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Abstract Osteopontin is a secreted glycoprotein with adhesive and migratory functions. Cellular interactions with
osteopontin are mediated through integrin receptors which recognize the RGD domain. Recently, CD44, a non-integrin,
multifunctional adhesion molecule was identified as an osteopontin receptor. CD44 is a ubiquitous surface molecule
that exists as a number of different isoforms, generated by alternative splicing. To analyze which forms of CD44 mediate
binding to osteopontin, we used the standard form of CD44 as CD44-human immunoglobulin fusion proteins and
several splice variants in enzyme-linked immunosorbant assays. Multiple preparations of osteopontin were used
including native osteopontin derived from smooth muscle cells, human urinary osteopontin, full-length recombinant
osteopontin, and two recombinant osteopontin fragments expected to be formed following thrombin cleavage. Our data
show that although the CD44-hIg fusion proteins could interact with hyaluronic acid as expected, there was no
interaction between CD44H, CD44E, CD44v3,v8-v10, or CD44v3 with osteopontin. These studies suggest that
CD44-osteopontin interactions may not be common in vivo and may be limited to a specific CD44 isoform(s), and/or a
particular modified form of osteopontin. J. Cell. Biochem. 73:20–30, 1999. r 1999 Wiley-Liss, Inc.
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Osteopontin (OPN) is a multifunctional se-
creted glycoprotein implicated in a number of
diseases [Denhardt and Guo, 1993; Giachelli et
al., 1993, 1994, 1995b, 1997; Murry et al., 1994;
O’Brien et al., 1995; Oates et al., 1997]. Some of
the potential functions of osteopontin include
regulation of nitric oxide, bone mineralization,
and dystrophic calcification. Osteopontin also
may act as a cytokine and is thought to play a
role in malignancy, tissue injury, wound heal-
ing, and bacterial infections [Butler et al., 1996;
Weber, 1996; Denhardt and Chambers, 1994;
Denhardt et al., 1995; Giachelli et al., 1995b;
Hwang et al., 1994; Liaw et al., 1998; Oates et
al., 1997; Patarca et al., 1993]. In vitro, osteo-
pontin has been shown to be an adhesive pro-
tein and a migratory stimulus for a variety of
different cell types [D’Errico et al., 1995; Flores
et al., 1996; Hu et al., 1995; Smith et al., 1996;
Xuan et al., 1995] including smooth muscle
cells (SMC) and endothelial cells [Liaw et al.,

1994, 1995b; Yue et al., 1994]. Liaw et al. has
shown that the interaction of these cell types
with OPN is mediated through the avb3, avb1,
and avb5 integrin receptors in an RGD-depen-
dent manner [Liaw et al., 1995b]. In addition to
av-containing integrins, a4b1 was shown to me-
diate adhesion of a macrophage cell line [Nasu
et al., 1995], and the a9b1 integrin was shown to
interact with the N-terminal fragment of osteo-
pontin following thrombin cleavage [Smith et
al., 1996].

More recently, Weber et al. identified osteo-
pontin as a ligand for CD44, a non-integrin, cell
surface glycoprotein [Weber et al., 1996]. CD44
is expressed on a broad range of normal and
malignant tissues [Hofmann et al., 1991; Mat-
sumura and Tarin, 1992]. It plays a role in cell
adhesion, cell migration, lymphocyte activa-
tion, lymphocyte homing, and cancer metasta-
sis [Aruffo et al., 1990; Gunthert et al., 1991;
Jalkanen et al., 1986; Lesley et al., 1993; Taher
et al., 1996]. The primary ligand for CD44 is
hyaluronic acid (HA) [Aruffo et al., 1990; Culty
et al., 1990; Miyake et al., 1990], however it has
also been shown to interact with fibronectin,
collagen, and heparin-binding growth factors
[Bennett et al., 1995a; Jalkanen and Jalkanen,
1992; Tyrrell et al., 1993]. The multifunctional
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property of CD44 is probably due to the many
different variant isoforms that exist. Human
CD44 contains 20 exons and at least 12 exons
can be alternatively spliced [Screaton et al.,
1992]. The most abundant isoform is the hema-
topoietic variant (CD44H or CD44s) which is
widely distributed [Stamenkovic et al., 1989].
This 85–95 kD variant lacks all the variable
exons. Larger variant forms are generated by
alternative splicing (CD44v), and some of these
variants seem to correlate with invasive and
metastatic capacity of tumor cells in vivo [Gun-
thert, 1996; Gunthert et al., 1991; Koopman et
al., 1993; Matsumura and Tarin, 1992; Tanabe
et al., 1993; Terpe et al., 1994]. In addition to
alternative splicing, gagosylation can also lead
to variants containing chondroitin sulphate and
heparin sulfate [Cooper and Dougherty, 1995;
Freed et al., 1989; Jackson et al., 1995; Labarri-
ere et al., 1994].

