1 1| MPROVED ANTI BODI ES OF THE CLASS | 24 The present invention
relates to an i nproved anti body having an altered arrangenent of disul phide
bonds companret/wesa wil d type anti body and a net hod to pCcodiBe11d3es6smpr oved
anti body. 5The bi opharmaceutical industry enconpassi ng reconbi nant

proteins, nonoclonal antibodies (mAbs)l and nucl ei ¢ aci d-based drugs is
growi ng rapidly. Antibody engineering has resulted in the design and
production of anti bgdyPROAEIBANTIBOBIES ORTHECLASSARE4 Preferred

nol ecul ar fornmat along wth other aspects such_as production yield, protein
qual ity and st dhapesat afbieml@l}/feé%@ o ARAMPIOVED 2Bidbrsyder ugissitesihen sel ecting
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(HCs) andptodacd the mipwatd hitglodychai ns (LCs) whi ch are coupl ed by di sul phi de

bonds. _ Each L’\% consists of a rlable and constant domain (CO, Based
on the HC, finseP aﬁmﬁifu&lF%H% U CECOTY| ZEEPmy gt nratﬁmSa 619‘1091%@ and 1gM
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that is respoegiiy kaf wsuked mtuﬂaﬁt devggrehfid ptaductionatfi ammlbaldgl fragrhé¢mked to the

Fab f t h whi f fl bility t
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isotypes: 1gd, 19&, Ig Fc-nmedi ated effector functions i.e.
ant i bty Wéﬁ@ﬁﬂi@lﬁﬂlg@ma@tlbﬂﬂYCb?{SWPmmys othcpapepliesasnt. dependent cytotoxicity

(CDC) are i rfor specific
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activation, and conpl enent activation, OQher isotypes are consi dered as

t her apeut Asulphidatondepksrdaht essheott argardladyLhesd ceestarfdaspain £6r)-
i nstance, \m‘a'h&@l"eq:fé AU hEang ﬁés%essér%%éfoglh%g?y g&?‘ig #g dSQFSaagI {f ector

functions are less inportant, ternative nd 1 g4
can b5 usEokr Ighh,tthe T |cumhys of@@e watilible eloengi (éer ad fhedceddnsmodomuinst i on may

b idered, 3 ted effect f t but
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However , al so has sone i nherent practical 2 difficulties nanely its
pr opensi tynct €ufor hyhalhlhg@mglduomcll canferbi flaxibylityotoethe Hghigmolkeaule. mbvecul es

and its sharter serm hal f |ife. vitraq,, | | ecul es conf.armto the
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hal f - 2| ealHRE s BAGHISORRY 4 &iﬂ%ﬁbn@ls%tﬁgé ngngﬂngc(rjg@ma&l I%(Hd a single heavy
chain caused by formation of intra heavy chain ul phide bonds within the

hinge. A | arfifempéintedrafiegtordenations dicaritipdy giependane cyetaxiohsekNef) s be
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conpl enent .
Fc/effector function may be considered.

30 IgG2 also has minimal associated effector function but is prone to dimerisation
which is not fully understood. 1gG4 remains a useful isotype because of its relative

lack of effector function induction. However, IgG4 also has some inherent practical



Fol | owi ng the di scovery of the S241P nutation, further nutations to |g&4
have been investigated in order to understand the inter-heavy chain

i nt eract iwo 20re/02¢%84 ant i bodi es, reduce 1g4 effector fumrcriGBroEME1I®Ahance
structural stability. In 20 Schuurman et al. (Schuurman,J et al., 2001. The
i nt er-heavy chain di sul phide bonds of 2g&4 are in equilibriumwth

i ntra-chai n di sul phi de bonds. Mol ecul ar | mmunol ogy 38, 1-8), the observed
i nst abi | i giffiafititsnhenhclpaavpropdinity téliferial P detibwiydsts abilltg @ ex@angauglst i gat ed
using g4 nmutants. In nutant ML Cys 131 (nunbered according to EU

number i ngMmeiestlspaed iteyhortep sergmdsHdifhg t o Kabat numbering systen), which is
25 invol ved 4.n . It -1 4 ght i = i i was
repl aced by Asigbr”lyﬁgl and&?%ela&mggs%?%fg%ﬂ tt0 &Q%ilpt?%g@blﬁu%qa{én(? Str?gé'ﬁ fggt ?’gpl? e

f or mat i onthely hdierbeen afseiviedind forhahaitmatdulds reehscamfiprivéavy siaplei lizht chain mut ant

M2 cysteine 226 (226 nupbered accordi ng to.EU nunbering systemor 239
accor di ng#b? _Rglg& hmggmrfaus@shyefﬁmm ehinfa TeAvaD Pl diSﬁﬁ)ilﬂfE by - heavy
chai n di sylphi ge hgnd Ar‘lal?@ei)epdeﬂgl%e MREHIBRARFSG P KaROb SR dHREANE bt Was

found that this nutant had a nore stable inter-heavy chain |inkage conpared
to | g4 ahdpguiies;dnt surichendlyr manévatenof Tam is ecash davialChralauldi ®olfphmde bond.

3 Mut ations.in.th d d i ns_of I nt.i badi e ve al so been
Cnvest | galsH Tingrbre0d PRIt R FePHARRBA- Jr g o aekoRe T e

ant i bodi epootdsH 200840R6B6 I vkadeahas hi 99t NakmahRgma ueshhgab®dinngaus ant  of
|g&4 in which arginine at position 409 (409 nunbered according to EU
nunmbet( ngbispepifegniioras 4o diffprprtraatis@-ennelondignges. dmpwaolkegh A7, Wﬁng%%)i ng systen
in the CH3 in 1.8 substd ] ine, th nj. t hi oni or

| eucine in gﬁ%gflron?%t%nn %ﬁ%&gfgegﬁg%\%i gq%crsarlrla elrgﬁugae y&\ﬁﬁ%ﬂ%‘fgﬁ P (t? es%?

mut at i onsteaProlddatioD26%sitiod 24 (KadBereP3ZDdrding td33 KdbaPdimbdodgSystbay0, K322,
P329 and P331 nunbered according to EU nunbering systemor L2438, D278,

D283, K341 thodnpee fingxdSo chakb A sBgIdrmBot 314 [ebsKEBION dhokpssithy 10

system a I : ' : [QDQI bV d 145142
Van de W%ﬁgﬁggﬁlﬁﬂgﬁ% otg%%%;shtu Q%ng%kg‘%ﬁ%ﬁotl bo&?g%ﬂnt\ﬁhg%@()hg\@%qg reduced
abi |l ity tn addicogothkabemt mextidradge nbty irdluosdd thet canpaat stioetusr gf ngGé r esi due
at positign 409, the resi due at posjtion 405 or the Lys at position 370
(Ra0S, FaBSrhialIRY ﬁﬁﬁﬁ%f@a{né{%s L@Ffﬁ@ﬁlﬁw BYHUHDETAGTSYst em or R440,
F436 and K3%%118W'Tﬁgefh%ddi§c%9%§/gdﬂﬂe 041p il B h D YRS G0 S BUGIc Ven in

the absence of the S228P ( 8 nunmbered according to EU nunbéring system or
S241 accobeinngvestighted iKadrder toumideritangl thesinemyheangt abdionnticractibre ihilglgé r egi on.

The al teration.of the er .of cysteine residues present in.the hinge
ogi on of SBRisSairetn s s up B RATIORy ahd vabHRG Mot TRk S5 Thodmer et
al . dr@cl geigmrib@tt AQSchairikdier alof200y stiri ilRr-hesiydhem disulpiige Bodtgefr egi on

may be increased in order to facilitate the use of the cysteine thiol
groups f oksGtt eechi enyiléirfuee tath witrarchpiar disylphide dwafe Molgslae mmpgolaky o

t eaches t hat [ 0 .S1 e r.esi . i regl y be
reduced 1 ooohe e BRaE e LT e GRul TRk {REs SERGDAE

mol ecul esinvaitip@ecd dsind liglG4anhiyntae [N aGess M iy Cyo 13 D(nintbesddg@herdiigsiol i de

bond, which will 25 provide a specific tar%et for attaching the hinge

regi on ei PHBEPCIING SYRRAMEY hihde7 rasgpidingoto thaban nemperiteo pySemk ek &

nol ecad e. : intb i e nee E OV J |, €s

havi nég% i rr%lrV Syggvﬁﬁgéé?t%ﬁgésam%gﬁuﬁ%he(th Hé&dﬁes\%ﬁqdréotrﬁeﬁé S}iﬁa }télal‘%?fgb%?&use as a
t her apeut sarincTane ipwas énindi thatethisi rontapt ey uldesinrtbwfomtamon erdimbsdifdgzhwhi ch

have advant ageou roperties 30 including i oved. bi jcal properties
conpar ed £Bl %3 fii}aj@%aqﬁhea&a caginsy i Saftdnt SF%FY%@%%)@& BYPBFTFSi ngl y
found t ha&cd@&ihé t& &U meérj%%ﬁ;&g&h :oié %9? an'forEiﬁh% tb BIéalib%t H@rnB@r%%k‘}%térﬁb, t he

heavy chain of an g4 anti ornms a disul phide 4 bond wth a
cyst ei ne whichheinvoblet iehmintergroavy clegn disulph@e band itbibdyirgsyivagreplape by ed
stability conpared to.a w.|d-type | nti body,, Su ry of the . lnvention
T ontd aspate gt ves it bR TGt maes e Bl Yo B acs 1 g
5 conpri stedpated t8a5G40HR freavs CRafdmaioa b eenidadfava ckiih donphigeand a

hi nge region, wherern in each heavy chain: a. the inter-chain cysteine at
position ®@H. nunbered according to the Kabat nunbering system in the CHL

donain is substituted with another am no acid; and 10b. one or nore of the
am no acids positioned in the upper hinge region is



substituted wth cysteine. Tthe cysteine in the CHL domain which
forms an inter-chain disul phide bond wwth a cysteine in alight chainis

t he cyst ewoeomtopemgi ti on 127, nunbered accordi ng to thePKalsm20nunsi®ssi ng
system is shown in Figure | b. 15Changi ng the position of the disulfide
bond in the 1g&4 constant region resulXs in a higher Tm bei ng observed for
the Fab domain. The tenperature at which 50% of the protein is unfolded is
desi gnat ed tMigtafivhs EXpRY i0RNLed IGH; Ho@aliy dfSIgtet aitibdieek Rsvd figo ibakh ecti on
poi nt of, for_ exanple the fluorescence-vs.-tenperature curve (i.

t enper at ubweyigated ntaden tedﬁ@wéh@&%atwtl@ﬁﬁégrﬁg@f%0&1&%%@% qdpgs- g@%epest)
20Thus a E? 663553 'rQEaﬁhhiéhl%th ﬁ&e@g ﬁt%'dg*lggm JW&EI ta!i!gmiﬂé' Jfcul es of

t he present disclosure have a errra sta t not w shi ng
to be boupdsmuyn Hoe 409 hinmbemal)acbnﬁdag no@lm Inhnm%rlngdylstbmoasr &40 atmbermd or

intern tens on in the disulphjde bon ol ypepti de. nol ecul es opt ai ned.
Furth R te RADYRIRRAINgt Syt i) tégﬁi%féanﬁgl Botksiatrdpyith he

25i ntr Od u fytsln% Nehedonfind telioMREbf [cGahk ‘i’ﬁ‘&d‘ef‘{ooinhim agg@%a&%ﬁﬁéﬁﬂ;n 4t &g, on.
The one or nore am no acids positioned in the up i nge region which are

subst i t ut pd. iurthec ysitgions atdy23beD3ed.do2 Al H&dePZ% an@zPZ;Sl :{28$5 A2845,230, 237

i quro | bDdaRt 1 Radd am he® LarESeH SCaP ety B L B aie ool e  r e

enbodi menpryHeposs RE4 NMOPRIUHINP3 S ndmbRRS ddconBsly ttHeNeavapRembBIAgE regi on
which are substituted W|th cysteine are one or nore of the am no acids at

posi t 1bnssyéinelcare @lsp tewahp ayordep®, atiemgatg (D@ 30tiviky nWé}@QS@(éé btdVagdeo the
Kabat nu W\%kg%t %P’ %ﬁs?i@se??taﬁl}%qg@4 aﬁtlgé(g%g t%ghlllave%r} d albrhtpz 1o nJieaI‘%(t) chai n)

arrangenent orna erchain (Tl eav

di sul fi deFhipnagh icSclighga bpcmbsmmnoﬁr@alﬂoegmgsmheréd‘l@adatqwsftidimw ithgehéound in
| gGL constant regiagns. present inventors have established that

| gGL haverqﬁldglﬁétﬁ PPHEPHADS 6F Iabfﬁ Iww Popidien| Y EARABP 4l Seand; K3¥Qwaumhﬁfeénd Fc
domai ns. E’@éuﬂ;b‘%% gtsyﬁkacdr%me 53@5&@%%9%%1&&%&' 4 agft? an 1g&4

nmol ecul e WI rec unction’ ut Wt erma ity
and/ ot5 ot ﬁ&rKaimtannﬁa@eogSyuemp)@w'en és tisoalasenbg Gl thxo SE2RE €S228 numbdrhér e

appears to be thre ener.al ects wh i nfl ence t abi | of the
Fab donai ﬁcci%dan@c%@el’rﬂméﬂhem SrEn Orh%%. peerdia gttﬂéflibgﬁ%ﬂ %Wﬂb?ly e

di sul fide }g[éngbg[ﬁuta{[&gmstﬁgg %e'régl&he environment proximal to the di sul fide
bridge, that i's to say O nature of the residues around the disulfide

bond and t hel ltemltedatmsl Qﬂtbe nemgthobéystdiec tesphics piasget inglyé bmge region oThus
precen | uSOlORBheq PLOY 855, 0 LACE ATLLPRIY EORE LU ety cheln,
the he@vyteh@imb@rofedaiilterydueNa thet RGELIreLid® ndad bO nib?easédl‘l?ﬂ" ofdfer ¥ am no
actds n lfaei:rlllgl,ttat‘.]e the use of the cysteine thiol groups for attaching effector or reporter

molecules. US 5677425 also teaches that the number of cysteine residues in the hinge

region may be reduced to one in order to facilitate the assembly of the antibody

molecules, since it will only be necessary to form a single disulphide bond, which will

25  provide a specific target for attaching the hinge region either to another hinge region

or to an effector or reporter molecule.

However, there is still a need to provide new antibodies having improved
properties which makes them even more suitable for use as a therapeutic. The present
invention provides new mutant antibodies which have advantageous properties

30 including improved biophysical properties compared to wild-type antibodies. In

particular it has been surprisingly found that modification of the position of the

cysteine residue in the heavy chain of an IgG4 antibody which forms a disulphide



151 n one enbodi nent the I g&4 anti body has an upper hinge and core of 15

am no acids in |ength. I n one enbodi nent the upper hinge and core
conpr i seswoheizgeeseal 12 amino acids found in an | g&4 hipegesEnd/@&136ar t her
three am no acids, for exanple 3 al anine residues, or 3 glycine residues or
a conbination thereof 20ln one enbodi ent the hinge has the one of the
foll ow ng sequences: ESKYGPPAAACPSCPSEQ I D No: 72 ESKYGPPGGGECPSCPSEQ | D No:

73 ESKYGPRItdTGRBGPSERinDINNGE 1At BRHY GRKTHE GRIGRIERHHBI NaaviRE i@Proved
EPSKYGPPAAACPSCP SEQ | D No; 76 EPSKYGPPGGGCPSCP SEQ I D No: 77
EPSKYGPPTHFePES ngresd o awstd-vwedpakvaiodyTcPSCP SEQ I D No: 79

ESKSYGPPAAACPS I ; SOESKSYGPPGGEGECPSCP SEQ | D No: 81
ESKSYGPPTHTCPS@?E%QP'ISIP&EE:)IIQ%RE@SYWTI—WCPSCP SEQ I D No: 83
ESKYGPPAAACPPCRSER hipebl thBgres@nt ESKYGORGERERRCRSEQI bddyNef th85lass IgG4
ESKYGPPTHTCPPCPSEQ | D No: 6 ESKYGDKTHTCPPCPSEQ | No: 87 )
Epsxvé:pAmppéépggédy%Sb%gew émwmmﬁw gﬂb Jomag angg hinge
EPSKYGPPTHESRPARmEQN Qe NRea 9 hERSKYGDKTHTCPPCP SEQ | D No: 91

ESKSYGPPAARCPPCP SEQ 1D Not ‘92 ESKSYGPPGGECPPCP SEQ | D No: 93
10ESKSYGPPTHTCPP@PSER inkridbainOeysEBKSMGRISTHTCPPCPISEDredabardigs to the

Kabat numbering system, in the Cyl domain is substituted with
another amino acid; and

10 b. one or more of the amino acids positioned in the upper hinge region is

substituted with cysteine.

Tthe cysteine in the Cyl domain which forms an inter-chain disulphide bond
with a cysteine in a light chain is the cysteine at position 127, numbered according to
the Kabat numbering system, is shown in Figure 1b.

15 Changing the position of the disulfide bond in the IgG4 constant region results
in a higher 7m being observed for the Fab domain. The temperature at which 50% of
the protein is unfolded is designated the 7m. Experimentally, the 7m is determined as
the inflection point of, for example the fluorescence-vs.-temperature curve (i.e. the
temperature where the fluorescence-vs.-temperature curve is the steepest).

20 Thus a higher 7m infers a higher thermal stability. Thus the molecules of the
present disclosure have a higher thermal stability.

Whilst not wishing to be bound by theory this may be as result of reduction of
strain or internal tension in the disulphide bond or polypeptide molecules obtained.
Further improvements in thermal stability can also be obtained by the

25  introduction of further modifications into the IgG4 constant region.

The one or more amino acids positioned in the upper hinge region which are
substituted with cysteine may be selected from 226, 227, 228, 229, 230, 237 and 238,
numbered according to the Kabat numbering system, as shown in Figure 1b
(underlined amino acids in upper hinge region.

30 In a preferred embodiment the one or more amino acids positioned in the
upper hinge region which are substituted with cysteine are one or more of the amino
acids at positions selected from 227, 228, 229 and 230, numbered according to the

Kabat numbering system, as shown in Figures 1b and 2a. In this latter arrangement



I n one enbodi ment the upper hinge and core in the 1g& nolecule of the

di scl osure consists a natural 1gGl hinge i.e. EPKSCDKTHTCPPC SEQ | D No: 96
150r a dewOwatozedsther eof such as: EPKSCDKAAACPPCPSEQ | PCR&GB2011/051563
EPKSCDKGGGCPPCPSEQ | D No: 98 EPKSCDKTHTSPPCPSEQ | D No: 99
EPKSCDKTHTCPPSPSEQ | D No: 100 20EPKSCDKTHTSPPSPSEQ | D No: 101
EPKSCDKAAASPPCPSEQ | D No: 102 EPKSCDKAAACPPSPSEQ | D No: 103

EPKSCDKAAASRASRSER BY N ink6eh ERKBERKERGSRBERSHARIHDdNal fidk0fnd s in a
25EPKSCDKGGEECPPSPSEQ | D No: . 106 EPKSCDKGGGSPPSPSEQ | D No: 107 In a

further aBR@ean amatogoRy ©ribe Sisuifidsbrides fumd amigpberrsent ©RONE] ass IgG4
conprising at \*{ﬁéﬁﬁesaﬂﬁnm?o‘f%h@éaés&b e%'}h&ggtég eh%?% @P%eﬁl&m

hi nge regi on, efelrn in eac aln: ain cyste ne at
position fhad IgGénﬁxﬁeaﬂesaﬁc%cﬁarbgaﬂd@d temKabatHowavieertha gresyst dsglogurct he CHL

domain_is substituted w th another am ng_ aci d_the hinge |n the heavy
chai n dr He 9 vizRa;of apﬂg&é.rﬂolﬁ@ww%m%gl)ﬁ geeqiar H@ﬁf@%%ut Vi’yi t abl e
hi nges ar g, .dg§&al R86H1APARr other adva{n'fh Uk @ﬂle%Gltrﬁﬁewﬁsem

invention also providés an anti body o the cl as conprising at |east
one heavy chai thenacppeamtqobep these genCHI adipaved whighdnudnica e stelglignef thherein i n

? ﬁghKQE:;/}éa‘t?Qoarlnaﬁn in ?gGéI rrl?l%le%t\{lsetf‘oa e, althe ugtI 1ts Itl?enpo%i%lon or}"tlhnbc%sﬁ%d %118 rding to

The second is the environment proximal to the disulfide bridge, that is to say the
10 nature of the residues around the disulfide bond and the third is the length of the upper
hinge region.

Thus present invention also provides an 1gG4 antibody comprising a heavy
chain with an upper hinge, core and lower hinge, and said upper hinge and core in the
heavy chain or each heavy chain therein is 13 to 17, such as 15 amino acids in length.

15 In one embodiment the IgG4 antibody has an upper hinge and core of 15
amino acids in length.

In one embodiment the upper hinge and core comprises the natural 12 amino
acids found in an IgG4 hinge and a further three amino acids, for example 3 alanine
residues, or 3 glycine residues or a combination thereof.

20 In one embodiment the hinge has the one of the following sequences:

ESKYGPPAAACPSCP SEQ ID No: 72

ESKYGPPGGGCPSCP SEQ ID No: 73

ESKYGPPTHTCPSCP SEQ ID No: 74

ESKYGDKTHTCPSCP SEQ ID No: 75

25 EPSKYGPPAAACPSCP SEQ ID No: 76

EPSKYGPPGGGCPSCP SEQ ID No: 77

EPSKYGPPTHTCPSCP SEQ ID No: 78

EPSKYGDKTHTCPSCP  SEQ ID No: 79

ESKSYGPPAAACPSCP SEQ ID No: 80

30 ESKSYGPPGGGCPSCP SEQ ID No: 81

ESKSYGPPTHTCPSCP SEQ ID No: 82

ESKSYGDKTHTCPSCP  SEQ ID No: 83

ESKYGPPAAACPPCP SEQ ID No: 84



nunbering system is substituted with another am no acid; and b. the
cysteine at position 239 or the cysteine at position 242, nunbered

accor di ngvoaotde29€abat nunberi ng system are substitut edCRGHEHNBIISEr an no
acid. 10l n one enbodi nent according to the latter aspect of the invention
the g4 nol ecul e al so contains 22 amifno acids in the hinge, for exanple as
descri bed above. The anti bodi es provided by the present invention

show advant ageBSKYGRRGGGCEBCPONPasgEd IoNa: 89 | d-type 1g&4 anti body. It has
been surprisi rr;gls found that antibodies of the present invention show

i mproved t her YAHRTHICPRCRar t | 8BRAD He: §the 15 Fab domain conpared to a
wld-type g4 (?9% I n rqaspect, the present invention
al so provides g’%ﬁtgn i %‘H;C(%)fpctphe c?gts)gqlg 87f:lorrpri sing at |east one heavy
chai n whi ch coRpPSKY&RPPAALMCPHGRaI NSEQADaNbi $tye regi on, wherein in each

heavy chai n: t i ne_j h 1 domain which fornms an
i nt er-w{hai n di EBEW@@%‘B@%&% t hsgac@)sﬁ%i e inalight chainis
substituted w EpsRRQIpPEAT ARG, aci §pQamsing. opne or nore of the am no acids

positioned in the upper hinge regionis substituted with cysteine.
In a further aEpBEKYGDRKEHPCEPERt | ALZOND Sa: Pr ovi des an anti body of the

class 1gM25 ¢ LS t o _&hain which conprises a CHL
dormain and a &%mtﬁgﬁn iﬁﬁggﬁﬁﬁe%y chain: a. the cysteine in
the CH1 donmai nERRSYIGHPGGECRPCPNt EREQN® Nod3sul phi de bond with a cysteine
inalight chain is substituted with another am no acid; and 30b. one or

more B} the anERBSYEERTIHYsIRCRHnedSERQ Ihdo(M4L dommin or CH2 domain is
substituted w i rédher aspect, the present

i nvention pr OV?Sg?%ﬁ%ﬁﬁTg%ggPof §EQI‘§I§§S§ gD conprising at |east one
heavy chain which conprises a CHL donmain and a hinge region, wherein in
each heavy chai n: a, the cysteine in the CHL domain which fornms an

i nter-chai n di SupPphicadodmesd tha Bppa lyea endeoneninghe ilghe reelgeweijod the

substi t ut ' e, ol d gjﬁk t bRo aci ds
posi ti oneggfﬂr%%%g?’ﬁlﬂ%\%g I}egl Q?ﬁ?ﬁ@gg??, tE%Fg W%nggtee%%.lbel\]g%@ The
preseti i nventioon datisgiverthareakessclans:expr essi on vector conprising a

10sequence whi t nt i badi f the present invention and a host
cell conpri si nﬁpﬁﬁgﬁﬁ?@ﬁﬁ vecggfﬁ% IQIO' H]The present invention also

provides an angpkedprascaeppedd abgee fiPKouse in the treatment of a disease
or disorder. Further provided is a nethod for the treatnent of a di sease or

di sorder conpr EBKOGDEIPRIRSBRER i ng DHQHEP &welPical |y ef fective anmount

EPKSCDKTHTCPPSP SEQ ID No: 100
20 EPKSCDKTHTSPPSP SEQ ID No: 101
EPKSCDKAAASPPCP SEQ ID No: 102
EPKSCDKAAACPPSP SEQ ID No: 103
EPKSCDKAAASPPSP SEQ ID No: 104
EPKSCDKGGGSPPCP SEQ ID No: 105
25 EPKSCDKGGGCPPSP SEQ ID No: 106
EPKSCDKGGGSPPSP SEQ ID No: 107

In a further aspect the invention provides an antibody of the class I1gG4
comprising at least one heavy chain which comprises a Cyl domain and a hinge
region, wherein in each heavy chain:

30 the inter-chain cysteine at position 127, numbered according to the Kabat
numbering system, in the Cyl domain is substituted with another amino acid; and

the hinge in the heavy chain or each heavy chain therein is 15 amino acids in

length.



150f an anti body as defined above. I n one enbodi ment the antibody is
for use in the treatnent of a disease other than cancer. Brief Description
of the Fiwyoner/ 022982 Figure |l a shows the hunman CHL an#Chigrreligsegisences of
IgGL wild type and 20 1g&4 wild type, wherein the hinge residues are
underlined, and the kappa |ight chain 7constant sequence. Figure |b shows:
the human kappa |ight chain constant sequence indicating the cysteine

(underlined) tBRatatiOhiageddte dedetibed ghvaen CL- CHL di sul phi de bond; 25t he human
1gG 1, 2, 3 and 4 heavy chain N-term nal CHL resjdues and hinge region

sequences wher Bl sfuriher aspsete theepressat inverriop; absouppeidehiyeibpdy of ierlashd i n
NI t wron A : AP
the' i nt or 8GEomsidff s S AR Fpdid i Ethfithe) O dobBG g Thinfle" OUTP

N-t er m nategich] whemiidineeaclahchvgahtinof t he hi nge 30 regi on sequences wherein

the cysteine positign in the N-ternm nal CHL sequence is indicat
(under-(ls i ned) whi éh i FESIERG HinPRTURh I CnERgIcdy a8 eRTAITR A & ﬂﬁﬁdl,%gbaé

the human | gM heavy,chglhNyt@RYiNRbstiiibd vt SbMcPahideHkid; @ag dues and
selected N-termnal CH2 resi'dues wherein the cysteine position in the

N-terminal CH 1 its thediystainecht (positien 239 ed therystedned dr prsitione242nembehdi n
CL- CH1 di sul phi de bond; ,.an he, resi dues. in the uppe i hge .of 1gG3 and
"50 the- hi hoe of REBIdRat (e e P ket Selansi v wher e

underlined residuesainidisat e positions where one or nore residues nmay be

substituted with cysteine in the antibodi es of the present invention.

Fi gur 80 2a show phe cabpdisest a¢aeeding ¢ dlge latten aspecinpd Bl iheentontthe [§Gt er - chai n
di sul phi d n i t .cysteine in.t L i ght ain_.an er and core
i nge 10 PORERfellouoRifr e ot B e b 1 oyt AS g PR e ons “her e

mut at i ons haveTheeintibotico dp@eillct Nby hehel gebe@ntinzadoesstofv tdiRafegmant
i nventi on. ) Figure 2b shows the CHl cysteine residue (Cl27) which
forms t hePORERIes epraP# iy PpHT RS IebHRniibefY- alt dps besnsarmrisinghefoupg that chai n

and the hj ' - W ; Lk : e or
nor e resi%§g§d§§§¥gﬁﬁ§?$%h%%' &*%%BE§§ﬁ§?ﬁ§qPﬁgﬁﬁgﬂﬁﬁ$3@§§%§?%ﬁ§3?§s of the
preseii i Rateddrman.compared téd-bguldetyge Ighomgibbhe CH1 cystei ne residue (C127)

which forms the inter-chain_disul phide bond with a cysteine i.n the Iight
chai n and sel oft & i ARe> BPTTIE8] laﬁ@&wafaqﬁomw#w{ %@Oﬁﬁ gt ﬂﬁél?aﬁési tions
where onergss fRL&diSShdURs ofE Beaty RELL L SHcM bk % %L 81 RenaiDadd @ hingM

anti bodi es” of the present invention. 20Figure 2d shows the CHL cysteine
resi due (GER8) whhicohinfarimbeavtyehiimt er - chai n di sul phi de bond with a cysteine

in the light chain gnd the hinge residues of . 1gD wild type. and .th

positi ons where c?neﬁ]ﬁrcyﬁtﬁfng IPEE? 85@2103’%1 gﬁlﬁgtfg‘ﬁﬁ %IHIWI%/%aE'y@%PIP@Gi n the
| gD apg i bodi es of t hendoweEQNysteméantal Ikt chain is substitutddi Wik EncIRerdheinG t he
nmutati ons introduced in | g&4 antibodies according to the 25 present

i nventi on. acid; and

b. one or more of the amino acids positioned in the upper hinge region is
substituted with cysteine.

