- 1 - Engineered Anti-Alpha v- integrin Hybrid Antibodies FIELD OF
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binding sites (CDRs) of a known nmouse anti-integrin antibody, as well
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5 devel opnment of the tunor both indirectly, via the tunor

vascul ature, and directly on the tunor cells thensel ves. SUMVARY OF
THE | NVENTI ON The invention relates to new anti bodi es having the
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A further inmportant nodification is the replacenent of an am no acid
residue within the CDR2 region of the heavy chain of nouse 17E6. By
repl acing a cysteine residue by a tyrosine residue surprisingly
protein stability and expression | evel can be distinctly inproved at

| east conpared to a chimeric 17E6 version. 30 Further inprovenents in
expression and stability can be obtained by replacing the original
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show sufficient binding affinity and sufficient expression, but elicit often an immunogenic

response in a human individual.



simlar variants with anti-EG-R anti bodi es, preferably cetuximb
causes a surprising effect, 20 nanely the delay or prevention of
re-growt h of tunor tissue after stopping admnistration wth the

engi neered anti body, preferably DI -17E6. The pharnaceuti cal

conposi tion conprising a second ther apeﬁtlc agent may be al so used as
a kit of parts conprising in a first package the the engineered
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englnee d reconbi nant anti-av-integrin hybrid antibody conprising
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monocl oggl agtieady cildh ABinbioATebRACEIiRERofi buse homdionahai n

f r amewo regi on which is taken_from humani zed nonocl onal anti-EG-R
ant i body 42581'“4 ay integrinawibgdy haF® @ Hanewor k regi on deriving from

nmouse 0Cl aiRbyy chafn corfitnt1édion BEMGRY fordMuhafdyG WG, huameh ¢anejana
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nonocl onal anti-EG-R antib
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W(QQ(P%I Y (SEQ ID No. 13) 20FR-3
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wnth superior immunogenic properties, which are furthermore sufficiently expressed in
standard mammalian expression systems. Using the VL region (FRs) from mAb h425
surprisingly the expression level is distinctly increased, but, as shown later, further mutations

25 had to be done in order to improve other properties, above all, binding affinity.

A further important modification is the replacement of an amino acid residue within the CDR2
region of the heavy chain of mouse 17E6. By replacing a cysteine residue by a tyrosine
residue surprisingly protein stability and expression level can be distinctly improved at least

compared to a chimeric 17E6 version.

30 Further improvements in expression and stability can be obtained by replacing the original
mouse IgG1 heavy chain constant region by a human IgG2 with a modified human IgG1
hinge region. In a preferred embodiment said |gG2 can be further modified by replacing an
ariginine residue at position 297 by an glutamine (N297Q). This modification eliminates an N-
glycosylation site and thus abolishes or reduces ADCC and CDC activity of the antibodies to

35 be engineered. Unfortunately, by this measure, the immunogenicity increases, apparently by



An engi neered anti body as described, wherein said heavy chain
framework region is mutated at one, nore or all of the follow ng
positions of the nouse antibody: A9, E13, M0, K38, R40, A72, S76,
@2, (B85, T87, S91 and S113. An engineered anti body as descri bed,
wherein said am no acid residue p03|t|o§s nmut at ed 30i n the engi neered
anti body are: A9G E13K, MO0V, K36R, R40A, A72T, S76T, @B2E, G85S,
T87R, SBdrigrativhiBiew T-cdl epitopm Sevpyisingiy, &y replwmay:haavl@i@@a? b algnine at

it at 1 oResHo jges i fput R LBR b BRR 0T 26T, | GBae. oS,
hybr; d_Beeebayeasoe emyeEe S epes R SRR AP chaf alrth B foBion
RAS@LEEEFM(A%%BSE%“‘EEMU@DQUS GRRGions TaKe HSel smeqi puiNd depil, nebedpns at one,
oo (S Pk otofesoehed AELRSRKe Bthd CBE £ RNt (A STz

CDR3: FGRAMDGHSER7) SoNand $0)3 arfeHigcessary ko mticeimmmundnogenioityr k
regions: FR-1: DI QUTQSPSSLSASVGDRVTI TC (SEQ ID No. 12), 15FR-2:

Vg/ggéﬁg&ﬁéé DhY'él'((lj: '?Iﬁ%gﬁé@g B‘d?%bciﬁ)adé%g to the invention, which shows best values of
Y)Y,
(SEQ | Dmrerovactwoe?%%ﬂ FRETRORlR) B 1PV Bt Pl ] 3 undmiotey= €

regi on

FRL: QVeh MM@&MF&:@&&@ 1hB followirkBye qRIe R :
WKQRPGQGLEW (SEQ I D No. 17) FR3: KATMIADTSSSTAYMQLSGLTSEDSAVYYCAS
(() rSEgoll D0 ariabfd arfdRéans HWFEMSSe(;&&erIIBEﬁ IDI. 3, figereet §):one, nore

the boI dsand un er

in orde v oBkBcRUbRLEdyyTskIns

'nnunOg%ﬁ@%?%%G%éb@T@Yh@ﬁqgS@Q@EbIhTQYbQQEMTFwaHGQGWKVEDKRTE@AOn
deri vi uman const ant %ht chain re}gl on

engi nee MWS@E@%W@WF\WRBM QWKVENRERFGNEREPHTFR amewor k

120,07 LU O RSSR R Ao Odbe 20
@ngo{m@mm%/gh@@bﬁﬁgm WYY Eisfin 6&RnLEs NSECRIP) N&:RY FignGGEDYVTVSS
QVQLQQSGGELAKPGASVKVSCKASGYTFSSFWMHWVRQAPGQGLEWIGYINP

RSGYTEYNEIFRDKATMTTDTSTSTAYMELSSLRSEDTAVYYCASFLGRGAMDY

WGQGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG

ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTV

20 EPKSSDKTETCPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VQFNWYVDGVEVHNAKTKPREEQAQSTFRVVSVLTVVHQDWLNGKEYKCKVS
NKGLPAPIEKTISKTKGQOPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVE
WESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALH

NHYTQKSLSLSPGK,

25 wherein the underlined sequences represent the variable regions with the CDRs (in bold).
The light chain constant region is human kappa. The heavy chain constant region is human
lgG2 with the modified IgG1 hinge region
EPKSSDKTHTCPPCP (SEQ ID No. 40).

The corresponding DNA segquences of DI-17E6 are shown in Figures 17 - 19.

30 The invention is also directed to engineered antibodies as described above and below which
are fused directly or via a linker molecule to cytokines, such as iL-2, IL-12, TNFa, IFNa, IFNb,
or growth factors. Antibody fusion cytokines may be also used in tumor therapy and / or
angiogenesis related diseases because the cytokine portion may contribute to an increased



- 9 - An engineered anti body as described, wherein the heavy chain
constant region derives fromlg02, wherein in a preferred enbodi nent
said | g& constant region conprises a nodified IgGlL hinge region. An
engi neered anti body as descri bed, mhengk#_§aid nodi fied I gGl hinge
regi on conpri ses 5the sequence EPKSSDKTHTCPPCP (SEQ ID No. 24). An
engi neered anti body as described, wherein said |Ig& constant region

i s nmodi titetbxixjty rApibady fugicanproteinsc eeperially ingnaroqytekines gre wely kpowryinghe art. A

| Eytotbntyapibac | scesheamialy gnioqyskines e sk ke ,
posi ¢ 1 oRr3¥EeY B fap s R L JE A, DLIPEER 20 DLAPES QALK fferei

epi t ope Lgeadinkdragptiye.t he nodi fication |oat position 297. An
engi neered anti body as described, wherein and the light chain )
const anfaceedingtoitise presant itaptian it wassbownihiai the engindered,antibodige iag described

hybrid antibody  desi gnat ed. "D - " i SE St

T )5 oo bR REb el abe B copmos Rl o RS fehinghd of pARpRHgi igted

DI QU QSBizeh SASMER TUMERAREES Shivas®\BQREBEPiic antivawss sigording to the
GVPSRFSGSGSGTDYTETI SSLOPED| AT PYT | : o
PSVET FPBBRtR KISk ASHREL PTG FPRTRR TN CEC R Sl bendent on the indirect
DS| CDST%ali-amhbriefRsLEAEKHIKY YACKYgHAGIBEMER™KSFNRGEC and 20(ii) variable

and constant heavy chain sequences (SEQ ID No. 4):
QVQL QRSHEELRK VoGNS GIUA SEA foBEMEs-nRRARaREaEWnBdskiens and their use

RSGYTEYNEI FE%K& MITDTSTSTAY LSSLE'S{ﬁDT!AW%mgapeUﬁC agent, such
AL T SGVHEE RAWIIR ST XSRS \ERY PSS M- FTEgr TAML R KRN ES\RIBID peptides, for example,

25EPKSSDKT CPP‘CPAPP\,/A _'SVFLF )PKPKDTLM . P = .

VN VISR TSRS SRR AE TV NERE TR 2 anibodies. Preferred
NKGL PAP'&%&%W&EWbW&J ELAK GRREB), AvEuzumab (humanized
VESNGOPENNYKTTPPNLDSDGSFEL YSI CLTVDKS SCHV

NHYTQKSIegnptgral aigkAdy 429 PHEErGH %Wégngggﬁéﬁ%%@ﬁﬁaégks repr esent

the variable regions in . in¢luding th in , s
e e AiRbii TafPoaptb e Ao et TR T b TR SRR e oo
( EPKSSDIGHISsBE BRIeimesh éthangienahé efisctaf theastbndimer@etiaagkra 97 many cages by

A fusion protein conprising an anti body as described, which fused
pr ef er asyyergishicinteraeliqNar i nal to a cytokine or growth factor,

preferably a cytokipe. A | ecul e .codi J )

D1 body\dasigioghs fuericauha compragen o (iR PLelfrdL el ¢ty Blia7E6 o
conpris iéﬂﬁilaﬁ%ﬂamitﬁ;ﬁnﬂaaam ahtibodiieseprefeesisly oetupinmbriadsepapuipgsing effed,
DNA segnents as ecified i.n Figure 2?72 nd. i . P :
ol 0 DAmeheBg A pegention plararpwin v BRCISBHE P RRauministraton wit
mamel i aRe BAghesrel bntiscuys preferasly WiIESai d expression plasmd. A
pharmaceutical conposition conprising an anti body or antibody fusion

prot ei n @R gHisRacdUtitatoptREionsompsdinya isecandthemapeateageotingy be also used as
effective amount opti.onally_together wth h i )
accept alf gt @Mé‘Pﬁ’Pﬂ?'FG érh%/ ﬁbﬁ?gg%ﬁﬁit%tﬁ‘? € ﬂmﬁﬁéﬁggﬁf @tfllfé(rably Pl 17.E‘6’
C(ﬁnposi tdriNn g@@gé,ﬁ@%&age bis@ﬁénc?mér@emwmthdommpﬁ, ﬁaldngiogememg inhigitor,
t herapeutic agent, wherein the first agent.is an,ant.i )
fusi 8h e h%fép%tﬂ@agﬁnbeﬂa%{F&F"t%"%sgd@?{'a'{"ég%ﬁ{‘ %Ssa"sai'lﬂg%‘?#e%%\_['] %’étfnﬂg&
t hﬁ, gr ?‘H?\tiBQ .Afp?éf@nt@e&%éco@d1!5&5@%mmtgemﬁluﬁidd<titagﬁﬁangm§?ﬁ@$ hiitesi s
i nhibitor and an anti-tumr agent optjona oget.her .
phar maccalen@tivs or e SBlrERTE AR IHORY SrIUXAR L EtRUMRE 315 difmothstapeutic agent
correspondi ng pharnaceuti cal cwﬁi hl{ on, wherein the second
t her apeunisemmpsnthe iBvention it felatedithe )RIPHINGy . especial Iy an anti- EGFR
(erbBl) or an anti-Her2 (erbB2) antibod ) orrespondin
phar maceut i“@zﬂngwmsf??@fﬂh'?3%?&“&%"_@57‘%h%‘é’_&“@'ﬁ_@gaﬁé m;?rgsuggi ntegrin
'( nhiBtor ¢! 28R ighPand8hbak@rBirffegionefifing MoirbinbdesmomiiaReS
cet uxi mab,
anti-av integrin antibody 17E6
(i) a light chain framework region which is taken from humanized monoclonal

anti-EGFR antibody 425,
(iii) a heavy chain framework region deriving from mouse monoclonal’




Erbitux(r)) and mAb h425 (nmatuzumab), and chenot herapeutic agents
cisplatin or DIIC. The use of an engineered anti body or anti body
fusion protein as specified for the manufacture of a nedi canent for
the treatnment of an angi ogenesis related di sease and / or solid
tumors or tunor metastases. 25 The uSe’of a phar maceuti cal
conposition as specified for the manufacture of a nedi canent for the
treat ment of zitkPinGagrintietiBody $7ZEHB] aedgi neered anti body i ncreases the

ef ficacy of the second agent.- .The use of K i

conposi ti éiY) adeapeehan 89!%??5{1 regien ﬁ%"h‘ﬂﬁ%@?"ﬁﬁgﬁ’gﬁ I@%@%%c@ﬁrr‘]éanr{ constant e
treat ment of idhwgR4is regib®r i n the second agent is an anti-EGR

30anti body, and sai d engi neered anti body prevents or delays re-growh
of tunoyg %{gﬁg{ irdefdy gﬁ&{ﬂ'oa'ygggégéﬁbeﬂhﬁh@@mi neered anti body. The use
of claim 29, v%nerein the first therapeutic agent is the_ engineer.ed
anti Body dhe GPA light phainregionse vhishAarie emdBRReMRICHANR Ry BikS
mAb c225 (éﬁﬁb | D areDETAI LED DESCRPTI ON OF THE I NVENTION 5 In order
to reduce eb’dé) tentiral for imrunogenicity in man, DI -17E6 (ENMD
525797) WBDREHRAIGDEHAIYIA(PFRAPINSR Shnd geneti ¢ engi neering of the
murine 17 : 4) { Lzation of an anti body according to
t he inven'lt_:ﬁ%!éij—j t(éS(':El[qarodn and'renmoval of human T-cell epitopes

fromthe qEhRsEdcHNPESET FEQMOMN6. 7Yhis technology is different from
t he "humani zati on" approach whjch repl aces nouse sequences w th hunman

consénsus ard the §lhbeavy chail rEBOPRA{fAI zati on technol ogy used, is

descri bed, . SR SEQiD N@OsP8/ 52976, WO 00/ 34317 and WO 02/ 69232.
The vari ab(f\—%g?'egl onsl(o the 1i ght (VL) and heavyyﬁs%Ichai ns. of murine
I

17E6 are aBRRYZEINPRSGYTE (%) NBIFBROWREBHEAG o Bao. dd) |

epitopes. De-imunized V VL guences are designed to retain
t hose am r@%é-i%%@ﬁi%bﬁli"t’@ﬁﬂ? P"ﬂe?@equence critical for binding, such

as 15 the CDRs. To optim ze expression, the f wor k regi ]
|ight chai/n argireares pRERAGY 3 denpidet ingrei (he i G ﬁ%%%%a'% s
Furt fier morige s&%&a%ﬁﬁ%@ﬁﬁm@ (BEQLIDENA/Y). whi ch was rare anong
VH s€équences, s converted to tyrosine (C60Y) to inprove protein
stability., One. . ] X i mhelworgaaoniwAm e
Feapons s ATEakesk Al 88s et (herdh (7 igh¥ oftfh fraheiortitlon

i munog! obddrivas Wemmmmamuoma@waégntf-BGFBmﬂbWr‘?%ﬁaEOIIHPQFRS the gpquence

t he genom u i e For the heavy

chai n, the%&%%@sn%@@@g%ggﬁ? ?%)Qi ons were used, but
the hinge EE%E AYOURBCRAPKIIIY (35Q1RINve18) sul fi de bonds was repl aced
by a nodified yl1 hinge region to mninmze_ disulphide nd, scranbl i ng
and 200 i M%@%@%@GWW%W%Q%?D%&T@E%%Q?% 'tdi@o'dﬁ domain to
An 25 (N2 , j ggg(g ve the N-glycosylation signal:

t he resul t-'g-riz'rt@‘ $f%%‘é%‘? ti oﬁ)tgg)r' ggg?es effector functions and .