CD44-osteopontin interactions could poten-
tially be very important in a number of systems
including inflammation, tumorogenesis, and tis-
sue injury. For example, both osteopontin and
certain CD44 variants seem to be correlated
with metastases [Gunthert, 1996; Oates et al.,
1997]. The secretion and binding of OPN to
CD44 receptors could trigger signals for inva-
siveness or promote migration of CD44 positive
tumor cells.

We are particularly interested in the poten-
tial role of OPN interactions with CD44 in
vascular disease because both molecules are
expressed in injured vascular tissue [Giachelli
et al., 1993, 1995a,b; Jain et al., 1996] and in
angiogenic vessels [Giachelli et al., 1993; Grif-
fioen et al., 1997]. In addition, both molecules
have been implicated in adhesive and migra-
tory functions; two processes important for vas-
cular disease.

Although the potential interaction of vascu-
lar smooth muscle cell (SMC) CD44 with OPN
has not been investigated, our own studies have
demonstrated that SMCs, which express high
levels of CD44 [Jain et al., 1996], do not inter-
act with osteopontin through the CD44 recep-
tor. Attachment and migration of SMCs to OPN
can be blocked with avb3-integrin neutralizing
antibodies and RGD peptides suggesting that
this interaction is mediated through integrins
[Liaw et al., 1994, 1995b]. Moreover, adhesion
of SMC to OPN does not take place in the
absence of cations [Liaw et al., 1995b]; a require-
ment for integrin interactions, but not CD44

interactions. The lack of CD44-mediated attach-
ment of SMC to OPN may not be all that surpris-
ing since there are multiple CD44 isoforms that
are differentially expressed on various cell types.
It is possible that only particular splice vari-
ant(s) of CD44, not expressed on vascular SMCs
can interact with OPN.

This study was undertaken to determine if
osteopontin is a ligand for the standard CD44
receptor and some of the other CD44 variants
thought to be upregulated during disease. We
used the standard form of CD44-immunoglobu-
lin (CD44-hIg) fusion proteins and several CD44
splice variants in enzyme-linked immunosor-
bant assays (ELISA) to examine the CD44-
osteopontin interactions. We found that al-
though the CD44-hIg proteins could interact
with HA as expected, there was no interaction
between CD44H, CD44E, CD44v3, v8-v10, or
CD44v3 with osteopontin.

MATERIALS AND METHODS
Cell Lines

COS cells were purchased from American
Type Culture Collection (Rockville, MD) and
maintained in Dulbecco’s modified Eagle’s me-
dium (DMEM; Gibco Life Technologies, Gai-
thersburg, MD) with 7% FBS, penicillin (100
u/ml), streptomycin (100 µg/ml), and 2 mM
L-glutamine. WEHI-3B cells were provided to
us by Dr. Alan Sartorelli (New Haven, CT) and
were maintained in DMEM containing 10% fe-
tal calf serum.

Construction of CD44-Ig Expression Vectors

CD44-hIg constructs hCD44H-hIg and
hCD44H-R41A-hIg mutant were previously de-
scribed [Peach et al., 1993]. CD44-hIg con-
structs hCD44E-hIg and hCD44 V3,V8-V10-
hIg were also previously described [Bennett et
al., 1995b]. CD44 exon V3 construct was gener-
ated by PCR using CD44 V3-FP-SpeI: ACTAG-
TACGTCTTCAAATACCATCTCAG and CD44
V3-RP-BamHI: GGGATCCAGGGTGCTGGA-
GATAAAATCTTC. PCR reaction conditions
were as follows: 94°C for 5 min, with 35 cycles
of 94°C for 30 sec, 57°C for 1 min, and 72°C for 1
min and 45 sec. PCR products were purified
with Qiaquick spin PCR purification kit (Qia-
gen Corp., Santa Clarita, CA). Purified prod-
ucts were digested with restriction enzymes
SpeI and BamHI (Boehringer Mannheim Corp.,
Indianapolis, IN), gel purified and ligated into
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SpeI/BamHI cut vector CDM7B- with CD5 sig-
nal sequence 58 and human Ig 38 of CD44 insert
as described [Bennett et al., 1995a]. All DNA
constructs were sequenced to verify correct in-
serts.

