Tri- or tetraspecific antibodies The present invention relates to novel
tri- or tetraspecific antibodies, their manufacture and use. Background of
t he | nverwDan1oB3gi’aeer ed proteins, such as bi- or nulti 2pEaPRI16/063168 bodi es
capabl e of binding two or nore antigens are known in the art. Such

mul ti specific binding proteins can be generated using cell fusion, chem cal
conj ugation, or reconbinant DNA techniques. A wide variety of reconbi nant
mul tispecific antibody formats have been devel oped in the recent past, e.g.
tetraval ent bispecific antibodies by fusign of . an 1gG anti body format
and single chain domains (see e—grthoﬁeﬁcwpﬁlbo @P al ., Nature Biotech.
15 (1997) 159-163; WD 2001/077342; and Morrison, S.L., Nature Biotech. 25
(2007) 1233- Wﬁreséhtsm\&mi@ﬁ Aeladshes el ftar nat Setmbparceﬂim antiBodiag,i theity core
structure (I lgG or IgM is no |longer retained such as di a-,

E
tria- or tet'ﬁ%[ﬁl&ﬁ%érgan&“ﬁ? bodi es, several single chain formts (scFv,
Bi s-scFv), which are capabl e of b| nding two or nore antigens, have been

devel oped (mmm_ﬂ:_t.um_mm_ Nat ure Biotech. 23 (2005) 1126-1 136;

Fi scher, N., and Leger O, Pathobiology 74 (2007) 3-14; Shen, J., et. al.

J_.Immunol §&ﬁ1(ﬁ%7asb§5 T8 \épe i ant®odRls capd¥é Rtteh. 25
‘E 1t tiodfts -cap Yf BinBing! R

(2007) 1290-1 g susc ormat%r u‘sle1 |Cr11ke?r§ elther to fuslgra1 t he antl body

core (PgA 19§ EJlOFFg?Etlgq’r@f@r%tknP@Mm the WfWHE\‘“‘W%Hi%B‘“S%t@PW“{Se%Q €scFv)
or to fuse @seferated sty fdeBgTREILS, QhemtdaV (drjegdieh, Y. recsibihageDNA. ,

Pat hobi ol ogy C311_IE({J'J§007) 3-14). Wile it is obvious that linkers have
advant ages 8 ‘engi neering of bispecific antibodies, they nay al so
cause problens in therapeutic settings. |ndeed, these forelgn pepti des

m ght el i ci tA anidé¢ varieteof Espmhmnalgaltmptmﬁctwltihorik@matsbavfe been dheelopadct i on

bet ween the g ;tﬂ‘%m c@n@?%(ta &ﬁ@ént L slic arﬁﬁ’)‘b@res tﬂ}efufsﬂo‘ﬁxdfbta% RatipGe of

t hese eptlc} prone to proteolytic cleavage, potentlally

| eadi A9 to rﬁﬂbbo%)hfqrm?ﬁ?n%tsﬁlﬁq Flwn dag'@méda%q &8 SR Y dasbel-
i munogeni CigigtechN 13d¢i9979N1 3N E6ITAW@R0D1/0P7342t adnd eibreisdb®r Sflupavdtars, such

as e.g. conpélotecﬂtzsd&%%dlez% 1‘}_‘} otoxicity (CDC) or

Also several other new formats wherein the antibody core structure (IgA, IgD, IgE,
IgG or IgM) is no longer retained such as dia-, tria- or tetrabodies, minibodies,

15 several single chain formats (scFv, Bis-scFv), which are capable of binding two or
more antigens, have been developed (Holliger, P., et. al, Nature Biotech. 23 (2005)
1126-1136; Fischer, N., and Léger, O., Pathobiology 74 (2007) 3-14; Shen, J., et.
al., J. Immunol. Methods 318 (2007) 65-74; Wu, C., et al., Nature Biotech. 25
(2007) 1290-1297).

20 All such formats use linkers either to fuse the antibody core (IgA, IgD, IgE, IgG or
IgM) to a further binding protein (e.g. scFv) or to fuse e.g. two Fab fragments or
scFv (Fischer, N., and Léger, O., Pathobiology 74 (2007) 3-14). While it is obvious
that linkers have advantages for the engineering of bispecific antibodies, they may
also cause problems in therapeutic settings. Indeed, these foreign peptides might

25 elicit an immune response against the linker itself or the junction between the
protein and the linker. Further more, the flexible nature of these peptides makes
them more prone to proteolytic cleavage, potentially leading to poor antibody
stability, aggregation and increased immunogenicity. In addition one may want to
retain effector functions, such as e.g. complement-dependent cytotoxicity (CDC) or

30 antibody dependent cellular cytotoxicity (ADCC), which are mediated through the
Fc-part by maintaining a high degree of similarity to naturally occurring antibodies.



anti body dependent cellular cytotoxicity (ADCC), which are nediated through
the Fc-part by maintaining a high degree of simlarity to naturally

occurri ngvandimigdi’eas. Thus, ideally, one should aimat deCEEFRINHOBILEpecificC
anti bodies that are very simlar in general structure to naturally
occurring antibodies (like IgA 19D, 1gB-1gGor I1gM with mninal

devi ati on from human sequences. |In one approach bispecific antibodies that
are very simlar to natural antibodi es have been produced using the
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(Ri dgWay, J 1fscorr@1naatexprﬁswmé¢¢1mmsa@l{Si@%) 617-621; and WD 96/ 02701 1).

The percentage of heterodi ner could be further increased by renodeling the

interaction g4k ?wéh f citduenvienot olslemadmﬁls ardaiga@rmq# whiighpisanoappr oach
andthelntrod on o{ladlslf dge.to s theg odi mers
(Merchant, A OIésfm&q oleRa fiRssat Eﬁ"é%ﬂ“e Iiagﬂlgglggg r%rglann 3\‘%’0\,&?‘?, S., et

al., J . I\/blchaBlsOlby irdducih@Oiuta?ion85nto the CH3 domams to modify the contact
interface. On one chain bulky amino acids were replaced by amino acids with short

20 side chains to create a ‘hole’. Conversely, amino acids with large side chains were
introduced into the other CH3 domain, to create a ‘knob’. By coexpressing these

two heavy chains (and two identical light chains, which have to be appropriate for

both heavy chains), high yields of heterodimer formation (‘knob-hole’) versus
homodimer formation (‘hole-hole’ or ‘knob-knob’) was observed (Ridgway, J.B.,

25 et al., Protein Eng. 9 (1996) 617-621; and WO 96/027011). The percentage of
heterodimer could be further increased by remodeling the interaction surfaces of

the two CH3 domains using a phage display approach and the introduction of a
disulfide bridge to stabilize the heterodimers (Merchant, A.M., et al., Nature
Biotech. 16 (1998) 677-681; Atwell, S., et al., J. Mol. Biol. 270 (1997) 26-35).

30 New approaches for the knobs-into-holes technology are described in e.g. in
EP 1 870 459 Al. Although this format appears very attractive, no data describing
progression towards the clinic are currently available. One important constraint of

this strategy is that the light chains of the two parent antibodies have to be identical

to prevent mispairing and formation of inactive molecules. Thus this technique is

35 not appropriate as a basis for easily developing recombinant, tri-or tetraspecific



New approaches for the knobs-into-holes technology are described in e.g. in
EP 1 870 459 Al. Although this format appears very attractive, no data
descri bi NyORPI3e2i on towards the clinic are current!|yPaVA&IPREI/083168Ne

i nportant constraint of this strategy is that the |light chains of the two
parent anti bodies have to be identical -t3o prevent mspairing and formation
of inactive nolecules. Thus this technique is not appropriate as a basis
for easily devel oping reconbinant, tri-or tetraspecificantibodi es agai nst
three or fouwntibodiegapsinsttthreei orgfolir antigens stanting &rdime v gatiibrsliest dgairfst ﬂE!t and

th d h d/
the ©dont o™ Pl Refid Milech/ ARRYIhEHAL YT s WEHEC SibaRE, ERyATT o
antigen bi ndhﬁgiepépalllmbscww haye to héOPﬂierGd &inel and thenHugher @@ﬁelhhmélft&) be

added. WO 22;%4 9&%%&%%%&@%%%9 L Rfve Go BE Qd®ian bi ndi ng
conposition WO 997 37791 describes nmul Ti purpose anti body derivati ves.

Morri san, .. 16 1998) 2802-2808 refers. to t he

i nfl uefice ofwﬁ?ﬁ)%@géwéglrﬁlﬁtedoﬁﬁl ﬁ‘eé")f?:‘foﬁ'gﬁ d%OtFH‘e 'P‘l?ﬁlf’ﬁ ofPEPPOSHINNST t i es
of 19G SumTWU9WB71916déSBMB¢‘SthH1p'ﬁhﬁ>Sb Iau&lﬁtidyodbrfveh%seMdrﬁs@l tg.Lspeeal.fic or
tetraspecifl d C ain. apd heavy hain of a
full length an]?[frﬂ'ﬁ'ﬁg \%ﬁ? (ﬁ@%} 2 (ﬁg%&d@ é’sg} P(r:estO?an |gienre (ralrlld b)

t he nodi f i edddmahexdhagnomtc fnndldnabptOheavglOﬁllgéi n of a full length anti body
whi ch specifically binds to a second antigen, wherein the variabl e domai ns

VL and VH arguﬂlﬁﬁﬁgggh%v@ﬁﬁpnot her, and/or wherein the constant donains
CL and CH are replace y each other; and c) wherein one to four antigen
bi ndi ng peptides whjch specificall bind to one or two further antigens are
fused! 5. a a pEpnYeHioadRl tt%l'“rt‘%PeF‘%‘é OFtetsPQIGANHbREY MRS i ght chai ns

or heavy chains of a) and/or b). A further enbodi ment of the invention is a
met hod for the piepaligitichainaihdaehvy dpicdf a tulblengthtanabpdycwhich spedifiballyy

according to the I&M@ﬂ%‘a%s@%ﬁse{nﬁg the steps of a) transform ng a host

cell with -vectors cO gg Cl'erc acid nol ecul es encoding aa) the |ight
chain and heavy Wihhg¢ nnOdfﬁeédl hehabo ayd miedidied et ¢hagnef a/fudl lﬁmgh antibody

which specifically binds to a second antigen, wherein the variable domains

15 VL and VH are replaced by each other, and/or wherein the constant
domains CL and CHI1 are replaced by each other; and

c) wherein one to four antigen binding peptides which specifically bind to

one or two further antigens are fused via a peptide connector to the C- or

N-terminus of the light chains or heavy chains of a) and/or b).

20 A further embodiment of the invention is a method for the preparation of a

trispecific or tetraspecific antibody according to the invention
comprising the steps of
a) transforming a host cell with

-vectors comprising nucleic acid molecules encoding

25 aa) the light chain and heavy chain of an antibody which specifically binds
to a first antigen; and

ab) the modified light chain and modified heavy chain of a full length

antibody which specifically binds to a second antigen, wherein the

variable domains VL and VH are replaced by each other, and/or wherein

30 the constant domains CL and CH1 are replaced by each other; and



to a first antigen; and ab) the nodified Iight chain and nodified heavy
chain of a full length antibody which specifically binds to a second

anti gen, Wlepw/136t’ae vari abl e domai ns VL and VH are replPatd&®20iy/oexieh ot her,
and/ or wherein the constant domains CL and CH are replaced by each other;
andac) wherein one to four antigen bindiang peptides which specifically bind
to one or two further antigens are fused via a peptide connector to the G
or NNtermnus of the light chains or heavy chains of a) and/or b). %

cul turing the hostacyeitercimaee te douti dntigers birldatg peptides wchhspecdically dii

ant i body nol ecul e; ) ¢ i i ioedy, |
culture. A furt hertogﬁgo itr\rye(ﬁt 0 ta%ggiéﬁv%ﬁ??%ég ﬁg aa.%gﬁﬁilpﬁétgg}rgﬁegi ng
-vectors conpri si fg erdtermingscofdhediglichprias oeheayyichaing pf ehand/erdnt chai n and
heavy chain of an anti body which specifically binds to a first antigen; and
b) the modifi edy)ldutthfing iHbseodd Wikt EomitidiRanat allodi syntiesis of vdill ah&b@iyh
antibogy whi ch specjfically binds to a second antigen, wherein the variable
domai n VL and VHRelEEUlFedaced by each other, and/or wherein the constant
domains CL and CH are replaced by each other; and c) wherein one to four
anti gen bi ndi ngc)peqivedes saithastibaiyesoltcueflomn saichchltuoe.one or two furt her
antigens are fused via a peptide connector to the G or Nterm nus of the

1 ght chai NS, Gl Aol S e ifderiBAi 08 nik o Ethblighg ebodi nent of the

invention is a conposition, preferably a pharmaceutical or a diagnostic
conposition of the antibody according to the inyention. A further .
enbodi ment of t H¥e§ARFent | SHIRSIBE phalhelelut i c2! conﬁ‘b‘r%]F‘qu%sn coffdifigng an

anti body accordi ng)ttke i@ chaesiid iavpokhiabf he astibcdyewpioh spaifedliydahdsy
accepﬁgbl e exci pi ent. A%f rther .enbodi ment of the invention is a method for
the trf8atment of 4°QdIFANEF, 4ed of therapy, characterized by

admi ni stering to thethpanodified dighhehaipeartd owidificdehdaryt ¢ham afraufull bhgtn

anti body accordi ngan’iigo&?%lidgl\{egyei:ﬁ@ally binds to a second antigen, wherein the
variable domains VL and VH are replaced by each other, and/or wherein
the constant domains CL and CH1 are replaced by each other; and
15 c) wherein one to four antigen binding peptides which specifically bind to
one or two further antigens are fused via a peptide connector to the C- or
N-terminus of the light chains or heavy chains of a) and/or b)

A further embodiment of the invention is a composition, preferably a
pharmaceutical or a diagnostic composition of the antibody according to the

20 invention.

A further embodiment of the invention is a pharmaceutical composition comprising
an antibody according to the invention and at least one pharmaceutically acceptable

excipient.

A further embodiment of the invention is a method for the treatment of a patient in
25 need of therapy, characterized by administering to the patient a therapeutically

effective amount of an antibody according to the invention.

According to the invention, the ratio of a desired trispecific or tetraspecific
antibody compared to undesired side products can be improved by the replacement
of certain domains in only the pair of heavy chain and light chain (HC/LC) of the
30 full length antibody which specifically binds to the second antigen (the second
antibody). In this way the undesired mispairing of the light chain with the wrong



According to the invention, the ratio of a desired trispecific or
tetraspecific anti body conpared to undesired side products can be inproved
by the rapbacwisnt’2of certain domains in only the pair ®CTHPauy/063168 n and
i ght chain (HC LC) of the full length antibody which specifically binds to
the second antigen (the second antibody)s-1n this way the undesired

m spairing of the light chain with the wongheavy chain can be reduced,
(l'ight chain of the first antibody with heavy chain of the second anti body
or |ight chdieavyobha&ie&amdbeaeddobdd@igm thaimefithe fiistamtitoily thith heavgtchamt ofbody) .
Det ai | ed De h

trispecifi cﬁ% Is%tobér?glsl&g%l fic %X %hg)?sgcg%wgl &Rg)hg{i\ﬁéafail ft?1c‘:3hﬁar|5tn and
heavy chai n asftibed¥)ul | | ength antibody which specifically bi nds to a first
antigen; and b) the nodified Iight chain and nodified heavy chain of a full
| engt h antlbody mhlch speC|f|caIIy binds to a second antigen, wherein the
vari abPe dorRgtailed Description of the Jpkention by each other, and/or wherein the
constant domai ns CL and CH are replaced by each ot her and c) wherein one
to four antiDeinbémidnielaeespd hdé@etﬂlﬁic@htalpepﬂciﬁctaitibysdjb,idmdxﬂrisiugne or two
further antigens are fused via a peptide connector to the C or N-term nus
of the light ch ! of
the' i nventi on t i 0t REnAFRR ar IR pEeRin 8 RIFIeREmAhybBPRRETHOALERTS

i nvention conpri sésndsﬁd@rﬁret)an@ﬂ@n,cﬁndtv\o anti gen b| nd| ng peptides which

speci fically bing o RH&ERed ﬁ%m dald RBA ADAIFRE "Reavl NciE &nb%‘illnm h0f the
|nvent|on the trispecific aor tet

cific anti body according to t
i nventiPon is char #8t1BedY, sdhirly spgsk lci‘lie\bé bé‘?ffsl ? SFFAn GRSt i 18y
srenlD egt ed fr o][n t Ee vaFable d@)ﬁnaansrs]VEVanﬂr\aHrﬁfrélTre;ﬂzﬂﬂdaaysehEHb)tl’id’r,agMﬁ whd:ramone
enbodi nent of the jnven t he IS i.fic or tefras CIfIC nt i body
according to the i h?/‘é?ﬂ ia&ﬁg?lga@ﬁgj“a%{aﬁlgff rleﬂlaf%al?y ?Eﬁ Zdn bi ndi ng
pepti des are scky) whaegimemtesto four angganbiodingepeptidés whehi Spﬁelrﬁltcaldm btri_deto
trispecific or tet ngts&ﬁﬁeffuﬁh@ﬁudt B/ aBGaRaifg &,Ragua@eodn@wsgwl@@.sor

characterized int ‘he anti pep [ are scFab fragnents.
15 N-terminus of the I1 ght chams or eavy chains of a) and/or b

In one embodiment of the invention the trispecific or tetraspecific antibody
according to the invention comprises under c¢) one or two antigen binding peptides
which specifically bind to one or two further antigens.

In one embodiment of the invention the trispecific or tetraspecific antibody
20 according to the invention is characterized in that the antigen binding peptides are

selected from the group of a scFv fragment and a scFab fragment.

In one embodiment of the invention the trispecific or tetraspecific antibody
according to the invention is characterized in that the antigen binding peptides are

scFv fragments.

25 In one embodiment of the invention the trispecific or tetraspecific antibody
according to the invention is characterized in that the antigen binding peptides are

scFab fragments.

In one embodiment of the invention the trispecific or tetraspecific antibody
according to the invention is characterized in that the antigen binding peptides are
30 fused to the C-terminus of the heavy chains of a) and/or b).