prol ongs serum.hal f-life pf_ t i . El: , i -
it at o t AAPEIMaRF A Ee R AP Sl feglcrelraBudRepion (FR1
t he N297Q pRApddrving from nibee pntitfoslyri@@6asmntabailatDl 1 + 1B@YDe aFidsepidip

t he met hod shortly described abov ' re . P
depi ct ed iPPsiﬁP&ﬁrt%r@,ce Hé%"'?'ﬁ@%ﬁ?%e\?u%ﬂg‘%%b %l%teoi)g Féé&‘iﬁ?&'f@g{éﬁ ey in

pot epcy angugtsectivity at the isolated receptor and cellular |evel
(e.g. receptor binding, cell adhesion and cell mgration studies). -
12 - DI 17kKf eftiA¥Gret Wb odyr RV ddciived, bihereiysaid heavytghaimfrarewaorkaegion is

ani mal nodels (e.g. experi t nor._nude no [

ki chi memietecbptineeaogaval oidbs llfEnaRERfe e rEfer s f B,
nodel s (e. gy AL BTRMEYK GE5c T MEod an¥idtinBgel plug in '
nonkeys) . gz%lﬁgﬁ?gg@gel ectively inhibits the binding of extracellular

Mmatri ;( GECHN eﬂ%iﬂéfrieg%nﬁ??@w%sihdgs@%éd? \nﬂ@t‘@mm amirecadid mesicize positions mutated
av-integrin-nedi ated ce adhesion, a n r (o]
30 J in the engineered antibody are: ASG, E13K?m%, It(SQFQ,qRA{BA? Aait2ll' ETG%E,
G858, T87R, $91T, S113T.




m ce. System c administration of EMD 525797 in heal thy nonkeys

bl ocked angi ogenesi s 15 provoked by subcutaneous inplantation of.

pl ugs contai ni ng angi ogenic growmh factors |ike basic Fibrobl ast

G owth Factor (bFGF). EMD 525797 has al so denonstrated direct

antitunor activity in xenograft nodels & -av113-integrin expressing

human tunors, including sonme nel anomas. In conbination therapy

st udi es, EM) e%?eé’ﬁﬁﬁiﬁb‘dﬂés ABEGTHHAZ RhceR] daidhédvyOhembianesvigrk wgion

drugs allowm ng to use lower, |ess toxic concentrations of standard 20

chenot her sgooprises therfallawing mutatigisni ng effective in a clinic-1ike

setting. TARSe: AXPRIJOTERSER IRIGH QY121 8PET ASEICESS TaAR e3¢ fTeand S113T.
an 0

potenti al i-tufor activity EVMD' 525797, because murine vascul ar
endot hel i a, d : | bRl 8afibcHyaRhpAsiRg t herefore,
not recog%'&%@'ﬁ%‘arﬁg&gn f%@g?ﬁtﬁfﬂg{tﬁﬁhygp a Alf vvgeks plﬁoxigcol ogy

st udy di d (ijotherightchaimBPR negwnaent -rel ated effects of DI- 25 17E6 on

clinical obs ti éﬂ:{ﬁ ood consunption, ECG body

t enper at ur-e, Eb@pi %Q%&[{i%ﬂg@d cli H?(F:Hgl é)r)at hol ogy (hematol ogy, serum
chem stry), pDRIARYSKIHSO(SRQ IDMNGIEY);, nacroscopi ¢ and hi st opat hol ogy.
Based on these data the doses of 10,_33 and 100 ng EMD 525797/ kg body

wei ght / day, &8RN ROCHIFRYFASEQWENPY ) or 4 weeks by i ntravenous
i nfusion ( & % 0 be 30 well tolerated and under the
st udy conaﬁ%g h\és{’ ule %g@nlg's not orally active, but has been
succmssf ul | y CldRfi SiFesmvel (SECOND Noa8), and i.p. routes in animal studies
in which it has been_shown i_nhi_bj angi nesi s and growth of
several diff&PRE Y@%ﬁ&%ﬁﬁﬁm&gd anTB lgr%ebacteri al screening
test investi gaRANgridheMve@ed D Retemtial of EMD 525797 showed t hat
EMD 525797 is not nut'‘agenic. No saf ef(? phar macol ogy alerts of EMD
525797 wer @) tizslight elain fra reg®e-t oxi city studies in cynonol gus
monkey. EMD 52579 | eghAb Ngi@ht of 145, 208Da,
whi ch” has be %zeﬁ.lﬁﬂéagggéﬁﬁé?f’%ﬁ?gr”‘?% a MALDI - TOF-MB and
LC Efl - Q TOFFRR®:-angbpRPSKAPRBLIYdBEECIDNe 18bi nt ranges from 7.35 to
8.15 with an averaﬁg of 7.75. The extinction g,%%ffbgbtqﬁt (3314}.42. EMD
525797 i nhi bERsThEHRAREAASCRETPIFFLSLPLRERRLAdS TEdSFY P n with
an EC50 of appy X%E‘gb%kﬁﬁﬁ gg\éQlﬁylgo'_S:fg)?W bl ocks tunor cell

‘ed gri ith

adhesi ons ne y av-1nt ins with an EC50 ranging from0.1 to
50 nM VEGH)i the heedy chaip Bigmeworkfreign®n endot hel ial cells on 10

vitronectin is,.al | vl E?@ 4 M-ANSEQIB Ny.qend 50 nM
Simlarly, p 1i’f§r%§tliiogln%%n&5‘aéurw val=o gt./eémam egdot hel i al gel S

pl atgd on avPR2t eVKORPGDELEN IGS(SHG D Hbothed by EMD 525797. EMD
525797 targets endofhélial av-integrins _and._dis el
formation. | FR3hKGTIMIADTSSSTAMRL W%@%ﬁ@sgﬂw% ocks
av-integrin- la&@&%h% iPIb NbNfdyudi ng 15 attachnent, and

m gration. Apha-v Integrin a ?cggowth f)actor si gnal i ng pat hways
interact, so wHYRIHZmEImons ol tisaholdlasd uddeningsd pesitions eesnmutatedn,
proliferation, and survival_ . l.n_ addit.i ' I | ic

B fect . Ep FeRy ol & il Hlopiinddhndi e

anti =4 unor efif @&man ,t ar gabd presenting mal i gnant cells. ENMD 525797
can bl ock |1 attachment .. .induce I t varl] ¢ j-on,
proliferat f"’gﬁ’ hegyy §6"f“{7i°\9’éﬁta'ﬁtr{e%'9[' Fﬁﬁ‘ﬁ'@# frﬁr%l Iﬂimgannﬁg.é aé'g %%%Jrﬂdn? he

first dei mumggieshaii @gidnn for which i nmunogenicity data in humans are
available: In a respective clinical trial anti-Di-17E6 anti bodies
ver e not, daheahifdedt HABGE s\dschHIBSY, MiereMsaid hesvyachmonfrarnework regions are:

therapeutically effective dose for_antibodies, l&étg[@@“?@n’ anti -

drug anti bodifés!: c QMQI-RE FELENREGPFH G C % 8rTdspondi ngl y

cal c% at ed dq,}%. %%%@wa@(gm@ﬂgaﬂ)or of DI-17E6 is deened to
: 6 bi ndi

nor e~ conpl ex ng to av wll 25 pronote uptake into dendritic
FR3: KATMTTDTSTSTAYMELSSLRSEDTAVYYCAS (SEQID No. 22)

FR4: WGQGTTVTVSS (SEQ ID No. 23).



anti-tunor activity in vivo. DI -17E6 causes the depol yneri zation of
focal adhesi ons dependent on avB3 and avB5. These signalling

conpl exes asSenble after integrin Iigation. They organize

comuni cation with growmh, survival and notility pathways, and their
destruction can trigger apoptosis. 10 “TRuS DI -17E6 uses a conbi nation
of mechanochem cal and bi ochem cal effects to affect endothelia and

t o i ncreasm &g Me@ﬁnﬁbﬁﬁ?ras(ﬁebbrﬁaedl)hméréﬁ&hehea\nschalrscdmstanbgagnmﬂ derives

activities in vivo via t s on.at t

conpar t merten 9G4 wher¢(g %Hﬁferre‘i%“if‘?@“? utrﬁﬁ'rlds[t@g}zl ?”gfﬁh@@é%@ co%”g%ls fo
t he angi Ogﬁ&g,ﬁé& loG1a6ikhde/ lgR. t unor endot helial cells. Tunor and

endot helial cell "attachnent nedi ated by av133 or 15 avl35 is

di srupt gd ef ﬁ% yidd dedbABeHewWRR@iPdaRd RivEie@Ige Bihgs Algidrddmprises
and this n@é?%‘?ong?gn i stupted by DI -17ES. Th nor phogeneti c changes

i nvolsved ithe sequdnsg BPKSEDHEEIEP Cﬁ’r@E&)%NBX but can be nodeled in

vitro in human endothelial cell mgration assays where DI -17E6 c

bl ock t li sApengiesased prtikddy@sislesenbedanbeielesrid [0S 2 FrastagtirRaiands gagy ied by
system cal Ly Eiﬂg\éw Egd%¢5%‘%|m§ﬁh@ @j.ce chinmera nodel, and
u

in the matr nmonkeys. Thi's suggests that DI-17E6

affect s an/g%ﬁrﬁﬂéeqeg Qﬂ%cﬂ@ rﬁs%&s% o Q%Dreeﬁl\éélﬂﬁﬂ%ldfr@gldue F at posmon 296 is

antl-anglo I'STIS pres n whet her VEGFA

FGF2 is t heplanedibgA, (Fﬂa@A)angrctag&elshlsafera Bg@li @mtqu Qeéﬁféiﬁﬂ’é?ﬂthﬁﬂ‘%ﬂc%m
or on avli% s.t.B‘ﬁ‘igP' 17E6 bl ocks both av-integrins, it may block

bot h! pat h f? ‘Al t hough DI -17E6 is thought of as primarily

col Us. t Rarkarigabered 3pfhod asiakRideupich ARAnERR bl st fesihe

expr essi nghuawarBlappaunor cel | |ines from di fferent tunor indications
(el anoma, ovarian, renal, colon, breast, and |ung) have their growh
af fect ed V\h@éboiﬂlﬁﬁrmdnﬂmt/ﬁntémnrﬂ.ﬁmd|ant1mdyrdESIgTiBteda$t DI 756 cﬁssanﬂailv E6
to induce anti - ro} iferation varies on the different cell lines and
this may b®SEUNY 8 both the 30 genetic background of each cell Iine
and {he | egpalariableandicohsigni nhesimie sejuences (SHR@EENoeBY |ines. DI - 17E6

can 1 b1 4 RSt QUL Bn Sl enoBrall BRI AR RSl aRivanions

\UAN] '

These eff e@bﬁsﬁF@Gg@@@?ﬁ?ﬁFTpﬂsL@mIM@%gGNTFPMGQ@WHﬁWAA
conditionsT(e.g. invitro / rn vivo) but efficacy has be rved
i n subcut aRSVEEFBRSPBRLRSEBRFEVE ?WW@%
Exampl e5)) ks 3051 deiAPERabL 8RNy RERGEABET BubldxienkieaueRRd Y
over - expregg unor -1 nvasi ve vasculature and al so on sone
hurmagy t unofigvaridbid st Gghstat Aeavyachair sagaenees! GEQMANO. BF:ain 5 tunors.
Thi d

L S bRt 35 L BRSO o

actof—aha—+t+ o+ Hoget; and

by the anopelevsySyPERERASME D e EATDNAIRTTRSHIOM VANSFEGRGAMDY

vitronecti I, er Ty producea 1rn tnelirver, 1S expr essed 1 n sone
tumors. | NWEEATTHYVSSNETEGDSYFBhRBESRSBIRS TANGHIGEN EREP VTV SINSG

Chey. under SHrEaREYEATP RS rE S i G dfotfrdniii sty ent <)
subepglot hehbﬁbsﬁ%w&b#&m@bﬂ@@@v’mwemmm&smmwctvwvﬁsaﬁnm

tunor -i nvasi ve vessel s and é sonme tunors, which also ex rlﬂ}s
vi t r onect i HQFNWEPPEVEVENRETK BREBURQGFBRY S B T HAH NG Fé@sq T

R e e P S e A

human skin uman nel anomas | acki ng

al pha- v i n{yegrE0SENRYRTYRPRLDEDGEEHL YK HIVBRS E@QGIERTS GRBRFALA so
inhibits tumor 15 growth, indicating its anti-angiogenic effect.

Fur t her nor BHYTRKELELFEEK:r ee nodel i n nonkeys, where angi ogenesis is
i nduged by, i he; ARl RdeRhea SEqhe (a0kTEpREGR thlarkbiredlons iheraliag the

CDRs {in bold). The sequences in bold in the constant regions represent the modified
hinge region (EPKSSDKTHTCPPCP) and the mutations at positions 296 and 297.

