2, (6ffeofthg t@ﬁahmh@ber) sivived h@fmdylpﬁ termiggtienyef the sxpdrinRatat] Q9e| |'s.
Honot ypi s adgysq@st t'uﬁi&r ehalleapdi RAGLiIAb 1rp@é{ﬁfaslccﬁhi/ fchRE&] RIrfG8tok Dt (?f%‘ 15

wel | flat-botto Elor anti1-CD20 mAbs or, control

anti body, afdce @i&& géamé% é?yscv%?haﬁgw pad naneotdhe myige syFvikeshynty) thec

gggrgggt |h Onemﬁsftﬁg‘e dciifimf@d hytheIBlgéTbu}BUtEdfﬁ&@l@@b’(}ifsgllclilﬁfbebﬁas%ﬁﬁﬂarftéﬂmﬁi gﬂn e
ar nduce r ion o udi_c th g

(and 10 pg/%)&#&ﬁ%‘lﬂﬂ@flﬁ% @e%ﬁ“ﬁg’%@g% el‘P‘?"ESFé’nﬁ% ?y{fi‘m@l $9§Rgat i on

of Daudi cefdrty. percent was ahusetatthdfmthheexpemﬂnaniywalsasminﬂedstrong i nducer of

honot ypig aggregation. Exanple 11 Inmunotherapy Using Human Anti bodi es

Agai nst CD20 Therapy with high dose (100 pg) 2F2 and 7D8 of SCID mce
chal | enged with DaudPosetdsgonstiet2Etnm! nrr@énq&e%atmnmfrf&mm@whdfemw UK

Ltd., Blac k%mrﬂibud?ésel@(o'ﬁ@ aéégss tﬁ@@ftﬁﬁ@}dofaZFi 1H%bﬂ1§3§1'1§1§1%‘1'ﬁ1§1ﬁﬁ1a9% hogen free
condltl ons. Daudi cel 2.5 x 106) viere.inject eg) . L.nto té)?es\ 8 vein
of cohorts Blfoteféoaeg%%@mewlws@m se@tratl%wra%m rmeééwe 59Di nj ect i on
of 100 g of nﬂ&&lﬁneﬂg@a WitlﬂDthﬁ t@ﬁ@iecen@umudllhellm}ﬁess\mre G0 thin T&tbudpon
presentation lf |dl nb Eara g/f ﬁCOI’.dI r)'% the |03§th cti 0242 orf th ani nal
et hi cs Hisand aremare SRRsTTIRE 1o Kiting 2 giros O 8rgups PFIEBYRY onged
after 30 tamdai p@nttol \grdup (SISZIIDrmRE‘JBwer'EheyeapglrwmhtZ’JS h|1@ﬁDdudie:e(l§0@29@)ll 2F2 and

iU b ob8K) B 6y U8 LERYERAI FR30L $6 4T yeTARAIGRIS (2.5 x 106
) B AR P FEAT pel NN

in 200 | rts’of 12-16
week ol d scrlmxnmle 2(Fil|aarﬂ’§r$ (emltmlhlv OBIdaEl?t rﬁmmalswr@ﬁanmfw@kypcfml | owed 7 days

later by thﬁrekéﬂtﬁf(ﬁl‘ @?eeﬁflnﬁggaﬁly@isn THE Pesult©Be)sh@hn & Figurdg0 mMAb vi a the
same route In this exp E}ﬁlrrent was, cglpngar dto J’ItUXI b .and

Ani mal s2Qere sacrifi et Gﬁntﬁ?lé?é‘élﬂﬁaa{llnﬁﬁe n the fins,intesyal of £6- 2?Hiéy5r esul ts
are shown HIEDWEV@UE eledPdosblefdadreRBon WA obdciedd WiD2ED (Hip@e 401 ¢petpfagh). and

death wi thi K}Vhereas no effect was observed with doses of 0.1 ug and 0.5 pg 2F2, as little as 2 pg
2F2 substantially extended survival until day 41, 5 ug 2F2 extended survival until day

47, and 20 ug 2F2 extended survival even until day 50.
25 In contrast, rituximab even tested at the highest dose of 20 pg only
slightly increased survival and no dose-effect relation was therefore observed at the

lower concentrations tested (Figure 40, lower graph).

Therapy of SCID mice with Daudi tumors by 11B8T and B1: Daudi cells

30 (2.5x 10% in 200 ul PBS were injected i.v. into the tail vein of cohorts of 12-16 week
old SCID mice, followed 7 days later by the injection of 100 ug 11B8 or B1 in 200 pl
PBS via the same route. Animals were sacrificed upon presentation of rear-limb
paralysis. In control mice treated with PBS, all mice died within a time interval of 35-53
days (Figure 41). 11BS8T treatment strongly protected the mice, with mice dying

35  between 72 and 98 days post tumor challenge. In the B1-treatment group, most mice
survived until day 98 and 40% of the mice survived beyond the end of the experiment,
i.e., day 100.
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-92 1 GM-055PC group was conplete at day 54. Only one nouse died within
this time interval following 2F2 treatnent and survival was considerably
i ncreased f @MI¥985PCher mce in this group. One nouse died 81 days
following injection of the tunor cells and the remaining mce (60% of the
total nunber) survived beyond the term nation of the experinment at 100 5

days post tunoor ch cQ ast o creased _suryival for
2 but of 5 Epmeie i Bydacn o aniapoflat AR R s Priails ERoeaerEodR | he
m ce survi vesing®GID miee end of the experinent. In the B 1-group, the

survival of SCID mce was simlar to that in the 2F2 group, with two mce
dying on day 48, and dhethempsutioeffivagy afeantirGD2hansibpdisspyas eivalnatpd frea cent  was

alive at thﬁlohhé”ﬁoaéﬁnWdlﬁ@%ﬁﬁnd’é@cﬁoﬁtﬂo%l?@fﬁlﬂnarﬂ-ﬁ c@fﬁ&rnsf.femnml%e&FZ and

rituxi nap treatnent g l m,ce chal | enge Daudi To assess the
ef fi cacy’ of USRS CYRMALARILR]} WRABIRG IF‘uﬂt“ék‘Mﬁ’ﬁbt“F‘WT Cﬁlﬂ%%reér@nﬁfﬁctafbmthﬁre y
tunori genesmlfeﬁsaospoﬁ adrﬁﬁﬁstﬁﬂoﬁ\/@ﬁlu@ﬁ‘éﬁm@ﬂﬂ@cdlﬁk PlaBép¥ideh, Tl D m ce

chal | enged unor e CD20 than Tanoue
15 cells an)g1| h}ega?fﬁ?t &‘ EAYFE ﬁ\‘?elal?e&edti.‘iahﬁ’ g? #Ft‘?ﬁ??‘f‘& V"fb‘”@é‘(‘)lﬂ?&mwerﬁu D nice
(4 per grouphagi@nusihg ahrghﬂ)oiengml@uﬁcaﬁcﬁﬁrﬁ}oﬁWe)temmﬂdaenaiJ @00 dmeridan2. 5 x

106 Daudi c on day 0, and then treated with 20, 5,
2, 0.5 or Jr?zaﬂé ﬂ,g@?ﬂ}‘i?a[ x%(sl?’nab 2F2 or PBS (control) i.v. on day
7. Ani rrh(i's were sacri ﬂau@obeub(mre tpan@&eﬁ:davlﬂbgnwél lycdfgrase ifio Qemealhesany. The

resul s ar esShanoda Dol Cafifhd &ﬂu}ea ih RENIOBHE 2o PenBhlep Bl e

within the tine interva 26- 29 However , ear ct
rel ati on waBYBMaERpdd us{mhmzmzwemu(émn@)4§ellﬁw5@rw@¥ya%§or luojfease SEPTRBINN f ect

wa; ?bster vle X ésﬁbddﬁ&%%/@fx msbem)aﬂdhﬁnﬁomet%ltamd foy zdgbidé)?r@gloﬂbgFm |
supstantl a e SUI‘VI exten ur.vi va

oher] ey 3% SIS E R Sagk i Ried 1t <SSt vt G Ra - Hy SEHD THee |

contr aslsd rEtghx dmbﬂevmcﬁl@ﬁbmdh@h@h&cdme@kmﬁgldd&@ (@0 p2Dtreatmehtyof 23?12159 ht | yh

i ncrease S (o) ve at the
| ower concemlgé ?&H’gﬁﬁg ﬁeggfs‘éty%ﬁ ¢ g& a%*l%d (ﬂui@ﬁ Rt(gﬁﬁ'ﬁé;ﬁerr%eggf ClD mce
with Daudi gremp).sF q;ymagmssﬂilcanmersanesmumd Toyed. p. SnJeGm)D(CZf a5m)e<t111©@)° ketam0 pl

PBS were inj @@zﬁﬁ /weéplPé nSﬁlt% RhifG o@itmpémomo‘fecfaiar %ﬂ:@) w&eésverpl d SAD

mce, follo 7 days_|ater elneC|ono 100 g Bl Tn 200 p1

PBS vi a t helBate doskefe2S maipal e placediop ﬁ!gb?@semda&fﬁeb%nan,
re?r-l lmat ﬁﬂe{%fiﬁ szh§staxhéumﬁgwersmrfa9 1t3063thqd1d/mtrh difooledl ¢CDIdeRcred W t hin
atine |1nter

pr ot ect ed t f@egg’;‘ég’ Pl%gg%/\g 8@‘1“#%[1{%“M%ﬁlgggg%ég%nﬁg%%%gg&&m
chal | enge. pmdchnf Bhin. rléﬂddﬂ‘elﬂlimgaﬁmpblam)md whiteeimagty wereadadenfor tefelayce98 and
40% of the K)‘Ie(faeVuSeusro IW\él?ed (IPnel%)rgﬂ Im ging Q%r[%fwéshueseg %(H‘ed’aian&)rfl%ction and image
analysis. Statistical significance of differences between groups was established using
25  one-way analysis of variance with a Newman-Keuls post test using GraphPad PRISM
version 3.02 (Graphpad Software Inc).
Imaging from the back side was performed at one-week intervals. On
day 8, the day of treatment, light emission was only detected at the inoculation sites in
the tail. Tumor formation at distant sites was detected on day 14 in all mice from the
30  isotype control group (hulgG1l) and in one mouse from the rituximab group. In the
following weeks light emission steadily increased. Figure 42 gives the images of all
mice made on day 39 (31 days after treatment), in which bioluminescence is represented
in red color (the dark areas in the mice) (light intensity > 50 photons per 5 min) as
overlay on the black and white body image of the mice. The tumor mass in each mouse
35  was quantified on day 25, 32, 39, and 46 by integrating the light signals over the body
surface, cf. Figure 43. The fastest tumor growth was observed in the isotype control

group. Treatment with rituximab gave significant inhibition of tumor growth. However,
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i.e., day 100. -93 GM-055PC Exanple 12 Evaluation of anti-CD20 anti bodi es
in a Daudi-luc xenograft nodel using SCID m ce The therapeutic efficacy of
anti - CD20 atiMBbOSSRE was evaluated in a nouse nodel in which di ssen nated
outgrowth of human B-cell tunor cells is followed 5 using external optical
imaging. In this nodel tunor cells are transfected wth firefly | uci f erase.

Upon adm ni gt ration.of cl f Pr obes den

Net her | ands?m?o gcr?l‘gthr’ringeﬂf%e %{ﬂle'l( ﬁbﬁ @b& Wsﬁégnate‘iaé‘b?’é%rf: HOR‘/'P%eeoy

bi ol um nescéelow Tabhgy? fiay sigificpnee kevglsl y sensitive CCD canera, cf. Wetterwal d
et al. (2002) Anerican Journal of Pathol ogy, 160(3):1143-1153. 10 Daudi
cells were transfected with gWZ luciferase from Gene Therapy Systens (San

Di ego, CA) and cultured in RPM with 10%bkds Pen/ Strep, Sodium Pyruvate
and 1 ugfm puronycin (Sigma). Cells were analysed for luciferase expression

(expr essed 'S{gnﬁjié%ée fevdiQaf fofelrém)ceé ih 1ﬂte§fﬁ@3ﬂ¥$i@énsﬁ?%&v@en%s QX fifFferent ON by

FACS. Ig yci ferase-transfecte nouse injected i.v.
into SCI D m ce Y E ght days after inoculation, the mce received a single
dose (10 g) treatnent of 2F2T, 11B8T, rituxi mab Bl or isotype control

anti body (hulg@) (6 mce Perphy 84t Menjay3ar oup)Dangy m;ﬁ/ng mce were
anest heti zed jection ‘of a mxture of kéetam ne xyl azi ne

/ at r opi ne. itVFréftP@nﬂbLum f & PP odilimO®R t, AvbPul aP PPEBEs) was gi ven
i.p. at a dosev@fllmmg/m M’ﬁez) o%er e Hhemspl agex 005 a IPgbsti ght box and

after 3 mn, g ng was usj n ersALr 0 iquid nitrogen
cool ed CCD d%fe’?:t ( Roper n(fsdfl i‘% %ﬁotorf @r%%ttei% Bcg) the | uci f erase
wer e count edewerhuéngxposureP <|c§)eﬁ(]10d Bf 090 n.P UADOL il | um nation bl ack and
white imges; @@4 1B T e SlEgce- J,M@t@Vue pPohlgtar e p(Lpigygr sal | magi ng

Corp) was use ata col l ection an anal ysis. Statistical
si gni fi cancerlwlfmﬁ‘fseﬂEzlEes pRtWdn gribvfddwas Pe%@é)él i set008ing 25 one- way

anal ysi s of I\{ﬁ&hﬁ\&p@s %fg@la I\ie\&nm;mKelp§0Rgst tpes,oysi ng G aphPad PRI SM
version 3. Ozlt phpad ftware Inc) g)sng fromthe back side was

performed at L ¥edk2T nt er val .0-&n c?a?o thd aPof tre8Ofent, 1ight
em ssi on vvas1mﬂ1yv§lgtmg(}1ed atp klpepog1noquk atgoan $te$)oﬂn the tail. Tunor

ot ype. cont P ¥E BelEhat goth <S0T n 1670 tousd 7P the 11 tuxi mab group. In
the follow ng weeks | ight em ssion steadily increased. Figure 42 gives the
i mges 0 aFxamplcEs rrwlet aid nnynﬁQctﬂﬁﬂetﬂﬂmdﬁm @rnohroegnsrmaﬁl)eysi n which
bi ol unmi nescence is re n te‘g iS cﬁje ¢ %eét headal(ri areas i the m ce)
(light intensity > 50 ﬁéep‘g?tg ﬁ'}”ﬁ? ’(‘Pe“ﬁ‘l%?, SRR, %’Iélgk and white
body i mage phartraeologicel efﬂ‘dcts af2kBrin npsenalgusanohkeys (rppr@dmatty 2jueans oid; ed on
day 25, 32, \3fhht Bide $82AY2 b R FRIRWiR ortcB Yally HifavEA AR HiRisiBY GlimbGraA8HY
(via the saphenous vein) for 4 consecutive days. The study also compared the
15  pharmacological effects of rituximab in order to determine its equivalent potential. For
this purpose, 6 male and 6 female cynomolgus monkeys were assigned to 6 dose groups
that received 2F2 or rituximab at dose levels of 1.25, 6.25 and 12.5 mg/kg/day at a
constant dose volume of 10 ml/kg for 4 consecutive days, in total 5, 25 and 50 mg/kg,
respectively. On completion of the last dose administration, the animals were retained
20  for a post dose observation period of 130 days. The practices and procedures adopted
during this study were consistent with the OECD Principles of Good Laboratory Practice
as set forth by the United Kingdom Department of Health. All animals were observed at
regular intervals for signs of ill health or reaction to treatment and were subjected to a
physical examination. Laboratory investigations of haematology, coagulation, clinical
25  chemistry and urine analysis were performed during the study. Blood samples and
lymph node biopsies were obtained (from the superficial lymph nodes) for flow
cytometry analysis throughout the dosing and post dose observation periods. The

following cell phenotypes were analysed by flow cytometry: CD3, CD4, CD8, CD20
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surface, cf. Figure 43. The fastest tunor growth was observed in the isotype
control group. Treatnent with rituxi nab gave significant inhibition of
tunor grow &xMHOESREr, -94 | GM -055PC tunmor growth inhibition by 2F2T,
11B8T and Bl was significantly nore potent (see below Table 2 for
significance levels. Table 2 5 Significance Ievels of differences in

t ted | t di.ff t ts Day 25
Dy 53 ey 36PEED2 O perh Q16T k) ARSoritnyfics BrBine piBRPSHTH" 0 001
Bl vs. 11B8Ts#esi ce@ambmbﬁ)@tewo a@Etdﬂn@ne@op@ 1 vs. 2F2T P > 0.05 P > 0.05 P >
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0.05 P > 0. tisberelategy @G&eaﬁpwm% %lt GFigupes44oangid showsgheiow < 0. 05

