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20i nhi b.mn@&pmmﬁwﬁﬁw of uring SHE (RECHIDRNT Y, Mepphigech 2H (- W8 BREFGR, ™ Annu.
Rev. | m@@}aﬂhﬁﬁ&@?m@&ﬂls&x&ﬁ%qhéme Mh@ﬁ&hﬁ;ﬁm@mﬁ i (SERADAN@H). ahel Ki net

(L0t 1 Sier G Ay Tog BT )b oy Oy Bip oo JoCHTE SRR b 8 Y

FcRs, lrm&m:bmgﬁﬁdmmtm be identifi ed |n the future, are enconpassed by

e e M P RRELR LR i, LRICPIA ehrb Bl dslos, Lhe sspRal@lodiatant or, FoRn
p nsn e er o

which is res tTans materna othefetus
(Guyer etrachtts, flagked bmﬁmewomqrﬁg@sﬁfi@%s apindcagdme 8y r%ﬁirs tofthejpygng e’ 24: 249

(1994)). ibody. The%%k?ﬁ%@&vegﬁ% ﬂ%ﬂﬁ‘s&;ﬁén@és%t&tett?{e poSifions Glare figb@ft t 0 the
ability o? nol ecule to |yse a target in thel{)rese ﬁ%f?Of conpl enent. The

conptie rréwtwea%thr: WSFﬁﬁncﬁ%tﬁ‘ﬁi)&V nugnbpifigds rUdnniP hane o 14°Sf the first
conpone ry;mmoz&éi%l GR], SINEaL PusySHEN: Sévice, Matighablnstintaat] Heal@eBaylescarMé,nt i body)

conpl exe e antige 0 assess conpl enent activation, a CDC
assay, 1%9\,\6 thé‘@%"eg’fsg%’d‘mlaﬁa gaﬂlg 30 Santoro et al., J. Inmunot Methods

202: 163 ( 1996)G. saywdrde pand sidweghence of the ma@ra?k v 1p hgiitlgh"{ilt)QSﬁQ MG Bodi es are
O Ehet e ol nd SNSRI AL AR SR 16 Ly BURI SO IDGAT, ant | e

to which the antl or "exa antib Br event or r educe
prol 3¢ er at i orFief4 sBO‘efetM amipgacid qewn@rvdﬂ@rmarufﬁ HAE! hea"y chain (SEQ ID NO:15

The L chain of 2H7.v31 is the same as for 2H7.v16.
FIG. 5 shows an alignment of the mature 2H7.v16 and 2H7.v511 light chains (SEQ ID NOS.

13 and 16, respectively), with Kabat variable domain residue numbering and Eu constant domain

residue numbering.



Anti bodi es that "induce apoptosis" are those that induce progranmed cell
death, e.g. of a B 35 cell, as determ ned by standard apoptosis assays,
such as binding of annexin V, fragnentation of DNA, cell shrinkage,

dil ation of endoplasm c reticulum cell fragmentation, and/or formation of

menbr ane wesj ma.{:. o) i f htik;
liallig64"li Eﬁ Sél?l X |a’§?ligg‘8@rﬁﬁpt§’%ma%rrcogﬂé§ néieznﬂgé&alné@ C!ézg?sf(ls%:g y covers
monoc| om@ls, Brdnd hdéspstivaho) it Koaball vagiatid Minggldummhesmﬂﬂléoﬁﬁ?ﬁ bodi es
(e.g. bis rgec;_eflgen%pn% %dl es) formed fromat |east two intact antibodies,
and ant| ff‘ia nen so long as they exhibit the desired biological

activity. 5"Anti body fragnments" conprise a portion of an intact anti body,
pr ef gr abl'y conprising Dteﬁﬁecﬁﬂés!:;%fbnt%{}Q'P'?&exrr&glzﬂﬂmﬁzh&{t@m Exanpl es of

anti body fragnents inclTude Fa ab, and Fv fragnents;

di abodi es; | Enear Pefiniia¥di es; singl e-chain anti body nol ecul es; and

mul tispecifig @Eﬁeli‘bﬁﬁl|E3%§)h$d9fcﬁﬁ£ﬂmfatﬁ1&mv&mhlﬂﬁ®dme xfxd’r@g’[’rﬁlﬂ‘m&ludesanaweBceH For the

pur poses herein, ntlb sin eavy and | ght
vari abl @FeRdhEin %reggc"%éal ‘ggy Té‘ﬁ?‘o ercit [}Py{, %Zte] T BoaT s & are
usual | y fhetierotetrarneric gI ycopr ot ei ns of about 150 000 dal t ons, corrposed

f d L Each
FI g?}l\tén Clhaleﬂt :Ag‘%ﬁeh S Cixccf& r)«:r Qra’BUc%u%}%cé %ﬁ)lgén ﬁ&&k% aﬁ?g@tyé! gﬁe@ed QDQ&:”S ac

0 a heavy chain one coval ent ul fide bond,
whi | e t hefaanisdh cafthadbaik farmdmnh hagé@odyahqt bigdgtherie EW@PHQM”&H%%S of

differ ef}& ﬁ@ﬂ;b%ﬁ@%%ﬂﬁ@mﬁ%@mf@ﬁé}/oﬁ@ﬁcbm@mgh:am @B has
15r equl art y sp ace intrachain d fide b Each heaé ‘{é ain has at
5

one end @W&?W&bﬁ@“’%@“ﬁﬁ OB €13V T %0 P M bREE P61 6 t domai ns.

EaCh i Q{Bwstqf@b%s AaeDnds }éﬁlfdc?eblnﬁ!fag&frﬁt idis afor RBRIpEAE, 6 He Latktbege AoMESh anlt ;
onmal n a S _otper.en e.C Sta nmi.n o alne

L Eist hd s Ba ZoRGEh (93BT Ehac eI b o Ty haS ReloRy ol

vari abl eosemeden sirfcahirgaeiicudd RP10H ERBEL, iBadpll €RAOPER G PVXS. Hhe- IP@%,\@XC&Wm n

rarty UL ARAMe R AL BSIGR R Forhi, HEMAIAT RS BLal, hhier Fagg, 20 bet ween

the |ight arneand I'n variab onmal ns The term "vari abl e"
ref ers tBCNA@nf 43%281. HEbe BeesH sufane xp@mnoén%n@far inpreesi hereind b Prefeeradins di f f er

ext ensi V&%r)éss%n%?&ﬂ?%aém&md-@-@gf &&e@&% rRdnSinall @0ndybe tafpeeskudradl ng and
specificity of each particular antib

¥ or |tsgart|cugar a 1%2%
Howeifler , bothipsecyrseri Bugsils sndynajuge B eglls o JEAGIPYETTeL Broelh S 8EF BHFBATHB I He vari abl e
domai ns of anti bQQQ@'santiéeh dr SCOMNGERT dbaited-kDa, rohppersgeghpinthopalcned

25hypervariabl e regio ht ch Vor N

vari abl efo‘&l’élr?ﬁlﬂﬁsm%%ﬁgpwcéthﬂ‘? %(P{F ﬁ%ﬁll§er Ve %%’“rgltb?%gg; }g% p&?@‘yé%n% eé%%)rral ns
are call 1Eﬁe§€h®nfﬁb&nﬁmﬁ B ctigs welbas(nfelRgnant E’hféls,\ba’rls adtleerrdendwp sismetlsnat i ve
heavy and, L1 aht, & rr@ﬁibs %@gﬁmﬁﬁé@&h opli0MFho girestlwaz&gﬁl 1¥enaglﬂp%'pm he)3- sheet

configuration, “connecte ree hypervari h form | oops

conngct | GRRY sagbniiressoed in §§é§€! o Pracritptpdsad. St Q’H@ %665(%@ f%fte?‘%‘??ﬁ%r e. The
hyper vari abl g, ggﬁgg@ysaﬂtggﬁﬁ@m&bﬁla@nﬁosy fs xqaoﬁ %&h@@ra B3Rl @urthlc@ﬁark@roam mty

by the FRs and, with the ervarlablereglo romthe o
cont ri buB gellsgegtipes {fré’Fﬂﬁf’sin‘f? e %W%?Wdé’éﬁi‘%{lf?ﬁwﬁ]bmﬁof ] *éf’htf‘i“ﬁg?ﬁ es (see

Kabat et @'by redm& preeatind a It redsoned elitiadin die(E!giekLaThelanﬁ;E@tiE&ttagoﬁSth Ed.
Publche sti.tutes |0
(1991)).P ﬁé&eé?]‘?epﬁg%tﬁ‘ie %ﬁﬁt‘r‘é&me lmilﬁntv IB\C/)% F@?lf)e%? f"g%%“% Eegédl ng an

anti txodythéramﬂn Sueh depienion toayt beexiit ol tviawanique mschefifrescudyanfippdedensndent sglich as
partici pat(fxa?e% cgototxlcﬁy %ﬁﬁdc@%ﬂ'&ﬁoﬂ 91%181@1%&19 g&%nc@ﬁt&%ﬂﬁl@ﬁy &QJCI) %%ltléﬁgﬁt&ﬁ oxicity

(ADCC) . ant 1 bodi es produces two identical
ant i gen- ppiiferatiay aﬁlﬁ/a!gn@qvfs‘ of Bglel! depthr (Eghvia #0PBigHBNt S, each with a single

anti gen- bi ndi: %tiﬁddgrgepeﬁMt éllfn%ﬁﬂa{é@@#otof éﬁty”ﬁﬁcﬁm refios &ilﬁlﬁé&td’def | ects
its abilitynt(3...Cr;i2lUen.rle'

; gl i 3sl tlt:/&ﬁﬁt r%/l 1eds an
F(abp2 fwﬁ@ﬁ%mW}’@%é‘Pnsﬁ%ﬁ%Wméﬁthlﬁéw BIAFS FrgeeprEdrs "é‘f "Zapabl e of
Crosss | i fji)REisaituir&fis, and macrophages) recognize bound antibody on a target ccll and subsequently

cause lysis of the target cell. The primary cells for mediating ADCC, NK cells, express FoyRITI only,

whereas monocytes express FeyRI, FoyRII and FeyRIIL. FeR expression on hematopoietic cells in
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"Fv" is the m ninmum anti body fragnent that contains a conplete
antigen-recognition and antigen-binding site. This region consists of a
di mer of one heavy chain and one light chain variable 5domain in tight,
non- coval ent association. isinthis conflguratlon that the three

iteghaatlieor Ay i ??'m%aé%%%éﬁ? B St Aty Saf S E R ver
t he si X QyRanoariablyef § fgleaisof Gt an aemzzrcg&elnetbm&h ngh spbaidéscabedyn UD t he

ti bod I
R kM T e N
the abi lpedpperbichidod aogeriuziearaeils (RBMA) mmagahﬁlht@%wh Alterpativelper affinity
than 10'[35106 tmngﬁ)}h FE'ark?Unng [fgl' anlﬁcule of mt%&? E}algk Js.{e?sg@ﬁx%voaé $Qn 99&55’1‘ ns the

constant arn an first constant domain (CHI) of
t he heavraoddhauhrasthﬁahﬁclﬂﬁqdalgﬁﬁmsgf@lﬁN@Wﬁﬂ@ﬁﬁﬁ%@W@%ﬁ’éh&ﬂts by the addition

of a few reskqyes eﬁkct&'}alsﬁaxfel?éaasaé?&%mewsss@ﬁe 5r%rmﬁ¥¥ndq:ﬁﬁbrﬁl &Bekiodomai n

i ncl udi ng one or nore cyst he anti body E‘Fg ion. Fab -SH is
the desifégnetiensobrefsespli e fep expegss at #eﬁsfm%a'idrféf% PG f%? ‘?°&ﬁ‘é(s) of the
const antExQlWIR IR furkk@adukadytek BRSheddRLATHCE Brctubd @hpmem bipod igibic)ér adlt | body

i g oyerath e Ot R Sl Lo P Btrorgl B b, "

f r agmentNk afliebaadggoefbrradin. The "light chains” of antibodies
(i mmunogl ObUIrhnS)rr{ f,,[:g) rece%ca {ire%ctpﬁgfe%gf% 3 B&Sﬁbgé r&:@;ﬂoxgﬁ‘at g:ﬁ&é tg Fb%q’c ;6%109'3? of two

clearly distinc based on the am no
aci d ZOSLeqméJnd}eé'hof’rﬁfehed FcRceﬁsatﬂameqm?Pdiqun FcR. Mﬂfﬁ@éﬁaéﬁ@&ﬁ”&%’fﬁ@ ami no

acid s e%‘? & agfégd ARibGRNS gaﬁmﬁa Hapei %&Bciaﬁek&eﬁt@me@amn&mamnﬁ bodi es can
1 f

be assi ferent classes. There are five irltr:a or_classes of intact

ant i Bodi éERﬂl syclassegonclydie allghsaanagiiang gpratysly SHSPd foups FhsHEERNay be

further JQTM! 268 ok ThQuds FHRTBSGR Sac(VaEl ;m@@") ax&l Rmnﬂ @ iphibigt@recdpg@3, | gHA,
| gA, an

A2. The heav hain c o the
230 £ erUi Ve R BE B I PRSATS CRLy Brrenrag e il SO UbERRARHed:
r espect iAceibating Ehepts ERIA costrinsiot imeesoreptot tl?l!roele@hhsqzrhaqswémaﬂnotefdmﬁf\@u% ations

o S B SRR o TORB S A | K BQUorroine visSi 1l €- cha

Fv" or nts cohpri se onmai ns_of
ant i zﬂodynhxmrequrﬁafrﬂ\é)sxe lta@mlmwdp@mm(%&afm s SphfrengoliHEret de chai n.

Er ff er atzt %) {/?&is%}ée r?/ﬁé%e@%pﬁé\)g@? %}d«!{l@:ﬁ@%nﬁ:@m IHRS0p0-palopR et ); depd btr&léel’ |
et ween the an onai ns at en e e desire
st r uct uremagmedads A4 9740 A dedbes & E egv}(re"z’\/\fg}(}’f "égﬁg%é’ ﬁl—dsﬁlsg] &F'ﬁun in The
gh ar mac qicggyrlmmfdmmmb epkni#ld inhiodief, ar?’iﬂgcgmﬂa];ﬁd bmsembum" aerdin Mblor ededs

pri nger - Ver or o odi es
refers t mlu?ﬁugﬁs[tﬁ/%lgavtél rep Q torzkﬁc%n 1§ m%}xsﬂ%le fo the g:lrl)ﬁﬁam aﬁlkg%g

HENnt's W ng sites, which
f r agrentts tm(ﬁamr(ﬂs:e:ratahemnymwhailﬁ 582 £1946)|2ed Iﬂmrﬁlah%vs')unelo%%é’@t(bﬂ?ﬁ)o a light

chain vari ablg, ﬁgﬁém&},m(d\éh)%{smu&e P HBC ety BIRLLAE FHRRolid® 19se¥O. By

using a linker t Is'too short to | ow pairing bétween the two, domai ns

on t he gsaget icthapmseneevé coapmenons Tae @WRW’%?@EPCF‘@“%? Wfsﬁmf‘ﬁ@i wohpreiRent ary

domai ns d;{?fthemwﬁﬂon@ahﬂe aﬂ%leﬁkﬁ@{ys@m& Lee! BE h«g&&ﬂ@(e@damu&dyﬁsmplambodl es
are aedunco. aaW

097; WO 93/1 %BC and Hol %E nFam Proc.
Nat L Ac a‘b“h asfegnatelﬁgﬁga% 0 65&??&‘“@2?298’8(“1"@'9? ron, a e etge?s B PaRE
ant i fpdySan@do disigd. R ER e DE: 1160 (@A6)aindy tegdsforald.ai ned from a popul ation

oot ant Aot AIRASHENRD oA G prdf ot e REprb AL DO €5

expressing an antigen to which the antibody binds. For example, the antibody may prevent or reduce
proliferation of B cells in vitro and/or in vivo.
Antibodies that “induce apoptosis” are those that induce programmed cell death, e.g. of 2 B
35 cell, as determined by standard apoptosis assays, such as binding of annexin V, fragmentation of
DNA, cell shrinkage, dilation of endoplasmic reticulum, cell fragmentation, and/or formation of

membrane vesicles (called apoptotic bodies).
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S5popul ation are identical and/or bind the same epitope, except for possible
variants that nmay arise during production of the nonoclonal antibody, such
variants generally being present in mnor anounts. In contrast to

pol ycl onal antibody preparations that typically include different

ant i bodi eg~ i eOMQdu gin nt, determ na h

nonocl onal ?{% %g? {EF% l‘ffflgoelﬁ o ageaSFSgPsﬁ ] ﬁp% Elca’rﬁ%&%g%?) Ogoﬁc?oﬁl‘&

antigen antlbl@daaedﬁhiydldnmi ahtbotife multsp]eexf ic fantmothyq (e: @Hesmﬁ@miibwg@ fame owisks are
L0advant ageous | b3 LD AL B Db @HQEsirbABMBRGH Obul i ns.
The rmdl n}%ﬁtant' ona%&e%nﬁdg segﬁﬁe cgarta ter o% thsé ant ?%ody as being
obt ai nedctfvlrtsam a substantially hom)geneous popul ation of antibodies, and is

not o be con tfbb%a%ﬁeﬂt@%wnf»ﬂsg 9 FMIME (et StibddyepraBhblp @cgﬁbnl%fg aBy

particul ar method.” FOor exa he nonocl onal . anti_bodi es_t Sed in
accor dadeézenbinding Ilﬁiél%ﬁhérﬁ@fntExin?ﬁkéﬁf fgihodrdipepentyigdadedpo o High %’? e net hod

first d%&lﬁéﬂ@seﬁga%ﬁzeg@imae EntBbdi@! singldNdhid afibodPhodahesldd kR KEpecifiobntitadiesbe made
by reconbl nant DNA npet hods (see e.g., US. Patent No. 4,816,567). The

" monoc| derard 5o PEBINETEMRYS al so be i sol ated from phage antibody |ibraries
usi ng the teth@mssde&em dethtdcrantbaagkis ome @inpasing INatyané [igl3521a8124- 628

(199 ) glnd Mar ks et aPtc]_e Mot Biol., 222:581-597 (1991) for exanpl e. The
nono opein 450 a1 Bs SR n specifical ly include "chimeric” antibodies
20(i m‘runogl obu:huvnst)ubpdlesivbne@kuaby pordiitemedd elydeprolria ¢yabad FOPOA dalie. chain i s

| denti cg m s ofo ﬁlﬁ%ﬂ@aﬂ%ﬂ%‘&) Ein€ fodrt§§ Qﬁﬂg;hlriﬁa@QﬁV@ﬁﬁl@SEdcﬁh tilabogi es

derived m a particular species or bel on @;lil’tl cul.ar antibody

cl ass orimkftﬁlb@h besgy Chﬁmlbb’énﬁt%a@éﬁ*ﬁ‘ifﬁ‘if&m%f”ht “h@e @H%ltfcﬁ? sujfide {inkagis VP with or
honol 09%1%11% e GQLY &%BQ&%M@MGQ@M &o@ﬁisl Emllheﬁ»ydﬁzrﬁgmﬂkammmfanot her
speci es or _Dbel ongi ng to ug; %r ant bodey Ss_Of sub aasnsa S e Il as

f r aghfentresufly &y li‘BHb‘g? yle §‘?¥e’f §V:‘f“r1i’§’5? 8% %fictn ¢ REYE G o g

bi ol ogi qal,) fadwet b a/nL(nUieSofCE’&teﬁrﬁomhhs Eh,cBIl@t B hak/bwmabloriomraét onedddoc. Nat L
B o Wi el OmHE FaB bR e ol Bl G, ANBACHAR igBb R BR) Der el 1

i ncl ude it Hodres conprising varia omal n_anti gen- bi ndi ng
sequenc dﬁstdmtantetdmﬁm@mhahmcﬂmn@d thrlightehan (asiable dapain ingligngd Rishiey, such as

baboon, GANSLARE tofeg AMhi&eedences
(8 pat b o B e (e o o)

ant i Bodi stesn e Bl ehatiaad hygry shodivadbleiemaiabnt ai n ni ni mal sequence deri ved

f rom non- humame jcARMTRAMIO etk B thdfadt tHah@rtiiB poriiP@If the Ratibieidaednsaiiffarbodi es ar e
human i mmnogl obulins (recipient antibo Jroma

hyper var4§Bi# W‘Eé‘i%‘?’i‘“%"fm‘lnﬁéﬁfb%i”paingﬁfu gé’h{h%g’f’% %fl}& s{}ecr?c%‘ G52 froma
hyper vargaahlier aeigido for @ pzatmtanadagwarh{_oszpmltmmwnms rahavetiodiyiibutedch as nouse,
L on D Blhe Ly AP R UPL G| 18 LRS! B SRRERI Loy, 35alf N Ly,

and capaC| ances ranewor kK regi on resi dues of the
humas i mmwgiabjb cﬂglons Pmﬁemlﬂ@ﬂight@édn Wtwftwb@ﬁ di‘fﬁ’éiﬂﬁ@ﬁﬁ*?ﬁj Fanmpedieiies .

Furt her nRf & - DHITBRL 886 sk S ARY z}ﬁ%ﬁé&&ﬁ rde@%é e Thbadiage e not found
in the recipient antibody or in the do

Thei St i rdostemp efpetiyedriayaa¢ Beht ehetopeach pompr ‘ﬁ%foé\‘anfsb'@@?lyﬁgorpf‘% H5MEE. In general,
t he hunmegRhggehtien chidedyd vyithrke IC)@EH}zl’riaSIQ 13108 balth if@hl lyopabdnnafingbnd ieasite one, an d

t |1 t f th
hyper var FaBFEnEaL T F PSRRI DirdeRurae rlRn e Ao e B g °
all er s b&tm&mmﬂ tyy thd FRsahd, tWig tHeRgpeavagatiihsgieonoforathh gnimwhalmmm@gllmbul in
Sseque ”C&; ot na%)ﬁ' tfxco gnltlge%-bsf r%t té c%%tant%ggh%é s@eSKQé?:E le a?é&%&cesﬁﬁﬁroﬂmﬁ' zed

anti body op portion
i mmnoglmhmlrfgz@i)fmm@nﬁthr@g?@hc H@a}‘fbﬁerallcqf,%atimt Inéfft“tas H Ealth- ?Wpobul in.