(L




30 target for therapy, as has been recently validated in human cancer
patients. The al pha-v integrins expressed de novo by such tunor ..
i nvasi ve endot hel i um support their survival in the foreign
environment of the transitional extracellular matrix, and the

i nhibition of these integrins can have &P antiangi ogenic effect. -
16 7 Thus al pha v beta 3 or av integrin target therapy present an

i deal set t h AgidrPproRiPERpidiey anbhtiedy aglietdidedwhien fused pesteriably wa #thC-
chenot her apeutics, other int eYrvg{a[i n i nhi biaH)rsgﬁr .funor receptor

bl ocki ng a§ERING! tPra GyRinAereVIRCEb RFRIEi RV ki t - of - parts for
use in conbination therapy of cancer. 5 Surprisingly it s found,
that the diDiA malecuieraeding ferf anantibegy opantbedy fusian m%‘%% %ﬁcﬂﬁeé;n
engi neered anti body according to the invention, preferably DI -17ES6,
wi t h adei t Anezpression vedomronpygisingssaiccBNA@esYe.t yr osi ne ki nase
inhibitors, preferably anti-erbBl(EGFR) and anti er bB2( Her 2)

ant i bpdisesAn Arpriessiompiastitbcamyising theDNA segmentoas spenifipd in Figarg ?H3 and

bl ocki ng tynor - cifli hus prevents tumor growh, or
pr onot es tﬂwnaﬁf?wﬁ"ﬁ‘g{&%ﬁ@%ﬁ‘@%@b the invention it could be
denonstrated that sone. chenpt her tic i I i 1 :an
engi neer’e dﬁfﬁ?tfeﬁc?d‘y reseion SHpieY 'fO(S"(fl é}ﬁ‘gn S an@’%ﬁ"?'@ ﬁn hg?tg%%ﬂﬁhﬁq %‘fi%?la
an addi ti vexpéésied plasrhid, whereas in other experiments using other

chenot her apeutics (e.g. Dacarbazine, DTIC) synergy effects can be
observed. Nphaan&deutitd eompssitiorscareprising amantiedy pe amtinody 8sjoneprotein as

whet her an.in_vivo or an in vitro syste S i :
resuld fr oPReoHiedHRKe ARY PEIRWAR 6&?‘?@%‘?&%3@@&%@&%&@ %@ﬁéﬁ ﬁoengfﬁﬁfggfe@? with
pr ef er abl y, Bharfd@utidly actaprablé caieier, aliloart lor exdi@Bntpept i de and i ntegrin

i nhi bitor (cyclo-(Arg-d y-AspDPhe-NWveVal ) shows synergistic effects

in tunor, gAQGHaimERNES ToMPobifiory torhprisksy avtist and secondipharmaBientid¢ally effective
synergistic effects on reductjo f tynor_ growth can. j .1

B 786" | sihecaasue auai HIcrBIRs Hisbepety on Y ofAleel ARG et o5

[ sbaI chi rre&lgé‘c;ﬂ@aggm n@r%ao,ﬁ&ag’@n@@fméd ?mitmgpuEMistmg of: ggGL .
subcl ass that targets_ the human epi der.nal . qr ow act r t QL.
(EGFR . Di Fhespetherapepia ageoh [N ElOgRBRGE r argi"?n ?E%H@E""é%g%@s@ﬂ'?%a‘e"y
EGFR. * Er bi {g%irie? withalsHafflacdubieslntaceestabippanieedifliont crexeipiaht. t unor

indications.” I'n all cases of synergy it can be concluded fromthe
results J hﬁtcoir}égpmdﬁ%rnﬁﬂcémtic&?fe@np%@ﬁibﬁ,mréhRﬁ@gédwd$hérh&utic agent is an

anti-tunor effect of the second agent j bt he combinati .
Accor di ng eoti-tuieoriantibedy. sapedsily f‘?l?é‘t"c'-:é%::éz‘?rb N a@oﬁ‘?ﬁﬁﬁe&g%ﬁgﬁ) étibody.
cetuxi mab, a steady decrease in tunor si ze‘{ﬁﬁrowt h.dgan bg observed for
a | ongere pérdogesperdingiphagmassutisalspmRoshian; W B S8 e8F 899[!13&3 i's
stoppgd.  Thitsy r.lPﬁnHBﬁochh&'léﬂﬁfé? ahfi- EGHRUXAMNBEF R Sntitsior mplbar228l (detuximab,

t her apy. e engi neered anti bodi es accorﬁ_llsn to the inventi oq% Ic
Ty be. adnEmisE) o TRPA4IRHMEHZMRDS BN SEEmPRE RSB eI CSRPHTL Y R IC:
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DI-17E6 shows potency and selectivity at the isolated receptor and cellular leve! (e.g.

receptor binding, cell adhesion and cell migration studies).



cell injection. Treatnment of cPT started at day 11 after tunor cell
injection. EMD 525797 was adm ni stered once per week i.p. at 500

pg/ dose. cPT was adm ni stered once per week i.p. at 10 ng/Kg. Figure
12: In vivo -effect of Dl-17E6 (ENMD 525797) in conbi ned treatnment

wi th darcabazine 5 (DTIC) xenografts turdr nodel s usi ng human MeW
tunmor cells transplanted into m ce using suboptiml doses of DI-17ES6.
Tr eat mept-17e6 sk hRrYrowthantikitingaciivite insdine anidin arfimal models (@ |

injection. Treatnent of DIlC started at um)r cel |
i nj ecti Werﬁhﬁﬂ?@i‘ﬂ‘?%”"!ﬂ&@%‘&ﬁﬁ %&é{bg?ogaelgﬂﬁénéép%fnnﬁ“ @ p. at 500
/ dose, DTIvaas adm ni.st er ed o r_wee
IFz)lggure pk-17E6 phows gpi-aRgipggyic %‘f“v %I*:'@a @R%I%%glg‘% Dﬁﬁ%ﬁr;%étfﬁ%nan:@m
xenogra&ﬁ,me}ymtnggqﬁ]gsinumnkgyi)unan CAKI -1 renal carcinoma tunor

cells transplanted into mce using different doses (ug / m serum

DI - 1ZE6p). Y78 bdlectivEiMinhibie theBinding B extescelkias mattay(ECHM) guoteind % av-integrin o
-effect of Di1-17E ?‘iﬁ

MD 525797 ed. t t W .cel uxi
(Er bi t usgeePiprEARd Dipcta P dNsRiRE e i Sre ey s st s
m ce USiapddtheHn &t a@ﬁndacéaB m@aaalﬁdsﬁm eeémsrhmmeeélmanaoﬁuambn peibugysrare
and Erbitux at a dose of ngd, 12 #@?% Weh@Q Egteqase
r egi nenb|0§kab;ﬂ1€taédntPEr"E5§dﬂtﬁfr@" %f? isghg cu ”f% gf
X- axi s: é’c%? imn!a‘-‘a |ai%ie@%§gﬁé HBéh & riot afletksd menggerpieahenauhnbody
pdHL10- 5 TEoy

igure 16: Sche tlc stru
DI - 1PE6 depvples ealbt?f)totomtvﬁr“&%?@ npF CAmMPiERIEH oF denergRnt @%03 @40??'3
D -17E6 fromthe translation initiation,codon.to the |%amsl atlcﬂ]ﬁ ﬁﬁe@p
codon oPI{IREEBME £3579F) wbttér?ana{r%mswasﬁ%ﬂva@d.&@a YR g mo
expr ess'aQ'?ntQ%ﬁ}%”ér@ rOHgh R0 LBroWARSf & FaMan@vsegeTsficiont mefeomacse @and

non- codi ng séquence I n | ower case, va onsta | )
gr ey colve$%dfif gyfebffﬁhatﬁ@f@@d‘(?éﬁﬁ'@“qﬂﬁ Wzﬁ“ﬁ%é%@é@ Q'n %ﬁa ure
29 F ﬁmme SaRinist@XibR B EMU spH79% hﬁhé‘aliﬂfr nahkéyﬁﬁoélﬁﬂ@nblgmﬂs

i gure

DNA sequence of consit ant ht chai n_.of !?ééfl Egs ike
( SEQSI me:okng subgstanepds JMPlapiAHeR PEPIFSRCoRIAITRg ARSIBgETy O PAEy T
the tr apskglpifOnitl Glodth PREPUPTH EMDETANRsalsodembastratentidirecoantt-ne
conpl et eavy chain as used in the ex ressi on sm ﬁdHLlO Rld'ésg?ne
(codi ngtlgéquwél Preenperat masels of RIEAGHBBIIRGE S e Fer il
30 v ?r : cﬁ'ﬁ%s ?r?&ﬁﬁ&ﬁétroﬁ%éﬁw StUdibsFIRD 52679 Setivity aynem@ta \seltwlﬂnce
inita |cs

hi nge i n bold) (SE f{ F
B:  DNACchematherapestic dawgsaﬂwma davse s He’ﬁ'fto C?L"Féé‘trﬁé‘ﬁé 9B q%]ga d3
¥ gu%[g jcﬁeﬁggwe%uﬁ@fﬁmﬁm r@ﬁamséf@%hv&ﬁ%\/o{m%hﬁb Befing DI’ hehé%ﬁpé@E@ts D

uence of er |f f
the. honwgere halyrabist oplemorBsalE SERpPBTRE) Brogme AN HEMD SEoTo]r BPeFes
heavy ¢ SOLHRIR xrbss(tRErddD obPint dridgine ahdréfoie, not
Conpl etreﬁ%'lI ht clﬂal n Dﬂl\ﬁhggaﬁgace ofS Dl - r¢7EE? (gEéQb}TD No. 43) 5 Figure
20k Pr otreq:ognszequﬁb%abﬁ‘bo@ﬁﬂ abI e light chain of nouse antibody 17E6.
Bol d sequences represent the I D No. 25 re, 2
Pr ot ei n Reglatmota diwepks ﬁcaqﬂogagues&ﬂy ‘é‘l’]&? e¥gal Ay, Egtgm %g?at?d fg*?:%s o3 g

' n FEQG! bodltémperature,
?n? gg§r1| ﬁﬁ e L%EEH%%R’&‘% fbfC> gfgﬁﬁtdh\?gﬁlgfogﬁgbgsung)ﬁ;gg negr edmgnt' gg%l:«]a;s

. 10 chespl(aery fate_,malcawaﬂmay (hemaialagy. sRSLPIcEer upiaalysis. Grggn Yo
triangl gqur%m%)e : hﬂ—%gﬁ%ﬁgo 7 92h(N-Q dianmond = 17E6- g2h(N-Q
gri

Fi gure I'ng ELI SA of different versions of

t Ne@ﬂld
T angl &R R R 9 St U R B e g et

squar e: atlmlmﬂéﬁad_@m:emwfgs%’MﬁBFmWg?mwfuggh (HER W @)coﬁlfi?rgg to be
clrele: dliriehiadahy bhads ﬁgmamt.sr@ fﬁ’é"hﬁlﬂ)o@%%t%ﬁal?%&ﬂd bt Hdsooen

i nve wever, although usin ﬁ,ﬁ}a
par anet esnmcessﬁlllg(aam&el’edtbmdf anpp. Eutes ip ﬁé'”?arh%’ﬁﬁsd’hw i Slbleﬁf' ghgwn

to inhibit the angiogenesis and growth of several different experimental tumors.




In principal the variable regions of the light (VL) and heavy (VH)
chains of nmurine 17E6 were analyzed in silico with the so-called

de-i mmuni zati on net hodol ogy (WD 98/52976, - 22 - WD 00/ 34317 and WO
02/ 069232) to renove potential T- cell epitopes. De-inmunized VH and
VL sequences were designed to retain tthds®e “ami no acids fromthe
murine sequence critical for binding, such as the CDRs. Using this

gec hnol agyaciri@nseré&ing %samv@sttggm@me rmiﬂa%ém@ gm.m of EMEN5 2579 Ishowed et
i mmunogeni ci t In a uman 1. Nnail v u ut | 1

b na o U besay tnAat aiaoens: Mo salen aakmarplod SetSof ENY a0t R

expr essppEbvydinGBpeditbte-tdiGty dnididid\cyRadolgas medisi.gned by nodi fyi ng

the am no acid sequence at several positions to reinstall binding
af fi ni eingrSayIRas %orm&éculértw@?ﬂm4@tw8mSwrﬁch'ahamelnelenﬁed

P i AR TS S IS SR

whi ch were L RWESY 3834 89 5hith S aepagd Y. P8I0 hRigktndlion @béflitibhtis 1HEe new
version 0 en show surprising results, which were not expected when

mol ecul g wﬁ%@t%;@?"mb@é AHIS lendeRENaieN BdRESISRAGForfeL WA i Emw of
W

er sion ressi on t h sequences of ant ons
Show ng appoMTsteliTAgVRFMIN62379¢ Hasks BRI cEb SHrPeipEn AT HLRY SV ST Bhaith
Bg:"ﬂ{‘g d%@‘ﬁdﬁoﬂ%h ?rBH A ttd/S@Hﬁl QE@Fﬂﬁ&ic@B muaﬂa.ﬂéﬁamuﬁnammmameus on

ape|C|on whi ch ecific Is ntlbOdywl\%,aérnﬁ?e“CIt
gooleexpﬂr@gsctUHS@!w tockgH iy Ed“ﬂ@ﬁﬁ {97 Wit amECoP NG 30 n Bi%
regi ons L I of alkhe
i Sm (V@"f&gfdd'ﬂgmgs gﬁﬁ'&'&ﬁs‘%ﬁé&ﬁénae' Cﬁ%gl}gae%%’ﬂ%'?ﬁgﬁgéﬁﬁ?godi
17E6 ( SBEcke®bWEYID 5B5ZHHd 26) were de-inmmunized in silico by t he

de-i muni zati on technol ogy as specified above, which renov ?
pot ent i &MLF5B&T97dargets enfg’mem@lwsmtesanw%d%@fﬂ vegsel fformation 1§ IR zed

version \?'gé%&g%ep(de ﬁ%n&\?ej%ﬁa_%G o Ig%k% deniegihUReanrted edIiePaviof, nﬁ&ll.ﬁilﬁd-i

call ed consi sting, of .the VL60. 2 cg
VH3319r aitacteveryand migsatiar Alphagt intearand SFPVB factorSignalnA B BVAY ‘Hberac so

affinityhg S?Eﬁﬁlﬁ&ﬁ%gtggb'&rw%mt%gﬁ rSIRELaBO anid suﬁ@a@pl’ﬁ ladiden to

expressi on, regions of the light chain were re [agl-ﬁ.umc}?

t hose ofitsanfi&ngiogentc pﬁchEUlDa‘iﬂﬁ‘?gg@yld@m& ng@;ﬁsapgﬁtogts aga d|
Engi neerf \%{{14[ t%&%ld)rég%g nfdﬁﬁﬁé}ﬁrcgﬁ’é &M BE5 HTRRINM6bkER Taﬂhérﬁ?nérﬂ induce cell

t he VH3 S rare-anp sequences, was converted to

t yr osi neletaobomet, thtockmaigiatien, W@Hf@ﬁﬁo%?%ﬁql'?’t‘@' oMeini§AAN JERRAF ng t he
final de-imunized VL (DI -17E6 VL, Fig. 1A) and VH QDI-17 6VH, _Fi

1A) oer @ldﬁ&ﬁus;melfystg;amm@ngtéarot@aﬁwgﬂm%m@uwgﬁnlﬁi Y eRtashurg i an
expr ess'a,%%&b‘?’é) Ir@é'r?%féﬁgv??lﬁl%f f?%l é’rftl b e7éshtibbdes Weré hél&ietéﬂf@:l S4B es over

nyel o was ob rom-t Eur opean Col | ectign of ?e
Cul t ur eSOPBETRACHIEES EIGHIBYIN thﬁfﬂpesmllu pffeelive dosh foraaEPerliEs: M empgrison. anti-

sel ect {laRe daeds.um
whi ch L%gé\lgﬁéb%giels%gbeg&ég%%d lnlrhnr\ﬂ;Ttg 'rtfjuﬂg-r‘?t E&fb Bﬂc-jlﬁggfeomlbelnent ed swt“

1 v Someﬂmahymmxmeéaehawon ef P is ge@ﬂwgd;ﬁ meEsOMARN HEGRRING to 9y W
oo o h b RkieABiE A dehalt 16‘&’%1%;%???%.@]& 175 BeepehoBe khSikammbt 175

pM e nhe (lnvitrogen). Frozen

st ocks dfindi@Coliftegen ee@pmoamib@robablnlmrbgeeznatgral@mmﬁseamﬁﬁﬁ mgchanistpos,
(v/iv) filtere l5ehbt! ose
suspensfll trﬁéj(/va%? Otét I grralﬁy!ﬁﬁg%/%'% ?/ar é‘xs{ b%}egmfr@fe}ﬁé?u@nm;% 40% of
conditi caxpdcta’elémmanpt:asmd\se)sulbﬂsmgl s. Construction of the
expression vector for DI-17E6v2h(N297Q) A genom c Signal pepti de
sequenc eDI¢ WS- Has)a binding affimiy tethe mvB s ggribigcepior wykk iscHimilar diEnerichEs
used _for_the se t Re @Rfitdd
e qudho TREGRBIRE HES cBrstfifyoibhif s BRIVESSlyp oy, etlidfon s ahscy
bei ng t hteatGorerises alreadyshel uariaile iramewo@mamlompﬁhtmﬁ)m@ld AR 435 BHta?rt'" the

original VH region of mouse 17E6 antibody does not bind to integrin receptor.

