; TUW3eKKKH vb6Tj- 7 N O V 2002 HUVAN] ZED ANTI BODI ES THAT RECOGNI ZE
VERCTOXI N |1 AND CELL LI NE PRODUCI NG SAME FI ELD OF | NVENTI ON The pre§qu2m2
invention relates generally to the conbination of reconbinant DNA a
nonocl onal anti body technol ogi es for devel opi ng novel biol ogics and nor e

particularly, for exanple, to the production of noni mmunogenic m mu\m
i munogl obul i ns specific for the Verotoxih Il (VT2) antigen an m“ mmm

Il variant antigens (VT2V) and their uses in vitro and in vivo. The,ptgsent
invention also relates nore specifically to humani zed nonocl onal antlbodles
agai nst VT2 which are capable of neutralizing VI2 and VT2V, poI“MHﬁmmmw m
sequences encodi ng the anti bodies, a nmethod of producing the an , mm”
pharmaceutical conpositions conprising the antibody as an active g«

i ngredient, therapeutic agents for treating Verotoxin Producing E. col
(VTEC) infection and Henolytic Urem c Syndronme (HUS) conprising the

anti body as arH@MBNE BEDgRANdI EODI&S THRATOREWIGNIZA | VBROTOK I sgdses.
BACKGROUND OF THE | NVENTI ON_Ver ot oxi n & ),_also _known _as Shiga-like toxin
(SLT), is known to cause BrSBd{FEdilar bRNE HROBEGCANpmeAtEof hemol yti c
urem c syndrone in Verotoxin Producing E. coli (VTEC) infection. One of the
etiol ogic agents of VIEC infection is - 7 NOV 2002 2 the virulent E, col
0l 57. VT may al so be produced by bacteria other than those that cause VTEC
infection which may also result in a toxic syndrone in humans. In children
or elderly adults with reduced i mmune responses, VT produced by bacteria
growng in the intestines may get into the bl oodstream by disrupting the
intestinal epithelial cells. This may induce Henolytic Uem c Syndrone
(HUS) which is characterized by renal dysfunction and sonetines brain
damage (see, e.g., Karmali, M et al., The Lancet, 1, 619-620 (1983);
Siegler, R, The Journal of Pediafties, OﬁZﬁﬂ/ﬁﬁh§%§(1999))- To date, there
exi sts no effective drug for =hese toxic synJ%ones Anti bi otics have not
denonstrat ed ef f iTd&cpresepiedenent hen prokheasiaanegta iifye tookihe syndr omes
(see, a.g., c%?\{ﬁl‘?{a’tl'% %Tf @Ecomgbﬁa%%@%@%o}@gl@alOfanIYEi%'oEi'yne 315,
1996- 1500 (1987); P P. ., Annals of Internal Medicine, 109,

705- 712 (198:899hn011m9s}em émr Sévsé@aa% Ve he i i @MAyTMoEem bact eri a
kil'led by theantdfigyi csf@@demﬁpwefé@cenaegmcoélcantdfbnn%n_cs agai nst
VT. There are two types of Ver ot oXin, QP | i ke toxin) Verotoxin

(VTL or SLT-YMHIRESPecot(dRi HUP‘PH(\\/TQWB‘F“CSHO% inssepe G d&erethsl ., curr.

Top. M crobiwdroddmmunalr. ,(vi89, afB94eh 1892) Ve r Mok i 0dUGING dat Golthghaye
been |solated fron1pat|enrs suffering from VTEC i nfecion. (See, Russmann e~

ai ., J. Med. (Yi<Hommsl thedd spes34s- Sﬂér?ry§§)5” Y%Y?tﬁfTQﬁ Eﬂese“} | nf ect.
Dis. 160, 99988 {(H98)scand 16keanmbeussgécatica W o Didnarthiddd. 65,
722-727 (199 3 report that, E. .cola 0157 str i ns t hat contaqud VT2 but not
VTl were nor'® |aptidegdes: aganneh WRHER 255 CARFRLS Gfal VT2

vari ants (VWRAOtiimﬂzﬂﬁ@Mymﬁ %@db@EGVISpbapﬁ@cbé¢md@aléQQudﬁﬁﬁs edc@ding

M crob. Pat hpa. 97-60 (1990); EEBS Lett 79, 27-30 (,1991);: M crob.
Pathoa., 5, ©19- %?%lk(%‘@ %Hl?)tﬁ‘oc‘sé??t8FP81‘¢“‘17%>“‘3432”2%191°§(5Q§(1988))
Arnstrong etpﬁérmadeuﬂiﬁ&ﬂﬂcod@d%at1bﬁb(é¢mpiﬂéﬂn40@ﬁe(éﬁﬁ&qujﬁﬁsaahested a

VT absor bent clinpical trial howev only i

i ntestine an@® ?% Vot "EA b e%F€r§E§8?bcv%g?ﬂﬁ? ﬁggmgﬁ%%% t%ﬁfOtOXln
bIoodstrean1P£oahgi@@utlrb¢nﬁpﬂmaxioﬁnsbom&dnvenq Home bytiwtUmdnizat i on -
7 NOV 2002 3_activit %$ i.n conQ%risoE mnéh that fo= VI1 (Ashkenazi,
S. et al., TRENS pEPRalH ?ﬁ%ﬁﬁ%l F32716889% 012 $1988)1Vbrooka, T. et
al ., Acta Pagdyatdient Japodinethcdfs o94x29%i05996¢h. dAsadsse. nonocl onal
anti body which neutralizes VT2 has been reported. However, this antibody
was reported to show a relatively low binding affinity for VI2V (, Schmtt,
C. et ai., Infection and | MmumaCKSROBAD GO6DHHE OB ENSOIY ) .

Verotoxin (VT), also known as Shiga-like toxin (SLT), is
known to cause bloody diarrhea and development of hemolytic
uremic syndrome in Verotozin Producing E. coli (VTEC)

infection. One of the etiologic agents of VTEC infection is



Further, the use of nurine nonoclonal antibodies such as those descri bed

above have certain drawbacks in human treatnen~, particularly in repeated

t her apeu~i ¢ regi nens ~s expl ai ned bel ow. Mouse nonocl onal anti bodi es] N§% 002

exanple, tend to have a short half-life in humans, and | ack other inportan~

i mmunogl obulin functional characteri gtics when used in humans. |In addition,

muri ne nonocl onal anti bodi es contain substantial am no acid sequences that

wil |l héd mmunogeni cEwhenl i ) &7 ed Vhtroaw dismrogabremtceduner ous st udi es

have shown that, after injection_of a forei ntipody, the inmmune response

ol i i PR 1R L fatTeht - A HAESThBRT hy SGEEed BHET bHiy catObe Bt &St r ong,

essentdiald yred w1 nad | H10c d:hec apyhbodye sin hermpest i cIntehilyrafiter an initial

treatment. Moreover, if nnusg or other antigenic (to unaqi) nggclonal

ant i bGdis Y A dselS t ¥1 R eBF VAR F o BT RRFEIE SRPREAS es” T sbRBYTRAtPY

tr eat MRre sy W e 401 €4 at €d: REUSRT 3Bt i hodi Bsy Nyt bentsefhective or ever.

dangercus in thensel ves, because of cross-reactivity. \Wile the production

of sO-RIAIBIYC e perdES APt bodi &8e %@?eﬁﬁ%“%%u%%19%?%éﬁ}ec?%bfons j oi ned

to hungy £opst aphdhedi B8ne 1 PRECPULERNC SOPRMAGHe SUGEESSHlchas §i gni fi cant

i mmunogeni city problemremins. In general, the product_cn of human

i Mmunogiaobatthslredckyveenpt hdys2uaptigenaid t RoReEimeaf Prajieydamade th many

antige woul d be |y di.fiiyult [ i cal hgign nocl ona
Q)%e%’rogugf KEEhE ELP! ¥ lechhTufs.: THe! fgnLyp) cal hyianep

anti bo i on techn~aues. need for inproved forns of

humani £E98 B hmuBogtbbbul i Rs, sBbei flonrhal Wi2Padiagshcshal2aredSsubstantial ly
non-inyyg pC.in y Si d ec ~..cal, produc in a
manner su??ggﬁg)foraﬁﬂggg%éuﬁﬁg%% §&¥s%§0n€ gggégﬁlygrhgﬁgtfgg éﬁ%s%ther
uses. fdweipregrdtomrgent Aonibabfillcss heheseroandenbher racedsef SUVMRY OF THE
| NVENTI ON_The i nvention provides h i.zed_ ant i bodi hat, specifically

bi nd £ 62V SRUFof OTS GAF CRAC O sSite Cooh AL | BT &S S PedrFEtarT § bi nd to
the B sabusirt af ¥t2aand/ ghet hewBEsuhunidt JofixrWE2 wdr Madt.ciBepe3sach

neut Tt} SBa TV QaPa) (VIS AFTantS ShcR as PBPpRevElv RELFRaLt 505, 750

95s orMd89cpret egiogn 7agaimnet (Woss )or. orhés naomal banbesubjueet ochahkenged

with 10 LD~ ~ of 2 or VI2 vari,ant., .Some, hunani zed .ant i bodi es are a

Puran 2BECRSEG o dee A RAS ARy \HHLIEE Pie CHBuSE AALrbaey BEFngTe

char acigeirzedthyeadsisghtt chaiinivariablagaiegitonTshown in Fig. 1B and a heavy
chain variabl e region shown in Fig. 1A_ The i3¥en%ion fyrther ggo i des

anti bodi es &L ScofFetdd WYHRF & SATOFIdy VP ST S é% cifr'¢™binding to
VT2 angkebt¥E3rvari@mtl. o2 1of1)t hehdhweanitoed nantli hodizes,r as.Tdescri bed
above, conprise conplenentarity determni.ng regions from.the use _VTmil- 1
ant i body€snd hERLFaSE 1Blght e AR e ot T e Qg%f'rgﬁft he
human Giz4 @ntdsogdy heavys@didighte chad i haie wardes i Jpevieded dpat at | east
one position selected fromthe group consisting of L49, H29, H30, H49 and
HO8, | Padd@uised Wi ahe %k iR a@?%c PrEEHCN N t e qiUAETeR" Fosifticon of

t he mwseMéHtﬂﬂi&ruﬂiggdx hegavy) or3id-givs chaoy war i aywe-grgican fir.gmewor k.
Such hunmani zed anti bodi es specifically binds to verotoxin Il with an

af fini >e weldtP 1M ahdf t i) fAnck forea Y5 ¢ e -affinity of
the mouse Ty antihedyss | Mmoo huppsd@ed e badias glesesibed g the
previ ous paragraph, each position selected fromthe group consisting of

L49, HEEra30s HODt sereht 208 d sVBHEchipt atPth-YTh Hee 2arimr faci thIuentaNov 2002 5

associated with HUS. There are additional VT2 variants {VT2V)

that have also been isolated clinically. (See, e.qg., Microb.
Pathog., 8, 47-60 (1990); FEBS Lett., 79, 27-30 (1991);
Microb. Pathog., 5, 419-426 (1988); and J. Bacteriol., 170,
4223-4230 (1988)). Armstrong et al., J. Infect. Dis., 171(4),
1042-1045 (1995), have tested a VT absorbent in clinical

trials, however, this drug works only in the intestine and is
not available to absorb VT that has reached the bloodstream.

A y-globulin preparation showed very low neutralization



present in the equivalent position of the nouse VInl-1 anti body heavy or

| ight chain variable region framework. In sone of the above humani ze

anti bodi es, at |east one position selected fromthe group L3, L4, LT ,NWbﬂmz
L79, L85, H1, H4, H5, H79, H39 and HI93 is occupied by an am no acid present
in the equival ent position of a human anti body heavy or |ight chain
consensus sequence. |n some humani zed anti bodi es each bosition sel ected
fromr.he group L3, L9, Li9, L76, L79, L85, H1, H9, H5, H79, HB9 and HI93 is
occupi @@tbylan ARTnYT4citd pPEREAESPR YhEhefupbafent VhbsidsbReviza human
anti body Beayy,or thigfbueRgahnogonggRsHs; sequense. 1 Sose; ran ggg) anti bodi es
conprise a heavy chain c=ariable regiron shown in Fig. 2A and a [1ght chain
vari abterpeisonTshénain  FRgLa2Bagdagtgégat faponhes or 3¢or €2 posdP il ons

sel ect m t he ,g (@ IL.stng-,0 29, . H30 L~, L19,
L76, L g?bﬁggj Hlé ﬁ%%gﬁsgga?g?bﬁgg,gﬁkggﬁﬁg ﬁ%§ ‘emggﬁg?%¥%§gdgg% shown in
Tabl esh@sahée8. rSpoe tiedmantHzedvent i bbdsesntohpdyseaa hepeytedata variabl e
region_shown in-.Fi.g. 2A and a,l.ight chai.n_variabl e ion shown in Fig. 2B.
Some NN Ped ARt LESA e e Bonr 'and AORARL b 8a RbaysZenal neRAUr Ry at | east
850 ident ety aW. 1, h Ihifedtumaniazed Theavytohabs, shoab-1L07Fi ¢g192A) and a

humani zed |ight chain having az | east 850 s$§ue3ce idenéitg with the

humani zed IiFg‘ﬁt“hgﬁai rPShwiEnG i AUELGS BRNOFLGUAGed FHRPIAES| BHSE Bfe

posi ti encsel eelsed icamadiweghewe censhshi Agaabat?8, 1H20umkid0, HA9 and HI8,
is occupi ed by the am no acid present in thg equi val ent gositiop of the
mouse VFRPITEnri BEdy Yl tdr 1 JRPS@REFr FNGAFPEBF&Cr EGPORePFafewor k. Sone
of thechpraninged rntdwodives sas rdesenicped abeysoeorpri s6rt ¥Rappies of

| i ght/ heavy chain dinmers, wherein each chain conprises a variable region
and a 68ﬁ§¥§ﬁt?¥%§idhﬁ*gﬁﬁeh@ﬂfrﬁéfﬁuﬁﬁnpfgénént?BQdF@%kagtH§§cribed above
are a kabdragrentintindy kA )£ Ridienalll ¥nakuerekzed;ant i;hadi gseqas
descri bed above, are provided in pu._fled form - 7 NO V 2002 6 Sone
humani 2&d "afdodi es, as descri bed above, rave an 1gGd i mmunogl obul in

i sotype. Therd n\eiitd Qh f ufdhiele RANHdendELRRIScah <RI edHekAg humani zed

VTm -1 anti body. Such nethods conprise culturing a cell line, which encodes
heavy &YPIGagHt: cha™thaGis! e css ttP?é‘tah’tlilgoél’ieeémﬂé%ﬁieb‘éﬁ 4b6Ye,

wher eby; fshe-duirani zedy alidHPdA HisBXPr essRGoudnd thegekenhhie hewhumani zed
anti body expressed by the cell line. Sonme such nethods further conprise

mi xi ng B amtfisodyE W @ R opidr madraica 1aptdeedyt abbe AEFPEr to produce a
phar maceldd sl conposidd an, alhsad mentden f4r tther iprevi-des sphanwaceut i cal
conposi tions conprising any of the anti’bodi es described apove and a

phar macett . Rl 391 R cepi Al e TBTFIEr2 LN Frldfemddd "eudhec 8R5aHCiYos conpri ses
a humanized: @t i DOdy: LOMPY | 5 i dahedVit iGhaitrekdieall.e MRy eshows in Fig.
2A and a light chain variable region shown in Fig. 2B. The_ invention

furt herQ}I%i HesCFlofr t Het 1 b3 g‘?ﬂ/ Rmarse Ak ned @e$dFopeEsabdfe in

the mnuagt ure ofea: Medl cameMud & dhe dJeat RIMs Qfucd cPRtdeRmesufsf ering or
at risk of toxic effects froma verotoxin. The invention further provi des

net hodsWbfh t veae i dEea pavsemnsiheeishgiar ka el st tvexiad &edcts from a

verot 0} fye FOTPT LS PHACRI ML ST epingudO dhe-Radd-andaan affective dosage of
a human or ~ humani zed anti body that specifically binds to verotoxin I

and/ o_r verofbxin Fhevarpanetiom aHnecserchl et HoHdne tilte aftitsstheséonpet es
Wi th nouge_.ant| 3 of LT c: biading, verofaxd 3 11 or
verotox?% ?I'vgggg%tyggkaééée %ﬁgﬁﬁieiﬁ%d%@ tﬂelﬁﬁﬁﬁﬁ{zéﬁﬁgntibody

speci fi caplygnbi ndgst pryvenasdhevhyT2syecs¢antul | e somm isUictantet hods, the

humani z | .speci.fi I LE to,th uni : s VT2
variantfﬂWﬁHéggggéﬁé %%%hggé,¥?ﬁé9ﬁ€han%éé%m§ﬁ§#§b J&ES%%F%légﬁﬂgq%inds to
VT2 andhoma¥T2mwmanpgabbaddneeveratizveswlAR WHal/aort \Mgeh wartilantiigd n sone such
met hods he . humani_zed

and/ or th&*B*&dbuftt w&ft%%lﬁg\?fggpgﬁgglg%acﬁéﬁ ?%%gééé%men%%ﬁPwagi X-rEtZ
I n soneustieh mepicaldduman- mdndVoRB02antibody production technigues.
Thus, there is a need for improved forms of humanized
immunoglcobulins specific for VT2 antigen that are
substartially non-immunogenic in humans, yet easily and

economically produced in a manner suitable for therapeut:yc



the anti body is a humani zed anti body, which is a humani zed form of the
nouse VTml-1 antibody. In sonme such nethods, the antibody is a humanized
anti body conprising a heavy chain variable region shown in Fig. 2A -anp¢(f 2002
i ght chain variable region shown in Fig. 2E. In sone such nethods, the
patient is infected with verotoxin prioducing E. coil and the antibody is
adm ni stered therapeutically. In sone such nethods, the patient ~s at risk
of i nffctmohabyoweantoxtheprodasi ngThke .prosénanintréet anhi bodyiilds

admi ni€ter ed gaogpxl ac%i cglsl y. Sonme such nethods further conprise

nonito W@etﬁ pa=<i gh~"fo recovery fromthe toxic effects of verotoxin Il
or verotoxin Il variant. In a further aspect, the invention provides a cell
i _nes which produces any ahov e i nti bodi es. The present

i nvention provides novel ggﬁﬁﬁ’gg?t BgngHgsgﬁg}aB%gf}g exanple, in the treatnment
of Ver ot oxi mhpr eduehngok. peobtidéyTEGhah NEeat batipodikemohyti ¢ Urem c

Syndr one &H%JS), ghe conposi tians §9nt ai,g&ng humani zed 1 mmunogl obul i ns

speci f PR&FLY 1€apall BIBF bPndfAg2E8/ PheV B2 stBEAPRCof VA4BCaftFfen and of
neutrabhziBedYE2 apdcViZcuanivaptgsd Thechenyneghbgohiti s gan Baweokwo pairs
of light chain/heavy chain conpl exes, at |east one chain conprising one or
nore nbDSeBcSHPrEAENLAYIVEY déTerRL:: i RGP Pe§H6Rs2RLABPHOREI Iy | 0i ned ~o
huma’ ~ £ [RRWG ;e 5~ TREGhAN c$eBNL 8 i L | €XaRRkE, rBRUSR - ¢BBRL BN AT LY
determning regions, with or wthout additional naturall~~associated nouse
am no aebdredsizédeyT2candgeri NTPodacédnt at BURLMAR tPaRBAYEKEr @i ons to
produce hugamiaed Jigunag chubions capablesgh Bhadhag Lockhe antiasn az
afrinity l'evel s stronger than abou NS, These humani zed

i munogkob@llivas wiull) eglts ghigd leapaBl #ioh bPotRimgft W& 2bioxdiMiig of t he

