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(57) Abstract: The invention provides enhanced LM6&0OS
grafted antibodies exhibiting selective binding affinity to
o,Bs, or a functional fragment thereof. The invention also
provides nuclcic acid molecules eocoding the cnhanced
LM609 grafted antibodies.  Additionally provided are
methods of inhibiting a function of euB; by contacting o, 5
with an enhanced EMS09 grafted antibody.
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provi des nucl eic acid nol ecul es encodi ng the enhanced pdM82rgpabted

anti bodies. Additionally provided are nethods of inhibiting a function of
[err][err][err] by contacting [err][err] wth an enhanced LM609 grafted
anti body. 16 Decenber 2003 WD 00/ 78815 PCT/USOQ' 17454 1 ANTI - a, BA3

RECOVBI NANyo biliyY ANTI BODI ES, NUCLEI C ACI DS ENCODI NG ShMizy P METHODS OF
USE BACKGROUND OF THE | NVENTI ON The present invention relates generally to
5 integrin.medi ated di seases and, nore Barticularly, to nucleic acids
encoding a"R3-inhibitory rmnocl onal anti bodi es and to CDRgr afted

a"f 33-i nhi bi t or PREAERifyaRESOMBIIANT, HUMAN  ANGELR] o HPERREC JICIRF] 3- medi at ed
di seases. Integrins are aegtassiOikane! Anmdbesions s ofOuggceptors t hat nedi ate
both cell-cell and cell extracellTular matrix adhesion events. Integrins
consi st of heterodineric pol ypeptides where a single a chain polypeptide
noncoval ently associ ates W BAcRcsouND @FlZEECHRVENTIKIEr € are now about 14
distinct a chain 15 polypeptides and at | east about 8 different O chain

pol ypepti des which constitute the integrin famly of cell adhesion
receptors. In general, THefpessentt hinrdhagon s:peemtfelsclgteheSamw #d ssue

di stributi@ns; rj uni.que_combi nations of th aand(3 chain
pol ypept i dgs oﬁ:re(%ﬁqlgn;t%ggfé&gu llfrﬁatsgs a]'rﬁg 8 1 f le% partl cul ar
integrin is dusdeilat edldﬁtﬂnq:@ﬂlumatmaylohabamler |HZ:@I¢benal he 13 subunit.
However, the JjgaRd:Bkndhag aGdrigh¥soba dpe- ml%qfeo@y' Snt8588las 1 nfl uenced
by the a subunit. For exanple, vitronectin binding integrins contain the
a" 25 int egr|frPrsGBﬁnFPer?Pe‘i"'sl%6\ﬁeﬁﬁ8%tt?}%t“vf*hé“e\ﬂltartéﬁe t$eR 3 di ng
integrins consist of at |least three different a" containing integrins.

ZQﬁ?gI? df??éfgzlng Iﬂ& ééggkslgy%|Udgl§é %%fc?%& dﬁQQiS&lS’ all of which

10 receptors that mediate both cell-cell and cell-

extracellular matrix adhesion events. Integrins consist
of heterodimeric polypeptides where a single o chain
polypeptide noncovalently associates with a single 8
chain. There are now about 14 distinct « chain

15 polypeptides and at least about 8 different B chain
polypeptides which constitute the integrin family of cell
adhesion receptors. In general, different binding
specificities and tissue distributions are derived from
unique combinations of the o and B chain polypeptides or

20 integrin subunits. The family to which a particular
integrin is associated with is usually characterized by
the B subunit. However, the ligand binding activity of
the integrin is largely influenced by the « subunit. For
example, vitronectin binding integrins contain the oy

25 integrin subunit.

It is now known that the vitronectin binding
integrins consist of at least three different «,
containing integrins. These «, containing integrins
include o.f,, o,pB, and o,p;, all of which exhibit different

30 ligand binding specificities. For example, in addition

to vitronectin, o,p; binds to a large variety of



30 l'igand binding specificities. For exanple, in additjon .t kLLonectin,
a"(33 binds to a large variety of 16 Decenber.2003q6%f%%??§§%5¥b65

PCT/ US00/ 17454 2 extracellular matrix proteins including fibronectin,
fibrinogen, lamnin, thronbospondin, von Wllebrand factor, collagen,

ost eopont i\edhskshone sialoprotein I. The integrin c 31 Qk
fi bronectin, osteopontin and 5 vitronectin whereas a"j3 @hﬂ ﬁﬁ%Vh to bind

to vitronectin and osteopontin. As cell, adhesion receptors, integrins are
involved in a variety of physiological processes including, for exanple,

cel | attachnenttraeellundgrmaiiak plotanss caldiwnhali tesatian. i Different
i ntegrins pl dlfferent roles |n each of these b|0|0f|cal processes and

“the |napprop%¥afe regul ati"t fREPFPPERRATI S 8P Yttishadpdan lead to
various pat hdlaggiccal ccblmbetn,ormstesponEerqa{ce Jboinkappa Dt i e rendot hel i al

cel | prollfeﬁﬁglgnteQE&HbelQQJQEP%%Sgyﬁégﬁ f% OnOOEEO%ODthél%P been.

“found to be nediated by ceils expressing vitrodectin n|ntegr|ns
In this regardtrPRECH M Hiabeas ef84 he kupwn drredtiing- bpndi mpriqtegri n av( 33
al so inhi bi t anthbsteppORESS, of tunmor neovascul arization. By this same 20
criteria, 003 has al so been shown to nediate the abnormal cel
proliferation associated with restenosis and granul ation tissue

devel opnent in cutanedhs:mnundﬁheéobn fﬁ@ﬁﬁﬂd&s Addtégonal adieseases or

pat hol ogi cal ;gt, di ated pfluenc yi 33 include, for exanple,
25 netasta5|§§ §g§%%§§§osﬁ§rle g-v I%b%%lﬁa@ﬁfﬁi Lﬁ% S5t i on and di abetic

retinopat hy, laﬁéuﬂn$¢adﬁatGwympaeseasbsESUGWhmsnthewmmtmu@ramhbnlt|s and
psoriasis.o IRHSce 80GRs WIGR1GAN SPEEFLIGA! WY LBDLL [p i L ronecti n-

bi ndi ng |ntegr|ns woul d be val uabl e for Rera eutlé)agb treat ment of
di seases. ifferent roles in each of these biological processes and

the inappropriate regulation of their function or
activity can lead to various pathological conditions.
For example, inappropriate endothelial cell proliferation

15. during neovascularization of a tumor has been. found to be
mediated by cells expressing vitronectin binding
integrins. 1In this regard, the inhibition of the
vitronectin-binding integrin «,B, also inhibits this
process of tumor neovascularization. By this same-

20 criteria, o,f; has also been shown to mediate the abnormal
cell proliferation associated with restenosis and
granulation tissue development in cutaneous wounds, for

' example. Additional diseases or pathological states
mediated or influenced by o,f, include, for example,

25 metastasis, osteoporosis, age-related macular
degeneration and diabetic retinopathy, and inflammatory
diseases such as rheumatoid arthritis and psoriasis.
Thus, agents which can specifically inhibit vitronectin-
binding integrins would be valuable for the therapeutic

30 treatment of diseases.

Many integrins mediate their cell adhesive
functions by recognizing the tripeptide sequence Arg-Gly-

Asp (RGD) found within a large number of extracellular



Many integrins nmediate their cell adhesive functions ga:ch€e908hging the
tripeptide sequence Arg-Ay- Asp (RG) found within a | arge nunber of
extracel lul ar 16 Decenber 2003 WO 00/ 78815 PCT/ US00/ 17454 3 matri x
proteins. A variety of approaches have attenpted to nodel agents after
this sequ starget a particular integrin-nedi ated y. Such
approache?ﬁwiﬁoﬁis?ldde, for exanple, the use of RGD contai %‘?ﬁ%&g}e% ‘lydes 5 and
pepti de anal ogues which rely on specifi?ity to be conferred by the
.sequences flanking the RG core tripepiide sequence. Although there has

been some | igicked sre€ess. MaStaRED: Pased gotBLRhLOT Sahava e gShown to

be, at npst,  sel eétjfve for the tarﬁeted integrin 10 and therefore exhibit
sonme cross-r é8cPPIFt P90 Gt ReFernbRL T aTEIEEEi FPebfF9Rt Such cross-reactive
inhibitors phetétorer ladedrhe-spacafedidathoegyyl edshet 458 casnan

ef ficacious t ut i iS.,lS rticularly, true for previqusly
identified i %E?%?ﬁ%’r _sfog]% e}%é“pllﬁl’ egﬁ? e ST RED-RAGR o BeRtrA8d 6s on the
ot her hand® erhfbpPertidre apdodhrei vyiclequelnednt opbei fiseikascaneef f ecti ve

ther apeut i ¢. o8AELbad a5, aso auenLhe ALYANLATEnbMedpalo;d hey can be
an

routi nely generated agai nst essentially esired antigen. Moreover,
with the dev&Fopfhtdorsesayedshni nht Brqugh Ithsrgr hes begn issadi es can now be

produced’ fasigltaddsuitedsef hbgt eRtbIbdan ibnipE eyiousdde geed net hods
wi thin the arstl.w;[hg yse oft conbi nat ori al rEet hodol ogy al so allows for the
sel ection of “tRE" dediTed 2 FalPPhody e Wi Trigwitth Fhe EFMAftethd8G89¥EBl ation of

the 25 eddodind tleenefarnd ekhght t chanen duselseireaaci dsty Twssthefeur t her
modi fi cati on,gan, be nerf q Lg.th onbi natori al . ant.i bady without the
i ncor poration of %ﬁ% aé;di Eliqgﬁgﬁggl pﬁ?uncgl St gggRg%éé?%Jrve%smofl &€ Bot ent i al
advant ages 3brasetriatiédknitbh sheciSecidly menotretafomnticedi es as

efficacious therapeutic. This is particularly true for

previously identified inhibitors of the integrin «,B,.

15. Monoclonal antibodies on the other hand exhibit
the specificity required to be used as an effective
therapeutic. Antibodies also have the advantage in that
they can be routinely generated against essentially any
desired antigen. Moreover, with the development of

20 combinatorial libraries, antibodies can now be produced
faster and more efficiently than by previously used
methods within the art. The use of combinatorial

' methodology also allows for the selection of the desired
antibody along with the simultaneous isolation of the

25 encoding heavy and light chain nucleic acids. Thus,
further modification can be performed to the
combinatorial antibody without the incorporation of an-

additional cloning step.

Regardless of the potential advantages
30 associated with the use of monoclonal antibodies as
therapeutics, these molecules nevertheless have the
drawback in that they are almost exclusively derived from

non-human mammalian organisms. Therefore, their use as



t herapeutics, these nol ecul es neverthel ess have the g gawhaek bhgshat they

are al nost exclusively derived from non-human mammal i an or gani sns.
Therefore, their use as 16 Decenber 2003 WD 00/ 78815 PCTI US00117454 4
therapeutics is limted by the fact that they will normally elicit a host

I Mmune r espesdsisVet hods for substituting the antigen Ej:ﬂggdggﬂggte or
conplenentarity determning regions (CDRs) of the non-human anti body into

5 a human framework have been descri bed, Such nethods vary in terns of
whi ch am no acid residues should be substituted as the CDR as well as
whi ch franmewatkrapest duesi shaulid ebenghamgerh dio cmaicntakp Ri ndi ng

specificity. | ks regard, it is_understood that 10 proper orientation of
the (3 sheet né);}(r:"%??ic ﬁ‘?cel,t SolPEEL M BAK T RS SEhe HEB@?ggnj&Pq i ght chain
i nterface andubgppkupiiattec enftagerat bomdiofg tdie eCORS camgl @héntagaant ant  f or

preserving an.:@eRi sPes! fd Lidn f LAl 1.t hi he grafted anti body.
However, all oft thése ér:net ﬁ%&sglgargfe{ggjiég ryneo_ otgdégmgb %’ﬁe k?10u(;c“1 é%'t%lode and
am no aci ® SedUBAR et BINHRE MndavRUREs! RS PodEdandSeak meEiddbivayy of an

appropri at el yinngdehedo huimar Hf LARBWOLKia Thisi dulRekgogXhSts a need for the
availability gf n cé e(%)c acihds encodi n%u]i[ ntegrin_inhibitory antibodies 20
whi ch can be “U886* RE CDAFatPhl EPRNEF apeth 18 W chufaageworhr a" 13- nmedi at ed
di seases, theepidsentshonienbieonhasgéd std esmittiaanneeddangl provi des rel at ed

advant ages ag ekl ., Y. OF _THE | NVENTI ON 25 The, i nyention provides
enhanced LMBOS gr a#‘t:le_ Mgﬁﬁ lgglsege%%l\l%/’bi]ﬁ ng gé‘f’%ﬁ??%‘égbﬁq’fﬂﬁ ng affinity to
aVvl3, orl% PgaReEer opel erfreddmant Lt hiee ebfshefie arphénetbural swrwcavi des

nucleic aci dpmekesyl oe arcadhog hhe eniancedshMoO9e grals efhant ibodi es,
Additionally provided are 30 nethods of inhibiting a function of c433 by
cont acti ng appropriate conformation of the CDRs are a;l important
for preserving antigen specificity and affinjity within
the grafted antibody. However, all of these methods
15 require knowledge of the nucleotide and amino acid
sequence of the non-human antibody and the availability

of an appropriately modeled human framework.

Thus, there exists a need for the availability
© of nucleic acids encoding integrin inhibitory antibodies
20 which can be used as compatible therapeutics in humans.
For a,B;-mediated diseases, the present inverition
satisfies this need and provides related advantages as
well.

SUMMARY OF THE INVENTION

25 The invention provides enhanc¢ed LM609 grafted
antibodies exhibiting selective binding affinity to (e LIN
or a functional fragment thereof. The invention also
provides nucleic acid molecules encoding the enhanced -
LM60S9 grafted antibodies. Additionally provided are

30 methods of inhibiting a function of o,B; by contacting oyp,

with an enhanced LM609 grafted antibody.



wi th an enhanced LM609 grafted anti body. avR3 16 DecemieemRe9324a3
Accordingly, the invention provides for an enhanced LM609 grafted anti body
exhibiting selective binding affinity to aVP3, or a functional fragment

t hereof, conprising a CDR selected fromthe group consisting of a VH CDR2
referenced 5 as SEQ I D NO 104; a VH referenced as SEQ I D NO 106; and

a VL CDR1 referenced as SEQ I D NO 1162 The invention further provides for

an anti r. -funct, on n reof , riSi a_ Vi
ot o endlpbrslng gt e B h RO B R rEE TR SLBecd (BRYS,. o wn
CDR3 r efgeradnieed ast BEQY DelBibAfing \Ae GDRL vef phadced asffiSEQ Y DtNO 108; a

VL CDR2 referenced as SEQ ID NO 112; and a VL CDR3 referenced as SEQ ID
NO 90, $aPy aRfi bddyfusctiruadt | Bradmenhgidsradfer eopmpakbhygi re eGPRn UVP3

bi ndi ng Vi [ orLi V. i.ndi.ng speci fi,ci r_integrin
i nhi bi tosgege%geidviftqum a%% S530P, %ﬁ&%ﬁ?, iPRe Tvnts o%%%?oéffag%%%f‘&?dan
ant i hbodys GEQa I macttiodnala ff,agDbRBt réberentedcaspsisi 19 AOYHOEPRANG
referenceq, 28 af SEQ ID NO.34; a VH CDR2 referenced as SEQ I D NO 102; a VH
CDR3 r eferentBi! atCSEEPPEPAR 10829 al MINEDRIC r ef erenced as SEQ I D NO 110; a
VL CDR2 referenced as SEQ ID NO 112; and a VL CDR3 referenced as SEQ ID
NO 90, said antibody or functional fragment thereof having integrin UVP3
bi ndi ngT28 actiwention nt égrthetVPPasividiesy speci f iagi t yamribedegri pr

er embodi ment enti.on provi des for

i nhi bi Lvi ] P3. 1 , i
L o ReheRabotl YRR RRARRURCT BRRGSTEN o e bRy g e eheRk

r ef 80 enced s&9 SEQND MG 34 vyacWR2CbRZcr-eheeanged sag IEQNJ:DoNG 104, a VH
CDR3 refer%nced as SEQ ID NO 106; a VL CDR1 16 Decenber 2003 4b
CDR3 referenced as SEQ ID NO:106; a V, CDRI referenced as
SEQ ID NO:108; a V, CDRZ2 referenced as SEQ ID NO:112; and a
Vy, CDR3 referenced as SEQ 1ID VNO:9O, said antibody or
functional fragment thereof having integrin oyfa binding_
15 activity, integrin oyP; binding specificity or integrin dey--

inhibitory activity.

Additionally, the invention provides for an antibody, or a
functional fragment thereof, comprising a VH‘CDRl referenced

20 as SEQ ID NO:34; a Vy CDRZ referenced as SEQ ID N0O:102; a Vg
. CDR3 referenced as SEQ ID N0:106; a V. CDRl1 referenced as
SEQ ID NO:110; a V. CDR2 referenced as SEQ ID NO:112; and a

Vy CDR3 referenced as SEQ ID NO0:90, said antibody or
functional fragment thereof having integrin oyfs: binding

25 activity, integrin ayPs; binding specificity or integrin owfs—

inhibitory activity.

In another embodiment, the invention provides for an
antibody, or a functional fragment thereof, comprising a Vy
30 CDR1 referenced as SEQ ID NO:34; a Vy CDR2 referenced as SEQ
ID NO:104; a Vy CDR3 referenced as SEQ ID NO:106; a Vi CDR1



referenced as SEQ ID NO 110; a VL CDR2 referenced as $eRehBerNeHdd2; and a
VL CDR3 referenced as SEQ ID NGO 90, said antibody or functional fragnment

t hereof having integrin avl3 binding activity, integrin av(33 binding
specificity or 5 integrin avl33-inhibitory activity. In yet another

enbodi nent, the invention provides for an antibody, or a functional
fragnment thereof, conprising a CDR é ected fromthe group consisting of a

NG 106, S & V1 (CORL T of Srigir 387 SEQF O RBF 1407 LR AT anti Ry 1Y

functi ondl: firzagnentl tdherneofCiryi g fiemkagedn ayRIEDI ndi ngo 284, Vistay.d

i ntegri \r;aéﬁ;/F}\? i ndi n%ﬂ_ls ecificity or integrin avR3-inhibitory activity. 15
Thi s i nVehHtisiy 4l AR d 1PN S B ani R BotyteeFla ¢t i onal
fragentythengpl adialy e Prapa@tion &fs,2 pegEROS! tLaRCLeN LEGAl g
av(33-nedi ated di seases, cancer,” tunors expressing avP3i inflammatory

di soPderSit@ed i@ RO phrhibybgpenl achiidity on i nvol vi ng neovascul ari zation. 16
Decenber 2003 WO 04/ 7881 PCT/ USOQ 17454 5 BRI EF DESCRI PTI ON OF THE

DRAW NGS Fi gure 1 shows the nucl eotide and deduced am no acid sequence of
the varilabl get egirethefr t debadimdoty tWet axhvent gur @rbiisizewsedhe an

nucl eoti de .and deduced 5 _am no acid sequences for the Vitaxin heavy chain
vari abl E°FE5Wn (OF nE sEHRERionEd | TSIt ahherecfes R NEF NI Whil e

Fi gure Brshows dhedudepf i dg,an Ced, Al cig sequences.pfor the
Vitaxin |ight chain variable reg?gon A ul -- Lyésj,ccli(g1 ; g%Q I%g : Dfg(r%d 4,
r espéct ingdleyencegl Ry RO LB dMs1 @he aulh eObR3ler ahdr eeded edsasERo IDaci d

seauenchai e A5, L6, EBNGT SLeLng aopoclonaly oalLpsch pleOR Sowre

chain \eartiiahldy regifim(SERHID NG emNd erd ESPesHive! Ydtegd D oups
binding activity, integrin oyB; binding specificity or
integrin ayfs-inhibitory activity.

15

This invention is also directed to the use of an antibody
or a functional fragment thereof, for the preparation of a
compositiqn for treating owPs-mediated diseases, cancer,
tumors expressing oywf};, inflammatory disorders and a

20 pathological condition involving neovascularization.



15 variable region extends fromanmno acid Gul to A gblinFl g€ 2B shows
t he nucl eoti de and deduced am no acid sequence of the LMc09 Iight chain
variable region (SEQID NOCS:7 and 8, respectively). The variable regi on of
the light chain extends fromamno acid Aspl to Lys107. 20 Figure 3 shows
t he conpetyd basisnhi bition of LM09 IgG binding to the,,d}.i:}h%ﬂg,rli”@4 av(33 with
reconmbi nant LM609 Fab. Sol ubl e reconbi nant nurine LM609 Fab fragnents were
prepared from periplasmc fractions of M3 bacteriophage cl ones nuLM509ML3
12 and nmuLM609ML3 29. 25 The periplasm sanples were serially diluted, m xed

with either 1 ng/m, 5 prrr¢ DESCRIOTDONNOF OfsE MEARINGS and then incubat ed

in 96 well plates coated with purified a ,p,. Plates were washed and bound
- LM609 1gG detected wth goat anti-nurine Fc specific antibody conjugated
to 30 al kali ne phosphatiasee Eabhpvoducechunlecolade and ML ahZnbnhi bits

both 1 ng/nm zapgd 3 I [vndi t | . concentrations of Fab
greater than 1: 27_%%ﬁeo#¥5$ge£§%ﬁi%?é %%@goﬂog%o'i%eﬁ o 00! 17454
Fi gure 4 shoWatenkl chdrigerer 12ashens dfhevinuplientipe naichgleshveeidf i city- Fi gure

4A shows speainihé &éMlidaguehce¥i FoXithd aitdd&ihNhegt) eiM33 vaeapaied to
integrins allBN3. d c 35. Figure 4B shows the conpetitive inhibition of
5 LMB09 bi ndfRgeDd @G%&Wr\]fﬁ?ax?'?ﬁ I % 1aendndnst e tRectdarpeEli ti ve

i nhi bition okhilériimgen 1B sdbng tioe AlW¥dAB Y deVhhaXddvuddQWrgnd shows 't he

i nhibition of .ajR3; j at e cel |l attachnment (5 and m.gration (5B) by
Vitaxin. 10 Flcgﬂr%;e%}?ei%\fsquﬁe%ﬁ%dﬁc'ialx&ﬁ’”ﬁﬁgf‘&nﬁ%“g’? o‘(ﬁc’hl%bgﬁe to Vitaxin
medi at ed i nhFggtPon(Gfulmdewd8cul KR Za iIN9S.: 3 Bndud e Bfsshviszethe. i nhi bition
of the a"R3-negative Fg and HEp-3 human tunor fragnments grown on chick

chorioal | ant oi ¢ menbranes (CAMS) follow ng Vitaxin
10 Figure 2 shows the nucleotide and deduced amino

acid sequence of the variable region of the monoclonal
antibody LM609. Figure 2A shows the nucleotide and
deduced amino acid sequence of the LM609 heavy chain
variable region (SEQ ID NOS:5 and 6, respectively). -The
15 wvariable region extends from amino acid Glul to Alall?.
Figure 2B shows the nucleotide and deduced amino acid
sequence of the LM60% light chain variable region (SEQ ID
NOS:7 and 8, respectively). The variable region of the

light chain extends from aminoc acid Aspl to Lysl107.

20 Figure 3 shows the competitive inhibition of
- LM609 IgG binding to the integrin oB; with recombinant

ILM6039 Fab. Soluble recombinant murine LM609 Fab
fragments were prepared from periplasmic fractions of M13
bacteriophage clones muLM609M13 12 and mulLM609M13 29. A

25 The periplasm samples were serially diluted, mixed with
either 1 ng/ml, 5 ng/ml, or 50 ng/ml of LM609 IgG and
then incubated in 96 well plates coated with purified
o,B3. Plates were washed and bound LM609 IgG detected
with goat anti-murine Fc specific antibody conjugated to

30 alkaline phosphatase. Fab produced by clone muLM609M13
12 inhibits both 1 ng/ml and 5 ng/ml LM609 IgG binding at

all concentrations of Fab greater than 1:27 dilution.



15 treatnent. Figure 6B shows the grow h inhibitiom@fpdbdmsabgphaomas

i npl ant ed subcutaneously in rabbits at two different Vitaxin doses

adm nistered 1 day post inplantation. Figure 6C simlarly shows Vx2 tunor
growth inhibition as in Figure 6B, except that four different 20 Vitaxin

doses wer gy@pipspdsst ered beginning at 7 days post inpl ¥E ﬁﬁpﬂﬁ gure 7
shows the nucl eotide and deduced am no acid sequence o |g t chain

vari able region of the LMO09 grafted agtibody fragnment (A uI Lys107; SEQ
I D 25 NOS: 31 and 32, respectively). Position 49 of the light chain
vari abl e regi on can aIFﬂgﬁrﬁt4beheh§hemeAﬁmhﬁattMEEzatﬂ$EidnﬂﬁlQQ&th and

deduced am nqQ. se f th heav chaln vari abl) e reqgi.on of the
LM609 grafte% %Q% Scbcﬁinlﬁgnt ?lg%ﬂomm iSHOFSgaPect %FBgNeé 1 and 2,
30 respectlv@hV§XlQGHDéd@nb@¢eQ©®8 WD, OO BBES @6TﬂhE@@tﬁ%ﬂ&4mE3Flgure 8

shows the tithatkg ofp @ ahbed tﬁ?t& Salvc%gaﬁﬁﬁl@l%&zl'vﬁggi* graf ted

Fab on i nmobi | i zec Bacteri al tes contarnin 09 grafted
ant i body Ccl H¥EH° c?+?ﬂ%ﬁ% toLWBbeng+§%%F%ﬁu|ﬂyﬂGV954Qaﬁh%ﬂﬁsihﬂ th i nproved

affinity isokahpdeitr tiheiBikdBAYor | fi¥@HRS( F1Ring Qs edpsEAar es; Y100,
open squares;, End Y101 open triangles) or fron1conb|nator|al Iibraries
(cl osed trlang eéﬁ or an irrelevant Fab (open circles) were titrated on
i nmobi |ized ¢133 10 Figure 9 shows the construction of conbinatorial

libraries of enhanced gl r nt| vari apts_cont |n| g multiple
%@Q% g Qﬁéﬁ t gﬁtlon gfﬁ?bﬁ] %

amno acid substitutio gure 6 PRhT ri nogen 15
bi nding to aFSSlb@tqﬁﬂhmﬁngréﬁﬁéda®%tmlnﬂﬁﬁm@arKéﬁtsbyfﬁxpﬂxanloA shows
i nhibition of fibrinogen binding to

10 Figure 6 shows the reduction in tumor growth.
due to Vitaxin mediated inhibition of neovascularization.
Figure 6A shows the inhibition of the «o,f;-negative Fg and
HEp-3 human tumor fragments grown on chick
-choriocallantoic membranes (CAMs) following Vitaxin

15 treatment. Figure 6B shows the growth inhibition of Vx2
carcinomas implanted subcutaneously in rabbits at two
different Vitaxin doses administered 1 day post
implantation. Figqure 6C similarly shows Vx2 tumor growth
inhibition as in Figure 6B, except that four different

20 Vitaxin doses were administered beginning at 7 days post

implantation.

Figure 7 shows the nucleotide and deduced amino
acid sequence of the light chain variable region of the
LM609 grafted antibody fragment (Glul-Lysl07; SEQ ID

25 NOS:31 and 32, respectively). Position 49 of the light -~
chain variable region can at least be either Afg or Met.
The nucleotide and deduced amino acid sequence of the
heavy chain variable region of the LM609 grafted antibody
fragment is shown in Figure 1A (SEQ ID NOS:1 and 2,

30 respectively).



i rmobi |i zed avf3. Figure 10B shows correl ation of asfFfD'e ﬁ{,’%l body
variants with inhibition of fibrinogen binding. 2(3L |gure t he

i nhibition of M1 human nel anoma cell adhesion to fibri nogen by LM509
grafted antibody variants. Cell-binding to 10 .cg/m fibrinogen- coated
substrat e wasyassessed in the presence of various concgdfabhaes of LMO9
grafted Fab (closed triangles) or 25 the enhanced LM609 grafted Fabs S102
(open circles), Gl102- (closed circles),yor C37 (open triangles). DETAILED
DESCRI PTI ON OF THE | NVENTI ON The invention is directed to nucleic acids
encodi ng the nmonocl onaFigntd BodynokbAble LM%t ibhi £ 30MerY idxadyegpeci fically

recogni zes the.i;ntegri £893 WO 00/ 18815 PCTI US00/ 1745
E 8 inhibits |tts %ugct?%lﬁaa ac'z;l'l(EIiV|}:'P65)51 THe' |nve(r-bll |gon i ¥ cfbsl 2§ ected to

nucl ei ¢ aci d§vénco8prfle aiwl tféﬁldollyfpepw desn t adgvipwi $Mﬁ99 ngrefted ne grafted

forms of LMbQYcikbase(cmsalfd ed 2ntibodiesd %tr%eeah %9 specificity
-and 5 inhi b| toréFactl vity of the parent mar i'ne antl The

i nvention 3 s AdAPPFIN 1 idRrereddat 6 g HﬂS?éétﬁérﬁﬁom dthe MBOBagyaf t ed

anti bodi es t habrexhédi tsiomr easedd binshidg arflblonl bye@Ns QG T heht Y

conpared to n use parental forns o he LMB09 grafted anti body. 10
I n one enbodfyggrlﬂ 8?%@% SRR 8§p%’é%f%.°r? lf_’%ﬁﬁl%sl 18§ a source to

generate and (eLoned cMgl@MOdpnganl\dﬁﬂgaleﬂaetheaby(m |diglati egai n

encodi ng_cDNAs-vef ex sauenced -ands i held (PR regions were substituted into
a human anti body framework to generate {815 non-nurine form of the

anti body. The substitution or. grafting of the CDRs was perfornmed by

codon-based mutagenestigulre 9eBRLAL et CRIRILRALLI bRl ANt i body Fab library
consi sting of ngrber at]Ta resent ed alternative residues at certain
e

positions. SEF hn?&fﬁﬁ &POrPBLEF | © of enhanced LM609 grafted
antibody variants containing multiple amino acid

substitutions.

Figure 10 shows the inhibition of fibrinogen
15 binding to o,f; by LM609 grafted antibody wvariants.
Figure 10A shows inhibition of fibrinogen binding to
immobilized aoyB;. Figure 10B shows correletion of
affinity of antibody variants with inhibition of

fibrinogen binding.

20 Figure 11 shows the inhibition of M21 human
- melanoma cell adhesion to fibrinogen by LM60Y grafted
antibody variants. Cell.binding to 10 #g/ml fibrinogen-
coated substrate was assessed in the presence of various
concentrations of LM609 grafted Fab (closed triangles) or
25 the enhanced LM609 grafted Fabs S102 (open circles), G102 -

(closed circles), or C37 {open triangles).

DETATLED DESCRIPTION OF THE INVENTION

The invention is directed to nucleic acids
encoding the monoclonal antibody (MAb) LM609. This

30 antibody specifically recognizes the integrin o,B; and



20 resulted in the isolation of Vitaxin. As a graft . hod nt ai ni ng
human franmework sequences, it is unlikely that Viﬁ%gpﬁg§##gge¥?§?t a host
i mmune response and can therefore be advantageously used for the
treatment of a,{33-nedi ated di seases. 25 As used herein, the term

"nmonocl on pRody LMB09" or "LM609" is intended to L rurine
nnnoclonaﬁh%ﬂ??%gdy specific for the integrin a"R3 whiéﬁﬁﬁﬁg& edcri bed by
Cheresh, D.A Proc. Natl. Acad. Sci. USQA 84:6471-6475 (1987) and by
Cheresh and Spiro J. Biol. 30 Chem 262:17703-17711 (1987). LM09 was
produced agaiinbibianditis fdattibnel whdti dihe MTheel hvadhesi g8 resgpt or now

known as the i i a03. .LMb09 inhibits, the attachnent of M1 cells to
a"R3 Iigandsdgg%ﬁg%%n59t?%ﬁ%?éfiﬁ?l B DSBS 29805° WS 0BrePsé fss
PCTI 1 JS0011745#p9i$ity invogewrand yoaft¥d |febmandif Beé@r. (1@eeresh and Spiro,

supra) and i graksoq adhi HIANILLO -1V i.at.e ﬁ%?gl gi such as
t unor induce_rangi%geﬁgg?ggf%rgggélﬁféﬁgFﬂﬁgéﬁP_%5?€ -f%%ﬂg§1994),
granul ati on t-PREDELOHEe\AIEYREN OF ntkUtRATESESs WsLne {0 idddyeLM&P9;, Am J.

Pat hol ogy, 148e ldferidh (15996)) ¢ 2&h SIPRLiRHEE! €6 C§ldimi¥edr 8RN such as

t hat occurrin i rest enosi s hoi et al., J. Vascul ar. Sur g-,

19: 125- 134 (ngg”')"%b%%@s&&d aBF??S&%ﬁ:.tﬁ% PxhaRDY ingyeasgd: 2482- 2487
(1996)). 10 Msndseq fifieiiny the spemfidittgxicoiphsed dented to refer to a
non- mouse anheROMY, & Jainkbongh Lo agmal 1hBebeol, flay] nd supgtantially the

sane heavy and lig am no aci d seque Yh LMB09. The
term"Vitaxin® when used in reference to heavy or |ight 15 chain

pol ypeptiides is intendedohe ERESHIEhE MR- ROHS Laodied r%rsskhght chain or
functi onal fra%nent t hereof having substantially the sane heavy or |ight

chain CDR aff'?®” 2% “S&GuahcasSAr o divd deReEREe hard\e1one cERRSchain  of
LM609, respeebcoding DM6R9 .USBHei Hed®f &MRNAEghE @hain encoding cDNAs

were sequenced and their CDR regions were substituted
into a human antibody framework to generate the
15 non-murine form of the antibody. The substitﬁtion or.
grafting of the CDRs was performed by codon-based
mutagenesis to generate a combinatorial antibody Fab
library consisting of members that presented alternative
residues at certain positions. Screening of the library
20 resulted in the isolation of Vitaxin. As a grafted
antibody containing human framework sequences, it is
unlikely that Vitaxin will elicit a host immune response
- and can therefore be advantageously used for the

Lreatment of o,f;-mediated diseases.

25 As used herein, the term “monoclonal antibody
LMe09" or “LM609" is intended to mean the murine
monoclonal antibody specific for the integrin o,B; which
is described by Cheresh, D.A. Proc. Natl. Acad. Sci. USA
8B4:6471-6475 (1987) and by Cheresh and Spiro J. Biol.

30 Chem. 262:17703-17711 (1987). LM609 was produced against

and is reactive with the M21 cell adhesion receptor now
known as the integrin o,f;. LM609 inhibits the attachment

of M21 cells to o,B; ligands such as vitronectin,



20 functional fragment, not all LM509 CDRs need tol%eDeE@H£§§eﬂ6@9- Rat her,

only those CDRs that would normally be present in the antibody portion
that corresponds to the functional fragment are intended to be referenced
as the LM609 CDR am no acid sequences in the Vitaxin 25 functional
fragment. wahpidsgdsl Y, the use of the term "Vitaxin" in pefernence to an
encodi ng nucleic acid is intended to refer to a nucleic aC|d encodi ng a
non-nouse antibody or functional fragngnt having substantially the sane
nucl eoti de sequence as the heavy and |ight chain CDR 30 nucl eotide
sequences andibBeadgay &Eubsiantialiyride SR r (BReAdBQACisd; sequences as
found in LM6Q9. 16 Decemnber. 2003 VK% 0/ 78815 10 PCT/US(c)O 17454 As used
herein, the C&FAf EW%SijfﬁfPean AREHRIRE s i BRAEACED refer to a

non- nouse anpibbdyogies famdt kenalimdér agnirded hageofeesdngpsuebskaati al |y the
same heavy d kLght iR am aci d_se nces, as found 5 in LM609
and absent o?@fh%éggﬁg%ﬂgﬁpiggggfv{%%ag éﬁﬁﬁgqggéf F651"fues outside of the
CDRs as défi AedebypPr@Matirercutgheous) upepiClagk fkatth d@md _Hunman Servi ces,
"Sequences okt Rb 068} NS Af: 14BTUDPL 09] LR 6))NLRLC Shook IR TRE FEF M " LVBOY
“grafted antibody” or "LM509 grafted” when used in 10 reference to heavy or
l'i ght chain Bbﬂgi)%b?f? B @5) PR dRECY T iMeF ST pd ar eirnRsdSe (RBavy or | ght
- chain or funactabnalJif rnegrentrt bereof imviongisubsiand)aldonekhersane heavy

or light chaj am cid _sequences as f.qu i n heavy or |ight

chai n of LNB%SJFEE?%%tE%%@Fyggﬁﬁﬂ—§$%b%Egiéﬁge2?8zf(%%gﬁéubstitution of

LM609 residues outside of the CDRs as defined by Kabat et al., supra. Wen

used i-njgreference tga fUACE] f ;w ” need to
usuachL P08, TR0 00t &4 E@g%s}ggéd

be represented. Rather, only those CDRs tha nor ma present in
the anti bodytpoFefon that NPB-Ee¥FesPoHdedyo orhéuhekitaniadngirabraghent are

intended to BRereof having substantially the same heavy and light

chain CDR amino acid sequences as found in LM609. The
term “Vitaxin” when used in reference to heavy or light

15 «chain polypeptides is intended to refer to a non-mouse
heavy or light chain or functional fragment thereof
having substantially the same heavy or light chain CDR
amino acid sequences as found in the heavy or light chain
of LM609, respectively. When used in reference to a

20 functional fragment, not all LM609 CDRs need to be
represented. Rather, only those CDRs that would normally
be present in the antibody portion that corresponds to

- the functional fragment are intended to be referenced as

the LM60% CDR amino acid sequences in the Vitaxin

25 functional fragment. Similarly, the use of the term
"Vitaxin” in reference to an encoding nucleic acid is
intended to refer to a nucleic¢ acid encoding a non-mouse
antibody or functional fragment having substantially the
same nucleotide sequence as the heavy and light chain CDR

30 nucleotide sequences and encoding substantially the same

CDR amino acid sequences as found in LM&0S9,



referenced as the LM509 CDR anmino acid sequences in ¢ he-dnMBQ9ogpaft ed
functional fragment. Simlarly, the term "LM509 grafted anti body" or
"LM609 grafted" used in reference to an encoding nucleic acid is intended
to 25 refer to a nucleic acid encoding a non-nouse anti body or functi onal
f ragnment ' sent of the substitution of LM09 am ut si de of
the CDRs g?glg’fs?lged by Kabat et al., supra and having %@gg’glgl ly the
same nucl eotide sequence as the heavy;gnd |ight chain CDR 30 nucl eotide
sequences and encodi ng substantially the same CDR ami no acid sequences as
found in LMBO9 and as p@emeaadhebé'lrlsa&alte Rkral *LMEGPI 2 sh@gDeCember 2003 WO
00/ 78815 PCT/ US 7,,45 4 .11 The term"” rafted anti body" or ~grafted" when
used in reference hlea\hr}tSP £ gt 'ntBofypeptiues &PthBHEt?’énal
fragnents théue@fmr@h rfiregoledt t thawefcer h'ra@lag besyyaratidlilght hehaime Or
functional fpagpe f V, tantially the sane heayor l'i ght
chai n CDR ofFl a dggnn(ﬁ ol fﬁlgbog J?ﬁlr(%ads}gec ig\%e 19 ant IS 58 eAPUBT  t he
substi t ut ?on”@)f“@ﬁﬁ%ranéinﬁhéeam@f s gubstobrtioe of M9 @BRscas defi ned
by Kabat et atid SdifiicRies\BEAsUSEDA tnel ebﬁgegsedéﬂr?eaf %@Ckgﬂﬁ@' et ragnent,
not all donor CDRs 10 need to be represented. Rather, only those CDRs that
woul d nor mal P b preSERE - i AL t Fralht iaBedYupBPt Sofviqes “66APEBRRORdS to t he
functi onal foagﬂ’mfﬁela:rseolfnt[ﬂnﬁhe@ildgidae Theteeenced a)t.herdengs DR am no

aci d sequences, t he nctjanal ,frag Yy, .the term"grafted 15
ant i body" or gé?da%te ftv\,ﬁen Jﬁ%e 3 Ofeft(ngﬂ%eg{% 1'aerfl &RE8dPREINtRl ei ¢ aci d

is intendBd rofendrgre to heavel@f c-ighti dhenoopddhgpeptiaktsi hedy or functi onal

fragment, belfigon ARBER! (koL N, SHARH LLLEN,QL, HONon 3 ng, agi ds, out si de

of the CDRs as defined by Kabat et al., supra avi’ng subs]fantlally
t he sane nuc?‘é‘H’EtiJd’é‘aéeéﬁéﬁ‘@%n%s“twoﬁea@ylngaﬁ‘ebﬁfﬁagil’ctlaélﬂ}al nh€DRmrICc| eot i de

sequences angk£Ac@d NGght chain CDR amino acid sequences as found in
the heavy or light‘chain of LM609, respectively, and also
15 absent of the substitution of LM609 residues outside of
the CDRs as defined by Kabat et al., supra. When used in
reference to a functional fragment, not all LM609 CDRs
need te be represented. Rather, only those CDRs that
would normally be present in the antibody portion that
20 corresponde to the functional fragment are intended to be
referenced as the LM609 CDR amino acid sequences in the
LM609 grafted functional fragment. Similarly, the term
“LM609 grafted antibody” or “LM609 grafted” used in
reference to an encoding nucleic acid is intended to
25 refer to a nucleic acid encoding a non-mouse antibody or
functional fragment being absent of the substitution of
LM609 amino acids outside of the CDRs as defined by Kabat
et al., supra and having substantially the ‘same
nucleotide sequence as the heavy and light chain CDR
30 nucleotide seqguences and encoding substantially the same
CDR amino acid sequences as found in LM609 and as defined

by Kabat et al., supra.



substantially the same CDR am no acid sequences as f®Wemoat Beggonor

anti body and as defined by Kabat et al., supra. 25 The neaning of the
above terns are intended to include mnor variations and nodifications of
the antibody so long as its function remains unconpron sed. Functi onal

f ragnment s vpeledhsgs Fab, F(ab)2, Fv, single chain Fv (SCF&II\%BH”BPE like are
simlarly included within the 30 definition of the ternms LM609 and Vitaxin.
Such functional fragnments are well knoyn to those skilled in the art.
Accordingly, the use of these ternms in describing functional fragnments of
LM609 or the Vi taxi n mitb@dy“grsfim em:t&daotig”cefre@md'o wthléﬁ

definitions %@ J.,2(2(;)103 0/ 78801r5 lPC'E 00/ 17454 12 known to
those skille e aret Sich® ter are §e§cr Bel ¥ yﬁecPrt énﬁFe Har | ow
and Lane, Antfiubgm@sal A ragabotat ohgrddaf Ll gn@ehde(spm nzgeme her aLabor at ory,
New York (1988)y 3! ah Biefh oY o ANEL Rl EEANOL OGNS %Bgehens' ve Desk
Ref erence ( ers, RA 7(ed.) The Hust on et

al ., Cell® 6%9&%@5@2%8@122@% 199 hePl"UcRthhg‘a*thT@I@éY CBR ofket h.
Enzynol ., 178 eezoﬁmdlb%ag) Qégpé@tm&y,EaQ@ alégvmd: IJgmgpachem stry,

Second Ed. sul}ei\ll I} Yor Kk, 1990 As with the above
terns used foF %‘ftrlb ™§ fiﬁﬂﬁfl%rﬁ%ﬂo farca‘réirrﬁﬁf'é BFs LI de\/C’t akPR and a
LM609 graft@ﬂRanas binfy,netlhbyuseb@tf dterais Wbupharefm@nafséai her LMBO9,

Vitaxin o LVGP9.gral g0 ol Doty doTBing. 15 fupctipnal Ly aggent s

regi ons, nucleotide an am no-aci Ences an or peptides,
i s simla yrepdt ended reorpathtof t thﬂtthhae soope bh‘loetdne:mmhrag of each

termas i E | ﬁok[‘@%ﬁr&qlr}sgg %‘%é@éﬂ: tlh'F Akl anLS!i:'Bgdytr eggcg@:ldnnq:lhgqe for
exanpl e, heav¥rg£ggghsp%o he fgﬁztfgnal %%ggment are 1ntended to be
referenced as the donor CDR amino acid sequences in the
functional fragment. Similarly, the term “grafted
15 antibody” or “grafted” when used in reference to an
encoding nucleic acid is intended to refer to a nucleic.
acid encoding an antibody or functional fragment, being
absent bf the substitution of donor amino acids outside
of the CDRs as defined by Kabat et al., supra and having
20 substantially the same nucleotide sequence as the heavy"
and light chain CDR nucleotide sequences and encoding
substantially the same CDR amino acid sequences as found
in the donor antibody and as defined by Kabat et al.,

. supra.

25 The meaning of the above terms are intended to
include minor variations and modifications of the |
antibody so long as its function remains uhcompromised.
Functional fragments such as Fab, F{ab),, Fv, single chain
Fv (scFv} and the like are similarly included within the

30 definition of the terms LM609 and Vitaxin. Such
functional fragments are well known to those skilled in
the art. Accordingly, the use of these terms in
describing functional fragments of LM609 or the Vitaxin

antibody are intended to correspond to the definitions



20 chain”, "light chain polypeptide” or "light chaify pecci®¥Y 26031 N
vari abl e regl on" (V') and "light chain variable region" (V,) as well as

the term"conplenmentarity determning region” (CDR). In the case where
there are two or nore 25 definitions of a termwhich is used and/or
accept éd wypbisssishe art, the definition of the termas psggohgigin is
intended to include all. such neanings unless explicitly stat ed‘ to the
contrary. A specific exanple is the usg of the term"CDR' to describe the
non-contiguous 30 antigen conbining sites found within the variable region
of both heavweamdkhb@htt&rtaaio@.epekype@&iﬂes;heTtairs Pddn ol rdls hegi on has

been describ abat et_ al nd b thia et al

Biol . 196: 90%%5% éf% Detedér 6568§E$Da’6%‘ éd%ﬂmo%%i@&-ﬂ—(1987)
and by MacCalllaboretony ManhalMaCel®8i SpriREHaE32:r705bofd1996), weer e the
definitions Iy@ghcuaﬂfg@y)er hRARENIEOL1 oGURSR! 310k 2HhIPAP] d A €Si dues when
conpared a al nst each WMRWT%@ ei t her

definitio ORpERARRS PechRRgferamod (MAergxi R; ALMGOY: Jgr &feved ant i bodi es

or vari ants trbekeof viis Mﬂﬂ@@@leg t@n@e) Wd}tdyt%ndkhea\f;\ﬁolit?elq_f the tertmhas
defined and ysed, herein. m no CI resi dues whi ch enconpass e CDRs
oS

as defined b t 28i He P et dridrktbunrand gikerdarh bel ow 10 in
Table 1 as aMethpaknswsl.Tahl?e:4197CDF Defdgsit keasiKahmat Kk £.¥.,CDRL 31-35 V*

CDR2 50-65 1 d¥'n rr%%n%%%emlétrq)@'econds%d ’WJ(.:RBZ L5105556 V” CDR3 89-97
Chot h| a2 Nac%a‘l—fu%‘—“

10 New York, NY {1990). '

As with the above terms used for describing
functional fragments of LM60Y9, Vitaxin and a LM609
grafted antibody, the use of terms which reference other
LM609, Vitaxin or LM609 grafted antibody domains,

15 functional fragments, regions, nucleotide and amino acid
sequences and polypeptides or peptides, is similarly
intended to fall within the scope of the meaning of each
term as it is known and used within the art. Such terms

“include, for example, “heavy chain polypeptide” or “heavy

20 chain”, “light chain polypeptide” or “light chain”,
“heavy chain variable region” (V,) and “light chain
variable region” (V,) as well as the term “complementarity

" determining region” (CDR).

