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ANTI-o B, RECOMBINANT HUMAN ANTIBODIES, NUCLEIC ACIDS

ENCODING SAME AND METHODS QOF USE

BACKGROUND OF THE INVENTION

The present invention relates generally.to
5 integrin mediated diseases and, more particularly, to
nu¢leic acids enceding o,f;-inhibitory monoclonal
antibodies and to CDR grafted‘QJ%—inhibitory antibodies

for the therapeutic treatment of o, f;-mediated diseases.

Integrins are a class of cell adhesion

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



LM609 grafted antibodies. Additionally provided ar th of, .hghi biting
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METHODS ORyb/obs3ACKGROUND OF THE | NVENTI ON The present ;QMQQ%hpq4relates
generally to 5 integrin nediated di seases and, nore particularTy, to
nucl ei ¢ aci ds encodi ng a"R3-inhibitory gonoclonal antibodies and to CDR
grafted a"f33-inhibitory antibodies for the therapeutic treatnent of

av13- nedi at edxdirseaseslal MAYiINSrateids Clasuddhgcelbragdhasion 10
receptors th%g nedi at e th, cellégell and cell extracellular matrix

“adhesion event< T'REEYs i i GAei SATOBPOFRIF I (ePi B bRAES i des where a
si ngl e a chaiflrctpol ypeblaake  nestevabenth yaras Soticateslopidtadnsiingl e 13

chain. There e; 14 dj stinct. in. 15 | ypeptides and at | east
- about 8 diffg?%n#H8$%ﬁ§?#Lﬁbérgkgbf?dgégﬂﬁg%HﬁgBnggg é?%ﬁ#?ﬂaﬁ egrin

fam |y of kel:tragpesivihescast Ok ibnkyewertd pididf ter ehtrdyigwdiimg
specificitieanandsteéssarxidi stributions are derived from unique

conbi nati ons of the a and (3 chain pol ypeptides or 20 integrin subunits.
The famly to which a particular integrin is associated with is usually
characterized by the A8 cullunidhesHoweyetfeptidie,| i geagr RiNdireg activity of

the integrin;is e i nfluenced by the a subunit. For exanpl e,
vitronectin _kn ?ﬁ%&i% ébﬁ?ﬁéeggn?gj¥b¥?ﬁ§%§glfggiﬁf%@ﬁ???%nﬂnuﬂt. It is now
known that tRAec¥igrenectdm exandilng céht egriacdineohsi s¢llofmiatral-eaat t hree

O {LSrenhen, enaonLel I ABUALRS, ADERE A SRELOLIN YL oot s, e uce
speci ficiti eS8 TEBFeR% RIS, neadli of dibese hirlpahert irrocesE8s bidds to a
| arge vari et yhefinappropriate 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



16 Decenber 2003 WO 00/ 78815 PCT/ US00/ 17454 2 extr acelgddegbefabphhXx proteins

i ncluding fibronectin, fibrinogen, |amnin, thronbospondin, von WIIebrand
factor, collagen, osteopontin and bone sialoprotein |I. The integrin c 31
binds to fibronectin, osteopontin and 5 vitronectin whereas a"j35 i s known
to bind tguybdfsgrrectin and osteopontin. As cell adhesign. recentors

integrins are 1nvolved in a variety of physiol ogi cal processes |nclud i ng,
for exanple, cell attachment, cell mgrgtion 10 and cell proliferation.
‘Different integrins play different roled in each of these bi ol ogi cal

processes anchatkhe bAGRDILRNr I at %aEEQ%‘J' a# QppbatheLrndsncldQR@Ly activity
can lead to vario pat hol o%| cal conditions. For exanple, 1nappropriate

endot hel i al ¢8I T“Og?:'ol?greé}tft dherish LI HE o asEaT AT Zation of a tunor

has been. fowadttouber Jmaxélgatmdmbm@eéd DARRILOGFL NgSVER r@mtalcaebl nd| ng
integrins b|t|on h V|tronect|n ng
integrin av(ggw‘lso |%ﬁ'f xtarn ?ﬁl’s pr%sceesosfofgfgbt GRBF2 HE R Lemtd ?Eatl on. By
t hi s sane 2202edi peptide G0@ lvaseal sbideerelghownspecirbik ste toheeabnor mal

cell proli feeahteﬂr@&chﬂlt%tee@e\ahéﬂc@%ﬂméhg and p@ballation tissue

devel opnment in_cutaneous wounds, for exanpl Addi t1 onal di seases or
pat hol ogi cal tEtBFREIIGEEWesgeor Phihershcddteny hys Ieemclante, for exanpl e,

25 net ast asi 3imOBER 0PRSS, mage- RED-fAbdTaGHE BE cofSARNRS ¥leqn and di abetic
reti nopat hy, nd i nflammt orléﬁtdl seases such as_ rheunmatoid arthritis and

psoriasis. THOUS" B3éit's MhRRtcareteTih EaFI §he ntf B9gtaA NSREELR n-
bi ndi ng L8t egndngh@mﬂqiebexhabuabtmé o:rotsrmerteheta@ew it odbekr eat ment of

di Ma th I d f by
seasee: huAl oL e (edon gt NP g aDERL UG LUIEHIIRDY L

recogni Zi ng the tripepti quence Arg-
nunber of exfhatefexg drack the specificity requlred for use as an

efficacious therapeutic. This is partlcularly‘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
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approaches have attenpted to nodel agents after this sequence to target a
particul ar integrin-nedi ated pat hol ogy. Such approaches include, for

exanpl e, the use of RGDcontaining peptides 5 and pepti de anal ogues which
rely on spggléisgisty to be conferred by the sequences fk’éﬁ%dﬁﬂﬁsﬁle RGD core
tri pepti de sequence. Although there has been sone |imted success, npst
RGD- based i nhi bitors have been shown tqg be, at nost, selective for the
targeted integrin 10 and therefore exhibit some cross-reactivity to other
non-t ar get ed tihetragei:nscs SUCh iali@s8- beachd veadhinbict @hsy Lherefore lack the

specificity r i for yse as an. efficacious therapeutic, This is
particul arl y,n%tqﬁlﬁg??o?ﬂcplﬁevai g‘ﬁssl%ylfmalé?ﬁ i 5 i bNnggé%ff‘flhe integrin
a"3. 15. Moncebetatubhd bddi estdgetheindiver didrdoexhbiaplemdédenspgci ficity

required 10 becusadadt A AhECH KRS {HErARPYLCH AL Bodl 85, plise have the

advantage jn that they can be routinely generated agalns séntial | y any
desired amti GeRUfBr EER/EwORk DRVvehbesr s opTided -of SROh contigr omiral
libraries, anhi heghesofamitdWahenpr 9dus et s faskesngldampre efficiently than
by previously gsgd rrgéhods Wi thin the art. The use of conbinatori al

met hodol ogy a1'S8 aFYoWs ForPEnh&ELBefaction a5t "Ph&ehdEErPRP kant i body al ong
with the si miesadeesissisdldabieorhahgéer?mameadnngihg@ayy and |ight chain

nuclei c aci dg,.Ih . furthe dificatian can b erformed to the
conbi nat ori al Fant ?%%ﬁty);w tI%oEP[{?hge??\%%’r ploncr ati 8?\'38?3 ‘ﬁ‘-’dar%mtti onal cl oni ng
step Regarll @ssper ehkergettdnni af hbvahtsges 30chsseoctated avddecthe use of

‘monocl onal  aphic-Rody st athe HRELIPEHE LEGhd RESE MRL rthel ess have
the drawback in that theey ar e§al_ m)st§gexcl usi \r/lel yggg%ig(\'?/eeﬁoreom non- human

mammel i an or §BRF SRk 2 Sh&Caforeating ¢of Ude 4PRE6abRcehbetmmpUznt
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.



WO 00/ 78815 PCTI US00117454 4 therapeutics is |imtedk heckheetagtot hat they

will normally elicit a host inmune response. Methods for substituting the
antigen binding site or conplenentarity determning regions (CDRs) of the

non- human anti body into 5 a human franmework have been descri bed. Such

met hods vary in terns of which am ng acid residues should be substituted

as the CDR as wel| as which framewor K2 residues shoul d be changed to

mai nt ai . ndi peci fi ¢j .n_thi egard. it i s underst oo t 10

pr oper g%?%ﬁ?%?@%ﬁéofgé%egb%ggﬁggP g?%ﬁ%tec u?%% ég?r%ékan%%QKgWSBgf t he

heavy amdafitght aihaibodnt exhdbétdnd sppropivat diadihar etfon©f the CDRs
9

are all inpportant for preserving antigen specificity and affinity within
the grafvBe apti bdvdyfundsieped, Brageent hddenestthodsonBrieguir e kKGO edge of

t he nucl i i aci S nce.of t nof- h ant.i bod nd t he
avaiIabfl?%fqgg?qgﬁ%gbgg%pg%g?gl%gﬁga%?é ghﬁﬁgﬁafr%n§§%$kFe%ﬁﬁ§P%F%ere

exi s¥s asné&@ flor Noha 0dvaial &hi CDRY refenenteticaacsde encadi:ngsi:nkeagrin
inhibitor& agti?od%gs 20 which can be used as conpatible therapeutics in
humans. & BRI 3T hbararesd drse2e@s DtMe: btesent invention satisfies this
need and provides rel ated advantages as well. SUVWARY OF THE | NVENTI ON 25
The i nvention provides enhanced LM609 grafted antibodies exhibiting

sel ect i ¥&ehi ndtvRpEidn ni EyribeaviProvddes f ubeti oral famgiendyt hepeof . The

i nventi rQul nucleic acid nolecules e OE' t he enhanced LM509
graftedggﬁg%%ggﬁgs%‘RggépFo%gﬁffo rovicded "&ré9 §0Qﬁe hggSISEeFﬁHFﬁl ing a
funtd i omsofSECA3D by :@ENt actiy;NgDRRI B farcarbaneed SEMBAD groafitioed antybody.
avR3 16 Decenber 2003 4a According&g, the invention provides for an
enhance&D @@ferenced as SEQ ID :106; a Vi CDR1 referenced as

SEQ ID NO:108; a Vi CDR2 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 oyfs—

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



grafted anti body exhibiting selective binding affingdWwd@mna¥P3go®r a
functional fragnment thereof, conprising a CDR selected fromthe group
consisting of a VH CDR2 referenced 5 as SEQ I D NO 104; a VH CDR3 referenced
as SEQ ID NO 106; and a VL CDRl referenced as SEQ I D NO 110. The invention
further provides for an antibody, or  _functional fragnment thereof,
conprising a VH CDRL referenced 10 as4bSEQ I D NO 34; a VH CDR2 referenced as

SEQ ID ; VI fere d as,,S NO.106; a . VL ref erenced
25 SEQTD NETTGE 5 VLo H01 b1 ShoadVas 0 TOTREPASSY ERdAC VP CORS
r ef er endlt 1ds? ;:SEQnHD NOVQO0,C%3 d rafeirkadydoras f wigt i opalnd 5 @@rentaigher eof
havi ng integrin UVP3_ binding 15 activity, integrin aV33 binding specificity
or intediT qCBhi% P ERTRA tira g AHHT”-’f‘?‘b‘%a}PEF‘%mﬂ henF e9eht | 8rP3pr ovi des
for an atdidiedy, Mr@ri ,ncti'rpg@d fra t .k , Liesing.a CDR1
referenced 2811%8/.8 SEQ | DBIU\IQ 34; a r\/ll-r|{ C%x@@r e%grﬁgsgéd ggg%él(%ﬁlfzf)gmo\lé 2, a VH
CDR3°r ef@Yt&ided® fyPSEQh P NOUVGECHLIYALCDR] referenced as SEQ ID NO 110; a
VL CDR2 referenced as SEQ ID NGO 112; and a VL CDR3 referenced as SEQ I D
NO 90, said antibody or functional fragnment thereof having integrin UVP3
bi ndi ng 26 geti drothdmt egbodihbiP8, bithdi NOneeeel & CipkbvadeisNt €6F i Bin
i nhi bi toa{%. thiy\/i tg. aVvVP3 | n _anot her_enbodi nent, the invention provides for
ant i d&o r aPFurftt fBREFPREGneEia i eot NeEBRBr i STRRP B SAHRB0 3CDRL

an
ref erencek aseiErdd N@ 3 and Ry efgrenced ps SRQ J DNO 19k, a VH
CDR3 referenced as SEQ I D NO 106; a VIE:rCDRl 16 Decenber OOS\MSb%%?{gf erenced
as BEQ M iN@ent®d @svVISEDRD riéd et @hred ¥s SBEQ | Defdeid2d andSagQVIIDCDR3

ref erenged S %{D 90 id ntibody or f ti nak{') f ment .t her eof
havi ng integri nE%/ 3_aN§]thR§‘?acE?_€‘?ﬁﬂc‘?%t 85r|§f£iv%§3 (?n{if(gg Speificity
or 5 i ntegribodgy LI3-fiuritidrly Beddnddy . tidra®t et her i ehdedi feqlp, the
i nventi %n provi des for an . ]
inding activity, integrin oypP; 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

composition for treating oyfs-mediated diseases, cancer,

tumors expressing oywf};, inflammatory disorders and a

20 pathological condition involving neovascularization.



anti body, or a functional fragment thereof, conprisifgRencPR sehgcted from
the group consisting of a VH CDR2 10 referenced as SEQ I D NO: 104; a VH CDR3
referenced as SEQID NO 106; and a VL CDRl1 referenced as SEQ I D NO: 110,
said antibody or functional fragnment thereof having integrin avR3 binding
activity, wobggkisn avR3 binding specificity or integrip-pu&dnbahibitory
activity. 15 This invention is also directed to the use of an anti body or
a functional fragnment thereof, for the greparation of a conposition for
treating av(33-nedi ated di seases, cancer, tunors expressing avP3i
inflanmatory di sorders apmiIzF D2IcRaPhDbRIOE atHE GRdWINEd | Nvol vi ng

neovascul ari zation. 16 Decenber 2003 WO 04/ 7881 PCT/ USOCQO 17454 5 BRI EF

- DESCRI PTI ON OF THE DRAW NGS Fi gure 1 shows the nucl eotide and deduced am no
aci d sequence of the \Eirgualel @ seg¥ontiof rukd cantidbodyd ddduaxidnamkhgure 1A
shows the nu t] and ded d 1,N0 i.d_sequences f.or the Vitaxin
heavy chain \Q/zl_;rg?a%bfggu r_egi%gnld?% ‘F\%%%Brll%lfaegégé ?g ﬁ&'alnté%gdé’,

respectivel yYitanite Higire 1B shows tite magdleobtifteammhdiatrdeded anmino acid

sequences sf Oami B8 M iddeulhgBl £hAldhe/ariiallia nbeg) Uhdid War3h¥$d07; SEQ
I D NOS: 3 and 4 resgectl vel ﬁ.a.lo Fi gur e shows the nucl eoti de and deduced
r

. 2
amino acid SERLeNCETHIORE i 3t et S5 6Pt Re FROTRRAWGNELY) anti body
LM609. Fi gur 8h2ke shoyrd N& BHokeOthdamandotdadusrd @&hneacmdnsequence of
t he LM609 he chal variabl g _region .(S -5 and 6, respectively).
-The 15 vari g%%% ér'1e '%onnceg’xtfgﬁdgh? f\glrﬁaé{ﬁ%ng[(ggbigdlc\gﬂf ‘f%lﬂ?’&ﬁ?. Figure 2B
shows the nuEtaben desiand Ided0é edSER b NOSI:@ apdq@ienoasefcttie kM09 | i ght
chain variable region (SEQID NOCS:7 and 8, respectively). The variabl e
region of the 1light chain extends fromamno acid Aspl to Lys107. 20
Figure 318hows the corfF&Ei vesShoii Hilts srcdrotingomnd glsdicadi agire the
integrin av(33iaMddyueB@NBIEN8R¢ 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.



LM609 Fab. Sol ubl e reconbi nant nmurine LM609 Fab frapsgeidSMie oppgpar ed
fromperiplasmc fractions of ML3 bacteriophage cl ones nuLM609ML3 12 and
mULMB09ML3 29. 25 The periplasm sanples were serially diluted, mxed with
either 1 ng/m, 5 ng/m, or 50 ng/mM of LM509 1gG and then incubated in 96
wel | pl at §pp ppakRd With purified a ,p,. Plates were waghegd.and pound LM509
| gG detected wth goat anti-nurine Fc specific antibody conjugated to 30
al kal i ne phosphatase. Fab produced by ckone muLM509ML3 12 inhibits both 1
ng/mM and 5 ng/mM LMB09 1gG binding at all concentrations of Fab greater
than 1:27 dilution. leridpoenaeshad083tMD MY a38E:5i6aPT4 USOQ 12454 Figure 4
shows the char izati.an of Vitaxin bjnding specificity- Figure 4A shows
specific bingﬁﬁg£§§ gﬁ%%ﬁ%&ﬁ%tyo t ég??ﬁe%ﬁiﬁ?%%?Sgp%%h%ﬁﬁé%JFBngnPégrins
al I BN3. andVét38in Fiqurte 4Btshows dife competdd itweihndgbids en,ef. 5 LM509

bi nding to c;33 Vi t axd [ o) . jJtdve 1nhibition of
fibrinogen bindiﬁgkto Eﬁ%ﬂif Eﬁggéﬁ?ﬁg?ﬁé %§%ﬁﬁg3tgggﬂgﬁéiéiﬁé?q1%&bition of
a" R3- medi at edM™oRaIpingding kre By BX) Vakerin gr dtiogae( 58) shgwavithexi n. 10

Figure 6 showsmbbeitBeIGHNAB:kDoh USB! £ AWM enddEnd thd/idH, B, 1R at ed

i nhibition ogi egvascularization. Fi gure 6A shows the inhibition of the
a" R3-negative Fg ahd HEp- 3 human tunor fragnments grown on chick

chorioal | antoi ¢ nmenbranes (CAMS) following Vitaxin 15 treatnment. Figure 6B
shows the growth inhihitioqn qf - I cinQ npl ant ed suhcyt aneously in
rabbits at two differemnt %i?a??%g%osesJéﬁﬁ?%?%?%r%ﬁcﬁﬁa§f%iﬁéf%

i mpl ant at i onceH gifEB@esitni(PAl | §nd Hover api@nt UABF gy dlittaxinnhi bition as in
Figure 6B, except that four different 20 Vitaxin doses were adm ni stered

begi nni ng at 7 days post inEIantation. Figure 7 shows the nucl eotide and
deduced g i no Figure 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).



aci d sequence of the light chain variable region Ofcftg)%ce“‘ygog §fted
anti body fragnment (G ul-Lys107; SEQ ID 25 NCS: 31 an respectively).
Position 49 of the light chain variable region can at |east be either Arg
or Met. The nucleotide and deduced am no acid sequence of the heavy chain
vari abl e nego@msaf the LM509 grafted antibody fragmentpigusbeyyayin Figure
A (SEQ ID NCS:1 and 2, 30 respectively). 16 Decenber 2003 WO 00/ 78815

PCT/ US00/ 17454 7 Figure 8 shows the titration of LM609 grafted antibody
variants and LM609 grafted Fab on i mobilized av(33. Bacterial cell

| ysates contai ni ng LMVoDgwreafet ethowanthdodit rfaelieneds cimed ®yrad:Ma09 graft ed

anti body 5 vggkgggﬁyme%pghﬂ%{gé%dQ%%gbruté&é sel-aped from the prlnary

libraries (S102, ose en squares a ¢ open
triangl es) oPvBr- onﬁé@ﬁﬁrhﬁl ore Jdl MYletaﬁlwta(lcil@sedMﬁﬂBaglgdﬁse)d, or an

i rrelevant Faht(epeg %I&slé%ﬁ)clrw%é‘)t':ﬁbﬁé&iﬁ%&@th@@}?ﬂfﬁ c133 10 Figure
-9 shows the construction of nbi nat ori al braries o hanced LMs09

grafted ntWB56§”55I?%H1§“E6ﬁW§FnPﬁ§l%UDtHﬁpéaﬁﬂﬂnélﬁﬁﬁam PEIBBREY UL ONS.
Fi gure 10 shdiwsrbhees nhéinid,i enoebdf sfidnegen1ods Bpéhdlﬂglatz%sal 3Aqby LM509

grafted anti variant s. F| qure 10A shows i.nhi bition fi brinogen
bi nding to ?Eﬁ%bl PSR o avgt ﬁlgufeﬁﬁ %ﬂ%&ﬁEaEBFfiﬁzﬁﬁgﬁ?q&Ps affinity of
anti body varﬂahpgeﬁnt¢nanﬁﬂebnblon aft ifiddeivaogeRabi noberg.ci2@1Esgure 11

shows the inQibLt{op. ofc ML) HURBA cel|l adhesion to fibrinogen by
LM609 grafted antlb%dfavarlants 1%%%%?g§ﬁ§ing to 10 .cg/m fibrinogen-

coated substrate was assessed in the presence of various concentrations of
LMB09 grafot ed Fab (cl asie@irder ibagghbfs) iy 2askkecephansed LM60O9 grafted Fabs

S102 (open circles GLQ2-, . .
(op co 1ngtorlé{ libraries 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 correlétion 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



(closed circles), or C37 (open triangles). DETAILEDRDES 1L ONy THE
| NVENTI ON The invention is directed to nucleic acigg enco %ng tig

nonocl onal anti body (MAb) LM609. This 30 anti body specifically recognizes
the integrin a"p3 and 16 Decenber 2003 WO 00/ 78815 PCTI US00/ 1745 E 8
inhibits ijSef#mgti onal activity. The invention is alsq gifeeied to
nucl ei ¢ aci ds encoding and to pol ypeptides conprising non-mnmurine grafted
forms of LM509. These grafted antibodigs retain the binding specificity
and 5 inhibitory activity of the parent marine anti body LM609. The
invention isiaddbitonatd Fudicteehel ieroptdyli zedel Oh vt iQfn LMPQ9sgrafted
anti bodi es t Lhit increased. .binding affinity and specificity
conmpared to ?%gegﬁgﬁgﬁ%dggﬁﬁﬁfeﬁfé?sf%ﬁc 8¢ £R8 t Y& t88%ant i body. 10
| n one enbodFABRrisite fyybmudome expfiesbifogmsL MBODMeRS. dedeas a source to
ener ate andgekepey CRNAS, odLpg; MBS 1 e 1.0 chain
g DNKS BEd odaRS gbgglt Eﬁéggngi%%gbf¥¥£12¥ugég

encodi ng cDNAs were sequenced and their egi ons were ituted into
a human anti BBBYPF F AT VE§YgRAekR] PafatlBUFSRE Mt e dyo LHEBP - t he
anti body. ThehgubstddtifdrOn sOkddigf&hdi1Ng Afrethed RSP iREH! espRd by

codon- based esis to generate a conbinatorial antibody Fab |ibrary
consi sti ng oPgﬁéﬁﬁﬁélgﬁﬁﬁﬂedngEéﬂ? %F%ﬂ%ﬁ?Fn&ﬁP%Bltr%ﬁﬁﬁﬁﬁé?dat certain

positions. Sbieehimepeifirtihe bnbrapyc2f aiesukbrdai&d tre dheol ati on of
Vitaxin. As r i.hod t al ni.ng n_framework.sequences, it is
Aol ﬁé&§gjga l%%g?.¥o%%gc%%gwe.LH%HB agke%x%ntéﬁag

unlikely that Vitaxin i Cl I mune ?@spon fan therefore
be advantageously used for the treatnent of a,{33-nedi ated di seases. 25 As

used herain, the termrymReckABak:Adid Pagy nbBPP3on e M9 I's intended
to mean the pmurine nmonoclonal antibody specific for the integrin a"R3

which is de8@P?bHetPhysCrefEsh, SERTCe Progenraere MmAE1oge cDVEA
84: 6471- 6475e4d88it)g anbody ChréesdaBNndPilEghd. cl Ol .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,



30 Chem 262:17703-17711 (1987). LM09 was produced sagaifghe 3503 S
reactive with the M21 cell adhesion receptor now known as the Integrin
a03. LMB09 inhibits the attachnent of M1 cells to a"R3 |ligands such as
vitronectin, 16 Decenber 2003 WO 00/ 78815 PCTI|1JS00117454 9 fi bri nogen and
von W I eRygpghsgact or (Cheresh and Spiro, supra) and igs-@lis@,A8 i nhibitor
of av{33-nedi ated pathol ogies such as tunor induced angi ogenesi s (Brooks
et al. Cell 79:1157-1164 (1994), granubation tissue developnent in
cutaneous wound (Cark et al., Am J. Pathol ogy, 148:1407-1421 (1996)) and
snoot h nuscl g€ibelihogeh Gt oA FUCheBBSatdataQGEUNELEL SIHHA0 spesheNosi s
(Choi et al.h J. Vaggular Sur %-,_19g125-134 (1994); Jones et al., Proc.
Nat|. Acad. SEPF2d3*%48> F487 RTooB) LIt A Fofsa™ABiatsf the term
"Vitaxin" isprhhehdetes tsmaheher ttwoa holrdmlsegasyébedys aBrburst &onal
fragment thereo V4 & b ti t he sane. heavy. and light chain CDR
amno acid sggue§%£§ ggg?gﬁngaﬁﬁ ﬁﬁ%%éf %ﬁg"“?gFﬁ?“Q¥¥§&Fn" when used in
r ef er ence 2t o9REaYYPEEY jighcutsnenas weuld pépeirdest i sl inttanddd to refer to a
non- mouse- heavyo0bql ) dhis :qdi 01951 f twdd)gnah of LAgIBNtRekeat 1 having
'substantlaII%,the sane heavy or |ight chain COR am no acyﬁ sequences as
found in the™hBaT N 4LnESchaprh SHFULNBI JuraBpetes iaIopiswWiBRcEsed in
- reference toea 20.f unctugral akragprent ,19na2sah4L Vo0& \GDRsneeed:t 0 be

repr esent ed. ther, o t hgse . thaf, I r |y be present in the

ant i body por??%h f#%ﬁ*g%ﬁ%ésgﬁﬁgéfgg%L?ﬁ%éﬁgzégﬁgﬂaﬂﬁ#¥adnent are intended

- to be referenced as the LMc09 CDR am no acid sequences in the Vitaxin 25
functiongb fragment. Signdanl ferLhe, Uk alorhneytermy s \id axinnalg ref erence

to an encoding nucleic acid is 1Intended to re?er 0 a nuclerc acid

encodi ng a nbfi- idtRe taft NPsdpeBTe farHcitiosyalorf fappeinndiaficagmenbst antial |y

the same nuehepédLenHaHIeBGBsBSHE e Neavy 3afe! haidy chal 1:GPR 30

nucl eoti de seguenc and encodi ng substantially the sane
cgaln éﬁh aélno acgd gequences as fo¥nd in LM6(9. 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,



CDR amino acid sequences as found in LMs09. 16 Deceppase <03 W9/ 78815 10
PCT/US(c) O 17454 As used herein, the term"LM09 grafted antibody" is
intended to refer to a non-nouse anti body or functional fragnment thereof
havi ng substantially the sanme heavy and |light chain CDR am no acid
sequences d 5 in LM09 and absent of the substit M609 am no
ac?d resi (ﬁ%ﬂf@t&tga de of the CDRs as defined by Kabat ]%&l"?%%o’?'); S. Dept.
of Health and Human Services, " Sequencsl% of Proteins of | munol ogi cal
Interest” (1983). The term "LM09 grafted antibody” or "LM509 grafted"

when used in 10 ref em@eeBOh@ﬁ@My, Ctrhel itaht, ehakdo RplakReRt i des is intended

torefer to us.e heav t chain or functlonal f ragnent
t her eof havi %ng%%émaﬁtsl éf“ltﬁ ﬁ% %%?Fe?feﬁeﬁﬁ’y 2 oPOR THMS S RAITA %R @fi no aci d
sequences asfhuemibrial firagmheavyharedfi ghtviabababofarddBQy Itﬁspg&hé vely, and

al so 15 absept 4 t 09 _resjdues outsid the CDRs
as defined by K a@% %ﬁﬁi}iﬁp% H’yl ‘ﬂﬁé“wgsgah SAITE céarseﬁgeg?'d "4 functi onal
fragnment , 2not™ alNéq\vEEg @EDFGU"- n@écﬂteo spbstépresented LMRACheminonl y t hose

CDRs t hat V\@@i@l A iRlelsY ohies PEESEN e Hen chRE QQtaQﬂ%dO%fthBa{Eh@E 20
corresponds to the functional fragnent are intended to Be “referenced as

t he LM509 ami ‘o’ -adedtseff I @ndhBumpRpHRr Hrasted SeareRFomal
fragment. Siaflerdtyginishest emnsm&algmatéegsamim(iw Ofhe LMBAY grafted”
used in refer.ﬁ;p&?gto ncodi,ng. nucl ei, d |s | ed to 25 . refer to a
nucl ei ¢ acid encodlgng%a ﬁoﬁr-]rr%)tﬂ anfti bfrH?BE gr‘?‘ g’&f‘ Pregneht Dbei ng
absent ofi0t heefrisnde G baawvy Oxt_l\lﬁ@ﬁ:tanhamnaporlﬁ)emnmedelef t he CDRs as

defined by Kabalnadet (@l reraliPid a@rmmh?-}éh% LRo0 Al halohy LR 2alE

nucl eoti de sequence as the heavy and nuc eotlde
sequences antPRidodindg fEapeeahttmTeptt hévéaﬁesumré;maﬁémt;h@ s@WRIeNces as

found in LMi®&hwndrasidati aegin Mbr{abahoChc @ - segiic@s 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 corresponds 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.



16 Decenber 2003 WD 00/ 78815 PCT/ USOQ 1745 4 11 Thepd efdheniieal badzant i body™”
or grafted" when wused in reference to heavy or |ight chain pol ypeptides

or functional fragnments thereof is intended to refer to a heavy or |ight
chain or functional fragnent thereof 5 having substantially the sane heavy

or light GhghimsgsR of a donor anti body, respectively, ﬁ@guﬁlﬂﬁ%@bsent of
the substitution of donor am no acid residues outside of the CDRs as

defined by Kabat et al., supra. Wien usgd in reference to a functional
fragnent, not all donor CDRs 10 need to be represented. Rather, only those
CDRs that woul d nor natHey teemprgsented Mdti®oant i bodyq pofid£n hkat
corresponds gegh%fy@tcti onal frggment are 1nt nged to be referenced as

Erenceé to 6ﬁa?0%¥gﬁﬁﬁﬁ?ﬁﬁ &nmlarly,

av lig 6 o
t he donor am no aci d sequences ih The nc
the term "grdtpediamrlarfitagodytsorhdpaf tisd'innkededsed iefawefter ance to an

encodi ng NuckeaGyask & dhe! BheRACHE | Al &fi%nalOr2alHELE1 Gro Al encoding an
antibody qr functional fragnment, being absent of the substitution of donor
am no aci ds 8avirgesubstantéatbrsths TR MeadvhyoKabighietchdin CHBpe& and

havi ng 20 sulstambi aarimbbhg,saagp@@@imgj,d%naegy%%@éqéhﬁf heavy, and

i ght chain gDEz Qucl eotid equences and encodi ng subst anti al |¥1 t he sane
CDR ani no acid” 24Ut CAs *PBOhd™™ 1 (37 YGRS IRAT i BRI nPLasPlefi ned by

Kabat et al. CDRsu®s alefAne@hbyneanéngetofalt.he sapoxe tiidm e iiat ended to

i nclude m not  yarliatiqns_and npdifi ions of the t| bod long as its
function renal ns %J%céo%%r gmggréggwﬁf\(a:%ﬁa ha %frré%ﬁe%ﬁ; Ascﬁncgr{ygiﬁﬁab, F(ab) 2,
Fv, singll® chafd teEpq seFrpsantied he Ritkerar ensynthasé WCORwxclthded within the

30 def I ni i 0Go6fa AN YSLLME00, S0 M kel One BUSHy HGH-0Rghf T agment s

are well known to those Skilled in the art. Accordingly, the use of these
terns in deSBFFBIRRPISUACt FBRaFuR it Sragmenvbod-rintpndgidt &2i ke ant i body
are intendedrtbec@idebpendhe odéher dafd RidiheNScid 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



16 Decenber 2003 WO 00/ 78815 PCT/0' S00/ 17454 12 wel{g khownit@ these skilled
inthe art. Such terns are described in, for exanple, Harlow and Lane,

Anti bodi es: A Laboratory Manual, Cold Spring Harbor Laboratory, New York
(1989); Mbdlec. Biology and Biotechnol ogy: A 5 Conprehensive Desk Reference
(Mers, Ryfeodighs) . New York: VCH Publisher, Inc.); Hustonsh-ad -, Cell

Bi ophysi cs, 22:189-224 (1993); Pluckthun and Skerra, Meth. Enzynol.,
178:497-515 (1989) and in Day, E.D., Advanced |nmunochenistry, Second Ed.,
Wley-Liss, Inc., 10 New York, NY (1990). As with the above terns used for
descri bing fuenat knoad fo ageet skOf1s4600,tnd hakin aueh ad:MB0Qregrafted

anti body, the _use.f .ter which reference other. LM;09, Vitaxin or LM09
grafted anti %!gg;/:r %?r%i lnns’,rmffg Fﬁﬁ%‘?lf%ha'farﬁroé'gﬁﬁﬁt E?n‘?’egq%éogﬁﬁéf—e%ti de and
anmno acid ;e@aemmnm,ypepui Silesioy Heepbirdbshboistaiyy Newl y i nt ended
to fall Wthlyf&ﬂch?w@%pﬁ MY LNCRIEANL NG FG3EHCHAEISARS 14 1S known and

used wthin the art. Such ' terns [nclude, for exanple, neavy chain
pol ypept i de" S&F $%i R engmt ("iegion PokypegrtildeNegr | i ght

Predensl v Dejgkl Refer
chain", (" h)eawkehﬂrcfn wﬂﬁalahertegﬁ@ni',-l (BMiecande " Li g,htc:ecﬂlai n variable
region” (V,) _as as .th erm"co ementarity eterm ni ng region”
(CDR). In th@%&%ﬁr@%‘ﬁg%za?eq%br Bhirathon apd i$he5téns of a term
whi ch is usedleahd/ Bz wedept adswi b Hils hel wrot), ahbeidedd i td.on,of the term as

used herein aSaholendfth LantheLids ald SucR meaginds nless, explicitly

|
stated to t ( ; b>a<§aer$pe|s e term"CDR' to
descri be itheNgonYeont iNJudd9980- anti gen conbining sites found within the
vari able region of both heavy and |ight chain polypeptides. This
particul ar regi on has been described by Kabat et al., supra, and by
Chothia et al., J. MI®S BisP. theealee gprms 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



16 Decenber 2003 WO 00/ 78815 PCT1US00117454 13 (1987 )peadpby dMeefal | um et
al., J. Mal. Biol. 262:732-745 (1996) where the definitions include

over|l apping or subsets of amino acid residues when conpared agai nst each
ot her. Neverthel ess, application of either definition to 5 refer to a CDR
of LM609, whb@wsis LMO09 grafted antibodies or variant ,g%

intended to be wwthin the scope of the termas deflne used hereln

The anmino acid residues which enconpasgs the CDRs as defined by each of the
above cited references are set forth below 10 in Table 1 as a conpari son.
Tabl e 1: CDR (D&Bi7hi andnsy Kedvatald 1uv" e CDRL. ,31F.3Mo1 V' BGRR? 53-:652154Y" CDR3

95-102  V, 4; 20:56 _V, -97 Chot hi a2 MacCal | uns
26-32 30-35 53- R305E 9% s a%_iﬁgﬁ?‘%bﬁ “,’2‘:61-895 §ggégapﬁs’d’-g5?r46- 55 91-96
89-96 1 ReS| Gubsabfbef | #e Toldcdds re2bdugs whempcampa Rediabisd nistinbechng

fol | ows . otBYPl a NERsSHAEA RWTDEEL NI f01dOWE 8théd _de SWREEhNE

' e t he _nonencl ature of Chothia et the nonencl ature
ggnﬁggtgfﬁtﬁ]ogegapgta DR of LM60Y, Vitaxin, LM609 grafted

antibodies or variants thereof is intended to be within
the scope of the term as defined.and used herein. The
amino acid 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



25 As used herein, the term"substantially" or "subshaptiglly,dde sane”
when used in reference to a nucleotide or am no acid sequence 1Is intended
to mean that the nucl eotide or am no acid sequence shows a considerable
degree, amount or extent of sequence 30 identity when conpared to a

reference ¢ce. Such considerabl e degree, anmount .0f sequence
16 Decemb S WBHSVo 00/ 78815 PCT/ USOO/ 17454 14 | dent t;’/’rci'“g@"zfr]’%ﬁﬁ‘er

considered to be significant and neaniypgful and therefore exhibit
characteristics which are definitively recognizable or known. Thus, a

nucl eoti de segugicey WH GidthesUBSA YRl Yol BE SA4Ei B Jade! Q41 de sequence
as a heavy or light_chain o LI\/EOQ, itaxin, or a LMbQ9 grafted anti body

i ncl udi ng f r 3§ARHREEUL oS rpEPET &g bA ts ShtBACES WHtdRSeXRIBl t s
characteri st hes définiarivedef ratbgvetabllen@wnkndbwn I eCcrrgiz,zabl e as encodi ng or

as being the \ I uenc f Vitaxin.or a LM609 grafted
ant i body. I\fﬁ‘g}&r%to |% %@é&%‘%g }E%acfehegfs Ig'?u/gg?%réfh%gfdy sq%]el Sﬁrﬁeas they are
r ecogni zabl enaslectivBoSeavienagi as 01 heavivb0® §ialit echaimnbifbb¥§0%equence.

