; €3eHH 868TWL.- 6 Novenber 2002 BI NDI NG MOLECULES DERI VED FROM

| MMUNOGLOBULI NS WHI CH DO NOT TRI GGER COVPLEMEN MEDI ATED LYSI S TECHNI CAL
FIELD 5 The present invention relates to binding pol ypeptides havi ng am no
aci d sequences derived froma nodified constant region cg Ne ber 2002

i mmunogl obulin G (1gG heavy chain. The-invention further relg?es to

met hods and naterials for produci Vi des :
mater | al g:wmﬁugmaﬁﬁpm&%ﬁmhﬁ@mﬂ?d@%go RSN T MRS
gl ycopr oflER EQiYe hel p to defend the host against infection. They
general ly consist of heavy and |light chains, the N-term nal domains of

which forma égﬁk?E%f 92§¥Ddonain capabl e of binding antigen. 20 The V
dormain is as constant ox C-term nal donmain which defines the
cl ass (and sonetinmes subclass [isotype], and allotype [isoallotype]) of the

i mmunogl obulin. 25 Thus i.n mamual i an .spegj i o] i i as 1gDh
19G 18A, | gfh&nBTEEERETHEVERE OPadEY e%%ﬁ%:é%ﬂ%?gﬂ nghggggﬁggéés in

humans (1 9G 4968 ah9E3, akd@4beqlisncedomwni et | fBBmcanpesiedhr ee

domai ns CY1l, Cy2, "and Cy3, which are ver iq%g@r QEtWﬁeg tgeggysubclasses

(over 90% 30chosbROgyreItna Off thied Lo P C) {FREY B52%¥ni nge. The

role of the subelassqn ADRGRLS ke \fRiDeHRA! WReTmEgect oSmethblkCahd *000002"
i'S

_ 6 Novenber © I t nown that the C-domain is responsible for various
ef fector funeatersiadt the producgnghEuah REYREREKAES9921d" MgEPRAFect O
Mechani sms" in "Antibod{ En%%geenigplﬁé Capra, Pub. Chem | nmunol, 5

Basel 1Rur ger 2ndoMas5r3F 183 M PaCYRSE g Getai l ed review). Briefly, 1gG
functions are generally achieved via interaction between the Fc regi on of
the g and an Fcy receptor (FcyR) or other binding nolecule, sonetines on
10 an effect ®RIGRLARTThis can trigger the effector cells to kill target
cells to which the antibodies are bound through their variable (V) regions.
Al so anti bodi es directed agai nst soluble antigens m ght formimune

conpl exes whiTnmuauogrlicdrnujatresd t 0 FcyRs which result in the 15 uptake

(opsoni sation) of the immune conplexes or in the triggering of the effector
cel I s¥nd the rel ease of cytokines. In humans, three classes of FcyR have

been char act emirsedgldbulithougte (dleyignetie ons i whiaht hedpcsepdréSned by the
occurrence of mul iRl receRt Qi Tn NorALY °GeibRassy Yohisise of
heavy and light chains, the N-terminal domains of which
form a variable or V domain capable of binding antigen.
20 The V domain is associated with a constant or C-terminal
domain which defines the class (and sometimes subclass
[isotype]l, and allotype [isoallotypel) of the

immunoglobulin.

25 Thus in mammalian species immunoglobulins exist as IgD,
1gG, IgA, IgM and IgE. The IgG class in turn exists as 4
subclasses in humans (IgGl, IgG2, IgG3, IgG4). The C-
domain in IgGs comprises three domains Cyl, Cy2, and Cy3,
which are very similar between these subclasses (over 90%

30 homology) . The Cyl and Cy2 domains are linked by a hinge.

The role of the subclasses appears to vary between

epecics. AR
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(i) FcyRl (CD64) binds mononeric IgGwith high affinity 25 and is expressed
on macr ophages, nonocytes, and sonetinmes neutrophils and eosinophils.
(ti)FcyRI1 (CD32) binds conplexed IgGwith nediumto low affinity and is

wi dely expressed. These receptors can be 30 divided into %mo i mport ant
types, FcyRIla and FcyRIIb. The 'a' form & the receptor §FEBRET oflGany
cells involved in killing (e. g. macrophages, nonocytes, - 3 - 6 Novenber
2002 neut r ophit sis akdowsenbabbkbet €-domaat é st e spidrisidg eprfosce ysiri1ang

occurs as two nati.ve alleles. e " for to pl a,rolein
i nhibitory pr%@%%gégrSfaﬂag%gnﬁoﬁﬁdzgﬁ é@€8P$??E%§§5%bﬁ%§ s%éﬁgkon mast

cells and eos{1@ph) | SIgONEBfeetbs MecheaiBmbo fiwnctimibodysuppress further
i mmunogl obul i n groduction and i sotype swtchi say for exanple the IgE

) ng to
class. On ma %%§%n9ﬁeEﬁ-fopﬁpﬁét§PPB'inﬁP%FkI dyt osi s as 10
medi at ed t hroygh, fpx&@;ér,%fogsngphsbslgaq FRet Ledeitihe RefoLiymay help

to suppress activation”of these cells through IgE binding to its separate
receptor. (iii) FcyRIIl (CD16) binds 1gGwith nediumto low 15 affinity and

exists as t {2 . F ILla | s found on NK | s, [ ophages,
eosinophilsmg%ﬁxggﬁﬁ’ngﬁgz ?EELéHBSTaEEI9§ngﬁ§?%¥dﬁggggv %Cﬁ.aFcYRIIIb is
hi ghly expresgatk@icteshrogtiésn Bakhreypegibaverfdithikengntnal bat ypic forns.

20 As well as binding to FcyRs, 19gG antibodi es can activate conpl enent and
this can al sOF9ERAPT| AFRER] PysPEheppREAFEEE| BRIGFULR c POBREABSEePRAse and

i nf| anmgti on.qTher f€-£ 681 00 fl sorARdi é&ﬁ?t:?ﬂﬁ@e?r eRer kirga @8yt B%; to
transportation of 1gGs to the neonate (via the so-called 25 Fc f;
i ncreased hal¥i-ll feaxxaesocdkl § evedwhbchethéf @ntabodiigsaprEcRaungpe recept or

- Ghet i d 99 | d 8, - . .
sef?gggrgggff%ﬁ%“¥ﬁi ?ﬁé}ﬁg%%%ggnglggyrgg%gﬁg%ble§?§95?§él$§aéﬁﬁction Wi th

protein A andiiyeaitdd 4z4 W €hs30ubhé esAci gons appeats foembemanakogous to
t he bi nding of FcRn) . Engineering i mmunogl obul i ns - 6 Novepber 2002 Many
of the Fc- mediHRERRDpehicosanr sbasdebednboer myfispyhich result in the

15 uptake (opsonisation) of the immune complexes or in the
triggering of the effector cells and the release of

cytokines.

In humans, three classes of FcyR have been characterised,
20 although the situation is further complicated by the
occurrence of multiple receptor forms. The three classes

are:

(i) FcyRI (CD64) binds monomeric IgG with high affinity
25 and is expressed on macrophages, monocytes, and sometimes

neutrophils and eosinophils.

(ii) FcyRII (CD32) binds complexed IgG with medium to low
affinity and is widely expressed. These receptors can be

30 divided into two important types, FcyRIIa and FcyRIIb.

The 'a' form of the receptor is found on many cells

involved in killing (e.g. macrophages, monocytes,



‘desirable in naturally occurring or artificially constructed anti bodi es.
However, there are circunstances where, in particular, the cell killing, or
the cytokine 5 release and resulting inflamuation, is inappropriate and
undesi rable. Equally, however, it may be desirable to retain certain
Fc-medi ated functions, for instance the Iong pl asma hal f PLHOFFFRET 3002 g
known that human 1gG4, for exanple, does not activate conpl enent and human
| g& does nohebtpdpha lishe adykeatiti ably ey RAlctipeam arharkl Haiddese have
previ ously 15 been used in sone situations (TNF receptor fusion protein was
made with Ig@ﬁoﬁgﬁs'FB%EV@FQH&Shéﬁaﬁw§uﬁéﬁﬁﬁPQQ&%ﬁ;%i&?%ﬁsthe rel evant Fc
effector triggering functions or conplenent activation in 20 all

ci rcunst ances, possibly owing to the existence of the several forns of the
FcyRs. Thus, Ther 'bhsfemoe seleg@4toaplayi ggeo lantirbdhhidedente mraedadsar

tot qxi city_(ADCQ) i d_1gG&2. binds t | leljc.f f
Che FOVRI| o' PRGohoF OHRA AT SRt Far BECEORTATE A oS A G vo

approach hasah@es8obensphalle .t henFe-geqluende tseemtsid tuire-iesi dees cruci al
for function. Certain target residues have been jdentified and published
(see revi ew PYPRYaFR fuykheryppapnoghebelig BRAQWRE: 1O%e avd iiRasype

carbohydrat co@i£ahAg 18 LAY 28RSERUAAIS! Lhd TderGsd domsi n certain

residues int owe inge‘region (eg the sequence ELLGGP) and a proline
resi due at puosttophagds,antteabséqueneetE- xoK-bnlbdtt phag®cyt®@shievember 2002

posi tions 318-322 recent _ex le i g discl.osed . Cole et al (1997)
Journdl of | h%F‘Sg;g%@}‘gg‘afﬁYgggir Ry ﬁ&tslé’i"?gﬂlgéuf"é‘dféﬁs&u&&l 4, 235
and 237 wer et pait gt EdrﬂlomélyaﬂiemFSt(voéubﬁréB@ @a%d valt 1335 o fS eRidenee 1@ G u) .
5 However these are all unusual residues at these positions in human |IgG
thus the presefeesbf IgBchinrAappr bpr L hEeSERPRE CE&CcTESSREPmake the Fc nore

i nmunogeni ¢ or antigenic and may also lead to the loss of certain desirable
Fc functions. 10 Again this strategy has been used for the construction of
a t herapeuti tisyl yEogRIALedCOD8) ahinBsd§gCGs wé tRomeldddge tet law, 1993 Eur J

| mu 23: 403:411; see al so UK PA 9206422.9) _and_faqr an inhibitory. CD18
antigg%y. Fbﬁggﬁ?l%g Sﬂg 8?§§5§aﬁ§abgohgygefs F%Q%Igﬁg ﬁgwaEQ%nﬁthﬁﬁ
constructs heyel gpusdalopBEUEBEesoaNdofRY 1 Be aheC eghes adnargtiee) aglded by t he
i mmune systemas foreign. A chosglated ant i bodi es alig | ack binding to the

i nhi bitory re®kb® ornfcPrALBEeRnBPEEs nBFNRAEAPNG St Ritghly expressed on

neutrophils. Both types have different allotypic forms.

20 As well as binding to FcyRs, IgG antibodies can activate
complement and this can also result in cell lysis,
opsonisation or in cytokine release and inflammation.
The Fc¢ region also mediates such properties as the
transportation of IgGs to the neonate (via the so-called

25 ‘FcRn’) ; increased half-life (also believed to be
effected via an FcRn-type receptor - see Ghetie and Ward
(1997) Immunology Today 18, 592-598) and self-
aggregation. The Fc-region is also responsible for the
interaction with protein A and protein G (which

30 interaction appears to be analogous to the binding of

FcRn) .

Engineering immunoglobulins



20 bi'ndi ng may be advant ageous for some applications. O her approaches to
nodi fyi ng 1 mmunogl obul ins are disclosed in WD 92/16562 (Lynxval e Ltd) which
di scusses nodifying the allotype of the humani sed 1gd antibody 25
CAVMPATHLIH whi ch has binding affinity for antigen CD52. The CD52 antigen is
found on human | ynphocytes and nonocytes &nd has been usedl My eRbeRet utic
target for treatnent of T and Hcell |ynphomas and | eukeam as,

i mmunosuppr esMany obforhanFantdeboacedupropertansplascuddedecibpiventmyane al so
treatment of sone %ﬁioinnune el at ed dlsorderg gg h as.rheumatoid

. d
arthritis and S§3taRic %8583????%iy CCCprNoVeEnBar 2iH393205468

(Lynxval e Ltd}onbspudisal aaedbbhiees0di ibwatveon ehegkl atrepicd rdeitERaRt s in
Il gs (or derivatives) having desired binding or other effector functions. 5
It can be seefh®¥®m LRePRBE BRI t hatheheept ol dLdRT%ef OFethiSdSYSOkimteeri al s

whi ch uld facilitat h nod ri ; i 9BS ; Q. reduce
unmantgg effe€§%%é§ i?3&rg?%?%?gggo%ﬂg%ﬁéﬂggﬁéﬁgeg?rég%ggféigﬁgﬁgrgﬁgg,
woul d provi deusdesitabbeati on to the art. DI SCLOSURE OF THE | NVENTI ON The
present inventors have used novel conbinations of 15 human |1gG subcl ass
sequences to generate chimaeric pol ypeptides conprising non-natural,

human- m m ci NEqiEl Beaurseese whi Th ey ebé hetess8aidenob aethiat ecs@aRhement
or trigger cytotoxic activities through FcyR At the sane tinme certain
desirable | gGpropeiated Faver et rEohi hegtanee Fehe| hepanpéasma half

pol ypepg i des gdpehot contain “non-human' amino acids, and are therefore
likely to have reduced i nmunogenicity. Further, they still bind Protein A
which is consistent with being able to cross the human pl acenta through

interaction wth FcRn éne nat al Fc ce tor%. The manner by, which the
sequences yve\r,\%t d’e%@f%‘blaaé%dakb‘ﬂﬁ%%f?%{m St r %%‘HPS?Opg?FISe_ ?étwi Il be
di scussed in g@deraes abbmpesdiafded - hidewevese2 babet| Mot t Benn¥entaes 30
formul at ed nunerous_constructs based on three different
high affinity FcyRI receptor and so these have previously
15 been used in some situations (TNF receptor fusion protein

was made with IgG4 Fc).

However no human subclass lacks all of the relevant Fc
effector triggering functions or complement activation in
20 all circumstances, possibly owing to the exigtence of the
several forms of the FcyRs. Thus, for instance, IgG4 can
trigger antibody dependent cellular cytotoxicity (ADCC)
in some people and IgG2 binds to one allelic form of the

FcyRIIa receptor and also activates complement.

25
An alternative approach has been to mutate the Fc
sequence to substitute residues crucial for function.
Certain target residues have been identified and
published (see review by Clark 1997, supra). These
30 include the N-linked carbohydrate attached to the

conserved site in the C,2 domain, certain residues in the
lower hinge region (eg the sequence ELLGGP) and a proline

residue at position 331 and a sequence E-x-K-x-K at



19G sequences (1, 2 and 4). Although the rel evant regions of these

anti bodi es share honol ogy, they do not precisely correspond in terns of

|l ength, thereby 7 _ 6 Novenber 2002 conplicating the process of
generating derivative sequences which retain activities fromthe natural
sequences. The constructed antibodi es were eonpared with §HEYSEPEAL 4902
control antibodies in the context of nodel 5 antigen systens RhD (Fogl) and

CD52 ( CAMPATHpddtiGs p3isiiwl y, Gnaurdmentofexaqpbaces deseldaed] eged with
the required conbination of activities not_found in the parent nol ecul es.

General |y speed @t kel k¥t ai FrRrRab O hphwnyRel 3% &P bl dé-S ~difizdh
contained a mofli {ngald Al I ALNEA due 2 3% Or2 95 AFhH02891 Gkt cgRS 11

conformity with the corresponding region froma different subclass. Two
particul ar retp dhbawindg obks Iof the erass alerd3 2335086t amgs32p, 8@)331. 15

Th i first f th t o] i i iscl .
R Rl % B T BTN 88"  EriLoss
bi ndi ng a targethumdiecide, tHuk (ihed presidecteof shoohi bnApyragprdatcan no acid

sequence substantially honol ogous to all or part of a constant 20 domai n of
a human i muSGHATIEHhaRY e the i A% | TEHRAIERAE Phe WptAgERd S

mol ecul e is capahlg, of1 D NADY dd&dangsls B &cateapht Baut Yo gog ng

significant conplenent dependent lysis, or cell nediated destruction of the
target, and phwietrins. whereby the 25 effector donmmin is capable of
specifically binding FcRn or FcyRIIb, nore preferably both FcRn and
Fcleﬁ& The specific binding of FcRn nay be evidenced by the capability to

speci fical | y Ayanich piioteigt st Hus g higudi nfp ot ke uteasaewetdiong oo t he
present inventiaon have inproved clinical properties (e.g. in the context of
“bl ocking'  arft iHRFARGUL rhiag hveomsHiahaed Cﬁ?f* antibody (&ee Routledge

et al, 1993 Eur J Immunol 23: 403-411; see also UK PA
9206422.9) and for an inhibitory CD18 antibody. However
15 one disadvantage here is that the new recombinant
constructs have unusual sequences and may be recognised
and rejected by the immune system as foreign.
Aglycosylated antibodies also lack binding to the
inhibitory receptor FcyRIIb, whereas maintaining this

20 binding may be advantageous for some applications.

Other approaches to modifying immunoglobulins are
disclosed in WO 92/16562 (Lynxvale Ltd) which discusses
modifying the allotype of the humanised IgGl antibody

25 CAMPATH1H which has binding affinity for antigen CDS2.
The CD52 antigen is found on human lymphocytes and
monocytes and has been used as a therapeutic target for
treatment of T and B-cell lymphomas and leukeamias,
immunosuppresion of organ and bone-marrow transplant

30 recipients and also treatment of some autoimmune and
related disorders such as rheumatoid arthritis and

systemic vasculitis.



- g -' 6 Novenber 2002 the provision of an Fc-derived effector domai n which
has a reduced affinity for FcyRl, FcyRila and FcYRIIIl, but which retains
the ability to bind protein A (and hence FeRn, hence permtting neonat al
transport and high half 5 life) and/or FcYRI I b. Thus the residues
responsi bl e for binding FcRn in 1gGs need $hot be nodi fi ed® WaemPespeti2to a
natural Fc rﬁ&$on in_the nolecules of th re%gnt i nvention. 10 Generally

€.R
the reducti ol A 5HE8y (IrEKALRelEf? e@d6P PEGSHPIFES (S the receptor
FCYRI (as compsdesh ht DoRn6r FE1188 Bl Herevhichntls i deid ved) may, in
preferred enbodi nents, be of the order of 100 fold or nore. For certain of
the | ower af fderiivatteept oravingcdsseyedbbiading: pa o&deat iediechoaf finity
may be Iesseﬁdhcégéﬁ%d 2-10 fold, although in the nost preferred
enbodi nents it cou e as high 500 fold. CGenerally the corresponding
reductison in activity in the chem | um nescence assay (as described in nore

detail below)_nmay be as high_as 30-30Q0 20 fol d, K The reduced cqonpl enent
activity may %ﬁa%%ntWEe%ﬁ%%rfEWmS@h?oga?g?ﬁﬁgcﬁpﬁés5%ﬁdPHSVF?d8Pe°for ADCC

may be much RighRiae G P01l FniEavayaLat hase1skbkkedpn the art will
appreciate that the conbination of these (reduced) activities may still be
of benefit ienEmesnins abpf¢ ceedbPss Fughrafess srtduge prwensed| evel of

reduction. Al I g Loera en prepared in
t he past (seéﬁﬁgﬁgnibgéééi%S¥%f£?&£g )égogﬁﬁgggo ég§e§2¥3§?§-324, or
Chappdalo et alprcl#di)idd oowdald preadi Gei aUSAnB88ib0036n9640Lher aBteenwood et
al (1993) Eur J Imunol 23: 1098-1104) none of these has been shown to have
t he conbi nati on of properties possessed by the 6 Novenber 2002 g _
bi ndi ng nol egyiles Hudm e Praseninviyenbgon. The various functions of the
bi ndi ng nol ecul e can be aSsessed w thout burden by those skilled in the
art, for 5 instance by using nethods as disclosed bel ow, or nethods
anal ogous to e i) t C i ndi [ be
Recaged di raby preselt R Gre W FLUEES ROLED, BORRPLLES BT eyt e
chem WM nestemes IHG Spdwifaoaldegquehees nabi dehgravet chijgerrsegni fi cant
conpl enent dependent |ysis mhich.mﬁllﬂ&enerall% b through.a,reduced

y

affinity for BMERERF IS QRS PP AR aRAT 282 MER - PEaEEBIF FOm t ar get

celI's in the e Ofhidle COrRHENENEs § 0P ONEDt SceigateNcbhglégent of 15
serum (as descri bed bel ow) whereby the binding nol ecul e causes | ess than

5% preferabloy t&dgIavarrymetseks faetivities through FeyR. At the same
time certain desirable IgG properties have been retained.

20 For instance the polypeptides do not contain ‘non-human’
amino acids, and are therefore likely to have reduced
immunogenicity. Further, they still bind Protein A,
which is consistent with being able to cross the human
placenta through interaction with FcRn (neonatal Fc

25 receptor) .

The manner by which the sequences were developed, and
certain demonstrated properties, will be discussed in
more detail hereinafter. However, briefly, the inventors
30 formulated numerous constructs based on three different
IgG sequences (1, 2 and 4). Although the relevant
regions of these antibodies share homology, they do not

precisely correspond in terms of length, thereby



target cell lysis. Simlarly, cell nediated destruction of the target may
be 20 assessed by CR-51 release fromtarget cells in thr presence of
suitable cytotoxic cells e.g blood nononucl ear effector cells (as described
bel ow) wher eby t he bi nding nol ecul e cause | ess than 5% preferably | ess than
2%target ceils lysis 25 assessed by CR 51 rel ease from tarGee™eer1<°4s the
presence of suitable cytotoxic cells e.g. blood nononucl ear effector cells

(as describegogﬁhgggtggsr%gg FQ%CQE%dEEgggﬂé?éﬂfh than 5%

f %0 di
preferably | ess than 2%target cell 1ysi an alternative to direct
measur enent , sé@uenhresawhtighmengthen aceivdd imes theombilhé tnatwranhi bit t hese

attributes in functional, i mmuunogl obulins. Fox jnstance b rovi di ng .a
protective e??%%?nSSEranetﬁ8n8gﬁﬁF§ﬁ€nF3§§ﬁ%§ﬁ%§cﬁeﬁﬁn%§§5%ﬁeéﬂﬂ9 I'ling
of cells (e.tlge PHréRER), cohtRYpli BRALRBLEAG st ey rasp s Sfc MNGREES o

sensitised cells. - 10 - 6 Novenber 2002 In one referred, enbodi nent of
this adpect ¥rtiden; AyshemsnRhRe (Eppddt 8ndd&RE2N ABEslHn amino acid

sequence su i al onmyl tQet c%%qléfe{:'!.%e ﬂii[ﬁa lgd, &
or 4, saidq%% enc%hﬁégb??sgggggﬁeggrng%E%E of the f%)ﬁ%gmru;r%lé%
nodi fi cati onshg anegoiaetddcembshatubnons erctdslidtiiecEngjotatfdual sitrattdk

positions, nunbered with respect to t EU nunheri system (see Kabat et

al " Sequence%arb?nf)r'B&?ﬁ‘s‘E‘ﬁF‘i nﬁﬁﬂSFSE:ﬁXanﬁmg‘%e (e FL PG T
Depar t ment odr Heatéhragdohymee BPoSREVWEESh NontabRE ‘a Resiy AEAIG Hfi d 233
P 234 V 15 235 A 236 ( residue) or G 327 G 330 S 331 S 20 In a preferred

embodiGrent , tFRR@raib¥t2¢ uBi 0hs4arBipadacifs) pmddied: wis 23B-czad oumd/tar

327, 330, 331.,,:Thus e op.Lb th doyigd i %
honol ogous t%ﬁt et%%bgﬁggggﬁggégaﬁigﬁb?ﬁé gﬁggfftute .ﬁﬁﬁﬁmﬁﬁ?éﬁgég-
ori gi nat ed, Tyrwerpdytiedlsingeghensi kel bhoo#st kdt ittremesyi ovend (213 3-@eesent

a B-cell or T-ce epito for the i mmune system Several nutant
inwunoglobuﬁpﬁg %%ZeggénggbCJ, lg&, or 30 1gA having the stated features,

have been prepared and have shown to have the required properties. Although
sonme of the individual residue nutations have been prepared in binding
mol edfi es of Thufe briarfhrst appect of the present invention there is

disclosed a polypeptide binding molecule comprising (i) a
binding domain capable of binding a target molecule, and
(ii) an effector domain having an amino acid sequence
substantially homologous to all or part of a constant

20 domain of a human immunoglobulin heavy chain;
characterised in that the binding molecule is capable of
binding the target molecule without triggering
significant complement dependent lysis, or cell mediated
destruction of the target, and preferably whereby the

25 effector domain is capable of specifically binding FcRn
or FcyRIIb, more preferably both FcRn and FcyRIIb.

The specific binding of FcRn may be evidenced by the
capability to specifically bind protein A.

30
Thus the binding molecules according to the present
invention have improved clinical properties (e.g. in the

context of ‘blocking’ antibodies). This is achieved by



‘6 Novenber 2002 - 11 specified conbinations are novel as are the achieved
functionalities. Preferred farns of the binding nolecule will now be 5

di scussed in nore detail: The effector domain The peptide conprises an

ef fector domain having an am no 10 acid sequence substantially honol ogous
to all or part of a human i mmunogl obul in &onstant region,® PPEFBYEDIAP %N | G
C-domai n. Nunerous sequences for human C regi ons have_been 15 publ i shed;

see e.g. O athe PIPMisign £ @rhdic-seguiditce € HaC iRt nvg bdtah heavy
chains can b j faom it i t | i aser gene
sof twar e (mﬁsgjagﬁééﬁnptae%gl}_loér}gofn%% ) %ﬁde%ﬁe@s%\@nu eIrtsjf’AS%ﬁé&
B90563, A9056+hicBO Ied i A0 s aanid 1AQ2 146 bAddf grrdueian A gardd diknde C

regi on, A93906, A92809, A90752, A93132, A02148 for_ hynman -2 chain C
region, A909 §?nA9§‘_f-‘£§%e RS %319 WtI%Y-tEWQW%%%ﬁ%MQZBSM
for hugan | 9¥i3e§haids for &AL IS5 THIEOIOGY re@i dudentidapordiSididsF i ty)

may be assessed by any conveni ent net hod. Honobl ogy may be at the encoding
nucl eot i de s&dudids dicRendedddGaingsdadiod Heqmersad jJas sitiByresnamt aimial |y

honol ogous” is t .t hat ompr i sed i i e es at | east
about 50% or 8%&?}&1 g% f[(f‘%%og} q@b%ﬁor’?‘%ﬁ&%&}%%og)té%%e «?rigebﬁsy at | east
about 90% 953%vet6%oOmM7% 98% or 99% honol ogy with the reference

i mrunogl obul i n. - 12 - 6 Novenber 2002 Similarity or honol ogy may be as
defined and determ ned by the TBLASTN program of Altschul et al. (1990) J.