CD44-hIg Fusion Protein Expression

Transient expression of fusion proteins in
COS cells was previously described [Aruffo et
al., 1990]. Briefly, semi-confluent COS cells were
transfected with constructs using DEAE dex-
tran. Cells were trypsinized after 12 h, seeded
onto fresh plates, and grown for an additional
7–10 days. Fusion protein supernatants were
harvested and purified over protein-A sepha-
rose column, eluted in 4 M imidizole with 1 mM
each MgCl2 and CaCl2. Eluted protein was dia-
lyzed extensively in 1 3 PBS. Protein concentra-
tions were determined using Pierce BCA Assay
as described by manufacturer (Pierce, Rock-
ford, IL). The molecular weights of the proteins
were determined by sodium dodecyl sulfate
(SDS)-polyacrylamide gel electrophoresis. The
proteins migrated as follows: CD44v3,8–10
(150–200 kD), CD44v3 (46–108 kD), CD44H
(80–90 kD), and CD44E (120–150 kD). Variabil-
ity in molecular weights is due to the heteroge-
neity of glycosylation on these proteins.

Osteopontin

Full-length recombinant osteopontin was gen-
erated as a histidine-tagged protein (his-OPN)
as previously described [Smith et al., 1996].
Briefly, the full-length splice variant of human
osteopontin (OP10) [Young et al., 1990] was
cloned into pQE30 vector (Qiagen, Chatsworth,
CA). Escherichia coli transformed with the his-
OPN plasmid was grown in LB with 100 µg/ml
ampicillin and induced with isopropyl-1-thio-b-
D-galactopyranoside for 4 h. The His-OPN pro-
tein was purified from the bacterial cells accord-
ing to the manufacturer’s instructions.
(QIAexpressionist kit, Qiagen). The molecular
weight for his-OPN is 36 kD.

Recombinant osteopontin N-terminal and C-
terminal fragments were generated by throm-
bin cleavage of GST-30N, GST-10N, and GST-
10C fusion proteins as described previously
[Smith et al., 1996]. The recombinant frag-
ments were separated from the GST by cleav-
ing with biotinylated-thrombin (Novagen, Madi-
son, WI; 10 units/mg protein) at room
temperature for 2 h. Biotinylated-thrombin was
then removed with UltraLink Immobilized Neu-

traAvidin (Pierce) and separated from the pro-
tein by centrifugation. Protein determinations
were done using the Micro BCA Protein Assay
Reagent Kit (Pierce). The molecular weights for
these proteins are 20 kD for 30N, 19 kD for
10N, and 18 kD for 10C.

Native osteopontin derived from the condi-
tioned medium of aortic smooth muscle cell
cultures and human urinary osteopontin were
purified as previously described [Liaw et al.,
1994]. Briefly, human urine or conditioned me-
dia were dialyzed against PBS and fractionated
over a DEAE-sepharose column with a linear
salt gradient (0.15 M–1 M NaCl). Fractions
containing osteopontin were adsorbed to barium
citrate and eluted with 0.2 mol/L sodium citrate
The protein was analyzed by sodium dodecyl
sulfate (SDS)-polyacrylamide gel electrophore-
sis and it migrated at 70 kd in a 12.5% gel.

Osteopontin Antibody

Anti-human osteopontin antibody (OP189)
was produced in a goat immunized with 50 µg
human urinary osteopontin. The osteopontin
was purified as described above and mixed with
Freund’s adjuvant. Two booster injections, 50
µg each, in incomplete Freund’s adjuvant, were
given 3 weeks apart after the initial immuniza-
tion. Thirteen weeks after the initial immuniza-
tion, serum was collected and the IgGs were
purified by caprylic acid precipitation and
sepharose column chromatography [Russo et
al., 1983]. The antibody was then dialyzed and
stored frozen. Specificity was tested by western
blot analysis (not shown) and enzyme-linked
immunosorbant assay (see below). Immunocyto-
chemistry with 189 antibody, stains human and
primate kidney and cross reacts weakly with
rat kidney.

