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WO povandgedni city The present

Hi gh affinity human and humani zed anti-a5bl integrin
function bl ocking antibodies with reduced

reconbi nant human or humani zed pol ypepti des whi ch bi nd
to a5bl integrin with high hffinity and bl ocking
function. Further, diagnostic and pharnmaceutic

Highl aftiaity dnsnar ahU&mhMpe@hhdaﬁ[ﬁrieteﬁmfmmn blocking

i O epes ocess .by whi ch new bl ood vessels
RS POl rosf e BrBRARGERE Ll 's “The gr owth of new
bl ood vessel s pronotes enbryonic developnent, wound
healing, and the fenale reproductive cycle. It also

s an, i orta {9 & at hol 09 cal
The SR etiondalates loireombinenbRinan o hiSenzed o g
ﬁtﬂﬁmGEQWﬁmh sth@ e 581 rr@égrmpm high a#fgfityrstldetilegking
tma ar ,c_{ enerati on, rheunmgt oi d rthrltls
Retst EuTtBEC S OB and PRRisrareutic AP MATRRS P Poon
;;b|ng®$|ae§ afle discloe@ivt h factors rel eased by hypoxic
tunor tissue stinulate the growth of new bl ood

vessels. Wiile gromh factors and their receptors play
Ajioderesss ibmapgicegebywmvfmw blgd vééé'é&§b@?elb§frbh€pre-

t I | ul tri i | at
SHtiga S Rsnelsotnd Broni of st biftshibseSs drfbplRs dabeat,
cmweprrwnt wsurwehéalmg andi tiefehiatd reprodudtioe aydlzlenlt alna plays

ar.t.i cul ar

4 BieBiaB 1ot e Aot el Bt p bl sy gn other
disdasies @sg.dagnEngionias disbaltic retirdpiathy, ageHnelbtedimacular
By b BB ivs b pRROBY A S efe
imftarcimatarg bode! diseasepfigper |y fornmed vascul ature (6,7).
Studies in experinental animal nodels and in nutant

m ce indicate that the
Growth factors released by hypoxic tumor tissue stimulate the growth of new

blood vessels. While growth factors and their receptors play key roles in
angiogenic sprouting, adhesion to the extracellular matrix (ECM) also is a
prime-regulator of angiogenesis. Adhesion promotes endothelial cell survival,
as well as endothelial proliferation and migration (2-5). One ECM protein in
particular, fibronectin, is expressed in provisional (tumor) matrices and
provides proliferative signals to vascular cells (2,3). Notably, fibronectin-null
mice die early in development from a collection of defects, which include an

improperly formed vasculature (6,7).

Studies in experimental animal models and in mutant mice indicate that the
a5B1 integrin which is the most important receptor for fibronectin plays a key
role in regulating angiogenesis. Embryonic deletion of this integrin induces
early and lethal mesenchymal abnormalities, which include defects in the
organisation of the emerging vasculature (8,9) and defects in the ability of
endothelial cells to form vessel-like structures in vitro (10,11).

i nvention rel at es POCI/EP2007/004648



10

15

20

25

30

aSbl integrin which is the nost inportant receptor for
fibronectin plays a key role in regulating

waegrognesi s. Enbryoni c del etion of this inteRPCT/RP2007/004648

i nduces early and | ethal nesenchymal abnormalities,

whi ch include defects in th@ organisation of the
enmergi ng vascul ature (8,9) and defects in the ability
of endothelial cells to formvessel-like structures in

Yhe eRpiession,otius 6861 BT Birpandpalyrmedieted WhFS 1o, ' °

gegiegémddi« it is ngtideectible mnplnddreht emdménum PpUESFREsdad in

res onse to .an enl r.owt act | In viLtro
02 fo roiB0SE B ACOR B 3F Wi ity inegngibdehic

f/aﬁmlawr@ Ofla/gro(Allrig?tuni’cQ,ln?xlvb)(12, 20,1t al. (3) could

denonstrate that the nouse anti-a5bl integrin-function

bl ocki ng antibody I1ALl inhibits both growh
Ke 0k I(ncb&ﬂﬂd@mdnétta’téfthﬁﬂﬁé ARI8E nSi-dSP VihtegrinFunitiods

Birekifs rudady fat IR KRR ofheR shetodincled Bod pder
angibyerieass iNKAvo. \Buidibs bhihe sighadly hesdubrapmsen t:&lsantég&n is

e%tﬁe?%'ggimd'?%e Bl s uhiated resehlof drfvatee Fial Sien pen

atthatesaedspaed B dridrd at@inddeas apogtesis(@f13).No. 555614).
As a result, a 82% hunman/ 18% nouse chinmeric | g&4
nonocl onal anti body ternmed M200, was generat ed.

Attebts have mmflwbu?mrépmmamewativmhe

{ { est
BPHos BP GRS AL B0 FhRLF e Cal P et ghins 870, o2
Rumbhd 8 %atroasp chinteriqig&damendaldnal almumy teetied M208) dias
SR ERRng pFO e PER it ol BEn e PR,
kemvgeraratddoahdesucagasfoby teat'dmlnlammgm?tg@mbnmy mael for
ARt SelE T St P B8 4o Sy g2 Bty

derbativesof M2R0nfsoweEr i resulted Miaudrameatic loss of bioactivity (14).

Any application of presently known antibodies against a531 integrin such as
M200 or F200 in human medicine has the risk of inducing an immunogenic
human anti-chimeric antibody (HACA) response in human patients. Thus, an
object of the present invention was to provide human anti-a51 integrin
antibodies which have reduced immunogenicity compared to existing
chimeric antibodies while retaining target-specificity and high bioactivity and
affinity.

According to the present invention, fully human antibodies in the Fab format
were isolated from a HuCAL®-Gold antibody fibrary by phage display using
a5B1 integrin transfected cells. These antibodies show high in vitro activity
while low immunogenicity can be expected in human patients due to the fully

human origin.
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obj ect of the present invention was to provide hunman
anti-abbl integrin antibodi es which have reduced

WO pivandgeni city conpared to exi sting chi meri c PCT/EP2007/004648

anti bodies while retaining target-specificity and high
bi oactivity and affinity. ABcording to the present
invention, fully human anti bodies in the Fab fornat
were isolated froma HuCAL(r)-Gold anti body Iibrary by

age di splay, usin a5b |nt rin transfected cel
$REES Siaf Pastit ElrGrhudiertapenfon s bURBRIT AP | ow
amrpod9 e ralncaritngeﬁafhdmg ﬁé@rﬁ@hﬂﬂeté@f nmieERN( b d St g5gtue
to the fully human ori %hn Thus, a first aspect of the

iptegsiarvith ay éﬁﬂ'tbﬁ @f 190a a%areé@rahu@hw\é@narﬂ') inBiits dhe
Sheddr Seas@i mfaq? ?&‘E\‘H&cé]l?% ﬁ@Fee@m&hn w)o Mdpsvive

abbl integrin w afflnlty of
preferably < 10nM and (ii) inhi blts the adheS| on of

?ﬁ@ %ofyBe&‘ﬂ:{é of the garré‘s%ﬂt W/eﬁﬁ%r{ & d I‘Purh&ﬁ of ﬁﬁﬁ%‘i’\?zred'dhﬂbody

dinviv of the present
orrmamﬁlgﬂm blsdagﬁm@mﬁrﬁﬁheﬁeﬂgﬁﬁg &rnamqnwuyn@odd‘r‘]

atto %ﬁg 15’&Hedﬂ>r%gerfﬂr iRGETRIdh réﬁf’e’setgfantlfw@y Fn%réeuleerH@ﬂ have

accord to the present I nvention relates

supstaritial ﬁbaynm @c‘ul g ewlamﬁ/éoelamﬁm ifaregeMukmpan
%nsﬁ%t'%ﬂﬂ#ﬁ@ﬁh@é?rﬁbﬁ&ngﬁ% (sediR9ne bfesl%?ﬁﬁﬂtotatlbhman

constant domains. The term,, human" as used

rmlaégsefﬂ S%mceﬁwhm ¢an ke tosmed in ingivigiad bumiandeingmonty

by EcbrisBnsisedudndbs Flémfﬂ\gbﬁer’éﬁénpb d)lésltﬁ%cﬂﬁed in the
consensus sequences resulting theref

GRIERSPPDRTI GOMARATEP PYKaBAHPIR. (SHbL REWRNESS REFRteias of

ifmundi§@dal)intergstus™ eagionf N PLiBlidasioAnol mnmabogsc al
Interest, 5th Editjon, N H Publication no,_ 91- %&Iﬁherem

PepatheRiRf Rgaliand Huxan Senvices. Ylashingen, DEsh
iRCorpoFted by$eﬂé€érﬁjen The wnp,%agtednénw m&ﬁ@m “GBfdts td he

ée%rure]nces w |c arﬂgyll g f#e}! fromm?lﬂly hru%waen sequences as described by
Kabat et al. inup to 1, 2, 3, 4 or 5§ amino acids. More particularly, the
antibodies or antibody fragments according to the present invention
comprise substantially or fully human variable framework regions in the
heavy (H) and light (L) immunoglobulin chains. The term ,humanized
antibody” in the sense of the present invention relates to antibody molecules
which have substantially murine or fully murine variable domains and human
or substantially human constant domains, and which are > 82%, preferably
at least 90%, and especially preferably at least 98% human. The term
.murine“ as used in the present application relates to sequences which can
be formed in individual rodents or by use of consensus sequences resulting
therefrom. The term ,substantially murine” refers to sequences which may
differ from ,fully murine“ sequences inup to 1, 2, 3, 4 or 5 amino acids.
Preferably, the antibody or antibody fragment thereof is an IgG antibody, e.g.
a human or humanized IgG1, 1gG2, IgG3 or IgG4 antibody or a fragment
thereof, e.g. a Fab, Fab' or (Fab), fragment. The present invention, however,
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sequences which may differ fromJully human" sequences
as described by Kabat et al. inupto 1, 2, 3, 4 or 5

W@ 20na348%¢ ds. More particularly, the anti bodi eBCTHEP2007/004648

anti body fragments according to the present invention
conprise substantially or fé4lly human vari abl e
framework regions in the heavy (H and light (L)

arsoLre g OtoLlecomb manb antibdtied ledving hnhuaambq&@hmt elpengle
e sense o e pre ventl nrelates to
chieing Seitaas o faafiedt fieds ¥ st tf?%mragﬂ%m. e or
fuIIy nurlne vari abl e donmai ns and human or
855 BLi S ADHERE 855 3B FRTReEE A0S SR Snd or

picgeé eﬁ&@émbwdndgaa&ts vﬂﬂ&h bpeificallf irtedaet With aBBN iintegrires
i catj on reL t es to se uences

Bt IS e Gem BinciR iR Uieg sf & PG of
oaﬁétg@msvysaﬁm ey angallariable lightetedin owi) rEbEmt ANH or VL
n
LR e ragipns TR L A2, FHEE SR o ahiger
glr?tdﬂ%?ealaﬁﬁg DR églons {1 OO\ H-LORD) ¢l GORIIorIneVH_
5%‘5‘3%3‘3'2&!5%@ 8‘3'%%@2“"‘1 glf%e%? X gGZ’ ant ?body

or a fragment thereof, e.g. a Fab, Fab' or (FabJ

T g L
p'reigﬂaelydiim; an afiajty fortthd adp ¢ integrirt cagemmhdmlgeto ap valug of

3B AR < T B R il PRy 8RR Sy
w;deltemmnbd bﬁlﬁmps-h%rﬁﬁon/\bm abms pesitive Bainky ti)-ll!ﬂ‘téEC&iéﬂs wbth

[ r ef er en- bi ndi
Betrsien s tieFiebnath B Hinedlidn ﬁf‘#@‘?’s%g9masﬁﬂ>m%e§ﬁ
n’feaalsnreﬁq\&rl)t and a variable light chain (VL) region.
VH or VL region includes franework regions (FRL , FR2,

FR3, and FR4) and antigen bi ndi ng-nedi ati ng CDR
Fadhem the polyhpitides Idf EleRAveticBDRBILI thie ddieesidh of an a5B1

integrin expressing human tumor cell as described in the Examples, for
example the K562 cell (ATCC accession number: CCL-243) studied by
Lozzio et al. (1979), Leukemia Research, 3: 363-370, in vitro. Preferably, the
antibody or antibody fragment shows a 50% inhibition of cell adhesion at a

concentration (IC50) of < 10 nM and preferably <5 nM.

Further, the polypeptides of the invention preferably are capable of inducing
caspase activity in HUVEC cells. The IC50 value with regard to HUVEC
viability is preferably < 10nM, more preferably < 5 nM, wherein the IC50
value (50% viability) is determined as described in the Examples.

Further, the polypeptides, antibodies and antibody fragments of the invention
can preferably be used for diagnosis and for prevention and treatment of
tumors and cancer, especially colon carcinoma.
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region and L-CDR1 , L-CDR2, L-CDR3 for the VL region).

The human or humani zed anti body or anti body fragnment
W@poorhassrqivent i on preferably has an affinity fBCT/EP207/004648

abbl integrin corresponding to a KD value of < 100 nM

preferably < 10nM and nost freferably < 1 nM wherein

the affinity is determ ned by FACS-titration on a5bl

@Qé'ﬂo‘lyb% hé’é@%n‘[‘W@@s @Rl lantised éme Eah'be dhjugated

Exanpl'es or npetition Bl Acore or conpetltlon

with Qﬁlcfﬁ-’%&lﬁb@ BHTORS SHeR as fatiogriivg MR, gy, epzygeand
ﬂld?)Y@éUe'n‘t’ﬂademﬁbkﬁréuésh‘Ra@@ﬁb%ﬁVé’@rd&bs%Bn%’ébﬂor'é%ﬁ%é (25, 131

expyessi ng huimen tunor as described in th
Ex%npl es, for exanple the K562 cell (ATCC acceSS| on
nunber: CCL-243) studied by Lozzio et al. (1979),
Leukem a Research, 3. 363-370, in vitro. Preferably,

Preerahly; thecgntiody er pBtRRAYFagmentof theRrentiamogmprises:

a?hlgavﬁlrg%ogfse%téd fidhesion at a concentrat| on (1C50)
and pref erabI%E< 5 nM Further,

pol YPept AEERO aeidiseauenceeRERIR NP6l éMQcﬁ%ﬁﬁgﬂé %%Qdel e

of i nducieg £A#OR8%0 dr‘éitiééstBné"HV@§Rqu @pRBhe | C50
val ue V\nthreg?rdto UVEC vi abi | \%ﬂls preferably <

10nM noPedier E-ePRS fpgiensf one qﬁﬁe\d regians. o val ue

( 500{@1 i aBhldnbikd alcRi s%hehee aeme@srr&ﬁ%cgéd@@ﬁce of lihBy
es. Further, [y' 5 tides, antl bodi es and

ant i bodyaft?@&ﬁﬁﬁ’f at @ﬁS‘tCH'@ eI/ ef erabl y be

weqa {oreglbAgBrRetey i for prevention and treatnment of
unors and cancer, especially colon carcinonma. Sai d

pol y@eptl des, anti bodi es and ant i body fragnents can be
conj atﬁﬁfo&ébua\fsédméiﬁbcsmlua N@@(M@Rmew)u BEQ ch as

| abelEr fMORMIES) R 8 atanreL SR CRRor
eX&n@-'GDFk&?éi;lori&Bdne)bf SADVL regions, or
(i)

an amino acid sequence derived from a sequence of (i) by

alteration of at least one L-CDR region.

