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(57) ABSTRACT 

The invention provides a VitaXin antibody and a LM609 
grafted antibody exhibiting selective binding affinity to 
OM33. The VitaXin antibody consists of at least one VitaXin 
heavy chain polypeptide and at least one VitaXin light chain 
polypeptide or functional fragments thereof. Also provided 
are the VitaXin heavy and light chain polypeptides and 
functional fragments. The LM609 grafted antibody consists 
of at least one CDR grafted heavy chain polypeptide and at 
least one CDR grafted light chain polypeptide or functional 
fragment thereof. The invention additionally provides a high 
affinity LM609 grafted antibody comprising one or more 
CDRs having at least one amino acid substitution; Where the 
01,133 binding activity of the high affinity LM609 grafted 
antibody is enhanced. Nucleic acids encoding VitaXin and 
LM609 grafted heavy and light chains as Well as nucleic 
acids encoding the parental non-human antibody LM609 are 
additionally provided. Functional fragments of such encod 
ing nucleic acids are similarly provided. The invention also 
provides a method of inhibiting a function of otv[33. The 
method consists of contacting 01,133 With VitaXin or a LM609 
grafted antibody or functional fragments thereof under con 
ditions Which alloW binding to 00/63. Finally, the invention 
provides for a method of treating an otV[33-mediated disease. 
The method consists of administering an effective amount of 
VitaXin or a LM609 grafted antibody or functional fragment 
thereof under conditions Which alloW binding to otv[33. 
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COMPOSITIONS AND METHODS FOR 
PRODUCING ENHANCED ANTIBODIES 

[0001] This application is a continuation-in-part of US. 
Ser. No. 08/791,391, ?led Jan. 30, 1997, the entire contents 
of Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates generally to integrin 
mediated diseases and, more particularly, to nucleic acids 
encoding otV[33-inhibitory monoclonal antibodies and to 
CDR grafted otV[33-inhibitory antibodies for the therapeutic 
treatment of otV[33-mediated diseases. 

[0003] Integrins are a class of cell adhesion receptors that 
mediate both cell-cell and cell-extracellular matrix adhesion 
events. Integrins consist of heterodimeric polypeptides 
Where a single 0t chain polypeptide noncovalently associates 
With a single [3 chain. There are noW about 14 distinct a chain 
polypeptides and at least about 8 different [3 chain polypep 
tides Which constitute the integrin family of cell adhesion 
receptors. In general, different binding speci?cities and 
tissue distributions are derived from unique combinations of 
the 0t and [3 chain polypeptides or integrin subunits. The 
family to Which a particular integrin is associated With is 
usually characteriZed by the [3 subunit. HoWever, the ligand 
binding activity of the integrin is largely in?uenced by the 
ot subunit. For example, vitronectin binding integrins con 
tain the otv integrin subunit. 

[0004] It is noW knoWn that the vitronectin binding inte 
grins consist of at least three different otv containing inte 
grins. These otv containing integrins include otv[33, otv[31 and 
otV[35, all of Which exhibit different ligand binding speci?ci 
ties. For example, in addition to vitronectin, otv[33 binds to a 
large variety of extracellular matrix proteins including 
?bronectin, ?brinogen, laminin, thrombospondin, von Will 
ebrand factor, collagen, osteopontin and bone sialoprotein I. 
The integrin (XV[31 binds to ?bronectin, osteopontin and 
vitronectin Whereas otv[35 is knoWn to bind to vitronectin and 
osteopontin. 

[0005] As cell adhesion receptors, integrins are involved 
in a variety of physiological processes including, for 
example, cell attachment, cell migration and cell prolifera 
tion. Different integrins play different roles in each of these 
biological processes and the inappropriate regulation of their 
function or activity can lead to various pathological condi 
tions. For example, inappropriate endothelial cell prolifera 
tion during neovasculariZation of a tumor has been found to 
be mediated by cells expressing vitronectin binding inte 
grins. In this regard, the inhibition of the vitronectin-binding 
integrin (XV[33 also inhibits this process of tumor neovascu 
lariZation. By this same criteria, (XV[33 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 in?uenced by otv[33 include, for example, 
metastasis, osteoporosis, age-related macular degeneration 
and diabetic retinopathy, and in?ammatory diseases such as 
rheumatoid arthritis and psoriasis. Thus, agents Which can 
speci?cally inhibit vitronectin-binding integrins Would be 
valuable for the therapeutic treatment of diseases. 