11 B 8T §s. cibrbtrl anal§si®of EDZOQnQ@Eal%x%regﬁng’cals(ln%’érlpﬂéﬂaﬁodcﬁof thiafdGl P <
0.001 P < 0.001 00
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al so copgpar %&Mat%P@%t@ét%%l@Z&@Jpr&%S%h 1¥s 9 thé 1 ﬂ@@s hrfh I‘Perrﬁ)gérgf f mal o

determne its equlva otenti al

cynonol gus h&@d@gﬁgF%@rﬁ@teéggmkwst@e&efbamgﬁn@m aYtMaosv@mg\&fc?

rituxi mab agndlos mgliey e Esnﬁfkeﬁlyzﬁter@la%%ﬁﬂﬁuéab fredted kfihfdgy at a constant
dose vol une of 10 m7 F nsecég} in total .5, %5 .and 50 ng/ kg,
respectively. conp g{t ‘HH‘O(S‘F THHEey ﬁ\ég%’%ytgﬁﬂf’w&’f%‘ftf‘?)ﬁna YHE%%ni mal s
were retai nemzwwcnm CIMEE" ehgpessingzell vatipopulagiens indhoperid@raliaioed (The

ractic a Iy study were consistent with the
P 5 argl gé%erdb ‘?S(E&g@@aﬁore%i&% 'ibé) y

CECD Princi pl actrce “7as set forth by the United
Ki ngdom Depart rrent of Peiphers bloud ceélaphuimd\femeelﬂmséﬁ?/edrlatmmalegcat@d

intervals f ?Honﬁé}%rh% d8£e 1'ebéls BFPbB Iﬁlg?lEg (P‘r‘%g& UoR) 624 ﬁ@ﬂ% re’wb)"\%oelz 5

subjected to atory inve ation
haenat ol Ogymgél‘é%&!ﬂ‘ﬁﬁ 1489) maqq dmla éw @w&n@rﬁ 1§€qsg¢ne@ﬁanwﬁrﬁ@naﬁ@1 ”;/%q%e%%

performed ddgysigert iubhted ¥vithBln@idhinta Eh 26 FEIT murine monoclonal antibody

20  (Coulter) at room temperature for 10 min. Afterwards, count beads were added together
with PBS and the cells were washed twice (300 g for 10 min), followed by immediate
analysis of CD20"°*CD23*CD40"e" vs. CD20"¢" CD23*CD40'* expressing cell
subpopulation in a flow cytometer (Beckman Coulter). Results of CD20'%
CD23"CD40"&" cells shown are expressed as cells per pul. As can be seen from the

25  Figure 47 2F2 was capable of inducing a complete and longer depletion of
CD20°*CD23*CD40"" expressing cells compared to rituximab.

Example 14 Epitope mapping using site-directed mutagenesis
Epitope mapping studies using a mutagenesis approach have indicated
30 that alanine at position 170 (A170) and proline at position 172 (P172) in the second
extracellular loop are critical for the recognition of human CD20 by known anti-CD20
antibodies. In studies by Deans and colleagues (M.J. Polyak, et al., Blood, (2002) 99(9):
pp 3256-3262; M.J. Polyak, et al., J. Immunol., (1998) 161(7): pp 3242-3248) the
binding of all anti-CD20 mAbs tested was abrogated by changing A170 and P172 into
35  the corresponding murine CD20 residues S170 and S172. Some heterogeneity in the
recognition of the AxP epitope has been recognized however as most antibodies like
rituximab recognize murine CD20 with S170 and S172 mutated to the human
A170xP172 sequence whereas some others require additional mutations immediately N-
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| ynph node bi opsies were obtained (fromthe superficial |ynph nodes) for
flow cytonetry anal ysis throughout the dosing and post dose observation
peri ods. Th&MI-056P@i ng cel|l phenotypes were anal ysed by flow cytonetry:
CD3, CDh4, CDS, CD20 95 GM-055PC and CD2 1. On conpletion of the post
dose observati on period the animls were sacrificed and subjected to a
detail ed ne he were no dve C cal _si or.any findings that
Wwere consi d gna){Pg{[‘ﬁ ’&e?egl’@}fe gatvte@ ﬁl] v&h? %@é’?‘g@i ROUNSEG AB.  Fi gures
44 and 45 shopertanhéorfthobinGingyof dredntipodisaibocsrdingio thDReatich GOAPexqu@ssi Ng

cell's 1n peuongals ool link (GRLE AR R GIPSEINTL Y1 f rayte Shove
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ef11c1 8 Bl WERLRAAN GUhElnOIIEARELL BRpyRR2 and 111 Uxi b at 6,25
addi tion, data 10 shoﬁ&“bﬁé’fmtﬁ’étﬁd‘f?{ﬁ Bﬂep@ﬁd &ﬁ@ﬁ)ﬁﬂowwmltwg 1(,78|n|11§atieqi1tq he

| ynph nodes sélrﬂﬂ:) per66nm@rspdraglbé mqsi)s@ifonaEa nit@ed efasphitivakR) ! MIterdzed
appr oxi mat e 0S|

I ) d 5
D T el dp gt oo S R e e Bitskg . 47
show the f| evaluatt edrether the anshtgd amimf acidioR{duwdCide 3nm pbMdnN fortbindipg esteng cel |

subpopuh@tggﬂ%fg% fggjeog ll&gral blood (Y. 15 Vugmeyster et at (2003)

Cytometry eripheral blood cells obtained fromeither 2F2 or
rituxi mab tTegxadinertbinka(D28 exprgsuor ecmrswasfconstmte:ddiwmlﬁ‘ygngﬁhe amay, 6.25

mg/ kg (Fi 9“5&11&% By ue@d?:%si% s'ﬁxtal'i'ig Kﬂxe(‘f 'nﬁH&@cnﬁQ%trﬁﬂSﬁsfi’é%‘ g déapkgﬁa\{(enous

i nfusi on adm nistrati ons nsecutl Ve were | NncCu
anti - human 6§RiENGe] vcommlr?éprﬁeﬁem Sharmplifiqdfsegment wasdigested Pn%dlg#t%m

t enper at ur etHeCBS(Fﬂe@mHh Rectdif PIEE M4, dAfteICt%HQforﬂﬁﬁ&ﬁmVE reliagslesled W@&tsbﬁéned\’\ﬂ th
PBS and %he cel

hed tw ce for, 10 m fol | oned
e al s SRR SR e BB SEeHIO TSRt SCingRp GPTyH (BsoTERBSIge
expressi ng Taé bonsaubtpoqimi@iddqﬁﬁlr} 4CD2038.cyt onet er (Beckrran Coul ter) :
Results of CD20bw CD23+ eIIs hown I Is per |.
As can be seen fromt eutﬁgfn% gure rﬁ@%‘“ ?uge%lfegﬁﬁa&at ucf"r%g a conpl ete
and | onger iidetd 2hmofise rOBRA0HNGDABH GO wir leamregmsm@humhhéfﬂﬂ@npar ed to

rituxi mb. gy Lesévésawckecpeyfemleﬂe igéstidn dhd &{? tmenes's

Epltope mappi ng” st udi es usi ng gene i's a proac |cat ed 30 that

al ani ne2&t poRs Ptehvexemar(smntlw'oyanaﬁqeﬁe i HRkcels (f%éxxl’ rehtamqtzs) ePHEKZP3F n t he

second  ext gafseinldWhalyzd PPPorPIEN G post-AandfOdtionhRingetR@Bytbineityof human CD20 by
known anti-CD20 antibodies. In studies by Deans and col | eagues (M J.

Pol yak, et at, Blood, (2002) 99(9): pp 3256-3262; MJ. Polyak, et at, J.
| munol ., (1998) 161(Olzgomacl&2ﬁ£ PERByimderye Oﬂlignﬁﬁdh@tldé péilderawede- CD20 mMAbs

tested was g)pnrt 1ze (li) }iuan'%%g'bgqucéjg%\?a\qag}se% Jl"lq'e lQetherlands) Primers were
25  reconstituted in water in a concentration of 100 pmol/pl and stored at -20 °C until
required. A summary of PCR and sequencing primers is shown in Table 3.

Optical density determination of nucleic acids: Optical density was
determined using an Ultrospec 2100 pro Classic (Amersham Biosciences, Uppsala,
30  Sweden) according to the manufacturer's instructions. The DNA concentration was
measured by analysis of the OD¢0nm, Where one OD2gonm unit = 50 pg/ml. The reference
solution was identical to the solution used to dissolve the nucleic acids.

Plasmid DNA isolation from E. coli culture: Plasmid DNA was isolated
35 from E. coli cultures using kits from Qiagen according to the manufacturer's instructions
(Westburg BV, Leusden, The Netherlands). For 'bulk’ plasmid preparation either a Hi-
Speed plasmid Maxi kit or a Hi-Speed plasmid Midi kit were used (Qiagen). For a small
scale plasmid preparation (i.e., 2 ml of E coli culture) a Qiaprep Spin Miniprep Kit
.97.




35 the corresponding nurine CD20 residues S 170 and S 172. Sone

het erogeneity in the recognition of the AxP epitope has been recognized
however as @GMI-086PCbodi es |ike rituxinmb recognize nmurine CD20 with S 170
and S 172 nutated to the human A170xP172 sequence whereas sonme ot hers
require additional nutations imediately N -96 GM-055PC term nal of the

the bi ndi ng (QFECHE aebbBn e L afurdip Yo e (s if 1 Bt s P Ehdence
was nut at edmMj).o SxS using site-directed nmutagenesis (AxP nutant = A170S, PI
72S), cells were transfected with the AxP nutant and wild-type (W) CD20

DNA, and the 5 binding characteristics of the anti-CD20 mAbs were conpared.
Further mutants were g’uCé\b@mnla?caponn'EiR praotionsevere ppdeimadmecardingrtothet ed t o
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| oop regi ondDeFOmplsted regspions wers anghysed by agaase 2sbelReHEPIBPTSs St ri cti on enzyne
di gestion and sequenci ng. The 20 constructs were transiently transfected in
CHO cel i\i (for AXP nutati on%l r HE?293F' Cﬁel | s arlld anal.yzed 24 or_.48 hours
post -t r ahsfection usi A8 ce?‘f%’r?g presis: EYYBT R ElSEITQRIOETS YRS Resforme

A i gonucl eotcabedipg torRamsbrask éMslactilae €lonig batdrajoryVafuabBro gditisnpesing33éls
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of PCR and #edusiancofreghigiunnbromideinghegel and opsgsyation undpr V¥ dighgieqel impges

det er m nat i QRrOfechded 8) § (R d8meiRhil SR ImaAG Halis W stemd€leREGRAIRE S‘ﬁ%ﬂ% an

U trospec 2100 pro C assic (Anmersham Bi osci ences, "Uppsal a, 30 Swe

accor di 49 t &ambaidgadihct urer' s instructions. The DNA concentration was
measured by anal ysis of the OD260nm where one OD260",,, unit = 50 g/m . The
reference solution w?es i dentical t uti.on used to dissol ve t he

the s
nucl ei ¢ acids. Plasm PEHRECT CBVEE PRSP Em Fesigion QayPey werestRRIRAPYDNA was
i sol ated 3Befarlonglind Biolabs ¢BevanlyeMA)sindgiséd dcsofdimmoGhagepliaccor di ng to t he

manuf act ur e?écﬁrﬂn&%ﬁﬁﬁ'&{s! i ﬁeneral, 100 ng was digested with 5 units of enzyme(s) in
25  appropriate buffer in a final volume of 10 pl. Reaction volumes were scaled up as
appropriate. Digestions were incubated for a minimum of 60 min at the manufacturer's
recommended temperature.
For fragments requiring double digestions with restriction enzymes which
have incompatible buffer or temperature requirements, digestions were performed

30  sequentially so as to offer favourable conditions for each enzyme in turn.

Alkaline phosphatase treatment: Shrimp alkaline phosphatase (USB,
Cleveland, OH) was used according to the supplier's recommendations. Alkaline
phosphatase removes 5'-phosphate groups from the ends of DNA fragments thereby
35  preventing self-ligation. This is of particular relevance when self re-ligation of a DNA
fragment could result in a replication-competent vector. The enzyme is active in most
restriction enzyme buffers and was added as appropriate. After the digestion, the
enzyme was inactivated by raising the temperature to 70 °C for 15 min.
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(West burg BY, Leusden, The Netherlands). For 'bulk' plasm d preparation
either a Hi - Speed plasmd Maxi kit or a Hi-Speed plasmd Mdi kit were used
(Q agen). FE&GM&O0SHBCI scale plasmd preparation (i.e., 2 m of E coli
culture) a Qaprep Spin Mniprep Kit -97 GM-055PC (Q agen) was used and
the DNA eluted in 50 tI TE (Tris-HCl 10 mMpH 8.0, EDTA 1 nmVM. PCR
anplification: PCR reactions were perforned according to the 5

manuf acturer's instructions for the Pfu-Turbo(r) Hotstart DNA pol ynerase
(Stratagene, Anmster daﬂurzﬂ‘moﬂ\ta‘fm hed\eks)ricticaehzy2i rleact&ax;triodﬂcmont ai ned 1 x

PCR reacti O'i}'unﬁf:aftﬁ)rn’was%gﬁlég: St )ﬁﬁqﬁwgﬁm eﬁxte7 P%ﬁ%urfﬁf a ES%EWL}? Tur bo'

reverse priner appr oxl nmat
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program of: + 0 cycles o +95 8for 30 sec,

we
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was per f or ndte cahlumr\damyxetd(by%nmfogﬂno@mﬂembbmce of adﬂddd)ufﬁboDNmWS Manual ,

3rd edi tyjon '

but f or . ' Pra il Wraieelufibn hitriito tlelofurtn 4 G 8le GRGLTLE kAL,
and obser vaﬂﬁ%ﬂhﬁh@% W?A/Q‘Pqnglﬁ@d brAlV pprgfesropyere quality pesessed Py 42WOR ghner a
and an |nag@1e@ﬂgémé§s_system (GeneGhone; Syngene, 20 Canbridge, UK).
Restriction enzynme digestions: Restriction enzynmes were supplied by New
Engl and Bi ol abs (Beverly, MA) and used according to the supplier's

_recggwendati ons. In ??mtwn oﬂL](fI@A ﬁlggmﬁts FHoBesda@olseVdel -h Whuelappropﬁaterozzey,rre( s)

I n a I’Iat er 1n artlna n”esvvere
SCal od g adhed piyble Fidemenser Psent . aiefRed DA srnley BereseRdierimaEt 60 i n
at the mnubbctruplmmésss andetbe destred dichgneniaxcaed frem thegef amlg'ﬂmvtesedrusqlglthe ng

doubl e di ge IA%B@II‘L'%J &tfa‘éﬁ&( kgk%&g%rﬁnééégﬁﬁn%{&' il aﬁé‘?ég g%%%@?ﬁfch@l & buffer

or tenperature re ons wer sequentially so as
to offer f a\B@wﬂaleéIAcbmrds Wegmexcissd froarthe @gzryﬁeegql and grefted 1 m&nm@rms phat ase

e e i
5 phosﬁ&at éfvaérpﬁﬂFﬁéngY 6ﬁ£? ivaan e fmﬁ’g%(b(ﬂosg tﬂi@raé‘g ge‘% Sfonith ng
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After the digestion, the
Ligation of DNA fragments: Ligations were performed with the Quick
25 Ligation Kit (New England Biolabs) according to the manufacturer's instructions. For
each ligation, the vector DNA was mixed with approximately 3-fold molar excess of
insert DNA such that the total amount of DNA was lower than 200 ng in 10 pl, with
volume adjusted with water as appropriate. To this was added 10 ul 2 x Quick Ligation
Buffer and 1 pl Quick T4 DNA ligase and the ligation mix was incubated for 5-30 min
30  atroom temperature.

Transformation of DNA into bacteria: Samples of DNA were used to
transform One Shot DHS5a-T1R competent E. coli cells (Invitrogen, Breda, The
Netherlands) using the heat-shock method according to the manufacturer's instructions.