Mol . Bbol. 2E8he#83130 chnehirdliuctioh $hHAREEEAidge whldhen tefdocnd this
may be preferred, the standard program5 BestFit, which is part of the
W sconsi n Pagragen Vessifexr ghesascepter F9yRI ((eshsompargshpiitdr aeoup, 575

Science Drive. M 'i?%n’fr\%xs%Q%'hn’itU?é’ FX‘%?&QP?' ha9371i1) mgx%eféx@etd makes an
optimal alignrent~of thé best segiment of simlarity between tWw Sequences.
Opti mal al i genbotis mahe s10 beowtd tihy omgert bfiglgapsoia maximbrze. t >mMunber of
mat ches , o .
certain of the lower affinity receptors discussed above
15 the reduction in affinity may be less e.g. around 2-10
fold, although in the most preferred embodiments it could
be as high 500 fold. Generally the corresponding
reduction in activity in the chemiluminescence assay (as
described in more detail below) may be as high as 30-300
20 fold. The reduced complement activity may be of the
order of 50 fold. The corresponding figure for ADCC may
be much higher e.g. 10,000 fold. However those skilled
in the art will appreciate that the combination of these
(reduced) activities may still be of benefit in certain
25 applications, regardless of the precise level of

reduction.

Although IgGl/IgG2 and I1gGl/IgG4 chimeras have been
prepared in the past (see e.g. Morgan et al (1995)

30 Immunology 86: 319-324, or Chappel et al (1991) Proc Natl
Acad Sci USA 88: 9036-9040, or Greenwood et al (1993) Eur
J Immunol 23: 1098-1104) none of these has been shown to

have the combination of properties possessed by the



‘using the local honology algorithmof Smth and Waterman. Thi s assessnent
can be nmade w thout burden by a person of ordinary skill in the art, in
conjunction with assessing 15 the required conbination of activities, in
order to recognise a nolecule of the present invention. in addition t%
having the reduced affinity for FcyRl, FoyRlla FcYRII1a andCEEYRaT 14904 ¢
may be desirable that 20 an ability to bind the “inhibitory' receptor
FCYRIID is rehagned fb1Re23essed theSphRseedr aavindish ef fector nol ecul e,
and preferably is higher than its affinity for the FcyRIla receptor, and
nore preferably comrensurate with that of a parent Ig domain fromwhich it
is derived. ul.ts _oht ai y th r o t i, ngli that the
bi ndi ng nole%ﬁFEggr P?ﬁ ?H€§Q§§$§ Evgpgpggﬁggnﬁg&gméﬁﬁ?%r%%%?%%. Hitherto
it was not appeesisadediithouiebartienhdt theski siiidd e it tlegiants, t ooFcYRI | a

and FcyRI I b ¢oul d be pani pul ated {ndependently. Thi bility may 30
conpl eﬁent t RBSSERER P¥qUSLed f“ﬁﬁ%?gﬁnéls( gé'sﬂ)jr&’ls(??[ Z’c?a]b?)"t h%tdbgﬁ'-]l‘?%t 0
bi nd prot ei naﬁh%%@o%@,(:'&%a%ihgget. hepbher apedhice  Pehenticir Abiddendi ndi ng

mol ecul e. - Novenber 2002 In particular, a nunber of publications
have hi ghl i ghreperhéesnpayt dat assessedadiFegRivh @&y igldyreetInheé bgti ng

cel lul ar progesses, (see eron_et al. 9 it ). 635-46. Van den
Heri k et a|,%§§8§9B|688bg§6§Y:E§oE§i??%% §8b§g§%§t¥gﬁ%é%ﬁﬁgl FRTRBF S Let t
54(2-3): 93-100; Fong et al, 1996 Immunol Lett 54(2-3): 83-91; Sarmay et
al, 1996 J Hi ol Chen1271(48£: 30499-504; LTnkeless & Jin,_1997 Curr Opin

| munédP 9(3) SPggafigalivakshe 198P1liin6P RELIBETL I FaRunter et al,
1998 Bl 00d 9161 chdfE Bepllalilbegast dlinidA9%id1l gamala (R« 1647-58;
Clynes et al, 1999 J Exp Bbd 189(1): 179-85). These workers showed t hat
FCYRI I b, whehhzpogb- ki mkduced affiépit¥céproEde €34 dalenwbie) stamabei ng

f th th by i.nhi biti h |4 ti | on, t
cel T dogr anul P EBRCI1 okt BRaBaLyP O SoB) MALPoRnGoe S TRUS nding

mol ecul es of pirhgepeeselt thavesihpdamaht chompbakntihies cactivitlye chodd € used
not only to conpete with, and conpetitively [nhibit, undesirable antibody
20 anf-Pgen (§8€Hmaéaﬁu@&&ﬁFFB@ﬁsbﬁioﬁﬁI8§ﬁ¥ﬁb¥n§$eiﬁﬁQQﬁRQcWRQE%%%eaISO to

non- conpeti t Lygk¥si ABLLI thhhese, PHeeeasap1§: Ueshy chi@Vent idiedygider

aut oanti body or all oanti body production by inhibition of Bcell activation.
O her exanpl taagpki calilodystisr this 25 inhibitory effect are discussed
belowin relation to allergy and asthna therapeutics (inhibition of mast
cell degranul ation) and anti-RhD nol ecul es (inhibition of phagocytosis). 30
Preferably tbBemelaelior cddimimediatetiséabbtdeckiied bforphe Marmget may be

i mmunggl obul i n constanpt region, re preferabl n_| C-dommi n. - 14 - 6
Novenﬁgr ZooésﬁﬁﬁﬁégaBVycﬁﬁé1c6ﬁggF§§df§ﬁana§éFg §& éélﬁgh%ubstantially
honol ogous t%JZ:EQEnQE'20§e§HQE§§1éi c9rolBRiexteantel E_.?QSiH_iltﬁﬁi 231-340) from
human 1 gQd , or 4, having the nodified am no acids discussed above. 5
mononuclear effector cells (as described below) whereby
the binding molecule causes less than 5%, preferably less

than 2% target cell lysis.

25
As an alternative to direct measurement, functionality
may be inferred by the ability to inhibit these
attributes in functional immunoglobulins. For instance
by providing a protective effect against the complement
30 lysis of cells, or the killing of cells (e.g. by ADCC),

or by inhibiting the response of monocytes to sensitised

cells.



The nbst preferred CH2 sequences are shown in Fig 17, particularly those
desi gnated Grab, (~a, or d ~ac respectively. Any of these sequences nmay
be conbined with (e.g run contiguously with) natural or nodified CH3 and
natural or nodified hinge region, plus optionally CH1, seguences in the
mol ecul es of the present invention. 15 HokBver it will be°®aPprediest éd0dy
those skilled in the art that there is no requirenent that other portions
of the effectir ehemi prébervetier edbadimensf ofthdhisl eapadt ednitiese nat ura

sequences - in rticular it be desirabl . i_ne the sequence
nodi fi cat i onslrﬁ\f)eg.é'f’o%%d%% ﬁ£E§¥ﬁ°w ﬁmgtlﬁlercg,mtp &%%%Es?tnar?béngelag:& ed from
the |iterat urgaquenye degbopaNt i A8l vt Aembeayblued tacting td,2Ssaftehot af AEH-

The skilled person will appreciate that binding nol ecul es conprising such
addi ti onal | y-H5AT | BICTE e. 2 b9T Wa§ - oF2afi AEIHERFSaFPMATIHT I NS S8 i%Bn,

del etian 25 Qﬁo.r%“%‘.iEHéiPc{:‘ilSMﬁ§t@6d99%BE§oh%| | (Wit adie scope of the
present invention. Particularly preferred may be 'null allotype' sequences,
such as |gG At ithat henier ovede tegiuensesatssae\\otag egl pre3gionsher ei n

al l otypic residuyes are tated to tch, those_f in qother human 1gG
subcl ass ol eCUFEEE hY%?eﬁPﬁFﬁngg FR% ggqﬂgﬁ%‘g’glﬁ] r?é’s\?/iieglv\g&egs foreign
by any indi vikikdt et-alSvsdigeRtasi 69 godBeliinand it dngeinololgdcile 6
Novenber 2002 The peptide nol ecul e conBrlses a blndlg% domai n capabl e of

bi ndi ng a t ar'gEteLfiFlecul SeBhas@a pi §8i R§PashEFR twPr| éx}éhaﬁnéib'ﬁﬂmav to

interagf W tha-fiataet fpkecybe pwhich will preferably be anot her
pol ypeptide, but may be any target (e. g. carbohydrate, lipid (such as

phosphol i pid) or nucleic acid). Preferably 10 the interaction will be

speci fic. Thgobi ndi ng o!gmai n ggﬁ;deri ve fromthe same source or a different
source to th ect or ; r instance, while the effector domain wll
generally 15y ive from an anti body, the binding donmain may derive from

any nolecule with specificity for another nolecule e.g. an enzyne, a
hormone, a rec¥ptor (cefl-bound or circulating) a cytokine or an antigen

(whi ch gspeci fyzal |y binds an anti body).

236 (No residue) or G
327 G
330 S
331 S

20
In a preferred embodiment, these substitutions are made
in 'blocks' of 233-236 and/or 327,330,331. Thus the
mutated region in the Cy2 domain will be 100% homologous
to the subclass from which the substituted residues

25 originated, thereby reducing the likelihood that the
region will represent a B-cell or T-cell epitope for the

immune system.

Several mutant immunoglobulins based on IgGl, IgG2, or

30 IgG4 having the stated features, have been prepared and
have shown to have the required properties. Although
some of the individual residue mutations have been

prepared in binding molecules of the prior art, the



‘20 Preferably, it conprises all or part of an antibody or a derivative
thereof, particularly a natural or nodified variable domain of an anti body.
Thus a bi nding nol ecul e according to the present invention may provide a
rodent 25 or canelidae (see WO 94/25591) originating antgpod bi ndi n

domai n and a human i munogl obul i n heavy. chain as di scusséd™8 SWE?rlﬁiég
preferred may be nol ecul es having nore than one type 30 of binding domain,
such as bi spapktiit i IReH 85 (S0 e RGTEUS02/ §P96Bhe hBnHEBGSE cases one
"arml binds to a target cell and the other binds to a second cell to
trigger kill Engcsfionsdittaraset. In such cases it may be - 16 - 6 Novenber
2002 desirable to mnimse the inpact the effector portion, which m ght

ot herwi se activate further cells which interfere with the desired outcone.
The "arns' theggelrtres (fiorens tdfe hiendh gd domana) e caye bei basadwobel g 5
domains (e.g.,,Fab) or. bhe fromother proteins as in a fusion protein, as

di scussed i ndhSFESgEGIL HOTEwAeHAE Ini ndi ng nol ecul e may conprise more than
one pol ypeptide chain in association e.g. covalent or 10 otherwi se (e. g.
hydr ophobi c interaction, ionic interaction, or |inked via sul phide

bri dges). Fofhensiffestan damaiconprise a |ight chain in conjunction with a
heavy chain conprises the effector domain. Any appropriate |ight chain may
be used e.g. the nost commobn 15 kappa |light chain allotype is Km{(3) in the
gener al popuThti peptikder efompe iiste srayn ef ledigrablend on avise ahi smiwsmon

kappa, light chai.n allotype, as relatively few nmenbers of.the popul atjon
woul d*8ee it2Gdf Sre@iu&ﬁ.cezﬁ"‘%?ﬁia@éﬂag}l%é‘qr%ﬁ O 1 o b%l%noﬁn?‘%@%not)r esent

on a cell, o5 RukBGERMALNWARHR1SE Wiisddgantedton WhEedf éRELBPtAROLYG
conpetes. This may be selected as being a therapeutic target, 25 whereby it

is desired te-@pPmaint with a nol ecul e having the properties discussed

above, for instance to conpete with or displace undesirable antibodies from
it. -:.r Alternatively it may be desirable per se to bind the target

nol ecul e, w Nadtocsusengetekls fedi dumthrBT destiand ilave anéeody tri ggered

i nflammation or_copplenent |ysis. Equally the effector_donmain may function
primet?ly i nPYRYLERPAG ?F&n?p@rtQ%%% FJ%%%ihnﬁﬂPEﬁHlj Ff FTTERCERH such

cases the bipgingudarai hm@Rglobulin hdMedIeli ndard asdebbr®iecal e may be
any system whi ch woul d benefit fromthese qualities. A selection of

appl i cati onstvp@er ehg BwadgisRForpPEEUIPIR sfatabases using Lasergene
software (DNAStar Limited, London UK) under accession

numbers A93433, B90563, A90564, B91668, A91723 and A02146
20 for human Igy-1 chain C region, A93906, AS2809, AS0752,

A93132, A02148 for human Igy-2 chain C region, AS0933,

A90249, A02150 for human Igy-4 chain C region, and A23511

for human Igy-3 chain C region.

25 Homology (or identity, or similarity) may be assessed by
any convenient method. Homology may be at the encoding
nucleotide sequence or encoded amino acid sequence level.
By “substantially homologous” is meant that the comprised
amino acid sequence shares at least about 50%, or 60%, or

30 70%, or 80% homology, most preferably at least about 90%,
95%, 96%, 97%, 98% or 99% homology with the reference

immunoglobulin.



5 the present invention could be used as therapeutic antibodi es having
inert (in some respects) Fc regions are set out below 1) Conpetition with
mat ernal |1 gG all oanti bodies for 10 antigenic epitope on blood cells of
fetus/ neonate All oi mune di sorders of fetal blood cells have a co q

pat hogenesis. There is synthesis of 1gG ad oanti bodies b% PH&G%R&%Hgg fo a
paternally inherited antigen on fetal red 15 cells, granul ocytes or

pl atel ets. ThifmikafDly avechdyolsgpsphpceantas deabsedr endf debermined
al l oanti body. In the fetus or neonate, there is destr;cti on _of

ant i body- coati®d %8 FBIASHY REPFEAMWNPEANeSCehdeFod4: c(LRPRAI fy Mol.
significant f i { I cAldat ] s; 9f ; ants205 g€

Ther apeutic aﬁr#tclgjbogalie%s t‘gé?hie@?e‘Pg%g%tlgpﬁ (t;%te%ﬁ ﬁ%l \r/l\nu%% éfril I{::%:lév\?lf%h does
not trigger destramditons cuay doeoppefervedh tise espandandi bodgréaor bi ndi ng

to fet cel |l thus inhihiting their_destructi . 25 Lhodigs to red
cel | al} oant i%éesntsﬂl va r}floc a’e?rg??ﬁ’f cogli%e%s‘gl%gfg@%%gfzééusagﬁd ﬁ%’éﬁja?lé The
most inportarg, resbtcatiberl 1 o} i gease s Es i comhet EhestsupndsKel scbéwed gr oup

systens. The incidence_of 30 haenolytic disease due to the RhD antigen has
fallen dranaticaley MAdeon hd'i sEepatet i UiP of VIR AR aP3 pFbphyl axi s, but

cases Still QRaipduGdi meIaial BENsit i pAd:n JhIr iR OB bEgheRt gPANCY.

Q her Rhesus - 18 - Novenber 2002 ant1gens (C c, E e) can also cause
haenol yti c disesslsridyy deetwaen bodd esequendrs Kel 0pt 131 ant igemenwhi zte i n

ddi tion inpaj t hopoi esis in the fetal 5 Current th
o soVbr el y M Ebn TrsRer e <& ofborithlie B e £ O Rt vt 181 on

of antigen negsirig/ated el Shohdlf dgy casgd i tton-chesmitle ANAUNQYEeRath] N
have not been shown to be effective in this condition. Anaem a and
hyperbi |l i rubi naem a in the neonate nmay require exchange 10 transfusion

and/ or phot otfel ARk FO%HT%Eé S| fghd NBNtndice QANSEENChS W L&-BOD of

specificity (designate have denonstrated their failure to trigger
ef fect or nechardigyescy rjniddytin IBhacaTvatiprrys Weeteterdwbyh assessing

chem ll"ém nes%:%%cere%r{ldirpé%: :c)dmbination of activities, in order to

recognise a molecule of the present invention.

In addition to having the reduced affinity for FcvyRI,
FcyRIIa FcyRIIIa and FcyRIIIb, it may be desirable that

20 an ability to bind the ‘inhibitory’ receptor FcyRIIb is
retained or possessed to some degree by the effector
molecule, and preferably is higher than its affinity for
the FcyRIIa receptor, and more preferably commensurate
with that of a parent Ig domain from which it is derived.

25 Results obtained by the present inventors indicate that
the binding molecules which they have developed do have
this property. Hitherto it was not appreciated in the art
that the binding of Fc regions to FcyRIIa and FcyRIIb
could be manipulated independently. This ability may

30 complement the other required functions (as indicated by
the ability to bind protein A) in increasing the

therapeutic potential of the binding molecule.



*and i nportantly have al so been shown to inhibit chem | um nescence and ADCC
triggered by human sera containing polyclonal anti-D. ADCC and

chem | um nescence have previously been shown to predict red cell 20
destruction in vivo. Previously published work has al so %termnstrat ed the
ability of Fog-1 to conpete with the ngj géi ty of human arft FOBPERTS 4008
epitopes on the RhnD protein. 25 Antibodi €5 to platelet alloantigens lead to

fetal and negpnatal,  alloi mmune_t hrornbacytopeni_a .The rel evant antigen
is human pl at2IREBheh %ﬁl(ﬁPﬁ}‘!’ﬁ%&r BEabRTE A (S’d‘usersw%s‘%enp*}’iﬁ’@ §9h 350
normal 30 pragnanfhestanfdrbead tha tsewqRE Ihh b0 pani iHibik ify 1200

fetuses. The npst_severely affected cases result in intracranial
haenor r hage @1 Hebah. PrRceearFedEespDREAOS 6 BHer AR arkdnmsEiiyy 3 (5)

t ransf usi onsg-of _ FPA-{ 2, nggAat | Rl atelgt s 0Whi ¢ LR r1dE8s)a JJg5K 19f. fetal
death of 35 O%W%’r oc%&ugg ,héga&hi%ghagése P@ltravenous él%n)rr'u%\jog Oq'l,ﬂ in -
19 6 NoventBar@dPZ2eygi akn 1896h&mnonbér Lewki Sk (Ras viard il 0@ ;arfbng et

unpredi ctabl e efficacy. HPA-1a is fin by .a.si.ngl e epitgpe . on platelet
gl ycopr ot ei r‘Fﬁ1 | I]ag?%#rf“f“é élaﬁﬁtg ggr‘él’?éhé?ﬁ%\/ % &5’@% sq‘n@lt'hil?gépi t ope
i's avail abl e aidu rchée 27088 er SBbY 9ot 56anbunfea eldsvissiaam,0fy gbrapghysi on

Medicine (Giffin HM Quwehand WH. A human_nonocl onal anti body specific for
t he Leuci ne- 3y pamunepa?(3) : f Bfr 88 / pLaREPE: OPComteid IResa froma V

gene phage ié@ﬂﬁyséifg@,rynuﬁkgedeé%:,hgggﬁ‘lgﬁgpg%@cs>T:h917%izrl%i-“9 of an

10 anti body based on I's construct to ets has beén shown to be
i nhi Bid ed bMallren ental HPA9d8- geTamubbé iLARI(KI)t:i A6 4¥asS 8rDsIClymesi etent for

sera with the highest_titre of s ific t | podi . _Which.were associ at ed
sora wh (e Ngest b g0k RERA(1.C,ABLEBOY GRectin ol dete Rosog

anti body andisgf Faptibodi @geRi Bdob8-Lhaksamecepthepe reteplakral ektsulkn the
above applications, and those below, in addition to a conpetitive binding

effect, the iidhigeaignabl brgi boameshem, t RReprbyeAnhipi&édngosusly al so
trigger a b?@decésael 'a@'}?'éé’f¥ SEE%EtﬁgéﬁjuﬂgsECE@'ﬂlbdeﬁé— SB'IBSE' ]E' on with
f 3 oa diate

aut oanti bod or epitope on au ntigen Aut oant i body B'6od cel |
dest ruict i on atee miagocy tameis abpymaarophypest gG aut oanti bodi es and
t hronbocyt openi a by autoanti bodi es have a comon 30 nechani sm of bl ood cell

destruction. In both, autoantibodies target a selected repertoire of

aut oant i gengHu# wh faPmé PG ebbSof afHe GFEéBERL! antRhRALY Whaeh
pl atel ets). The binding of the autoantibody shortens the |ife-span of the

bl ood cel | FsHadaditiy- 8 R ethen BY of Ok oRBOR§EBpRAF a O ¥s SECEPTRRYE It s

number of B aaTT B SR har EY B e R hant

vari & e dommitigen | bodilesasigmiineant heers epit apdoavsagessgener ated by V
interactions, but also to non-competitively inhibit these
processes e.g. by preventing further autoantibody or
alloantibody production by inhibition of B cell
activation. Other example applications for this

25 inhibitory effect are discussed below in relation to

allergy and asthma therapeutics (inhibition of mast cell
degranulation) and anti-RhD molecules (inhibition of

phagocytosis) .

30 Preferably the effector domain is itself derived from a
human immunoglobulin constant region, more preferably an

IgG C-domain.



‘40 géne phage di splay technol ogy. Therapeutic anti bodies to the rel evant
epi topes, but with inert Fc, could conpete with the patient's bl ood cell
aut oant i bodi es for binding - 20 - 6 Novenber 2002 to the autoantigen,

thus inhibiting the destruction of the blood cell. Goodpaqsilur e's syzrbgr one
(anti-gl omerul ar basenment nmenbrane 5 ~GBNMF di sease) This 3 & X°HR§or¢P4use

of rapidly progressive glonmerul onephritis, |eading to |ung, haenorrhage and
endst age rendraEauaRlY |G S &% ATHIG ra(ﬁﬁci)rgeec@‘:‘eq%ﬁ Cbhivent i onal

therapy dependpaiiflialyy) b ICAMN ¥ Aheidh begpasicee (il asma_exchange
and i munosuppressive therapy, which in itself may be conplicated by

| i f et hr eat eniappropporateliys tres ifdwesal2 3dnd 40 )r firamfREIHNICThG2 9%

overwhel m ng evi dence that thi i sease |.S i ti bodi es,
and the aut oac%t'i g‘ear}’lt% eer‘n“qdéc%el eacrln%lé) t%%ed%s%l%%%aég%%%@ﬁ%] or
conponent of GBM It has been shown that autoantibodies in GBM di sease bind

to the non-col |l agenous (NCl) domain of the a3 gl\/) -chai,n. The %ene
LW

encodi ng t hi FhscqRsitc @R EOEEY) hdsSBILRNEREnBIS26PQNG d8qddfcé

hypot hesi se i ﬂa@ffgﬁ@h&ge Ry STl tal ic1GRM awnant ihediggean be
neutralised by a nonocl onal 1gG conpetitor nol ecule which targets the

i mmundom nantrespiecdperedry -a3( 1 V) NC1 and has, by design, been equipped with a
biologically inactive Fc domain. W 25 will devel op a reconbi nant chimaeric
| gG anti body whi ch binds the i nmmunodom nant a3(1V)NCl epitope but that

| acks_the cl agsi o fefthiradeors daiizgidedn mayVeaniddmtimenblvei ttto Gehi ement his as

t he genes encoding the wvariable domains of the nmurjine_anti-a3(lV)NCL have

been devel op&@P EAFUSH diyarkidtdr PeddrepuSdy “@glefg‘u%i ,&Eaﬁnfin%&‘f"\pféB?,r_ 56;

23-31 and Rogg,qd¥iely Q'J_J‘_’ng'é"ti:elgl‘b?ﬁt P}%%?op%ol@.]l'}i(@@),- s8LRneaa An i N
ec

addition to a conpetitive binding e , the therapeutic antibodies of the
present i nvertheomodmr 3% salofo tihe gpresentheémefandiiging nhi bitory ef f ect
through FcYRIIb. 3) Allergy and Asthma 40 Allergies and asthma result from
i nnappropri ate inmune responses to conmon environnental antigens such as

6 Novesber 2@%evezl itpralldi iz fAppHegriaseddyt ermysacisid dubtimitles and

many ot her comon_ anti gen sources, an exanple bheing the Der P. 1 protein of
the” house dust™mHé& Dé: pHfadGi meﬁgﬁfs%tﬁ%re&%%ﬁﬁ ual s

make hi gh | evgles eff ot JPMR@H 9P Ud NS it idorAry of tie ddle@lbss. These
| gE anti bodies are able to bind to the high affinity Fcepsilon Rl receptor

on Mast cel | sommgioe Eediursghisesuencess-1 ikindg GCHRE rdcdpbrodound | gE
by the aller QLI §d LA Ui Gldcfh ANCh RMANM ALY Aleq 10
Thi s rel eases a numer oOf 1nflamatory lators I ch can cause severe
synpt o0s or émeieideatit s theres ulfiorofi nat amwaped lesttiad riezan e Two

mechani sns of, .action of a bl aocki nti_bo oul d he. isaged. Firstly an
| gG ant i body ]vﬁtteﬁaé'n’l‘ri%erptrq’—’@éég% yc&gﬁa%yé%’r?peﬁeeql’flol?e h‘_’le('%:clllé'g T HHT ng of
al l ergen to lgf rBiiasnseul d e \exil lidde pryress iwiki ngapdrd giaeand hence

prevent the activation of the cells. For this nmechanism.the |gG antibody
with inert FOIRING W@qlée@o@&@tp@&m@cﬁ%iﬁ &94%%}%%@“‘%&3@

allergen with t iS) RS G s Yot et i ol ve
the rol e of }r:(eeagg;fll)&g%sa\l%%a Iﬁ%ﬁg@%rcéﬁg%dkgq?g{\m b receog?']o\r@éjilft%g% been
shown2Bhat t ke eubss-dtutkion) & fectgam@EmRIIE dfal Fovidgein cphRiseerel ts in
an inhibiti ongof t he 25 a(%ti.\ﬁz%’t in n signals normally seen when only Fc
epsilon R r eﬁll—’c?r§r§rsee%r SS-T11nK&d. Thus the introduction of an | gG
anti body with an Fc binding capacity for Fc gamma RIIb and an antigen

specificity for an allergen could result in a an inhibition of the
activation offdt§eEd@dy preferred may be 'null allotype’ sequences,

such as IgG heavy chain-derived sequences (see WO

30 92/16562) wherein allotypic residues are mutated to match
those found in other human IgG subclass molecules. This
may minimise the sequences being viewed as foreign by any

individual.