[0006] Many integrins mediate their cell adhesive func 
tions by recogniZing the tripeptide sequence Arg-Gly-Asp 
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(RGD) found Within a large number of extracellular matrix 
proteins. A variety of approaches have attempted to model 
agents after this sequence to target a particular integrin 
mediated pathology. Such approaches include, for example, 
the use of RGD-containing peptides and peptide analogues 
Which rely on speci?city to be conferred by the sequences 
?anking the RGD core tripeptide sequence. Although there 
has been some limited success, most RGD-based inhibitors 
have been shoWn to be, at most, selective for the targeted 
integrin and therefore exhibit some cross-reactivity to other 
non-targeted integrins. Such cross-reactive inhibitors there 
fore lack the speci?city required for use as an efficacious 
therapeutic. This is particularly true for previously identi?ed 
inhibitors of the integrin otv[33. 

[0007] Monoclonal antibodies on the other hand exhibit 
the speci?city 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 combinatorial libraries, 
antibodies can noW be produced faster and more ef?ciently 
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 encoding heavy and light chain nucleic acids. Thus, 
further modi?cation can be performed to the combinatorial 
antibody Without the incorporation of an additional cloning 
step. 

[0008] Regardless of the potential advantages 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 therapeutics is limited by 
the fact that they Will normally elicit a host immune 
response. Methods for substituting the antigen binding site 
or complementarity determining regions (CDRs) of the 
non-human antibody into a human frameWork have been 
described. Such methods vary in terms of Which amino acid 
residues should be substituted as the CDR as Well as Which 
frameWork residues should be changed to maintain binding 
speci?city. In this regard, it is understood that proper ori 
entation of the [3 sheet architecture, correct packing of the 
heavy and light chain interface and appropriate conforma 
tion of the CDRs are all important for preserving antigen 
speci?city and af?nity Within the grafted antibody. HoWever, 
all of these methods require knoWledge of the nucleotide and 
amino acid sequence of the non-human antibody and the 
availability of an appropriately modeled human frameWork. 

[0009] Thus, there exists a need for the availability of 
nucleic acids encoding integrin inhibitory antibodies Which 
can be used as compatible therapeutics in humans. For 
otV[33-mediated diseases, the present invention satis?es this 
need and provides related advantages as Well. 

SUMMARY OF THE INVENTION 

[0010] The invention provides a Vitaxin antibody and a 
LM609 grafted antibody exhibiting selective binding affinity 
to otv[33. The Vitaxin antibody consists of at least one Vitaxin 
heavy chain polypeptide and at least one Vitaxin light chain 
polypeptide or functional fragments thereof. Also provided 
are the Vitaxin heavy and light chain polypeptides and 
functional fragments. The LM609 grafted antibody consists 
of at least one LM609 CDR grafted heavy chain polypeptide 
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and at least one LM609 CDR grafted light chain polypeptide 
or functional fragment thereof. The invention additionally 
provides a high af?nity LM609 grafted antibody comprising 
one or more CDRs having at least one amino acid substi 

tution, Where the otv[33 binding activity of the high affinity 
LM609 grafted antibody is enhanced. Nucleic acids encod 
ing Vitaxin and LM609 grafted heavy and light chains as 
Well as nucleic acids encoding the parental non-human 
antibody LM609 are additionally provided. Functional frag 
ments of such encoding nucleic acids are similarly provided. 
The invention also provides a method of inhibiting a func 
tion of otv[33. The method consists of contacting otVB3 With 
Vitaxin or a LM609 grafted antibody or functional frag 
ments thereof under conditions Which alloW binding to OM33. 
Finally, the invention provides for a method of treating an 
otV[33-mediated disease. The method consists of administer 
ing an effective amount of Vitaxin or a LM609 grafted 
antibody or functional fragment thereof under conditions 
Which alloW binding to otv[33. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 shoWs the nucleotide and deduced amino 
acid sequence of the variable region of the antibody Vitaxin. 
FIG. 1A shoWs the nucleotide and deduced amino acid 
sequences for the Vitaxin heavy chain variable region (Gln1 
Ser117; SEQ ID NOS:1 and 2, respectively) While FIG. 1B 
shoWs the nucleotide and deduced amino acid sequences for 
the Vitaxin light chain variable region (Glu1-Lys107; SEQ 
ID NOS:3 and 4, respectively). 