CDR- dopati;ng .muse monocl onal antibody to VI2. The i munogl obul i ns,

i ncl uding binding fragnents a: ~d other derivatives thereof, of the preser, ~
i nventi on n@prise hymeduced reeddidbgiley areanpi supaot zedcdoiymnadt mpuseA

t echni e M ti.ma expr essi | r C .S,

pr e:er%%i%i,bo\r%}{)&tall zlédttglu é?)fg%i gﬁ%géHBgty g%é&%aégﬁgf\%glltggﬁzc rkﬁybral aoma -
7 NOV 20@hts arelilrs.vaRolapdgc Imestiiode shoanpiinsifng -a 18 esd sedueenvee aeding f or
humani ST iiargwq:%lr%%)oq_]i fJ amewer; reigi ons and a second sequence set coding
for the desired’i nog obul in cormpl enentarity determ ning regions can be
produced syriteetircarnyicor fhy tderbipriovd depp roypriltatds esDNAadnd ogareorasc DNA
segnments.., T | sed Jmpaneal;olul. i .be il.ised iR hstantially
pure f(R)Nrsln%hl E&%mnt;lebg)ocl ent’i a Ily%é]x%%egg%%%ngg FO) ZVgrS‘u\%E%%sﬂuch as

t hose pifdduceadiadurd ng Ver ot oxi n producing E. coli (VTEC) infection and
Hemol ytic Ureme syndrone.(ii.q The umnised J mmuaghabuldng, or their
conpl exes can be prepared I n a pharnmaceuticdl Iy accepted dosage form which
wi | | varommepen dionp emdritee miode deft eaamindingt r@tdioms Them mentmiarsal so
provid ar euti cal ogyg;iti ; ri.si. i sed antibody or a
chi mer ﬁ?rnglnﬁ]baoray‘c%?é}f ha;(@ahci1 ?lr\l/entl c?ﬁlqggd%gf{gﬁgfaﬁar}gé%[%%ﬁ y rae%c‘gép}% abl e

carri erfrarhewonivenf ran @lesohypnoviGies antnEtdrhd hefady eatd g ghtpath aint

sufferi or at, risk of.toxi ffects froma verotoxin, conprisih

adni ni s{]]g?m%véof%st h" %\élt(irlee ttcgaﬁt & etiie U &5 G- A c%eﬁr?e ecC§ arnlg?%ody of
t he i nvemnt i @noud heonavenin@no &l S48 pridd des3 (g, Hatdsed &Nt idody t hat
specifically,binds to verptoxin |l and/or verqgtoxin |l wvariant en used to
Ureal sOPItPERE BUMTRTiFRSY A01G IRIETI L of ¢ N 1RBLY TITH LYot otki n. The
invention ehsomphioyi vesl t heanseb@iy andrinpro0rl fwmnizeich ard t boslye t hat
specificallg binds to vero%oxir%ll and/ or verotoxin |1 %ﬁ{janfk for the
manuf act &P OBf T 52 HRUPE Ament U EBr " WPRN 1 1A RMP AL &8 PR et Stk éring or at
ri sk ofptgdkcref fegbsokifnNTa werwtoxi £t £ iher § nvemdt i absowPs Vi des-a
chinmeric antjbody of the invention when used to treat a patient suffering
or at rfBR BRIEBxi E1BEfeEL ECPTOMA Vef ot bikim tarnet i MR M wHe a¥ $BL pt ovi des
the usezptigoghineric antibody according to the invention for the

manuf acture of "a nedi canent for treatnment of a patient suffering or at risk
of toxic effébt§OoNEoRAaRErBtoRNhIPBRI®T TREEFIPEH ohn oFNe R FV§ArEs Fi gure
1. The Str a : an,no Ld: sgq es,, of h ; ' ) and
i ght chat A%CE) Nactabl or g one” o Tt he- noues Vid 9T Gt bedy (VTR 1)
The conpHhénehtdri tpOdetiéPnianidngoB ey onsc@iICDRY) bar ehangerhdnedidnd the first
am no acids of the mature chains are double underlined. Figure 2. The cDNA
and transl ated am no acid sequences of the heavy chain (A) and |light chain
(B) variable regions of the humani sed VInm .| antibody (Huvim .l). The
conplenmentarity determ ning regions (CDRs) are underlined and the first

am no acids of the mature chains are doubl e underli ned.



Figure 3. Schene for synthesis of humani sed anti body vari abl e regi on cDNA.
Figure 4. Conpetitive binding of Muvim .|l and HuVTm .| anti bodies to_E.
coli verotoxin Il (VT2). Increasing concentrations of conpetitor anfﬂHﬁWﬂMﬁ
were incubated with coated VT2 in the presence of biotinylated tracer
MuvVTM . | . v Nov 200 9 Absorbance was neasured and plotted against the
concentration of the unlabel ed conpetPtor antibodies. Figure 5. In vitro
neutralizing activity of HuvVIm .1 versus MuVIm .|. Figure 6. Tdentification
of Recdijifi T ahit i foh FIHe B Shbimas ooy tde FpvEfd MInlFhure 7.
Neut r al 4.2i i @eth¥idy OF MOYIM oo 0ai 15t ME2 oAl 2 peald @it . DEFI NI TIONS
The phrase "substantially identical,” I n the context of two nucleic acids
or pol ypept ~Irlesorfe. ¢f |t IBNAD @ife duhinrag iaz v reeni A i eawiridy | bbag t rorer t he

am no i d. e i | munogl pbul i) 5 er ot or nore
sequen e%g%?fg}dbgggﬁg\%%sﬁﬁ{m{?a aL% Iea’s%ég’bztu]tgq’- 8[O§g’ rr@s%’ plfé(’a\é)f)’er ably
85% O9MHDB50HHr hDghe7o nutl tatiddi Dl amomcgriad resiaduenidentadiyd when
conpared_and al i gned f maxi mum correspondence, as neasured using the

fol | owifig™3 %ﬁelnlge%gb n%%%%n\?élne%t%oos& taln°37 oorteb%/%fmsaunalql?“nlsﬁl%% Xi en‘—JTVq-VSuch
"subst amt | Al 4yt i deain cabrseenuencesuare: 1 ypircaddnye donsardered to be

honol ogous., Preferably, the "substantial identity" exists, ov region of
the seqUehtRthar e|3‘—’lscpe(1tp?Sejatsjtonabso g Ft g ‘T%etsh%/ngﬁoe%ti?,” nlg{’eaTblrSZ’ferabl y
over a regjon7ef B85 eabst mbouts, 10079 esigiuesnd andb nostoprebes@bby drhe
sequences, are_substantially identical over at |east abput Z50 residues, or
over th¥+0PI 2FEAgPReBE T hE" t Wi SSYUEER  t PoE Tt ed® M "}dscri bed

bel ow, afyibvweyantkbodyr SEDUENCESsa LA O I Hes addPnegé N one way, by using
t he nunbering s%stenlof Kabat .. Therefore, for antibodies, percent iden~ity
has a uni que®aRa WBTPLHBRT n¥d ThAm 7. CAR Fooacd & SRR ereas f Yoht 3 1hks

vari abl esg€8h0B80Rh thHergt Wwe heavy anght i ahdighed nsawie i peyDeg! obul i ns
are designated Hx and_Lx respectively, where :: is a nunber - 7NOV
2002 10S@eY¥Ngratrhg-t AE PBITH%H Bl?aéno%%i Pb BT ReebruPhy teltheedchene
cf Kabatromeguengesupf cBhot et Nsg chf | nuNokipgj cabo) ntes estiog Nat. 3 pomad
Institutes of _Health, Bethesda MD, |987 and 1991). Kabat |ists many am no
aci d seftiéncedfoF 'dnt Fboai S 187 edeh BlBgrdRp,  ahd 77 3t82Y hee nost

comonl ¥upgeukhiBg ali BRoAsI onfeapeaghzreshdee posi~ion in that subgroup to

generate a cgnsensus sequence.  Kabat uses a nethod for assigni ng_a, resi due
number to eacR™EnhB2RcFadi AnBlPPSted SelREhte, 2 aRBRYhi SPabEnbaT fopie

assi gni pggresi duewnurbersghasabgsane signdardaifn theiabekdreKabat's scheme
is extendible to c~her _anti boa~es not included in his conpendi um by
al i gni n§PPWE dmt iF¥Gd~<Bin question with one of the consensus sequences .n

Kabat by ref gaRceu@neoBgerdednani B8 ashgdsiskel BYXAHRLE BedaReatiyno acid at
t he L50 posi~i on of uman anti boay occupi es the equi val ent gom tion to an

a h h
am no afirdi& NFosing éh £585bf 8% nbH8REARY| HE)EIS?. tEBnEEF9At7Ge BRFHYB aci d
substit ehlaQms srefuer itortBe bAt ehahandeabhhiizb¥ 0fighrestHHes Raving stm | ar
side chains. For exanple, a gr OUE of .am no aci ds havi ng,al i phatic side
chai ns il&3§ity &3fe SCAURCRe 1AGAFL RE, WLEHCFRE, PERANEE8RetéPRE; CA24Foup c~
am no aGids; ihayiing mld.phati erBydrayykhakderchakks baesppkheiand threonine;
a group of ammno acids having am decontai ning side chains is asparagi ne and
gl ut am BeLleCTHDUF T &Fi FECHRI GSNBavLAgJardnmilre §kde ERAIrn§4Psand
pheny! a!}?y,neﬂs AR iR ARk ¥R ABNER: 42 pYEQUA 0% nalhRO A0k d81BAYI N
basic side chains is |lysine, arginine, and histidine; and a group of am no
aci ds hadasigsul faf -tdentmgivseny Teilde ehdilbeodys hepsgepne laad tmehhiloni ne.
Preferred cansel vla%éivoq.l 3PN .A¢gds substi~ution groups are:
val i ne-1euci ne-isoleuci ne, phenyl ai ani ne-tyrosi ne, |ysine-arginine,
al ani ne-val i negmaref ddparnagiandzglduttartiibedifsalaegsiestc rékenplaibiived ant i body
sequence . r d for .rezenti f ki ndj. ctivyi .USI phage
di spl ay érr%@llosdés)eta‘zgd%gcr}% t%:g lﬁ)??ltf@reagpa%p ae,n %é@%rrgr’li qu’—egééﬂsegfgv 2
307: b6- {99 mp Sidearer vetriable RregdorNafld aAcadst8nt. redi®n=. 89: 3756- 60

(1992); Gam gcla‘mglof tFHeO%umlg%tilz'edb‘ca%dc'ibo’d%.'esucsaps‘ gge:s?c’:SJi 'e%o above &are a
Fab fragment or a F(ab'),
Optionally, humanized antibodies, as described above, are

provided in purified form.



- 7 NOV 2002 11 (1992); O ackson et al., Nature 352:624-8 (1991); Scott &
Smith, Science 299:386-90 (1990); Garrard et al., Bio/ Techni ques
9:1373-1377 (1991), which are incorporated herein by reference in thel NOV 2007
entirety for all purposes. The term "substantially pure” neans an obj ect
species is the predom nant species pgesent (i.e., on a nolar basis it is
nor e abundant than any ot her individual species in the conposition), and
preferabl y gorgubsingiii Ad Yariiddd £k f ractdedtd it COmpes) thone Werein the
obj ect_ speci es conprises at |east about 50 percent (on a nolar basis) of

all nd&%gnémgéﬂpéﬁo§ﬁéépe§56Fé§§nt. General |y, a substantially pure

conposi ti onrpyd |1l OP drs er B 18 £ Na, AR rﬁé)gﬁéas%opegsfs@@&cgﬁ all
macr ool ecul ar species present in the conposition. Mst pre e?ably, t he

obj ecthuireri zad (\STmpkr} f3redl R es s ePit ¢lal mefdrste eyt { eontaht waing speci es
cannoto i delie! e | ih LE LAanidy o1, enti onal cglet ect) pn, qiet hods)
wherein the conposition consists esSentia of a single macronolecul ar
speci exf Wonhpstt 1honi detdesnr B d bvddes, ivdherter irediyamhzedsay i n which
the i Iin st_inhj bj i fi ¢ bindi f ref erence
antibg%yn%o nqﬁ%t?%§%$%5éeie?%@n%%%&éiﬁﬁg J%&t%ﬁ%é%ggeﬁoﬁg% ??f&e bi ndi ng
assayse:xare ksmivhy foie exabhdpl insol | Sophasecldimetdtods fudihect

radi oi mmunoassa~, (Rl sol | hase. di rect. or indiyrect.enzynme i rmunoassay
(B S eI ot 1he onr hoaliP ceuth & i Pina S E ST Ne

Enz~nod ogept & P 2 2681 ¢ 1983) prosot & da phiasemad ¢ eci cdhl ot bmpw ks di Dol A (see
Kirkland et_al ., J. {nnungl. 137: 3614- 3619 198@%%; sol i d phase direct

| abel ed assayS EOVFRCpRAseBFPettPFaBLied RANMGCR2EESaY (see Harl ow and
Lane, cdmpodbodiess Aokabdsahgrynivbafathé Lot tdo&pré ngdtaebopePr essvd 1988) ) ;
solid Qgse direct | abel A using I-iZS | abel (se Nbrgl et al., Mlec.

| munof? 2%(&??%@3%9EF9§%;1¥ 45FFHEPRASeCF T ERE - bi Ot PR&YFHFRIEFAC Cheung et
al., Veopoavtidh: 596pbbae§1990hhanandddanechodpbebrgdr R AngMal Hesmauer et
al ., Scand. J. |nngnc|. 32:77-:2 (1990%;. ual |y tge t est i nmunogl obul in

i s preSBatni hAEkeRLE. TARLBoalBY" d4Bnf it fi et b§ CofpetPhFoftasBay - 7 ~Ov
2002 12afceppet ogiant khedhesh Fngludg. anthodhesnbipdi Agripethe sanme
epitope as, the reference antibod¥ and anti bodi es binding to an adj acent

epi t opRTSUFAEEI SAFI YPBr BRENGE 8BYt RE EPFt BPEIBOEHES-JeEhEIPEf efRPRR

anti body fpe mheuFachupdrance hedeeanentUsual te wheRtmeseNPeEt kNg anti body
is present in exggssh it will inhibit specifig binding of a reference

ant i boB§TtBNE GBSFGRaPEdOANEIgEAPE Par §R¥ GyehfeFEEsET8E 8r 75% DETAI LED
DESCRI PELERNoQEARTHE | NVENTI ON I n accordance with the present invention,
humani zed igﬁgnﬁ | obul i ns ecifically reactive with the B subunit of VT2

S
are providedl®T ¥8nFﬁﬁﬂn55E658FiH§Pvﬁﬂﬁéhmﬁ598d5iﬁéiﬁéeéFFPHiF_es to the B
subuni paef eMt?saf fatrihgast about skOo tokeclBffechs' froand preferably 10
M'- to 10-"'" M- or stronger, are capable of, e.g., neutralizing the
toxi ci VFTBF VT2 aR@™9T2VPEhE T2 1&fErgeAs | ° The RéfafP2ed@" nmunogl obul i ns
Wl haveeathyeBofs-arewer i antha |dr RAanen@RedoEniRERaGORRL@MeNnt arity
determ ning regions (CDR s) from an inmunogl obulin, typically a nouse
i Muno§PERALAR2 1apediindgalticy eagtamie ilt RNYT2raNergéRsin Ala preferred
embodi RRAL anRNe ah MR ALdhacePR s Wikthle GaRRpbHYMARS MaXTH; ch anti body.
Thus, the immunogl obulins of the present invention, which can be produced
econonfOaISiey 4k ll%é%dg’e Vet t5o&s SHeGiE 1gs &1 rPdngx &rplVer ote*ine Ifr edt ment  of
the toxieGRULGATES fy0MaKer ot O I HLAUCINGheEnosRl,| th¥TEGhanf st i on and
Hermol ytic Urem c Syndrome (HUS) in human patients by a variety of
t echni qudsiborhe spes i igmlilbo i sty dot Wl andi/ori ¥ Tknovarr it tconpini se a
tetra achH efdaEls | qﬁﬁ% . t ndent i pai l.ypepti de
chaingﬁ&gggh pgiﬁﬁiaV|ﬁB gﬁ%p' |g%9*g%%5%ﬁ?lbgﬁéfﬁgﬁﬁﬂgﬁ%ﬁJﬁL§§3ﬂ¥chain
(about tBO-tHAOKD)sublTel tamhofReranidvalr pita ivarr iehteacH rchaime isncdhudes a
vari abl e .rnegion .qf about 100 to 11Q or nore .amng.acids prinmarjly
responsnllebﬁhecg#sdr t}nﬁi gjeunmarnelczoegc%liatr}]tolgt?oc%ﬁesl:’ceacrlgf?ff- 5 r%lﬁla S ptoor t\)iT]gn of each
chai n defd fues \&F Tonst 2anit reagl oreyridiarddsy VIS ponsidd &/ Torveaafiferct.or In
funCtIc)sno'me éué%lﬁgﬁﬂ%gga the humanized antibody specifically binds
to the B subunit of VT2 and/or the B subunit of VT2 variant

and neutralizes VT2 and/or VT2 variant. In some such metnods,



13 Light chains are classified as either kappa or ~.anbda. Heavy chains are
classified as ganma, nu, al pha, delta, or epsilon, and define the
antibody's isotype as 1gG IgM IgA 1gD and IgE, respectivei~ ~. W-thNBV 2001
| i ght and heavy chains, the variable and constant regions are joined by a
"J" region and about 12 or nore am no,acids, wth the heavy chain al so
including a "D' region or about 10 mofe amino aci ds. (S2e, generally,
Fundanent al__| mmunol Qav, Paul , W, Ed., apter 7, pgs. 131-166, Raven
Press, © ?Y?n5f§§§y,lﬁh@cﬁ%ﬂfqlﬁggr68FépggyheWéFﬁhb9 r 8f BFEAREZ§9The

var i ablrg rie@ifors cotnoraeh viTnghtl/ heavyoehai n1pakbmEosichhfe@Rbibpdyhdi ndi ng
site. The chains all exhibit the sama general structure of relatively
conser #88 1PPTeWeT B PEgitoiE §Didndd Xo¢Yt RPBBTRYpBAVAr NEBIE FBERBns, al so

cal | edyGenplareHaayiidny sheker mnirng Redi gRa ar 1ERts chael, vasegyences of
Proteins of Immnol oaical Interest," Kabat, E., et al., U S. Departnment of
Heal t h T&Ad FFurkdPY“Serlvi dég)- (2Ro87)in seaeCrochi Reah@dseskhepakbrntBial .

196, 9Q1+QLT 980 W ane dRepifanatked c%g&e'a%dbxn@egﬁ@@ssx-1! he CDR' s
fromthe two chains of each pair are aligned by the framework: Tegions,
enabl i mgimdiniditregr &tch td esppens Ut iccadplivt-opén Asmgs ed chemeithodshether m

"I mmunogl lin". refer. Araot ei.n._consi sting. of r..mmre palypeptides
subst Attty enconed By CAmAUGIGHAN Blgiree oine Pioalk T8 T Peot?

i mmunoginabulhien agenigsodynclsudedntiel kappra, prapbga acaliphd,l ygansamedelith,

epsi |l on _and onstant_ regi.on genes, as L1 as t.he _myriad i mrunogl obulin
variabpg% éﬁg%ﬁﬁﬁglégiC*ngfﬁﬁﬂﬁ%ﬁpb &Hﬁﬁgﬁﬁﬁypéxﬁ§ﬁhrﬁoé varCétyYof forns
besi des ramt i tioditesid recd sk tng, o f ore extangine, I IFvr RadrotamdnFfab' )= as wel | as
bi functional hybrid antibodies (e.g., Lanzavecchia et al., Eur. J. Imunol.
17, 105%tg8H) and in single chains (e. g., Huston et al., Proc. Natl.