'30 Mast cells and Eosinophils. For this the I1gG anti body woul d al so nedi ate
its strong negative affect if it bound the allergen by a different site to
the I gE such that both could bind to the allergen at the sane tinme. 35 4)

I nfl ammat ory di sorders eg. Crohn's disease There are a n%rrber of disorders
of the inmmune system which seemto caus_elﬁat_hol ogy as a reSAVETRAT 4982
chronic state of activation of inmune celTs (leukocytes), 40 including

T-1 ynphocyt e neut r ophi | K-cel | Thj ic activation is

normal |y see?hgs%la{ns#ﬁge "2‘1“@2% :ggr%c*r%tair?r?tw %éaglyggnti nued m gration of
activated - 22 - 6 Novenber 2002 cells into the tissues affected. In

order to mgrate intg the tissye the cells nust, receive, and respond to
i nf | anmat or y TREJPEPSIE S MPLerEH & EQG‘F’&tléezde?ezIJ&?e e W%%nt‘bafg?ﬁg?e t hem

to first adhgreptigdifg Geldaget! kBLRGullke bl ood vessel walls and then to
m grate between the célls of 'the vessel walls and into the tissue. It
shoul d5be possible to stop this cycle of inflammtion by either bl ocking
t he adhesi an I I 0 sur.fac el .QGyt .
correspondi nEH%o%ﬁ?léig?? s%(??l"g? e%ég?i ggl?’feedgglpiaﬁ?‘g&l%g tgéelfét%%?tngw%%%
vessel wal |l sa Suehenmadleicvdki ahiaht wgeld pse¥AR-ablandeamesthdwdy Wi th an

inert Fc which_binds to this nolecule should prevent |eu o(?c%; adher ance
and ni gr at i oRCAYPEPLddenf Dlfe RN PEnARY] SRTERTs r&akiTRF %Pcfr%f of

chronic 15 aqagxat I(@hcrOhsl BRbRLhbOAPeH) ! beandidieeePtiidnt esactd a5 ckl e
cell disease 20 Honozygosity for the variant of human haenogl obin
char adPer i sethpy iateugbsttiiont wédlobevapberd fier glTearkinidicidl qowsS) hawds to
chroni c hae is and a ndency h I qgﬁ{ tactoi d
formation i gg%%gk’%%ggglx%%ns?gﬁ g%{ai%g% ?‘ﬁ?‘é I%(ei::;{fI S Iteg“‘ltjhe rlgcg3 c%?l%‘e
adopting a seftkketrshapemainthe m crocirculation leading to sickle “crises'
in localised areas. These may be thronbotic (in bone, lung, brain or
abdonmen), aplastic, haenolytic or associated with massive red cell
sequestrati Opok-n;5pkaERe30w ARl EMET e FEECES PRIl & Thalerflird NG, t hese
crises red cells adhere to endothelial cells. This process of adhéesion is
basedl8n t hedeniweadtrioon anf apevbedl . r sbepbandiinch doms in rmespetayifee | i gands.
Two of the deuminant . ad i pa Q. i i ¥§§ t her an
35 and | am n?’%bgnange \%gér?g?ﬁr gngigg%éﬁglagl%ﬁg})agtogg%%c{&u%n%g# |ncj‘;e11 red cell
menbr ane |i pedg.| anaen@gmeexpehbprohs , wa lravepdtrai (ted lesbalent eoxrt hat
recombi nant hynman_vari abl e donaj n anti bodi es  agai ns(t t,hronbosﬁpjgﬁl.dciz%l
di mi ni sh t heCAHRBLREATEY &i EXFPRETReBTbPBoATESRES (¢ EdbiIRITH 1 el 1 s,
W postul at ept Rak ghniah@ribbg?pr_rbi nant vari abl e domai n anti bodi es agai nst
the I am nin binding domain of |utheran (the nmenbrane proxinmal domain) which
bl ock2fhe - 23 6 Novenber 2002 interaction with lamnin can be devel oped
by V gene ph ' y. ;Ih Labl e;danain antidedy £ -g:gy(ﬁ;so an be
equi pped w t%g?ﬁg!r‘rgglig’d(%-rgrals%@p%gg%?oégée thgr apeutic antlf%o I €s a]gl eto
interfere wi@hrietaskerteceot] pastikhinglyed blasodadelds naglighided hel i al
cells, mﬁthoggrgggigngo%gqncgklageg£gggghgq. Thus a binding molecule
according to the present invention may provide a rodent
25 or camelidae (see WO 94/25591) originating antibody
binding domain and a human immunoglobulin heavy chain as

discussed above.

Also preferred may be molecules having more than one type

30 of binding domain, such as bispecific antibodies (see
e.g. PCT/US92/09965). In these cases one 'arm' binds to
a target cell and the other binds to a second cell to

trigger killing of the target. In such cases it may be



‘Ant i body nedi at ed bl ocki ng of platelet collagen receptors ZO W have
substanti al evidence that two receptors are crucial to platelet activation
by subendot helial collagens, an event initiating thronbosis; the integrin
a2(31 (platelet glycoprotein la/lla) which we view primarjly as adhesive in
function, and the non-integrin 15 gl ycoprdfern VI (GVI) %é%é@g‘gﬁfi%ﬁozf or
activation, preceding secretion and aggregati on. Reconbi nant human

ant i bodi es nmegedirageher boedibymysgehbephapacti speay ifecsqun fany idinf,f er ent
dormains within e ptor._and th t .o

| ead- ant i bodiV&l%ﬁpﬂigﬁgzég?%’éwgﬁcagg(rfrglgggf %r%rggl%l a&%rjf-absag@&%h

anti -t hr onbotitdhesppywidheske n@gsheedsedticomehe dhleeviaatison of coronary

t hronbosi s, of restenosis, after angioplasty and of thronbotic conplications
associ at ed wi HHEPRpREES gf‘af?i p@hEZngﬁll%néef“Bﬁ&ﬁ A E’Sd%é‘f‘eéjr &nydad
sometings t0 dpcingeld Junlbpnsy 88 EKIR behdgedrbeeliFEURASYPPLESS
T-cells by blocking the T-cell receptor and CD18 anti bodies are used to
prevent cel | - icndirestoint hroudhschesedt égr mersodeskadulbed owdonever the
bi nding of the Fc to Fc receptors can trigger serious side effects through
stimul ating cytokine rel ease and i nflammtion. 7) Antibody Fc regions are
soneti nmes at tEohast ddi od sl SSul €cradi canprpset eore thagi weef usi on

nol ecul es with prol onged bi o] ogical half-lives. Thus TNEIEr eceptor has been

attached to MABPIRICHFCRYR ok 25ABFLREFER WA Bh FREFBFFS PRe effects of
sol ubly TNF, uMb(Jihd t@%be}% BoBScaihHsraBeRbAL eiiBnWict h 1fG Fc and
used to block - 24 - 6 venber 2002 signalling through the B7 coreceptor
(a ligand forirCRIRYt e ecelt el brked| visushieBideHowedgrsagai Hogyt oki ne
triggering by dNe fdL of¢ the, [Ushon; BLole Rghe URdeR! LADESn n¥gaml NS, of
ot her bindi ng regions,” appropriate 10 the ?ypes 0 appllcaglon rscussed
above, wher e wiitdcusdeshwpeshdicatdbyprivcés bhreweEEeknowndbmatihoseaaki |l ed in
the art. For instance a CD3 bi ndi?r:ﬁ%donai n (e.% YTH12.E) is 10 discl osed
by Rout| edge BPTAPTIRIP )L T ChatrBiY 22 ¥999- 9795 LRG BOFE €P™3P7(1993)
Eur J ilgmunolxagda 403H - c1h (G521 bbb a0 dormi8) (en BheCAMRATELL) IS

di scl osed by Riechmann et al (1988) ture 332, 323-327. A VAP-1 binding
domain is di RER3Elétinn SalTherafetre (19983yY JbExpessrpbde1¥e: ppsdige and

Smth et al 8) . 2 ongLn 7} 1S

di scl osed by(té%: vcéjé"r?@é? Aﬁ%%%&é‘ﬁa’é}ggﬂﬁﬁ g'z g f%g?t%@%}? 2:r%‘fﬁs a
bi ndi ng nol ecdmbeants It ditck neipuil andi o #oul® seeeptoas &ndetigngger Kkilling,
and did not activate conplenent, but which did bind to a target nol ecul e,
could be used in all of the above exanples to m nimse any side effects.
Speci faccal |y, Tygpicuiay imeckidgeanyi hodye canl dnbegbnt pedsead ba si tuations
1-5 above and 25 prevent the undesjrable destruction by the npaturally
occurring antGelddi & aTHRESREOD|WERR Ry $9pePke +agrBAsERBUMBIEE ERe Fc
regi ons of chgj econbi nant anti bodi es such as the CD3 or CD18
anti bodi es i%gé:qg)gg\%e%??nﬂaeg{% e Fc for fusions in 7 above . 30 The binding
and effector domains may be conbi ned by any suitable nethod. For instance

dormai ns nmay 1 inked.coval.ently.thrqugh side LNsS. t Lvely,

sul phydryl g?@&ﬁ’s m(j“ néareatseec}eoci}:eﬁea%ﬁbe%%%lgr%%%%%ﬁ%ﬁtg{; gégg%gt ei ne

resi diess haveheeebwsied il dNFed | K wid botlywilohais naol 83uhd, h&vikng1990)
EP 0385601 Cross-linked anti bodi es and processes for their preparation).

Final |y, chef'€aPHaRFTtiEs ivPHsseq Y7 at £°Fr VEPEARGE bReRCUBRHSt 0
generate reagiitte i QURD Ifle GIiiSs ] +dWl H10adPi PoEPESeSrohheee et hods are

standard techni ques
-+~ Alternatively it may be desirable per se to bind the
target molecule, without causing cell mediated
30 destruction, antibody triggered inflammation or
complement lysis. Equally the effector domain may
function primarily in mediating transport and/or improved

serum half life - in such cases the binding domain and



- 25 6 Novenber 2002 available to those skilled in the art. They may be
particularly applicable in enbodi nents wherein the binding pol ypeptide
contains non-protein portions or groups. 5 Generally it nay be nore
appropriate to use reconbi nant techniques to express the bjndi l.ecul e
inthe formof a fusion protein. Methods and materials eéph%??é%%%qugg
approach formfurther aspects of the pFe&ent i nvention, 10 as set our

bel ow. Nucleic_acids In one aspect of the present. i.nventjon there is

di scl osed 15 & Facl B eSB?G Qﬁgo FnGQ¥lﬁW#§qﬂ; %Quﬂ%?%g H%%%#*%ed above.
Nucl ei ¢ aci dfpegotHeB88 GQalheipgesent invention may include cDNA, RNA,
genom ¢ DNA (including introns) and 20 nodified nucleic acids or nucleic
acid analogs (e. g. peptide nucleic acid). Were a DNA sequence is

speci fied, g L Lh. refege - Ei_qur, I . O i [ es

ot herw se tﬁpé ?Q?\I%\\é%gt{nsa gntgﬁs\}\nag ﬁ%f]o?u gﬁetxltﬂlégq%g?& '%%ﬁé?iegweosccoufr S, IS
enconpassed. ti26 poesent anventbbacubed ddeondiety a0 thexrgpesteid | nventi on
may be provided.igglated and/ or gurifhed fromtheir n t%£al envi ronnment, in
subst ant i al | 3P pthIbTS HaABLRAOBE T ForltP §PMEr &85 iblstant TeF 13RS g€ of

ot her nucl eige88@€Ei €s18%:t he species of origin. Were used herein, the
term"isol ated" enconpasses all of these possibilities. The nucleic acid
nol ecul es may be wholly or partially synthetic. In particular they may be
reconmbi nant jyn t I G agi C i . . d. toget her
in nature (d%ﬁno?ﬁ%ﬂﬁg%gﬁf%gu%ﬁgﬁygaﬁggéggegé i§§?§§“§%9§ e%?&??% conbi ned
artifiei al | anigeriatéeyetype hey biapoHavelleewrfsfrithesirseshatia ectly e. g.
usi ng an aut omat ed synt hesi ser. 40 6 Novenber 2002 - 26 1In a further
aspect there is disclosed a nucleic construct, e.g. a replicable vector,
conpri si ng tAe diuhene RCsSr@HHERECrPaA YEBLA denNaldididite W dinforaci d
according to the present invention need not include a pronoter or other
regul at ory sefihogenesistiTuene! ysi synhbegdst of 189G @ ldeantddadi esntoyoduce

the nucleic id.1 cel | i i i.nt

Preferably t‘ﬂ’gé g‘ﬁdc%% tgg(’:i%l é%‘?%ﬁgge tg?&laeggﬁr? e%n{t:]lgeg-g%e%aﬁ, réaﬁld
operaB y |inksld 4,0, granuppeppes abe planelecsor Thtilsen sr efgnll ladwardy b3l enent s
for transcription _in a host cell such as m_ccobi al, . bacterial, 15
yeast , fiIené%ﬁQﬁB}%QEEﬁﬂ5 Eﬁa%%88¥§093ct?8.a@iOﬁﬁgééFﬁﬁb|3%1} mal i an)
cell. Particidtaid Yor th€oyeEd OF t HBYe COBt dbBt2ugeAen( £J arfiibodyR cdal:@W

selection in_ a host or of a host cell, and one or 20 _nore enhancers
appropri at e ieFahdlnnd cells, which may lead to a clinically

significant fall in circulating levels of the relevant
20 cells. Therapeutic antibodies to the relevant epitope,

but with an Fc which does not trigger destruction, could

compete with maternal antibody for binding to fetal

cells, thus inhibiting their destruction.

25 Antibodies to red cell alloantigens lead to haemolytic

disease of the fetus and neonate

The most important red cell alloantigens are in the
Rhesus and Kell blood group systems. The incidence of
30 haemolytic disease due to the RhD antigen has fallen
dramatically since the introduction of post-natal
prophylaxis, but cases still occur due to maternal

sensitisation during the first pregnancy. Other Rhesus



[

'The vector may be a bi-functional expression vector which functions in
multiple hosts. In the case of genomc DNA this may contain its own
pronoter or other regulatory 25 elenments and in the case of cDNA this may
be under the control of an appropriate pronoter or other regulatory

el enents for expression in the host celd.1®8y- "pronoter” i6sN%§SWPe% D4uence
of nucl eotides from 30 which transcription may be initiated of DNA operably
| i nked downstamaigénse(Cja, Ehe) Janidkbed i causa hhemsépsiecstilaadsef as

doubl e-stranded DNA), The pronoter optionally be an inducible pronoter.
35 " Oper abl y $3hk@dt 1 hR3He jro‘?n‘gbeajgg%]ar F&Jo)f ?‘Pi'éygﬁﬁﬁ KOEFRi Llaci d

mol ecul e, SUié&cDiﬁ/i&QSirﬁl%&)ﬂﬁdeDlmﬂaéﬁéfé‘éféj {Rrcheapsesl PhoRA Lerhsw.
er.

initiated fromthe prono operably linked to a pronoter is "under

transcriptional initiation regulation"” of the pronoter. 40 - 27 6
Novenber 200 Ihﬁﬁ hi C f_the inyents O¥] .construct,
preferg’bl y a?cr%p |c%btf%e%ﬁoéqpcsoé%%%%gﬁaf%%%t g%g‘g%aga ?@ghg/gfi Rked to

a nucl eot i de rsefuiene eipt v ek ine tdwa s Bseidn | of eatt boen Snégaeiakl yed
speaki ng, those skilled in the art are \Ae'léjsgabl e toc ‘S}Et uct vectors and
desi gn pr ot ocU st F or I Tt HENSREDH S| YAMURRE+ QBRI Y ek ¥? sPehn be

chosen or consddiCiiablm CONtEE N A1 APRFORI altei & 80hAl ©1dn 10ASLAHEACERA
including pronoter sequences, termnator fragnents, polyadenylation

sequences, erfaRIi bl adiTk by amenalirl BiYieFegettenceshange
appr ogiyi ate. frogqsfﬂg{lerédaﬂ_?é/a&l %%ﬁgdtﬁﬁ( c_Tl(ﬁxix.arrpl e, Molecular doning: a

Laboratory Manua n 1‘'on, roo al, 1989, 15 Cold Spring Harbor
Laboratory Press. Many known techni ques and protocols for manipul ati on of

nucl ei ¢ aci d, e in preparation of nucleic a@iéd}Fconstructs,
I

for exanpl
mut agenesi s, %@ﬁ%{%ﬁf% Y5 ddtas forf DICEGE B TR Bt D and gene

expression, apbanalysly Qe RIS FR]-0 )dan6rd Dedmbished@éd e LI rent
Protocol s in Mol ecular "Bi ol ogy, Second 'Edition, Ausubel et al. eds., John
W ey & Sons faidore T tfigdess erfde aforsaastvokd ¥s a(morprey teisubel et al .

are | 4801 PO ARt fereld Jy dSISIene,y 29,403 eall o ap hgdopghap orbraced

by thé present invention are ce or me expressi on veciofs
defi ned aboveandAlispcd:gntdw dedrearsd seeldesguldhoves {@ridlerlait y rodent) and

products of cell .cqultures containjn he bi ndin | ecul es. Al so provided
are net hods i Y 5 ARG r?ﬁ’lrge@gq %%%%%Wafhesﬁaesent
invention comyrtditidd JpdIGMlioNang ahtilg .eIADAET | £hdNERsh IR fd Sl ge domai n
with a nucleic acid encoding an effector donmain to forma nucleic acid
construct; (MAVeREGHPURLYalbeeR miawie tepresi®n i t3elkonstruct 40 in a

sui tabhe hosiyeehllyc Al A ViALd P BRIIAS M1 TR v DHndi 09 JpLgcul es

according to the present I nvention conprising:
demonstrated the ability of Fog-1 to compete with the

majority of human anti-D sera for epitopes on the RhD

protein.

25 Antibodies to platelet alloantigens lead to fetal and

neonatal alloimmune thrombocytopenia

The most relevant antigen is human platelet antigen
(HPA) -1la. HPA-la antibodies complicate 1 in 350 normal

30 pregnancies, and lead to severe thrombocytopenia in 1 in
1200 fetuses. The most severely affected cases result in
intracranial haemorrhage or death. The current options
for therapy are weekly transfusions of HPA-la negative
platelets (which carries a risk of fetal death of

35 0.5%/procedure), and high dose intravenous immunoglobulin



+(i)conbining a nucleic acid encoding a binding domain with a nucleic acid
encodi ng an effector domain to forma (ii)causing or allow ng the
expression of the construct in a suitable host cell - 28 6 Novenber 2002
Combi nation, to produce a construct, can be by any conveglﬁntlﬂpthg Ognomn
to those skilled in the art, for |nstanc§ by ligation of fragnen S
restriction fragnments) or using different tenplates I n one or nore 5

PPt bt adl ngiYERDTl e IRl T Ml BACS VA RIACIENY GRLOEKL A {8

hence bindin

rat, rabbit, efé r1§éCYgoatHP"§HéeﬁS @@ﬁépeér ﬁfoﬁk«%})“%et rF%ltl?P%LFPff- abl e target
protein or aplazglett dlyecpofoteAnt IBddi dSPIAY e @ltchignewtiniglen ¢haimi sed

ani mal s usi ngvamkcehrd Mg ehy sOkptiechel qeeavisiQublien with#d tshand m ght be
screengd pr%ferabl S|Qgcgﬂ%%a % Ohl%ﬁghgﬁd%ft%fyﬁééﬁgl rgerest 15
For inStance, SEEMT Y0156t & fni Or 1 nmunopr.eci atlon be
used (Arnltadgréﬁfép HﬂbQ@UWﬁg@@ﬂeW§57 ASBUQEP moB o 1G 4&) Qﬁiﬂe55|on
of Chi naeri c spetiliddi o $heedeniched-Ba EPAA-,0 HRF6IAR antbER-#£ 0125023, The
PEC|9'C aCLd @B%FQEEQgﬁ@%o@%%%%&?VIQQHBEBOSGB begﬁeﬁﬁﬁﬁﬁﬁ§b disg {&yllght of
e presen closuré i.t e gen : nstance
nmet hods dISCﬁ&§§8 HéreP&°§P §r?itshe g ?ﬁéﬁ 3 s§§%3b164h§ €' 6562 or
WO 95105468 BBthRbeflyl pasesl on th)s GPﬁértrafs’ﬁeéPshB‘(‘)‘aﬁd s;&a;fr%\ﬁrcredla% use of
t he bi ndi ng bekacshesmofct be phaseitednbgnhumant enprhieHRM-1d4dedd 1, or

ot herwi se i nipgpf %ﬁlwlttqohh%a@ Rk Bhsassanend ki RdiMg Wyiliequle to a

target nol ec :plaC|ng an

ant i body fro#ﬁghFﬁg 3 éﬁ%l8§|ﬁ eFé?égaﬁpkfngéFsanﬁﬁléﬁlo cell. The
pr esent |nveﬁ?F@ﬁlaF§d wﬂéhléé§ BOFEagENELfh éﬁeééﬁpnz$§§%a%ﬂ4kﬁ%3?5
nol ecube as ahavetrhehekbembphaducadtdbBodecentdi sambl pwnaribatdieranitsind te 29

6 Novenber 2092 ggﬁepgggggbelgﬁegghgglgkgo provi des a pharnmaceuti cal
preparation which conpriseS a binding nolecule as above, plus a

pharmaceutically acceptable carrier.
In the above applications, and those below, in addition

to a competitive binding effect, the therapeutic
20 antibodies of the present invention may also trigger a
beneficial inhibitory effect through FcyRIIb.

2) Competition with autoantibody for epitope on
autoantigen

25
Autoantibody mediated blood cell destruction

Haemolytic anemia by warm type IgG autoantibodies and
thrombocytopenia by autoantibodies have a common

30 mechanism of blood cell destruction. In both,
autoantibodies target a selected repertoire of
autoantigens (Rh and K on red cells, and
GPIIb/IIIa,GPIb/IX/V on platelets). The binding of the
autoantibody shortens the life-span of the blood cell

35 leading to anemia or thrombocytopenia, respectively. It
is not unlikely that red cell and platelet autoantibodies
target a limited number of B-cell epitopes on their
respective autoantigens. Recombinant variable domain
antibodies against these epitopes can be generated by V

40 gene phage display technology. Therapeutic antibodies to
the relevant epitopes, but with inert Fc, could compete
with the patient’s blood cell autoantibodies for binding



5 The present invention also provides a nethod of treating a patient which
conpri ses adm ni stering a pharnmaceutical preparation as above to the
patient, or to a sanple (e. g. a blood sanple) renoved fromthat patient,
whi ch is subsequently returned to the patient. Particularly a |0 method of
treatment for the follow ng diseases: G a&&-vshost di seas®; NW@%EVSZ%%H
di sease; organ transplant rejection; bone-nmarrow transplant rejection;

aut oi muni t y:taalths mufvantigan ertgyus cm@mhtbﬁgaéﬁﬁedﬁﬁFF&ﬁ%PBer

di seases. 15 tHe Hyr®esedeliinvention al so provi des a nethod of treating a
patient which conprises causing or allow ng the expression of a nucleic
aci d encodi ng a binding nol ecul e as descri bed above, whereby the binding
nol ecul e exer@modirs tisrefd egtrsiromei Van th-yhemeauilam bacemengl mgmbirgne
expressj on W }dpMIC@ifsddkdhe patient, or in certain specialised
circunstances where the patient is an unborn infant, in the nother of the
patient. 25 Also provided is the use of a binding m)l ecul e as above in the
preparati on dhiz plaramaceul caudeo ebdidyldly | progsesedpense, particul arly

a phar maceut igdndrr drrieatdente idecsli Besgehadmseuhagd ahavend30 In
order that t etag{ eieer}}al nf\c%%trig_ﬁonfb JDL e fé’}lﬁfoﬂfﬂgr %?:89&0' g‘ggdl ments wll

now be descri nore not ﬁpway of

ex
limtat9 on. m@r@mlnémesrw I%WW? HHh ‘?’rqg ¥565e¥8f CPRRIPATARPI on may
occur to thosetdkiirdtethdive hid samia i ex@ande 3nghimopnphuppreEEGURES Fi gur e

1 40 Rosettingedfa yCyRJmQﬂﬁrﬂmqt@éiﬁ iy RRC compedcutel bogilfe-6 Noverber
2002 - 30 a?%uﬁy Cénjl fﬁgFB%uﬂﬁgflé:fﬁéﬁ%fméﬁd %%ﬁé PFEQBQESE at a

range of ant nc I"ons,” 1 ncub row ng in a

96-wel | pl at ENEAE titfe oaf@rrc»émlaw@%fe\e&d@v%m Wi £ 1Foéé?F8§ of SRBC
det er rtimed. Erediatear $y5 dutdiasatibddie st aamhrtheegbhavaohigahubssf been

tGr4}_Ip|bi CaéeG\QlaJdc%th@d tehe s CF&.?raﬂng ~n ®hyer GoaponEheRes @Ma

an 0 g

cells and RHC at a§n of ts*n coattlantg C%Eﬁ%}rg%?&?eg §§8&Ep[ d@gggﬁggl uor escent

st ai ni ng of F@Ylﬁhebé@qﬁlé@lg%m%yﬂfch ae’c‘PaﬁF E8f| & |ﬁ¥§ CR3KA¢a and

b) and 3T3+FayR gerhaiendod iand tdjlmmemﬂaat@@bééqMehasableynwpﬁhnéé

anti bogj es ofyfdhe i rﬁf@& 1v(ea e H sdathdt (PhandfdpcsebfeBarmful

bi oti nyl at ed antl r@m nt| bodi es ﬂ-:é(tx{éﬁ‘ﬂﬂéﬂlgé-drcb The fluorescence
i Yi

intensities vvélre

0 events a onetric nean channel
of fl uoresceﬁl?@%lﬁrtaéd.I% qqr’@lﬁtel%oﬁfgcf r‘éla?‘g ehR5EFEA Bfa“
f1 uorescent| mmmmml?letma:rdmg cmald@(l'\BZ\‘@l cehfishaer ebyt demrdgnas in
Figure 2 usi ipe0QiG/gPe@RLitIOH asidTeum CAMPAGH: #eseEi @6ma2h. ThRe

chann wer e overlal % &fresen ive ant.| bodi es
binds the 1mmunodom1nant a3 ( IrSﬁ epltopeggu% that lacks

the classic effector functions. We will be able to
achieve this as the genes encoding the variable domains
of the murine anti-o3 (IV)NC1l have been developed and

30 characterised (Pusey CD et al, Lab Invest 1987, 56;23-31
and Ross CN et al, Lab Invest 1996, 74;1051-1059).

i stogram pl of 15*21%\%'1% ne &%%Q{ &eéﬂﬁnéﬁibnngnaﬁeeﬁogyucméﬁence

Once again, in addition to a competitive binding effect,
the therapeutic antibodies of the present invention may

35 also trigger a beneficial inhibitory effect through
FcyRIIDb.
3) Allergy and Asthma

40 Allergies and asthma result from inﬁappropriate immune

responses to common environmental antigens such as



+30 CL response of human nonocytes to RBC sensitized with Fog-1 series of
anti bodi es. R181 RBC were coated with anti bodi es over a range of
concentrations. The number of antibody nol ecul es bound per cell and the CL
response of noncytes to the RBC was determnmined for each g S ds %502
described. Figure 5 Inhibition of CL due 20 Fog-1 Gl by ot

anti bodies. RBC were sensitized with 2 ug/m Fog-1 GL 40 and different

concentrati onsr&feihe fﬁé}n f@sbnﬁbwéﬁg, houséldu@twmran@%@hese Ab
gave a | ow CLoéﬁeSPOncg ol SpSk5En ool PEeh) aﬁse&aﬁ@ol%f sa%%&,;s

measured. The Tespo alone s Flcgure
6 | nhi biti on bfPXeteE3PhsEhe oh‘é‘il??n WPt sBi 5 CpPHEFE.LPRERIOIARSC wer e

sensitized wipteromrpssimns. anbifiecoéd Fogdiveduale ﬂeg/emh)lgh leviedisc alfl y
rel evary ser amfthst I eitis W@iéupérfpgoi @?xéaIEEOQ‘XOars%SquPz%%eWa§ E

achieved with tandard of, Fog-I &X~a,
t he %responsegg“&]/%?i J1950%6‘/'3 era W@ tpgr High %%?3%% é/ racc 200%

sera D 163%CREEOIE: RD@)@C%‘@W@J&) %%% ce éé ard smRt ﬁqélé’@rpilllﬂg% 15
Figure 7 Conulmomsxlinksirgg nefli thed bycdpPATHolindedgEs byf tdwet idld@iregen Human

PBMC wer e 'aqeéélﬂckéfwlﬂh a%tqvé\@goﬁ ﬂ&f‘b@ﬁédcml@ taha a@:tg&?(?ﬁiﬂl%%ﬂoﬂl t he
presence um_a source of co i C ase is
20 pl g‘t%t ed aﬁ&%&f@lﬁ?%ﬁf 7 JRbRT ¢ r’r‘f‘.gia'i‘-‘magf’ y8 F??ﬁ RN OHE"B B
CAVPATH 1 (R-GRrbfcastim| Kensie | S¥MBt ¢l ¥ cgvVe) éﬁWPATHSlaGreseéﬁppérrém

| ysi s was cararnaqﬂu)cmacta& | feadd fo1gUr eTwo bnéchhaisaspbés acmibau pEd aa

const ant armlmto &gamo A"@éuPc?@@”éﬁ@i!sQQEdOf F%ME& Gand

i ncreasi ng quant CAMPATH a, Figur

CAMPATH- 1 serd (ﬁc(fyaﬁﬂ“r}baal%sln lﬁnca% Fﬁﬁ%lwergo}% eFP@Ee\ﬁe %oglg?’ €and
i ncubdtbed wi tHnghimD ey .aldiergemasti HE - t RelgelPyldepPEevaiitb&hed cwicsh -
further PBMC1iagdimy & lejla‘ enidrhaetd sprévienn ehteatodivhanget ofathe of
20: 1. The %So%qcllsflcpoq seaé%raénﬂtméﬁg Gaaﬁélﬂsawmtﬁf ih¥$tSFc
occurring. Fi resfba of I a ed QM Fggé erl%sigl
Yﬁﬂfc compete directly e nding of t

anti bodi es 4
allergen with the IgE.