In a further aspect, the present invention provides an antibody of the class IgM
25  comprising at least one heavy chain which comprises a Cyl domain and a Cy2
domain, wherein in each heavy chain:

a. the cysteine in the Cyl domain which forms an inter-chain disulphide
bond with a cysteine in a light chain is substituted with another amino
acid; and

30 b. one or more of the amino acids positioned in the Cyl domain or Cy2

domain is substituted with cysteine.



Figure 3b shows the positions of the residues in the nutated heavy chain of
the 1g&4 antibodies shown in Figure 3a and the predicted disul phide bond

t hat can worzm2m2e9s2a cysteine in either the |ight chai nPCIQB20r1/08136h

anot her nutated heavy chain (HC). Were the cysteine may bond with a
cysteine in the LC or HC, the underlirsed 30 chain is the predicted

predom nant di sul phi de bond arrangenent. Fi gure 4a shows the
nut ati ons i ntr ada@gthet Bspe@Ghedttdcboivesionqaovidedh 4mibblg opthe Rt IgMvent i on.
10 Figure 4b shows the positions of the cysteine residues in the g4

anti bodi eSOBABHALI a4 IFshaRe hasyvapkpipmduel ce@pEP Lt Sl domdmdnd Habhingan form
with a cyg efg?dnn%h'e H{a{ t&?ﬁhé%c‘hhﬂht chain (LC) or heavy chain (HC). Were

t he cystel cysteine in the LC or HC, the underlined chain
is the predict ed apr Ehéo;rysnemetmﬁhh Sul pbhinde Wwbicd farmsamganenthain disulphiBegure 5
shows t he sequences  of the CHL and hinge i.on_of |1g&4 anti od| es
according to the prE%‘éinWltﬁﬁ\Fé(ﬁtF}nﬁr}nahg%t Cﬁaﬁuggw@sfatuaq%o%h ﬁlilpé deiiiBhces of
the CHL, hinge regigQf4: {42 and CH3 of 1gG4 antibodi es according to the
present invention. 10Figure 7 shows the Western Bl ot analysis of antibodies
according to the tpresent mereeolt thenaminphadidse poopomrpdl ins Hewhinge trbgionasul t s
using an Anti - hurran Fc ﬁ%fd %IX ?nd the bottom gel showing the results
using an Ant i - KappaSBStEEHYT Cystleine. £ o 'e 8 shows the Western Bl ot

anal ysi s of anthbogdest asetidhnfsd Qrbfieda8S BxPredsHrERELHON ¢ wﬁhsﬁl@eatop gel
showi ng the results using an Anti-human Fc 15 Anti body and e bottom gel

showi HY t breuerssuhishygnoagesatheApmtibodipreet R@pp@s%tmman and a host galle 9

shows t he | 0 b of antibodies according to the present
i nventi Onc%ﬁ lseﬂéé:th% é)reg&ﬁlxiow ng the results using an Anti-human Fc

Anti body and tirae pmsémrﬁng@inoﬁm movidee ah @satibdds &stidfgle&rhbé\ffﬁ forhisedn Kappa
20 Anti body gure 10 shows the Western Bl ot ana\/ﬁgm s of an anti body
accor di ngthedrqaﬁée%pégéimeaserﬂfémqr@% iugther previdseh isge metpdviphiicttratma y| t s

using an [ \,lﬁ%i "33&' . Its
using an %%ldlsﬁuman ppa il nt \éb niglg—lt%@ Oﬁﬁgh ukdf egggys%ua[dt@ﬁlgf a
Ther mbf | uof arearaiibydy 8s ddfiredbdvadi es of the present invention which shows the
Fab and CH2 dopmin therpostabilties e 12 shows ;the results of a
Ther mof | uor andl 9% SMBIIIRARY S&P@%Pddflstf‘PifeuSﬁr%g]é%re?tﬂ’\?’étrﬁ?ﬁ,\%ﬂls%?8 %hows t he
Fab and CHgndemmin thernostabilties. Figure 13 shows the results of a
Ther nof | uor anal ysis of antibodies of the 30 present invention which shows
t he Fab aBdieCBRsariptaimoftthe Figiaesbi |l ti es. Figure 14 shows the results

O e e LU RORL YR O 18R 20050 e 5 REER SN PN L0

20  IgG4 wild type, whereln the hinge residues are underlined, and the kappa light chain
constant sequence.

Figure 1b shows:
the human kappa light chain constant sequence indicating the cysteine
(underlined) that forms the inter-chain C;-Cy1 disulphide bond;

25 the human IgG 1, 2, 3 and 4 heavy chain N-terminal Cyl residues and hinge
region sequences wherein the cysteine position (in upper hinge for IgG1 and in N-
terminal Cy1 for IgG 2, 3 and 4) is indicated (underlined) which forms the inter-chain
Cr-Cyl disulphide bond;

the human IgD heavy chain N-terminal Cyl residues and part of the hinge
30 region sequences wherein the cysteine position in the N-terminal Cyl sequence is

indicated (underlined) which forms the inter-chain C;-Cyl disulphide bond;



11 Fi gure 15 shows the ranking of the Thernostabilities of selected
anti bodi es of the present invention. Figure 16 shows the results of
an af fi niwg 2aesastor sel ect ed anti bodi es of the presencCireBentimsnséand
control antibodies. 5Figure 17 shows the results of an HPLC anal ysis of
sel ected anti bodi es of the present inWention. Figure 18 shows a
Western Bl ot anal ysis of antibodies according the present invention with

di fferent |inkgfeShuman IgM heavy chgidr€-td:Snisdlo@s] ,aC VéstigdnC/Bl edsicusalapgi s of
anti bodi es according the present 10invention with different |inkers.
Fi gur es 2@6@%@%-@%@&&@@@@% wheeingha cyseine position ingbeNeerabebtdi ng t he

present i ﬁ\’lﬁ@irc%tg% gﬂd‘éﬁi&@f {vﬁ&!ﬁ Ptsahd &@e%chgig dclL-cIEi aiL 3@ RBAg #Q show the

ADCC ef f ect or on o e various anti es, Inc ng certain
ant i bodi es acctrdesidudsan theeuppew einzt ofi IgA5 kndylg@&t, 2ic kihgawsf igiraekjprttssi on of
e 28 shows a

various anti bodi es accqording to.the invention. ., Figur

Vest erh BrdemBnal Gl gad tﬁ‘at_ % 8hierwise %ﬁ?ﬁq@s@yeﬁl@feée%@%tﬁ msgiene 29
shows a VGHERNdheBIrQhor@iref@lch Qhbs, PRAGALIANY Wih ENEiADH REMtiTYBAPEH the 20Fi gure
30 shows a Western Blot of vari'ous nutations of the antibody Actenra.

Fi gures 3present3avestiow t he results of a Thernofl uor anal ysis of various

anti bodi es accarding to t i-nyention. Brie cription of .the Seqguences
25SE0 1D NG 1P e vie st Gl GoE G oyl 6 22E s 8 B hRGERRN | a-type
anti body. disulpée bbhdNQittea §9ﬁ%etigglé@:ﬂ%h§%ﬁiaig'aﬂﬁﬁmé agpen aBeURNERET an

g4 wil d-type anti body. , shows a part of the constant
regi o) of residwayahlat ] saldytpee, daop aviBbiipgHind dhapesitions where mutations have

been introduced in the IgG4 antibodies of the present invention.

Figure 2b shows the Cyl cysteine residue (C127) which forms the inter-chain
disulphide bond with a cysteine in the light chain and the hinge residues of 1gG3 wild
type and the positions where one or more residues are substituted with cysteine in the

15 IgG3 antibodies of the present invention.

Figure 2¢ shows the Cyl cysteine residue (C127) which forms the inter-chain
disulphide bond with a cysteine in the light chain and selected Cyl and Cp2 residues
of IgM wild type and the positions where one or more residues are substituted with
cysteine in the IgM antibodies of the present invention.

20 Figure 2d shows the Cyl cysteine residue (C128) which forms the inter-chain
disulphide bond with a cysteine in the light chain and the hinge residues of IgD wild
type and the positions where one or more residues are substituted with cysteine in the
IgD antibodies of the present invention.

Figure 3a shows the mutations introduced in IgG4 antibodies according to the

25  present invention.

Figure 3b shows the positions of the residues in the mutated heavy chain of the
IgG4 antibodies shown in Figure 3a and the predicted disulphide bond that can form
with a cysteine in either the light chain (LC) or with another mutated heavy chain
(HC). Where the cysteine may bond with a cysteine in the LC or HC, the underlined

30  chain is the predicted predominant disulphide bond arrangement.

Figure 4a shows the mutations introduced in IgG4 antibodies according to the

present invention.



SEQ ID NO 4 shows a part of the N-term nal sequence of the CHL domain of a
human | gGl anti body. SEQ ID NO 5 shows the hinge region of a human |1gGlL
ant i body.wo2812/022983EQ | D NO. 6 shows a part of the N-tepgirc0seguace of
the CHL domain of a human Ig@& antibody. SEQ ID NO 7 shows the hinge
region of a human | g& anti body. 10 SEQ I D NO 8 shows a part of the
N-term nal sequence of the CHL donain of a 5 human I gG3 anti body. SEQ ID

NO 9 shows t heigukrd\ge sicagk 106 pokitiand oMb cygehcasditi@dy the 1gGAELAHIRING. 10
shows a part of the N-term nal sequence of the CHL domain of a human | g4

ant i body. slEF@ inFigeye 4a and pigslicted displgede kagiddhatogandfornrath # §EBACIARER body .

anti bodi e2 T HAGR cfifn TDESoL A6 Ghaif3IRY vARS. D9 RAUAgRAMETRS O o
44, 45, 46ystdihe i3, thd,L&&; FPGPtEnuhdtRncdshent isveleypredicted PEQIMInNGs: 38 to

63 show t hi nge regi on, CH2 domain and CH3 donmai n sequences
of antd bogﬁsﬁ@ct%e%?nggﬁaQ%me b, 28, 29, 30, 31, 32, 33, 34, 35, 36, 1537,

38, 39, 44, ASgiAf, 5 ﬁﬂowszvhe%e%lféﬁees?&'?héﬁgl M hin g RELSH 8?1%}4 %@oh@s NO 64

show the wild type |l g4 domai n sequéences.
shows t heawiording §opibe py@ant @R ndod wi | d type | gGL CH3 donmi n sequences

SEQ I D NO 66 hows the constant re uence of ype kappa
2017 ght  chat . TENSEES RB P ot P CREr s cefa: Rt Pronordeddence o
the CHlL dmoale@fac@r@lggwtﬂé%@eﬁﬂh{,mgﬂ SEQ ID NO 68 shows a part of the
hi nge region of a human Ig nti bod SEQ ID NO 69 shows a part

of thEON-term ﬁmur@séqﬂ@ﬁ@eth@f Weh‘f@ﬂcﬁiotdmsﬁﬁ of aatibglieny agaerdingip ahei body.
S0 12 el bl SO SISV ELs, LA, for
human | g%&MdMyhe Gbi€nh BeINGbwing the redfifts Sdidyan Xatiikuppa Ainfigedy.egi ons. 30
Figure 8 shows the Western Blot analysis of antibodies according to the
present invention with the top gel showing the results using an Anti-human Fc
15  Antibody and the bottom gel showing the results using an Anti-human Kappa
Antibody.
Figure 9 shows the Western Blot analysis of antibodies according to the
present invention with the top gel showing the results using an Anti-human Fc
Antibody and the bottom gel showing the results using an Anti-human Kappa
20  Antibody.
Figure 10 shows the Western Blot analysis of an antibody according to the
present invention with the top gel showing the results using an Anti-human Fc
Antibody and the bottom gel showing the results using an Anti-human Kappa
Antibody.
25 Figure 11 shows the results of a Thermofluor analysis of antibodies of the
present invention which shows the Fab and Cy2 domain thermostabilties.
Figure 12 shows the results of a Thermofluor analysis of antibodies of the
present invention which shows the Fab and Cy2 domain thermostabilties.
Figure 13 shows the results of a Thermofluor analysis of antibodies of the
30  present invention which shows the Fab and Cy2 domain thermostabilties.
Figure 14 shows the results of a Thermofluor analysis of antibodies of the

present invention which shows the Fab and Cy2 domain thermostabilties.



Det ai | ed Description of the Preferred Enbodi nents of the Invention The
present invention will now be described in nore detail. 13 The terns
"pr ot ei n"wandi2/pedsgpept i de” are used i nterchangeabl y herermGB2n/@ssx3t he
context indicates otherwise. "Peptide" is intended to refer to 10 or |ess
am no aci ds. The terms "pol yhlucl eoti de" includes a gene, DNA,
cDNA, RNA, nRNA etc 5unl ess the context indicates otherw se. As used
herein, the teFiguidc DSTEidws the TankihgComthe The@lostdddit {2k ©F edléctsp eftitold@gloif on
shoul d be interpreted as "including”. The term"wi |l d-type" in the
cont ext ofhCtesepy iBE@WION; nvent i on means an antibody as it may occur in
nature or may I i I : nprise
any geneticall gfgél%e;?éngltécﬁ}gsdghr%rgggé%‘?grﬁgﬁ\érﬁﬁ%%efoggbsl%gtﬁég ﬂfgﬁécjf%s?&fatﬁ@

substi t ut pesemuiv@ntiomardedcontrobmgibeties.of a | etter foll owed by a nunber
followed by a |etter, The first lefter signates. the gmno acid.in the

wi | d-type prot EIg4re lr%%h%%%rewlﬁ gren H@(E%h@aé}fﬁsrﬂf S&@P@%&EPQ 1Brohifiere the
am no acigregéﬁg%\jehg&ﬁ‘on is being nmade, and the second letter designates the
amno acid that is used 15to replace the wild-type am no acid. The
resi dues in anFigoody8 skowsabVécstard Blonstagnis eformtibndicapecocding élmt prosait | y
nunber ed accor di ng t(%fa?géig&em devi sed by Kabat et al. This systemis set
forth in RYEMONYIH ditfer “IPn Sequences of Proteins of | nmunol ogi cal
Interest, US DF%@&I 1% Blhovd a Weakdrh Fodaddi TR0 1981 b 8RS acddrding URApRar eaf t er
"Kabat et al. 20(supra)").. The Kabat residue designations do not

al way 0 comvestisnditldifkesent Jinkigrsh t he |i near nunbering of the amino acid
resi dues. The actual,djhear, amn [ tain f r.,.Qr

i t1onal am RS AL RER AT RSO PREURERER hu BRI Bt BUERG ng o
a short enprgerfinveation RéBVatows mitationsa structural conponent, whether 25
framework or conplenentarity determ ning region (CDR), of the basic

vari abl e domai Rigs¥s 2t engt 20 shaye theopPEE cfieskratiunclipnentithy veous sgfibedies. ray be
det er mi ne : ' anti | . of residues of honology in the
sequence gﬁﬁn éﬂah%éggg%gﬁ&ér(ﬁ%% g)nthgrngﬁ%atﬁat nunber ed sequence.

Al terihati vel y, Figaee rR2Unmblerwan ghofexpiebsian adi darfodsi dusbsdirnyadoerdiey torthed by t he
30 EU-i ndex or EU nunbering system (al so described in Kabat et al.,
Sequences™¥fM bt ei ns of | munol ogi cal Interest, 5th Ed. Public Health

Service, Nati OP%luré Rt ks WestdeR! B1Br PethendamuMond b39ht) antivbd A

further nunbering systemof amno acid residues in antibodies is t%e | MGT
nunber i ngHsyspem (Lefranc, M-P. et al., Dev. Conp. Immunol., 29, 185-203

(2005)). The Kabat eri syst is used in.the present cification

xcept where of IaF e Hatbe SRbe vBteo hunbee i S adRiSh ver

numbep) Ng syst BiPuiS3MHRAE-a Western Blot of various mutations of the antibody Actemra.
Figures 31 to 34 show the results of a Thermofluor analysis of various

antibodies according to the invention.

Brief Description of the Sequences
25 SEQ ID NO: 1 shows the CH1 and hinge region sequence of an IgG1 wild-type
antibody.
SEQ ID NO: 2 shows the CH1 and hinge region sequence of an IgG4 wild-type
antibody.
SEQ ID NO: 3 shows a part of the constant region of a human wild-type kappa
30  light chain.
SEQ ID NO: 4 shows a part of the N-terminal sequence of the CH1 domain of a
human IgG1 antibody.
SEQ ID NO: 5 shows the hinge region of a human IgG1 antibody.



Between the four I g &4 isotypes, the intrachain disul phide bondi ng
arrangenents in the heavy and light chain are simlar whereas the

i nt er chaiwodosui2pdszde bondi ng arrangenents are uni que f @CTEB/S0I6Ppe

[ Revi ewed by (Wpych,J., Li,M, @Quo, A, Zhang,Z., Martinez, T., Allen,M J.

, Fo dor, S ., Kelner,D.N., 10 Flynn, @C., Liu,Y.D., Bondarenko, P.V.,
Ricci,MS., Dillon, T.M, Balland, A, 2008. Human | gQ& anti bodi es di spl ay

di sul phi de- nBHQaDEN 08 brsu6ivk b Parti FAhONIBrmiha Bicoliefdaemthe288l1 dbodftot £205) ] .
As shown in Figure |b, the hinge regi on sequences of the four 1g4 isotypes
di ffer. THEMEbHSIZEEIbEAY.genetic hinge region typically consists of residues
226 to 251 i rm%fﬁ Il . Figure I b shows
t he upper, (%é%@'ljoﬁm%ﬁggfﬁgng 0 ac%fﬁe |(r§1glgar§§3?{(ﬁ3&n "of the four g4

i sotypes. FAEQhP NQX showt ypert of hiee Nppetinkl segecrce gif oiie CH 1 rdesadiue$a 226 t o
238, the ﬁore hi nge region is residues 239 to 243 and the | ower hinge

regi or i sy anyibady.o 251. For the | g4 isotype, the upper hinge region
i's residues a8 1HNEIBsholREnERhEe RigREE MaGRiRMA Ig§i3raﬁﬁbdjdé@3 239 to 243 20and
the lower hinge region is residues 244 to 251. Thus t he hinge

conpri sing tH& WPPED: Hl styeys acppareofathd N-tewemah saygendernfahe CiGidansi?8f ami no

acids in |engt ho in Figure la. The upper hinge is 10 am no acids.
The core F%m%m%ﬁ@?ﬁgs and the lower hinge is 8, see for exanple Figure
I'b. The hi H%QHDTN(D:SFI%OWB%eLlﬁﬂﬁreQioﬂgﬁ’a_lﬁﬁfa_ﬁIQGdahﬁ’cY&i?. hinge in an I gG4
is 20 25 amno acids in length as shown in Figure |a. The upper hinge is 7

am nolGci ds.SEdDcPe: i3 t6 Jnshewy Hsi @H 1 advdnaimand dugge feigivgesdquci®es oée f or
exanpl e Figure.|b. g nt i badi acecordi o the

or esent 1 HOBSEISE: filbd lbiruauel baca by rodi yitg t HE ontroharnl

di sul phi de, hasd2&r sringenesicstivély.hi n 1 9G4, specifically the CL-Cminterchain
di sul phi de bond arrangenent between the |ight 30 chain éLC) and heavy chain
(HO) has beeFQdRiNPeg38 to 63 shey dag eHIdamynshivge regips. OH2tdeamanaad | gG
heavy andqky zhal . the 49 ' hRdj [ t he
cystei ne gygﬁbﬁ%aglg%(q&ﬁg%?:é?%%%dﬁgf t71‘%’rlr?1’ &,%ﬁ@@tg?ﬁj&?g%ﬁ ?{B’djl]gul phi de
bondsl15 Th&7,i3% 89, 44 4HDb, d7.Q)Bphs, AePhodd4bieshgElelys 15 fornmed between the LC

C214 (Kabat ' t d 3 t ir t f the HC
[ust. bot or @ SHETRNG4 W R ih Cabrleb AL ik HheoetsdtheGliFhr e bond 1 o
1g&, 3 and gkq %Dfmn@ﬂs&%&svvﬁ@wghgtpcé—%r%éﬁu%é vk pQd &1 BH3dorhint he

i ntrachai n di sul phi de bond of C and HC sequences surroundi ng
the 5 cysdqeemesr esi dues involved in the CL-CHL disul phide bond formation

Mvest gat e HoiPERe 4 Tt it Soptin seeimpreitar Ret e SRR of an

| gG4 2mt i heghehhinc! udi ng the thernostability, structural stability,
di sul phide i soform heterogeneity and affinity of the antibody. 10Mutants of
| g&4 were gerfd dPNODY shobsta past ¢lohic Of-tormimat sesuenqseofrtbe Chlledonpicpf a at
position 127 w tcgbg{;%;ota r amno acid as well as substituting one or nore of
the amino acrd<dn € dpper hinge region, preferably am no acids at
posi tions seEGIBNG r686hdw s a paR®if tiAAn@ndgidddf amumaengdDamcibsdli. ng to the
Kabat number | ncﬁyi stemaof 1gA, with c%/stei ne. Positjons 227, 228, 229 or

r

230 are at off P0% thovsquraraeiehe Nsterminel peguencspidhe CHH damin pha | gGL

cyst eyqpe i irt Each heavy chain may conprise further

mut at?gnsﬁ%ﬁ%}%ﬂg&lﬂ? (g(gféubsti tution of one or both cysteine residues 239
and 242 in t3E0) 9GO hT(hgewsegpanoinht IC-enailabscqamazmfabd CH1Alomutiabt on t o

| engt hen { he I9g§gwuaﬁg§r hi nge region by three am no acids between positions
238 and 2397¢% t e length as the 1gGlL hinge was al so 20 included in
some anti bodiigs 1D N©& A2h4Rs AphAlIran M@s demaf JMIHRALHASEM BhiaRae, anti bodi es.
It has been found that the nutant |gG4 antibodies according to the present
i nventi on sHdWR HaWN It Bgedds shewperiousbingk megeiss. enbodi ment, the nmutant 1g&
ant i b%“ es according to the present

Detailed Description of the Preferred Embodiments of the Invention

The present invention will now be described in more detail.



25 invention show increased thernostability conpared to a wld-type I1g4
anti body. It has been surprisingly found that the nutant 1gG4 anti bodi es
whi ch hawsoherm2mseat ed to repl ace the cystei ne at posi PCOGRRAN/GSHS686he CHL
domain with another ami no acid and in which a cysteine has been introduced
in the heavy chain hinge region betweéh positions 227 to 230 show i nproved
thernostability conpared to a wild type 1g&4 30 anti body. The nutation to
remove cystei N€haterp®Shilokddi drdi7 palyipeptidd hiee m&iiﬁﬂewhaﬂ%?amil&%iﬁ,hﬂlless
inter-chain disul phide bond forns beimgen_the heavy chain and the |ight
chai n ( CLthengonigxdl indigatesothgevisp gepéidal s Méerdse e AC18r &uPRT RssBBHBOWI th a
cysteine g@h&h is introduced between positions 227 and 230 in the hinge
regi on of € heavy chain. 16 Hence in one enbodi nent, an 1g&4 antibody is
provi ded i n whiradtdrine “pylyhetlomidb2 indledes wbgdne: DN dDW A aRDiAenRIEA ¢to aci d
and the cysteipe of the light chain is |inked via a disul phide bond to an
engine%reHn@Vﬁg%FW@eﬁﬂmﬁﬁggﬂﬁgﬁ“??7, 228, 229 or 230. A further inprovenent
to thernost abi hist)eVBSeRl 3R SHAPLSSAGhY TOMMERYF e ﬂ@%ﬁ@&hﬁ&%ﬁm no
acids to the g4 hinge region in order to | engthen the | hi nge region.
It has al swubkkninsupretddsisiigicludingind t hat the nutant |1 gG4 anti bodi es which

have been nutated to re ce the cystein osition 127.in the CHL dommin
Mith another atfndedul SAESRes IF ofy ShE'RE af tyBRhaC e fioh T8 o at
position 24ddy akhembBeavyurif nahaé Br hiapar iEE8icaTrom e anetdAgiendiiien aci d
showed i nproved thernDstabllltﬁ conpared to a wild type 1g&4 anti body.

)3

| n on endersinetpempiis aantichd By cegingdied prwgent i nventi on show reduced
formation of s . | £ - ppl.ecul.es. i bodi es_of . t S ipavention
whi o comort so TRE REUERAAR! oy MRUSEER il BAgl®oGlsidls BRESTbwLE S

gener al | ybg haminiter feltereedibhalléttdro I deulint fedicratdigmatcd/NHechmhiho heidig thound by
theory it Is thought that this is due to renoval of the st ei ne at
posi ti on ¥3d-tyRapietdn.t hee mupbaireisrs tefthg spping @gidi nestios ovhsrs Be apuRRI2GA t he

heavy chaj L 1 E DREL; f- ; : ared to
ot bodr olbsfiffioh AEBEMLREAL SN BRSCEAR BUIRueORcunTR SGULER JERIRST BC
whi chlZar toyreplangithatwitiityat ad2dt?adidit do not carry a nutation at C239 20

oyrepl ya y

appear to for re. hal f-mol ecul e. red to anti bodi es which . carry a
mit ation at czmsfggbeatdu%mr%‘fi’% Wl%%ﬁépp%}ﬁmﬁ%zm SVRBERNHE| ngybound

by theorypyhberkd alotdifY &fla §itin HOGsRAYIIGIAE AN, TAR sErLat@ﬂ?l i¢38 fbigh fPr €

reactive conpared to the cysteine at position 242 and is capable of formng

a di sul phKdeatlzont, M8 hindictiherceso hiatemnsafdimmumotogecat rgerestneSor t he | i ght
hai i ne. 25Ant i bodi whi ¢h i t t-h 3 d C242
form a. b BRPFasst sl FoRREsAdE P SPaiSh e bR Hen it B G sul phi de

bond f@r matpeny et ween two heavy chains. However, antibodies conprising

nutations at both C239 and C242 are still capable of form ng whole anti body
mol ecul es due The Kibatendiotlgsighatipnay nohaliwags gprzespond dissealy evith theonds.

30Reduced liﬁ| | fn_ r'ﬁ%ler?ggu&fethg gl%%t eic?cp reis %ugg Sﬂleoal%f Sl ﬁggar iaﬂlirﬂongicii&) g)e%i}]l ceCarry I ng
the S241P 'mitation. n one enbodl ment e upper nhinge a core region
i s sel ect gayfcoo@inofo®eodr dddiohal dreinb Agids eguan drsstrict KabESKYHIESCPSEQ | D No:

108 ESKYGDKCPSCPSEQ | D No: 109 EPSKYGPPCPSCPSEQ | D No: 110 EPSKYGDKCPSCPSEQ
I D No: 119orrespondingto a shortening of, or msertion into, a structural component, whether
25  framework or complementarity determining region (CDR), of the basic variable
domain structure. The correct Kabat numbering of residues may be determined for a
given antibody by alignment of residues of homology in the sequence of the antibody
with a “standard” Kabat numbered sequence.
Alternatively, the numbering of amino acid residues may be performed by the
30  EU-index or EU numbering system (also described in Kabat et al., Sequences of

Proteins of Immunological Interest, Sth Ed. Public Health Service, National Institutes

of Health, Bethesda, MD. (1991)).



SESKSYGPPCPSCPSEQ | D No: 112 ESKSYGDKCPSCPSEQ | D No: 113 ESKYGPPAACPSCPSEQ
I D No: 114 ESKYGPPGGECPSCPSEQ | D No: 115 ESKYGPPHTCPSCPSEQ | D No: 116
10ESKYGDRMOCPRIRSIBG | D No: 117 EPSKYGPPAACPSCPSEQ | D NoPCT/A832011/051563
EPSKYGPPGGCPSCPSEQ | D No: 119 EPSKYGPPHTCPSCPSEQ | D No: 120
EPSKYGDKHTCPSCPSEQ | D No: 121 15ESKSYGPPAACPSCPSEQ | D No: 122
ESKSYGPPGGCPSCPSEQ | D No: 123 ESKSYGPPHTCPSCPSEQ | D No: 124

ESKSYGDKHT CPSCRIEh R uNdierihd Sy oS ¥ CRRAGRSGPSEQuéInMatibd A6 is the IMGT
20ESKYGPPGCPSCPSEQ | D No:. 127 ESKYGPPTTCPSCPSEQ | D No: 128
ESKYGDKT Temsbparayptomé-cfrang MepSievahp o Sepsetnmpnaly: 291 585-2008PPGCPSCPSEQ

I'D No: 131 25ERRKYGHR MIHoe R R RdnPiNRed fithe DRREN SR AARHRRES: WReRO: 133

otherwise indicated that the EU numbering system or IMGT numbering system is
5 used.

Between the four I1gG4 isotypes, the intrachain disulphide bonding
arrangements in the heavy and light chain are similar whereas the interchain
disulphide bonding arrangements are unique for ecach isotype [Reviewed by
(Wypych,J., Li,M., Guo,A., Zhang,Z., Martinez,T., Allen,M.J., Fodor,S., Kelner,D.N.,

10  Flynn,G.C., Liu,Y.D., Bondarenko,P.V., Ricci,M.S., Dillon,T.M., Balland,A., 2008.
Human IgG2 antibodies display disulphide-mediated structural isoforms. J Biol
Chem. 283, 16194-16205)].

As shown in Figure 1b, the hinge region sequences of the four IgG4 isotypes

differ. The complete or genetic hinge region typically consists of residues 226 to 251
15  (numbering based on Kabat numbering system). Figure 1b shows the upper, core and

lower sections of the hinge regions of the four IgG4 isotypes. For the IgGl1 isotype,

the upper hinge region is residues 226 to 238, the core hinge region is residues 239 to

243 and the lower hinge region is residues 244 to 251. For the IgG4 isotype, the

upper hinge region is residues 226 to 238, the core hinge region is residues 239 to 243
20 and the lower hinge region is residues 244 to 251.