[0012] FIG. 2 shoWs the nucleotide and deduced amino 
acid sequence of the variable region of the monoclonal 
antibody LM609. FIG. 2A shoWs the nucleotide and 
deduced amino acid sequence of the LM609 heavy chain 
variable region (SEQ ID NOS:5 and 6, respectively). The 
variable region extends from amino acid Glu1 to Ala117. 
FIG. 2B shoWs the nucleotide and deduced amino acid 
sequence of the LM609 light chain variable region (SEQ ID 
NOS:7 and 8, respectively). The variable region of the light 
chain extends from amino acid Asp1 to Lys107. 

[0013] FIG. 3 shoWs the competitive inhibition of LM609 
IgG binding to the integrin avb3 With recombinant LM609 
Fab. Soluble recombinant murine LM609 Fab fragments 
Were prepared from periplasmic fractions of M13 bacte 
riophage clones muLM609M13 12 and muLM609M13 29. 
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 puri?ed otv[33. Plates 
Were Washed and bound LM609 IgG detected With goat 
anti-murine Fc speci?c antibody conjugated to 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. 

[0014] FIG. 4 shoWs the characteriZation of Vitaxin bind 
ing speci?city. FIG. 4A shoWs speci?c binding of Vitaxin to 
the integrin 0,,[33 compared to integrins otnb?3 and (XVBS. 
FIG. 4B shoWs the competitive inhibition of LM609 bind 
ing tootVB3 by Vitaxin. FIG. 4C shoWs the competitive 
inhibition of ?brinogen binding to otVB3 by Vitaxin. 

[0015] FIG. 5 shoWs the inhibition of oLV[33-mediated cell 
attachment (5A) and migration (5B) by Vitaxin. 

[0016] FIG. 6 shoWs the reduction in tumor groWth due to 
Vitaxin mediated inhibition of neovasculariZation. FIG. 6A 
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shoWs the inhibition of the otV[33-negative Fg and HEp-3 
human tumor fragments groWn on chick chorioallantoic 
membranes (CAMs) folloWing Vitaxin treatment. FIG. 6B 
shoWs the groWth inhibition of Vx2 carcinomas implanted 
subcutaneously in rabbits at tWo different Vitaxin doses 
administered 1 day post implantation. FIG. 6C similarly 
shoWs Vx2 tumor groWth inhibition as in FIG. 6B, except 
that four different Vitaxin doses Were administered begin 
ning at 7 days post implantation. 

[0017] FIG. 7 shoWs the nucleotide and deduced amino 
acid sequence of the light chain variable region of the 
LM609 grafted antibody fragment (Glu1-Lys107; SEQ ID 
NOS:31 and 32, respectively). Position 49 of the light chain 
variable region can at least be either Arg or Met. The 
nucleotide and deduced amino acid sequence of the heavy 
chain variable region of the LM609 grafted antibody frag 
ment is shoWn in FIG. 1A (SEQ ID NOS:1 and 2, respec 
tively). 
[0018] FIG. 8 shoWs the titration of LM609 grafted anti 
body variants and LM609 grafted Fab on immobiliZed OM33. 
Bacterial cell lysates containing LM609 grafted antibody 
(closed circles), LM609 grafted antibody variants With 
improved af?nity isolated from the primary libraries (S102, 
closed squares; Y100, open squares; and Y101, open tri 
angles) or from combinatorial libraries (closed triangles), or 
an irrelevant Fab (open circles) Were titrated on immobiliZed 

otv[33. 
[0019] FIG. 9 shoWs the construction of combinatorial 
libraries of enhanced LM609 grafted antibody variants con 
taining multiple amino acid substitutions. 

[0020] FIG. 10 shoWs the inhibition of ?brinogen binding 
to 0,,[33 by LM609 grafted antibody variants. FIG. 10A 
shoWs inhibition of ?brinogen binding to immobiliZed OM33. 
FIG. 1B shoWs correlation of af?nity of antibody variants 
With inhibition of ?brinogen binding. 

[0021] FIG. 11 shoWs the inhibition of M21 human mela 
noma cell adhesion to ?brinogen by LM609 grafted anti 
body variants. Cell binding to 10 pig/ml ?brinogen-coated 
substrate Was assessed in the presence of various concen 
trations of LM609 grafted Fab (closed triangles) or the 
enhanced LM609 grafted Fabs S102 (open circles), G102 
(closed circles), or C37 (open triangles). 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] The invention is directed to nucleic acids encoding 
the monoclonal antibody (MAb) LM609. This antibody 
speci?cally recogniZes the integrin otVB3 and inhibits its 
functional activity. The invention is also directed to nucleic 
acids encoding and to polypeptides comprising non-murine 
grafted forms of LM609. These grafted antibodies retain the 
binding speci?city and inhibitory activity of the parent 
murine antibody LM609. The invention is additionally 
directed to optimiZed forms of LM609 grafted antibodies 
that exhibit increased binding af?nity and speci?city com 
pared to the non-mouse parental forms of the LM609 grafted 
antibody. 