Simlarly, agiesio, agl G i@l@@@nﬁﬁafﬁ@g G el Body De &Nldidly! h%gﬁeé@gre am no
aci d sequence as a-15 heavy or Tlight chain of"Vitaxin, "a LMc09 grafted
anti body or tREFRYF oA L tagReft STHGEST WhighepghiRits sequence  which
exhi bits chaepst®ttieatis dshahaar erdefdmnticvebyy kiwwn or recogni zabl e-as
representi ngréc@g r@{nz'jgﬁ acisdé sequence of " Vitaxi nl?]or a LM609 grafted
anti body and” At Aot FodiSt PRSPTHNE ThéPeBP "kl ABHE P fAtflg whet her a
nucl eoti d@ ofecamemee Tildod8quEhtexirs cgubsTEADS aftaf tichie asaiBodys. Vit axi n or
a LMs09 grafi gg- amddi0qdy 16Q0SEderatd Qn. i ' to t of changes
relative to the Vi taxli_n o;tlLl\/gog %rS gr a?t‘?egng%‘?%%cf% tlréggt E%?B%Bf h whet her
the function®f8 I$RAMTIGAREE. 2Fof Wikhl ¥itaxspngl e dM6RF aceftehange in a
3 am no aci dafPRbsdy SRlakeChaggesidm ya 18 aflR® AGId 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 th9r¢of, 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



CDR are considered to be substantially the same if 13 E33onBLRdbEHE; function
is mai ntained. Thus, a nucleotide or 30 am no acid sequence IS
substantially the same if it exhibits characteristics that are
definitively known or recognizable as representing the nucleotide or am no

acid seq § Vitaxin or a LM609 grafted anti body ] -16 Decenber
2003 VIO 00 TuEES bCTI US00/ 17454 15 nodi f i cat | ons thereio}ﬂféz;gg& 3?{‘; as
Vitaxin or LM609 grafted antibody fungtion is maintained. As used herein,
the term"fragnent” when used in reference to a nucleic acid encoding

LM609, Vit axinddofidetfida¥b@he géaf t £d 1My Bady; i sxintande@obogpeaneg nucleic
aci d havi ng supsta(?t i>aal I %.t he  sane. se uegce as a portion of a nucleic acid
encodi ng LMBBB-RALAE <G08 twniﬂgﬁe ed antibody. The nucleic.acid

fragnent is sufficient in length and sequence to selectively 10 hybridi ze

to an LM509, a VitaXiasohsg HN@Q&nQrQT%PQer ntkpqg¥ﬁﬁgc%gingunu leic acid
or a nucl eotide sequence tﬂat I'S conplenmen ary? an LAM60S, "Vt axin or
LM609 graft &l apksi50@¢ Eacdonwgleimlasiid gotddiMhdMd0SeVithraynent s

i ntended 60 bNCMEEE HafFBESah O bSBAUGNGIREndeq 3l QY RERLAS@£hai N reaction
(PCR) as well ag %Qbes for nucleic acid blot or solution hybridization.
The neani ng 26+t 8 fEPEtanstRl it dAgedald PRRUSRIE PEgRORSTBECN nucl eot i de

sequences that douteidi necd| ynenciade high09 vpedypepid desusygh as the
gene. A6 used REFS] ACREEY or rh RGOSRl SR When used in
reference. teuificdant, inolen¢NBOhdyrsefuedceant i Hoidyctdvelly heavy or |ight
o NB0b 3 or g o o L NG by o | 1R SREFEEE Py pept | des
which still PREHIMY $8FEY6RI aryclstic reid' 0832 Midatg dacerareyse adN3
bi ndi ng spectha€ity Raghehehtd £Grdd ard'LH30bNhi bi 401y ACkM¥bbY. Such
functional féﬁ&ﬂ%ﬁ %n%?gody 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



include, for exanple, antibody functional fragments sgebedBeasSofgd, F( ab)2
Fv, single chain Fv (scFv) . Oher functional fragnents can include, for
exanpl e, heavy or [light chain polypeptides, variable region pol ypeptides
or CDR pol ypeptides or portions thereof so |ong as such 16 Decenber 2003
WO 00/ 788154 Bk SO0 17454 16 functional fragnents ret af,(?ml% 919;4?‘9 activity,
specificity or inhibitory activity. The termis also in i ncl ude
pol ypepti des enconpassi ng, for exanple ,dmodified forms of naturally
occurring amno acids such as 5 D-stereolsoners, non-naturally occurring

ami no aci ds, fuaftlenaritnaheguest AW rmr{a%lg%céﬁviwg s iFYER Ly
pol ypepti des reighlt)bfunctl onal ~activity as defined above. As Used” her ei n,

the term "enfan WHew GS&dYiER- re?*é‘?etrﬁ:‘é“ 6 W FwdHerdeOME09 grafted
anti body or anclﬂdémyp@mhdésagﬂmpéémlr@of £fbs exdmpidsd rdogigan that a
functional c teri st t he anti body .has _he al.tered or augnented
conpared to ggﬁgge‘?}énrz%aﬂugﬁgﬁgoaf/cgﬁnr%%a e aﬁh?fb éXhi bits a desirable
property or Daét???@lyﬁOWSanUPbo@qtlemlmtqurenh@nm@mcacatqmlst.y can 15

exhibit, for.exagph&iq hirghehualf i tyi e 1 Qner féﬁé:ﬂéBguéﬂ ndi ng, or
|ncreased or decreased assocCi ation or dissociati rates conpared to a

ref erence anPPhBBGPTIGEs AREPHBATIeXH N REtaRhinceY dafingd poedn- al so
exhibit increased stability such as increased half-life in a 20 particul ar
organi sm For exanple,, an a tthd activity ~can be enhanced to increase

c

stability by decreasi A “SGScBptsHi1itRF (6P ofRRFYEE. “heneHfsAced
activity suchn asfdn:'reg‘rt@r taf Vihatin bisndiMEP 0Ok rbAtee asad sidgbll ky 1S

desired, jgut aL},0P50 h@ﬁ{ogh%e@of NLO ST ARRIRT K, gm;eafnor%DR am no_aci d

resi dues and t he resutln anti ‘b%l varl ant's Screen Rer affinity
bi ndi ng to a¥pBceionglncheasetiesiabic iafy thel aptikody hes @fe@lnence ant i body

such as thealdBBO WAlHRHRIEE o idOB 2ARe f8Ld QY. n & ¥BEYI LN

enhanced act £VI ty can al.so exhibjt | oner
the antibody exhibits a de31rable 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



30 affinity binding, including decreased associ ati g RLEsHPr 26HEr €ased

di ssociation rates, if desired. An enhanced antibody exhibiting | ower
affinity binding is useful, for exanple, for penetrating a solid tunor. In
contrast to a higher affinity antibody, which would bind to the 16
Decenber 200570000/ 7881-5 PCTI USCQ 17454 17 peri pher aIP('rﬁ&jog), 54of t he

t unor but vvou[’ e unable to penetrate to the inner regi'ons of the tunor
due to its high affinity, a lower affigity antibody woul d be advantageous
for penetrating the inner regions of the 5 tunor. The invention provides a

nucl ei ¢ aci dpepcokli Nl R IGRYY oEhahd RfMPBRLT Heui@rnidaxh 05 a
functional fragnment thereof. Al so provided is a nucleic acid encoding a
light chain BSP%‘b’éﬁa‘i‘? d® f0F VPPekiFForers 26 FhRctIRRRIder &§mehE t her eof .

‘The nucl ei ¢ atydlsatidinsitst, aoflosebss mitnialyl ynthBosadiIeRYE Or |ight chain
vari able regqj ti-de sequences as.those shown in Figure A and 1B
(SEQ I D NCS: %Hg%%%‘%c‘ic’%%s&g& P\e/g %atolrnga%fhl’eaé‘ﬁ%ﬁf LRt %ée\ﬁ t axin,

i ncl udi ng >f uie®®odnal fragnents thereof, is a non-nouse antibody which
exhibits substantially the same binding activity, binding specificity and
inhibitory activity as LM509. The Vitaxin Fv Fragnent was produced by
functional ly 20 repl adiifg 1ePREEHPR MEPHEREN2heasie B ddidgkrcefdne  vari abl e
regi on pol ypephéses ctdilh the yEERs: derdoreditbemn &MO%uinehikonal

repl acenent of thet vva%e‘pe%Lor med hy reconbi nant met hgds known to those
skilled in the®3dPTT SFER et MO HE€ E0Rflonfy? rafersied 3cd%as CDR grafting
and 25 are theoduly ectlightt ehadf dhlSgpeBatidat £db. v, a22m ©39a Such net hods

can al soibe E‘Qﬁu@gicq.%slcr' hedohp ¢ tein ani neeri af, Anti body Ml ecul es
for Prophyl actic an Fﬁe?agegtpgé%ﬁgf:'i ca Foﬁggf‘%\l#\]/gancfmsﬂcgflﬁ,ls%ﬂ (ed.),
Not ti ngham Ehgtitikanidadém Ehqidnss hepgy3pr light 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



30 Briefly, LM609 nucleic acid fragnments having sulstRbkhkakly2bhe sanme
nucl eoti de and encoding substantially the sane am no acid sequence of each
of the 16 Decenber 2003 WO 00/ 78815 PCT/ US00/ 374-54 18 heavy and |i ght
chain CDRs were synthesized and substituted into each of the respective

human chaiwg of36Rdi Ng nucleic acids. To maintain functi i of the
new y derived Vitaxin antibody, nodifications were 5 pe?‘?@p%’é%m\?\;thi n the

non- CDR framework region. These indivijgual changes were made by generating
a population of CDR grafted heavy and |ight chain variable regions

wherein all pessiybhed changeshaihscoes ofedche yobRssWeE@ an€presented and then
selecting th | at. nti body_.10 by screening. the pqpul ation for

bi ndi ng acti \%Ft%gg{%és‘? lglct%egﬁcgeéﬂl i%]he‘:"d rier?pteﬁglggl RRPFD B he Vit axin
anti body desgFpBerd herdiedic Fhédaucl Botiadateequéncesiafality Vit aken heavy

and |ight chaiel:yadidabl& (agheRS 9&@-93B§W,' LA g Aok and 1B,
respecti ve5l y. Thzse sequences corresl on sﬁbs%ant?g?ﬁ/étwoet ose that encode

the heavy “an&¢Ffgrred crdibd v APrapPe- Ry ifg9meyPY heped HR: ofThdseaxi n. These
Vi taxin nucl éngiacdesl amanigatended hand 6l 4daebot bnd he psRNseiand
anti-sense strfaggﬁ ogattthe i taxin g c_oq]i n% 20 sequences. Single- and

doubl e- st r andéd-Ructd 15 P88 VEr 79 st ta P 1P n ¥R bR S F SR Sas  non- codi ng
portions of wherehnucildi poacidlsuchamp=d riutende b5F-tladiHs wakeans! at ed

Fgure 1At hevreasion RadSRERCs dlecrRRE pBbraS R € AR kRt de | o
encoded G)? aPHuetesenidd ¢hef papblat 3Bl fercbéotidesadni tigngt hThiisch begi ns

at the am ngcte&mi AAu1Genl i heshduse Rfctillg ¥§rtﬁ‘@|@i{£9i!rp%ntrig€8?gh to
Ser117. This Vitaxin heaV){ chain variable region encoding nucleic acid is
joined to a Hﬁﬁ‘éﬁl)i?edbf G§1Bonstant region to yield a coding region of 1431
nucl eoti des whi ch encodes a heavy chain pol ypeptide of

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



vari abl e regi on pol ypeptide which is encoded 16 Decenber 2003 wo 00/ 78815
PCT/ USOQ' 1745 4 19 by a nucleic acid of about 321 nucl eotides in length
beginning at the amno termnal dul residue of the variable region

t hr ough t%b)ﬁﬁﬂsﬁ%- This Vitaxin light chain variable r}eLgll“ggawrl‘%gJ eic acid
is joined to a human kappa construct region to yield a toding tegion of

642 nucl eotides which code for a light chain polypeptide of 214 total
am no acids. Mnor nodification of thesé nucl eotide sequences are intended

to be included¢ asnfiersie akddl bghtnd® chai muVhkaxife £NGPdicAgcAUC! €i ¢ aci ds
and their fugct tonal fragments. Such m nor _nodifications irnclude, for

exanpl e, thoSEIWRATEH £& OF ERANYe T HY "SHcGdEd 5%FHY 9 &td théequence due to
t he degener aggrbéblidergenet throogie @s Lyaalol .asThhese thiighi1igeylt in only a

conservative.l5; s i i t he .encoded .am no_aci d sequence.
Conser vat i vecsutshpﬁltaltbgtﬁsggigﬂé?]crgu B Ao adt afO S Itﬁ’dg, E1‘“8‘?”“exarrpl e,
am no aci @s WAPRd PITBHYoR rhghon heo fidldlgwiangogiowmpsagifh) ofioA4pol ar ani no

acids (Ay, AhdleoMales hAlchandad! R)s A 3)qRe ; ids (Oys,
20 Met, Sex, Thr(:,mAsnejS andcrclal n); (%p ;i)laalgﬂgc?g?%??rﬁlﬁ)ﬁeggﬁgg ?ﬁsp and
Qu); (4) pofif BT MHPRo2&EM s (Lys, Arg and His); and (5) aromatic
am no acids (Phe, Trp, Tyr, and His). OQher mnor nodifications are -

included wthin the lcI ei ¢ gc#ds encodi ng Vitaxin heavy and |ight 25
chai n pol ypeptides so 1'0R§ BRIt HHUIG e’ BFEC P Efe5dEE  pol ypept i des
retain sone 8eqwdncesl arigeinténched iton kes indésded bed Heargl AndThught t he

invenFiOmoaléﬂhf“‘»@ﬂ¥§inaeﬂygéf%é;n&%ﬁélcegggggrghéieﬂé&ax%ﬂnggngafhain or
functional 30 fragnment thereof erein the hucleic aci d encoded
subst anti al | §*¥9ee e Rughymbmel magdifiigbtéonegimplude.ndoraci d sequence of

Vitaxin as téﬁﬁmﬁﬂE¥M%ththﬂﬂéﬁ3ddAAbQEQhange the encoded aminco 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



ID NG 2) or a fragment thereof. Similarly, the invenpt iDggelégePeQ@@?er 2003

WO 00/ 78815 PCTI USOO' 17454 20 al so provides a nucleic acid encoding a
Vitaxin light chain or functional fragnent thereof wherein the nucleic
acid encodes substantially the same |ight chain variable region amno acid

sequence Q@obﬂﬁs?f%i n as that shown in 5 Figure 1B ( SEQ 'ﬂ%rwgn(ﬁu%r a
fragnment thereof. In addition to conservative substitutions o anm no

acids, mnor nodifications of the Vitaxi,n encoding nucl eotide sequences
which allow for the functional 10 replacenment of am no acids are al so

intended to hesol pebuiRd W hikNelbeadef idNcbii@Ag0f i@ digr ﬁnigl:l-@e .
substituti oncggirﬁunctﬁ@ onal | %Fﬁqgl val ent ami no_aci ds A encoded by the Vitaxin
e

nucl eoti de s&GBeRc®s THTEG e Hart PsE e oS ighédep)u skt Hods known
to those ski htéd dicides babacantBilkef lohe tshaesubgid tataianvetifwmneti onal |y
equi val ent am cids can.he identifying the, am no acids which
are desired %Qg%ﬁc%{g%goegf&lgi e r%%ér)%ﬁfﬂglitﬁéy%h%sngtg?ti ﬁFSW? he" encodi ng
nucl ei ¢ aéi dFigwee t Hen(S#& &Pniai Ay ethe ffwpgthienh Dfextdwd .r ecombi nant |y 20
expressed and nodified Vitaxin polypeptide or polypeptides. Rapid nethods
for making and screening nultiple sinultaneous changes are well known
within the art and cadit Y5t P FHOFECE2RIVE bTEhSFi6Mtéprdd®hy nucl eic
aci ds whi ch sonta@iaciald, paaskbhed Dfi@ldicdesbEethd vvichangesnaddtden

expr essing d.screening the library faor Vitaxjn pol ypeptides ich retain
functi on. Sﬁlglﬁcfr%? 10ds °enelGag, s &&%I EOT cUfort W5&Ea At agenesi s,
random é&Pi goembaeudrde ofy anhesi sciatwl apar kilabl intdegeaertat e ol i gonucl eot i de

synt hesi s. 38, Codany hased ML 2As0es! & 5 e ject er of U S Patent
Nos. 5,264,563 and 5, 523, §g‘§| ag% I'S ﬁé&%%@a‘é@%%& or n?hé above procedures

since it al | DWRSFrutite ofr butctirldly eqyérelent prEmy andidal | desired

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



frequenci es of encoded am no acid residues at any I
WO 00/ 78815 PCT/- U500/ 17454 21 particul ar codon pos?{%?o}a%(s:lﬂ\fmétgﬁi n an
ol i gonucl eotide. Such desired frequencies include, for exanple, the truly
random i ncorporation of all twenty am no acids or a specified subset
t her eof a%ch‘ﬁ)Hsazas the incorporation of 5 a predeterm ned bias of one or
nore particular dnino acids so as to i ncorporate a hi g]T%fUSB?mI“' r
frequency of the biased residues conpared to other incorporated am no
aci d residues. Random ol i gonucl eotide Synthesis and partially degenerate
ol i gonucl eot paer SHNNeodohaPos 10 HATWiRRLY D WS BEPGUCT Ng and
screening for functionally equivalent amno acid changes. wever, due to
t he degener aty B sGehEAEcRORS iNFdNdRet ForsSHaTRLe, | hBOr poRkY e
redundanci esr&idd@n desiorgdrafios &€idll peshti OfmidAndamsobi-ggnucl eot i de
- synthesis is the.§15e QU | i of a%i!% f our Tucleotides at each nuc] eotide

rosah (3% ey

posi ti on-wi t A A8 "COdSh “wA ?5%% A"ty - d&Y T a6 CTBPFEbhER I Yot i de

synt hesi s5i satpreedsdugphiingdobiaguad orpoptri mnse ofamlicullaur anugsd eot i des at the

first two nucleotd de Pegi §LaPsye 4 %xggp{_l%ﬁ @lndlﬂ%%l%alfrggééi ons_of 20 two

nucl eotides at the third position. Both ese  latter Atfesi’s net hods
can be foundtiRidsssd rrgidpes canmnside toCarr¢m lgtcogiporaPedcamiNat | . Acad.

Sci . USA 8726878538Res( 198Mad b19¢hbB1 8Lt fhe 1sy30HeRGE 249: 404- 406,

(1990). 25 Identjfication of am no acids to be changed can be acconplished

by those skiPPed Y AEISPETAET MY AAMEAEOt LS oL SR SagaR| abl e regar di ng
t he strutdursimindflyneki aseof fantphetliceagasnaeddramiagaicbabl e and current

exanpl o, OOV EA B AasiEt T2EE GRS PRes dokidne P BBHS BE: SHF or all of
the criteriate sgecideicederacKabhitthet geinerisupede, GhahhinatbBbdalwilisupr a,
and/ or MacCaj hddPRiradl: re§¥RESnc AN ANY QLsAlld amino acid
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

Deggyrber 2003



non-identical amno acid residues falling outside ofg 1 Regepbes,2003 WO
00/ 78815 22 PCT/ US00/174; 4 these CDR sequences can be cﬁangegbt gog
functionally equivalent am no acids. Using the above described nethods
known within the art, any or all of the non-identical am no acids can be

changed eih¢§431-0ne or 5 in conbination with am no aci '.f_{ erent
positions to ’ls?#cborporate t he desired nunber of am no agf'gﬂéogglgg itutions

at each of the desired positions. The A taxi n pol ypepti des containing the
desired substituted amno acids are thén produced and screened for

retention 10 @lesBUBPRN @l oQf LHnséi&Mgfbgzip' RePuhOr L i nsubsti tut ed
Vi taxi n pol ypep?t?i des. Péra%ductei oﬁ of the substi tout 3‘5 c |tal>L<5]q$1 pol ypepti des

can be acconpiFKa4eny antige egafpt e, Usiet disi sRAYC estpFesidiash usi ng net hods
known to thos®thskil keshd Rvithenathe ThOSeind taxknipek ypepti des which 15

exhibit retention_.or augmentati on.ﬁ‘:‘E f unction con‘gare&to unsubsti t ut ed
Vitaxin are CoRstdePE o dhPaffiiff not” Gfodirresti ohenoF a8 ef€odi ng.
nucl eot i dé& séquenveiniiicn wiebukthing #digld wictidfakefiepbacarents 66 one or

more am no. a¢idspoll el wach LoRBh MER] aGeTRAhoOLo A NO aci ds i s
beneficial when producing grafted antibodi es having human framework
sequences si FE@stitariwngs attoracheof aphel ddsdesdi Ppeatiors of Tgui val ent ami no

aci d resi duewiwakhoutor deptnaed EQrtSidied Whal akbf PEaBSdsyt i@hckhe | abori ous
25 procedures necessa(g% to assess and identify which amno acid residues

shoul d be cof@itH8r 8 YDrrSulbEeERt BEPAPCSH angh gereened Ukt SSTHENtYOFr ansf er
bi ndi ng finckironufnemdthen danduncibseaueiparietl ebi phaaies.dshe taetyal

step-wise p es 10 change ang_ test .the ino acids .identified 30 for
substituti on&?&ggg{ﬁt %Jljipe%tﬁglgﬁg t he* e olnoﬁgrlcg?e?)‘?%%eﬁ%ﬂie%appr oach
descri bed abdvé&axah|prlpepdadescadn ariawroapild shesi dyest dheteweeplehe donor

and the humaRecombinant 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



framework can be identified and substituted with a possi bl e
am no acid residues at each 16 Decenber 2003 WO 00?&8@?56%é5%800/ 17454
non-identical position to produce a popul ation of substituted pol ypeptides
containing all possible or all desired pernutations and conbi nations. The
popul ati ony@hesgiposti tut ed pol ypeptides can then be scrgﬁﬁﬁ 9k, those 5
substituted pol ypeptides which retain function. Using coéon based

nmut agenesi s procedures descri bed above,>3 the generation of a library of
substituted am no acid residues and the screening of functionally replaced
resi dues has niggendesetcd omddieipaptd pratiet iz0pophldOi ad‘f,t ed therapeutic
antibodi es ag wekl¢@s choly}% Qgggg cgrltern%tr{ on 9f antl ody. af E:Lnl ty. Such

? R 1I gRos

procedures are exe Chem
271:22611- ZZGEBlE&@%qul@n@ as@rcmbmatlojls |rmnmqi>opu1:b¢goa9as 3913

(1992), resp%@bsvgwteci%dlryp@g@h&wncgrp éﬂe%n%\él%lsré?ﬁ %(Sfe IB}SQO acids in

one or CD§S functionally replaced to al Ication of a
modi fi ed LENBG"@ éFé‘F‘E‘é%P aPrﬂ%YB&Bﬁlﬂ%wglCéhw&ﬁééa BBRFYE Q- l9§|lﬁg the methods
descri bed abbwecédon fummkageﬁeﬂmqgroaa@dﬂeeacu@ls&mﬁd tawbl,ens 20 can
simlarly be_int an n, LM609 grafted

ant i bodyy Th('azlhrrt)é((:?lgéjllga Jllﬁ\?ﬁ(? ?f}f”é%lry &t Sb’gﬁfflﬁ%e%ear?’e'ﬁ iflor bindi ng
activity to @‘@ﬁéd%meﬂnd/\hé!tehecraéﬂ&ld)lcrﬁjlfqucad:bnaily tep Irmiedt ai ned. The
modified LVGA9:sakad s aalhDAdYg CADL s ULLhEr ol 8l 40 getermne 25 i f
activity has been enhanced. Functional rep ‘Ao acid residues
in one orYnoPEELEE thrseerytécaprhbitodiere alsdéﬁﬂﬂfﬁéaﬁmrtl’@f rapidnhanced
LMBO9 graftedlaafabndy ofhawnitAgody desd ialle PEABRT bYoSdtalkAS sgahanced
activity. To enej('e d| fied LM509 gra ted anti bodi es 30 and sel ect

t hose with en aﬂ% t§0r53§%9 €, Rosok et al., d. Bicol. 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



approaches can be enployed in the selection of the 1@1 e, dues
wthin a COR to nutate as well as the nunber of @% € 82 éﬁ%%

grafted anti body to nodify. The 16 Decenber 2003 WO 00/78815 PCT/USC[¥17454
24 choice of selection criteria for nutagenesis of CDRs will depend on the

need and dggiyRghsapplication of the enhanced antibody., gpﬁ(ﬁgggple one or
a fewamno acid positions wiwthin a single CDR can be nDd|§ to contain

5 selected amno acids at that position, Alternatively, the targeted am no
acid positions can be nodified to contain all possible am no acids at that

posi tion. Thenokesubt agm&&a%a&waepia i hhedgantspodiespranyihgn be
screened for enhanced he constructfion of nodified LM509

grafted antHB&Y poprEﬁ|W§ﬁ§ 88% AP S 95k AMRAECARhEPR A 1®%ni no  aci ds
positions wi ehhanaemmmmeeﬁomﬁr@det oogenbai f sdv Fpassi Bkeaamn no

AT a0, aNBLe; BIbRO G PASLLRONS cit T ol b PLE LIRS ARKE Reen

nodified to contain 15 vari no aC| reS|dues
popul atiors Sgafcked cikigtay @@tléé ahi et @angd tipom 2Alfoeuna(tlmriwque menber s.

The | ar ger thﬁep@@k@@&é&@m&;@ea@aep@éfelgn%nkan\/\bé'mafaél@% tel ection of an
enhanced LM509 ?rafted antibody since there wll be a | arger nunber of

different 20°8RERDOAES RUSEAPAS ABLRROANILS 65, theheRetiti®nsmallhe popul ation

of nodified k6Ot giafdachlantbhodi atodian dae aniBBed peel &licaassf ybly used for
the selectio raft. d anti bodi es. The size of the

anced ,LN6O
popul ation o Cgée§§$ &'fﬁﬁﬁgcaga ?%ﬂ’aﬁilbodles will depend on the need 25
of a particular application and can be determ ned by one skilled in the

art. Thejgeneration oﬂmgpqh&ggguéygggc&rq&hggleggﬁ%gﬂﬁgﬁéfg%asbe achi eved

by introducing amno acid substitutions into on of an LM509
grafted 30 aRPFHRRRY Bulekarpr ecansidldgice banimade aeheirs idst iemdnPons can be
systemati cal byidstgadiucessi it enan GOROW HeRaANGLES Rutated 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



given amino acid in the COR to any or all am no aciigsp.Au}.09,ashEh
substitutions can al so be introduced into all 16 Decenmber 2003 WO 00/ 78815
25 PCTIUSOO 17434 amino acid positions in one or nore of the CDRs or in all
of the CDRs, generating a population of nodified LM609 grafted anti body

vari ants. Whbssppul ation of nodified LMO09 grafted a d_i]%gay“ uariants
havi ng single amno acid 5 substitutions can be screened to |d7entify t hose

variants that maintain a"}33 binding agtivity. The variants having a4N3
bi nding activity can be further characterized to identify those variants

havi ng enhanea@nackévd tpbsiBY6Rs ain SHE &RLHcE2BPr ORE bR 7t KRdYei ng single
am no acid 10 sg@st%& utions and_lgenerati n% a popul ation of LMQ9 grafted
anti body var PAnt 8¢t Pt ERFAF IR HAMARPIENEE9 ©§rB3didd ednt688i es havi ng

hi gh affi ni t grabtediagittedgVN3risntdesanikegopil x| Wodilneaddition to
generating a | af f dified LM609 grafted antibody variants, a
particul ar %‘:%%Qg_r3%5:fpgz}rd?iagéﬁggg%ﬂanrgldafésdgﬁﬁggg DR ¥an *Bé"Sefetted to

‘i ntroduce Son€ubFthtkteiand wenabe dseudsyted (ol dAsnt Foy thexsanpkeiaseguence

homol 0gy. Of BnsLIHELWAL WRGeh: haMnbeUSAGLO IHEM LY R aGihgr am no
acid positions to 2Q introduce amno acid substitutions. In this exanple,
only one or FvheRiADHIY iaFLRBEIOCYP Pt P EREThEHFragEs s iwds tar e gener at ed
and screenedifientbf nditgeaohiVhhtys Haridd33nhnee®faskidilei.n Ehenagt will

know or can degerm’.ne whet heé ét is desirable . to generate a |arge 25
57 Cat 14

popul ation ofYRod!'$ied FREEEC B8y SYAF At "Sr 28 generate a

limted AGnbenbotimmdidnisedntd M3 grtaifricec paptilbotyn waf iLawwids to screen and
identify an gpha : ' ti hayin c tivity. In
addition to ?den‘?i&?%nntl&%g%aggcg{d&%%% f%(}g%gf ?éé%l eg“n}}%?%%gi ggsgg generati ng
a popul at i on9I5R LR Fttadrodi /B OLA G thd@hantifbott vsoimaliingg toi figl:eiam no acid

described 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



substitutions in a CDR and screening for enhanced 1&Chk¥“klkerepfi@nced LM609

grafted anti body variants can 16 Decenber 2003 WD 00/ 78815 PCTI USOQ' 17454
26 al so be generated by conmbining two or nore mutations, each known to

i ndependently result in enhanced activity, into a single antibody. Wen
there are an two nutations, an efficient way to,/ £V,

conbi nat i 3’?}@5@85 mut ati ons whi ch further augnent acti \C}qu&%péh?%‘ const ruct
al | possible combinations and permutatigns and then select for those with
enhanced activity. For exanple, two single nutations in one or nore CDRs

can be conbi gedo b6 @Ganarata Bynevnsmdidd edol MB0Q- A afuleed s8Rk} body having
10 two CDR rrutaﬁli ns and screened to deternine if the oc 3 binding
e

activity is FREPeSR¥Y over"CRRENDFPtHe T&SHgteinneRhaNSEd 8FKIVAFYY, three
mut at i ons cannbe gosigled sarndbotihe rwsi tihegenadé fiesd tMBA9rgoaf t ed

anti body scr : r en . nding activity. Usin uch an_approach of
15 conbi ni ngﬁ%%geg_%rﬂé%t iaglng?ggggg%ﬁ B‘gép’{ﬁé)t ilgﬁn%f}[%%?"}t)llg‘&%lﬁ%o@fgr afted
anti body var Fghesienh We geferbhed dygmenicecpdraty nig ald coombiwmat i ons of

the single CBRI puéaidiNThBIHhELOEk IdhLPARGEI: AGLd Wnk chDhO new rodi fied
LM509 gr aftegg?g%%bfgﬁ variants and screening to 20 obtain an optim zed
f

enhanced LM ASeoBEYh ephancedagichevisy ep-Biits@xapptoach to
identifying ten enhanceditkhBofsogiafémd ankbkedypks @dyvadt agREUsSedn that it
allows the identificatiaon of an,apfi havin ptimal binding activity
M thout the LBt & ndl AR DL L aMegt P B e P amBE R O KO £ 1 ed LMB0O
grafted afti bedyCOR aritattionsFand examgdned tsi dgtéheirepprroanh dgscribed in -
Exampl es VI gadaMid 44 Mhigh;si pol e Juitant; i ifi nd conbi ned
into a new populat% on &f L%/Bf)g ar a?teéiaan%f:g@é%tvgfi@%ﬁt Ssgg%anced LM509
grafted 30 afftF&oEf es HaVIAGLHI ghereamitaitd gnaeran ikterrombiadd bynd gener at i ng
2592 uni que ¥R&i pedSLt iy @OBLEBSY , LA 8Le teh ANUOIB AR ke Ofe@ Singl e
eight amno agi driesl due SBR; ng activi -
g 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



woul d require >101p unique variants. Therefore, suqly aBcehb&F addore approach
allows identification of enhanced 16 Decenber 2003 WO 00/ 78815 27

PCT/ US00117454 LM609 grafted anti bodi es havi ng enhanced activity such as
high affinity binding by generating a relatively small nunber of unique
nmodi fi ed saf ted antibody variants and screeni ng, g i fying

t hose enhgﬁgggmg%BOQ 5 grafted anti body variants exhib?ilﬁgoﬂﬁgﬂ affinity
binding. An iterative, step-w se approacgh to identifying enhanced LM509
variants can al so be performed using additional steps. Instead of

- generating alMeoonpifeddd R tiBobl eS| KN} i@ RHAMAEEH hdRikAkL 0B h e single
am no acid ggtgt%ggs can_he conbjned in pairs tqégenerate al

pa
conbi nat i ons "$P"dBtbtE HUPAREL "EnBY SFTFWEREG o BAGARYY STRbSe doubl e

mut ant s havi ngmbahawt athiagtel wiotly f tad 16609 girhf ted antiboalyy veriahts si ngl e
mutants to g r i%% i.ple. . 1 are_screen f enhanced

bi ndi ng act?@?t%&g acr&{F@Fa%?§é9$%ﬁﬂﬁpg%°§8n%@%‘FﬁﬁFg%ﬁ??ied LM609
grafted arti BsaytedramnitedyaNairheorpordtiditaddi bignafidimglve nutations, and
the resultinginpdhgdied LMO9 grafted antibodies can be screened for
enhanced 20 activity. The step-w se generation of LM609 grafted anti body
variants can thus be used to identify an optinmi zed LM609 grafted anti body.