Especially preferred is an antibody or antibody fragment comprising a VH
region derived from a VH-region of (a) (i) as described above by
randomization of the H-CDR2 region.

In another especially preferred embodiment the antibody or antibody
fragment comprises a VL-region derived from a VL-region of (b) (i) as
described above by randomization of the L-CDR3 region.

In still another especially preferred embodiment the antibody or antibody
fragment comprises a VH- and/or a VL-region derived from a VH-region of
(a) (i) and/or a VL-region of (b) (i) by shuffling of the antibody chains.
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Preferably, the antibody or antibody fragment of the
i nvention conprises: (a) a VHregion selected from (i)

wW@eiona3aweé d sequence SEQ ID NO 1 (MOR04624), BEQEPID07/004648

NO 3 (MOR04055) or at least one HCDR1L , H CDR2
and/or H CDR3 region of onegof said VH regions, or
(ii) an amno acid sequence derived froma sequence of

%E}hﬂ%\% LELRBHRY 9&(1 Labglﬁaﬁfiﬁ]g%rﬁ@réfb e&&%ﬂé, ofHNOR2

regi on se ecte am no aci d sequence

@BQLKEDR@ respesibRO4 89t hunserC qqm rtgirgRyR0MEIS ofr  at
h egaafle f;glﬁlps L- CDR2 and/or L-CDR3 region of one

or () an am no acid sequence
derlved froma sequence of (i) by alteration of at

f‘é%o ()/\8 the g@%ﬁ%r‘%ﬁtibgﬁg%bﬂewc&ﬁﬁﬁﬁs@qH Shdér VL

nt-co nmprising a Hglon

mmmeemfaddmra terL@déwg\dﬁ region gs feseribgddn SESR D Mssve
t Fg%ﬁ%
espeC| @F’th’zgr err edédgn% I me tﬁr?%gegﬁstéggs’)?eg‘r‘@é

aeompbisidg: fragnent conprises a VL-regi on derived froma

?/43 rgg/l-PEﬁq%n .‘sg%ct(eH)frcﬁ'ﬁ E%E@&éblg%@q@&%esbﬁ ID NO: 5

ndom z on o0 ion. In stil anot her

espetMaRO$OBH e SEQ HANQHTOMARA 9'44)e359t|pd8@y or

ant : Vegkfo?g?ng 9 KRS '1319@A@Rb’kb77€}f‘é140085® BNoegion
(MORO04985) or at |eas one H-CDR1, H-CDR2 and/or H-CDR3
region of said VH-regions, and/or

(b) a VL-region selected from amino acid sequence SEQ ID NO: 6
(MOR04971), SEQ ID NO: 8 (MOR04974), SEQ ID NO: 10
(MOR04975), SEQ ID NO: 12 (MOR04977) and SEQ ID NO: 14
(MORO04985), or at least one L-CDR1, L-CDR2 and/or L-CDR3 region

of said VL-region.
Specific examples of polypeptides of the present invention are as follows:

An antibody or antibody fragment comprising the VH region of SEQ ID NO: 1
and the VL region of SEQ ID NO: 2 (MOR04624) or at least one H-CDR1-,
H-CDR-2, H-CDR3-, L-CDR1-, L-CDR2- or L-CDR3-region thereof.

An antibody or antibody fragment comprising the VH region of SEQ ID NO: 3
and the VL region of SEQ ID NO: 4 (MOR04055) or at least one H-CDR1-,
H-CDR-2, H-CDR3-, L-CDR1-, L-CDR2- or L-CDR3-region thereof.

An antibody or antibody fragment comprising the VH region of SEQ ID NO: 5
and the VL region of SEQ ID NO: 6 (MOR04971) or at least one H-CDR1-,
H-CDR-2, H-CDR3-, L-CDR1-, L-CDR2- or L-CDR3-region thereof.
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(a) (i) and/or a VL-region of (b) (i) by shuffling of
the anti body chai ns. Sublibraries of H CDR2 and L- CDR3

ware®@7geees at ed by exchange of H CDR2 and L- CDRBCT/EP2007/004648

respectively, with human CDR repertoires by nethods of
protei n engineering (17). Fdr exanple the antibody or
anti body fragnent conprises a VH and/or VL region ,
dhav antibadiy oo emtilhed Wragmeitaomg sinegthe 1V Hse giers of 86€dA DI MO: 7

EQ.lL D . 1. or \ Ci
S Viqeobnd st R GO ENE A et BREHC I 51,
$+COR-20H{CDR3qlirCDRAGiILACBDRH ent C [HRB rédohiMerbof.
(MOR04971 ), SEQ ID NGO 7 (MOR04974), SEQ ID NO 9

4975) , EQID 11 4977), and SEQ I D NO
(MOR04975), SEQ NOC. ( MORO ) d

Bh Mtaaayassmmdyaftagneaatcompe.smg@ﬁaw tegRIPREf SBQ/IDINO: 9

H ion e d/aor,(h) a

A Vi S8 S 19 N A WIORaer A3 8L el et oPRY
H-CHBR2AGDR3- ,SR)DRED—,NIQCD&Z( PORAZDR3xegibEMdrEoNC 10
(MOR04975), SEQ ID NO 12 (MOR04977) and SEQ ID NGO 14
(MOR04985), or at |east one L-CDRL , L-CDR2 and/or
ANCRD otlg @r antilnddysfeaginafit-coagirising tBp &H fégnoreaﬁa&EQd@ hsb@

I tiides of t
A AR RB il alon g1 RS0 W01 BNORDAR DT R ot st B P
IGER b)) HeCDBEER) H-IDENRZB L-GDIR14, heCDR2f eglL-@DR3I-regfith tHerddd
2 (MOR04624) or at | east one H CDR1l-, H CDR-2,
H CDR3-, L-CDR1-, L-CDR2- or L-CDR3-region thereof. An
Amtaribdyy or aatitiadydchgnierd goaprisingripe V4 regiarhef SEQrIBINON

qfﬁa/diﬁ%é %L'\Qp.o% &{%&S[‘B NG {f%@%o%sé’%@ dt Rd¥Pond H-

CDR1- H-CDR-2, H-CDR3-, L- CDR1 L-CDR2- or L-CDR3-region thereof.

The invention also refers to antibodies or antibody fragments which are
directed against the same epitope on the antigen as the above-mentioned
preferred and/or exemplified antibodies or antibody fragments.

The VH and VL chain of the polypeptide comprises the following regions:

VH chain of MOR04624, MORO04055 and derivatives (numbering scheme
according to (17)):

- Framework 1 region extends from amino acid 1 to 30aa

- CDR1 region extends from amino acid 31 to 35 aa

- Framework 2 region extends from amino acid 36 to 49aa

- CDR2 region extends from amino acid 50 to 65aa

- Framework 3 region extends from amino acid 66 to 94aa

- CDR3 region extends from amino acid 95 to 102aa

- Framework 4 region extends from amino acid 103 to 113aa
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H CDR-2, H CDR3-, L-CDR1-, L-CDR2- or L-CDR3-region
thereof. An antibody or antibody fragnment conpri sing

wo b@7BHsregi on of SEQ ID NO 5 and the VL regi PCT/BP208BHQ4648

ID NO 6 (MORO4971 ) or at |east one H CDRl-, H CDR-2,
H CDR3-, L-CDR1-, L-CDR2- or8 L-CDR3-region thereof.An
anti body or antibody fragnent conprising the VH region
AMLkSERairDoNAORD462d anldedevivativesi (aomberiGiQchéndi@ccrding to
(( 4974) or at |east one HCDRl-, H CDR-2, H CDR3-,
L- -, L-CDR2- or L-CDR3-region thereof. An antibody
or anti body fragnent conprising the VH regi on of SEQ

srephpl TPl Senniind Ao S5 i eora

ICORRPegion ekteGORF-onegmaTo adie24dd 358a ant i bod%/ grEQ -
h

BB, AR BheoF TR P 598" ooy )

&DR2 régiars extends H@B%mjnd—hclﬁq?‘ﬂ)m 2? 5Fa&DR3- bL(—j(:DRJ -,

- - - - . i bo or
Siemeoay s raesrebgRBhiiorRee oflb Bhen of Seo ip
IGDRA segordl extead¥romegmom adid 366 BBadNO 14 ( MOR04985)

I i CDR- 200 M -, L-CDRL -
E@f@é&p ﬁ(%f’r%g&%r%nﬁ %"ﬁ%?cggp.?ggﬁ?e@r%ent ion al so
refers to antibodies or antibody fragnents which are
T e B ROl 8B RIS I Bid Sethé et o o
&hf)):bodi es or anti body fragments. The VH and VL chain
of the pol ypeptide conprises the follow ng regions: VH

chai n of MOR04624, MOR04055 and derivatives (nunbering
Searpeworct tagivmegxteods irpin) aminorcichkdwR&ad r egi on
. ' ' : =, CDR1 region
bl e
Framework 2 region extends from amino acid 36 to 50aa
CDR2 region extends from amino acid 51 to 57aa
Framework 3 region extends from amino acid 58 to 89aa
CDR3 region extends from amino acid 90 to 98aa

Framework 4 region extends from amino acid 99 to 109aa

The framework regions of the VH- and/or VL-chain may be altered by
exchange of one or more amino acids, e.g. 1, 2, 3, 4 or 5 amino acids. For
example, the framework 3 region of the VLK1 chain may be altered in
members of the MOR04624 family. Preferably, the amino acid at position 85
of the Fab sequence is exchangeable, with an exchange of valine
(MORO04624, MOR04985) to threonine (MOR04974, -75, -77) being
especially preferred. Further, the framework 1 region of the VH chain may be
altered. In a preferred embodiment, the amino acid at position 3 of each VK-
Fab sequence may be exchanged. Especially preferred is an exchange of
glutamine (q) to glutamic acid (e) which may, for example, occur during
cloning.
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- Framework 2 region extends fromamno acid 36 to
49aa - CDR2 region extends fromamno acid 50 to 65aa

WO 200rasms™or k 3 regi on extends fromam no aci d BGI/EP2007/004648

94aa - CDR3 region extends fromamno acid 95 to 102aa
- Franmework 4 region extendg fromamno acid 103 to
113aaVLk1l chain of MOR04624 and derivatives (nunbering
schenme according to (17)) Framework 1 region extends
fromamng acid 1 to i on extends from

dhemehpertide of the 'em'opr'aﬁem'%foz%%repsﬂtlcesz&@ﬁagoertacom
%Bb%tl@ﬁé % 5ok th wfBdr iAo RGhBSticCaBiedforig. Om am no

to 5/aa Framework 3 regi on extends from am no
aC| d 59 to 89aa CDR3 regi on extends fromam no acid 90

For %@pfdti%"%&%é&tﬂonrse@ie%ti%agBFjﬁntfHdW‘fﬁH@n%t%%ﬁb@ fsed

to 109aa VLK1 chai n of dérivativ
@sshpRrAllginaivedmihepelypeptitg may be 1) the form @l Aurapiugate with

afk e@ﬁ& 85&%, for %&bﬁmé“éjél@&é@’ fromt @d%ﬁﬁéras@alcal ageMs or

extends fromamno acid 24 to 35aa Franework 2 region

shemptherapefiicahagnntag @ low mQJegdaraW@shQOFrféaiosw M‘f%ﬁt{f‘s
fo"r egbmmagémé i tiaeFébe'é?é‘ég%ﬁRtgﬁﬁy\’\Bé leoﬁ,ugswdqa tﬁe\,(t ends

amno acid regi on extends from

@mumdya@r antihody f_fagsv&at EoGARdIG & kaow qeshods Pepfgeatiy Wma
%Hwenﬁmkg €% keackit®amind) %afﬂo&vawrdsxy &Y/6nsulphnydia

/ or VLcaln may be altered 3/
groups of the polypeptide, optionally using homo- or hetero-bifunctional

linkers.

In a further embodiment, the polypeptide may be in the form of a fusion
protein comprising an antibody or antibody fragment domain and a
heterologous fusion domain, e.g. a cytokine such as IL-2, IL-12 or TNF-a..
Other therapeutically relevant fusion partners of the antibodies or antibody
fragments according to the invention comprise engineered IgG Fc-parts for
increased or decreased immunoeffector cell recruitment, protein toxins such
as RNAses or ETA, small drug molecules such as maytansine or auristatin
derivatives, enzymes for prodrug activation, fusion proteins with other
integrin function blocking antagonists, or fusion proteins with enzymes
having antiangiogenic activity such as MMP-2 or MMP-9 (15). Further, the
fusion protein may be in the form of a bispecific antibody which comprises at
least one a5B1 integrin binding domain as described above and a binding
domain specific for a further antigen. For example, the second antigen
binding domain may be directed against chelating agents for diagnostic
and/or therapeutic radionucleotides, e.g. alpha, beta or gamma emitting
radionuclides such as *°Y, diagnostic NIR(near-infrared) dyes, therapeutically
active dyes, surface molecules on immunological effector cells, e.g. NK-cells,
cytotoxic T-cells or NK T-cells, functional blocking anti-VEGF binding
domains and function blocking binding domains against VEGF receptor 1, 2
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exchange of one or nore amno acids, e.g. 1, 2, 3, 4
or 5 amno acids. For exanple, the franmework 3 region

we@boorhaswi k1l chain may be altered in menbers OPCT/AR2007/004648

MOR04624 fam|ly. Preferably, the am no acid at
position 85 of the Fab sequgpce is exchangeable, with
an exchange of valine (MOR04624, MOR04985) to

BLOBAE RIS os1dBren). bei no especi ally

referre amewor k 1 region of the VH
chaln may be altered. In a preferred enbodi nent, the

FBracfiosfc BoplRafbohy IHe BofbefRE mdV e BRUWARGR oo be
giontL@atmmtlo q)dqtactgblatlabﬁlmga@bdp(eay aabeHingwyoup tor an in
VHIBL & v19§8:5§n9#f%%@!:?$@?1’t Egr &E’n gl e écnglgfl?ﬁégl?ng

I'nvention 1S er apeu Ic or I agnos
apelp owyibensgleeted frohvradigactive,NMBy dye enizymedinadiuesedaent

I h
180 MR AP saiO bR e nor! oo I
AItgrnaUver t he poI ypeptide may be in the formof a
TP UIORHE 1A RO, e RRE. ey Bt o
qthennabeutmpbcempasitienwhich, may gddilienallrebeprise furiter gistive
qm@g%@gﬁgéﬁd/wbﬁ%%deﬁbﬁug %ﬁtQ?lbgzafr%‘??th@ugﬁﬁ nder
aaWu\Aaow meagmmacwml mmgoslttpn(mw&eétthwgtlve agentin a

Qﬁ&%@é@@éaﬁ%&bﬁv@d&&’ Al m'arV)'Blé ‘?erfrf?néc? E's\@eéﬁb%n

and/ or sul phhydr grou
EsCosing tocﬁjandmﬂmﬁtapﬂg a8 bygmwgm)exmlments or in animal

hﬁ&@élg’ Hid Hﬂﬁbb&ﬂiﬂ is eré?éb'?%ablﬁlrﬁ’stfeﬁéﬁtﬂgﬁﬁfﬁm%é@ﬁh or

e pol ypeptid ein or m of fusion protein
domalatiasi. H@eaiossrqf|tlnﬁ>ath@rmgiﬁtiueBbwertwagﬂ%@C%ﬁ@gﬁoé!?ﬁj
4{6@5@5 94&9&(??.& 6‘!5th9 i SHPHEH dhd tRe BonSitGIOHOH tRE patieht tdbe
treated. Preferably, the therapeuctlc composition is administered in several
doses over a time of at least 2-4 weeks. In this context, it is referred to
known protocols for the administration of antibodies or antibody conjugates,
e.g. as described in Ferrara et al. Nature Reviews Drug Discovery, Vol. 3,
May 2004, 391-400 and Salgaller, Current Opinion in Molecular
Therapeutics, 2003, 5(6), 657-667 or to protocols for administering
pharmaceutical antibodies like Rituximab, Campath, Remicade etc.

