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METHODS AND COMPOSITIONS USEFUL FOR TARGETING
ACTIVATED VITRONECTIN RECEPTOR a,83

Technical Field

The invention relates to ligands which bind to activated vitronectin receptor a,8s.

The invention also relates to methods using these ligands for diagnostic detection of

activated a,8; and for targeted delivery of therapeutic agents to activated a,8; and to
tissues containing activated a,8s.

Background of the invention

The integrin known as the vitronectin receptor a,8; is well characterized and known
to play a role in a variety of biological processes including proliferation of endothelial cells,
osteoclasts and arterial smooth muscle cells. Further, it is involved in the biological
processes of angiogenesis, arterial restenosis, bone remodeling, osteoporosis and tumor
progression. Itis further known in the art that integrins mediate cell adhesion and signaling
during many developmental, physiological and pathological processes. However, the role of
activation of a,B; in biological processes is not well understood at present. The B integrin
family includes ounB3, often referred to as the fibrinogen receptor, and oyBs, the vitronectin
receptor. aupBsis confined to megakaryocytes and platelets and is required for platelet
aggregation through interactions with Arg-Gly-Asp (RGD)-containing adhesive ligands,
including fibrinogen and von Willebrand factor. The vitronectin receptor (o5 integrin) is
more widely expressed in proliferating endothelial cells, arterial smooth muscle cells,
osteoclasts, platelets and certain subpopulations of leukocytes and tumor cells. The list of
cognate ligands for o33 overlaps that of o3 but includes others, such as osteopontin,
matrix metalloproteinase-2, and adenovirus penton base, which do not interact with the

fibrinogen receptor oy,

One fundamental function of integrins is ligand binding, which in many cases is rapidly
regulated by a process variously referred to as “integrin activation”, “inside-out signaling” or
“affinity/avidity modulation”. Integrin activation encompasses at least two events: 1)
modulation of receptor affinity through conformational changes in the off heterodimer; and
2) modulation of receptor avidity through facilitation of lateral diffusion and/or clustering of
heterodimers. Studies of ay,B3 activation have been facilitated by the use of soluble ligands,
most notably a multivalent, ligand-mimetic antibody called PAC1, and its monovalent Fab
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fragment, which contain an RG/YD tract in H-CDR3 (complementarity determining region
no. 3 of the heavy chain) (Shattil, S. J., Kashiwagi, H., and Pampori, N. (1998) Blood 91,
2645-2657; Abrams, C., Deng, J., Steiner, B., and Shattil, S. J. (1994) J.Biol.Chem. 269,
18781-18788). The significance of inside-out signaling, and in particular affinity modulation,
for ayBshas been less certain. The ligand binding function of ayfs has usually been
assessed by cell adhesion assays, and these have clearly shown that activation of certain
cells leads to avfi;-mediated adhesion. However, adhesion assays can be strongly
influenced by post-ligand binding events, including changes in cell shape, that can obscure
the precise contributions of affinity or avidity modulation to the overall response.

In summary, it is known in the art that o5 integrin mediates diverse responses in
vascular cells, ranging from cell adhesion, migration and proliferation to uptake of
adenoviruses. However, the extent to which owf; is regulated by changes in receptor

conformation (affinity), receptor diffusion/clustering (avidity) or post-receptor events is
unknown.

Summary of the invention

The present invention provides ligands which can selectively bind to activated a.Bs
integrin. A novel monovalent ligand-mimetic (WOW-1 Fab) was created by replacing the H-
CDR3 of PAC1 Fab with a single oy integrin-binding domain from multivalent adenovirus
penton base. The WOW-1 Fab and adenoviral penton base protein were used to determine
the role of affinity modulation of ayps integrin. Both WOW-1 Fab and penton base bound
selectively to activated avB; but not to ou,B3 integrin in receptor and cell binding assays.
Accordingly, the present invention describes particular compositions of activated a,Bs-
specific ligands, such as an antibody which immunoreacts preferentially with activated B3
integrin. Further, the invention describes methods using an activated aBs-specific ligand for
diagnostic detection of activated a,Bs integrin in tissues and for the targeted delivery of
therapeutic agents to tissues containing activated a,B, integrin.
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Brief description of the Figures

Figure 1. Binding of soluble Alexa-penton base and WOW-1 Fab to CHO cells expressing

Qyﬁg;

In panel A, oawf5-CHO cells or parental CHO cells were incubated with primary antibodies
specific for o3 (LM609), ouBs (D57) or owfs (P1F6), and antibody binding was detected
with FITC-labeled secondary antibody as described in Experimental Procedures. Cells
stained with secondary antibody only were used as a negative control. For comparison,
antibody binding to parental CHO cells was also studied. In panel B, the oyf33-CHO cells
were incubated with either 75 nM Alexa-Penton Base (aPB) or 106 nM WOW-1 Fab for 30
min at room temperature, in the absence or presence of a 1:50 dilution of AP5 ascites to
activate owpsor 5 mM EDTA to inhibit specific ligand binding. Then binding of aPB and
WOW-1 Fab was measured by flow cytometry as described in Experimental Procedures.
The data represent specific ligand binding, defined as that inhibited by EDTA, and are
presented as means + SEM of three independent experiments. Similar results were
obtained if oawfs was stimulated with the purified Fab fragment of another activating antibody
(LIBS6) instead of AP5 ascites. Asterisks indicate that ligand binding was significantly
greater in the presence than in the absence of AP5 (P < 0.01).

Figure 2. Effect of integrin inhibitors on binding of aPB and WOW-1 Fab to oyBs-CHO celis.

Ligand binding was carried out as in Figure 1 in the presence of AP5 ascites (1:50) and an
integrin inhibitor, as indicated. EDTA was 5 mM, RGDS 2 mM, cRGDfV 50 pM, and Integrilin
1 pM. Data are plotted as a percentage of the value for the AP5-treated sample in the
absence of an inhibitor, and represent means + SEM of three experiments.

Figure 3. ayBsis susceptible to affinity modulation by inside-out signals.

In panel A, JY lymphoblastoid cells were incubated in the presence of either 75 nM aPB or
425 nM WOW-1 Fab for 15 min without an agonist (No Tx), with 100 nM phorbol myristate
acetate (PMA), or with phorbol myristate acetate plus AP5 ascites (1:50). Then specific
ligand binding was determined by flow cytometry. Data are the means + SEM of three
experiments. Asterisks denote a significant difference compared to the No Tx sample (P <
0.05). In panel B, binding of WOW-1 to JY cells was examined over a range of Fab
concentrations. The data are plotted as specific (RGDS-inhibitable) binding and were
subjected to non-linear regression analysis for binding to a single site. Values for apparent
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Kd and maximal binding are presented in Table 1. The curves are computer-generated best
fits of the data. Goodness of fit (R?) values ranged from 0.94-1.00.

Figure 4. Comparison of aPB binding to 0yB3-CHO cells and oyB3-M21-L melanoma cels,

Binding of aPB (75 nM) to each cell line was carried out as described in the legend to
Figure 1. Specific aPB binding is expressed on a per receptor basis as the mean
fluorescence intensity (mfi) of aPB binding divided by the mfi of SSA6 binding. Each bar
represents the mean + SEM of four experiments. Single and double asterisks denote P
values of < 0.01 and < 0.05, respectively, for the difference between the CHO cells and
melanoma cells.

Figure 5. Effect of an activating mutation in the B3 integrin cytoplasmic tail on the binding of
penton base to oyfs.

In panel A, stable CHO cell lines expressing either oy or owvf3 (D723R) were stained with
anti-Bz antibody SSA6 and phycoerythrin-streptavidin to assess surface expression of ayfa.
In panel B, specific binding of aPB (75 nM) was studied as described in the legend to Figure
1. aPB binding is expressed on a per receptor basis. Data represent the means + SEM of
four experiments. Asterisk denotes a difference between ayBsand ovB3 (D723R) at the P <

0.01 level. For comparison, the corresponding value for aPB binding to AP5-treated oPBa-
CHO cells was 0.034 + 0.002.

Figure 6. Effect of overexpression of isolated integrin cytoplasmic tails on ligand binding to
CS-1 melanoma cells expressing oyBa.

As described in the Examples hereinbelow, ayBs-CS-1 cells were transiently-transfected
with either the Tac-us, Tac-B1 or Tac-B3 chimera. Forty-eight hours after transfection, the
cells were incubated for 30 min at room temperature with (A) 150 nM aPB or (B) 425 nM
WOW-1 Fab, in the presence or absence of 5 mM EDTA. The cells were stained with anti-
Tac antibody and phycoerythrin-conjugated anti-mouse IgG in order to set a live-gate on the
Tac-expressing cells, and specific binding of aPB and WOW-1 Fab was measured by flow
Cytometry. Panel C shows that the Tac constructs had no effect on expression levels of
avBs, as monitored with anti-B; antibody, SSA6. Data represent the means + SEM of three
experiments. The asterisks indicate that ligand binding in the presence of Tac-B1 or Tac-f3
was significantly less than with Tac-os (P < 0.01).

