“ WKYZe3eFC<j b6Tt' WD 99158679 PCf 1GB99/ A d3d, ooeounu~ ANTI BODI ES TO 023,

' DERI'VATIWE99/4ddRRECF, AND THEI R THERAPEUTI C USES The prese n
relates to ant iE%Edi es which bind to the CD23 (FC;RII) tygzej)ﬁms’afdggul e

‘particularly altered antibodies) the preparation of such 5 antibodi es,
pharmaceutical conpositions whi ch cont ain such anti bodi es and tﬁj I\{Dvm I n
ch

t herapy. CD23 (FCER umwmmmm’m nol ecul e of the Glectin fa
al so includes the |y ng recdptor (MEL-14) and the endotheli al
| eukocyte 1 ~ adhesion nmoéeeul e-1 (ELAM1 ). It is a lowaffinity receptor

for IgE. In humans a variety of haematopoietic cell types express CD23 on

their surfagegobiey udi cme¥,0DER DaATAVE SITHEREOF |, CANDeTHBIR BHERAPEUTIC WSESI | s and
macrophages. CD23 nol ecul es are also found in soluble forns in biological
fluids. Soluble CD23 (sCD23) nolecules are formed by proteol ytic cleavage
of transniEihpresent daegntions relaesdpzanmmil@ﬁ avhieh dyind tadhe\ﬁﬁ)z&s(msau)d. ng

odi ot oyt §eoiadlieSh oL oD Afiieandnd SIABAR heaspn rescue

cel | rom apopt osl's an e at1on of. nyel ol d
fun i ond@ntigedies: Mhasmaceutiaa ﬁ@@&%'ﬂ?@%gﬁmﬁ‘hec% Al fch @“@b@dﬁscandgands
of cell - apsipekatigthdrapy, or sCD23, the latter acting in a cytokine-like
manner (Conrad, D.H , Annu Rev | munol 8) 623-(45 20 1990); Del espesse, G,
et al., Adv | mmunol 49 149- 191 (1991); Bonnefoy, J.Y.) et al., Curr Qpin
| nunol EDZIMF@EF{I[)Q@&)typbritmraeeude@fplneﬁ—le:uﬁmfarﬂm\&hlmhsalb@erﬁnlobagr ved in

mb |

bi opst s te dYfHntBRURE HohuMeP Fskiior, MEL-JAT ARF e Ebblnald) WA S ur e
at 1@oncemdhasi00rmoleoyi&>édELM-t1l)e Ihis entav affinify reaepﬂcne fadgEm!artdirsgnevi al
fluid of I
i e S e Kok kit e
(1993) Q D.K bt GnplecLhag®l
Crocker, ade éaészio iy %@téaﬂ}é%é%na@a;;%lgéﬁtﬁﬂ ;fﬁg%% ) s&hm@%g?zzaél scoﬁe%ol oay)
Bansal , RO€ éﬁlafé me F?‘FPE%FH C ggavags. q f@?éﬁ’bf RE 155 fSR &
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evel s o RYSHSnE EREIER HOL deabt B ddisSrrdiRl sl 0
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PCT/ GB99Eain@Hg3f’o ngcxﬁb Qgé{naQ%f écllRk5SETHRIPCD 23 IaHd 0923, QHBQé*ﬁert é’

particularly 1pport I'n _rheu 0 rthritis, and,a ce
PNE- o anl A idKie: e, maBBeT Jongrt.oB it ANNY: ESolMIinth e BRR AR ¢ vl at ed
(Bﬁ@nnamgﬁ))IVl Deldspesse, (), et dh¢ ksvnmmuhoMON49R 91 § ) drsonnédfoy, Lancet

2Rhe3fn§t (2)# é‘tgég)sc%géﬁ%\ﬁg@?un nq d%%a&eg %%: caI&I§ Eglngp?gelv'lt \’/\DBLeiW

chains Ii nked t oget her by di sul phi de bonds and two |ight chains. Each |ight
chain | Sircitl t it 8ioPPCf SDDBAYIASCItdh DYbERMUPA d8 RliBer Eaeh heavy

dormi s INBAEWRIOG, OIRGRGS. 3023 s BRTL RTHIEG i SURRIRNBIORRESATeBhot ant.
do2®i n apatidrits eithechronitisyridtis, it sCD28 rcance ald@sutedat sonsemtrathoresl with
e v SRR RIS Bl BRI Ry B MG A S HATGPRS il T

rheumatoid arthntls (Bansal, A.S., Oliver, W., Marsh, M.N., Pumphrey, R.S.,

and Wilson, P.B., Immunology 79, 285-289 (1993); Hellen, E.A., Rowlands,

D.C., Hansel, T.T., Kitas, G.D., and Crocker, J.J., Clin Pathol 44, 293-296

30 (1991); Chomarat, P., Brioloay, J., Banchereau, J., & Miossec, P., Arthritis

Rheum 86, 234-242 (1993); Bansal, A., et al., Clin Exp Immuno! 89, 452-455

(1992); Rezonzew, R., & Newkirk, M.N., Clin Immuno! immunopathol 71, 156-

163 (1994). In addition, levels of serum sCD23 in rheumatoid arthritis patients

are related to disease status and correlate with serum rheumatoid factor

35 (Bansal, A.S., et al., Clin Exp Rheumatol 12, 281-285 (1994). Pro-
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- heavy chain. The constant domains in the |ight and heavy chains are not 15
I nvolved directly i~ binding the anti body to antigen. The vari abl e donai ns
of each pa ¢o/atrel i ght and heavy chains formthe antigen bpegigkgosidge. The
-domains on the |ight and heavy chai ns have the sanme general structure and -
each domai n conprises a framework of four regions, 20 whose sequences are
rel atively conserved, connected by three conplenentarity detern1gquvzml
regions (CDRs). The four framework regions |argely adopt a beta-sheet
conformati on and the CDRs form | oops commecting, ' and in some cases
formng part of, the beta-sheet structure. The CDRs are held in close
proximty by the framework regions and, with the CDRs fromthe 25 ot her
dormi n, canflammateryt @ytdkmefa)ramlaortoobetpmlaulalrlgemn;bmrtmhtnm sheéemafdiRs and

framevor { Gl oBndod AiraPdl sy T SrielLefiia Bl Mes LA AP RhRgkaal et

al ("Sequences b nmunol o I nterest

and Human J@;@ts/h@%bpewspo&uataﬂw(@fenmn, MadClantne ., dasksoen, 40, Maiai, R.,
preparati g Fe‘ldmbhermd aa[]nde@@' 2&4%70&19@@ B8R N, F MEJINAINPTR: Ogient

anti ody | I ned. Wit constant_re a human anti'body'is now

wel | est alflsqléfﬁéﬂ Mn BmER B?P"\a@' Thd %298 @8%2 1986) Bi ot echni ques 4,

214-212). Humani sed anti bodies in which the are derived froma source

di fferent tha of the frane of the. antlbod s, variahl e domains are
Eiopedly e

fr
i sct osed ATHBREIEtyR IR GRTP s BV eHREYY ea G iEe (aRtal ki QISUATAR o
primate boRdS B 6w lighl chaivis/ o&aam I|ght~chﬂu(1 )IS Jink&d % 3 respeclivnbhbavy
ariti body r n domai ns,
of the ant |h§od b§’age W‘hﬁ %fongig“ ve f rom’a %h&ﬁasan d% %%n(asgw%eer ed
ant i1Bodi e@osmmmfallrnwedmw amurabergpéaonsiant Aemnains:. eﬁ@@hslegmmrrahasm stered

5\30?' CUFEQ/a?IQBEad&%aﬁrPaF&% 'e'i'?&f“él*?d é%ﬁ@t’&ﬁ?daﬁ‘iﬁ‘ﬁ @P'rt?lbtﬁ’eﬁe IMFRe @At NSt @

% n antibo uch &Htrlverwﬁoglaro rine
monoci onalCh&ht Yajirble 8 'B E“P iWiththgovariable drmatps %B@%\%PW'PCSRI 1)
g PCTI EPL%#\@IW):hﬁHDWnt cdormhinie tighed alithahé ifi bsldjoﬂstaﬁejomélré ofigd for
uman t her t, ey re t te ~ into a
human pati I
PR Bhinla The SoDRlat odtpeite iOHE BT A ERYY, M b vt
ant itbodi em\!mvarhdineddy mwumlagctbe&rmbo@sptmantrmgm se distinct epitopes

expressed on the CD23 receptor; epitope binding specificity can play a

significant part . in the efficac of an tlbod for a particular,, urpose
Mbr eover Thel rtai domaifs of 6ac @%@Higﬁa ddigavyi ghaim forp e ant

L eclept or bmmri? dite. tFeratal@m:?@Idrttyﬂasliu@mtt al@m&\@!schélﬁsdm tlfﬁqlsanm:ltvm |
e | owner n for_a. nonoclona or.
Accor di ngtgfage %&twcég@n?“? rﬁ?eclkﬁ giain ﬁé’?‘@ﬁ%% %r h'éf'{(f&ﬁo g ?‘g‘? Eé%ﬁgltol body

whi 28 conpitioses sefitiebcamt ae t helativeiyio mw%ueﬂ@meﬁte@acw cRreshown

P o 20 BNy SRS (DR el parp( R ) Lve

largely adopt a beta sheet con ormatlon and the CDRs form oops connecting,
and in some cases forming part of, the beta-sheet structure. The CDRs are
held in close proximity by the framework regions and, with the CDRs from the

25 other domain, contribute to the formation of the antigen binding site. CDRs
and framework regions of antibodies may be determined by reference to
Kabat et al ("Sequences of proteins of immunological interest" US Dept. of

Health and Human Services, US Government Printing Office, 1987).

30 The preparation of altered antibodies which the variable region of a rodent
antibody is combined with the constant region of a human antibody is now well
established in the art (Oi and Morrison (1986) Biotechniques 4, 214-212).
Humanised antibodies in which the CDRs are derived from a source different
from that of the framework of the antibody’s variable domains are disclosed in

35 EP-A-0239400. The CDRs may be derived from a rodent or primate



- RSSKSLLY KDGKTYLN CDRL1 (SEQ ID NO 3) LMSTRAS .... CDRL2 (SEQ ID NG 5)
QQALVEYRRp (SEQ ID NGO 7) heavy chain GYWS . ...... PCT/CB99/01434

El RLKSDNYATHYAESVKG FID ............... CDRHL (SEQ ID NO 9) CDRH2 (SEQ ID
"NO. 11 ) CDRH3 (SEQ ID NO 13) The present invention also relates to an
anti body which binds to the sane epitope as an anti body havi ng gn\qwqqﬂs
descri bed above. Conpetitive inhibition assays are used for mag ing of the
epi topes on an antigen such as WO 991 88679 PGT/ G B99101434 0 7 NOV Q02 _
4 the CD23 nol ecul e. For exanple FACS conpetition analysis involves the use
of cells expressing the nolecule as a target, the test antibody is |abelled
wi th one nidnsulondr artibadg. a B dramewdribafythenvariable dionmbits, ahd tiame

antigen is labelled with SEeC dj f f I I ochrome. |If

pot h-r 1 uSPBEAT B Anas, g fheSSablyiare daHl el buBhartbady,

i nhi bit &uch altéred antibadies shoulsf poteelicicas great are rogineeresppasamdiazpi t opes
on the tapfhishBler i & niblahORSmAERRI 19 158 Inf R REPIALE MBLRRAUS) 0 di rect
peptide |'Ibrary bl ndi ng assays. | ni C peﬁ I de sequences from a target

ant ©gen Aumankpgainsd@ wholly feseignaniibpdy seigh @ione dervacblaroaEodeiel | ed

anti bodi es as before. In 10 epitope mappi ng studies the anti body having the
CDRs descri bed above has been, ,shown to define a nqvel, epigthe on the CD23
mol ecul e?\/quﬁ'@ i'ﬂQ@ﬂFlioBﬁFFHtétPQq'Gﬁ &%ﬁo@?ﬁ%é'a‘éﬁdaﬁﬂmﬁ%tdghev\ﬁ% ERRBREPT ti vel y

i nhi bi té&FO@Rn) PCTIVEF/95/04200). aewe ey | sight imoncEidnat autibegiessae Aot above
to the 3 &F RII%'t e |l rr%ecule e>i [£9 ed on haenat opoi etic cells. 15
An ant i bBIRA|SOERUMAR thEraRveas J0&% e POEnaR Enilinodsiie svhey hietied) be a
chitfaer i intand ihadrnwpatidnt cardh mayebeslytiti Eudhernodret bemneercially eavailable and

l'i ght chai enges,.of.: th i t] C out: . 1., FI 1 and 2
(520 10 EnRGEB VR Py To Mg, ThES tenelit Tebciled dhatib LEGSES C O

bi ndi ng eapressedDI 1tbeeClI28, raseptar; hepieps dindinat spegjfieity. caneplayt ibody may
pe 8 20 Siyriialritc Bhogeé Uit oY Péin datiddiedor  WarBeliAA Sifpsbbch

ant | gen HIGTEPHET - SEIPEHOT 6f ARUBAREBAU NSbYETDIRATST 4 AP SGBRIT Peiha) or
Be?ﬁyl chaierthe papablicalijandiantagemiscas the tbse cé‘qugmfwm Iaelﬂcb\berd?hagxd:mprai ses

0 [ i r e non-i mmunogl obul i n region
IS fusegm"d@ﬂ%‘q%%ﬁ%?%e%ﬁb@%%%ﬁ@h#&%% bi ndi ng regi gn. The )
non-i mmunogl obulin region is typically a non-inmunogl obulin protein and may

be a0, ENAKIBIIRGHBTNETLLEH! ifeHTich, Hetbq Brdiaed tn ehered Bhirsbdlowhioh

specific ma protein toxin or in d from an %enex ressed by a
gene. ThEORBiSENEH @I%ﬁtﬂfifher%inérﬁ%yse&é'eﬁc%&? %[ Sh@ﬂﬁoﬁ?lo‘f’he t wo
regoons efatithe artibBelfisC ant taesbie N8l bdid teothe PR3 V(RCRIY! agpealdl e

| i nker segyence. The altered anti bOdegi n%il also be a bi-specific antibody.
The alte e%‘ﬁ'?i%%ffsﬁﬁéloﬂ aeTHRAICIS FCk R | body in which sufficient of one
or nore of the am no acid sequences of each CDR (and if necessary W .
99/ 586’ | ﬁgﬁgﬁgﬁggl 01434 0 7 |~ 0V 2007

RSSKSLLY KDGKTYLN CDRL1 (SEQ ID NO: 3) ~
25 LMSTRAS.... CDRL2 (SEQ ID NO: 5) -
QQLVEYPFT CDRL3 (SEQ ID NO: 7)
heavy chain
GYWMS ....... CDRH1 (SEQ ID NO: 9)
30 EIRLKSDNYATHYAESVKG  CDRH2 (SEQ ID NO: 11)
FID..covvn. CDRH3 (SEQ ID NO: 13)

The present invention also relates to an antibody which binds to tﬁe same
epitope as an antibody having the CDRs described above. Competitive
35 inhibition assays are used for mapping of the epitopes on an antigen such as



. 5" framework residues), is present in human frameworks such that it is

capabl e of binding to the CD23 nol ecule. Suitably, the CDRs of an anti body
accor di ngotoassgdre i nvention are the light 5 chain CDRs L1 peoricBosrmdz4 he

- heavy chain CDRs HlL to H3 above. The am no acid sequences of these CDRs nay
be changed, however. The am no acid sequence of each CDR may be changed by
am no acid substitutions, insertions and/or deletions. Each

therefore include one or two amino acid substitutions, 10 insertions andl or
del etions. There may be up to three am 4o acid substitutions, insertions
andl or deletions in Iight chain CDRL3 or heavy chain CDRH3. Up to four

am no acid substitutions, insertions and/or deletions may be present in

fi ght chathe Gﬂﬁﬁlmdl@:uie) Finexanmple BACT competitian analysisiingelves dmsusad/ or

del et d
sequence o] CE? EXBIGRS AR e mbRRNe, ?F Rt *é%rt%f'ﬁ‘b%w% el "0 0
out aboveonPrf@Pé‘P%thmetﬂﬂ;d sgereed gnti @Q))(Jlé'h%‘@nl adind ta/thessame antigen 5% and -
of 1"l earaed Y %ﬁs%”"s?ﬁ‘@’?ﬁf/?%@m?‘“ﬁ °§”}T§¥ﬁ§tmﬂ“ﬁ°d"%§é Soiat od
by the skPf¢ &iepritstie aR 018gF comnstitiye |eé'8
nfﬁessar i thererrgi d@@hm@ﬂ ﬂﬁere&a@hﬁms saphrate aspittpesayn ofhee farget agblt%bmttaut ﬁi for
ot her ami ch_hay, i e su i a
o 117 P et e P 0 A e
are sone e e