In the case where there are two or more

25 definitions of a term which is used and/or accepted
within the art, the definition of the term as used herein
is intended to include all such meanings unless
explicitly stated to the contrary. A specific example is
the use of the term “CDR” to describe the non-contiguous

30 antigen combining sites found within the variable region
of both heavy and light chain polypeptides. This
particular region has been described by Kabat et al.,
supra, and by Chothia et al., J. Mol. Biol. 196:901-917



26-32 30-35 53-55 47-58 96-101 93-101 26-32 30- 36 relwunBc462653 91-96
89-96 1 Residue nunbering follows 20 al., supra 2 Residue nunbering
follows al., supra 'Residue nunbering follows et al _, supra the

nonmencl ature of Kabat et the nonmenclature of Chothia et the nomenclature
of MacCal lWwgvemsAS used herein, the term "substantiall yl','m%soomégpst antially
the sane" when used in reference to a nucleotide or amno acid sequence is
intended to nean that the nucleotide agr3 anmino acid sequence shows a
consi der abl e degree, amount or extent of sequence 30 identity when conpared
to a referendé9§éQUen@ebySMnhmldomsédarabl@'dg@neegi@nnunu :o32exgent of
sequence 16 e 4 4 identity is further
consi dered tgq%gg2|ﬁhg$?§g%$%%n ggﬁé%ﬁggﬁéqﬁ %Z gfag:%¥%ogkhlblt
characterlst§@§5ﬁﬁﬁcﬁf %W%PQkﬂqlﬁlF?%@ﬁ%eﬁeﬁhﬁ@npzabﬁEﬁQNEQQH@wm eFhus, a

nucl eoti de sequeﬂce m@w@&ueie%@bsaaﬁiiéeldﬂbﬁ I@ﬁ %QE‘Eez? &&Lﬁ'ﬁ@&bﬁ%éequence
~as a heav% or hg cha n. of Vi t axin, LM609 grafted anti body

i ncl udi ng fraa gt %xﬁf LﬁéparSV1§?¥%T§e&Héﬁgegﬁﬂﬁ§ﬂ¢ exhibits
characterlstaoslbhaiear@rckﬂhlmmtsvehgmé@unmt Qhteh@6OOH DM casnencodi ng or

as being thetgglgg %i QS ence V'ta in or. a LNEOQ grafted

anti body. Mnor- Rd |f| ca |eo%%%{nh§re&) lé]reéjolaﬁ'gl ﬂﬁ% T 98ng 488t hey
amino aCld residues which encompass the CDRs as defined '
by each of the above cited references are set forth below

10 in Table 1 as a comparison.

Table 1: CDR Definitions

Kabat! Chothia? MacCallum?
Vv, CDR1 31-35 26-32 30-35
V, CDRZ 50-65 53-55 47-58
15 Vv, CDR3 95-102 96-101 83-101
v, CDR1 24-34 26-32 30-36
V., CDRZ2 50-56 50-52 46-55"
V., CDR3 8%-97 91-96 89-96

! Residue numbering follows the nomenclature of Kabat et
20 al., supra

? Residue numbering follows the nomenclature of Chothia et

al., supra

’ Residue numbering follows the nomenclature of MacCallum

et al., supra

25 As used herein, the term “substantially” or
“substantially the same” when used in reference to a
nucleotide or amino acid sequence is intended to mean
that the nucleotide or amino acid sequence shows a
considerable degree, amount or extent of sequence

30 identity when compared to a reference sequence. Such

considerable degree, amount or extent of seguence



are recogni zable as a LM09, Vitaxin or a LM609 grafit gd.-anti bosys sequence.
Simlarly, an am no acid sequence which is substantially the sane am no
acid sequence as a 15 heavy or light chain of Vitaxin, a LMs09 grafted

anti body or functional fragnment thereof, refers-to a sequence which
exhibits ristics that are definitively known i zabl e as
represent?ﬂg&)<%ganino acid sequence of Vitaxin or a 8%%@5&833 ted

anti body and minor 20 nodifications thgreof: Wen determ ning whether a
nucl eotide or amino acid sequence is substantially the same as Vitaxin or

a LM509 grafibedtan iodurehepsteesAld Qa ks gbVeNgixihar Aygber of changes
relative to the Mtf in or hl(\e/gg 0%5( rafted anti body taogether w th whet her

the functi on™F&MEHt &5ed’ it chart e ditiosath#c hange in a
3 ami no aci datPRiefirsigvierdly chaogeszdbleaotbkaghno ahud, @DR are consi dered

o be subst aptlally e SATRCLT 8673 o BLAGLNG, T4nc) g Ls el nt ained

Thus, a nucl eotide or M No aclid sequence | s Su stantfgf?y the sanme if
it exhi bt snepbgelids issduescehas arheadef pai 1igkt ychaiowefoEM6@cogni zabl e

as represent yngatie, NUClLMcE8 §fa ABNQAnREHIay SEAUENES: Offré(!i&x@%w or a
LM609 grafted anti body and m nor 16 Decenber EOOS,WD 087788 5
PCTI US00/ 174585 T9%f @ farEat PoR sSEHETEST AEChofgh Hylbd t axin or LMBO9

grafted antthetyctamnicition thabbhid aidfaditAseusernhdigr @n, the term
"fragnent” when used, .in refere&ce to a nycleic_acid encoding LM09,

Vitaxin or 5" 8 YRBUFCafted SR BORF 8 PREBRJIEYE (B iM8aA A% nucl ei ¢ aci d
havi ng sdBst apthendey dahdiMddfe Setprenceras aMPOPtgoattedf aathbedei ¢ aci d

encodi ng. L6 Mkdif) 3, ENBOS: o8 afted, antibody, 1Ths ouclely. aci d

fragment is sufficient in [ength and sequence to sel ectrvely ybridi ze
to an LMB09, 2B KM 2618 BREDILIONt ¥dtanhri pody LéwO8drgteri] eic acid
or a nucl eot kfeisRHLNRGRence. Similarly, an amino acid sequence

which is substantially the same amino acid sequence as a

15 heavy or light chain of Vitaxin, a LM609 grafted antibody

or functional fragment thereof, refers .to a sequence

which exhibits characteristics that are definitively

known or recognizable as representing the amino acid

sequence of Vitaxin or a LM602 grafted antibody and minor

20 modifications thereof:

When determining whether a nucleotide or amino
acid sequence is substantially the same as Vitaxin or a
- LM609 grafted antibody, consideration is given to the
number of changes relative to the Vitaxin or LM609
25 grafted antibody together with whether the function is
maintained. For example, a single amino acid change in a
3 amino acid CDR or several changes in a 16 amino acid
CDR are considered to be substantially the same if «,B,
binding function is maintained. Thus, a nucleotide or
30 amino acid sequence is substantially the same if it
exhibits characteristics that are definitively known or
recognizable as representing the nucleotide or amino acid

sequence of Vitaxin or a LM609 grafted antibody and minor



that is conplenentary to an LM509, Vitaxin or LM09 g gtatlgd.angypody
encodi ng nucleic acid- Therefore, fragnment is intended to 1nclude priners
for sequencing 15 and pol ynerase chain reaction (PCR) as well as probes for
nucl eic acid blot or solution hybridization. The neaning of the termis

al so i nt eRgleghA@isi Nncl ude regions of nucleotide sequencgs; do not
directly encode LM509 pol ypeptides such as the introns, éé\ @7£7ﬁ:é40

untransl ated 20 regi on sequences of thg;LM609 encodi ng gene. As used
herein, the term"functional fragnent” when used-in reference. to Vitaxin,

to a LMB09 gmahiiefkatirinisbedyross tHs haavy a9r vt ghtn ciainmepol ypsptédes
thereof 1is iné?dgdefto Eefer.to a portion of Vitaxin or a LM609 25 grafted
ant i body i ncPOGHRY heaWA t6P 1 1 §HE YHA "ol ypept i des which still retains
sone or all of the a"(33 binding activity, a4N3 binding specificity and/or

integrin a"P3-inhibityqr td vt h cl} | fragpents_can include,
for exanple, antibody u}éé'??o%%}fé%/r}'a?r#é%nttfgylgucﬁp%“efst FgJ ,eanfé% 2, Fv,
si ngl e chai n*Fvr¢sempce, tor feruckeirtdcinabntedime M 0%an Vihekimleor f or

exanpl e, BeayyrLw§os Id:aH cahah0i POy PEPLiIndERde Y A MUK LeGLORePO! YPepti des
or CDR pol ypeptides or portions thereof so |long as such 16 Decenber 2003

WO 00/ 78815 UStEnE7 2525580 b 1Aty Jhsl SPRagPRIM Y %P8 A BPREIPR) activity,
specificity obfraimhilkiitosyiacénsdddihg Dmeobermisxial £ ant.gaded to include

pol ypepti des onpassi. for.exanpl.e,. mdified forms of naturally
occurring a %%E%%I S slggﬁyas ?%’gcelreégi'%ﬁ%r SR mdfural |y occurring
am no aci ds, suafidicerdciid amadogues] arduenpet fesssledtdvglyas such

pol ypept hgesnyist alfrd WackhondbofCld Wilk.an defd nask used herei n,
the term "enhgn_ced%' when used ?’n T efler_é{nce to |ta(%ib_%?£g§t 09 grafted
anti body or aPtHRPIUFECPERRY PrakentecilePEo? fuclantdddedetivenean that a

functional cheiactedembilendhtd e antdnbedyobasvdesnin or LM609
grafted antibody encoding nucleic acid. Therefore,
fragment is intended to include primers for sequencing

15 and polymerase chain reaction (PCR) as well as probes for

nucleic acid blot or solutién hybridization. The meaning
of the term is also intended to include regions of
nucleotide sequences that do not directly encode LM6&09
polypeptides such as the introns, and the untranslated

20 region sequences of the LM609 encoding gene.

. As used herein, the term “functional fragment”
- when used in reference to Vitaxin, to a LM609 grafted
antibody or to heavy or light chain polypeptides thereof
is intended to refer to a portion of Vitaxin or a LM609
25 grafted antibody including heavy or light chain
polypeptides which still retains some or all of the ouB,
binding activity, oB; binding specificity and/or integrin
o,B;—inhibitory activity. Such functional fragments can
include, for example, antibody functional fragments such
30 as Fab, F{(ab),, Fv, single chain Fv (scFv). Other
functional fragments can include, for example, heavy or
light chain polypeptides, variable région polypeptides oz

CDR polypeptides or portions thereof so long as such



altered or augnented conpared to a reference anti body iz@enblat28de anti body
exhibits a desirable property or activity. An antibody exhibiting enhanced
activity can 15 exhibit, for exanple, higher affinity or lower affinity

bi ndi ng, or increased or decreased association or dissociation rates

conpar ed gpﬂa%{gjerence anti body. An anti body exhibithﬂﬁnﬁgaiﬂg d activity
e

can al so ex increased stability such as increase ina 20
particul ar organism For exanple, an an Qibody activity can be enhanced to
increase stability by decreasing susceptibility to proteolysis. If

enhanced act Ifmht:yl&uﬁl fragmihgberead i rﬁltdel%ngbﬂgvpéy,' %ge%é%ﬁz@l% ability
is desired, nut aglons can be introduced into franework am no

aci d resi dueSahd f%@“?@%ﬁFFﬁﬁbtﬁntfHHﬂﬁ“”WhﬁFaﬁ%%OSEﬁéﬁﬁ@@ FSr hi gher
affinity bi ndnnjutie pdpdepitidencesastihsdialy,| fby éedmilie/eroadidieef erence

anti body suc rafted arent anti bod An antlbod
i y I%orﬁ?: &P%M%%lg gccu SO %Xah Ot af"'é)&%y y

exhi biti ng enhanced activity’can a |n|ty bi ndi ng,
i ncl udi ng 2de&reaseeicbxmsgisat hon-natwsally dogoreasedandiss @ciidsion rates, if

desired. An gphapCsed:q ahBgHys exi bi g ds \é@flé"ﬁ%'ﬂ,t%é&' nding is useful,
for exanple, for genetratlng a solid tunor. In contrast to a higher

affinity ant PBOUPSPiich fRsarn brmettenahactévier enbete oeY Worwe/ 7881- 5
PCTI USOQ' 17454 17 peri pher al reglons of the tunmor but would be unable to

penetrate to the inner, regign the tunor dye to its high affinity, a
| ower affinity antibody m%ﬁgdﬁﬁﬁebﬁvdﬁfﬁdﬁﬁﬁ% PRt MAE %nQSFﬂe i nner

-~ regions of the réﬁ@xﬂnne tﬁhﬁltmwemx|anLMﬁﬂ®vgdGStéurnnﬂxﬁdayaemdaencodlng a

heavy chaboh PahsPeRtd 1% -hoheXt LAY A fRehhonal, JJa0Tpat Lhereof. Also

provided is a nuclelic aci encodi ng a’l |ght ain po pep | e®for Vitaxin
or a 10 funcfrbagionadlaghenecteetgolc Olﬂ\eth@uéhéitleowlfchﬁ teRsi st

altered or augmented compared to a reference antibody so
that the antibody exhibits a desirable property or
activity. An antibody exhibiting enhanced activity can

15 exhibit, for example, higher affinity or lower affinity
binding, or increased or decreased association or
dissociation rates compared to a reference antibody. An
antibody exhibiting enhanced activity can also exhibit
increased stability such as increased half-life in a

20 particular organism. For example, an antibody activity
c¢an be enhanced to increase stability by decreasing
susceptibility to proteolysis. If enhanced activity such
as higher affinity binding or increased stability is
desired, mutations can be introduced into framework or

25 CDR amino acid residues and the resulting antibody
variants screened for higher affinity binding to o,p, or
increased stability relative to a reference antibody such

~as the LM60Y9 grafted parent antibody. An antibody

exhibiting enhanced activity can also exhibit lower

30 affinity binding, including decreased association rates
or increased dissociation rates, if desired. An enhanced
antibody exhibiting lower affinity binding is useful, for
example, for penetrating a solid tumor. In contrast to a

higher affinity antibody, which would bind to the



of substantially the sanme heavy or light chain varigplg L88i08yicl eoti de
sequences as those shown in Figure A and 1B (SEQ ID NCS: 1 and 3,
respectively) or a fragnment thereof. 15 Vitaxin, including functional
fragnents thereof, is a non-nouse anti body which exhibits substantially

the same QidgiRg-activity, binding specificity and inhjDhi \ctivity as
LM609. Th?&@-{ag&i n Fv Fragnent was produced by functi %@1"?535’¥7694repl aci ng
CDRs wi thin human heavy and light chain. variable region polypeptides with

the CDRs derived from LMs09. Functi onal7 repl acenent of the CDRs was

perforned bypeecondiNiantegBhlods KNOWIQ LROSEoskKE IhedidaBibhesart. Such
nmet hods are com"mnl%{referred to as CDR grafting and 25 are the subject

matter of U. BEPPhIEM 4% .thS, 39Be53¢09195¢h ofet RBds eah desébétFound
‘descri bed i nhifnhoieiimithngianeenenga xfirArtyi hadysdb aealies vkor Prophyl actic

and Ther apeyy] ications in n," ark, M (ed.), i ngham
Engl and: Acagg%g%p%oétciugsstflffﬁ%??t% B gfhley,lhﬂﬁ/ﬁoée%dgﬂseiogogg?d fragment s
having sdbstumefally the same nucl eotide and encoding substantially the
sanme am no acid sequence of each of the 16 Decenber 2003 WO 00/ 78815

PCT/ US00/ 374-54 18 heavy and |ight chain CDRs were synthesized and
substituted into eachT6F tRECPBESpRAGAVEdgEmANNEREE Ic S gnagIALE] ei C

aci ds. To naknh@avy fdhaGahi eeakbbyc (e tdae vAewkyndsy i ¥edhindetiaxkn anti body,
nodi fi cation i e non- CDR framework region. These

gg/ere SL%erforn'ed Y\nthint_ \

i ndi vi dual chaRERT WP E FRde b HRMAAEARg 45 pR PSS idh 2%6f CDR graft ed
heavy and |ightodites m Maghabbbategdngepmhideefor avitassiokl @ changes
outsi de gf tﬁﬁn%a"jﬁrf%alghg%e&? et%qf.an S?tehﬁgcfg:{cecéc!j{]cg E?,gs%‘gﬁf opriate

ant i body 10 bg screeni ng e population I Adi'ng activi iS screen
resul ted in PhesSRitedttiion lof thhesama deiavyanti bbalyt chain variable

region nucleotide sequences as those shown in Figure 1A
and 1B (SEQ ID NOS:1 and 3, respectively) or a fragment

thereof.

15 Vitaxin, including functional fragments
thereof, is a non-mouse antibody which exhibits
substantially the same binding activity, binding
specificity and inhibitory activity as LM609. The
Vitaxin Fv Fragment was produced by functionally

20 replacing CDRs within human heavy and light chain
variable region polypeptides with the CDRs derived from

- LM609. Functional replacement of the CDRs was performed
by recombinant methods known to those skilled in the art.
Such methods are commonly referred to as CDR grafting and

25 are the subject matter of U.S. Patent No. 5,225,539.

Such methods can also be found described in "Protein
Engineering of Antibody Molecules for Prophylactic and
Therapeutic Appiications in Man," Clark, M. (ed.),
Nottingham, England: Academic Titles (1993).

30 Briefly, LM609 nucleic acid fragments having
substantially the same nucleotide and encoding

substantially the same amino acid sequence of each of the



described herein. The nucleotide sequences of the Mid ad-BuReavyooand |ight
chain variable regions are shown in Figures 1A 15 and 1B, respectively.
These sequences correspond substantially to those that encode the heavy and
light chain variable region polypeptides of Vitaxin. These Vitaxin

nucl ei ¢ aGgyggyRER i ntended to include both the sense aﬂgnggkthfnse

strands of the Vitaxin encoding 20 sequences. Singl e- e stranded
nucleic acids are simlarly included g well as non-coding portions of the
nucleic acid such as introns, 5 - and 3'-untranslated regions and

regul atory séegaepcesd dfighhe cpana CDRsa%ﬁﬁpb@ntﬁésSB§NWhﬁd1|q gure 1A, the

Vitaxin heavy, riabl tide is encoded by a nucleic
aci d of about %E?inuc ¥l egafn eng J%SP%%% 25 g g qﬁ@' anino term na
d nl residueeﬁﬁoﬁh@gVnﬁﬂ&bheaﬁegson T¢ wedumgla ino £ Secdildna IHtys ofi thxi n heavy

chain vari abhewlpe@éﬂm&nw%ggnnyﬁ&ﬂsé‘dyac&n@daaﬁlbgwgﬁs LA human 1gGl 30
constant region to %ﬁeld a coding region of 1431 nucl eoti'des whi ch encodes

a heavy chai RepbP t{iddigf tha7eoRotRl fereyogki B89iShowTheseri gure 1B is

the Vitaxin J.htighidlﬁéﬂaldha‘ﬁ@élsabbEerrﬁ%&lé)fbypgle)ﬂﬁgﬂﬁlg@ Mpdduiiag igpacoded 16
December 2003 0/7%§b CT/USCIY]{%&} a nucleic acid of about 321
nucl eoti des h Iengtif Begi Rl Hg2at aﬁ?ﬁb“tg?ﬁ%?ﬁﬂe(§Qﬂ1°PéS|due of the

vari abl e regiwbarehn cugh posslips@0zhandrs ovitbadienofi g curmaiwvarvari abl e

regi-on nucle J5Qi4N o] ppa_consiruct regiqn to yield a
coding re |o%g%?&%éh;éﬁuigﬁeggﬁ Sé%é?g2$ 5% EgPr%P¥la$ﬁ Al 8ﬁolypeptlde

of 214 t aPYaﬁ?W@éigdé}hel\/PﬁBiﬂlmrf|f@a€tb@nd®flgt¢1@$;@mycl eBhiide

sequences ar gcraé@ndediitedbeni pré usled @s JReayy Ay | § ghin %Qm%@hg Vitaxin
encodi ng nucl.eic ﬁCI §land their functional fragnments. Such r

modi fi cat i onSSPRT GG -

The nucleotide sequences of the Vitaxin heavy

and light chain variable regions are shown in Figures 1A

15 and 1B, respectively. These sequences correspond
substantially to those that encode the heavy and light
chain variable region polypeptides of Vitaxin. These
Vitaxin nucleic acids are intended to include both the
sense and anti-sense strands of the Vitaxin encoding

20 sequences. Single- and double-stranded nucleic acids are
similarly included as well as non-coding portions of the
nucleic acid such as introns, 5'- and 3'-untranslated

- regions and regulatory sequences of the gene for example.

As shown in Figure 1A, the Vitaxin heavy chain

25 wvariable region polypeptide is encoded by a nucleic acid
of about 351 nucleotides in' length which begins at the
amino terminal Glnl residue of the variable region
through to Serl117. This Vitaxin heavy chain variable
region encoding nucleic acid is joined to a human IgGl

30 constant region to yield a coding region of 1431
nucleotides which encodes a heavy chain polypeptide of
477 total amino acids. Shown in Figure 1B is the Vitaxin

light chain variable region polypeptide which is encoded



exanpl e, those which do not change the encoded am ng agl-d.seavefnse due to
t he degeneracy of the genetic code as well as those which result in only a
conservative 15 substitution of the encoded am no aci d sequence.
Conservative substitutions of encoded am no acids include, for exanple,

am no aci Qg WHsefy bel ong within the followi ng groups: ( -po] ar am no
acids (Qy, Q?E,B Val, Leu, and Ile); (2) polar neutralﬁ%%g%@rgééds (Cys,

20 Met, Sex, Thr, Asn, and @n); (3) pglar acidic amno acids (Asp and
GQu); (4) polar basic amno acids (Lys, " Arg and His); and (5) aromatic

am no aci ds bPhe, ndéieic Bid 8Rdabbs -3 hek18Lpoke 404 fiegthons are
i ncl uded mﬁghin t he n%pl i c _acids enQOdlng Vi taxi n heavy and |ight 25
chai n pol ypeptP423*%% 9% geagmfﬂ% TRICHEE §diPd B SEMO L thBol ypept i des
retain sone weraiblefrddienr thuaegh oro dasysidgscrrhed hareiin. 1Thus, the

invention al sg.proyides, 3 py gﬁcnuggid encgding.a.Vk{ Xin ggavx qhain or

P
functional 30 fragnment there§$ Wher&in 1 i€ Thuth el T8 defcBdBe

substanti &l | foPhe SAMEIveavyeahal ntwariedldl @ regiom myinm odchd2sequence of

Vitaxin as that)sbomed WnkbdUESad A dSEQ) LR J nLet her eof .
Simlarly, t i nvention 16 Decenber 2o&éhwéﬁg%%%%3%%356??%§§x§57454 20

h .
al so provideg?%.?Rﬁﬁ%ﬂqylﬁeiacéﬂﬁoding a Vitaxin light chain or functional
fragnent thereof wherein the nucleic acid encodes substantially the sane

i ght chain variable  j.eqgion 1 no aci d sequence of_ Vitaxin as that shown
in5 Figure 1B ( SEQ | gﬂ%"ﬁﬁ“"%ﬂ’&%ﬁ’é’hﬁ’% %Hﬁé?e‘b‘f?l‘ﬂ%léiﬁdi tion to
conservat i veseabItdautadrensnpéndedri 1w kaciids ludedoss nodiviyi aatli baghof t he

vVitaxin eocodhah ViHGhan! AgoSAM HIRAR kel Low hat L e fpngtipnal 10
repl acenent of am no acids are also I ntende o be 1ncl udéd-Wthin the
definition ofr3%Reiter-m SYRE mibrawmaditfiieatdpns ubreiwisal Ifprequi val ent amino
aci ds example, those which do not change the encoded amino acid
sequence due to the degeneracy of the genetic code as
well as those which result in only‘a conservative
15 substitution of the encoded amino acid sequence.
Conservative substitutions of encoded amino acids
include, for example, amino acids which belong within the
following groups: (1) non-polar amino acids (Gly, Ala,
vVal, Leu, and Ile); (2) polar neutral aminé acids (Cys,
20 Met, Ser, Thr, Asn, and Gln); (3) polar acidic amino
acids (Asp and Glu):; {(4) polar basic amino acids (Lys,
Arg and His); and (5) aromatic amino acids (Phe, Trp,
- Tyr, and His). Other minor modifications are included
within the nucleic acids encoding Vitaxin heavy and light
25 chain polypeptides so long as the nucleic acid or encoded
polypeptides retain some or all of their function as |

described herein.

Thus, the invention also provides a nucleic
acid encoding a Vitaxin heavy chain or functional
30 fragment thereof wherein the nucleic acid encodes
substantially the same heavy chain variable region amino
acid sequence of Vitaxin as that shown in Figure 1A (SEQ

ID NO:2) or a fragment thereof. Similarly, the invention



encoded by the Vitaxin nucleotide sequences is routihg..apd.ga
acconpl i shed by nethods known to those skilled 15 in the art. Briefly, the
substitution of functionally equivalent am no acids can be nade by
identifying the am no acids which are desired to be changed,

i ncor por atyhmehdsh& changes into the encoding nucleic aci then
determning t eQ%unction of the reconbinantly 20 expreggggﬁgﬂgtgbdified

Vi taxi n pol ypeptide or pol ypepti des. Rapi d methods for neking and
screening multiple simltaneous changés are well known within the art and

can be used hosprpfoerict lal BLALY:Of a&NEH-BE i n§UE ! EitG A%l d5gHbi ch contain
all possible gg.all desired ZE g?gn es and then expressing and screening
e

the library Fof "Wt a1 36re P EHERePEL WS FignCPPoRYC KRR net hods
i ncl ude, foraexdnphegdecodabsbasetlamy agenesins, 1 1g@Raial i-genasi ot i de

synt hesi s an iald n ol i.gonucl eot i de .synthesis., 30 Codon
based nut agegéeg?éﬁi%lut Oeq%ggj g%{?ﬁ%ﬂa(f eorfgq% at‘J.lg.angtthg)hét SRB¥" K264, 563 and
5, 523, 388>anfigyre gty atfif@ydBuBOf 6 @the fyeyeept odesheods since it all ows for
the production of essentially any and all desired frequencies of encoded
am no acid residues at_any and all 16 Decenber 2003 WO 00/ 78815

PCT/ U500/ 17454 21 par ti'c GPAL L L8RP prdiseirgAs 1R t HiaPtdf uSEPEOMRE eot i de.

Such desi r edaht s ueniciss miA6k Udedi f Qfa ta%6ARBPLE, thderitawhiy ef

i ncorporation o |, twenty am no acids . or speci fi ed subset thereof as
well as the g%%%?%olrda iséeﬁ[u%f’cgs a'ab]rcéﬂ@ié‘loﬁi %88 AdBrCtIRBAbr nore
particul &f aneémbacemsnds ofoamsne ca¢iboraper allecaimigitiar ab bewer frequency of

the bi ased r esi fuesy canpanerlnl (oL e JCBEDPLAtEd A g, acid residues.
Random ol i gonucl eoti de synthesis and partially dégeﬁera € ol i gonucl eoti de

synt hesi s cafuPapiSitHiana Ply fpac ket lor egrsdatemy amidoserédni ng for
encoded by the Vitaxin nucleotide sequences is routine
and can be accomplished by methods known to those skilled
15 in the art. Briefly, the substitution of functionally
equivalent amino acids can be made by identifying the
amino acids which are desired to be changed,
incorporating the changes into the encoding nucleic acid
and then determining the func¢tion of the recombinantly
20 expressed and modified Vitaxin polypeptide or
polypeptides. Rapid methods for making and screening
multiple simultaneous changes are well known within the
art and can be used to produce a library of encoding
" nucleic acids which contain all possible or all desired
25 changes and then expressing and screening the library for
Vitaxin polypeptides which retain function. Such methods
include, for example, codon based mutagenesis, random -
oligonucleotide synthesis and partially degenerate

oligonucleotide synthesis.

30 Codon based mutagenesis is the subject matter
of U.S5. Patent Nos. 5,264,563 and 5,523,388 and is
advantageous for the above procedures since it allows for
the production of essentially any and all desired

frequencies of encoded amino acid residues at any and all



functional ly equival ent am no acid changes. However, gggeﬁge£r§b@§generacy
of the genetic code, such nethods will incorporate redundancies at a
desired am no acid position. Random ol i gonucl eoti de synthesis is the 15
coupling of all four nucleotides at each nucleotide position-within a

codon whe rtially degenerate oligonucleotide synthesis is the
coupl ing W@é@%ﬁ portions of all four nucleotides at BG4 two

nucl eoti de positions, for exanple, and zqual portions of 20 two nucl eoti des
at the third position. Both of these Fatter synt hesi s net hods can be found

descri bed inpaiﬁgcuf§§a%3hgn-§M§Iéfbﬁ§ #ythinPZQCoLi | Yo éggg eSCi' USA
87:6378-6382, (1990) and Devliin et al., Science 2 :ib&- %, (1990). 25
Identi ficati DACHfISHHTRS LEPELCRBITR JaFdNged Ean e@pdeeofpri SHekY by t hose

skilled in thenddrit usici@otHEr8Rtof idIfI0kmRLL PNaMal |aklag Kegar di ng the
"~ structure ang ééq¥§équu fﬁgn%%bodiﬁs as |l as avail abl e and current
i nf or mati on e%conpassfnés t hoas™T rﬁﬁcﬁﬁ&gr%ft¥ﬁﬁ;%ﬁ§°5P86€Hh?%59ber _
exanpl e, E€DRe maaddiericdertli bied o tdrien ort herdomortiantliakodyihy any or all of
the criteria i.fi.ed.pn;: val ., . hi | ., supra,
and/ or NacCa?{I:ﬁC?nse_gS!tOf éal% Fbs_ﬁgréggg%ndteaﬁy%?}{g% ?M %ﬁ“{%rdgﬁgé‘é%m%rﬁyno aci d
resi dues fal FihdPicipesi dessflues cuwmansst tR00Bh4MD 0B/0Z8RLELe@ ROMAISO0/ 174; 4

these CDR seguancesiGaBsbe shangeditigohubetsondd |Wnt@Quivalgat anino acids.
Usi ng the above described nethods known within the art, any or all of the

non-i dent i caP@ &gt Yadrdg e ant b Hitamysdear t fersIteE16r ©8ni n conbi nati on
with am ho asimlislsatl ydbkf eseat £¢@o0Piddurs nyoand NErdeeiae rbhe desired nunber

o oo, S R BT LTS EloSachRl LIE, de i PORLILGZE, e MK
to the degeneracy of the genetic code, such methods will
incorporate redundahcies at a desired aminolacid
position. Random oligonucleotide synthesis is the

15 c¢oupling of all four nucleotides at each nucleotide
position within a codon whereas partially degenerate
oligonucleotide synthesis is the coupling of equal
portions of all four nucleotides at the first two
nucleotide positions, for example, and equal portions of

20 two nucleotides at the third position. Both of these
latter synthesis methods can be found described in, for
example, Cwirla et al., Proc. Natl. Acad. Sci. USA
87:6378-6382, (1990) and Devlin et al., Science 249:404-

406, (1990).

25 Identification of amino acids to be changed can
be accomplished by those skilled in the art using currenﬁ
information available regarding the structure and
function of antibodies as well as available and current
information encompassing methods for CDR grafting

30 procedures. For example, CDRs can be identified within
the donor antibody by any or all of the criteria
specified in Kabat et al., supra, Chothia et al., supra,
and/or MacCallum et al., supra, and any or all

non-identical amino acid residues falling outside of



am no acids are then produced and screened for retqg;B%Qekgegrzgg%nentation
of function conpared to the unsubstituted Vitaxin polypeptides. Production
of the substituted Vitaxin polypeptides can be acconplished by, for

exanpl e, reconbi nant expression using nmethods known to those skilled in

the art. taxin polypeptides which 15 exhibit re ' 0l
augnentatﬁgﬁﬁgF&%hnction conpared to unsubstituted Vit%gﬂhggﬁgagonsidered

to contain mnor nodifications of the codi ng nucl eoti de sequence whi ch
result in the functional replacenent of""one or nore amino acids. 20 The

functi onal rngggeagﬁtség%éy@egocgﬁigé éﬁ%nd@%”%&i%hﬂét¥%§%ll oduci ng grafted

ant i bodi es havi ng hunman ramewor K sequences since 1t allo for the rapid

i denti ficati GFUoVaLEUT ANER agAfifio aBFHhe ddied@dsvei dpveiPache need for

structural i mdeehoasi ! Wik@ihabgei ops, Zhprecadur 86 fNecessary to assess

and identify which amnao acid residues should be copsidered for

substitutionh lg?ag%c?c)§5588e§§fﬂfl?a?ﬁ§%§?@P989nﬂ+?ﬁf?lﬁiﬂﬁeoﬁrfron1the

donor. Moreovier combiediimmatied thénacdwuals sttepidiEseenprpeaditioas £6 change

and test the agmn00pct 85 edaRti Leadh b OloSUShbI Yt on. Essentially, using
e

the functional replacenent approach descri’bed above, all non-identical
ami no aci d r &8Pghesubeeét eRehdeforharnttsivedhnrahtisnanedivek can be

identified andtaubstpdiMRebtWakl aBXt&nid lknet BeL; Pogsi bl & jamag acid:
resi dues at each 16 cenber 2003 WD 00/ 78815 23 PCT/ US00/ 17454

non-i denti caP™p88i EFHIF 130 SprBacBr adpoliand srreened ubt itaiesd 1pBI ypept i des
cont ai ni g allr pogsédtaian alfl fufesisedgpenrebatbonse antkhicnakions. The

popul ati on of,. t] ed.pal ypeptides .can then be screened for those 5
subst i t ut ed fﬁ’éltégggté’%lé}fe%ﬁr‘gﬁgret %%%‘? SIS Gh. CRR ‘§DS‘ilhté’et88don based
nut agenesi s phtesdnresl veptidbedcabodye,accomplished by, for example,

recombinant expression using methods known to those
skilled in the art. Those Vitaxin polypeptides which

15 exhibit retention or augmentation of function compared to
unsubstituted Vitaxin are considered to contain minor
modifications of the encoding nucleotide sequence which
result in the functional replacement of one or more amino

acids.

20 The functional replacement of amino acids is
beneficial when producing grafted antibodies having human
framework sequences since it allows for the rapid
identification of equivalent amino acid residues without
the need for structural information or the laborious

25 procedures necessary to assess and identify which amino
acid residues should be considered for substitution in
order to successfully transfer binding function from the
donor. Morecover, it eliminates the actual step-wise
procedures to change and test the amino acids identified

30 for substitution. Essentially, using the functional
replacement approach described above, all non-identical
amino acid residues between the donor and the human
framework can be identified and substituted with any or

all other possible amino acid residues at each



the generation of a library of substituted am no agi@DeEgﬁbgye% d the
screening of functionally replaced residues has been use or the rapid
production of 10 grafted therapeutic antibodies as well as for the rapid
alteration of antibody affinity. Such procedures are exenpgl)flgg !n,G{or
exanpl e, Regel:®is al ., J. Biol. Chem 271:22611-22618 { naRg 1n daser
et al., J. | mT;IJnoI . 149:3903-3913 (1992), respectivel y.é'l?é I'n addition to
framework residues, amno acids in onepr nore CDRs can be functionally
replaced to allow identification of a nodified LM509 grafted anti body

havi ng enhanced-adénvital pdsiimdohheo ngtdnds de@@pub@diorattm/edf ordf_rarrevvork
resi dues, am i i i .20 . can simlarly be..introdu into one
or nore ms?%s?%ﬁ@{%%l&%%#ggégn ?rbtoadlyglnﬁhgﬁm ???lebdlﬁ_l%ogigrafted

anti body cand§€iredtrermytBiondi agd aceriivitar itpsdet Bheri prpulwitébhenta” R3

bi ndi ng” act i Wby« i Su¥ed rgcaly@)%gt_ia’@@ tlidieed neL VB0 L 2fsd &%BglabOd.y can be
further tested , to determne 25 if activity has been enhanced. Functi onal

repl acenent SPPSHMFNEARY YPERFddRS Y BheesaiRpEBnEDren ¢ héedrere all ows
the identifi ¢cati codai HHsecenhanagenédMdD @Frlduedsantibodieqd haviay a

desirabl e pr r h as enhanced activity. To generate nodified LM509
grafted anltoi %ggi ééng%tlfﬁd Oge eg%b{fﬁ,%%eOMﬁ“%’Sgﬁﬁgﬁ%%dawq Wty several

appr oaches cafsbéuengyddiei ncrhenbed et |Mcmﬁohhblpm°mg{aﬁeﬂf rﬁi/:agges
within a CDR,tQ; t el ' . 0 ) in a

grafted anti l]):od%mti%érrkgadi@? V. Tlﬁég‘gs’?%c%”g%’éfioér%ﬁ%ﬁ%é’ 5 PCT/ USOQ 17454
24 choi cé Oof 958F 624 i [difrarienéiraanbibefiteggarevied Loks OBRs twiel Irapddpend on t he

need and desknedr@pdd cat @R i9ba her £ Siigncedyant p bodyqn fQr ,gxanpl e, one or
a few am no acid Jgf iti.ons within can be nodified to contain

singl e CDR )
5 sel ected afnorH %"sé ar-t it PORTRY n RORCkePhat  velds-Blol. Chem.

271:22611-22618 (1996) and in Glaser et al., J. Immunol.
149:3903-3913 (1992), respectively.

15 In addition to framework residues, aminc acids
in one or more CDRs can be functionally replaced to allow
identification of a modified LM609 grafted antibody
having enhanced activity. Using the methods described
above. for framework residues, amino acid substitutions

20 can similarly be introduced into one or more CDRs in an
LM609 grafted antibody. The modified LM609 grafted
antibody can be tested for binding activity to determine

- whether oyf; binding activity is maintained. The modified
LM609 grafted antibody can be further tested to determine

25 1if activity has been enhanced. Functional replacement of
amino acid residues in one or more CDRs therefore allows
the identification of an enhanced LM609 grafted antibody

having a desirable property such as enhanced activity.

To generate modified LM60Y9 grafted antibodies
30 and select those with enhanced activity, several
-approaches can be employed in the selection of the number
of residues within a CDR to mutate as well as the number

of CDRs within a LM609 grafted antibody to modify. The



the targeted amno acid positions can be nodified tQ fafaLpR g?b3possi bl e
am no acids at that position. The resultant population of nodifie '
anti bodi es can then be. screened for enhanced activity. 10 The construction
of nodified LM609 grafted antibody popul ati ons can al so be nmade where all
am no aciwlg.pasgisti ons within a CDR have been nutated t 199%5/?‘%494 al |
possi bl e am no acids and where am no acid positions wthin nmultiple CDRs
have been nodified to contain 15 variant, amno acid residues.. In this way,
popul ati ons can be constructed which range from2 to >10" uni que nenbers.

The |arger thkaopepubatidmctiibg amee@iafiﬁz:ixeﬂlht_apehéspg dhepsel geijon of an
enhanced LI\/B(%% anti body since there wll be a |arger nunber of

rafte /
different 20 aﬁ?? odi e ‘?Ni"teﬁldnagﬂed‘f)%lp‘iﬂdataipé’r]l.lc%hiéﬁe?f, ZSmal | popul ation
of nodified eNBOSced adriteidbcaiyt.i bBdr esxaarlhe onerde antksuscesshulilly used for
the selectio oL . f tibodies.. The size of the
popul ati on o?°g%g%2§%0558?5ﬁ§d&%f?‘%o feersm‘\?\ﬁlﬁe%gtﬁer‘fﬁmgﬁl?he need 25
of a particuFaleapptiamiiconcadd ehntl deisétapned bitomatiskilyled in the
art. The genehat torg&fedrmdiihi-edc LYBOSs Giahiedanapt i Radi &% £ be achi eved

by introducing anfno acid substitutions into one or nore CDRs of an LM509
grafted 30 aﬁgf'B?)Jd?/.allﬁorpoéﬁéﬁﬂaﬁe?mﬁli'?]gﬂce‘dérﬁaﬁotaﬂdp%ft}l:i'slﬂnt-ut TBfis can be
syst emat i cal kgsibtsodyeetliantonac LR NE ickiaag: DHodi egi 3N td@hnBeaci d in the
COR to any or %é acgn' 0 ae%ihgs- dArri no. aci d substitutions can al so be
introduced i nto alT- 16 Detenper 2003 WHY00/ 78815 25 PCTI USOD 17434 armi no
acid positions in one or nore of the CDRs or in all of the CDRs,

generating a popul at | o O JOdELLer - MI0G,a9kALE Ehi @ I iady yar  ants.  Thi s
popul ation of nodified LMOQ9 grafted antibody vari ant aving single am no
aci d antibody populations can alseo be made where all amino

acids positions within a CDR have been mutated to contain
all possible amino acids and where amino acid positions
within multiple CDRs have been modified to contain

'15 variant amino acid residues. . In this way, populations
can be constructed which range from 2 to >10" unique
members. The larger the population, the more efficient
will be the selection of an enhanced LM609 grafted
antibody since there will be a larger number of different

20 antibodies within the population. However, a small
population of modified LM609 grafted antibodies can be
made and successfully used for the selection of enhanced

' LM609 grafted antibodies. The size of the population of

modified LM609 grafted antibodies will depend on the need

25 of a particular application and can be determined by one
skilled in the art. 7

The generation of modified LM609 grafted
antibodies can be achieved by introducing amino acid
substitutions into one or more CDRs of an LM609 grafted

30 antibody. For example, single amino acid substitutions
can be systematically introduced into a CDR by changing a
given amino acid in the CDR to any or all amino acids.

Amino acid substitutions can also be introduced into all



5 substitutions can be screened to identify those v ipaptspelhdgodmi ntain
a"}33 binding activity. The variants having a4N3 binding activity can be
further characterized to identify those variants having enhanced activity.

Such a systematic approach to introducing single amno acid 10

substi t ut p@geRd generating a popul ation of LM609 gr gﬁ# Pk body
variants to screen for enhanced LM609 grafted anti bodia]fa avi ng4bh| gh

affinity. binding to aVN3 is described.n Exanple VI. In addition to
generating a popul ation of 15 nodified LI\/609 grafted antibody variants, a

particular GRRneradiPFddiedbat & de aGl Ghdrd 8 R msbersghesifd to
i ntroduce one O[:P ‘%@’r am no aci d substitutions. For xanpl e, sequence

hormol ogy or &F M GTOGEPTERH HLOREEF P P'Eie‘h‘iq’ff}}eﬁallf“iseal ar anmino
aci d positi onsafoe@0zn titboagu e e r Har tho. aCl]l”d.sSIEbbﬁtl]L&Ui(erHﬁ mbRiFhEg exanpl e,

only one or %ng ?P%#Jéde%nwég‘?\}% aiIlan I&t%mdgeln re: faarrlwitlﬁotarﬁg ener at ed

and screened ng activi re will
‘know or can SHéﬁé*‘?ﬁlW@f\ﬁh@?hebel=§C¥€sertﬁei5|tr0abﬁentpfgeu”re:r5@t gaaibkatge 25

popul ation othaedrhiiracgllnl\/@% g&a&i@& At pady. V%éa@é&;ﬂ{ts th%v%gef ate a

limted nunber of mpdified LM509 grafted antibody variants to sCreen and
identify an SritraRéBA N MG VLY €30 2t S WodPThavrRecEHafcedoactivity. In

addition to ndéﬂtifylmg)s%nbaﬁﬁ&dté.lm&r@o cghahted antiviedi esshyngenerating
a popul ation_of; modi f |ead LNMB %rafted ant i bodi es havi ng si ngl e amino acid
substitutionS¥Pr"g PRECED i Y To5éRAanit e e &N #Fi9enhanced LMB09
grafted afti bodyt i/t izmss andngdbe Dacianber p2903a W0 Q/£7 8856 9PCTI USOCO 17454

20 o0 me, PERSEALe e nEATDLAL 1 (4901 IR PME AdillTea FRBDKIOWN L0

i ndependent!ly result in enhanced actiVvit a single anti %ody When
there are rmﬁéafﬁ%fﬁ g bodi e at Mg éﬁgé!f f?‘lfé:F-Eht-Y vtasnctlegl dentifyis
conbi nati onsd@écribed in Example VI.

In addition to generating a population of
15 modified LM609 grafted antibody variants, a particular
CDR or a particular amino acid in a CDR can bLe selected
to introduce one or more amino acid substitutions. For
example, sequence homology or a structural model can be
used to identify particular amino acid positions to
20 introduce amino acid substitutions. In this example,
only one or a few modified LM609 grafted antibody
| variants are generated and screened for binding activity
- to oyB;. One of skill in the art will know or can
determine whether it is desirable to generate a large
25 population of modified LM609 grafted antibody variants or
to generate a limited number of modified LM609 grafted
antibody variants to screen and identify an enhanced

ILM609 grafted antibody having enhanced activity.

In addition to identifying enhanced LM609
30 grafted antibodies by generating a population of modified
_-LM609 grafted antibodies having single amino acid
substitutions in a CDR and screening for enhanced

activity, enhanced LM609 grafted antibody variants can



5 mutations which further augnment activity is to capshedehbes! 2o@pssi bl e
conbi nati ons and pernutations and then select for those with enhanced
activity. For exanple, two single nmutations in one or nore CDRs can be
conbined to generate a new nodified LM609 grafted anti body having 10 two

CDR mut at i\phg,A8d screened to determine if the oc 3 biﬂlﬂin%go;f’ﬁ%‘;i-"ity IS
i ncreased over that of the single nmutants. Simlarly, three nutations can
be conbined and the resulting nodified M09 grafted antibody screened
for enhanced binding activity. Using such an approach of 15 conbini ng CDR

nut ations, aanew POPELraddaaRd0byBehbi Gty LMBOS oréfd eahtartbhedy variants

can be generate i ncor,porating all conhinations of the single CDR
mut at i ons regﬁf:gi %O‘f'h t@nﬁ%ﬁ@@ﬁ“ﬁ%’ﬁ]&/‘f 5 St ol RefNIRSEF PEELYMBDO grafted

anti body var ianbsaanchgler eanibhgdyo Athabtthicneafrophdsd zednenhanced LM609
grafted anti . iterative, ep-wi.se . oach tg .identifyipg an
RQQthégg, S %&gé§§e§£ &%K/to 1%8H£1?‘ co(ﬁigﬁ%ﬁPnal?g

enhanced LM509 grafted anti I'S advant ageous 1 n ws the
i dentificati Batetiams aftichodyrhhet mpgmepiti pakibingi g taccpustyusi t hout t he

need to geneeatepdssh A% SGhBENaR: bR Ufhd WAL Of 1 i edyLyB09 grafted
anti body variants. For exanple, using the approach (fescrl bed in -

Exanpl es VI SRUSEH 1T SH0SEh WS ERgPhanneshesthgl BY i ddiftt PramPand conbi ned
into a new pepdl aingre ofutkhbofs gh adriedrambirbBOdYRY addrableS cofphaeged LMB09

3502 uni que Var FaTEte 4 ot Patt Tl el aledee b PR AIatreK BFviangle
ei ght anilfo &epdCPRgruhed iCDR andutdracegui te 3d0dpmimd due thar &@nt s.
December 2005 Ve 0B/ FHa 12 57 P UDU T/ SSa 2L EDS G &P Ead B0t Fbodi ee. havi ng
enhanced act PYFEytSuciFigdlaplyh Br¥enimuraliads ngabyegevabanedgardrel ati vel y
smal | the resulting modified LM609 grafted antibody screened

for enhanced binding activity. Using such an approach of

15 combining CDR mutations, a new population of modified
LM602 grafted antibody variants can be generated by
. incorporating all combinations of the single CDR
mutations resulting in enhanced activity intc new
modified LM609 grafted antibody variants and screening to

20 obtain an optimized enhanced LM609 grafted antibody.

An iterative, step-wise approach to identifying
an enhanced LM609 grafted antibody is advantageous in
- that it allows the identification of an antibody having
optimal binding activity without the need to generate and
25 screen a large number of modified LM609 grafted antibody
variants. For example, using the approach described in 7
Examples VI and VII in which single mutants were
identified and combined into a new population of LM609
grafted antibody variants, enhanced LM609 grafted
30 antibodies having higher affinity were identified by
generating 2592 unique variants. In contrast, complete
randomization of a single eight amino acid residue CDR
would require >10' unique variants. Therefore, such an

iterative approach allows identification of enhanced



nunber of unique nodified LM609 grafted anti body varg gatsmpaPth &3 eeni ng
and identifying those enhanced LM609 5 grafted anti body variants exhibiting
high affinity binding. An iterative, step-w se approach to identifying
enhanced LM609 variants can al so be performed using additional steps.

