15 MAY 2006 WD 03/048306 PCT/ US02/ 36856 POLYClI STRONI C EXPRESSI ON OF

ANTI BODI ES RELATED APPLI CATI ON [0001] This application rel&MAY 3086 and cl ai ns
priority to provisional patent application 60/331,481 filed on Novenber 16,
2001, and provisional application 60/400,687, filed on August 5, 2002, both
incorporated by reference in their entirety herein. Additionally, this

appl i cat iwoomd4sdoers priority to PCT/US02/ 02373 and Pedtiss036s82374 both filed
January 29, 2002. FIELD OF THE | NVENTI ON [ 0002] The present invention
relates to a novel polycistronic expression system and nethods for

produci ng anti bod| expressi on system Mbre
specifically, the ﬁ%@‘ﬁ%@ﬂ'é%@@@bﬁ Cﬂ%@?@ﬁﬂ éS pol yci stronic
expression systemin which anti body heavy and |ight chain genes are
transcribed fromthe sane pronoter, and, preferably, the anti body heavy and

li ght chREHAJERAPRIHEATEMr at ed by one or rmre internal ribosome entry
| | f
sites ( F@:‘Mﬁ) Th%ﬁm%lﬁs%d | QﬁiloMfBE‘l{éﬂts or expressing

genes of ce I n reconbl nant host ce I ZI ng yci stronic
expr essi @pplication6d/33it,481fled oangwmbeHn@xZQOﬂ c@nd provisipadl ppplicatiami ¢ expr essi on

1201, DR L A AR Ep BB SERIEE B, 10

ne seéquence have been
enpl oyed.enfiretyhergint Adﬁitiaﬂiaﬁyaltbly appiiefiorclaims ptlomtylid BCTMOQ[O%TBB 3" selectable

gene, whil sI at i.ag e desired gene sequence at the 5
end of tﬁ@sﬁmgéﬁ%hi aﬁ@ﬁr@! ?éicﬁt host cells expressing high
| evel s of the desired gene product are obtained via a single step nethod

conprisin cuI urin transfectants in a selectable nedium A
dr awback tF E/MTibﬁs t he unpredictable influence an upstream readi ng

frame ma)[oo Ee%e%fbsbﬁﬁﬁ@nﬁbh Rt totmvaﬁddwsaieh.e eRprekdéisn sequence. See
Kauf man, %qum{p 487 (1990). 1 15 MAY 2006 WD 03/ 048306
r

PCT[ usozlsws@@npm regusing| atibegies in pak%mt'crqe"s usingitYis339, i ssued to
Levi nson ggbreddion systsh®. MIBRCsPREBIAEIS, theffvehtonFEBRILES 'éukdr?dilc) di scl oses a

pol yci stroni c expression system capabl e of producing a gene product of
i nt er est mlymémrm oxpressionsystemndn which antibadydegyysansiightehain ganepy Levi nson et

al., the o ﬁ?%p@oa%‘f‘m&ﬁ&gp ndcdréfefa%@fﬁu%%ﬂﬁédy%eawt ein that

provi des n of transfectant
and light chain genes are separated by one or more internal ribosome entry

sites (IRES’s).

BACKGROUND OF THE INVENTION

[0003] Methods for expressing genes of choice in recombinant host cells
utilizing polycistronic expression vectors are well known. Historically,
polycistronic expression vectors incorporating a desired product gene sequence
at the 5’ end of a transcribed region and a 3’ selectable marker gene sequence
have been employed. Such vectors display inefficient translation of the 3’
selectable gene, while preferentially translating the desired gene sequence at
the 5° end of the polycistronic mMRNA. Recombinant host cells expressing high
levels of the desired gene product are obtained via a single step method
comprising culturing initial transfectants in a selectable medium. A drawback of
such vectors is the unpredictable influence an upstream reading frame may
exert on translation of the selectable marker sequence. See Kaufman, Meth.
Enzymol., 185:487 (1990).



transformants that express a desired gene of interest encoded by the first
cistron. Certain growth conditions induce anplified expred3MeyY ¥P6+t he
detector gene in a host cell, which thereby enhances the expression of
associ ated sequences encoding the desired gene contained on the
polycistronic transcription unit. In particular, Levinson constructed
vect ors cwobmMsieelg a pol ycistron in which a sequencecposhosisssgy hepatitis
B-surface antigen was positioned upstream of a sequence encodi ng the
screeni ng marker di hydrofol ate reductase. Due to the polycistronic

arrange f the Leyin v or, ual ,expressiop of the downstream
mar ker g&ﬁ@]‘@eﬁtﬂé?ﬁé"‘%‘?' Lfﬂgaatg'ﬁﬁﬁ)nﬂ%g?g?§ Uﬁﬂm@"’]sﬁf‘égﬂpari son to the
expr essi qassijneti oA itk FacBtto GeAénitech, IROWURIDSES a pAPGStonfidekiptdseianl |y,

pol yci stroni c expression systens have been used to express nultichain

pol ypept isyetem qagable obprRAucingR9¢ne REpqushofdntarest in eykaotirhosheallsi chai n

pol ypept ijdlg o eh?%ﬁ'rﬁ&ﬁbjl[bv%oﬂ?éié?mh ne SeQRce éPthk Qefdrigks et al .. US
Pat ent No. 6,033670 to Bublot; US Patent No. 6,096,505 to Selby et al.; US

Pat ent Ngistrop encgpdes @ prafeivihal prayides fogithe detestipa ottransfestands a53, 199 t o Audonnet

et al.; %ﬂsﬂ%ﬂfﬁ@?{?@&sfSﬁ’d%?ﬁﬁ?@é%eto?in egga%e&eﬁtbtyﬁbae ﬁthPO%] Investigators

have determ ne second gene 1n pol yci stron are

i mpr oved cisyroh Heertaimogrowthrcandibonsdhdume ampliffiedexdpression obthe detdctoy site (1 RES)
between the genes. in the polvcistron. |RES elenents, first identified in

pi comavi Iggggg\,a ﬁ‘?&F@‘c gﬂpﬂ@lﬁl’%&?%?@?[\%ﬁ? tl?.ﬁ SPrERen paﬁpc&t’e irectly recruiting
and bi ndeggencedenvoting thedesiro® gempeontdingdamthé golydistronigret hyl guanosi ne- cap

i nvol ved i n tr%/)gi cal, ribo ome gcanni 28 The presence, of an | RES sequence can
i ncr easet'taﬁéc ﬂ_’fé‘l‘"'tofme Y ePemI8 nsircted VEEIP;FOBIRINING R s r ed pr ot ei n.
Early  polyciefén whichepsdqubhdevdtichding heatiti®B sBfatesaftigenaas as "transl ation
enhancers". . For exanpl cardioviral RNA "translation enhancers" are

descri bed’oﬁiﬁoﬂﬁdﬂpsﬁe%q(\aﬁl\mﬂ?ﬁ §RSOHIg hessReNIdETMANKES2/ 36856 Pat ent No.
4, 937, 19QiHyardrsata petvetade. BF%E;tSthéBQIgI&'_stﬁgnicp HHAAGEMBRX-of the/Lirdé® Lo

Boris-LawI'e. (00074 Some containing reporter cistrons have been
pat ent ed veetgmshungguakexpregsinpof the doyvostreprt ragrkengene sequence®pbtheand 6, 159, 709 to

Kome! uk) <ol idBlF ScRGIEBH pallgbH 1B pHsidh B1 i sRQIGKEBILT oni ¢ expr essi on

vectors is at rpes Vvirus; viruses nmay be used as well (See US
Pat ent 6,5¢@®n880). Konel uk di scl oses bicistronic vectors constructed by

e ool R el SRR BB SEL et o ap Tenort e

ar e separeapress tmltichaliOpolypeptides. For example, polycistronic expression of
multichain polypeptides is reported in US Patent No. 6,060,273 to Dirks et al.;
US Patent No. 6,033670 to Bublot; US Patent No. 6,096,505 to Selby et al.; US
Patent No. 6,143,520 to Marasco et al.; US Patent No. 6,153,199 to Audonnet
et al.; and US Patent No. 6,156,558 to Johnston et al.
[0006] Investigators have determined that levels of the second gene in the
polycistron are improved by the incorporation of an internal ribosome entry site
(IRES) between the genes in the polycistron. IRES elements, first identified in
picornaviruses, mediate the initiation of translation by directly recruiting and
binding ribosomes to a message, bypassing the 7-methyl guanosine-cap
involved in typical ribosome scanning. The presence of an IRES sequence can
increase the level of cap-independent translation of a desired protein. Early
publications descriptively refer to IRES sequences as “translation enhancers”.

For example, cardioviral RNA “translation enhancers” are described in U.S.



intercistronic linker region containing an | RES sequence. The first cistron,
encodi ng p-gal act osi dase, was translated via a conventi ond? M#3p2%8&pendent
mechani sm The second cistron, encodi ng chl oranpheni col acetyltransferase,
was translated only when the preceding |inker region contained the | RES
site. Thus, Koneluk showed that | RES sequences can nediate the transl ation
of a secwndy@pdea reading frame in bicistronic nRNA eomneswesssses desi gned to
measure cel lul ar responses to stress. However, only marker sequences were
utilized in the second cistron, as the state of the art recogni zed the

i neffici S I ] expr essi o d s in bicistronic
arr angerr?r]ﬁqé?thﬁ’[%@%@#@%cﬁ%ﬁ‘%’?@ﬁf?agﬂ%&gg g)%%ﬁg@gl %ﬁﬂyo&%(ai l'ifiable markers
usi ng pdgrsiLaviieni c expressi on systens have been described. For exanple, WO
92/ 17566 discl oses a hod.of co-transfecting host cells with an intron-

nodi fi ed IQQQHCt%eéRSger?tQ"@WQareBW% cistierRiayg Prep pateried: $Chidit erest . The

i ntron- nREXIAFERESDS Paterd NoS! 611 POSM ahd 6)F59,10926 K@nehlk).l Ohg ON into the
transcri bed region of a selectable gene such that the intron is correctly

spliced fIREmseadensRRAVIng knownrusg i pely@stronici expiepsion Megtersds Batofspl i ci ng of this
nat ur e rq% o ; f yn bei ng produced
fromthe | ntérséir']rbgmoltc]% ﬁ'g%gggfazct%a nggg g’g&@e?sgg%gﬁ'ggﬂéﬁ)t h unnodi fi ed

sel ect abl Korpelulediscases hicistroniviedters copstaucted byinserting pHalsetbsidasebl e gene are

produced caoncurrently with th r ot ei of interest, this nodel does not
enpl oy aﬁ'@&ﬁ@’m%ﬁﬂ%ﬂaﬂ%ﬁﬂ“ﬁ@&%ssé‘fRﬁ?@shse[qHE""%é'rqi%étpéi’&médsgene sequences and
t he desi riesling@rCMV prpmeiteresueh thattties wetcistrens blecseparatedtgitdags are driven by
separate .pro te.rg. 3 15 MAY, 2006 3/ 048306 FCT# USO%/ 36856 [ 0009]

Ant i body HEIERTERE Bilkel E56ig COntAnna e RS SagEEs o REIRRIOR. has been

di scl osedncsdiRg Q-ghIB&oéié‘é?steO%S fEmdIRed Vi@ dohdhtiGhdl Rhp-883endehtnkage bet ween

di hydrof ol at e Teduct ase (DHFR) and a nucl eoti de sequence encodi ng a desired
ant i body rpechanism. The seegng cistrab.cancodipg clorgmpherscl aeetyltrandfergse, The et hod of
Crowl ey ulds heireblunly sHaAth¢ breBediAy iiker Roh BOEinBd BENRES g i ve expression
of a selectable marKer sequence ahd a single sequence encodi ng a protein of
i nt er est .ThihKdmealwyshowad that IRES eequepcescaanamedidie the tremslatiorsefra ed downst r eam of

a sel eCts%gé]@&%ﬂ?eadﬂggf%m%’mib?&t%ﬁ ﬁﬁ&ﬁ&‘%@%@?ﬁﬁﬁ# @tron at the 5 end of

the DNA ruct . ntron was position he cytonegal ovi rus
i medi at enemsuteycepulanmespansé<Iolstreas dHoweeers enjy nader sequedcesywérbe ant i body heavy

Ch e e SR B AR R BB b B 7 " ko
pr onot er /R8badtedwittnexpréssiont kesind B quenges inmicistronis aradgehéens.e gene sequence

[0008] Additionally, the co-expression of amplifiable markers using

polycistronic expression systems have been described. For example, WO

92/17566 discloses a method of co-transfecting host cells with an intron-

modified selectable gene and a gene encoding a protein of interest. The intron-

modified gene is generated via insertion of an intron into the transcribed region

of a selectable gene such that the intron is correctly spliced from the mRNA with

reduced efficiency. Inefficient splicing of this nature results in low amounts of

selectable marker protein being produced from the intron-modified selectable

gene in comparison with unmodified selectable gene sequences. While

reduced amounts of selectable gene are produced concurrently with the protein

of interest, this model does not employ a transcriptional linkage between the

selectable gene sequences and the desired gene sequence of interest, as the

two sequences are driven by separate promoters.



driven by the CW pronoter/enhancer and Sv40 poly-A. Vectors containing the
| i ght and heavy chain sequences were |inearized and co-tr ah¥MAY2084 i nt o host
cells for expression and subsequent disulfide |Iinkage between |ight and
heavy chains. Thus, in order to obtain a conplete antibody structure
according to Crow ey, two vectors nust be constructed for separate

expr essi omoodnsse heavy and |ight chain conponents pirtdesast i body. This
method is inefficient due to the use of multiple vectors. [0010] The net hod
of Crowl ey exenplifies the |imtations on nmultiple subunit protein

expr essi i pposed by the.positional effect associated with traditional

pol yci sti&q@gpé@lw@g@imﬂ Ysingsa digistronic,exPression VEEtophas RRED on bet ween t he 5'

and 3' geReRséd eﬂamghm%afofs%thmg%ﬁsdrib@or@flidkagéraswe@hth whi ch commer ci al
scale production of nultichain proteins or simlar products of interest can

be gener gitwdrofolate paduptase (DHER)angta nysleotidesnguence ensoding Relegirett| oses

multicis l J | t l ressi on of genes

| ocat ed Iah cos rpgasgpao%;lg?%grscﬁégntrt §Rs§§%cg%jrt§:@r{gﬂg%n%h€bseﬁﬁglozl stronic

expr essi Gmowley titilizes PN doastaistst hayingedsingleoproawter tsdiivecexprassigents of i nterest,

such as PDGF- - i th | St . an..k. . | RES- dependent
transl at Iaggzelcﬁbféhr}galg&geg%ngga&xg&s%fgéeséeﬁggﬁcev %ﬁ%ﬁéaipgc’té'ﬁggd by a Xenopus

| aevi s S'irtBrestpThe héxivip chain oEthe eesiteat antibduyrwasdnserted dbiiisti20oof\d0O 03/ 048306
PCTI US02/ 36856, expr iLon of the second. cistron such that equinolar

expr essi 8ﬁ'98t?§'8i9§5?'m@ whigh was ‘?Igce‘gc‘,"ﬂn‘ﬂ@vaé‘dntmﬂ‘@%b? gi%‘pP&mec vectors may be
ar r anged DNA ésmsfr@dt! Tné intro wagpbsitiorietl betweeh e’ fforhédalovitug| obi n

sequence- second ci stron. s of Dirks suggest a

] [ ile the teachin f
met hod pfm@?‘é@@cﬁ?ﬂw’wr @_&%%Pﬁ@ﬁ@“%@&ﬂ%@d&ﬁ@%%&l ycistronic
expr essi paRf ch%mﬁﬁ'hﬁlﬂgﬁt'cﬁbiﬁ'q?t%ré?ﬁi&d} was\PreRH irte alsBBorid8@eldr NgS are not
considered By those skilled in the art to be a satisfactory solution to the
unpr edi ccamstiucied teplage the dghtchainsequenss uadgscertsql ghthe Y4Puguchi et at

(IRES—deﬁ.ﬂ,q& %s,ﬁ;g‘ i aTaT A t han

cap- depeﬁ ent%ﬁ@gfﬁgﬂgﬁ%& e%%lgl 0 fbn%ygﬁtﬁs @ggﬁgﬁggﬁé\%ﬁugﬁ@ Mol . Ther apy,
1(4): 376ragebythe CMV promoter/enhangesanda4dpoiywd ¥edtdrsi contajning the RES- dependent
second i j &Q:g? i j iLst gene

expr essigg iaﬁé@??@é&hﬁﬁ gggl\]/era Wgt{lﬁg?r‘gghggﬁ@-Fllgﬁggaggﬂ&%ﬂﬁtas ign Vivo in
mouse | i edls.for éXpEESsidn @apd debrsequert disdifige linkags between bightmaddeavyf rom 6 t o 100% of

e " S HRang BUeR oM GRAR A BB e okefRe P ePcr o, Senes
was posi Crowley tWo vedtors must becdristructed fon sepavate expressidn efthe@teavge expressi on of
gene pos Ialt'ulj ﬁé]ﬁ%lhglr? %%Eén%%@ of the antibody. This method is inefficient due to

the use of multiple vectors.

[0010] The method of Crowley exemplifies the limitations on multiple subunit

protein expression imposed by the positional effect associated with traditional

polycistronic expression systems. The imbalance of expression between the 5’

and 3’ genes in a polycistron reduces the efficiency with which commercial scale

production of multichain proteins or similar products of interest can be

generated.

[0011] U.S. Patent No. 6,060,273 to Dirks discloses multicistronic expression

units that allow equimolar expression of genes located in corresponding

cistrons. According to Dirks, bicistronic expression vectors may be configured

for expressing two genes of interest, such as PDGF-A and PDGF-B, with the

assistance of an IRES. IRES-dependent translation in the bicistronic expression

vectors is aided by a Xenopus laevis 5’'UTR B-globin sequence that enhances



[ 0013] Moreover, Borman et al. noted that the efficiency of | RESes to drive
cap-i ndependent translation of a second cistronic sequencés ¥AY §keat | y
affected by the type of cell chosen as the expression host. (Conparison of
picomaviral [|RES-driven internal initiation of translation in cultured cell
of different origins. Nucleic Acids Res. 25(5): 925-932 (1997)). Dramatic
vari ati orsobsmnageod i vity were noted for individual | RESedopsesnts of vectors
transfected into different cell lines. [0014] These concerns with the
unpredi ctabilityof downstreamtranslation of sequences in polycistronic
expressi on syste are rtjcularly pertinent to.the .efficient production
of anti b&efP'é?'O'hgﬁt‘%ée@EaFﬁl'B? s‘l'qhdﬁ"['t eaHm9pr exPrrssion of gistiops qexpr ession is key
to ensurignd 20§ adMsved TtHeIEItrdn® viictiss MBFDE B/ ARIedAB as followdi S regard, Horwitz
and coworkers concl uded that because sone ant] body |ight chains are

nat ur al | proreeer-frstaistiondBES-Proiebin sequepea=8eroBd cisien.pr oper associ ati on  of

| i ght . TG : ti f at |east
sone. nndp 0 g Bacrindd BT Sladeth 4 MY of FRMIEFARS L 0" 0% Zecr ot e
at di f f énefficiency asdosiatedWithumilyctronic Exprassior ¢f-sbmemuttichaini pdsteinVbl . | mun.
31(9): 683: 699 (1994)). 5 15 NAY 2 WO 03/048306 PCT] US02/ 36856 [ 0015
it of et HRIES. 1 fegotihds oré rpEed Pt R ARIRY MR PECLPER of the sccond
Ci stroni Gatjstautory Bolutish tbthd arédictalsiity of dowdlstheath Cistrbi expressapr essi on vect or:

cw ronot er - ant i | j ght , chain gene sequence-| RES-antj body heavy chain
ShtuehcoMgiayaah ab 18Es deliden! Baand Geta SoH s s UamFeAM P ARo o0 ol

ant i body thargapaiepbhdent firshdehe ERDIRssiblY rd BieisPonicLlechor: MA2theftzsy, (1997)) . Western

blotting indicated a _substantial amunt of |ight chain was produced by this

d
const r uct! 4ot 16o¥j2{4pil 2090)drvestigntedihg effisienaoftEPslegerdant s, but heavy chain
Pr Ot &1 N WBSAER WHBLRSH lRbMparkeh il apLiEpadRR o aRRAL | | cal |y desi gned this

dicistronic exXpression construct to inefficiently e€xpress the heavy chain
due to @cxpressionsinyimUp senesal cultured celldings ay welhasi iadvorp mawpelivesd heavy chai ns.

Conpl et eypeg Qﬁérid%c ecOY 4dHa! ;)(Fr%s%ﬁ Fanbgd F6M%to!180 OWS%}‘ atant of these

cells only after ol unmm Puritlcation, “suggesti ng vect or/cel |
conbi nat iexpressiom dgpendingripaa whichrcel typesianchegparier geoels wereafsed ivoi ce on a

cComer ci . ] s' know edge,
an eff ec? R} rén‘@gwsf' E'fgdogqoggﬁgljsgagecqo&n%p@ 6%%‘"%8{% %ﬁ%‘%’%&‘éﬁgﬁgl ns, such gs
ant i bodi dse bicistromir \vectorsiaffeetedibé gxpressiomof gere positiohed downstieam. sui t abl e f or

i ter at utte 3 HRey8r BRRRREiEy oolitnalhe ey ot el 8F¢ L7 Gauc ng.
commer ci ghpinhdeperiehttrinelationold secohd Bistroriosigenddwas grestiyhiffieatall host cel |
Systenms, bly ﬂ\evw;l)ecgf c%ll ?:M]s%l'n eas ?r?engxtprrgs%llon %Xt. lz(Q,orlrJut):I;vrligo% % pi]::gl;?aviral

IRES-driven intemal initiation of translation in cultured cell of different origins.

Nucleic Acids Res, 25(5): 925-932 (1997)). Dramatic variations in activity were

noted for individual IRES elements of vectors transfected into different cell lines.

[0014] These concems with the unpredictability of downstream translation of
sequences in polycistronic expression systems are particularly pertinent to the
efficient production of antibodies, as }he ratio of light chain to heavy chain
expression is key to ensuring proper antibody folding and secretion. In this
regard, Horwitz and coworkers concluded that because some antibody light
chains are naturally poorly secreted, the co-expression and proper association
of light and heavy chains is important to the efficient secretion of at least some
whole antibodies. (Chimeric immunoglobulin light chains are secreted at
different levels: influence of framework-1 amino acids. Mol. Immun. 31(9): 683-
699 (1994)).



expression of two or nore desired protein products, such as the |Iight and
heavy chains of a desired antibody. SUMWARY OF THE | NVENSIMAYRO®17] The
invention pertains to the expression of functional (antigen-binding)

anti bodi es at adequate | evels of expression via a polycistronic expression

systemin a eukaryotic host cell. [0018] Mre specifically, the invention
rel at es two @hessesxpr essi on of functional antibody nEcrasbessssn eukaryotic
cells, preferably mammalian cells, fungal or vyeast cells and still nore

preferably (Chinese Hanster Ovary) CHO cells, using a polycistronic

expr essi stem [0P19], An_aspect,.of .t.hi referr e i ment of the

i nventi o%@i/t hﬁemg&g&e&lpSﬂaloqe%pﬁ?gclp?fgﬂgdt%éﬁrteﬁﬂgrapﬁtge F%% nmmal i an cells
usi {19 a pelrorié géreonite ﬁlldzﬁndv@éﬁt_ oﬁﬁ@@N?@i&bﬁbﬁi&&gP@sﬁéﬁ {liéégﬂ?CW?Sfi exltoressi on
system conpri sing a, eukaryotic pronoter er i nked, to at | eas one
ant i body PIOmpigr- Q?‘W'B_ b‘f’%‘ﬁ’ @@aﬁém%ﬁggﬁmﬁ@ggf‘%‘ﬁé’%ﬁﬂti body heavy chain
f?Odl ?9 S§ RHEES@p?I%I{éFr]xSﬁdh SigHa (FXprdsbiBR ¥ & RRAbMBINaACHE YeMmapr € Separ ated by at
east one n

) . hi's expressi on.systené_’ theﬁ&gne that is 3 -nost of the

pr onot er anfibody fromasbigistrania mNAs Hybridama, A6SE A4 26 (19979 Wiestern codi ng

sequence itk | : : each gene is

prec ededﬁlgging |r{Sof[|H;aFé?JOA %%%h{@%g{ o@ﬁ@ﬁg&ﬂ%ﬁ%g%a??%é@gg&;ﬁy f)’.'F%OZO] Anot her

embodi npmnspﬂctfdQWiqgﬁmfepterntw\mm nayefpoiaeslls t bub heavy cbaipr e;lsi onI _unikt i
conpri si . [ ] r rably i nked to an
ant i bodyﬂﬁédrﬂwggﬁeg?w%g |r%e's@%ﬁ@ﬁ%@%&%@g‘sﬁc&g@%@egw s: start and a stop
ﬁ odon, 1;] oi_cistvmg eXpressioh constnumt iaffﬁéih;llly)exllilew%\edieav?hwdd uegoseq ;Je nc esa Each
eavy chai n coding, ,seguence .is S anke a start and a stop codon.
Each pai F°'19P"ﬁ@é’9§’ 'Pﬁg?eﬁq%%'rgﬁ’g %WP@@&E%@;?Q?'&?Q‘B?Q& | east one | RES,
pr ef er abfuncidhatl afibodies werdl detdctadsin tieLstPematahtioftese ey aferocar diti s virus
or poliovirus. ;The DNA sequenc codi t he anti body *i ght chain is

pr ef erabF‘}Ju’T‘%PB?fé@g% s‘elggeé&?%t&ngEgHﬁ&ﬂgg"_ﬂé’f)m@@ﬁm&’b‘?_f PORE 1:2 relative to
the expr goaé196r @bdudindtantbiuisSsT¢atieE of B coRimeecidifaisefif ddardy heavy chain. Mre
prefer abl({m the anti bod%ej ight chain will be expressed at ratios relatively
bal anced{0f16h Fetschest ofithe inwenterskpowledge. an effegtive meapsfelhout 5/1 to 1/1 and

still mb@ﬂ?&iﬁ%ﬁhé@n&l AGsHainPréteirs Csubh bs afftsbdis! béin&yéﬁ%@referabl y about

1.5/1 to 0021] Anot her 'enbodi nent of the inventioh is a eukaryotic

cel | | i neolycisteomicaexpeessigpisysiem isuitablefor ¢amipersiabpredustionschemeasbody, wherein
expr essi j i } I o] i St : i bed herein. In
il pefgéls rg{rett%@ééj Pﬁé\}\tednr{?%e? E’nethié litdrfAurBC THES, SRl eRstsI6 4

efficient means of producing commercially acceptable amounts of antibodies in

recombinant host cell systems, in which a single construct may be utilized for
expression of two or more desired protein products, such as the light and heavy
chains of a desired antibody.

SUMMARY OF THE INVENTION

[0017] The invention pertains to the expression of functional (antigen-binding)
antibodies at adequate levels of expression via a polycistronic expression
system in a eukaryotic host cell.

[0018] More specifically, the invention relates to the expression of functional
antibody molecules in eukaryotic cells, preferably mammalian cells, fungal or
yeast cells and still more preferably (Chinese Hamster Ovary) CHO cells, using
a polycistronic expression system.

[0019] An aspect of this preferred embodiment of the invention is the
expression of functional antibodies in mammalian cells using a polycistronic



pol yci stron conprises in the 5 to 3" orientation follow ng the CW
pronoter: a secreting signal; an antibody |ight chain codiMgY3¥uence which
conprises a start and a stop codon, but which does not conprise a poly A
sequence; an |RES preferably selected fromthe group consisting of a
cardiovirus, poliovirus and a herpes virus; at |east one anti body heavy
chai n coovognssguence each operably |linked to a secra@atusogesssgnal sequence;
and 3' of each heavy chain coding sequence an | RES, preferably sel ected
fromthe group consisting of a cardiovirus, poliovirus and a herpes virus,
| RES, and a poly sequence contained at, the 3 d .of the gene |ocated at
the 3 eﬁ@'@%‘qwéﬁm Rlising 3 curaryalit oMoty Bhaebty inksd dadeastT Usoz/ 36856
Pref er abpye aﬁib@%ﬁqmeﬁéiﬁc@cﬁﬁd seRBic dhd IdabEorentiBodytHealy tHail secrete about
5-100 picograns of functional antibody per cell, per da%t.éy Preferably, at

| east 1- Soding sesyenrGes Whereisuch aptibody godiag seauepcesdare senarateg by aljay over  at

| east a i s rd fuenred wents, the eukaryotic
cell is %%%@gﬂé? '8?"'?%52%5" éggﬁn’, l%.%’n? ﬂ%ﬁ(‘:{?a. i 0052 Anot her enbodi nment
of the i prosotérdms atitsa3’ terminus@ poly Aaeavencetheopthencsding sequenses onpri sing a

pol yci st | L0 | ponal anti bodi es.
Uect or o Bt BofeHicRIZ0CpaY R SEMenE o0 oK KiHchlod By BRA T, ol on' may
be i nt r odedoadind ehds witltea stoproatioran or yeast cells. During cell culturing,

desired nQus, DNA ;sequenc may be introduced.to target nanmalian or
yeast Ceﬁbg,g]esgeﬁh?r@qbo@ﬂ%%ﬂ@ﬁgl fan proy eesra}%cqushpglct he genone of the
nmamal i agxpressioramit colising i thosb GUdiresticrene MV prometer opérapigndi ng upon the
sequenceE'r enpl o%/ed, fup(ﬁt‘l onalﬁgfmti bodi es ma,g/ b Eﬁgcovered fromthe bionass
of the ¢ Hedé‘_h?_ﬁ‘i‘t@_‘)ﬁY ' ghaip n&geﬁqugme(tngté ﬂ%g‘f&ﬁ _asf?éttarﬂ?& of integrating
genes at sigpesddn, follsWéEBy brik 6HcHe ¥Rlilody hBad): challedbdibiseduenesd.| s vi a honol ogous
reconbi nati on and vectors suitable for such reconbinant processes are

di scl os eﬁaﬁ”hhe@.VYS.Ch%F%@Q reqwenas 19 ls0 ﬂaused@ymrsw, aglgpcodpng 13, 777 t he
entire Cg?{%fg%%iﬁof‘%a%hﬁm COdfRg'sBqitneed @tsﬁgarafeﬁ%;yrét Rystopbaregce. [0023] Yet

anot her ment I's a method of producing a functional antibody

conpri si Bgfesahly thet ef eandieyifis: such @s human gpeepbalamygcanditiilus @n or yeast cells
cont ai ni RG: B RO ARl QR i : anti body |i ght
and heaveg ?ﬂ'&% h#g‘%gﬁgn%gg%cgﬁﬁ%@o@%a ﬁﬁb;;d? H%’it? ﬁ%‘ﬂgﬁgﬁ I bodi es fromthe
cel |  cuéxpressed aha ratiomangdingtetwean 1hband: &2 melgtivedo thecaxpression of bat ch fed cel |

e o = BonA S et Bl SRR HOR ABRRNERAC | o5 T
cul t ur esantibodylight bhaih willdeexpresedsataatiosrelativelytmlarnicyd aiintespedted can produce
reconbi n%%e heavy chain, i.e., from about 5/1 to 1/1 and still more preferably about 3/1

to 1/1, and still more preferably about 1.5/1 to 1/1.

[0021] Another embodiment of the invention is a eukaryotic cell line, such as a

CHO cell line, that secretes an antibody, wherein expression of said antibody is

via a polycistron as described herein. In one aspect of the invention the

polycistron comprises in the 5’ to 3’ orientation following the CMV promoter: a

secreting signal; an antibody light chain coding sequence which comprises a

start and a stop codon, but which does not comprise a poly A sequence; an

IRES preferably selected from the group consisting of a cardiovirus, poliovirus

and a herpes virus; at least one antibody heavy chain coding sequence each

operably linked to a secreting signal sequence; and 3' of each heavy chain

coding sequence an IRES, preferably selected from the group consisting of a

cardiovirus, poliovirus and a herpes virus, IRES, and a poly A sequence

contained at the 3’ end of the gene located at the 3’ end of the polycistron.



protein for at |east 12 days or nore. See, for exanple, U S. Patent
6,180,401 for a discussion relating to the output of recdhMA¥HO6protein by
cells growmn in batch fed cultures. 8 15 MAY 2006 WD 03/ 048306

PCT/ US02/ 36856 BRI EF DESCRI PTI ON OF THE FI GURES [ 0024) The invention is
further illustrated in the Figures discussed herein, wherein: [0025] Figure
1 depi ct swaosmbpesati c drawi ng of a pol yci stronic exppesssodtssscconst r uct
encodi ng HUCC49, a hunmani zed anti-TAG/72 anti body; [0026) Figure 2 depicts a
schematic of the NEOSPLA vector and the situs of the |IRES between |ight and

heavy chai n sequences; [0027] .Figure 3 depicts a schematic of the NEOSPLA
vect or i nTeisrably, aieHkaney I‘ﬁﬁﬁ%’?tﬂ'” 9&1%9039)1&59%&@&/%&%? ﬁb%héogequences are
| ocat ed igicogiamtiedtiitaonal bhfsodg pemdell gt day FrefeFdbRS at EAR3H Figure 4 is a

Sout hern bl 6t of polycistronic HUCCA9 (A18-resistant cell isolates 22E6 and
22B6 pr otRigegramsofantitody ane seajeted aerreell [rpoday ovar gtileasts gogtinuogsut her n bl ot  of

polyci S%hﬁe@%ﬁ\ %%%eﬁ%ﬁ&%%@?hﬁ?ﬁk'euké@&!ﬁeﬁ% EAS ag, 22H10 probed

with Hu ai N an I gure 6 shows the sequence of expression
const r uctyebstCel@®.guichia. i s a humani zed anti body that binds TAG 72. [0031]

Figure 7 L i ucti o | ygi stronic expression
construct[ﬁ@imloﬁ'gl' %%‘Ib&ﬁ@eﬁt;d\?gﬁeﬂﬂgeh.%h%a @H@l{ecogtn(%gr\réﬁ‘aﬁg er sequence VL
DNA oncogs ng. anLs ROty var§abl & peavy chat - L00S] Frur b fodepi cls &

i [ y varl v in.. i gu pi cts
pl asni d, W?"M}éﬁs%‘:tf)[? @B%Mycgtrow& %‘i'eé'"’]f:?%ﬁ‘g?”ﬁ&tpor according to
t he i nvenké pventibh Akglbefntesducedinfané ﬁianﬁndlia@onyb“dsewlsaghﬁh%muence of PCEMPTY
A4 plasmd, [0034] Figure 188g§g| cts a smd, PCEMPTY B, used to

, 4] pl asr
const r uctcubiuringofiesired exegengus, quEREest MY Be inrofuged ie fas9et [ 0035] Figure 11

cont ai ns chiimaNiapl g yEastebifs, SRMURAERogENolS BNAligmebAed iRfeRMTY B. [0036] Figure
12 depicts a polt‘gl stroni c vector according to the invention, Polycis 2

whi ch exgeaese of thg mammatjap/osyeast pelvigrhomolegaus recpmbinatianns t he nucl eic aci d

sequence mipefliid-tSorth¥ seflencéLethdibyeadiuhftioRal Afibsdiés Magber - ©
recovered from the biomass of the cell culture or from the cell culture medium.
Methods of integrating genes at specific sites in eukaryotic, e.g., mammalian
cells via homologous recombination and vectors suitable for such recombinant
processes are disclosed in U.S. Patent Nos. 5,998,144, 5,830,698, and
6,413,777 the entire contents of which are incorporated herein by reference.
[0023] Yet another embodiment is a method of producing a functional
antibody comprising culturing eukaryotic cells, preferably mammalian or yeast
cells containing a polycistronic expression system that expresses antibody light
and heavy chain sequences, and recovering functional antibodies from the cell
culture. The functional antibodies may be produced in batch fed cell cultures at
levels suitable for therapeutic use under conditions optimized for maximal
commercial output. For example, CHO cells grown in batch fed cultures in
which glucose levels are continuously controlled can produce recombinant
protein for at least 12 days or more. See, for example, U.S. Patent 6,180,401
for a discussion relating to the output of recombinant protein by cells grown in
batch fed cultures. '



15 MAY 2006 WD 03/048306 PCT[ US02/ 36856 DETAI LED DESCRI PTI ON OF THE

EMBODI MENTS [0038] Prior to providing a detailed descri pt 1dMAX208f ef erred
enbodi ments, the follow ng definitions are provided. [0039] "IRES" or an
internal ribosone entry site, neans a region of a nucleic acid nolecule
e.g., an nmRNA nol ecul e, that allows internal ribosonme entry/binding
sufficienyobsassd tiate translation in an assay for cp@risgsspgndent

transl ation, such as the bicistronic reporter assay described in U S. Patent
6, 715, 821. The presence of an I RES within a nRNA nol ecul e all ows cap-

i ndependent transl ation | nked protein-encoding sequence that otherw se

woul d notBRIEF DESARIRHEN, O‘f ﬂi‘g FéGHBEé" first identified in picornaviruses, and
are Cpngompeerh& hﬁewnaéwﬁbif msstﬁgeéatl gﬂﬁgﬁé{&i&m}s& feréhi on. The 5' UTRS of

all pic ruses are long and ne atlo initiation by directly
recruiti r\gwerejmd bi ndi ng ri bosones, thereby circunventing the initial

cap- bi nd Bhem nd in viral nRNAS,
and are are (r)eu{ng %l'ﬁosn Vlftg:ﬁf%kﬁgﬂﬁolyéése Erbt&héeésé{gﬁ viral nRNAS shown

to cont alcnnstfmtmtcodmnguCREs ahwnmanided anti-TIAGTRrantibedyect i ve 5° UTRS i ncl ude
those en g |,.obul ndi n rot ein (BIP) (Mcejak,

¢ " 306261 R iyre2 G6iss § sobamatE R e NE OO B g i = (O S K et
aI , GenQﬁelRESbetﬁee'hQ@Btﬁﬁj Keh a)éms gnddst r abi t horan (Ye, X et al., Ml.
OeII | . 17:1714-21 1997 romh factor 2 (Vagner et al.