20
A second, significant, mechanism would involve the role
of negative signalling through the FcyRIIb receptor. It
has been shown that the cross-linking of Fc gamma RIIB
and Fc epsilon RI results in an inhibition of the

25 activation signals normally seen when only Fc epsilon RI
receptors are cross-linked. Thus the introduction of an
IgG antibody with an Fc binding capacity for Fc gamma
RIIb and an antigen specificity for an allergen could
result in a an inhibition of the activation of IgE coated

30 Mast cells and Eosinophils. For this the IgG antibody
would also mediate its strong negative affect if it bound
the allergen by a different site to the IgE such that
both could bind to the allergen at the same time,

35 4) Inflammatory disorders eg. Crohn’s disease

There are a number of disorders of the immune system
which seem to cause pathology as a result of the chronic
state of activation of immune cells (leukocytes),

40 including T-lymphocytes, neutrophils and NK-cells. This
chronic activation is normally seen as a state of
inflammation with a continued migration of activated



- 32° 6 Novenber 2002 ADCC of RhD RBC nedi ated by Fog-1 series of

anti bodies Figure 1l1la Inhibition by Fog-1 anti bodies of the ADCC of RhD
RBC 5 nedi ated by Fog-1 Gl at 2 ng/ng Figure 11b Inhibition by Fog-1

anti bodi es of the ADCC of RhD RBC nediated by Fog-1 GL. RBC were
sensitized in a mxture 10 of antibodies €9nsisting of a CORYEERET APt of
Fog-1 GL (2 ng/nd) and different concentrations of the inhibitor

ant i bodi es. If?e'dt}r% ptesthant besves afieehed- ahbi BEEPESLEf MiGEAROCENEP RhD
RBC nedi at ed the pol yshenahe artll &hibuat Beagive &nduresp8adFtaor escent

st ai ni ng of E%ﬁérﬁ\n&ééf@%@&%taﬂs%hasthéﬁ £ehhsank aaﬁegiéﬂsfect ant line
3T6+FcYRI | a 130 re | ncu%bai ed with th g ntib gl gﬁ rrg#exed wth
goat F(ab' )Z"é nt% & ‘FleﬁhWt'ﬁoF JPEIg o‘-ﬁf ﬁ?e donke§© goat
lgG T f|udrlé@mc'éhentl@mcﬂu‘e%ss\@lewwbhgu%@ B@nm@omlamms and the
geonetric. mmWEthQ&@IlélaﬂrﬁS@eﬁégsél ovéBlls &nduimrtd3bhé&l uor escent

STo+FoyR |2 @@dﬂé?%%ﬁ% TR P, B e B e T e

|l e
win FLTC corf Ut oas B Foiking she Tadnf L b8 hefeeitel &n®
intensities WY siataeedof o‘?hqol)%i@k@%éﬁ@% %ﬁdtlt“hec‘g%‘h%&)@ﬂ@l%an channel
of fl aorescendgaids ted. t3& fmgwatédlaeﬁimms&bnd:emal hingn®fthe

Eglyﬁgl Plhe Pre:vgi&zic%ﬂ 12%3 é(\@:?oﬁaéﬁ& exggisamnl Figyr e, 13b
ant i bodi es u&"ﬁf eba x‘ﬁ'h‘f'}é G ’Frf cpt'tL)chJ b‘?]ég’ 4° U Ja%e‘f‘?g%‘gb%%t
F(ab')2 ant|smﬁﬁ{dmrevglwol@itmytz@cmdhewcqﬁW@M@an%r@@c@mes

stai ni ng of kbEtyRHd hiNAlahesridty akd Hrddieisx petié eyt 1 avast Catirdede out as
in Figure 13 usiRgdfg,transfectant line CHO + FcyRII1b NAL. 5 Figure l4c

5) Inhibition of ligand/receptor interaction

Sickle cell disease
20

Homozygosity for the variant of human haemoglobin
characterised by a substitution of valine for glutamic
acid (HbSS) leads to chronic haemolysis and a tendency
for the molecule to undergo tactoid formation in the

25 deoxygenated state. This leads to the red cells adopting
a sickle shape in the microcirculation leading to sickle
‘crises’ in localised areas. These may be thrombotic (in
bone, lung, brain or abdomen), aplastic, haemolytic or
associated with massive red cell sequestration in spleen

30 and liver. It is postulated that during these crises red
cells adhere to endothelial cells. This process of
adhesion is based on the interaction of several receptor
with their respective ligands. Two of the dominant
adhesion pathways are the interaction between Lutheran

35 and laminin and between thrombospondin and an as yet
undefined red cell membrane lipid. In animal experiments
we have obtained evidence that recombinant human variable
domain antibodies against thrombospondin diminish the
adhesion of sickling red blood cells to endothelial

40 cells. We postulate that similar recombinant variable
domain antibodies against the laminin binding domain of
lutheran (the membrane proximal domain) which block the



‘Fl uot escent staining of FCcyRII1b NA2-bearing cells. The experinent was
carried out as in Figure 13 using the transfectant line CHO + FcyRI 11 b NA2.
10 Figure 15 This shows Table 1, which conpares the nmutations nade to

wi | dtype Gl, & and 4 sequences. 15 Figure 16 This shows &able 2 é%ﬂfCh is
a summary of antibody activities. Figure.17 20 This show® CRECERYUETEs of
certain nodified and w |l dtype CH2 sequenges i ncl udi ng those desi gnat ed

G ab, &-~a, g 13G-5 )§AI\/PIWHS¥ ZiGeneiral VA er| Ivs e})nd t hqds Constructlon
of expressi on V&S B0 i SRRy B8 K etlhé)q Y o ntPRags on
was the humaflisgdaYecondhese vegiighlge “@ﬂnalalr&wmﬂﬁaﬂﬂﬁntﬂ rean & si on
of the vect oeqMijtpet3viwii dmetrenFal W®maimaditid gotqubhiad ithearagedd@mirk, M

and 35, cont a2 end %Fﬂ*iem@ e B e s ond,
i_ns | Si :
downst P eam of 2 b8 y&e 2 %1 ﬁjlgl S | nfjﬁ’ 5111 &\M%lﬁ’té‘? in the
order S to QEUSS§HIreNoFB 1B§P5Fru3§#HP The human 1 g& constant region
gene had been obtained as a HindllI-Sphl fragnent in ML3tgl31l and 40 the
H ndlll site had been destroyed by digesting with 6 Novenber 2002 - 34
Hindl I'l, fil Rntgbodyt imeddadeabdiond iegdofapd atiedatt mpillagyeandsdggeiher
again. The Sall-Sphl fragnent of this vector was cloned to replace the
equi val ent fragment in the 1gGl vector described above. The human |1 g4

constggt 5 rgg aavae@ﬁbeegnlegsm ebtlab%@ eﬁaa Hw)d&kelceéw ggnment in
ML3t g131 and the Hin

:1; Sltﬁ destro g rraé*)ﬁsme occurs bet ween t he
3' end of thErER32 xBﬁ HHatF EtpBFYa éﬁﬁPBtPHn Bdogheddadol yadenyl ati on
site was restolédgbpsaddnngv&he Smit ibraggenhrbmbostise kg ih@ewedror,

whi ch conpriges DA q&bgtl%gsgrm%l%qwaya&%ryt wﬁr{%q% Sddy the 108 gene

and the Smal &1k e downstre ¥ he first
procedure maErFHth%VoaﬁcédaﬁSXBﬁllPe§PPFE%PBn TB dsithe B@Fﬂé@ﬁeﬂﬁénCHl and

hi nger®xons, gayXbpkosein et wepwlj hashesgenaindl CH3rexensvatdoa, Kpnl site

bet ween the gf‘é ﬁ?n&'@e%gﬁ?{ur‘aﬁ&dgﬁaiﬁ% @% '@E‘éo@?ﬁﬁ%&%e Of Ut ant

exon sequences I s”was sim ation IngG4 genes
carried out PrE¥PEHiry Paycbpawsedcrabed. bYCVa‘BRnel\/Phaﬁé v&asaﬁraum H {1993)

Structural nbécbgniBYaGVedfFerottvtohg mani bRy eh&ﬁckebebuaetlaﬂa Eur.
J. Immunol . gﬁesé08§91%84ased to produce lead-antibodies with an
20 inert Fc domain for collagen-based anti-thrombotic
therapy. These may be used in the alleviation of
coronary thrombosis, of restenosis after angioplasty and
of thrombotic complications associated with bypass
grafting.
25
6) Monoclonal antibodies are used sometimes to block
cell functions, eg OKT3 is used to immunosuppress T-cells
by blocking the T-cell receptor and CD18 antibodies are
used to prevent cell-cell adhesion through the integrin
30 molecules. However the binding of the Fc to Fc receptors
can trigger serious side effects through stimulating
cytokine release and inflammation.

7) Antibody Fc regions are sometimes attached to other
35 recombinant proteins to give fusion molecules with
prolonged biological half-lives. Thus TNF receptor has
been attached to human IgG4 Fc to form a molecule which
inhibits the effects of soluble TNF, and CTLA4 has been
made as a fusion protein with IgG Fc and used to block



To provide the tenplate DNAs, E. coli RZ1032 was 25 infected with the M3
descri bed above and ssDNA prepared. The strain is dut ung' so the ssDNA
produced should contain sonme uridine in place of thym dine. The

ol i gonucl eoti des used to introduce the nutations 30 were: bet en t%ﬁ hi nge
and CLR exons MD10 5 GGA TGC AGG CTA CTC4GAG GOC ACC TGE3NOBEMRRerOfRe Cho
and CH3 exons MOL1 5° TGI CCA TGI GGC CCT GGTI ACC CCA CGG GI' 3" 35 between
the CHL and Higgeléimgs tMroRgoh tBAGECCTOBETERCOITCR AGKaad BT COd) 3

Restriction gdigeudke wndeinhi ned.rake ol Im&@xecag{éim %yﬁskm@sphor yl at ed

in 50 ~cl 40 reactiqgns containing 5 nol_ ol.i onuc EOII and 5u T4 6
Noverber 2005189967 15928v25080 FE |;’Fﬁﬁ§&| HEE K hat® (nbl) in 70 mM
Tris HC1 pH7uddes@radlegC z, 100 nM KC1, 5 nM DTT, 0.5 ng/m BSA, 1 nM ATP.
Reactigns were incubated at 37C for I h and heated at 70C for 5 mn. To
anneal the mutagenic oligonucleotides to the tenplate DNA, 500 ng

uri di ne- cont &i APRGIPRA QﬁdthﬁﬁbpkéééﬁgpﬁﬁgﬂﬁﬁFyléﬁ@ﬁqg?tﬁﬁﬁmﬁQxﬁW%e wer e
i ncubat ed i nt2pes, bfohpsQiotkIons ddCStugdéds ab2@enMwWirGte?, dbfcuddddhCl at 80C

for 5 mn a“@g%lch@gﬁg];tl? ghe) 5?%"‘%1& kRO ERe t‘ff%léémsw\ﬁfléci‘gir?ﬁgd to 3,0

~Cl with the I an ATP mM an
dGTP and dTTPTEachPPs 356tange § SDPrb lBSI grEmadde ((emﬁmd T, 5urig ed
St at e30Bi ocheériseabyeandyORbualEdgeNAtl hgage s0G) bemnBla_)InwmmoJadzched and the

tion i 1 t t ant
CErand The GUR eal2s, READPLITRER R 13985 ) Bud %&%@H@oﬁzo 1Tris HCL
pH8. 0, 1 nM Eb¥A, AchZDtPInd@nss ﬁr@mﬁnlnBSA gnd CAMPATHd) i slansad ase
(Na NeOLv Engl aggbﬁl thbﬁh\aﬁddéd aff t(@@semcuaahregz,au 373©3r432'f2 h, p% Saapl; 400 nM
was a nd t reactiro [ at_ur e tO
%gnglpgtgog?%gnas a Bﬁios?ﬁ &%qp%th%H. (1§53 jﬂé]

fragnment the e et anol reC|
di ssol@ed |nMﬁgolaﬁd22Eanéﬁoaﬁédsmﬁtb Bt éélll?@@ ﬂé@%Rﬂﬂ@dﬂi&&HrﬁK+¥3

E»thaf madeafor A g@kegtqoao@glhhqergsgbgamf1§ﬂ&u§dﬂa§ﬁgﬂﬁy(kd§¥ﬁé%ﬁtO
ind clones whic re , pnl” restriction
sites. SU|tam?e ngggégkeggIBbﬁﬁP ggi?ﬁﬁytgg |éé?9 ‘vectors but M12

appeared to be msannealing in the |g& vector so the nutagenesis was
repeat ed fOrThﬁ@aV\bﬂiQthtJﬂbﬁe@h&goﬂlﬁhﬁoahden@% hedside et ween the CHL

and hipge exans SN0l _necessa a ese_experi s._. For_each vector,
t he sequﬁﬁgggggfstﬁﬁ e?ﬁﬁggﬁ% E ébﬁ??rnﬁﬂé g ggﬁ@%h&?ﬁfv The changes
in CH2 at anpnmpbcmdnposbutowb1627d1@3bladdt93§ taxgelt MmIleroulgere to be

i ntroduced Uébﬁgdtlbé gkbgonsch eot beeshe MIBEBACKxGaRAIR] tH maliide TCT CCA

ACA AAG GC T any gGA-eCC-trfects. CGSégélflca§ly4osMc):%2 (q%ri%ceicln%t ary strand):
antibody could be introduced in situations 1-5 above and

25 prevent the undesirable destruction by the naturally

occurring antibodies. The same blocking type Fc regions
would be the Fc regions of choice to use for recombinant
antibodies such as the CD3 or CD18 antibodies in 6 above
or as the Fc for fusions in 7 above.

30
The binding and effector domains may be combined by any
suitable method. For instance domains may be linked
covalently through side chains. Alternatively,
sulphydryl groups generated by the chemical reduction of

35 cysteine residues have been used to cross-link antibody
domains (Rhind, S K (1990) EP 0385601 Cross-linked
antibodies and processes for their preparation).
Finally, chemical modification of carbohydrate groups has
been used to generate reactive groups for cross-linking

40 purposes. These methods are standard techniques



«+- 36 6 Novenber 2002 5 TTT TCT CGA TGG AGG ACG GGA GGC CTIT TGI TGG AGA 3’
The changes in CH2 at positions 233 to 236 (fib and Dc nutation) were to be
i ntroduced using the oligonucl eotides: 5 M)7BACK (codi ng strand and
encoding Dc nutation): 5 TCC TCA GCA CCT CCA GIC GCG GIC

3" MD21 (conplenentary strand and encodi g ~b mutati ong%%%%&%m(%%
CGC GAC TGG AGG TGC TGA GGA 3' The nmutations were to be introduced by

over| ap exienshadabiePER WhbeR akidiernud ethd ool | ophep! Reyiges MOLL and
MO OBACK: 5' uS TCG_A ﬁgA Xhol Testriction site is
under | i ned. EérﬁéF ﬁelﬁlépRﬁPS?P&ﬁ hé QQﬂm%ﬁﬁscﬁ PR USRS 1 g@ and
lg& tenplatbsndmpglbbé@pmpththEanamddﬂ]ﬂaﬁxﬂtqnmhmmp@rwﬂﬁﬁBAﬁK and MOL1.
For the ~ ?E ﬁ% nmut ati ons, the first set of PCRs used 1gd@ and |g&4
tenplates Wi 31 and MO OBACK and with MD7BACK and MOL1. In the final 20
producP, DNAs originating froma strand prinmed with M)21 woul d have the L1b
mut ﬁti on andceheseloki g'tnalhiyngef momeMaZDBACK lwd dcartsy tédeorhleimarat i on. )
Each PCR con u 3 31+ r eac
oi i gontcl cot F A5 HAaGan Sn  Baa BRA Dot Tor S ] Fabre BT NMSHETFY Th S0
ul of 10 nmM Fr fysieR, P5PBESs. 2Heﬁtrp|de1an51 mt(walz%oemelm%s@aend 250
~M each dATGy ﬁEEEE’chd@EEEmamdrdeérP atpecteaciii wlife WRresenth] ferast {on 14
cycle of 94C gog g 72C, 60 s, followed by 72C, 5 min to end.
Bands Pepres%ﬁt 8? d %} Eﬁ%s of the expected 30 sizes were excised from
| ow el ti ng point agarose and nelted in 100 ul; H2O For each nutation, the
two initial RGRipiedaetigswere joi ned together by overl ap extension PCR
About 4 ul total of the nelted gel slices, such that the initial PCR
products were in equinolar anmounts, were 35 m xed with 25 pnol each
MOLOBACK andInDoneaadpethept cbhponensenés inyend iorhd rare wes dgcieredut
over 18§ cycl gspagiabevgceycentoliial ENeiannedl ntd dAMEra WM dgduced
from50C to 48C. The products obtained, which contained the entire CH2
exon, were p@PPYfed and di gested 40 with Xhol and Konl . The RF DNAs of the
nutated 6 Novenber 2002 - 37 ML3tgl3l+constant region vectors,

contai ni ng tgﬁcfét&aat:?at LEELEQInG! £6S tas %@ér&eqmow@ di gest ed
wi t h Xhol nove_t he exi sti and t e nutant 2

Fegions | i gatBATPe SRR DUAVE angPBET G VA 1A RR0rHHE &R
DNA o20r epr emedi fif edenutdais aasdsequenuedeu@|aﬁyﬂ|&q#k233€kﬂ49'nutated

const ant regpeaéldtnneeﬂetctgc%t 2l Nuh@Ge UeBhA Bethidhdwldy 0a and ~b or 10
Dc, DNA, represen ~a nut s used_ _as _t leatﬁlfor a second

round of PCREPESL h? odEc% t §at brﬁ §TBORutSt PodsHE $ above. The
| g3, 2 and domtéxrtt ypeuandsnutheéediesenshanRNAegiqwi viEbl egeneswiter éJ each

excised fro PN%’ a I t fbgggggt q@jéﬂdgﬁﬁggggd)the nmodi fi ed
CAMPATH Hu4skﬁﬁﬁlg eé%vgg?ntgz?%gg(%far R : Lynxval e Bi nding

Vbl ectfes as above) to replace the existing constant region. The resulting
vectors mereNdeBégoaaeﬂd2ﬁopéb@p¢€ﬁh@é$ﬁﬂmn§HHmgyad}graﬂ&nt'ﬁnyannimm al so

contai ns themgf)tbgegfowdéa' Qﬁég]&té&t bga/be @Wﬁﬂe@ Shdfye mirine

i mmunogl obul 1’ n” heay har n en ATH- 1 Hu4VH vari abl e region
DNA so t hat P?tﬁﬁ?}l%&Vér€6ﬂﬁPEtelﬂe§ SERGIER Agene RIS (P P IREREN M sed

in form, or free or substantially free of other nucleic
30 acids of the species of origin. Where used herein, the
term “isolated” encompasses all of these possibilities.

The nucleic acid molecules may be wholly or partially
synthetic. In particular they may be recombinant in that

35 nucleic acid sequences which are not found together in
nature (do not run contiguously) have been ligated or
otherwise combined artificially. Alternatively they may
have been synthesised directly e.g. using an automated
synthesiser.

40



25 mammal i an cells. The CAMPATH 1 humani sed |ight chain gene exists in the
expression vector CAMPATH HuVL pSvne3o (Reichmann, L., Cark, M R,

Wal dmann, H and Wnter, G (1988) Nature 332, 323-327). 30 The Fogl

vari abl e region DNAs (Hye, J. M, Carter, C., Cui, Y., CGorick,

Songsivilai, S., Wnter, G, Hughes-JoneszgN. C. and Mar sNOXemlE?r (%@52)
Germine variable region gene segnent derivation of human nonocl onal
anti-Rh(D) arir kodf@sthdr &bpéct| tivese . 190418612488 2480 leece obtained in
t he vector T wer arrpli ) P in .

ol i gonucl eot :égb %%Bi(i ?@%&Q&T%EB&CQ?@gﬁg%T@%AT CTA CAG
CAG 3 FOGlVHFGiGSIC @!@@TEIEW% ACT CAC CTG AGG AGA CGG 40 TGA CCG T 3
6 Novenmber 2002 - 38 FOGLVKBACK 5' TCC ACA GGI' GTC CAC TCC GAC ATC CAG ATG
ACC CAG 3' FQGLVKFOR 5; G, GIT GI AGGA 4 CA CI.CCA CCT TGG T
35 The 5 GortaaiP bl PR RS TT H T re Vet o CRTNABCRL (OF I BREFEPR.
Qussow, D. Hinvensison Medd nod Netede @P{“Q‘QQQFI‘PP@COCI\I@FIre%hdt0&|

USA 86, 3833)secfifiiid Sipgr Eb@upéﬁﬂ)ﬁ £f and PhPcenced EIQ b@euéé@n% peptide
was anplified r@&ﬁ{gé he_ uni ver]z ever se %'il;msr e GIG
GAC ACC TGT © DRI BUCHRLE haec -t anEI ?%%?%g%ﬁf?lﬁg t he
5' end of there Che rgempme was obt ai ned by PCR using the universal M3 -40
primergand VO4: 5 GIG AGT CCT TAC AAC CTC TC 3' 15 These tvvo segnents of

DNA were joi ned ntially to both the Fog-1 VH and Fo lified
DNA by overl &% eé'vsﬁ aEF’%R“%&l"d’e"sC?CfJo dl%b'f)}{}% Ver‘ﬁg Iu? %’fr €ion site
internal to tdmentﬁmj ]of\/H aws oedeiedy byitked saoe abt Approsihgte

ol i gonucl eot idesn i,k egmyed fé&ﬁ&éﬁﬁoegmﬁéﬁﬂssféﬁ L Rout 1 Ghakgi ng t he
am no acids encod The conpl et e PCR rod cis.were cloned into ML3npl9 as
Hindl 11 - BarHd afﬁ‘é?@?ﬁrﬁ%l DrtPehas DX SERERE es (BB | PASHETSSE The 1 ndl ! |
- Bantib fragrymatstcorﬂ:a]lmétg:dsm ﬂ-’tug;a]l)\/l-bwasuuseﬂotucré@l@celma#mctfragrrent
containing t ETTA pSVgpt vectors descri bed above, giving
expression v ct ors ﬁl-gsﬁliréan%#ed) ps%}fﬁtFogl VHHUl g&, etc. For the 1gd@d
vectors, the extra HindlIl restriction site at the 5 end 30 of the

const ant regiPartDNAL aiEiant tHatvédtoasmaptc@ossibl @ gensi (Ply. expbange t he
Hondl Il - | [ NagHE dost the { el gya

pSVgpt CANPATHjlfmﬁtﬁai%ét{/%gt%?sg wer e Eiggeste el\?\ngtﬁ Hndl 1. rkit)rh ers

desi gR8d to HOr&: @QW%%IE}HP%CPH@%? arfl t@al?ﬁl BoganHl site, were ligated
onto the cut ends The DNAs were then digested with BanH and Notl so that

{he const ant agohna oyl e Ii%ﬁat@\@{%ﬁi@sa £8s SEbONPELALYE Gnich

pSVgpt Fogl VH const ant gl on.
unctlons 1n multiple hosts he case of genomlc DNA,

this may contain its own promoter or other regulatory

25 elements and in the case of cDNA this may be under the
control of an appropriate promoter or other regulatory
elements for expression in the host cell.

By "promoter" is meant a sequence of nucleotides from

30 which transcription may be initiated of DNA operably
linked downstream (i.e. in the 3' direction on the sense
strand of double-stranded DNA). The promoter may
optionally be an inducible promoter.

35 "Operably linked" means joined as part of the same
nucleic acid molecule, suitably positioned and oriented
for transcription to be initiated from the promoter.
DNA operably linked to a promoter is "under
transcriptional initiation regulation" of the promoter.