Further, the invention relates to a diagnostic composition comprising an
antibody or antibody fragment as described above as a diagnostic reagent.
The diagnosic composition may comprise further diagnostically acceptable
reagents, carriers, diluents and/or adjuvants. The diagnostic composition
comprises the polypeptide in an amount sufficient to allow diagnostic
detection in the respective assay format, e.g. in an in vivo or in vitro

diagnostic assay format.
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O her therapeutically relevant fusion partners of the
anti bodi es or antibody fragnents according to the

WO pooens48dh conpri se engi neered | gG Fc-parts f oPCT/EP2007/004648

i ncreased or decreased i munoeffector cell
recrui tment, protein toxinsqpuch as RNAses or ETA,
smal | drug nol ecul es such as maytansine or auristatin
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dumonst e,g. chrcese obthe colom,dédndyi hignprogtate. breasty brain,

gHrﬁfgéheﬁ SR SRR A‘ﬁgﬁ{agi(/élﬂucl Lo Ip§>e éi%s?’rl\éaygﬂféh'ig‘?oyed in

erapeutlc ra
tre yeatmend of hennng:lwgmlmugqensamoga@n vath @mﬂpgeneSIs Other

ﬁis%%lé?é (%:isgoé}%tgé Qﬁﬁrﬁé&\fa%&n&‘i’éatﬂx %m{g&j%@,r @Re:#& iq%f‘lir‘n}fed to,
ctive yes, Ssurrtace cul on 1 nol ogi ca
eﬁﬂ@mabwsbehemangiowa e waatold ardyitist esteearthrdfis, | s or NK

&it g§¢$®er6W5|%PGQ 'mﬁ%rﬁﬁ\%w b@ﬂol b aivElde, E}{f!&%ﬂg\/épegﬁisns

unction mal Ns agal nst
d@@@p@ Jrsoriasizagye glsarﬂﬁreyu@kaﬁ diabstie retwgpatﬁwe:flageﬂelaéed

t
Pl RRaE oA Br PP e
gntingiogenic activituséihe srmpeLigy rﬁmdmnnﬂnwftgf@wmfap%rs

vivo di agnostic application. For exanple, the

detectabl e | abelling group nay be selected from
FBficomPosijien marcompese e pheeversl antibedies eeantigadyy.
Nb&nfehtéo B]P %ecr&ab.ham{ ofl AHlibBERY RP anﬁwdwe@grﬁ&wtu.rcdmg to

H{%IC&HOHS ol ypeptide is preferably formulated

Y %ﬁéﬁ*?ﬁa@fe%ﬁﬁk'ﬁie%@nﬁa‘é CPMPASHIAD AaYgiFo contain small
At dul©BRIgs Yo CouTRbinEgor! thek 1R, TAEIdoMosition is suitable for

application in human and veterinary medicine. Especially preferred is an
application in human medicine.

Further, the present invention relates to a nucleic acid encoding an antibody
or antibody fragment or fusion polypeptide as described above. The nucleic
acid may be e.g. a single stranded or double stranded DNA or RNA.
Preferably, the nucleic acid is operatively linked to an expression control
sequence, which allows expression in a suitable host cell or host organism.
The nucleic acid may be present on a vector or a vector system, (i.e. a
plurality of vectors) which may be introduced into a host cell or host
organism. The vector may be a prokaryotic vector suitable for prokaryotic
cells, e.g. a plasmid or bacteriophage. Further, the vector may be an
eukaryotic vector for eukaryotic host cells or host organisms, e.g. a plasmid,
an artificial chromosome or a viral vector. Suitable vectors are described e.g.
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i ngredi ents and/ or pharmaceutically acceptabl e
carriers, diluents and/or adjuvants. The

wW@b@rasusewut i cal conposition conprises the actiRET/BE®NT/004648

in a therapeutically active dose, which may be
determined by a skilled per$®n according to standard
nmet hods, e.g. by in vitro experinents or in aninal
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of the patient to be treated. Preferably, the
t herapeuctic conposition is adm nistered in several
d‘m%?ﬁeé?e’rﬂﬁn@ritibﬁ%flsﬁ re&gs teasell 2.4 a\lﬁﬂi{@nl/dtinfcieh o8 ﬁn
coptext, it is referred t nown protocols for the. .
Gakeokt pal sush o 2 BRSSPy B gl le acid
®r @ veafordRSdschiset aboves Fugtharmedreathe itadntioa rB¥atestosa non-
3&” Di scovery, Votl. 3, l\/arf}/.ZO% 391-400 and.
PrgpNis, 1% & URIRNSANIMANSHEL BF ArlrARREP s Aen AN
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ar eutical antibodies |ike Rituxi , at .
RAY ol terc RGrpHBRTOr fRelydkReal M oPE fr EESTE foreign
thuanosdid € int® B1eel ot BArganigmiisduding traasfectiodyr infection.
anti body fragnment as descri bed above as a diagnostic
reagent. The di agnosi c conposition nmay conprise

gm:etmeypeqﬂtiag ;mat tbe::j pfdpyarai:byepd;:ﬁtﬂtiagraemjbmrta;nom—huniaar s,
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t herapeutic or diagnostic applications in a5bl

gﬂ.?h“r‘n%F Ao %Fe%%ﬁt)f?%ﬁﬁtioq{ SIdRS é(IpIA:lRéd @SR Ry thkR6iRdwin
isorders"nmay be hyperproliferative disorders, e.qg.
digoesland Exepwiesat ed wi t h angi ogenesi s

Figure 1A: FACS Analysis of K562 cells for a5 expression: The
expression of the human a5B1 integrin on the cell surface of living K562-cells
was demonstrated with the function-blocking anti a5B1 integrin mouse
monoclonal antibody 11A1 (14). For this purpose, standard FACS-procedures
were used as described in the HUCAL® GOLD Manual provided by
MorphoSys.

Figure 1B: The human colon carcinoma cell line HT29 does not express
the a5-integrin chain.

FACS analysis demonstrated that HT29 cells do not express the a5-integrin
chain, whereas the B1 chain is present on the cell surface at a high density.
For this reason, HT29 cells are excellently suited for the transfection with the
ab5-integrin chain.
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WO pwens4soc particul arly conprise all

and/or netastasis, particularly cancer. Cancers which
may be treated by the conposition according to the

tunors, e.g. cancers of the colon, kidney, |ung,
prostate, breast, brain, sto®wach, liver or skin.
Alternatively, the conpositions nmay be enployed in the
treatment of henmatol ogical cancers associated with
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The conposition nmay conprise one or several antibodies

or anti body fragnents, e.g. a conbination of
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the nucleic acid is operatively linked to an
é‘ﬁk’ﬁr @dter waskipal yere ‘yé%éﬁ‘éﬂuoﬁﬁﬁFWedW%%teé‘?b\eéss| on
in a suitable host cell or host organism The nucleic

acid may_ be present on a vector or a vector system
Figure 3 Fab-mediated dose-dependent inhibition of K562 cells to

fibronectin

Anti human a5@1-specific Fab were tested for their ability to inhibit the
binding of fluorescent dye-loaded K562-cells to immaobilized fibronectin. After
adhesion, cells were lysed and fluorescence was determined as a measure
for adherent cells. Fibronectin alone indicates the maximum adhesion
whereas the overall background of the assay was determined on BSA-
coated cells.

Figure 4: Anti a5B1-function blocking antibodies induce apoptosis in
endothelial cells.

The induction of caspase 3/7 activation of the purified Fab in the monovalent
format was determined using HUVEC cells in serum free endothelial cell
medium. Caspase activity was determined using a commercially available
chemoluminescent assay system (Caspase Glo, PROMEGA) according to
the manufacturers” instructions.

ki nds of BOI/EP2007/004648
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plurality of vectors) which may be introduced into a
host cell or host organism The vector nay be a

WQe@Ras48os i c vector suitable for prokaryotic ceCT/BP2007/004648

e.g. a plasmd or bacteriophage. Further, the vector
may be an eukaryotic vector 1#or eukaryotic host cells
or host organisns, e.g. a plasmd, an artificial
chronosonme or a viral vector. Suitable vectors are

scribe n Sanbrook et al 1989), Mol ecul ar
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A dhgreierence apteedy Wi anddl 796pe«eds tlbcan E@ICP“C'édgd that both

FHn‘ﬂBé@M@tshéreCtﬁHswﬁﬂaréb!blt%% awafea@ aff 9&Hermfreaét @tmu”an
cell whi is transforned with a nucleic acid
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ifeal©sb bipdmgVeREH E&Hp el alihsréTerendt atidodgNagNi ¢
ani mal , such as a transgeni ¢ non-human mamal,” whi ch
is transformed with a nucleic acid or vector. as
qlrr G @eﬂfm?v,ﬁam?ea drftf BB 1- fd,ﬁ%msuaeqnganﬁm gdes

net hods I nt roduci n orei gn nucl &€ ¢ aci into

zi"’é%‘l“l'y duge anqpiasisniniend oghelml ceflansfection or
'T‘F\fe‘?ﬁ&u&ﬁn oT'%%s;B‘%é/:?ﬁFgc'ng&ldﬁBéf tRE pOfifRPESRT rpt\‘le monovalent

cultivatin non- hunan or ganism a
derswativasgelemvieed vaing HYWECIaelisin s.mumframem!pthal@l cell

Pr%d{tﬁ’rﬁpbhgﬁas%r &tﬁﬁp%%%%@’erﬁ{%ci g?nﬁ %ﬁ"ﬁﬁ&@lally Fllable

polypeptl e I's recovered

FEBMQHMIBLSRaNt 365D SYSIQM é@amassr%iauBRQMEGM according to
HOARnaActirerd Mtructidid. present invention shall be

explained in detail in the follow ng Figures and
Exanpl es: Figure 1A: FACS Anal ysis of K562 cells for
T O -ma_thu‘?eééﬁheﬁmoﬁn%floﬁ'lﬂom Qr’lﬁlbodies
rin on the cell surface of |iving K62c S was

M%éh?ﬁ"@b“e\ﬁ?'ﬂw ehendgtheliabgellt ocki ng anti a5bl
inahefnt MUBS Rells in serum free endothelial cell medium were incubated

for 48 hours in presence of the indicated amount of purified Fab or reference
antibody llIA1. Proliferating cells were determined with a commercially
available XTT-assay according to the manufacturers’ instructions. The IC50-
values were determined and summarized in Table 4.

Figure 8: Optimized IgGs in HUVEC adhesion assay

Inhibition of adhesion of HUVEC cells to fibronectin by a581 function
blocking IgG antibodies. IgG MOR04974, MOR04975, MOR04977,
MORO04985 block adhesion with a similar IC50 than 1IA1. Conversion from
Fab to IgG resulted in an approximately 2-fold improvement.

Figure 9: HUVEC viability assay — analysis of anti-a581 integrin igGs
Inhibition of viability of HUVEC cells by a581 function blocking IgG

antibodies. HUVEC cells were plated on fibronectin coated plates, incubated
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nonocl onal antibody I1 A1 (14). For this purpose,
st andard FACS- procedures were used as described in the

wWOOAlL§48Y6 GOLD Manual provi ded by MorphoSys. FPOQUER200B004648

The human col on carcinonma cell |ine HT29 does not
express the a5-integrin chaith. FACS anal ysi s
denonstrated that HT29 cells do not express the

afith intregising coimgentratidnesfdgS dritivobies @ndisonival piezardd affer

t el.l f iLgh ity. . E i_S .reasqn, .
450 G MORORE7E, Rlrbaly B VERR ST MOHodeRs bt d S i
wiithha singilan 5C50 tregy 1AM . Bariverdiorg from Adb toTlhS rdeguresd ieanon
carci nonglpgﬁl II l.ine HT29 expresses the abbl integrin

3 iy

APPLYKiID RTVEMPthe a5-integrin cDNA. After

transfection with the a5-integrin chain, the
' f th bl_j i th

KRR ITHUTEE Caseats st autashliieauragls, "Facs
ar5ml mqm?imsdfrcgagpbee lt%llméléti\/aﬂorb bygﬂré ?gsmm@ﬁ?ﬁawckihgr@@
a - Nt egri nonNOoC| oha 0] as e .
BiBouRs ¥sdhraned S8Rl sl i St e cidqineliel cell
K}ﬂi&ﬂ&umelblbsmse iéétbvgpg@cstoitenergg?écedsiﬁgbtdman_ @ﬂcﬂillt?%(\j/ai_lable

-cells pr oadaed W cel ated . .l n
(SR8 funR e SRy Systerm lranasa go FRAMEEAPSE g o
nioen frkdnofédtmglrs(' :f%hpﬁdsﬁs'. gwraomwﬁ, a%mRowrm; sworgpmgu an@lf

S, Nt.egri.n-1n engen agC, rLoun I nNdl N (0]
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EDTA. The overall background of the assay was
determ ned on BSA- bl ocked wells which do not support
tigurediie Aflinitgimatusad Eabl specificdlly precipiiate thie abp1t integrin

e E e e
dosfacdbdpingizated NiPdOHydten oD TEB@R and: HT29Wbwere incubated
with Fab coupled to magnetic Dyna beads. The immunoprecipitates were
transfered to PVDF-membranes and analysed with streptavidin alkaline
phosphatase (AP). All Fab specifically precipitated a protein of the expected
size comparable to the reference antibody 11A1 out of the HT29a5 lysate
whereas no protein was detectable in the HT29wt lysate. The irrelevant Fab
MORO03207 did not specifically precipitate any protein.

