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Abstract. We report the isolation from two human
neuroblastoma cell lines of an Arg-Gly-Asp-dependent
integrin complex capable of binding to vitronectin,
fibronectin, and type I collagen. The two neuroblas-
toma cell lines, SK-N-SH and IMR-32, exhibit specific
attachment to fibronectin and type I collagen. SK-N-
SH cells exhibit a much stronger attachment to
vitronectin than the IMR-32 cells, which attach poorly
to this substrate. Affinity chromatography of octyl-
glucoside extracts of '*’I surface-labeled cells on
GRGDSPK-Sepharose columns resulted in the specific
binding and elution with GRGDSP of three radiola-
beled polypeptides with relative molecular masses of
135, 115, and 90 kD when analyzed by SDS-PAGE
under nonreducing conditions. In the SK-N-SH cells
the 135- and 90-kD polypeptides were more abundant
whereas in the IMR-32 cells the 135- and 115-kD
polypeptides were more highly expressed. Liposomes
prepared from fractions containing all three polypep-
tides bound to vitronectin, fibronectin, and type I col-
lagen, whereas liposomes prepared from the 135- and
115-kD polypeptides bound only to fibronectin and
type I collagen. Polyclonal antibodies against the /8
complexes of both the vitronectin receptor and the

fibronectin receptor immunoprecipitated all three poly-
peptides. A monoclonal antibody against 8, immuno-
precipitated only the 135- and the 115-kD polypep-
tides, whereas a monoclonal antibody against 33
subunit immunoprecipitated the 135- and 90-kD poly-
peptides. Although, the 115-kD polypeptide could be
recognized by an anti-B3; antibody, a comparison of
peptide maps generated by V8 protease digestion of
the 115-kD polypeptide and 8, subunit immunoprecipi-
tated from GRGDSPK-Sepharose flow-through material
indicated that these two polypeptides are distinct.
Depletion of the 90-kD polypeptide with an anti-3;
monoclonal antibody did not effect the ability of the
115- and 135-kD polypeptides to bind to
GRGDSPK-Sepharose. These data indicate that the
SK-N-SH and IMR-32 neuroblastoma cells express a
novel “B;-like” integrin subunit that can associate with
a, and can bind to RGD. We propose to name this 3;-
like subunit 8n. The data reported here thus demon-
strate that in these two cell lines ., associates with
two 3 subunits, 8n and 3;, forming two heterodimers.
The a, Bn complex mediates binding to fibronectin
and type I collagen, whereas the «, 83 complex medi-
ates binding to vitronectin.

influence various aspects of neuronal differentiation.

Specifically, purified glycoproteins of the extracellu-
lar matrix, especially the basement membrane glycoprotein
laminin, have been shown to promote neurite outgrowth and
survival in vitro (3, 5, 6, 20, 21). Fibronectin as well as colla-
gens type I and IV can also influence neuronal process out-
growth from mammalian and avian neurons (13, 32, 33). An-
other role for these extracellular matrix molecules may be
in axon growth in vivo, since for many neurons axon initia-
tion occurs in regions likely to contain laminin and/or
fibronectin (2, 12, 29). In addition, Rettig et al. (28) have
demonstrated that culturing of some human neuroblastoma
cell lines on extracellular matrix produced by bovine corneal
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endothelial cells or fibronectin results in the induction of cer-
tain antigens accompanied by increased adhesiveness, cell
spreading, and morphological changes, indicating that ex-
tracellular matrix components can modulate the differentia-
tion phenotype of such cells.