HA and Osteopontin Binding Assay

The ability of CD44-Ig fusion proteins to bind
hyaluronic acid and osteopontin was analyzed
by ELISA. Maxisorp microtiter plates (Nunc
Inc., Naperville, IL) were coated overnight at
room temperature with human umbilical cord
hyaluronic acid (Sigma) in 50 mM sodium bicar-
bonate buffer (pH 9.6) at a concentration of 10
µg/ml or the indicated amount of osteopontin in
PBS. Previous results show that under these
conditions, the coating efficiency of OPN is 38%
[Liaw et al., 1994] and that the OPN coated in
this fashion can support adhesion of a variety of
cell types [Liaw et al., 1994, 1995a; Smith et al.,
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1996]. Wells were washed three times with PBS
containing 0.05% Tween-20 and blocked with
13 Specimen Diluent (Genetic Systems, Red-
mond, WA) for 1–2 h at room temperature.
Wells were then washed and incubated with
CD44-Ig fusion proteins at various concentra-
tions for 1 h room temperature. After washing,
wells were incubated with HRP-conjugated
(Fab8)2 goat anti-human Ig gamma chain (Bio-
source, Camarillo, CA) at 1:5,000 dilution in 13
specimen diluent for 1 h at room temperature.
After washing, bound HRP-antibody was de-
tected using Chromagen-TMB diluted 1:100 in
citrate buffered substrate (both from Genetic
Systems). The absorbance was measured at
wavelength 450 nm. To detect osteopontin on
the wells, anti-osteopontin antibody (OP189)
was added to wells followed by anti-goat HRP.

Cell Adhesion Assays

These assays were performed as described
elsewhere [Liaw et al., 1994]. Briefly, matrix
proteins were coated onto 96-well Maxisorp mi-
crotiter plates (Nunc, Inc.) overnight at 4°C and
blocked 1 h with PBS containing 10 mg/ml
bovine serum albumin (BSA). Cells were resus-
pended in DMEM containing 1 mg/ml BSA and
preincubated with or without EDTA for 15 min
at 37°C. WEHI-3B cells (100,000) were added
to the wells and allowed to incubate for 45 min
at 37°C. Attached cells were stained with tolu-
idine blue, solubilized and quantitated by read-
ing the absorbance at 595 nm. Under these
conditions, absorbance was proportional to cell
number [Liaw et al., 1994].

RESULTS

CD44-hIg Fusion proteins do not bind
human recombinant osteopontin. In a re-
cent report, CD44 transfected cells expressing
the CD44 v7-v10 variant was shown to interact
with certain forms of osteopontin [Weber et al.,
1996]. To determine if the standard form of
CD44 or other variants of CD44 can interact
with this protein, we examined the ability of
CD44 receptor human immunoglobulin fusion
proteins (CD44-hIg) to directly bind osteopon-
tin in an ELISA assay. Several different CD44-
hIgG isoforms were available for use in this
study. The CD44H-hIg is a chimeric protein
that contains all the CD44 extracellular com-
mon exons, E1-E5, E15-E16, in frame with the
hinge, CH2 and CH3 domains of a human IgG.
CD44E-hIg is a similar construct which con-
tains three additional exons (v8-v10). CD44
v3,v8-v10 contains v3, v8-v10 in addition to the
common exons, and CD44 v3 contains just the
v3 exon. A schematic diagram of the CD44
splice variants used in these studies is shown in
Figure 1.

To measure CD44 interaction with certain
forms of OPN, soluble CD44-hIg fusion proteins
(20 µg/ml) were incubated with 1 µg/ml osteo-
pontin immobilized on 96-well plates. Bound
CD44-hIg was detected by adding HRP-labeled
anti-human IgG antibodies which recognize the
Ig portion of the fusion protein. Hyaluronic
acid, which was used as a control ligand, sup-
ported binding of CD44H and CD44E and re-
duced binding to the CD44 v3 and CD44 v3,
v8-v10 (Fig. 2A) as has been previously shown