Figure 7. Effect of oy, activation on the adhesion of oyB3-CHO cells to penton base.
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As described in the Examples hereinbelow, microtiter wells were coated with penton base
and the adhesion of ayf;-CHO cells was studied for 90 min at 37° C, either with no additive
(open circles), AP5 ascites (1:50; closed circles), or MnCl, (0.25 mM; closed triangles).
Some aliquots were also incubated with 50 uM cRGDfV under each of these conditions
(open square, cross, and asterisk) to assess whether cell adhesion was dependent on the
presence of ay integrins. This experiment is representative of three so performed.

Figure 8. Effect of avB; expression and activation on adenovirus-mediated gene delivery.

in panel A, parental CS-1 cells (No owfs) and owfB3-CS-1 cells were incubated for 1 hour with
an adenovirus vector encoding GFP at a multiplicity of infection of 50 or 500. In addition,
aliquots of the avf33-CS-1 cells were incubated with virus in the presence of 2.5 mM MnCl, to
induce maximal integrin activation. Viral infection and gene delivery were assessed 72
hours later by quantitating cellular expression of GFP by flow cytometry. Panel A depicts a
single experiment, and Panel B shows the means + SEM of three experiments conducted at
an m.o.i. of 50. The 4™ bar (from the left) of Panel B shows the effect of preincubating owps-
CS-1 cells with 1.7 uM WOW-1 Fab for 20 min before addition of virus.
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Detailed Description of the Invention

The present invention provides ligands which can selectively bind to activated a,8;
integrin. These activated a,Bs-specific ligands are of particular use in the methods and
compositions described in the present invention. The ability to specifically detect and
interact with activated a,83; was not available before this invention was made, and, by
employing ligands of this invention, it has now been discovered that the vitronectin receptor
a.Bs has an activated state under certain.biological conditions, which can be useful for
diagnostic and therapeutical purposes and, in particular, for the targeting of therapeutical

agents to certain tissues.

In order to determine the role of affinity modulation of aypBs, a novel monovalent
ligand-mimetic (WOW-1) was created by replacing the H-CDR3 of PAC1 Fab with a single
ay integrin-binding domain from multivalent adenovirus penton base. Both WOW-1 Fab and
penton base bound selectively to activated awf; but not to oy,B3 integrin in receptor and cell
binding assays. Accordingly, the present invention includes particular compositions of
activated a,Bs-specific ligands, such as an antibody which immunoreacts preferentially with
activated a,Bs integrin. Further, in another embodiment the present invention describes
methods using an activated a,s-specific ligand for diagnostic detection of activated a,8; in

tissues and for targeted delivery of therapeutic agents to tissues containing activated a,8;
integrin.

One aspect of the present invention is to determine whether ayfis subject to affinity
modulation and, if so, to explore the potential pathophysiological implications of such
regulation. To accomplish this task, the binding of soluble monovalent and multivalent
ligands to awfs in several cell types is characterized, reasoning that a monovalent ligand will
be sensitive to affinity modulation and a multivaient ligand will be sensitive to both affinity
and avidity modulation. Penton base, a coat protein from adenovirus type 2, is selected as a
multivalent ligand because each of its five subunits contains a 50 amino acid RGD tract that
mediates virus internalization through oy integrins. The novel WOW-1 Fab, which is created
by replacing the H-CDR3 of PAC1 Fab with a single integrin-binding domain of penton
base, can be used as a monovalent ligand, because replacement of the H-CDR3 of PAC1
switches the selectivity of the Fab from activated a3 to activated oyfs integrin, thereby
enabling a direct assessment of the o affinity state. Thus, the resulting monovalent Fab,
WOW-1, retains the activation-dependent characteristics of the PAC1 antibody and of the
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penton base protein and interacts with o3 integrin but not oy integrin. Using WOW-1
Fab to study owfs integrin, several conclusions regarding owBs integrin function could be
reached: The basal affinity state of B3 varies among cell types, being extremely low in
lymphoid cells and higher in melanoma cell lines. Further, owfsis subject to rapid affinity
modulation by inside-out signals, including those downstream of protein kinase C. At least
some of the cellular signals that regulate av; affinity converge at the cytoplasmic tails of
the integrin. Affinity modulation has direct functional consequences, both for the adhesion
and signaling functions of ayfBs and for adenovirus-mediated gene transfer. Thus, the
present invention establishes that o3 is subject to affinity regulation, with direct
implications for the anchorage-dependent functions of owfs and for gene delivery to cells
expressing owfs, in particular, adenovirus-mediated gene delivery.

The present invention demonstrates that owf; affinity varies with the cell type.
Unstimulated B-lymphoblastoid cells bind WOW-1 Fab poorly (apparent Kd = 2.4 pM), but
acute stimulation with phorbol myristate acetate increases receptor affinity >30-fold (Kd =
80 nM), with no change in receptor number. In contrast, oyBsin melanoma cells is
constitutively active, but ligand binding can be suppressed by overexpression of Bs
cytoplasmic tails. Up-regulation of ayp; affinity has functional consequences in that it
increases cell adhesion and spreading and promotes adenovirus-mediated gene transfer.
The invention therefore establishes that oy is subject to rapid, regulated changes in

affinity that influence the biological functions of this integrin.

The invention describes in one embodiment activated a.Bs-specific ligand
compositions, also referred to as ligands which preferentially bind to activated aBs. The
degree of specificity can vary but typically a ligand binds preferentially when the binding
constant for activated a,8s is greater than for other targets, such as other integrins such as
the platelet receptor ay,B3, and preferably is 2 to 1000 times greater, and more preferably is
100 to 1000 times greater. Binding activities are well known in the art and can be measured
by any of a variety of methods.

A preferred activated a,Bs-specific ligand is an adenovirus-2 penton base protein in
isolated form, fragments of penton base protein which bind activated a3, or an antibody
which preferentially immunoreacts with activated a,8;. Penton base (PB) protein from
adenovirus-2 is well known in the art and can be prepared in a variety of ways, including the
methods described hereinbelow. In addition, antibodies are well known in the art and can

include polyclonal or monoclonal antibodies or functional fragments thereof, such as Fab,
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Fv, single chain Fv (scFv), Fd and the like fragments which include the antigen binding site
portion of an antibody defined by the complementarity determining regions (CDRs) as are
all well known in the art.

An antibody which immunoreacts with activated a,8; can be prepared in a variety of
ways, and therefore the invention need not be so limiting. Typically an immunogen is used
which contains the desired antigenic target, in this case a sample containing activated avB3.
Following immunization, the resulting antibody can be isolated using screening assays to
identify the antibody which immunoreacts with the activated a,Bs integrin. A preferred
antibody is the WOW-1 antibody prepared as described hereinbelow.

Specifically, an antibody which immunoreacts with activated a,8; is prepared in the
form of a Fab antibody using recombinant nucleic acid methodologies. The antibody is
prepared by substituting a 50 amino acid stretch of the adenovirus-2 penton base protein
into the CDR3 portion of the cloned gene encoding the PAC1 antibody. PAC1 antibody is a
well characterized and well known monoclonal antibody which immunoreacts with platelet
glycoprotein receptor. The modified PAC1 antibody (designated WOW-1) is then
expressed in a Drosophila expression system as a fusion protein containing a His-Tag, and
purified from the Drosophila culture medium using immobilized nickel chromatography.

Specifically, the WOW-1 Fab antibody is prepared as follows. Oligonucleotides
PB-For (5-ACACAGCCATATATTACTGTGCCAGAGCGGAAGAGAACTCCAACGCG: Seq.
ld. No. 1) and
PB-Rev (5-~ACTGAGGTTCCTTGACCCCACGCAGCGGGGGCGGCAGCTTCTGC; Seq. Id.
No. 2) were used to PCR amplify sequence from adenovirus-2 DNA, representing 50 amino
acids of penton base. The DNA fragment obtained is used to replace the CDRS3 portion of
PAC1, in the form of Fd, by an overlap PCR using
Pac1-For (5-GCGCGGGAGATCTCAGGTGCAGCTGAAGCAGTCAGGA: Seq. Id. No. 3)
and
Pac1-Rev (5-GGCGCATGACCGGTACAATCCCTGGGCACAATTTTCTTG; Seq. Id. No. 4)
while adding Bgl2 and Age1 sites, respectively. The Fd DNA fragment of this grafted
“WOW-1" is Bgl2/Age1 digested and cloned into a Drosophila expression vector,
PMT/BiP/V5-His B (Invitrogen, Carlsbad, CA) containing the Drosophila metallothionine (MT)
promoter and BiP secretion signal. Similarly, Pac1-k light chain is modified by adding Nco1
and Age1 sites, using

Pac1k-For (5'-GGCGCGGGAGATCTCCATGGGATGTTT TGATGACCCAAACTCCA; Seq.
Id. No. 5) and
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Pac1k-Rev (5'-GGCGCATGACCGGTACACTCATTCCTGTTGAAGCTCTTG; Seq. Id. No.
6), and cloned into the Nco1/Age1 sites of pMT/BiP/V5-His B vector.