1 I f tituted
For ona. ahiEnand Grediity Being, HGkShrOe B8R, tﬂﬁ%?sﬁbé? oIS P one-
anof®er i ﬁmt%@mqmngrswdwﬁ He antibedy having dherGRRssiREeTBEd abeveohat:i ds
Eavn ng gr agahlschdowmﬁo a@m@a)nm}e{%m@t eddrotHy U}D%‘%dlbé@lbd'% g@ahm aci ds
b TR O
si de chai aablb@cndhﬁyn_agah@e‘E?tn@eqHEhcemseteoL(taqrbm mdhéstasi(ﬁ@@I)lw%ﬁ
containin e vative" can also include a
vari ant H\@%@F%B%a%sqg&y&ég%éﬁé%%@r 2U02 of an am no acid
seqlence Aonpniibody aseerding terthesinventionis cpreierebly adatathell mayale vve to

sai d sequeﬁmeae@gmfl GIyRNRICK ﬁé& sEnsibAnbf @w%ﬂéb@f hé&ey and 'hﬁﬁﬂy are
pr ef er abl 6 t he

k Pr ef
Fr amovor kXB?mt%%aL\%Pﬁag'f e BB Atibeas ST bebayt Rdighres, diand 2 18
subst ant i HD |1yar’rd)zmmjgsraa D046, 47, G5y e By sirchy thiatdnisveapakié of bindingttn

t S h 713 747
protein Kl P llcRle. Al o OIGHEYERIn ool e bR nayd o/ 13- 747
r esffect t@himquormtrmdarqﬁnbe tpeodesasibeddn dVEY 8 @%@@&3 w&lwaa COrpPHSesSaFor e |

Ito ?gf Zf\égréﬁﬂ%ﬁ?b%g)lﬁe .d@&ﬁ&@e rr‘&)rﬂlmﬁ‘au@lobﬁhﬁlﬂé%tém ynﬁég?ggr,emd; NN

P rber ot tegiohis 48iantooak ot ehanc/aneRELdomaHa salorreae Sianerkhle’h e
present. EomaaxanW;ﬁcalfyn&}@Chmalc)%ntlb@dy e:snmrmsabotmshght anddBed, 76, 77

Qner cantnal g dah e S DR, b % BB EIRRTR, "o -

i nc?ude atdrmonusiod thesandiges bindingoregian). 6 enon-mmunagbzbuhm@%nﬁ m aci d
nunberi ng Pq;céﬂ ﬁ'ﬁﬁ{j h Hgmédarl abl e
regi on ofty he g%{’ﬁghgﬂn'fﬁoﬁ |2ﬁ5nroli3esln tﬁbg rﬁ%*ﬁ/ée%%égu tantl a]?l | ogous
to the vafrpﬁb?@rﬁ@ﬁhhﬁ\”f‘@ inging: $pe ﬁ“’l—SIW'n xR 'é‘%ﬁe&m;ase

Kl obeck, frofa anﬁ%&eﬂﬁéﬁ)rbbbécﬁby Sdenet ok ﬁfbh-wﬁﬁ’iudagld@@lﬁ') redibeneay s a
frameshifg in t uence am@o&tlon 452, .10 rectif n_g reﬁ,‘%& franme,

a deletio &C%%’?i‘ya?g% ﬁg'PE Q?%PBW F'H"?aeesf eg ! framework °
i s Yener aboyndied mia awieavablelinkepsaruence t Tibe citessth astibodyeely Also kexanpl e

90% or nog A nunber of am no acid substitutions, .

i nserti ons%é%gfgﬁéc?q\tlg%%ns may be present, for exanple at am no acid
residue 64 but also or instead at 71 according to the nunbering of Kabat et
al . 30 Th%enﬂ %%ﬁtn%@ﬁueﬂ% %%rﬁam@@a a%%d%h%.ewvfr&sﬁt bfghevari abl e

heavy and |1 ain s set out 1 n_Figufes 4 (SEQ IDS 17 and
18) . or more of the ammo acid sequences of each CDR (and if nec ssary




“The anti body preferably has the structure of a natural antibody or a
fragnment 35 thereof. The anti body may therefore conprise a conplete

anti bodyYO 2%y Y2 WD 99158679 PCT/ GB99/ 01434 ~ ~ ~ ~ PCNGBYAMdynent, a
Fab fragnent, a light chain dinmer or a heavy chain diner., The anti body may
be an 1gG such as 1gGl, 1g&, 1gG3 or 1g&A; or IgM |gA IgE or IgD or a
nodi fi ed variant thereof. The constant domain of the anti body h@ﬂvfyUVc?(ﬂ% n
may be sel ected accordingly. The light €hain constant domain nmay be a 5
kappa or | anbda constant domain. The constant region is selected according
to the functionality reciwred Normally an 1gGlL will denonstrate lytic

ability tirRBewarkrerddugs) is EWDb%hH"@mffqum|%{® Hixtd (saeapalvay

dependentonﬁ,l,dm?y@m@gmgb&mcﬁlﬂa g4 will be 10 preferred if an
non-cytotoxi c blocking antibody is required. However) |gG4 antibodies can

denonstrate instability in production and therefore is may be nore
pr ef er ablSuitablyyotiel DR of ere aatibodyreiceordingl to teGinvemitgeatedhe light

positt | onerBIECHIs D36 LR ik O@VO &30, ChR=CH] B TR Apcy T Bghing 1© =
nﬁn | yt i @acld séquences ahthesei CDRs meqdnei:ohgngedt IhxewemntTiwanﬁaoramdhg: n of
Fegi on o uphed, 66 SHEPTISR, ey R (FRINEEATER, anif® 2o, Sl ©
suf fici enmsmlommendﬁﬁrﬁ@letmm sequence of each CDR of the anti-CD23 20

anti body gyt G(EBE)R% (f;r%?’o Jhéf&or@”‘id@@&’é’ dﬁbeNA %Woe a‘?ﬁm@' %Id‘gsdt&tlhm%n@zc)’

nDI cule. The regiong, of eR odi ng,a hypervar] a Feglon

hundfsesiens ot @ﬁaﬂﬁPeiJPBSrepl Theey may eHR od® n¥1%eRe amaispr @&FICDRs. | f
?ppr ?Er I @tubstlthgbﬁs ahkéftwihs%/dnrsdélteﬂbﬁﬁ ifh QQﬁf\léhéiiﬂCQQJngB @r %@WQ{%NOT&'ZE
or e Y, n_ex ssion.vector
The exprggéhag V%Bt&joﬁ‘” aFWE‘% 88'8&&’3“%@% é%?]%ﬁﬂ‘ﬁl%d%%gel@@fjps\m:%h i's
cul t ur ed berpresemstuntighbobaini @BRLIhddp tdsixearmirmdgidcubisiititiorsy insesties
Conmpl ene ki \ j h: an emg n t t hen
assenbl e%{r@? oélélIIE ﬁgghm%g?\?é;?&%rt& g\ah%anoéB%iﬁ ar ehf our ene?"al Steps to
huitBni se 8N A6l srrUenas: ofirash @Re@été}séam(ai')') Qi@@l@rgﬁlm tﬁd ghef eaerh eot i de
and predigprdetiingbaed d sequence of the 35 starting antibody |ight and
heavy vari abl e domai ns; WO 99/58679 PCT/ GB99/01434 0 ~ ~ ~ ~ 2~~ 8 (2)
desi gning the humani sed anti body, i.e. deciding. which antibody franework
regi on t@relfeeatdwtmg ddwrebuohricgiuegcpr ity S @8) lddst 80%uandumare si ng

nethodol S 730 C t he
namani sel SeCIBEATE TN 780, SShublife WAMTE AeBE ofRoE T laE!
enéBdi ng §% arfetmb@tjprafaaed 10 V\:hl ch conprises one or nore of the sequences
according to: CDRL1 base pair nunbers 70-117 of Figure 3 (SEQ I D NCS: 4)

mgr gaig\@ﬂal r ﬁ”&%ﬁp%%p%%ﬁ@ohg r%gi’leg e(?son tNO§ hlgfﬂ degrees bfa se paif
sequence identity are not necessarily required since various amino acids may

often be substituted for other amino acids which have similar properties

25 without substantially altering or adversely affecting certain properties of a
protein. These are sometimes referred to as “conservative” amino acid
changes. Thus the amino acids glycine, valine, leucine or isoleucine can often

be substituted for one another. Other amino acids which can often be
substituted for one another include: phenylalanine, tyrosine and tryptophan

30 (amino acids having aromatic side chains); lysine, arginine and histidine
(amino acids having basic side chains); aspartate and glutamate (amino acids

having acidic side chains); asparagine and glutamine (amino acids having

amide side chains) and cysteine and methionine (amino acids having sulphur
containing side chains). Thus the term “derivative” can also include a variant

U



- 15 CDRH1 base pair nunbers 91-105 of Figure 4 (SEQ I D NOS: 10) CDRH2 base
pair nunbers 148-204 of Figure 4 (SEQ ID NOS: 12) CDRH3 base pair nunbers
301- 309 wb obisgyrne 4 (SEQ ID NOS: 14) 20 or a DNA sequencep@fgfshioishedn
~anti body chai n which conprises one or both of the sequences according to
Figures 3 or 4 (SEQ ID NOS: 17 or 18 and SEQ I D NOS 48 and 49). Step 1:
Determ ning the nucl eotide and predicted am no acid sequence 25) D0V g2
anti body |ight and heavy chain vari abl e,domai ns To humani se an anti body ~
only the am no acid sequence of antibody's heavy and |ight chain variable
domai ns needs to be known. The sequence of the constant domains is

irrel evan C t es%{glém:te A o] 0 I L at egy.

The si npl %fs?ﬁn%hﬁﬁa.gﬁade. rmni %8%%@:}% i%B%dgiF S (\)/%r isggﬁg%ggﬁgﬁv%{'\é% no acid
sequence ¢hangesialpipiely sABNBCEUeDeR ng t he heavy and |ight chain variable
domain. There are two general nmethods for cloning a given antibody's heavy

d 1ight_35 chai i abl e domai . (1,). Vi ti onal CcDNA
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use during.the human) sati.on. The hungni satjon . light and heavy chains are
consi der €11 shaulighly -@\‘ BrieEthnbi @'fai’?)bl:f’”t ﬁé‘srr ‘ﬁgKgg "geidugal | y

si il arI f109 b@szabéﬁ_e_%Tbi,ﬂml.eN homber of essino sadia sethstitutibhe, inekftionsng I
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donei n f rrositien K9ES70 7Fsand\84 Mayt be ajeretbtaitheequbmiantinesiduern the

P ooy spaniap Anifliody, Diher FaHaIELS ReiaioRatidndel, Bt frdy Be e 10, onof

r odent w%tqrﬁt%”ﬁinﬁdﬂﬁHd%émiﬁBIaé'cgﬁﬁ‘-l?sfﬁamfgkeﬁsﬁm%} ap i9ér @H?O resul t
i n ret entamimoodcithimbeiy ieciccopding 40 Kabeeat altsupnai f t he human vari abl e
domain framework is highly honol ogous to the rodent ' variable domain from

whi ch the_é1 originated. A human variable domain should 25 preferably be
chosen t hdreframewhek of $heivghibblentagioro b dke temtibpey righé whavnis hpically

el oot e yDS I hE RIS R e R A e SR sl o
protein (@ﬁ@@ﬂ)(%@htﬁﬁ%?aﬁﬁ% %M%&fﬂ#'@hﬁ?‘l@ayﬁt\fﬁ% %@I’rﬂ'ﬁ&g%ﬁn
sequenceApiiat 9868 Thste BaTrhARLRHift indthishsequeneatat pusithrdy52 aToabtiifydonai ns.
the rodoiteSsadinti e, S BB EAR AT 5T e88ach sequence, and an-
al i gnnent of ~
25 Homology in respect of the framework is generally 80% or more with respect g
to the chosen sequence, for example 90% or more or 95% or more. A
number of amino acid substitutions, insertions and/or deletions may be
present, for example at amino acid residue 64 but also or instead at 71
according to the numbering of Kabat et al.
30
The invention also provides an antibody which comprises the variable heavy
and light chain sequences set out in Figures 3 and 4 (SEQ IDS 17 and 18).

The antibody preferably has the structure of a natural antibody or a fragment
35 thereof. The antibody may therefore comprise a complete antibody, a (Fab')2
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if only human i mrunogl obul i n sequences are included. 5 2. List the human
anti body variabl e domain sequences and conpare for honol ogy. PrmWﬁKﬂV%MThe
conmparison is performed on |ength of , except CDR3 of the.heavy chain
which is quite variable. Human heavy chains and Kappa and Lanbda |i ght
chains are divided into subgroups; 10 Fbavy chain 3 subgroups) Kappa chain
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sequence. Q I-gonu des are Sé eSISG t hat can nutagen|se

the hum@rdificatignsca fgsariped ie k703074 3¢ Rrefgred ﬁ‘éo‘?iﬂéﬁtloéﬁ inglidguas. - Those
ol i gonupbeniondez3s andE3Pf TaRYinoentisNiHéfose Tmow&§ d ?ne@rr ERhb-|

t d V\099/ PGT/ GB99/.01434 0 ~'J 2002 I t)ﬁ by th
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of i gonucl eotl de-directed in vitro nutagenesis is well known. Alternatively)
h
s R PR PSS LR O AT U
be spli 6fa Atahieregian afalighieniheaxyichaln ofra Qumﬁﬁaﬁn quifWeP?a?e@eneral
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f r amewomoleegieon A QB&-anca:dang 1egaoms DfLBNA enoodmgl af hypérwafiabieewor k
regi on ﬁiqyfpél bg.t% t r 5'
ends, a%baa itiona sesﬂg[r)l% é@?|rﬁeg;}8‘jregla%@8rbf %ﬂ%?fnpetggtdé%d of 15.
the don&PR®R Ifseaw@mtemmﬁk@reg la & el edﬂapDM{z\ entasing A %cma’c%ﬁ ent to
per m t daﬁf%ﬂht 'f@lgtﬁéf aﬁﬂ%cﬂy ghamndphé tgrr]@a@cllehfaé rlgﬂéﬁdﬁ‘ lexpRAGIdr 086torhi ch
0 be, perforne e . anplified.re
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|n a si oglteredeamide?nsuch conditions that the antibody chain is expressed.
Complementary antibody chains which are co-expressed in this way may then
assemble to form the humanised antibody.