The interaction of cells with the glycoproteins of the ex-
tracellular matrix has been shown to be mediated by integral
membrane glycoproteins that behave as cell surface recep-
tors for these extracellular matrix components. These recep-
tors belong to the superfamily of integral membrane glyco-
proteins called integrins (17, 30), which mediate cell-cell or
cell-extracellular matrix interactions. The integrins are het-
erodimeric in structure composed of two (a/3) subunits. The
integrin superfamily can be subdivided into families of
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receptor structures each having common § subunits non-
covalently associated with different o subunits: the fibronec-
tin receptor family, B; the leukocyte adhesive receptor
family, 8, (LFA-1, Mac-1, gp 150/95); and the vitronec-
tin/platelet IIb/Illa family, 8. The 8, family of receptors
share the 8 subunit, having a molecular mass of 110 kD; the
(3, family share a 8 subunit of 95 kD; and the §8; family
share a 8 subunit of 90 kD (17, 30). The 8, integrin family
includes structures known as VLA proteins, a family of pro-
teins initially identified on surfaces of long-term activated
human T lymphocytes (14). These proteins include the hu-
man fibronectin receptor and a collagen receptor (14) as well
as a laminin receptor (11). Recently, further heterogeneity
has been demonstrated in the integrin receptor family in that
two examples have been described whereby a single o
subunit can be associated with more than one 8 subunit,
namely the o subunit of the VLA integrins (15, 18) and the
o subunit of the vitronectin receptor (o) (4).

The interactions of fibronectin (25), vitronectin (24), col-
lagen type I (7), fibrinogen, and von Willebrand factor with
their respective cell surface receptors have been shown to be
mediated via a short amino acid sequence, Arg-Gly-Asp
(RGD), initially found to be functional in fibronectin (23),
but subsequently found to be present and functional in each
of these protein molecules (30). The human receptor for
fibronectin can be purified by affinity chromatography on
fibronectin-Sepharose columns and specific elution from the
column with a soluble Arg-Gly-Asp containing peptide (25).
The vitronectin receptor and the platelet IIb/IIla complex
can be purified not only by affinity chromatography on
vitronectin and fibrinogen-Sepharose columns, respectively,
but also by affinity chromatography on Sepharose coupled to
a hepta-peptide Gly-Arg-Gly-Asp-Ser-Pro-Lys (GRGDSPK)
(24, 26). The specific receptor for fibronectin (os/3:) can-
not be purified on such columns. This is because the affinity
of the fibronectin receptor for the GRGDSP peptide as com-
pared to fibronectin has so far been found to be 100- to
1,000-fold (23) lower, whereas the affinities of the protein
and peptide ligands for the vitronectin receptor and gp
IIb/IIIa differ no more than 10-fold each (30). Thus affinity
chromatography of detergent extracts of mammalian cells on
GRGDSPK-Sepharose columns leads to the isolation of
receptors belonging to the 3; integrin family but as yet not
to the isolation of the B, integrins.

To characterize the Arg-Gly-Asp-directed receptors of hu-
man neuroblastoma cells, we carried out affinity chromatog-
raphy of detergent extracts of two human neuroblastoma cell
lines, IMR-32 and SK-N-SH, and for comparison, a colon
carc¢inoma cell line, COLO-205, on GRGDSPK-Sepharose
columns. We report here the isolation from the two neuro-
blastoma cell lines, of two RGD-dependent integrin hetero-
dimers, o, 3; and «, n, the former mediating binding to
vitronectin and the latter binding to fibronectin and type I
collagen. This report also describes, for the first time, the
isolation of a B3,-related integrin subunit (8n), which can
associate with the o subunit of the vitronectin receptor, a..

Materials and Methods
Materials

Protein A-Sepharose, cyanogen bromide-activated Sepharose 4B, and type
I collagen (calf skin) were purchased from Sigma Chemical Co. (St. Louis,
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MO). *I-sodium iodide and "*C-methylated molecular mass standards
were purchased from Amersham Corp. (Oakville, Ontario). Chemicals for
SDS-PAGE, including molecular mass standards, were purchased from
Bio-Rad Laboratories (Richmond, CA). The synthetic peptide Gly-Arg-
Gly-Asp-Ser-Pro-Lys (GRGDSPK) was synthesized at the Department of
Biochemistry, University of Victoria with the use of an automated peptide
synthesizer (Applied Biosystems Inc., Foster City, CA). The synthetic pep-
tide Gly-Arg-Gly-Asp-Ser-Pro was synthesized by the La Jolla Cancer Re-
search Foundation, La Jolla, CA. Rabbit anti-human fibronectin and
vitronectin receptor antisera as well as anti-o antiserum and purified
fibronectin were kind gifts from Drs. Erkki Ruoslahti and Michael Piersch-
bacher of the La Jolla Cancer Research Foundation, La Jolla, CA. The
anti-fibronectin receptor antiserum reacts with 8, and as integrins (1) and
the anti-vitronectin receptor antiserum reacts with «, and 3 (31). Mono-
clonal antibody (ATIB2) against the common {3, integrin subunit was a kind
gift from Dr. Caroline Damsky, University of California, San Francisco.
Anti-gp ITTa (83) monoclonal antibody was purchased from Dakopatts,
Glostrup, Denmark. SK-N-SH, IMR-32, and COLO205 cell lines were ob-
tained from the American Type Culture Collection (Rockville, MD). Octyl-
glucoside (octyl-8-D-glucopyranoside) was purchased from Calbiochem-
Behring Corp. (La Jolla, CA). Purified tenascin was a kind gift from Dr.
Mario Bourdon, La Jolla Cancer Research Foundation. Purified vitronec-
tin was purchased from Telios Pharmaceuticals, La Jolla, CA.