Using the calcium phosphate transfection procedure, 19 pgs each of the cloned
heavy and light chains of WOW-1 were cotransfected with 1 ug of selection vector,
pCoHYGRO (Invitrogen, Carlsbad, CA), into 3 ml culture of Drosophila melanogaster,
Schneider 2 (S2) cells, at 1x10%cells/ml. Stable cell lines were selected in presence of
hygromycin-B. Copper sulfate at 500 uM concentration is used to induce the metallothionine
promoter, and the secreted WOW-1 Fab (containing a His-Tag) is purified directly from the
medium using Ni-NTA column chromatography (Qiagen, CA). The resulting antibody,
designated Fab WOW-1, preferentially immunoreacts with activated a,8;. An exemplary
binding assay suitable for demonstrating the specificity of Fab WOW-1 is described
hereinbelow in Example 4.

The nucleotide and amino acid residue sequence of the resulting WOW-1 Fab
antibody for both the heavy and light chain is shown hereinbelow in Example 1. In one
embodiment, a preferred antibody comprises the amino acid residues shown in Example 1.
More preferably, an antibody is the Fab WOW-1 described in Example 1.

In another embodiment, the invention describes methods for the detection of
activated a,s in tissues using an activation-specific a,8s ligand according to the present
invention. There are a variety of tissues and biological conditions known in the art in which
a.Bs is present and plays an important biological role, therefore making detection of
activated a3 a useful diagnostic tool. The invention need not be limited to any particular
tissue or condition insofar as there will continue to be discoveries regarding the role of
activated a,8; in biological processes.

For example, processes involving a,8; include endothelial cell growth, particularly
angiogenesis, which is mediated by vitronectin receptor a,8s, and which plays a role in a
variety of disease processes. By monitoring the tissue distribution of activated a,B; during
angiogenesis, one can monitor the progression of a disease, intervene in the disease,
ameliorate the symptoms, and in some cases cure the disease. Thus a diagnostic process
can support therapeutic treatments.

Where the growth of new blood vessels is the cause of, or contributes to, the
pathology associated with a disease, detection of activated a,B, allows collection of
information vital to prognosis and treatment of the disease. Examples include rheumatoid
arthritis, diabetic retinopathy, inflammatory diseases, restenosis, and the like. The growth



WO 00/34780 PCT/EP99/09460
-10 -

of new blood vessels is required to support growth of a deleterious tissue, and therefore
examples of additional diseases include growth of tumors where neovascularization is a
continual requirement in order that the tumor grow beyond a few millimeters in thickness,
and for the establishment of solid tumor metastases.

Exemplary diseases where a,8; is involved are described in more detail in U.S.
Patent No. 5,753,230, the disclosures of which are hereby incorporated by reference.

A diagnostic method is typically practiced by

(a) admixing a ligand of this invention with a tissue containing a,8 to form a binding
reaction admixture;

(b) maintaining the admixture under conditions sufficient for the ligand to bind the
a,Bs and form a ligand-a,; complex, including time, temperature and physiological
environmental parameters consistent with a binding reaction; and

(c) determining the presence of the ligand-a,B; complex, and thereby the presence
of any activated a,; present in the tissue.

The method can be practiced in vitro or in vivo, as such variation in the diagnostic
arts are well known. In addition, it is known that the ligand can be labeled by a variety of
methods. Exemplary labels and assay methods are described in the Examples
hereinbelow.

In preferred methods, an activation specific a,8; is selected from the group
consisting of adenovirus-2 penton base, fragments of penton base which bind activated

aBs, and an antibody that immunoreacts with activated a,8s. Preferably, the ligand is the
Fab antibody WOW-1.

Methods For Delivery of a Therapeutic Agent

’ In another embodiment, the invention describes the use of an activation specific a,Bs
ligand for delivery of an agent in a therapeutic composition to a tissue containing activated
vitronectin receptor a,8s for the purpose of effecting a biological modification on the tissue.
The method comprises the steps of:

(a) contacting a tissue containing a,B; with an effective amount of a therapeutic

composition comprising a ligand that binds to activated a,8s, wherein the ligand is
operatively linked to an agent and the agent has a therapeutic activity;
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(b) maintaining said therapeutic composition in contact with the tissue under
conditions sufficient for the ligand to bind to any activated a,83 present in the tissue and
thereby deliver the agent to the tissue.

The invention may be practiced in vivo or ex vivo, such that the tissue is contacted
with the therapeutic composition by administering the composition to the body of a patient
containing a tissue to be treated, or by presenting a tissue or organ containing the tissue to
the composition in an ex vivo procedure, as are well known.

The agent can be any of a variety of materials which ultimately effects a biological
response of therapeutic nature, and therefore the invention is not intended to be limited in
this regard. Exemplary agents include any biologically active compound, such as a
conjugated drug, toxin, biologically active peptide or protein, hormones, and the like
compounds, nucleic acids such as may be active as an antisense molecule, a catalytic
nucleic acid molecule, such as a ribozyme, or in gene transfer, and the like. Such methods
and compositions are generally well known in the art, and therefore the invention need not
be so limited.

In one embodiment, the present invention describes the use of an activation specific
a,B3 ligand for gene delivery to a tissue containing activated vitronectin receptor a,B;. Gene
delivery or gene transfer vehicles may be derived from viruses, such as, for example,
adenoviruses, retroviruses, lentiviruses, adeno-associated virus, and Herpes viruses, which
have a viral surface protein which has been modified to include an activation specific a,B3
ligand. Alternatively, the gene delivery or gene transfer vehicle may be a non-viral gene
delivery or gene transfer vehicle, such as a plasmid, to which is bound an activation specific
a,Bs ligand. In another example, the gene delivery or gene transfer vehicle may be a
proteoliposome which encapsulates an expression vehicle, wherein the proteoliposome
includes an activation specific a,83 ligand.

Typical tissues which are exemplary targets for delivery of a therapeutic agent
according to the method of the present invention are any tissue in which a,B; is expressed
and activated, such that delivery presents the agent specifically to the activated a,Bs-
containing tissues. These tissues may include, for example neovascular cells, smooth
muscle cells, endothelial cells, in particular smooth muscle endothelial cells, arterial cells,
osteoclasts, tumor cells, and the like, although the invention need not be so limited. In a
preferred embodiment the therapeutic agents are targeted to a,Bs expressing endothelial
cells in the neovasculature of malign tumors.
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The agent can be presented by the present methods by any of a variety of means in
a therapeutic composition containing the ligand. Typically the agent is operatively linked to
the ligand, as by conjugation, chemical linkage or other covalent association, although non-
covalent methods may also be utilized which depend upon, for example, specific binding
interactions, chemical affinities, and the like.

The invention also contemplates nucleic acid expression vectors for producing a
therapeutic fusion protein according to the teachings of the present invention. A therapeutic
fusion protein comprises an activated a,8; specific ligand operatively linked to a biologically
active polypeptide, and is useful to target the biologically active polypeptide to those tissues
containing an activated a,s.

The activated a.B; specific ligand can be any of the ligands described in the present
invention. A preferred ligand is the 50 amino acid residue sequence of penton base
substituted into PAC1 antibody as described above. Another preferred ligand is the domain
of Fab WOW-1 which immunoreacts with activated a,85, such as the heavy chain CDR3
domain of WOW-1.

A biologically active polypeptide, discussed hereinabove, can be any polypeptide
which imparts a biological function of therapeutic interest to the fusion protein, and
therefore the invention need not be so limited. Exemplary polypeptide include the active
portion of diphtheria toxin, ricin, peptide hormones, peptide cellular activators, chemokines,
cytokines, kinases, and the like biologically active polypeptides.

An expression vector of this invention can be any of a variety of well known
constructs suitable for expression of a gene which encodes a fusion protein of this
invention, and need not be limited. Exemplary vectors include procaryotic and eukaryotic
vectors, particularly retroviral and adenoviral vectors well known in the art for delivery of
expressible genes to mammals, particularly humans.

Other uses will be apparent to one skilled in the art in light of the present
disclosures.
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The examples that follow illustrate preferred embodiments of the present invention and are

not limiting the description or claims in any way.

EXAMPLES

Example 1:Preparation of soluble oyf;ligands

Recombinant penton base from adenovirus type 2 was baculovirus-expressed in
Trichoplusia Tn 5B1-4 insect cells and purified as described previously (Wickham, T. J.,
Mathias, P., Cheresh, D. A., and Nemerow, G. R. (1993) Cell 73, 309-319). The purified
protein migrated as a single ~325 kDa band on native polyacrylamide gels and an ~80 kDa
band on SDS-polyacrylamide gels. Penton base was conjugated to Alexa-488 to form
Alexa-penton base (aPB) according to the manufacturer’s instructions (Molecular Probes,
Eugene, OR). Purified human fibrinogen was obtained from Enzyme Research Laboratories
(South Bend, IN) and labeled with FITC (Shattil, S. J., Cunningham, M., and Hoxie, J. A.
(1987) Blood. 70, 307-315).

