synergy site for a5p1 binding to osteopontin.
Integrin avfi6 is abundant in developing epithelial organs, but expression is
limited in healthy adult epithelia (Breuss et al., 1995). In response to tissue injury or
inflammation avfB6 is commonly highly induced (Hakkinen et al., 2004; Miller et al.,
2001; Sawada et al., 2004). Osteopontin is also expressed at low levels in heali

organs, but dramatically induced in the setting of injury (Iguchi et al., 20(
2002; Takahashi et al., 2004; Wang et al., 2000). There is some evide q

injury and inflammation, dramatically induces pulmonar

osteopontin (Kaminski et al., 2000) and avp6 (Munger

the B6 gene, suggesting that induction of osteopontin.may; ifl some cases, be regulated

by the wvp6 integrin. At the very least, osteopontin and ovp6 are often coordinately

expressed in developing, injured or inflame

Osteopontin has been sugges;@%%”‘

R

epithelial organs.

ribute to a wide array of biological
00T; Diao et al., 2004; Gravallese, 2003;
Bornstein, 2003; O'Regan, 2003). From this paper

and pathological responses (Denha;
Khan and Kok, 2004; Kyriakide
and several others, it is now eral members of the integrin family can serve

avf3, avp5, avps, cdpl, ab5pl, a8f1 and «w9pl.

pontin function might be regulated by the integrin

as osteopontin receptol

Thus, some of the dive

g cellsIn addition, as we have shown, the two proteolytic

of osteopontin containing all of the apparent integrin-

lar processing by proteases. Finally, osteopontin is a highly flexible
2001; Helluin et al., 2000), which might be able to adopt

nations depending on interactions with additional proteins in the

extrac ular space. It is thus conceivable that the distinct structural requirements we

have identitied for interaction with several members of the integrin family could

provide an additional level for regulation of osteopontin function.



EXPERIMENTAL PROCEDURES

Cell Lines, Antibodies and Reagents

Stably transfected SW480 cells (human colon carcinoma) with either the

Phycoerythrin-conjugated anti-u5, ITA:

¢DNA encoding osteopontin (Saito as from Yoshiki Saitoh (Kumamoto

and [*S]cysteine cell labeling mixture

was purchased from Amershaj ciehces (Piscataway, NJ).

plates (Nunc Inc., Na IL) were coated by incubation with 100 pl of osteopontin
in phosphate buff

: éting. Wells were washed with phosphate buffered saline, then
bovine serum albumin in DMEM. 50,000 cells were added to each

atmosphere with 5% CO,. Non-adherent cells were removed by centrifugation topside
down at 48 x g for 5 minutes. The attached cells were fixed with 1% formaldehyde,
stained with 0.5% crystal violet, and excess dye was washed off with phosphate
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buffered saline. The cells were solubilized in 50 ml of 2% Triton-X-100 and quantified
. by measuring the absorbance at 595 nm in a Microplate Reader (TECAN, Maennedorf,
Switzerland). In each experiment wells were coated with BSA only of which

absorbance values were subtracted from those of test wells. The subtracted qlues were

not over 0.08 throughout the experiment.

Expression of recombinant osteopontin fragments

Recombinant osteopontin fragments were produced a
(Yokosaki et al., 1998). Briefly, cDNA encoding thrombin-cleaved
osteopontin fragment (nOPN) was amplified from the full le

Polymerase Chain Reaction with restriction site-tagged pf ”

etween the BamH1
asmid (Amersham
(fOPN) was amplified

that contains each exon (Yokosaki et al,, 1 s used throughout this study. Wild
type or variant recombinant osteo
expression as recommended b
transformed by heat shock and gro

colonies were picked and pr

ug/ml of ampicillin a
bacteria, and incubate

isopropyl-beta—D~tﬁ ogala

B beads and then cleaved off from glutathione S-transferase

rotease (Amershain Bioscience, Piscataway, NJ} into Tris-buffer or

determined by the Bradford assay (Pierce, Rockford, IL} using Bovine serum albumin
{BSA) as a standard. Purity of the product was confirmed by 12.5%

SDS-Polyacrylamide gel electrophoresis followed by Comassie Blue staining.
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Mutagenesis

Site directed mutagenesis was performed with the QuickChange
Site-Directed Mutagenesis Kit (Stratagene, San Diego, CA) as previously described
(Yokosaki et al., 1998). Both strands of the expression plasmid were replicated by PCR

using pfuDNA polymerase with two complementary primers designed to i duce

the desired mutation. The amplification product was treated with Dpnl
specific for methylated DNA, to digest the parental DNA template. T
competent cells were transformed with the PCR-generated nick ‘
from several isolated colonies were prepared by QIAprep Spi
Hilden, Germany), and inserts were sequenced by ABI310
Biosystems, Foster City, CA) with primers flanking the poi i

The verified mutated inserts were subcloned into p
amplified by PCR.