Addi tional ly, such an ad tigkahiYeeapHaaeh sal sppabdemad Qdehbefying.

i dentificatiaqn,of us enhapced anti bodi es ich exhibit a range of 25

di fferent, e%ﬂaﬁ%%ﬁpggﬁgﬁngaﬁéFpg?ﬂﬁgéésﬁﬁ gﬁt??ﬁ%&ﬁfﬁﬁW&ﬁé“&rafted ant i body

can al so be adéieroml tsdeps.anludb@Bi |dkgegradt ooy aitl bodpioations

a P3-speaidl | 605 ald £ ANLOAAY s d2C 0L ZaR A PeGANRe i fe ant i body or
unctiona

functional fragnents thereof retains the 3 characteristics of
LMB09. For eR¥RPHESTS &iftfaRCeGORRBO dimarddsahe | ¢RitRrakar Padt s, which have a

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



single am no acid substitution and have enhanced 3¢t bYLLVmneEdHPE
identified and correlated wwth a 16 Decenber 2003 WO 00#%88?5

PC T/ US0O0/ 17454 28 specific am no acid substitution. These am no acid
substitutions can be conbined to generate a new nodified LMO09 grafted

anti body thgbelesist ested for activity. Such a conbinati vant ageous
CDR am no ac?oés Substitutions can result in an optim ze@r}ﬂlggggqbfafted

antibody with nultiple CDRs having at |gast one am no acid substitution or
a single CDR having nultiple amno acid substitutions, where the nodified
LMB09 gr af t edpeatfi boalyi asceahanssdiagtiod .t yThdSe Enhansed V609 graft ed

anti bodi es, (s [ those optim z by functional replacenent of
ani no acid r%g%%é%{eﬂ'é@}%}’st ﬁéanc%ﬁsf:gﬂ%l\‘/needggcsol )régﬁleéa'é?lhaar{beé"ﬂ “B’rdc}ﬁé??i es such
as increased 1¥EPPnoryftrbrngianplethan optiesitzddfot M9 wrtaf.t eduant i body

having | ncr easednBifidfidy oM LlivadBabayss MoRigh; ALTA04Y than the parent
anti body used for introducing functional replacenent of am no acids.

Hi gher af fi niSEYPSEETYRIUIISABd TRERAE | e anb oRtibl ep@nkés0 hmriassdy havi ng a
similar struahtiBodiosi @Xamplkeplef chie hRkigTheed. 4 M9, Orafithed antibody is
an intact antaicbgd% 20t.ctor{t.ai ning twp heavy chains and two |ight chains,
then hi gher °5ffi AFPS 1 td&rePhi Aed PR GRe PRSI R A LS 2FaP8Nt LMBO9
grafted anti bodyg. s@siitardipnsi f whiee oOpd inoidd €de i MaO greafatreddant i body -i s an
Fab, then hi : fEld ty i t jhed relative to the Fab of the parent
25 LM609 gr a%thg%b%%i%%dﬁﬁhﬁﬁfggugﬁﬂ‘?ﬁlys' not necessary to proceed through
multiple optimzation steps to obtain a high affinity LMO09 grafted

anti body 1o n general, gdfi@nicar 886691 fra@idy BhtYpEaLLOr L{p the
nunmber of nod{fications 38 wthin an%!rabet ween CDRs as m%ﬁtaggl%%g t he

nunber of offPHfzZARTOH 2eCefy. fyhet Htile repRBoOS YR Gftfe POl Bodfes Wil |
exhibit a vareetigued irangescDRel ExaUessirkMdO%nhanced 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



grafted antibodi es having enhanced affinity wll hayedR.4BPesgsber 2003
WO 00/ 78815 29 PCT/ US0O0/ 1745: # to about 2-fold hlgher affinity or greater,
generally greater than about 2- to 5-fold higher affinity such as greater
than about 4- to 5-fold higher affinity or about 5- to 10-fold higher

affinity tyhgoeishg reference antibody. Particularly, a afted
ant i body havrng enhanced affinity will have greater than d%dgpag to

.50-fold higher affinity, greater thane@bout 50-fold higher affinity, or
greater t han about 100-fol d hi gher nity than-the reference anti body.

10 As descri hedanboy ez -fdiaChigrat 4 efilacsment QEatélj?q?HeQ91§ﬁ'd residues
iting

can be used Lo, |dent|f L grafted anti bodi es exhi i gher
3 oesh 4

affinity thaid a t%%r%%r T af? et T Bag)er vt Fdtd vdisgElisggéd above or

bel ow for i noreduer ngham m@buund+ftdmﬂ4ﬂmmﬁ hﬁbaeV'&f&ﬂﬂlt@SOQrabBGQ9 grafted

anti body encedi pg yict sim be used to generate a
library of nodified f%%%bqg dﬂgﬁgpbgggnvggkan %ggﬁq%§ludlng net hods

such as CoddAtbeedy nﬁﬁﬁ@éﬁéé?Serahd@ﬁK@Iggeﬁuedenﬁudedsyhahesgs and

partially degaRgk@d® diaQRychept ikle 2Q SuRtheshsn Ai%ute&%rrpltg codon based
mut agenesi s gs be(ganJI sed to. generate such a l|ibrar nodi fied LM609

grafted antt aﬁgb?rﬁﬁﬁn9ﬁﬁ%§eénﬁhéna%PQPﬁnﬂﬂgﬁpﬂdt|ons (see
Exanpl e V). hﬂ@hew Pemeiiai, Ngr agtddrear yhah epditi esblMiOnhighegr af ted:

anti body var varjants_can be exp sed and screened for binding
activity to éf€§§Ljﬂgﬁh5H§hme ?fe?ﬂﬁﬁhap6l%ﬁ§§e skilled in the art rel ated
to determning antibody-antigen interactions are used to screen for

modi {1 ed 16MB0S- graf t od agLLbedhes MUY tEhAe LAt ne. 30 ARy Ly to a.f3

(Harl ow and Lane, supra). For exanple, een used to
screen a | i bFER \ARMO RSAPf sl dws0Tagr &bt éde@lnt-@bbﬂ%nt\lém éHf5§9to i dentify

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



those variants that naintained ay0O3 binding activity peeemhdDeggsiber 2003
WO 00/ 78815 | ' CTI USO0/ 17454 30 Exanple VI). Only those nodified LM609
grafted antibodies that maintain ¢ 33 binding activity are considered for
further characterization. Mdified LM09 grafted anti bodi es having a"133 5
bi ndi ng aGib¥yéis¥iscan be further characterized to determpguWgisi, modi fied
LM609 grafted anti body has enhanced activity. The type of assay used to
assess enhanced activity depends on thg particul ar desired

characteristic. For exanple, if altered binding activity 10 is desired,

t hen bi ndi ngEasspys that anigwrHesermsdiatiiean Lvebobypging affinity are used.

Such assays iaggkgggieg&daitng‘ggrsgg}/%%ﬁgl eier'{‘}_{i'-tnig:)%f:?i.nd%ng assays and surface

pl asmon resonance as descri I dueY i v of single amno
aci d substit gehehderdd fan Fu€bRer ofhd BAR®rgrzattied. ant i bodi es can be used to
generate a library of nodified LM09 grafted anti bodies and screen for
binding activity to cl33. Those nodified LM09 grafted antibodies

exhi bi ting bindi ng act’AityedolMeAB3 I it echenthiofies HErvicwapet eri zed to
identify 20 enhanegdadiMbO2ygeahted antireadicas gxhibitdda £nhanced aﬁti vity
such as higher binding. affinity, . For exanple, using such_an approach, a
number of -en%gﬁ%]ér&lrt Chgf"ﬁ#é?%n‘ﬁ@%digé@fﬁﬁgi oty &25ni no aci d
substi t uti onsnhaeced gertdgvdtted uSha ot tdee dfeagygaghased viag iaakleesr egi on 25

shown in Figurg.la.d | \ he . light chajn yariable region shown
in Figure 7 -(SaEQ I DS%%%S t?log%%e'?{%ﬁ&%aﬁafgfaé Tan ?’f)ocﬁselsre\%ere identified
di spl ayi ng 2ctar2qRyigitd q-npFeveekaffliani tiyf evtereficoputiorgt akhBOOt yr af t ed

ant i body 10seesExeemtes, Vihen38: FOLAPW NG sdeRbif b eabi ok« r8Rhansgd LMBO9
grafted anti b?dl es_ havi n% a.single amno acid substitution, the am no acid

nut ati ons cafR*bR'EHHRA fedirdtyeatRcfser S963 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



WO 00/ 78815 PCTI USOCO 17454 31 further enhance acti Vig e NaiBpdsygH scussed
above for introducing single amno acid substitutions into CDRs can

simlarly be applied to conbine am no acid substitutions. For exanple, a
combi natorial library of amno acid 5 nutations that resulted in enhanced

avl 3 ‘bi ndiypngogfshisni ty was generated using degenerate Oe,eot i des and
two site hybri dlazatl on nutagenesis as described in Exgllrrépl e H@ﬁ P Enhanced

LM609 grafted antibodi es containing nul{;i pl e COR am no acid substitutions
were generated 10 using the heavy chain variable region shown in Figure |a

(SEQ I D NO 2)fuamtletheenﬂa'rgm a@:h&krﬁ]tyaril@éﬂrﬁ)drsegﬁgﬂu§£@d\ﬁhbciv@ Fogure 7 (SEQ
I D NG 32), a glt!rlcygggl asfltne ant i. bod dentified having 20-fold
hi gher affinity to gre 94h5R+80- ?oﬂi (jﬁé?mé’r‘f’ﬁ’%ljtriltot ﬁi’?ﬁ*st fig" par ent

LM609 15 gr afstiedlanty l:kmjwppllneelddptq:@m:tr@ @odbbniogd ChR sanithaiaasd
Substi tuti ONgokOeGERSTA & ABnBIRZAGELL P11 AALHI 68 kB0, gr af ted anti body,
i W

CDR am no acid substitutions can a be conbi ned” ¥'anmewor k mut at i ons _
that contri bfiP&asporRiadhIre syl bpar in eaphamcgdL MEOObERAT n e ch Bfimiibedy. Thus,

nmut at i ons Inw@EFbéﬁefd@mEW@ﬁKgrngéﬁﬁ&éﬂ@kﬂ@@@ﬁ@@ﬁéo@gaéé”éﬁﬂ ¢ap be
conbined to fu%th o imze LM609 rafted anti bodi es. The invention

further provi'de§ 2L igp MBEaqRRCSES, a5e 465 RREY i YhEXERRLR encodi ng
nucl ei ¢ aci d§IMer@nhar81m:lh Lﬁﬁag'nemste:conﬁitibosubst@frtttaalrhylgof t he sane

nucl eot i de of, 3 0. agld eANCNLEa 5,1 AL B2 e b B e n neavy

or Light chain polypeptli variapl e regron 8xi n heavy
chai n pol I¥pepeitie Be deeyivschadssentiailey r@f}lnucﬂemn digs Fig8%& aad of ami no

aci d residuegsghnip tn S‘qu 114 Qf'le Flﬂé“l{t.e &é nggi%i\%@ﬁhlo‘ﬁhghg

respectively). The varjable region of the Vitaxin al n pol ypepti de

consi sts ess&ht FaPH3R of (f§QD§BeWBe:|’2DO@S‘W@@&?%B@L@@C‘P/“@S@GQH&M

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 cén 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



32 nucl eotides 1-321 and of amino acid residues G Yt pRcehiyst07o®d Fﬁgure
1B (SEQ I D NCGS: 3 and 4, respectively). The termni of such variable region
encodi ng nucleic acids is not critical so long as the intended purpose and
5 function remains the sane. Fragnments additional to the variable region

nucl ei ¢ agi@ledifsggments are provided as well. Such fraggenisgeinsd ude, for
- exanple, nucleic acids 'consisting substantially of the sane nucleotlde

© sequence as a CDR of 10 a Vitaxin heavyor |ight chain pol ypeptide.
Sequences corresponding to the Vitaxin CORs include, for exanple, those
regi ons defi nedlbytidatl-6iabnd sfipiminanrdiar ret hses ragilons defi ned by

Chot hia et ak, g 84P5A. fingd, by MacCallumet al.,
supra. The V'?gx?n 15E8%% %e&hnégﬁg f@%&gﬁ?h og 1 hef SV lagi% ftions
cor r espond t@h?héeﬁmﬁﬂeéﬁiéé@hs@@ri@ﬂk¢1nagh9m/emnd@iﬂqad&cleIhe nucl eot i de

sequence nun‘aeﬁagglé Sudta%@liti&Qm the oy iJmry %4545%% n,Fjgures 1A
and 1S (SEQI and 3) and conf%r*r:Hrré to tehe de |n|?> ss%rer\l)?iiousl y set

20 forth i’n ’FBBFE“T‘ FIFLES2EN¢ $2% n CDR Nucl eoti de Resi dues
Kabat Chot hi aMacCal | um V' CDRI-91- 10576-9688-105 V, CDR2148-198157-168139-177

25V" CDR3295-318298-315289- 315 V. CDR170- 10276 9688- 108 V,
CDR2148- 168148- 156136]5%€§m$“% S @A YeiAd 591 EBeetEs sde &PHiLPArIy, the
Vitaxin CDR ﬂﬂabﬁmtas:lﬁoﬁreamhntsoam nrlw:l.abdv& deflilni tisoes correspond to

the anino ackdaimsiduesc3ehef OFLh below. e anino acid 16
Decenber 2005 35 00/ 78414 33 PT! URDOIP LT 458 rggés?%uae“ﬁﬁnﬁé’?s%%t%a%en from
the primary §g ﬁ%ﬁﬂﬁ%Q§HdMﬁf the same nucleotide 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



in Figures 1A and I B (SEQ ID NCS:2 and 4) and confq@n@eggmbgpezg@gln|t|ons
previously set forth in Table 1. Table 3: Vitaxin CDR Am no Acid Resi dues
Kabat Chot hi aMacCal | um VH CDR1Ser 3| - Ser 35GLly26- Tyr 32Ser 30- Ser 35 VH
CDR2Lys50- Gly66Ser 53- GLy56Tr p47- Tyr59 VH

CDR3Hi s99 nl 00- Alal05A1a97- - Alal05 VL <

CDRI G1n24\\£y %ﬁ%%za H s32Ser 30- Tyr 36 10VL  PCT/US00MTS

CDR2Tyr 5O Ser 56Tyr 5O Ser 52Leud6- 11e55 ¥y

CDR3GLN89- Thr 97Ser 91 - H s96GLn89- Hi s96 Thus, the invention al so provides

nucl ei ¢ aci dre%tcﬂ@@ﬁﬂﬁrﬁae&nﬁﬁdtageﬁUﬂ&inﬁ'lth'eakkYm%Pﬁ nélai Qﬁofﬁhd el
chain pol ypeptide. Nucl eic

sequence as of a h

aci ds encodlﬁgc£¥%%5ﬁﬁ1 eavé Eﬁd%%%éﬁg)N@ﬁa?naﬁglﬁbéﬁFﬁ&8§¥8ﬁﬂsﬂﬁégnents

t hereof are thefdgfirgrtimnsvarceiyusly diegfiosthcimnrbdikenapeuti ¢ pur poses.
For exanple, the Vitaxin nucleic acids can be used to produce 20 Vitaxin
anti bodi es and functlonal fragnents thereof havi ng bi ndi ng specificity and
inhibitory acf»if Sdaixast COR BRddé® anti body and functiona
fragnents t hereof can be used for the dlagn05|s or therapeutic treatnent
of avp' 3-nedi ated di sease. Vitaxin 25 and functional fragnents thereof can
be used, Por exampl e, to inhib2®a%indi ng aEhetlisy or ot HeeCélhemi onal
activities of, @pDR33 t hat aseragcﬁﬁ:ﬁry f el yPE OBy £551 0N 5@k 3028er3s
a"(33--nedi ate sease. cLd nal activities necessary for
progre55|ona%fqégBS--nedla ¥8E% éi&é 30°Fh %u%%y G or &XBRAPTEYERhe
activation of, &PR31 aV 33- HedPatBek 106 gnabni o@rsriits oaland-Ahe1 05

-al 33-nedi at eg pipgyention OE%&§4£€£§ﬂBFr 2203, Vi0 09/ 78815" .34 PQ;{U500/17454

apopt osi s. Ad%antageously, owever i taXin conprises non [5€” f r anewor k
ami no acﬂe s¥qGPR2es and aSYEBRTS4E56 | esEynhteprit |n1ﬁegéwtﬂ¢iﬁthe
i nducti on ofvadbast G1ln89-Thr97 Ser91-His96 Gln89~His9%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



i mmune response. The Vitaxin nucleic acids of the 54 meenlihbaps>egn al so be
used to nodel functional ‘equivalents of the encoded heavy and |ight chain
"~ pol ypeptides. Thus, the invention provides Vitaxin heavy chain and Vitaxin
| i ght chain polypeptides or functional 10 fragnents thereof. The Vitaxin

heavy chaiWgoh@hsspepti de exhibits substantially the sa 4F1d
sequence as that shown in Figure 1A (SEQ ID NO 2) or Pﬁ%@ﬁegﬁg J f ragnent

thereof whereas the Vitaxin Iight chainy, polypeptide exhibits substantially
the same am no acid 15 sequence as that shown. in Figure 1B (SEQ I D NO 4)

or functionalpdptagient AdhenRQlgeohbsy, MoWdWed ustaxMh tdrigrisant i body or
functional fragnent thereof. '[ﬁhe anti body is enerated fromthe above

heavy and |i gt BREPR polNBERS GBS 8r 2 FhASOREFSP r ettt SUWHRer8of and
exhi bits- 20 lselseehtvgebindimgeghitiintd ytio iavbdtThe cNvemdsan provi des a

nucl el ¢ aci d ;GaGadi DOspdh eV HnEN8: b PO YREAL de L on, &, LNGO graf ted
anti body. Also provi ded s a nucl &re acid encsd| ng a T g chain
pol ypept i de figreatLwBOCayr aflised bantpeddye MAdelnfohet to®bl aci ds consi st of

subst ant i al | qii@asanes NeBh L RALBaY A4 A @nkedi gh: Nucl gpti de sequence as
that shown in Figure 1A (SEQ ID NOI) and substantially the sanme |ight

chai n vari abP8L¥YBEPbH %Rl eoti de sequence as that shown in Figure 7 (SEQ
- ID NG 31) or a fragment thereof. 30 LM609 grafted antibodies, including
functional fragments fher eqf, are_non-nouse .%nt [ ?odi es whi ch exhi bit

f,
substantial ly the sane bifdihg a8VFUHS Bictdrhg (B-BEtemsay Y2003 wo -
00/ 78815 PCTKUS00/ 27454 G5 ispacight cihyimnmh liypkpbides yoacthingttipnas LNB09.

The LM609 o Ofeahb&dn AOLHROML Y b, a0URDL.s; Lbeg. herein are; ,oroduced by
functionally re%l agi ng the CDRs ég de?%%e[g%%%%Kgg%t e[%%lg’ip%p?lﬁgr ei nafter
referred to §§h1RéB§tqu§%§ntially the same amino acid sequence as

that shown in Figure 1A (SEQ ID NO:2) or functional
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 38 AN HHi REPEELELFEH B N DHEFRESFFESS fH LOIOVBE9SHFAS t ed
anti body ar eaintlentacial 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



5 those previously described for Vitaxin. For exanpuléepbeaembdb0D0@s afted
anti body heavy chain variable region polypeptide is encoded by a nucleic
acid of about 351 nucleotides in |ength which begins at the am no term nal
G@n.l residue of the variable region through to Serll7 10 (Figure 1A SEQ

| D NOS: 1 anglootssisespectively). The LM609 grafted anti bmeyudebgiits chain

vari abl e region polypeptide is encoded by a nucleic acid of about 321

nucl eotides in |length beginning at thggam no termnal A ul residue of the
vari abl e region through to Lysl107 (Figure 7, SEQ ID 15 NOS: 31 and 32,
respectivel yintiésnsi td -Viehdxs nruniirorsiateddirbgtats ahdfrebheaeonycl eot i de

sequences areg_l be i ncl ud as.heavy and |ight chain variable
regi on encog?%%&ﬁuc chEggi%?“gﬁgHi%%ﬁPp%ﬁhctional fragnents. Thus, the

invention also provides a nucleic 20 acid encoding a LM609 grafted

anti body heavy chain wher gihf1dhe G anachdagengodas gubstantially the
sane heavy chain variable region am no acid _sequence as that shown in

Fi gure 1A (SRR NG2)Esr 21 HAgR ratiéresnt ibaiy 3%y [ipentheainv@ent i on al so
provi des & nugcb®d Emasiidudbyeacos nga rbib09tgraht edrantixhagyel i ght chain

wherein th ic acid d bstantial |y t 1ight chai
i abl o 1 oGP A AriS SR, B CUGUShE Ay CRAL SKURIRTIE H04GPe 7 (SEQ 1D

~variable region am o aci
NO: 32) or fragherrpttiver éof en¢odatidivt imomutdetonserd atfi wostibs8bit uti ons of

30 ami no_ ac dhe: dneledTadl {ECA OIS O pRe,LVB00 0r Ahed 80thbedy encoding

nucl eoti de sequences whi ch ow for unctional replacenent of am no
acids are al StruerDdcErpef p3vandabdr78sg5o37tMONAISEE/ $24517i nt ended to

be_;ncIUdi Wﬁ%jﬂﬂbtﬂhg @Ebiﬂbtﬁdalthnﬁhg,bES% cﬁf“%}%ﬂj g@h&o?%@696?1n0_
acids to be changed can ccompl i she ose skilled in the art using
current inf %’f%ﬁ%cgr‘?”&&&f’gﬁbf”eg'?teﬁﬂdi”nﬁafxﬁbﬁ riR e PRAYPSPELARL i on of

ant i bodi es ass waldodzsl dyah| @it Beianchcddr b€Nkbout 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 enconpassi ng nethods for CDR graftingispbeeesgbEes200the
substitution of functionally equivalent amno acids encoded by the LM509
grafted anti body nucl eotide sequences is routine and can be acconpli shed
.10 by nmethods known to those skilled in the art. As described previously,

such net hggg o4/ RRglsude, for exanple, codon based nut agengsiissoodAagdom
ol i gonucl eotide synthesis and partially degenerate oligonucleotide

synthesis and are beneficial when prodycing grafted anti bodi es since 15
-they allow for the rapid identification of equivalent amno acid residues
Wi t hout the neeednded tsi bectuealided NdoHRL ik@8. ddheni ftiv@ntdrornkur t her

~ provides fragnents LMBO9 grafted antibady heavy and |ight chain
encodi ng ZOQﬁﬁ%[ei%gﬁﬁﬁlggcﬁﬁg?%i%Péﬁ%ﬁm??géé%n b %%néh%ﬁ?eguﬁg?a tially of
t he sanme nuckeotirplbl gredabiynbhasedsksldqsericeths ¢he wairialiveresgi on of a

LNVBOS gr af t edp raRkd OOMY MRAVUPL L HaschAkRPOLYREALILGnS Wi th Mitaxin,

the termni of such variable region encoding “nucleic acids is not
critical so FYREEER™ tHe aPfibAdeEs purifdde agnaveiheRiomnesiras"the sane.

Fragnent s addhkbemalidr0 ehbempakh 8l Gndt@@d@N for NUBK &1 ka 1BGInG fragnents are
provi ded as wel | 3nd inclgde, for,exaqgée, nucl ej ¢ aci ds consisting
subst anti al | ¥*8F*%%F T he T85ne Rutt BotiFe e JHRAEEORL Y @R18PL8 E MBOY
grafted ant ehody dwiaisy earobedhby ctiad nMEoldypeptiee. arfAsibbdyh  Vitaxin,
sequences co i ' LMBO r.af t ti.bod CDRﬁ.i cl.ude, for
exanpl e, thoéggiggggﬁggﬁégfhggs1%953%% %grgg80§§@[y%d¥§§§T lﬁEﬁ?USCIYl? 354
38 by Kall& &Y m¢thodsygmgwnChet Phesetskillledsiprbhe axrtwel Bsas those defi ned

by MacCal | unyetcibed PHREAcuiDg, LARAY ndhdbt ednaniddods CRapegbons will be
simlar to those described previously for Vitaxin. Mreover, such regions

5 are wel | KkABAA MAFSCaubedgRest fi netPdsyr PhogRNekI9eteds SYntheshft gi ven
t he LM609 seguengestiand yt dagbhagstPravigdadcleotide 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




herein. Thus, the invention also provides nucleic a6 dectrBgierd® encodi ng
substantially the sane am no acid sequence as a CDR of a LMs09 grafted
anti body heavy or 10 light chain pol ypeptide. As with Vitaxin, nucleic
aci ds encodi ng ' LM609 grafted anti body heavy and |ight chain pol ypeptides

and fragyidessdiber eof are useful for a variety of di aga@skhehirasgnd
t herapeutic purposes. For exanple, LMs09 grafted 15 anti body encodi ng

nucl ei ¢ aci ds can be used to produce- rgconbi nant anti bodi es and functi onal
- fragments thereof having binding specificity and inhibitory activity
agai nst the bptlgram et 31. ThEuﬁwﬁjkﬂhi¢haadefumblj(xuﬁra f raguent s 4 her eof

can be used %ﬁ%c#tyéf¥ﬁ%gn8 ?é 29 th%ra euticl;[ga%ge LMgé a" (33-nedi at ed

di sease. Suc | seases an use f of ANt |bod|es have
been - describ@ﬁﬁ%ﬁ%ﬂnﬂmmabydvncﬁ%fzﬂqwun§ M@llfbevdﬂmhind apethespial | y

appl i cabl e t ge$die: yb %egiéﬁéﬁd Y 1Redhes . de}@&féobf%q h%h@h {/e(%tson@us the

i nvention_provides L grafted antibody heavy chai'n an xin Iight
chai n pol Ypepft dist! &Pofﬂné??oﬁﬁ}IF?é@ﬁ@ﬁ?é“%%éﬁé&ﬁos?hékENB@@Jgrafted

ant i body heawye cha rglpahyaE@thda)ge@aqmeh&egumd a:rétdcﬁlllln)és bheysase am no

aci d sequencge_as. t hat,, sho in yr.e A 30 or fupctiona
f r agment thefﬁa%o‘? V\/nel&é'gé; Wﬁlée i §Paften ’fﬁv nluicéﬁ%cc?]%}i%
pol ypept i de Exdgnmrtts esub@iamtsuﬁdgamxhal$anEhéunamm amudosequ@nce as that

shown in Fi A ( EQ,! NO . 0 L 16, Decenber
2003 WO 00/7 &%n SSO%bgq%ga%dﬂgﬁgf?gégg%?%%“%%O§V gg cYi hal f ragnment
t her eof . ?hell%ﬁﬁlq&@dy Pelyeertided fromthe above heavy and light chain
pol ypeptides or functional fragnents thereof and exhibits selective
binding affinity to a%33. 5 The invention provides an enhanced LM09
grafted anti body exh|BFtVﬁbhs%ﬁ%ﬁﬁﬁ”Ve“BFﬁﬂfﬁga%ﬁqﬁ FREPAEBT WMAG%B. The
enhanced LNog&afpreaf bedibody bodhv € @iidailAghat 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




| east one ami no acid substitution in one or nore CDBSpekemBetMIfSs grafted
heavy chain variabl e region polypeptide 10 or a LM509 grafted |light chain
vari abl e regi on pol ypeptide, wherein the a"E33 binding affinity of the
enhanced LMb09 grafted antibody is maintained or enhanced. To identify
enhanced k{bfHsgizafted antibodies, 15 a library of mq;gﬁl%gohmog grafted

anti bodi es was generated as descrl bed above and in Exanple Initially,
LM609 CDRs were identified and sel ectedgto introduce singl e ani no aci d
substitutions.- Uilizing the nunbering systemof Kabat et al., supra, the

CDR r esi duesg2ffsed eaiithod@r o AU @gaiRF1a3 ‘ﬁ@é@m%t GhRI-eGrY - Phigs Thr - Phe- Ser -
Ser - Tyr - Asp- (.SE NG 34 er 35

Tr p- Val - Al a- ys”ﬁ?ﬁqy Sler% nerﬁ:?‘?(grf("b%‘ E@V? [3)“7@3’36"‘}‘5 ﬁﬂght

Ser - Thr - Tyr - 3yzin epplAg@pThdeYabx Gtmc@lym@$EQ:é@1ed‘tI@ 38prédf pddda d y6S); V'

CDR3 Al a- A o 2 SBl a2k BhesAlasT, EQ ID NO 40) (Al
oo, Tyrlgz)rg!\z}'t&f@m Y Blnasdy RIFaahey V8 4 pEQ ) (Aa

Ser-A@ n-Sear--11e-Ser-Asn-Hi s-Leu-Hi s-Trp-Tyr (SEQ ID NO: 42) (GLn24-Tyr

36) ; VL 6DR2 Leu--Leuld e_noégclTa/:r p%gﬁ@g afd Snhatkledl LAs®Er (SEQ I D NO
44) (Leu4é6- Serﬁﬁ% and n-G n-Ser-d y-Ser- Trp Pro-H s-Thr (SEQ
ID NO 46) 309 H¥dh- Akt Y %hf%‘ctéﬁﬁerseéeﬁél\’/blﬁo’/d?8815 PETHUS0BL17454 40

The nucl eot |@lﬁaseqﬂemcmﬁ1aeamddmgom h;a:aCﬂBIad nasivo®s eeltachedat or

NG 535 W R s BREnER M B R R Ol B (S 1D N0 35)  and
5 AGC ACC TAT IMGOIrpxaGAedATa T GIGAB @BCiASES 1d4yiNG: B3) ypafrt idBDR3 GCA AGA

CAT AAC 14C &G AGlsobT r@@IeJ Aﬁ r&EQHa@n DO B ie VoD CAG GCC AGC CAA
AGT ATT AGC AAC CAC CT E@gi BlN@lnNO 1) VL CDR2 CTT CTC ATC

CGT TAT CGrP@rbt?etE&edF@cWM@W*(es g) af ifri tyl °EDRBECAA 10 CAG AGT
GCC AGC TGCG &fHarcAla ANGOOSER: 2 NAMIbodPi NGl g BaN@eachd substitutions can
be

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®").



i ntroduced into the CDRs of an LMb09 grafted anti badyckeempenerat® a

popul ation of nodified LM509 grafted antibodies. For exanple, every amno.
acid in one or nore 15 CDRs can be nutated to any or all am no acids to
generate a population of nodified LM609 grafted anti bodi es and the

popul ati onweosmezed for al03 binding activity. Al thoughectiiesragpul ation is
generated by nutating am no acids in CDRs, popul ations can al so be
constructed where changes 20 are made igp the framework region residues or
in both the CDRs and the framework. Such nutations in the variable

regi ons can be nmade sePag atwellypotiide cospiaiateisorncodisd efhe WpRe. Thus, the

i nvention al d n r af a b99¥ ere the
~anino acid 53%5'??%%%%1%%&302%0% HEQQ%:?SHMBQ'% ?hg F%g%eg\%%‘k regléo@n The

i nventi on addi®Ci 8AAI £GC pFAFK iGAEs ATENTEhhdFSedD NOBBY) griaf €BRR2 PG body
exhi biting emhanced BANdiNY ncal hiRi ¥ dethareedskyBH W afsted,ant i bodi es

exhi bi ti ng Ea d nding affinity include those cont ai ni ng at 30 | east
one of the fg‘? gﬁﬁ ‘-%Fg‘ rAnﬁp‘Ellh 1 STMiCRE G6F d (SEQIDS MPasi bhsYe a V"
CDR1 sel ect e@DRBoeﬁahngr@upmanmeta;mgm @ry- dbr -rac (SEQ iD o

Thr - Phe- Ser - (- 4 16 December 2003
VO 00/ 78815 %T?%éboﬁ%gi ?‘LéT(f[]CC(% l§, '\g%? %%GYES ?A%e‘?“( SEQ | D

NO 50) and GOPC PRE-TAF - (86 -IDeNO: -ber Wyrcm CNHI-CS@r ArSECET [ra¥0. 52) ; a VH
CDR2 sel ect e@eﬁ'f@d‘,ﬁtté’!@c chQ:UI%T%O@é’r-;gﬂ%I@ ngk B3 )Ya Ve arnncgrhIJL CPR3 CaA

Al a-Lys-Val - Lys- Ser - NO 54)
Tyr - Tyr - Pr ab Eé “if%{"}t/p@%'r@@y % QBONO@E? ARANGAL) -

Thr - Tyr - Tyr--Leu Asp Thr-Vval-Qu-Gy (SEQID NG 58); a Vh CDR3 sel ected

fromthe group consisting.of Ala-Ar --Asn H s-d y- Ser-Phe- Al a- Tyr ( SEQ
| D NO 60), Al a-Arg- é RSN ""WP"@%‘% %H&Fé"“@r %S@@ | D NO 62),
Al a-Arg 10 HiistAgcrhuérgd -i@be- Sbe- Phes AsﬁaaﬁytLM(ﬁSEQ;i:&tN(a @)k ibAHa- &6 g-

H s- Asn-Tyr - Ghye 8fe RN&sobinalybn (SEQR NO:68heo s & A%y
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 wvariable
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-



Hi s- Asn: - Tyr-Qd y- Ser--Phe-Al a-Ser (SEQ I D NO 68), Akapf&8mber 2003

H s- Asn- Tyr-Qd y-Ser - Phe- Al a-Thr (SEQ I D NO 70), Al a-Arg--

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

H s- Asn-Tyr-d y--Ser-Phe-Ala-Gu (SEQ ID NG 74), Al a-Arg-

H s- Asn- - TwpobadrsSer - Phe- Al a- Met (SEQ I D NO 76), Al a- Ar fetusoo/17454

H s-Asn-Tyr-@ y-Ser-Phe-Ala-Ay (SEQ ID NGO 78) and Al a--

Arg-Hi s-Asn-Tyr-Ad y--Ser-Phe-Ala-Ala (SEQ I D NG 80); the VL CDRL

G@n-Al a-Ser-A n-Ser-11e-Ser-Asn-Phe-Leu-Hi s- 20 Trp-Tyr (SEQ I D NO 82); the
VL CDR2 Leu- Féyu-Tirp=Rey-SEMHTyrSesp et Gar SSEQ tre-ﬁersoi)SEQd B1NMO 84); and a
VL CDR3 sel eghied,fr0 p n t f

Ser - Aen- Ser - T Pro- T - CAEL T DR G ToCR P dige2)

Thr - Ser - Tr p- Farg( HrR2TIselesEer | roo 98y grehp- Goms SedimaGoy 28p-val-

Ser - Trp--PZOﬂu%HL§BFV£ﬁ*ﬂ?é—@eNCbgi)Ggirtfg'}ﬁaQnI§eﬁOc3¥}, Ser—-Thr—-

Ser-Trp-Pr nucl eoti de sequences encodi ng the

SEQ I D
CDRs havi ngqé’l ngV’é T Padnd YabsEH i orSERe B Vi TORENGGRETACT ACC TTC
AGT AGC TAT Gh@ AY 6T I(eSE@spBrNe}@) SGIAGE130 (SEE ACGA.G8)AGT AGC TAT GAC