35  Briefly, 1-5 ul of DNA solution (typically 2 pl of DNA ligation mix) was added to an
aliquot of transformation-competent bacterial cells and the mixture incubated on ice for
30 min. The cells were then heat-shocked by transferring to a waterbath at 42 °C for 30
sec followed by a further incubation on ice for 5 min. Cells were left to recover by
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enzynme was inactivated by raising the tenperature to 70 C for 15 mn. _98_
[11 GM-055PC Purification of PCR and restriction enzyne reaction products:
Purificati olGMEHSSRCri ed out using the mni-elute PCR Purification kit
(supplied by Q agen), according to the nmanufacturer's instructions.

Briefly, DNA sanples were 5 diluted in 5 volunmes of binding buffer |

(Q agen) and | paded ont o i.ni -elute colu Ln an. endorf _centrifuge
{ibe “The sl nddRaierlire ot medtpuRetios it staRRR AT Ghe
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appropriate, B ] and 1 | Quick
T4 DNA | gagg-ggﬁéﬁbtr %égl\?sfeea% %’23 13%9)%1 et&ggéf%gﬁéga%?éd B c%@H%WR 30 at room
terrperature Transfornatl on of DNA into bacteria: Sanples of DNA were used

to transform One Shot l@"?&;ul%§o%hﬁﬁ‘bl\@sﬁﬁﬁ)lbs%fés%n&'td“)&t}tdw&e” Br eda,

The Net herl ands) usi ng_t he heat-shock nethod accordi ng to the

manuf acefr efBerlinpGemmany) B sequencarnabysis, Sequences yererpualyged uting et ypi cal 1y 2
d of DNA | i galtioPNTIoRwae pacdage dnfeimaR, FrelldrRoMmMIUSApnsf or mat i on- conpet ent
bacterial cells and the m xture incubated on 1ce for 30 mn. The cells were
t hen heat-shocked by transferring to a waterbath at 42 C for 30 sec

foll owed by a further incubation on icd&dbbé35 mn. Cells were left to
recover by

Name Application Length Oligo Sequence

CD20P1728 CD20 mutagenesis 36 TGGGGAGTTTTTCTCAGAGGAATTCGATGGTTCACAGTTGTA
CD20N166D CD20 mutagenesis 39 TGTAACAGTATTGGGTAGATGGG

CD20N163D CD20 mutagenesis 36 AATCATGGACATACTTAATATTA

cd20exfor CD20 construction 41 TATAGCCCGGGGCCGCCACCATGACAACACCCAGAAATTCA
cd20exrev CD20 construction 38 GCGTCTCATGTACATTAAGGAGAGCTGTCATTTTCTAT
peel3.4seqrev2 Colony PCR 23 TCGGACATCTCATGACTTTCTTT

pConKseql Colony PCR 23 GTAGTCTGAGCAGTACTCGTTGC

cd20hsapmutr {(AxP) CD20 mutagenesis 42 TGGGGAGTTTTTCTCAGAGGAATTCGATGGTTCACAGTTGTA
cd20hsapmutf (AxP) CD20 mutagenesis 42 TACAACTGTGAACCATCGAATTCCTCTGAGAAAAACTCCCCA
CD20seq2 CD20 sequencing 23 TGTAACAGTATTGGGTAGATGGG

cd20seql CD20 sequencing 23 AATCATGGACATACTTAATATTA

25
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-99 GM -055PC incubation in a non-selective culture medium (SOC) for 1 hour
with agitation at 37 C and were subsequently spread onto agar plates

cont ai ni ng &PMI-6p5PEt e sel ective agent (anpicillin at 50 g/m). Plates were
i ncubated for 16-18 hours at +37 C or until colonies of bacteria becane
evident. 5 Screening of bacterial colonies by PCR Bacterial colonies were
screened for the presegnce of ve rs _containing the desi.red. sequences using
the PCR col ony screeﬁ?’f{ﬁg‘)t"&'ﬁnﬁaﬁénmﬁ%enﬁilséi‘fas BT PFIBE SitRet Wt ai ni ng
0.5 vol unes QikChdngS®XITSjeIhisred MitagdnghiagiiTat 2005145, bbt 112663@r war d and

Col any whs TTaREry PeURRBRCRlR s e Reihlc O RO . Buched in 2 m
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P | as mdd) 5 fn@ﬁﬁ%mgdﬁatﬁeﬂoﬁé&ﬁoﬂt@ﬁs& -TRRoffipe teng@%fuiacseu@%'f ERERESH ratedl+g§o .y
-gradi en er nmc er i ometr usi ng e pro or
15 nmin, ”3. %%l%‘%@ g&f rggorgqion- E‘p@ef"o eaI@O qui,%“ eSaWﬁréa?% ﬂ@g%ﬁcf’]&“y% sec
and 15 exteIPQRoandwﬂﬁctﬁbﬂmgeﬁlompﬂwrfd)ﬂrmmdoxby a final extension step of 10
mn at 72 C and subsequent storage at 4'C. The conpl eted reactions were

anal yzed by agarose gel electrophoresis. See Table 3 for details of priner
pairs used for col onyIMFZ%IB\\WHEWWLVMmgHEK%%ﬁicdHDNmeS&mih@hﬁmre send to

AGOM d
isng 10\ Bty o R el Aot Bl qézc“‘?n@ Rt SROUSRRE SRR Balieah T
3 Nane Appl |TéaﬁFd‘%29§Er¢gtlﬁwgql§f@dQ§ h@:@nei@zmpamggl@m nut agenesi s 36
TGGGGAGTTTTTCTCAGAGGAATTCGATGGTTCACAGTTGTA CD20NI 66D CD20 mut agenesi s 39

TGTAACAGTATTGGGTAGAT t agenesi s 36
AATCATGGACATACTTAATAT ‘2’ C”e&zo 5 §EQWIpte approximately 95%
TATACCCCCECCh M rreGfsndy mecmmr@e, faRdt EONgtsruct i on 38
GCGTCT GTACATT TTTTCTAT el.3. ny. PCR 23
ooeaea ERRES Wik boreb sk 0REMUGR SR I b Bt

cd2Chsapnut Ne(h%xlﬁ?l)ds():DIG s endy@dq e wedifitated DNA was diluted (1pg/ul) in 500 pl
TGGGGAGITTT] T . d h tedo

mut agenc5| S Q%W%m%%@& EDZO
sequenci ng 33.3YGRAROAGTET IO0YT Als paxiGransfation 24 @bﬂgo@e‘qmﬁcwwlmd in
AATCATGGACAEHE-L, T@]ﬁWﬁATh@é thelgﬂ)ut@/hp&léégﬁme was incubated (RT, 5 min), and the

20  diluted DNA combined with the diluted lipofectamine. After gently mixing and
incubating the solution (RT, 20 min), 1000 ul DNA/lipofectamine was added to the
CHO cells, thoroughly mixed and incubated for 48 hours at 37 °C, 5% CO,. Two days
after transfection of CHO cells, cells were washed twice with FACS buffer (PBS
supplemented with 0.1% BSA and 0.002% NaN3). CHO cells were treated with

25  trypsin/EDTA (Gibco BRL, Life Technologies, Paisley, Scotland) and lifted off the
culture plates.

Anti-CD20 Antibody binding: HEK293F cells and CHO cells were taken

up in PBS in a concentration of 2 x 10%/ml, and added to round bottom plates (1 x

30  10°/well). Then, 50 ul CD20 mADb was added, in serial dilutions of 10, 5, 2.5, or O pug
per well (4 °C, 30 min). After washing in FACS buffer (PBS supplemented with 0.1%
BSA and 0.002% NaNj3), the cells were analyzed on a flow cytometer (Becton
Dickinson, San Diego, CA, USA), and 5,000 events per sample were acquired at high
flow rate.

35 As can be seen from Figures 48A-E, all anti-CD20 mAbs bound
efficiently to CHO cells expressing WT CD20. As expected, rituximab did not bind the
AxP mutant (Figure 48A), and B1 bound this mutant poorly (Figure 48D). Both 2F2
and 11B8 in contrast bound to WT and AxP mutant CD20 equally well (Figure 48B and

-101-



Mut agenesi s: The mut agenesi s was performed, using either the QuikChange(r)
XL Site-Directed Mutagenesis kit (Cat 200517-5, Lot 1120630, Stratagene
Eur ope) accMIAFSPC t he manufacturer's instructions. Mitagenesis reactions
were concentrated using ethanol precipitation and 5 transforned into either
oneshot DH5a-T1R corrpetent E. coli cells or el ectroporat ed into

El ectroTen- I at | on checked by
col ony PCR%Ia%d‘(’ 4%%? 'Fgrta f%ﬁ“ﬁ ¢]§26 Pgﬁle Sélﬁ%feeﬁﬁfe%fﬁtltr 3F cel l
t ransf ect i obind{igkeRO#ExiowdAbl amdvlblr eBath2&R med 11 B® agdin wenwvinsersijpme taret dbsansf ect ed

accordi ng t%rE%«g I{E@I‘blflfﬂfe% 2BbnS 1 Nstructions, using 293fectin. The HEK293F
cells were us ?or al e single nutant sequences. CHO cell transfection:

CHO cel |'s grown to apphéxstudit @rigﬁat;vs@hat theriinding o2 kveand  1Bfiei hamanyCD20 is
t ransf ected jNdehdititOROmUbatingd i REhindAi @ PbsiedA¥A 707and 132, Q%@ﬁfB@ﬁeféfforQOt h

Net her | ands yePraint hPSv Ehas oDl grhrpraBibte DRy KD 0 PIPRE! (1/1) i n 500 |
optinmem in ratios of Figute 408%hoWd p&‘&’entfg@:{)l&ﬁné%‘2FW18@T6% of¥bixbhatoty : WI
" 500 1 ogt B R an WO FisBRDE Sh it edrmne e B RRR L L 4 BB 5
mn), and tﬂiﬁ LA TH{CTAT ¢3.6BM2, xmobsereonosdnal Igi2 Adanti:CB20lanfibédyct ami ne.  After
BN | .ypg?él;t“é?ﬁgﬁg"a%w*ﬁ@&% WB/of RSO REED] Frivukhdd Bipud iR (axpy vs

i ncubat ed f WI4&DHburs at 37 C, 5% OC2. Two days after transfection of CHO
cells, cells were was 'F%F'tﬂe%ﬁtﬁnt"\?vﬁé?eﬁ%iﬁriyﬁé &p o@i?%§l6§%ﬁpb€éﬁpr lﬁéizd‘%&}h 0.1%

BSA and 0. 002% NaN3 t ted t 25 t E

BRL, “Uite Tatmms %fgs)i é%%af%wF égwpéﬁgrﬁ%w% ing, ayesgp SBIJEE““"&‘HP‘? encﬁco

pl a_t es. Ant lHE@Z(@vemhblb@@iumb; ®diMdlire $BE2 A3L sigdlak 8x ﬂnéﬁlrlOACIelj 6EVR#aR] t aken
(1 30 05 UBHFRD SEReAPt kohndie SRRSO R A 2T b thodeptBibns of 10,
5, 2.5, or OGimglingysee Kighte 4(9=D (For3Be miutant whéltemaspmgmﬂgt positiodCH 3has been ( PBS
suppl enent e on a
fl ow cyt omeftii ee‘yMlct Ebgt gﬁ&m%?éﬂ??@gﬁN?@ﬁ??%@h@mx%%% Bg%f a‘i\ﬁéﬂ 5@%63£e\3§nt s per
sanpl e were bmshtgl(ﬂé%m‘élt@ﬁ} gtherens 32 and %F2T3®lmh@\a¢d sy dose Rindingsrseei Bjgwre s

48A-E, all aoki 1403k RRp aﬁhm C&fi?s@EPﬁ&ﬂd’nttungﬂQv&%labl% 8 BRESSi ng WI
CD20. As expect AxP nmutant (Fi %ure 48A), and

B 1 bourfl tlﬁl%qu?ﬁléérl tg%laff %F%T:P@Mrs ow!grfyerympmjpg, segfdgue8ti n cont r ast

g(\)/l u ng 5t5(F)’ CWI_ and AxXP mIhasd experes@iaditate tHat PFY MAOLIBS K88 tadidferchd dpilopes.

Example 15 Epitope mapping using Pepscan method
Synthesis of peptides: 7-,9-, and 15-mer peptides were synthesized

25 according to standard methods. In some cases chemical linkage of the legs of a 15-mer
peptide helps to identify amino acid sequences of a potentially discontinuous epitope.
According to known procedures (H.M. Geysen et al. (1984) Proc. Natl. Acad. Sci. US4,
81:3998; J.W. Slootstra et al. (1996) Mol. Divers. 1:87; and WO 01/60769), 7-, 9-, and
15-mer peptides were synthesized that could be possible binding sites or epitopes

30 involved in binding of 2F2 or 11B8 to the human CD20 molecule. The 9- and 15-mers
were synthesized as loops and screened using credit-card format mini-PEPSCAN cards
(455 peptide format/card). In all looped peptides amino acids at varied positions were
replaced by a cysteine (e.g., acetyl- XCXXXXXXXXXXXCX-minicard). The peptides
were synthesized using standard Fmoc-chemistry and deprotected using TFA with

35 scavengers. Subsequently, the deprotected peptides were reacted on the microarray with
an 0.5 mM solution of 1,3-bis(bromomethyl)benzene in ammonium bicarbonate (20
mM, pH 7.9), supplemented with acetonitrile (1:1 (v/v)). The microarrays were gently
shaken in the solution for 30-60 min, while completely covered in the solution. Finally,
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Figure 48C). Titrating the anobunt of WI CD20 on the surface indeed titrated
the binding of rituximab and Bl. Both 2F2 and 11 B8 again were insensitive
to the abseGMI-083P@resence of the nutation. This study indicates that the
bi nding of 2F2 and 11B8 to human CD20 is 5 insensitive to nutations at

am no acid posi tions 170 and 172. 2F2 and 1lB8 therefore represent a new

cl ass of CDZ20 mAbs reco n|2| a nove Fi 49A sho
per cent age BI'MAIGT8YS ¥ ?‘te@iv h%%ﬁ gﬁfglpofﬁ%ﬁ?n §\Q\S}§ WI
CD20, Fi gur élsn@Bbsffnv@nmmmg ﬂf/egnadllhn dddecglsolffateﬂml% B]:ﬁnlaﬁ;'ﬁptoemnolﬁh'lPESDAT

13. 6E12, a t.

control i sogﬁge ant 1 body zﬁlﬁ%glp%?;bﬁ%g%%% 1h%ﬁ§70{égb(?6&la§§%@

CD20. For tmen.n¥ihsaquentistbe mieropgHayereaeady fposqr@mngm%l&b@eéw repI aced
with aspartic acid (CD20N166D) 2F2 showed very | ow bi ndi ng, whereas B1,

rituximab and 11B8T re a o bind 49 lna sim.| ar
experi ment CAT 13. 6E15€RSsd" ?ﬁ&f-fwr wﬁe\@ ‘FTQ&ES rgrfﬁan%t@obﬁﬁtyiwﬁao,
wher eas 2F2dards)lcyntatndvietie ¢evalertbvinked peptifs, \Sﬁe ifdubatee vAd3erdnd (d1h1|&5ﬂ nut ant

wh i t has. b | t d
B
wher eas 2F2(vam)) (2PCTowarinyglshodvkier washing| the peptadiis vegre mebzﬁe@wnth andGEmahn a

e t
Copontosh P EHbPRD belsRYipic ittty 21006, L MNER IR St SbfinBollhei Sl [
exper i ment ssubstatead.2- qzmdlzizthalmnmmlamum sttfonate and gelﬂ/éﬂtyeﬁrz@mﬂé@ Exanpl e

15 Epitope p@RAl 'A?fte&"%hé‘ﬁofeﬂ’é%%lbr BV MY eRY Wab &idaSured. ’Pﬁé)édlgﬁfevelz)pmeﬂrof and
15-mer pepti des nth €§25 according to standard, nmethods, I n sone

cases cheni BgEL gﬁm&uaml £(Jp-camerg apd an imagg Pfeéesﬁ’é‘&%“t“& iTheseti £y

am no aci d GeauBBeest DCCH-aicenindd by mi &6 (8dnyuOOD Eaed %@mgra )té@aom ng to
Ca Cl

k i CGe ) 1984) P ) tl
51 500815 KBt bk TS 3 By 4 Aptnerayagaiar Chy pablefiidaBRs Digorso)
7-, 9-, and77RE) arekrthp &pagedtrocessing Softmalexickagt Optanas; vedstbnlfeS Pdsdiabl e b| nd| ng

rsr:)lt :iulotra epggggﬁalgosq\%\(%ylﬁg l\\//{gr%bggn[?hes} Egm%f‘ﬁ%p ;&ghts}@rlgene u5| ng

credit-cards¥stamvat m ni - PEPSCAN cards (455 peptide format/card). In all

| ooped peptides anmino acids at varied positions were replaced by a cysteine
(e.g., acetyl - XCXOXXXXXXXXXCX-m ni card) . The peptjdes re synt hesi zed

usi ng st%ndard Froc- cﬁé%@spfﬁﬂn&?ﬂ%ﬁ?‘lﬁ?séé‘fréhe B@?WQS’F‘PK ePha‘P:%’ogY:avengers.