30
There are four general steps to humanise a monoclonal antibody. These are:

(1) determining the nucleotide and predicted amino acid sequence of the
35 starting antibody light and heavy variable domains;



20 Step 4: The transfection and expression of the reshaped anti body

Fol | ow ng the nutagenesis reactions to reshape the anti body) the

nmut agenmaedo/idis can be | inked to an appropriate DNA enc%&,&liﬂht br 25
- heavy chain constant region, cloned into ~ an expression vector, and , .
transfected into host cells, preferably mammalian cells. These steps can be
carried out in routine fashion. A reshaped antibody may thereforel baldV 2007
prepared by a process conprising: 30 (a)8 preparing a first replicable -
expression vector including a suitable pronoter operably linked to a DNA
sequence which encodes at |east a variable domain of an Ig heavy or |ight
chain, the variable domain conprising franework regions froma hunman

ant i body %d the CDRs required for the,h&gmni sed, anti body of the invention,;
35 WO 9%)sgedgsianingHbe, dumanised pantihadyy e w@ecidipg pWhighr angbedyecond
replicabl e expfrapsdwsrk\tegibarto iueldifingtha Mumdrasing proee®s;er operably |inked
to a DNA sequence which encodes at | east the variable domain of a .
conplenmentary (g light or heavy chain respectively; 5 (c) transformng a
cel 15fi ne(3) t htHehacfuat simanisingt inefheetdogds Aentinayees;amd (d) cul turing said
transforned cell line to produce said altered anti body. Preferably the DNA
sequence in step (a) encodes both the variable domain 10 and the or each
const ant @Omai theofransfectinmand expriassipn efithe hunanised aatibedy anti body can be
recovered and purified. The cell line which is transforned to produce the
altered anti body may be a Chi n_esea:;ﬁmster Ovary (CHO cell |ine or an

i mort al | $88 InkeRtan harefene provides anRNAhseauelee AN cRsting anandibodyabri d
origon, swhithaSordpf¥ed en@or MU iof eimsedlidriee scotdingyadr oma cel | line. The
cell fine may al so conprise a normal |ynphoid cell, such as a B-cell, which
has been imortalised by transformation with a virus, such as the

Epst ei n- BGDRIi base piivsiunires @01y of Higurerdnor t a(SECIIXBIOSI4)ne is a

nyel oma ¢ |4 r i Y€ he e ' yst em of choi ce
2% he of GPRka 888 baf (ERUKEUENEI A B AL £ LB R S BE T Toade2. 20
Al t hough ERPRlckbase ipais nugders g8priMuetrighEe Buman(SER BhNQSE) i s preferably

a mpgmalian cell line, any other suitable cell |line, such as a bacterial

cell Iine.qy east cell lin terngtivel For. single

ant i body 9??51’%%%3#? H%W?ﬁ?&d%&? QUredi | - @Eﬁ/@ﬁg%t%t@)i al strains
coul d be GBRH2 Plaseqyin rumilyerg 5485264 péHiguse dheck BEDID NO®t1nal ity. |f
function .D?RMI. ir i Bl S NEE LSRR W e urn )aAnd alter the
framavvoribo t%Z)a%%ﬁagod&inbérsﬁg??ﬁge%ﬁ' %Heﬁereg%ggslt;gfgg%e"sﬁan expressi on
vect or conprising DNA encodi ng and adapted for the expression of an

antad@ody @cg WMANEJURED n38dihg \RNEhIbANchaRP Whise lcbfpriseRsdrY BEHotd th said
expression \ﬁectors. Once ex resse'c_j, t he V\hoheﬁ%l &O%" I7he|r di ners,

i ndi vi dua?’ tegRELRARCESeARRPIEIRG] 19sF igtres Sner 4i (Rt d infYr A A t he
present i8EeNID BIOSaB dnel 48)ci fi ed according to standard procedures of the

art, including anmmonium sul fate 35 precipitation, affinity colums, colum

chromat ogr aphy, gel el ectrophoresis i .
Step 1: Determining the nucleotide and predicted amino acid sequence

25 of the antibody light and heavy chain variable domains

U

To humanise an antibody only the amino acid sequence of antibody's heavy
and light chain variable domains needs to be known. The sequence of the
constant domains is irrelevant because these do not contribute to the

30 reshaping strategy. The simplest method of determining an antibody's
variable domain amino acid sequence is from cioned cDNA encoding the
heavy and light chain variable domain.

There are two general methods for cloning a given antibody's heavy and light
35 chain variable domain cDNAs: (1) via a conventional cDNA library, or (2) via
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asthna, atébleaddhami(s)c exacerbation) fiinitis, eczena GVvH, COPD,
insulitis, bronchitis (particularly chronic bronchitis) or di abetes
(partlcularly Type 1 diabetes). 15 The present invention therefore provides
the use ¢f suitahlet hboay aotibody vgriablet Hemaiv csrguemcencandenafligcied ide of a
medi canegdyfy: the treatnment of any one or nore of the above disorders. The
i nvention also provides a nethod for the treatnent of one or nore of the
aboV¥e di sorders conprising the adm nistration 20 of a therapeutically

effective drwey o aBmditdbGBgRme Olsdaréh t 8l t BeailaienpistBin (and DNA)
databases for those human antibody variable domain sequences that are

most homologous to the rodent antibody variable domains. The output of a

suitable program is a list of sequences most homologous to the rodent

35 antibody, the percent homology to each sequence, and an alignment of



“Ant i bodi es according to the invention may al so be useful in studying the
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cell protein) or between CD23 and a 115 KDa protein (which is believed to
be related to the 80 to 85 KDa endothelial protein). One or nore of the
above interactions are believed to occur bn vivo. Antibodies og7oi0ye)? -
bi ndi ng agents which are capabl e of bl OCkI ng these interactions are 30
particularly preferred since it is believed that they may be especially
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Oligonucleotides are synthesised that can be used to mutagenise the human
variable domain framework to contain the desired residues.. Those
oligonucleotides can be of any convenient size. One is normally only limited
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by conveg]ﬁ%@r}ggmcyﬁz_l | known sterilisation 15 techni ques) The conpositions
contai h pharnaceutically acceptable auxiliary substances as required to
g%qoxi mat e physi ol ogi cal conditions such as pH adjusting and buffering
agents, Step 41 Tlye arinsfeotioh arakekpression lof thiekes hapedexwtipbey sodi um
acetate, sodiumchloride) potassiumchloride, calciumchloride, sodium
| actate, etc. The concentration of antibody in these 20 fornul ati ons can
vary wi deolipwingr theanpltagenesisl creactions dboutesbape;, theuaantbagy, othat | east
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30 to those skilled in the art and are described in nore detail_ in, for
exdhpl e (aRemep@rm sa Pfiest neepdicablealexpeession) vestar dacludingeka PEWIARIGI ng
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comprising framework regions from a human antibody and the CDRs
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-~'~ ~~~2 to be effective wth conventional immune globulins. Any suitable

| yophi | i sati on and reconstitution techniques can be enployed. ft wll be
appr eci ajvebhozyglohose skilled in the art that |yophilizati ?&%?99, 1434
"reconstitution can lead to varying degrees of antibody actrvity ?oss
Le.,c~., with conventional imune globulins, 5 IgMantibodies tend to have
greater activity loss than IgG anfibo~di{gs) and that use levels YNN8 t o
be adjusted to conpensate. Single or multiple admnistrations of the -
conpositions can be carried out with dose | evels and pattern being sel ected

by the trep}is@phivg & 88codd r@wc@‘l_@r@?ré‘_@sibhev@&éf TReIadingCal shipdgiyl at i ons
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to effectivel rAmeter opseablydinked 10 &, erge Whichsneodes atikastthen can _
further find vandisie doniairtof acddortiplendntary ig light br heaBychiail redpetiesiyt e, the
exenpl ary anti bodies can be utilised for T-cell 15 typing, for isolating
specific CD23 antigen bearing cells or fragnments of the receptor, for
vaccbne prepalransfonming a chb lihe kdth therfirsli erdradh pirepanedpestars; ame ant i bodi es
may either be |abelled or unlabelled. Unlabelled antibodi es can be used in
conbi nation with other |abelled 20 antibodi es (second antibodi es) that are
reactive Wi hewlhiingusaiditeasfaimederilinestiodiogdyca seichalirred agitibedy.i ¢ for human
i mmunogl obulin constant regions. Alternatively, the antibodi es can be

directly | abelled. A wde variety of |abels be | oyed, such as
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., serum sbpumsrthedepsthin-Bakeirusn diestgpeefepéibly nthiter invmodaliseidose!IHDE iSBD9/ 01434
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t extender nt.to di.lute e. act

to includ n i exci pi t he. Lve

nar edi encunopaBibe 2" BRRadly BB 3 plbicot SpihddsdibrerSes oo we

of the totwEmMo@tposidlliiime, ai) etleemsyimbencelbing, Isodh asapbbtieriat céll ind oy to t he
chi nmaeric i %lf i , I SinWi w,l e present in
a separat g%‘\ﬁa;ﬁt? .%aphlg%s'eco_%ﬁgﬁﬁtﬁlg%b?@%t@bjiﬁ ?'nmglo%\? uga e@Yat@gfalpllsgbel and
f or nul at e@NVigagrddhal Egeels- #gAned bacterial plEainst perusesul Hhe AP cri bed

10 2&ove. obtne@ s thetked forsofvtiondigy. alf fopctisnadinairioatial Rohéskssanatences of

the marine Cl1 15 he haj n.vari abl e region. Eigure 2 shows the amno -=
aci d and FRIIE Fiep Clgnarmist the famewnrk SROCHRMAL, Chain variable
region. 20 Figure 3 shows the am no acid and nucl eoti de sequences of the
humani sed+apt i g?ﬁ and i : ' i e IO i epfysshows
the am nnggi Efan %Hugtlt'ée%?&éeggg\\éé%%z%sﬁ%%?%%gghu%ﬁlg}se%néﬁrlt'?’j%B ant i body
light chaPRCcedingaBnd adajited.fop3hpi expressions ivan tatsibiedy f acaexdingl 1ooMdi ng of
EB'Z gmer | | CirfvEABohHAlTh &4t N8 tansemied With BalifexpresdiBh vBLes.Ng of humani sed
gam,

Once expressed, the whole antibodies, their dimers, individual light and heavy

chains, or other immunoglobulin forms of the present invention can be purified

according to standard procedures of the art, including ammonium sulfate

35 precipitation, affinity columns, column chromatography, gel electrophoresis



30 The follow ng Exanples illustrate the invention. Coning and Sequencing
of the %I ne anti-CD23 nonocl onal anti body Cl1 35 CGeneral nethodol ogy WO
991 58679 O/ / G99/ 01434 0 7 t~ 0 V 2002 _ Unl ess ot haiGH/GBI¥N4ded, t he
fol | owi ng standard procedures and conditions were used. Manufacturers’
reconmended protocols were foll owed where applicable. Restriction

di gestions . and other routine nolecular biology 5 procedures Y& v 2007
performed essentially as described by MBhiatis et al ("Ml ecular onhing--
a laboratory manual " 2"d edition, Cold Spring Harbour Press). PCR was
performed using a programuabl e thermal cycler (trio; Bionetra). A 10

typi cal a6d thie lilea(sdeq genanaldy, Sabp2ssRunPraieinf Punfidativag SpohgeeVedag( Per ki n

RN L [ et N
and t enphemogroeityusresprefereduians 08 éa, 69%e aroMosai hemegeneity most
speci fi C?Féfé’f‘l%d"’%re Héﬁﬂacéiﬁlcgi ﬁQeQ Cﬁﬁ@ 6!.9’71" e, ?aﬁ?ﬁlgsoarftb%@%&g&g 3 720

m nut e m nut e,

foro1 m aﬁt%esw,ta) a@t @@thodyr myathen q Héegdéﬁray@u IRl 0D N geégommg?zc for
ﬁSImnSut eanaweherﬁtsﬁgm gaﬁ%]%\’gﬁod\}%gm;éi ngﬁm%mmréé@rmls@amst )ahartntét]glfp%e met hod
f I uor escEA€EGEREIAMY hﬂ&hﬁﬂ\ﬁgﬁgﬂ_ 5&% | a'q%élb igﬁﬁ"%@éﬁ%"%? DNA was

per f or meddby, Acumic Rress! NeheYokad.Yo(1 979 and ¢98))1 i ng poi nt agar ose gel
(NuSi eve GIG FMC, Rockl and) ME). The chosen fragment was exci sed under W
I1lumnation, and the DNA recovered using a Wzard PCR Preps kit (Pronega,
Sot® hanpTbe, ablipodBomamuaciion byf bicking- the &i‘ltamtimebeﬁwee@nmmmdy’anehai ns

foll i cal
| nt er oot POBOREEZ3 id EcBhd Sunien indtUE NPT a g Ao e % T
1991 ). 5§SW%M)abﬁdiﬁQﬁ te Sindy fsush Thiodking pesta Thm@ngb@@xs@w also

PCT/ GBI fHc4izh By Mn@mg\/\@o doitighd Ctﬁzmr qVifeﬁﬁaréﬁétBUuﬁdOCD%lusCRhéwn%S used
for RNA extraction

ure c r entrJj fuged
bnd bot hOBBPTOG clePueOs Tt dhe pebeurtecs Bibatidts Wi rouRalioR b8 MBS er nat ant
wass t est sdiubde fna}gmmtese'ﬁbae)fragmnm.act like cytokines and play a major role

in IgE formation. Excessive levels of soluble CD23 have therefore been
implicated in disease. By binding to these fragments the antibodies according
to the invention can interfere with the ability of the soluble CD23 to mediate its
effects. The antibodies according to the invention are also believed to prevent

20 soluble CD23 production by preventing cleavage of the membrane bound
receptor. The invention therefore provides the use of an anti-CD23 antibody
in the manufacture of a medicament for blocking soluble CD23 formation.

The ability of any antibody to mediate its effect will be related to its affinity for

25 the target antigen. Antibodies according to the invention have a very high
affinity for the CD23 receptor. The affinity constant of such antibodies is
preferably greater than 1x10® Ka Mo1™" and more preferably greater than
1x10'% Ka Mo1"?! . This invention therefore provides antibodies capable of
binding the CD23 receptor or soluble CD23 characterised by an affinity

30 constant equal to or greater than 1x10° Ka Mo1™

P

Antibodies which bind to the CD23 receptor can be used in vivo in the
treatment or prophylaxis of inflammatory or autoimmune diseases. This is of
great significance given the fact that many of these diseases are difficult or
35 impossible to treat effectively, despite long standing research into their



-5 i munogl obul i n of various isotypes by an i munol ogi cal method (1S01 ki t;
Si gma, Pool e, UK) and the Cll1 nonoclonal was found to be of |sotype | gGlL.
Messenger, 8%@2\ N85 isolated fromthe cell pellet by sequentl aI I i catdi on
‘of a Total Lol ation Kit (Stratagene) Canbridge, UK) Heé34 ot al
RNA) and 10 then a nRNA Purification Kit (Dynal, Oslo, Norvvay) Portions of
both the mRNA and the total RNA were then converted to si ngl e- 47 4n¢eml) CDNA
usi ng the Superscript Preanplification System (BRL) Paisley) Scotland, UK).
Aliquots of the resulting cDNA were used4in PCRs designed to separately
anplify the variable regions of the Cl1 inmmunoglobulin heavy and |ight
chains. 15 Coning and sequencing of the Cl1 heavy chain variabl e region
The heavy afgarctwiniodhsisdtuse eausgsi athisrs partigidafdythecase indiespgetnll Jones

(Bi or f echngtRgts, %tﬁéh%?oen'arﬁe@fu BEopid it AHieleta hﬁﬁrc%ﬁ@&%é!r@nﬁQo?\?eS'gna|
pepti de regl on of the erse gnrrer specitic for
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D07t he' nougl ark: BT Al egRs ﬂ?&e SBHSITER BERTINISBRF fBPamE g 1 o
vari abl e refginding dwdllofmatyeresadethajrbup® forward primers to a single
reactpon, 12 separate PCRs were perforned, each using one of the forward
primers in conbination with the Y1 reverse priner. These reactions were
per f or med Whe hantibogliesealfi thg praspat invendionf amp Medeysteto bei nsefud isctiee
above) . 25 gampl@s ff g‘?@ﬁﬁyléﬁé‘%f QL VRRI® GEHSERC dnOilafly SHRARE Yhds and 2

band of the expect ed ction't or war d
pri mer MHV@hEBaESUBN Haﬁhyw@guihyror@% pmgpessﬁgrmmmlms heveitisr ever se
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Taq pol yne nt and
sal' " gel SARFr eaimaie hdctiadted AN, Soaliha. SYRE GRED: < iiilBle

number  of bﬂO@nbéle trattiodatly chme%reesmsm:rpd;ﬁtm@/(@mmlw Tpe2001 PCR
were sequegigggiedid found to be identical, suggesting that the sequence does
not ntain errofs introduced by the PCR process. The conplete sequence of
t he riable region is shown in Figure 1 (SEQID 1), and is a perfect match

to the KabFie Gresant idvdntiopatherafbm providesetheusse bf Ehaamititpdyrnabcerdingnio ng of

he C | h bl
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anot her primer, here termed MKV12 (sequence 5'
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di scar ded.ofRhet abtbv@&ﬂemcuenﬁ are beieved/ikKKoccoc lindivog @Dﬁlbpdm ofcmhelr to be
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300560, aouaslh’ esnfs PARRHC et ctptBiR o BRI ksl dierfiof @%‘b‘é‘?ng .
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was known to and that anotr] MOPC21 re( at e
sequence HRgiuseful against B-cell malignancies such as chronic lymphocytic leukaemiz,

and hairy cell leukaemia.



30 already been identified (clone VKI), clone VKK was thought unlikely to
be corr t9ﬁ/§g‘fne VKJ was considered nost likely to represent the true Cl1
al

.light ¢ % abl e region, as the partial sequence was FOK/GB¥éHEI4cal with

any sequence in 35 CGenbank. VKJ was sequenced fully, and found to be a
fully-functional |ight WD 991 58679 PCTJ(GB99/01434 0 7 11~0'~ ZOQ 23
chai n sequence, w thout franmeshifts) nost likely using the VK167 QI’~\V%4
genes, placing it as an atypical Kabat18roup Il sequence. The co | Vel 007 -
sequence of the VKJ clone is shown in Figure 2 (SEQID 2). A second

[ ndependﬁgt PCR using the pri rrerﬁ@%{r t hat duced the VKIJ, clone was al so
5 per f or fBdalttem@tiveemgelaniem ef 8 shande BPYapeyld tnyopestheude t he

possi bi | bloekirtpbf AR gl Imepeuessengeont ai ned PCR errors. Clones fromthis
second anplification had a sequence identical to the original VKJ clone.