Cells and Growth Conditions

SK-N-SH, IMR-32, and COLO-205 cell lines were cultured in DME, sup-
plemented with 10% heat-inactivated FBS, glutamine (1%), penicillin (100
U/ml), and streptomycin (100 pg/mi) (Gibco Laboratories, Grand Island,
NY). For routine subculturing, cell monolayers were washed with PBS (150
mM NaCl, 10 mM sodium phosphate, pH 7.3), and detached with EDTA
(1 mM). Total cell numbers were determined by counting on a Coulter
Counter (model ZBl; Coulter Electronics, Hialeah, FL).

Cell Attachment Assays

Attachment of cells to various extracellular matrix substrates was carried
out in substrate coated 96-well microtiter well plates (Linbro Chemical Co.,
Hamden, CT). Wells were coated in triplicate with increasing concentra-
tions of each substrate. After overnight incubation at 4°C the unbound sub-
strates were washed away with PBS and the wells blocked with DME con-
taining 2.5 mg/ml BSA for 2 h at 37°C. At this point, the SK-N-SH and
IMR-32 cells were harvested from culture, washed three times in serum-free
DME, and resuspended in DME containing 2.5 mg/ml BSA at a concentra-
tion of 3 X 10° cells/ml. Cells (0.1 ml) were then applied to each well and
cell attachment carried out at 37°C for 1 h. Unattached cells were removed
and the wells were washed with PBS. Attached cells were fixed with 0.1 ml
3.7% paraformaldehyde solution. After 30 min, the cells were stained over-
night with toluidene blue (0.5%) on 3.7% paraformaldehyde. The excess
stain was washed away with PBS and cell attachment was quantitated by
measuring absorbance at 495 nM using an automated microtiter well plate
reader.

Surface Labeling and Preparation of Cell Extracts

Cells were harvested from confluent cultures, and resuspended in PBS con-
taining 1 mM CaCl;, 1 mM MgCl;, and 0.2 mM PMSF. The suspended
cells were radiolabeled with Na-!%I according to Lieben et al. (22). The
radiolabeled cells (10%) were extracted in PBS containing 100 mM octyl-
glucoside, 1 mM CaCl;, 1 mM MgCl,, and 0.2 mM PMSF as described
by Pytela et al. (25).

Affinity Chromatography

The RGD-containing peptide affinity matrix was prepared by coupling 50
mg of GRGDSPK peptide to 2 ml of cyanogen bromide-activated Sepharose
4B. The resulting affinity matrix (1 ml) was poured into a column which
was then equilibriated with column buffer (PBS containing 50 mM octyl-
glucoside 1 mM CaCl;, 1 mM MgClz, and 1 mM PMSF). The cell ex-
tracts were applied to the affinity matrix and allowed to react with the matrix
overnight at 4°C. After extensively washing the matrix with column buffer,
the RGD-binding polypeptides were eluted slowly with column buffer con-
taining 1 mg/ml of GRGDSP peptide. The last wash fraction and the peptide
eluted fractions were then analyzed by SDS-PAGE (7.5%) (22). Molecular
mass markers were myosin (200 kD), S-galactosidase (116 kD), phosphory-
lase b (94 kD), BSA (67 kD), ovalbumin (43 kD), and carbonic anhydrase
(30 kD). Bands were visualized by autoradiography.
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Liposome Binding Assay

Liposomes prepared from the GRGDSP-eluted affinity chromatography
fractions were purified by sucrose density centrifugation (7, 25) and subse-
quently assayed for binding to extracellular matrix proteins as described
previously (7).