DI-17E86 is well expressed by NSO cells and other mammalian cell lines. Interestingly the
mutation which shows no binding affinity to integrin as described above, shows the same



25 peptide-VL. Simlarly, ligation of the VH DNA to the genom c

| eader via the Aflll site resulted in an Xhol-H ndl Il fragnment

encodi ng the signal peptide-VH, where Xhol replaced Xbal by Iinker
ligation. The resultant Xbal -BanH and Xhol -Hi ndl || fragments were
then inserted into the pdHL10 expressi ont¥véct or (Fig. 15), which

al ready contains transcription regulatory el enents and i nmunogl obul in
const antavbagbRexpesispnoet. These el simjlar @6uIBNAonchst predictioneai driiigs t he

human const ant re i ons F r the |i

Conat andesisg RApeIHRs dedieaimppee i o8 et eI B9 8 A s bAaRS
gamae- 2 affiAdy .scrmgg,ggmer egions were used, with the foll ow ng

nodi fications: - 24 - First, since the imunogl obulin y2 hinge

region contains four cystelne di sul fide bonds, which lead to
i ncr eas érdvitto snd iri deo anglag&ﬂeﬁrs@t%nwrsmﬁ@fbﬁd Q@@l-ééﬁﬁ s HL?H"'H@E‘ tumor

purifjcati m toRIAHr G BAd U LIRS, [BadiRgltd Mok
yl h|5ng(’él °r"§5 %I hzge?%olel ﬁ?ég\g str tgtqﬁonng? t he Fcyg

encodi ngnfi-henercattitityeid vivb. hi nge fol | owed by the CH2 and CH3 5 regi ons
of y2 has already been described (Loot al. Protein Engineering,

Desi ti
Gest o0 SoL B 2 8oy R0RBlon YL (bl SEkdORt g2 s
exon, V\ﬂ‘hug;eagigmlln)grmmﬁexe{sl"@sembmmw ameqripdigptiors They ﬁtgaaaa @@W'%P'ﬂ

t t d
v chbsSebno L R s et o

' - ct gcagAGCCCAAATCTTC, where ctgcag is the Pstl site origina
pr esent Tats Dhd7EBdsed a chmbinationel ripdwnockesaiedl, angibiashag %égffﬁgt% foeaffect

I the 5' d of th dified
splice %%ﬁ%tgialganaii%ﬁn?rgggeé sl S e end o e nodifie

y1l hing upper case € reverse primer has the

sequence 5' -cagctggggcct gtccctg, which hy e to a
intron tﬂitﬁé@rﬁxﬁﬁ%&gﬁ inlpgicabastly 'eﬁﬁh‘"@ﬁ'aég‘%ﬁ@ec tr‘@@%%%ﬁﬁé%%e%
Pstl - PV;Hohlpgﬂ%eﬁé \Rﬂ'fﬂﬁiﬂ'\%ttuﬁef“t@m@ t0ghof BalsRsthédhas, yad tu thgenglegemcatly

Ehe cor restyssediiumprnagipelil . THEoT gy couRePhodl e Rp T e ABH 2 o o
vect o %ﬁgg;%?&%\@ed b§e§I0‘Pﬂ56 B O Bl nﬂ@ral’ésd\reHB%vlstbnTah[éCmHﬁndiM| n

to dn was i'ntroduced by over

N g1y CoSyieetivbis GRiER bl U1E8aBe Qi Boen Boetiaroes LPFER b Tatyiife glood

prol ong g Wﬁ %EMJmﬂléf SuPtarftt mpaekd in ﬂtr@dﬂhdmﬂnendﬂﬂ&lﬁ%limgmﬁun assys
to Al a, e

renoves any potential T hel per cell b
t he N29Mhene:Dhfl 766 carrhloucéthl% procass. 4 %S%*Ha Sraé‘gt‘ﬁgFE?ﬁD o “%2%?9 Y
about Z%Ss,t‘%ﬂné&ﬂ i FA e%hﬁ.ahrsﬂmssgm @ﬁ:e%hmﬁlerﬁthdjml Iandlr’m‘heumétdgelsop@
DNA sequence en od| ng t domai n._ Thi site stﬁﬁ%ﬁf by
t he 2t roetet in manksysaTkys swﬁestﬁ}hat Pk '%Srééci%a“ﬁ@&)e“'c W&ﬁ ad
mut at i o, Yé%ﬁc%ﬁar ot aggfég S%é).sC,_-,rr@»s@-ﬁeqﬁlbe,n@}i\/ ,Défiending ofrvetietissrMEGFAopr FGF2 is
upstreamo e stop

Lo'et al. Protein E
1008) ¢ ahé incluben HecingEgenFYs FEgRERS 18 CRBINeOLAR YRR el %unaeﬁﬁ’a?%

pdHL10 (i tayadHL10 i s derlved from
e L L R b R e e

Irmunol Althe0gie D93 7EEG Gobpughtef aﬁpplaﬁw targg &%S't'tr%%ﬁ‘ ?q 'B{"PBHQ"‘"G&P%

]E (I_g:(r)s hgr ¢ nﬁ\? [ %Pﬂ:r@e(\cpﬁé ({H@g’lﬁlvgg%ﬁéi ggfgth%!s ?ﬂg%ﬁ%g?ﬁflﬁagé@ﬂ Rurnerst er

enhancerexpressimgesvBdas obt ai ned from an Af| Il -H nd111 fragnment of the
commercially avail able pcDNAI (Invitrogen Corp., San, Di eg , %A% Th«? d
maj or d|Tdmreuwd;namirwm@hffe;n@wwmawndpamnfdm?npﬁ'at pearingiesel popiQieast, an

t f t Jfm-17E6 t
Sy crraheh L SPGB HERDI ks 1 U0 TR dngty 70

pdHL10 ainddc eirﬂwwohfé'mpe valias thbwemffawtrcéb&%ﬁ%aﬂdﬁhtsrr@a@m@le
enhanger | br AR &loroiHachr ab b0 fRAChd/the Wel o o-iRRBHN ERSEEdISH bPthesé tel

lines.

DI-17E6 can inhibit the growth of xenograft tumors in mice. it also shows synergistic effects in
combination with chemotherapeutic reagents. These effects are dependent on tumor context,
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K (2001pnd gghotogic '?%Hﬂ%ﬁfe @I‘Ffeféisﬁel ! 3800834 i n Genbank; anasat
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Cr ans! ab SHOLUTRS oAt CRARBIEEIAVIR § BB By Sxpresrrhdn e ur Mlbsive
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J. I mmugglonedih, véi¥ Wil factor and fibrinogen, and by the anomalous synthesis of such
proteins. For example, vitronectin, mainly produced in the liver, is expressed in some tumors.
In healthy adults vitronectin and fibrinogen are in a blood-borne inactive form, but on
activation (e.g. in tumor patients) they undergo conformational change and deposit into the

10 subendothelial ECM. Thus, DI-17EB targets are expressed both by tumor-invasive vessels

and by some tumors, which also express vitronectin receptor.

Subcutaneous growth of avp3-expressing melanoma cells is suppressed by EMD 525797 at

different doses. in a human skin-SCID mouse chimeric mode!, where human melanomas

lacking alpha-v integrins were vascularized by human ECs, EMD 525797 also inhibits tumor
15 growth, indicating its anti-angiogenic effect:

Furthermore, in a tumor-free model in monkeys, where angiogenesis is induced by the
angiogenic growth factor bFGF, DI-17E6 also blocked the growth factor induced
angiogenesis. Based on the in vivo investigations and according to the experimental plasma
trough concentrations identified in several PK/PD in vivo studies, EMD 525797

20 administrations in clinical trials includes dosing to reach plasma trough concentrations

ranging from 10 to 500 pg/ml.

If applied to melanoma xenograft mice models (M21, MeWo or CAKI-1) DI-17E6 causes in
lower doses (ca. 30mg/Kg) a slight tumor regression effect, whereas the effect is
considerably enhance if higher doses (500ulfml) are administered.

25 It should be noted that the basic biological and therapeutic properties as specified above for
DI-17ES8 are also applicable for other variants of DI-17E6 as specified in this application.

Combinaticn therapy

Endothelial cells proliferate and invade the tumor environment in response to soluble
cytokines and to growth factors secreted by the tumor. Such endothelial cells are a suitable
30 target for therapy, as has been recently validated in human cancer patients. The alpha-v
integrins expressed de novo by such tumor invasive endothelium support their survival in the
foreign environment of the transitional extracellular matrix, and the inhibition of these integrins

can have an antiangiogenic effect.
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combination therapy of cancer.

5  Surprisingly it was found, that the direct antitumor effect can be enhanced by combining an
engineered antibody according to the invention, preferably DI-17E6, with additional anti-tumor
agents, especially tyrosine kinase inhibitors, preferably anti-erbB1(EGFR) and anti-
erbB2(Her2) antibodies. Anti-tumor therapy targets the tumor tissue itself by blocking tumor-
specific receptors, and thus prevents tumor growth, or promotes tumor shrinking.

10 According fo the invention it could be demonstrated that some chemotherapeutics cause in
combination with an engineered antibody according to the invention, preferably DI-17ES, an
additive effect only, whereas in other experiments using other chemotherapeutics (e.g.
Dacarbazine, DTIC) synergy effects can be observed. Moreover, the results depend on the
system used, e.g. whether an in vivo or an in vitro system was taken.

15 One important result from the combination experiments is that the combined use of preferably
DI-17E6 and cilengitide, a cyclic RGD peptide and integrin inhibitor (cyclo-(Arg-Gly-Asp-
DPhe-NMeVal) shows synergistic effects in tumor growth regression in vitro as well as in vivo.

Similar synergistic effects on reduction of tumor growth can be obtained if DI-17E6 is
combined with cetuximab (Erbitux®). Erbitux (cetuximab} is a chimeric mouse/human

20 monoclonal antibody (MAb) of IgG1 subclass that targets the human epidermal growth factor
receptor (EGFR). Different renal cell carcinoma (RCC) cell lines express the EGFR. Erbitux is

marketed product and approved for several tumor indications.

In all cases of synergy it can be concluded from the results that the engineered DI-17E6
antibody strengthens the anti-tumor effect of the second agent used in the combination.

25  According to the invention, DI-17E6 causes, when combined with cetuximab, a steady
decrease in tumor size/growth can be observed for a longer period (ca. 40 days) even if
administration of drugs is stopped. This is not the case if cetuximab is administered in mono

therapy.

The engineered antibodies according to the invention may be administered to a patient in
30 need thereof before, after or simultaneous with the second therapeutic agent.

The chemotherapeutic agent used in combination with any engeineered antibody according to
the invention may be e.g. methotrexate, vincristine, adriamycin, cisplatin, non-sugar

containing chloroethylnitrosoureas, 5-flucrouracil, mitomycin C, bleomycin, doxorubicin,



1Crawi nkel U. et al. (1982), EMBO J. 1(4), 403-407 Locus HUAI I GCD1,
Accessi on J00230 V0O0554; 6264 constant regions with nodified 01 Hi nge
Codi ng sequence confirned at EMD Lexigen, but 4 nt variations in

i ntron34 6265 (Xhol at 3' untransl ated re7gi on and Forsman ZH et a).
(2004), J. Accession AF316141; 6266) -~ 6515 pol yadenyl ati on signal of
Sv40 late region Virol. 78, 9306-9316 Sequence confirned at EMD

Lexi gen dabdrbazin&a8%bi Gragylime, dMeglarmine GitA, eairzbicn I3rmGetaieab] HFE Tégafur/Uracil),
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3741 (6%bfn thie cfdR2) at EMD Lexi gen 8809(EcoRI) - SV40 pronoter
The therapeutic compositions or DI17E6 compositions of the invention with or without a
5 second therapeutic agent can also be used in combination with other anti-cancer strategies,
and such combination therapies are effective in inhibiting and/or eliminating tumor growth and
metastasis. The methods of the present invention can advantageously be used with other
treatment modalities, including, without limitation, radiation therapy, surgery, gene therapy

and chemotherapy.

10  Surprisingly it was found, that the anti-angiogenic effect can be enhanced by combining an
antibody according to the invention with treatment with additional angiogenesis inhibitors.
Antiangiogenic therapy targets the tumor vasculature and prevents tumor growth beyond a
certain size, thus in second preferred embodiment the secondary medicament is an inhibitor
of angiogenesis preferably selected from the following fist:

15 The inhibitor of angiogenesis may be, but are not limited to, e.g. cilengitde (EMD 121974),
anti-VEGF antibody LM608, BMS-275291, Dalteparin (Fragmin®), Suramin, 2-
methoxyestradiol (2-ME), Thalidomide, CC-5013 {Thalidomide Analog), Combretastatin A4
Phosphate, LY317615 (Protein Kinase C Beta Inhibitor), AE-941 (Neovastat™; GW786034),
Anti-VEGF Antibody (Bevacizumab; Avastin™), ZD6474, Carboxyamidotriazole (CAl),

20 Celecoxib (Celebrex®).

The antibodies of the invention can be incorporated into a pharmaceutical composition
suitable for administration. Such compositions typically comprise the antibody variable
regions and a pharmaceutically-acceptable carrier. As used herein the language
"sharmaceutically-acceptable carrier is intended to include any and all solvents, dispersion

25 media, coatings, antibacterial and antifingal agents, isotonic and absorption delaying agents,
and the like, compatible with pharmaceutical administration. The use of such media and

agents for pharmaceutically active substances is well known in the art.

A pharmaceutical composition of the invention is formulated to be compatible with its intended
route of administration. Examples of routes of administration include parenteral, e.g.,

30 intravenous, intradermal, subcutaneous, oral (e.g., inhalation), transdermal (topical},
transmucosal, and rectal administration. Solutions or suspensions used for parenteral,
intradermal, or subcutaneous application can include the following components: a sterile
diluent such as water for injection, saline solution, fixed oils, polyethylene glycols, glycerine,
propylene glycol or other synthetic solvents; antibacterial agents such as benzyl alcohol or



Ilyinskii PO et al, (1992)3. M9359.1 Gl:310698 in 9038 Virol ogy

66, 6353-6360. Cenbank; Sequence confirmed at EMD Lexi gen 9039
-9602 DHFR cDNA Si nonsen CC and Levi nson Sequence confirned at EMD
AD (1983), Proc. Natl. Acad. Lexigen . U S.A 80, 2495-2499

9603 -9687 3' -untransl ated regi on of DHFR Strausberg RI. (2002),
Proc. Accession BC005796; fused to pol yadenyl ation sifg%nal of SVv40
ear |y r engtoyl perabens;catipxidants such as ascorbic acid or sodium bisulfite; chelating agents

such as ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates and

agents for the adjustment of tonicity such as sodium chloride or dextrose. pH can be

adjusted with acids or bases, such as hydrochloric acid or sodium hydroxide. The parenteral
5 preparation can be enclosed in ampules, disposable syringes or multiple dose vials made of

glass or plastic.

Medicaments that contain the antibody variable regions of the invention can have a

concentration of 0.01 to 100% (w/w), though the amount varies according to the dosage form

of the medicaments.

10 Administration is preferably once per two weeks or once per month, but may be more or less
frequent depending on the pharmacokinetic behavior of the 17E6/425-101 protein in a given
individual. Dosing of DI-17E6 or other antibodies as specified in this application (e.g.
cetuximab) for an adult of about 70 kilograms is in the range of about 50 to 1000 milligrams
per dose, with a preferred range of about 100 to 500 milligrams per dose. The most preferred

15 dose is about 400 milligrams for a 70 kg adult treated once per month.