I nst ead ofw@gpagati ng all conbinations 10 of single amfg A6t ations,
the single amno acid nutations can be conbined in pairs to generate all
conbi nati ons of double nutants and screggned for activity. Those double

mut ant s havi ng enhanced activity can be conbined with any or all single

~nutants to genevat gradfidd i@ pBut a9t sa iRyl «ahenssd esNadikQr sehhanced
i enerating nodified LMO09

bi nding activity. ch iterative round of .
grafted anti 68§7 35%?%% ¥s 8 1f‘ﬁc]8¥p%‘:fréﬁré"tlgad?t?%]r%ﬁlvﬁlﬁg?@a%t ations, and
t he resul ti ngumbdi fo2dniloMe0ogt af ¢& dreatiol hedr esd cait e dyc kaenssk § or
enhanced 20 Y ; eR-W eration_of LM rafted antibody
variants cangﬁﬁugé %enull;gﬁ attg ?8%???8&%1 t%SBFi %‘O}i‘aerbcei_ﬁﬁqgogr afted anti body.
Addi t i onal® y9r3fited antihosvavavéanppreaxddtrislise al dlovet Fiodtyvhe
identificati gan@ingnumerous enhanced anti bodi es which exhibit a range of 25
di fferent, enhanced binding activities. An optim zed LM509 grafted anti body
can also be referred to as an LM609-1i ke grafted antibody or an
a' P3-specific grafted mntithedyiasd $tseg-eaegnkgpbdecbacaysentt beimnti body or
functional fregggegéé Ltmﬁ]reof' retains the 30 functjonal, K characteristics of

n g

LMB09. For exanpleo Bhhand8d ENBOSL Yt & P8dPEnk T bt P P4R¥s, whi ch have a

si ngl e am noadditienmistittewtsi.onTantedthwe @grhangeithg acitli ot ingahoe

ident 110 and 6pssl AhARLlad 6, BRASTDRE. 2003, M0 001 78815,

PC T/ USO0/ 17454 28 specific amno acid substitu ese amno acid
substi t uti on¥UEAR-RE GifbiPRe§OrBIYRtheimaPe iasnbw grbifated all
combinations of double mutants and screened for activity.
Those double mutants having enhanced activity can be
combined with any or all single mutants to generate
15 triple mutants that are screened for enhanced binding
activity. Each iterative round of generating modified
LM609 grafted antibody variants can incorporate
additional single mutations, and the resulting modified
LM609 grafted antibodies can be screened for enhanced
20 activity. The step-wise generation of LM609 grafted
antibody variants can thus be used to identify an
optimized LM609 grafted antibody. Additionally, such an
~ iterative approach also allows for the identification of
numerous enhanced antibodies which exhibit a range of

25 different, enhanced binding activities.

An optimized LM609 grafted antibody can also be
referred to as an LM609-like grafted antibody or an
ayp;—specific grafted antibody and is recognizable because
the antibody or functional fragments thereof retains the

30 functional characteristics of'LMGOQ. For example,
enhanced LM609 grafted antibody variants, which have a
single amino acid substitution and have enhanced

activity, can be identified and correlated with a



LM609 grafted antibody that is tested for activity,SHehondeforgnati on of
advant ageous CDR ami no acid substitutions can result 1 n an optimzed LM;09
grafted antibody with nultiple CDRs having at | east one anmno acid
substitution or a single CDR having nultiple amino acid substi tuti ons,

where the Jsbgd LM609 grafted antibody has enhance
Enhanced I%gdé grafted anti bodies, particularly thosedP':aﬂ?lEdG&/A7;%1 by

functional replacement of amno acid rgsidues in the CDRs have desirable
enhanced properties such as increased affinity. For exarrpl e, an optim zed
LMB09 gr af t ecspart. i bodymiray iarg di Bapeasedk @fdf.i Nirh¥swi ddindaave hi gher
affinity than ent_ anti body used r_introducing functional

r epl ace)r/rent ofﬁagr%rl:'tng{5 &?Sdscan E\Fg%grrngla ?4 %Cl JENETRY e rf?er’i"e&lordélféﬂjve to a
reference aAticB8dgrathddgrdibony| Bhastyaudtested For axanpltg,. i Buthe

optim zed LM30Qoghahiehans dixnaﬁ&g HRC m?i‘Hct:»' ody 20 containing two

heavy chains and two |ight chains hi gher inity is determ ned
relative to CHESFAEREIONSH&AENESENBDY 7 raf mlahﬂﬁ%o@yﬁo%l%alfaﬁﬁy, if the

opti ni zed LI\/EGngbafztm}ﬁlﬂhlllﬁQQYel Sp@d Hedhngt BeN bl ghedne alfilbgity is
det erm ned reI ative to the parent 25 LM609 grafted anti body.

of
Al though it ©©°S ﬁofu%%%%tug&f’f/’ P85 PrOLEEE t%ﬁoﬂ@ﬁlnwlf]itﬁipeleoﬁfnﬂﬁf’zatl on
steps to obtacmdasubgti taffiionist y whe e Otheg mekiti édeantidmayrdfitegeneral , the

increase in LatfipiL W rela th the nunber of nodifications 30
Wi thin and bgt ween ﬁa%n%gkfggaégw Jhtthe nunber of optim zation steps.

Therefore, LMBO9 grafted antibodies will exhibit a variety of ranges. For

exanpl e, 1lMB09 gr af t ethranielBodi6s9 amdeeha@s%@;f' féai W'ﬁ Jhgave up 16
Decenber 2003, WD 00/ 78815 29 PCT/ US00/ 1745: # to about’ 3
affinity or §P8§?e?p iﬂ%ﬁ?ﬂaPVy unctional replacement of amino ac1

residues in the CDRs, have desirable enhanced properties
such as increased affinity. For example, an optimized
LM609 grafted antibody having increased affinity will
15 have higher affinity than the parent antibody used for
introducing functional replécement of amino acids.
Higher affinity is determined relative to a reference
antibody having a similar structure. For example, if the
optimized LM609 grafted antibody is an intact antibody
20 containing two heavy chains and two light chains, then
higher affinity is determined relative to the intact
parent LM609 grafted antibody. Similarly, if the
- optimized LM609 grafted antibody is an Fab, then higher
affinity is determined relative to the Fab of the parent
25 1LM609 grafted antibody.

Although it is not necessary to proceed through
multiple optimization steps to obtain a high affinity
1M609 grafted antibody, in general, the increase in
affinity can correlate with the number of modifications

30 within and between CDRs as well as with the number of
optimization steps. Therefore, LM609 grafted antibodies
will exhibit a variety of ranges. For example, LM609

grafted antibodies having enhanced affinity will have up



greater than about 2- to 5-fold higher affinity sugh as..Q5eats§od han about
4- to 5-fold higher affinity or about 5- to 10-fold higher affinity than
the reference antibody. Particularly, a LM609 grafted anti body havi ng
enhanced affinity will have greater than about 10- to .50-fold higher

affinity, \ghefissfs t han about 50-fold higher affinity, er than
about 100-fold ﬁllragher affinity than the reference antig%%lggog%JAs

descri bed above, functional replacenent,,of CDR ami no acid residues can be
used to identify LM09 grafted antibodies exhibiting higher affinity than

a parent LMiB9apsai tBEaW hhgdyr Metihads @ix5%9§§€@|r,a e raQli ybel ow for
i ntroducing mrQOE ertcijlfi c%ti ong intao Vitaxin 15 or LM509 graf %’ed ant i body
encodi ng nucPéat e SEGUERCES “tatrP st Py 9BET L_EBE g YgéHePaPe a library

of nodified gk&BO8r griafit ethoant & boity Srafidlanhs ghkBCh £Eli ig ykcha@gdsusuch as
codon based Bgut agenesd g glggggp gitjihﬁjciq: clegtide synthesis and partially
e or

degenerate ol i gonucl eoti de 20 synt hesi §. exanpr € “¢§fon based
nut agenesis AASIpRdn (Resgicolyther at AMHEChgaakréd aant idfodyntiafied LMBO9

grafted ant Ehegycadrd NhS thavi 10 svidles Ao Agh dusilistigtugjons  (see
Exanple VI). Qf%e{ q}e]]_gJ rati ng_a_ l'ibrary of nodified LNBOS% 25 grafted
anti body. var Pant&td ¢ dr PARE R an BEadepr EBaBdakeit S¥-dered for bi nding

activity to higBSr Abtihady,wet|grdetauwn thant Beser skidl@dd Ritherart related
to determni . i hody- antigen interactipns are used to screen for

modi fi ed LM gfb’%g‘#% S BN SeE Ol B ARE3 ndi ng 30 activity to a, f3
(Harl ow and Lane, supra). For exanple, an ELISA nethod has been used to

screen ajpi brary of mndigbied; LVp (ﬂ&éf%EQCQE%LQPq¥$% %E%%é% Lo identify
S

those variants that maintalined ay0O3 binding activity €ee Decenber 2003

WO 00/ 78815 $PREAMSI0 AL 453t BeRsNe DY psednty tdrrsd fyo@MEPRd LMB09
grafted grafted antibodies exhibiting higher affinity than a

parent LM609 grafted antibody. Methods discussed above
or below for introducing minor modifications into Vitaxin

15 or LM609 grafted antibody encoding nucleotide sequences
can similarly be used to generate a library of modified
LM609 grafted antibody variants, including methods such
as codon based mutagenesis, random oligonucleotide
synthesis and partially degenerate oligonucleotide

20 synthesis. For example, codon based mutagenesis has been
used to generate such a library of modified LM609 graffed
antibody variants having single amino acid substitutions

" {see Example VI}.

After generating a library of modified LMG09
25 grafted antibody variants, the variants can be expressed
"and screened for ‘binding activity to a,B,. Methods well
known to those skilled in the art related to determining
antibody-antigen interactions are used to screen for
modified LM608 grafted antibodies exhibiting binding
30 activity to ao,f; (Harlow and Lane, supra). For example,
an ELISA method has been used to screen a library of
modified LM609 grafted antibody variants to identify

those variants that maintained oyf; binding activity (see



anti bodies that maintain ¢ 33 binding activity are;coRskadgLedd@s further
characterization. Mddified LM609 grafted anti bodi es having a"133 5 binding
activity can be further characterized to determ ne which nodified LM509
grafted anti body has enhanced activity. The type of assay used to assess

enhanced. aghbiskys depends on the particular desired ch Shisfic. For
exanple, if altered binding activity 10 is desired, theﬁéﬁﬁﬁcﬁiﬁg assays

that allow determ nation of binding afsfginity are used. Such assays include
bi ndi ng assays, conpetition binding assays and surface plasnon resonance
as descri bedExamExanpie. VionlynthoselGiddiFiefd sMegbegasfswa aci d substitutions

15 into CDRs : 0 fted.aptibodi,es can be used.fo generate a library
of nodified f%bgg%f%? %h%’taﬂltal‘lﬁg frésa"ﬁéflb e &ei© 6?’1%3{ n%ﬁeng activity to
cl 33. Those medpifered fB0Fugthet echartdteodizesiexhi biting binding activity
to ¢433 can then be further characterized to identify 20 enhanced LM509
grafted anti bodi es exhi biting enhanced -activity such as higher binding
affinity. For exanpl eModidiigg &MeR® grafmcoashiPadhemtitaviol eshanced LM509
grafted arsti bediesg hestiing t§i BghepaninxRG dhswhstitidPng Wwere generated

usi ng the heavy chain variable. region shown in Figure la (SEQ ID NGO 2)
and the | i-gh?e)éﬁ]érf‘lnne é?icélbf"é’g?5@?%*@(5)%?’:?5‘“?99%?%1 dY &8® | D NO 32), and
LM609 graft egnhancdddicasiwieye | Oeattfdeedfdiasphayinagd 24 assk3sfol d i nproved

affinity ovegp,the.oar . LIVBO e ant i ho ee anple Vvi). 30
Fol | owi ng i deﬁt ?ﬁcatﬁe&c}%%&@eﬁ g%l@ée%l %\/btg‘ parrg%(‘f‘(éf %nci%:( }66%es havi ng a
si ngl e am noChRFYCtYUEStit-ut Fon, exdewlar Ad adrdredtiatiding eahibétyonbi ned

to 16 Deaenbes 20930 AWeA8B1RaRLT!4SAP1745¢ 311 fwrddiasenhange activity.

Met hods di scuisgd bove fffqr __introduci ng si ngl e am no acid substitutions
into CDRs cafit binding affinity are used.” Such assays include

binding assays, competition binding assays and surface

plasmon rescnance as described in Example VI.

Introduction of single amino acid substitutions
15 into CDRs of LM609 grafted antibodies can be used to
generate a library of modified LM609 grafted antibodies
and screen for binding activity to o,B;. Those modified
LM609 grafted antibodies exhibiting binding activity to
oyf; can then be further characterized to identify
20 enhanced LM609 grafted antibodies exhibiting enhanced
activity such as higher binding affinity. For example,

" using such an approach, a number of enhanced LM609
grafted antibodies having single amino acid substitutions
were generated using the heavy chain variable region

25 shown in Figure la ({(SEQ ID NO:2) and the light chain
‘variable region shown in Figure 7 {SEQ ID NO:32), and
LM609 grafted antibodies were identified displaying 2 to
13-fold improved affinity over the parent LM609 grafted
antibody (see Example VI).

30 Following identification of enhanced LM60QS
grafted antibodies having a single amino acid

substitution, the amino acid mutations can be combined to



simlarly be applied to conbine am no acid substituytd RsenpERr 2GRl e, a
combi natorial library of amno acid 5 nutations that resulted in enhanced
avl 3 binding affinity was generated using degenerate oligonucl eotides and
two site hybridization nutagenesis as described in Exanple VII. Enhanced
LM609 gr afy&6hAMsi bodi es containing multiple COR am no gclcbosihstitutions
wer e generated 10 using the heavy chain variable region shomn In Figure | a
(SEQID NO 2) and the light chain variaple region shown in Figure 7 (SEQ

I D NO 32), and LM609 grafted antibodies were identified having 20-fold

hi gher af fi nifluyther getatiefe achar:99- fm@tﬂuo@he&se&smt%g‘;@aqoghe par ent
LM509 15 graf; od l.n addition. am no acid
substituti ons%?gog{g#elﬁ)%t%n 1<eh éﬂ%e?jcjocg 6%tsltﬁ1t25ﬂg‘ﬁv5 ° §PEft €8P ant i body,
CDR ani no acisdméibsiy the iappd iedntal sombiye @odbbnedia filbSrianewenk . mut at i ons

that contribyoe 2Rafgnl ablenBsRRELH 25 i3 A-LMBO%ALAL Led ant i body. Thus,

mutations in CDR or framework regrons that énfance” "actiVvity can be
conbi ned to FUERREPIDIIAH ZesEAb9 ipyrerhaagedneifobivding e fiimignt i on

further providesgénagnssnt SJsQEg dogdhé Add N18g¥iuandod i Y Ghaifoencodi ng
nucl ei ¢ aci ds aﬁrrent S consi st substanti al IEy of the sane

e uch f
nucl eotide of* {% %chs FeldqheMEEageneHe #ar AEBFEIRPRYiioh EX8PPYRt axi n heavy
or |ight chaiVﬁIpoIWeqotqe@tes,mmhegrevau:écatﬂrﬁlbeghe@ ednddigniVvigt axi n heavy

chai n pol ypept,i ntiall f. nucl eotides 1-351 and of am no
acid resi duegh%g% to erlﬁ%Rcs géfzg ure tf% ?éﬁbsl‘beW?‘ élrrr&g

respecti V&l y)lSl’Fﬁet%rh&&‘MYeChegno‘ﬂaeiaktlwe r¢gti ari shown gt Rolyairn pal ypepti de
consi sts esseskeatrb mdlfzylénﬁeﬁﬁ‘@bﬂgr?-@%am QQH§§11§ :_P%E/ 93993%3454 32

nucl eoti des 1-321 and of amino acid residues Qd ut Fi gure 1B
(SEQ | D NOs: 3“aﬁﬂg‘ﬁre r7es(|§.§9t LPelgy32) ., and LM609 grafted antibodies

were identified having 20-fold higher afflnlty to greater
than 90-fold higher affinity than the parent LM609
15 grafted antibody.

In addition to combining CDR amino acid
substitutions to generate an enhanced or optimized LM609
grafted antibody, CDR amino acid substitutions cen also
be combined with framework mutations that contribute

20 desirable properties to a LM609 grafted antibody. Thus,
mutations in CDR or framework regions that enhance
activity can be combined to further optimize LM609

" grafted antibodies.

The invention further provides fragments of

25 Vitaxin heavy and light chain encoding nucleic acids
wherein such fragments consist substantially of the same
nucleotide or amino acid sequence as the variable region
of Vitaxin heavy oxr light chain polypeptides. The
variable region of the Vitaxin heavy chain polypeptide

30 consists essentially of nucleotides 1-351 and of amino
acid residues Glnl to Serll7 of Figure 1A (SEQ ID NOS:1
and 2, respectively). The wvariable region of the Vitaxin

light chain polypeptide consists essentially of



The termni of such variable region encodi ng nucl eiig paekfSeiSoé@i critical
so long as the intended purpose and 5 function remains the sane. Fragnents
additional to the variable region nucleic acid fragnents are provi ded as
wel |l . Such fragnments include, for exanple, nucleic acids 'consisting

subst ant i gk yo/REi1st he sanme nucl eotide sequence as a CDR gfy,ddd .M taxin
- heavy or |ight chain pol ypeptide. Sequences corresponding to the Vitaxin
+ CORs include, for exanple, those regiops defined by Kabat et al., supra,
and/or those regions defined by Chothia et al., supra, as well as those
defined by Mao€abbuidest 1al321 anpraf ammhdfdcamiaegfadaz?dmuagﬁents for each
of the above i or e nucl eoti des th belowin
Tabl e 2. Thggﬁag?e%ft %:}?ugg EE iggﬁdln%ce}'}q@ng I sgtgken Sfpeg gprl mary
sequence ‘shohfAei hePiigur ef §Acand311®k(JSE@elg®0NC@'1qodJam n31)clamd conforns to

the definitiaesapreyinisloyiseta?0s orddy iad Tab! £, dendip! '“ CDR
Nucl eoti de Resi dues Kabat Cﬁot h?al\/sécCa rhJur% V' CDRI 91’rl 105?% éggg%

CDR2148- 1981 ?“i%@fé@?ﬂ??“25vheCBR§295 318298- 315289- 315 V, ,
CDR170- 10276- 9688- 108 V,, CDR2148-168148-156136- 165 V,

CDR3265-291271-288265-288 S IarI n COR.fragnents for each 30
of the above definiti oEzns cofl[réﬂ%s (f%ﬂjtodlat héoaﬁﬁﬁo"%’aa&%g@aaeg set forth

bel ow in TabPECSElQ'WEHaImfmegaen’ds 16 dDgomviided 280 3D .00548815 33 ,
PCTI USO0/ 174%4 I@@,l,gguq RYyaRer ks -t ff 0 r gyepce shown in
a? lr]I D N%S: géfam %ET% 4 ;:{JI‘[%JSY °°Helagh%u tions

Fi gures 1A and and confor ns
previously s&f ?Eﬁqqfq ¥T86| Bhg same nucleotlde sequence as a CDR of

10 a Vitaxin heavy or light chain polypeptide. Sequences
corresponding to the Vitaxin CDRs include, for example,
those regions defined by Kabat et al., supré, and/or
those regions defined by Chothia et al., supra, as well

- as those defined by MacCallum et al., supra. The Vitaxin

15 CDR fragments for each of the above definitions

- correspond to the nucleotides set forth below in Table 2.
The nucleotide sequence numbering is taken from the
primary sequence shown in Figures 1A and 1B (SEQ ID NOS:1
and 3) and conforms to the definitions previously set

20 forth in Table 1. |

Table 2: Vitaxin CDR Nucleotide Residues

Kabat  Chothia MacCallum
V, CDR1 91-105 76-96 88-105
Vy CDR2 148-198  157~-168 139~-177
25 Vv, CDR3 295-318  298-315 289-315
' v, CDR1 70-102 76-96 88-108
V, CDR2 148-168  148-156 136-165
V, CDR3 265-291 271-288 265-288

Similarly, the Vitaxin CDR fragments for each
30 of the above definitions correspond to the amino acid

residues set forth below in Table 3. The amino acid



Table 3: Vitaxin CDR Am no Aci d Resi dues Kabat Chot higalMaeCalLim Mk

CDR1Ser 3| - Ser 35Gly26- Tyr 32Ser 30- Ser 35 VH
CDR2Lys50- Gly66Ser 53- GLy56Tr p47- Tyr 59 VH

CDR3Hi s99- Tyr 106Asnl 00- A1al05A1a97- - Alal05 VL

CDRl GLn24+5d r26- H s32Ser 30- Tyr 36 10VL -
cmzwwo@%‘?’?g%wo Ser52Leu46- 11e55 Wy  PCT/US00MTS
CDR3GLNn89- Thr 97Ser 91 - H s96GLn89- Hi s96 Thus, the invention al so provides
nucleic acid fragnents encoding substantially the sane am no acid

squence az aegiﬁhéﬁndhﬁérta&iBag@ﬂwﬁxﬂft%ﬁgbkiﬁﬁf@rbéﬁieggﬁygﬁgﬁéde- Nucl ei c
aci ds encodi g 1 t axi n .heav ' I charn peptjdes an ragnent s

t hereof are Ege?%?uﬁ%ﬁ 4 a&§r?§t§é%$q§fg&ﬁégt?gga%H e FRPERERR YRur poses.
For exanpl e, thhedaf iratiipnsupkeirtoasi Wsetaiobeh usedrdla eprioduce 20 Vitaxin
ant i bodi es and functional fragnments thereof having binding specificity and
inhibitory activit against the integrin U 03 The antibody and functional
fragment s théfedg +aVilaxigogDRohmine AdiidgRagidues t her apeutic treat nent
of avp' 3-nedi ated di sease. Vitaxin 25 and functional fragnents thereof can
be used, for exanple, to inhibit binding activity or other functional
activities of a"G33 that are Kekaksary forChebatdssi on dpcCahlum

a" (33--nedi avedotiisease. Osbep1fsuwcdd onakiagbiv)iies RECE§SEY3d or

progressi on of 3--nedi ated_di se 30 _include, for exanple, the
activation of* avP31 aVv 33-hﬁﬁ?gtéﬁﬁ§§ign§?r #éﬁ%ﬁﬂ%tioﬁragg"T¥%?9
al 33- nedi at eWly FP&3ent i on ofiidB9ERpdtrer 200B0WWRDN0A881545934a PO 4J500/ 17454

apoptosi s. - Advankageous! y, cRONPYRTs3 Vi L AKLD, GORPLISES 0B, MpUSE T amewor k
ani no acid sequences and as such i's  |es§ antigenic inTregard'to the

i nducti oh%ofVaGRB3t | Mmun8Yradpae Th8yWheaSsérbhucl deodacltsSof the
VvV, CDR3 Gln89-Thra7 Ser91-His96 Gln89-His%6

Thus, the invention also provides nucleic acid
fragments encoding substantially the same amino acid
sequence as a CDR of a Vitaxin heavy or light chain

15 polypeptide.

Nucleic acids encoding Vitaxin heavy and light

chain polypeptides and fragments thereof are useful for a
variety of diagnostic and therapeutic purposes. For
example, the Vitaxin nucleic acids can be used to produce

20 Vitaxin antibodies and functional fragments thereof
having binding specificity and inhibitory activity
against the integrin o,f;. The antibody and functional
fragments thereof can be used for the diagnosis or
therapeutic treatment of a,f;-mediated diseaseé. Vitaxin

25 and functional fragmenté thereof can be used, for
example, to inhibit binding activity or other functional
activities of o,B; that are necessary for progression of
an o.p;-mediated disease. Other functional activities
necessary for progression of of,-mediated disease

30 include, for example, the activation of oyPi, oyP;-mediated

signal transduction and the op;-mediated prevention of



5 inventions can also be used to nodel functional gOwevakgbts>efzthe -
encoded heavy and light chain polypeptides. Thus, the invention provides

“Vitaxin heavy chain and Vitaxin light chain polypeptides or functional 10
fragnents thereof. The Vitaxin heavy chain polypeptide exhibits

subst anti a,b¥otdaes Sane ami no acid sequence as that sho¥@”&gwfh:ﬁre 1A (SEQ
I D NO 2) or functional fragnent thereof whereas the Vitaxi I ght chain

pol ypeptide exhibits substantially the game am no acid 15 sequence as that
shown. in Figure 1B (SEQ ID NG 4) or functional fragnment thereof- Al so

provided is apdptaxis. adidndyeonsiyncotdwnaly,f vagaent ddhg8aks The
anti body is rl%erlerated fronltgﬁ above hggv and |ight chain polypeptides or
functional frRGEREESt hetUBICEnGMeRAI BF1E - SoopeBeract YD ngSaffinity to

avJ3 The i nvdmtsisoanpigendesira megekdi to ath« ienicadiag of Hasse chain

pol ypepti de f; L fted _agti : 0 proyided..s a nucleic acid
encodi ng a Iﬁgﬁ?ﬁghg?%go%%ﬁypgﬁfigékgggyénf@%gg 5?% ?é%géﬁfibody. The
nucl ei ¢ 25 adirdsnEdnrs starvfalsghbeansedl ty madelsfnecheenal chain  vari abl e

regi on nucl eQihd¢a36/LENSE @ thabasBONh N anlil 9¥5R 1A 4{:SFQ ID NO 1) and
substantlall¥ﬁﬁhe same light chain variable region nucleotide sequence as
i

t hat shown EPGRFL9%S (SEQ ID NO 31) or a fragnent thereof. 30 LMBO9
. grafted antibodies, including functional fragnents thereof, are non-nouse

ant i bodi es whi ch exhib#t s% stantia%l% t he sgne gindhgg activity, binding
16 Decenber 2003 WO 007 78815 " SCHPUBBOI I A4 V388 bt 15T t4F3¥Nd i nhi bitory
activity as KhB09. aTheVitvBO0P 1dwhtft ela BmtidlopypEudés agments-tdesal i bed
herein ard  RAQHERHs D d WA OBAL! V1 LR ARG, bR PR AR RGLEed by

Kabat et al. , hereinafter referred to as

exhibits substantially the same amino acid sequence as
that shown in Figure 1A (SEQ ID NO:2) or fuhctional
fragment thereof whereas the Vitaxin light chain
polypeptide exhibits substantially the same amino acid

15 sequence as that shown. in Figure 1B (SEQ ID NO:4) or
functional fragment thereof. Also provided is a Vitaxin
antibody or functional fragment thereof. The antibody is
generated from the above heavy and light chain
polypeptides or functional fragments thereof and exhibits

20 selective binding affinity to o,B,.

The invention provides a nucleic acid encoding
a heavy chain polypeptide for a LM609 grafted antibody.
Also provided is a nucleic acid encoding a light chain
pelypeptide for a LM609 grafted antibody. The nucleic
25 acids consist of substantially the same heavy chain
variable region nucleotide sequence as that 'shown in
Figure 1A (SEQ ID NO:l)‘aﬁd substantially the same light
chain variable region nucleotide sequence as that shown

in Figure 7 {SEQ ID NO:31) or a fragment thereof.

30 LM609 grafted antibodies, including functional
fragments thereof, are non-mouse antibodies which exhibit

substantially the same binding activity, binding



5 within human heavy and |ight chain variable regi o ppekypeptzgles with the
Kabat CDRs derived from LM509. Functional replacenent of the Kabat CDRs is
performed by the CDR grafting nethods previously described and which is
the subject matter of U S_Patent No. 5,225,539, 10 supra. Substitution of
am no aci dvoesisgiges outsi de of the Kabat CDRs can addi pépiabhispe :
performed to maintain or augnment beneficial binding properties so |ong as
such amno acid substitutions do not cgyrespond to a donor am no acid at
that particular position. Such 15 substitutions allow for the nodul ati on of
bi ndi ng propertiéscimy hout inkpRItoNg A1y viYSasSEYEENCE Thaehamgoberi stics
‘onto the ant] ut si f th abat %PRS LAl t.hough. t he production of
such anti bod:ghe}gg%'{%g %?s%%d&egvhgfg WA ersézgéﬁlgﬁclée o L¥BG9 grafted 20
anti bodi es, Phedseddthy Uinertichatly remiradegothantbRs scidds iogtisbde of t he

Kabat CDRs camphe &t idizednbokihherepradustian, of .essentialdy.any grafted
anti body. The.  production of LVBOY efgrafted ant itbo?:hges i's described further

bel ow i n Bxalfpl 8%, hwsenrheagycpradt ] Hh s ed\idic@arpebinaaaibmo graft ed
anti body heapylapebtidght wikai Bhyarawdd e pregidens vad er shiowmeoion Fi gures 1A
and 7, respectively. These _seguence coryespond supstantially to those
t hat encode ﬁ*‘ugc Jé%?/af/l & gaﬁeéﬁ?tc iW%a{ﬁgﬁ’El PR _ gt ORI BER: Pées of a
LM609 30 gr akhedChitddzothingTheskods obmE vl casilgs daser i roheid whachi ncl ude
both the sense ang ajtjscieRseestiands Of diie, LNBOS: graftad anti body

an ou e

encodi ng _sequences. Si'ngl e- ¢ | e-stran hucl’@i'd "aci'ds are
si il arly0 néPRded aiubstdithtasn noh-arodinggior rrohdued autsidechéic acid such
as 16 Decenbene 2043 R RQA1Z881544GH 44900/ %E4Eérf§1§nécpttr00%in§%\iﬁ and

3'-untransl ated regi ons and regul atory sequences of the gene tor exanple.
The nucl eoti 88 ANYHHi MG &E1A PRSP Ui ng properties so long as such

amino acid substitutions do not correspond to a donor
amino acid at that particular position. Such

15 substitutions allow for the modulation of binding
properties without imparting any mouse sequence
characteristics onto the antibody outside of the Kabat
CDRs. Although the production of such antibodies is
described herein with reference to LM609 grafted

20 antibodies, the substitution of such non-donor amino
acids outside of the Kabat CDRs can be utilized for the
production of essentially any grafted antibody. The
production of LM609 grafted antibodies is described

further below in Example V.

25 The nucleotide sequences of the LM609 grafted
antibody heavy and light chain variable regions are shown
in Figures 1A and 7, respectively. These sequences
correspond substantially to those that encode the heavy
and light chain variable region polypeptides of a LM609

30 grafted antibody. These nucleic acids are intended to
include both the sense and anti-sense strands of the
LM609 grafted antibody encoding sequences. Single- and
double-stranded nucleic acids are similarly included as

well as non-coding portions of the nucleic acid such as

e



boundaries for a LMb09 grafted anti body are identi aad pkechbthos®0Pprevi ously
described for Vitaxin. For exanple, a LMO09 grafted anti body heavy chain
vari abl e region polypeptide is encoded by a nucleic acid of about 351

nucl eotides in I ength which begins at the amno termnal dn.l residue of

t he vari akb@oorggison through to Serl17 10 (Figure 1A, SHERid3ehiERs54l and 2,
respectively). The LM609 grafted antibody |ight chain variable region

pol ypeptide is encoded by a nucleic agikd of about 321 nucl eotides in

| engt h beginning at the amno terminal Gul residue of the variable region
t hrough to LysdfdhgFisgur end, 3 ShépdAanks aNe8: 3égamtls 3hd rregpeetoyel y) . As

wth Vitaxin 1 Lfication of these nucl eotide sequences are
S%g&&‘?(g 3 éJrF)the ﬁgné ypor &xlalmgze

intended to i ncl uded "as heavy an t ‘chain variable region encoding
nucleic acids and their functional fragments. Thus, the invention also

provides a nucleic 2@rachdceasodiddna LMBAY Qradted il body heavy chain
wherein the nucleic acid encodes substantiallé the sane heavy chain
A

vari abl e regPOW I £6Fde sEERRh@F a4 efhapt iBAdWMA 15 1eghieai Ate SEQ I D

NO 2) or bragnesd gherieakly &sdtiarddy forheitaventi abalexamplLeyigdes a )

nucleic acid ncodi ng a 0 rafted. anti body |ight chain wherein the

_ nucleic acidL%%%%éggg%ﬁgs?%k¥$§%f3”?#3 SBAE"| Yt 2Rtfaitt9:98ri abl e regi on
am no aci d seolpre: igle tibaensddawh Hyna Ruglieéc7a¢SEQ@{ BoN@L32310r fragnent
thereof. In addjtionto;go t ey s L LEutions, of.; 3080 ci ds,

‘m nor nndifications_g% #ﬁegﬁﬁ%%gvg¥§?tgga%%%i%%39§e%g88%n§éghg %%tide

sequences whfthl dI9WuroPt EhR Yamicbilenzroiep| bleeonwait tof Sgnihd acids are

al so. 16 Decepbeyu00d, W80t 8&JD: 134nBCE| UsBOhdddddkeliyit.endgd t@sde incl uded

changed can BEL SRk ASAPSREG- 7% 69 "o RFFFBALF 1 HE™ P BPRE CRr 1 ont
is encoded by a nucleic acid of about 321 nucleotides in
length beginning at the amino terminal Glul residue of
the variable region through to Lysl07 (Figure 7, SEQ ID
15 NOS:31 and 32, respectively). As with Vitaxin, minor
modification of these nucleotide segquences are intended

to be included as heavy and light chain variable region

encoding nucleic acids and their functional fragments.

Thus, the invention also provides a nucleic
20 acid encoding a LM609 grafted antibody heavy chain
wherein the nucleic acid encodes substantially the same
- heavy chain variable region amino acid sequence as that
shown in Figure 1A (SEQ ID NO:2) or fragment thereof.
Similarly, the invention alsc provides a nucleic acid
.25 encoding a LM609 grafted antibody light chain wherein the
nucleic acid encodes substantially the same light chain |
variable region amino acid sequence as that shown in

Figure 7 (SEQ ID NO:32) or fragment thereof.

In addition to conservative substitutions of
30 amino acids, minor modifications of the LM609 grafted
antibody encoding nucleotide sequences which allow for

the functional replacement of amino acids are also



informati on avail abl e regarding the structure and 5&f neetiesr afo@Ent i bodi es
as well as available and current .infornmation enconpassing nmethods for CDR
grafting procedures. The substitution of functionally equivalent amno
aci ds encoded by the LM609 grafted anti body nucleotide sequences is

routine arglge@fsRe acconplished .10 by nethods known topdh@ssakilled in
the art. As described previously, such nethods include, for exanple,

codon based nutagenesi s, random ol i gonugl eoti de synthesis and partially
-degenerate oligonucl eotide synthesis and are beneficial when producing
grafted anti hadéﬁae@imesemn&me&ecal&Mﬁrprthéhaefﬂ:pi@hdrdem ichecati on of
~equivalent amno acid.residues w thout the. geeg f.or ructural

i nformati on. "TRe i ivention Fur?ﬁer BPBACIES FF alheh s 9°E\688 BF af t ed
anti body heawgcangll isigist bgh&hnsenslodh eyl 120thecéetcusmnqh;uwhenE|n such

fragments coRgisimsiist %%aagt)yeo,i_egml% nh@U%f@éé&% %bdam no acid

sequence as the variable region of ted antibody heavy or |ight
chai n pol ypeptirgelomeiniapgi vﬂ%a§|¢ﬁ %Q%i ?érﬁ?ﬁ%l%ﬁl%nﬁﬂ¢ FEEEabte region

encodi ng 25 Adebehsr A SacbhpBolikd infdtdldsS 8ok OOGR agrd b ngnt ended  pur pose
and function renmins the agg?nts additiopal to the varlable region

Fr
.nucl ei ¢ aci 8°PFEYHETit's 5?8 BPBYFHEY- 280 REI FURAE TRt VO @ISR LER BN e,
nucl ei ¢ aci dsmq:omsacsitdsn@nsubatlahylaié WMBE0S gPafbed sanm budgl eot i de sequence

as & COR of 2000, & At a0t pod Nisaviaarch gl ehalimglupept | de. o

with Vitaxin, Ssequences “correspon i body CDRs
i ncl ude, ]ﬁbrbﬁxﬁﬁﬁﬂQQS tkingga Fegthmﬁﬁ(ﬁﬁmlﬁed ie U@teﬂh@r 2@03 WO 00/ 78815

PCT/ USOO/ 17 aéécﬁﬁoéw gé@b{i‘%ugiy sucﬁwtﬁod@%@i@d@t @r ex%HPﬁ_@ as wel |
as those defined Callumet al., supra. The LM rafted anti body

CDR r egi ons ﬁPPPn §ﬁqﬂppgpggge§h%56;andom ollgonucleotlde synthe51s

"and partially degenerate oligonuclectide synthesis and

are beneficial when producing grafted antibodies since
15 they allow for the rapid identification of equivalent

amino acid residues without the need for structural

information.

The invention further provides fragments of
LM609 grafted antibody heavy and light chain encoding
20 nucleic acids wherein such fragments consist

substantially of the same nucleotide or amino acid
sequence as the variable region of a LM609 grafted
antibody heavy or light chain polypeptide. As with

. Vitaxin, the termini of such variable region encoding

25 nucleic acids is not critical so long as the intended

purpcse and function remains the same.

Fragments additional to the variable region
. nucleic acid fragments are provided as well and include,
for example, nucleic acids consisting substantially of
30 the same nucleotide sequence as a CDR of a LM609 grafted
' ‘antibody heavy or light chain polypeptide. As with
Vitaxin, sequences corresponding to the LM609 grafted

antibody CDRs include, for example, those regions defined




descri bed previously for Vitaxin. Mreover, such reag oasehbared® | known
and can be determned by those skilled in the art given the LM;09
sequences and teachings provided herein. Thus, the invention al so provides
nucleic acid fragnents encoding substantially the sane am no acid

sequence @& @8R of a LMb09 grafted anti body heavy or pc$Risddigdxy chain

pol ypeptide. As with Vitaxin, nucleic acids encoding LM09 grafted

anti body heavy and |ight chain pol ypepsgdes and fragnments thereof are

- useful for a variety of diagnostic and therapeutic purposes. For exanple,
LM609 gr af t edy 1%akeatt ieltody . ensodisng dhealhéaceacads, capdae Hsede1D 43 oduce-

r econbi nant i badj nd functional fragnents thereof i ng binding
specificity gﬁ%gél)n%fg?'fagr gyabg ?é/?]?lyum aeé:aﬁ%ét THE 9 nt ggﬁ %nge{% The anti body
and functi onafaffehgmenbody hebRofegiamsbeildee fomitlke dibaghosés or 20

therapeutic §&satimat obvash S8y Mes atieddhSeass:«uch sgkﬁegéfﬁnﬁpd met hods
of use for anti-a"R3 antibodi es have been described previously In

ref er ence>t 02 ¥ t"841h kaRinafRd edudlq Weippriced Ry ttdoske skibbed gitaf t ed

anti bodi es deserdhedikenctRe 260 Umqueheek N¥RNtiRNANKGYT PESviNRO9 grafted
ant i body hea}\]/g chai nﬁzlnd Vitaxin |ight chain polypepti dis, or functional
fragments t hafeor - THEUENMBDYS g RS Hd OPaALFB DREAPAC p¥Fibept i de
exhi bits subBtagnerdls pncblingasmogmnd addy dtise usrc amiasot Aaid shown in’

Figure 1A 30 é[iEeQeDQOZQ: r t.j-onRal %Ergt. reof ereas the
LM609 gr aftesd_ ntléboay i Rl? %%E?%Mp?g’%yﬁé’%%‘? e glxtﬁfbglg sgegwuhscgranti ally the
sane anmi k8 atithtsedadnceodypematdeshown in Figure 7 (SEQ ID NO:32). Also
provided is a LM609 16 Decenber 2003 WD 00/ 78815 PCTI US00/ 17454 39 grafted

anti body or functi onal fragrren_t thereof . The antibody is generated from
the above heavy and | PGhtrTRNG RISy PEFLEHE 2 TS gRECABALI LSy ment s
t hereof and grafted antibody heavy and light chain polypeptides and

fragments thereof are useful for a variety of diagnostic
and therapeutic purposes. For example, LM609 grafted

15 antibody encoding nucleic acids can be used to produce:
recombinant antibodies and functional fragments thereof
having binding specificity and inhibitory activity
against the integrin «,B;. The antibody and functional
fragments thereof can be used for the diagnosis or

20 therapeutic treatment of o, B;-mediated disease. Such
diseases and methods of use for anti-o,B; antibodies have
been described previously in reférence to Vitaxin and are

~equally applicable to the LM60S grafted antibodies

described herein.

25 Thus, the invention provides LM609 grafted
antibody heavy chain and Vitaxin light chain polypeptides
or functional fragments thereof. The.LM609 grafted
antibody heavy chain polypeptide exhibits substantially
the same amino acid seqguence as that shown in Figure 1A

30 (SEQ ID NO:2) or functional fragment thefeof whereas the
IM609 grafted antibody light chain polypeptide exhibits
substantially the same amino acid sequence as that shoﬁn

in Figure 7 (SEQ ID NO:32). Also provided is a LM609




exhibits selective binding affinity to a"33. 5 Theiigsnwestkesr preyi des an
enhanced LM509 grafted antibody exhibiting selective binding affinity to
a"1li 3. The enhanced LM609 grafted anti body contains at |east one am no
acid substitution in one or nmore CDRs of a LM609 grafted heavy chain

vari abl e haghersiRol ypeptide 10 or a LM609 grafted |ight,Ghapsy-Nari able
regi on pol ypeptide, wherein the a"E33 binding affinity of the enhanced
LM609 grafted antibody is maintained ogg enhanced. To identify enhanced
LM609 grafted antibodies, 15 a library of nodi fied LM609 grafted

anti bodi es V\@Saij]@ékﬁl’a&itﬁdmﬂ% deseindadnaloveagngnd nexasple Mhe Initially,

LM609 CDRs r nt| f| ed an I nt roduce | e am no acid
substituti o\rll\g glkﬂf Yi'A r?enfeﬁgge%dlﬁb& %ﬁ’& §§78Y%nﬁ‘%"‘fvyK§‘B§t ngh%| , supra, the
CDR r esi duesd?@lrse#cemmtﬁdesmt a@ermmaMEEac}tner(ﬂaRtthGryethd'hr- Phe- Ser -
Ser - Tyr - Asp- ( 3

Tr p- Val - Al a- %@1%5 S%rli@cszlgr?v%% ai/f%(@‘gggp %2 I%NSG) and

Ser - Thr-Tyr-Tyr - Leu- Asp- Thr-Val - d n Gy (SEQ ID NGO 38) (Trp47-dy6S); V'
CDR3 Al a- &r g- HI s- Asn- Tite- @uyel&&on Pr RNeehl an T¥indnee@ LPsDE: 40) (Al a

93- Tyr 102) ; Cligl Cé‘l d

Ser - @ n- Sear? ??te AREADR A Ex*ll_’ethlqlh“é’ PepEFhive SO pINDLE I tY dih24- Tyr
36) ; VL CDRZvﬁlgeu TH.@LedHachﬁgLﬁyM Af]grﬂ(éld- a&mbocﬁercolnlte18era£ SEQ | D NO

44) (Leu4db6 n Ser - Ser-Trp-P Hi s- Thr ( SEQ

I D NO 46) 3§P %?“*}45 g% glfe t2883 R‘/\éy'tfof’fsé‘ig HC 0117454 40
The nucl eotli‘ieU%@ﬂJérr@é§eénb©@ivmgﬂtah@ @@Rlabbgldewa@nsebézp@[dtidﬂ

mut agenegps Yer£ LW%&a%TTﬁMhaHCvéﬁa@@G%I%@C ATG TCT (SEQ ID
NG 33); VH CDR2 TGG (SEQ | D NG 35) and
5 AGC ACC TARCHYREPEiAcaArnAET G A GBENESED 2 Ef ND:t37Pf e CDR3 GCA AGA
CAT AAC TAC &ilaAfeld THE0GC rdA€ed SIMRibBdy is maintained or

enhanced.

To identify enhanced LM609 grafted antibodies,
15 a library of modified LM609 grafted antibodies was
generated as described above and in Example VI.
Initially, LM609 CDRs were identified and selected to
introduce single amino acid substitutions.: Utilizing the
numbering system of Kabat et al., supra, the CDR residues
20 selected for mutagenesis were V, CDR1 Gly-Phe-Thr-Phe-Ser-
Ser-Tyr-Asp-Met-Ser (SEQ ID NO:34)} (Gly**~Ser?); v, CDRZ
Trp-Val-Ala-Lys-Val-Ser-Ser-Gly-Gly~Gly (SEQ ID NO:36)
and Ser-Thr-Tyr-Tyr-Leu-Asp-Thr-Val-Gln-Gly (SEQ ID
NO:38) (Trp*-Gly®*}; VvV, CDR3 Ala-Arg-His-Asn-Tyr-Gly-Ser-
25 Phe-Bla-Tyr (SEQ ID NO:40) (Ala®-Tyr!®); v, CDRI Gln-Ala-
Ser-Gln-Ser-Ile-Ser-Asn-His-Leu-His-Trp-Tyr (SEQ ID
NO:42) (Gln?-Tyr*); V, CDR2 Leu-Leu-Ile-Arg-Tyr—-Arg-Ser-
Gln-Ser-Ile-Ser (SEQ ID NO:44) (Leu®®-Ser®}; and V, CDR3
Gln-Gln-Ser-Gly-Ser-Trp-Pro-His-Thr (SEQ ID NO:46)
30 (Gln®*-~Thx®").



NO 39); VL CDR1L CAG GCC AGC CAA AGT ATT AGC AAC CAGeCTAced&eEr TEH IAT ( SEQ
ID NGO 41); VL CDR2 CTT CTC ATC CGTI TAT CGI TCC CAG TCC ATC TCT (SEQ ID ,
NO 43); and VL CDR3 CAA 10 CAG AGT GGC AGC TGG CCT CAC ACG (SEQ I D NO 45).
Single amino acid substitutions can be introduced into the CDRs of an

LMB09 gr afwedymsisi body to generate a popul ati on of nodpdigdet¥B09 grafted
anti bodi es. For exanple, every amno acid in one or nore 15 CDRs can be

nutated to any or all amino acids to gepgerate a popul ation of nodified
LM609 grafted anti bodies and the popul ation screened for al03 bindi ng
activity. Al though thTise popileatiica ssqgenesacedobyndgruitad icng am no acids in

GO, popul atlQRg.cansal 54 dip LONGLLMELEL hgLe ChanaRy 80, drf. Tade In the

franemork regi on residues or in bo f Franmewor K.~ "Such
nut ati ons i n LhePGAriehI AT (BGi 6KS EGh REMEBeNSepal at'al $PR2 T&Hnbi nat i on,

or step- W sercTbus, AAK\&;MF\\I!@Tt he @éfﬁQ;d@If @é’rd‘%ﬁséofn% gpfagggd LM609
grafted ang i %%g g/nﬂet e am no bstitution |S|nt e CDR or in
the framewor §F T W@n?f*ﬁn“%’ﬂdﬂq &hEl F?Cpl‘%ﬁ'f? dds NOag7éhhénced
LM509 gr af t edDRAL GbmdyszemmlmWAertmmcrm kirmdcog T&f fiseict Yo Enhanced
LM609 graft egh,3Rtib X n i.ndi ng_affinit ncl ude

t hose -cont ai %l n%5 O%O%I%ggs?hgn%é%%(;tc oﬁgﬁ?’gﬂﬁmgﬁa%(ﬁgg% ngl e am no
acid substi tCE}E:l 8RS TART WSECDRD ¥et étted.f €OR2 tCRT @ITCUPTCODST stAtg of

A y-Thr-- TheekPhecSetaderccl WicAsBr b 5‘%{ N(JS L D 8 Phe 16
Decenber. 2003 WO 00/ 78815 PCT/ US60/ 59) | BV Benr £ dfad

Thr - Tr p- Set - S8F-29% G%p“%tTGgeFCTSE@ IpﬁGNQSQQ)IanIEPG%)
Phe- Thr - - Phe- Leu- - Ser - Tyr - Asp- Met - Ser (SEQ I D NO52) ; a VH CDR2 sel ected

fromthe group consi st of Tr. p- Val - -Lys-Val -Lys-Ser-Ay-Ay-Gy (SEQ
| D NO: 54), Ser-Thr- érl 1R ﬁBS ﬁ‘r‘?’?\t/\éF“b‘%“%a%P’K 880 I D NO 56) ~and

Ser - introduced 1nto the CDRs of an LM609 grafted antibody to
generate a population of modified LM609 grafted
antibodies. For example, every amino acid in one or more

15 <CDRs can be mutated to any or all amino acids to generate
a population of modified LM609 grafted antibodies and the
population screened for of,; binding activity. Although
this population is generated by mutating amino acids in
CPRs, populations can also be constructed where changes

20 are made in the framework region residues or in both the
CDRs and the framework. Such mutations in the variable
regions can be made separately, in cémbination, or step-

" wise. Thus, the invention also provides for an enhanced
LM60% grafted antibody, where the amino acid substitution

25 is in the CDR or in the framework region.