Thus the hinge comprising the upper hinge, core and lower hinge in an IgGl1 is
23 amino acids in length as shown in Figure 1a. The upper hinge is 10 amino acids.
The core is 5 amino acids and the lower hinge is 8, see for example Figure 1b.

The hinge comprising the upper hinge, core and lower hinge in an IgG4 is 20

25  amino acids in length as shown in Figure 1a. The upper hinge is 7 amino acids. The
core is 5 amino acids and the lower hinge is 8, see for example Figure 1b.

The new mutant IgG4 antibodies according to the present invention have been
developed by modifying the interchain disulphide bond arrangements within IgG4,
specifically the Ci-Cy; interchain disulphide bond arrangement between the light

30  chain (LC) and heavy chain (HC) has been modified.

Figure 1b shows sections of the human IgG heavy and light chain sequences
for the IgG 1-4 isotypes indicating the cysteine positions (underlined) that form the
Cr-Cyl interchain disulphide bonds. The inter C;-Cyl disulphide bond of IgGl is



ESKSYGPPACPSCPSEQ | D No: 134 ESKSYGPPGCPSCPSEQ I D No: 135
ESKSYGPPTTCPSCPSEQ | D No: 136 30ESKSYGDKTTCPSCPSEQ | D No: 137
ESKYGPPTHEP3CRERsED No: 138 ESKYGDKTHCPSCPSEQ | D No: 13€T/GB2011/051563
EPSKYGPPTHCPSCPSEQ | D No: 140 18 EPSKYGDKTHCPSCPSEQ | D No: 141
ESKSYGPPTHCPSCPSEQ | D No: 142 ESKSYGDKIHCPSCPSEQ | D No: 143
ESKYGPPHTCPSCPSEQ | D No: 144 5ESKYCDKHTCPSCPSEQ | D No: 145

EPSKYGPPHISRSEBSRRch hdNoC (246 (ERSKYGRISERAPSSREEQnUR NG (K8d numbering
ESKSYGPPHTCPSCPSEQ | D No: 148 ESKSYGDKHTCPSCPSEQ | D No: 149 ]
10ESKYGPPT:eHsopsEhe [HE Nest befue toxiopkrergepiEepnistdhe £51-Gepdigtoinpy cPSCPSEQ

I'D Nox 1550 PRI YOS TR R RERrinBd MRtw b 3 FBERTP L PR Qe niPio o4

intrachain disulphide bond of the HC. The LC and HC sequences surrounding the
5  cysteine residues involved in the Cp-Cyl disulphide bond formation are shown and
aligned in Figure 1b.

The present invention has investigated how the Cp-Cyl disulphide bond
affects the properties of an IgG4 antibody including the thermostability, structural
stability, disulphide isoform heterogeneity and affinity of the antibody.

10 Mutants of IgG4 were generated by substitution of the cysteine residue in Cy; at
position 127 with another amino acid as well as substituting one or more of the amino
acids in the upper hinge region, preferably amino acids at positions selected from 227,
228, 229 and 230, numbered according to the Kabat numbering system of 1gG4, with
cysteine. Positions 227, 228, 229 or 230 are at or near to the equivalent structural
15  position that the IgG1 cysteine 233 is situated.

Each heavy chain may comprise further mutations including the substitution of
one or both cysteine residues 239 and 242 in the 1gG4 hinge region with another
amino acid. A mutation to lengthen the IgG4 upper hinge region by three amino acids
between positions 238 and 239 to be the same length as the IgG1 hinge was also

20  included in some antibodies. The S241P mutation was also introduced in some
antibodies.

It has been found that the mutant IgG4 antibodies according to the present
invention show advantageous properties.

In one embodiment, the mutant IgG4 antibodies according to the present

25  invention show increased thermostability compared to a wild-type IgG4 antibody. It
has been surprisingly found that the mutant IgG4 antibodies which have been mutated
to replace the cysteine at position 127 in the Cyl domain with another amino acid and
in which a cysteine has been introduced in the heavy chain hinge region between
positions 227 to 230 show improved thermostability compared to a wild type 1gG4

30  antibody. The mutation to remove cysteine at position 127 alters the position at which
the inter-chain disulphide bond forms between the heavy chain and the light chain
(CL-Cpp) and forces the light chain to form a disulphide bond with a cysteine which is

introduced between positions 227 and 230 in the hinge region of the heavy chain.



15ESKSYGDKTCPSCPSEQ | D No: 155 ESKYGPPHCPSCPSEQ | D No: 156 ESKYGDKHCPSCPSEQ
I D No: 157 EPSKYGPPHCPSCPSEQ | D No: 158 EPSKYGDKHCPSCPSEQ | D No: 159
20ESKSYGRPOICPRARSIBG | D No: 160 ESKSYGDKHCPSCPSEQ | D No: PL#AGB2011/051563
EPKSCDKAACPPCPSEQ | D No: 162 EPKSCDKGGCPPCPSEQ | D No: 163 EPKSCDKHTSPPCPSEQ
| D No: 164 25EPKSCDKHTCPPSPSEQ | D No: 1465 EPKSCDKHTSPPSPSEQ | D No: 166
EPKSCDKAASPPCPSEQ | D No: 167 EPKSCDKAACPPSPSEQ | D No: 168 EPKSCDKAASPPSPSEQ

| D No: 168cahnteneikBediittSmQeG dNtibody' mﬁmﬂf&@@ei@ NTis171
EPKSCDKGGSPPSPSEQ | D No: 172 EPKSCDKACPPCPSEQ | D No; 173

19
EPKSCDKGCRIrspaited fan angthen zmieppestprd Spposisar ¢fhadight driin is linked via a
disulphide bond to an engineered cysteine at position 227, 228, 229 or 230.

A further improvement to thermostability was also surprisingly found by
5 adding three amino acids to the IgG4 hinge region in order to lengthen the IgG4 hinge
region.

It has also been surprisingly found that the mutant IgG4 antibodies which have
been mutated to replace the cysteine at position 127 in the Cyl domain with another
amino acid and to replace the cysteine at position 239 or at position 242 in the heavy

10 chain hinge region with another amino acid showed improved thermostability
compared to a wild type IgG4 antibody.

In one embodiment the antibodies of the present invention show reduced
formation of so-called half-molecules. Antibodies of the present invention which
comprise a mutation at C239 but do not carry a mutation at C242 generally show

15  reduced half-molecule formation. Without being bound by theory it is thought that
this is due to removal of the Cysteine at position 239 reduces the formation of intra-
chain disulphide bond in the heavy chain and therefore reduces the number of half-
molecules compared to antibodies which do not carry a mutation at C239 or the C242.
Antibodies which carry a mutation at C242 but do not carry a mutation at C239

20 appear to form more half-molecule compared to antibodies which carry a mutation at
C239 but do not carry a mutation at C242. Without being bound by theory, it is
believed that the cysteine at position 239 is more reactive compared to the cysteine at
position 242 and is capable of forming a disulphide bond with either a heavy chain
hinge cysteine or the light chain cysteine.

25 Antibodies which carry mutation at both C239 and C242 form a high
proportion of half-molecules due to no inter-chain disulphide bond formation between
two heavy chains. However, antibodies comprising mutations at both C239 and C242
are still capable of forming whole antibody molecules due to the bonding of heavy
chains via non-covalent bonds.

30 Reduced half-molecule formation is also observed in antibodies carrying the
S241P mutation.

In one embodiment the upper hinge and core region is selected from one of the

following sequences:



EPKSCDKTCPPSPSEQ | D No: 176 EPKSCDKTSPPSPSEQ | D No: 177 S5EPKSCDKASPPCPSEQ
| D No: 178 EPKSCDKACPPSPSEQ I D No: 179 EPKSCDKASPPSPSEQ | D No: 180
EPKSCDKG3vBCPRA2Y8D No: 181 EPKSCDKGCPPSPSEQ | D No: 182 PCOERKBSOMRGESPPSPSEQ
| D No: 183 EPKSCDKCPPCPSEQ | D No: 184 EPKSCDKCPPCPSEQ I D No: 185
EPKSCDKSPPCPSEQ | D No: 186 EPKSCDKCPPSPSEQ | D No: 187 15EPKSCDKSPPSPSEQ | D
No: 188 EPKSCDKSPPCPSEQ | D No: 189 EPKSCDKCPPSPSEQ I D No: 190

EPKSCDKSPPSPSEESKE (NpCPRLIP EPKSCDKSP

No: 193 EPKSCDKSPPSPSE

EPKSCDKTTCPPSPEERYIGPKEPS¢B6 EPKSCBRRTERPSPEEQ 1D No: 197
EPSKYGPPCPSCP SEQ ID No: 110
EPSKYGDKCPSCP SEQ ID No: 111

5 ESKSYGPPCPSCP SEQ ID No: 112
ESKSYGDKCPSCP SEQ ID No: 113
ESKYGPPAACPSCP SEQ ID No: 114
ESKYGPPGGCPSCP SEQ ID No: 115
ESKYGPPHTCPSCP SEQ ID No: 116

10 ESKYGDKHTCPSCP SEQ ID No: 117
EPSKYGPPAACPSCP SEQ ID No: 118
EPSKYGPPGGCPSCP SEQ ID No: 119
EPSKYGPPHTCPSCP SEQ ID No: 120
EPSKYGDKHTCPSCP  SEQ ID No: 121
15 ESKSYGPPAACPSCP SEQ ID No: 122
ESKSYGPPGGCPSCP SEQ ID No: 123
ESKSYGPPHTCPSCP SEQ ID No: 124
ESKSYGDKHTCPSCP ~ SEQ ID No: 125
ESKYGPPACPSCP SEQ ID No: 126
20 ESKYGPPGCPSCP SEQ ID No: 127
ESKYGPPTTCPSCP SEQ ID No: 128
ESKYGDKTTCPSCP SEQ ID No: 129
EPSKYGPPACPSCP SEQ ID No: 130
EPSKYGPPGCPSCP SEQ ID No: 131
25 EPSKYGPPTTCPSCP SEQ ID No: 132
EPSKYGDKTTCPSCP SEQ ID No: 133
ESKSYGPPACPSCP SEQ ID No: 134
ESKSYGPPGCPSCP SEQ ID No: 135
ESKSYGPPTTCPSCP SEQ ID No: 136
30 ESKSYGDKTTCPSCP SEQ ID No: 137
ESKYGPPTHCPSCP SEQ ID No: 138
ESKYGDKTHCPSCP SEQ ID No: 139
EPSKYGPPTHCPSCP SEQ ID No: 140

108 No: 192 20EPKSCDKCPPSPSEQ | D
| D No: 194 EPKSCDKTTSPPCPSEQ I D No: 195



25EPKSCDKTHSPPCPSEQ | D No: 198 EPKSCDKTHCPPSPSEQ | D No: 199
EPKSCDKTHSPPSPSEQ | D No: 200 ESKYGPPCPPCPSEQ | D No: 201 ESKYGPPCPPCPSEQ | D
No: 202 3Wa3KMREMBPPCPSEQ | D No: 203 ESKYGDKCPPCPSEQ | DPR®/GE2011/051563
EPSKYGPPCPPCPSEQ | D No: 205 EPSKYGPPCPPCPSEQ | D No: 206 20 EPSKYGPPCPPCPSEQ
| D No: 207 EPSKYGDKCPPCPSEQ | D No: 2088 ESKSYGPPCPPCPSEQ | D No: 209
ESKSYGPPCPPCPSEQ | D No: 210 SESKSYGPPCPPCPSEQ I D No: 211 ESKSYGDKCPPCPSEQ

I D No: 212 ESKK¥GRRANIHPOREBSCPD NoSEQUD RSKMGPPGGCPPCPSEQ | D No: 214
ESKYGPPHTCPPCPSEQ | D No: 215 10ESKYGDKHTCPPCPSEQ | D No: 216

EPSKYGPPAACPPCPSESYIGENGICRSGP EpskYERAB3PERSEQ | D No: 218
ESKSYGDKTHCPSCP  SEQ ID No: 143
ESKYGPPHTCPSCP SEQ ID No: 144

5 ESKYGDKHTCPSCP SEQ ID No: 145
EPSKYGPPHTCPSCP SEQ ID No: 146
EPSKYGDKHTCPSCP  SEQ ID No: 147
ESKSYGPPHTCPSCP SEQ ID No: 148
ESKSYGDKHTCPSCP ~ SEQ ID No: 149

10 ESKYGPPTCPSCP SEQ ID No: 150
ESKYGDKTCPSCP SEQ ID No: 151
EPSKYGPPTCPSCP SEQ ID No: 152
EPSKYGDKTCPSCP SEQ ID No: 153
ESKSYGPPTCPSCP SEQ ID No: 154
15 ESKSYGDKTCPSCP SEQ ID No: 155
ESKYGPPHCPSCP SEQ ID No: 156
ESKYGDKHCPSCP SEQ ID No: 157
EPSKYGPPHCPSCP SEQ ID No: 158
EPSKYGDKHCPSCP SEQ ID No: 159
20 ESKSYGPPHCPSCP SEQ ID No: 160
ESKSYGDKHCPSCP SEQ ID No: 161
EPKSCDKAACPPCP SEQ ID No: 162
EPKSCDKGGCPPCP SEQ ID No: 163
EPKSCDKHTSPPCP SEQ ID No: 164
25 EPKSCDKHTCPPSP SEQ ID No: 165
EPKSCDKHTSPPSP SEQ ID No: 166
EPKSCDKAASPPCP SEQ ID No: 167
EPKSCDKAACPPSP SEQ ID No: 168
EPKSCDKAASPPSP SEQ ID No: 169
30 EPKSCDKGGSPPCP SEQ ID No: 170
EPKSCDKGGCPPSP SEQ ID No: 171
EPKSCDKGGSPPSP SEQ ID No: 172
EPKSCDKACPPCP SEQ ID No: 173



EPSKYGPPHTCPPCPSEQ | D No: 219 EPSKYGDKHTCPPCPSEQ | D No: 220
15ESKSYGPPAACPPCPSEQ | D No: 221 ESKSYGPPGGCPPCPSEQ | D No: 222
ESKSYGPPHVORPORBE®2| D No: 223 ESKSYGDKHTCPPCPSEQ | D No: PRRASB2011/051563
ESKYGPPACPPCPSEQ | D No: 225 20ESKYGPPGCPPCPSEQ | D No: 226 ESKYGPPTTCPPCPSEQ
| D No: 227 ESKYGDKTTCPPCPSEQ | D No: 228 EPSKYGPPACPPCPSEQ I D No: 229
EPSKYGPPGCPPCPSEQ | D No: 230 25EPSKYGPPTTCPPCPSEQ | D No: 231
EPSKYGDKTTCPPCREEQUIDR (WOPP@B2 ESKSYEBRAMCRFCPAEQ | D No: 233
ESKSYGPPGCPPCPSE% | D No: 234 ESKSYGPPTTCPPCPSEQ | D No: 235
30ESKSYGDKTTCPPERSEBKTSRYS:P 236 ESRFEAPMNEPPCPSEQ | D No: 237

ESKYGDKTHCPPCPSERS B pd® EPSKYGRBTHRPCRREQ | D No: 239 21

EPKSCDKTSPPSP SEQ ID No: 177

5 EPKSCDKASPPCP SEQ ID No: 178
EPKSCDKACPPSP SEQ ID No: 179
EPKSCDKASPPSP SEQ ID No: 180
EPKSCDKGSPPCP SEQ ID No: 181
EPKSCDKGCPPSP SEQ ID No: 182

10 EPKSCDKGSPPSP SEQ ID No: 183
EPKSCDKCPPCP SEQ ID No: 184
EPKSCDKCPPCP SEQ ID No: 185
EPKSCDKSPPCP SEQ ID No: 186
EPKSCDKCPPSP SEQ ID No: 187

15 EPKSCDKSPPSP SEQ ID No: 188
EPKSCDKSPPCP SEQ ID No: 189
EPKSCDKCPPSP SEQ ID No: 190
EPKSCDKSPPSP SEQ ID No: 191
EPKSCDKSPPCP SEQ ID No: 192

20 EPKSCDKCPPSP SEQ ID No: 193
EPKSCDKSPPSP SEQ ID No: 194
EPKSCDKTTSPPCP SEQ ID No: 195
EPKSCDKTTCPPSP SEQ ID No: 196
EPKSCDKTTSPPSP SEQ ID No: 197

25 EPKSCDKTHSPPCP SEQ ID No: 198
EPKSCDKTHCPPSP SEQ ID No: 199
EPKSCDKTHSPPSP SEQ ID No: 200
ESKYGPPCPPCP SEQ ID No: 201
ESKYGPPCPPCP SEQ ID No: 202

30 ESKYGPPCPPCP SEQ ID No: 203
ESKYGDKCPPCP SEQ ID No: 204
EPSKYGPPCPPCP SEQ ID No: 205
EPSKYGPPCPPCP SEQ ID No: 206



EPSKYGDKTHCPPCPSEQ | D No: 240
ESKSYGDKTHCPPCPSEQ | D No: 242
SESKYGDKHVYQRPORBESR2| D No: 244
EPSKYGDKHTCPPCPSEQ | D No: 246
ESKSYGDKHTCPPCPSEQ | D No: 248

ESKSYGPPTHCPPCPSEQ | D No: 241
ESKYGPPHTCPPCPSEQ | D No: 243
EPSKYGPPHTCPPCPSEQ | D No: P24K:B2011/051563
ESKSYGPPHTCPPCPSEQ | D No: 247
10ESKYGPPTCPPCPSEQ | D No: 249

ESKYGDKTCPPCPSEQ | D No: 250 EPSKYGPPTCPPCPSEQ I D No: 251 EPSKYGDKTCPPCPSEQ

| D No: 252 ESKEFSRRUDPROPGEQ | D NoSEQSD NEERKSYGDKTCPPCPSEQ | D No: 254
ESKYGPPHCPPCPSEQ | D No: 255 ES
| D No: 257 EPSKWESKGEHSCPRED) |

ESKSYGDKHCPPCPEERSHRPRippe§0 EPKSCRKEHERPGRSEQ | D No: 261

10

15

20

25

30

ESKSYGPPCPPCP
ESKSYGPPCPPCP
ESKSYGDKCPPCP
ESKYGPPAACPPCP
ESKYGPPGGCPPCP
ESKYGPPHTCPPCP
ESKYGDKHTCPPCP
EPSKYGPPAACPPCP
EPSKYGPPGGCPPCP
EPSKYGPPHTCPPCP
EPSKYGDKHTCPPCP
ESKSYGPPAACPPCP
ESKSYGPPGGCPPCP
ESKSYGPPHTCPPCP
ESKSYGDKHTCPPCP
ESKYGPPACPPCP
ESKYGPPGCPPCP
ESKYGPPTTCPPCP
ESKYGDKTTCPPCP
EPSKYGPPACPPCP
EPSKYGPPGCPPCP
EPSKYGPPTTCPPCP
EPSKYGDKTTCPPCP
ESKSYGPPACPPCP
ESKSYGPPGCPPCP
ESKSYGPPTTCPPCP
ESKSYGDKTTCPPCP
ESKYGPPTHCPPCP
ESKYGDKTHCPPCP
EPSKYGPPTHCPPCP

KYGDKHCPPCPSEQ | D No: 256 EPSKYGPPHCPPCPSEQ
D NoSEQ9® NoESRSYGPPHCPPCPSEQ | D No: 259

SEQ ID No: 210
SEQ ID No: 211
SEQ ID No: 212
SEQ ID No: 213
SEQ ID No: 214
SEQ ID No: 215
SEQ ID No: 216
SEQ ID No: 217
SEQ ID No: 218
SEQ ID No: 219
SEQ ID No: 220
SEQ ID No: 221
SEQ ID No: 222
SEQ ID No: 223
SEQ ID No: 224
SEQ ID No: 225
SEQ ID No: 226
SEQ ID No: 227
SEQ ID No: 228
SEQ ID No: 229
SEQ ID No: 230
SEQ ID No: 231
SEQ ID No: 232
SEQ ID No: 233
SEQ ID No: 234
SEQ ID No: 235
SEQ ID No: 236
SEQ ID No: 237
SEQ ID No: 238
SEQ ID No: 239



EPKSCDKTHTCPSCPSEQ | D No: 262 ESKYCPPACPSCPSEQ | D No: 263
25ESKYCPPAACPSCPSEQ | D No: 264 ESKYCPPAAACPSCPSEQ | D No: 265
ESKYCPPAARGRSORBE®2| D No: 266 ESKYCPPAAACPSSPSEQ | D No: PR®/GB2011/051563
ESKCGPPAAACPSCPSEQ | D No: 268 30ESKYCPPAAAACPSCP SEQ | D No: 269
ESKYCPPAAAAACPSCP SEQ | D No: 270 ESKYZPPGGGCPSCPSEQ | D No: 271
ESKYCPPSSSCPSCPSEQ | D No: 272 22 ESKYCPPTCPSCPSEQ | D No: 273
ESKYCPPTHCPSCPEBEK VI INGTHZ PPCBSKYCREQHDORSCRBEQ | D No: 275
ESKYCPKTHTCPSCPSEQ | D No: 276 S5ESKYCDKTHTCPSCPSEQ | D No: 277
ESKYCDKTHCPSCPEEKSY SR HOPRCRESKY CBRRAPSEPSED | D No: 279 ESKYCDKAAACPSCPSEQ

ID No: 280 ESKYGRKGRSSPSRRpbPpNo:

38 1D No: 242

ESKYGPPHTCPPCP SEQ ID No: 243

5 ESKYGDKHTCPPCP SEQ ID No: 244
EPSKYGPPHTCPPCP SEQ ID No: 245
EPSKYGDKHTCPPCP SEQ ID No: 246
ESKSYGPPHTCPPCP SEQ ID No: 247
ESKSYGDKHTCPPCP SEQ ID No: 248

10 ESKYGPPTCPPCP SEQ ID No: 249
ESKYGDKTCPPCP SEQ ID No: 250
EPSKYGPPTCPPCP SEQ ID No: 251
EPSKYGDKTCPPCP SEQ ID No: 252
ESKSYGPPTCPPCP SEQ ID No: 253

15 ESKSYGDKTCPPCP SEQ ID No: 254
ESKYGPPHCPPCP SEQ ID No: 255
ESKYGDKHCPPCP SEQ ID No: 256
EPSKYGPPHCPPCP SEQ ID No: 257
EPSKYGDKHCPPCP SEQ ID No: 258

20 ESKSYGPPHCPPCP SEQ ID No: 259
ESKSYGDKHCPPCP SEQ ID No: 260
EPKSCDKTHTCPPCP SEQ ID No: 261
EPKSCDKTHTCPSCP SEQ ID No: 262
ESKYCPPACPSCP SEQ ID No: 263

25 ESKYCPPAACPSCP SEQ ID No: 264
ESKYCPPAAACPSCP SEQ ID No: 265
ESKYCPPAAASPSCP SEQ ID No: 266
ESKYCPPAAACPSSP SEQ ID No: 267
ESKCGPPAAACPSCP SEQ ID No: 268

30 ESKYCPPAAAACPSCP SEQ ID No: 269
ESKYCPPAAAAACPSCP SEQ ID No: 270
ESKYCPPGGGCPSCP SEQ ID No: 271
ESKYCPPSSSCPSCP SEQ ID No: 272



10ESKSCDKTHTCPSCPSEQ | D No: 282 EPKYCDKTHTCPSCPSEQ | D No: 283
EPKSCPPCPSCPSEQ | D No: 284 ESKSCPPCPSCPSEQ | D No: 285 EPKYCPPCPSCPSEQ | D
No: 286 NMBCKMREMBRPSCPSEQ | D No: 287 ECKYGPPSPSCPSEQ | DPRo/GE2881/051563
ECKYGPPCPSSPSEQ | D No: 289 ESCYGPPCPSCPSEQ | D No: 290 ESCYGPPSPSCPSEQ | D
No: 291 20ESCYGPPCPSSPSEQ | D No: 292 EBKCGPPCPSCPSEQ | D No: 293
ESKCGPPSPSCPSEQ | D No: 294 ESKCGPPCPSSPSEQ | D No: 295 25Anti bodi es

accordi ng the PSEYEIFPTICPSEH i on al SBQSImoMocprspar abl e affinity towards the
target antigen cogpar ed the wl d-tégﬁd:l? 4 anti body. The nutations to

t he anti bodi esESKYHETFHERYAR i nve 1374now be described in further
detail. The ne i ng } i are well known in the art of
e Tnoraa 575

nol ecul ar bi ol ogy. or exanple site directed
nmut agenesi s 30ESKIV(PKIEIHOBSCBuch SEQHORNb27del et e and/ or substitute am no

acids or de noy esi gn of nt hetic _sequences. 23 Fi gure 2a shows
t he hi%ge r esi Egggfcﬁ?IgTH%i:Path tyﬁég Iﬁg@% %%I d type and the positions

where nutati ongsRneRegepsepr oducsfg i KherAanti bodi es of the present
i nvention. Nunmbering based on Kabat nunbering system The anti bodies

accordi ng to t BEKY(dIhEPEaRent i onSEQNDY Nee2Z nmut ati on at

ESKYCDKAAACPSCP SEQ ID No: 280
ESKYCDKCPSCP SEQ ID No: 281
10 ESKSCDKTHTCPSCP SEQ ID No: 282
EPKYCDKTHTCPSCP SEQ ID No: 283
EPKSCPPCPSCP SEQ ID No: 284
ESKSCPPCPSCP SEQ ID No: 285
EPKYCPPCPSCP SEQ ID No: 286
15 ECKYGPPCPSCP SEQ ID No: 287
ECKYGPPSPSCP SEQ ID No: 288
ECKYGPPCPSSP SEQ ID No: 289
ESCYGPPCPSCP SEQ ID No: 290
ESCYGPPSPSCP SEQ ID No: 291
20 ESCYGPPCPSSP SEQ ID No: 292
ESKCGPPCPSCP SEQ ID No: 293
ESKCGPPSPSCP SEQ ID No: 294
ESKCGPPCPSSP SEQ ID No: 295
25 Antibodies according the present invention also show comparable affinity

towards the target antigen compared the wild-type 1gG4 antibody.

The mutations to the antibodies of the present invention will now be described
in further detail. The methods for replacing amino acids are well known in the art of
molecular biology. Such methods include for example site directed mutagenesis

30  using methods such as PCR to delete and/or substitute amino acids or de novo design

of synthetic sequences.



5 position 127 (Cl127), wherein the cysteine residue is replaced by anot her
am no acid, preferably an am no acid that does not contain a thiol group.
By repl acwoan12gnzbasei t ute we nean that where the intercha&Cm/GBestigisnes3127
woul d normal Iy be found in the anti body heavy chain another amno acid is
inits place. The nutation at Cl27 nma3be any suitable nutation to one, two
or three of the nucleotides encoding the amno acid 10 at position 127

whi ch changes Fherarmd siowaahelhings retitich bOTAGY ligithiR, 1GARHhese &id thabl e

am no aci d. Exanples of suitable am no acids . include serine, threonine,

al ani ne, BPYHPAEWhHeramyitainghaxaibsen axrerucad pathg arfibadics of deareedt ami no
acid is seri J i Lhne at position 127 with

anot her arﬁnlrvlrelf(i)'t%e{léﬁgﬁi@i{?gk%%/eg?h?%ebg{:@%@gelr%%ﬁ'ﬁb@he CHL dormai n which normally
forms a di sul pfihdentibodicyhtdordingyettat pecsent inventibpglbomphiat a matatibe ani | d-t ype

| gA. Therefore, in order to forma light chain and heavy chajn pajring via
an i ntr- BoTiN 4 sfﬁ]%ﬂ?’d’éh%?}ﬁcﬁl}? ﬁé“tql%fg?ﬁldéﬁéi iFPHGSE bmmﬁ%ar A5k de bond
with a cystelagyWiatind gciB Rl o coRtal'E1HIb N6, B8 ApIR% o RepdigaAYY chai n.
20ln a first aspect of the invention, antibodies according to the present

i nvent i onweongm et whheathy icteaiimbpsteinn @Yewonldmemnadly bdEowadi inghaci ds at

iti | df 227, 228, 2209. 230 b d i t th
Robat | wunaitons hEGat ath ey Ao SR st Ay < TS RELARnBEE B hapg b O 1
anti bodi egnPGEALRH AGtation t\EhDHS 8 thrd SVIARE h@aedfﬁﬁé%@ﬁéddyngom@ aflindidi@ of the

follow ng nmutations: 25 S227C K228C Y229C &30 ' Pref erably
only bhe peppsiiien 48V evhicl dhepgas2the ampipg ackp gesdud H-o icysteinpdeiangthed 30wi t h

a cysteine. | due . rti | er r t | bodi of the present
ot ConSulFY Wi s PSR RL hE ey PRRY Rt S,
cystei ne nlsimdughainQopesy polanateheatidd A pormalahtly gferré® ImansladidQs in the
hi nge regi on of the heavy chain provides a new position for an inter-chain
di sul phi d&TB8nd to form between the heavy chain and the light chain. It has
been found by ihe {b&RERl bRYRILOUSE DR dfHoR DEMithl Shaiflakilind! syhphi de
bond 5 arrangenent provides Ig anti bodl 8s havi ng I nproved thernostability
conpat®d tamavesvtedybtgme ih EAC@INddrixon ywhich normaHufdrhara disttlghid©bendwith be
introduced to the antibodi es.of this aspe f the present jnvention. In
one enbodf FEHEE Hb%f}@?b&ﬁ&l B]ttfhﬁb"é RS flz?zgfgye,é%avdar q RENASEi e at
posi tion 2dz2, ({RA%ly AMRMRIET &S GRNHEAGAL dipHhRIRL MRS AdinSyskem 10
in the heavy chain are substituted with another amno acid, preferably an
am no aci thrimhadisdlpbslcivond ottt acystant whsh igpouioneByin tlephiageragromsefitbti t ut e we
mean that, where the cysteine 239 and/or the cysteine 242 would normally be
found in ?Wé’ya‘fﬁ?lflbody heavy chain another anmino acid is in its place. The
mut atpen at C28Pa andhagecCebtBic MRYnAGH, ARMbSHES a#ab@irrggtbahé Brest R iBRStioh WO O
three of the nucl eotides encoding the am no acid 15 whi ch changes the am no
aci d resi eemeptiseonieays chiinavhcocinwoe ke mosupf tislamingrieids algiagitions aetpeted of
suitabl e aglno-Ashdsinglude Seph0e LIaan 0% ARk iSeeHY 0530 2y
pol ar am no acid: paratlcular y preferred~am no aci 4 1S OSer e In
one enbodiuttitutdd itk ygdteinele Aatofdasily,ia@tib@B&s dddotding: foahy yresbiaiifvanSion
substituted with another amno acid and the cysteine at position 242 in the
heavy 20 BWHCATY 8n&ab@prafttbdfolpyingmpietess:ani no acid. In this embodi nent,
the sypstitution of ¢ C239 and C242 renoves both cysteine residues in

t he hi'nge regi on of e heavy chain which nornmally forminter-heavy chain
di sul phi de bonds ewi Kh2¢he correspondi ng cystei nes in another heavy chain.
The resulting hal f-nol ecul es may form whol e anti body nol ecul es t hrough

non- coval ent bondi n¥2B% ween two heavy 25chai ns.

e (G230C
Preferably only one residue selected from 227, 228, 229 and 230 is substituted
30  with a cysteine residue.
Particularly preferred antibodies of the present invention carry the mutation

Y229C or G230C.