Figure 12: Binding specificity of the anti-a5f1 integrin IgG (example
MORO04974) to HT29-wt and HT29a5 (FACS measurement)

Affinity matured IgG antibodies were incubated at 10 pg/mL with 5x10°
HT29wt and HT29a5 cells. Specifically bound antibodies were detected with
a Cy3-labelled secondary antibody. Upper panel: lIA1 incubated with HT29wt
(left) or HT29a5-cells (right), lower panel: IgG1 MORO04974. The
fluorescence shift indicates specific binding to a5 integrin and was found for
MORO04975, MOR04977, MOR04985 and MORO04624. Antibody isotype

controls are negative (black lines). Our anti-integrin antibodies bind to a5-
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fibronectin Anti human aS5bl-specific Fab were tested
for their ability to inhibit the binding of

w0 bwonagscent dye-| oaded K562-cells to i mobi | i REHEP2007/004648

fibronectin. After adhesion, cells were |ysed and
fl uorescence was determ ned,as a neasure for adherent
cells. Fibronectin alone indicates the nmaxi mum
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dﬂikﬁl-functl on bl ocki ng anti bodi es i nduce apoptosis in
endot helial cells. The induction of caspase 3/7
activation of the purified Fab in the nonoval ent
fRigas 13\JEGonlmbatlrrhrb§ddiurg' ofthelldvific o581 lintegrirskyGu(axangsle

JOBHFrfon TR B <CUR R B TEAGS e Epprbriemt. The ani-
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the epitope of the reference antibody I1A
& Inog PresercgfiAlchingingdedempastraied IQY:SM*?%'QGM&‘ gopiraati-

trﬂ&sﬁé-lﬁfrﬂ@g f?BéﬁélP%mdlﬁ&éﬁé%oﬁ‘ipbtlt%rl#rthé: ﬁQm%ﬁaQI‘itlBMd h

unrel ated binding sites on the a5bl integrin.

I(MQRQ4974) lﬁﬁh@ﬂvﬂ@y defestion withdhe gpahant- hamﬁg R
Cs@esﬁaew aMuFJJSU)f @:‘bﬁf GAe), arms! | iadipib hﬁéwé the-E6Hp8itn for

LNnit ant | f uncti on

M@R868¥%§%% é@ﬁq'ty/v%f@uee fRMPRISDZ5, M%%%%Fﬂel i al

apbRB4IES MOReasppn of caspase 3/7 activation of the
purified Fab in the nonoval ent format was detern ned

using HUVEC cells in serumfree endothelial cell

Figure 14: Analysis of the IgG1 anti-a581 integrin antibodies in the tube
formation assay (Example MOR04974). Affinity optimized anti-a581
integrin IgG1 antibodies block tube formation as efficiently as IIA1.
Early passage human endothelial vein umbilical celis (HUVECs #2519) were
harvested at 60-80% confluency and 2 x 10* cells were inoculated on
Matrigel (Becton Dickinson #354234) containing wells in EBM-2 medium
(Clonetics #CC3156). Antibodies were added 15 min later and tube
formation was allowed to proceed for 18 — 24h at 37°C. Then cells were fixed
(4% formalin), permeabilized, blocked and stained with anti-CD31.
Antibodies were applied at 6nM, 3nM, 600pM, 300pM, and 60pM.
Representative images are shown for the effect at 300pM A: non-treated
sample, B: human IgG1 anti-lysozyme MOR03207, C: igG1 MOR04624, D:
IgG1 MORO04974, E: lIA1, F: murine IgG1. The same result was also found
for MOR04975 and MOR04977
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medi um Caspase activity was determ ned using a
comerci ally avail abl e chenol um nescent assay system

W@ Sagpasec G o PROVEGA) according to the manuf apCT/ER2087/004648

instructions. Figure 7: Affinity-matured anti
abbl-function bl ocking Fab anti bodies inhibit the
proliferation of endothelial cells Adherent HUVEC
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HUVEC cel | s were fibronectin coated pla
calcaimastaingd and H‘@rf@égﬁt'ﬁg flugiesepngevap deigrmingd with a Perkin

%éh@@be\ﬁcﬁﬂ Go&ﬂéb’ét\/&éwﬁ‘? efeéifaaen %ha @354& &iss B,
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MISROSSY WRDH‘Q%‘ MORDAYT FHHRibeddné PligratiBR 0P MR as
Fi gure 10 C Caspase assay of anti-abbl integrin

efficient re Vﬁductl on of Caspase 3/7 activation by the
B pbskbliaspdie dHaptlhiseatb8 activity of MOR04974, - 75, -77 (IgG4-

Pro antibody isotype). IC50s (MOR04974:1ug/ml, MOR04975: 1,5ug/ml,
MORO04977: 1ug/ml, HA1: 2ug/ml)

Figure 16: IHC staining pattern of affinity-optimized IgG1 anti-a581-
integrin antibodies on colon carcinoma tissue.

Magnification 10x, Biotinylated antibodies were titrated on serial tissue
sections of colon carcinoma. Detection was done with streptavidin-alkaline
phosphatase. As an example the immunohistochemical sections obtained
with a concentration of 2,5 pg/mL is shown. For IIA1 and MOR04974,
staining of small to intermediate size vessels and stromal compartment was
found. Black arrows show the same vessels stained by both antibodies. A
similar staining pattern was found for MOR04975 and MORO04977. Blue
arrows indicate stained vessels. It can be concluded that the optimized anti-
a5B1 integrin antibodies show staining patterns comparable to 11A1.
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chenol um nescent assay system (Caspase gl o, PROVEGA)
according to the manufactur&8s' instructions.
MOR04974, MOR04975, MOR04977 and MOR04985 are simlar
active as the reference antibody Il Al . Figure 11:

F i figall reci te the abb
HIGUTR 1 TRphF T8rdihg B el arfinty balotifed apBiard e
Suti‘bmé)(lgGumdo‘c),t ed NP40-|ysates of HT29a5 and HT29wt
were incubated with Fab coupled to nagnetic na

HedioeO B HrintegrinRMibpdissivyare sadiclabeled W'ﬂ’a'ﬁgﬁ@r ¢lenin,
RyESgerembiaa aaaﬂs.nm@ahmﬁ%r&ét.pnt?%@ Ricterhfihdl @ bbsne

hos hat ase ( AP) speci fical ¥ggre0| pitated a
&0(/9 énﬁ 3gg lahelled,aptibodiiweiezipjestaspatoali T 29a% xemagrafted nude
mekerence antibody I Al out of the HT29a5 |ysate
whereas no protein was detectable in the HI29w

IA; Janmor uptake ¢frlgGd MRROAETA NRBE4675 and caotrols (reference
l { gl
Sa%sa;éy RARY lakd gn?ﬁ*ﬁz%@%ﬁﬂéﬁbﬁéﬂ stum%rg. faﬁkelﬁ 1%61

|n|n8 speci fi e antl-a Inte
& QOoiy to HT29-wt and HT29a5 (FACS

RABHEE Usﬂaké oﬁiﬁé é}htwsmhtébﬁﬁ ahﬁﬁ%@é‘é W%Q %sﬁs&nﬁﬁ{% for AT

i ncubat ed at

@8 signifigaally mgbgr pgmsameﬂdoém |r79<bwa@§ lg@*r MQREINTeWVe

bhblude RSt DRILR tha® waﬁ%ymmégggdamgyg@s 'spRRREaly

tarpghing, cdfdvietegpamesitive g@ZQMm@ZIQQWﬂSThe fl uorescence
shift indicates specific binding to a5 integrin and
was found for MORO4975, MOR04977, MOR04985 and
MOR04624. Anti body isotype controls are negative

RS . 1 B tn g bl B AP QAR B d g
the 8Bdnvivesphemidsuriogdte model of angiogenesis.

Matrigel plugs containing spheroids of defined endothelial cell number
together with VEGF and FGF2 were implanted subcutaneously into SCID
mice. EC-Sprouting and vessel formation of a complex network with the
mouse vasculature was analyzed after treatment with the optimized human
anti-a5B1 integrin antibodies and control antibodies. The human IgG
MORO04974 and MOR04975 were as efficacious as 1IA1.

PCT/EP2007/004648
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I1A1 . Figure 13: Conpetition binding of the anti-
abbl integrin 1gG (exanpl e MOR04974) on HT29a5 cells

wowaon/18482d ( FACS nmeasurenent). The anti- a5bl PCI/BBRODTI004648

| gG conpetes with 1Al for an overl appi ng epitope.

I n- house produced anti-a5bl1gntegrin anti bodi es were
i ncubated at 1ng/nL with 5x1 05 HT29a5 cells which
were either preincubated with 20ng/ n_ | IAl or not.
Rresence. of nstrat\'_‘?1 det ecti on

'leHntﬁ%fgto”dﬁtfH‘rmﬁEé'@s"ﬁfeﬁC”(“P%Ef‘a’BH\‘?él) edpirwing Examples

HERRIWEVeR, ot td be UndeRdlogdnas RAfHitalidhR04974) is shown
by detection with the goat - anti - human- FI TC secondary

anti body (right panel). This exanple shows the
legi on for MOR04974. Sane result was found for
, MOR04977, MOR04985, MOR04624. Figure 14:
Anal ysis of the IgGI anti-abbl integrin antibodies in

D & riestid 9 FAin Ao RRXIHd-4AIRIsR 1 HRIHR Antib ﬁ{:.@sm ty

optim zed anti-a5bl integrin Ig ant i"bodi es
t ube forrmtlon as efficiently as 1Al . Early passage

h]u-frge ein unbilical cells (HUVECs #251 9)
wer e arve éhéé eéo 80% confluency and 2 x 104 cells

\Riéueernommpap@lan@lram@pdy gl birBiscto @ncanferiational eBEpRAe)

BB FhBori it onl) (reYert dFESHibiEted By R AEhaSIEfd Gl To
waverdrata pelectiytyrnstagtional activity, 2 seregningrmth cameased of
@ﬁéh@téwsamﬁggsﬁ |s(o?]a{‘é5 %rrqéﬁ Bd aR§J al egfée&ghéés%ﬁgﬂceﬂ%' .ﬂcked

and stal ned wer e ap

&PMEHRtion Yt f@oaﬁmal selbbmedamemswarmeﬁta |i€\h§d for
'tﬁ@@%ﬁtlﬁéa%gﬁ R MdALe EB. DRAdiREl 1édd AR1BBN Randidates in the

non-treate
Fab format:

1. Selection of anti-a5B1 integrin binding Fab antibody fragments by phage
display using the HUCAL®-Gold Library (MorphoSys). Panning experiments
were performed on isolated antigen and antigen-expressing cells. Based on
the amino acid sequences of the best antibody clones sublibraries were
generated by randomization of either the VL-CDRS3 or the VH-CDR2 using
human CDR sequences and from which in further panning experiments even
advanced binders were selected. Additional clones were obtained by cloning
combinations of light and heavy chains containing interesting VL-CDR3 and
VH-CDR2 in one antibody molecule (“X-cloning”).

2. Screening of enriched Fab-antibodies was done as the following. Binders
of all pannings were tested for ELISA-binding on a5B1 integrin-positive and
a3B1 integrin-negative cells. ELISA positive clones were then further
analysed for cell binding in FACS experiments on a5-overexpressing cells
and a5-negative cells. Suitable clones were then analysed in functional
assays for i) cell adhesion to fibronectin ii) induction of apoptosis of HUVEC
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wab@7834%26 r esult was al so found for

sanple, B: human Igd anti-|lysozynme MOR03207, C 1gd
MOR04624, D: 1gd MOR04974, E: I1A1 , F: nurine |gG

MOR04977Fi gure 15: Activity of the affinity optim zed
anti-a5bl integrin 1gG antibgdies in the transwell
m gration assay. The mgration assay is perforned in a

JGetSh s Ve, pcbidha) EQlshAd B HENRY EC THAGh Rrma
wﬁmausndqtheliah welks)dii ) odffinify measuretienk ang MACE 1 eompstition

Rl S bteren ol in FrRIRF ARt codileBlyedd 21

endot helial serumfree nmedium (Invitrogen) containing
0, 1% BSA was used as mgration buffer in the upper and
| ower chanber. Anti-D5D1 integrin antibodies (0,6 - 10
rig2 iTopl generativseanhd assdyedeyedopmembnber of each wel |,
early passage HUVEC (2 x 104 ) were added and
mgration of cells was allowed to proceed for 4h at
IBAntdgan ehath éBNAs on the underside of the nenbranes

h | - d and t | t]
R dorcBo Mt R AR R RSB o RE R AMARE-D
‘éacztt577mmlemecatntdl&@wmwmeapte@aoa%c@?%mvwmroﬁ

s  wer bt ai ned at 10ng/ nlL anti body
%ﬁ%@mgr‘é?tﬁq%%? E@‘gﬁ MOR04975, MOR04977 i nhi bi t ed
the mgration of HUVEC as efficient as IAl . B:

r nse of anti-mgratory activity of MOR04974,
@q@iede@?equrb@c Pg?{? ant i body isotype). |C50s

@&B@éﬁﬁ%l&blﬂﬁdﬁummé@ﬂﬁmc&p?ﬁ@bﬁﬁ1 (OREMEBACC1052)
ure 1 pattern
S8 e oy P B dedd afenasag it Tl
ANTERDINTEONA. (TehmeulaaiON, WSX). Foissalid.phase phage display,
ELISA and BiaCore-assays, integrin-batches with a purity of at least 90%
were selected by non-denaturing SDS-PAGE.

Cell lines

The adhesion of the human chronic myelogenous leukemia cell line K562
(ATCC accession number: CCL-243) to fibronectin is solely mediated by the
a5B1 integrin (16). This cell line was used in the fibronectin-mediated
adhesion assay for initial functional screening. The presence of the a5g1~
integrin was demonstrated by FACS-analysis using antibody IA1 for
detection (Fig. 1A).