I n one enbodi nent of the invention the trispecific or tetraspecific

anti body according to the invention is characterized in that the antigen

bi ndi ng pEpt2zitesetize fused to the Cterm nus of the heaPgTHRAIHIIIHS a)

and/ or b).In one enbodi rent of the invention the trispecif c or
tetraspecific antibody according to thednvention conprises under c) one or
two antigen binding peptides which specifically bind to one further
antigen. In one enbodi ment of the invention the trispecific or

tetraspeci fila amd idndddimentooflithe ihecertioe theveispeafic contatiaspsifimdstibedy t wo
identical ant] j Nnell. I Wi i.f Ly DL g '
antigen. Pr gafc 8&?&%){028% E}g't_e\gl\g&{i g%ﬁ??%ggluﬁg?\f@gg{ﬁ dbrlqﬁ’ |aﬁ32éprggl{1 Pg'égp e?pgéﬁused
bot h vi a t hewkighepgsafinallydindbioranetfurther@ntigen. Ct er ni nus of the heavy chains of
a) and b). Preferably said two identical antigen binding peptides are

ei ther a schy bhQEYYdiRént2of G Anidndignelte. trispedfi€ @ThpdbpRfic Qhtibsdy

i nvention the trispecific or tetraspecific ant)l &(’)dy a%.cgl;db\%nge trB. tdhe

i nvent Pon cAFEPTAEES 1 HAR rN¥SNTAR, CURPTSS nutsieh ) nEv S afFntigals appeay, binding

speci fi cal | ypdptides which dpbeifidaliytind focaitikl amigegePrefdrablgrsacienwoddertichl sai d
two antigen bi.ndi epti arec.f b Vi i de nect or
to the O er e S REPHASS: raHE BEm 0 o bitnt BERRETTrRERL! RGPS

anti gen bi ndienginpe pf ithke beavyectginshefr alaarskb by Rrefsmpblnsaidrtwg idemsdsl faptgerent .
According tq,; i I, i ardestdehladnidngpeci fic or

t et raspeci f%B@ﬁg?%ﬁi&%g%%ﬁ%%@fdﬁ%{g@tréd si de 2?)érné)ducts (due to

m spairing of the light chaipn with the "wong" heavy chain of the apti body
whi ch 18peci fincane yemiodyaentqot (the df‘YFé’lﬂogné#g%%Peﬂgﬁ %et‘it‘i?ﬂ?e(ﬂffé‘ﬂ aﬁyb?cﬁ’e

r ﬁp| aC(emé/nt C&f:oﬁlﬂ{gﬁ)i ﬂhﬁ dlwfﬁ'tiﬁﬁ cbl;hpﬁﬁéswﬂﬂe?)pﬁﬁd eltrﬁfgehﬁmtyh' g peptideamdidh ght
chain (HCO LC). \While.t irst .of t engt . (e

ori gi nat es f%p(?ﬁ}egﬁﬁ%ml}cﬁﬁod)? \%Hldcéﬂldsﬁgfg\lwggﬁgf/n' bllnn(%'se r(?gé&iﬁeggtsglgn M %en and
is |left essemtigah bindimg hepigies ard fised bothinda dhe sdee portidewtonneaaytonthecl1.C
pairs origi s fr I i epldl RYER o] : d
anti gen, ang | sﬁnrlr% ?;ql %gew F‘E@@SW%@H‘%W} g{)effégg@ke%%(pwglsdpg %@gﬁgﬁ%q

repl adénent Rrebtidescarg githerist seFy ifiggmenter asclabfrEMet. by t he vari abl e heavy
chain domain VH of said antibody which specifically binds to a second

antigen , anfé@rdihBetoC eHes irdhtibh, Othe £dfiai Of Ao dedired Crispycifib orc enatgRifidieavy
chain domai r]an 1 lod)9 cor?lgérgd %1 5}1 e%9r¥d \é\{ale %rr]odgu%FsC(ldflel: oarlnlis\f)all%{n%dosf the light chain
with the “wrong* heavy chain of the antibody which specifically binds to the other
antigen) can be improved by the replacement of certain domains in only one pair of
20 heavy chain and light chain (HC/LC). While the first of the two full length HC/LC
pairs originates from an antibody which specifically binds to a first antigen and is
left essentially unchanged, the second of the two full length HC/LC pairs
originates from an antibody which specifically binds to a second antigen, and is

modified by the following replacement:

25 - light chain: replacement of the variable light chain domain VL by the
variable heavy chain domain VH of said antibody which specifically binds
to a second antigen , and/or the constant light chain domain CL by the
constant heavy chain domain CH1 of said antibody which specifically binds
to a second antigen , and

30 - heavy chain: replacement of the variable heavy chain domain VH by the
variable light chain domain VL of said antibody which specifically binds to
a second antigen, and/or the constant heavy chain domain CH1 by the
constant light chain domain CL of said antibody which specifically binds to

a second antigen.



to a second antigen , and - heavy chain: replacenent of the variable heavy
chain domain VH by the variable |ight chain domain VL of said anti body

whi ch spewORbwaldby’2bi nds to a second antigen, and/or theCtareeianoslbeavy
chain domain CH by the constant |ight chain donmain CL of said anti body
whi ch specifically binds to a second antigen.To this ratio inproved

bi specific anti body then one to four antigen binding peptides which
specifically bind to one or two further antigens are fused via a peptide
connector to the G or N-termnus of the |ight chains or heavy chains of
said two ant e i I .| [ t e nti en
resulting i nhf ﬁg tlsa'tlo mgé}fﬁ&ia%l%)e lgt %nst*%g(a?ftlhgna 3 E)d 5&5 accg$e§| ﬁg{at theg
i nvention. mgduhwhroésmemfwglly rblllybéctpfw or dwd ﬁléthﬁlaslpiéﬂﬂnﬁ jage dwredboaya
according tg, ehﬂﬁ?]'c&‘ﬁfe@{drqg tR{ - YN ftérelffus Mhhfg@lt %ﬁaﬁ’i@b?he&@”&faﬁﬁseofa) the

i ght chain eavy chain an_ant1 bo ich specifically binds to a
first anti gesdid Bypan oéﬁéwmﬁmpe@ﬁaﬁlﬂv '&‘ﬁéy g}f\/@sbﬁgji secomd %{ngémr?% H® whi ch
speci fi cal | yinhhd'@BpéafidasEeanshedific MabBod bR ®Ahe idveghién.chai n (of an
anti body which speC|f|caIIy binds to a second antigen) contains a variable
domain VH instead of VL and/or a constant domain CH instead of CL wherein
sai d heavy cliaisrth¢ edsubiingaritpdvtiiy anthietrhspepiic dntibady ycdoirdidg to theainyemtamd
antigen) co L i nstead of VH and/or a constant
domain CL |2‘1€ ﬁicﬁ\é@*%&%ﬁgﬁ%gﬁax%e onal aspect of the invention such
inprod@d ratio of a desired bival ent, bispecific antibody conpared to
undesired side OdL{ﬁ& ﬁgﬁtadhaﬁlemqu{ehhﬁéhdlm v &liveily W dpesificansbials t he CH3
domai ns of sald ul | Hn gth antlb i'es which spe0|¥|cally bind to a first
and second antigen WP rﬁt"’t”lﬁ‘ée’ﬂ’ﬁn or tetraspecific antibody. Thus in one
preferred enmbodibyentthefightthainamdicaonchidigoCiiBardibody ndicH spgaiifidally binds

to a second antigen,
15 wherein said light chain (of an antibody which specifically binds

to a second antigen) contains a variable domain VH instead
of VL
and/or a constant domain CH]1 instead of CL
wherein said heavy chain (of an antibody which specifically
20 binds to a second antigen) contains a variable domain VL
instead of VH
and/or a constant domain CL instead of CH1.

In an additional aspect of the invention such improved ratio of a desired bivalent,
25 bispecific antibody compared to undesired side products can be further improved
by modifications of the CH3 domains of said full length antibodies which
specifically bind to a first and second antigen within the tri- or tetraspecific

antibody.

30 Thus in one preferred embodiment of the invention the CH3 domains of said tri-or
tetraspecific antibody (in the heavy chain and in the modified heavy) according to
the invention can be altered by the “knob-into-holes” technology which is
described in detail with several examples in e.g. WO 96/027011, Ridgway, J.B., et
al., Protein Eng. 9 (1996) 617-621; and Merchant, A.M., et al., Nat. Biotechnol. 16

35 (1998) 677-681. In this method the interaction surfaces of the two CH3 domains
are altered to increase the heterodimerisation of both heavy chains containing these
two CH3 domains. Each of the two CH3 domains (of the two heavy chains) can be



tetraspecific antibody (in the heavy chain and in the nodified heavy)
according to the invention can be altered by the "knob-into-hol es”

t echnol ogyowhiocts6i7e described in detail with several ex®Op/EP2010/00368). WO
96/ 02701 1, Ridgway, J.B., et al., Protein Eng. 9 (1996) 617-621; and
Merchant, A-M, et al., Nat. Biotechnol.8.16 (1998) 677-681. In this nethod
the interaction surfaces of the two CH3 domains are altered to increase the
het er odi meri sati on of both heavy chains containing these two CH3 donai ns.
Each of the thewkadtd, cvhilei the oflodr it hiee t‘hale’h €Eheyintdoduction cfam disatfide bidgeb" ,

whil e the ot i he "hol g". ' [ of di i '
further st abf?lﬁf'%regtaﬁlﬁge%g}eeﬁ%tarloégﬁ%&( ér%gﬁagl&it 8%\2’ I\ﬁt?alétﬁ%ge,.gﬁ?é?%ff gl%e

Bi ot ech. 16 (1999)8)77681; 684 ¢IL/A.yeslal., J.Hol. Biola270, (1997) XpB3) awidancreagsey the1997)
26-35) and i};}glgeases the yield. Thus in one aspect of the invention said

trispecific or tetraspecific antibody is further characterized in that the
CH3 domai n of the heavy chain of the full I,engtth ant i bod%/ .‘gf az. acpd.the CH3
domai nSof t hEsO@i P anseh 0l ther yivsntien £3d tFigPeCIiiG AR AFiTasREs Be APHBIMLIS each
meet at an imiBéd dhamicwhizédircdapri ses an original interface between the

anti body CH3 domains; wherein said interface is altered to pronote the

formation of th L speci f..c or tetr.as 1 fi i rei

alteration i sthgﬁ:ﬁ%%(f e?‘llnfg E?ﬁeatvﬁé:[“:imi(’E%%%Feuuéﬁéé}hgﬁgﬁ%dyomﬁnagldﬁ%%@%l 30 hai n
is altered, stommof thetrhodifictbearyidiiaivadf thefdl feagth antibodyHaf @(ﬁ@_ﬁh mesf alone
heavy chain thai, (feRESwiilk &Hﬂis@?lﬁm'd@?x{aﬁ ahRrfabe b EhiIndanBbauyOH3Ne

ot her heavy chain wthin the tri- or tetraspecific antibody, an"am no acid
resi dd8 is refmaey with an amino acid residue having a | arger side chain
vol ume, thereby generating a protuberance within the interface of the CH3
domai n of onewh&aiviysaidaiterfadel ishaliegedo®s pionwia e formatios afithy trdpebific éthe

interface of the CH3 domain of the,other. .heavy chain and,ij) the CH3 domain
of the other tﬁ&%ﬁ?%ﬁﬁﬁ%@’ glﬁifree%%l,e aggrapﬂnéfs afaﬁl%ﬁl ZF(I?llen t(})lflél‘gi nal interface
of the second CH3 donmin that neets the original interface of the first CH3
domai n wi t hi n t he) theiCH3 domeinrefsyme diedvycchain is altered,

so that within the original interface the CH3 domain of one heavy chain that
15 meets the original interface of the CH3 domain of the other heavy chain

within the tri- or tetraspecific antibody,

an amino acid residue is replaced with an amino acid residue having a larger

side chain volume, thereby generating a protuberance within the interface of

the CH3 domain of one heavy chain which is positionable in a cavity within
20 the interface of the CH3 domain of the other heavy chain

and
ii) the CH3 domain of the other heavy chain is altered,

so that within the original interface of the second CH3 domain that meets
the original interface of the first CH3 domain within the tri- or tetraspecific
25 antibody

an amino acid residue is replaced with an amino acid residue having a
smaller side chain volume, thereby generating a cavity within the interface
of the second CH3 domain within which a protuberance within the interface

of the first CH3 domain is positionable.



anti body an am no acid residue is replaced with an am no acid residue
having a small er side chain volune, thereby generating a cavity within the
i nt er f acevofRotsésecond CH3 dormain within which a prot ulPeTare@omnileg n t he
interface of the first CH3 domain is positionable.Preferably said am no
acid residue having a larger side chainowolune is selected fromthe group
consisting of arginine (R), phenylalanine (F), tyrosine (Y), tryptophan
(W. Preferably said am no acid residue having a smaller side chain vol une
i(s) sel ect ed Hrefenatiyigaigramipo coitsfesidundavingad angaresideAyhais eplunee (selectddr eoni ne
T), valine . aln of ¢t i nv i : ofTal
further al teé%% glff 0e%i n?r%gscqilhgt ?%napgp lngymi%npgﬁéﬁﬁgnﬁégﬁdqﬁ’ t he
cor r espondi rigyptephani(¥hs of each CH3 dommin such that a disulfide bridge
bet ween both CH3 dormains can be formed. In one preferred enbodi nent, said

dorm o of | £ R b e e o e oh tho OB
chai n". an : m i ons e
domai ndof t HEOM g @OEH&?‘FP‘S.tlnﬂr??a%ﬂ}‘{‘? WaFeri%(éP’éﬁ‘&Pﬂ‘nai@hIVP{‘]‘&%(\&i dge
bet ween the CH3 donains can al so be used (Merchant, A-M, et al., Nature
chngt Sch. 16 Igll&%)aslﬁ%? of8th iaventiohybotht CHAudomgina ay84ABherutladredrbyi tteo t he
omai n of . the ."kngbs I o . i tion
nto the CranioginoR SrE® () o i ridr (LG ndhe BoOA oK
enbodi nent, GHB ddamais puch fthat ardiswfidesbpdes fhietweent batbdGHE odginaine $ay3noC,
T366W nut at i @aged. N one of the two CH3 domai ns and E356C, T366S, L368A,
Y407V nutations in the other of the two CH3 domains or said trispecific or
rises Y349C, T366Wnutations in.one of the two
‘aﬁocl sz{b e

G5 ddfiai ne eSS SORBAITRGER TAI: HLHETRYE FUPRL BORBRSSE b
t\é\gi ﬂﬁng?mmwﬁﬁagﬂhﬂﬁcﬁ itl@e:lﬂiHl%Y&élr_ﬁﬁnmﬂ thti ‘Ginobs) claie” @hiB T3668) h368wW, t he
?nt erchain 5? %ﬁ& f‘H‘é&bOPFa‘bg% mkj(rerigrenlral ?nn%ﬂg %@grcg%ﬁ'r'gﬁ%&ip 83%[%6%%8@1 of
Kabat). But dibWfidobhidge ketvlzsn ithe Rbl3edomanhnal algd ds used ddterehaned\- My, P 1 870
o0l can be dafte HibINA! (693 @RIl BPaltdtucighl PIAIC RAIATRI T or
said trispecific or tetraspecifi’'c anti body are j ,
15 the CH3 domain of the “knobs chain” and a E356C mutation or a S354C mutation
into the CH3 domain of the “hole chain”. Thus in a another preferred embodiment,
said trispecific or tetraspecific antibody comprises Y349C, T366W mutations in
one of the two CH3 domains and E356C, T366S, L368A, Y407V mutations in the
other of the two CH3 domains or said trispecific or tetraspecific antibody
20 comprises Y349C, T366W mutations in one of the two CH3 domains and S354C,
T366S, L368A, Y407V mutations in the other of the two CH3 domains (the
additional Y349C mutation in one CH3 domain and the additional E356C or
S354C mutation in the other CH3 domain forming a interchain disulfide bridge)
(numbering always according to EU index of Kabat). But also other knobs-in-holes
25 technologies as described by EP 1870459A1, can be used alternatively or
additionally. A preferred example for said trispecific or tetraspecific antibody are
R409D; K370E mutations in the CH3 domain of the “knobs chain” and D399K;
E357K mutations in the CH3 domain of the “hole chain” (numbering always

according to EU index of Kabat).

30 In another preferred embodiment said trispecific or tetraspecific antibody
comprises a T366W mutation in the CH3 domain of the “knobs chain” and T366S,
L368A, Y407V mutations in the CH3 domain of the “hole chain” and additionally
R409D; K370E mutations in the CH3 domain of the “knobs chain” and D399K;
E357K mutations in the CH3 domain of the “hole chain”.



R409D; K370E nutations in the CH3 domain of the "knobs chain" and D399K;
E357K nutations in the CH3 domain of the "hole chain" (nunbering always
accor di ngvoaomu3pridex of Kabat). I n another preferred erbddiPR&E003368 d
trispecific or tetraspecific antibody conprises a T366Wnutation in the CH3
domai n of the "knobs chain" and T366S, - LB68A, Y407V nmutations in the CH3
domain of the "hole chain" and additionally R409D; K370E nutations in the
CH3 domai n of the "knobs chain" and D399K; E357K nutations in the CH3

domai n of tHe 'ahather cprafened| embndinkemt grickf e'rspadﬁenbnotietrmpeciﬁai @ntibodypeci fi c

or tetras Y34 th
Do GHB- domecintisBOvaBacyT SR ot U pTIRP T ddiRFnt PpERISAE, 1 02
the two CH3 T8I h363A, ¥40AVt mutatiens in theopthereof thepird CHS dompipe @y sehpri ses

Y349C, T366W, Qi3
L368A, Y407V \isBecttld SiRirhdpebiffe AibbhP ol ﬂg@aw%wnﬁgagﬁgm IO, el | y

R409D; Sk370RherivaCHdomaing #d T4 8PS Io3r63t‘\h<¥ Ndputaiens igtheaiergfook:
E357K nut at Itﬂa&wbncmed(%‘&ndmmm additiorfalle R409DE KR20M mutdtienst &r the' CB3l

| ength anti n ant,j bo f. two ant heav
chai ns and t%%ﬁ??ﬂﬁdgmf) FRain g}cﬂ@?@@?ﬁ@%ﬁ atioRs %élﬁ%é&wawfoﬁf/u”
| engt h ant i kthel$hale chaip’dl ypept I de consisting in NNtermnal to Cterm nal
direction of an anti body heavy chain variable domain (VH), an anti body

constant heapy, feﬁfgl n%@g&?%tﬁ‘ aﬁtlﬁgx) den@fég ap %&%@My f&bﬂgan{gegf s @lﬂodyan

anti body heavy ant , and an ant eavy ‘chain

const afAt don‘ﬁahy shaigsand tyepandipody dighh shams (sge1kigR] ok -hepiey gﬁ‘é} lonal Iy

an anti body |bgaN ¥inGhstyls @PaspR fld@@dﬂ%isﬂn%n(ﬁfié])mmm t@a@@erﬁﬁnaardna&ﬁorb@fdy of
t he subcl ass | E

Pr e he I th t b
b0l ypenti de Totbedy Betnncitn mﬁbﬁ%ﬁ%@n@&ﬂnﬁmﬁ%@r S BV ° P
CH2 and CH3.dohtn I1i(Ght1),cdmeantibofly hinge régog (HR 3 rahi dnttlydy beaxyphhypepstanite

consi sting '&n%{ls;{r?dﬁadta?xdc Be%l{?bgai, lgéa(,ffcémgp oL i-Ta X ?ﬁﬁ gp?ryal(bk—% t chain

vari abl e donmai n an ant al n const

abbr edfat ed abbreviatel as TE-Chht- HR)@;’IZI-&;}BI ath @ptoradlysam artibpsiyelieavy Glh)lmc an be
K(kappa) or donthandiadin 4(€814) %h L:a§e%’fgihthnﬁl%d)bm}ie §1§|§dld‘s§ 188 eprefebdtdl tHeoget her

via inter-polypeptide disulfide bet ween, in and the CHI
P e%\ey Fcgham of tull length antibo y?s a polypeptlde con51st1ng n tem?mal to C-

terminal direction of VH, CH1, HR, CH2 and CH3. The light chain of full length
antibody is a polypeptide consisting in N-terminal to C-terminal direction of an
20 antibody light chain variable domain (VL), and an antibody light chain constant
domain (CL), abbreviated as VL-CL. The antibody light chain constant domain
(CL) can be K (kappa) or A (lambda). The full length antibody chains are linked
together via inter-polypeptide disulfide bonds between the CL domain and the CH1
domain (i.e. between the light and heavy chain) and between the hinge regions of
25 the full length antibody heavy chains. Examples of typical full length antibodies are
natural antibodies like IgG (e.g. IgG 1 and 1gG2), IgM, IgA, IgD, and IgE.) The
full length antibodies according to the invention can be from a single species e.g.
human, or they can be chimerized or humanized antibodies. The full length
antibodies according to the invention comprise two antigen binding sites each
30 formed by a pair of VH and VL, which both specifically bind to the same antigen.
The C-terminus of the heavy or light chain of said full length antibody denotes the
last amino acid at the C-terminus of said heavy or light chain. The term “peptide
connector” as used within the invention denotes a peptide with amino acid
sequences, which is preferably of synthetic origin. These peptide connectors
35 according to invention are used to fuse the antigen binding peptides to the C-or N-
terminus of the full length and/or modified full length antibody chains to form a



domain (i.e. between the |ight and heavy chain) and between the hinge
regions of the full length antibody heavy chains. Exanples of typical ful

| engt h arwOkodvss17ar e natural anti bodies like I1gG (e.g. PCyGP1I00B1HYC2) ,
IgM IgA 19D and IgE.) The full length antibodies according to the

i nvention can be froma single species_g¢ig. human, or they can be

chinmeri zed or humani zed anti bodies. The full length antibodies according to
the invention conprise two antigen binding sites each forned by a pair of
VH and VL, whispdtifioioh tetpaspedific adnltipody radcdrdinghm tenmvamiorg drefefdbdy Gatder mi nus

of the heavée% HJ—: i %ﬂ}ec@psaﬁr{hepf}gr@ g%lfl S.wi heé}gélﬁm%rll[tclé)ﬁ%gxer%%%ﬁhﬁ% le%%}ﬁ: | ast

ani no aci d erm nus 6 eav
"peptide corfettlenst 5Samins acide nrhferabﬂmemihm/@ngﬁhmf Aeon il snare pegferably ofi t h

am no acid Sﬁﬂ&?%eﬁmmmcﬁé in$ oRE &nfodithint Vaid pasthRL é&n@étbﬂhsﬂ(GI@)%S@r

pepti de connectors accord |n€ to Lnvention are used _to fuse the ant|
bi ndi n§ pept(@SINGH Wil G glycNeed i ssi8e.cndi(kE PulT i‘érﬁﬁrl‘p Sad T Onb i f| ed

full 1ength q)idhedy ghapns 46 § Mdmato, i1$POE B, ipecforablyet ~aspaEid= T oaB) i body
according to the I%rﬁngtlo Pre eraz%/elsald tldec Qnnect or S uqder c) are
pept i des wi tHOUNPS X Seqtiéhc ‘?'}?qﬂ ﬁ‘teﬂt PS8 Bh%ho
acids, prefe@B)y with a length of 5 to 100, nore preferably of 10 to 50
am no acids. In one enbodi mrent said peptide connector is (&xS)n or (GxS)nGn

wth G =gl y’Fﬁent%rm %ﬁtl ﬂrﬂiﬂcﬁng g@é} (%X as uged Il%fer%t c?o%lelﬁt an‘a Bﬁdﬂlg 1, 2

or 3) or (x =14 prefer yx—4and
n= 2 4P 3, m@nw@réﬁamtvemft%ﬁ&l length ant}bcziy Whl%ﬁ@clé%@&%hp X Hedpept i de
connect or Isc}ﬁ%@r?ablem@nalﬁr(mﬁ)%w%ﬂ atahaadmgm&mwrﬂ riaBfe a&ﬁanrv&grs to a

nonoval ent anti . a r de |\1/e of b th nt| body
ﬁlt ?Bold;c: :Jﬁi Vmﬁiﬁﬁé%ﬁiﬁgﬁigeMd ‘dls)ngf?)%hfnqgﬁzﬁlﬁb ?figr:\dht ?fsmgmd f rom
VL dorai e St8hERe (ERafh, T b RC Pt THE ety B poblE MR BT

f ragméht . PrleiiSéraatﬂHylthﬂBe haavm ¢Jain bamahlfngoqnemt G\Hé) @Tcd‘r‘pm iagklgodat llghéaélﬂman

ant i body hea\ya)‘laﬁf}%oﬂla\f@gVﬁpllﬁa?%T@ﬂréﬂ éﬂ@dlﬁ@ﬁk s4kh ﬁﬂ:tdnlﬁggﬂ bind@#H¥peph@ésn

vari abl e domal n preferred. enbodi nent such e antlﬂgn blndlng
pepti des ar €rg éﬁlé%tpécfrorn? A w@pgpaﬂﬁl%%@ JtH dgmaim. & singleshaindvy €kYngl e

chain Fv (SCfFa@ménrt agwe At sing@d Cchains FaYl(scFabpifageht, (frefeaid)y fifoag M igroup
preferably fcro(lers?s%mge 09 a sﬂ?gle chain Fv (scFv) fragment and a single chain Fab (scFab)

20 fragment.