For furt6s;y06h@idngian tas—';@aﬂs%%t ﬁ@m@eh,dnu@ymn&zgianaa&&;@ af a&%@ butRi echmann
et at, ture 332: 323-329 (1988 and Presta, g.: % % nﬁ %Hlo

2: 593- 59BhblLgTPps efrpier fiagtions: P atarsiciPaism T the gRigndy RARPods T Ael &THF ef er s
to the Wmlﬁg(ﬂ)@j@& dues of an

Papain digestion of antibodies produces two identical antigen-binding fragments, called "Fab"

fragments, each with a single antigen-binding site, and a residual "Fc" fragment, whose name reflects
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10anti body that are responsible for antigen binding. The hypervariabl e

regi on conprises amno acid residues froma "conplenentarity determ ning
region” or "CDR' (e.g. residues 24-34 (L1), 50-56 (L2) and 89-97 (L3) in
the light chain variable domain and 31-35 (111), 50-65 (112) and 95-102

(H3) in the,.heavwy:: fh:&l A lne domaj equences of Proteins
of | muffbttEgy PLrsE eerrlé@éT'F %ﬁf‘ﬁﬁ%ﬁm‘ﬁ’ﬁ’ﬁﬁf @%@J lfrﬁgrgéli ?t%%qwﬂla?tlgenal
I nst i tubﬁamginekbﬁhidﬂn ciablbesdess-liMing {ufif91) ) and/.or those residues 15froma

n”Ehe 11 ght Tha AP e abE re L Bl prp e feeb gl 76 110
(113) i nmtgh;ebxhcﬁwe cTid$ mgivacdnsigh ef atimetiof one@leotyivhan anddng kabk ¢hainjyatiablej ol
- 196: 901,944 Dhohy:covell b PIRNRL K. 108 in diE?coa&-g\m%%t Bt SudigaRKasd abl e domain

reS| ues 0 E‘han per vari a regi resi dues as herein defined. A

"naked amqnbefetyth Vlasab&rﬁoaﬁmﬁiﬁ@éﬁf' tq@ﬁnm@em%ﬂﬂeﬁinea}e opifesuitagse pighe YoM} ugat ed
to a he%ﬂe?'@ﬁ&ﬂ%l@%ix E]Bgrﬁnalﬁé‘&Em@s.&:oﬁ‘feﬁa‘ﬁhégn%ﬂdﬁngﬁﬁécﬁfcb{y @lthef, a@ﬁho@j/ abel .
Exanpl es of anti bodies t

the CD20 antigen B8," which is
now cal [FegreveRieyaisipgls varabiRidonsinfgnhyit pfiag b&?‘@ms%ﬁ’ueﬂly fefg’epf‘i‘?*?j‘ S TeRigns
yttri Ums&e%@i]:‘fdr@@ﬁlt@éﬁ) Bé%&hemﬂﬂityﬂe r@ﬂﬁzﬁi@@ﬁb’blﬁiﬁé&tl%ﬁﬁlﬁdﬂgh%%ﬁwe@fﬁmwk’hant unomab
Ti uxet a (ZEVALI NO) conmmercially avail able from | DEC Pharmaceuticals, Inc.
(US Pat &teni6 Ping&%6: 137; 238 deposited with ATCC under accession 25no.
1 1811388 on Mb%Egmeheﬂ&)qonums iha eonkig@Ramiif f the dblgghamindélg: r¥ ewistattnonab, "

optionally | 8¢ %%%&%B%WQQ%&%&I gabléég%eﬁ}by 8L adduRFbNered 131

tosMurmma% ommercially avallable from Cori xa (see,
al so, USeSBaeselnthc mbOXStOBQIBHS?UZ Be:hegva chaweCbfroediong pdingane oy CYEIEReS (Press et

at Bl Ooqroglgcﬁx%)nuﬁﬁffhégjfe 149 Sl ANd MeRIEd; 7@@&&1 ht:f&ﬁff@tqfab" iAGhiBline! gystefheamewor k
pat ched mani ze S (W03/ 00260

Leung, C%g 1ga%rsnlt H3- 96450) ;
mur i e Zﬁ’iiua(ﬁﬂd’fﬁ’eé‘?ﬂsﬁ%’%‘rdi"@alESﬂe?r % Jrest gayee (ER gF%*Peﬁ‘iabNan 78) ;
hunmani zeg &é@kerm&&&a@&m@mmm@mmk hidMB 20040 BHOE YemANhet 33
(Appl i ed iﬁr/b cuI oI ut i %ﬁ%‘i‘ n body or variants thereof such as
chi meri ¢ ?5?“’ gi@ eﬁ’ﬁ?ﬁ{/ea? "™ hA20, respectively) or 1MVI-106
(US 2003/ 021948 3ightlchains oﬁmmlse)s (im@DEg dbilid) fgm amvt\ieb@@ﬁte@eciirsmn ®di ng
epi t ope- de Q2 b3}, Wekal 6%k dde 2, as
in US 26@%@8‘8%3’%4@% é%crilyag&'%%&781%3%191&?%‘&%&%35a bi speci fic anti body
t hat20bi ndmeCBA thehgoreP2Olomppp. exanpl e, hLL2xhA20 (W)2005/ 14618, Chang

etal .); nmonogl.Qnah, ahi Redb 6sd ée%JmceQﬁ&rc%ons&ﬁtdbﬁ%m oBth@lh?F/y &MnEZ i’ival labl e
ntine.et. a

fromthe Internati onal Leukocyte Tynpi sho Val

Leukocy t2tibpyiss §7g be tsiepediqEpgRc] aSSCEdfhﬁf%ﬂe ‘I’é’iﬁ’@"gﬂ%ﬁiwj f plpgyant§ogier t‘%‘?ve 1/ 37)):

1H4 (Haig @Hg@hﬂﬂgﬁo%d&zv&a?éﬁﬁése 893Ye) furtlean HivideD2® sabpidsss atqtymesb‘. ecgon ] ugat e

(Seatt I 1.0 - CD20

I\/Ab t her 5@ ?%épfg%tlé?‘} tI% agn%%?lgg?fts ﬁigg%&%th%fml;% on) he terns
"Ri tasxi rtﬁﬂﬁéi-elmaflas'édaloﬁamlwmd@hrdveﬂ@lanﬁ reaf, erd 1 Gsnehfe‘/eb'e A&e $uBuif Sruevigs Mder ed

chi meri ' Ut B0kt ARk BNt lBat @glr a@Ridktsin, t he CD20
ant i genq%r%%g%zggsf%%é]lgt aHRB%?BJI n Ljégl%gtent Rlogo 7 €137 i ncl ud| ng

fragnents t hépiagit-chareliv’ prtsel ' aptivadwlrempe 'y o i thevwzld’ L dRpiEsATmab i s
COMeEr Ci z-ﬁ{ﬂLcMy Weina%@dcfn{aﬁma@%%aﬁ Q&hlngB%ﬁ@béﬁtlﬂ&haﬁlth&kﬂb@QﬁEBv herein and
unl ess indicated otherw se, rrg 31 2H7" d? rranlb%e%%eantl body
that bi rReYPERIAGRTTesHoRPriSTs aé’r‘flya FRUF G R E’H‘H’f”h‘ae %ﬂs%'n mla’ﬁ%? Wher ei n t he

30 scFv to form the desired structure for antigen binding. For a review of scFv sce Pluckthun in The

* Pharmacology of Monoclonal Antibodies, vol. 113, Rosenburg and Moore eds., Springer-Verlag, New
York, pp. 269-315 (1994).
The term “diabodies" refers to small antibody fragments with two antigen-binding sites,
which fragments comprise a heavy chain variable domain (Vi) connected to a light chain variable
35 domain {Vy) in the same polypeptide chain (Vy -~ V1). By using a linker that is too short to allow
pairing between the two domains on the same chain, the domains are forced to pair with the

complementary domains of another chain and create two antigen-binding sites. Diabodies are
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10anti body is effective to deplete primate B cells in vivo, the anti body
conprising in the H chain variable region (VH) thereof at |east a CDR H3
sequence of SEQ ID NO 12 (Fig. 1B) froman anti human CD20 anti body and
substantially the human consensus framework (FR) residues of the human

heavy- chgiy SulgEouR 4 =8 Mkl , r e ' j s anti body
furt herd?ﬁ‘ﬁ%Ff@gg“ Yﬁg'fﬁ % ?1@%6?9{4=?—#7?¥@q%@§2§’%@¢§%§é D gl%ﬁofbﬁgnd CDR H2
sequencgcaf sHEQ4| 0:04D5-6448,(199AH nore 15 preferably further conprises the L
chain CDR Li . sequence of I ; QQI?.I_ S ARG E R inedEGlD NO 5, CDR
L3 sequence 8?“ ‘ﬂ°b°°ﬁ?&?’§ﬁ‘§n°8§)s%§§%§%‘i_u af{x)g/wtsahe hu%ryg?l_ énonse,n,s?u f ramewor k
(FR) r epémhiion offsutistretidiy rempgichaght antibrsion, isu B girfsiupl apNdicFREPERAE Phe VH
reglion ﬁg%{nagﬁn hgld%féaita%/& MBS a8 G A RSO0 ThAMMe VaB&HQRat mahigdsei n t he
e1

regi on or exanple, 1gGlL or | gGB, In n,%@ﬁr ef erred enmbodi ment, such
ant i bodyutremmdugies of temyaqclond] aribedy: Sich SIeR’ BFREE BOERA P IE™Eown i n 20Fi g.
1B), opti9nf Veoft2Qo pOAYINMhSdnAEhdl BRpafiticsefistenptallpincoe@iffdkoNitiBodies16, as

shown in Fig. 1A), which may have the am no aci.d substit utions D56A and
N1 00A Hifeahisstrs HEPAM GRS SRR B Y GuEe b 3P | o
ant i bodyink® daBmiibAmthaintijehothaddidnptoitsirngecifiy. teglvpodond! dntkndies gRai n ani no

acid seqyences of .SEQO | D e Iy el 4SRN aWD obibhal 0S. 2
and 8. %H‘@Pﬁ%‘?"%‘?g}agt%yeaéc %%%%?ﬁe%tdbyi]oéﬂw@ler ggﬁygﬁghﬁeb%{gj;&?s 257 V3l
conpri siimiicatehthe khaghater efitic: anvtdy achraigpbairhiomae flstanisbpireReesest SEQ | D

NCS: 13 and A2, of a%ﬁ%%ﬁag,ia}( L Yot (85 SNQMBG dsRedilrg produc@blofthe shtibd@ By ddgody herein
may f ur ther conprise at |east one anino acid substitution |g}t he Fe region

that i mpatves napod Bergrawlebemeaediappiapiibodigriy by used ircirdanes WA P S no aci d
subst i t UbJ.Qms ndl e ReRBAUEIFBAKR bhod MR @sqpibed Briadley e2#/VaridE, 236495g t he

heavy chain am no aci d sequence S NO ) 0 | AF 4). Any
of 1 Hiead 5L Prpt tseHag FOPTER IRV RFITS b A% oy PERu AR Bl i

subst i t UtdoBgtidnkl shii@dEe n30 ERg boisclsthdfonl glepeasibsly (D@ isoking the yechfignes exanpl e,
conpri si at, .| t the Sti j O - 7 At enl, Ne.sefsPR8, 624B1
(1 dusogic{é)g"é‘?eddflﬁggkmm al, ap“rr%fzé%ﬁéﬁ&ﬁ@?i Z%?ﬁ%ﬁ% IS an intact antibody or
ant i body(1¥91admertmpsonpri si ng the variable |ight chain sequence:

DI QMVIT QSPSSLS@%%%@%M CRoReMR PO GARBL L YAP SMpASEVPSRFSG 35
SGSGTDFTLTI S YY ENPPTE I KB (tSE(% 1D NO 2‘2.' agd tlhe vari abl e
heavap Cﬁmuf@é]qméiﬁ@é‘? which a portion of the heavy and/or light cham is identical with of homologdus

%%VES%M%%EQWEEI&I\JM RQARGHE MRl Y ENEDE & to 2 (

t GRFHSVo \| 4L, | LRAEDTA CARWWY.YS E SEQ ID
NG 8) - parICH ARG PS OHTHERT LN SR BORy T TR S, Loay

pr ef er abloyoldeod Mgkreesiidgeqietighin aptitaiiis dmiveidTarcindtherspesiss eebeldpging to

D1 PSSL SASV LT PGKAPKPL YAR . it the
SOSGT R T B RS R A O A B e RO R AR S I Gy
TASVICL| MM RREAIYADNAS BSGHERESNT EOTISMODBTVS 5T 0T VK AERERH: U
KVYACEWH%?:%W@@%&&%QO&Q Nd3) her@h thelulke phR@vyIThEbdtieam no aci d

sequence’ 10 EVOLVESGGE VOPGGSLRL SCAASGYTFTSYNVHWROAPGKGL r GDTSY

NOKF K GREPIBVERSKNAI G aaNSR s DA YRR %Wé%ﬁéﬂ%&tﬁm\?%%%gﬁg\l

SSASTKGRRYRPMARS K SISO, Gkl rRERYESMNS CA FREMHERRAYLERSG

LYSESSVVTVPS%?{I{I%%W SNTKVDKKVEPKSCDKTI | TCPPCPAPEL L GGPSVF

L EPPKPKDFEIP DPEVKFNVYVDGVEVHNAKTKPREEQYNSTYRV 15

VSVI FvL HODW. NV Sivh G/l PARI T 5| DAEQRRERGQY YT CHPRSR g

. LTCLVKGEYPSDI AVEVESNGOPEN PPy VRS SRAROGWE SeSanized
N R PSR G (3 NGy e ookl

VMHEALH

antibodies are human immunoglobulins (recipient antibody) in which residues from a hypervariable

region of the recipient are replaced by residues from a hypervariable region of a non-human species
(donor antibody) such as mouse, rat, rabbit or nonhuman primate having the desired specificity,

35  affinity, and capacity. In some instances, framework region (FR) residues of the human
immunoglobulin are replaced by corresponding non-human residues. Furthermore, humanized

antibodies may comprise residues that are not found in the recipient antibody or in the donor
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or the heavy chain am no acid sequence:

EVQLVESGGGL VQPGGSL RL SCAASGYTETSYNVHWRQAPGKGL EWGAI YPGNGDTSY 20

NQKFKGRFTI SVDKSKNTL YLQVNSL RAEDTAVYYCARVVYYSNSYWFDVWEQGTLVTV

E\s(éfgg\?ﬁwpmp% SKSTSGGTAALGCLVKDYFPEPVTVSV\NSGALTSGVHTFPAVLQ SSG
@ ) o i CRSN D

L EPPKPKBTRISRT BPE -%55* 1%';%/1;5@!%\5/'&{E

VSVLTVL H@MMW@WSM@A%MWM@@WWP@&EEWW@ 25

LTCLVKGH \@Qgg TRYLRERR Q@%\AMM n-
VWEALHIQ@%%{@L W %%’ BQ) Eébﬁ&p_w ref errgg%m od| ment of
the i nvélnmmmmwwbvhwﬂé@ll er %“bﬁ%“&ﬁlyc?ﬁlo\?@ﬁ F%ﬁ%’%thﬁﬁﬁﬂ ‘B?F“Z‘ﬂ’?m% Foh 16 wil |

have st h%ecﬁx@ﬁc@%x@eﬁi r SEAUSNER(s Pk nb’tl(ﬁab%if& ek h@ﬁan’iz@@arﬂﬁﬁdytolpﬁcnﬁllpefisoammo aci d
substitutions that are indicated.in_the tab a]/v Unl_ess ot herw se
Y

i ndi cat €BMPEKat iagA R?&F’F‘ﬁfﬁ%mﬁﬁ“{‘?g]@5%‘??8“‘%?9@%%’“1 et AR R as t hat of
V16. 2HZmMekdlailisieaysieh adilsysee Dhangels Muugti2 1 S2a5as (1989); Riecckaamg ess.Fe

changes 51 1,988 L33 o/I394,) B, 13200 S8AAGTERA:, 114 DSOA N O B2L

The term “hypervariable region” when used herein refers to the amino acid residucs of an

%
A
~29
-Um

10  antibody that are responsible for antigen binding. The hypervariable region comprises amino acid
residues from a “complementarity determining region” or “CDR” (e.g. residues 24-34 (L1}, 50-56
(L.2) and 89-97 (L3) in the light chain variable domain and 31-35 (H1), 50-65 (H2) and 95-102 (H3)
in the heavy chain variable domain; Kabat et al., Sequences of Proteins of Immunological Interest, 5th
Ed. Public Health Service, National Institutes of Health, Bethesda, MD. (1991)) and/or those residues

15  from a “hypervariable loop” (e.g. residues 26-32 (L1), 50-52 (1.2) and 91-96 (L3} in the light chain
variable domain and 26-32 (H1), 53-55 (H2) and 96-101 (H3) in the heavy chain variable domain;
Chothia and Lesk J. Mol. Biol. 196:901-917 (1987)). "Framework" or "FR" residues are those
variable domain residues other than the hypervariable region residues as herein defined.

A “naked antibody” is an antibody (as herein defined) that is not conjugated to a heterologous
20  molecule, such as a cytotoxic moiety or radiolabel.
Examples of antibodies that bind the CD20 antigen include: “C2B8," which is now called

“Rituximab” (“RITUXAN®"} (US Patent No. 5,736,137); the yttrium-{90]-labeled 2B8 murine
antibody designated “Y2B8" or “Ibritumomab Tiuxetan” (ZEVALIN®) commercially available from
IDEC Pharmaceuticals, Inc. (US Patent No. 5,736,137; 2B8 deposited with ATCC under accession

25  no. HB11388 on June 22, 1993); murine IgG2a “B1," also called “Tositumomab,” optionally labeled
with "I to generate the “"*'I-B1" or “iodine 1131 tositumomab” antibody (BEXXART™)
commercially available from Corixa (see, also, US Patent No. 5,595,721); murine monoclonal
antibody “1FS" (Press et al. Blood 69(2):584-591 (1987) and variants thereof including “framework
patched” or humanized 1F5 (W003/002607, Leung, S.: ATCC deposit HB-96450); murine 2H7 and

30 chimeric 2H7 anfibody (US Patent No. 5,677,180); humanized 2H7; huMax-CD20 (Genmab,
Denmark, W02004/035607); AME-133 (Applied Molecular Evolution); A20 antibody or variants
thereof such as chimeric or humanized A20 antibody (cA20, hA20, respectively) or IMMU-106 (US
2003/0219433, Inmunomedics); CD20-binding antibodies, including epitope-depleted Leu-16, 1H4,
or 2B8, optionaltly conjugated with IL-2, as in US 2005/0069545A1 and WO 2005/16969 {Carr et

35  al.); bispecific antibody that binds CD22 and CD20, for example, hEL2xhA20 (WO2005/14618,
Chang et al.); monoclonal antibodies L27, G28-2, 93-1B3, B-C1 or NU-B2 available from the
International Leukocyte Typing Workshop (Valentine et al., In: Lewkocyte Typing IIl (McMichael,
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D56A, NLOOA MB2L, S92A S298A, E333A, K334A, E356D, MB58L An
"isolated" antibody is one that has been identified and separated and/or
recovered froma conmponent of its natural environnment. Contam nant
conponents of its natural environment are materials that woul d int erfere

i th di agpo e the antib de
L0 O SIPOSLA SiBta LASLARSMEL B E ik LS, ATBARANs, OB E0s e

In pref @ﬁrﬁs&ﬂn ErboaiatESiagle Gelrgicuruniiioha)-d (IEMI!J’BIOMIONQ*EGH(IOP)‘:) ei-gPdat er t han
95% by \% et:ra;%f({i%gﬁe)bgr%gﬁﬁﬁﬂrﬁ%mfgﬁl5)135 (Hﬁ BiolpoWry net hod, and nost

preferab eree suff|0|ent to obtain at
| east 15 resffthQ@SORmN-lm@’r’m iRéTUXANi@nﬂlé‘Piﬁéﬁfﬂé?ﬁhﬁéena%qaw PEHEBHLEFIC use of a

spi nQi ng, %H%&ﬁg%ﬁ@ﬁo(ﬂﬁl’ant%odﬁ Fectefa c%@ﬁﬂg@@?lﬂta\ﬂtlé&i asd SesizAdedd ‘@QQ@'EH peduci ng
or nonreduci ng 10conditions using massi e bl ue or ’E’Br ef er}lglﬁl %@és' | ver

st ai n. IPSTGM{OeW%ﬂﬁV bwlqgﬁ@%@&hﬁr%fh&?fﬁmﬁéwbﬂw g piof P dhbi nant

cells Slc&ﬁﬁeﬁmz)‘@a@b}e@ﬁ&@&Eﬁf@&ﬁent of the antl body' s nat ural enV| ronrrent
will not be present. Odin

ol at ed ant.i "
prepared by areldadie 85‘:[38?‘?‘1“ ?‘?fia‘f"?eéﬁwm faéeﬁlo RSy u%‘@?m%%i ef‘c"ne rSI tgaa human
subj ect hufm@fied ahilbydy thhinduthjras CDRG, oebd Giiphneifdony fatagieait therstf, fvbereid Bienul ti pl e
S e S b hER R ARRE RN L YN PLA BB En S b ngRe Who 1S

|
g/ experi ence, one or nore
si gns, mqbleansordWahbhmf afj Iep ét:@i’lbﬂé softenye G 1O NQ12 fog 1 B} froman #iien

di ag nos %qm% éEBZdQﬂ ?Lxﬁ i aﬁﬁeﬁ@'ﬂﬁ: huﬁ(@x‘?&dﬁ?e‘hsus Qe earR TR Gosid AW Yre dirRgNOsed

(with "new onset reviously diagnosed with a new rel a

0
exac er b deivonchaig setgrayp df &Vdﬂbdﬁég@@" thembodineatythisaphpdy Sytperc ‘ﬁﬁ?sﬁsr tgl‘? Hoat risk
f 0][ f dev %hé};?bﬁﬁ Hm}a&dcmle %f@ﬁ% 5 R6i18 andDBR Eﬂfséqﬁéﬂcﬂgf SHQID 100: w,tandl msﬂe for 2 Sh
suffering fromnultiple sclerosi L assone who
has Weerrrderbetiaber cprrispsdbdy €d™ Eﬁfggké@ Rﬁ J\‘/% usem‘i ?serum
cer ebr oBQ® NG:5 CIR (Go)enand SBQ IVBIC: @&dcwt(s&)ltwém die@pmmscoswn@e fredevfo  usi ng
an assay ﬁgggj}es oLk G0 &3 mm@@ggf;’crayaw Aol h&lay ve {%ﬂQd pr.eferably
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subj ¥t Rig 4B}, apHonglrels Porsioa e Vi eReeFE IR 3 (V- 1568767 Py Vel evat ed”
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30  region that decreases CDC activity, for example, comprising at least the substitution K322A. See

11.8. Patent No. 6,528,624B1 (Idusogiec ef al ).
A preferred bumanized 2H7 is an intact antibody or antibody fragment comprising the

variable light chain sequence:
DIQMTQSPSSLSASVGDRVTITCRASSSVSYMHWYQQKPGKAPKPLIY APSNLASGVPSRFSG

35  SGSGTDFTLTISSLQPEDFATYYCQQWSFENPPTFGQGTKVEIKR (SEQ ID NO:2);

and the variable heavy chain sequence:
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPGNGDTSY
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5continues to progress. At any one tinme, SPM5 accounts around 30% of all
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"Treatment” of a subject herein refers to both therapeutic treatment and prophylactic or

30  preventative measures. Those in need of treatment include those already with the multiple sclerosis
as well as those in which the multiple sclerosis is to be prevented. Hence, the subject may have been
diagnosed as having the multiple sclerosis or may be predisposed or susceptible to the maltiple
sclerosis.

