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rel ates to engi neered anti bodi es which specifically bind to integrin
recepors, especially the alpha V integrin receptor subunit. The
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anti - i nt eyvo mogemoedsody, as well as hybrid Iight chain pariEebéos/0osss2
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WO 2009/ 010290PCT/ EP2008/ 005852 These data and pri nci pal know edge
gathered so far supported the need of devel opnent of a nodified nouse
17E6 anti body with inproved properties that binds specifically to
integrins, can be efficiently expressed, and is relatively

non-i mrunogeni ¢ in humans as a therapeutic agent in cancer. Such an
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monoclonal antibodies are often difficult to express and often provoke an immune response,

such as an anti-idiotypic response, which limits their effectiveness.



Conbi ni ng nodi fi ed heavy chain framework (FRs) regions from
anti-integrin nouse antibody 20 17E6 with Iight chain frame work
regions of a differently specific humani zed anti-EGFR anti body h425
(mat uzunmab) has generated - apart from other nodification - sone
anti bodi es with superior immunogenic properties, which are

f urt her romen sod/biogdoent | y expressed in standard mammal i PTTEINIBHEISHN
systens. Using the VL region (FRs) from mAb h425 surprisingly the
expression level is distinctly increased, -but, as shown | ater,
further nutations 25 had to be done in order to inprove other
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(containing human constant regions). Successful chimeric antibodies cf the art, as a rule,
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response in a human individual.



10 conprising a second therapeutic agent, which is preferably a
chenot her apeuti c agent, such as cisplatin, doxorubicin, etc., an
av-integrin inhibitor, such as RG> peptides, for exanple,
cilengitide, or tyrosine kinase inhibitors, especially anti-erbBl or
erbB2 anti bodi es. Preferred exanples are here cetuxi mab (nonocl onal
anti body &&RIoemaobdot ux6), matuzumab (humani zed nonocl omair/Eants/Herdse
425), or Herceptin(r) (humani zed anti body 405). 15 According to the
invention the engineered anti bodies in gaid pharnmaceuti cal
conpositions as discloses herein can strengthen the effect of the
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regi ons, ic ive from [

1726 ar e ioshein Rl EHTAR TR Bl B oG o ciRe: AR T e T R
6); CDR3¢lafddINTFPYT (SEQ ID No. 7), 10and the CDR heavy chain regi ons

are: CDRL: SFWWH (SEQ ID No. 8), CDR2: YINPRSGYTE (X) NEIFRD wherein
X = C or Cénibhifi(g hmbdifiexl hehty ph@mamewgmﬁmg oI mtw mouse an Y
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region V\mltﬁgupenor 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 17ES. 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 17E8 version.

30  Further improvements in expression and stability can be obtained by replacing the original
mouse IgG1 heavy chain constant region by a human 1gG2 with a modified human lgG1
hinge region. In a preferred embodiment said lgG2 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



derives from humani zed nonocl onal anti-EG-R anti body 425, conprises

t he sequence FR-1: DI QUITQSPSSLSASVGDRvTI Tc (SEQ I D No. 12), FR-2:
WYQOKPGKAPKLLI'Y (SEQ I D No. 13) 20FR-3:

OvPSRFSGSGsGTDYTFTI sSLQPEDI ATYYC (SEQ I D No. 14) FR-4: FGQGTKVEI K
(SEQ ID No. 15). An engineered antibody as described, wherein said
heavy chawo foogmmessr k regi on (FR1L - FR4) deriving frompeoteressanessendy
17E6 is mutated at 1 -15 amno acid residue positions to reduce or

el i m nate nunber of 1-cell epitopes ands thus, imunogenicity in
25humans. An engi neered anti body as descri bed, wherein said heavy

chain framework reqi i S ..mut i
Fol | ow rapBaPt PoRY Grelhuohs, GulhsRbib Bhcer RS HnePVigafihe kh danis st
A72, 876positiBa 2963¢ss [&Mno@ﬂciumﬂnSEI&toredAn engi neered anti body as

descrl bed, wherein said am no acid residue positions nutated 30in the
engi neerladrdants teddye theeumbeG TEdEliepithpevn thexgiginakagay chgin framswerk region
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10); (iii ht chain framework regions: FR-1

DI QMF ﬁo%ﬁéﬁé/w&mtﬁ Sé@ggquen&é’s)E(smma 3, VIGDEKPGXAPI CLLI Y
POSGH V DR ;

i ALY CLFERAD No.

14) FR—4 IPMFRSH S HSAE VIGEEH nmewor k

regions EﬁﬁsaW%@ﬂWﬁﬁﬁﬁﬁ@d@TmmﬁWM
PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC  and

15 (i) variable and constant heavy chain sequences (SEQ ID No. 4, Figure 1 D):
QVQLQQSGGELAKPGASVKVSCKASGYTFSSFWMHWVRQAPGQGLEWIGYINP
RSGYTEYNEI FRDKATMTTDTSTSTAYMELSSLRSEDTAVYY CASFLGRGAMDY

WGQGTPVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG

ALTSGVHTFPAVLOSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTV

20 EPKSSDKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
VQFNWYVDGVEVHNAKTKPREEQAQSTFRVVSVLTVVHQDWLNGKEYKCKVS
NKGLPAPTEKTISKTKGOPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVE
WESNGOPENNYX TTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALH
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
IgG2 with the modified IgG1 hinge region
EPKSSDKTHTCPPCP (SEQ ID No. 40).

The corresponding DNA sequences of DI-17E6 are shown in Figures 17 ~ 18.

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



20FR2: W/KQRPGQGLEW G (SEQ I D No. 17) FRS:
KATMIADTSSSTAYMQLSGLTSEDSAVYYCAS (SEQ I D No. 18) FR4: WEQGTSVTVSS
(SEQ I D No. 19), wherein one, nore or all of the bold and underli ned
positions are nutated in order to reduce or elimnate T-cell epitopes
and thus i mmunogenicity 25in a human,and (v) a heavy chai n constant
regi on demiovioogommroom human | gG and a human const ant | i gbt/Eekies/msss:2
region. An engineered antibody as descri bed, wherein said heavy
chain framework regions are: FRL: QVQLQESGGELAKPGASVI CVSCKASGYTFS
(SEQ I D No. 20) 30FR2: WRQAPGCQGLEW G (SEQ I D No. 21) FR3:

A s SRR A LGE S s R 55
engin ee&;gdfe&@ti ifuatahyprateinces ordingdd thevinenéiomistlie 7EE 403 of Rei FEE BirdleZa itherein

regi on rives fromlg&, wherein in a preferred enbodi nent said | g&
const antL?Seagtlr%ﬁr RFHTi ses a nodified 1gGL hinge regi on. An
engi neered anti I j i ifd g4 ¢ bed
rogi on sy pRSeHTNERAREuplaRh Haiie hyitinq Bilpbals o pusiihe
engi neer emh Endseddadyhamadeicali doawositigns e the yapimentekangigagresistelisd on
is nmodifi, j j kd - bliib® Beodiind HN28g Q) .
An engi n%'g(?aggxgh?%@%@%éﬁ%@%ﬁ%&?“\%ﬁ?@'?eaﬁ‘lﬁﬁg I_g id re%di dl.# I?) at
posi t i oning@Bioh eligitemdisast affery omtynror gepyth whicysgems ﬁ%b“ewﬁ?ﬁ%a?fé o8 % ogrect
epi tope gﬁﬂtﬁm}gﬁeﬁxaﬁgge bmchh%aﬁ@iggb,{egig,t position 297. An

€ ody ,

engi neer anti as desScribed, wherein and the light chain

const ant j k&gl OBk ofHEHVERAFOR. provivie HeeridguacH] cempositins and tgiriuse
hybri d anti body "desi gnated as "Dl -

15( i ) 10v agrapyisttahepcens fesneufic @Jﬁ"t'l E?"r'iS E%z%gt%‘l{s g!é’k%{réé%&fé‘hg‘}\%%ﬁﬁg such
&¥W§§£%%%%WWWEMéWBWWeS, ff)r example,
PSVFI FPPEIBRafifes ST ASRARS. iwwﬁﬁﬁbﬁﬂ?%gé&%w% Preferred
DSI CDSTY Shapspibel &SRR GG ADIQE SB M SERREED @, reayzunabdrmapkred
VL BT S E R AP SRR e R B

RSGYTEYNE| FRDKATMETD. .
e e

AL TSGVHT BRAvsEI @Y SuS SvarmiRa Shrelfaor o trnpesarp dieranaoka ggent, in many cases by
25EPKSS&§;%E%& GPSVFLEPPKPKDTLM SRTPEVTCVVVDVSHEDPE
VQFNWYV QSTFRVVSVL TVWHQDW. NGKEYKCKVS

NKGLPAPI &bk PMifibody DI-17E6
S R R TR O EBSREFAEN MR et el odly or

Y PMLDSDGSFFLYS1 G.TVDKSR\/\%\IVFS@VWEALH -
NHYTQRSL SBPGreriag iy ATHrEG R STl gaieR | RIEE oM T RIERT $E8R% 2 PUBPELRRTect
the Ve i AhBleObaapor fletdn@bn of rréwth oflRwr (issuelzttertoppTigadsenigtatisagvith
in bold in the const agt re |for&?s1 bﬁg{,éﬁsent t he nodi fied hinge region
( EPKSSDK heTemiopeeied A Pede PIRR"AYY 6 2t positions 296 and 297.
The pharmaceutical composition comprising a second therapeutic agent may be also used as
a kit of parts comprising in a first package the the engineered antibody, preferably DI-17ES,
and in a second package a second therapeutic agent, for example, an angiogenesis inhibitor,
25 a chemotherapeutic agent or a tyrosine kinase inhibitor, such as an anti-EGFR or anti-Her2
antibody A preferred second therapeutic agent of said kit is the angiogenesis inhibitor
cilengitide or the anti-EGFR antibody cetuximab or matuzumab ora chemotherapeutic agent.

In summary the invention is related to the following:

« An engineered recombinant anti-av-integrin hybrid antibody comprising
30 (i} a CDR light and a heavy chain region deriving from mouse monoclonal
anti-av integrin antibody 17E6
(ii) 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”



WO 2009/ 010290PCT/ EP2008/ 005852 - 10 - A fusion protein conprising
an anti body as described, which fused preferably via its Cterm nal
to a cytokine or growh factor, preferably a cytokine. A DNA

nol ecul e coding for an antibody or antibody fusion protein as

descri bed. An expression vector conprising said DNA nolecule. 5 An
expressi owgtwsgmivdooconpri sing the DNA segnents as speciAOTawP2008/0838q2r e
??7?, and designated as pdHL10-DI - 17E6g2h(N2970). A protein

expressi on system conprising a mamal Lap host cell transformed with
sai d expression plasmd. A pharnmaceutical conposition conprising an
anti body or antibody fusi.on,pr iLn.as tospecified above and below in
a phar naceut FE4AKY ‘%qr @‘B@@?hﬁﬁﬁﬁd optionally together with a

phar maceut {igal heavpcisipcanstant cayion darivingiftooeinimar  lgexandp kumean congfant

phar maceut i cilhc%n%osi.ti on conprising a first and second

phar maceutic 9Itf8 f&¥P've t her apeutic agent, wherein the first agent

is an antihody .or antihody fus] r i.n as specified, and the
second a'gegf‘ e%%'nieé}?@@f@??(%58#13%%@857‘@%3&@0%i sting of: a
15chepot hetrapElR light abaintregians, whigholgayeeisirs moyké tioneslonghantaav AN t unor

agent optional | her with a pharmaceutically acceptable carrier,
di | uent orar}g’ F%ﬂ%’%@g}eA correspondi ng pharnmaceuti cal conposition,
wher ei n t héDRdcragODheNapR(BEQ Idend) i s an anti-tunor anti body,

especially anti-EGER r an anti-Her2 (erbB2) anti body. A
cor respondﬁ%gpﬁggﬁﬁgguﬁ(%ﬁ%f%bsi tion, wherein said second agent
i s 20i nt egepR3t PHERTFEYTESE@MING ¥, anti-EGFR anti EGFR inhibitors

mAb c225 (cetuximab, Erbitux(r)) and mAb h425 (matuzumab), and
chemdt her apedite CRRBRRY ¢PEIPHPIH3Er DTIC. The use of an engi neered

anti body oppmt ERrMy (EEQIIDMNPBPtein as specified for the manufacture
of a nedicanment for the treatnent of an angi Oge-?ﬁéaﬁ ‘rgFl %ed di sease
=58rY RdNoyf

and / or s@DRZ: YGNBRECHTE(XHHFEL R sdieried h
h ti . i 4 wfied f th f act f
phar maceu IQ@?#,@ %ﬁgﬁgm?%gﬁ) Sgefhfied for the manufacture of a

medi canment rea of tunors, wherein said engineered
antibody increases the.effi fqt : g6lion of tHEh Rbin Ras
phar maceut 2@5”9‘88%835"”“?03& aggféé%febgfjf‘%a@eééiﬁ g&?ﬂg ?réi;&rilm%ctur%ﬁgfc al
medi qanent tfeequérecet ¥ ENRRBSUTEYINATFRDY $SEQHENei 9. t he second agent is
an anti-EGFR 30anti body, and said engi neered anti body prevents or

del ays re- ghawgineakdtaatiiodyas tescribed) whadsin thiedghkirchaig flaimevwenyiegion mieh
antibody. WD 2Q09/ 010290PCT/ EP Qéf?ﬁ . | Qi

wher ei n” t h&e§YSS E°“1‘P.L8?%’Bﬁ?tri‘éc'%é’5°g‘%%“%s hea?%?%ggﬁégﬁ’gﬁ%%ﬁg%% 6;]9 nee
claim 17 ( BR1:7EQMPDEP $ $1es ARV RIS (BFEUIDINo. dgbnt is mAb c225

(cetuxi mab)__ DETAI LED A NVENTION I'n order to reduce
t he potent MWQ?%%%%@%E %ﬁﬁgﬁé’u -17E6 (EMD 525797) was
nade Jy de-FRIFUGTESE F ets@aermeret 1SS IgrEDTeay v Ig(SHQ tthNont#)i ne 17E6

EMD 73034).
( FR-4: FGOGTKVEIK (SEQ ID No. 15).