A prerequisite for differential cell panning strategies is a model system,
where the target of interest is overexpressed on a target-negative cell line.
For this purpose, we have chosen the human colon carcinoma cell line HT29
(ATCC accession number: HTB-38) which expresses the B1-integrin chain,
but not the a5-chain (Fig. 1B). The cDNA of the a5-chain was transfected
into the parental HT29-cells using Lipofectamine according to the

MOR04975 aPdI/EP2007/004648



10

15

20

Magni fi cation 10x, Biotinylated anti bodi es were
titrated on serial tissue sections of colon carci nom.

woeias480c was done with streptavidi n-al kal i nePCT/EP2007/004648

phosphat ase. As an exanpl e the i mmunohi st ochemi cal
sections obtained with a coggentration of 2,5 ng/nlL is
shown. For |1 Al and MOR04974, staining of small to

{ﬁﬁn%é@g#e?tsqn%ﬁnox eﬁ%%b?? ﬁg%vaé')@@ésu a ne% e‘g?e%

|"ack arr ows show € sane’ vess
batHA%%rtscr@@ﬂir@s:smg thenmbuase swabdong qmtboéy HAMer hheund

SpLchORRLRE oP A TR eeaat ftebANTE T Ef 2" ©

opt| m zed anti- a5bl integrin antibodi es show staining

%%thtegicn‘? as {gpar abl e to 1AL . _Fi gure 17: _ Tunor
0

argeting the affinity optim zed anti-a5bl integrin
Andansidive exlhebigGhsBay for finttionabcteening guaisreséatilisbed using

{5 Rt CoRuARFhRA M R BReop Bl el RO Rl e,
berpZBe 86 Well pibt8syvera beated avitht pdlod humemefibrapectineat B?A
PR PR Bl BEoHARB i oy oy PeFRIraiL B fre®
aasa)b@aiycel mgcmﬂdloamf untbgmtxorﬁcmeﬁlﬂlé$ is @epenaent on
W e
g&t ;?rlégegé] -gaé'g i é@é’rﬁsﬁ&g‘n@l %B%éuetz) %ﬁﬁggggﬁ em“?éﬁh’
fndepehﬁentm@kgnioglndfhmrhmg by fibiaestin.cldrepfanetipn-blockiag

hfll?écfyhlg&"é w{aggsgg?ggsl%?gren&?aﬁ Q‘H dlﬁoct,l{lr? €b§% ﬁﬁé’ﬂ;ﬁn

m“@@tm@m@@%ﬁnt'md%g(:\ﬂg):@gmae&allsgtgarngagve(emidmdafqogtrol
E‘s%& Ecthd: béﬂ%dﬂ\sl d&{ gé Pﬁ/nﬁﬂéﬁd;%éﬁdco%ﬂhg lrﬂ'ﬁlﬁged th

I ntegrin ant 1 bo In VIV er0|

demgg@{t@%@@pla@d asie Bebvdgreas VCS (Spg/ml) dld not interfere
in cell adhesion (Fig. 2).

1.3 Antibody phage display and panning strategies

Antibody phage display for the identification of fully human anti a5p1 integrin
antibodies was performed with a HuCAL®-GOLD library according to the
protocols described in literature (17-20). The following panning strategies
were applied and run in parallel (Table 1):
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EC- Sprouting and vessel formation of a conpl ex network
with the nouse vascul ature 2&s anal yzed after
treatnment with the optim zed human anti-a5bl integrin
anti bodi es and control antibodies. The human | gG

MOR04 - ' ' %ga.s_u_é;l__'rhe
i nvert1@ANGs f ur { hefPUNd ust rlfk efPYH t he |ExdRWIEs. The

foll c@PP@O anpl s are, however, not to be understO)d

as a H- at-of- -es—i—1—Ce "m] AEtH-oh
SIS 7N E A E e e P T LT
st ?gt eglges Tlﬁeam)i@'g cl o]l dgg?f’%od)sliliah%ends to

a cort tA o | EgT1

only a?gggn on .gjﬁf M&B@éi‘h q{%ﬁgd (Ielﬁdot f Hg?qa‘m(é%iq)l
To cqver both se ect|V|ty and functi onal

SCreqgRpBg {PAT N CPRBES B&l|sOT AlRteriR 2 MR569 Te )

i sol gt ed antigenjand anti gen-sgk®pRrasd ngjcells in
combilnati on with|functional |cell-based gcreening
assay43aad-®st abl aspremtdgrin t|IMT29dSGell$ | (ﬁS[BDmt@jriri-iu CAL
(r) GOLD derived|datidphasei bddy candi dat ¢solidptidse Fab
formgt: 1. Selection of antil-abbl inteagnin binding Fab
ant i jadg2flrhgnmenidT29apbeilge (@iSSplintpansi ngT28a5 BalEAL
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anti Body cl ones B FhEewt eq Prie r"éT er at ed by
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usi ng ‘ﬁ%‘?rér?“ %‘a%%s an ng HPW%VJher
pannilng experi mepts even

1369.1-2 a581 integrin  |HT29a5 cells | a5B1 integrin
solid phase p.a. HT29wt solid phase

o=

SN

1371.1-2 HT29a5 cells |a5B1 integrin |HT29a5 cells
p.a. HT29wt solid phase p.a. HT29wt

Table 1: Overview panning approaches
p.a: post adsorption with HT29wt (to reduce non-specific cell surface binding)

Results:

During the pannings 1298-1324, several thousand clones were screened.
Despite the fact that various display-strategies were applied, one clone
(MORO04055) which was selective in ELISA and FACS was repeatedly
isolated. Besides MOR04055 which apparently binds to an immunodominant
epitopé, 4 additional clones were identified (MOR04139, 04141, 04160,
04568). To further increase the chance of selecting more diverse and
specific integrin binders, 2 additional pannings (1369.1-2 and 1371.1-2) were
performed. Here, 10ug/ml MOR04055-Fab was added during phage display
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advanced bi nders were sel ected. Additional clones were
obt ai ned by cl oni ng conbi nati ons of |ight and heavy
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one anti body nolecule ("X-cloning"”). 2. Screening of
enri ched Fab-anti bodi es was238one as the foll ow ng.
Bi nders of all pannings were tested for ELI SA-bi nding
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e . 0S |ve cl on weyr e er .
Hespijs obiFpBcofBeilon rtsngont bikees tog hifugheuannings

aEGQWr@élémﬂOm@wBH B p’mﬂlr@;é 1r3€gabmef fadalﬁbhé mclilwdual
n anal ysed in functiona

gg‘ﬁﬁy?""g&d"’%?sil@’?? %\IHE d-on to fibronectin ii)

i nducti on of apoptosis of HUVEC( human unbilical vein

endot helial cells) and/ or HDWEC (human der nal

vascul ar endot hel i cells) iii) Affinity neasurenent
nﬁﬁ %@'&%ﬂﬁ%{if‘?fgh'aﬂwﬁth reference anti body
and | species crossreactivity. 1.2 Tool
d assay devel opnent a5- integrin chai n

%Mw@%@é#&%ﬁs@w& AiRe Rk 35
s P Fuestnesis Liang periney in 4 bhd-3EreEhihy expemnenngs folows:
MO TEOREE 5 g@é@aﬁ%n-%?@ab%—@é?&& 6PMQEpA139
@Gb@rgmmnmsheﬁza)ut@wn@t&bécr( SbwhkiBNioRCIAS absd\@éﬁendent
bleing s e ipoglaal JRigt hepniglonsin 8 ags sdiiesion
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ézas |Ppn&/f’§i§6ﬁ RUFEEE &o%yar%) do deQ@é&nden?m%%%o%%is

antibody was not further investigated (Fig.3).

Induction of apoptosis

Antibodies obtained from the first panning approach were further assessed
for the apoptosis-inducing properties. Therefore 96 well plates were coated
with 0.2 and 0.4 pg/ml of fibronectin for 1 hour at 37°C and blocked with 2%
BSA. 1x10* HUVEC cells were incubated together with the respective
antibody in serum free medium for endothelial cell culture (Gibco). After 18
hours, a caspase3/7 assay kit was used for cell lysis and quantification of
caspase activity according to the procedure described by the manufacturer
(Caspase Glo 3/7; Promega). At a concentration of 100 pg/mi the
monovalent Fab MOR04055 and 04624 induced caspase 3/7 activity in
HUVEC cells as strongly as the bivalent reference IgG IIA1 at 10 ug/ml (Fig.
4). All other Fab were negative in this assay.
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(16). This cell line was used in the
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MoRoARES Bha BrRighiel Sittha iy 0 Sl % Shaveranog
( nEFEsseainthe ﬁllmérlcfl lg@wrmat‘ﬂF%rmRMGSMa Wfrﬁtﬁé@&/vt he
i nt agrl n c but not é& a5-chain (Fig. The
DERRTGRE oS BT the mionvdiont Eals i aminpisese tCHaF e
IdiiRéric k)G wassourg. Li pof ect ami ne according to

t hemanuf acturer 's instruction. A stable
a5_ over expr ese: no C! ohe \Was QQ| nr\f nd h\l ':A(\Q- screeni nn

usi ng the nou o nocl onal Y‘% eJAl forK he
specific |abeling of surface 8% ég @Pas5b1 '9Gt egri n
(Fig. 1C). AdH&56n assay A/@Ensitive adhedi0oh assay
for functionajf EEMNT Y Wa By i sted—usip—the
K562 cel | |in04\q/\?n§r‘h nnlg\/ pﬁu‘?i‘ﬂg@i the hu ’Ira]haJ'HShl
integrin. For|%824 purpose, |08 well plates [Wete coated
with 1 ng/m hgmamﬁlbronect.l or BSA as a06/1.0

non- adhesi ve 'stbstrate—to—determ-ne—the—overaH

RSSO P M 7o DR 350 oRaHEP o anc 0

by FALCR atr@tidvvg2+, 10rM EDTA was used to determ ne the
i nt egri ni ndependent background bi nding on fibronectin.
The function-bl ocking anti body |11 Al was used as a
Cehgetition BAGSaofifab dhddllding anti a5bl integrin

To investigate whether the Fab antibodies share the same epitope with 1A1

(Dﬂ):J

or not, HT29a5 cells were incubated either with 0.5 pg/m! Fab alone or
together with 10 pg/mi lIA1. Human Fabs binding to the cells were detected
with goat anti human Fab-specific-PE conjugate for FACS analyses. Fig. 7
shows an overlay of Fab staining only (black lines) and Fab + lIA1 (green
lines). As a result, the addition of 1A1 lead to a clear decrease in staining
intensity by MOR04624. All other Fabs were not affected by lIA1. This result
indicates that IIA1 and MOR04624 compete with each other for the binding
to an identical or overlapping epitope, while the other 4 Fabs bind to
unrelated epitopes.
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é 4624) was identified. 1.4 Functional testing
an-anti bodi es

Induction of apoptosis

Apoptosis-induction on HUVEC cells in vitro was measured by caspase
activity and cell survival (Fig. 6 and Fig. 7). In both assays the efficacy of the
monovalent Fab MOR04974, 04975 and 04977 were comparable to the
bivalent mouse monoclonal reference antibody IIA1.
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Adhesi on assay Anti bodi es obtained fromthe first
panni ng approach were ranked according to their

w0 eoveti348me bl ocki ng potency in a pre-screeni ng PCI/EP2007/004648

experinment as follows:
MOR04624>MOR04055>MOR04141=ppR04568=MOR04160. MOR04139
was slightly inhibitory but did not reach 50%
inhibition. The dose dependent re-testing of the

anti bodies at different concentrations in the K562
adhesi on assay
pre-screening experinent \w tigsonef exagpti gn MOR04139
di d not show an dose depertﬂ /W.|)| nhi BW'LOF' Thi s
ant i body was no .WA. R +gpt-e .| 3).

I nducti on of apopt QIAL s (0 es obfa?_ne,e fromthe
first panning ap W?Boﬁs%%crp 3 ther z.gés%sced for the
apopt osi s-i nducl OFO4%RE |t | €09 Ther efleBe 96 wel |

pl at es were coat fORO#8870. 2 Catdd 0] 4 g gf

bl ocked |wi th 2% BSA.
togegherp wWth the

fibronectin for| IMORIMOZR| 3 0CDAENd
1x1 04 HUVEC cel [MOwRese7s ncwbed €
respective antibo@gROBGAERT UTH 0 © . qr

endot hel i al cel|l NrBRo¥HES (G080~ Afé‘ﬁg 18 |hours, a
caspase3/ 7 assdy R uo%hl eeis y4i|s and
guantification |0 E‘%A-tm,c—a“; .-edHrng to the
procedure descr t ubdp (fdspase G o

3/7; Pronega). At a concentration of 100 ng/m the
Mable/3d OS50 Velbed/ORE 4B Zmtibodidy inthel XL peslife pftiat &8ssy’

Livity HUVEC t th bi val ent
TE bt Y B o My PR PSP o
significantipiniprevéd (dphiosa tetaryof ABD). Mihieyintibiisn rog ﬁ&nférabzyn of

TERobh A s 09138 RSB PR BE o il

abtidloqyd$At.i ve HUVEC cells by FACS titration (Table 2).

Immunoprecipitation

To demonstrate the specificity of the Fab antibodies, NP-40 lysates of
surface-biotinylated HT29a5 and HT29wt cells were incubated with Fab
coupled to magnetic Dyna-beads. [IA1 was used as a reference antibody.
After intensive washing the precipitates were boiled in SDS-PAGE sample
buffer under reducing conditions, blotted to PVDF-membranes and probed
with streptavidine-AP. All anti-a5B1integrin antibodies specifically
precipitated a protein double kband of ~135 kDa which corresponds to the
expected molecular weight of the integrin chains a5 and 1 (Fig. 11) and
was not found in the HT29wt cell lysate. The same double band was found
with lIA1. The irrelevant Fab MOR03207 was used as a negative control and
did not precipitate this double band. This result demonstrates the high
specificity of the Fab antibodies.



10

15

20

25

MOR04055 had the highest binding affinity (0.9 nM and
showed an increase in the dineric 1gG format. For

wWOR04SB46 a KD in the | ow nanonol ar range for BECEEP2007/004648

nonoval ent Fab, and an increase in KD for the dineric
I gG was found. Table 2: Res@zt of affinity

determ nati on of nonoval ent Fabs and 1gGs by FACS
titration Conpetition FACS of Fab and I1 Al To

| OpaRtizaRigoPHOMEG A8hésiBnadshpodi es share the sane
epitope with 1Al or not, HI29a5 cells were incubated

eTé hﬁ%sﬁ@ét@ m@}eﬁwém}‘\éﬂn Vi ﬁ@ pB{(f‘PR? oPthet él%%rlﬁ schbéd Fif

Human Fabs S were

d%@t@@d@é 'Wli%eg@aproaﬁﬂum Mﬁlenaﬁorgwééher actiewies were
CESHVERaH tth @il @m%%hbé\%ea%coﬂa'lr% to7sta°'rﬁ‘tf§’r‘§ té"dfhn% (%ésaéfsmg

of Fab stai ni n é\égqj lines) and
(thedderphpRys Hu A@ g R Kit {Merphadys A@n Mﬂnupn Aemmgad)
h EhPwbleEaral F%@r@,aﬁevm %@smm&wagt(ﬁpssy ww%&/%ﬁ 4.

ot her vwere not affected IS res
i @ﬁf@&éf@s% #nd HUVEC an@ptmme@a(%rﬂ&éﬂ@cwanmw the

dehgenéLantdtyliAydi ng to an identical or overlapping
epi tope, whil e the other 4 Fabs bind to unrel ated

epitopes. 1.5 Affinity-maturation: Analysis of Fab and
I gG anti bodi es. The Fabs MOR04055 and 04624 were
s'ﬂeftéweaaw i'ﬁé WRRIRGIUGEd & eYSTY ©YPRRNERLAS tference point.

lhamezr@f;selzo‘s;@lt bb@fdr@i&n\wl\ﬂ)ﬁw Urg 86d f‘f\;ﬁf@sﬁh@d in HUCAL
n a er zatl.on O -

RGeS 2 1oy shhusrubs; ool &l TiedagRt oy sjorsareed fishs
deadty af ~efblebhdroaasiehticadareetd the oAb AIyet FHbbehat. Of
this screening were further analyzed in adhesi on assay

on HT29a5 cells and ranked according to their
inhibitory activity. Best inhibitory potential was

Optimized IgGs in HUVEC viability assay

It was observed that after IgG conversion five binders had ~2fold improved
ICso values compared to the Fab format. MOR04974, -75, and -77 showed a
very similar efficacy in reducing HUVEC viability as reference IgG 11A1.