Fig. 1. Schematic diagram of CD44-hIg variants used for ELISA. Four CD44-Ig constructs were used for these studies;
CD44H-Ig, CD44E-Ig, CD44v3, v8-v10-Ig, and CD44 v3.
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[Bartolazzi et al., 1995; Bennett et al., 1995b;
Jackson et al., 1995]. Reduced HA binding to
CD44 variants containing v3 is due to glycosyl-
ation which inhibits the interaction with HA
[Bartolazzi et al., 1996; Jackson et al., 1995]. In
addition, HA failed to bind a mutant CD44-hIg
fusion protein that contains a point mutation in
the extracellular domain (CD44HR41A) that
has previously been shown to be important for
HAinteractions [Peach et al., 1993]. The CD44H
form, as well as the CD44E, CD44 v3, v8-v10,
and CD44 v3 all failed to bind recombinant
human his-OPN. Similar results were also seen
using 50 µg/ml CD44-hIg proteins (not shown)
and 2 µg/ml, 10 µ g/ml, and 20 µg/ml osteopon-
tin. To rule out the possibility that osteopontin
was not successfully coated on the plate, goat
anti-OPN antibodies were added in the place of
CD44-hIg proteins to detect the OPN. The re-
sults demonstrate that there is significant bind-
ing of anti-OPN antibodies to OPN-coated, but
not HA-coated wells indicating that the OPN
coating is efficient (Fig. 2B).

CD44-hIg Fusion proteins do not bind
native osteopontin or recombinant osteo-
pontin fragments. Native osteopontin can
be both heavily phosphorylated and glyco-
sylated [Giachelli et al., 1995a; Kasugai et al.,
1991; Sorensen and Petersen, 1994; Sorensen

and Petersen, 1995]. In most cases, post-trans-
lational modification of OPN does not affect its
function since recombinant OPN behaves simi-
lar to the native protein. There are however,
several reports suggesting that glycoslyation
and phosphorylation can be critical for some
activities [Boskey et al., 1993; Ek Rylander et
al., 1994; Hunter et al., 1994; Shanmugam et
al., 1997]. To determine if post-translational
modifications are important for CD44 interac-
tions, we examined the ability of CD44-hIg
proteins to bind several different native OPN
preparations including human OPN purified
from urine and rat OPN derived from pup rat
SMCs (pup OPN). Smooth muscle cell-derived
OPN has previously been shown to be both
glycoslyated and phosphorylated [Giachelli et
al., 1995a; Saavedra, 1994]. In addition to na-
tive OPN, we also tested the N- and C-terminal
recombinant osteopontin fragments expected to
be formed following thrombin cleavage at the
Arg169-Ser170 site. The N-terminal domain of
OPN included amino acids 17–169 (10N and
30N). 30N and 10N fragments are identical
except the 30N includes the alternative splice
exon 5. Both of these fragments have previ-
ously been shown to support both avb3- and
a9b1-mediated adhesion. The C-terminal frag-
ment (10C), contains amino acids 170–317. A

Fig. 2. ELISA of CD44 interaction with human recombinant
osteopontin and hyaluronic acid. A: CD44-hIg fusion proteins
(20 ug/ml) were allowed to bind for 1 h to wells coated with 10
ug/ml hyaluronic acid (HA) or 1 µg/ml human recombinant
his-tagged osteopontin (his-OPN). The attached CD44-hIg pro-
teins were detected by adding HRP-labeled anti-human IgG
antibodies followed by substrate as described in Materials and

Methods. B: Anti-OPN antibodies were allowed to bind for 1 h
to wells coated with 10 ug/ml hyaluronic acid (HA) or 1 µg/ml
human recombinant his-tagged osteopontin (his-OPN). The at-
tached anti-osteopontin antibody was detected by adding HRP-
labeled anti-goat IgG antibodies followed by substrate. Each
data point represents the mean 6 S.D. of triplicate samples.
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function for this fragment has not yet been
found. A schematic diagram of these proteins
are shown in Figure 3. In each experiment, HA
was used as a control ligand. The results clearly
show that CD44-hIg does not interact with any
of the osteopontin preparations tested (Fig. 4).
All forms of osteopontin were sufficiently coated
onto the wells as detected by anti-OPN antibod-
ies (not shown). In addition all preparations of
OPN except for 10C, were found to be biologi-
cally active by adhesion assays. As expected the
C-terminal OPN recombinant fragment which
doesn’t contain the RGD site fails to interact
with any of the cell lines we have tested.