In an alternative enbodi nent the cysteine at position 239 in the heavy
chain is substituted with another amno acid. In this enbodi ment the

cyst ei ne WO 2pgi2e98en 242 is not substituted w th anot hePCIGB011AS1H3

In a further alternative enbodi nent the cysteine at position 242 in the
heavy 30 chain is substituted with and¢her anmino acid. In this enbodi nent
the cysteine at position 239 is not substituted with another am no acid.
The substituti Phe afcl@idhef a EARAnOFes{ditZit alpasities soretca)Eire20®, 128, the heavy
chain which is capable of form ng an inter-heavy chain disul phi de bond with
a 25 cyst @ihe30. in Hiedtingd rapengl BRaraY dReimeridser AgVORMTHIPIIYT BMEVSY it i s

t hought t i

parti cul a?‘?{} ?E%s@“ ?ﬁ%?%&n{doﬁqg%e@?@reg%f:ﬁeeg{]??éélp gtrn?rgh?og hragt% fﬁgltara chain
di sul phi decdofucinidnby hiec prasget ignosrsahdt tHiemehomeemehain ehhmdmucﬂdﬁ@oﬁd)r mat i on
of half antibody nol ecul 5In one enbodi ment of the present venti on,
whereith t Wéa%%émeﬂfeprawds%ﬁgq% Biibodips havag BaRTPY o %l?ﬂgye%%ﬁ R a1 he
ant i body Wﬂgnglg@m H@Bsqy1ot conprise mutations at positions C239 and C242.
I n anot her enbodinent, wherein the serine at position 227 is substituted
with a cystei nEurtlndrenmysom mey &t 1pme<ihtqedno AgQantrbodines dethwyasphetiol the

pr ef er abl stituted,with aC|d b position
D45 15 nobresaRabsr bty TR FRORBEHCRC srra aregon 28 X3 Bifortheti ment
the anti bgy’s‘tﬁﬁe A pdshRnPuesent2) AYBBEkAc&RIME it thealabafffmbameysysaal, N whi ch
is mutated to insert one or nore anino acids between am no acids 226-243.

The nlfhbein &F haavinehade pgssubstgsted cmthm@tlnfé amipgadi@, preferaply an amigp acid

pr ef er abl nser The a i

pr ef er abl WI ]gsn%ogrgﬁtaqlb egrgga#m n%%fg %ﬁgﬁtg Vﬁ%@e%ng‘t gvgll ]t%aB?e am no
aci ds mayc@geih®1389 hdloi the theeink 192 woagd @dil;rneﬂlydﬁ: fagndlmathic agsbhoy heavnes,
serines or threonines and conbinations thereof. Preferably three al ani nes

(AAA), t helsdn gnotbpigine@cty) Is 11 s dlacs e ling dutptamsyt GF3% 4ddey €32y hes (TTT)
are inser It has
been foun%ﬁﬂﬂﬂ{ab%ntm{)ﬁgﬂ]gd;&gf R{/(ﬁ“ %lrréeés eﬁ@?ﬁ@%ﬁ@%é&%@ ?ﬁggdé%& A 20
heavyl® hawﬁnc\M”uhahgdfsathe beémo aaid atsédhict fmomrweuetnetth laeethammmbhacarmmmamct he hi nge
regi on sh royed. thernp stabili A furt mJtatJon whi ch may

be introd 6%181’ o of A talle PRGN AIHIREBIG iSRG ShicRBINSy é”élﬁ‘F $HGBROF WY i s the
mut ati on ﬁglﬂllfmln-'c;rycﬁi %‘bﬂftlbﬁ’larlﬁﬁ@?ef&}?&ﬁarﬁh@‘ébﬁ%kéﬁn%ho""” to reduce the
formation of half nol ecul es (Angal, . A single amno acid 25
substitution abobns haﬁoqdhmeheﬂm ogﬁnmeteyt pﬁsmhn ribé:9| o thouser huokam (ib gG4)

ant i body 105-108 t| bodi e r to the
resent”; SUBHETR Rl Arad Sl 114 thea RIS R ST DETERERE b nge
regi or) FefaifxadiBh@uidaayvian bR @sindRYidf Uh tH1SEmGOdRIdnS @hO RebsafutioRlog Of the
foll owi ng nutati ons S227P, Y229S, P237D and P238K. 30 |In one enbodi nent
the anti bbef} %@@du@?@tr@mpﬁ@s It sevieing pesidies gnthefhirgstiegionyf imbsevges an

I gGL hi ng gj Qn 243 p e cor. ge).
Accor di ng?hgeht %1%1%,[ :83%3;2 ?gﬁ%%perrehseg Fé}atlilgn't%fsg‘ri) i &%g%s%%hﬁﬁge regi on
wher ei n t b@rgbyeding cadteipesInt hmhéf&(éavys cBaib.StTHeUﬁeelﬂtlﬁ\g thhlfaysitailddemay he
serine at position 26 227 is substituted vvlth roline, the tyrosine at
posi ti on 22 paokysbpevimedeaieshtheish mon-qavalopt gpv%géﬁtw@ﬁw&ww is
subst% jutggdiwith aspartic acid, the proline at position 238 is substituted
wi th Tysine, the am no aci d sequence threonine-histidine-threonine is

i nserted bet mehnarpa:i&rﬂatwns:n%&rmmdﬂ%a@smnﬂattbesram R3teinahe pesiytahem i241 i s

substitute 5w|th roI These nutations . na SO be witten S227P,
V2295, @ BohBimo ang: 45 IR pomad SRR SR @05HOn 132 s been
f ound tha{sI{Olflgugsﬂ{&&g\y%h&;}h&fmﬁlﬁ@gﬁdfurther nmutations to the 1g& hinge
regi on provides an anti body having inproved therno stability. The anti body

accordi ng to theafirdsenlteinatiencihbedipreef thealybtpinees pasitioy C42 llme@rhe}my h| nge

ber ey Ehid 7 st oG ind g B o R PHbeQEhs B B e o

ef fector ﬁw&tﬂml@fmmbk@%daﬂtmmrammo acid.n a second aspect of the
present invention, the anti bOd%@r & rises heavy chain wherein the
t

cysteine at podheiwbstitptzon of sij @HC@\H Heayrstdisreyatfilmdinadicdicayys

chain which is capable of forming an inter-heavy chain disulphide bond with a



15 descri bed above, and the cysteine at position 239 or the cysteine at
position 242, nunbered according to the Kabat nunbering system in the
heavy chawop/eeds3tituted with another am no acid. |n PhrsGEeRetdstdeaspect ,
none of the residues at positions 227, 228, 229 and 230 are substituted
Wi th a cysteine residue. Ant i Bddi es according to the second aspect
of the present invention have 20 surprisingly been found to have i nproved

t her nost abydtdihy incipE @eavychainM Wethb e idgiedind by ithasy it is thought thatthe second
aspect of the present invention, the antibody rmay conprise one or nore

further nbHbS{ifEHE Ofi gpeorvstcahbBh AN S 158108n PRIIY rornpsiigdionsd ¢484 heavy

chai n whi e e I ds
226 243, DRsFe i AR il R AR Ui DR R AR B  “Sbove.
I n a furt Hercferhodi reinde théforantiobotlyal Canipoiy ewldchksmut ati on S241P. In a

further enbodi pent, the anti body may further conprise qgne or f the
fol | owl ng nut afll Scrpstipenty shegreysag inmentind. phsisia the serine at PP 227 bel ow

lists examnlgsiiieh Rad £8y@find e Mtﬁ)%ﬁ?tpréf@ﬁéﬁ@t dRE néﬂé’orﬁﬁlﬁ‘se%ﬁut%rﬁf‘a‘tons

whi ch have been i ntroduced compared to the type sequence. Table 1
al so i ncl paegonsi C2Botapdd"24g GIn anmhtbnmboaimnmttowtlesuahhd serongt at glosiaint 2Bddi es.

ARG e TR RN L T Ol
preferably substituted with another amino acid but the cysteine at position 242 is not
10 substituted with another amino acid.

In one embodiment the antibodies of the present invention comprise an 1gG4
heavy chain which is mutated to insert one or more amino acids between amino acids
226-243. The number of amino acids inserted may be 1 to 10, 1 to 5, 1 to 3,
preferably 1, 2, 3 or 4 amino acids are inserted. The amino acids are preferably

15  inserted between amino acids 238 and 239. Any suitable amino acids may be inserted
in the hinge region, such as alanines, glycines, serines or threonines and combinations
thereof. Preferably three alanines (AAA), three glycines (GGG), three serines (SSS)
or three threonines (TTT) are inserted or a threonine, histidine and another threonine
(THT). It has been found that antibodies of the present invention comprising an 1gG4

20  heavy chain which has been mutated to insert three amino acids in the hinge region
show improved thermostability.

A further mutation which may be introduced in the antibodies according to the
present invention is the mutation S241P. This mutation has been previously shown to
reduce the formation of half molecules (Angal,S. et al., 1993. A single amino acid

25  substitution abolishes the heterogeneity of chimeric mouse/human (IgG4) antibody.
Mol Immunol 30, 105-108).

The antibodies according to the present invention may comprise one or more
further mutations in the hinge region. For example the antibodies may further
comprise one or more of the following mutations S227P, Y229S, P237D and P238K.

30 In one embodiment the antibody according to the present invention effectively
comprises an IgG1 hinge region from residue 226 to 243 (upper hinge and core
hinge). Accordingly, the antibody of the present invention comprises a hinge region

wherein the glycine at position 230 is substituted with cysteine, the serine at position



- 2 C127S, C239S 33 59 3 C127S, C242S 34 60 6 C127S, &Z30C, (C239S 12 38 7
Cl127S, &X30C, C242S 13 39 8 Cl127S, &Z30C, (C239S, (C242S 14 40 12
WO 2012/022982 PCT/GB2011/051563
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227 is substituted with proline, the tyrosine at position 229 is substituted with serine,
the proline at position 237 is substituted with aspartic acid, the proline at position 238
is substituted with lysine, the amino acid sequence threonine-histidine-threonine is
inserted between positions 238 and 239 and the serine at position 241 is substituted

5  with proline. These mutations may also be written as S227P, Y229S, G230C, P237D,
P238KTHT and S241P, as shown in Figure 2a. It has been found that the introduction
of these further mutations to the IgG4 hinge region provides an antibody having
improved thermostability.

The antibody according to the present invention preferably has an IgG4 lower

10 hinge from residue 244 to 251 (APEFLGGP). Without being bound by theory it is
believed that the 1gG4 lower hinge region contributes to the lack of effector function
of an IgG4 antibody.

In a second aspect of the present invention, the antibody comprises a heavy
chain wherein the cysteine at position 127 is substituted with another amino acid, as

15  described above, and the cysteine at position 239 or the cysteine at position 242,
numbered according to the Kabat numbering system, in the heavy chain is substituted
with another amino acid. In this second aspect, none of the residues at positions 227,
228, 229 and 230 are substituted with a cysteine residue.
Antibodies according to the second aspect of the present invention have
20 surprisingly been found to have improved thermostability compared to a wild-type
IgG4 antibody.

In the second aspect of the present invention, the antibody may comprise one
or more further mutations. In one embodiment the antibody comprises an I[gG4 heavy
chain which is mutated to insert three amino acids between amino acids 226-243,

25  preferably between amino acids 238 and 239, as described above. In a further
embodiment the antibody comprises the mutation S241P. In a further embodiment,
the antibody may further comprise one or more of the following mutations S227P,
Y2298, P237D and P238K.

Table 1 below lists example antibodies of the present invention and the

30  mutations which have been introduced compared to the IgG4 wild-type sequence.

Table 1 also includes wild-type IgG1 and IgG4 antibodies and control antibodies.



C239S - - 13 C242S - - 15 C127S, &X30C 15 41 16 C127S, &X30C, S241P 16 42
17 Human 1g&4 wild type 2 - 18 S241P -

WO 2012/022982 PCT/GB2011/051563
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Table 1:
Cxul Cul,Hinge,
domain & Cu2 &
Antibody | Heavy Chain Mutations (Kabat hinge SEQ | Cu3 SEQ
Number | Numbering) ID NO: ID NO:

1 CI127S - -

2 C1278S, C2398 33 59

3 C1278S, C2428 34 60

6 C1278S, G230C, C2398 12 38

7 C1278, G230C, C2428 13 39

8 C1278S, G230C, C2398S, C242S 14 40
12 C239S - -

13 C2428 - -
15 CI1278S, G230C 15 41
16 C1278S, G230C, S241P 16 42
17 Human IgG4 wild type 2 -

18 S241P - -
19 Human IgG1 wild type 1 -

28 C127S Y229C 17 43
28P C127S Y229C, S241P 36 62
29 C127S Y229C C239S 18 44
30 C127S Y229C C2428 19 45
31 C127S Y229C C239S C2428 20 46
32 C127S K228C 21 47
33 C127S K228C C239S 22 48
34 C127S K228C C242S 23 49
35 C127S K228C C239S C2428 24 50
36 C127S S227C 25 51
37 C1278S S227C C239S 26 52
38 C127S S227C C2428 27 53
39 C127S S227C C239S C242S 28 54
44 C127S G230C P238PAAA 29 55
44P C127S G230C P238PAAA, S241P 37 63
45 C127S G230C P238PAAA C239S 30 56
46 C127S G230C P238PAAA C242S 31 57
47 C127S G230C P238PAAA C239S 32 58

C2428
48 C1278S, S227P, Y2298, G230C, 35 61
P237D, P238KTHT, S241P

49 C127S G230C P232PA

50 C127S G230C P232PAA S241P

51 C1278S, G230C, P232PAAAA

52 C1278S, G230C, P232PAAAAA




- 19 Human 1gGL wild type 1 - 28 C127S Y229C 17 43 28P Cl127S Y229C, S241P
36 62 29 C127S Y229C C239S 18 44 30 C127S Y229C C242S 19 45 31

10

WO 2012/022982 PCT/GB2011/051563
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s | C1275, G230C, P232PTHT

< | 1275, G230C, P231D, P232KTHT

5, | C1275, G230C, P232PGGG

o | C1275,5227P, G230C

o | C1275, Y2295, G230C

cs | C1275,5227P, Y2295, G230C

s | P237D, P23SKTHT

e | 1275, G230C, P231D, P232KTH

;| C1275, G230C, P231D, P232KT

s | C1275, G230C, P231D, P232K

o | C1275, G230C P231D, P232KAAA
C1278, §227P, G230C, P23 1D,

1| p232KTHT
C127S, Y2295, G230C, P231D,

73| p232KTHT

Figures 3a and 4a also show the mutations introduced in IgG4 antibodies
according to the present invention. Figures 3b and 4b show the positions of the
cysteine residues in the IgG4 antibodies of the present invention and also show the
predicted bonding of the cysteine to a cysteine in the light chain (LC) or another
heavy chain (HC). For cysteine residues which show (LC or HC), it is possible that
the cysteine is binding to a cysteine in the light chain or the heavy chain but where
either the LC or HC is underlined this is the disulphide bond which is believed to
predominantly occur.

In a preferred embodiment, the present invention provides an antibody
comprising at least one heavy chain, wherein each heavy chain comprises a Cyl

domain and a hinge region and each heavy chain comprises the mutations of an



Cl127S Y229C C239S C242S 20 46 32 Cl127S K228C 21 47 33 Cl127S K228C C239S 22
48 34 Cl127S K228C C242S 23 49 35 Cl127S K228C C239S C242S 24 50 36 Cl127S
S227C 25 WO 2012/022982 PCT/GB2011/051563
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antibody selected from 2, 3, 6, 7, 8, 15, 16, 28, 28P, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38, 39, 44, 44P, 45, 46, 47 and 48, as shown in Table 1. Accordingly, the present
invention provides an antibody comprising at least one heavy chain, wherein each
heavy chain comprises a Cyl domain and a hinge region and each heavy chain
5  comprises one of the following sequences: SEQ ID NO: 12, SEQ ID NO:13, SEQ ID
NO:14 , SEQ ID NO:15, SEQ ID NO:16 , SEQ ID NO:17, SEQ ID NO:18, SEQ ID
NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ ID
NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28, SEQ ID
NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33, SEQ ID

10 NO:34, SEQ ID NO:35, SEQ ID NO: 36 and SEQ ID NO: 37.

In a preferred embodiment the antibody of the present invention comprises at
least one heavy chain wherein each heavy chain comprises a Cil domain and a hinge
region, and comprises one of the following sequences: SEQ ID NO: 12, SEQ ID
NO:13, SEQ ID NO:14 , SEQ ID NO:15, SEQ ID NO:16 , SEQ ID NO:17, SEQ ID

15  NO:18, SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID
NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:29, SEQ ID
NO:30, SEQ ID NO:31, SEQ ID NO:32 SEQ ID NO:35, SEQ ID NO: 36 and SEQ ID
NO: 37. More preferably, the antibody of the present invention comprises at least one
heavy chain wherein each heavy chain comprises a Cyl domain and a hinge region

20  and each heavy chain comprises one of the following sequences: SEQ ID NO: 12,
SEQ ID NO:13, SEQ ID NO:14 , SEQ ID NO:15, SEQ ID NO:16 , SEQ ID NO:17,
SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:29, SEQ ID NO:30,
SEQ ID NO:31, SEQ ID NO:32 SEQ ID NO:35, SEQ ID NO: 36 and SEQ ID NO:
37.

25 In a further preferred embodiment, the present invention provides an antibody
comprising at least one heavy chain, wherein each heavy chain comprises a Cyl
domain, a hinge region, a Cy2 domain and a Cy3 domain and each heavy chain
comprises the mutations of an antibody selected from 2, 3, 6, 7, 8, 15, 16, 28, 28P, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 44, 44P, 45, 46, 47 and 48, as shown in Table 1.

30  Accordingly, the present invention provides an antibody comprising at least one
heavy chain, wherein each heavy chain comprises a Cyl domain, a hinge region, a
Cy2 domain and a Cy3 domain and each heavy chain comprises one of the following

sequences: SEQ ID NO: 38, SEQ ID NO:39, SEQ ID NO:40 , SEQ ID NO:41, SEQ



51 37 Cl127S S227C C239S 26 52 38 Cl127S S227C C242S 27 53 39 Cl127S S227C
C239S C242S 28 54 44 C127S &Z30C P238PAAA 29 55 44P Cl127S G230C P238PAAA,
S241P 37 W0 2412/022982 PCT/GB2011/051563

30

ID NO:42 , SEQ ID NO:43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ

ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID

NO:52, SEQ ID NO:53, SEQ ID NO:54, SEQ ID NO:55, SEQ ID NO:56, SEQ ID

NO:57, SEQ ID NO:58, SEQ ID NO:59, SEQ ID NO:60, SEQ ID NO:61, SEQ ID
5 NO: 62 and SEQ ID NO: 63.

A particularly preferred antibody of the present invention comprises at least
one heavy chain which comprises a Cyl domain and a hinge region, wherein the
heavy chain comprises SEQ ID NO:36 (antibody 28P), SEQ ID NO: 37 (antibody
44P) or SEQ ID NO:35 (antibody 48). A further particularly preferred antibody of the

10 present invention comprises at least one heavy chain which comprises a Cyl domain,
a hinge region, a Cy2 domain and a Cy3 domain wherein the heavy chain comprises
SEQ ID NO:62 (antibody 28P), SEQ ID NO: 63 (antibody 44P) or SEQ ID NO:61
(antibody 48). Antibodies 28P, 44P and 48 are particularly preferred because they
exhibit significantly improved thermostability and further exhibit reduced half-
15  molecule formation.

Antibodies 2, 3 and 8 have been shown to form significant quantity of so-
called half-molecules (HL). These mutants may form whole antibody molcules
(H2L2) in vitro under non-denaturing conditions but any non-covalent associations
between the heavy chains and/or between heavy and light chains is removed under

20  non-reducing SDS-PAGE conditions. Whilst it often taught to be desirable to reduce
the formation of half-molecules, antibodies which have an increased tendency to form
half-molecules may be advantageous for certain uses. Antibodies which form stable
half-molecules (HL) and little or no whole antibody (H2L2) due to the antibody heavy
chain being incapable to form a covalent or non-covalent association with another

25  heavy chain are of particular interest. Antibodies which form stable half-molecules
may be advantageous for the production of monovalent antibodies. Antibodies which
form half-molecules may also provide a useful way to produce a bispecific antibody
due to the formation of whole antibodies from half-molecules having different
specificities, wherein the whole antibody is bispecific and monovalent for each

30  antigen.

Antibody 3 retains C239 in the hinge region but appears unable to form
interhinge heavy chain dulphide bonds, presumably due to efficient formation of a

disulphide between the C-terminal light chain cysteine and the hinge C239. A



Cl27S G230C P238PAAA C239S 30 56 46 Cl127S &Z30C P238PAAA C242S 31 57 47
Cl27S 30C P238PAAA C239S C242S 32 58 48 C127S, S227P, Y229S, &30C
P237D, P2BOKIHI0228241P 35 61 49 Cl127S (Z30C P232PA  50PCILGB0GABNKG3 P232PAA
S241P
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comparison of antibodies 2 and 3 shows the extent of the ‘reach’ of the C-terminal
cysteine of the light chain, in that the light chain disulphide bonds more efficiently to
C239 than to C242 in the hinge region. Furthermore antibody 3 shows increased
stability compared to antibody 2.

5 Whilst the mutated antibodies according to the present invention are described
above with respect to the 1gG4 isotype, the skilled person will appreciate that the
mutations made to the IgG4 antibody may also be applied to other antibody isotypes
or classes which have the same disulphide bond arrangement as an IgG4 antibody in
order to provide an improved antibody. Specific examples of antibodies which have

10 the same disulphide bond arrangement as an 1gG4 antibody are IgG3 antibodies, IgM
antibodies and IgD antibodies. As shown in Figure 1b, IgG3 and IgM have a cysteine
at position 127 in the Cyl domain and IgD has a cysteine at position 128 in the Cyl
domain which is equivalent to the C127 in the Cyl domain of IgG4 which forms an
inter-chain disulphide bond with a cysteine in the light chain. Further, it can also be

15  seen from Figure 1b that upper hinge regions of IgG3 and IgD and the C-terminal
region of the Cyl domain and the N-terminal region of the Cy2 domain in IgM do not
contain a cysteine residue which is equivalent to the residues of the upper hinge
region of IgGl. Accordingly, the present invention further provides an IgG3
antibody, an IgD antibody and an IgM antibody wherein the cysteine in the Cyl

20  domain which forms an inter-chain disulphide bond with a cysteine in a light chain is
substituted with another amino acid and wherein one or more amino acids which are
in a structurally analogous position to the upper hinge region of IgG1 or IgG4 are
substituted with cysteine.

Accordingly, the present invention also provides an antibody of the class 1gG3

25  comprising at least one heavy chain which comprises a Cyl domain and a hinge
region, wherein in each heavy chain:

a. the cysteine in the Cyl domain which forms an inter-chain disulphide
bond with a cysteine in a light chain is substituted with another amino
acid; and

30 b. one or more of the amino acids positioned in the upper hinge region is

substituted with cysteine.
In a preferred embodiment of the IgG3 antibody aspect of the present

invention, the cysteine in the Cyl domain which forms an inter-chain disulphide bond
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with a cysteine in a light chain is the cysteine at position 127, numbered according to
the Kabat numbering system, as shown in Figure 1b and 2b.

In a preferred embodiment of the IgG3 antibody aspect of the present
invention, the one or more amino acids positioned in the upper hinge region which
may be substituted with cysteine are one or more of the amino acids at positions
selected from 226, 227, 228 229, 230, 232 and 233, numbered according to the Kabat
numbering system, as shown in Figures 1b and 2b.

The present invention further provides an antibody of the class IgM
comprising at least one heavy chain which comprises a Cyl domain and a Cy2
domain, wherein in each heavy chain:

a. the cysteine in the Cyl domain which forms an inter-chain disulphide
bond with a cysteine in a light chain is substituted with another amino
acid; and

b. one or more of the amino acids positioned in the Cyl domain or Cy2
domain is substituted with cysteine.

In a preferred embodiment of the IgM antibody aspect of the present
invention, the cysteine in the Cyl domain which forms an inter-chain disulphide bond
with a cysteine in a light chain is the cysteine at position 127, numbered according to
the Kabat numbering system, as shown in Figures 1b and 2c.

In a preferred embodiment of the IgM antibody aspect of the present
invention, one or more amino acids positioned in the C-terminal end of the Cyl
domain or the N-terminal end of the Cy2 domain are substituted with cysteine.
Preferred amino acids position in the C-terminal end of the Cy1 domain which may be
substituted with cysteine are one or more of the amino acids at positions selected from
223, 223A, 223B and 223C, numbered according to the Kabat numbering system, as
shown in Figures 1b and 2c. Preferred amino acids position in the N-terminal end of
the Cy2 domain which may be substituted with cysteine are one or more of the amino
acids at positions selected from 243G, 243H and 2431, numbered according to the
Kabat numbering system, as shown in Figures 1b and 2¢. Accordingly any one or
more of amino acids 223 to 243 may be substituted with cysteine.

The present invention further provides an antibody of the class IgD comprising
at least one heavy chain which comprises a Cyl domain and a hinge region, wherein

in each heavy chain:



60 Cl127S, S227P, R30C 62 Cl127S, Y229S, &XZ30C 64 Cl127S, S227P, Y229S,
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a. the cysteine in the Cyl domain which forms an inter-chain disulphide
bond with a cysteine in a light chain is substituted with another amino
acid; and

b. one or more of the amino acids positioned in the hinge region is

5 substituted with cysteine.

In a preferred embodiment of the IgD antibody aspect of the present invention,
the cysteine in the Cyl domain which forms an inter-chain disulphide bond with a
cysteine in a light chain is the cysteine at position 128 numbered according to the
Kabat numbering system, as shown in Figures 1b and 2d.

10 The hinge region of an IgD antibody may be defined as R224-P243, according
to the Kabat numbering system.

In a preferred embodiment of the IgD antibody aspect of the present invention,
the one or more amino acids positioned in the hinge region which are substituted with
cysteine are one or more of the amino acids at positions selected from 227, 228, 229,

15 230, 231, 232 and 233, numbered according to the Kabat numbering system, as shown
in Figures 1b and 2d.

The IgG3, IgD or IgM antibodies provided by the present invention may
comprise one or more further mutations to the hinge region as discussed above with
respect to the IgG4 antibody.

20 The term ‘antibody’ as used herein includes intact (whole) antibodies and
functionally active fragments which comprise at least one heavy chain which
comprises a Vi domain, a Cy1 domain and a hinge region. The antibody according to
the present invention preferably comprises at least one light chain. Accordingly, the
term “antibody” in the present invention covers bi, tri or tetra-valent antibodies, Fab’

25  and F(ab’), fragments, half-antibody molecules or half-molecules comprising a single
light chain and heavy chain pairing and whole antibody molecules comprising two
light chain and heavy chain pairings.

As is well known in the art, a typical Fab’ molecule comprises a heavy and a
light chain pair in which the heavy chain comprises a variable region Vy, a constant

30  domain CHI1 and a hinge region and the light chain comprises a variable region VL
and a constant domain CL.

In one embodiment there is provided a dimer of Fab’ according to the present

disclosure for example dimerisation may be through the hinge.