Optimized IgGs in HUVEC apoptosis assay

From analysis of lead IgGs in the Caspase3,7 assay it could be concluded
that MORO04974, -75 and -77 induced apoptosis comparably well as the
reference antibody lIA1.
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found for derivatives of MOR04624. Derivatives of
MOR04055, MOR04568, MOR04141 did show only noderate or

woeoogiasird i cant i mprovenent in inhibition. BasedI/BPopTien4648

i ght and heavy chains of these clones 12 new
conbi nations of VL-CDR3 and 2¢H CDR2 were cl oned for
further optimzation (so called "X-cloning"). Best

iﬂbilhidewu-aﬂhmoﬁﬁﬁfirﬁfﬁﬂﬂﬁnfi’e@fﬁﬁﬁ-ﬁt i tg@Rintibodies
expressed and purified and conpared in@@:t?% so that

eventual Iy 7 consolidated unique binders w th inproved
f gpedifioity of @k affthifCoptimiRd dbﬂf-ﬁ\téqﬁﬁtahﬁb%iefsor
further I n-depth analysis (MOR04971 , -72, -74, ,

- Affinity ffatured @iflibodiBg bf tHeGALfoARANErRI tEsted for their binding
égopt 0si %-I nducti on on HUVEC cel | nvitro wa

S
(ficky Py Alas palsia on| H/TQQ)Me(ﬁdHiaéqIS sellsy HT20w¢ peltp are
%?gggiﬂgﬁtﬁué ggrbotﬁ@élﬂ éﬁﬁ?ﬁﬁg@%ﬁg X dﬁ'bﬁg%%‘fte%? the HT29wt
ceoitp @raspecifically ecagnizeldamt thedes é-antirite pom ahtibcgﬁ@ _elmd: the
FafdroRsly aht gT@P' &s thdicatePby Hetrdré¥cehad shift! {f@ﬂ%ﬁf).
in the XTT-proliferation assay | n conparison e
pR URsRacificaantibpd isptynencanjrohdees aet bind fotbeaicelis aad @o shift

Sh omddsupafiliore 5EBNCBRSL dBEerdy. qh@?&%%er%?r‘]@g}\&w_{nﬁ the
inhibition of proliferation of the nonoval ent Fab was

desadrandidate astibpdigsispasificalyrectgnizs thelodnintageinenertird with
[ AL mqué L Rt d To denonstrate the

?géeglgﬁégsfdtefﬁ%gy?%e a?%ﬁ% Eé@?@ﬁ%ﬁ 40 | ysates of

surface-biotinylated HT29a5 and HT29w cells were

S o T o B R e
washihg e precipitares 0 inSDS- PAGE
SWgrﬁla@e shown by FACS competition experiments that the Fab antibody
MORO04624 and its derivatives compete with the reference antibody I1A1 for
the binding to an overlapping epitope. After conversion to the IgG1 format,
the anti-a5B1 integrin antibodies were tested again for binding competition
with the 11A1. Binding of the IgG1 anti-a5p1 integrin antibodies MOR04974, -
75, -77, -85 and MOR04624 to HT29a5 cells resulted in a shift of
fluorescence which was completely inhibited when cells were preincubated
with 1IA1. This result confirmed the epitope competition of I1A1 and the 1gG1
anti- a5B1 integrin antibodies (Fig 13).

Qualititative Analysis of the anti-a581 integrin IgG1 antibodies in the
tube formation angiogenesis assay.

Blockade of newly formed vessels from activated endothelial cells is

considered to be one of the key inhibitory activities of the anti-a581 integrin
antibodies. For full characterization we analyzed the affinity-optimized IgG1
anti-a5B1 Integrin antibodies in comparison with the reference antibody 11A1
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buf fer under reducing conditions, blotted to
PVDF- menbr anes and probed with streptavidi ne-AP. All

w@nio7A3Bhdi nt egrin anti bodi es specifically preRCPEPEDEW4648

a protein double kband of -135 kDa which corresponds
to the expected nol ecul ar wepght of the integrin
chains a5 and bl (Fig. 11) and was not found in the

H 29MUVEE tubé Yoriation Bsgapame doubl e band was found
with 1Al . The irrel evant Fab MOR03207 was used as a
negati ve control and did not precipitate this double

bianisis aEBays zrmgﬁ ﬁurﬁéﬁ@ﬁ&bt’néﬁéﬂS/etﬁlﬁnbillaéluvc%g@@aEVE'dsy of
t i es in adhesi on
1515 R RAlS et s GO wR G N B Tge! (Rsyoros
tmekna@mh #3514335340 imeewfamwum?ggjngﬁcs sctanboge mtelgtag.g&ed
e anti bodi es mere co

Gt B E5be. 38R adeiuter afidey omi iaiernd tube
tfmh‘aﬂlﬁn%éwélldmmr Y be 2R RHEPYS. dblleAkeredfeYBREPENKI t

g ghjgggg CEO &2 and were anal yzed by

ﬁ herq taavee! e dbe farnagieray
(Flg 9) and HUVEC apopt03|s assay (Fig. 10) |n
he reference anti

NS ARb R, S e Eormals FRiMGSdoTREL iy ialisaYaad tube

rfafn%t@n@omgéctwhy fderIISVIDR@ﬂSQJ} dbﬁ@c‘?@ﬁf{ %gh %eﬁrﬁn
-77 resulted in HuCA

watigodiesvith simitaspatenqy| asithe irefigrenge; ﬁm'bpﬁagﬁgdﬂw)e‘?\tsh'@h
icBHesiraioHs | ol bﬁﬁ:k'a’é’é ot @ban%’t%‘fﬁ%s QIQBWé‘urﬁijfo‘i' the
he nonoval ent Fab for mat . O()Pel m zed Q? i n HUWV
VHERN gnd mydee J0G 1 ispheediond agfibedy pcwentrat'ons
mwmdssmbm) Wﬁ)vm»‘éﬂ%rﬁaél@ﬁ wafdamwagabaa&ed W@% tube

| )
Yrmadfoiiar o bioged  wal Gratrd i) sPROME @boRY BRAEE
uhttbatedtwelidrmadiie treats WillitHel dktibody isotype control or the weak

function-blocking antibody MOR04624.

Analysis of the anti-a581 integrin IgG antibodies in the Migration assay

During the angiogenic process, activated endothelial cells migrate towards
an angiogenic stimulus on an angiogenesis-specific provisional matrix
consisting mainly of fibronectin (FN). We analyzed the optimized anti-a581
integrin IgG antibodies in the transwell migration assay and found blocking
activity of a5p1-fibronectin dependent HUVEC migration for all anti-a581
antibodies with an efficacy in the same order of magnitude (1-10ug/ml) as
IIA1 (Fig. 15).
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Optim zed 1gG in HUVEC apoptosi s assay From anal ysis
of lead 1gGs in the Caspase3,7 assay it could be

w@oemchsuged that MOR0O4974, -75 and -77 induced BEDPPIIGT/E04648

conparably well as the reference antibody I1A1 .1.6 In
dept h-anal ysis of affinity gptimzed anti-integrin 1gG
anti bodies Specificity of the affinity optim zed
anti-integrin antibodies Affinity matured anti bodi es

of the 1g@ -format were tested for their Dbinding
dractivityiafianti;ofiCintegeinantibodiesHT2owt vs. HT29a5
cells. HT29wt cells are a5-negative but do contain the

RedctivRy'drtuthiét And Hﬁgga&;ﬁtﬂkgﬁﬁhé he HT29wt cells are

specifically recogniz -anti-integrin

a'{etachmy @fStherad\tltdwﬂlﬁfe@hﬁ HREbédies W@QYedtéd\bn%nous
8 &lﬁ ed b the&&bl[lorescence shift (figure 12). An
Ghaptheial andimas s8df lings by FACSbipdisg eefee@,mﬁats (Eﬁtﬂq 4.0
Biedingtd &l extedenddthélial aRd T@ASHEAinkk lé%@&tQ‘SFFI?ZW?ceIIs
observed. These experinments show that the
VR @rgcknount losiee-shabanagative wefe péé@rgﬁnz@ QQﬁ@PQIBOH to
'tl'iE %éﬂeﬂcé%ﬂn@b@,dllﬂ\\’i ttﬂet@fd We“t@%ﬁbtgd é§ M(t:l‘}?d %Eﬁally well
ref erence anti body speC|
el Ieﬁmcﬁi'hlﬂf@j@w @ﬁtfﬁwunwghlft@ ﬂ@rssmeaﬂa%mmllar for all
%ﬁflb&llééf lQ@tS/Hé %bh@é\ aﬁﬁlgoalﬁg RNAADIAD 4 sﬁll?\‘?nalrth%Q{
have shown onpetition experI ment
Pé81 aﬁegmaptl QMNaeaj:t'm)semevalermto\Héé io FARS eelw t h
Fhtgant i body 1Al for the binding to an
over ap)gjlr ng epitope. After conversion to the Igd
format, the anti-abbl integrin antibodies were tested
again for bi ndi ng conpetition with the I AL . Binding
of the 1g@ anti-a5bl integrin antibodi es MOR0O4974, -
75, -77, -85 and MOR04624 to HT29a5 cells resulted in
a shift of fluorescence which was conpletely inhibited
when cells were preincubated
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Anal ysis of the anti-a5bl integrin 1gG antibodies in

the M gration assay During the angi ogeni c process,
wa@ceei7aatsee endot helial cells mgrate towards aPCT/EP2007/004648

angi ogeni ¢ stinulus on an angi ogenesi s-specific

provisional matrix consistifg mainly of fibronectin

(FN). V\é anal yzed the optim zed anti-a5bl integrin 1gG

b N t i O assa and foynd
RERGENRN ¥ Aok ob6T =plB33155. on Bpenate s dRREfiadhe srenees -
Imhindhistochemisdry anti-aSbl anti bodies with an

efficacy in the sane order of magnitude (1-10 ng/m)
as IIAL (Fig. 15).Reactivity of anti-a5bl integrin
anti bodi es Reactivity on tunor and endothelial cell
The pétnitpeaptimized 9ntbﬂ5gh integrin antiedissiwergranalyzediimodi es

L1
Sep SRR IR i ) LTRY, 8 e e
rqa@éwlédpr@ﬁmfnbe @ati-intagrin andhodies on themespedtivedissties very
mdERSuE Sllebsthe @Plr‘ﬁn%ef fak nlﬂ"gﬂm{rﬂaaﬁ w@%}pﬁ@lﬁbg tNR9RL Bﬁ?’antl-

wer e observed arison to erence antl
aWAmtegrmre@tlb@é@scsaﬁmsd@ﬂ@gmﬁttemcw@pajeulndoélq‘daﬂﬁgnG)
well to all tested cell lines and the resulting shift
in fluorescence was simlar for all antibodies |sotype
control antibodies did not bind. In summary, the anti -
nﬁﬁ% cHdr8CKetRafl) 'ob% Gffiri ﬁrﬁ%h' afitl- &ggﬂ%t\éﬁk; 6" ©
blndlng xperlnen S.
aﬂ%b@@@ﬁlty of antl-a5b1 integrin antibodies on various
cell lines.+=weak shift, ++ strong shift ( 1 |og

fluorescence), +++ very strong shift (2 |og
Depmenstrationcef) in vivie tazpeting inegograftechnudeémigecont rol s

THEYE e o Th AR OO A5 T8 Bl pmivocios
carhparisoorto# ZBLwerbdcoramared div bbde hnded carryindVdnatPafiof HOP9a5
C%ﬁncti on- bl ocki ng a5bl integrin anti body VC5

arm ngen #555650, anti-a5bl integrin antibody I1Al
Phar m ngen #55561React ivity of anti- abbl anti bodies

Hlofé%'éﬂﬁé ?oc i Jrﬁlll ﬂ?ﬁe& ér?t? H§B P ﬁ’ﬁédr%t’bodles (1gG4-Pro) was

mmno
performed with iodine-125 accordmg to the iodogen-method for 1 min according

to standard procedures. Immunoreactivity was measured in a cell-binding assay
(“Lindmo assay”). 50ng of radiolabeled antibody were incubated with increasing

ﬂ

numbers (0,25 to 10 Mio) of a581 integrin-positive cells for 2h at 4°C. Then cells
were washed and bound radioactivity was determined in a scintillation counter.
The quotient of total counts /bound counts was plotted against 1/cell number
and data were fitted with a non-linear regression model. From the intersection
with the y-axis the remaining immunoreactivity at infinite antigen density was
calculated and found to be 75-80% for all anti- a51 integrin antibodies.

The human anti-a581 integrin antibodies accumulated within from 24hours to the
HT29a5 xenografts with >10%I1D/g lasting 96hours for all analyzed antibodies
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The affinity-optimzed anti-a5bl integrin antibodies
wer e anal yzed in i mmunohi st ochem stry experinents on

waledo7as48mé ti ssue section and the specific reakCT/EP1097/004648

profile of the anti-integrin antibodies on the
respective tissues very nucB3resenbl ed the staining of
I1AL . In sunmary, we conclude that the our anti- a5bl

eixBémANOR040T 5 bmgﬁrﬁlapﬂl@@}e@éﬁédlhﬂ? 4@&(5?5 e |es@rr?éw 8t ©/g
(0] | . n \J vo ar ac Il | ONn Q

o8t 120 OBORPTE benpnanuis skt el i epr, 46 ioyee wih 1696 1 and
l\mﬂom%w aftérorerolith n8yJ Mpg.tlaro@ﬁtdaﬁtgpﬂn ma?u?ﬁé ﬂfAH%_htibadyé

m ce e 1n vivo I N opertil es, or, mze
algemulati withit o A 3F Inso 240 Kenagians with 310 HblAasting for
uped @esaon@rath@dwdnrscfwﬁe dnitidgsczafe ShtidyMMOR03ROF Ik than

| abel.ing of the optim zed anti-abbl

ab ceJls. Radig
SHIDIGEF? toiR AN S BRI Brp 1686 rBawlLp ABRCing 2rostng of
dspdip@g@tﬂ«aﬁm@?rwgagrdf@ dahebd esHURIRATEhE inf/? 9tar§temgpof the
accordin o standar ro ures. react.i vi was
PliehT e aties oG 74 Sd oRBREAN s Seuas o)Al Shd at
sPINOtiraé pofils elv@bslpsticant i body were incubated with
i ncreasi ng nunbers (0,25 to 10 M o) of abbl
integrin-positive cells for 2h at 4C. Then cells were

washed and bound radi oactivity was determned in a
tient of total .counts

intil)ati unter. . Th ot i ¢
17 B ek o anfls Tt Uitestinapibagies frarusurtagase Aninal
miedels oFapgiogére@isv th a non-linear regression nodel.
AR IRF BREE AN Bgon AT il e s S8 sl F Siadiot Boss-
réettiod wWith@fowbda i Pt @5;#» iMegri®-1THeYefory amdiysigot the b

integrin antibodies. The human anti-a5bl integrin
therapeisigi efticacy andudemenstiation of ther sRecierp yfve anapgiggenic

ef@9aaniren 86 fdIs s awfichit aﬁ@%@lt%%%%éﬁbnﬁe@ﬁhwwa&@hodels
ogll anal yzed anti bodi esexcept 4975 whi ch rapidly

BRYIBERNFSIF t er 48 hours to | ess than 5% 1D/ g
In vivo comparison of the anti-a5(31 integrin IgG antbodies with 1IA1 has been

perfomed in the 3D in vivo spheroid surrogate mode! of éngiogenesis (Fig 18).