? 2Eﬂol’:'guflf’s:3 depicty a scht @5" °fﬁ}?o'\?é(§§élﬁ§"9%t"bw hiclsan et al., J. Biol.
Chem 27%5@ éb%m( 3%«)heéw(bhﬁlh@ené‘ﬁé‘cgﬁé&é‘relﬁéﬁteﬁmﬂ”brU et al., J. Biol.
Chem 272:32061-6 (1995)); Stonel cogene 16:423-8 (1998)); "Vascul ar

endot hel |"éqepg'ﬂ®mtfﬁﬂs§'éﬂt@ﬂa|(°€§§ﬂ}95(8t ein J. et al., Cel | . Biol.
18:3112- 3?62%?9&?9&9 ARl %Merh BB?O fibric %m@@mgbﬁdls‘i’é’rﬁ cefggquence or
structur arity to | erices or to each and therefore are

i denti fi deplates ZﬂfﬁandﬂeBﬁprQhedlwm 9 hapwt ¢hain;known 1 RES is the XI AP | RES
di scl oseg d'@‘lﬂl F@u oK. %&%&q&&éfﬁ é’o?geﬁy Jc@ﬁ?rlgﬁﬁﬁbﬁg GQMB-rggls?&ﬁr&ﬁl? in its

enti rety anslation™ néans that 7-guano
7- met hyl gpmmm andﬁﬁHﬁﬁetobbd\Mthzmé}ﬁMQaBa\lmam' angnd of an NRNA ol ecul e in

oL sodotin Pl LARS'RA58BERER SRR KA MBIl 1o, A, 2000 VO
7- met hy| dgiahaaanizedcantibody thatdtindsd@ 72d for transl ati on of the nRNA nol ecul e.
Cap-| nde?&&qfn%gur gch%Ha?cally depicts construction of a polycistronic

expression construct according to the invention. “L” indicates a leader

sequence V, indicates DNA encoding an antibody variable light chain and V4

indicates DNA encoding antibody variable heavy chain.

[0032] Figure 8 depicts a plasmid, PCEMPTY A4, used to construct a

polycistronic vector according to the invention.

[0033] Figure 9 contains the nucleic acid sequence of PCEMPTY A4 plasmid.

[0034] Figure 10 depicts a plasmid, PCEMPTY B, used to construct a

polycistronic vector according to invention.

[0035] Figure 11 contains the nucleic acid sequence of the plasmid

PCEMPTY B.

[0036] Figure 12 depicts a polycistronic vector according to the invention,

Polycis 2 which expresses HuCC49 Gly/Ser.

[0037] Figure 13 contains the nucleic acid sequence of HuCC49 Gly/Ser

contained in Polycis 2 vector.



mechani sms i nclude ribosone re-initiation, ribosone shunting, and internal

ri bosonme binding. [0043] "Cistron" nmeans a "codi ng sequendeMA¥208equence of
nucleic acid that encodes a single protein or polypeptide. [0044] "Reporter
cistron” means a segnment of nucleic acid that encodes a detectable gene
product; which may be expressed under the translation control of an | RES.

[ 0045] " Reposdssans gene” neans any gene or transl at abl pecymusedt/siss aci d sequence
t hat encodes a product whose expression is detectable and/or quantifiable by
i mmunol ogi cal, chemical, biochem cal or biological assays. A reporter gene
may have e.g., one of the followng attributes: fluorescence (e.g., green
fluorescent protein), toxicity (e.g., ricin) enzymatic activity (e.qg.,

| acz/ bet N ES DESERHIEFIONWOF TREEMBODIMENTSPheni col transferase), and an
ability to be bound by a second nolecule (e,g., biotin or a detectable

| abel ed dA9IB}oRyipr to qrmh@qadﬁaw@ﬁnptﬁﬁaﬁereéerr@pmmmmn@@&mme sufficient to

direct t regiwm d@rhu%hsa ﬁ;vﬁfeébl y in a eukaryotic cell. Specifically,
i ncl uded are pronoter e rrents that are sufficient to render

pr onot er -[6€393 ndIRES” gearcintetmal dbesome endnyisites megnisa region of @ alidleic ype- speci fi ¢,
tissue-s t f | bI e by external
signal s (F;ar%%a';‘gdgg?uéeégugw@n@nﬁgﬁl%@&bmgggﬁ %rﬁbﬂgﬁﬁ or 3" or intron
sequence entrgbinding stfficientdo initiats taansgmﬂmm d?ras&ey foeda;ptrﬂap&mlest for use in the

i nventi on cl.ude vir nma i an_and ye that provi de for high
| evel s of"@ B% #%E‘?%‘r‘?s%é B'C'S%WPF%W M Bﬁ%fgﬂgyﬁeaé al cohol oxi dase,
phosphogla(pﬁrgzm flﬁépreﬂémféﬁf%h IRE8Withina mRENAhdeRIFIRWREEs-S, gal act osi dase
pronot er, adeno-associ ate ksreglpggronoter bacul ovj rus pronoter, poxvirus

pr omot er '"qe@F?‘!ﬁ'/"H’%ﬂs PR eiR§0eadirg ssaueRfedhat othepuise pr onot er  HVG

" hydr oxy iyt bairaﬁéréte@erms‘uew&b 1Pt RIBREAR in E;iéo.(nfahmbshaae akd nase) pronoter,
7.5K or H5R poxvirus pronoters, adenovirus | ate pronoter, al pha-

ant r ypsi opsidered the paradigna for cap-indepandent "'ﬂnﬁ'ﬁ{mbgﬂt%% ILITRSrﬂf gloter, CFTR

fact 11 15 NAY
5006 Vo GEPEFRIERES Bre Pheii Beflal 0'8'?1"?‘3"'Eﬁ'%?‘é‘i@f‘?:ﬁ*ﬁ%‘%?@?fﬁbﬁéans 2 DNA
constructandbmmmbﬂ@ms thesedry ciseumveptingiibe énitiab gep-bioHipgistepked to a downstream
gene 3&6&2 ?F$E§wm%ﬂg'd?9fr{a )é{ounﬂﬁr\ﬁrhﬁn NAg Qﬁd)g;gg%lynay be oper ably

i nked t nor e nes o rons eac préeced a start and
foI | owed fawnddn eOmpral:mﬂtNAs ‘ITroedaM e‘lﬁnonrwrermRNAS sbmwn&smmam vector into a

oL P et e pneBUNT VS e iSR! ool ool
immunoglobulin heavy chain binding protein (BIP) (Macejak, D.J. et al Nature
353:90-94 (1991)); Drosophila Antennapedia (Oh, S.K. et al., Genes Dev.
6:1643-53 (1992)); and Ultrabithoran (Ye, X. et al., Mol. Cell. Biol. 17:1714-21
(1997)); fibroblast growth factor 2 (Vagner et al., Mol. Cell. Biol. 15:35-47
(1915); initiation factor (Gan et al., J. Biol. Chem. 273:5006-12 (1992)); protein-
oncogene c-myc (Nambru et al., J. Biol. Chem. 272:32061-6 (1995)); Stonely M.
Oncogene 16:423-8 (1998)); Vascular endothelial growth factor (VEGF) (Stein
J. et al., Mol. Cell. Biol. 18:3112-9 (1998)). Cellular IRES elements have no
obvious sequence or structural similarity to IRES sequences or to each other
and therefore are identified using translational assays. Another known IRES is
the XIAP IRES disclosed in U.S. Patent 6,171,821, incorporated by reference in
its entirety herein.

[0041] “Cap-dependent translation” means that 7-guano, 7-methylguanosine

cap must be present at the 5* end of an mRNA molecule in order to initiate
translation of the mRNA into a protein.
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expression vector. Expression vectors include e.g., genetically engineered
pl asnmi ds or viruses. [0048] "Transformation" or "transfectiMAY2p®fers to

i ntroduction of a polycistronic vector or construct into suitable
eukaryotic cells for expression of genes therein. [0049] "Eukarvotic cells”
refers to any eukaryotic cell which produces or expresses genes of interest
usi ng t heydpeigoest roni ¢ expressi on system of the i nm&nidoHsksseThi s | ncl udes
by way of exanple manmalian cells such as CHO  nyel ona, BHK, imune cells,

insect cells, avian cells, anphibian cells, e.g., frog oocytes, fungal and
yeast cells. Yeast useful for expr essi on |ncI ude by way of .exanple

Sacchar onf943] ‘Saprindepeadant > megnsdhata Amethyldyanesine cepris| opsi s,

Yar 1 ow a.noPleliie foP¥: r%lat.oﬂi’afthe %RN’A Jn»sue&m@f €hp ﬁf&eﬁ@ﬁﬁm {r&Hs)RRT €SS on

i ncl ude net h ot ro east strains, e.g., Pich pastoris, Hansenul a,

pol ynor piegchanisms mclgcjen rarli"tlatpnmhoaorn%ﬁm\\mnog,uam inteinghi a i nositovera, et

al . (Segbgscgn Hd' Patent 4,812, 405, 4,818,700, 4,929,555, 5,736, 383,
5, 955, 349, 98@ , (68, and 6, 258,559). These and ot her patents further
descri be [0@3pmiCistren” meansarieddingsseqeertaharsegyersiegfaliceis egid¢inates, and ot her

regul at or e es sef ul  for.facilitating heterol ogus gene expression in
efjoodeS h Sdichip LAt o REP s

yeast, e. the present invention. [0050] As is
appar ent [bo4am &_@Irteséuﬁmn mnsélsggwﬁem@fnmém@tr&eameea useful  for
produci ng, t he anti bodi es uE Q?vmg: eg Ci stronl o exgres& on system of the
present [d8testablegengRiPdyel: WhiC erexpieRsednskthe drnglatiangoB®! sour ces. For
exanpl e, opayfRE®LtY of human anti body genes are available in the form of

publicly accessible deposits. Many sequences of antibodies and
ant i bodylmdd@g@ehw_mes BRLIENG @6 Irargiateble Aucleic iacidispauensei body genes can

be synth in
Al t of nat ?’?é?@gwfgﬁ?.rﬁb&ﬁ' S %35@213%@3‘#2% 4575 bRBB8EE' Uy 03/ 048306
PCT/ usozﬁmmas@ogml memmréwb@nadwrb@log@almsm rfyrepedendenaes wel | known to

the oki | 168 AL b3 0ne oFHEIL B UANGS. HGeURREE 15 doldpa vari ety of

| aboratory manual%e %an rcatrons P respect, techniques
sui t abl eﬂhonesa:mtepnoteut)hexibitw(erg: i rigim) aazym&samtlvlbye(h delacobetae described in

Current Prptocols 0 ap et al Green Publ i shing
hosoc at SBLRYG eferiy A e iencoL iR eEeL 3nd 20 IO e vor k. (1001)
whi ch i s boerticcbya sevond pletuledeldy, biotih eredetectaueuatmleﬁrantub@dyy i ncl udi ng
suppl ene [ 005 It will further be a at t scope of this
i nvent i o:ﬂ&f‘{ﬂ h&%‘l’@ﬁdﬁm&@g‘"ﬁ? Seaenes 'c'%?q ‘gﬁ"t‘:in 'lr‘hﬂ"ati ons of the
DNA sequepRgeably @58 eikapbtic cell. Specifically, included are promoter elements that

are sufficient to render promoter-dependent gene expression controllable in a

cell type-specific, tissue-specific, or temporal-specific manner, or inducible by
external signals or agents, such elements may be located in the 5’ or 3’ or intron
sequence regions of a particular gene. Preferred promoters for use in the
invention include viral, mammalian and yeast promoters that provide for high
levels of expression, €.g., mammalian CMV promoter, yeast alcohol oxidase,
phosphoglycerokinase promoter, lactose inducible promoters, galactosidase
promoter, adeno-associated viral promoter, baculovirus promoter, poxvirus
promoter, retroviral promoters, adenovirus promoters, SV40 promoter HMG
*hydroxymethyliglutarylcoenzyne A) promoter, TK (thymidine kinase) promoter,
7.5K or H5R poxvirus promoters, adenovirus type 2 MPC late promoter, alpha-
antrypsin promoter, factor IX promoter, immunoglobulin promoter, CFTR

surfactant promoter, albumin promoter and transferrin promoter.
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herein. [0052] As is well known; antibody-encoding RNA may be isolated from
the original antibody-produci ng hybridoma cells or from & MaY 200&nsf or med
cells by standard techniques, such as guani di ni umi sot hi ocyanate extraction
and precipitation followed by centrifugation or chromatography. Were
desirable, nRNA may be isolated fromtotal RNA by standard techni ques such
as chromuoousesphy on ol i godT cel | ul ose. Techni ques BaI/tsableeséf or t hese
purposes are famliar in the art and are described in the foregoing
references. [0053] cDNAs that encode the Iight and the heavy chai ns of the

ant i body Re nmade, either si neo separ at usi ng reverse
transcri gﬁ@éé M%ﬂé%&ﬁ ﬁl‘%‘aﬁqﬁ |rwf %@F?'Yei(novm nmet hods. It
may be i prémétesherably FREG BB dewRaBathgehe, loixion or RNAraaam%NAgm nore specific

primers based on the published heav and I| ht chain and am no acid

sequencedierais, the promotes may heaperablydin Ee genes of 61SIrR at e DNA cl ones
encodi Ng eabie prdbddatiVa sthrdakd fonmemmosaadd?ﬁ TrarstdcBbsoaAge | i braries may be
screened by consensus primers |"ar ger honol ogous probes, such as nouse
const ant eXBrgEYRN yactasdnio a[rmqqtcam' enedaryolc rely . anemmalialy chai ns may be

i sol at ed, Y. I RABhedd: cells as descri bed
her ei n, reﬁs%@?déﬁégnyénagtwea"&% tﬁ%ég"éghg‘gggﬁ acc%Jr "B!:taﬂb\?m th standard, well
known te(eb!meqslesve;mr Eupresswmvecttm alICIudengt lgenétisatiyenginperask er ences rel ati ng
to recontra s%&gchnl gues. course, the DNA may be nodified according
to the p nv ion at any poi nt during the isolation process or
subsequernooaﬂlal"vranﬁormbﬁodﬁarm(\s%ﬁﬁm VéPe336 iMddaddioRolra USO2/ 36856 [ 0055] Wil e

t he |nvent i tions, and e for .an ant i body, or

| ndeed aRMHEIRLTRSTH op b mf Bl eaGnls IR SBRIRLY are  di soi osed

her ei n. @enmmymineotl de synthesi s techniques conpatible with this aspect of
the inve 353 gn,p to the kllled artisan and may be carried out
usi ng an@“ﬁ‘%ﬁ] '?\g'qu%ﬁq?gﬂyeﬁv W%‘@"M%r?é?%%?’nt hesi zers. In

addi ti on exhliéses H@Q@ﬁﬁe@@ﬁwﬂ'\ e peIyEIstAdnid expRsssioh spstambfied | i ght chains set
forth herein ca(r%lﬁbe obt ai ned t%ﬁ :%% t he services gfﬁ commer ci al DNA vendors.

The genetNvential: dhisncldes By way of gxariple mpammaliap gelissugh as k§Gret hods may then be
al tered oy er&@a hnkduﬁrﬂm@rc% q'r?seaméum@iaﬁ%eﬁsommbt&hece tg*gthe present

i nvention desired use such anti bodr es. L ‘A vari ety of

differ entfrogppaéesqunsnltarﬁdga@§eHﬁaquaét@eﬁﬂf%@é@remmdu% ywaythe instant

inventio fers to assenblies

whi ch ha\IE/Se é?ngd@% cant E%s\}\%eékg% har&ﬂ%ﬁﬁ'ﬂ%dg&@ beéeangicfar vity to an
Torulopsis, Yarrowia, Pichia, et al Particularly preferred yeast for expression

include methylotrophic yeast strains, e.g., Pichia pastoris, Hansenula,
polymorpha, Pichia guillermordii, Pichia methanolica, Pichia inositovera, et al.
(See e.g., U.S. Patent 4,812,405, 4,818,700, 4,929,555, 5,736,383, 5,955,349,
5,888,768, and 6,258,559). These and other patents further describe
promoters, terminators, enhancers, signals sequences, and other regulatory
sequences useful for facilitating heterologus gene expression in yeast, e.g.,
antibody genes as in the present invention.

[0050] As is apparent from the instant specification, genetic sequences useful
for producing the antibodies using the polycistronic expression system of the
present invention may be obtained from a number of different sources. For
example, a variety of human antibody genes are available in the form of publicly
accessible deposits. Many sequences of antibodies and antibody-encoding genes
have been published and suitable antibody genes can be synthesized from these
sequences much as described herein. Alternatively, antibody-producing cell lines
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antigen (e.g. a tunor associated antigen), conprising |ight and heavy
chains, with or wthout coval ent |inkage between them an® MAY200hc| ude
single chain antibodies, and the |ike. "Mdified antibodi es" according to
the present invention are held to nmean i nmunogl obulins, antibodies, or
i mmunor eactive fragnments or reconbinants thereof, in which at |east a
fracti on wbonresoer nore of the constant regi on donapasusasssiseen del et ed or
otherwise altered so as to provide desired biochem cal characteristics such
as the ability to non-covalently dinerize, increased tunor |ocalization or
nodi fied serumhalf-1ife when .c ared with a | e,,.unaltered anti body of
appr oxi ndv%w'@eMﬁ?&%’ﬁ&“’"ﬂ%ﬂ%ﬁﬂf%’VW"&@?"%%’%&“BS%S of the
i nstant aguehitedhhiqlés afedestAbeiimta Variets bEbsratohamangdl ahd @yimagnst ruct s havi ng
altered or onmtted constant re%i\o_n omai nS nmay be considered to be nodified
Ve,

ant i bodi yblicaiong; s i, ise PSRBTy EEChNIghest itaRIe TofobPs Mo theal¥eBRIASs or domain
del et ed %&@eﬂb@ﬁwwa&%ﬁ% iH SURBntPStocdOhYmnbhbIBgY, Cofantetd. of the present

invention my have at least a portion of one of tHe constant donmai ns

del et ed. Bdsr, SreandPublishing Assogietes and Wileyrinerseiense, dahe Wilsy@ed Sons.r egi on of t he

dified ' Lk L : : -t h ti C.,2
dormi - wi'Ta YSREeH| Wbt sl ihipdiaba By RibxEieth Paftdh. Tiluince 270 T
ant i bodi esspplesdentfie |i ke) in vertebrate systens are relatively well
nder st o j || di,sc ' e 14 15 Y. 2006 3/ 048306
lI;CT / ugozﬁg%'ﬂﬁess \é\iewgi'?ﬁ%eé:%m#ﬁ%%ia%{e]wgf |Ehce %CQP %nof :}@M@g‘f%'\éﬁr‘ﬁ% conpri ses
five di stenoorhpaskessalkglielesfvasiants bodimutatioris of dhe DNA dequenogsdesbiitbdbi ochem cal | y.

Wiile all five classes are dearly within the scope of the present
i nvent i of"®®he fol | owi ng discussion will generally be directed to the class

-"L I?_G n}c[busqul_ Ihfms ié/\ml' hlk?@md raimrt]ibéd_ y-dicoding mmmgl ycbbukélétﬁctjmﬁpme' se t\t/voI 23 000
laenti cal 1] PO e |.de al Nns O noJ ecul ar wel a roxi nately ,
Dal T on. opaiat ASPRLNBRSHD RES9me odls, Bim CHEF FalFamREFIIROYS3. 000- 70, 000,
The four sgdhabRss tébhRigues,NsaeHYasdgaatidihitd RRMitcyahdle extricticiPnggur at i on

wherein the |ight chains bracket the heavy chains starting at the nouth of
the "Y' JRririghen followed by csnfudetien onchramategraply.ofVheradlegiraile.i ¢  assenbl i es
di scl ose ' YisBRitdd KBRethtdl ORNACHSEMaL AL ( 3 ) SO there
will be ??ﬂ?‘ﬁ’?‘%?%g's?ﬁ o KBt opln D Segard Renudel s8] o es. [ 0058]
Mor e spechfomsaiedrgphyas igodE ceiupse. dieghmiauasysudable fer these RNROSESd into regi ons
of struc : | ] : ~canstant™ and "vari abl e”
are used%nc |I§%gﬂ\atf1€;!ﬁtarﬁ'aﬁﬁ%elﬁ%gg€&ef?ri%ﬁ%ﬁﬂé?%gn%%br eci ated that the

vari abl e [00A3}i cDNAs thattencodecthe lighttand the) heanyl chvains,/of the/aitibodpimay det er ni ne

?Rgi lgieghtbregrﬁg Riehﬁec}%irﬁﬂl%nigﬁéf)} I)? gé-ptaYatelgo&Yn%rr%%%e trtangcriﬁ%ggta%t domai ns of

DNA polymerase in accordance with well known methods. It may be initiated by
consensus constant region primers or by more specific primers based on the
published heavy and light chain DNA and amino acid sequences. As discussed
above, PCR also may be used to isolate DNA clones encoding the antibody light
and heavy chains. In this case libraries may be screened by consensus primers
or larger homologous probes, such as mouse constant region probes.

[0054] DNA encoding light and heavy chains may be isolated, typically in the
form of plasmid DNA, from the cells as described herein, restriction mapped and
sequenced in accordance with standard, well known techniques set forth in
detail in the foregoing references relating to recombinant DNA techniques. Of
course, the DNA may be modified according to the present invention at any
point during the isolation process or subsequent analysis.
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(G ) and the heavy chain (CHl, CH2 or CH3) confer inportant biol ogical
properties such as secretion, transplacental nobility, FASM4&¥R06r bindi ng,
conpl ement binding, and the |like. By convention the nunbering of the
constant region domains increases as they becone nore distal fromthe
antigen binding site or amno-term nus of the antibody. Thus, the CH3 and

CL domai mo@miss&l |y conprise the carboxy-term nus afctiResgseavy and |i ght
chai ns respectively. [0059] Light chains are classified as either kappa or
| anbda (x, A). Each heavy chain class nmay be bound with either a kappa or

| anbda | {ght chajn. .Jn. |, _the |ight heavy. | ent |
bondeq ¢ [7088L Bl 1 inyERVRcominpsfions a7 oS dre SUBR BBy cha ne. ar &
bonded t gntitaay &tiRGsedoanyCRVIBEIRIY Prdéé.ﬁ %réfeded lanfiliciyesequbires tdhe

i mrunogl obul i ns are generated either by ybri domas, B cells or genetically
engi neer digcipgask hereiny sO"QWWﬁét'%W@F%‘%h"'ﬂ% compatleawithi thizquences run

froman By %fa?tﬁgﬁgeﬁt.owe i gﬁtﬂﬂﬁﬁgﬁﬁgilﬁ&ﬁ%@n @;}éﬁﬁé gidigqy to the

C-termnus at t ottom o ] nus 1S a variable
regi on aodt wsing hey Gf sevenal memmerciallyc available tautangtech symthesizerskiml ed in the art

My 2006298 Gs Pofpoouo R ol B sl 37 hep BBty B 1 %) o
S(ﬁma slubfbhamfﬂs? ﬁmbgobﬂamd tlhrbug;tst;ta@rvgea'lwﬂEefn?ferdidilmlﬁf\kmldoﬁ]hat det er nmi nes
t "class" o e as. , ) or e

| munog! SoReRIRtE diaeial o8B B5pg Hak pf B gorefieq MméitoeS maydhen B o, 1 gar,
etc. arealdréd of Madifed & przmde anfibodied doRfpatible WithaRé prestrtrifdntio |

speci al i zat j on. l\/bdlfl ‘I’Fl‘eaéﬂ’?‘{]s of each of these classes and isotypes are

readily ﬁ‘%@@rdﬁ%ﬂdé‘sﬁ (el '®d artisan in view of the instant disclosure

and, acpese] N Variefy 6 differdHt 'fyp’eg%f BRYbOLRY nety BéW&dréb%é@B&cdrdl ”t' on. [0060]
As indicated above, ‘the variable region allows the antibody sel ectively

recogni z® tha dnstent doventien.| Ysiisad hersin cantisodyn aﬂﬁnﬁﬁ@ﬁé'&‘éti%s t%mt i gens. That
i's, the ﬂ@ﬁ?él Whigh Havd i gl’gf%hf‘kﬁgw e@ﬂﬂ& ﬁrﬂﬂgﬂoréﬁcﬁ% Q&Nﬁt id Qs m the variable

region t nes a th rren5| antigen bi ndi ng |te Thi s
quaternaal}tlgaht(e Bod\urser wpgla@dmrwgerdegornmsmnhg@han@@na\m ¢hdiinsg site present

2 e" s Y 0P LRBR bREROInKERE pdtweblfiert RRE hi Rlculle siibfe Bid 920 O Nt 19

site is CDRs) on each
of the Vahthodies/ and Hhe nike. [ OBledifiedr rantibadiesChORsoplings émttheorpresenh nononeri ¢

e bR Bt e BORRIRNCHARERE S i BB o' 0, D, o
assunes fragmérits erredomiinanite thereof, dowhich at lehstanfractioanf aplaransre ©fvi ronnent . The
remal nde{h congtgﬁt Pe%%\r/lydo%]aqns! i\gshbeen deleted or otherwise altered so as to

provide desired biochemical characteristics such as the ability to non-covalently

dimerize, increased tumor localization or modified serum half-life when

compared with a whole, unaltered antibody of approximately the same (scAb)

immunogenicity. For the purposes of the instant application, immunoreactive

single chain antibody constructs having altered or omitted constant region

domains may be considered to be modified antibodies. As discussed above,

preferred modified antibodies or domain deleted antibodies expressed using the

polycistronic system of the present invention may have at least a portion of one

of the constant domains deleted. More preferably, one entire domain of the

constant region of the modified antibody will be deleted and even more

preferably the entire Cy2 domain will be deleted.

[0057] Basic immunoglobulin structures (e.g., antibodies and the like) in

vertebrate systems are relatively well understood. As will be discussed in more
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vari abl e domai ns show | ess inter-nolecular variability in amno acid
sequence and are ternmed the framework regions. The franeloVRY28¢ ons

| argely adopt a p-sheet conformation and the CDRs form | oops connecting,
and in some cases formng part of, the j3-sheet structure. Thus, these
framework regions act to forma scaffold that provides for positioning the
si x CDRs waoxmasinect orientation by inter-chain, nonpcovsal&8is i nt eracti ons.
In any event, the antigen binding site fornmed by the positioned CDRs
defines a surface conplenentary to the epitope on the inmunoreactive

ti . Thi I t. f t th - | ent bi ndi f
the anti GG D% e 99RATR SRR DTYEORR HMBIFTH I IPBGEIRES the pur poses

of the ploeahtibody M4eichh B8 distingsisiid! sodhemiialy. eWhile &fl fivE dlasseydrebodi es
expressed using the subject polycistronic expression systempay conprise

any type clsary withinghe seerfi ehtherRiesent syertios. ther folloying gissessian WH of t he
ant i body ted bGge i egafl, @bl e regi on may
16 15 I\/AQ%%@%; @%%%lfggsgo%@gé@r%ugfo'é’%g‘gug I(?(%hp?{@eregrgﬁbleba(r?ec% ived from any
type of rmmusdglabvlins cemprise wedidentigal lightrpalipeptide rabaips aif malegudatse and generate
i rmunogl| ' ' ' [ vgri abl e regi on
of the m)(a'%liﬂhli er%’pg%ﬁ‘%(gjlgi %gﬁong%téﬁgf%{rg é‘ggﬁg?rg,éalo?‘ggﬂ/uﬁh%ﬁs rr(gr i ne, non-human
pri mat e (eleulac weighb53;080-70,00@y$he foarcetgirssare janed by disulfidgobongsori gin. I n

o compat] BIC AR SRR BT i bineiet YR P EpahLeaBBBca " enbod ment s
Lgﬁ-xﬁ:r;?bts’f "rkgg; i en iﬁgmr‘%t orhwt??itj(ggl&?ah'l gFe gi?‘edgmt?g firomr gve t he
bi ndi ng ﬁﬁw@@w@%eﬁaﬁw %ﬂﬁ%ﬂ%é‘g %iaﬁi'P“{ﬁ‘gq ﬁ(é( &8l e.  In this
respect, theré willlbleSodrasiidiiipsites eHehce the thd “REravRENt” arftivedies.on may be hunani zed
or otherwi se altered through the inclusion of inported DNA or amno acid

sequenced9058hoe Yorespedificallyy hqte desliaht apd deans chgits appAividad iBA the term
" hurmani Z%gioré%f ?@%ﬁraﬁ Bﬁb!fuﬁaféﬂalaﬁbrﬁélégy}?og%hed?errﬂn_Xe‘éoMtQﬂ“ @ngon- human

anti body, Typica a murine antibody, that retains or substantially
retains tyasablat pigeisedi fuaetiogallypr bpbistregard oit wilhee gapregiatedrthatlbely, but which is
| ess i I dmdifs SrBEM fhe light¢ ' j met hods,

et uch na e ddmgife O STRE e i) el AR LM ol e " o hunan
const ant recagniiersancbspgsificityat €onviersetyr the constantidemiains of(thy light ahainng at | east a

Pk 063 8 BB b, Hhf 5 120 TP LERRE b gl 1o 1 °9' 1
r et ent i oproperties i suchaas fsearetionr tansplacehials mobility( Fc reéceptos Miradiig,Nng t he entire
non- hunarc‘:or\ﬁglre;n%r?tl tﬁncﬂr?gr,r%ing The I %t B';/Cclor?\?elﬁ- igrgi}wetnrﬁ?nrge\r’}'rilgt gf tﬁe constant

region domains increases as they become more distal from the antigen binding

site or amino-terminus of the antibody. Thus, the C43 and C, domains actually

comprise the carboxy-terminus of the heavy and light chains respectively.

[0059] Light chains are classified as either kappa or lambda (x, ). Each

heavy chain class may be bound with either a kappa or lambda light chain. In

general, the light and heavy chains are covalently bonded to each other, and the

"tail" portions of the two heavy chains are bonded to each other by covalent

disulfide linkages when the immunoglobulins are generated either by

hybridomas, B cells or genetically engineered host cells. In the heavy chain, the

amino acid sequences run from an N-terminus at the forked ends of the Y

configuration to the C-terminus at the bottom of each chain. At the N-terminus

. is a variable region and at the C-terminus is a constant region. Those skilled in
the art will appreciate that heavy chains are classified as gamma, mu, alpha,
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human-1i ke section by replacenent of surface residues. Such nethods are
disclosed in Mrrison etal., Proc. Natl. Aced. Sci. 81: 68MAY%2Q06934);
Morrison et at, Adv. |munol. 44: 65-92 (1988); Verhoeyen et at, Science
239: 1534- 1536 (1988); Padl an, Ml ec. |Inmun. 28: 489-498 (1991); Padl an,
Mol ec. Imun. 31: 169-217 (1994), and U.S. Pat. Nos. 5,585,089, 5,693,761
and 5, 69®odoadsml | of which are hereby incorporated poyusefsggsence in their
entirety. [0064] Those skilled in the art will appreciate that the
technique set forth in option (a) above will produce "classic" chineric

antibodies. In the context of the present application the term"chineric
ant i bodi @elta, gf ensilens (el & QQW“WbC'QQQSW%Q\XP@-enﬁtMe i mmunor eacti ve

region o i L el b{\Gerfti i { i 2{306 03/ 048306
PCT/ USOZ?1 %@%5% t%%%@hs pecﬁgégﬁ%%g gg@sﬁﬁg é); %ésll\ééhg?\hﬁﬁgh may be intact,
partial @G, oolgM. i e immuneglellin subalasses isatypes) @9tlghn, 19Gy ¢gGsi on) i s obt ai ned

froma s speci I i . i gen bi ndi ng region
or site @%ﬁr'géé%f"r Sﬁi‘éeuncgﬁ[a%f?ﬁ%gdné@%ﬂgg@%&g&“@ﬁt@%&@ld t he const ant

regi on i spdeigtization\\Molified hersionsiofizach efithesesglassies iand isptypés alee vari abl e regi on
is not generally affected i_ts source,.a.h onstant region is |less

i kel'y t@aﬁw_ %#"m[%%ﬂ#%%‘ﬁ%géﬂﬁﬁ%‘ ‘f'?"bﬂﬂ‘h%"}?tji’ﬁgﬁsé&iﬂ’%é? 'than woul d the
const ant adsc@gji@y,bfgwmm thepubisweor the InsRat invdrmibh.ai n chi neric anti bodi es may be

generated by first ipmunjzin nkeys with a desired antigen, isolating
ant i bodi @65@ sefs t'@p'?%@ é’h?YgeggtRea alile yegip Aliows PhReantbestnt regi on of

the heavyeladidel)i Blebgiine att V¥pkBficallg Obiné aBpitdpBSi 8F [nfmishoreaci™n) havi ng
desired function ag_e. 819 human effector function, or the like). Such

" Pri mat #atigens.) Thad i theodiidomaimandns: drserin ef amaitibady eqmhinestodomr ¢ her

descri begl i A , , i 'rﬁf?r]?ré?tra Dy this

r ef erencg'ei\}r%nbil)l'?gedgﬁ ﬁ?g?%ef%&gé? ‘@f‘g?sédr'{aég?@@bﬁl a eedofrbrlaél)ns in both the
heavy anquatérpany aptikadystru¢turecprpyides for amantiged ibinslingrsile prasentsat they at | east

parti al e &Dﬁ% g y partial
frammré@é@gﬂ%ﬁn{éﬁ gr‘gerfewha%c@% énceﬁﬂg%na%'ég'ﬁggﬁezﬁt e\ér&% t he CDRs may
be der i viadthfeeoconapleraeritary adterminirigtregisnstCDRY)amseash of therVisaritViass as t he

ant i body r{ﬂr Qm which the franmework regions are derived, it is envisaged that
the CORS®MA"T™ be derived froman anti body of different class and preferably
from an 061Jbodye fsixdDDRs gresbrtraméachpeanioateric lantivadyt(Holpaenghoftsi zed that it
may not be ne(t:essar to replace a e g}arrpl ete CDRs from

| 1. of the CDRs. . with the

t he donoRONEARIgYAUS Seayeraes+ APing Seids thatearg sRegilicallyi RPGI"H@BGC pacity of one
vari abl efofifarthé AntigenabiAding 'site Batthe rantitbddy rER¥uMBS Mts ASreB RGNl t 0 transfer
those r egc;n%ggrztic}nhigtanaazseguesceen%ﬁgnwentt.OTtrwrgirerr]rEa?ridrcler tmb t%e?\%g\i/yvaimtd%igg{ the antigen

variable domains show less inter-molecular variability in amino acid sequence

and are termed the framework regions. The framework regions largely adopt a

B-sheet conformation and the CDRs form loops connecting, and in some cases

forming part of, the B-sheet structure. Thus, these framework regions act to

form a scaffold that provides for positioning the six CDRs in correct orientation

by inter-chain, non-covalent interactions. In any event, the antigen binding site

formed by the positioned CDRs defines a surface complementary to the epitope

on the immunoreactive antigen. This complementary surface promotes the non-

covalent binding of the antibody to the immunoreactive antigen epitope.