+ An engineered antibody as described, wherein said heavy chain framework region (FR1 —
~ FR4) deriving from mouse antibody 17E6 is mutated at 1 — 15 amino acid residue
positions to reduce or eliminate number of T-cell epitopes and, thus, immunogenicity in
25 humans.
« Anengineered antibody as described, wherein said heavy chain framework region is

mutated at ane, more or all of the following positions of the mouse antiquy: A9, E13,
M20, K38, R40, A72, $76, Q82, G85, T87, 591 and $113. '

« An engineered antibody as described, wherein said amino acid residue positions mutated
30 in the engineered antibody are: ASG, E13K, M20V, K38R, R40A, A72T, S76T, Q82E,

G858, T87R, S91T, S113T.



De-i nmmuni zation of an anti body according to the invention neans
detection and renoval of human T-cell epitopes fromthe original
nouse anti body. This technology is different fromthe "humani zati on"
approach whi ch repl aces nouse sequences with hunman consensus 10
sequences. The De-i mruni zation technol ogy used, is described, for
exanpl e, WO W/@B2H2976, WO 00134317 and WO 02/ 69232. TPOEF/RrPa08/65EE
regions of the light (VL) and heavy (VH) chains of nurine 17E6 are
analyzed in silico to renove potential g-hel per cell epitopes.

De-i mmuni zed VH and VL sequences are designed to retain those am no

acids fromthe nurine sequence critical .for. bindi t he
CDRs. To® oﬁﬂiemlﬁ%eféiaf‘@%c’gvaﬁ?e%‘iﬁ@eﬁ%»r Siryd BS@YVO%%"J%%%@O%?{%%P
I(;haiﬂ V\erecérggﬁhsgggﬁgfaymégymtaqbn@ huga_ni zed 4\2/5 agr,:,;i ;gdy.

urt hernore e unpair Y. i ne: YaS Lar ng
VH sequenc @86, GEK, e @% @@%’wagiwgq(égg%‘)é@%'i ?rpr'ove p%@’t%ill?{Jfr'D
stability. One of the features of EMD.525797 |. 0 frigger inmune
r esponses. ATENYRBYIREI§OMANANEantgy-n @"%ﬁﬁ%‘[daﬁlg?d;g(ilogﬁgﬁ% t he
ithmmnegl obul iﬁﬁ'e ehath SORWediohé:ed as fol | ows. Fgr che |tihghth chain,

e genonm ¢ human kappa con ion.was used. For e heavy
chain, the-g bqﬁﬁ@?s&mc{%o'%nstant regi ons were used, but
t he hinge regimn: WidktiHe ($pQIDeesEei ne disul fide bonds was repl aced
by a nodified yl hinge region to mnimze disul phide bond scranbling

and to i npr ovePRXQOSBEERYT (RERION?-dh of Asn-297 in the CH2 domain to
Gn 25 (NZziﬁqge, | chﬁﬁb‘ﬁﬁﬂ%gﬂnép remove the N-glycosylation signal:
t d%—g'iy- cosytati

the result n abrogates effector functions and
prol angs ser WCPREIFEAMH GESF I &int i body. Finally, Phe-296 was

nutated to Al v Eal l,,epi t opes created by
the N2970 wt@ﬁ{mﬁbéﬁﬁﬁgﬁgfﬁeﬁ&ertﬁsgg sg}ﬁ?g%gg@u _17E6 obt ai ned by
t he met hod shoprs:yridsamvtye@ESDIEVEo.(I9xhemat i c 30 structure is
depicted in_Fi gu_re 6, has the follow ng properties: DI-17E6 shows
pot ency andiis® Aﬁ-ﬁ&%ﬂt' ' yr'@ﬁ}ﬂ"@a%eﬁ'gﬂf‘at ed receptor and cellul ar |evel
(e.g. recept oFrAhi ndiorgseski.sadtiepRenI O (BERID Nai thiat i on st udi es).

WO 2009/ 010290PCT/ EP2008/ 005852 - %a - Pﬁ;-ﬁ?EG shows tunor-grow h
i nhi bist i ng ackR=2i RYCRKPEAPELLAY (PRABNShpdel s (e.g. experi ment al

tumor nude noYSY, HPSRFFRYESLhpTRRTSSEIDEIT IIENAYC (SBIQ IDMEG hows
anti-angiogentc activity in animal nodels (e.g. SCI D nouse/ human skin

chi mera, MatrfRdl FHOGTKVEIFDHEG Y NosII - 17E6 sel ectively inhibits

t he bi ndi ng,. of { . t L E roteins to av-integrin
receplt orls gﬁgtrﬁﬁ%(’ 8ﬁél$?‘%’£ﬁé“#r{é |?S%Isi( a?(\a/?j (F:)ell Iad?\ s]iggg; 1lgs)t aghlrrent
)

and mi grat i onFRON &P QSGRRLAERFRHVEMS CRAGGE EHS nal events
happep: cel | U{:ﬁﬁ aGhl dﬁha@ﬁ@ ¥SIpaig 1P ocked, and av-integrin is
ti's C

i nt erffal i zed ure.” Fibrinogen binding to platelet
receptor GPl|bR$: exarNrilEEssTaYMIGCEFSEDBAVEY CARREQIL Mot 88 and EMD

trigger neither antibody to d nt Il cytotoxicity (ADCC) nor
conpl ement deB%ﬁdeWEQ%”{gWo%ﬁ &%@Q’?@bé)%? DI - 17E6 (EMD 525797)
exhibits a naﬁﬁ%nssﬁainﬁﬁegmgﬁtﬁ@bsw?m%@ﬂinﬁdIpumsmmmmfy _
av-integrins are recogni zed. &0 a human. av-int deficient
nel anona and @W%&%F%CQPW?t%ﬁgg‘?%?én? HWPHF’B%%%@EE%D 525797
in hupgan ski njgyd Afrhed ont @n®Cl D mi ce. System c administration of EMD
525797 in health nkeys bl ocked angi nes| '

subcut aneou®) P ﬁﬁg‘é’pﬁ?‘éﬂ ‘%/?HStﬁ?i 59'Q Bgeré"g'?%o’g?%ﬁ ﬁ?\ﬂag%% %ﬁ?@ﬁ%} g%ﬁvts ant
factors |ike h@ficRaifridyiobl ast Growth Factor (bFGF). EMD 525797 has

al so denonstrated direct antitunor activity in xenograft nodels of
av( 13- i nteeghh BndrRi@baitibgdhasadesctibed) whereinreaid iniayy chamisameweri se@ans are;

conbi nation therapy st udi VA i~Z well with
chenot her apeufﬁéz d%‘ﬂ%@gg ?@%%&c@%ﬁ&%éé%ﬁ%ﬁoﬁ@
30 FR2: WVRQAPGQGLEWIG (SEQ ID No. 21)
FR3: KATMTTDTSTSTAYMELSSLRSEDTAVYYCAS (SEQ ID No. 22)

FR4: WGQGTTVTVSS (SEQ ID No. 23).



WO 2009/ 010290PCT/ EP20013/ 005852 - 13 - A bacterial screening test

i nvestigating the nutagenic potential of EWVMD 525797 showed that EMD
525797 is not nutagenic. No safety pharmacol ogy alerts of EVMD 525797
wer e observed in repeat-dose-toxicity studies in cynonol gus nonkey.
EMD 525797 has a theoretical nolecular weight of 145,208Da, which has
been veri W@zhoFewggeri mental |y via MALD - TOF- M5 and LC-HESYEFRQUIBOF5SKS
anal ysis. The isoelectric point ranges from7.35 to 8.15 with an
average of 7.75. The extinction coefficpent is 1.42. ENVMD 525797

i nhi bits human endot helial cell adhesion to vitronectin with an EC50

of appr oxi teI 10 .n 7 bl ocks .t . Lok .
Tedl At ech bnEpSPRTEH AR A eroy TS ey Sl o LT gerves
VEG- i nduccrdmngee aktiersinad a referredosmioddivedrit abid ¢gb2 sorstent Bgidntacotpases

is also bl i(r)rl%ﬁed ia/ E‘)\/D 525797 with an EC50 around 50 nM Simlarly,
prol i f er at MOYTEAPRUMYPGHIYF human endothelial cells plated on
av-integri ands i s.al o b] ocke 7

endot hel 1 a “5\9‘ ’i“ﬁ?r@aﬁnﬁgo F%’li%ig Nﬁ%@?@ﬁ%o‘ﬁ?&t'&%ﬁh Qﬁ??ﬁ%ﬁ%{nﬁﬁa&
especkal | yiig¥eggendes ERKSSBRITHACE PERASERIBRED. 241 nt egri n- nedi at ed cel |

behavior, including IS attachnent, and migration. Al pha-v integrin
and gr ow h Ahamgineeat gntbidygspizsbrieeyd swheteiesaidtigG2 corEraDt 5ZBTOF meidiigH hy

I d diff d ival. |
et ci on + beAgtgve b SREN % aEPeBRbr WERTOT, 270 Thent 1y pr oot es
RS Slq%g%gére t g%ﬂéftscan rbq%fdf ﬁﬁére'}“%mﬁt tac #}re%[o%é‘i*%'pﬂéltton Sk

mal i gnant ment I hduce cel l
det achnent ,redlﬁctad loy A @QaﬁAbn orger &3 ¢lirinate Adnceleaitensr ganpEstechhy the modification
av- |H5egr| 63%?09 20 DI-17E6 is the first dei mmuni zed protein for
whi c en|C| y data in humans are available: In a respective

clinical tv naé V\ﬁﬁ\@%ﬂedgnﬁggdéaasade%br%q' FiRerbRIRd B igheERG] Sshsiint ﬁé@ﬁ)ﬂ%

over 500 I's ascommon therapeutically effective dose f
antibodieshuman¢GM§ar|son anti- drug antibodies could be detected in

animal trials at correspondingly cal cul ated doses. gEner al 4 | mune
behavi ore ofA rBEOMTIES astiguditegrin WW@ét'WWP%Wq%S t?’r? AEssentaly wi | |
25 pronot e YR golfnto dendritic cells. FcR binding by 17E6 seens to

be knocked out.17E6 binding to integrinr pr obabl y

i nhi b5t a avariable ?Wé@ﬂﬂ@&%&?ﬁéﬁ?ﬁdgéﬁﬁb%gthe results

obt ai ned by, rp@oeBgsnSAEedDRYT I hoh K1 SPIvEARTY QDK PEKEPKIIT7HA THRIHSO
expectabl e Th any case and are_ surprisin D -17E6 has g E:g
affinity t@‘tﬂ%%@ﬁ%ﬁ?ﬂﬁﬁﬁﬁﬂoﬁ?ﬁb@lﬁﬁ%@% 7E6
30 conpri si I'%%Pgsgeaﬁeeemcmwmm@wmmgmmm y, a

mutation o he anti y that conprises already the variable
f r amewor k W%SSEMEWHEW@WQ@SSQV'EWW& nahd vH

regi on of 7E6 ant 0 IkhN receptor.
DI-1786 is Iaf'a ?(3?%5%%5 y—?@é%%gﬁ%éug{cgg (tsﬁd Iﬁtr@%] i an cell

lines. Int QJ\@RQQBQEESRKEGHBVHWMWMWVR%BGQ@:WC@TM%i ty to
integrin as described aho m

0067 01020 T IEBIALERBRE PSS B8 R ey ’}éﬁw. AR These

and sim | arwdd%ﬁ*ikf&'ﬁrs§hQwébngmsnsmmneLVKDEEPMMSG

properties:Teduced I'munogeni ci t hi ex I’eSSI on | evel s_and
sat i sfyi ng iT5EVHE FRAVLARBEGLY SLED ’5‘8’5%1‘%\5@ PRI vo

angl eneSI %@m %ﬁeéswﬁbpéﬁr@ﬁmmn@mcmwmmpm 5
can ennance

gr owt the activity of cytotoxic drug based
t her apl es VMYW@GNBVHBAET&EREEQWFWWWQHWWG%EY E6

causes Lhe e B TR B kaR o et O Al AR ARRISPERE SR AU and
They or gani s NQPIMNY&ITPONL REDGS BF DVEHL TVOKSRNQQENURAHC SROHEALH

pat hways, and their destruction can trigger apoptosis. 10 Thus
NHYTQKSLSLSPGK, .