For this model spheroids of defined endothelial cell number were mixed with
collagen which was allowed to polymerize in a 24 well plate. EC spheroids in
matrigel plugs containing VEGF and FGF2 were then implanted subcutaneously
into SCID mice where the stimulated ECs formed a complex three dimensional
network of human capillaries that anastomosed with the mouse vasculature.
Anti-a581 integrin antibodies (200ug) were given twice weekly for three weeks.
At day 21 the study was terminated, matrigel plugs were removed and examined
for blood vessel density. As for the reference antibody IIA1 treatment with the
optimized anti-a5B1 integrin IgG antibodies MOR04974 and MOR04975 reduced
the microvessel density in the matrigel plugs by a factor of two to approximately
20 microvessels per mmz2 while treatment with the irrelevant human anti-
lysozyme antibody MOR03277 resulted in about 40 microvessels per mma2.



after 72h. MOR04974 reached its peak value after 48
hours with 18% 1 D/g and MOR04977 after 72h with 18%
WO DYog/1348m6 conpari son the nmurine |1 AL anti body PCT/EP2007/004648
accurmul ated within from 24h at the HT29a5 xenografts
with >10D/g lasting for uggto 96h. For the
non-specific anti-lysozne anti body MOR03207 | ess than
0 " _ . . _ -
o3 B S 0N B B SR iR ot
integriryantittosliasaM OiR0403 4 @nd ddOR0FAE5 haves coroparabieini vigp anti-

=heRe8b s1Ek AT e BPdh VAR PR idda B toge o,

apgiegeseperi or. In vivo efficacy ofanti- abbl integrin
anti bodi es from surrogate ani mal nodel s of
angi ogenesi s As the reference anti body 1Al , the
anti-abbl integrin antibodies are not crossreactive

i se and rat a5bl integrin. Therefore anal ysis
C\gf"tc!lhﬂgﬁh vivo therapeutic efficacy and denonstration

Pt Do ! ot . i ffe :
i EF o RS tdtiBRS L AR T by Riget .
faronat wmgse eomsistently folund figri MORHET# s-75| 7 A iAdheenig&isiasen
ti It ear o s
ofinpaRBIP e1dtafice AL reds phtens el b ORGAc24
ImindéNo exfpesimgntg theefsllys hgmag ahg)optifized lglsM@RA974, -75, -77
. ) Y 5
W B bty te 1 e B RGN Yo R e g HTREe MiCeand intre
38 sphetid masleh okangtoyarnsisisr MORO4PA4 mnd NIQRD4QT iyere as
aj, ol V, t hen i npl ant ed
eﬁ@%@é?ﬂ?%%&ﬁgﬁeﬂ?gag@:%wnﬁfé wher e {rﬁe stimul ated ECs
formed a conpl ex three di mensional network of human
capillaries that anastonbsed with the nouse
vascul ature. Anti-a5bl integrin antibodies (200 ny)
were given twi ce weekly for three weeks.
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At day 2 1 the study was term nated, matrigel plugs
were renoved and exam ned for bl ood vessel density. As

wo e007t1bu876¢ ef er ence anti body |1 AL treat nent w tPCT/BR2007/004648

optim zed anti-a5bl integrin IgG anti bodi es MOR04974
and MOR04975 reduced the m ggovessel density in the
rmtrigel plugs by a factor of two to approxi mately 20

th _
TReELMME SR SheflBhodfBr 100t Eosib & RHnale ety are shown i
Tabeut:t ed i n about 40 m crovessels per mmR2. Based on

this result it can be concluded that the optim zed

human anti-a5bl integrin anti bodi es MOR04974 and
Paifiitad MO RGAE24c onpar abl e i n vivo anti angi ogeni c

efficacy as 1Al in the 3D in vivo spheroid surrogate
nodel of angi ogenesis. Conclusion: Inin vitro
FengbblgGrekappa he bedtH-hAgGhivieotoy pr opafli-héappa-vEelor as
M®@R04@51 | g3 f or matM@BRO498®BNSI st ent | \YMOR0OAEID or

MIRALIY 4 - 75, -77. MORO#BB®Re | gGs ar eMORDEE04ADI e tO
M@Re4®fce mAb || A1 MORIG4987 bi nder s arMOBOAD8At | ves of
MADRO4EEH:. | n in vi WOREE8S nent s t he MOIROA6R4man and
optim zed |1 gG MOR04974, -75, -77 were denonstrated to
target efficiently tunor xenografts in nude mce and
MOR048243D spheroi d nodel of angi ogenesis MOR0O4974 and
MOR04975 were as efficacious as the reference anti body
VLKAZEQTIReN@niho aci d sequences of the V chains of the
digoutgep seiaskodivtteramggisshiowyqggkpgkabklbyatsnimgpsifsgsgsgtdftitissiq
paOvBAqysdasytfohgtyGlikitappa VH h-1gGl - vect or

VL- h- kappa- vect or MOR04974 MOR04985 MOR04990 MOR04975
VIHEREAD 85 NADR)4991 MOR04977 MOR04987 MOR04989
gvalvesggglvgpggsliriscaasgftfssygmswvrqapgkglewvssisysdsntyyadsvkgrftisrdns
kntlylgmnslraedtavyycarglgdyghhhglsgifdywgqgtivtvss

MORO04055

VLA3 (SEQ ID NO: 3)
dieltgppsvsvapgqtariscsgdsigeqyahwyqgkpgqapvlviyddnkrpsgiperfsgsnsgntatitis
gtgaedeadyycgsytitntasvfgggtkitvig

VH3 (SEQ ID NO: 4)
qvqglvesggglvgpggslriscaasgftfsnyamnwvrqapgkglewvsrisysgsdtyyadsvkgrftisrdns
kntlylgmnsiraedtavyycaregefgfmystivfdswgqgtivtvss

MOR04971

VLA3 (SEQ ID NO: 5)
dieltgppsvsvapgqtariscsgdsigeqyahwyqqkpgqapvlviyddnkrpsgiperfsgsnsgntatitis
gtqaedeadyycssytyssdasvfgggtkltvig

VH3 (SEQ ID NO: 6)
gvalvesggglvgpggslriscaasgftfsnyamnwvrqapgkglewvsaihdnghtyypdsvkgrftisrdns
kntlylgmnslraedtavyycaregefgfmystivfdswgqgtivtvss
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MOR04985 MOR04985 MOR04624 MOR04624 VLK (SEQ ID NO 1)
di qnt gspssl sasvgdrvtitcrasqgi ssnl nwqggkpgkapkl |'i yaasnl
PCT/EP2007/004648
pedf avyycqqysdqsyt f gggt kvei krt VH (SEQ | D NO. 2)

gvgl vesgggl vgpggsl rl scaasgfééssygrrsvwr gapgkgl ewssi sys
dsntyyadsvkgrfti srdns :

Nm‘y mmsl r aedt avyycar gl gdyghhhgl sgi f dywgqgt | vt vss
VLI 3 (SEQ I D NGO 3)

i? R i \% ggtar:scsgdsigeqyahmyqqkpgqapvlviyddnkrp
E%?/é ;%}‘Z%E‘cggi j ) 8@3&&%@%@%*fagé@P'zj'iwnwgg@rﬁgsgegtdﬁ;ﬁss'q

caasgf t f snyamwr gapgkgl ewsri sys

:%rft I srdns

q gggﬁﬁgééﬁ dctgf%v %c gre.se : nggﬁggllevvzv%sg}/}gk tgly\égd\ﬁlggpvkgrftisrd

S QLR S LR AT e s &WEE'Q GEIMIARINNRD gqapv! vi yddnkr p
sgi perfsgsnsgntatltis

‘&ggﬂdyycssytyssdasvfgggt kltvlig VH3 (SEQ I D NO 6)
W gggl vgpggsl rl scaasgft f snyarmwr gapgkgl ewsai hdn

h vkgritisrdns
Xgﬁfﬁ@%@%}%@%gc SRR SR RIS
pecz\atwcqqg%

iqtfgqgtkveik

VH (SEQ ID NO: 10)
gvqlvesggglvqpggsiriscaasgftfssygmswvrqapgkglewvsgirakqsgyatdyaapvkgrftisrd
nskntlylgmnsliraedtavyycarglgdyghhhglsgifdywgqgtivtvss

MORO04977

VLK (SEQ ID NO: 11)
digmtgspsslsasvgdrvtitcrasqgissninwyqqgkpgkapklliyaasnlgsgpsrisgsgsgtdftitissiq
pedfatyycqqyssnpatfgqgtkveikrt

VH (SEQ ID NO: 12)
gvqlvesggglvgpggsliriscaasgftfssygmswvrqapgkglewvsfiepkwrggathyaasvkgrftisrd
nskntlylgmnslraedtavyycarglgdyghhhgisgifdywgqgtivtvss

MORO04985

VLK (SEQ ID NO: 13)
digmtgspssisasvgdrvtitcrasqgissninwyqgkpgkapklliyaasnlgsgpsrfsgsgsgtdftlitissiq
pedfavyycqqysdqgsytfgqgtkveikrt

VH (SEQ ID NO: 14)
gvqlvesggglvgpggsiriscaasgftfssygmswvrgapgkglewvsgirakgsgyatdyaapvkgrftisrd
nskntlylgmnslraedtavyycarglgdyghhhglsgifdywgqgtivtvss



di gnt gspssl sasvgdrvti tcrasqgi ssnl nwqgkpgkapkl |'i yaasn
gsgpsrfsgsgsgtdftitisslq

woedassgeqagyaspr qt f gggt kvei krt VH (SEQ | D NO P@)/EP2007/004648
gvqgl vesgggl vgpggsl rl scaasgft f ssygmswr gapgkgl ewsgi r ak
gsgyat dyaapvkgrftisrd 37
nsknt |yl gmsl raedt avyycar gl gdyghhhgl sgi f dywgqgt | vt vss
2/0R0drEoNLK (SEQ I D NO 9)
di gnt gspssl sasvgdrvti tcrasqgi ssnl nwqggkpgkapkl | i yaasn
Aqﬁig;ﬁﬁ# istegniadunictidnt blesking antibodies have only been available in a

AR So Bt ARG & e huibrmizplnthedeletan
S  Appligatichyafegoek gintibodies! in the clinical setting may induce an immune
r%&é%ﬂ%&h{%&%ﬁé&%ﬁ?&%ﬁﬁ# %Qﬂp&léa‘?l&fa%%i“goq%n ‘éﬁé’.%aemc

cd'rmqud ftisis Inxpsiegd to incteasedqyisiidrresen Gepereaidd bifyatasith

@%ﬁ?é@ g"cfg%%fsvd‘ E{[‘H’“&ﬁé’l? e tpatmenty (SEQ ID NO 12)

qvqlvesggglvqugslrIscaasgftfssygnBMquapgkgIeMstiepk
10 We bgee ientied flfy thustash a5B1 integrin function blocking antibodies with

aﬁ%ﬁ@%@%{g%@@@%@@%ﬁ%@%ﬁ@&%ﬂ? 90 S)%!stflndg}/mgq% a\r4<ti\</: imeric
adtibpries gss tasis fuligl hutmancmateceoivisish wiihyueranigke dadd of sidasfiécts
irgt.sélgv?éd\rll Eéﬁ’iﬁg? %qért%% ;55‘535L . Jt is gxpected that the probability of

. ravyycquys gqg ] )
inducing an immune response agamst this molecule with severe side effects and

15  orincreased doses is much lower. Therefore these molecules are much more
suitable for the application in human medicine, e.g. for the treatment of solid
tumors.
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VH (SEQ I D NO 14)
gvql vesgggl vgpggsl rl scaasgftfssygmswr qgapgkgl ewsgi r ak

wQ syyasddyaapvkgrftisrd PCT/EP2007/004648

nskntlqunnslraedtavyycarglgdyghhhglsglfdymgqgtlvtvssz
. Conclusion: Anti-a5bl inté8rin function blocking
anti bodi es have only been available in a chineric
Referepboey: f or mat. Approaches for a fully humani zation
have fail ed. Application of such antibodies in the

Ui :
Fumereig RER A IR COHET Bt B Ead £8P PV 200l e
2hnt i Kianglaﬁ@ér(lz@oz)ol@hmhd'esmm 1883-94dad to increased
igh | ead
?gzlglg} Sret eﬁ?no t oﬁJ ﬁétgﬁr ({ﬁég? hg% |Sgnt|t19| ed
4§ ul Hylnharmm 423002) |J18|egChemf2Pfﬁ:BBGﬁ0-BB928| ng anti bodi es
t
oy e S D 50 Sl (Aol et g o T
6)ant i Gealige<£ldetealt (1 9985 DEuélbgmientrtD: I®79r 0Mhi ch wi | |
f f ' i ni cal tti
70 o GRBE R B BBy EE BT BB ' The probabi Ity
8pbf iYahgeétra). (R9B)Davedoprepbht® 189311196 t his nol ecul e
t dd '
o AFKEIA o 89 AIOERIaAON, Of 3pdaRse0 dooeo I

erefiore e much nore
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15) Symington BE (1989) J Biol Chem 264: 13258-13266

16) Knappik A et al. (2000) J Mol Biol 296: 57-86

17) Krebs B et al. (2001) J Immunol Methods 254: 67-84

18) Rauchenberger R et al. (2003) J Biol Chem 278: 38194-38205

19) Lohning C, United States Patent 6,753,136

20) Magnussen et al. (2005) Cancer Research 65: 2712-2721

21) Yao et al. (2006) Cancer Research 66: 2639-2649.
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Yang et al. (1993) Devel opnent 119: 1093-1 105 9) Goh
waRoogti3@lre (1997) Devel oprment 124: 4309-431 9 ROI/EP2007/004648

Taverna D and Hynes RO (2001 ) Cancer Res 6 1:
5255-5261 11) Francis SE et3gl. (2002) Artherioscler
Thronb Vase Biol 22: 927-933 12) MDonald D and Choyke
PL (2003) Nat Med 9: 7 13-725 13) Bakre MM et al.
Cl(!2002) Nat Med 8: 995-1003 14) Finck B (2004) SR
¥Mer ence nAngi ogenesis: New QOport uniti es And
Sol utions For Drug Devel opnent"”, Canbridge, NMA 15)
1&/%@‘(@1" oEhymamigeq aptitmay or@reantizen-binding fragmensheta)f
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18) theadtiesioneaf oS 1 integrinlexp(ezsing)cells B itd reCeptor 27 Bitro3Ml in
94- 38205 19) Lohning C, United States Patent 6,753, 136
20) ignussen et al. (2005) Cancer Research 65:
2712-2721 2 1) Yao et al. (2006) Cancer Research 66:

225385 A S oo DA LA SRES AR oo

a5bdffinit efix 10 M.t h an affinity of < 100 nM and whi ch
i nhi bits the adhesion of a5bl integrin-expressing
cells toits receptor in vitro and in vivo. 2. The
3antTlhmd:ytsbIrdyfdraﬂiﬁBOdy frgmeat o claimh 6h2 Bihigksinhbita tisl

|nter|n |ty of < 10 nM 3. The anti body
esg) tp?iﬁﬁgﬁ;@h W 1 or 2 which inhibits

t he
4. The antibody or antibody fragment of any one of claims 1 to 3 which
comprises:
(a) a VH-region selected from
(i) amino acid sequence SEQ ID NO: 1 (MOR04624), SEQ ID
NO: 3 (MORO04055) or at least one H-CDR1, H-CDR2
and/or H-CDR3 region of one of said VH regions, or
(i) an amino acid sequence derived from a sequence of (i) by
alteration of at least one H-CDR region, and/or
(b) a VL-region selected from
(i) amino acid sequence SEQ ID NO: 2 (MOR04624), SEQ ID
NO: 4 (MOR04055) or at least one L-CDR1, L-CDR2 and/or
L-CDR3 region of one of said VL regions, or
(i) an amino acid sequence derived from a sequence of (i) by
alteration of at least one L-CDR region.