The terms “binding site” or “antigen-binding site” as used herein denotes the

region(s) of an antibody molecule to which a ligand (e.g. the antigen or antigen

fragment of it) actually binds and is derived from an antibody. The antigen-binding

site includes antibody heavy chain variable domains (VH) and/or an antibody light
25 chain variable domains (VL), or pairs of VH/VL.

The antigen-binding sites that specifically bind to the desired antigen can be
derived a) from known antibodies to the antigen or b) from new antibodies or
antibody fragments obtained by de novo immunization methods using inter alia

either the antigen protein or nucleic acid or fragments thereof or by phage display.

30 An antigen-binding site of an antibody of the invention can contain six
complementarity determining regions (CDRs) which contribute in varying degrees
to the affinity of the binding site for antigen. There are three heavy chain variable
domain CDRs (CDRH1, CDRH2 and CDRH3) and three light chain variable
domain CDRs (CDRL1, CDRL2 and CDRL3). The extent of CDR and framework



consisting of a single chain Fv (scFv) fragnment and a single chain Fab
(scFab) fragnment. The terns "binding site" or "antigen-binding site" as
used her evO 220Gt t he region(s) of an anti body nol eculP€TiEp2a¥ioei1esd | i gand
(e.g. the antigen or antigen fragment of it) actually binds and is derived
froman anti body. The antigen-binding si2e includes anti body heavy chain
vari abl e donmains (VH) and/or an antibody |ight chain variable domains (VL),
or pairs of VW VL. The antigen-binding sites that specifically bind to the
desi red ant irggions éFR4)ds deteimpetd d)y dongrarisorotina anmipediidetabase daffmmiantacglen or

b) from new S%ﬁe‘%“%&d ne\§h18f, t}ﬁﬂ& ;n%? ﬂarv@%g?‘ﬂ nt%ﬁta@éd}ggéeé’ vgl":(‘atﬂmg'oamon

i nmuni zati on n pr otern or gnucl eic
acid or fraghersequqnheer e‘blfSO onclbgieq)wagven dhe ppfay: ofAthen fitviegen r dhregiospk e of

an anti body AR 4P h k&N ng
regi ons (CDRs af?i;ng&rhl%}:ddmé%ﬂ%érs ?ﬂaute F‘?\gstﬁ’é} éDRséQr eegﬁg?;fﬁP ?ﬁllﬁyﬁgf t he
r

bi ndi n§ si t eletesmingehygbFee, fovE o8 lé(F@qlT‘Fr eFé’rf?éé"\??lee gmlete gefrdion  CcoRs

(CDRH , CDRHZDRB éhisiRfficiagt fohbiflingd. Ghorabahdes vavicabl £ Vdodahain GaRsbe( CORLI ,
CDRL?2 and CDR%%% The extent of CDR and framewor kregions (FRs) is

det erm ned %arl son to a conpil ed database of am no acid sequences in
whi ch those regi ons have been defined according to variability anong the
sequences. Ahstbddycspedbdtyaftisrio shlectssoseogiitiaref theaaribodinfaaraepariedan onal

antigen bindifg éb#ﬁ?aﬁggnwmﬁal%uﬁ%; flleRampe: 1m%§ &ifl, @wlﬁc | ess

speC|f|C|ty Ps Beterm n ree or exa

t han d0conplaatibodigs aps a’é}ll@ﬂF@ yraighthave (e different patigesrbinding sPertissies cases,
a VH or a VLThQpeEifia amlbd)m@sea&uf&m%?am anu%tneb@cdmeiﬂe@m‘ommyh he¥&thsed O

ant gen. - NardiREEnL ARngaiad ner Brcieiies: SeeRpBaRG tbBler et HBReplo Y .

ant i bodi es aneemiohiaboglitibedichivdticthizave fouvadiffefeheargigen-dimdigespeoifroitiasg
specificities. Trispecific antibodies accordingly are antibodies to the

i nvention W“W%Qre%bﬁléltbgﬁfﬁagh‘fofr@ Elﬁﬂton@ré b&ﬁa 'tﬂg}é}g%ﬁ%ﬁ:& 1i0%'8%j|51%§ Whi ch

Tetraspecific ant I'es” accordi ng e 1 nvéntion
have flour didsseniased withta sipgle bmtrgmrvg“g@erepﬁeltbmwr@santlmre an antibody has
nore than one specificity, the recogni zed epitopes may be associated with a

singl e anti gee @fm YirloRosRERic Ratib&iieasaikkd Befdin denotes an antibody that has one

or more binding sites each of which bind to the same epitope of the same antigen.

The term “valent” as used within the current application denotes the presence of a
specified number of binding sites in an antibody molecule. A natural antibody for
20 example or a full length antibody according to the invention has two binding sites
and is bivalent. As such, the term “trivalent”, denote the presence of three binding
sites in an antibody molecule. The term “trivalent, trispecific” antibody as used
herein denotes an antibody that has three antigen-binding sites of which each binds
to another antigen (or another epitope of the antigen). Antibodies of the present
25 invention have three to six binding sites, i.e. are tri-, tetra, penta-, or hexavalent

(preferably tri or tetravalent) and are tri —or tetraspecific.

A “scFv fragment” or “single chain Fv fragment” (see Fig2b) is a polypeptide
consisting of an antibody heavy chain variable domain (VH), an antibody light
chain variable domain (VL), and a single-chain-Fv-linker, wherein said antibody
30 domains and said single-chain-Fv-linker have one of the following orders in N-
terminal to C-terminal direction: a) VH-single-chain-Fv-linker-VL, b) VL-single-
chain-Fv-linker-VH; preferably a) VH-single-chain-Fv-linker-VL, and wherein

said single-chain-Fv-linker is a polypeptide of with an amino acid sequence with a



The term "nonospecific" anti body as used herein denotes an anti body that
has one or nore binding sites each of which bind to the sane epitope of the
same ant i\yoOro10M3el72er m "val ent” as used w thin the curr@QT/ERREDIGHES on
denotes the presence of a specified nunber of binding sites in an anti body
nol ecul e. A natural antibody for exanple3zor a full |ength antibody
according to the invention has two binding sites and is bivalent. As such,
the term"trivalent", denote the presence of three binding sites in an
anti body nolleggthef aTlheast £F ainida acidd, émione tembspmednt ivath adnighodl ataksasi26d
oer b oot A Ra: hRO i ARlerhifls dihaEs B IbASHRD ARk e NeRrflnuth!

en (or er epitope o I gen).

each binds to anof

€r antig ano e an
Ant i bodi es dFhetthem i€dsmminus dermtesi therlatbareing aeideofithe SHRmMbnKHgi ng sites, i.e.
are tri-, tetra, penta-, or hexavalent (preferably tri or tetravalent) and
are tri -or fiRf eAsPSiablel hain’Fv-Hinkd” b a8EEWithinQinglé thah €vFhitnteddtagment
(see Fig2b) is a pol_\égeptl de.consi sting, of .an %ntﬁ!&boc%y h av?é[l chai g vari abl e
domai n3( VH) ,2 BEPUgRWI %rplfHOi@Hf SeayanGEsy Xhichis arefeablyPIsypihetic qeln. Said

si ng: e- CEai rkingle-:chﬂllszvrlri]Mleiﬂ ﬁe;ﬁfﬂed}/]i&n?ﬂ lbx}ndm abixredquencenwlitls ailehgth of at

si ngl e- chai n- Fy- i nker ve. one of, the follow.n rde i ermnal to
C-term nal giee?sgéé 4RO 261dyy Inqnig qmbodiment A flil%'%‘?p@f{ §%§t%}nﬁg céé: ai n-
Fv- | i nker - VHindpprrefeeabdp wjthag 1evgthsbatgkeen thand 36vaning laexds Vin, orgneinbddementn sai d
si ngl e- chai n; Pyl inker: i I af ;1 W: Ta loN@, act e wth
al engt h of gtaalség@tg %ﬁ@néfﬁkﬁg&é{?& ?P%tﬂ%neglgﬁ%%mﬁgﬂeweih 3étgirl‘(g(r?llg:twﬁrf’gf at

| east 180 anmigidd)aer s = 4rard psr 3a 4N Pephipaeferabbn ovifs X theh nFsth fh HoMmats d of

the N-term rytsferabl® wil=" 4 48 B AU $n 886 EhBaditreAt $:A¢ inghértian Foilthkef ist he
C-term nus. @g terg1 "single-chain-Fv-linker" as used within single chain
Fv fragnment BroE s asprepti de with am no acid sequences, which is
preferably of synthetic origin. Said single-chain-Fv-linker is a peptide

wi th an ani nturtherrdosespick soglevichhinaFV draghientsf arat priefeaghly bswfilanstabdizdd., i n
one enbodi ' | f-. At : ' achds : f y with
| engt h bot st ol Bl b Alioh 33 Vnd cRih MuBGAGE (PAGPIA'SY AR

si ngl d5chai rintrpduasionjof a dixgfide hond besweeeq the variablesdemaias jof ghe §ingle chaind n=

4, 5 or 6) Ofptib¥dies InPRUebTibd el iPWO 9802933 RAJBBPM, Wi, tehalX ProtdEngir. 3, 4
or 5, nore prefera

f bly with x = 4 n= or 4. In_ one odi t sai
i ngl e- chai n-llﬂlilgfgﬂkell%sﬁsl4é2§4§°§a&sg’(’ CﬁS)eﬁ.ﬁFLN‘E%%qrn%%g}ég&i g‘eglﬂﬁg%%hai n Fv
fragments ar@9pg)e¥sarads;\or Schmidt) Mg eshialbdogett 18 (1999) 1711 -1721.

In one embodiment of the disulfide stabilized single chain Fv fragments, the
20 disulfide bond between the variable domains of the single chain Fv fragments
comprised in the antibody according to the invention is independently for each

single chain Fv fragment selected from:

i) heavy chain variable domain position 44 to light chain variable domain position
100,

25 ii) heavy chain variable domain position 105 to light chain variable domain
position 43, or
iii) heavy chain variable domain position 101 to light chain variable domain

position 100.

In one embodiment the disulfide bond between the variable domains of the single
30 chain Fv fragments comprised in the antibody according to the invention is
between heavy chain variable domain position 44 and light chain variable domain

position 100.



Such further disulfide stabilization of single chain antibodies is achieved
by the introduction of a disulfide bond between the vari abl e domains of the
si ngl e chaproEvi3shtyedi es and is described e.g. in WO 94/ e293FN10Baj188)0pal ,
V., et al, Prot. Engin. 10 (1997) 1453-1459; Kobayashi, H, et al., Nuclear
Medi ci ne & Biology 25 (1998) 387-393; on4Schmdt, M, et al., Oncogene 18
(1999) 171 1 -1721. In one enbodi nent of the disulfide stabilized single
chain Fv fragnents, the disul fide bond between the variabl e donains of the
si ngl e chai A PecHabafjagnnéns” oo figingls etiainnFabhfragmenth ¢sbg FigZo) i agolypeptide

invention i S ¢ 1 oglt f

i) heavy chai’ H&gtz'?%egﬁ%g%%()d? heg‘@ﬁ?‘}aﬁ‘i‘ag I &Jr.gﬁnﬁtvﬁgagx?gﬁ\g@“ gbﬁ%@grralr gm
posi tion 10Ciomdin 1HEIA, @hanmquarli@blcbaxamabie;ﬂ@mam O¥Lr s angbpdykightchai n
variabl e dor%aﬁl RfRHaht Q&Eiﬁ% (C2Y) ahala)mh&awyh&aalsaldvﬁmb@ay Qofialmiadpagi tion

101 to_light chain variable domain posjtion_100. tth
di sul f Pde bdHkehbaye one tHethgafofl Q{YI‘@DHEA?&?I HQI‘{)F"“PH@?é %‘I %’”d'?\aj (ﬁen ©
Lr angEn':]S_ CoyVHSEME 1 linkéMELaOL | lb)OﬂlL (apﬁmkelmﬂ -CH1} b)E‘VII-D(ZQF‘lﬁrIKEg-l\JISCth ween
eavy chain v 0 an ar
positi on 104" A{)Q}Bé—g}f’? Hgﬂ%ﬁtétb?ndn‘gﬁf‘fﬁ nesaé%;ﬁgerlfal? k9 ﬁ%er?gh? of gggagtﬁ: 82a )
|(§/ H)a pol ypetﬁ(] aheinocaesdss prefierablfy m@mfﬁbfmﬂﬁmemmp addd. ﬂaxxhﬂlﬁglblwamd?@l n
an an t ' i abl
R, A e U o F ey

domain (VL), aln co mai n a linker,

wher eilf sai dllm@t-l\’ﬂoﬁﬁldéﬁél s VAn€Hd dirker-Vik &L, g estetibiz V’Eahéh‘f d1fsal ng
S/rLd(CaZII;SI : 2kg‘;&§g{_ﬂh@%nd&t@eérﬁﬂh@‘(‘!@horﬂh@?ﬁ%’tjfé@H@}jlofﬂ"mcﬁ“he térlhﬂ Wter}f{}/nﬁ-q b) g
er -l an
wher ei n sai odanWCI_t“ laé Y %‘éﬁ?iﬂ&e Ngerminus, 2@&96 grﬁeFmeé‘E teﬁ% erably
bet ween 32 dast abfin@atidof dri Csermdmusd si ngl e chain Fab fragments a) VH- CHI
-linker-VvL-CL, b) VL-CL-linker-VHCH, c) VHCLIinker- VL-CH and d) VL-CH

-1i nker - VHtC{;h e Bhf *3&%&"' ﬁgd wm {h%l\nlﬂ?én‘ﬁroﬂlde% yhftgﬁdé)am hehwegn the G

donmai n and m nus the last amno acid
of t hd5N-t ersewenses, Twkich ds mref@rabér of syrthefenorigig. {hese peptides according to

invention are used to link a) VH-CHI1 to VL-CL, b) VL-CL to VH-CHI, ¢) VH-CL
to VL-CH1 or d) VL-CHI1 to VH-CL to form the following single chain Fab
fragments according to the invention a) VH-CH1-linker-VL-CL, b) VL-CL-linker-
VH-CHI1, ¢) VH-CL-linker-VL-CH1 or d) VL-CH1-linker-VH-CL. Said linker
20 within the single chain Fab fragments is a peptide with an amino acid sequence
with a length of at least 30 amino acids, preferably with a length of 32 to 50 amino
acids. In one embodiment said linker is (GxS)n with G = glycine, S = serine, (x =3,
n=8,90r10andm=0, 1,2 0r3)or(x=4and n= 6,7or §and m=0, 1, 2 or 3),
preferably with x = 4,n=6 or 7 and m=0, 1, 2 or 3, more preferably with x = 4,

25 n= 7 and m= 2. In one embodiment said linker is (G4S)¢G>.

In a preferred embodiment said antibody domains and said linker in said single

chain Fab fragment have one of the following orders in N-terminal to C-terminal

direction:

a) VH-CH1-linker-VL-CL, or b) VL-CL-linker-VH-CH1, more preferably VL-CL-
30 linker-VH-CHI.

In another preferred embodiment said antibody domains and said linker in said
single chain Fab fragment have one of the following orders in N-terminal to C-

terminal direction:
a) VH-CL-linker-VL-CH1 or b) VL-CHI1-linker-VH-CL.



| ast amno acid of the Gtermnus. The term"linker" as used within the

I nvention denotes a peptide with amno acid sequences, which is preferably
of synt he¥Deowvi3gi7a. These pepti des accordi ng to invent POR/ER2E0O8HASt 0 | i nk
a) VHCH to VL-CL, b) VL-CL to VHCH, c¢c) VHCL to VL-CH or d) VL-CH to
VH CL to formthe follow ng single chatmsFab fragments according to the

I nvention a) VHCH -linker-VL-CL, b) VL-CL-linker- VHCH,6 c¢)

VH CL-linker-VL-CH or d) VL-CH -linker-VHCL. Said linker within the

si ngl e chai rMOptadnafly agsaid singleschaindégbt frapment,tadddonalhy toothecatral dopuéfndee Wi t h a

! engt h of atbqnﬂ%%&e?égng@'gﬂod %?duqﬁn%ﬂ{e% fﬁ&h)ﬁn\'\%((g 10 Jnﬁgﬁ(ﬁ%héﬁfvé%ﬁalho 50

am no acids yCI ne, =

serine, (x =@riahte d®@magn G¥H) andathe aptibaaly light phajp V@)‘a‘tﬁ? dompaia (¥1a@ee n 6, 7 or 8

and nF 0, 1 dlgulﬁfle ﬂblllgé ffr@%hﬂct%nt& 24disulfide Porfdl B¥twderdé tNdwing. 2 or 3,
nore preferably w m= 2. In one enbodi ment said linker is

(&49) 6&2. | rpoé‘tb’lnéf erred enbodi nent sai d anti body domai ns and said |inker

in said sing BesfyahBinhabiablea@eid pbiatich 40 1ifht then VatiddewWogaiarpdeitioni n
Ntermnal tg Ctermnal direction: a) VHCH -linker-VL-CL, or b)

VL- CL- | i nker! HCH , nore preferably VL-CLIinker- VHCH . In another
preferred enb)dwhvryeduailsamtihmdcblbaidpodidnnilﬁs tahghtshaid Variakledoimirsai d si ngl e
chai n Fab frl?og) gve one of the follow ng orders in N-term' nal to

Cterm nal direc on a) VH CL-linker-VL-CH or b) VL-CH

-1i nkdP- VH- Gii) paviyehain| yariableglgmainsposifian KHdpdighbehain &MH domagifi tionally to

the natural @isaidnfiodgnianeifeiiwagiadcbRlitd rodomdexaTKdbhg. CH donain, al so
t he anti body heavy chain variable domain (VH) and the anti body Ilght chai n

ariable d t.ab t t
G sul 1 de boRt IR TSR Teliongta0Es Fomrh bbBeD Sttt bf sl o
domai n posi tintodubtioh ®flal djbdlfidbabnd berweabltiee darebladprogins i(Vih ad@d/L bf Jheheavy

chain vari ablfyI6 ifth ab fabeRR. Fohnldled totroBhA \hnkff AR S dOSFRIgEs RAST LT O

15 stabilization for a single chain Fv are described e.g. in WO 94/029350, Rajagopal
et al., Prot. Engin. 10 (1997) 1453-1459; Kobayashi et al., Nuclear Medicine &
Biology 25 (1998) 387-393; or Schmidt et al., Oncogene 18 (1999) 1711 -1721. In
one embodiment the optional disulfide bond between the variable domains of the
single chain Fab fragments comprised in the antibody according to the invention is
20 between heavy chain variable domain position 44 and light chain variable domain
position 100. In one embodiment the optional disulfide bond between the variable
domains of the single chain Fab fragments comprised in the antibody according to
the invention is between heavy chain variable domain position 105 and light chain

variable domain position 43 (numbering always according to EU index of Kabat.