TTC CTG AGC TA C ATG TCT ( SEQ
PN 51y A e g1 Bfea Lo A R TR ol tebr it E e T 15
NO 53), AGC N@@ AT HiT G@&fseqemeﬁnmamceswmsm 6D, N(Da55):g and AGC
BT/ Uaoo! 1ray oy B s AR S R S A0 AN RN L o
F ggqulsg NG 583 -8 (%A(TSMCP‘T%@WYAGFS?QTI@GTOT@@ ESECAED-NO: 61) ,
GCA AGA CAT AA@-memGgaG}IsHImegm@yr( R0l PN 669), BeA-AGG-CAT AAC

AGT TTT
rac o AT L JALIACA (RO LR S3L. Gihheh G e i S ot T
NG 69), GCA ﬂ@A—W 'MCGI&CS@EEPMAHTFMS@QTID(IBEQU)D N@a?l):;_c;: _IC_Bgé égé
AGT TIT G ATG 40" (S0 B RG 757 640 At ‘CAY KACHE Gl AGH 1T e o
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); v,
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

e



(SEQ I D NO 77), and GCA AGA CAT AAC TAC GGC AGT TTT 6G6Ece@sdr (SHD | D

NO: 79); VL CDRL CAG GCOC AGC CAA AGT ATT AGC AAC TTT CTA CAC TGG TAT (SEQ
ID NO 81); VL CDR2 CTT CTC ATCCGTTATTCTTCCCAGTCCATCTCT(SQID
NO: 83); and V. 15CDRBCAACAGAGTAATAGCTGGCCTCACACG(SEQID  85),
CAA CAG AGHo f¥3EsAGC TGG CCT CAC ACG (SEQ | D NO 87), CAAPQ%@WP@] AGC
TGG CCT CTG ACG (SEQ ID NO 89) and CAA CAG AGT GGC AGC TGG CCT CAG ACG

(SEQ ID NG 91). Enhanced LM509 graftedgantibodies having CDRs 20 with
singl e am no acid substitutions and higher affinity binding than the parent
LM609 ‘gr af t etiDand i Iody vcammﬂ siwa beai dent aA¢ exht \Goer act here asgesipendi ng

am no acid t C e LMVMBQ9" grafted
ant i bodi es. r%%ﬁtﬁ)l catl ?gx)per oérA%eg&% &gé %‘g‘?%ﬁ)ﬁj&% gfd’T ar®3 pi ndi ng
activity. |n(86@elD d‘@ﬂﬁllﬂlat GOMSAGA P@ILI%\((IQTgf:aGG@Gh(ahmm'odmim conpri se
at |east onesEPRhaN: %Q)tV‘@chAcER)rcﬁna'ﬂA'&oTﬁ I oo t‘I"III'UtI‘ h@Ng, - The

i nvention_provides an enhanced LMp09 g\r afted anti body containi ng at | east

one of the féf‘?%v&%d’%@S@I@C%d#ﬁf’al%Tn ARUIRE pFeC T FTIcPETSTEEL i t uti ons:
a V. CDR3 sebegtrm Mo @m)t hecgrosp angiast rhg 6dc Al /‘lﬁ@' BEg- acr

L. a ID NO.94) : Al a-
ﬁﬂﬂli a z‘ésé ﬁﬂ%dﬁ'ﬁ; écééﬁ% IBINGPE 6%“ACA‘F§C/Q I%Té” $6TDEREber 2003
WO 00/ 78815 4SE®QT woommammw Gay- BRC - RbE-AGT TETUGEBEEGD NO. 98) ;

and Al a- - Ar gy sih Sty 1%5 - G¥s - B4 §EE é&E dtrDTl}KP (158'9)1% he
t PR 18

nucl eoti de seq}génces encodi ng pl'e "am no
subst i t utPonéSkRri® Wa:EBiR3 @@A@AA@;&TCMCAA@C@@C @@: ACT 0T G&T TCT ( SEQ

| D NO 93 T I 5), GCA
25 S A ORI LR 0,

TAC GGC AGT 99T AR FErVPsEy 1 D:NePB H&G ﬁ\‘ﬁ&nf:%np“é'}" FFDHASH des an
enhanced LMVoO&AC Tr gqraf ted eed itrady sexhibi kongn selwgctbNe drmnditeg affinity

to 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),
CRA CAG AGT ACT BGC 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-




c 3, wherein the enhanced LM509 grafted anti body canmt athsnpat 2@@ESt one

am no acid substitution in two or nore CDRs of a LMb09 grafted heavy chain
vari abl e region polypeptide or a LM609 grafted |light chain variable 15

regi on pol ypepti de. An enhanced LM609 grafted anti body containing at |east
one am nowagdefisfbbstitution in two or nore CDRs of a IgGRR\@{adt ed heavy
chain variable regi on pol ypeptide or a LM609 grafted |light chain variable
20 regi on pol ypeptide can include an L¥B09 grafted anti body containing the
conbi nati on of CDRs selected fromthe group consisting of: the VL CDR1 SEQ
| D NO 57 andAsmel w'-G1lgBRa r SBEGe + Ty NQ150;( SEh eI MINGECDRY) ;SEQAI B1Ahby; the V,

CDR2  SEQ | y OR3 CDRL SEQ 25 ID
NO 57, the \[}ﬁ\Qﬁ% an E'E?N%c/?h anﬁF’ ng %%Sglﬁb’m 52 the V,, CDR
SEQ ID NO 57, the V' CDR2 SEQ ID NO 44 and the V. CDR3 SEQ ID NO 51: the

VL CDRI SEQ I'D NO 57 afd nhibeeMH PR3 §EQcJaP é\JQo'i%,n Q%eVéo@m SEQ I'D
NO 59, the V, D NO 44 and the Vi D NO 50; the VL 30

CDR3 SEQ | D MYy g}‘f‘gtVH BORRL "G ﬁ@béblt‘é?ﬂcm%é'as’ﬁ Ve §92F §€8 1D NO 61,
the V' CDR2 BEQJXY NACALARNGGY.ACIDRIT SEO T NSHD. 101610D93$Hb©¢;x 2003 WO

00/ 78815 44 TLHS0Q, 17 QN a af
ant i bodi es czgén%-a(ilﬂm nAEt \%g%oégc aACEjII EB%ST%}QV?% g‘ﬁ% %Dw%g}mggg) %&ﬂ
substi t uti or&GA g M@eﬁ‘ﬂ?oﬁG@Iw‘ pIevITd8sCr@ntEir ad NUBCY) gr afd ed

ant | bodi es vber oigh el #ASTrANGQS ARt hor OPRE f19° () b I goAN no aci d
substitutions. Enhanced LM509 grafted anti bodi es haV| ng at east one CDR
wth two or nore amno acid substitutions can include those containing the

conbi'nation of CDRs sabecheshdidmatike gf;@upde.c@rhsi satdhagcea Lﬁb@gv CDR SEQ
| D 10 E hf%é CQRﬁ §,E% rea'% 44 angathe V' CDR3 gf NQ 63; the
VL CDR3 é Q?ﬁ d6f tRgdyy 1§EQ512 T\szﬁl inding 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.



and the V. CDR3 SEQ ID NO 63; the VL CDR3 SEQ | D N@eébecelberVoo&PR2 SEQ I D
NO 44 and the V' CDR3 SEQ ID NO 64; the VL CDR3 SEQ ID NO 61 and the V"
CDR3 SEQ ID NO 63; the VL 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 M b2se. The invention additionally provides geiisghrzaaf finity
LM609 grafted anti body exhibiting selective 20 binding affinity to a433.

The high affinity LM609 grafted antibqgdy contains at |east one am no acid
substitution in one or nore CDRs of a LM609 grafted heavy chain variable
regi on pol ypeptide or Im lalkiﬁ@ﬁlghai.ﬁ esdlﬂain@hti chaom yadfitadd e region

pol ypepti de, n 25 af ity of the high affinity
LM609 graftegwgﬁ{)(?%ﬂedé D:%n%aéﬁ g Eﬂ?r HD%I tlia‘énrigl 5648 gg can incl ude
those cont aPRinRg a%id @G%ltmatli:@ﬁn@rf @Rsnyehem@dalscomnohedegr oup
consi sting otnhhh€ed/lrdds! *S:E@cé@ A\Qﬁ)%d‘}@g &HQrMn 30 ggg% 551% % NO._50;
theVLCDElSEQIDNOS? the D NO 44 an SEQ ID
NO 50; the VEPe P RIE)’B"FE taH'émV aeBsz Gy i eiong4 and the Vr,
CDR3 SEQ I D 16 Decenber 2003 WD 00/ 78815 PCTI USOOll7454 45 NO: 52; the VL

CDRL SEQ ID NO: 57, th V. CDR3 SEQ I D NO 51;
the VL CDRL SEQ I D No:&728q§c {*ﬁg‘% ‘ég%%sébt?‘ﬁ? %él,a"tlﬁa Yt CDR3 SEQ ID
NO: 59, the VHea®DRNSEOR BikD dudo amd ridre Wi GBR3c SEQuEBtiBuE0ons he VL

CDR3 SEQ | D NQ. 64, .1 4 SEQIDN063
the VL CDR3 %‘%@ %”SlN%%a\fhé’n CDF'zls*‘[‘)’d\gBél E)g‘ﬁg %te‘ Hety SEQ I D

NO 61, the \FRlegked Sgom BhRDQHqU%rRPWHSGDRQ SEQ e NO GOR1 t9%2 VD CDR1 SEQ
I D NO 5710 the:¥, @H&@Eﬁyd@s}ﬂ@ 44 ﬁﬁdﬂ hﬁméﬂﬂh@% QR IsBoNgp63; the 10

VLCDRBSEQ&BD 61, the.V %6 : 44 and the V CDRBSEQID
NO 64° t he %éﬁ? ILI:?[NH @fgaﬁ&’ SR the Vv, CDRZ SEQ ID NO:44
and the V, CPR3 SEQ ID NO:63; the V, CDR3 SEQ ID NO:61,
the V, CDR2 SEQ ID NO:44 and the V, CDR3 SEQ ID NO: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



CDR3 SEQ ID NO 63; the VL CDR3 SEQ ID NO 61 and theg WeebR8 S5 | D NO 65;
and the VL CDR3 SEQ ID NO 61,. the V. CDR2 SEQ ID NO 44 and the Vii CDR3
SEQ I D NO: 66. 15 As descri bed above, enhanced LN 609 anti bodies can be
further nodified by introducing additional nutations in one or nore CDRs
or framewavdegigsisdues. As discl osed herein, the enhanc]Qq-,dswp,gﬁgr afted
antibody clone 6H6 (Table 10) was further nodified by introducing 20
nutations into one or nore CDRs (see Exanple VIII). These 6H6 variants
were found to have high affinity binding to aj and were resistant to

prot eol ysi s. NOh&2} nEIIB&‘ltW,_OODRIJI‘.‘iH'@I‘I pNovbdestienhgnceek LIWg0Sp goakt ed

i bodi 2
Gy Oy - SOy M, CBRy T NotS 1 LR R $50 4800 87h80d04) ;¢ he
VH CDR3 Hi s- Eka- ¥ §Dg3y58@rI[PH@-5RI atServL (CSRQ BEQND 1@6)59, ohetwe V,, CDR1
d n- Al a- Ser - €bpz Sefo |1 n0SQY- é\ﬁa ahe \Leéoﬁ'_'a SsEPE® lNQ 86X 14Q) ., The invention

al so provides a nucleic acid nol ecul e co rnising nuc1eot|a% 30 sequence

sel ected ProhPRhe i dup N054di sthpg/ o PREGED I[N(§0I63 agEGHD WO: 105, and
SEQ I D NO 108pR1 6sH2e criver: 63008nh ¥\, 08b% 884100 The Norenhh@nv,akspsprovi des a

I d h nucl eot i uence referenced as
glé((:) ?:DCN?)CI?B eﬁggg%% WBED%%RIE? gﬁgcfaowUfgl'sé?ggeﬁthR?eFEQeﬁ%ed as SEQ
| D NO 101 en¥@dihprad V¥, CDRR;SEChdD Nocbept tite |\ equencsEq ébenensed ?s cSiEQ | D
NG 105 encod h \Y; \Y; Sy a gra te
anti body co Hr?(lgs\?-ngmh@ g% - ?—]q Bbﬁ £¢§ "PED%S%;B%% l‘%g%p Met - Ser
(SEQ | D g\ﬁ,) chﬁesW W:L% the V, CDR2 SEQ ID NO:44 and the V,

Val - Ser - S h - 614 15 G 106):
al - Ser - Ser - &by3 Gpb Gy 8862 TNEnd W, EM&B %Aﬁpr G}S%lr‘d 5‘3th 'D NO. 106) ;

NGO 102 h H s--L H s -
t he VL) CD}?I e%y‘%? Aﬁ%jQR% gy ﬁ3egE‘?é |‘fLeC§5? Q- Trﬁ? é“OLé& #7S hSE@sI D NO 108) ;
the VL CDR2 ¢OB3 -98Q-ISemo: 6hn- Sed -iHevSecpK SERJ PoNGn142) ;crand, t he VL CDR3

G n- G n- Ser -G S§fo WPNB" 9aLeks Thie (OEQRAD HF 99 w01ds.

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,



B "

15 a VH CDR3; the nucl eotide sequence referenced agsSEQ-LEeNGJd®y encodi ng
a VL CDR1l; the PCTIUSQOQO 17454 46 nucl eoti de sequence referenced as SEQ I D
NO 111 encoding a VL CDR2; and the nucl eotide sequence referenced as SEQ

I D NO 89 encoding a VL CDR3. 20 The invention additionally provides an

enhanced wdbfRsgrafted anti body conprising the V' = s 00 -
Phe- Ser - Ser - Tyr - Asp- - Met - Ser (SEQ I D NO. 34): the V* o T
Lys-Val -Ser-Ser-A@y-Ad y-GAy-Ser-Thr-Tyr,lyr-Leu-Asp-Thr-- Val-An-@y (SEQ
I D NO 102); the V' CDR3 His-Leu-H s-A@y 25 Ser-Phe-Al a-Ser (SEQ ID NGO 106);
the VL CDR1 d n Al a SEETl're @nRreheloh | £+ prAsAdPBeah ehHdneeGSEX 6P NO 110) , *

the VL CDR2 nSerlIeS ( E 1 1 and t he CDR3
d n-d n- Ser - %‘3 p’?“ﬁsm(gsgﬁ gﬂ%d}f‘qgg? —Eié% Hhe |hﬁvent| on
addi tional | yspro%qelde%wa-ﬂrml‘ﬂetCSeaciSiQTdIDedOI @4ronprd siyngpRhd.yaucl eot i de

sequence ref{;giescedas QEQzh 33.,216di D, Decenber
2003 WO 0Q/ 78815 PCT/ USCD§174g4bQ§ nuclprg‘gt Fgg g%qu%ence Pe#rerenced as SEQ ID

NO 101 encodPHy~C%Y AFEEDRP: NPRE0 Al | st iVaeCRRsY Escéerelibs elcedeas SEQ | D

NO: 105 encodphg- zaléﬂ-iaeQDR%EQt e RoclEDt; daeseguaraeciheiesencedas SEQ 1D
- NGO 109 encodgng

f]aVI\-)‘DL D h E nucl eotsl de_seguence ref erenced as SEQ ID
NO | 11 encodPh e’tﬁﬁ? ARACEHE U dISES: FBe ricéfele@Reed as SEQ
g
| D NO 89 enc@ﬁrﬂ@%&ﬂ;—@@%sﬁhmemt(mu fmrmdnenaqr :0%ndeshanv,enhanced
LM609 gr af t edpgatdiogy c V' P@ﬁz
Phe- Ser - Ser - Tyr - Asp- NS %Z‘%QgﬁrD NG fi ?ﬂe %‘-l 2 #8:s0) .
Lys-Val -Ser--Ser-dy-Q3y- Gly Ser-Thz--Tyr - Tyr-Pro--Asp--Thr- Val-G@ n-Ay
(SEQ ID Nox 104) ; thendH; GPER: Hhs sl pHbS$i @Y 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

15 a Vy 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.

20 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-

25 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) .

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

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



Ser - Phe- Al a- Ser (SEQ I D NGO 106); the VL CDR1 d n- Ali&- Sekember 2003
@ n-Ser--11e-Ser-Asn--Phe-Leu-H s (SEQ ID NO 110); the V. 15 CDR2
Tyr-Arg-Ser-@n-Ser-1le-Ser (SEQ ID NG 112); and the VL CDR3
G@n-An-Ser-Ay-Ser-Trp--Pro-Leu--Thz (SEQ ID NO 90). The invention

further pwaybdgsisa nucleic acid nolecul e conprising theues petsd de
sequence referenced as 20 SEQ I D NO 33 encoding a V. CDRI; the nucl eotide

sequence referenced as SEQ I D NO 103 a@ncoding a V,, CDR2; the nucleotide
sequence referenced as SEQ I D NO 105 encoding a V. CDR3; the nucleotide
sequence ref 8reheelids SEQehbe N Q9 aenicedi ARRAIV,NO G]DRl,entb&ngcl eoti de

sequence 25 gefergreedeas ﬁE&é&ﬁH@ éé&u&%@df&%l% g!ed%zs

nucl eoti de seguence referenced as I'D NG 89 encoding a . The
i nvention adiPt1¥nat15PHnEvrdEs @WucFE?cﬂu%@Wéaﬁﬁgn% enhanced LMB09

grafted anti bedg:&ﬁ)ceexmsblst:tgngnsmemg \é%ceumﬂgng @f tbALt yeto U P3. The
enhanced sM6Q9 Qeo d:?d ant i body encoded %ét he nucleic__acid contains at

| east one am no aci o sMFSEFPGET bRt TP e BEC ehp 103333 eerdbryss1s
PCTI USOCQ' 17484VA8D82 ;mene CGRRs1uefl eat LVE09e grafdeedefeavycedai segr i abl e

regi on pol ypept{@es9ra a | ight chain variable region
pol ypeptide, wherein t e Iyﬁgfg‘i"nglbﬁg affinity of the enhanced LM509

grafted antibody is 5 maintained or enhanced. The invention further

provi des a nucl ei ¢ acifhe €AGOREIh %Jytglarafaf_»wiéé/s Lal\fﬁ%%h%g%&ed ant i body
3. Th Inity LM509

exhibiting s ive nding affinity to av4d

grafted antllg‘!é@@é e‘?ﬁ?d%@&l BngkPl%d%lRH“Qr&SiegaE]i‘% BoRPRE NSl etPhesddir-one ami no

aci d subsm t Bbé-efe i Heanay rohspine: -Gas (akoar b MR grafrhedvhemuy chain

vari able regjon; polypeptide; or 0 te I| ht chaln varlable

regi on pol ype tldﬂ S%//ﬁ%ergel ng% oy I(Sg%blgﬁg ﬁ Y TOFAFReI M gh affinity

g pol yp :

LMB09 grafteﬂa%nﬁ%4nﬁ$w i{§EQ ID NO 104); the Vv, 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 Vi

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
NO: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



15 enhanced. The invention provides a nucleic acideneRdchBerazfigavy chain
pol ypepti de for nonocl onal antibody LM609 or functional fragnent thereof.
Al so provided is a nucleic acid encoding a |ight chain polypeptide for 20
nonocl onal anti body LM609 or a functional fragnment thereof- The nucleic

aci ds consvgbogéissubstantially the same heavy or |ight ghaidyeyAaEd abl e
regi on nucl eoti de sequences as that shown in Figure 2A and 2B (SEQ I D
NOS:5 and 7, respectively) or a fragmggt thereof. 25 As descri bed

previ ously, nonoclonal antibody LM09 has been shown in the art to have
bi ndi ng acti vrtiyord CORse oiftntegnéto aydfdteAl hbaughcisprcivarcGiabyecan in

principle be S_€ess ial l target, . LM609 is an
integrin i nhf%ﬁl(% ?Ogglp%%\ggégtﬁgta :L%dlogi tgsaggggujgls gcntclhaalmspeci ficity and
_inhibitory atefiglie rgdonspayyeentdidesr wiethin e imBedviindihgni ly. In this

case, LMB09sexihiif $eSuhst aphkddes Rk g&gyt@@dam%ayt 9ty 16 December
2003 WO 0Q/ 78815 PCT/ US00117454 49 activity to the a"3 integrin within the

Aa family? TREOHHINGS &Ci 8MBRNFRR eoti de sequence of nonocl onal anti body
LM609 has never been previously isolated and characterized. 5 The

i solation and characterization of encodi ng nucl ei.c ,aci ds was
perforned by techni qugéekﬁgvﬁnti%’ %gz'%kf’?:?‘éﬂd % & RECAPECaRt hhi ch are

descri bed femrtdimobel bivghnafhniBxaiple@s. gBafedd yantcbNAyf rom hybri doma
LM609 was gepgylaligd niand ssed; e .sauree. hch isol ate LM609
‘encodi ng nucl eic %acin s %gﬁéﬁ?o%\lm%@g} %g?%%g%é@%%’h? slt;r?’gef‘é??ﬁ ning the
N-termnal affhoitacilifc88quenteed amntdhelyornepdethdayrhgndutight chain

pol ypept idesagiyl dweaiaBphtf vy inePERihheaald i hadyt i +8REOAI pY SKAuences
fromthe_cDNA, The %'DRQI‘I Mers were 15 feyverse trans|l ated to correspond to
the new y de?%nﬂﬁﬁ?e of a grafte eavy chaln‘varlable

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



N-term nal am no acid sequences whereas the 3' pring $ecepbLespossed to
sequences substantially simlar to antibody constant regi on sequences.
Amplification and cloning of the products resulted in the isolation of the
20 nucl eic acids encodi ng heavy and |ight chains of LM509. The nucl eoti de

sequences wb od/ResLM609 heavy and [|ight chain variabl e jegiQpagduences are
shown in Figure 2A and 2B, respectively. These sequences correspond
substantially to those that encode the j¢ari able region 25 heavy and |ight
chai n pol ypeptides of LM609. As with the Vitaxin nucleic acids, these
LMB609 nucl ei ecadvilsy are thenvepdadtbgrimolidedahle sensmiayd anhé- sense
strands of 9 i equences. Single- _and doubl e- stranded

nucl ei ¢ acid%mg?gwgggﬁ%?ﬁglEggogégﬁe ?q%§§9§00%0ﬁ9888ﬂﬁ§3p§r%PBﬁgyof t he
nucl ei ¢ aci dI¥ABR kas inaveanHeenSprevigns 1Y -igeilrand! anéd regi ons and

regul atory segHeneesrifg the gene for exanple. 16 Decenber 2003 WD OO 78815
50 PCTIUSOO 17454 As shown in Figure 2A, the LM609 heavy chain variable
regi on pol ypeptide is encoded by a nucleic acid of about 351 nucl eotides
in | engthshich begi nTrrat itsheatash nénd efHiaek ek dhti&siguemebot he vari abl e

region 5 thr h.to Ala.117. The nurine 09 apti body heavy chain has an
| gRa consta%ﬁg?%iﬁ?n?uQ§%§ﬁnafﬁ8?ifﬁﬁe?%ﬁgggﬁgdtH@ EﬁﬁﬁﬁiqqﬁthHEH%in
vari abl e regkonthotg pkitlildd inhibd ast emcodbdchyaae niedwiiteaci d of about

321 nucl eot icdeppd N vhi,ch ' at nth in rad nal 10 Aspi
resi due of the v%%ié%%ggiggrghgtﬁgéﬁﬁﬁgﬁka E;%gfgg} 5?$§iﬁ?omfunctional
anti body, LMBEOr iR IME98awREghenerRtiad aoenusadt 28 efiomoussenieh t he

Vi taxin nucl @hccrctdlssdraRer Luendli dd&atingnsueh o § bege: 460G spugh eg4 i de
sequences are_15 intended to _be |Q§Iuded as heavy and |jight chain LMO. 9

encodi ng nucl8f PHi HECIShEh TiT RbrIGichimr"e4€i bRe” ¥reerminal 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.




i ncluded within the nucleic acids encodi ng LM609 hgavyecafdeli i3 chai n

pol ypeptides so long as the nucleic acids or encoded pol ypeptides retain
some or al-1 of their 20 function as described. Thus, the invention also
provi des a nucleic acid encoding a LM609 heavy chain or functional

fragment wéeyRkR the nucleic acid encodes substantial lyefgesAkE Vvariable
regi on am no aci d sequence of nonocl onal 25 antibody LM609 as that shown in
Figure 2A (SEQ ID NO 6) or a fragnent sgthereof. Simlarly, the invention

al so provides a nucleic acid encoding a LM609 |ight chain or functional
fragnment wherein the mclsabanachdranoedes, snbstadd aldawyt BRasanMe vari abl e

regi on am no i d 30 sequence.of nmonocl.onal antihody LMBQ9.as that shown in
Figure 2B (sﬁ%%?%’ﬁb%e)gq&’ ROHYRERET® t1feFas 424 P di5a 15085790 00/ 78815
PCTI US00/ 17484 8dodhelSlnverilronides timerlepgohi descH regnerst stofthe LM609 heavy

and | ght_chaiufngNcOmiiB1NHELET Fo i ls oMRLEL I, BUSIL TIRUURNT S consi st

substantiall¥ of the sane nucleotide or amno acid sequence as the
vari abl e PegftBROBIDItA KBOO thdavyTh MirgRe EMAPH Ptignsin ibgegy The variabl e

reg: on _oL th?h%ﬁéﬁiﬂﬁa&%}/igﬁaai aomda&&e%b@!encog@k?m iril-%&?g%ga%}ﬁé of A
nucl eoti des 1- anino acid residues Jul to Alall7 of Figure
(SEQ I D NOS: ésaﬁlae wo%e%bghﬁ%?% .Vafﬁéi’ger%%Jr%“ R Y&RPER € he LMBOO | i ght
10 chai n pol yhépt i de ecansiedt by essentlicdld wcoll aficdwnid des  1- 321 and of

am no acid resj s Aspl; ot 07,..0f. Fig SEQ.ID NOS: 7 and 8,
respectivelygﬁhgﬁe pernﬁﬁinggéédéﬁu%hgfggﬁg ?égﬁg%ebﬁESdFﬁémhﬁ% ei ¢ aci ds
is not &Qitpeal wesidwegodsthhevd ntaridedegiipposieraruh fagndysoh015 remai ns

the sanme. Sugh iwd ended iBHEPOSES: B, T WRebboRss 4 neldidengher cexaiml e,
use.for the production of reconbinant pol ypeptides or as hybridization

probes for h8BYYAHnd % Rt chain variabl e region sequences.

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.



Fragments additional to the variable region 20 nugleepecanb8rfsggsents are
provided as well. Such fragnents include, for exanple, nucleic acids
consisting substantially of the same nucleotide sequence as a CDR of a
LM609 heavy or |ight chain pol ypeptide. Sequences corresponding to the

LM509 CDRswb b@tsete, for exanple, 25 those regions wthig oYAL] abl e
regi on which are defined by Kabat et al., supra, and/or those regions

within the variable regions which are dgfined by Chothia at al., supra, as
wel | as those regions defined by . MacCallumet al., supra. The LM509 CDR
fragments for 30 each Tie tikeecabowe flefdbeirt PRBSiEos rBSRARALEOLE e

nucl eot i des | ow.i.n, Tabl e. 4. The.nucl eotide sequence nunbering
i's taken fro%ﬁggéoﬁé% (reaf'%selﬁ gtr:lc(té)hals oemn/r?olgﬁn%i %ﬁ?fe‘:’élozﬁcéﬁg 2B (SEQ I D
NOS: 5 and 7) "aApdein Pedefyagr2008 D 0GYL788h5t 82 ROT/YOBSFOLEZ45dneonf orms to

the definiti gus1p6€V¥dOUY ¥ind38b LO1d Nddheh2l! 85 lend 1oL MB0P CDR
Nucl eoti de Resi éues Kabat Chotﬁtﬁi al\/{acrchal uem % QSC’:D‘I::{I] 93‘%)‘41%??’6?9%%@-%5 5v'

.

CDR2148- 198187- Y8843 1eF7Y ¢ EEpiomhairgpodypaBREdR 815 The, variable

CDRI 70- 10276:8688n 198 tVie, LADRE 1¥8a 5813811561 36edbRidV.consists

CDR3265- 291271 288265- 288 10 ii m ) arl ryil,_?%he LNV609 CDR f_ragrrents for each of
the above definrtions corT BEFORATIE S e 3ati ABYatt A™resPdhds set forth

bel ow i n Tabkes&dudhelarti no Atatl7 reSifdgeraupbet$EQ Jlios Nodkenafda o t he

'pri mary sequ ggé/yq i n Ejgures. an( (SEQ.ID o0, and 8) and 15
confornms to ?ﬁiﬁ%l%‘?l ni ti)ons%}s]gtéfolra%ﬁei %@ gg?eog.qﬁeaﬁmggg: L+#Rbo cor Ani no
Aci d Resit@ueShxkhbRTCHASWLANBCCAN$1AkS essentially of nucleotides

1-321 and of amino acid residues Aspl to Lysl107 of Figure
2B (SEQ ID NOS:7 and 8, respectively). The termini of
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



V' CDRI Ser 3l - Ser 35Gly26- Tyr 32Ser 30-Ser35 V, C 16 December 2003
DR2Lys50- Gly66Ser 53- GLy56Tr p47- Tyr 59 20VE,

CDR3Hi s99- Tyr| O6Asn100- Alal05A1a97-Alal & V,,

CDRI GLn24- Hi s34Ser 26- Hi s32Ser 30- Tyr36 V,, '

CDR2Tyr 50+rghipfadpsr 50- Ser 52Leud6-1 1e55 V, , PCT/US06/17454
CDR3GLN89- - Thr 97Ser 91- H s964d n89- Hi s96 Nucl ei ¢ aci ds encoclﬁ ng LNVB09 heavy
and light 25 chain polypeptides and fragments thereof are useful for a
vari ety of diagnostic and therapeutic purposes. For exanple, the LM09
“nucl ei c aci deocagerhe tsethd AeFhaducens reeabiunant s&V6RY ant hbegdies And
~functional fragnents thereof having binding specificity and inhibitory 16
Decenber 2003 WO 00178815 PCT/ USQ(c)/ 17454 53 activity against the integrin
a"p3. The anfibddy4 anuM6d) PR _wnaledtdxraeisi dhlier eof can be used to
determ ne the presence or absence of a"f33 in a sanple to diagnose the
susceptibility or occurrence of an cv -nedi ated disease. 5 Alternatively,

t he reconbi nant LM609 anti bodi esKapait f uidivtbhal fMageds t her eof can be

used for they tdgapeutic treatnmgpl,@f a, (I3yEedi at g, digseases or
pat hol ogi cal State. As with Vitaxin, recombinant LM09 a%d functi onal

~fragnent s >t h¥€r &dfR%can be used t d18nhibhit 157016Re bikArig7activity or ot her

functional aeficoHd es of al33 thatzpge negessery foyg-iegression of the

- a, (33-nedi at ed di sease or pathol ogi state. The LMB09 nucl eic acids of
the-inventi oﬁL CC;B al so be used ?@_Jﬁ@del %éﬁgﬁi onal 8@6&10\9& ents of the 15

- encoded heavy. &iR2 i ght chai n pbi§pegt i dags-saeh fipwtiesnal equival ents

can include, yf oipggxanpl e, syntheti Ianalzgggggaor r‘g’ggi%%aof t he encoded

pol ypeptides “or tunctional fragnents theréof. A specific exanple would

i nclude peptide mnetics of the LM609 CDRs that 20 retain sone or

substant gl |y the samesiindi-ng, Ofne i tNYdY CORY £aShoidy £ LYBQ%:

Addi ti onal | y-tht he LM5O

e above é%finitions 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



encodi ng nucl eic acids can be used to engi neer andjgphRaUGEcPUSh®I C aci ds
-which encode nodified forns or derivatives of the antibody LM509, its
heavy and |ight 25 chain pol ypeptides and functional fragnents thereof- As
descri bed previously, such nodified fornms or derivatives include, for
exanpl e, naveom@sise anti bodies, their correspondi ng hegpp @pgihight chain
pol ypeptides and functional fragnments thereof which exhibit substantially
30 the same binding and inhibitory actkgity as LM609. The invention al so
provi des a nmethod of treating an a"33-nedi ated di sease. The net hod

consi sts of aqdivxintageingtabheffractdnie aphunt Té Afttidnoidy, aadLM609 16

Docenber 2004, Q1631 0aRETELSAQLLLISA, 7401 100 2011 DOl A Enhanced

anti body thereof, or a fdnctio fragnent thereof u condi t1ons which
al | ow bi ndi REETY A 3. ahﬁgﬁc%ﬂﬁﬁﬂﬁédJﬁsaasﬁﬁPh%dﬂbﬂh@@hpﬁﬁtthg a function

of ]‘3 33 Thesxﬁlﬁ&dfmﬁtﬁq]lci!&yS%ﬁ @é?m][étr@%t bfﬁ?atﬁ;]@%35¥é’&1ta§eg E@égaﬁea L'Vag9 )
~grafted apti a functjona r.agnen er eof. under conditions whic
allom1b|n§|n§PE% Wﬂ?ﬁﬂ?&érlﬁgﬁ Eﬁ%RWQﬁEgP§ LAY A A LrdieREH™Y graft ed

anti bodi es afenawivocilofakganttbodieaeoshiceah B e lFote essentially all of
e "ehad R ARRL L2 At e 200341 R PRLANE (PR LOROT am! body LVBOS.