WOW-1 Fab was created by replacing the 19 amino acid H-CDR3 of antibody PAC1 Fab
(Abrams, C., Deng, J., Steiner, B., and Shattil, S. J. (1994) J.Biol.Chem. 269, 18781-18788)
with the 50 amino acid av integrin-binding domain from adenovirus type 2 penton base
(Mathias, P., Wickham, T., Moore, M., and Nemerow, G. (1994) J Viro/ 68(10), 6811-4) by
splice-overlap PCR using oligonucleotides

PB-For (6'-ACACAGCCATATATTACTGTGCCAGAGCGGAAGAGAACTCCAACGCG: Seq.
Id. No. 1),

PB-Rev (5-ACTGAGGTTCCTTGACCCCACGCAGCGGGGGCGGCAGCTTCTGC: Seq. Id.
No. 2),

Pac1-For (5-GCGCGGGAGATCTCAGGTGCAGCTGAAGCAGTCAGGA: Seq. Id. No. 3)
and

Pac1-Rev (5-GGCGCATGACCGGTACAATCCCTGGGCACAATTTTCTTG; Seq. Id. No. 4).

The resulting WOW-1 Fd DNA fragment was digested with Bghi/Agel and cloned into a
Drosophila expression vector, pMT/BiP/V5-His B (Invitrogen, Carlsbad, CA), which contains
the Drosophila metallothionine promoter and BiP secretion signal and places a (His); tag at
the C-terminus of Fd. Similarly, PAC1 x containing Ncol and Agel sites was amplified by
PCR with x-For (5-GGCGCGGGAGATCTCCATGGGATGTTTTGATGACCCAAACTCCA;
Seq. Id. No. 5) and x-Rev (5-GGCGCATGACCGGTACACTCATTCCTGTTGAAGCTCTTG;
Seq. Id. No. 6), and cloned into pMT/BiP/V5-His B. Nineteen pg of WOW-1 Fd and PAC1



WO 00/34780 PCT/EP99/09460
-14 -

in pMT/BiP/V5-His B were cotransfected with 1 pg of selection vector (pCoHYGRO;
Invitrogen) into Drosophila melanogaster S2 cells by calcium phosphate precipitation.
Stable S2 cell lines were selected with hygromycin-B and screened for secretion of WOW-1
Fab after a 36-72 h induction with 500 uM CuSQ,.

WOW-1 Fab was purified from 250-1000 ml of serum-free medium by column
chromatography on Ni-NTA (Qiagen, CA). Typical yields were 2-5 mg/L with a purity of >
90% as estimated on SDS gels stained with silver or Coomassie Blue. WOW-1 Fab
migrated as a single ~58 kDa band on non-reduced SDS gels and reacted on Western blots
with a monoclonal antibody specific for a linear epitope in the integrin-binding domain of
penton base (Stewart, P. L., Chiu, C. Y., Huang, S., Muir, T., Zhao, Y., Chait, B., Mathias,
P., and Nemerow, G. R. (1997) Embo J 16(6), 1189-98), and with affinity-purified goat anti-
mouse x (Biosource International, Camarillo, CA). After reduction, WOW-1 Fab migrated as
a ~33 kDa Fd chain and a ~25 kDa «x chain. There was no evidence of Fd or k homodimers.
As with PAC1 Fab (Abrams, C., Deng, J., Steiner, B., and Shattil, S. J. (1994) J.Biol.Chem.
269, 18781-18788), the relative migration of WOW-1 Fab on a Sephadex G-200 column
indicated that it was monomeric and, therefore, monovalent in aqueous solution.

Heavy and light chain sequence of WOW-1 Fab:

WOW-1 Fab Heavy chain sequence (Seq. Id. No. 7)
CAGGTGCAGCTGAAGCAGTCAGGACCTGGCCTAGTGCAGCCCTCACAGAGCCTGTCC
ATCACCTGCACAGTCTCTGGTTTCTCATTAACTAGCTATGGTGTACACTGGGTTCGCCA
GTCTCCCGGGAAGGGTCTGGAGTGGCTGGGAGTGATATGGAGTGGTGGAGGCACAGA
CTATAATGCAGCTTTCATATCCAGACTGAGCATCAGCAAGGACAATTCCAAGAGCCAAG
TTTTCTTTAAAATGAACAGTCTGCAAGCTAATGACACAGCCATATATTACTGTGCCAGAG
CGGAAGAGAACTCCAACGCGGCAGCCGCGGCAATGCAGCCGGTGGAGGACATGAAC
GATCATGCCATTCGCGGCGACACCTTTGCCACACGGGCGGAGGAGAAGCGCGCTGAG
GCCGAGGCAGCGGCAGAAGCTGCCGCCCCCGCTGCGTGGGGTCAAGGAACCTCAGT
CACCGTCTCCTCAGCCAAAACGACACCCCCATCTGTCTATCCACTGGCCCCTGGACTC
GCTGCCCAAACTAACTCCATGGTGACCCTGGGATGCCTGGTCAAGGGCTATTTCCCTG
AGCCAGTGACAGTGACCTGGAACTCTGGATCCCTGTCCAGCGGTGTGCACACCTTCCC
AGCTGTCCTGCAGTCTGACCTCTACACTCTGAGCAGCTCAGTGACTGTCCCCTCCAGC
CCTCGGCCCAGCGAGACCGTCACCTGCAACGTTGCCCACCCGGCCAGCAGCACCAAG
GTGGACAAGAAAATTGTGCCCAGGGATTGT
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WOW-1 Fab Heavy chain amino acid sequence (Seq. Id. No. 8)

QVQLKQSGPGLVQPSQSLSITCTVSGFSLTSYGVHWVRQSPGKGLEWLGVIWSGGGTDY
NAAFISRLSISKDNSKSQVFFKMNSLQANDTAIYYCARAEENSNAAAAAMQPVEDMNDHAIR
GDTFATRAEEKRAEAEAAAEAAAPAAWGQGTSVTVSSAKTTPPSVYPLAPGLAAQTNSMV

TLGCLVKGYFPEPVTVTWNSGSLSSGVHTFPAVLQSDLYTLSSSVTVPSSPRPSETVTCNV
AHPASSTKVDKKIVPRDC

WOW-1 Fab Light chain nucleotide sequence (Seq. Id. No. 9)

TCTTACATCTATGCGGATCCAGATGTTTTGATGACCCAAACTCCACTCTCCCTGCCTGTC
AGTCTTGGAGATCAAGCCTCCATCCCTTGCAGATCTAGTCAGAGCATTGTACATAGTAA
TGGAAACACCTATTTAGAATGGTACCTGCAGAAACCAGGCCAGTCTCCAAAGCTCCTGA
TCTACAAAGTTTCCAACCGATTTTCTGGGGTCCCAGACAGGTTCAGTGGCAGTGGATCA
GGGACAGATTTCACACTCAAGATCAGCAGAGTGGAGGCTGAGGATCTGGGAGTTTATT
ACTGCTTTCAAGGTTCACATGTTCCGTACACGTTCGGAGGGGGGACCAAGCTGGAAAT
AAAACGGGCTGATGCTGCACCAACTGTATCCATCTTCCCACCATCCAGTGAGCAGTTAA
CATCTGGAGGTGCCTCAGTCGTGTGCTTCTTGAACAACTTCTACCCCAAAGACATCAAT
GTCAAGTGGAAGATTGATGGCAGTGAACGACAAAATGGCGTCCTGAACAGTTGGACTG
ATCAGGACAGCAAAGACAGCACCTACAGCATGAGCAGCACCCTCACGTTGACCAAGGA

CGAGTATGAACGACATAACAGCTATACCTGTGAGGCCACTCACAAGACATCAACTTCAC
CCATTGTCAAGAGCTTCAACAGGAATGAGTGT

WOW-1 Fab light chain amino acid sequence (Seq. Id. No. 10)
DVLMTQTPLSLPVSLGDQASIPCRSSQSIVHSNGNTYLEWYLQKPGQSPKLLIYKVSNRFS
GVPDRFSGSGSGTDFTLKISRVEAEDLGVYYCFQGSHVPYTFGGGTKLEIKRADAAPTVSIF

PPSSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQNGVLNSWTDQDSKDSTYSMSST
LTLTKDEYERHNSYTCEATHKTSTSPIVKSFNRNEC

Example 2:Mammalian cells and DNA transfections

cDNAs encoding full-length human ay and B3 were subcloned into pcDNAS3 and pCDMS8,
respectively, and 2 pg of each were transfected into CHO-K1 cells to obtain transient and
stable transfectants as described (O'Toole, T. E., Katagiri, Y., Faull, R. J., Peter, K.,
Tamura, R., Quaranta, V., Loftus, J. C., Shattil, S. J., and Ginsberg, M. H. (1994) J.Cell Biol.
124, 1047-1059). Stable transfectants surviving antibiotic selection were further screened
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for high awBs expression by single cell FACS sorting using the ovfs-specific monoclonal
antibody, LM609 (Cheresh, D. A. (1987) Proc.Natl.Acad.Sci.USA. 84, 6471-6475). CHO
cells stably expressing wild-type human o3 and ayfBs (D723R) were described previously
(O'Toole, T. E., Katagiri, Y., Faull, R. J., Peter, K., Tamura, R., Quaranta, V., Loftus, J. C.,
Shattil, S. J., and Ginsberg, M. H. (1994) J.Cell Biol. 124, 1047-1059; Hughes, P. E., Diaz-
Gonzalez, F., Leong, L., Wu, C. Y., McDonald, J. A., Shattil, S. J., and Ginsberg, M. H.
(1996) J.Biol.Chem. 271, 6571-6574). M21-L is a clone of the human melanoma cell line,
M21, that lacks the o, subunit (Cheresh, D. A., and Spiro, R. C. (1987) J Biol Chem 262(36),
17703-11). avBs-M21-L cells were produbed by transient transfection of M21-L with 2 ug
each of o/pcDNA3 and Ba/pCDM8 using Superfect (Qiagen Inc., Chatsworth, CA). CS-1 is
a hamster melanoma cell line that does not express avBs or ayBs because it does not
synthesize the B3 or Bs subunits. avB3-CS-1 cells stably expressing hamster ay and human
Bs were obtained by transfection of CS-1 cells with human Bs (Filardo, E. J., Brooks, P. C.,
Deming, S. L., Damsky, C., and Cheresh, D. A. (1995) J.Cell Biol. 130, 441-450). JY is an
immortalized human B-lymphoblastoid cell line that expresses ayBa but not owps (Stupack, D.
G., Shen, C., and Wilkins, J. A. (1992) Exp.Cell Res. 203, 443-448; Rothlein, R., and
Springer, T. A. (1986) J Exp Med 163(5), 1132-49).