25 In an embodiment single chain Fab fragment without said optional disulfide
stabilization between the variable domains VH and VL of the single chain Fab
fragments are preferred.

The full length antibodies of the invention comprise immunoglobulin constant
regions of one or more immunoglobulin classes. Immunoglobulin classes include
30 IgG, IgM, IgA, IgD, and IgE isotypes and, in the case of IgG and IgA, their
subtypes. In a preferred embodiment, an full length antibody of the invention has a

constant domain structure of an IgG type antibody.



1ii1) heavy chain variable domain position 101 to |ight chain variable
domai n position 100 (nunbering always according to EU i ndex of Kabat). Such
further dweubfoder7et abili zati on of single chain Fab fra@eemr109036hi eved
by the introduction of a disulfide bond between the variabl e domains VH and
VL of the single chain Fab fragnents. Teehni ques to introduce unnatural
disul fide bridges for stabilization for a single chain Fv are descri bed
e.g. in WD 94/029350, Rajagopal et al., Prot. Engin. 10 (1997) 1453-1459;
Kobayashi etThd termiticioaadlondt dintbody" SorBintdnoglon2lbar(tibdg8$ coBipdsiBes; aousedchm dt
et al., Onc (1999 . ody h [ I

di sul fide b§% ﬁ %’%r {'o % érei’yatl% ééfﬁba(%d&sggiectﬁ e gﬁ %Pﬁ]gfe gfng&{:é]gwa
fragnents cowpnxsé@nln the antlbody according to the invention is between
heavy chain variable domain position 44 and Iight chain variable donmain

position 100phd t@nﬁ”'%hﬁrﬁ’é?&ddﬂmﬂa it mer@%laeraahb@hyswrﬁﬂ,&engagnqnb&k% ant he
varlable domalnswg th eS| gle chaln Fabfragﬁmj rised.int

ant i body acdddi ngé"’%‘% U ORE SBHCF 8T PRACE ‘E: RN P4 2 ‘%S’BFténHonal n
position 10%egiod detigéd fromed mffeamt 3blree dp @fwcrespmmny bepﬂ&d(bw?éb@mbmgntal way's

accordi ng th§ ex of ab t n I nent s q&s Fab fragnent
W t hout sai g[ CENYAYE frfl?[&cea%tf é’@qu °£’E{p“(§wgbae{‘\}v‘é‘é‘g VAR a{F?SBIag domai ns
VH and VL ofhunien sionghwt cbgiom Ea&b prfrfalgmanmheir prafereécer foeds  The'chimdrid engt h
antibodies ahibficl NfRIoANel HIHL B sk%@&ﬁfoﬂbdx‘% tHbsE SR SHAH g{g%'ngﬁﬁt of one

or nore i munogl obul In classes inc gM

| gA, 118D, arFGglngBaﬁ been edifigd or Chwgeﬁér%laﬁét of thequ zna aP@WdWﬁéeﬂe@tfbt ypes.
I'n at pr tef Sr regé ;ﬁ@ﬁ@d&s}tmwomlﬁg tBUﬂhEéh?é}ﬂfoh %fﬁdgmwmofeghhpm r@’l‘i‘lnbirﬁlfhghals a
const an onaln ructure e, anti cl ona
anti body" or? ﬁ%ﬁztﬁcrle&?‘?é?r Q'%k) %HM%&H%E@WW a"g‘g’ %Q%Breh@?%f‘ﬁe‘?‘féf@rast 0 a
pr epar ati on "efassbwitticedy amiboeiées!' e Chovheric antilgldéesantentheaproductovpasiptdssad.  The

Lot m " chi mer o AR o ELCLSn0iAR BN BOMNGROBELEhRY A ACIARIE,

region, i.e., |ng re sour or speci e
porti dh of avau@hbtragtons @gd dPN descigusatsf mwmgdmmmbubomongamrregw@eu es,

usual |y pr e%e&ed?w gﬁ&&ﬂaﬂg@hm@% LRMYAQUES olVeNEoRIehGorit deBOHbBant

conprising a nurine v region and a hurran constant region are
preferred. dPNér apd F°BF rENSTRSTinG (SIMIQUES P well known in the ait. See, c.g,
Morrison, S.L., et al.,, Proc. Natl. Acad. Sci. USA 81 (1984) 6851-6855;

US 5,202,238 and US 5,204,244.

20 The term "humanized antibody" refers to antibodies in which the framework or
"complementarity determining regions" (CDR) have been modified to comprise the
CDR of an immunoglobulin of different specificity as compared to that of the
parent immunoglobulin. In a preferred embodiment, a murine CDR is grafted into
the framework region of a human antibody to prepare the "humanized antibody."

25 See, e.g., Riechmann, L., et al., Nature 332 (1988) 323-327; and Neuberger, M.S.,
et al., Nature 314 (1985) 268-270. Other forms of "humanized antibodies"
encompassed by the present invention are those in which the constant region has
been additionally modified or changed from that of the original antibody to
generate the properties according to the invention, especially in regard to Clq

30 binding and/or Fc receptor (FcR) binding.

The term "human antibody", as used herein, is intended to include antibodies
having variable and constant regions derived from human germ line
immunoglobulin sequences. Human antibodies are well-known in the state of the
art (van Dijk, M.A., and van de Winkel, J.G., Curr. Opin. Chem. Biol. 5 (2001)
35 368-374). Human antibodies can also be produced in transgenic animals (e.g.,



anti bodi es” enconpassed by the present invention are those in which the
constant region has been nodified or changed fromthat of the original

anti body wo 2gemBsetke t he properties accordi ng to the i neemEPeoL/oexpeci al |y
in regard to Clq binding and/or Fc receptor (FcR) binding. Such chineric
anti bodies are also referred to as "clagsg-sw tched anti bodi es". Chineric
anti bodi es are the product of expressed i munogl obulin genes conprising DNA
segnent s encodi ng i mmunogl obulin vari abl e regi ons and DNA segnents encodi ng
| mrunogl obulrhitel @S taad tcap £, Ouson Mahbmdmdrprofmrodhmmgwg fulli repeitcirant idbodi es

vl oo ETRHEN T, MG anliBies 67 SpeSRE ¢f BRBEESNI M BRARUES T°
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323-327; andnNhdpedpplray W8riries @loogkenbooNstHLRe, 2311:14\7\(1151983) 2681027&01 QXver

forms of peNgo S th r t t

those in whlbkgﬁg%)hggl ggé’t anatdkr’egl dn&hgﬁg ielg/fréfl aécf)l %%a ?éﬂm%%ﬂgs Iﬂ% e
changé@ fr ortectimaquesfof Code dral gindalBocamgri dbeliyara dsgevﬁehhkefOt He mﬁm@rqn @fs
according “}&ﬁnli@l ﬁigﬁ@&%hﬁ%t{%ﬁ%g'(@bid et 1. rﬁﬂﬁfo@loh@l %ﬁb@dx&dhﬂ& @ahdéor Fc

receptor (Fc term "human antib ", as use erej

i ntended to Thf‘ém}’délﬁh?\i Ia'éﬂlrb§7ﬁh?/35ﬁgaf\¢a$(?eé‘l¥ﬂrep aﬁ%ﬁlcén@‘ﬁ?ﬂ‘ﬂr]e‘gl@ﬁgl)deri ved

from human ggy93) A@Qﬂﬂeﬁawﬂ@ﬂdx&wdl foR cmmeraﬁaswnﬁum aﬁﬁlﬁdciﬂébdio&&rda{géto
wel | - known |‘gﬁthe st at art

J.G, Curr. lﬂ‘.’e”@%rﬁ?‘eée’cw “taﬁog'it o4¥g %Wd%ﬂﬁng%%f)f%ﬂf%ss Sléc "al so
be prdduced dntibbdian sgech areamodifies inethg. comstany) raghat tcagenaratp abé eropgooes

| mmuni zat | Onaccé)lfdl t%qh'g 1nQ/gnt?orI lé%];!ec{aﬁgq{x E%to%}cﬁ%ﬁ?ln%%ﬂﬂ% FOR HiHAR

anti bodies in sence éndogen ucti on. g’r ansfer
of the humare.gebpyr‘¢lasseswitahin® gi- & phrnge greﬁeltaéxona@f E%P@Iﬁﬁtfﬁ gefrom| igkd tout ant

mce will regdistanifrif61/MEGsRLAtRIA).0f human antibodi es upon

The term "recombinant human antibody", as used herein, is intended to include all
20 human antibodies that are prepared, expressed, created or isolated by recombinant
means, such as antibodies isolated from a host cell such as a NSO or CHO cell or
from an animal (e.g. a mouse) that is transgenic for human immunoglobulin genes
or antibodies expressed using a recombinant expression vector transfected into a
host cell. Such recombinant human antibodies have variable and constant regions
25 in a rearranged form. The recombinant human antibodies according to the invention
have been subjected to in vivo somatic hypermutation. Thus, the amino acid
sequences of the VH and VL regions of the recombinant antibodies are sequences
that, while derived from and related to human germ line VH and VL sequences,

may not naturally exist within the human antibody germ line repertoire in vivo.

30 The "variable domain" (variable domain of a light chain (VL), variable domain of a
heavy chain (VH)) as used herein denotes each of the pair of light and heavy chains
which is involved directly in binding the antibody to the antigen. The domains of
variable human light and heavy chains have the same general structure and each
domain comprises four framework (FR) regions whose sequences are widely

35 conserved, connected by three "hypervariable regions” (or complementarity



antigen challenge (see, e.g., Jakobovits, A, et al., Proc. Natl. Acad.
Sci. USA 90 (1993) 2551-2555; Jakobovits, A, et al., Nature 362 (1993)
255- 258; wougwersexta, M, et al., Year Imunol. 7 (1993) P8IAEPR)1L0/0bk1GEN

anti bodi es can al so be produced in phage display libraries (Hoogenboom
HR, and Wnter, G, J. MIl. Biol. 2271§1992) 381-388; Marks, J.D., et
al., J . MIl. Biol. 222 (1991) 581-597). The techni ques of Cole et al. and
Boerner et al. are also available for the preparati on of human nonocl onal
anti bodi es (detdrminifig regéons, DRy Diafrahswotkodpoas adapt Gaiiskeet ThrefoapationAl an R.
Liss, p. 77 5)eand Beerner. P, ! . I

86-95). As aﬁ(“%‘gg%l@r@n‘{% org ogps E%Wﬁgttﬁ‘?%aﬁ’%r?dg’ﬁﬁtngém%g %hnetl‘.{"%é?“zg*@h
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compri ses sYeHnaBLLRGINRR HOICHRAGBTRRE dh&chdin taCunfigB? bifind .0 O
generate the propeérties according to the invention, eSpecially in regard to
Cl g bi Adi ng amtibpdy heavm asddight ghaia (PRYyegiensplay awprticnlasly impoglantigte or

nut ation of the hddihg sf)@eiﬂeitf/mmtgqﬁ tht CankiB6dic R8¢ RAink OGS the dEderfidhadridon) .
The term"reﬁogg)lﬁnant. uman_anti. océi%‘, as used herein, is intended to

i ncl ude al | 'RERHNC B ot AjeCt A theInXeliony  expressed, created or

| sol ated by reconbi nant neans, such as antibodies isolated froma host cell
such as a NSIheoterndHBypetvariable regiom"aor "anti ganlbifiding pogtiomafsw)antihedy"i when
transgenic fqr Fupl I ' hodi es . uejing a
r econbi nant ‘%)%%iﬂg@?{qén _vegtg1 graﬂﬁ*rfééhgfl gg{lg%siq{nftagln&a{{ t'ﬁgﬁ' %éﬁgeggﬁﬁ%lﬂ%
reconBPnant feuasticearhindiogi Bee hynesvaiabledisgion sampeisessamifo aciyiesidyes from

rearranged fugg mcoPﬁBFerﬁ&%}H?iJ%iﬁlﬁg%gﬁ%'i B dicgsR ¢ Cefhdwbrk© drheFR"

I nventi on have been subjec %g ta I n.”vivo so tlch hyper mut ati.on. Thus, the
ani no aci d SEEQBHEES thse; Yyamale degaip resings oothers thanh e IypSpanble: regifn podi es
arg f/equenca&siah@t as Wéreinedediied v €Herkfopen thadighehad @davyochuisnof gemmibodye VH
an L sequences t.n ral.l Xi st W thig t u b ho germ
li ne repertoﬁopyqsﬁn@%ggﬁ'ﬁgé%/rgw asb&ee @%nﬁr%ﬁlgrl!yl{]\’/a(?ﬁg 1 gﬁ b?ai?}#)’o K%’ li ght
chai n16VL), @GBARBabhd FRIMGDR DO able hgincdraisapqratell)byasuahsrampeerk amiwnot es
each of the {f high LIS | Gl JnSwhi ' I n
bi i ng t ho ‘SR By 48 E A0 IR s A L A P R IRt 1Y g
and heavy clvitigen hading HeDBagns! GRrgeians gt deteunigcdiacadon Qdhaistandsithr i ses
four framewaydfinitid) of RAbANSt W OSR USRS &ITASteisCofing@liological Interest, Sth

ed., Public Health Service, National Institutes of Health, Bethesda, MD (1991).

20 As used herein, the terms “binding”/”which specifically binds”/“specifically
binding” refer to the binding of the antibody to an epitope of the antigen in an in
vitro assay, preferably in an plasmon resonance assay (BIAcore, GE-Healthcare
Uppsala, Sweden) with purified wild-type antigen. The affinity of the binding is
defined by the terms ka (rate constant for the association of the antibody from the

25 antibody/antigen complex), kp (dissociation constant), and Kp (kp/ka). In one
embodiment binding or specifically binding means a binding affinity (Kp) of 10
mol/l or less, preferably 10° M to 107" mol/l. Thus, an tri- or tetraspecific antibody
according to the invention preferably specifically binds to each antigen for which it

, is specific with a binding affinity (Kp) of 10" mol/l or less, preferably 10” to 10"

30 mol/l.

Binding of the antibody to the FcyRIII can be investigated by a BlAcore assay
(GE-Healthcare Uppsala, Sweden). The affinity of the binding is defined by the
terms ka (rate constant for the association of the antibody from the

antibody/antigen complex), kp (dissociation constant), and Kp (kp/ka).



conserved, connected by three "hypervariable regions" (or

conpl enentaritydeterm ning regions, CDRs). The franework regi ons adopt a

b- sheet cwofRorvesi7en and the CDRs may form | oops connecPChgEPRII6/oh31sheet
structure. The CDRs in each chain are held in their three-di nensional
structure by the framework regi ons and-figem together with the CDRs fromthe
ot her chain an antigen binding site. The anti body heavy and |ight chain
CDR3 regions play a particularly inportant role in the binding

speci fi ci t y/Bie terirt Yemfopehendndesheny gwlgeptddidermmanheapablerti speciivd

therefore prqq;éalﬁg @ L,{I”aﬂl'ﬂ% bine%EmgB %J-l?ﬁodl&\éﬁt@t le ﬁi@%ge gﬁtegﬁ{ ?Etodgl Glude

“hypervariab I on g@
used herein qh@fneqa lb'cﬁCtIM@ Swﬁaw&aﬁﬁ’ld@ ek melesyles Suehanpmingorpdsshed S&ffee

responsi bl e dQinsaphd ﬁ&yb (Fld:hﬂﬂm 1 %dhﬁpeéﬁ‘.ﬁlﬁ Ieambemﬁ&@ Gay” RIS §fe@EiANT No
aci d residues fromt alrientarlty determnin i ons’

' CDRs"
" Fr amewnor k" gfeenqxp;venqlg@ql@ﬁgctgf chagsteriytiss; anf ar i“‘nc BT s?ga%}tﬂ%%’rcst han
t he hyper varA@bpieopeadh espisesf sllisiges thxeishoundlianedtivddier ef ore, the |ight
and heavy chains of an antl body conprise fromN to Ctermnus the domains

FR, CDRI, FR2 FR4. C rat ed
by such fr anIB\ASFtﬁmaW%og nggntésan aélst%gg?l al 7ald %%?@?ﬁfﬁﬁd a%adnﬁg%gihﬁgﬁtg t he
regi on whi clpreferantinly rexogmass its targeitantgen m&nd@mg{ex @DRuag of mtm@‘gambi@r are
det erm ned arﬁ?&f)ﬁt'ofégu @ the standard definition of Kabat, et al., Sequences
of Proteins I rrrruno ogical Interest, 5th ed., Public Heal th Service,

Nat i onal Institutes of Health, Bethesda, As used herein, the

t er ms 19bi ndilRg Mrthen erbadimentithe 41 |%rtﬁr4§a§°'}/5°é ]dylaegﬂrpglgﬁpﬁl&ﬁ%en 4% er to
the bi ndi ng iofchiraetedindd i@mlyt $a0d duill Beﬁhgt}omlb@ﬁy tid1ef Ahalg&G1 vutsstassnovof r o

assay, pre es,0 sa Acore, CE-Healthcare
Uppsal a, S é‘?ﬁ"yl\%nb?rfuﬁﬂg?sw@gn\m"é‘a gﬂ?& réi ﬁ‘?ﬁ‘e affinity of the
binding is defined by the terns ka (rate constant for the association of
t he anti bodyinfarforthetembodiinbatdh¢ ttdrdetraspenific axtjbodype¢ardingde itha ingention

constant), ically
bi ndi ng maﬁgg}éﬁg? %g@%"#%ﬂﬁ“@ﬁk %#tm?g%S%nﬂgﬁ}I%agrngggg&é%r eferably 10

9 Mto 10 13 nol/1. Thus, ri- or tetragpecific antibody according to
the iAventi of ap@@h@r%‘l’%ﬂ‘@ﬁ@ék‘? F%é?rlt?rﬁp?faég?‘bu@élé’ ﬁ°%9¥“§é§t RonvERHomh it is

speci fi c Wi tiB charbéteizdddn alidt ismidtiyll (¢highh &itibd@y & ofluhibndgGB eslsclagsr ef er abl y
10~9 to 10~13 nol /1.

In a further embodiment the tri- or tetraspecific antibody according to the invention
is characterized in that said full length antibody is of human IgG4 subclass or, of
human IgG4 subclass with the additional mutation S228P.

20 Preferably the tri- or tetraspecific antibody according to the invention is
characterized in that said full length antibody is of human IgG1 subclass, of human
IgG4 subclass with the additional mutation S228P.

It has now been found that the tri- or tetraspecific antibodies according to the
invention have improved characteristics such as biological or pharmacological
25 activity, pharmacokinetic properties or toxicity. They can be used e.g. for the

treatment of diseases such as cancer.