Definitive proof that VKJ contained the Cl1 |ight chain variable region was
10dobL ai {\/ﬁdbbhre@ygh (}hibginvenﬁqsrm et i algo obf pactivuiare use &ntthéogeacﬂszfiérngoﬂ his VK
and. t he eSCr.i above. s anti 0 o, ki n :

ook gni TGRS TaKE 3 BRI Fisaias, PRI He PR ikdeled HlstRess by and

| i ght chmiay benissd ia the dgieatrnehband peophylaxie dfarderadiyecenlitid, Fheyhimageri c
anti - CD2 ¥ase . { ' i .an was anplified
usi ng th%'scl ongggéﬁ%%ﬁ%tgﬁbiapﬁ%ﬁé?wagﬁe&%¢%r%dg%%lﬁgf contai ned the 5
cloning site {Hnd IIl), 5 wuntranslated sequence including a functional

Kozac si-gpalantiedfddef thel praskheinlbhtdn shay BE eA0amd of e cORbidionar i abl e

heavy reglon. The reverse priner engli neers a e site Into Franework 4 in

Spe |
fr t VIR JEMNYNESURRIESSIVRASENTS SHER BEnsterigs oRYCIPERSENp T Afligodieker at ed a
422\ baC'SI'e(\'sl'léil't:eﬁ’ii awhﬁiﬁ%%A C A%Awmoap;\ér eté&aA?ZI‘CﬁifAT Iy%ll' TTTQbi@QﬁCQI'eZSA'SI'IT gAT
gAaA gLl . '
350 Po 150G Abaeming e ehiEyaTary et st Bo28 GIIFRRES:  mer <
f or anplinhibéting oagerit elge amtanticDd antidy {preferably adl klockiyigoor tmonvake
chi maeri | | I e, 50 =gl s nd9RING Byke (H nd
10,5 SepIEHaR oyl S dRCTl ity LTRE ikt g AR FF
t otfet heranfitady Hy fiNFs inhibiforc 8egonsolgbler HANmaliecaRtarar pagents giichcBgi n. The
35 reveriggaIDiser contained a BsiW9 site and anticodons for the indicated
_ WD 99/ 58679 PCTI GB99/01434 D 7 N 0~ ~ ?0~z 24

Suitable dosages of the substance of the present invention will vary,
depending upon factors such as the disease or disorder to be treated, the

20 route of administration and the age and weight of the individual to be treated.
Without being bound by any particular dosages, it is believed that for instance
for parenteral administration, a daily dosage of from 0.01 to 20 mg/kg of a
antibody of the present invention (usually present as part of a pharmaceutical
composition as indicated above) may be suitable for treating a typical adult.

25 More suitably the dose might be 0.1 to 5 mg/kg, such as 0.1 to 2 mg/kg. A
unit dose suitably be will be 1-400 mg.

The antibodies can also be used as separately administered compositions
given in conjunction with chemotherapeutic or immunosuppressive agents.

30 Typically, the agents will include cyclosporin A or a purine analog (e.g.,
methotrexate, 6-mercaptopurine, or the like), but numerous additional agents
(e.g.. cyclophosphamide, prednisone, etc.) well-known to those skilled in the
art may also be utilised.



-am no aci ds. The redundancy codes are standard: Y =T or C K=Tor G V =
A, Gor C. The product was 420 base pairs. Light chain anti-CD23 chi naeric
PCR ol i gqﬁ_ 5%%67%AT gAA gCT TTA CAg TTA CTC AgC ACA CAg gAC CTC ACC ATg Agg
"TTC TCT ¢ 9 ' SEQ ID 21 5 gAT gCg TAC gTY TKA | YT COXCMGEBYITHEB4T 3'
SEQ ID 22 (and SEQ ID 10 NCS 42 to 45 and 52 and 53) TRKI ELKTRYV
The heavy chain PCR products were cleaned, cut with Hnd Ill and Spe I,

then cloned into a pUC vector cut with Hi nd I11 and Spe | cont ai nf d‘mél 2082
human 15 ganma | constant region. The huf@n constant region used was the

| gGL heavy chain described in Reichmann L et al (1988) Nature 322, 323-327
but in cDNA context as described in Page, M J. and Sydenham M A (1991 )
Bi ot echnol dglisajesired®d lysd tine oals Jo whic th&aanmb@w bindsEap an’nbodsalof(th@%) 87

105. 20 Th f to .
vrith Hi nd?alé@%rnlt(j]'lﬂklgn@%Ej r&gg f@ﬁ* #’a??'gﬁg«'a into fﬂﬁﬁﬂ n(rjmwphaogc é% Site
of the expfbawscarisascttyr tWeEGoBHOsERtS aNthAree Rartichanst @iﬁf@'néor& kiltieg et t

and Nucl . Agleged &8its in(Vift8 dr id Uivo! 1OBE. oo%%onent%%%ﬁbﬁ:xf@éyéhtc\bﬁbﬁ is

xRt | ofISGAIS: TSN Prel BERAATE g ERSPTheChq TBR GBSO SRR, H nd
L1l si ::dwaaowbm \the. "d‘éb\lljmyeaelaﬁtehepmnmﬁmemwfarhdehver;mg:j the! P)&@H?ﬁgnce
oerer ot et BBk 5 BB vt PRuctnE BB BRI ES S BRGNPt Bl o
pEE6 cont acainpgnehts ate ceremaninehemiadlg bosaed togather by ahg of aglariethaf n PCR
product s AGeRIRIGRAEflemidd? Brécddutbs. NFbk Eﬂaﬂqg > Afle amé%gato%éc bhEf s gL

into,a pUC vector containi uman / 58679
PCT/ &99/ opmiginpand the gegop Ameonqmésmmaﬁaﬁbﬁﬁmt@@s&l&m. theyliokadsed was

as descri bah I&W@Bmme@éroﬁfuhﬁﬁdﬂﬁcwmﬁéwré . SPOH | @ibodipide,

varlablean or with Hnd lil

o e B, b he e B R o VR e Rcte e e eI | e
expr essi onwitbcther agEBbE ot bienfeding, foroexaaple &t iMpBeblunag tAotibady-Tidxitt schel |

wns | sol at CagHRes Ainfiid B Nahit BulETHFRoit & 21, MEnGALRBCRAILINE Ih NS
| sif® of Eﬂﬂ%ﬂﬂfﬁlﬂ%mcﬁqﬁiﬂ'ﬁ RyessrRfd, 16@01:9101(11%&2)10 the |ight and heavy

chain genes were in the sarre pl asm d. The final expression plasmd
cont ai ni ng,the, chi S tran ntI expresse reen
m)nke;/ Iki gﬁ‘e‘?r ngog‘)Ecyifgo’F'Bl S af¢ ﬁHiqtg Féﬁ%ﬁ%‘&é‘j”%§m?ec®ﬁg{q4%? ed to
1 mg/ M acegentsncan indlinde r@uﬁonuellttbsdsmEhmsotamm-Mﬂ titriumn90f Rheoiten- On
the d i
iyl 1 pl e L AR D, o apinlief U SRpHRERapEBL BRIGE, PRitiP ad 1.2
Dul bé8co’ sV'%§$'ﬂﬁed“Eﬁ@Tf@X%ﬁ| éﬁﬂ%@ﬁﬂol%ﬁ'mmoﬁ}@@ ayiploxic maplaINg ) f
serum (Hycbme)asThaoQbmbﬁsmmﬁng nptoisihed lirgerpokeiecat a}mraFoproeanh vel |

free ned abpedoBpBas [RobRr) LAy R DPTDRLESHIG ) A RNy Sl o et
briefly. Fagerdaad:tmmbt the)ded surfatef sochds m@gamispbbma\sejemtmaas(_@ded to
the 0.5ml ghoshHliphes! " Sed! | dherilys SCHiter FoRind, Clstkdmar@dphil, -
25 Pharmac. Ther., 25:335-381 (1982), and "Monoclonal Antibodies for Cancer -~
Detection and Therapy," eds. Baldwin and Byers, pp. 159-179, 224-266,
Academic Press (1985).

The delivery component of the immunotoxin is an antibody according to the

30 present invention. Intact immunoglobulins or their binding fragments, such as
Fab, are preferably used. Typically, the antibodies in the immunotoxins will be
of the human IgA, IgM or IgG isotype, but other mammalian constant regions
may be utilised as desired. -



-well and left at roomtenperature for about 9 0 mi nutes while preparing the
cells fWo ransfection. Mediumwas aspirated fromthe cells to be
transfetted 98 then the cells were carefully rinsed 1 orPCI/€B®N43gi th 5 mi
‘pre-warnmed serum free nedia per well, and then 0.5 m of serumfree nedia
was added to each well. Previously prepared 0.5 nil DNAI Tr ansfectam sol ution
was added into each well and when all \Qel I's conpleted, the pl geymweg)gent!y
swirled to ensure mxing. The plate wa Treturned to the incubator for 4
hours. Two ml of 30 conplete nedium (containing 1.5 tinmes the normal serum
concentr I on Wfl f}dgg to th tra sfectlog flutlon The plates were
returned § ONENHIAR JHANSF RIBVIGSS, 8P fak GAMPARAR GREANSING&t ed from
the pl atphanﬁmérﬁm@yadoépmbmtcahMyoamlwmtt pnd, a8028VES6Fr2dREAT/ @991 01434
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i s 1 O aitet polp RS (s fr 'hhfﬁ%“?drgaﬁ arlsdaty el o, 1. 2
hours atfor2 parentarn! 1adm¢mr|swgnpnof 25 Issbruenestshy alllbh%mhsﬁlﬂiaﬁBS/OTween

and washggra/BR8Ask/A Mes with TBSI Tween. Dilutions of supernatants fromthe

muri ne hybridoma Cl1 were added 100 10 ~llwell on one part of the 96 well
plate and dilutions of the chimaeric anti CD23 antibody transiently

expr essefihe ncér’i;;owbﬂé n@traﬁéﬁerﬂérar %m&kﬂaﬁonawna%mnbmyaa@mrse part of

(bl e reelundh 37 fie ARbete o Baititbenl Hiskohr s G BEodhtaRiestial aare. O
di luted riref@r@bly ranPBSﬁaﬁA{ choriéme Al vasety ofabdpueous calricr. caThbqu_medagrr Cd

t t oun
o © o o b Sk AEr 0 4% iR, b RO chePRfy 8 et BRI,
(1 % . CGoldtiens caemt$tec|923arwhsgp@%ra(ﬂ;l$'vﬁeeopf bpadickipts Coxstarn t ibesg| SA. 20

The chi r@@r"rrBSsrﬁBhb HA&M@%@M&&@ | chMertibril N0 KIBWA f&llskidn as
det erm ned ese data verified that the corrLgct mur i neta%J{l heavy

an® | i gHEchR ur?svarrTﬁ%l QO'F‘BQ?BW@shH@YbQQHg&“ oaRrmareuicglbe rress
muri ne sagdiayesubatancddas regaited o dpprixitnateheh )rmmlaglceedommons:waw

ant i body, Gt t enes The
humani se ﬁg g@"%&lha|ﬁ“§ﬁ$“@%’é’t‘£§9§ﬁ§2?@§&& ?8%¥%Hé§lp?¢%@mgr? n%gqﬁ(e%f hod of
Lewi s arfor @xampleGsadiuny acetater -setiymiddaride, potassjumi geri apaicrr:m nmouse
f r amewor a gi q ce EORRAI &Y 6p IR RYeE
se%uence(gh fﬁﬁ&éhgﬁu@ | ?teablégé;e Sl—H@e\%anl 867 6899291434
formulations can vary widely, for example from less t an about 0.5%, usually
at or at least about 1% to as much as 15 or 20% by weight and will be
selected primarily based on fluid volumes, viscosities, etc., in accordance with

the particular mode of administration selected.

v

25 Thus, a typical pharmaceutical composition for intramuscular injection could
be made up to contain 1 ml sterile buffered water, and 50 mg of antibody. A
typical composition for intravenous infusion could be made up to contain 250
ml of sterile Ringer's solution, and 150 mg of antibody. Actual methods for
preparing parenterally administrable compositions will be known or apparent

30 to those skilied in the art and are described in more detail in, for example,
Remington's Pharmaceutical Science, 15th ed., Mack Publishing Company,
Easton, Pennsylvania (1980).

The antibodies of this invention can be lyophilised for storage and
35 reconstituted in a suitable carrier prior to use. This technique has been shown



27 (17 rti OV 20~% Light chain human franeworks were conpared for honol ogy
to the nouse anti-human anti-CD23 |ight chain variable framework sequence.
~ The fr ayewe, st honol ogous was chosen as tenpl ate for rlap-

‘ext ensi on; it’g*\fg? 5 Locus: HSIGKVI| 490 by nRNA Definiti JWP’%%{E““
rearranged DNA for kappa-i munogl obulin | eader peptide and vari able region
Source: hono sapiens 10 Authors: Klobeck, H G et al. Cbntributioq¥g 2%
V kappa |i germline genes to fight chaipn diversity, Nature, 309 N 1062
1984. . Each amino acid that differed atfihe sanme position in the nouse and
human franmewor k was exam ned. The human am no acid was kept if the antigen
15 binding, i hunan r.e ues,shoul d

ff db | )
i munogeni to 6?\%%(38 % tbeqo&/feaﬁ -rrng]qr}?eg{pf)pfj t£BY SHF%%@&'PSS@W@ dues
t hat af f ecandi nedongtltluaen ttecllixaqbw@ahebe aerhplapdd battedillobedapprelciated diyher

" e healoeivd FLAE st s e eoh hﬁadﬁgﬂ?%tﬁ&'téé"a@%f"ﬁ#&m%@na”d 94

bi ndi ng ( Tdegteesaobanbodyactivity losa, (eq., withdcenwentiossk immuneiglobsilias, , 215,

LS R R SRV o el s
shoul d t hekee ivels B’t@ythﬁé/estérh? aﬁu‘e‘iﬁ tA $RAMESEAME.r anewor k as i n the nouse

framewor k. Each ami no acid change is considered for size, hydrophobicity,
hydr ophi | i 25 am.no acid is simlar t the

it d ch ..lf the h
P niinalé gf T fRE S ninisteatiogs i The cOmPbalT oRs SR R FaRHieh Sehiith |
used at thdeselavels ahe patteeriseing sdlefctez:‘byndmtrbaﬂxw@physlbnanamnrmya@eht

seq ce o e nost
ool Bgous IEABITHEA '%%%mﬁhﬁbﬁ% SBRUR e R BRI B k)
resi dues mefrtéu&levanhermsuﬁﬁciamh@eﬁecjlveisgmatdheupratleat| abI e.sequerice was
generated and a GCG program was used to |dent|fy S|Ient sites for the

foll owi ng enzynes: Accl; Hael; Nhei; Pvull; ‘?FL | ; Xmal WD 99/ 58679
28 PCT/ GBodNtaoias of the arasepd nveRtiory £3niHther! ew@e.\@é%@ueﬂk&t@we made

to incl udewtrbesey west of @iarﬁﬁleeme/mmptm antibbaies édmbelmmseaeoemMi acid

pactThg 1 rABMEhe” SOwiR sbarie 38T anBeR ek Eelo B obhdlh o Pghr

chai n was twpeaptaat fadt iagcigegirepamptivheomtbedikel i ght chai n CDRs onto an existing
tenplate leg HSIGKVII Kl obek, H G et al Nature (1984) 309, 73- 76)

cont ai ni ng_t he, chosen human Ilght chai.n framework S?qt@‘?féqg usi ng @ ice
overl ap PCROr diegppetic pprpasespthe anilodies aYeRithRi by lak ohURRRE |'i ght

chain variehlaeeﬁemueﬁﬁt@@dné@r eaflene! opsdl mSIcFﬂiFHu@a\ﬁonTArvlﬂQZ@maered for
tra ript ) ue IVGV\% IS
i ncl"uded |%ﬁiﬁ9§'% G?ﬁ gﬂaﬂ@?@ﬁﬁ?ﬁ?&%@d %‘ht&\}? ‘kxﬁ-[ ﬁéﬁa@s?eg\?\ggoa ded at
the 5' endsunidas Bstibodiesi specific ddudunean timm@ogiobulsf canst@atRregioasict f or
cloning. T e i 5" gAT
Can gCT Tﬁéﬁéﬁ?ﬁz %@A @@ﬁé’%%%e *’f"@%'?' Fod “Efg B iy atet) FREE, T4
TgT CTT CananTbecTampioveda gSQ%@; AET red Allgess. A@NZyQﬁSgA‘FnﬁyReggc 3
substrates, enzyme cofactors, enzyme mhlbltors ligands (particularly }
25 haptens), etc. Numerous types of immunoassays are available and are well -2

known to those skilled in the art.