30 wherein the underlined sequence tracks represent the variable regions in including 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,




mgration is disrupted by D -17E6. The norphogenetic changes invol ved
in form ng bl ood vessels are conplex, but can be nodeled in vitro in
human endot helial cell mgration assays where DI -17E6 can bl ock this
process. It al so bl ocks angi ogenesi s when admi ni stered systenmically
in vivo in the human skin-SCI D mce chinera nodel, and in the
mat ri gel plumof@iomodel i n nonkeys. This suggests that BCT/EPESS/efsBRCt s
angi ogeni ¢ endothelia. Indirect evidence for anti-angiogenesis is
present ed bel ow. Dependi ng on whet her -VEGFA or FGF2 is the inducer,

t he angi ogenesi s .triggered is dependent on avp5 or on av133. Since

Dl -17E6 bl ogcks both .av-inteqrins...i . i it C-
Al t hough® D(lz\-fﬁ'%pfoée‘[f ﬁ%‘t}fﬁfr%o%n %{E‘bB‘?Ni %‘?’?S?{}@%%J;‘P’g@{‘ F“ﬁgéé%\i%?‘i’ Ve ©

al so i nhi bitgrmgradit Micyasikthe2dr gsewthifacdr, plefarablpe ceteking t hensel ves. So
far, this has only been denonstrated for tunors expressing av1l33.
Tunor cell ApReEsndsdm didhbdoreant arttibody ori antibaxiytfusiersprotei aadasaribesyar i an,
renal, colon, breast, and lung) have their growth affected when
treated wi tah dRbrekgibh vittondompoisingisaidddNA miotegulef DI - 17E6 to i nduce
anti-proliferation varies on the different cell lines and this may be
due tg bet ntdxpredsionphemidccdrarisiydunDNAfsegments aelspedifiedén Biguret 18, ped el

f - i ' i . DI -17E6 i nhi bi
Che’ o7 owt h UGFORERBGH BRL Lam EBRERE) 1 1 "2l <o Shows synergi Stic
he_grout h REREROGE BF - Hiol s+ al
e A e A e e o B S

- and ot herexpessiot pfasmid(e. g. in vitro / in vivo) but efficacy has
been observed in subcutaneous and orthotopic |ocatjons |ike pancreas
(see Exawpliegharmateutisallcouhpositinay conriging @ncotipraly o entikpdy Bisjog pretagnfsnt | y
over - expr essels 0 i ' i ARcLrR bstonaly Beemer with
human'® urmrsg,ggﬁ%cg?%o ?ﬁéH%Pgﬁﬁﬁgémﬁgﬁgtﬁgyaﬁ#ﬁ%ms brgti n HSy tgﬁr S.
This expr esspranmaceuticalls @peaptakie ea/rieh diugBbyEXEPEAt of | i gands of

ocvf13, like vitronectin, von Wllebrand factor and fibri npc%ﬁnéﬁgc%ge
by the amonfabtamassuichisempogiionsermpprising@dirsiand sgrongRfaeeutically

vi tronecti r{ReHPéLwc%ggﬁto\%@‘@ﬁ théfilsh8ydnt &ih, antiBody )P aatitRed fusiongwotein as
t unors. eal t

I'n y adults vitronect|n d fibrinogen . N a
bl 0od- bor nespesified. iapd tegierpPndhgenbis S&@F@E‘E"i”bﬁe@é‘?u&. oft g[ngr?llf)% pati ents)
they pnder g@eorRipIiER1IE Atat, apmgReersstt iditbias iahd angoti-tuver agent optionally
subendot hel ial ECM Thus, DI -.17|§6 tarﬂﬁt S.ar ediﬁ%ﬂ{ﬁse%igie pth by
t unor - i nvasPeheradtha Rharmacayicaly ASCeRiFly ST Pt &l s BXpF ess
vitronectin receptor. Subcutaneous growth of avp3- i i
cel I s is*suppereaspandingp a%‘?@f"ﬁ%oﬁﬁ%‘ g(r?‘grneﬁl tﬁ%g%@ﬁﬁlﬁé%ﬁ%afgg%@fﬂ%
ski n- SCI D mansisemehantibbily; espabidlly anteti-€ Gt erbBRebearoantisHerd ¢xbR tBAAL v
integrins were vascul arized by human ECs, EMD 525797 al so inhibits
tunor 15 «gr Q\biesponding plitarmgcettisalaotripositiei, adiereircsaid secend ageitiher nor e,

in a tunor-free | Q.0 kevs | QHBRGS hinb 225 (chas@dalhy
the afyi oge'ﬂ{egr’%m%ﬂr glg@gﬂ%&}, %%GW%?J@;E% a{ﬂslo bl ocked t he %:;[owtﬁH
factor i nduEmHu@)Gindgeiie25 (mBhuzutabl antehamptigroReuin eats gsriPUHY NG
according to the experinmental plasma trough concentrations ideptified
in several RiI¥ R dfranengioeared dhidody BNENtRY Bisiop @rofeifam SRIGTEAITYHES | n
clinical trials Linel o?c%?d fot- the'tRafRer bP& M Bndidgeredls RrIeEibesie amdg
rangi ng fro%aiﬁa%tg%fuogg%?)eg .EHPfO applied to nel agtrilogr%a xenograft mce
model s ( M21gr dulihbunenrs QAKMol nefdetasgE6 causes in | ower doses (ca.
30ng/ Kg) a slight tunor regression effect, wherea theH{effect S
consi der abl Jhevsresicephatmaregtical cerpaesiionseGAEIHRA OHFE MAHIFRNE Yrbd. 25
It should bﬁieaﬂgﬁgnttfgﬁ@je ﬁ%ﬁm@ﬁﬁéﬂiwﬁbr@! Witsreialsariginbered patidodg increases the
properties as specified above for DI -17E6 are al so applicable for
ot her vari aeffigacyfof tie-sepemsl 3¢k pecified in this application.
Conbi nation therapy Endothelial cells proli f‘Frdaft e and ipvtade he
« The use of a pharmaceutical composition as specihied or the manufaciure of a
medicament for the treatment of tumors, wherein the second agent is an anti-EGFR
30 antibody, and said engineered antibody prevents or delays re-growth of tumor after stop

administering the engineered antibody.



- 16 Thus al pha v beta 3 or av integrin target therapy present an

i deal setting to conbine the antibody of the current invention with
chenot herapeutics, other intergrin inhibitors or tunor receptor

bl ocki ng agents in pharmaceutical conpositions and kit-of-pads for
use in conbination therapy of cancer. 5 Surprisingly it was found,
t hat the ovo swv/omndo -tunor effect can be enhanced by cmtivEPR0vg/085852
engi neered anti body according to the invention, preferably D -17ES6,
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inhibitors, preferably anti-erbBl (EGFR) and anti er bB2( Her 2)
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engi neered anti body according to the invention, preferably DI -17ES6,
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chenot hepapRWEDMBESERBTICBAOATHEZNVENTIINC) synergy effects can be
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(EGFR). @d bS5 8dYe, WeNB0/38PI7 ariawoi02mYR3E RCC) cel | lines express the
EGFR. Erbitux 1s marketed product and approved for several tunor
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results that the enginee | - 17E6. anti hody stre h t
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Accor di ngedighethé rétain etivise @amindcidsAkn theusaine sehieence oritidalod biniing, such as
cet uxj mR‘Se(ﬁ?%t eady decrease in tunor size/growmh can be observed for
a | onger 4 (ca. 40 days) even if adninistration of drugs is

st opped. .Thi.s i . he i ' iy el i 89 of

*her apy. 70 opiimics Rfbedicht ARt RhL OFRel B el Tt RipRod by 30 or a
may be abhanizdet?Edintivody. Parthiesnere; fie JopaikedEysinbeddfin B\t whichasraty

si mul t a”S@Blﬁ%wtsggﬁéh%eé%%n&é}%%i—wééiﬁe @D to imBRovE PRAEIE BebAgeut i

agent use conbi natron wth any engei neered anti body according to

the i nvep i QpnERyatAes 6F EMDBENOT fs@wblofrigdsr fMUAS leRBonsas!Moateemplish this,
ci splatin, non-sugar containing chl oroet (%%Pnl our

5-f | (@r othesonstantpgions efithe mmunoglakple were d?%u‘{!ﬁ?%sﬁ ® fSfits, For the light chain,
2009/ 01Oﬁ'%%ghmk@ﬁﬁﬁ%stanl?egiond/%b&fsbdzﬁrehe &g lchaif, tegyériands

Megl am ne A, valrubicin, carnustai ne, UFT(Tegafur/ U aci

Taxot or CRUBERbARDP2 (PO SIAERDTT BERLjset, e aryt 50o8 Hih dis BFF Rarhe
conpoundsgisfif@smbérds svaelragisced Byea tbeifiepeutinge caivpds ntinimize disuiphidé PEGd
conpositions, of t invention wth, or, wthout C tic
agent caf®" Q'I“E'B‘gtf’é‘gg% IRPTPYE PRI B-Wtﬁo? ﬁp'g?rﬁggrﬁgn%l @E%eré:ng%ﬁ el

st r at 8gi @e97andvaUstrodioad taramiove tHehe-glgposyiatian eiged!f the résubiarit de-glycosylation
i nhibiting and/o | i.m patin is. The

net hods 8‘%09%83 {feggo&tll{nc?%r\l/sean iptcr)ﬁgg) sns%zg va%{'gfgg{)ﬁglta@ﬁ%@'used with
other treat Do . - . 2 . S
her apy. © Etilpors 255 des rifeg b B ron L pfonlidnT o hiihes a8y e
was found29TQatutdtive. anti - angi ogeni ¢ effect can be enhanced by

conbi ni ng an anti body according to the invention with treatnent wth
The preferred antibody DI-17E86 obtained by the method shortly described above (schematic

30  structure is depicted in Figure 16, has the following properties:

DI-17E6 shows potency and selectivity at the isolated receptor and cellular level (e.g.
receptor binding, cell adhesion and cell migration studies).



met hyl parabens; antioxidants such as ascorbic acid or sodium
bisulfite; chelating agents such as ethyl enedi arni netetraacetic acid,
buffers such as acetates, citrates or phosphates and agents for the
adj ustment of tonicity such as sodiumchloride or dextrose. pH can be
adjusted with acids or bases, such as hydrochloric acid or sodium
hydr oxi de wd bwypaeent eral 5 preparation can be encl osed®CTEPANBOOSESS,
di sposabl e syringes or nultiple dose vials nmade of glass or plastic.
Medi canments that contain the anti body-vaziable regions of the
i nvention can have a concentration of 0.01 to 100% (w w), though the
anmount v ordin to
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i nduced aeghgageddsire dntibedyl t| on by EMD 525797 in nonkeys receiving

one single therapeutic i.v. admnistration (10 or 30 rrq/ Kg).
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cells. 15“11—Crcésl]?r35§?ﬁgﬁg o? ff erative synergistic effect of DI-17E6
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Gl 1 ongi | adninistoreiaare weSomiar A sl Py Biraxanows Bllision 41 0% PEepnaidgreg o be
Dl - 176 Gauibieatbdtidunabl astidy dendifions] Thecantibadyris not d2Alflackveh butehas been

successfully administered by i.v., and i.p. routes in animal studies in which it has been shown

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



WD 2009/ 010290PCT/ EP2008/ 005852 - 20 - cell injection. Treatnent of
CPT started at day 11 after tunmor 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 DI -17E6
(EVMD 525797) in conbined treatnent with darcabazine 5 (DTIC)
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into mce using suboptiml doses of DI-17E6. Treatnent for EMD 525797
started at the same day than tunor cekllignjection. Treatment of DTIC
started at day 11 after tunor cell injection. EMD 525797 was
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that comprises already the variable framework regions of humanized mAb 425 but still the
original VH region of mouse 17E6 antibody does not bind to integrin receptor.

DI-17E6 is well expressed by NSO cells and other mammalian cell fines. Interestingly the
mutation which shows no binding affinity to integrin as described above, shows the same



20 specific paraneters, nolecules, nmethod steps etc. the invention is
not limted thereon, if a skilled person can easily conclude from
these data that the invention can be carried out wth anal ogous neans
and net hods. Exanple 1: Construction and expression of the

engi neered anti bodies according to the invention: 25 In order to
reduce i mwmowagemicgdoty in man, DI-17E6 (ENMD 525797) was PORA®200§/005852
de-i mmuni zati on and genetic engi neering of nurine 17E6. Source

anti body was nonocl onal nouse anti body 14E6 as described earlier.
This anti body was generated fromm ce inmmunized with purified human
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30 genetic background of each cell line and the level of av-integrin expression by these cell

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,



Construction of the expression vector for DI -17E6v2h(N297Q A genom ¢
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-1 amino acid being the C-terninal residue of the signal peptide) of
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residue (AGC to VIA) so that the DNA encoding the end of the signal
peptide is CITAAGC, where CITAAG is a.cfgated AM site (Lo et al.
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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 extraceliular matrix, and the inhibition of these integrins

can have an antiangiogenic effect.
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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 it DI-17EB 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-17E8
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 fo a patient in
30 need thereof beforé, 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, vincristing, adriamycin, cisplatin, non-sugar

containing chioroethylnitrosoureas, 5-fluorouracil, mitomycin C, bleomycin, doxorubicin,



Kawasaki K (2001), Eur..1. Imune!. 31, 1017-1028 NG 000834 in
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Descri ptyiihkiapiitRiddhositions 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 list:

15 The inhibitor of angiogenesis may be, but are not limited to, e.g. cilengitde (EMD 121974),
anti-VEGF antibody LM609, 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
"nharmaceutically-acceptable carrier is intended to inciude 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



Source of Sequence Information 4092 - 4446 De-imunized |7-E6 VH
Provided in Fig. 2 Sequence confirnmed at ENMD Lexi gen 4447 (H ndll1l
at 4454). imunogl obulin 02 gene Kraw nkel U. et al. (1982), EMBO J.
1(4), 403407 Locus |iUM GCD1, Accession J00230 V00554; 6264 constant
regions with nodified 01 H nge Coding sequence confirmed at EM)

Lexi gen, i 20d9mam029%ari ations in intron3-5 6265 (Xhol aPCBEP2008/005852
untransl ated regi on and Forsman ZH etal. (2004), J. Accession
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such as ethylenedlamme etraacetic 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 profein in a given
individual. Dosing of DI-17ES 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-17E8:
Variable regions are underlined, with CDR’s in bold.
Figure 1D:  complete heavy chain protein sequence of DI-17E8;
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-17E6 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 3: anti-agiogeneic activity of DI-17E6 (EMD 525797) in a monkey Matrigel plug
experiment; anti-antibody detection in monkey sera for dosing of DI-17E6 (30 mg/Kg)
dependent on time (long term).