A “symptom” of MS is any morbid phenomenon or departure from the normal in structure,

35  function, or sensation, experienced by the subject and indicative of MS.

“Multiple sclerosis” refers to the chronic and often disabling disease of the central nervous

system characterized by the progressive destruction of the myelin. There are four internationally
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30  the remission, Approximately 50% of patients with RRMS convert to SPMS within 10 years of
disease onset. After 30 years, this figure rises to 90%. At any one time, the relapsing-remitting form
of the disease accounts around 55% of all peopie with MS.
“Secondary progressive multiple sclerosis” or “SPMS” is characterized by a steady
progression of clinical neurological damage with or without superimposed relapses and minor
35  remissions and plateaux. People who develop SPMS will have previously experienced a period of
RRMS which may have lasted anything from two to forty years or more. Any superimposed relapses

and remissions there are, tend to tail off over time. From the onset of the secondary progressive phase
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30 an esperamicin; as well as neocarzinostatin chromophore and related chromoprotein enedivne
antiobiotic chromophores), aclacinomysins, actinomycin, authramycin, azaserine, bleomycins,
cactinomycin, carabicin, carminomycin, carzinophilin, chromomycinis, dactinomycin, daunorubicin,
detorubicin, 6-diazo-5-oxo-L-norleucine, ADRIAMYCIN® doxorubicin (including morpholino-
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35  epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins such as mitomycin C, mycophenolic
acid, nogalamycin, olivomyeins, peplomycin, potfiromyein, puromyein, quelamycin, rodorubicin,

streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin, zorubicin; anti -metabolites such as
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25 : Also included in this definition are anti-hormonal agents that act to regulate or inhibit

hormone action on tumors such as anti-estrogens and selective estrogen receptor modulators
(SERMs), including, for example, tamoxifen (including NOLVADEX® tamoxifen), raloxifene,
droloxifene, 4-hydroxytamoxifen, trioxifene, keoxifene, LY117018, onapristone, and FARESTON
toremifene; aromatase inhibitors that inhibit the enzyme aromatase, which regulates estrogen

30 production in the adrenal glands, such as, for example, 4(5)-imidazoles, aminoglutethimide,
MEGASE® megestrol acetate, AROMASIN® exemestane, formestanie, fadrozole, RIVISOR®
vorozole, FEMARA® letrozole, and ARIMIDEX® anastrozole; and anti-androgens such ag
flutamide, nilutamide, bicalutamide, leuprolide, and goserelin; as well as troxacitabine (a 1,3-
dioxolane nucleoside cytosine analog); antisense oligonucleotides, particularly those that inhibit

35  expression of genes in signaling pathways implicated in abherant cell profiferation, such as, for
example, PKC-alpha, Ralf and H-Ras; vaccines such as gene therapy vaccines, for example,

ALLOVECTIN® vaccine, LEUVECTIN® vaccine, and VAXID® vaccine, PROLEUKIN® rIL-2;
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Exanpl es of "nonsteroidal anti-inflammatory drugs" or "NSAIDs" are
acetylsalicylic acid, ibuprofen, naproxen, indonethacin, sulindac,
tolmetin, including salts and derivatives thereof, etc. "Corticosteroid"
refers to any one of several synthetic or naturally occurring substances
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macrophage-CSF (M-CSF); granulocyte-macrophage-CSF (GM-CSF); and granulocyte-CSF (G-
CSF). As used herein, the term growth factor includes proteins from natural sources or from
recombinant cell culture and biologically active equivalents of the native sequence growth factor,

including synthetically produced small-molecule entities and pharmaceutically acceptable derivatives

30  and salts thereof.

The term "integrin” refers to a receptor protein that allows cells both to bind to and to respond
to the extracellular matrix and is involved in a variety of cellular functions such as wound healing,
cell differentiation, homing of tumor cells and apoptosis. They are part of a large family of cell
adhesion receptors that are involved in cell-extracellular matrix and cell-cell interactions. Functional

35  integrins consist of two transmembrane glycoprotein subunits, called alpha and beta, that are non-
covalently bound. The alpha subunits all share some homology to each other, as do the beta subunits.

The receptors always contain one alpha chain and one beta chain. Examples include Alpha6betal,
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cont enplisitid sniébdi axpesvrcathite Acles noaﬁttmi"%’tﬁ 05‘9“‘6’@ 1 ECATRR} A FPOSEE Bffeen

adm ni st af kN, PlecsidChsgetCi d _encoding the antr body |s encorrpassed by the

expression adm ni stering an effectlv rrg$§ . ? nt, om%. See, for
exanpl e, VW9aRoMExal beipsen by dgtialAdsheordor s ‘@m?:c?ﬁ hikg fehe use of gene

t her apy zﬁéﬂs@@ﬂ%ﬁ&tﬁeﬁttﬁ&ﬁr&@;ﬁk&@ﬂd&sc&lﬂtﬂe brarthil @siboBSFiveure, bar mefewbly frapdhe
approaches to g@ L, P gg A réuc(!s%gec acid (optionally contained in a vector)
i nt o*% h zrgggﬁeg EEBFTEPOYTRIVG and ex vivo. For in vivo delivery the
nucl ei ¢ aci d ki e prfeeed enboclmee@tlttrymt thyt antibddls cxneBjrescre approtiERicly 24tveeiarSit e

where the antibody, Jgr'ﬁx&%ﬁ' B P2 Byt reatment, the subject’'s cells
are renove ?ah 8 leic acid is |ntroduced |ntothese IIs and

ol
the nodifi ed feelelenbadimenidhy %?F@éé?‘é’ﬁ 3 FPEME 1SR PrRwfedap ?“*&f?t"g"gt"fe;? f or

exgrrpl e, fg&‘ﬁ‘ﬁ@%ﬁl ag&qre%gnmanymrb@btﬁbyrmﬂibd anbsly3Qioaat ofabeut 015 Agphmsl i nt o the
subj ect ee

2 7 re are a
vari &ty (@refetaé’br?ﬁ?%é§° %éarawg)btthsﬂr ngﬁoFﬂr gcr agdalﬁlﬁgg reef‘%“%%’%?%%ﬁvr abl e
cel I's. TdmevdeRqpmicatBTronadoyutdé pesddienks) &pomemmlhamsmhendrmm pielerablying | s
transfer o,cultured ce I [ sk s of the
i nt ende dé’ﬁlg §me]i)t1.dé/ Ceﬁ%osure is mvuled%rrl)t}l o 1¥e!s{ a[bgﬂgat?? gvﬁgﬁé g¥88¢ﬁﬁtﬁgl )gl%c raCI dinto
mamal i an celthsn almmixterembodtmbrmaee etrad prsbodf eXpIBEITIER VIRt BHB AAI on,
m croi nj ?oc&éef?!‘fmnﬁﬁ!: gutfatlééps?s'ﬁre &Fté&t%ﬂtbod)t B8os3R6 3 iy 4P fohgs pliatuai]
precipitation net : connD used vector for ex vivo delivery of
t he geneabiont 44t &) esks framsthe Pfe"‘ouslf‘ml‘tloﬁe“’iPP?“f‘? jri
ati 131) Ref et k@lyloh@&d thdrk bﬁh@dnﬁb@@bﬁbobdr&ﬂﬁfeﬁﬁmdyeﬁ proivieers thersajerte atsinglesf ect i on
with viral vectors (such as adenov. rpes. s
adeno- as&Be? éf“étt?d}&l"F Fdyo swerere %ﬁﬁeﬁc’flﬁé Hby i wns{(‘ éfa)%fr& PXA sreg)%dfi
l i pid- rreﬂp,eayaetdurtxrnamsérer daés (bvhahegenneorame cDEPNA, forR@PERntIdy DEDO@FUF for
exanpl e) ojre_si t.uati.ons i Mg t Hgygdejhg acid
sour ce \Aﬁietpf"f’%ﬁ'ﬁ fgpeé‘ﬂ’t“pif ﬁgtthegy%eggwgﬁr segtg(ﬁ h}e%’g’k gf&nﬂb&{y%%@ggegcmés an anti body
specif i crypoof sa:occeﬂnbdlcstmmﬁtat@nnhfefn@ retibe pebeddng frequepgye! pdmigjgfation| Wherg | j gand
for 2 eaRlAladyhif BAlARLACBL LecorRldbse it Iy}!}%ﬁbﬂylammma rrasanplaved.

pr ot ei ns"tnat to a cell surface nmenbrane tein asso¢ &

endocyt odiys mreepriferably éémfab‘?“fﬁﬁrléé‘??snﬁldw%‘?fe‘?‘ﬂy rgpiebqut g Egﬁyé an &5 g.
capsid proteins or fragnments thereof24ropic for a particular cell type,

anti bodies for proteins that undergo internalization in cycling, and
proteins that target intracellular |ocalization 10and enhance intracellul ar
hal f-1ife. The techni que of receptor-nedi ated endocytosis is described, for



exanple, by Wi et at, J. BioL Chem 262:4429-4432 (1987); and Wagner et
al., Proc. NatL Acad. Sci. USA 87:3410-3414 (1990). For review of the
currently known gene narking and gene therapy protocols see Anderson et at,
Sci ence 256:808-813 (1992). See also WD 93/ 25673 and the references cited
therein.; 15kl f rstP Jo%%fé%&&ﬂmf%&d%&@?@d &Parate doses are MHH&&QP% ﬁ?s?:%d@éégh@l es of

manuf act ure of present | nventi on use, or I ncorporat e an anti body t hat

bi nds t ofose - ﬂeeémrboémsméﬁ&abﬂmbﬁetﬂﬂeééé@ma|mve praEstabhyabousD A ltieramp0.

Accor di ngly, mﬁd&@@dl&@m tg@ﬁe%atld ﬁ?&x&@ﬁhe@fﬁbb&@l%ee& Mehd rReegesks bbed here.
The B cell surface marker to be used for productlon of , or _screening for,

ant i bodi B&aEAYHEr exsple, fipm abgutd e Bfpaosiss ppdbRoE RarticHig i ebows? lotOpor t i on

t her eof exﬁ&ﬂﬂieﬁ,lnﬂ)l‘stﬁﬁrtibh&bdﬁﬁhfﬁd 20 pirbaps. Ppefetaerynantch ¥@bshres Ofc addidisicicanal |y,
e mark r..at theiLr c e used to generate,

cells ex

or scr eeﬁ{e éeacgﬁ{?pﬁﬁaﬁméﬂ?y?&vﬁgf“’fg ! S01‘:’“?8h ee% %é?imog + fA8¥ narker usef ul

f or genemdbilimgntagath datkdde Sxpuishre 1slpawaiquaraem1gietd0setolﬁﬂ)s entiiblml}l |Iech ditambdhe art .

A descri o) I r ction of the
ot oo Aefeh b PUTRT ok BTN BRY w85 WRLAhsc] Sind Aol OUELAOT O

ant i bodiwevery antibodpgippairarrad beprevidsd d %%ngé?r@stmre# evogktaatedpssed in ani mal s by
mul t il e subct @nge%mn :(ystﬁ)a ngzedw%@n%ay Qa&ﬁjug&&mnﬂ DbRGIARRGe AfcnbOe

rel evant antigen a j uvant . be useful to conjugate the

r el evant YEHfPHGesht fsh & ap‘PE‘}?%FPYF ‘Ioﬁ‘a‘funfi sTl?erﬂ‘ﬁf‘H'@@é?ffb@dX hprgithis Rs‘]ﬁé@i‘bes to be
i nuni z Gﬁmaﬁz@ 2H7key. Roh®is3Q ki ciaedbi R ABIG ¥afibddes i8 SEQ MD AlJSUMAAA, 8) &ov [ n e

ot 1 vat T 0B SRR B svE e AR HEE AE0ID Mo PR CLEMEE st er

(conj ugeﬁtlDMGb:hmw)Jgh cysteine residues), N-hydroxysuccinim de (through

| ysi resid o R N=C=NR,
V\/nergeR and ILi]'?S[) ém%(g&?l{tgiﬁégﬁg% Q?‘ﬁs H%Ué}%éeﬂ Pevggﬁ?/gé#eg%étp g%éﬁ'urﬁg 7ed agai nst
t he ant i ENIOSHPRRIFBRAEAIGE), @drﬁaugwelgple mler@ﬁesramyarthaveesfelﬂye@%wbiwmmi e.g.,
100 us QfiupanREkitRhy HRS-RIQERIOmPHkeqR Jn@ﬂ:@%@w&is&ftr@%@@mtﬁ§cﬁﬁo ARG &iy)
respectively) with 3 vol Udieli kFre 2C aPidtPd aljaallind inj ng,I ng the
sol uti on i nt rradednriddyyisabdministeiep| 8 syt es;xabranmemnt:ﬁtiddmgeparédftealgmml s are
boost o0 thillodhe, LS Syt hnal SITMNL, SloReRLSR, CRRIARLE LT
Seveld td’amtecﬁéy@siloaft e¢1uctehetwawmubzlr sntaiw@om, eﬁaamdalt ineapseoual, pssuams;@d for
ant i body, gbyi i &btion” n!nﬂ%e%al cﬁa;ﬁ%ﬁ&?ﬁ HA éolntc%nBtﬁﬁ I P, @Saisa%l‘j%%lgrl@ierabl Y

the animal I s boosted e conjugate o e sane anti L

conj ugat?@82/9®9%4dﬁ3!ﬂ%ﬁ=@ﬁ% Apfﬁ@%f&l%la cerl del e ogh CR2YIATPedye nip additaps b i nki ng
reagent .anfikay H@ﬁ&lﬁﬁbi@ﬂbs QdrkiaRtcRe birpele: hﬁsxb@@%ﬁhﬁ&l&&hnﬁ@dbse@ of fblBRibBSy. Pr ot ei n
f usi ons. él @ g%g atllr\]/g H&ents ?UC'],CaS aI m ar e sui abI usfe%aa(g enhance
the i mmingePREIERLSTE R EVER SRR YA MY 'B?)‘&P‘ég FORBREN BN 2Ot FRETE s are
obt alsnedattavemuainfisipu(k)at i on of substantially honogeneous anti bodi es, La, the
i ndi vi dual antibodi es conprising the popul ation are identical and/or bi nd

the same epi tWipls e d¥Fenthedy pastsithd aslvdaed administaredip thesitiest Wigeatitly pr oduct i on

of the nRNGAL RRAsisARE RPEMondN limMRfel @&E&a%@ﬂ@éﬂt xucla%g 5‘&1&?&&%%5& in mnor
anounts.  Thus, t he modi fi'er "monoclonal ™ indicates the character of the

ant i bodyhEROBRAPCiCaRTE iMRImOS PRSI agenk CYtaliee. Gtokingaptapqsisher aainol BN . 15For
exanpl e,fadurchorbaeCihegral, indiin Redbas ofBYib&y (B AL LHAI1Rgae sl by drdigRabet hod
fir 33:[0 (RAPTIVA®) commercially available from Genentech, or an alpha 4 integrin antibody such as
natalizumab (TY SABRI®) available from Biogen) efc, with the antibody that binds a B cell surface

marker (e.g. with the CD20 antibody).

In the preferred embodiment of combination therapy, the antibody is combined with an
interferon class drug such as IFN-beta-1a (REBIF® and AVONEX®) or IFN-beta-1b
35 (BETASERON®); an oligopeptide such a glatiramer acetate (COPAXONE®); a cytotoxic agent such
as mitoxantrone (NOVANTRONE®), methotrexate, cyclophosphamide, chlorambucil, azathioprine;
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described by Kohler et al., Nature, 256:495 (1975), or may be nmade by
reconbi nant DNA net hods (U.S. Patent No. 4,816, 567). In the hybridoma
nmet hod, a nouse or other appropriate host animal, such as a hanster, is

i mruni zed as herei nabove described to elicit Iynphocytes that produce or

are capabj.a, I edue t hat I C f cal | nd to the
pr ot ei g“ﬂ’é“é@g}‘{‘sdmi g Wﬁ’%ﬂ& &]"? ]i“{%tf: ePl?tVﬁ%ﬁf)a:% s "ha ml%xa "5&% muni zed
in vit rch}ngph@ﬁgﬁ, e&nﬁahemtﬁtm fcla&ﬂxﬁmey\uolakbodymadmaorcecbdwxausw ng a suitable

f ng a | r ma cel |

(ghl %g, Ty t?Btéﬁ‘o&ﬁa?r?%?n{ér%y@lges rrf:%f:‘c’lxlgﬁégﬁ“‘&%ﬁ)g%’rd é?caﬁ @%’Qﬁé gro59 103

( Acadenigticktiesd, ind@BG)systend heombipnodamp&eiwémmww‘mmkd are seeded and
0r 0w B, AL LABLE G WS ﬂgﬁgﬁeﬁe 1bRAASRRED 8 BblobarRa ai ns one or more

substances or survival of unfused, parental
nyel ona chatstesol-ivsringsrangf tee “sifin”tchnes, phickipelgges ﬁgféfla%fﬁﬁ (BéVPQLﬂ'@a@kvaﬁtﬁ%ﬂ enzyne
hypox ankﬁé&@%&%&hﬁ%ﬂ%@k@b@&M&tatiar(ﬁ@smb&%g ;ﬁh@&?ﬂiﬁ (WAVW@L@I he

cul ture mediumto dormas typi cal {XA’? f\é}d § F@xant hi ne,
am nopt eimyestaiOrRRHY; cﬁtﬁ’é“’( EAtpstRRaRA (RReRa LAl ﬁ"a?ﬁﬂgﬁaﬁcﬁt We5t%vent the
growth Weu)ﬂ@ﬁﬁizﬂﬁﬁmqu@m) 108hbs repRRBN@f REtwd veytakale sgpeptbss @r@adihose t hat

fuse efflc ort .stabl e high:].eve oducti.an by the
sel et ed® é‘ﬁ‘ﬁ"éﬁ%@g F‘ggtlfg?”ﬁ’bw%}anlmfcg’,pag %!1% aggﬁsgﬁthlte% isease‘"m%%&ng%ﬂ}s/uch as
HAT e dirhisimatindrng DM, nqprset@dal edi-infraiootay dek INSATREsplassmepheesisne myel oma

l i nes, sler r.S.avai l abl e
fromt h?@%%‘%gg&% %é?rﬂat{){aﬂ%dggogﬁ g%m%g%tr (%jrl% gﬂhe]m&%é&ﬁmtgmla?? orni a
USA, anm@o@e,omm@sumwwse%é¢ha§iilfav‘eﬁ shgpieradipigfing: Iﬁ*é”%@?étﬁi“&’e?ﬁ"té‘g Brype

Cul ture cgpg,_{r@gg&g?)msmgydyl &g, Maryland USA. Human nyel oma and nouse- human
het eronyel oma celT |ines also have been described for the production of
humars nonocl arakecda meaiagkdneis ladrfik Bteted gyith (18 iriitPdd eApokurd dnd/or lafer pghoduret 3084 |

Br od b I t

foo sur égszé)ﬁg?bog{) med aﬁminfs Yon W%ﬂ%% 'fg,g Eg?gtﬁ&jlg&g §%,@1rang Jhepl i ca w'n?f;‘ﬁ
hy bri dorfarnoétibis oas eﬂgjff miwmgeqtlsal &s@a}y@m afnéncmpmymn:qdrn@wﬁ@@onrm el wiral
anti bodi Where Ol%;rag’rgﬁgth@rg% Nihe ﬁengd antives Qor agf £hies a%glté/ mm{llhiﬁeogkl? g.\leﬂ@leir

specificity nonocl onal 5anti bodi es produced by hybridoma cells is
det er mi rréogspl ickiviRenopr eci pi tation or by an |n vitro binding assay, such as

a0 g mnoascal (A O SN IS LAOK LTINS EALATSRKLERL SN
det er m neghidiyratidaef Smabctzdrsawly gerznizkapgi Such ﬁdmmmwnn eff nualtelc agidh eﬁcodlﬁ thehem ,

107: 220 0 i d " h an e,
as%e?o% seﬁé%m gsrsecf%ﬁe &grgg oﬁ@mlg@ﬁ%gﬂ eiblifd ShubiPat anRhQIEE &

ant i bodi es Freit finity, and/or activity, the

cl ones rﬁa!yeXbIeplsd’Y)QﬁPf!ﬂ?é%ﬂ mtphshpcw@rrshy* c!l?ﬁlﬁmwrw*&c@ﬁeﬁgé%e BERPY & BBy

st andar d aRLiheds. 504l ng, Mnocl onal Antibodies: Principles and Practi ce,
pp. 59-103 (Academ c Press, 1986)). Suitable culture nedia for this purpose

I nclade, for Texanites mBolpEMoatheRPbttidBUMuneidiacii(optinadiyl dintdings in dwegody br | doma
e b ol PR B el e S ARCELES WYRRLSy U B0 QI R LR 0C] 0Nl

anti bOdI secC ones are sul separ at romt
cul t ur e into the subject, usuaHy at the site where the antibody is required. For ex vive treatment, the subject's

cells are removed, the nucleic acid is introduced into these isolated cells and the modified cells are
administered to the subject either directly or, for example, encapsulated within porous membranes