<

-—

Kits can also be supplied for use with the subject antibodies in the protection
against or detection of a cellular activity or for the presence of a selected
30 antigen. Thus, an antibody of the present invention may be provided, usually
in a lyophilised form in a container, either alone or in conjunction with
additional antibodies specific for the desired cell type. The antibodies, which
may be conjugated to a label or toxin, or unconjugated, are included in the kits
with buffers, such as Tris, phosphate, carbonate, etc., stabilisers, biocides,
35 inert proteins, e.g., serum albumin, or the like, and a set of instructions for



CL:SEQ ID NO 25. 5 CgC TCg AgT AAg AgT CTC CTg TAT AAg gAT ggg AAg ACA
TAC TT TAC CTg CAg AAg 3' 25 DL:SEQ ID NGO 26. 5! A TgC CCg ggT
ggA CA%N@@SSE‘% gAT CAg gAg CTg 3' EL:SEQ ID NO 27. 5 %‘ﬂ/&?@f“ ACC Cgg
gCA TCA ggg gTC CCT gAC 30 Agg 3' FL:SEQ ID NO. 28. 5 AgC CAC CTg ACg TTT
gAT CTC CAC CTT ggT CCC TTg gCC gAA CgT gAA Tgg ATA CTC TAC CAg CTg TTg ACA
gTA ATA AAC 35 CCC 3 WO 99/ 58Gr9 PC T/ GB991 01434 29 ~ ~ ~~Q7wW(Rgal; PCR
reactions (Saiki et al. Science 239, 7-491, 1988) were perforned in a ~
programuabl e heating bl ock (Perkin El nmer, GeneAnp 9600) using 25 rounds of

t t | | 4C for 1. mi _ 50C for. 2 mi d_72C 3mn) 5
ol Lowsttssy Seaneraly.dhiss Deissiah Whde Prasanldn (58S, el BOALCA Hr on |

(egch%(_, baisedtdrﬂrectar;wmmfaﬁtiveeamd mtibatlg, a@dsﬁal@ presentard }dtagamd%\mlfase _
er Ki n I t u .n o : t & reaction
buf f er EE 'gg%mmg%% hgﬁ'nﬁﬁﬁ?gc%@gr F’legﬁ?@{ébgwn%&f%*@@acu ons
wer e i nFrequiently; itrwillbe desirablé thintlude a1 ineshextandeper exeipientda diluté ng t he

. AR A ; S . vl duct
ot 5 s S peR s ilirklichits, et B, SAeipibit iy b b SERGR IR, dhoul (87 CEuet <
puri f i e89%swhgofdhadotat rorprsitioni fWbere 8 serpnd @ntibgdy qapablesaf bigding kK,

P agrent s ey maptic SO [3EimpIRy G B af SeaBy e Wil ustiahy be sTeskneq 7"

) r I ne sing ong tenth of
o aduetIn arRensiiecdebdl Te SeconBNLRRLY ICPIGAlYIGaUoaleckiors IARFIENT and DL

The profteiulgledt i &n aRafddous mbhagwith thBlantidddyuforigstictts absortbedind one
tgﬂth of , the product was conbined in a reconbi nant PCR reaction with one
t

th ofPBY®ified EF~ using priners AL and FL. The final 20 humanised |ight
chai n reconbi nant PCR product, AFL, was ligated into pCRT"'' 11 from"TA
C oni ngFg;Lt;r"es(l nvitrogen BV, Leek, The Netherlands, product #K2000-01 )
follow n he protocol recomended by the manufacturer. Plasmd isol ates
wer e sequenced using the ABI fluorescent sequencer. 25 (ii) Heavy Chain The

human f FpRor KsEEWY SME AniRS tacltPERYH PReKDtiHe ddiiciesafitha FRUWRR& cseauence
wgg identified for the ,heav%%?al n. The nost honol ogous sequence in the
daPabase for thBERVAGHRIDRGT €99 |Locus: HUMSI GVS 423 BP MRNA
Definition: Human I g nmu-chain nmRNA V3b-D-J4 region 5 end Source: Honp

sapi enseAINA S O TN he YRR RBP4 Rbdle GRS SRt hcBs of 1Y mdfife €31

light chain variable region.

20 Figure 3 shows the amino acid and nucleotide sequences of the humanised
anti-CD23 antibody heavy chain variable region.

Figure 4 shows the amino acid and nucleotide sequences of the humanised
anti-CD23 antibody light chain variable region.

25 =
Figure 5 shows the half maximal binding of chimaeric CD23 IgG1m
Figure 6 shows the half maximal binding of humanised CD23 IgG1m )

30 The following Examples illustrate the invention.

Cloning and Sequencing of the murine anti-CD23 monoclonal antibody
Cc11

35 General methodology



"Aut hors: Sanz, |. et al. VH sequence of a human autoanti body. Evidence that
aut oanti bodi es can be unnutated copies of germine genes. J. Inmuno. 142,
883- 887, WobfisspeThere were seventeen differences between the ami no acid
‘'sequence of the nouse heavy chain variable framework sequeREE/GHIOIMPBL nost
honol ogous hunman vari abl e heavy chain framework sequence. In five positions$
49, 66, 76, 77 and 94 the nobuse am no acid was retained. At all @Lhﬁk
positions the human am no acid was used for the humani sed heavy. g 2002
framework. 10 A file of the humani sed he@@y chain variabl e sequence was
generated and a GCG program was used to identify silent sites for the
foll ow ng enzynes: Eagl; Nhel; Xbal; Xhol; Xnmal 15 Changes in the

nucl eotide sequence were made to include these restriction enzyme sites

it hout chasgkeg dtHenss ga okh%efml%uﬁa Fhface PRRRAUS LIRS RoifiBis e e

i ncluded to make cutting astl n C ones eas| er. 50 A
Hind111l r eN§PcHFBR sM%m#fé? u5¢r(§mrﬁeomgn pegtogelsc varer fallowvask where on

initiati On)ap@ﬂdablleﬁurl%t@t@ﬁa'dlgém(ﬂadd\ﬂ“&mf MH@%@%@% hb?cﬁst 16)-
se eav

for protein _secretion were ma

chai hSar i BEPESEp ool fiefianed, Septialiy, B fRssbed | B wMlaiiin el 3 he
3' end for (tVolecumr CHningThe ﬂabmatwpdnaaual&lﬂ“é duitiory Colai Sptingnidadokr Wi t h
nouse CDRs pig built by PCR using | ong overlapping oli gonucf)eoti des. Ei ght
ol i gos were syr?t hesi sed approximately 60 base pairs with 15 base pair
overl aps. The oligos were as follows: 30 AH:SEQ ID NO 29. 5 ACA CgA AgC

TTC ACC AT@mggseaaﬁnJ@@s(é@;@B ngﬁmn?ﬂ;@ ﬁ%&@mﬁe (g@? %GFQ#M

BH: S I D NO.30: CAC CTC
TgC 1E18g ggtyhies! ’r&% &ea@@@ €50 thda? 5 umb 98 qarob@wréﬁgg kinz
~1~(7 J 2~EhebERtL® BEAcshsfiBld, UK) io The Abtfe ;glmj thel Panafdctieh THIC TCC

T 50 SR Gt e e,

EH: SEQ I D mnatate DNAgyMées gtienaise natgdTthe TplIowWggTeype\ sAETifidgHoETgeAA TCT
gAT AAT TAT.g4CA ACA CAT 3° FH: SEQ ID NO 34: 5 ATC ATC TCT TgA gAT ggT gAA

TTT OCC CTT CAC AgA CTC CgC ATA ATg TgT TgC ATA ATT 3

Step 0. 95°C for 5 minutes

Step 1: 95°C for 1 minute

Step 2: 50°C for 1 minute, ramping up to step 3 at 0.4°C/s

Step 3: 72°C for 1 minute, go to step 1, repeating the loop 30 times
20 Step 4. 72°C for § minutes

DNA sequencing was performed using the dideoxy terminator method using
either the Sequenase v2 system (USB, Cambridge, UK) or the fluorescent dye-
terminator system (ABI).

A

25 T
Gel purification of DNA was performed by separation of the reaction on a low-
melting point agarose gel (NuSieve GTG, FMC, Rockland, ME). The chosen
fragment was excised under UV illumination, and the DNA recovered using a
Wizard PCR Preps kit (Promega, Southampton, UK).

30

Numbering of amino-acid residues in antibody chains follows the scheme of
Kabat et al (“Sequences of proteins of immunological interest”, US Dept of
Health and Human Services, US Govt Printing Office, 1991).

35 Preparation of cDNA from C11 hybridoma .



GH: SEQ I D NO 35: 5 ATC TCA AgA gAT gAT TCA AAA TCT AgA CTg TAT 15 CTg CAA
ATg M&@gﬁsg& AAA ACC gAg gAC ACA 3' HH: SEQ ID NO 36: 5" ggT gAC TAg TgT
. TCC CT gTC TAT gAA ATC TgT ACA gTA ATA CAC ggC TPET/GBYIAIC ggT TTT
3" 20 The nurine CDR' s were grafted on to the tenplate using reconbi nant
PCR. PCR was performed using a progranmmbl e thermal cycler (Trio;

Bionetra). A 50 ~I reaction contained 2.5 units of Ampli Taq ¢l y\ ase
(Per ki n- El mer Cet us, Beaconsfield, UK) 2h the buffer suppli eonogy ?m/ -
manuf acturer, a buffer which provides the preferred pH and ionic strength
for anplification (10 nM 25 Tris-HCl, pH 8.3, 50 MM KCl and 1.5 nM MyQ 2),
200 ~M each of dATP, dCTP, dGIP, and dTTP, and anplification priners at 1

P/ ~l . Feyredimy esuliiie oY rEdI8 WA (198d Fofl RN extfaclioReat %GltP}é)Ck’

t hen centr#{.u. ed, f.or ﬁp 3& 35 secog%s a(a] 13, G S%@I es, were placed on

i ce for CONMANNG!-3PRAR" ¢85 WEre cenyduged gn t&ﬂfgﬁ’%‘fp &g supernatankd t o

igc gos&gm@edf lh:ﬁ amtpisi%sl ke éeup@h}[iaéaﬂ?\ﬁahhelat&ﬁftfrrm@we@eﬁ@é oﬁﬂuﬁﬁ@f lnfls at
S wer aced.in the.ther er._pr a s, fol |l ows:

s 8o 1. et o RS shviacic bl ot JRim ffeglee) AR HOMo Kitf ep 5

0. 4C se&igiaSPepia:URRand dthe £ 11i moneslongbwae feurng td beagfdsdtypg ig®e. | oop 25

times WO 99158679 32 PC T/(GB99101434 0 7 N O V 2002 Seven primary PCR

reactions were initially performed with 1 p. g/~| of each prinmer per
r eact i oMesssingegr RWApvasiisolateddromtithecsll melighby miequentiahappiaatieModed FH, GH

and HH Topdi FRNAGSL R nhkit g@He?G@nﬂﬁdgeﬁUoKJEiHr@h@h%'ﬁ'ﬂaFﬁN?&?ﬁo@”d HH.

A ul al i quot t he rig{rr PCR reacti o rodugts were conbl n W th
Brror s foar g ruiR)A Rrlicaian 6 QynehcOBmpRrEenRoans Gath olhe

dﬁspr i baﬁi_RNAlrahdmh@rtbtmrgNR%rreemPCR i@mwtemdgwgihgteastragcli:é@ chglﬁgua heavyt
chain vari apl e reai on. Pri - eacti o a nt s n ragnent ,
i "t 1 4 SR Beleint Rt taon  SigEh: BBRbes PRRIEY. e oot ke oy

f r agnmentAdiguets, ofthe) restingGdNA anereAdBedeinePERDidesignved o sepasatslyAH and
HH Al ] Qg'ié i t@.ppl : . mani sed
heavy cﬁgéprl\&g}élaa I ear@gisp.@r%%ﬁ%gﬂ%r odu'g{"lﬂ*l bg#}ﬁﬁ%&ﬂ&ﬁﬁ@ @i&t l%at);\gnﬁfﬂgur ealctS ion
wa8 pur Gleatnaiandsaquencingc the-pd1 hravyshaincariahlesiggien ( Pror nega)

foll owi ng the protocol recommended by the manufacturer. The 15 purified
pr oductsr and Spe | _then vect or

t with Hnd Ill i nt
Pont ai niTHE Beavih chaih WarsrotsHw Avarialon of (s Sndibeivst Beafa2rl iR o« ne
Hu rrgni s ¢BioANe cHradggy ®: 588N Linewhiohd 12 efamyarch primerar spédific te dhe rsi@eat
uct t or

E(r)(r)lt ain ﬁéﬁggﬁygtn\gy %%ngg%;%‘éaﬂ?%ee%%gglﬁ j@gg Eée\{aggv .dr%% '%)ae?“\i a Y&gcr egi on
oB0t he thomeaisgerconstagt ceaion aregisessina 4o sraplipshe zriirrivadgablea clone
cont ai niré@oﬁ.he RAhef thahugea! éMéﬁ%WarahFhﬁaérari@,ta %iﬁgﬂbnféa@ﬁéﬁl gequence

cted | en I de, cha

was sel e : his clone_had one si nucl ept nge .from .t he nodel
umant s SEPRELSPCRS Welp PRt ies.cadt Y Sanof Jbe HVARDEIZITorD to
el i m natemBiratiordwith thiendi reyerss priswd. fThegehreantionsanere peifarmedt withe
humani s A i n. tal 0 he foll ow ng two
papers: S%@%ﬁ“ﬁqgﬂbﬂgpﬁﬁfgﬁﬁg @%’%gﬁf‘g'&eﬁ%ﬁgﬁe ?ﬁg\’ 1 q binding site
oA%ant i bodi es by surface scanning. Nature 332, 738-740, 1988 and Duncan, -
AR, d. i : r iAd @'bant of the
Local i X‘g,%:rﬁfr%eofoﬂeﬁgﬁ g%%ﬁ%‘ﬁg%ﬁr%ea}}aggﬁu%g%hl%él%g%rq%gmhm urﬁ”_R; 563
564, 1988pecisd size seen onlyin the reaction that used the forward primer 1.

Based on this result, two PCRs using MVH11 and the y1 reverse primer were

performed using cDNA derived from mRNA and from total RNA respectively.

30 The use of two independent PCRs to serve as a source of material for cloning
is a common device well known in the art for the avoidance of sequence errors

caused by misincorporation of nucleotides by Taqg polymerase.

The resulting PCR fragments were digested with Xmal and Sall, gel purified,
35 and then cloned into pUC18. The inserts from a number of clones from each



-WD 99158679 PCT/ 3B99/01434 33 0 ~ Il ~) "u" ?0-1 The residues nutated are
shown in Kabat, E.A, Wi, T.T.) Perry, . HM, CGottesman) K S. and C.

Foel | er, wkPablsgemequences of Proteins of | munofogical Int g&]%tB ,}{ﬂ me 1)
"page 680. 5 The changes made in IgGlL to create an I gGl isoO ypegfac I ng .

cytotoxicity were as follows: 248 Leu (CTg) to Ala (gCg) and 250 Ay (ggA
to Ala (gCA) . These nutations were made by site directed nutager[p'piNgv?{,Bf a
human 1gGlL as 10 foll ows: Constant regiC%Q PCR ol i gos used to generate 431
with nutations were: SEQ D 37 A~ gCT ¢ CCT TTT AAg CTT Tgg ggT CAA ggC
TCA CTA gTC 15 ACA gTC TCC SEQ D 38 B~ TgA Cgg TgC CCC CgC gAg TTC Agg

SEQ D 39 G , . T
ART Tca TECREeR Seden e P foyfiio B8 ideiloah s it hedetine? 50
and C~ cortagisn nobecontaiat ieonass dntroddcad dys te g°GRd praessq | Toe Deoropleteai ns an
Eco Rl si i = t; t f '

the PCR couqUEeecst e Rfatte reclil & LRGN, iR BN 3| (S0 AT Bha i "

appl i cat i drerasd mateh da e KahahOCrepum llKohea\wrehair goBseRSHSt enpl at e (Rei chmann,’
L., @ark, M, Waldmann, H, and Wnter, G (1988) Reshapi ng human

ant i bodi es . for ther Nat.ur e 2, 327 aigos, C- and D~ were used to
gener at e ??lg&ﬂ'éﬂta@%?W'Pﬁ@ééﬁcgﬁﬁﬂ@éﬁmY%%w& "8PR enpl ate as for
AB. PCR fragnents AB and CD were cleansed using a Wzard PCR Preps DNA
Purificati & . 5,Q; » 0ul)
wer e conbi?ﬁ{eéd %v/\nﬁt ﬁgﬂéﬁ( Fté%lge\%i}aﬂgqgg{obgﬁgg n%l@ﬁ%?bg ?%é’éh%fnﬁ P‘%‘isfgg?@bggﬁ ni ng
the 1 gGl drvRlvingta selpfoti fenvardpriger»apeciia togtae signpbpeptide regine of the W zar d
PCR4Br eps j; | $4 | i ~04 ' ' and
oo 1.t AERC (o igsRap8rhnth 1 WVeRE el eaRbitcol el T thdgent o
2~~2 EcoRIeaﬁoﬁ'egBGBd'ﬁEEdep%@%-d°€oﬁ¥)ai nfr\%étlpﬂ%"vmu%nwgeham PLEFOMS!Y heavy
chai n var igaléeninedi at this Timeo et adks IMRYiafficienty SespiFn eidnicuseokdgpam t he

nmut ati ons.. fragnent 5 contai ning these nutatjons sferre 0 an
oo csoi olioht st Hedndfedidtditer AERRL TR Med Mok Wedure &,
vari abl e ALYTABGTCGCGACATGAAGTTTCCTTCTCAACTTCTGCTCS3') (SEQ ID 41). As
15 above, separate PCRs, each including one forward primer and the k constant
reverse primer, were performed, and analysed by agarose gel electrophoresis.