[0062] For the purposes of the present invention, it should be appreciated that

antibodies expressed using the subject polycistronic expression system may

comprise any type of variable region that provides for the association of the

antibody with the selected antigen. In this regard, the variable region may

16



binding site. Gven the explanations set forth in U S. Pat. Nos. 5,585, 089,
5,693,761 and 5,693,762, it will be well within the conpdf®k¥e2Mf t hose
skilled in the art, either by carrying out routine experinentation or by
trial and error testing to obtain a functional antibody with reduced

i mrunogenicity. [0066] Alterations to the variable region notw thstanding,

t hose skmdoa4sses the art will appreciate that nodi froxdserdssseodi es
conpatible with the instant invention wll conprise antibodies, or

i munor eactive fragnments thereof, in which at |east 18 15 MAY 2006 WO

03/ 048306 PCTI US02/ 36856, a fraction of on [ re of the constant region
dommi ns FREPTISESH, b deayedfrop an%ﬁﬁglp\ﬂjnggmml ﬁ@f&ﬂ‘”@%'"&%ﬁ P3N de desi rgd

bi ochemi §aLmehiffeapbiel dildi geReratecimniumoglobdling ag&ifistitheésifed Gatigenat i on or
nodi fi ed (e"g"'it reduced) serumhalf-life when conpared with an antibody of

appr oxi mé# sHeh, theevasiahie regieRiAbYEMadified antibadinsi may e Jonexamale.&f unal ter ed
const ant nifgh, Hurirel) ehSHufianCptirfatd I8 g eghdmolgls ofRER! Mcafiddt on. Of L he

anti bodi es expressed using the subjéct polyCistroni'c’ vectors will conprise
a human etlonsr duning edgion In RBUCYlad: pietaredtamnhodiments bothrthe vadaplen conpati bl e
with the_| i t] i : I L e Lon substitutions
of one o?h%%ﬁggﬁ‘ir &z}&%ﬂﬁ%ﬂ@%e@%@b%%ﬁsh%at §li1 g,fhe{ he nodified
ant i bodi seleded embedithehtsr the rvarialyle cegipns ek cerhpatiblet amtibedies (usudlly cati ons to one

or nore Qf.t t hree heav Kn_cqnst ant i_ns . 1, .CH2 or CH3 and/ or
Lo the. | Heyibd it SR e e YRR PRI I CBE 6T 1 ot e "t
bel ow anighgitvevthe ibindifieprepertips esredaey thei imnumbgehichynifth@imdldwele. nvent i on
conpri se,_expressi on of. g]nti bodi es gﬁvj ng nodi fi.ed constant yegi ons wherein
one or n{S‘rﬁ'ﬁ%ldﬁ%Reﬁg v3rigblgafegionp| ysely' 1n,the, piegente nuertion( ‘Tl%rré?n del et ed
anti bodi ﬁ@ﬁénizédrbr%ﬂié@&ikélbltéfe@ﬂﬁé?hrtﬁ@'in@ﬂb@ﬂbﬂﬁiﬁo&e@@%ﬁd@hiﬁo nodi fi ed

e

anti bodies will conprise domain | eted constructs or variants wherein the
entire CPPD BRMENPEShas been renpved (LCH2 constructs). For other preferred

enbodi Mefyogap S !FRF ithé PuRsES ofl P Maht ABYlicRforS tHeS tdmhUhBfhahRed t he del et ed
domain to proovide flexibility and freedom of novenent for the variable

regi on. antbody’|shalk meaeanAntibadyidedyvedlrem a nanchusiam antibody, typisally es and t hree
di nensi o . confd ajH t Ant i .y i ous

i munog| %E’hll"fr% g{lﬁgg’ggsmg?ge@{?gl{rei%ﬁ?@ o?e?@%arrp gﬁﬁg«%ﬂe\ﬁ?ﬁdj@é domai n of a
human | gsopertiesgf the pasent| anjibodyy buhwhich rig lesa iomunegasiclinehureanst o r esi due 340

'S ot oS Biey B8 enBUBE Y otus HENTBER el Eorat B ehiiethel o' B, Gnced
car bohydharhan eérizbles demains rontr porsanl cobstaeregionsiéo ganer@ld2climese ns of an i nt act
P ?glmv;a h:agrgggnalagﬁg):) Egr?@r\q IH”'Z l%lgs?Oa V;‘)'%'rtl of 9r9ec%lr'renr1]<§r doft G\%t nénhﬁur%_lr? domai n ext ends

complementarity determining regions (CDRs) into a human framework and

constant regions with or without retention of critical framework residues; or (c)

transplanting the entire non-human variable domains, but "cloaking” them with a

human-like section by replacement of surface residues. Such methods are

disclosed in Morrison et al., Proc. Natl. Acad. Sci. 81: 6851-5 (1984); Morrison

et al., Adv. Immunol. 44: 65-92 (1988); Verhoeyen et al., Science 239: 1534-

1536 (1988); Padlan, Molec. Immun. 28: 489-498 (1991); Padlan, Molec.

Immun. 31: 169-217 (1994), and U.S. Pat. Nos. 5,585,089, 5,693,761 and

5,693,762 all of which are hereby incorporated by reference in their entirety.

[0064] Those skilled in the art will appreciate that the technique set forth in

option (a) above will produce “classic” chimeric antibodies. In the context of the

present application the term “chimeric antibodies™ will be held to mean any

antibody wherein the immunoreactive region or site is obtained or derived from
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term nal of the 1gG nol ecul e and conprises approxi mately 108 residues while
the hinge region of an 1gG nolecule joins the CH2 donmain & YAYAY cHt
dormain. This hinge regi on enconpasses on the order of 25 residues and is
flexible, 19 15 MAY 2006 WD 03/ 048306 PCT/ US02/ 36856 thereby all ow ng the
two N-term nal antigen binding regions to nove independently. [0068]

Besi des tWep¥04830ihfi guration, it is known in the art BCTRASOVI8S6coNnst ant

regi on nedi ates several effector functions. For exanple, binding of the Cl1
conponent of conplenent to antibodies activates the conpl enent system

Activatiqn I t o dnSeal ) ansonj sat | | ysis of cell
pat hogensa. ﬁr%%nceguggias tl ocﬁJ n%?hg%%f]g‘wn@ﬁ'g H}%B/gb% 's? ?thﬁ%@%eds t d(?aflélgnf | ammat ory
r esponse imadcordancalwith thesinstartohvention)is abtaimedinomea bygond specied.imi ty. Furt her,

It | oy SlBnR S o Sk ERehEELRRL o el (SRR ot o o' o
nunber ofhyhfan SREEP (. Smble] fandr e SqvRstahi fegiodr isdhdrh&i. eWhikl deses of

anti body, including 1gG (gamma receptors), IgE (eta receptars), |[gA (al pha
recept or éTWﬁGQQWRQ?%W%'g@EtV@F@?'? r '%F%@Ot(ﬂgenﬁfﬂ'y iwffested BYHE recept ors on

cel | surfaGra 4 hir&eEshstint YIRS 1688 a8 elidn idfhslind! ré&onse RbAI 0gi cal

t
responses | ncl udi ng engul fment and deéstruction of antibody-coated :
parti cl e henazsubied than weidnibe conptretxiegion| fiam @ narr-hyman Belfge.coat ed t ar get

cells by &idlet. . J : - iated

cyt ot oxi cc:'%ltrl;? !n (g‘r"ﬁ%'%% @%@g@%@%ﬁ gﬁ’ﬁ%? g’rﬁﬁanr'nﬁaﬁé bt‘to B@g “;ﬁ)tf‘acent al

t r ansf er aodesired antigen, isélatingrantibediedhraised tpthecantigéroand sdbistitotmghthear i ous Fc
receptors d.r tgr,, sit . .st udj ed certain extent, there is
e Rt BRRL sl ABY R kiR Wb cbibedhy;iBbb Pe"ana

f unct i onihognan) GaGRg désiredi fmoticre (b.qub buman neffdctor darictiom @f thehikkefionst ant r egi on
by sonme qf thg . net hods scri bed herein | o t he di scl.osed nodified

ant i bodi @l*ﬁﬂé’%ﬁ?&%@ﬂ@ﬁ@'eﬁs@@wﬂrﬂ‘%ﬁ sgﬁ‘g‘?‘ﬁt el il sff’ﬁ'?ﬁr_e anti bodi es.
Mor eover .dedklided in 0. Pateit Nb.M&I648)5705 MeBPofited NeeiR by UAS FeférBN@Thi ON, it is
bel i eved that antibodies conprising constant regions nodified as descri bed

herein pitseM¥8t or altered effector functions that, in turn, affect the

bi ol ogi c ofp ¥ UYShRINSGIEHEA the\PaRY b ifgpl e, the deletion
or inact ?{)/%ﬁpr?r%ftgﬁ?%gﬁﬁggi nt rrnEt'at?on_s or gﬁegrhlfrer@aéns of a const ant

regi on dehimeticantibadiasarealfered by-atdeast partialdeplacenient ohenegrmané at i ng nodi fi ed
ant i body el i | Lzat i es it may be
t hat congél'ﬁ&%gf‘g%s%%@i lS;iy‘)ca |I oé@k‘ggﬁsr%é?ﬁe}neﬁﬁ\yme¢ﬁm%g%é uset%gélt i nvention
noder at e chemgihg. nAithibugh the IQRRsamaly bédeived ffomeantamtibedyraf thehsanfe | i f e and

219 nts EgCi fcia%s oF g\Pe%i s%!:lgsns a%fthe‘:fl aﬁtl%%)lrj %%%ic%ﬁg I’r r)ﬁieerOrk\Feegion%tar}g r nodifications
derived, it is envisaged that the CDRs will be derived from an antibody of
different class and preferably from an antibody from a different species. It must
be emphasized that it may not be necessary to replace all of the CDRs with the
complete CDRs from the donor variable region to transfer the antigen binding
capacity of one variable domain to another. Rather, it may only be necessary to
transfer those residues that are necessary to maintain the activity of the antigen
binding site. Given the explanations set forth in U. S. Pat. Nos. 5,585,089,
5,693,761 and 5,693,762, it will be well within the competence of those skilled in
the art, either by carrying out routine experimentation or by trial and error testing
to obtain a functional antibody with reduced immunogenicity.

[0066] Alterations to the variable region notwithstanding, those skilled in the
art will appreciate that modified antibodies compatible with the instant invention

will comprise antibodies, or immunoreactive fragments thereof, in which at least
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20 15 MAY 2006 WD 03/048306 PCTI USO2/ 36856 constant region ma% be used to
elimnate disulfide |inkages or oligosaccharide noities h¥aY200w for
enhanced | ocal i zation due to increased antigen specificity or antibody
flexibility. More generally, those skilled in the art will realize that

anti bodi es nodified as described herein may exert a nunber of subtle effects
t hat nay wo 0amagsoinot be readily appreci ated. However RATaUusoB®sdét i ng

physi ol ogi cal profile, bioavailability and other biochem cal effects of the
nodi fications, such as tunor |ocalization and serumhalf-life, nmay easily

be neasured and quantifie i I i nol Qgi cal techni ques

W t hout ﬁﬁfﬂ? o ioﬁm%gfitB%Son@%@g@@]ong&mgﬂlgnggﬂe%ggﬁggg ions to the

const ant otie@wied altére@ €6 as thaprovidenddsired biechemiedl @harattenstiot soch asmy easily be nade
usi ng wel |l known bi ochfm' cal org@% (eecul ar, eg)gi neeri chni ques well wthin

. ng t
the pur visreased tyreordegafizatign g mp G-fedyge ?%%‘Bé‘ékf'ﬂf@ €9y anmpl es appended
heret o picgibgRd \WithiaRUhtiBEIYF BpisibmBRY the sarfi@ rhdwtigehig®y ons nodified in

accordance wth the present invention. Mre specifically, the exenplified
const r uctcempasing a sativerar vpalleredeanstantrgaion e i prefiefred embedimealsi ng human const ant

regi ons halordaHEreBBhIdr FRUNAREIRLrbRs IR Rifh hé Q@gga#%orgagﬁaﬁac Those skilled

inthe art” w appreciate that such constructs e articularly preferred
due to t vectorsyill coroprisep hunantdoastantiregion dpidifichtions to thercanstant cat abol i ¢ rat e of

the anti A J t | £ ot forth in

PCT/ uso2?%%%%@%@%@%@%%@%@%@?|"“8§'9‘g"ns' §%1I§ﬁ&a{‘rs;9?29, 2002 and

i ncor por aukslitulipns eff cnecom owre aminbtaside imt oveadryndre dernains.afkatde theved from t he
chineric C2 ant.i body..whi ch i s. 1nmmunospecific far t 0 pan B cell

ant 1 gen_ AMEd ATeRE R Baag e S A RIRE eterrlons Bk moRfcabt [he TAG 72

anti ggn- t&ér&&?ﬁﬁ&r&wﬂ\eitﬁeéhé@ytbﬁbiaicbnstbmldomaidwﬁm,dlil.mbir cHsl)e: eted constr ug:t S
were deriv rom.a.praoprietary vectQqr | DEC Phar maceuticals, San D ego
encodi ng 28 OTG@%%'QBWLSE%%'H@'H&&H: Agﬂ?@&ﬁ?%‘ﬁ?"ﬁ NMEEvect or was

engi neer ggtal BeBR! dShbWA inGhE esimiés) cévtsin BBYdiMEnts of e Gviehfish vect or _
expressing a domain deleted | g constant region. Genes encoding the nmurine

vari abl e cPBprisexpression ofomibodigs having medifigd con§tapt regiops whefetn  of t he
humani Ze%n@%%omdmar%maﬁ@%nh@gw&& (-dorbdiedee@hf i ed vector and

cl oned. \Wen expressed in'transforned cells, these vectors provided
huCc49. Aeptibagies(p irsesrerially reteaed pbpdiments compatihle mpdifiedel ow, t hese 21 15 MAY

2006 VO, Q3HRARANN BT LEORIARIRIGRT SR r UG UbEbirnguTDer of propert es

t hat make em particul ar
entire Cy2 domain has been removed (ACH2 constructs). For other preferred

embodiments a short amino acid spacer may be substituted for the deleted
domain to provide flexibility and freedom of movement for the variable region.
[0067] As previously indicated, the subunit structures and three dimensional
configuration of the constant regions of the various immunoglobulin classes are
well known. For example, the C42 domain of a human IgG Fc region usually
extends from about residue 231 to residue 340 using conventional numbering
schemes. The Cu2 domain is unique in that it is not closely paired with another
domain. Rather, two N-linked branched carbohydrate chains are interposed
between the two Cy2 domains of an intact native IgG molecule. It is also well
documented that the C43 domain extends from the C42 domain to the C-
terminal of the IgG molecule and comprises approximately 108 residues while
the hinge region of an IgG molecule joins the C42 domain with the Cy1 domain.
This hinge region encompasses on the order of 25 residues and is flexible,
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attractive candi dates for nonomeric subunits. [0072] It will be noted that
the foregoing exenplary constructs were engineered to f udEMAY0 domai n
directly to the hinge region of the respective nodified antibodies. In

ot her constructs it may be desirable to provide a peptide spacer between

t he hinge region and the nodified CH2 and/or CH3 dommi ns. For exanpl e,
conpat i blwo e8¢ uct s coul d be expressed wherei n t heP@iAR02/868560i N has been
del eted and the remai ning CH3 domain (nodified or wunnodified) is joined to
t he hlnge region with a 5 - 20 amno acid spacer. Such a spacer nay be

added, |ns ce, Iy | ements of the constant
domai n r éﬁ&p éﬂ%&fg’gzéé@ﬁbf Q&@P%Eﬁg nﬁ%gﬁilsq é%o Pegi on renmains

f1 exibl e.mdémﬁdwu[ly it should be noted that am no acid spacers may, in sone
cases, prov e, |l nuno c or i.nhibit th desi red diner,i ation of the
NONONer i um@é'deﬁcy?e" &ﬁ'ﬂ‘ﬁ‘l"@t'c”h “d'ér@l"W"d’él'é?@ﬁ téﬁd‘@ (,CBH%I? Muct having a
short amy ﬁo@%&:ﬁé@Qﬂerm&&r@QFoﬂ ExdNiple, 1bindind of theiC@d for the CH2

domai n ( 9. ACH2 [gly/ser]) is used as a control in the exanpl es because
it does FOMPARENEAS| @npipmAN e Antibgdies astivatesi ther Famplement sstem.di ngly, any

spacer coialiol| & Widlerhdif 1 ApAint iR WAL dpSehiitbh 4B ek A el Y

non-i nmmunogeni ¢ and not t the non-coval ent associ ati on of the
modi fi ed paﬂbgema;h dbe E[@W@p @e@menmlmsmwauesdhemmmwst ant region

ol 15, hdpolid b Sy 180 65 R68 1 SleoBhirl AIvEPin Gt Bghsy const ructs of

t he prese I nven provi artra de etradn or
subst i t utantivodids mdbweﬂswaeﬂmrﬁaeglon,gmm aFrc rm:eator gite @arsthe@ntibaly it permits the

desired n C.QV t soci-a h hARNQIEr I ¢ u its. For

exanpl e, H@g'ﬂﬁggﬁ% r*o(?f creé‘?@n‘gbﬁ %?E!i (j-l §r8|aeglfrgl&er£tf§§s of the CH2
donai n mebmrelmmrammmiaetfeémmﬁlaiehycrae@hscef Batidodydinolgdiag dgGher ebyI del

i ncrease ,tunor |localiz i m | ar it m esi to sinply delete
t hat par t(gar@;pad'ﬁ%epgqrs)ngg%?éar(gg%ﬂlﬁrg)‘,ééﬂdﬂlp%r{é?eﬁgorg Jmﬁ’ﬂil the effector
functi on rédeptbrs). CBIMBINGNENANtibbdyY B FEirB&Eptdre diecaPsiHarbedriggerch parti al

del etions of the constant _regions ove sel ected char acteristics of
the anti Bymber fdmpartant ppd divers Wﬂg'%?éseﬁeﬁ@%{dﬁ@re'ﬂﬁm?'ﬁtﬁné functions

associ at %@st)%cfhbn Bf‘é’ntﬁlsl@i %éted:?érﬁéléd“clera?eﬁic@%f |rﬁ‘:ﬁﬂﬁé E’orhé]é%t lysiybr eover, as
al l uded to above, const an i ons of di scl osed antlbodles may be

nodi f i edotﬁmpgm-cgﬁf@d reroek cells Ry kilgisells K%lﬁ@)@nmodm@pgmens cRiY 2006 WO
03/ 048306, H3alddS o%@@f)%rwo r%lé%%%@uﬁféhﬂfaté{g%%cﬁéi ,@sgernttéﬂe profile of
u y be possi

the resulting constr respect e to disrupt the
activitytipnsfer ded egntral mnmumeglomhndpwguct@nt e Altboggh Meriduisndficng) whi |l e

Sttt el B £k bP ek 1ouE BBl SHGBY PR cBAll o AR MG Pt 1@ of the

nmodi fied an erre
much which is unknown about their location, structure and functioning.

[0069] As discussed above, modification of the constant region by some of the
methods described herein allows the disclosed modified antibodies to
spontaneously assemble or associate into stable antibodies. Moreover, while
not limiting the scope of the present invention, it is believed that antibodies
comprising constant regions modified as described herein provide for altered
effector functions that, in tum, affect the biological profile of the administered
antibody. For example, the deletion or inactivation (through point mutations or
other means) of a constant region domain may reduce Fc receptor binding of
the circulating modified antibody thereby increasing tumor localization. In other
cases it may be that constant region modifications consistent with the instant
invention moderate compliment binding and thus reduce the serum half life and
nonspecific association of a conjugated cytotoxin. Yet other modifications of the

20



may conprise the addition of one or nore am no acids to the constant region
to enhance desirable characteristics such as effector fuUuAMABRASr provide
for nore cytotoxin or carbohydrate attachnment. In such enbodinments it may
be desirable to insert or replicate specific sequences derived from

sel ected constant region domains. (0074] Follow ng mani pul ati on of the

i sol at edwyemeisses naterial to provide antibodi es anceomdifsissd anti bodi es
genes as set forth above, the genes are then inserted in a polycistronic
expression vector according to the invention for introduction into host

cells that may be used to produce the desired quantity of _.antibody.

Const r uctensea fegé‘lﬁbﬁ'al‘:aﬁé?g%& g"’?'gatﬁé’&ﬁiﬁﬁéﬂkqggs(?étohg%ai:?haf'a‘? [0075] The
term " vegofties tat allew for @ARarREd Yexalition Hge tSiRcreASIeaMigbRspddifRitpur poses  of the
specification and clains, to nmean vectors used in accordance with the

present Phartivody flexiality. \Nare Qeaerally. thaserdidliadimgra att wilhfrplizsBibssi ng a desired
gene 1 Naibbilie mddfieliR"Mbskbedein $idy 3t d Rumbér G dubng Ugey ect ors may

easily be selecte romthe group consisting of pllasmds, phages, viruses
and r et r that mayg esmay not bggaadililappreciatedr slowewgrdhe teselting physidiegidahst ant i nventi on

wll comrise,. i . . Il j Ll jtes to

Faci 11 ¢ abETE BRI pRlonERibdlem@r BraR MBEmOERLA0S B &, &7 anas or

repl i cat tuman lavakizatigotahd serunphalkiife,ymay easilg|desmeasubeth hnd-quaritified pur poses of

this inventio nuner ous bal vci stronic..expressi on .vector systenms may be

el oyed SR Aede ohpigles WUt bbAdE SPRIIEIRIINA el enrent s whi ch

are deri joodoy r Similany, Mdifications esthe ohstast région ineccerdandel vitretkée r us Vi r us,

pol yoma virus, adenovirus vac%?nl a Vi rtf(?], bg,cul ovirus, retroviruses (RSV,

MV or  NERDbvesiionspiay egsily be magedisingayRlIkngwn BIRPhemMIGRioEh  have integrated the

pol yci st maRc@artétyficeHig teaNﬁqueatvaeutvminrth&Pwewpmss_kmeu aRRansel ected by

i nt roduci nﬂ one or nore markers which allow selection of transfected host
|

cells. Tid 'ﬁﬁ?ﬂk’éﬁt the.sxamries rpendnd herele pravisisiyarioys canstrglxBavingohi ¢ host ,

bi oci de ' irPatchrdiaRdd Wi i eavy netals such
as coppeéﬁﬁtl%g @ﬁggﬁggfgln&r kglraﬁgée\;r;\'gptgggr%?ﬁﬁﬁéggﬁd%&ggtIy 23 15 MAY 2006

WO 03/ 04gBGiicaigTthessenpliied sonstiris gompriserchimpps anddwerapiedt o be expressed, or
Al so be. SubBehaifl AR (dhstant BioRP et e Mo eliierdlfd BT 1oy “Trcl ude
splice sihgtaRsiomain. widiobe sidledtin thesartrwilbappreciate tha suctecanstresiharecer s, and
Lo I oL o A ol PSR CEindlEn it ot et
novel potatabalit ratebftheaptimglygi on systens. | n these novel expression systens,
mul tipl e Gene REF S Aieted ilickales set forth in PCT/US02/02373 and

PCT/US02/02374, both filed on January 29, 2002 and incorporated by reference

in its entirety herein, are derived from the chimeric C2B8 antibody which is

immunospecific for the CD20 pan B cell antigen and a humanized CC49

antibody which is specific for the TAG 72 antigen. As discussed in more detail

below, both domain deleted constructs were derived from a proprietary vector

(IDEC Pharmaceuticals, San Diego) encoding an IgG4 human constant domain.

Essentially, the vector was engineered to delete the Ci2 domain and provide a

modified vector expressing a domain deleted IgG1 constant region. Genes

encoding the murine variable region of the C2B8 antibody or the variable region

of the humanized CC49 antibody were then inserted in the modified vector and

cloned. When expressed in transformed cells, these vectors provided

huCC49.ACH2 or C2B8.AC2 respectively. As illustrated below, these
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such as heavy and |ight chains of antibodies may be produced froma single
pol yci stronic construct. These systens advantageously useldMAY0% nal

ri bosonme entry site (IRES) to provide relatively high levels of nodified
anti bodi es in eukaryotic host cells. Conpatible | RES sequences are discl osed
in US P.N 6,193,980 which is also incorporated herein in its entirety.
Those skwoObzmwmsien the art will appreciate that such pxwsessssn systens nay
be used to effectively produce the full range of nodified antibodies

di scl osed in the instant appl i cation. [0078] More general ly, once the

vect or or equence enc t he no c subynit. (e.g., nodified
ant i body)coﬁ%@c%e%ﬁ'%ﬂ?‘gﬁﬂﬁ‘@ qq%@p&?ﬁ? '\‘ng?%ﬁc%v be introduced into
an appr ofyirAkite &aldae fbr maridRteric Subdris. host cell's may be transformed.
Introduction of the plasmd into the host cell can be acconplished by

vari ous t[@le dinet bWEOth Kirb e forsoping exeraplaryiepnstructs wefe art.  These i ncl ude,
but are nlebn%%i {Chist fhe (%J3%bﬁ$a?rpanfe%ﬂy o't hnH F% cﬁ‘fﬁer RRYRS! s and
pl'ast phosp

el ectropor prot o usi on ate precipitation, cell
f usi on _ winedifiedrantibastissd Idiher mmtruntsutmayuberdeswabdp forprevide @pephideh i nt act vi rus.

See, pter 24.2, pp.
470- 472 8?‘3’99@6%'" ee'vrggigﬁgh@gmeﬁﬁ%fe n\égigtgt?‘?%ﬂ\og{ﬂ? Bost on, Mass.
1988). Niosexampé,comphijble pdratrutts could bedxpress@d whetein theeCj2ost is via

el ectropoy ati The , transfaormed cells are grpwn.under conditions

appr opr i é{o 'ﬁ’qsr?@eﬁf’%'ﬁ{??ﬁng SEMang (I§'13g‘{ﬂmagrh§?9@“§r?8 heavy chains, and
assayed fupiodiad)is jpiréd as theitgie region with 81501 20 aming atidepacer. Byepl ary assay

t echni ques for 'df'h%dng and %eﬁ{]tlf g Egene roducts of interest

i ncl ude A&SPPRY-TYY, etninipstan ef&&éﬁi} e regplatory PlSG‘Pﬂﬁsr?ﬁunoassay (RIA),
or fl uor qReedHsRMBAdrhaiR FRshil ke afPadcBsilnE 8t that the h n i mrunohi st ocheni stry
and the like. 24 15 MAY 2006 WO 03/048306 PCT/ US02/ 3 56 [0079] As used

herei n, te@aipsfexible.r However.itbshodld bedwetad thatamine.acid ppacersmain sense to refer
to any i @bm%ﬁéé bev@io BENrhUHo! ?elﬂc bERhiBit ﬁﬁtdegﬁﬁ d.ﬁ@h&aubhaf thehanges the

genotype and consequently results in a change in the recipient cell. [0080]
As used Hegnemeric syhusits.cegriexamplef @ damaip d@l?qusC@‘%ﬂaQOﬂﬁm havegat r ansf or med

with vec (3?@@@ rPN{)'\ and encodi ng at
| east On?ﬂﬁﬁg@?@f}g%&@é&éﬁs% efl ggalher ei sa%ﬁ'ﬁ%ﬂ?@s or nodifications
t her eof [Gy2diomaih W&Aﬁg@i{glyf@ér}) it bsmt as s, cobiyohin thielexamples because ansf or mat i on,

r econbi nﬂd |nl[deSCﬂ pt| ns ki tocgsses for ésol ti on of anti bodies from
r econbi ndrfiPeRJLLaASSEPHE SPRy ﬂ%eouggmoa enic forp)- val¥e used

i nt er chargaedslcympatibledeittnthe irstemt moertios wilf beelativelg ontitraigfogehici S clearly

speci f1 e%ngtngﬁn%n t?le non-covaqent association of the modified antibodies.
[0073] Besides the deletion of whole constant region domains, it will be
appreciated that polycistronic antibody constructs of the present invention may be
provided by the partial deletion or substitution of a few or even a single amino acid
as long as it permits the desired non-covalent association between the monomeric
subunits. For example, the mutation of a single amino acid in selected areas of
the Cy2 domain may be enough to substantially reduce Fc binding and thereby
increase tumor localization. Similarly, it may be desirable to simply delete that part
of one or more constant region domains that control the effector function (e.g.
complement CLQ binding) to be modulated. Such partial deletions of the constant
regions may improve selected characteristics of the antibody (serum half-life) while
leaving other desirable functions associated with the subject constant region
domain intact. Moreover, as alluded to above, the constant regions of the

disclosed antibodies may be modified through the mutation or substitution of one
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wor ds, recovery of antibody fromthe "cells" may nmean from spun down whol e
cells, or fromthe cell culture containing both the nedi uth MAY 20¢e suspended

cells. [0081] The host cell line used for protein expression is nost
preferably of mammualian origin; those skilled in the art can readily
determ ne particular host «cell lines which are best suited for expression
of the desooxdssgene product. Exenplary host cell |ir@susonssbsde, but are not

limted to, D&4 and DUXB11l (Chinese Hanster Ovary lines, DHFR m nus), HELA
(human cervical carci noma), C\/I (rmnkey ki dney |ine), COS (a derivative of
CVI with SV40 T  antj E16 ﬂ ?hhams er fibro E‘s BALBC/ 3T3
(nmouse f|°5|"&5? axinp, BcioR t(eﬁ W%@%P’H f FH%ﬁ”“"Q@P@"{FED Snyel oma) ,
P3.times,, pOSEIIS® mtqwgm,v.%\maeg@é fhat hel i al cells),
RAJI (human Qﬁg% te? and 293 (human ki dney 2 CHOceIIs are particularly

pr ef er r e@ite (Pkﬂs Cc@!"ﬂmg e ssubstapiially anaintaining; thep cenfiguwation Affer ci al
services; ﬁmnf%@gf%]rdmfﬁl’é‘of the Mﬁ“eg:’é'rlﬁﬁbﬁ ‘J)tﬁ@rt br@fé § ehioBlivi2ie! | shed

literature vitro produ ct|o ows scaeupto gl ve | arge anounts
of the desayrcempripethe@dditionlef pnecenmere anymmgndSh@ the cgnstarnt regiorctoexpr essi on

system ferapl vy .an IR ech g., manmmalian
and yeaslt%ﬁ a‘}%ﬁhb?e\/gﬁ?%&]ér ur%%%cwt?%sés}*ﬁgﬁgmnWe céfg :;f(lt))rn o'§re known in the
art and icyiotoxinieor lvarbolyeirate attachmenp elnssuom embbdiments itemay be desirablei r | i ft react or
or in a continuous stirrer.reactor ed or, entrapped cell

cul ture, @ ingerog %‘ﬁtﬁ\ﬁp??@e?%q”eﬂ?éér‘ge@ﬁdsﬁ]msse||e8 %95’3‘38{; cr obeads or
ceram Cc @afhinsdges. For isolation and recovery of the 25 15 MAY 2006 WO

03/ 048306 PCT/ USQ2/ 36856 anti bodi es, t nmunogl obul jns in the culture

super nat 394741 nayF ?{"Y’E‘B maniPyalioReof ﬁ‘&t é‘gate‘é Q?"e‘l?y"}?FPéE" 1 PEVIdSn with ammoni um

sul phat e gnflioale ©nd nﬂﬂﬂib&‘%htlbomégrg@ﬁ% §et fokh &b, thd!§nedSarEHen filtration
t hrough sel ective nenbranes, the like. If necessary and/or desired, the

concent r dseded d & |99|M@St6¥“°nﬁmrﬁ$,3&?"e Mectoraatrring &a te dnyeation iffd by t he
cust onmar Ynt%ﬁ&ﬁﬁﬁﬂ@h@ﬁ%"%hﬁ% beﬂ%@d%ﬁf&hf‘e thgedesiréd hﬁé}hﬂ‘%no i on-exchange

chromat ogr ap hr omat &;wﬁhy over | ose or yaffinity
chr omat ogﬂ@i}ﬂdy Comstradive @Q@Qimﬁféﬂsedeﬁcﬁ%dwmbnf@xpreSS| on system for

product o)  ITheSema80P L UMGESIOH vich St G5l erOYGH hd Pifbsseiol YT Stroni ¢

const ruct. | i Ke previous ol'ycistronic con t he inventive
expr essi oh ttwspeelﬁcqinocamdaﬂalmsmd neare vectore wsed imfaccrdancedwithethes i n bot h t he

sur pri o1 RESaVRLA o PRI or ol BCER Cofletind Bitesied ey 1 St ci st on
i n a pol yca sélr A kmown tr thesa skilled yrsthe ant saicle vdoters may easiydbedselected

from the group consisting of plasmids, phages, viruses and retroviruses. In

general, vectors compatible with the instant invention will comprise a selection
marker, appropriate restriction sites to facilitate cloning of the desired gene and the
ability to enter and/or replicate in eukaryotic or prokaryotic cells.

[0076] For the purposes of this invention, numerous polycistronic expression
vector systems may be employed. For example, polycistronic vector may
contain DNA elements which are derived from animal viruses such as bovine
papillomavirus virus, polyoma virus, adenovirus, vaccinia virus, baculovirus,
retroviruses (RSV, MMTV or MOMLYV) or SV40 virus. Additionally, cells which
have integrated the polycistronic construct DNA into their chromosomes may be
selected by introducing one or more markers which allow selection of
transfected host cells. The marker may provide for prototrophy to an
auxotrophic host, biocide resistance (e.g., antibiotics) or resistance to heavy
metals such as copper. The selectable marker gene can either be directly
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at very low |l evels in conparison with gene sequences expressed in the first
cistron. Accordingly, previous polycistronic expression skMa¥s00gere
generally limted to expressing a marker sequence in a second cistron, not
a gene sequence of interest. Alternatively, the second cistronic gene was
inefficiently expressed, thereby precluding the production of detectable
transl at wopwo3psssduct s from genes contai ned in each @cstusaness8y contrast, the
pol yci stronic construct according to the invention may contain two, three
or nore cistrons, each encoding a gene of interest, if so desired. [0084]

The present .invention, in it referred enhodi nent, expresses antibodies,
whi ch maynksd e é'ﬂ‘%&e%lée"&?s@‘rt%o@@'?%? i%?ﬁ@ﬂacewm? SP’HE!"G@es di meric
ant i bodi g, cottangféhmatici| Ysdditioh@NlemeNter Bsy iad B¢ Sleeddd Ydtesftimal t wo or  nore
anti body genes are_expressed off the sanme eukaryotic pronoter, wherein such

ant i bodysyjuhasis of @RNAp afhaseqeleferRs anqyr inglyde spliorEsignals. @srveltas arly, as

di scuss e pt AL molkRE ohRAHEBI! AR eRhABASIGNR, oxPr essi on of

domai n- del' et ed I'es and ot he I'T1ed antibodies as described in
PCT/ US02[0873)7 3 Irepreferpdembedimeots3he instant invéntive wilbexpiass atijodie®, 2002, and

For cxpr DR o YoBides, Tobbné Bhtidintuel Ul pBGRIBEN Tl 0715 o

CHO cel | systemb. oinhikese noeéll exptelssibn systerhs, nadlfiple gend prpdectd dilinteebst or  hi gh | evel
protein r%duc i on. ﬁj ROt ed 26, 1 .bI\/AY 2003) WO 83/ 048306 PCTI US02136856
above, A% BeaYY Agd diohtehainsof ibadies By PenIadyred JIP™ A9 hai n genes for

i ncor por pélyéironie! omstuiCi STHével SysteRs eadvaRtageoUsiye e 2&¢ Ghtdirag to the
invention 1s wel| vvi_th&a éﬂg purvi ew of. qrq:fnary skill. As noted, such

ant i body"'&é*ﬁ_@‘@ gAYy sipcURE ?uP’@V'ﬁ%a‘\?ij)’tWyl igfht levasi of ﬁ‘ﬁg'f'%dy genes, e.g.,
nurine, aaibelies ielARotic RaSEdefs., CBinpatibl® IRESS&RIchERV e RB[08Ed | | ght chain
genes may be nodifie chimerization, humani zation, domain

e.q., by : r

del et i oningd-St-NeBJF289 which js é‘é@d@@@’atef’ deesy) InTkeentiietentTinese f ur t her

cont enpl ghifesy ih e 8% mnﬁmrwateftha%\acrhswsﬁ&}%ﬁmn@mag bghlse§ i@t N sequence

whi ch when expressed using the POl ycistronic ” expression system of the

i nvent i oeffectivaly pioduce the fll age ef modified: antbadies disclobestiip the instant  one t hat

speci fi c%aixatp)innds to a target antigen, e.g., a tunor associated antigen.