The term “constant region” as used within the current applications denotes the sum
of the domains of an antibody other than the variable region. The constant region is
not involved directly in binding of an antigen, but exhibit various effector
30 functions. Depending on the amino acid sequence of the constant region of their
heavy chains, antibodies are divided in the classes: IgA, IgD, IgE, IgG and IgM,



Bi nding of the antibody to the FcgRIIl can be investigated by a Bl Acore
assay (CGE-Healthcare Uppsala, Sweden). The affinity of the binding is

defi ned byouh®/t3ér7as ka (rate constant for the associ at iPOR/ERROIDIOB318Ht | body
fromthe antibody/antigen conplex), k (dissociation constant), and K

(ko/ ka). The term "epitope" includes any2@ol ypepti de determ nant capabl e of
specific binding to an antibody. In certain enbodi nents, epitope

determ nant include chemcally active surface groupings of nolecul es such
as ani no aciald,seserghof theske malyaienSirthph dspdedrinto, subclassdsf ewohl 3s kghd, 1gG2.cert ai n
enbodi nment s y

characteri stgag a]{halg ﬁ@& %%M:I%At%e@re g{gggﬂgﬁraglg?g%!{i ?{gtlwsqhatecglneo%e is a
regi on of arodhe ﬁ@ﬁqﬁeftt W&SSf?SsOftm@thlﬁy aggreallad ioh el §. 1 [30d de reswiept ek odienent s,

an anti body jight 3R4ifl c”oﬁstﬁﬂ%gifo'n‘s“%tt)’ “mhaldcaeanb@mnaqa ANEVE hrdtioagfcpdseqt i al |y
recognizes its target antigen in a conplex mxture of proteins and/or

macr ondl ecul¥gcalieq “a(k?BIPat)ﬁé Addafiadent the tri- or tetraspecific antibody
according to the invention is characterized in that said full length
anti body i s THe femfmitcongt@ht s&gim{ dssyedfroaf hbmenarorigi® as uised as shevicutremnthe

mutations L234Qﬁ%0610§%1% g ke ns%antuheav "R %{({}P QF al @de Of the

tetraspeC|f|@ CCOF tothe Irnvention IS arac errzed I n that

said full | enbtlassaigGlbégy2, |IgG6f omwnandg@za eansianbight qhnmdcatpmtonéa;mbda

embodi ment tﬂgﬁohr 'Suclprcohﬁﬁl{tal%?ﬁﬁlkfdrg v '1(99\%( 1ﬂCG19r§éthgoft f%eteh? ah@veption is
characteri ze sal d anti b IS of human & subBcl ass.

In a fifrt herdesersdityekabatng Ay (see g8 {%}W%&d}rﬂ Wug At T- bBIHSrle BA8RES to the

invention i 98na0@ycter? BeKabhk, ENRY esdl, BrddiNatll a64. IScAnIS HGYY1975) afigfruman
| g&4 subcl a?@gf of human |1 g4 subclass with the additional nutation

S228P. Pref y the tri- or tetraspecific antibody according to the
invention is characterized in that said full Iength antibody is of human
| g@ subcl asWhilefarnttibosgies | fGhes (g§e4 avbcladst shavh geduigidt Forrateptart dtdyBhRIID228P.

It has now heeqnf %‘ﬁ%{h@%f&éﬂg fcg;]asubgfasgeﬁtsﬁé’@@%h%bﬁldﬁ{%m%v%sh%‘?g@rd' ng

to the invention racteristics su 1 ol ogi cal or

phar mdéol ogi &W26ac s 10y, A%ﬁ?rﬂa@él@fng‘f icarbohydrate) Beo3dP, Lewd theu2ihey can
be used e.g.Gfyos6,Id1§237,9RLIBBer D44, @Jy§m5¢ﬁrﬁ)ﬂcﬁlrﬁﬂlcﬁmﬁl andBisu8s Gie

constant 1 e%518ues veh cl'ij 1? altereé hﬁrgv}dgeals%urg uceEi F%prgcep (garttglr?cﬂng ?g}g(e)ltdgthLhe sum
et al., J. Biol. Chem. 276 (2001) 6591-6604; Lund, J., et al., FASEB J. 9 (1995)
115-119; Morgan, A., et al., Immunology 86 (1995) 319-324; EP 0 307 434).

20 In one embodiment an antibody according to the invention has a reduced FcR
binding compared to an IgG1 antibody.Thus the full length parent antibody is in
regard to FcR binding of IgG4 subclass or of IgGl or IgG2 subclass with a
mutation in S228, 1234, L1235 and/or D265, and/ or contains the PVA236
mutation. In one embodiment the mutations in the full length parent antibody are

25 S228P, L234A, L235A, L235E and/or PVA236. In another embodiment the
mutations in the full length parent antibody are in IgG4 S228P and in IgG1 L234A
and L235A.

The constant region of an antibody is directly involved in ADCC (antibody-
dependent cell-mediated cytotoxicity) and CDC (complement-dependent
30 cytotoxicity). Complement activation (CDC) is initiated by binding of complement
factor Clq to the constant region of most IgG antibody subclasses. Binding of Clq
to an antibody is caused by defined protein-protein interactions at the so called
binding site. Such constant region binding sites are known in the state of the art and
described e.g. by Lukas, T.J. et al, J. Immunol. 127 (1981) 2555-2560;



of the domains of an antibody other than the variable region. The constant
region is not involved directly in binding of an antigen, but exhibit

vari ous ewpedtopidéfancti ons. Dependi ng on the am no aci dPSEFRIIOHITHS t he
constant region of their heavy chains, antibodies are divided in the
classes: I1gA 19D, IgE 1gG and IgM and2several of these may be further
divided into subclasses, such as 1gd, 1g&, 1gG3, and 1g&4, 1gA and | gA2.
The heavy chain constant regions that correspond to the different cl asses
of anti bodi dSuIMlBUSBaRl et Gobm, J.&, Mpl. landum]. Fe@PEL) 96729 V7, Blinen] Dghy etchai n

constant regjo I I
cal led K ( kelipuelse 28 APh0) LABAC THBHALLA D15 by %k%‘a'ﬂ‘?‘&ﬁ‘“g‘érﬁv@é@f m
human ori gi #95aK)0ds ktogies, Hile., eLial,.dnimeyyppl dod (1004 &hd%- ég‘h Hemner Mt etheavy

chai n regi on, ofy, @'lﬂwn‘ﬁs“ mﬁ) ho gy - Pilé8h‘?\/[(§'g§)&|&5%t lagqmmhﬁ@ggy g @oogy | gH
and/or _a constant |1 ght_chaln kappa or mbda regi on. ch, constant Tregions

are wePl knoWd-3%4: t prd s@%f)éoaf‘nf‘heﬁ%ﬂ“t Cﬁ'i*ﬁﬁa‘% Ejegl%sl?:‘ﬁihb‘gd SHSP |pac:8-E. A
(see e.g. JQJMfa@fbrlz@i bante Whind adids 11934] €085 A0 TR NRegy, B3 8( ROQO) K323 218:

Kabat B AR Sl p Btehall bRt Bl indSGakdS7S) 2785 2788)

bi ndi ng, antibodi es of other 1gG subcl asses show strong bi ndi ng. However
Pr 0238, AspZBE, tehmp2attibodsdegendentosadluddr ¢stotonichy HPdPIGER) refens o@2bysisLefli234,

;ﬁg 2 i I5S 4?5)/ glﬁlgm}ngé?’%:ﬁ égllé b? %Ei?’ann%%ﬁ% %écorh%%%@ She Tme%%n 11(1]tﬁ@ flejsenc%sm?’df

tered th’OVI al so red UCE,‘ Fc receptor

bi ndi "8 ( Shifegtor crlls. ADEC ig|measyred mefsrably-hythe frogmenbeti g Psggatswodt Lund,
J., et al., dnfighBexbresskh cltﬁ@ﬁ)lth]all&nllb@@y adédfdid@ito the invehtid in the WB@&@OQY 86

(1995) 319-324. EP Ln.o ment to
the inventi d¥f Sigsto éc?lgsoﬁh‘{fléas Sﬁ‘llﬁﬁ‘?gq%?‘fglgg@ﬁ%%rr%wfag 2&? %oéég]){s 3’6’% 'gll'hus
the full | enghats, lilke moho@yndsi dyadjuralkiller (N&Qaets ooa paRabentthi grgwurig Ng@bll

subcl ass or 19rIe lg@ or Ig& subclass with a nutation in S228, L234, L235
and/ or D265, 'and/ or contains the PVA236 nutation. In one enbodi ment the

nutations in the full length parent antibody are S228P, L234A, L235A, L235E
and/ od 5 PvA23Bhe term dsomplemeatderindenitcyitiexigty €EPENsdenotesepiogess indiagach

parent anti hdyidigy of dofplernedBRcaRACIq thoe EC3IAA 8NdsLIRG. antibody
subclasses. Binding of C1lq to an antibody is caused by defined protein-protein
interactions at the so called binding site. Such Fc part binding sites are known in
the state of the art (see above). Such Fc part binding sites are, e.g., characterized by
20 the amino acids L1234, L235, D270, N297, E318, K320, K322, P331, and P329
(numbering according to EU index of Kabat). Antibodies of subclass 1gG1, 1gG2,
and IgG3 usually show complement activation including Clq and C3 binding,
whereas IgG4 does not activate the complement system and does not bind Clq
and/or C3.

25 Cell-mediated effector functions of monoclonal antibodies can be enhanced by
engineering their oligosaccharide component as described in Umana, P., et al.,
Nature Biotechnol. 17 (1999) 176-180, and US 6,602,684. IgG1 type antibodies,
the most commonly used therapeutic antibodies, are glycoproteins that have a
conserved N-linked glycosylation site at Asn297 in each CH2 domain. The two
30 complex biantennary oligosaccharides attached to Asn297 are buried between the
CH2 domains, forming extensive contacts with the polypeptide backbone, and their
presence is essential for the antibody to mediate effector functions such as antibody
dependent cellular cytotoxicity (ADCC) (Lifely, M., R., et al., Glycobiology 5
(1995) 813-822; Jefferis, R., et al., Immunol. Rev. 163 (1998) 59-76; Wright, A.,
35 and Morrison, S.L., Trends Biotechnol. 15 (1997) 26-32). Umana, P., et al., Nature



The constant region of an antibody is directly involved in ADCC

(anti bodydependent cell-nmedi ated cytotoxicity) and CDC

(conpl enamD-20wpISAIent cyt ot oxi city). Conpl ement acti vat POR/EPSDEN03188
initiated by binding of conplenment factor Clq to the constant regi on of
nost 1gG anti body subcl asses. Binding 0p2Clg to an anti body is caused by
defined protein-protein interactions at the so called binding site. Such
constant region binding sites are known in the state of the art and
descri bed e.Bjotebkndlukag]199p)J.76-0 aid. W 99/543d A staiwed1thdt ¢U@SipreBEm5mM2560;
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A, et aI nol og (1995) and EP 0 307 43 Such Eonstant
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t he i nventi dBiol.rCHehe 236 €213 d5639- éiﬁ@cRadeaveSl st alADCBmlsCh@n,sm@(dOOl)
preferably 4%%%3%8%{198; R, % RISt IcHenPh7B8150M BsBXREETSSMAEe! | S

with an sence o ct or

el s 18uan SR el o) Aflvan. FENDOIO0H 67136740 FODEmmesEIG o of Abed byt 1 y

coats, like Iﬁﬂﬂm.tlﬁéth‘éﬂs@@ifﬁ b) ki3-1#en. (NK) cells or a permanently grow ng
NK cel | line. The term conpl enment - dependent cyt ot OXI city (CDC)" denotes a

process initjiated b i ndi ng, of co nent factor art of
oot oG andhptigs B pdencs 68 e BT R T cneouS e aer Bty mibSul biey by
defined protreportqar okl n ih Nt WIAZO0SMBSAR, t REO2006/41 6240, bi W 2AP6s1 14800,Such Fc

part bl ndi ngy 9 %@0%/@65%45“0‘%{?0'2‘60%?1 41 euh %66?@/9% 6{ SO% ng%‘?wh Fe

part binding es are .g., charac erize € ‘am no ac L235,

D270, 16297, @2906/&32@0%3218 220054048 PESQZOQﬁ@r}ﬁzﬁ%g WEHB§38D EU
i ndex of Ka%zoo@?@dlb%“ es of subclass 1gd, 1g&, and 1gG usually show
conpl ement activation I ncluding Clqg and C3 bi ndi ng, whereas | g&4 does not

activate the conpl epent system and does not bind. Clq and/ar. C3,
In onrgppre erred e od{ement of the 1envent(1)on the tri- or etraspec1ﬁc antibody is

glycosylated (if it comprises an Fc part of IgG1, I1gG2, IgG3 or IgG4 subclass,
preferably of IgG1 or IgG3 subclass) with a sugar chain at Asn297 whereby the
20 amount of fucose within said sugar chain is 65% or lower (Numbering according to
Kabat). In another embodiment is the amount of fucose within said sugar chain is
between 5% and 65%, preferably between 20% and 40%. “Asn297” according to
the invention means amino acid asparagine located at about position 297 in the Fc
region. Based on minor sequence variations of antibodies, Asn297 can also be
25 located some amino acids (usually not more than +3 amino acids) upstream or
downstream of position 297, i.e. between position 294 and 300. In one embodiment
the glycosylated antibody according to the invention the IgG subclass is of human
IgG1 subclass, of human IgG1 subclass with the mutations L234A and L235A or
of IgG3 subclass. In a further embodiment the amount of N-glycolylneuraminic
30 acid (NGNA) is 1% or less and/or the amount of N-terminal alpha-1,3-galactose is
1% or less within said sugar chain. The sugar chain show preferably the
characteristics of N-linked glycans attached to Asn297 of an antibody

recombinantly expressed in a CHO cell.

The term “the sugar chains show characteristics of N-linked glycans attached to
35 Asn297 of an antibody recombinantly expressed in a CHO cell” denotes that the



Cel | -medi ated effector functions of nonocl onal antibodies can be enhanced
by engi neering their oligosaccharide conponent as described in Umana, P.,
et al., N¥O@PW/BpYRechnol. 17 (1999) 176-180, and US 6, BOZ/FF3UI/00HYGE t ype
anti bodi es, the nost conmmonly used therapeutic antibodies, are

gl ycoproteins that have a conserved N-Lpmked glycosylation site at Asn297
in each CH2 domain. The two conpl ex biantennary ol i gosaccharides attached
to Asn297 are buried between the CH2 donmi ns, form ng extensive contacts
wi th the polspepthaiteattaai?bd € theafull lemgh papnesibody iascardimgrio itk inventianhe

anti body to | ul ar
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Morrison, S lportcl RS RBogii@gho®! - 15 (1997) 26-32). Umana, P., et al.,

Nat ur eBi ot echhol . 17 (1999) 176- 180 and WO 99/ 54342 showed that
overexpressign i n Chi nese hanst ovar
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gl ycosyl t r ansfgyas@naahdinizadig. t he formation of bisected oligosaccharides,
significantly increases the in vitro ADCC activity of antibodies.

Al t ti
At e L TP, bRAGETRRTEEH AT B Ay,
Bi ot echnol . Want¢mg®P pornplx oi@sacphmd@sglygosylagpn a¢nmn®¢<bvvet@mmto tvgi Gahg. 74

(2001) 288- 21%4‘1du+\§l 'H-{fn?an &)nsta?ﬁ h@ivyf ch1am ?é ns SN@R 1067 Gorl 1§ub@§t§§ﬁre45547
Radaev, S., 01 164 16483, Shields, R L.
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expressed in non- glycomodlﬁed CHO host cells usually are fucosylated at Asn297
in an amount of at least 85%. The modified oligosaccharides of the full length
20 parent antibody may be hybrid or complex. Preferably the bisected, reduced/not-
fucosylated oligosaccharides are hybrid. In another embodiment, the bisected,

reduced/not-fucosylated oligosaccharides are complex.

According to the invention “amount of fucose” means the amount of said sugar
within the sugar chain at Asn297, related to the sum of all glycostructures attached

25 to Asn297 (e.g. complex, hybrid and high mannose structures) measured by
MALDI-TOF mass spectrometry and calculated as average value. The relative
amount of fucose is the percentage of fucose-containing structures related to all
glycostructures identified in an N-Glycosidase F treated sample (e.g. complex,
hybrid and oligo- and high-mannose structures, resp.) by MALDI-TOF.

30 The antibody according to the invention is produced by recombinant means. Thus,
one aspect of the current invention is a nucleic acid encoding the antibody
according to the invention and a further aspect is a cell comprising said nucleic acid
encoding an antibody according to the invention. Methods for recombinant

production are widely known in the state of the art and comprise protein expression
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procedures. The hybridoma cells can serve as a source of such DNA and RNA.

Once isolated, the DNA may be inserted into expression vectors, which are then
20 transfected into host cells such as HEK 293 cells, CHO cells, or myeloma cells that
do not otherwise produce immunoglobulin protein, to obtain the synthesis of

recombinant monoclonal antibodies in the host cells.

Amino acid sequence variants (or mutants) of the tri- or tetraspecific antibody are
prepared by introducing appropriate nucleotide changes into the antibody DNA, or
25 by nucleotide synthesis. Such modifications can be performed, however, only in a
very limited range, e.g. as described above. For example, the modifications do not
alter the above mentioned antibody characteristics such as the IgG isotype and
antigen binding, but may improve the yield of the recombinant production, protein

stability or facilitate the purification.

30 The term “host cell” as used in the current application denotes any kind of cellular
system which can be engineered to generate the antibodies according to the current
invention. In one embodiment HEK293 cells and CHO cells are used as host cells.
As used herein, the expressions “cell,” “cell line,” and “cell culture” are used
interchangeably and all such designations include progeny. Thus, the words

35 “transformants” and “transformed cells” include the primary subject cell and
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A nucleic acid is “operably linked” when it is placed in a functional relationship

with another nucleic acid sequence. For example, DNA for a pre-sequence or
20 secretory leader is operably linked to DNA for a polypeptide if it is expressed as a
pre-protein that participates in the secretion of the polypeptide; a promoter or
enhancer is operably linked to a coding sequence if it affects the transcription of the
sequence; or a ribosome binding site is operably linked to a coding sequence if it is
positioned so as to facilitate translation. Generally, “operably linked” means that
25 the DNA sequences being linked are contiguous, and, in the case of a secretory
leader, contiguous and in reading frame. However, enhancers do not have to be
contiguous. Linking is accomplished by ligation at convenient restriction sites. If
such sites do not exist, the synthetic oligonucleotide adaptors or linkers are used in

accordance with conventional practice.

30 Purification of antibodies is performed in order to eliminate cellular components or
other contaminants, e.g. other cellular nucleic acids or proteins, by standard
techniques, including alkaline/SDS treatment, CsCl banding, column
chromatography, agarose gel electrophoresis, and others well known in the art. See
Ausubel, F., et al., ed. Current Protocols in Molecular Biology, Greene Publishing
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20 One embodiment of the invention is the tri- or tetraspecific antibody according to

the invention for the treatment of cancer.

Another aspect of the invention is said pharmaceutical composition for the

treatment of cancer.

Another aspect of the invention is the use of an antibody according to the invention

25 for the manufacture of a medicament for the treatment of cancer.

Another aspect of the invention is method of treatment of patient suffering from
cancer by administering an antibody according to the invention to a patient in the

need of such treatment.

As used herein, “pharmaceutical carrier” includes any and all solvents, dispersion
30 media, coatings, antibacterial and antifungal agents, isotonic and absorption
delaying agents, and the like that are physiologically compatible. Preferably, the
carrier is suitable for intravenous, intramuscular, subcutaneous, parenteral, spinal

or epidermal administration (e.g. by injection or infusion).