Three of the reactions produced products of the expected size. These were
separately digested with Sall and Xmal, purified, and cloned into pUC18 to

20 yield clones designated VKI, VKJ and VKK. These were partially sequenced to
determine their identity. Partial sequence for clone VKI was found to be
identical with a known sequence, a light chain derived from the MOPC21
myeloma which has a frameshift in CDR3 (Genbank M35669), and so VKI was
discarded. Partial sequence for clone VKK, including CDR3, was found to be

25 identical with the productively rearranged MOPC21 light chain (Genbank  _.:
J00560, J00552). This of itself does not preclude the VKK clone from being the
correct C11 light chain as both light chains may share CDR3 in the germline
configuration, but given that the myeloma parent of the hyridoma was known to
be a MOPC21 derivative, and that another MOPC21 related sequence had

30 already been identified (clone VKI), clone VKK was thought unlikely to be
correct.

\/

Clone VKJ was considered most likely to represent the true C11 light chain
variable region, as the partial sequence was not identical with any sequence in
35 Genbank. VKJ was sequenced fully, and found to be a fully-functional light



The hurmani sed |ight chain variable region PCR products were cut with Hind
1] andagéi §,’ then cloned into expression plasmd pEE12 containing the
hunan 1 3%%)8 1ight chain constant region described aboVRET*BOMhes were
sequenced using an ABI fluorescent sequencer and a clone, containing the
correct amno acid sequence for humani sed light chain variable region was
selected. 15 A Bgl Il - Sal | fragment containing the humani s&@ Nigagy chain
anti-CD23 fromthe pEE6 plasm d was ligdted into the BamHL - Sal | site of
t he pEE12 plasm d containing the humani sed |ight chain anti-CD23 to nake
one plasm d containing both the humani sed heavy and |ight chain anti-CD23.

The humarfthséy seqaencehavithars rframeshifiidmeshJkeht usél dne a¥id16Reon Widf sed
light 20 L piaEihalltcadnsh cApsta Kabo %U;b Nl daayferida! eptRs ec%?ﬁ@% tl asm d

were seq enced. Trafsi ent Expressi on of n| s %& ﬂs

pl asmi d Hadyepse ol \Q&H clene JT! Q»Wﬂ/ag1 cf oA cessand  and
t LanSl enhh&er{éﬁgegﬁ@@Rl&%lﬁ théfbnﬁ@mpamtﬁbo @é‘ediﬂ'%ivme@lﬂﬁérwéé"ﬁlso
chinmeric i body e SSI as unmani se

ant PoD23 RELS rmegné@&@dpr# 2ehBRRLA a4 ABPYE do hrEctich the
descri becpdselbalwaethahltmerVKJaséqueﬁﬁﬁ&ohtanedelﬁf)%mms._s| Qlone¥) frome t(tjusf
concent r at] 1 ant i uired for
hal f - maxi ﬁg?ﬂ%%mw&g?éhg'@% gﬁ%@‘gégayeﬁ o ﬁggﬁ Hgmsa&:ggg}ygkﬁ%A al ready
descri bed. Absorbance at 405 nmwas plotted versus a range of

concent r@éﬂmﬁ/eoﬁn &F\‘t h%?C{YKEI Fa’}’f‘erda{rl% ?151' ﬂ%‘!e mCU 014! dness

of 35 fit" or |on coe |C|en sor ance s read using a

Mol18cul aobtaipgs 99!%&’97@133@”@9@50011(@40@”73%3 p’i‘nﬁ' ody ysingsthipeViK & pl at e
reader (Meahp Hasdribdrbbbve. hﬂﬁi%)anﬁaédﬁwats%wm BHd eD2Bevi ces Corp)

software to calculate best fit by a log-logit algorithmthen display the
curve, equation paraneters and correlation coefficient. A discussion of
curve fi Désngnift(g)ﬂw shimaéHatantiboallyysi s and Quality Control of 5 Assays: A
Practical Prinmer”, by R P Channing Rogers in Practical |Imuno Assay, editor
WIifrid R Butt; pubI i shed by Marcel Dekker, Inc., New York 1984. The curve
fififi ng diogwerifynthat dhet eerredigheatyi and dﬂghétqf@neq@a@b&mgegoene bad dieain t he

Levenber @t%@qanar&é .M-{caed a Ehigfadas la%-ebztshhesn&mm&@@ of geg, i n

Nuneri cal Prlnc es n C €, Co tin amH Press
e RPN SR reot Wk SERRGIng BAonEa \@e@mb Wb 1 shed
by Caml:)r Mhgefddwiave rirhgr Bbiasémed\lﬁve Bbrck)mﬂ@%te THind/ dlly 5’ fmntransslgtetg/ (r]I i il
was cal C O

wheny ra. SeB0Efke Wheh Bnd %' Bt RBECORiarsT, Sodotr wif thel drg sl Cl
hi g8 val gedons of ke murine vanalsletheevy:a@abne Thoe rrew@ﬁdbmmet EeNgineess yBhpt ot e
at | ow veﬂéeﬁsﬁ é@t'angaeSC“ e 4lia e td‘f?@é Y6 £ AURREPRAIME It Soridinfri dpoi nt

bet ween a and d ow raé)h he curve fmkes its transition
from t hef@@9Rptoess nrrm@wegeraﬁf@t@'dao‘i asgpadrrodughi cal Iy 1. The
hal f - maxi mal b| nd| ng of sCD23 by chimaeric anti-CD23 was 16.28 nglm (See

Figure 5 stant for the humani sed anti 30 CD23
was 15.0 ﬁé’)’r?‘pa %@E%ﬁ?é’h@a 'gafpg O8hows that the humanised anti - cB23

hag85equi val ent binding to the chi maerl c anti-CD23 which has a conplete -~
mouse Cly: Yo JRAGEPEIN CARPTTA CTC AgC ACA CAg gAC CTC ACC ATg gAT
TTTggg CTgATT 3 SEQID 19

5" gAT ggA CTA gTg TCC CTT ggC CCC A3'SEQ ID 20
30
The primers for amplification of the anti-CD23 light chain variable region to
make chimaeric light chain were constructed containing the 5' cloning site
(Hind 1il), 5' untranslated sequence including a functional Kozac signal,
together with the first six codons of the murine variable light chain. The
35 reverse primer contained a BsiW 1 site and anticodons for the indicated



"WD 991 58679 36 Stable F~cpression PCT/GB99101434 0 7 N O V 2D02 Stable cell
| i nes expressing humani sed anti-CD23 were sel ected using the 5 glutam nine
synt het a nplification system obtained fromCelltech. The basic-.
system d?g%rgiﬁg%aei n Bebbi ngton et al, 1992, Biotechnol ogy REV/GBEMY was
foll owed. This system describes making stable cell lines by introducing

| i neari zed expression vectors containing the cDNA encodi ng hanster

gl utam ne synthetase under the control of the SV40 Early pronod BNIE@0and -
SV40 splicing and pol yadenyl ation signal 24nd the cDNA for the antibody
heavy and light chain info mammalian cells by el ectroporation. Transfected
cells are then se|lected for the ability to grow,in, glutam ne free medi um
NSO cel | s FRYMR BFif$no 'i\%ﬁs{qmr@sxpefiﬁﬁ@r% afdeomel B Cel K3 @4 Y or

maki ng t he=yr@rsd ThetprodiEtvad 420 baselpairki nes were grown in |scove's
Modi fied 15 Dul becco's Medium (Sigma) with 2 nmM gl utam ne (G BCO BRL) and
10% fetal calf serum (Hyclone) (Non-Select nedia). The anti-CD23 cell |ines
wer e made kight chaimwanti-Cix2 3echimeesicd?CRIdigosd cont ai ni ng t he humani sed '
anti Gp23 (40 ug) was linearised with FsP1 (New Engl and Bi ol abs), ethanol
precipitated and resuspended in 50 pl of sterile water. Exponentially

1 owi g 2051&T GAR Slet STAJGATCITA FIC Al ACGALBAG 88CeCTENAET AflgAgad
washed oncWCnT@ﬂr(bsph@A% duf f gy gplae (PBS). The cells were resuspended
in 950 ~. 1 of sterile PBS. The DNA, then cells, were added to an

el ectroporation cuvette (0.4 mm Bio-Rad) on ice. The cuvette was placed in

a Bi o- Rad &I@AT g@rpTAGTAMKA Ty TCOCASOTi MG AU S eSEQt IDL30QaKal ¢ 1B ~F

Were161el i vlq?gj 2%he é:u%/fgéée %5%%3@5 renoved and placed on ice. The cells

were dilute 3 Béf‘, qizo< g |1's/m in Non-select nedia and plated in 96

wel | plates (Costalr), R50 I§l /wel | ,E TheLnexK day 150 pl of Iscove's

Dul becco's Modi fied Mediug (Sigma) witph 60 ~glnl glutamc acid (Sigm), 60

pg/ mL asparagi ne (Sigm 7 p.g/mL each of adenosjne (Signma), guanosine

(Si gma) , ?Vﬂ@ @ieﬁéfy(oaag’né?ﬁ la'chgﬁct@ww @'ﬁﬁ??d-aﬁmv%hﬁwlgaﬂ@%lgmﬂ, and

10% f et al @Bhédsiatain pochesrr ddfteliistHmadIlRAnYeSpaddeshtami®@ @ hweldn The
tor and left until substa cel

pl at were returned to.a 37C igcub i al
deatﬁghad oM éf%&a’ﬁi@gpé}‘eq@@r G?WHQC%t% ogp e He\“]?s %9@9%/ 58679
PGT/ GB991 (e84 chain deseribed iroReicBmatul bet ab(1988¢ Natares322,r328-82 Dbutin

conf | uent t I a4 h ft ever al
days , the&%ﬁ)ﬁfkég%ﬁ@ P%?@%q\ﬁ% %%%MZ in},\%b% %@érﬂ*)sagg, ﬂ(; %nrgg%% ate a
25 cn2 f| Bietechnolagy 9 6468 andlsowgrel Rieet aliGlmiealdsxp bamuwp! (ERH2) 870
per f or m eatdg.expansi on. Once in flasks, the cultures 5 were naintained at
bet n 105 and 106 cellslm. The specific production rate (SPR) of 144

cl ones was perforned to conpare anti body production in each clone so that

t he hi ghesthg@vadabliengnd tomstanbiggibrbwasakbrmived femmdhp pdtlieecion withnidindThe SPR

was perfor i4N | fl f L j e cells
W th s, TR ERPR AP ifid IRTHERN EEIREHRES) tEERbRASINS T2
at 37 C. T™eCtanhpERG phiained dtor Celschygignheased Gpckett smd Nyl Addes were
first screraed1iogo)a7odypd) on of human I gG using an ELI SA assay as fol | ows.
EIAR A plates (Costar) were coated with 100 p.lIwell of 5 ~g/m goat =
ant i“human 1gG (Jackson | mmunor esearch Labs #109-001-003) in 15 35 nM '
NaHC03, 13MhiehN2E0ReayyHcRaih ehimagihtwag séquéncetiati®® bese paished $'hree

(1 B9 TweerseoUo Bt Qi UpdTadntangh b MG RRiadOneilyl.
serum al bu#iain | seqESICRvem intamdalnkiinddllt siteevas nelssemed TEY TiRAS. théne
hundr ed n‘ié‘drﬁbl'keft@rh%aqg cRAIM Uaka %?EF“§5§E§§\J§§F 98 th€ P AR hrafdgetSygenham

(19 ) ( a)] standard ( 1000 ng/ I'n control nedia or

Sammie s Rebtaist nesaaesied wiln g i peadie Smiailahd Basn@ar TAsae G

over ni ght @éndd atoRd HirkiSH Vg ested PREL Ebmairin BhintacRSEdtwe @2 3amsh\i00 ~I

of a 1:500Q dilution of goat anti-human al kal i ne phosphat ase conj ugate .
(Jackson | Yhor esearch Labs #109- 055- 088) was added and 25 incubated for 2
hours at 22 C or overnight at 4 C. The plates were washed five tinmes with
TBSI Tween : ~l. ' r f S - was
added and %Il%ﬁg?%%m?;ca% pgééé lg%lg@#%ggié@%t% g{reg} ?#{;Wﬁ’glkgﬁggl?ggé%“&v%‘l ecul ar
Devidies) ubendigated intoraird Givestar cqntaigingntheshaméar kapns ¢eastantiregienl e | gG
concentrations were cal cul ated and reported directly 30 by the program The
SPR was expressed as ~gl 10 6 cellsl 24 hours. The SPRs of the 144 cl ones
ranged from14 - 0 p.g/ 106 cellsl 24 hours. C ones expressing at |least 5 ~g
/ 10 6 cells/ 24 hours were also tested for binding to sCD23 using the

ELI SA assay al ready described. Chimaeric CD23 was used as the standard for
t hese assays.