Figure 4: Effects of DI-17E6 on tumor growth in the SCID mouse-human skin chimera model
5 with intradermal M21-L. melanoma (administered 3 times per week at 1 mg/dose i.p. for 4
weeks, starting freatment one day after tumor cell inoculation.

Figure 5: Effects of DI-17E6 on growth factor induced angiogenesis in the Matrigel plug model
in monkeys Growth factor induced angiogenesis inhibition by EMD 525797 in monkeys
receiving one single therapeutic i.v. administration (10 or 30 mg/Kg). Treatment was at the

10 same day of Matrigel implantation. One animal containing up to 6 Matrigel plugs was used
per group. Analysis of hemoglobin content (g of hemogiobin/mg Matrigel plug) was performed
after 6 days ; given are means * SE.

Figure 6: Anti-proliferative effect of DI-17E6 combined with Paclitaxel in vitro shown in HUVE

celis.

15 Figure 7: Anti-proliferative synergistic effect of DI-17E6 combined with cilengitide in vitro
shown in M21 human melanoma cell line. Upper curve: cilengitide alone, lower curve: DI-
17E86 + cilengitide.

Figure 8: Anti-proliferative synergistic effect of DI-17E6 combined with cilengitide in vitro
shown in CAKI-2 human renal cell line. Upper curve: cilengitide alone, lower curve: DI-17E6 +

20 cilengitide.

Figure 9: Anti-proliferative synergistic effect of DI-17E6 combined with cilengitide in vitro
shown in A498 human cell line. Curve with triangles DI-17E8 + cilengitide, curve with

squares: cilengitide alone.

Figure 10: In vivo -effect of DI-17E6 (EMD 5256797) 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-17E8 (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



AD (1983), Proc. Natl. Acad. Lexigen Sci. U S A 80, 2495-2499
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cell injection. Treatment of cPT started at day 11 after tumor cell injection. EMD 525797 was
administered once per week i.p. at 500 pg/dose. cPT was administered once per week i.p. at
10 mg/Kg.

Figure 12: In vivo -effect of DI-17E6 (EMD 525797) in combined treatment with darcabazine
5 (DTIC) xenografts tumor models using human MeWo tumor cells transplanted into mice
using suboptimal doses of DI-17E86. Treatment for EMD 525797 started at the same day than
tumor cell injection. Treatment of DTIC started at day 11 after tumor cell injection. EMD
525797 was administered once per week i.p. at 500 pgfdose. DTIC was adminisfered once

per week i.p. at 50 mg/Kg.

10 Figure 13: : In vivo -effect of DI-17E6 (EMD 525797) alone in xenografts tumor models using
human CAKI-1 renal carcinoma tumor celis transplanted into mice using different doses (ug /

mi serum) DI-17EB6. y-axis: tumor volume (mm3}, x-axis: days

Figure 14: In vivo -effect of DI-17E8 (EMD 525797) in combined treatment with cetuximab

(Erbitux) in CAKI-1 renal carcinoma tumor cells transplanted into mice using DI-17E6 at a
15 constant serum conceniration of 100ug/ml and Erbitux at a dose of 4 mg/Kg and 12 mg/Kg

body weight. The dose regimen is depicted in Example 13. y-axis: tumor volume (mma3), x-

axis: days.
Figure 15: Plasmid map of DI-17E6 expression plasmid pdHL10-DI-17E6y2h(N297Q).
Figure 16. Schematic structure of mAb DI-17E6 (EMD 525797).

20 Figure 17 A: Complete DNA sequence of DI-17E6 from the translation initiation codon to the
translation stop codon of the complete light chain (human kappa) as used in the expression
plasmid deL1b—Dl—17E6 (coding sequence in upper case and non-coding sequence in lower
case, variable and constant sequence in grey colored, variable sequence in italics) (SEQ ID
No. 27)

25  Figure 17 B: DNA sequence of variable light chain of DI-17E6 (SEQ ID No. 29)
Figure 17 C: DNA sequence of constant light chain of DI-17E6 (SEQ ID No. 31

Figure 18 A: Complete DNA sequence of DI-17E6 from the translation initiation codon to the
translation stop codon of the complete heavy chain as used in the expression plasmid

pdHL10-DI-17ES (coding sequence in upper case and non-coding sequence in lower case,
30 variable and constant sequence in grey colored, variable sequence in italics; modified 1gG1
hinge in bold) (SEQ ID No. 33).

Figure 18 B: DNA sequence of variable heavy chain of DI-17E6 (SEQ ID No. 39)

Figure 18 C: DNA sequence of constant heavy chain of DI-17E6 (SEQ ID No. 37)
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surprising results, which were not expected when molecule design was planned. Combining
sequences from antibody version showing good expression with sequences of antibody
versions showing good binding affinity often results in new antibody versions having bad
binding affinity and expression. Therefore, as already pointed out, a prediction which specific

15 antibody mutations elicit good expression and binding affinity was not possible.

Variable regions of de-immunized 17E6 (DI-17E6);

The variable regions of the light (VL) and heavy (VH) chains of the mouse monoclonal
antibody 17E6 (SEQ. ID Nos. 25 and 26) were de-immunized in silico by the de-
immunization technology as specified above, which removed potential T helper cell epitopes.

20 This resulted in a de-immunized version of the VL called VL60.2 and a de-immunized version
of the VH called VH33.

De-immunized 17E6 antibody consisting of the VL60.2 and VH33 produced by transfection of
mammalian cells retained binding affinity to the avB3 integrin but was expressed poorly.

To optimize expression, the framework regions of the light chain were replaced by those of a

25 humanized 425 antibody (Kettlehorough et al., Protein Engineering 4:773, 1991).
Furthermore, the unpaired cysteine-60 in the VH33, which was rare among VH sequences,
was converted fo tyrosine (C60Y) to provide protein stability.

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 expressio-n.

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

The mouse myeloma NS0 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 SM1F6 medium (Invitrogen)
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(chi mer i thec@nblmEplidd ZéE6aig2h spkshitutien atthe dirat poine acid residue after the initiation
codon and anocther 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 Affll-BamHI fragment, and the de-
immunized VH DNA was synthesized as an Afill-Hindlll fragment. For the VL, ligation fo the
genomic leader via the Afll site resulted in an Xbal-BamHI fragment encoding the signal

25  peptide-VL. Similarly, ligation of the VH DNA to the genomic leader via the Affll site resulted
in an Xhol-Hindlll fragment encoding the signal peptide-VH, where Xhol replaced Xbal by
linker ligation. The resultant Xbal-BamH| and Xhol-Hindlll fragments were then inserted into
the pdHL10 expression vector (Fig. 15), which already 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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Second, a mutation of Asn-297 in the CH2 domain to Gln (N297Q), was introduced by
overlapping PCR to remove the N-glycosylation signal, which abrogates effector functions
20 and prolong serum half-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 pdHL 10 is derived from pdHL7, which had been described previously
(Gillies et al. J. Immunol. 160:6195, 1988). 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 Aflill-Hindlll
fragment of the commercially available pcDNAI (Invitrogen Corp., San Diego, CA).

The maijor 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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fewer stably transfecied cell clones, which, in order to sur\nve 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

10 transcription region. [n 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 coding regions of the entire L and H chains were
15 completely sequenced. its prominent features are described in the following Table:

Base pair Description Literature Source of Sequence
(Bp) # Information
0002 (EcoR1) | CMYV enhancer and promoter Boshart M et al. (1985}, Locus HS3IEE,
— 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 MMU231201,
immunoglobulin L chain J. immunol. 29, 2082-2086 Accession AJ231201;

- 112 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 ¥ (2001), Eur. J. NG _(00834 in Genbank;
at 1442) - Immunol. 31, 1017-1028 Sequence confirmed at EMD
1784 Lexigen
1785 - 2107 CL coding region and translation | Kawasaki K (2001), Eur. 1. NG_000834 in Genbank;
stop codon Immunol. 31, 1017-1028 Sequence confirmed at EMD
Lexigen
2108 - 2971 3’ untranstated region and Kawasaki K (2001), Eur. J. NG_000834 in Genbank;
(Sall) polyadenylation signal of the Immunol. 31, 1017-1028 Sequence confirmed at EMD
human immunoglobulin kappa Lexigen
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. (1999), Eur. | Locus MMU231201,
4091 immunoglobulin L chain 1. Tmmunol. 29, 2082-2086 Accession 4J231201;

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 (HindIII | . Krawinke! U. et al. (1982), Locus HUMIGCDI,
at 4454) - immunoglobulin 02 gene EMBO J. 1 (4), 403407 Accession J00230 V00554,
6264 constzfnt 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), . Accession AF316141;
6266) - 6515 polyadenylation signal of 5V40 Virol. 78, 9306-9316 Sequence confirmed at EMD
late region Lexigen
6516 - 8809 Origin of replication and f3- Sutcliffe G (1978), Proc. Natl. | Accession J31745,
(EcoRI) lactamase gene from pBR322 ?;2;1 Sci, U.S.A. 75, 3737- Sequence partially confirmed
(6516 to 7192) at EMD
Lexigen
8809{EcoRI)- | SV40 promoter Tlyinskii PO et af, (1992} 1. M99359.1 GI:310698 in
9038 Virplogy 66,6353-6360. Genbank;
Sequence confirmed at EMD
Lexigen
9039 - 9602 DHFR cDNA Simonsen CC and Levinson Sequence confirmed at EMD

10

15

20

AD (1983), Proc. Natl. Acad. Lexigen
Sei. U.S.A. 80, 2495-24%9

9603 - 9687 3°-untranslated region of DHFR Strausberg RL (2002}, Proc. Accession BCO03796;

fused to polyadenylation signal of | Natl. Acad. Sci. U.S.A. 99, Sequence confirmed at EMD
SV40 early region via ligationof | 16899-16903 Lexigen
Bgl II sticky end to Bel I sticky
end
9688 - 9924 Polyadenylation signal of SV40 Forsman ZH et al, (2004}, J. Accession AF316141;
early region Virel. 78, 9306-9316 Sequence confirmed at EMD
Lexigen

L Six nucleotide (n1) variations in the intron of the leader were found between the pdHL10-DI-
17EGy2h(N2970) vector and the published sequences. The pdHL10-DI-17E6(C60Y)y2h(N2970) vector contains
Gar 801, Tat 985, C at 993, Tar 1006, T at 1045 and A at 1 071, The published sequence contains C, 4, A, G,
AC (an additional nt), and G at these respective positions.

2. Six nucleotide (mt) variations in the intron of the leader were found between the pdHL10-DI-
17E6y2R(N297Q) vector and the published sequence. The pdHL10-DI-17E6(C60Y)y2h({N2970) vector contains
G at 3780, T at 3964, C at 3972, T at 3985, T at 4024 and A at 4050. The published sequence contains C, A, A,
G, AC (an additional nt), and G at these respective positions.

3 Two nucleotide (nt) variants in the intron between CH2 and CH3 were found between the pdHL10-D1-
17E6y2h(N2970) vector and the published sequence. The pdHL] 0-DI-17E6{C6OY}y2h(N2970) 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(N2970) vector contains G at 4736, The published
sequence contains C at this position.

Generation of Production Cell Clones and Research Celf Banks

Transfection and selection of high-producing clones

The expression plasmid pdHL.10-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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Pulser Xcell™ System (BioRad, Hercules, CA) with settings at 250 voits and 15 ms pulse
length. Stably transfected clones were selected by growth in Super CD medium
supplemented to contain 200 nM methotrexate (Sigma, Cat. No. M-8407). The Super CD
medium contains 9.69 g/L AGT CD Hybridoma medium (Invitrogen, P/N RM-00-136), 2.52 g/L
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 Ultrafiltered
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.
The expression levels of selected clones were further confirmed by recombinant Protein A
affinity (rPA) chromatography. Clone #395, which produced 607 pg/mi of DI-
17EBy2h(N297Q) (by rPA} in terminal stationary culture in a 25 em? T flask, was chosen for
subcloning by limiting dilutions.