The invention additionally provides an enhanced

LM609 grafted antibody exhibiting enhanced binding
affinity. Enhanced LM609 grafted antibodies exhibiting
enhanced binding affinity include those containing at

30 1least one of the following CDRs having single aminoc acid
substitutions:
a Vy CDR1 selected from the group consisting of Gly-Thr-
Th;—Phe—Ser—Ser—Tyr—Asp—Met~Ser {SEQ ID NC:48), Gly-Phe-



Thr-Tyr-Tyr--Leu-Asp-Thr-Val-GQu-Ady (SEQ I D NG 58)1;6 e VSR we] ect ed
fromthe group consisting of Ala-Arg- His--Asn-Hi s-dy-Ser-Phe-Al a-Tyr (SEQ
I D NO 60), Ala-Arg- .H s-Asn-Tyr-Ady-Ser-Tyr-A a-Tyr (SEQ I D NO 62),

Al a- Arg 10 Hi s-Asn-Tyr-Qd y- Ser-Phe-Asp-Tyr (SEQ I D NG 64), Al a-Arg-

Hi s- Asn- TywoGb/ysster - Phe- Tyr-Tyr (SEQ I D NO 66), Al a- Ar Opcrusoosi74s4

H s-Asn: - Tyr-d y-Ser--Phe-Al a-Ser (SEQ ID NG 68), Al a-Arg-

Hi s- Asn- Tyr-d y- Ser-Phe- Al a- Thr (SEQ I DINO 70), Al a-Arg--

H s- Asn-Tyr-d y- Ser-Phe-Al a-Asp (SEQ ID NO 72), Ala-Arg 15

Hi s- Asn- Tyr - @hy-T8pr S&heSAl-ayE-asp SECE +£2:NQSES) IDANA: AT)g-and Gly-

His-Asn--T L . 6) 5 W52 ;
32 eyt AR R R gl i
Ar g- Hi s- Asn- By Vs GFBRZ S@F‘LEPh@dAf%pra\ltdle( SEQUPDeNG B ingt led Vip CDRI-

- - Hi s I o e NG 82); the
\c/;Lanle Eer @1@ - 5B~ WéB—L@%" sé&DGE’pEGi-ﬁltlj Sreer_é?IEE Ro- 5/;(.{) (%%Q 'I'Eé 54> and o

VL oG ool oSBTy Foht iR b T bral a4 GECGLR. B 1g6) aRd Ser-

Ser - Asn- Ser - mhprE’yo-H&Lw-A(sSE@akBlmm -G1¢ Nse@ e S&F-58) ; '

o e TR B & R e S B ) e BhR Goeiing pF APa-aro-

Ser - Tr p- Pr o- Glg-%pn- %SEGMYDSNOBQ? Ail'dtTéTydeSé‘@t EEEIeNee@menm—emg\(cagl R%Ct 'T"?’C
CDRs h _ .

o A S%‘é“%%% ?ﬂ”@f@b‘-’ SPRRA LSRR Ve A AT iEL A D
ATG TCT (($EQiis- REPZ@)PG&HG' eER T TSI ITEECTED A4S AT GAG- A’-F@-TCT ( SEQ
| D NO 51); VHisCRRR- ﬂ'gQGdil}Gs%ApMﬁwﬁ' T AAASAET 16GIo &l ,CrlaCREQ-| D

0 5% A G St A5l 0 o bt 5
PCT/ US00/ 17454sr@sm&?)quv&ememm GAEQAAS 1BATT (GGCAAGTATFT GCT TAC
(2 0 5o~ AGA AT Ao AC I ACTSEAT1 5oy, GTEOALE-NO 61,
GCA AGA CAT AAC TAC TTT
His-Asn-Tyr—-Gly-Ser-Phe~Ala-Glu (SEQ ID NO:74), Ala- -Arg-
His-Asn-Tyr-Gly-Ser-Phe-Ala-Met {SEQ ID NO:76), Ala-Arg-
His-Asn-Tyr-Gly-Ser-Phe-Ala-Gly (SEQ ID NO:78) and Ala-
Arg-His-Asn-Tyr-Gly-Ser-Phe-Ala-Ala (SEQ ID NO:80);
" the V., CDR1 Gln-Ala-Ser-Gln-Ser-Ile-Ser-Asn-Phe-Leu-His-
20 Trp-Tyr (SEQ ID NO:82); the V_, CDR2 Leu-Leu-Ile-Arg-Tyr-
Ser-Ser-Gln-Ser-Ile-Ser (SEQ ID NO:84); and
a V, CDR3 selected from the group consisting of Gln-Gln-
Ser-Asn-Ser-Trp-Pro-His-Thr (SEQ ID NO:86), Gln-Gln-Ser-
- Thr-Ser-Trp-Pro-His-Thr (SEQ ID NO:88), Gln-Gln-Ser-Gly-
25 Ser-Trp-Pro-Leu-Thr (SEQ ID NO:90) and Gln-GIn-Ser-Gly-
Ser-Trp-Pro-Gln-Thr ({SEQ ID NO:92).

The nucleotide sequences encoding the CDRs
having single amino acid substitutions were V, CDR1 GGA
ACT ACC TTC AGT AGC TAT GAC ATG TCT (SEQ ID NO:47}, GGA

30 TTC ACC TGG AGT AGC TAT GAC ATG TCT (SEQ ID NO:49), and
GGA TTC ACC TTC CTG AGC TAT GAC ATG TCT (SEQ ID NO:51); Vv
CDR2 TGG GTC GCA AAA GTT BAA AGT GGT GGT GGT (SEQ ID
NO:53), AGC ACC TAC TAT CCT GAC ACT GTG CAG GGC ({SEQ ID
NO:55}, and AGC ACC TAC TAT TTA GAC ACT GTG GAG GGC (SEQ

H

e



(SEQ I D NO: 63), GCA AGA CAT AAC TAC GGC AGT TTT TAT 6TAGcBnbSEQdd3 NO 65),
GCA AGA CAT AAC TAC GGC AGT TTT GCT TCT (SEQ ID NG 67), GCA AGA CAT AAC
TAC GGC AGT TTT GCT ACT (SEQ I D NO 69), GCA AGA CAT AAC TAC GGC AGT TTT
GCT GAT (SEQ ID NO 71), GCA AGA CAT AAC TAC GGC AGT TTT GCT GAG (SEQ ID
NO 73), G3¥o fAsBAT AAC TAC GGC AGT TTT GCT ATG 10 ( SEQdfaiddeha5) » GCA AGA
CAT AAC TAC GGC AGT TTT GCT GGG (SEQ ID NO 77), and GCA AGA CAT AAC TAC
GGC AGT TTT GCT GCT (SEQ ID NO 79); VI,CDRL CAG GCC AGC CAA AGT ATT AGC
AAC TTT CTA CAC TGG TAT (SEQ ID N0 81); VL CDR2 CTT CTC ATC CGT TAT TCT
TCC CAG TCC ABPQNTCHT )(:SEQ ¢iR NQ®B3ReraodAT Vaad TcAZDR3EcCAST CART AfSr AAE AGC TGG

NG 87) . Can TR HENRET AR PR ATk (8 A TR chn oG
AGT GGC AGC T8ED I NOAGLACGS¢BHDA [TAIOASL) TAENGEN Cer IIN?B'OQAgr BAC ed
ant i bodi s havboarCiEs ¢330 HEA i nalie 4361 RCAA) SUDSIL Wh0 opgcand hi gher

afflnlty bi ndi ng than the parent ted ant can .
i dentified, \ﬁﬁ%‘genf A : &gy re§%n’éﬁﬁ1§”§ 36PdGG(FnﬁCﬁ[t |T6'ﬁ'sG§?'eT‘§'6nb| ned to

generate new(spgifn ew: IsWQ%csztK@i teegh gmti bﬂdit@@ctﬂcieﬁtﬁrf Leat A@ﬁmiasnat one
erformed b ni ing activity. In combi i ,
ltohe LM609 gﬁﬁ%?‘éﬁf’ ggy %ZI“IA%EEM T £8¢a ?ACI%%%tRIQTngTéDﬁcHaG?‘%g two or
nore am no a¢PEll BHubE:i7Lut i e0s . A AT WAL waoh@cscowllaies*:&negmhamed LM609
rafted anti hng 0 g

gont ai ni ng P;F’QQ/ ]'l:[pmg?nhgo a%?%l Acﬁﬁ tletE}‘?Fo%é& EG‘%OA&T(C):% g ? %sz fromthe
group cohSi stk E—’r NR: AN gCHR RECAGAT- PRS- ThY - B¢ -H8Te IRTaGS8r GESEQ | D

NO: 94) ; Al a- fem0 HisnoAINy ; Hhsa ol Siw BRe- INE-S&F dRERGDIND 86 ;
Al a-Arg-Hi s %%F cemher 2003 WD 00/ 78815 43 PCTI USQ0/ 17454

Asn-Tyr-d y- L T Nef 0PV 'sE FBRAGTB)GCQAGCALRR- AFF-ATT AGC
H s- Asn- Tyr -Gy -15ar (RPhecAyrr@errATSEQELDINONGOS)).; v, CPR2 CTT CTC

ATC CGT TAT TCT TCC CAG TCC ATC TCT (SEQ ID NO:83); and V,

15 CDR3 CRA CAG AGT AAT AGC TGG CCT CAC ACG (SEQ ID NO:85),
CAA CAG AGT ACT AGC TGG CCT CAC ACG (SEQ ID NO:87), CAA
CAG AGT GGC AGC TGG CCT CTG ACG (SEQ ID NO:89) and CAA
CAG AGT GGC AGC TGG CCT CAG ACG {(SEQ ID NO:91).

Enhanced LM609 grafted antibodies having CDRs
20 with single amino acid substitutions and higher affinity
binding than the parent LM609 grafted antibody can also
be identified, where the corresponding amino acid
- mutations are combined to generate new modified LM609
grafted antibodies. Identification is performed by
25 screening for ouf; binding activity. In some
combinations, the LM609 grafted antibody will comprise at
least one CDR having two or more amino acid
- substitutions. The invention provides an enhanced LM609
grafted antibody containing at least one of the following
30 CDRs containing multiple amino acid substitutions: a V,
CDR3 selected from the group consisting of Ala-Arg-His-
Asn~-His-Gly-Ser-Phe-RAla~Ser (SEQ ID NO:94); Ala-Arg-His-
Asn-His-Gly-Ser—-Phe-Tyr-Ser (SEQ ID N0O:96); Ala-Arg-His-



The nucl eoti de sequences encodi ng the CDRS havi ng 1gubkkphBeaMm gy aci d
substitutions were VH CDR3 GCA 5 AGA CAT AAC CAT GGC AGT TTT GCT TCT (SEQ

| D NO 93), GCA AGA CAT AAC CAT GGC-AGT TTT TAT TCT (SEQ I D NG 95), GCA
AGA CAT AAC TAC GGC AGT TTT TAT GAG (SEQ I D NO 97), and GCA AGA CAT AAC
TAC GGEC AGD obfds1 AT TCT (SEQ I D NGO 99). The invention gcgashiPyides an
enhanced LM609 10 grafted anti body exhibiting selective binding affinity
to ¢ 3, wherein the enhanced LM509 grafged anti body contains at |east one
am no acid substitution in two or nore CORs of a LMs09 grafted heavy chain
vari abl e regheam TpoiGiyeferdehorTar1¥B09sgoatp eb1dgght seldanbavarg-abl e 15

regi on pol yplqu;i;psen angggdpﬂ_g\/ﬁtgg grgft(%?saﬂ; 1\?9(1360 ontaining at |east
ti

.one am no acid substl nint 09 grafted heavy
chain variabl e region poI ypeptide or a LM609 grafted |light chain variable

20 region pol ypepti deTﬁannuepéwheaea@elqwéggegr@ﬁécﬂir@ttm@)émsCont ai ning the
conbi nati on of | ui el.e ted fromthe groug consisting of: the VL CDRL SEQ

ID NO 57 and®¥H&d™ © SEtF 1D G5 6P F At Wi 1 XPRIeSEQVr $ 188 572 the V,
CDR2 SEQH| DhpO.a aad the MEC GRS TSEQGED NOr S(5Ed ho Wo:6BRL GEQ 25 |1 D

ggQSFD }\lge5\7€ %ﬁl‘:‘%s’\@? N%T&h%y %(Q:PF(@ @EQ&% ggb ! ‘FZF’&?J%Y’ 't ﬁgRl

VL CDRI SEQ A¢3 NBT5RAGNAACT HeC A TCDRS BED G5 NGIEB2;ID e :VE) CDR3A SEQ | D

NO 59, the t Vi COR3; the VL 30
CDR3 SEQ | 0 4R S R BhE e AS(%@%%TN?)@EO'}Aand tﬁ%@\‘# ?‘DN@R%Q SEQ I D NGO 61,

the V' CDR2 SEQ I D NO 44 and V. CDR3 SEQ I D NGO 50. 16 Decenber 2003 WO
00/ 78815 44 PCT/ USOQY izé5ﬂn+éh@ddi tail@B bﬁoﬁflﬁl@é](éﬁﬁ nMaA8egr Bk &Sl
antlbOdl?é Céggf%en g%t %Ddy ex 1b1t1ng se Vépl Slg¥%d1ng affinity to

oyB;, wherein the enhanced LM609 grafted antlbody contains

at least one amino acid substitution in two or more CDRs

of a LM60% grafted heavy chain variable region

polypeptide or a LM609 grafted light chain.variable

15 region polypeptide.

An enhanced LM60% grafted antibody containing
at least one amino acid substitution in two or more CDRs
of a ILM609 grafted heavy chain variable region
polypeptide or a LM609 grafted light chain variable

20 region polypeptide can include an LM609 grafted antibody
- containing the combination of CDRs selected from the
group consisting of: the V, CDR1 SEQ ID NO:57 and the vV,
"CDR3 SEQ ID NO:50; the V, CDR1 SEQ ID NO:57, the vV, CDRZ2
SEQ ID NO:44 and the V, CDR3 SEQ ID NO:50; the V. CDR1 SEQ
© 25 ID NO:57, the V, CDR2 SEQ ID NO:44 and the V, CDR3 SEQ ID
NO:52; the V, CDR1 SEQ ID NO:57, the V, CDR2 SEQ ID NO:44
and the V, CDR3 SEQ ID NO:51; the V, CDR1 SEQ ID NO:57 and
the V, CDR3 SEQ ID NO:52; the V, CDR3 SEQ ID NO:59, the vy
" CDR2 SEQ ID NO:44 and the V, CDR3 SEQ ID NO:50; the V,
30 CDR3 SEQ ID NO:61 and V, CDR3 SEQ ID NO:50; and the V,
CDR3 SEQ ID NO:61, the V, CDR2 SEQ ID NO:44 and V, CDR3
SEQ IP NO:50.



am no acid substitutions, the invention al so provides peeshBasegodidb09
grafted anti bodi es wherein at |east one of 5 the CDRs has two or nore am no
acid substitutions. Enhanced LM609 grafted anti bodies having at |east one
COR with two or nore amno acid substitutions can include those containing
the conbi ned beprasef CDRs sel ected fromthe group consi s,;dﬂgom7454t he V. CDR
SEQ ID 10 NGO 57, the V. CDR2 SEQ I D NO: 44 and the V' CDR3 QID NO 63;
the VL CDR3 SEQ ID NO 61, the V,t CDR2,49EQ I D NO 44 and the V CDR3 SEQ I D
NO 63; the VL CDR3 SEQ ID NO 61, the V. CDR2 SEQ ID NG 44 and the V' CDR3
SEQ I D NO 64; the VL TDRIASEQLHD:-NGrhnaed Loy "qLRZEASEQ | D NO 63; the

VL 15 CDR3 S CDR3 SE 65, and_t CDR3 SEQ

ID NO 61, thggtv'w c‘%%éé@%%b;‘%ﬁ”%n"cf FﬁrngPRg%#%"%’éQ SLBY R@ 66. The

i nvention ad@rinenmatid auwbstidesiendi dhe abfventign [ABOY pgoafitied anti body

exhi biting sehpshéad® 120500 thﬂgeéféﬁﬂlﬂaﬁlhg A8Bein Qﬁbﬁbggtaéﬂé”$£y LM509
S

grafted ntlgod contains at |east one am no acid substitution in one or
nore CDRs “of hSaf'8d °ReBY3F ATHING v&iHabPlest Heyilenspol ypepti de or a
LM609 grafted light chain variable region pol ypeptide, wherein the a"i 3

binding 25 affinity t he finity LM609 grafted antibody is
enhanced. High affini t%{/hgﬁ gogﬁt}%@ fttﬁ@l 685“3‘% %é‘é’ﬁf‘al AFng the
conbi nati on éﬁamesém@ctﬂeuhftmncm@orgr empnoomicstsu’m@t(ii:utmﬁsVL CDRI  SEQ
I D NO 57 andchhe: M1 3 ERB3.SEQ, t R, QR NOLST. the V"
CDR2 SEQ I D NO 44 and the V" CDF%%'%[%SQBGN?)S%%%? ]f\/%% SEQ ID
NO 57, the VESEEFERGHEOOMDLRE) 480w FANFd SWANg COR3S LSEQWLD:%l DdsefPer 2003 WO
00/ 78815 1BCTROSOD L ka4, 40oM0: 952 1bhRo Va4 GRRL BEQv] R BEo tRe V. CDR2 SEQ
| D NO 44
NO:63; the V, CDR3 SEQ ID NO:61, the V, CDRZ SEQ ID NO:44
and the V, CDR3 SEQ ID NO:63; the V, CDR3 SEQ ID NO:61,
the V, CDR2 SEQ ID NO:44 and the V, CDR3 SEQ ID NC:64; the
V. CDR3 SEQ ID NO:61 and the V, CDR3 SEQ ID NO:63; the V,
15 CDR3 SEQ ID NO:61 and the V, CDR3 SEQ ID NO:65; and the V
CDR3 SEQ ID NO:61, the V, CDR2 SEQ ID NO:44 and the V,
CDR3 SEQ ID NO:66.

L

The invention additionally provides a high

affinity LM609 grafted antibody exhibiting selective

20 binding affinity to o,f;. The high affinity LM609 grafted
antibody contains at least one amino acid substitution in
one or more CDRs of a LM609 grafted heavy chain variable
region polypeptide or a LM609 grafted light chain
variable region polypeptide, wherein the a,f; binding

25 affinity of the high affinity LM609 grafted antibody is

enhanced.

High affinity antibodies can include those
containing the combination of CDRs selected from the
group consisting of: the vV, CDR1 SEQ ID NO:57 and the V,

30 CDR3 SEQ ID NO:50; the V., CDR1 SEQ ID NO:57, the V, CDR2
SEQ ID NO:44 and the V, CDR3 SEQ ID NO:50; the V., CDRl1 SEQ
ID NO:57, the V, CDR2 SEQ ID NO:44 and the Vy, CDR3 SEQ ID



e

and the V. CDR3 SEQ ID NGO 51; the VL CDR1L SEQ | D N@s5R%eaa@bet hepddd CDR3 SEQ
ID NO 52; the VL CDR3 SEQ ID N0:59, the VH CDR2 SEQ I D NO 44 and the VH
CDR3 SEQ ID NO:50; the VL 5 CDR3 SEQ I D NG 61, the V' CDR2 SEQ ID NO 44 and
the V. CDR3 SEQ ID NO0:63; the VL CDR3 SEQID NO 61 and VH CDR3 SEQ ID
NO: 50; t hav/bosgR3 SEQ I D NO 61, the Vii CDR2 SEQ | D NGpc4dusadrfhadH CDR3 SEQ
I D NO 50; the VL CDRL SEQ ID NO57, the V. CDR2 SEQ ID NO 44 and the VH
CDR3 SEQ ID NO 63; the 10 VL CDR3 SEQ4sD NO: 61, the V,; CDR2 SEQ | D NO: 44
and the V. CDR3 SEQ ID NO 64; the VL CDR3 SEQ ID NGO 61 and the V. CDR3 SEQ
| D NO 63; thdoVE2CDRS: SEQChRY NBOQ 6D mdsﬂheu\&-lv@ﬁ@zﬁ@lx@ NO:6b; and the

N: 66 15 A Lh)e’\Qlé?lv CBEE é’/EQ n ance H[P%’\g ?n&oégg) }419;89553?SEQ or

NO: 66. 15 As scri béd "above, |bo urt her
modi fi ed by Fh?rﬁd@@ﬁﬁg%@di@ﬂ!ﬂmﬁ rlrbteatlt R3] ﬂEOnBDcNO 1901, e tEBDRS, Or

framework resbapessg A n-3@! gﬁgdt}pgr‘,el EDR_I, h@aégrﬂﬁ%ego LI\@Q@&%r afted
ant i body cIone 6H6 (Table 10) was fur't her fied by I ntroducing 20

mut at i ons > ntBRONEDrIhd0e 6EpREDE sbe CBRANPFS M INO: 44 E!'ﬂ@s"é’%l—% variants
wer e found topkaveedigh l\E)ffBBI’-lI the Wi ndRBgst@ m VNE1VWeRE ¥ eebagant to

prot eol ysi s e on pro anced LMBOY grafted

ant i bodi es corgrlglwncgr%q*l R %DI%%RE’ ?8 %e ES Vu CDR2 SEQ 1D
dy-Ady-dy-%atd Hnd WrCEﬂw SEQ)msplOThﬁ Vialhe Gh.neBRy SESEQD ND: HO; 104); the
VH CDR3 Hi s- Lgu-¢i %DgZyS%rIIP% ,ﬁl gn eEhﬁl‘ﬁE?gE%#\%]ﬁ%G}]?Ofgr he V,, CDR1

A n-Al a-Ser-3 n-Ser- | | er - Asn- Phe- elnventlon
al so profi dés PRIUEER| ED NP b oltbeule RZSES AP MO rifcleadt Ele BO sequence

sel ect ed frogpkheswy aup NoeBsE Sﬂhélgd Of:oﬁﬁ%ﬁ@ 10NRo1 @3, 4 REFQHP MNO: 105, and
SEQ | D NG 1080%%6 Declganber 2003 WO 5 The invention alsd provides a
Kl

nucl ei ¢ acid &OBPT sty ‘fhh@%ﬁm?%ﬁ%é’osé&u%ﬁ%etheef"er enced as
SEQ | D NO 33CehiE sHnd Da NU: 66DRind tiee micterd isi®y sequense, dref erenced as SEQ

I'D NO 101 engggh ng: 1Y nGPRZ: afd e ne V, CDR3 SEQ ID NO:66.

15 As described above, enhanced LM609 antibodies
can be further modified by introducing additional
mutations in one or more CDRs or framework residues. As
disclosed herein, the enhanced LM609 grafted antibody
clone 6H6 (Table 10) was further modified by introducding

20 mutations into one or more CDRs (see Example VIII).
These 6H6é variants were found to have high affinity

binding to oyf; and were resistant to proteolysis.

The invention further provides enhanced LM609

grafted antibodies comprising the V, CDR2 Lys-Val-Ser- Ser—

25 Gly-Gly-Gly-Ser- Thr- Tyr-Tyr-Pro-Asp-Thr-Val-Gln-Gly (SEQ
ID NO:104); the V, CDR3 His-Leu-His-Gly-Ser-Phe-Ala-Ser
(SEQ ID NO:106); or the V, CDR1 Gln-Ala-Ser-Gln-~Ser-Tle-
Ser-Asn-Phe-Leu-His (SEQ ID N0O:110). The invention also
provides a nucleic acid molecule comprising a nucleotide

30 sequence selected from the group consisting of SEQ ID
NO:103, SEQ ID N0:105, and SEQ ID NO:109,



nucl eoti de sequence referenced as SEQ I D NO 105 enqgedipBg=dber i FyEnt i on al so

provi des an

enhanced LM609 grafted anti body conprising the VN CDR1L

G y- Phe- Thr- Phe- Ser-Ser-Tyr-Asp-Met-Ser (SEQ ID NO 34); the VR CDR2 Lys-

Val - Ser-Ser-dy-G@y-Ady-Ser-Thr-Tyr-Tyr-Leu- Asp- Thr - Val
NG 102); G odyiss1sCOR3 Hi s--Leu-His- A y-Ser- Phe-Al a- Serpd

the VL CDRI
the VL CDR2

5Gn-Gy (SEQID
NO. 106) ;

|
A@n-Ala-Ser-A@n- Ser-11le-Ser-Asn-H s-Leu- Hls-?%%@)é NG 108) ;

. Tyr-Arg-Ser--An-Ser-1le-Sg (SEQ ID NO 112); and the VL CDR3

A n-d n- Ser-GIy Ser- Trp- Pro-Leu- Thr (SEQ | D NG 90). 10 15 a VH CDRS;
nucl eoti de sequence r after aneedt asn SEQd BroMOHd 07aenGdinkgaarybo§ DR ;

PCTI USOO/ 174 ucl.eot i de _sequence rs fere S I.D NQ 111 encodi ng
a VL CDR2; ﬁg f’ﬁe@ annutc% i J8™BeyUet e%r eg"ép(g[ﬁ}g %iaé%?ﬁlﬁpmﬁ “89 encodi ng

a VL CDR3. QQIWTWmNeadaﬂl il 1P poodi destlan vgnbRe ddrs—LM609
rafted anti R e e T s ncn—Thr—val-
g ?9@'%’8&:9-@&1—%1 G@L Gi(% sg:iﬁgh% 3 ﬁ%g-&'euﬂ%ﬁf Thr-val

Phe- Ser - Ser -
Lys- Val - Sser -
| D NO 102);
-the VL CDR1

the VL CDR2

10

15

20

25

- 30

YR &Y 65 anesion

t he
t he

i -they Wy@ﬂﬂ_%dhﬁséeqfhﬁls &al~S@m- Gy ( SEQ

phe-Ma -GRS3 (dee- h:eumtﬂl Iio*@ y t%% $erco'ﬁhecé~haa§ﬁlsé§%@n|—[) NO: 106)

g Leu-H s (SEQ I D NO 110); *
“rf/rﬂA‘? g‘ss%fef*sé Hléelre?T*IelSSe‘FE@sEE) ‘F‘E) M3F13Pe ¥ndRRe VL CDR3
A n- @ n- Ser - By y=-Dey-Skp-Pnesked: Taws«xSEQEDDI DO O0)2).; 3AdTBRe ivivention

beur s nt i on
Sequence. o orerch i S8 P eSSt EsRrHe TR 95R 28 Tl Decenber

2003 WO 00/ 78815 PCT/ USOQ 17454 47

The invention also provides a nucleic acid
molecule comprising the nucleotide sequence referenced as
SEQ ID NO:33 encoding a V, CDR1; the nucleotide seguence
referenced as SEQ ID NO:101 encoding a V, CDR2; the
nucleotide sequence referenced as SEQ ID NO:105 encoding
a V, CDR3; the nucleotide sequence referenced as SEQ ID
NO:107 encoding a V, CDR1l; the nucleotide sequence
referenced as SEQ ID NO:11l encoding a V, CDR2; and the
nucleotide sequence referenced as SEQ ID NO:89 encoding a
V., CDR3.

The invention additionally provides an enhanced
LM609 grafted antibody comprising the V, CDR1 Gly-~Phe-Thr-
Phe-Ser-Ser-Tyr-Asp-Met-Ser (SEQ ID NO:34); the V, CDR2
Lys-Val-Ser-Ser-Gly-Gly-Gly-Ser-Thr-Tyr-Tyr-Leu-Asp—Thr-
Val-Gln-Gly (SEQ ID NO:102); the V, CDR3 His-Leu-His-Gly-
Ser-Phe-Ala-Ser (SEQ ID NO:106); the V, CDR1 Gln-Ala-Ser-
Gin-Ser-Ile-Ser-Asn-Phe-Leu-His (SEQ ID NO:110); the v,
CDR2 Tyr-Arg-Ser-Gln-Ser-Ile-Ser (SEQ ID NO:112); and the
V, CDR3 Gln-Gin-Ser-Gly-Ser-Trp-Pro-Leu-Thr (SEQ ID
NO:90) .

The invention additionally provides a nucleic
acid molecule comprising the nucleotide sequence

referenced as SEQ ID NO:33 encoding a V, CDR1l; the

B "



nucl eoti de sequence referenced as SEQ I D NO 101 encedipegemBeYH§R2; the
nucl eoti de sequence referenced as SEQ ID NGO 105 encoding a VH CDR3; the
nucl eoti de sequence referenced as SEQ I D NO 109 encoding a VL CDRI; the 5
nucl eoti de sequence referenced as SEQ ID NGO | 11 encoding a VL CDR2; and

t he nucl e algrssgquence referenced as SEQ | D NO 89 engeditigy sl CDR3. The
i nvention further provides an enhanced LMO09 grafted antibody conpri sing
the V' CDRL G y-Phe-Thr 10 Phe- Ser- Ser4%yr-Asp-Met-Ser (SEQ I D NO 34); the
VH CDR2 Lys-Val-Ser--Ser-Ay-Ay-Gy-Ser-Thz--Tyr-Tyr-Pro--Asp--Thr-

Val -d n-dy (SEGPDMOsedshce thbe MHEDR3 sHEEQ - LB INH191Geicoding

Ser - Phe- Al a- gey, (CPRQ;! %M&(@@otlhgesggugﬁ)gﬁﬁn%ﬁge%ﬁ %.%Q 63?2

Adn-Ser--11e- Ser Asn- - Phe- Leu- Hi S
Tyr - Ar g- Ser - 8Pnl&renqadisgr a( BeG g 1Mclegid deheeqvenGbR3
d n- G n- Ser - GkyeSeicdd prs- BEQ- LBWNG T1h7_9 (e%%@dhl&)g NG, 9€br1 Thend nventi on

further provhggfegt cI eic acid g%lecul e conpri si {]P%the nucl eot i de
sequence Pef BFEhted &s SGUGRER | T7 Pregneésdrhg ‘APRI eNERGIRAICI eot i de

sequence refe¥elfded:; aan«$ElQnd Bd‘d@eb@i&dens@cghe‘rg:ea réferEPR2q 4h&sEgnucl eoti de
sequence ref epepsaty ae%cgégji; Nﬁo%%ggencodl ng a V. CDR3; the nucleotide
as S D

sequence: referenced encoding a V,, CDRl; the nucl eotide
sequence 25 referenced as SEQ ID NO 111 encoding a VL CDR2; and the

nucl eot i de sequence rafh@r €RGES: Asn %E‘ch@r'\grg%&é@%! NGhdnc¥l CDR3. The
i nvention adggéggnal prOV|des a nucleic "acid encoding an enhanced LM509

grafted anti Oh PP F P el A6 1 BP nBi e ¢V sa FPR A iRhegThy- The
enhanced1D%B®eg$@ﬁ{wi—&@kkh@ﬂwmdsh¢ thenouzd )8l Gheaq) dirg@nt ai ns at

PCT! USOO! 17488 A0 o har & ol S 5 ovags LPaTLer &ﬁ%gi’ﬁg?noﬁé??iéfe
Val-Gln-Gly (SEQ ID NO:104); the V, CDR3 His-~Leu-His-Gly-
Ser-Phe-Ala-Ser (SEQ ID NO:106); the V, CDR1 Gln-Ala-Ser-—

 Gln-Ser-Ile-Ser-Asn-Phe-Leu-His (SEQ ID NO:110); the A
15 CDR2 Tyr-Arg-Ser-Gln-Ser~Ile-Ser (SEQ ID NO:112); and the
V., CDR3 Gln-Gin-Ser-Gly-Ser-Trp-Pro-Leu~Thr (SEQ ID
NQC:90).

The invention further provides a nucleic acid

molecule comprising the nucleotide sequence referenced as

20 SEQ ID NO:33 encoding a V, CDR1l; the nucleotide sequence
referenced as SEQ ID NO:103 encoding a V, CDR2; the
nucleotide sequence referenced as SEQ ID NO:105 encoding
a Vy CDR3; the nucleotide sequence referenced as SEQ ID
NO:109 encoding a V, CDR1l; the nucleotide sequence

25 referenced as SEQ ID NO:111 encoding a V, CDRZ; and the
nucleotide sequence referenced as SEQ ID NO:89 encoding a
V, CDR3, ' '

The invention additionally provides a nucleic
acid encoding an enhanced LM609 grafted antibody
30 exhibiting selective binding affinity to a.By-  The
enhanced LM609 grafted antibody encoded by the nucleic

acid contains at least one amino acid substitution in one



regi on pol ypeptide or a LMb09 grafted |ight chain marg-adhgeteghen
pol ypepti de, wherein the a"03 binding affinity of the enhanced LM;09

grafted anti body is 5 maintained or enhanced. The invention further

provi des a nucleic acid encoding a high affinity LM609 grafted anti body
exhi bi ti ngve@Reki ve binding affinity to av43. The hi ghpcydfdobsby LMOOO
grafted anti body encoded by the nucleic 10 acid contains at | east one am no
acid substitution in one or nore CDRs4@f a LMs09 grafted heavy chain

vari abl e region polypeptide or a LMBO9 grafted |ight chain variable
regi on pol ypeptiaes GiRer eiftnat hiee@d O dfitedi hgavaf fhatid waefiabhe high affinity
LM609 grafte i i . nha o Ihe_invepti.on provides a nucleic
acid encodingeég&nggépgﬁgﬁ%gpgfj%ggﬁﬁﬁégngkﬁ%ng%lﬁha aéﬁtibody LM609 or
_functional fYaghahte tieeienf polvpeptpdeyi gbdresn atimeict.8) diaciidgencodi ng a

light chain gptypent igde char enkbh dNaes00al 30t LHOgY; | Qigr a functional
fragnment _thereof- The nucl eic acids consist of substantially the sane

heavy or Pi gRRIR4RE"eY 8¢ 8BPanFe%i on nucl eotide sequences as that shown in
Figure 2A and 2B (SEQ ID NOS:5 and 7, respectively) or a fragnent thereof.

25 As descri bed previqusl nonocl anal_ anti bod LM609 has been shown in
the art to have bindi%éea¥PF$??§Pnt(§rFH8riﬁf%ﬁ¥¢?ﬁaf‘ﬁ§?lﬁﬁfhﬁﬁb%

speci ficity esspdimg prhaghphef el genscabedradined dmedoegtial |y any target,
LMB09 i's an ipt8arding ahbLiery @iﬁdiblgdxfkk?ﬁigfx& bo!ﬁ%,s. 3Qngupstantial
specificity and inhibitory activity to a single nerfoer withinan integrin
family. |n thfsinddye LMoPRbO02EN@H Hinttd bedisserpeded pddief herlgiand

i nhi bi towy 1fcfecamrennd008 VI HO/o788L5: RETAURI U N/AT4u9oACth vty to the
a’3 Integrlrkguég¥é1c%g% é@ ;aﬂﬂé&g ézg%ted heavy chain variable

‘ region polypeptide or a LM609 grafted light chain

variable region polypeptide, wherein the o,f; binding

affinity of the high affinity LM609 grafted antibody is

15 enhanced.

The invention provides a nucleic acid encoding
a2 heavy chain polypeptide for monoclonal antibody LM6&09
or functional fragment thereof. Also provided is a
nucleic acid encoding a light chain polypeptide for

20 monoclonal antibody LM609 or a functional fragment
thereof. The nucleic acids consist of substantially the
- same heavy or light chain variable region nucleotide

sequences as that shown in Figure 2A and 2B (SEQ ID NQS:5

and 7, respectively) or a fragment thereof.

- 25 As described previously, monoclonal antibody
LM609 has been shown in the art to have binding activity
to the integrin «,f;. Although specificity can in
principle be generated towards essentially any target,
LM609 is an integrin inhibitory antibody that exhibits

30 substantial specificity and inhibitory activity to a
single member within an integrin family. 1In this case,

LM60% exhibits substantial specificity and inhibitory



am no acid or nucl eotide sequence of nonocl onal antig@dyenbVe09adas never
been previously isolated and characterized. 5 The isolation and
characterization of LM609 encodi ng nucleic acids was perfornmed by

techni ques known to those skilled in the art and which are descri bed
further balouwdisgust he Exanples. Briefly, cDNA from hybrjpdopReieP9 was
generated and used as the source for 10 which to isolate LM609 encodi ng
nucl eic acids. Isolation was performedydy first determning the N-term nal
am no acid sequence for each of the heavy and |ight chain pol ypeptides and
then anplifykegibytPCR tthe agpi hadygremceorihig se@uUencesiifikom the_cDNA. The
5 priners 5 transkated to correspond to the ne determ ned
N-t er m nal gﬁﬁﬁgéa%§ﬁ¥§%§§gﬁ%§§%l er'eas the §% %?Fﬁ%#%?a%: PFég%éHded to
sequences sub¥fahthad Inevsirmblean poevignsiodypodenstaatdr egi on sequences.

Ampl i ficatioghabfctr&loigng of the products resulted in the isolation of the
20 nucl eic acids encodi ng heavy and |ight chains of LM609. The nucl eoti de
sequences of the LM609 heavy and |ight chain variable region sequences are
shown in B gure 2A armhe2Bsonaspestineldharbeseisgauencsas g¢eheespond

substanti al | t hose t.hat encqde the variable region 25 heavy and |ight
chain polype%P% %%P?ﬁnﬁﬁﬁﬁﬁg.aﬂégﬁﬁY?ﬁtﬂﬁ£¥g6ﬁF§xPﬁ ?ﬁﬁ?ﬁQ?eécgﬁggnthese
LM609 nucl ei &cathese arkd llent éndeble taort roldudbibbt Arsedse-mamedant i - sense

strands of e kMO €Ncqdi RYLS ga@ﬁﬁ . Single: a bl e- stranded
nucleic acids are al so incﬁugeeag %gs §6lggﬁyéd%gﬁgq%6?iions of the
nucl ei ¢ aci d"EhEHIYR Iit609nwas generafmyl Fndunsednss atlesl soagicensoand

regul atony seguemces isefiathergsns diodrampheielf Decanber;2093; ¥ OO 78815
50 PCTLUSCCI%Z454 sho in Flgure 2A,  the LM509 heavy chain

s perrormed by first determining the N-terminal amino
acid sequence for each of the heavy and light chain
polypeptides and then amplifying by PCR the antibody
encoding sequences from the c¢cDNA. The 5' primers were

15 reverse translated to correspond to the newly determined
N-terminal amino acid sequences whereas the 3' primers
corresponded to sequences substantially similar to
antibody constant region sequences. Amplification and
cloning of the products resulted in the isolation of the

20 nucleic acids encoding heavy and light chains of LM603.

The nucleotide sequences of the LM609 heavy and
light chain variable region sequences are shown in Figure
2A and 2B, respectively. These sequences correspond
substantially to those that encode the variable region

25 heavy and light chain polypeptides of LM609. As with the
Vitaxin nucleic acids, these LM609 nucleic acids are
intended to include both sense and anti-sense strands of
the LM609 encoding sequences. Single- and double-
stranded nucleic acids are also include as well as

30 non-coding portions of the nucleic acid such as introns,
‘5'~ and 3'-untranslated regions and regulatory sequences

of the gene for example.




vari abl e regi on polypeptide is encoded by a nucl ei g ga®bdemptraboet 351

nucl eotides in | ength which begins at the amno termnal dul residue of
the variable region 5 through to Ala 117. The nuri ne LM609 anti body heavy
chain has an I g&a constant- region. Shown in Figure 2B is the LM509 |ight

chai n var iva@besgR0i on pol ypeptide which is encoded by g-yasehpis aci d of
about 321 nucleotides in I ength which begins at the amno termnal 10 Aspi

resi due of the variable region throughgho Lys 107. In the functional
antibody, LM509 has a kappa light chain constant region. As with the
Vitaxi n nuclei c acidsasnishewn mRdFidwoat 2anstné these HdWRQ9 cREEA eot i de.
sequences arga}5akljptended to P i ncl uded as h VY, and Ilght chaj n LM50. 9

encodi ng nucl & ¢ 23t ds I &lc RO RF T itaiiti CAFPERS 2F € N9FdFdgedtW thin the
nucl ei ¢ aci dsfepkodi Pl MBGIehbddys iandenigght wichah rbquilngpept tbles so | ong as

the nucl el c aRifs - OimieAoodeds POLYRAR! IACENCELALISAIT i fl - 1 of thelr 20

function as descri bed. hus, the i nvention al so a nucleic acid
encodi ng @ LBEOHRAR Aéﬁ‘aﬁ?ﬂor Thehcturensgl LF?%&@ﬁlbWeﬁ‘é‘iaﬁYt he nucl ei c

aci d encodescrbbstian iadl Iycbhecsad®anty aligaBhe ' Highan ﬁc{ﬂﬁi u@glgigsequence of
nonocl onal 25at|%r%ﬁqy9LE(Bgasthat shown in F| ure ZAgJ IDN06) or a
fragment thef8of" Partghts A2 thvaTt?oh e af o ’br%ycﬁ’ fiucl ei ¢ acid

encodi ng a LWBO& |ighincodatnbera durictiiconalidfoagsmenit \W2arei n the nucleic

aci d encodes ék‘?ét{)ad(}té ﬁk@%ghg&s ch"%e\%%%ea{e |eonamam n?_gamd 0 sequence

of rmnoclonafmant gure NG 8) or a
fragment Chepept . ras @ﬁbéhezma»mogpqse%tm@uqbsom 17451051 The

invention fughhege prrdesalr a90BM S, ,0usbbBR9s heavysAnd shhahtnchai n

encodi ng nuclelc aci ds
onstant region.

As with the Vitaxin nucleic acids, minor
modifications of these LM609 nucleotide sequences are
15 intended to be included as heavy and light chain LM609
encoding nucleic acids. Such minor modifications are
included within the nucleic acids encoding LM609 heavy
and light chain polypeptides so long as the nucleic acids
or encoded polypeptides retain some or all of their

20 function as described.

Thus, the invention also provides a nucleic
~ acid encoding a LM609 heavy chain or functional fragment
wherein the nucleic acid encodes substantially the same
variable region amino acid sequence of monoclonal
25 antibody LM609 as that shown in Figure 2A (SEQ ID NO:6)
or a fragment thereof. Similarly, the invention also
provides a nucleic acid encoding a LM609 light chain or
functional fragment wherein the nucleic acid encodes
‘substantially the same variable region amino acid
30 .sequence of monoclonal antibody LM609 as that shown in

Figure 2B (SEQ ID NO:8) or a fragment thereof.



wherein such fragnents consist substantially of thqgsaaRenBUe! 2993 de or
am no acid sequence as the variable region 5 of LM609 heavy or |ight chain
pol ypeptides. The variable region of the LM609 heavy chain polypeptide
consists essentially of nucleotides 1-351 and of amino acid residues G ul
to Al all7 wbodrsgisr € 2A (SEQ ID NOS: 5 and 6, respecti veldpusodihsyari abl e
region of the LM509 Iight 10 chain polypeptide consists essentially of

nucl eotides 1-321 and of amino acid regidues Aspl to Lys1l07 of Figure 2B
(SEQ ID NOGs: 7 and 8, respectively). The ternmini of such variable region
encodi ng nucl ei ¢ aci dsThss imetnteont fioalhesOplongdes theymontended purpose and

function 15 E " ch intended.purposes and.functions .
incl ude, , fo?ﬁggg%?ée&u%giﬁép%h% ablrno&ﬁ'(?tolgéﬁgo uC]?eeJtCor?ﬁilﬂint pol ypept i des
or as hybri dWharedn pradbdsagmentheannsiatd shbghantchelly wdr icabl eamegi on

sequences. Fhagnestsaadsdi Lhons! aépdtéb%u\é%leagketﬁ@%gaabﬁ_g 98§1§AC acid
fragments are _proyjded as well. Such fragnents I nclude, for exanple,

nucl ei ¢ aci d8TcHNePLthsRyY Sabdiahtidaip &PLlyRePEHiRs nudbeorprabalskiuence as
a CDR of a kMDSN h@ﬁ\@heommlsbghﬁggﬂfidhaga:c yg@@p@,élgi@ii_des%g%@t@ﬁ% _
correspondin 0 _t he | M I hel ude,, for exappl e, hose regions
within the vg?l %%‘%%aglrlé’giogﬁnﬁlﬁgﬁﬂtja‘%es défsilnéﬂgb?/f KIbe éFidl ., supra,

~and/ or thosereegiems Gl lionAl &kl Vard atilgereeghom(y\/;nmfmoalr;e aed :\;‘ge(éalb%/ t
Chothia at SUPF A HaS WL . se_regio efi.n . cCallume
al ., supra. '?’lﬁgp?_wﬁogeai 3 f\fﬁgén‘é%tslsc—}@%r §8§ggc£§o%% %§%§80¥ég%%fi nitions
corresportd t Mk PRludisbidgesorets foesisebbially rofTaicdestidde nucl eot i de

sequence nunbeprnoané drakaRnb’ 9M & he LGB! X5 f%&%loﬁhQWFié}:ﬁ gures 2A
and 2B . ( SEQ gg I\%S and 7_)7 and 16 Decenber 2 0_3 WD"00/ 78815 5 o
PCT/ OS00/ 17452 61 of 56 7t ARY dbf i THSPIPGRE VR 8L oUdiey teamirdreh in Table 1.

such variable region encoding nucleic acids is not
critical so long as the intended purpose and function
15 remains the same. Such intended purposes and functions
include,. for example, use. for the production of
recombinant polypeptides or as hybridization probes for

heavy and light chain variable region sequences.

Fragments additional to the variable region
20 nucleic acid fragments are provided as well. Such
fragments include, for example, nucleic acids consisting
substantially of the same nucleotide sequence as a CDR of
- a LM609 heavy or light chain polypeptide. Sequences
corresponding to the LM609 CDRs include, for example,
25 those regions within the variable region which are
defined by Kabat et al., supra, and/or those regions
within the variable regions which are defined by Chothia
et al., supra, as well as those regions defined by
MacCallum et al., supra. The LM609 CDR fragments for
30 each of the above definitions correspond to the
nucleotides set forth below in Table 4. The nucleotide
sequence numbering is taken from the primary sequence

shown in Figures 2A and 2B (SEQ ID NOS:5 and 7} and



Tabl e 4: LM609 CDR Nucl eoti de Resi dues Kabat Chot hi apeeakld8yVaoos

CDRI 91- 10576- 9688- 105 5V' CDR2148-198157-168139-177 V"

CDR3295- 318298- 315288-315 V,, CDRI 70-10276-9688-108 V;,
CDR2148-168148-156136- 165 V,, CDR3265-291271-288265-288 10 Simlarly, the
LM609 CDRwWé a@aeiRt s for each of the above definitions gQrigspand to the
am no acid residues set forth belowin Table 5. The am no aci resi due
nunbering is taken fromthe primary sequence shown in Figures 2A and 2B
(SEQ ID NCs: 6 and 8) and 15 confornms to the definitions set forth in Table
1. Table 5: bNﬁ@Qr@R:d\nﬁHwdé@hﬂlaﬁéxhﬁbt&%vﬁ@béf{@%@ﬁﬂ&@lc@h'*P'%Ma

- CDRI Ser 3l - Ser 35Gly26- Tyr 32Ser 30-Ser35 V, C

DR2Lys50- Gly668er53 Gly56Tr p47-Tyr59 20VE,

CDR3Hi s99- Ty EhBES 0.8 y KpRAlIa8 Yedt dORedidue

CDRI GLn24- Hi s34Ser 26 H| sSZSer 30-Tyr36 V,,

CDR2Tyr 50- Ser 56Tyr 50- Ser 52Leu46-1 1e55 V,,

CDR3GLN89- - Thr 97Ser 91- Hi s96d n89K#hba96 N@tloghdaaciMmcGyidedi ng LM609 heavy

and light 25ychaigy pol ypeptides gpd;§4 agneplget hereqgfs grie useful for a
variety of d| a nostl c and therapeutic purposes. For exarrpl e, the LM609

nucleic acid %e used to prohtick®® redSinitRnt LWEDS ANt i bodi es and

functi onal fvgg:rmm s thereof haysngndi ndisngzspeci figgitayisand i nhibitory 16

- Decenber 200§ \Q{B q0178815 PCT/ US M%MS?}{ 5% acti V|t %ai nst the integrin
a"p3. The antfbo and function 5 °Pher eof® &rq be used to

- determne thé CrnPésence or abseh¢e-148 a"f133 ie6a sargd-ae&so di agnose the

V., CDR3 265-291 271-288 265-288

10 Similarly, the LM609 CDR fragments for each of
the above definitions correspond to the amino acid
residues set forth below in Table 5. The amino acid
residue numbering is taken from the primary sequence
shown in Figures 2A and 2B (SEQ ID NOS:6 and 8) and

15 conforms to the definitions set forth in Table 1.