Example 3: Analysis of cell surface integrin expression

Cells were suspended in an “incubation buffer’ (137 mM NaCl, 2.7 mM KCl, 3.3 mM
NaH.PO,, 3.8 mM HEPES, 1 mM MgCl,, 5.5 mM glucose, and 1 mg/ml bovine serum
albumin, pH 7.4) and incubated for 30 min on ice with a monoclonal antibody (10 pg/mi)
specific for either o3 (LM609), B3 (D57) (O'Toole, T. E., Katagiri, Y., Faull, R. J., Peter,
K., Tamura, R., Quaranta, V., Loftus, J. C., Shattil, S. J., and Ginsberg, M. H. (1994) J.Cell
Biol. 124, 1047-1059) or avfs (P1F6) (Lin, E. C. K., Ratnikov, B. I, Tsai, P. M., Carron, C.
P., Myers, D. M., Barbas, C. F., lll, and Smith, J. W. (1997) J.Biol.Chem. 272, 23912-
23920). After washing, the cells were incubated another 30 min on ice with FITC-conjugated
goat anti-mouse IgG (H + L chain-specific; Biosource), washed again, and analyzed on a
FACSCalibur flow cytometer (Becton Dickinson, Mountain View, CA) (Hato, T., Pampori, N.,
and Shattil, S. J. (1998) J.Cell Biol. 141(7), 1685-1695). As a negative control, samples
were incubated with the secondary antibody alone.

Example 4:Ligand binding assays

Binding of aPB, WOW-1 Fab and FITC-fibrinogen to cells was assessed by flow cytometry.
Typically, cells were cultured overnight in low serum medium (e.g., 0.5% fetal bovine
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serum), resuspended in incubation buffer at 1-1.5 x 107 cells/ml, and 4-6 x 10° cells were
incubated with one of these ligands for 30 min at room temperature in a final volume of 50
ul. As indicated, some samples were also incubated in the presence of one or more of the
following reagents: antibody AP5 ascites (1:50) to activate Bs integrins (Pelletier, A. J.,
Kunicki, T., Ruggeri, Z. M., and Quaranta, V. (1995) J.Biol.Chem. 270, 18133-18140), 0.25
mM MnCl; to activate integrins (Bazzoni, G., and Hemler, M. E. (1998) Trends Biochem.Sci.
23, 30-34), 2 mM RGDS or 5 mM EDTA to specifically block ligand binding to integrins, 50
MM cRGDH1V, a selective ay integrin antagonist (Peninsula Laboratories, Inc., Belmont, CA),
5 pM Integrilin, a selective oyPs antagoniét (Scarborough, R. M., Naughton, M. A., Teng,
W., Rose, J. W., Phillips, D. R., Nannizzi, L., Arfsten, A., Campbell, A. M., and Charo, I. F.
(1993) J.Biol.Chem. 268, 1066-1073) or 100 pg/m! of the function-blocking antibodies,
LM609 or P1F6. In some experiments, ligand binding and o3 expression were measured
simultaneously by incubation of cells with ligands in the presence of biotin-SSA6 (7 pg/ml),
a non-function-blocking anti-Bs monoclonal antibody (Abrams, C., Deng, J., Steiner, B., and
Shattil, S. J. (1994) J.Biol.Chem. 269, 18781-18788). After 30 min at room temperature,
cells were washed and incubated with phycoerythrin-streptavidin (1:25 final dilution:
Molecular Probes) for 20 min on ice. In the case of WOW-1 Fab, an Alexa-conjugated anti-
(His)s monoclonal antibody (Accurate Chemical and Scientific Corp., Westbury, NY) was
added at this stage (50 pg/ml). Cells were washed and resuspended in 0.5 ml incubation
buffer containing 2 pg/ml propidium iodide (Sigma, St. Louis, MO). Ligand binding (FL1
channel) was analyzed immediately on the gated subset of live cells (propidium iodide-
negative, FL3) that was strongly positive for o3 expression (FL2). Binding isotherms were
subjected to non-linear, least squares regression analysis using an equation for one-site
binding (Prism 2.0 software; GraphPad Software, San Diego, CA). Two-tailed P values for
paired samples were obtained by Student’s t test.

To examine the effects of overexpression of isolated integrin cytoplasmic tails on ligand
binding to owfs, avBs-CS-1 cells were transfected with a mammalian expression plasmid
encoding either Tac-B4, Tac-Bs or Tac-as, using Fugene-6 transfection reagent (Boehringer
Mannheim, indianapolis, IN) (LaFlamme, S. E., Thomas, L. A., Yamada, S. S., and Yamada,
K. M. (1994) J.Cell Biol. 126, 1287-1298; Chen, Y.-P., O'Toole, T. E., Shipley, T., Forsyth,
J., LaFlamme, S. E., Yamada, K. M., Shattil, S. J., and Ginsberg, M. H. (1994) J.Biol.Chem.
269, 18307-18310). Forty-eight hours after transfection, cells were suspended in incubation
buffer at 1.5 x 10%mi and incubated for 30 min at room temperature with 150 nM aPB or
425 nM WOW-1 Fab in the presence or absence of 5 mM EDTA. After washing, cells were
incubated for an additional 30 min on ice with 2.5 pg/ml of biotinylated anti-Tac monoclonal
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antibody (7G7B6), followed by incubation with phycoerythrin-conjugated anti-mouse IgG,
and (when WOW-1 Fab was present) 50 pg/mi of Alexa-anti-(His)s. Ligand binding was
analyzed on the gated subset of live cells strongly positive for Tac expression. In parallel
tubes, cells were co-stained with SSA6 and anti-Tac antibody to quantitate a3 expression
in the Tac-positive cells.

Binding of WOW-1 Fab to purified avBs receptors from human placenta and o3 from
human platelets was measured by ELISA in the presence of 50 uM CaCl,, MgCl, and
MnCl.. Non-specific binding was determined in the presence of 2 mM RGDS (Abrams, C.,
Deng, J., Steiner, B., and Shattil, S. J. (1994) J.Biol.Chem. 269, 18781-1 8788).

Example 5:Cell adhesion assays

Immulon-2 microtiter wells (Dynex Laboratories, Chantilly, VA) were coated with unlabeled
penton base (1-100 ng/well) overnight at 4°C, followed by blocking with 20 mg/ml BSA.
CHO cells stably expressing oyfs were labeled with BCECF-AM (Molecular Probes, Eugene
OR), and cell adhesion to the immobilized penton base was quantitated by cytofluorimetry

at 485/530 nm (Hato, T., Pampori, N., and Shattil, S. J. (1998) J.Cell Biol. 141(7), 1685-
1695).

Example 6:Adenovirus-mediated gene delivery

CS-1 and o,B3-CS-1 cells (10° cells) were suspended for 5 min at room temperature in 100
Hl of incubation buffer. In some cases, 2.5 MM MnCl, was also present to induce maximal
integrin activation. Then replication-deficient adenovirus type 5 encoding green fluorescent
protein (GFP) was added to the cell suspension at a multiplicity of infection (m.o.i) of 50 or
500 (Huang, S., Stupack, D., Mathias, P., Wang, Y., and Nemerow, G. (1997) Proc Natl
Acad Sci U S A 94(15), 8156-61). After 1 h at 37°C, virus not internalized was digested by
incubation of the cells with 0.03% trypsin/0.35 mM EDTA for 5 min at 37°C. After 72 h, GFP
expression was quantitated by flow cytometry.