Attempts to subclone in Super CD medium were not successful. Therefore, clone #395 was
adapted to growth in DMEM/F12 medium (Invitrogen, cat. # 21041-025) supplemented to
contain 5 uM Tropolone (Sigma, cat. # T7387), 10 /L ethanolamine (Sigma, caf. # EQ135),
10 pg/mL insulin (bovine, lyophilized, Invitrogen, Cat. No. 13007-018), 2 gfl. 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
(Sigma, Cat. No. M-8407) for one passage and subcloned in a 1:1 mixture 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 86-well plates. In about
two weeks, subclones appeared in the plates containing 10 and 5 cells/well. The subclones
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 cellsiwell) 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 pglh'll DI-17E6y2h(N297Q) (by rPA) in terminal
stationary culture in 75 cm? T flasks.

Expression of the antibody

Mammalian expression plasmids were constructed, transfected into NS/0 cells, and stable
transfectants were isolated. Typically, NS/Q cells were stably transfected with an expression
vector and infroduced 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 400,060 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

5 Mixed Resin column chromatography, recombinant Protein A chromatography, and Q
Sepharose column chromatography, followed by Pellicon 2 tangential flow diafiitration 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.

10 Assay to determine binding of DI17E6 antibody to alpha V integrin receptor subunit
The ability of the DI17ES 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.

15 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

20 than that of the chimeric:

Transient in PER.C6 INSO from ECACC NSO-LD
Jchl TEG-p2h, g4h and ~3-4 ug/mi ~15 ug/ml IND
e4h(NtoQ)
delmm17E6 VH33-VL6G.2- j0.3 ug/ml -1 meg/ml ~1.6 ug/ml
|e2h(FNioAQ) 96-well)
delmm17E6 VH33-VL49- 0.7 ug/ml - ~3 ug/ml 10 ug/ml
lg2h(FNtm'-‘sQ)

To increase the expression level of delmm17E6 VH33-VL49/VLE0.2-g2h(FN to AQ), we

mutated:
a) C60toSandY in CDR2 of VH.

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

The results of two sets of transient transfection were summarized below:



#1 29.5 #2 31.3 Dl - 17E6- g2h( Nt 0Q (C60Y) was chosen as the
final nol ecul e because of the high expression |level of the stable
NSO LD cl ones and because it retains binding affinity. 10 Exanple 3
To characterize integrin specificity of DI-17E6, ELISA, cellular

ELI SA and flow cytonmetry analysis were used, and these allowed us to
I dentify woetawoiotmai n of integrins as the specific |i gaouepons/aless2
525797. EMD 525797 recogni zes purified av-integrins but, as expected,
had no reactivity against 15 purified-ab$b63. EVMD 525797 al so
interacts with human cell lines with av-integrins on their cel

surf ace, éﬁﬂﬂ%@@:ﬂ&% (Yo etdRsiB? ROG L AbRY @Ea:mhsrbn fidbdlon iR 62549 in
and LMo oreactivitlies are depicted In Ol TOW ng tabl es:

WD 2009/010290PCT/ EP2008/ 005852 - 32 7 Innune D@act|V|tym9m purified

integring ayl33,avlan @it iM% 797 * * 1s7ngmi 956 ng/mi

5 Delmm I7E6[VL49/VH33(C60S)]-g2h(FN->AQ) #16 13.1 ng/ml 734 ng/ml
Delmm 17E6[VL49/VH33]-gZh(FN->AQ) #44 (DI control) 12.4 ng/ml 631 ng/ml
Delmm 17E6fVL60.2/VH33}-g2h{FN->AQ) #1 (DI control) 8.3 ng/ml 589 ng/ml
17E6-g4h(FN->AQ) #1 (chimeric control) 174 ng/ml 2716 ng/mli
17E6-g2h #6 (chimeric controf) 149 ng/ml 3582 ng/ml

10
Delmm 17E6 mutants expression level (transient transfection in PER.C6, 24 Mg in 10 cm plate):

Day 2 Day 4

Delmm 17E6[VL4S(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/ml 949 ng/ml

15  17E6-g2h #66 (chimerie control) 271 ng/ml 1442 ng/ml
Delmm 17E6{VL60.2/VH33]-gZh{FN->AQ).#1 (PI 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 17B6[VL49/VH33(C60Y)]-gzh(FN->AQ) #10(mini, 40ul) 119 ng/ml 745 ng/ml

€608 has only marginal improvement, whereas C60Y result is promising. If the CE0Y 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 delmm17E6:The following new constructs were used to transfect
NSO cells:
pdHL10-DI-17E6][VH33(C60Y )}/ VL4S(DGTV)]- g2h(FN->AQ)
30 pdHL10-DI-17E6{VH33(C60Y)YVL60.2(DGTV)]- g2h(FN->AQ)
pdHL 10-DI-17E6[VH33(C60S)/VLAY(DGTV)]- g2h(FN->AQ)
pdHL10-DI-17E6{VH33(C608)/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 )/ VL4AS(DGTV)]- g2h(FN->AQ) 304 2518 ng/ml
DI-17E6[VH33(C60Y Y VLAD.2(DGTV)]- g2h{FN->AQ) 233 1674 ng/ml
DI-17E6[VH33(C60S)/VLA(DGTV}]- g2h(FN->AQ) 433 2734 ng/ml

40  DI-17E6]VH33(C608)/VL60.2 (DGTV)]- gZh(FN->AQ) 467 3138 ng/ml
17E6-g2h(FN-AQ) (chimeric confrol) 587 5425 ng/ml
17E6-g2h (chimeric control) 537 3683 ng/ml
DI-17E6[VH33/VL60.2]- g2h(FN->AQ) (DI control) 48 669 ng/m]
DI-17E6[VH33/VL60.2(DGTV)]- g2h(FN->AQ) 142 1302 ng/ml

45  DI-17E6[VH33(C60Y)/VLA9]- g2h(FN->AQ) 371 1535 ng/ml
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The ELISA data showed that expression levels of 17E6-g2h(FN-AQ) and 17E6-g2h were
comparable. Surprisingly the expression levels of (C60S)/(DGTV) combinations were higher
than those of (C60Y)/(DGTV), whereas earlier results showed that C60Y and DGTV separately
increased the expression level of Delmm17E6 from 1x to 2.3x, whereas C60S has minimal

benefit.

17E6VH/425VL-g2h(FN to AQ) and the following transient transfections were done:
Fc ELISA

17E6VH/425VL-g2h(FN to AQ) in triplicates: 28.5, 26.7, 18.7 ug/ml
DI-17E6[VH33(C60Y) VLA9(DGTV)}-g2h(FN->AQ) in duplicates 2.1, 1.7
DI-17E6[VH33(C60S)/VL4XDGTV)]-g2h(FN->AQ) in duplicates 2.7, 1.7
17E6-g2h(FN->AQ) in duplicates (chimeric control) 49,4.0

425EU Ab in duplicates (425 control) 27.4,20.0

Clearly, changing the VL increased the expression level to that of the 425 Ab!

Unfortunately, 17E6VH/425VL-g2h(FN to AQ) did not bind avb3 in the binding ELISA

(see Figure 21).

In order to solve the expression/binding problem the following molecules were constructed:
T8F and A44P substitutions in delmm17E6 VL:

DI-17E6 VL60.2(DGTV)with TSP / DI-17E6 VH33(C60Y) -gZh(FN to AQ)

DI-17E6 VL60.2(DGTV)with Ad4P / DI-17E6 VH33(C60Y) -g2h(FN to AQ)

DI-17E6 VL60.2(DGTV)with TS8P/ DI-17E6 VH33(C608) -g2h(FN to AQ)
DI-17E6 VL60.2(DGTV)with A44P / DI-17E6 VH33(C60S) -g2h(FN to AQ)

Cells were transfected, although the final constructs are being confirmed by sequencing
(since restriction digestion cannot distinguish recombinant from parental). Combining the
T8P and A44P may be necessary. Grafting the 17E6 delmmVL CDRs into the delmm425 VL
FRs. The expression levels of delmm425VL/delmm17E6 VH were tested, because
delmm425 VL may not be expressed to the same high level as hu4256 VL. The DI-425VL1,
was used, but with a P to L reversion (VL1 did not bind). Consequently, the P to L reversion in
CDR3 was made to restore the binding. It was paired up with delmm17E6 VH33 (construct a
below) and ch17E6 VH(construct b below). Transient transfections were done using controls
Hu425VL / ch17E6 VH {construct ¢ below), and ch17ES.

Constructs Transient expression by Fc ELISA
a.) DI425VLI(Pto L)/ delmm17E6 VH33-g2h(FN to AQ) 25
b.) DI-425VL1(Pto L) / ¢h17E6 VH-g2h{FN to AQ) 69
¢.) Hud25VL / ch17E6 VH-g2h(FN to AQ) 3394
d.) 17E6-g2h{FN to AQ) 643

The transient results showed that while (¢) gave very high expression level, constructs a and
b with DI-425VL gave levels even lower than that of the ch17EB.



avl1l3l avf13 EMD 525797 + - + + + + + + + LMB09 - + + rid 5
Reactivity of LM609 (nurine nonoclonal antibody anti-avf33) is shown
for conparison. Human tunor cell lines: M1, M1-L, and MW

mel anomas; H129 and Colo205 col on carci nomas; SKBR-3 breast

carci noma; A498 renal carcinoma; and V+B2 ocul ar nelanoma. CV-1 is a
gr een nonkay200®diozdoi ne. 10 EVD 525797 recogni zes human pangrimeleys:
av-integrins only, and no other species. The nol ecul ar basis for this
unusual profile has been unequivocally 2%tablished by epitope

nmappi ng, sequence conparison, and x-ray co-crystallography. The

epi tope ngggwga%gtgpyc]gp{e-smﬂ% S conf| rrred as uni que to human and
nonkey by 1 nmmuno reC||p| tati and we | otti anal

per f or megHki 0H22\fdRsdp gg@\é@szcmsm7E6VH33(0605) g2h(FN>AQYAD and
pdHL10-425VLFRs/DI-17EBVL60.2CDRs/17E6VH33 (C60Y)-g2h(FN->AQ)-Ab.

Grafts with (FR1+FR2 only) are not expressed well and bind poorly, whereas grafts with
5 {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 in PER.C6

huFe- huFg- huFe- huFe- huFe-
ELISA ELISA ELESA ELISA ELISA
Protein Name (ug/ml) {ug/ml) (ug/ml)  (ugim)) (ug/ri)
DI-17EBVLE0.2CDR-425VLFR3/NVHI3(CBOY)-gZh(FN->AQ) 0.79 272
DI-17ESVLED.2CDR-425VL FRAFR4MAVH33(CE0Y)-g2h({FN->A0) 14.17 25.36 19,6 17
DI-17E6VLE0.2CDR-425VLFRa/VHA3(CB0Y)-g2h(FN->AQ) 20,78 31.76 24,3 285
-1 7EBVLE0.2CDR-425VLFRTFR2/VH3II(CE0Y)-g2h(FN->AQ) 45 6.2
DM-17E6VLE0. 2CDR-425VLFR4NVHIJ(CEOY)-g2h(FN-=AQ) 1.9
DI-17EBVLE0.2CDR-425VLFRI/AVH33(CEOY)}-a2Zh(FN->AL) 3
DI-17EBVLE0.2CDR-425VLFRs/ 1 7E6VH-gZh{FN-~AQ) 21.65 337 331 19 259
425VLI1TESVH-g2h{FN->AQ) 35,14 53.66 47.3 40 51.9
17E58-g2h(FN->AQ} 3.74 B.86 a8 4 8.7
Stable clones in NSO-LD in DMEM/F12 in T25 flasks
rPA
Protein Name/clone# {ug/mi}
DI-17EEVLE0.2CDR-425VLFRs/VH33(CB0Y)g2h(FN->AQ)
#423 38
#4233 135
#434 62.5
#10 381
DI-1 7EBVLE0.2CDR-425VLFR3FR4NVH33(CE0Y)g2h{FN-»AQ}
#1 28.5
#2 3i.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.

10 Example 3
To characterize integrin specificity of DI-17E6, 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

15 purified alibB3. EMD 525797 also interacts with human cell lines with av-integrins on their cell
surface, independently of the associated p-chain subunit. EMD 525797 and LM609 immuno-

reactivities are depicted in the following tables:
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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,

25 which adversely affects the pharmacokinetics of murine 17ES.
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neutrallzmg monkey anti-murine antibody (VAMA) response against 17E6, which clearly

points to the high immunogenicity of murine 17E6 in monkeys and other primates such as
humans. This response led to rapid and complete clearing of 17E6 from the monkey serum.

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-17E8. 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 17E6 and DI-
17E86. DI-17E6 had high serum levels at each time-point of the assay, suggesting that DI-
17E8 triggered no antibody response, and $0 was not immunogenic in monkeys. By contrast,
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due to its immunogenicity.
Because 17E6 was de-immunized based on eliminating human T-cell recognition epitopes,

5  the DI-17E6 immunogenic is expected to be low in humans, allowing repeated therapeutic
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.

10 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 6
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

15 range of o standard therapeutic administration) no volunteer developed any immune
response against DI-17E6. In contrast to that, mouse 17E6 devetops 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

20  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-17E8) in the light chains, and from 181
(mouse 17E6) to 85 (DI-17E6) in the heavy chains.