67 Cl27S, &30C, P231D, P232KT 68 Cl127S, &30C, P231D, P232K 69 Cl127S,
&230C P231D, P232KAAA 71 Cl127S, S227P, &X30C, P231D, P232KTHT 73 Cl127S,
Y229S, GA80Q012R2XBD, P232KTHT Fi gures 3a and 4acalGaoslsweshe
mut ations introduced in 1 g&4 anti bodies according to the present invention.
Fi gures 3b and 4b show the positions 84 the cysteine residues in the g
anti bodi es of the present invention and al so show t he

In one embodiment the heavy chain comprises a Cy2 domain and a Cy3

domain and optionally a Cy4 domain. In one embodiment the antibody comprises
two heavy chains each of which is as defined above in the first or second aspect of the
present invention. The antibodies according to the present invention also preferably
5  comprise two light chains. In this embodiment wherein the antibody comprises two
heavy chains, preferably both heavy chain sequences are identical as defined above by
the first or second aspect of the present invention.
In a preferred embodiment the antibody of the present invention is a whole
antibody comprising two light chains and two heavy chains, wherein each heavy chain
10 comprises an IgG4 CH1 wherein the cysteine at position 127, numbered according to
the Kabat numbering system is substituted with another amino acid, an IgG1 upper
and middle hinge region, an IgG4 lower hinge region, a Cy2 domain and a Cy3
domain.
The complete hinge region of an IgG4 antibody typically consists of residues
15 226 to 251 (numbering based on Kabat numbering system. However the hinge region
may be shortened or lengthened as required. For example, antibodies according to the
first aspect of the present invention, the wild type amino acid is substituted with a
cysteine residue at position 227, 228, 229 or 230, the hinge region may end after the
new cysteine residue at position 227, 228, 229 or 230. Antibodies according to the
20  present invention may also comprise one or more further amino acids positioned N-
terminal and/or C-terminal of the hinge region. In addition other characteristics of the
hinge can be controlled, such as the distance of the hinge cysteine(s) from the light
chain interchain cysteine, the distance between the cysteines of the hinge and the
composition of other amino acids in the hinge that may affect properties of the hinge
25  such as flexibility e.g. glycines may be incorporated into the hinge to increase
rotational flexibility or prolines may be incorporated to reduce flexibility.
Alternatively combinations of charged or hydrophobic residues may be incorporated
into the hinge to confer multimerisation or purification properties. Other modified
hinge regions may be entirely synthetic and may be designed to possess desired
30  properties such as length, composition and flexibility.
The constant region domains, in particular in the Fc domain, where present,

employed in the present invention, are preferably of IgG4 isotype where antibody
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15  EU numbering system).

In one embodiment each heavy chain comprises an 1gG4 Cy2 domain and an
IgG1 Cy3 domain, as shown in SEQ ID NO:65.

In the embodiment of the present invention wherein the antibody is a mutated
IgG3, IgD or IgM antibody, each heavy chain preferably comprises a Cy2 domain and

20  a Cy3 domain, and optionally a Cy4 domain. In the IgG3 antibody each heavy chain
preferably comprises IgG3 Cy2 domain and a IgG3 Cyx3 domain. In the IgD antibody
cach heavy chain preferably comprises IgD Cy2 domain and a IgD Cy3 domain. In
the IgM antibody each heavy chain preferably comprises IgM Cy2 domain, a IgM
Cy3 domain and a IgM Cy4 domain.

25 In one embodiment, the antibody is a monoclonal, fully human, humanized or
chimeric antibody fragment. In one embodiment the antibody is fully human or
humanised.

Monoclonal antibodies may be prepared by any method known in the art such
as the hybridoma technique (Kohler & Milstein, Nature, 1975, 256, 495-497), the

30  trioma technique, the human B-cell hybridoma technique (Kozbor et al., Immunology
Today, 1983, 4, 72) and the EBV-hybridoma technique (Cole et al., “Monoclonal
Antibodies and Cancer Therapy”, pp. 77-96, Alan R. Liss, Inc., 1985).
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f or m whol ti body mol cul L2)..in vitro un on-denat uri

condi i ond %3’@%97 %?e&évﬁﬁgnﬁ% §§§cﬁ%ﬂ Baran Efe‘f wf%é%@% nalfigh ns
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f or mat i on9dfl 1, f Wil 8YUS¥EL, amt |\b’@dl9éé20ﬁ7ﬂl,chn¢haU§ arbIBHeheds B, 4®hdency to

For m ot abf BURATF: roT et s>t 0ind. PUCEPE P M ndig ane! Doty (UBL2)  due

t o t hep ansishedy7.easa2haigagher ngnmzaa@@iadls 9%9,108r Mi, EOMBLMBMIOE, or
non- coval ent associ ation with another 25 heavy chain are of particular

i nt er est . othax jopgsatisass, pgleding orthersmamimalh anty bl esed| tosgenglatd dugwoiad ageous
for the pgng)[ﬁ) |on of nonoval ent anti bodi es. Antibodi es which form
hal f - nol ecul'es may al so provide a useful way to produce a bispecific

anti body due t BulijhBurhed amitiodivs afe thosd entotlich ddivaehfthe murtald rogine aull es
having different specificities, wherein the whole antibody. is bispecific
and ronovHiceRnsteRrregigpn (happreen) of both tho\heawyog e lightaghagns@gelliof ¢ he

bonds? pr ag e A A el el et O R A2 BaRLER the
C- t er m nafroi thbsarab antibocly s thxame lca od ﬁlll}ehthnzﬂgzmtibﬂaﬁs nﬂyﬁlﬂclude antibodies
produced for example by the phage display methods described above and antibodies
produced by mice in which the murine immunoglobulin variable and/or constant
region genes have been replaced by their human counterparts eg. as described in
30 general terms in EP0546073 B1, US 5,545,806, US 5,569,825, US 5,625,126, US
5,633,425, US 5,661,016, US5,770,429, EP 0438474 B1 and EP0463151 B1.

The antibody starting material for use in the present invention may be

prepared by the use of recombinant DNA techniques involving the manipulation and
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di sul phide bond 32 with a cysteine in a light chain is the cysteine at
posi tion a27scedontrempde, drsorctilind/S 4,81 68 9Kabanlinerdlelihg 331,41 srfhradsr shown i n

nspoct of *the Bregaiesshy Bl h el CHSGSTRE e s (bl Bl onea 1 ¢

the upper PRIcNGL] ASQI.SH. WHACES, 3 8BRYR BEhrHAHNSIt Ial IR, Watuie, 3PSt E1308idrg one or
nore of the am no acids at positions selected from 226, 227, 228 229, 230,
232 and 23B 1988nbeicade attbridisnQuasntHal KAbaO, Wbt hdaisy M@ /08%7shown in
Fi gures | - - - i nventi further,. provi des ;an

anti body. SICRAT g ey P B o RRRE Gy By K F Rt

conpr i ses 1998 HurdgnH il mnandlogiceHIHd dd@T®i n65-W&prei n i n each heavy chain: a.
the cysteine in the CHL domain which fornms an inter-chain disul phide bond
with a cystei nB P gnbedmentcihgiantipedyseasaniises f e@riable Kloggt MF fmip®2 aci d;
and BREY . r r.e . of 1: I J i d i e CH1
domai %15 orblcn,ﬂknglgo O%Lﬁﬁ%icg)ggg%ﬁil?u?% \t/vl lpgilglglglﬂﬁleeg%%}&h?p]ﬁgedéﬁgtrtgferred
enbodi nentefaf tot henahgM pat iddodyiablepémhaiod, thhteisptoesgnisolatade fibion, sitdie
cysteine i n.tlae CHL.domai n which fornms an inter-chain disul phide bond with
a cyst ei n&149dY of pRfifodygXpresyiRg ¢4lle cysteine at position 127, numbered
accordi ng to t ke ababmaaeri fade By HMmiAd AMhubdnfZbgures 1b and 2c.

20l n a preferred enbodi nent of the 1 gM antibody aspect of the present

i nvention, oneOptimsddugrnized aeiidde dogiains gigeiticd frotrhe cauatr painadill enld of t he
CH1 d?(ﬂaig or the N-tern? nal ﬁnd qf .thteﬁz dorr?,in are substituted with
cyst el ne. PrEP Feéioa%?rﬁn?igpélgia gr?)%gﬂi“tz?b WL "t er mi nal end of the CH1
domai n whi ch majyud@e sttt eteliswb hiimey HutaREcdbe cRifRriemdI®ugesof the am no
acids at positions selected from25 223, 223A, 223B and 223C, nunbered
accordi ng to theorasabatlimsatithy nsglseely spesibpohn bindFp daraes anbiggnd 2c.

i ch oy B RORT T, BOShhb RN b e IE b Rttt P BoRloyl ekl IR0

at positions selected from 243G 243H and 2431, nunbered according to the
Kabat nunbering system as shown in Figures Ib and 2c. Accordingly any one
or



30 nore of amno acids 223 to 243 may be substituted with cysteine.

The present invention further provides an anti body of the class 1gD
conpri si yoanideassk one heavy chain which conprises a CRACTWBZAI5a3wd a

hi nge regi on, wherein in each heavy chain: 33 a. the cysteine in the CHl
dormai n which fornms an inter-chain dis@8phide bond with a cysteine in a
light chain is substituted with another am no acid; and b.
one or noLFingl foNetaadst aftigei (SswhiRE it i 9p&ilid)rnt RehikH Biges 4r@pedNtol Wwhich
S5substituted with cysteine. In a preferred enbodi nent of the |IgD
anti body Hdpaet spcitipavigh adewton myehiower affHatyc(eytnatsé aily. Metheds ofonmai n
whi ch for | i i [ . f ot i i i,ght chain
is the cygggﬁﬁggg%ﬁ%%gggﬁ%%g%ggJﬁ@%ﬁggg%pgbﬁkf%fﬁg§¥§%§ﬁg$ﬁg%§%y%3%bering
system aBlatwe.in Figures |Ib and 2d. 10The hinge region of an IgD

anti body may be defined as 24- P243, according to the Kabat nunbering
syst ors _ _ffhe antﬁ%OQVémlsﬁRﬁ%wgﬁ? m?ntdﬁvi%@g|saﬁft&}ﬁﬁﬁ%ﬂ_§lgagﬁ PEof the
present i oNRRLI AMbarfidi@arORencWo A SHieTha1er. A& FElSr,PASY bl anatrkd ]ygi?% aly nge

regi on which are substliuted W th cysteine are’one or nore of e an no
aci ds at pokbic oethodekrmptneth fheomnt,22¢lud228BI2QYE ™1 5In2@0; craBadin2@t thad 233,

nunber ed accor di to the.Kabat nunberi.n ste as 0 in Figyres Ib
ond 2d. oRhie Y B cht giRgon BT BT bR Rty Betiradine

i nvent i onof@YmBEITRIchSHc At @lc SDhE pfddbithBVentidh aht @Bmdin; 4MiRithbh@sHuEegi on as
di scussed above with respect to the g4 antibody. 20The term'anti body' as

used HerePPpNnu battes ilntenst crpbgvbment that mplselile Dihel presset inypatidnyhascei ve
fragnents ich TP | a st hea i i ris VH
domai n, ab@in%%f%r@ Oaffla?fog{ ﬁélﬁgeorrb%&g 6 nfn eegrgﬁéﬁﬁ\ggbﬁ%crgg%}ﬂﬁgoﬁggt he
present i prgaitiimrenpiboehey abindirgaiffihite efakiiut Begdtordaeed. i 1gvhe ¢hdodiment
Accordingly, the term"anti body"” in the present invention covers bi, tri or
t et r a- val BWtmelgeylp gfthegreseahinvortiongigdulty EE‘PQH PF hgnaHped anddias adnedipgdy

nol ecul es, &R%#Q&HRHG &3 LeRgpPrising a single light chain and heavy chain
pairing an ol e anti y nol ecul es conprising two |ight chain and heavy
chai nlyai ri ngsA derivativeAs{ a matuvelly okduonite domdihas amployad hympincialintBaded tool ecul e
conpri ses 3. heavy and a |ight chain gg&é in which the hea Y chai n conpri ses
a vari abl TPl WA G te8nEY Snt 080 iIEARCH ] e ‘ﬁ?tHEfé F U6 Mind t he

T ght chaldeamalh & BScrirefficb @B Slt(eal BRcmA0th Gpifipns o ORI o L

I n one enbodi nent there is provided a diner of Fab' according to the
present diswhiosurle af by cbramping widnwrabiapropertimmputbeh¢rbinghglcharthgehiinge. 34

I n one enﬁg i gp%iag heav. chagn gonprises a CH2 domain and a CH3 domain
and optio &‘F@E ° USRI AR 2EYE enbodi nent the anti body conprises two
heavyzghai ns eaconOémpdtimbnt the astibiRfyl MERc@BOYLthk Hréhft inkEdfonWongesend

aspect of the present invention. The anti bodies according to the present

i nvent i onokg¢ b Mnre fatluapn bimling peptides. t4Hovive g periienkindy albumin whitbdi ment

wherein tﬂ%m%&%%ﬁ?ﬂﬁﬂ?e th§ﬁ% t heavy chains, preferably both heavy

chai n sequences are 1 denti ggu efined above by the first or second

aspect of the pheatiimih biedihg @optide may Henappepdef fbmedneobatbireratiablbe
anti body of  the gresent invention is a whole anti body conprising two |ight
chai ns antFeios: hawgy o faterginahpkihsimeleeds ohamy, Peetpy fat docs not interfere

25  with the molecules antigen binding properties.

Examples of albumin binding peptides are provided in WO 2007/106120.

It will also be understood by one skilled in the art that the antibody may
undergo a variety of posttranslational modifications. The type and extent of these
modifications often depends on the host cell line used to express the molecule as well

30  as the culture conditions. Such modifications may include variations in glycosylation,
methionine oxidation, diketopiperazine formation, aspartate isomerization and

asparagine deamidation. A frequent modification is the loss of a carboxy-terminal



10 conprises an g4 CHL wherein the cysteine at position 127, nunbered
according to the Kabat nunbering systemis substituted with another am no
acid, an wgGuzuppse and m ddl e hinge region, an | g&4 | orer/dB20ges1®3i on, a
CH2 domain and a CH3 domain. The conpl ete hinge region of an 1 g4 anti body
typically consists of residues 15 226390 251 (nunbering based on Kabat
nunberi ng system However the hinge region may be shortened or | engthened
as requireskic f@tduexampl ®, lysiné bbadiitifc)adieoothgetich éhearbdxyptptanp@clasof the
present invention, the mjrd type amno acid is substituted with a cysteine
resi due aflessgbed indparpis RI. gagnang rgpmatmgrappie’ By el HedP¥N- may end after

t he new cyst ei i I L ; ; : i Les
according to tﬂ§m§%§%fg§g% b?ﬁég%ﬁ?gﬁ%ﬁéﬁméﬁggnéé%%8?§§§%l§é%rtﬁ%ﬂ% further
am no aci dsnpos cfftcoetio Netle(sii nalvilabed/appreCiatedrthatndt cfiectohendidcnpemaegi on. I n
addition ot her characteristics of the hinge can be controlled, such as the
di stante BIMRUY g CirstasimRledyle oF Sip 1k dnete gHED BWi?CH}qSWPelP%ﬁQi% fRyst ei ne,
the distapss PRINREMOINS (- bR REStRhed RPHY HIB0AP IhdIO&QIE BIPRSlcGR Of
other amno acids in the hinge that nay affect properties of the hinge 25
such as f ingxitiin. i Wier.igyis dgbiyei toexdbtamyn batibadycrcporagdd thaningertioa lnkade t o

i ncrease rotatjonal flexibilit r prolines ma e _.incorporated.to, reduce
ot b+ TS SRR mplefistey it i e R B PPt eR) BF SRRt bei ducs
nmay be i NDXAQFsHeBE el Hh Aviilte thY Aol i6 WAKES okt difREIL SR VI®N &upling
purification properties. OQther nodified hinge regions may be entirely

synt hH i caganditonidy chectgesipipaels. {lechugursder ehagigatine SOWradisetor imedeailasio as

| ength, c it a exibili e Go regqi d ins, in
R R R g L

i nvent i on2nd@Ee., Robinesabd ., ofls.] 84, ps a28133; Wherpe eant | 198dy Iamuabf ®et/ or
functions are not required. Accordi ng each heavy chain preferably conprises

an | g4 cP21idmdiand dhgoyclakizs dontddy; Phamepoipay pid Shepaytikg88467-123). | ¢t

will be a i, At - hat c ' S e o : JeghOn

domai ns ngeﬁgﬁ%g(%%nﬁggd@%ggﬁﬁghZm%%%%g?%e%%%ggght(§%v§&% g?%léog%$ises

| g4 G2 apoH3 Sorehpl26kter Ve 8RO0APHI ’WOe 8101ga61 tndnWARB OB EES1.
nunbering) is suhstituted with |ysine,. threonine, nethionine or |eucine in
order to {HAMBIY 3@@5@6@ oot s raalesiics o QISP o8 T50689 o 6%6° TaK ahashi

et al.) M athions @indf38mbiRaP DNX fRocdfdrd, PIRImPRAaPEA8 bW G
according to EU nunbering systen) are also taught in order to 10attenuate
CDC act i vR6A1313m@d008)30068635 Takahashi et al.). Each heavy chain may

conprise the ations aught in W2008/ 145142 Van.de W nkel et al.
Shieh o sel osod i simee TS edtalplsotlees VR ThaVE ol BiedaT sty to
undergp FaliRbplharchapss, RirugubekinkUthigogiehlly NRtidE gpratdis, r %1 ekignFit

position 409, the Phe residue at position 405 or the Lys at position 370
( nunber ederryawsdioHygr taotibglyEOr rantibedy dgerysisenynthetic or mapurglie ogersvid: ment

each heav LN M i I N, as
houn i n SREITRE REGTEE b8 Snd g Hits e ST Ly AN S IRTBLTS o7
wher ei n t helicvtlidwdpartisulariinthdid ®dideg GRlioib@bbsr chgite@nhdtilodyanopatiblcheavy
chain preferably conprises a CH2 domain and 20 a CH3 domai n, and optionally
a CH4 dondlith FePoFer BEOUPY S3Ch3t i ThsasPcas cIomeHDds ehaPmPpwds v Bish ynBoRpr i ses

| g&3 2 I in. In the 1gD anti body each heavy chain
prefe%gblggg%%nggggﬁngggﬁgggg%gl "and a gD CH3 domain. In the |IgM

ant i body each Beauplesbéicffcpoeheriadley maymdhstescitoivk@bidrdymaoxic agentgM CH3
domai n and ? LgM CH4 domai n.. 251 n onelenbodiqgﬂé, Hhe tib dy.if a

monoc| onal® el JrhutesR, BnardSeaeRr! dilasr ik bnt i Body FrPEGTeRENF n one
enbodi mentohhi@staitd, RRMktdtDs,f BhdtdildHER taQiosPUHBhEREhsinoids, sphRfgElianal

anti bodi es may be prepared by any nethod known in the art such as the

hybr i domarhtizectmi lpdiehqnidoink,enorigingg hemightarlinhatage le cytoordasie B6 gragisida9®D), , t he 30
trio technj.que,, the human B-cell hybridag t.echnj que ozbor et al .,

| g o8 MBIy broggs  FRns.” oY EER G RYBIF doffo sty TS e et

al ., " Mono@mbpe@ke, Addlichiom, € goRsHdbicRANC 8iunbAdidRY "dihRRoxy 7affsacl aflod®, LiSs,

Inc., 1985).
mitoxantrone, mithramycin, actinomycin D, 1-dehydrotestosterone, glucocorticoids,



36 Anti bodies for use in the invention may al so be generated using
singl e | ynphocyte anti body net hods by cloning and expressing i nmunogl obulin
vari abl e wego2ehAs generated from singl e | ynphocyt es PeglGR20HdD5i%8 t he
production of specific antibodies by, for exanple, the methods described by
Babcook, J. et al., Proc. 5 Natl. Acad0 Sci. USA, 1996, 93(15), 7843-7848,
WD 92/ 02551, W2004/ 051268 and W2004/ 106377. Hurmani zed anti bodi es
are anti bpeyaife| egidadt, 1ilemint) Prdpridiols PRCHEBmMYaMI 4hd MDBR O br ABMBlogs
conplenmentarity determ ning regions (CDRs) fromthe non-hunman species and a
franemorkﬂﬁﬁﬁion froma human i munogl obul i n nol ecul e which 10 optionally
conprise one o r.es| f i es. ( , for
xanpl o US 5. EBERpEaRtales el e, ST 36 Mol 0 aRR R SR GRF

i nvent i onmethntrad xad ched-gernapaipadnd)si gthwaubnius, phagealdhspl dyflmebadd known
in the art and jnclude those disclosed by Brinknan et al., J. | ol .

Met hods, 49952zigh, aﬂﬁy-l@éél,g ARRtS efe- g mechlorethaiiing, t@%@%t%&w% 5, 184,
177-186; KeidihBROEAHA IR (BINUEMI otk 2R hosRhmiSusHps, Persic
et al., GeDé%119©7_187} 3;18; %%g‘gupfén et a[}:%gdvéﬁgegniﬁ_Pﬁnunélogy,
1994, 57, dibsdm@8anited sgOpi02808n, MBoBY¢ih(73Md cwaligdd diMyine Watie@mi8619; WO
93/ 11236; 5/.15982; and .95/ 20401; and..US 5 698, 426: 5,223, 409;

5, 403, 484§8)§!)§8%5,p?%7$’ SNPEAEYBlifES éﬁ-%é‘;‘“ﬁ%‘} I ggR IR ! %ﬁ?%offﬂ%és;an

5, 427, 908{oxfubicia).6 afdAoti®, (88, 48&inomyRaB (fothierld. 43 RohA3in).abbomyRR9, 108.

Al so, transgenic mce, or other orqanlsnpz i ncludi ng ot her mammal s, may be
used t& g aapeith g medn 4AM Qo edlisbeamicins or dypaympieinan aathentbodiols ar e

t hose ant| i es i i C he i able regions and the constant regions
(where prgggﬁg%gb ﬁﬁ%@ﬁwgﬂgvﬁgé%éhghd the light chains are all of 25 human
origin, or subeti@ntifattbymotietlels ealy ihdusecitnedadhublideRuet igi'tn anot
necessarily frqmthe sape anti body,,Exanpl gs of fuII¥ hyman anti.bodi es may
i ncl ude antVi- i e Bippehuce§akiormivpanpledipyn ¢ padphurgste sRhsyiupet h@ds
descri bed i i p i i i :
innunoglogﬁggﬁﬁgg??ggvghgﬁgyﬁfuk%%gﬁgﬁgpgﬁéggﬁgbgﬁggg 5€$%Q§8ﬂ%?§%ﬁaced by
t hei r 1hunamoceund seurpait.s eg. as described in 30 general terns in EP0546073
Bl, US 5,545,8&6, U 5,569182 , . U ,625,126,.38 5,633,425, _US 5, 661, 016,
US5, 770, 429, EP'ASHAYAT BPIGHS Myt pretping peptides andnaympy | By S©Ar ti ng
material QL dBfclC BEt REERANIMItEY N rOfoRYC &?zy%&?ﬁ&%l@s)és,tl%sé&?e of
reconbi nant DNA techni ques involving the meni pul ati on and 37 reé-expression
of DNA enwoulicrages, hiansfotasdso diroteans, ablyperinids enth pertrdes 0é gitoreftsinclugt,andar d

nmol ecul ar biouogx.nfégniqﬁes 1.be ysed to nDdif%j add or_delete am no
acids or HEMYIMEET fesiMRFOLIGRIIRE QX WAL oY A At E S WBhst ant
regi ope agfotdkinl br EPHATRASSLMH, RYYréfh HRAME inMAn, AkhSur RREbsiCRARRIraBL "
regions as used herein. 5 The anti body starting naterial nay be obtained
from any spetres B-mi¢rfmtomoeiar grexambidotomplasdst deatved gabithtfactbaostisne canel ,
| | ama, goag or human, Parts of the antibody .may. be obtained fromnore than
one speci 8 §@¥n88€%%ﬁlﬁi°é’ 4 f%‘?ﬂt}ctﬁ’ggavor?é‘?a%'aéﬁpﬁé}l? égeqt’rﬁ-%ﬁ@g@ﬁf&%l e, the
const ant bEOARRART & bR gs r%aﬁ)%@ﬁlolaﬂﬁr fsﬂall Y& %ﬁmlﬁkﬁlﬁgm&%ﬂ(ﬁpm

anot her. The anti body starging material may al so be nodified. 10 In another
exanpl e, (lhel)y axtér&nka-2 €gi-dn gofnutdegteantdrbplthge kabnpsemutat mgtfedoudivg

reconbi na engi neer,i ng techni ques. engi neere er si i ncl ude
{ hosertr ebOER ARG ETRTY SR AR For 4Rt E Bt o0 R araB b opiogi ST
i nserti ongshefl@loRih MRErahd GhANA&Sobingr to the am no acid sequences of the
natural antibodies. Particul ar exanples of this type include those

engi neer ed var Palisr echieaioro malenwbdsn snayomcdidsi dgtegtables substancesoiseitbRoand,

opt i onal | y,.ane 0% IRES, | EAIRKRL eam o, aCl S, Lo ane. apidRody,and the
remai nder YO 1 he' VAP abl e regton éo FROTrom A s8con aﬁ%ﬁ%%d@.w%%é met hods
for creat prgthenid gOp actorcbde@t thesdalantlibodieat aneteielk] Bielawindstent he art
(see for exanple, Boss et al., US 4,816,397; Cabilly et al., US 6,331, 415;
Shradd} ematgrials, diagsfigpaupiidesypogitiep capitting pogials (IQA{se &1 PHON GRisSIORY | andi

et al., 1 r.QG. |y; i .3833;..Ri ., 1988,
Nt ar e, 395 e Al gRbiREAL g e il e BREAMFTIS Buith- g

5, 585, 089NoAddi41,90001/ &b lgnsMyhiichacan badodydgated td98RibodBkotfechimolas Genet .
Eng. Rev, 10, l—l4§;.¥§rn& et al., 1998, Journal . of | nolggi al Met hods,
216, 165- 488Y0stich SRk BaImre ARclidrehornirAdidPerosidars SEeiEe PAPPAHRE: donai n

pair formng a 25 binding domain is a cognate pair. Cognate pair as

enpl oyed herein is intended to refer to a natural pair of variable domains,
that is to say isolated froma single antibody or anti body expressing cell.
Vari abl e domai ns may have been optim zed and/ or humani zed.

Opti m sed/ humani zed vari abl e donmai ns derived froma cognate pair will still

. Y T o - = -, =



Thus the invention extends to human, humani zed or chineric nol ecul es.

I n one enbodi nent the nol ecule specifically binds a target antigen.