Divalent cations are required for adhe-
sion of WEHI-3B cells to osteopontin. The
CD44 molecules used in the ELISA experi-
ments were all CD44-IgG fusion proteins. It is
possible that the IgG portion of the fusion pro-
tein sterically hinders binding to OPN, there-
fore, we investigated the interaction of cell sur-
face expressed CD44 with osteopontin. The
monocytic line, WEHI-3B, was shown by Weber

et al. [1996] to bind osteopontin in a CD44-
dependent manner using ligand binding as-
says. To determine if WEHI-3B could interact
with immobilized osteopontin, we performed
cell attachment assays with full-length recom-
binant osteopontin.Asmall amount of WEHI-3B
adhesion to osteopontin was seen (Fig. 5), how-
ever, adhesion was completely inhibited in the
presence of EDTA. Since divalent cations are
necessary for integrin binding, the inhibition
by EDTA suggests adhesion of WEHI-3B to
plate-bound OPN is mediated through integrin
receptors rather then CD44.

DISCUSSION

This study examined the potential interac-
tion of CD44 with the RGD-containing adhe-
sive protein, osteopontin. Using four different
splice variant CD44-hIg fusion proteins, we
have shown that CD44H, CD44E, CD44 v3,v8-
v10, and CD44 v3 could not interact with hu-
man recombinant his-tagged OPN. Further
analysis demonstrated that several additional

Fig. 3. Schematic diagram of native osteopontin and human
recombinant osteopontin fragments used for ELISA and adhe-
sion assays. The native, full-length osteopontin preparations
used in these studies was purified from rat pup smooth muscle
cells and human urine. The full-length recombinant OPN was
prepared as a His-tagged protein (His-OPN). All other osteopon-
tin molecules were prepared as human recombinant GST-fusion
proteins. The N- and C-terminal domains are fragments that are

expected to be formed following thrombin cleavage. The C-
terminal osteopontin domain (10C) contains amino acids 170–
317. The N-terminal OPN fragments (30N and 10N) are alterna-
tively spliced and include amino acids 17–169. the 30N splice
variant contains an additional 14 amino acids (NAVSSEETND-
FKQE), which correspond to exon 5. Only the native OPN from
SMC and urine are glycosylated and phosphorylated.
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preparations of osteopontin, including recombi-
nant fragments of human OPN formed follow-
ing thrombin cleavage, native OPN derived from
rat SMCs and native OPN derived from human
urine, also did not support the binding of any
CD44 isoforms used as measured by ELISA.
Furthermore, WEHI-3B cells which were previ-
ously shown to bind osteopontin, failed to ad-
here to our osteopontin preparations in the
presence of EDTA. These results are contradic-
tory to those published by Weber et al. [1996]
that showed a CD44 transfected cell line could
mediate cation-independent adhesion and mi-
gration to OPN.

One explanation for the lack of CD44-medi-
ated attachment to OPN in this study is that
the interaction may depend on a particular
CD44 splice variant. Specific isoforms has pre-
viously been shown to be important for the
binding of CD44 to other ligands. For example,
the binding of CD44 to HA is dependent on the
glycosylation state, which varies according to
the alternative splice variant expressed [Bar-
tolazzi et al., 1996; Bennett et al., 1995b; Katoh
et al., 1995; Lesley et al., 1995]. In addition, the
ability of CD44 to bind and present heparin-

Fig. 4. ELISA of CD44 interaction with native osteopontin and
recombinant osteopontin fragments. CD44-hIg fusion proteins
(20 µg/ml) were allowed to bind for 1 h to wells coated with 10
µg/ml hyaluronic acid (HA),5 µg/ml human recombinant his-
tagged osteopontin (his-OPN), 5 µg/ml native rat pup smooth
muscle-derived osteopontin (pup-OPN), 5 µg/ml human urinary

osteopontin, and 5 µg/ml recombinant osteopontin fragments
(30N, 10N, and 10C). The attached CD44-hIg proteins were
detected by adding HRP-labeled anti-human IgG antibodies
followed by substrate as described in Materials and Methods.
Each data point represents the mean 6 S.D. of triplicate samples.

Fig. 5. Adhesion of WEHI-3B cells to osteopontin in the pres-
ence of EDTA. WEHI-3B cells were preincubated with and
without EDTA at the indicated concentrations for 15 min at
37°C before plating on wells coated with 100 nM human
recombinant osteopontin. The attached cells were fixed and
stained with toluidine blue as described under Materials and
Methods. Each data point represents the mean 6 S.D. of tripli-
cate samples. Nonspecific cell adhesion as measured on BSA-
coated wells was subtracted.