[0023] In one embodiment, the hybridoma expressing 
LM609 Was used as a source to generate and clone cDNAs 
encoding LM609. The heavy and light chain encoding 
cDNAs Were sequenced and their CDR regions Were sub 
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stituted into a human antibody framework to generate the 
non-murine form of the antibody. The substitution or graft 
ing of the CDRs Was performed by codon-based mutagen 
esis to generate a combinatorial antibody Fab library con 
sisting of members that presented alternative residues at 
certain positions. Screening of the library 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 treatment of otV[33-mediated diseases. 

[0024] As used herein, the term “monoclonal antibody 
LM609” or “LM609” is intended to mean the murine 
monoclonal antibody speci?c for the integrin otv[33 Which is 
described by Cheresh, D. A. Proc. Natl. Acad. Sci. USA 
84:6471-6475 (1987) and by Cheresh and Spiro J. Biol. 
Chem. 262:17703-17711 (1987). LM609 Was produced 
against and is reactive With the M21 cell adhesion receptor 
noW knoWn as the integrin otv[33. LM609 inhibits the attach 
ment of M21 cells to 0,,[33 ligands such as vitronectin, 
?brinogen and von Willebrand factor (Cheresh and Spiro, 
supra) and is also an inhibitor of otV[33-mediated pathologies 
such as tumor induced angiogenesis (Brooks et al. Cell 
79:1157-1164 (1994), granulation tissue development in 
cutaneous Wound (Clark et al.,Am. J. Pathology, 148:1407 
1421 (1996)) and smooth muscle cell migration such as that 
occurring during restenosis (Choi et al., J. Vascular Surg, 
19:125-134 (1994); Jones et al., Proc. Natl. Acad. Sci. 
93:2482-2487 (1996)). 

[0025] As used herein, the term “VitaXin” is intended to 
refer to a non-mouse antibody or functional fragment thereof 
having substantially the same heavy and light chain CDR 
amino acid sequences as found in LM609. The term 
“Vitaxin” When used in reference to heavy or light chain 
polypeptides is intended to refer to a non-mouse heavy or 
light chain or functional fragment thereof having substan 
tially 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 functional frag 
ment, 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 LM609 CDR amino acid 
sequences in the VitaXin 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 substan 
tially 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 LM609. 

[0026] As used herein, the term “LM609 grafted anti 
body” is intended to refer to a non-mouse antibody or 
functional fragment thereof having substantially the same 
heavy and light chain CDR amino acid sequences as found 
in LM609 and absent of the substitution of LM609 amino 
acid residues outside of the CDRs as de?ned by Kabat et al., 
US. Dept. of Health and Human Services, “Sequences of 
Proteins of Immunological Interest” (1983). The term 
“LM609 grafted antibody” or “LM609 grafted” When used 
in reference to heavy or light 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, and also absent of the 
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substitution of LM609 residues outside of the CDRs as 
de?ned by Kabat et al., supra. When used in reference to a 
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 
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 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 de?ned by Kabat et al., supra and 
having substantially the same nucleotide sequence as the 
heavy and light chain CDR nucleotide sequences and encod 
ing substantially the same CDR amino acid sequences as 
found in LM609 and as de?ned by Kabat et al., supra. 

[0027] The term “grafted antibody” or “grafted” When 
used in reference to heavy or light chain polypeptides or 
functional fragments thereof is intended to refer to a heavy 
or light chain or functional fragment thereof having sub 
stantially the same heavy or light chain CDR of a donor 
antibody, respectively, and also absent of the substitution of 
donor amino acid residues outside of the CDRs as de?ned by 
Kabat et al., supra. When used in reference to a functional 
fragment, not all donor 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 donor CDR 
amino acid sequences in the functional fragment. Similarly, 
the term “grafted 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 of the substitution of donor amino acids outside 
of the CDRs as de?ned by Kabat et al., supra and having 
substantially the same nucleotide sequence as the heavy and 
light chain CDR nucleotide sequences and encoding sub 
stantially the same CDR amino acid sequences as found in 
the donor antibody and as de?ned by Kabat et al., supra. 