[ 0086] AS C!I scussed, the copy nunber of the heavy and |ight chain genes in
t he pol y[00Z8F oniMore @esenally,t onceythb evestor oc tRNA seqirerchagncotiieg fheef erred rati o of

R AN ! ARG il 8Bl PGSR gy orpo oL 1 ovel s

pr ef er abvectabmay be dtrbducedlintd anchppropriatet lost bell. hElatyis, thahost cells
may be transformed. Introduction of the plasmid into the host cell can be
accomplished by various techniques well known to those of skill in the art.
These include, but are not limited to, transfection (including electrophoresis and
electroporation), protoplast fusion, calcium phosphate precipitation, cell fusion
with enveloped DNA, microinjection, and infection with intact virus. See,
Ridgway, A. A. G. "Mammalian Expression Vectors" Chapter 24.2, pp. 470-472
Vectors, Rodriguez and Denhardt, Eds. (Butterworths, Boston, Mass. 1988).
Most preferably, plasmid introduction into the host is via electroporation. The
transformed cells are grown under conditions appropriate to the production of
the light chains and heavy chains, and assayed for heavy and/or light chain
protein synthesis. Exemplary assay techniques for identifying and quantifying
gene products of interest include enzyme-linked immunosorbent assay (ELISA),
radioimmunoassay (RIA), or fluorescence-activated cell sorter analysis (FACS),
immunohistochemistry and the like.
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[0087] In the preferred enbodi ment, the expression system produces

anti bodies in eukaryotic cells, preferably nmanmali an cel | 5 ¥Mad086s Chi nese
hanst er ovary (CHO cells, baby hanmster kidney (BHK) cells, fibroblast cell
lines and nyel oma cells. For exanple, CHO cells are enpl oyed as hosts for an
expression system conprising a polyci stron conprising, inthe 5 to 3

ori ent at iwop3/@s3é east the foll owm ng sequences: a eukpeiyodor/ssssr onot er
sequence that is functional in the particular eukaryotic cell used for
exp'ressi on such as CW, SV40 early or actin pronoter sequences, preferably

ence COdI nt i bod ht chai n, and referably at its

end Dilpb-@j o'f“iee et['}%rt g@@@&—r‘}éﬁg Rall. be, ysed, ne? Hff? dr i bosone entry
SI te (I RigShse toneefr%arhhmrddﬁuaﬁoméf mnaﬂ&am.mm hoBO¢dIIaNAtcHandys her pes Vi rus,
positioned to follow 'the antl bod ht chain sequence at | east one DNA

sequence thhgenotyng and conseavetly o8 in e ceciment ¢l chai n sequence
preferab'tpom' NG5 (YRt ~héyca||se%~'farrsxst~.é|etﬁﬁ%%'b@an k@ﬁéﬁ&heaequence and

flanked By a'5' start and a 3 ~ stop codon, wherein sonme or all DNA's
encodi ng with vestors) constreted wsivg dpeprabirant %m\eamm eupdingu@nt heavy chain

sequencese b R HeSiSoodBhoHBC AL el HRrdYriRBACYE (RlAAEAR PCT! LED2/ SoESs

the ultinmate anti chain co sequence conprises a poly A
sequence tigreoft producede by anest Aeli;dhatalsl ebyl vmaé eof athist trandfﬂliﬁtlm te between

heavy and light chain sequenc IS exe n t he, NEOSPLA vect or of
Fi gure i‘?c‘f@%ﬁ’f W@g'oﬂﬁrg W’ce[sﬁ% gﬁk'ﬁ?'ﬁ@?’] \é\’* *?Odﬁﬁsef’%mabl y conprises
ahmamml irégdmbirdnt hegwl tneteempr'ﬁneandbr'ggua:uﬁihﬂ@ arl usedlinterthagelablyr ed embodi nent
the pro

ter i the ter nd t derived froma
car df ovi Heigense fe.soure ¥ eibant Hgisf i qoach speiied dlastyisey ot
Mous- El bw&dselrécovewttﬁanwdylfrbusmeaadls frRly WiddindfrorKs urr dswn Whele preferably
human encephal gnyocarditi s virus mﬁdlugh%quhe i nvent| ve pol yci stron

pr ef er ablC§lis QoM be ogh CH'FH’PGBB‘?'W’IQQIP@“ thegsuseendedce and one or
two anti gy heavy chain codi ng sequences. However, polycistron constructs
according to_the invention may include 3 or 4 gene sequences or cistrons,
for ex an3¢®1] ondheihgpt celiHigersed dor pugtedt eXﬁS?i?'Qﬁe'ﬁWOStcﬂféﬁfﬁbw ofre

cont enpl %ﬁ%?néﬂi\ar@lnon&é ¥killdd "R tﬁé”a%ttl ¢ tﬁéﬁlly%%:f&rﬁﬂ@d%\\}tlchlapﬁggter abl y

conprise a po . Sequence, prefer I'ne growt h hornone
(bGH) gewel Ilmwp@hyare deeslosuited sfoe gexprpssiamal the dnsyed)egeosemdmt loci targeting

Dy Moo BB ARG8T 1Al ABuab A e 81 ks BITERSHTERS pUE1PO! vl St roni ¢

construct W
(Chinese Hamster Ovary lines, DHFR minus), HELA (human cervical

carcinoma), CVI (monkey kidney line), COS (a derivative of CVI with SV40 T
antigen), R1610 (Chinese hamster fibroblast) BALBC/3T3 (mouse fibroblast),
HAK (hamster kidney line), SP2/0O (mouse myeloma), P3.times.63-Ag3.653
(mouse myeloma), BFA-1c1BPT (bovine endothelial cells), RAJI (human
lymphocyte) and 293 (human kidney). CHO cells are particularly preferred.
Host cell lines are typically available from commercial services, the American
Tissue Culture Collection or from published literature.

[0082]) In vitro production allows scale-up to give large amounts of the desired
polypeptide produced using the polycistronic expression system, preferably an
antibody. Techniques for eukaryotic, e.g., mammalian and yeast cell cultivation
under tissue culture conditions are known in the art and include homogeneous
suspension culture, e.g. in an airlift reactor or in a continuous stirrer reactor, or
immobilized or entrapped cell culture, e.g. in hollow fibers, microcapsules, on
agarose microbeads or ceramic cartridges. For isolation and recovery of the
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sequences that facilitate honol ogus reconbi nation at a tar eted site, e.g.,
gene that is inactivated after reconbination. [0091] | nalpMet®Ped

enbodi ment the inventive polycistron conprises one or two copies of the
heavy chai n codi ng sequence dependent upon the stoichionetry of expression
of the particular antibody heavy and |light chain genes. In this regard, it
is well KWO#H0MBN&t i n pol yci stronic expressi on syst eR€T/USRB@Scecond gene i s
typically expressed at |esser efficiency than the first gene. Accordingly,
in one enbodi nent, the inventive polycistron, in which the first cistron

encodes an I n,. cQ ron encoding
g e R A o R e R

facil it atcencentrbied| ery; b@xmeapmitlom with admonlnamvgulpﬂm ndiglgdisaagainstt o t he | i ght
chain. | ener al e chaj{ n _be expressed at

| evel s \,\,qugrgsggpg: E'f"t F"esa‘écf‘ q'guféa "qug@é?@ak‘{\és@?@b@ nEF-+ 9

non- pol y Ghes like NIf Geedsary Rindfs desiredf thbh@né’éhtr&‘éd“é‘bht@ﬁ& bf MGHi0aé48306

PCT/ US02/ 36856 heavy _.and |.i ght chai ns when expressed in the same eukaryotic

cel | usi rgtikpdigsrare pyrifed;by:the gystonasny carogsalegrapiy asthods i example; s per ni ssi bl e,
and i n 1 g ffifsioh Ahbrfexchiiite Riohatiordghy, 2dnAGktadyOier BIBIED 1 S expr essed

relative'to the anti body heavy chainh, as this is anal ogous to what occurs
i n endogeéeivieseni{immmne- )pﬁﬁﬂlﬁ{!&\fmt@@fﬁpfy D| sparate expression |evels exist

because t[%tﬁab hgﬁ‘éaclo;éﬁghgrehﬁs b'ﬁ%&él%gﬁrﬁés‘?éﬂéﬁh% fo?ﬁ?o'dﬂ% iﬁhﬁm gpropriate

assenbl y eav al ns xce Sive unpaired
heavy clgahelploducthofjlgterestt tronnra:hlngie ptﬂymstmowloonstmct TUrdike prgiviousligai n is al so

critical j i i t heavy and |i ght
chai n  SMEROBICAR cohBrited hepuck e BRGSO Aalgda 0T e

endopl assufficiesttlevels mfrdes"ﬂr(iegeaeabi both thiedirst and sitseyudnt gistronstaibe Wi | | be
expressed from. ang éOﬁY tao 1/.1 rel ?’ﬁi Yﬁ to the anti bgo%%{ Irdeavy chai n.
[0093] H&RRErSA é\?%’f’ S IF REPHRAY S RS A Fud TSR B P nus, and

shoul d beftertas st cistrorsiv faf potyicistronit expression sybtermeisive beei expreggleti chains to
enabl e the ergg)%'r ation of funct{ onal , secretable anti Bﬁgl es in comercially

accept abPkY pyels ipgomparison; with gene spquances expressed indhe Jitst ¢ hai n expr essi on

to be togjistreny AMQIY?réWst%lyble?ﬁc @ims@;onezstams%%@émn on results in
|nadequate yi el nctional anti bodies ur poses of industri al

utility, IMRedORIRIGSSIPO S rpaTkesiseqyante i1 %W"ﬁﬁ'ﬁ’%d‘%&g?%der an expr essi on
Syt em CQgERIER B ler s bbby, 1R ShooRiBord erkSRRVREtICHy COMPI et e ant i body

nol ecul es m bat ch cul tures to achieve. Generally, functional

ant i body expressedothereby prmwrtgdhe moé@ptee |of detegtable tranghaliontPredieigi ng f r om about
5-100 pi BRI GBS BSHtainéd Inealf bisGH, - By ONFY&! thE pBFEiSonic construct

according to the invention may contain two, three or more cistrons, each
encoding a gene of interest, if so desired.

[0084] The present invention, in its preferred embodiment, expresses
antibodies, which may be modified as described herein, and further includes
dimeric antibodies, using a polycistronic expression system, wherein two or
more antibody genes are expressed off the same eukaryotic promoter, wherein
such antibody genes are separated by one or more. IRES’s. Particularly, as
discussed previously, the invention includes the expression of domain-deleted
antibodies and other modified antibodies as described in PCT/US02/02373 and
PCT/US02/02374, each filed on January 29, 2002, and incorporated by
reference in its entirety herein. The eukaryotic cells used for expression will
preferably be mammalian or yeast cells, most preferably CHO cells and other
cells that can be efficiently cultured for high level protein production. As noted
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| evel s of expression may be achi eved. For exanple, cultured cells may
secrete at least 1-5 picograns of functional antibody pellsl?,délYIm%ﬁach day, or
at least 3-10 ng/L for at least 3-4 days. [0094] Wth respect to the above,
it is generally unpredictable whether a given polycistronic expression
systemw || result in adequate |evels of antibody production relative to

ot her expWe8¥M8¥6 systens. This unpredictability ari sBEI/UYe®¥se, in sone

i nstances, the second desired gene in the polycistronic conplex may be
expressed at very low levels relative to the first gene. Therefore,

preferre | . b SRR 1 rovide a ratio of
ant i bodydﬁb?g%?% c%?hﬁg%é?lg@éggfnﬁlo nfﬁaggg@@@ééﬁﬁrghg?e% f(grxpr ession within
t he 29 15nddipora@nantv\polyCisiterdseeressioh spsiens eamedingitogbe afventloous 10: 1 t o about

1:1. More preferably. .the rati ' in.to.  heavy chain gene

expr essi deml"Qt it ﬁPé’B&?&’t‘%Q@%’gs@Loﬁ 9@&%%@&{ T'B@@@] Q?Wﬁ% | RES constructs
S stron. ol lonad by tas | REa At body Cb damn el 6t ed htavy chai n

e quence TBRTSER s, oM hRSeIEE ARl B TN Ge0R Mey he RSeHeA - Dby o o1 n

product i QRinkeizBEENhEmanizdtiok! dordiy gdistionfor sid-s e Mutadepes oduced and
secreted fromhost cells. [0096] The inventive poalycistronic vectors enable

t he requil@98sd Thednventign fyahgrrontemplatesdhe expressionsol ppyBeavyi¢heiB be achi eved by
sel ecti ony g hidree WRRNYvheh R2braseaty i s, by selection of an
effici en{bnlelg%'g@éﬂ%%has&?hat 0 he % orsp‘gs ?E@%@g?ppr ation of nmultiple
copi es ofexprgssiamsystera ¢f the inventianaassocigterte prodgee a furctionahantibodyie  DNA

correspondi ol z% i my. be nodi fied by site
speci fi cq'rq}ﬁt%g%{erﬁteéé%'ﬁ?%" a ' rrggzr)lg?%er e %n, t%%g ﬂg'@g?ﬁ%"g}?ﬁéﬂct ure remnains

unal t er ecintigemund t he ATG codon, typically the first 10 codons, but which

cequence 10HeL: Podischsded. feieBhr Byr ERS Banond 0 ABR hoBSM T hcavy chai n

yi el d usitimgpdiyuistounicjcenstrysbimgy be selected schiihatdlse preferrey sdtiorofwi | | typical |y be

| ess than the |ight chaip.vield, .as.is,the typical xpression rel ationship
in an engg Bﬁgglﬁ’ﬂ 60 "ﬁaldoﬁgc Fﬂ?a'gbéﬁ'\a!" 'srﬁg&r Pys5Aat %(‘fﬂﬁi‘”ﬁ'cbi eld to heavy
chai n yi eypicaliptange fohd 1075 nsaré pieteraisly SHpamdstillinsore preferably apsutet i on  and
f ol di ng. ﬂqe r?t@ﬁ of thh(?l I \|fyght . chain to heavy chain expression may be
vari ed by/1¥d/ _ vp fqpthe; fiE e"é@lnng the nunber of IRES-1inked downstream gene
sequenceqodsvp | pvihepréfbeed eribddiibiit! the eRSTESsSIEsyafent pBdlidesst cistron. A
particular [RES and expression cell combination nmay be selected to
opti mal | ?"?'W@d% gukaryotic galls, Rrefesably, mapymalian §Q'\3§H°'b§§)9@§§$%n in a system

hamster ovary (CHO) cells, baby hamster kidney (BHK) cells, fibroblast cell

lines and myeloma cells. For example, CHO cells are employed as hosts for an

expression system comprising a polycistron comprising, in the 5’ to 3’

orientation, at least the following sequences: a eukaryotic promoter sequence

that is functional in the particular eukaryotic cell used for expression such as

CMV, SV40 early or actin promoter sequences, preferably CMV; a DNA

sequence encoding an antibody light chain and, preferably at its 5' end, a

eukaryotic secretory leader sequence; an internal ribosome entry site (IRES),

preferably that of a cardiovirus, poliovirus or herpes virus, positioned to follow

the antibody light chain sequence; at least one DNA sequence encoding an

antibody heavy chain, each heavy chain sequence preferably being preceded

by a eukaryotic secreting leader sequence, and flanked by a 5’ startand a 3’

stop codon, wherein some or all DNA’s encoding an antibody heavy chain are

separated from subsequent heavy chain sequences by an IRES, and wherein
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[0098] An antibody that is expressed according to the subject expression
system may be specific to any desired antigen. Preferably!SMd ¥8¢i body will
be a functional antibody that elicits a therapeutic effect, such as an
anti body useful for treating an autoi nmune, inflamratory, i nf ectious,
allergic or neoplastic disease. The anti body may be conbined wi th other

t herapeutwooyyedes for synergistic effects. For exabgi/esozses anti body nmay
be conbined with a radioactive source for use as a cancer chenot herapeutic
agent. 30 15 MAY 2006 WO 03/048306 PCT/US02/36856 [0100] In general,

ant 1 bodl G GHALESS LRI UM LAY BRERSTANGNEISPR o be used in any

one of a I nmunoconj uga unconj ugat ed
forms. | reegaerceatitsd’ termtirisaA suitabit Ieeale)bftheMRE:S elmtmiweemrmaw on may be

conj ugat ed ,;t.o cytot oxins such as her.a i C_agents,

cyt ost at |"’H‘dé'§'etrf¥’§, SERGIGE? @aﬁxe?‘BwIeﬁ tﬁllnstﬁe @E?’%&'}\ tpgﬁz:té&“i"?/el y, the
antibodigs of the instant invention may be used in a nonconjugated or naked
formto harness a subject's natural defense nechanisns to elimnate

mal i gnant[00&8]| As noted 'ﬁ&?‘?ﬂtbﬁﬁ%%?t'ﬁf;@?@?ﬂe@?Wﬁﬁ%ﬁﬂ@mmfﬂi@ant| bodi es
produced afeRd moprrberémea CRONEEMS §i Ppreferet BMRbinidie trlilar;%ﬁafer' nvention may be

nodi fi ed, such (@)‘{yru gation to radi oi sotopes. anpl es of
radi oi sotv@ﬁe@\du%pfqmotqc fbei%&edemeedfrqwerw:dwmmwob@e 901', 1251, 1311,

1231, "' lgy ccar? nd 188Re, using
anyone of a é{ﬁa% ﬁénh’@yag\%n@'@%a otﬂzgr@gﬂégirellil rew[M %ﬁﬁ%l ng. Conj ugated
and uncor{jakgobia SKaitus, saast preferaljly hemarsentepbgjemyeoarditis virie  sane t her apeuti c
regi men, Eﬂ as used in the currently approved therapeutic reginen

enpl oyi né eva?'i n for the treatnment of certain non-Hodgkin's |ynphomas.

[0101] Ir[omamerThemiyedimemumstrbdnpretanabljoaﬂhmesbnbhﬁboidm:gmnhmm may be incl uded
i n conposi ns that conprise, nodi ant i cou |l ed to drugs, prodrugs
or biol c?é’f;%‘g 9?"’@?5’6%3@ ,pgg.qr%qgnﬂggim ﬁ&"ﬂ encga.“ anyci ne, and

| ynphoki nsweverG bol?dstrdht(ﬁhétﬁrcw”acc&ﬁldgho ﬂfehWenﬂm)mdy mehtie 3of 4t he present

i nvention congfgl se the gq nodi If| ed aFtl bodi es conh@% ted to specific

bi ot oxi nS€8GE '“E?Ec‘?si‘?flcf? '8?5 nEXAmPIe conedightchajn.anddwo gf i#bdi ment s the
nodi fi ed chaié ld@@%rﬂ&nﬂmédbadammllﬁstwjéwpayéaafonlwmru@félrémy cally active

|l igands (e.g.. antibodies or frgag)lrrents t hereof ) wherein the resulting

mol ecul e 99MRASE 2 Boly Brssauence crrsferably thatof the bayine grovah heEname cel | such as a T
cel I Thapan) gl The GhiyibinsisyseAnbpBARRIhAY Sloineeniiyaitiony mdi f ed

anti body to use w | depend of the type and stage of CancCer, use of adjunct
t r eat menthopelogous eeembinatianapy or external radiation) and patl ent condition.

It w1 REogdp Pk hisinsbdimétt, thE BolgdidttoncEoh&ruct will comprise
sequences that facilitate homologus recombination at a targeted site, e.g., gene
that is inactivated after recombination.

[0091] In a preferred embodiment the inventive polycistron comprises one or
two copies of the heavy chain coding sequence dependent upon the
stoichiometry of expression of the particular antibody heavy and light chain
genes. In this regard, it is well known that in polycistronic expression systems,
the second gene is typically expressed at lesser efficiency than the first gene.
Accordingly, in one embodiment, the inventive polycistron, in which the first
cistron encodes an antibody light chain, may encompass a second cistron
encoding two or more heavy chain coding sequences, if deemed necessary, to
facilitate sufficient expression of the heavy chain relative to the light chain. In
general, it is preferred that the heavy chain be expressed at levels which are at
least equivalent to levels observed with non-polycistronic co-expression of the
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the art could readily nmake such a selection in view of the teachings herein.
(0102] As used herein, "a cytotoxin or cytotoxic agent" ntaM&Y206 agent that
is detrinmental to the growh and/or proliferation of cells and which may act
to reduce, inhibit or destroy a cell or malignancy when exposed thereto. 31
15 MAY 2006 WO 03/048306 PCTI US02/ 36856 Exenpl ary cytotoxins include, but
are not |WePYHEPO¢ o, radi onuclides, biotoxins, enzynB€TEWEB6BS6acti ve toxins,
cytostatic or cytotoxic therapeutic agents, prodrugs, inmunologically
active |igands and bi ol ogi cal response nodifiers such as cytokines. As wll

be discu j t e particularly
preferr e?%gw’] atgﬁ’e"ﬂ!(:'Ir'{'sét;l egg\%dn'\bz@t%é%g%’%%& ﬁy otoxin that
act;s toI _rm_l)a;isfl'omfﬁmre&slmﬁystymvw h of i m’rungreactl ve ceI S OL {nﬁl i gnant cells
or to eli ese S e a OCI e

pol yci st r@h% ﬁé%‘?‘?’(?@ﬁ E AN ﬁgﬂ%wgsa‘ eg%f rengreqq bﬁghiéﬂéhil nis withinthe
scope of ¢ham iPegnessed rélativens therantibédfyhahvy dhair, lab t}b@séunab eisbed that, in
previous studies, anti-tunor @g%l bodi es | abeled with the above-not ed

i sot opes Whah ECBIELIA eNdeaenoys antbody proguqing erls parateeXPEessNsol i d tunors as

vell as Ij mm’gisééa%&man@ﬁt ¢HAINAS insBlmemdah avrec%ﬁg tHena pproprates. The
radi onucl | des act roducing ionizing radiation whi ch causes nultiple

strand br@éﬁ@bltmfﬂ?a@n Y brRRvY qr&’d'gh‘r@al"é ang| excersivernpaiFed heswy opes used to
d t - 0-
produce nﬁ%ﬁnﬂ&gtﬁ t&ﬂﬂhcﬁ%ﬁl?&l&%pm@{ﬁtﬁ Iﬁﬁél?%uaq& itigh) u’??ﬁ?efé:g g & Of

particles ve a S I'en uch radionuclides  kill cells to
whi ch t Heldingroftherassenatsied antibrdyrheayy aﬁ(bﬁgmmalpﬂe predysessfunational | s t o whi ch

th ttl ffect
e o 8B PhABRAT 1 PRSI SeR T PR Lo o one ST L "
Wt h respantibodydightrahainawill bé exprelssed fiom abdut104) togHt eslative tetiiej unction with the

present in E Elon the nodified anti bodies may be directly |abeled (such as
t hrough i tegiy ¢ r‘ may be | abeled indirectly through the use of a

chel atii nqoosa;eMoweoér levels ohthééhbﬁvy dhiaih miist aselse dé mikiimes; tand abel i ng” and
i ndi i ent is covalently

"indirect n ot h, nmean t hat chel atin

at tached SB087e PAvETIB Sy TR ratos ML PotBRLIO IEbhcoRTS S Al Pdosoci ot od. w ¢h
t he chel ajenB@tio& Hinctios GSecktaiRbntibedisgRbomnidrialyatcehby referred to as
bi functional chel ating agents as they bind both the pal ypeptide and the

r adi oi sot 6‘{9&5 Thys: th'&:'end&ﬂr%b'%%ma%w C’@H\B?X&quﬁgné%éﬁi@ loWcl ude 1
-isothio tg'?ﬁél@ﬂ l%lrf“é% | et ﬁfr&k‘%‘oﬁ'?&ultyd ﬁ%é@%ﬁé}té&&@ft' ¢ acid

(" MX- DTP | enetri am ne taacetic acid ("CHX-DTPA")
derivati \ieactnomnl hehbodh’:el 5@1 prjpesgs of ndastig ptildy lnademtﬂyalﬁs OEDTA deri vati ves.

Par ti cul g, o4l ahfbdlfes ré@fle? I kpré&sion’ §te Wntrfidibially non-viable, and

makes the recovery of complete antibody molecules from batch cultures difficult
to achieve. Generally, functional antibody is recovered from cultured cells at an
amount ranging from about 5-100 picograms per cell, per day, however greater
levels of expression may be achieved. For example, cultured cells may secrete
at least 1-5 picograms of functional antibody per cell each day, or at least 3-10
mg/L for at least 3-4 days.

[0094] With respect to the above, it is generally unpredictable whether a given
polycistronic expression system will result in adequate levels of antibody
production relative to other expression systems. This unpredictability arises
because, in some instances, the second desired gene in the polycistronic
complex may be expressed at very low levels relative to the first gene.
Therefore, preferred embodiments of polycistronic vectors should provide a ratio
of antibody light chain expression to antibody heavy chain expression within the
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[ 0105] As used herein, the phrases "direct |abeling" and IMAXAYE apel i ng
approach” both nmean that a radionuclide is covalently attached directly to a
antibody (typically via an amino acid residue). Mre specifically, these

| i nki ng technol ogi es include random | abeling and site-directed |abeling. In
the | atteVOO0X4886 the | abeling is directed. at speci fPEI/E0¥¥8560n t he

anti body, such as the N |inked sugar residues present only on the Fc
portion of the conjugates. Direct I|abeling may result in multi-neric

ant | Dodi Gandd &H&BEuA-1' 1B Bobi AC1. SWorkHrd@idBly thé #4to orlighEhbiido t eChni ques and

pr ot ocol e conp e wth iMstant’ i nventl o exanpl e,
Technet i mea%chaumgnﬂelewes%@n l§\f@ﬁb¢h0uh3rﬂ ithakputd.5ry be prepared by |igand

exchange e nous ion

sol uti on,lB@#il iﬁ'ﬁaﬁéR%g&r%ggucg%r I uhﬁéngﬁﬁb@%mﬁﬁﬁﬁol um and

appl yi ng sel@ereetin the first sistran, fdiibweatby WRESFarihbodyatldhdbmbml i ng techniques,
e.g. by at i n ertechnate cin h as SnC 2, a buffer
sol ution @E&?‘F‘b Wﬁ???oﬁaé@ﬁ}h? ﬁY ﬁ%ﬁ‘é‘f‘& fh?'ﬁ'ﬁt(ﬁ?ﬁvy‘imﬂ‘ the anti bodi es.
I n any evgstbin pradueiciv to @fatile Sitibledbveltost ahttfodyitd BE bradutébaid ng anti bodies are
well known in the art and a particularly preferred radionuclide for direct

| abel i ng sesretegfrompesé fellSan be coval ently attached via tyrosine residues.
Modi fi ed | mbﬂbﬁﬁleﬁtﬁ&q{o@bﬁﬁoﬁl@vé&tﬁs ehébf@{hb'r@éhlme\;é?s steeaned, for exanple,

wi th radi ive sodiumor potassium iodide and a chem cal ‘oxi di zi ng agent,
such as §@d|ll9|nﬁd19'p66wp§$1¢rt@ becshigrethbyheelectionof appeoprialecheady an enzymatic

oxi di zi ng g.g%tﬂ @Je‘?lﬁeé @gggﬁgro%fgﬁémc.emmeesach%'tﬁa%? and gl ucose.

However , oses 0 resent 1nvention, the 1ndirect |abeling
appr oach hEMQ)é@ebmthewmmmt@d of moltiple]copigs ehthe an@)@imhngvytamatrhel ators and

chel 2t or 600k Uae? e SNR Brkiboblif itk s ER orifishanfEna S Patent Mo

4,831, 17 nsow 1's direct subs ute
di et hyl emgete mayibe apeified &y sité spm;iﬁbml.tﬁgeheslsm samenier wthereby theonj ugat es

contai ning,th h rat o Pat ent Nos.

5, 099, 06§gd'§g Sﬂ%&grgﬁerﬁﬁgig%t“gég ar%J Héﬁf ggé %ﬁ#@%‘fﬂy ﬁ'?fp%f 0Gansow al so

rel at e t @ogorsybutiwhichtrddifitafiiivasaltsdh aktered expressionaf ttentieavtieain ncor por at ed
herein in their enti rfaé O her e | es %f. conpati bl e netal chel ators are
et hyl enefP4RY SEIUENFE%S %LO%{H'H“QC’E%GWQQ rTEnet ri am nepent aacetic acid
(DPTA) . Joob73, neheé\ryamamtmd ad@mé%ubjéct‘bo@c@&om@éi;ﬁés%ﬁinet radecane-1, 4, 8, 11-

tetraacetic acid raazahe ecane-4, 7,12, 15-tetraacetic
33 15 MAvYsiemavill fyplcallyﬁ)e less than fhe?lghtc ain ylefL(J1 g tﬂe typlca

expression relationship in an endogenous antibody producing cell. The light
chain yield to heavy chain yield ratio will be sufficient to enable protein secretion
and folding. The ratio of the light chain to heavy chain expression may be
varied by, for example, increasing the number of IRES-linked downstream gene
sequences following the light chain sequence of the first cistron. A particular
IRES and expression cell combination may be selected to optimally increase the
amount of second cistron expression in a system.

[0098] An antibody that is expressed according to the subject expression
system may be specific to any desired antigen. Preferably, the antibody will be
a functional antibody that elicits a therapeutic effect, such as an antibody useful
for treating an autoimmune, inflammatory, infectious, allergic or neoplastic
disease. The antibody may be combined with other therapeutic agents for
synergistic effects. For example, the antibody may be combined with a
radioactive source for use as a cancer chemotherapeutic agent.
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WD 03/ 048306 PCTI US02136856 acid, or the |ike. Cyclohexyl-DIPA or CHX-DTPA
is particularly preferred and is exenplified extensivel ylD¥ANOSt ||| ot her
conpati ble chelators, including those vyet to be discovered, may easily be
di scerned by a skilled artisan and are clearly within the scope of the
present invention. (0107] Conpatible chelators, including the specific

bi f unct i omeb3/@sseé at or used to facilitate chel ati on per/uso/messdi ng
application Serial Nos. 08/475,813, 081475,815 and 081478, 967, are
preferably selected to provide high affinity for trivalent netals, exhibit

ncreased r-to-nonst a s _and decre bon take as weII as
Igr eat er Fﬁ@ﬂﬁ p ega): cﬁlﬁ‘%d'és %ffpg?‘ﬁﬁﬁ‘i’ Paf@’@l?g ?oa%eqregqn?ggle Uan e " B-cell
| yrrphoma rha\ Y useldtie any M\aemmlmt bicdonjoighted Gitel. @n irhmaRsdonjugate) srhat may or may

not possess all of thes cterist re known in the art and may al so
be benef j4canugated {oFps- f"h g@a F@ M?sv&tr‘? PERSEB INXENUBR MAY; ated that, in

accor danqg vaohh%éta@ be%ytbtdstms UG Qs radi®sbitd dpeﬁd tﬁ&tabamél @ge®y be conj ugat ed

to different I ol abel § di agnostic an hera eut ur poses.

Radi ol abélymtéﬁlﬁ@g@mah@'@g'@ﬂirﬂ?mfa?fdh'odfégs Hitespativelyi the ¢$g°f of tunors
before a t i "l n2B8"

conj ugat gﬂ%g{%h{ iﬂ%vﬁlﬂnm |y Bégrs%&ggrgélng% [\;g%f[élgi%gﬁ?éﬁ @E’éwj ri % UXI mab) specific
t o human aCabjectist ng}umj defemise | mechanisoisetd Blunihaﬂenmdl@amt delld.unlot i onal

st m ocypattefian MSyered s e OB artBaa B progEhe IR IS 0.1 openzy -
t[))g?@e o ;eggijetss»pmrsy'steni af ithe preskstr ingehtian maydimgnmuf ed, sathi asibyl | de because

h
det oct ankERBReN P (9epes, ExpmBEE s SuaRapds JEuAhaGobloc Tve o
subsequenivenfioh inaloeé &, ’zélnﬂ%"lbt?ay"élns’f’?RrbuﬁPsmnwcwp@Gm W, NBLst udi es utilize

about 5 %d bel ed ant i bﬁ Bec use this do is both safe and has

i ncreased {5100 Anyone ?r%'ﬁ?‘ i el \"IﬁWé‘r rs or\Jiredt opt i rmal

i magi ng QsKelhg. osmagatémémeum Nggztedaﬁﬁ)od%fstrﬁi Mseaqagetwéim fhestration. See,
for exanpl e, rray . 3328 8,1985 and Carragw 1o et at, J.

Nuc. Med.Sape: thmpﬂ@gsé'mepogeg]asweﬁi Huth@a&ugen%moveg therapeutic of

r adi onucl a | oaldIR &t UM trddiBERNbf | MR | ose skilled in
the art adrege‘ﬁ%rr‘egl Pﬁgaé\n tzh t he abil |t§/ to regdl ;ﬁmde@gr%gm\%hl ch

r adi onucllyraghomasnpst appropri ate under various circunstances. For exanpl e,
2006 o 031815 I8 0HEESPRIBRIE B SpiRs o ine AicHBbR I BEHRNAE T0Y- 3Ty
can be | iimt@manIB'pnsMcthﬁsadnqﬂff@duanbbmsmupleélcgdmgd@yoqwssmrcal hal f-1ife;
dehal Ogerb%l&g?&l O;es-bgr‘fisien%gd?ﬁe@t étﬂ:ﬂd%sb%e%dt%xétg,e ?dn?aﬂlgcine, and

lymphokines such as interferon. Still other embodiments of the present

invention comprise the use of modified antibodies conjugated to specific

biotoxins such as ricin or diptheria toxin. In yet other embodiments the modified

antibodies may be complexed with other immunologically active ligands (e.g.

antibodies or fragments thereof) wherein the resulting molecule binds to both a

neoplastic cell and an effector cell such as a T cell. The selection of which

conjugated and/or unconjugated modified antibody to use will depend of the

type and stage of cancer, use of adjunct treatment (e.g., chemotherapy or

external radiation) and patient condition. It will be appreciated that one skilled in

the art could readily make such a selection in view of the teachings herein.

[0102] As used herein, "a cytotoxin or cytotoxic agent™ means any agent that

is detrimental to the growth and/or proliferation of cells and which may act to

reduce, inhibit or destroy a cell or malignancy when exposed thereto.
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and at tunor sites; and em ssion characteristics (e.g., |large ganmm
conponent) which can be suboptinmal for |ocalized dose depd¥AY 2806 in a
tumor. Wth the advent of superior chelating agents, the opportunity for
attaching netal chelating groups to proteins has increased the
opportunities to utilize other radionuclides such as 1tl1l In and 90Y. 90Y
provi des wWOVa48d6 benefits for utilization in radi oi Pamasdt/dsessapeut i c
applications: the 64 hour half-life of 90Y is long enough to allow anti body
accumul ation by tunor and, unlike e.g., 1311, 90Y is a pure beta emtter of

hi gh ener th co n |rr fation in its ecay, with a
range in &5@?@' ;}Otfé'ﬂs @?”1{1%8698’% M\ g'r EdioplelidRs, HIPENS.t e i ni nal
anount  adn Qlﬁhll)aédwgtdx&dl es&mshatlcairlwwﬁ)xfcdherapélm@taggm& @odfugs,st rati on of

90Y- | abel ed ant i bodi es. iti aL % internalizatjon of |abeled antibody
i s not rdEmupglgdically acve 9??‘1’? ?H‘a iglogicel, eespgRss Madfies §WCL@Si oni zi ng

radi at i oryyirmieb A9 RilllbR!distlsdedrin ﬂféteaaétﬁrbe|éwmlom|aécﬁ&6%hmet he target
antigen. [0110] Effective single treatnent dosages (i.e., therapeutically

ef f ect i vepartigutady pegferesd 00 yse ihthedastamdnyantien.aitoweuer, @8y e¥elgeinf r om bet ween
about 5 c&st r nd about 40
o, Erf Al gétﬁ'%%' Yo B R o nfihdibreachfs YRy B g%{ag%g%@of 1311- 1 abel ed
anti bodi es to ahrgnaatefthese ¢edls \wod whidhomay be aasbcmmwnﬂmmﬁalyclsrtmme preferably

bet ween u n 4 i ect abl ati ve
dosages ?Fa%géd faﬁé&?ﬂ?lea%ﬁ%es ‘%{,‘{@98 g[fénﬁdﬂt\ﬁﬁ'néfggweté %Brrég% tati on) of
1311- | abdahwsitiant | bodi es range from bet ween about 30 and about 600 nCi, nore
pr ef er abl tween, about 50 an 1 han, about 500 nCi. |n conj uncti on
B the o bt <R PR Hprecaigthiet u¥ Bihuols Sudes. b Oielentnochart | 1o
Vi s- A- Vi qal8léd With thatabbeslheted isdtopet fhavd been esdmgé@ceésﬂmgmmd rogon- ma][row

odi es, range from

abl ati ve dgsages of iodine-13 bel e hi per.ic , anti

bet ween 8% @@H@%aweﬂesrjﬁw& WP&‘*”&P@?@H%BPV‘Q | godels; adinapout 30 nGi .
[0112] Whunfang %ﬁ%dl@lﬁﬁ:hdé%f a&'Uy'"tbrﬁéﬂcw@xlﬁﬁiﬁlhgGﬁ&atﬁlﬁswﬁléfﬁea&%%”ed with 1311
and 90Y, other radiolabels are known in the art and have been used for

simlar mouliniepteandbreaks inpucear DA, feadipg e cell dasthyi The isplaresasedused f or

e scopdd arod R Risbeuf, PunGles ogRalr siRBR ol Rkl g nstant

inventi orpartwlelsumch have aashorhpath lléngtht Soch gdid@sglides Killbdells 8P whisiCo, 54Cu, 67Cu,

7713r 81 Kr, S, . i i . , 7].- 2 b 20681 177Lu
186Re 21 % eé’lﬁ'gge é%ﬁo@h%,gg%gﬁﬁ%%#%é@ﬁl ‘]“Eégﬂlﬂggtgzwc, 21" At
and 2138|haslanacﬁeuioshaseapeed ahehkaveditieron naeffediehaoniocalizedcelis.e al |

corrpatl b i nvention.. Further, in view of this disclosure

hasia
P oaddniicen 5ie Sae Bl portir ot

[0104] With respect to the use of radiolabeled conjugates in conjunction with

the present invention, the modified antibodies may be directly labeled (such as
through iodination) or may be labeled indirectly through the use of a chelating
agent. As used herein, the phrases "indirect labeling” and "indirect labeling
approach” both mean that a chelating agent is covalently attached to an
antibody and at least one radionuclide is associated with the chelating agent.
Such chelating agents are typically referred to as bifunctional chelating agents
as they bind both the polypeptide and the radioisotope. Particularly preferred
chelating  agents include 1-isothiocyanatobenzyl-3-methyldiothelene
triaminepentaacetic acid ("MX-DTPA") and cyclohexyl diethylenetriamine
pentaacetic acid ("CHX-DTPA") derivatives. Other chelating agents comprise
P-DOTA and EDTA derivatives. Particularly suitable radionuclides for indirect
labeling include "*'In and %Y.
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art could readily determ ne which radi onuclides are corrpa%gﬁlﬁ
sel ected course of treatnent w thout undue experinentati |s end
addi tional radionuclides which have already been used in clinical dlagnosis
include 1251, 1231, 99Tc, 43K, 52 Fe, 67Ga, 68Ga, as well as "'In.