Immunoprecipitations

Immunoprecipitations of ?’I-radiolabeled cell extracts or column fractions
was carried out using the appropriate antibodies and protein A-Sepharose
as described previously (9). The antigen-antibody complexes were dis-
sociated by boiling in sample buffer (200 mM Tris-HCI, pH 6.8 containing
3% SDS, 10% glycerol, and 0.001 % bromophenol blue). Samples were ana-
lyzed by electrophoresis in 7.5% SDS-polyacrylamide gels followed by au-
toradiography (19).

Peptide Mapping

GRGDSPK-Sepharose affinity fractions and immunoprecipitates of '2’I-
surface-labeled cell extracts were analyzed by SDS-PAGE under nonreduc-
ing conditions. Relevant bands were located on the dried gels by autoradiog-
raphy, excised, rehydrated, and inserted into slots of a 15% acrylamide
SDS-PAGE gel. The slots contained 0.5 ug/ml Staphylococcus aureus V8
protease in SDS-PAGE sample buffer containing 1 mM EDTA. The samples
were electrophoresed into the stacking gel. Electrophoresis was suspended
for 30 min to allow for enzymic digestion. Peptide bands were visualized
by autoradiography as described above.

Results

Attachment of SK-N-SH and IMR-32 Human
Neuroblastoma Cells to Various Extracellular
Matrix Substrates

Attachment of SK-N-SH and IMR-32 cells to vitronectin,
fibronectin, type I collagen, and laminin was determined by
carrying out a cell attachment assay in protein-coated 96-
well microtiter well plates as described in Materials and
Methods. Fig. 1 (4 and B) shows that both cell lines attached
well to fibronectin and type I collagen, but showed poor at-
tachment to laminin. SK-N-SH cells attached more strongly
to vitronectin than did IMR-32 cells, which exhibited very
poor attachment to this substrate (Fig. 1 C).

Isolation of Arg-Gly-Asp Receptors From SK-N-SH
and IMR-32 Human Neuroblastoma Cells

125]-cell surface-labeled cells were extracted in PBS con-
taining 100 mM octylglucoside, 1 mM CaCl,, 1 mM
MgCl;, and 0.2 mM PMSF and the extracts were applied to
GRGDSPK-Sepharose columns. After extensively washing
the columns, elution was carried out with GRGDSP peptide
as described by Pytela et al. (24). Fig. 2 shows the autoradio-
graph of the eluted fractions after separation on a 7.5%
SDS-polyacrylamide gel under nonreducing conditions. As
can be seen, elution of the affinity matrix with GRGDSP
peptide resulted in the elution of three radioactive polypep-
tides of relative molecular masses 135, 115, and 90 kD from
both the SK-N-SH (Fig. 2, top) and IMR-32 (Fig. 2, bottom)
cells. The 115-kD polypeptide eluted from the SK-N-SH
cells is present in a much smaller amount than the 135- and
90-kD polypeptides. In the IMR-32 cells, however, the 90-
kD band is the least abundant of the three. The 135- and 90-
kD proteins correspond in terms of molecular mass to the
a and B subunits of the vitronectin receptor isolated from
MG-63 osteosarcoma cells by Pytela et al. (25). Also shown
in Fig. 2, bottom lane 7 is an immunoprecipitate of an extract
of ¥ surface-labeled IMR-32 cells with an anti-fibronectin
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Figure 1. Attachment of SK-N-SH and IMR-32 cells to fibronectin
(FN), type I collagen (COLL), laminin (LM) and vitronectin. At-
tachment assays were carried out as described in Materials and
Methods. Cells (2 X 10% were plated into wells coated with in-
creasing concentrations of the indicated ligand in the presence of
2.5 mg/ml BSA. The plates were incubated at 37°C for 1 h in an
atmosphere of 7% CO.. Nonattached cells were washed away with
PBS, and the attached cells were fixed with 3% paraformaldehyde
and stained with 0.5% toliudene blue in 3.7% paraformaldehyde.
Cell attachment was measured as a function of absorbance of de-
stained cells at 495 nM. (4) Attachment of SK-N-SH cells; (B) at-
tachment of IMR-32 cells; (C) attachment of SK-N-SH cells. (0)
and IMR-32 (e) to vitronectin.
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Figure 2. Affinity chromatography of '>°I surface-labeled SK-N-
SH (rop) and IMR-32 (bottom) octyglucoside cell extracts on
GRGDSPK-Sepharose. Cells were surface labeled, extracted, and
affinity chromatography carried out as described in Materials and
Methods. In both top and bottom: 1anes 1, wash fraction; lanes 2-6,
GRGDSP (1 mg/ml) eluted fraction numbers 2-6. (Bottom) Lane
7, immunoprecipitate of '>I surface-labeled IMR-32 cells with
polyclonal anti-fibronectin receptor antibody. Molecular mass
markers indicated one myosin (200 kD), B-galactosidase (116 kD),
phosphorylase b (94 kD), and BSA (67 kD). Arrows indicate the
positions of the 135/115/90-kD polypeptides.
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Figure 3. Affinity chromatography of '*I surface-labeled COLO-
205 octylglucoside cell extract on GRGDSPK-Sepharose. Affinity
chromatography was carried out as described for Fig. 2. Lane 1,
wash fraction; lanes 2-6, GRGDSP (1 mg/ml) eluted fraction num-
bers 2-6.