Subsequent | yonckheatidap aet shewadn pelpiv Tidte #vesETaktast ed on the microarray with
an 0.5 nmM sol ution of 1, 3-bis(brononethyl)benzene in anmoni um bi car bonat e

(20 mM pH 7.9), supplenmented with acetonitrile (1:1 (v/v)). The
m croarrays were gently shaken in the solution for 30-60 mn, while
conpletely covered in the solution. Finally, -102
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GM - 055PC

H20 and sonicated in

0. 1% O- nmer capt oet hanol ,
sonication in mllipore HO for another 45 mn.
screening in an ELI SA-assay.

mcrowel I s were ready for

in PBS

the m croarrays were washed extensively with excess of MIIlipore
di srupt-buffer containing 1% sodi um dodecyl sul fate,

(pH 7.2) at 70 C for 30 mn,
Subsequent |y,

fol |l oned by
t he

5 Pepscan ELI SA

-assay: The 455-well| credit card-format polyethylene cards, containing the
covalentlylink(j i —were incubate i serum (dilyted 1:1000 in
bl ocki ng sol utign whizIE R H) 8= HOR &\ ==l gr%oval bumi n
(WvVv)) (4 C ovdr ni ght38 A (er i ng i"dés Wer|é|i ncubated with
anti-human 10 arjti body oXi dase i ' 04Q0,| 1 Rhour, 25 ©, and after
washi ng the peradxi dase ~@ibst rlat| e @&p D' i -|3-let{hyl henzt hi azol i ne
sulfonate and 2|l /m 3%MEO? were dle ang hoyr,| the col or
devel opnent was |nmeasug The s de afs| g dHig|SA was quantified
with a CCD- canerja and mage eSS ~The 7§t "jup consists of a
CCD-canmera and g 55 nmgcims |( $ony V a XC—'?I#R, 15 Ni kon
mcro-ni kk or 553 mmf/ 2.l eng), ape (ISqny Canera adapt or DC-
77RR) and the | rage Prod@siing $o e Qpt|i mag, |version 6.5 (Media
Cybernetics, Siljver 2 B 3| MDeo? Qtt s ikdiRg on a pentium ||
conputer system Zosg beor bandgs—{ O ) fdr [thé pepti des at
different antibgdy co trati on re bellow Tahl e 4 and Tabl e 5.
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c7 DI -0b5PC Table 5 11B8 7D8 rituximab 2F2 10 /m 10 m 10 m
/M PCINY: PCE 118 163 152 65 YCN YNAEPANPSCK 287 181 2418 86

| CI YNAEPANPSECN 138 192 142 78 NCYNAEPANPSEKCS 93 121 2649 49

| CNAEPANPS
NCEPANPSEK

10

15

20

25

KNCP 115 165 3283 [43 1 MSAEPANPSHiNGmab106 1288 3770 65
SPCT 159 183 3476 [610 Jallt] SH 1146 pd/éB| 250 77
PCINIYNAEPANPCE 118 163 152 65
YCNIYNAEPANPSCK 287 181 2418 86
ICIYNAEPANPSECN 138 192 142 78
NCYNAEPANPSEKCS 93 121 2649 49
ICNAEPANPSEKNCP 115 165 3283 43
YCAEPANPSEKNSCS 106 188 3770 65
NCEPANPSEKNSPCT 159 183 3476 61
ACPANPSEKNSPSCQ 146 148 250 77
ECANPSEKNSPSTCY 134 179 188 68

As appears from Table 4, 11B8 showed binding to AGIYAP of the small
first extracellular loop of human CD20 at both 10 pg/ml and 100 pg/ml, whereas the
other antibodies tested did not show significant binding to AGIYAP.

Furthermore, 11B8 showed binding to MESLNFIRAHTPYI of the
second extracellular loop of human CD20 at both 10 pg/ml and 100 pg/ml, whereas the
other antibodies tested did not show significant binding to MESLNFIRAHTPYL

As appears from Table 5, rituximab showed binding to EPANPSEK of
the second extracellular loop of human CD20 at both 1 pg/ml and 10 pg/ml, whereas the
other antibodies tested did not show significant binding to EPANPSEK.

Example 16 Anti-idiotypic antibodies

Generation of anti-idiotypic antibodies: Mouse anti-idiotypic antibodies
were made by immunizing Balb/C mice with 2F2 or 11B8T, and generating hybridomas
from spleens of these mice by fusion with NS1 myeloma cells using standard
techniques. The following anti-idiotypic antibodies were generated: anti-2F2 sab 1.1,
anti-2F2 sab 1.2, anti-2F2 sab 1.3, anti-11B8T sab 2.2, anti-11B8T sab 2.3, anti-11B8T
sab 2.4, anti-11B8T sab 2.5, and anti-11B8T sab 2.6. These were tested for specific
binding to 2F2T, 7D8 and 11B8T. ELISA plates were coated with purified 2F2T, 7D8
or 11B8T (diluted in PBS to a final concentration of 1-2 pg/ml, 37 °C, 2 hours). Plates
were blocked with PBS containing 0.05% Tween-20 and 2% chicken serum (RT, 1
hour). Subsequently, the plates were incubated with supernatants from cultures of the
anti-idiotypic antibodies (final concentration adjusted to 1-10 pg/ml, RT, 2 hours).
Bound mouse anti-idiotypic antibodies were detected with rabbit-anti-mouse IgG-HRP
conjugated antibody (Jackson ImmunoResearch).
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ECANPSEKNSPSTCY 134 179 188 68 5 As appears from Table 4, 11B8 showed

bi nding to AGd YAP of the small first extracellular |oop of human CD20 at
both 10 g/ MGMKISIPO g/ M, whereas the other antibodies tested did not show
significant binding to AG YAP. Furthernore, 11B8 showed binding to

MESLNFI RAHTPYI of the second extracellular |oop of human CD20 at both 10

3 Gni 11 cant bndi ot QoNBaYRe iR At Liabdof aRR A B 4 b SR04
showed bi ndiatyl.B bitdRARPIEKNd 7D 8} het rext o hidB 83X o amceirélatedy isdtypocarftroh haman CD20
ot 10405 RO b1 5l YL TS R B
ant i bodi es @#@F&ﬂ‘il%{ptﬁan&hwlﬁ witht7{8i wassenpediedii es: Mouse anti - i di otypic
anti bodi gs were nadeFpard FTYWS st FAALN/BSTYa6S. Zﬂﬂahthl?fE@T%ﬁb 3 3B3%;- and

th
el onm o1 TABELSSLE 3, i bPROPHEchs st SR Tiet paliadn e oty i

ant i bodi es wetikrgetear at ed: anti-2F2 sab 1.1, 20 anti-2F2 sab 1.2, anti-2F2
sab 1.3, anti-11B8T sab 2.2, anti-11B8T sab 2.3, anti-11B8T sab 2.4, anti-|I
| BT sab 2.5, and anti-11B8T sab 2.6. These were tested for specific

bi ndi ng to 2F2T, 7D8 dnt-idibBic arkibo&its pb ak ésmueadiagrostiethols {The @E2/7D8ed 2F2T,

1B iQr - C, 2
roor sy 1oL AR RO s AT BapldaufL ol
chi cken ser d@ﬁeqtm qyalztéyrlmi%of g seenestongl anttllbedlpai agaarst WE129 indahopderad wi t h
super nat ant gr § aftfém %{ﬁlw €fhi®al BE usé@it for e;édn%tf@;ﬁlaﬁmomﬁh@ssof(ﬁlé Bal-

trat dt
Sﬁ? .C-e.n d.r gt Lﬁ?)@%afeﬂﬁwfyd?régr F@ngg&g@eég&umaqt%ri &B'Zcﬂgﬁ Ofﬁtq %'@@28 pRfEodip
l(; onj ugat ed alltiﬂ foggg)mtbﬁﬁg R&CﬂisdatsﬂlmszZRESﬁ&rt@ﬁ)reatmbﬁﬁmla Iﬁﬁlenﬂm é&nﬁ)ﬂmﬁld t
| gur e ant | Sa | (0]
DEST and S ategfiassis Bris 4 o word S dE ik sine Al Rt O L P BrR e 1
anti body. Sonai-2F2%abangl PB&saveze blockedwito PB§austaimng/).0andl weersZhaneiitde,
ti f anti- i 5F

[eacti on of eyl <cRif s Phy) SNk AN S Ml B EX RSl FT U1 e
anti-11B8T dduion of 2Falr”fc(la,ﬁ90 -S1EEmb R, 2 loues)| Bepndi2kT wapdateeted withsi ni | ar

extent. ANt hygygh- QﬁtYthﬁaﬁl Pﬂd’&% te’ﬂrhn'u%ﬂéﬂo&é SRS K glreP52A-thedsk?2/ 708
10 and 11B8T sp gmfl C ant dj;9 p| C antibodi es can be uSed as an

i m"runodl?é?gné‘%ﬁqn e‘tt(?éﬂd"t‘%)o %lﬁﬂr"éi antify | evels of human nonocl onal
ant i bodi es agai nst CD20 in Iaboratory or patient sanples. This nay be
useful for @gaNaldi® pharmakokinetics of the anti-

Those skilled in the art will recognize or be able to ascertain, using no
more than routine experimentation, many equivalents of the specific embodiments of the
25 invention described herein. Such equivalents are intended to be encompassed by the
following claims. Any combination of the embodiments disclosed in the dependent

claims are also contemplated to be within the scope of the invention.
Incorporation by Reference

30 All patents, pending patent applications and other publications cited

herein are hereby incorporated by reference in their entirety.
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CD2Q anti body or for determ ning and adjusting the dosage of the anti-CD20
anti body and for nonitoring the disease and the effect of treatnent in a
patient. As an exanple of 15 such an assay, ELISA plates were coated with 4
g/m anti-2F2 sab 1.1, anti-2F2 sab 1.2 or anti-2F2 sab 1.3. Plates were
bl ocked wth PBS containing 0.05% Tween-20 and 2% chi cken serum (RT, 1
hour). Subsequently, the plates were incubated with a serial dilution of
2F2T (10,000-9.77 ng/m, RT, 2 hours). Bound 2F2T was detected with
mouse- ant i - Wergdmamt gG HRP- conj ugat ed anti body. As shown in Figures 52A-C a
dose 20 dependent binding of 2F2T was observed. Equival ents Those skilled
inthe art will recognize or be able to ascertain, using nore than

no
routine experinentatibn, néRysolaied emammenenionahantdhedywhieh bindoleimmns of the
25 invengi 3@?19@?%‘[ wfhfefllmmsab 'ﬁu}t§}!(}’h72;sg\@'l)2@|(§1%!liﬁe tﬁfﬁ‘osﬁt[&fneltr?%‘%ﬂut%dg@ t
enconpasse e follow ng c ns. Any coO ion o e enbodi nent s
di scl osed ! Fpew’(ﬂléﬁ%lﬁﬁséme S%Heﬁ?ﬁ%‘tya?séoi‘%m%enpl ated to be within the
scope of the invention. |Incorporation by Reference 30 Al patents, pending
pat ent applications d other bl.i cations cjt her,ein are her.eb
i ncor porated by refer®&nce flﬁe ?rﬁli’loij 8%1?%?’;/5?1‘39%@@%&9%?% COP.SISgiﬂg %{%%’I at ed
human nonoclgbdabn k62, bodgGitandaGhj ardigM,@anHgAdan IgACDR Gecaetdryvigidc hn kilhds t o

mut ant Pd7254 EGRGRdyne at position 172 nutated to serine) with at |east
t he sane afz?%l %qt% as 1toyltqumam CD20. 2. The antibody of claiml1, selected

fromthe group consisting of an 1gd, an Ig&, an 1gG3, an 1g&4, an IgM an

IgAl, an 1gA2, a secrgtor yThddhtibdly bP&aim 1 OvkdéinaRe érﬁi%oﬁ?!isi #0861 3. The
anti body of claim2, wherein the antibody i1s an Igd antibody. 15 4. The

anti body ofP9d¥n 2 wherein the antibody is an 1gG antibody. 5. The
anti body of claim2, wherein the antibody is an Ig&& antibody. 20 6. The

anti body.of claim 2, erepn t nt rhody,i.s, an I gAl or .1 gA2 ti body. 7.
The ant i)f%ody of any o%\g oﬁ?%@qﬁpg‘égtﬁﬁ@y%’l‘ﬁ?ﬁlpt&%@t%oﬂy%n@ Ig%@ ant i body
di ssoci at esanftibody.hunan CD20 with a di ssociation rate constant (kd) of about

10-5 sec-1 or less. 8. The antibody of any one of the preceding clains,

wherein the
5. The antibody of claim 2, wherein the antibody is an IgG4

antibody.
20
6. The antibody of claim 2, wherein the antibody is an IgA1 or IgA2
antibody.

7. The antibody of any one of the preceding claims, wherein the
25 antibody dissociates from human CD20 with a dissociation rate constant (kg) of about

107 sec™! or less.

8. The antibody of any one of the preceding claims, wherein the
antibody binds to human CD20 with an affinity constant (Kp) of about 5 nM or less.

30
9. The antibody of any one of the preceding claims, wherein the

antibody has one or more of the characteristics selected from the group consisting of:
(i) capable of inducing complement dependent cytotoxicity (CDC) of
cells expressing CD20 in the presence of complement;
35 (i1) capable of inducing complement dependent cytotoxicity (CDC) of
cells expressing CD20 and high levels of CD55 and/or CD59 in the presence of
complement;

(iii) capable of inducing apoptosis of cells expressing CD20;