Speci f i caWvbyotrimess2as enpl oyed herein is intended to refPer/GRommlsessal es
having high 38 affinity for a target antigen (to which it is specific) and
whi ch binds antigens to which it is nét specific with a |ow or nmuch | ower
affinity (or not at all). Methods of neasuring affinity are known to those

skill ed i bethlpalatdsiangt, onakedecisd ofesagaay SuaabR pesretid %@Ebgiww@ody
nol ecul es of the present invention sujitably have a high bindi n% affinity,

in parti céffaravigianavginaanddriopicuiabladluongseeinateridy indudergbalBEerong. ng any
sui tabl e i he: o] dj Acor . i ment
he. ol eclre ar e B eae Bk el B ok U Hbrd B 2DRIFRERE ™ 100
pM or bet fleoresdein, dagsyé nidodd¢remnt phylcecytirec shieabtef lutiigespere seidrialnimehkde on has a
binding affinity of about 10 50pM or. better. |.n one enbodi nent the nol ecul e
of the pr 8&aRel PyAbI PiGRTHASS NI HATIHY “&ﬁ‘f‘{eﬂ}l‘flge%ﬂ_fe’ W40 MFBOBetter. In
one embodiEfitabRGadBAREH hGcIRfes iGuRI'EFENY Iy eRl °9p has a binding affinity
of about 30pM or better. In one enbodi nent the nol ecule of the present
invention is fld kyothemerample thmafitdedmahdultamay ibirpabic rige dkiftlde tof thé about

100pM or better.. 15A derivatjve.of a natural occurring, domain enpl oyed
nerein | s STOGNABANCo SPLPE R iap BBty Righe ARFY 8 GRaftedle o no
acids in gelRRkHSLAN ¥ntRRAY aEioRYad SHIHRNGELAAMEORRE InMBRE 8edn OExGepRE ed, for
exanple to optimze the &rco&grtles of the domain such as by elimnating

u

undesi® abpesuieblseticrtes mo ef Bilntyph enchifgmadinests, Albvninedlbumis(yding t he
domai n 1 SLa58.! & AheH gl DA% SIRIHTR Mo b ALK Rof Bk eigllses of the
present invention conprise ohe Or nore al bumn Bin i ng peptides. In vivo
the peptide bi Wigradhbiffector Mblcchiciing peBaRSs ittrhsy, agdnetdl ftie ofyntheeic ophecul e.
The al bum n bi ndi ng peptide nmay_ be appended from one or nore variable
regi ons, BatHfaNyeoeRUImg ORIl f8F FREDHDIBCAPEONGHY atipstityicsh SBHSEh AL does

not inter 5w b u hgen  bi ndi ril appl es of
al buni n bf’%ﬁ?ﬁ% E%%?i %@galg%%r%@?%gwlﬁ%mﬁpz@g%é%S%%g bo1§iher ﬁf WL also
be untter sbranchddyrambras&hiddl padlysacchihide, arg. athbatb- bhkctenot pblgshechaideunder go a
variety of posttranslatiopal, nodificatjons., The type and extent.of these
Todi 11 Gat i ons SPEA BEHRGSSHIERE Wiach mag| e TEN RO exprueet he

mol ecul e agiN&iclpoRMner@ichli ot bl Hofe FRAGLY, nisyl oPHRthoXPShddpgat i ons may

i nclude variations in glycosylation, nethionine oxidation, diketopiperazine
formati on, asp8pe¢cfieciastpierifzanthoinc pelgmaspacladd ergicdedyrbutatiiuted staight equent

nodi ficatiop is the |os f car boxy-term nal 3 si ¢ residu such as
"Vt ne or EPEPTHE LR G ol B U R B Redy PR bR B bed i n
Harrisy RderivhOiveN@ler&f, Shiycormt ogtrphly &8bstite8d Ity (cthYRadelycol) sucH fasdesi red
a nolecule for use in the present invention may be conjugated to one or
nmor e ef f esrctioxpp sthvéqusplycol) opf¢rivapecsdpgiiceti at ed that the effector

nol ecule may 5 P i ngl e. ef 1l ecu rt I r.e such

nol ecul es so Ilsﬁ%?gg élsﬁfrglh?oog%mgm |%§%§18{§0|%gcth§/ t:llag{oc%(e:’ar? (130%81 {ﬁg% 20 to the
anti body pgtegul® defivithes feas@nt i nvention. Wiere it is desired to obtain
an antibody according to the jnvention linked to an effector nolecule, this
may be prepar ed DS{iVEREAdar #sechBsiridals iBiended tnischidatreasiine Sea¥EsEre®ri n whi ch

the apdi b | el - di i i 1 . to the
e feotbr ot uAg S IEANE LB DR 3L il e O ke HRRER O 1o an
ant i body groapwedyl bk ol directlper alitbugls e dinkéfeddgatenom @t palymer Cdnivilbbe ed Dr ug
Delivery, 2nd .Ed.,. Robinson et. al., eds.,.1987, .. 623-53; Thor et al.,
1982, | nfiRRiB{alCHRaAL | %@.S@f@%gu%a_gmwowﬁws%%& Byanceigggn nﬂﬁaqf'r'#ﬁem ogy
and Ther ageydtibGs thSnkify prbds betwiRh tlcChh B d ¢ HEME ARLIoRIRGRE H{eeiﬁ)éyl'rﬁ@rl ude, for
exanpl e, those described in WO 15 93/06231, WO 92/22583, WO 89/00195, WO
89/ 01476 and \Wb363d681the pilymemnmey be vpricdvhedesinchebusfil @coeralipbedube is a
protein or pol ypepti.de the |inkage b j.eved using, reconbi.nant DNA
P cetilr ot iis PERLHAT bt prlt T 0RF R BB s s SniPierBS o op8

40000Da such as from 20000 to 40000Da. The polymer size may in particular be

selected on the basis of the intended use of the product for example ability to localize

to certain tissues such as tumors or extend circulating half-life (for review see



The term effector nolecule as used herein includes, for exanple, 20

anti neopl astic agents, drugs, toxins, biologically active proteins, for
exanpl e ewmoyne22esther anti body or antibody fragnments, ®S¢mdBaDiis0d63
naturally occurring polyners, nucleic acids and fragnments thereof e.g. DNA
RNA and fragnments thereof, radionuclidégs, particularly radioi odi de,
radi oi sotopes, chelated netals, nanoparticles and reporter groups such as
f1 uor esce@hammaoom%wanmﬁig@alm RbvioRy, 3¢ 526548 FatsdotkaMR, or ESR
spect roscopy ampl es of effector nol ecules may include cytotoxins
or cyt ot owh@reatj@rﬂ@dpﬁfcllsuareﬁgeéw lw@n@et%@wlqtsoru@ﬂ PRRHEHP ts8uG0f. kil ls)
cells. %ﬁé f&ﬂ%‘e‘fﬂ%eﬁ%@?&%ﬁ%&"d fﬁ?ﬂoug &at}e' aral%antgé)%tu]g'te §€2 small
staurosporin, nmaytansinoi ds, spong |stat|ns I'ZoXI n ondr|ns
roridins, mmmmght@slymaxfdr exatylptmha]h asnMecBJ,Iargwalghmﬁhruur[d SEWDet. hi di um
brom de, enetine, nycin, oposi de,. t enoposi vincristine,

Vi nbl a5t i Re! Do ered%lmpﬁa EreRnainin o b twn tinydiecady 2 aiAgIMaCi n

di one, m fpxant ﬁlgﬂ&,mmemmwlgh@po@%ﬂ @&%hﬁl%a&ngewc%@%&&g&%one

gl ucocorti coi ds, 0 procaine, tetracaine, |idocaine, propranolol, and
puronyC|nﬂand%adhhn@QO%HMHDﬁ@Dﬁﬁ@athereof Ef fector ol ecul es al so

i ncl ude, but aﬁe Q@h ted toh @ i met a olkt é (ga,nethotr exat e,

6- ner capt opur i REM B EHY Jﬁﬁf%é ¢ 'V{earaal?)? SIF P BIrRLE 1 S5 édat bazi ne)
al kyl ati nﬁol?%ﬂﬂﬁ@ne@%%c@l) JPe b8 h@%@@ox&ﬂblﬂ@ﬂ@leﬁ@él%cﬁmw Herivi@phal an,
carnusti ne SN omusti ne , cyclothospham de, busul f an,

di br olbnathsreosl andﬁp@mlbzmtb@ molewlabw?tghhuﬂhe amnzeciremdibent bYA9APAR ne
platlnun1g% g I) cisplatin), anthracyclines (e.g. daunorubicin (fornerly
daunonyci n) an xorub|C|n) antibiotics (e.g. dactinonycin (formerly
actinonycin), bl esnyinipleld dtbbdaycist inaht PraCInvehhdi)is acadhedhean ci ns
or duocarnycins), and anti-mtotic agents . vincristine and

vi nbl ast i Aely(cthyleneglyyohk(PE&Dfraqietaes. fiBlose @ﬁ@scu?wwrﬁe leythe PEfEMategnles

radi onucl 7 Sl m 252,
o umto 2 g ik hEh Anf A BBl b hbid FUSTER of KimiFarl T 3% o,
al kyl phos ﬁhmﬁbmhll gres) ldcefediis oiea@swdy, farteixbmpby any &t anmodsnrmdtlﬂulr am n.

Q her eff nol ecul e |ncIu rotelns ﬁ? ti des an nzymes of

i nt er est ﬁ}ﬁ Pmaleoroa Xy} @rONBt RO 6idS By QG RGHETa m antﬂ?yg Yol ases,
| yases, i §pABYaRESoiddANSHes aﬁeeg»nubeaytueiﬂgsmc&ﬁtaﬁeepm%ﬁle%@s RERt fodes of

interest include, but are not limted i munogl obul i ns, toxins such as
abrin, ri cxampﬁe U@s%&tﬁbﬁ?fndés 2166%,%65,0W0198/659H|)pm beg ¢xenpxihe, m@lepﬂot ein
such as |nfg¢ nnurtnecr05|s 4@3% a-in erfetg (@ |nterfe nerve
growt h fat o PEﬁS%H el"&t 88 PPvad gt r?“FB%‘IYoW e % o iicatigp n18

activag or adcﬁtlérthQﬁ@Qf-ﬂeﬁnﬁgleeHd &Tlts%@a@néhanﬁ&ﬂi QA8 GnARE Mids ®- aﬁllowat'ﬁl' ostatin
or endostatin, or, a biological response nodifier such as a | ynphoki ne,
interl eukﬁnﬁachn@n@flqn effwt@rm@lacmlm uitiple sifes egnwuised ya attashdwephagse col ony
stlnulatlﬁg 1%8E8ﬂe GwW 25 CSF), granul ocyte colony stinulating factor

(G CSF), nerve growh factor (NGF) or other growth factor and

i mmunogl obul i N one emb&Aifeht &TFEEE halediy SCIuﬂkes tUBNCystHiﬂdJﬁBl detheclighbl e
substances useful for exanBIe i n_di agnosi s. npl es of det ect abl e

subst ance8hdhdPLgre Pl $s ¥ 899%/%%024@19%9%&6%6@%%@ ereNGSor escent

t I I ti
matersal s, | umgnesgepEcRb RELAL a?re thraﬁéﬁ{[? l%ﬁc%ﬁ?ﬂloug@? @n?%ﬂ%ﬁfésﬁlf%{] [Bgly oactive

nucl i des, positron emtting netal Oor “use I n poSi
t onogr ap hy1)c cyesminmmmdad |1m:atetd| i ehpantdodgn éhclc poghel modtsle HSeehgeahal |y U. S.

Pat ent No. 0 f or al 1o ich _can e conjugated .to anti bodi es
R T R p R S A B AT S I R AR oo
al kal i ne %&%Q@%&Sﬁnbo(ﬁl PRe @ox&i’én@%ﬁa’%e%ﬂ%en@ﬂall?%ta)’dléihﬂhh@6@1{@6@5e

suitabl e prosthetic groups include streptavidin, avidin and biotin,
sui tabl e fil putieseerit sutphurdattion bandl ubhetarbéhiol erupnis, ustd wortes @emn of

fluorgscein sothloc te rhodamne, dichlorotriazin a e oresceln
daneyl0 ohMBI NG AP ERYROG: SRR gl B Befb foe e ihidr it ol ude
5l um nol ; d&WaTn&le ﬁlchla@rh'dl‘e@ﬁa@ﬁiﬁd ABRtehd ddisvatined B¢ teustd enasRtivategi ferin,

and aequorin;
polymer may be used as the starting material in the preparation of polymer-modified

antibody as described above. The activated polymer may be any polymer containing



and suitable radi oactive nuclides include 1251, 131 "In and 99Tc. In
anot her exanple the effector nolecule may increase the half-life of the
ant i body wo 20izvm298and/ or reduce i mmunogeni city of the amCirlarg11203¢560r
enhance the delivery of an antibody across an epithelial barrier to the

i mune system Exanples 10 of suitabl é3effector nolecules of this type

i ncl ude pol yners, al bum n, al bum n binding proteins or album n binding
conmpoundsa $k6hreastivc@sep deacay Hed-Hab MBSl 441884 cster, ¢.g. iMGIcBalhi®, ef f ect or
nol ecule is a polyner it may, in general, be a synthetlc or a naturally
occur ri ngapahideee.g. ﬁ@ieue;d@nplvenﬁmu@pn@naaId}suénlb@et i Su«tleetaetngam@fhltlaler

b hed ch | kyl I K | K
Tsbr anchebigr b RBFAen o B LRk S RE fgth 0 RapKLSIRuRatar ™ ©F 2

pol ysacchmgiyéiRrs Inc., H@mﬂle‘ IALOFIHSA))TQJr SPShd tpu@at@i \mlncrtomerbeuw esent
on the above- ment i oned synt hetic polyners 1 nclude one or nore hydroxy,

met hyl3 or avaleh ewrgng)m@éeﬂals using epywentional ehemistlaoerdussintgtiquargdiGner s
include o I r gﬁﬁh

pol y(et hy‘?]teolheg{gI L %fsﬁl‘dp Ku%?%ﬁ ie)ﬁg% ylélg &)Eo y Vi noqfla‘]lKj Ormerly

20der i vat Shmwhﬂeermb Podwapeae) ald Surdid) mraiaM]—IyE@LﬂBﬁt (d]:ﬂﬁlﬁﬂ:ble frorn Nektar

pol y(et hyI ene é h as net hoxypol y(ethyl eneglycol) or derivatives

t her eof .~ formetly E%%Wf‘f ‘natural ly occurring polynmers include | actose,

anyl ose, dextrqp, &Heééﬁpgr%nﬁén Aol pﬁMdé@%&%HGENA eQ@Jdl 2%tahv@tﬁlboa§ used
herein is intended to Include reactive derivatives exa

t hi ol 1Gel soldcvle desacbidigergnoups such as nal ei mi des and the |i ke The
reactive group e linke dlrectJ or through.a |i segnent to the
ol yrrer - Pt ot 1 et et e ALY Rechabratg g ibRNa group w11 in
some i nstancesGkRsA PftfhiodRf by Renibk AHsIGlecSs s bk NKInBGuAEQURaRElBEN t he
anti body of the disclosure and the Eol ynmer. The size of t he pol ymer may be
vari ed asmgdwids agd aplivroniethogde e ancllykisevn tp ghosgokdledringe mol edultikip wei ght
20000 t o AIBOOCAHSE Oy Sl et ARofl BN e el R B e
basi s1%f Ah@ben(@ndadleysﬁtees‘mdnbe Né\@cmﬁrk ah@rthemﬂwe Mbiall fpyodu@ed peal i ze to
certain tissues. such as tunors or extend circulating half-life (for review
see 42 Chapliedpringddwbordtupliskiag Drug Delivery Reviews, 54, 531-545). Thus,
for exanple, wyey %%M%‘? gfegglfh%}e fprbﬂﬁgdqg‘ﬁg Rl B ¥p?1sﬁ1 esaﬁi' 56%':8@&&15%? and
penetrate tissue, for exanple Use in the trea tunour, may
be advant Bjgous to use a small nol ecul ar wei ght pol ymer, for exarrpl e vvlth a

nol ecul ar wei ght of nd 5000Da. 5 For plications where oduct
remains in theAé‘VrSHlE‘ﬁ%i? F‘Bﬁ ceflyveriay %%ef%a%(ﬂf é%%r ?’@r%@nffﬁf‘%ﬁ’é\%
mol ecyd ar n%ﬁ%bﬁﬁ%% eHéHoMﬁQﬂfhe rﬁ&l&cu@é( éf’fﬁleeprgs'éﬁi ngef?tldﬁ‘)' BRI, féﬁb%ﬁplb . the

range fro 0000Da to 400 Suitabl e polyners include
pol yal kyl erlé apd)losmemlcrehlahsmsm rpuibt(meﬂyolr enlegyoteofor eeamplesmenmalhdty a

rrethoxypo et | enegl yc or ad t her eof ally with
ot eeul B3 Gl SRR Sets R PG B S BASTRG 4 bR e O B BES.

I n one exgmjen mhbi Mofalcetige 1 n the present invention is attached to
pol y( et hyl eneg| coI) (PEG noieties. In one particular exanple the PEG

mol ecul es nay Eﬁe dresgthdavonHed LAdIe RFYVideral | RIbPess aler ribe aflfpdllcélpﬂeﬂfchal n or
term nal f C i

exanpl'e any ﬁr&(a%%ﬁ%%‘%“%%? > F?n&ﬁ%wp %Je“ﬂgéorﬁlgdé i 811I11 uolrnggaaﬁ“g Oﬁtgg%g %uch

anm no aci dectémynd'oc DINAYadflth@piegerit rin\tdﬂaoﬁnhdiémﬁndmbnmmable feﬂgaa&mgrted into

t he anti body using_reconbi nant DNA net hods (see for exanmple US 5,219, 996;
US 5, 667, 23eSSIgn 9%@2@9@1&%14 RNehengoding |28 ﬁmféwﬁﬁl@eh%leoq theeDispas ent

i nvention the nodification is the 20

addi tion %dg&tl Iq(%IeSP%ﬁH enwyméﬁhée]avy chain one or nore am no acids
to allow the aFmapﬂmﬂeaionocﬁf podedts eompnsmplbeduh@lvyl\dmkithgbﬂt ehaing,abe calh be used
to atg(?ch two or nore EEG nol cuI

line may be transtected w1t two Vectors a first vector encoding a light chain
polypeptide and a second vector encoding a heavy chain polypeptide. Alternatively, a
single vector may be used, the vector including sequences encoding light chain and

heavy chain polypeptides.



I n one enbodi ment a PEG nolecule is linked to a cysteine 171 in the |ight
chain, for exanple see W2008/ 038024 i ncorporated herein by reference. 25
Sui t abl y waGomui2easal es are covalently |inked through a trhiraB2gricspsedf at

| east one cysteine residue |located in the antibody. Each pol yner nol ecul e
attached to the nodified anti body may4ée covalently linked to the sul phur
atom of a cysteine residue |located in the anti body. The coval ent |inkage
wi 'l general | yThe agtisidyuhpliaies b@dwldlﬁg to kit rasdnlt Al Risurcdars dk pltedear bon
bond. Where a thiol group is used as the point of 30 _attachnent

appr opr i atwiaplederqlytipmdrost Cfeélémmﬁdh@wp Icivegp canatpeial Rrﬁc;eéﬁmga ect i ve

derivatives su {Hag%é .

activated pol y(ri;g? gﬁtl e l%%'gg%% gé(‘i%“ rt?f%?ggﬁﬁ%/erl alfes he [ epar atl on

of pol ynECethm‘:uamd pmtenrbcfdyempieawelltsetfaed)pmlnBhe:easlsuolﬁztﬁmhcp@iayrrer may
reactive g such as an

be any_pol r cont |n|n 43 a, t hi ol rou

a- hal otar ﬁ%llgeww &el q@s@@ﬁioth%% cell b GEBR Ui, Ol T 46,8 glgple

mal ei m dep iy Rﬁ{lgé{é'o@h&@ﬁsﬂﬁaﬁal% ﬁyan;hhfé&calﬁufelihv%wrbteﬁgsdmtagmﬁéS may be
obt ai ned com*rer cla for exanple from Nektar, fornerly Shearwater

Pol ymer s predeips Hpmrgskatddl dyringl disdaSapr orfeation, b qzlam;pm edefftoonandamtbeici al |y 5
avail able starti ter| venti.onal. chem cal. cedur.es.

part1 cul afobeeowbie BErEl Taidll SuRbReonssd Baes HrreS i FEBTES ¢ om
Nektar, f ooy, W@a‘ﬁ%l@ﬁnte@ﬁﬁ@ st YT emte’é?ﬂs %L@BVEA @nﬁ sM'eaﬁp' BPA

(obt ai nabl e from Nektar, fornerly Shearwater) e preésent
i nvent( onsa¢din qurb*ﬂekﬁbeism@BlZaC&i ONDxt, e(hla@,dCEg él‘rDSar@IDbka;l)ﬁIlDIb;rﬂIbk&JI e

desert DS CGe g BrB! YIHLSEPS5hd IRy GoBIO S ol Rpe i 9
transf ect con3agbdixads @b, MMPVGCDEB%C@bzﬁLY cwebl, &SEMEr ESFLIIRE&SKI |1 ed in

the art. In this respect, reference is de to "Current Protocols in

Mol ecul ar DBC&Iog3PCR obglulip2, RLDQSS%UELM@VSI edEK2WKILAN 0P8, eKEEA RN, New
vork and e AR, 3t} 8RRk s ORES) By GakSRLL RGBT RRC o na. 1 n

a further aspect re 1's’ provided a r|5|’ng sai d vecto

and/ or5 DNRAISMY mAM&pIS%hQ}ﬂMeed)l | BEMP®H, sa@Meml msrmecauaﬂ@brﬁmpoﬁxpr essi on
of the DNA 20 seguences encodi ng the ol ecul e of the resent i nvention.
Bact eri al ant{gsp ( @%éﬁp pramen i fat ‘gdofligt(RMF G @P@@)aMFé‘s used or

eukaryot i gy, %W%@ﬁaﬂ?'@miﬂ PW?Hﬁ?Ib&ﬁéﬁﬁﬁ) k) ﬁ)’%ﬁ&gtcﬁfﬁ% al so be

used. Suita i'an host cellsinc ma or
cells. Thmcbwhserappﬁopmetnineoeptaissslmrmfow des a process for the productl on of

an 25 anti body_np| ecul e as crl her ei n rrprl ng.c uring a host
cell cont ai ni n§°]&L§é’€f18?nS(“é %El&lfm%?ucthﬁé rleye 1L~ ?Iv]in%’l%nS

condi 3¢ ong__§ujrt. @@'IE for heag 'l% ok PLA¥PERASS Pn1 7K aer/&Eli'l'?FW&”h%n@nCOd' ng
an anti body nol ecul e 0f the present invention, and isolating an anti body

mol ecul e. f¢Foexpmepdaateisprradbrpsydagtisi comps iogi cmgobmglallwavws antl geinght
chains, the cell transfected with two vector

30. line, m
vect or en%@}lﬂ‘bgl%b‘}q‘inéhfucéh%t%/ ﬁgfgo}% PG AMEERGR oy SR ?O%r%a. ng a
heavy chaj %Mpeteﬁlb&enecﬁlsﬁsefagtgﬁ *rmlqogrﬂftaﬂg'kﬂ%ﬁ ayﬁﬁ‘{w]&fr Bt Ledised. the

vector includi ng' 'sequences encodi ng | har n an eavy c ain
pol ypept i gebreferfict tbHeréntal NOoTONEG) h@Boateadsih fagtok-@, thienpsasenting

di scl osure are expressed at
25  factors such as G-CSF or GM-CSF, and platelet derived growth factors such as
PDGF-a, and PDGF-3, WISP-1 and where appropriate receptors thereof. Other
antigens include bacterial cell surface antigens, bacterial toxins, viruses such as
influenza, EBV, HepA, B and C, bioterrorism agents, radionuclides and heavy metals,
and snake and spider venoms and toxins.
30 In one embodiment, the antibody may be used to functionally alter the activity

of the antigen of interest. For example, the antibody may neutralize, antagonize or

agonise the activity of said antigen, directly or indirectly.



suitable levels fromhost cells nmaki ng them conducive to comerci al

processi ng. The anti body may be specific for any target antigen. The
anti gen a9 2be/@29el | - associ ated protein, for exanpl e aPCeldB2urisase
protein on cells such as bacterial 5 cells, yeast cells, T-cells,
endothelial cells or tunour cells, or4dt may be a soluble protein. Antigens
of interest may al so be any nedically rel evant protein such as those

protei ns upregThatedbdiyr indBcelesoasie presdnbfigention ard Qsefigxianit @rcagteipt Or S
and/or their corresponding |igands. Particul ar exanples of cell surface
proteins PKEPLRIEPARESPOMPIBYBEiGlcondiBR. exanpl e i ntegrins such as 131

oo Scos, ooy, AR TP R e B e RN BE ey BB R o s “pe

CD40, CDAM{treaBidiE, bCDINBRist GG thaaqaamtic(aumﬁ)acme@@s)umcﬁv&bf PR RitnplED27L,

CDCP1, . CSF1 CSF1- R t DP F1120584, F 40787
HEK2, kI Amsg arn}%ﬁ%u&cfgggﬁm%ﬁmnz 0nR|em%§§§§entEH<B badyaccqpding to
nectin-1i kgentidMCedmiliskKeéd t&pﬁcalﬂ@EAQ%he hMhbor 68l WQ{ orBCMP84, BC'VF’ll

DTD, carcinoenbryoni c anti uman m |k fat Iobulln (HMFGL and 2),
MHC O ass | anﬂfhwmﬂl‘t@dmsprcbmdahby @emqsemﬂvmmn\ameﬁﬁma the tREUHEENS TL1A,

DR3, IL-7 receptor. A .and ria rec t her eof . .Sol ubl e

ant gens. HREHGRe TistiaFRduy Pog PR B8 feash Y ESPART At Rne gindhs”) g

20 |L-8, apd-diderdedsLfildtic Ulsodrs dnkd-chBec@s. | L-17, such as |L17A and/or |L17F,
viral antigens for exanple respirator syncytlal virus or cytomegal ovirus
anti gths, i muibbylterul iiMammeely dsschsE, of ndiserler oped Siamuag dispesy o&r on a,
interfero I . 0 f known
et urour Crerbar b ARo ket ER e IR ST AT IRE IHEDY Cnor
necrosi s faehes,psdriasl, @ryhhtsidisdat] oc2hivd aslids SSEEcdSya$erﬁcC:EEpas GWt CSF,
and pl at el et deri ved grom h factors_ such as PDGF-a, and PDGF-13, WSP-1 and
wher e appEBphemRtesushc aphoirs Allgeieohinicyéppigrdsrgenidis Altinke wdetosis al cel |
surface apii.genss N f EBV, HepA, B
and C, blg%grrofﬁgﬁ?ggggggimk %ﬁ ﬁﬁg%h%ﬁ%%ﬁaﬁH%ﬂﬁ@%xﬁgﬁhﬁ?@%gﬁ% snake and
spi det5 venons &hd tetraxi“fibrotid Odivordme 'mnhnids mﬁnpathﬁchp;lmohaﬂyoﬂbromy(IBE) used to
functionally alter the activity of th igen o ntere anpl e,
the ant i bBHYCTHES AR PO 26 cratfirBgonk! s @%ﬁ.il ?tFFen%@}rPngf Bsai g
antigen, gigieGidiy, %pbl@éhs'icﬁptehé(-stagé%nal discadd) @At RORYrolRI (BGitiRDUET the
present invention are useful 1n the treatnent and/ or prophyIaX|s of a

pat hol ogi embubweryitardoncal dialysifhliet harlwsis agemvlawédnmlanﬂcgmdganancor di ng
to the pr eat nent i steri.n

t f i d
therapeutﬁ§§$b§;g¥$§8% Y Egﬁﬁgﬂﬁcbﬁ%ﬁ 8?“ ?ﬁ?h@%§W§1%3§upﬁ i ﬁgFﬁhceutlca
for mpgt i a&gloﬂlmstpm@r&ﬁgn@yﬁmgurg&? @Dkb ATy aRPGREGNgr LR t he | nvention is

adm ni st ered toglcal y to the lungs, for exanple by inhalation. The
anti bodi es proVhdéermy’ C@h@erprléglehites|an\r@eﬂtgm@¢t aew guwrth| thah arkses tffasat nent of
di seases Q. r in r , 1 mune
o seasee SRoRlag) A58 P AELRE OELARIR SR pBaReo I AR

"I nfl ammabeay, evapasiesar! hindi idhegpanaras, stomavhebldtseaseboweldCansder
includes rheumatQid arthritis, psoriatic arthritis, still's disease, Mickle

Vel |'s di skrddo 1palgraicatias adiegcsh ﬁrswedwe%%a (metastasisoy & disiant pegans fer
(Systeqnc Hﬁﬂﬂ?ttgrb ﬁé’u% Wrth@ﬁ%ﬁm allergic rhinitis, atopic

dermatitis e sclérosis, vasculitis, Type | di abet es mel |itus,
transpl ant at i omhaqﬂegasrafmwatlsusalhmqirodlchaeaasphaﬂrﬁad'mﬂld;aéran dihghostic ¢

di sorder” includes idiopathic pulnmpary fibrosis. (IPF ste sclerosis
(or scl er 6YBPFEION W@ﬁl "bﬁ%@P@Y Oﬁtﬁalﬁé@@?l&t lﬂ%%ﬁlﬂPé bm W&E RFBpat hy,
hyper t ensj,PforEdits ﬁﬁaﬁ‘ﬂﬁcéﬁi&@ily e&&?%@e ep&%lbﬂtoﬂﬁﬁ’ént bt %%f SAes&afng[yJous
anbul atory peritoneal dialysis) iver cirrhosis, age-related macul ar

degener at prvidaRiDihe net oﬁ@paamwodyamﬂimnweabon\fer thdmesuactesaet & ng,

kel oi gs, burns skln | cers, 20angi.opl a 1..COoronary ss.surgery,

arthr dbi Bty macar B PrTigs Ry Wil Ry ine Suthsd Yo bBR S R HEY

nal i gnant pRgaefueivdl h:oh?b@&ltl@ﬂi iti5e@ Swifl ey it@lde WphdraedhtitllyskdcBpt@ble rmr e
commonly, the lining o organs, for exanple: breast, ovary, prostate,

| ung, ki deyier. pAnphaggicewti @mpomlaa@érth%pr%mcenve@m%@ax afl giignpldy
infiltrat (et astasi se) to distant organs,
 or exa§%+@%s% gﬂg@ﬁg&h &dl@%&‘éfp&lﬁﬁe aLgad. | e

ung or ‘the brain.



The present invention also provides a pharmaceutical or diagnostic
conposition conprising an anti body of the present invention in conbination
wi th one wo 2nve2982 a pharnaceuti cal |y accept abl e exci piPemtGB2dilosesss or
carrier. Accordingly, provided is the use of an antibody of the invention
for the manufacture of a 30 nmedi canen#6 The conposition will usually be
supplied as part of a sterile, pharmaceutical conposition that wll

normal |y i ncl utt@cariebeadtmaneutioiahlsy peseptablmoeasy f@r prépphabiaseut i cal
conposition of the present invention may additionally conprise a

phar maceuPhaBRFSiselQs siagnpeicegmppsiion copgrising addingang muxivghs #fdedy on al so
provi des e i i i LC
Composi t1 anegnernt Bt @LERALAL G She brNAL TR R Uit § AO0ARIL

i nvent i onetaggetthéiluont dhcaorier. or nore of a pharmaceutically acceptabl e

exci pient, diluyent o arrier. 5The antibody of the disclosure may be the
sol e attive inéﬁ%@mgfa?fx aFithe d@%!ﬂwcgmfi Baithosolgi S siREedshgBsPei on or
may be ac?gmebaﬁcam ALBRbSRCEdnYSosi A SIMEPHE dc@GJn?th@H bgtdaﬁér Atk body
ingredients, for exanple anti-TNF, anti- [L-113, anti-T céll, anti-IFNy or
anti - LPS mgrédods exludng otar artiiddydygrcdignedfoemkemplecintisENKaatthilheld, Ot her
sui tabl e active jingredients in de .ant.i bodi es capabl e of .inducin

0t of or antti- Ty G GRHENE Orapct CebamERoGi 107 oA SDp b grdion’s Sl iy
further eghoghenoddSuAniib3od fier CHMROFIRMLABEAEILAERICof AfudhgC! osure
is enployed 1n conbination with afurther pharmaceutically active agent,

f or ek@&nptaderanaofaricsaspler @itdCDS we hnta€ 4 attibodsenoe propi onate) and/ or a
beta-2-agonist1(su h .as sa¢b t anol,, sal.neterol or rgrnoteroh§bﬁr i nhi bitors
of cell growt hdd WEH, GPRGUPSET if ERURKY 8T (QBURYEPR, YU RO SBRm de,
et hot r exakehsiRe i@bmployad iy Bobiabléh ¥l J RIrthePARarkiABERIChIOY acthve QRAY,

enbodi ment the inhibitor is a small npol ecule. [ n another ‘enbodi ment the

i nhi bi t or fargxamplert ¢asbenptaspid dpychastiticionea prppionate) and/orpbetgtlargameseut i cal
conposi tigns, sui t.abl 0 i t her tycally.effectiy nount. _of the
ant 1 body Srce pS fetilieSo RlntGof of fBRAREHLL B, kinfhy;° e £l IR Rl "2
as usesl herotifdraticf €ushtae @pardaP@LNtydiphaspireidapeinoeeagendr apadathct @ treat,
aneliorate or prevent a targeted d%sease,or condition, or to exhibit a

det ect abl EDERend et DA0 gphipites, dmoag cybodingeat the mhbitp i pag modgquie.
effectivelg¥R ] I ok tial e ! | culture assays
or in ani%a #%%gﬁ%?mﬁgﬁg ;Mﬁhﬁgggg%%@@&Pégg?%Q?&H%ggﬁg%igs or prinmates.
The ani mal nod&he pearmataovichblecongeditions sietabiyndangprishe thgppapicalit eff&bive

concentration range and royte of adm njstratjon. Such informtion gan then
be used t BmBER A neleey of thBKailigq T o 5tids ﬂ?ﬁ‘é‘i‘Pe&E}?ﬁqm é}%qcm BROVH humans.