[0028] The meaning of the above terms are intended to 
include minor variations and modi?cations of the antibody 
so long as its function remains uncompromised. Functional 
fragments such as Fab, F(ab)2, Fv, single chain Fv (scFv) 
and the like are similarly included Within the de?nition 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 
de?nitions Well knoWn to those skilled in the art. Such terms 
are described in, for eXample, HarloW and Lane,Antiboa'ies: 
A Laboratory Manual, Cold Spring Harbor Laboratory, NeW 
York (1989); Molec. Biology and Biotechnology: A Com 
prehensive Desk Reference (Myers, R. A. (ed.), NeW York: 
VCH Publisher, Inc.); Huston et al., Cell Biophysics, 
22:189-224 (1993); Pluckthun and Skerra, Meth. Enzymol, 
178:497-515 (1989) and in Day, E. D., Advanced Immu 
nochemistry, Second Ed., Wiley-Liss, Inc., NeW York, NY. 
(1990). 
[0029] As With the above terms used for describing func 
tional fragments of LM609, VitaXin and a LM609 grafted 
antibody, the use of terms Which reference other LM609, 
VitaXin or LM609 grafted antibody domains, functional 
fragments, regions, nucleotide and amino acid sequences 
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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 chain”, “light chain 
polypeptide” or “light chain”, “heavy chain variable region” 
(VH) and “light chain variable region” (VL) as Well as the 
term “complementarity determining region” (CDR). 

[0030] In the case Where there are tWo or more de?nitions 

of a term Which is used and/or accepted Within the art, the 
de?nition of the term as used herein is intended to include 
all such meanings unless explicitly stated to the contrary. A 
speci?c example is the use of the term “CDR” to describe 
the non-contiguous 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 
(1987) and by MacCallum et al., J. Mol. Biol. 262:732-745 
(1996) Where the de?nitions include overlapping or subsets 
of amino acid residues When compared against each other. 
Nevertheless, application of either de?nition to refer to a 
CDR of LM609, Vitaxin, LM609 grafted antibodies or 
variants thereof is intended to be Within the scope of the term 
as de?ned and used herein. The amino acid residues Which 
encompass the CDRs as de?ned by each of the above cited 
references are set forth beloW in Table 1 as a comparison. 

TABLE 1 

CDR De?nitions 

Kabat1 Chothia2 MacCallum3 

VH CDR1 31-35 26-32 30-35 
VH CDR2 50-65 53-55 47-58 
VH CDR3 95-102 96-101 93-101 
VL CDR1 24-34 26-32 30-36 
VL CDR2 50-5 6 5 0-52 46-55 
VL CDR3 89-97 91-96 89-96 

1Residue numbering folloWs the nomenclature of Kabat et al., supra 
2Residue numbering folloWs the nomenclature of Clothia et al., supra 
3Residue numbering folloWs the nomenclature of MacCallum et al., supra 

[0031] As used herein, the term “substantially” or “sub 
stantially the same” When used in reference to a nucleotide 
or amino acid sequence is intended to mean that the nucle 
otide or amino acid sequence shoWs a considerable degree, 
amount or extent of sequence identity When compared to a 
reference sequence. Such considerable degree, amount or 
extent of sequence identity is further considered to be 
signi?cant and meaningful and therefore exhibit character 
istics Which are de?nitively recogniZable or knoWn. Thus, a 
nucleotide sequence Which is substantially the same nucle 
otide sequence as a heavy or light chain of LM609, Vitaxin, 
or a LM609 grafted antibody including fragments thereof, 
refers to a sequence Which exhibits characteristics that are 
de?nitively knoWn or recogniZable as encoding or as being 
the amino acid sequence of LM609, Vitaxin or a LM609 
grafted antibody. Minor modi?cations thereof are included 
so long as they are recogniZable as a LM609, Vitaxin or a 
LM609 grafted antibody sequence. Similarly, an amino acid 
sequence Which is substantially the same amino acid 
sequence as a heavy or light chain of Vitaxin, a LM609 
grafted antibody or functional fragment thereof, refers to a 
sequence Which exhibits characteristics that are de?nitively 
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knoWn or recogniZable as representing the amino acid 
sequence of Vitaxin or a LM609 grafted antibody and minor 
modi?cations thereof. 