Example 7:Interaction of a novel monovalent ligand with inteqrin owBs

In order to document and study the significance of affinity modulation of oyB3, a monovalent
reporter ligand was developed analogous to the activation-dependent anti-oy,B3 antibody,
PAC1 Fab. Preliminary binding studies were conducted with the new antibody, designated
WOW-1 Fab, using purified integrins in the presence of 50 HM MnCl,, which activates
integrins by a direct effect on the extracellular domain (Bazzoni, G., and Hemler, M. E.
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(1998) Trends Biochem.Sci. 23, 30-34). WOW-1 Fab bound to purified avBs and to a lesser
extent to purified avf3s. Binding was half-maximal at 40 nM Fab and was blocked by > 95%
by 2 mM RGDS or 5 mM EDTA. In contrast, there was no detectable binding of WOW-1
Fab to purified ousf3s at antibody concentrations as high as 2 pM, even though the parent
antibody, PAC1 Fab, bound half-maximally to oy,f; at 50 nM. These results indicate that the
re-engineering of PAC1 Fab has converted it from an activation-dependent oy,B; antibody
into an antibody that reacts with activated oyfs. To determine if WOW-1 Fab reacted
preferentially with activated avBs in cells, Fab binding was compared with that of multivalent
penton base using CHO cells stably-trahsfected with human owfs (owB3s-CHO cells). Flow
cytometric analysis showed that the surface of these cells expressed large amounts of o3,
modest amounts of owBs and no detectable ouBs (Figure 1A). When Alexa-penton base
(aPB) or WOW-1 Fab was incubated with the cells over a range of ligand concentrations (5-
1000 nM) and for various periods of time at room temperature, specific ligand binding,
defined as that inhibitable by 2 mM RGDS or 5 mM EDTA, reached a steady state by 30
min, and non-specific binding accounted for < 15% of total binding. Therefore, all
subsequent binding studies were carried out under these conditions. aPB and WOW-1 Fab
bound specifically but at low levels to unstimulated oyBs-CHO cells. However, direct

activation of a5 by anti-Bsantibody AP5 caused a significant increase in the binding of
both ligands (P < 0.01) (Figure 1B).

To assess the selectivity of these ligands for oyBsin this system, the effect of various
function-blocking compounds was studied. Binding of aPB and WOW-1 Fab in the
presence of antibody AP5 was inhibited = 85% by 2 mM RGDS or 50 uM cRGDAV, a cyclic
peptide selective for oy integrins (Figure 2) (Brooks, P. C., Montgomery, A. M. P.,
Rosenfeld, M., Reisfeld, R. A., Hu, T., Kiier, G., and Cheresh, D. A. (1994) Cell 79, 1157-
1164). On the other hand, a cyclic peptide selective for oy,B3 (Integrilin) inhibited ligand
binding by less than 20%, even at a concentration (1 uM) 100-fold higher than that
necessary to prevent fibrinogen or PAC1 binding to platelet oy,B3 (Scarborough, R. M.,
Naughton, M. A, Teng, W., Rose, J. W., Phillips, D. R., Nannizzi, L., Arfsten, A., Campbell,
A. M., and Charo, |. F. (1993) J.Biol.Chem. 268, 1066-1 073). Furthermore, the ayps;
function-blocking antibody LM609 (100 pg/ml) inhibited ligand binding by more than 70%,
while the avs blocking antibody P1F6 had no such effect. In addition, neither aPB nor
WOW-1 Fab bound detectably to resting or thrombin-stimulated human platelets, which
express > 50,000 oui,33 receptors but less than 500 o3 receptors per cell (Coller, B. S.,
Cheresh, D. A., Asch, E., and Seligsohn, U. (1991) Blood 77, 75-83). Collectively, these
results indicate that a monovalent ligand, WOW-1 Fab, and a multivalent ligand, aPB, are
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sensitive to the activation state of a3 and they do not recognize oy,B3. Thus, WOW-1 Fab
is a suitable reporter for changes in o3 affinity. Since WOW-1 Fab (and aPB) also
recognize avfs, particular efforts were made in the experiments that follow to utilize cells
that express ayfs but little or no oy s.

Example 8:The affinity of ayf; can be requlated by inside-out signals

To determine if owfs is susceptible to affinity modulation by inside-out signals, the binding of
WOW-1 Fab to JY B-lymphoblasts was studied. These cells were selected because they
express avfz but not owBsand they adhere rapidly to vitronectin in response activation of
protein kinase C by phorbol myristate acetate (Stupack, D. G., Shen, C., and Wilkins, J. A.
(1992) Exp.Cell Res. 203, 443-448; Rothlein, R., and Springer, T. A. (1986) J Exp Med
163(5), 1132-49). Incubation of JY cells for 15 min with 100 nM phorbol myristate acetate
caused a significant increase in specific binding of aPB (2.7 + 0.2-fold increase; P < 0.05),
consistent with an increase in avf; affinity and/or avidity. Furthermore, phorbol myristate
acetate caused a 2.4 + 0.1-fold increase in the binding of WOW-1 Fab (P < 0.05). Neither
response was increased further by activating antibody AP5 (Figure 3A). Phorbol myristate
acetate did not increase the surface expression of oyfs, as measured by antibody LM609.
To determine whether the changes in WOW-1 Fab binding reflected changes in oyfs;
affinity, ligand binding was analyzed over a range of antibody concentrations. Unstimulated
JY cells exhibited a very low affinity for WOW-1 Fab (apparent Kd = 2,600 + 700 nM; SEM)
and a value for maximal binding of 24.8 + 4.1 arbitrary fluorescence units (Figure 3B). In
marked contrast, JY cells stimulated with phorbol myristate acetate exhibited a >30-fold
increase in binding affinity (apparent Kd = 80 + 18 nM) with no change in maximal binding
(23.5 + 1.1 units). This effect was prevented if the cells were first depleted of metabolic
energy by a 30 min preincubation with 0.2 % sodium azide and 4 mg/ml 2-deoxy-d-glucose.

These results establish that energy-dependent inside-out signals can regulate the ligand
binding affinity of owfs.

Example 9:Determinants of ayf; activation state

Experiments were performed to identify factors that influence oBs affinity using readily
transfectable cell ines that stably express human oyBs. avBson vascular cells may
encounter multiple ligands simultaneously during the process of wound healing. Therefore,
it was assessed whether the affinity/avidity of ayp; differed for various ligands. Equilibrium
binding of aPB, WOW-1 Fab, and the adhesive ligand, fibrinogen, was compared in owf3-
CHO cells. As summarized in Table 1, each ligand bound specifically to approximately the
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same total number of receptors in unstimulated ayBs-CHO cells. However, the affinity/avidity
of awPsfor fibrinogen was approximately 15-fold lower than that for aPB, despite the fact
that both ligands are multivalent and similar in molecular mass. Activation of o3 with
antibody AP5 increased the binding affinity/avidity for both ligands but it had no effect on
maximal binding (Table 1). On the other hand, despite the differences in valency between
aPB and WOW-1 Fab, their binding constants were similar. Overall, these results show that
avBs can interact differentially with macromolecular ligands and that the affinity state of the
receptor is one determinant of such interactions.

TABLE 1:
Binding of different ligands to oyf}; expressed in CHO cells*
No Treatment Aciivating antibody APS
Apparent Kd* Bmax Apparent Kd Bmax
Ligand (nM) (units) (nM) (units)
WOW-1 Fab 514+ 71 62+3 119+ 12 65 +2
Penton Base 550 + 53 80+4 160 + 31 695
Fibrinogen 9,200 + 6,500 126 +74 566 + 110 77 +6

*Ligand binding was determined by flow cytometry and binding isotherms were analyzed as
described in Experimental Procedures and in the legend to Figure 3. Data represent the
combined results of three independent experiments with each ligand. Maximum binding

(Bmax) was expressed in arbitrary fluorescence units. Goodness of fit (R?) values ranged
from 0.93-1.00.

In circulating platelets, the “basal” activation state of oy,3 must remain low to prevent
thrombosis. However, this requirement may not pertain to all cells that express ops.
Therefore, ligand binding was studied simultaneously in ayf3;-CHO cells and in two
unrelated melanoma cell lines, oyfs-M21-L and ayB5-CS-1, to assess cell type-specific
variations in basal activation state of oyfs. In order to control for minor variations in avfs
expression between the cell lines, ligand binding was expressed on a “per receptor” basis
using anti-Bs antibody SSA6 to quantitate receptor expression. Unstimulated of5-M21-L
cells bound significantly more aPB than did ayB3-CHO cells (P < 0.01). This difference was
maintained even after further activation of ayp; with antibody AP5 (P < 0.05) (Figure 4).
Similar results were obtained with ayB;-CS-1 cells instead of avBs-M21-L cells, and with
WOW-1 Fab instead of aPB. Taken together with the marked differences observed in the
binding of WOW-1 Fab to unstimulated JY lymphoblasts and ayp3-CHO celis (Figure 3B and
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Table 1), these results indicate that the basal activation state of oyf; varies with the cell

type.