Table 5: IM609 CDR Amino Acid Residues

Kabat Chothia . MacCallum

V, CDR1 Ser31-Ser35 Gly26-Tyr32 Ser30-Ser35

v, CDR2 Lys50-Gly66 Ser53-Gly56 Trpd7-TyrS59
20 VvV, CDR3 His99-Tyrl06 Asnl00-Alal05 Ala%97-Alal05
V. CDR1 Gln24-His34 Ser26-His32 Ser30-Tyr36
Vv, CDR2 Tyr50-Ser56 Tyr50-Ser52 Leud6-Ile55

V., CDR3 ) G1ln89-Thr97 Ser91-His9%6 Gin89-His96

Nucleic acids encoding LM609 heavy and light
25 chain polypeptides and fragments thereof are useful for a
variety of diagnostic and therapeutic purposes. For
example, the LM609 nucleic acids can be used to produce
recombinant LM609 antibodies and functional fragments

thereof having binding specificity and inhibitory



SUPER— S

susceptibility or occurrence of an cv -nediated di S@aggceapdN-t£5apti vely,
.the reconbi nant LM509 anti bodies and functional fragnments thereof can be
used for the therapeutic treatnent of a, (33-nedi ated di seases or

pat hol ogi cal state. As with Vitaxin, reconbinant LM609 and functi onal
fragment s idewRek can be used to inhibit 10 the bindi g aRbdHady Or other
functional activities of al33 that are necessary for progression of the
a, (33-nedi at ed di sease or pathol ogi cal sgtate. The LM609 nucl eic acids of
the invention can also be used to nodel functional equivalents of the 15
encoded heavychindi iy giseiohtai thgolnpeeptindesk;. SuThe dninidioidgnahdequi val ent s

can i Nl ude, 49k EXATPleGagnsyal r@{ér%oa:n@gggy§susogd rpomdgﬁe%l jhe.gneoded

pol ypeptides or functional fragments thereo A specitic exanp woul d
i ncl ude peptPﬁ%Sﬁ‘ﬁCr?etOirc§b8Fn‘F%e°ﬁ_%99 ATDRs semate 2‘03 rfbtasmﬁsgoh’eeor

SubStantIa||yuﬁéﬁpﬁﬂﬁﬂilbyngtr@béﬂrréd&@'QEtQﬁYGvglméﬂﬂﬁﬁegfdkgggge
' AddltlonaglyA ucl eic_acids can be used to engi neer and

encodi ng n
produce nticl @ %gﬁﬁﬁﬁi¥e r chi® %éh?qhﬁﬂPFléH o9 Dt iPdigar #¥4t i ves of the
ant i body LMoD@pciisnaiedvygaedtd iiglred® ehai be podapapti dre and functi onal

[Lagment s« eheolnetc deaclh iR JY GhoHShyscSbeh IRdiligd Torme or

derivatives inc for exanp - MOUS e antlboales “their
correspondlrEF¢ﬂR%Qﬁ%§ﬁd BEght- cﬁﬁimuﬁblypEQKLMesxawﬂblﬁQHCtLmﬁﬁﬂ fragnents

thereof whi chn@xhirRith o8HDSE ANk s 3@ LB émeb'urg%ngo 119 bi tory

activity @S LM60Q9. The invention al so provides a treating an
a" 33- medit &t P9 MRS FREL Rt hGY 66H§st§n%ﬁl°%ﬁ$ﬂaﬁFéYéF+%ﬁ @h effective

amount of Vi&axirhata dib09cdbsbegerdienprdgRdsVWIU 7§85 PCTI USOO 17454 54

grafted -antibady. an.enhanced antibo of , or.a functional fragnment
t her eof undé?%é ﬁ%%?ﬁs%mﬁlcﬁeéﬁﬁ(?(%%oaoglcai state

The LM609 nucleic acids of the invention can

also be used to model functional equivalents of the

15 encoded heavy and light chain polypeptides. Such
functional equivalents can include, for example,
synthetic analogues or mimics of the encoded polypeptides
or functional fragments thereof. A specific example
would include peptide mimetics of the LM609 CDRs that

20 retain some or substantially the same binding or
inhibitory activity of LM609. Additionally, the LM609
encoding nucleic acids can be used to engineer and

" produce nucleic acids which encode modified forms or

derivatives of the antibody LM60%, its heavy and light

25 chain polypeptides and functional fragments thereof. As
described previously, such modified forms or derivatives
include, for example, non-mouse antibodies, their
corresponding heavy and light chain polypeptides and
functional fragments thereof which exhibit substantially

30 the same binding and inhibitory activity as LM609.

The invention also provides a method of
treating an o,f;-mediated disease. The method consists of

administering an effective amount of Vitaxin, a LM609



binding to avf3. Al so provided is a nethod of inhihidipRgemBefupgdson of c
33. The nethod consists of contacting a"03 5 with Vitaxin, a LM09 grafted
anti body or a functional fragnent thereof under conditions which allow

bi nding to As described previously, Vitaxin and LM609 grafted anti bodies
are nonocl it i bodi es which 10 exhibit essentially e bi ndi ng
characterﬂg??%gﬁgs does its parental CDR-donor antibod@hﬁﬁgkg%gﬁhese
characteristics include, for exanple, si,gnificant binding specificity and
affinity for the integrin a433. The Exanples bel ow denonstrate these

bi ndi ng pr op@rrfa'rfeSdamtﬂoﬁ»dfyur bhesnsdroved haite i bBay bi ek dur, OforSHCh anti bodi es
Vitaxin and

to a" O3 inhibit an i ndi ng and function- Thus,

LMBO9 grafted anti b %égfra rgngsg$?ﬁe? %ﬁgFaFaBélE%ﬁW%n 1Gh 8taghiostic and
therapeutlc bHFQGB@SUdN%@ﬁtedlstpthE1d¢duﬂ$ tai ortbbd avf Ihifilietingn. 20 The
i ntegrin a"133 £(HBELbON i e 1 TBRG R UReORdd gL ogs G, M Anal) Bfh,

associ ated events. As such function or ySregu ion 2o

i ntegrin, I t witpyhEtagm, érLBﬁ°%e¢¢%iﬁﬁq3@@§sbﬁgyt¢ﬁsﬁ|ﬁﬂﬂggnpnal|s

associ at ed witkthgReh@rg reerbandof hifasensanti2® PRihPlAaLcal; cgnditions.
The inhibition a"a3 binding or function can therefore be used-to treat or
reduce the é@%rlty of such a"(33-nedi at ed pat hol ogi cal conditions.

Descri bed bel ow are exanpl es of several pathological condi tions nedi at ed
by a"(33, since the i iLtion of at 30 ast. this. integri educes the
severity of the condlr}{lgl%ng eseFEEVlQUS§yargl|n%%ndgﬁpégggé
representatlgéaéhﬁﬂ&ﬁﬂéﬁﬁﬁlaﬁea¥ﬁnmqnuﬂhmya&eaotlb¢dledﬂN&iﬂbdlated di seases.

For_exarmloe. cihen et A6 IR 0ysa 1 RGPS 3003 YO,U0TSFL5 PCTL SO0/ 17454

55 pat hol ogi cal conditions additional to those di scusse ich

exhibit the 8§SFettl &476Rt81 GO IR Fgribody LME0S. These

characteristics include, for example, 51gn1f1cant binding
specificity and affinity for the integrin o,f,. The
Examples below demonstrate these binding properties and
15 further show that the binding of such antibodies to B,
inhibits «,f; ligand binding and function. Thus, Vitaxin
and LM609 grafted antibodies are useful for a large
variety of diagnostic and therapeutic purposes directed

to the inhibition of o,f; function.

20 The integrin o,f; functions in numerous cell

adhesion and migration associated events. As such, the
- dysfunction or dysregulation of this integrin, its

function, oxr of cells expressing this integrin, is
associated with a large number of diseases and

25 pathological conditions. The inhibition o,B; binding or
function can therefore be used to treat or reduce the
severity of such o,f;-mediated pathological conditions.
Described below are examples of several pathological
conditions mediated by o,B; since the inhibition of at

30 least this integrin reduces the severity of the
condition. These examples are intended to be
representative and as such are not inclusive of all

o,p;-mediated diseases. For example, there are numerous

S NI



function or the dysregul ation of cells expressing i §ecbih&8r43dpaNd in
whi ch the pathol ogi cal condition can be 5 reduced, or will be found to be
reduced, by inhibiting the binding a"p3. Such pathol ogical conditions
which exhibit this criteria, are intended to be included wthin the

definiti oRy@hydshg termas used herein.’Angiogenesis,(N@éﬁﬁ%a?ﬁgJarization
is the 10 process where new bl ood vessels form from pre-existing vessels

within a tissue. As described further hglow, this process is nediated by
endot helial cells expressing c¢ 33 and inhibition of at least this

integrin, inkaBhbSog @ @938k iBHOMA: thiRELE BherRo¥aldldhsak4Ppat hol ogi cal
15 condltlon% #hat require new bl ood vessel formation or tissue
neovascul ari 28-PEn"AHE iSREBELT bRe FYTHRR1IALeBSSE Fuihi B Nghe

pat hol ogi cal foondi¢h on- the syeRequpaiial oF eahlsoadhiddingt hatsrequire
neovascul ari zat.Lop. . f rowth _or_maintenance are considered to be 20 c"

3- nedi at ed d?ggg gg? ‘%géyﬁ%ﬁfgo¥h?Hﬁﬁiﬁbﬁﬁic% PRt or P n 8everi ty, of
t hese di s@as&sdwred, tHeméfldr be fepathdoiret hedexe@ntbywfinhiiibihgon of

neovascul ari zaki BfadinkesE, a" B%;:ﬂegéawl%agqic%ﬁaé%dkQEJﬁrgsdﬁanﬁcw exanpl e,

inflammatory dj sorders such as_i mune and non-i mune anmat i on,
chronic arti EdPAPLY HefacrdhPrpiordesiifitengdpdotadre nladest sdtin h

i nappropri at @her défoppAchUBE thavesioksoliskasaelsisuch as diabetic
reti nopat hy, neovascul ar glaucoma and capillary proliferation in
atherosclerotic plaques as well as cancer disorders. 30 Such cancer
‘di sorders can i ncl ude Anudrgeranps e,orsolecttastub®dr 5zatiomr igetast asi s, -

angi of | b@Ms. oL el Qlrthlahe, biBLORIANAS BSURNGL QIS Kapasi s sarcoms and

other cancers which require neovascul arization upport tufdr gr ow h.
Addi tional dY§easks WiHhéR ar bieswsi déredessr Deednbertizg0®eWow00/ 78815

PCT/ USOQ 174841 660 2013is20¢8i fek st ele Peabbank 81 ANd-JNeUmBLLd g4 hritis as
o,p; and inhibition of at least this integrin, inhibits
new vessel growth. There are a variety of pathological

15 conditions that require new blood vessel formation or
tissue neovascularization and inhibition of this process
inhibits the pathological condition. As such,
pathological conditions that require neovascularization
for growth or maintenance are considered to be

20 o,f;mediated diseases. The extent of treatment, or
reduction in severity, of these diseases will therefore
depend on the extent of inhibition of neovascularization.
These ¢,B;-mediated diseases include, for example,
inflammatory disorders such as immune and non-immune

25 inflammation, chronic articular rheumatism, psoriasis,
disorders associated with inappropriate or inopportune
invasion of vessels such as diabetic retinopathy,
neovascular glaucoma and capillary proliferation in
atherosclerotic plaques as well as cancer disorders.

30 Such cancer disorders can include, for example, solid
tumors, tumor metastasis, angiofibromas, retrolental,
fibroplasia, hemangiomas, Kaposi’s sarcoma and other
cancers which require neovascularization to support tumor

growth. Additional diseases which are considered




wel | as retinal diseases such as macul ar degener at h@NpecBhiS€ASEFy Pt her than
those requiring new bl ood vessels which are - ayl3-nedi ated di seases

i nclude, for exanple, 5 restenosis and osteoporosis. Treatnent of the

5" 133-nedi at ed di seases can be perforned by adm nistering an effective

amount of wd/bdRxdsn, a LMB09 grafted anti body, an enhange(gdf@gag,m dy
-thereof, or a functional fragnment thereof so as to bin 16 to agP3 and

inhibit its function. Administration cag be performed using a variety of
met hods . known in the art. The choice of nmethod will depend on the specific
a"J33- nedi abedidjseasamnddeapsbarssde anfiorneXaspbed 4@ riRisVEY¥0, in situ
and ex vivo @agﬂné trattiin%ri 8f‘ Vi t axi n, 4@ 15 LI\/BPQ grafted anti body or
functional fragment thereof o oo Tel TN ASsPaes abr er2kd°Br gani sns.

Mor eover, su@hseapt$ budiegs tbenf tincse arajuifriagmeat sb oaord besadisni stered to

an indivi duahexhi bid iPNE. Wty cLliSK; bl ki ap. " R3- - di at ed
di sease. Definite clj ni"gfal “di aéngs?‘é?%?seéa%hn 121%'(1%8, rrgol a%g&"pd'l@gease war rant s
the admi nist FEFFeRP IS ANdaREREOPATIMEDI grafted antibody or a functional

fragnent thereof. Prophylactic applications are warranted in diseases

where the (XJ33-nedi ated di sease_nechanisns precede the onset of overt
clinical disease. Thus T S35"FRb OF g S-Ritrdtareei A seroGprobedi sease and
predi ct ed t opbefatmed Hy byimi ek &bl enpraogeastitci o dirteainy £ can be treated

prophyl acticg int b C . 33-medi at.ed _mechani s ri.pr to their
onset. Vitaxi %,Lé{ké{[ﬁ’l\/ﬁ%&%g?gf E%f%%%i%gt&;?f)dé{h ehnah aerﬁ:er%(??‘&ﬁg?ﬂ%dy t her eof ,
or functionaFhe¥erivertss at Aepebionah hregredti hhetesdsd msateabierdy of

fornul atijenscand pphatdmcaublical by Acsapiab! eaiRehas{ ol {d1e Shfgetive
treatment or re l?gti on i.n tﬁe severity of an avl -ne |%1tgehd C%%‘ ggcerrber 2003

WO 00/ 78815 PRIFUSSY 17459 B7Varseas &f Sgthofdr Mmaw iighdhanart -
phar maceut i cahéychoice of method will depend on the specific o Bs-

mediated disease and can include, for example, the in
vivo, in situ and ex vivo administration of Vitaxin, a
15 1LM609 grafted antibody oxr functional fragment thereof, to
' cells, tissues, organs, and organisms. Moreover, such
antibodies or functional fragments can be administered to
an individual exhibiting or at risk of exhibiting an o, By
mediated disease. Definite clinical diagnosis of an o p4-
20 mediated disease warrants the administration of Vitaxin,
a LM609 grafted antibody or a functional fragment
thereof. Prophylactic applications are warranted in
'~ diseases where the a,.py-mediated disease mechanisms
precede the onset of overt clinical disease. Thus,
25 1individuals with familial history of disease and
predicted to be at risk by reliable prognostic indicatoré
can be treated prophylactically to interdict o Bf,-mediated

mechanisms prior to their onset.

Vitaxin, a LM609 grafted antibody, an enhanced
30 antibody thereof, or functional fragments thereof can be
‘administered in a variety of formulations and
pharmaceutically acceptable media for the effective

treatment or reduction in the severity of an o,B;-mediated




acceptabl e nedias are well known to those skilled i .
Additionally, Vitaxin, a LM609 grafted anti body or 1%f ?}%?te{"%%g 2 ??égments
t hereof can be admi nistered with other conpositions which can enhance or
suppl ement the treatnent or reduction in severity of an avp3-nedi at ed

di sease. Rppof%gyEp! e, the coadm nistration of Vitaxin oprgsbAR99 ografted
anti body to inhibit tunor-induced neovascul arization andT a

chenot herapeutic drug to 10 directly imhibit tunor growth is one specific
case where the administration of other conpositions can enhance or
suppl enent t Hestasat NESUchOffoiiuBa PlorE tinat pladhseass.cavitkaxi n, a LM09

grafted anti hod r. functj.onal fr nts are adm ni stered by conventi onal
met hods, in fgcégg%%{ees g Cfll@ﬁ are %%%Tn?(@ioé’ﬁ‘t tPot %i%@ﬁ?ﬁéelgnﬁ%bit??on of
a"P3 integri Arbi ndhady EitonaRe ysi Yhttaofn,t lae Lgadhogogfred lamhiibbtiyoaxcan be
measur ed by qué£i8%3ﬁ<¥}a6ﬁk9995t WY Jalh Egeaéﬁénfggg}e%gwhghS'tu

i mmunohi st ochem stry for the prevalence of crv containing cells at the
site of tRe 20PPatFHIMRRALtdeneYichy qanclepdence opr expdlementhshebser ved

reduction intkbgts&vErdst ¥e@lict hon SRR 10l bhean alF, oRdhaled di sease. In
vi vo nodes of,.adm ni stration c%n include intraperitoneal, intravenous and

subcut aneous “28° A ni 'S &FPBRIDF Wit SOPA™IRL BBV &t ddtaKiNbREY or a
functional frapwed? ¢hefitedl antDeshges fiehianti baskyr-itrfeicageuti cs are known

or can be royLip .erm.ned_b those.skilled in the art. For exanple,
such dosages glr)egé%ﬂi/%%laalqlﬁoﬁd?ﬁn%iastcglreénﬁ’tggrage%%lcac i'évea pl asma 30
concent r 3V ofiifeord abiauibd totupey rdrows habsubné Ofpesui/filc, capeefkeadl y about

1-5 pg/m andh805gn i £fi8LARbY SPUMher RGLEL:t1dhd &1 Ok ﬁg&ua% per body
wei ght, these dosa%es typically correspond to about 0.1- 50 ny/ kg,

preferably 18“BRE 2605 N U077 861 5 7Peh U8e8] aterb 4l isgase .

Vitaxin, a LM609 grafted antibody or functional

fragments are administered by conventional methods, in

15 dosages which are sufficient to cause the inhibition of
o,B; integrin binding at the sight of the pathology.
Inhibition can be measured by a variety of methods known
in the art such as in situ immunchistochemistry for the
prevalence of o.ff; containing cells at the site of the

20 pathology as well as include, for example, the observed
reduction in the severity of the symptoms of the

a,Bi-mediated disease.

In vivo modes of administration can include

intraperitoneal, intravenous and subcutaneous

25 administration of Vitaxin, a LM609 grafted antibody or a
functional fragment thereof. ' Dosages for antibody
therapeutics are known or can be routinely determined by
those skilled in the art. For example, such dosages are
typically administered so as to achieve a plasma

30 concentration from about 0.01 pg/ml to about 100 pg/mi,
preferably about 1-5 pg/ml and more preferably about 5
pg/mi. In terms of amount per body weight, these dosages

typically correspond to about 0.1-300 mg/kg, preferably



about 0.2-200 ng/ kg and nore preferably about O0.5-3@ pagtiser Dependi ng on
the need, dosages can be adm nistered once or nultiple tinmes over the
course of the treatnment. Cenerally, the dosage will vary with the 5 age,
condition, sex and extent of the a"03-nedi ated pathol ogy of the subject
and shoul avtnei7spe so high as to cause adverse side ef figGl s Miggover,
dosages can also be nodul ated by the physician during the course of the
treatnent to either enhance the treatngat or reduce the 10 potenti al

devel opnment of side effects. Such procedures are known and routinely
performed byabhose0 52<+200ed1gi/hgt.§ned e p'EI&eespB@jzfits‘ddty oasdzpnhi bitory

activity of L axiny kp@i fited ant d| es, an_enhanced anti body 15
t her eof and %‘“é/nc | ona i ? tt'}% hereor Iolsoﬁ/é?o? TR’ t herapeutic
treat nent of 2AUHRE Bl et folnge nedhal Edldi seasesoveSudie dioseasesti ncl ude, for

exanpl e, pat hagogt@aaémer&ondcghgpélfﬁqwhr' %SQSQV@?@'@JJXEQRLQ“@%Ch as

tunor growth, and psoriasis as wel those directl 0 by cv
such as r@st 8ABsiS° 08 e 8pBr B se"t“ﬁﬁ‘l‘}s"ft Rbe @rm@mqu ovi des net hods

as wel | as Vpaexéro@ndi VBeIsugiadt etha@rhichedyns0niaidy RggRO8POssHti ons for
the treat mep %:)f s(ych S%I gegses % | s under st ood t hat rmdl fications which
do 25 not substantla Bt Sact MOFEGVDF- 19R°A85S 688 8hBRdi ments of

thi's i'nventiba IaOdteléaiesbbwntheld@ws/mdMnnduu:lnegdﬂie nidurere of the invention
provi ded her eiga ndiiC@illhy: ddieudl Loyl po-cxamml 65 s, L0t ended to

illust rat e but not limt present 1 nvention WO
00/ 788151% @?iﬁ@?@?@deéepwﬁaﬁldﬁs@rﬁéeﬁbﬁ arffhcbharaceduigat i on of

LM609  Encodang MushLiatdAebHSinely performed by those skilled in the

art.

The specificity and inhibitory activity of

Vitaxin, LM609 grafted antibodies, an enhanced antibody

15 thereof and functional fragments thereof allow for the
therapeutic treatment of numerous o, py-mediated diseases.
Such diseases include, for example, pathological
conditions requiring neovascularization such as tumor
growth, and psoriasis as well as those directly mediated

20 by oa,f; such as restenosis and osteoporosis. Thus, the
invention provides methods as well as Vitaxin and LM609
grafted antibody containing compositions for the

" treatment of such diseases.

It is understood that modifications which do
25 not substantially affect the activity of the various
embodiments of this invention are also included within
the definition of the invention provided herein.
Accordingly, the following examples are intended to

illustrate but not limit the present invention.



Thi s Exanpl e shows the cloning and sequence 5 det aighpRaki88y 03odVb609
encodi ng nucleic acids. LM609 is directed against the human vitronectin
receptor, integrin c 3. av(33 is highly upregulated in nelanons,

gl i obl astoma, and mammary carci noma and plays a role in the proliferation
of M21 nelpwmeymsgel | s both in 10 vitro and in vivo. ¢ %%sﬁ,gﬂﬂg@ys arole
in angiogenesis, restenosis and the formation of granulation tissue in
cut aneous wounds. LM609 has been shown 44 inhibit the adhesion of M1
cells to vitronectin as well as prevent proliferation of M1 cells in
vitro. Thus, 15 grafting of LM609 cemhasietestllit in a clinically valuable

t herapeutic agent. cDNA S nt hesi s_ of LNBOQ Vari abl e Reglons For CcDNA
synt hesi s, total RNA waelation and Characherization |of H8%n cells using a
nodi fi cati on of the nethod ZOEdasg{ﬁ&mnhémglghgggaynsk| and Sacch
(Chontzynski and Sacchi, Analyt. Biochem 162:156 (1987)). LM09 variable
(V) region genes were cloned by reverse transcription-polynerase chain
reaction (RT PCR) and WDRNAExaaplsyshdesized d1shifggBRld SRR pt kit .
Briefly, t al r RNA,. 650 ng oli T and H20 were
brought to gﬁfggrﬁanQ%ﬁ% ofkggbg enﬁ?plﬁﬁﬂﬂﬁc eﬁﬁsgcﬁgﬁted to 70C for 10
mn and chilled on ice. Reaction buffer was added and the m xture brought

“to 10 MM DTT and 1 nMMgI}{legsaggrQ@@é@da@at 3 (Cy th%“%% %ﬁ%hfgrmi (1000 30

units) reverse transcriptase was added d " ncubat e hour and
then chill ed“8R®PERE- f@%@ééﬁb@vﬁszoeﬁ@awowngslawppewbsgm|J7m54 60 All

oI|gonucleotdeSndmﬁeagiﬁﬁbhastaﬁﬂ bahdFﬁdﬂﬁ%&QeEQ¥£1@@Q§Qﬁﬁi

chem stry on nt hesi z onucl eot i des used for PCR
anpl i ficati on%IEI t?Flet lpﬁ@lg?\é ?réc?fgdq%f“& BREE? S BRHh #1'ed usi ng
10 v1tro and in vivo. oyf; also plays a role in

angiogenesis, restenosis and the formation of granulation
tissue in cutaneous wounds. LM609 has been shown to
inhibit the adhesion of M21 cells to vitronectin as well
as prevent proliferation of M21 cells in vitro. Thus,

15 grafting of LM60S could result in a clinically valuable

therapeutic agent.

CcDNA Synthesis of LM609 Variable Regions: For
cDNA synthesis, total RNA was prepared from 10% LM609
hybridoma cells using a modification of the method

20 described by Chomczynski and Sacchi (Chomczynski and

' Sacchi, Analyt. Biochem. 162:156 (1987)). LM609 variable

(V) region genes were cloned by reverse
transcription-polymerase chain reaction (RT-PCR) and cDNA
was synthesized using BRL Superscript kit. Briefly, 5 mg

25 of total cellular RNA, 650 ng oligo dT and H,0 were
brought to a total voluﬁe of 55 ml. The sample was
heated to 70°C for 10 min and chilled on ice. Reaction
buffer was added and the mixture brought to 10 mM DTT and
1 mM dNTPs and heated at 37°C for 2 minutes. 5 ml (1000

30 units) reverse transcriptase was added and incubated at

37°C for 1 hour and then chilled on ice.



oligonucleotide purification cartridges (Applied Bigopystansy Jmpier Gty,
CA). Forward PCR priners were designed fromN-termnnal protein sequence

data generated frompurified LM609 anti body. The forward PCR priners
cont ai ned sequences coding for the first six amno acids 10 in each

anti body wajéoaesie chain (protein sequenced at San D egopQlfifdy versity).
The sequence of the |ight chain forward PCR priner (997) was 5 -GCC CAA

CCA GCC ATG GCC GAT ATT GIG CTA ACT CRAg 3' (SEQ ID NG 19) whereas the
i ght chain reverse PCR prinmer (734) was 51- AC AGI TGG 15 TGC AGC ATC

AGC-3' (SEQ I D NG 20) medllabh&wmr@& wasziarreynﬂeésfleﬁa@m}s to nouse |ight

chai n kappa- Sld es 109-115. The, se uence heavy chain
forward PCR Bt 2%“‘?%%) efigs T RPRT RN A Vil SR e
GIG GAG 3' (SE’QI?F@JMQQl) Ollbleawcl;éralme@oulsedefee Hflﬁquplrxmica’BBOn 5'-GA TGG
GGG TCGT OGT I1d Qi iHe <3EQ-LELNR &PInucHhenBOR PELIETAAISQCQBLAI N Tegi ons

of honol ogy with specific sequences Wt noexpressi on” vect or.

V,, and V° chai e tars| PFFEEI“F?F%%@&‘E&F@@%S PpmEdedl reaction

m Xt ures conBabsyj sigend, rﬂFo@EeIch@:L@P,l\prﬁl\lA hﬁ&ﬁé@@uﬂi&@@m@@ré pMdris-HC1 pH
NTPs, 10 nM 2- ner capt oet hanol ,

8.8, 1.5 nM sCllzncprénE(I each four

0.25 units Tag Poi B B FBEBHTR d%?“ﬁ&ﬁnﬁ%ﬂ‘ﬁ?“"?‘?\cﬁad:ﬁaﬁﬁf‘? ateqdn) and 50
pnol es each ﬁrorprptrmrfse@%maﬂﬂ Bl ey, - 998hanﬂoﬁ0aﬂd§33CRr espeetsvel y. The

m xtures werg,overlaj dw,th Ied for twe rounds of PCR

with each cy?:l e consi s?\t%ln Ceggﬁéﬁlegc ? g r(aselnxataﬂ"rlélf 23475 seconds at
50C (annéfl )l“a?ﬁFfB@“stéééﬁlzisVatla?@@ rela@ecénbete@oc;@qﬁer@@msslsan

PCTI CISO 17é5ég§JSt(a&BénUh@$é§%1%J)h' s zrheea@,tehg@na@sof VHIFed'ﬁt;ﬁ'tyCﬁQiA owed by
30 cycles of _PCR consi sti nrggr seconds at 94C (denature), 30 seconds at

55C (anneal)foﬁﬁﬂx§@ §e€6ﬁ af997) was 5'-GCC CAA CCA GCC ATG GCC
GAT ATT GTG CTA ACT CAG-3' (SEQ ID NO:19) whereas the

light chain reverse PCR primer (734) was 5'-AC AGT TGG

15 TGC AGC ATC AGC-3' (SEQ ID NO:20) used. This reverse
primer corresponds to mouse light chain kappa. amino acid
residues 109-115. The sequence of the heavy chain
forward PCR primer (998) was 5'-ACC CCT GTG GCA AAD GCC
GAA GTG CAG CTG GTG GAG-3' (SEQ ID NO:21). Heavy chain

20 reverse PCR primer 733: 5'~GA TGG GGG TGT CGT TTT GGC-3"
SEQ ID NO:22). The PCR primers also contain regions of
homology with specific sequences within the

immunoexpression vector.

V, and V, chains were amplified in two separate
25 50 ml reaction mixtures containing 2 ml of the c¢DNA-RNA
heteroduplex, 66.6 mM Tris-HC1 pH 8.8, 1.5 mM MgCl,, 0.2
mM of each four dNTPs, 10 mM 2-mercaptoethanol, 0.25
units Tag polymerase (Boehringer-Mannheim, Indianapolis,
IN} and 50 pmoles each of primers 997 and 734 and 998 and
30 733, respectively. The mixtures were overlaid with
mineral oil and cycled for two rounds of PCR with each
cycle consisting of 30 seconds at 94°C (denature), 30

seconds at 50°C (anneal), and 30 seconds at 72°C



72C (synthesis) followed by a final synthesis react@p@egeQB rofoutes at
72C. The reaction products were pooled, extracted with 3 and et hanol
precipitated. Anplified products were resuspended in 20 n1 TE buffer (10
MM Tris-HGA, 1 M EDTA, pH 8.0) and el ectrophoresed on a 5@6po|yacry|anide
gel . Bandswdag,m;ﬁr ating at expected nol ecul ar wei ghts of. %SO@, sV, were
exci sed, chemcally eluted fromthe gel slice, extracted organi c

sol vents and et hanol precipitated. Congihng of anplified V" and V,, genes
into M3 phage i munoexpression vector: The anplified V region 15 gene

Er oﬂugt sdwer esyeqluﬁﬁtsi)al ! Xf_hﬁlsoaegic&irﬁr%daee 1nﬁaﬁeatémnm2q>§g@(eig g)ﬂ V$Cf or

y hybridi zatpo ta S r t echni ques el ton
et al. I%rbm§¥| s %%%%5929%30% 1(“1%@?)3% BREPRTRCHS GE°Gf ¢ ho anpl i fi ed
Vv, , and V" sééﬁ@@ﬁnﬁﬁ)by3@ybebdndala¢n55ﬁnta@mmﬁﬂﬂ}s 3@dp08|£e¢mnﬁdiat ant i body
sequences | n7bicAmByMihbs L 0P cd16QAL BV, O BIBNISGoALALNed, Ly Lhe ML3

vect or %U|red for efficient ressi on. van age of this
technlque i stPhat Wﬁ?q¢€§tﬁlcF?6h eﬁﬂ@nﬁ%@%ﬁ&ﬂpquQﬂ§Cneeﬂer¢cp¢nied

i ncor por at edekftactdie WMNMith @HCY, @@N8tHLAYENSES- if fﬂrta%{édcl oning as is done
Wi th conventional DNA Ilgatlon met hods. To performthe cloning, 400 ng
each of the double-stranded anplified products were first phosphoryl ated
wi t h pol ynucl eot i de kﬂmaeefié@Opfmﬁuﬂ%stner30r990§§&Hhéﬂ akhedoLivbOPe VL
product was gj,¥ed ted phage i nmunoexpr essi on
vect or, denatured\l\%ltoh ea?fgg %%LQ c™ an %ggheﬁvqg%b gadual 16 Decenber
2003 WO 00/78%@%?$%ﬂ%¥%@@ﬂ1¢ﬂ5& %@E@d@ﬁpmglamldeomikenﬁenasure BSll |s an
ML3 | mmooeﬁ(pcyﬁéts”@na\éeekﬁécéﬁ 'rﬁlc%cfurl‘a&n N&§?ﬂx€%a&d engeses WOH

nurine 1gGl and murine kappa %_t chain cons
excised, chemlcally eluted from the gel slice, extracted

with organic solvents and ethanol précipitated.

Cloning of amplified V, and V, genes into M13
phage immunoexpression vector: The amplified V region
15 gene products were sequentially cloned into the phage
immunoexpression vector by hybridization mutagenesis
(Near, R. Biotechniques 12:88 (1992}: Yelton et al., J.
Immunol. 155:199%4-2003 {1995)). Introduction of the

amplified V, and V, sequences by hybridization mutagenesis
20 positions the antibody sequences in frame with the
regulatory elements contained in the M13 vector required
- for efficient Fab expression. One advantage of this
technique is that no restriction endonuclease sites need
to be incorporated into the V, or V, gene sequences for
25 <cloning as is done with conventional DNA ligation

methods.

To perform the cloning, 400 ng each of the
double-stranded amplified products were firet -
phosphorylated with polynucleotide kinase. 100 ng of the

30 phosphorylated LM609 V, product was mixed with 250 ng of
uridinylated BS1l phage immunocexpression vector,

denatured by heating to 90°C and annealed by gradual



dormain (Huse, WD. In: Antibody Engineering: A Pracatd ¢alkchpb&Hi geg3 C. A K
Borrebaeck, ed. WH. Freeman and Co., Publishers, New York, pp. 103-120
(1991)). Nucl eotide sequences included in the PCR anplification prinmers
anneal to conplenentary sequences present in the single- stranded BS1l
vector. Thweoemssal ed m xture was fully 10 converted to J13@dilAssStranded
nol ecule with T4 DNA pol ynerase plus dNTPs and |igated with T4 |igase. |
m of the nutagenesis reaction was el ggtroporated into E. coli strain
DH1O0B, titered onto a |lawn of XL-I E. soli and incubated until plaques
fornmed. Pl ageectifd Gassaysm itbmperatypss f omsad as deseri bed usi ng goat
anti-nurine )&Qae!' ant | conj.ygated to kal i ne, phosphat ase
~(Yelton et g?@‘?ﬂ%ra;_ Sﬁu;%g, l"%\?ggr cgél}pl;{%)%. E Pt 1‘eaglral ?r}uralnr‘f‘eelnf:ﬁ t° chain
posi tive M3 PBh&fefrdneslget eandaluatiod, kpppt et @rid chasedcets iprdpar e

uridinyl at edquagi O (HisSEW®. a3nt il AR 2@nhOheBYDL] :diP?quiaQFigyi agenesi s
“with the PCR.applified LM09 V' product. ones expressing functional
muri ne Lwéogglig@@' Y §-dEREFePaEChy 9 ndi-Hg F5epoRt fans €8 b3 by ELI SA.
Briefly, |nmmBhohidheds,| SAwplrakRs per e oseated (@ver nj ghtnu2 ekt el my/

- (100 ng/ wel . nd nonspecific sites l.acked. for two hours at 27C.

Sol ubl e Fabsg\%\gr%xpcsper eﬁg’rcgélgegylf’s% %tsﬂi(‘%{g aB‘B?r‘BF‘é@H%“ 38 8ns of cul tures
of E. coli 3Bpedh WKI®®leBonheingerqudmersepreSony imfubet ednyléh the Fab
expressi ng M3, phage Ngs ri fr 1,0 recmxed with

bi ndi ng byffer 100 mwgﬁlgd%,écggﬁmwpirﬁ?nﬁﬁgg%?ﬁ%’éﬁﬁgﬁe@\%%,fq%fﬁwl MO ,, | M
Mia 2, 018205 RRX&EEter Ry /i dopbhearir anfedoarédcwt € hwithndli DN2ed a"b3 for two
hours at 27fol fhariase WaLe wAsShedawd tih gaicedi ngehUf eri @nrd bowng, 16 Decerber
2003 WO 00178§1ghPCT/ US00/ 17454 63 Fab detected with goat anti-nurine kappa
chain antibody “FodfUGEEESts BFKati9e "HRogpRat BRROrHAG 18*B3Er eact i ve

coli strain DH10B, 'titered onto a lawn of XL-1 E. coli

and incubated until plaques formed. Plaque lift assays

15 were performed as described using goat anti-murine kappa
chain antibody conjugated to alkaline phosphatase (Yelton
et al, supra; Huse, W.D., supra}. Fifteen murine light
chain positive M13 phage clones were isolated, pooled and
used to prepare uridinylated vector to serve as template

20 for hybridization mutagenesis with the PCR amplified
LM609 V, product.

Clones expressing functional murine LM609 Fab
- were identified by binding to purified a,b, by ELISA.
Briefly, Immulon II ELISA plates were coated overnight
25 with 1 mg/ml {100 ng/well) a,b, and nonspecific sites
blocked for two hours at 27°C. Soluble Fabs were prepared
by isolating peériplasmic fracticns of cultures of E. coli
strain MK30-3 (Boehringér Mannheim Co.) infected with the
Fab expressing M13 phage clones. Periplasm fractions
30 were mixed with binding buffer 100 mM NaCl, 50 mM Tris pH
7.4, ZmM CaCl,, 1 mM MgCl,, 1 mM MnCl,, 0.02% NaN,, 1 mg/ml
BSA and incubated with immobilized a,b; for two hours at

27°C. Plates were washed with bindihg buffer and bound



S

clones were identified: nuLM609ML3 12, 29, 31 and 6% peMikNBPIMIS3 12 and 29
gave the strongest signals in the 5 ELI SA assay- DNA sequence anal ysis
showed that clones muLM609ML3 12, 31 and 69 all had identical |ight chain
sequence and confirnmed the previously determined N-term nal am no acid
sequence @fo mMghisi ed LM609 |ight chain pol ypepti de. AI]LC{,lgngflﬁgpnes had
identical V' DNA 10 sequence and al so confirned the previously determ ned
N--term nal ami no acid sequence of purigi ed LM609 heavy chain pol ypeptide.
To further characterize the binding activity of each clone, soluble Fab
fractions weFebpdepartd fichm §0atlSamdi-cuirtineegapha Ech0iol langtibadp MK30- 3
infected wit DeSs eval yated for binding to.a"b3 in a
conpetitive Eﬁﬁg%\ Wi t%]t%l\/%ggaﬁgtgrghoes\%?le%élsgé o] o‘flf"liaggi* E%a§ *3Fe shown in
Figure 3. C Bhene®WBTONESNERf ped: MdtRP B 3i hRi b2%, LBERd| §8. bi ndi ng (at
LM509 | gG 20MGOMEEsM I Rt12088d059 1ded Mnand r3nh84eM 91 4r2 18" B Lhe2

concent rati o%fﬁgendent manner at periplasmtiters Tangin romneat to

1: 80. C ofle FOMEY -12 PBsSepretfife P RLivPiadsherPh et KéoVvef egi on heavy
and |ight chalne@NA Sdquentesnagsd raidetharni aed: i &onpliethe BhAin 25 sequence

of the final 3 12- is shown.in. Figures 2A and 2B.
EXAMPLE | | c%%é‘?%%et irgél‘nlawggg%’f‘ﬁi‘%ntﬁieApéﬁﬁ?@‘éHe%etel_ 9Cunct i onal

Fragnent 30 Eneeguidialofangnaf a¢hd sanidnodi o peribiqt dewiogelignti body
specificity angi @fddiRideyeVgen s tdd 4t in enher. . 3 0/ 78815
Ty USOD, |y Boyrck el cDFe}léijis At lane }g%‘tgu r%ﬁ“y“???m‘e’vvﬁ .~ Anot her
~goal is 18 nPRIVRSE PRE RrABP otk BIRbithroPER OB N sletaemdnedquences so as

to reduce the-possinile adihbg@ti€idduence of purified LM609 heavy
chain polypeptide.

To further characterize the binding activity of
each c¢lone, soluble Fab fractions were prepared from 50
15 ml cultures of E. coli strain MK30-3 infected with clones
12 and 29 and evaluated for binding to a,b; in a
competitive ELISA with LM609 IgG. The results of this
ELISA are shown in Figure 3. Clone mulLM609M13 12 was
found to inhibit LM609 IgG binding (at LM609 IgG
20 concentrations of 1 ng/ml and 5 ng/ml} to a,b, in a
concentration dependent manner at periplasm titers
ranging from neat to 1:80. Clone muLM609M13 12 was
- plagque purified and both the V region heavy and light
chain DNA sequences again determined. Complete DNA .
25 sequence of the final clone, muLM609M13 12-5, is shown in
Figures 22 and 2B.

EXAMPLE II

Construction of Vitaxin: A CDR Grafted

IM609 Functional Fragment

30 One goal of grafting antibodies is to preserve

antibody Specificity and affinity when substituting



with a human host. This Exanpl e describes procedur 9% hREeRnacCofigpt i shing
both of these goals by producing libraries of grafted antibodies which
represent all possible nmenbers which exhibit the highest affinities for

the desired antigen. The above library was constructed in E. coli 10
wher ei n t Rey pPReisbl e CDR and franmewor k changes were inclqﬁﬂgggmg usi ng
codon- based nut agenesis (Kristensson et al., In: Vaccines . Cold Spring

Har bor Laboratory Press. Cold Spring Harbor, NY (1995); Rosok et al., J.
Biol. Chem (271:22611-22613 (1996)). Using these 15 procedures, a library

was const ruched-padam dnMCtn@Bah| yumad tanta thdpaniZedh At i - and88ainhi bitory

anti body was __identified. .For the constructi.on o ne grafted form of
il Eh%h’o“'ﬁ? utcﬁéoﬂi%%eg?r nyE§rBe of identity

LMB09, hurman9PRameiork "S8GTaA8e
to the nmuri necitib®9adenag sn genee sshuences peseilskd ecitedeharitecei ving

t he LM609 CDRs B, chaj ey N HC_ Subgr oup

3, Kabat et al th gupra)mﬁg’g)é%%ﬁlg%;ét}{at lt%odg/géﬂ%%%s@g%g%egnaoﬁ of LM609
heavy chaPn &RE°RRkEHIM9gketBhaf nthess goadisohy Listodwli ngHKIEBE2ri&appa
subgroup 3, KﬂbgiaﬁiedﬂamtibSH@éﬁ)w@@ﬂlé%gre%gﬁﬂtiiﬂ to frameworks 1, 2 and
3' of LM09 Iiggt fhai n. Miurine LM5Q9 C sequences, as defined by Kabat
et al., suprBOudtRIYrEPEFSoHPLCR R Hi N ther BRdhet ko f TRedtdasstoF edi ct ed
to be buriedthbhadesixpit aB@igkhiect the structure and therefore the binding
properties of the original nurine conbining site were taken into

consi derati on when desi gni ng possi ble changes (Singer et al., supra;

Padl an, E. A. Ml . | mmithel ab28=4Bra498 wh6 Decenbert003 WD 06478815

PCT! 500487 it P01 11 Lhs s THLS @lE!aR Srahel bAMTIRLIG L CRbdyes consi dered
to be inportant for preserving the speci fi clity an :
incorporated using codon-based mutagenesis (Kristensson

et al., In: Vaccines 95. Cold Spring Harbor Laboratory
Press. Cold Spring Harbor, NY (1995}; Rosok et al.,_J.
Biol. Chem. (271:22611-22613 (1996)). Using these

15 procedures, a library was constructed and a functionally
active humanized anti-agh—ihhibitory antibody was

identified.

For the construction of one grafted form of
LM609, human framework sequences showing the highest
20 degree of identity to the murine LM60Y9 V region gene
sequences were selected for receiving the LM609 CDRs.
- Human heavy chain V region M72 ‘CL (HHC30Q, HC Subgroup
3, Kabat et al., supra) had 88% identity to frameworks 1,
2 and 3 of LM609 heavy chain and human light chain V
25 region LS1 ‘CL (HKL312, Kappa subgroup 3, Kabat et al.,
supra) had 79% identity to frameworks 1, 2 and 3 of LM609
light chain. Murine LM609 CDR sequences, as defined by
Kabat et al., supra were grafted onto the human
frameworks. Residues predicted to be buried that might
30 affect the structure and therefore the binding properties
of the original murine combining site were taken into
consideration when designing possible changes {Singer et

al., supra; Padlan, E.A. Mol. Immunol. 28:489-498




affinity of the conbining site revealed only a few;gdipffergncesyqdor
exanpl e, in the heavy chain sequence, 5 the predicted buried residues

di spl ayed 100% identity. O particular note is that Argl6é in human heavy
chain V region M2 '"CL is a relatively uncommon resi due anong human

chai ns. Homgw@rssist hi s residue was al so found to be pregeiise M09 V' and
therefore was retained. 10 Simlarly, Argl9 in LMs09 is arelatively rare
resi-due anong mnurine heavy chains but gst is found to occur in M2 'CL and
was therefore retained. In the light chain sequences, two nonidenti cal
buried residué8siere ThentinkilgdibedetrardMo0? aah Sk 'cChshaapeyor k
regions at 1%,pQsi i These ositions were therefore

i ncor por at edﬁiongg%ltl{ggﬁrag'f%t gggaﬁg?%%%?qq tt#%r gp%%l oty RUffan and nuri ne

al ternati ves2fEinity exfgtthegeafmbéning redicomeyenksd warleyy asyrwhesi zed by PCR
using |ong overkappids 20 Ol @RBMS] £0tide%e LEOW Shain %hkg%gc' eoti des
cont ai ni ng n‘iEed am no acid residues at positions 49 an_g 7 Wer e

synt hesi z&d 58°dRETHIB&H PHrEPdsersBuen digplayedniifid idenbigeo3- 3913
(1992)) and as patwuistviairetotd iSethdd i2gQNWckRokuhdehdaOR eaephed as V0L

ol i go3 and V j 25..(SEQ. 1 D 16 and 17, respectively). Al long

ol i gonucl eot ?“8@?‘33?%2 gel” pir pfFetf Vaegtyeﬂnff%‘b@‘ rfe%%fugnamg%gjm chain V
regi ons meréU'BMSQWWSed Bywavi ngtis soveslidppi wigs allisgoifuahaots des  at
‘equimol ar copeestdaliP e obNvi NP LARL0ES OfyANNERLINE, 30 POR pri mers. The
heavy chain oligonucl eotides. rra]E) to the Yo' T%wi ng nuc?eotl de positions: VH
ol i gonucH8ot PHBTH YN PaBildoly, L¥eRY et RdEsl ¢hiyell 84re( SEQIEEE NO 9); VH
oligo2, nt FoddIhuliBEOnkRyMcHMns Wilt0hk993, rdlindl 33 225, SEQ UL 16
Decenber 2003 1\,/\0 OCP/ 788%% PC'tl'/ US00117454 66_NO 11); V' oligo4, nt 211-291
(SEQ I D hKIlZ?; P (ﬂ%sg erefore retained. In the 'light chain

sequences, two nonidentical buried residues were

identified between LM609 and LS1 ‘ClL framework regieons at
- 15 positions 49 and 87. These two positions were therefore
incorporated into the graftéed antibody library as both

human and murine alternatives.

Full-length grafted V region genes were
synthesized by PCR using long overlapping
20 oligonucleotides. Light chain oligonucleotides
containing mixed amino acid residues at positions 49 and
87 were synthesized as described in Glaser et al. (J.
CImmunol. 149:3903-3913 (1992)) and as illustrated in the
oligonucleotides represented as V, oligo3 and V, oligod.
25 (SEQ ID NOS:16 and 17, respectively). BAll long

oligonucleotides were gel purified.

Grafted LM609 heavy and light chain V regions
were constructed by mixing 5 overlapping oligonucleotides
at equimolar concentrations, in the presence of annealing

30 PCR primers. The heavy chain oligonucleotides map to the
following nucleotide positions: V, oligonucleotide 1 (Vy
oligol}, nucleotides (nt) 1-84; (SEQ ID NO:9); vy, oligo2,
nt 70-153, (SEQ ID NO:10); V, oligo3, nt 138-225 (SEQ ID



nt 277-351 (SEQ ID NO 13). Simlarly, the Vitaxin higghtcesbatnoo3

ol i gonucl eotides map to the foll owi ng nucl eotide positions: V,,

ol i gonucl eotide 1 (V,, oligol), nucleotides 5 (nt) 1-87; (SEQ ID NO. 14) ;
V,, oligo2, nt 73-144, (SEQID NG 15) ; V,, oligo3, nt 130-213 (SEQ ID
NO 16) ; wohewR5is904, nt 199-279 (SEQ ID NO 17); V,, dldragen7ads 265- 321
(SEQ ID NO:18). The nucl eoti de sequences of oligonucleotides used to
construct grafted LM609 heavy and |ightggchain 10 variabl e regi ons are shown
in Table 6. Codon positions 49. and 87 in V,, oligo3, and V,, oligo4
represent th&80:iahdowy pédgocoddoms.2IThe%annebhi Ty NIr-iLTg: SVE @itigiosed at | east

18 nucl eoti de,r esi d t t es.fo eff|C|ent
~anneal i ng of %'E:h?gn%ﬁ?fl g] \}%”EBr Zg%/on%pl\r(ngg%‘gflyf o%g‘pgclaﬁ{l ELl‘f’randed

vector. The chaheapkibervalgcsidas hap 5o ddwevéplbowing anm:dsbltedstranded

nol ecul e Wi t Bod4t DV pal yaﬁimﬁé&léw?s(@n@lhbgm etuMiddt1dids! i gase. To
generatethe I nmut ag énesi s reaction (1 1) was

IFfé/ a portion of the
el ectroporat 88t nt P E (&5 &t P‘Qr?‘n‘lbl-ll‘bBo%m% ”c‘i t’'éréf@iont A F%wn of XL-|
(Stratagene, NDat5); aqdollmgubatm wao-2i1 3pl aggesp fno-med; vRenliigea, filter

ci ther by hyb ) oy 3ef 1on 78 aPt ROSEEl Gof Bahass SRoRaI-art obRRl ot do

conpl enent ar §0: 1®) L MUS meadgothde nsCDRZeseqlientigororcleeadtiesity with

7F11- al kal i ngsphosphal.As6,een n a t .o i sed agai nst
t he decapepti ae seguence 'II':l rQ gygﬂ&}d rﬁi@ ?}%% r%nd afLr'L“‘J‘I’ﬁ o %ﬁSer (SEQ I D

NO 28) apfend@iizpts orec%@néaﬁl'ééwh‘?‘@? rﬁfth§b6f~' fhe rbrpoeHFl@I@?ral n
(Biosite, |ne.anda8T Breyy, o GAYo3,Fishidy velant g@qt hapryed g doubl e- positive

wer e pool ed and used prepar e, ridinylate Iatefor hybri di zation
mut agenesi s Wt AT HE arﬁ?r)ofll ed THY a1t lI_llV@O@:”\‘/““‘E’ Hr$gFetreds2becenber 2003

WO 00/ 7s815 PeF$t JISU4MkA4b4ide residues complementary to vector
sequences for efficient annealing of the amplified V
15 region product to the single-stranded vector. The
annealed mixture was fully converted to a double-stranded
molecule with T4 DNA polymerase plus dNTPs and ligated
with T4 ligase.