Nat|. Acad. Sci. USA 86 (1989) 3833-3837; Carter, P., et al., Proc. Natl.
Acad. Sci. USA 89 (1992) 4285-4289; and Norderhaug, L., et al., J. Inmunol.
Met hods 200 20Wa87)7277-87. A preferred transi ent expressiPONERRSOMICHEK 293)
i s described by Schlaeger, E.-J., and Christensen, K, in Cytotechnol ogy 30
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20 The term cancer as used herein refers to proliferative diseases, such as lymphomas,
lymphocytic leukemias, lung cancer, non small cell lung (NSCL) cancer,
bronchioloalviolar cell lung cancer, bone cancer, pancreatic cancer, skin cancer,
cancer of the head or neck, cutaneous or intraocular melanoma, uterine cancer,
ovarian cancer, rectal cancer, cancer of the anal region, stomach cancer, gastric

25 cancer, colon cancer, breast cancer, uterine cancer, carcinoma of the fallopian
tubes, carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the
vagina, carcinoma of the vulva, Hodgkin's Disease, cancer of the esophagus, cancer
of the small intestine, cancer of the endocrine system, cancer of the thyroid gland,
cancer of the parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue,

30 cancer of the urethra, cancer of the penis, prostate cancer, cancer of the bladder,
cancer of the kidney or ureter, renal cell carcinoma, carcinoma of the renal pelvis,
mesothelioma, hepatocellular cancer, biliary cancer, neoplasms of the central
nervous system (CNS), spinal axis tumors, brain stem glioma, glioblastoma
multiforme, astrocytomas, schwanomas, ependymonas, medulloblastomas,

35 meningiomas, squamous cell carcinomas, pituitary adenoma and Ewings sarcoma,
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el ectrophoresis, capillary electrophoreggs) (Vijayal akshm, MA., Appl.
Bi ochem Biotech. 75 (1998) 93-102). One aspect of the invention is a
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Actual dosage levels of the active ingredients in the pharmaceutical compositions
of the present invention may be varied so as to obtain an amount of the active
ingredient which is effective to achieve the desired therapeutic response for a
20 particular patient, composition, and mode of administration, without being toxic to
the patient. The selected dosage level will depend upon a variety of
pharmacokinetic factors including the activity of the particular compositions of the
present invention employed, the route of administration, the time of administration,
the rate of excretion of the particular compound being employed, the duration of
25 the treatment, other drugs, compounds and/or materials used in combination with
the particular compositions employed, the age, sex, weight, condition, general
health and prior medical history of the patient being treated, and like factors well

known in the medical arts.

The composition must be sterile and fluid to the extent that the composition is
30 deliverable by syringe. In addition to water, the carrier preferably is an isotonic

buffered saline solution.

Proper fluidity can be maintained, for example, by use of coating such as lecithin,

by maintenance of required particle size in the case of dispersion and by use of



be necessary to coat the conpound with, or co-admnister the conpound wth,
a material to prevent its inactivation. For exanple, the conpound may be
adm ni st eaveadotoi3al7dubj ect in an appropriate carrier, foPCEER2MI0HI3168
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genomic DNA, expression in a eukaryotic cell may include splicing of the mRNA.

A "vector" is a nucleic acid molecule, in particular self-replicating, which transfers
20 an inserted nucleic acid molecule into and/or between host cells. The term includes

vectors that function primarily for insertion of DNA or RNA into a cell (e.g.,

chromosomal integration), replication of vectors that function primarily for the

replication of DNA or RNA, and expression vectors that function for transcription

and/or translation of the DNA or RNA. Also included are vectors that provide more
25 than one of the functions as described.

An "expression vector" is a polynucleotide which, when introduced into an
appropriate host cell, can be transcribed and translated into a polypeptide. An
“expression system" usually refers to a suitable host cell comprised of an

expression vector that can function to yiéld a desired expression product.

30 The following examples, sequence listing and figures are provided to aid the
understanding of the present invention, the true scope of which is set forth in the
appended claims. It is understood that modifications can be made in the procedures

set forth without departing from the spirit of the invention.



meni ngi omas, squanmous cell carcinomas, pituitary adenoma and Ew ngs
sarconmm, i ncluding refractory versions of any of the above cancers, or a
conbi nat i@ 20f0/BA20r nore of the above cancers. These ®O6RFEPIINI0031§8 may

al so contain adjuvants such as preservatives, wetting agents, emnulsifying
agents and di spersing agents. Preventioppof presence of m croorgani snms may
be ensured both by sterilization procedures, supra, and by the inclusion of
various antibacterial and antifungal agents, for exanple, paraben,

chl or obut an@escripéinnlof tisoAigo aciddSeqgmanceashe i ke. It may al so be desirable
to include isotonic agents, such as sugars, sodiumchloride, and the |ike

into the corgzi?éi i I : 4 e ol onged absorption of the injectable
ca #Uﬁ&lyl%ggﬁrjdé{ljgﬁ?@lg

phar maceut i orm nma é out gé t he inclusjion of agents which
del ay absor ptEQADNOR2 akngbsrheaiynmchdinoshegat withng-tgeniagh fusefegBEEREss of
the route of adm nistratgepipn sel ected, the conpounds of the present

i nvention, ' e .used i.n itab ated form and/or the

phar mageut | \gﬁ:&gyﬁés tilﬁ%‘nfﬁﬁcﬁ?eggh%ﬁ&i‘rﬁxf H'8®re formulated into
phar naceut i (SEQJMDaNOept dHol-lbasagehaim <WEGY> cwitly sOHil «F1al exekirpedank ri©wn t o

those of skill in the arf. .Actual g%?‘a | evel s of the active ingredients
in the pharmaceuti cal cot%rpmblggltﬁdgeﬁjs 0 ?ﬁzsgﬁr@esent i nvention may be varied

so as to obtSEQ IBnN@mdurknobs-hedwy shainveAnggdrewitbnC-tarmionl ifesedf FEGERe to
achieve the desired thergpgtic response for a particular patient,
conposition, and mode of adm nistration, wthout being toxic to the

pat| end. ThSEQUBNO® ddwlgsehaany ethaig 14V EfaerththfoH ] &ty sxebangeopnd C-
phar macoki neti ¢ factors tbmgihadiugal <10F-aRt sofdby of the particul ar

cam i st at 190 IPHSOP! PR AT it SRR e (LS Sl a1 6 1 ne

particul ar conmpound bei ngmanpl foyeldsEGRR>dckat i on of the treatnent, other

drugs, conp @ ar . j L et 1 the particul ar
conpositions e ipglqu{? t@s%ég@é%&é?%@ﬁ?ﬁg% tb;i(';ler)f%ég Seral health and
prior 1fredi cSSEQIIDINOYY ofholgsehagny | dwin M H(gFY rwith (a1 4dd axchangeaerdrs wel |
known in the nedical artigmihiernsNBRSER: QEFdpuUst be sterile and fluid to the
wator, the CHOIBNBIE dmabi-pend st sovunte witt Cetminal uled ISR

scFab

20 Description of the Figures

Figure 1 Schematic structure of a full length antibody without CH4
domain specifically binding to a first antigen 1 with two pairs of
heavy and light chain which comprise variable and constant

domains in a typical order.

25 Figure 2a Schematic structure of the four possible single chain Fab
fragments specifically binding to an antigen.
Figure 2b Schematic structure of the single chain Fv fragments specifically
binding to an antigen.
Figure 3a-d Schematic structure of different tri-or tetraspecific antibodies
30 according to the invention characterized by the replacement of

VL/VH domains and/or CL/CHldomains in the full length
antibody light/heavy chain of the antibody which specifically
binds to the second antigen (without and with additional knobs

into holes modifications of the CH3 domains).



buffered saline solution. Proper fluidity can be maintai ned, for exanple,
by use of coating such as lecithin, by maintenance of required particle
size in tWO20HsB6R di spersion and by use of surfact ant s PCI/EPAENPOTES S, it
is preferable to include isotonic agents, for exanple, sugars, polyal cohols
such as mannitol or sorbitol, and sodiugichloride in the conposition. The
term"transformati on” as used herein refers to process of transfer of a
vectors/nucleic acid into a host cell. If cells without form dable cell

wal | barri erEigaredaised &chhmatic strhidtare off anatfaspedifin ansbadyr adcenlimgito éhey. by

t he cal ci um phosphat e pr.eci pi 1L.Qn: N L as. descki 1 AD 1id Van
der Eh, Virology 52 (197@?&@{1&%? %éo%ﬁlbzﬁlgggl Ogﬁ?{gﬁ%héﬂtﬁgé’fégr@ }?%ﬁqo uci ng
DNA into cells such as b\R,rwivkl i tetrayabent japd uegs disulfide stepilized singlej dhainnay

al so be used. If pr OkarWHQgrﬁ&{té%Qﬁig@@blhxﬁiﬂgc}%eﬁhdés%ﬁx@ié?leﬂab?tanti al cell

wal | constructions are used, e.g. one ngethod Lransfection js calcium
treat nént usKigaredd ci um IGhemalig stracturfe’lc? itgEPesifiegnabpdyragqording &g the pnag
69 (1972) 7 110 et seq. iﬁﬁeﬂﬂﬁ)ﬂde&tfghﬁﬁ? AhgivpoREs20VEGRAC EGRROakhEGPr ocess

by which a nucleic acid js transcribed into nRNA. and/or. the process b

whi ch the transcri bed m%@ ‘t'{i‘f%gds FLpRK? F%tdar{%ousﬁg S{"rgg%g}éal’? B:?IS’ 1-?ha?Tgetr}gssaesquen%/I y

being translated into pex_nﬂtiigekebi,ndp@gepéqhd:s!(ﬂasmpkwrl)prot eins. The transcripts

and the encopg, el YPeptddienafl Sl ol s/ fispeliflk iiBdaf AchafiBN® BoduCt
e errved from genom ¢ DNA, a

I f the polynu otide is

' | | A, expression I'n
eukaryBtic cell may i nclipuentiop| iredogBizaTe HZiIoRRAGAIN-A "\?EQHr ands BEGRRc| ei ¢

acid nol ecule, in particyhidh i$RtdavileR! dndaises disulttieCdtatliliAASiBI6 cRdinimsert ed
nucl eic acid nol ecul e into and/ or bet V\g.e host ‘?el : s. T term i ncl udes
€S alape

vectors that function prif3ERentsasantiesiginefept into a cell
(e.g., chronpigas@sb i nt egBchematig ,strueakd oéita aispedifiveattibbdy tabedrdingntt khen
primarily for the replication of DNA or . and. expr L Oon t t hat
function for transcriptidh® 1r?(rlll OFOFP AN gp!ﬁ%??%é% ?fe %ﬁé @Z.%ﬁ%’o

i ncl udéd are vectors thavhighogitdtravalerd ardamsesnsingle chain {labe fiapmenta sas

descri bed. An "expressi o%eshRAline repBdRAEXAGleent | de whi ch, when
introduced into an appro rlléat (—:_-thglgt&ge?l C{ canﬁgggt ranscri bed and transl at ed
into a pol ypBigure/e. An "SshsmalsisgHowys oem pgEfieyantiepey scpydmesiy thepl e
host cell conprised of &hvention recognizing Angiopoietin-2, VEGF-A and EGFR,

which is trivalent and uses disulfide stabilized single chain Fv

20 ' fragments as antigen binding peptides (Example 3).

Figure 7 Schematic structure of a tetraspecific antibody according to the
invention recognizing EGFR, IGF-1R, c-Met and HER3 which is
tetravalent and uses disulfide stabilized single chain Fv fragments
as antigen binding peptides.

25 Figure 8 Size Exclusion Chromatography of a tetraspecific antibody
according to the invention recognizing Angiopoietin-2, VEGF-A,
EGFR and IGF-1R, which is tetravalent and uses single chain Fab
fragments as antigen binding peptides (Example 1) on a high load
26/60 Superdex 200 column.

30 Figure 9 SDS-PAGE analysis of a tetraspecific antibody according to the
invention recognizing Angiopoietin-2, VEGF-A, EGFR and IGF-
1R, which is tetravalent and uses single chain Fab fragments as
antigen binding peptides (Example 1) under native and
denaturing conditions.

35 Figure 10 Size Exclusion Chromatography of a trispecific antibody
according to the invention recognizing Angiopoietin-2, VEGF-A
and EGFR, which is tetravalent and uses single chain Fab



expression vector that can function to yield a desired expression product.
The foll owi ng exanpl es, sequence listing and figures are provided to aid

t he underwoantvisgi7ef t he present invention, the true scope/ErRoMioDIb8 i s set
forth in the appended clains. It is understood that nodifications can be
made in the procedures set forth w thoug2departing fromthe spirit of the
I nvention. Descrjption of the Ami no acid Sequences SEQ ID NO'I light chain
<Ang- 2> SEQ I D NG 2 knobs-heavy chain <Ang-2> with C-term nal fused <EG-R>
scFv SEQ I D NO 3 light dhament\dsGntigen bindidg peplidesEramgke 6@ d lighitad

hol es- heavy chai n <VEGF>, w4 S e e and Cerm nal fused <I G- 1R>
scFv SEQ I D NO 5 knobs- hzg&({/guc%gﬂeﬁ%ognag&- > \?\A th CGterm nal fused <EGFR>
scFab SEQ | Figaresl hol es-J2SP @ ainal ysiyRER> tagpepificHintbodpasherdie tnthe
Cermnal fused <I GF 1R3,54H3R ﬁ%@éﬁl@l A AP R R inIEAWEGRA NaridVEKEFR W T h
CH - CL exchange and Cterm nal fused <EG-R>scFv. SEQ | D NO. 8 _hol es- heavy
chain VEGF> with CH - QWiigk HanlgEaatent andneses $gelsscham Kb FABMeMyERS> wi t h
CH - CL exchange and C ergstiged bisd <;Feg% s@ExampREQ) Durl¥er | ghtkrobgndheavy
chain <Ang-2> with C—ter({n' nal. fused .<l| G- 1R> scFab Description of the
Figures Figure 1 Schemat4C3UPEEPIEOYY a full Iength antibody without CHA
domain specifically binding to a first antigen 1 with two pairs of heavy
and |ight crﬂg &@&ch conprise variable and constant domains in a typical
order. Figur hematic structure of the four possible single chain Fab
fragmdfts specifically binding to an antigen. Figure 2b Schematic structure

of the singl .l & Verlek AMMEIHoAs SPECI fical ly

General information regarding the nucleotide sequences of human
immunoglobulins light and heavy chains is given in: Kabat, E.A., et al., Sequences
of Proteins of Immunological Interest, Sth ed., Public Health Service, National

15 Institutes of Health, Bethesda, MD (1991). Amino acids of antibody chains are
numbered and referred to according to EU numbering (Edelman, G.M., et al., Proc.
Natl. Acad. Sci. USA 63 (1969) 78-85; Kabat, E.A., et al., Sequences of Proteins of
Immunological Interest, 5th ed., Public Health Service, National Institutes of
Health, Bethesda, MD (1991)).

20 Recombinant DNA techniques
Standard methods were used to manipulate DNA as described in Sambrook, J. et
al., Molecular Cloning: A laboratory manual, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, New York, 1989. The molecular biological reagents

were used according to the manufacturer's instructions.

25 Gene synthesis
Desired gene segments were prepared from oligonucleotides made by chemical
synthesis. The 600 - 1800 bp long gene segments, which were flanked by singular
restriction endonuclease cleavage sites, were assembled by annealing and ligating
oligonucleotides including PCR amplification and subsequently cloned via the

30 indicated restriction sites e.g. Kpnl/ Sacl or Ascl/Pacl into a pPCRScript
(Stratagene) based pGA4 cloning vector. The DNA sequences of the subcloned
gene fragments were confirmed by DNA sequencing. Gene synthesis fragments

were ordered according to given specifications at Geneart (Regensburg, Germany).



binding to an antigen. Figure 3a-d Schematic structure of different tri-or
tetraspecific antibodies according to the invention characterized by the

r epl acenewo 20fo/88677%YH domai ns and/ or CL/ CH1 dommi ns in treTfErRéd10loengs h

anti body |ight/heavy chain of the antibody which specifically binds to the
second antigen (w thout and with additigfal knobs into holes nodifications
of the CH3 dommins).Figure 4a Schematic structure of a tetraspecif c

anti body according to the invention recogni zi ng Angi opoi etin-2, VEG--A,
EGFR and | GHIRA séuénce detérghinatishent and uses disulfide stabilized single

chain Fv fr nts as antigen, bi ndi ng, peptides ample 1). Fi.qure 4b
Schenatic st ﬁ?%leB?eSawteget rdggeﬁl@lﬂe i Bya ulbgeoavsﬁéég?%f'ﬁ@)gt Ber%.(ﬁglelgnétenti on
recogni zi ng MadiGepomet Gmtt] (MadnsAed, K@fRaapdot S¥quiervehGatbH §Vitetstesten] ent
and uses si h@é‘ﬁ‘aﬁg in Fab fragnents as antigen binding peptides (Exanple
1). Figure 5a Schermtic structure of a trispecific antibody according to
the invention recogni zi ng Angi opoi etin-2, VEG-A and EGFR, which is
t et raval ent BN& angbBroiein sequenceanghyisis andseguepedaty managemeptgnent s as
anti gen bi ndigGeRps i(deseticE Wer Grop, MhdisGl) WedtBARAA) Sofbard Glaekeof a
trispecific antib Y accordin theNJgﬂve({}tl on r.ecogni zi n(ﬂ Angi Offgl etin-2,
VEGF- A and BXEHON idctnd Inferaax's Vactan NLh fdyanee syifggysien 8 was dised IYment s
as antigen hiegakneg cprapbn,despplig angllyss 2hnotatigu amd BluSedtemat i ¢ structure of a
trispecific antibody according to the invention recogni zi ng Angi opoi etin-2,
VEGF- A and E‘gf@"—f*m ¢hebs trivalent and uses disulfide stabilized single

n

chain Fv fra S as an i&(}aln bi ndi ng peptides (Exanple 3). Figure 7
Schemdfi c stlrardheiexpressian efethe slegreibied jantikgi¢sh ajandt ebexfiresgionaplesneids ffent i on

(rj ec og ][1! é i ngttEa%ilam ¢ reé_sﬁnl (%g'vﬁﬂ H@ﬁ%w{%‘ﬁ]m?mmatﬁ{ wréadagai %iﬁiw oH%ES .
'suttides call)%Alozrganigalltﬂ)% v%itﬁ O?I“l?itho\lllt ar(?lglr{}a-ﬂ)trsonag [?rgmlo e? nor (;nna Igggorpxicpt ' des.

organization with a CMV promoter were applied.

Beside the antibody expression cassette the vectors contained:
15 - an origin of replication which allows replication of this plasmid in E. coli, and

- a B-lactamase gene which confers ampicillin resistance in E. coli.

The transcription unit of the antibody gene was composed of the following
elements:
20 - unique restriction site(s) at the 5’ end
- the immediate early enhancer and promoter from the human cytomegalovirus,
- followed by the Intron A sequence in the case of the cDNA organization,
- a 5’-untranslated region of a human antibody gene,
- an immunoglobulin heavy chain signal sequence,
25 - the human antibody chain (wildtype or with domain exchange) either as cDNA or
as genomic organization with the immunoglobulin exon-intron organization
- a 3’ untranslated region with a polyadenylation signal sequence, and

- unique restriction site(s) at the 3’ end.

30 The fusion genes comprising the antibody chains as described below were
generated by PCR and/or gene synthesis and assembled by known recombinant
methods and techniques by connection of the according nucleic acid segments e.g.
using unique restriction sites in the respective vectors. The subcloned nucleic acid

sequences were verified by DNA sequencing. For transient transfections larger



Figure 8 Size Exclusion Chromat ography of a tetraspecific antibody
according to the invention recogni zi ng Angi opoi etin-2, VEG-A EG-R and

| GF- | R, wWND@h1o/s6178t r aval ent and uses single chain Fab PCAFEP2OIH0HES ant i gen
bi ndi ng peptides (Exanple 1) on a high | oad 26/ 60 Superdex 200 col um.
Figure 9 SDS- PAGE anal ysis of a tetraspggific antibody according to the

I nvention recogni zi ng Angi opoi etin-2, VEG-A, EGR and IGFIR, which is
tetraval ent and uses single chain Fab fragnments as antigen bindi ng peptides
(Exanpl e 1) quadétiesneithe plaamilisdeeratpuepangl by phisnidpeparatigu fron gaisifermed

Excl usi on Chy: ot QRLAL N uQEofhnt A)?H?ﬁ&%ﬁ%&élgwy according to the

i nvention recogni zing Angi opol etin- d EGFR, which is tetraval ent
and uses single chain Fabfragnents as antigen binding peptides (Exanple 2)
on a high | datll adnes teghquesx 200 col um. Figure 11 SDS-PAGE analysis of a

trispecific cipidap®yll %ﬁﬁ@lredﬂeﬂlﬁhlh@est\h@fel WNe8 NHsi AR RAOMNCEreg Pdgicoroinet i n- 2,

as ant Sgon thalhiEg ospo0ek Bl o5 RS, Al 1u Tl dindogpiraL

condi tions. Schavaplkel aMhlYamadh K &81.gedw), ibhnMilepds SGendical i nf or mati on
regardi ng the nucl eotide sequences of human i munogl obulins |ight and heavy

rmunol ogi el o SiradfReRis aritfuies SlorlexpreRell (AR LURESDRPb the |\ oo
of Heal th, Besieetva exmsm%p_l)asmmm ino adlsrerslyo ferewinigh BRK 2R EBN Aars Wunber ed

and referre%t&z@@%ﬂ@'gfwlbg1#&&sgam&ﬁ{asrt&sérmgmm GM, et al., Proc.
Nat|. Acad. Sci. USA 63 (1969) 73-85; Kabat, E A, et al., Sequences of

ot el o ol el bt B Gkcnd bl ¢ FodlLh Servicel
t echni ques Tri- or tetraspecific antibodies were expressed by transient co-transfection of the
respective expression plasmids (e.g. encoding the heavy and modified heavy chain,
as well as the corresponding light and modified light chain) in adherently growing
HEK293-EBNA cells (human embryonic kidney cell line 293 expressing Epstein-
15 Barr-Virus nuclear antigen; American type culture collection deposit number
ATCC # CRL-10852, Lot. 959 218) cultivated in DMEM (Dulbecco’s modified
Eagle’s medium, Gibco®) supplemented with 10% Ultra Low IgG FCS (fetal calf
serum, Gibco®), 2 mM L-Glutamine (Gibco®), and 250 pg/ml Geneticin
(Gibco®). For transfection FUGENE™ 6 Transfection Reagent (Roche Molecular
20 Biochemicals) was used in a ratio of FUGENE™ reagent (ul) to DNA (ug) of 4:1
(ranging from 3:1 to 6:1). Proteins were expressed from the respective plasmids
using a molar ratio of (modified and wildtype) light chain and heavy chain
encoding plasmids of 1:1 (equimolar) ranging from 1:2 to 2:1, respectively. Cells
were fed at day 3 with L-Glutamine ad 4 mM, Glucose [Sigma] and NAA
25 [Gibco®]. Tri- or tetraspecific antibody containing cell culture supernatants were
harvested from day 5 to 11 after transfection by centrifugation and stored at -20°C.
General information regarding the recombinant expression of human
immunoglobulins in e.g. HEK293 cells is given in: Meissner, P. et al., Biotechnol.