Acad. Sci. UWrS. A fulBheb&/958863, (11988)nvamnd iBinr ¢retviales, aScie@nce 282,

423-926 (.1988 ich are ipncarporated herei.n by reference). (Ses,
genermWWﬁéﬁiﬁﬁP%ghéﬁ any ﬁ#kéh%h?ﬁﬂﬁe Crgme ,aqﬁf%?d}e€'2"~ ed. ; 1989 )
, Ha=-1ow arthé gmss st inbeo 8sn . prdvidsaborcaled vdvipnsdle,i obel dsSpuilng

Har bor - 7 NOV. 2002 19 Laboratory t1 and Hunkapj | | er d od,

Nat ur e, EXDE ALY (TOgR)E RRT LT s s aratot HARHH 6 H eféidnce. ).
ghi mer i o/ e | bggf@cstm_sre ﬁtﬂi bg@fﬁthﬁtﬂ@Q&%rﬂi!cgfﬁyr@ﬂ{brﬁ?WSQhai rfshglenesI have
een constructed, typically, enetic engi neering, fromimuno ulin
gene SOTERRS! bEP BRI b U Y f AV LasbCIEin G SPHe At bl 6 (V)
segmentsawibidecgapesdingnma opese sunaclonad et i hadyydrmianke dgroi ned to
human constapt,%,(% segnment s §UCh as ~~_ and y3. A typical therapeutic

chi mer iREHAE? bbeH ¥ VT AR WTBr TRE TRBRT n Consir¥ryIRg TGP lid sy cgp

anti gembiading gomBs Nof r odyAt NBRISEn ANdd B Mhand &g 1e s efdftreqleastdonai n

froma human_anti body, . al t hough ot her mammal i an speci es nay be used. As
used he?PRf nlEHR FeF ““Fjr%%ewg?kOFe’&%%"m‘?‘é’freercsoTFgl‘?”F?o“s‘é%}&ryti ons of
~munoggebetind L hghtegnénbeavycehahfl Varj el el regi st tarne 1€l ativel y
conserved (i.e., other than the CDR s) anong different inmmunoglobulins in a
si ngl e 5petPBsScgBeREFt netiCby S kaBRt S dionie  CYWP LNentai tsed herein, a

" human &é@aem@hkngegb@mans$ aithagewpl knd@gi i hadnd s sbstanti-al |y

i dentical (about 850 or nore) to the framework region of a naturally
occurri AFSAGARRSENFPHEEY 2MABCUSE4dhERRI RUC S het e r i " HifmeRyas ~nto

i munoghgRYhi Rrafi8liekk ¥8gaBnisMIHNGYLARLL | RukOIPEES! Nengh dBAKL f frarewor k,
at | east one_CDR from a non-human anti body, and in which any constant

regi on pRESBAE PS SapsLafdt tal tyei aehtpenl 3t o2&~ hokhn 1 aifRd gl oBNgSy

const f'imtrléﬁg'a%But' 187, M8l | @88E e 2L BPs P Ortam P &F B530] hh Aty il 18ash F5%
identical. Hence, all parts of a humanized inmunogl obulin, except possibly

t he CDRbs, capabsgbstfakticgliyg dent Péafive ebrrlespoRbir Agndaints wfussne or

nor e nahbégcq%ng ggqq@g@goQ@ i#osequences. For exanple, a humani zed

i mmunogl obul i n woul d not énconpass a chineric nouse vari abl e regi on/ human
const ant regiTow ammupedytobMlnwsi, zddcantibodbésdhagefaggherss aht ee

pot enti al vant . r nd ¢ o] es.chi j ibodi es for
use in %&#%%.?ﬁgﬁgﬁégQﬁgbéﬁE%%%ﬁg eFf28§OE§S%?'Foﬁﬁpggﬁa%gﬁﬁg$tg%ay

| r.teragpirdoetdestr naatdi ltyhé yotehera rmparttys o6f rehembhimant| PBineeslyst@ms, - 7 NOVA

with ultimate expression in transfected cells, preferablwv

immortalized eukaryotic cells, such as mveloma cr hybriaoma



15 (e.g., destroy the target cells nore efficiently oy conpl enent-dependent
cy~otoxicity (CDC) or antibeaydependent cellular cytotcxicity (ADCC)). (N’]ﬁ]
human i mmune system shoul d not recognize the franework or C region of/ NHel02
humani zed anti body as foreign, ang therefore the anti body response aga-~:: st
such an injected anti body should be | ess than against a totally foreign
nmouse antcelro dylymucleatidomeotmpadingys firsd sequegee cohingriier humamisediiboehpglobutipect ed nouse

ant i bodi ARk n circul ation
mich shori S rok 10R88 EPREPRC L eaRaptaind R e foifte inb BT Bt @ |

J. | mundrmplementarips daeryiging regjags pan be 1I’“?d.“"“’idj YebegalyerdRi PBENEAL | bodi es will
pr esumablagpbpise: cNARLd gerbrhie DBIdSegtehtal | y i dentical to naturally occurring
huma: : anti bodl £5.co 8ld QRS RIRLLEL B89 hLERENbLgRgs, to e given. In
one aspect, e present 1n Ention Ts drrected te reconbi nan

pol ynucl duwttingexsteptitdn thxisgputcpraes Homy Y201V 1BV duphnas thdsaiprede€pRIWing r om an

i munogl opididxih sraRehg 8 Of (PIET il ad BemsIpienirbm@isyddlote (BUSH as nonocl onal
ant i body vVim .| . p%l‘%nu%ﬁoti des, encodi n?s t hese re%i o(gs, will typically be
ol ned t Mol YRHREFLGETHEEBHED o Sk p BPBIFFal® HEmPFFGAT . Buor - regi ons.
As tc t hehbmmaeentidalln peentedkdosaggifom, which mahreamwp rdkperding ar ittgebhale ro€gi on ami no aci d
sequence @hinfuldd®- providing r, c: ~human i mmunogl obulin is conpared with
correspondi ng sequences in ,a human i nmunogl qbul i n.sequence is:ol | ection, and
a sea~~, encel MAOYRPTRISYACHETRSPRcrYicn SPRRRFEQ! COBRETRS 3}“5?%55 ynucl eot _des,
whi ch on aetipde 98 iechineodentibody ¢fhtke peénipre pidi d ehachaewigallyosrgeptage ng t he heavy
and |ightggbain COR s of nonocl onal antibody MuVIm .1 are included in Fig.
1. Due to co_gon, degenﬁg ac~,~ and non-crijtical amno-aci d_]s(ueb)sti tutions,

ot her pol ynulhecByeadon alsa prpxifeet mehy 4 &reqting qiPPYPrs WHERNE o 85 °6r t hose
sequencesexiaeffecte frem h edotiver, oanprifihgadehirdsteging ofthelpatiertdn effextive dvrage - : ogl obul i n~
-1ay be Gatlihn&st fiHodPF tfe@vbRE. 4~ hen an amno acic falls unu=- the - 7
N O V 2002 16 follow'ng category, the fra rk am.n cid of a human

i munog! obul %‘F fgenen g %3’0("’3%(;% ’B?mﬁe‘?n‘?ﬂl?g&mg’dhF‘?eﬁ‘f"ﬁ(ﬁgbi”@f)lt%lced by a

f r amewor kemtwxindl adiodvefataxin IhvagBBRwbenowseddo trept mpatiant mefferingronahdgglobbul i n (donor

i mmunogl QR4 defdis s vadd i acid in the human framework region of the

acceptor i nogl ohul i n is ynusual for human .inmunagl obuylin at that
posi tion, wh ee&‘?“f“ﬂb“&%?‘i"é‘g otﬁ f“?’?g°fa"mmﬁ%a“a°6ir&’ﬁaﬂzeghaé'tlg’g%&i‘ati nmunogl obul i n
i s typi capecifigpllyhvindario ivereterio | aodiorl Yerptaxin H Weriantofor theinenufadihe ofposi ti on of t he
ani no  acingkdicdmdnig? MeAtte@iméntatjadfa i suferigNR 0 tiskt erokibris A 4 he am no acid
is within apout 3A of a CDRin a ter~_ary structure imunogl obulin nodel
(see, QUEET B al., cit., and Co et al., Proc. Natl. Acad. Sci. USA 88,
2869 (199l ), Thednysationialpepryvides o elimesic aplipdyiof the dnviention whewrvaeddeltréser ei n by
rﬁferenca)patie\ﬂ\y@rferﬁlgefbtgiklqftwicaﬂécfmoa@ivet&okiﬂ.dt he human fra(rjremrkhregi on of
t he accept or..j hmun ulin.and a caorrespondi am no..ac in the donor
i mmunogl obul P 1RgR '%’ugltsjoaf’mpdoersqﬁeu*ﬁn&i amar’ﬁlﬁ%“ﬁl %“Eg‘id?' na“é’fd“fgh{é’tth‘foosi :.ion, such
an ami no izveitipnifer theapanyfaeture bf/2 medicamen dor sreatejont pPH# pasient sefferinguoreth | nmrunogl obul i n
at that prBbitbANeffelt®forRa Medtexdid. €ed description of the production of humani zed
i mrunogl obul i ns see, QueRef®esélption OPtheFigures and Co et al., A d. Ct. The
pol ynucl eotides will typically further .include an expression control
bol ynucl eot i EiEwe bq BesRENAE fatited sminp asid $egua ohBAeA": 81 (rrunogl obul i n
codi ng seagdBgitekain {B) vhriablie nggionabvitha@mbyse AT braibedy duVimMLBr Ghogous pronot er
regi ons. cﬁ’mtxﬁén%lyydetemﬁngeeég&ﬁ%élgxleg o gmeméd HE HIHRE Bhindhdids oPe eukaryotic
pronoter systems |I'n vectors capabl é of trans=orm ng or transfecting
eukar yot ithePaoue chaigs pre douplgpndediftdr ¢i sequences for prokaryotic hoses may al se
be used. OncEigirhe THCIDNA dndSralded ainhe atig edgadned of the GeakchamAy opri at e host,
t he host | s, im] ] JL ' ' vel
exp=ess ~_ag§1:1éWL@&3bnge8%§Jns SR Hubob DT VML £ ARbGY LRV BN The

complementarity determining regions (CDRs) are underlined and the first amino acids of

the mature chains are double underlined.
Figure 3. Scheme for synthesis of humanised antibody variable region ¢cDNA.
Figure 4. Competitive binding of MuVTml.1 and HuVTml.1 antibodies to E. coli
verotoxin II (VT2). Increasing concentrations of competitor antibody were incubated

with coated VT2 in the presence of biotinylated tracer MuVTml.1.



17 of the nucl eotide sequences, and, as desired, the collection and
purification of the light chains, heavy chains, |ight/heavy chain di WEV?MZ
i ntact antiboai es, binding fragnents or other inmunogl obulln forns dgt

foll ow. The nucleic acid sequences of the present invention capable of
ultimately expressing the desired hunmani zed anti bodi es can be forned froma
vari ety of different polynucl eotides $genonmic or cDNA, RNA synthetic

ol i gonucl eotides, etc.) and conponents (e.g., V, J, D and Cregions), as
vel | adbsprhangd etas gfeadivrrer end Pé@ﬁﬁieauégalﬂléltnltﬁ@ SOPCEPITALE Ogenom ¢
and synifglL SAGURNGRS dohddi83eR LyttiRegaRSt common nethod of production,
but cDNA sequences nmay also be utilized (see, European Patent Publication
No. 0239400 and R echmann, L. et al., Nature, 332, 323-327 (1988), both of
whi ch are i ncorporated, hereln by reference.) Hunan constant regi on DNA
sequenddSiEh e | Kol'Gtied MNP UCEH daRGe 2HEER LRI P Tk ROWR "Br dec e dFESS r om a
vari et yRfrpfiumen cells, but preferably immortalized B-cells (ses, Kabat

off. cit. and WP E7/02671). The CDR s for producing the immunogl obulins of
the present invention will be simlarly derived from nonocl onal anti bodi es
capabl eglczjultg "63“ ngm&t\{r@l@arﬁﬂcgﬁrbsf @a@@oem%ee%n'tag%y e%%V@'mn%m' han
source, including, mce, rats, rabbits, "or other vertebrate capabl e of
producﬂﬁb\éﬁi bbﬁﬂeéVBVlWell known net hods. Su’ _table source cells for the
pol ynucl eoti de sequences and host cells for imunogiobulin expression and
secretion can be obtained oma nunber of sources, such as the Anerican Type
Cul t ur eFi@DMGecTi orN@Galtanlde,im%eaCdlfiV@eM dfi MeyTaid IH@geiideas/T Fidrtch edition
(I985)‘ﬁp§ky% ¢ Maryland, U S. A, which is incorporated herein by
reference n addltlon to the humani zed |nnunoglobullns specifically
descri bed herein, other 'substantially nonol ogous"” nodi =i ed i mmunogl obul i ns
car. be readily designed and ”an%%ﬁﬁ%r%%oﬁ ilizina various reconbi nant DNA
t ecnni aues well known ~o those skKi i he art. Eor exanple, one
franmewor k r~Ehenghrase ~ ":Nm/s12@&2ia1181}Caxdara?iwafmd'mjirhetnmtdomt@eqweﬁwces at
the pri Yy u Y r acig.,subst it ns, term na
and |ntggée%?éigp%dég%%%ﬁgg;%gip gﬁﬁ%%s d tﬁ% |Ié§é%één ver a variety
of di fflanremlhudammhuao@mtklxregmmr&mmmm used! sSeglenay dh denbi nat i on
as a bagis_for themggggn*o | pruno, ns, of t@ﬁ:eg%ifnt i nvention. In
gener al T F P Eat RS ? € genes y e rea y acconp |§H§dsdyfa
varletysmbseehénkeemﬂh&échquuas leaﬁﬂlahbumt&ﬁanrmnﬁﬁubn&ﬂamﬁmEﬁis (see,

€] Ilnan ;Bg . 8 81n97 1%(§% and Roberts(ﬁ (g , Nature 328,
731 75880005 DBa . REoF O B O TR s B hei e 5 1% ence. )
AIternaideetytypowypeptodpafeagammnaﬂIgnqﬂ|Ennmmauﬂn¢na portion of the
primary antlbodﬁ g%&gcture MRy dprodI%Jce npicﬂ)f{ nent s possess one or
nor e |nﬁﬁﬁogF88 FPRCS6t P |es YT $ %o T erent & T on ac??V|ty) These
poIypeptodpatﬂagnemE$hadyabe/prodwcembwad[ﬂﬁﬁgﬁﬂ@ddm cI%mMage of intact

ti bodjes. b the art rt d t
The dost FURSFBERCTanY | RCPRECObet BTG TATHY 41T ot HEbl o 10T SGOREDI 5. such
as afteroChd nhemploduvce.Fabréfagaehy s tﬂeaﬁi&bsﬁimtfdhgﬁdéﬁ@ibﬁ"tO produce

F(ab') _ fra ments. Single chai.n_anti bodi es rodu ed 0|n|

o VI GFLACE BRAT| PrRprpS Rt BaPoReaiente Tt ol S mbrr s bt o, o
cit.). Aksadbeeause 1Ie|nlgehrram¢rgepeefefmly rmwpgé Obekbidm ref asedl gesnes
contain E % t@ functlonal ﬁglons g n§ﬁ§nghone or nore distinct

bi ol ogi @RPYctid0i LiESUERe §B e@oﬁByDB% FE3RdY t 0 F URTETORaFSr2éfgtons from
ot her genesth@tpradycedeusionlpbotei as hexsngaipovel 1poopesitess, Asrstated
previously, the polynucleotldes wll be expressed in hosts after the

sequenc@yeﬁaﬁéebééd*od@P&EPyOﬁlﬁ?@dtVB ??q%enC%OSF?l%ﬁeﬂoTBaéﬁgureA§he
functi orieRE rafle AHIW, € S5O R WEOBEE Qbo89UHEREEN cdBEEEN EXRL @SBEON Vect Or S
are typlcally repllcable in the host organi sns ei zhe~ as episones or as an
i ntegral ﬁéﬁﬁﬂbﬂfkH%“hd@ﬂrcPﬁoﬁﬁédﬁthﬁmﬂpm?ﬁﬁﬁﬁﬁl§YSE§Br@§sK6HaPectors

wi |l Coﬁ%ﬂéﬁﬁleeaﬂ&n RIKRIG 8, gpert:ewawehtme 05a§99mﬁh8uet9n89rmt
detection eT those cells -~ ~ov 2002 19 transforned with the desired DNA
sequences Y(lsete figgf me@rgngpat ent 9 704, 362, which is incorporated herein
by reference)y, i rokaryo f i cul y for
cloning the poIynugﬁgg%fﬁgg%%f%thgﬁoﬁegg%tO?%%%%?QOEEgQ?EE 8%1?&%b|&| host s
sui t abl ena‘toxrmsreaa\rmlam.e m@mu ldhaiswchfagmBaobhlobudubsi hus, and ot her
enterobdcfg{ acegj gych %f rn%égth%elSerrg%%g .and various Pseudononas
speci es. ‘Hese prokar st’s cdn-alsd make expressi on vectors,
whi ch mnll typlcally contain expressi on control sequences conpatible with
the host cell (e,g., an origin of replication). In addition, any nunber of
a varlety of mellknomn _promoters. mnll be present, such as the Iactose

e . e . T . o



In addition. to mcroorgani sns, mamualian tissue cell culture may al so be
used to express and produce the pol ypeptides of the present inventio V‘ﬁ@eﬁ]
W nnacker, rrom Genes to Cl ones, VCH Publishers, NY., NY. (1987), 02
~s incorporated herein by reference). Eukaryotic cells are actually
preferred, because a nunber of suitabPe host cell |ines capable of
secreting intact immunogl obulins have been devel oped in the art, and

i ncl udmsma@l-icr)@eihe o, Larardousn CoBleeldcid rm:sqorHiaLrag cedblshe preferably
nyel o cel I et rans cells of r| do Expr essi on
vect or C}}ec{? ferslge’lszjcaet 'CSé%LgernnélenSclougdg[gr(ra@Qe rsesos%o Ocﬁ’l%”guences such
as an Iortl@rersmf NaamlerﬁbIDnstJa:ij’eHmdiﬁrHea}hm Betbé\bya 2007 298 Erd@ncer
(Queen, et. al ol .. Rev. 89, 46-68 (1986), which_is incorporated herein
by regegrge]ﬁce) Kaé?‘?cf' ge]c%ts%d?‘%f%r%%%l?ﬁgl n?%%?r%.‘??%‘?‘l &% easntéﬁg?\l%% ri bosone

bi ndi ipsides: RWysRlp cearsd tesst POt yadedwt atdiosl § eScc@Pdihg adwiid pti onal
t er m nat or sequences. PI’ ef erred expr eSSI on control sequences are pr onoters

der i vétf ¥4 off i rﬁﬁﬁfbgq%%]tﬁl?% RRFESL OB\VMD), E e nP I ERUP Bovi $RNPEREE | Dna
Vi rus,c&vd oneaal avdidiscand gdead i ke s Thenyegd @ Bo £0504 2 g NG5t he
pol ynucl eoti de sequences of interest (e. g., the heavy and ?lght chain
gncodﬂ?@s%@éﬁjé?w&e%niﬂo S e TP c%)%%‘?‘ ot N seqlbheed) sSRAMEDEct r andf er r ed
into the Dosdricsd ! £ by éﬂ@éigﬂfﬂ%@@m@élsnuméf@ N2E Yodeneadipgn @4 he type
of cel uI ar host. For exanple,” calciumchloride transfection is commonly
utiliZed tlor prekdrydfakates | scheer basethereubd 9hogphia@r t r eat ment or
eiectr 0 b G di O r ts erally,

Mani at%lrgp%?g%@s n@'v% e%ﬁjglrg C(? oim ﬁﬁf@ c&ﬁ%%ﬂ;'gtﬁgrﬂ? y Ma%lu&rs?ﬁ%o?SQSprl ng

Har boraimPg dgady 10829ueshi@h ¥ith n@r@ep@fa’éba feneenshy sedeernee. )n Once

eXP eSRglar 106 YOPLEAOL! DOULER: oL PEUT afft HEY Sc1 b0 VAL LEGNL apd heavy
chains, or other T nmunogl obulin Forms 0 e present invenftion can

pur i f|@Idla@c@rtkﬂn@ttbh%thﬁ@a}’@@lsp#b@@d(afeé hnm@heaatwowcbgdungeammm um
sul f at r i n ty.colu u h a e

R e R -

Puri f imatsenansppodger - Verl ag, N Y. (1982) .Whl ch is incorporated herein by
e or ence)  cgHBaLAnLLaL| AmPHECa L (HVGRRLERYLERSAQM Bk eas! gout 90 to 95%
honogeneity are preferred, and to or nore ﬁormgenel ty noss

prefer nadertbanghabmwut ptakeasdsesOheuipar sfimédarpatteathygios.to

honoge t site o] t .hen ) t her,apeutically
(|nclug§%ggégﬁgg§brgog PP ?Po%xgﬁgdéggﬁo Vagﬁdaggpﬁﬁﬁgfnggggsay
proceduhespS|maugéytmoeesaéanlBEalnamgse,aﬁdutmeebiked { Seéeugeneratly,

ngogﬁe al i mhgg at:i hallaﬁg gl'lt)lphggfl%o%kl%{%og q Eeém %ha?gg 1sAcadem ¢

Yor kS
i mmunogkabuokl asdothn:benpneseat glrnupnmfonmmmlol at:yplscalalvynm acidse
|nd|V|duaII)Ci|ntre ting, gtlgm% %frfa f Vero oxm_ roducm%E gcoli
(VTEC) “PRi-8¢1' 37 3n Hg i ¢oUReRT e " and/ of Butfalizi ng