Integrin cytoplasmic tails have been implicated in affinity/avidity modulation of several
integrins (Hemler, M. E. (1998) Current Opinion in Cell Biology 10, 578-585), but there is no
direct information about their role in regulating ligand binding to oyf33. Certain point
mutations or truncations of the B cytoplasmic tail, such as B3 (D723R), result in constitutive
activation of aypBs in CHO cells (O’Toole, T. E., Katagiri, Y., Faull, R. J., Peter, K., Tamura,
R., Quaranta, V., Loftus, J. C., Shattil, S. J., and Ginsberg, M. H. (1994) J.Cell Biol. 124,
1047-1059; Hughes, P. E., Diaz-Gonzalez, F., Leong, L., Wu, C. Y., McDonald, J. A.,
Shattil, S. J., and Ginsberg, M. H. (1996) J.Biol.Chem. 271, 6571-6574). To determine
whether avBsis affected by such a modification, ligand binding to ayBs (D723R) was
assessed. This mutant was stably-expressed in CHO cells to approximately the same level
as wild-type owfs (Figure 5A). However, unstimulated ayf; (D723R)-CHO celis bound
significantly more aPB than unstimulated owf3-CHO cells (P < 0.01), equivalent to the
amount of aPB bound to oyB3-CHO cells treated with AP5 (Figure 5B). A second owfs
(D723R) clone gave the same results, and similar results were obtained using WOW-1 Fab
instead of aPB. Thus, a structural change in the B3 cytoplasmic tail can be propagated to the
extracellular domains of avBs to influence ligand binding affinity.

The activation state of certain integrins, such as ay,B3 and osB4, can be suppressed in a
dominant-inhibitory fashion by overexpression of isolated B; or B cytoplasmic tails, but not
by o5 tails (LaFlamme, S. E., Thomas, L. A, Yamada, S. S., and Yamada, K. M. (1994)
J.Cell Biol. 126, 1287-1298; Chen, Y.-P., O'Toole, T. E., Shipley, T., Forsyth, J., LaFlamme,
S. E., Yamada, K. M., Shattil, S. J., and Ginsberg, M. H. (1994) J.Biol.Chem. 269, 18307-
18310; Kashiwagi, H., Schwartz, M. A., Eigenthaler, M. A., Davis, K. A., Ginsberg, M. H.,
and Shattil, S. J. (1997) J.Cell.Biol. 137, 1433-1443). To determine if awBs is subject to this
type of suppression, owBs-CS-1 cells were transiently-transfected with chimeric constructs
consisting of the Bs, 1 or as cytoplasmic tails fused at their N-termini to the extracellular and
transmembrane domains of the Tac subunit of the IL2 receptor, which was used to target
the tails to the vicinity of the plasma membrane. Despite similar levels of expression of the
chimeras, Tac-B3 and Tac-B1 caused a significant reduction in specific binding of aPB and
WOW-1 Fab when compared to Tac-as (P < 0.01) (Figure 6A,B). In contrast, none of these
tail chimeras affected surface expression of oyB; (Figure 6C). Since the isolated B tails may
bind proteins that normally interact with integrins (LaFlamme, S. E., Thomas, L. A.,
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Yamada, S. S., and Yamada, K. M. (1994) J.Cell Biol. 126, 1287-1298), these results
suggest that o33 may be regulated by direct interactions with intracellular proteins.

Example 10: Functional consequences of affinity modulation of oyf5

In order to determine whether changes in receptor affinity affect the adhesive function of
avfBs, the adhesion of owB3-CHO cells to immobilized penton base was quantitated.
Adhesion was dependent on the coating concentration of penton base and was half-
maximal at 30-40 ng/well (Figure 7). Activation of ayBs by AP5 led to a 7-fold leftward shift in
the dose-response curve such that half-maximal adhesion now occurred at approximately 5
ng of penton base/well. Treatment of the cells with 1 mM MnCl, caused an even further shift
in the dose-response curve, either because it induced a more profound effect on ovfBzor it
activated additional ay integrins (Figure 7). Analysis of adherent cells by light microscopy
showed that they had become fully-spread by 90 min. Thus, affinity modulation of oyB3
promotes both cell adhesion and post-ligand binding responses, such as cell spreading.

Adenoviruses utilize oy integrins to enter cells and are a common gene delivery vector.
Therefore, we tested whether changes in a5 affinity could influence adenovirus-mediated
gene transfer. Recombinant adenovirus containing cDNA encoding GFP was incubated with
CS-1 melanoma cells at an m.o.i. of 50 and 500, and subsequent cellular expression of
GFP was taken as a marker for infection and gene transfer. CS-1 cells were chosen
because they do not express owfs, thus potentially restricting adenovirus internalization
through stably expressed owf33. When parental cells without ovPs were incubated with virus
for 60 min and monitored for infection 72 hours later, they exhibited a relatively low level of
GFP expression. Unstimulated oyBs-CS-1 cells exhibited a higher level of GFP expression,
particularly at the higher m.o.i. (Figure 8A). However, if incubation of oyPB3-CS-1 cells with
virus was carried out in the presence of 2.5 mMMnCl, to activate oyfs, the cells
subsequently exhibited a much greater increase in GFP expression at the lower m.o.i (P<
0.01) (Figure 8A and B, first three bars on the left). MnCl, had no effect on GFP expression
in the parental CS-1 cells. Enhanced GFP expression in cells containing activated ayf; was
blocked if the cells were preincubated with an excess of WOW-1 Fab (1.7 uM) before the
addition of virus (Figure 8B, 4" bar from the left). Thus, adenovirus-mediated gene transfer
is directy affected by affinity modulation of oy
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Abbreviations used: RGD, single letter code for amino acids Arg, Gly and Asp; aPB, Alexa-
penton base; GFP, green fluorescent protein; m.o.i, multiplicity of infection.
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Claims :

1. A method for detecting the presence of activated vitronectin receptor a,8; in a
tissue comprising:

(a) admixing a ligand which binds activated vitronectin receptor a,83 with a tissue
containing a,Bs;

(b) maintaining said admixture under conditions sufficient for said ligand to bind
said a,f3 and form a ligand-a,8; complex; .

(c) determining the presence of said ligand-a,8; complex, and thereby the presence
of said activated a,B; in said tissue.

2. The method of claim 1 wherein said ligand is selected from the group consisting
of adenovirus-2 penton base and an antibody that immunoreacts with activated a,gs.

3. The method of claim 2 wherein said ligand is the Fab antibody WOW-1.

4. The method of any of claims 1 to 3 wherein said ligand comprises a label and
said determining of step (c) comprises detecting the presence of said label in said complex.

5. The method of any of claims 1 to 4 wherein said tissue comprises neovascular
cells, smooth muscle endothelial cells, arterial cells, osteoclasts and tumor cells.

6. A method for delivery of an agent in a therapeutic composition to a tissue
containing activated vitronectin receptor a,83; comprising:

(a) contacting a tissue containing said a,B; with a therapeutic composition
comprising a ligand that binds to activated a,83, wherein said ligand is operatively linked to
an agent and said agent has a therapeutic activity;

(b) maintaining said therapeutic composition in contact with said tissue under
conditions sufficient for said ligand to bind to said activated a,8; and thereby deliver said

agent to said tissue.

7. The method of claim 6 wherein said contacting is conducted between said tissue
and said therapeutic composition ex vivo.

8. The method of claim 6 wherein said contacting is conducted between said tissue
and said therapeutic composition in vivo.
9. The method of any of claims 6 to 8 wherein said ligand is selected from the

group consisting of adenovirus-2 penton base, a penton base fragment that binds activated
a.f3, and an antibody that immunoreacts with activated a,8s.

10. The method of claim 9 wherein said ligand is the Fab antibody WOW-1.



WO 00/34780 PCT/EP99/09460
-26 -

11. The method of any of claims 6 to 10 wherein said agent is a biologically active
compound.

12. The method of claim 11 wherein said agent is a nucleic acid selected from the
group consisting of a gene, an antisense nucleic acid and a catalytic nucleic acid.

13. The method of any of claims 6 to 12 wherein said tissue comprises neovascular
cells, smooth muscle endothelial cells, arterial cells, osteoclasts and tumor cells.

14. An isolated antibody molecule which immunoreacts with activated vitronectin
receptor a,fBs. _

15. The antibody of claim 14 wherein said antibody is a Fab, Fd, Fv, scFv fragment

or intact immunoglobulin molecule.

16. The antibody of any of claims 14 or 15 wherein said antibody comprises a

penton base fragment that binds activated o,

17. The antibody of any of claims 14 to 16 wherein said antibody comprises a single

ay integrin-binding domain from a multivalent adenovirus penton base.

18. The antibody of any of claims 14 to 17 wherein said antibody comprises an
amino acid residue sequence shown Sequence Id. No. 8 or Sequence Id. No. 10.

19. The antibody of claim 18 wherein said antibody is Fab WOW-1.

20. A nucleic acid expression vector comprising an expression cassette capable of
expressing a nucleotide sequence which encodes a fusion protein, said fusion protein
comprising an activated a,B; specific ligand operatively linked to a biologically active agent.

21. The vector of claim 20 wherein said ligand is selected from the group consisting
of adenovirus-2 penton base, a penton base fragment that binds activated o83, and an
antibody that immunoreacts with activated a,Bs.