receptor antibody. This antibody immunoprecipitates the 3,
subunit and all « subunits associated with it. This lane is in-
cluded to demonstrate that the 115-kD band from the RGD
column migrates at the same position as the 3, subunit from
the same cells.

Affinity chromatography, in a similar manner, of extracts
of a colon carcinoma cell line COLO-205, resulted in the elu-
tion of only two polypeptides of relative molecular mass 140
and 90 kD (Fig. 3), corresponding to the 135/90-kD poly-
peptides eluted from the neuroblastoma cell lines. The 115-
kD Arg-Gly-Asp-recognizing polypeptide therefore ap-
pears to be present only in the two neuroblastoma cell lines.

Ligand Specificity of Arg-Gly-Asp Receptors Isolated
from SK-N-SH, IMR-32, and COLO-205 Cells

To determine the ligand specificity of the Arg-Gly-Asp-rec-
ognizing cell surface polypeptides eluted from the GRG-
DSPK-Sepharose columns, the fractions containing the three
radiolabeled polypeptides were pooled and incorporated
into liposomes as described previously (7). Liposomes were
also prepared from the wash fractions. The Liposomes were
purified by sucrose density centrifugation (7, 25) and assayed
by binding to protein coated microtiter well plates.

Fig. 4 A shows that the liposomes prepared from the frac-
tions containing the 135/115/90-kD polypeptides of the
IMR-32 cells bound to vitronectin, but surprisingly, bound
also to type I collagen and to fibronectin. These liposomes
did not bind to any significant extent to BSA or to tenascin.
Liposomes prepared from the wash fractions (Fig. 4 B),
which did not contain these three polypeptides, did not show
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Figure 4. Specificity of binding of liposomes prepared from GRGDSP-eluted fractions of IMR-32 and SK-N-SH cells. Liposomes were
prepared from either the wash fractions or peptide-eluted fractions. Liposomes were prepared by mixing [*H]phosphatidylcholine with
the appropriate protein containing fractions. Detergent was removed by dialysis against PBS for 24 h at 4°C, resulting in the formation
of liposomes, which were purified through a sucrose density gradient (25), diluted in PBS containing 2.5 mg/ml BSA, and allowed to
bind for 5 h at 4°C to microtiter plate wells previously coated with the indicated ligands. The supernatants were removed and the wells
were washed twice with PBS. Bound liposomes were dissolved in 1% SDS and quantitated by liquid scintillation counting. (4) GRGDSP-
eluted fractions from IMR-32 cells; (B) wash fractions; (C) GRGDSP-eluted fractions from SK-N-SH cells; (D) GRGDSP-eluted fractions

from COLO-205 cells.

specific binding to vitronectin or type I collagen as compared
to BSA.