To generate the library, a portion of the

20 mutagenesis reaction (1 ul) was electroporated into E.
coli strain DH10B (BRL), titered onto a lawn of XIL-1
(Stratagene, Inc.} and incubated until plaques formed.
Replica filter lifts were prepared and plaques containing
Vy gene sequences were screened either by hybridization

25 with a digoxigenin-labeled oligonuclgotide complementary
to LM609 heavy chain CDR 2 sequences or reactivity with
7Fll-alkaline bhbsphatase conjugate, a monoclonal
antibody raised against the decapeptide sequence Tyr Pro
Tyr Asp Val Pro Asp Tyr Ala Ser (SEQ ID NO:28) appended

30 to the carboxy terminus of the vector CH, domain (Biosite,
Inc., San Diego, CA)}. Fifty clones that were double-
positive were pooled and used to prepare uridinylated
template for hybridization mutagenesis with the amplified
grafted LM609 V, product.



67 Table 6: digonucleotides Used to Construct G afted,.LM0O9

Li ght Chain Vari abl e Regi ons CAGGTGCAGC TGGTGGAGTIC TGGTIGGAGEC

y and
TGTGCAGC

CTGGAAGGTC CCTGAGACTC TCCTGTGCAG CCTCTGGATT CACC SEQ ID NGO 9 5 AACTTTTGCG
ACCCACTCCA GACCCTTGCC CGGAGCCTGG CGAACCCAAG  ACATGICATA GCTACTGAAG

GIGAATCCAGvAGEAssiSEQ | D NO 10 TGGGTCGCAA AAGITAGTAG T

ATTTAGACAC
TGCACAGTAA
GTTCTTACTA
AGTTTTGCTT
GAGATTGTGC

GACCAGGECCT

CCAACCCTTC TEATENARIA-

GGCAGT GGAT

CAACAGAGTG GRAREFEEKIR TUAGRSEALE @E&@%@@@@AA@&GAGGT CGREMBTRESG

descri bed above w

8 Th
ol i gonuel cotF agéTgﬁgﬁﬁnAﬁqxgﬁGﬁést?é@?ﬁ?ﬁﬂngBﬁEBF%Eﬁq?kﬁ?TTAEBCBCmere

ol i gonucl eot i

G55 AGCACCTACT

TGIGCAGGEC CGATTCACCA TCTCCAGAGA CAATAGT SEQ ID NO 11
TACACGECTG TGICCTCGEC TCTCA@AGAG TTCATTTGCA 10 GGTATAGGEGT
TTGICTCTGG A SEQ ID NO 12 GIGIATTACT. GIGCAAGACA TAACTACGGC

TA

MG

CAGGGACAGA

ACEBLE0ECA QINEERACTAGA GICAGETT TS CFACTGRO ddashen 13

, CAGGAGA  AAGGGOGACT
Jeo o mitics RASEOREAAGC CTTGGGGCTT
TTEEFRATAR: (HEIGEAGET Tmmmtmaﬁam@@@ﬁ&ﬁcl D NO 15

TR R R R GERbCACTC. TERTARCIGIY RATAGACTGD

AAAATCTTCA GBBFEERISHCS AT CracACAR AGIC CIBGGTEGAABATOTITHET CCBERGCAASEQ | D NO. 17

reacti on was

as

§EQIDNO
the VH

enpl oyed ( SEQerECANIR: kbarrci8car espemdacal yhardte reaxﬁq @n Mes 11

PER55BERG otk Tcbb e

phosphat d$e §ﬁT%T@ﬁﬁﬁTzﬁﬂmCTﬁaﬁﬂh BOTAET&Gt Abody usi nggEgn 1al kat | ne

el ectropor at gd’h Bt Gr B

ei t her goat antl-hunan

phosphat ase gegiaxgPi@d grcaRRE
Positive clones co-e

(160 total) ARECHSEY

3

ressin

kcﬂn%AA

g%véeﬁg@fdbf

ifts robed with

ITPETRRI | ne
£agekckeL, det ection.

sequences were sel ected

FUGREEETTE. CBAT straln NKSO 3 S0 pPefarihy sol uble
TCCAGCCACC CTGTCTCTCA GCCCAGGAGA

Fab fragnent sacAtrGeasenerT2008c

15

20

25

30

AAGGGCGACT
GATGAGAAGC
GGTTGCTAAT
CCAAGGCTTC

CAGGTTCAGT

GCTGCCACTC
TGGAGATAGT
CAACAGAGTG
AATTAAG

CTTTCCTGCC
CTTGGGGCTT
ACTTTGGCTG
TCATCWASTA
GGCAGTGGAT
TGTTGACAGW
GAGGGTGAAA
GCAGCTGGCC

AGGCCAGCCA
GACCAGGCCT
GC

TCGTTCCCAG
CAGGGACAGA
AATAGACTGC
TCTGTCCCTG
TCACACGTTC

AAGTATT
TTGTTGATAC

TCCATCTCTG
TTTC
AAAATCTTCA
A
GGAGGGGGGA

SEQ ID NO: 14
CAGTGTAGGT
SEQ ID NO: 15
GGATCCCCGC
SEQ ID NO: 16
GGCTCCAGAC
SEQ ID NO: 17
CCAAGGTGGA
SEQ ID NC: 18

The mutagenesis reaction was performed as

described above with the V, oligonucleotides except that

the V., oligonucleotides 1 to 5 were employed (SEQ ID

NOS:14 to 18, respectively).

electroporated into E.

The reaction was

coli strain DH10B and filter lifts

probed with either goat anti-human kappa chain antibody

conjugated to alkaline phosphatase or a goat anti-human

Fab antibody using an alkaline phosphatase conjugated

rabbit anti-goat secondary reagent for detection.

Positive clones co-expressing both V, and V,_ gene

sequences were selected (160 total)

and used to infect E.

coli strain MK30-3 for preparing soluble Fab fragments.




WD 00/ 78815 PCTI USO0/ 17454 68 The sol ubl e Fab fragnenpec-werer-ssigened for
binding to a"P3 in an ELI SA assay. Four clones that were shown fromthe
ELISA to strongly bind cr were identified and further characterized. These
clones were terned 5 huLM609ML3- 34, 54, 55 and 145. Al four clones were

pl aque purwbimsksand three independent subclones from eagh.,&heng was used
to prepare Fab fragnents for additional binding anaIyS|s/¥o a, a3 by ELI SA..
In this additional ELISA, duplicate plgges were 10 coated with a"P3 |igand
and incubated with the huLM609 periplasm c sanples. In one plate, bound
huLM609 Fab was det ecrted swilub1goBib aftdgreuiBnwkappecehaiea @pti body

ted t hat d th th | at bound huLM509
oD e ot e BB S AR B B e L £OL LS B VPR

Fab was detec 3l K&l Prie
nonocl onal aﬁ@PbOd?romeﬁﬁgﬁﬂiﬁhthFﬁinhm@awepundeaﬁﬁgwefiﬂxda@meflhdLNBOQNHB-

34-1, 2 and 3nanduhthdBQIMLI14pPidea 2 A % @hgngégrgghtquggle positive

signal s i dicating t hat_t he Fabs contaln unct1on

pol ypept i des PUFHBERML 35t S4wePe B dAFH-i r Abd FAuRCIENESAWESSay on M1

cells, a cel bibine pﬁfhaﬁleﬁxﬁhasﬁﬁﬁeé higrdel teaaéhe 0B A sedMenss, anal ysis
of subclones QuLNB C134--3 huLM6Q9ML3- 145- 3 reveal ed nutati ons

i ntroduced In as u Bralky B§e%ﬁ??wg?bdééa98€8F?gﬁﬁﬁuﬁquﬁﬁﬂéaé5 synt hesi s
or by errorsbandsmqmﬁnhﬂmsng PERx@npby fEIGsA.on. These nutations were
corrected in clone huLM609M 3-34-3 by site-directed nutagenesis. In the

| i ght chain sequence the follow ng corrections were nmade: H s36 to Tyr36
and Lys18 to Argl8. |nn KéiReavyitcirgial £&gEanceupBO-atee pllekkowiene

correcti Qus weheedBih @ pl 1tQafdiNind ASIbak @4 8n é?élmuzh%o%/ alll.
Addi tional ly, durj t he constructlon of LMb09 grafted nol ecu resi due
28 from 16 E%%% L §amp es. In one plate, bdund hulM609 Fab was

detected with goat anti-human kappa chain ahtibody
conjugated to alkaline phosphatase and in the other plate
bound hulM609 Fab was detected with 7Fll-alkaline

15 phosphatase conjugate, the monoclonal antibody
recognizing the decapeptide tag. Subclones hulM609M13-
34-1, 2 and 3 and hulLM609M13-145-1, 2 and 3 all yielded
double positive signals indicating that the Fabs contain
functional V, and V, polypeptides. These results were

20 confirmed in an ELISA assay on M21 cells, a cell line

that expresses the integrin o,f;.

DNA sequence analysis of subclones hulM609M13-
34-3 and hulM609M13-145-3 revealed mutations introduced
into the library by errors due to oligonucleotide
25 synthesis or by errors arising during PCR amplification.
These mutations were corrected in clone hulLM609M13-34-3
by site-directed mutagenesis. In the light chain
sequence the following corrections were made: His36 to
Tyr36 and Lysl8 to Arng. In the héavy chain sequence
30 the following corrections were made: Glul to Glnl, Asn3
to Gin3, Leull to Valll. Additionally, during the

construction of LM609 grafted molecules, residue 28 from



WO 00/ 78815 PCTI USOCO 17454 69 the heavy chain was qgengidensd-toode a
non-critical framework residue and the human residue (Thr28) was

retai ned. Subsequently, however, it has been determ ned that residue 28 can
be considered part of the CDR 5. Therefore, residue 28 was converted to

the correspgpsisgg nouse residue at that position (Ala w@k%i te
directed nutagenesis with the oligonucl eotide 5 -GCT Al GAA TCC

AGA G 3' (SEQ ID NGO 29). This change wgs |ater determined to not provide
benefit over the human 10 franmework threonine at this site, and the

t hreoni ne washer réavpeathaibh@abi Bahs giafded oL MB09 £boNe-WaSadesi gnat ed
huLM609ML3 1135-4 and is .ternmed herein Vitaxin. The sequence of clone
Vitaxin is s#%ﬁﬁerﬂr}ﬁ eSS AN n g B U EBRANBE EANE | (ﬁ%né"ﬁ' onal '

Char act eri zatretainéd Vi tsbiseqbhnsl Exanpiareshons the lohar aktrerinzatdon of
Vitaxin's bipgaLpg, sPesid -6l fiaids ti | tivity in a
number of in vitro bi ndi ng aﬁ %él‘%gﬁ&té%%%s%?ohgggs%%g&lezﬁ%ﬁe bi ndi ng

speci fici ty. Shevrfas@n HesduRe28 | waegrinvertesd wasthqiadrmespoadingsed by

neasuring bi mduBe réSidie-'a8 BndtipSs LERTSI@RAGLBYI §yidP Qtcher o- or 133-
cont ai ning i E}te%r,lcn . Specifically, binding specificity was assessed by
nmeasuri ng bi A4FRG-ED St f@§fsf‘ﬁe‘”#ﬁ' drho9ligeaYrl ¢ ehdst ssEEToRCHI at el et s,
and to x"(35GAanGé0t@R iMeC Aornd-PpreysHend §0: eadot heliisalcheakkswaad

connective i e . es, Briefly,. to . determ ne crossreactivity,
i ntegrins \/\B??%gaﬁieg%%nﬁkéaaﬁoﬂ?% lf)‘%lvajtc% gﬁaegl%e?‘feers tg‘fa éﬁmﬁﬂti body
di | uti ondOnefsanpwetk ddreoniyet aki thii rditey andtihe thhregainet wav43 and t he

other integriBsaiddi§. 1@th§§HpFrgf%%%%d”@M%gé7§§&§E7“%5 designated
huLM609M13 1135-4 and is termed herein Vitaxin. The DNA

sequence of clone Vitaxin is shown in Figurés 2A and 2B.

EXAMPLE IIX

15 Functional Characterization of Vitaxin

This Example shows the characterization of
Vitaxin’s binding specificity, affinity and functional
activity in a number of in vitro binding and cell

adhesion assays.

20 The binding specificity of Vitaxin for the
A integrin o,Bf; was initially assessed by measuring binding
to o,B; and its crossreactiﬁity to other oy~ or f;-
containing integrins. Specifically, binding specificity
_ was assessed by measuring binding to o;B;, the major
25 1integrin expréssed on platelets, and to oyBs, an integrin
found prevalent on endothelial cells and connective

tissue cell types.

Briefly, to determine crossreactivity,
integrins were coated onto an ELISA plate and a series of
30 antibody dilutions were measured for Vitaxin binding

activity against ouf; and the other integrins. The




PCT/ C] S0011745 4 integrins a"{33 and a"(35 were isqlgabedchcafsddity

chromat ography as descri bed by Cheresh (1987), supra, and Cheresh and
Spiro (1987), supra. ax103 was purchased from Cal Biochem Briefly, an
LM609 affinity colum (Cheresh 5 and Spiro (1987), supra) was used to

i sol ate a4ggodfser@ an octyl gl ucosi de human pl acent al /y] greas an
anti-aVv affinity colum was used to isolate x 35 fromt 3- depl et ed
colum flow through. Antibody binding -gctivity was assessed by ELI SA usi ng
a goat anti-human 10 1gG al kal i ne phosphatase conjugate. As a control, a

purified humtbg&nerﬁvlﬁpoﬁw \vas, wsed ShHCedd tb@Xhmflﬁpmal ns a human |g9G
backbone. The.resu in Fi 4A and reveal that

ts th| S assay, a
Vitaxin specitre calajf aph dﬁs'ﬁfgl%ﬁ‘{ ﬁjylg?’ﬁfcﬁﬁh af’ )t' SUPREr e2Whs no
det ect abl e brChehrﬁghtcmd tmnr@t heosap, supfB- cenim nhﬁgpth&lﬁgzreimffr@h ant i body

concentratio 0 I n er..ser es studi es, the
' %%lgygéhém %E/%%l aﬁ'gﬁg&d1affanl ﬂgé???

bi nding affinity and speci f1°Ci § was assessé Ple bi nd| ng
assay Wit t R@dpipere al1A8V809 supne) body vagdi netlabl(a’i& om;npfe‘bmt Bue bi ndi ng

Was neaSUVEdocth@Duégéf%%‘@§§§M gfaégﬁ%HT qggaggovﬁhgye%% EwsggtPe&ng the

| abel ed anti bodg Bi ndi_ ng was detérmned I n presence of
i ncreasi ng c6hé ﬂﬂ‘%t‘fq}ﬁ’é‘mof“’a‘é’ Pe&d 25 sedapet #bor From ttdyenati vel y, the

control conpe{fteaeplandd bﬂﬂylmwa;ﬂagatmr&:dwnaﬂnkgx%dy Bgdiegul ts of this
conpetition ar e, present ed in Fi and show t hat specific inhibition

of LMBO9 bi Rdi g tan Be 385"’?8?‘68 REHE oh cCERT ATSAEUBRP over 30 0.1
pg/ M . AlfosfgGoabkating llvlhuobphatmse s:caigs;@a\ted aks ano&h)tlrblCOElcent rations

e TR e W P AT R 1

contains a human IgG; backbone.

The results of this assay are shown in Figure
4A and reveal that Vitaxin specifically binds to o5 with
15 high affinity. There was no detectable binding to the
other oy~ or Bj;-containing integrins at antibody

concentrations over 1.0 mg/ml.

In a further series of binding studies, the

binding affinity and specificity was assessed in a

20 competitive binding assay with the parental LM609
antibody against a,f;. Competitive binding was measured

~ in an ELISA assay as described above with LM609 being the

labeled antibody. Binding of LM609 was determined in the
presence of increasing concentrations of Vitaxin

25 competitor. Alternativeiy,'the control competitor

"antibody was again a human IgG;.

The results of this competition are presented
in Figure 4B and show that specific inhibition of LM609
binding can be observed at Vitaxin concentrations of over
30 0.1 pg/ml. Almost complete inhibition is observed at
Vitaxin concentrations greater than 100 pg/ml. This

level of competitive inhibition indicates that the



71 parental nonoclonal antibody LM509 and the graftigdpeyenstpnodhs axin

exhibit essentially identical specificity. Binding affinity and
specificity were also 5 assessed by neasuring the inhibitory activity of

Vitaxin on a"P3 binding to- fibrinogen. For these studies, a.,P3 was

pl at ed ontywoWAseA Pl ates as descri bed above for the \/ld‘;(%:;ﬁg%@%&% bi ndi ng
studies. Inhibitory activity of Vitaxin was determ ne y i

neasuring the

amount of bound 10 biotinylated fibrinegen in the presence of increasing
concentrations of Vitaxin or control antibody. Briefly, fibrinogen was

purchased fr gar€atBi oshvessandibeatipydatiedoowahh dhéygrapeegucci ni m dobi otin

as descri bed t he ., manuf act ur.er.

Resear ch). Sf%éﬁ%ggivl?ﬁﬁﬂq«aﬁ ﬁglbhﬁ§§ﬁgﬁ
Freciésolts. of this assay are presented in Figure 4C and

Vi taxi n concentrations higher than

fibrinogen.

reveal a specific binding inhibition at ‘
about 0.1 pg/m . 20 These results, conbined with those presented above
showi ng speci fic bi ndigEmavrfashhty nd PReghficEonpetde iakeoi nhi bition of
LMB09,. derpnsiskabsed hif médstxlifg BRé Mg c885eRtE M1ty Ad vetakhg binding
characteristics 6fmg.s ecificity exhibited by the parental nurine 25

dy tﬂé&ﬂﬂ

nonocl onal

assays. Addi t C
specificity of |taX|ﬁ3b|n

anti B

eaalnfy g, T30 et udit&d

(Pierce Life Science and Anal yti cal
5§éywé ikt o detect the bound

e dPrRBAIH oW odr &hesgadtidisital oFBmeesonal
st udi es whi clplebed oburatFLISheptateondd umisersbbasebwn idr ¥hikr o bi ndi ng

t,l | studi.es were perfornmed to further assess the
o iHfng” st 'Ie“hlmé&SrHi FEeted % 8%t he i nhibition

15

of integrin Bifdrhy Was cEtieradhedi lon essaysngEhdot dredurgl ofebbunddhesi on

events ane aRibEPeyiANMd GAWRQASHL. | 1k the TRese,ad. PFr 1§.J2eGeuhgr 2003

15

20

25

30

concentrations of Vitaxin or control antibody. Briefly,
fibrinogen was purchased from CalBiochem and biotinylated
with N-hydroxysuccinimidobiotin as described by the
manufacturex {Pierce Life Science and Analytical
Research). Streptavidin alkaline phosphatase was used to

detect the bound fibrinogen.

The results of this assay are presented in
Figure 4C and reveal a specific binding inhibition at
Vitaxin concentrations higher than about 0.1 ng/ml.
These results, combined with those presented above
showing specific binding of Vitaxin to o,y and
competitive inhibition of LM609, demonstrate that Vitaxin
maintains essentially all of the binding characteristics
and specificity exhibited by the parental murine
monoclonal antibody LM609. Described below are
additional functional studies which corroborate these

conclusions based on in vitro binding assays.

Additional functional studies were performed to
further assess the specificity of Vitaxin binding. These
studies were directed to the inhibition of integrin o, B
binding in cell adhesion assays. Endothelial cell

adhesion events are an important component in the



WO 00/ 78815 PCT/ USOQ' 17454 72 angi ogeni ¢ process ang 'DQEbe%i-O @j a"(33 is
known to reduce the neovascul ari zation of tunors and there reduce the

rate of tumor growh. The inhibition of a"ji3-nediated cell attachment by
Vitaxin in these assays 5 is indicative of the inhibitory activity expected

when thisyapdtseedy is used in situ or in vivo. Brieflypepygbappsitive M1
mel anoma cells grown in RPM containing 10% FBS were used for these cell

bi ndi ng assays. Cells were released frogmthe culture 10 dish by
trypsini zation and re-suspended in adhesion buffer at a concentration of 4
x 105 cells/ raiing(lsgenbelgﬁmz)ces‘ﬂﬁ badi Nph MOS0l £puLg,f i edkiwwmd gGL (control

anti body), ed to the desired c entration in 250 pi adhesion
buffer (10 n- tﬁ%ﬁﬁe {‘!"‘5 TG S 21 =90 %%ﬁ““’(ﬁs 2N 5-HRASNCl 2, and 1% BSA
i n Hepes buf fréﬂeéesbﬂ"? e tegt OﬁHtmmdy grewthadd&tiet onwibitsicaf o 48-wel | pl ate

pr ecoat ed W'bhﬁrhlgahﬂ@@@rbelTh%tftbgﬁan%% WA oS8! 2hebhdse %%%klstd above.

Each well was coated with 200 pl fibrinogen at a concentration of 10.g/m
for 1 hour atlS’S?Efjl‘F%‘fl‘fehé’fZGhésé‘&’}/lblérPréquéEltl\‘/éFun%xRﬁCt@éﬂ W§ep250 pil)

contai ning VhtaxantiddhP9s0rskqotypsidmizhad ¢epbrol anti body was added
~to each of the wells, m xed by gentle shaking and ‘i.ncubated for 20 m nutes
at 37C. Unbound cells were renoved by washing with adhesion buffer -until
no cells 25 renmai ned iBricdity, ok, fyebbsiciost e IwnkhaBSAs ad<ine. gBewnd cel s

were visualizgdg o vialet - which was . subsequently
extracted w tﬁ lg% &lagcyel?llqc\yagpd ﬁ%léd'%@r gugﬁ i Pt e Cﬁyﬁdet ermning the
absor bance obPingheg s@ﬁwsl -i zEdldyevarte E;@Geﬁmed3®r¢rhetl'rees;uullttsref t his assay

are shown g ngEsgus t%ﬁ&qzaﬂ@@l atdate RALBNEEAX] e?c{h%sri%e“t al antibody
LM609 i nhi bi ;?HMZl cel | "adhesion to fibrinogen_over th sane concentration

range. The i RHFBPY otly T oiwdERPFapFHIR of 4 x 10° cells/mi (see below) .

Vitaxin, LM609 or purified human IgG, {control antibody),
were diluted to the desired concentration in 250 pl
adhesion buffer (10 mM Hepes, 2 mM MgCl,, 2 mM CaCl,, 0.2 |

15 mM MnCl,, and 1% BSA in Hepes buffered saline at pH 7.4)

- and added to wells of a 48-well plate precoated with

fibrinogen. The fibrinogen was isolated as described
above. Each well was coated with 200 gl fibrinogen at a
concentration of 10 pg/ml for 1 hour at 37°C. " For the

20 assay, an equal volume of cells {250 pl) containing
Vitaxin, LM609 or isotype matched control antibody was
added to each of the wells, mixed by gentle shaking and
incubated for 20 minutes at 37°C. Unbound cells were
removed by washing with adhesion buffer until no cells

25 remained in control wells coated with BSA alone. Bound
cells were visualized by staining with crystal violet
which was subsequently extracted with 100 ul acetic acid
{10%) and quantitated by determining the absorbance of
the solubilized dye at 560 nm.

30 The results of this assay are shown in Figure
SA and reveal that both Vitaxin and parental antibody
LM609 inhibit M21 cell adhesion to fibrinogen over the

same concentration range. The inhibitory concentration



16 Decenber 2003 WO 00/ 78815 PCT/ U500/ 17454 73 for 150%-prexhoR! 2@sthesi on was
cal cul ated to be about 50 ng/m. Specificity of Vitaxin was shown by the
| ack of .inhibition observed by the control 1gG antibody. In addition to
t he above cell adhesion results, 5 the inhibitory activity of Vitaxin was
al so testgghégvsm@ endothelial cell mgration assay. In ﬁ(}b)'l}'%og’?ﬂﬂ'r d, the
transwell cell mgration assay was used to assess.the ability of Vitaxin
to inhibit endothelial cell mgration +Choi et al., J. Vascular Surg.,

19: 125-134 (1994) and 10 Leavesly et al., J. Cell Biol, 121:163-170
(1993)). Bri ébkysohumaninarbiabhealon eids edeuhakkal t6abd Sabdut k@9 phase and
at | ow passa nber were harvested by gentle trypsinization, washed and
r esuspended gglgyéongcpeenctlrfg‘tcﬁg 8?‘ §l§<a%g%@g| Isgﬂ’ﬁ‘ % lgs8E ebnt ai ni ng
15 1% BSA ( 28nhivbHERES obEBG VAN NaCthe lcdumdlCagh2,antiBoa. Myd 2, 5 nM KO,
and 5 nM glucose, pH 7.4). Antibodies (Vitaxin, LM609, and I1gG control)
were diluted to 10 .pg/m from stock solutions. Antibodies were added to
cells ina 1:1 diluti @EAPASE OB ke eFite atbicgs 6f120adm s isadiresutts, pg/ m ;
final con@enthatim}ﬁfto&@: lla/&tfvi%%dofl%t%@ibsbms)?ﬁw ﬂe{lﬁ:‘é‘&a%dﬁﬁn ice for
10 -- 30 mnutes,., .The ce anti bo suspensi ons (200 pl to each -

conpar t ment) eﬁg?%h?lrfeaﬁ[ §§dédmf’8r?ﬁ’eg’hp?p$§yconﬁ3rF%ﬁtrsegc?frd'at??answel | cell
cul ture chanbeen$@kniced ICostan)ion hes2y WwavetsedNparddBuyss tak whi ch had
been coated wth; : 710, pg/ d..vi.tronectin. (jn S).. Vitronectin
serves as t%%igﬁgyng)aﬂvrléggé%tt‘?oéxﬂlhbelter? of)%}éf’?leéi cé I%s?r"l?llf(‘-i“tlerl’larrbers
were placed &Eh87CH Grl-4 | L9: M2 GrBi4 ofia%d)oeodr. 30

Vi sual i zabi One&be£B) leumadr at fONcABs Ml 0nBBd1 sHY1 f4 I SloggyoVi N the
remaining cells in the upper conpartnment wth a cotton swab. Cells that
had m grated

Briefly, human umbilical vein endbthelial cells
in log phase and at low passage number were harvesfed by
gentle trypsinization, washed and resuspended at a
-concentration of .2 x 10° cells/ml in 37°C HBS containing

15 1% BSA (20 mM HEPES, 150 mM NaCl, 1.8 mM CaCl,, 1.8 mM
MgCl,, 5 mM KC1, and 5 mM glucose, pH 7.4). Antibodies
(Vitaxin, LM609, and IgG, control) were diluted to 10

"pg/ml from stock solutions. Antibodies were added to
cells in a 1:1 dilution (final concentration of

20 antibodies = 5 pg/ml; final concentration of cells = 1 x
10° cells/ml) and incubated on ice for 10 ~ 30 minutes.

- The cell/antibody suspensions (200 pl to each
compartment) were then added to the upper compartments of
a Transwell cell culture chamber (Corning Costar), the

25 lower compartments of which had been coated with 0.5 ml
Qf 10 pg/ml vitronectin (in HBS). Vitronectin serves as
the chemoattractant for the endothelial cells. The
chambers were placed at 37°C for 4 hours to allow cell

migration to occur.

30 - Visualization of cell migration was performed
by first removing the remaining cells in the upper

compartment with a cotton swab. Cells that had migrated
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insert were stained with crystal violet for 30 mnutes, followed by
solubilization in acetic acid and the absorbance of the dye was neasured
at a wavelength of 550 nm The anount of absorbance is 5 di rectly
proporti OR@l gel-@s,5he nunber of cells that have m grat eq,d‘ 71% g upper to
the I ower chanber. The results of the assay are presente Igure 7B.
Both Vitaxin and the parental antibody,LM509 vyi el ded essentl ally identical
inhibitory results. Specifically, 10 Vitaxin and LMs09 inhibited about 60%
of the vitromectha ]icﬂditC%dd@i gfatﬂ.@mrﬁfer@ndakeektainé‘@ldl%hceﬂ{,@wﬁ to the

| gd control flegofoars& . With Iy i nhi bjtor. EXAMPLE IV Vitaxin-Mdiated
| nhibition of oco 'Y At mBr PRbGER1 stors otids Ptk SRpR HekddriioBed ™t he i nhi biti on
of tunor grawehidhyrdld axidntha dhwedninel olﬁ’DdBédeé'u-mH n@aewk8d \as

nhi bi ted byai phybidigle, @ beashn @ (3% MRALALedenaovaseyLarization with
Vitaxin. The first nodel neasures angi ogenesis I n D6 chick

chori oal | ant GFEe%WOFGAWalT‘m § hes aapbey afwedrllsr gdegnhaed nodel for
in vivo angi ﬂg@f@ﬁ& ﬂ%ﬁauas ubper NePVRSCULALLZat i Of wWhal e tissue is
occurring. Sg flg:%l y, t he assay -neasures growth factor induced

angi ogenesi sT8T CHT Kel "EARFIRE RfeaRPhgot el totife 725 gPolkh

fact or - i mpr eghedeich farldt ehedpskentali ra:trmmbe}rt LBe0® ygiua on the CAM

I nhi bition of neavs rizatio S on_the amgunt .and tent of new
vessel growth or oflaslc';L dE%Q\lAf?lfl I’ﬂ‘llll%)llt%PSH oF ¥ 153ue S&‘?Ctl%é ﬁlf The assay
has beenlfes¥ttbed |aﬁ1ddét4§09 byhidtiterds abndt h68% beentus ed t36néot Measur e
neovascul ari zadi&dy &5 S u ctissue
(Ausprunk- et _al Am gw?!thgg O%@:dc}%@%gg%%%ﬁ( g@g;} &sons et al.
Cancer 16 DeE@ﬁbEPHEBQE and to a sample with no inhibitor.

EXAMPLE IV

Vitaxin-Mediated Inhibition of o B, In Animal Models

15 This Example describes the inhibition of tumor
growth by Vitaxin in two animal models. Tumor growth was
inhibited by inhibiting at least o,f,-mediated

rieovascularization with Vitaxin.

The first model measures angiogenesis in the
20 chick choriocallantoic membrane (CAM). This assay is a
~ well recognized model for in vivo angiogenesis because
the neovascularization of whole tissue is occurring.
Specifically, the assay measures growth factor induced
angiogenesis of chicken CAM vessels growing toward the
25 growth factor-impregnated filter disk or into the tissue
grown on the CAM. Inhibition of neovascularization is
based on the amount and extent of new vessel growth or on
the growth inhibition of tissue on the CAM. The assay
has been described in detail by others and has been used
30 to measure neovascularization as well as the
' neovascularization of tumor tissue (Ausprunk et al., Am .

J. Pathol., 79:597-618 {1975); Ossonski et al. Cancer
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Sci ence, 264:569-571 (1994a) and Brooks et al. Cell, 79:1157-1164
(1994b). Briefly, for growth factor induced angi ogenesi s 5 filter disks
are punched from #1 Whatman Qualitative Circles using a skin biopsy punch.

Di sks are whoiississterilized by exposure to W light andpdgiesatr at ed
with varying concentrations of TNF--a or HBSS as a negative control (for

at least 1 hour) under sterile 10 condi;si ons. Angi ogenesis is induced by
placing the saturated filter disks on the CAMs. |nhibition of angiogenesis

i's perfornedgpey.,tieatiog e ¢rbsyos BMdorsvati gus aemudess of Vitaxin and
controls (an 00 pur.i fie e 15tre tnments. are perforned
by i nt raveno%sgl %jggec 1on %338 ?o??m’éﬁ%szﬁthﬁrs—%ﬁ’er idR 'l akenent . :

After 48 hoda8P4IeAMs are di ssected and angi ogenesis is scored on a scale
of 1-4. HBSS saturated filter disks are used as the negative control,
representing angi ogenesis that may 20 occur in response to tissue injury in
preparing CAMs, and, Brdiedéy.f 6pr e hCARBtar elnditedhcirad oganeass

backgr ound. Ifu&téte@llshm&el Bnchéa Usesh 33 tvhgtﬂ&g U8 £a6QRkr ol for
injections since Vitaxin is of the human | ass. Vitaxin was found

to inhibit T&ﬁr(él??]dfﬂ:lé}? F5 SEMTi DhRRYs PEnE a Bb%ﬁs Fserfddit manner .
Maxi mal i nhisbetibhzeat dy eegoviitd to Jinglighdosed ofhadfi tswtiura@bkd300 ug which

resulted in gtept . %1 h|b1t|onc ared he human | gd
control . In aég?t?%#%?]tc%g a o‘\:/aetl ensscralfbe C%\I\/P’és'i%lst 30 %usi ng growt h
fact or - i nducggdpbbvasntacilzdteornat dddistti dnhbust udiasr wareeiper f or ned

utilizindol uBBhalAEliERd ARGIYESAM A 1:2AkkANCCBOby IIRRAMSIAYS, anoi ogenesi s

was 16 Decenber 20
saturated filter disks on the CAMs.

Inhibition of angiogenesis is performed by
treating the embryos with varicus amounts of Vitaxin and
controls (antibody or purified human IgG,). The

15 treatments are performed by intravenous injection
approximately 24 hours after disk placement. After 48
hours, CAMs are dissected and angiogenesis is scored on a
scale of 1-4. HBSS saturated filter disks are used as
the negative control, representing angiégenesis_that may

20 occur in response to tissue injury in preparing CAMs,
and, values for these CAMS are subtracted out as
background. Purified human IgG, is used as the negative
control for injections since Vitaxin is of the human IgG,
subclass. Vitaxin was found to inhibit TNF-a induced

25 angiogenesis in a dose dependent manner. Maximal
inhibition occurred with a single dose of Vitaxin at 300"
#g which resulted in greater than 80% inhibition compared

to the human IgG, control.

In addition to the above described CAM assay
30 using growth factor-induced neovascularization,
additional studies were performed utilizing tumor-induced

neovascularization. For these assays, angiogenesis was
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tunor fragments into the CAMs. The use of av3-negative tunor ragnent s
ensures that any inhibition of tunor growth is due to the inhibition of
a03- nedi at ed neovascul ari zation by CAM derived endothelial cells and not

t o adhesi agg gt s medi ated by a" i3 present on the tugpy ,IIJ“?1

I nhibition of tumor growth was assessed by placing a si ng e cell:
suspension of FG (8 x 106 cells, pancrgatic carcinoma) and HEp-3 cells (5
x 105 cells, 10 laryngeal carci norra) onto CAMs in 30 ul. One week |ater,

tumors are ramﬂmeddaml mﬂnsipubataapﬁ@%mg;%e'é@tmge taaggent s at which

time they ar ont.0 new ter 24 ho rs of this second
pl acenent errtq)sr %gggsé S é_‘gl gﬁwﬁtrave%d‘lfs‘?)‘? Wt IR SPMGnan 1 g&  as

a 15 negati vérégm?nbis erfhgesuffbet any HiHJ(bAﬂ:dohOont)Wzdﬂ)fgro@;lﬁhUﬁs? days
fol | owi ng whiggh theynar & HipaRYEH 8P, ﬁV\Brh&ﬂ%q_edTngoﬁggéﬂfasr atYohaxin

treatment on the neovascularization of tunprs is shown in Figuré 6A. The
20 data i S ekyr E3¥edenivesd pedathnhivge 9t itsurpe BRE gke adiesiganonstrate that

Vitaxin is alklents hédidddd bhea@,optls&fc ¢h (33- Regat i ¥& tyinors such as FG
and HEp-3 tunor fragnments. Mre specifically, there was a nean wei ght

change for Vitaxin treated FG tunor fragnents of -5.38 whereas a 25 change
of -11.0 was observed ]frmrib‘siflttav{iﬂftirtﬁﬁhe@rldﬁph3wa$ Lﬁma"é:‘sse'ﬁhe:yl gd controls

exhi bi ted pols_,flghyg egggllcgﬁ}g‘e l%fn 23 gg fé‘d e S%ﬁa?the FG and

HEp- 3 t unor rag nts espective ese “resl ned
foll owi ng a BPAGreatis arensamal meEtiEnT3 301ka 85 secldlidcahlsml nodel, the

i nhibitiam ofLa¥¥Rge£RI&GIRQRBNEE! bStd rtprn%bti' tgowas UKl 339 HEASHre of
-Mitaxin's |nh| b?t org/ ef f ect r(()‘n tunors. The Vx2V\%arC| nona e Decenber 2003
_ mors are removed and cut 1nto approximately 50 mg

fragments at which time they are placed onto new CAMs.
After 24 hours of this second placement embryos are
injected intravenously with Vitaxin or human IgG, as a

15 .negative control. The tumors are allowed to grow for
about 7 days following which they are removed and
weighed.

The results of Vitaxin treatment on the

neovascularization of tumors is shown in Figure 6A. The

20 data is expressed as a mean change in tumor weight and
demonstrate that Vitaxin is able to inhibit the growth of

- a,py—negative tumors such as FG and HEp-3 tumor fragments. -

More specifically, there was a mean weight change for
Vitaxin treated FG tumor fragments of -5.38 whereas a

25 change of -11.0 was observed for Vitaxin treated HEp-3
tumors. The IgG, controls exhibited positive mean weight
changes of 25.29 and 28.5 for the FG and HEp-3 tumor
fragments, respectively. These results were obtained

following a single intravenous injection.

30 In a second animal model, the inhibition of vx2
carcinoma cells in rabbits was used as a measure of

Vitaxin’s inhibitory effect on tumors. The Vx2 carcinoma



WO 00/ 78815 PCTI US00/ 17454 77 is a transpl antabl e aa ¢eprepBgdesoyed from a
Shope virus-induced papilloma. It was first described in 1940 and has

si nce been used extensively in studies on tunor invasion, tunor-host

i nteractions and angi ogenesis. The 5 Vx2 carcinoma is fibrotic in nature,

hi ghly agovessisye, and exhibits features of an anapl asgdigydodPRscar ci noma.
Propagati on of Vx2 tunor is acconplished through serial transplantation in

donor rabbits. Follow ng subcutaneous +ransplantation, it has been
reported that after an 10 initial inflammtory reaction, host repair

mechani sms séb ai hredpieenadayScarantbrh dERiscdepadd dTegipgRi SMi S
characterized;hy.the ' new.connectiye tissue and producti on
of new capil | ar %{gs. %%ﬁ\%k?g%g%%dv&tcéﬁsl %érxlsgsé%sicen(r%eegt rlf"céggot o the
repair zone anddhys4sings berpvesed byxidmsielreyn havelied endédmbo t he outer

region of thavhuids, chesensbaracteristicns aﬁé_é.hﬁog%%rsqaqokirﬁ@“cs of
Vitaxin in rabhits were used to determne initial doses and scheduling of

treatment § fOF° FRESH' Wepdri MREQLIqHS &EtirRat PoFhHalaogrepeisge. Vit axin 20-
in ani mal seedth desashtat fhatbreands 1th rayapgav8sc f Opd da@cihemd8. 9, 60. 3,

and 52.1 hou [espective G ow h, of Wx2 tunprs in the above. ani nal
nodel was uggap?%atg Uyt héze’f’f"g%f of a\ﬁctog‘?ﬁhsg‘fc?etrhré’é‘lg SeLdfini strati on
on primary t&renrsgiovitdtiion iabtotesr 25:himplsant 8dl bubiou aneaeushyenis h VX2

car ci nona. Brcirg%ﬁflant\é?@ﬁwwfShéépo@%é:%?tééaﬁﬂk%%%@ Lpto the inner

thigh of rabbits through an incision en the skin and nuscle.
Measur emeflt s1Bitidk Prilargtenyoreariion akent tepduymeshanhemexpet i nent

“through day 2b.bééwstty i2§s30 ahded. t g ilsr aBpRk AntadiHN sanigal s were
sacrificed an exci sed and wei ghed. By day 28, tunors becane

g t unor.s e A
extremely irf %ﬁ?%?e’i%egﬁéﬁeﬂé‘ﬁd FEA 108 Qift eV ek st S1pEkane

di fficult andndetlkee notoduethiestoFen®f capillaries. The newly formed

capillaries are restricted to the repair zone at day 4,

15 however, by day 8 they have extended to the ouﬁer region
of the tumor. These characteristics and the
pharmacokinetics of Vitaxin in rabbits were used to
determine initial doses and scheduling of treatments for
these experiments. The elimination half life of Vitaxin

20 in animal serum dosed at 1, 5, and 10 mg/kg was found to

be 38.9, 60.3, and 52.1 hours, respectively.

Growth of Vx2 tumors in the above animal model
was used to study the effect of Vitaxin after early
administration on primary tumor growth in rabbits

25 implanted subcutaneously with Vx2 carcinoma. Briefly,
Vx2 tumors ({50 mg} were transplanted into the inner thigh
‘of ‘rabbits through an incision between the skin and
muscle. Measurements of the primary tumor were taken
throughout the experiment through day 25. At day 28

30 after the transplantation animals were sacrificed and
Tumors were excised and weighed. By day 28, tumors
became extremely irregular in shape and as a result,

measurements became difficult and were not reflective of
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nmeasurenments were assessed only through day 25. In a first study, rabbits
were treated starting at day 1 post tunor inplantation with 5 and 1 ng/ kg
5 Vitaxin every four days for 28 days for a total of 7 doses). In both
groups, iRy Ri4Qn of tumor growth was observed. In a ge6ngA81es of
studies, rabbits were treated beginning at day 7 post ‘tunor |nplantat|on
as described above for a total of 5 dgges. Inhibition of 10 tunor growh
was al so observed. It should be noted that adm nistering a grafted

anti body as aumepewmlummse Theatferd rensiakhehss Mighd asgeserdt énBp | nrune
response tha% %?,@ neutralizing effect on Vitaxin thus potentially
conprising e flcacy 5 Brelininary data suggest that approximately 25-50%
of the aninmdls devel op such a response. The results of each of the Vitaxin

treatments described Iabgvgltcgtw@m{l T aBbgys CwbR ANARCq LPakbengrabbits

receiving treatnents on day 1, inhibition of .20 tunor growth was observed

in both the 1*nft%g HAFT hEm8T hﬁ?%@PQﬁiﬁoﬁgngBu%§“HbHpﬁ@éhgto t he control
PBS treat &d vttmﬁimﬂeveSQecbﬁtcaéyy fax @mowbbslﬂ%&thtﬂdﬂ&lOBEGEOUt 67 and
80% was obse&g ) e%kkge as ne mean tg fror wei ght. A

|¥bu n %'Edobyoé
| esser degree o |nh| i ton Wag By oBEERFEAR e hnt i s FRYERbEYREN Vit axin
treat nent onclgsrved.podmn enphantdtionesTodsetudbed t ssabbétshemnei n Fi gure _

6C. In all gg@gg%diﬂgq Rint han, pf npr, QA5-0WELR MBEGQ% e.at Vitaxin
" concentrations | ower tl g ? ?if 6 Decenber” 20 ?ﬂa% 88/?@815
pCT/USC[y174§g$q@pq§ngppgevfor a total of 5 doses. Inhibition of
10 tumor growth was also observed. '

It should be noted that administering a grafted
antibody as a repeat dose treatment to rabbits might
generate an immune response that can have a neutralizing
effect on Vitaxin thus potentially comprising efficacy.

15 Preliminary data suggest that approximately 25-50% of the

animals develop such a response.

The results of each of the Vitaxin treatments
described above is shown in Figure 6B and 6C. 1In the
rabbits receiving treatments on day 1, inhibition of

20 tumor growth was observed in both the 1 mg/kg and the 5
" mg/kg dosing groups compared to the control PBS treated
control. Specifically, a growth inhibition of about 67
and 80% was observed, respectively, as measured by the
mean tumor weight. A lesser degree of inhibition was
25 observed in animals that began Vitaxin treatment on day 7
post implantation. These results are shown in Figure 6C.
In all cases, inhibition of tumor growth was not see at

 Vitaxin concentrations lower than 0.2 mg/kg.



Construction of LM609 G afted Functional Antibody 4 grggggﬁgé 1%55% Exanpl e
shows the construction of 5 functional LM609 grafte t d@ ragnents in
which only the CDRs-have been transferred fromthe LM609 donor anti body
to a human acceptor framework. CDR grafting of LMs09 to produce a

functi onahyg gypkéRody fragnent was acconplished by the nrthods set 10 forth
bel ow. These procedures are applicable for the CODR grafting of essentially
any donor antibody where am no acid resg dues outside of the CDRs fromthe
donor antibody are not desired in the final grafted product. Briefly, the
protein sequence of the LM509 15 amkamexky,v was determ ned by cloning and

sequencing the cDNA hat encodes t he varlable regi,ons_of the heavy and
| i ght chai ns as destt . SHp F gd Synctional Antibodyng donor
anti body were |dent|f|ed and grafte rhgﬁ tdhonol ogous human vari abl e

regi ons of a human acceptor 20 framework. ldentification of CDR regions
were based on the conbination of definitions published by Kabat et al.,
and MacCallum et al. Tihdsb8undaleeshais tthe CEDRsteghtiis kdve been

SRt e edRLing DY e BROYECd Y, MRl COLLONS, ANG 25, 3LE Lepy dues

30-35, 47-66 and spec |ver, “of °% heavy
chai n varlabFBer%ﬁﬁﬁmhaaﬁdbe?ésFé@R§i€§¢&§6fr@@ EBE EW@MB@b9¢rfor CDRs 1, 2

and 3,  respgRtinédy tPh hbRahi 98t B uakLgbke region. Non- identical
donor residues w thin these boundaries but 30 outside of CDRs as defined by

Kabat et al. were identified and were not substituted into the acceptor 16
‘Decenber 2003 WO 00/ 788%5g868£PGTY U:S‘@Mhm5éof pas@uws ke fungteadal f unctional
non-donor anke; Agld ¢ LERkAUCEa 1o &4 33 1LhELCE, 20 SHisLiLuted for certain
10 forth below. These procedures are applicable for the CDR
grafting of essentially any donor antibody Qhere amino
acid residues outside of the CDRs from the donor antibody

are not desired in the final grafted product.

Briefly, the protein sequence of the LM6G9

15 antibody, was determined by cloning and sequencing the
cDNA that encodes the variable regions of the heavy and
light chains as described in Example I. The CDRs from
the LM609 donor antibody were identified and grafted into
homologous human variable regions of a human acceptor

20 framework. Identification of CDR regions were based on
the combination of definitions published by Kabat et al.,
and MacCallum et al.