[0032] 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 num 
ber of changes relative to the Vitaxin or LM609 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 (XVB3 binding 
function is maintained. Thus, a nucleotide or amino acid 
sequence is substantially the same if it exhibits characteris 
tics that are de?nitively knoWn or recogniZable as repre 
senting the nucleotide or amino acid sequence of Vitaxin or 
a LM609 grafted antibody and minor modi?cations thereof 
as long as Vitaxin or LM609 grafted antibody function is 
maintained. 

[0033] As used herein, the term “fragment” When used in 
reference to a nucleic acid encoding LM609, Vitaxin or a 
LM609 grafted antibody is intended to mean a nucleic acid 
having substantially the same sequence as a portion of a 
nucleic acid encoding LM609, Vitaxin or a LM609 grafted 
antibody. The nucleic acid fragment is suf?cient in length 
and sequence to selectively hybridiZe to an LM609, a 
Vitaxin or a LM609 grafted antibody encoding nucleic acid 
or a nucleotide sequence that is complementary to an 
LM609, Vitaxin or LM609 grafted antibody encoding 
nucleic acid. Therefore, fragment is intended to include 
primers for sequencing and polymerase chain reaction 
(PCR) as Well as probes for nucleic acid blot or solution 
hybridiZation. The meaning of the term is also intended to 
include regions of nucleotide sequences that do not directly 
encode LM609 polypeptides such as the introns, and the 
untranslated region sequences of the LM609 encoding gene. 

[0034] 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 grafted 
antibody including heavy or light chain polypeptides Which 
still retains some or all or the 0,,[33 binding activity, 0,,[33 
binding speci?city and/or integrin oLV[33-inhibitory activity. 
Such functional fragments can include, for example, anti 
body functional fragments such as Fab, F(ab)2, Fv, single 
chain Fv (scFv). Other functional fragments can include, for 
example, heavy or light chain polypeptides, variable region 
polypeptides or CDR polypeptides or portions thereof so 
long as such functional fragments retain binding activity, 
speci?city or inhibitory activity. The term is also intended to 
include polypeptides encompassing, for example, modi?ed 
forms of naturally occurring amino acids such as D-stere 
oisomers, non-naturally occurring amino acids, amino acid 
analogues and mimetics so long as such polypeptides retain 
functional activity as de?ned above. 

[0035] As used herein, the term “enhanced” When used in 
reference to Vitaxin, a LM609 grafted antibody or a func 
tional fragment thereof is intended to mean that a functional 
characteristic of the antibody has been altered or augmented 
compared to a reference antibody so that the antibody 
exhibits a desirable property or activity. An antibody exhib 
iting enhanced activity can exhibit, for example, higher 
af?nity or loWer affinity binding, or increased or decreased 
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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 
particular organism. For example, if higher af?nity binding 
is desired, mutations can be introduced into framework or 
CDR amino acid residues and the resulting antibody variants 
screened for higher af?nity binding to 0,,[33 relative to a 
reference antibody such as the LM609 grafted parent anti 
body. 
[0036] The invention provides a nucleic acid encoding a 
heavy chain polypeptide for Vitaxin or a functional fragment 
thereof. Also provided is a nucleic acid encoding a light 
chain polypeptide for Vitaxin or a functional fragment 
thereof. The nucleic acids consist of substantially the same 
heavy or light chain variable region nucleotide sequences as 
those shoWn in FIGS. 1A and 1B (SEQ ID NOS:1 and 3, 
respectively) or a fragment thereof. 

[0037] Vitaxin, including functional fragments thereof, is 
a non-mouse antibody Which exhibits substantially the same 
binding activity, binding speci?city and inhibitory activity 
as LM609. The Vitaxin Fv Fragment Was produced by 
functionally 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 are the subject matter of US. Pat. No. 5,225, 
539. Such methods can also be found described in “Protein 
Engineering of Antibody Molecules for Prophylactic and 
Therapeutic Applications in Man,” Clark, M. (ed.), Notting 
ham, England: Academic Titles (1993). 

[0038] Brie?y, LM609 nucleic acid fragments having sub 
stantially the same nucleotide and encoding substantially the 
same amino acid sequence of each of the heavy and light 
chain CDRs Were synthesiZed and substituted into each of 
the respective human chain encoding nucleic acids. To 
maintain functionality of the neWly derived Vitaxin anti 
body, modi?cations Were performed Within the non-CDR 
frameWork region. These individual changes Were made by 
generating a population of CDR grafted heavy and light 
chain variable regions Wherein all possible changes outside 
of the CDRs Were represented and then selecting the appro 
priate antibody by screening the population for binding 
activity. This screen resulted in the selection of the Vitaxin 
antibody described herein. 