VT2 antmgemns acBylsmmavahgemanfp\laelbuslmet clruamntsaulsophesgﬂral'aylpln(eal di sease
states suitable for | ncl ude he rrhalc colitis éﬁs%mthe

gut, re&NAPSAYST uRlE %ﬁypal%) BT 4 éu A gécrcr)aﬁ)e TRE™: L?rrﬁﬁll%dnﬁmﬁo bl i ns and
phar rrac«s&uita cakioemesilisang , t begeofi nef, tamids mrs\t&nltm@n anel [aal’gtrloupl atly

usef ul ‘rgﬁ)par ent eral .adm n| tratl on, Sb i ntranmuscul arly
or int FH\}L GSIy'S 'ﬁ‘?‘é’l@&r’rﬁom i orST¥ éar”ﬁéquer‘?tl < ﬁ‘dﬁlsnll?t CASEEARG | |
commonlahcc ogrhisd iaesol Predex reld tdom darmatdgieotaline arciascocktail t her eof

di ssol vu$| n_an acc tabl e carri e, 1ﬁ_g(aegf er abley an aqueous carrier. A

vari et y rOH S R C15&ffered water, O0.40
sal i ne, kﬂar%chb)t@ﬁ&tyﬁ%sg]m03®51ﬂﬁﬂmmhmﬁn ral%@mtel-@ralqué thedl i ke.
These soI utions are sterile and generally free of particulate matter. These
conposiaSRMSL T\ 188 WtadHinNg zed by conventional, well-known sterilization
techni ques. p}{ﬁ@mﬁlégmlm&%@ﬁb@hagm&éscaﬂaw IRC CeHablg
auxiliary substances as required to approxi mate physiol ogi cal conditions
such asfPH BR§UsH ¢y hd BT iaff dgdnt sisivhirdiade dfemtlay tpaheids ~

adj usti agent h fe €X di ~ Aty

chlori déy pot dsl:?ﬁd%h gfrclud?a éﬁm umaé(;ghgl%r%e S%E Suﬁﬁa}actg% esé%d 7g)| um
citrate(l®e2); ﬁvelmmfme&ﬁ raa 4 0 | . ‘ }: 8 $ oy f-«tdi ons can

vary wnﬂ{e%yz\ i ram mlt he LL 01 L{;,ylxalply_ 3915t ! t about 1=
to as o y t=cted prinarily based on
fluid vol unes, VI sc05| t| es, etc., in accordance with the particul ar node of

adm ni stration selected. Th~~s, a typical pharmaceutical conposition for
injec~ion could be made up to contain 1 m sterile buffered water, a~~d
1-10 ny of | rmunogl obul i n. A t ypi cal corrp05| t| on for | ntrave. ~. ous | nf usi on

. ~Nrss 1 . o ~ o o I 1 o, . 1 =~



Actual nethods for preparing parentally adm nistrable conpositions wll be
known or apparent to those skilled .n the art and are described in nn&ai )
detail in, for exanple, Remi ngton' s Pharmaceutical Science, |5tr' ed. PVZWZ
Mack Publishing Conpany, Easton, Pennsylvania (1980), which is incorporated
herein by reference. The inmunogl obulins of this invention can be frozen or

| yophilized for storage and reconstitldted in a suitable carrier prior to
use. This techni que has been shown to be effective with conventional inmune

gl obul t h894hd ateckasunetydphi | Nahuien3apdc?ecdnst Pt ohceeehhi ques can be
enpi cyed; + ht W tegkaygd 0s ilhed in,the art that
Iyophi?ﬁégﬁfo%t%%%ggegggéﬁ??u??oé?%g%bfe§%§%%£%a€§iﬂb'Hegrees of
i munoglehbliechnaquisi PylBdssl e’ ¢l99W t hwitbrlvear¢ oato rppuaeegl obul i ns,
| gM ant | Les, t ave @ L er L LVLEY S n nti bodi es) and
t hat B@%P?gbeﬁg gggekgsg”tgnbéﬁggﬁugﬁg%k¥%§c%%%e%%%?@?réﬁgégbnpositions
cont ai ni ng The peemefisubhahantzetlliynpunell obah s nsn oobdecockpacles hes eof can
be adn{nister d for %hera eutic_or Béoghylactic trea%nents..In.therapeutic
appl i cattoR:SESMpBENti SRECAFE RERFANSt éfed  t o°A PalTEht AFPLAdyt stifering
from Meootoxbonpraducheg EnycothefVIREiviahert spacans Henphytic ~Jremc

ndr one , _or other to=:ic ni festations om antigens, in an
Synd HUS% ther t f est at IL VT2 _ant
amount CSUPPPLTERR) r 02BHr BEGFELEPI8adt SPRPERAFF§L &Y rRYET L fhedt bxd et £3hdr one
ana itsscanpbhpaki@isn AnegBRHNthadegyate tpeaceoMpbishitbisat s16efd ned as
a "therageutL allé effective doie." In,proghylatic agglications,
conposfPPBhs “Ar BEEGRMi PBr 8dMPo2FaPPERES L PLEKTBELPRPLBEREATi n an anount

suffi ckpatike prewent .or cdakeelablyai Babbtinsughlinbeeti 6BmBHEL PLok OXi C
nanrfestgglon t hereof due to VT2 antggens. Amounts effective for such uses

depend“lpon CORRTLEPeMPEE 5P aPhaPaiisedSetandlt Rergenkraf &tate of the

pati enias rowd ledFune systess bubsgerenal kyer @BQFoH@HbQDOUMoQtl to 5 ny/ kg
of innuno%IobuLin per patient doss being comonly used. It nust be kept in
mi nd t RAETEREPHYY eringl §P3ECEhiSEECAEENt P oR Y ERY 1§EnEPaftF§eBEiakpl oyed in

Seri oupofosRaze ty -(cobnhiMiAB02 23estiakesanhbat pbsqbtberkhr eat epkng or
potentially lifethreatening situations. In such cases, in view of the

i ni m Z3MPEF 16 08X PYa kUSSR ERAN S8 esRdORhBe L BRER) pYBBABINI £)eof "forei gn

subst agefipJdsaitaeld QRmsWRiteh ealendchilaved by the méeﬁgekomem@ehzsg

i mmunogl obulins of this invention, it is possible and may be felt desirable
by theSPF&dtSSng physician to adninister substantial excesses of these

i munogl obulddip et 191:RG @@k M LinRli® AN st KL EPRSNEE bheaRopRos|tions
can be carried out with dose |evels and pattern being sel écted by the
treati Ag physicithe Immuaeg leberin wheleghserticénhibalksf 6PrELALCi ons shoul d
provi deia Quantdd ¥ ofe ddhe ddaminegieliyl icd( ah ahctBesiEnvertipRngpfficient tc
effectively treat the par.ient. In particular enbodinments, conpositions
conp=i $IURF IRHFafiYRRP iITImFRBHSOBHLIYE Srlndiedpresant PRGehPEA, mi9rbe used to
det ect Y E&Ant.l gans) id) ofel@l QKirk ¥ QUGG rBctCobh i CYhEGhohBEgCt | on and
Henol ytic Urem c Syndrone (HUS) and/or in other infections producing VT2 or
VT2V. THIR) ra iPEP S MRARSH cBulindligkcthengyese ANMUAPERsREN, such as G
humani z A'ﬁ“ﬁHHH&%%ﬂi #ﬁg@-gydgk% & ANk .deterni na i tified
by the ﬁﬁ: m .l anti oég) yjbe Iabé%%a;gng%hsg%%gé ? eﬁtffyﬂg%%gggic sites
that comt@uewigldy chiidcotiventy3)ons sofl idT2hasevi2veckobiekanpl e but not
for Ii @Jdia&i&%xﬁnﬁ%é)%.wgalr?&)eéé i £t 65 Ry be sg3-kagheachq the
humani zed 1 nmunogl obul i n. enplary Tab i €S i'ncludé, "but are not
i mted(kB6)xadi opatpiecthees ,diadi ocoaialast asgent, s sofllidopéscentimekecul es,
spi n-1ap ecul es, enzyne or,other |abeling nmieties .of diagnostic
vaIueﬁ%é%%#%éﬁ%ﬁé@h%$fr%ﬁé%QC)%%Fcﬁa%%ahé¥¥£?fggﬁng%€§IFWQ Fﬁg echni ques.
Humani Zesb o maruenoyg | dmba 1S afo dheSypr aseria dhorerfrieas gam sfeunt;hewlfidnd a wi de

ariety of utilizes | it Sy, way._ of anpl.e, the | nogl ohul i ns can be
Ut 1T 2RI SEEECT cHARAL VIS M HRnE. L2t (e 1 4ae® ool by 2dasl] 24 For
di agnostié Le @Ur PAGESe] ; - HR( 1 Mmunpyl b ns; My i@l PMelsbeyilalel ed oefin-
i

unl abel ed, Unl abel ed i nmmunogl obul i ns can be used in conbination with other

| abel ed?BhiiBoBIRs ((BeednEant | bodVEEledatl THr:é 4%t vid 3AMN it Ba@chunani zed

| TTUNOG PREEL N1 aBUE Da AR ANLORAL B SPLCLL |41 T 0NN J M, ghobul i n
constant regions. ternatively, t he I nmunoa_obul T hs—can be ectly

| abel ed32A7Wi-de VaPPety. of Vabel by nalye bee snplnoyedhg lsuch s iradireseciti des,
[ uor S iFNEVIES, CNRYPP,SubSL! BLes,; PIZY TR, COTACIONS (PR | i bl ~or's,

| i gands™ (particul arl'y haptens), etc. Numerous types of inminoassays are
avai l able and are well known tc those skilled in the art. Kits can al so be
supplied for use with the subject imunoglobulins in the protection against
o= detection of a cellular activity or for the presence of a selected

o o " o " Y b1 T



~- 7 NO V 200 25 Human Anti bodi es I n another aspect of the invention,
human anti bodi es that conpete with nouse VIim -1 for binding to verotoxin ||
or veroto~:in Il variant are provided. a. Trioma Methodol oav The basicNOV 2002
approach and an exenplary cell fusion partner, SPAZ-9, for use in this
approach have been aescribed by Cestblerg et al., H-rbridoma 2:361-367
(1983); QOestberg, U S. Patent No. 4,634,664; and Engl eman et al., US Patent
9, 639, 666empedacmopfanihibelies )i noorlpocatted ibpdietebéndengntipt $henseme~y for
all pu ﬁ?g%?e- a@%r?n“tfe%%'&{]eo%%'fb% ell ! 'ag‘éflb%%' ngd Ry };h't% et hod
are calre r'i omas, because they are descendeé romthree cellFs--two human
and onedrnausat lapirtdps Ispf fa amugd ympedognmalli ne itsef epedomiet boandumyn

B- | hocyte to obtain.a, non-antibody-.produci ng _xenageneic hybrid cell,
sucﬁngggf%ereég&f-nfeceaﬂtllblor?ig/ ?gjsrcrsltb%&%bg?lﬁggﬁg%g,togffﬁf;é{.r'TKe xenogenei ¢
cel | i gstilzan f,usatermid ltoampdmmeniazad Hudiyan sBpk-gsphacyhe ekaeslst aiif an

anti body-prodycing trioma.cell. I'jne. Triomas have been.found to produce
ant i body 1 rJéHEtbigtl fpter?g%l&(ﬂlﬁgrﬂp% riad5ﬁ§§rﬁﬁ8§ PP&&LH%M‘BF{OCéﬁS. The
B- | ynphegyiem @d® sdidjorad foamdheplaaodeaspl eenorl ysgh nodes or bone
marrow of a human donor. In vivo i munization of a living human wth
veroLOxin il or verotoxin Il variant is usually undesirable because of the

risk of initiating agrarmkw pEesRATIEONThESTHB- [yvpRocykes are usual Iy
immuni zed in vitro with these antigens or an antigenic fragnent of either

of these, orl™ P IRUS My €1 (HE R THésdPVBILyRPhotyFes&eé typi cal | y
exposed ninf Y 1 Aem Ho Sperd 0ch Ofy 7red tdays Wik ha tRAizA sSeh 1a8s JRPM - 1640
(see Engl eman, supra) supplenmented with 10% human serum The i mruni zed

B- | ynpYOcd/tase ap BOY 1R t o 1HE Sendyeima &l dyBring - c elhid odudh vas PSpAZNg by wel |
known ngihads: . FOre &xaml e, sdden £2!d 6 e de eat ed Mt 230+509 pal-yghyl ene
gl ycol of MA/1000-9000, at about 37 degrees, fo= about 5-10 mn. Cells are
separ atléd’ M om ame pistomd %29 8 arf® plopHgacsdsitaonger7 ROY 2002 L ~
medi a {ye for the desifed L s d 86,801 KrrAH)2n Oanes

secret ?%df?ga%éflb%gi eg avi ng thel%%{ij ?qu gﬁor%cr%&%g)e%\&@ﬁatr_}y@are identified
by assalihg Yhe artboeneul t uFlee nghami Fest immunglgilialud itns biidd theweeraot oxi n

Il or &éﬁ*%?aﬂnéwé!?}&im .wj}rﬂ e PEOAyG %&umﬁ@dﬁ 8% Jhaving the

desired specificity are subcloned by, e.g., the limtin I'luti"or technique
and graolgténmyning regeens uf@Phiesl] ufir oml amcuggtnnad leriasl iar e tgametaldat |y
stabl e Y. . ant | i ' iy | evel pressi on

| evel s %gﬁé{%ggi h@ﬁggggg%f%ﬁbn%ﬁgggﬁf?%lold‘yye%ée/an?slg{‘% ovf#?]hzmtzfixona i:-:to
one or amgyoieerxpredsi anpyvetevred amdodimersforariengu heoneectiort Hent@R el |
l'ine su S j Lscussed, . infra, .f expression of reconbi nant
or humﬁ?%gdcé%}uﬁgé%obﬁﬁggtﬁf'ir%ﬁ%ﬁ%ﬁ%' NG dnéﬂ{el\/amral s Human

ant i bodiresunegtobvéingst bf venot préseht amoFrori aer ottoxdm dan tloxi n can al so be

pr oduce on- . sggeni ng@: ving 4. es. encodi ng at

| east géé?reg%? %Fgﬁﬁgﬂﬁ%ﬂ%ﬂ ?rﬁm%%gg?o u ]?tn oécgt}s.gﬁgﬁe{}, ?ﬁ‘e endogenous
i mmunogéebdupila, | doushef tsaehmenansfenhe henhaml suticomemciiandléjotoxin

i nactivat referably, gt he hu j ulin |ocus

i ncl ude%rﬁgtrlggrn a%gegogéq&ﬁggz g}f’??%ggg@/ﬁ a%@l%%ﬁ?i%él]ﬁ%c%%p%nents. Bot h
i nacti vayndmook dHUSg)enousumanupagliebtbiiny genmesr dardy | oif roetuiat i @ue of

exogenous | nogl_obul i.n nes can be achi eved by targeted honol ogous
oon; nat | oRiSo PRt ARE OGAE: ShTBPEVAL ol o o e 1 STFCers oo
manmal steesuahieirng fEaem thtsapeacess canposapabdt ecvod fdeecticatapdyrs of
rearrangi t he .i munogl obul i_n_conponent , sequenc, ang ressing. a
r eper t ob PAYBEPEAADGUPRE S of 204P| BAS ¥l DAY yBesCRncolbe by FRMGRC 20KD)
iTLmunog'gaauwnré gemd v WichBaut (@;@@ﬁ@ssblngoﬁnﬂpgemoﬁsmﬂmm@@m_ﬁuéin genes.
e production and properties .o mmal s havi ng these properties ar
descr i bBATitr et |eat§3, C@.ag.n, 196&@@5 8t VaF1ab{posr 929270 1393yt il
Kucher | apatiil,0 W@ Hdrt0ahlnblA2LHs( eachael 1yhiebobssi PEST POF ak £Eli Hyn

reference in its entirety for al'_ purposes). Transgen=c mice are
par t i cuF&AaPTsfi 1Al e ThEANCPEOP s Tar@inal portion of each chain

defines a constant regilon primarily responsible for effector

function.



- 7 NOV 2002 27 obtained by inmunizing a transgeni c nonhuman mamral , such
as described by Lonberg or Kucheriapati, supra. Mnoclonal antibodies are
prepared by, e.g., fusing B-cells fromsuch nmammal s to suitabl e nyet i@V 2007
cell lines using conventional Kohler-MIstein technology. The foll ow ng
exanples are offered by way of illustration, not by limtation. It wll be
under st ood that although the exanpl estdertain to the HuVTm .| anti body,
produci ng hunmani zed anti bodies with high binding affinity for the B subunit
of the VT2 dhitdhgerrhiainss agles ¢ lasntéiptated cdshrg €BRPe Promasbher

monocl qnal, antd bedi es.d '@tasﬁgl\r;_rqeho 28N g8 Rk OP &, Of ayg%'a, BERL.VENTAL Exanpl e

i ~ I nmuni zation of mce wt 2 toxoid VI2 wa$ prepafed as described by

Oku et esilavi~raoly dedtinea.thel 989 1bedY s 153LYR2. aFhd 9¢T2 IudikoilgAwas

pr epar Y. ¢} on;L f,purifi 2 f.ar .7 Y 37 ith Q0,90

f or mal 2%1[5 er&{ n 0.1 ﬁ%stp Vaeltqe/r'bu \?grh\ﬂplﬁl%hg aggil E]F?\% ccga\(,lml{ﬁtsp’)pgr}f%Charl es
Ri ver) weerieah mmaridz etbniittan V2 gtionei @ re0 . )5ugkede bybianed “wirtely ileme amd! s
Compl e~e_Adj uvant_ (G bco B by intraperitaoneal. (i.p.) injection. After
about febv\%ugis%?t%re e armel(?lg ved VT2 wtl(%)%‘oi“tcliq%( %eﬁcﬁ' gg’r‘?ﬁinn dSW th Freund's
Conpl etimAdjdivanta by . yegiiaj eat iaoutThén riche mdeo ecaiosed (B2d,0xoid (1

pg twice, 4 tw ce, 5Sug once) conmhined with Freund s Inconplete Adjuvant
by i.p.g?rh‘f]éalcjfj%’n é%%ﬁa@%%ﬁl—;%@;ﬁ—o%’ew éﬂq’o?‘]'l t5 5 \%&@Pst.erM%ce wer e
bl ed bypgui tihy- 16, tRdvervetresand Nsar.umlwss! )Golhaethed sby nowaeatatea of the
bl ood for 30 min. at 37C an)d centrifugation at 3000 rpmfor 10 m n. The
serum tHEEF AR NSt L SAP Has' neasured by ELISA as fol lows: Each well of 96
wel | flat bothenmesrphiste fdaloon 39k crBactynt Meckiyn0¥)i nas iG0ataeh Wi th 50
ul of 1 ug/m VT2 dil utg,d wth 0.01 M phosphat e buffered sai.ine (PBS) and
i ncubat B atPF1P09Y gp1ndRY Eadhr wellle Ve Mk RS iltth $¥8S - 0. 05=

Tweer: g8nerat dJtNd:2POH% 28y Enoh wiEly owass dhackad aMdud iBS eq i3 BSA at
r.t. for 1 hr. Each well was washed 3 tines with PBS - 0.05% Tween 20. 5091
of serunPsRFFaPY yt T eoit P T3 PES S BRIEY t30 Fact M&d and i ncubated at

r.t. fofohdpNémeEaghi W8l be MasmIRSE RS tdIP oM ADR B sed. 08 IpRaN£20.
of Proteins of Immunological Interest,” Kabat, E., et al.,
U.S. Department of Health and Human Services, (1987); and
Chothia and Lesk, J. Mol. Biol., 196, 901-917 (1987), which

are incorporated herein by reference). The CDR’s from the two
chains of each pair are aligned by the framework regions,
enabling binding to a specific epitope.