Liposomes containing the 135/115/90-kD polypeptides
from SK-N-SH neuroblastoma cells similarly bound specifi-
cally and strongly to vitronectin but also bound to type I col-
lagen and fibronectin (Fig. 4 C). Liposomes prepared from
the GRGDSP-eluted fractions from COLO-205 cells and
containing only the 140- and 90-kD polypeptides showed
specific binding only to vitronectin and did not bind to type
I collagen or to fibronectin (Fig. 4 D).

Identity of the 135/115/90-kD Arg-Gly-Asp-recognizing
Cell Surface Polypeptides of Neuroblastoma Cells

The relative molecular masses of the 135- and 90-kD poly-
peptides correspond to those of the « and 8 subunits of the
vitronectin receptor (25, 27) when analyzed by SDS-PAGE
under nonreducing conditions. The 115-kD polypeptide
however has a relative molecular mass corresponding to the
3 subunit of the fibronectin receptor family of integrins (8;)
(30) (Fig. 2, bottom). The B, subunit has not as yet been
shown to bind to short synthetic peptides containing the Arg-
Gly-Asp sequence, but rather requires a much longer RGD-
containing polypeptide (120-kD fibronectin fragment) (27,
30). To identify these polypeptides therefore, IMR-32 frac-
tions containing them were pooled and immunoprecipitated
with anti-fibronectin receptor polyclonal antibody, anti-8,
monoclonal antibody, anti-8; monoclonal antibody, and
anti-a, polyclonal antibody. As shown in Fig. 5, anti-fibro-
nectin receptor antibody immunoprecipitated all three poly-
peptides, anti~3, monoclonal antibody immunoprecipitated
the 135- and 115-kD polypeptides only, the anti-3; mono-
clonal antibody immunoprecipitated the 135- and the 90-kD
polypeptides only, and the anti-o, monoclonal antibody
immunoprecipitated all three polypeptides. None of the
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three polypeptides were immunoprecipitated with monoclo-
nal antibodies against the VLA « subunits a5 or a;. Thus,
on the basis of these results one can identify the 135-kD
polypeptides as o, the 90-kD polypeptide as (s, and the
115-kD polypeptide as 3.

To determine whether the 115-kD polypeptide could bind
to RGD in the absence of the vitronectin receptor « and 8
subunits (., B3), we depleted the complex of the . and §;
subunits by immunoprecipitating with an anti-3; monoclo-
nal antibody. The supernatant from this reaction was used for
carrying out GRGDSP affinity chromatography.

As shown in Fig. 6 (lane /), the immunoprecipitate with
anti-B; antibody contains 135- and 90-kD polypeptides.
However, interestingly, the 115-kD polypeptide was still able
to bind to the RGD column (Fig. 6, lane 3).

To determine the ligand specificity of the o./8:-like inte-
grin, o, B; was depleted from the RGD-eluted fractions by
repeated immunoprecipitation with an anti-3; monoclonal
antibody, and liposomes were prepared from an anti-vitro-
nectin receptor immunoprecipitate of the 3;-depleted super-
natant. As shown in Fig. 7, this preparation contained only
the 135- (o) and 115-kD (8:-like) polypeptides. 85 (90 kD)
could not be detected in this preparation. Similar results
were obtained if the B;-depleted supernatant was immu-
noprecipitated with anti-3, monoclonal (AIIB2) (data not
shown). Liposomes prepared from the anti-(3; immunopre-
cipitate, containing o, and Bs, bound specifically to vitro-
nectin only (Table I), whereas liposomes prepared from the
anti-vitronectin receptor immunoprecipitate of the superna-
tant, which contained ¢, (135K) and the 8,-like (115 kD)
polypeptides, bound only to fibronectin and collagen type I
(Table I).