The ps@ci §€udAERREHIFLS A by aBb iR O L YR A RHO b dP he Q1 YO RBatS MRk IR At W | |
depend upon the severity of the disease state, the general health of the
subj ect, phwcage fargeicghtisaund ogendéitionf ot hecshibjtecdgtedinble, therapeutndr
frequency _of adm nigstration, drug.30 c L.nation(s reaction.sensitivities
and tol o BifeRAELp bR e Thermbiici R SRRSO P LGSR RAEEREY 1 out f me
exper i mentigfdr o cANElliuse Mshydi dF if Beindal SHBHABRE usdbilly heroabhti GbAR, d6RNpIe! |y, a

t herapeutically effective anount will be from®0.01 ng/kg to 50 ngﬁkg, for
exanpl e 0ouprigrakes-t Bhoeninglgodeharymbeurd esd otgieynincdhs amagoryeate 47
convesy e”Eér}’ceH&{ﬁ%snr%ﬁg anlt 200 %f&’d%&k%ﬁ& CONGARIAGy RESARN QM agd amount
of an~actrve agent o The invehtfon per dosa: %bnp05|t|ons may be
admi ni st eteedbtéritheisdaaldbyestaad aopead foe BEmdistAmyn hehadarsni st ered in

conbi nati on (e.g. sinultaneousIY, sequentiallaﬁor separately) with 5 other
agents, drugs ORC REscHsiegapeutically qffectiys smoynt {ghiadwmen syhcrbBHl dgrend he

present i i j: ?P@E g r . ition to
be treate fﬁp%kggﬁgﬁ% e tﬁ%ééﬁﬁgﬁ%qﬁfgﬁﬁgﬂﬁ?%%g@}ﬁ?ﬁ?ﬁﬁﬁﬁ%%?%ﬁ“%@%@ent and

on whet heand gendwl e€uthe mjdrei nigetusmee pmdplighaaty caf lagnomistraionr edrtig an

exi sting condition. 10The freguency gf dose will depend on _the half-life of
the a ‘?i b6y laﬁtéo‘{zﬁere&&?%ﬁ %eé‘ﬁI%&Fleﬁ ead [aleragge/repponsh 0 BREAP Ko dy S AROW! shor t

hal f-11fecf{fp8-deferiBndPb POt ddpePRYenPfi IELRERANHhinOAhT VB RAR SATthEDr €
doses per day. Alternatively, if the antibody has a long half life (e.g. 2
to 15 dayshnitian nfignenlly, atbempogissldy gif¢ativgiameust widlsagfeorofidy pekgday) once

per week glrg/lgél,%r gggn?pl%v(f | ¥ng]7kg o %O ”H?Q&QS "Pharmaceutical compositions may be



15The pharmaceutically acceptable carrier should not itself induce the
production of antibodies harnful to the individual receiving the
conposi t iwo 2arxh22430ul d not be toxic. Suitable carriers may/dBolzsgs3 sl oWy
nmet abol i sed macr onol ecul es such as proteins, polypeptides, |iposones,

pol ysaccharides, polylactic acids, poHyglycolic acids, polynmeric am no
acids, amno acid copolyners 20and inactive virus particles.

Phar maceutés@hlontiapeapheilie uaRldose formskentisitly afpesdcexmnildeaniduigbabn aci d
salts, such as hydrochl orides, hydrobrom des, phosphates and sul phates, or
salts of aftyaReeitaEthgdnvertiihpadosfeet at es, propi onates, mal onates and
benzoates. Pha y cept.a ] jnt uf i opposi tions
Tay 25 addi ) OaPTy iemn e, OF RNl WA BLRL. o [ FRARE b RECBETS g

et hanol . Adidinist@ndlih wonmbinatibh gey. simhdtaancedy, sgadntialy wetdcpagtety) eirhul si fyi ng
agents_or pH bufferi ng stjbstances, may be present in such conpositions.
Such car r PEFEEALpVEE AEDYARPShceuti cal conpositions to be formul ated as

tablets, pill SThQV&Q@ea%szi@%%H Stibddly dst AR g%%&% 'n%’ﬁtlib‘?is is %Jiﬁlﬁlfriétéi%dand

suspensions, for ingestion by the patient. urtable forns for
adm ni st r d¢fcods pndhaidetufoe fithesaint tioh gofher trgpgede doreximpdel thenegentadfi tha, e. g.

by injection or infusion, for exapple b olus injection.or continuous

Tt usk on. domsPan it ey BT o Bedh e Mt Ons ety Pke  he
form of apspapRASdad or &PIrdk bR BxiMin®EBHdRicAN i N an oily or aqueous vehicle
and it may 48 contain fornulatory agents, such as suspendi ng, preservative,

st abi 1@ si ng andhodredienseradi dnge aglrdopendion dhe daif+hde pf thhanttholdscandethef t he

di scl osur - Yo for,.rec tof bt 4 bef o use W th,an

appr opr i st e L ARE IR Bk} shERaP Ukl et LT i Bt b pfic

i nvent i onn&2ssabetoaglng onsoemert doseh peedhl.y Alterdatieciglibiiecintibddehsubpggt s to be
treated can be animals. However, in one or nore enbodi nents the

conposi t i BHE iy € mdaer Budass) itausy anlytheatacessagydortivian detageewes per day,

Sui tably pn.f i i present disclosure, the pH of the
final for?ru ea?t%?g)réle}?é% %? Oglggnefea T?’étzﬁﬂ&elm\isal ue of the isoelectric point of
the anii body, The pAlwrewerwpically fadchigaldtl ofrrichesHoatdrudcat iiteeif | mducd htbe a pl  of

from 8-9 or above .be . appropriate. Wjil.st not .wishjng to he bound by
theory itplioguft%hgﬂ??f&lmest Wretep i 1\%%@6} rﬁ%‘ov%iéﬁf‘g%maqlﬂ?rbraﬁﬁ ati on
wi th i npr gyee SEAbidel tfxic! OSuiBXRTBridi0e nBt if0dYrok eNBGWE, i MeiBitkiON. The
phar maceuti cal conpositions of this invention nmay be adm'ni stered by 15 any
nunber of maowededules| wdtngas bptoteing, Ipoksipepiddaso, liprsames,i malgsaechaudss,
intranuscular, .intra-arterial, intramedullar. intrathecal

| nt r avent PPRGEUS SCF gty sale actdhn RaB TR aBite bl At capglymers

W98/ 2073444d i_nﬁ@thféuii@@@@ﬂﬂﬁlesi ntraperitoneal, intranasal, enteral, topical,

subl i ngual, intravagi nal or rectal routes. Hyposprays may al so be used to
admi ni st er t hePhitanpetisally aedepeblepels caobsusstl, foexamplerminer! adidsplesal |y, the

20 therap [ I 4 r i bl .. as
auid softit /S ARRABELLE TS o orRBs BRI A 200 sPRBR AR PG T, o
suspensi oncidd) sudh GuicekatesPropiosatpy, niloratesianf detzoatesnay al so be prepared.
Direct delivery of the conpositions will generally be acconplished by

i nj ection, subBlATEREBUISEYY aferntabler farsisEnl ity theiapeuise fogIOpitins may

| Dt T ags Uittty Yondrmh ALY SIch%s Wl NGB AT LA cRfABE CARGiciBdil S SUe. - The
conpositions can”al so be adm nistered’ into esi on. sage treatment nmay
be a si ngh&ilblogesgshades eswoh as mudttingl @ dombsifyotgedates or pH Hufffeving| be
appreci ated that the tive ingredient in the conpositiaon wll be an

ant i body. SYRSIA8ESH, MAY B | 1ro58t s SBOY | IMPOsiogs g SHtAt FAHCTS neghle the

gastroi nt gedrifAddutichPEmpaRiolIUS: bd forlhfiBatE@IRABBILISORIlisS dtfpcbE APNIIR, St er ed
by a route using the gastrointestinal tract, the conposition wll need to

cont ai n abewts oabi exhupy slueds anfhsuspansigisd forfingssiietely thdaation. but whi ch

[relag,??(? zge amS{ulgﬁ)‘i]é/ fgpr%se fio}r ap(f’in?im% rgtrilonabnsla{u?ee dfoI‘r{lsO né‘u‘itgt?leg?osrt {)grierrllttel%?t I nal
administration, e.g. by injection or infusion, for example by bolus injection or
continuous infusion. Where the product is for injection or infusion, it may take the

form of a suspension, solution or emulsion in an oily or aqueous vehicle and it may



A thorough discussion of pharmaceutically acceptable carriers is avail able
in Rem ngton's Pharnmaceutical Sciences (Mack Publishing Conpany, N.J.
1991). woO 2017022982 enbodi nent the formulation is provi @et/GRoa/dSodeaul ati on
for topical admnistrations including inhalation. 5Suitable inhalable
preparations include inhal abl e powder48 netering aerosols containing
propel |l ant gases or inhalable solutions free from propel |l ant gases.

| nhal abl ec@yidef@mdteordafents,suthes dusndsiy, @remtaive, sabilienaehd ve

subst ance nay consi st solely of the abovenenti gned active substances or of
a ni xt ur ediSPCIEHE ARy e HBteriadively. detmoleculgws thendisdosyre mayhedn drofireal | y
accept abl may i ncl ude
nonosacchg}?é%@g?gﬂggbéﬁﬁg§ggagvig&@%ﬁﬁggé Qe ggcharldes (e.g. lactose,
sacchar ose, naDMusébmmHMRgpﬂmaudnpmMyﬁmcamamlde&n@ﬁlgand@xamamasmpd

pol yal cohq] s (e. it manni t I|toI salts . sodi um

chl oriﬁ dieeqtiyit dheoabiss haféf) subjecks t&eﬁasrt@é cgcap ﬁ@%ﬂ%kt hHéW%Veaﬂam@Pr Mono-
or di sacchagd %%%oaﬁﬁerﬁylth@bédfnﬁ&%ns tat}@ §teaf fdraﬁaﬁﬁﬁst%oﬂl 14C A§fan
particularly 15but not exclusively in the formof their hydrates.
Partlclessm@mﬁﬁep05|t|on in the lung reqU|re a partlcle size less than 10
m crons, such 9 nlcro s..for exa ron10 to, 5 ticul ar
Mo 1™t o o o Shingig il Rud S SO FRe fo eyt ahgidurd e pBARREL e
ant i body) fih§l fBfmbbiidRIsYot SRAGE AGE vallBf HeARRIQN pdAsEh¥Rh b be used
to prepare the inhal able aerosols are 20 known in ? he art. Suitable

pr opel? enexagepde ¢f axeaofé@lféb@ élffﬁud%mnalﬁﬂnéleh)ﬁdpb@éﬁbﬁhg -9seic#bays maypbepane,
n- but f"‘“et glgpraéﬁg?t%t R noft ﬁr}é% %%%%%RE%yS[H&o'}ge}ﬁs tﬂé@%ﬂt’lﬁ‘&t i a@ q( or

fluorina rrvatives thane , cyclo %ropane

or cycl obuttangelylp@vadoy ehmntoonddtipn opel Ireploveasesilimy foecusesicahct hei r
own or in mxtures thereof, 25Particularly suitable propellent gases are
hal ogenat &9k s¢rBeiBeHy P4ttioPes sel ected from among TG 11, TG 12, TG 134a

?Eeng?g?tefiaﬁpggroet ang%lggﬁg%%gggq%?%a %’%%gﬁéﬁ%§heg%%?gg%gégr%pane)

and mXt uaesntberesffroates ipauding, Ubiamoy lisutict ab)| @al, Tiveavenous, intramuscular,
propel I ent - gas- cont ai ni i nhal ahl e aer osol s al so c ntai n ot her 30

i ngr edi ent"é‘%saﬁ@ﬁa dnt ?6‘?2‘1%%% gltra%te%n nfré‘é?“émlg%yfr e’%’&?’t i sqyapioys
(surfact ays hxapicl Q6 Wevss0754 rshﬁélﬁﬁﬁeoﬁﬁldm%ﬁé}%oﬂé’eﬂ AdaHSG) NGtdrhe PH. Al

these ingredients are known in ? he art
pr opel | antopiad,-sebhingiahi mgava:gnmla)blrectabrmmﬁl sHap,wmbrsrtgay olsbihe usadént i on may

t to .5 % f t bst A | di to th
Cvent | onbaaRRIeh hF o tttAratie TGOS PR O 5 ReFURT. 0BIAh 4P by
wei thO Otlf%ﬂa?e{l@c gor%(bsYthﬁlrﬁli}I be Prepark® ad iffe bV ieBhdr,as QiqRid @ didhs Ry We' ght

or 0.5to 1 %by meua ht 5of active ingredient. Al ternatively topica
adm ni st r ssperonso Il fqrmg sirigble [fetoseticny ing @rispspsnsian itonliafd aehiclysi d

sol ution o) [ for exanpl e enploying a device such as
. §Ir1015t§§19 gp[%o Iﬁ? &’155“5% ﬁltbGB? : {Zie

a nebuliz exa r connected to a conpressor (e.g., the

Pan i LC Jet Pm&(cR)ienebnyl d)fZEhre aonpeitieds illacharully baatesraRisleanpy essor
manuf act ured by Pani 10Respiratory Equipnent, Inc., R chnond, Va.)
The ant i bBdsetm ﬁ%‘é@lﬁtwﬁ@ﬁﬁhy@mtwﬁﬂweéam Manw%ef geEmyscylaly, \%nt

24 N HE‘ﬁv%] H%%e%t%ﬂtl‘g% %paé%r oft S'ﬂﬁ&féns'ﬂ{% chin gﬁﬂoﬁe shgnged in an

approprlate physi ol ogi ca ion, e.g., saline or er pharnacol ogically
accept abl edmmlistend o @ ldsioht é)cedgesmeuttnennmaautba‘ ersikls alosd isdrduknawa i n t he
art may contain_ 0.05 to 0.15 15 ng disodium edetate, 8.0 ng to 9.0 ny
NaCl, 0. 1BUHHpE doss sl pol ysorbate, 0.25 nmg to 0.30 ng anhydrous citric

aci d, and 0. 451Gt SppRidtBd ﬁﬁ@kﬁé“ac%'vé 5 Jr8d PR indh&boBpo MBS L Wil B 88 L0
achi eve a pH of about E 0 to 5.0. A suspension can enploy, for exanple,

| yophi | i sedtibedyedwl @ChTﬁeVlﬂﬂi)@rSaﬁf@Qtlbb tg dspradstiani the gesstainticetma oraptul at i ons
can a{"(? 0 lrl]St qf Hleocno%lposnlon is to be administered by a route using the gastrointestinal
tract, the composition will need to contain agents which protect the antibody from
degradation but which release the antibody once it has been absorbed from the

gastrointestinal tract.



20 nore excipients. Excipients are well known in the art and include
buffers (e.g., citrate buffer, phosphate buffer, acetate buffer and

bi car bonawe 2b1efd2e98p, ami no aci ds, urea, al cohols, ascor PCE/GR0U/051563
phosphol i pids, proteins (e.g., serum al bum n), EDTA, sodium chloride,

| i posonmes, mannitol, sorbitol, and gl ¢2erol. Sol utions or suspensions can
be encapsul ated in |iposones or biodegradabl e m crospheres. The fornul ati on

will 25 gener al thyrdagh Riuisitatdof phaamatdusicalnt h@kpiibBtaridre if SmiuEeph oyi ng
steril e manufacture process i i ncl ude production and

) es. Thi s may
steri | i zaRrPomaRn's Pharmaequiigalorciantes Blackdrblshing CerpraniNd 110 used for the
for the formul gf o0 mﬁéﬁﬁ{eh&@“@%ﬂﬁh&’ﬁ is%ro%ﬂr%ﬁ“}%'ae? RldtfntBE & ! 1 €
buf fered sol vent ~sol Ut on, an i spensing of the fornmulation Into sterile
30r ecept aadremidoations inolddinganhdlitmmn. t o t hose of ordinary skill in the art.

Nebul i zabl e fornul atign cording to the present disclosure nmay be
provi ded, for e%iRie & a@fﬁ‘smﬁaﬁwég%%@clw ﬂl&laf Igypow f‘é%elf%‘eﬁ%é%/fioéom

cont ai ner s,k inYh@hsdp ARG S sd ool Rihla]atOs A &nIZ2OB8EBET (9L 92363 51
envel opes. Each vial contains a unit dose in a volune, e.g., 2 nm, of
sol vent / sbihatabenpdwddrerccording to The denlosiedpntifininp¢hprasemubsihse] mgure are

th ht to b ti I i tabl .del i [ bul.i sat i

SConpri si R EHECerE B oS e OB baBHE S shbtnFr e OFe Pureandber o
meani ng i psdvdiicRGoned active dStaBedsSEHBIRRIIoLI MR8kl Ce o nents of the

i nventi on may be conbi ned. e invention will now be described with

ref erthce to t hbcsoinhalubiypewdersireay imadudhmemoarechasides ye gl Blisosaorve and
shoul d noara@o y ‘H%éécc%g i&é)snsg.g.edla dee | MDY Lhe sG0Re of,bhe present
anpl es t sbs PP % i

i nvention. agen g&A heavy thain and genrerating
mut at ed | gé¥sdiehmydesiaighdsitngks, pelnslcvigsit 0¢.8. sorflifo\inamniast] 11wl adaltons wer e
performed using. the QuickchangeO Lightening Multi Site Directed Mitagenesis
(SDM) ki t (G %O%QFQﬁh@K@ﬁaﬁﬁé@m CabRRARY P MEBUEFSnel thepd iy P agethen)

(cat a1 oRUSQUIHPLR A, P00, A0AP A RS NI, PR e cor
sequeli nbut nbhexdlgBhh eathy fednaofibciohydite®0l east antibodies 1 to 47 in the
Lol ow noh! bl B, 1018 B RAusEsh i IO PSR AL 3k M RLLons (Kabat
such as 1-9 microns for example from 0.1 to 5 um, in particular from 1to 5 um. The
particle size of the active ingredient (such as the antibody) is of primary importance.
The propellent gases which can be used to prepare the inhalable acrosols are
20  known in the art. Suitable propellent gases are selected from among hydrocarbons
such as n-propane, n-butane or isobutane and halohydrocarbons such as chlorinated
and/or fluorinated derivatives of methane, ethane, propane, butane, cyclopropane or
cyclobutane. The abovementioned propellent gases may be used on their own or in
mixtures thereof.
25 Particularly suitable propellent gases are halogenated alkane derivatives
selected from among TG 11, TG 12, TG 134a and TG227. Of the abovementioned
halogenated hydrocarbons, TG134a (1,1,1,2-tetrafluorocthane) and TG227
(1,1,1,2,3,3,3-heptafluoropropane) and mixtures thercof are particularly suitable.
The propellent-gas-containing inhalable acrosols may also contain other
30 ingredients such as cosolvents, stabilisers, surface-active agents (surfactants),

antioxidants, lubricants and means for adjusting the pH. All these ingredients are

known in the art.



CHL domain & Hi nge SEQ ID NO CHi, Hi nge,
Cl127S, (C239S 33 59 3 C127S, (C242S 34 60 6 Cl127S, &X30C, (C239S 12 38
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The propellant-gas-containing inhalable acrosols according to the invention
may contain up to 5 % by weight of active substance. Aerosols according to the
invention contain, for example, 0.002 to 5 % by weight, 0.01 to 3 % by weight, 0.015
to 2 % by weight, 0.1 to 2 % by weight, 0.5 to 2 % by weight or 0.5 to 1 % by weight
of active ingredient.

Alternatively topical administrations to the lung may also be by administration
of a liquid solution or suspension formulation, for example employing a device such
as a nebulizer, for example, a nebulizer connected to a compressor (e.g., the Pari LC-
Jet Plus(R) nebulizer connected to a Pari Master(R) compressor manufactured by Pari
Respiratory Equipment, Inc., Richmond, Va.).

The antibody of the invention can be delivered dispersed in a solvent, ¢.g., in
the form of a solution or a suspension. It can be suspended in an appropriate
physiological solution, e.g., saline or other pharmacologically acceptable solvent or a
buffered solution. Buffered solutions known in the art may contain 0.05 mg to 0.15
mg disodium edetate, 8.0 mg to 9.0 mg NaCl, 0.15 mg to 0.25 mg polysorbate, 0.25
mg to 0.30 mg anhydrous citric acid, and 0.45 mg to 0.55 mg sodium citrate per 1 mL
of water so as to achieve a pH of about 4.0 to 5.0. A suspension can employ, for
example, lyophilised molecule.

The therapeutic suspensions or solution formulations can also contain one or
more excipients. Excipients are well known in the art and include buffers (e.g., citrate
buffer, phosphate buffer, acetate buffer and bicarbonate buffer), amino acids, urea,
alcohols, ascorbic acid, phospholipids, proteins (e.g., serum albumin), EDTA, sodium
chloride, liposomes, mannitol, sorbitol, and glycerol. Solutions or suspensions can be
encapsulated in liposomes or biodegradable microspheres. The formulation will
generally be provided in a substantially sterile form employing sterile manufacture
processes.

This may include production and sterilization by filtration of the buffered
solvent/solution used for the for the formulation, aseptic suspension of the molecule in
the sterile buffered solvent solution, and dispensing of the formulation into sterile
receptacles by methods familiar to those of ordinary skill in the art.

Nebulizable formulation according to the present disclosure may be provided,

for example, as single dose units (e.g., sealed plastic containers or vials) packed in foil

CH2 & CH3 SEQ ID NGO 1 C127S -

2



7 Cl127S, @&230C, C242S 13 39 8 Cl127S, &X30C, C239S, (C242S 14 40 12 C239S -

13 C242S - - 15 Cl127S, @&230C 15 41 16 C127S, @&230C, S241P
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envelopes. Each vial contains a unit dose in a volume, ¢.g., 2 mL, of solvent/solution
buffer.

The antibody of the present disclosure are thought to be particularly suitable
for delivery via nebulisation.

Comprising in the context of the present specification is intended to meaning
including.

Where technically appropriate embodiments of the invention may be
combined.

The invention will now be described with reference to the following examples,
which are merely illustrative and should not in any way be construed as limiting the
scope of the present invention.

Examples

1 Mutagenesis of 1gG4 heavy chain and generating mutated 1G4 heavy chain single

gene vectors.

Amino acid mutations were performed using the Quickchange® Lightening
Multi Site Directed Mutagenesis (SDM) kit or the Quickchange® II DSM kit
(obtained from Stratagene®) (catalogue numbers 210516 and 200521 respectively)
and performed according to manufacturer’s instructions.

Mutations were verified by DNA sequencing. The IgG4 heavy chains of at

least antibodies 1 to 47 in the following table were produced:

Cul domain | Cgxl,Hinge,
Antibody | Heavy Chain Mutations (Kabat & Hinge Cu2 & Cn3
Number | Numbering) SEQ ID NO: | SEQ ID NO:
1 CI127S - -
2 C1278S, C239S 33 59
3 CI1278S, C2428 34 60
6 C1278S, G230C, C239S 12 38
7 CI1278S, G230C, C2428 13 39
8 CI1278S, G230C, C239S, C2428 14 40
12 C2398 - -
13 C2428 - -
15 C1278S, G230C 15 41
16 C1278S, G230C, S241P 16 42
17 Human IgG4 wild type 2 -
18 S241P - -
19 Human IgG1 wild type 1 -
28 C127S Y229C 17 43
28P C127S Y229C, S241P 36 62




16 42 17 Human 1g&4 wild type 2 - 18 S241P - - 19 Human 1gGL wild type 1 -
28 Cl127S Y229C 17 43 28P C127S Y229C, S241P 36 62
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29 C127S Y229C C239S 18 44
30 C127S Y229C C2428 19 45
31 C1278S Y229C C239S C2428 20 46
32 C127S K228C 21 47
33 C127S K228C C239S 22 48
34 C127S K228C C242S 23 49
35 C127S K228C C239S C242S 24 50
36 C127S S227C 25 51
37 C127S S227C C239S 26 52
38 C1278S S227C C2428 27 53
39 C127S S227C C239S C2428S 28 54
44 C127S G230C P238PAAA 29 55
44P CI127S G230C P238PAAA, S241P 37 63
45 C127S G230C P238PAAA C239S 30 56
46 C127S G230C P238PAAA C242S 31 57
47 CI127S G230C P238PAAA C239S 32 58

C2428

C1278S, S227P, Y2298, G230C, 35 61
43 P237D, P238KTHT, S241P

Other antibodies prepared are described in table 1 above.

The heavy chain of antibody 48 (Sequence ID NO 35) was generated by PCR

and restriction enzyme cloning. The PCR product was generated by a forward oligo

5 encoding the IgG1 upper and core hinge region sequence and a restriction site Bglll
and a reverse oligo encoding the restriction enzyme Dralll. The PCR fragment was
then digested with above mentioned enzymes and ligated into the hG4 single gene

vector containing the appropriate variable region.

10 2. Expression of the mutated [gG4 antibodies
All mutant DNA was transfected into CHOK1 cells or CHO-SXE cells. Cells

(2x10° cells/ml) were resuspended in 1 ml Earles Balance Salt Solution (Sigma) and
mixed with 400 nug of DNA (200 pg heavy chain DNA and 200 nug kappa light chain
DNA). 800ul aliquots were transferred to 0.4 cm cuvettes (Biorad). For a 500 ml
15  culture, six cuvettes were electroporated under the following parameters: 1 ms, 9.6
Amps; 10 ms, 0 Amps; 40 ms, 3.2 Amps. The transfected cells were incubated for 24
hrs, shaking at 140 rpm in a 5% CO, humidified environment at 37°C and continued
from day 2 post transfection at 32°C for 10-13 days. On day 4 post transfection 1.6

mls 1 M sodium butyrate was added to the culture. Once the cells reached 40%
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viability or up to day 13, the supernatant was harvested. Cultures were centrifuged for
45 minutes at 4000 rpm. The supernatant was put through a 0.22 uM Stericup filter
(Millipore) to be purified. Data in Figure 28 show that changes in IgG4
thermostability encoded by the engineered mutations were the same when the protein

5  was produced from either CHO-K1 or CHO-SXE cells.

3. Purification of mutated eG4 antibodies

Supernatants (200-500 ml) were purified using a Protein A 5 ml HiTrap MabSelect
SuRe column (GE Healthcare, Amersham UK). Samples were prepared by adding
10 1/50" of the supernatant volume of 2 M Tris-HCI pH 8.5. Samples were loaded onto
the column at 1 ml/min. The column was washed with PBS pH 7.4. To clute the
samples, 0.1 M sodium citrate, pH 3.4 was run through the column at 1 ml/min and
0.5 ml fractions were collected. Peak fractions were neutralised by adding 0.125 ml of
2 M Tris-HCI1 pHS.5 to each. UV detection was set at 280 nm.
15
4. Characterization of purified mutated IgG4 antibodies

SDS PAGE analysis:

Crude supernatant was centrifuged at 1200 rpm for 5 mins and quantified on
the OCTET. Antibody samples (25-30ng) were prepared by adding the appropriate
20  amounts of antibody, 4x Loading Buffer (Invitrogen) and 2 ul 100mM NEM. A total
volume of 20 ul was made up using dH,O. The samples were then boiled for 3 mins at
100°C and loaded onto a 15 well 1.5 mm 4-20% Tris-Glycine gel. Gels were run at
150 V for 1.5 hrs in 1x Tank buffer. Antibodies were transferred to a nitrocellulose
membrane using the iBlot dry transfer system set to transfer for 8 mins. The
25  membrane was incubated for 1 hr at room temperature (RT) in PBS-TM on a shaking
platform, followed by incubation with a rabbit anti-human IgG Fc HRP conjugated
antibody (Jackson Immunoresearch) or goat anti-human Kappa light chain HRP
conjugated antibody (Bethyl) for 1 hr, shaking at RT. This was followed by 3 washes
of 5 mins each with PBS-T. The blots were revealed using a metal enhanced DAB

30  substrate kit according to the manufacturer’s instructions (Pierce).
The results of the Western blot analysis is shown in Figures 7, 8, 9 and 10. In

Figure 7-10, H stands for heavy chain and L for light chain, H2L2 is a whole antibody
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molecule comprising two heavy chains and two light chains and HL is a half molecule
comprising one heavy chain and one light chain.

Figure 7 shows the Western blot analysis for antibodies 15, 16, 6, 7, 8, 17, 18,

19, 1,2, 3, 12 and 13. It can be seen from Figure 7 that the antibodies show a good

5 level of H2L2 except for antibody 8 which shows no or very little H2L.2 due to the

presence of both hinge mutations C239S and C242S. However, antibody 8 can form

H2L2 by non-covalent bonding between the heavy chains. Mutant 3 also shows little

H2L2, this mutant retains C239 but is unable to form inter heavy chain disulphides in

the hinge, presumably due to efficient formation of a disulphide between the C-

10 terminal light chain (LC) cysteine and the hinge C239. It can also be seen that

antibodies which comprise the mutation C239S but not C242S (antibodies 2, 6 and

12) show reduced formation of HL compared to antibodies which comprise neither

C239S nor C242S or antibodies which comprise C242S but not C239S. Antibody 16

which comprises the S241P mutation also shows reduced formation of HL. A

15  comparison of mutants 2 and 3 shows the extent of the ‘reach’ of the C-terminal

cysteine of light chain to form a disulphide bond with the heavy chain, it appears that

the light chain cysteine bonds more efficiently to C239 than to C242 in the heavy

chain.