Chemotherapeutic agents as mentioned herein are administered as a rule at doses between
10 mg/Kg and 100 mg/Kg.

In combination therapy with a second therapeutic agent as specified the engineered antibody
according to the invention can be given simultaneously with the second agent at the starting
20 point of the therapy or after or before the administration of the second agent.

SHORT DESCRIPTION OF THE FIGURES:

Figure 1A: variable light chain sequences of DI-17E6 (SEQ ID No. 1)
Figure 1B: variable heavy chain sequences of DI-17E6 (SEQ ID No. 2)
25 Figure 1C:  complete light chain protein sequence of DI-17E6:
Variable regions are underlined, with CDR’s in bold.
Figure 1D:  complete heavy chain protein sequence of DI-17ES:
Variable regions are underlined, with CDR’s in bold. Bold sequences in constant regions
indicate modified IgG1 hinge region and modifications at positions 296 and 297.

30 Figure 2: anti-agiogeneic activity of DI-17E86 in a monkey Matrigel plug experiment:
anti-antibody detection in monkey sera dependent on drug concentration on different days

(single dose).
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Figure 10: In vivo -effect of DI-17E6 (EMD 525797) on chemotherapeutic treatment in an
25 orthotopic pancreatic cancer xenograft tumor model: Inhibition of NP18-b3 pancreatic tumor
(10 mg tumor fragments orthotopically stitched into the pancreas of nude mice) by
combination of suboptimal doses of EMD525797 and gemcitabine at different doses.
Treatment started 6 days after tumor fragment surgery. EMD 525797 was administered three
times per week i.p. at 500 pg/dose. Gemcitabine was administered three times per week i.p.
30 at 50 pg/Kg. Tumor weight is depicted after 42 days.

Figure 11: In vivo -effect of DI-17E6 (EMD 525797) in combined treatment with cisplatin (cPT)
xenografts tumor models using human M21 tumor cells transplanted into mice using
suboptimal doses of DI-17E6. Treatment for EMD 525797 started at the same day than tumor
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Figure 18 B: DNA sequence of variable heavy chain of DI-17E6 (SEQ ID No. 33}

Figure 18 C: DNA sequence of constant heavy chain of DI-17E6 (SEQ ID No. 37)
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Figure 21B: Integrin Binding ELISA of different versions of engineered antibodies .
15 filled friangle: murine 17E6-g2h(N-Q)

triangfe: DI-17E6VL60.2CDR-425VLFR4/VH33(C60Y)-g2h(FN->AQ)

filled square: DI-17E6VL60.2CDR-425VLFR3FR4/VH33(C60Y)-g2h(FN->AQ)

filled circle: DI-17E8-g2h {N-Q)(C60Y)

The following examples describe the invention in further details. However, although using
20 specific parameters, molecules, method steps etc. the invention is not limited thereon, if a
skilled person can easily conclude from these data that the invention can be carried out with

analogous means and methods.

Example 1:
Construction and expression of the engineered antibodies according to the invention:

25 In order to reduce immunogenicity in man, DI-17E6 (EMD 525797) was made by de-
immunization and genetic engineering of murine 17E6.

Source antibody was monoclonal mouse antibody 17E6 as described earlier . This antibody
was generated from mice immunized with purified human avB3. Spleen lymphocytes from
immunized mice were fused with murine myeloma cells and one of the resulting hybridoma

30 clones produced monoclonal antibody 17E6 (see for example EP0719859). The hybridmoa
cell line producing said andibody was deposited under DSM ACC2160.

In principal the variable regions of the light (VL) and heavy (VH) chains of murine 17E6 were
analyzed in silico with the so-called de-immunization methodology (WO 98/52976,
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The DNA encoding the final de-immunized VL (DI-17E6 VL, Fig. 1A} and VH (DI-17E6VH,

Fig. 1A) were chemically synthesized, using codons optimized for mammalian expression.

30 Origin and source of the NSO-LD cell line:

The mouse myeloma NSO was obtained from the European Collection of Cell Cultures
(ECACC #85110503). The NSO-LD cell line was obtained by selecting NSO cells for growth in
a lipid-free and serum-free medium, which consists of SM1F& medium (Invitrogen)
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Construction of the expression vector for D\Q1 7E6y2h N2978A genom%c signal peptide

sequence (438-bp) from a mouse immunoglobulin light chain gene was used for the secretion

of both the heavy and light chains. The gene sequence encoding the —2 amino acid residue
10 (the —1 amino acid being the C-terminal residue of the signal peptide) of the signal peptide
was mutagenized from a serine residue to a leucine residue (AGC to TTA) so that the DNA
encoding the end of the signal peptide is CTTAAGC, where CTTAAG is a created Aflll site
(Lo et al., Protein Engineering 11:495, 1998). In addition, the Kozak consensus sequence
CCACCATGG was introduced for optima!l ribosome binding for translation initiation at ATG
15 (Kozak, Cell 44:283, 1986). This was achieved by mutating the first amino acid residue after
ihe initiation codon from AAG to GAG to give the sequence TCTAGACCACCATGGAG,
where the Kozak consensus sequence is underlined and TCTAGA is an Xbal site. Therefore,

the signal peptide contains a substitution at the first amino acid residue after the initiation

codon and another substitution at the amino acid residue at the —2 position. Since the signal
20 peptide is cleaved off by signal peptidase inside the cell and does not appear in the secreted

protein, these mutations do not affect the amino acid composition of the antibody product.

The de-immunized VL DNA was synthesized as an Aflll-BamHI fragment, and the de-
immunized VH DNA was synthesized as an Affil-Hindlll fragment. For the VL, ligation to the
genomic leader via the Affll site resulted in an Xbal-BamH| fragment encoding the signal

25  peptide-VL. Similarly, ligation of the VH DNA to the genomic leader via the Affli site resulted
in an Xhol-Hindill fragment encoding the signal peptide-VH, where Xhol replaced Xbal by
linker ligation. The resultant Xbal-BamHI and Xhol-Hindlll fragments were then inserted into
the pdHL10 expression vector (Fig. 15), which aiready contains transcription regulatory
elements and immunoglobulin constant region sequences (see below).

30 DNA constructs encoding the human constant regions

For the light chain, the genomic human kappa constant region was used. For the heavy
chain, the genomic human gamma-2 (y2) constant regions were used, with the following

modifications:
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First, since the immunoglobulin y2 hinge region contains four cysteine disulfide bonds, which
lead to increased disulfide scrambling and protein aggregation during purification, it was
replaced by genetic engineering using a modified y1 hinge region as follows. The
construction of the Fcy2h DNA encoding the modified y1 hinge followed by the CH2 and CH3

5 regions of y2 has already been described (Lo et al. Protein Engineering, Design & Selection,

18:1, 2005).

In order to replace the y2 hinge region exon in the human lgy2 gene with the modified y1
hinge region exon, we used polymerase chain reaction (PCR}) to reintroduce the Pstl
restriction site immediately upstream of the hinge exon using the Fcy2h DNA as template.

10 The forward primer has the sequence 5'-ctgcagAGCCCAAATCTTC, where ctgcag is the Pstl
site originally present at the end of the intron (lower case), with ag being the splice acceptor
site, and AGCCCAAATCTTC is the &' end of the modified y1 hinge region exon (upper case).
The reverse primer has the sequence 5'-cagctggggcctgtcectg, which hybridize to a sequence
in the intron between the hinge region and CH2 exons. The resultant 130-bp Psti-Pvull PCR

15 product containing the modified y1 hinge region exon, after cloning and sequence verification,
was used to replace the corresponding fragment'in the Igy2 gene in the pdHL10 expression

vector (see below).

Second, a mutation of Asn-297 in the CH2 domain to Gin (N297Q), was introduced by
overlapping PCR to remove the N-glycosylation signal, which abrogates effector functions
20 and prolong serum haif-life of antibody. In addition, Phe-296 was mutated to Ala, which
removes any potential T helper cell epitopes created by the N297Q mutation.
Third, there is a Smal restriction site located about 280 bp upstream of the translation stop
codon in the wild-type DNA sequence encoding the CH3 domain. This Smal site was
destroyed by the introduction of a silent mutation (TCC to TCA). Another silent mutation was
25 introduced to create a new, unique Smal site 4 bp upstream of the stop codon (Lo et al.
Protein Engineering 11:495, 1998) to facilitate genetic manipulation.

Construction of plasmid pdHL 10 (Figure 15)

The expression vector pdHL10 is derived from pdHL7, which had been described previously
(Gillies et al. J. Immunol. 160:6195, 1998). As in pdHL7, the two transcriptional units for the L

30 and H chains in pdHL10 contain the CMV enhancer-promoter (Boshart et al., Cell 41:521-
530, 1985). The DNA for the CMV enhancer-promoter was obtained from an Afllll-HindIli
fragment of the commercially available pcDNAI (Invitrogen Corp., San Diego, CA).

The major difference between pdHL7 and pdHL10 is in the transcription unit for the
dihydrofolate reductase (DHFR) selection marker. The SV40 enhancer for this transcription
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unit was destroyed in pdHL10 as follows. There are two 72-bp repeats in the SV40
enhancer/promoter, and within each 72 bp is a Sphl restriction site. Ligation of the Sall site 5’
of the enhancer to the distal Sphi site through an oligonucleotide linker-adaptor resulted in the
deletion of 120 bp from the two 72-bp repeats. Such enhancerless promoter should give a
much lower expression level of the DHFR selection marker. This, in theory, should result in
fewer stably transfected cell clones, which, in order to survive the drug selection, might have
the plasmid integrated into an active transcription region of a chromosome so that sufficient
DHFR was expressed from the enhancerless promoter. The genes of interest, driven by fully
functional enhancers and promoters, should be expressed at even higher levels in this active
transcription region. In addition, the orientation of this attenuated transcription unit was
reversed in pdHL10, so that the CMV enhancer for the L chain cannot exert a direct effect on
the distal SV40 promoter.

The construct pdHL10-DI-17E6y2h(N297Q was extensively mapped by restriction
endonuclease digestions (Figure 15). The ceding regions of the entire L and H chains were
completely sequenced. Its prominent features are described in the following Table:

Base pair Description Literature Source of Sequence
(Bp) # Information
0002 (EcoRI) | CMV enhancer and promoter Boshart M et al. (1985), Locus HSSI/EE,
— 0665 (Xbal) Cell 41, 521-530 Accession K03104;
Sequence confirmed at EMD
Lexigen

0665 (Xbal) genomic leader of a mouse Schaeble KF et al. (1999), Eur. | Locus MMU23/201,

S1112 immunoglobulin L chain J, Immunol. 29, 2082-2086 Accession AJ231201;
Coding sequence confirmed
at EMD Lexigen, but 6 nt
variations in intron'

1113 - 1434 | De-immunized 17E6 VL Provided in Fig. 1A Sequence confirmed at EMD
Lexigen

1435 (BamHI | Intron between VL and CL Kawasaki K (2001), Eur. J. NG_000834 in Genbank;

at 1442) - Immunol. 3], 1017-1028 chucncc confirmed at EMD

1784 Lexigen

1785 - 2107 CL coding region and translation | Kawasaki K (2001), Eur. J. NG_000834 in Genbank;

stop codon Immunol. 31, 1017-1028 Sequence confirmed at EMD
Lexigen
2108 - 2971 3’ untranslated region and Kawasaki K (2001}, Eur. J. NG_000834 in Genbank;
(Sall) polyadenylation signal of the Immunol. 31, 1417-1028 Sequence confirmed at EMD
human immunoglobulin kappa Lexi
. gen
chain gene

2971 (Sall) - CMYV enhancer and promoter Boshart M et al. {1985), Locus HSSIEE,

3638 (Xhol) Cell 41, 521-530 Accession K03104;
Sequence confirmed at EMD
Lexigen

3638 (Xhol) - | Genomic leader of a mouse Schaeble KF et al. (1959), Eur. | Locus MMU231201,

4091 immunoglobulin L chain J. Immunol. 29, 2082-2086 Accession 47231201
Coding sequence confirmed
at EMD Lexigen, but 6 nt

variations in intron®
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Base pair Description Literature Source of Sequence
{Bp) # Information
4092 - 4446 De-immunized 17-E6 VH Provided in Fig. 2 Sequence confirmed at EMD
Lexigen
4447 (HindIIl . . Krawinkel U. et al. (1982), Locus HUMIGCD],
at 4454) - immunoglobulin 02 gene EMBO J. 1 (4), 403407 Accession J00230 V00554,
6264 constant regions with modified Coding sequence confirmed
01 Hinge at EMD Lexigen, but 4 nt
variations in intron™*
6265 (Xhol at | 3° untranslated region and Forsman ZH et al. (2004), J. Accession AF316141;
6266) - 6515 polyadenylation signal of SV40 Virol. 78, 9306-9316 Sequence confirmed at EMD
late region Lexigen
6516 - 8809 Origin of replication and - Sutcliffe JG (1978}, Proc. Natl. | Accession J0I74%;
(EcoR1) lactamase gene from pBR322 ?;:;i Sci. US.A, 75,3737- Sequence partially confirmed
(6516 to 7192) at EMD
Lexigen
8809(EcoRl) - | SV40 promoter Ilyinskii PO et al, (1992) 1. M99359.1 GI:310698 in
9038 Virology 66,6353-6360. Genbank;
Sequence confirmed at EMD
Lexigen
5039 - 9602 DHFR cDNA Simonsen CC and Levinson Sequence confimmed at EMD
AD (1983}, Proc. Natl. Acad. Lexigen
Sci, U.S.A. 80, 2455-2499
9603 - 9687 3’-untranslated region of DHFR Strausberg RL (2002), Proc. Accession BCO05796;
fused to polyadenylation signal of | Natl. Acad. Sci, U.S.A. 99, Sequence confirmed at EMD
SV40 early region via ligationof | 16899-16503 Lexigen
Bg! 11 sticky end to Bel I sticky
end
9688 - 9924 Polyadenylation signal of S¥40 Forsman ZH et al, (2004), J. Accession AF316141;
early region Virol. 78, 9306-9316 Sequence confirmed at EMD
Lexigen
I8 Six nucleotide (nt) variations in the intron of the leader were found between the pdHL10-DI-

10

15

20

17E6y2h(N2970) vector and the published sequences. The pdHL10-DI-1 7E6(C6OY)y2h(N297Q) vector contains
G at 801, T at 985, C at 993, T at 1006, T at 1045 and A at 1071, The published sequence contains C, A, A, G,
AC (an additional nt), and G at these respective positions.

2 Six nucleotide (n1) variations in the intron of the leader were found between the pdHL10-DI-
17E6y2h(N297Q) vector and the published sequence. The pdHL10-DI-17E6(C6 OY}y2h(N2970) vector contains
G a1 3780, T at 3964, C at 3972, T at 3985, T at 4024 and A at 4050. The published sequence contains C, A, 4,
G, AC (an additional nt), and G at these respective positions.

3 Two nuclectide (nt) variants in the intron between CH2 and CH3 were found between the pdHL10-DI-
17E6y2h(N2970) vector and the published sequence. The pdHL10-DI-17E6(C 60Y)y2h(N297Q) vector contains
A at 5908 and A at 5922. The published sequence contains G at both respective positions.