(0t




anti body binds to human CD20 with an affinity constant (KD) of about 5 nM or
|l ess. 30 9. The anti body of any one of the preceding clains, wherein the
anti body has one or nore of the characteristics selected fromthe group
consisting of (i) capable of inducing conplenent dependent cytotoxicity
(CDC) of cells expressing CD20 in the presence of conplenent 35 (i)

capabl e of inducing c nt d enden t 0X cells
expressi ng CD20 and h{)gﬁ %%?%/%P @SBB ‘?fh‘ i Oﬁ(?xé%‘g'nce of
conpl enent ; (ADCC) Oﬁ%qihbekpresshng Gmmlmglea}nm@nmmfseffcbtomeélﬂss expressi ng CD20;

bl f d ADCC) of
(1) capable of | nduct it BN ARPRIFGSHcaThLab A GHE M Gyl (000 ©

i nduci ng hoﬁ@@Qpl c adhesion of cells which express CD20; 5 (vi) capabl e of
translocgting into |'Wlﬂ:a?)ﬁlﬁl%%f%ﬁ)sﬂo&hﬁgihﬂghE)QlI%onn biMdink 16 apab! e of

rol ongi ng the sur ect ha h CD20;
Fw i )gi:agabl e o1l‘J 32\6{3@9 Olé??%‘l“%\é/ll%‘? 52‘5" Y%Dﬁasé{%ﬁckl?%)ﬂggaﬁgggﬂﬁss

depl eti ng cerhicheepmseéﬁaﬁg Iow I evel s of CD20 (CD20 Ow 10 cells). 10. The
ant i body of claim9, owi,ng characteristics

sel ected fromthe group “) ca le ﬁ%p‘%%ng("ei“%’épﬁ%%r% %ﬁ% CI ng at Ieast 20%
and preferably at |ea€x) @P%lemdemalnmﬂlatme:%smg lowdevdts AL CD2eKCH20'W t he
presencgqof . 3@y vol / vol % plasma within 3 hours at 37 C at an antibody
concentration of 10 g/m; (ii) capable of inducing at |east 20% and
preferably at | east 30%Iysi s of B-CLL cells in the presence of 33 vol/vol %

whol e bl ood cells withon 3ThOktihod) ogaaﬁ-thwh@Hh@@éﬁMﬁox‘éQ}‘I‘@lﬂi‘%ﬂ@Mr@n of 10
g/m; 20 (i Il'{q):,a apabl e of@otrﬁolggg PIt he.50% survival rate of SCID mce

i nj ect ed HFS el SPsiH98 8 a dose of 20 g; and (iv)
capabl e of depleting p)ecanableroeilmcﬁcﬁgldt Eaet)qm%;md lpgsﬂ:mblyl a leaks309 CDCD20
ronkeys 1t Setel et PRI ARG e ale’ T PRohe st i bOuBE T e
anti body of3ZGatanlGtibody cincestrasmpaifll@ pgfml; nduci ng at | east 0% and
LYy oot P Sat biekizgh, Bl b g gasnce o
concent r at i BriC1gk cellsgndhepresence of 33 vol/vol% whole blood cells within 3 hours at 37 °C at
an antibody concentration of 10 pg/ml;
20 (iii) capable of prolonging the 50% survival rate of SCID mice injected
with Daudi cells by more than 30% at a dose of 20 pg; and
(iv) capable of depleting peripheral B cells expressing low levels of
CD20 (CD20'°w B cells) to undetectable levels for more than 50 days in cynomolgus
monkeys at a dosage of 6.25 mg/kg per day for 4 consecutive days.
25
11. The antibody of claim 10, which is capable of inducing at least
20%, and preferably at least 30% CDC mediated lysis of B-CLL cells in the presence of
33 vol/vol% plasma within 3 hours at 37 °C at an anti-CD20 antibody concentration of
10 pg/ml.
30
12.  The antibody of any one of the preceding claims 1-11 encoded by
human heavy chain and human kappa light chain nucleic acids comprising nucleotide
sequences in their variable regions as set forth in SEQ ID NO:1 and SEQ ID NO:3,
respectively, and conservative sequence modifications thereof.
35
13.  The antibody of any one of the preceding claims 1-11 encoded by

human heavy chain and human kappa light chain nucleic acids comprising nucleotide

10§




30 12. The anti body of any one of the preceding clains 1-11 encoded by
human heavy chai n and human kappa |ight chain nucleic acids conprising
nucl eoti de sequences in their variable regions as set forth in SEQ 1D NGO 1
and SEQ ID NO 3, respectively, and conservative sequence nodifications
thereof. 35 13. The antibody of any one of the preceding clains 1-11 encoded

by human heavy chain and.hyman.kappa |4 ght i cl ei g L aQnpri sing
nucl eot 1 de Toakencgt it e arbE RekioR B8 Beugpriitn SEAIRUS SWSTIBNGT B0 b
NO 5 and SE@spdotiiey/and coasgreative\seyencambdifeatiensvthéreve sequence nodi fi cati ons
thereof. 14. The anti body of any one of the preceding clains 1-11 encoded by
5 human heavy chain and human kappa |ight chain nucleic acids conprising

nucl eotide sequencesl4.n t#hb¢ antihgdy abhwy enegifdheprgeedieg clpis b1l an®ie bp NO 9

and SEQ kD Nhanlfeavy cBSR264 hﬂﬁhﬂkaﬁdﬂig?@&?a% N@dléiY 8cias BMRPpSSngRAIEd Rt | ons
thereof. 15. The apti bod f any one

y .0 of the pr ding clainms 1-1 1 having 10
human heavySSHERSRS Hhtels YAHRPIK Esiensias getforthn g &6;&%@%@%@@ N&Hbr i si ng
the am no mRepadtiselqaic@asasatbRtsefuntOimodifibidisRhéyeb and SEQ | D NG 4,
respectively, and conservative sequence nodifications thereof. 16. The
anti body of any one of the preceding clains 1-1 1 having 15 human heavy
chai n and human kappal$.i ghThe itibody af ambére ofdbg preseditg clhinas B 1hhatiegast 90%

honol : Ly - ) : : ly.at | east
og0y of 105; b agFickaEbnlt RRGn Ripa IRAPLARE VAo AORSIERS ColbRUBE BE A | 2%
SEQ | D NO 2acihsequemes ppseidpah in SEQIPINQ @ apd SHR Iy NOrAerespectivdgyandf any one

of the precgdishatiedefBente TodMBMiBHs (RN heavy chain and human kappa |ight
chain variable regions conprising the amno acid sequences as set forth in

SEQ ID NO 6 and SEQ ID NO:'8, respectively, and conservative sequence
nodi fications thereof16.25 TRe antiwdpf kboshe sffthepigcatifs Slhinide 1 phedagi ng

clainms 1.11 havin human heav hai n. human,kappa | i ght chaj.n j,abl e
Feqt ons 1 e By SR and ke Rearishltha ERERSTEERys ahaie Rl e 0%

honol ogous, handoguusepeferatdy ablegst 5% lbaseloSB arsk mowtprefesebly £984sh988%6] argous t o
t he am no agi for Is I ,
respectivel &193%9%%’3@%20%%? ?(ﬁ%lg)?ggéy%dﬁésegﬁé% %P a?%a&%l?lggleﬁ?) (ﬁﬁg%ﬁl- 11
havi ng  hunBRQHPNG:4 kespectively- human kappa |ight chain variabl e regions
conprising the amno acid sequences as set forth in SEQ 1D NGO 10 and SEQ

ID NO 12, respectively, and conseryative sequence _nodifications thereof.
20 P ly. The antibody of any one of tﬁ]e preceding claims 1-11 gavmg

human heavy chain and human kappa light chain variable regions comprising the amino
acid sequences as set forth in SEQ ID NO:6 and SEQ ID NO:8, respectively, and

conservative sequence modifications thereof.

25 18. The antibody of any one of the preceding claims 1-11 having
human heavy chain and human kappa light chain variable regions which are at least 90%
homologous, preferably at least 95% homologous, and more preferably at least 98%, or
at least 99% homologous to the amino acid sequences as set forth in SEQ ID NO:6 and
SEQ ID NO:8, respectively.

30

19.  The antibody of any one of the preceding claims 1-11 having
human heavy chain and human kappa light chain variable regions comprising the amino
acid sequences as set forth in SEQ ID NO:10 and SEQ ID NO:12, respectively, and
conservative sequence modifications thereof.

35

20.  The antibody of any one of the preceding claims 1-11 having
human heavy chain and human kappa light chain variable regions which are at least 90%
homologous, preferably at least 95% homologous, and more preferably at least 98%, or v
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35 20. The anti body of any one of the preceding clains 1-11 having hunman
heavy chai n and human kappa |ight chain variable regions which are at |east
90% honol ogous, preferably at |east 95% honol ogous, and nore preferably at
| east 98% or 109 at | east 99% honol ogous to the am no acid sequences as
set forth in SEQID NO 10 and SEQ ID NGO 12, respectively. 21. The anti body

of any one of th r.ecedi n lains .1-11, conprisin at t hyman
vari abl e redi &K gge 061}9{%030 (glﬁﬁr? ﬁ'ﬁe@nt]?%ﬁﬂdé%q’ﬁgﬁ iaﬁé‘%gf’g]@ i S%é%aﬁﬁrr@@ng 4,

6, 8, 10, oBE®@JD MOd 2, rdspedivebgquence which is at | east 90% honol ogous,
preferably at |east 95% honol ogous, and nore preferably at |east 98% or at
| east 99% honol ogous to any one_ of the am no acid sequences as set forth in
(i) above. 10 22. The2hnti%be@ntd:odmﬁa@n@ne(ﬁfthmrep(pcbn@qliahgs H14i qomprisinige h

bi nds tos ag |8k bAPRuRLh VAR @Q%Qseil%&wﬁ@nmegfb@%hmﬂy &aving human am no
aci d sequences as se E :2.and 4, SEQ I%D NGCs: 6 and 8, or

) rth in Q1 D NGs:

SEQ I D NO 10 and 12, E‘? éﬁ&é&NOéﬁyfh%& WhicEA21a0d t he binding characteristics
ﬁlst ag an'a i EOdé ha}/i[)ng(iblagm@egﬁgwlﬁdMSgclb&ﬁtg@%l&imlo Sgcﬁi%,l %eferimyhthleamlsm Izg

;2 an . 6_an or i respectively. :
The. anti bodlPBToRH BEmBr PR LRaRRE r ot Ml Ao BIReE B oy« ope
on CD20 20 ()ft)lepm@imdmaﬂd)wunpx;esamqufdmleim(li) abeyeli r e the anino acid residue
proline gt position 172; (ii) which does not conprise or require the am no
aci d residues al ani ne_at osition 170 or proline at position 172; (iii)
whi ch conprises or reddiredhe prtibody nbancons ofdbe migeeding plainasgiwhichchindstg
Feai 1ot he ol b SRALAAL T dTREI by A i e e ot scs
ot equi r es2 fb ot O3 N7 bt S igibnd € op S oy BB
aspar agi _ng ﬂstquzgsﬂtyj @:Wlii_@ﬁha%e@a%)&iiﬁéﬂl@ﬁcthﬂﬁﬁc%@an@ﬁb@@ﬁl@av@[g eaph 't_re tg%
am no acgi.d resi dues al anine a ] : ition :
but i d BB AERe R R rityn S 1o RsTendh T Nl ot
posi ti on 16SEQD MOpldragi lRereapeqpiosiyt i on 166. 1~0 24. The anti body of any one
of the preceding clainms, which binds to CD20, wherein the antibody has one

or nore of the follow ng characteristics: (it) bi nds to nutant AxP (al anine
at position 170 nut at 88 t oTheantihedy ghany one of the preceding claims, which binds to

an epitope on CD20
20 (i) which does not comprise or require the amino acid residue proline at
position 172;

(ii) which does not comprise or require the amino acid residues alanine at
position 170 or proline at position 172;

(iii) which comprises or requires the amino acid residues asparagine at

25 position 163 and asparagine at position 166;

(iv) which does not comprise or require the amino acid residue proline at
position 172, but which comprises or requires the amino acid residues asparagine at
position 163 and asparagine at position 166; or

(v) which does not comprise or require the amino acid residues alanine at

30 position 170 or proline at position 172, but which comprises or requires the amino acid

residues asparagine at position 163 and asparagine at position 166.



proline at position 172 mutated to serine) with at |east the sane affinity
as to human 5 CD20; (ii) shows a reduced binding of 50%or nore to nutant N
166D (asparagi ne at position 166 nutated to aspartic acid) conpared to
human CD20 at an anti body concentration of 10 g/m; or (iii) shows a
reduced binding of 50% or nore to nutant N163D 10 (asparagi ne at position
163 nutated to aspartic aci C ared to h n CD2(Q at, an ntiho
concentration of 10 p%‘f'm _lrg%gnt%gygﬁgq}bw%gﬁe BrEsePneClams, I’i@“%’rl?éﬁ‘gséf’ng
cl ai s, whi €b28j whkseindhe amtibedy hapend or rhdre of tirel folldwingtchavactegistidst ul ar | oop of
human CD20. 15 26. Thgy anhil bo f. 1 i.ng. clalms, which
binds to a discontinl %)ﬁlghée%l Igﬁtsg{%gp@ﬁg& %foglﬁﬁﬁgﬁzzgﬁ]ﬁ'ﬂ%tgtoo%e%gf’aﬁh% 26,
whi ch bi ndsprobn@atitostiiont i73urnisted b0 sesine) with ableastiixosamerasfinitnag todwgpint ope
conpri seg papppof the first small extracellular loop and part of the second
extracel lul ar loop. 28, The antjbody of claim 27, which binds to a
di sconti nuous epi t opelighovppeedugebbiading of a0%Mrmeere tomytang NlabRs AG YAP of
the smal | f{aggdraginé aasRitionl 186 rhaaed t2ispaid aEﬁl?icﬁllﬂﬁﬁreﬂ/Eﬁulhlﬁilr%ﬂfﬁ"ﬁ apf the

o]

second extracel l.ul ar | oop. .~ The anti body any one of the preceding
clains 1-11%" @8%F?'§eﬂﬁatp%°%ﬁgd’bgymbr?é CDR sequence sel ected fromthe group
consisting of: (i) SEGi)$hoMNSs redited bihdirddof SD8% odmpreoto MBant3I01 43D )

conservahi v i ' 0 ' j i.). —and
(1) 1 A0gnEapEaRO aRotRich 163 Hired floohit oS HGRERR 1o Bl CBoban, .01
retain the aiibody yoncentatinh ofd Orugimh CD20. 35 30. The anti body of claim 29,
conprising SEQ ID NO 15. 111 31. The anti body of claim 29, conprising at

| east four CDR sequences selected fromthe group consisting of: (i) SEQID
NGe: 13, 14, 15, 16, 4%, ofhemtioghy pf ewensraibs mecskibdages, RoethiedittPons of

the sequencasepiiopt GfltheRmallfirst extrafdliuldrildop dMmagmTB20f any one of the
sequenc § defined in (i) or (ii) which retain the ability to bind to human

CD20. 327 The anti body of claim?29, conprising SEQ ID NGs: 13, 14, 15, 10
16, 17, and 18. 33. Tie anThdadibod§ ofiy arecofake prieeedimgeclenins) vhidhcbinds thall,

conpri st N9 4.ccontinuous epitope on CD20.

27.  The antibody of claim 26, which binds to a discontinuous epitope
20 on CD20, wherein the epitope comprises part of the first small extracellular loop and

part of the second extracellular loop.

28. The antibody of claim 27, which binds to a discontinuous epitope
on CD20, wherein the epitope has residues AGIY AP of the small first extracellular loop
25 and residues MESLNFIRAHTPYT] of the second extracellular loop.

29.  The antibody of any one of the preceding claims 1-11, comprising
at least one CDR sequence selected from the group consisting of:
(1) SEQ ID NOs: 13, 14, 15,16, 17, or 18;
30 (ii) conservative sequence modifications of the sequences listed in (i);
and
(iii) fragments of any one of the sequences defined in (i) or (ii) which
retain the ability to bind to human CD20.

35 30. The antibody of claim 29, comprising SEQ ID NO:15.

V1



at | east one CDR sequence selected fromthe group consisting of: (i) SEQ ID
NGs: 19, 20, 21, 22, 23, or 24; 15 (ii) conservative sequence nodifications
of the sequences listed in (i); and (iii) fragnents of any one of the
sequences defined in (i) or (ii) which retain the ability to bi nd to human
CD20. 20 34. The antibody of claim 33, conprising at |east four

2223, or 20 (1) conser s PSSLRSnRL AaaRriskiela Ra by ﬁ@;eéﬁenigs =

li sted in ($eyinencamskleied from)thé gmypeonsistiog ofiny one of the sequences defi ned

in (i) or (ii) which §l§ P 6e I@bllj;lltSyl b .to human CD20. 35. The
anti body of claim 33, J rising SEQ 6017 ?18% 20, 21, 22, 23, and 24. 30

36. The antibody of a@) C@Wér‘éﬂtlvﬁ ﬁ%lusn@dewlﬁgat&napﬁﬁlefeqqencwpﬁmd i8Ny at
| east ong Gl sequence sel ected fromthe group consisting of: (i) SEQID
NGCs: 25, 26, 27, 28

: , , , , 29, .or 30; C ervative fIC tlons of
t he sequences |isted éwti"‘i‘%mem%%éaé?{)d’nf ﬁ}e SF?W&%& ?612/0
sequences detaimt abilitf tg biad t§ huthamkdD2D. retain the ability to bi nd to hurran
CD20. HzZ 37. The anti body of claim 36, conprising SEQ ID NG 27. 38. The
anti body of claim 36, conprising at |east four CDR sequences selected from
the group consisting 3. 5Tl intdedy pExlnios29,26mp2ising SEQ I3 N0 1304, 38, (i i)
conservapi Veg, 51?9&{?1”1(8? nmodi fications of the sequences listed in (i); and
(iii) fragments any one of the sequences defined in (i) or (ii) which
retain the ability to bind to human CD20. 10 39. The anti body of clai m 36,

conprising SEQ I D N@33 25, Tﬂeﬁant%zdy oPahy ot of @&duﬂ’@claﬂi{k@l antdoRpeivingf any
one of the recedl n aims 1- [ ggrlﬁl n% | egst one CDR sequence
el cot ed frOFHEP gy B CaOEF SHFHEE BPm P Bae PR o5, 10, or 25, or
sequence having | am @pSBQIID NOs: 19, 20, 21, 22, 23, or 24;
15 (ii) conservative sequence modifications of the sequences listed in (i);
and
(iii) fragments of any one of the sequences defined in (i) or (ii) which
retain the ability to bind to human CD20.