30 that are implanted into the subject (see, e.g. U.S. Patent Nos. 4,892,538 and 5,283,187). There are a
variety of techniques available for introducing nucleic acids into viable cells. The techniques vary
depending upon whether the nucleic acid is transferred into cultured cells in vifro, or in vivo in the
cells of the intended host. Techniques suitable for the transfer of nucleic acid into mammalian cells in
virre include the use of liposomes, electroporation, microinjection, cell fusion, DEAE-dextran, the

35  calcium phosphate precipitation method, etc. A commonly used vector for ex vivo delivery of the

gene is a retrovirus.
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15medi um ascites fluid, or serum by conventional inmmunogl obulin
purification procedures such as, for exanple, protein A-Sepharose,

hydr oxyl apatite chromat ography, gel electrophoresis, dialysis, or affinity
chr omat ogr aphy. DNA encodi ng t he nonocl onal antibodies is readily

o 1 gonuc eot TREABTORaC rLe b SRR B R AR Rt SRt ITD jenes
encodi ngeckdaﬁ(sulitﬁam}dem&ud Hg’pés soinadxisirod, omdﬁnomssoamed lwdi) aﬁ)hpid:bh@d hybri doma
B e S i e A
cel|'s suchnphs. Bsomodituationd il s dessiilt wPREES theantleic adhioms @ithamaeerihabyar y ( CHO)
cells, or egglt%jb?lga r?% dufh ﬁsrlﬁ‘hntfﬂgdm%mﬁlim i1 SE AR AEHG Ehel pPIRINQ ARG N

prot &in, he synthesi s of nonocl onal antibodies in the

r econbi nelh likawd for @ eqcknsor oRéhwitasest etk pie| WS HiPos@Bw e TTRIMY R Brokps B i n
bacteri g é)gell%c@ﬁl&&qhﬂ& r&téﬁ?as@d&iakeﬁm ehd&@ﬂftbﬂijﬁnm ﬁlEe@ f&ttargétmg &adrok to Qpi ni on
in ImunolL, 5:256-262 993) and Pl i | L[ el?/ Jfg(())d 151-188
(1992). facilitate upiake. .8 %?Pi“?l%‘f;’te@?r%ffﬁg%ﬁf‘ erﬁ ’i°B‘85‘?r€§3’8F“ 458 BEa g agnents can

be i sol &@ehidifisanan amtish atmalRaigein dydingyne Srogen eraaheed insiceiylat heslivatiohni ques

d bed NE 552 t at,
I T i Gl o FC
30( 1991 exadgss by We et dieJiBid| Gheinol92 f2RHBE (&8 Arahd Warnsr et Pty diagsAcad.

respectig Vebf?sﬁ%ﬁgzu?ﬂl?@ﬁ '%P&%a%m%a%saﬁ Fafema&mtah@g&eqﬁwl be the

productlon |n| M ran human | bodi es by chain shuffling
(Mar ks eftoterpls swgvdq?e@wmﬂ é@gnce 1G: Sﬁﬁgl k2 ?()1%92’)?9 WOLS/23873) snd the g6meie%at or i al
infectiQR.ARgeihN Vi vo reconbination as a strategy for constructing very

| arge phage libraries (Waterhouse et al., Nue Acids. Res., 21:2265-2266
(1993)). Thusi t hpseuithalbnAggiesiear e vi abl e alternatives to traditional
35nmonocl onal anti body hybridoma techni ques for isolation of nonocl onal

anti bodi es. The methodsapd ek afinaafaciugy qfqlelpreﬁ?ﬂf BI@don 565¢0r ERSRPPE, by

substi t%ﬂlt{bg Eh'&t%nfd@ﬁ:! arlgcéil%&%@%rkfspéspmlanm&\bﬁrds arthXi ghdordulp®i, N const ant
domai ns ?/ace of honol ogous nuri ne sequences (U. S. Patent No.
4,816, SGTPthO%fOF s@ﬁﬁtmgétwhéfmbodpwél bedgseribe E&‘&fa Sci. USA, 81:6851(1984)), or
by coval ent | to the i I part of
t he coding sé&kgﬁ[&l«gsu%%emfke%tﬁbf%g% %QEJUPQMC lPg“pe %ﬂggdlén?acg%l y such
non-Jommenmglsolbbit fomm pf)tﬂlg/pgbtrmesor‘a*rreth@@l:tf@iﬁ@méhefdé?ﬂ PI-’étOPf‘o ﬁé&e@ﬁt"eﬂo mai ns of
an anti hody uogﬁlh't &:ﬁé’c Fe@sn%%{lérﬁéﬁaﬁgenf Q1 sirBge ¥abt akh & Lot Bﬁsck}fen ﬁl‘]e

anti gen- co I ni an antibody to create a chiner;j va en

ant i bodyandensiss.i @ﬁ%ﬁdo%ﬁ el thiB Y bRIeS HSTHAT \‘Fﬁf‘%f"f %enﬁ"é@‘igr‘?‘ﬁm?ﬂ%fvg o FIER?ref‘or an

anti gen @gndsanmbhgnneant i gen- conbining site having specificity for a
different 10antigen. (iii)Humani zed anti bodi es Met hods for humani zi ng

non- human antA ésdipeen folwe abeencmidst rachaqgies for thiprodyction Fhtleefantibpieyusedin

hunaiy zecw@atn xﬁﬂ{th@ﬁ%exﬂ efonTOT € am no acid residues introduced into it
from™a source t nonhuman. These non-human am no acid residues are

often referreg tomscloddPabbdiess €si dues, which are 15typically taken from an
“inmport" variable domain. Humani zation can be essentially perforned
f ol | owi ng th@omeltom&umﬁdlwmmﬁmamglrmd nenkelsdy pbiplesulautaptous (fACUr e,

ot at, surgseieild e R Bl Bl IR, A e e et on
sequencebe febrart héigoue p esprovibit gmguTREeHe éisthflﬁ)ﬂaes H‘Ej‘?ﬁdﬁlﬂé}h‘??"g%‘y eyl or di ngl y,
Zug 2%0 5%1 b Zb ey Rl LRSS BS S hTBAbRIRA RS i90dh 8pstniBoitoPadignat  No.

’ bifunctional or derivatizing agent, for example, maleimidobenzoyl sulfosuccinimide ester
(conjugation through cysteine residues), N-hydroxysuccinimide (through lysine residues),

glutaraldehyde, succinic anhydride, SOCl, or R'N=C=NR, where R and R' are different alky! groups.

Animals are immunized against the antigen, immunogenic conjugates, or derivatives by

35  combining, e.g., 100 pg or $ pg of the protein or conjugate (for rabbits or mice, respectively) with 3
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20wherein substantially |l ess than an intact human vari abl e domai n has been
substituted by the correspondi ng sequence froma non-human species. In
practice, humani zed anti bodies are typically human anti bodies in which sone
hypervari abl e regi on resi dues and possibly sone FR resi dues are substituted
by residues..fir.onm anal-egous, si-k-as .1 n rodent. antibodi es. The. I.ce.,.of human
vari abl ¥lepesef Reunds SORPIFE gHTVARTEY HESRE ?58}“%%“ ‘&Q’%&“ﬁ‘aﬁy ﬁganﬁuﬁtrl'}jgps(t%ﬁsé?)ng
25hunaninagd 1@ tichaigiaBSreibBoswa miithil o 1 4l A e otigingl edomeofgmptidgeniapivete inAccor di ng
to the gso-called "best-fit" t hod, . Y &Lk akl gedomai n of
a roden? oY Sicﬁﬁ‘g&?teiag’“‘éagtrbé’esﬁ%gg “NGa R e%&t% ﬁgﬁgﬁﬁgggsﬁ%‘%ﬂg% %{yggnomﬁ human
vari abl erisieiedcbled eguibnees is Tiseveh fomamibeditiien doimalsate Hogstedvoiehe titero t hat  of
the godepf i.Spl D MOBR b5 2RUDGK e ERAEDBucERgafedto t he
humahi z lntef‘a“r%’t Fﬁgega&y?élg%g&%%%?% J. Imm‘]r%l O 15%:_%29 (11;9931)5%}g Chot hi a et
at, J. MoiffeBingirotein 39%ordodueh 3 9fTRIent croprinling e2a8Tth Gemwasies g % 5amededul ar

f ramewo Eééorﬁﬁ?:!n@ DenQehly £ fiéiRAkibRe ARNSLRBMHS : SRAWGRE Qs Aim afelsuibblyared

anti bodi es of a particular subgroup of Iight or heavy chain variable

r egi ons 1o STRECS RAENTYAAEIF% nay be used for several different humani zed
ant i bodi es (%rte%;l et all.am.PrL%c. Nat|. Acad. Sci. USA, 89:4285 (1992);
Presta et at*J. ﬁ?ﬁﬁ{%?_, i%’f:?GZS (1993)). . It is further inportant
thatygant | DOy SRS UATRAIeZ B ottibdd fchd ERbLRIQE shixatianf fdutdishitolsor t he

35antigen an ~favorabl e biological properties. T hj e t hi s goal,
accor di aefibodiesa prtbd iadividen! Aibeies cOMPRRRE fmpﬁm%ﬁﬁd‘?eégcag@g%ﬁ%’@%iﬁ &%y a

pr OCﬁ_SZ eﬂ]EOp@%!&%%r%oﬁfbleLvQ@anﬁgﬁzﬁ msahu@gq:ueme? ofxheim3tclohdl amm‘tmucbga" al .
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i nhi bi t ir{ﬂ;}io(ﬂ{a cells. For example, if the parental myeloma cells lack the enzyme hypoxanthine guanine
phosphoribosy! transferase (HGPRT or HPRT), the culture medium for the hybridomas typically will
include hypoxanthine, aminopterin, and thymidine (HAT medium), which substances prevent the

growth of HGPRT-deficient cells.

30 Preferred myeloma cells are those that fuse efficiently, support stable high-level production of
antibody by the selected antibody-producing cells, and are sensitive to a medium such as HAT
medium. Among these, preferred myeloma cell lines are murine myeloma lines, such as those
derived from MOPC-21 and MPC-11 mouse tumors available from the Salk Institute Cell Distribution
Center, San Dicgo, California USA, and SP-2 or X63-Ag8-653 cells available from the American

35  Type Culture Collection, Rockville, Maryland USA. Human myeloma and mouse-human

heteromyeloma cell lines also have been described for the production of human monoclonal
28



endogenous anti body production. Transfer of the human germli ne

i mmunogl obulin gene array in such germline mutant mce will result in the
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Jakobovits et at Proc Nat|. Acad. Set USA, 90: 2551 (1993); Jakobovits et

P ol U, 200295250 BRI, Sl B 2
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. 1eur pERIY.CPYM %%Vl‘iyrfhes"ci?‘iﬁ%?’ﬁ%hoﬂ Bf n%m %Qfllpr?cf%%’g)an QVP4I " sour ces

Of V- geRen&aDnBRids (Ga@hghdonssleth] Havbopha Feindplaping YPrac@ieapkieti3 ébcadémic  Nat ur e,
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(i ncl udi ng s@&ke maspelogd Artbodisrteqeicd Wihegubdonss e tirly pparrst FORG e

t echiyi quesiudesehdsiRg, &)éemlwhtcfdvédtifyﬁhi tth:ﬁrﬁrﬁ@ﬂub@m@ﬁﬁiﬂ:&dn@i&@dh)qs soth aaferf fi t h et
aL, EMBO J 12:7 4( 1993 See US Pat ent, Nos and

5, 573, 9GBPIS, o ASTPARTS é’éf’ﬁﬁ’g%?%“’?? °grb%hyg%r1181F°éﬁ°B}é’r?§is a6 o

act i vat ediddy cebhstograte. US Patents 5,567,610 and 5, 229, 275). 5(v) Anti body
fragnents Various techni ques have been devel oped for .the production

of anti body DNfyereediag thennepgrlpnahpibpdies it ekl isplated Andsparengss B5i%fer i ved vi a
pr ot eol %Ehv%nt@nﬂ%cb&@es@é g 'H}tuﬁlﬁé ol?g@ﬁdctb@ﬁde%ob@%ﬁ are@:a;@bl,e oNﬁlﬁdhﬂg}Ipec@dallﬁl
Journal of Bi ochem cal Bi og @ %@& 214 %1 L cén:lg%grg 2sand
Br enffan ‘@g°ngt enc@(’:‘igé%@a"yﬁ@h@i heing 8 '5“}”“3% &Y, Thorha f“ FSgiMEnt s can now be
produc eq)rawea@&drge d@yuca mrrhnnaamxatam HeSINABh . plaléahntexapmlsxep vectpes, which body
fragnment s ated fro Qud, Chhak HaRsd GeHssed
above. tg?nnqg‘f‘i%ecéerdynm E&%\Sgccf“ Coah %egpg%an% Fectly recover eglsf rom E.
cal | anc[CHO) cells, or myeloma cells that do not othcrwme produce immunoglobulin protein, to obtain the

synthesis of monoclonal antibodies in the recombinant host cells. Review articles on recombinant

25  expression in bacteria of DNA encoding the antibody include Skerra et al, Curr. Opinion in
Immunol., 5:256-262 (1993) and Phiickthun, fmmunol. Revs., 130:151-188 (1992).

In a further embodiment, antibodies or antibody fragments can be isolated from antibody

phage libraries generated using the techniques described in McCafferty et al., Nature, 348:552-554
(1990). Clackson et al., Nature, 352:624-628 (1991) and Marks et al., J. Mol. Biol., 222:581-597

30 (1991) describe the isolation of murine and human antibodies, respectively, using phage libraries.
Subsequent publications describe the production of high affinity (nM range) human antibodies by
chain shuffling (Marks et al., Bio/Technology, 10:779-783 (1992)), as well as combinatorial infection
and in vive recombination as a strategy for constructing very large phage libraries (Waterhouse ez al.,
Nuc. Acids. Res., 21:2265-2266 (1993)). Thus, these techniques are viable alternatives to traditional

35  monoclonal antibody hybridoma techniques for isolation of monoclonal antibodies.
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chemcally coupled to formF(al))2 fragnents (Carter et al., Bio/Technolo
10: 163-167 (1992)). According to another approach, F(al))2 fragnents can be
isolated directly fromreconbi nant host cell culture. Qher techniques for
the production of antibody fragnments will be apparent to the skilled
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method, the sequence of the vanable domain of a rodent antibody is screened against the entire library

of known human variable-domain sequences. The human sequence that is closest to that of the rodent

is then accepted as the human framework region (FR) for the humanized antibody (Sims et al., J.

Immunol., 151:2296 (1993); Chothia et al., J. Mol. Biol., 196:901 (1987)). Another method uses a

30  particular framework region derived from the consensus sequence of all human antibodies of a
particular subgroup of light or heavy chain variable regions. The same framework may be used for
several different humanized antibodies (Carter ef al., Proc. Natl. Acad. Sci. USA, 89:4285 (1992);

Presta et al., J. Immunol., 151:2623 {1993}).

It is further important that antibodies be humanized with retention of high affinity for the
15  antigen and other favorable biological properties. To achieve this goal, according to a preferred

method, humanized antibodies are prepared by a process of analysis of the parental sequences and
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35  genes from unimmunized human donors can be constructed and ant1bodxes to a diverse array of

1ce

antigens (including self-antigens) can be isolated essentially following the techniques described by
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Various techniques for making and isolating bispecific antibody fragnents
directly from 15reconbi nant cell culture have al so been described. For
exanpl e, bispecific antibodi es have been produced using | euci ne zi ppers.
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binding arm and an arm that binds the cytotoxic agent (e.g. saporin, anti-interferon-u, vinca alkaloid,

ricin A chain, methotrexate or radioactive isotope hapten). Bispecific antibodies can be prepared as

30 full length antibodies or antibody fragments (e.g. F(ab'); bispecific antibodies).

Methods for making bispecific antibodies are known in the art. Traditional production of full
length bispecific antibodies is based on the coexpression of two immunoglobulin heavy chain-light
chain pairs, where the two chains have different specificities (Millstein e al., Nature, 305;537-339
(1983)). Because of the random assortment of immunoglobulin heavy and light chains, these
35  hybridomas (quadromas) produce a potential mixture of 10 different antibody molecules, of which

only one has the correct bispecific structure. Purification of the correct molecule, which is usually
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di anthin proteins, Phytolaca americana proteins (PAP!, PAPII, and PAP-S),
monor di ca charantia inhibitor, curcin, crotin, sapaonaria officinalis
inhibitor, gelonin, mtogellin, restrictocin, phenonycin, enonycin and the
tricothecenes. See, for exanple WO 93/ 21232 published COctober 28, 1993.
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immunoglobulin light cham in only one half of the bispecific molecule provides for a facile way of

separation. This approach is disclosed in WO 94/04690. For further details of generating bispecific
antibodies see, for example, Suresh et al., Methods in Enzymology, 121:210 (1986).

According to another approach described in US Patent No. 5,731,168, the interface between a
25  pair of antibody molecules can be engineered to maximize the percentage of heterodimers that are
recovered from recombinant cell eulture. The preferred interface comprises at least a part of the Cy3
domain of an antibody constant domain. In this method, one or more small amino acid side chains
from the interface of the first antibody molecule are replaced with larger side chains (e.g. tyrosine or
tryptophan). Compensatory "cavities" of identical or similar size to the large side chain(s) are created
30 on the interface of the second antibody molecule by replacing Jarge amino acid side chains with
smaller ones (e.g. alanine or threonine). This provides a mechanism for increasing the yield of the

heterodimer over other unwanted end-products such as homodimers.

Bispecific antibodies include cross-linked or "heteroconjugate” antibodies. For example, one
of the antibodies in the heteroconjugate can be coupled to avidin, the other to biotin. Such antibodies
35 have, for example, been proposed to target immune system cells to unwanted cells (US Patent No.

4,676,980), and for treatment of HIV infection (WO 91/00360, WO 92/200373, and EP 03089).
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cont enplated. Conservative substitutions are shown in Table 1 under the
headi ng of " W\Qﬁaﬁzbﬁddxsatbﬁdikdtdpké BOSAilablef foshicfrodutistdf tadiocongateésul t in a

change i ng/bblg’g%jg"%ﬁl ?}F? %&tdﬁvj{tillylll_ﬂllﬁi Q@nRgnrlgeus%baélix ph algm%g%%edenom nat ed

"exenpl &Y abl e '1; as further 'descri l ow in
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screened. Table 1
25 Conjugates of the antibody and cytotoxic agent may be made using a variety of bifunctional

protein coupling agents such as N-succinimidyl-3-(2-pyridyldithiol) propionate (SPDF}),
succinimidyl-4-(N-maleimidomethyl) cyclohexane-1-carboxylate, iminothiolane (IT), bifunctional
derivatives of imidoesters (such as dimethy! adipimidate HCL), active esters (such as disuccinimidyl
suberate), aldehydes (such as glutareldehyde), bis-azido compounds (such as bis (p-azidobenzoyl)

30  hexanediamine), bis-diazonium derivatives (such as bis-(p-diazoniumbenzoyl)-ethylenediamine),
diisocyanates (such as tolyene 2,6-diisocyanate), and bis-active fluorine compounds (such as 1,5-
diftuoro-2,4-dinitrobenzene). For example, a ricin immunotoxin can be prepared as described in
Vitetta et al. Science 238: 1098 (1987). Carbon-14-labeled 1-isothiocyanatobenzyl-3-
methyldiethylene triaminepentaacetic acid (MX-DTPA) is an exemplary chelating agent for

35  conjugation of radionucleotide to the antibody. See W(094/11026. The linker may be a “cleavable

linker” facilitating release of the cytotoxic drug in the cell. For example, an acid-labile linker,
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pegf‘i'(fﬁ"seﬁsgrlsqg{i\‘% flﬂkér,ciﬂhgﬁl‘w {fhiidkr or disulfide-containing linker (Chari et al. Cancer
Research 52: 127-131 (1992)) may be used.

Alternatively, a fusion protein comprising the antibody and cytotoxic agent may be made, e.g.

by recombinant techniques or peptide synthesis.

In yet another embodiment, the antibody may be conjugated to a "receptor" (such
streptavidin) for utilization in tumor pretargeting wherein the antibody-receptor conjugate is
administered to the subject, followed by removal of unbound conjugate from the circulation using a
clearing agent and then administration of a "ligand” (e.g. avidin) that is conjugated to a cytotoxic

agent (e.g. a radionucleotide).

The antibodies of the present invention may also be conjugated with a prodrug-activating
enzyme that converts a prodrug (e.g. a peptidyl chemotherapentic agent, see WOR1/01145) to an
active anti-cancer drug. See, for example, WO 88/07378 and U.S. Patent No. 4,975,278,

The enzyme component of such conjugates includes any enzyme capable of acting on a

prodrug in such a way so as to covert it into its more active, cytotoxic form.

Enzymes that are useful in the method of this invention include, but are not limited to,
alkaline phosphatase useful for converiing phosphate-containing prodrugs into free drugs;
arylsulfatase useful for converting sulfate-containing prodrugs into free drugs; cytosine deaminase
useful for converting non-toxic 5-fluorocytosing into the anti-cancer drug, 5-fluorouracil; proteases,
such as serratia protease, thermolysin, subtilisin, carboxypeptidases and cathepsins (such as
cathepsins B and L), that are useful for converting peptide-containing prodrugs inio free drugs; D-
alanylcarboxypeptidases, useful for converting prodrugs that contain D-amino acid substituents;
carbohydrate-cleaving enzymes such as B-galactosidasc and neuraminidase useful for converting
glycosylated prodrugs into free drugs; p-lactamase useful for converting drugs derivatized with -
Jactams into free drugs; and peniciliin amidases, such as penicillin V amidase or penicillin G amidase,
useful for converting drugs derivatized at their amine nitrogens with phenoxyacetyl or phenylacetyl
groups, respectively, into free drugs. Aliernatively, antibodies with enzymatic activity, also known in
the art as "abzymes", can be used to convert the prodrugs of the invention into free active drugs (see,
e.g., Massey, Nature 328: 457-458 (1987)). Antibody-abzyme conjugates can be prepared as

described herein for delivery of the abzyme to a tumor cell population.

The enzymes of this invention can be covalently bound to the antibody by techniques well
known in the art such as the nse of the heterobifunctional crosslinking reagents discussed above.
Alternatively, fusion proteins comprising at least the antigen binding region of an antibody of the
invention linked to at least a functionally active portion of an enzyme of the invention can be
constructed using recombinant DNA techniques well known in the art (see, e.g., Neuberger et al.,
Nature, 312: 604-608 (1984)).
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Met; Ala; Phe lie Lys (K) My; Gn; Asn Mg Met (M Leu; Phe; Ile

¥ Gther modifications 61 1 '(!:::’é;?ﬁﬂ!édy are contemplated herein. For example, the antibody may
be linked to one of a variety of nonproteinaceous polymers, e.g., polyethylene glycol (PEG),
polypropylene giycol, polyoxyalkylenes, or copolymers of polyethylene glycol and polypropylene
glycol. Antibody fragments, such as Fab’, linked to one or more PEG molecules are an especially

preferred embodiment of the invention.