As used herein, the term “immunoglobulin” refers to a
protein consisting of one or more polypeptides substantially
encoded by immunoglobulin genes. The recognized
immunoglobulin genes include the kappa, lambda, alpha, gamma,
delta, epsilon and mu constant region genes, as well as the
myriad immunoglobulin variable region genes. The
immunoglobulins may exist in a variety of forms besides

antibodies; including, for example, Fv, Fab, and F{ab’). as

well as bifunctional hybrid antibodies (e.g., Lanzavecchia et
al., Euxr. . Immunol. 17, 105 (1987)) and in single chains

(e.g., Huston et al., Proc. Natl. Acad. Sci. U.S.A., 85, 5879-

5883 (1988) and Bird et al., Science 242, 423-426 (1988},
which are incorporated herein by reference). (See, generally,

Hood et al., Immunology, Benjamin, N.Y., 2™ ed. (1984), Harlow

and Lane, Antibecdies. A Laboratory Manusl, Cold Spring Harbor



To each well was added 50ul of al kali ne phosphat ase conjugated goat
anti-nouse 1gG (ZYMED) diluted (x 1000) with PBS - 3% BSA and |ncubated at
r.t. for 1 hr. Each well was washed 3 times with PBS - 0.05 Tween 20.7 K&V 2002
each well was added p-nitrophenyl phosphate (PNFP: ko Chem cal s) and
incubated at r.t. for 1 hr. The absorption at 905 nm was neasured and
recorded for each well. Exanple 2. Construction of h5rbridoma by cel

f usi omarmtﬂml:ﬂ\;l ca%msear&eruunwmﬂdte(hmtﬂdmﬂj asateact i V3 aged s VT2

wer e chose M{aenectom zed. 5 spleen cells and 5 X 10 P3 X 63
AgBU. | { 1) %|qu%t%rf@%rﬁ).%dr%%r%%eb once W|th RPM

1640 rredl unarangk cientd f uged o alﬁé)oarrﬂolracfd)lreé Wi dse Thegieel dnpehd oF
gently di spersed and resuspended in m of polyethyl enegI%/cm (PEy

sol ut iGKR it FHRNG iy RPN G%“M%d& 7oyRdcal RE@B. Semg t i
di met iyt S oxi ke, O i M nmdioh B8Rt 1 yn Tt %L{n‘i’én@s %é\mﬁgﬁg%ltm of RPM

medi um was added and rotated for 2 mn. After that medi um was
added SHrid $ R ePIDFED mi FRT £ ¥ATRES G the-AR Heah Len (O5unesppokahi ne, 0.9

M t 2
Then & o GG T AT il s v el ol Torred Thio2 W A Ter 30 m .

i ncubdtuynan azoBT@rhel del | SeyEpehsi o e HeY i ‘@@lded/ﬂ ntB esiphcakl | of the

96 wel ate te neal

macr o e C TR hPLE e LS e AP TRE LR RER A0S o 1
mcubactms:t@trlmeOﬁ\e*efke Then dmath@rﬁ 1 dred Tregli doma nn ebcbmwe| howas r epl aced
wth f Lum. ( - HAT. i L hou ferin - ~ Nov
Z002 el;i;lbdo%g }ggs\&/asg% n%)%—%(g‘g%r @&%ﬁ%ﬁﬁg%egmgpﬁgﬁ #o%’voﬁ brl doma
cells. aE}dampcbke Gth&rmamhmhi@m speseeh~ndoy i deneseel | s secr etl ng anti body

aaai ns- ScLeeni ng_was ne_by selecting hybridomm | s_secreting
anti bodi es \Msm cﬁe(g lll 9? VTg}Q%nEI %%ut%r‘?m%wgf/g re?ﬁ‘/ ri doﬁg gﬁpté? nat ant was
used f*ohiosséepscteensngr Brmdnoglabtivntyiglas aeasbheedyachatding to the
ELI SA net hod, described |n anpl e VT2 neutrali zat| n activ
measur B SURHY AP FGLEES  hEa T of FBwF R FelRbt. S 16 BEEREWOrT Sof HE6K vl | pl ate
was adeleshn 30hal COR’ Bybémdﬂqad$ﬂﬁ€f:éﬂtafﬁun@xhldgﬁ@bﬂllﬁfs 200apgint14T2 in | oo
FCS-MEM The pl ate \?Nglaﬁ cuba ed at 37C I’\g 1 50ul_of the above

tl

sol ut i dReAAESadaad? hP¥elfPBF+ 2962 %tt%ﬁeﬂsﬁ ate on which a

Vero cetle(ATCE) “Wamah n@eainatzedk( ﬂéé@oﬁ9| Ls/ avefk)ime%ekpkat;eowa'@haﬂcubat ed

at 37C. for 4 days.in_a 290a|r In at or. ~1 of a 0.019 neutral
o eot b ruhshattinael LGepnanatalabbut "EERAL no2dY 5 Bhe

framework region of a naturally occurring human antibody.

As used herein, the term “humanized immunoglobulin”
refers to an immunoglobulin comprising a human framework, at
least one CDR from a non-human antibody, and in which any
constant region present is substantially identical to a human
immunoglobulin constant region, i.e., at least about 85-90%,
preferably at least 95% identical. Hence, all parts of a
humanized immunoglobulin, except possibly the CDR’s, are
substantially identical to corresponding parts of one c¢r more
native human immunoglobulin sequences. For example, a
humanized immunoglobulin would not encompass a chimeric mouse
variable region/human constant region antibody.

Humanized antibodies have at least three potential
advantages over mouse and in some cases chimeric antibodies
for use in human therapy:

Because the effector portion is human, it may interact

better with the other parts of the human immune system



The plate was incubated at 37C for 1 hr. to stain =ive cells. After washing
the well with PBS, 100 ul of 500 ethanol solution containing lo acetic acid
(ETOH AcOH) solutio;: was added to each well. The absorption at 550+ i GVa2007
measured and recorded ~or each well. exanple 9: C oning of hb5rbridoma cells
Cl oning of hybridoma cells was conducted by Iimting dilution. Gie to two
hybri doma cells were added to each wePl of a 96 well flat bottomed pl at e
previously inoculated with IOa nouse per—LCheaI macr ophages as the feeder
cells. Aster ab®ud- 2 IWRTULY tHe sifigdrtiatcait! Swde T & &d F6rl it Y bi nd| ng t:

- "7 N OV 200230 M, angk istd Al | 4atd Qi jagai nstcpdi2 as Q@&%d&(}ﬂﬂ

Exanpl es 1 and 3, respectlve By repeating this cIonlng procedure several
times as descrcﬂ%@?%ﬁ)‘vecelalw@/ﬁn%ﬁil@@qlw ofeP&ecreti ng a nonocl onal
antibody (Mi¥Erh.haothigiipeeditablzenoild wae gsbaghishedncbxam e .
Purification of MIVT ybridoma cells secreting m.1 were
adapted ~o eR[i:raIa@\adDrISe@JUrﬁfr%@lmmﬁjrﬁ}“@)ﬁtmaﬂi@ed resl i dy rasnsferrl n,

et hanol am ne, en S over

Protein G sephargsggcol%ﬁ r(kb%ge%qcé i a H'Pcﬁh%fﬁeb%%snsoea alséfed SUtSI ng

st andar d net hoslsch Tae pmnjea@yecd:fdmttusocmuwb”amlrdvhas Megg fiteth lBgainst a

pol yacryl am de r (P n |ts tration was
determ ned by 1'_S(gff)ﬁ? ggégrﬁlﬁgﬁ%ﬁn%ﬁd%sgﬁ estie dﬁplaeans % |Jic-frfy to
neutral i ze VI2chaneahtsamsidedger i bed in Exarrpl e 3. The results are

presentedl t.he .t abl e belowand .n _Fi qu TABLE tr I|2|ng Activity
of MuVTm . 1 a?len Cf)/ér}‘l QBFs A2 i ésnlhgv\%t Ibgler[I]S rﬁpo@ I#eg fia

TypeNeutral i zahamnlhzeolm 6&57hM59HU@Bmﬂ'2Nhr& m‘@d:m $hdrter ~nan

V354HUmanVT2vn+ 0 Ol Huma i H7 TK4 OHunmnVT2,
VT2vx1*+E. col F Eﬁlg?alﬁﬂ E%lﬂgnﬁﬂ’ﬁ% xi’l lb%%%?qo %hﬂm meRAvVT2vha, VT2vhb+
J. Immunol, 138, 4534-4538 (1987)). Injected

humanized antibodies will presumably have a half-_ife
essentially identical to naturally occurring humean
antibodies, allowing smaller and less frequent dcses

to be given.

In one aspect, the present invention is directed tc
recombinant polynucleotides encoding the heavy and/or liznt
chain CDR’s from an immunoglobulin capable of binding ths B
subunit of VT2, such as monoclonal antibody MuVTml.l. Tre
polynucleotides encoding these regions will typically be
joined to polynucleotides encoding appropriate human frarmework
regions. As tc the human framework region, a framework cx
variable region amino acid sequence of a CDR-providing ncn-
human immunoglobulin is compared with corresponding sequences
in a human immunoglobulin sequence collection, and a segusnce
having high homology is selected. Exemplary polynucleotides,
which on expression code for the polypeptide chains comgrising
the heavy and light chain CDR’s of monoclonal antibody
MuVTml.l are included in Fig. 1. Due to codor degenerac:. and
non~-critical amino-acid substitutions, other polynucleot:-.de
sequences can pe readily substituted for those sequences, as
detailed below. The design of humanized immunoglobulins may

be carried out as follows. When an amino acic falls unc=r the



* VI2vx is a novel subtype of VT2 variant 7 NO V 2002 31 Exanpl e 6:

G oning and se~uencina of mouse VIm .| variably reaion cDNAs Muse VT
(MuvTm . 1) heavy and light chain variable region cDNAs were cl oned frBNﬂVZWZ
MRNA i sol ated from hybridoma cells using anchored PCR (Co et al., J.

| munol . 198: 1199 (1992)). The 5 pﬂ6ners used anneal ed to the pon dG
tails added to the cDNA, and the 3' prinmers to the constant regions. The
anpl|ff@hl@%h@gf¢agﬁ@ﬁtslmeh@ fhenewaser eménpnaeicdhefpprabumanpud 8.

Nucl eog re.d nd t clones for

bot h and %ﬁic%ﬁgﬁ ﬁ%rs?hgg eavgegﬁgEBg]gﬁéﬁﬁgbl?Bgﬁggue§§equence was

i dentifépbiaceypbyrak dfamenoukeaneavyachdi Arear pabPB-pegivodingFoonthe ' _i ght
chai n, n e uPﬁﬂHﬁo QBST gswdgggg Qﬁggkggggguﬁgngouse | i ght chain variabl e
reglon sequences, ent| wev one sequence was not functional
because of ahﬁtamnng auahedhldeethamacam$edeaotwamegebmrbfathehe V-J
junction, and was identifjed a non- producti aIIeIe The ot her
sequence was t%/?%%ﬁo%ﬁl%F U f o»Lha.anan'%sleI1 appa'ﬁ%alnIW%Tlable region. The
vari abl e regqi dnmmnNﬁng@mﬂeJnceeSt OtfhathEpdSEBtvyorChafmlemmis tttee functi onal i ght
chain and the trans| ated amno. acid s quen re shown, in Figure 1. The

mouse V. sequéiite THUHGY Y IR 2 St pod‘%atw“%%%t -3 The

mouse VH bel onigs o Kedbntfsr hteava/nchamﬁh@gm@b@ypqliﬂt(@at 86 forv;: Desicn
of humani zed VIm .~ vari abl e reaions To retain the bin afflnltz of the

mouse anti b&B§ PRSEd CRuREnitHEd 3D EGC e 1GBREAAIE ﬁo@@d@ﬂ§§ of°Queer.
et al. were fadowed {Kueerpet; aby Proc. Natl. Acad. Sci. !'SA 86: 10029
(1989) and U.S. Patent Nos. 5, 585 089 and 5,,693, 762 The ch0|ce of
framewor k rESPRBANCaRCHE afi MIICAIT Rboetaithi R§ Ri GRRbITRdiEnG S&AFERAYL Y. | N

principle, a fé@f@a\@ukesaﬁrtt@ﬂ@@lét@mﬁ%aenansa@tI@@Qéfn cap serve@s the

tenpl ate for CDR grafting; however, has been denons rated that strai ght
CDR r epl acemenéiint 03B8chO et ?lhKWELQQ_sﬁéLQQ—iﬁéﬁeuéﬁk-cﬁﬁﬁI%%d zo

si gnificant |osgcef t)wti; ngrettéetwet theranbE gen; £ aser et al ., J.
| munol . 149: 2606 (I992 Tenpest et a Bi ot echnol oav 9: 266 (1992)

Shal aby et al. lngorE&patﬁédh61$121Vy(199@;§ncqhe mor e honnlogous a human
ant i body ' k@SR Af 14 Rle TSR A0y 4l dges, |d:kald, the human
f ramewor k |ntroduce distortions 1nto the nouse t hat coul reduce
affinity. Basedeghon @éqgeﬁcecﬁenﬁpegym@ea@@hohgatﬁs@nﬂhe Kabat dat abase
(Kabat el al. ?Hés'l?:g&;ﬁél% EhohS! Qélafﬂ”\?HQOEQHbcaLthBﬁ&?éEuﬁh ed.

U. S. Departnent of and Human Servi ces aman antlbody GF9
was chosen as pfovidinglgded hpaﬁemmuhegrépbgymoat:heh%vnfﬁﬁlt1e.r’mt| body.
Gther highly hofehoggusniingagcant ioodyochabBsopoutdaalse besguitable to
provi de the humani zed anti body f ranemoP especi al | % kappa I'i gh~ chains
from human subgvemgaﬂlannaumeavymehapgéobﬂéﬁﬂhaﬁaﬁ stibgpsapirnt as defined
by Kabat. The conputer prograns ABMOD and ENCAD (Levitt et al., J. Mol.
Biol, 168: 595 (1983)) were used to construct a nol ecul ar nodel of the

vTm . | F\miaameécajidrmd rdemiqhtm s ethe prabHte arheofariv@rdciads i n t he

VTrnl . t h tohe CDRs [o7s] i IIy i nt eract
Wit h them egsﬂ‘lllgh?% ISr?agne V gf'F;e'l';tvcgil—a‘r(d %@gh‘té ‘%l ﬁ 'Vari abl e
reglonaaLLHHJGDRs frontthe nmouse VT . | antibody were grafted into the
framework r |ons f n. GF9 ntlbod nmewor ko tlons wher e

t he conputer cPe?lo%Ih%%fe% g 1 g"H fl con cﬁurq? Qﬂ?hnec *the amino
aci ds femémasmmtaml m@yymbecsuhsélaeqm&)ropdmeaMy gljnat dhurman
framework am no aci ds. For # ni Y{ S _was ‘$ resi dues 29,
30, 99 Wiy T+ H&‘B%O% &w HRdC Y ”ﬁ%s%%%%e%e%t Jtrh Y599H chain.

Fur t hermat ey a I anesws &i4esd dveshébat o Dege $ egiremdte £ ar @ yows . t hei r
posi tions %n the database of human anti bodi es were reﬁisced by a human

consenste® BRF #3L tici B Gt SYRBERS hORi EPBRECL FRFIRRMEHT 24 this was done
at resigyesriot fc §roﬂ8te§9s%§deﬁ§ oh t8erbeavyasiivia @ﬂdtﬁén§e§MQHﬁ$ 3, 9,
19, 76, 79 and 8~ of the |ight chain. -~ Nov zoo02

or transfecting eukafyotic host cells, but contrcl sequences

for prokaryotic hoscs may alsc be used. Once the vector has

been incorporeted intoc the appropriate host, the nost is

maintained under conditions suitable fcr high levsl exprassion



33 The sequence of the humani zed VIm .1 anti body heavy chain and |ight

chain variable regions, including the initia;.ion codon and the signa?N V 2002
pepti de sequences, are shown in Figure 2. However, nany of the potent ap
CDR- contact residues are anmenable to substitutions of other am no acids

that may still allow the antibody to retain substantial affinity to the
antigen. The following table lists a hlnber of positions in the franmework
where alternative am no acids nmay be suitable (LC = Iight chain, HC = heavy

Chain)})ﬁAgyElgig%QQEi@@ SeRRaRFoed and, as desired, the collection

VT . 1ALt er pat | ¥estC QOKYHG: R9FSHE: BOSKHG 49ASHS 98 narn R K Li kewi se, many
of the framework residues not in Contact with the CDP,s in the humani zed
VT . | -heaby/ae@vyi gheiehdinereanr atcoanbdan elsebses + lkimhsnef ami no aci ds
fromth ondi sitl h i y, from ot her
human a%%%gﬁéﬁgg,g?r%ﬁ??ﬁeiﬁ%ggégg§%§?§naﬁ [ %gf,ygg$%$%ﬂiother nouse

ant i bodi es, Wh¢houtlgignafidanseghessesfof hehafpregsent ornnemt iomunogenicity
of the i zed.ant] The i I | S unber . of additiona
posi 11 ondbra et 0L Rs e kIR LPEL O Y ERP e alied eI ey “be St t el e
- 7 NOvantibol8#eIABLE BePHsrhednHuomna zedriety of different

VTm . 1Al ternativesLC- 3VLLC 4LM.C- 19 -7 NLC- 7OEQL C- 85VL,

VG, 1ECRS BL ReE SUERRS 7 TS VRS SoRPHEDSS. RVAY TV gets on of vari ous

al ternablygoanthecattds, mayche wsedct@ppneduse (¥egsions of bunandzed Vini . |
that have varying conbinatiops of affinit pecificity, noninmunogenicity,
ease of TREAGPALL UPE, "Ehd BFhBY Ae¥fraBF¥ éfoéeFt?E@?tTh%%?n%ﬂ%eéxanples in
the aboyeihahbespgtepefteecedehymnayanh E}/hﬂﬁéf@&igéqu@@&egfiéi m tation.
Exanpl e 8: Construction of humanized VInl .| Once the humani zed variabl e
regi on BAFAENacYdt88qlIRAESORRANHBERNAESPENBECAYCHESRY i BREH &BWke, genes

were copshiidated hayentadepkhemkpebudiseg, StdpabePEPPLLER: splice donor
signal s and appropriate restriction sites (Figure 2). The |light and heavy
chai n vBuPaBratiegi §a-glresfer engoRseFBRBY . ahd @hphifi edaligLag ei ght

over| appizng Syntheni Q10kkg0nkekaobiedeneangi-ad: hBokenghhehr AELapRoyi mat el y

65 to 80 bases, as shown in Figure 3 (see He et al. nmmunol . 160 1029

(1998)) refReedCicgos were anneal ed pai rwi se and extended with the Kl enow

fragment of DNA=ROlLIRLESE lregiiodl BiNAY skQUEndaublenshEandedateagpgnts. The
resulting fragnents were denatured, anneal ed, and extended with I<lenow,

yi el di n§ACRE PPEGNPRTE. WEHds&nPragRERCS MEEE dEARt ar Bariahealfelupair wi se,

and extendad oncg 2QQIM.raply ArNEY 12002 35pyicehdkngsa.f ukhphenghh gene. The
resul ting product was anplleqed by pol ynerise chain reaction ( ) using

Taq pol yaxdei sad §&@ LJui0267dd,. dil§estCoR’ i £RrXpapdugéncpthkfied again, and
subcl ongdiuiR iR bRl oF keedh AR VK (QkrRVEL §XP1ESSi gAnyester. The pvk

and pVgl vectors for the respective light chain _and heavy chain exgression
have bedepred dusiny mgessrliased (Esdd boslies glapable PEMBABR1INg480179

(1992))-antigens and produced in any convenient mammalian source,
including, mice, rats, rabbits, or other vertebrate capable of
producing antibodies by well known methods. Suitable source
cells for the polynucleotide sequences and host cells for
immunoglobulin expression and secretion can be obtained from a
number of sources, such as the American Type Culture

Collection (Catalogue of Cell lines and Hvbridomas, Fiftn

edition (1985) Rockville, Maryland, U.S.A., which is
incorporated herein by reference).