Anti bodi es have al so been Ilabeled with a variety of radionuclides for

pot ent i alWQ8¥4836 t ar get ed i mmunot her apy. Peirersz ePCEHUSO2BaFunol . Cel |

Biol. 65: 111-125 (1987). These radionuclides include 188Re and 186Re as
wel | as 199Au and 67Cu to a lesser extent. U S. Patent No. 5,460,785

provi des ragd t| O@IUS%&%’%TQ%%Q%egu&'Ed [E:Yol "Séﬂdoﬂﬁrgctal'agel@ i ncor por at ed

herei n b erence ion to radi.onucl functi onal
ant i bodi eagpmbch"hlmthnmnmat arfadianuadtide nﬁayo\&abnﬂbm}taquremby tma associ at ed

w th, an ne 1.ql oqi, cal Lfi phar maceut i cal
agent s afiriy pRalih 3 ogine AhY g, e BRI thee kel eq 1 n the art
will appltamholbgneé hmiludehfmeomdabdi&giandcillie\&rectednjam{ljﬁg em maylam assenbl ed
using a vari et f techpi e di.n the, selec t ot oxi n. For
exanpl e, %B%hj glingjsdire g‘leg p% gﬁa by aptigpdy,guc raéatgg g the dimeric
ant i bodi ggke éd@aﬁfbsﬁﬁnbs prisent i @r'i tHéf Fdop&f|¢rnofsme RoAjaigites DRe&tin
N-hydrox?(sucm nimde ester. Simlarly, conbhg‘at es W ?h a fluorescent nmarker

may be prhabelingeay fesuén @P@M@"&PO‘%PSC'%%’ edglats. | Verioys diraglse | i st ed
above, Oljgdling @eﬁﬁ. u e ted?otaébué st sm@ttﬁtheqﬁﬁéﬂnﬁ%woﬁ'mr escein-

i sot hi ocyanate the te rava ent antibodies of the invention
Wi th cykexsamplei &QMEEMOQB@ Iabatied é@ttﬁééleah@tlhéﬂlaﬁi mayeheapreparad dypr epared in an

N2 090U SR handdBrbddes Bl B SEARIDAHERLAC 1655 ] Slifpld RRCT [ nvent o

are cyt ot XI I'cul ar SHISEd Por Cancer t her apy.
Such dr ugslutior; | chidating nthe gredeceall tecbgetmm anloc aagemadex atolymhratandg agent s,

anti netabalite i -pDrolLferative ubul in. bi ndi ng agents,

hor nones 83'&'"%%%%&@03%?339% éﬁl@ﬁfé)ﬁ&??ﬁ@:ﬁﬁ??ﬁi@g 't'e[:cbgwﬂ?sareyg.g))yt ostatics that
ag cggrz)%cggétg.gvﬁeﬁ't:echm , [ar redgoivig égenegndrms StCil Mﬂér Bamfon\r/]fDdBBI g48306

PCTI U 56,1 nc tin ubs es, ..su nmechl or et ham ne,
triet hyl 8A&hPSIYRBPIATHHT Fl’%?/"@ ‘Bﬁﬁ'&i@%fﬁagﬁ F%’sdl'c E‘e c?n‘feé‘i sanbuci |,

busuf f ?n prefétrahadinudlides fdralireab)?atmhn@bﬁﬁboﬁie%ra@?%n Rﬂovﬂil)imaél@dsf sutcht as

car musti ne, mJst i emus e referr cl asses of cytotoxic
Coents. 1 A ARRA BrelRed PR o Qb eBABoS | YRR caf Bga, ¢ he vi nca
al kal oi d m\fa?éﬂﬂk)éuﬁéhéérmﬁ/ros‘r{é&eﬁu&éﬁwwmd AMiDodies QBRLFAIRG to ihae cytotoxic
nucl eosi des, the pteridine fam!| f drugs, ~diynenes, and t

podophy| inyeatiammay bgrderived.fer 9"% Wyith Tadiepgtive %ﬂd"{"héééo@ﬁ%l%@es i ncl ude, for
exanpl e, jqflid SHIE Efdnicdl d%ibizNg B4EAtNsuch as sodium hypochiorite, chloramine

T or the like, or an enzymatic oxidizing agent, such as lactoperoxidase, glucose
oxidase and glucose. However, for the purposes of the present invention, the
indirect labeling approach is generally favored.

[0106] Patents relating to chelators and chelator conjugates are known in the
art. For instance, U.S. Patent No. 4,831,175 of Gansow is directed to
polysubstituted diethylenetriaminepentaacetic acid chelates and protein
conjugates containing the same, and methods for their preparation. U.S. Patent
Nos. 5,099,069, 5,246,692, 5,286,850, 5,434,287 and 5,124,471 of Gansow
also relate to polysubstituted DTPA chelates. These patents are incorporated
herein in their entirety. Other examples of compatible metal chelators are
ethylenediaminetetraacetic acid (EDTA), diethylenetriaminepentaacetic acid
(DPTA), 1,4,8,11-tetraazatetradecane, 1,4,8,11-tetraazatetradecane-1,4,8,11-
tetraacetic acid, 1-oxa-4,7,12,15-tetraazaheptadecane-4,7,12,15-tetraacetic
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daunor ubi ci n (daunonyci n), doxorubicin, am nopterin, methotrexate,

met hopterin, mthramycin, streptonigrin, dichlor omet hot re‘;@MYZ‘Pﬁﬁtorrym n C
aG i nonyci n-D, porfironycin, 5-fluorouracil, floxuddine, ftorafur,

mer capt opuri ne, cyt ar abi ne, cytosi ne arabi nosi de, podophyl | ot oxi n, or
podophyl | ot oxi nderi vatives such as etoposi de or etoposi de phosphate,

mel phal amwo osiosdéast i ne, vincristine, |eurosidine, vimdasewsesssl eurosi ne and
the like. Still other cytotoxins that are conpatible with the teachings
herei n incl ude taxol, taxane, cytochal asi n B, gramci di n D, ethidiurn

Do e aees e BB TeARR CH BB R S 7.7 e

and anal @g&nme@emhm béiew.e Stil omeseompaitmlwc#@tbtm inslidisdtheseyt ot oxi ns are
mayt ansi n0| ds. Hornones and hqr none @fil oni stiq such as corticosteroids,
diggerp 3’ ldiigds

e.g. pred#h t9obr disspvaird: (mays easly pe ¥rd§ PBIRN 8Pd E8Ir opr ogest er one,

eStI’Ogen%aﬁyQﬁhlﬂth%ts%ﬁé&flt“@ﬁ@gérﬁ||nvent§ﬁl|tI estrogens, e.g. tarnoxifen,
androgens, €.g. testosterone, and aromatase inhibitors,

ani nogl ui04671 m%‘l@#l@e&hglétotsamh{diﬂﬂltbeﬁmmf qm%'"@t@admhﬁl@@f Wé?@l n. As noted
previ ousty i Q6 Sléhélétﬁ)gu i dolYsen fn'i;r ggkfl jedtiort %}EM?&' GB4754@ations to  the

desired conp oun er to ma t hat conmpound’ nore
conveni e08l476.815pan¢)0§l428 867, are preférabjy selepted do providle higreaffinityefor i on. [ 01151 One

exanpl e of i I P} i c [i or

derivati \%’ggﬁ{ Heﬁags,e%%nyhgﬂcegééffvﬁ% tghﬁﬂlﬂﬁﬂn@ﬂg%ﬁﬁ?bﬁﬁggg i ncl udi ng

calji cheagbmé Optales pewelras igreatenrin dwaeaenudmsof ré'd!iellafzzlide)ai tatgeasmsext renely potent
and act VI ng nucj ear i n o.gell. e protein

t oXi ns ' g ‘%l?"lq E’Wé&% oygv?r %5\%@%%9";" h@?ﬁ i munogeni ¢
pol ypept nd§ dr iy mol tpdssdse all i tidsethafackaiblicsh&ra inewi in BePat and CI ns and ot her
37 15 MAY g&?@ 03 048306 PCTI USO02/ 36856 enedi ynes are snall nol ecul es

whi ch ar 88 & Pefieiad BAuPRLNeEB¥%ni c. These non-peptide toxins are

cheni cal [or0B] Nk wliOaléd Be HppRicfatéd tHaBlih atRbRaRde wite thdtdlidRgyhi ch have been
previously used to [abel nonocl onal antlbodles and ot her nDIecuIes These

| i nki ng hevelnndnestifieds antibedigsiemay tbe- eonivgated: to jdiffeset radiglapels fon: | i nked sugar
resi duesg%?ﬁ%ﬁ?:agepﬁé/raﬁéhﬂﬁrbgrd:o%qu’?édlaébéPéd ) %56 fes for'ch

site-dir s have the advantage of CI n t he possible
effects dﬁgmsﬁkamagm toh dumers dhefere padspjeistration @fftheme@t@nmttbg Ys. [0116] As

Dhey hor iy Beled nABRAIEA Rk A EBUTR | 2 V2 1

used herel term pr recursor or ivative form of
a phar n@B&rituxiaiaby sperificie hombs C20antipen, that i$ aktacheg toot' Bivia a o t umor cel | s

compar ed b e RELGR! 161 Wik B! kAol PN GuklveYBRyL cal Y acti vat ed

or conve
isothiocyanatobenzyl-3-methyl-DTPA  and  1-methyl-3-isothiocyanatobenzyl-

DTPA. "In is particularly preferred as a diagnostic radionuclide because
between about 1 to about 10 mCi can be safely administered without detectable
toxicity; and the imaging data is generally predictive of subsequent ®Y-labeled
antibody distribution. Most imaging studies utilize about 5 mCi ""In-labeled
antibody, because this dose is both safe and has increased imaging efficiency
compared with lower doses, with optimal imaging occurring at three to six days
after antibody administration. See, for example, Murray, J. Nuc. Med. 26: 3328
(1985) and Carraguillo et al., J. Nuc. Med. 26: 67 (1985).

[0109] As indicated above, a variety of radionuclides are applicable to the
present invention and those skilled in the art are credited with the ability to readily
determine which radionuclide is most appropriate under various circumstances.
For example, ™'l is a well known radionuclide used for targeted immunotherapy.
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the nore active parent form Prodrugs conpatible with the_j 5MX%%6 on incl ude,
but are not limted to, phosphate-containing prodrugs,

t hi ophosphat e- cont ai ni ng prodrugs, sulfate containing prodrugs, peptide
cont ai ni ng prodrugs, p-lactam containing prodrugs, optionally substituted
phenoxyacet am de-cont ai ni ng prodrugs or optionally substituted

phenyl ace¥af/®@80eont ai ni ng prodrugs, 5-fl uorocytosi nBCT/ES93@sher

5-fl uorouridi ne prodrugs that can be converted to the nore active cytotoxic
free drug. Further exanples of cytotoxic drugs that can be derivatized into

a prodr u hRS I ' IS 1<)

chgm)t her Qﬁf&) i'&'g 5@%‘?35‘%@&%%(@ ﬁl C%Etg\%'m{t%ﬁ%be%qm%r%?‘ﬁ%&ﬂéyt otoxins, it
will be ayight-day ﬁﬁyedaltﬂali-mfead&hammaﬂsn ofiodinbted abﬁbodyabethcm theddbodi t h a bi ot oxi n
such as ri |n subu it A, abrin, h I@E\[e bot ul i nu cyangi nosi ns,
saxi t oxi r? £ and GITISHPD’ char Z??gn a"qér 9%’8??‘1’8@8&{}? ) Verrucol ogen

or a tOleﬂwn@ﬂb‘éWtBB sulprﬁi‘rﬁrfahbwhzétwd&e@eﬂﬁitibhm§tumdr|Witﬁtﬁ@éiﬁeMSl ng genetic
engi neering techni gues that allow for direct. expression of the antibody-

toxi n corfdSurerier cheiating agents. g erportunity femaltachipg imetal chelatingtdrorpF be associ at ed
with the 'ﬁﬁﬁdhrﬁd k4 iREEadRANE S ;Sacrtuﬁlh& Bﬁﬁﬁﬁ‘éthbﬂ‘é@ﬁﬁuéﬂ@es‘:%rdsse cytoki nes

such as S and i nterferons, In viewof the tnstant disclosure it
is submt'f ahdat bne sKY| IRsevides tsrverdt bepefitsl feradutiligatiopr mMinsuch constructs

using CO%&@@WH%emg&ﬁggggmns[tﬂ&whomm%r c{f@“ﬂﬁ?on fenﬁﬁ%n)@t' bl e

cyt ot oxi I'n conjunction i'sC d anti bodies
are radi cilewsntbogy madml]@ﬁpntbyam"nayndbeﬂdaké eqt.i Vel Yy 38apmrevbeta2006 WO

i ugs. onibed ot erbiER el 550 fPerk g PRl PAc AT BB WA e caci ng ne

ef ficacy raigernmdssnbhéﬂ@@;o190063‘itdldm&lgrs ¢arhergates therhiaimahbmpaat by t he t unor
cell would delj ver t he .radji,osen |t| ear.er ere
r adi osend¥ t PEPEIRLD "8" ﬂ'% Oﬁa(l’u ﬁ%nt &ﬂ%‘&ﬁm&"r gg%ﬁg}lg& zer |inked
nodi fi ed amtdgmedmﬂuonaw dntémalnbtbardahbewudnhtyodyn@ﬁotteru#éIdCf@:dcen I ogal i zing the
remai nin adi osensitizatio InIetar el r a ovi di ng
m ni mal i@ ﬁ' ﬁB‘?allrﬁ ‘OEQ% 'Z'"ﬂf'iag'fa ‘?'hﬁ'?‘ﬂ' P%Efm&é qr&pggqtt he bl ood,
adj unct  tirasHcetNadiathe\Rrdetlafted ni stered in one of three ways: 1)
external beam radl ation di rected speci fical I% to the tunor, 2)

e

radi oact ifH110) i Efeetive single dreakipent fospges {igrpherpeutically, effectve
radi of MyfRLARY PPYUASdid FBIRGIEnR6RS bt Ao R douPSiapat i al | v

attractive variation of hi s a&eoac be the att nment of

t her apeutabeutrZ3an6i, swre peeferablv hetwegp |a§g'¢tnm @ndz@hw ke Sfipetiyst e, t her eby
di 49 le d
Postel v entb etré‘a?rﬂléﬂmo‘ﬁpﬁ%r I sc?osecjﬁ%ﬁncwwl ;HE'%&& rggl ised in a

[0119] er or not ti ona ant dies a used in a
from between about 5 and about 70 mCi, more preferably between about 5 and

’.CD

{

about 40 mCi. Effective single treatment ablative dosages (i.e., may require
autologous bone marrow transplantation) of '*'|-labeled antibodies range from
between about 30 and about 600 mCi, more preferably between about 50 and
less than about 500 mCi. In conjunction with a chimeric antibody, owing to the
longer circulating half life vis-a-vis murine antibodies, an effective single
treatment non-mamrow ablative dosages of iodine-131 labeled chimeric
antibodies range from between about 5 and about 40 mCi, more preferably less
than about 30 mCi.

[0112] While a great deal of clinical experience has been gained with "'l and
%y, other radiolabels are known in the art and have been used for similar
therapeutic purposes. Still other radioisotopes are used for imaging. For
example, additional radioisotopes which are compatible with the scope of the
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conjugated or unconjugated form it will be appreciated that a nmgjor
advantage of the present invention is the ability to uselYM8¥20¥nti body
constructs in nyel osuppressed patients, especially those who are

under goi ng, or have undergone, adjunct therapies such as radi otherapy or
chenot herapy. That is, the beneficial delivery profile (i.e. relatively
short sew@odd#3hd tine, high binding affinity and ertTAison®si6cocal i zati on) of
the dineric antibodies nakes them particularly useful for treating patients
t hat have reduced red marrow reserves and are sensitive to myelotoxicity.

In this regard. the uni L i very. . prof ithe 105 a2 e f [ | anti bodies
make theﬂﬁ‘ﬁ%ﬂ’y“’gf‘&é‘c#{@\l}%@ﬁg{%’ﬁgh}g%?%t rgti n %f eC?’i&?%Ieg@ZI ed conj ugates
to ][rylel p%p?’%jsé’wkr,c"ég:;éplnpé’t’Can?g@s, Nﬁl,f‘ﬁﬂgn e m_deT’f_i:,eIf:]I%mt ihbodi es are
useful iB,,a cqpi.ugat I 1¢dQC OB UG @B Md) patient .hat have

previ ousl| 1;Bﬂ’ndg'vgog‘é' a 'Flc'?&t hé”gpig%@- SLélh a?cext v “PRiadh radiation or
chenot hepYespbbtlaiiha, damb Hna beéthitterdtdr® all cempatibROviEEthedsstaitdi ng to the
invention may bind to a tunor specific or tunor-associated antigen, an

f

ant | gen dnvgnEans arber, nsyie s ciselosure e SUlyikied gt oneckild Mihes cel | s, a

iral anty i { I 1 | e anti gens
! hetude PREDY Rl destirive il ARfnyalles o SRR Wil o HERY ° &, 19 Coe0,
CD86 and caD$64f treatraent rwitheut entiugoexperimematiano TeOhs3¢ral s@iIdtiorelT/ US02/ 36856
enbodi nmeng .. 3 I IO ' . i.nd. amt i gen expressed
by a1 QasigHuchdid P Rayct Sreabl BBl s RE Y o) BbAs Aolle ™. 230 “Cheo: ~ana
CD154. | PRtk &K, fref &GacPGanhs dvelteast ' InheAntibbdieo tigve alsdibeent ed t o a cancer
anti gen ch as. rostate ci,fic tigen. HER-2 (erhbB2),, a tunor
adhegi ve?%régcmnﬁet‘%"gﬁ(h? aﬁ?l%ﬁﬂﬂve%f %Ehggtggﬁ%yseoemg?wg%gh, humani zed or
CEI ner i Ciramuhdgbd';lpy.l Rei_mﬁn;ztét@ll&gugbhee%mgl.?idy% (1987). These, humani zed gr
chimeric apti Speci to or , s.an antigen expresse
by B cel F@J']‘?'Tﬁ'&ﬁdde%dgaﬁi%n*%%raa%te €15 Well 85¢ neHan f78§" Q@ Ieﬁﬁes'grderslosuch as
B cell lex@erhiones. rawni Roked6a,385 Brovidednadditional dats teg@iing suehi - CD20 anti body

that has been approved by the FDA for treatnment of non-Hodgkin's |ynphomna.
[0121] TARAioisotoRes ARd s incorRerated herein by iefipnGes be over expressed by nurmer ous

human capggnp iMadditibinie rdiddBaidey, ehé RiNERINAI AlIBSdiEd S thEplesbmet al , pancreati c),
and reproductive organ associ ated cancers (prostate, ovarian, breast) as

wel | as  inyepkan maineasanygatad jeian gssocipted witaankenre ¢f@diumbenetrs and | ynph node
e 2o Sl SeByie g At el o erlpllopel 10, (4002,
al ., Oncartive ligends. Sheye skillegdn the artawith apprediatedhatdhese nan-radigastive J. Bi ol . Mar ker
15(2): 1%81%08a?es may be assembled using a variety of techniques depending on the

selected cytotoxin. For example, conjugates with biotin are prepared e.g. by

reacting the dimeric antibodies with an activated ester of biotin such as the

biotin N-hydroxysuccinimide ester. Similarly, conjugates with a fluorescent

marker may be prepared in the presence of a coupling agent, e.g. those listed

above, or by reaction with an isothiocyanate, preferably fluorescein-

isothiocyanate. Conjugates of the tetravalent antibodies of the invention with

cytostatic/cytotoxic substances and metal chelates are prepared in an

analogous manner.

[0114] Preferred agents for use in the present invention are cytotoxic drugs,

particularly those which are used for cancer therapy. Such drugs include, in

general, cytostatic agents, alk{(lating agents, antimetabolites, anti-proliferative

agents, tubulin binding agents, hormones and hormone antagonists, and the

like. Exemplary cytostatics that are compatible with the present invention
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(2000) and Altimssi et al., HNO 38 10): 364-66 (1998), a{sh\g%ﬂ%)or por at ed by
reference in their entirety). Anti-TAG 72 anti bodi es have gported to
possess therapeutic efficacy in treating such cancers. [0122] The DNA
sequences encodi ng the antibody |ight chain and heavy chain(s) may conprise
an intact or nodified variable region and constant region. The constant

regi on i VQ3@HENabl y human. The vari abl e regi ons mayPdrdised3685r i nate ori gi n
or of rodent origin, and nay be hunmani zed. Primate variable regions nay be
of human origin. Rodent variable regions may be, for exanple, of rat or

nouse (W&L@S) oraibk&lgg%%?s_ %%cegom[aiggggel egfd c&g%ﬁ%@haﬁg&ons are wthin

the scope Of the i nvent 1 on. ] Antigens™t
char act etiethylenephgspboramidex pr eysloptiodphamdeci fifosfapude; er chibrapbecibr e wel | known

in the art, Preferred enbodinents race expressi on,of anti bodi es that
r ecogni z QUEHH: HFGI%%U o grngi@oﬁ%sﬁlgggrrﬁtfoeslppgg c%ﬂ@%’&ﬁ?feﬁ‘f‘fh fRe antibody will
speci fi czhimyusiihg)dofbatihe, fov esemustine. préther pleferred tlhssesnsfi bastyxivi | | conpri se

heavy and |ight chains of the antibo ituxjmab 40 15 MAY 2006 WD 03/ 048306
PCT/ US02 /2988 incluge. Topexampie. M'W&ﬁ'#a%m Pt%ﬂ'%% theyvingg dkgleid ca, usA), as

di Scusse%ﬂ\igkog‘;%igs, fheafiidriycins: the H?éﬁnﬂ}&ins!\%-cty%r(&?@ndq%éidésﬁﬁ@, 456; and

5,843,439. B I'es of suitable antibodies for use in the invention are
di scl osedtariding familyrd daigs, dinenes, and ghesnaslopbyliptoxing. Bertigularlywsef)l: U, S. Pat ent

No. 6,01 g%g@ . . t 11 Ander son (CD80);
and U. S. ateﬁgt 81Ir\lo{ﬁ%ts%c&a ,3k1§|ud{efof§lr3leg€rbﬁl? C@%mﬁ?%e%%ﬁ?ﬁ'ﬁeﬂ (':rg\ntents of these
pat ent s deendmehiciby [davoepyningt eddoxpabising  baminepterianc emethottexate, Al t hough t he
inventio en. . A i LES, i .ipvention is

sui t abl eraq%r?o%teé%ﬁf @n&h}%ﬂ@ﬁ:&{,@é t%gfot“l}dg haiﬁlﬁ?ﬂg’r’ 0 ethﬁgg(% ﬁaﬂ“‘&"@’ﬁﬁ"‘é‘ %t conprom se

t he vi abiatfitomyoih-D, heiporfinenycin, i ab-floelolracihst Sloxdridine; at ftarafof, t e gene products

of the first and.successive cistrons . be varie j ncreasi ng the nunber
of subunirqeécqp&p%%’ngcy?aﬁ%b'??’rsﬁﬁoéﬁ'gtrgrl%gm?ﬂﬂ%, ?%ﬁpgﬁlg‘%'lne, %wo or nore

Ci st r ons podaphiliotaxiro dienigativies suche ade etopesidgeoe qopudidet phosphatee | ncor por at ed
into a nulticjstraoni ¢ expressiop vector in order to en ce the absolute
amount meli&;'@t?ﬁ H@#IBBU\E%ESW’ &l@sﬂgﬁ' V'B&%E"fﬁﬁmﬂgﬁge@%h successi ve

ci stron stipbiheméyistotimethhi dretcompafibll@witithe teashade hdiei inbialle Bixeplucts, if
desired. [0125] The invention w |l F'g,e further illustrated bg\; the foll ow ng

non- | i ni t9Age: hpipea B, mremedis P, phiois biomyde.\amelineolener expr essi on
vect or WRsickiGAS tditaidxy aRtRIciH Ndlorie? mitoxantrone, procaine, tetracaine,

lidocaine, propranolol, and puromycin and analogs or homologs thereof. Also
included as suitable cytotoxins are maytansinoids. Hormones and hormone
antagonists, such as corticosteroids, e.g. prednisone, progestins, e.g.
hydroxyprogesterone or medroprogesterone, estrogens, e.g. diethylstilbestrol,
antiestrogens, e.g. tamoxifen, androgens, e.g. testosterone, and aromatase
inhibitors, e.g. aminogluthetimide are also compatible with the teachings herein.
As noted previously, one skilled in the art may make chemical modifications to
the desired compound in order to make reactions of that compound more
convenient for purposes of preparing conjugates of the invention.

[0115] One example of particularly preferred cytotoxins comprise members or
derivatives of the enediyne family of anti-tumor antibiotics, including
calicheamicin, esperamicins or dynemicins. These toxins are extremely potent
and act by cleaving nuclear DNA, leading to cell death. Unlike protein toxins
which can be cleaved in vivo to give many inactive but immunogenic

polypeptide fragments, toxins such as calicheamicin, esperamicins and other
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the invention, expressing the heavy and |ight chains of hunanized anti-TAG/2
anti body, mhlch i s denoted as HuCCA9. A. Expression Vect of> ¥Wa¥HMyct i on
[0127] The expression construct, depicted in Figure 1, conprises the nouse
bet a- gl obul i n maj or pronoter (beta), situated within the construct so as to
drive the expression of sequences encodi ng the neomyci n phosphotransferase
gene. ThWOR&MEEi n phosphot ransferase gene, which i BCHPSBA@GHeri al origin

i s conposed of two exons, N1 and N2, and contains an artificial intron.

Met hods of intronic insertion of selectable nmarkers designed to enhance

T e i Sl A Lot s e P

5, 648, 267noane£Btndd°dbmm aﬂe ciemiclly-Hidked ith ShePdimens dvo tet@n@ty, 833, and U. S.
Pat ent .159 73 The.entire contents of. each of these
patents 8&"8#@ h?na?rggé%«yr ﬁ t%@"?'er?%'}‘%ﬁ@@l.a"?R%J'%%%Jgody sel ected
i's knOWrbthél’ rﬁdl@:u&fst These llrtkingStektrinalmgiehﬁr)clddersné-ISﬁ@dlfimmksgﬁ vigltheunors. A hi gh
col 's, " arhtBted o8 BSHE PERETt BB HB RePRIPeStdhe eatbesi Sufonger hal f-11 1 e
Wi thin Seé‘nelﬂirbaéd‘ Iinﬁmgerﬁé'tthsI Ravd-aHe bovdaRjet 6f redieing ORI posdlect ed const ruct
used in this exanple contains the hunman gamma 1 heavy chal n constant domai n

i n whi ch §figsts oblinkage ortye bipdipgprarerties ¢idkamcanstinddted, with the exception of the
first ningiffi N @fa\».&l%wuudéaa dolplafé BtotoldiRs Hia?%mbr‘?&'é)ﬂogr{d 128] As shown

in Figure 1, "follo the first exon o? neonycl n ot ransferase
expressi s mmm tbwtqrrnamdvugf refersith@ prmursm op [derivative fwmmf@ n

ot | oat iATCRGRRENEAR bcle? hatle BerLibOR: Ao PR TR B 0 ) const r uct

(vect or) thenp@est drey bhed isalapahwé ofbeingeerzymaticatly activéted br convefétbintmaf t er i s

i o casanerE 1S RABPCATT lnigR sohPRpREHE REMNENIndee. BUECET . 7' The

hunman cyaremmgalirmedr tus plwsphﬁtecor(tﬁ\ihg prodinugs) thiophiesphetepooatainingn of t he

pol yci stron I| n age. The | g nessage.in this construct
encodes tm%é '79- ?’R&”%% B?F’?'aBOQ?QEWB%QHJQFM M- which is
sequent i adohtgin rwm&g?ﬁo onbllysubstiutéd sHehoR/aaaiidetbntaln s chain | eader
(L)/ HuCC49 Iight chai nﬁ{/ar |ya le (VI ﬂ%uﬁran kappa con‘shfggnt ( appa)/ | RES from

the enceqsreptiongly Sabstitited; Wenﬂ@e'emn@mmewﬂegﬁeéxﬂyo@qu eader
(L) / HUCCARy BRévy.- &&aa n\saﬁrba.lagg tr(a\t/"%ﬁ%@@o%m td M%)o@]m. del et ed

constant region I'g message 1S | owed by the
bovi ne greytetaxic free drug Further examples of cytotoxic drugs that can be derivatized

into a prodrug form for use in the present invention comprise those
chemotherapeutic agents described above.

[0117]) Among other cytotoxins, it will be appreciated that antibodies can also be
associated with a biotoxin such as ricin subunit A, abrin, diptheria toxin, botulinum,
cyanginosins, saxitoxin, shigatoxin, tetanus, tetrodotoxin, trichothecene,
verrucologen or a toxic enzyme. Preferably, such constructs will be made using
genetic engineering techniques that allow for direct expression of the antibody-
toxin construct. Other biological response modifiers that may be associated with
the modified antibodies of the present invention comprise cytokines such as
lymphokines and interferons. In view of the instant disclosure it is submitted that
one skilled in the art could readily form such constructs using conventional
techniques.

[0118] Another class of compatible cytotoxins that may be used in conjunction
with the disclosed antibodies are radiosensitizing drugs that may be effectively
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hor mone pol yadenyl ati on signal (BGH). Thereafter is si tuai eg ﬂ,r}me?pr essi on
cassette for a dihydrofol ate reductase coding region, in e nouse

beta- globin major pronoter (Beta) drives expression of the nurine

di hydrofol ate reductase gene (DHFR). The DHFR sequence is followed by a
bovi ne growmt h hornone pol yadenyl ati on signal (BGH). 42 15 MAY 2006 WO

03/ 048306WPC¥948M02/ 36856 (0129] Fol |l owi ng t he neonycP@I’'VWeBEH i s t he second
exon of the neonycin expression cassette (N2), which, in turn, is followed
by the Sv40 early polyadenylation signal (SV). [0130] The vector also

cont ai nS. EGARE ol Gk reaRivel L. | S Hlod ShrBAG E stnsitiyfl Ui NG the
col E1 origin of replication and the beta-lTactanmase gene to confer
anpi ci | | iionizieg raiation, ¢hérébypincrepsing e afheaciElradiatherapyre rAoi atibgdyavai | abl e, and

was obt ai ned from ATCC - Encepha carditis.strain. EMC (TC

ndapt ed) ) Orieele S aAzEd o Y5 B cef SeRRC0eT 36 idesefuiat Beer o et hods
known in th?eréa{éuszgher}esé?gﬁsbmﬁmﬁmglt»ﬂqulcstﬁnﬁmn_ a{.i rafl'hd?Nﬁboid:i)ndSp?Ci }‘i c CDNA
was generated to the . ign W thi e viral geno ol yner ase
Chai bt cetpERmRER e TR0 ANtHOdER ol ceare i TOMEE oRdor dor 1

ampl i fy tib@iifhifshedemiifing ratfoseRsitidtiorPagentiih the taRdtdl fumat éndl pRIVRIIAgOr 1 nsertion
between the |ight and heavy chain Ig coding domains. No pol yadenyl ati on

si gnal wdginigah dptake; ingnamalrissygsg Hifter fapidh cleansaes era the Blpedhadiusc he " | RES. The

ATG tri ”%bi&lﬂﬁﬂaﬁ? WIAPBE Iddhtistéiad if Hhe (SFOMRBNKARC 4§ Siehthl egier  NC- 001479)

was used as the start codon for the synt hetic heavy chain |l eader sequence.
[ 0132] Beediation diracted spesifigallyite thertumer 2 bradioactivity dieeqtyl implanteddn thehe open readi ng

readi ng MRRCS 2) Sisrlf riBirimlfingralf i i S GhElhg pifBay, R 17C T T2 0PN

i nt r oduc gebtentiallyhattréclive tvaratioRE® thiscappesecly wduld be dheyattache®ntofilad be dupli cat ed

W thin t vect of ... g i re introduced downstream of the
BanH | _sir}ﬁ ape |f38\'ﬂl\*/‘l§8"’15| Sdleg'th?olrrladl'vésfe ﬁé'tkggl?wﬁ?m'gnr%g@éfﬁg?'l ?hetr d fragnment
L0 the T ang Bol i1 S The el rant donstruct voutd then o

[ j : , ul. u u

cont ai n: [%JI ivgrllﬁqh%%épﬂt-t‘" cloged 995'8@@!?{-"? HBUSKRP RAai n. The addition of
t he secongnjogated oflionjuyated fommeli willlbeippfdcister thateRapradvahtageany i nef ficiency
associated wth internal . |b§forre en{hr%/. B, P&‘O Cel | Expression [0133] A

ol asmi d cbHeAraseRbnvenion ishe abTIS D yethets aibPALSEUEHE heavy

myelosuppressed patients, especially those who are undergoing, or have

undergone, adjunct therapies such as radiotherapy or chemotherapy. That is,
the beneficial delivery profile (i.e. relatively short serum dwell time, high binding
affinity and enhanced localization) of the dimeric antibodies makes them
particularly useful for treating patients that have reduced red marrow reserves
and are sensitive to myelotoxicity. In this regard, the unique delivery profile of
the functional antibodies make them very effective for the administration of
radiolabeled conjugates to myelosuppressed cancer patients. As such, the
modified antibodies are useful in a conjugated or unconjugated form in patients
that have previously undergone adjunct therapies such as external beam
radiation or chemotherapy. '

[0120] The functional antibodies produced according to the invention may
bind to a tumor specific or tumor-associated antigen, an antigen expressed on
specific cell types such as T cells or B cells, a viral antigen, a bacterial antigen,
or to a parasite. Suitable antigens include TAG-72, CD4, CD11, CD19, CD20,
CD22, CD23, CD37, CD40, CD45, CD80, CD86 and CD154. In a preferred
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chain utilizing an SV40 enhancer was transfected into CHO cells using both a
43 15 MAY 2006 WD 03/ 048306 PCT/ US02/ 36856 transient trand¥¥&%X% prot ocol
as well as a protocol designed to.yield stable transfected cell |ines

havi ng hi gh expression capability. These transfections were perfornmed in
parall el with conventional expression constructs containing independent

| i ght andWB@3WP30ehai n cassettes (CWe-Li ght-BGH) ( CWPERHENNY368RCH) .
Experimental results indicate that no apparent difference in expression

| evel s arose, neaning no reduction in heavy chain translation as a result of

i neffici ent 0 i ment of the

i nventive %‘1";}%%9?@@'@8 F %@E'E&@%@&B E) %‘d%ﬂigéis’rqgrg%s‘%mgr gene
sequencesT celforiBdelly &h asmmaCBeﬁ Ched, CD2R, @D2B, OD#deGD80tandi St rons in

sati sfact a unt as ment ve,.sh t hat these constructs
expr ess tqgéyﬁouﬁgf'? %{rﬂrefﬁﬁ%{i/?"@ﬁﬁmg@ﬁ@"ﬁ?g? fedi %?P&ﬂp“cerconstruct at

| evel s ecghtigén ﬁi&lafs@ENQﬁﬁtaté)ﬂie%Im%dtlg&l HERCZX@mﬁ)Ia)mﬁior non- pol yci stronic
expressi on systens, di scussed herein bel ow, EXAVPLE 2 A. Ceneration of

418 Resiagdhgsive melepuim %sT he@ptondy-phehqics pay ke 2 BUMan.wRa8ed Oh construct in
this exargpeRInABGHy. IMparticlst ﬁb%ﬂtlmgﬁﬂiyzlfe% FMdrd AhaiddloSpeci ficity to

the human TAG 72 protein. Thi s anti bod ri sed of hunani zed nurine

vari abl e Qh\unﬁlcr&;ltlbmtshe@ffghtcwf Tlﬁ&aY/%«)(FDZQﬂé anantigerkenppessed ght chai n

const ant gion wth a
speci fi C b&%"?é@ﬁ?é pﬁeéh%@ggm| mefrﬂ%ﬁﬁ\éel)F(g\S%rggr:é%Qﬁ%%étcgﬁct is referred
to as " Hughgtbniad2andileukemiasn RHBxEn@ES @l chinsdrictdati- CD20rmn|tib@dy théitirab i s depicted in

Figure 3, and the seque of |ch IS forth jn Figure 6. HuCC49 CH2

i nker .rpeﬁaﬂppzexﬁ; B BB rokeatied it nén Bt meh@mes & Deaa parent cel

l'i ne. jﬂﬁqcﬁf [VD i¥Vaf ﬁntlgéﬂltlfaﬂéﬁfdwﬁ% B& o¥bréxpressed by nmefoud- O ug |ineari zed
DNA per cells per 96 well plate. Dom nant sel ection of stably

t r ansf ecthinapeganeersnglud '&9@@ﬁﬁ‘!‘ﬁes‘ﬁ%e’%(gi‘sﬁ“ﬁé“)&f%?t@sgﬁwa@ﬁhéw uct encoded
neomycin é&%ﬂé&l@é@@an %%dé@ie@%cé@?r@stﬁ@‘@aﬁaﬁﬂ%&s‘t) as Wldascont ai ni ng G418.