The antibodies disclosed herein may also be formulated as liposomes. Liposomes containing
the antibody are prepared by methods known in the art, such as described in Epstein et ., Proc. Natl,
Acad. Sci. US4, 82:3688 (1985); Hwang et al., Proc. Natl. Acad. Sei. USA, 77:4030 (1980); U.S. Pat.
Nos. 4,485,045 and 4,544,545, and W(097/38731 published October 23, 1997. Liposomes with
enhanced circulation time are disclosed in U.S. Patent No. 5,013,556.

Particularly useful liposomes can be generated by the reverse phase evaporation method with
a lipid composition comprising phosphatidylcholine, cholesterol and PEG-derivatized
phosphatidylethanolamine (PEG-PE). Liposomes are extruded through filters of defined pore size to
yield liposomes with the desired diameter. Fab' fragments of an antibody of the present invention can
be conjugated to the liposomes as described in Martin et al. J. Biol. Chem. 257: 286-288 (1982) viaa
disulfide interchange reaction. A chemotherapeutic agent is optionally contained within the liposome.
See Gabizon et al. J. National Cancer Inst.81(19)1484 (1989).

Amino acid sequence modiﬁcétion(s) of the antibody are contemplated. For example, it may
be desirable to improve the binding affinity and/or other biological properties of the antibody. Amino
acid sequence variants of the antibody are prepared by introducing appropriate nucleotide changes
into the antibody nucleic acid, or by peptide synthesis. Such modifications include, for example,
deletions from, and/or insertions into and/or substitutions of, residues within the amino acid
sequences of the antibody. Any combination of deletion, insertion, and substitution is made to arrive
at the final construct, provided that the final construct possesses the desired characteristics. The
amino acid changes also may alter post-translational processes of the antibody, such as changing the

number or position of glycosylation sites.

A useful method for identification of certain residues or regions of the antibody that are
preferred locations for mutagenesis is called "alanine scanning mutagenesis” as described by
Cunningham and Wells Science, 244:1081-1085 (1989). Here, a residue or group of target residues
are identified (e.g., charged residues such as arg, asp, his, lys, and glu) and replaced by a neutral or
negatively charged amino acid (most preferably alanine or polyalanine) to affect the interaction of the
amino acids with antigen. Those amino acid locations demonstrating functional sensitivity to the
substitutions then are refined by introducing further or other variants at, or for, the sites of
substitution. Thus, while the site for introducing an amino acid sequence variation is predetermined,

the nature of the mutation per se need not be predetermined. For example, to analyze the
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PR INPC V0 a1 . ekt Wk
perfom'iance of'a mutation at a gwen sxfe ala scanning or random mutagenesis is conducted at the

target codon or region and the expressed antibody variants are screened for the desired activity.

Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions ranging in
length from one residue to polypeptides containing a hundred or more residues, as well as
intrasequence insertions of single or multiple amino acid residues. Examples of terminal insertions
include an antibody with an N-terminal methionyl residue or the antibody fused to a cytotoxic
polypeptide. Other insertional variants of the antibody molecule include the fusion to the N- or C-
terminus of the antibody of an enzyme, or a polypeptide that increases the serum half-life of the

antibody.

Another type of variant is an amino acid substitution variant. These variants have at least one
amino acid residue in the antibody melecule replaced by different residue. The sites of greatest
interest for substitutional mutagenesis of antibody antibodies include the hypervariable regions, but
FR alterations are also contemplated. Conservative substitutions are shown in Table 1 under the
heading of "preferred substitutions”. If such substitutions result in a change in biological activity,
then more substantial changes, denominated "exemplary substitutions" in Table 1, or as further

described below in reference to amino acid classes, may be introduced and the products screened.

Tablel

Original Exemplary Preferred
Residue Substitutions Substitutions
Ala (A) Val; Leu; lle Val
Arg (R) Lys; Gln; Asn Lys
Asn (N) Gln; His; Asp, Lys; Arg Gin
Asp (D) Glu; Asn Glu
Cys (C) Ser; Ala Ser
Gin (Q) Asn; Glu Asn
Glu (E} Asp; Gin Asp
Gly (G} Ala Ala
His (H) Asn; Gln; Lys; Arg Arg
fle () Leu; Val; Met; Ala; Leu

Phe; Norleucine
Leu (L) Norleucine; Ile; Val; lle

Met; Ala; Phe
Lys (K) - | Arg; Gy Asn Arg
Met (M) Leu; Phe; Ile Leu
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Al a; Norl eucine Leu
properties of the antibody are acconplished by sel ecting
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i cations

substitutions that differ significantly in their effect on maintaining (a)
the structure of the polypeptide backbone in the area of the substitution,
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stabili c t ,sﬁdhmgb ggg,aversel ,
Cyotef nEU BRI e SR B R o R &;zﬁg e, t‘é‘ﬁf’s“gab. ity

(par 8i ctnake o}zarameﬁegr phebigift 9frsaplqeule aﬁh%fﬁftgfﬂtﬁaayf 2 ‘an Fv
fr agmentakming acids mafbd@biped éﬂc&Eﬂng ol eskiEsQ 6l the YiPertds oS thbis billd ehhino(@l. var i ant

i nvol ves substituting one var e reqi ues of a parent
ant i body-® h’(’%ﬁ’ef‘alf‘?ﬁkem‘t“ﬁ"esﬁc HDPH@Q ¥§%5}Od€?rﬂ(‘@ Sk‘%’s ]\% ﬁ’ 18§§)g
(1) non-polar: Ala (A), Val (V), Lea (L), Le (I}, Pro (P), Phe (F) Trp (W) Met (M)

(2) uncharged polar: Gly (G), Ser (S), Thr (T}, Cys (C), Tyr (Y), Asn (N}, Gln (Q)

10 (3) acidic: Asp (D), Glu (E)

{4) basic: Lys (K}, Arg (R}, His(I)

Alternatively, naturally occurring residues may be divided into groups based on common
side-chain properties:

(1) hydrophobic: Norleucine, Met, Ala, Val, Leu, Ile;

(2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gln;

(3) acidic: Asp, Gly;

(4) basic: His, Lys, Arg;

(5) residues that influence chain orientation: Gly, Pro;

13

(6) aromatic: Trp, Tyr, Phe.
20
Non-conservative substitutions will entail exchanging a member of one of these classes for

another class.

Any cysteine residue not involved in maintaining the proper conformation of the antibody
also may be substituted, generally with serine, to improve the oxidative stability of the molecule and
25  prevent aberrant crosslinking. Conversely, cysteine bond(s) may be added to the antibody io improve

its stability (particularly where the antibody is an antibody fragment such as an Fv fragment).

A particularly preferred type of substitutional variant involves substituting one or more

hypervariable region residues of a parent antibody. Generally, the resulting variani(s) selected for
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they are generated. A convenient way for generating such substitutional
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30 by, one or more serine or threonine residues to the sequence of the original antibody (for O-linked

glycosylation sites).

| Where the antibody comprises an Fc region, the carbohydrate attached thereto may be altered.

For example, antibodies with a mature carbohydrate structure that lacks fucose attached to an Fe

region of the antibody are described in US Pat Appl No US 2003/0157108 Al, Presta, L. See also US
35 2004/0093621 Al (Kyowa Hakko Kogyo Co., Ltd) concerning a CD20 antibody compositiof.

Antibodies with a bisecting N-acetylglucosamine (GlcNAc) in the carbohydrate attached to an Fe
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Y 30  amino acid substitutions in an Fc region of an antibody antibody. Alternatively or additionally,
cysteine residue(s) may be introduced in the Fe region, thereby allowing interchain disulfide bond
formation in this region. The homodimeric antibody thus generated may have improved
internalization capability and/or increased complement-mediated cell killing and antibody-dependent
cellular cytotoxicity (ADCC). See Caron et al., J. Exp Med. 176:1191-1195 (1992) and Shopes, B. J.
35 Immunol. 148:2918-2922 (1992). Homodimeric antibodies with enhanced anti-tumor activity may
also be prepared using heterobifunctional cross-linkers as described in Wolff ef al. Cancer Research
53:2560-2565 (1993). Alternatively, an antibody can be engineered that has dual Fe regions and may
41



thelte' Plilfhke ekibiaeladinpieViT Its.'& and ADCC capabilities. See
Stevenson etal. An Cancer Drug Design 3:219-230 (1989). WO00/ 42072 (Presta,
L.) describes antibodies with i nproved ADCC function in the presence of
human effector cells, where the antibodi es conprise am no acid

substi t yt-ans - 0y fhgefre §egion. ot h f h81 el k! with

i npr ovel®R V%Wf‘gég’?pgeg%%{?%%fl d gfr?geac? pag%lg%sf isgé;ééf Iésgp%ag%% b g%g‘?/eg)r 334 of
t he Fc pegiimiegn PLEFE04H89).t he altered Fc region is a human 1gGl Fc region
conprising or consisting of substitutions at one, two or three of these
posi tions. WOOOAZHR (Bsesdih b deppntiss antibediesav @igPBY ARG HPRIPDR Rt Eient
dependept;, Gyh O%Q%k &t YwhEle)an@oBicH @apFikdd@nd 43id\AORBMBAG 4the EiSeflat ent No.

6, 194, 551B1, US Patent No. 6,242, 19(? CCUS Paten%;.gi?. 10 6,.528,£324B1 and US
Pat eft Risteok Prdgably e eptihednyitemprovet M- C PREPTERY S OB RE 2SR sE "an ami no
aci d subss bdatlr b of@ite FRRAGI@! Pradidhohe dkied B gegiod ispdeintn gH3 FRRQIon322, 326,

327, 329, 313, 333 .and/por 4 of the Fc reaqi . To i ncrease
t he serﬁ?ﬁﬂﬁ‘l"ﬁoﬁoflsé“‘&?ofsl%%g’ﬁ TEHE f:twgﬁ%tmﬁgﬁpﬁﬁég%%ggéte a sal vage receptor

bi ndi ng epi t gba. it Q; ' 8RPEmIpMleY: Rpenddit ARl (@OORAE ) as
descri bed i n%@o@ﬁ%ﬁﬁ%ﬂ%ﬁﬁg@]ggﬁ%@n for pgcilglacrrtpl ﬁéb.n As )ﬂg%gmtfﬁ%%i n,. the term
" sal vagdescaled it WPIYP 4R W&%é§'194=§'5f1§|1’s[}§%“*‘éhN%ﬁ'rzt‘%gges fUY Ftenblor egi on of
an 1,gG %Bb@,?zﬁb@ ak EGPatent g@ﬁ,ﬁ%gﬁf?(lc}u_b&%f ?«Qr Thegzlaxtibodﬁehadm;irse aimpmidcjj! e fo_rt )
increasing the in vivo serum hal f-].i cul.e. | ies w
subst i t G#ISEHEOahong QT ﬁem,oga}ua?,acyjr%ﬁlggl}s%gﬁ&z%’2%@@%&%%% tkjgr%aﬁ%ﬁ -3I4?’\ges are
al so des@vcbethnitierdd00/ 42072 (Presta, L.). Engi neered anti bodi es
with three or nore (preferablﬁé four) functional antigen binding sites 20are
al so cont enplFairedas US sappibalf N of Uspnibodh0 o458 mopporalifaspletes geerdr, ) |
V. Phar rr%ﬁﬁhﬁg 'ef)"igwbe herialatddQ '&%peci_ail%ag[ a}}iﬂ&fd@ﬂ@gﬁdn@_aﬁ‘ bty Seaf t he

s dse e

anti bodi e I n accordance Wt e present invention QLe prepar ed for
st orge S04 fongraiea ff PBE TRl FE THE BSTRAGRE FREPHFSTR Ty wi t h
opt i onaleppiabimeritkiispdilay IACeapRlk g, R TG BG, exigGpitenissesponsibiedti | | zer s

(Rem ngt.on"s Pharnmaceuti cal...Sci.en 516t ditl s ‘on (1980)),
in the FUT§HBTHE S?d’ﬁﬁiSTrF'Eggf“}’érph@F gﬁné%lgcu& tl&%’é‘%’ﬁgﬂ% oﬁ%ﬂtlgn@.‘l aﬁg%ept abl e

carri er Segi@xbdrif enttisqreassd setuabilf-ives as: s desaiimt OXVOOYH2072Hrgsicehi-s at t he
dosages and concentrations _enmgoyed, and incl udg buffers such as Ehosphate,
citrate, andEogitrsredgrtipadieeWiciigsor a5t PEseRbew) fretiontliPREen e ere it aci d and
et hjo0Ni AL RERSSIIMEE (UL S phIC S AB2/0TM488eLY Milldrei iyl benzyl amoni um

chl ori de; hexanet honi um cﬁl ori de; benzal koni um chl ori de, benzet honi um

chl ori de; 30phenoPhadmiacyiticdFobawatydnsal cohol ; al kyl parabens such as net hyl
or propyl paraben; catechol; resorcinol; cycl ohexar_l(f'l)l ; 35‘8’gnt anol ; and
mcresol ); | Gheranshiéctormpiatines of e apifhedies ¥ acpsmiatee P MR &y B8Y Yhept i des:
Pr Ot ei NSyrep3ME Por &8ra Sy kAL RAIHBody Be¥iRY théldesindd degfoaiTati®btth bptivwal hydr ophi lic

pol ymers such as_ pol yvi ny%pyrrol_l done; no acids such as dl yeine,
gl ut am rrdargesyEealy peTRPtati ST %‘8’?‘%@6‘5%@%‘?“ ARGt ﬁggar"ﬁ%%o%agiﬁa% des,

di sapchaysicesion,anel, atE(196@), hohy trab@sodhiicéd fdinndptighsrc esieous 38tEmmose, or
e e, SR D T Pusia e beagypusiese, i Lol
conpl exasndetragions@mpppyat eidindelphiéxesyh asphebec. AgpciBRPET PGSt s such as
TVEENTh, anﬁ&yﬁ%kn%ggg Qgcoﬂglayiﬁgmhﬁﬂ&li@; }!:‘Ez&l'va(iPels:-@.leh as octadecyldimethylbenzyl

ammonium chloride; hexamethonium chloride; benzalkonium chloride, benzethonium chloride;

30 phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol;

resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (less than about 10

residues) polypeptides; proteins, such as serum albumin, gelatin, or immunoglobuliné; hydrophilic

polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine, histidine,

arginine, or lysine; monosaccharides, disaccharides, and other carbohydrates including glucose,

35  mannose, or dextrins; chelating agents such as EDTA; sugars such as sucrose, mannitol, trehalose or
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Exenpl ary anti-CD20 anti body fornul ati ons are described in W98/56418. This
publication describes a liquid nultidose formulation conprising 40 ng/nL

Ri t uxi mab, 25 MM acetate, 150 inM 5trehal ose, 0.9% benzyl al cohol, 0.02%
pol ysorbate 20 at pH 5.0 that has a mninmumshelf life of two years storage
at 2-8C, Mt.her anti~£D20.-F ormul ati.on of .interest c j L

SR e R e e

di hydr atsgd/oQoi-gicntrfpahty swhbaT E¥EBE™, AHARSNEIS™Y o pohedylefeghycpi(PEGY i on, pH
6.5. Lyophilized formul ati ons adapted for subcutaneous admnistration are
descri bed i nEusay antighRR0 agtilmgdy fogpgationnaly desetbed n WO RERS. | AP0y

for mul aty. Qp.s %Xué@x?tﬁlﬁg&g Athlibttn @6mMhsing 48 mBrit RBL@nA 2 ueMtacéifle, a5tingh protein

concentration an e reconstituted faormul atiqoqn may be adm ni .stered
subcdt aﬁ’@bﬁb@?sﬁ-%’/bbeﬂﬁ’éalﬁﬁ‘l‘i‘hﬁpz%(l&’dkﬁ@rweégta@ﬁ?%é %@i s 4 mitimiim @é}i}@% Oglt‘?’% ed forms
of the %@éré A6 2073 ANTARBEYanBID28 kG Mulaiintof Mrat @thpriise e0md/al Rénceinph @, US

2002/ 0136719A1 ( She et _al). 15The for tion.herein may also contain
nore tharf %@Lé?fjt“ini‘/‘g‘?%@ﬁﬂoﬁﬁ%ﬁ/ ﬂ%sﬁg&%téaé%ﬁ (r)arte’Bﬂ‘élg);;)ng“rfiolly(S:% A {;qs fdi cati on
bei ng t reatedateqroabesablpd dhose with conpl enmentary activities that do not
adversely affect each other. For exanple, it may be desirable _to further
provi de a cytoerbiticed fagertionserentstiprerbayenorradaipifitation HndmoPepPressf ve agent ;
Cyt 0foCi NG; 5 S¥1 S i ARy RN AY RSy ofliizB o R M¥as SLyBdk&ohsBRiaaRith AQIGDRE;
integrin; Integrin antagoni st or antibody %feop% an LFﬁ-l ant i bé)dy such as
20ef al i Aifrebre PO BRRRIT Rt o [2pd the (PaqnstfiyF HOBLRERT EHSGF an al pha 4
i Nt egri NuBRtahddesyoIhiGhunasa Ratealeizderl. TYSABRI 8) avai | abl e from Bi ogen) ;
interferon class drug such as | FN-beta-la (REBI F* and AVONEX(r)) or

| FN- bet a- | b (BERASERO®S pf thamtibbdygopeibedyde:s dwchntempited jSeafwexanpds ¥be

( COPAXONR), 1 & Agent such as mtoxantrone (NOVANTRONe),
nmet hot rexa%/%l?%@é%:\%%%oo Sﬁag‘i de, chloranbucil, or azathioprine; intravenous

i nunggnogl 0bU|'IihE'f0(‘xg|ﬁl %&h&ﬁﬂm&ghl@a ¢ontkl rycﬁf)fh@@yﬂe&cid&pbxﬁ;ﬁduﬂ:?asgkt@a(ﬁ;nghq

m t oxantrone, cycl.ophosphani de at ant i - Ch4 [ .C i hi pe);

non- | yrrpﬂ‘?ﬁt?&”f“é‘-‘%%“ﬁ? ?ef%dre?t%ﬂﬁgéq%@g%@%%'ftk'/‘éomd’rleﬁnge ey .agt.l‘fltleﬁ%ég%ohé’gol ate

mof et i | 4dhavie)y affect eyohlothep dlot exehple.Ghodyvastdesirable lodfwdhrer prgvide agytapdxidgent:’ st at i n"
class; estradiol..test ey . AGENENM L bN8d 8PMbRY USoddat
treats s@lﬁnﬁ%oﬁa “geé eﬁ%grr%’%}?% reefﬁggg&?gw%%g% - sfoagst iici tg, ?#%%nti nence,
pai n, f afhitgruleymons; MREIT; fritdstii esaeonistios aiibedyip & anLiFﬁgl aHqdy stfB@tmt i ¢ dr ug

( DVARD) ; efﬂﬁf&ﬁab%%tﬁm o StaherBialy avhilbleATRREQENecH] d#an LINBAl iRk grincaBddg ash er oi d

(e.g. nethylprednisol one, prednjisone, dexanet hasone, or orticoid);
| evot hyrasgiiienay EY SARFIE) pvarebl Bigggmarpt eé??a‘i%’db%% S“&S‘/?sgtﬁ%gw'a{ﬁt agoni st ;
ant i - net @pelr®ted AVOREROS PEN-BaS 1 V@GEIgSBRONDnaregigbpepédetsagparglsitarer  ant i body

(e.g. an LFA- i.hady, such as efalizuna i .0, anti body
such as Wﬁ?ﬁf&%@%@?&q%ﬁcﬁé’%&cﬁ@m ﬁl-c@aesl ’1“9"%‘6%";81%@% : gagggé S ’/nggrtl?gé%by; etc in
the for nykiapliosshamiibehibyapbudine sedifiopheveramyuninguopelaytn(zarmeelod8agent s
depegjd, ;@%%hoﬁﬁ?.tﬁ%ﬁ?mg &’HLIF grbg éI?;{SEQ%ﬂBne%ycl%Bﬁds&P;%ePéa%ﬁﬁ@E antilt3 )6 formul ation,

the T'ype-o e’ sc bei ng treateé, and clinical paraneters of
the subj dutibsine)Thaskmalrsyigderigtiag inmyjeagprpsiive drug (e.g., mycophenolate motetil

thei ca( O&Jfﬂdﬁacrr@c@ds%&&é)& 1R BTl Malai B bE the B4{tRS clag; disaEblNetRicrBEf or e or
about from1l to 99% of the heretofore engl ggle dosa ?2 nge actziis‘i‘g:a1t

i ngr edi ekrRonEsPlasrRG!t HereRsh g UeaS T YRPIRIO ¥ é’é“‘%e pRYREEE B R anpl e,
by coacepmvatihdabte, bAE MtigGd) SSTNI infilyitdry Hisesisk-avdilin Hokiy hematadripmM ARIP), eovanpl e,

hydr gg( y Wgérgi ll%r?tg-gn :Ln?:?:aetor?r%mg (NSAID); corticosteroid (e.g. methylprednisolone, prednisone,

dexamethasone, or glucorticoid); levothyroxine; cyclosporin A; somatastatin analogue; cytokine
antagonist; anti-metabolite; immunosuppressive agent; integrin antagonist or antibody (e.g. an LFA-1
antibody, such as efalizumab or an alpha 4 integrin antibody such as natalizumab); or another B-cell
surface antagonist/antibody; etc in the formulation. The type and effective amounts of such other

35 agents depend, for example, on the amount of antibody present in the formulation, the type of

multiple sclerosis being treated, and clinical parameters of the subjects. These are generally used in
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5gel ati n-m crocapsul es and pol y- (et hyl net hacyl ate) m crocapsul es,
respectively, in colloidal drug delivery systens (for exanple, |iposones,
al bumi n m crospheres, mcroemnul sions, nano-particles and nanocapsul es) or
i n macroenul sions. Such techniques are di scl osed in Rem ngton s