These characteristics inc Si1gnitrcant %lndlng
specificity %ﬁﬁPQ#qQHﬁﬁﬂySi®¥etfuﬁa wu@grwmtem&m& THvombEranpl 846 Ol ow

demonstrat e jhestrkitidhag Pfg)@@grtﬂse%h@@goﬁcéﬁlw% ahew Lhn@{ﬁ@e bi ndi ng
of such ti bodies to a"O3, inhibits a"j33 |igand bi ndi n uncti on-

Thus, xi e d?fd‘q}r(}ﬁogcb%‘éﬁﬁéd?raﬂtﬁﬁédifégc%‘é‘adsé‘FGFV%F)%e% rge variety

of di agnost | €, panchdtheiapeutess Py paseprdigihrest e6h d40 thize i nhibition of av(33
functi on. 20 he i rin.a 133 funct|0ﬁs i.n gunerous cell adhesion and

mgration asof éld?géievenfsea LR TTOREILEPS 3T  on or dysregul ation of
this integrin, its ‘

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



function, or of cells expressing this integrin, isi1g@$seehstedogpih a |arge
nunber of di seases and 25 pat hol ogical conditions. The inhibition a"a3

bi nding or function can therefore be used-to treat or reduce the severity
of such a"(33-nedi ated pat hol ogi cal conditions. Described bel ow are

exanpl es oo s@¥sisal pathol ogical conditions nediated by-gudigsussi nce the
inhibition of at 30 least this integrin reduces the severity of the

condition. These exanples are intended,0 be representative and as such are
not inclusive of all 003-nedi ated di seases. For exanple, there are
nurmerous 16 beeenberaildd) 8/ I8 RCHENYS08LY 7dhd &5 patrhal ogi cal

condi tions aqdditional,to those di scussed . bel ow whjch exhibit _the

dysregul at i o%ug 53%3%% igﬁlge,ng F‘Iﬁ%ﬁ?%ﬁméjrert FENAY ST RV BN 24Ok el | s
expressi ng t hisdingteyrd.f;-andlsn phochdede spat hekbgdcat aordiitiag can be 5
reduced, or w lel,hbe;dpwid Lo berfeducs: At i LiEn .bi ndi ng a" p3.
Such pat hal ogi_cai1 p:(L)nd.i ti gﬁ%’ WmTéﬁ %?ﬁ?%%yo?tsﬁlgggcé%t%??%&%épg "Ht’ended to
be included Withi K taHe def FHEPP orrpftachentébadasousedunatdnal

Angi ogenesi s fragmegOaEebar Laakt Wondit ilhe wAOcRroLess vihgsagnew bl ood
vessel s form féom pre-existing vessels within a tissue. As deScri bed
further bel o®R"*this process is nediated by endothelial cells expressing c
33 and inhibition of at least this integrin, inhibits new vessel growh-

There are a variety of | ogi cal_15 conditjopns that i.re new bl ood
vessel formation or tﬁi?ﬁggﬁé}gﬁ‘/‘% ¢ VaiLroluzsgP'i' oklgan)a”f rﬁﬂc{)ﬁ%% of this
process i nhBbRtsed mntgdcddksgh calmommionpénanpsbedicts whiabhol ogi cal

condi tiong tBahibLAWJIRAREQY RS CA BIdZ OB 1O [i gk pLepance are
consi dered tq bé 20 c" :5: medi gt ed di seasees.lnThegg%(%%t%frllg?%g%rr%%t, or

reduction i n988Vettt PAr6PLRhSBR AL @8 LIPPRY t HESQY orfdesgepend on t he
extent of i nbhbréciosriafineovastude) i3t ie@Bmple, significant 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



These a"R3-nedi ated di seases include, for exanple, 16|g@£@ﬁg@%(§0@;hsorders
such as i mune and non-i mune 25 inflanmation, chronic articular
rheumati sm psoriasis, disorders associated Wi th i nappropriate or

i nopportune invasion of vessels such as diabetic retinopathy, neovascul ar

gl aucona apgos@Risl | ary proliferation in atherosclerot iﬁgﬂﬁﬂﬁ’r?’ﬁ as wel | as
cancer disorders. 30 Such cancer disorders can include, Tor exanple, solid

tumors, tunor netastasis, angiofibronmag,. retrolental, fibroplasia,
hemangi omas, Kaposi's sarcoma and ot her ™ cancers which require

neovascul ari pathefod QAU RRAY th HAD 2 QW2 1A9d] Ewé@ldfy&%@@as whi ch are
consi der ed 1 Egcenber 2003 WO 00/78815 PCT/ USCQ 17454 56 angi ogeni c

i ncl ude psor PESPY WP KERAREST Bhardyiiagud agdonyef | s Bidingl di seases
such as ﬁacuﬁanCdB@eanamEOﬂyerbﬁB@EﬂﬁlQEheéllBa@xﬁﬁﬁﬁﬂjkﬁQHhélng new

bl ood vessel ;ay at ed eases, i nc or _exanple, 5
restenosi s a%&tg@%%gpag{{s?is%gﬁ Sate rﬁatq'fﬁoﬁéc%l 1%%“%&&105& &8"d E%eases can
be perforhedegypcadman stiddi hg apumd flactbievecdnoedt of inWiibdaxing a LMB09
gr af t ed ant badyps A enlanced saahi Bodior dNELaOLongl c Aofanglignal {1 agnent

t hereof so as to bind to a"P3 and i nhi its function m ni stration
can be perfSFHéBrﬁ§#H§ STHAPFéRY %ﬁerﬁﬂ?ﬁ66§dkh@whe|#PQMﬂ§e§rw1thEMe choi ce

of nmet hod w khedepeintitdont B& sRectdik &' $33d ABLLAL ed di sease and can
include, for exanple, the in vivo, in situ and ex vivo adm nistration of
Vitaxin, a 15 LMs09 grafted antibody or functional fragnent thereof, to
cells, tissues, organ$ngandeoegamjswsnewhaeouEarismchx1anbibﬂdies or

functionalg f a t n d|V|duaI xhlbltlng or at
alo [ bROABAL Al RS.AHTLOA ISIRT of Qor Nl

ri sk of exhi |t|r£% nedr at e i sease. I|n|c%I di agnosi s
of an aR3 20YABEPLE cti Hiseasbinane ands ﬁﬁécadh¢@|%4¢%mehmébWV'taX|n a

LMB09 graftedhﬁﬁtpﬂQ.%ésoﬁsamE&Dé?Eé@w htBgABN! a1 thereofexpPeophyl actic

appl i cati ons e ed
PP ﬂ{ 1 1tlon 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




di seases where the (XJ33-nedi ated di sease nmechani sAg ppLegsde 4dws onset of
overt clinical disease. Thus, 25 individuals wth famlial history of

di sease and predicted to be at risk by reliable prognostic indicators can
be treated prophylactically to interdict a;,33-nediated mechanisns prior
to their apgedesyitaxin, a LM609 grafted antibody, an eshafehthases0 anti body
-thereof, or functional fragnents thereof can be admnistered in a variety
of formul ations and pharnmaceutically aggeptable nedia for the effective
treatment or reduction in the severity of an avl -nediated 16 Decenber 2003

WO 00/ 78815 BEFLUSENI A T4Rduaé ghoeaseis Sueh rhofmitald ansrdidis as

phar maceut i cglew a ccetpltnaalil %.medi as arg\(wel I kn?c.wvn 0 those skilled in the
art. Additionally?°Vitaxin, A EVBOD YIEF fEd AR T HO KB REAE T onal
fragments théieefsearrtheradhini shesedayutitingt hew whopDsiesisens whi ch can
enhance or SURPLEMEA! d,BendfiSALURAL s QLo ddUet] A, | PoSeyariy, of an
avp3-nedi ated disease. For exanple, the coadm nistration (J)Dfl Vitaxin or a
LMB09 gr aft ed<aker Doy a6 PREEBPEI®%irfor - i nduced neovascul ari zation and a
chenot herapeutic drug to 10 directly inhibit tunor growth is one specific
case where the admnistration of other conpgsitions can enhance or

suppl enent the treat et e8h 8t poubatEdiaredadiseanasnten, P8 LMs09
grafted anti bedfooned unctaidanakstéragent s rdeet aden anairy @d by conventi onal
met hods, in %k sages ihgh sufficient to cause the inhjbition of
a"P3 integri ?\F%?%%?’nga a%\tmlto %egg%g%?&lo%nttllﬁé)gﬁat ﬁ%l%@éncﬁdﬁﬁinﬁil%’?gﬁ can be
measur ed by &bewEeeet o Feppbisnihoiwrgmentt heepedf suchsagoi hisdtu

| mmunohi 9i00c ek gt ! ¥nd Ofnrlibie c PEEVALRNCR-Ol REKPH; COMAI M, CBLI s at the
site of the 20 pathology as well as 1nclude, for exanple, the observed
reduction i np?ﬁgog‘é‘?fjeﬁstlii’goF YhE Snptfomethpds hgnowp3mddiearsll- di sease. In
vivo nodes ofhadehdiicst bdt m@Bh6aNwilCldédend on the specific a,Bi-

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



intraperitoneal, intravenous and subcutaneous 25 adm ni [.O Vi t axi n,
a LMe09 grafted antibody or a functional fragnment q?h??é%@ékgg%es for
anti body therapeutics are known or can be routinely determ ned by those
skilled in the art. For exanple, such dosages are typically adm nistered

SO0 as to aghoes2 pl asma 30 concentration from about %&U@g/lﬂhto about
100 pg/mM, preferably about 1-5 pg/m and nore preferably about 5 pg/n.

In terms of anmpunt per body weight, these dosages typically correspond to
about 0.1-300 ng/ kg, preferably 16 Decenber 2003 WO 00/ 78815 PCT/ US00/ 17454

58 about 0.2d288as®! kgswiid raRRe1 P Bfdy alldy pabedicfit-2Q 1ym0/ kg. Dependi ng
on the need, _.dosages. can adm ni slt red once or nul.t.i ﬁlf?e ti mes over the

e
course of tRe“tYea lrr%ﬁ%?dqéénafﬁl YL PREYB058gEP RS IS WithtEfe 5 age,
condi tion, sextandhdkitEimnadflyt heied 03y mediiieed gpafteal agyidbdyhersubj ect

and Should n@EnQ@iéﬁhiﬂ gﬁ%néQbEﬁéﬁg%% %QKEEéea %ﬁﬁﬁéﬂé?@&tﬁitkbreover’

dosages can al so be nodul’ate e physicran during the course of the

t reat ment 3t 0°ENeReFoRRATATdenEheb i ¢he iave fnhepce et cruriened tpsbent i al

devel opment efestméntefdeclequcBush I QeRAWIRY oAl $n kAPIMDnaRth¢Quti nely
per f or med bydt hose skilled in i{he art. The sgeci ficity and inhibitory
activity of SVPEAXTn, ANBGEGPaTt s morEBdrestrat dhvdndéd2%hRi Bbdy 15

t her eof and f&uhi6®9nata fteagaani lsod harce dhhabl ewt fimdr tibeiuckhRer apeuti ¢

- treatnment of "1 .3--nmedi at ed di seases. . Such di seases include, for
exanpl e, pat ﬂg#g%%(g%%ﬂczgﬁg??i %?flls S e(%’tﬁmroﬁﬁﬁrﬁ%%\ll%%%t#éﬂgi ggti on such as
tunor ghéwt Airesdl psiovtiiddits tasoneddovdd tikosee dipecifiiy wedeavkdr@0 by cv

such as rest eReshen AL 133kGBR0S P tthe TS0k RE o VA kQRRLQVLFes et hods
as well as Vitaxjn and LM09 rafted anti body contai ning conpositions for

t he treatneﬁgpeﬁe@ﬁﬂﬁ]qmeséagé ent of an q,p;-mediated disease.

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



It is understood that nodifications which do 25 natg pubstBoti sbdy affect
the activity of the various enbodinents of this invention a-re al so
included within the definition of the invention provided herein.
Accordingly, the follow ng exanples are intended to illustrate but not
limt the viahaseels | nvention. 16 Decenber 2003 WO 00/ 788,;1&"-3?'0&;1% 0/ 17454
59 EXAMPLE | Isolation and Characterization of LM609 Encoding Nucleic

Aci ds This Exanple shows the cloning arkg sequence 5 determ nation of LM09
encodi ng nucl eic acids. LM609 is directed agai nst the human vitronectin
receptor, ineegutn0c2-200awng38gi sndiingddey piprregubay esbddt omslapons,

gl i obl ast oma .carcinoma and, plays a role in the proliferation
of M1 nel an{)ﬂ?naﬁg'el |'s IEélt%ﬁ"%lgnoﬁo&ﬁ 15 4ndOTRIVEVE " @233 al so plays a rol e
in angi ogen@srsnisttashesics andnt Heifler meonowvér grienuloatrsencfti ssue in

cut aneous V\Dﬁﬂgstréé\@%thasGgﬁgﬂaﬁlm\’wﬁhteodoglgg%b&ilf %%?QEE&O& f Ml

cells to vitronectin_as well a%g?revent prolTteration cells in
vitro. Thds, 2% gradtfHitigrof SEXEOY cihedtr eSubhei ®ba-vedimitedl | y val uabl e

therapeutic pgemblombDNA Syiet besiectofandVBAIuYar habl ke RROKGRA: aFOfo CDNA

synthesis, t | was prepar from 10$ LM609 hybridoma cells using a
nodi fi cat i ong%ﬁs? he vr?eﬁslﬁeog lg %IggeccrtisdedM8§e€ﬁ8ﬁtz‘§ﬁ1é8esaﬁansﬁl:%% _
( Chontzynski bandodiadetd byAhhe yiphy Bicdeherur16g: 156 (clA82) pr tMS09 variable

(V) region gep ] V. S t riptiqon-palymerase chain
reaction_(RT- P%%IM%\% tc%ID%%?H'\aA/gseI{s}ga\r{{lt ee??fe?%élgrﬁ% R §%§3¥§c§?%t Kit.

Briefly, 18 ngoo¥ioral seyelepnent Af Rde 850ents ol | Yhd PranddeRe: wer e

brought to aatetiaoMplawde reht Deely petFSf@lPhe Vasse R&a4¢dat 9, 70& for 10
m n and chi |g§9 on ice. Reaction

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.



buffer was added and the m xture brought to 10 nM BDETpaRdnpdr MENTPs and
heated at 37C for 2 mnutes. 5 mM (1000 30 units) reverse transcriptase was
added and incubated at 37C for 1 hour and then chilled on ice. 16 Decenber
2003 WO 00/ 78815 PCT/ USO0/ 17454 60 All ol igonucl eotides were synthesized by
R- cyanoet Ryd oipa@sphoram dite chem stry on an ABlI 394 i zer.
A igonucl eotides used for PCR anplification and rout %Ts[?%ﬁg@g?fect ed
mut agenesis were purified using oligonygcleotide purification cartridges
(Applied Biosystens, Foster City, CA). Forward PCR prinmers were designed
fromN-ternmnal protein sequence daexageperated frompurified LM509
anti body. The forward PCR gl mer s cont al ned sequences coding for the first
six amno acids 10 i# eatrmdhided preatyen of(EMBP8i n sequenced at
San Diego State University). ihaoggﬁmeqt: hBeqlight chain forward PCR
primer (997) was 5'-GCC CAA CCA GCC ATG GCC GAT ATT GIG CTA ACT CAG 3
(SEQ I D NO 19) whereas the |light chain reverse PCR priner (734) was 51-AC
AGT TGG 15 TGC AGC ATG‘rAGCE&am(DSEQsh&é\ICEb@):lu&edg dId SsdRMBIcse  pri mer
corresponds i < P23 am no aci.d res i dues 109-115. The
sequence g’f Ej%g e%%/élc ain EP’grB\S/)var BEHEDA ﬁzflfgﬁg’} fWas 5'-ACC CCT GTG
GCA AAA CCC GAA GIG CAG CTG GTG GAG 3' (SEQ I D NO 21). Heavy chain 20
" reverse PCR prinmer 73 - Sy cee I 22)
The PCR primers al so g"gr??agl %r ggl%ns ofag%]g(r%l gp;g Wt rissvpletm SI cpsllglguences
within the FREEAOSprESSESADY &dtor %vAY, 1Sa1h?e9f\;h'y @i@aﬁaglwéw Bhplified in

two separ at eme25nafh,Mg1iedtbise8ma] X&xl}ldi Q@nﬁ@%&bakegn&namarf?f 1*&? sCINA- RNA
heterodupl Tris Cl21 each four

dNTPs, nNF§§ner ‘tap oé’trﬁ’ér‘iglargg 19% éfuhztls ““Fég/gﬁ’ﬂ? ﬁﬁefr]efsémth in
(Boehr| ng}@r wahnthearrq ilondianapobifs, alsdN)pland 20 rpwel es each of priners 997

and 734 and ggéléﬁ@%e31s, 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.



30 733, respectively. The m xtures were overlaid wighpeBLisLal o4 and
cycled for two rounds of PCRwith each <cycle consisting of 30 seconds at
94C (denature), 30 seconds at 50C (anneal), and 30 seconds at 72C 16
Decenber 2003 WO 00/ 78815 PCTI CJSOQ 17454 61 (synthesis)- This reaction was
i medi at ehyp dopkdiewed by 30 cycles of PCR consisting ofpdQusaserads at 94C
(denature), 30 seconds at 55C (anneal), and 30 .seconds at 72C (synthesis)
followed by a final synthesis reactiongp for 5 mnutes at 72C. The reaction
products were pooled, extracted with CHCl 3 and et hanol precipitated.
Anplified products werralr estigprodesbt is20 wike TEyntddiefed ¢ MM Tris-HA , 1

mM EDTA, pH 8. | ect rophores on.,a 5% pol yacryl am gel . Bands 10
nigrating at éeg aerg(?ecejcdly?rto @88 g?r?/\%ll glﬁttes Cgfemw%gfﬁdgﬂ/,?'y\@?eq%éxw}%ed,
chemical |y ePuebe$izam-t he@lgebnstlew;idmst naetietior WidHh ampgadiicasbbvent s and
et hanol prechpit abgd.CQRi0g; | 1 fd iy ngi AP i 3 phage
I Nmunoexpr.essi on v‘ggitnc()ar :?Q‘tla'lﬁeg%i?&!:?‘%Fip_enlajt\&}%ggg;s(l)% 1 %gn%%ggggug%gn re
sequent i aPl yotl,’r%‘i’fé‘tF]ieﬁ’ttddtehEuﬁggb‘éati‘ic’(ﬁn‘}ﬁéé%ﬁa@@%%i gPrAd@dor by
hybri di zat i oBi & agaRESiFestéNear s y R czBi.ot eebph asescl 2:8&e1992)e Yel ton et
al., J. Imynol. el;%flggﬁ-_zooaéljjggs%). Jdntroduction of the anplifiedV,,
and V' sequencesdBy HYBH B Z8EFHH JEN8s PRI PO HA5%0 98 ER_RE &Nt | body
sequences i nffemmpumifiledt b8609 egnit dtalyy. elrbrendswaohtEiredinarshe ML3
vector requi pe . fQly elLLEhEDL Fab exRiesshany; Qe advantage of jLhis
technique is that no restriction endonucl ease sites nee 0“be
i ncor por aPedif ntarh H@tibodyr varigere dedoenpestéior f8ueinoridngtasan s done

wi th convent bosgd d@&%elb9§5é9Q1t$FIhQ¢§-sI§u9§ééC6@hﬁn§1§bHEiEHaiﬁoo ng
each of the _doubl e-stranded ag;) i fied products were first phosphoryl ated
wi th pol ynucf 203k BfnRELMe 0P hl 312 Ré-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



30 phosphorylated LM609 VL product was m xed with 350 ppg.0f.-Ushsh nyl ated
BS11 phage i nmunoexpression vector, denatured by heating to 90C and
anneal ed by gradual 16 Decenber 2003 WD 00/ 78815 PCT/ US00/ 17454 62 cool | ng
to roomtenperature. BS11l is an M3 immunoexpression vector derived from
ML3 | X andyveppRees CHL ' of nurine 1gGl and nurine ka hai n
constant domain (Huse, WD. In: Antibody Engi neering: pi@rlé{rjéggjﬁggl 5 Cui de,
C. A K Borrebaeck, ed. WH. Freeman ang,Co., Publishers, New York, pp.
103-120 (1991)). Nucl eotide sequences included in the PCR anplifi cati on

Brsllrlrer S anneayntmes:xmml I ematsar_-ya@temiemg@,s lﬁiﬂgaeggelﬁ Mg&@b&%? stranded

vect or ea Xture was converted to a

doubl e- st rana glﬁo?escu fz%v(\:ngft RO DNA9 gj Qﬁefﬁggn & MfPs and 1i gated

with T4 |igadeendtyie) ,of30t hecondagenesi®s (aacdalon \was eber;édscsrpm atted into

E. coli strapé ABR gig r QL I 2nd incubat ed
Ql_sq] P f &ﬁ']ﬂ gsggygmﬁg? %nth lJ'czfz"as descri bed

until plaques forned | agque per
usi ng goat’ ahP¥- ?Tﬂ?lﬂﬁ’é?el?aﬁﬁa”(%al ﬁhan{f?%‘dwftqug*g@ttédweoeam@]lame
phosphat ase éXetd@ted elitdl CHEUPAd BHESnoW BreciSHRERL4. Fi fteen murine |ight
chain positive M3 phage cl-ones were isolated, pooled and used to prepare
uridinyl ated vector to serve as tenplate 20 for hybri di zati on nut agenesi s
with the PCR anplifi e@mpﬂ%ﬂ@d\@rqummera pBeasEXfIes Sinngof wnctiE onal
murine LM609, f % gt ified a"b3 by ELI SA
Briefly, Irmu on 11 Igefng %Qﬁét%@v\g é“mcgglt]?gd Bgeé);{lg)gr?t D5 with 1 mg/ m
-(100 ng/ wel ?}e%‘flﬁ@h&ﬁ@sﬁdngpe@l?{% ®diveesylbhodkegk ¥.or Bandshours at 27C.
Sol ubl e Eabsmner £ Br. r p S [Ms]y cul tures
of E. coli S%%I n V’Pe(%% %q eggﬁ w&%nﬁgﬁn@%%%é‘é%ﬁl Mf %g%e‘?f \?’\ne?% the Fab
expressi ng M bifthe Ceoneel L petiyfess frpmathr opel 30tiaker exfirreted t h

bi ndi ng buf feftH h-galiNa€bl voO: MMl ieshBhol 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 firgt -
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



7.4, 2nM CaCl 2, 1 nM Md,, | mM Mnd 2, 0.02% NaN3,1 ¢l pagkibe r Bodoand
i ncubated with i mobilized a"b3 for two hours at 27C. Plates were washed
wi th binding buffer and bound 16 Decenber 2003 WO 00178815 PCT/ US00/ 17454
63 Fab detected with goat anti-nurine kappa chain antibody conjugated to
al kal i ne phesphsisase. Four a"b3 reactive clones were igenidoh 88
nmuLM609ML3 12, 29, 31 and 69. MILM09ML3 12 and 29 gave the strongest
signals in the 5 ELI SA assay- DNA sequegpce anal ysis showed that cl ones
muLM609ML3 12, 31 and 69 all had identical |ight chain sequence and
confirnmed theopteng mlqoodetempbﬂeduré\l-t@smln?b ani mm aciﬂ 3eq3en;:e o:‘ ”
urified LMo Lhal p 0 clones, had i.dentica
' F)NA 10 seque%%@hg B0 (?gnfglg‘r%gg <{1%fdi(averdg\l\:/flrg'lrjns{GJ%Bd{e &M% KEG°IRE - t er ni nal
am no aci d s€uctic@vusinpuiefl eand MBEIrhekegra chiaiht pokypeptasieantTo furt her

charact eri zedbhgi®i nelifg @Cbl Virhy mtl%&ﬁé}l ERLOR8e r S04 LI %EEPJ;&?C“ ons
were prepare fron150 15 cultures o col1 strain Infected with
clones 12 a éﬁd‘é%a@ﬁ&?@ﬁa?6$ Hi%hd"né -t EraeB3" 4% Coconpet i ti ve ELI SA
with LMB09 | §@1iTtee s tiels Yot kt hps. 13 S/zxoar(egshpym iNhdiegdige 3. Clone

mMILM509ML3 12 Jound.ta inhibjt 09 ndi n at LM509 1gG 20
concentrat i ons %ncl T JL/mr<r:ilu(aeg 57 ng b HJY_% 8m§95§1i3?it3a°‘9cp n&&RPr at i on
dependent naﬁh@?ahttcpeirqrrpll&@ﬁnt:ﬂtfrseqwea;nglsngrésem ngatthieosingDe- Cl one

N s St e i1e VRUEbEL enand el bRV L0 Bedyy and | ont
chain DNA sequences agal n determ ned sequence of the

final cldfle, CARY P fpdgubie- %W%dnmorcﬁgai@swim &rdd DQB EXAMPLE | |

COnStrUCtlonpﬂiyﬂéﬁéﬁ@lplué Qﬁf@giéﬂ&(XigakuaoalEHnﬁﬁ'fyﬁgseFragnﬁpt 30 One

ntibodies.is to preserve
goal of graft%ngla Haéggene31s reaction was electroporated into E.

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



anti body specificity and affinity when substitutinggsl®-Beggabesg@$03 WO
00/ 78815 PCT/ USQQ 17454 64 non-human CDRs into a human anti body franmework.
Another goal is to mnimze the introduction of foreign amno acid
sequences so as to reduce the possible antigenicity wth a human host.

Thi s Exanm{@oirscri bes procedures for 5 acconplishing bﬁE’l’?UéBBn*thse goal s
by producing libraries of grafted antibodies which represent a possi bl e
menbers whi ch exhibit the highest affingsties for the desired antigen. The
above |ibrary was constructed in E. coli 10 wherein the possible CDR and
framewor k ch&npgedevered miahpooat edh tisinng icedeaphasath il aagebeay s
(Kristensson I |.d_Spring. Harbor L boratory
Press. Cold %Oﬁtrl%étl-?adr beg) ayﬁﬁg%qg%?&pﬁ%(?%eet g&’r aJ'[) Bi° CI% em

(271: 22611- 29638eF 1'996) )lde%iﬁge@hé@é%@%ﬂécé@uré&, H laindr 8Py was

constructed gpagveoduiiizonahl yo @edd vawraphzes: antdrA%l33- tﬂgl bi tory
ant i body \gfasEF gentl fied. For the construction of one grafted form of

LM609, huffan ST -s e QHBNR RIS ATG LR S hp b ti@tdééPéés of identity
to the nuri neulWGDBING regi 60 gemes9 sAJUERtes et feselaghedchainr ecei ving

t he LM609 Huma vVy. chai 1Y, reaio HHC30Q, HC Subgr oup
3, Kabat et alo® s_uprg)dhﬁg ¥é éz}:e I%Vt18u$/¥3én%%er P4 2 and 3 of LMs09
heavy chai n Bnee¥uiread laghe ehid rﬁé\ﬁ@qeeglfoput&lemw(ﬁlﬂ&mi@ht Kappa

subgroup 3, &a@g{ 1 ¥ept i gSUPT 7 e t 2 and
3' of LIVBga ght %\ﬁnp MC,}?I ne@])l rmlr %qogggulgén%e%de%c& gwwﬁ%y Kabat

et al pr%e%?’ézegraé’fjt é@is‘an??flﬁw%ﬁﬁlﬁ PERRhRIONKk sle tResiidees predicted

to be buri edmmrmmaghbmaaoas&mtsetdaﬁnw uet ghei A theioef aLgyyhe binding

properties of Ihe 3 |Ea murine combining site were taken into

consi der-at i on &S §° possi bl e changes (Si nger et

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



al ., supra; Padlan, E.A Ml. Imunol. 28=489--498 ;X6 pDecppber,@§9P3 WO

00/ 78815 PCT/ U500/ 17454 65 (1991)). This analysis of framework residues
considered to be inportant for preserving the specificity and affinity of
the conbining site revealed only a few differences. For exanple, in the
heavy chaiyp g@pigsgnce, 5 the predicted buried residues diSRlgyeds100%
identity. O particular note is that Argl6 in human heavy chain V region
M2 *CL is a relatively uncommon residyg anong hunman chains. However, this
residue was also found to be present in LM609 V' and therefore was

retained. 10nShAhbadh YGORY Gh8ol 8 AMRAPD drtidobigl BfdndldkK.ar anbegbdue anong
muri ne heavy % gl ns but .it. i.,s found, to %c and was therefore

retained. In? T gt clﬁ]alf“ﬁzes'él&%eﬂbt@s “tc\%oﬂoﬂgﬂdé?ﬁﬁl@é’l aBdPPed resi dues
were identi fﬂped b@qwmmstﬁoesan@I 1S8lucdeClther poeswdsle regiigraiai tib

posi ti ons 49,280 87huTfieS8st00 OB (4.0 LEBLE! Lo incarporat ed into

the grafted antibody library as man an rrurl al ter nat i ves.
Ful | -1 ength §FaPrRed shimsybeikhgeheshens @Oaéynbhemczctld:lbs@ PERrasiag | ong

over| appi ng 3@ ghigeswicleebbdess kit kBegtigonucl eotides containing
m xed am no aC| d.r 5| du s at EOSItI ons and 87 were synthesized as

descri bed i nPBFaLRIE ers yhich n"’rﬁm(ﬂlt the: BY9e o P Ei196257 E9E as
illustrated thetdileslmd gmmmgéeot i des represented as VL oligo3 and VL
oligod4. 25 (SEQ ID NCs: 16 and 17, respectively). Al long oligonucleotides
were gel purified Gafted LM609 heavy and |light chain V regions were
constructed by m xi ng Teoabebappilmpt wgenoohsoticesi iat Eequbiwl ar

concent I abl 0bfierdih U1 RoSSEDEE Ofr AMPLHLALLSD: RERAYISTRES, The heavy

chain oligonucl eotides map to the ow ng nucl eot | poesitions: VH
ol i gonucl eot %EI%OHPC(WE%P?QBG)Cowmt@ﬂaddestemr)equsdKr(isE@ls@omo 9); VH
ol i goz, 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




nt 70-153, (SEQ ID NO:10); VH oligo3, nt 138-225 (SI%QDnggtgeWer 2003
WD 00/ 78815 PCT/ US00117454 66 NO:.11); V' oligo4, nt 211-291 (SEQ ID NG 12);

V' oligo5, nt 277-351 (SEQID NO 13). Simlarly, the Vitaxin light chain
ol i gonucl eotides map to the foll ow ng nucl eotide positions: V,,

ol i gonucl ewbosissks (V,, oligol), nucleotides 5 (nt) 1-87%cRehaAl NO 14)
V,, oligo2, nt 73-144, (SEQID NGO 15) ; V,, oligo3, nt 130- 213 (SEQ I D
NO 16) ; V,, oligo4, nt 199-279 (SEQgsD NO 17); V,, oligo5, nt 265-321
(SEQ ID NO:18). The nucl eoti de sequences of oligonucleotides wused to
construct grdfipew) Ll\/B(ﬂQmirseamyalaaﬁisléghﬁra&lmabmklﬁeyﬁda’ﬁalcan&egé@é@ are shown
in Table 6. d S 7|nV 03 and V,, oligo4

repr esent thg8 Er;gngrﬁjérr%ltzee & f gré &hF n%eprl rrcelrtsy @8Rt ai ned at | east
18 nucl eot i d@ff&ri st Gcbwpk:ewémlamg/ itl¢<-:vef@tfaistle<§;ecquarn@eﬁeff«or efficient

anneal i ng of dtbee2omddd i edo¥ 1RakSOL Orhrprt‘aguﬁ&aw érl}ﬁn s gggnéé randed
o}

vector. T\% ; nneal ed m xture was fu IIy converted e-stranded
t

mol ecul € T4P FEY rerded prEdumNTOd sRhayed gleﬁoeﬁd idgnEhty4 |igase. To

gener at e theotﬁbmatryqulaarpabtbomoﬁhatthexrga@ ﬁrut%ﬂlesale%vryeaggmnv(l ) was
titered onto a | awn of XL-I

el ectropor at gg %QJI stral & %:h
(Stratagene, TAC [§ and incabafet® u?'ﬁll Efl BERE Y rhfed dveRaBPrRa il ter
lifts were phélpam eehaimd -pl aquesezzonttfmmlmgldw wenalseqennestavee screened
either by hypgégé,;@t |rprLM%59W\,t h?h %DRE%PQI&S gheled Q! i gonucl eoti de

ain

conpl enentary. to LMo heavy uences of freactivity with
7F11- al kafi n l‘Bh]o%’b]Hat é‘s*?él@ohj‘u’g‘%l‘f@ ig ﬁnﬁééﬁbh\eﬁly antrebodyideg sed agai nst

t he decapept md@n@eﬂmmﬁeh&ﬁyPé@aleyrbuésﬂtV% RSt Deeyf 8, Sp72 (SEQ ID
NO 28) append&g 30, to t rboxy term nus of the vector CH domalin

(Biosite, Inc”, 2htas é§8fea SR FPee-onkl it i@8te CHBEBI e- positive

wer e pool ed amiueum t awpr epai@enticiinpudt ed 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



tenpl ate for hybridization nmutagenesis with the amlg beednp8raddey LM509

V,, product. 16 Decenber 2003 WO 00/ 7s815 PCTI 1JS44117454 67 Tabl e 6:

A i gonucl eotides Used to Construct Grafted LM09 Heavy and Light Chain
Vari abl e Regi ons CAGGIGCAGC TGGTGGAGIC TGGTGGAGGC GITGIGCAGC CTGGAAGGTC
CCTGAGACT Gv( 69786235 GCAG CCTCTGGATT CACC SEQ I D NO 9 5 AACTAKIsAT&ACCCACTCCA
GACCCTTGCC CGGAGCCTGG CGAACCCAAG ACATGTCATA GCTACTGAAG GTGAATCCAG AGGC SEQ
ID NO 10 TGGGICGCAA AAGTITAGTAG TGGTGEEGGT AGCACCTACT ATTTAGACAC
TGTGCAGEEC CGATTCACCA TCTCCAGAGA CAATAGT SEQ ID NO 11 TGCACAGTAA
TACACGCCTG TEPECTIOGCAG PCTGAGAGHNG ZNMCATTITGER0 100 GEEATAGGE! LGLHSTTACTA

 ACTEO00UA  ACCEALTACA ARG LraGr W PO ka4 8 AT T
TAACTCAGTC TEEATDCACE CRGIEPCTCAS QUBTATAGA IANBBGEIGATTE CEPT CF GOC

AGGCCAGCCA  ARGE AT Tom=Q W, Do NCY o itk 116 GREGRGAAG 1 ¢4 § G lh LARGCHAGECCT
TTGTTGATA CAGGJCI_ETQCI% GGITGCTAAT ACTTTGECIG GC SEQ 1D NO. 15 CCAAGGCTTC
TERY

TCATCWAST TEERTEPCHE: HhxT B O%zA@GT%éAé#‘* COIRSr GEAT
CAGGGACAGA TETEISEQ V,DolNDyolf niGAEACCACT CsAGTIAGADA AATAGACESE, AAAATCTTCA

o TR R D e R ATkt | BRI e
nut-agenesi s Neattl on Tes nyedkotidd ssauaeser bliedl apowelgiocthdeke VH :

ol i gonucl eot i,deg €xC&RstRat é)‘?akb@d\ﬂméﬂd ggawlﬁ%il tlchQip were
enpl oyed (SEQ ID NOS: 14 to 18, respectively). The reaction was
el ect r opdiat 8" EeLENS §EPaPROPHEOB Takdef I t éfodarf Pesipiepbed with

ei ther goat antandBRNKIPPSL LI N =A@t vpasy goR0REpea &6t tideal kal i ne
phosphat ase or a goat antj - humap 30 Fab lanti bodé usi ng an al kal i ne
phosphat ase EORfUGHTHH 9888t ART i 2YBat O8c BREETYS rcé’g‘&éﬁi‘efio?tdet ecti on.

least 18 nucleotide 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.