In addition to the humanized immunoglobulins specifically
described herein, other “substantially nomologous” modified
immunoglobulins can be readily designed and manufacturec
utilizing various recombinant DNA technigues well known to

those skilled in the art. For example, tne framework regions



The structure of the final plasmds were verified by nucl eotide sequencing
and restriction mappi ng. All CNA mani pul ati ons were performed by standard
met hods wel | -known to those skilled in the art. To construct a cel | ~I7 W&/ 2002
produci ng humani zed VIm .|, the heavy chain and |ight chain plasnm ds were
~ransfected into the nouse nyel oma cellB |ine Sp2/0-Agl4 (ATCC CRL 1581).
Before transfection, the heavy and |light chai n-containing plasmds were

l'i nearizau wsrpgfEspl thépps kv enas edye2fe s-car otfheeqmumﬂ@srmdrmamté ansf ect ed
into 1 10~ eIIs i BS. Transf ction el ectro; t|on usi ng a Cene
Pul ser f;%% ﬁssﬁél Bﬁgd?ma 3%%1 %1‘7%5 ﬁ:tarbdpatc‘?lf%ﬁb atldrding to the
manuf aCimIﬂf@fdeILBSérHﬁtﬁi’ODSns Thed cetl st foam each dhansflesct i omoveseep) at ed
in four_ 96-wel | t|§sg ]g_;ulture Iate% and a}@ter t wo dai sel ecti on nmedi um
(DVEM A0YRTERSY 2ExIHESLppE ehAER (SEYReyOT . 29 MRy} i MSchnt i heSd 1 | ug/ m
mycophesphgLyasid) nWasmBPpat £6n éétgrb@@psr O et il Yhlinddh Wegks, the clones

t hat appeared vvere screened for antibody production by ELISA. Antibody from

a hi gh-PPBEUeEhEOELoRE Rastpf epafed byl ¥ ok 1o t hel e ef$Re¥dl confl uency in
regul armgedicyen ¢ DVEM wit hhéO&eE@)ma%h@@ FePhac) Nedhfo MBS 8 M th a

serumfree nmedium ( H{bl’l doma” SMF; G bco) and cul turing until maxi num
ant i body2 £i-€E¥'s Oherelachpevedt fAhphauesl t3@) Thes ki@ T BEGEPST nat anr

run thrauobqgnaLotel Bed; Sepnananeafia! BN d PhaLincs alg1 204 P?Qy%}qﬂgygl uted

with O yci ne, p . neutra |zed and subsequ
exchangBdbERts Phosphate, blittered3gal i nel{PBS) (19he) purdtly of whechnti body

- ~ Nov, gognﬁg a\égal f’lé?% Bybgng%k&g ét on an acrylanm de gel, and its

concent Fati on vva eterm ne go read| ng, assuming 1.0 ng of

anti body pr of%éltﬁrhaslam@2@91ygagtmgeofra_gmenﬁacnqxhlergsuﬁmopeiyles of
humani z eAfL LN nt. T t f | nd HuvTm . |
ant i bodégfgr{%e%ot t(%&l nbw”‘?@?z E%QB tgf%S%%%P% Ixag bet I ve %I hding with
bi ot i nyWatied wamem;sapbsbedy ofﬁbeoprmceelummtﬁmglcbﬂeubxrpeacnemtLes

doscr]bad. bl ovrtnalef:DugLeqh LaborgLot) oo LVLon.2 S8 el plate (par

| ncubat édaamed? s @afyobe2 phbduiceh ggnph:etsha_{;ztmg c%@vagéedfoﬂﬁthhe VT2

sol ution, shed eac 4 tiges. with 900 ~1 o uffer (0.1% Tween

30 i PBEF R Beed TP PREF| YRiin “HOUM-Eh BPE P B coS BuBtr BROCECRIBeki g

Buf f er srnoBB&o(dm]ts %375]35) dasiredmlbespeoasute tioe 36ctons Asphgat ed of f

t he bl ocki ng_ ol ut she 900

Ut or - SH SeAER i THIGHDG5RG bRUErnGF a EN LN BF BRFHGHy “Rbxed wi th

vari ous f(ra@mmttrsatdromitefr tthkahehee magﬁ;enotol—prwﬂtelmabrbodl es in a

total v Itérr%eoft 100 (uI le CRI I’Jl_dl n #ijfgzr (lo 0%0/ Tgegn 20.in_PBS).

| ncubat 64 %" 4'C o iGht i h 3‘&& P8 SRakP Mg eAgﬁ ars ?’f]PHQlBﬁtl body

sol uti ovs. Anashed vea;crhawe)ll\llz-\ 4 ks (\MetehHéQ@oulef)fam/ashopuf;f_er Added 100

oo e gqa-;glﬁgmo%g%tﬁd strepay %'eréa&'?leoic%rI%Sn‘;aéeﬁé'é",\'zoﬂ“)) (1:500
immunoglobulin-related genes contain separate functional

regions, each having one or more distinct biological
activities, the genes may be fused to functional regions from
other genes to produce fusion proteins having novel
properties.

As stated previously, the polynucleotides will be
expressed in hosts after the sequences have been operably
linked to (i.e., positioned to ensure the functioning of) an
expression control sequence. These expression vectors are
typically replicable in the host organisms either as episomes
or as an integral part of the host chromosomal DNA. Commonly,
expression vectors will contain selection marker, e.g.,

tetracycline or neomycin, to permit detecticn ¢f those cells



- 7 NOV 2002 37 buffer) to each well. Incubated at 37 Cfor 1 hr with
gentl e shaking. Aspirated off the strepavidin solution. Washed each wel |
times with 400 ~1 of wash buffer. Added 100 ~cl /wel| peroxidase subgtNDé(t@UZ
(Bi oRad #1721069). Incubated at room tenperature until the color devel oped.
Read the plate in Ml ecular Devices ELISA plate reader at 915 nm The
result, shown in Figure 4, denonstratléd that the humani zed VTm .| anti body
conpetes wel| against the biotinylated nouse antibody in the conpetitive
ELI SA dg=ays faimet rwetl"f etéteordeéﬂrgdmﬁélﬁ éénpaneedst ¢ selke Mogse antS.body. The

affinit VT u u | Acore

nmet hod. B e c;ﬂ fq at eﬁ I\()f)l}orlffﬂt RS ﬁmnﬁgfg?éaalﬁ%%g%‘n% ely %%663%)?%?0 GM
versus 1.9 xE10z0t1 M faore toh@kwhry‘vifmc boas shexﬁmll patchecTabiLel;beﬂoaw TABLE
4 MuVTrnl . AHUVT K.+ 9.9 x 10" 10’ S-13.4
¥ Yo Qond¥y'§e ik oYl SeSand BrksdBe YhveRedin o ts 2inm
acti ~. mﬁcymﬁldﬂu\ﬁrasﬁtsl sthier amd et rf@ln lesrég iactiudiet paef 1HUYTEuch iss al so

nmeasur ed conpared to. .mouse l\énUV'E nbl nvitro assaxj& escri bed bel ow
i, (G Cer i LB Tt S RCHA SRS PP AC88 ote "o 56- vel | pl at &
at 1 xI¥1eehd sy avel dearet jid)cubat e ratoud? P@eﬁabmgﬁaﬁr spedidym was, aspirated

and 50ul of a mxed solution of 30ul of 540 pg/m VT2 solution diluted with
10% FCE TP BBMC 0¥ R San o fP s & Sé?l ng& FFPEE UM RS &S VEM

(nouse i dwnp zegy Mldd 1 1) doreiaicuRared sali 037 coh@irol RlequendedN 0 V 2002
38 compatible with the host cell (e.g., an origin of
replication). In addition, any number of a variety of well-
known promoters will be present, such as the lactose promoter
system, a tryptophan (trp) promoter system, a beta-lactamase
promoter system, or a promoter system from phage lambda. The
promoters will typically control expression, optionally with
an operator sequence, and have ribosome binding site sequences
and the like, for initiating and completing transcription and
translation.

Other microbes, such as yeast, may also be used for
expression. Saccharomyces is a preferred host, with suitable
vectors having expression control sequences, such as
promoters, including 3-phosphoglycerate kinase or other
glycolytic enzymes, and an origin of replication, terminacion
sequences and the like as desired.

In addition to microorganisms, mammalian tissue cell
culture may also be used to express and produce the

polypeptides of the present invention (see, Winnacker, From

Genes to Clones, VCH Publishers, N.Y., N.Y. (1987), whicn is
incorporated herein by reference). Eulkaryotic cells are
actually preferred, because a number of suitable host cell
lines capable of secreting intact immunoglobulins have been
developed in the art, and include the CHO cell lines, various
COS cell lines, Hela cells, preferably myeloma cell lines,
etc., or transformed B-cells of hybridomas. Expression
vectors for these cells can include expression ccntrol

sequences, such as an origin of replication, a promoter, and



was added onto each well and incubated at 37C for four days. 100pl cf
0.028% neutral red in mediumwas added to each well and incubated at 37C
for 1 hr (Ml lbacher, A et al., 19B9, Journal of |nmunol ogical Methkdds)V 200
68, 205215) . Solution was aspirated. Each well was washed twi ce with 150
~1 of PBS. 100u' _ of 50% EtOH/ 1 AcOH2fas added to each well and incubated
at roomtenperature for 5-10 mn. The absorption value at 550 nm was

r ecor dedhfpresadRueeh| ctusihg  alunbacdl aRePeviBdes 4BEICSA ( @Béﬁé,r@adeh

Neutral Lz Vi | cul rm

ooy V24 o 2EbRt 1P 628 e BT RISR] on 20y Rt on en Pl e drta al one) -
D (VTQnﬁbmmeﬁi@hesmEEB;abuzhngsacubwsbmeoblHdVBgislteenpaNedspmlwaTm I
is shomm in Fi ED50 for th versus 0.2
g7 S B P Loy SRR YA Rel A aar PR BEETOFEy PSR ORITAE FEIG oo

vari antgsqugnsbewn kpekdwrr&ABekpTekBivint conYtiakeaniksceguti-al i zi ng assay
wth HIVIme. | StrainsOiginToxin Typ Eg%g,&~. /m)E c%li ,
0157HURARVTS6783EEa0F BE6T (USOTAGTRRVIAPNGLI6E, SIAL: oRgpnovirus,

(V359) Eyran¥T2vh0.13%Ra 9okiusQ épt(:M@%)lHummﬂéT%w@ 32 16@ki. O 57: H7 (TK

90) HUumanVT2, VT2vx*0.35 * V' 1' ~vr;: Novel subtype of VI~ variant Exanple

11: Anal nsi & SfV@fﬁoéﬁtFS@EaFQGB@anédp9+2“%é§ePéd@@e&eqPﬁécﬁsaﬁé B
subuni § 5t weke tSqRaAL ed hBY neakyachy anigie ¢8laieorhiJHiRg SBSuaRdes

transferred to a
and expression control sequences) can be transferred intoc the
host cell by well-known methods, which vary depending on the
type of cellular host. For example, calcium chloride
transfection is commonly utilized for prokaryotic cells,
whereas calcium phosphate treatment or electroporation may be
used for other cellular hosts. (See, generally, Maniatis et
al., Molecular Cloning: A laboratory Manual, Cold Spring
Harbor Press (1982), which is incorporated herein by
reference.)

Once expressed, the whole antibodies, their dimers,
individual light and heavy chains, or otner immunoglobulin
forms of the present invention can be purified according to
standard procedures in the art, including ammonium sulfate
precipitation, affinity columns, column chromatography, cel

electrophoresis and the like (see, generally, Scopes, R.,

Protein Purification, Springer-Verlag, N.Y. (1982Z), which is
incorporated herein by reference). Substantially pure

immunoglobulins of at least about 90 to 95% homogeneity are
preferred, and 98 to 99% or more homogeneity most preferred,
for pharmaceutical uses. Once purified, partially or to
homogeneity as desired, the polypeptides may then be used
therapeutically (including extracorporeally) or in developing
and performing assay procedures, immunofluorescent stainings,
and the like. (See, generally, Immunological Mezhods, Vols. I
and II, Lefkovits and Pernis, eds., Academic Press, New York,
N.Y. (1979 and 1981).



7 NOV 2002 39 nitrocellul ose nenbrane (Bio Rad) by Western Blotting nethod.
The nitrocel | ul ose nenbrane was bl ocked overnight in 3% BSA in PBS and then
reacted with | Oug/m of HuVTm . _or rabbit anti-VT2 serum di | ut ed wit/hNGo002
BSA in PBS for 1 hr. at r.t. The nenbrane was washed 6 tinmes with 1%

BSA- PBS and reacted with 25~g/ m al kal i ne phosphazase conj ugat ed goat
anti-human 1gG (TAGD) or al kaline ph@sphat ase conjugated goat anti-rabbit
lgG (TACO diluted with 3% BSA in PBS for 1 hr. at r.t. The menbrane was
washed 6 ti#bs whneglBsalifnsPeS &hd peaseed whvAnNNBIn(Witio- Bl ue

Tetrazpj |\ (o] AT ~-BCLR: (5B -4- -3 ol yepho
p-ToIu?gF%ghggptflgg?ﬁﬁfo%hﬁﬁ&gﬂgg?ﬁyo%nggkggg}ggtLﬁgt£ggﬁg %ggﬁ%fsshomn in
Fi gureof VadbtatesptrbaticiHoyThl. . lcogdi ngTRab | ynbentdsohoahbdeH&8nsipunct of VT2.
Exanpl Vivo_act,i

12:. 1 it ~r of, HuVInm .| . aaainst DAY m ce (NLppon SLC)
worort RFEEEEa v YBRE by Enals T ol BelF PRTAZhag V07 S EFFETI A PV I
MIVTM whyobfPBSamPie bour nbat éimimeceoner eomnj egbedali ditbesénstapesi t oneal
(i.p.) route with 96 ng of 2 or r espondi to 10.LDS~), After a week,
Ui abi 1 PEJEEPLA £Rrd SRERer oa T Inget DR Aot Sbra L Shoas PRel fEstDt
HUVTM thecompl, etreny 1petsgtihs tiiope thanbdeahhdeadged by VI2. TABLE 6
TREATMENTSURVI VORSPBS1000 ,( 5/ 5) VT20o §0/ 5) HuVTmt . 1 + VT2100% (5/5) MivTni . 1
+ VT2100. (5h5) DEMGRIASE FEFEGeogPULenRi PPpBhapprEErateatt hat t he

hunani zegplo¥TtRemsokidrRs folb it ke ipr eseBhtiBMeREORaRtien1AUIRr QSTul
advant ages over other anti VT specific antibodies. In conparison to nouse
nonocl Rl PEFEIBESdidds 2 HE 1FeSedCrhufafi- ze§UPRHEAOEPBBUY ns cont ai n

subst antyialam d88% NQNRBR rand pefenti.al vl %H?%Q%@ii%némfai) aci d

sequences. This .educed likelihood of "antigenicity after injection =n~o
parenteral administration will commonly comprise a solution of
the immunoglobulin or a cocktail thereof dissolved in an
acceptable carrier, preferably an aqueocus carrier. A variety
of aqueous carriers can be used, e.g., water, buffered water,
0.4% saline, 0.3% glycine, 5% glucose, "human albumin solution
and the like. These solutions are sterile and generally free
of particulate matter. These compositions may be sterilized
by conventional, well-known sterilization techniques. The
compositions may contain pharmaceutically acceptable auxiliary
substances as required to approximate physiological conditions
such as pH adjusting and buffering agents, tonicity agents,
toxicit, adjusting agents and the like, for example sodiur
acetate, sodium chloride, potassium chloride, calcium
chloride, sodium lactate, sodium citrate, etc. The
concentration of immunoglobulin in these formulations can vary
widely, i.e., from the less than about 0.5%, usually at least
about 1% to as much a 15 or 20% by weight and will be selscrted
primarily based on fluid volumes, viscosities, etc., in
accordance with the particular mode of administration
selected.

Thus, a typical pharmaceutical composition for injeczion
could bs made up to contain 1 ml sterile buffered water, zand
1-10 mg of immunoglobulin. A typical composition for
intraverous infusion could be made up to contain 250 ml c?

sterile Ringer’s solution, and 150 mg ¢Z immuncglobulan.



- ~ ~ov 2a02 @ a human patient represents a significant therapeutic

i nprovenent. Ali publications and patent applications cited above are

herein incorporated by reference to the sane extent as if each i ndi vi dJWV 2002
publication or patent application was specifically and individually
indicated to be incorporated by refer®nce. Al though r.he present invention
has been described in sone detail by way of illustration and exanple for

pur posaatqtalctnartintquarﬂbrurpierp&traml@i RGrentaMllyl abeiappatant et hat certain

changes and nodi ficat.i on% naH%] practiced wthin the scope of the appended
cl ai meCOMPOSIT/ONS, 32 4 Per o(‘f’lnaloﬁ% BRI RNy tPhéhPﬁ\?eﬁ*ﬂér%eéir eNa&hfol | ows:

1. A hypmanizzed sant idady ithal isPeeid %Itlamblmds fbe ¥ldmand/ or VT2 variant.
2. A humani zed antl body t hat speC| fically binds to the subunit of VT2

and/ or Remangtoniignithagimagentigaila§cl encethd SHhurhi z &8 cantiwddysonacl ai m 1
that n hZes M2, andd r t T uggni ady of claim
2 thateghg P32|§€§ Vfg aﬁﬁ?bxmv?%ﬁﬁgﬁpgﬁﬁﬂ %2 ﬂuggnﬁﬁgg %% gﬁlgerlc
ant|bodyreh@thwsnfﬁﬂnﬁnﬂqed or chimeric forntof mouse anti body VIm -1, the
nouse antib | i ai.n._var.i ~egi.on shomn
in Fig. 1B gﬁ% a fpﬁ%aldﬁ%%%ﬁgb effééf%ﬁkéﬁgwﬁgﬁn%ﬁu%QBQE %

anti bodyopﬂnatlmrbeﬁ@s M aregusel areddredy tMTedlih fRosudpedlfs ¢ b! nd| ng to
VT2 andlo M AN, Je £ TN A0 ANLDGdY Bl AN BNE o gLal e 1 to 6
conpr|S|ng conﬁtenentar deternlnlng regi ons fromthe nouse m1l-1
ant|bodﬁf&mdnheavylehutdmxﬁntxduahtnmmun&bbdomegu@m famamewar-ksicwnom t he
human gHH_bod Qeav and(&t q§5n1£J qu%rks ﬁprgﬁtded that at | east
one posi §€1edteﬁ ? e %; COhsi® ﬁ& 5 A gn H#ﬁg H49 and
HO8, i Stomdp'ﬂ axk m/pptmcmniemb k@Cltdqqmeesemt lied tilme téguiaral emtatposi tion of

t he noyse VIn -1 anti body heavy or_ 1ight chai,n v r|ab e r.edi f r amewor Kk,
wht ch YRR e St PBORE SHEaT T O 1 R (ARGt QR T WA B

af fini tof cienstresy 1l det WeenaddiviMyl bdek t @n-4.0l dutthne aafnfviemittiybrefl t he nouse
VT -1 anti bod 8..The h ni ze tibody of claim?7, prOV|ded t hat each
posi {1 ORTRHIDA P ] BTt b YU ROSTS (1Y GF° U9 1956 390, 2G¥4Y St 1o
is occupiad dyart h:egenmolta@dt:cbsa)r esedtcidt e aquieial enty pesid ienef the
nouse ¥gﬂ¥-1 anti bod heav% or light chain variable region franework. 9.

The hufEhiYEFAnt? bodY oS¢ %i m 8, provided that at |east one position

sel ected fromd heoxgp@s:ptténs Ldontdfhidg bhd fheddtt, Hdhartred®d, H79, H39

and H93 i s occu by an antno aC|d esent in the e ulvalent osition of
a human3HG Y gé@% BF #ightkichnt nti %ﬁ?ﬁ% & Humani zed

ant i booyh of agd @t 1t 9o r PpOYPHETa & thad e@@éttxﬁmdél ortrseirecztaqﬁtftrlc&n t he group
L3, L4, L19, L76, L79, L85, Hl, H4, H79, HB9 and HI93 is occupied by an
am no ARRILHFESEAE i ROTRES LHPNEI 2hE ?)%t’tlt%"ner(ﬁd & hirdit Erfitbody heavy or

i ght chpl&agPnseREdsif8U¥eRREYerotoxin producing E. coli (VTEC)

infection and Hemolytic Uremic Syndrome (HUS), or other toxic

manifestations from VT2 antigens, in an amount sufficien: to
cure or at least partially arrest the toxic syndrome and its
complications. An amount adequate to accomplish this 1is
defined as a “therapeutically effective dose.” 1In prophylatic
applications, compositions are administered to patients at
risk of infection in an amount sufficient to prevent or
detectably inhibit such infectaon and/or toxic manifestation
thereof due to VT2 antigens. Amounts effective for such uses
depend upon the severity of the disease and the general state
of the patient’s own immune system, but generally range from
about 0.1 to 5 mg/kg of immunoglobulin per patient dose being
commonly used. It must be kept in mind that the materials of

this 1nvention may generally be employed in serious disease



11. The humani zed anti body of any one of clainms 1 to 6 conprising a heavy
chain variable region shown in Fig. 2A and a light chain variable region
shown in Fig. 2B provided that one or nore positions sel ected fronrt%@ﬂvzm?
group consi sting of L49, H29, H30, - 7 NOV 2UU 42 H49, H98, L3, L4, L19,
L76, L79, L85, Hi, H4, H5, H79, H89 and HI93 nmay be substituted as shomn in
Tables 2 and 3. 12 The humani zed an?ﬁbody of any one of clainms 1 to 6,
conprising a heavy chain variable region shown in Fig. 2A and a light chain
vari abP&ategi ofihslhows iLafFrghroptendngThe hekemtyedl antibody of any one of

ol ai 5 1,98, 60 SlaAG oA sNUMBRT 260 hegyds chahnyhayi gg @kl east 85%

identity with humani zed heavy chain shown in Fig. 2A and a humani zed
light ohaimikaviieg @it E@&§5n85W§séqbéhéécﬁﬁeﬁ@@t?h@n1@W©he humani zed | i ght

chain BROMLLLN B0 0B RLoYhdednt iahoal Ledak, pOEPORLLY 00 88! ected from

t he group consi's |ng o] IS occuplred by the
am no acmdewm@sewttm@ mheseqmlhamenuzpdsummonogiobhélnsusé Vitnk- 1 anti body

heavy or ht chai_n ,vari abhl. Le n_fra uneni zed anti body
of any 8H§ % ailtts T f@sél%wﬁegggnm?ﬁeggm? Ebd e%%ﬁ% |se2 th pairs of

l'i ght | heawyt ichaiohydiingres, tehedeiinieach ehabnacofpli seseas¥ar babtresegi on
and a const ant 15. The humani zed anti body of any one of clains 1 to
6, whi ¢ §ﬁgffﬁbnent or a F(ab')2, 16. The humani zed antibody of any
one of clai mEinited & inulpuipilfl edmfiatiBrrd?iotbeobunnai zetpast thody of any
one of clains to 6 i ch _has, an LgG-.i mmuno ulin isot

ot hod SO T dEE T hifin Sad OPaP- 1 SRtPoBRy. DORBF IS PRG B PEAPFRE A cel |
l'ine, whi ahheencadasi hieahy sAand ani. ght[nCl%alyneOBaltnStﬁfa pherhaaaniczedlant i body

O 218 S0 L ST L, G LoD Ll Durmnzed ant body 1 exprcosed

met hod Gfm@ded B8l i Wt her AP ninsicnd iFnXisng £t he cant ibody reickhvaly

pharnacgggét tgg'gggf éf@le Garner to produce a pharmaceutical comnposition.