35" WD 99/ 58679 PGI/ GB99/01434 ~0 7 N O V 2002 38 Conpl ement Lysis and
ADCC As &6@‘?: | abel | ed humani sed anti-CD23 was used to confirm
.expression urface CD23 on RPM 8886 cells by flow cytPEEGBJORMKE sane
cell were 5 stained with FITC | abel |l ed humani sed anti-CDw52 anti body
(hCD52) and found to be negative for CD52 expression. In contrast, Win 133
cells stained positive for hCD52 but negative for anti-CD23. ﬁw \@@96
cells were stained with europium di et hy2%ne tri am nopent aacce é? - -
(Eul DTPA) whilst Wein 133 cells were |abelled with samari um di et hyl ene
triam nopent aacetate (S DTPAZ according to the nethbds descri bed

(Bl onber Shemqrgas kappaneensiant region usedoras @3, descabedtin fgichmann et al

L995. 7. | Wt Mede s, Z%e e ohiaiil Wektidtle | AHRP | dpdtatft fochdi? bl s and

RPM 8866 cells were t th either hCD52 or anti e 15
pr esence MeMoNed framzth §dW@eV%¢t°E:M$I Hinshill and Egafbn Tos é@ﬁﬂﬂ@fe‘ﬁﬂst hr ough

? 2? ;'S:Z&Eﬁ'@id iRed U‘é@ﬂlﬁﬂllhcﬁgﬁtfsﬁ%ﬂé%ﬁhé% E85i6h ﬁ%@%1%8%m&1 EEAB\Q@S
and not HQM @58 higgggggt%,agd ﬁnggqqlpelg)g\ @éﬁ §? ﬁ*ﬂ%@tg ?L-;UPP ré]

confirns IRBAREBS t98W) enent pat hway can be activated to cause cell 20
| ysis. No Eul DTPA from RPM 8866 was rel eased by hCD52 as anti ci pat ed.
Al t hough RPM 8866 cells express CD23, no Eu/ DTPA was rel ease by anti CD23,
denonst rahenghimmria heawntdhainly was istddted ae adiglviht-eSebhpiassette. ang'si s of

1:1 mxt 1 %fl\{lh t

cel | ul ar cyt oxP%ﬂlih ?%&1 3§alqzr}t%teerrptg Wﬁ1?¥|&ﬁ9%h§ﬁ§¥l?gﬁ%%@ﬁ th%gDSZ in
t hd0 presgﬁ%@g'ﬂfa% ﬁ@ﬁéﬁaammw werebifdbessame PlasinidPBMC) . A rel ease of
Sm DTPA by hCD52 and not anti-CD23 confirnmed that only the latter was

bl t f Wein 133 | t ,
gln ﬁceev\é Re 1%358'&1‘?@55‘8%8 Sé@ﬁ?)r?—%ﬁn‘ﬁﬁi% tﬁ?\le‘f'ﬁrﬁ'gf'coéoﬁﬁewggtﬁr%% é@ftggsed

30 a rekpassedfinELOBTEHAIs (Green m:gﬂ@ftladnehajella)l a@w@lwmw@cteasl on was

conf 6 |
Sonas aoledlal W ReEEhagytey it ool TBbring 16 TERbRRAEhdE | VS!S
PGP GB99DUJMQGI afothe manufazturer.o@n therﬁeyaywdpétarmﬁewtwms QiXs%0ceealls on rate
and the ﬁ%ﬂ'ﬁét@ﬁla&é’é%%oﬂﬁtﬁéw 2003 C'Eb%t i angtfvoluiBndred n’a\%f CD23

bori 11 eamedibnoMEsmaves B %E%Eﬁqd%&%g@é MesigTt a0 BRLF s
Car boxy| 10%odipdysen febet ctkdéaram Hydianee), WEhe pﬁatasWefetlmhtkmed overnight

(v Fl B QL R b B A QLR

t 020 ni t i Gthe minobiserirsafreenmetichimal atariie pelystyrene ddiduy cantginenctharesi dual
active g{eHP%e 'E!Weé'ﬂ?' SF‘—‘% éQ&H fy\gﬂzt% %'t%ﬁ&eb@d“ﬁ%ﬁ%ﬁfﬁés DINIS b over

t he sensor sur ac anti - CD2 CD23 vvacg
ec').

noni t or eddded tedhetq. a@nm régsﬁeﬁﬁamoﬁ?l%tfom e sgaypdres @atf@n(mlxe
Di ssoci awvenrami léﬂﬂ%t@@ih Qé'tﬁpéh;i‘u@nfdr §b80t a0mRirties Whilkupfeparingstial so

o o Boltlor TAATEHAD Mg 7 e SEBLAAERRIT G oo de rdlgice ot o
Fo25 6 bathelme&*neof:el@mrermﬁefuﬂymnded d oh@viimas :dth atmbpre-warmed serum
free media per well, and then 0.5 ml of serum free media was added to each
well. Previously prepared 0.5 mi DNA/Transfectam solution was added into
each well and when all wells completed, the plate was gently swirled to ensure
mixing. The plate was retumed to the incubator for 4 hours. Two ml of
30 complete medium (containing 1.5 times the normal serum concentration) was
added to the transfection solution. The plates were returned to the incubator
for three days when the medium was harvested from the plates, and assayed
for antibody activity. .



15 rates in the range 1.5-1.85x1 O6 M' sec 'and the dissociation rate of 1
- 2x10'5 sec'' The dissociation constant for anti-CD23 was found to be
within 8 e affinity constant was determ ned to be approxi mately
9x10' Kawrjff?o%%;}l 0 ~r~ov 2002 _ 40 CLAIMS 1. An anti b&&F/GHMOBHIMas
sufficient of the am no acid sequence of each CDR shown bel ow such that the
anti body is capable of binding to the CD23 5 (FCsRIl) type |1l nol %%IE
expressed on haematopoi etic cells: RSSKSLLY KDGKTYLN LMSTRAS QQLVEYPRYY 306!
GYWVS E1RLKSDNYATHYAESVKG FID. ...... CDREG (SEQ ID NO: 3) CDRL2 (SEQ I D NO:
5) CDRL3 (SEQ ID NO: 7) CDRH1L (SEQ ID NO 9) CDRH2 (SEQ ID NO: 11) CDRH3

SEQ | D NO;, 13). .15 2, An.anti body Wwhj , titively inhibits the bindi
O an anti BBAyLHEASHS BRESQENR oL oel 4358t Mo e LISA abspim For (BetBISADS |
(FtC_sthl :j) t gpeay to d’éitsmﬂﬂ @sefmaelsiaemgpwmm atesi (Costapohbe ceé&fea‘iviﬁg 3" Anm
antl1 bo r n n I e | 1 C S alte

ant 1 body. - 300 Mgl B 22 sbhBab a8 P NBLRGH, 15 raMLNge e BGD 3

ant i body. 6vernightratidotCly Plateswiregvashedrthres timbe withe ¢80 inmg Na@l, 88 ril whi ch -
the f I of 0, d i jvd ' th
1 ant GRS DRSS, BREYWAR ThCCRDNCRE 1 RCCRSE R S Ry, LA ' e
accor di ng heursngt 32 °téeW1§‘r 48801 Aelcofa Yhsboving serimrelbumin i kB&sTweeh, t he

| i ght chai gnd Qe dheadhidretiRBENGtRTRY/TWesédues from them nurine anti body at
position 64, An antibody conprising one or both of the am no acid sequences

35 according to SEQID NOS: 1 and 2. 41 0. 7 NOV 20T
Dilutions of supernatants from the murine hybridoma C11 were added 100

10 ul/well on one part of the 96 well plate and dilutions of the chimaeric anti-
CD23 antibody transiently expressed in the supernatants of COS cells was
added to another part of the 96 well plate. The C11 murine antibody was
detected with anti-mouse IgG (whole molecule) peroxidase conjugate
developed in goat from Sigma A4416, diluted 1:1000 in PBS/BSA( bovine

15 serm albumin) (1%). The chimaeric anti-CD23 antibody was detected with
anti-human kappa light chain (bound and free) peroxidase conjugate, (Sigma
A-7164), diluted 1:5000 in PBS/BSA (1%). Chimaeric anti-CD23 was positive
for binding sCD23 in the ELISA.

20 The chimaeric anti-CD23 was also positive in binding membrane CD23 as
determined by FACS. These data verified that the correct murine C11 heavy
and light chain variable regions had been cloned and sequenced. These
murine sequences were then used to develop the humanised anti-CD23

antibody. -
25 i
Construction of the humanised heavy and light chain genes
The humanised heavy and light chains were constructed following the method
of Lewis and Crowe (Gene 101, 297-302, 1991).
30

(i) Light Chain
The mouse framework variable region sequences were compared to human
framework sequences in the GenBank database.



8. An antibody conprising one or both of the am no acid sequences according
to SE ‘mal/ and 18. 9. An anti body according to any of the precedin
Qm% y g y 3«54 g

.claims iIn ?:7ﬁ the 5 constant region contains Al a at pos’?‘ﬁ’@??”? and Al a

at position 237 by the Kabat numbering system 10. An anti body according to
any of the preceding clains for use in human therapy. 1~ 11. Use of an

anti body according to any of clains 1- I n the manufacture qf7ﬂﬂmi/cam§nt
for the treatnment of a disorder sel ect fromarthritis, |upus

eryt hemat osus, Hashinmotos thyroiditis, nmultiple sclerosis, diabetes,

o oner ui bRBb AR Sum R taBare Wsrgréofleat B hatio R I B stse o ohn s
di sease, asji-bgnean s antixCiD2a8e light | ehvajh eyariableerfraroewstihnsequeroei nsiTheast hna)

acute as Wewy: r | | i DpAm Sl d ti.S,

br onchi tfrg Epaér}?(i_cu ar P’?‘Ti:(ﬁé%onq% %%n@\?sﬁﬁﬁ%@ggeﬁﬁgﬁ gaglt('itucetﬂ{agrl y Type
1 di abet @Xfpns@rsdi wagal i gnancies. 20 12. Use of an anti body which binds to
t hegCD23 (FCsRII) type Il nol ecul e expressed on haematopoietic cells in the

manuf act ure of | caent f | ocki ng soluble CD23 formation. - 25 13.
Use of aﬁ?q"b%d{]'%igggﬂgi"r&? ?%"géré{?*m 13 wherein the antibody is an antibody
accor di nDefinifionneHamaN pearmangetODNIK forkdpa-peaunsgiebalin gaded puptidet i b0d>1/

chai n which corTBLel ses _one or nore of the sequences according to: 30 CDRL
base pai PNhYRHEPE HEEIAN 7 of Figure 3 (SEQ ID NOS- 4) CDRL2 base pair
nunber s $60@rcE83homorsapiers 3 (SEQ ID-NOS: 6) 35 5 10 15 42 CDRL3 base pair

- 306 ' 1 ' - ' 4
Corte baadsir RloHechy e, &5 cCoRbRER, obHIRER VoRagSR 1P e dHe" 301 300
of Fi gurgenetaiighi\ctrio zivessity, INmtNes: 3G9, 78SHR) 1984N0S:  10) (SEQ. I D NOS: 12)
(SEQ 1D NOS: 14) 15. DNA sequence encodi ng an anti body chain which

conprises one or both of the sequences encodj ,n% of the sequences according
to SEQ |'FAfibanmingnacid that differed at the same position in the mouse and human

framework was examined. The human amino acid was kept if the antigen

15 binding is not affected because human residues should be less immunogenic
than a mouse residue. The identification of specific residues that affect binding
has to be hypothetical and based on data from other antibody-antigen
interactions. From published data, residues 71, 91, and 94 in the heavy chain
framework have been shown to interact with antigen binding (Tramontano, A.,

20 Chothia, C., and A.M. Lesk, J. Mo!. Biol,, 215, 175-182, 1990.; Kettleborough,
C.A., Saldanha, J., Heath, V.J., Morrison, C.J. and M.M. Bendig, Protein Eng,
4, 773-783, 1991). These residues should therefore, be the same in the
humanised framework as in the mouse framework. Each amino acid change is
considered for size, hydrophobicity, hydrophilicity, and charge. If the human

25 amino acid is similar to the mouse amino acid in these characteristics, then
the human amino acid is used at this site.

o

There were 13 differences between the amino acid sequence of the mouse

light chain variable framework sequence and the most homologous human
30 variable light chain sequence. None of the mouse residues were retained. A

humanised light chain variable sequence was generated and a GCG program

was used to identify silent sites for the following enzymes:

Accl; Hael: Nheli; Pvull; Xbal; Xhol; Xmal



"16. A DNA sequence encodi ng an anti body chain which conprises one or both
of the sequences according to SEQ ID NOS: 17 and 18 17. A pharmaceuti cal
fornul ati 0 ewsgsrd si ng an anti body as defined in any of th(;,crr] ]4]34to' 10
and a pharnmaceutically acceptable excipient. 18. A pharmaceutica .
formul ation conprising an antibody as defined in any of clains 1 to 10 in
combi nation with an immunonmodul atory or antiinflammatory agent 9'7%0‘%2002
pharmaceutically acceptabl e excipient. 2
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FL:SEQ ID NO: 28. 5 AgC CAC CTg ACg TTT gAT CTC CAC CTT ggT

CCC TTg :

gCC gAA CgT gAA Tgg ATA CTC TAC CAg CTg TTg ACA gTA ATA AAC
35 CCC ¥
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10 Three primary PCR reactions were initially carried out, with 10ng of template

per reaction, using the primer pairs Al with By, CL with D, E_ with F_
respectively. The products of these PCR reactions, fragments ABL, CDy and
EFL respectively, were purified using Qiaquick PCR Purification Kit (Qiagen
Ltd, Surrey, UK, product #28104) following the protocol recommended by the
15 manufacturer. Fragments AB| and CD|_ were combined using one tenth of
each purified product, and subjected to recombinant PCR reactions with
primers Al and D{. The product of this reaction, fragment AD[_ was purified
as above, and one tenth of the product was combined in a recombinant PCR
reaction with one tenth of purified EF using primers Ay and F|. The final
20 humanised light chain recombinant PCR product, AF| , was ligated into pCR™
Il from “TA Cloning Kit" (invitrogen BV, Leek, The Netherlands, product
#K2000-01) following the protocol recommended by the manufacturer.
Plasmid isolates were sequenced using the ABI fluorescent sequencer.

1
%3

25 (if) Heavy Chain L

The human framework sequence most homologous to the mouse framework
sequence was identified for the heavy chain. The most homologous
sequence in the database for the heavy chain was:

30
Locus: HUMSIGVS 423 BP MRNA
Definition: Human Ig mu-chain mRNA V3b-D-J4 region 5' end
Source: Homo sapiens cDNA to mRNA
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' mouse heavy cham variable framework sequence and the most homologous
human variable heavy chain framework sequence. In five positions 49, 66,
76, 77 and 94 the mouse amino acid was retained. At all other positions the
human amino acid was used for the humanised heavy chain framework.
10
A file of the humanised heavy chain variable sequence was generated and a
GCG program was used to identify silent sites for the following enzymes:
Eagl; Nhel; Xbal; Xho!l; Xmal

156 Changes in the nucleotide sequence were made to include these restriction
enzyme sites without changing the amino acid sequence. The presence of
these sites were included to make cutting and pasting fragments of PCR
clones easier.

20 A Hindlli restriction site for cloning, a Kozac sequence for transcription
initiation, and a murine signal sequence (MAWVWTLLFLMAAAQSAQA - SEQ
ID 16) for protein secretion were added to the §' end of the humanised heavy
chain variable region sequence. An Spel restriction site was added to the 3’
end for cloning.

iy

The humanised variable heavy chain framework with mouse CDRs was built
by PCR using long overiapping oligonucleotides.  Eight oligos were
synthesised approximately 60 base pairs with 15 base pair overlaps. The
oligos were as follows:

30
AH:SEQ ID NO 29. 5" ACA CgA AgC TTC ACC ATg gCT Tgg gTg Tgg ACC
TTg CTA TTC CTg ATggCggCCgCC CAA Y

BH:SEQ ID NO 30: 5 CTT TAC CAA gCC TCC CCC AgA CTC CAC CAg
35  CTg CAC CTC TgC TTg gaC ACT TTg ggC ggC CgC CAT 3'
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10
FH:SEQ ID NO 34: ' ATC ATC TCT TgA gAT ggT gAA TTT CCC CTT, CAC
AgA CTC CgC ATA ATg TgT TgC ATA ATT 3’

GH:SEQ ID NO 35: 5' ATC TCA AgA gAT gAT TCA AAA TCT AgA CTg TAT
15 CTg CAA ATg AAC AgC CTg AAA ACC gAg gAC ACA 3’

HH:SEQ ID NO 36: 5' ggT gAC TAg TgT TCC CTg gCC CCA gTC TAT gAA
ATC TgT ACA gTAATA CAC ggC TgTgTC CTC ggT TTT &

20 The murine CDR's were grafted on to the template using recombinant PCR.
PCR was performed using a programmable thermal cycler (Trio; Biometra).
A 50 pl reaction contained 2.5 units of AmpliTag polymerase (Perkin-Eimer-
Cetus, Beaconsfield, UK) in the buffer supplied by the manufacturer, a buffer
which provides the preferred pH and ionic strength for amplification (10 mM

25 Tris-HCI, pH 8.3, 50 mM KCI and 1.5 mM MgCly), 200 uM each of dATP,
dCTP, dGTP, and dTTP, and amplification primers at 1pg/ul. The samples
were heated to 94°C for 2 minutes in a heating block, then centrifuged for 30
seconds at 16,000xG. Samples were placed on ice for 1 minute, then Taq
polymerase and a drop of mineral oil added to each sample. The samples

30 were vortexed, then centrifuged for 30 seconds at 16,000xG. Samples were
placed in the thermal cycler programmed as follows:

v

Step 1: 94°C for 1 minute
Step 2: 50°C for 2 minutes, ramping up to step 3 at 0.4°C/second
35 Step 3: 72°C for 3 minutes, go to step 1 repeating the loop 25 times
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5 Gy and Hy. A 1 ul aliquot of the primary PCR reaction products were
combined with primers (1 ug/ul) and subjected to the same PCR reaction
conditions described for the primary PCR reactions to generate the full length
heavy chain variable region. Primary PCR reaction fragments AFy and EHy
fragment, AHy, fragments ABy, GHy, and AHy, fragments ABy, CDy, EFy, and
10 GHy, fragments ABy, CDy, EFn, GHu, and AHy were combined with primers
Ay and Hy. Al of the PCR reactions produced full length fragments. The
humanised heavy chain variable region PCR product from the ABy, GHy, and
AHy reaction was purified using Wizard PCR Preps DNA Purification System
(Promega) following the protocol recommended by the manufacturer. The
15 purified products were cut with Hind llIl and Spe 1 then cloned into a pUC
vector containing a mutated igG1 constant region (see below).