The boundaries of the CDR regions have been
cumulatively defined by the above two publications and
25 are residues 30-35, 47-66 and 97-106 for CDRs 1, 2 and 3,
respectively, of the heavy chain variable region and
residues 24-36, 46-56, and 89-97 for CDRs 1, 2 and 3,
respectively, of the light chain variable region. Non-
identical donor residues within these boundaries but
30 outside of CDRs as defined by Kabat et al. were

identified and were not substituted into the acceptor




these-non-identical residues. As described bel ow, tllgeDgggﬁ{bgpn%d@enti cal 5
resi due outside of the CDRs as defined by Kabat et al. but wthin. the CDRs
as defined above is at position 49 of the LM609 light chain. To identify
functi onal non-donor amno acids at this position, a library of nineteen
anti bodi eyg\@pshionstructed that contained all non-donor,dQcaflieQ aci ds at
position 49 and then screened for binding activity against av(33. Human

i mmunogl obul i n sequences were identifigg fromthe Brookhaven Protein Data
Bank- Kabat Sequences of Proteins of |nmunol ogical Interest database

(rel ease 15 Brélewdiiran IhEasBAOrfurikeqURRGERohNOMAY a%iigBi hbcant identity
to the nuri ngeL 09 var ieag)lde Eepi'o gene sgqgenc{gs wer e _gel ected for
receiving the T A5RS. TR R e CREFRTVATTALIE FEtoHY ' CL had
88% - identitheteo foararewotksal, résighvds3 of LMB09 heavy chain 20 and human
light chain V region LS1 'CL had 79% identity to frameworks 1, 2 and 3 of
LM509 |ight chain. Wth the exclusion of non-identical residues outside of
the CDRs as defined By Rapariksd dielowyr the enbBOCDRIsefientes as defi ned

by Kabat et aésidid dMreCak| &M @te AIDRWRKEAGE BHEE D2 KaBREOE N1 human
roduct does not

frameworks. Using this grafting schene, ~the fipal grafted

contain any 2h n”thé}:lind'tgFegig%%eass 5[%[%5“&3 8POY fie TS PRSP ntl ¥y Kabat et
al. which atlee kMgt daght oclaani . V60D drlientiagi fumititdn@l aon+é@spandi ng
position (outsi . y.esid X -.35,  50-66.30 and 99-106 for CDRs 1, 2 and
3, respecti vgérﬁil?&oﬁcgltoﬁeﬁkhgg%?pz éftglo&ér ?agf‘gr?r ioofg "an (é‘raeéréi dues 24- 34,
50-56, and Y%Yprdies eBRscansrumied3 thegspestsintd) a13f npheddight chain
vari abl e1pegifiNs JMIIBOYEr pofD: idH QromRdbat RSy aLEr b HeEBIDEL n ZOR3 VO

00/ 78815 PCT/ USOQ 17454 81 produced whi ch contain an am no acid Tesidue
outsi de of ¥HE Ch% 298 BekiFERb-by Kabat et al. which are identical

Human immunoglobulin sequences were identified
from the Brookhaven Protein Data Bank-Kabat Sequences of
Proteins of Immunological Interest database (release

15 5.0). Human framework sequences showing significant
identity to the murine LM609 variable region gene
sequences were selected for receiving the LM60S CDRs.
Human heavy chain variable region M72 ‘CL had 88%
identity to frameworks 1, 2 and 3 of LM609 heavy chain

20 and human light chain V region LS1 ‘CL had 79% identity
to frameworks 1, 2 and 3 of ILM609 light chain. With the
exclusion of non-identical residues outside of the CDRs
as defined by Kabat et al. murine LM609 CDR sequences as
defined by Kabat et al. and MacCallum et al. were grafted

25 onto the human frameworks. Using this grafting scheme,
the final grafted product does not contain any amino acid
residues outside of the CDRs as defined by Kabat et al.
which are identical to an LM609 amino acid at the

Vcorresponding position (outside of residues: 31-35, 50-66

30 and 99-106 for CDRs 1, 2 and 3, respectively, of the
heavy chain variable region and residues 24-34, 50—56,
and 839-97 for CDRs 1, 2 and 3, respectively, of the light

chain variable region). Moreover, no intermediates are.



to the LM509 amino acid at that position. The CDR grabLLBgLPE0sgsuIres are
set forth below 5 Full-length CDR grafted vari able region genes were
synt hesi zed by PCR using | ong overl apping oligonucleotides as described
previously in Exanple Il. The heavy chain variabl e region oligonucleotides
were thosggplpagii bed previously as SEQ ID NOS: 9-13. Thedidghiz430 chain
variabl e region oligonucl eotides were synthesized so as to contain the CDR
grafted variable region as well as a ghop codon at position 49. The five
ol i gonucl eotides for the Iight chain LN%OQ grafted variable region are
show as SES bBo&KiEé&?wd}ﬁEhV\A&QEEa_i]h_&arﬂ-%ngefbggéi?::)k@l\%ﬂizl% %@t%iﬁ,sleei B‘Ft he. Zeri es
contains the_stop..codon at siti : . .The nuc]l eoti de
sequences of tgFi g%%%cﬁse&ei%dgggu%%o&%céc sf‘?ud’ht‘f\%oﬁ)e grsrtaaati ght chain
vari abl e regkonthe gih amindabtid 7at Takite pdsiiogontleeabrRdes Used to
Construct L L i i Regi on GAGATTGIGC
TAACTCAGIC T QQ&%CQ\ %JT%%%{' C%E%%%@Xg& B CT CTTTCCTGCC
AGGCCAGCCA AAGTATT SEQ I D NO 23 TTAGATGAGA AGCCTTGGEGEG CTTGACCAGG
CCTTTGITGA TACCAGTGTA r GGFEJ G- Tc A TAGFEEEG, 67 330 SEQi BnNGEn4 25
CCAAGCCTTC TCATCTAATA TCGITCCCAG TCCATCTCTG GGATO00CGC™ CAGGTTCAGT
GGCAGTGGAT CABESARBASPrFedsRy TE¢ Ngings 1o IPETTGACAGT AATAGACTGC
AAAATCTTCA CELT@EAGAE o tEAeACAT Afds (GAGEAT GAANL I G GECERaMpSEQIT D NO 26
CAACAGAGTG \CACGTTC GGAGGGEEEGEA. CCAA \ 30 AATTAAG SEQ I D
CEATHLT OB 00T RIS 62 PCTPUSBON ITHSh ARP 1BRG

NG .27 16 Decenber _
ol i gonucl eot Flese vitgscrgdledppreéfieubly GBRS§Ral DI ¥ Of-13he CMBORidieavy chai n

vari abl e 169 NVoda r Gt LUGL&E DY JHnticiBoP:i QYET I ARPIS
at equi ol ar_concentrati ons,

(SEQ

15

20 Grafted Light Chain Variable Region
GAGATTGTGC TAACTCAGTC TCCAGCCACC CTGTCTCTCA GCCCAGGAGA
' AAGGGCGACT CTTTCCTGCC AGGCCAGCCA AAGTATT  SEQ ID NO: 23
TTAGATGAGA AGCCTTGGGG CTTGACCAGG CCTTTGTTGA TACCAGTGTA
GGTGGTTGCT AATACTTTGG CTGGC SEQ ID NO: 24
25 CCBAAGGCTTC TCATCTBATA TCGTTCCCAG TCCATCTCTG. GGATCCCCGC
CAGGTTCAGT GGCAGTGGAT CAGGGACAGA TTTC SEQ ID NO: 25
GCTGCCACTC TGTTGACAGT AATAGACTGC AAAATCTTCA GGCTCCAGAC
TGGAGATAGT GAGGGTGAAA TCTGTCCCTG A ~ SEQ ID NO: 26
CAACAGAGTG GCAGCTGGCC TCACACGTTC GGAGGGGGGA CCAAGGTGGA.
30 AATTAAG SEQ ID NO: 27

| D NOS: 9- 13),

Inth

S0 as to contain the CDR grafted variable region as well

as a stop codon at position 49.

The five

oligonucleotides for the light chain LM609 grafted

variable region are show as SEQ ID N0S:23-27 where the

second oligonucleotide in the series contains the stop

codon at position 49 (SEQ ID N0O:24}.

The nucleotide

sequences of oligonucleoctides used to construct LM609

grafted light chain variable region is shown in Table 7.

Table 7: oOligonuclectides Used to Construct IM609

JacRbbgpaycl eot i des




5 presence of annealing PCR primers containing at hgaskclfbepusheoti de

resi dues conplenmentary to vector sequences for the efficient annealing of
the anplified V region product to the single-stranded vector. The anneal ed
mxture was fully converted to a double-stranded nolecule with T4 DNA 10
pol yrmer asqy@hmsANTPs and ligated with T4 |igase. The RS S reaction
(1 pl) was electroporated into E. coli strain DHLOB (B titered onto a
lawn of XL-1 (Stratagene, Inc.) and ingubated until pl aques f or med.
Replica filter lifts were prepared and pl aques contai ning 15 VH gene
sequences were scr eenadueutolaqr obygbyhticitzabkoRec M gl pudiigexizgeni n-1 abel ed

I I I t 09 h h 2 sequences or
Teactivity weeh SORRYER o e MSEEmRade Sbdif (itiels RoASENONAT anti body
rai sed agai n§pnﬁheumpwpmudenseﬁ1ummela§pﬁn5rollcjwm'ﬁweaASﬂeval(smo Asp Tyr
Al a Ser (SEQIbDNbQQBJ):I)aDI%%”QGle&P &%@%@P?éé’}é% ’Ihhsch%f the vector CHL

domain (Biosite, Inc. Di"ego, one’s at wer
doubl e- posi t PYESHRFR Oﬁ)@&néélaﬂﬂ ﬁ%%cpltld‘eﬂ‘ﬁeﬁafi‘éam%rm I éf—‘éétt 8l ate for

25 hybri di zahbhehest &ganesids e t&nt hanarmlif t 80y LR Oledce sMBOO VL

roduct constfuct in asimlar fashion usin the five overl appi ng
gl i gonucl eot ?:égs gﬁ’o‘?ﬂr?”&s aéééafﬂ‘gm% tg’? 3pl gﬁbeq‘ru‘f FGE1e8| Breddet i on was

el ect ropor at €d theatwoifglecsltsastiedi vedidQB. TRanéIMIéa/.leﬁi ﬁK&IﬂuQ‘bOﬂ@§ wer e 30f
sequenced t o] t LOREr LY4S tructe for ctl on o
. fh?fg égA@é%ﬂ%d QS L d @%P rang?e ng glﬁpeg

t he non-dono rary poSIti on as a

- uridinyl étoedPPém‘Fm%e aﬁdls éNTBISl@UhddIg@@EddEl‘plmpm aimg@ﬁeof I‘he fol | owi ng
sequence Hs Qnéé)f $ dipeef ech ymytagen oy efbgr 52003 WO
S07I805E o DAagehols Schedoh oet AN V0BT ot e S seqtience 19aa in
t he above erﬁéF %g§g3q @HN@B3®§RL), titered onto a lawn of XL-1

{Stratagene, Inc.) and incubated until plaques formed.
Replica filter lifts were prepared and plaques containing
15 V, gene sequences were screened either by hybridization
with a digoxigenin-labeled oligonucleotide complementary
to LM609 heavy chain CDR 2 sequences or reactivity with
7Fll-alkaline phosphatase conjugate, a monoclonal
antibody xaised against the decapeptide sequence Tyr Pro
20 Tyr Asp Val Pro Asp Tyr Ala Ser (SEQ ID NO:28) appended
to the carboxy terminus of the vector CH, domain (Biosite,

Inc., San Diego, CA).

Fifty clones that were double-positive were

pooled and used to prepare uridinylated template for

25> hybridization mutagenesis with the amplified CDR grafted
LM609 V, product constructed in a similar fashion using
the five overlapping oligonucleotides shown as SEQ ID
NOS:23-27. The mutagenésis reaction was electroporated
into E. coli strain DH10B. Randomly picked clones were

30 sequenced to identify a properly constructed template for
construction of the non-donor library at position 49.
This template was prepared as a uridinylated template and
an oligonucleotide population of the following sequence

was used for site directed mutagenesis.




represents the fact that this primer specifies a sq%u% CErLRPP @glo
consisting of 19 different codon sequences 5 that enco e eac t he
non- donor am no acids. These am no acids are those not found at pos
49 of LM609 and include all amno acids except for Lys. Clones that

n
19
ition

resul ted k@ dehiss nut agenesi s were picked and antlbodﬁ,&ﬁ$ﬁgﬁg§ed by these

cl ones were prepared. These sanples 10 were then screene bl ndi n
avp, in an ELI SA assay. Cl ones havingggither Arg or Net am no acids
.position 49 were functionally identified. The nucl eotide and am no
sequence of the LMB609 gr af t edchmeaarachase-crecacadee region is show i
Figure 1A (SEQ ID NCS:| and 2, 15 respectively). The nucl eotide and-

- acid sequence of the LM09 grafted light chain variable region is s
Figure 7 (SED¢NOSTTE dfda3ln tlespdctvievekyiner 205HEXANPNE: YD) Gener at

gto
in
aci d
n

am no

hown in

i on of

LM609 G af t edepit dipdl %%eHQHEBQtﬁQPQQHQﬁprfﬁéfVg o1 e §X€Q%&§h§§OMB in

vitro maturation of LMs09  grafted anti body tain anti
havi ng i ncr BRREH H ﬁPP§1F61%ﬂ{?g3%%HQé€¢9€e¥6 QQQ9“p§ﬁGH?nE%%09 gr

ant i body. 525thJo eﬂp:tddlaél zachher affé nid Yoaf dbV6P %argiiradf beddasantthody in
an ML3 phage_system.was use ts the efficient hesi s

y varl ants

afted

vitro,

nt
expressi on, and° screenthy g?o??tﬂ S?Dg}afuﬁ%ﬁﬁﬁﬁﬂﬁ 3n?fbﬁ%@0%ragnents

(Fabs). The soat¥ndwdieonldf avanh mldshexsept&ms Iofs.t he1dfes geiheavy

| i ght chai ns ya$ ass§$86d+¢ lﬁgﬁﬁ e & er 200 00/ 7881
PCTIUSOO/17454 84 defined rogg ased onga q%ﬁ%?ﬁ%n oV\qj %ﬁence

variability %ﬁﬁF%ﬁﬁﬁdbédytg?ﬁﬁcﬁkﬁﬁﬂs|ﬂ§d§|§r€m@ﬁﬁﬁ. efThgke, sagpld ol .
252: 66991661ﬁe£é91%% sehebhb@ &4r Minding to ovp, in an ELISA assay.

Clones having either Arg or Met amino acids in position
49 were functionally identified. The nucleotide and
amino acid sequence of the LM60% grafted heavy chain
variable region is show in Figure 1A (SEQ ID NOS:1 and 2,

15 -respectively). The nucleotide and amino acid sequence of
the LM609 grafted light chain variable region is shown in
Figure 7 (SEQ ID NOS:31 and 32, respectively).

EXAMPLE VI
Generation of IM609 Grafted Antibodies Having Enhanced

20 Activity

This example shows in vitro maturation of LM609
grafted antibody to obtain antibody variants having
increased affinity to oyf; relative to the parent LM609

grafted antibody.

25. To optimize the affinity of LM609 grafted
antibody in vitro, an M13 phage system was used, which
' permits the efficient synthesis, expression, and
screening of libraries of functional antibeody fragments
(Fabs). The contribution of each of the six CDRs of the

30 Ig heavy and light chains was assessed. The CDRs were

and
5

Chem



supra; MacCallumet al., supra). Thus, one libr arymageée,glg@@tgm ed for
each CDR, with the exception of H2 Wmch was split into two libraries due
toits long (20 am no acids) |length. The variable region franmeworks which
harbored the nutated CDRs were the heavy chain variable region shown in
Figure |ay éll;) NO 2) and the |ight 10 chain vari abl e],crﬁ%lﬁ Shown in
Figure 7 (SEQ ID NO 32). CDRs were chosen fromthe heav arn varl abl e
regi on shown i n Figure la (SEQ I D NO 2),and the |ight chal n variabl e
region shown in Figure 7 (SEQ ID NO 32)__ Briefly, utilizing the nunbering

system of Kahatigéd aforoad]l@ $UBES, of e JaBlidHesof hos et JudhcBUt agenesi s of

t he CDRs (Tablelg%,v%{] Gln24Tr36|nI|g$_t chai n (L) ;

Leud6- Ser56 i’ ATFTght Bhan epRAPPEY)Strugtysdthnedets (Kafmt Ehaln cOR3 (L3)
, Gly26- Ser 3B.i BidkeaGhexhai232CBR19{ 6616 (1Brp47- Ghy@ibid rRthaavy chain CDR2
(H2) ; and N2 heavy cha| i.braries_ were created
for each @éﬁgﬁ&t h the lolr&fnggnugﬁeotl e deS| gngéﬂ %ne %rfag Yaragi ngl e CDR
resi due i B egehserwrieed Mg eechhebPrxtvaridedhel engeptioin lof1H2 wiwich i brari es

mutating resjgdyesyfife 55 doHea) lagﬁaﬁ%é%uwze)ugef tixgeLyipyer e

constructed to cover 25 this region. The tenplate for generating |ight

chain CDR3' AGtSH Slqﬂfﬁthal néfdeFyrEbiSodiegiion Hraneikserhifrh was

sub;equent I lyhdié]ﬁﬁfefﬂ nek EnEl&tatQ@GSClbmgroh&% thet heaty g‘%{alnchﬁkga%h};ggms e
I naavert ent eauc tfo.be_a resulting.ln nize grafte
Lo Q5o e fhid (e 1 ahe |

anti bodi es béf T d8t EQIUF Phﬁ? pbsitt t9%as Iater
realized ltilhachahre wriigitial reybod seguernce Fégontai hecBEmﬁ IDABO: &2) position 92.
Usi ng the methods descri bed herein 16 Decenber 2003 WD 00/ 78815 85
PCT/ US00117454 to introduce nmutations into CDRs of an LMs09 grafted
antibody, an LM509 gr&Redvwanei gleeiserhdiriongtAsnheavy chain variable

region shown in Figure la (SEQ ID NO:2) and the light

chain variable region shown in Figure 7 (SEQ ID NO:32).
Briefly, utilizing the numbering system of Kabat et al.,
15 supra, the residues chosen for mutagenesis of the CDRs
(Table 9) were: Gln?'-Tyr3® in light chain CDR1 {(Ll);
Leu®-Ser® in light chain CDR2 (L2); Gln®-~Thr®’ in light
chain CDR3 (L3); Gly**-Ser*® in heavy chain CDR1 (H1};
Trp*’~-Gly®*® in heavy chain CDR2 {H2); and Ala®-Tyri® ip
20 heavy chain CDR3 (H3). Libraries were created for each
CDR, with the oligonucleotides designed to mutate a
single CDR residue in each clone. Due to the extended
~ length of H2, two libraries mutating residues 47-55 (HZ2a)
and 56-65 (H2b), respectively, were constructed to cover

25 this region.

The template for generating light chain CDR3"
mutants contained Gly at position 92. However, it was
subsequently determined that position 92 of the light
chain CDR3 was inadvertently deduced to be a Gly,

30 resultingAin humanized LM609 grafted antibodies being
constructed with Gly at that position. It was later
realized that the original LM609 sequence contained an

Asn at position 92. Using the methods described herein



position 92 of light chain CDR3 was found to have aypg..bindi ngy@ctivity
(see Table 9), confirmng the 5 identification of Asn42 as a functi onal
LM609 grafted antibody. Thus, antibodies containing |ight chain CDR3
having Gy or Asn at position 92 are active in binding a,P3

A i gonucl | sencoding a single nutation 10 were s | by

i ntroduci g?dﬁﬁ?%T) at each CDR position as descri bed %?té@l:ggdﬂlg y (d aser et
al., supra). The antibody libraries ke constructed in ML31XL604 vector
by hybri di zati on nut agenesis as described previously, with sone

nodi fi cati Onﬁo(BQ@_QJﬁu@e abtatdond  thdd eors CHEMn 44002814 22H18 (1996);
Huse et al. nol . 149:3914-3920 (1992); Kunkel, Proc. Natl. Acad.

 Sci. USA 82: ﬁ’é‘él- (Lo &HPO0 amdit ek AP4R PO O PERz§Fol . 154: 367- 382
(1987)). Brigbsyridrhed2 olfi goghel dotirdedrRBeRes afnaad ad abva &@,1 nolar ratio

to 20 uridin rafted nLibady te Jate(fromv\hlch t he
Ml%lag@cg%lg e? (ﬂ lbagg rm:alrmlngt

correspondin een” enatur th85C for 5 ni n,
ranpi ng te 55@,emblrflliaftlonob@|hgngétaSEaCfUh@tlénm nLMfi(Wertyretﬁtéﬁl ng on ice.

The reacti onaN@sH&Ht en%qsbyaBQia/J&fe'sZ%hQQl &l Q! @RQEAt&skd nto DHLOB
25 and tltered onto a lawm of XL-1 Blue. The libraries consisted of pools

of variants, P&%K1 cﬁldné’rcﬁﬁ{‘a?ﬁll?fgﬂéiloéll A4l @r%trﬁ%vﬁcllﬂ Bind¥gtion in
one-of the GRJR,positions. Utilizing codon-based nutagenesis, every
position in all of the CDRs was nutated, one at a tine, resulting in the
30 subsequent expression of all twenty am no acids at each CDR residue
(d aser et al., supra)OliEheuéIRﬂiictmrsalehesdim@mgeddqles'szait@m 288 (L3) to

Decenber 3005 v 00/ 512 ReH URbo tnadusth B e Eoelec T oi ent
screeni ng ofp?i’rPethIhlatSl gesrrbped irepvigualghl§lawmisioti e - pI alem@)l ift assay,
The antibody libraries were constructed in M131XL&04

vector by hybridization mutagenesis as described
previocusly, with some modifications {Rosok et al., J.

15 Bigl. Chem. 271:22611~22618 (1996):; Huse et al., J.
Immauncl . 149:3914-3920 (1992); Kunkel, Proc. Natl. Acad.
Sci. USA 82:488-492 (1985); Kunkel et al., Methods
Enzymol. 154:367-382 (1987)). Briefly, the

cligonucleotides were annealed at a 20:1 molar ratio to
20 uridinylated LM609 grafted antibody template (from which
the corresponding CDR had been deleted) by denaturing at
85°C for 5 min, ramping to 55°C for 1 h, holding at 55°C
" for 5 min, then chilling on ice. 'The reaction was
extended by polymerization and electroporated into DH10B
25 and titered onto a lawn of XL-1 Blue. The libraries
consisted of pools of variants, each clone containing a
single amino acid alteration in one of the CDR positions.
Utilizing codon-~based mﬁtagenesis, every position in all
of the CDRs was mutated, one at a time, resulting in the
30 subsequent expression of all twenty amino acids at each
CDR residue (Glaser et al., supra). The CDR libraries
ranged in size from 288 (L3) to 416 (Ll) unique members

and contained a total of 2336 variants.



termed capture lift, was enployed (Watkins et al., 1AN@kcenBLPCHRER 256
(1998)). Briefly, phage expression 5 libraries expressing LMc09 grafted

anti body variants were initially screened by a nodified plaque lift
approach, in which the nitrocellul ose was pre-coated with goat anti-human

kappa ant iapghyspad bl ocked with bovine serum al bum n grdtse (;,p”g‘ppl ication
to the phage-infected 10 bacterial |awn. Follow ng the capture o

phage- expressed LM09 grafted anti bodggvari ant Fabs, filters Were

i ncubated with 1.0 Fag/m biotinylated a"(i3 for 3 hat 4 C, washed four
times, i ncubat ed Wi t h 7. 3eMi o thmﬂlmgdknsafé@lﬂd@,eo&heﬁahat ase (Pierce
Chem cal . dﬁo kfb(%%giel L) b S mn % 25C,. and \r/]\r/azhed four tinmes.
AL dil ut| ons"an Shes Wer & |n qu Hdi R§ AT PAAdcantdtt A3%2¥ound as, P3

were identifFedndy qamtubat Lngtt heas femiptlelysdf 0Watl](1r1‘b5 ewi alip Bdi M Tris, pH

9 5, contai NENgchda 4 M 1398 p he i.phepyl -3, 20
-(3,3" - d| net %xy et hoxy-4, 4' - |pheﬂ);/ egiﬁ gt ‘?u‘% ]%ﬁlgo?lnde and 0.38 mM

5 br ono- 4= ch’rb‘?’barslei%&ef?yﬁ%h%&%ﬁ gﬁéﬁée(ipa@‘bllkmdd'i Negipntal e BL

Scientific, 1mCtiaiSan skibene by R0 modAEiedOp BENR qtﬁtbb?bkaé(é@t eg, a03, the
urified from human %I acenta by affinit

ap3 receptor p
chr omat ogr ap ‘ﬁhlcsh V&cfeéi&FFB‘éﬁ PH&ID ey PESRFPHESth T tdhepPath, "J. Biol . Chem
263: 18726- 185’13111(m9®81) kappa' anthitaidynynat Blavkdd wilth bb@dnéegeﬂﬁrb)r was

di alyzed intg H 7. 0 cont ai ni ng
30 0. 1% NP-40 l?%? ndi-n. EEE?? Qf%j)lalnglﬁlkguﬁgﬂegavﬂa\? 66@%/'8%‘9 mol ar excess
sul f osuct? nipiefobiicdi Aarer 3fpkikowi@g The crpbietd orf whsgeeermpnasset by t he

addi tion of G@;gqM ﬂﬂfh@BOLE%ﬂﬂﬁﬂy r@%ﬁ%npgﬁs2c¥¥i€@@sogézg815
PCT/ US00/ 17454 8tt?r a%ﬁ ﬁxi)r essed LM609 grafted anti bo y variants were
[

sel ectivel y THpt r& e A c'.?%é’tﬂf‘lf%%?%d ovf; for at 4°c,

washed four times, incubated with 2.3 ug/ml
NeutraAvidin-alkaline pﬁosphatasé (Pierce Chemical Co.;

15 Rockford, IL) for 15 min at 25°C, and washed four times.
All dilutions and washes were in binding buffer.
Variants that bound of; were identified by incubating the
filters for 10-15 min in 0.1 M Tris, pH 9.5, containing
0.4 mM 2,2'-di-p-nitrophenyl-5,5'-diphenyl-3,

20 3'-(3,3'-dimethoxy-4,4'-diphenylene}ditetrazolium
chloride and 0.38 mM 5-bromo-4-chloro-3-indoxyl phosphate
monc- {p-toluidinium} salt (JBL Scientific, Ihc.; San Luis

Obispo, CA).

To generate biotinylated o.B;, thé By receptor
25 was purified from human placenta by affinity
chromatography, as described previously {Smith and
Cheresh, J. Biol. Chem. 263:18726-18731 (1988)). To°
biotinylate owB;, purified receptor was dialyzed into 50
mM HEPES, pH 7.4, 150 mM NaCl, 1.0 mM CaCl,, containing
30 0.1% NP-40 (binding buffer) and incubated with 100-fold
molar excess sulfosuccinimidobiotin for 3h at 4°C. The
reaction was terminated by the addition of 50 mM

ethanolamine.



R

coated with goat anti-human kappa chain anti body, probedemdtthodiptinyl ated
a" 133, and detected with 5 NeutrAvidin-al kaline phosphatase. Initially,
biotinylated avR3 was titrated on lifts containing phage expressing the
LM609 grafted anti body parent nolecule only. Subsequently, the

concent r aty,@poRE1sPi otinylated ¢ 3 was decreased to vyi e},(_dn@sr?p@%gi y
perceptible signal. 10 In this way, only clones expressing higher affinity
variants were readily i'dentified during.,screening of the variant

libraries. Follow ng the exhaustive capture |ift -screening of X2500 cl ones
from each |ibrary, 30CHug@hekpraldddidue0saliraRt sq BIE daigNtLEi gdc{see Tabl e
8). The 15 greatest nunber of clones displaying inproved affinity were

i dentified i HeFReSHE{LSS)! YaRaP L gD @BI%,OCng ¢ \fdrdit&%es with inproved .
affinity wereoadeatwiftredioan enefyhukDR kapa08ngiafldad it bedypyari ants
identified by. capt Li,ft as hayi avt'3 binding activity were

further cha%égﬁgkr)}(g‘%‘cf%l%tggt%‘f A né bin |erﬁfeéjf f"il‘ﬁ\qty to avp3, specificity
for avP3 GveNewthdyidint-edkiahine aphbwji@tasesociattomnlland di ssoci ati on rates.
For these asgpayeinptiddd egsFalsof: MO Wahtiedsantibody: NEpHAGES vas used.
25 Briefly, Fab was, expressed as descrlbed_greV|oust and ‘was rel eased from
the peripl asRTFRISHARS Fesdife® Frfitadhengaredut ki rantemodeculsupra, . 1, 997)

. Cells col betyed duryBgeRatl i} efhs Wdndeds rueEénl ysad dtin}@akkq 50 MM Tri s,
‘pH 8.0, contgi iQ 0,05% nge@ 20, £ b was 30. bound to a 1 nm protein A
col um ( Phar HHci a%s TEH AT “Be¥h® %Lﬁ H35EAYe B RF TR S0 Srvig¢di ne, pH 8,
‘cont ai ni A§ 280t Ne@l, onwdgheloned fexphressang bigHer afaridielyuted with 10
m of 100 ine, j - 1. ( | .M 16 Dec r 2003 WO
00178515 T DS ErasE ool Ly SIFHaeD, HRLERE fontelineheR oY e o
described pFevidnsId\iirpaiRpns BelldvwingsGpeaexh9gyive capture lift

screening of 22500 clones from each library, 300 higher

affinity variants were identified (see Table 8). The

15 greatest number of clones displaying improved affinity
were identified in the H3 (185) and L3 (52) CDRs, though
variants with improved affinity were identified in every
CDR.

ILM609 grafted antibody variants identified by
20 capture lift as having oyf; binding activity were further
characterized to determine binding affinity to opf,,
specificity for of; over other integrins, and auf,
' association and dissociation rates. For these assays,
purified Fab of LM609 grafted antibody variants was used.
25 Briefly, Fab was expressed as described previously and
was released from the periplasmic space by sonic
oscillation (Watkins et al., supra, 1997). Cells
collected from one litef cultures were lysed in 10 ml
50 mM Tris, pH 8.0, containing 0.05% Tween 20. Fab was
30. bound to a 1 ml protein A column (Pharmacia) which had
been equilibrated with 50 mM glycine, pH 8, containing
250 mM NaCl, washed with the same buffer, and eluted with
10 ml of 100 mM glycine, pH 3, into one-tenth volume 1 M



LM609 grafted antibody variants were tested for bijpdippgetRe2"4&33 and
specificity of binding to a,ra3 relative 5 to a" X35 and all03. For ELISA
‘titration of Fab on inmobilized a,33 and the related integrins aVA5 and
al'103. Imulon Il mcrotiter plates were coated with 1 pg/m purified
receptor i Tris, pH 7.4, 150 MM NaCl, 2 nM CaC Cl21 1 nmM
Mhdl 2, mmﬁg”éﬁéﬂe, and bl ocked 10 in 3%BSA in 50 mM Tri§ "PS"W %4 100 mM
NaCl, 2 nM CaCl21 1 mM MyCl2 for | h g 25C. Human al |l bP3, purlfled from
pl atel ets, was obtained from Enzyne Research Laboratories, Inc. (South

Bend, IN) andrﬁy{%ﬁi\ms puﬁﬂ@@l Feftrwsphasﬁaiaét@%tar@@feségpb@&ed of aj3,

as descrl bed :rLgv1 %;/lo( Smth et ..Blol. Chem 265:11008-11013
(1990)). Just™prior o ﬁeef)laeﬁ s S\k’é’rr@ V\b%%@d two times and were then

i ncubated 1 h at 25C vvlth varl ous dilutions of Fab. The plates were washed

bhosphat ase di |t ed 200 PoPPoat iy pP8l pRtr T 0R e R etone " %
descri bed préW‘éUSél V2 Pabkions épeaiflClsllyploé bingd7y . tAld,fdidelkitans and

washes vewe £5 &, Ad1d,gsHCl copbrTod  J00, M NaGl e gM Cadl z, and 1 mM
MyCl2. 16 Decen%};r 2003 "0’ 00/ 78815 89 PCT/ USCD11745 L Table 8: Capture

Lift Screeni N Ut 199660 ehafPddthants 566y EpReErbrartds thancba 5 10
Li brary Hi SIEBHLNBZQ HZ&rSEDteH%ﬂé&%@ were coated with 1 pg/ml

purified receptor in 20 mM Tris, pH 7.4, 150 mM NaCl 2
mM CaCl,, I mM MgCl,, 1 mM MnCl,, washed once, and blocked
10 in 3% BSA in 50 mM Tris, pH 7.4, 100 mM NaCl, 2 mM CaCl,,
1 mM MgCl, for 1 h at 25°C. Human o ,,B,, purified from
platelets, was obtained from Enzyme Researcﬁ
Laboratories, Inc. (South Bend, IN) and oyfs was purified
from placental extract depleted of oyf,, as described

15 previously (Smith et al., J. Biol. Chem. 265:11008-11013

(1990)}. Just prior to use, the plates were washed two
times and were then incubated 1 h at 25°C with various
dilutions of Fab. The plates were washed five times,
incubated 1 h at 25°C with goat anti-human kappa-alkaline

20 phosphatase diluted 2000-fold, washed five times, and
developed as described previously (Watkins et al., supra,
1997). All dilutions and washes were in 50 mM Tris-HC1,

~pH 7.4, 100 mM NaCl, 2 mM CaCl,, and 1 mM MgCl,.



H3 320 L1 416 L2 352 L3 288 Screened2 2500 500Q¢ @Q@gmeQO@oogSOO 3250
5000 Positives-' 16 26 2 185 Affinity' 8 7 1 785 12

" Nunber of unique clones based on DNA sequence- Thirty- tvvo codons are used
to express all twenty am no acids at each position. 2Phage-expressed

l'i braries wegogapisated on XL-1 Blue/agar 15 lawns at SO0Q~d@Qeplaaues per
100 mm di sh. 3Positives are defined as clones that were i1dentified in the
initial screen, replated, ~and verifieddqn a second capture lift assay.

' Sol ubl e Fab was titrated against imobilized a"3 in an 20 ELI SA fornat.

Based on conpedkileos: ofca deN )i et BORe By o@f ThBBotiiLAtd o profiles,

cl ones whi ch d'%B §¥ CDR Libraries.

Enhanced
Library | Size! Screened2| Positives? ! Affinity’
H1 320 2500 16 8
5 H2a 320 5000 26 7
H2b 320 5000 2 1
H3 . 320 5000 ‘185 78°
Ll 416 2500 12 1
L2 352 3250 7 1
10 L3 288 5000 52 41

'Number of unique clones based on DNA segquence. Thirty-
two codons are used to express all twenty amino acids at

each position.

’Phage-expressed libraries were plated on XL-1 Blue/agar

15 1lawns at 500-100 plaques per 100 mm dish.

*Positives are defined as clones that were identified in
the initial screen, replated, and verified in a second

capture lift assay.

‘Soluble Fab was titrated against immobilized ayB; in an
20 ELISA format. Based on comparison of the inflection

point of the titration profiles, clones which displayed

~3-fold enhanced affinity were selected for further

characterization.

*0f the 185 positive clones identified by capture l1ift, 98

25 were further characterized for binding to immobilized

Oy -




-3-fold enhanced affinity were selected for furtheng ghatasters@@di on. 50f
the 185 positive clones identified by capture lift, 98 25 were further
characterized for binding to i mmobilized avP3 16 Decenber 2003 WD 00/ 78815
90 PCTIUSOQ 17454 Figure 8 shows titration of antiPodyhri{iants andtLNBQQ
rafted aRrf¢ sFab on immobilized cl3. Bacterial ce £S, containing
ENBOQ grapﬁggggﬁ?ibody (closed circles), variants mﬁth(iﬂﬁﬁgge%‘afflnlty 5
isolated fromthe primary |ibraries (SLQ2, closed squares; Y100, open
.squares; and Y101, open triangles) or romthe conbinatorial libraries

(closed triangles), orriqutel Br ehevantithakicAPER £héAURE) vWeEEntitrated on
ison . of the inflection points of the binding

i mobi |'i zed av(,33. Conpar i

profiles obt gf‘éegM?%%rﬁrﬁﬁlggt FRG* R s °Bntrbbile 8ePav(33
denonst r at edBehatrinail tdqille lgkanes cditsyilndygdLmnsde$ odpdaﬂﬂé}al_r fame_sjb@éag‘, |12| ty,
confirmng t ecil SS ~utilizi.ng.the capt Aft in a
serriaquan'?itzl’g:téil(\J/gé(?aés:]%C\(gt%rg Fi6%%55g¥!@é&%a%gprgaﬁgfgéggﬁgy open triangl es
with closed éFPtread . fmasédconrimery ddpraréebi 15182r edmised and subsequent

characteri zabgear&d; Wigedi BEechOs&iRAY,! :280Y2Y B3, oddn @aﬁgggégd&i that
both heavy and Iight chain CDRs are directly involved in e 20

i nteraction gfoﬁv VTR IPRECEMBD O ifiaried ARLPERAErivaeilanl s. ODNA was

i sol ated froancionekewimplrapi Ngpes-dialcd esgnhans egh hidtdiangnand sequenced to
identify t he; aut tiﬂﬂ%ﬂ m@ich resulted in higher affinity. DNA sequencing
was ' 25 perfornmed on i sV 5t ed si ngl e-stranded DNA. The heavy and |ight
‘chain variabl e regi on genes were sequenced by the fluorescent

di deoxynyggl eoti de ter@d&@%kggoﬁmgfu%ie inflection points of the

binding profiles obtained from titrating variants on
immobilized of; demonstrated that multiple élones
displayed >3-fold improved affinity, confirming the
effectiveness of utilizing the capture 1ift ir a

15 semi-guantitative fashion {Eigure 8, compare. squares and
open triangles with closed circles). Based on the
capture 1ift screening and subsequent characterization of
binding to immobilized oyB,, it was concluded that both
heavy and light chain CDRs are directly involved in the

20 interaction of ouf, with the LM609 grafted antibody

variants.

DNA was isolated from clones displaying >3-fold
enhanced binding and sequenced to identify the mutations
which resulted in higher affinity. DNA sequencing was

25 performed on isolated single-stranded DNA. The heavy and
light chain variable region genes were sequenced by the
fluorescent dideoxynuclebtide termination method
(Perkin-Elmer; Foster City, CA}. Based on seguence
analysis of 103 variants, 23 unique mutations clustered

30 at 14 sites were identified (Table 9). The majority of
the sites of beneficial mutations were found in the heavy
chain CDRs, with four located in H3, and three each in H2?

(2a and 2b combined) and Hl. Sewven distinct and



(Perkin-El mer; Foster Cty, CA). Based on sequence,gsaRaly¥sis, ofgo3
variants, 23 unique nutations clustered 30 at 14 sites were 1dentified
(Table 9)  The majority of the sites of beneficial nutations were found in
the heavy chain CDRs, with four located in H3, and three each in H2 (2a
and 2b corpp ppfysand H . Seven distinct and 16 December, 2003, W) 00/ 78815
PCT/ USOQO' 17454 91 beneficial amno acid substitutions were | cfen Ified at a
single site within H3, tyrosine residug;102. The diverse nature of the
substitutions at this site suggests that tyrosine residue 102 nmay

sterical ly hbaderidtd0%dmghal hedd Ssadd ey cRsNFEAY {fi@ida L gupport of
this, vari ants_ ,é(prietsmwn%ht he gt her aromatic ,am no acids (phenyl al ani ne,
" histidine, and ?ryptophdm) "FRsteadBioTyFosritddt 1¥%si ddde 9822iwt e never
i sol ated fol hawing strdenisnystbruenhancad thhsngdi bg.suk@eEie ahfitnities of

sel ect vari apts ther ct.er . yutilizi surface_ plasnon
resonance (B Acg):%\ﬁa J{%ltr?ggsa?g t e é&%s&%%gtl?o%néé\%r é‘lds%ggcf]’é??‘b%d rates of
purified Pab2RFtredymiidingedio @33, By isafpprt ofirflabe plaasephsr esonance

(Bl Acore; PhagpB&s #ngahelsele d 5 t A8l hiRE LK AflnG160051 a0t s for the

interaction _between ¢ 3 and-LM609 grafted antibody variants- Purified

a, (33 recept BFS WS 1SmGEe F¥RteRNa)( Ansgere o8- tyRsdinte ehy Fam &r opyl )

- car bodi i m d&02 hyehreoahlveri dedlddy FaXysiagi B éeractiovabadasensor chip
20 by injectipg,30 M of 15'ucg/m a J, in 10 nMsodium acetate, pH 4. To
obtai n associati o rate constants (ko"), the binding rate at five
different Fab concentrations, ranging from5-40 pg/m in 50 MM Tris-HC1,

pH 7.4, 180 mM Nadl , %‘h@%gﬁg&ié’@%fls%%qggi%lissv?%rgs%&{%&d at a

flowrate of 10 M/mn. Dissociation rate consta 0 Were the
average of fFREFATheddFeEnBHt 4t bbizindeduBfaanaby2smey tkeodRBseCi ati on phase

(BIAcore) to measure the association and dissociation
rates of purified Fab with immobilized &,8,. Briefly,
surface plasmon resonance (BIAéore; Pharmacia) was used
15 to determine the kinetic constants for the interaction
between of; and LM609 graftéd antibody variants.
Purified o,B, receptor was immobilized to a
{(1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide
hydrochloride) /N-hydroxysuccinimide~activated sensor chip
20 by injecting 30 uxl of 15 ug/ml oyB; in 10 mM sodium
acetate, pH 4. To obtain association rate constants
{(k.,), the binding rate at five different Fab
concentrations, ranging from 5-40 pg/ml in 50 mM
Tris-HCl, pH 7.4, 100 mM NaCl, 2 mM CaCl,, and 1 mM MgC1l,,
25 was determined at a flow rate of 10 pl/min. Dissociation
rate constants (k.,,) were the average of five
measurements obtained by analyzing the dissociation phase
at an increased flow rate {40 pl/min). Sensorgrams were
analyzed with the BIAevaluation 2.1 program {(Pharmacia).
30 Residual Fab was removed after each measurement with |
10 mM HC1, 2 mM CaCl, and 1 mM MgCl,.




at an increased.-flowrate (40 M/mn). SensorgransigepLcehdl YA W th the

Bl Aeval uation 2.1 program (Pharmacia). 30 Residual Fab was renoved after
each neasurenent with 10 inMHCO, 2 mM CaCl2 and 1 mM MyCl2. 16 Decenber
2003 WO 00/ 78815 PCT/ US00/ 17454 92 Table 9 shows that the variants all

di spl ayed wp odr@9@r Kd than the LM509 grafted antibody pafrmdoe/fRiecul e,
consistent with both the capture lift and the ELI SA. Anal ysis of

associ ation and dissociation rates revegled 5 that the majority of

i nproved variants had slower dissociation rates while having simlar
association rates. Fd]’ab&)ealgphﬁow:tl\aﬁ% gmaf vadiant4d bady dl%@la@eda&SOCi ation
rate 18.0 x var i ant d from16. x 104 M1
s-'. In cont %ggthé%et}mnV\g el 8%58% so% Gt é thQ& rPRAATA 6§ub?afted

anti body (4c97skstenty Ws}th' Pov\hthhedlfsaﬂmir@t leAtraneshreamdilisg.from 1.6-fold
(303 x 10-3afialye1d il asbohd {Oh And dieBeladlon LAY  ThGsEar esul LS

denonst ra% introducing 15 single amno acid titutions into LM609
grafted amtib ﬁ§7 BrR&GOrdh Phel MRS va&irphs oradodiovesd LMBO9 grafted

ant i bodi es haysﬁgcihtghﬁ.r rakbbnihy1d Q{a\ﬁﬁ(g3§1hBB£1r amda@rt%h LM609 grafted
RIS T e T

association rate 18.0 x 10 M?s*, while the wvariants :

ranged from 16.7-31.8 x 10° M''s!. In contrast, every

10 clone dissociated slower than LM609 grafted antibody

(4.97 x 107 s ') with dissociation rates ranging from
1.6-fold (3.03 x 107 s?) to 11.8-fold (0.42 x 10-3 s-1)
slower. '

These results demonstrate that introducing
15 singie amino acid substitufions inte LM609 grafted
antibody CDRs allows the identification of modified LM609
grafted antibodies having higher affinity for «,B8, than
the parent LM609 grafted antibody.
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EXAMPLE VIT

Generation of High Affinity IM609 Grafted Antibodies

This example shows that single amino acid
mutations in CDRs of an LM609 grafted that result in
5 higher affinity binding to o,f,; can be combined to

generate high affinity LM609 grafted antibodies.

Random combination of all of the beneficial
mutations of LM609 grafted antibody would generate a
combinatorial library containing >10° variants, requiring
10 efficient screening methodologies. Therefore, to
determine if clones displaying >10-fold enhanced
affinities could be rapidly distinguished from one
another, variants displaying 3 to 13-fold enhanced
affinity were evaluated by capture lift utilizing lower
15 concentrations of biotinylated oyB,;. Despite repeated
attempts with a broad range of concentrations of oyp,,
consistent differences in the capture 1l1ift signals were
not observed. Because of this, smaller combinatorial
libraries were constructed and subsequently screened by
20 EL1SA. '

Four distinct combinatorial libraries were
constructed in order to evaluate the optimal number of
combinations that could be accomplished utilizing two
site hybridization mutagenesis (Figure 9). Briefly,

25 combinatorial libraries were constructed by synthesizing
degenerate oligonucleotides encoding both the wild-type
and beneficial heavy chain mutations (H2, Leu®-Pro; H3
Tyr’’~His; H3, Ala'* -Tyr; H3, Tyr'®>-~Ser, Thr, Asp, Glu,
Met, Gly, Ala). Utilizing two site hybridization

30 nmutagenesis, as described above, the oligonucleotides
were annealed at a 40:1 molar ratio to uridinylated

template prepared from LM609 grafted antibody and three



~ -,rtE alaoara-1 ,.-1. tnco o I1r1 10 E-'Q( u71l) pdEagher BroLVUVX UW
V> 0> fnE e7x C/ ~C ro a _ri xxnaaa to U M 16 Decenber 2003 WO

00/ 78815 94 PCT/ USOCQJ 17454 EXAMPLE VI Generation of Hi gh Affinity LM509
G afted Antibodies This exanple shows that single amino acid nutations in

CDRs of a sgrafted that result in 5 higher affinigyiopding to 003
can be co%’%}gﬁgg&tbo generate high affinity LM509 grafted(yrantl/g'}odl es. Random

combi nation of all of the beneficial m4tations of LM609 grafted antibody
woul d generate a conbinatorial library containing >10" variants, requiring
light chain mutations (Figure 9; L1, His3-Phe; L3,

Gly**-Asn; L3, His®-~Leu). As a result, a total of 256
variants were synthesizéd in four combinatorial library

subsets.

5 Figure 9 shows construction of combinatorial
libraries of beneficial mutations. Uridinylated template
from LM609 grafted antibody and three optimal light chain
variants (F32, N§2, and L96) was prepared. Two site
hybridization was performed with two degenerate

10 oligonucleotides, which were designed to introduce
beneficial mutations at four distinct heavy chain

residues.

Following preparation of uridinylated templates
of LM609 grafted antibody and.three light chain variants,
15 (Table 9; F32, NS2, and L96), degenerate oligonucléotides
encoding the wild type residue and the most beneficial
heavy chain mutations (Table 9; P60, H97, Y101, S102,
T102, D102, E102, M102, G102, and Al02) were hybridized
to the light chain templates, resulting in four
20 combinatorial libraries, each containing 64 unique
variants. Potentially, the combination of multiple
mutations can have detrimental effects on affinity and,
thus, can prevent the identification of beneficial
combinations resulting from mutations at fewer sites.
25 For this reason, the amino acid expressed by the LM609
" grafted antibody parent molecule was included at each
position in the combinatorial library. By utilizing this
approach, simultaneous combinatorial mutagenesis of three
CDRs (L1 or L3 each in combination with H2 and H3) was
30 accomplished. Based on sequence analysis, the two site
'hybridization mutagenesis was achieved with ~50%

efficiency.

L



10 efficient screening nmethodol ogies. Therefore, tag deterpsLpespdscl ones

-di splaying >10-fold enhanced affinities could be rapidly distinguished
fromone another, variants displaying 3 to 13-fold enhanced affinity were
eval uated by capture lift utilizing |ower 15 concentrations of biotinylated
a, ; E33. I £peated attenpts with a broad range o trations of
a"p3, CE&Z?'&J{%@%{, differences in the capture lift si gna%%ﬁ%@iﬂ:’ ot
observed. Because of this, smaller 'cor‘rbé'epatori al libraries were
constructed and subsequently screened by 20 EL1SA. Four distinct _
conbi natorial libraries,Wr ¢8NSLLusct athd nRbdaLcL0; £Valyate Lhe optinal
nunber of conﬁ:}gitl ons that could be acconplished utilizing two "site
hybri di zat i o iPAGehBR i Egarasey . ar i wrliopseds fEgh itatremial abibr ar i es
wer e constr ucifedmbylsyadhesi<ai py) Hegenerat ewlktugesualsotideseencodi ng both
the wild-typ enef. ci_al. heav hai n tations_(H2, Le U60- Pro; H3
Tyr - Hi s; mﬁn&@%%? Q%}lf ;ralfi&f"“%r%g‘i%eer? aﬁPFSAspz?{t@cnglﬁ Met, Ay, Ala).
Wilizing3wyagiieblaybxprfissdtnobhe 86l muagenesiesyeds wesyinbed above, the

ol i gonucl eot idesc i weLs anngal gfoat; A1 49: ' L O ldipylated

tenpl ate pr e%r edlfrom LM609 rgftédl%ntvi]abo y%%ngg%%r%até&fgeﬁegg er 2003,
WO 00/ 78815 95<Pe¥l oo eresADEpyal & MEnT: idst 4epopsegFitgwme the L1,

H s32- - Phe; k3rboldyOReAitiusL3sr theHdav)@Whin. ASpaidesHlt, a total of 256
onbinatorial |ibrary subsets. 5 Figure

vari ants wer eorsn%nit,lhﬁgi za%gl&imgoﬁour f t !
9 shows -constructi*dh°bt PRafb? 5T ATHPeAYedibFabifeedal nut ati ons.
Uri di nyl @Pedsteaphed by fanoBLLNBOShar afdwd tanthbodyt @nd hriea epti mal | i ght
chain vari apLs.(F32. o 8200 L96), A&y SB35 S o YRR 4hyPridization
was performed wth two degenerate _

small-scale bacterial cultures {Watkins et al., Anal.