[0135] Viable wells were identified, expanded to snall scale (120 nl)
spi nner atharcaneersingudisg p@t, é!ﬁafé)a@dm%qkloanws ardlyEpb@ody EL|I SA assay. A

ot oot LB, (59 Ol o, S0l i S lova00 MBgHE "9, 2251 LY

25A2 wer et detG@anecemBidthen Radnon&armm(@ow -15 (2001); Karan et al., Oncol.
Rep. 8(5): 1123-26 (2001); Allende et al., Int. J. Biol. Marker 15(2): 1997-99
(2000) and Altimissi et al., HNO 38*10): 364-66 (1998), all incorporated by
reference in their entirety). Anti-TAG-72 antibodies have been reported to
possess therapeutic efficacy in treating such cancers.
[0122] The DNA sequences encoding the antibody light chain and heavy
chain(s) may comprise an intact or modified variable region and constant region.
The constant region is preferably human. The variable regions may be of
primate origin or of rodent origin, and may be humanized. Primate variable
regions may be of human origin. Rodent variable regions may be, for example,
of rat or mouse (murine) origin. As noted, domain deleted constant regions are
within the scope of the present invention.
[0123] Antigens that are characteristically over-expressed by specific cancer
types are well known in the art. Preferred embodiments embrace the
expression of antibodies that recognize CD22 or CD20. In the most preferred
embodiment, the antibody will specifically bind CD22. Even more preferably,
the antibody will comprise heavy and light chains of the antibody rituximab
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WO 03/ 048306 PCTI US02/ 36856 be producing 3-10 ng/L in 3-4 days, or 1-5

pi cogranicell/day (pod). Southern blot analysis, as shom}?M%Yl'—ZP[&ur es 4 and
5, was perfornmed and it was observed that each of these four cell |ines
possess expression construct integrated at a single site within each cell

| ine- The | anes | abeled "M contained size markers. Chinese hanster ovary
cell nucl¥98/MePd served as a negative control, and DEEUS236856 n t he | anes

| abel ed "CHO'. Sanpl e 14H9CD was a NEOGSPLA construction. B. ELI SA Assay
Ascertaining Ratio of Light to Heavy Chain [0136] In parallel to generation

of these |\jen ess) t t: ame anti body
was const(ﬁﬁlé‘b(&ﬁ\I aﬁ%E(E ?5%5%541@8@%@@8&%%% s;hﬁéqugéqqgﬁggﬁml CH2, shown

i ndFi guzj @x3mpleno &l Patentios. IISIMBQQVM)WG,%G; iagﬂﬂ?,&@,%b.@amples Eﬁi ndgenezI gn

i ndependen ranscri ptional cassettes, tragns|ati 0 ach nedi ated by 5
CAP tran§f"&?qt'°o %ij'ﬁg%qréﬁs?B'ﬁﬁ?:lfi‘?fﬁ’l‘t@?é‘é‘?é'ﬁgﬁsﬁdt'?pﬁgﬁtﬁ@% resistant cell

l'i ne i solef3gB10)o HaRMESESR.(CDA); Of S tFRtent BlSP6 O % 1 B toIS(CORE);, was terned 14H9.
Anal ysis of culture suger natants from 14H9 ol ycistronic isolate

f dth
2286 vas BTSRRI, 61 808hrAnderon(EPE0) g Pk PanbNoR i || ght chai n
and_heavyo Blagk g%l?ﬁg.?*rﬁébﬁtir&@&mt&%Bﬂh@?@pé%é’nt?hﬂ rdby ifcdlarthtedg and detecting

with either eavy chain specific secondary anti bodies. Results of
dupl i cat desimpy wference. di spl ayed in Table 1, the data being expressed as ng/L

conpar ed n itﬁ% j ] tal_ .l haign measured (KK) is
conpar ed [ﬁ)“? OtAé. 2@%@?%3’0@#? % Eg‘%f/]ﬂl?rmerggé@r@gz "]ed %%Pﬁ'ggﬁﬁb rati o col um.
TABLE | @uwestionis séttabiedfoiTéxp@sising lany ekiKickain paiteits Bara@uidCeet720. 62. 27. 12. 9

5F78. 40. 4 : 56, . 92.3 [0137] The
cell i ng%ﬁ@'?esmgﬁégh@loﬁE%@“%ﬁraaﬁércgﬁBé?t%%%gggg%%zfa? e as a result of
a hi gh genmductspy thedindtand sG¥cessivecistains meaycbeavadied bgincreagihg theequi val ent
relative ratios of fr or ) l.ed i nQgl obulj n_Iight and heavy chai ns.
Thi s da{'é!’"hah%ﬁgf’?'ﬁ‘ﬁ@bwgt ,eﬁ'gfﬂgtfogi [fgﬁ§/?gre%?'8 smnoq(sti'or?m’runogl obul in
heavy chaistrod; eaéh é4b6diag Qe SHMII B gére product/vhi/ beGREdIporhtedi n t he
Pol yci stronic lﬁx ressi on syste pl aced after thegé;gfs’ i S not
si gni fi cdHe Ay '&5%98_ Rig exRresgiomvRCiRg I ordemia ey : the WedMeWYE obser vat i on
that t he oKiéptide pridubsd BY the desiidejent NABWER, dathRGéceusieaisifdred and are |ikely
2 following the first cistron may encode distinct products, if desired.

[0125] The invention will be further iliustrated by the following non-limiting

Examples.

EXAMPLE 1
[0126] A polycistronic DNA expression vector was constructed according to
the invention, expressing the heavy and light chains of humanized anti-TAG72
antibody, which is denoted as HuCC49.

A Expression Vector Construction
[0127] The expression construct, depicted in Figure 1, comprises the mouse
beta-globulin major promoter (beta), situated within the construct so as to drive
the expression of sequences encoding the neomycin phosphotransferase gene.
The neomycin phosphotransferase gene, which is of bacterial origin, is
composed of two exons, N1 and N2, and contains an artificial intron. Methods
of intronic insertion of selectable markers designed to enhance gene product
expression in expression vectors systems are disclosed in, for example, U.S.
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result of perm ssive cellular secretion of free |ight chaHjM gq (iefore in
this Polycistronic expression system |RES driven heavy fp g otein
production appears to be very efficient. C. Further ELISA Assays Conpari ng
Expressed Ratio of Light to Heavy Chain [0138] Analysis of culture
supernatants froma variety of cell lines generated by either the NEOCSPLA
or Pol yci%0 MBI expressi on systens was | ater perf oP¢EUSYI8Wxani ne t he
relative ratios of secreted |ight chain and heavy chain. Analysis was
performed by ELISA by capturing and detecting with either light or heavy

chaiin_Spashinfcs5 898587, SMARN-CE 7aER RIS, Ml bA1 93820l es are

di spl aye ere dre 'expressed as ng 0 an i nmunogl obul i n
st andar d .anp@ll.sg]’até'mwd.:_ﬁhﬂ?ii& djm Reif (et elotlfematemsgpf‘aatmofeth% wel |

mecro-titr Iat " ure b ndi ng of cell
culture §ﬂge byfrlgpﬁg\rﬁg '" baé? é'lgF Theva%é'hﬁ ' ecp% a secondary
ant i body kaown ugaéed férotslsiBHBﬂ()HOf ﬁﬁ‘tmdlsslid tpmbmlﬁdmgle)everfdﬂlksmed by

col oronetric quantificat.ion, | es c tur anti - human kappa :
det ect i oPeB§tr}ioRds rEAYire Hﬁﬂ‘é’ﬁ'l? Ejm%/§e f@@éﬁei& ure by goat

ant i 'hum%rr\tlﬂ)&ﬁs‘ﬂ@ﬁlﬂ‘ﬁhv&é‘rélbﬂv&?ﬁingéﬂﬁdlf‘mélmn haﬁnHRErstséeh wihcates capture by

goat anti-human . detection by goat anti-human kappa-HRPO vy y indicates

capture ny’lbé@Qmeaﬁt iThe damain idgletnd conglayck usaddn this examnle eontaingithgan | gG- HRPO
TABLE 2 ONEGCSPLA
%%%7 4 1. cﬁlﬁé%{ssilt:ﬁagmgﬁ%wﬁiéh hosCof the-ch2 -

8B9- 5AI 2 . 2. 1N
8B9- 5A12-080RIBRSIBEN galsted 5@ithithe BxcepticDSitha\figBRinG Aminosws-of

97. 469. 5%%@@%@%&,‘%%:&6 50038 - . I TUCC49 NO Iffl LINKER 46 15 MAY

2006 WO
[0128] As shown in Figure 1, following the first exon of the neomycin

phosphotransferase expression cassette (N1) and within the intron of the
neomycin phosphotransferase gene is located a Simian virus SV40 origin of
replication (SVO), which facilitates replication of the expression construct
(vector) in COS cells following transient transfection. Thereafter is located an
expression cassette for the gene sequences of interest, which in this case are
immunoglobulin coding regions. First in the cassette is the human
cytomegalovirus promoter (CMV), which drives expression of the polycistronic
immunoglobulin (Ig) message. The Ig message in this construct encodes the
humanized anti-TAG-72 antibody (denoted HuCCA49), which is sequentially
composed of (in the order presented): the light chain leader (L)YHuCC49 light
chain variable (VLYhuman kappa constant (Kappa)/IRES from the
encephalomyocarditis virus (IRES)/synthetic heavy chain leader (L)/HuCC49
heavy chain variable (VHYhuman gamma 1 CH2 domain deleted constant
region (CH2 link G1DelCH2). The Ig message is followed by the bovine growth
hormone polyadenylation signal (BGH). Thereafter is situated an expression
cassette for a dihydrofolate reductase coding region, in which the mouse beta-
globin major promoter (Beta) drives expression of the murine dihydrofolate
reductase gene (DHFR). The DHFR sequence is followed by a bovine growth
hormone polyadenylation signal (BGH).
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PCTI US02/ 36856 12E94. 64. 13. 53. 31. 31. 1INECSPLA

12E9- 5E821. 611. 511. 510. 11. 91. 9NECSPLA 15 MAY 2006

12E9- 5E8- 50C968. 325. 927. 722. 92. 52. 6NECSPLA ANTI - CD23

5F84. 23. 33.13. 01. 41. 3POLYCI STRONIC 11 UCC49 ALY/ SER LI NKER
3C114.33.93.62.51.21. 1POLYCI STRONI C

3C11-5B12%Q 044880611, 19. 21. 92. OPOLYCI STRONI C PCT/US02/36856
3Cl11-5B12-50B598. 349. 155. 746. 41. 82. OPOLYCI STRONI C HUCC4A9 CH2 LI NKER

25A2- 50A521. 812. 412. 310. 61. 81. 8POLYCI STRONI C

25A2- 5B3 15459 (hR.rR8 IR irkn R YEIcRATRDN G (REAGAEYy 50AS- 180. 111
105. 102.[ . 1%%’%‘% STRO\IP./C 500F60000 [0142% Thi s data further

denpnst r &xpressiomeasseite (N2).svhigh, n tue jsifeliowed by dite SY4fheartygl obul i n heavy chain
Wi thint (" i pression system placed after the IRES, is not
signifi cg’ﬁly%)é egé%é@n%gsg%npar ed to the NEOSPLA system The observation

t hat t he [6430}y Thevectsr alscecaptains saquértes required forrepticdtionan bacterid,t of permi ssive
cel lul ar .secretjon f.ree light. chaijn. Therefore, in thi pol yci stronic
cxpr ose! oot Prife oG By ienatiof 5. B bRESRERERE 3B BoMen” appear o to be
very ef f igpidilin reEiSEWES-FAdp)A. | ncreases in Expression via Genonmc
Amplification 0141] Both NE LA and Pol yci stroni ¢ expressi on systens

cont ai n'4“13113x5[‘6§§44}ﬁ's(98§‘§@“§§§é’ﬂ€'@§em@"‘s %@s H?f?'i"ﬁ%f'ﬂqlf’%%‘ene. As the parent
CHO- (VR-129B Encephalomyocarditis strain: EMC (TC adapted)). The viral particles

were disrupted and subjected to methods known in the art for isolating single

stranded viral RNA. A specific cDNA was generated to the IRES region within
the viral genome. PCR (polymerase chain reaction) amplification of that cDNA
was performed in order to amplify the DNA, as well as to add 5’ and 3’ ends
suitable for insertion between the light and heavy chain Ig coding domains. No
polyadenylation signal was placed after the light chain immediately prior to the
IRES. The ATG trinucleotide at position 834-836 (Genbank accession number
NC-001479) was used as the start codon for the synthetic heavy chain leader
sequence.

[0132] Because the literature indicates that translation of the open reading
frame downstream of the IRES would be less efficient than the upstream open
reading frame (translation initiated by 5’ CAP), restriction sites were introduced
such that the IRES and heavy chain sequences could be duplicated within the
vector. Mun | and Bgl Il sites were introduced downstream of the BamH | site.
Following digestion with EcoR | and BamH |, the fragment containing the IRES
and heavy chain gene sequence could be easily inserted into the Mun | and Bgl
Il sites. The resultant construct would then contain: CMV-light chain-IRES-
heavy chain-IRES-heavy chain. The addition of the second heavy chain was
made in order to compensate for any inefficiency associated with internal

ribosome entry.
B. CHO Cell Expression

[0133] A plasmid containing the expression vector expressing one heavy
chain utilizing an SV40 enhancer was transfected into CHO cells using both a
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DA4 cell line used for expression is conpletely defici en]tgd‘i,lg R enzymatic
activity (double deletion), anplification of the integrat g?gﬂgt gene
(murine DHFR) is possible by growh selection in nmedia containing

met hotrexate (MIX). During this anplification, the directly Iinked

i mmunogl obulin genes are concomtantly anplified. Thus it is possible to

i sol ate PPIMPPes produci ng el evated anmounts of i nPREASGVIBG in. Qur first
round sel ection of 418 resistant cell lines is perforned in 5 nM MIX

Hi ghest |evel producers (as 47 15 MAY 2006 WO 03/048306 PCT/ US02/ 36856
determn ] two subsequent
rounds 013 ,% ?i)é?t'-:tHn?;& tl"%rfﬁ Otb&ﬂ%%k%p gggi’%o%gﬁ%éﬁggg%ﬁ%%% MIX (50 nMthen
500 nM trap@fedte@ céelblines aving high expressinnecapabilityr dbeststrapkfeatigrisi fi cati on in MIX,

i neage (Ev? Befbinef Bl garsle i SheRontHitistbf CondBbisciBapte” ¢, ot coci on

| evel s atunmhdent ﬂght énd heawmhmusassetbésa(tc}hw-hlgbt-BGBw @Mveleavy- For conpari son

pur poses ion |eve or _an irrelevant anti body
Cant+ < CoBGME Eaperbtertil ey indiale RE B MPRER L LCBRestid SYRBEHAN Thi s ant i body i s
Primati zeglels)aredd, hb@d‘rig e a¢dudtion nﬁhemtmameranyleﬁbd agPdtesahef heavy chain

vari abl e domai ns, human kappa lig chai n constant region and the conplete

human ga 'cpnﬁmfueﬁ&nwﬁs|q¢&%ﬁ9t MCO"FWé'YC?'iQe’BB‘PﬁimﬁW e on. [0143] A
conpar i sGivenfivePoRistrbhie Bonstviel is epectedfo Bxryss o‘iﬁérfgahs séamheég and the NEGSPLA

system grown in controlled bioreactors is also included. Duplicate runs in
bi or eact & mteaesi ceripined ivfirel@nd Gubseguent siprersnin splisfgaioryamennts asnd NEOSPLA.

st orescl BT TRAR GyP Ao aphe R B MU iR bR okieen 1

MTX25A2- hieavysthath gede imttie Uicistoniz comarus D ieveBEO8Iveleot takhagE X25A2- 5B3- 50A5- 500F2
500 nM Mgé?aﬁé%uéﬁﬁcggv%%bér%q ﬁ&-b&y&?&tf&ﬁ%%%%@&on systems, as
discussed herein below.
EXAMPLE 2

A.  Generation of G418 Resistant Cell Lines
[0134] The polycistronic expression construct in this example encodes the

modified humanized antibody with specificity to the human TAG 72 protein.
This antibody comprised of humanized murine variable domains (both light and
heavy), the human kappa light chain constant domain and the human gamma1
heavy chain constant region with a specific deletion of the CH2 domain. This
expression construct is referred to as “HuCC49 CH2 Linker in
N5SKIRESG1DelCH2", a map of which is depicted in Figure 3, and the sequence
of which is set forth in Figure 6. HUCC49 CH2 Linker in NSKIRESG1DelCH2
was transfected into the CHO-DG44 parent cell line. Transfections were
performed using 0.5, 1.0, 2.0 or 4.0 ug linearized DNA per 4 x 10° CHO cells
per 96 well plate. Dominant selection of stably transfected cells was
accomplished via the expression construct encoded neomycin resistance
marker and media (CHO-S-SFM il + HT) containing G418.

[0135] Viable wells were identified, expanded to small scale (120 ml) spinner
culture and cellular productivity assessed by ELISA assay. A variety of G418
resistant cell isolates were obtained producing easily detectable secreted
antibody. Four in particular, 22B6, 22E6, 22H10 and 25A2 were determined to
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500 nM MIX25A2- 5B3- 50A5- 500F6 15 days 25A2- 5B3- 50A5- 500F6 5@2 nM MrX 15 days
My/ Lpcddoubl i ng  4.52.030 hrs 16.611. 532 45.620.335 78. 028 ¥2¥ 2% 227 540
89. 925. 135 729. 028. 6Growt h over 701.028.2G owm h over NEOSPLA Expression
System 48 15 MAY 2006 WO 03/ 048306 Anti-CD23 P5ESN-SHL in N5KGL

PCT/ US02/ 36856 Medi aCel | p2ddoubl in tinme G4188B914. 94.533 5 nM

MTX8B9- 5AHQ48306 540 50 nM MIX8B9- 5A12- 50F156. 122. 03RCTHH02/ 36836

MIX8B9- 5A12- 50F1- 500G853. 528. 644 | n bi oreactors 500 nM

MI'X8B9- 5A12- 50F1- 500G8927. 029. 1Growm h over 12 days

8B9- 5A12 gﬁ@ﬁg_ QV, ' 1 [0144) As can be
seen fro}])?%g(#ug'ﬂg a ov%/?%g?(%r@g Si E;I]%Iig‘flog S g%lf/dgggﬁeagt gagﬂ%® sel ection
(418, 5 bloba@nalysis; @9 sawrimXjgusesed anchpavastpledomadandrit wassobsPokgci st roni ¢ and
NEOSPLA expressi.on . ro 10 f controlled
bi or eact g’ﬁﬁ?‘%‘/ﬁ%‘*@%ﬁ%ﬁ??@ﬁ"ﬁ é’%gsee&g eé@#%%é"a%"%ﬁﬁﬁ?%étgaét,ai n this system
pl aci ng tsimglei sitewithigleablutélinine e by lanbslabeled T cantaimes] site rmakerscont r ol of

Chinese hamster ovary cell nucleic acid served as a negative control, and was

run in the lanes labeled “CHO”. Sample 14H9CD was a NEOSPLA construction.

B. ELISA Assay Ascertaining Ratio of Light to Heavy Chain
[0136] In parallel to generation of these cell lines, a NEOSPLA expression

construct of the same antibody was constructed and transfected. HuCC49 CH2
Linker in NSKG1DelCH2, shown in Figure 3, encodes the immunoglobulin light
and heavy chain genes on independent transcriptional cassettes, translation of
each mediated by 5’ CAP translational initiation complexes. A particular G418
resistant cell line isolated by transfection of this expression construct was
termed 14H9. Analysis of culture supernatants from 14H9 and the polycistronic
isolate 22B6 was performed to examine the relative ratios of secreted light chain
and heavy chain. Analysis was performed by ELISA by capturing and detecting
with either light or heavy chain specific secondary antibodies. Results of
duplicate samples are displayed in Table 1, the data being expressed as mg/L
compared to an immunoglobulin standard. Total light chain measured (k) is
compared to total assembled antibody measured (v in the ratio column.

TABLE 1
Construct Ratio
Type Cell line KK yw o KK/
POLYCISTRONIC 5F7 206 22 71 29
S5F7 84 097 25 34
NEOSPLA 14H9 795 69 336 24
14H9 56.0 67 239 23

[0137] The cell line 14H9 is an unusually high producing G418 cell line as a
result of a high gene copy number. Of interest here are the roughly equivalent
relative ratios of free or assembled immunoglobulin light and heavy chains. This
data demonstrates that, surprisingly, expression of immunoglobulin heavy chain
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i mmunogl obulin production. EXAMPLE 4 Method For Generati

Construct [0145] A general nethod for the generation of polycistronic
expression construct according to the invention is described herein. In
this nmethodol ogy the final expression construct is generated by insertion
of a DNAWOEMEPE encoding the genes of interest (iP@/US0HIBI¢0l gobulin Iight
and heavy chains) in a single cloning step. The DNA fragnment may be
generated by use of conventional reconbi nant DNA technol ogi es incl uding

ol i go syn i i FRE i DNA synt hesis, or a
congi na%li%tﬁﬁgb égglgg%tltdnktg%gg%gﬁg? X%%f@%eg%ﬂggﬁgégggpéggppr evi oﬁsl y. [0146]
Fi gur e 7 sipoificantiyseduced he aemparedtn the NEQGSPAsystemn g herobservatipn utilized to

generate a,yector suit XRI essi ' lgobulin (e.qg.,
Puicon) © ey e b B2 ateF T SR Bk e Besr Bl ah SRR & e Loe ot

oxerl appirémtl)tloPﬁanﬁd ssweamna:]secmtiwffeeaignmair?ewmefﬁfmgaibmm Iightland heavy
chain varjabl e .domains. This nment is then cloned in_.a single step into
a si ngl e POYSistroRiGaxpIession syplomy dipsen Sepchan WV‘MP\@@BSG site of a
desired yppéds td B venpefi@asr ate the final inmmnoglobulin expression
construct. However, Wwhile this is preferred, other nethods are al so be used,
e.g., the respective heavy and |ight chain genes alternatively may be

i nsertedCat  krthes ELINA Assays;GORPaing:-Exprasset Ratie obHighd st ruct . Al so, the
number of | i geav{ehaimeavy chain genes in the polycistronic construct may be
vari ed. @ﬂsg 1 Afdilysls 8fduRiRGupbhStahtEToRPA GsHet biftell 1M genBaidy vari abl e domain
is isolatec for crgned from ?suiat abl e s_ou‘réye (1 .3 h%/brfyéoma, B-cel |,

pl asni d &y eitksr theaNEOEPA etPolgigtronicaxpressipe systemowas latei as PCEMPTY A4

cont ai ni b gpt: I Dativead i : I et ai ned

dependi ngggé]m%fjtﬂﬁa. d?\??‘%lrlaakt ﬁ?aéfﬁg%rgﬁgmt&égwﬁgg?y@%éequence, and a
heavy chanalysie wde perfarmed by €LISAbweaptuing @and detebtinigrwitheeithablight domai n i s

i sol ated,an | J . ntaining the Iight
chain vaP?@&l cz‘a@'ogﬁg?rﬁ?%e%f)hﬁﬁ §ﬁ@d§§€f‘§%“"¥ﬁ’gaﬁ?‘f"§%‘? %%Qﬁ%sﬁgéavy chain variabl e
domai ns displagedkete iand arpeprtssed asmgi compacke1o aalrhmuaaglobutin al | ows subsequent
nucl eot i dgpﬂogi fications tor one gene variable region wthout potentially

i mpact i n§*A"A&%t her variable region. [0148] The two separate vectors

cont Fti ni [tgfaopeThaé EhlSAgiQdedftﬁmea byboétmgwamiaagﬁ well idierdiitrspiatewitd as DNA f
tenplates for in en t coghate P i fication actjons. Design o
the s aAdeapurptsBemiowes B Biino otcdl hlsup Stemgiant, koiwed By

"detection” via binding of a secondary antibody conjugated to HRPO

the EMCV | RES downstream of the light chain |leads to effegénﬂ%?zg?pressi on

(horseradish peroxidase), followed by colorometric quantification.

xx indicates capture by goat anti-human kappa : detection by goat anti-human kappa-HRPO
7y indicates capture by goat anti-human IgG : detection by goat anti-human IgG-HRPO

4 indicates capture by goat anti-human IgG : detection by goat anti-human kappa-HRPO
7y indicates capture by goat anti-human kappa : detection by goat anti-human IgG-HRPO

TABLE 2
KK |y Yk (kY | xxfy | xKfyy
X

ANTI-CD23

8B9 44 |43 [36 |36 |12 [1.0 |NEOSPLA
8B9-5A12 107 |50 [60 [72 [1.8 [21 |NEOSPLA
8B9-5A12-50F1 559 [35.9 [433 [504 [13 [1.6 |NEOSPLA
8B9-5A12-50F1- 974 |695 |778 [935 |13 |14 |NEOSPLA
500G8

HUCC49 NO

LINKER




nucl eoti de sequence in comon between the two resulting P
common sequence then allows an overl apping region for a s

CR ducts.
THMAYAME POR

Thi s

anplification step. The product of this ultimate PCR anplification step then
encodes the light chain |eader/light chain variabl e/ constant/| RES/ synthetic

heavy | eader/ heavy vari abl e domains or fragnment thereof,

e.g.,

domai n

del eted WOeMBPE s. Figure 7 illustrates one exanpl ePCHIEHEIBS6a singl e DNA

sequence conprising |light and heavy chains separated by an IRES is inserted

into a single restrlctlon site on a vector. [0149] By t he judl ci ous design

of the quhsg 5—and—3'7} BT T $, 31301[ RIFOTT e IEBSE,EJAI endonucl ease

cl eavage S—steh—ast 3, —@rEe st Fhese— otr—ethgr restriction

259 Laniin -nimncul\z\ .,-E 1.9 . K$+ NEQ Al o

sites th 5 & mgﬂo.. RPNV s AI“Q table ector such as

PCEMPTY e HRQ8 3 253 e o fed: drfs 18P of M H expyession the

i mmunoglfabulin in nmanmmpal i s he flinallvectpr (e g 5 5 MAY 2006 WO

03/0483()MQBZ§Q2L35§5Q_§$_C§ AylSer lin Phlycik?) is then tdgansfected

into theSB®sired cells|4d |BBodikck (B8 gdie prdducPOLYCISERENESH e. g.,

(i mmunogl obulin). EXAMPLE % Increase¢s in Expfessipn via Genom (@

Ampl i fi ¢ HUCCHI[CLYSERHUCCAY i n INSKI RESG Del GH2 al so contai ns an expressi on

cassetteeLlNHEndl ng thel nuriine DHFR gene.| As [ he pprent CHO D344 cell line is

conpl et ¢bg1defi ci ent T4 PHFR9enzy6ral 26 gatd v| 1.y (PrODYEISTRORIC ¢n)

anplifi ¢aEipsB120f the r&tw@@semua get |asne| four | PELYFIBTRONEC possi bl e by

growt h "%PﬁSBIQESOBS‘ ~ TEgdiza | 49T 5Ty Nge AELROT [ £Fal PPOMGBTRENIC 19 this

anplifi OfT, e dirTjecty rnked T HoCGA9 1 nmogtobutTn gerneg are

concomi lﬁU. (?’49‘1; 1 cu'. —Thrus—Tt—T ST possi bt g to Tsotate—cett—1i nes

pr oduci unt s{of i[mmunggl oulin Fifst round sel gction of (418
H o n ef oaelbaos ol =, | ol A4 N L Aot arral

(e St At e B Pr e g [T MR e o oducer s (=

rounds ";5'%;_,45’1' 6 —Eﬁﬁc@éa;“i Zdonkdhi ¢ @g‘sv. MEX1 (50 nM t hen

500 nM 230@21 I?L*j 5Ck=—‘\§r| o] ]1’? Mlee @a'cig%ii\)g roluﬁds L%%WQNE%H on in MX

t hr ee 5 I‘ Iirggg_ i dentifie For the celll |ineage

derived fromthe (418 resistant cell |ine 25A2, the expression | evels at

each st e[P14Pk Thisdata further dampastratesthat, susprsinglys BXPTesHiIgfes, Table 5 shows

expr essi ,%Qﬂ pressed using

t he NEOSEﬁnb rbggr{sﬁ%ar\{? @hal!sl@ﬁhﬂ%@yﬁk}w@%ﬂﬂreﬁ&gﬁﬁﬁecﬁ r) anti body

bearing pftentee E?Efeﬂs malgm)f/gamly r%dmeméawnmealﬁtb%NE&&PbAdonm ns, human kappa

light chgldlerfiOffid 88erafiGh At the kx/yy ratios are greater than one is likely a

result of permissive cellular secretion of free light chain. Therefore, in this

polycistronic expression system IRES driven heavy chain protein production

appears to be very efficient.

A.

EXAMPLE 3

Increases in Expression via Genomic Amplification

[0141] Both NEOSPLA and Polycistronic expression systems contain an

expression cassette encoding the murine DHFR gene. As the parent CHO-

DG44 cell line used for expression is completely deficient in DHFR enzymatic

activity (double deletion), amplification of the integrated target gene (murine

DHFRY) is possible by growth selection in media containing methotrexate (MTX).

During this amplification, the directly linked immunoglobulin genes are

concomitantly amplified. Thus it is possible to isolate cell lines producing

elevated amounts of immunoglobulin. Our first round selection of G418

resistant cell lines is performed in 5 nM MTX. Highest level producers (as
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and the conpl ete human ganmal heavy chain (including the Mﬁ% ITEI n)
region. 51 15 MAY 2006 WO 03/ 048306 PCT/ US02/ 36856 TABLE .5 739 % stronic
Expressi on System HuCC49 CH2 Li nker in N5KI RESG1lDel CH2 Medi aCel | ng/ L
pcdDoubling Tinme (41825A24.52.030 hrs 5 nM MIX25A2-5B316. 611. 532 50 nM
MI'X25A2- 5B3- 50A545. 620. 335 500 nM MIX25A2- 5B3- 50A5- 500D878. 026. 842 500 nM
MI'X25A2- 5BB038538- 500F284. 227. 540 500 nM MIX25A2- 583-BUABIBHEF689. 925. 135
TABLE 5: NEOSPLA Expression System Anti-CD23 P5E8N- SHL i n N5KAQd

Medi aCel | ng/ L pcdDoubling Tinme G4188B914.94.533 hrs 5 nM

MI'X8B9- 5 : . - < nM

MTX8B9- 5%5’@'@%bggg'ﬁg%%a@%gf‘g%%%&%gﬁésggs} Bl I es 4 and 5
above, exqnds sf amplificatoinwithtinereading anagdratibnsefIMIOt (SOMM B44 8005, 50 or 500 nM
MTX) arenwrrpar abl e between the Polycistronic and NEOSPLA expression
systens. erefore, in this system placing the inmunogl obulin heavy chain

under tr gomi2pt iF@ltﬂalvmg'Jlﬁfﬁermbc&%lvbff@.erWamblREﬁudd@MNﬂ'D(t seommf the Iight chain
| eads to effecti e |mmg%)% fu r?__ {) %g * on. 0153&%& t he i nvention
has been’%fé%%’?tlcﬁ' bpes gap piffedn FRr the s‘%@@ rpRig celllinga £e and exanpl es

t her eof , ﬂbﬁ»memwﬁesism@eanmctsmtﬁ@ms@fonmrsaaeacrsi«ééforl n the art that

t he |nvent| on as disclosed is capable of further obvious nodifications.

Thi s di S&P&Eﬁ%’lﬁtg\s arpdisiad belowe FeReRraRAsisan BHPBRS: led bRiAtur es  from the
preferr e%x ¢ for b ffeldvahi antibbdy @Pﬂfpwg) Hprés¥sd B4R theP actices in the

art and e ap led to the essential featur s set her ei nabove, as
wel | as tNEQSRLAqaxpmsnoﬂ system a b bis mdtitebdy lisPrirpatiz6@® bbtibhadly bead® WO 03/ 045306
PCT/ US02) :r:’r?lgpe-denved light and heavy chain variable domains, human kappa light

chain constant region and the complete human gamma1 heavy chain (including

the CH2 domain) region.

[0143] A comparison of production levels of the Polycistronic System and the

NEOSPLA system grown in controlled bioreactors is also included. Duplicate

runs in bioreactors are represented for each system, Polycistronic and

NEOSPLA.

TABLE 3

Polycistronic Expression System

HuCC49 CH2 Linker in NSKIRESG1DelCH2

Media Cell mg/L pcd  doubling
time

G418 25A2 45 20 30hrs

5 nMMTX 25A2-5B3 16.6 115 32

50 nM MTX 25A2-5B3-50A5 45.6 203 35

500 nM MTX 25A2-5B3-50A5-500D8 78.0 268 42

500 nM MTX 25A2-5B3-50A5-500F2 84.2 27.5 40

500 nM MTX 25A2-5B3-50A5-500F6 89.9 251 35

In bioreactors

500 nM MTX 25A2-5B3-50A5-500F6 729.0 28.6 Growth over
15 days

500 nM MTX 25A2-5B3-50A5-500F6 701.0 28.2  Growth over
15 days

NEOSPLA Expression System
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VWHAT IS CLAIMED I S: 1 A polycistronic vector for expressi ng fl{,g% {/onal

anti bodies in eukaryotic host cells which vector conpris cistronic
transcription systemconprising the follow ng el enments operably |inked in
the 5° to 3 orientation: (i) a pronoter operable in a eukaryotic cell; (ii)

a first cistron conprising a first DNA sequence encodin an anti body |i ght
chai n whiV¥Q0383ponal |y conprises at its 5 term nusp(g"gﬁoﬁﬁ&% pepti de coding
sequence operable in eukaryotic cells wherein said first DNA sequence does
not conprise at its 3' end a poly A sequence and wherein said first DNA
sequence conprises a 5 start codon and a 3' termnal stop codon; (iii) an
i nt er nal AmtilcB2IRSESN+SHL miNSMKG1 RES) obt ai ned froma nenber selected from
the groupgdpnsi sting ofCel cardiovirus, pg/lher pespsd r Ugoublibg a pol i ovirus; and
(iv) at kgrst a secand cistron conprising the followng elenents: (a) a
second Digisequence encggdi ng an anti bodyoheavy ghai m3 wherein sai d second

DNA opt i gnajNryreonpri sgay-si12i ts 5 termipus a signalygoeptide coding
sequence sgpRARNHE | N euigdtsmbisgreel | s argiwherei pp gaigh second DNA sequence

conpri sego@nm%r%(A SeqUBRCA 13t50F1-560G8  58KM nus ogky 44 #f the DNA sequence is
the 3" nost Ing sequence in the polycistron, and further conprises a

start anqnﬁ&g& gpdon at the 5° and 3' termni, respectlvely of said second

DNA seq rein I %seq eis r [, a ratio ranging
bet ween wLand 1:1 w ﬁSArl%s?é%lc (8) thgﬁsﬁcond % g%?]uenge in a

eukaryot i el l tai Qi pol troni 53 15 MAY 2006 WO
03/ 0483052 2/ 36@%3_5%19?@21-%@R§0i St%gdil c veg ‘% C1%%Fm 1, wherein the
first an g Yond DNA sequences encodi ng respecti veI y anti body heavy and

o << R BB S Toe s ot En o RO el sBonar s 7he
pol yci st s@ettion(821&)15, 60 oc560 nM MTX)MaRY soimpatdblesbet@ssh thecond DNA

Polycistronic and NEOSPLA expression systems. Also, production levels from

controlled bioreactor growth conditions appear comparable. Therefore, in this

system, placing the immunoglobulin heavy chain under translational control of

the EMCYV IRES downstream of the light chain leads to effective immunoglobulin

production.