Phar maceutrl.pa;l - QG Ly @@S dxi ti A - Ed g

Sust ai n&-sFBY @a@eﬁa & BP‘&]E éﬁ‘éﬂ‘/‘teﬁ)%s ‘lﬁ?dgﬁﬁﬁug’&for@uf‘éﬂﬁggéa leg?zi()%’I%tShGOf
sust ai ng%@ﬂ@@@@,ﬁd}m@e@r ations include sem perneable matrices of solid
hydr ophobi ¢ pol ynmers contai ning the anti body, which matrices are in the
form of shap@uk ariteiindraiésntsanay 21sb bt entraprod inrieroespeyieswrepared, o STIPKSOY0f

sust ai ned. [ 6l .eas EhnF@Esrdr% fuidefl Lllf)GSmef?iaM@nS 1R b Somplly FHRBGhSn{{Riilo AN €,
pol y(2- hydrfoxyet acrylate or_ po y(V| nyl al cohol ) Idﬁ acti des

PO
(U. S5 Patlanr!\mlcrosﬁp?u?% agq@ly-@@qggm sYlalelgpicIoRAPSH SSnTeEP et vE Y, 1aﬁ<d‘°s?3

et hyl - P@én%(fop%mgi%gfp%mls %ltﬁﬁaﬂﬁ’rht@z@@)h&ﬂeﬂ)‘d}cra@ﬁlﬁ@ng,nardl%ftﬂlﬁahide | actic
acid 15 yco Ic acid copolynmers such a ztabl e

mcr ospr’i‘é’i""é@s‘é‘éf' d%@él“%fimull%fl %JCQFFIH“‘&F%%‘?F%OS%‘E“ 3'3‘6’5'81’? r"'g’%cﬁh “feuprol i de
acet at e)seieaeh gaoddyob)(fso) ASEDYIIBOXYbUt yri ¢ aci d. The formul ations to
be used for in vivo admnistration nust be sterile. This is readily

acconpl i s hed Styrirfeirdisast premaratiprrsouny fre prepargd. Suitabjeraxamplesrpt priststppdisiease

VI Airtl %a@gns P@iﬂc‘fg s@rﬁfp%ﬁeaﬁ@!ngm@éggf ol hﬁfm%xgﬁﬂ%m&i cohfARing MeQRHAY), an

arti cIe manu ture containing materials us for the treatnent of

mul ti pl evhscrl:unetresgﬁ age gl e dorpd shapprtATEelssse o G fdaicropparesT BEIRPIesthe article of
manuf actih 8,R000Ed Bf8Scct Ablude M@Et&h 49 firo S RT leﬁdni}g: ?eiji((amp&}sxytaﬂhﬂn conpri sing

an anti body that binds t rf.ac pantibody)
and a presiReReth el Yy %03515515‘1?%“83 rd‘% Faé 5 %Z}enI? ), go‘io %ﬁe cont ai ner;
and (b) guupackaged iy egr- gi\MainEteJ mesticgigiblo etSyiészw:aﬁimemesfﬂaemﬁerb@; lgdtieacid-

conpQsi ti ubj e he subj ect
to p]rsov|L"(!Iyé:‘r;lé{:r'flc |éﬁ?‘i0?yufersl Tht i nygE({ E)(E)hg?ﬁrﬂed;[g}d Emaib&l}bq4 %1(:%%%}%{69&!5?) g&ng 01;: ol | owed by
a secondacantsmcbﬂmphemmimmanébwviub agptate), and gelyis()-1-helralieni 28¢posur e not
being provided until from aboyt 16 to 60 weeks fr romf niti,al exposure;
or instructi GheOIBHationnP AF SFR 9T A e ESHEEEI YUY Sty a%‘ﬁlﬂr%aé? suffering

f r om PPMSeomb@edbyt filhtRn efouyn iufila Gliatien waitpaeses a contai ner and a | abel or
package insert on or 30 associated with the container. Suitable containers
i ncl ude, for VaxanpkilespoMapelgctuss al s, syringes, etc. The containers nay be
formed froma variety of materials such as glass or qu astic ci%ptal ner

hol 0¥ or contapederenidedipediof the iveHiQR ap &rtige PEREY % mf”r‘“é‘ﬁfniaﬁﬁgst‘ff% hul tiple
scl er osi g @GRt dTANQipR sEIEREb H@cr&ﬁ@ﬁﬁ)ﬁe ip@fotladéd arefexd@ippleaarticdeefcont ai ner nmay

b t | lLe b
h; pgg e:, nrﬁl%,ﬁ aﬁﬁgg‘?‘?%}%e#@ead:loglfm '&f)mpxésmsgta com os1t10 gorg rﬁ%“gg‘pg‘r“b%%@g‘%ﬁg si %II g‘n

is 35the }a-mm dogsgby markiye(e @D 20omtipericad ephlanm:@mtwﬁlhthsceataels carfigitor gilyant
composi ti, t{h%colﬂéaﬁlgr %I%r(b);a[fﬁggaggﬁsﬂ%{h' iRhEcR6! BF QBliSschiheneSRpRGHn RUf f ering

t her ef r om W ce regarding dosing amounts and 44 intervals
. adi z}glxbjccgauffenng/fr% mplipNyelerpes tﬁgheﬁplaw Qs vidria indif bRy SEPOHRSE act ure may

furt her QHTRIs! S € o AmS RASKA tﬁ%&@h@&‘:&b&@%ds&t Bﬂabautm)hsab ﬁg&eﬁ,tmecsa&da&
acceptabl e diluent buffer, such as act S water for in ect
Ghed® i hEE g

(BWFI ), GFRessishathsinggroyidpitlipm phout 1 BHE SRe g L P S0l uti on.

The arti g} fndfisterRp teashpbsBiommys shbjed b}ﬁ‘fenng‘dcdnuﬂmst her materials desirable
froma comercial 5and user standpoint, including other buffers, diluents,
filters, needﬂesrtxclanfknsgafapmg@smprisesacon@:ml 254 allgbgl or piFlass RsPEPReST of

manug Cté’égo%m g(vgh%%&ﬁ&t@?rS&QﬁP%ﬂ%ﬁﬁrs@nc@B@Q@ﬂ AEhplE GAPEL, SBGy@Eeagent ot her
than"the anti or treatnent and further conprising .instructions on

treati nngtehrentmqﬁmw bgifermed fiorh 2 ygpésht of melrERls sHgB AY Blp 8% Ié?sa?n Ve 6AHY" a
chenot heg apey Edn&m@g @&ﬁpoﬁlﬁoﬂ QR HBR FE $SAtME th%@ﬁﬂttple dcRtosik freirmiy heteass dr ug
such as | FN-bet a- gREBI E4 and. AVO\II%X(%)?
sterile access port (for xample the container may ntravcnous solution bag or a vial having a
stopper pierceable by a hypodermic injection needle). At least one active agent in the compaosition is
35  the antibody. The label or package insert indicates that the composition is used for treating multiple

sclerosis in a subject suffering therefrom with specific guidance regarding dosing amounts and
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10 I FN-beta-1b (BETASERO ; an ol i gopeptide such a glatiraner acetate
(COPAXONle)); a cytotoxic agent such as mtoxantrone ( NOVANTRONES,

met hotrexat e, cycl ophosphat ni de, chloranbucil, or azathioprine; intravenous
i mmunogl obul i n (ganna gl obul i n); Iynphocyte depleting drug (e.g.

m toxant r o ] Qy 9sPhani-Ae, s Ca adrj e);
non- | ymjt " @ﬁ&@t qt‘%ﬁ%ﬂ%}é%ﬁ g?dvgged?ﬂgfénaﬁufa&um C6 ﬁ’eﬁol ate
nof et i | c&M‘E} aQﬂ’cmﬁi}éﬁﬂxtﬁﬁ@@érh;ﬁﬁ)ng aqzshmne@nmaml aclcmubrmdngennﬁdfeugwaas the "statin"

class; estrad roone r c od I nmpt ons
secon d a ?t%PSt?té)l \&'\Eeé 6&0% (?WFZ) eﬂre ate bu%r?(? yah %ef*rlts E(g%t(l:ogl ag(ﬁg.ﬁ?tﬁ&x fati gue)
a TNF i sétudint @he arthilsefaseufagd gy ﬁgthanthhldp htéerrmtqr@ls desirgbl¢ MRB)mmemal

non- st er ol dal . Ak EL AL ALYl MALNBAY Dhucai@hd GRsEET O d (o 0.

net hyl pF& e pr edni sone, dexanet hasdne, or glucorticoid);

| evot hyr oxi Ney,;GYH, 88 RRTledf Aar SRS REPutier a@@r@@w&ontﬁméra&hmem@an cytol cine
receptor antagonist; anti-netabolit 20i Nmunosu ﬁlr essive Er%e[ integrin

ant agoniagint efherhp s gefpogwlogtreaipent g rther omprng ndliygPns an BRIIE S, b or an

al pha 4 nhaﬂﬁr@)gﬁ'itlﬂsuaﬁligeﬁlpﬂlyh sgdﬁtfpraf&amb@dg azctieradcrapauntd agmodther  B- cel | surface
mar ker anti bod urt tRINRF

i |1 ust r APEEYS plrf"lsis’é"ef"ﬂﬁ"fnlt eremnn%aﬁs %ﬂcﬁ 3 [L_%fgta IIL“ QEE ﬂ%%gdl scl osur es of all
ci t ami ONBNib&atih GBWRDN@BM oirgompedeesufdr esgira)mqr n@mtqﬁpaﬁéi@l‘lﬁ%} eFyiotpysje

refer ence 2D MARY mﬁ&"—%nmﬁﬂ;hﬂ&
SCLERCSI*S’ R/%%%P%O%CN A’su ectﬁgv:\n Jtﬁlr?trdl a n35| s of ef i ned by
Mt Donal thfahleﬂmneAﬁrﬂvmuﬁ musmlqbz (e gloyling; dymg Hhé%i'ff‘e‘éfpwnfgrﬁ% 65)20 ant i body

in this gxample o \)%Q,Bh&s B AR DG anGRMTRECE, Bycxa@malh&)amezy&pmm@emhgch s
formul ated for

administration as a .ster] pr qduct [ m._sodi um
chl ori dé?%?“ﬁ“ﬁ?ﬁ‘?sﬁ{ecb’tﬂ(ﬁ%%‘é’tp&eng te mﬁfﬁgﬁ‘ﬁ’ﬂ}‘m E%%Piﬁ‘ﬁeﬂsn}ﬁ ?“’éﬁe ﬁ““cﬁ ate,
and St erdrkdorWat ehtint Olass| d%frﬁﬁdlj ifndriebpfacEent therapy; drug Hagirdbis swtptdpi 1f 5613f

Stile& WIt consist, of dose of 1 nt raven L OrRLEY so-
admi ni stEFBHTHY TEAEH M %& spafmétﬁdn‘%ggme‘éc b ee a‘d&u\ﬁ} T ece eéé%g%et am nophen

(1 g) ansbdiyipbenhypdmart ieg fﬂfMA(iam npyyteroigal aetqmﬂmmetmy dryg(N§STh 30- 60

m nut es t MRto1dG, MO SR xiE;

treat manctIO Cgﬁr&fr&ggéqgl ﬁ%} g%méb?ﬁe ??%Pis?}%g% Sé%%\t/}\lggﬁgbﬁgqm l1d§6>9‘2sE Veek 48 (Day
337), amdcivipetin AxorBasatHEmAoguT fatokiae oifokiAT 1F65PHR a’%ﬁ‘g"fl’ﬁtea%‘dﬁ Bé’al’fé’nt cour ses

of tjeat; Hﬁﬂhos%dréssab@ag% intboréloEgdfidt 6F antibety f(k. gsah LanflLbﬁthy, sﬁthb;s ects who

experience a first rel apse Tt;l/l?rece ve r scu glg [ or al

cort i costerdnpor @%liaé‘ﬁ?*ﬁgrﬁ‘&? ogB 1B PORHEZ Y ol emaf %

ni St éred using a
regi men dnheddyckes not exceed 1lOexposure or duratlon of treatnent

appropriate for an M5 relapse. Arelapse is defined as all_ of the
Further details of the invention are illustrated by the following non-limiting Examples. The

disclosures of all citations in the specification are expressly incorporated herein by reference.

25
EXAMPLE §

TREATMENT OF PRIMARY PROGRESSIVE MULTIPLE SCLEROSIS (PPMS)

A subject with diagnosis of PPMS as defined by McDonald et al. Ann Newrol 50:121-7
(2001} is treated with a CD20 antibody in this example.

30 Rituximab, commercially available from Genentech, is formulated for IV administration as a
sterile product in 9.0 mg/mL sodium chloride, 0.7 mg/ml. polysorbate 80, 7.35 mg/mL sodium citrate
dehydrate, and Sterile Water for Injection (pH 6.5).
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followi ng. An acute appearance of a neurologic abnormality that persists
for at least 24 hours A change not attributable to fever, infection,
trauma, concom tant nedications, or other etiology 15 An event with

obj ective change on examination by the blinded exam ning investigator,

| nel uding a e kANRRE ARl fDAIGE Q0008 @ImmﬁongN) RuAgaS scal es:
pyram dal , cranial nerves, cere sensor galt The
fol | ow rﬁgmmﬂgﬁrm eerth of Bsilpod 1 B rivbidess Wﬁye%é’ea@é*ﬁﬂnonh@(l @%ét hyl pr edni sol one
dai l'y faqf h%n@a%&meff@z (OURS, PYqBR1NDbPHEMN S ENRinHRY Morfu%e §ar€i§3é§oh and
decreasi ng by 10-ng increnents each day 20thereafter.

met hy| prig##iPsol one i s not available, then 150 ng IV dexanethasone daily for
3 days may be substituted. Only one course of corticosteroids should be
adm s st er ed SubleqiBt RXSEQF balmaanwillDdhsriglert sdannmymoﬂ/@gizwhayswdvvea{ and M ||

scans s aft tion o

corti cos@Zb&’ %ﬁ} cfﬁﬁ%%gé?ytglog)ost E?GSW 4 g?’f s r@fﬁ% SRARYYH a?"egt

i ntra-arvtillbullae 1|dagseﬁ¢r|tlarf8st|rrﬁgmdne used. 25Add| ti onal treatnments to be
optional Iy combined with the CD20 antibody include | FN-beta, glatiraner

acetate, net h‘)q{) %&5@%&;:&%8&%#@?@% Qﬂ'ecegg remute%ﬁf%x{tm TV or oral

TlleeprllOa&-elfflcaacNtal tte l1easure I1s the tine to confirned di sease
pr ogr es sSPBEosIpide SyBCTHE SYH@sETOBH 12K bedmitiggedusing 4 regifegudhed docg potgxeeed) poj nt

f r omobasgpdsar oFxRARM Gﬁréanﬁamﬁbﬂoﬁﬂatﬁbms 26aLe ABRSS)s deabitag Keofdhe Neur ol ogy
33(11): 1444 52 (1983)) f aseline EDSS is between 20 and 5.5 points
(i ncl usi %‘3 Mor an increase of k 0.5 point if the baseline EDSS is z 5.5
points (inclusive), for 5which change is not attributable to another

etiol ogy (e.@. , Al everappaaan@ur § fdkolédid avessalithhar eistpder Mlcae2ab@Edbat i on, or
concom tant nedication). Confirmation of disease progression may occur at a

regul arly schedplcgodhcs hitrithfARE td SveRlintb@8S iradda, WRRESitABlef@NSE, Abher the
initial progressjion. Secondary efficacy outcone neasures incl ude:

- Change from bH9¥8¥ne to Week 96 in the total volune of T2 |esions on
brain MM scan 10- Change from baseline to Week 96 in brain volunme on brain
MRl Bcan Opti*onéh pyeot ngvmb bange on GApingliea by the bpded efaminingpyestigsion

Scl erosi s Funct j,en@hs SaRRAH 418 -paad bifink\BRES)r the mglﬁsscaw ali@n of

subjects with confirmed di sease progression at Wek 96, as determ ned using

EDSS - Upper ex?’?’%?h“?wasfﬁﬁéﬁifaﬁﬁens% %Y by the 9-Hole Peg Test (a

subscal e of the I\/BFCS) - Ambul ati on,, as neasured_by the Tined 25-Foot Wl k
(a subscal e &he{qli]@wwgr_%g}en of comcostermds may be used: lgI"VmethylpredmsoIone daily for 3

days, followed by 60 mg prednisone daily for 5 days, and decreasing by 10-mg increments each day
20  thereafier. If IV methylprednisclone is not available, then 150 mg IV dexamethasone daily for 3 days
may be substituted. Only one course of corticosteroids should be administered for an exacerbation,
Subsequent immunological studies and MRI scans should be obtained at least 4 weeks after
completion of the corticosteroid regimen. Corticosteroid inhalers (oral and nasal) or intra-articular

injections may be used.

25 Additional treatments to be optionally combined with the CD20 antibody include IFN-beta,

glatiramer acetate, methotrexate, cyclophosphamide, or mitoxantrone.
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- Cognition, as neasured by the Paced Auditory e ML Addition Test (3
seconds only; a 20subscale of the MSFCS) - Total volune of brain T2 |esions
on MRl scans (Weks 48 and 122) - Total volume of brain Tl |lesions on MM
scans - Cross sectional area of the cervi cal spi nal cord on Mtt scans -

Brai n vol urre pn MM..s ek@u 48 an ubj e t
Rituxitnab as ‘Ei%rér%aﬂ’ gg&“ﬁé‘f‘ CAmIY TURRSUFC 18 %‘o b pr 3vng%d & eajsenp r{)%{ésssg I%gea syrrpt ons
or ot hemrégrdiiaeit defmedds aPRMS2sa0€01 ipnigt fram ?aﬂaghno Bepagded isabilitf StatllrseSCaEbove

out cone : | PLE
ScL Eros DS kS 1 Rgiog By prerR R e
Neur ol 50QinfsZihelsi(e004r) inarrase bfi o paintSithe bpsedinCEDBS amfi Joresahys Gmiuﬁlﬁﬂsfoéx anpl e,
where t

Rt i A nire o RARIIES i ABREDIE TS, oS APk o o 1
adni ni stexereibaipnas cancemiant mediestion)Ueantimption of difgisaProOgERHMAYI9PYF fide, 0.7 ng/ nl
pol ysor Q'@éu@aﬂggcheguléﬁ&mﬂgﬁa% prarel] 1‘2@6@&&(8%2?5)@&&%1@{%@,pr@Pégsm?ﬂ erile Water for
I nj ection . 10The first cours treatment will consist of a dose
of 1 g intravenous (I1V) Rituxi mab adm nistered on each of Days 1 and 15.
Subj ects wi | [Sevopdrzy sffcamE etteomiemeepiven ifelkdg)) and di phenhydrami ne HC1 (50 ng),
or equivalent, by mouth 30-60 m nutes prior to the start of each infusion.

Subsequent CQ%&%@&%bEsre%?ettmEk9’@ihlhel&ﬁalaﬁlﬁﬁlabﬁtﬁé%ssﬁ%{nimsaetn Week 24
(Day 169), Wek 15 48 (Day 337), and Wek 72 (Day 505). The second infusion

of 1hte Subsedyfitye GOUAIERAD WO TBAR W oRSraliMrilcflays after the first
i nfusi on. Bref er abl y Rituxinab is the only agent administered to
treat the RAMS. However, subjects nmay optionally receive TV or oral
corticosteroids, |FN bet a, glatiramer acetate, nethotrexate,

cycl ophospharﬁmenallbrmﬁﬁot’@?@aﬁ?la@n@eO‘ZB‘SEBT ects who experience a first

rel apse may re escye treafnent oral corticosteroids.
Systenic cortll\g‘g'épxeéc iy Hﬁ“‘“%@&&’a?ﬁ%%%&gr‘%#% ng a reginen that does not

exceed exposure or duration of treatnent appropriate for an M5 rel apse. A
rel apse in thiE?SExarrpl e is defined as: 'IV appearance cif nelv'n
recurrent neurol ogical synptons consistent with MS | asti ng nore,than 48
hour & in a suBFwetionplicubiads Hlenirpied dispeireairspipn & sk 8% g ‘it‘?‘FBPS‘Q/’i‘SH’é
neurol ogi c st@jsge for at | east 30 days. The change in neurol ogi c synptons
must be accorrpani ed by obj ective neurol ogi c worsening consistent with an

i ncrease 5of f..a ste RaRpegpf the
appropriate fE}r?B "iohal ll}afun fmn asm&sur&b(&%éf@ﬁ&egofesga%E%fﬁ%tf%o or ngre of
the appropriate FSS. The change nust be verified by exam ni ng

i nvesti gat or -avebuletion, 2aheaswed tyilee Sepdtrgt Walkds ﬁ!bécéle fhe MSFCS)

- Cognition, as measured by the Paced Auditory Serial Addition Test (3 seconds only; a
20 subscale of the MSFCS)

- Total volume of brain T2 lesions on MRI scans (Weeks 48 and 122)
- Total volume of brain T1 lesions on MRI scans

- Cross sectional area of the cervical spinal cord on MRI scans

- Brain volume on MRI scans (Weeks 48 and 122)

25 The subject treated with Rituximab as described herein will show improvement in the signs,

symptoms or other indicators of PPMS according to any one or more of the above outcome measures.
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(i.e., pyramdal, gait, cerebellar, brainstem sensory, or visual).
Synptons nmust persist for? 24 hours and should not be attributable to
confounding clinical factors 10(e.g., fever, infection, injury, adverse
reactions to conconitant nedications). A single episode of a paroxysnal
synptom (e.g., tonic spasm is not gJ&ppgs, but the new onset of nultiple
occurrences of a paroxysnmal synptom-Tver at1east 24 hours can be a rel apse
i f acconpani ed by new, correspondln ob ectLve nanlfestaélons, Sensory

synpt ons Wi t h no TRESIGMENR OF| BRI AL : 2 hange, or
15bl adder or bowel urgency or inconti nence will not be sufficient to
establish a rel apse. The primary efficacy outcone neasure is the MR

endpoi nt of Qé\ﬁ'& sl Mihﬂh@@&&!@ﬁx&eﬁ gy MRBbiNSe: DM NétRol 501 210N {200 IYeck tthiskas e

progression (defined as .an i of . 1. nt from baseline panded

D1 o | P2 680 guhagsn e By o e AR R gR R Loy SR

(1983)) .apakhe prinary efficacy endp0| nt may be the total nunber of

gadol i ni um enhancing T1 | esions observed on 20serial MRl scans of the brain

at Vieeks 12, R]’t nnzboborglg ci lglav G}Q%ﬁrc}én&i‘téch%%ﬂéié&ﬁm dTR@MGEER ok AC] ude
frequency of apSe rom baseline to We in the total volune

of T2 | esmbmsodefn irh¥- &WﬂWOé’éﬁﬁhle’éﬂcgo 7 é’lﬁ/éfﬂgj@lﬁsﬁfbf%?%ﬁ 39613(?91%508’1”“'??’4 esi ons

on MRA SRR Of natdaeindfakivof hRME ¢eeRn ng to weeks 24 and 36); change from
basel i ne to \t/‘éen 96 I n bl‘gl nﬁvg Sifrre gyn bral n I\/RI scan; Miultiple Sclerosis