40



‘6 Novenmber 2002 - 39 The HindlIl - BanH fragnment containing the Fog-1 VK
was transferred to the vector pSvhyg-HUCK (Ol andi et al., 1989) which

al ready contains the nurine i munogl obulin heavy chain enhancer and the
human x constant region 5 gene. The resulting expressioneygg%or mas(ﬁ | 1 ed
pSVhygFogl VKHUCK. Production of antibodigs 10 10 ~ g of each REAW TH4in
expression vector and 20 ug of the relevant |ight chain expression vector

vere |inearimad bynhdbgaspben ¥kt BhBVihvend ieanBirBeddes 20geheof H20. Cells
of the non-secreting rat r7¥el ogg l'ine, IBZ/B wer e grown t o _semni -confl uency
in Iscove' s FOHTT8GC 15PFRF BERRGY s 2nEHPIACRPYEM S RFER  sGOFBEE S "Goi ne
serum ( FBS) .pr@notet| sperativelyetiskleldy toent nbtligatide, segsespended in 0.5
m nediunla@}gqugae5§eghéo?geggH@Pyh§gﬁtggﬁette (BioRad). The DNA was
added and the m xture incubated on ice for 5 min. The cells were given 20
one pG:‘I se of 960 F/ 170 V and returned to ice for 1S m n before being placed
in a flask iGerradlyMobbaking, FBBoséhekilked incthet edtabra76Ge13% CO2 in a
hum di fi ed r e I : MAS ard.t he nedi um
made sel ect %ﬂﬁ%dg??%{rﬁé? Zénﬁg%%ﬁgné?‘?cagg%ﬁt%Q%QISSQS% H and

xant hi ne t o ZERPIRIRANE THRNE PRI QBF 20! | qUBLFRBLBVERCERES062RebE pl at es.
About 18 d afHcerersedectomsr rasta@pl teftatningi epprepeiatei bbguandothe

superpat ant ay . 1 he e pefly,

o e 1 - Hpe o Pl ko PERSERE o Blue S RY FeEEnalRECL Y ociti o
anti bodi es (SegMONahd PRERIeRYbaEEANVWFEAUSRFEEd RN ARFBHESsSBAUEREES,

super nat anLSnaermcg@:mésktmdy a\aﬁeﬂeéﬁqﬁeﬂcby hacu;bprbpgriluttah HE?BQCOEj ugat ed
goat anti - ng i i es er ev ' ay wt
o- phenyl enedi amﬂr%elas%%lg%rjia e?é(%S %’?I %x%gg%ng(/\eﬁ _281513% %i ﬁilﬁé%ﬁé Ri ghest
anount s of HRUBGHOTEr baryphnderd aedisieeksSarhspresetvad, ¥ABScell line
secresbi ng t lld @Hiesing b Sr Ofapbraesrexpagded to 500 m in I MDM + 2% FHS
to provide saturated 40 supernatant for antibody purification. The

super nat ant - 40 6 Novenber 2002 was cleared by centrifugati on and nade
0.1 MTris MenypMiawn Frenhiinveanrdsprosrgedy vs maudpudatioheofi xture

stirred at 4Qdi@idGdid Theoaoak bepdspreperavlbecbedniipieia geiym and
washed with 0.1 . MTris HC]tS | owed. b . The

. H8. f ol . |0 M Tris. HC1 .
Ant 1 body waS BRGTEr St U FHEATT thio SoRRe B 78 M YRR TR BLER 0o bR 100 bl
sanpP@s of IinyvoTdelClapHoeneimkpressiort i and Mt ¥$he ngt sbyatéinant
amounéI S Ff ag@t giébdﬁ@etd gﬁmdééﬁhfi&?@:&;feﬁmdps@gb?aﬁs Aizrjaeﬂslé&a@akonsd
were dialys agai ns ilJter-steriljse e onm r eneasur e
to give the%éﬁérog?lg ’né]%c%h&%b%l%hc%‘h??%?jr of° (Fohc %?rat‘?%ﬂ%{iﬁgy, X
0.714 ng/ n  Sonise pLA92y &Fhe idisgiosyres oheSambidolki et akreand
establ i ShedA%uEﬁiu%@%lsD%feA‘%célﬁ%é‘ﬁaé@d ey | By Hefetbfice.
conpggtratlons were checked in an ELI SA which used goat anti-human K
anti bodi es (Seral ab) as the capture reagent and biotinyl ated goat
anti - human Kot idsdl sk (MBigmeds f ol | owed by ExtrAvi di n- HRPO (Signma) for 20
detection. This neant that the nature of the heavy chain was unlikely to
i nfluence t | evel. of bjnding obtained. Rosetting of Fc transfectants
25 Washed ORSEREASEY ub‘gi%cPW??P%bl%‘é%‘P’e%’gﬁFioﬁgﬂsPBs in 96-vel |
pl ates at r soansdopmed e €xprdsdion hee®BY Swedef inethecabovieece Alses,
resuspended gyt ngh-d bRt &t @lreld C(bLE£Paml %a@né{aaﬁaect ant s
expressing %%aéFﬁPNA’ BZﬁﬁ.(S. Gorman and G, Ha!t§E npubl i shed), 30
growing in §&° 1%k Sl RS H IR 2R Year 9 the wells
washed oncempdecarime. excess RBC. For each well, 200 B2KA cells were
exam ned and the nunber with RBC rosettes noted. The nean percentage and

standard deyiLation for_triplicat |l s _was plotted
X& i eJ J}e methods of makfhg binding molecules

so provid
35 according to the present invention comprising:
(i) combining a nucleic acid encoding a binding domain
with a nucleic acid encoding an effector domain to form a
nucleic acid construct;
(ii) causing or allowing the expression of the construct

40 in a suitable host cell.



35 Alternatively, the sensitized RBC and B2KA cells were m xed in

m crocentrifuge tubes, pelleted and gently resuspended before transfer to a
m croscope slide. Fluorescent staining of FcyR transfectants 40 - 41 6
Novenber 2002 Transfectants expressing FcyRI cDNA) BZKA n

3T3+FcyRIa+y chain (van Urgt M , ?en NF'ﬁkﬁfmqer BOO% A,
Park, S. Y., Ra, C, Saito, T., Vérbeek S. and van de VVnkeI J. G J.
(2996) FcR ycgrr?%jgrl o e$s et fe0% Qg;n@twg@cec%%@sg oQ nd function
of human FcyRl 3 ?n §IV§ °§u° d 87, 35933599 re o ta?ged as single
cel | suspensCORYeNi &R0 8EhROE. FFrMay &¢ $hosSke %b‘n)z]a‘? B8 oA ¥ VIOINaN3,
0.1% (W v) BSAstamste byfﬂ&ghtﬁ@ﬂtmﬂ mgagmamuayme\girresﬂrldﬂldeSOC|atlon
buffer (G bce pal;l at (L0 calds/ mel bning 2

pl at es, resusﬁgﬁhkgt %%0 ﬁﬁﬁuﬁufﬁgﬁgnbf tﬁg)CANPAfi+l %r = gm%ﬁib and

i ncubafed onam@élﬁdﬂaﬁeoﬁlﬁte9§lF39MEP§1ﬁﬁh three tinmes 150 ul /wel | wash
buffer and simlarly incubated with 20 ug/m 15 bioti n-conjugated goat
anti - human x (S d i / FI TC

(S gy A ¢ HF Cheder Bl Bl ABCani oy, Hagd Hingst '?f*“af’ﬁ%é‘buffer

cont ai ni ng 19PRRINSY o pal Ry dBMUGH S A 2e RBFBET off ¢F - FRYFEN waBowem i r ned

Ibszt ai ?lsng whth Qe%lﬁAbhbsg_éqt goht20 sheepf 'E@nﬂﬂnjdlgaﬁcﬁdkglgﬁtcwsﬂﬂd a{rguse

g I gna scence_l ntensi tI e S a can ect on
[)cklnson) é%tF%E 85?8§t§r8ggﬁpng Fcyg?F%d§ﬁ§lgﬁ¥L%§#a 131H H, 25 3T6
+ FcyRl | a 13MRbpvia¢ﬁemaanbePobAalmed Fapmdé muikdaied Jam@\ale uggssel i n,

E. J., and Capg lofPa Jari\etglaﬁo);euﬁhe gukar khawirs ifrorciae @iﬁ/rmarmn sm of

ruran roy «opsiLf L IERERL oo 60 1R AR S £ A

van de W nkel}
A (1991) A QpnghélaﬁnngfaendernSthe second 1 g-like domain of the hunan Fcy

receptgr Il is critical for hunan |g& binding. J. Immunol. 147, 13381343)
and 3T6 + Fc RIIbI t varne& g% bé glh ec%gn Herik-Qudijk, I. E,
Parren, P. F. 1PsCaiEgy e g8ERTINPI35CAPICT SO e W HKel , J. G J. and

Capel, P. J. 1mm@m993pcnputatmnunmby be ESQdZAFFHuW@Q@nKﬁbOdIeslﬂﬁﬂe
conplexed befiatgrbekgy.i ppupajed with the cells. For FcyRIla 131H H the
anti bodies were m xed with equi nol ar anounts of goat F(ab')2 anti-human x
(Seral ab) and incubated at 40 37C for 1 h. The conpl exes were then m xed
with Bhe -C22ning Blodeakpre@Bincelf| Shanderhe asgayactims med as above
except that yhg-deheatiRIppDALBodYe¥asahhTErCcAnjouaaioss donkey anti-goat |gG
{Serotec). For FcyRIla 131R/' R the conpl exes were nade using equi nol ar
anounts of FITC-conjugated goat 5 F(ab')2 anti-human x (Seral ab), and for
FcyRI I b1*, tWfbeconplexesavedeenaddingi hheeqlifpottor somaits afn da: 1 mixture

of FITC conj ?Qﬁéﬁgtéad ypl ghel h@&haoat Eﬁebp):%s@ntcl diwanbdurdhus, for these
recep ors 0] g i ncub tlon sté E ns 10 For traqéﬁrﬁaants beari ng
FcyRl oreise I RPFFBANRYCRPE 1fBu OrJl KPLSE C. and

Santoso 's. @19©9¢s§ﬁehaselnfoalhaléhsppabinehedc@mm na&Eee Fe.garf recept or

| I'I'b antigeng,f9Eskhecde8ChsPhs2689h8RH! 8eYL.onkraart ithedi es. Bl ood 93,
357-362), staining was carried out as described for 3T6 + FcYRIla 131H H
cell s above.

Other aspects

30
Also provided is use of the binding molecules of the
present invention to prevent, inhibit, or otherwise
interfere with the binding of a second binding molecule
to a target molecule. This may involve competing with,
35 or displacing, an antibody from a therapeutically

relevant target antigen or cell.

The present invention also provides a reagent which
comprises a binding molecule as above, whether produced
40 recombinantly or otherwise.



- Red .Cel |l Sensitization 20 G oup O RLR1 RBC were washed in PHS and
resuspended in RPM + 10% FBS at a final concentration of 5%v/v. 10 ul of
cells was added to 50 ul mAb or RPM/FBS in V-bottomwel|l plates and

i ncubated for 60 mn at 37C. In sone experi rrents t he r y
diluted in RPM/FBS to 25 achieve a rang red cell -g]oqgndp |e“8%% 2602

conpetition experlrrents the red cells \ 9e sensitized in a mxture of 25

Ul compet | ng (7 ANCL &R, Uln Ol 1YRS BB 0525 UbnsshunLaonLal Nl ng

al | oanti bodi es. er sensff‘? cel wer e with 200 ul
vol unes of memqres«ksmhmmmwm R imgonod eaul ecancahovetion =

1% v/v). In ﬂh@@g)mﬁﬁ&eu@r&@m%céﬁtMé Sciakrig@f) was used in the

chem | um nescence ( assay and an aliquot was assayed by flow cytonetry
to determine the |l evel of red cell-bound IgG 35 Chem | um nescence Assay
PBMC wer e i s@hst girdnerdenigitentgrcadialao qemvidegad i oathednpf treating

EDTA- ant i coagu gatc%zw Q&E‘;&PCH&Q;H&IE @Mﬁ@été@lﬁ@n@rﬁhaﬁ’tﬁé@éﬂ‘@i@a!"as hed
4 times with PBS Novenber, 2002 - 43_ ‘gl obu ree BSA

containin % . ﬁ
and then resBISRFAF QD 2 él%?%J/errﬂt‘? e Re & Bt antRd %a‘T‘ts’S“BP i 6% FHBSS)
cont ai ni ng Za%tﬂlél\dd aain. h%oreBSver ifipan shatoatieet e Wispensed i nto 96

fl at-bottome AR or . n a

hum d| f| ed atgrlflo\yypher of 5‘%@0)2 ?rgwgl@%t{es 1aaptJ5'%ﬁli‘-il’.:’,]l'lglzcéled in a

| umi ndfet er C‘ﬁr’f?‘ﬁ@sq_ é')FePt“Leé’&téctﬂF Ither ]1 $F32F 0 (gk} Bn¥s100 ul
HBSS cont ai nlhngt4 M sVl Ihﬂntn@is-(@aﬁm)dmuhsﬂﬁ Jcﬁ:gﬁaltgfhm@sbaxadded to

%:‘fgrvn\lel'llatl on 8%&6?%%8%% ounéjlj?) %Héfﬁeﬁ | quot S 0?17&1]( 023 \?\grg‘ nutes.

transferred BYtLIVBEItIM P@rlxﬁél"lm‘-ﬁlétye A GFYY orfeRFMI ‘F”Bsac%‘éﬁ-‘lt ri fuged
to a pellet andleemazpendelldgase®.ul F (ab) 2 FITC anti-19G (diluted 1/30
in PBpE1% HSA). After 30 mn at roomtenperature, the cells were washed
once With 200 ul PBS/BSA and kept on ice untji I anal ysed by flow cytonetry
(EPI CS XL- McCFheppreggnted rnmeatiosniadso R AaK)2 MHAR L dHegmeing

fl :JOI‘ eisce/ncelav\@atrlmr d@ﬁchwla@mp&h@yselcafdm@rgememmmgomer ted t gd_l gG
nol ecul es/ ce u Stan cu r i ng
100 ul of S(Vev ﬁ E% 3 Jl Seri glrgf %@ﬁtﬁlrﬁoﬁggg f uman
nonocl onal Tg€l &ﬁﬁrmb(egmpow)e Sélr@g‘eth}’zé?éler éz}néém% TR el HROEE B i meS
with PSS/ BgAlaederfefd%@%@e]gﬁlﬁdutv@ 1% vhe ipatRBHBSA. Ge'&fendlb_‘@ﬂ&t@t s were
renoved an se J.qw _cyt onmetr S Cri e renai ni ng
red cells Werg%p W&é— P‘%&&ed‘r’t %h% 6%% %t?ﬁ: ‘| yés)lggu?ngée/lretouﬁ

cont ai ni ng Tsp@ma)hg@d @mcug@tmq%mweda@#ﬁ%m%yammrm@s

descri bed byikuapel, GRUFRRI moBhidr CEOe pAtSieliH .e non-isotopic nethod for
the quantitation of red cell 35 bound i nmunogl obul i n. Vox Sangui ni s, 59,

34-39). The nunber of 1gG nol ecul es bound per red cell was deduced fromthe
| gG cohcent r AlEonparyided dsnithe viser of eebiadimsmipliaeadf 13kae was

prepared. A shapgar %x@p@fat\.@% bier ljﬂ}ﬁtrh@@e@.\(tm&ﬁl e fddi Bscance

kgb:ﬂ%;?yzggghmﬁgetres%%%g%ﬁ %grtq dT%rﬁ%uge%Hg¥MgLéH¥1J§¥jfx¥|the - 440

treatment of the diseases discussed above.

30 In order that the present invention is more fully
understood embodiments will now be described in more
detail, by way of example only, and not by way of
limitation. Other embodiments falling within the scope
of the invention may occur to those skilled in the art in

35 the light of these.

FIGURES

Figure 1
40 Rosetting of FcyRI-bearing cells by RBC coated with Fog-1



Conplenent |ysis nedi ated by CAMPATH- 1 series of antibodies 100 ml venous
bl ood froma healthy volunteer was 5 defi brinated and conponents separ at ed
by density gradient centrifugation using Ficoll-Pague Plus (Pharnacia). The
serum and nononucl ear cell layers were renoved to fresh tupes. .The ﬁﬁé
were diluted into Iscove's nodified Dulbeggo. s nmedium (I %{?Poe c6PPéct ed
by centrifugation. 10 The cells were washed twi ce in | MDM whil st being

conbi ned i nt aeRel dst VWRchmg@swéﬁéuwseéadwlll&hZ@%gﬂl | M cAQ MG
and the cells incubate 37C for 40 m n.

di SI Cr h te t
To | VDM s SRR S (GBI G SEEOTe. COrPEokE e ‘RN Ea P c
and 15 resusmﬂd&d drowividM iat aaffr-osé Matelgte xndoBheepestrhtagé olf

al i quots of I&hﬁlw&w&@eﬂ@y 48 ml@@éar§@ﬁahes @Qréf} BlarENDM i n
96-wel I_ pl ete l1s. 100 uI re ali serum di | ut ed 1f1 é‘ was added
to each wel | Hﬁc‘taﬁﬁ t U Y3r1eeh O‘Fhérﬂxp £E8t20 were

centrifuged aralltshe sttqnerumi anttsanter Faanpl @AlandGlhe, r 6llaabyeGamaunt s of
SI Cr rel easegyyere d@%@%ﬁﬁ d4 qca Yl Ot &f2 m@odﬁyel tﬁfarép89 afgous

rel ease was obt ai ne om sa es were no y was adde a neasure

of the total ZAARFHIH tgt@fee&vﬁzl@bqujf]o? ?’é‘ﬁe%%% das2PYuRf ‘defrom sinilar
sanpl es t akerccafttierg reesmespanditigrishe cells. The % specific SICr rel ease was
cal cuhated fromthe formul a: (sanple counts spontaneous counts)x 100 30
(total counts- spontaneous counts) The nmeans and standard devi ati ons of the
triplicate s&i&& ere plotted. 35 For the inhibition of conplement |ysis,
ant i body sam%le&fmﬁaim@ctaamm@sbﬂwmea(ﬁﬁ{p dglik.fi RaYRI
concentratio H- n [ S JTH1 &~a.
30 ADCC. modi TS Ty RIATE daPrel SRSl e 0 A R EIRER . s
Peri pheral bI%6d ™ rﬁbrﬁﬁﬁ €dr wedlel 4 NRTRR YRk RREERsI des¥r VbER above. Af t er
washi ng, the agelib®dirie d’fGS:lH&p@AM'ﬂmJJ MaM sauppd enent edgwi t b 586&B$) and 5

transferred tQ sk 0g o] The ceI S
wer e grown at- ff‘} o &%M ﬁr g‘gm ay %%%@%‘g%g %%re | abel | ed
with s1Or f oEX§FEVASimeFdacC. cef11h§ FARSHES GaNF e ctfcpepiblieat werg 10s

cells/m in H@Mutea%ﬁslo@@oulev@wt@u&trﬁj Weiee cststesh £ O0c wekds Ohadfe 96- vel |
pl at es contai r%l r}_g 5Q._ul _sanpl f anti bodies in I MDM + 5% FBS. The target

cel I's and anfibdares S &< tn u6’§t eﬁ1 at 37C for 1 h, RBC added as carriers
and tR& cells pelleted. The cells were washed twice in IMDM The remai ning
nononucl ear galgugewere collected by 15 centrifugation and resuspended at 4

X 106 cel s/ g B LR, £ 59,289,000, 150 U AGHA 4. £3CDJELLa Esyspend ng

the target celTls cess S gi vées an

20: 1. The celbleér\%@ﬂec@édtsrl f BgE8 geatsy var® Ftaddrd ma insBigurel2ure 20

:j ncubat or OIf os@nh. 1Slgpaglgrygﬂaahtw%ads_&rgpIf&@nanﬂues INPATHS1 Gser £ €aS ? .
eter ned a erleao U REELI e e for the
dupllggte sar%r‘phgegﬁwas?grﬁgtpeat ggﬁ ?‘?’he%fel 2131 ? %d%/éfé]()énc%%?fla??ons. 25
Exanple 1 - d&snepgh éﬁu@msse@c@ @héﬂ@@tlelwes‘-‘ﬁ |Q3/felblfaﬂaﬁti%d| es The

nut ati ons chesprReb@nehicivBabattiBedgkkect or functions are shown in Table 2
(Fig 15). The oa mutation nmade in 30 Igd@ and |g& genes introduces.the

| g&4 residues at positions 327, 330 and 331. Simlarly, the 1gQ& residues
at positionsEdigare 236 were |ntroduced into IgGl and Ig&4 but, since |Ig&

has a3del eti on absp3fseherehhenohbabcyted ass ®@Rdasenai €l ¥6d Nei £RSI due,
the mutation s.made . : . .

F@%—l series of antibodies. R,R, RBC were coated with
antibodies over a range of concentrations. The number of
antibody molecules bound per cell and the CL response of
moncytes to the RBC was determined for each sample as

35 described.

Figure 5
Inhibition of CL due to Fog-1 Gl by other Fog-1

antibodies. RBC were sensitized with 2 ug/ml Fog-1 Gl
40 and different concentrations of the Fog-1 Ab indicated.



.35 omtting (fib) or including (0c) &236. Vectors all ow ng expression of
CAMPATH 1 or Fog-1 VH DNA in conjunction with the wildtype or nutant
constant region genes were cotransfected with the appropri ate 40 |ight
chai n expression vectors into rat nyeloma cells. - ﬁlg%ﬁggpe‘,jOOZzOOZ
Stabl e transfectants were isol ated, exparsded and Ab pur| romthe
supernatant on protein A-agarose. CAMPATH 1H was sel ect ed as it provides a
good targeti mgeSesibt gavkorn Ivudyilngesgrplssreit Biglurel &. rethated |ysis in
vi tro . For - i af t t,
once this hagégggﬁgge%ﬁangc% %%t gjra tszingera{ﬁq{fgl onrhqé Péé{;%,}&g? &19@ P(S'
preci pitatiof Mﬂémﬁogﬂcééonﬂbléoﬁ@&% &5 dfP%ere estimat ed from t he
absorbance at 280 nm and were adj usted where necessary follow ng an ELI SA
whi ch asur el ative amounts of K-chain present. The Ab were

subj ecg‘;d toE§ PS Eg SDS- PAGE. Each sanple showed 15 two bands with

appar ent nol &edihitienghf sChf rappeosiemke(dl i75 Gind SB& CaY Wieghl répbasent

the expect edreczesréf sthgitight a:adhhaa\cbrﬁ#wm arfrdneme yesra®- diggerni bl e
di fference |n2 i ze,between t he. heg\ip gleqr%nf A}? 55’1 s_but both
chains of th&®EobI4™hh 96 ShpRaréd ot 95 sma? %?1 heir
CAMPATH- 1 co@lfn@'é!ii'fz)-‘amﬁ Fogelf@abat hatl 00Rke ﬂ@@@\ﬂ}lﬂﬁ]maﬁ vﬁl@hmw%imdmtsl@ra es
appeajgd to beyRdiRE SASBnAPSAr BRADTEI, ecqharm@elagmenwl@ﬁtﬁgibaézme

mut ati ons di d no; cause an extené&ve %I f.ference n][{/ﬁe Iat| on of
the 25 protefRS. * FOTSPARSAH WPTR BAVPATE®1 S§5&& fiici ‘th% d af ter
purificati on29%%i eslefaofy 0260%p 9exragDnl 163fer reetEntE Measan&ne-@/iml d of

sol ubl e Fog-dJeAD. WBSobel Ngeandi aRdg@Pa7, 9ABk.. There was no correlation in
the ranking of the purification yields for the two series of 30 antibodies
suggesting that none of the nutations affected the production of the Ab or
t hei rlabi Iitgﬁgm@iﬁd protein A The specificities of the two series of Ab
were then 3 SAVR tos(‘é}rg}gg i th clinical

gr ade CAI\/PA'5I'CI—(I'I-) t;hr |nd|'ﬁgah%téﬁ EA&@%‘%%THl pe mAb, Yl D13. 9.
The Fog-1 AW? %d’a%‘?e t%u’&@%IB?MﬁaWErRh abﬁééeidn "‘Hfé‘p Y of

anti - human | gtautatasd cwiisis - tth@kanglbedgeat sn Sha lprdsgndeneofl gléritn as

subcl asses m n eb i R & 18 Novenber
2002 RBC wi t‘% 4 dé)q#ferptg%t e e ook g?gggﬁgqagg L Soledte %attern
usi ng?@nt i - @IREHeD A |al'§@5%¥eaﬁ§| Yﬁ@i %C3§rtll’i’@ ‘cross-1inking Ab. The

result indicat ed that the anti bodies were of the correct 5 subcl asses. The

aggl Utinati%% RBC by Fog-1 Igd and anti-d ma), by Fog-1 Ig& and
anti-1g& a -1 1gA and anti-1g&4 was then carried out in the

presence of %@beﬁrﬁ%ﬁ@ﬁf 2 Qér FeFPLIEMETEANYATE Mediatad abl e
to inhibit tihe GGMPATHWAIGDN, dympebepehtNnJysds was carried out as in

25 Figure 7 but the samples contained a constant amount
(6.25 pg/ml final concentration) of CAMPATH-1 Gl and
increasing quantities of CAMPATH-1 G2Aa.

ure
30 ADCC mediated by CAMPATH-1 series of antibodies. Human
PBMC were labelled with ®!Cr and incubated with antibody.
After washing, the cells were incubated with further
PBMC, acting as effector cells, in an effector:target
ratio of 20:1. The % specific Cr release is plotted as a
35 measure of lysis occurring.