20 34,  The antibody of claim 33, comprising at least four CDR
sequences selected from the group consisting of:
(1) SEQ ID NOs: 19, 20, 21, 22,23, or 24;
(i) conservative sequence modifications of the sequences listed in (i);
and
25 (iii) fragments of any one of the sequences defined in (i) or (ii) which
retain the ability to bind to human CD20.

35. The antibody of claim 33, comprising SEQ ID NOs: 19, 20, 21,
22,23, and 24.
30
36.  The antibody of any one of the preceding claims 1-11, comprising
at least one CDR sequence selected from the group consisting of:
(1) SEQ ID NOs: 25, 26, 27, 28, 29, or 30;
(ii) conservative sequence modifications of the sequences listed in (i);
35 and
(iii) fragments of any one of the sequences defined in (i) or (ii) which
retain the ability to bind to human CD20.
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substitution, deletion or addition of the sequence of SEQ ID NGOs: 13, 19 or
25; (ii) SEQ ID NGs:14, 20, or 26, or a sequence having 1-4 amno acid

substitutions, deletions or additions of the sequence of SEQ ID NGs: 14, 20,
or 26; 20 (iii) SEQID NGs:15, or 27, or a sequence having 1-4 amno acid
substitutions, deletions or additions of the sequence of SEQ ID NGs: 15, or

el ot ohs or addi t1 ondof TREASIHBALEAB) “oremEsRa IR PNOS | b o 17

or a sequence having 1-2 amino acid substitutions, 25 deletions or

addi tions of the sequ ce of. ﬁﬁ@ohgoi\@ag}ﬁ gl rl(s}{lgaéﬁiligtijoﬁ)&ﬁ 18, or 30,

or a sequence havin ‘2 amno ac rtutrons I'onsS or additions
of the sequequences Sﬂg&@d fromcke gro@p consigmg of:13 41. The anti body of clai m 40,

conprisipg at | east f@ygE@II)B NOSQensesy, gglgcgne@b fromthe group consisting
of (i) SEQ ID NGs: 13, 19, 25, or a séq Ence having 1 am no acjd
1

substitution, deleti OW)GPHS&HYH“EVF(%?HUGPCGLIH@ éﬁﬂ@ﬁ@@tlﬁsemc?ﬁlmmig 19 or
25; 5 (ii) &EQ I D NGs: 14, 20, or 26, or a sequence having 1-4 amno acid

substitutions, deletigns,.or a |ons of se . 14, 20,
o 260 (115" S0 1 b RebmeEmEAREp! 8 S ot deEad R te R i LoD ac
substituti onmlndxelabihtplttsbmdtcaﬂdnamGmom t he sequence of SEQ I D NGs: 15, or
27, (|v)1 SEQ ID NO 16, or a sequence having 1-2 anmino acid substitutions,
10 del et| ons or additions of the sequence of SEQ ID NO 16; (v) SEQID NO
17, or a sequence havi%hg 1The antibedy af¢lding dbsompmsingriEQ QK 2616, 87,

addi ti ons ojg bbeseqpence of SEQ ID NO 17; and (vi) SEQ ID NGs: 18, or 30,
or a sequencé having 1-2 amino acid substituti ons, deletions or additions
of the sequence of SEQ ID NOs: 18, or 30. 15 42. The anti body of claim 40,

Corrprl si ng One CDR sei@ct elhd amimaﬁefa@mmfemsadl@cleﬁnﬁﬂ ténpe¥ad 5, or
and m.n amg substitytions, deletions or

addl ti orlng oft ?kﬁ O%eegﬁgns(?gu ﬁ‘)t?(%ﬁf{]&t € §WUP GPNHFINE 0 43. The anti body of

any one of the precediinSEQIIRIN®s:19hi% br 25 onn sequehechavamg 1 bmihyo &éd ect ed from

ne, 9 oup cORStatbRdchlion APaddliafbe hoSladhld BB INADISGH o2 ant body.

an intact an i ntdc anti body,
an intact | gAI ant i boﬁs) SEAhID hQscltd, lZQ;AIZ 28ne1 aomyencarha}/mgdd ammaetd)ry | gA 25

ant1body.  afisiufchs, HoiRigR!dr dr%&lmon@mh@eequeﬁ&c&f SEFIBNOLAAY0, g ein the
antlbod% is glycosyla eukaryotic cel
(1i1) SEQ ID NOs 15,0r27,0ra sequence having 1-4 amino acid

substitutions, deletions or additions of the sequence of SEQ ID NOs:15, or 27;
(iv) SEQ ID NO: 16, or a sequence having 1-2 amino acid substitutions,
deletions or additions of the sequence of SEQ ID NO:16;
(v) SEQ ID NO: 17, or a sequence having 1-2 amino acid substitutions,
25 deletions or additions of the sequence of SEQ ID NO:17; and
(vi) SEQ ID NOs: 18, or 30, or a sequence having 1-2 amino acid
substitutions, deletions or additions of the sequence of SEQ ID NOs: 18, or 30.




44. The anti body of any one of the preceding clainms, which is an antibody
fragment or a single chain antibody. 30 45. The anti body of any one of the
preceding clains, which is a binding-donain i munogl obulin fusion protein
conprising (i) a binding domain polypeptide in the formof a heavy chain
variable region or a light chain variable region as defined in claim21
that is fused to an i nogl obul i n hj ion ) 35 an

i munogl obul i n heavy {iﬂgi %—ﬁ#‘b %?gﬂ%n’ré(g%wpfl &PFE ﬂ'éf%]&hge regi on,
and (iii) ssquineeusebgplelivom thegrauy caisasting GH3 const ant region fused to the

CH2 constant region. mﬁﬁ,N& lpytirglrg% f%?mj}eﬁ&m"% menHO LQpt ai ned from

a transgeni c_non- ani mal 1 n wh gene s rear r angenment s
have resul tsé‘BStithlehéleleflgn Aaeddtoroef the segiendeai AE IR s oeB%i n t r ansgene

\fmd a fu?ﬁtl ongl 11' ghti sngymmsqgstg@%?zgmgkehﬁme hhﬂﬂ@{ltﬁémﬁl%qcflael ! |

erein the ri. ucesg..a de abl e n he_nonagcl ona

ant i body ofsugﬁl}utﬁ?f@n’g?l Hons Oﬁf‘a@é‘ﬂ?%‘g E‘I’ %ﬁqHEncez??g%b ]ﬁR/ Qselshd0¥i%eh produces

E humaln mﬁnocl onal ar(':im)tBEQ ID@RntRdrRY, drlamtjudngehhﬁﬁgy mhﬁino agidd human
appa |ight el c aci nu s in their

vari abl e resglflgr%}ﬁgn% 3 %?thrgr(}rﬁg‘?ﬂogségﬂl elqtgan Cffgﬁs l?&&s ARt 5 EQ I D NGs: 3,

7, or 11, respectivel@) SdSrQiIIaN&el@atamusmdmmg 1-Zrondiiri avad swhstutibes; eof

48. A hyp H&@ﬂg ?ﬁf&ﬁltﬁ’&ﬁ%? gugﬂgﬁgsggqgcﬁgn@ having 1gG heavy chain

and kappa | alrn vari ab i'ch conprise the amino acid 15

sequences as set fort(¥) SEQ§@C}‘IQD1%@§ ageqEncehaving ARREngpoacid sNogitutipnsg,  or
%2 ][esfecde'léﬁ%hyor @d&l&ﬂﬂﬁ%é’ééhhé&ﬁg%PSEQfldDeNm hhegati ﬁns therﬁof 49d A
ransfect oma conpris acids encodin nman avy chain and a
human 1ight chain, m&%ﬁﬂlﬁﬁ%iﬁs@éﬁ gaaﬁﬁgﬁgmg liefBieAH%E anount 20
of the antidnbdjtu@énsadalemg ophdditiansdf the sepuerd?.of SEQ HnBIGBC 19,02 30hi ch produces
a humanllgﬁnocl onal antibody encoded by human | gG heavy chain and human

kappa | fght chain nucleic acids conprising nucleotide sequences in their
vari abl e regions as s& f ofldantibo@E6Y dlBMINGE cotpriging Sne ODRsedentedIr g Ithe NOs: 3,

7, or and conservative sequence nodifications thereof.
51. A tranﬁ&gf%ds}évvhgoﬁéﬁroduces a _human nonocl onal antibody having |gG

heavy chain and kappaSEQ JRIN@sidd.ror 2y andta ssquenge basingArcamemsid se the 30

am no acid sﬁﬁgﬁﬁﬁ&%sd@létlcﬁﬁtorfa%ﬁlbné Y (RERQqUENRIGESEQ D NUIs: 0ol SEQ I D
or respectlvely, and conservative sequence nodifications

t her eof go 52. A eukar yotic or prokaryotic host cell which produces a hunman

nonocl onal anti body havi ngllreaitipodyef ahyasid of itghprecddaigclaiars] whict is &1gi ons

whi ch intact antibody selected from the group consisting of: an intact IgG1 antibody, an intact
IgG2 antibody, an intact IgG3 antibody, an intact IgG4 antibody, an intact IgM
antibody, an intact IgA1 antibody, an intact IgA2 antibody, an intact secretory IgA

25 antibody, an intact IgD antibody, and an intact IgE antibody, wherein the antibody is

glycosylated in a eukaryotic cell.

44,  The antibody of any one of the preceding claims, which is an
antibody fragment or a single chain antibody.
30
45.  The antibody of any one of the preceding claims, which is a
binding-domain immunoglobulin fusion protein comprising (i) a binding domain
polypeptide in the form of a heavy chain variable region or a light chain variable region
as defined in claim 21 that is fused to an immunoglobulin hinge region polypeptide, (ii)
35 an immunoglobulin heavy chain CH2 constant region fused to the hinge region, and (iii)

an immunoglobulin heavy chain CH3 constant region fused to the CH2 constant region.

Y




35 conprise the am no acid sequences as set forth in SEQID NGs:2, 6, or 10
and SEQ ID NGs:4, 8, or 12, respectively, and conservative sequence

nodi fications thereof. 115 53. A transgeni ¢ non-human ani mal or plant which
produces a human nonocl onal anti body having heavy chain and |ight chain
vari abl e regi ons which conprise the am' no acid sequences as set forth in
SEQ ID NGs: 2, 6, or 1 and especti vel .and
conservative sequence ?TDdI fﬁ@'ﬁf‘figﬁg c?lﬂgrrlgB? hlgc%léf)zbt% ?‘fggﬂl&f 5?“5%%%% ng a

human nonochwnai aramél inodlyickivi-@)-J grine degrent ieamang @205 hoenpsuledmgthei muni zi ng
a transgeni gpgaﬂlg %1!'% fpeavy
chain transgog%gp%rhn gﬂ%@k‘}’%ﬂﬁh&ﬁ'gﬁl}&??g‘ﬁ eglggﬂ émh ondl ﬂ%gg% 10 a

cel | expr esSansgenfuised teppommantahizedesll, a/h@ﬁebb@péybrad@n@pr@du@é@ cb;ecebl,eel |'s of
the ani gal ambafloBitetHofctsilal %t%d%@ﬁa@%d%ﬂthé pebding figink. cel ls with
nyeloma cells to formimortal ridoma cel t hat” secrete human

nonocl onal anti bodi es specific for human CD20; and 15 isolating the human
monocl onal anti bodi es4’B.pecAny©riﬂomaGEB2&1ﬁrb&me§ b &umat infdhoeloanlpmkibadyant of the

hybridoma, or the tyansf ma_der.i ve fro suc met hod
accor di ng t%ncgfl%cfbﬂ @%“a‘%ﬁ’& g?aﬁ’yt ﬁ%ma Hm%% n}%‘}/%&aﬂ? B{Iﬁ'gﬁ ﬁﬁfh cells

whi ch have mgmlsingams:ﬂ@xtidedeqnentashmﬂmn va@Dable regionss6. setloethan SEQEYNOS: 1any one
of the gpec QTFD g3 c€ region am no
acid squengghg&rl ve roma Pﬁ%y V%_@Qcté\/%g;%ﬁ‘igorggﬁ) Y%%’r grgéuence (SEQ I D
NO: 54) and mofifigationsitberaofvar i abl e regi on anmino acid sequence derived froma
human L6/ JK4-CK (SEQ I D NGO 55) germine sequence 25 wherein the human

anti body binds to hu 57. Th nt i any one of the cedi ng
clains 1-45 conprisi W %35 dem.“ﬁl%rp eea ﬁ&@eeﬁl%maé&vegﬁﬁuence
derived frohgagy hhﬁnlanéVkE‘p&mthGllmm gatiabld regions e n{pris@theRnNab 2601 and a

I i ght chain varlaber 'on ] I 0 u Lved from a human
wole S8 gsriiteCu FHER SRIP e &% EREEG BB i boay

bi nds t o hurespecGd@, arsiongervatiposqudnoe modifsatisistherebe human anti body of any
one of clains 1-45 and a pharmaceutically acceptable carrier. 35 59. A
conposition conprising a conbination of two or nore human anti bodi es
according to any one #9- cl| Aitrnstectonia empsisingaveleicoanidscanepdiag ¢ humae hraiyal
actiVvities. chain and a human light chain, wherein the transfectoma produces a detectable amount

20 of the antibody of any one of claims 1-45.

50. A transfectoma which produces a human monoclonal antibody
encoded by human IgG heavy chain and human kappa light chain nucleic acids
comprising nucleotide sequences in their variable regions as set forth in SEQ ID NOs:1,

25 5,or9and SEQ ID NOs:3, 7, or 11, respectively, and conservative sequence

modifications thereof,

51. A transfectoma which produces a human monoclonal antibody
having IgG heavy chain and kappa light chain variable regions which comprise the
30 amino acid sequences as set forth in SEQ ID NOs:2, 6, or 10 and SEQ ID NOs:4, 8, or

12, respectively, and conservative sequence modifications thereof.

52. A eukaryotic or prokaryotic host cell which produces a human
monoclonal antibody having heavy chain and light chain variable regions which
35 comprise the amino acid sequences as set forth in SEQ ID NOs:2, 6, or 10 and SEQ ID

NOs:4, 8, or 12, respectively, and conservative sequence modifications thereof.



60. A conposition according to claimb59 conprising a first antibody having
human heavy chai n and human kappa |ight chain variable regions conprising
the am no acid sequences set forth in SEQID NO 2 and SEQ I D NO 4,
respectively,and a 5 second anti body havi ng human heavy chai n and human
kappa |ight chain variable regions conprising the am no acid sequences set
forth in SEQ ID NO 10, and ID. NO, 12, respgectivel 61. A conposition
according to any one g"f éﬁwgsé%ﬂ%’t@ﬂwft‘ﬁbtmm%o ‘%/lg?lhﬁrogu‘feﬁé Pelitic
agent. 62. fhbrodoral Iamdi;odadraomglhegvy chadmanddight ohain lvamztbie fegdims Which her

conpri sing tppe

i mmnoconj u@(mt%(a}%ggﬁeoérnino%EfSeqﬁ)&]t(:@}[bé %pg%@lolﬁghﬁgh?g%%n@% %rnlétﬁ%r?igs}%(gl e 1-45
linked to a @,‘lt%ﬁw(rl]@ sﬁgemwebz prti¢amsegryattysssequance nehdifgcatiens therebf.speci fi ¢

nol ecul esconpri sing an antibody according to any one of clains 1-45 and a
bi nding specificity for a human effector cell. 20 65. A bi sgem fic nolecule
conprising an anti body*-accHrmsthed 95Pr8i4‘§°mg)ﬁb‘“§im Boapeignal antbodydvichi ndi ng

speci fi ci t ybihas tochuidneCD 2T, cbﬁq)e@ﬁlgr or a binding specificity for a T cell
receptor, such as CD3. 25 . An 1 n vitro nethod OLli‘inhi bitin e(%rowth of a

cel | expressing CD2 OlmIBBWﬁV‘igfttF?é‘S%eé‘h‘t BN PyiRan dumakhaving 4 genopIeomprsinge
anmount of amhamnan henty cheindradsgene ahd a Anypan hightothain tednsgenk-whith bumin €Da6 ot he

growth gp t%@g&plres's&g'hﬂﬁtaﬁ'é%) ctltthérhn'uﬂo h§£r9 gF?&u@&fR?P dehil h{tﬂgoa cell

expressing isin act1 he an dy of any
one of clalﬁnﬁml45 such that killing of the cel |l expressing CD20 occurs.
68. The met hod of anymggﬁnghcghgbpﬁwgﬁnﬂﬂ 67, wherein the cell is a B

| ynphocyte or a tunor _cel hunman antlbody, conpasi tion,

i Mmunoconj ugat e, or bf”e?}é’ééh? B&ellmté@we@%efdhdv foym inmeralohbrideme sells | ai s

i03512r2 6f2 that se@fet@lﬁ\nﬂa@ﬂhh eﬁ@dlmw@@ddates spé‘diﬁé fBrfIhﬂmtaf A GIN0; an¢ of tge cl 3' s
or use in the ntor n,of a. or der

i nvol vi ha cells expre’égtah mag n&or&g& tl%gdl’?f)spef @tﬁ?&@?ogf h’tﬁdy,

conposi t i onguliunerzupenatgnt gbthe hybiidges ot the tramsfeetouiacderiord &opr ek hpbridoaet or f or

the use according to claim69, wherein the disease is a B cell |ynphoma. 10

71. The human antibodg, conposi tion, immnoconjugate, bispecific nolecule,
or expression vector $dr tAenethed acsortieg tecelaim 24, Avheredo theimenwsiizationds di sease

is B cell popsrddedWilhteRs WHUHIRRE been transfected with human CD20.
20

56.  The antibody of any one of the preceding claims 1-45 comprising
a heavy chain variable region amino acid sequence derived from a human Vy3-13/DP-
44 germline sequence (SEQ ID NO:54) and a light chain variable region amino acid
sequence derived from a human L6/JK4-CK (SEQ ID NO:55) germline sequence,
25  wherein the human antibody binds to human CD20.