Positive clones co-expressing both VH and VE, genel6s?ggglglgg§ g€ selected
(160 total) and used to infect E. coli strain M30-3 preparing sol uble
Fab fragments. 16 Decenber 2003 WD 00/ 78815 PCTI US00/ 17454 68 The sol ubl e
Fab fragments were screened for binding to a"P3 in an ELISA assay. Four

cl ones thavowsfseis shown fromthe ELISA to strongly bi ndp&fpddBiasd dentified
and further characterized. These clones were ternmed 5 huLMo09ML3- 34, 54, 55
and 145. Al four clones were plaque pyrified and three independent
subcl ones fromeach clone was used to prepare Fab fragnents for additional
bi ndi ng anal wdm&llbsaldém Udids taddbhsepatt Eida$headupl i cat e

pl ates were 1480 ogL e ed vmt . and and |cubat ed with the huLM509
periplasmc 3 T PG CIVD nas detected with

goat anti - huﬂﬁﬁﬂ@@@@c cl’tmmeanu‘cbmlgsschugau"eujectmaldq&dGAneGDbOS phat ase

d h L etecte 11-al kal i ne
ig plh(r)]stph:t ggg?{%ﬁb@f@ Tm{ﬂgcggn%niﬁqgﬁ??ggdy re%o%gn&? ﬁg t he

decapept i de 5TT'§{](HE‘$ OHESARTENBOOMIETTHLC] CCRRERTT RS ARAAGGCMBOIOML3- 145- 1,
2 and 3 all %bﬂtd@@ATﬁ%dilA%T@ﬁﬁbtmecﬁﬂ%' ackadi cati ngd hat Néheb('fggf]fl red

f | _VH and Th Its were 2
"1 an ELI SA 16680 CerA AP aareaRe o CaTaOTaaTe ACERGE TG ASSTAGAERE. egrin
a"R3 DNA seqUemceaamat )csaps"mﬁxcsmbcctmmLNﬁﬂﬁm‘B 3:bhEQS I@Bdo b Cor
huLM609ML3- 1 0 e library by e S
dﬂe to oli go%gc% (?%g@ %%A%Egﬁés @d&c{g& ﬁg?éé%‘%%%.'fﬁgfﬂﬁh“??ﬂ% PCR -
anpl i fi cati oRCTATMEGET rﬁiﬁ@ﬂ'ﬂaﬁﬁhv@r@maed in cl orsEchubMBOOM 8- 34-3 by
oL et edakengoen ghyt e dierchaNa SRS Sieclob o 1o

corrections were made: Hi s3 N the heavy
- chai n sequenBECCEETAGe FTHACEGE RY €hGTect i ons wer e rradeSEQGIDI N@p BInl, Asn3

GAGATTGTGC TAACTCAGTC TCCAGCCACC CTGTCTCTCA GCCCAGGAGA

AAGGGCGACT CTTTCCTGCC AGGCCAGCCA AAGTATT SEQ ID NO: 14
15 GATGAGAAGC CTTGGGGCTT GACCAGGCCT TTGTTGATAC CAGTGTAGGT

GGTTGCTAAT ACTTTGGCTG GC SEQ ID NO: 15
CCAAGGCTTC TCATCWASTA TCGTTCCCAG TCCATCTCTG GGATCCCCGC

' CAGGTTCAGT GGCAGTGGAT CAGGGACAGA TTTC SEQ ID NO: 16
GCTGCCACTC TGTTGACAGW AATAGACTGC AAAATCTTCA GGCTCCAGAC

20 TGGAGATAGT GAGGGTGRAAA TCTGTCCCTG A - SEQ ID NO: 17
CAACAGAGTG GCAGCTGGCC TCACACGTTC GGAGGGGGGA CCAAGGTGGA

AATTAAG : SEQ ID NC: 18

The mutagenesis reaction was performed as
described above with the V, oligonucleotides except that
25 the V, oligonucleotides 1 to 5 were employed (SEQ ID
NOS:14 to 18, respectively). The reaction was _
electroporated intoc E. coli strain DH10B and filtér 1lifts
probed with either goat anti-human kappa chain antibody
conjugated to alkaline phosphatase or a goat anti-human
30 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.




to Gn3, Leull to Valll. Additionally, during the QeN$tUab:eMn @l
grafted nol ecul es, residue 28 from 16 Decenber 2003 WD 00/ 78815
PCTI USOO 17454 69 the heavy chain was considered to be a non-critical
framewor k residue and the human residue (Thr28) was retained.
Subsequentyy gofigyever, it has been determ ned that resigue,28.4
considered part of the CDR 5. Therefore, residue 28 was converted
correspondi ng nouse residue at that pggi tion (Ala28) using site
nmut agenesis with the oligonucleotide 5 -GCT ACT GAA GEC GAA TCC AGA G 3
(SEQ I D NGO 29). This cliengeluobse rath efradicantdi Rede t & MQinepr @yide b
over the hu r rk threani at this site, and the threon

r et ai ned. TE%QP%%E% gggﬁgédjlﬁﬁogﬂéggﬁEEVHﬁ dESPENGE RS HINBYERES 1135- 4
and is ternedhhenefpony thexiEAISFheo DNAcggqubnod off,chane MenaXifieis shown

i Figures 24nandu2Bhe MNPLECLLL ;48 FuilloRaby CHAAAR GLifahi on of Vi taxin

Thi s Examml e shows the characterization o

nd PRGHED PR3 34 addi vPP yaRth 1 ShunBél 8puF reddnesoweikadi ng and cel |

affinity

axin"s binding spec

LM509

be
to the
directed

enefit
i ne was

ificity,

adhesi on assaysqu&Opditer idndhagcspes| fddeipkyideht Viisd dhedsOk rbieadint €9ri n

a"03 was ini%’ghlngsggﬁip% b¥ measuring
crossreactivity T o0 Bt Her%- %0
bi ndi ng specbfindity anmlysdsseéssed,byy radsa.i ng binding to x111031 the nmgj or

to avF' 3 and its

bi ndi
repare Faky éirlﬁgﬁ!aggﬁt%% iafditégagtfic

ally,

25 integrin expressed on platelets, and to x"(35, an integrin found
preval ent on endothelial cells and connective tissue cell types.
to determ ne crossreacht iy, addhtiqpalnELliéhe deplishtentdatns BkeSA pl at e

and a senicescoht8§ @t kogly 1dibHbi HNs MRLSTRASHE 84 fRY HﬁLh%bb“zbi“ding

activity against av43 and tge other integrins. The 16 Decenber

i5

20

25

30

periplasmic samples. 1In one plate, bound 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
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
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
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
the following corrections were made: Glul to Glnl, Asn3
to Gln3, Leull to Valll. Additionally, during the

construction of LM609 grafted molecules, residue 28 from

Briefly,

003



WO 00/ 78815 70 PCT/ C] S0011745 4 integrins a"{33 andga} @géml.g\@feg@@g)l at ed by
affinity chromatography as descri bed by Cheresh (1987), supra, and
Cheresh and Spiro (1987), supra. ax103 was purchased from Cal Bi ochem
Briefly, an LM509 affinity colum (Cheresh 5 and Spiro (1987), supra) was

used to isphagRsA433 froman octyl glucoside human pl acgnt te,
whereas an anti-aV affinity columm was used to isolate X@‘ng#%%%the

%3- depl eted col um flow through. Antikedy binding activity was assessed
by ELI SA using a goat anti-human 10 | gG al kal i ne phosphat ase conj ugate. As

a control, athpuhkdvediuimmrakiConandéhndyorps HSesh-siiaacMhitaxin contains
a human IgG backbon The results of this assgx%)a(r:\g/aH shown in Figure 4A
3

and reveal thaPW?a]§<|rneSl€éJ& FReatiy Biteds T£8* 141538 gh affinity.
There was nordéeénedbl subisedirgtlp, thevewirhel tayas dsedR3-deaptral neag

integrins at . aQti pggyduec%cgg}lrgy ,?& ngeq:red Qo d R further series

of bindi ng studies g speC|f|C|ty Wwas assessed in a
20 conpet iti TEeBRANF Ry mesdayen? hW@%eCCp‘a’i@érﬁ?él to MBD® commeispodylinagai nst

a" (33. Corrpembhbﬁer@éﬂiﬂenﬁtwﬁﬁaﬁmﬁ@él{@%n iR18P8 FLdsAhPS3q% as descri bed
abel ed anti body. Binding of LM509 was

above with LNBQ9 bei
det er mi ned i fﬁ‘éteé) ‘ngt@r‘?(‘?Ber'sl ﬂﬁ?}éa@%é’l&{iﬁﬁéﬁ%?‘é&%%é ofCGi #a%in 25
conpetitor. BRReGGAtGAZRITZC BhR comt rosh-:gcarmpamwr aﬂ'ﬂllsbﬁ(ﬂﬁnﬁ@.SwéiQal n a

human |1 gG e Lt pis go o resent in Figure 4B and
show thgt spgg? ?cé(%%n £§lb?‘t fioE of ‘f_ g& g’g h Ye tg]ﬁsg‘ﬂ?ﬂﬂ at Vitaxin

concent r 3V oAsaneverierthzgonine pyt rflthlSAISrmgt, sodptlet & hinsloinbihei wasi s observed

at  Vitaxin cepsemtd at if9Rs fghgat &F, £haD L%‘%@gpsié;% L L
conpetitive [nhibition_ indi cat es&téhat the 16 Deceenbwer ?&%86\% 88/ 78815
huLM&09M13 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




PCTI US(c) 0’17434 71 parental nonoclonal antibody LNGODeaBgnthe@ianfted
version Vitaxin exhibit essentially identical specificity. Binding
affinity and specificity were also 5 assessed by neasuring the i nhi bitory
activity of Vitaxin on a"P3 binding to- fibrinogen. For these studies,
a., P3 was wgb@seft onto ELI SA plates as described above §&fudoh®rasy
Vitaxin/ay(33 binding studies. Inhibitory activity of I taxi n was .
determ ned by neasuring the anount of bgund 10 biotinylated fibrinogen in
the presence of increasing concentrations of Vitaxin or control antibody.
Briefly, fihmkaggemswﬂ$3puﬁﬁhg@@@e&EOBb%ahﬁﬁpQQegt@$gi?yot|n{Lated Eq;h
N- hydr oxysuccinim dobi ot.i n _as descr.i the _ manuf acturer ierce Life
Scignce énd ﬁhgﬁv??%%ﬁagﬂy ﬁgsgﬁFEﬁﬁ?eég#ﬁé%P§§FaPn(%ﬂqadPiﬁépﬁﬁosﬁﬁ%tase was

used to det &berehe duolirfpifricbnlasyen. sohe .r _e&HlE)gasa«_afs pma;ﬁasﬁfr@rnte
presented in f 4C revea [ﬁﬂﬁplflc ndi inhibition a

Vitaxin concgﬁgpgg§§%g h?§%§F§¥ha%ng%out thlﬁb#¥n?%ginTﬂgggr?ﬁgults,

conbi ned W t RneEh8Ber@r €t ed sabogk washowiedgtepeseXdte bifgdifagmoknVitaxin to

U P3 and cogpelidiv&odf RiukbAnp Pfcd VB39, QQHQ“S$§é¥é%stQﬁta§Lié&}P o
mai ntains essentially all of the binding c aracteristics an SpECIf!CIty
exhi bited by2fhaMphY Rl iEEnRSSY thiGeLakal «dnt fEENEVB09. Descri bed

bel ow are - aggi-tbppated uratinAnal ot tigh Afgvhi BRc EO6d PRIt hese _

concl usi ons ba§ed.on in vitro bi ndi ziays. Addltlonal,functlopal st udi es

wer e perfor néd Bl?Xn%ﬂ$éPS§§§8§§h?%éﬁhﬁ? VPRIt BRVPPERTRUBRAI ng. 30

st udi es ﬂékeIdGrebk&iﬁHanﬂbhephahTintaanjugbtentegfldldMnmdbmg an feli

adhesi on ass : i C . e event.s _arg. an inportan
ﬁ)é]?lqu{d?f%n gbfhg&:égﬁggrééggﬁsece%l%ce ‘91€ax1n

conponent in the These a, P
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



WO 00/ 78815 PCT/ USOQ 17454 72 angi ogeni ¢ process ang inahkhihtiopo®d a"(33 is
known to reduce the neovascul arization of tunors and thereby 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 thi syggéseady is used in situ or in vivo. Brieflyp-ay 6)’%”?{:SI tive M1
nmel anonma cells grown in RPM containing 10% FBS were used ese cell

bi ndi ng assays. Cells were released frgmthe culture 10 dish by
trypsini zation and re-suspended in adhesion buffer at a concentration of 4

x 105 cel | s/ miar(eﬁee.t b a1 onMint axtﬂbodWO@r aRHr thé egedyan 1 gGL (control
anti body), {@d to%ge sired Qogﬁentratl on in 250 pi adhesion
buffer (10 n- tIYr/lsﬁe FIAVEREPS! "SSSRGAAY. 180T M vhal 2, and 1% BSA
i n Hepes buf fS@leedfsaitme at pH 7. 4) and added to wells of a 48-well plate
precoated with fibrinogen- The fibrinogen was isol ated as described above.
Each well was coated with 200 pl fibrinogen at a concentration of 10.g/nl
for 1 hour at 37C. ForBindrmoagésnjty amndegpariforibe wirecelss (250 pl)

cont ai.ni ng \a’lstsaXb@d BMBRD s i h§OENPE ARG RED ,COBRE I Pl ¢ i ROdY, YRS added
to each of the ed b entl e shaking and incubated for 20 m nutes

Y,
at 37C. Unbo(tRd%tel E%n‘a\bri% LG dibveacss” wadintn§heeens Sihes coRoButREr unti |
no cells 25 péfmedue@hnm HIIStAr pllaves | &5 eeatedbult ib&BHA mlroee Bound cells

wer e visual i N Wit hecrystal viale s subsequently

extract ed WI 8%11?# %écejt EUd%leﬁ)% ok lbdtt?\ﬁ?’l?%tfle%y %et ermning the
absor bance ofitaxén s‘ﬁl%lﬂeltlezwnayebmme@@@rmng Be Treourgs wift boofidt hi s assay
ar e Shownol NbEbUAPL sty and.LR¥gsh Lhahobotlsdhlaxin gndapaigptal antibody

LMb09 inhibit M1 cell adhesion"to fibrindogen over sane toncentration
range. The i ARPBFROF3EBiTc @it Véf-’flﬁfllcﬁf Bee ﬁﬁ?eraQ’OU@dY Briefly,

fibrinogen was purchased from CalBiochem and biotinylated
with N-hydroxysuccinimidobiotin as described by the
manufacturex {Pierce Life Science and Analytical

15 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 pg/ml.

20 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

25 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
30 studies were directed to the inhibition of integrin o,p,
binding in cell adhesion assays. Endothelial cell

adhesion events are an important component in the



WO 00/ 78815 PCT/ U500/ 17454 73 for 50% maxi nal adhegi@@e@@ﬁbgﬁl g@@t ed to be
about 50 ng/m . Specificity of Vitaxin was shown by the |ac

i nhi bition observed by the control 1gG antibody. In addition to the above
cell adhesion results, 5 the inhibitory activity of Vitaxin was al so

tested inwooeengpt helial cell mgration assay. In this peggdyzdhe
transwell cell m gratl on assay was used to assess the ability of Vitaxin

to inhibit endothelial cell mgration 4:;Choi et al., J. Vascular Surg.,
19: 125-134 (1994) and 10 Leavesly et al., J. Cell Bi ol, 121:163-170
(1993)). Bri ehkypghobarpodedsi aabl vehibianidet kel «gl, €6l kowd nd 0g phase and

at | ow passagg wer e har ested b ntIe tr i,ni zati on, washed and
resuspended gt ggggﬁ%een Tarison 6 oflﬁatl%bé%geluf“sofm X‘F‘% eﬁ%ﬁs cont ai ni ng
15 1% BSA ( 20 eANrHEFES, rats0 ofMtNack , gdov8 vVl Ch€El 2nhileBrind ofgCl 2, 5 M KO,

and 5 WNIQ'U@q@emegkhged)cef¥“*tQQghﬁ§nt(ﬁgtﬁ?@a&unLyﬁogheégugssgg% control)

were diluted to 10 .pg/m from stock sol utions. Anti bodies were added to
cells in & 11f aP%‘E%hve( fifndihec bpe Bt tuti 8Fterivy e¥rdded g8 5 pg/ni ;

final concenthabi it DfodelilsS uSed Xn 406 e8! lig/ hiyoand i ncubated on ice for
10 -- 30 mnutes. The cell/antibody suspensions (200 pl to each
conpartnent) were then added to the upper conpartnents of a Transwell cell
cul ture chanber (CorniEnche(f.(lsz’c,abc)[e,3 -pbei 2brd ouar meQapahd Bl gfrowhi ch had

been coated wit By 5. tronectl HBS) itronectin
serves as tﬁ”é‘ ermaﬂtraégjt a??t 1? P%%e EdStRel 3 % €53% Ce+¥ chanbers
were pl aced éf—n@@fiﬁrswshouﬁ@l@@ wgteowedekisednigemtiten dud teceur. 30

Vi sual i zati 0Righ K¢ ryH0matheRoMasnPed-QuaBdnqaby 14 ra%hers(igg\” ng the
remai ni ng cel lE% in the upper conpartnent vvlth a cotton swa Cel | s t hat

had ni gr at edP¥85 DB niFecoPE63 e bo 788 £5 *PedT sddFrrAs4see 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



74 to the lower side of the insert were stained w tjiy gby-shgbr Yol et for 30
m nutes, followed by solubilization in acetic acid and the absorbance of
the dye was neasured at a wavel ength of 550 nm The anount of absorbance
is 5 directly proportional to the nunber of cells that have mgrated from
t he upper w®odRgs!l ower chanber. The results of the as gesented in
Figure 7B. Bot hﬁ Vitaxin and the parental antibody LNBS%W]‘{/I}J"%}?&\E%F
essentially identical inhibitory results Specifically, 10 Vitaxin and
LM609 i nhi bited about 60% of the vitronectin induced migration of

endot hel i al dekl sogampained tahtbeon! @8 ©QRINAkeaNdo t¥e asAAPKE Wi th no

i nhi bitor. E 1V Vitaxi.n-Mediated Inhibition of oco I.n Aninal Models
15 This Exaﬁéézmﬂ_éscér{? Celsfq‘tclﬂllie:yi ﬁgi gﬁ?%ﬂ’ &=t ahﬁ?m BY it 1B¢kvPEaxin in two
ani mal nodel $§rh¥ohbiomrapselrvedsbyi bine bidrect oy Iahidittibpgyat | east

a" (33-nedi at ed neovascul arization with Vitaxin. The first nodel neasures
angi ogenesis in the 20 chick chorioallantoic menbrane (CAM. This assay is
a wel | recogni zed nodel® REALEACD| ¥o Hirgiabgeresksl bedmsion tesults,

neovascul &ri zaki Ofh i 8819l Qctisstg &6 WRGWLEL NEs aSReCiddeal . afhe assay
measures gr OWEQO&?.C or, i ngﬁced angi ogenesi s of chicken CAM vessel s grow ng
toward the 25"GPowth Fadtor- PhBFRbhat et S8Yi-t ef2dbR%S gie9afce the tissue
grown on thet€Awe Hhidsltli mhgoft hewvaseiy abiszasedntd ss@sednen t he anount
and extent o : ) of..on ..the h_jnhihiti,on of tissue on
the CAM Thegggggy%ﬁzgﬂlﬁg%%%ggc%rlﬂgle% iﬁr?“&%%g:é\?l iycoet oY 94AG* AAs been
used 30 to mt8Ret eethedvasdul Baseutinfura.wellP: 385th Hd®daseunbari zati on of

tunmor tigsueréANusorpnk ah al g, Am B]iolpat159|:;637§7'§9(71:/9%§i)(1975)? Ossonski
et al. Cancer 16 Decenber 2003 WO 00/ 78815 PCTI UJS00/ 1 75

Briefly, human umbilical vein endbthelial cells

in log phase and at low passage number were harvested 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



Res., 40:2300-2309 (1980); Brooks et al. Science, 1264.8890/1,4d9P9%4a) and
Brooks et al. Cell, 79:1157-1164 (1994b). Briefly, for growh factor

i nduced angi ogenesis 5 filter disks are punched from #1 Wat man
Qualitative G rcles using a skin biopsy punch. Disks are first sterilized
by exposukfydopsddy |1 ght and then saturated with varying %ﬁg&rati ons of
TNF--a or HBSS as a negative control (for at least 1 hoJﬁ% under sterile
10 conditions. Angiogenesis is induced;Qy placing the saturated filter

di sks on the CAMs. Inhibition of angiogenesis is perforned by treating the

enbryos wi t htvath®Uusowsouwike 6f Md axiserandere0bts Phsy (AR BPY¥e9y purified
human 1gd). i ntravenous i nj ection

The 15 treatnents are rformed b
appr oxi mat el yl‘ige%oﬁjorrs%g)f {"arugPeK %ﬁi@é’ﬁgrqg?’ ﬁ%%‘él?lh‘Szaq"rGﬂr &N CAMVE are
di ssect ed andcahyt cgenksing itBesais@damweactsehbedpd Wasd meHBEBegaitr at ed
filter disksaalgydiiflids ost BEoNGEAL IR CANLLO! »er GDIESENLING aNgi Ogenesi s
that nmay 20 occur in Tresponse to tissue Inhjury I n preparing tAMs, and,
val ues for tAbkeciEmprorersiprahciedhsunuaberpatkgrlbimdhauhatéed human

119G, i s usedmagrites HaGat ke uSoaH Q) ther 1LNEECLA NS SI NGReVitaxin is of

t he human 1gd ubcl ass. Vitaxin was found to inhibit TNF-a induced 25
angi ogenesi s??%ujztsdd’sé%&p@ﬁﬁ%ﬁt"“%rﬂﬁ?ﬁ?“ﬁ/ﬁﬁi #al FL9%§ HiBi oRoBlcurred with
a single doséitdxiMi taaxd rmhat p30éntdlg antiiebdyesMbd @dyididaiaeat er t han 80%
inhibition c ! o.t.he. human | ..control.. In additign to the above
descri bed CA%/I_Q%%%%%HQO l&%?ﬁbcag?ol\ﬁ}ﬁgflg&r‘o’r LERdtcEd %@Wégéﬁ?gﬂzati on,
addi ti ondP sYili®ia wede LYEP P of meih ittteid akbnyg 60%HDYE i tiducddronectin~

neovascul ari zadd iy rfiQfrat6s o ASSARhedDTh OQEDES! G 6 goer 2003 WO
00/ 78815 PCT| USOCO 175 4ra76 incc)iuced b etranspﬁgant a(fscl) gsrg gg(eg -negative
t Unor IgG, contrxol 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

S



fragments into the CAVMs. The use of av3-negative turDhecbiBERENYG: ENSUr €S
that any inhibition of tunor growh is due to the inhibition of

a03- nedi at ed neovascul ari zation by CAM derived endothelial cells and not
to adhesion events nediated by a" i3 present on the tunor cells.

| nhi bi ti oRy@hosis¥or growth was assessed by placing a Sidgh®osakd
suspension of FG (8 x 106 cells, pancreatic carcinonma) and HEp-3 cells (5
x 105 cells, 10 laryngeal carcinoma) onRto CAMs in 30 ul. One week |ater,
tunors are renoved and cut into approximately 50 ng fragnments at which
time they ar@eplaced: 230w 230w CAMS0) ; AdRks24thour Ss@fedddi, s second

pl acement enfr.yos_ar in.ected intravenously wi fh Vitaxin _or_ human 1gd as
a 15 negat i Cgéé()%??o%.l fﬁg%gﬁﬁo?%d aé’éoo 9 S\Reélto%%wf%rllf’aﬁ%?‘l? days :
fol |l owi ng whiléR%they are renoved and weighed. The results of Vitaxin
treatnment on the neovascul arization of tunors is shown in Figure 6A. The
20 data is expressed as a nmean change in tunmor wei ght and denonstrate that
Vitaxin is able to inHiteflyhefgr ocidrtdf fagtea3indgead vgiggenssssich as FG

and HEp- 3 gt upL téf agiBie Sre MOhENSPEGId Gl iMathBEr GBS -3 1 FBAN Wei ght
change for Vitaxin treated FG tunpr fragnents of -5.38 whereas a 25 change

of -11.0 was“BhSEFY et G VEKARi bt PR RaPegchEp- B1sk%irtis 13768 1 9@ control s
exhi bi t ed poskeiveirshbyweixgbhturehangss 1a5h25a29 aish 23 twrbeedt he FG and

HEp-3 tunmor _trag S, respectively. The result re obt ai ned
Tol ot o n ULERODEN G (GRBSRE LRI BICBGELESHE e Bl ol Sodel . the
i nhi biti on ofeyrPive mgaritheda (€ef | at ileasgbhbi heunhsunkred sasralaeasure of

Vitaxin' 3o nBbRELOIdh£f f a6l ;0hefaY S5 The ri Decenber 2003
WO 00/ 78815 PCTI US00] 17_4545%‘78‘% a transpl udEd T e o Com a

Shope vi rusSPRBERERF ddgiteroftasks torndder CAY¥E - described in 1940

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



and has since been used extensively in studies on HETe cehBY 2SH 6 5?
tunor-host interactions and angi ogenesis. The 5 Vx2 carcinona Is fibrotic
in nature, highly aggressive, and exhibits features of an anaplastic type
carcinoma. Propagation of Vx2 tunmor is acconplished through serial

transpl antyhipfiksisn donor rabbits. Fol | owi ng subcut aneoug.ridoganR] antation,
it has been reported that after an 10 initi al mflammtory reactlon host
repair mechani sms set in between days % and 4. This repair nmechanismis
characterized by the formati on of new connective tissue and the production
of new capi | liakiuesd Hhetmwpyaﬁaaaeﬂg @ﬂm Rl &relgaslaéetﬁr@@z_t ricted to the

repair zone h v by ave extended to the outer
regi on of t%ter %rgr%tt;s 50esg\f\\‘%’hgé’l:'gl?:terrfjh‘%l ies Sﬁdut e Hha addlofet i cs of
Vitaxin in rfsborenierengged tbat deterimmidiitioti af doses qaretachedul i ng of

treatments fepe E86§ﬁeeﬁﬁﬁkh€§ehﬁafﬂb% JEJEQH Qopgé%uid{;%%%§o§itaXin 20-

in ani nal serum dosed at 1, , ound , 60. 3,
and 52.1 houPy, Cﬁ%s‘ﬁ%ﬂ‘f%leydc’@%m#d-’f ﬁZannﬁﬁB% i adhesdbove ani mal

model was usednts séahtddneyvebfmchrofeM taxXitheath@br 6881 s. adni nistration
on primary tunor growh in rabbits 25 inplanted subcutaneously w th Vx2
carcinoma. Briefly, Wx2 tunors (50 ng) were transplanted into the inner
thi-gh of rabbits thrdugmhbamibncbsimmd)etg\mmht hes skddeanrd bguscl e.

Measur enent s f, . r aken r h t he experinment
t hrough day 55 %{?gdﬁ e g%r%o ?Per'y\%%eenst r ansgl Lé%t g%u%{ ﬁlngm ‘?rg]r% wer e
sacrificed aﬁ‘é“cfﬁm% GRecaneRel sard ditb~weicghéd. (Byx ddyy 2811sunors becane

extremel no regyhdéal ta3R3pemaNdodso aaAesUht 30 JEASWEMER
-difficult and wgrgéanot reflergt |pve of 16 cerrbelrIPZOOB WO %%/ %%S 78

PCTI t JS00/ 1748%°T findh® FSFgived %%r%‘%%r@%é@ﬁ%ﬁt‘m%e%r@ Bgsessed only
t hrough day Zbagments 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



In a first study, rabbits were treated starting atjgdaycimBost2dpsror
inplantation with 5 and 1 ng/kg 5 Vitaxin every four days for 28 days for a
total of 7 doses). In both groups, inhibition of tunor growth was
observed. In a second series of studies, rabbits were treated beginning at

day 7 postwd bgmgisi npl antation as descri bed above for apdiah1REs 5 doses.
I nhibition of 10 tunor growth was al so observed. It should be noted that

administering a grafted antibody as a-sepeat dose treatment to rabbits
m ght generate an i mmune response that can have a neutralizing effect on
Vitaxi n thusipotehtamdghancebpei sangimdid ecreYved St Rield mhagey data suggest

t hat appr oxi %%ggyl@cﬁ%\% EF%T§?%?nIf@|W%Sd V(Ia:lsgp suchbaedr espggﬁgwnThe

results of eac at ment's éscri wove s
Fi gure 6B an@ndChasnsinge beghbised rectsnsinglir éatﬂism:@sowndaymdz; i nhi bition

of 20 tunor gnouthomas Rsenysd ig:doidtithe ;nagc/;@@d&etsﬁgl CaH;TQ/ kg dosing

groups conpared to the control PBS treated contr Speci a growth
i nhi bi tion of *abBATCEP™ard BHYFARLC ok ddFage. r bipekt | a\ﬂ@]ryssageneasured by
the nmean tuspd wehipitts Achesses @Isgarreenﬁfpllaehwlttj@ Awaeidemabserved in

ani mal s t hat n_M taX| nyt t nent, on ntation. These
results are s%gg%gatl §ir & éC umeL g Iacc?zi’égllsg‘?l%ltﬁlrt%@ §PTifitor growt h
was not see at—’ans‘v@lmaltl@oncendcpm: orebHigwer Fhhrowinky mpbkgratéobecenber
2003 VIO 00/ 78845 BCHLSQULL 454,70 FIKAVELE Y, CONSIIWGtA QR gf, LIB0S Grat ted

Functi onal Ant i bod Fragnent s Is Exa WS t ¢ consfruction of 5
functiond LR/BGQl%)i/alfrtfé@ma‘ﬁFPBbdveqthdgﬁbnﬂ@sFnrﬁxmicm meehypnishe ©BRs- have

" been transf e heHefwddn dagsL 6O donorrhiant-kpady hé-iilmRR saccept or

framewor k. CnﬁggaggggfgidoLyngggféék g!g%u%% geLngﬁgégETve tissue
and the production of new 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



anti body fragment was acconplished by the nethods st plQ.fiRLthoded ow. These
procedures are applicable for the COR grafting of essentially any donor
anti body where amino acid residues outside of the CDRs fromthe donor
antibody are not desired in the final grafted product. Briefly, the

protein sqpypiHesof the LMG09 15 antibody, was deter m,;lqﬂhsw £soning and
sequencing the cDNA that encodes the variable regions heavy and

| i ght chains as described in Exanple | 7gThe CDRs from the LM609 donor
anti body were identified and grafted into honol ogous hunman vari abl e
regi ons of athzutnanvcalou&pt orh2fefoasraverdarehdens i kétatdsarsetdCBIRLY egi ons
wer e based op ,_h&rq:g[;b pation of definitions published by Kabat et al.,
and MacCal | um et he "boundari es of the CDR regi ons have been

cunul atively defined by the above two publications and 25 are residues

30-35, 47-66 and 97- 16§ faOIflgg)Bsséud)Z4%%b§Z% ﬁ@§@%a‘ﬁ"eb¥st9fsth§§ heavy

chai n vari abl e ?r‘?,)gl on and residues

and 3, resp8ttfRRIY PO EHEOF b’ﬂ?lmtﬁo\'?a}”ﬁélbl% 3ushilom9/KBn- i dent i caI
donor resibdugstakimigvddieseubodagari®s dsubagd oot sd detefl 6PRs as defined by

Kabat et al e identified and wer substituted into the acceptor 16

Decenber 200%%’0‘0/ %B%g 095‘81?%5 gT‘P?r A°FrQ %W IERYERAHES f unct i onal

non- donor anPheerxddt rlesiadeesomgreenidenbiff seddbmsl swdbdtitsuwedef or cert ai n

(of  these-non:ddeld i rh@8b deSaa s ARRET LARG: bﬁke;glvxnthg RNk
t I he

non-identical 5 residue oufside o Kabat et al. but
within. the @ﬁ&r%%e‘ﬁétbioﬁédfaﬁo%et?tsalapfpésﬁ?ﬁ%ﬁ 491r61flblﬂlh@nL%09 |i ght

chain. . Taoi demtidd Wyrdawtet wasak1venoknGleg.am no acids at this position, a
i brary of nineteen antibodies was constructed that contained all
non-donor 10 am no acids at position 49 and then screened for binding

' 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.



activity against av(33. Human inmunogl obulin sequeRgeg, -4 08gH4 fi ed
fromthe Brookhaven Protein Data Bank-Kabat Sequences o Prot el ns of

| mmunol ogi cal I nterest database (release 15 5.0). Hunman franework sequences
showi ng significant identity to the nmurine LM609 variabl e regi on gene
sequences gl ected for receiving the LM509 CDRs.  unman vy chain
vari abl e f@ggﬁﬁﬁﬁvz "CL had 88% - identity to frameworks i, %ngﬁd 3 of
LM609 heavy chain 20 and human light chain V region LS1 'CL had 79%
identity to frameworks 1, 2 and 3 of LM09 |ight chain. Wth the

excl usion of non-identical residueseratgsirglesr of the CDRs as defined by
Kabat et al. nurine def Kabat et al. and
MacCal | um et al . SRRRESSF IR et et G et SHEwWe =228 ng this
grafting schene, the final graftedrps g does not contain any am no acid
resi dues outside of the CDRs as defined by Kabat et al. which are '
identical to an LM609 amino acid at the correspondi ng position (outside of
resi dues: 31-35, 50-66h36 a&rdmPe 1koWsorth€DRenitr2ctaitth 3f respectively, of
the heavy chaln varj,a Legqi residues _24-34, 50-56, . and 89-97 for
CDRs 1, Z%anga%?£¥%%%égpﬁggl %Qg¥@@%guﬁ$5%& §5ﬁ ?%“W%Hfhﬁ %c?eﬁgg%)-

Mor eover, nothatEtifediadicedeanet 18nThazaeide £ r200Bh\G.MEN) %7 8816 PCT/ USOO 17454
81 produced uhi fbfPHARNhARaANEAGRU M ireskdyey OUt side of the CDRs as
defined by Kabat et al. which are identical to the LM509 ami no acid at
that position. The CDR grafting procedures are set forth below 5

"Ful | -1 ength CDR graft etbrvathabl gg regimeogenesprv@ice Sy Hihesiassh by PCR

using long o | i ol.i gonucl eoti des as .descr. bed previously in Exanple
1. “The heaty thain VACTSBLe Fogt S BigBR0cr Eot e SFE “those descr i bed
previ ousity afoBEQUDMNGS: Fhese Fhecddugles 2@echpphiaailicalibe tiegi OIR

ol i gonucl eot jdes: Mgy %ff)é@fs.@ﬁ%iéfﬁy A Wnb@ SAPLALY, Lhe LDR.gr4f ted

vari abl e region as wel ]
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




as a stop codon at position 49. The five ollgonuch%obbggﬁbéprz&ﬁﬁ | i ght
chain LM609 grafted variable region are show as SEQ I D NOS: 23-27 where the
15 second ol igonucleotide in the series contains the stop codon at
position 49 (SEQ ID NO: 24). The nucl eotide sequences of oligonucleotides
used to conpleiwat LMB09 grafted |ight chain variable r ig&D% shown in
Table 7. Table 7: A igonucleotides Used to Construct L é %gafted Li

ht Chain Variabl e Regi on GAGATTGITGC TAQgTCAGTC TCCAGCCACC CTGICTCTCA
GCCCAGGAGA AAGGGCGACT CTTTCCTGCC AGGCCAGCCA AAGTATT SEQ ID NO 23
TTAGATGAGA‘AffxﬁaKBKHE CIh &AL ACE GICk kL bah 1 GAord ALE#AE T GlAn o Gt (ST TGCT

AATACTTTGG EQ | D NO. 24, GoCTT TCTAATA TCGTTCCCAG
TCCATCTCTG. éﬁ%é&&% GReFren ID NO 25
GCTGCCACTC TGra’@m@F 1AATI1'AG@£JTC@SW%'ECTTCA GGCTCCAGAC  TGGAGATAGT
GAGGGTGAAA TCTGTCOCTG A SEQ I D NO. 26 CAACAGAGTG GCAGCTGGOC TCACACGTTC

GGAGGGGGGA CCAAGGTGGA 30 AATTAAG SEQ I D NO 27 16 December 2003 WO 00/ 78815
82 PCTI US00/ 17454 Al | Asofgserikpshkdlenti §bs qete wwl-iggntited. CDR

grafting ef téeiddbQhtheavyoehaid oo akl ackegé Nog)’\@@baﬁogﬁtéyc'[ ed Iby
at equi nol ar

m xing 5 overlap ol nucl eot i
concentrat i oR& #%#H%? tg ?g l&% eg¥Pﬁ§ ?ﬁi?ﬁmﬁoﬁéﬁéoﬁo%ﬂeﬁqn ng at
| east 18 nuthedMal® ﬂéghﬂueBaInHﬂﬂﬂﬂﬂaﬁbatyfyOfWﬁﬁﬂﬂMhaseqUﬂH@éﬁbﬁ13r t he

efficient an%ﬁ%l QQHQJ gghtﬁf? Jﬁg giOQrQ;PQ#?nﬁnegeene

si ngl e-stran vector. e an ure wal converted to a
doubl e- stran%R%Fhﬁﬂ#ﬁ?uMésmﬁ@mﬁqﬂuqyﬂﬁ I@apopynt#¥nﬁﬁ[ﬂldsndnﬁﬁwnqmujI i gat ed

Wi th T4 hbgag®ind Wi JWUEAUEHESE Sor GCERANthdn Pdd M LBet EORPI A ed into E
coli strain DHIOB (BRL), titered onto a lawn of XL-1 (Stratagene, Inc.)

and i ncubat e¥Fuhtiy édﬂﬁg ¥ttmed. Replica filter lifts were prepared and
pl aques cont ai ni ng

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.