Figure 10a
ADCC of RhD' RBC mediated by Fog-1 series of antibodies

40 Figure 10b



*10 the cross-linking reagent, only where they were of the sane subcl ass as
the Fog-1 Ab, thus verifying their subclasses. Exanple 2 - FcYRI bindina 15
RBC with approxi mtely 30 000 RhD sites per cell (RZRZ) were coated with
each of the 11 Fog-1 Ab over a range of concentrations age ad%ﬁg g pynan
FcyRl -expressing transfectants, B2KA, grawing in wells. f FF ¢y 8 fon
excess RBC were washed away and the percentage of B2KA 20 ceIIs rosetted by
RBC was recopded OFfi gure Akc meRiSteanByChen,- 1Waekeekdcf LRTIHBUES 3l €

i ncluded at positions 327, 330 and 331, simlar levels of rosetting were
achieved, with hal f-maxi mal rosetting occurring when the RBC were coated
with Ab at aﬁéﬂﬂ_ﬁ_liég/n1 a 25 concentration at which Fog-1 Ab woul d be

expected to 9gRYBY taBRS w rr%tgelly 2R PR IS ff the RRGideknss kght |y
hi gher _concent r.at were nee ed t obtaln t he sane | evels of

rosett?ng. NB€ ﬁbétﬁﬁe?ymEFe “Fofited %hg RBC coated with the Gl and &4
Ab 30 containing the ob and Dc nutatlons or the G Ab. In the experinent
shown in Figpigute §he highest coating concentration tested was 10 ng/m,
predicted to_correspond to_approxi mately 90~ occup of . RhD sites. The
experi nment wh8h i‘é ESPdeMsFﬁ’@ &oéﬂtl’ré ﬁ'é"er‘&fra\:g\ 2}?%50& RiY 1 BB80 ny/ i,
essentially maduaaEdngytEethDGalteRBCam@nﬂnddnauIuzaﬁeume$.wemau&een for
G2 ang,t he AQﬁEQHEi‘bBHEQst Ben 505 nBcorfmaafaoma%d awﬁle REOTHRQY QL IHy | &2

residues in region. “This indicates t even en the RBC
were coat ed &?tﬂg?ﬁiéeaﬁﬁ Qﬂfﬁﬁeeﬂé REXC RGeSy thFhﬁ§h&ﬁHF@éh there
was i nsufficapnibodied8 _ 6 Novenber 2002 |gG FcygRl interaction for
rosette formation. Centrifuging the sensitized RBC and B2KA cel | s t oget her
bef ore observing rosettes on a mcroscope slide was found 5 to give a

hi gher propofifidkeel2rosettes than incubating the cells in wells so this
met hark was uselibotioxesbyi gage 1t hacibbihieki ef aher apet o f @hmat RBO. R2Rz

Fog- 1 Cona of Ehac 1 bRt lbTeRan ARb URPR B5kA TR0 IS, when 1~ aim

Fog-1 GL was used al one, the coated RBC formed rosettes on 95% of the B2KA
cel | s whereaBigensi tgZation in the presence of 64 ng/mM &~a or GA~b

conpletel y pfueégggeﬁpeaEgiﬁgﬁ ngf(gﬁbﬁlagtlgmﬁyﬁlbe£§l ? c%hﬂg'“g of Ab

fromboth sertes ere s thé"FcyRl cDNA
on thfr surfatks Qésth@aEHﬁéﬂfﬁytﬁnﬁoﬂé§éeﬁF5§F&Yﬁﬁﬁﬁ 1Rl ﬁeWEI§hom5
represent ati yecepeed edts. thherbgvel aﬁf::.bbfiﬁé@eebmp&&&&dl Iv‘vay:RI goasg

det ect ed usi pg(Ne C6A ARLums, 20 Il Gt A, L erdTa,Lt ansi g5t alLecd han

for the B2KA |ne I's re Iec S in gher  Si |ne
measuring blﬁﬂﬁhQQQ@ﬁ fge. FcThFofleFﬁS§§ﬂP§s}nFﬁ§S 1§ﬁdW@Fea Ab bound to
t he recept ormgédiréersaneoappaceshtafl bhai tiiel fdomatrig weah tchanfwiati ons

at pqﬁgtlons éh géegcgnand€§3%5gad not significantly affect the

i nteraction. |nd|ng was approxi mately three-fold | ower than
that of the Gl and d ~a Ab. Little binding was seen for the G Ab or any of
t he ot her nupg@gr@b13§uggesting that the ~b and Dc nmutations in Igd and
lg&4 were 3 nt to_reduce bi o] | e 104fo|d. Ab
containing t égé AT AL D al%%B%COP PQYE?IE 15%&$h gga%&nﬁl%%e feée of

bi ndi ng to Ffésfns a<t>f tﬁleehtghegﬁeeen%nhaﬁ dR§+FEYRAd A £3LRIR) wee of
fIuoEHBcencelm@um@m@@r@gthothgepbgcKgaﬁumdod&ebocbh@leﬁudehehlF&QCMﬁth 35
the Gb nut at or.esgce i st aid, as
seen i n Fi gureiperédrabal oRIEPT Lo mat Tt L 7 R pRmeBhEa B "o
cells, the pietensbies @ﬂEeGNQBSEEEﬁCfeé 19A8PeeveniScRBgr thiEf f er ence

bet ween the désioOgF fevméQh EhanfkrboandlGbreséenle. plobtldvenber 2002 _ 49
_ Exanple 3 - FcyRI triggerina neasured by cheni | um nescence

35 Figure 1l4a
Fluorescent staining of FcyRIIbl*-bearing cells. The

experiment was carried out as in Figure 13b using the
transfectant line 3T6+FcyRIIbl* and complexing the Fog-1
antibodies using a mixture of FITC-conjugated and

40 unlabelled goat F(ab’), anti-human k.,



. In order to neasure functional activity through FcYRI/I1I, 5 the

chem | um nescent (CL) response of nonocytes to RBC sensitized with Ab from
the Fog-1 series was neasured and plotted in relation to the nunber of Ab
nol ecul es bound per RBC (Figure 4). A difference bet ween,t Q/e%e?”goﬁ aa Ab
is seen with higher anmounts of Ab but bptg are give 10 higher responses
than the G4 Ab across the range of Ab con 2nfrations. Si gni fi cant
triggering isE, c@igv 9 by the Aac Ab and, to a | esser extent, by d ~ac and
AA~c but the -o&re]f—-#g-%o not give any response. 15 Ab, which were known to
be defici ent Fneresecenggetahping FéyﬁPYREéﬂhbt Nalpkearang seddson, Ther e

m xed in incragsd POmEANCRALT dhtPDSAWLD ascensFagtiramenusehgFegel Gl and
used to sensitti ze gHC Tge CL r(gé(gons tﬁﬁ?g §E§ is shown in Figure 5. By
conparing t h& XA FL3pbAke tHEhAY 20 oBYalne én titering GL alone, it
appear® that six of the eight Ab inhibit the reaction to an extent which

predicted if gi';gﬁﬁeaﬁgmed that the nmutants displace the active Gl from RBC
in proportio 0 elr relatjve conceptrations of &. the inhibitory
effect is delqr SICERC t HER L AHH © hgﬁﬁﬁ%% %Eef’@rﬁggnggéiﬁ‘to&‘g‘ﬁve t he
sanme anount xperihent owas Garriedabitsasoinppionranisdl ysthg shee ext ent
as the other JudabiScexfePtifdatndhe FesReRsB wapnot reduced to zero. 30
Two papers which have di scussed the useful ness of chem | um nescence in

pr edi & ng the severity of in-vivo pathol ogy are Hadl ey (1995) Transfusion
Medi ci ne Revirwmide 302- 313 and Hadley et al (1998) Br J (bstet Gynaecol

105: 231-234. ! S ays ubbmphoug B8R0 mhielth BALNRSARNES
produced by t%%%l@%&ggngﬁ%ﬁ?o%hl@é%(??bodgzcontroI woul d be predictive of

i n-vivo pat h&lidgEYRe HBN. Fhirnd Hese2e@EFBO8F es which can block to |evels
bel ow 30% shoul d be 40 suitable for therapy. 6 Novenber 2002 - 50 One of

the mytant Ab,, ELplge-#IgsZaa was tested for its ability to inhibit the CL

response to - ining clinically significant Ab, The sera contai ned
anti-RhD Ab Ghigntshows dfeble r ¢ LR eh? e oFUTRATYI PErangabedyL 5
responses of jgteiatetiédan 30% on this scale which is indicative of severe
haenol yti ¢ di sease of the newborn and the need for intrauterine
transfusions. The sera were mxed with different concentrations of G2~a,
the m xtures Eigaire gl’densiti se RHC and the responses of |0 nonocytes
measuped (Fi gwies BhowdermddBddneés @t | cetbatrducdtifibeé &hdswghats due to

all five anti-RhD sera to bel ow t.he 30% e f needed to
achi eve this V&5 e(g‘%f oA C?SZGdgs,lél%rﬁnf\guﬁgé;ear?ge ;#esunab(%yAgrigﬁ‘ | ecting

the differinf2douriibiamd 15 affinities of anti-RhD Ab in the serum There
are two control sera. The anti-K serum cannot be bl ocked at all by &20a as

its reactivi i cg§ected towards a different antigen on the RSC. Only
part of the le—y—of the anti-C+D serum could be inhibited by &~a. 20

ExanpR& 4 - Activity in conplenent lysis Figure 7 shows that all the

mut at i ons madeded-4 hevie 2l 4522 iaANRAIbds ant | bodi es dramatical ly reduced
their 25 abifity to nediate conplenent lysis. Wen the assay was carried

out using a constant amount of Gl and different amounts of G2Aa (Figure 8),
the G2~a ant iQesfitmiect bk 0ff EAPXREKE IR KEFFPHY of PHMC by CAMPATH 1 GL. 30
Example 5 - Activity in ADCC The ability to nedi ate ADCC was neasured for

t he ATHL ,anti hodi es usi ng hwman PH ta I L gu and for
t he (F:g -1 an#’t%(ﬁtepsr'ifs‘?%gp %ﬁ, %&é\/ﬁ'ﬁ%letcégg%%ﬁ?skégéghrvevéglg}laénd

10b) . Fi gur e ISimshovEgGi xeehstiant tresion gere CaiPATIPYYRAL EhBALed7) niADCC,

W th some of g RerBaieNtss havd NeeMesy MOYegesi vivhies. cbhgsifs 40 and 10b

nabl e to sUTSSRELSR DO TP Driete FAC 1 A% 570 55960 SombiPysis of
RSC 2.3kb IgGl insert thus has a BamHI site at the 5’ end and
35 contains a HindIIIl site adjacent to the BamHI site. At
the 3’ end, downstream of the polyadenylation signal, the
following sites occur in the order 5’ to 3': SphI, NotI,
BglIlI, BamHI. The human IgG2 constant region gene had
been obtained as a HindIII-Sphl fragment in M13tgl31l and
40 the HindIII site had been destroyed by digesting with



«- 51 6 Novenber 2002 sensitized with G or (4 is seen but these antibodies
have no apparent activity in the assay of Figure 10b. This denobnstrates the
observation that the degree of lysis may be dependent on the donor of the
effector cells 5 and may even vary when using effector cglhfv%&y§n2559n1the
sane donor at different tines. However, fgor the nutants I'i sted above, no
activity above background | evel s has been seen although a range of effector

cell donors \, n t - - t 5hQdi dto
ooy ook bpfl@gfgbc%qg%fr%] 10 S i d¥eg F99- dnast hhe 1e8akene UAg

D RBC by Fog-1 (EI ures 11 _and . ) and by
a clinical s&ft® IS : RES Wer umk iﬁh’ﬁé}}; ﬁgg‘i“f"ﬁﬁrgg ER&® t hat a1l
of the anti bodicasort esd=ed Matesd ald ereld dae i tine bequiPElenbefiragredtwinhh t he
active anti bqdj i (4 Lan. T = t i i es
Gob, Gab, O e ol Gr s el (s e LA SRR
ADCC. 20 Exanpi®-®! -g¢ns/Miad haeh wPyaidind 2932 H3BALhY-¥3aln6%28ReNbBI ndi ng
of conpl exes iof MIBEPOH emd e® HindIE lsites idsstoogedl s Drar smgIFcYRI | a
p3Hh FoyRR JUE At SRl [ ile Seangeldy e ti! &xdn ORECRRATY 1O

form anti body "‘conpl e nen measuring binding to these receptors due to
their |ow af RAtiadenylati@ryisdirdl sntiioBP ARy b3tigRyRYFE ¥83H H is an
al |dotypg 01;I rastdred Q)}V\ﬁidﬂlrigg%eamm(ﬁﬁﬁgrﬂémt ezmﬁte]de(:tpgbnnd strongly
and, i.ndeed, n show a 3Q str j_.ndi Iyi I gL :

Addi t1oh of (e A T Re LS e ;ﬂé&aﬁﬁﬁ%&%@ﬁ%ﬁ%eﬁ% eydiieLddt

st epwi se reduEtdlorsiite tive they dia§lofgeiending El $Hel Flkee sfewrrtgeam

anti bodi es hafe o Wdircker ewed Jaavaliskefr bi ndi ng as exhibited by the G4
anti bodi es. Figure 13b 35 shows that the anti bodies have different relative
activities when binding to the 131R allotype of FcyRIla but the mutations
made to the ViiHedtfjipes tGhranedvody wagaitie dedreedicd| adi Kpat oredbrietépror .
ALl 0I1 st heFa@F%ilt:%PFi;&S«{eh%ﬁpwth%i @i iagﬁnl}!mgat)rélc&wﬂi flgxh% t@ﬁtéé nBé@&é@ﬁyzggz
receptor, Fcy . a negative control._ sa S 0 venber

_ 52 cross-1¥%i qf(é'ﬁ‘%) g@l &3‘%1'1& @I@&%ﬁ&%%’e%%??%oﬁggcgﬁgl exed
with the F(abkind Qi3 gxamsl4n ofidehowgh fawd loitaligexthaege aftantants
reduced rel atdy tRqed.r espardvag Wikiitde @t i o dhasi pSPae: SHL 3t S
show 5 bi ndi q%thi Eﬁg-fold of that exhibited QX tgf '?dt%ﬁg %ﬂ

ant i body. Exg‘??& 1998, REPE S SRETAE Fidth & U MR 1525 SRBYPPRe bi ndi ng
of co@Pl exes Jof, Mlaark, Bodisesl Waddmana ,Fdy- 1(16293 esStoucepral puat i fig
FCYRIIIb of tihe Akl VReTuAL 306 MAR iHReReEd At tor FRindOl dnal | Bty pes,
binding is seen for tqﬁ antlbog nd, to a |l esser extent, the G Lla and
d ~c anti bodi‘es MW didty 9286 dd for the other rmutant antibodies
since 15 they show simlar |evels of fluorescence to the negative control

sanpl es of CRES$AJVIHAGHE( *RmbA aRlOMEAY, ark agtyLosyz10 94 wast | body

conpl exed with fhe F(ah')Z. am~le 7 - Prdodtg:tl on of t gntl - HPA- |.a

anti bédi es infected with the M13 described above and ss prepared.
The strain is dut'ung so the ssDNA produced should

contain some uridine in place of thymidine.

The oligonucleotides used to introduce the mutations

30 were:
between the hinge and CH2 exons
MO10 5’ GGA TGC AGG CTA CTC GAG GGC ACC TG 3’
between the CH2 and CH3 exons
MO1l1 5/ TGT CCA TGT GGC CCT GGT ACC CCA CGG GT 3¢
35 between the CH1 and hinge exons
MO12 5/ GAG CCT GCT TCC TCT AGA CAC CCT ccCc T 3¢

Restriction sites are underlined.

The oligonucleotides were phosphorylated in 50 pul
40 reactions containing 25 pmol oligonucleotide and Su T4



*20 The V' and V~ of the anti-HPA-la scFv (Giffin,HM and Quwehand, WH.
(1995) A human nonocl onal anti body specific fox the | eucine-33 formof the
pl atel et glycoprotein Illa froma V gene phage display library. 25 Bl ood
86, 4430-4436) were anplified and each attached to Ieader ﬁegu nce forogmthe
vector ML3VHPCRL (Orlandi et al., 1989) B?Lf overl ap exten5|o 3

descri bed previously. DNA 3" of the V' ML3VHPCR1 and representing the
5 end of the ntr. was _Si I der/

The product e Yé’lug%&&tté?akﬁlnr?(ﬁQI nb@& %rda%rrmeﬁitdri%tgaﬁ é%é} & IYO
expressi on vadt digClle. r epPanl K@, eki BMi RGTvaPi- abMe %lerhMﬁT%nd to
gi ve the veckehs thSHaPid ¥HEeiEh taad S B HHN 04®d Reatha header/ VA

DNA was joined_in frame to the human ?~ chain constant regi on DNA of the
Kern-Oz- al | 66¥pe PREbbitts, T.H Forster, H and Matthews, J.G 1983.
Mb7.. Biol. Med.l:11), taken from an existing expression vector 40

(Rout | edge, @oeamlslaqy@he mu%%@r@nc 21Rg orﬁcﬂrébtll\des'indto Enblovenpest2002 -

53 Wal dnann 91, FEur | nmunol, i)%-l hﬁ vvhg e g e was cl oned
into ML3 as QNﬁl'ncrfppl n@ah‘i’illdflr“&gﬁé’i‘l’tta&ﬁ’d'ntgn A0 hd¥91cRaFA enhancer
f rom pSvhyg- Lﬂﬂn@lép@arlyarantledeblalgonm&@)tla@dedvea’e olfn@h}eagedeiusﬂﬁgus

adapters so thatyqt € HAs ulgh sf, e6eehm qu@V%[}g
( Sout hern, Uf hoa@ %q Hldi %E%Z%OJ I B%?l Gen:ﬁ)c %é i a BanHl
fragmeft . Thé°\¥e§t B )2 és}ll@fﬁtde&op%? ok The*BRpYBSEFdNn
vect ors wer ewbsanisteetedd mioo 3the lr ati tiy elhenmsamed |1buf her YBRAOPTT added

transfectantg s te ARt P\Yaldp € d » bgdgb e ese

B2l gGL and B%I &ﬁ@nt ?‘bodl esric:[517[{!1)40(t‘j):\)eéujuse(rirf as“:hé:(;aiﬁ)trglﬁ?(%ﬁ%?bddls;g‘gfD ?EJ%hce t he
pref erred nuItIo @5Qst¥nt Pedi dris DN @OB¥EIR TS5 e

Hindl Il -Barr Sltbtfel’sa@%l&he&ala:abe iatidr @duc ed Ti4an DN Ze Xprgsse ofiGybecboBRLEAr ryi ng
the appropri gke CONSLANLLCYhAn SRS o SRSk et XbSHT Pem¥aLL2hEE
regi on~fragnme ain expre33|on 20 vectors can t e
co-transfect é@rwlﬁhhpsvnéwgvﬁsﬂﬁ@ihﬁnt“‘bl tapd shFactt s A8 PHR WAfi bodi es

purified for elttmnoEX@mélcQ tatEder apewclyeds & wfulbiokli 2y mel TeubeHCS A

t herapeutic ng to resen e n y.b o]
treat pregna? gnﬁ&i %? ed b iﬁqp %I Ie\lo:rnm ;ﬁé& alffﬁ 3 8| ﬁ%ggﬁ%e by
i ntravenous @éﬂﬁq @llyppéml@rset dNﬁh’e Epgilead Bigdeds) radgsdg oﬁ PfRCcent al

transber (e. gncwlbattlla@ BeRayct & QVIhC]ES&) 3Q t4hne€r aqnemamndwas hAadede fetus.

An alternatlvel di rect adm ni strati y rgu epus

unbi |i cal ve?ggl g‘ r’rﬁﬁaﬁﬁ “Phi e%ttr gat('::e qre |sm§)urreén%é) fB? %r{rnreﬁg ?ﬁ FAIT to
del i ver tranétrasients tdfe Bﬁm@ém’s‘@t isirans stfe Dis., oVaghetiapet

survi val of y@@iqugg@e@ auqlsgbs_,vetdhqnpmoeduﬁetm‘anslfmécb ireca epeat ed

many tinmes durllnggg;g Oe}f%]; &S,edrf%g__nartgzx,) HNSA SwAlOVRYSL Ragzardous, with

a risk of fef#A?! ure
25 selectlon of the resultant M13 clones and digested to

find clones which contained the required Xbal, Xhol and
Kpnl restriction sites. Suitable clones were obtained
for the IgGl and 4 vectors but MOl2 appeared to be
misannealing in the IgG2 vector so the mutagenesis was
30 repeated for IgG2 without this oligonucleotide as the
site between the CH1 and hinge exons was not necessary
for these experiments. For each vectoxr, the DNA
sequences of the exons were confirmed by sequencing.

35 The changes in CH2 at amino acid positions 327, 330 and
331 (pa mutation) were to be introduced using the
oligonucleotides: -

MO22BACK (coding strand):
S’ TCT CCA ACA AAG GCC TCC CGT CCT CCA TCG AGA AAA 3/

40 MO22 (complementary strand):



"6 Novenmber 2002 However, fetal admi nistration of a therapeutic antibody
woul d have the advantage that a much |lower dose is likely to be required,
and therefore a conbi ned approach using the nol ecul es of the present
invention in conjunction 5 with platelet transfusion may bﬁ Q§|d§ gg as a
first step in therapy. This approach may reduce or elim Rat8’ the nédd%f or
further platelet t ransfusi ons before deI?@ery 10 Summarv The activities of

bi nding. ot esal B5Tn 2 B T At A A e SRt T A T o hi nd to
15 FCYR, FCYRe|ahaByesHinFCYR b4 DOERRONECRRI It NEE aidd rammwd b NA2;

are unabl e tg.{xi gggy FRRACKbe pehaluioRss Rt Gannot medi at e conp enent
| ysis and are_ not actlve i.n ADCC. However, the blndlng nol ecul es retain

bi ndi ng to tPAEIFARIEILESFYArREcEpt or, FcyRl Ib. 20 Other nutations previously
used t®» knockODBACKS f(ectidngf Bnmwﬁnandsmo&ﬂsngemnnng:atth@rgl ycosyl ation

site in the £2ndomain Leameke eghyeaeyecenddidcns camucal sace 3hm nat e

binding to this receptor % not. be desiraple. 25 Selecte mut ant s

have been sh%%ltéceglpéswsnﬁarwnﬁ FRRcC GRet ERGRP IR 4D IMEEHE
FcyRI - beari ng’ ceACsTBp €6Q- TCCLLGCheACe TIBGN ASGOTGID IMSHY IG&R 30 Fog 1

Gl-sensitis RBC S e
sensitised %&2 tgggffllgngggg E%I\/Bgoq?%%%%%g%g ?lﬁ)l ﬁég‘l\%’nlpt h@%&l{}gﬁﬁ- 1 G,
the Ki91ing BFR pECiEh AbEC WPERIFSE- £¥'s1 ligenpaledid 95 M8&1b@n8pcC wi t h
pol ycl onal ampiemEkserum 35 The results herein denDnstrate that altering

even a S|ngl§ (ﬁ%@dﬂ%gi?§ nT&EG E%ZAQQU%T& %Tcgk;gﬁpond to a different

subcl ass can |l e i Vi'ties. us for the three pairs of Db
and Dc nut ankkoI reebrangicn-eite 45 andeglirg€. &411b and G40c . Wthin
each pair, 40 the antibodies differ only by the absence (fib) or 6

Nove r 200 - RLeseng Dc) .of r t t he
functTons neé%ure he?emu gléﬁ tg Dggggﬁlgggeég ﬁg%ﬁggg%? Ighl &nd
activities. I Dpewniahes amplnﬁﬁ@dawﬁ:@emmmaﬁ@ MY 1OSAEKYRNPa wighH H

wher eas t he M2 k@Rt Sn@xXRoMI eFerachievebi AnbcXB whitadiiegs , FEX¥R! EikshAl and

NA2 bi ndi ng, _nonogy activation.and A r e_~h and Dc
mut at i ons ar%ahdag %gRﬁnﬁﬁﬁga; E%eapo ?sgﬁlgggpggqﬁgﬂ“éﬂﬁ‘ﬁQEEeglgn and is
likely to haV@LeRACKt eandedishr YOVBAEK @pdnMPiilng e tiiengdned t he renmi nder
of thep 10 r&ORBE N. AGAEt bengohadehet IfQBmOE atﬁ:amddmlfn@amnhsmoem on

presunably {he a npent  of the I I relative to
recept or i nt‘é?“?'c@ 18%"& {:iég gatéﬁ‘gl naer O? gf&%; % % fgl However
it shoul d beM@22BREKdwOhEd cm;ryf thet Lef mnﬁ@&tlpans @@ﬁﬁoﬂ?C& mab@ed
predicted fromwe | dbyRg ﬂﬂﬁt%@§¥+é6hb‘ﬂahte§-egbbbh wSthAdepsn@n@u ehennovel

cont ext (bas cl,asses of i is
oasent. | eﬁ&%%vé'l?ggfﬂetﬁgd S5 78p bAR) polyilliaid NETHLANAER | 8

acti iy of NMarnhgBR) ahni 50dyli 9foaPy mMbdiyd St Hﬁée PHi8d E5enes F‘Pﬂa#ctlhat of
| gGl but i ntg agicing,),862, rzesmrd sbtand gﬁo (;ﬁlléhc?tmdiﬁ‘G'C)d@medtaHeS

)I
lysis. Simlar Gt om/e ual to FCYR 31H but d-~b
and d ~c actd tq%ig eéﬁ% Egacsﬁanfo FSIEuPS @gpégﬁbgglv 162 5 %t he ADCC
assays of Figife @Oaﬁd 30C. | 3&2sand2FgGA0geve Lol Aomwea, bwow2§ut5nﬁﬁgurable
level s of |ysd 5en<§Ub5§h1t1&'§|EQEEé§éﬁ€Qﬁgb9§.‘Bﬁﬁ&d @ﬁz.saraﬁ ket expe c\&%|d| as

ant i 5501 e GTLATR UEFP oPERLEREmEROT Lo BEr Bebgs PAAT Seak e i PP e
mut ant ant i bezfiteed nap Lee leHé?entF¢Es¢@d@sm$ﬁabiﬁﬁvn@h@ot@@hénlﬁb&bcules
to trigger as¢p\hib8Sets were joined together by overlap extension
PCR. About 4 ul total of the melted gel slices, such that
the initial PCR products were in equimolar amounts, were
35 mixed with 25 pmol each MO10BACK and MOll and other
components as above. The PCR was carried out over 18
cycles as above except that the annealing temperature was
reduced from 50C to 48C. The products obtained, which
contained the entire CH2 exon, were purified and digested
40 with Xhol and KpnlI. The RF DNAs of the mutated



'-56-" 6 Novenber 2002 CLAIMS 1. A binding nolecule which is a reconbi nant
pol ypeptide conprising: 5 (i) a binding domain capable of binding a target
nol ecul e, and (ii) an effector domain having an am no acid sequence
substantially honol ogous to all or part of a constant do n of a g%ﬂgn

i munogl obul i n heavy chain; 10 wherein the binding nDIec ngm%%b of
bi nding the target nolecule without trigg®?ing significant conpl enent
dependent lysis, or cell nediated destruction of the target, and capabl e of
speci fi cal | y M3t gl Fomms badt oreFoyRl Yéctand, weengieaning sheeexbradomai n

is a chinmeri ged@mmidt idn Woi €8s 85 8L & ¥LHHLEA0GLEYR , OlyeFRS algegeed with

i mmunogl obul i av CH2 domai ns, whic glo ns are
sel ect ed fror"r{h I;[GI r}/q g‘?&ﬂgn‘a%5@PV%nﬁh%%ﬁ?ﬁlPﬁe?’E‘h%3F a88nk ﬁ is a
human i mmnomwmnu rCHR: awgg thaé nl Gt eldndinn wihehDNas sampleel wewmeng bl ocks
of an 80 20 f&idls@irddie shesed posilisep: 2R of34Upradaheandy230G and
327G 330S an 331S. 2. bi ndi n S clalned in cIa|n11 wherein
the effector© &ﬁﬁﬁwW%?sﬂﬁQ%ﬁQQF r?ﬁn%g%%il e2pEesE ¥ nBihaFRd25 Figure 17
optional |y commrstsing fegidwes. nodi fications to render the nol ecul e
substantially null allotypic. 3. A binding nolecule as clainmed in claim?2
wherein the effector domain is selected fromd Cac,_ or, 40c as shown in 30
Figure 17. 4IPA95ided fg mveein 9k crPFsO% reebhbPRaAt 2poRPBepbi a8
conprisi ng: @c) DNAN Ndi g Skodd ine apatd enwf at ndivag asedr get thel ecul e, 35

and ~ -57- 6¢ 'S‘Eﬁ' f_?% Za(ééc)or?tp I%Jrﬁt&f 9@1@@' h@f{wgdeaegmago pBcl d

sequence substa onol ogous to part a constant “domarn of a
human i muno@Pgodiq r‘f“-H?@eRAP%aﬁ% degifaridy t?ﬁo‘ﬁ?ndl ng nol ecul e is capable
of bi ndi ng the 5 target rml ecul e without triggering significant conpl enent

dependent ceI t uc capabl e of
speci fical I y %L%nél ng 'FC and “%‘dllfp%eb éﬂ&)g“%%%ggné ggé"?‘f :%?%%ggomai n
is a &hi meri geaesawershiasch sxfurgam £ 79 RE RN 2o eBAIREN- i Netihogl obul i n
heavy 10 chamagh%xﬁora&wscwﬁud:mmé med0gl edutimsaar enselgct ed from

:%?unolg?(?ﬁu? Ilﬁg;ée\i?ﬁl%dﬁ%h\g% Orotr&%‘r‘?%wl ﬁ%go i I%%vﬁhlggjtﬁ’%cks of

am no aci ds Mplelsalssatasd owva)i dies rexgizize ddas/, e2dshingdepestart due 15 at
236; and ?27%3 3RS anthe33Hayuiaihd &eﬁtd@s&eﬁé%e@lﬁ@ﬁw@a toda 01;2f
sequeg e res or ving, sai d_nodi

am no CI ds. m&%%@m%%%’l g‘?céc 'Il‘rrllgcY%cﬁ? %}1%? e?%n??l%nﬁo
ef fect or dorrﬁhriie Wtse!leetﬁtezbfarldm“GS@it?Qtrlm@endp@m Bablay eohbsi sthe

further nodi fbedhie0Asduhd mlﬂm%ém)@%arst@ﬁhaﬂ@eﬁléﬁdn@&hé al I otypi c.