Figure 8 shows the Western blot analysis for antibodies 15, 6, 7, 8, 28, 29, 30,

20 31, 17,19, 32, 33, 33, 34, 35, 36, 37, 38 and 39. It can be seen from Figure 8 that the

antibodies show a good level of H2L2 except for antibodies &, 31, 35 and 39 which

show no or very little H2L.2 due to the presence of mutations C239S and C242S in the

hinge region and therefore no disulphide bonds form between two heavy chains.

However, antibodies 8, 31, 35 and 39 can form H2L2 by non-covalent bonding

25  between the heavy chains. It can also be seen that antibodies which comprise the

mutation C239S but not C242S (antibodies 6, 29, 33 and 37) show reduced formation

of HL compared to antibodies which comprise neither C239S nor C242S or antibodies

which comprise C242S but not C239S. Mutant 15 is able to form a disulphide bond

between the light chain and G230C in the CH1 and inter heavy chain disulphides

30  hence resulting in a fully assembled and disulphide bonded protein. Furthermore, a

comparison of mutants 15(C127S G230C), 28(C127S Y229C), 32(C127S K228C)

and 36(C127S S227C) shows that the position of the introduced cysteine in the upper

hinge improves inter LC-HC disulphide bond formation. G230 and Y229 are
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particularly preferred positions to introduce a cysteine. Mutant 28 (C127S Y229C)
shows a low level of HL and H2 and therefore has low disulphide bond heterogeneity.
Figure 9 shows the Western blot analysis for antibodies 15, 6, 7, 8, 44, 45, 46,

47,17 and 19. It can be seen from Figure 9 that the antibodies show a good level of

5  H2L2 except for antibodies 8 and 47 which show no or very little H2L2 due to the
presence of mutations C239S and C242S in the hinge region and therefore no
disulphide bonds form between two heavy chains. However, antibodies 8 and 47 can
form H2L2 by non-covalent bonding between the heavy chains. It can also be seen

that antibodies which comprise the mutation C239S but not C242S (antibodies 6 and

10 45) show reduced formation of HL compared to antibodies which comprise neither
C239S nor C242S or antibodies which comprise C242S but not C239S. In particular,
mutant 44 shows that insertion of three amino acids in the upper hinge can also reduce
the formation of HL and H2 and hence has lower levels of disulphide heterogeneity
than the comparable mutant 15.

15 Figure 10, shows the Western blot analysis for antibodies 48, 17, 18 and 19. It
can be seen from Figure 10, that antibody 48 shows a good level of H2L2 and very
little HL. Mutant 48 contains the IgG1 upper hinge sequence EPKSCDKTHT in
place of the IgG4 upper hinge sequence along with a core hinge S241P mutation.
Hence mutant 48 has the upper and core hinge sequence EPKSCDKTHTCPPCP.

20  Mutant 48 shows lower levels of disulphide bond heterogeneity compared to the wild
type IgG4 antibody 17 and approximately equivalent low levels of disulphide bond
heterogeneity compared to the IgG4 S241P mutant 18 and wild type I1gG1 antibody
19.

25  Thermofluor assay:

Thermostabilities of purified mAbs were analyzed in a thermofluor assay
using SYPRO® Orange to monitor the thermal unfolding process of proteins. 5 ul of
mAb at 1 mg/ml, 5 ul of 30xdye, and 40 ul of PBS were added together. Ten pl of
the mix was dispensed in quadruplicate to a 384 PCR optical well plate and was run

30  on the 7900HT Fast Real-Time PCR System (Agilent Technologies UK Ltd,
Wokingham UK). This PCR System contains a heating device for accurate
temperature control set at 20°C to 99°C; a charged coupled device simultaneously

monitors the fluorescence changes in the wells.
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Characterization of purifi ed mutated | g&4 anti bodi es
Antibody Affinity:
The affinity of selected mutant IgG4 antibodies of the present invention to the
20  target soluble cytokine was measured by Biacore™. The assay format was capture of
the IgG’s on an anti-Fc surface followed by titration of soluble cytokine.
The results are shown in Figure 16, where it can be see that the mutant
antibodies showed comparable affinity towards the soluble cytokine compared to the
control IgG1 and IgG4 wild-type antibodies.
25 The term "kg" (s ™), refers to the dissociation rate constant of the antibody-
antigen interaction. Said value is also referred to as the ko value.
The term "k," (M s ), as used herein, refers to the association rate constant
of the antibody-antigen interaction.
The term "Kp" (M) or “Kp” (pM), as used herein, refers to the dissociation

30  equilibrium constant of the antibody-antigen interaction.
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ant i badi e@sﬁﬁ@??c%@ﬁ) M dafBin Fibure 2 §ofsttRatli @%héj&oﬁﬁ | g ﬂa%&

const ant e ant - antigeninteraction. Said va ue is a feferred
to as then&ofdéf thabeltenutatlons of upper hinge composition appeared to significantly affect

disulphide isoform heterogeneity. Data shown above suggest that this lack of efect is
primarily because the proteins contain a short PP spacer and a core hinge motif
capable of intra-molecular disulphide bond formation. However, significant
30  differences in thermostability were observed. Both of the naturally evolved sequences;
ESKP (83.8°C) and EPKS (80.6°C) were more stable than either of the hybrid
sequences; EPKY (76.3°C) and EPKS (79.0°C). The data show that the IgG1 EPKS

sequence is most preferable.



The term"ka" (M-1 s -1), as used herein, refers to the association rate
constant of the antibody-antigen interaction. The term"KD' (M
or "KD' (wh)p12ae2983ed herein, refers to the di ssoci ati orC3ERR0I1VISDF6E UM
constant of the antibody-antigen interaction. 57 Size exclusion (SEC) HPLC
Anal ysi s: Appr oxi mately 50ug pubp?fied anti body was run on the HPLC
using a S200 colum. Abs 1 to 19 were used for the analysis. This result

shows t hatn frdscovakdentahy tlasisgorat@b iR BSKY SraPRESlusies Birdge nadtifematheons to
the DSB arrangenents of 5 a human 1g&4 nol ecul e. The results of the HPLC

anal ysi s 89Hexrivihc MerEpeipebierDKAIR b piget 1giupplper Haorpyesrmidingt hs
Poly-al a“gﬂggﬁ@gﬁ@@% %té’}?o% tﬂ[%@ﬂfci—:oﬁaﬁl%p P! KN o$1'?9(§\n,hhtmr gl Nserted

bet ween 1 at t cation ndl cated
ESKYCPPACESKA(.CIIK@HFT@PS&‘P$ Insouhs nidsatuscogeri¢ andiedlphidy idofouigh hetofogepager 1 s

sufficient. to reduce_the nt of H2 r formation in nutant 1
Howevet | i)ﬁ'%aelrnt IGHIe) %%Q?ngbﬁlaé th natyrad IgHH ApPsic hrge éﬁ%&%&my@nfog?er t he

|ar gest i posieaeOKirriCIRICIHhE Rlihintal polchiibioP aiflfiRa¢ NBforfh ReaBhARIRC d

insertion nost closely cs the difference in upper hinge |ength” between
| gGL 15andm1@ﬁmﬂn@hﬂennaﬁﬂM@Wupper hi nge spacer amino acid conposition In
order to explore whether tri-alanine insertions at ESKYCPPACPSPA had
speci al properties as upper hinge spacers, two other tri-am no acids

i nserti on&m@ﬁ&gﬁ%@ehg@e%msw. Figure 19 shows that both GGG and
THT were functional as spacer %ﬁons although resul ts suggested that they

wer e Hbt Adenst mferre@cmu@pﬁoé&r@a S DT HESEPCBpasb emythief inanderr toTHT of
reducing Fig and. ke a?urgl‘f’ltglgﬂtcsorﬂﬂ? rggr%r&?% MJB%HD ?er 9%, GGG and

THT was not as grea obse tlve upper hinge

spacer anmutana6h (EPIRIGDRTANICRSIMOThe dan id Bighrd TEcoafiZznamatmoutaaiqd HabP)
‘spacer’ between the CHL interchain cysteine and the first core hinge

cyst ei ne, Veilyi Yigpificguily meducgddewsts 9b Heéi dllpkhirand Jacemparoty myeind 3 ( 68,

67. 66 t 15
(Escverparotn) PRPSCPTTAMGE! Shate UM E] JATRRE S Ui T

| engt b5 3011ﬂédaq:tame<bf the Cfom.lhﬂlgb rSek ’G(muttam amit did&naft EﬁféMGHéGE&@B)stabﬂﬂiyt hen by

?EGSK$QD|Q-?-E§%I d I o emtiggl%ltt(ioéquwglﬂc@]rt A cejgip sp gmﬁ?ain??evefs o(ﬁieLr. It 1s 0 ant 67
note that mutant 65 still had less H2, H and L than mutant 15 illustrating the
importance of upper hinge sequence length and composition with regards to

disulphide isoform homogeneity.

20

Antibody effector function assay by cell lysis
Target cells expressing cell surface antigen had their intracellular contents labelled by
incubation with the fluorescence enhancing ligand BADTA. BADTA is converted
25  within the cell to a hydrophillic ligand, TDA. Labelled cells are incubated with
antibody and PBMC’s (peripheral blood mononuclear cells) as lytic agents. Upon
lysis of cells, in this example by ADCC, TDA is released and forms a fluorescent and
stable chelate EUTDA when Europium is added to cell cultures. In essence, BADTA
labelling of cellular contents enables a quantitation of cell lysis. Cell lysis in turn
30  provides as measure of the presence of effector functions in an IgG. Figures 25 and 26
attempts to lyse cells with IgG4 by ADCC. An analogue of the Herceptin antibody
(trastuzumab) was made as both IgGl wild type and IgG4 wild type. The Her-2
antigen for Herceptin is expressed on MCF7 and SKBR3 cells. Mutants of the IgG



mut ant 56 ( ESKYCDKTHTCPSCP). Data in Figure 21 suggest that the single nost
i nportant change is fromPP to DK, which resulted in a reduction in H2, H
and L forwatommneeskati ve to nutant 15. | ncreasing | engt reTafB2addistieonal

I gGl |i ke spacer insertion (T, TH and THT) appeared 5 to effect m ni nal
incremental reduction in H2 but may hé@e resulted in an additional
increnental increase in HL forntaion.. Since nutants 68, 67, 66, and 56
cont ai N aHCRGEE Miodiicage aBd genaetcl hardiIpGrRasRd ifér (ke if foRDCosiBY be

evi dence for the spacers being nore effective in isolating the LCHC

i nt er chai F2G@H 3191 lgovatoing oYy doWeadilindg PerformiRCEtse lﬁ@éd@ystb%l nes

which arey Hﬁ;r'c]ﬂ YN I ponds.
The data |1J(r%%?&1 gﬁpé&% n i JOB{rt PW 1%&&}39 (%)e? g?g%f@gﬁ{dgtg’%% Vgtz 129% ol ce of 2
am no aci df spaeexDCQ poeesnml ofis netaftsangl ol snit i afethe ngﬁnnnﬂrtemteltmel ty,
conpare nutants 15 ( ESKYCPPCPS ) and CDKCPSCP).
(ESKY@PTM@E’C&PS%H’&%S f{l‘ft_fsvé\? §%Pj" @W?CE ¢ HbtP PWeLérrﬂ‘ff s 15
such as PRisgfy ﬁld&%wa ahtang&nam §n& Hio@tr}fd?ﬂﬁ hRltart Of Ebﬁ\s@DmHm@bp&Pt)ur n
potenti al Whl ch may resu in a local jux¥a 05|t| on of LC-HC and core hinge
cyst ei neswhidhi @nnmuatheelfgfelc@mppeélceretlungenbmfs dicrwedhesermtbyheanthaddi t i onal
AAA as seen. in nt, 44 ( ESKY! nts 68,, 55, 56, 44
or 60" app Butl OBty N S o O SRBET Hr Yo EFEDITPET P ST

| nf I uencenpbe BQpicgR@cer upper hinge sequence conposition In order to

under stand the i nfluence of the sequence conposition of the upper hinge
sequeHI:e N-term nal of the inter LG HC CHL cysteine (ESKY in IgG4 and EPKS

in IgGl) er mut 0 e made in the context of nutant 15
25 (ESKY é@glca%}g 35”% ganltsg%r—%gdrag?é “Cfows that in the context of a PP

spacer, naiiedaof déshﬁbélﬁﬁdﬁl&&ﬁ fo@raSpa@ﬁicwaipIeCBrprﬁlg&t@@rrgaalahtlbdsdﬁpuﬁ@roed to
significantl y af fect di sul phi de isoform heterogen . Data shown above
suggest t Haerdeniodempartrale thet Berimprovspichrin riysulpg@& Fﬁé‘oﬁlpé?l@iltﬁ§n@ont ain a

short PP §p 8§ a‘t? \Q‘GI%CHO? N8, TRE LiriH ?e% 9(%85‘%5 ITRLRGRH

di sul phi de mat i on. ver, si gnl er ences |
t her nbst athid Hg@ wemep las st vthdr 18364 hzv@é deheratedt Publidaylyemallvidd ssqapneaces;

ESKP (83.8 and EPKS OGC nore stahle tha her of th hybri d
sequeﬁces %W%?’Bas éﬁ&rﬁ%@@m&@uew éhrasf*ﬁq%%i%rﬁlavewg |sgé1 EPKS

sequence 'r&sfﬂ%ﬁﬁlaprail@reaﬁ g ﬁa%aﬁzrem%dw LBriynges St i(meRL@nce of
t he ESKY or EPKS upper hinge notifs in t?fue context of the nore preferable

DKTHT spa€eleativgiyothealata shemmuit &iguoess2 8nors slnav/ethat'ltherailat\@ perfor‘rngme ®f24 show

Suscept 1 bRS POtEHIS o eCHh 1% Bl TRV B e TRy SeBRrE TR Bukmoa

confipen t Bghiphtde iSEbtth AbmbgéakityRRE rrel'ﬁtlﬁcgﬂleﬁﬁ@dﬂﬁﬁﬁt@ ﬁ"ﬁb‘hﬁéﬂﬂut@@tablhtles
( EPKSCDKTHTCPSCP) has minimal potential for di Smcfhl de isoform

het er ogenef eaghagmples daffes fgrmten@h pdst &bi IwaweXchﬁe ffercpregous peblishbed hi nge

Ser t o Y Sy MARad O A IORERLELALLEA AN o B EHSCORTLTERRG L e mut at o

i n order reintroduce dra I'nge Kabat
nunber i ngmutdrs deddrivgdiafe mﬁaan:t oﬁﬁnﬁrEPiﬁ%@&]IbﬂﬁESgﬁbrmMccg&halty anffi gure 20
confirmthat nutant 48 has very significantly reduced |evels of H2, HL, H
and L conParesing hajmgpeditity inpddeeppepadss- and a very significantly
increased thernmostability. Re- 15 introduction of the core hinge Ser241
(mutant 65) did not affect the thernostability relative to mutant 48, but
di d resul Effeqt of égppmatarrsoe wlictidag noAsideaavionts ey sssioh drld hokttcells of not e t hat

mut ant 65 still had |ess H2, H g n mutant 15 illustrating the
| mpor t ancMinty ABEroeH R 1§’é’&‘h"§ﬁé h@ﬂ@?ﬁea}%ﬁ OB HEBSEEIHN WAPFFEAr ds t o
di sul phi dg¢i $efysmRYRIeRgct §F 1688 molecules. Data in Figure 27 show that these
mutants do not negatively impact on 1gG4 expression. Expression data shown is the
30  mean expression for each mutant transiently expressed from CHO cells for each of the
4 antigen specificities described; Ab410, and analogues of Trastuzumab, Natalizumab
and Tocilizumab. These data suggest that Fab arm interchain disulphide architecture

and upper and core hinge sequences are not primary determinants of yield from CHO



Anti body effector function assay by cell lysis Target cells expressing cel
surface antigen had their intracellular contents |abelled by incubation

wi th t he wourordeesace enhanci ng |i gand BADTA. BADTA i s e0mGE208d5283W t hi n
the cell to a hydrophillic Iigand, TDA. Labelled cells are incubated with
anti body and PBMC s (peripheral bl ood6hononucl ear cells) as |lytic agents.
Upon lysis of cells, in this exanple by ADCC, TDA is released and forns a
f1 uor escepéllamhestadbleF et 3l h&w R4 tMaeReimusedbiity bs Adddeds ke Saht
cultures. In essence, BADTA | abelling of cellular contents enables a

quant i t at Popther the gpytanty aiesxprested in KlorGHE-SEE selby iThes das sywpair e of

t he prese I enpts to
[yse col | 1 im g0t WOCH R hibrll @ piHlO HchReckine ARG Rk}
(trastuz unmrb)nnmmq@deeme betphiniagGllcterrhidlamty p€inaprdvdBérmmaskabilitype. The Her - 2
antigen for Herceptin is expressed on MCF7 and SKBR3 cells. Miutants of the
I gG 665Herceptin anal ogue were al so generated. and 1gG purified for use in
t he ADCC assay. 1g&4 are known to have a very low ability to perform ADCC
as confirmed by the difference between the control 1gGlL wild type (w) and
lgHA wild type (mt). This lack of innate ADCC potential was not affected by
any one of the 4 g&4 nmutants tested. 5 Notably these include nutants 28,
44 and 48 which have altered interchain LC HC disul phide bond arrangenents
and nost notably nmutant 48 (EPKSCDKTHTCPPCP) which contains the 1gGlL upper
and core hinge notifs. Hence these data show that nutants descri bed do not
gain effector functions through use of 1gGl upper and core hinge sequences.
10 Broad applicability of nmutants to 1g&4 anti bodies. Al data described so
far is for a particular UCB proprietory 1g&4 anti body, Ab 410. In order to
denonstrate that the inprovenents in disul phide isoformhonogeneity and
thernostability were not unique to the variable region encoded
structure/stability of 15 this 1gG exenplars of other 1g&4 were generated.
Publically avail abl e sequence informati on was used to create |1 g4 anal ogues
of three industrially relevent 1gG s: Trastuzumab (Herceptin), Natalizumab
(Tysabri) and Tocilizumab (Actenra). Collectively, the data shown in
Figures 28 to 33 show that the relative perfornmance of key nmutants of 1g&4
are highly simlar on all 1g&4 exenplars, both in terns 20 di sul phide

i sof orm honogeneity and relative thernostability. The absolute stabilities
of each exenplar differ fromeach other in a way expected from previous
publ i shed observations on the differing inherent stabilities of 1gG s.
These data suggest that the nutants described are capabl e of inproving

di sul phi de i sof orm honogeneity and increasing thernostability in all I1g&4
nol ecul es. 25 Effect of Ig&4 nmutants on practical considerations:
expression and host cell Miutants described have inproved the disul phide

i sof orm honogeneity and i ncreased the thernostability in range of 1g4

nol ecul es. Data in Figure 27 show that these nutants do not negatively

i npact on I g4 expression. Expression data shown is the 30 nean expression
for each nmutant transiently expressed from CHO cells for each of the 4
antigen specificities described; Ab410, and anal ogues of Trastuzumab,

Nat al i zumab and Toci |l i zumab. These data suggest that Fab arminterchain

di sul phide architecture and upper and core hinge sequences are not primary
determ nants of yield fromCHO 61 cells. The data in Figure 31 show t hat
the thernostability of Ab410 is the sane whether the nutants are expressed
in CHO- KI or CHO SXE cells. These data support that the nutations to the

| gG Fab arminterchain di sul phide architecture and upper and core hinge
sequences are the prinmary determ nants of inproved thernostability. 62



Clainms: 1. An antibody of the class Ig&4 conprising at | east one heavy
chai n which conprises a CHL domain and a hinge region, wherein in each
heavy chaw0:2012/022982. the inter-chain cysteine at positi eaTB2011MIndser ed
according to the 5Kabat nunbering system in the CHL domain is substituted
with another amino acid; and b. one of2nore of the ami no acids positioned
in the upper hinge region is substituted with cysteine. 2. The anti body
according to claiimsl, wherein the one or nore anmino acids 10 positioned in
t he upper hinge region which is substituted with cysteine is selected from
227, 228, 229 Andedthody @fitheclgs dgedcampyising At HeaskamathcavmisBainnghisy st em

3. The anti bod : i ol W=V . ] | VGl t sition 230,
nunber ed accoré?rﬂg&%(%qtcﬂﬂg ({ggrg% ‘%ndl}a ggi&{\% Eogfyg]'thg%]%l ?lséégfﬁggat tclljlfplgld W th
15cysteine. 4. The anti body according to claim2, wherein the tyrosine at
position 229, nunbethedinkrebaidi aygteine tthpodadat 2 humbebdred) asgstiap toi the
substifuted with cysteine. 5. The antibpdy according to claim2, wherein
Che | y3ine at posi t KoM 2B bUBIRuMLHEa hBor G InGorsi e SRANAWCH NSRS i ng
system is substitufgAhaline¥steine. 6. The antibody according to claim 2,
wherein the serine at position 227, nunbered according to the Kabat
nunbering system is substituted with cysteine. 257. The anti body according
to any of clainms bl eee & mareediche aming risfiioned ipdsivppenhiRgoregivd is he
cysteine at positio n r ccording to the Kabat nunbering system
in the heavy chain %ﬁéﬁéﬁ%g??¢§$%%n§ﬁth anot her amno acid. 63 8. The

anti body according to any of claiml to 6, wherein the cysteine at position
239, nunber &d @beandboty dczotdieg Kaketimnunveereingtheysiceor nidie tahendi@aidy chai n
is substituted wi.th another ami no acid, g, The anti body. according to any
of cl &l ns 1 t oPBILRIGErEi HetHPCE ME1es; fyglogy W lﬁéslﬁt%ugﬁ“?t& Wi SBRFER Bccor di ng
to the Kabat NUREL] Hnfyob e Mg NEdNERY nliRtdy aécowiqgrgb,tm%eﬁawtt h

anot her am no acid. 10. An antibody of the class 1g&4 conprising at |east
one heavy chai numbérglg systepri ses a CHL domai n and a hi nge region, wherein in
each heavy chain: a. the inter-chain cysteine at position 127,

nunber ed accprdjng f. he 10Kabat nunberi syst e i.s substitut wth
Another am o 3Bt grliady BecPHiBE 0o Tihe: LR B obroe B eiecT R of ne a
position 242, punbaeeheds@dipdid1ghd Kdbae namdating) Wyheml NY sapsiteldd wih
substituted with another am no acid.
15 cysteine.
4. The antibody according to claim 2, wherein the tyrosine at position 229,

numbered according to the Kabat numbering system, is substituted with

cysteine.

5. The antibody according to claim 2, wherein the lysine at position 228,
20 numbered according to the Kabat numbering system, is substituted with

cysteine.

6. The antibody according to claim 2, wherein the serine at position 227,
numbered according to the Kabat numbering system, is substituted with

cysteine.

25 7. The antibody according to any of claims 1 to 6, wherein the cysteine at
position 239 and the cysteine at position 242, numbered according to the
Kabat numbering system, in the heavy chain are substituted with another

amino acid.



11. The anti body according to any of clains 7 to 10, wherein the cysteine
at 15position 239 and/or the cysteine at position 242 is substituted by a
non-t hi olwoaent2i2ed4sag am no acid. 12. The anti body accor @#CmgR2011005856m 11,
wherein the non-thiol containing amno acid is serine. 13. The

anti body according to any preceding cbaim wherein the cysteine at
20position 127 is substituted by a non-thiol containing amno acid. 14. The
anti body acr Thogntitdglagioniihg to wies dlaint heo 6.oMhdréih ohe SRR ANipagitiam no aci d
iS serine. 15. The antibody‘accordin% to any preceding claim wherein the

heavy chain i sZ¥ltambgradoaceersine: tot the &abatiebcapR systee: et heaynehaei ds
226- 243, nunbe{ng§§aggg%%k%% LS Lppat nunbering system 64 16. The
ant i body accoréing to claim g{ erein the heavy chain is nutated to
insert three am no acids between positions 238 and 239, nunbered according
t o t he Kabat9.nlihbeniibgdys ystoedmg to lahy dhelaant ilbtedy, shemimiting cysseiot ait m 16,

wherein three al anin are jinserted Sbetween positiqgns. 238 and .239,
nunbertd accor BPREPT o1 nBIREHE] AHEATOBET 1 1Sy KB Rt NUREriFR VAR HB .
according to chaichbin iVORBIuRdEwkNLRARginRadili st i di ne and a further
theronine are insérted between positions 238 and 239, nunbered according to
t he Kabat nunbering system 1019. The antibody accordi ng to any Ereceding

claim wher difnAnhantibedy oé the cliesilgGdromprising attessé dngdieydichgint whiche Kabat

nunberi ng syst J: titute i1 Line, . T i.body . accordi ng
fo any precsdi S0t BT e e L hile PEIO Snersiy in I8 RO ABGM BPCP o
wWth cysteine, the serine at position 227 is 15 substituted with proline,
the tyrosine at poSthci drer2B9ini oyssireshi poitheh W2 T,hmaebdra® acdédreingrtol thae at
position 237 is substjtuted with aspartic acid, the proline at position 238
is subStituted withKehatingeberingsystathgs sihstituéesyith arother amino acid; and

t hr eoni nehi stidine-threonine is inserted between positions 238 and 239 and

the serine at pogjtjRnyddhel p_%k'iﬁ%ﬁ izgyfo?@hé"é}stbi&r s ﬂd@ﬁionmg-nufﬁb@re@-nti body
according to any preceding claim wherein the heavy chain conprises a CH2
domai n and a CH3 doawordin@m thEhigatahnitmbeyng sxstanai in gubstitetag witheanettieng ¢l ai m
wherein the anti bod coqu%ses two heavy chains and as defined in any
preceding claim 23R ti body according to claim22, wherein the heavy
chains are identical. 2524. The anti body according to any one of clains 1
to 23, wher eilnThéantieadyacbading 66 8T digiasy7 ahaion vaRegH ithesyasindpper hi nge
region and core region of 12 to 17 am no acids_in Iength. )

15 position 239 and/or the cysteine at position 242 is substifuted by a non-thiol

containing amino acid.

12. The antibody according to claim 11, wherein the non-thiol containing amino

acid is serine.

13. The antibody according to any preceding claim, wherein the cysteine at

20 position 127 is substituted by a non-thiol containing amino acid.

14. The antibody according to claim 13, wherein the non-thiol containing amino

acid is serine.

15. The antibody according to any preceding claim, wherein the heavy chain is
mutated to insert three amino acids between amino acids 226-243, numbered

25 according to the Kabat numbering system.



WO 2012/ 022982PCT/ GB2011/ 051563 65 25. The anti body according to cl aim 24,
wherein the upper hinge and core region is of 15 amno acids in |length. 26.
An expr esw0aniveedser conpri sing a sequence whi ch encode®CarGRnti/dsosdy as
defined in any one of clainms 1 to 25. 527. A host cell conprising a vector
as defined in claim26. 28. An antibo@4 as defined in any one of clainms 1
to 25 for use in the treatnent of a di sease or disorder. 29. A nethod

for the treatorené adfibclyticse@ing @& clding a6 dehe@iMhe Isdatg cagini iBinsiteleting a
therapeutically effective ampunt of an anti body as defined in any one of
10cl ains 1 to sert Sgee appinogEAdsabrtvptpositinnsridsiang 28%hewvhcreh aseording h an

upper hinge, c I hi and sai d upper hinge and core in the
heavy chain orﬁgggﬁgﬁgggeﬂ%ﬁgéﬁggI%Tein is 12 to 17, such as 15 am no acids

in length. 15
17. The antibody according to claim 16, wherein three alanines are inserted

5 between positions 238 and 239, numbered according to the Kabat numbering

System.

18. The antibody according to claim 16, wherein a threonine, a histidine and a
further theronine are inserted between positions 238 and 239, numbered

according to the Kabat numbering system.

10 19. The antibody according to any preceding claim, wherein the serine at position
241, numbered according to the Kabat numbering system, is substituted with

proline.

20. The antibody according to any preceding claim, wherein the glycine at

position 230 is substituted with cysteine, the serine at position 227 is

15 substituted with proline, the tyrosine at position 229 is substituted with serine,
the proline at position 237 is substituted with aspartic acid, the proline at

position 238 is substituted with lysine, the amino acid sequence threonine-
histidine-threonine is inserted between positions 238 and 239 and the serine at

position 241 is substituted with proline.

20 21. The antibody according to any preceding claim, wherein the heavy chain

comprises a CH2 domain and a CH3 domain.

22. The antibody according to any preceding claim, wherein the antibody

comprises two heavy chains and as defined in any preceding claim.
23. The antibody according to claim 22, wherein the heavy chains are identical.

25 24. The antibody according to any one of claims 1 to 23, wherein the heavy chain
or each heavy chain comprises an upper hinge region and core region of 12 to

17 amino acids in length.
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25.

26.

27.

28.

29.

30.

65

The antibody according to claim 24, wherein the upper hinge and core region

is of 15 amino acids in length.

An expression vector comprising a sequence which encodes an antibody as

defined in any one of claims 1 to 25.
A host cell comprising a vector as defined in claim 26.

An antibody as defined in any one of claims 1 to 25 for use in the treatment of

a disease or disorder.

A method for the treatment of a disease or disorder comprising administering a
therapeutically effective amount of an antibody as defined in any one of

claims 1 to 25.

An IgG4 antibody comprising a heavy chain with an upper hinge, core and
lower hinge, and said upper hinge and core in the heavy chain or each heavy

chain therein is 12 to 17, such as 15 amino acids in length.