15 VH gene sequences were screened either by hybridigzati0n,e W $dp2
di goxi geni n-1 abel ed ol i gonucl eoti de conplenentary to LMo09 heavy chain CDR
2 sequences or reactivity with 7F11-al kaline phosphatase conjugate, a

nonocl onal anti body rai sed agai nst the decapepti de sequence Tyr Pro 20 Tyr

Asp Val PrggfgRsikyr Ala Ser (SEQ ID NO 28) appended tg, ng;g%c)xy
term nus of the vector CHL domain (Biosite, Inc., San ego, (4_‘A . Fifty

clones that were doubl e-positive were ggool ed and used to prepare
uridinylated tenplate for 25 hybridization nutagenesis with the anplified
CDR grafted pkdBOSe¥LunicdduehtEoRNSdr Lgsrtle@ beia sésday Juagmhenoysi ng the

f I | eoti,des own 23-27.
it agencst o e Pk SR HesiBer ER SAAN < alo M WbIars dhah BRI OB

Randonl y pi ckedtie¢ obe&0 Ivermé n80asid)uen o tt posdenss f y Thepcoper|y constructed
Lempl ate Or grapRsld YnldRRuQL! DE. NAR: dongy, Lippary at position 49, This

tenpl ate was prepared as a uridinylated tenpllate and an oligonucl eotide
popul ati on of the followi ng sequence was used for site directed

nut agenesiss. 16 Decentr 120885V &K B3%¥% 83y %AQG% 1;5%&% £ GAGAACGC
PCT/ USOQ' 17454 The seguence 1%aa in the above prinper (SEQ I D NG 30)
represents t HETF aY ltivatt %CHi Eypl?(f%é’rs%‘ﬁe&i"f’ﬁeg"%ﬂsaé&l}é’ﬁce popul ati on
consi sting obli@orﬂidﬁe&:‘t&rﬁbscadodemmmmehbh@ly encegampachrof the 19

non-donor ani.f i.0ds. se 0 acj.ds are t e nat, found at position
49 of LMB09 Qdﬁ&ﬂf Cé'-emgl Ivaﬁ%ﬁ:‘r%\%e arcelgdéme?(&:eﬁ?mfcs‘le ngesd’?)ﬁ%s t hat
resul t ed frohlhe$s sdeanridedenrevimrsl iack §8Qahd mﬁ:.%ddy Ekpresged by these

clones webe PREDANAL: aH1RS eea Pl &S obhulaEe LALED SEPRNAINLOL, Ly NdI NG O
avp, in an ELI SA assay Cl ones having either Arg Né/ amno acids in

position 495%ef® %ﬁa“itéﬁal Foe i SRhtameitégd Tﬁélﬁ*ﬁﬂeq mlee and7ebhi no acid
sequence of a¥ea LIGHRD qpdaht ed peawigshaion The five

oligonucleotides for the light chain LM609 grafted _
variable region are show as SEQ ID N0S:23-27 where the
15 second oligonucleotide in the series contains the stop
codon at position 49 (SEQ ID NO: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

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 CCABGGCTTC TCATCTAATA 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




variable region is showin Figure 1A (SEQ I D NCS: | 1gn@helembarl £5PECtively).
The nucl eoti de and-am no acid sequence of the LM609 grafted Iight chain
variable region is shown in Figure 7 (SEQ ID NCS: 31 and 32, respectively).
20 EXAMPLE VI GCeneration of LM09 G afted Antibodi es Havi ng Enhanced
Activity Robgysanpl e shows in vitro maturation of LMOGrehgfed antibody
to obtain antibody variants having increased affinity to af? é relative to
t he parent LM509 grafted antibody. 25g,To optinize the affinity of LMs09 -
grafted antibody in vitro, an ML3 phage system was used, -which permts

]Ehe effi C: ent s%néhesusu %ﬂ668$i@@muﬂ%ﬁlﬁléﬁeﬁ@t%%éﬂ plulr?ﬁfaéuﬁs ]gf )
unctional a 0 a The contributiaon of each of the six
'CDRs of the gghl g- e%lv@pgandtcf‘l gggggiaﬁ%"yﬁ égs‘é%%?d’cieTﬁggéﬁﬁs”%re 16
Decenber 2008°Wex00¢ 7881ty RPCYLEWS0D/ dveiB4pddndedl npshiineadlivebaser on a
combi nation eh §EgUENCH , \Var E%gig'lﬂ% 3/% (%é:%ggrggﬁ HSinyctyral nodel s (Kabat

et al. J. Biol. Chem '252: 1 iaet al. supra;
MacCal | umdet péF’se“%‘Eum%)a““'Fﬁééngoﬁ‘éR | RIGHEEY mgt@ftm‘fstartué?éétfw each CDR,

with the EXCﬁﬁELQBtiﬂeli%éwahﬁg c¥RS1 SRt rkNte fd0cdd Riakiegsedug o its
l ong (20 am Eru f‘t eg%eh The vari abl e relonfrarrevvorks whi ch

har bor ed t he “Riit & %T)ﬁs Faline E‘H‘B}h &8 i‘apiegiopegrafushown in
Figure |la (SEQ the I\ﬁrﬂjlea-lsdrhh&edilgdﬁto]xo ClrAknavesd addl emikeghanwshown in

Figure 7 (SE n_fromth av aj.n i abl e
region Shovm@F%Piv::\%J%@ﬁte %&f\% Secraad?ﬁ]em?lee%{el %"ﬁ%g &3a¥%b| e
- region sH@mPPhYWW% P?lU(SSEQI’PE NEI ?Ja)gateBr weth y1‘4 dtiidaisei. ngThée number i ng

system of KaRgtaginddis rLacs¥Bha(1 g sl dy¥es: shnnen fon yt ggenesi s of
e CDRs
coll strain DH10B (BRL), titered onto a lawn of XL-1

{Stratagene, Inc.) and incubated until plaqﬁes 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.



(Table 9) were: Gln24-Tyr36 in light chain CDRL (Ll Dec%ﬁﬂép g6 in
light chain CDR2 (L2) ; A@n9-Thr97 in light chain CDR3

in heavy chain CDRL (H); Trp47-G3y65 in heavy chain CDR2 (H2) ; and
Ala93 Tyr102 in 20 heavy chain CDR3 (H3). Libraries were created for each
CDR, wi t hvidgyRbisgonucl eotides designed to mutate a sifglR. &, esidue in
each clone. Due to the extended length of 1-12, two libraries nutating
resi dues 47-55 (H2a) and 56-65 (H2b), grespectively, were constructed to
cover 25 this region. The tenplate for generating |ight chain CDR3
mutants contained Ay at posctARIGHIZ-1daweyBrGadAacmAS Subsequently
determ ned that position 92 of the light <chain CDR3 was inadvertently

"~ deduced to be a Ay, 30 resulting in humani zed LM609 grafted anti bodi es
bei ng const FieteeHuknds &Ppaaint Het ghosiet ponmet t (KIS Ibator 30y eal i zed t hat
t he ori ginal r& rreqyenc n n IO t he
met hods descri bed herei nalga%gc%%ﬂgﬁz%ogr 08%%%%?§ESSQP%%‘?T%S%117454 to
i ntroduce muPBRTHHS IMEEREBRELIBS eh MBS TeFart expdoanseBBaySean LMVBO9
grafted aﬁtibh)%iy ehmud degeABR a8t tWpOSid indA-93nef Am?m aghakn GE&E@SéNaS found
to have avp3__binding activ ee T confirmng

i dentification %22 258 lélt"‘%!fﬁg’]crﬁt rfg’lu"(él\/B%QP%‘?latfltoé’dwaﬁfl %@@/9 Thus,

anti bodi es cand amﬂlmglel ﬁght ashee rRdoR3 exhapt nfoxdysor Asbonas @esition 92
are active i i n errutatlon 10
wer e synt hes?%%%ﬂ%dq?ﬁf?o uiL:lgnd1 %@ é/%qts 98§e %%IQ gggl £ g%b asy descri bed
previ-ously (@‘%]é%srseé*t by| the§@|p¢=369“es Weaﬁtﬁ@w i B‘ﬁl&ﬁeesaml@s construct ed

in ML31Xk604we Ve GiHak laxregbéadf&atulqlralﬁ?t ege&@@ §na§n desedd hed, éﬂoreV' ously,

w th sone ”ngef' cathl ons (Rosl(l)k et al Bi ol Chem . 271:22611- 22618
(1996); Huse av 3}ng either Arg or Met amlno acids in position

49 were functlonally 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

L3) ;“ Gly26- Ser 35



| munol . 149: 3914- 3920 (1992); Kunkel, Proc. Natl 1AC8HcemSet - 2 45A
82:488--492 (1985); Kunkel et al., Methods Enzynol. 154:367- 382 (1987)).
Briefly, the oligonucleotides were annealed at a 20:1 nolar ratio to 20
uridinylated LMc09 grafted anti body tenplate (fromwhich the correspondi ng
CDR had bggmoggset ed) by denaturing at 85C for 5 mn, fampipgdo 55C for 1
h, holding at 55C for 5 mn, then chilling on ice. The reacti on was
extended by polynerization and el ectropgrated into DHIOB 25 and titered
onto a |awn of XL-1 Blue. The libraries consisted of pools of variants,

each cl one Caetahéldi NSk adly BAkBAaHH O d nakt 8habi Wbdurnere- of the CDR
posi tions. Ut| L i ngc codo - based nut agenesi i ever% 03| tion in aI | of
g

the CDRs was" f%"[’ YoiE L ensIPPRe, SRR g PRe thel*eBat uBE etien

expressi on of.aBiol waliem.albrocachdscid (@ach) ; CORb e deeal G aser et al .
supra). The i ang |n 5|z fr 288 (L3)..t0.416 LI) uni que
nenbers and con‘%a%azgddagﬁtuot aI@ & IV ari a‘ri:[:‘ns % EFBEY 9

00/ 78815 BCTLUSSOFUC4BY 136 "Fere@ﬁR.t Witk Ghei exemtm eaefnﬁagwlmicm e

initial libraggkess: & highl Yuse lague ! Iaé%gy, d capture
lift, was enplo i%l(V\at Ki ns et mgilﬁéy%r?gd%g Elooci:uem (28 %@%ﬁ Briefly,

phage expres FOfSh Yensthri eThexprekahify TERBOD §FaewF kenthbelly vari ant s
were initiahbhybsesaned iy adegndbid ek ol @ﬁuehéaw APRMOR8Riahe Which the

nltrocellulose was pre-coat dvmth o] nti-h a_antibody and
bl ocked wit K" BV he E&Fum” Ilgﬂﬁ?nl% ﬁasg:rQ ?8 ﬁBp ca&ﬁ((fﬁ‘%te 1ohe

phage- i nfléct edai®) Bactagrliealrehann. sikoid dwi Bggthe tapmag apofiophage- expr essed
LM609 grafted anti body variant Fabs, filters were incubated with 1.0
Fag/ m biotinyl ated a:&ﬁqi 3 for 3 hat 4 C washed four tines, incubat ed
with 2.3 My/ml  Neut r AHRgi Heabkalrosrn firosphheasea(Pidade Chebdlekd Co.; 15

Rockford, |LyedOsn hdWinnidt F256re and mshed fOUs) tiEShe A bndi L uti ons and
washes were 'Ehfﬂr¥§£“%J3%frgglon shown in Figure 7 (SEQ ID N0O: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



Variants that bound as,P3 were identified by |ncubqt6| Rt hesr fddders for
10-15 mn in 0.1 MTrls pH 9.5, containing 0.4

2,2 -di -p-nitrophenyl -5,5"-di phenyl -3, 20

'- (3,3 -dinethoxy-4, 4" -di phenylene)ditetrazolium chloride and 0.38 nM

S5- br ond- 4yedoPkflz 3- | ndoxyl phosphate nono- (p-tol ui di Nigdmyseiiziss(IBL
Scientific, Inc.; San Luis Obispo, CA). To generate b| otiny ated a03, the
ap3 receptor 25 was purified fromhungg placenta by affinity :
chromat ogr aphy, as described previously (Smth and Cheresh, J. Biol. Chem

263: 18726- 1873 1i A QRR) mmatl@wum 2bRsa¥fBan FLlMdofgl n%lqafeé&pt or ;Nas
cont ai ni ng

dialyzed into %?%gj\/IHEPES EH74 50 mM Nadl
30 0.1% NP- 4@“? mG o P8 )g‘é?ﬁfei%éﬁlﬁéf’éﬂyvﬁﬁ‘ﬁ%@sf’o% nol ar excess
sul fosucci ni posiobiot 92 fodr 138hatcGn T3 weactsury Was hheenkypat ed by the
addi tion of t l.am ne. Degenber 003 V\D Q/ 78815
PCT/ US00/ 174?%%")4%3%5%3@% r %%%&lﬂ% g?gra?? g‘&y variants were
sel ectivePy tdptiuriddadioni pEobetY Lhose funkctépsal cm(é’d ametthegoat anti - human
kappa chain anihQsy., %Qéedanﬂ‘h%hl@sokbm{éﬂ% &'t cAdn daterted with 5

Neut r Avi di n- al kal i ne phosphatase. Initially, biotinylated avR3 was
titrated on MYie Ot éﬁrngﬁﬁ Pharfsitdepr 83spHRy AHe eVBOOPRdir®ed anti body
parent nol ect)pg. only. Subsequently, the concentration of biotinylated c¢ 3
was decreased to yield a barely perceptible signal. 10 In this way, only

cl ones expressing higher affinity variants were readily identified during
screeni ng of the variCdagohublestieks Eokbbowhmer tdimgdxhausht ven capture |ift

screeni nggof I fr ﬁﬂgb gher inity variants
were i den?| f?ge%é?%ggth%g 8?91 f%’ct%ga%‘ gfs %oe?%o 81{)%nes di spl ayi ng
i mpr oved affE’?ﬁ%%ﬂOW\@lﬁedﬁééﬁﬂPﬂ azrqvnouhéyHBGJ(amﬁ) edn@dll3 £&2)alGDRs, though
variants w ttnhd mQ¥ReyafiibRhtYe 8IS denttfi&dd NEYEBYXLE0Y

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.



CDR. LMs09 grafted antibody variants identified byq¢s208.captlfeddft as

havi ng avt' 3 binding activity were further characterized to determ ne
binding affinity to avp3, specificity for avP3 over other integrins, and

aj 3 association and dissociation rates. For these assays,  purified Fab of
LM609 gr akfeghaski body variants was used. 25 Briefly, Jegh,p@s..6Xpressed as
descri bed previously .and was rel eased fromthe periplasmc space by sonic
oscillation (MWatkins et al., supra, .14397) . Cells collected fromone
liter cultures were lysed in 10 M 50 mM Tris, pH 8.0, containing 0.05%
Tween 20. Fab was 30. Thopedmi®© thd Jddfipfiehei Bclealngmas( Phar maci a) which
had been equijl]j ted with 50 nmM gl.ycine, .pH 8, containi_ng 250 nmM NaCl,
washed with ?hlejcg%ﬁel %lffafé?,s’ aangl\ﬁeqq‘u yeéeﬁsfﬁlvi§ﬁq“& 1166 #RFYYycine, pH
3, into one-teméed aininee| 1MHU6 YRt emipdroy200BWAGHi0G1 28845 . PCThaJSOON7454 88
Tris, pH 8. Rusifded b antg t. a ClJ .previously (\Vatkins
et al., supra?ééigéglfe?} .zgﬁwéggggggfteécf[%;f??boggggéar#ﬁt%gs\kgﬁe tested for

bi ndi ng t3 attRRRERF SFRERFTERT VMO DigAathgdt iy verasnte wétre o a" X35

and all 03. Fonifldi9A tickbahé@bpfa hki®nebNPONdd 268G 12+33-806h 1 hE, rel ated
integrins avhﬁ?i n lon Il mcrotiter plates were coated with 1

al 103. I
pg/ M purifi edcrgcéleept%?r?ﬁe °riias PERr9oAted s tieREE , 2 M CaCl2, 1
mv MgC121 1 @Mt IHCAr2n washe daronideydyaradbbockesd 20 thn b3%s BSAsé fu®0 M Tri s,

pH 7.4, 100 I . . Clz far 1 h at 25C. Human al | bP3,
purified froérnri\é%?l% glrétogi,vkwag Eo]ljajtcéaljtﬁggl %/rgor%nl%zEn‘:gz)hyangée ﬁé’?&&fs Labor atori es,
I nc. (Sotfh Beweerial) land- av{SElamdsiaptibef Feptufe orfi phagenesbrestedict

depl eted of migos amadesar hRethdd, Rr8%heushys ( St et yale, J. Biol. Chem
265:11008-11013 tﬁ&rl?%g)%. Just prior to use, the EI ates were waoshed t wo
ti mes and wet®H4 9 WEGBat &Y “B /R labissinyi e ted svPoder @i Pupkohof Fab.

The pl ates weashawashoed tinmestiimSibated 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.



i ncubated 1 h at 25C with goat anti-human kappa- al kal ipee<RBe phoggphat ase

di |l uted 2000-fold, washed five tinmes, and devel oped as descri bed .
previously (Watkins et al _, supra, 1997). Al dilutions and washes were in
50 MM Tris-HCL, pH 7.4, 100 MM NaC, 2 mM CaC z, and 1 mM MyCl2. 16

Decenber 500/ 78815 89 PCT/USQ011745 L Table 8: Captilofnkkd t
Screeni'nggg(?&){)l\eﬁQOQ crafted antibody CDR Libraries Enhancé%g@ 1%) Li brary Hi

Size-' 320 H2a 320 H2b 320 H3 320 L1416 L2 352 L3 288 Screened2 2500
5000 - 5000 5000 2500 3250 5000 Positives-' 16 26 2 185

Phage expressed LM609 grafted antibody variants
were selectively captured on nitrocellulose filters
coated with goat anti-human kappa chain antibody, probed
with biotinylated oyp,;, and detected with

5 NeutrAvidin-alkaline phosphatase. Initially,
biotinylated oyf, was titrated on lifts containing phage
expressing the LM609 grafted antibody parent molecule

~only. Subsequently, the concentration of biotinylated

oyB; was decreased to yield a barely perceptible signal.

10 In this way, only clones expressing higher affinity
variants were readily identified during screening of the
variant libraries. Following the exhaustive 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




Affinity' 8 7 1785121 7 1 52 41 'Nunber of uRigQeg-choags;hased on DNA
sequence- Thirty- two codons are used to express all twenty amno acids at
“each position. 2Phage-expressed libraries were plated on XL-1 Blue/agar 15
| awns at 500- 100 pl aques per 100 nm di sh. 3Positives are defined as cl ones

that wereyglgpgs,kied in the initial screen, replated, @and Jedina
second capture |lift assay. 'Soluble Fab was titrated agalé&f |%ﬂbb|||zed

a"3 in an 20 ELISA fornmat. Based on cggparison of the inflection point of
the titration profiles, clones which displayed -3-fold enhanced affinity

were sel ectetdzigoy guird.herurehacacty ivaat GOAnt 50ictddasl8RspOShHERVe cl ones
identified bé ca.éure lhﬁ% 98 25 were further characterized for binding
to i mmobi | i zBESV A3 Y16 BEEERBe?t Aoz ViEPEe! 78398 90 PCTI USOO 17454 Fi gur e

8 shows titratlon of antibody variants and LM609 grafted antibody Fab on

i mobi lized cl3. Bactefi.al YSaLes cont ai ni,ng LVBO af.ted anti body
(closed circles), varﬁgﬁog %f§ﬁ£8é ?§V§8d§f¥lnl?nt W%ﬁglgfgé g ™t he
primary I|erF?%@“{STO?vﬁcﬁoéeépGGtﬁkﬂkﬁy 0¥1©®ndop@nxsqu&re@laandeYlol

open triasgl es)«BL ardd @ khe qqug@@ggrtfgrggﬂy’ aLiregabchosed triangles), or

an |rrelevant Fq? (gpen CIFC|€S% were titrated on 'inmo |I|zed av( 33.
ilized oyf; and the related integrins oyf; and o, B,

Immulon ITI microtiter plates were coated with 1 uxg/ml
purified receptof 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,.



10 Conparison of the inflection points of the bindighgeReRbLLes0@Pt ai ned
fromtitrating variants on inmmobilized av(33 denonstrated that nmultiple
clones displayed >3-fold inproved affinity, confirmng the effectiveness
of utilizing the capture |ift in a 15 sem -quantitative fashion (Figure 8,
conpare. sfyesasisand open triangles with closed circl egryfBgsag, on the
capture |lift screening and subsequent characterization of binding to

i mobi | i zed av33, it was concluded thatgpoth heavy and light chain CDRs
are directly involved in the 20 interaction of avP3 with the LM609 grafted

anti body variadless: DNfap@srd 30lFat 8drdddiALlo@neficdb Sptasiidg >3-fol d
enhanced bi ndi ng,a d sequenced to-identify the mutations which resulted in

13 AY Y

hi gher affi ni¥ys EreirgeRas ' 25 perfornmed on isol ated

si ngl e-strandled DNAT[Thé hepvy and T ght Tharmyvariable Tepi on genes were
sequenced byfthe fldoresceht dideoxynucl eotide }eFM#RE5bDn] net hod

(Per ki n- El nref Libosten Gide), | CAyceBaedPosi seGUENC A £ AMdlcySi

variants, 23{unrgue mu

of 103
Eél'_‘ons identified
(Tabl e 9) _ Tlhe majorit f thégﬁﬁtes of béheficial nftatiophs were found in
t he heavy 5 chai rR2&DRs, 3aipt h fogpobocated igy H3, and three epch in H2 (2a
and 2b conbi edg and H . Seven distinct and 16 Decenber 200B WD 00/ 78815
PCT/ USOQ 17454 Y3Pbenef?8i al afPAB acid suBstitutionslwere jdentified at a
SubSt rtutionh at thi s orbe suggddls that Eyrosine rd8 due 02 may
p
sterically hinddl LM6091grafted580anti body2bi nding toia, 0,3} In support of
this, varian{s pressi.ng the er aromati ¢ am no acids (phenyl al ani ne,
hi sti di ne, apd thzi(/pt opﬁgﬁ) ins?gé@ of tyr odine at resitdue 02 were never
i sol at ed ool f owiusg screesi ng fgno@nhanced 5bi ndi ng. 10, The
sel ect vari ants were further

ffinities of

'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 -



characterized by utilizing surface plasmon resonanqg ptBLAGOFrelod® nmeasure
the association and dissociation rates of purified Fab with inmbilized
a"G33. Briefly, surface plasnon resonance (Bl Acore; Pharnmacia) was used 15
to determine the kinetic constants for the interaction between c 3 and

LM609 gr afyggoapdsi body variants- Purified a, (33 recept of-WaSei/a0pbilized to
a (1--ethyl-3- (3-dinethylam nopropyl) -carbodiimde . o .
hydrochl ori de)/N-hydroxysucci ni m de- actjpvated sensor chip 20 by injecting
.30 M of 15 ucg/m a J, in 10 mM sodi um acetate, pH 4. To obtain

associ ation rate constﬁrgflﬁe @Egi%ws tgﬁﬁitﬁ@gggfnrw@ﬁ%@d%@f%igh{%ezenaogabmw
concentrations in 0 - in 5(C Tris- , .4,
NaCl, 2 mM CQE:PZ},"D?Q% C—%arﬁ\tfggﬁ'i’lb W@d get ePaPhet 8¢ &«B4-ow rate of 10

M/min. DissBeratrbnl gedtlelgoaséantantzkiofihy nREEI tde mear ageipbdfive g
measur enent s | med: al yzir .dissociation as at an increase
flowrate (469%E%n§n€l.&éee%26rg%%%%%%é@haﬁgpﬁ‘ée vﬁf%}umtlﬁg Bl Aeval uati on
2.1 progra@m iPRbRei Bom 3beResimaey Hityawassr épb02d cfsed each nmeasur ement

With 10 i nMshGhre?; MMoBICEReANGda BN MaGE2y146, DesaMEr 12003, W\Q, 00/ 78815
PCT/ US00/ 174 E%EeTabl e(ﬁg S gvv_s hat the variants all dllsapgayseh a |ower Kd

than the LM6OBYrHT P RHPREBHY bar'drie theFedtl @sed ddrigingient - WX h both the
capture i ftaanﬂriélha\EdtSAabAmqbgﬁ'Sic‘,ir@ﬁ.e;%$$0§j::@.tima&ré@ dhssoci ation rates
revealed 5 %M&bltﬂezeraaja%i ty of inproved variants had slower dissociation
rates while having simldrassociation rates. For exanple, LM09 grafted
‘anti body had an association rate 18.0 x 104 M's-1, while the variants

ranged_f&@”‘16-7‘31-8d%m g%ié@%’éﬁlth l&n%?%&%@é&’po 'Y o Otééone,
di ssoci ated sl ower than LMb09 grafted antibody (4. x I0"3"s -') with
di ssoci at i onPREEI RERGiIIAGST Potrineds fremdt Brasing 1erdastg)ono 11.8-fol d
(0.42 x 10- 3ismdyilidede(p, demonstrated that multiple clones
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



These results denonstrate that introducing 15 singlepaflfQ-AC¢hs3
substitutions into LM09 grafted anti body CDRs all ows the | dentlfl cation of

nodi fied LM609 grafted antibodi es having higher affinity for ap(33 than
the parent LM609 grafted anti body. 16 Decenber 2003 WD 00/ 78815

PCT/ USCO Fo.ID. . . Nf.-0Co (']-aN O WN Dty S G G\ vi Cn-
N~~| Cg&gﬁ.’é% r-CoLn-Mrl coMr - .-1 rNLnékg’{’f’ll'77(4;5 "Oim'nO

tf7 '17var @ -0"6 ONc'~M-Ly N "Ogﬁa ~ C CNM NO,--i r-1 OCNNCC. --1

CNC U - '
: beneficial amino acid substitutions were identified at a
single site within H3; tyrosine residue 102. The diverse
nature of the substitutions at this site suggests that
tyrosine residue 102 may sterically hinder LM609 grafted

5 antibody binding to oyf;. In support of this, variants
expressing the other aromatic amino acids {phenylalanine,
histidine, .and tryptophan) instead of tyrosine at residue
102 were never isolated following screening for enhanced

binding.

i0 The affinities of select variants were further
characterized by utilizing surface plasmon resonance
{(BIAcore) to measure the association and diésociation
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)i
30 Residual Fab was removed after each measurement with

10 mM HCl, 2 mM CaCl, and 1 mM MgCl,.
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Table 9 shows that the variants all displayed a
lower Kd than the LM609 grafted antibody parent molecule,
consistent with both the capture 1lift and the EL1SA.

Analysis of association and dissociation rates revealed
5 that the majority of improved variants had slower
dissociation rates while having similar association
rateé. For éxample,'LMGOQ grafted antibedy had an
association rate 18.0 x 10 M!'s™!, while the variants
ranged from 16.7-31.8 x 10° M“é*. 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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H gh Affinity LM609 Grafted Antibodies This exanple shows that single am no
acid nmutations in CDRs of an LM609 grafted that result in 5 higher
affinity binding to 003 can be conbined to generate high affinity LM509
rafted agy . Random conbi nation of all of the b ielal o mutations
gf LM609 gra?)%d1 anti body woul d generate a conbi nator?ﬂz}leljl‘?sﬁg?éfy

contai ning >10' variants, requiring 10 ggfficient screening nethodol ogies.
Therefore, to determne if clones displaying >10-fold enhanced affinities

could be rapidly distinguished frogkmigre anat her, variants displaying 3 to
13-fol d enhanced afflnlty were eval uated by capture lift utilizing | ower

15 concentrati B4HG alp ALfing £ L b Anddbodieanpts with a
broad range of concentratl ons of a" p3 COI’ISI stent differences in the
capture lift signals not observed. Because of this, smaller
conbinatorial |ibrari 5\/\/5?‘@’“8@?15?9% &ahn g Bgbs RN Ia;?léicreened by 20

EL1SA. Four dusétiois donigiDRat ofi &b ﬂM@%@teitwrehaﬁofwdﬂltC&ﬁd in order to

eval uate enpfL il Iher »9Las £9TRl b1 005 Lk coul g, e accomp i shed

utilizing two “site Zatton nut agehests Flgu OBrlefly, 25
conbi nat ori aPen¢hrtE |fé$}lhvv@|féle©h$tk%ﬁﬁ%d{rbﬁtsyn'ﬁm@sbczdm degener at e

ol i gonucl eoti des encodi ng bot h the vvi | d-type and beneficial heavy chain
mutations (H2, Le U60- Pro; H3 Tyr -H's; H3, AlalOl -Tyr; H3, Tyr102_Ser,
Thr, Asp, Gu, Met, @agﬁdom a?mbwa%% oG ehb Sfteheyrsriediigarion 30

MUt agenesi s, masaeeans Iol’:lfed.MabQV@raﬁﬂﬂﬁQi alitgeBdg| eetidesnaieie annealed at a
40: 1 nol ar g{)lgrg ated template Qagpared from LM609 grafted

a
anti body and“three lI3ec %E? THpptaining 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



WO 00/ 78815 95 PCT/ US00/ 17454 |ight chain nutationgeg(beginge?;2dd3.

Hi s32--Phe; L3, Gy92-Asn; L3, H sO9fi-"Leu) . As aresult, a total of 256
variants were synthesized in four conmbinatorial library subsets. 5 Figure
9 shows construction of conmbinatorial libraries of beneficial nutations.

Uri di nyl atypgedaeRl ate from LM609 grafted antibody and j mal |ight
chain variants (F32, N92, and L96) was prepared. Two sl}(%]lgﬁﬁ%@@ﬁ di zation

was performed with two degenerate 10 olgsgonucl eoti des, which were designed
to introduce beneficial nmutations at four distinct heavy chain residues.

Fol I owi ng pr apanat &t ofmutaitdony! akeshienpl atesys o-bBO9,graf ted anti body
and. three |ight, chai arjants, 15 (Table 9; P32, N92, and 196),
degenerat e oisgﬁozngcszpéglﬁy’d S e?{‘beé1 i'ng”the 1Y Tyfe tPE.T doe 4 t he nost
beneficial Neavgnthataremstyatthenszédabl e€cdr P6Mbi MBTor MO ib%30R, T102,
D102, E102, MLAZ.+H102, and Al02) were hybridized to the light chain

tenpl ates, resulting in four 20 conbinatorial libraries, each containing 64
unique variants. Potentially, the conmbination of multiple nutations can

have detrigrental effectiguar af bhohi Yot ruckhda, ofalont SRR 1Ehe
identificati on of benefi %lﬁal conbinations resulting fromnmutations at

fewer sites. ~2B %6t Mk Beasddfial HE tARLRG Saci HE Labresyed KymPhate V509
grafted anti lfody PedEntgratitedubet Wasdy ntldudadeat opadnl PAYKHL @Rain t he

conbi natori a L y y Wil zi is__approach, sifultaneous
conbi nat ori alk'aflcr% Il;a%gen(ebﬁsz':%é 311%’51' h?%‘gg]‘ wa(sLEQSPaf%d each’s #*¢8mbi nation with
H2 and H3) wagbsddbmatomy iwelseder BaseeH onitbefjwendegamatatsi s, the two site
hybri di zalg 081 IULAAENET 1%148S LATHH BYED Welh nal% o ef{i L fkey- 16 Decenber
2203 WO 00/7g8%§ ieWaSy e anég boefdd GlgnRe

eneficial 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, N92, 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.



96 PCT/USOQ 17454 In order to screen the conbi nat oni@pclLbRfati £§93 Sol uble
-Fab was expressed and rel eased fromthe periplasm of small-scale (<1 nl)
bacterial cultures that had been infected with randomy sel ected cl ones.