Mouse 12ES6 light chain

25
Posn Sequence nBind Score Mean
15 LGDRVIISC 4 100.16 25.04
19 VIISCRASQ 31 1177.12 37.287
20 IISCRASQD 1 22.34 22.34
30 21 ISCRASQDI 3 78.13 26.04
29 ISNYLSWYQ 7 169.20 24,17
33  LSWYQQKPD 1 20.93 20.93
44 VELLIFYTS 12 303.43 25.29
46 LLIFYTSKL 24 940.44 39.18
35 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
40 83 IATYFCQQRG 2 40.82 20.41
86 YFCQQGNTF 4 B4.56 21.14
98 FGGGTKVEM 3 94.75 31.58
Total score: 147

45



Posn Sequence nBi ndScore Mean 2 VQLQUGGE 5129. 45 25.89 5518
*VKVSCKASG 12366. 95 30.58 27 YTFSSFWWH246. 55 23.28 29 FSSFWWHW380. 61
26. 87 32 FWWHWRQA 14673. 39 48.10 33 *WWHWRQAP252. 27 26. 14 6036
*W/RQAPGQG 17473. 32 27.84 37 *VRQAPGQAE.8276. 30 34.54 47

W GYI NPRS9282. 09 31. 34 48

| GYI NPRSG 10280. 39 28. 04 51

| NPRSGYTE381. 56

27.19 656%d fobIAAMT7197. 95 28. 28 64 FRDKATMIT 10304. 58c3:
2009/ 010290PCT/ EP2008/ 005852 e
81 *MELSSLASE 1 35.56 35.56
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Dzl 17E86 final light chain

Posn Sequence nBind Score
2 *IQMTQSPSS 22 615.489
15 *VGDRVTITC 5 139.08
19 *VTITCRASQ 17 421.29
21  ITCRASQDI 3 86.42
29 *ISNYLAWYQ 4 98.65
46 LLIYYTSKI 33 1195.64
47 LIYYTSKIH 15 497.37
48 IYYTSKIHS 30 S06.02
4% YYTSKIHSG 1 20.00
5¢ YTSKIHSGV 1 25.29
54 TIHSGVESRF 2 52.00
71 YTFTISSLOQ 4 115.43
73 *FTISSLQPE 3 71.05
83 IATYYCQOG 2 40.82
86 YYCQQGNTF 4 88.56
94 *FPYTFGQGT 2 44 .83
98 *FGQGTKVEL 5 135.81
Total scorea: 82
17E6 mouse heavy chain
Posn Sequence nBind Score
2 VQLQQSGAE 5 129.45
4 LQQSGAELA 6 140.28
18 VKMSCKASG 27 881.03
27 YTFSSFWMH 2 46.55
29 FSSFWMHWV 3 80.61
32 FWMHWVEQR 18 546.68
33 WMHWVKQRP 2 59.089
36 WVKQORPGQG 9 229.70
37 VEKQRPGQGL 4 90.82
47 WIGYINPRS 3 282.09
48 IGYINPRSG 10 280.39
51 INPRSGYTE 3 81.56
63 IFRDKATMT 7 197.95
64 FRDKATMTA 19 605.26
80 YMQLSGLTS 22 678.41
81 MQLSGLTSE 5 116.59
83 LSGLTSEDS 3 63.359
93 VYYCASFLG 11 287.27
94 YYCASFLGR 2 51.02
9% FLGRGAMDY 11 321.71
107 YWGQGTSVT 1 23.40
108 WGEQGTSVIV 2 62.07
Total score: 181
Del 17ES6 final heavy chain
Posn Sequence nBind Score
2 VQLQQSGGE 5 129.45
18 *VKVSCKASG 12 366.95
27 YTFSSFWMH 2 46.55
29 FSSFAMHWV 3 80.61
12 FWMHWVRQA 14 673.39
33 *WMHWVRQAP 2 52.27
36 *WVRQAPGQG 17 473 .32
37 *VRQAPGQGL 8 276.30
47 WIGYINPRS 9 282.08
48 IGYINPRESG 10 280.39
51 INPRSGYTE 3 81.56
63 IFRDKATMT 7 197.95
64 FRDKATMTT 10 304.58
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86 *LRSEDTAVY 12 357.27 29.77 93VYYCASFLG 11 297.27 27.02 5
94YYCASFLGR 2 51.02 25.51 99FLGRGAMDY 11 321.71 29.25 107YWGQGISVT
1 23.40 23.40 108WGQGTSVTV 2 62.07 31.03
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80 *YMELSSLRS 16 481.10 30.07
81 *MELSSLRSE 1 35.56 35.56
86 *LRSEDTAVY 12 357.27 29.77
93 VYYCASFLG 11 297,27 27.02
94 YYCASFLGR 2 51.02 25.51
99 FLGRGAMDY 11 321.71  29.25
107  YWGQGTSVT 1 23.40 23.40
108 HEQGTSVEV 2 E2.07 31.03
Total score: 85
Example 5

Although BI-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 platelets,
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-17E8 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-17E6 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-17E8 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-17ES6 inhibited growth of M21-L tumors in the SCID mouse-human skin chimera model and
was active at a dose of 1 mg/dose administered i.p. 3 times per week starting freatment one day
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microvessel endothelial cells, which were supplemented by VEGFA and FGF2 which

stimulates the growth of such cells by a factor of up to 500%.

Plates were coated with 100 yl VN at 1 pg/ml in PBS per 96-well at 4°C overnight. Celis were
plated at 5x10e3 cells/well in 100 ul Medium 189 containing 2%FCS. After 60 minutes at

25 37°C alpha V integrin blockers and chemotherapeutic agents were added alone or in
combination at two-fold concentration in 100u|lWelI in Medium 199 plus 2% FCS and 20 ng/mil
FGF-2, for the HUVE cells, or with 20 ng/ml VEGF for the HDMVEC cells (final concentration
of growth factors was10 ng/ml). When added in combination the two test substances were
mixed at the starting concentrations and the mixture was serially diluted as for the single -

30 agents alone. In some assays the chemotherapeutics were serially diluted in the presence of
a constant amount of the alpha V biockers at the 1Cx, or IC;, concentrations. Plates were
incubated for 72 hours, then relative cell number was determined by the addition of 20ul/well
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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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) mediurh 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/mi 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 IC5 for
Cilengitide was 700 nM, for 17E6 was 5 ng/mi and for DI-17E6 4 ng/ml. For Paclitaxel the
ICso Was 0.27 ng/ml when added alone but the I1Cs was reduced to 0.13 ng/mi when used in
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SFU yes yes yes 14.5 uM

Cisplatinin yes yes yes 13.2 uM

Melphalan yes yes yes 11.4 uM

Doxorubicin yes yes yes 0.2 uM

Camptothecin yes yes yes 0.08 uM

Vincrisitin yes yes yes _10.7 nM

Gemcitabine yes yes yes 4 nvl

Estramustine Ho no no 182 uM

Temozolmide no no no inactive

121974 296 nM

Mab 17E6 5 ng/ml

DI-17E6 4 ngiml

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 oronly a

slight additive effect.

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

15 In anin vitro proliferation assay the effect of a diversity of chemotherapeutics well known and

applied in tumor therapy was investigated when combined with DI-17E6 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

agent used (in this case: cisplatin, paclitaxel, vinblastin, vincristin and temoyolomide.



WO 2009/ 010290PCT/ EP2008/ 005852 - 39 - conbination with Clengitide.
The antibodies 17E6 and DI -17E6 caused a reduction in 1050 of
Paclitaxel to 0.18 ng/m and 0.1 ng/m respectively. A typical result
for DI 17E6 when used in conbination with Paclitaxal is shown in

Fi gure 6. The additive effect of Paclitaxel with alpha Vintegrin
bl ocker s weommeioned with HDWEC as 5 wel|l. The conpl ptBEPIOEH 052
chenot herapeutic agents tested is shown in the follow ng Tabl e.
Chenot herapeutic Clengitide Mab 17E6. Qg 17E6 1C50  ------- Mhat ani

yes yes g 35ng/ rﬂo Taxol yes Et oposi de yes yes yes 0.7 uM 5FU yes
es yes .5 uM G i Ni
y y Di#erences are ?e%logrtailza Ile? w%{l??espect to the tumor cell line used. In ali cases, DI-17EB

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 lines, which are insensitive to DI-17EB.

5 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-17EB. In these
case the proliferation profile corresponds to that as depicted for paclitaxel + DI-17E6 in
HUVEC (see Figure 6).

Example 10
10 Synergistic combination of DI-17E6 and cilengitide 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

15 3 days grown in normal media, than in the presence of cilengitide or Di-17EB6 alone.
A typical experimental set-up for testing the synergistic effect of DI-17E6 and cilengitide was
performed as proliferation assay with M21, CAKI-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 celi attachment and

20 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-17ES6).

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

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

30 system with an allosteric inhibitor, before pulsed additions of the competitives inhibitor in the
continued presence of the allosteric inhibitor. This gives a synergisfic 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, allowing the allosteric inhibitor access.
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Exampie 11
In vivo testing of DI-17E6 in combination with chemotherapeutic agents

Gemcitabine plus DI-17E6 in human NP18-b3 pancreatic human cells

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

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
was dosed i.p. at 500 pg per animal three times a week. Gemgcitabine 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 combined 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.

Orthotopic tumors treated with EMD 525797 had similar 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

M21 or MeWo human melanoma cells positive for exoressing av33 integrin were
subcutaneously inoculated into SCID or nude mice according to well known standard

protocols.

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

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/mi serum). DTIC was administered i.p. once per week at 50 mg/Kg,
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assay the effect of a diversity of chenotherapeutics well known and

appl i ed Jop BHIRL JiHRTAR%WBSolBRF I i j a
i n di fferneﬁ:t_ hur?annﬁr{é aaréo\r‘]\g %el ?ﬁ%ﬂvﬁggéte%ﬂ@ﬁ Kﬁﬁbtzagﬁgsw&dﬁs@f@r%ﬁﬁr
WV 793. cehénjecdieul t s show that there are only slight differences with

respect to the chenotherapeutic agent used (in thi . Ci [
pacl i t axie resultaishiained Nb\HSRIEn & A %&epewa%%&ﬁﬂégh&a%—g——” g 2t

2009/ 0194 20R=EL fF? 018/d8R3Poén earlier the combination of cisplatin plus DI-17E6 in vivo

5 clearly elicits a statistically significant synergistic increase in response compared to the

administration of either drug treatment alone.

The results obtained with DTIC in the MeWo xenograft model is shown in Eigure 12.
In contrast to in vitro data shown earlier the combination of cisplatin plus DI-17E8 in vivo
clearly elicits a statistically significant synergistic increase in response compared to the

10 administration of either drug treatment alone.

Example 12
In vivo testing of DI-17E6 in human CAKI-1 renal carcinoma xenograft mouse model

CAKI-1 were subcutaneously inoculated into SCID or nude mice according io well known

standard protocols.

15 DI-17E8 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/m!)
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 humar renal cell

carcinoma xenograft modef,

The renal cell 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.



- 40 - Differences are recogni zable with respect to the tunor cell
line used. In all cases, DI -17E6 causes not nore than additive

af fects of the chenotherapeutic agent. In sunmary: no effect or only
a slight additive effect was observed with the conbination DI -17E6
pl us chenot herapeutic agent for such tunor cell lines, which are

i nsensi t i wa 400/03h2047E6. 5 A strong additive effect coulpdripe0ebeeied
with the conbination D -17E6 plus chenot herapeutic agent for such
tunor cell lines, which are sensitive e DI-17E6. In these case the
proliferation profile corresponds to that as depicted for paclitaxel
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of Dl - IIFe@memhadosings bt VIR 1580827 wenasidilietediid theraxpected bérunhdectuph séltes of1 5
3 da | e ' [y :
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to allow ce attachnent 20 spreading) drugs are added
al | onednjuiesgaefhamhclinigal §9esence of serially diluted G | engi t| de al one
or ypoeilgss-W th DI-17E6 at 1 pg/m . Cells have further been

i ncubat e or 3 days, and cell viahility was neasured follow ng the

instructions of the Al amar Bl ue reagent; Riavides Fi §uoe 7 pI’OVI des
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provi des =

(upper curvé: cilVergri®dsde al one? | ower curwe cilengitigle + DI -17E6).
Figure 9 provides tne celr "death Tate for sai d cowbimation in A498

cells (upperB cur vepnmsl engi tideocsal one, | ower curve eilwverg ti de e

D -17E6). This is aguynusual fipding with bBdth al phabi wedtbegrl ngo
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al one. | nport antiy,--t-he-cont i-ndBus -pr esence-of -t he cen:p&H—kve e e =
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this i seguted bds:tughppmawewwrmt m@p@wgw captdrmof growthhinkibifieriatodayi46n.
NP18- b%hr-?@ﬁbcé‘?r%%{nﬁer{? gf:? i ne, which expresses av03-integrin,

0 call'y i

was |an ant nto the pancreas of i munosuppressed

m ce. gro\é‘ﬁ{ Qelé@ﬂrgé’ BZstEehabR Rl 1RSI Ble JRbRAtIT RabaENt
wth drugs and vehicle started. Tunors were renoved and cut into

pi edks Tesatmentiyice askly Frtb<ithes £rekowe i 2 MarerErEtiPUraseed 8 steng 3dncr eas

significant anti-tumor effect. T/Cs at day 29, the end of treatment were 9 %. A similar strong

anti-tumor effect was observed for both combinations DI17E6 plus 4 markg Erbitux 2/w and
DIM7ES6 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 ug/ml serum / plasma corresponds to 0.55 mg / Kg body weight.