EXAMPLE 4

Method For Generation of Expression Construct
[0145] A general method for the generation of polycistronic expression

construct according to the invention is described herein. In this methodology
the final expression construct is generated by insertion of a DNA fragment
encoding the genes of interest (i.e. immunolgobulin light and heavy chains) in a
single cloning step. The DNA fragment may be generated by use of
conventional recombinant DNA technologies including oligo synthesis and
ligation, overlapping PCR, complete DNA synthesis, or a combination of any of
these methodologies as described previously.

[0146] Figure 7 contains a schematic outline summarizing the steps utilized to
generate a vector suitable for expression of an immunolgobulin (e.g., HuCC49)
in mammalian cells. This methodology demonstrates the use of overlapping
PCR to generate a DNA fragment encoding both light and heavy chain variable
domains. This fragment is then cloned in a single step into a single insertion
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sequences encode respectively anti body heavy and |ight ch%%@%9¥$6éable
regions which are of primate origin. 5. The polycistronic of "of claim4,
wherein said primate is human. 6. The pol ycistronic vector of claimb5,
wherein the heavy and |light chain variable regions are humani zed. 7. The
pol yci stronic vector of claim1l, wherein the first and second DNA sequences
encode r S¥QBOIENYe| y anti body heavy and |ight chai n RO EP243¢856r egi ons whi ch
are of rodent origin. 8. The polycistronic vector of claim7, wherein said
rodent is nouse. The pol ycistronic vector of claiml, wherein the first

9.
hai n e e T R oYY ol vt o

chai n variabl e reqi ch’ rodent ori e polycistronic
vect or oforstracimHpweweie whilethisHe pefewredeetheripetbodsare atborbg used.i body heavy and

4873 0”6 o ElesBefie bR 20 i ngin qeBY S al My e hanb *°° 1C G R The
eukar yot idifferept insertien sites imtheaventat canstrpst.o Aisbethe aumber efllightrandot er . 12, The

| yci st ' ect f,claimll wherejn_t [ t i cw ter.
3. The BERyeherashrs AE paYSREocRnE Mok BE P e | RES s obtalned 11 om

a cardi oOYo14vF - Addiscibbed, B irphumblgBbili ligetcdhain vafiatslé dbmuiads Wherein the
cardiovirus 1s human encephal onyocardjtis virus. 15. The polycistronic

vect or ofSolated gpcloned frama siiitable spuree {lieoAvhridoma: B-elhiplasmidgionedsed by t he

pol yci st LagtienetBifiod suitBie ivettPdUckh BBIPTEMATY A4 boHtBhing 8Aighet €d antigen, an
antigen expressed on a B cell or an antigen expressed on a T cell. 16. The

pol yci st Foain teagerdwbich srayar aynptbe igiained depending amsityagion lightint i bodi es
e A S A e e
CD23, CDAlso, Zhedyy coginyariaigdomaitisgeolated ambeloned into. theham@emplyi st roni ¢ vect or
of clai M,dbor WiToftathirid e AGHt 'SR vhfabl §mdif). Initially having the light

and heavy chain variable domains contained in separate vectors is desirable as

it allows subsequent nucleotide modifications to. one gene variable region

without potentially impacting the other variable region.

[0148] The two separate vectors containing the light and heavy chain variable

domains serve as DNA templates for independent cognate PCR amplification

reactions. Design of the 5' and 3' PCR primers are such that there is a

nucleotide sequence in common between the two resulting PCR products. This

common sequence then allows an overlapping region for a subsequent PCR

amplification step. The product of this ultimate PCR amplification step then

encodes the light chain leader/light chain variable/constant/IRES/synthetic

heavy leader/heavy variable domains or fragment thereof, e.g., domain deleted

fragments. Figure 7 illustrates one example wherein a single DNA sequence

comprising light and heavy chains separated by an IRES is inserted into a single

restriction site on a vector.

[0149] By the judicious design of the above 5' and 3' PCR primers, flanking

restriction endonuclease cleavage sites such as Nhe | are included. These Nhe

| or other restriction sites then allow cloning of the DNA fragment into a suitable

vector such as PCEMPTY B which contains all other elements for efficient

expression the immunoglobulin in mammalian cells. The final vector (e.g.,
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18. The polycistronic vector of claim 16, wherein the functional antibody
is a human, humani zed Primati zed or chineric anti body spé%MﬁiYc,zo?% TAG 72.
19. The polycistronic vector of claim15, wherein the antibody is rituximb
or ibritunomab. 55 15 MAY 2006 WO 03/ 048306 PCTI US02/ 36856 20. The

pol yci stronic vector of claim1, wherein DNA sequence encoding the antibody
| i ght chaY®03/048386cpressed at a ratio ranging betweenPQ@/UBIZI48F61: 1 with
respect to the anti body heavy chain. 21. A eukaryotic cell conprising a

pol yci stronic vector according to any one of clainms 1-20, wherein the

eukar yot ifucealolcisiags 8 Fcis2helenrah e o HAQeBGRGYRRE Of functi onal

anti body per day Thgseukar yotic cel alm wherein the

eukar yot iprodueé theigena praguetafinterasteed.| (inonugagighulinlel | . 23. The mamual i an cel |

of claim22, wherein the manmalian cell is a nenber selected fromthe group
consi sting of baby hanster kidney cell, fibroblast cell, nyeloma cell, and
Chi nese Hanster Ovary cells (EGBXAMRLUES). 24. The mammalian cell of claim 23
whi ch is a CHO cdhéreaés inTExpryssion via@ednonfic Anplificaornher ei n sai d yeast cell

soni zosadbing) | Shpced  NERINESEIPRICH A Ginean pipicsen oessti da. 26, The

yeast celéncémn(?qhehmha’@mﬁrg@ne.ﬁﬂhegEieﬁhCHOSmGMGeuime@ chia pastoris. 27. A
met hod of producing functional antibodies conprising culturing a eukaryotic

cel | s accamaletely deficientin RHFR enzymaticactivity (deyhie delgtion)rasenliieatioinct i onal

ant i bodi ! it oA i { he eukaryotic
cell cul ﬁ}%%&ﬁ%ﬁ‘lﬁﬁ%@% % 03/%?'8%8%3%5’%@%%%%@%@ The met hod of

cl ai m 27 megisegotaininchmethairexate Mtk Buting this areplificatiop, thedicectiiit | east about 1-5
ol A g B colmilhy SpPOY. St 20 e
28, wher @ossiltiéto isalatetcelh linds prorticing @leyated mgounts of immunoglobulin.

First round selection of G418 resistant cell lines was performed in 5 nM MTX.

Highest level producers (as determined by ELISA) were identified and then

subjected to two subsequent rounds of ampilification with increasing

concentrations of MTX (50 nM then 500 nM).

[0151] Following three successive rounds of amplification in MTX, three 500

nM resistant cell lines were identified. For the cell lineage derived from the

G418 resistant cell line 25A2, the expression levels at each step are listed in

Table 4. For comparison purposes, Table 5 shows expression levels for an

irrelevant antibody (anti-CD23) expressed using the NEOSPLA expression

system. This antibody is Primatized® antibody bearing primate-derived light

and heavy chain variable domains, human kappa light chain constant region

and the complete human gamma1 heavy chain (including the CH2 domain)

region.
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recovered fromcell culture nmedium 31. The nethod of claim28, wherein the
functional antibodies specifically bind TAG 72. 32. The ARMAIR clai m 31,
wherein said functional antibody conprises a humanized, human or chineric
anti-CH2 domain del eted HUCC49 anti body. 33. The nethod of claim 28,
wherein said chineric antibody is rituximab or ibritunmomab. 34. The net hod
of cl ai mPY0HHBPei n t he production of functional ankCLEEGY856f urt her
conprises the step of honol ogous reconbination. 35. The method of claim 28,
wherein the functional antibodies are produced in batch fed cell cultures.
57 15 MAY 2006 SEQUENCE LI STI NG <110> REFF, M TCHELL BAR-NETT, RI CHARD
<120> POLYCl STRONI CTABREEEHolysistroniExpessies Sys8om037003/ 291921

<140>10/ 295, 823 <141>2002- 11- 18 <150>60/ 331, 481 <151>2001- 11-16

<150>60/ 400, 687 <Hu€C48€H2)dnker in NSKIRESGIDRICH2t ent I n Ver. 2.1 <210> 1
<211> 10Medil2> PRT <Zel> Artificial Seqodnqed<2Poublingd®R8e: Descri ption of
Artificial Sequence: Synthetic spacer peptide <400> 1 Ay Ay Ser Ser Gy

Ay Ay G4i8Ser Ay 25210 45 20 30hrs
5 nMMTX 25A2-5B3 16.6 115 32
50 nMMTX 25A2-5B3-50A5 456 203 35
500 nM MTX 25A2-5B3-50A5-500D8 78.0 26.8 42
500 nM MTX 25A2-5B3-50A5-500F2 84.2 275 40
500 nM MTX 25A2-5B3-50A5-500F6  89.9 25.1 35

TABLE 5: NEOSPLA Expression System
Anti-CD23 PSESN-SHL in N5SKG1

Media Cell ma/t pcd Doubling Time
G418 8B9 149 45 33hrs

5 nMMTX 8B9-5A12 11.0 6.5 40

50 nMMTX 8B9-5A12-50F1 56.1 22.0 35

500 nM MTX 8B9-5A12-50F1-500G8 53.5 28.6 44

[0152] As can be seen in Tables 4 and 5 above, expression levels at each
stage of selection (G418, 5, 50 or 500 nM MTX) are comparable between the
Polycistronic and NEOSPLA expression systems. Therefore, in this system,
placing the immunoglobulin heavy chain under translational control of the EMCV
IRES downstream of the light chain leads to effective immunoglobulin
production.

[0153] While the invention has been described in connection with specific
embodiments and examples thereof, it will be understood by those of average
skill in the art that the invention as disclosed is capable of further obvious
modifications. This disclosure is intended to embrace such obvious departures
from the preferred embodiments that fall within known or customary practices in
the art and may be applied to the essential features set forth hereinabove, as
well as to the scope of the appended claims.

52



<210> 2 <211> 9233 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic nucl eotide J&8HUNE60of HUCCA9
<400> 2 ctgacgcgccct gt agcggcgcat t aagcgcggcgggt gt ggt ggtt acgcgcagcegt ga60
ccgctacactt gccagcgccct agcgecccgetcctttegetttcecttcececttecetttctcgl20
ccacgttcgccggctttccccgtcaagctctaaatcgggggctccctttagggttccgat180
ttagtgctttWOYYeEWEt cgaccccaaaaaact t gat t agggt gat ggt t cadt§iTAeEe

t cgcgacgt accgggccccccct cgatt aatt aat cgagct act agectttgcecttctcaat 300
ttcttatttgcat aat gagaaaaaaaggaaaattaattttaacaccaattcagtagttga3e0 15 MAY 2006

2 ttgagcaaat gc gl AF RREEAMEIRIPCt t t agagacagt gt t ct ct gcacagat aagg420
acaaacat t at t cagagggagt acccagagct gagact cct aagccagt gagt ggcacag480

E:at ccaggga?a?aﬂ?t goh PofyeistiQnuk Vasial der @xpressieg funskipagtantbe i@&i"ggggg
aagggccaat ct gct cac ElTefeTey=TelaoTy e GG ag

t gaggt aggat cagt t gct%?@%@%ﬁ‘tg?%ct tct gacat agta'? ?%%cagcgc{'%tgggga%o
at cgat cct ccat gct t gadeanaatption gyustemcaoposing thedoliowingelgmentgpgerabiy20
agaggct att cggct at gac gctgct ct gat gccgecegt gt 780
t ccggct gt cagcgcagg38&8@%&%??‘?@?%&3&@&39%cgacct gt ccggt gccc840
t ?aat g?act ?caggt aagi)gcggcmgu?tet a;gfgtabuta m?ﬂmag@gccelbct c?;:t a;:t t ggg
ct ggaat agct cagaggccgaggc c cctct gcat pa aaaaaatt agt ca
gcoat goat gugocagagail oosaBuLaLy saeaeaT AbaBR3EAMTSs B 020
t E aggggcggtgact at g?t E gct @ﬁ%h?lﬁﬁc{y?igﬂt&ihﬁm?ﬁmﬁd&i@ﬁ?w%ﬁpﬁfﬁaﬂi@ﬁig
ct ggggagcct ggggac ccacacct ggttgct gact aatt gagat gcat gc ca
tacttctgcct gct ggggagect %w&&acﬁ'%@ég%flf@EPﬂ‘agﬁ g%‘&eﬁ%g?‘i@@g@hlzoo

gaattaattcccct agt t at t aalkadriaiccand WASIAGEITRIINA 5EqIeRBE 866 ot 60
at at ggagttccgcgt t acat aact t acggt aaat ggcccgcct ggct gaccgcccaacgl320
acccccgeccat t gacgt caat a&eBRASA attitg( mpggmag@wandgﬂ@émm §aidg80
tccat t gacgt caat gggt 9gaglhal HACHBRATAHRSASS bUMGRESdRRA 2R 1440
t gt at cat at gccaagt acgccccct at t gacgt caat gacggt aaat ggcccgcct ggcl1500
att at gcccagt acat gacct t ateyoinat stopcodarit t ggcagt acat ct acgt at t ag1560

tcatcgctattaccatggtgatg t t 1620
ttgact cacggggatttcc 'th %ﬁ%é@%%%?%ggg%%%t(gﬁwgémgc 1680

member selected from the group consisting of a

cardiovirus, a herpes virus and a poliovirus; and
(iv) atleast a second cistron comprising the following
elements: (a) a second DNA sequence encoding an
antibody heavy chain, wherein said second DNA optionally
comprises at its 5’ terminus a signal peptide coding
sequence operable in eukaryotic cells and wherein said
" second DNA sequence comprises a poly A sequence at
its 3' terminus only if the DNA sequence is the 3' most
coding sequence in the polycistron, and further comprises
a start and stop codon at the 5’ and 3’ termini, respectively
of said second DNA sequence;
wherein the first DNA sequence is expressed at a ratio ranging
between 10:1 and 1:1 with respect to the second DNA sequence
in a eukaryotic host cell containing the polycistronic vector,
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accaaaat caacgggacttt ccaaaat gt cgt aacaact ccgccccat t gacgcaaat ggl740
gcggt aggcegt gt acggt gggaggt ct at at aagcagagct gggt acgt gaaccgt cégmzﬂ%
t cgcct ggagacgccat cacagat caaagcttt gat ct ct caccat ggat agccaggcccl860
aggt gctcatgctcctgct gct gt gggt gagcggcacat gcggcgacat cgt gat gagcc1920
agt ct ccagact ccct ggccgt gt ccct gggcgagagggt gact ct gaat t gcaagt ccal980
gccagt ccct&@t"(’,’?“&g’ggcggaaat cagaagaact at ct cgcct ggt at cagcHdaRa¥ss%o0
cagggcagagccct aaact gctgatttact gggcat ccgct agggaat ccggecgt gcct g2100
at cgctt cagcggcagcggat ct gggacagactt cact ct gacaat cagcagcgt gcagg2160
cagaagacgt ggcagt ct affAid)istoaR I8EDE b Al ah&remthé Akt hhd Setond 220
ct ggcaccaagct ggaact gaaacgt acggt ggct gcaccatctgtcttcatcttcccgc2280
cat ct gat gagcagt t gadaNd sgeuRses ereogingtrespegiivglycanibedishaayy and 39@340
at cccagagaggccaaagt 3oadneanoe %Q%ﬁ:ﬁ%ﬁ?&f&ﬁiﬁ%@é Grgggt aact ccc2400
aggagagt gt cacagagcaggacagcaaggacagcacct acagcct cagcagcaccct ga2460
cgct gagcaaagcagact acgagaaacacaaagt ct acgcct gcgaagt cacccat cagg2520

gcct gagct cgcccgt ca .£cc2580
ccccccectaacgtt gCt ggﬂ%g‘g%gé’tﬁﬁﬁ% ég@g&%%g%é%%%ﬁg%yﬁﬁéébgt a2640
tgttattttccaccat at thlgmeegt. ct t t t ggcaat gt gagggcccggaaacct ggccct g2700

tcttcttgacgagcattcctaggggtctttcccctct cgccaaaggaat gcaaggt ct gt 2760
t gaat gt cgt gaaggaagcagtt cct ct ggaagctt ctt gaagacaaacaacgt ct gt ac2820

cgaccct t t gcaggeagc gnrAsshcistionic VeQoF s d| GR6rel ItHHdGReGRODKAS0

cacgt gt at aagat acacct gcaaaggcggcacaaccccagt gccacgt t gt gagt t gga2940
t agt t gt ggaaagagt ca¥9dyeRaeseReederegeqstivaly e%tge%b@%a"@a\'abkf%@@sooo

cccagaaggt accccat t gjaghBiggadichOnhien S pAmaRPrighacat gct t t acat 3060
gt gtttagtcgaggttaaaaaacgt ct aggccccccgaaccacggggacgtggttttcct 3120

tt gaaaaacacgat gat aat at gggt t ggagcct catcttgctcttcctt gt cget gtt g3180
Ctacgcgt gt cct g%cccaﬂ'ﬁet ﬂﬂ%&ﬁ%ﬁ%ﬁ’rﬂﬁg%&%ﬂaﬂ%m%t 93240
ctdc

gggcttccgt gaagatttc aaggcaagcggctacaccttcact gat cacgcaat cc3300
act gggt gaaacagaat cciumgcagcgcct ggagt ggat t ggat attt ct ct cccggaa3360
acgatgattttaagt acaat gagaggtt caagggcaaggccacact gact gcagacacat 3420
ctgccagcact gcct acgt ggagct ct ccagcct gagat ccgaggat act gcagt gt act 3480
t ct gcacaagat ccét gadrhet piywistranicyecgpofalgig dawhereingthe heawt arddigh8540

gcgct agcaccaagggcccat cgatcitccccect accct cet ccaagagcacct ct g3600
ggggcacagcggccct gg &%‘66@6@%&%@&8?‘?% gaaccggt gacggt gt 3660

cgt ggaact caggcgccct gaccagcggcgt gcacaccttcccggct gt cct acagt cct 3720

caggact ct act ccct cagf:agc t ggt gaccgt gccct,ccagcagpt t gggcaoccagaS?SO
cct acat ct gcaacdt gaa eRigyeataceGaim JoVherainthe A5t gnd 826984840 15 MAY 2006

3 DNA sequences encode respectively antibody heavy and light
chain constant regions which are of rodent origin.

8. The polycistronic vector of claim 7, wherein said rodent is mouse.

9. The polycistronic vector of claim 1, wherein the first and second
DNA sequences encode respectively antibody heavy and light
chain variable regions which are of rodent origin.

10.  The polycistronic vector of claim 9, wherein the DNA sequences

encoding antibody heavy and light chain variable regions are of
mouse origin.
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ccaaat ctt gt gacaaaact cacacat gcccaccgt gccccat cgagaaaaccat ct cca3900
aagccaaagggcagccccgagaaccacaggt gt acaccct gcccccat cccgggat gé

t gaccaagaaccaggt cagcct gacct gcct ggt caaaggctt ct at cccagcgacat cg4020
ccgt ggagt gggagagcaat gggcagccggagaacaact acaagaccacgcct cccgt gc4080
t ggact ccgacgactccttcttcct ct acagcaagct caccgt ggacaagagcagqgt qgc4140
agcaggggaaggﬁy??§¥catgctccgtgatgcatgaggctctgcacaaccacﬂ%&ggﬂ %80
agaagagcct ct ccct gt ct ccgggt aaat gaggat ccaat t ggcccgggcagat ct gat 4260
ccgttaacggttaccaact acct agact ggatt cgt gacaacat gcggccgt gat at ct a4320

cgt at gat cagcct ¢gacteqof/icistbmo Ve d&IA Y CWDéreithd BGKEFydtieCCcCc4380
cgtgccttccttgaccct ggaaggt gccact cccactgtcctttcctaat aaaat gaggad4440

aat t gcat cgcat t gt ct Egelgh B mammalian pemelR) 9o Yt BrmAdlggcaggass500
cagcaagggggaggat t gggaagacaat agcaggcat gct ggggat gcggt gggct ct at 4560
ggctt ct gaggcggaaagaaccagct ggggct cgacagcgct gcgat cgect cgact agt 4620
agctttgcttct cadlt t ctheqolycisiraniaseejoreiskimdgyaieiathepromoteidtsas680
ccaattcagtagttgatt qﬂwgﬂﬁﬁggpt t gccaaaaaggat gcttt agagacagt gtt 4740
ct ct gcacagat aaggacaaac at T cagagggagt acccagagct gagact cct aag4800
ccagt gagt ggcacagcat ccagggagaaat at gctt gt cat caccgaagcct gatt ccg4860

t agagccacaccctggta ccaat ct.gct cacac t aga 3008 ag4920
ggcagagcat at aaggt gg‘gﬁg’é’@&&i’%ﬂ e 8rt%éfa?ﬁga‘fvﬁ?%@gﬁ%%%%ﬁ%g&'&éfg%
gt gt t gggagct t ggat agrimt ggadiyirggacagcet cagggct gcgat tt cgcgccaaas040
cttgacggcaat cct agcgt gaaggct ggt aggattttat ccccgctgccat cat ggttc5100
gaccatt gaact gcat cgt cgccgt gt cccaaaat at ggggat t ggcaagaacggagacc5160
t accct ggcct ccgel cagupapfRBtrbaio 36EaCHfichirA a8 0Rirein dseeaaiovingtis 5220
cagt ggaaggt aaacagaat ct ggt gat t at gggt a(_:lgaaaacct ggttctccattcct g5280
agaagaat cgacct t t aadwReasaphalmcagiteMrisigt agagaact caaagaac5340
caccacgaggagctcattttcttgccaaaagtttggat gatgccttaagacttattgaac5400

aaccggaat t ggcaagt aaagt agacat ggt t t ggat agt cggaggcagttct gttt accs5460
aggaagccat gaat &&acch‘ggmg’ﬁwD&laga@Ochftclagﬂdawwgl@eth%&mgw'@gaat 5520

tt gaaagt gacacgttttt @cﬁ?sa@}én %85%% . 5580
acccaggcgtcctctct gaag‘ggccagg é%ggggggg at clggg@gt@ gggﬁ#g@%?ﬁ'@%4o
acgagaagaaagact aacdggdargar agsociated agtigent an gotigeo expressetberya Batel 700
gcatttttataagaccat acttttgc cagcctcgactgtgecttct 5760
agttgccagccatctgtt g?g{‘&b@ieé?‘?{é’g%%@ é@gﬁicée@t t gaccct ggaaggt gcc5820
actcccactgtcctttcct aat aaaat gaggaaatt gcat cgcatt gt ct gagt aggt gt 5880
cattctattctgggggat t caggacagca at aagacaat 5940
2acaggeat got gadua GIBRPHEBEORE e0acH CAT A dguasaa MR REekTe! age000
ggct cgaagcggecgct CopEpddianagreset By amlylstbmie Veast spekiitaly R0 60
t gcaggacgaggcagcgcggct at cgt ggct gcgac acygéggcgttccttsﬁj(‘:,e ca th 6120

1 isting of TAG-72, CI

0 an antigen selected from the group consisting of TAG-72, CD4,

CD11, CD19, CD20, CD22, CD23, CD37, CD40, CD45, CD80,

CD86 and CD154.

17.  The polycistronic vector of claim 16, wherein the antigen is TAG-
72.

18.  The polycistronic vector of claim 16, wherein the functional
antibody is a human, humanized Primatized or chimeric antibody
specific to TAG-72.

19.  The polycistronic vector of claim 15, wherein the antibody is

rituximab or ibritumomab.
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t gct cgacgtt gt cact gaagcgggaagggact ggct gct at t gggcgaagt gccggggec6180
aggat ctcct gt cat ct caccttgct cct gccgagaaagt at ccat cat ggct gat gaadevimo6
t gcggcggct gcat acgctt gat ccggcet acct gcccatt cgaccaccaagcgaaacat c6300
gcat cgagcgagcacgt act cggat ggaagccggt ctt gt cgat caggat gat ct ggacg6360
aagagcat ca%gg)gct cgcgccagccgaact gt t cgccaggct caaggcgcgcat gcccg6420
acggcgagga B8t gacccat ggcgat geet get t gccgaat at cat ggRJJHaHBEE0
atggccgcttttctggattcat cgact gt ggccggct gggt gt ggcggaccgct at cagg6540
acat agcgttggct acccgt gat att gct gaagagct t ggcggcgaat gggct gaccgct 6600
tcctcgtgcetttacggtatcgeccgetcccgattcgcagcgcat cgecttctatcgecttc6660
ttgacgagttcttct gagcgggact ct ggggtt cgaaat gaccgaccaagcgacgcccaasc720
cct gccat cacgag&gt t c'gtﬁ RQEW@Q%(YQ@@ efdlaimdawhergin QN6 seausigaat 6780
cgttttccgggacgccggce ; elelels) 840
cgcccacccaacttgttta r@%@égﬁ%ﬁggiﬂg&qf acaait@taegg%g%%g t%g’?g‘é f:ag’gré‘ggoo
aat t t cacaaat aaagcat betweert 34 @anddt with regpeaytothe antiiody haawyt chainc 6960
aat gtatcttatcatgtctggat cgcggccggccgccaccgcggt ggagetttaattaag7020
gcgcgccagct ccagettttgttccctttagt gagggttaattt cgagcettggegt aat c7080

at ggt cat agc: gt anctgbakmé&bmbmgémpmmt t ﬁdﬂrﬁaﬁot htmo?camteiﬂg?; %618

agccggaagcat aaagt g aaao%céc g éavga&?c‘a gagct aac @gﬁ%{ aa

t gcgt t gcget cact gcccYBt %ﬂ@-@ﬁ‘é B BRYcE &t g7260

aat cggccaacgcycggyoAmbaes et J0Tpidsdrans eoRheloharatibb@pset@ay.7320 15 MAY 2006
4 cactgact cgctgcget cggt cgtt cgget gcggcgageggt at caget cact caaaggc7380

ggt aat acggt t at ccacagaat caggggat aacgcaggaaagaacat gt gagcaaaagg7440
ccagcaaaaggccaggaacyy %@Sﬁ@&&%%ﬁrﬁ 24 detih e &iahREg edICis 8/ 500

cccccct gacgagcat cacaaaaat cgacgct caagt cagaggt ggcgaaacccgacagg/7560
act at aaagat accaggcgnamoelianeafiaygasteelbt cgt gcget ct cect gt t ccgac7620
cctgccgcettaccggat acctgtccgectttctccecttcgggaagegt ggecgetttctca7680
t agct cacgct gt aggt at ct cagtt cggt gt aggt cgtt cgct ccaagct gggcect gt gt 7740
gcacgaaccccccg8cagbecmamogtiancalicf clain 22,gvteseio the mgmotaligracelios 800

2acaaggtat ot aggcqat De R aHe e R R ARTIAR b PRED 000
t agaaggacagt at t t ggtkdrelygetydibedtdast gelb gyelagiatcell carndaClumesadtayasiér/ 980

t ggt agct ctt gat ccggcaaacaaac, t ggt agcggtggtttttttgtttgcaa8040
gcagcagat t acgcgcaga %&agég?@cgejﬁgaagat cctttgatcttttctacggg8100

gt ct gacgct cagt ggaacgaaaact cacgtt aagggatttt ggt cat gagatt at caaa8160
aaggatcttcacctagatccttttaaattaaaaat l%aa [ttt aaat caat ct aaagt at 8220

at at gagt aaact t g8t ct iecagmmabianelRl claim ¢3 whichdza E5Q ¢elk ct cagc 8280

25. The yeast cell of claim 23 wherein said yeast cell is selected from
the group consisting of Saccharomyces, Schizosacchoriomyces,
Hansenula, Yarrowia, Pichia, and Candida.

26. The yeast cell of claim 26 wherein said Pichia strain is Pichia
pastoris.

27. A method of producing functional antibodies comprising culturing
a eukaryotic cells according to claim 21 in a cell culture to
produce functional antibodies and recovering the functional
antibodies from the eukaryotic cell culture.
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gatctgtctatttcgttcatccatagttgcctgactccccgt cgt gt agat aact acgat 8340
acgggagggct t accat ct ggccccagt gct gcaat gat accgcgagacccacgcet caé ¥MBoos
ggctccagattt at cagcaat aaaccagccagccggaagggccgagcgcagaagt ggt cc8460
tgcaactttatccgcctccatccagtctattaattgttgccgggaagct agagt aagt ag8520
ttcgccagttaat agtttgcgcaacgttgttgccattgct acaggcat cgt ggt gt cacg8580
ctcgtcgtttﬁﬂﬂﬂgﬁﬁ%ttcattcagctccggttcccaacgatcaaggcgagﬂFH@E@ﬁ%GﬁO
atcccccat gtt gt gcaaaaaagcggtt agct ccttcggtcctccgat cgtt gt cagaag8700
t aagtt ggccgcagt gtt at cact cat ggttat ggcagcact gcataattctcttact gt 8760

cat gccat ccgt aagat gCfel héth8d BPAAIMIE7) Wb the RGIRAED A& dtit ¢ama8820
at agt gt at gcggcgaccgagttgctctt gcccggggt caat acgggat aat accgcgcc8880

acat agcagaact t t aaadyoduse @iteast abpyhtrapiceorams ¢ ghtiknsirsiced PEEE)B940

aaggat ctt accgct gt t gagat ccagtt cgat gt aacccact cgt gcacccaact gat c9000
ttcagcatcttttactttcaccagcgtttct gggt gagcaaaaacaggaaggcaaaat gc9060
cgcaaaaaagggaak9agdgihegaethedghclaimgs: waanein saidxubanyatia celitis at t ca9120
atattattgaagcatttatcg ar t t cat gagcggat acat at t t gaat gt at 9180

tt agaaaaat aaacaaat Ja%gg‘gﬁécncég'cy%%glccgﬁttccccgaaaagt gccac9233 <210> 3 <211>
3548 <212> DNA <213> Artificial Sequence <220> <223> Description of _
Qreg'ufe'ng'eaL 2o IYE " Crehethod bf aifh e Whefein e funciidnar antbodiesars | Uct nuel eotide
ct gacgcgccct gt agcgaeesatddrads eslDaMiagdhedigal ggt t acgcgcagegt ga60
ccgctacacttgccagcgceccct agcgecccgetcctttcgetttettcecttectttctcgl20
ccacgttcgccggcetttcceccgt caagcet ct aaat cgggggcet ccctttagggttccgat 180

ttagt gct tt acgggacCtRRARSRERBAARRCIT, URbIROBE fiRlicHH bRtorledg99240

t cgcgacgt accgggccccccct cgatt aat agat ct ct caccat gagggt ccccgct ca300

gct cct gggget cet get gpeeiieaiy bingdc gcacgat gt gat gt t t aaacggt acc360

aaggt ggaaat caaacgt acggt ggct gcaccatctgtcttcatcttcccgccat ct gat 420

gagcagt t gaaat ct ggaact gcctct gt t gt gt gcct gct gaat aactt ct at cccaga480
gaggccaaagt acad?.ggakhggnethed abalajomcidt whersincsgithiunetionacandiggdyyagt 540
gt cacagagcaggacage '8%95ﬂﬁ&&ﬁiﬁ?@%ﬁha%ﬁ%?8%§ﬁ<§8rﬁtﬂéﬁg‘8{xﬂ§nﬂc600
aaagcagact acgagaaacacdaagt ct acgcct gcgaagtcacccat cagggtct gagc660
t cgcccgt cacaaagagctdetetedHggGd@ gatibogyt gaat t cct ccct cccceccecccect 720
aacgttact ggccgaagccgctt ggaat aaggccggtgtgecgtttgtctatatgttattt 780
t ccaccatattgccgtcttttggcaat gt gagggcccggaaacct ggccctgtcttcttg840
33. The method of claim 28, wherein said chimeric antibody is

rituximab or ibritumomab.
34. The method of claim 27 wherein the production of functional
antibodies further comprises the step of homologous

recombination.