[0039] The nucleotide sequences of the Vitaxin heavy and 
light chain variable regions are shoWn in FIGS. 1A 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 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. 

[0040] As shoWn in FIG. 1A, the Vitaxin heavy chain 
variable region polypeptide is encoded by a nucleic acid of 
about 351 nucleotides in length Which begins at the amino 
terminal Gln1 residue of the variable region through to 
Ser117. This Vitaxin heavy chain variable region encoding 
nucleic acid is joined to a human IgG1 constant region to 
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yield a coding region of 1431 nucleotides Which encodes a 
heavy chain polypeptide of 477 total amino acids. ShoWn in 
FIG. 1B is the Vitaxin light chain variable region polypep 
tide Which is encoded by a nucleic acid of about 321 
nucleotides in length beginning at the amino terminal Glu1 
residue of the variable region through to Lys107. This 
Vitaxin light chain variable region nucleic acid is joined to 
a human kappa construct region to yield a coding region of 
642 nucleotides Which code for a light chain polypeptide of 
214 total amino acids. 

[0041] Minor modi?cation of these nucleotide sequences 
are intended to be included as heavy and light chain Vitaxin 
encoding nucleic acids and their functional fragments. Such 
minor modi?cations include, for example, those Which do 
not change the encoded amino acid sequence due to the 
degeneracy of the genetic code as Well as those Which result 
in only a conservative 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, 
Val, Leu, and He); (2) polar neutral amino acids (Cys, 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 modi?cations are included Within the nucleic acids 
encoding Vitaxin heavy and light chain polypeptides so long 
as the nucleic acid or encoded polypeptides retain some or 
all of their function as described herein. 

[0042] Thus, the invention also provides a nucleic acid 
encoding a Vitaxin heavy chain or functional fragment 
thereof Wherein the nucleic acid encodes substantially the 
same heavy chain variable region amino acid sequence of 
Vitaxin as that shoWn in FIG. 1A (SEQ ID NO:2) or a 
fragment thereof. Similarly, the invention also provides a 
nucleic acid encoding a Vitaxin light chain or functional 
fragment thereof Wherein the nucleic acid encodes substan 
tially the same light chain variable region amino acid 
sequence of Vitaxin as that shoWn in FIG. 1B (SEQ ID 
NO:4) or a fragment thereof. 

[0043] In addition to conservative substitutions of amino 
acids, minor modi?cations of the Vitaxin encoding nucle 
otide sequences Which alloW for the functional replacement 
of amino acids are also intended to be included Within the 
de?nition of the term. The substitution of functionally 
equivalent amino acids encoded by the Vitaxin nucleotide 
sequences is routine and can be accomplished by methods 
knoWn to those skilled in the art. Brie?y, the substitution of 
functionally equivalent amino acids can be made by iden 
tifying the amino acids Which are desired to be changed, 
incorporating the changes into the encoding nucleic acid and 
then determining the function of the recombinantly 
expressed and modi?ed Vitaxin polypeptide or polypeptides. 
Rapid methods for making and screening multiple simulta 
neous 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 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. 

[0044] Codon based mutagenesis is the subject matter of 
US. Pat. Nos. 5,264,563 and 5,523,388 and is advantageous 
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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 particular codon positions 
Within an oligonucleotide. Such desired frequencies include, 
for example, the truly random incorporation of all tWenty 
amino acids or a speci?ed subset thereof as Well as the 
incorporation of a predetermined bias of one or more 
particular amino acids so as to incorporate a higher or loWer 
frequency of the biased residues compared to other incor 
porated amino acid residues. Random oligonucleotide syn 
thesis and partially degenerate oligonucleotide synthesis can 
similarly be used for producing and screening for function 
ally equivalent amino acid changes. HoWever, due to the 
degeneracy of the genetic code, such methods Will incorpo 
rate redundancies at a desired amino acid position. Random 
oligonucleotide synthesis is the coupling of all four nucle 
otides at each nucleotide position Within a codon Whereas 
partially degenerate oligonucleotide synthesis is the cou 
pling of equal portions of all four nucleotides at the ?rst tWo 
nucleotide positions, for eXample, and equal portions of tWo 
nucleotides at the third position. Both of these latter syn 
thesis 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). 
[0045] Identi?cation of amino acids to be changed can be 
accomplished by those skilled in the art using current 
information available regarding the structure and function of 
antibodies as Well as available and current information 
encompassing methods for CDR grafting procedures. For 
eXample, CDRs can be identi?ed Within the donor antibody 
by any or all of the criteria speci?ed 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 these CDR sequences can be changed to functionally 
equivalent amino acids. Using the above described methods 
knoWn Within the art, any or all of the non-identical amino 
acids can be changed either alone or in combination With 
amino acids at different positions to incorporate the desired 
number of amino acid substitutions at each of the desired 
positions. The VitaXin polypeptides containing the desired 
substituted amino acids are then produced and screened for 
retention or augmentation of function compared to the 
unsubstituted VitaXin polypeptides. Production of the sub 
stituted VitaXin polypeptides can be accomplished by, for 
eXample, recombinant eXpression using methods knoWn to 
those skilled in the art. Those VitaXin polypeptides Which 
exhibit retention or augmentation of function compared to 
unsubstituted VitaXin are considered to contain minor modi 
?cations of the encoding nucleotide sequence Which result in 
the functional replacement of one or more amino acids. 