26 Smith et al.



binding growth factors is dependent on the
v3-containing isoforms [Bennett et al., 1995a].
In the study by Weber et al. [1996], cells had
been transfected with a CD44 isoform derived
from an osteosarcoma cell line which contains
v7-v10. The CD44 v7-v10 variant has been
shown by Bartolazzi et al. [1995] to have weak
binding to hyaluronan coated surfaces. In addi-
tion, Namalwa cells expressing v7-v10 show
delayed tumor formation when injected into
nude mice. However, other CD44 molecules
which contain variant exon 7 (CD44 v4-v7) were
shown to promote tumor metastasis in a rat
model [Gunthert et al., 1991]. For our study, we
used four different CD44 variants. CD44H is
the most common form and is found on hemopoi-
etic and mesoderm cells [Haynes et al., 1989;
Stamenkovic et al., 1989]. This variant was also
upregulated in vascular tissue following bal-
loon injury The other variants include CD44E,
CD44v3, v8-v10, and CD44v3. CD44E is the
epithelial form of CD44. CD44 variants that
contain v3 have been shown to bind heparin
binding growth factors through the heparin
sulfate side chain [Bennett et al., 1995a]. Since
none of the CD44-Ig molecules tested in this
study contain exon 7, it is possible that this
exon contains the osteopontin binding site. We
did, however, obtain the CD44-transfected A31
cells which express v7-v10 used by Weber et al.
[1996]. These cells failed to interact with our
osteopontin preparations in adhesion assays
(data not shown).

In the study by Weber et al. [1996], a CD44-
specific binding of OPN derived from K8 osteo-
sarcoma cells to a monocytic cell line, WEHI-
3B, was demonstrated. It is unclear from that
study what particular splice variant(s) are ex-
pressed by these cells. In our own experiments,
we found that WEHI-3B could attach to recom-
binant human his-OPN, but failed to bind SMC
derived OPN. The adhesion to recombinant
OPN was eliminated by the addition of 2.3 mM
EDTA suggesting that the interaction is medi-
ated through integrin receptors or other cal-
cium-dependent receptors rather then CD44.
One possible explanation for the discrepancy
between these two studies, is that a particular
source of OPN is required for CD44 binding.
For example, Weber’s study used cell-derived
OPN for WEHI-3B binding where our study
measured WEHI-3B adhesion using recombi-
nant OPN. Osteopontin has a number of post-
translational modifications including phosphor-

lyation and glycosylation. In most cases, these
post-translational modifications do not alter its
biological activity, since bacterial expressed re-
combinant proteins behave in a similar manner
to native OPN purified from several different
sources [Liaw et al., 1995a; Xuan et al., 1994].
There are however, several reports where post-
translational modifications have been shown to
alter OPN function. For example, sialylation of
OPN is crucial for receptor-mediated binding to
tsB77 cells. In addition, the phosphorylation
state of OPN affects its interaction with osteo-
clasts [Ek Rylander et al., 1994] and normal rat
kidney cells [Singh et al., 1990], as well as its
ability to inhibit hydroxyapatite formation
[Boskey et al., 1993; Hunter et al., 1994]. In the
experiments described by Weber et al. [1996],
the source of OPN was derived from K8 osteosar-
coma cells, which is both glycoslated and phos-
phorylated. In the experiments described in
this paper, we used recombinant OPN for
WEHI-3B adhesion, and recombinant OPN and
native OPN previously shown to be phosphorly-
ated and glycosylated [Giachelli et al., 1995a]
for ELISAs. All preparations failed to interact
with CD44, in the assays used in this study. We
can not however, rule out the possibility that a
post-translationally modified form of OPN not
used in this study could interact with CD44.
For example, other studies have reported differ-
ent OPN functions depending on its source.
Bone OPN or OPN derived from certain tumors
could potentially contain a modified form of
OPN able to recognize CD44. Several other
explanations for the discrepancy between the
two studies include: 1) the CD44 interaction
with immobilized and soluble osteopontin may
differ. For example, binding to osteopontin with-
out clustering may fail to initiate adhesion; 2)
immobilization of OPN on maxisorb plates used
for attachment assays, may mask sites impor-
tant for CD44 binding; 3) The affinity of the
CD44 for OPN may be too low to detect using
ELISA where repeated washings could poten-
tially disrupt the interaction.

In conclusion, we have found that the stan-
dard CD44 and three CD44 splice variants do
not interact with several different osteopontin
preparations. These studies suggest that CD44-
OPN interactions may not be a common event
in vivo, and may be limited to a specific CD44
splice variant(s), and/or a particular modified
form of osteopontin.
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