In particular embodiments, compositions comprising
humanized immunoglobulin of the present invention may be used
to detect VT2 antigens in Verotoxin producing E. coli (VTEC)
infection and Hemolytic Uremic Syndrome (HUS) and/or in other
infections producing VT2 or VT2V. Thus, a humanized
immunoglobulin of the present invention, such as & humanized
immunoglobulin that binds to the antigen determinant
identified by the MuVTml.l antibody may be labelea and used to
identify anatomic sites that contain significant
concentrations of VT2 or VT2V. For example but not for
limitation, one or more labeling moieties may be attached to
the humanized immunoglobulin. Exemplary labeling moietaies
include, but are not limited to, radiopaque dyes,
radiocontrast agents, fluorescent molecules, spir-labeled
molecules, enzymes, or other labeling moieties of diagnestic
value, particularly in radiologic or magnetic rescnance
imaging techniques.
Humanized immunoglobulins of the present invention can

further find a wide variety of utilizes in vitro. By way of
example, the immunoglobulins can be utilized for cetection of

VT2 antigens, or the like.



20. A pharmaceutical conposition conprising the humani zed anti body of any
one of clains 1 to 6 and a pharnmaceutically acceptable carrier. 21. A

phar maceut i cal conposition conprising the humani zed anti body of cl ai-rit &Y B!
a chinmeric antibody of claim5 and a pharmaceutically acceptable carrier.

22. A method of treating a patient suWddering or at risk of toxic effects
froma verotoxin, conprising admnistering to the patient an effective
dosage of a Hwirediagndamenirregcerds badye timatursygdeidu lciald ymdy refist rtex

ver ot oxin II nd/ or verot |n I ri.ant.. 23: The od of cl m22
wher ei 15t Hé aaﬁt ({)odry Hor yles Wi t A ursléadann}nﬁlc?d)yg]\r}%grﬁmjln? or®'§peci fi c
bi ndi ngstem \aafoic@n@mdﬂlcof wietrotat g Iﬂaba?ifeioaruntmodﬂesl\l%é’d:bﬂd? 43 24. The

met hod of ¢l ajm 22, vvherelnthe humanl ntlbo specifically binds to
VT2 andiort ARt o8 rﬁﬁa&tr?e‘f%d“o‘ i l%fgr ein the humani zed

ant i bodymgpesd fdwal 11y, kiuids 49 atﬁtel&csltawmgie@ffl\éréf@mdimaMZ variant. 26.
The net hod of claim?22, wherein the humanized anti| bOd%/thPeCI fically binds
to VT2 Ry \A Lin  Cons Wit dd o ze S WFEF "aidl 67 L RRariant. 27. The

net hod iGfmcd & Te A2 i Wherai b he duuven} zegheaandd body spesifd €addy dinds to
the B subunit of VT2 and/or the B subunlt of VT2 variant and neutralizes
VT2 and/adre Meronaary @t me by e onn s Yt it IGFiQri Gh 222 S mheY ¥ RSt he anti body i s

a humand a0t | Hodyme Wiedt i St & hutpniedtJdR Of s | hen ipkse Vim -1
anti body. 9 The nethod of clai m22, Wherein the anti body is a hunmani zed

ant i bodyn e 9% ngl B0 aredsy y( RS FEWha 1 bl @ Bteji D shibwn | IR ERUDA and a
light chglds vaFi aRh€noassays are available and are well known to

those skilled in the art.

Kits can also be supplied for use with the subject
immunoglobulins in the protection against or detection of a
cellular activity or for the presence of a selected antigen.
Thus, the subject immunoglobulin composition of the present
invention may be provided, usually in a lyophilized form in a
container, either alone or in conjunction with additional
antibodies specific for the desired cell type. The
immunoglobulins, which may be conjugated to a label or toxin,
or unconjugated, are included in the kits with buffers, such
as Tris, phosphate, carbonate, etc., stabilizers,
preservatives, biocides, inert proteins, e.g., serum alpumin,
or the like, and a set of instructions for use. Generally,
these materials will be present in less than about 5% wt.
based on the amount of active immunoglobulin, and usually
present in total amount of at least about 0.001% wt. based
again on the immunoglobulin concentration. Frequently, it
will be desirable to include an inert extender or excipient to
dilute the active ingredients, where the excipient may be
present in from about 1 to 99% wt. of the total composition.
Where a second antibody capable of binding to the
immunoglobulin is employed in an assay, this will usually be
present in a separate vial. The second antibody is typically
conjugated to a label and formulated in an analogous manner

with ths immunogiobulin formulations descriped above.



region shown in Fig. 2B. 30. The nethod of claim 22, wherein the patient is
infected with verotoxin producing E. coli and the antibody is adninis%pmﬁp
therapeutically. 31. The method of claim22, wherein the patient is at 4002
of infection by verotoxin producing E. coli and the antibody is

adm ni stered prophylactically. 32. The nethod of claim 30, further
conmprising monitoring the patient fot>recovery fromthe toxic effects of
verotoxin Il or verotoxin Il variant. 33. A cell line that produces the

ant i bédynagy PR baeHesf claims 1 to 6. 34. A nethod of treating a patient

suffering of alhddride Asged ©efHRCtS Jd M Vel pt0X dht iGN ihg £
admnistering to the patient an effective dosage of a chineric antibody of

cl ai m®me3E.e Aiddar sl ‘At d bodiet Huitn Sigetitd ¢ 1ot Bilids &t @vT2 andl or VT2
vari ant,, sihstant{ aldy @E@Wﬂeed described with reference to any one
utica

of the exanples.” 36. A pharnac conposition conprising a humani sed
anti body of claim35 together with a pharnmaceutically acceptable carrier.

S Ay sec Tl Sy dbothepr oduced by he methog of claimis, 35, A
37 toget herTiva tde sl gherprecectt | Tad | 3n accept ladd ve oAl ifersi@0.paA tnerani zed
ant) baty At poectfd L L g L dereb il ARl Araeig oo T
from Demerimdioxier al-, HNKM RO 2:361-367 (1983); Oestberg, U.S.

Patent No. 4,634,664; and Engleman et al., US Patent 4,634,666

(each of which is incorporated by reference in 1ts entirety

for all purposes). The antibody-producing cell lines obtained

by this methed are called triomas, because they are descended

from three cells--two human and one mouse. Initially, a mouse

myeloma line is fused with a human B-lymphocyte to obtain a

non-antibody-producing xenogeneic hybrid cell, such as the

SPAZ-4 cell line described by Oestberg, supra. The xenogeneic

cell is then fused with an immunized human B-lymphocyte to

obtain an antibody-producing trioma cell line. Triomas have

been found to produce antibody more stably than ordinary

hybridomas made from human cells.

The B-lymphocytes are obtained from the blood, spleen,

lymph nodes or bone marrow of a human donor. In vivo

immunization of a living human with verotoxin II or verotoxain

IT variant is usually undesirable because of the risk of

initiating a harmful response. Thus, B-lymphocytes are

usually immunized in vitro with these antigens or an antigenic

fragment of either of these, or a cell bearing either of

these. B-lymphocytes are typically exposed to antigen Zfor a

period of 7-14 days in a media such as RPMI-1640 (see

Engleman, supra) supplemented with 10% human serum.

The immunized B-lymphocytes are fused to a xenogeneic

hybrid cell such as SPAZ-4 by well known methods. For

example, the cells are treated with 40-50% polyethylene glycol

of MW 1000-4000, at about 37 degrees, for about 5-10 min.

Cells are separated from the fusicn mixture and propagated in



44 40. The humani zed anti body according to claim 39 wherein the anti body
conpetes with nouse antibody VIm -1 for specific binding to verotoxin lNOVOﬁlDZ
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expression of recombinant or humanized immunoglobulins.

b. Transgenic Non-Human Mammals

Human antibodies reactive with verotoxin II and/or
verotoxin II toxin can also be produced from non-human
transgenic mammals having transgenes encoding at least a
segment of the human immunoglobulin locus. Usually, the
endogenous immunoglobulin locus of such transgenic mammals 1s
functionally inactivated. Preferably, the segment of the
human immunoglobulin locus includes unrearranged sequences of
heavy and light chain components. Both inactaivation of
endogenous immunoglobulin genes and introduction of exogenous
immunoglobulin genes can be achieved by targeted homologous
recombination, or by introduction of YAC chromosomes. The
transgenic mammals resulting from this process are capable of
functionally rearranging the immunoglobulin component
sequences, and expressing a repertoire of antibodies of
various 1sotypes encoded by human immunogliobulin genes,
without expressing endogenous immunoglobulin genes. The
production and properties of mammals having these properties
are described in detail by, e.g., Lonberg et al., W0S3/12227
(1993); Kucherlapati, WO 91/10741 (1991) (each of which is
incorporated by reference in its entirety for all purposes).

Transgenic mice are particularly suitable. Antibodies ars
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EXPERIMENTAL

Example 1: Immunization of mice with VT2 tozoid

VT2 was prepared as described by Oku et al., Microb.
Pathog., 1989, 6(2), 113-122. The VT2 toxoid was prepared by
treating 1 mg of purified VT2 for 7 days at 37°C with 0.4%
formaldehyde in 0.1 M phosphate buffer, pH 7.6.

Balb/c mice (Nippon Charles River) were immunized with
VT2 toxoid (0.5pg) combined with Freund’s Complete Adjuvant
(Gibco BRL) by intraperitoneal (i.p.) injection. After about
4 weeks, the mice received VT2 toxoid (1 ug) combined with
Freund’s Complete Adjuvant by i.p. injection. Then the mice
received VT2 toxoid (1l pg twice, 4 pg twice, 5pg once)
combined with Freund’s Incomplete Adjuvant by i.p. injection
sequentially at an interval of 1 to 5 weeks.

Mice were bled by cutting the tail vein and serum was
collected by incubation of the blood for 30 min. at 37°C and
centrifugation at 3000 rpm for 10 min. The serum titer
against VT2 was measured by ELISA as follows:

Each well of 96 well flat bottomed plate (Falcon 3%12,
Becton Dickinson) was coated with 50 pl of 1 ug/ml VT2
diluted with 0.01 M phosphate buffered saline (PBS) and
incubated at r.t. for 1 hr.

Fach well was washed 3 times with PBS - 0.05% Tweer. 20.
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Example 2. Construction of hvbridoma bv cell fusion method

Mice whose serum contained antibodies reactive against
VT2 were chosen and splenectomized. 5 X 107 spleen cells and
5 X 10% P3 X 63 Ag8BU.1 (P3Ul) mouse myeloma cells were
combined and washed once with RPMI 1640 medium and centrifuged
at 1500 rpm for 5 min. The cell pellet was gently dispersed
and resuspended in 1 ml of polyethyleneglycol (PEG) solution
(containing RPMI 1640 medium 5.75 ml + PEG 3.5 ml +
dimethylsulfoxide 0.75 ml) and gently rotated for 2 min. Then
1 ml of RPMI medium was added and rotated for 2 min. After
that, 2 ml of RPMI medium was added and rotated for 2 min. 4
ml of GIT-HAT medium (95uM hypoxanthine, 0.4 uM aminopterin,
1.6 pM thymidine, 5% FCS) was added and rotated for 2 min.
Then 8 ml of GIT-HAT medium was added and rotated for 2 min.
After 30 min. incubation at 37°C the cell suspension was
delivered into each well of the 96 well flat bottomed plate
inoculated with 10Y mouse peritoneal macrophage/well. The
plate was incubated at 37°C in 5% CO2 - 95% air incubator for
one week. Then half of the medium in each well was replaced

with fresh GIT-HT medium (GIT-HAT medium without aminoferin)
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hybridoma supernatant and 30 pl of 200 pg/ml VT2 in
10% FCS-MEM.
The plate was incubated at 37°C for 1 hr.
50pl of the above solution was added to each well of a 96
well flat bottomed plate on which a Vero cell (ATCC)
was inoculated (4x10° cells/well).
The plate was incubated at 37°C for 4 days in a 5% CO02 -
95% air incubator.
100 pl of a 0.014% neutral red solution was added to
each well.
The plate was incubated at 37°C for 1 hr. to stain Zive
cells.
After washing the well with PBS, 100 pl of 50% ethanol
solution containing 1% acetic acid (ETOH-AcOH) solution
was added to each well.

The absocorption at 550 nm was measured and recorded for

each well.

Example 4: Cloning of hybridoma cells
Cloning of hybridoma cells was conducted by limiting

dilution. One to two hybridoma cells were added to each well
of a 96 well flat bottomed plate previously inoculated with
10* mouse peritoneal macrophages as the feeder cells. AZter

about 2 weeks, tne supernatant was measured for the binaing tc<
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VT2 and neutralization against VT2 as described in Examples 1
and 3, respectively. By repeating this cloning procedure
several times as described above, a hybridoma cell clone

secreting a monoclonal antibody (MuVTml.l) which neutralizes
VT2 was established.

Example 5: Purification of MuVTml.1

The hybridoma cells secreting MuVTml.l were adapted to
eRDF basal serum free medium containing insulin, transferrin,
ethanolamine, and selenite. The culture supernatant was
passed over a Protein G sepharose column (Pharmacia) and the
antibodv eluted using standard methods. The purity cf the
antibody was verified by polyacrylamide gel electrophoresis
(PAGE), and its concentration was determined by SRID. The
purified MuVTml.l was tested for its ability to neutralize VT2

variants as described in Example 3. The results are presented
in the table below and in Figure 7.

TABLE 1

Neutralizing Activity of MuVTml.l Against

Various VT2 Variants

Strains Toxin Type Neutralizati
Origin on

E. coli 0157 V50 Human VT2vh +
E. coli 0157 v354 Human VT2vn +
E. coli 0157 V601 Human ? +
E. coli 0157:H7 Human VT2, VT2vx1l~* +
TK40

E. coli 0157:H7 Human VT2vxl +
TK51

E. coli 081:H21 Human VT2vha, +

VT2vhb

* VT2vx 1is a novel subtype of VT2 variant
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Mouse VIml.1l {(MuVTml.1l) heavy and light chain variable

region cDNAs were cloned from mRNA isolated from hybridoma
cells using anchored PCR (Co et al., J. TImmunol. 148: 1149
(1992)). The 5’ primers used annealed to the poly-dG tails
added to the cDNA, and the 3’ primers to the constant
regions. The amplified gene fragments were then inserted
into the plasmid pUCl8. Nucleotide sequences were
determined from several independent clones for both Vi and
Vy cDNA. For the heavy chain, a single, unique sequence was
identified, typical of a mouse heavy chain variable region.
For the light chain, two unique sequences, both homologous
to mouse light chain variable region sequences, were
identified. However, one sequence was not functional
because of a missing nucleotide that caused a frame shift at
the V-J junction, and was identified as the non-productive
allele. The other sequence was typical of a functional
mouse kappa chain variable region. The variable region cDNA
sequences of the heavy chain and the functional light chain
and the translated amino acid sequences are shown in Figure
1. The mouse V, sequence belongs to Kabat’s mouse kappa

chain subgroup V. The mouse Vy belongs to Kabat’s heavy

chain subgroup III(D).

Example 7: Design of humanized VTml.l variable regions

To retain the binding affinity of the mouse antibocy in
the humanized antibody, the general procedures of Queen et
al. were followed (Queen et al. Proc. Natl. Acad. Sci. USA

86: 10029 (1989) and U.S. Patent Nos. 5,585,089 and

5,693,762). The choice of framework residues can be
critical in retaining high binding affinity. In principle,
a framework sequence from any human antibody can serve as
the template for CDR grafting; however, it has been

demonstrated that straight CDR replacement 1into 3uch a
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J. Exp, Med. 17:217 (1992)). The more homologous a human

antibody is to the original mouse antibody, the less likely
will the human framework introduce distortions into the
mouse CDRs that could reduce affinity. Based on a sequence
homology search against the Kabat database (Kabat et al.,

Sequences of Proteins of Immunological Interest, 5th ed.,

U.S. Department of Health and Human Services, 1991), the
human antibody GF4 was chosen as providing good framework
homology to the MuVTml.1l antibody. Other highly homologous
human antibody chains would also be suitable to provide the
humanized antibody framework, especially kappa light chains
from human subgroup III and heavy chains from human subgroup
ITI as defined by Kabat.

The computer programs ABMOD and ENCAD (Levitt et al.,
J. Mol. Biol. 168: 595 (1983)) were used to construct a

molecular model of the VIml.l variable domain, which was

used to locate the amino acids in the VTml.l framework that
are close enough to the CDRs to potentially interact with
them. To design the humanized VIml.l heavy and light chain
variable regions, the CDRs from the mouse VTml.l antibody
were grafted into the framework regions of the human GF4
antibody. At framework positions where the computer model
suggested significant contact with the CDRs, the amino acids
from the mouse antibody were substituted for the original
human framework amino acids. For humanized VTml.1l, this was
done at residues 29, 30, 49 and 98 of the heavy chain and at
residue 49 of the light chain. Furthermore, framework
residues that occurred only rarely at their positions in the
database of human antibodies were replaced by a human
consensus amino acid at those positions. For humanized
VIml.l this was done at residues 1, 4, 5, 79, 8% and 93 of
the heavy chain and at residues 3, 4, 19, 76, 79 and 8535 of
the light chain.
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10 chain and light chain variable regions, including the

initiation codon and the signal peptide sequences, are shown

in Figure 2. However, many of the potential CDR-contact

residues are amenable to substitutions of other amino acids

that may still allow the antibody to retain substantial

affinity to the antigen. The following table lists a number

of positions in the framework where alternative amino acids

may be suitable (LC = light chain, HC = heavy chain).

TABLE 2
Position Humanized VIml.1 Alternatives
LC-49 K Y
HC-29 F S
HC-30 S K
HC-49 A S
HC-98 R K

Likewise, many of the framework residues not in contact
with the CDRs in the humanized VTml.1l-heavy and light chains
can accommodate substitutions of amino acids from the
corresponding positions of the human GF4 antibody, from
other human antibodies, from the mcuse VIml.l antibody, or
from other mouse antibodies, without significant loss of the
affinity or non-immunogenicity of the humanized antibody.
The following table lists a number of additional positions
in the framework where alternative amino acids may be

suitable.
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Selection of various alternative amino acids may be
used to produce versions of humanized VTml.l that have
varying combinations of affinity, specificity, non-
immunogenicity, ease of manufacture, and other desirable
properties. Thus, the examples in the above tables are

offered by way of illustration, not of limitation.