Biochem. 253:37-45 (1997)). BAn Immulon II microtiter

plate {(Dynatech Laboratories; Chantilly, VA} was coated

15 with 10 ug/ml of the 7FI1 monoclonal antibody, which

recognizes a peptide tag on the carboxyl-terminus of the

LM609 grafted antibody variant heavy chains (Field et

al., Mol. Cell. Biol. 8:2159-2165 (1988)). Following

capture of Fab from E. coli lysates, the plate was

20 incubated with 0.5-1 ug/ml biotinylated R, for 1 h at
25°C. The plate was washed seven times, incubated with
0.5 U/ml streptavidin-alkaline phosphatase {1000 U/ml;
Boehringer Mannheim; Indianapolis, IN) for 15 min at
25°C, washed seven times, and developed as described

25 previously (Watkins et al., supra, 1997). All dilutions

and washes were in binding buffer.

As described previously (Watkins et al., supra,
1997), this ELISA screening method enabled a rapid and
direct comparison of the relative affinities of the
30 variants following incubation with biotinylated oyBs and
streptavidin-alkaline phosphatase. To ensure that the
full Fab diversity was sampled, one thousand randomly
selected clones were screened from each combinatorial

library. Variants that displayed an enhanced ELISA



10 ol i gonucl eotides, which were designed to introdygep.bemei} cigfs nutations
at four distinct heavy chain residues. Follow ng preparation of
uridinylated tenplates of LM609 grafted anti body and. three light chain
variants, 15 (Table 9; P32, N92, and L96), degenerate oligonucleotides
encodi ng wfigedMsh@ type residue and the nost beneficial pdeay[bain
mut ati ons (Table 9; P60, HO97, Y101, S102, T102, D102, E102, hnoz, G102,
and A102) were hybridized to the lighty,chain tenplates, resulting in four
20 combinatorial libraries, each containing 64 unique variants.

Potenti al | y, si§gaTomieghirgReof chabtdd i 2 UL BISIGRN tave detri ment al
effects on atfinity. and, .thus, can prevent the identification of

benefi ci al (lzrémn}?ln% zleonsa"PJeg%Ilf’f’ﬁﬁ §1 o?ﬁ?ﬁﬁdattirdﬁggg Sk &St “E€es. 25 For

't his reason, seheermgrddaadidgnexy esisethupattibaslL MB&9le gragf.t ed anti body parent
nmol ecul e was included at each position in the conbinatorial library. By
utilizing this approach, sinultaneous conbinatorial nutagenesis of three
CDRs (L1 or L3 each iP<e6rbrpatebritha tieup canbiir@yoniad 3dbaacdedl i shed.
Based on sequessei e Yolugtebheud WS iddtbiRYRE ek Za¢ iRt ML agepesi s was
achieved with -50% efficiency. 16 Decenber 2003 WO 00/78815 96

PCT/ USOQl 1745FP TRV St der 8 9s Bt Eht 4 WantvRat bPe atndicaeiles, sol ubl e Fab
was expr esseduaadioned daeediflod iheperddqileasihgodr sarm Iriseal e (<1 nl)
bacterial cu t hat .had, n_Jinfected with randonly sel ected cl ones.

Al t hough 5 vgéyéiﬁ%'ei%?ggsfgg ‘§§éﬁ§qﬂ§r%r8ﬁsgP%éﬁ?' f 8Fhtgliantiti es of
t he unpuri fieadvariafrSoldr dnceptan da @ffanibycrote tieurgleateuthaouigh a
peptide 489 PEMSENt Vst BE01SAEP XM LRI TNYSq O nd NGaRY EDR N Briefly,

conbi natorial  LM609 grafted antibody librarieS were :
: libraries displayed affinities ranging from 18 to 92-fold

greéter than the parent LM609% grafted antibody. The
majority of these variants consisted of H2 and H3
mutations combined with the L1 or L3 mutations.

15 Beneficial combinations of heavy chain mutations with
wild-type light chain were also identified, but did not
result in improved affinity to the same extent as other
combinatorial variants. The variants predominantly
contained 2 to 4 mutations, with one clone, C29,

20 containing five mutations. No direct correlation between
the total number of mutations in each variant and the
resulting affinity was observed. For example, while the
binding of clone C37 was 92-fold enhanced over the parent
molecule and was achieved through the combination of

25 three mutations, clone C29 had ~55-fold greater affinity

' achieved through the combination of five mutations. '
Multiple variants displaying >50+fold enhanced affinity
resulting from the combination of as few as two mutations

were identified (2G4, 17, and V357D).

30 The combinatorial clones with improved affinity
all displayed >10-fold slower dissociation rates,
possibly reflecting a selection bias introduced by long

incubation steps in the screening. In addition, all of



10 screened by an EL1SA that permts the determ natgop.QLd.£lRldve
affinities of antibody variants produced in snall-scale bacterial cultures
(Watkins et al., Anal. Biochem 253:37-45 (1997)). An Immulon I|I

mcrotiter plate (Dynatech Laboratories; Chantilly, VA was coated 15 with
10 M/ m F11 nonocl onal antibody, which recognj eptide tag
on the car%%@wafzerm nus of the LMO09 grafted anti bod;ﬁ@gﬁﬁog%\"gﬂheavy
chains (Field et al., Ml. Cell. Biol.gg8:2159-2165 (1988)). Followi ng
capture of Fab fromE. coli lysates, the plate was 20 incubated with 0.5-1

/.cg/m biotithyl @@ rdtorib@r virhadts 2Gackhespbat endasprashed seven
avi di n-al kal i ne, phgsphat ase (1000

times, incubated with 0.??1U/m strept
Um; Boehr PRGE ¥hibfelnf Ilﬁaf"‘én%fbag‘lq futplgiononlgg isplayed 8o washed
seven tines, 4afdl dlemelatped aasodescidbeatht25 . pr eveoushsl , Wattkhas et al .,

supra, 1997) (el i _ re in _binding buf.fer. As :
descri bed pr2?/%&%&“%&5?@?%5%8?1:ﬁ;%@&%&?y f@@%?mt i SS%IJ—LEF%A screeni ng
met hod en&bl eeWardapinhuandlobpttet dgmdaviivsenhofheheagssicieitenaffinities of
the 30 variapiéed QU QWgNg FERRUPGLHHN M liRnbisgt b@%agﬁ%@e" Biqand _
streptavi di n-al kal i ne_phosphat ase. To ensure that the full Fab diversity
was sanpl ed, ¥bhEeiHbu readdonPIP -3 dd?8d) ¢t onBle gt sybpebnel from each
conbi nat ori abariddysgr ¥he¥Yakbad] Smd Patord $Nbaxed amenhanced Eil,SA 16 -
Decenber 2003f%/\0 00/ 78815 97 PCTI USO0/ 17454 si gnal were further

char act eri ze@ 161 B MAHGAEGOR RivoHTIT 28678y B33YTRIQHE 8, cl osed

triangl esp apdolefegratseguencedbfect dentad fkinkhecnsit bédwis: .( Tabl e 10).
Screening of the four conmbinatorial libraries S identified fourteen unique
conbi nations of mutations that inproved binding significantly over the

i ndi vi dual nut at i ons LM@EAt bk pétled muthidosyr bénilagtind ouBe dampdex

specifically and does not recognize either the o, or the

B3 chain separately. To further characterize the
variants, clones were screened for reactivity with the

15 related integrins, ogp,P, and oyfs. All variants tested
were unreactive with both oy, B, and oyfy, consistent with
the improved binding not substantially altering the

interaction of Fab and receptor.

As a first step toward determining if the

20 increase in affinity of the variants resulted in greater
bioclogical activity, variants displaying a range of
affinities were assayed for their ability to inhibit the
binding of a natural ligand, fibrinogen, to immcbilized
ayf; receptor. Briefly, LM609 gratted antibody variants

25 were tested for inhibition of ligand binding as described
previously except that the binding of biotinylated human
fibrinogen (Calbiochem,-La Jolla, CA) was detected with
0.5 pg/ml NeutrAvidin-alkaline phosphatase (Smith et al.,
J. Biol. Chem. 265:12267-12271 (1990}).




library. Wiile the best clone fromthe primary screenphagmgedZdas ol d
increase in affinity, the fourteen unique 10 conbinations isolated from
screening the conbinatorial ,libraries displayed affinities ranging from -
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rates during affinity maturation in vivo (Foote andg MolkshgLp. 2d¥d ure
352:530-532 (1991)). The L96 subset of variants, therefore, nay nore
closely mnic the in vivo affinity maturation process where B-lynphocyte
10 proliferation is subject to a kinetic selection. LM609 grafted anti body
bi nds t he wip be3gs@Eonpl ex specifically and does not recognig&esissher the a,
or the p3 chain separately. To further characterize the variants, clones
were screened for reactivity with the {gsrelated integrins, alibi33 and
a"p5. Al variants tested were unreactive with both aXlbp3 and aV051

consistent with the i1y geedibsngi nehdt coupstaptdldssAlst grng the
i nteraction gLOFab. an%j. rece first step.toward determning if the
[

or. _As a
20 increase iPn arfthiiyFor ﬁhe vEF9ET st Peshrradi P Rreae Pt bi ol ogi cal _
activity, vafibniscgerspdiayiing aorangesidfizeaf b py.t | Esmoler e assayed for their
ability to iphLbi i ndin f atural. | , £l hrinogen, .to
i nmobi I>/i zed mggp%}l?%%gtpﬁagﬁngr ?é?l@?’Mgéﬁglpg:‘[ggﬁgafnﬁl?rﬁggge\%a?fl%nt s 25
were tested VaFiewnhi gindeyretipngaei WG ngadtedesntiiyely (ppevi ously

except that thecbésd ngicef (Rhgtbaviated humer, {hhsh nogen acal bi gehem La
Jolla, CA was detected with 0.5 . c%gm Neut r Avi di n-al kal i ne phosphat ase
(Smith et al =72 §clefsd tréramleabstanob i #5231 ¢ 19dtipundslpgeriber 2003 WO

00/ 78815 99 Rad/ EhiSKdde 43éve&, BN wildfh il bhbnbebhd 18 BiNogln- was
Nor_iOC>C0008999t£Eat£§(¥Jlﬁ§&9%§x¥ﬁgﬁﬂgwfg% aitLNQ®G£¥%¥£ i%COVrNCOV,LO o
10 alkaline phosphatase conjugate. Figure 10B shows’
correlation of affinity of variants with inhibition of
fibrinogen binding. The concentration of variants
required to inhibit the binding of fibrinogén to
immobilized oyf; by 50% (IC,) was plotted as a function of
15 the affinity (Kd).

As shown in Figure 10A, higher affinity
variants were more effective at blocking the ligand
binding site of the receptor (compare LM609 grafted
antibody, opemrr circles, with any of the variantsy.

20 Subsequent analysis of ten variants displaying affinities
{(Kd) ranging from 0.3 to 27 nm demonstrated a good
correlation (r* = 0.976) between affinity and ability to
inhibit fibrinogen binding (Figure 10B). 1In addition,
the variants were tested for inhibition of vitronectin

25 binding to the receptor. Similar to fibrinogen, the
variants were more effective at inhihiting the
interaction than the parent molecule. Thus, consistent
with the cross-reactivity studies with related integrin
receptors, mutations which increased affinity did not

30 appear to substantially alter the manner in which the

antibody interacted with the receptor.
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The ability of the variants to inhikit the
adhesion of M21 human melanoma cells expressing the aufi;
receptor to fibrinogen was examined. Inhibition of the
adhesion of 4 x 10! M21 cells to fibrinogen by the LM609

5 grafted antibody'variants was performed as described |

. previously (Leavesley et al., J. Cell Biol. 117:1101-1107

(1992})). Similar to the ligand competition studies with

purified fibrinogen and oyf; receptor, higher affinity

variants were geﬁerally more effective at preventing cell
10 adhesion than was LM60% grafted antibody {(Figure 11).

Figure 11 shows inhibition of M21 human melanoma cell

adhesion to fibrinogen. Cells and various concentrations
of LM60S grafted antibody Fab {closed triangles), 5102
{(open circles), G102 (closed circles), or C37 (open

15 triangles) were added to 96 well cell culture plates
which had been coated with 10 pug/ml fibrinogen. After
incubating for 35 min at 37°C, unbound cells were removed
by washing and adherent cells were guantitated by crystal

violet staining.

20 Although intact LM609 grafted antibody Ig
inhibits cell adhesion, the phage expressed Fab did not
affect cell adhesion at concentrations as high as 1 mg/ml
(Figure 11, closed triangles). Clone C37, isolated from
the combinatorial library and displaying ~90-fold greater

25 affinity than LM609 grafted antibody Fab, inhibited cell
adhesion completely (Figure 11, open triangles}. Variant

. G102 had a moderately higher affinity (2.2-fold enhanced)
and also inhibited cell adhesion, though less effectively
than C37 (Figure 11, closed circles). Surprisingly,

30 clone S102 (Figure 11, open circles), which had a
4.6-fold higher affinity than LM609 grafted antibody, was
ineffective at inhibiting cell adhesion, suggesting that
clones G102 and S102 interact with the oyf; receptor
differently.
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00/ 78815 PCTI TJS00/ 17454 100 The results of these conpetition assays are
shown in Fi gure 10. Figure 10A shows inhibition of fibrinogen binding to

i mobi | i zggl, E‘ | mobi I i zed C X103 was i ncubated wtgﬁ% {7489/ M

bi oti nyl at ed f’ rinogen and 5 various concentrations of 8 grafted

anti body (open circles), S102 (cl osedlﬁ'&rcl es), F32 (open triangles), or
C59 (closed triangles) for 3 h at 37C “Unbound ligand and Fab were renoved
by washing and bound fmlus@%%ul%sshwa&taltt ebﬁglapﬁd% el BRYRELT On with
Neutr Avi din 10_al kal i hosphat ase conj u gure 10 shows

correl ation. SFlﬁf‘f"ﬂE"i‘HP t\?é‘ftl ild W“trh I%‘r?ﬁrc’bﬁf? Fedfantippiadgen bi ndi ng.
The concent r akhobi bfny arignrtrs bihagg rﬁtﬂrﬂtlynlabbu$[33t@Blcb,mtiih@g of

fibrinogen tggehgﬁpd?ég A_ﬁo%d af15]33 b O%t(yl gﬁﬁbﬁ. Sﬁ% teo(# ?w@s a function of

15 the afflnl hwnPn I'gure
mutants having greater than 90-fold higher binding

affinity than the parent LM609 grafted antibody.

EXAMPLE VIII
Generation of High Affinity Enhanced IM609 Grafted

Antibodies

10 This example describes the generation of high
affinity enhanced LM60S grafted antibodies having

increased stability.

The high affinity clone 6H6 (see Table 10 in
- Example VII) was further characterized and was found to
15 exhibit some proteolysis. Therefore, to identify
variants having increased stability, 32 codon variants
- were introduced simultaneously at each of positionshsngﬁ
and His® (numbering according to Kabat et al., supra) in
the heavy chain CDR3 of 6H6 (SEQ ID NO:94), and the
20 variants were screened for oyf; binding activity. Those
variants that retained binding activity were sequenced
and then screened for susceptibility to proteolysis. The
variant 6H6LH was identified as exhibiting «,f; binding
activity and resistance to proteolysis (see Tables 11 and
25 15)}. The 6H6LH vafiaﬁt, which had hlgh affinity oyp, -
binding activity, had Leu substituted for Asn®*® but

retained His?¥

Although the 6H6LH variant exhibited high
affinity binding to ogf;, the affinity was somewhat lower
30 than the 6H6 variant {(see Table 15}. Therefore, CDR




variants were nore effective at blocking the ligands BiRghmg- Sides of the
receptor (conpare LM609 grafted antibody, open- circles, wth any of the
variants)-. 20 Subsequent analysis of ten variants displaying affinities
(Kd) rangi ng fromO0.3 to 27 nm denonstrated a good correlation (r2 =
0.976) betypamsakfinity and ability to. inhibit fibrinogan.hiad ng (Figure
10B) _ I n addi t| on, the variants were tested for inhibiti oneg% Vitronectin
25 binding to the receptor. Simlar tojg4brinogen, the variants were nore
effective at inhibiting the interaction than the parent nol ecul e. Thus,
consistent mhtatides ciieashbaabbéyifours wdi gsved KigH elratiedciynt egrin
receptors, S WhICh ncrease fi did not 30 appear to

subst anti al In}ﬁfﬁll (1? The r(r:éjﬁ“héf]eg q?%h tk%lle{%}iH nt§bo d1y interacted with the
receptor. 1659@@efm@¢132&00$11‘$ﬁ 00/ TB8156idir]l REThUSORL 194584 Whe ability of
the variant smhPat &I d tprl)€ asaghes] A Q%ZNq;eQuﬂgﬁhénﬁ)angga cells

expressing the avl33 receptor to fibrinogen was exam ne I nhi bition of
the adhesi of®BFr ALK (1]6@91\/@23%@@1’11 ol sfgebArRdgehd by e aEMB09 5 graft ed
?nt bléloflvaalr bd?i?ld@llOlﬁ?%gh@gL%g;?ﬂ’ﬁgﬂ’ﬂ@l@a@avpr@NéQUSdDRZ( lezaggsl ey et al.

: i 0 imlar to nd coppetition
studi es wit h"2pu?tis 8 FESH ﬁé gﬁo'arﬁf an §§°P8c%?)‘§ of>eh| Gﬁgf“ g?fl nity

vari ants wer eogeeres ety aione 22363638/&/6&16&11& fsewendbirg 10el.l 10 adhesi on than
was LM609 grafted anti body (Figure 11). Figure 11 shows inhibition of M1
human nel anoma cell adhesion to fibrinogen- Cells and various
concentrations of LMcU®Wgr ant Babken ildodndraB fxe oyddo picadghed), S102

(open ci 16l eshe1 &EOd Csle%%qcesmi&%)ect%e@w 6 PPEIL AP bl anghes) were

added to 96 ], cell culture g ates _ whi ch had been coated with 10 g/m
fibrinogen. AFtEre THENGEC RYIF of LB itivh var 13pEe, olufidund SBert sifer e
renoved Tables 13 and 14 are aminc acid and nucleotide sequences,

respectively, of light chain CDRs of the enhanced high
affinity variants of 6H6. The CDRs shown are according
15 .to Chothia, supra. The amino acids and ccdons that

differ from the 6H6-variant-are shown in bold.




by washi ng and adherent cells were quantitated by ggystal i @&3staln|ng
20 Al though intact LM609 grafted antibody Ig inhibits ce T? esion, the
phage expressed Fab did not affect cell adhesion at concentratlons as high
as 1 ng/m (Figure 11, closed triangles). Cone C37, isolated from the
conbi nat o rary and di splaying -90--fold greater nity t han
LM609 gra?%ggyé%glbody Fab, inhibited cell adhesion cgﬁgT P&{y (Figure 11,
open triangles). Variant Gl02 had a npgerately higher affinity-(2.2-fold
enhanced) and also inhibited cell adhesion, though |less effectively than
C37 (Figure ddp1&lpned agibel 881q s_ixlgggfdczlsng!eyae&% & epfe (Figure 11,
open circles), which had a I gher aTT‘nlty‘TTT““INBUQ grafted
anti body, wa3iSR ATy Enban ﬂt*i- Vieaxig Beadi®®  suggesting that
cl.ones GL02 and 5102 |nteract with the aIP3 receptor differently 16
Decenber 2003 WO 00/ 78815 102 PCT/ USOQ 17454 These results show t hat
conmbi ni ng si NGFY &S CX&td nutations that result in LMBO9 grafted

anti bodies exémditing higher binding affinity to al03 allows the

identific t| hi gh af f j.ni.t ted antifody 5 nutants having
greater t ggggéold highe? El%d%h%qgég h ?y thaﬁgﬁﬁéDbggg%? LMB09 grafted
ant i body. E)@R/P@EGHMIH | GefeFaTibrs of YHngM Bf fi ni t%ECEth)aNOeBM LM609 G afted
Anti bodies 1 1 S0 AtATRl ecgdeser t eperati qaffinity
enhanced Lhﬁggigiafted anthgdfe% 3%323 glﬁcreasg%: tablglty The hi gh
affinity clone 6H6 (see Table 10 in Exanple VII) was further characterized

and was founged®y Chain CDR2

Clone
10 6H6LH KVSSGGGSTY SEQ ID NO:102
YLDTVQG |
2236/6H6LH KVSSGGGSTY ~SEQ ID NO:102
YLDTVQG
© 2236-38/6H6LH KV S SGGGSTY SEQ ID NO:104
15 YPDTVQG
"Heavy Chain CDR3
' GH6LH HLHGSTFR AS SEQ ID NO:106
2236/6H6LH HLHGSTFRAS SEQ ID NO:106

2236-38/6HALH H L HG S F A S SEQ iD NO:106
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15

20

25

6H6LH ARA
ACC
GGC
2236/6H6LH ARRA
ACC
GGC
2236-38/6H6LH AAA
ACC
GGC
Heavy Chain CDR3
6H6LH CAT
2236/6H6LH CAT

2236-38/6H6LH CAT

GTT AGT
TAC TAT

GTT AGT
TAC TAT

GTT AGT
TAC TAT

CTT CAT

CIT CAT

CTT CAT

AGT GGT GGT
TTA GAC ACT

AGT
TTA

AGT
CCA

GGC

GGC

GGC

GGT
GAC

GGT
GAC

AGT

AGT

AGT

GGT
ACT

GGT
ACT

TTT

TTT

TTT

GGT AGC
GTG CAG

SEQ ID NO:101
GGT AGC
GTG CAG

SEQ ID NO:101
GGT AGC
GTG CAG

SEQ ID NO:103

GCT TCT
SEQ ID NG:1035
GCT TCT

In an
al so nut at ed

10 nucl eoti de

differ fromthe 6H6 variant are

SEQ ID NO:105

GCT TCT
SEQ ID NO:105



16 Decenber 2003 WO 00178815 PCT/ US00/ 17454 104 Talyl @eldmpd sgpAci d
Sequences of Heavy Chain CDRs of High Affinity Enhanced 6H6 Vari ant

Ant i bodi es Heavy Chain CORL Clone 5 6HGLHGF TF SSYDMS SEQIDNO 34
2236/ 6HGLH GF T F S S Y D MS SEQ ID NO 34 2236-38/6HSLHGF TF S S YD
.M'S SEQ K Nassd Heavy Chain CDR2 10Cone KV S S G dgélﬁg]; Y=EQ | D NGO 102
.6H6LH2236/6H6LHYLDTVQGSEQIDNOlOZ KVSSG (11

. 2236-38/6H6LHY L DT VQGSEQID NO 104 K- VSSGGGSTYI1I5Y PDT YV
QGHeavy Chain CDR3 6HGBLH HL HG S F A'S SEQ I D NO 106 2236/ 6H6LH H L H
GS F A'S SEQabBeND 106umi2d36e38/ SeRlddddd o Gidnf @S SegbDop0 106 16
Decenber 2003 WO 00/ 78815 105 PCT U 00 17 : ucl eot 1 de- Sequences
of Heavy ChafFr=<cB i ' ' IARCet Y3 ant Anti bodles 5 '
Heavy Chain CDR1 6H6LH GGA TTC ACC TTC AGT AGC TAT GAC ATG TCT SEQ I D NG 33
2236/ 6H6LH GEA TTC.ACC T‘B% AGT AGC TAT GAC

ht Chain
6H6LH OASQSISNHILH SEQ ID NO:108
5 2236/6H6LH QASQSISNPFLH SEQ ID NO:110

2236-38/6H6LH Q A S QS I SNPFLH SEQ ID NO:110

Light Chain CDR2

6H6LH YRS QSIS SEQ ID NO:112
2236/6H6LH YRS QSIS SEQ ID NO:112
10 2236-38/6H6LH Y R S QS I S SEQ ID NO:112

Light Chain CDR3

6H6L.H QQSGSWPLT SEQ ID NO:90
2236/6H6LH Q : SEQ ID NO:90
2236-38/6H6LH Q Q S G SWPLT SEQ IDb NO:90

O
]
@
[mad
=)



ATG TCT SEQ ID NO 33 2236-38/6H6 GGA TTC ACC TTC AGT A ATG TCT
SEQ I D NO 33 10 Heavy Chain CDR2 6H6LH AAA GIT AGT AGT %FE% AGC ACC

TAC TAT TTA GAC ACT GIG CAG GCC SEQ I D NO 101 2236/ 6H6LH AAA GIT AGI AGT
GGI GGI' GGT AGC 15 ACC TAC TAT TTA GAC ACT GIG CAG GGC SEQ I D NO 101

2236- 38/ 6 AP GIT AGI AGT GGI GGI' GGT AGC ACC TAC T,
%b%ﬂ) Chain CDR3 6H6LH CAT CT

CAG GC SEQ |

NO 103 20 Heavy
TCT SEQ I D NO 105 2236/ 6H6LH CAT CTT

25 2236- 38/ 6H6LH CAT CTT CAT GGC AGT

Té@e%&enﬁﬁfcl%Qdimggém%S?Eqé#g?}g# %ﬁ
Amino Acid Sequences ght arn |

- £ aL (Eapa

Variant Anti

anceMiH§

NO 108 5 2236/ 6H6LH Q A S Q S

SQSI

2

Wiriant \AStibRidess N H L H SEQID
SNFLHSEQIDNO:110 2236-38/ 6H6LH Q A
S SEQ I D

NO: 112 2236/ SEELEVC R §D8Y SSEQ ID NO: 112

(oly

SNE,LHSEQIDNGO 110 Light Chain CDR2 6HGLH Y RS Q S |

6H6LH CAG GCC AGC CAA AGT ATT AGC AAC
5 CAC CTA CAC SEQ ID NO:107
2236/6H6LH CAG GCC AGC CAA AGT ATT AGC AAC
PTC CTA CAC SEQ ID NO:109
2236-38/6H6LH CAG GCC AGC CAA AGT ATT AGC AAC
TTC CTA CAC SEQ ID NO:109
10 Light Chain CDR2
6H6LH TAT CGT TCC CAG TCC ATC TCT
SEQ ID NO:111
2236/6H6LH  TAT CGT TCC CAG TCC ATC TCT
SEQ ID NO:111
15 2236-38/6H6LH TAT CGT TCC CAG TCC ATC TCT
SEQ ID NO:111
Light Chain CDR3
6H6LH CAA CAG AGT GGC AGC TGG CCT CTG
ACG SEQ ID NO:89
20 2236/6H6LH CAR CAG AGT GGC AGC TGG CCT CTG
| ACG SEQ ID NO:89
2236-38/6H6LH CAA CAG AGT GGC AGC TGG CCT CTG
ACG SEQ ID NO:89

The kinetics of oyf; binding was determined for
(BIACORE)

25

essentially as described in Example VI.

each clone using surface plasmon resonance

The binding

kinetics and affinities of the clones are shown in

Table 15.

ACT GIG
GI TTT GCT
GGC AGT TTT GCT TCT SEQ | D NO 105
GCT TCT SEQ ID NG 105 .. .
[A54pL06 Table 13:



102236-38/6HGLHY R S Q S | SSEQ I D NO 112 Li ght ChaighpEPR3L6HLGHhE QS G S
WP L T SEQ I D NO 90 2236/ 6H6LHQ Q S G S WP L TSEQ I D NO: 90 2236- 38/ 6H6LHQ
QS GSWPL TSEQ ID NO:90 16 Decenber 2003 WO 00/ 78815 5 PCT/ USOQ 17454
107 Tabl e 14: Nucl eoti de Sequences of Light Chain CDRs of High AffinityGr
Enhanced iant Anti bodi es Light Chain CDR3. 6H6L AGC CAA A
ATT AGC AAQE@%M&TA CAC SEQ I D NGO 107 2236/ 6H6LH CAG %@%&2 AGT ATT
AGC AAC TTC CTA CAC SEQ I D NO 109 223?(‘)%8/ 6H6LH CAG GCC AGC CAA AGT ATT
AGC AAC TTC CTA CAC SEQ I D NO 109 10 Light Chain CDR2 6H6LH TAT CGT TCC CAG

TCC ATC TCT SG@1LD180 biha:2238 66 L, AT goRl R f3060J L ATETCT SEQ 1D
NO 111 15 2236-38 r 111 Li ght

Chai n CDR3 6BAatibedwn_ehenescT GGC AGC TGG CCT CTG ACG SEQ | D NO. 89 20
2236/ 6H6LH CAA CAG AGT GGC AGC TGG CCT CTG ACG SEQ I D NO. 89 2236-38/ 6H6LH

CAA CAG AGT GGC_AGC_TGG . CCI.CTG ACG SEFQ 1D NQ.89 The kinetics of alP3
bi ndi ng was {let esnaedné or k., ) Kose K,
6H6 2.59E+05 1.60E~04 0.62 nM
5 2236/6H6LH | 2.25E405 1.48E-04 0.66 nM
6H6LH 3.01E+05 5.48E-04 1.82 nM
2236-38/6H6LE | 2.76E+05 2.49E-04 0.90 nM

As shown in Table 15, cleones 6H6LH, 2236/6H6LH,

and 2236-38/6H6LH had affinities similar to 6H6. The

10 affinity for 6H6 in these experiments was 0.62 nM,
compared to 0.4 nM observed in the previous experiment
(see Table 10 in Example VII). This difference is due to
the observed k,,, which is within the variability of the
experiments. The on rates were very similar between 6H6,

15 6H6LH, 2236/6H6LH, and 2236-38/6H6LH. The small
difference in the observed Kd appeared to be due

primarily to differences in k...

These results describe additional enhanced
LM609 grafted antibodies exhibiting high affinity for ogf,

20 and resistance to proteolysis.

Throughout this apblication various
publications have been referenced. . The disclosures of
these publications in their entireties are hereby
incorporated by reference in this application in crder to

25 more fully describe the state of the art to which this

inventicn pertains.



25 each clone using surface plasnon resonance (Bl A ;cgﬁggpt as
described in Exanple VI. The binding kinetics and affinities o the cl ones
are shown in Table 15. 16 Decenber 2003 WD 00/ 78815 108 5 PCT/ US00/ 17454
Tabl e 15. Binding Kinetics of Enhanced LM609 G afted Antibody C ones C one
| DH#KO, kof fslod?igd. S9E+051. 60E- 040. 62 nM 2236/ 6H6LH2. 25?(%%@%040 66 nM
6H6LH3. 01E+055. 48E- 041. 82 nM 2236- 38/ 6H6LH2. 76E+052. 49E- 040. 90 nM As shown
in Table 1.5, clones 6H6LH, 2236/ 6H6LH, jqand 2236- 38/ 6H6LH had affinities
simlar to 6H6. The 10 affinity for GH% In these experinments was 0.62 nM

conpared to 0.4 nM obsgrmesghn thhes iYW 4 he%PBEERBM sc(i$R@ Takhe 10 in
Exanple VI1). This dlffer%ce IS due to, the observed ko,,, which is within

the variabi | Ty 68 thet el ienPEed THP "Rt 8s WP vBrlY 18Anitar bet ween
6H6, 15 6H6LIEhe2286/ 6l Heaatidy2236r 38 HtbliHat ThResopddifidi fference in the
observed Kd Iy to f erences |n knf,. These
results descralgzggﬂrg(gm%t|§o&r2e aqli% aﬁ%%’é ?Eed an |tbod| es exh| biting
high affi it ynFertacg 33 0 S@mldeéeswmwesuoodptbaeww@s Thr oughout this

appl i cation gk @usat Y iGAL bANRaBAE BRRR | 'a%LQEEBﬁgdfro TRedi sclosures of
these publications in their entireties are hereby I hcor porated by
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WO 00/ 78815 PCT/ US00/ 17454 109 Al though the inventi@nphasheen gigscri bed
with reference to the disclosed enbodi nents, those skilled in the art
will readily appreciate that the specific experinents detailed are only
illustrative of the 5 invention. It 1dRould be understood that various
nodi fications can be made w thout-departing fromthe spirit of the

i nvention.“MB& dingly, the invention is linmted only by the follow ng
clainms. 16 Decenber 2003 110 CLAIMS 1. An enhanced LM609 grafted anti body
exhibiting selective binding affinity to avf33i or a functional 5 fragnment
t hereof , conpriki ng & CBRhseFeet dd6CPongtHe gt oaptiketsi $¥PAGLIBING VH CDR2

referenced_a EO | D,NO 104: a .VH E:DR?, r ef erenced_as _SE \ 6; and a
VL CDR1 re?G’éj?eecnstclgg é)smgl'—légl Daﬁ\éllﬂ v 1502.8‘,’&rﬁ°”antglrb08y, ngg}:[ﬁ\l%%?onal
fragmemt thes@edint tCEMRLIES Bgmar VELGDR] ol efedree@das rSMQthD BKr34; a VH

CDR2 referenced as SEQ | 1 102; VH CDR3 referenced a EQ | D NO 106;
L CDRI ety i S0 USROS SACT BPRITD: Ao 0adh’ a¢ SF0 I D

NO: 112; ancprs e fHIREgeer sroedpanolboSEQuD NOv,9Q@DrIaird rapthbedy or
functional fragnent thereof having integrin av(33 binding activity,
integrin a¥RH nd AP 1dPBecificity or integrin cJ33-inhibitory activity. 3.
An anti body, or a functional fragnment thereof, 20 conprising a VH CDR1L
referenced as SEQ I D NO:34; a VH CDR2 referenced as SEQ I D NO 102; a VH
CDR3 réferenced?as SEOD 3B NOM06; °& VIVTIRPIRef of BRERRN s tBEEFPD NO 110; a

VL CDR2  refgsenced; as gEQpRP NOrdddncand & Mo GORJd efser enggdcar, SEQ 1D
NG 90, said antibody or functional fragnent thereof 25 having integrin aVR3
bi ndi ng act¢igrgncachtayr PR alP 3BObi®di ng VspEBRPi cPfgroncett 2yr PAQ
avR3-i nhi by fogy. ARE1 Y &Y cDR1 referenced as SEQ ID NO:108; a Vi CDR2
referenced as SEQ ID NO0:112; and a V; CDR3 referenced as
15 SEQ ID NO:90, said antibody or functional fragment thereof
having integrin oyf; binding activity, integrin oyf; binding

specificity or integrin oyfi;-inhibitory activity.

3. An antibody, or a functional fragment thereof,

20 comprising a Vy CDR1 referenced as SEQ ID NO:34; a Vy CDR2
referenced as SEQ ID N0:102; a Vy CDR3 referenced as SEQ

ID NO:106; a V; CDR1l referenced as SEQ ID N0O:110; a Vp CDRZ
referenced as SEQ ID N0O:112; and a Vi CDR3 referenced as

SEQ ID NO:90, said antibody or functiocnal fragment thereof

25  having integrin oyBs binding activity, integrin oyfB3 binding

specificity or integrin oyPi;—inhibitory activity.

4, An antibody, or a functional fragment therecf,
comprising a Vy CDR1 refefenced as SEQ ID NO:34; a Vy CDRZ2

30 referenced as SEQ ID NO:104; a Vy CDR3 referenced as SEQ
ID NO:106; a V., CDR1l referenced as SEQ ID NO:110; a Vy CDR2
referenced as SEQ ID N0O:112; and a Vy CDR3 referenced as

SEQ ID NO:90, said antibody or functional fragment thereof
having integrin oypsz binding activity, integrin oyffs binding

35 specificity or integrin oyfsz—inhibitory activity.



4. An antibody, or a functional fragnment thereof, goRRELSLEE Fod41 CORI
referenced as SEQ ID NO 34; a VH CDR2 30 referenced as SEQ I D NO 104; a VH
CDR3 referenced as SEQ 1D NO 106; a VL CDRI referenced as SEQ I D NO 110; a
VL CDR2 referenced as SEQ I D NO: 112;13dnd a VL CDR3 referenced as SEQ ID
NO: 90, said antibody or functional fragment thereof having integrin av(33
bi nding activity, integrin avj33 binding 35 specificity or integrin

av33-inhi bitorysactiay tyntikbdigcesbesn 2003t1ddad. rAgABLE bedXre0E, @
functional fragnent thereof, conprising a CDR selected fromthe group

consi sti ngCHFPRLSNIY COREDR ef el efietd BROSERG DIRRIA 040N 84H IEDFEE r2f er enced
5 as SEQ I{y, NprlO6;e @nd 2 ML JGDREY afengneed ;as SEQcHR3 N@fé%@ncé&' d

anti body or functi onal fragmant t hereof havi ng integrin aVR3 bi ndi ng
activity, #htSF ntTRVNG31BPhdialy spdei fGREL yroferenary i AsaVi®R i ARibitory

activit Th i fupcti me al r 5,
wher ei nysalﬁg %DOR‘ |§Seglr?Jt %QQXbQ’Bg e?gncg‘gﬁggiésr%gl @ra%%eﬁlf04%#e%ﬁ

ant i body oravimgtirgrrglrifr aghemtingfingl at’m;VJ.lty,15Lr¢r6951nm€$£bmn§an@i CDR is a

VH CDR3 re e 06 T, t] or functi onal
f ragnment o%g&[e%flrr%t? O§E9§ltg\%er "3{3 s%?%i%%eﬁ@%ézﬁlﬁq&l referenced as SEQ
ID 20 NO 110. 9. The anti body of any of clains 1-8, wherein said

functi,gnal frag ssele d fromth ropcon3|st|n f Fv, . Fab,
F(ab) Zl%gnd scF 25 5I'8 Pha" ﬁ i B6dy “6F %%gﬁaﬁfg GRSt i ngs {3 Funtt i onal

fragment isrFg, Wherdhe aaidbody o0t el akncOR2wWhererensad dad usppi onal 30
f ragnent '@OF@ 12. The anti body of claim9, wherein said functional
f ragnent %‘)

7. The antibody or functional fragment of claims 1
15 or 5, wherein said CDR is a Vy CDR3 referenced as SEQ ID
NO:106.

8. The antibody cor functional fragment of claims 1
or 5, wherein said CDR is a V, CDR1 referenced as SEQ 1ID
20 NO:110.

9. The antibody of any of claims l—8,\wherein said
functional fragment is selected from the group consisting
of Fv, Fab, F{ab}, and scFV.

25
10. The antibody of claim 9, wherein said functional

fragment is Fv.

11. The antibody of claim 9, wherein said functional

30 fragment is Fab.

12. The antibody of claim 9, wherein said functional

ffagment is F(ab},.

35 © 13. The antibody of claim 9, wherein said functional

fragment is scFvV.



35 13. The antibody of claim9, wherein said functiigngbcchhagmefssis scFV.
16 Decenber 2003 112 14. A nucleic acid encoding the antibody or

functional fragnent of any of clains 1-13. 5 15. The nucleic acid of claim
14, conprising a VH CDRl referencedld® SEQ ID NO:33; a VH CDR2 referenced
as SEQ ID NO 101; a VH CDR3 referenced as SEQ I D NO: 105; a VL CDR1
referenced as SEQ I D NO:107; a VL CDR2 referenced as SEQ ID NO 111; and a

VL CDR3 referenced as SEQ D NQ 89310 Je@moﬁfi% nuct'h@' Caﬁﬂﬂo@ chai m 14,
conprising a VH CDR referenced as SEQ § ref erenced as

SEQ | D NO fwictipngd cpRImeptepEneryl &S CSE@HHSDILN@MOS a VL CDR1 referenced
as SEQ ID NO 109; a VL CDR2 "referenced as 15 SEQ ID NGO 111; and a VL CDR3
referenced as SEQ ID NO 89. 17. The nucleic acid of claim 14, conprising a
VH CDR1 referehzed d$9eSEQAIBINO®RB3d o VH-TCDRR téf ecemprilsiisg SEQ:I D

NG 103; a LOR3 erenced S . 105 gDRl erenced as
SEQ I D Noq[g%; A %P“Idjrﬁﬁprae? e?%%cgg §§ 9gEQ | B“Nsmﬁl Ih&° ?f?}{ THR3

ref erencedsis® BEQIGD NG 89.Vil8DRTheehecteied acd dSHD|IEC e 166 ; ckaivin 14,
wherein s nuc elc acjd m ses Ieotlde seqguence 25
sel ect ed f&c))gnl the gr &cc?r‘?mgs@ '#d) ot’fo g@é’l 5 I@ % §§6er?f‘)c 135, and
SEQ | D NO:489. 110 %0 'ﬁh& rnaabebcvacdioRimkeevbrcofl £ aa}m iri>} N\@heeel n said

nucl ei g) acid nol ecul e conprises the nucleotide 30 sequence SEQ I D NO: 103.
20. THE nucleic acid ol ecule of claim 18, wherein said nucleic acid

nol ecul e conprises theenusietiicde cisepensea SEQLL P N@\A%955113§ i6vDecenber

2003 113 21 The nucl ei ¢ aci d nol ecul e of claim18 erein
referenced as SEQ 1D NO:33; a Vg CDR2 referenced as

SEQ ID NO:101; a Vi CDR3 referenced as SEQ ID NO:105; a Vg
CDR1 referenced as SEQ ID NO:109; a V; CDR2 referenced as
15 SEQ ID NC:111; and a V;, CDR3 referenced as SEQ ID NO:89.

17. The nucleic acid of claim 14, comprising a Vy

CDR1 referenced as SEQ ID NO:33; a Vy CDR2 referenced as

SEQ ID NO:103; a Vy CDR3 referenced as SEQ ID NO:105; a Vg

20 CDR1 referenced as SEQ ID NO:109; a Vi CDR2 referenced as
SEQ ID NO:111; and a Vy, CDR3 referenced as SEQ ID NO:89.

18. The nucleic acid molecule of claim 14, wherein

said nucleic acid molecule comprises a nucleotide sequence

25 selected from the group consisting of SEQ ID NO:103, SEQ
ID NO:105, and SEQ ID NO:109.

19. The nucleic acid molecule of claim 18, wherein
sald nucleic acid molecule comprises the nucleoctide

30 sequence SEQ ID NO:103.

20. The nucleic acid molecule of claim 18, wherein
said nucleic acid molecule comprises the nucleotide
sequence SEQ ID NO:105.

35 |



said nucleic acid nolecule conprises the nucleotidgg $eeUaREs SHE | D

NG 109. 5 22. Use of the antibody or functional fragnment of any of clains
1-13 for the preparation of a conmposition for use in inhibiting a function
of av03. 23. Use of the antibody or fluadcti onal fragnment of 10 any of
clainms 1-13 for the preparation of a conposition for use in treating an
av03- medi at ed d?%easghe 2aucipic y3eidf melarwd 230t wakran nl8ai HhaYER medi at ed
di sease i ss38€} e%@aa‘ircomﬂi%betna&lerc%tlleno%&@xisegowﬁgu' ahciaoglaucona,
macul ar degeneration, atherosclerosis, restenosis and osteoporosis. 25.
The use ofsedudanAFEONAEr BPn182i d av33-nedi ated disease is diabetic

reti nopathy. 20 26. The use of claim 24, wherein said aVf 33-nedi at ed

di sease i s neovascul ar glaucoma. 27. The use of claim 24, wherein said
aVP3- medi ated 25. di Yeasefi sthrmacahatbabgemer dtnonio@8l. Thegmset obf cl ai m 24,

wherein saj d, ayl3- lated..disease is_atherasclerosis. 30 29..The use of
claim 24, 3 eré?ncg%ga(\%%?m%rat%ae d?léeaas%aqtilsonr 3t eRoSPEPO30  Hhe use of

claim 24, whengid isaiighayf83ngedi airgd i M $Easgpi.s osteoporosis. 16 Decenber
2003 114 31. Use of the antibody or functional fragnent of any of clains
1-13 for the preparation of a conposition for use in treating cancer. 5

32. The use of £iai my3l, henfl Ny sl Kh&ANGET rhfct SEhLCt edfHOM tHE group
mel anoma, gl i obl ast oma, marma%) carci noma, angiofibroma, retrolental

t umor 10f i lApl @i glaikemangBorf®r ate Kaperd ratisyy cofma TPmposition

for use in treating an ayfs;-mediated disease.

24. The use of claim 23, wherein said oyBs;-mediated
disease 1s selected from diabetic retinopathy, neovascular
15 glaucoma, macular degeneraticn, atherosclerostis,

restenosis and osteoporosis.

25. The use of claim 24, wherein said oyfs-mediated
disease 1is diabetic fetinOpathy.
20
26. The use of claim 24, wherein said oyfs-mediated

disease is neovascular glaucoma.

27. The use of claim 24, wherein said oyfs—-mediated

25 disease is macular degeneration.

28. The use of claim 24, wherein said oyBi;—mediated

disease is atherosclerosis.

30 : 29. The use of claim 24, wherein said oyf:;—mediated

disease is restenosis.

30, The use of claim 24, wherein said ayfs;-mediated

disease 1is osteoporosis.



33. The use of claim 32, wherein said cancer is nehangfBemsér Adts use of
claim 32, wherein said cancer is 15 glioblastoma. 35. The use of claim 32,
wherein said cancer is nmanmary carcinonma. 20 36. The use of claim 32,
wherein said cancer is angiofibromaild7. The use of claim 32, wherein said
cancer is retrolental tunor. 25 38. The use of claim 32, wherein said
cancer is fibroplasia. 39. The use of claim 32, wherein said cancer is 30
hemangi oma. 40.31The yse @ff Gl MPZiLIher & nfﬁﬁtﬁll@mefra@me&ap@ﬁl

sarcoma. 35 41. The use of claim 32, wherein said cancer involves

met ast asi 21 6°De€eAbBF 2003 L5 4zhe THECRAKAGOTC| & nf 3ZOMRRELELPR sai d
cancer i nygl vyes- anerbgtEHqDéanc‘:éfl_& Use of the antibody or functional
fragnent of any of clains 13 for the preparation of a conposition for
use inStreating a tumor expressing avP3. 44. Use of the anti body or
functional fraggpnt gfhe 10sanyeofc el My 1- IAbalnt el cpaali ofsof a
conposition for use in treating an inf ammtory i sor 45. The use of
claim 44, siercdiad sbremi iheamedupr yme dgonader gils ob heshendi dmammhrytis or
psori asis. aThe, use of, im i nf di sor der

i s rheurat o1 dpglr(sotnhl’l t|11§1('§:LO rflcﬁ% usgé%]fg@?q{l m 42%9 eréc‘:l%rpggaggnf | ammat ory
20 di sor derenanqusora, asng. Kap051 S sarcoma.

10
33. The use of claim 32, wherein said cancer is
melanoma.
34. The use of claim 32, wherein said cancer 1is

15 glioblastoma.

35. The use of claim 32, wherein said cancer is

mammary carcincma.

20 36. The use of claim 32, wherein said cancer 1is
angiofibroma.
37. The use of claim 32, wherein said cancer 1is

retrolental tumor.

25
38. The use of claim 32, wherein saild cancer is
fibroplasia.
39, The use of c¢laim 32, wherein salid cancer 1is

30 hemangioma.

40. The use of claim 32, wherein said cancer 1is

Kaposi’s sarcoma.

35 41. The use of claim 32, wherein said cancer

involves metastasis.



48. Use of the antibody or functional fragnment of janpeeimslai #Fgsl-13 for
the preparation of a conposition for use in treating a pathol ogi cal
condition involving 25 neovascul arizati on.

115
42 . The use of «c¢laim 32, wherein said cancer
involves a solid tumor.
5 43. Use of the antibody or functional fragment of

any of claims 1-13 for the preparation of a composition

for use in treating a tumor expressing ayPs.

44. Use of the antibody or functional fragment of
10 any of claims 1-13 for the preparation of a compesition

for use in treating an inflammatory disorder.

45, The use of claim 44, wherein said inflammatory
disordexr 1s rheumatoid arthritis or psoriasis.
i5
46. The use of claim 45, wherein said inflammatory

dilisorder is rheumatoid arthritis.

47, The use of claim 45, wherein said inflammatory

20 disorder is psoriasis.

48. Use of the antibody or functional fragment of
any of claims 1-13 for the preparation of a composition
for use in treating a pathological condition involving

25 neovascularization.