22. The vector of claim 21 wherein said ligand is the ay integrin-binding domain from
adenovirus type 2 penton base.

23. The vector of claim 21 wherein said ligand comprises the CDR3 domain of Fab
WOW-1.

24. The vector of claim 21 wherein said ligand comprises the activated 0,83 binding
domain of Fab WOW-1.
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SEQUENCE LISTING
<110> Novartis AG

<120> METHODS AND COMPOSITIONS USEFUL FOR TARGETING
ACTIVATED VITRONECTIN RECEPTOR avf3

<130> 30747

<140>
<l1l41>

<160> 10

<170> PatentIn Ver. 2.1

<210> 1

<211> 47

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:WOW-1 Heavy

chain amino acid sequence

<400> 1

acacagccat atattactgt gccagagcgg aagagaactc caacgcg

<210> 2

<211> 44

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:PCR primer
PB-Rev

<400> 2
actgaggttc cttgacccca cgcagcgggg gcggcagett ctge

<210> 3

<211> 37

<212> DNA

<213> Artificial Sequence

<220>

PCT/EP99/09460

47

44
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<223> Description of Artificial Sequence:PCR primer
Pacl-For

<400> 3
gcgcgggaga tctcaggtge agctgaagca gtcagga 37

<210> 4

<211> 39

<212> DNA

<213> Artificial Sequence

<220> .
<223> Description of Artificial Sequence:PCR primer
Pacl-Rev

<400> 4
ggcgcatgac cggtacaatc cctgggcaca attttettg 39

<210> 5

<211> 44

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:PCR primer
Paclk-For

<400> 5
ggcgcgggag atctccatgg gatgttttga tgacccaaac tcca 44

<210> 6

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:PCR primer
PaclK-Rev
<400> 6
ggcgcatgac cggtacactc attcctgttg aagctcttg 39
<210> 7

<211> 780
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<212> DNA
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence:WOW-1 Fab Heavy

chain nucleotide sequence
<400> 7
caggtgcagc tgaagcagtc aggacctggc ctagtgcagce cctcacagag cctgtccatc 60
acctgcacag tctcectggttt ctcattaact agctatggtg tacactgggt tcgeccagtct 120
cccgggaagg gtcetggagtg gectgggagtg atatggagtg gtggaggcac agactataat 180
gcagctttca tatccagact gagcatcagc aaggacaatt ccaagagcca agttttcttt 240
aaaatgaaca gtctgcaagce taatgacaca gccatatatt actgtgccag agcggaagag 300
aactccaacg cggcagccge ggcaatgcag ccggtggagg acatgaacga tcatgccatt 360
cgeggcgaca cctttgccac acgggecggag gagaagcgcg ctgaggccga ggcagcggca 420
gaagctgecg ccccegetge gtggggtcaa ggaacctcag tcaccgtcte ctcageccaaa 480
acgacacccce catctgtcta tccactggcc cctggactcg ctgcccaaac taactccatg 540
gtgaccctgg gatgcctggt caagggctat ttccctgage cagtgacagt gacctggaac 600
tctggatccce tgtccagegg tgtgcacacc ttcccagetg tcctgecagte tgacctctac 660
actctgagca gctcagtgac tgtcccctcecc agccctegge ccagcgagac cgtcacctge 720
aacgttgccc acccggccag cagcaccaad gtggacaaga aaattgtgcce cagggattgt 780
<210> 8
<211> 260
<212> PRT
<213> Artificial Sequence
<220>
<223> Description of Artificial Sequence:WOW-1 Heavy

chain amino acid sequence
<400> 8
Gln Val Gln Leu Lys Gln Ser Gly Pro Gly Leu Val Gln Pro Ser Gln

1 5 10 15
Ser Leu Ser Ile Thr Cys Thr Val Ser Gly Phe Ser Leu Thr Ser Tyr
20 25 30
Gly Val His Trp Val Arg Gln Ser Pro Gly Lys Gly Leu Glu Trp Leu
35 40 45

Gly Val Ile Trp Ser Gly Gly Gly Thr Asp Tyr Asn Ala Ala Phe Ile

50 55 60
Ser Arg Leu Ser Ile Ser Lys Asp Asn Ser Lys Ser Gln Val Phe Phe
65 70 75 80
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4
Lys Met Asn Ser Leu Gln Ala Asn Asp Thr Ala Ile Tyr Tyr Cys Ala
85 90 95

Arg Ala Glu Glu Asn Ser Asn Ala Ala Ala Ala Ala Met Gln Pro Val
100 105 110

Glu Asp Met Asn Asp His Ala Ile Arg Gly Asp Thr Phe Ala Thr Arg
115 120 125

Ala Glu Glu Lys Arg Ala Glu Ala Glu Ala Ala Ala Glu Ala Ala Ala
130 135 140

Pro Ala Ala Trp Gly Gln Gly Thr Ser Val Thr Val Ser Ser Ala Lys
145 150 155 160

Thr Thr Pro Pro Ser Val Tyr Pro Leu Ala Pro Gly Leu Ala Ala Gln
165 170 175

Thr Asn Ser Met Val Thr Leu Gly Cys Leu Val Lys Gly Tyr Phe Pro
180 185 190

Glu Pro Val Thr Val Thr Trp Asn Ser Gly Ser Leu Ser Ser Gly Val
195 200 205

His Thr Phe Pro Ala Val Leu Gln Ser Asp Leu Tyr Thr Leu Ser Ser
210 215 220

Ser Val Thr Val Pro Ser Ser Pro Arg Pro Ser Glu Thr Val Thr Cys
225 230 235 240

Asn Val Ala His Pro Ala Ser Ser Thr Lys Val Asp Lys Lys Ile Val
245 250 255

Pro Arg Asp Cys
260

<210> 9

<211> 678

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:WOW-1 Fab Light
chain nucleotide sequence

<400> 9
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tcttacatct
agtcttggag
ggaaacacct
tacaaagttt
acagatttca
tttcaaggtt
gctgatgcectg
ggtgecctcag
aagattgatg
aaagacagca
cataacagct
ttcaacagga

10
219
PRT

<210>
<211>
<212>
<213>

<220>
<223>

atgcggatcc
atcaagcctc
atttagaatg
ccaaccgatt
cactcaagat
cacatgttcc
caccaactgt
tcgtgtgett
gcagtgaacg
cctacagcat
atacctgtga
atgagtgt

5

agatgttttg
catccettge
gtacctgcag
ttctggggtce
cagcagagtg
gtacacgttc
atccatcttce
cttgaacaac
acaaaatggc
gagcagcacc
ggccactcac

Artificial Sequence

Description of Artificial

chain ‘amino acid sequence

<400> 10

Asp Val Leu
1

Gln

Asp Ala

Asn
35

Asn Gly

Pro Lys Leu

50
Asp Phe
65

Arg

Ser Arg Val

Ser His Val

Arg Ala Asp

115

Met Thr

Ser Ile

20

Thr Tyr

Ile

Leu

Ser Gly

Gln

Pro

Leu

Tyr

Ser

Thr Pro

Cys Arg

Glu Trp

40
Lys Val
55

Gly Ser

70

Glu Ala

85

Pro
100

Tyr

Ala Ala

Glu

Thr

Pro

Asp Leu

Phe Gly

Thr Vval

120

atgacccaaa
agatctagtce
aaaccaggcce
ccagacaggt
gaggctgagg
ggagggggga
ccaccatcca
ttctacccca
gtcctgaaca
ctcacgttga
aagacatcaa

ctccactctce
agagcattgt
agtctccaaa
tcagtggcag
atctgggagt
ccaagctgga
gtgagcagtt
aagacatcaa
gttggactga
ccaaggacga
cttcacccat

PCT/EP99/09460

cctgeetgte
acatagtaat
gctcctgate
tggatcaggg
ttattactgce
aataaaacgg
aacatctgga
tgtcaagtgg
tcaggacagc
gtatgaacga
tgtcaagagce

Sequence:WOW-1 Fab light

Ser Leu

10

Leu

Ser Ser Gln

25

Leu Gln

Tyr

Ser Asn Arg

Gly Thr Asp

75

Val
90

Gly Tyxr

Gly Thr

105

Gly

Ser Ile Phe

Pro Val Ser

Ser Ile val

30

Pro
45

Lys Gly

Phe
60

Ser Gly

Phe Thr Leu

Tyr Cys Phe

Glu
110

Lys Leu

Pro Pro Ser

125

Leu
15

Gly
Ser

His

Gln Ser

val

Pro

Ile
80

Lys

Gln
95

Gly
Ile

Lys

Ser Glu

60

120
180
240
300
360
420
480
540
600
660
678
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Gln

Tyr

145

Gln

Thr

Arg

Pro

Leu Thr
130

Pro Lys

Asn Gly

Tyr Ser

His Asn

195

Ile Val
210

Ser

Asp

val

Met

180

Ser

Lys

Gly

Ile

Leu

165

Ser

Tyr

Ser

Gly
Asn
150
Asn
Ser

Thr

Phe

Ala

135

Val

Ser

Thr

Cys

Asn
215

Ser

Lys

Trp

Leu

Glu

200

Arg

val

Trp

Thr

Thr

185

Ala

Asn

Val

Lys

Asp

170

Leu

Thr

Glu

Cys

Ile

155

Gln

Thr

His

Cys

Phe

140

Asp

Asp

Lys

Lys

Leu

Gly

Ser

Asp

Thr
205

Asn

Ser

Lys

Glu

190

Ser

PCT/EP99/09460

Asn Phe

Glu Arg
160

Asp Ser
175

Tvr Glu

Thr Ser
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