4. One nucleotide (nt) variant in the CH1 was found between the pdHL10-DI-17E6y2h(N297Q) vector and
the published sequence. The pdHL10-DI-17E6(C60Y)y2h(IN297Q) vector contains G at 4736. The published
sequence contains C at this position.

Generation of Production Cell Clones and Research Cell Banks

Transfection and selection of high-producing clones

The expression plasmid pdHL10-DI-17E6y2h(N297Q) linearized by the restriction
endonuclease Fspl, which cut once in the sequence encoding the B-lactamase, was used to
transfect NSO-LD cells by electroporation. Electroporation was performed using a Gene
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5  sodium bicarbonate (EMD, P/N $X0320-3), 30ml/L CD Acid Soluble Concentrate (invitrogen,
P/N 00-0336DK), 1.46 g/L L-glutamine (Sigma, P/N G8540), 3 g/L glucose (Sigma, P/N G-
5400), 2 g/L BD Select Soytone (Becton Dickenson, P/N 212488), and 2 g/L BD Ultrafiitered
Select Phytone (Becton Dickenson, P/N 210931). Supernatants of about 474 stable clones
from twelve 96-well plates were assayed by anti-human Fc ELISA to identify high producers.
10 The expression levels of selected clones were further confirmed by recombinant Protein A
affinity (rPA) chromatography. Clone #395, which produced 607 pg/ml of DI-
17E6y2h(N297Q) (by rPA) in terminal stationary culture in a 25 cm? T flask, was chosen for
subcloning by limiting dilutions.

Attempts to subclone in Super CD medium were not successful. Therefore, clone #395 was
15 adapted to growth in DMEM/F12 medium (Invitrogen, cat. # 21041-025) supplemented to
contain 5 uM Tropolone (Sigma, cat. # T7387), 10 yL/L ethanolamine (Sigma, caf. # E0135),
10 pg/mL insulin (bovine, lyophilized, Invitrogen, Cat. No. 13007-018), 2 g/L Hypep 4601
(Quest International, cat. # 5210419) and 2 g/l. Hypep 1510 (Quest Internationai, cat. #
5X59053), 3.5 mM L-glutamine (Invitrogen, Cat. No. 25030-081), and 200 nM methotrexate
20  (Sigma, Cat. No. M-8407) for one passage and subcloned in a 1:1 mixiure of the complete
DMEM/F12 medium with 200 nM methotrexate and conditioned complete DMEM/F12
medium (conditioned from a culture of the untransfected host NS0-LD cells, spun down and
then filtered). For subcloning, cells were plated 1, 5, 10 cells/well in 98-well plates. In about
two weeks, subclones appeared in the plates containing 10 and 5 cells/well. The subclones
25 in the wells were inspected under the microscope to ensure that there was only one visible
clone in the well. Supematants of 16 subclones from two 96-well plates (10 cells/well) and 1
subclone from two 96-well plates (5 cells/well) were assayed by anti-human Fc ELISA and the
high-producing clones were chosen for rPA analysis. The best subclones were #395-2 and
#395-6, producing 669 pg/ml and 735 pgﬁnl DI-17E6y2h(N297Q} (by rPA) in terminal
30 stationary culture in 75 cm? T flasks.

Expression of the antibody

Mammalian expression plasmids were constructed, transfected into NS/O cells, and stable
transfectants were isolated. Typically, NS/O cells were stably transfected with an expression
vector and introduced into a 75 milliliter culture in a T-flask and grown for three days, such
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that the cell density was about 400,000 cells per milliliter. Under these conditions, the
concentration of secreted DI-17E6 was about 50 - 100 micrograms/ml.

Purification of antibody

The antibody can be purified using, in sequence, some or all of the following steps: Abx
Mixed Resin column chromatography, recombinant Protein A chromatography, and Q
Sepharose column chromatography, followed by Pellicon 2 tangential flow diafiltration for
buffer exchange into formulation buffer. Virus inactivation and removal steps are
interdigitated into these steps. The virus inactivation and removal steps are not necessary for

purification per se, but are used to satisfy regulatory considerations.

Assay to determine binding of DI17E6 antibody to alpha V integrin receptor subunit

The ability of the DI17ES6 antibody to bind alpha V integrin was assayed using an ELISA.
Briefly, various amounts of antibody were added to wells containing alpha V integrin, wells
were then washed, and the bound antibody was assayed according to standard procedures.

Example 2:
Generation of a diversity of antibody mutations to find out optimum expression and binding

affinity patterns.

Summary of data on increasing expression level of DI-17E6 by reengineering
Problem in expression: The expression levels of the deimmunized versions were even lower

than that of the chimeric:

Transient in PER.C6 |NSO from ECACC INSO-LD
ch 1 7E6-g2h, gdh and ~3-4 ug/m} ~15 ug/mi ND
124h(NtoQ)
delmml7E6 VH33-VL60.2- |0.3 ug/ml ~1 meg/ml 1.6 ug/ml
|le2h(FN10AQ) {96-well}
delmm17E6 VH33-VL49- 0.7 ug/m! - ~3 ug/ml 10 ug/ml
Ig2h(FN!oAQ)

To increase the expression level of deimm17E6 VH33-VL49/VLE0.2-g2h(FN to AQ), we

mutated:

a.) C60toSandY in CBR2 of VH.

b.) GEAA back to DGTV in VL to restore a H-bond network but a potential weak T cell epitope.
c.) V20M reversion in VH

The results of two sets of transient transfection were summarized below:
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17E6.  Delmm 17E6[VL49(GEAA->DGTV)/VH33]-g2h(FN->AQ) #1 192 ng/ml 1187 ng/ml
Delmm 17E6[VL60.2(GEAA->DGTVYVH33]-g2h(FN->AQ) #20 120 ng/m| 949 ng/ml
15  17E6-g2h #66 (chimeric control) 271 ng/ml 1442 ng/ml
Delmm 17E6[VL60.2/VH33]-g2h(FN->AQ).#1 (DI control) 65 ng/ml 883 ng/ml

Transfections with miniprep DNA:
Delmm 17E6[VL49/VH33(V20M))-g2h(FN->AQ) #5(mini, 40ul) 5 ng/ml 0.77 ng/ml

20  Delmm 17E6[VL49/VH33(C60Y)]-g2h(FN->AQ) #10(mini, 40ul) 119 ng/m] 745 ng/m)

C60S has only marginal improvement, whereas C80Y result is promising. If the CB0Y result
holds with maxiprep DNA, the transfections of which have been done, we will have to make
sure that there is no loss in binding affinity. The GEAA to DGTV reversion improved

25  expression by around 0.5-fold to 2-fold. The V20M result with miniprep DNA is not reliable,
but transfection has been repeated with maxiprep DNA.

Improving expression of delmm17E8:The following new constructs were used to transfect
NSO cells:
pdHL10-DI-17ES[VH33(C60Y)VL49(DGTV)]- g2h(FN->AQ)

30  pdHL10-DI-17E6[VH33(C60Y)YVL60.2(DGTV))- g2h(FN->AQ)
pdHL10-DI-17E6[VH33(C60S)/VL4S(DGTV)]- g2h(FN->AQ)
pdHL10-DI-17E6[VH33(C60S)/VL60.2 (DGTV)]}- g2h(FN->AQ)
pdHL10-17E6-g2h(FN-AQ) (This was made to compare expression level with 17E6g2h.)

35 Test for transient expression in PER.C6 by HuFc-ELISA: Day 2 Day 7
DI-17E6[VH33(C60Y )/ VLAY(DGTV)]- g2h(FN->AQ) 304 2518 ng/ml
DI-17E6[VH33(C60Y)/VL60.2(DGTV)]- g2h(FN->AQ) 233 1674 ng/ml
D1-17E6[VH33(C60S)/VL49(DGTV)]- gZh(FN->AQ) 433 2734 ng/ml

40  DI-17E6[VH33(C60S)/VL60.2 (DGTV)]}- g2h(FN->AQ) 467 3138 ng/ml
17E6-g2h(FN-AQ) (chimeric control) 587 5425 ng/ml
17E6G-g2h (chimeric confrol) 537 3683 ng/ml
DI-17E6[VH33/VL60.2]- g2h(FN->AQ) (DX control) 48 669 ng/ml
DI-17E6[VH33/VL60.2(DGTV)]- g2h(FN->AQ) 142 1302 ng/ml

45  DI-17E6[VH33(C60Y)/VL49])- g2h(FN->AQ) 371 1535 ng/ml
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NSO-LD production clones with

pdHL 10-425VLFRs/DI17E6VL60.2CDRs/17E6VH33(C60S)-g2h(FN->AQ)-Ab and
pdHL10-425VLFRs/DI-17EBVLE0.2CDRs/17E6VH33 (C60Y)-g2h(FN->AQ)-Ab.

Grafts with (FR1+FR2 only) are not expressed well and bind poorly, whereas grafts with
(FR3+FR4) only are expressed quite well and bind well. FR4 only did not work. The table
below shows that FR3 only did not increase expression.

Transient transfection it PER.C6

huFe- huFc- huFe- huFc- huFe-
ELISA ELISA ELISA ELISA ELISA
Protein Name {ug/ml) {ug/ml) (ug/ml)  {ug/mB)  (ug/mi)
DI-17E6VLEQ.2CDR-425VLFR3IVHIZ{CE0Y)-g2h(FN->AQ) 0.78 272
DI-17E6VL60.2CDR-425VLFRIFR4/VH33(CE0Y)-g2h(FN->AQ) 14.17 25.36 19.6 17
DI-17E6VLE0,2CDR-425VLFRs/VH33{CB0Y)-g2h(FN->AQ) 20,78 31.76 24,3 28.5
D1-17ESVLE0.2CDR-425VLFR1FR2AVH33(C60Y)-g2h(FN->AQ) 4.5 6.2
D1-17E6VLE0. 2COR-425VLFRA/NVH3(CEOY)-g 2h(FN->AQ) 1.9
DI-17E6VLE0.2CDR-425VLFR1/VH33({CB0Y)-g2h{FN->AQ) 3
DI-17EEVLE0.2CDR-425VLFRs/ 17E6VH-g2h{FN->AQ) 21.65 337 35.1 19 259
428V 7E6VH-g2h(FN->AQ) 35.14 53.66 47.3 40 51.9
17E6-92h(FN->AQ) 3.74 B.86 9.8 4 8.7
Stable clones in NSO-LD in DMEM/F12 in T25 fiasks
TPA
Protein Name/clone# {ug/mi)
DI-17EE6VLED. 2CDR-425VLFRs/VH33({C60Y)-g2h(FN->AQ}
#423 ]
#433 135
#434 62.5
#i0 381
DI-17E6VL60.2CDR-425VLFRIFRANH33(CE0Y)g2h(FN->AQ)
i 205
#2 31.3

DI-17E6-g2h(NtoQ)(C60Y) was chosen as the final molecule because of the high expression -
level of the stable NSO-LD clones and because it retains binding affinity.

Example 3

To characterize integrin specificity of DI-17ES, ELISA, cellular ELISA and flow cytometry
analysis were used, and these allowed us to identify the av chain of integrins as the specific
ligand for EMD 525797.

EMD 525797 recognizes purified av-integrins but, as expected, had no reactivity against
purified allbp3. EMD 525797 also interacts with human cell lines with av-integrins on their cell
surface, independently of the associated B-chain subunit. EMD 525797 and LM609 immuno-

reactivities are depicted in the following tables:
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- 32 -
immune-reactivity on puriiied integrins
avp3 avps allbp3
EMD 525797 + + -

LM609 + - -

Reactivity of LMB0S (murine monoclonal antibody anti-avp3) is shown for comparison.

Immune-reactivity on tumor cell lines

Test cell |M2J M21-L  |MeWo |HT29 Colo205 [SKBR-3 |A498 V+B2 CV-1
av- avp3 No av-  |avp3 ovp6 avpé avps ovp3 avpl avp3
integrin integrins
pattern avps avps avp3 avp5
EMD + - + + + + + + +
525797
LM6&E09 + - + - - - + - nd

Reactivity of LM609 (murine monoclonal antibody anti-avp3) is shown for comparison.
Human tumor cell lines: M21, M21-L, and MeWo melanomas; HT29 and Colo205 colon
carcinomas; SKBR-3 breast carcinoma; A498 renal carcinoma; and V+82 ocular melanoma.

CV-1 is a green monkey cell line.

EMD 525797 recognizes human and monkey av-integrins only, and no other species. The
molecular basis for this unusual profile has been unequivocally established by epitope
mapping, sequence comparison, and x-ray co-crystallography. The epitope recognized by DI-
17E6 is confirmed as unique to human and monkey by immuno precipitation and western

blotting analysis performed with several species.

Example 4
Immunogenicity

The data show that DI-17E6 is much less immunogenic than the original murine 17E6
version. Figure 2 shows that murine 17E6 serum levels given to an experimental animal

decrease considerable along with the experiment time.

On the other hand, serum levels of monkey antibodies with specificity against murine 17E6
increased along with the experiment time and inversely correlate with the falling murine 17E6

serum levels.

This inverse correlation suggests that murine 17E6 is highly immunogenic in monkeys and
men, and therefore monkeys or humans develop a MAMA respectively HAMA response,
which adversely affects the pharmacokinetics of murine 17E6.
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Four different groups containing one single animal each were used: vehicle, murine 17E6 at

5 30 mg/Kg, DI-17E6 at 30 mg/Kg, and DI-17E6 at 10 mg/Kg. Monkeys received one i.v.
injection (in the arm) of murine 17E6 or DI-17ES at the beginning of the experiment which
continued for 6 days. (Figure 2)

Serums were collected at three different points (from the legs). immediately before antibody
injection, immediately (1-2 minutes) after antibody injection, and at the end of the study

10 before animal sacrifice. Levels of both murine 17E8, and DI-17E6 were analyzed. To detect
given serum dilution) were found at the two different time points in serum: immediately after
antibody administration and at the end of the study. This was observed in both DI-17E6
treated groups: 10 and 30 mg/Kg.

However, serum levels of murine 17E6 were only detectable immediately after antibody

15 injection. They were almost null by the end of the study. Experiment revealed huge
neutralizing monkey anti-murine antibody (MAMA) response against 17E6, which clearly
points to the high immunogenicity of murine 17E6 in monkeys and other primates stch as
humans. This response led to rapid and complete clearing of 17E6 from the monkey serum. A

Therefore, this suggests that murine 17E6 is cleared more rapidly in humans, by a huge

20  HAMA response.

In another study the pharmacy kinetic parameters of a single dose of DI-17E6 in monkeys
was assessed and in addition, this study was planned to investigate the immunogenicity of
DI-17E6. DI-17E6 was given at 1 mg/Kg as a single i.v. injection at the beginning of the '
experiment. Length of the assay was 6 weeks. Serums were drawn pre-dose, and 1,3,and 6

25  weeks after administration. Levels of monkey antibodies against DI-17E6 were analyzed. In
this study, immunogenicity was directly addressed using a specific sandwich ELISA method
designated for this type of studies (method not validated yet).

Figure 3 shows that no monkey antibodies against DI-17E6 could be detected in any time
point of the assay, therefore clearly indicating that low monkey anti-human (MAHA) response

30 was generated.

in additional experiments, immunogenicity of both antibodies was addressed indirectly, by
studying the sustained serum levels of the two variant 17E6 antibodies, murine 17E8 and DI-
17E6. DI-17E6 had high serum levels at each time-point of the assay, suggesting that DI-
17E6 triggered no antibody response, and so was not immunogenic in monkeys. By contrast,
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dosing without the complication of raising an immune response that might counteract
therapeutic efficacy. This is a unique finding which due to the high degree of homology
between monkey and human genome, including the 17E6 antigen alpha-v integrin, can be
readily extended to the human situation.