57.  The antibody of any one of the preceding claims 1-45 comprising
a heavy chain variable region amino acid sequence derived from a human Vy3-09/JH6b
germline sequence (SEQ ID NO:56) and a light chain variable region amino acid
30 sequence derived from a human V-L6/JKS5 germline sequence (SEQ ID NO:57),
wherein the human antibody binds to human CD20.

58. A composition comprising the human antibody of any one of
claims 1-45 and a pharmaceutically acceptable carrier.
35
59. A composition comprising a combination of two or more human
antibodies according to any one of claims 1-45, which have complementary functional

activities.

A




72. The human anti body, conposition, inmunoconjugate, bispecific 15

nol ecul e, or expression vector for the use according to claim®69, wherein

the disease is selected fromthe group consisting of precursor B cell

| ynphobl astic | eukem a/l ynphoma and mature B cell neopl asns, such as B cel

chronic |ymhocytic |eukema (CLL)/small |ynphocytic |ynphoma (SLL), B cel

prol ynphocytic | eukem a, |ynphoplasmacytic |ynphoma, mantle cell |ynphoma

(mMcL), follicular |ynphoma 20 (FL), cutaneous follicle center |ynphong,

mar gi nal zone B cel | 6G/nphé&ramphitidn acopphing trodlaim Sthcorsprising & fitsy patjhodyai ry

cell | eukeni.ginoH rKitt. So .
MRingHuni SR al AEQEN Fnd:ﬁthjnaﬂ Péd[ﬂﬂ? ?gﬁtsﬁagﬁ\tdﬂalme éﬁllgxgg(f%%ﬁ the

pl asmacyt oma, . pl asma cel e ona,EPo npnop | Ive
di sorder, \@Pigensidseaeaceratst BTopAEQENNG: Zand SHQAPP 2K 4 resapggivelyssdia
Ibyrrphorrgs ( Asle%a?d ar@ii@oaﬁhav'mgfhﬁﬂﬁﬁﬁﬁea&@tchﬁl?%d Pﬁﬁamt@gﬁ;bﬂa' 1kt chdmudm_ J ug?t e,
ispecific nolecule, .or expressi.on vector r C i cl ai m
72° aher ef TeBRES GOTBANEE 1€ SRYIGR ATiQ GFRHET<H SEHORA 1 BER IDI0; 40 endSERRan
anti body, cNOpb3irespestivalyimunoconj ugate, bispecific nolecule, or expression
vector for the use according to claim 72, wherein the disease is B cel
chronic lynhocytic |leukema (CLL)/small |ynphocytic |ynphoma (SLL). 75. The
human anti body, coppo@i:ioApOﬁmmuhoggMPU?@g@Tﬂbksggﬁbaﬁns5&50fﬁﬂ6ﬁyle, or
expressign \ Inof Ofhefabut ccording to claim69, erein the disease is
sel ected fro%ﬁ%ﬁégbroﬁpbcoﬁgﬁgﬁfng of | ynphomat oi d granul omatosis, primary
effusion |ynphoma, intravascular large B cell |ynphoma, nediastinal large B
f:el | hI yrmh_orrg, gegvy?z;hal Theddrﬁ?ﬁ&fﬁccbtcﬁﬁé tdjdd?gan)é,ofclaﬁﬁﬂtlﬁﬁgﬁﬁtﬂﬁﬁe),
ynphonas i nduce er | MUNOS ressive agents, such as
cyclosporiﬁ@mﬂﬁﬁHﬁééngWﬂﬂgﬁﬁ¥kﬁﬁ3ac _%8@&@%%R%iipduceq | ymphona. 76. A
human anti body, conposition, imunoconjugate, or bispecific 5 nolecule
accor di to any one the ¢l ai - 45 0r 62-65 Of . expr i ect or
accordi Eg to any one OfF t hlgn clegllu@co%ﬂ@-gtfffFl q3‘“(981#_1 3y eanltlﬁg(liyn&((‘t%ﬂlgd?‘?gr@a %Ent or
prevent i on afe ofghimsinfidinkied ¢as eytotoxic agahi, ecadioizqtop&ioe aldowgan ant i body,
conposi tion, inmunoconjugate, bispecific 10 nolecule, or expression vector

for the use according to claim?76, wherein the treatnent includes the
killing of B cells wfth phbéweaiiamalesyls compiisinganantibpduagcrrtingto any.  The

human ant i heof cR@p 9sd5tdndr, bihdiik Sste ity et £hurhd Ofsdtdr cell. ol ecul e, or
expresshgn vector for the use according to claim76, wherein the disease or

15 disofder is selected fromthe group consisting of psoriasis, psoriatic
arthritis, dermatiti s§5.sysAdidpecific neoletiér commisihgsal antibsdys accordihgwrmyor y
bowel disease (/| BD ohn' s..di. - Ul jve | LEi Spiratory

di stress syonngr.oﬁpﬁll}lﬁégsnaéllﬂta?%g&lgggéeghfgilt&tfl&g% %ﬂ}%ﬁl f?ge,ce}g t8 %rrrz{eglzl?fcr)lﬁephri tis,
eczemn, astdpeeificdy ferack c¢lbreoeptsr, shadhdsddyi.e adhesi on defi ci ency,

25 66.  An in vitro method of inhibiting growth of a cell expressing
CD20, comprising contacting the cell with an effective amount of an antibody according
to any one of claims 1-45 such that the growth of the cell is inhibited.

67.  An invitro method of killing a cell expressing CD20, comprising
30 contacting the cell with the antibody of any one of claims 1-45, such that killing of the
cell expressing CD20 occurs.

68. The method of any one of claims 66 or 67, wherein the cell is a B

lymphocyte or a tumor cell.
35
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mul tiple sclerosis, Raynaud' s syndrone, Sjogren's syndrone, juvenile onset
di abetes, 20 Reiter's disease, Behcet's disease, inmune conplex nephritis,

I gA nephropat hy, 1gM pol yneuropathi es, imune-nedi ated thronbocyt openi as,
such as acute idiopathic thronmbocytopenic purpura and chronic idiopathic

t hronbocyt openi ¢ purpura, henolytic anem a, nyasthenia gravis, |upus
nephritis, systemc |ypus ernythematosys, rheumatoid arthritis (.RA),.atopic
dermatitis, penphi gusg,)gB)‘Gr as a&iagég%dé': COMBPF Y Hnglupﬂ%ang&fek Prsl,glslf)ﬁiﬁc
Wegener' s gmaleaile metanding to Gmeont of thy cldinunie45 oh62405 corraprexprefsioh ueator acut e

i nfectious I I . e LAt i 79.
The human az}fglwbao% ,agg%ﬁ%‘ggfﬂegk‘ﬁ?mggg’ﬁr ﬁgeé?zlfétg%g[%glgio? ?(r:weﬁrﬁt;ﬁ(?ﬁﬁ e, or
expr essi on 4ig&aseer éléqrdeweveﬂwgac&ﬂ@)Pmrefgmngcélaﬂhmﬂ swjecivher ei n the 30

aut oi nmupe di sease is rheumatoid arthritis (RA). 80. The human anti body,
conposi tion, inmunoconj ugate,, bispecific nolecule, or expression vector for
the use according to tlai ﬁ%h ?’E‘ilbﬂd¥=ﬁ@mﬁpgga%émn?noﬁ?fﬂP%ﬁt?’M‘flgFy,

i Mmune and/mbleault Oorrexpressidn sedtoefor #rlise hadrding ® ¢lhieoRtwheteif thd dibease is35
Crohn' s dise S&n | uvenig e onset diabetes, nultiple sclerosis,

i mune- medi &t &6 tl %}?%I%)Cyt openi as, such as acute idiopathic thronbocytopenic
purpura and chronic idiopathic thronbocytopenic purpura, henolytic anem a,

nyast heppa gravis, system i is it S 1 «The
human agét)i bogé, conpog't i,oirall,le @mﬁ%@%ﬁfﬁggﬁgeﬁgﬁﬁeﬁn }68$Ig€%21te;é’bﬁ%%CIﬁgr

expr essi on Meleeye, arexpresto ¥ectercionhgiuse agcording foslaign 6vdiessin thedisegbasisase i s
an infl ammeéwnoﬁ_mgﬁn%qyﬁ@hoﬁm oi mune di sorder selected from

i nflammatory 5 bowel diseaSe (I1BD), ulcerative colitis, Crohn's disease, and
mul tiple sclerosis. 82. The human anti body, conposition, imrunoconjugate,

bi specific nol ecul e,70r eXiy lngsaroantibedy, @omipositibldmuamoasr]agalé, bispecifiany one
of cl ai ?? 69-%% V}/m)a(rei n rghettr[]fe%i ment Al 1rei/erltii 0ﬁ9 qu{%rii zt(fesdit hgesepar ate
adni ni st7at™d %]F’oa OPIREY O 1Y Her aety € ag%%o‘f%n{ e '8 ‘f%  CIE3%C Fhe
human ant i beetbeteddoom twi grogmeorisisting of prepurgert B celblysyhobiasic  nol ecul e, or

expr essi on Neel b/ ¥ RhhdiifatfaAteR i H&)J)tla%nfsl AlcHa8B ceft L‘?}E&ii@l)&lﬁ@cgﬁé d_ot her

t herapeutic agent 1s a cytotoxi ¢ agent or a _fadi otoxic agent.’ .. The
hunan ant i beakemia 6ahb¥smald lymphesyiiysphomat(SLLL Bs¢sdlarelymphaeyticdankemigy
expression hopladiRicytib Byt nRs Ginele Ball ¢ lofiaMRCL), WBE@AMNyipRomal d ot her
therapeg{)icw%?eﬁ% IS 6}1,E ?ynrrglg)osu.f ressant}fmr.glo 85. Thzilr hunan g ? QISy,
conposi £V on(FLrARSESHiotEAE eentes; g‘EB‘&‘?“P%“”&‘BP‘e@&F@P Iygp ?I@gm ector for
the use acc@pélinodaltandeprniv thge), idisr @llrleikemis ajiffusetlinge B ddildymphotha,c agent is
an i mrunol iff(ﬂjﬁ mod Iatai Iy a%ient S&lCSh 231a,.C t oki ne or . chenoki ne. 25
86. The hundWriht B9 Ha: BREBRToram PR B P EinsPlant 1 ¢

lymphoproliferative disorder, Waldenstrom's macroglobulinemia, and anaplastic large-

cell lymphoma (ALCL).
25
73.  The human antibody, composition, immunoconjugate, bispecific
molecule, or expression vector for the use according to claim 72, wherein the disease is
follicular lymphoma (FL).
30 74.  The human antibody, composition, immunoconjugate, bispecific

molecule, or expression vector for the use according to claim 72, wherein the disease is
B cell chronic lymhocytic leukemia (CLL)/small lymphocytic lymphoma (SLL).

75.  The human antibody, composition, immunoconjugate, bispecific
35 molecule, or expression vector for the use according to claim 69, wherein the disease is
selected from the group consisting of lymphomatoid granulomatosis, primary effusion
lymphoma, intravascular large B cell lymphoma, mediastinal large B cell lymphoma,

heavy chain diseases (including vy, p, and a disease), lymphomas induced by therapy

11§




nol ecul e, or expression vector for the use according to claim82, wherein
the said other therapeutic agent is selected fromthe group consisting of
doxorubicin, cisplatin, bleonycin, carnustine, chloranbucil, and

cycl ophospham de. 30 87. The human anti body, conposition, imrunoconjugate,
bi specific nolecule, or expression vector for the use according to claim

82, wherei a t her ape tlc ent. fromthe group
consi ot g il b SuBbRSlye AR CRRN A b A8GRYRe SpdREE Birithonstihd 15,

ant i bodi es, methpirex@B2indaegd lyogphema. anti - CD37 anti bodi es, anti-CD38

anti bodi es, anti-IL6R antibodies, anti-1L8 anti bodies, anti-IL15 anti bodi es,
35 anti -1 L15R anti bodies, anti- CD4 anti bodies, anti- CDlI a anti bodi es

anti-al pha-4/beta-1 [t eghilimayantiodys emprpitian, immppacongigatenar bispaciican (i )

anti bodi gs. mbg@u188ecoT@1ﬂgw@snyoéneaomhmaam@wpw@fiamsmraﬂldstgretsgo@wct&ne of
anent .for the treatnent. or

clainms 1-45 in.the manufagctur

prevention adzf;org tgé"%(?nSPg&’ﬂ ?6‘?‘&&69 Hﬁgéﬁw%n&ﬁ eéreé%er“éé’%?‘?‘?&er@ﬁé‘d’fl n a
subj ect. 5 @&Omnlie disasoin cdubjaet.88, wherein the disease is a B cell

| ynphorma. 90. The use of claim88, wherein the disease is B cell

non- Hodgki n's | ynphoma. 10 91. The use of claim 88, wherein the disease is
sel ected fromthe group cbmshwunimantibbdy cemposition,Bmpeinoconjngdte blispseific

| eukem gl y [+C

| yhooyt) e TEuRae, &l Perdr ﬁ?"i#s RERORARE 0 @*hﬁ“‘”@s‘”‘ﬁffﬁ“& e

pr ol ynphocyirkd wh%ﬂrhag of ?ﬁﬁ]ilﬁnwh‘é}b £¢ antf @ﬁﬁnsta#m pfigense| | | ynphonma
(mcL), follicular I'ynmphoma (FL), cutaneous foI licle center 15 | ynphoma,

ol [ 1ouken , di 11 ust 1 ar L Winieh gy RpicgRRos e g e RoSTy A ppecite.

pl asmacyt onmolecylk aareapreesibn wcebloﬁnsathepme hedording ol daitn V6, vpltengin die digsasd orve

di sord i . -cel.l
ymphom ( ANRTe 5585 SAHERAB ohRhebe poliesP PRO-ARL uf B, BEmpfis

fol licul ar dygephosderodsina and3clefsis, inflamafaterly dioweBaiseash DN Crotw’ wilissasse i s B
cel | chr On'ﬁc?rhﬁfY%qlYlg'r@sél\ﬁ't'&g@s@reﬁ%yoﬁf@hlenl nRNefephAidsy FRARTR (SLL) .- 25

94. The use Isease I's sefect fromthé group

consi st i ng @PmETHeNsahEtSiceze% Attheaetbarpsslerpsis. dekpee ﬁdb«?sm defisisheYra,
i nt ravascul goltipds mr&lg RayndodPERARmETBH G § (Ejyﬂdrérﬁé gev&ﬂ@ ®hbet Idwaspte@rra

T hey Yoo i et SRS gﬁg%hggféﬁ G 5@15%@90%5%%?3@9&%&%53{% Ifuced by

| ynphons, apstﬂymtdpatlrmxahmune -nebdined thyomboop@pertias, sudteasuateddiopathicman
anti body aCt‘f'l?({ll(‘iill)orcl:gtotp(é)ni‘fél ?ﬁﬂrp%rr]ae aﬁ)cf clﬁ!)rﬁcl: %oﬁiﬂfi? thrombocytopenic purpura, hemolytic

anemia, myasthenia gravis, lupus nephritis, systemic lupus erythematosus, rheumatoid

arthritis (RA), atopic dermatitis, pemphigus, Graves’ disease, Hashimoto’s thyroiditis,
25 Wegener’s granulomatosis, Omenn’s syndrome, chronic renal failure, acute infectious

mononucleosis, HIV, and herpes virus associated diseases.