Al t hough 5 variabl e expression | evels were observed, uniformquantities of

t he unpurig; yriants were captured on a mcrotiter rough a -
pepti de ta‘gbggggg{]t on the carboxyl-term nus of the heg@ﬁﬁﬁ}:ﬁlﬁ? Briefly,
conbi natori al LM609 grafted anti body Ii%)erari es were 10 screened by an EL1SA
that permts the determination of relative affinities of antibody variants
produced in snall-scatg hagerbakceubs Lg}?eg_&%&hbgér%]] &lipyr 33@'5-
Bi ochem 253:35{43 (1997)%?. An Imulon Il mcrotiter plate (3 naf ech
Labor at or i es SO¢RENE] FPY, "asarRaeseedt 2rf 125 MpeeRd 16T vp/ e sreripdasmll

nonocl onal anifi body ) -which (<d1e&OYNbIEGe A NeRivi1dartage gt & been

car boxyl -term 2 LMB09.graffed antibody varjant heavy chains
(Field et almnl%lé%gf% %{;ﬁf .rall\g/?igf“.lg&sﬁfl%%t%%OPTéSS%i.%qhow ng capture of
Fab from E #6Fiab}saexrressionplavel sas2) dbseubat edumi idyn0. 5-1 /. cg/ m

bi otinyl at ed gdaht 1£08s lof @ uapGri FN&: RlALE RS h wen b 0es,
Cncubat ed wi TR e et Strent Bl 16y Kl ﬁ‘?pﬁ%@%hﬁ%a@%e?ﬁgoau i
Boehri nger MEARREF&FEF Rfiddfab8rPegh | A)peRiTidES tApnpEese5@n Washed seven
tines, and dewebopeU-esrmdeser bbedhahddwyigushy (Maikins et al., supra,

1997). Al dilution and _washes re in binding buffer. As described
previ ously (ﬁgfnbilﬂgg%fla;l .L\,ﬁ%ggpgﬁ%’,\?tﬁ%?ﬂt}bf)fﬁys9E‘E’F%’5ﬁ%e§cr’“’é’éﬁi ng net hod

enabl ed &90r aprdeanedd by reecELEO6APEINE s qre wfi tisheheedat ¢ mei rafdiioni bices of the 30
variants fol lL.awpg.in . Lth bigtinylated a'P3 and . '
i %%Etg@s%£ A T Raf e tpab di versi ty

strept avi di n-al kal | ne osphatase. To ensure
was sanpl ed, SBAdl raetsaikctandakl gul wetasct@dtsionest war-e @oeéened from each

conbi nat ori abiokh&haryss Macruani soshat . dixgphamed.an enhanced EL! SA 16

Decenber 2003 ,
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



WO 00/ 78815 97 PCTI USO0/ 17454 signal were further ghapagigpizeshdor binding
to imobilized avl33 (Figure 8, closed triangles) and were sequenced to
identify the nmutations (Table 10). Screening of the four conbi natorial
libraries S identified fourteen uni que conbi nati ons of nutations that

i mproved RydghAagssi gnificantly over the individual rrutpéw@g@,m@@ntl fied in
the screening of the first [library. Wile the best clone omthe primary

screen had a 12.5-fold increase in affigity, the fourteen unique 10
conbi nati ons isolated from screening the conbinatorial ,libraries

di spl ayed afEugn&le@eﬂéﬂﬂﬁrmgeir@maﬂébﬂékﬁl%ﬁfng bﬁﬂdﬁﬂdﬂiothan the parent
LM609. grafted 0L ] t hese var | ants consi sted of H2 and

ority o
H3 nutations corﬁ)l ne av?’n (tFFig i é)’r ‘f_{fﬁﬁﬂ aﬁrllSHQ °3)5 HBEhEErEi al
‘conbi nat i onssefiuéreead) tehdidenmuf at tlonsnutiattdionw (dabperdji.ght chain were al so
identified, but did not result in inproved affinity to the sane extent as
other conbinatorial variants. The variants predom nantly contained 2 to 4
mut ati ons, with one clS#¥€enER9, oD thprficaimicrgrinyeomalatliiibmeridle direct

correlati en beéNeefied HRukebah WHHR QhuiWhalbohSos hBathoKartapt and the
resulting affinit while the binding of clone

s. observed. For exanpl e,
C37 was 92-f Of'R*® ?éx%ﬁQEIBQe?l? et isadny °NﬁFeEE?é”&Hd¥ﬂﬁ§lachleved t hr ough
t he conblnatmumwtﬁoﬁﬁiﬂd&heefnuaaincnnh seireseifddohathe Farkel d greater

affinity ac thr ation_of ve nutations Mul tiple
variants dlsg}§§$ gﬁﬂg %Q anceg'gﬁf%ﬁ??yéh?eﬁﬁﬁﬂﬁrﬁgSFFBﬁ?the

conbi nati on ®fdax ¥%ﬂ@7§9lﬂmmnﬂmﬁaﬁq(ﬂﬁ;aﬁﬁanetydemnefﬁauit@aﬁnpniqueand
V357D) . 28 TB@mEEHHHﬂB%%OQBBhaEé&”%%bﬂ“éé}eeH958V§§%EﬁJHﬂlhE¥or§%l di spl ayed

>10-fold sl ower dissociation rates ossi b ecting a selection bias

i ntroduced by*PoHgted Kégpaeyes %%fewaﬁ% Hénge%e@ﬁcnrg 18| foaddrfekh, all of

greater 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




16 Decenber 2003 WO 00/ 78815 98 PCTI US00/ 17454 the gogbiiatorizglgavari ants
isolated fromthe library based on the L96 |light chain nutation also
displayed 2 to 4-fold greater association rates. Previously, it has been
denonstrated that the anti body repertoire shifts 5 towards i munogl obulins
di spl ayin * P’Pﬁ association rates during affinity 1on_in vivo
(Foot e angvé10 s%ei n, Nature 352:530-532 (1991)). Then’ﬁ,@'()ir@%@3?4 of
variants, therefore, nay nore closely %I mc the in vivo affinity

mat urati on process where B-|ynphocyte 8 proliferation is subject to a

ki net :c c sF: eehé ﬁmﬂiﬁﬁ@%trgéif L edi and d _ta%ﬁ:\ztale'teﬁdsr&hetﬁ% gﬁ%r%gwlhex
specifically,_an oes . not recogni ze either the a, or the_ p3 .chain
separatel y. 13 $Ur¥héPec QlﬁagngFz%hat%mu\Féltilaﬂt else | Yrigd a¥gfe? st eened for
reactivity witholdetateel acedciat gt immsesal | bra3dianl " ph. hAkl variants
tested were e i i . aV051 consistent with the

i nproved bi n%?% %g%dn\sé&ggt%ﬁt ?Q%Pyag% %2%1%8%1\! hgep?ﬁ%lrréactsﬁ%gggf Fab and

r ecept or . SAstevd¢sstimyuspot ont tneledintianiing highée 2daietéase in affinity
of the variaphes nmliigdoirRi 0l eglfculala0ical ;961 {Mdee apariants
di splaying a range of "affinities were assayed for their ability to inhibit
the bindi ng¥bksERiTat BadRrei JaRd>391H4 ddén) 't o Thedhig ispbget a®H3
receptor. Brigfiantd,MeB8rgrattpdnaptidi@dy:-1%8EL NhSn2S MY gnt 68L8d for-

i nhi bition of }Ei and bi nding as described previously except that the
binding of bRGEITYPAFBE RAMER" PTETT Togel "eCar bYBERRH 0a Jol | &, CA) vas
det ect ed 1% t brol) feratd@hnti sNeubi&vt dicn-aalkkakkne pobsgphiatnase (Smth et al .,
J. Biol. Chem 265:12267-12271 (1990)). 16 Decenber 2003 WO 00/ 78815 99
PCT/U SOCO | 7434

LM609 grafted antibody binds the oypf, complex

specifically and dces not reéognize 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}).
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m4) N Mo ao, xaaaaa,a a C'7N P4rnc5z .-IN aMXLe, EG+GcCefber 2003
CdtoM) AV toNr-1 rl OCi~tor' L aNC7xM] C7 '~ nUYMhrUNtoUtD to Na >, "'
U4JNN110 540)Mw 3 16 Decenber 2003 WD 00/ 78815 PCTI TJS00/ 17454 100 The
results of .these conpetition assays are shown in Figure 10. Figure 10A
shows i nhivpgbdagusof fibrinogen binding to i mobilized g 3csoehfigpbilized C
X103 was incubated with 0.1 /.cg/m biotinylated fibrinogen and 5 vari ous
concentrations of LM609 grafted anti bogé( (open circles), S102 (cl osed
circles), F32 (open triangles), or C5 %closed triangles) for 3 h at 37C

Unbound Iigand and Faihdvale@ull €50¥E 0 s MNashbagi aidh baing of ibbei nogen was

quantitated follow ng_Jjncubation_ wth utrAvi din 10 al kali ne phosphat ase
conj ugat e. FFES?E ﬁ%%?%ﬂﬂﬁh%%‘ Figure 10A shows inhibition of

fibrinogen binding to immobilized oyB;. Immobilized oyB;
was incubated with 0.1 pg/ml biotinylated fibrinogen and
5 wvarious concentrations of LM609 grafted antibody {(open

circles), 8102 {closed circles}, F32 (open triangles), or
059_(closed triangles) for 3 h at 37°C. Unbound ligand
and Fab were removed by washing and bound fibrinogen was
quantitated folléwing incubation with NeutrAvidin

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.




correlation of affinity of variants wi th inhibitionghecEiBELNogen bi ndi ng.
The concentration of variants required to inhibit the binding of
fibrinogen to imuobilized alr33 by 50% (1 CS.) was plotted as a function of
15 the affinity (Kd). As shown in Figure 10A, higher affinity variants

were norehh@mkisve at bl ocking the ligand binding sitg.of 05,?7@ 4§ eceptor
(conpare LM609 grafted antibody, open- circles, with any osf

variants)-. 20 Subsequent analysis of {gp variants displaying affinities
(Kd) rangi ng fromO0.3 to 27 nm denonstrated a good correlation (r2 =

0.976) between affini t%earmlnabtylw dr valriBhbkt &1 BHimagernki nding (Figure
10B) _In addlt%l N sza”hants vveretestedfor inhibition of vitronectin
25 bindi ng t 390f/# ?'éc%fgt BPAR | BF AT SEAGgRTPTE e "I &PPafits were nore

effective at renbpbiting mlnbgéerm ieodarntihed . thEnrpﬁfmtonrralEeauée Thus,
consistent  uhhls 18P &f 655 h8AGHY ;tyglffb dgbehh gl el il | 0

receptors, mutations which i ncrease frni a 976t "30"-Appéar to
subst anti & | grafted are hesinerrianvhivss mfoamed b@ﬁjwelsrqtebadt ed with the

receptor. 1l6pbecesbery 2 v / 5 101 1 9 e lity of
t he \F;arl antsp nhi b%t@%%emgﬁe%?%:\i %Egﬁo%ﬁgeff@ Y

expressing tﬁég%h}s‘s Hetdprotot e |1Hr913ﬁ‘6’gé‘ﬁmﬁﬁ§l%5<%ﬂﬂsr’fééleﬁnm%‘iltl on of
the adhesi opusffiex ﬂﬂ%’rlha{BElgeﬁeMcs d\,ga fﬁd}fdm@genhbghéfl%ﬂ-ﬂ%(i@ﬁ grafted

anti body variants was performed rfnt% revi ouslvy %Leaves ey et al.
3 o el o VAR NS G, RN LS i RS B Y h P S a b B opet € on
st udi-es WOt hadpesidn ddafri brisNbYEdS a;m;hfa;e)d33n|tebe@y oftEigurghet)affinity

vari ants wer rad | r tiVv r I dhesi on t han
v LVBoo or ol FERPIE SR FaE B el R R e, B R o o | No

human nel anofghe®len tHdSrdRCFen £ | &Gild@géﬁd tcenfsu%lmwcaptwtlons
concentrati 088 LM609 grafted antibody Fab {closed trlangles), $102

{(open circles), G102 (closed circles), or C37 (open
15 triangles) were added to 96 well cell culture plates
. which had been coated with 10 ug/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.



of LM609 grafted anti body Fab (closed triangles), $i0B<c{&epeR sdds! es),
Gl02 (closed circles), or C37 (open 15 triangles) were added to 96 wel |-
cell culture plates which had been coated with 10 g/m fibrinogen. After
i ncubati ng for 35 min at 37cC, unbound cells were renoved by washing and
adher ent re quantitated by crystal violet staig ﬂ?snomizzqu"though

i ntact LMo ted antibody Ig inhibits cell adhesion

expressed Fab dld not affect cell adhgﬁ'on at concentrations as h| gh as 1
ng/m  (Figure 11, closed triangles) one C37, isolated from the

conbi natorial ‘library mednr%ehaxgngho@omaftoL:gmgmﬁger.ﬂzgl@f bibhdy than
LM609 grafted agtl body Fab, inhibited cel adhesion comjletely (Figure 11,
open triangl 8519 WAFIEMNS Ehgs RagULt nHHé’rMétO@I Qrﬁf'g%ra%flpioﬁilﬁ/ (2.2-fold
enhanced) aedhabsoingiiyHeedbaablnqdhesinany tbodgh hesswsefthectively than

C37 (Figure girel W SUEprisin 30 ¢ on Figure 11,
open circl elenge\I}\,ﬁiPTEF(?'—%t fe.%%-g?o?%f) I}i;tﬁre%%fa?i AFE Y Cﬁfﬁ‘% %@é% grafted
ant i body, SV\/aSTUtFlﬂﬁﬂeﬂﬂmge gaeaitnhi bhan rﬂj)-o‘?@Illd hdbesi dn,nddimggest i ng t hat
clones G102 grd;R102 {MULhACt Wk Lh: tigs A B anfegapmlbéqyfferent'y 16
Decenber 2003 WO 00/ 78815 102 PCT/ USOJ 17454 These results show t hat
conbining single amno acid nutations that result in LM609 grafted

ant'i bodi es exhi biting higher bindesogssafef witky to al03 allows the
identification of hi gh affinity. LI\/609 grafted anti body 5 nutants havi ng
greater than 90-% o £ Hagl L1t haneed LMOU I Grafted \G09 grafted
anti body. EXAMPLE. VI | Generatl on ;thllﬂogheé\ffl nity Enhanced LM509 G afted
Ant i bodi es 10 This exanpl e descri bes the generation of high

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 proteclysis (see Tables 11 and
25 15)}. The 6H6LH varlant, 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



affinity enhanced LM509 grafted antibodi es having jExngLeassd- sigd lity. The
high affinity clone 6H6 (see Table 10 in Exanple VIl1) was further
characterized and was found to 15 exhibit sone proteolysis. Therefore, to
identify variants having increased stability, 32 codon variants were

i ntroduce aneously at each of positions Asn9F nunberi ng
accor di ngq‘{(zb%tgt et al., supra) in the heavy chain W?l ﬁG (SEQ I D
NGO 94), and the 20 variants were screepggl for a"(33 binding activity. Those
variants that retained binding activity were sequenced and then screened
for susceptihitatyoio y=0f @abyBesn fiditnd tar gaté K Harasicgentified as
exhibiting c nd| activity.an nce to .proteolysis (see
Tables 11 angkgé %& ﬁe 8% v‘gr&aclt \Mlklllﬁ%ﬁ Yladl%tgh affinity a"E33

bi ndi ng act i ﬁpeylfhfaﬂll_\eu Hstabzstmt ghedl fgrt ASA96 GDR1 gRt@itnedsH s97.

Al t hough themﬁ‘f@é&th@J'ﬁa@t gggwléf&é“s% éggéi@éwe gmdlteg to avi33, the

affinity Was sonewhat | ower vari ant (see Table 15).
Ther ef ore? COR§B2 TR ceier 226630830 0/sre8 Tob163 PGTI US0@A17454 nut at i ons
that had beeadfiotnshd 0 sgirianhi gheat fimidne hlélamgjl 8ga e repreodsi ggd With the
6H6LH vari ant . Sgec ifically, H.s32 in thel ighﬁ% é:h{;\i n CDR1 of 6H6 was
nutated to PH&° % ?r{mﬁa&ﬁg E32P e STt £167C PEU 5(sfsndrBie &l one

2236/ 6H6LH ( seegdmdtatel 3)lonkn22R6-3RIHHAGIGNdewaTataid ,11leu6l i n t he heavy
chain CDR2 of 6H6 was also nutated to Pro, as in clone P60 (see Table 9),
to generate clone 2236-38/6H6LH (see Table 11). Shown in Tables 11 and 12
are amno acid and 1Ghayel éot Teelsedierods 12r espeutingelagidofnfieavy chain

CDRs of ube gnbpaserhdi@nuahbbsi tye s dantsyof o PHavSh@MAhncpdabl es 13 and
14 are am no ﬁCI d and nucl eotl de sequences, . respectively. of Iight chain

CDRs of . the 8 h%ﬂ%éﬁl rﬁﬁ high affinity variants of 6H6. ° Shown in

Tables 13 and 14 are amino 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.




affinity variants of 6H6. The CDRs shown are accordigng.dansd O St hia,
supra. The am no acids and codons that differ fromthe 6Ho6 variant are
shown in bold. 16 Decenber 2003 WO 00178815 PCT/ US00/ 17454 104 Table 11

Am no Acid Sequences of Heavy Chain CDRs of Hi gh Affinity Enhanced 6H6

Vari ant Al S Heavy Chain CDR1 Cone 5 6H6LH G F Y D MS SEQ
| D NO: 34 %%éggg%'GLH GFTFSSYDMSSEQID NG 34 ‘%§§E§¥§9%+BLH GFT
FSSYD.MS SEQID NO 34 Heavy Chaj{? 10Clone KV SSGGGS T YSEQ
| D NO. 102 6H6LH 2236/ 6H6LHY L DT V Q EQIDNO102 KVSSGGGSTY

. 2236- 38/ 6HokkN1d D T %ul@nE ﬁggléa%glnw; B Yosr Rl Je15Y P DT V

Q G Heavy Chaln ] 6H6LH H L H
¥ : ed cilf Namipng Engilodies SEQ I D NO 106 16

Decenber 2003 WO 00/78815 105 PCT/USOO/17454 Tabl e 12: Nucl eoti de- Sequences
of Heavy Chajn CDRs of ngh Affinity Enhanced 6H6 Variant Antibodles 5

Heavy Chain ’éfﬁ?iy GBRITTC ACC TTC AGT AGC TAT GAC

Clone
5 6H6LH GFTFSSYDMS SEQ ID NO:34
2236/6H6LH G F S D M SEQ ID NO:34
2236-38/6H6LH GFTFSSYDMS SEQ ID NO:34
Heavy Chain CDR2
Clone
10 6H6LH KVSSGGGSTY SEQ ID NO:102
YLDTVOQG |
2236/6H6LH KVSSGGEGSTY ~SEQ ID NO:102
YLDTVQG
© 2236-38/6H6LH K'VSSGGGSTY SEQ ID NOG:104
15 YPDTVQG
"Heavy Chain CDR3
" 6H6LH HLHGSFAS SEQ ID NO:106

2236/6H6LH HLHGSFAS SEQ ID NO:106
2236-38/6HALH H L HG S F A S SEQ ID NO:106



ATG TCT SEQ ID NO 33 2236/ 6H6LH GGA TTC ACC TTC AGE AGC-TAT, GABATG TCT
SEQ I D NO'33 2236-38/6H6 GGA TTC ACC TTC AGT AGC TAT GAC ATG TCT SEQ ID
NO 33 10 Heavy Chain CDR2 6H6LH AAA GTT AGT AGT GGT GGT GGT AGC ACC TAC
TAT TTA GAC ACT GTG CAG GGC SEQ I D NO 101 2236/ 6H6LH AAA GTT AGT AGT GGT

GGl GGT A TAC TAT TTA GAC ACT GIG CAG GC SEQ
2236-38/6§§Ub§X§§CGTT AGT AGT GGI' GGT GGT AGC ACC TAC fk?ﬂgg&&%éC ACT GIG
CAG GGC SEQ I D NGO 103 20 Heavy Chain 6H6LH CAT CTT CAT GGC AGT TTT GCT
TCT SEQ ID NG 105 2236/ 6H6LH CAT CTT GEC AGT TTT GCT TCT SEQ I D NG 105
25 2236- 36/ Gifbhik T, CRLIALLER0 %QLLLSGQE BGL SRR W05 .
............. cem abl e

Ami no Aci d SE4ERR : 3 i eHCMaright B ity Enhanced 6H6
Vari ant Antlbodles nght Chaln CDRl 6 6LH Q A S QSI SNHLHSEQID

NO: 108 5 2236/6H6LH QA S QS I SNFL HSEQID NO: 110 2236-38/6H6LH Q A
SQS I SNFE#HSES 5™ 110 Light Chain CDR2 6HSLH Y RS QS | S SEQ ID

s ...16-:"‘

NO 112 6H6LH GGA TTC ACC TTC AGT AGC TAT GAC
5 ATG TCT SEQ ID NO:33
2236/6H6LH GGA TTC ACC TTC AGT AGC TAT GAC
ATG TCT _ SEQ ID NO:33
- 2236-38/6H6 GGA TTC ACC TTC AGT AGC TAT GAC
ATG TCT SEQ ID NO:33

10 Heavy Chain CDR2
6H6LH AAA GTT AGT AGT GGT GGT GGT AGC
ACC TAC TAT TTA GAC ACT GTG CAG
GGC SEQ ID NO:101
2236/6H6LH ARA GTT AGT AGT GGT GGT GGT AGC
15 ACC TAC TAT TTA GAC ACT GTG CAG
GGC SEQ ID NO:101
2236-38/6H6LH AAA GTT AGT AGT GGT GGT GGT AGC
ACC TAC TAT CCA GAC ACT GTG CAG
GGC SEQ ID NO:103

20 Heavy Chain CDR3

6H6LH CAT CTT CAT GGC AGT TTT GCT TCT
SEQ ID NO:105
2236/6H6LH CAT CTT CAT GGC AGT TTT GCT TCT

SEQ ID NO:105
25 2236-38/6H6LH CAT CTT CAT GGC AGT TTT GCT TCT '
SEQ ID NO:105



2236/ 6H6LHY R S Q S | SSEQ I D NO: 112 102236- 38/ 6HoL4HY pR-Snf S 3oSSEQ | D

NO 112 Light Chain CDR3 6HGLH Q QS GS WP L T SEQ I D NO 90 2236/6H6LHQ Q
SGSWPL TSEQ I D NO: 90 2236-38/6H6LHQ Q S GS WP L TSEQ I D NO: 90 16
Decenber 2003 WD 00/ 78815 5 PCT/USOQO 17454 107 Table 14: Nucl eotide
Sequences yaf oddsfdt Chain CDRs of High Affinity Enhanc%@—gﬁ% Jant
Anti bodi es Light Chain CDR3. 6H6LH CAG GCC AGC CAA AGT ‘A C CAC CTA
CAC SEQ I D NO 107 2236/ 6H6LH CAG GCC CAA AGT ATT AGC AAC TTC CTA CAC
SEQ I D NO 109 2236-38/6H6LH CAG GCC AGC CAA AGT ATT AGC AAC TTC CTA CAC

SEQ I D NO 109abfeLigiht aAzhidion aACRR?s eFALsCE] g £ i@ BRrsALE TCT SEQ I D
NO 111 2236/ 6H6L H‘JT%WAT CGT TCC CAG TCC A _ _

2236- 38/ 6H6L BRFATREEn - Fopanced GBG Vaziagtohnbihpsiies Li ght Chain CDR3
6H6LH CAA CAG AGI GGC AGC TGG CCT CTG ACG SEQ I D NO 89 20 2236/ 6H6LH CAA
CAG AGT G&C éGéh %CCT ACG SEQ I D NO 89 2236-38/ 6H6LH CAA CAG AGT GGC
AGC TGG CCT \ NO 89 The kinetics of al P3 binding was
det erm ned f @H6LH QASQSISNHLH SEQ ID NO:108

5 2236/6H6LH QASQSISNFLH 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 YRSQSIS SEQ ID NO:112
10 2236-38/6H6LH Y RS QO S I S SEQ ID NO:112

Light Chain CDR3

6H6LH QQ0SGSWPLT SEQ ID NO:90

2236/6H6LH QQSG L T SEQ ID NO:90

2236-38/6H6LH Q Q S G SWPLT SEQ ID NO:90



25 each clone using surface plasnon resonance (Bl A ?6

described in Exanple VI. The binding kinetics and af |n|t|es of the- cIones
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 O one
| D#kO, kof fysg 59E+051. 60E- 040. 62 nM 2236/ 6H6LH2. 25 =040. 66 nM
6H6LHS. 01E+05@ﬁ4§i§55 041. 82 nM 2236- 38/ 6H6LH2. 76 E+052. 49&%0%5{)4 As shown
in Table 1.5, clones 6H6LH, 2236/ 6H6L 0 and 2236- 38/ 6H6LH had affinities
simlar to 6H6. The 10 affinity for 6 In these experinments was 0.62 nM
conpared to @zaﬂlalvi@bs%ﬁ&%&ﬁaghge&én\@e%%feﬁggﬁ @gggpn 288 %@b' e10in -
Exanple VII) .. is difference Ts due erve T ch is within
the vari abi | Highof b1 Eyp Enaanged pe il gekes very simlar 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 knf,. These
resul ts descri*BBtatdR1t &8 enhanced LMB0O9 grafted anti bodi es exhlbltlng
hi gh af finityguenr aV{33 20casdcresist aneeato Rrotast ygics. Throughout this
applicati various publi i ve been referenced i scl osures of
t hese pubﬁfcatlons in thelg%gn??$é$§es are hereby S@%é%%ﬁ%?ipgd by
reference i n22RP£6APH | cat €6 BOC AGRICAROARB ADT eAdaldAac describe the state
of the art to which this EQ&ee&Aq@mPertains. 16 Qﬁ&?WHF%o%Qﬁé WO 00/ 78815

2236-38/6H6LE 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
25 each clone using surface plasmon resonance (BIACORE)
essentially as described in Example VI. The binding
kinetics and affinities of the clones are shown in
Table 15.



PCT/ US00/ 17454 109 Al though the invention has been jg¢esetbhBgr W édh
reference to the disclosed enbodi nents, those skilled in
readily appreciate that the specific experinments detailed are only
illustrative of the 5 invention.
modi fi cat ivppgRey2 be made w thout-departing fromthe
i nvention. Accordingly, the invention is
clainms. 16 Decenber 2003 110 CLAI MS 1.

exhibiting selective binding affinity
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It should be understood that various
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An anti body,
5 SEQSHBLNO: 34;} &.VHEODR2

bity. 3.
CDR1
a VH

e as_ SEQ 1D
ef el’erfflefMag

rererence ae'g%é (q?z&@lﬁg Ngi H%qg

er eng
AT

r

an

r 110; a

SEQ I D

CDR3 referen

VL CDR2 ref

NG 90, said anti body or functi onal

bi nding activity, integrin av(33 binding speC|f|C|ty or |ntegr|n

avR3-inhi bitory activi An_anpti or a func on fr nent
conmprising a VH CDR 15¥eP€H8eﬁ aga?£§;% 6/3H0E
The

and 2236-38/6H6LH had affinities 51m11ar to GH6.
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.

6H6LH,

The on rates were very similar between 6H6,
2236/6H6LH, and 2236-38/6H6LH. The small

difference in the observed Kd appeared to be due

15
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.

fragnent thereof 25 having integrin aVR3

t her eof ,



30 referenced as SEQ I D NO 104; a VH CDR3.referenc?@ Bécé%gér'i% 1 106; a
VL CDRI referenced as SEQ ID NG 110; a VL CDR2 ef erence s SEQ ID

NO: 112; and a VL CDR3 referenced as SEQ ID NO:90, said antibody or
functional fragnent thereof having integrin av(33 binding activity,

integrin gydepsisnding 35 specificity or integrin av3q¥hﬂﬂh9rﬂ ry
activity. 16 Decenber 2003 111 5. An antibody, or a functiona r agnent

thereof, conprising a CDR selected-frogythe group consisting of a VH CDR2
referenced as SEQ ID NO 104; a VH CDR3 referenced 5 as SEQ I D NO 106; and a

VL CDR1 referenced as SRQdudh NeklifvesS@idh aabi Bedy @&sdMmeld Qual fragment
t her eof haV|ng |nte$r|n VR3 binding activity, integrin _aV_33 binding
é%ﬁ?

specificity 6FFREBEFI T’ FRALBFEDrRRGREy: 10°% SKid 18At £Body or
functional fragnent wflclmatd 1y appréciatkenaian sRbdsfPR fiis a VH CDR2
referenced a X wql. .. Ih nt.i-Qody or .functiqnal fragnment of
claims 1 15?6‘?5%‘]“‘\7\9‘/?1%%‘9#%88 R St i ahea i & e?%ntg‘gd as SEQID NO
106. 8. Tire anvebbéynor Fumdeuddabe furdpmatioodl tbebi verilousor 5, wherein said
CDR is a VL GDRLtfekes needaseShRi B AR N0t 9ng ThE,ARLLDOdy of any of

clains 1-8, wherein said functional fragment Is selected fromthe group
consisting GOPYEVY Fathedayprating- schEorssngdy . Thie altyeasdyrotscl ai m 9,
wherei n sai difimneéd onaly Hy ageenbliswing chhimbhe antibody of claim 9,
wherein said functional 30 fragment is Fab.  12. The anti body of claim?9,
wherein said functional fragnment is F(ab)2. 35 13. The antibody of claim
9, wherein said functional fragnent is scFV. 16 Decenber 2003




112 14. A nucleic acid encoding the antibody or fygchiopahef ragment of any
of clainms 1-13. 5 15. The nucleic acid of claim14, conprising a VH CDRl
referenced as SEQ ID NO:33; a VH CDR2 referenced as SEQ ID NG 101; a VH
CDR3 referenced as SEQ I D NO: 105; a VRO CDR1 referenced as SEQ I D NO: 107; a
VL CDR2 referenced as SEQ ID NO 111; and a VL CDR3 referenced as SEQ ID
NO 89. 10 98*™M%he nucleic acid of claim 14, conprising a VH CDR

referenced as SEQ ID NGO 33; a VH CDR2 referenced as SEQ ID NG 101; a VH
CDR3 referenced as SEQ ID NO 105; a VL CDR1 referenced as  SEQ I D NO 109; a
VL CDR2 "referehced &3 ®ohapcerdDINGOP119r b st Opmdy r ekBiBREEMIas SEQ I D

NG 89. 17. The .nucl ei.c acid of cl.aim. 14, co i Si a_VH erenced
as SEQ I D ?\ﬁ% S VL] S oP&TOIEEY 2t SEO D KO 163. f&%ﬁfﬁ%

r ef er encedf asgriek@ [HDN@CX05 compYis 2y CDRIDR efsreenteed fasmSERe| Prdip 109; a V0L
CDR2 referenced as SEQ ID NO; 111; and a V referenc as SEQ ID

NG G0 16 SN W TG e age et gy SRS 1048 oK e! i o

aci d nol ecobres cosiy SRS da aRUGEeOtIbdRoSEOEIENSRd 25 BelopRiedefe@antde group
consisting of SEQ ID NJ:103, SEQ ID NO 105, and SEQ I D NO: 109. 19. The
nucl ei ¢ ac?d T U9 df0cl ai m 18, wherein said nucleic acid nol ecul e
conpri ses the nucleotide 30 sequence SEQ ID NO:103. 20. The nucleic acid

nol ecul e of claim 18, wherein said nucleic acid nolecule conprises the
nucl edd de seqtienceABEGHEINEYI05°T 35t I tewdhbef r 2P 13heyeoiThe

nucl ei ¢ actgnio SGHY & Of, ebah M-dBe IS Ik Sl MIGRI ;a6 d,mebrsul e
conpri ses the nucl €otide sequence SEQ ID NO 109. 5 22. Use of the anti body

or functioreferengnrens ofEQaRl BP:tPai n8 ¥« 18DR3r reherpregrhrati 8Aof a
COMpoSI 1108y Np:106; a V, CDR1 referenced as SEQ ID NO:108; a Vy 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.



for use in inhibiting a function of av03. 23. Use Qqfy pHhgeaBRLi boglys or
functional fragment of 10 any of clains 1-13 for the preparation of a
conposition for use in treating an av03-nedi ated di sease. 24. The use of
claim 23, wherein said av@-nedi ated 1idi sease is sel ected fromdi abetic
retinopathy, neovascul ar 15 gl aucoma, nacul ar degenerati on,

at heroscl erosis, restenosis and osteoporosis. 25. The use of claim 24,

wherein said av83- madi ajdindliysease bS ridinakebhslr ethpRrat N¥he208,25. The use
of claim 24, wherein said aVf33-nediated disease is neovascul ar gl aucona.

27. The us&°BPrddidn 24CPhheebeatathi HravPBLeredr @R dCoDSi g dhsef i 3 macul ar

degeneratign.ci® e useal Gl &igh ab wharei:n saj,dcari3aediahedy di sease
is atherosclerosis. 30 29. The use of claim 24, wherei n said aV03- nedi at ed
di sease i s2¥ eStE@no5P s NO3B06Theangs ea ofVrc|GARA 2uefriradich 3ai BB ( 3B- nedi at ed

di sease | 951 AOPOTOSIs. o2 1B8aeDEE 2005 1Al dbenab.! henaatpbody or
functional fragment of any of Clains 1-13 for the preparation of a

conposi ti omaviny imedmn pebt bagdéaacertivitdn. ifHeoguse offchandi8d, wherein
sai d cancef,. LS. rsel.ected. e.qgro , i;obl ast oma, mammary
carci nong, g%éngllfolfcﬁbtﬁgr?% l&‘égg‘éﬁgn ‘%\3 'trtllghrfg?i i"br 56%5’%? ., hemangi oma, and
Kaposi's sarcoma. 10 33. The use of claim 32, wherein said cancer is

mel an . 34. The u of _claim 32 erein _said cancer i 5. gl i obl ast oma.
TR R R
or 5, wherein said CDR is a Vg CDR2 referenced as SEQ ID

NO:104.

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.



mamrary carcinoma. 20 36. The use of claim 32, wherg p.sajd-Fape6s IS

angi of i broma. 37. The use of claim 32, wherein said cancer 1s retrol ental
tumor. 25 38. The use of claim 32, wherein said cancer is fi bropl asi a. 39.
The use of claim 32, wherein said caider is 30 henmangi ona. 40. The use of
claim 32, wherein said cancer is Kaposi's sarcoma. 35 41. The use of claim
32, wherein said cancer involves netastasis. 16 Decenber 2003 115 42. The

use of claim32;,wherein saifGaNCceL;y i rb\{fyo\gﬁ%ga $oLi dah'ﬂ%{)dy5 43. Use of
the anti body or functional fragnment of any of "clains 1-13 for the

pr epar at i ofuftipnegngasioneoh of ornyise iglaimsatli-Ag-a t unor expressing avP3.
44. Use of the antibody or functional fragnment of 10 any of clains 1-13

for the preparation of a conmposition for use in treating an inflamratory
di sorder. 45. The- us&hef ruicziiemzaciANhew@i olamm d1énf bamnai@ixyg di §erder is

r heumat oi h o) SO 130465. The WIS im4a5 V\,herel n said
i nf | ammat g?'?}ﬁ d%ésfoérlsergelqg F t%Pdﬁgr ?%h §9R£ he ﬁgeén% cfai m 45,

wher ei n sa$ER | I | et lor ya VZIOCﬂRsor:déeremcqajsms & 1M&0:Uee ;0fa tvhe
ant1 Dody SLedtEt) aNale LT AT, Uy 0T oL 8L TRk 13 et e Prepar at on
25 neovascsk@rizald:anl; and a V; CDR3 referenced as SEQ ID NO:89.
10
16. The nucleic acid of claim 14, comprising a Vy
CPR1 referenced as SEQ ID N0O:33; a Vy CDRZ2 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 |
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30

21.

said

nucleic

113

The nucleic acid molecule of claim

acid molecule

sequence SEQ ID NO:109.

22.

any of c¢laims 1-13 for the preparation of a

for use in inhibiting a function of oyf,.

23.

any of claims 1-13 for the preparation of a

Use of the antibody or functional

Use of the antibody or functional

16 December 2003

comprises the

for use in treating an ayfs;-mediated disease.

24,
disease is
glaucoma,

restenosis

25,

disease is

26.

disease is

27.

disease is

28.

disease is

29.

disease is

30.

disease is

18, wherein

nucleotide

fragment of

composition

fragment of

composition

The use of claim 23, wherein said oyfs;—mediated

selected from diabetic retinopathy,

macular

and osteopeorosis.

The use of claim 24,

diabetic retinopathy.

The use of c¢laim 24,

neovascular glaucoma.

The use of claim 24,

macular degeneration.

The use of claim 24,

atherosclerosis.

The use of claim 24,

restenosis.

The use of claim 24,

osteoporosis.

degeneratiocn,

wherein

wherein

wherein

wherein

wherein

wherein

neovascular

atherosclerosis,

said

said

said

said

said

said

ayPs-mediated

oyPs—mediated

ayfs-mediated

avBi—mediated

ayPi—mediated

ayPs-mediated
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16 December 2003
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31. Use of the antibody or functional fragment of
any of claims 1-13 for the preparation of a composition

for use in treating cancer.

32. The use of claim 31, wherein said cancer is
selected from the group melanoma, glioblastoma, mammary
carcinoma, angiofibroma, retrolental tumor, £fibroplasia,

hemangioma, and Kaposi’s sarcoma.

33. The use of claim 32, wherein said cancer is
melanoma.

34. The use of claim 32, wherein said cancer 1is
glioblastoma.

35. The use of claim 32, wherein said cancer is

mammary carcincma.

36. The use of claim 32, wherein said cancer 1is
angiofibroma.
37. The use of claim 32, wherein said cancer 1is

retrolental tumor.

38. The use of claim 32, wherein saild cancer is
fibroplasia.

39, The use of c¢laim 32, wherein salid cancer 1is
hemangioma.

40. The use of claim 32, wherein said cancer is

Kaposi’s sarcoma.

471 . The use of claim 32, wherein said cancer

involves metastasis.
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16 December 2003

115
42 . The use of «c¢laim 32, wherein said cancer
involves a solid tumor.
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
any of claims 1-13 for the preparation of a composition

for use in treating an inflammatory disorder.

45. The use of claim 44, wherein said inflammatory

disordexr 1s rheumatoid arthritis or psoriasis.

46. The use of claim 45, wherein said inflammatory

dilisorder is rheumatoid arthritis.

47, The use of claim 45, wherein said inflammatory

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

neovascularization.