20 Orthotopic tunors treated with EVMD 525797 had sim | ar size and

wei ght than control vehicle treated animals. Simlarly, gentitabine,
at the suboptinml dose was al so not active. However, at the sane

dosi ng as the nonot herapeutic regi nens, genctitabine plus EVD 525797
had a synergistic activity with a tunor reduction of 52% (Figure 10).
G spl at i niweaoewdemone plus Dl -17E6 in human M21 or Me WE/mEd008MmEEs2
xenoor aft nodels 25 M21 or MeW human nel anona cells positive for
exoressing avll3 integrin were subcutangously inoculated into SCID or
nude m ce according to well known standard protocols. DI-17E6 was
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elicits ™5 | ca Yy significant synergistic increase in response

conpar eq_ é‘%’ Sl é"[’;@ﬁ?{nﬂé %ﬁ@é'\&ﬂ t&éra@dtdg%dlétﬂétgbﬁ th@?ggﬁéalﬁ'd@ﬂ% tha—he

resul ts obfai ne Cin the xenogr aft EP %H t
Fi gure EXperlmﬁrtLJrﬂerVa%ththF'qCFPr\/'FﬁW%VQH‘HBaQ@HB Bdh ga r%‘?‘ﬁaat 8%

of ci ﬁﬁeﬂn@ééﬂl?en%n‘t L4FRal host IkelyCagsd by @lkabmftvﬁata siipply] Intbothableyant
Si gn| i cant” synergistic’increase i n?réﬁs‘g%d]@ﬁ I@ar ed. t"cig tafrl,'e 10

admi ni stareupsdhe Weighl refstion Wag revessiisHae RPRTESt 3Ny i vo
testing of DI-17E6 in_hu [ Cj f

rodel | CARAITeORH AUDUA B ST | TSR Y AR S 8PS M s
accor di %;érﬂeah?iol trdtgRVEIUES eMdang/mirdutiog ﬁieﬁrea&ﬁermpedmua%a significant

adm ni st ered tem aI I
s.c. MBSO 1t‘Ct‘f’ecff f‘é%}aF)SﬁRmf“”?‘ﬁ%e ani néa% %Qtl:nt% t?ﬁ@oﬁ%ﬂes
Fi guie Jd%se§bf®bb‘1td>dl&ing shiwpeklssahgHyle calised Biggificant tm@@rwf@wwljwmon Both

vol ure/ ol 2e. AL LebBldblel LU (A M U AIms ey dRses Lo

appr oxi ree o' rea ose fect t
admi ni stdo&tmmnombf lalmra@mﬂmemer @vaukd Gty of Wang'ke Eft%\t% eﬁfﬁe@@go a poten

reduction H:{??p @f@{mh@ sihgle ErbiiXcamidhtd adringftiiecredataént
D1-17E6 %tqﬁm XI maBM?%E atﬂx ry) in g CAK1-1 human renal cell
carci norr.mrmenograft nodel The renal cell carcinona cell |ine CAKI-

was grown in RPM containing 10%F eat - 25 |nact|v t v
Ol 1t G0 rreweNen eSO R e Do P ae DB T L o 41 ﬁﬁéi%ﬁ%%"’a

ug/ m sty F&g%a&y %IBtge ?&;lwlm BehaRToe afistsapesht slop@bdd) 26 Asdoripyas@@siayngiteance
in cation-free ollo

dpb .3 t i

O e ki g Y 1 R B5 MRS i 43 0y (0
in nmedi Wpt daQRE fh'eftuﬂsmmdemmﬂm vinfchmeetingrhai tite tooors tesfted WikhPHAES
used in this stu % wer e s I|ed @%’I Fﬁg‘fégls%l\rrERFAUNA | BERI CA S. L.
(Sant 30PMEEFPHR %r&g\:ﬁgge aﬁh%f’ 4y °spainy and housed duri ng the

I t t d of t
on saci iceniaRtio e inp cbes 4Er Rl PHith gtoflRkerelude, 9?%”3??‘?5‘??@‘#“@%
peri od afolcondiderablaisizes tvaningrare 428 tos¥a8dmny) indicafngdhatiies eorpfipalion of

2006/ 010990 BRAL BT PRl pl3ergpS S¥niRbI flr EbRLERARER. 1O

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.



The treatnent started for all groups at day O of experinent (sane day
of cell injection). Animals were treated intraperitoneally (i.p.)
with product or vehicle at a volune of 10 ng/m once weekly for EMD
525797 and tw ce weekly for Erbitux. Treatment dosings for EMD 525797
were adjusted to the expected serumtrough values of 5 100 pg/m. To
reach thi ywesmpugmeatough val ues, animals were dosed f ol IroxinrgLoS/OEEFRg| €
| oadi ng dose of 17.1 ng/kg plus nmultiple (weekly) maintenance dose of
5.1 nmg/ kg scheduling as described in ths next table. Al aninals were
observed daily, controlling their physical conditions, behavior,
presenc g lhjluries, and any clinical sign. to G oups:

17. 1/ 125 y)/ 1210 (bi-weekly) - 17.1/45.1 (weekly)/ 4 (bi-10
100weekly) Aninals bearing human renal CAKI-1 xenograft tunors were

treated %R Fﬁé%??e 24 re%{)pliloﬁ'ﬂﬁt Si-dIfe Hﬁgfahﬁﬁbﬁfcomﬁﬁgnét arting at

day 0, whe ufor-cel'I's were inocul ate treat nent duration

for DI 17fE6aWaxR light ered/a heawy chein regign dervingrfeem meusmeneranabn gr oups 29

15 days. The: tuopr . ' followed up to 111 days after tunor

cell iynocu a*%\g’ﬁgg#égﬁwﬁg}g%t h an initial dose of 17.1 ng/kg

f ol | owediiby lightwhaik fpmewet regian whichtis Bkan fign kgmanizetmopedend ed i n

trough val yas 435 causing a significant tunor growth

i nhi biti gngﬁiEﬁfgl';]a_ﬁg?%e end of treatment (T/C. 25 % . After day 40

a gr owt Hiitahegvweheindtamawosiepgiondisriung frem negpse gippogen@lhe obser vati on

peri od. 20k &PERAA ahitlict§ 1E6kdng Wi th either 4 my/kg or 12 ny/ kg

Er bi tux caused a Strong and significant ars]]ti -tgnar Effect /[ at
HRanae= &

1
day 20, (vhe @rftpany chaig@nstant regiondlegving ramdjuman 8RR PO Eor
ef fect wasjgpsediyriidor both conbinations D117E6 plus 4 ng/ kg Erbitux
2/w and DI I7E6 plus 12 ng/kg 2/w. T/Cs at day 29, the end of
treat nent , AWBR§INdH ankbolYatceding midldml), whessrect i vel y. 25 It shoul d

be noted, that 10 pg/m . serum/ pla r to.Q & :
body.weitGmER gty SuReDs e ERE R Gl aaeRiRal gy Medth Aty
in the ty7ggtament groups with Erbitux alone started to regrow after
treat nen Qp._tn r i th conbi nati on groups the

i nhi B?timffgﬁ%@@m @E I hN%(%ﬁti nued apparent fromthe decreasing
nmean ancchrgi BRI ISEQIBN( 6); gure 14). At the end of the

observation period in both conmbjination groups only one of the tunors
had 5 r RREQAPERPITUSEDL N2y )7, which represents the day of the

first t h St SR nslafe:-t he Erbi tux nonot herapy groups 3
tunors gﬁgvbhfgégo%i@%gﬁabl egosi zes (> 1000mB) and nost of them grew
to si zeCRORHAFWHAE(SEHBINGi®e at day 7. In general all treatnents

wer e I | iy ¢ld d thhe= \wedrohiseEgminnNelury,ng t he

exper2| ngﬁ%@v%‘:&g t (r}dgaﬁl%?}?%hwﬁér/{e?% vehi cl e group a?ld in the

Dl 17E6 tCRRAS:RLARGIIPYAEEQHR NpO1@)i ngl e nmeasurenment day was nost |ikely
caused by a lack of water supply. In both rel evant groups the weight
reducti @@ Waengievared ablidy of tleinel whgreimtherfgR A fRoiRs cgme kipayy chain has'the

Treatment_ wi.th iy 4 ‘_gﬁ&%ﬁ]ﬂo FnBOdkg fol |l oned by a weekly
ID-Np D),
dose of %egfer?%/%%% IC Igsa%ito trough val ues of 100 pg/m
during the treat nent i SONL &1 CRRLIn WO dhddR  Of
human re aﬁn@gwp_eﬁref'aﬁﬁéogfl’%ﬁ@ﬁg@&ng @S'%hr eat rrentmvx,i_t‘r;%ts/\o di fferent
25  region which derives from humanized monoclonal anti-EGFR antibody 425, comprises the

sequence
FR-1: DIOMTQSPSSLSASVGDRVTITC (SEQ ID No. 12),

ot

R-2: WYQQKPGKAPKLLIY (SEQ ID No. 13)

R-3: GVPSRFSGSGSGTDYTFTISSLQPEDIATYYC (SEQID No. 14)

Ml

|

R-4: FGQGTKVEIK (SEQ ID No. 15).

Tt

30

|

5. An engineered antibody of any of the claims 1 — 4, wherein said heavy chain framework
region (FR1 — FR4) deriving from mouse antibody 17E6 is mutated at 1 — 15 amino acid
residue positions to reduce or eliminate number of T-cell epitopes and, thus, immunogenicity

in humans.



15 doses of Erbitux using a biweekly schedul e caused significant
tunmor grow h inhibition. Both doses of Erbitux were approxi mtely
equally potent in their anti-tunor activity. The conbination of

DI 17E6 with either 4 ng/ kg Erbitux or 12 ng/ kg Erbitux caused also a
potent anti-tunor effect, which is conparable to the single Erbitux
t r eat ment syohend/ngzdohe treat nent period. 20 However, thecspioksongss:2
di fference between the Erbitux nonot herapies and the conbi nati on
treatnents is the growth behavior aftery¢reatment stop at day 29. As
|l ong as 82 days after treatnent stop on y one of the tunmors in the
conbi nation group grew to the S|ze of rst d

t unor  sifeAnengineeRa antibodyef eRM dﬂ%er%"?lﬁ id 5?\%‘% rfEa"TerW@é rggmﬂat‘{]'ﬁuﬁﬁd

7E6 and frRi trHé?e%Hah@f thé@cﬂlbﬁﬁ@%@s@din%%doﬁﬁeadﬂubow HOpBE 3, M2B, KBS, R40,
contrast, In groups t 8%?3 only with Erbitux some tunors

grew af tA#2, 57@-&@%@855%5 3% at‘;‘ erabl e sizes (varying from 429 to

3581mB) indicating that th DI 7 D d
prevent t.ePagseines et gRihody o G\P‘ﬁ’ quﬁfe'%?ﬂﬁtawoﬁcéﬁ%ﬁgn?pggfﬁdng%tgtgmn
syner gi sk en@ﬁéeeéa affibddy afe! BOGDE13K) @120Ve KBBR RA0A, AR2T 87631 ag:zsk.%
inhibitors, suc et uxi mab (Erbitux0) can be regarded as

ext raordTWgﬁ Pe Br‘t%“éﬁ—ens the field for a 30 prom sing tunor

T i

ant i bodythe esiipwingirmgatfans: a CDR |ight and a heavy chain region deriving
from ”Dugg%ﬁaﬂ@%' K3 4oRY TS, SI6TOBIE, idw8dy rdriEGotilana shi ght

chain fr Ion i's Taken from humani zed nonocl onal

anti - t AntPG@RMIegRARI &.Jms&&lwdm rie@gon deriving
from ﬁoué;e%'ﬁo gﬂ?é’reﬂ%écorﬁ%a)gv i nt egrlgn a}’(ltl bod 7E6 Fiand to (iv)a
heavy chéi m&i@bsmﬂl_ﬂgg’ﬁ@ﬁniierl ving from hurran | gG and a human
constant | iy %ﬁ@ﬂﬁ%% (SEq 1BMNEBi neered antibody according to
claimil,- wher e| 'n ht chai n regions, which derive from nouse
monocl onal CARZ: YWKEHSeQSEQﬂ%HP{&;)ody 17E6 are: 15 CDR1: RASQ DI SNYLA
(SEQ I D No. DNo 6); CDR3: QUQGNTFPYT (SEC) ID
No. 7), &E}%egggé'fﬁg\%wﬁaﬁﬁ?égl ons are: CDRl: SFIA lvai (SEQID
No. 8), @fiHePBavy MaMPBSEYEForfsX) NEI FRD, wherein X = Cor Y (SEQID

No. 11), EL No. 10). 3. An engineered anti body of
claim 2, mﬁ ﬁﬁ@%ﬁﬁ@gl n of the heavy chain has the sequence
Yl NPRSGYTEW.’?@@N(P&E@YIT@YNBIFQD (SEQ ID #Mo. Bnamhgi neered anti body of

any of the clains - wherelntgﬁ_light chain framework 25 region
whi ch deri VERF rFéﬁRI%WE’Hl (SER Rd¥bodPonal anti - EGFR anti body 425,

conpri segkhieigh iR EEmework regions:
20 FR-1: DIOMTQSPSSLSASVGDRVTITC (SEQ ID No. 12),

FR-2: WYQQOKPGKAPKLLIY (SEQ ID No. 13)
FR-3: GVPSRFSGSGSGTDYTFTISSLOPEDIATYYC (SEQ ID No. 14)
FR-4: FGQGTKVEIK (SEQ ID No. 15)

(iv) the heavy chain framework regions

25 FR1: QVQLQQSG&ELA_E}_PGASVIQ!_SCKASGYTFS {SEQ ID No. 16)
FRZ2: WVKQORPGQGLEWIG (SEQ ID No. 17)
FR3: KATMTADTSSSTAYMOLSGLISEDSAVYYCAS (SEQID No. 18)
FR4: WGQGTSVTVSS (SEQ ID No. 19),
wherein one, more or all of the bold and underlined positions are mutated
30 in order to reduce or eliminate T-cell epitopes and thus immunogenicity
in a human , and

(v) a heavy chain constant region deriving from human IgG and a human constant

light chain region.