79. The human antibody, composition, immunoconjugate, bispecific
molecule, or expression vector for the use according to claim 78, wherein the
30 autoimmune disease is rheumatoid arthritis (RA).

80.  The human antibody, composition, immunoconjugate, bispecific
molecule, or expression vector for the use according to claim 76, wherein the disease is
an inflammatory, immune and/or autoimmune disorder selected from ulcerative colitis,

35 Crohn’s disease, juvenile onset diabetes, multiple sclerosis, immune-mediated
thrombocytopenias, such as acute idiopathic thrombocytopenic purpura and chronic
idiopathic thrombocytopenic purpura, hemolytic anemia, myasthenia gravis, systemic

sclerosis, and pemphigus vulgaris.

I




in the manufacture of a nmedicanent for the treatnment or prevention of an

i mune disease in a subject. 5 96. The use of claim95, wherein the
treatment includes the killing of B cells which produce anti bodi es agai nst
aut oanti gens. 97. The use of claim 95, wherein the disease or disorder is
selected fromthe group consisting of psoriasis, psoriatic arthritis,
dermatitis, systemc 10 scleroderma and sclerosis, inflammtory bowel

di sease (1BD), Crohn's disease, wulcerative colitis, respiratory distress
syndrome, neningiti s, 8kncephahumarsantibody,tcompositibnemuinoneghgate.itsspeeifizena,
asthma, at hﬁBQ%&llee&r‘é’%?ﬁesslbﬁ%&l&é’fo?tté%@%&&?dlﬂgid ahﬁw?a,vgjtllé;%{meo&@e 381 0! S,

Raynaud' s syndr.one ogren's drome, juvenr|e onset etes
di sease, BeHyaflammaterggigunun agtoipmuge dispider salected Gemiethmopienhy | IgM 15

pol yneur gpabdived diseh 8 IBB), st atveEolitis, @?b}%’ya@@a%@l A% m Sl ?te Reeraigdit e _
i di opat hic thronbocytopenlc pur pura and chronic’ i di opat hi c thronbocyt openic

purpura, henolytic anem a, nyasthenia gravis, |upus nephritis, systemc
| upus eryt hemat osus, $heunfhohumamartibody, icﬁn'(pﬁé\)lon Atrmpirocolgugae, Hispecific

penphi gus, %ﬁ}{ﬁ%@chf)?egsc’lgn Hkﬁ&h ol HeQuss a&c@cﬁlggﬁg rah\? pne g?&glrr]nes% 281

gr anul omat os ron| cren cute Tnfectious
20 mononuc! wheskin, thﬂr%tmnﬁonmcm@onpomsrlmgmeamte afimgaistration @notike use of

cl ai m 97y V\m@#as&]ﬂ ;{%%%%H%%mﬂém disease is rheumatoid arthritis (RA). 25

99. The use o n the disease is an inflammatory, imune
and/ or autoi mmune di sorder selected fromulcerative colitis, Crohn's

di sease, juvenile onget JdTRORRS arlliboly, Qbﬁlpaﬁh@ﬁqmn&mowﬂ]u e%\e&'ﬁ@d

t hr onbocyt @Qfﬁp such .as acu i.di o at h| thr gé(to}g%m C gla and
Chroni o1 af DEBERFLoRHPEIBR Y EapLlar B R AtOrSne HLBRy o iaanind s dtbfhan o
gravi s, systherpeutkadgentosiasytoanndc pgempbr giadicdoxivaggmri s. 100. The use of claim
95, wherein the disease is an inflammtory, inmune and/or autoi nmune

di sorder“sel ected frominflammatory bowel disease (I1BD), ulcerative
colitis, Crohn's dise¥e, Hnchumdn inibedycbmpositign, iBBnunOtonjTgeae,lsspeaficany one

of clainms 835L0Qe m%gf‘e'sﬁ?ﬁ b@ct&{]ﬁ)ﬂmg a&rordIH% RY B} 87 WINTRh RS %11& SMer

separate adm ni strati anot therapeuti ¢ agent to the ect. 122
102. The us@e@pew%ﬂgﬁmlmnlwesq@ptqs@nﬁal d other therapeutic agent is a
cytotoxic agent or a radiotoxic agent. 5 103. The use of claim 101, wherein

the said.other therapgutic nt is .an i munosuppressant.. 104. .The .use of
i m 189 wher et ¢ hEsai TEORHER 1P OTRE S BYRHrR GO0 ugHE, bispecific

molecule, or expression vector for the use according to claim 82, wherein the said other
therapeutic agent is an immunological modulating agent, such as a cytokine or a

chemokine.

25 86.  The human antibody, composition, immunoconjugate, bispecific
molecule, or expression vector for the use according to claim 82, wherein the said other
therapeutic agent is selected from the group consisting of doxorubicin, cisplatin,

bleomycin, carmustine, chlorambucil, and cyclophosphamide.

30 87.  The human antibody, composition, immunoconjugate, bispecific
molecule, or expression vector for the use according to claim 82, wherein the said other
therapeutic agent is selected from the group consisting of anti-CD25 antibodies, anti-
CD19 antibodies, anti-CD21 antibodies, anti-CD22 antibodies, anti-CD37 antibodies,
anti-CD38 antibodies, anti-IL6R antibodies, anti-IL8 antibodies, anti-IL15 antibodies,

35 anti-IL15R antibodies, anti-CD4 antibodies, anti-CD11a antibodies, anti-alpha-4/beta-1
integrin (VLA4) antibodies, CTLA4-Ig, and anti-C3b(i) antibodies.
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an i mmunol ogi cal nodul ati ng agent, such as a cytokine or a chenokine. 10
105. The use of claim 101, wherein the said other therapeutic agent is

sel ected fromthe group consisting of doxorubicin, cisplatin, bleonycin,
carnustine, chloranbucil, and cycl ophospham de. 15 106. The use of claim
101, wherein the said other therapeutic agent is selected fromthe group

consisting of anti-CD25 antd,bodie anti - 9 anti.bodies, anti- . CD

ot i bodi o9, Cant - Copa SAnt 1 B8 ieeor ShERAAERPoRY APRRES S or® dlpims T-4s

ant i bodi es, in thetmanuf®Rire of & hedienentfor thel tte@tmertt iob prkivestionaofta disdasel &

ant i bodi es, e i i (P antibodies, anti-CD 1 la

ant i bodi es, dggé%qefgﬁﬁaa}g?%gggg?glﬁﬂ ggr}mné \%ﬁ@;} 20 anti bodi es, CTLA4-1g, and

anti-C3b(i) antibodies. 107. An in vitro nethod for detecting the presence

of CD20 antigen, or &gcel ITHRXRE 86EhinDI8E WA reih PheddiSANP]sR 1B 08P [ynfihofra.
contacting the sanple with the anti body of any one of clains I-45 under 25
conditions that allow for formation of a conplex between the anti body and
CD20; and detecting ©90e f dheake oficlaiin 88,cxtEpdir xhe difhse R Ktdll ic-Hodgkewsi Ng

t he presence of oCDaZO antigen , or a cell expressing CD20, in a sanple
conpri sing t’({gpléﬁ?l‘body of any one of clainms 1-45. 30 109. An expression
vector conprising a nucl eotide sequence encoding the variable region of a

i ght chgj n, heavy chaijn or 116k :hal ) ant i body
which bi s human cozgl 35 Tf‘?8‘%9‘?#&9‘@%%3?‘5?%&%&%%%?@%?&8?‘39r%‘l?’%,g further
conpri si ng groupfonsistingief peeuigmdbcalhlypphejasticdeeksmiv/bmphomy ad mgtug B i ght
chai n, heavyelt hadplasafs, DRhhhs B édhdhrénlé IyaeReyti€ RakaniaQCLR ) RpER ly@Apidchedy whi ch
bi nds human 0. Ig ég 1@1. An ex r,efskon.vgct}%r@ onpri si n[% nucl eoti de
sequence en&%ﬁna Ifdal ye igtkmphaest pleukemi, bip ﬁ%émeﬂﬁgfl& AB¥PRot i de
selected fr @mntlheelgtmﬂlgnfac(mm), ifdslglcmﬁrhltyh@hamal(lleb), cdansrg fellicksemsr set forth
in SEQ I 1.5 and 9, a i_ght I e reqgion .coppri.si a

nucl et i e Suneme mep e ion® FesMl vmeRiiba L Re e R SRR TREh e e
sequences asel bukémia, Hiffuse BEQ BoeNOsnpi®yma7 Busitt's Iymplamek, ptasmseytome; ve

modi 11 cati oRfohRSER Hyeldta, PR FARPEANABhYSGH R RO aficRMEd ROt | e
sequence encodi ng = a ‘heavy ‘chain vari e region conprising an am no acid
sequence seI%N&%C’W@ﬁmmén(l@@i%uf)l%%gqlklb’moﬁﬂ (AR€Lmi no aci d sequences
as set forth in SEQID NGs:2, 6, and 10, and a |light chain variable region

conpri si t he am no id uence selected from the roup copsi sting of
t he ani aci d sequenggs as hedse phlaim gﬁ "@WB‘?&B“WA‘@E@? %ﬁoﬁﬁglar[%'m oma
(FL).

93. The use of claim 88, wherein the disease is B cell chronic
lymhocytic leukemia (CLL)/small lymphocytic lymphoma (SLL).
25
94, The use of claim 88, wherein the disease is selected from the
group consisting of lymphomatoid granulomatosis, primary effusion lymphoma,
intravascular large B cell lymphoma, mediastinal large B cell lymphoma, heavy chain
diseases (including y, p, and a disease), lymphomas induced by therapy with
30 immunosuppressive agents, such as cyclosporine-induced lymphoma, and methotrexate-
induced lymphoma.
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and 12, and conservative sequence nodifications thereof 15 113. A

phar maceuti cal conposition conprising the expression vector of any one of
clainms 109-112 and a pharnaceutically acceptable carrier. 114. An
anti-idiotypic antibody binding to an anti body of any one of «clainms 1-45.
20 115. An anti-idiotypic antibody binding to 2F2, 11B8 or 7D8. 116. Use of

an anti-idiotypic antjpbodypf clgim11l4 or. 115 for,. detecting.the | | of
hunman nonocl onal anti %g‘dy XBEPWS(?{J niaﬂ{lgo AAf5Piding QBaHV?Re%fCIaImS £45

in the manufacture of a medicament for the treatment or prevention of an immune
disease in a subject.

5 96.  The use of claim 95, wherein the treatment includes the killing of

B cells which produce antibodies against autoantigens.

97. The use of claim 95, wherein the disease or disorder is selected

from the group consisting of psoriasis, psoriatic arthritis, dermatitis, systemic

10 scleroderma and sclerosis, inflammatory bowel disease (IBD), Crohn’s disease,
ulcerative colitis, respiratory distress syndrome, meningitis, encephalitis, uveitis,
glomerulonephritis, eczema, asthma, atherosclerosis, leukocyte adhesion deficiency,
multiple sclerosis, Raynaud’s syndrome, Sjogren’s syndrome, juvenile onset diabetes,
Reiter’s disease, Behget’s disease, immune complex nephritis, IgA nephropathy, IgM

15 polyneuropathies, immune-mediated thrombocytopenias, such as acute idiopathic
thrombocytopenic purpura and chronic idiopathic thrombocytopenic purpura, hemolytic
anemia, myasthenia gravis, lupus nephritis, systemic lupus erythematosus, rheumatoid
arthritis (RA), atopic dermatitis, pemphigus, Graves’ disease, Hashimoto’s thyroiditis,
Wegener’s granulomatosis, Omenn’s syndrome, chronic renal failure, acute infectious

20 mononucleosis, HIV, and herpes virus associated diseases.

98. The use of claim 97, wherein the autoimmune disease is
rheumatoid arthritis (RA).
25 99, The use of claim 95, wherein the disease is an inflammatory,

immune and/or autoimmune disorder selected from ulcerative colitis, Crohn’s disease,
juvenile onset diabetes, multiple sclerosis, immune-mediated thrombocytopenias, such
as acute idiopathic thrombocytopenic purpura and chronic idiopathic thrombocytopenic
purpura, hemolytic anemia, myasthenia gravis, systemic sclerosis, and pemphigus

30 vulgaris.

100. The use of claim 95, wherein the disease is an inflammatory,
immune and/or autoimmune disorder selected from inflammatory bowel disease (IBD),
ulcerative colitis, Crohn’s disease, and multiple sclerosis.

35

101.  The use of any one of claims 88-100, wherein the treatment or

prevention comprises the separate administration of another therapeutic agent to the

subject.
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102.  The use of claim 101, wherein the said other therapeutic agent is a
cytotoxic agent or a radiotoxic agent.

103.  The use of claim 101, wherein the said other therapeutic agent is

an immunosuppressant.

104. The use of claim 101, wherein the said other therapeutic agent is

an immunological modulating agent, such as a cytokine or a chemokine.

105. The use of claim 101, wherein the said other therapeutic agent is
selected from the group consisting of doxorubicin, cisplatin, bleomycin, carmustine,

chlorambucil, and cyclophosphamide.

106. The use of claim 101, wherein the said other therapeutic agent is
selected from the group consisting of anti-CD25 antibodies, anti-CD 19 antibodies, anti-
CD21 antibodies, anti-CD22 antibodies, anti-CD37 antibodies, anti-CD38 antibodies,
anti-IL6R antibodies, anti-IL8 antibodies, anti-IL15 antibodies, anti-IL15R antibodies,
anti-CD4 antibodies, anti-CD1 la antibodies, anti-alpha-4/beta-1 integrin (VLA4)
antibodies, CTLA4-Ig, and anti-C3b(i) antibodies.

107.  An in vitro method for detecting the presence of CD20 antigen, or
a cell expressing CD20, in a sample comprising:

contacting the sample with the antibody of any one of claims 1-45 under
conditions that allow for formation of a complex between the antibody and CD20; and

detecting the formation of a complex.

108. A kit for detecting the presence of CD20 antigen , or a cell
expressing CD20, in a sample comprising the antibody of any one of claims 1-45.

109. An expression vector comprising a nucleotide sequence encoding
the variable region of a light chain, heavy chain or both light and heavy chains of a
human antibody which binds human CD20.

110. The expression vector of claim 109, further comprising a

nucleotide sequence encoding the constant region of a light chain, heavy chain or both

light and heavy chains of a human antibody which binds human CD20.
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111.  An expression vector comprising a nucleotide sequence encoding
a heavy chain variable region comprising a nucleotide selected from the group
consisting of the nucleotide sequences as set forth in SEQ ID NOs: 1, 5, and 9, and a
light variable region comprising a nucleotide sequence selected from the group
consisting of the nucleotide sequences as set forth in SEQ ID NOs: 3, 7, and 11, and
conservative modifications thereof.

112.  An expression vector comprising a nucleotide sequence encoding
a heavy chain variable region comprising an amino acid sequence selected from the
group consisting of the amino acid sequences as set forth in SEQ ID NOs:2, 6, and 10,
and a light chain variable region comprising the amino acid sequence selected from the
group consisting of the amino acid sequences as set forth in shown in SEQ ID NOs: 4, 8,

and 12, and conservative sequence modifications thereof.

113. A pharmaceutical composition comprising the expression vector

of any one of claims 109-112 and a pharmaceutically acceptable carrier.

114. An anti-idiotypic antibody binding to an antibody of any one of
claims 1-45.

115.  An anti-idiotypic antibody binding to 2F2, 11B8 or 7DS8.

116. Use of an anti-idiotypic antibody of claim 114 or 115 for
detecting the level of human monoclonal antibody against CD20 in a sample.
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