Bioeng. 75 (2001) 197-203.

30 Transient transfections in HEK293-F system
Tri- or tetraspecific antibodies were generated by transient transfection with the
respective plasmids (e.g. encoding the heavy and modified heavy chain, as well as
the corresponding light and modified light chain) using the HEK293-F system
(Invitrogen) according to the manufacturer’s instruction. Briefly, HEK293-F cells



St andard net hods were used to mani pul ate DNA as described in Sanbrook, J .
et al., Mdlecular Coning: A laboratory manual; Cold Spring Harbor

Labor at oryyORP®EIS8617€0l d Spri ng Harbor, New York, 1989. TRETHPREOODFGS

bi ol ogi cal reagents were used according to the manufacturer's instructions.
Gene synthesis Desired gene segnents wepg-prepared from ol i gonucl eoti des
made by chem cal synthesis. The 600 - 1800 bp | ong gene segnents, which
were flanked by singular restriction endonucl ease cl eavage sites, were
assenbl ed bylavitregdni) peoveing ih isaspiehsion elthaanacthekd flasksor ina storedfefter
anplification and (Y} o) i | ndl. G r rd et sites
e.g. Kpnl/ SAOr™ gfl%gggépfei ntigga&g)geééggr%‘%‘?u‘?jsa#gl?gg%ﬂe‘?ggaﬂé%k% 4

cl oni ng vectwith aThig diNhe sayesntession plasmedssandc] BheatinGé ve featiagntregandr e

confirmed bye Ny SRAUCHLK RBordfiRECHEXDOEehs WAINRALS sl HERY SFTIATE*6
according to given_specitications at Geneart gﬁe enshurg, Gefmany
YR GabH The day

..DNA
sequenée deteHpmHatin 690 pNAa8d daihated ahd 2@ ra@s WAftes thg )P%lﬁd
;eqU_enci ng ps%rEQfagﬁt@ct@& a{\@délﬁa&mayee' %f@ﬁbﬁSEW&élisﬂﬁLivﬁfh cARBDIXVT A) ve

equi serve erstetten, rany) . nd. pr.ot ei.n nce, anal ysi s
and sequenc%é’fé (ﬁﬁth'ﬁa\’zlge]}ﬁlékﬁwﬂtﬁ’ege&@‘ﬁ) (6@@% iati?gl gﬂﬁsﬁ’ﬁ‘pep?\%q pHERY s)c/)n,
W sconsi n) sakbdvapaehpaeckgoger meddiedrhedQy 2haindrespdatively’ and\ibe toorredpondigyance
suite versi .. . | ' ley S
annotat i on At CRplias Al Al AR04E3H ALGFORMERREL 2%l 803 lor,
descrilBed arfettiod? ad/mlhrAegordingftoethpr gueise rropbempiiens gluspse salygpeivas

expressi on (gdgd duRingEHRISERNAfOthe Hekd&Ration, CBAd Sup@aftehtebédiihingn e CDNA

organi zation wth or_wthout a CW-|ntron A praonoter_ or on a genomc
or gani zat i orsegetad antibaaly mhﬁrtvsfrte%é@ %b‘E dpendaatibedies wsreamhgbgwﬂy

expressi on gagFRttfeon (R supernatafit Grahé supeethtant wal fezegamd abdredepl i cati on whi ch
allows replication of this plasmd in E. coli, and - a b-lactamse gene

whi ch conf erlgmg%}éld% elrlnllipla{igél stance in E. coli. The transcription unit of

the anti body ¢ s conposed of the follow ng el enments:
15 The protein concentration of purified antibodies and derivatives was determined by

determining the optical density (OD) at 280 nm, using the molar extinction
coefficient calculated on the basis of the amino acid sequence according to Pace, et
al., Protein Science, 1995, 4, 2411-1423.

Antibody concentration determination in supernatants

20 The concentration of antibodies and derivatives in cell culture supernatants was
estimated by immunoprecipitation with Protein A Agarose-beads (Roche). 60 pL
Protein A Agarose beads were washed three times in TBS-NP40 (50 mM Tris, pH
7.5, 150 mM NaCl, 1% Nonidet-P40). Subsequently, 1 -15 mL cell culture
supernatant were applied to the Protein A Agarose beads pre-equilibrated in TBS-

25 NP40. After incubation for at 1 hour at room temperature the beads were washed
on an Ultrafree-MC-filter column (Amicon) once with 0.5 mL TBS-NP40, twice
with 0.5 mL 2x phosphate buffered saline (2xPBS, Roche) and briefly four times
with 0.5 mL 100 mM Na-citrate pH 5,0. Bound antibody was eluted by addition of
35 ul NuPAGE® LDS Sample Buffer (Invitrogen). Half of the sample was

30 combined with NuPAGE® Sample Reducing Agent or left unreduced, respectively,
and heated for 10 min at 70°C. Consequently, 5-30 pl were applied to a 4-12%
NuPAGE® Bis-Tris SDS-PAGE (Invitrogen) (with MOPS buffer for non-reduced
SDS-PAGE and MES buffer with NuPAGE® Antioxidant running buffer additive
(Invitrogen) for reduced SDS-PAGE) and stained with Coomassie Blue.



- unique restriction site(s) at the 5 end - the immedi ate early enhancer

and pronoter fromthe human cytonegal ovirus, - followed by the Intron A
sequence WO 20ipe136eige of the cDNA organi zation, - a 5' -uRCT&Rr018063168 egi on
of a human anti body gene, - an i nmunogl obulin heavy chain signal sequence,

- the human anti body chain (w |l dtype or3gimth domai n exchange) either as
cDNA or as genom c organi zation with the i mmunogl obulin exon-intron

organi zation - a 3" untranslated region with a pol yadenyl ati on si gnal
sequence, arkhe- cantenfrationestt antbbdes andt defivatiats inheell3¢ulbmnel suffdreathnts i voas genes

conpri sing th I

and/ or gene tt?‘%é{égg ﬁ%d”@n%ﬁergﬁﬁﬁﬁ’E%% {EISCWR rrg %(E)lggu%

t echni ques twpcmautlaet@t¢qmta1mhgtmlbaé@@ra@ﬁr@nwa%‘¥eéu tbahbml %Bﬁ@ﬁlﬂsAeWgre usi ng
uni que rest ra"ggfléd)[b g T ﬁﬁ)hb@ E;l@s‘ils{e?rﬁgﬂﬁbé We2(Y 881uRInSin 20vemd ki ore4l ruec! ei ¢

aci d sequenc were ve seguenci ng. For e nsfections
| ar ger §uant imMesodim qifgatp, Btl'slrﬁ %@Q\éf"{ée‘b?féﬁ‘a%dnwx ‘Iv‘éé %l?)ﬁ %ﬁtﬁépgtw&n from

E raﬂsf or ned SrtEM &iehd a(ﬁ&”ﬂH]QeSFonﬁ bhoﬂgQQEDHGLA)QIONEEyb@ﬁﬁghN%ﬂhd prdfahlwz{sul ture
echni ques an ulture t n re.use CLi

Current Pr otaél(",lﬁtllé1 qdhy&YIa% r&?%ﬁy rtdg%%%? "Bofi P%\é(l H5as gum%f% gang rIGI

Har ford, J. BgGllanppodycseited Sasardarl. J . and Yanada, K M (eds.), John

Wley & Sons, Inc. Tri- or tetraspecific antibodies were expressed by

transient cog lttérﬁ‘ﬂﬁfeﬁ‘é {80 ccchiRid %@eﬁ%wieempfaéﬁ%veé FAMEP dulture

adherently grow n

descr i Bed’ bevBAAtRisE e eatreh By A uih- 160 FERedaBEefl § %étg%eﬁ Highor

tetraSDeCIflp;maHSﬂré;ﬁeHvﬂﬁnvw% elr aﬁ&eciteb 1tnrea oRhE) afe toassieilhiwo of the
respectlve expre

LesPect L ve DL Sh oA a8 heavy
adherent I y g(m:mavg) MEEKP A 8B Ictedur at (domMmperaimry«)naherhatd\rtéyowhight atne 293
col | ot on dbbotld sutapentingd Rige TR AF 200 ATTHLE P MERELNAR®, |
DVEM (Bul beo(d?B'Si, figind)i £00 ERGVdl of adiliiion satich éw PBY) (Siappl efbarespesiien 10%
Utra Low I gfiF6® EdiliflngG@lfculture supernatants was added to the wells and incubated

for 1-2 hour on a microtiterplate shaker at room temperature. The wells were

washed three times with 200 uL/well PBST and bound antibody was detected with

100 pl F(ab‘)2<hFcy>POD (Dianova) at 0.1 pg/mL as the detection antibody for 1-

20 2 hours on a microtiterplate shaker at room temperature. Unbound detection
antibody was washed away three times with 200 pL/well PBST and the bound
detection antibody was detected by addition of 100 pL ABTS/well. Determination
of absorbance was performed on a Tecan Fluor Spectrometer at a measurement

wavelength of 405 nm (reference wavelength 492 nm).

25 Protein purification
Proteins were purified from filtered cell culture supernatants referring to standard
protocols. In brief, antibodies were applied to a Protein A Sepharose column (GE
healthcare) and washed with PBS. Elution of antibodies was achieved at pH 2.8
followed by immediate neutralization of the sample. Aggregated protein was

30 separated from monomeric antibodies by size exclusion chromatography (Superdex
200, GE Healthcare) in PBS or in 20 mM Histidine, 150 mM NaCl pH 6.0.
Monomeric antibody fractions were pooled, concentrated (if required) using e.g., a
MILLIPORE Amicon Ultra (30 MWCO) centrifugal concentrator, frozen and
stored at -20°C or -80°C. Part of the samples were provided for subsequent protein
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Mass spectrometry
The total deglycosylated mass of crossover antibodies was determined and
20 confirmed via electrospray ionization mass spectrometry (ESI-MS). Briefly, 100 pg
purified antibodies were deglycosylated with 50 mU N-Glycosidase F (PNGaseF,
ProZyme) in 100 mM KH2PO4/K2HPO4, pH 7 at 37°C for 12-24 h at a protein
concentration of up to 2 mg/ml and subsequently desalted via HPLC on a Sephadex
G25 column (GE Healthcare). The mass of the respective heavy and light chains
25 was determined by ESI-MS after deglycosylation and reduction. In brief, 50 pg
antibody in 115 ul were incubated with 60 pl 1M TCEP and 50 pl 8 M Guanidine-
hydrochloride and subsequently desalted. The total mass and the mass of the
reduced heavy and light chains was determined via ESI-MS on a Q-Star Elite MS
system equipped with a NanoMate® source.

30 IGF-1R, EGFR, HER3 and c-Met ECD Biacore
Binding of the generated antibodies to human IGF-1R, EGFR, HER3 and c-Met
ECDs (Extracellular Domains) was investigated by surface plasmon resonance
using a BIACORE T100 instrument (GE Healthcare Biosciences AB, Uppsala,
Sweden). Briefly, for affinity measurements Goat-Anti-Human IgG, JIR 109-005-



The protein concentration of purified antibodies and derivatives was
determ ned by determning the optical density (OD) at 280 nm wusing the
nol ar extwoepiogi36yeef fi ci ent cal cul ated on the basis of PChHAEP2IM0M0316EI d
sequence according to Pace, et al., Protein Science, 1995, 4, 241 1-1423.
Anti body concentration determ nation in3gupernatants The concentrati on of
anti bodi es and derivatives in cell culture supernatants was estimated by

i mmunoprecipitation with Protein A Agarose-beads (Roche). 60 nL Protein A
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cul ture supesmalsaint $ntiRSic WRBlAd afift VAIdY foresisd Sidnlly redhibtidi. tBiaédtb T100
chromat ogr aphy.” Bri ef({ﬁ/, cell culture supe(yt]at ar;gs, cont ai ni n an%& lilodl es
and deri vat i $e4uating Saftwage versithi di I WAS WeF e I e S loSensOTRRpNg agd tor

Bi osyst ens Raldusatidhd? aéfditindatd. IFigdRe 1 ribhdb2Psdhemb QT thid\Boodewssasi t rat e, pH
7.4 and eluted fromthe matrix wth 200 nM NaCl, 100 mMcitric acid, pH 2,5
on an Agilen 11 em. T d protein was quantified by W
absor bance aﬁwﬂrﬁeﬁ?‘ggﬁﬁé 6% _Ei%?gaﬁsﬁ A purified standard 1gG 1

anti bdf@y serRiedingsot thst gentaatdd antibedinatto Vainyan ANGRBHeadt YBEFowapfalso

anti bodi es angesﬁgﬁﬂeé( a&PJ, ¥u.\'=‘rfacle Digshdn Fetbhatce RHREH TRIWTORE VBR0RRGHMER bY
Sandwi ch-1gG ELI SA. Briefly, ‘StreptaWel| H gh Bind St rep%t avjdin_A-96 well
mcrotiter dCh edeqlthsarce)Bigscencsat A%, wliprsalpo Sweden). Brietly, for affinity

measurements goat<hIgG-Fcg> polyclonal antibodies were immobilized on a CM5

or CM4 chip via amine coupling for presentation of the antibodies against human
20 ANGPT2 and VEGF. Binding was measured in HBS buffer (HBS-P (10 mM
HEPES, 150 mM NacCl, 0.005% Tween 20, ph 7.4) with or without 5 mM Ca2+,
25°C. Purified ANGPT2-His or VEGF165/VEGF121-His respectively (R&D
Systems or in house purified) was added in various concentrations in solution.
Association was measured by an ANGPT2/VEGF-injection of 3 minutes;
25 dissociation was measured by washing the chip surface with HBS buffer for 3 to 5
minutes and a KD value was estimated using a 1:1 Langmuir binding model.
Negative control data (e.g. buffer curves) were subtracted from sample curves for
correction of system intrinsic baseline drift and for noise signal reduction. Biacore
T100 Evaluation Software version 1.1.1 was used for analysis of sensorgrams and

30 for calculation of affinity data.

Simultaneous binding in BIACORE
Simultaneous binding of tetra- and trispecific antibodies to EGFR, IGF-1R, Ang-2
and VEGF or EGFR, IGF-IR, HER3 and c-Met or EGFR, Ang-2 and VEGF,

respectively.



m./wel |l biotinylated anti-human 1gG capture nol ecul e F(ab') 2<h-Fc g> Bl
(Dianova) at 0.1 ng/nL for 1 hour at roomtenperature or alternatively

over ni ghtweatoma3ertd subsequently washed three tinmes w tRrCZOP20u0/008k$ PBS,

0. 05% Tween (PBST, Sigma). 100 nmL/well of a dilution series in PBS (Signm)
of the respective antibody containing cgpl culture supernatants was added
to the wells and incubated for 1-2 hour on a mcrotiterplate shaker at room
tenperature. The wells were washed three tines with 200 nL/well PBST and
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(non-r educed,f9¢), Brhid. YheiBhtaBLfifn6 (add8Satiifhase) was 1 min for the antibodies at a
concentration between 1 and 50 nM. EGFR/IGF-1R/HER3/c-Met-ECD and Ang-2
or VEGF respectively were injected at increasing concentrations. All interactions
were performed at 25°C (standard temperature). The regeneration solution of 3 M
20 Magnesium chloride was injected for 60 sec at 5 pul/min flow to remove any non-
covalently bound protein after each binding cycle. Signals were detected at a rate of

one signal per second. Samples were injected at increasing concentrations.

Example 1

Production, expression, purification and characterization of a tetraspecific
25 and tetravalent antibody recognizing Angiopoietin-2, VEGF-A, EGFR and
IGF-1R

In a first example, a tetraspecific and tetravalent antibody recognizing
Angiopoietin-2, VEGF-A, EGFR and IGF-1R was made by fusing via a (G4S)4-
connector a disulfide stabilized scFv against EGFR to the C-terminus part of the

30 first heavy chain and a scFv against IGF-1R to the C-terminus of the second heavy
chain of a CH1/ CL(Ckappa) domain exchanged antibody with knobs-into-holes
recognizing Angiopoietin-2 and VEGF with its variable domains (Fig. 4a). The
sequences of the respective 4 antibody chains are given in SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3 and SEQ ID NO:4.
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the respective 4 antlbody chains are given in SEQ ID NO:1, SEQ ID NO:5, SEQ
ID NO:3 and SEQ ID NO:6. '
Key Data
Expression (Yield) - mg/mL 12,2
Purification (Prot. A homogeneity ) - 74,4
Yield after SEC- mg/mL 6,8
Homogeneity after preparative SEC - % 98,4
10
In further example analogous to the second example a tetraspecific and tetravalent
antibody recognizing Angiopoietin-2, VEGF-A, EGFR and IGF-1R was made by
fusing via a (G4S)2-connector a scFab against EGFR to the C-terminus part of the
second heavy chain and a scFab against IGF-1R to the C-terminus of the first
15 heavy chain of a CH1/CL (Ckappa) domain exchanged antibody with knobs-into-

holes recognizing Angiopoietin-2 and VEGF with its variable domains (analogous
to Fig. 4b, but with a scFab against IGF-1R fused to the knobs ANG2 binding
heavy chain and a scFab against EGFR fused to the holes-VEGF binding heavy
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Analyte [a (1/Ms) kd (1/5) KD (nM)

EGFR (HER1) 3.1E+05% 3.9E-05* 12.8*

IGF-1R Low binding
Jaffinity

Ang-2 n.d.*** In.d *** 138 ***

VEGF 5.0E+04* <1E-06* <l1E-11*

* Capturing via anti-human antibody
** Capturing via HER1

*** Ang-2 surface



anti bodi es were derived. These anal yses were carried out by applying
Surface Plasnon Resonance (Biacore), as described above. In order to show
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Angi opoi etin-2, VEGF- Akel@dtaand 1G- IR In a first |exanple| a tetraspecific
and tetraval ent antibpdy recogni zi ng Angi opoi etin-2, VEG-A EGR and

| GF-1 R was nade by fus§ Vi.a a,(#S)4-,_connector a disulfide stabilized
scFv agai nst EGFR to hé @%‘%‘T&f‘%ﬁg'ﬁ?ﬁ/?‘ of the fi r@talheav chain and a
scFv against IG-IR tp-the C-termnus of the second aw—4 hain of a CH/
CL( Ckappa) domai n exchiogfchtiont(Ptuo.dy hemmbpedaityhs Y nt @4tio| es|recogni zi ng

Angi opoi etin-2 and VEEGF with its variable donains (Fig. 4a). The

Yield after SEC- mg/mL 12,0

Homogeneity after preparative SEC - % | 100

Table: Binding of trispecific and tetravalent antibody recognizing Angiopoietin-2,
VEGF-A, and EGFR according to Fig. 5a.