F t | te Scal e 25 t t
Functt on. as THEAS\ARE ShEHER oY LisParsbh v bt § Hrasnus i MPShe \srcs) !
anbul at immxs&sedrmasdhroeﬂahy ahdr 5. Bubjeds @H-répt addiminopkealsodl e of the
MSFCS t t Test
) Englbhan ;@gg@%w@(%x&%?t DnRAE R s HOor B85 Bl AT T on Tes

(a subsc erosi s QJalty of Life-54 (MSQOL-54)
quest i onnfasiore; total volunme of brain Ti lesions on MII scans (e.g. total
nunber of gadolini umenhancing Ti |esions observed on serial MRA scans 30

of the brai NngakqWRekSrsdQf iré8nentuid b36&m1ni§fe£é8 Staﬁlﬁgiﬂma b4 eDapacDf Wedke

oo AL SOl b e P RSAOT He SHRLSE ARG, Y ook

36); theyifoshi nedaydaique Aatifwicny Measure at week 24 and 36. The
patient treated with R tuximb as described above will display an

i nprovenent in any one or nore of the above outc re MPLE 3
TREATMENT OF PREPTEBSR NGNS wwwwwg&gﬁeéw}t%m&wwh RRVE as
defined Qy &gny?tleam&trvai oAl YarthiesHiGilis, BFOL aez’alglztu@ﬁa&a@taw,methoemed 5with a

CD20 anti boo%/) . n% exanpl e, the antibody exposures are
appr oxi nefiar Spfa’?‘élﬁrorﬁ‘bﬁ’fat“ 1o Ri t uxi mab, cormer cially available from

CGenentech, is, for rmijat ed. for zitdm né sr:%g avtclmosg @@ég;&)w 8- froduct in 9.0
i hg/ AL sodi uriPRRFDP PASPIERF Y I PGP SeF DAl e M *odium citrate
dehydr at @rticaneoifit. eSykteic\Watiarstefodis rriampemtmmsteré@wr& a&?glmmibﬂf fipgs gt caest se of
treatme néxpg\snu}elor GOk 1 mdhe %Bt%ﬁnaqg fortarvs RidpRY S0RUSseld s HRbhX is WBdhed

as:
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10adm ni stered on each of Days 1 and 15. Subjects will receive

acet am nophen (1 g) and di phenhydram ne HO (50 ng), or equivalent, by nouth
30-60 mnutes prior to the start of each infusion. Subsequent courses of
treatment will be administered starting at Week 48, and Wek 96. The second

i nfusion of fh@% LS EGH AR "H@&HH&@&uﬁﬁogﬁdéﬁ%xﬁﬁm cmlktkmbz&hm 1 days after
the first on 15Preferably Rituxi b gent adm ni stered

Ls
to treat theiaﬁlnmoml’;méﬁé‘?ms @@Bf%ﬁ‘é’h‘%ﬁ? Gpt "brﬁlﬁ ‘fei}' zécel ve IV or oral
corticoster oll,r&j&,m% ENh6tidsta@fo b 1E80PR daBC EhadtengeiEtcnolagexanpoms

cycl ophosphanmide, "or mitoxantrone. Subjects wh a.dirst relapse
may receive m@éb‘iﬁéc‘t"ﬁ’é&’ﬁﬁ}é}h‘{% W"fcﬂ‘e’fréo% Ve S?lec?lg‘éftﬂﬁirﬁgﬁcéss Systenic

corticoster Oéﬂﬁleﬁabhlﬂh&te@dmmlmlserced pOiBis g o qf@gmmwmﬁé@ncmls not exceed
20exposure or durat i ‘ﬁgllgbe fCg r eat Oratm;g gr)ﬁﬁé %%gpg‘laqusasn WoHagdeaPse. A

rel apse in tHFERES earance of new or recurrent
neur ol ogi cal msghme@ﬂad l@dh@«m@mg}mg 1weiti§aWBmﬁ Wﬁtlaﬁﬁiﬁﬁﬁﬁwﬁqgﬁ SMFShours in a

fS gPJ gtCt | 22& %gp}%%%@al'é%tacé Eélfﬁ? bx\éﬁmkdmss%ﬁsg}yeomsummyﬁmoﬂ@rrmaur ol ogic state

e In neurologic.s be acconpani ed
by obj ecti vepmeﬂf@ké’gh%ﬂwﬁéi@ﬁi r?g“@éﬁ%‘i“éaﬁ’@ﬁ? CW"PK%C?‘PW:IE%E §% 5o0f at | east
hal f,,a step g (tfél)%r E@%&tii}{ur; a@&&-sefrs%ctht@r&&oeﬁnﬁdnaea@pmpmate f uncti onal

system scor es ('FSS) ol nf on af th J ate FSS. The
change nust Beelyeos ‘éfépﬁg?xifsﬁék \r?o%gto?“ﬁ\f"e 95 ta%%’gegg%t affect the

sel ected FS §&abR& of nuiple offradtetill parggistial smptetb@vdrafrieasb?‘@i@%t em sensory,

or visual Synp er5| t for ohot be
attribut ag)l e"%/“&’eéé ?pﬁ{}:ﬂa‘:icﬂ pagjed r?aé Ogglgéé%%gqe Iﬁ%}l%é%e%o i nfection,

i njury, adves&goweanttérongitlt @ abmcgmima:nitexm%"a{f?‘&ﬁ"l%)mooﬁ"h:?fl%?g? epi sode of

a paroxysnmal b!% (?Tpgroc%él%r%ncy&% SinSRASA nok Sc NBiciedt b ddASE: relapst. t he new
onsef of nult e occurrénces of a paroxysmal synptom over at |east 24

hours can be a relapse i f acconpani ed rrespondir ctive
mani f est at i on§he ISEHS0TT ey PG RIVEH® ﬁg”@ﬁﬁ?fi@%‘n ot B O?iﬁ’?%%&aggg nati on,

fati gue, i dmQd: GRARESRE diRbicaadassiar ((vutis aigeasyt o lipnobinm MepEe wi | I
not be sufficient to_estab e o efd i cacy

out cone Freandet @isqodlity WémM% iee@éﬁ@l l?‘l‘tlr%?? ?Vecfo olgn?%lnj Z%ﬁg%c( :I'W;]%S)ﬁl esi ons, or
time to gmenkidmae digeasay bt by ted sindrr Qﬁt@&qhn@@ enbanging T hiepiggobsepfed 9o 0 poi nt

from basel.i kel oy cal e (EDSS); Kurtzke J. Neurol ogy
33(1%): fﬁﬂ%g@é ﬁb@g%%mﬁ-ﬁgﬁ%ﬁ %%‘%gtﬁﬁ%gcy endpoi nt may be the total

e O A e e S e RRRS LY 21208 sl 020 of

Week 96 in the total volume of T2 lesions on brain MRI scan (e.g. change in total volume of T2 .
lesions on MRA scans of the brain from screening to weeks 24 and 36); change from baseline to
Week 96 in brain volume on brain MRI scan; Multiple Sclerosis Functional Composite Scale

25 (MSFCS) and its subscales; upper extremity function, as measured by the 9-Hole Peg Test {a subscale
of the MSFCS); ambulation, as measured by the Timed 25-Foot Walk (a subscale of the MSFCS);
cognition, as measured by the Paced Auditory Serial Addition Test (a subscale of the MSFCS);
Multiple Sclerosis Quality of Life-54 (MSQOL-54) questionnaire; total volume of brain T1 lesions
on MRI scans (e.g. total number of gadolinium-enhancing T1 lesions observed on serial MRA scans

30  of the brains at weeks 20, 28, and 36); cross sectional area of the cervical spinal cord on MRI scans;
proportion of subjects relapsing by weeks 24 (i.e between week 0 and week 24) and 36 {i.e. between

week 0 and week 36); the Combined Unique Activity Measure at week 24 and 36.

The patient treated with Rituximab as described above will display an improvement in any

One of more of the above outcome measures.
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Secondary efficacy outcome neasures include frequency of rel apse; change
frombaseline to Week 96 in the total volune of T2 | esions on brain MM scan
(e.g. change in total volume of T2 | esions on MRA scans of the brain from
screening to weeks 24 and 36); change from baseline to Wek 96 in brain

vol ume on brain MM scan; Miltiple SglenesigsiFunctional Conposite Scale
25(MSFCS) and its subscal es; upper extrem ty function, as neasured by the
9-Hol e Peg Test (a subscal e of the I\/BFCS) anbul atl on, §‘8 &gged by the
Ti med 25- Foot \WafREA N REL AN ured by the
Paced Auditory Seri al - Addi ti on Test (a subscal e of the IVBFCS) Mul tiple
Sclerosis Quality of Life-54 (MSQOL-54) questionnaire; total volunme of
brain Ti | eSh@ﬁ@eo@ﬂitm&aﬂﬁinéeb}g\dcmdﬁmaletailut,rﬁae}-rew@f Stgledel enlyinenitranci ng Ti

| 3004 SIS
b6y S0y 00 SEhYE e ot 1p M e s B! 8o ALl Ab MRS 1 EmeR 81

proportion of subjects rel apsi ng by week 24 (i.e between week 0 and week
24) and week RB6xiiib, eomrivetislyamaiiible Ko Gerritege dddonmyatcd i VadmIsHEHLEHT que

ACLI VIt Y, P](E%%‘dﬁé% 1@096‘%‘&38&&@%3& 0.7 mg/mL polhB&HbRERE, 818 mgfr@ddogdmitiat t he
above WI tuximab wll display an inprovenent in any one or nore of the
above ouekdrne, ﬁ@&é@ﬁ%ﬁe‘@atﬁ:@ IESURMIATES- 2 HUMANI ZED 2117 VARI ANTS

Thi s exanpl e descri bes humani zed 2117 anti body variants for use in the

met hods di sclrasge: cEIitesrcﬁiuleatmIﬁienlmmﬁtioieﬁbsadﬂﬂg anivebod UVpRedxgnabl y conpri ses

f | CDR Li
oo quene dtmSERey Y orRik ST le Rt P e Rl %%ﬁ‘g?ﬁ?ciiam 6 SEQ
| D NO 4 digffiehydrisiine HCDRO b2), saeqmevnbet, byfmc@@@%@ OGS BTiTF . thelwt of ¢g9h CDR L3

sequence FNPPT wherein Xis S or A (SEQ ID NO 19), for exanple SEQ ID
NO: 6 (F| g. TA, CDR HI sequence of SEQ ID NGO 10 (Fig. 1B), CDR 112 sequence

of Al YPGNGXTSYNQ CFKG wherein X is X | e SEQ
I D NO 11 (Fi Gubseqspnt cayipes pEireaisieny iy bg é%‘il‘é‘ﬁtﬁréf 8%‘%&%&@?\%‘& gr g{’% the X
at posi tde@Rd Bifdson BE thPsubdquelV @hrsk, of Geindnh@ilDbedd doduiyd dflenthd filssnBsior. R (SEQ | D

NO. 21), for exanple SEQ ID NO 12 (Fig. 1B). The CDR sequences above
are generally present within human variable |ight and Vﬁél abl e heavy
fran®wor k s edrivebsRituximedy igihe %’ﬁbﬁeﬁﬁf“i‘l’é}sFengtt%‘éeah@ﬁWo gﬁ‘?&@lﬁﬁtsr esi dues

of huma rblely' m@&eﬁbe faRPS&aIsRB bR IFNWeta) gladidersitdast, anthomdxbty, t he human

mna
consensus (% gues of human heavy
cyclophosp amide, or miloxantrone.

Subjects who experience a first relapse may receive rescue treatment with IV or oral
corticosteroids. Systemic corticosteroids may be administered using a regimen that does not exceed

20 exposure or duration of treatment appropriate for an MS relapse. A relapse in this Example is defined

as:
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20chai n subgroup 11l (V1lI11). See also WO 2004/ 056312 (Lowran et all).
The vari abl e heavy region nay be joined to a human | gG chai n constant
region, wherein the region my be, for exanple, 1gGlL or 1gG3, including
native sequence and variant constant regions. In a preferred enbodi nent,
such anti body conpri ses t.he vari.abl e heavy domai n sequence . .of SEQ I D NO 8
(v16, as shovhe feamnge ofpgy or ’BﬁtrfeB‘rfﬁWP&?g’&?l%“Qf‘Hﬁspﬁof’%ﬁt% W‘?}hlgisvari abl e 1ight
domai N 25seqygnpindé thdEQ Holds NQ dbjedt Mo h%eﬁhﬂWﬁbMtﬁeIEbt@ble b#), which

optionally conpri,ses one. or a a ubstltutlon positions
56, 100, and/“BP“"i’(*ﬁ)‘ﬁ“mE’g‘ﬁ Staﬁgo ieﬁﬁn&ggﬁs Cfrheﬁﬁ SV it s gp&%&asR in the
vari abl e heawystheaadompaid b@nae@m/e narcdogind enag Pebsiseiistithtau tricses)  at

pOSi tsi ons 32 é)?%g?ast hai?ﬁswp r{itqhebéﬁéb%‘ dc(nRJ on%%gpﬁ ihé %FL ggaty ﬁl%t%ﬂle i g ht

domain. Pref Bnintact ant rising the |ight
chai n ami no agitah Serqu@ﬁ&)esr msrsmmtorm@ofﬁbsamowete F§ dffhfé #ge chai n 30am no

aci d Seq“enc%ﬁls evé%Qd'bgm%@xan&xﬂng thPestigafor 2 st ARct the RIBEESFS ReleUMANI zed 2HT

anti body is ocrelizurna Genent ech The anti bo d herein may further
conprise at leagyrepifel g ?f‘éebé’éqf&f%’éfﬁféft FOERTY: GRVIFUA! tﬁ@niﬁ‘émr’éﬁf on that

i mproves ADCG At foiti it YrourS sHIRhddSd 0 Be MBI SIdto bhifodbing Blirde Betsdbst i t ut i ons
are at positions_ 298, 333, and 334, pr.eferabl E3 3A and K334A,

S 98
usi NP Eu nuntfefi [y aREHem g Ay e eiet s &Ucé’gc AU iR Pat ent No.
6, 737, 056B1, sBgrRspisode ofsnatoxgyntal i},&’@ﬁﬁt (efei, bpidlsgastn) Is'ndt d relapse, But the * * * * at | east

one SUbStI tUtI o Itnafmuﬁglzeoc Stl:?lcﬁ)‘.gl %}OX Sgﬁf %g% OQ/mtlyanghﬁ& or serum

hal f-1ife, fdF"&%% Charn position 434, such as
N434W See alcsmbd.dSclEl&b eéntcofipanil, b?@?WO@@Bmondmgehmwe manifestationf\ny of t hese

anti bodi es ;xg,ggl@dpfgg clhg)dgg tictution in the
Fe 5region ?%?Joﬁgggg?ggwc%;c&gngt@fow@é for gxa glé OITpr | Q{é rfl)g at least a

substi t ut i on Waddgeshavebieosor ‘W@WP‘&M“}“%@?B’@%WWBW BE P%‘Er so US Pat ent
No. 6,528,624B1 (ldusogie et al.). Sone preferred humani zed 2H7 variants
are those connlreipﬁjnﬁtg eifhﬁ:y‘é&bérﬂhhﬁs:lré Ghiie MiRINe@goi0 bf GEQnD-MBRinghdiothe

vari abl e heav i ncl udin W t hout

subst i tu?’itlﬁ}?ég/?%? dageaf%‘ﬁ?gﬁssfn B?déisa?é 151crcase% ﬂgégm\g%}n%%%? ng a variabl e
heavy dommemsmaaﬂxﬁsatu's Scadet FDASINK 0z J.dVenDE@A3HhA: INE’G@%G%%) B86A, N10OY,
and S maR. o%ﬂgﬂ_mag b%gxg tc@al X@I{lﬁc@t}{} %%d(lli'nﬂiglt engm% 1 Wsioﬂs Akdr&laahi on

M32L, orP in the variable

heav§o dOW&ﬁiMHfSC@FQf?hWGﬂh’a‘ge%éb% 15@8{?@??‘? ed as a potent| aI source of

anti body stability and is another potential candidate for substitution.
Secondary efficacy outcome measures include frequency of relapse; change from baseline to

Week 96 in the total volume of T2 lesions on brain MRI scan (e.g. change in total volume of T2
lesions on MRA scans of the brain from screening to weeks 24 and 36}; change from baseline to
Week 96 in brain volume on brain MRI scan; Multiple Sclerosis Functional Composite Scale

25  (MSFCS) and its subscales; upper extremity function, as measured by the 9-Hole Peg Test (a subscale
of the MSFCS); ambulation, as measured by the Timed 25-Foot Walk (a subscale of the MSFCS);
cognition, as measured by the Paced Auditory Serial Addition Test (a subscale of the MSFCS);
Multiple Sclerosis Quality of Life~54 (MSQOL-54) questionnaire; total volume of brain T1 lesions
6:1 MBRI scans (e.g. total namber of gadolinium-enhancing T1 lesions observed on serial MRA scans

30  ofthe brains at weeks 20, 28, and 36); cross sectional area of the cervical spinal cord on MRI scans;
proportion of subjects relapsing by week 24 (i.e between week 0 and week 24) and week 36 (i.e.

between week 0 and week 36); the Combined Unique Activity Measure at week 24 and 36.

The patient treated with the above with Rituximab will display an improvement in any on¢ or
more of the above ocutcome measures.

35
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In a summary of sone various preferred enbodi ments of the invention, the
vari abl e region of 15 variants based on 2H7.v16 conprise the amno acid
sequences of v16 except at the positions of ami no acid substitutions that
are indicated in the table below Unless otherw se indicated, the 2H7
variants will have the same |ight chain as that of v16. Exenplary Humani zed
2H7 Anti body Variants 207 Version Fbav¥ chain (Via changes Light chain yo
changes Fc changes 16 for referenc 884 5208A, E333A, K334A 73 NLOOA
MB2L 75 N1OOA M32L HUMANIZED 2H7 VARIANTS

This example describes humanized 2H7 antibody variants for use in the methods disclosed

5 herein. The humanized 2H7 antibody preferably comprises one, two, three, four, five or six of the

following CDR sequences:
CDR L1 sequence RASSSVSYXH wherein X is M or L (SEQ ID NO. [8), for example SEQ ID
NO:4 (Fig. 1A),
CDR L2 sequence of SEQ ID NO:5 (Fig. 1A),

10 CDR L3 sequence QQWXFNPPT wherein X is 8 or A (SEQ 1D NO. 19), for example SEQ ID NO:6
(Fig. 1A),
CDR HI sequence of SEQ ID NO:10 (Fig. 1B),
CDR H2 sequence of AIYPGNGXTSYNQKFKG wherein X is D or A (S8EQ ID NO. 20), for
example SEQ ID NO:11 (Fig. 1B), and

15 CDR H3 sequence of VVYYSXXYWYFDV wherein the X at position 6 is N, A, Y, W or D, and the
X as position 7 is S or R (SEQ ID NO. 21), for example SEQ ID NQ:12 {Fig. 1B).

The CDR sequences above are generally present within human variable light and variable
heavy framework sequences, such as substantially the human consensus FR residues of human light
chain kappa subgroup I (V, 61}, and substantially the human consensus FR residues of human heavy

20 chain subgroup I (V,ITT). See also WO 2004/056312 (Lowman ez al.).

The variable heavy region may be joined to a human IgG chain constant region, wherein the
region may be, for example, IgG1 or 1gG3, including native sequence and variant constant regions.

In a preferred embodiment, such antibody comprises the variable heavy &omain sequernce of
SEQ ID NO:8 (v16, as shown in Fig. 1B), optionally also comprising the variable light domain

25  sequence of SEQ ID NO:2 (v16, as shown in Fig. 1A), which optionally comprises one or more
amino acid substitution(s) at positions 36, 100, and/or 1002, e.g. D36A, N10QA or N100Y, and/or
S100aR in the variable heavy domain and one or more amino acid substitution(s) at positions 32
and/or 92, e.g. M32L and/or 892A, in the variable light domain. Preferably, the antibody is an intact
antibody comprising the light chain amino acid sequences of SEQ ID NOs. 13 or 16, and heavy chain

30 amino acid sequences of SEQ ID NQ. 14, 15, 17, 22 or 25.

A preferred humanized 2H7 antibody is ocrelizumab (Genentech).

The antibody herein may further comprise at least one amino acid substitution in the Fe
region that improves ADCC activity, such as one wherein the amino acid substitutions are at positions
298, 333, and 334, preferably S298A, E333A, and K334A, using Eu numbering of heavy chain

35  residues. See also US Patent No. 6,737,056B1, Presta.
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3298A, E333A, K334A 46 D56A, NI1OOA 392A 114 D56A, N1OOA MB2L, S92A 3298A,
E333A, K334A 115 D56A, N1OOA MB2L, S92A 5298A, E333A, K334A, E356D, M58L
116 D56A, N1OOA MB2L, S92A 3298A, K334A, K322A 138 D56A, N1OOA M32L, 592A
3298A, E333A, K334A, K326A 477

‘Any ofifigse atifibodles sl Cotliprise at least one substitution in the Fe region that improves
FcRn binding or serum half-life, for example a substitution at heavy chain position 434, such as
W434W. See also US Patent No. 6,737,056B1, Presta.
Any of these antibodies may further comprise at least one amino acid substitution in the Fe
5  region that increases CDC activity, for example, comprising at least a substitution at position 326,
preferably K326A or K326W. See also US Patent No. 6,528,624B1 (Idusogie ef al.).
Some preferred humanized 2H7 variants are those comprising the variable light domain of
SEQ ID NQ:2 and the variable heavy domain of SEQ ID NO:B, including those with or without
substitutions in an Fe region (if present), and thosé comprising a variable heavy domain with
alteration N100A; or D56A and N100OA; or D56A, N100Y, and S100aR; in SEQ ID NO:B and a
variable light domain with alteration M32L; or §92A; or M32L and §924,; in SEQ ID NO:2.