5. The antibody or antibody fragment of claim 4, comprising a VH-region
derived from a VH-region of (a) (i) by randomization of the H-CDR2 region.

6. The antibody or antibody fragment of claim 4 or 5 comprising a VL-region
derived from a VL-region of (b) (i) by randomization of the L-CDR3 region.
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adhesion of the K562 cell line in vitro. 4. The
anti body or antibody fragnent of any one of clains 1

WO 2003/13487€h conpri ses:

(a) a VHregion sel ect eRICT/EP2007/004648

(i) amno acid sequence SEQ ID NO 1 (MOR04624), SEQ
ID NO 3 (MORO4055) or at |4ast one HCDRL , H CDR2
and/ or H CDR3 region of one of said VH regions, or
(i) an arri no acid sequence derived froma sequence of

70 1) TBY ot W%Qa%korglepee RGP AIGRh 1Y) 0N AT RIS 4110 60BRAEENG 2

t | east. one H CDR regi on, and/or

SEQVHDaNglor YL Hedided frof VR-Rgiorfof((MXP4MT8) from VL -

| east . one

and/ or L-CDR3 region of one

of ©gi Qbe} %ﬂ:&fhag °(1'?‘33’§W°§M1°H6'”§C| d sequence

derlved froma sequence of (i) by alteration of at

5. The antibody or _anti body

L-
8f ra aﬁ ?telzﬂdyar Angp Iffgegmﬁmsqf@@y&fvlamé@ t9r7 eRIPPRigiRD
f r 0(@ ) a aW‘HIr@@bﬁ @eléﬁ:tddaf}orﬁ iRy a&@%@ﬁbﬁ@é 5EQ #f NDP§

0 o RR Azl sEQ i il DRt a e

anti bodéjf ragnment of

N 8m a

VL- r egi(MORL4978), SEQ lrbw@ atnd(y%mmgm ahd BB Ip RBR3 1

regi on

ment of ané:aone

of cl al(MQR@I}'gégg%%trlﬁgﬁtg”ﬁ -£0R1 "hﬁ: ang/of Hfp8
derl veebgﬁdsmm‘ aitYNH-RGidHs, @hd/op) (i) and/or froma

I A L

cI ai s (MORD487 ¢)ISEQ, ) ND: (BMERYADTHISEQ IDeNectgd from

am no- aGbRASIES LD 11-Nd: 12 WoR04977) and sea 1D NO: 14

10.

11.

12.

(MORO04985), or at least one L-CDR1, L-CDR2 and/or L-CDR3
region of said VL-regions.

An antibody or antibody fragment comprising the VH region of SEQ ID NO:
1 and the VL region of SEQ ID NO: 2 (MOR04624) or at least one H-
CDR1-, H-CDR-2, H-CDR3-, L-CDR1-, L-CDR2- or L-CDR3-region thereof.

An antibody or antibody fragment comprising the VH region of SEQ ID NO:
3 and the VL region of SEQ ID NO: 4 (MOR04055) or at least one H-
CDR1-, H-CDR-2, H-CDR3-, L-CDR1-, L-CDR2- or L-CDR3-region thereof.

An antibody or antibody fragment comprising the VH region of SEQ ID NO:
5 and the VL region of SEQ ID NO: 6 (MOR04971) or at least one H-
CDR1-, H-CDR-2, H-CDR3-, L-CDR1-, L-CDR2- or L-CDR3-region thereof.

An antibody or antibody fragment comprising the VH region of SEQ ID NO:
7 and the VL region of SEQ ID NO: 8 (MOR04974) or at least one H-
CDR1-, H-CDR-2, H-CDR3-, L-CDR1-, L-CDR2- or L-CDR3-region thereof.
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(MOR04971 ), SEQ ID NO 7 (MOR04974), SEQ ID NO. 9
(MOR04975), SEQ ID NO 11 (MOR04977), and SEQ I D NO

wAa2000VERDA985) or at | east one H CDR1 , H CDRZPEMEPIINT/004648

H CDR3 regi on of said VHregions, and/or (b) a
VL-regi on sel ected fromam pp acid sequence SEQ I D NO
6 (MOR04971 ), SEQ ID NO 8 (MOR04974), SEQ ID NGO 10

ovo b AUy Grembbplitaotnl MBI heViLgbh s 0o
L- tCQ)EBd nrmngbmeggn SAISEQ/ID NQ;H?leORO@?,&:) onat iebeblgnel)H-

o SR fHRERR - EBRBE SRR ot B R 48 Bhroot
at | east one HCDRl-, H CDR-2, H CDR3-, L-CDR1-,
th oFa g0y PRy Ripo Rebheh s fiisng e N 1896 BESE PP No:
NG 1 Banadthe Yk région ef S&® BF NOSEQR (MORN497 7] MOR0I8St5)neok-

t t - - 5 ar b -

[ R RER R F R ey CORE Rl GRMipgign gperect
anti body fragment conprising the VH region of SEQID
140 A L5 6 8Bty S B RSk o
L- CCRand U’;e VL G298 o0& GEGID: Nox tééf(MOB&MQA_ﬁ) anaf lbasiyor?rH-
o R AR BB CEBR A MR S SRR ibreor.
at | east one HCDRl-, H CDR-2, H CDR3-, L-CDR1-,
18 TS 2y Modyicratifoadih b resraly )i or dhidl BHShfibhye an
NO: IgS antibodiiee Yl a hegiaprordfunsirdzedioNd, 1932, (08Re49584 or

"’L‘E césg%.%td&?’?%_f 3t ’thé'llé%;% }ae%#b%'or fabfkigment.

-region't

17. The antibody or antibody fragment of any one of claims 1 to 15 which is a
recombinant antibody, e.g. a single-chain (sc) antibody, or a fragment
thereof, e.g. a sc Fv fragment.

18. The antibody or antibody fragment of any one of claims 1-17 in the form of
a conjugate with a therapeutic agent.

19. The antibody or antibody fragment of claim 18 wherein the therapeutic
agent is selected from radiotherapeutical agents and chemotherapeutical

agents.

20. The antibody or antibody fragment of claim 19 wherein the radiothera-
peutical agent is 1125 1131 or Y®°,

21. The antibody or antibody fragment of any one of claims 1-17 in the form of
a fusion polypeptide.
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14. An anti body or antibody fragnment conprising the VH
region of SEQID NO 11 and the VL region of SEQ ID

WORN07AM(MOR04977) or at | east one HCDRL-, H- CBRFEP2007/004648

H CDR3-, L-CDR1-, L-CDR2- or L-CDR3-region thereof.
15. An antibody or antibody42ragnent conprising the VH
region of SEQID NO 13 and the VL region of SEQ ID

20 THetahibddy48@mtibody fragmeatof aaim 2CERA-fusibh GORpEptide with
CDR3-regi on thereof.

16Cg‘ﬁgk'gﬁtqrﬁgcﬂ/b%?e‘gﬁmwbb&?yfragrrent of any one of

clalrrB 1 to 15 which is an 1gG anti body, e.g. a human

nar?tllqz é{pé%%lb%d)@ga%mgggo Qfon g ant IP ??Z{bﬁ:&{srm of

17 aﬁmugmbl\/ﬁoﬂadefecmNe beiling rgeue Nt of any one of
clains 1 to 15 which is a reconbi nant anti body, e.g. a
single-chain (sc) antibody, or a fragnent thereof,

2¢. T heialsttbda\y dr raag bedy fradr&enﬂ'dﬁe:laint 27 avherein thadeteetyble

fr f f
cortgte Siaup¥ sSRRsrLman frdBagive WS dvenendies Bedy
or fanresuedyldbetigggnéups’ cl ai m 18 wherein the
therapeutic agent is selected fromradi ot herapeuti cal

agents and chenot herapeuti cal agents. 20. The anti body
2%r B iarhlctrd)ﬁyfdragtmmdy fodgrakat of climvilie werieneih tiee detectable

Thd AR bR b G A BRI LHEND 1o Tang Sne.of Zcﬂm
1- 17 in the formof a fusion polypeptide.22. The
280t B B SRRl LBl b6,

antarzndipodp BagMmeet afranyomwyofosiaianst 1 two2h, f r agnent of any
one of clains 1-17 in the form of

27. The composition of claim 26 for the prevention or treatment of
hyperproliferative disorders.

28. The composition of claim 26 or 27 for the prevention or treatment of

cancer.

29. The composition of claim 26 or 27 for the prevention or treatment of colon

carcinoma.

30. The composition of claim 26 or 27 for the prevention or treatment of
tumors.

31. A diagnostic composition comprising as a diagnostic reagent an antibody
or antibody fragment of any one of claims 1-17 or 23-24.

32. The composition of claim 32 for the diagnosis of hyperproliferative
disorders or a predisposition therefor.
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a conjugate with a detectable | abelling group. 24. The
anti body or antibody fragnent of claim23, wherein the
waiztoeesdatd e | abel | ing group is sel ected from PCT/EP2007/004648

radi oactive, NVR, dye, enzyne and fl uorescent

| abel i ng groups. 25. The a#3i body or anti body

fragment of claim 24, wherein the detectable

radi oactive labelling group is selected from]l 125,

131 or Y90. .26._ A h rmaceutj cal conposition

3onPis COMOSNORAT el 32 RigBR CIadOsi T BARGe T Sapredispagiton
fr agerstér.of any one of clains 1 to 25. 27. The
conmposition of claim26 for the prevention or

treatnment of hyperproliferative disorders. 28. The
340TRS tdhPBsifidn 6f AMyord oPElaidTs 2to 3NfrRIsEVE RLAR rﬁédlcme
treatnment of cancer. 29. The conposition of claim?2

or 27 for the prevention or treatnment of colon

35ar&n06leR ackd enddtfing AARAEHEAOHY &ftlbﬁhﬁfrﬁg%@n%f arly 6RY of

the preventi r treatnment of tunors
di aﬁ%ﬂbﬂ to Eﬁﬁbgéltq #8n conprising as a diagnostic
reagent an anti body or anti body fragnent of any one of
I 'ms 1- 17 oy 23-24, 32, The conposition of claim 32
36 o1 THaRIGIFIS GBLYCTRI 35 BBICHS PPF@RURY Jakes] ScAnigxmession
praﬁjnsrppgéque@,aet herefor.33. The conposition of claim
32 for the diagnosis of cancer or a predisposition
therefor. 34. The conposition of any one of clains 26

31.0 B3edtor otretonsyatemvhishciobhsises Inuofeid BEIdeIf €@ 36 or 37.
encodi ng an anti body or anti body fragnent of any one

of
38. A cell which is transformed with a nucleic acid of claim 35 or 36 or with a

vector of claim 37.

39. A non-human organism which is transformed with a nucleic acid of claim 35
or 36 or with a vector of claim 37.

40. A method for preparing a polypeptide of any one of claims 1-17 or 21-22,
wherein a cell of claim 38 or a non-human organism of claim 39 is
cultivated under conditions, under which the polypeptide is expressed and
the expressed polypeptide recovered.

41. Use of a polypeptide of any one of claims 1 to 25 for the manufacture of a
medicament for the prevention or treatment of a5B1 integrin associated

disorders or a predisposition therefor.

42. The use of claim 41 or the manufacture of a medicament for the prevention
or treatment of cancer.

43. Use of a polypeptide of any one of claims 1 to 25 for the manufacture of a



claims 1 to 17 or 2 1 to 22. 36. The nucleic acid of
claim35 which is operatively linked to an expression
we@onngis7eequence. 37. A vector or vector systPROT/HER200M004648
conprises a nucleic acid of claim35 or 37. 38. A cel
which is transfornmed with a4#ducleic acid of claim35
or 36 or wwth a vector of claim37. 39. A non-hunman
olr geszigent idnithignMiaﬁsﬁsmﬂ&degﬁd ?sw»lcrawd disordees or af
claim L. or.Wwth a vector of claim37. 40. A
netﬂgﬁﬁiggmBES%%Fﬂﬁg a pol ypeptide of any one of
claims 1- 17 or 21-22, wherein a cell of claim38 or a
on=human or gani of claim39 is cultivated under .
Bonif PBA o bR 4R o neimndadirg L teaneF Iordos BESags o
andcaruerexpr essed pol ypepti de recovered. 4 1. Use of a
pol ypepti de of any one of clains 1 to 25 for the
manuf acture of a medi cament for the prevention or
treatnment of ab5bl integrin associated disorders or a
predi sposition therefor. 42. The use of claim4 1 or
t he manuf acture of a nedi canent for the prevention or
treatment of cancer. 43. Use of a polypeptide of any
one of clainms 1 to 25 for the manufacture of areagent
for the diagnosis of a5bl integrin associated
di sorders or a predisposition therefor. 44. The use of
claim43 for the manufacture of a reagent for the
di agnosi s of cancer.