Affinity Chromatography

BSA or recombinant nOPN was
Bioscience, Piscataway, NJ) for 4 hours’
and produced by CHO cells transf
(Weinacker et al., 1994). After
r with PH 8.3, and washed with 0.1 M
sodium acetate and 0. by PBS, culture medium of the
o Bé-secreting CHO ¢ ; thorough the affinity columns. The bound
protein was washed with column-buffer then eluted with 20 mM ethylenediamine

tetraacetic acid (E : . The eluted fraction was run on the 7.5 %

y a fluorography.

4 °C for staining avp3, avp5, avf6, or a9p1, respectively, followed by incubation with

secondary phycoerythrin-conjugated goat anti—mouse’IgG. 3Bl was stained with

phycoerythrin-conjugated ITA1 for 20 minutes at 4 °C. After cells were washed with

12




PBS, the expressions were then quantified on 10° cells with a FACSCalibur (BD

Biosciences, San Jose, CA).

Enzyme cleavage of osteopontin

fOPN was subjected to enzyme reaction with thrombin or MMP-
CaCl,) as previously described (Agnihotri et al., 2001). The products wete sep

SDS-PAGE and stained with Comagssie Blue.
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FIGURE LEGENDS

Fig.1 Affinity chromatography. [*S]methionine- and [“S]cycteine-labeled secreted

avp6 was passed over either bovine serum albumin-(left) or nOPN-(right) Qe'_'

column. Bound proteins were eluted with 20 mM EDTA and analyzed by 7.5

polyacrylamide gel under nonreducing conditions. Lane T was the fis

with column buffer, lanes 2-6 were eluted with EDTA. The positi

markers (in kDa) are shown to the left.

Fig.2 Flow cytometry of SW480 transfectants.

the antibody used for staining,.

Fig.3 Adhesion of SW480 transf NH2-terminal osteopontin fragment.
Mock-, 33, B6- or a9—transtected 7
(nOPN, 60 nM) in the presen
o5B1 (P3D10), a3 (LM

ere plated on osteopontin fragment
bsence (white) of antibody against avp5 (P1F6),

ppontin fragment. Panel A-Mock (open circle) or P6-transfected

ere plated onto wells coated with increasing concentration of nOPN,

pé-transfectant were plated on nOPN (60 nM) in the presence of antibodies

a;gainst avB5 and a5p1. Cells were pre-incubated with (gray) or without (white)
GRGDSP peptide (100 pM), or plated on a nOPN in which the RGD sequence was -
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mutated to RAA (diagonal). Panel C-Expression of integrins on UCLA P3 cells was
analyze by FACS with antibodies ITA1 (a5B1), P1F6 (ovB5) and E7P6 (av(6). Panel
D-UCLA P3 cells were plated onto wells coated with 200nM osteopontin in the
presence (gray} or absence (white) of antibody. Antibodies used are indicated under each

bar. Adhesion is expressed as absorbance at 595 nm. Mean value of adhesion

coated control well was subtracted. Each bar represents the mean (+ s.d

wells.

fragment of thrombin-cleaved, osteopontin. fOPN; full 1
acid residues replaced with alanine are shown in

equence recognized

by integrin 981 is in underlined Italic. MMP-3 or MMP ves between Gly and

Leu (arrow head) within the SVVYGLR. Thrombi;

arrowhead.

e is indicated by an

d adhesion to mutant nOPN.
tte), nNOPN-D154A (¢ray),
PN—Y165A (diagonal). Indicated under

rincipal osteopontin receptor under the

Fig. 6 avf6, avB3, avp5, a5pl and o9p1 -
Adhesion of integrins to wild type
nOPN-D154,157A double mutant
each graph is the integrin servi

conditions being studieg ediated adhesions was tested as adhesion of

mock-transfectant in t

nM. Adhesion is expressed as absorbance at 595 nm.
BSA coated control wells was subtracted. Each bar

full length osteopontin (black), NOPN (white), or nOPN-dLR (gray). nOPN-dLR lacks 2
residues Leu and Arg at C-terminus, therefore corresponds to N-terminal fragment of

MMP-3 or MMP-7 cleaved form. The osteopontin coating concentration was 60 nM.
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Panel B- integrin mediated adhesion to recombinant full length osteopontin (black),
thrombin-cleaved full length osteopontin (whife}, or MMP-3-cleaved full length '
osteopontin {(gray). Indicated under each graph is the integrin serving as the principal

osteopontin receptor under the conditions being studied. avp5 or a5p1-mediated

P1F6, respectively. avp6, avp3 or a9B1 mediated adhesions was observe

of B6-, P3-, or a9-transfected SW480 cells, respectively in the presenc

SDS-polyacrylamide gel, along with thrombin
osteopontin. Thrombin cleavage yields two frag sentially the same relative

molecular mass. MMP-3 cleavage was incomplete.

21




Fig. 1

Osteopontin
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Fig. 2
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Fig. 6
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Fig. 7
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