Construction of the Humanised antibody

20 The humanised heavy chain variable region PCR products were cut with Hind
lll and Spe 1 then cloned into a pUC vector containing a mutated IgG1
constant region (see below). The variable region of the clones were
sequenced Figures 3 and 4(SEQ IDS 17 and 18). A clone containing the
correct humanised heavy chain variable amino acid sequence was selected.

25 This clone had one silent nucleotide change from the model humanised heavy -
chain variable sequence.

1,
Ba¥

An 1gG1 with mutations to eliminate C1q and Fc binding was used for the
constant region of the humanised heavy chain. These mutations were based

30 on the following two papers: Duncan, A.R. and Winter, G. Localization of the
C1q binding site on antibodies by surface scanning. Nature 332, 738-740,
1988 and Duncan, A.R., Woolf, J.M., Partridge, L.J., Burton, D.R. and Winter,
G. Localisation of the binding site for human FcR1 on IgG. Nature 332, 563-
564, 1988.

35 X
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10 follows:

Constant region PCR oligos used to generate IgG1 with mutations were:

SEQID 37 Ac gCT gCT CCT TTT AAg CTT Tgg ggT CAA ggC TCA CTA gTC
15 ACA gTC TCC

SEQID 38 B, TgA Cgg TgC CCC CgC gAg TTC Agg

SEQID 39 C. CCT gAA CTC gCg ggg gCA CCg TCA
20
SEQID 40 D, AAg CTT CCg TCg AAT TCATTT ACC Cgg AgA CAg

Oligo A contains a Hind/Spel site. Oligos B; and C, contain the mutations at
positions 248 and 250. Oligo D, contains an Eco R1 site. Oligos Ac and Bc
25 were used to generate a fragment AB using the PCR conditions specified in the
General Methodology section of this application and a cloned human IgG1
constant region as template (Reichmann, L., Clark, M., Waldmann, H., and
Winter, G. (1988) Reshaping human antibodies for therapy, Nature 322, 323-
327). Oligos C. and D, were used to generate fragment CD using the same
30 PCR conditions and template as for AB. PCR fragments AB and CD were
cleansed using a Wizard PCR Preps DNA Purification System (Promega).
PCR fragments AB (5.0 ul) and CD. (5.0ul) were combined with oligos Ac and
D. to generate a fragment AD. containing the IgG1 constant region with
mutations. Fragment AD. was cleaned by Wizard PCR Preps DNA Purification
35 System (Promega), digested with Hindlil and Eco R1, then ligated into Hindlli-

-y
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containing the humanised anti-CD23 heavy chain variable region.

The humanised light chain variable region PCR products were cut with Hind 111
and Bsiw 1, then cloned into expression plasmid pEE12 containing the human

10 kappa light chain constant region described above. The clones were
sequenced using an ABI fluorescent sequencer and a clone, containing the
correct amino acid sequence for humanised light chain variable region was
selected.

16 A Bglll - Sal | fragment containing the humanised heavy chain anti-CD23 from
the pEE6 plasmid was ligated into the Bam H1 - Sal | site of the pEE12
plasmid containing the humanised light chain anti-CD23 to make one plasmid
containing both the humanised heavy and light chain anti-CD23. The
humanised heavy chain variable and constant region and the humanised light

20 chain variable and constant region in the final expression plasmid were
sequenced.

Transient Expression of Humanised Antibody

25 The plasmid with the humanised anti-CD23 was transfected into COS cells SR
and transiently expressed using the same protocol as described for the
chimaeric antibody above. The expression plasmid with the humanised anti-
CD23 was transfected into COS cells and transiently expressed as described
for the chimeric anti-CD23 transient expression.

30
The concentration of chimeric and humanised anti-CD23 antibody required for
half-maximal binding to sCD23 was assayed using the sCD23 ELISA already
described.  Absorbance at 405 nm was plotted versus a range of
concentrations of antibody to generate a sigmoidal curve with a “goodness of

35 fit" or correlation coefficient of 1. The absorbance was read using a Molecular
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Numerical Principles in C: The Art of Science computing by William H Press,

1" Brian P Flannery, Saul A Teukolski and William T Vetterling, published by
Cambridge University Press, New York, 1988. The value for x in ng/ml was
calculated for the following equation:

X= CX [a-y] 1
15 fy - d]

wheny+d-c¢
2
and where
20 d is the y-value corresponding to the asymptote at high values of the x-axis a
is the y-value corresponding to the asymptote at low values of the x-axis

c is the x-value corresponding to the midpoint between a and d

25 b describes how rapidly the curve makes its transition from the asymptotes in
the center of the curve, typically 1.

The half-maximal binding of sCD23 by chimaeric anti-CD23 was 16.28 ng/m!
(See Figure 5). The half-maximal binding constant for the humanised anti-

30 CD23 was 15.03 ngfml (see Figure 6) This data shows that the humanised
anti-CD23 has equivalent binding to the chimaeric anti-CD23 which has a
complete mouse C11 variable region.

35
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Stable Expression

Stable cell lines expressing humanised anti-CD23 were selected using the
glutaminine synthetase gene amplification system obtained from Celltech.
The basic system described in Bebbington et al, 1992, Biotechnology 10, 169-
175 was followed. This system describes making stable cell lines by
introducing linearized expression vectors containing the cDNA encoding
hamster glutamine synthetase under the control of the SV40 Early promoter
and SV40 splicing and polyadenylation signal and the cDNA for the antibody
heavy and light chain into mammalian cells by electroporatioh. Transfected
cells are then selected for the ability to grow in glutamine free medium. NSO
cells (non-immunoglobulin secreting mouse myeloma B cells) used for making
the humanised anti-CD23 stable cell lines were grown in Iscove's Modified
Dulbecco’s Medium (Sigma) with 2 mM glutamine (GIBCO/BRL) and 10%
fetal calf serum (Hyclone) (Non-Select media). The anti-CD23 cell lines were
made as follows. The expression plasmid containing the humanised anti-
CD23 (40 ug) was linearised with FsP1 (New England Biolabs), ethanol
precipitated and resuspended in 50 pl of sterile water. Exponentially growing
NSO cell were counted. The cells (10°) were centrifuged and washed once in
phosphate bufferd saline (PBS). The cells were resuspended in 950 pl of
sterile PBS. The DNA, then cells, were added to an electroporation cuvette
(0.4 mm, Bio-Rad) on ice. The cuvette was placed in a Bio-Rad electroporator
and two consecutive pulses at 1500 volts, 3 uF were delivered. The cuvette
was removed and placed on ice. The cells were diluted to 104, 10°, 107
cells/m! in Non-select media and plated in 96 well plates (Costar), 50 pliwell.
The next day 150 pl of Iscove’s Dulbecco's Modified Medium (Sigma) with 60
pg/mi glutamic acid (Sigma), 60 pg/mi asparagine (Sigma), 7 pg/mi each of
adenosine (Sigma), guanosine (Sigma), cytidine (Sigma), uridine (Sigma), and
thymidine (Sigma), and 10% fetal calf serum (Hyclone) (Select media) was
added to each well. The plates were returned to a 37°C incubator and left
until substantial cell death had occurred and discrete surviving colonies

appeared.
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Colonies were transferred from a confiuent 96 well plate to one well of a 24
well plate, then after several days , the confluent well from the 24 well plate
was used to innoculate a 25 cm? flask. The spent media was included with
fresh Select media to perform each expansion. Once in flasks, the cultures
5 were maintained at between 10° and 108 cells/ml. The specific production rate
(SPR) of 144 clones was performed to compare antibody production in each
clone so that the highest producing clone could be selected as a production
line. The SPR was performed by taking 10° cells from a confluent flask,
washing the cells with PBS, then adding the cells to 10 ml of fresh media for
inr 24 hours at 37° C. The antibody production was quantitated by ELISA.

The clones were first screened for production of human IgG using an ELISA
assay as follows. EIA/RIA plates (Costar) were coated with 100 pl/well of §
png/mi goat anti-human IgG (Jackson Immunoresearch Labs #109-001-003) in
15 35 mM NaHCOj;, 15 mM Na,COs, pH 9.3 overnight at 4 © C. Plates were
washed three times with 150 mM NaCl, 50 mM Trizma base, 0.1% (v/v)
Tween-20, pH 7.4 (TBS/Tween), blocked for 1-2 hours' at 22°C with 100
pliwell of 2% bovine serum albumin in TBS/Tween, and washed three times
with TBS/Tween. One hundred microliters of control Campath-1H IgG1{Page,
20 M J and Sydenham (1991) (supra)] standard ( 1000 ng/ml - 1 ng/ml) in control
media or sample supernatants were added, in triplicate, to wells and
incubated overnight at 4° C. Plates were washed five times with TBS/Tween
and 100 pl of a 1:5000 dilution of goat anti-human alkaline phosphatase
conjugate (Jackson Immunoresearch Labs #109-055-088) was added and
25 incubated for 2 hours at 22° C or overnight at 4° C. The plates were washed
five times with TBS/Tween and 100 pl of 3 mM pNPP in substrate buffer
(Sigma 104-0) was added and the plates read at 405 nm on a microtiter plate
reader (Molecular Devices) using a 20 minute kinetic program. Standard
curves and sample IgG concentrations were calculated and reported directly
30 by the program. The SPR was expressed as pg/ 10 © cells/ 24 hours. The
SPRs of the 144 clones ranged from 14 - 0 pg/10° cells/24 hours. Clones
expressing at least 5 pg / 10 © cells/ 24 hours were also tested for binding to
sCD23 using the ELISA assay already described. Chimaeric CD23 was used
as the standard for these assays.
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Complement Lysis and ADCC Assays

FITC labelled humanised anti-CD23 was used to confirm expression of
surface CD23 on RPMI 8866 cells by flow cytometry. The same cell were
stained with FITC labelled humanised anti-CDw52 antibody (hCD52) and
found to be negative for CDs; expression. In contrast, Wein 133 cells stained
positive for hCD52 but negative for anti-CD23.

RPMI 8866 cells were stained with europium diethylene triaminopentaaccetate
(Eu/DTPA) whilst Wein 133 cells were labelled with samarium diethylene
triaminopentaacetate (SM/DTPA) according to the methods described
(Blomberg, K,1993, J Immunol. Methods.168,267;Patel et al,
1995.J.Immunol.Methods.184,29). A1:1 mixture of labelled Wein 133 cells
and RPMI 8866 cells were then lysed with either hCD52 or anti-CD23 in the
presence of NHS as a source of complement. Activation of complement
through the classical pathway by hCD52 caused a release of Sm/DTPA. No
Sm/DTPA was released in the presence of anti-CD23. The data confirms that
only hCD52 and not anti-CD23 induces lysis of Wein 133 cells. The data
further confirms that the complement pathway can be activated to cause cell
lysis. No Eu/DTPA from RPMI 8866 was released by hCD52 as anticipated.
Although RPMI| 8866 cells express CD23, no Eu/DTPA was release by anti-
CD23, demonstrating that the antibody is unable to activate complement.

Lysis of 1:1 mixture labelled Wein 133 and RPMI 8866 by antibody dependent
cellular cytoxicity (ADCC) was attempted with either anti-CD23 or hCD52 in
the presence of peripheral blood mononoclear cells (PBMC). A release of
Sm/DTPA by hCD52 and not anti-CD23 confirmed that only the latter was
unable to mediate ADCC lysis of Wein 133 cells. This was not surprising,
since Wein 133 cells do not express CD23. Neither of the antibodies caused
a release of EWDTPA. This suggested that although CD23 expression was
confirmed on RPMI 8866 cells by flow cytometry, no ADCC mediated cell lysis
was detected with anti-CD23.

Kinetic Analysis

10\
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The association rate, dissociation rate and the dissociation rate constant for
the binding of humanised anti-CD23 to the CD23 antigen was evaluated on
the Biacore Biosensor. Briefly, purified recombinant CD23 was immobilised
onto a CM5 sensor surface. Carboxyl groups on the dextran surface were
5 activated by 1-ethyl-3(3-dimethylaminopropyl) carbidimide ( EDCO/N-
hydroxysuccimimide (NHS). Following activation, recombinant CD23 was
passed over the surface to initiate immobilisation. Ethanolamine was then
added to quench residual active groups. Humanised anti-CD23 diluted in
HBS buffer was passed over the sensor surface. Binding of anti-CD23 to
10 immobilised CD23 was monitored in real time for estimation of the association
rate (M sec™). Dissociation of the CD23 and the anti-CD23 complex in buffer
was also monitored for estimation of the dissociation rate (sec’). The
dissociation constant (nM) was calculated from the dissociation and
association rate. For 6 batches of anti-CD23, the data shows association
15 rates in the range 1.5-1.85x10® M sec'and the dissociation rate of 1 - 2x107°
sec’ The dissociation constant for anti-CD23 was found to be within 8-12pM.

The affinity constant was determined to be approximately 9x10'° Ka mo1™.
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1. An antibody which has sufficient of the amino acid sequence of each CDR
shown below such that the antibody is capable of binding to the CD23

5 (FCeRII) type 1l molecule expressed on haematopoietic cells:

RSSKSLLY KDGKTYLN CDRL1 (SEQ ID NO: 3)
LMSTRAS CDRL2 (SEQ ID NO: 5)
QQLVEYPFT CDRL3 (SEQ ID NO: 7)

10 _
GYWMS CDRH1 (SEQ ID NO: 9)
EIRLKSDNYATHYAESVKG CDRH2 (SEQ ID NO: 11)
FID....... CDRH3 (SEQ ID NO: 13)

15 2. An antibody which competitively inhibits the binding of an antibody having
the CDR sequences set out in claim 1, to the CD23 (FCeRIl) type I
molecule expressed on haematopoietic cells.

3. An antibody according to any of the preceding claims which is an altered
20

antibody.
4. An antibody according to claim 4 which is a humanised antibody. =
25
5. An antibody according to any of the preceding claims in which the
framework of the heavy chain includes the amino acid residues from the
murine antibody at any of positions 49,66,76,77 and 94.
30

6. An antibody according to any of the preceding claims in which the
framework of the light chain included the amino acid residues from them

murine antibody at position 64,

7. An antibody comprising one or both of the amino acid sequences
35 according to SEQ ID NOS: 1 and 2.
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o An antibody according to any of the preceding claims in which the

5 constant region contains Ala at position 235 and Ala at position 237 by the
Kabat numbering system.

10. An antibody according to any of the preceding claims for use in human
therapy. '

10

11. Use of an antibody according to any of claims 1-10 in the manufacture of
a medicament for the treatment of a disorder selected from arthritis, lupus
erythematosus, Hashimotos thyroiditis, multiple sclerosis, diabetes,
uveitis, dermatitis, psoriasis, urticaria, nephrotic  syndrome,
15 glomerulonephritis, inflammatory bowel disease, ulcerative colitis, Crohn’s
disease, Sjogren’s syndrome, allergies, allergic asthma, intrinsic asthma,
acute asthmatic exacerbation, rhinitis, eczema, GVH, COPD, insulitis,
bronchitis (particularly chronic bronchitis) or diabetes (particularly Type 1
diabetes), B-cell malignancies.
20
12. Use of an antibody which binds to the CD23 (FCeRIl) type Il molecule
expressed on haematopoietic cells in the manufacture of a medicament
for blocking soluble CD23 formation.

1‘71“.

25 13. Use of antibody according to claim 13 wherein the antibody is an antibody
according any one of claims 1-10.

14. A DNA sequence encoding an antibody chain which comprises one or

more of the  sequences according to:
30

CDRL1 base pair numbers 70-117 of Figure 3 (SEQ ID NOS- 4)
CDRL2 base pair numbers 163-183 of Figure 3 (SEQ ID-NQOS: 6)

35
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15.

16.

17.

18.

07 NOV 2002

42
CDRL3 base pair numbers 280-306 of Figure 3 (SEQ ID NOS: 8)
CDRH1 base pair numbers 91-105 of Figure 4 (SEQ ID NOS: 10)
CDRH2 base pair numbers 148-204 of Figure 4 (SEQ ID NOS: 12)

CDRH3 base pair numbers 301-309 of Figure 4 (SEQ ID NOS: 14)

DNA sequence encoding an antibody chain which comprises one or both
of the sequences encoding of the sequences according to SEQ ID NOS:1
and 2.

A DNA sequence encoding an antibody chain which qor‘hprises one or
both of the sequences according to SEQ ID NOS: 17 and 18

A pharmaceutical formulation comprising an antibody as defined in any of
the claims 1 to 10 and a pharmaceutically acceptable excipient.

A pharmaceutical formulation comprising an antibody as defined in any of
claims 1 to 10 in combination with an immunomodulatory or anti-
inflammatory agent and a pharmaceutically acceptable excipient.