Binding lka (1/Ms)ikd (1/s) | KD (M)
affiinity to

EGFR (HER1)| 4.7E+04 | 2.3E-04 6
lhAng-2 1E+06 | 1.7E-04 0.2
IhVEGF IE+05 |<1B-06| <o0.1

15



sequences of the respective 4 antibody chains are given in SEQ ID NGO 1, SEQ
ID NGO 2, SEQID NO3 and SEQID NGO 4.1n a second exanple a tetraspecific
and tetr awval2eri13aavei body recogni zi ng Angi opoi eti n-2, VESETAP2EGHH1850d

| G-I R was made by fusing via a (G4S)2- connector a scFab against EGFR to
the Ctermnus part of the first heavy.ghain and a scFab against IG-1R to
the CGtermnus of the second heavy chain of a CH /CL (Ckappa) donain
exchanged anti body wi th knobs-into-hol es recogni zi ng Angi opoi etin-2 and
VEGF with itlg warseédilde exanmid)s a( figpecidie) .and hectawaleancasibody t heopmisingct i ve 4

anti body chajns are.gi In,S EQ I D NO.5 . SEO I.D nd SE

| D INO 6?/ I'n 4@?&?&“’8’2’2&%@? %ngﬁgggﬂlﬁ%}gﬁe‘g& ﬁ%:é}gg%l h(i, l%ayegt4r§§; peci fch
and t et r avalcenhectottiMosdialr egapmpt EXiERytoAhg Cateunia part 2f theE@P-haavEGRinsafd

| GF- 1 R was d i {a S e S b L Rto
the C-terni %segg{t Egitgﬁ)é)&.eggwéﬁﬁe%’%h%gl ﬁgngﬁgl@}é gg%abﬁg)%g?ﬁéfﬁli%:- IR to
t he C $er ni meengnizingdngiapsietinehand MEGH with its crariablel donmiap (g dbheing
exchanged ankihRodys ¥f thb rkipedsve maﬁmvd?schaﬁsqw%izémql ABQi 1IPPRiCe! i SEQ@ 1BNd  VEGF

o Fig. 4b, but with a scFab agai nst

with its variabl e domajns. (apal u

| GF- I R fused\?o> o khiyhk3 %NQE&glﬁdﬁQ'g()'heavy chain and a scFab agai nst EGFR
fused to the hol es- VEGF bi ndi ng heavychai n). The sequences of the
respective 4rtes¢ hitihibdyolasihims vare geperated hndSeEfbedathdVelin tIBESEHebal N@tBodsSEQ | D

NO. 9 and SEQID N 10. Th ' | _ o
above 1 n tndeumnriishsel BETEMR AR LG S ATRRER R AR RS T DO

b
t echnilQues dHEKARITE cellpne sieentibed aabove n%/utaﬁequenﬂm@% Fwets| pusified fremcthiebed

above. S_Ubsequ&ﬂEtlaMt’ by NEYeoRtindtiohi bf SLotbinOR LitfhiSUBRORAIMPIY afd size
conbination of Proteinh A affinity chri%\rﬁt ogr ag\é‘éﬁ%n Si ze. exc¢l usj on

chr omat ogr api§lusipRehEenatogwahyr bk ebtaingd peocug apcterizgd Torgidspiiyy by
mass spect r Geiays trallih_éilrytahdadlg_amwﬂeplgb&ﬁei @@&hdass pintityi tbyly SDAS-EDG—E]DA(CQEi 5
monomer content and stabil Lty (Figures 8:9, sed o NG

NO 3, SEQ | BRI E@E@“ﬁ[ﬁ}eﬁg‘tyl jg‘”‘zss%??ﬁh Wgoﬂk?EéE%i]\%h‘ngjq%?g f our
anti bofly spa¥Ofs, SEQ) E3NOo3 amkSEQUD NOwWr ed anti gens (Angi opoi eti n- 2,

VEGF-A, EGFR and 1 G--1R) was shown by Biacore using the nmethods descri bed
above. Tabl qi;fipebik) HBinkiBl " 515 BfeC iduk Can®iBdy ShEANELEN ko ARE ichREYedvBRAIN i Ng

Angi opoi etin- T ) _
antigens (Angiopoietin-2, VEGF-A and EGFR) was shown by Biacore using the

methods described above.

Table: Binding of trispecific and tetravalent antibody recognizing Angiopoietin-2,

20 VEGF-A, and EGFR according to Fig. 5b.
Analyte  Jka (1/Ms) [kd (1/s) KD (nM)
EGFR 3.7E+04* |3.4E-04* D.7*
(HER1)
Ang-2 fnd.**  Ind.** 176%*
VEGF 6.7E+04* |<1E-06* <0.01*

* Capturing via anti-human antibody
** Ang-2 surface



2, VEG--A, EGFR and IGF-1R based on SEQID NO'1, SEQID NO 3, SEQ ID NO 9
and SEQ ID NO 10). * Capturing via anti-human anti body ** Capturing via
HERI *** WOgoR/BatRaceExanpl e 2 Producti on, expressi on, POUfEPRI1OAII6H and
characterization of a trispecific and tetraval ent anti body recogni zi ng
Angi opoi etin-2, VEG--A and EGFR In a fingt exanple, a trispecific and
tetraval ent anti body recogni zi ng Angi opoietin- 2, VEG-A EGR and IG--IR
was nmade by fusing via a ((4S)4-connector a disulfide stabilized scFv
agai nst EGFHExam p 8 Ctermni part of the two heavy chains of a CH/

CL( Ckappa) O!P d@%ggpgg%ﬂap{;m@% {.&1 @g&@&rizaf.gn fa? 5&*@9&.&' ng

Angi opoi et n S var| mal nNs e sequences
of the respetmate@tanah@dbwpgehmménaweogme?h VEGEE’QanGJ FR, SEQ I D NG 2,
SEQ ID NO3 and SEQ ID NO 7. Table: Binding of trispecific andtetravalent

S, e s st o L S n 5,
o i e e
Chahs 1 & G ) CRORE L A USRI AR,
The sequencescagniztih@ Angiqreidting2 amdaHEGEowhcltﬂawmabéﬂ dogiavsn(Hig SE@ heD NCI 1,
SEQ ID NG 5,4 b f\@ ag%;égtl%@aﬁtﬁ)dﬂgn%?glyﬁé vanid BRaYIY RO ANBQUeY €

gener at ed as describ ve In t me hods section by cl assi cal
nol ecdPar biNPFg Y EQRENNQ 3 aad gk %N ‘®xpressed transiently in HEK293F

cells as described above. Subsequently, they were purified fromthe
super nat ant Thesé afi@ddynadrian wak gBﬁérheHms/Heedereﬂidb)vaﬁﬂ dfmg@gfaipiwh@dnd si ze

excl usi on chromat roduct s re c
i dentity by Y 5%8@??%%?‘5’? Lﬁ &8&’ )}F?h&ﬂuef)lag 8r't 7 gsg %rgrésslergprmt y by
SDS- PAGE , ndEKA®RIF cellt ent daodbat abivel tSubgdgugutt g sthep-are Jpurifedefrom 8€Q | D
NO 1, SEQ ! [guyg'rétants%g él%ow%igatﬁ)lﬁdo§%t|eﬁ Noaﬁinity chromatography and size

15 exclusion chromatography. The obtained products are characterized for identity by

mass spectrometry and analytical properties such as purity by SDS-PAGE,

monomer content and stability.

Key Data

Expression (Yield) - mg/mL 40,9

Puriﬁcation (Prot. A homogeneity) - % | 77,3

Yield after SEC- mg/mL 223

Homogeneity after preparative SEC - | 100
%

(Simultaneous) binding of the four antibody specificities to the three covered
20 antigens (Angiopoietin-2, VEGF-A and EGFR) is shown by Biacore using the

methods described above.



(Si mul taneous) binding of the four antibody specificities to the three
covered antigens (Angiopoietin-2, VEG-A and EGFR) was shown by Bi acore

usi ng t hevoebhidsli’descri bed above. Tabl e: Bi ndi ng of trPE€pEPRI0HOHRRI
tetraval ent anti body recogni zi ng Angi opoi etin-2, VEG--A, and EGFR accordi ng
to Fig. 5b. * Capturing via anti-human-agti body ** Ang-2 surfaceExanple 3
Production, expression, purification and characterization of a trispecific
and trival ent anti body recogni zi ng Angi opoi etin-2, VEG--A and EGFR I n a
first exanple a trispecific and triPateahClamsi body recogni zi ng

Angi opoi etin-2, VEGF-A, EGFR and I G--1R was nmade by fusing via a

(AS) 4- connect or L bl f Gt it 2@fhoa FRongRRidst EGFR to the Cterm ni
part of the t[:WO hlgg\%’%c lgi nse ga%ﬁ%)dlﬂ—lll CL ’Ckappa)r{gcsjonai n exchanged anti body
wi t h knobs-into-hol es recogni zi ng, Angi opoi etin-2 d VEG-F wi.th its.variable
domains (Fig. 6).9THE Sebusheiasagd hepwy r‘g‘é‘é‘e@? i%@aﬁ léﬂg'igljaﬂﬁ‘}”%ai“’i%c re
given in SEQ | D NO sheciBEally Binti6Xo?a fiSE@htidenN@id3 and SEQ | D NO 8. These

anti body variant was generated as descri bed above in the general nethods

section by classical nolecul ar biology techniques and are expressed
transiently in HEB28@Fmodifled hghtdesn iabédnaditived . hesvp sbaimeof layfull lesgthar e
purified fromthe s t b Wi Qn ., 0 Ptek ahldel Y

chr omat ogr aphy and ésf?@éa]gx‘g‘%}él ﬁagﬁgyng?lg%r%pﬁ ;ecﬁle aoggglﬁ\neh Sr oduect s are
characterized for i@éﬁblet(ipnb%}nsnﬂésanér}é‘étafwlaﬁ?‘}/ hngadethen prdipr hefisiy t i es

such as purity by ShSc5f\#Ent IORRMIRIL &RNEANMaréRgPlast@by tadhyothdrShmall t aneous)
binding of the four antibody specificities to the three covered antigens

(Angi dBoi etin-2, VEGF- A and EGFR) is shown by Biacore using the nethods
descri bed above. Rgtwidreial dientd four sntigeh Heding peptidfes tveltictaspreedidallg bamt tdody,

conprising: a) the light chain and heav i.n of a f t [ body
whi ch specifically ‘Eﬂego Stwtog%%tﬂ?ri ai'ngge%snzfrigg%%?lvgn%%@dfﬁéhnn%g}%ltia]hdﬁa?i gﬁt
chai n and nodi fi ed Neewyinghef the dightachfains|or heawyt ¢hains of a) and/or b).

2. The antibody according to claim 1, characterized in comprising
15 under ¢) one or two antigen binding peptides which specifically bind to one
or two further antigens.

3. The antibody according to claim 1, characterized in comprising
under ¢) one or two antigen binding peptides which specifically bind to a

third antigen.

20 4. The antibody according to claim 1, characterized in comprising
under c¢) two identical antigen binding peptides which specifically bind to a

third antigen.

5. The antibody according to claim 1, characterized in comprising
under c¢) one antigen binding peptide which specifically binds to a third and
25 one antigen binding peptide which specifically binds to a fourth antigen.

6. The antibody according to any one of claims 1 to 5, characterized in that the
antigen binding peptides are selected from the group of a scFv fragment and
a scFab fragment.

7. The antibody according to any one of claims 1 to 5, characterized in that the
30 antigen binding peptides are scFv fragments.



anti body which specifically binds to a second antigen, wherein the variable
domains VL and VH are replaced by each other, and/or wherein the constant
dormai ns CNO20W/1BH72ar e repl aced by each other; and c) WRETAIPR010/8316® f our
antigen bindi ng peptides which specifically bind to one or two further
antigens are fused via a peptide connecttor to the G or N-term nus of the

| i ght chains or heavy chains of a) and/or b). 2. The anti body according to
claim1, characterized in conprising under c) one or two antigen binding
pepti des whi&h spHwi dntibady ycdording twamneneart claims fluo tShearan¢rizgdns thag theThe

anti body accor di ”a%t&@n &“ﬂ@?ﬁaﬂ &ﬁ{rg%%l ?jrle?l& conpri sing under c) one or
Ic

two antigen bi ndi ng®pepti speci fi y bind to a third antigen. 4.
The antibody according to claim1, characterized in conprising under c) two

i denti cal arf-i genlhsi andibady prosrdiagio amy Q¢ of shaimsilda8y hasaqierized 1a thas theg

antigen. 5. The apkisbegdaeCRiptiedareFusddab Tthel C-tehdinas betheaRavy Bha®F i Si ng
under c) one anti ﬁaii)r??@{;dl ng peptide which specifically binds to a third

and oné anti gen i epti de which specifically binds to a fourth
antigen. 6. The anti body according to any one of clainms 1 to 5,
characteri zer.i n Theadntibbéy actordjeg tdanydimeg gt des Saclaratdrized edthiat om t he

I e o ST e e S HRERHhn in 39 BRI b il RaBPlROHY o BEAIAN N9 1O

any one of clains 1 arac erize
peptides are scFv frthg@Iﬁ@r@mvﬁéleamdlﬁ@él?e?a’d@bﬂmQfghﬁtf)lldﬁlygtbﬁétlmd}’cl ai ms

1 to 5, characterizegy %abﬂ%e&f&?aﬁ%ﬂeﬁﬁ& gl QEnfRes hA % aﬁlﬁeﬁﬁ&
fragnents. 9. The anti body accord %to any one of cI ai ns 8,

char adferi zed in t hatetwera the entiad dAMYaisEnt i des are fused to t he

C-term nus of the heavy \cllitaemsSaar indgrfze8dd alterbd to il»ﬂ)mdlfbeheiﬂirmbﬁﬁiyoﬁdﬁor di ng
to any one of clains 1 ta eri

c at t t he
heavy chain of the full tpél?%ffcc ?ﬁ%ﬁsé’ﬁmglfc %Brhbé)ﬁﬁ ?‘H‘gre(l%ﬁaoaﬁ%?amn % he
nmodi fi ed heavy chai n of dhamcfenized inethgt h ant i body

i) the CH3 domain of one heavy chain is altered,

15 so that within the original interface the CH3 domain of one heavy
chain that meets the original interface of the CH3 domain of the
other heavy chain within the tri- or tetraspecific antibody,
an amino acid residue is replaced with an amino acid residue
having a larger side chain volume, thereby generating a

20 protuberance within the interface of the CH3 domain of one
heavy chain which is positionable in a cavity within the interface
of the CH3 domain of the other heavy chain
and
ii) the CH3 domain of the other heavy chain is altered,

25 so that within the original interface of the second CH3 domain
that meets the original interface of the first CH3 domain within
the tri- or tetraspecific antibody
an amino acid residue is replaced with an amino acid residue
having a smaller side chain volume, thereby generating a cavity

30 within the interface of the second CH3 domain within which a
protuberance within the interface of the first CH3 domain is

positionable.



of b) each neet at an interface which conprises an original interface

bet ween the anti body CH3 domains; wherein said interface is altered to
pronot e tWe 2hmwviset7izon of the trispecif c or tetraspecif PcTaPRITOOMBISS Wher ei n
the alteration is characterized in that: i) the CH3 domain of one heavy
chain is altered, so that within the oryginal interface the CH3 domai n of
one heavy chain that neets the original interface of the CH3 domain of the
ot her heavy chain within the tri- or tetraspecific antibody, an am no acid
residue is ridpl acHe antibbdypaccanding tcadaith t @shduetehiaed mghat | ar ger si de chai n

vol ume, thereby ggp %51? drfidlo %cpc{]f)ets%g rh%()ﬁl%o 112 a%?éerrkllé]éq Endin LB Jn‘?é: fs %Ilectt

domai n of one heav cavi g/
interface of the f@HB thbgmum aohsistieg of prginine @)y pbbrylalaning (F )tyltohléle@@, domsu n

of the other heaVY}aﬁﬂg{I ) ahd 84i8hming Jcﬂﬁ?esi’&u%hla’%ﬁé"@ sRfallg Sk dhﬁfner face

of the second CH3 at neets the original interf ace of the first CH3
domai n5wi t hi n t hevolyme lﬁ)rselle%tﬁiafﬁ%'édh? IZEOUPL EPISENE A1 ARiIAG (Adi SFTIE<(Sdue i s
replaced with an tﬁfgoﬂgleqq:),d,anﬁ@(\ﬁpe having a smal |l er side chain vol une,

t hereby generating a cavity within the interface of the second CH3 domain
wi thin which a protuberance within the interface of the first CH3 domain is
posi tionabl el2ll. Tiecantibbdypactprding ar daing koorcllacmard@erizsdan dwater i zed in that

e ihe aron dhdin CFR SifaiREIrfer %ge%rbaﬁehgq?& Rlcflot Of gg@elhé (Cphected

fromthe group consi stin % sine (Y),
trypt dphan (W arﬂ!nlgalaéldalmth@w%‘?s@on@gg@Qéltlﬁ%ﬁ/@ epch %ﬁp’é‘ﬂlfsﬁl@ i n

volune is select Qﬂs&lﬁ@@bﬁ@ﬁet%@é%&ﬁﬂ@kﬁiddlﬂalﬂica%'&qbﬂﬁedA) serine (S),
threonine (T), valine (V).  12. The anti body according to clains 10 or 11,

characterized in that
13. A method for the preparation of a trispecific or tetraspecific antibody

according to claim 1 or 10
15 comprising the steps of

a) transforming a host cell with vectors comprising nucleic acid molecules
encoding
aa) the light chain and heavy chain of an antibody which specifically
binds to a first antigen; and
20 ab) the modified light chain and modified heavy chain of a full length
antibody which specifically binds to a second antigen, wherein the
variable domains VL and VH are replaced by each other, and/or
wherein the constant domains CL and CHI1 are replaced by each
other; and
25 ac) wherein one to four antigen binding peptides which specifically
bind to one or two further antigens are fused via a peptide connector
to the C- or N-terminus of the light chains or heavy chains of a)
and/or b),

b) culturing the host cell under conditions that allow synthesis of said
30 antibody molecule; and

¢) recovering said antibody molecule from said culture.

14. A host cell comprising the vectors according to claim 13.



both CH3 domains are further altered by the introduction of cysteine (C) as
am no acid in the correspondi ng positions of each CH3 domain such that a

di sul fi dewbrndgBetzet ween bot h CH3 donmi ns can be for medpcT@pP20onatihod f or
the preparation of a trispecific or tetraspecific antibody according to
claim1 or 10 conprising the steps of ajgtransformng a host cell wth
vectors conprising nucleic acid nol ecul es encoding aa) the |ight chain and
heavy chain of an anti body which specifically binds to a first antigen; and
ab) the nodifs.ed Aicgimtpoghaﬁ I’prafdbﬁhhhjbdi;ﬂ"lhﬁﬁhcbﬂmay ot haliagnofticacdmpdsitiengf h
ant i body which SﬂﬁClHtC@ a . $¢ cepd antigen, wherein the variable
domains VL and V %Wéﬂ} HI %38“%6 gfgﬁ and/ or wherein the constant
domains CL and CH are replaced by each other and ac) wherein one to four
antigen bi ndifng pephicesseviidal ompesition cempyising arl angbastyeacserdingotor elaintier
antigens are fusegiovix, LA g ;ﬁﬁﬂﬂ?&hﬁéalfy%c%}ﬁalﬁ‘e eRdipitht er m nus of the

| i ght chai ns or heavy chains of a) and/or , cul turlng t he host ceI
under condltlons t hat nt hesi s. of sald an dy nol ecul e; dc
recovePing sHid a‘%t“i‘%@d{}oﬁ\gﬁe‘%‘iﬂt@emﬂﬁﬂ Ratieqt ‘é‘tﬂeFéng% qpy, ﬂ‘%ﬁ@?“@glqiy
conprising the veghghistegiggofodithg patiest! ai thedapedticallh effeqiosi trnount pf edner abl y
a pharmaceutical or. a,dj agnost.c onp05|t|on of the antibody according to
claims 1 tol2. 1gith‘$%§<ﬂgggdﬁ Ol conposition conprising an anti body
according to clains 1 to 12 and at | east one pharnmaceutically acceptable
excipient. 17. A nethod for the treatnent of a patient in need of therapy,

characterized by admnistering to the patient a therapeutically effective
anount of an antibody to clains 1 to 12.