6. A blndlngcgﬁ¥%&%1? ?ﬁya varlaﬂle fgégé% eég Eﬁgi it carries a
complete heavy chain gene which can be expressed in
25 mammalian cells. The CAMPATH-1 humanised light chain

gene exists in the expression vector CAMPATH HuVL pSVneo
(Reichmann, L., Clark, M. R., Waldmann, H. and Winter, G.
(1988) Nature 332, 323-327).

30 The Fogl variable region DNAs (Bye, J. M., Carter, C.,
Cui, Y., Gorick, B. D., Songsivilai, S., Winter, G.,
Hughes-Jones, N. C. and Marks, J. D. (1992) Germline
variable region gene segment derivation of human
monoclonal anti-Rh(D) antibodies. J. Clin. Invest. 90,

38 2481-2490) were obtained in the vector pHEN1l. They were
amplified by PCR, using the oligonucleotides:-
FOG1VHBACK 5/ TCC ACA GGT GTC CAC TCC CAG GTG CAT CTA
CAG CAG 3’
FOG1VHFOR 5’ GAG GTT GTA AGG ACT CAC CTG AGG AGA CGG

40 TGA CCG T 3¢



«25 effector domain is selected fromd Gab or &~a. 7. A binding nolecule as
clainmed in any one of the preceding clains wherein the effector domain is
derived froma first human 30 i munogl obul i n heavy chain CH2 domai n wherein
at least 1 amino acid in at least 1 region of the CH2 dopwj.n_has b

nodified to the corresponding am no acid froma second, §a¥$g?§ﬁ? §§82

i mmunogl obul i n heavy chain CH2 domai n, artt wherein the effector donmmi n has

fo modiate POSYERE o nber Y hobS bl GRErRTE YOS B CORBaft Con B he

first or second human i rrrrunogl ObLACH CRGVY' cha| n C'2 domain. 8. A binding

mol ecul € as crEh{RRRbR Cl ali %7 e et éﬂe Ac6fiest eAcdam®l fchagcireigixned
an affinity for FcyRilbh. 9. blndlng fcz%lje as clainmed in any one of the

precedi ng clains wherein the bi nd? derives froma different source
to the %ff ectTine ddhaportibn 16f tzﬂhé)lnmbeng: o eche evestoralh@WHPArany one of

the precedi ng &} ah g3 Wh rel @ugggwblrsldlmg d%&%@ i5, sel eshsdwiﬁegkt he

bi nding site ?f an anti % an ehz orm)ne 2 % eptor; ¢yt oki ne
or an antigenti128%1 gBRaCorNg ongch’m dlh 861538430 o BPWHFHEJL | ecul e
as clainmed i meprOnértamdmmmangimgilwmemmh pept bdadwag domain is

capabl e of t"%mb?aie %tgélnér@h fé&i‘ﬁiBrfgbé%Q@d?ffﬁé§ afd tBA.

al | oant i gen O S neu I’Oé) ant | T-cel receptor;

i ntegrih; 20 GBM ol | GGRnCTHFAPACT T &GI&@A 13’ lami nin; I'utheran:;
pl atel et gl ycmm,otm No ¥ th@l‘ag eneM1ghyIPaR10EeIdN rle@/xielsﬁanth?hg AHd Bl ngnd

nol ecul e as ¢ n e iLn Lg selected from
t hat of CAMP. %jm{cllH I’—%G?h% &O\QQ% ad?i ?& I}S'—;gAig Bg%a &i;ﬁermri ne
anti-a3 (1V) WeenTal M3 (¢iB)primer @nd ikt p ); anti -1 ani ni n;
anti-lutheran. 13. sﬁnc;nfso}x@rr ectNUAEiXA@ATE CooME i Si ng a nucl eot i dF 4 20
seque enc the e r do s,.cl ai ne

NG ?lq'l%sge £6 eIl rﬁe& %m@h%&@?ﬁm 2d 5 1%95:' flﬁE

in any one o pF ecedt ai 15 as c 8°%in claim
13 wherein tﬂ‘@frmctﬂé%ti’% %e‘qauéﬁéel"@ﬁcédgs anpl bl eg RBRebYl evaslerai ned in

any one of th&iuesesh neck! 28 Mesd3bibed bove NovEideBari@D2restriction
site internal to the Fog-1 V, was deleted by the same
method using oligonucleotides which removed the
20 recognition site without changing the amino acids
encoded. The complete PCR products were cloned into
M13mpl9 as HindIII - BamHI fragments and their DNA
sequences confirmed.

25 The HindIII - BamHI fragment containing the Fog-1 V, was
used to replace the fragment containing the CAMPATH-1 Vy
in the pSVgpt vectors described above, giving expression
vectors designated pSVgptFoglVHHuUIgG2, etc. For the IgGl
vectors, the extra HindIII restriction site at the 5’ end

30 of the constant region DNAs meant that it was not
possible to simply exchange the HindIII - BamHI variable
region fragment. Instead, the relevant
pPSVgpt CAMPATHHU4VHHUIgGl vectors were digested with
HindIII. Linkers, designed to delete the HindIII site

35 and add a BamHI site, were ligated onto the cut ends.

The DNAs were then digested with BamHI and Notl so that
the constant regions could be isolated and these were
cloned into pSVgptFoglVHHuIgG2 to replace the IgG2
constant region.

40



*15. 'A nucleic acid as clainmed in claim13 or claim 14 which is a replicable
vector. 16. A nucleic acid as clainmed in claim 15 wherein the 5 nucl eotide
sequence is operably linked to a pronoter. 17. A host cell conprising or
transfornmed with the vector of claim15 or claim16. 10 8o roc%%ﬁ for
producing a binding nol ecul e as cl ai med |} any one of claln1i ?
process conprising the step of nmodi f yi ng nucl eoti de sequence encodi ng a

first human i y chain 2.8 r no_ aci ds
in at least I e&?’gﬁ&g& fae%; d"c “hergorc?%rg‘c%uébgéoggﬁ g% > %m 2 d from
a second humaranafimogdbg .wmmmmwwmu ROrhABAS] |¢tt wd-region is
sel ected fromddeg 2ot HabR RO ABANR hepiduesnadaogibouand 327 331
in accordance with the EU nunberl n yste and er ei each case the
human i munogiSHY iGPai Eahancey ?g‘cf ‘%}ﬁ r%‘@'anlﬁ(ﬁoﬁﬁgapgﬁegig A process
as cl aisned i werleai MTH: wieenditi ngy @xpreswials vectior egagncefilede C'2 donain
are nodifi ed I@ﬁ&gﬁdl ng am no acids froma second human

i mmunogl obull kl{é);@?égqhal n 2 25 donmamin. 20. Use of a binding nolecule or
nucleic acid as clal med in any one of clains 1 to 19 to bind a target

nol ecul e wi t IPreadut thigidiafy amdiediees 30 21. Use as clained in claim20

wherein the target nolecule is FcyRI I b, which binding causes inhibition of

one or nore of: B cell activation; mast cell degranul ati on; phagocytagsis.
-60- &ONovent¥ér HEDEL ERChubEayy Ghdlfe E¥RFEISHR 2MCEEOhr 8Penel FahPhI t, or
ot herw se i nitéyef afell eMalrit t1HGHRI ”RGiai @‘xpﬂ:ema:mml ‘veadongwawkecul e to t he

target nol eCli| %e a%n%?éd ﬁ/ec‘ggg%lt%' Fqﬁse PAL %@d\/\@&mh eBhgnsggng

blndlngm)lec I's an almed 1n claim22 or'claim23
wherein the ©odr §ef. rmC@ébﬁeOfst@@I é@ﬂeéeFFéﬁﬂnﬁhéaﬁhlﬁ‘Yﬂq’%nlbffer ed bl ood

cells; 10 an YIEEAoaI et lgg@,wnoftopls@trﬁl_acﬁ;fla;ermy rophi scantei gempdatiegel |

recep Lin GBMC Iag ; 2A- VAR Iutheran
pl at eltlgt gly ijblgtb(ﬁdeq S PX Xcoglr olgfelf@?a ﬁb&vigg%g%&]

clai ned i n arfBsie oflOCIaelrhS mer@ ealigrtedebyr cantaiivgatal ot i ent for a
di sorder sel e@REddriiga @raft. sV shostedimeassi tfm:ﬁsf/érgéaf todasease; organ

t ranspl ant ? %&J”&%ﬁﬁ?%&% rrogﬁtra pI anlther em\%gt a&ggal %nkhg such

as vasculiti aema, aut0|nnu
t hr ombocyt opevixd vared isvoupaiteeids oralilas fiamiS yWiguch BRe f eed 4F/ WesRagaven

al :c|0| gune t%r@”?ﬁﬂ)@@%nﬁ%o @@t/hniﬁ) NGl RIgyrnedr oai £cer faez}le mlfll
I n annatory | Seas SucC as r.ohn' S e
SERTY B1aR6S of BELARR (32 20 B o R

anaeni a, cor Ime an onée-of clai s
20 to 25 wher‘Iéxery Meerebllrmdmivgtml @¢ul3€CI,s S 16 gﬁbﬁed“%“@-‘%@%m‘ﬂent or

optional ly iny %&%ﬁxé&%ﬁr e alrfhe Pl @{lt tife AR RO MWa & Ndeabl eto ahlde thet her of
the patient.

har ceutl c ratl on. c bi n
mol ecul e as &1 éailﬁ’érﬂ “?ar‘nioor% §C VA %Q' qe% nf r%? *ﬁéﬂgégcd aqu ?ai med
in angSone of0.d aigysnll4ngo xa@thilngs t P mﬂn/é@ti caTh? aedédpt ¥BKE carrier.

35 aliquotted over two 96-well plates. About 18 d after
selection was applied, colonies were visible and the
supernatants were assayed for the presence of IgG by
ELISA. Briefly, microtitre-plate wells were coated with

30 goat anti-human IgG, Fc-specific antibodies (Sigma) and
then incubated with S5-fold dilutions of the supernatants.
Bound antibody was detected by incubating with HRPO-
conjugated goat anti-human kx antibodies (Seralab) and
developing the assay with o-phenylenediamine substrate.

35 Cells from wells containing the highest amounts of
antibody were expanded and stocks cryopreserved.

The cell line secreting the highest amounts of Ab was
expanded to 500 ml in IMDM + 2% FBS to provide saturated
40 supernatant for antibody purification. The supernatant



*-61-* 6 Novenber 2002 28. An oligonucleotide selected from MZ22BACK: 5 TCT
CCA ACA AAG GCC TCC CGT CCT CCA TCG AGA AAA 3' MD22: 5' TTT TCT CGA TGG AGG
ACG GGA GGC CTT TGTI TGG AGA 3' 5 MD7BACK: 5' TCC TCA GCA CCT CCA GIC GCG
GGG GGA CCG TCA GIC 3' Mj21: 5 GACTGACGGTCCCGCGAC'EG&;O G(%(_;I’r O‘EQAGGA
3" AN AA AFUE. Al .A .A A

A AYh. AU. A. AYh. A AhFe Ah. Ah. AAA3{ Ah. AI‘]/OA AAl 9. AU. A3U. Al {% Al . Ah. AU. A A

Y A A N AT AL A o P Aol 6.1 ATPR-AL ALY AU A e

CAH A . A AYWCR

l 45RSVzupk19¥>HW @a] c Ansdjecid] dajagdrege al St c¥qea3dded apd] £he ca] cal cal ca
] ca] caV] ca] chakeahealtalale alcalc dor al ¢ al VPR Xgdih fo Cﬂ>§§a§3«l&?& cajcajc
a] ca] ca] ca] ca]ocia%%] %a] cal c: a] ca_] cmr] cal]ga‘]asa] ca]‘cla‘]lca(] Cf]ﬁa,l‘ cl?é]ca] cal ca]

| F
(é]%]g}ci]sg?d é} @]iéapca]f@d]lm]ecﬁa]kua]ldh]r@a]%]%a]céla]lc%ﬁ €& ca']}é%t] 2attddy] cal cal c
El\i/] iglnfgl ;}alci:eelagaleq?g‘egﬂaaglgqgllcah]cq] of ¢ ]i M3 % ine pH3 o 10%% ] cal
cal ca] ca] ca] gg}) }1 %a&‘ﬁ%l@:ijl LOSE} (cialﬁﬁ J’té(cfg% &%ﬁ (?S%S@ntfclai Zfl% | ca] ca] ca
] ca] ca] ca] capoapaa]na]@@]J@]cha]qaa]mairw]m iz: cm]@aﬁ]l:!a]‘c%\l}‘%a]@a]w i ca] ca
L Ca] ca] cal c T o Car e et e 2l TV 60 | Dbl o1
2j (}x3$Rid_z] F}B #ca]%gjtég c’%ec%‘]laa‘*}%%ﬁ‘b‘] %}%?}m} c’éTrB%T ({[ji%g]%%] calc
a] ca] ca] ca] cg].va] cal]eca]p@a]ooa]maa:]ecaa]ma.t(ds?y lgrigngxastien Z] | ] ca] ca] ca] ca] cal
ca] ca] ca] ca] ?@Lﬁ%hﬁ%]r%%]i%%]—%al cal,cgl 67y @a]é:/q,]lqa] ca] ca] ca] ca] ca] ca] ca] ca] ca]

calcalcalH ;

a] ca] ca] ca] ca!]aeabuar]mar] aald ajtlgrdltoa|afa] e caa]una]wxa:]emlwré s 6#7#Q#R##
HHAHHHFSHESSS XS “g;’ &2l ﬁﬁ: &2] ca] ca
] ca] caJ ca] caig Cae?é%f;?z] (?}ci(ca a [5;5]] c ca] cal ca Es]f}:a] c V\( h(j (((
(ST9))))b ]ca]ca]c
a] ca] ca] ca] cg]:aa] aa]tdahm&]acﬁ]m:a]rxta]bmi:c@ c(aE]ana]k:ﬂ] caa]s:al]lw]ca@na]e:a] cal ++++
. $,%0,1,1, q/ t?ﬂ% @]é:Ea]ca]ca]ca
] ca] cal ca] ca]"ca?ca ca ca]bca)] ca’]yc%@ al cal cal.ca ca]ca] ca] caJca] ca] ca] ca
1 0008191h1i 1|(833me igi%b} Y ca] ca] ca] ca] ca]
ca] cagoa] ca] aa]:éa}:ci@hca] qmll@ah@a]rfta]mfs]ﬂ:at]m]nwz]mae] o] o] s eamhe ajteairca] ca]
ca] ca] cal QSSQ% 5? f{ Q_ﬁ t%Gg@&ﬁ%%?l?*? }1e7 R W S Eja%le(ci cajcalc
aJca] ca] ca]ca aJcaJcaJca caﬁ car]] calca] ca ca%(c% cajcaJcalcalc
a] ca] ca] ca] ca] ca! 8889399%0s9t 999Z: [::: i
; (; +; e<f <<rssszuplkba LA ¢alyaa] Q:a-]aaﬁfc@c]m]m] ca] ca] ca] ca] ca] ca] ca] c*a] c”a]
c’\a] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! <<<<<=====&>B>V>r >5>>>>
S????@@???7?7?727?7??2?| wr rrhc’\\%]aca] ca] ca] ca] c ca] ca] ca] ca] cal cal ca]ség] cal ca] ca]
ca] ca¥ea] ca] ¥asied] Refc RECa|wale djeaiieal oG] Wik AR oF S AGS BBBC7CICSC
TCXCCChDHEI EgBS FZhL[ BFgEakv plaitesu pitf aéxdt]'nca:]anq:]erxae]made:aﬂcna]rat] ca]med cal cal ¢
al cal cal cal cop el eaheRbe? ikl St lfpdlaal oAl Pasalg] cal FOXAG
1A incubated at 37C for 40 min with transfectants expressing
FcyRI cDNA, B2KA (S. Gorman and G. Hale, unpublished),
30 growing in 96-well plates. The supernatant was discarded
and the wells washed once to remove excess RBC. For each
well, 200 B2KA cells were examined and the number with
RBC rosettes noted. The mean percentage and standard
deviation for triplicate wells was plotted.
35 Alternatively, the sensitized RBC and B2KA cells were
mixed in microcentrifuge tubes, pelleted and gently
resuspended before transfer to a microscope slide.

Fluorescent staining of FcyR transfectants
40



+JJ<J>JhJi J| J}JJJJJIJIIIIIII} xsnid_Z]c]ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]l
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! JJJJJIIKKKKKKKK-
K. K<K=KBKCKKKKKKKKKLLLLxMyM xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca&ca! y MVMIVIVNNNNO
00+0, OXOYOOOPAPBPPPPPQR=RDRER! RRSS} xsni d_Z] c] ca] ca] ca] caPcHpestiked) ¢Pea] caj
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caféajca] ca] ca] ca] ca] ca] ca] ca! SS
TT1ITKTOoTpTTTTITUU+ UUUULV _
V{ V] VV?/‘ \B\avwm é%%ﬁ??f] BXPESFEAPEaf EXREaFONPrafes e &%) ca] caV] ca] caV] ¢
a] ca] ca] ca] cdTEayRahen} chatn] cghoaPeatcaMcalPca] ¢ iiXeXOXAYYRYYFZZZ[ Z[ O] X
[YIWKVW TN Cape?, fo, g. A, Park, S. Y., Ra, C., Saito, T.,
Jxsnia 7111 Gl ea] AT CI cal Cay caf afGal el gal calcdl el Galeal ¢t oa) cal cal
715 5 T Lasdeaiaaalbf bbbéhbbhbcBodchoencsaefruglegkkiiiesalioal aalcal cal ca] cal
V cal contddd] oo eiatcaben ol of Gat G06aeRInSn AN mhEAVPL] £ cAPEAl cal ca)
ca] ca] ca] ca] CHH)] c kg caPpeaieafcapcajrdl eafealc §PERFNEAPAE] é8] ca] ca] ca] ca

Lcéﬁ]RﬁaLﬁﬁthmﬁpsﬁ\zwtubmffﬁé’a@&Jitifhhl tbhtaknkng 0.1% (w/v) ian , (])'loi |
zu calc a cal aJca]ca]c
a] ca] ga] ca] ca@a‘%ca?éﬁé @Jé %&é@g‘:g%%gakggiégtggﬁ%%&ﬁg}ﬁtl ?’%F@nﬁ%&% E Nmmm
mmnn3:: nnnn&hﬂ%@%\%ﬁ we Hehien) aleapcBREA} cafFedlealreapcRpédbEsfcakca] ca)
ca]9aLca]ca]aa%C@deb?@b@ﬂ(ﬁﬂ<§ﬁ4wﬂxmﬂ§¥auéépa&@édéEEnded in 100 pl

000" o#0 ! .

r4r 5r Rr gffge(r&rl(rﬂ&g]%%q%h%ﬁ\ﬁ%ﬁ c%?%%?%%]%a?%afga]—%a caflgg] égfggii/fgg] @H] ca] ca]
ca] ca] ca] ca] é&fec fiara] Tk} ca]@ed ba] cate ayaaped] thyea! §8®e6s388stt  t (tgthtt
tttU?UG}JV\g]YU lll/%a!l!«!ﬁ wash buffer and similarl ii‘lcubat]ed iﬂith 20 ug/m

VVVV .ca].ca] ca] caV]calcaV]ca]ca]calcalcalcalca cal ca

] ca] cﬁl]rscg] czﬁ&%@ﬂ‘cﬁﬁ%w%gaﬁ%%]%%Ea%%ﬁl" x§>’<ﬁ§%§&y yggig‘?%%z

| 1| o | } then with 20 pg/ml ExtrAvidin-FITC (Sigma). After the

L L o e o) o) s e ) b gk ekl oo o
<u| wr mhc” Yni p%ﬁ%\ﬁjiéh‘%ri%]%%a%vcé‘])ca%%ﬁ‘]‘% ‘?%%ﬁ%%] ca%gg%ﬁaﬁeﬁfﬁ%i‘eﬁ] B8] ca] ca]
ca] ca] ca] ca] €ay&d] cw< ajadH] icajesh Wy adzmvies with CD64 mAb (Serotec)
L S B G e o g basien o co oo o
71 Rgg* { vql gb%i’}“/%’&f}ﬁrt‘% ' ct,‘%{‘}?t:‘a b%ﬂ‘&%ﬁ%d’(ﬁ%ﬁ‘]‘fﬁ%ﬁcﬁ] E&F2a%Ra] ca] ca] ca]
ca] ca] ca] ca] d8pc&losa]|iajkdiajszai)ca] ca] ca] ca! *+34" #01hkDF, Cbc} xsnid_Z]]] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
! -~ (VW] id Z

T ca] ot cb] cuf Bk EAFPRLEA e A I Ul o] oo al CRPER] Fa) Lol HA¥BAl mvw (
pg| wr BRic”Y] | BTE] saFraiRIAlc 4]30H /R Ovdredodgrea VP cab callica] vah cd¢ calokétal ca] C
2] cal oal cal cal cal oo calealsalian) ol op! Dlaje Fhpst dos] b1 | £2] @ﬁigéica} ca o2
ca]ca]ca]ca] calca] ca] cal cal cal ca] ca] cal] caJca)] ca]cglcalcalcalca]calca]calca
ca] cal QR\WK. M%%’F\?L‘IC“@H] RIS S A c%?]c%]‘?:é%?’]c%'r c%?cla‘]"l!%‘]’ c%f‘éaf%%? EPEaV] cal
ca] ca] ca] ca] 3] dapsa))calkalal .c Mexh] cEjZza] 3] 2%] céainerGEnoRP | warhg? Y] ] ] ca]
ca] ca] ca] ca] eahcalecaijg@%g} oal @@l cp] calrgyg cal calwakeatqgdtalgal gal gal caj cal

ca] caV].ca] ca] ca] cal ca! . . L s
<RYi | rrhc’\Y%’P?cg]a@&jlca]Pca}jca]pca] AV f g 1e) 28] *eidaiR afRe] ca] ca] ca
] ca] ca] ca] cabeabrd| daj-ddlkealdem=cia] caf] adle human Fcy receptor II is

CEUV} xsni d_ZLL-¢ah cahcalgaleal-oal L3l G 68 caj caj highagl calg#) cazggal chal ca
] ca] caV] caV] cavg ajcaJca] calcalc caica cal
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anti-human k. Thus for these receptors only one
incubation step was needed.
10
For transfectants bearing FcyRIIIb, CHO + FcyRIIIb NAl or
NA2 (Bux, J., Kissel, K., Hofmann, C. and Santoso, S.
(1999) The use of allele-specific recombinant Fc gamma
receptor IIIb antigens for the detection of granulocyte
15 antibodies. Blood 93, 357-362), staining was carried out
as described for 3T6 + FcyRIIa 131H/H cells above.

Red Cell Sensitization

20 Group O R,R, RBC were washed in PBS and resuspended in
RPMI + 10% FBS at a final concentration of 5% v/v. 10 ul
of cells was added to 50 pl mAb or RPMI/FBS in V-bottom
well plates and incubated for 60 min at 37C. In some
experiments, the mAb were serially diluted in RPMI/FBS to

25 achieve a range of red cell-bound IgG. In competition
experiments, the red cells were sensitized in a mixture
of 25 ul competing mAb and 25 pl of wild-type wAb or 25
4l serum containing alloantibodies. After sensitization,
cells were washed 4 times with 200 ul volumes of PBS and

30 resuspended in 50 ul RPMI/FBS (final concentration = 1%
v/v). 1In all experiments, an aliquot of cells (E-IgG)
was used in the chemiluminescence (CL) assay and an
aliquot was assayed by flow cytometry to determine the
level of red cell-bound IgG.

35
Chemiluminescence Assay

PBMC were isolated by density gradient centrifugation
from EDTA-anticoagulated blood pooled from 6 normal
40 donors. PBMC were washed 4 times with PBS containing 1%
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20 Coulter Electronics, Luton, UK). The mean channel
fluorescence was recorded.