This was meanwhile confirmed by a first clinical study carried out in the US in 2006/2007.
DI-17E6 was administered to 5 groups of healthy volunteers (each group contains &
volunteers) in different doses : 200 mg/Kg; 120 mg/Kg; 70mg/Kg, 35 mg/Kg corresponding to
250 mg, 500 mg, 1000 mg and 1500 mg /dose. Only in the group of 250 mg one volunteer
developed anti-drug antibodies, whereas in the higher dose groups (these doses are in the
range of o standard therapeutic administration) no volunteer developed any immune
response against DI-17E86. In contrast to that, mouse 17E6 develops in animal models a

strong immune response.

According to the T-cell epitope mapping and eliminating method used herein, wherein the
sequence of the mouse antibody is split in overlapping peptides the loss of immunogenicity
after de-immunization was confirmed by a distinct decrease of scoring in an in vitro T-cell
assay indicating that potential human T-cell epitopes had been deleted. Accordingly, the
score decreases from 147 (mouse 17E6) to 92 (DI-17E6) in the light chains, and from 181
(mouse 17EB) to 85 (DI-17E8) in the heavy chains.

Mouse 12E6 light chain

Posn Sequence nBind Score Mean
15 LGDRVIISC 4 100.16 25.04
19 VIISCRASQ 31 1177.12 37.97
20 TIISCRASQD 1 22.34 22.34
21 ISCRASQDI 3 78.13 26.04
29 ISNYLSWYQ 7 163.20 24.17
33 LSWYQQKPD 1 20.93 20.93
44 VEKLLIFYTS 12 303.43 25.29
4¢ LLIFYTSKL 24 940.44 39.18
47 LIFYTSKLH 15 497.37 33.16
48 IFYTSKLHS 34 1151.58 33.87

50 YTSKLHSGV 1 25.29 25.29
54 LHSGVPSRF 2 52.00 26.00
71 YSLTISNLD 3 76.60 25.53
83 IATYFCQQG 2 40.82 20.41
86 YFCQQGNTF 4 84.56 21.14
98 FGGGTKVEM 3 94.75 31.58
47

Total score: 1
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Deal 17ES final light chain

Posn
2
15
19
21
29
46
47
48
439
50
54
71
73
83
86
94
98

Sequence
*TOMTQSPSS
*YGDRVTITC
*VTITCRASQ

ITCRASQDI
* T SNYLAWYQ

LLIYYTSKI

LIYYTSKIH

IYYTSKIHS

YYTSKIHSG

YTSKIHSGV

IHSGVPSRF

YTFTISSLQ
*FTISSLOPE

IATYYCQOG

YYCQQGNTF
*FPYTFGQGT
*FGQGTKVEI

Total score:
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17E8 mouse heavy chain

Posn
2

4
is
27
29
32
33
i6
37
47
48
51
63
64
80
81
83
93
94
89
107
108

Sequence nBind

VOLQOSGAR
LQQSGAELA
VEKMSCKASG
YTFSSFWMH
FSSFWMHWV
FWMHWVKQR
WMHWVKQRP
WVKQRPGQG
VKQRPGQGL
WIGYINPRS
IGYINPRSG
INPRSGYTE
TFRDKATMT
FRDKATMTA
YMQLSGLTS
MQLSGLTSE
LSGLTSEDS
VYYCASFLG
YYCASFLGR
FLGRGAMDY
YWGQGTSVY
WGEQGTSVTV

Total score:
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Del 17E6 final heavy chain

Posn
2
18
27
25
32
33
36
37
47
48
51
63
64

Sequence nBind

VOLQQSGGE
*VKVSCKASG
YTFSSFWMH
FSSFWMHWV
FWMHWUVRQA
*WMHWVROAP
*WVRQAPGOG
*VRQAPGQGL
WIGYINPRS
IGYINPRSG
INPRSGYTE
IFRDKATMT
FRDKATMTT

5
12
2
3
14
2
17
g
9
10
3
7
10

Score

615.
139,
421,
86.
28.
1195,
437,
906.
20.
25.
52.
115.
71.
40.
88.
44.
135.

49
09
29
42
65
64
37
02
00
29
00
43
05
g2
56
83
81

Score

129.
140.
881.
46.
80.
546,
59.
229.
90.
282.
280.
81.
197,
609,
678.
116.
63.
297.
51.
321.
23.
62.

45
28
03
55
6l
68
09
70
82
69
39
56
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26
41
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39
27
02
71
40
07

Score

129,
366.
46.
BO.
673.
52.
473.
276.
282.
280.
81.
197.
304.

45
95
55
61
39
27
32
30
09
339
56
95
58

Mean

27.
27.
24.
28.
24.
36.
33.
30.
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.29
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| FRDKATMI7197. 95 28. 28 64 FRDKATMIT10304.58 30.46 - 36 -
80 *YMELSSLRS 16 481.10 30.07 81 *MELS
*LRSEDTAVY 12 357.27 29.77 93VYYCASFLG

SE 1 35.56 35.56 86
1 297.27 27.02 5 94YYCASFLGR
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Al t hough DI -17E6 does not cross-react with platelet fibrinogen
receptor allbf33, platelets also expre_ss_;%ome av-integrins. To

excl ude possible side effects of the anti

ody on platelets, EMD

525797 was evaluated for inhibition of platelet aggregation in vitro
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107 YWGQGTSVT 1 23.40 23.40
108 WGQGTSVTV 2 62.07 31.03
Total score: 85

Example 5
Although DI-17E6 does not cross-react with platelet fibrinogen receptor allbp3, platelets also

express some av-integrins. To exclude possible side effects of the antibody on ptatelets,
EMD 525797 was evaluated for inhibition of platelet aggregation in vitro with human platelet
rich plasma/collagen. No anti-aggregation activity was detected neither at 160 nM or 1600
nM. Aggregation and activation studies were carried out using using Platelet Rich Plasma
(PRP). Thrombus formation by perfusion chamber with exposed subendothelial matrix.

The experimental outcome can be summarized (as follows:

DI-17E6 does not induce any platelet activation nor platelet aggregation at any concentration

(from very low to very high: 0.1 to 1000 pg/ml).

Surprisingly, DI-17E6 blocks platelet aggregation induced by a weak aggregation inducer like
ADP, in a dose-dependent manner.DI-17E6 does not affect platelet aggregation induced by a
strong aggregation inducer like collagen. DI-17ES affects as well (blocks) platelet thrombus
formation in the perfusion chamber, in a dose-dependent manner and reveals an anti-

thrombotic activity.

The weak interference with platelet aggregation is an unexpected finding for DI-17E6 as
potential which may turn out therapeutically useful as the vicinity of a tumor is characterized

by many thrombogenic vascular sites.

Example 6
In vivo anti-angiogenic activity in mouse xenograft tumor models

Human skin containing human M21 melanoma cells were grafted by implantation/
transplantation onto SCID or nude mice. Experimental tumors grew in this tissue after
intradermal inoculation of tumor cells and the initial angiogenic vasculature was derived from
vessels in the human skin. In the next experiment, the use of M21-L cells that have no av-
integrins means that only those integrins expressed on the endothelial cells within the grafted

human skin were targeted.

DI-17E8 inhibited growth of M21-L tumors in the SCID mouse-human skin chimera model and

was aclive at a dose of 1 mg/dose administered i.p. 3 times per week starting treatment one day
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Alamar Blue (Resazurin). After 4 hours of incubation at 37°C the fluorescence was read in a

Genios plate reader (SLT) at 535/590nm (excitation/femission).
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Points were run in duplicate or in triplicate. Reagent blanks, containing media plus Atamar

Blue without cells, were run on each plate. Blank values were subtracted from test values

and were routinely 5-10 % of uninhibited control values.

Cilengitide was tested in the range of 50 pM to 0.1 nM. Antibodies 17E6 and DI-17E6 were
5 tested at 50 pg/ml to 0.1 ng/mi. Starting concentrations of chemotherapeutic agents that

have been tested are given in the table below:

Taxol Taxane/microtubules 50 ng/ml
[Etoposide Topoisomerase 1 inhibitor 100 u
Vincristine [Vinca alkaloid/microtubules 10 nM
Cis-platinin iPlatinum analog 200 uM
Camptothecin tlopoisomerase 1 inhibitor 10 uM
Doxorubicin anthracycline iuM
Melphalan Alkylating agent 100 uM
Temazolomide Alkylating agent 50 uM
Estramustine Alkylating agent 100 uM
5-FU 'amimetabolite 100 uM
Gemcitabine Iantimctabolite 50 nM

The alpha V integrin blocking substance Cilengitide (EMD 121974) and two alpha V integrin

10 function-blocking antibodies, 17E6 (EMD 73034) and its de-immunized form DI-17E6 (EMD
525979), were tested alone and in combination with common chemotherapeutic agents in an
FGF stimulation growth assay using conventional human endothelial cells (HUVEC) orin a
VEGF stimulation assay using human dermal micro vascular endothelial cells. In this assay
system the cells are cultured in a reduced serum (2% FCS in Medium 199) medium with

15 FGF-2 or VEGF as the only growth stimulus. The growth factors FGF-2 turned out to be the
best growth stimulant for HUVEC and VEGF was the best stimulant for HDMVEC measured
using the Alamar Blue assay. HUVEC receiving 12.5 ng/m! FGF-2 showed a 406% and with
VEGF a 238% increase over control cells receiving no added growth factors after 72 hours of
growth on VN. n contrast, the HDMVEC were preferentially stimulated by VEGF than FGF-2,

20 (484%).Tests were routinely run using HUVEC in media containing 10 ng/ml FGF-2 or
HDMVEC in media containing 10 ng/ml VEGF. The alpha V integrin blockers and Paclitaxel
inhibited cell growth when added as single agents. In a typical test using HUVEC the ICs, for
Cilengitide was 700 nM, for 17E6 was 5 ng/ml and for DI-17E6 4 ng/ml. For Paclitaxel the
ICs; was 0.27 ng/ml when added alone but the IC5, was reduced to 0.13 ng/ml when used in
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The results show that in HUVEC DI-17E6 causes a distinct additive effect when combined
with a second therapeutic agent like Paclitaxel, whereas other chemotherapeutics show,
10 when combined with an engineered antibody according to the invention, no effect or only a

slight additive effect.

Example 9
in vitro testing of DI17E6 in combination with chemotherapeutic agents in different human
melanoma cells.

15 inan in vitro profiferation assay the effect of a diversity of chemotherapeutics well known and

applied in tumor therapy was investigated when combined with DI-17ES6 in different human
melanoma cell lines: m21, SKMEL-23, SKMEI; MeWo, WM-793.

The results show that there are only slight differences with respect to the chemotherapeutic
aéent used (in this case: cisplatin, paclitaxel, vinblastin, vincristin and temoyolomide.
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Differences are recognizable with respect to the tumor celi line used. In ali cases, DI-17E6
causes not more than additive affects of the chemotherapeutic agent.

In summary: no effect or only a slight additive effect was observed with the combination DI-
17E6 plus chemotherapeutic agent for such tumor cell ines, which are insensitive to DI-17E6.
A strong additive effect could be detected with the combination DI-17E6 plus
chemotherapeutic agent for such tumor cell lines, which are sensitive to DI-17E6. In these
case the proliferation profile corresponds to that as depicted for paclitaxel + DI-17E6 in
HUVEC (see Figure 6).

Example 10
Synergistic combination of DI-17E6 and cifengitide in vitro

Unexpected findings have been achieved when combinations of DI-17E6 and cilengitide have
been tested in vitro. NSCLC cell lines H322, A549, H1975 and H460, humans melanoma cell
line M21, and renal carcinoma cell lines ACHN, A498, Caki 1 and Caki2 were treated with
cilengitide in the presence of DI-17E6. The results showed considerable more cell death after
3 days grown in normal media, than in the presence of cilengitide or Di-17ES6 alone.

A typical experimental set-up for testing the synergistic effect of DI-17E6 and cilengitide was
performed as proliferation assay with M21, CAKH-2 and A498 cells:

96 well plates have been coated with vitronectin, and after being blocked, cells have been
added (3000-5000 cells/well} and after 4 hours (enough time to allow cell attachment and
spreading) drugs are added and allowed to grow in the presence of serially diluted Cilengitide
alone or together with DI-17E6 at 1 pg/ml. Cells have further been incubated for 3 days, and
cell viability was measured following the instructions of the Alamar Blue reagent provider.

Figure 7 provides the cell death rate for said combination in M21 cells (upper curve:
cilengitide alone, lower curve cilengitide + DI-17E6).

Figure 8 provides the cell death rate for said combination in CAKI-2 cells (upper curve:
cilengitide alone, lower curve cilengitide + DI-17E6).

Figure 9 provides the cell death rate for said combination in A498 cells (upper curve:
cilengitide alone, lower curve cilengitide + DI-17E6).

This is an unusual finding with both alphav integrins binders envisages pre-saturating the
system with an allosteric inhibitor, before pulsed additions of the competitives inhibitor in the
continued presence of the allosteric inhibitor. This gives a synergistic blockade of the integrin,
greatly amplifying the effect of the competitive inhibitor alone, or steric/allosteric inhibitor
alone. Importantly, the continuous presence of the competitive inhibitors is usually not
necessary, its role is to release the primary interaction, aillowing the allosteric inhibitor access.
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Example 11
In vivo testing of DI-17E6 in combination with chemotherapeutic agents

Gemcitabine plus DI-17E86 in human NP18-b3 pancreatic human cells

The growth of an orthotopically xenografted pancreatic tumor in nude mice was investigated

5 under systemic EMD 525797 plus gemcitabine co-treatment. Gemcitabine was selected for
the combined treatment of an orthotopically xenografted human pancreatic tumor model
because this is the best-approved chemotherapeutic agent for this indication.

NP18-b3 pancreatic human cell line, which expresses avP3-integrin, was implanted
orthotopically into the pancreas of immunosuppressed mice. The animals were randomized

10 and one week later treatment with drugs and vehicle started.

Tumors were removed and cut into pieces of 10 mg each. These pieces were then sutured to
the pancreas of healthy animals (one piece per animal). 4-6 weeks later, tumors were
removed, cut into pieces again and stitched into new animals. Those new animals were then
randomized and one week later treatment with drugs and vehicle was started. EMD 525797
15 was dosed i.p. at 500 ug per animal three times a week. Gemcitabine was administered as a
suboptimal dose of 50 mg/Kg 3 times a week (suboptimal dose based on previous studies). In
a fourth group, EMD 525797 was combihéd with suboptimal doses of gemcitabine based on
previous experiments. Tumor growth measurement (weight of the removed tumors) was

made 6 weeks after the tumor grafting.

20 Orthotopic tumors treated with EMD 525797 had simitar size and weight than control vehicle
treated animals. Similarly, gemcitabine, at the suboptimal dose was also not active. However, at
the same dosing as the monotherapeutic regimens, gemcitabine plus EMD 525797 had a
synergistic activity with a tumor reduction of 52% (Figure 10).

Cisplatin/dacarbazine plus DI-17E6 in human M21 or MeWO melanoma xenograft models

25 M21 or MeWo human melanoma cells positive for exoressing avR3 integrin were
subcutaneously inoculated into SCID or nude mice according to well known standard

protocols.

DI-17E6 was administered systemically together with either cis-ptatinum (cPT) or
Dacarbazine {DTIC), two chemotherapeutics used in clinical treatment of melanoma.