10

M34 in the variable heavy domain of 2H7.v16 has been identified as a potential source of
antibody stability and is another potential candidate for substitution,
In a summary of some various preferred embodiments of the invention, the variable region of
15  variants based on 2H7.v16 comprise the amino acid sequences of v16 except at the positions of amino
acid substitutions that are indicated in the table below. Unless otherwise indicated, the ZH7 variants
will have the same light chain as that of v16.

Exemplary Humanized 2H7 Antibody Variants

HY Heavy chain  Light chain [Fe changes
Version [(Vy) changes [V} changes
16 for
reference r
B1 S208A, E333A, K334A
73 N100A M32L
75 N100A M32L, S298A, E333A, K334A
b6 D56A, NIGOA B92A
114 D356A, N100A M32L, 892A B298A, E333A, K334A
115 D56A, N100A M32L, S92A B298A, E333A, K334A, E3561), M358L
116 D36A, N100A M32L, §92A B298A, K334A K32ZA
138 DS6A, N1OOA M32L, S92A B298A, E333A, K334A, K326A
477 DS6A, N10OA M321, S92A B298A, E333A, K334A, K326A, N434W
375 K334L
B88 S298A, E333A, K3344, K326A
D56A,
N100Y,
511 5100aR M32L, S92A B298A, E333A, K334A, K326A
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D56A, NLOOA MB2L, 592A 5298A, E333A, K334A, 1326A, N434W 375 - - 1C334L 588
- - B298A, E333A, K334A, K326A 511 D56A, N100Y, 3100aR VI 32L, S92A 3298A,
E333A, K334A, K326A One preferred hunani zed 2H7 conprises 2117.v16
vari abl e |ight domai n sequence:

DI QTQSPSSL SASVGDRVTI TCRASSSVSYM | W QOKPGKAPKPLI YAPSNLASGVPSRFSG
SGSGTDFTLTI SSLQPEDFATYYCQOWEFNPPTFGQGTKVEI KR (SEQ I D NO 2); 5and 2H7.v16
vari abl e heaeye gefatdhusenjeelr?Eld comprises 2ZH7. v16 variable hghl domain sequence:

N KRE T VBRI VLN RS R SRR S TR S8 P80 1o

NO 8) . SGSGTDFTLTISW@@W@YWFz@BTmGﬁﬁﬁEM@E@é@ Cs2)an i nt act
antiRody, i tarmeﬁ-l’/%gpgrlaﬁl@h&ab?ddn{a%q&n&! n 10anmi no acid sequence:

EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHW VRQAPGKGLEWVGAIYPGNGDTSY
NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDVWGQGTLVTV
SS (SEQ ID NO:8).

Where the humanized 2H7.v16 antibody is an intact antibody, it may comprise the light chain

10 amino acid sequence!

DIQMTQSPSSLSASVGDRVTITCRASSSVSYMHW YQQKPGKAPKPLIYAPSNLASGVPSRFSG
SGSGTDFTLTISSLQPEDFATYYCQQWSFNPPTFGQGTK VEIKRTVAAPSVFIFPPSDEQLKSG
TASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKH
KVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:13);

15 and the heavy chain amino acid sequence of SEQ ID NO. 14 or:
EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYPGNGDTSY
NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDVWGQGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTIVSWNSGALTSGVHTFPAVLQSSG
LYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDK’FHT CPPCPAPELLGGPSVF

20 LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRV
VSVLTVLHQODWLNGKEYKCKVSNKALPAPIEK TISKAKGQPREPQVYTLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYK TTPPVLDSDGSFFLYSKLTVDKSRWQQGNVESCS
VMHEALHNHYTQKSLSLSPG (SEQ ID NO:22).

Another preferred humanized 2H7 antibody comprises 2H7.v511 variable light domain

25 sequence:

DIQMTQSPSSLSASVGDRVTITCRASSSVSYLHWYQQKPG-KAPK_PLIYAPSNLASGVP
SRFSGSGSGTDFTLTISSLQPEDFATYYCQQWAFNPPTFGQGTKVEIKR (SEQ ID NO:23)
and 2H7.v511 variable heavy domain sequence:

EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEW VGAIYPGN

30  GATSYNQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSYRYWYFDVWGQ
GTLVTVSS {SEQ ID NO, 24).

Where the humanized 2H7.v511 antibody is an intact antibody, it may comprise the light
chain amino acid sequence:
DIQMTQSPSSLSASVGDRVTITCRASSSVSYLHWYQQKPGKAPKPLIY APSNLASGVPSRESGS

35 GSGTDFTLTISSLQPEDFATYYCQQWAFNPPTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGT
ASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHK
VYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO:16)
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DI Q MIQSPSSL S ASVGEDRVTI TC RA' S S S VSYMHW YQKRG CAPKPLI YAPSNLASGVPSRF SG
SG SG 1 DFTLTI SSLQPEDFATYYCQQW SENPPTEGQGTKVEI | CRTV AAP SVF1FPP SDEQLKSG
TASVVCLLNNEYPREAKVQ\KVDNAL QSGNSQESVTEQDSI CDSTYSLSSTLTLSI CADYEKH
KVYACEVTHQGLSSPVTI CSENRCGEC (SEQ I D NO 13); 15and the heavy chain am no acid
sequence of SEQ 1D NQ...14 Of.; ..

EVQL VESGGALV CRYSENATERT ﬁéﬁﬁ&?@_ éWGAl YPGNGDTSY
NOKFKGREVIQSVRKSHENT L R QIVE DT NG APTRGNGATSY
SSASTKGP

|_YS|_ssv\‘/’@g&‘i@c@%&%ﬁmlggE%\@F%éFDE APELY@%@LF 20
L EPPKPKIVES M SRTRE) 20 R T RO FRPREESSYRISTREAY LQSS

VSVL V%WWW EMM&GPSV
LTCL 1 1PP VLDSDG SFELYSI CLTVDKSR%%\IV
413k

VIVHEAL HWM@T@GGW%DPEWN%WB%%W%TW
ant i body~egQpmf kéﬂﬁ?@éﬁvmmmpth QRATEHPSHIITKNG

L R Ry .

2H7. v5 1wl reNHne PRSI Bd (S R ETLIED.CS).
EVQL VESGGGEL VQPGGSL RLSCAASGYTFTSYNVHWRQAPGKGLEVWGALYPGN 30

GATSYNQKFKGRFTI SVDKSKNTLYLQWNSLRAEDTAVYYCARVVYYSYRYWYEDVWGEQ GTLVTVSS ( SEQ
I D NO. 24). Where the humani zed 2H7.v511 anti body is an intact
antibody, it may conprise the light chain am no acid sequence:

Dl QUTQSPSSL SASVGDRVTI TCRASSSVSYLHWQQ CPGKAPKPLI YAPSNLASGVPSRFSGS 35
GSGTDFTLTI S SLQPEDFATYYCQOWAFNPPTEGQGTKVEI KRTVAAPSVFI FPPSDEQLKSGT
ASVVCLLNNEYPREAKVQNKVDNAL QSGNSQESVTEQDSKDSTYSTSSTLTLSKADYEI CHK
VYACEVTHQGLSSPVTKSFNRGEC (SEQ I D NG 16) and thelieavy

t hai'nl i ni hnonquence of SEQ I D NO. 17 or:

EVQLVESGGELVQPGGSLRL SCAASGYTFTSYNVHWRQAPCGKGLEW/GAI YPGNGATSY

NQKFKGRFTI SVDKSKNTL YLQWNSLRAEDTAVYYCARVVYYSYRYWEDVWGEQGTLVT
VSSASTKGPSVFPLAPSSKSTSGGTAALGCLVI CDYFPEPVTVSWNSGAL TSGVHTFPAVLQSS 5
GLYSLSSVWVTVPS SSLGTQTYI CNVNI LKP SNTKVDKKVEPKSCDKTHTCPPCPAPEL LGGPSV
FLFPPKPKDTLM SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNATYR
VWWSVLTVLHQDW.NG CEYKCKVSNAALPAPI AATI SKAKGQPREPQVYTLPPSREEMIKNQ
VSLTCLVKGFYPSDI AVEVESNGQPENNYKTTPPVLDSDGSFEL YSKL TVDKSRWQGNWS
CSVMHEALHNHYTQKSLSLSPG (SEQ ID NO. 25). CLA 1. A nethod of treating

mul tiple sclerosis in a subject conprising adm nistering an effective
anount of a CD20 anti body to the subject to provide an initial antibody
exposure of about 0.5 to 4 5 grans foll owed by a second anti body exposure
of about 0.5 to 4 granms, the second exposure not being provided until from
about 16 to 60 weeks fromthe initial exposure, and each of the antibody
exposures is provided to the subject as one or two doses of antibody. 2.
The met hod of claim 1l wherein the second exposure is not provided until
fromabout 20 to 30 weeks fromthe initial exposure. 103. The nethod of
claiml1l or 2 wherein the initial and second anti body exposures are each
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provided in amounts of about 13 to 2.5 grans. 4. The nethod of any one of
clains 2-3 additionally conprising adm nistering to the subject an

ef fective amount of the CD20 antibody to provide a third anti body exposure
of about 0.5 to 4 grans, the third exposure not being adm nistered until
from ab eks fromthe initial exposure. 155. The net hod of

cl ai m4%ef£§|¢ﬁ ttﬁfe% }[,iﬁl rd anti body exposure is provided in an anount of
about 1.5 to 2.5 grams. 6. The nethod of claim4 or 5 wherein the third
exposure is not provi ded until from about, .46 to 5%\3% fromt n|t|al

exposuré: 74 W‘é’ddﬁgttﬁﬁa’*gd’?““&ﬂ? sARISGR A PFrEoReE F’&‘Sﬁenﬁ% ?Cﬁ

ant i bodymeXPesuCR20 siiPbdub decubiptin pddad ad ipaBL ansibalytexfBur? 5f mms fordom t he
initial e 8. The net hod of i ure is
ot P of EBAHED 1 et SEBLE oo s EuRitacs Hhrh TpioferBRapeatkaBELCe 15
The net hedided uatilyfraan ebaf 16:Italﬁﬁwehkssfrvmehfelnniaéamsm, anf eeagiinef] ﬂb@dytﬂ?ésbposur es
(s provifded, L9, LDSIOUPLE Gl @0 0Rea 05 Gtlordiisbliody 2510, The method of “any

one of ¢T&arm 1 Srein ea he anti body exposures is provided to the

subj ect 7as t WRe HQ8RSFOinANEhdaH he SWRRT Gbsuichend: pRvdases! Sansiout Wte3@ fir st
dose and a second dose. 11. The nethod of claim10 wherein the second dose
i s adm nTesksdPadhg SR ARSHE 3- 17 days fromthe tine the first dose was

adm ni st.er ed

admi 10. .3 The metho% {:lal ! Tg)g &O\Lhe?%n@'thg]xégalvgﬁgr @Joﬂd m%oaﬁ%%rcg%eeah}§

i sttéred Trom a ays the tine the first dose was
adm ni stpegvetid in at@untsiefabowe t A éu2-oerawh-ai m 12 wherein the second dose is
adm ni stered from about 13-16 days._f

adni ni stfer ed T eTﬂfhodT‘ffé‘“WchalaB‘fs %5h dB‘ﬁ HIESF”BW&??WQTWST?“W% ?{V\C?ﬁne first
and secone:Rostoaf ofamd mrh:mcﬁymwag t@providedibiid arfibsdytaapdsu® of ataitiss to 4 grams) - The

CetliOnrajlyttil fa 0- t : d f
ot body it shis aphifsie o st pod oMIBARLE o dif bt ANAREANGL 0SS O

anti bod he net one of the

claips 1 15 whepgl Qfaﬁ@:; Q/Exergg kike tﬁﬂita'n@&gy eXpRPSY ?1%51&@5 18 arghauRi Stadued to
t he subj ect. 517.The nethod of any one of clains 16 wherein four or nore

ant i body!- %t?ééﬁﬁ*fés are

6. The method of claim 4 or 5 wherein the third exposure is not provided until from about 46 to
54 weeks from the initial exposure.

7. The method of any one of claims 4-6 wherein no further antibody exposure is provided until

20 at least about 70-75 weeks from the initial exposure.

8. The method of claim 1 wherein the second exposure is not provided until from about 46 to 60
weeks from the initial exposure.

9. The method of any one of claims 1-8 wherein each of the antibody exposures is provided to
the subject as one dose of antibody.

25 10. The method of any one of claim 1-8 wherein each of the antibody exposures is provided to

the subject as two doses of antibody, wherein the two doses constitute a first dose and a second dose.

il The method of claim 10 wherein the second dosé is administered from about 3-17 days from

the time the first dose was administered.

12. The method of claim 11 wherein the second dose is administered from about 6-16 days from

30 the time the first dose was administered.

13. The method of claim 12 wherein the second dose is administered from about 13-16 days from

the time the first dose was administered.

14, The method of any one of claims 10-13 wherein the first and second dose of antibody are

each about 0.5 to 1.5 grams.
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adm nistered to the subject 18. The nethod of any one of clains 1-17
wherein a second nedi canent is admnistered with the initial exposure or

| at er exposures, wherein the CD20 antibody is a first medicament. 19. The
met hod of claim 18 wherein the second msdi carrent is selected fromthe group
consi st cetate toto ent,
chenot he?gz;tpeu('?ll1 c’l;leat%g df‘%ﬁ&[ {*Oij"la; r%k{g E;[r " fhceigta’é gm%df&'%%s%,hgwg

chl oranb@@hhboua(i'é&thlléme gamma gl obuI in, Canpath, anti-CD4, cl adri bi ne,
corticosteroid, mycophenol ate nofeti (I\/I\/F) ,, cycl ospori ne,

chol est ef®l - | DiiePibag Ay ovst of e 0’@%% I wheaals thiressqr gt etiboeepenies esne,

hor none Ldphiaeed®nke dke@, a TNF i nhibitor, disease-nodifying anti-rheumatic
drug (DMARD), non-steroidal anti-infl amat ory drug (NSAID), 15

| evot hyr ki neThecyethal pbriynonk, ofs dalats alst@wvhereianfatroguorecantiblddgi dxgosafes @iet oki ne
receptor met abolite, inmunosuppressive agent, integrin

ant agoni gctglﬂ%gtglgﬂioﬁ%sa§Q&LFA- anti body, efalizumab, al pha 4 integrin

ant i bodyg. nat Pieirgeti¥aBf ad Rk m%hbei 1ﬂvﬁe@éuka§%x~fd%5é@;c£}§én|6§radx§msle¥é9‘é&{m the20. The
nmet hod of clains 1- wherein the nmultiple sclerosis is

any one of
rel apsi nﬁ’“‘rag%%lp?sf‘fer?@ A PP ‘?EF%?‘B%FQZQF’RW is afﬁ%@ﬁﬁ%"ﬁ%t hod of any one

of cl ai 1- e sclerosis I.s ‘ ressj ve

nul ti pl rer§9 scl grﬂl 52{:@{0?&% 18 ?Hn% R S A eﬁtﬁéergg?{ u’(%lgé RO

wher & n ¢then duiprffesan ehtimee vestalh e 9ytplosivi agers yhemotiampaitiniagént, amEB2frant | body .
23. The ﬁ&h&&ﬂat@fcy%ﬁﬁoé}ﬂﬁm@é cﬁjoghﬁ;ﬁcul az%%laefﬁ&r %Lr%mé gr% mﬂ{‘ﬁt bBQn&ﬁh L& éppaked

anti body. 2524.The nethod of one I al N5 e anti’body is
conj ugat ‘é%fir\mnt?’kf’oﬁﬁ‘éﬁq‘i‘éﬁi %?F@E%H]?é" mQ%’fﬂ (W)n‘ﬁ’tch?}ﬁ”m cholegierpl-avetipeedred of t he

L 25 Wher el L he ant Lhaay L e S g Aol of
claim26™ V\é{ i A %5 i 6’6’8y?§%’g““§§ﬁ1 APSTEPIGY PR PHTBREEY JreofNSADh

ant i bi)dyleﬁﬁMquwuﬂelos@&n ATh@nammhmmMguamytoiﬁmmﬁztoﬁ:hakda@t& -aRfagomhigagi-n t he
ant | Dodymbeh AR bEREE REBEME %?gggagsag feonB0r bR ol xfaf?zﬁ‘lg,@"f

clains 1 erein the an eréed RECS | p
rthTtri erdmhaéls@twnenwy,@a@mm@uﬁmﬂmm@@ -gllewdicnmadyer 2@HRAy-ant i body is the
only ned] cane g] nistered_ to the subject to treat the multiple

scl er osi & Ofof ARG PT SREsdnE Wiere e meltiplespleimrs ierlpingenitinebody i s
Ri t uxi rmxlﬁultiple sclerosxs (RRMS).

20 21, The method of any one of claims 1-19 wherein the multiple sclerosis is primary progressive
multiple sclerosis (PPMS).

22, The method of any one of claims 1-21 wherein the subject has never been previously treated
with a CDD20 antibady.

23. The method of any one of claims 1-22 wherein the antibody is a naked antibody.

25 24, The method of any one of claims 1-22 wherein the antibody is conjugated with another
molecule.
25. The method of claim 24 wherein the other molecule is a cytotoxic agent.
26. The method of any one of claims 1-25 wherein the antibody is administered intravenously.
27. The method of claim 26 wherein the antibody is administered intravenously for each antibody

30 exposure.
28. The method of any one of claims 1-25 wherein the antibody is administered subcutaneously.

PA'S The method of any one of claims 1-25 wherein the antibody is administered intrathecally.

57



32. The nethod of any one of clains 1-30 wherein the antibody is humani zed
2H7 conmprising 5 the variable domain sequences in SEQ ID NOS. 2 and S. 33.
The net hod of any one of clains 1-30 wherein the antibody is humani zed 2H7
conprising the variabl e domain sequences in SEQ ID NOS. 23 and 24. 34.
The neshod fifd adlblibdicliobatdlrEidited. (2B84hukis tei (D0 hetilgdbjicbe oHagedravat ed

anti - %ﬁ*ﬂswgﬁﬁg‘ﬁ gur% Otmad?@m)ﬂhpé%‘]:m@el in oligodendrocyte glycoprotein

(MG, e ah anti-neurofilanment anti body |evel (s).

35. Thg, met oo of o AP ¥nyQRE o Qfiaiid ABTBhcleiBthe WiBb®iiDRRLGHAL ed | evel s of B cells
are present 1 n cerebrospinal fluid (CSF), multiple sclerosis |esion, or

serum gb. t hgnsHBh@rss. anyone Mtland -60 em&mmmnﬁmywxexmmnsﬁ Rgrifed a
cont ai isin d nd 15(b) a package insert with
R R S

i nsfrud t1ple A8 osis in a subj ect, wherein the
I nstr u%%' On%hé %gfhgc?&ean% AL ofThiddTR. g@tvh&fzmttitbeanﬁﬁgd& b@%&hé@cﬁm &apligfied to the

subject"that Is e ve to provide an initial antibody exposure of about
0.5 t 0 thF \grishhsdominsewertony SEAIREGH 4 fﬁ‘fi 6ody exposure of about 0.5 to 4

gr ans, the con osur e t bei u ;.16 to 60
weeks ffom t %“’ie?dl?f"ff’g"l‘“yé’@&? liid g ﬂgw rcé%tc gm?ﬁ%s égérfal Scfggg%%g)gu? es is
pI’OVI degbtéin AEP)S uij-eedinasligpiedorytt v@ycsims@@ 610Gt piiorayglioge axffer §Ftjcl e of

o 36..furt g, a container conprising a second nedi canent,
Yei nn?ﬁeur?%lbengmtw{)dgdéy " a first nedicanent, and further conprising

i ”St r UGlsi ONSryEMhkde olp%kédleofldih%ﬁsr t-3h Qﬁhexferneaévaﬂag 1dvhie of BD}eHiS revyirgshnt tile second
medi cament. 2538. The article o the second nedi canent is

sel ect egrepiogtaa fud 6?%&6‘“8@??3*?@?"?‘553‘8’? OB “Hfféhrfe &h, glatiramer acetate, a

cytoto agent empther apeuti.c..agent, mtoxantrone, nethotrexate,
cycl op?gsp rﬁleor} 5‘#%16 rucﬁf) ‘a5 at hi oprine, gamma gl obulin, Carrpath,

anti - CD4, C' ad“ QA)Q%@ntQ&EEd%&@EQDQOadﬂ%i‘d?pﬂaﬁnOI ate mofetil (MF),
cycl osporine, cholesterol-lowering drug of the statin class, estradiol,

t esfost er one, hor(usym gack@plxmne et indbuoigpns dor TdRingrhillbple eeletods yeas&iec80

modi fying anti-r h e::em tfw msgru%{gng mat AWt S ﬂﬁﬂ)od?%ta!dmln%ftelr@mg ory drug
(NSAI D), |evot herX| e, osporin A, somatastatin ana tol dne or

cytol dne recept orsutagst ﬁgbﬁl%ﬁ%ﬂvem propde &b dHA éﬂtfq"?ﬁf’rﬁt’f?ﬁgﬁ‘bﬁg@é’g‘i Y2 %dent, and
another B-cell suyrfRqeRREkEE s@Bid DRENy exposure of about 0.5 to 4 grams, the second

exposure not being administered until from about 16 to 60 weeks from the initial
20 eiposurc, and each of the antibody exposures is provided to the subject as one or two

doses of anttbody.

37. The article of claim 36 further comprising a container comprising a second medicament,
wherein the CD20 antibody is a first medicament, and further comprising instructions on the package

insert for treating the subject with the second medicament.

25 38 The article of claim 37 wherein the second medicament is selected from the group consisting
of an interferon, glatiramer acetate, a cytotoxic agent, chemotherapeutic agent, mitoxantrone,
methotrexate, cyclophosphamide, chlorambucil, azathioprine, gamma globulin, Campath, anti-CD4,
cladribine, corticosteroid, mycophenolate mofetil (MMF), cyclosporine, cholesterol-lowering drug of
the statin class, estradiol, testosterone, hormone replacement drug, a TNF inhibitor, disease-

30  modifying anti-theumatic drug (DMARD), non-steroidal anti-inflammatory drug (NSAID),
levothyroxine, cyclosporin A, somatastatin analogue, cytokine or cytokine receptor antagonist, anti-

metabolite, immunosuppressive agent, and another B-cell surface marker antibody.
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