Mean channel fluorescence was converted to IgG
molecules/cell by use of a standard curve which was

25 prepared by adding 100 pul of 5% v/v R;R, cells to 900 pul
of serial 2 fold dilutions of human monoclonal IgGl anti-
D (BRAD-S). Sensitized red cells were washed 3 times
with PBS/BSA and resuspended to 1% v/v in PBS/BSA. 25 ul
aliquots were removed and analysed by flow cytometry as

30 described above. The remaining red cells were counted,
centrifuged to a pellet, lysed in a buffer containing
Triton X-100 and IgG in lysates was determined by ELISA
as described by Kumpel (Kumpel, B.M. (1990). A simple
non-isotopic method for the guantitation of red cell-

35 bound immunoglobulin. Vox Sanguinis, 59, 34-39). The
number of IgG molecules bound per red cell was deduced
from the IgG concentration and the number of red cells
from which each lysate was prepared. A standard curve
was then plotted comparing fluorescence intensity with

40 the number of IgG molecules bound per red cell.
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into one pellet which was resuspended in 200 ul IMDM.
900 uCi sodium [®*!Cr] chromate was added and the cells
incubated at 37C for 40 min. 10 ml IMDM was added and
the cells pelleted. The cells were washed twice and

15 resuspended in IMDM at approximately 6 x 10° cells/ml. 50
gl aliquots of labelled cells were added to antibody
samples in 50 pl IMDM in 96-well plate wells. 100 pl
retained serum diluted 1:1 with IMDM was added to each
well and the plates incubated at 37C for 1 h. The plates

20 were centrifuged and the supernatants were sampled and
the relative amounts of °Cr released were measured in a
y-counter. The level of spontaneous release was obtained
from samples were no antibody was added and a measure of
the total amount of *!Cr available for release was found

25 from similar samples taken after resuspending the cells.
The % specific %'Cr release was calculated from the

formula:

(samgle counts - sgspontaneous countslx 100

30 (total counts- spontaneous counts)

The means and standard deviations of the triplicate
samples were plotted.

35 For the inhibition of complement lysis, antibody samples
contained a constant amount (6.25 pug/ml final
concentration) of CAMPATH-1 Gl and increasing quantities
of CAMPATH-1 G2Aa.

40 ADCC mediated by CAMPATH-1 series of antibodies
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resuspended in IMDM supplemented with 5% FBS and
5 transferred to flask which had been coated with CD3
antibody. The cells were grown at 37C, 5% CO, for three
days. 5% of the cells were labelled with *'Cr for use as
target cells, washed and resuspended at 6 x 10° cells/ml
in IMDM + 5% FBS. 650 ul aliquots were added to wells of
10 96-well plates containing 50 pl samples of antibodies in
IMDM + 5% FBS. The target cells and antibodies were
incubated at 37C for 1 h, RBC added as carriers and the
cells pelleted. The cells were washed twice in IMDM.
The remaining mononuclear cells were collected by
15 centrifugation and resuspended at 4 x 10° cells/ml in IMDM
+ 5% FBS and 150 ul added to each well resuspending the
target cells in the process. This gives an
effector:target ratio of 20:1. The cells were
centrifuged gently and placed in a tissue culture
20 incubator for 6 h. Supernatant was sampled and specific
S'1cr release determined as described above. The mean
values of specific release for the duplicate samples was
plotted against the final antibody concentrations.

25 Example 1 - Generation and basic characterisation of

antibodies

The mutations chosen to eliminate the effector functions

are shown in Table 1 (Fig 15). The Aa mutation made in
30 IgGl and IgG2 genes introduces the IgG4 residues at

positions 327, 330 and 331. Similarly, the IgG2 residues

at positions 233 - 236 were introduced into IgGl and IgG4

but, since IgG2 has a deletion at 236 where the other

subclasses have a glycine residue, the mutation was made
35 omitting (Ab) or including (Ac) G236.

Vectors allowing expression of CAMPATH-1 or Fog-1 V, DNA
in conjunction with the wildtype or mutant constant
region genes were cotransfected with the appropriate

40 light chain expression vectors into rat myeloma cells.
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were estimated from the absorbance at 280 nm and were
adjusted where necessary following an ELISA which
measures the relative amounts of k-chain present. The Ab
were subjected to reducing SDS-PAGE. Each sample showed

15 two bands with apparent molecular weights of
approximately 25 and 55 kDa which represent the expected
sizes of the light and heavy chains. There was no
discernible difference in size between the heavy chains
of each Ab series but both chains of the Fog-1 Ab

20 appeared to be slightly smaller than their CAMPATH-1
counterparts. The fact that the heavy chain within each
series appeared to have the same apparent molecular
weight indicates that the mutations did not cause any
extensive differences in the glycosylation of the

25 proteins. For the Ab with CAMPATH-1 specificity, the
vield after purification varied from 0.6 to 9 pug/ml
supernatant whereas the yield of soluble Fog-1l Ab was
between 3 and 20 pg/ml. There was no correlation in the
ranking of the purification yields for the two series of

30 antibodies suggesting that none of the mutations affected
the production of the Ab or their ability to bind protein
A.

The specificities of the two series of Ab were then

35 tested. The CAMPATH-1 Ab were shown to compete with
clinical grade CAMPATH-1H in the binding of the anti-
CAMPATH-1 idiotype mAb, YID13.9. The Fog-1 Ab where able
to agglutinate RhD' RBC in the presence of anti-human IgG
Ab as cross-linking reagents. Similarly, the IgG

40 subclasses of the Fogl Ab were examined by coating RhD’
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IgG4 and anti-IgG4 was then carried out in the presence
of excess Ab from the CAMPATH-1 series. The CAMPATH-1 Ab
were able to inhibit the agglutination, by competing for
10 the cross-linking reagent, only where they were of the

same subclass as the Fog-1 Ab, thus verifying their

subclasses.
Example 2 - FcyRI binding
15 RBC with approximately 30 000 RhD sites per cell (R;R,)

were coated with each of the 11 Fog-1 Ab over a range of
concentrations and added to human FecyRI-expressing
transfectants, B2KA, growing in wells. After incubation,
excess RBC were washed away and the percentage of B2KA

20 cells rosetted by RBC was recorded (Figure 1). For Gl
and GlAa, where IgG4 residues are included at positions
327, 330 and 331, similar levels of rosetting were
achieved, with half-maximal rosetting occurring when the
RBC were coated with Ab at about 0.1 pg/ml, a

25 concentration at which Fog-1 Ab would be expected to
occupy approximately one-third of the RhD sites.
Slightly higher concentrations of G4 were needed to
obtain the same levels of rosetting. No rosettes were
formed when using RBC coated with the Gl and G4 Ab

30 containing the Ab and Ac mutations or the G2 Ab. 1In the
experiment shown in Figure 1, the highest coating
concentration tested was 10 mg/ml, predicted to
correspond to approximately 90% occupancy of RhD sites.
The experiment was repeated using coating concentrations

35 of up to 80 mg/ml, essentially saturating the RhD sites,
and still no rosettes were seen for G2 and the Ab
containing the Db or Dc mutations and thus incorporating
1gG2 residues in the lower hinge region. This indicates
that, even when the RBC were coated with these Ab at the

40 maximum density for this antigen, there was insufficient
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0: $10%%; 10$F$|glve a higher proportion of rosettes than incubating
the cells in wells so this method was used to investigate
the inhibition of rosette formation. R,R, RBC were coated
with a mixture of 1 mg/ml Fog-1 Gl and different amounts
of Fog-1 G2Da or Fog-1 G4Db before mixing with B2KA
10 cells. When 1 pg/ml Fog-1 Gl was used alone, the coated
RBC formed rosettes on 95% of the B2KA cells whereas
sensitization in the presence of 64 mg/ml G2Aa or G4ab
completely abolished the rosetting (data not shown).

15 The binding of Ab from both series to two different cell
lines, which express the FcyRI cDNA on their surface, was
measured by fluorescent staining. Figure 2 shows
representative experiments. The level of surface-
expressed FcyRI, as detected using the CD64 Ab, was

20 higher for the 373 transfectants than for the B2KA line
and this reflects in the higher signals obtained when
measuring binding via the Fc. For both series, the Gl
and GlAa Ab bound to the receptor with the same apparent
affinity indicating that the mutations at positions 327,

25 330 and 331 did not significantly affect the interaction.
The binding of G4 Ab was approximately three-fold lower
than that of the Gl and GlAa Ab. Little binding was seen
for the G2 Ab or any of the other mutant Ab, suggesting
that the Ab and Ac mutations in IgGl and IgG4 were

30 sufficient to reduce binding to FcyRI by at least 10*-
fold. Ab containing the Ac mutation, especially GlAc,
showed a small degree of binding to FcyRI at the highest
concentrations tested if the level of fluorescence is
compared to the background or to the equivalent Ab with

35 the Ab mutation. If the fluorescence intensity
histograms are overlaid, as seen in Figure 3 for the
highest concentrations of CAMPATH-1 Ab and B2KA cells,
the plots for Gl and GlAa coincide. There is a clear
di%ference between the histograms for the GlAb and Glac

40 Ab.
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d in relatlon he number of Ab molecules bound
per RBC (Figure 4). A difference between the Gl and Glaa
Ab is seen with higher amounts of Ab but both are give
10 higher responses than the G4 Ab across the range of Ab
concentrations. Significant triggering is achieved by
the GlAc Ab and, to a lesser extent, by GlAac and G4Ac
but the other Ab do not give any response.

()- 10% ()-

15 Ab, which were known to be deficient in the triggering of
FcyRI from the previous section, were mixed in increasing
concentrations with a constant amount of Fog-1 Gl and
used to sensitize RBC. The CL response to the RBC is
shown in Figure 5. By comparing the CL response to that

20 obtained when titering Gl alone, it appears that six of
the eight Ab inhibit the reaction to an extent which
predicted if it is assumed that the mutants displace the
active Gl from RBC in proportion to their relative
concentrations. For G2, the inhibitory effect is delayed

25 in that about three-fold more G2 is needed to give the
same amount of inhibition. GlAc inhibits to
approximately the same extent as the other mutants except
that the response is not reduced to zero.

30 Two papers which have discussed the usefulness of
chemiluminescence in predicting the severity of in-vivo
pathology are Hadley (1995) Transfusion Medicine Reviews
9:302-313 and Hadley et al (1998) Br J Obstet Gynaecol
105: 231-234.

35
In these assays a result above 30% chemiluminescence
produced by the BRAD-5 monoclonal antibody control would
be predictive of in-vivo pathology in HDN. Thus those
antibodies which can block to levels below 30% should be

40 suitable for therapy.
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indicative of severe haemolytic disease of the newborn
and the need for intrauterine transfusions. The sera
were mixed with different concentrations of G2Aa, the
mixtures used to sensitise RBC and the responses of

10 monocytes measured (Figure 6). The addition of G2Aa Ab
reduced the CL signals due to all five anti-RhD sera to
below the 30% cut-off. The amount of Ab needed to
achieve this varied from 16 - 260 pg/ml, the range
presumably reflecting the differing amounts and

15 affinities of anti-RhD Ab in the serum. There are two
control sera. The anti-K serum cannot be blocked at all
by G2Aa as its reactivity is directed towards a different
antigen on the RBC. Only part of the activity of the
anti-C+D serum could be inhibited by G2Aa.

20

Example 4 - Activity in complement lysis

Figure 7 shows that all the mutations made to the Gl and
G2 CAMPATH-1 antibodies dramatically reduced their

25 ability to mediate complement lysis. When the assay was
carried out using a constant amount of Gl and different
amounts of G2Aa (Figure 8), the G2Aa antibody was able to
block the killing of PBMC by CAMPATH-1 Gl.

30 Example 5§ - Activity in ADCC

The ability to mediate ADCC was measured for the CAMPATH-
1 antibodies using human PBMC as target cells (Figure 9)
and for the Fog-1 antibodies using RhD' RBC as target

35 cells (Figures 10 and 10b). Figure 9 shows mixed
abilities of the CAMPATH-1 antibodies in ADCC, with some
of the mutants having very low activities. Figures 10
and 10b show that the Fog-1 antibody mutants Glaab,
Glhac, G2Aa, G4Ab and G4Ac were unable to support any

40 killing of the RBC. In Figure 10, some lysis of RBC
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Some of the Fog-1 antibodies were used to try to inhibit
the ADCC of RhD* RBC by Fog-1 Gl (Figures 11 and 11b) and
by a clinical sample of anti-RhD serum (Figure 12). The
figures show that all of the antibodies tested were able

15 to inhibit ADCC when mixed with the active antibodies

prior to RBC sensitisation. The Fog-1 mutant antibodies
GlAb, GlaAab, GlhAac, G4Ab and G4Ac were particularly
effective at blocking ADCC.

20 Example 6 - FcvyRII binding

Figures 13, 13b and 14 show the binding of complexes of
antibodies from the Fog-1 series to cells bearing FcyRIIa
131H/H, FcyRIIa 131R/R and FcyRIIbl* respectively. It is
25 necessary to form antibody complexes when measuring
binding to these receptors due to their low affinity for
individual antibody molecules. FcyRIIa 131H/H is an
allotype of FcyRIIa to which IgG2 antibodies are
expected to bind strongly and, indeed, Gl and G2 show a
30 strong binding activity (Figure 13). Addition of the
mutations to these two antibodies appears to give a
stepwise reduction in the levels of binding and the Glac
and GlAac antibodies have only background levels of
binding as exhibited by the G4 antibodies. Figure 13b
35 shows that the antibodies have different relative
activities when binding to the 131R allotype of FcyRlla
but the mutations made to the wildtype Gl antibody again
decrease binding to the receptor. All of the antibodies
show significantly more binding to the inhibitory
40 receptor, FcyRIIbl*, than the negative control samples of
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Figureé 14b and l4c show the binding of complexes of

10 antibodies from the Fog-1 series to cells bearing
FcyRIIIb of the allotypes NAl and NA2 respectively. For
both allotypes, binding is seen for the Gl antibody and,
to a lesser extent, the GlAa and GlAc antibodies. No
binding is observed for the other mutant antibodies since

15 they show similar levels of fluorescence to the negative

control samples of cross-linking F(ab’), alone or an

aglycosyl IgGl antibody complexed with the F(ab’),.

Example 7 - Production of the anti-HPA-la antibodies

20
The V, and V, of the anti-HPA-la scFv (Griffin,H.M. and
Ouwehand, W.H. (1995) A human monoclonal antibody
specific for the leucine-33 form of the platelet
glycoprotein IIIa from a V gene phage display library.

25 Blood 86, 4430-4436) were amplified and each attached to
leader sequence from the vector MI3VHPCR1l (Orlandi et
al., 1989) by overlap extension PCR as described

previously. DNA, 3' of the Vy in M13VHPCR1l and
representing the 5' end of the V,-C; intron, was similarly
30 joined to the leader/V,DNA. The product was cloned as a
HindIII- BamHI fragment into IgGl and IgG2 expression
vector to replace the existing variable region fragment
and to give the vectors pSVgptB2VHHUIgGl and
PSVgptB2VHHUIgG2.
35
The leadexr/ VA DNA was joined in frame to the human A
chain constant region DNA of the Kern' Oz  allotype
(Rabbitts, T.H. Forster, H. and Matthews, J.G. 1983. Mol.
Biol. Med.1:11), taken from an existing expression vector
40 (Routledge, E.G., Lloyd, I, Gorman, S.D., Clark, M. and

<
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10 The expression vectors were transfected into the rat
myeloma cell line YB2/0, transfectants selected and
antibody purified as described before. These B2IgGl and
B2IgG2 antibodies can be used as control antibodies.

15 Once the preferred null constant regions have been
selected, the B2 VH HindIIIl-BamHI fragment can be
introduced into expression vectors carrying the
appropriate constant region genes, replacing the existing
variable region fragment. The heavy chain expression

20 vectors can then be co-transfected with pSVneoB2VAHuUCA
into myeloma cells and the antibodies purified for use.

Example 8 - Therapeutic use of binding molecule

25 A therapeutic molecule according to the present invention
may be used to treat pregnancies complicated by HPA-la
alloimmunisation, for instance by intravenous
administration to the mother, thereby relying on
placental transfer (e.g. via the FcRn) to provide a

30 therapeutic dose to the fetus.

An alternative is direct administration to the fetus by
percutaneous umbilical vessel sampling. This procedure is
currently performed in FAIT to deliver transfusions of

3S compatible platelets. Because of the short survival of
transfused platelets, the procedure may have to be
repeated many times during the course of a pregnancy. It
is however hazardous, with a risk of fetal loss of
0.5%/procedure.

40
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10{tuU3E110 'Hdﬁ%é@gﬂ@%éeal adﬁ%%ﬁ@é%@%f&n of a therapeutic antibody
would have the advantage that a much lower dose is likely
to be required, and therefore a combined approach using
the molecules of the present invention in conjunction

5 with platelet transfusion may be considered as a first

step in therapy. This approach may reduce or eliminate
the need for further platelet transfusions before
delivery.

10 Summary

The activities of the antibodies are summarised in Table

2 (Figure 16). As can be seen, binding molecules have
been produced which have reduced ability to bind to
15 FcyRI, FcyRIIa 131H/H, FcyRIIa 131R/R, FeyRIIIb NA1l and

FcyRIIIb NA2; are unable to trigger monocyte
chemiluminescence; cannot mediate complement lysis and
are not active in ADCC. However, the binding molecules
retain binding to the inhibitory receptor, FcyRIIb.

20 Other mutations previously used to knock out effector
functions, such as removing the glycosylation site in the
CH2 domain to make aglycosyl antibodies, may also
eliminate binding to this receptor which may not be
desirable.

25
Selected mutants have been shown to be able to inhibit
completely the rosetting of FcyRI-bearing cells by Fog-1
Gl; the response of monocytes to Fog-1l Gl-sensitised
RBC; the response of monocytes to polyclonal anti-RhD-

30 sensitised RBC; the killing of PBMC by complement lysis
with CAMPATH-1 G1; the killing of RBC by ADCC with Fog-1
Gl; the killing of RBC by ADCC with polyclonal anti-RhD
serum.

35 The results herein demonstrate that altering even a
single residue in an IgG CH2 domain to correspond to a
different subclass can lead to different activities.
Thus for the three pairs of Db and Dc mutants: GlAb and
GlAc, GlhAab and Glhac, G4Ab and G4Ac. Within each pair,

40 the antibodies differ only by the absence (Ab) or
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W& ()-5 active in FcyRI binding, FcyRIIIb NAl and NA2 binding,
monocyte activation and ADCC. The region where the Ab
and Ac mutations are made is known as the lower hinge or
hinge link region and is likely to have an extended
structure, connecting the hinge to the remainder of the

10 CH2 domain. Addition or deletion of a residue from this
region presumably alters the alignment of the lower hinge
residues relative to receptor interaction sites in the
remainder of the CH2 domain.

15 However it should be stressed that the effect of
mutations cannot always be predicted from wildtype
antibody activities, but will depend on the novel context
(based on 'mixed' subclasses of IgG) in which the
mutation is present. One example is in the assay of

20 complement lysis where the activity of the IgG2 antibody
is only about three-fold lower than that of IgGl but
introducing IgG2 residues into IgGl (GlAb and GlAc)
eliminates lysis. Similarly, IgGl and IgG2 show equal
binding to FeyRIIa 131H but GlAb and GlAc activities are

25 50- and 10- fold lower respectively. In the ADCC assays
of Figure 9 and 10, IgG2 and IgG4 give similar, low but
measurable levels of lysis. Substituting residues
between IgG2 and IgG4, as well as into IgGl, reduces
activity. These data suggest that the wildtype

30 antibodies of the different human IgG subclasses and,
presumably, the mutant antibodies may use different
residues in binding to other molecules to trigger
activities.
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(ii) an effector domain having an amino acid segquence
substantially homologous to all or part of a constant domain of
a human immunoglobulin heavy chain;

10 wherein the binding molecule is capable of binding the
target molecule without triggering significant complement
dependent lysis, or cell mediated destruction of the target,
and capable of specifically binding FcRn and\or FcyRIIb,

and wherein the effector domain 1is a <chimeric domain

15 which is derived from two or more human immunoglobulin heavy
chain Cy2 domains, which human immunoglobulins are selected
from IgGl, IgG2 and IgG4,

and wherein the chimeric domain is a human immunoglobulin
heavy chain Cy2 domain which has the following blocks of amino

20 acids at the stated positions: 233P, 234V, 235A and 236G and
327G, 3305 and 331S.

2. A binding molecule as claimed in claim 1 wherein the
effector domain is selected from GlAac or G4Ac as shown in
25 Figure 17 optionally comprising further modifications to render

the molecule substantially null allotypic.

3. A binding molecule as claimed in claim 2 wherein the

effector domain is selected from GlAac or G4Ac as shown in

30 Figure 17.

4. A binding molecule which is a recombinant polypeptide
comprising:
(1) a binding domain capable of binding a target molecule,

35 and
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dependent 1lysis, or cell mediated destruction of the target,
and capable of specifically binding FcRn and\or FcyRIIb,
and wherein the effector domain is a chimeric domain
which is derived from two or more human immunoglobulin heavy
10 chain Cy2 domains, which human immunoglobulins are selected
from IgGl, IgG2 and IgG4,
and wherein the chimeric domain is a human immunoglobulin
heavy chain Cy2 domain which has the following blocks of amino
acids at the stated positions: 233P, 234V, 235A and no residue
15 at 236; and 327G, 330S and 331S, and is at least 98% identical
to a Cuy2 sequence (residues 231-340) from human IgGl or IgG2

having said modified amino acids.

5. A binding molecule as claimed in claim 4 wherein the
20 effector domain is selected from GlAab or G2Aa optionally

comprising further modifications to render the molecule

substantially null allotypic.

6. A binding molecule as claimed in claim 5 wherein the

25 effector domain is selected from GlAab or G2Aa.

7. A binding molecule as claimed in any one of the preceding
claims
wherein the effector domain is derived from a first human
30 immunoglobulin heavy chain Cy2 domain wherein at least 1 amino
acid in at least 1 region of the Cy2 domain has been modified
to the corresponding amino acid from a second, different, human
immunoglobulin heavy chain Cy2 domain, and

wherein the effector domain has a reduced affinity for

35 FcyRI, FcyRIIa or FcyRIII and a reduced ability to mediate
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8. A binding molecule as claimed in claim 7 wherein the

5 effector domain has retained an affinity for FcyRIIb.

9. A binding molecule as claimed in any one of the preceding
claims wherein the binding domain derives from a different

source to the effector domain.

10
10. A binding molecule as claimed in any one of the preceding
claims wherein the binding domain is selected from the binding
site of an antibody; an enzyme; a hormone; a receptor; a
cytokine or an antigen; a ligand or an adhesion molecule.

15

11. A binding molecule as claimed in any one of the preceding
claims wherein the binding domain is capable of binding any of:
the RhD antigen of red blood cells; an HPA alloantigen of
platelets; a neutrophil antigen; a T-cell receptor; integrin;
20 GBM collagen; Der Pl; HPA-la; VAP-1; laminin; lutheran;
platelet glycoprotein VI; platelet glycoprotein Ia/IIa.

12. A binding molecule as claimed in claim 11 wherein the
binding domain is selected from that of CAMPATH-1 and FOGI1;
25 OKT3; B2 (anti-HPA-la); VAP-1; murine anti-«3 (IV) NCl; YTH12.5

(CD3); 2C7 (anti-Der p I); anti-laminin; anti-lutheran.

13. An isolated nucleic acid comprising a nucleotide seguence
encoding the effector domain of the binding molecule as claimed

30 in any one of the preceding claims.

14. A nucleic acid as claimed in <claim 13 wherein the
nucleotide sequence encodes a binding molecule as claimed in

any one of the preceding claims.
35



1Y08$109%& ()-3 'Y s$109%& () -/ nPrmnnnyo} ~<g\ =0G ! Mb10%& () -, | 10% U8 () - 10%
U& ()-'i Y#10%VE& ()-!nY#109%4 K U& ()- " !'10% U& ()-yopgqj gFrrrzX9g\ =0G 2' 10%
U& ()-! ($10%JU& ()-!'( $10%& ()-L'" 10%

U& ()-1 MBLOYWUE ()-! MBLO%K& ()-rtEt Ff St HE Xt t8u~ =0G 11 $10% "()-y: 1
09@&' ()-s! 109Z& ()- 10 10 10 " 4#10% 552 ¢ vt BeRE

& ()-14#10%JU& () - BuLvwx0y9zzwU3~ =0G -, " $10% 6

& ()-'(, HoYee&{Jldic, a%1a%R6; claimed in claim 13 or claim 14 which

68 ()-12,° $109668& ()-1# | $10%@08 ()-! | $10% 6; 6& ()-zzzzz{H {#| uS10't3

- #10%& () - 91 %3 r-eﬁié%/?&% -@F%%r:#loo/& ()- 9F10%%’ ()- 1098 ()- 106 6 106 6
106

16. A nucleic acid as claimed in claim 15 wherein the

5 nucleotide sequence is operably linked to a promoter.

17. A host cell comprising or transformed with the vector of

claim 15 or claim 16.

10 18. A process for producing a binding molecule as claimed in
any one of claim 1 to 12, the process comprising the step of
modifying a nucleotide sequence encoding a first human
immunoglobulin heavy chain Cy2 such that 2, 3 or 4 amino acids
in at least 1 region of the Cy2 domain corresponds to an amino

15 acid from a second human immunoglobulin heavy chain Cy2 domain,
wherein the region 1is selected from the 2 discrete regions
numbered residues 233-236, and 327-331 in accordance with the
EU numbering system,
and wherein in each case the human immuncglobulin is selected

20 from IgGl, IgG2 and IgG4.

19. A process as claimed in claim 18 wherein 2 amino acids in
1 region of the Cy2 domain are modified to the corresponding
amino acids from a second human immunoglobulin heavy chain Cy2

25 domain.

20. Use of a binding molecule or nucleic acid as claimed in
any one of claims 1 to 19 to bind a target molecule with said
binding molecule.

30
21, Use as claimed in claim 20 wherein the target molecule is
FcyRIIb, which binding causes inhibition of one or more of: B

cell activation; mast cell degranulation; phagocytosis.
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molecule is selected from: the RhD antigen of red blood cells;

10 an HPA alloantigen of platelets; a neutrophil antigen; a T-cell
receptor; integrin; GBM collagen; Der Pl; HPA-la; VAP-1;
laminin; lutheran; platelet glycoprotein VI:; platelet
glycoprotein Ia/Ila.

16 25. Use as claimed in any one of claims 21 to 24 for the
treatment of a patient for a disorder selected from: Graft-vs-
host disease; host-vs—-graft disease; organ transplant
rejection; bone-marrow transplant rejection; autoimmunity such
as vasculitis, autoimmune haemolytic anaemia, autoimmune

20 thrombocytopenia and arthritis; alloimmunity such as
foetal/neonatal alloimmune thrombocytopenia; asthma and
allergy; chronic or acute inflammatory diseases such as
Chrohn's; HDN; Goodpastures, sickle cell anaemia, coronary
artery occlusion.

25
26. Use as claimed any one of claims 20 to 25 wherein the
binding molecule is administered to a patient, or optionally in
cases where the patient is an unborn infant, to the mother of
the patient.

30
27. A pharmaceutical preparation comprising a binding
molecule as claimed in one of claims 1 to 12, or a nucleic acid
as claimed in any one of «c¢laims 14 to 16, plus a

pharmaceutically acceptable carrier.

35
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