[0046] The functional replacement of amino acids is ben 
e?cial When producing grafted antibodies having human 
framework sequences since it alloWs for the rapid identi? 
cation of equivalent amino acid residues Without the need 
for structural information or the laborious procedures nec 
essary to assess and identify Which amino acid residues 
should be considered for substitution in order to successfully 
transfer binding function from the donor. Moreover, it 
eliminates the actual step-Wise procedures to change and test 
the amino acids identi?ed 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 identi?ed and substituted With any 
or all other possible amino acid residues at each non 
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identical position to produce a population of substituted 
polypeptides containing all possible or all desired permuta 
tions and combinations. The population of substituted 
polypeptides can then be screened for those substituted 
polypeptides Which retain function. Using the codon based 
mutagenesis procedures described above, the generation of 
a library of substituted amino acid residues and the screen 
ing of functionally replaced residues has been used for the 
rapid production of grafted therapeutic antibodies as Well as 
for the rapid alteration of antibody af?nity. Such procedures 
are exempli?ed in, for eXample, Rosok et al., J. Biol. Chem. 
271:22611-22618 (1996) and in Glaser et al., J. Immunol. 
149:3903-3913 (1992), respectively. 

[0047] In addition to frameWork residues, amino acids in 
one or more CDRs can be functionally replaced to alloW 
identi?cation of a modi?ed LM609 grafted antibody having 
enhanced activity. Using the methods described above for 
frameWork residues, amino acid substitutions can similarly 
be introduced into one or more CDRs in an LM609 grafted 
antibody. The modi?ed LM609 grafted antibody can be 
tested for binding activity to determine Whether 0,,[33 bind 
ing activity is maintained. The modi?ed LM609 grafted 
antibody can be further tested to determine if activity has 
been enhanced. Functional replacement of amino acid resi 
dues in one or more CDRs therefore alloWs the identi?cation 
of an enhanced LM609 grafted antibody having a desirable 
property such as enhanced activity. 

[0048] To generate modi?ed LM609 grafted antibodies 
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 choice of 
selection criteria for mutagenesis of CDRs Will depend on 
the need and desired application of the enhanced antibody. 
For example, one or a feW amino acid positions Within a 
single CDR can be modi?ed to contain selected amino acids 
at that position. Alternatively, the targeted amino acid posi 
tions can be modi?ed to contain all possible amino acids at 
that position. The resultant population of modi?ed antibod 
ies can then be screened for enhanced activity. 

[0049] The construction of modi?ed LM609 grafted anti 
body populations can also be made Where all amino acids 
positions Within a CDR have been mutated to contain all 
possible amino acids and Where amino acid positions Within 
multiple CDRs have been modi?ed to contain variant amino 
acid residues. In this Way, populations can be constructed 
Which range from 2 to >107 unique members. The larger the 
population, the more ef?cient Will be the selection of an 
enhanced LM609 grafted antibody since there Will be a 
larger number of different antibodies Within the population. 
HoWever, a small population of modi?ed LM609 grafted 
antibodies can be made and successfully used for the selec 
tion of enhanced LM609 grafted antibodies. The siZe of the 
population of modi?ed LM609 grafted antibodies Will 
depend on the need of a particular application and can be 
determined by one skilled in the art. 

[0050] The generation of modi?ed LM609 grafted anti 
bodies can be achieved by introducing amino acid substi 
tutions into one or more CDRs of an LM609 grafted 
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. 








































































