FR-1: DI QUTQSPSSLSASVGDRVTI TC (SEQ I D No. 12), FR-2: WQXKPGKAPLCLLIY
(SEQ I D No. 13) FR-3: GVPSRFSGSGSGIDYTFTI SSLQPEDI ATYYC ( SEQ | D No.

14) 30 FR-4: FGQGTICVEIK (SEQ ID No. 15). 5. An engi neered anti body
of any of the clains 1 -4, wherein said heavy chain framework region
(FR1 - FR4) deriving from nmouse antibody 17E6 is nutated at 1 -15

am no aci Womwgdazooposi tions to reduce or elim nate nuRrbEEpPefosHoes |
epi topes and, thus, imrunogenicity in humans. WO

2009/ 010290FCT/ EF2008/ 005852 - 46 - 6.47An-engi neered anti body of
claim5, wherein said heavy chain framework region is nutated at one,

1, oo ap Saheiiet SRSt BOaRRE s SR BRI oot

engi neer edFRMt i onVQ@DQSGGEMKPGM‘ém@%%ﬂTWSﬁQ BEiNa 3Wsi due

kaor RaoARRToT. WihehecuRs BRI ATONY TSiaT T a A

engi neer edrast i bogyefrrolrairaTAYMPNES ER SESPA VY hers/ (SECh Nofazanewor k

regi on cor‘rBrl ses the foll ow ng mut at i ons: A90, E13K, MOV, K38R,

R40A, 5A72TFR&76T, WERSETVEYSS (SEQARNSET and S113T. 10 9. An

engi neered reconbi nant anti-av-integrin hybrid antibody conpri si g

(|) t he 11. §hengihed¢rad entibods §f ansef the cigires 1 oRAswhereiiaheasiz Ghpip crpstar) .
: 6) ; CDR3: QQGNTFPYT (SEQ ID No. 7), 15 00

t he heav?géﬁg?ﬁé%meg@ons CDRL: SFWWH (SEQ I D No. 8), CDR2:

Yl NPRS%WEA*Q?%@#%%&M clah 1 12RRer&RE3id EEGMYr&(Manr&@s a

10) e ht chai n framewor k regi ons: 20FR-
DI QuIr QSPBS]’.@QS PTEY'PSEQ I D No. 12) FR- 2: VWQQ<PG<APKLLI Y

(Nﬁ’Eng'A)D 1%2@%%1%@9%%@8/ E?S %l%?%? ?n%d?shg(ﬁ%(}p\%éw IO%EEQ;JHP%

fr ;imeworthe 66licabs EFKESRDIQWICRRSIFARARPBINGE\2AIMSCl CASGYTFS (SEQ | D No.
16

14. An engineered antibody of any of the claims 11 to 13, wherein said IgG2 constant region
is modified by replacing amino acid N to Q at position 297 (N297Q).

15. An engineered antibody of claim 14, wherein amino acid residue F at position 296 is
15 replaced by A (F296A) in order to eliminate a T-cell epitope generated by the modification at
position 297.

16. An engineered antibody of any of the claims 1 to 15, wherein and the light chain constant

region is human kappa.

17. A recombinant anti-av-integrin hybrid antibody of any of the preceding claims essentially
20 consisting of

(i) variable and constant light chain sequences (SEQ ID No. 3):

DIQMTQSPSSLSASVGDRVTITCRASQDISNYLAWYQQKPGKAPKLLIYYTSKIHS

GVPSRFSGSGSGTDYTFTISSLOPEDIATY YCORENTFPYTFGQGTKVETKRTVAA

PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQ
25 DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC and

(ii) variable and constant heavy chain sequences (SEQ ID No. 4):
OVOLOQSGGELAKPGASVKVSCKASGYTFSSFWMHWVROAPGOGLEWIGYINP

RSGYTEYNEIFRDKATMTTDTSTSTAYMELSSLRSEDTAVYYCASFLGRGAMDY

WEOGTTVTVSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSG
30 ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTV
EPKSSDKTHTCPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPE

VOFNWYVDGVEVHNAKTKPREEQAQSTFRVVSVLTVVHQDWLNGKEYKCKVS
NKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVE



FR2: WKQRPGQGLEW G (SEQ I D No. 17) FR3:
KATMTADTSSSTAYMQLSA_TSEDSAVYYCAS (SEQ I D No. 18) FR4: WAGISVI TSS
(SEQ I D No. 19), wherein one, nore or all of the bold and
underlined positions are nutated 30in order to reduce or elinmnate
1-cell epitopes and thus inmmunogenicity in a human ,and (v) a heavy
chai n constoeasbo/oregoon deriving from human 1 gG and a huRENVERZINSG0AST2
i ght chain region. W) 2009/ 010290PCT/ EP2008/ 005852 - 47 - 10. An
engi neered anti body of claim9, whereimgai d heavy chain framework
regions are: FRL: QVQLQQRSGGELAKPGASVI CVSCKASGYTFS (SEQ I D No. 20)

FR2: W/ P EW G - ER3
MTWTD%%@§E%§%%§W§S%QQ%F‘?}%%%TVTVSS
(SEQ | D ierrcd@r.sikberkAn engi neered antibody of any of the clains 1 to
10, wherein the heavy chain constant region derives fromlg&. 12. An

engi ”eer@A@uf’sﬁdrbﬁéﬁéirpéongr@wahhmimrcﬁiany sfahelclbiga2 < 0N hisadiat iteQiteminal
conprises a nodified | g hinge region. 10 13. An engi neered anti body
of cl ai rip aZyloliRe PEPWVEREaoRodi fi ed | gGL hi nge regi on conprises the

sequence EPKSSDKT PCP (SEQ I D.No, 24). . A [ Yal A y

of 'ang. off A alerde £aape o 3n apjiogi; ebtosy fgisd briRE ARpLOe P B

nodi fi edhd¥aineP] @gagng amno acid Nto Q at position 297 (N297Q) .

15. An engi neered anti body of claim 14, wherein am no acid residue F

at posi tamAan 2&essiorl Gectepbmpasindy DNA FRREA8 of dainr tler to el i minate a

T-cell epitope generated by the nodification at position 297. 16. An

engi neerzdAarkpressign piasmaidyof ofeim he cemprising the PHAISSImEhisasisRediRf Phe

i ght chain . i i LHE : 17. A reconbi nant
Fiade PRt Bbp AR Aot T JoIREeaRRzoT)

anti-av-i g ody of any of the preceding clains

essenti alj %é%efﬁ%glﬁt)e%lg? stﬂ’ém chinprishdd b ahfnaaas heq el aasidrngttwitahiss n

sequences _ C .
DI QT QSPRssresaisveRwid afciRKEh SNYLAWQQKPGKAPI CLLI YYTSKI HS

GVPSRFSGSGSGTDYTFTI SSLOPEDI ATYY: FPYTEGOGT| CVEL | CRTV .
PSVFI FP%@MSW%WM@&%%&% éégmte'” as
DS1CDST Ygglesindd-ihleRINDYE! 8h Wﬁsmmcepamé {adether with a
L A MRS P P ER BER BRe e o
%SLY?S?N@SF%ATW D ST A SR ERT A GASEL GO acoutcally fective
VGQGT VTR SAEPRESEURH & P AKDYEPE WRSG 30

AL TSGVHTHEAPE@BIGeMSHES eWThP SSNEET OB GNVDR RS RIRAS fysion protein as
EPI CSSDRTETGCPPCPARPYAGPSY T i e
] gégﬁéhgg@%bﬁb ‘n%%%mw§ﬂﬁaﬁﬁons:stmg of a
o

VRNV NGKEYKCKVS :
NKGL PAP! €T oBIeTHGOMREFDI VL raof GREABARIT AR GREPNAllY

2009/ 010%&%5%@&{%%@%&@%@3” -achébtable carrier, diluent or excipient.
VESNGQPEN DSEGSFEL YSKETVDESRWOQGNVESCSVMHEALH NHYTOKSL SESPGE
18. Ayf usi on,arRh&iullcdl _QHEHFbs‘itidﬁg)f 2RI Y | iesin ffe saoyndthetabeut agientis an-

17 fused at 1ts Cte t I wt.h f .
anti-tumor antibodyrr,n;sggcially%n%ng-%te-ol;ﬂ {?e?bé)’ts 0%,9 antn-Hen%%r%bZ) antibody.

26. A pharmaceutical composition of claim 24 or 25, wherein said second agent is
integrin inhibitor cilengitide, anti-EGFR anti EGFR inhibitors mAb ¢225 (cetuximab, Erbitux®)
and mAb h425 (matuzumab), and chemotherapetig agents cisplatin, DTIC.

25 27. Use of an engineered antibody or antibedy fusion protein as specified in any of the claims
1 — 18 for the manufacture of a medicament for the treatment of an angiogenesis related

disease and / or solid tumors or tumor metastases.

28. Use of a pharmaceutical composition as specified in claims 24 — 26 for the manufacture of
a medicament for the treatment of tumors, wherein said engineered antibody increases the
30 efficacy of the second agent.

29. Use of a pharmaceutical composition as specified in claims 25 for the manufacture of a
medicament for the treatment of tumors, wherein the second agent is an anti-EGFR antibody,



5 19. A DNA nol ecul e coding for an anti body or antibody fusion
protein as specified in any of the clainms 1 -18. 20. An expression
vector conprising a DNA nol ecule of claim19. 21. An expression

pl asm d of claim 10 conprising the DNA segnents as specified in

Fi gure 15 and designated as pdHL10-Dl - 17E6g2h(N297Q . lo 22. A
prot ei n ewprze®migne syst em conpri sing a mammal i an host p&t/EP2008/005852
transfornmed with the expression plasmd of claim?2l. 23. A

phar maceutical conposition conprising ag anti body or antibody fusion
protein as specified in clains 1 - 18 in a pharmaceutically effective

Carr i or ShpAa ErnesT SERUBRRLEvortS Do R R Bt hoR AR adniserng

conpri stHagngintéedantbudiysecond pharmaceutically effective therapeutic
agent, wherein the first agent is an antibody or antibody fusion

pr ot ei n3aLUsepécliin 29 whereih thenfsstiheragditic agenttishibe sogineered gatiody of claim 17
sel ected fromth [ LSt : t herapeutic agent, an
angiogeﬁ@%%?Sﬁﬂﬁﬁgﬁ?gaggﬁgﬁgwﬁ%h?ﬁb%%%g%h%gﬁn "optionally together

wi th a pharnmaceutically acceptable carrier, diluent or excipient. 20
25. A pharnmaceutical conposition of claim24, wherein the second

t herapeutic agent is an anti-tunor anti body, especially an anti-EGR
(erbBl) or an anti-Her2 (erbB2) antibody. 26. A pharnmaceuti cal
conposition of claim24 or 25, wherein said second agent is integrin
inhibitor cilengitide, anti-EGFR anti EGFR i nhibitors mAb c225
(cetuximab, Erbitux(r)) and mAb h425 (matuzumab), and chenot herapetig
agents cisplatin, DTIC. 25 27. Use of an engi neered anti body or

anti body fusion protein as specified in any of the clains 1 - 18 for
t he manufacture of a nedi canent for the treatnent of an angi ogenesis
rel ated disease and / or solid tunors or tunor netastases. 28. Use
of a pharmaceutical conposition as specified in clains 24 - 26 for

t he manufacture of a nmedicanent for the treatnent of tunors, wherein
sai d engi neered anti body increases the 30 efficacy of the second
agent. 29. Use of a pharnmaceutical conposition as specified in
clainms 25 for the manufacture of a medi canent for the treatnent of
tunors, wherein the second agent is an anti-EGFR anti body, WO

2009/ 010290PCT/ EP2008/ 005852 - 49 - and sai d engi neered anti body
prevents or delays re-growh of tunor after stop adm nistering the
engi neered anti body. 30. Use of claim?29, wherein the first

t herapeutic agent is the engineered anti body of claim 17 and the
second therapeutic agent is mAb c225 (cetuxi mab).