Example 8: Construction of humanized VTml.1

Once the humanized variable region amino acid sequences
had been designed as described above, genes were constructed
to encode them, including signal peptides, splice donor
signals and appropriate restriction sites (Figure 2). The
light and heavy chain variable region genes were constructed
and amplified using eight overlapping synthetic
oligonucleotides ranging in length from approximately 65 to

80 bases, as shown in Figure 3 (see He et al. J. Immunol.

160: 1029 (1998)). The oligos were annealed pairwise and
extended with the Klenow fragment of DNA polymerase I,
yielding four double-stranded fragments. The resulting
fragments were denatured, annealed, and extended with
Klenow, yielding two fragments. These fragments were

denatured, annealed pairwise, and extended once again,
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polymerase, gel-purified, digested with Xbal, gel-purified

again, and subcloned into the Xbal site of the pVk or pvgl

expression vector. The pVk and pVgl vectors for the

respective light chain and heavy chain expression have been

previously described (see Co et al.,_J. Immunol. 148:1149
(1992)).

The structure of the final plasmids were verified by
nucleotide sequencing and restriction mapping. All DNA
manipulations were performed by standard methods well-known
to those skilled in the art.

To construct a cell line producing humanized VIml.1,
the heavy chain and light chain plasmids were transfected
into the mouse myeloma cell line Sp2/0-Agl4 (ATCC CRL 1581).
Before transfection, the heavy and light chain-containing
plasmids were linearized using FspI. Approximately 20 ug of
each plasmid was transfected into 1 x 107 cells in PBS.
Transfection was by electroporation using a Gene Pulser
apparatus (BioRad) at 360 V and 25 uFD capacitance according
to the manufacturer’s instructions. The cells from each
transfection were plated in four 96-well tissue culture
plates, and after two days, selection medium (DMEM, 10% FCS,
1 x HT supplement (Sigma), 0.25 mg/ml xanthine, 1 ug/ml
mycophenolic acid) was applied.

After approximately two weeks, the clones that appeared
were screened for antibody production by ELISA. Antibody
from a high-producing clone was prepared by growing the
cells to confluency in regular medium (DMEM with 10% FCS),
then replacing the medium with a serum-free medium
(Hybridoma SMF; Gibco) and culturing until maximum antibody
titers were achieved in the culture. The culture
supernatant was run through a protein A-Sepharose column
(Pharmacia); antibody was eluted with 0.1 M Glycine, 100 mM
NaCl, pH 3, neutralized and subsequently exchanged into

phosphate-buffered saline (PBS). The purity of the antibody
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experiment 1is described below:

Coated Dynatech Laboratories Immulon 2 96-well plate
(part #0110103455) with 50 wl VT2 solution (0.2
ug/ml in PBS) per well. Incubated at 37 ‘C for 2 hr
with gentle shaking.

Aspirated off the VT2 solution. Washed each well 4
times with 400 ul of wash buffer (0.1% Tween 20 in
PBS) .

Blocked each well with 400 wl of Pierce SuperBlock
Blocking Buffer in PBS (cat #37515) at room

temperature for 30 min.

Aspirated off the blocking solution. Washed each well
4 times with 400 wl of wash buffer.

In each well added 20 ng biotinylated MuVTml.l antibody
mixed with various concentrations of unlabeled mouse
or Hu VTml.1l antibodies in a total volume of 100 ul
in binding buffer (1% BSA, 0.1% Tween 20 in PBS).
Incubated at 4 °C overnight with gentle
shaking.Aspirated off the antibody solutions.

Washed each well 4 times with 400 ul of wash buffer.

Added 100 ul of peroxidase-conjugated strepavidin
(Bioscource cat #5NN2004) (1:500 dilution in binding
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The result, shown in Figure 4, demonstrated that the
humanized VTml.1l antibody competes well against the
biotinylated mouse antibody in the competitive ELISA assay,
within a factor of 2 when compared to the mouse antibody.

The affinity of HuvTml.l and MuVIml.l is also
calculated using the BIAcore method. The calculated K, for
the HuVTml.l is approximately 3.6 x 10" M versus 1.9 x 10°*
M for the Mu VTml.l as shown in the Table below:

TABLE 4

MuVTml.1l HuVTml.1
K. 9.9 x 10* M* S™ 9.5 x 10* M- S°!
K, 1.9 x 10 s 3.4 x 10°* S°-
Kp 1.9 x 10™ M 3.6 x 107 M

HuVTml.1

The neutralizing activity of HuVTml.l is also
measured compared to mouse MuVTml.l in an in vitro

assay described below:

Human kidney der:ved cell line (ACHN) was inoculated onto a
96-well plate at 1 x10% cells/well and incubated at 37°C
for 24 hr.

Medium was aspirated and 50pl of a mixed solution of 30ul
of 540 pg/ml VT2 solution diluted with 10% FCS-MEM and
30pl of test antibody serially diluted with 10% FCS-MEM

(mouse or humenized VTml.l) preincubated at 37°C for 1 hr
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The neutralizing activity of HuVTml.1l compared to
MuvVTml.l is shown in Figures 5. The EDS0 for the HuVTml.1l
is 0.33 ug/ml versus 0.2 ug/ml for MuVTml.l. The
neutralization activity of HuVTml.l to VT2 variants is

shown below:

TABLE 5
In vitro VT2variants neutralizing assay with HuVTmi.1
Strains Origin Toxin Type ED50 (ug/ml)

E. coli 0157 Human VT2 0.33
E. ecoli 0157 (V50) Human VT2vh 0.36
E. coli 0157 (V354) Human VT2vh 0.39
E. coli 0157 (vé601) Human VT2v 0.32
E. coli 0157:H7 (TK Human VT2, VT2vx* 0.35

40)

* VT2vx: Novel subtype of VT2 variant

Example 11: Analysis of VT2 antigen recoanized

VT2 was reduced, the A and B subunits were separated by

polyacrylamide gel containing SDS and transferred to a



M6 ()+ ,,,|[NA4110$10$10$S S\s! 109%& ()-y) Sas! 109%%& ()-y) SSs! 109%& ()-Y)
SSs! 1098& ()-y) SXs! 1098& ()-y),,,i,,,7-|[:NA4110 S 10%& ()-fS S |

1094:&' () - S10%4& ()- SF! 109%& ()- S9@O0%t& ()- SL' 10%t& ()-7-+ F// =T NOV 2007
0ZOhO| [ 9NA4110! S@! 10%&' ()- S 10%& ()- S! 10%& ()- S |10%& ()- SG

109%+& ()- Sf & 109%#& () - hOOl 22[ 33| [ : |§|A4110I SS@! 10%#& ()- SS@! 10%t& () -
Sf@! 10%:& ()- Sk@!10%& ()- Sp@! T0%& ()- @!10%W & ()- 345555555vU41

Sl 10%

1004 CF LEERBLER T " Ttk e %yﬁ%ﬂ PR HIRTRE ()-S s dove

method. The nitrocellulose membrane was blocked overnight
in 3% BSA in PBS and then reacted with 10pg/ml of HuVTml.1
or rabbit anti-VT2 serum diluted with 3% BSA in PBS for 1
hr. at r.t. The membrane was washed 6 times with 1% BSA~PBS
and reacted with 25pug/ml alkaline phosphatase conjugated
goat anti-human IgG (TAGO) or alkaline phosphatase
conjugated goat anti-rabbit IgG (TAGO) diluted with 3% BSA
in PBS for 1 hr. at r.t. The membrane was washed 6 times
with 1% BSA in PBS and reacted with NBT (Nitro-Blue
Tetrazolium Chloride) - BCIP (5-Bromo-4-Chloro-3'-
Indolyephosphate p-Toluidine salt) solution [PIERCE] for 10
min. at r.t. The result shown in Figure 6 indicates that

HuVTml.1l principally binds to the B subunit of VT2.

Example 12: In vivo activity of HuVTml.l against VT2

DdY mice (Nippon SLC) were injected via the intravenous
route with 4.8 pg of sterilized HuVTml.l, MuVTml.l or PBS.
One hour later, mice were injected via the intraperitoneal
(i.p.) route with 46 ng of VT2 (corresponding to 10 LDy).
After a week, viability of mice was measured.

The following table shows the result. HuVTml.l

completely protects mice from death caused by VTZ.

TABLE 6
TREATMENT SURVIVORS
PBS 100% (5/5)
VT2 0% (0/5)
HuVTml.1l + VT2 100% (5/5)
MuvVTml.1l + VT2 100% (5/5)

From the foregoing, it will be appreciated that the
humanized immunoglobulins of the present invention offer
numerous advantages over other anti VT specific antibodies.
In comparison to mouse monoclonal antibodies, the present
humanized immunoglobulins contain substantially less non-
human and potentially immunogenic amino acid sequences.

This reduced likelihood of antigenicity after injection inzo
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a human patient represents a significant therapeutaic
improvement.

All publications and patent applications cited above
are herein incorporated by reference to the same extent as
if each individual publication or patent application was
specifically and individually indicated to be incorporated
by reference. Although the present invention has been
described in some detail by way of illustration and example
for purposes of clarity and understanding, it will be
apparent that certain changes and modifications may be

practiced within the scope of the appended claims.



& ()- S10%R$ & ()- SYI0%R$ & ()-D99":1:::M|[:vU4l S S&I0% R$ & ()-zS
S&10% _ & ()-zS SY%0% RS & ()- Yf 110% R$* & ()- SSYf !10% R$ & ()= 9 \pyIRep
R$ & ()-M;V<<=g==|[:vW41l S SY&6! 10% 9

41

The claims defining the invention are as follows:

1. A humanized antibody that specifically binds to VT2 and/or VT2 variant.

2. A humanized antibody that specifically binds to the B subunit of VT2 and/or
the B subunit of VT2 variant.

3. The humanized antibody of claim 1 that neutralizes VT2 and/or VT2 variant.

4.  The humanized antibody of claim 2 that neutralizes VT2 and/or VT2 variant.

5. A humanized or chimeric antibody that is a humanized or chimeric form of
mouse antibody VTml-1, the mouse antibody being characterized by a light chain
variable region shown in Fig. 1B and a heavy chain variable region shown in Fig. 1A.

6.  Anantibody that competes with mouse antibody VTm1-1 for specific binding
to VT2 and/or VT2 variant.

7. A humanized antibody of any one of claims 1 to 6 comprising
complementarity determining regions from the mouse VIml-1 antibody and heavy and
light chain variable region frameworks from the human GF4 antibody heavy and light
chain frameworks, provided that at least one position selected from the group consisting
of L49, H29, H30, H49 and H98, is occupied by the amino acid present in the equivalent
position of the mouse VTm1-1 antibody heavy or light chain variable region framework,
which humanized antibody specifically binds to verotoxin II with an affinity constant
between 10’ M and ten-fold the affinity of the mouse VTm1-1 antibody.

8.  The humanized antibody of claim 7, provided that each position selected from
the group consisting of L49, H29, H30, H49 and H98 is occupied by the amino acid
present in the equivalent position of the mouse VTml-1 antibody heavy or light chain
variable region framework.

9,  The humanized antibody of claim 8, provided that at least one position
selected from the group L3, L4, L19, L76, L79, L85, H1, H4, H5, H79, H89 and H93 is
occupied by an amino acid present in the equivalent position of a human antibody heavy
or light chain consensus sequence.

10. The humanized antibody of claim 9, provided that each position selected from
the group L3, L4, L19, L76, 179, L85, H1, H4, H5, H79, H89 and H93 is occupied by an
amino acid present in the equivalent position of a human antibody heavy or light chain
CONSensus sequence.

11. The humanized antibody of any one of claims 1 to 6 comprising a heavy chain
variable region shown in Fig. 2A and a light chain variable region shown in Fig. 2B

provided that one or more positions selected from the group consisting of 149, H29, H30,
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H49, H98, L3, L4, L19, L76, L79, L85, H1, H4, H5, H79, H89 and H93 may be

substituted as shown in Tables 2 and 3.

12, The humanized antibody of any one of claims 1 to 6, comprising a heavy

chain variable region shown in Fig. 2A and a light chain variable region shown in Fig.

2B.

13. The humanized antibody of any one of claims 1 to 6, comprising a humanized

heavy chain having at least 85% identity with the humanized heavy chain shown in Fig.

2A and a humanized light chain having at least 85% sequence identity with the

humanized light chain shown in Fig. 2B, provided that at least one position selected from

the group consisting of 149, H29, H30, H49 and H98, is occupied by the amino acid

present in the equivalent position of the mouse VTml-1 antibody heavy or light chain

variable region framework.

14, The humanized antibody of any one of claims 1 to 6, wherein the antibody

comprises two pairs of light/heavy chain dimers, wherein each chain comprises a variable

region and a constant region.

15. The humanized antibody of any one of claims 1 to 6, which is a Fab fragment

or a F(ab’),,

16. The humanized antibody of any one of claims 1 to 6 in purified form.

17. The humanized antibody of any one of claims 1 to 6, which has an IgG

immunoglobulin isotype.

18. A method of producing humanized VTm1-1 antibody, comprising culturing a

cell line, which encodes heavy and light chain chains of the humanized antibody of any

one of claims 1 to 6, whereby the humanized antibody is expressed; and recovering the

humanized antibody expressed by the cell line.

19. The method of claim 18, further comprising mixing the antibody with a

pharmaceutically acceptable carrier to produce a pharmaceutical composition.

20. A pharmaceutical composition comprising the humanized antibody of any one

of claims 1 to 6 and a pharmaceutically acceptable carrier.

21, A pharmaceutical composition comprising the humanized antibody of claim 12

or a chimeric antibody of claim 5 and a pharmaceutically acceptable carrier.

22. A method of treating a patient suffering or at risk of toxic effects from a

verotoxin, comprising administering to the patient an effective dosage of a human or

humanized antibody that specifically binds to verotoxin II and/or verotoxin II variant.

23. The method of claim 22, wherein the antibody competes with mouse antibody

VTm1-1 for specific binding to verotoxin II or verotoxin II variant.



10% $& ()- S910% $& ()- S 10% $& () - @AA'BNB| [ vU41 S S10% $& ()-S

Sf10% $& ()-S S10% $& ()- S!10% $& ()-S S@0% $& () -

S10% $& () - mBB?CCAD) EUE| [: vU41 S S/ 10% $& ()-S SDI % 10% $& ()-F S SYINOV 2007
% 10% $& ()-F S| % 10% & ()-F S#10% $& () -

1 10% $& () - ZUEEF2FFFHG G [ : - 410, $S SDI s9510% $& ()-SS Sl 710% $& ()-S
S9610% $& ()- Sl 410% $& () 1| 10% $& ()- SL! 10% () - | GIGKGVGYGHHVI bA410, $S

S S@! 10% e$ &) (
' 910%%& () - % $r{§é’%\7?}% RIS Aazio ¢ik MO Sfinflikdd arift ?3{9 %ﬂéﬁf idally binds
S13! 10% 6$t0&JT2 an(EGBVT@%B&t&' ()- S;3110% e$ &' ()- S;3110%e$ & ()- Normal"

"Headi ng 13 c" . n [ " Headi " 3] c”
 Feadi ne 531 25 oL Rk &b 24 el e nodBRA thiibghd specliiflitadl ©
Par agr aph foahé B SuB#mi%BfEWIAh@/m VTR vhmAMSi wz <] ) 2V,

JDKHLNPRTVXZ\ A~ bdf hj nprtvx [ WCN7BKKDb{ ! &9+59| >Be CHPXo ", hl

xC{P(/2,JyTCz €0 a?émzélgl}wfwr%% fhe Wergam prsantbes s Speciig cifly binds

| HSYR O* VT mewmnanﬁﬁa @@QH%E@H Khd/DISG Th FBRadiew RomanAri al Couri er
Nevv h Root EntryWrdDocunent "HPUR () *+,-./0123456789:

=>7 @\BCDEFGHI 2|1<L W@P@gmd\mckzm 15y Wlmbml dlieghimaninedogdibody specjficelly binds
I AN ( to the /é)suzo 1?%%%9[‘2 an"d?or@BgDEEuml o% Wa%?x% and neutralizes VT2 and/or
VT2 variant.

28. The method of claim 22, wherein the antibody is a humanized antibody,
which is a humanized form of the mouse VTm1-1 antibody.

29. The method of claim 22, wherein the antibody is a humanized antibody
comprising a heavy chain variable region shown in Fig. 2A and a light chain variable
region shown in Fig. 2B.

30. The method of claim 22, wherein the patient is infected with verotoxin
producing E. coli and the antibody is administered therapeutically.

31. The method of claim 22, wherein the patient is at risk of infection by
verotoxin producing E. coli and the antibody is administered prophylactically.

32. The method of claim 30, further comprising monitoring the patient for
recovery from the toxic effects of verotoxin II or verotoxin II variant.

33. A cell line that produces the antibody of any one of claims 1 to 6.

34. A method of treating a patient suffering or at risk of toxic effects from a
verotoxin, comprising administering to the patient an effective dosage of a chimeric
antibody of claim 5.

35. A humanised antibody that specifically binds to VT2 and/or VT2 variant,
substantially as hereinbefore described with reference to any one of the examples.

36. A pharmaceutical composition comprising a humanised antibody of claim 35
together with a pharmaceutically acceptable carrier.

37. A humanised VTm1-1 antibody produced by the method of claim 18.

38. A pharmaceutical composition comprising a humanised VTm1-1 antibody of
claim 37 together with a pharmaceutically acceptable carrier.

39. A humanized antibody that specifically binds to verotoxin II and/or verotoxin

IT variant when used to treat a patient suffering or at risk of toxic effects from a verotoxin.
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40. The humanized antibody according to claim 39 wherein the antibody
competes with mouse antibody VTm1-1 for specific binding to verotoxin II or verotoxin
II variant.

41. The humanized antibody according to claim 39 wherein the humanized
antibody specifically binds to VT2 and/or VT2 variant,

42. The humanized antibody according to claim 39 wherein the humanized
antibody specifically binds to the B subunit of VT2 and/or VT2 variant.

43, The humanized antibody according to claim 39 wherein the humanized
antibody specifically binds to VT2 and/or VT2 variant and neutralizes VT2 and/or VT2
variant.

44, The humanized antibody according to claim 39 wherein the humanized
antibody specifically binds to the B subunit of VT2 and/or the B subunit of VT2 variant
and neutralizes VT2 and/or VT2 variant.

45. The humanized antibody according to claim 39 wherein the antibody is a
humanized antibody, which is a humanized form of the mouse VTm1-1 antibody.

46. The humanized antibody according to claim 39 wherein the antibody is a
humanized antibody comprising a heavy chain variable region shown in Fig. 2A and a
light chain variable region shown in Fig. 2B.

47. The humanized antibody according to claim 39 wherein the patient is infected
with verotoxin producing E. coli and the antibody is administered therapeutically.

48. The humanized antibody according to claim 39 wherein the patient is at risk
of infection by verotoxin producing E. coli and the antibody is administered
prophylactically.

49. Use of a human or humanized antibody that specifically binds to verotoxin II
and/or verotoxin II variant for the manufacture of a medicament for the treatment of a
patient suffering or at risk of toxic effects from a verotoxin.

50. The use according to claim 49 wherein the antibody competes with mouse
antibody VTm1-1 for specific binding to verotoxin II or verotoxin II variant.

51. The use according to claim 49 wherein the humanized antibody specifically
binds to VT2 and/or VT2 variant.

52. The use according to claim 49 wherein the humanized antibody specifically
binds to the B subunit of VT2 and/or VT2 variant.

53. The use according to claim 49 wherein the humanized antibody specifically
binds to VT2 and/or VT2 variant and neutralizes VT2 and/or VT2 variant,
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54. The use according to claim 49 wherein the humanized antibody specifically
binds to the B subunit of VT2 and/or the B subunit of VT2 variant and neutralizes VT2
and/or VT2 variant.

55. The use according to claim 49 wherein the antibody is a humanized antibody,
which is a humanized form of the mouse VTm1-1 antibody.

56. The use according to claim 49 wherein the antibody is a humanized antibody
comprising a heavy chain variable region shown in Fig. 2A and a light chain variable
region shown in Fig. 2B.

57. The use according to claim 49 wherein the patient is infected with verotoxin
producing E. coli.

58. The use according to claim 49 wherein the patient is at risk of infection by
verotoxin producing E. coli.

59. A chimeric antibody of claim 5 when used to treat a patient suffering or at risk
of toxic effects from a verotoxin.

60. Use of a chimeric antibody according to claim 5 for the manufacture of a
medicament for treatment of a patient suffering or at risk of toxic effects from a

verotoxin.