30 DI-17E6 was administered i.p. once per week from the same day of s.c. M21 or MeWo cell
injection into the animals at a suboptimal weekly maintenance dose of 27.2 mg/Kg
(corresponds ca. 500 ul/ml serum). DTIC was administered i.p. once per week at 50 mg/Kg,
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In vivo testing of DI-17E6 in human CAK!-1 renal carcinoma xenograft mouse model
CAKI-1 were subcutaneously inoculated into SCID or nude mice according to well known

standard protocols.

15 DI-17E6 was administered systemically i.p. once per week from the same day of s.c. M21 or

MeWo cell injection into the animals at different doses.

Figure 13 shows that, surprisingly, DI-17E6 can reduce tumor volume/size from low (1ug/ml)
to medium (100 ug/ml serum) doses to approximately the same degree {(no real dose effect),
whereas administration of a high dose (500 ug/ml) leads to a complete reduction of tumor

20 volume.

Example 13:
Combinatorial effect of DI-17E6 with cetuximab (Erbitux®) in a CAKI-1 human renal cell

carcinoma xenograft model.
The renal celi carcinoma cell line CAKI-1 was grown in RPMI containing 10% FCS (heat-

25 inactivated) plus 2 mM glutamine. 1 mM sodium pyruvate. 100 units/ml penicillin and 100
ug/ml streptomycin. Cells were passaged at confluence by washing once in cation—free PBS
followed by a 3 minute incubation in trypsin (0.5 ug/mI)/EDTA (0.2 ug/ml) solution in PBS at
37°C. Cells were recovered in medium, centrifuged and taken up in medium and counted.

Animals used in this study were supplied by HARLAN INTERFAUNA IBERICA S.L. (Sant
30 Feliu de Codines (Barcelona) Spain) and housed during the acclimatization period of a

minimum of 5 days in the quarantine rooms on specific pathogen free facilities.

During the acclimatization period all observations were registered. All the animals were

inspected by a veterinary to ensure the health of the animals.
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subopt Afted dayotlea gfowdid dalgy Mes3titl phesvableviibine (eswdld (e ohslenabere péricckd on

previ ous studi.es). |n, a.fourt ) i yth
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DI17E6 plus 12 mg/kg 2/w. T/Cs at day 29, the end of treatment, were 10 % and 9 % (see

table 1) respectively.

25 It should be noted, that 10 pug/ml serum / plasma corresponds to 0.55 mg / Kg body weight.



The results obtained with cisplatin in the M1 xenograft nodel is
shown in Fioure 11. In contrast to in vitro data shown earlier the
conbi nation of cisplatin plus DI -17E6 in vivo 5 clearly elicits a
statistically significant synergistic_ingrease in response conpared
to the adm nistration of either drug treatnent alone. The results
obtained with DTIC in the MW xenograft nodel is shown in Figure 12.
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to considerable sizes (varying from 429 to 358 Tmm?) indicating that the combination of
DI17E6 and Erbitux could prevent relapse of tumor growth after Erbitux treatment.

The strong synergistic effect of DI-17E6 on the treatment with tyrosine kinase inhibitors, such
as cetuximab (Erbitux®) can be regarded as extra_ordinaire and opens the field for a

30 promising tumor combination therapy.



(my/ kg) (mg/ kg) Ani mal nunber AVehicle (PBS)000 17.1 DII17E6100 5.1
(vveekly)10 Erbitux1212 (bi-weekly)10 Erbitux44 (hi-weekly)10

Dl 1766+ Erbitux100 - -- - - ---? D11 7E6 + Erbitux 100
17.1/125.1 (weekly)/ 1210 (bi-weekly) 17.1/45.1 (weekly)/ 4 (hi-10
weekly) Aninmals bearing human renal CAKI-1 xenograft tunors were
treated with DI 17E6, Erbitux or the conbination of both starting at
day 0, when the tunor cells were inocé#fated. The treatnent duration
for DI 17E6 was 40 days and for Erbitux and the conbi nation groups 29
15 days. The tunor growth was followed up to 111 days after tunor
cel | inocuWlaitison. Treatnment with an initial dose of 17.1 ng/kg
followed by a weekly treatnent with 5.1 ng/kg DI 17E6 resulted in
trough values of 100 pg/m causing a significant tunor growth
inhibition at day 40, the end of treatnent (T/C. 25 % . After day 40
a growt h delfapnainssred rachmbinsbbast-gablegrinthybrid anfifedyeershpddingt he obser vati on
period. 20 T emtigmilbaid tbrergweekl y with either 4-nmg/kg or 12 ng/ kg
Er bi t ux cause st significant anti-tunor effect. T/Cs at
day 29, the e%’ éf %%@g?%&éﬁ% were 9 % A simlar strong anti-tunor

ef fect was obSdiRZedyTa®IuBOt h conbi nations DI 17E6 plus 4 ng/ kg Erbitux
2/ w and DI 17EGgplus ~gB-Kg 21w, T/ Cs at day 29, the end of
treatment, were 10% and 9% (see table 1) respectively. 25 It should
be noted, tHAthetgavyghain Cl¥beddRs) pl asma corresponds to 0.55 my / Kg
body wei ght. ocDRAdspuMHHOWever, tunors in the treatnment groups with
Er bi tux al one r after treatnent stop. In contrast, in
bot h conbi nati@r@b%%%ﬁé&%%glé%i tion of the tunmor growth conti nued
appar ent from%iré: HeReausting mean and nmedi an tunor sizes (Figure 14).
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and

(v) aheavy chain constant reglon deriving from human 1gG and a human constant
fight chaln region.

2. An enginesred antibody of claim 1, wiersin the heavy chain constant region detives from
g2,

3. Anengineered antibody of dlalm 2, whetein sald IgG2 constant reglon comprises a
modified IgG1 hinge region,

4, Anendineerad antibody of claim 3, whsrein said modifed 109G hinge region comprises
ithe sequence EPKSSDKTHTCPPCP,

5. Anenginsered antibody of any of the claims 2 to 4, wherein said [gG2 constant region is
modified by replacing amino acld N to Q ot posifion 207,



which lead to trough val ues of 100 pg/m during the treatnent period
caused a significant growh inhibition of human renal CAKI-1 tunors.
Al'so single treatment with two diffeggent 15 doses of Erbitux using a
bi weekl y schedul e caused significant tunor growh inhibition. Both
doses of Erbitux were approximately equally potent in their
anti-tunor activity. The conbination of DI17E6 wth either 4 ng/kg
Er bi t ux &r Ak @ndlddre Bthbbyef o8 Ahefis AmfoRRi9Binan! dpbliirooehd ect

which is conparable to si ng tux treatnment gurln

treat nent ca@ by Adn Pﬁare’to @Pmmﬁiﬁé Ts?ﬁ”lel@it%@ aﬁnﬁfﬁ@ﬁ@m@@ Wﬁﬁé@ﬁ' atf he

Er bi t ux nop@glﬁb@rzgp_l es and the conbination treatnments is the growth
behavior after treatnent stop at day 29. As long as 82 days after
treat ment. ahepginsdryd amtidody oftang of therdlaimsi o BhRhGBIADI Nakilig cB&IAYEnsBIeW
to the S|z§e of dﬁ\%( 7 e first day of the tunor size neasurenents,
whi ch meanS49dT YR $a%Brs treated with DI 17E6 and Erbitux eit her

e e s L e R T

consi der abPe si zes (varyl ng from429 to 3581mB) indicating that the
conbi nat i ogy \ggnaggg;ggmgmt@hpbgmseagéﬂcgspr event rel apse of tunor

grom h after bitux treatment. The strong synergistic effect of
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cet uxi mab S EIR SLead ns the
field for SE%%R% omSS| n T?SrIr%r conbi E?Fggélﬁﬁﬂ%%bﬁ%ﬁn éTlcerRrr‘g‘ 1. An
engi neer ed PEEE S%L@WﬂSMEWQERﬁMWK@mQBWSWQpr| Si ng

o e o S S G 207

*"1111PRSGyliEvatzberpd COnR3t hELGRGARadduencdd:i i ) the |ight chain

Pr | 22K - PRI RS T i e SO e SSPEPEI ¢ PR o

FGQGTKVE! KREGVFEINRS HRBAGIMT Bl ST SIRINENSS IR I 0inerscaditbrenvny

Q/OLOCscCE}, TE' s FR2 CLOLEWKO FRS:
KATI virti omété?%%é‘%g’éﬁ Tﬁ?ﬁﬁﬁﬂ%ﬁﬁiﬂ%y FRERERBYNERaI n
const ant regwmdmmmmsbmm.mvpblﬁ@f@r@dmﬁﬁﬂp%ﬁ & 1ight

chai n regi ineered anti of claiml1, wherein the heavy
chain constg‘gzﬁ"?gl?lé %ﬁ’%&’ﬁ%@%@%’%ﬁi’ I{DﬁLMAﬁRWW@HSﬁWWJOdy of
claim 2, mwmwmwmmx@mmmtrﬁws@@ﬁﬁwmg vﬁ( ified I gGL

hi nge regqi 0’2& 4. _An engi neered anti body o erein said

modi | | ed | &I %HQ%%ERNY%?P%%E%WCWEAW%CP
WESNGQPENNYKTTPPMLDSDGS FFLYSKLTVDKSRWOOGHVFSCSVMHEALH
NHYTQKSLSLSPGK.

8. A fusion protein comprising an antibody of any of the claims 1 to 8 fused at its C-terminal
{0 a cytokine or growth factor,

10. A DNA melecule coding for an antibody or antibody fusion proteln as specified in any of
the ¢laims 1to 8,

11. An expression vector comptising a DNA molesule of claim 10,

12. A profein expression system comprising 2 mammalian host cell fransformed with the
expression vector of ¢laim 11.

13, A pharmaceutical composition comprising an antibody or anifody fusion protein as

specified in claims 1t Qina pharmaceutically effective amount optionally together with a
pharmaceutically acoeptable carrier, diluent or excipient.



5. An engineered anti body of any of the clains 2 to 4, wherein said

| g& constant region is nodified by replacing amno sciclNto Q at
position 297. 46 6. An engi neered anti body of claim6, wherein am no
acid residue F at position 296 is refplaced by Ain order to elimnate
a T-cell epitope generated by the Mdification at position 297. 7. An
engi neered anti body of any of the clains 1 to 6, whereinthe |ight

Chai n cons!Rptarheiufith] tsm i - i
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Consi st i ng BFr2paufic epntafieeining T Agarhistan antisrdy ehantihoddysienprsisin as

DI ODI TOSPSSpaAdMGRLMY 1Ti @W@%&%M@\éﬁ?@s%&éﬂr&ﬁ%ﬁﬁﬁp%nsisﬁm of a
GVPSRFSGSGSGIDYTFTI SSLOPEDI ATYY -pnBQ GTRVEI KRTV,

PSVFI FPPSDERENCEHIF RN LB IINE 2 ?WESWP' BR&WN aritidumesaesiiaptionally
DS| CDSTYSTASH1TE: SiEARYEnad-sa CEY T IQEISR Sstrist THSENREEG e (1)

vari abl e and constant heavy chai n sequences:

Qv ¢ 2L QU8 G5 piPTCAS UEY SThIZANS ST HE8PMharZii 120240 RS WSy ePIs an
ROGYTEXI W%g%&h%@ TSTSTAYMEL SSLRSEDTAVYYCASFL GRGAMDY

we QGTTVTVSSASTK PCSRSTSESTAALGCLNI CDYFPEPVI VSI | NSG

ALTSGVHTRBRAM : [ ) Vo

EPI CSSDn ET@P% CPA; PL\?%&&%%%@\EQF@@@%%E@F%@%WM% san

vgFl OWVDGRSHRAR Bebraty i en rriRbs\Aniadys QD1711, NG CEYKCI OTS

NKGLPAP/ | SETKGOPREPQVYNPPSREEMTEMVS7. | TCLVWFXFSDI AVE

WESNGQPEN %@Rﬂ?&i\ﬁﬁéﬁj@\ﬂwswﬂm&mt@ﬁbwy ls the ant-
NHYTQKSL| SIESHHBGK tBodycdtusshainomstzinabcOVpri si ng an anti body of any of
the clains 1 to B fused at its Ctermnal to a cytokine or growh
factor, 18A phapnacentitabconmsiionohdaifold, ainerainthdxedincigeans iHB@dagrhusi on

protein as ;,ﬁﬂﬁg}&ﬂeﬁa% any of the clains 1 to 9, 11, An expression
vector conprising a nol ecul e of claim10. 12. A protein

expr essi 08 ASHEHRBcCRIIPEdSHIAG R of BAE4l transf.ornmed w.th
the expression, vector of l!():I arm L 13" %rgﬁﬁeﬁégﬁﬂs}g@ s 8’8‘?4%@5?%@5
conpri si ng A28 ody or antibody fusion protein as specified in

clains | i.n.a phar euti cal effective anmount optionally

t oget herﬁg)hﬂt%ﬁn 3 gcrj ﬁﬁ@gé&' P'E:%{]%E?A%B%%[b‘?raﬁlné‘séa\aweé{m ani of therpfairps 1t0 8
exci pi ent . fordl® usé.in ikepisatmmt eldn aralogeaR0shie R SRR 8F DFd @,HOLSS& and
second phagppGeiidgally effective therapeutic agent, wherein the
first agent 1s an antibody or antibody fusion protein as specified in
clai ns 121 @ hagidal SRR ' framthe group

consi sting Pp?\ a chtketgrr.{)t herggfe)lﬁlgf%ﬁegfgé%?,%aﬁﬁé g‘ﬂ i183‘grji[ées'i‘%eq‘i‘ &”ﬁi“ﬁ?‘ﬂ?ﬁ"
and an ant L HTRG VAR ERSaBisnpBAaRH yecongisrtantividy inceeapbatinaicaty iob @k | Y
accept abl esemnd agent. di | uent or excipient. 15. A pharnaceuti cal
conposition of claim 14, wherein the second therapeutic agent is an

ant i - t un Aaheinpedyticalldbmpsiphess@reritd Balairg 95RP ﬂettjsgﬁl *ﬁé tSLRL 5
wherein th ' 1body Ls an anti-EGER anti body or an

anti - Her 2 g"nti %gvg%}éﬂ%[?e %ﬁﬁ'mqréﬁ@éﬂi’ IS anE-EAFBAntibasy, aj‘fdyselda:’ingfn&@ed
wher ei n t hicambinantentirodypravioid r tislasie-gemith HERRoARk} QQ@%&&%@ gmp or
i nat uzumabenghRerst) HABSJRCEUt i cal conposition of claim14, erein the

second agent is the i ntyégri n inhibitor cilengitide. 19. A

phar mac s Aehirm@e Il ; T erei.n 1 he second agent is
ci splatin, %Tlc odfgmi(@jgrLI(‘?t';ll-@gsz!_|ﬁgnneé.ac C%W %k;bmgﬁ% &'88?35 SERPYIS FgFnt rthe

ant i body fS§I"GRTEFABHRGdY chglaigp@and the detond sheyaretiid uenih sbtgBmanto 9 for
the use in the treatnent of an arigiogenesis related disease and / or
solid tunors or tunor netastases. 21. A pharmaceutical conposition as
specified in clainms 14 to 19 for the use in the treatnment of tunors,
wherein said engi neered reconbi nant anti body increases the efficacy
of the second agent. 22. A pharnmaceutical conposition as specified in
claim16 for the use in the treatnment of tunors, wherein the