35. The method of claim 28, wherein the functional antibodies are
produced in batch fed cell cultures.
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15 MAY 2006 5

acgagcat t cct agt ggt ct t t cccct ct cgccaaaggaat gcaaggt ct gt t gaat §t MEF006
gt gaaggaagcagtt cct ct ggaagctt ctt gaagacaaacaacgt ct gt agcgaccctt 960
t gcaggcagcggaaccccccacct ggcgacaggt gcct ct gcggccaaaagccacgt gt a1020
t aagat acacct gcaaaggcggcacaaccccagt gccaggtt gt gagtt ggat agtt gt g1080
gaaagagt caaat ggct ct cct caagcgt at t caacaaggggct gaaggat gcccagaagl140
gt accccat t gt at gggat ct gat ct ggggcct cggt gcacat getttacat gt gtttagl200
t cgaggt t aaaaaacgt ct aggccccccgaaccag gacgtgottttccttt gaaaaal260
cacgat gat aat at gggtt ggagcctcatcttgctcitccttgtcgctgttgetacgegt 1320
attt aaat got agGagegGaeeAget ccagettttgttcecctttagt gagggttaatttcl380
gagct t ggcgt aatseakggt, cataged gt tt cct gt gt gaaatt gtt at ccgct cacaat 1440
t ccacacaacat acgagccggaagcat aaagt gt aaagcct ggggt gcct aat gagt gag1500
ct aact cacdte b adtLgeTRGEGC EXTEEHEXT GEt T ER@FEE gggaaacct gt cgt g1560
ccagct gcat t aat gaat cggccaacgcgcggggagaggeggtttgegt att gggecget c1620
ttccgctt63?%@8353%?%%&%%@ctgcgctcggtcgttcggctgcggcgagcggtat01680
agct cact caggggeggtagbacggtt at ccacagaat caggggat aacgcaggaaagaalrz40
cat gt gagcaaaaggegagcaaaaggccaggaaccgt aaaaaggccgcecgt t gct ggegtt 1800
tttccataggctccgecccccct gacgagcat cacaaaaat cgacgct caagt cagaggt g1860
gcgaaacccgagaggast a,gaagat accaggegtttccccct ggaaget ccct cgt gcgl920
ctctcctgtsiecgacecigcegecttaccggat acctgtccgectttctcccttcgggaaglo8o
cgtggcgctttctcatagct cacgct gt aggt at ct cagtt cggt gt aggt cgttcgct c2040
caagct gggubgt gogeatgdaccccccgtt cagecccgaccgcet gecgecttat ccggt aa2100
ct at cgt ctt'gayt©Caatic€fgt aagacacgact t at cgccact ggcagcagccact gg2160
t aacaggat f,agcagagcgaggt at gt aggcggt gct acagagt t ct t gaagt ggt ggcc2220
t aact acggct acact agaagaacagt attt ggt at ct gcgct ct gct gaagccagttac2280
ct t cggaaaaagaghtggimged.Ct b gat ccggcaaacaaaccaccgct ggt agcggt gg2340
tttttttgtttgcaagcagcagatt acgcgcagaaaaaaaggat ct caagaagatccttt 2400
gat ctttt cttatydggt ct gacgct cagt ggaacgaaaact cacgt t aagggat tt t ggt 2460
cat gagat t 3l Fagdaagoat ct t cacct agat cct t t t aat t aaaaaat gaagt t t t aa2520
at caat ct agag at-at atgagtaaasitggt ct gacagtt accaat gctt aat cagt ga2580
ggcacctatctcagcgatctgtctatttcgttcatccatagttgcctgactccccgt cgt 2640
gt agat aact2aecgat acgggagggct t accat ct ggccccagt gct gcaat gat accgcg2700
agacccacgcettadeggeirttayat t it éjedat wmartagetagedggaagggeccga2760
gcgcagaagt ggt CEEgTa&ER %5t ccgect ccat ccagt ct at t aat t gt t gccggga2820
agct agagt aggd gt t cgccagttaat agttt gcgcaacgttgttgeccattgct acagg2880
cat cgt gotgt cagoet £ gcaiit,t gt at @aat t €at tgagct ccggtt cccaacgat 2940
aaggcgagtt acat gat cccccatsgt t gt gcaaaaaagcyygt t agct cctt cggt cct cc3000

<210> 2

<211> 9233

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Synthetic

nucleotide sequence of HuCC49

<400> 2

ctgacgcgcc ctgtagcggc gcattaagcg cggcgggtgt ggtggttacg cgcagcgtga 60

ccgctacact
ccacgttcgc
ttagtgcttt
tcgcgacgta
ttcttatttg

tgccagcgcc
cggctttccc
acggcacctc
ccgggccccc
cataatgaga

ctagcgcccg
cgtcaagctc
gaccccaaaa
cctcgattaa
aaaaaaggaa

ctcctttege
taaatcgggg
aacttgatta
ttaatcgagc
aattaattctt

tttcttcect
gctcccttta
gggtgatggt
tactagcttt
aacaccaatt

tcctttctcg
gggttccgat
tcacgtaggg
gcttctcaat
cagtagttga

120
180
240
300
360



gat cgtt gt cagaagt aagt t ggccgcagt gt t at cact cat ggtt at ggcagcactgj\@gggg(w
taattctcttactgtcatgccatccgtaagatgettttctgtgactggtgagtactc

caagt cat t ct gagaat agt gt at gcggcgaccgagt t gct ct t gcccggegt caat acg3180
ggat aat accgcgccacat agcagaact t t aaaagt gct cat cat t ggaaaacgttctt c3240
ggggcgaaaact ct caaggat ctt accgct gt t gagat ccagt t cgat gt aacccact cg3300
tgcacccaactgatcttcagcatcttttactttcaccagcgtttct gggt gagcaaaaac3360
aggaaggcaaaat gccgcaaaaaagggaat aagggcgacacggaaat gtt gaat act cat 3420
actcttcctttttcaatattattgaagcatttatcacggttattitctcatgagcggata3480

catatttga&t amtag%?&éaaﬁaaa%aaaﬁgﬁgg% FRECHT gEcar t$c CTgaadess
SR R 1@%
L el SRgURRLEsoR

ence <220>
tde

“sﬁ}

agt gccac3548°£210. ngcaékEQ% CaagS
<223> DesGilf igg T AREl L A
sequence ];§a Q g@t catttg cttctgacat agttgtgcca gcatggagga 660
ctgacgcgcee&gtag&ggm@ﬁﬁt&ﬁagﬁgeggmgggtg&g@bggtbamgcgnagmg@gaﬁﬂ720
ccgctacac@Ug@magngemnﬁagﬁgceﬁgeég@Ft%@geﬁxueKte@@$9@CEF¢%$egm2®80
ccacgttcgéé CE9%CC BETGRELAY %%%F%%Fc f‘%(,géf‘f‘?taa a%%sé‘m
tt agt gcttt%%@é%%‘cg &6%‘%%1%?&5&%3’;0 gt @5?

t cgcgacgt @giggggtcgcgg et [Aatlan ﬁ@gg iatqg 9& 9 9%@ 020
ttcttattt geada Qﬁgﬁﬁﬁ@aﬁﬁggﬁﬁﬁa&£@a&k@£@ﬁ@@Q&@@k&Q@QE@Q&k Q080
ttgagcaaa&g@g@agﬁcaaﬁ@aggatgﬁtht@g@ga@agkgtse&e@gﬁa@ﬁga@aaggﬁaml4o
acaaacat t aktvcagegyyegisasooagayot gagaciccetagaag ceagiogatt ggeacagh80200
cat ccaggg ggat&?aﬁ'a‘tcgéﬁfttg‘ﬁé‘a%tc‘a% a‘é?géc‘fag*éfﬂ?é 1% GaFeetic e ErA°ge54 6260
t aagggcca %ﬁg@@?%&@%ﬁg%g ?% ECCC ?%g%ﬁﬁg%%fé?%&g 8328
t gaggt aggateAghLar EeatGaga 1S §CLa0cR CaUAG02RBY 140
‘atCgatCCtQ@&hggg&g@a&ﬁ@gakgl&&kg&ﬁ@g&@@g&&gaQ%9Q£@9&5Elggkg 20500
agaggct at tat gt atagacd gggoac aatagacaat cggaitge teh gacgoc gecgiagtaB0560
tccggctgtGa@@geaggggggﬁe@ggﬁtQ%wtm$g$%%ag%£eg%wb%gF@%gg%g%€@£4®620

t gaat gaact;g g %g%@gé?gﬁagé T%&%Z%&ééﬂ%&&gg@é?%éé?%ﬁ% Sig
ct ggaat ag¢ é 9 fuc§Igacktel §§ig%§§ Seadaspetagee
gccatgcatgg agl-ga9e00aghtadoadec8agai 939c94a
tt aggggc@@@@@Ca5ﬂgTQEgﬁtga@ agdthgagat geatgatt t@cadactd @tgﬂ@&gﬁl&&@zo

agtctccaga
gccagtccct
cagggcagag
atcgcttcag
cagaagacgt
ctggcaccaa
catctgatga
atcccagaga
aggagagtgt
cgctgagcaa
gcctgagcete
cccccecctaa
tgttattttc
tcttcttgac
tgaatgtcgt
cgaccctttg
cacgtgtata
tagttgtgga
cccagaaggt
gtgtttagtc
ttgaaaaaca
ctacgcgtgt
gggcttcegt
actgggtgaa
acgatgattt
ctgccagcac
tctgcacaag
gcgctagcac
ggggcacagc
cgtggaactc
caggactcta
cctacatctg

ctcecctggece
gctctatagce
ccctaaactg
cggcagcgga
ggcagtctat
gctggaactg
gcagttgaaa
ggccaaagta
cacagagcag
agcagactac
gcccgtcaca
cgttactggce
caccatattg
gagcattcct
gaaggaagca
caggcagcgg
agatacacct
aagagtcaaa
accccattgt
gaggttaaaa
cgatgataat
cctgtcccag
gaagatttcc
acagaatcct
taagtacaat
tgcctacgtg
atccctgaat
caagggccca
ggccctgggce
aggcgccctg
ctccctcage
caacgtgaat

gtgtcecctgg
ggaaatcaga
ctgatttact
tctgggacag
tattgtcagc
aaacgtacgg
tctggaactg
cagtggaagg
gacagcaagg
gagaaacaca
aagagcttca
cgaagccgcet
ccgtecttttg
aggggtcttt
gttcctctgg
aaccccccac
gcaaaggcgg
tggctctcct
atgggatctg
aacgtctagg
atgggttgga
gtccagctgg
tgcaaggcaa
ggacagcgcc
gagaggttca
gagctctcca
atggcctact
tcggtcttcce
tgcctggtca
accagcggcg
agcgtggtga
cacaagccca

gcgagagggt
agaactatct
gggcatccgce
acttcactct
agtattatag
tggctgcacc
cctctgttgt
tggataacgc
acagcaccta
aagtctacgc
acaggggaga
tggaataagg
gcaatgtgag
cccecectectege
aagcttcttg
ctggcgacag
cacaacccca
caagcgtatt
atctggggcce
cccccecgaac
gcctcatctt
tgcagtcecgg
gcggctacac
tggagtggat
agggcaaggc
gcctgagatce
ggggacaggg
ccctggcecacc
aggactactt
tgcacacctt
ccgtgccecte
gcaacaccaa

gactctgaat
cgcctggtat
tagggaatcc
gacaatcagc
ctatccccte
atctgtcttc
gtgcctgctg
cctccaatcg
cagcctcagce
ctgcgaagtc
gtgttgaatt
cecggtgtgeg
ggcccggaaa
caaaggaatg
aagacaaaca
gtgcctctge
gtgccacgtt
caacaaggygg
tcggtgcaca
cacggggacg
gctcttectt
cgctgaggtg
cttcactgat
tggatatttc
cacactgact
cgaggatact
aaccctggtc
ctcctccaag
cceccgaaccyg
cccggetgte
cagcagcttg
ggtggacaag

tgcaagtcca
cagcagaaac
ggcgtgcctg
agcgtgcagg
acattcggecg
atcttccecge
aataacttct
ggtaactccc
agcaccctga
acccatcagg
cctccectecc
tttgtctata
cctggcectg
caaggtctgt
acgtctgtac
ggccaaaagc
gtgagttgga
ctgaaggatg
tgctttacat
tggttttcct
gtecgctgttg
gtgaaacctg
cacgcaatcc
tctcecggaa
gcagacacat
gcagtgtact
accgtctcca
agcacctctg
gtgacggtgt
ctacagtcct
ggcacccaga
aaagttgagc

1580
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840



ct ggggagcct ggggactttccacacct ggttgct gact aatt gagat gcatgctttgcalldo
tacttctgcct gct ggggagect ggggactttccacaccct aact gacacacattc MAY A6
gaattaattcccctagttattaat agt aat caattacggggtcattagttcatagcccat 1260
at at ggagttccgcgttacat aactt acggt aaat ggcccgcct ggct gaccgcccaacgl320
acccccgcccat t gacgt caat aat gacgt at gt t cccat agt aacgccaat agggactt 1380
t ccat t gacgt caat gggt ggagt attt acggt aaact gcccactt ggcagt acat caagl1440
t gt at cat at gccaagt acgccccct at t gacgt caat gacggt aaat ggcccgcct ggcl1500
attatgcccagtacatgaccttatgggactttcctacttggcagtacatctacgtattangGO

t cat cgct atttEeCatgy t Eﬁf‘gg t"aéb“‘&%%&f: f‘i%?@oo
ttgact cac@%ﬁﬁfﬁ%&%ﬁ g(?c%;tgc %ft ggf%%céf % @i%%g
accaaaat caggggdact £ ctaazat g % cegcdceaf, &@99%@@ 49

gcggt aggcgLgircgal 9ggadet <t a @ka@&@ag&gg&gggt@@g&e&a@&%@kwa

t cgcct ggagacgeeaiCascagat edagt fdtaafagct AQe aapaaglgecaat Qggteﬁ:taté.cBQQOO

ccccct ggcagestagecdtc caagageac cctqmggwggmag@ggcmg%w gechigybdt9 2060
caaggact acreceeedfadETFgegedc getagreogeaaet ¢xg w@ag@gg&%@w

cgt gcacacé@f%@égﬁc Efa"rfcgf‘%&?a §ECEe "aﬁ ‘éigcCEF%CGP ctttcctg ;&gf?‘bﬁ 80
gaccgt gecEiEEAg é §§§5§c gﬁg a@@i:éﬁ@%é E ga ¢2q
cagcaacacgg

cccaccgt g@@@@g@g&g:tgg@@@ta@a‘at gg@gg@@cgid@agsﬁbt &@tc@atttcgec&c&ega&aaaezazo
acccaaggacaceccicat gataettcC@ggamocitgsagtg;ta@a@abg@g;bg@taggtaggarxgtaaé81(680
gagccacgaagazicctgaggt craia gametgptacyt Eg@f&g@tagea%%za%zﬂ@‘lo
t gccaagacda 00

Qﬁagf%é&@gg f‘%.‘i?ﬁ 3
caccgt cct §§ agi@g%ggﬁg Aat JiCARta0t dca 59&%@ Ccfgg “ 460
agccct cccayesheea! cgagaagargadfh QW@%@@@QQ%@%Q&%Q@?&%@

acaggt gt aGAGERIGGES C€ Eat 660§ Gt st ga@@a&g@a@@ag@aﬁagﬁ@t@ﬁe%&@w
ct gcct ggt caagggatd @tartt@gea:gggmatmcquzagga@tcgqgagagca&ttgggma%m00
gccggagaacaseitassn Gaerac gec EET et @Q@é?ta@f:?w&azq@em
ct acagcaag;ef%%@egg gggag%@egggge g% gﬁ&i%@ caéfg@ggggt?%g
cgt gat gcat GagiIct ¥ deatadeact Acds CEELOL GIi6e
t aaat gaggaleeaahis gaeicgatgacaa@‘g@gaataacg@@e@b@@et @&@@&&g@t&t@g&@a@
caacat gcggeecgiggat alset &cghat gaiagont cgach iy caishgiagt ttgo:cageaazb@:so
cat ct gt t gtasbrecest Gee@@gt:g?ceNC@e@ttcgiae@@Fgga&g@themm cteartug®0 (G20
tectttcct dafataaty g att 68"1‘9@8&"&‘"& %%@ xat teratvesben’
g

tc

t ggggggt 9dg§i Hdanc 40oacad %@?ﬁ §§i§’9 %@?%@@f@g@g
ct ggggat 9cgt 999et GLalIged

cgct gcgat cgeeiegacicagt mgedd ttg@dcteid‘caa&ctgttg&cttat &dtggﬁcaatgg;ag@g:ta%ébazo
aaaaggaaastctaatttd aacaccast teagbagid gatat gagtas@tygoytt grobaaad3(080
aggat gct t t%@’éﬁ&é‘&gt@ﬁ@?é?@éé‘é%@é‘ta&a@@%?@aa@@aﬁgaﬁaéa@@@QWSQG@40

agcaggcatg ctggggatgc ggtgggctct atggcttctg aggcggaaag aaccagctgg 6000

ggctcgaagc
tgcaggacga
tgctcgacgt
aggatctcct
tgcggcggcet
gcatcgagcg
aagagcatca
acggcgagga
atggccgett
acatagcgtt
tecctcgtget
ttgacgagtt
cctgccatca
cgttttccgg
cgcccaccceca
aatttcacaa
aatgtatctt
gcgcgccagc
atggtcatag
agccggaagc
tgcgttgcgce
aatcggccaa

ggccgctccg
ggcagcgcgg
tgtcactgaa
gtcatctcac
gcatacgctt
agcacgtact
ggggctcgeg
tctcgtecgtg
ttctggatte
ggctacccgt
ttacggtatc
cttctgagcg
cgagatttcg
gacgccggcet
acttgtttat
ataaagcatt
atcatgtctg
tccagctttt
ctgtttcctg
ataaagtgta
tcactgcccg

cgcgcgggga

gatcgaggcc
ctatcgtggc
gcgggaaggg
cttgctectg
gatccggcta
cggatggaag
ccagccgaac
acccatggcg
atcgactgtg
gatattgctg
gccgcteccg
ggactctggg
attccaccgce
ggatgatcct
tgcagcttat
tttttcactg
gatcgcggcc
gttcccttta
tgtgaaattg
aagcctgggg
ctttccagtc

gaggcggttt

gctactaact
tggccacgac
actggctgct
ccgagaaagt
cctgcccatt
ccggtcttgt
tgttcgccag
atgcctgcett
gccggectggg
aagagcttgg
attcgcagcg
gttcgaaatg
cgccttctat
ccagcgcggg
aatggttaca
cattctagtt
ggccgccacce
gtgagggtta
ttatccgctc
tgcctaatga
gggaaacctg
gcgtattgygg

ctctcctccece
gggcgttcct
attgggcgaa
atccatcatg
cgaccaccaa
cgatcaggat
gctcaaggcg
gccgaatatc
tgtggcggac
cggcgaatgg
catcgceccttce
accgaccaag
gaaaggttgg
gatctcatgc
ataaagcaaa
gtggtttgtc
gcggtggagce
atttcgagct
acaattccac
gtgagctaac
tcgtgccage
cgctcttceg

tcctttttece
tgcgcagctg
gtgccggggc
gctgatgcaa
gcgaaacatc
gatctggacg
cgcatgcccg
atggtggaaa
cgctatcagg
gctgaccgct
tatcgccttc
cgacgcccaa
gcttcggaat
tggagttctt
tagcatcaca
caaactcatc
tttaattaag
tggcgtaatc
acaacatacg
tcacattaat
tgcattaatg
cttcctcgcet

6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320



acccagagct gagact cct aagccagt gagt ggcacagcat ccagggagaaat at gqk

7 tcatcaccgaagcctgattccgtagagccacaccctggtaagggccaatctgctcacaca
ggat agagagggcaggagccagggcagagcat at aaggt gaggt aggat cagt t gct cct 3540
cacatttgcttctgacatagttgtgttgggagcttggatagcttgggggggggacagct c3600
agggct gcgatttcgcgccaaactt gacggcaat cct agcgt gaaggct ggt aggatttt 3660
at ccccgct gccat cat ggttcgaccatt gaact gcat cgt cgccgt gt cccaaaat at g3720
gggattggcaagaacggagaoctaccctggcctccgctcéggaacgagttcaagtactt03780

caaagaatga%caca%acctcttc aat ct gqt gattgt%gg
aaaacct ggt}, CrE tgg cgg g%@%i%é caa’a

ctcagt aga%gg &QQ@%@%@%@%Q?&%Q&Q G@g&%&&%t&%@@e@%t& ggat

gat gcct t aagaeddraid Gaaeaaeeygaaitt ggoaagiaagolt adreadged tatcgg@tcagl@'a@so
gt cggaggcagttclagtd ttaccaggaagcoatgant eart caggcoaceitcagat ctdcty)8620
gt gacaagga:tceactcgtea*ggaawqattg%agtcgaea@gmttcwtt@eawa%tgttgatcmg‘gﬁg §41 4680

g@gIS MAY 2006

at cagcct cgag Qgtgggé:tgtt @e@%&gqea@@@@&cg@l&a@&&ctag&&e@é&s&%@QL&%

gggggaggatqtggg%?a ‘acsaaf%?ge%@gea%cge‘wg ‘é‘%aé?%t E”Ettcéél%@@m
QQQS&%Q

acgggcgtt 0&:559&95@9&

gt at ccat catsggettgat geagtge gy cgert-gest aw@tattgat wgg@tcae clegeToad8 6020

tt gccgaat aaaea&@gagg,aaa@ttggc@ge&ttgw&t g@'ﬁgta@takcgﬁet:@ragg%gg@igg@am@zo

aaat at aaacteEtCEEa aawée%fa et c g & ? %a&i& &9196640
at caagt at a?égf?:t%g’é\ca qret=ca %f 5@@?6??5@ 5 éaﬁai gitg ‘f(?éﬁ ég
t ctget ceecl 1§ CtlAbaagactaladgacidsh &gﬁgi&g Jégﬁ%
tt cct t gaccubggragyitgecagteL aacdagt ot t&@@b&@ta@g&aﬁmgga&awt@eﬂéﬁm
at cgcat t gtcbgegkaggicgt cavix tratdagb Yoy gFRFe gyt guggeagyacageaadd G000
t gaggcgga QE % EETaas @tcf‘cg?ﬁa(g t%ﬁé%% aﬁiﬁéﬁ% 8
ctct ctcct CEEEELAE tatt@g%g cabgathagosagelcodctal cgtaGT adtea

glget £ gacghb gl agdgaagcyg4raaadacl-ggai-g4s 40
~Ct at t gggcomagtgeeggagcaggad chegicgicabegdcgagtist girtge@dggs@gagmaé&a@m
ttcgaccacc‘éégﬁgéé‘a@éf% éﬁ%g Eif:g 8%‘3 %‘tt %g agg %EWP%?@SO
gt Cgat Cagg;étg cccét@@ié@g @Q@ é ct,cg § § %é@b;ca aﬁi g ?Zi(gé igoo
aggct caagoLdeoed @@chtga%g
ggt gt ggcggaecyrkat caggecatagedtggat acteglgat atacgriagaagagaict&d G680
ggcggcgaat%}g@%ﬁtfga@ ét‘ta@é?% Eg@tat:faéc GleapeE cRitevgatreegrags2 3040

cgcat cgect PEPtCHT CLETIY %‘?:@é é’f"tccﬁg ?ﬁté? gotrcyadas? 00
t gaccgaccaggEuAGIL CEARGRLAL Cal LAGHAT %@%gt&%qe 9%@@9 &ﬁ %838

at gaaaggt t ggeedd693aak &ak %QMQMG@QQGQ%%&@L&E@QQQQ%G @s0
gggat ct catgebgaagt tabktLQeeE Focaagdd gidadratdcgcagaetdaabaataggt t a54®@33
caaat aaagcaat agcat cacaaatttcacaaat aaagcatttttttcactgcattctag5520

<210> 3

<211> 3548

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic polycistronic

expression construct nucleotide sequence

<400> 3

ctgacgcgcec
ccgctacact
ccacgttcgc
ttagtgcttt
tcgcgacgta
gctcctgggg
aaggtggaaa
gagcagttga
gaggccaaag
gtcacagagc
aaagcagact
tcgeececgtea
aacgttactg
tccaccatat

ctgtagcggc
tgccagcgcec
cggctttecc
acggcacctc
ccgggccccece
ctcctgctgc
tcaaacgtac
aatctggaac
tacagtggaa
aggacagcaa
acgagaaaca
caaagagctt
gccgaagccg
tgccgtcecttt

gcattaagcg
ctagcgccecg
cgtcaagctc
gaccccaaaa
cctcgattaa
tctggctccce
ggtggctgca
tgcctectgtt
ggtggataac
ggacagcacc
caaagtctac
caacagggga
cttggaataa
tggcaatgtg

cggcgggtgt
ctcectttege
taaatcgggg
aacttgatta
tagatctctc
aggtgcacga
ccatctgtct
gtgtgcctge
gccctccaat
tacagcctca
gcctgcgaag
gagtgttgaa
ggccggtgtg
agggcccgga

ggtggttacg
tttctteect
gctcccttta
gggtgatggt
accatgaggg
tgtgatgttt
tcatcttccc
tgaataactt
cgggtaactc
gcagcaccct
tcacccatca
ttcctececte
cgtttgtcta
aacctggccc

cgcagcgtga
tcctttcteg
gggttccgat
tcacgtaggg
tccecegetca
aaacggtacc
gccatctgat
ctatcccaga
ccaggagagt
gacgctgagc
gggcctgagce
ccccecccecect
tatgttattt
tgtcttcttg

60

120
180
240
300
360
420
480
540
600
660
720
780
840



ttgtggtttgtccaaact catcaatgtatcttatcatgtctggatcgcggecggec 0%33(5%6
ccgcggt ggaget t t aat t aaggcgegecaget ccagettttgttcecttt agt gagﬁ &

taatttcgagcttggcgt aat cat ggtcatagectgtttcctgtgtgaaattgttatccge5700
t cacaatt ccacacaacat acgagccggaagcat aaagt gt aaagcct ggggt gcct aat 5760
gagt gagct aact cacattaattgcgttgcgct cact gcccgctttccagt cgggaaacc5820
t gt cgt gccagct gcat t aat gaat cggccaacgcgcggggagaggceggttt gecgt att g5880
ggcgctcttccgettcc tcgetcactgact cget gcgetcggt cgttcggct gcggcgags940
cggt at cagct cact caaaggcggt aat acggtt at ccacagaat caggggat aacgcag6000
gaaagaacakgiayagodaassygecaycaagaagitc aygasruogt aaadayyet gt gdarge0600
tggcgttttﬁé@eﬁsa@@cf e%éc%q a%@égc%emafaéaﬁe ¢ R:taea F%‘B’-l?@o

agaggt ggc JERECCTGalIRIqaTi-at 3 E%ﬁgzi‘ﬁcae?gg YT @ 8%‘5[‘3 8 38
g accc ca&

t cgt geget cECELRITCE gsgig@i%g E@t aég gg

nggaagcgngQ;QQ@aIcttt clLataget Q&Qgggg;tga&ﬂ%é&t% £agtt &9l Oaggice

tt cgct ccaagedgdggat g&@kg&&ag@g&ee@&@egatacea@@g@gﬁeggﬁtg&geeﬁdaasﬁ%@eo

ccggt aact ab@g}tteatttagagﬁtccaa:@ccaggta@gacta@ga@ittatt(tgcmcbtggt@aga@agﬁzlzm0

ccact ggt aactggatacagragagtrgagaoat greagegc geatget a?@a tgiisctgs yeragt 648080
ggt ggcct aéé?‘}a‘é ag g%gw gga?&t ﬁfgt%jgg aci{é& 15 %t(;gg ?ﬁ?m%m
cagt t acct t§ a afs t d g

gcggt ggt t L] cttgéattt gcA3gcagCataLt §%§ ggii@@ a@% 20

at cct t t gateekddet caca@gggg£&tgga&g§t:t€ga:§t g@@@f@aaaﬁge €AGEE tgaa@;@;@aw 4080
tttt ggot catgagattat eadragggat sigbcacet agatccetd tdoaaatbaaaaatgaass/ 8040

gttt t aaat cabdtgrerEa gt Toat Ty aTtegacrelt Fgredtgae gy exscanttget19aa684600

t cagt gaggéé&%’taéggc’é—”t EX g&gg’t gg?féigzﬁcgfé?fﬁéﬁﬁgé ?}géit
8 cegt cgt GEAYALRETC LA Qﬁ:gg&@é ht RECaLEE0ds k@é@éﬁ%
t accgcgagagLLAcHGt cated QL £3ME @;@5@6@@ £a4GE&

gggccgagcg:ea@ﬁaggcggambg@aaﬁdcha&@egwbe&?@beC@gujctgati &at&@tgtam&ﬁ)oo
gccgggaag@tatga;gttaagaﬁgta@@c c@}taamtaag;at:t gege aaegtdggts gecatacgad 2060

a%%aee‘ﬁg§§§%5 MAY 2006

gttcttcgggd
ccactcgtg

ct acaggcattt"al

eecyt €
aacgat caadg %%Q?%Caégg@f%céﬁ@?atg

gt cct ccgatgg

cactgcat a@ﬁt@&&%é@@&@@g@é@m@é&%ﬁr@%&g&&&& 1k gs3ae
act caaccaagtgattct gagaasagt gettatg@:g:gcgaaeegagataqmasdatagccgeggmtgtgammo
caat acgggataztategegetatiivageag
éa%cfewaa

taac

%‘3& %@99%
agctagagta
catcgtggtg
aaggcgagtt
gatcgttgtc
taattctctt
caagtcattc
ggataatacc
ggggcgaaaa
tgcacccaac
aggaaggcaa
actcttccectt
catatttgaa
agtgccac

<210> 4

<211> 7815
<212> DNA
<213>

<220>
<223>

dag

Tt e

af et taccyc

@i&@é ofECLITT

agtagttcgc
tcacgctcgt
acatgatccc
agaagtaagt
actgtcatgc
tgagaatagt
gcgccacata
ctctcaagga
tgatcttcag
aatgccgcaa
tttcaatatt
tgtatttaga

cagttaatag
cgtttggtat
ccatgttgtg
tggccgcagt
catccgtaag
gtatgcggcg
gcagaacttt
tcttaccgct
catcttttac
aaaagggaat
attgaagcat
aaaataaaca

Artificial Sequence

Description of Artificial Seguence:

aty

agTtt

aeot Y8 oy

hat

tttgcgcaac
ggcttcattc
caaaaaagcg
gttatcactc
atgcttttct
accgagttgce
aaaagtgctc
gttgagatcc
tttcaccagc
aagggcgaca
ttatcagggt
aataggggtt

PCEMPTYB nucleotide sequence

et e At ARt
EEECE]

o gLEatEacly

a8 &

Tgtcé e E‘Eatgé

@‘irig %

ggctacaratart

e

Caaaaacagglgaayeanagl gceglrasaalagagral 2a9946y 3&@&&9@@@%@

gttgttgcca
agctccggtt
gttagctcct
atggttatgg
gtgactggtg
tcttgcccgg
atcattggaa
agttcgatgt
gtttctgggt
cggaaatgtt
tattgtctca
ccgcgcacat

Plasmid

9@@5«.7

T FM@@WG@N

Sl

dgab@atyHb G080

£1dg

ttgctacagg
cccaacgatc
tcggtcctcce
cagcactgca
agtactcaac
cgtcaatacg
aacgttcttc
aacccactcg
gagcaaaaac
gaatactcat
tgagcggata
ttcceccgaaa

eﬁcg'fcéé&%

i

i

2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3548



tactcatactcttcctttttcaatattattgaagcatttatcagggttattgtct ca,{sq@;gégw
gcggat acat att t gaat gt at t t agaaaaat aaacaaat aggggt t ccgcgcacat

cccgaaaagt gccac7815 <210> 5 <211> 9527 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence: Synthetic nucl eotide
sequence of HuCC49 dvy/ Ser construct contained in Polycis 2 vector <400> 5
ct gacgcgccect gt agcggegceat t aagcgcggegggt gt ggt ggt t acgcgcagcegt ga60
ccgctacacttgccagcgcecct agcgeccgetcctttegetttcecttcecttectttctcgl20
ccacgttcgccggcetttccccgt caagcet ct aaat cgggggcet ccctttagggtt ccgat 180

ttagtgcttf%? acctc Qcccca%gaaactt atta t q; t;gac ag
{cononcat BREURIEE L o T S Gl BT R
.ttcctatt i&% E&@E gagaaalaaagdaagatd aaidd.b MW@EE&%&Q&&QQ@

tt gagcaaatggoidtge cragarggatgetddagagacagh gl 6ialgenacagal-geqad 2o
acaaacat t aid-eagpagggagiacec agagoitgagaciactangcoaggagt ggecacagd 8o
cat ccagggagaaattat g@tclagtg@aa cﬁaeeagaaag@ @Bgatan:@geagagwacamwgggwo

t aagggccaé‘t%ﬂ@%ﬁéeﬁ@&é ateoasryge ot
t gaggt agg@tcant % ‘itée%a@geg Cacc gaagcc g %a?ﬁi&%@ 86%0
at cgat cct ELAEOECT gHagaadal adatl deas doatdL st cc
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aactcaca tgcccacc gccca tgaactcctg

gggggaccgt
acccctgagg
aactggtacg
tacaacagca
ggcaaggagt
atctccaaag
gatgagctga
gacatcgccg
ccecgtgectgg
aggtggcagc
tacacgcaga
acggttacca
atcagcctcg
ttccttgacce
atcgcattgt
gggggaggat
tgaggcggaa
gcttctcaat
cagtagttga
acagataagg
agtggcacag
cacaccctgg

cagtcttcct
tcacatgcgt
tggacggcgt
cgtaccgtgt
acaagtgcaa
ccaaagggca
ccaagaacca
tggagtggga
actccgacgg
aggggaacgt
agagcctctc
actacctaga
actgtgccectt
ctggaaggtg
ctgagtaggt
tgggaagaca
agaaccagct
ttcttatttg
ttgagcaaat
acaaacatta
catccaggga
taagggccaa

cttccceccceca
ggtggtggac
ggaggtgcat
ggtcagcgtc
ggtctccaac
gccccgagaa
ggtcagcctg
gagcaatggg
ctccttcttce
cttctcatge
cctgtctccg
ctggattcgt
ctagttgcca
ccactcccac
gtcattctat
atagcaggca
ggggctcgac
cataatgaga
gcgttgccaa
ttcagaggga
gaaatatgct
tctgctcaca

aaacccaagg
gtgagccacg
aatgccaaga
ctcaccgtcce
aaagccctcce
ccacaggtgt
acctgcctgg
cagccggaga
ctctacagca
tccgtgatge
ggtaaatgag
gacaacatgc
gccatctgtt
tgtcctttce
tctggggggt
tgctggggat
agcgctgcga
aaaaaaggaa
aaaggatgct
gtacccagag
tgtcatcacc
caggatagag

acaccctcat
aagaccctga
caaagccgcg
tgcaccagga
cagcccccat
acaccctgcc
tcaaaggctt
acaactacaa
agctcaccgt
atgaggctct
gatccaattc
ggccgtgata
gtttgcccct
taataaaatg
ggggtggggc
gcggtgggcet
tcgcctcgac
aattaatttt
ttagagacag
ctgagactcc
gaagcctgat
agggcaggag

gatctcccgg
ggtcaagttc
ggaggagcag
ctggctgaat
cgagaaaacc
cccatccecgg
ctatcccagce
gaccacgcct
ggacaagagc
gcacaaccac
gactgatgca
tctacgtatg
ccceccgtgec
aggaaattgc
aggacagcaa
ctatggcttc
tagtagcttt
aacaccaatt
tgttctctgce
taagccagtg
tccgtagagce
ccagggcaga

3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
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aagcggccgce tccggatcga

acgaggcagc
acgttgtcac
tcctgtcatce
ggctgcatac
agcgagcacg
atcaggggct
aggatctcgt
gcttttctgg
cgttggctac
tgctttacgg
agttcttctg
atcacgagat
ccgggacgcec
cccaacttgt
acaaataaag
tcttatcatg
cagctccagce
atagctgttt
aagcataaag
gcgctcactg
ccaacgcgcg
ctegetgege
acggttatcc
aaaggccagg
tgacgagcat
aagataccag
gcttaccgga
acgctgtagg
acccccecgtt
ggtaagacac
gtatgtaggc
aacagtattt
ctcttgatcc
gattacgcgc
cgctcagtgg
cttcacctag
gtaaacttgg
tctatttcgt
gggcttacca

gcggctatcg
tgaagcggga
tcaccttgct
gcttgatccg
tactcggatg
cgcgccagcce
cgtgacccat
attcatcgac
ccgtgatatt
tatcgccgcet
agcgggactc
ttcgattcca
ggctggatga
ttattgcagc
catttttttce
tctggatcgce
ttttgttccc
cctgtgtgaa
tgtaaagcct
cccgctttec
gggagaggcyg
tcggtegttce
acagaatcag
aaccgtaaaa
cacaaaaatc
gcgttteccece
tacctgtccg
tatctcagtt
cagcccgacce
gacttatcgc
ggtgctacag
ggtatctgcg
ggcaaacaaa
agaaaaaaag
aacgaaaact
atccttttaa
tctgacagtt
tcatccatag
tctggcccca

ggccgctact
tggctggcca
agggactggc
cctgccgaga
gctacctgcc
gaagccggtc
gaactgttcg
ggcgatgcct
tgtggccggce
gctgaagagc
cccgattcge
tggggttcga
ccgccgectt
tcctccageg
ttataatggt
actgcattct
ggccggccge
tttagtgagg
attgttatcc
ggggtgccta
agtcgggaaa
gtttgcgtat
ggctgcggcg
gggataacgc
aggccgegtt
gacgctcaag
ctggaagctc
cctttctecce
cggtgtaggt
gctgecgcecectt
cactggcagc
agttcttgaa
ctctgctgaa
ccaccgctgg
gatctcaaga
cacgttaagg
attaaaaatg
accaatgctt
ttgcctgact
gtgctgcaat

aactctctcc
cgacgggcgt
tgctattggg
aagtatccat
cattcgacca
ttgtcgatca
ccaggctcaa
gcttgccgaa
tgggtgtggc
ttggcggcga
agcgcatcgce
aatgaccgac
ctatgaaagg
cggggatctc
tacaaataaa
agttgtggtt
caccgcggtg
gttaatttcg
gctcacaatt
atgagtgagc
cctgtegtgce
tgggcgctct
agcggtatca
aggaaagaac
gctggegttt
tcagaggtgg
cctecgtgege
ttcgggaagce
cgttcgctcce
atccggtaac
agccactggt
gtggtggcct
gccagttacc
tagcggtggt
agatcctttg
gattttggtc
aagttttaaa
aatcagtgag
cccegtegtg
gataccgcga

tcecctecttt
tccttgcgcea
cgaagtgccg
catggctgat
ccaagcgaaa
ggatgatctg
ggcgcgcatg
tatcatggtg
ggaccgctat
atgggctgac
cttctatcge
caagcgacgc
ttgggcttcg
atgctggagt
gcaatagcat
tgtccaaact
gagctttaat
agcttggcgt
ccacacaaca
taactcacat
cagctgcatt
tcecgettect
gctcactcaa
atgtgagcaa
ttccataggce
cgaaacccga
tctectgttce
gtggcgcttt
aagctgggcect
tatcgtcttg
aacaggatta
aactacggct
ttcggaaaaa
ttttttgttt
atcttttcta
atgagattat
tcaatctaaa
gcacctatct
tagataacta
gacccacgct

ttcctgcagg
gctgtgctcg
gggcaggatc
gcaatgcggc
catcgcatcg
gacgaagagc
cccgacggceg
gaaaatggcc
caggacatag
cgcttcctcg
cttcttgacg
ccaacctgcc
gaatcgtttt
tcttcgecca
cacaaatttc
catcaatgta
taaggcgcgce
aatcatggtc
tacgagccgg
taattgcgtt
aatgaatcgg
cgctcactga
aggcggtaat
aaggccagca
tccgecccecce
caggactata
cgaccctgcece
ctcatagctc
gtgtgcacga
agtccaaccc
gcagagcgag
acactagaag
gagttggtag
gcaagcagca
cggggtctga
caaaaaggat
gtatatatga
cagcgatctg
cgatacggga
caccggctcce

6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700



agatttatca
tttatccgcecce
agttaatagt
gtttggtatg
catgttgtgc
ggccgcagtg
atccgtaaga
tatgcggcga
cagaacttta
cttaccgctg
atcttttact
aaagggaata
ttgaagcatt
aaataaacaa

gcaataaacc
tccatccagt
ttgcgcaacg
gcttcattca
aaaaaagcgg
ttatcactca
tgcttttctg
ccgagttgct
aaagtgctca
ttgagatcca
ttcaccagcg
agggcgacac
tatcagggtt
ataggggttc

agccagccgg
ctattaattg
ttgttgccat
gctccggttc
ttagctcctt
tggttatggc
tgactggtga
cttgcececggce
tcattggaaa
gttcgatgta
tttctgggtg
ggaaatgttg
attgtctcat
cgcgcacatt
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aagggccgag
ttgccgggaa
tgctacaggce
ccaacgatca
cggtccteceg
agcactgcat
gtactcaacc
gtcaatacgg
acgttcttcg
acccactcgt
agcaaaaaca
aatactcata
gagcggatac
tccecgaaaa

cgcagaagtg
gctagagtaa
atcgtggtgt
aggcgagtta
atcgttgtca
aattctctta
aagtcattct
gataataccg
gggcgaaaac
gcacccaact
ggaaggcaaa
ctcttececttt
atatttgaat
gtgccac
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gtcctgcaac
gtagttcgcc
cacgctcgtc
catgatcccc
gaagtaagtt
ctgtcatgcc
gagaatagtg
cgccacatag
tctcaaggat
gatcttcagc
atgccgcaaa
ttcaatatta
gtatttagaa

8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480
9527