These results indicate that the three polypeptides isolated
from IMR-32 and SK-N-SH cells by RGD affinity chroma-
tography represent two integrin heterodimers, i.e., a, (135
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Figure 5. Immunoprecipitation of integrins from GRGDSP-eluted
fractions of Arg-Gly-Asp affinity chromatography. Eluted fractions
1-3 were pooled and used for immunoprecipitation reactions,
which were carried out using protein A-Sepharose as described
previously (8). Immunoprecipitates were analyzed by SDS-PAGE
under nonreducing conditions followed by autoradiography. Lane
1, fractions 1-3 immunoprecipitated with rabbit anti-human fibro-
nectin receptor antibody; lane 2, fractions 1-3 immunoprecipitated
with anti—-3; monoclonal antibody; lane 3, fractions 1-3 immuno-
precipitated with anti-human (: monoclonal antibody; lane 4,
fractions 1-3 immunoprecipitated with rabbit anti-human c,. Mo-
lecular mass markers used were similar to those used in Fig. 2.

kD)/3; (90 kD) and o, (135 kD)/B;-like (115 kD). In addi-
tion, although the 115-kD polypeptide exhibits epitopes rec-
ognized by the anti-8, antibodies, its behavior in terms of
binding to RGD and association with «, suggested that it
may be different from authentic 8. To thus further charac-
terize this subunit, we immunoprecipitated the flow-through
from the GRGDSPK-Sepharose column with an anti-3,
monoclonal antibody. This flow-through contained a sub-
stantial amount of 8, subunit, as shown in Fig. 8. This im-
munoprecipitate, and the three RGD-eluted polypeptides
were analyzed by SDS-PAGE, the (3, band from the immu-
noprecipitate and the 115-kD B,-like band from the RGD-
eluted material were excised from the gel, digested with V8
protease, and the resulting peptides were analyzed by SDS-
PAGE as described in Materials and Methods.

As can be seen from Fig. 9 A4 the peptides generated from
these two polypeptides are quite different, indicating that the
115-kD polypeptide that binds to RGD is different from the
8. integrin subunit. Fig. 9 B shows V8 protease digests of
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Figure 6. Ability of 8n to bind to
K GRGDSPK-Sepharose in the ab-
sence of B8;. The three polypep-
tides eluted from a GRGDGPK-
Sepharose column to which an
octylglucoside extract of '*’I sur-
face-labeled IMR-32 cells had
been applied, was immunopre-
cipitated with an anti-8; mono-
clonal antibody. The supernatant
from this reaction was then ap-
plied to another GRGDSPK-Sepharose column and eluted with
GRGDSP. Lane I, immunoprecipitate with anti~3; monoclonal
antibody; lane 2, flow through of the second GRGDSP-Sepharose
column to which the supernatant of the anti-8; immunoprecipitate
had been applied; lane 3, GRGDSP-cluted material from this sec-
ond GRGDSPK-Sepharose column.
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«, isolated by immunoprecipitation of '] surface-labeled
IMR-32 cell extracts and the «, isolated from these cells by
affinity chromatography, both of which give very similar
peptide maps, although some minor differences are appar-
ent. It is likely that the peptide mapping procedure used here
tends to accentuate differences. However, the differences in
the peptides generated from @8, and 8n are more obvious
(Fig. 9 A), indicating that these two proteins are likely to be
structurally distinct. A V8 protease digest of B8; is also
shown indicating that it is completely different from «,, 8,
and the S;-like polypeptides. To distinguish the Bi-like
subunit from 3, we have named the former Sn.

Discussion

In this report we demonstrate the isolation from human neu-
roblastoma cells of three cell surface polypeptides capable
of binding to the cell attachment promotion tripeptide, Arg-

1 2 3
K
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Figure 7. Purification of o 85 and o, 8n from GRGDSP-eluted
fractions. Fractions containing the 135 (av), 115 (8n), and 90-kD
(B5) polypeptides were pooled and depleted of «, 33 by two rounds
of immunoprecipitation with an anti-3; monoclonal antibody. The
supernatant was then immunoprecipitated with anti-vitronectin
receptor antibody that immunoprecipitated o, 8n. Lanes I and 2,
anti-f3; immunoprecipitates; lane 3, anti-vitronectin receptor im-
munoprecipitate of 8;-depleted supernatant. These immunopre-
cipitates containing purified o, 83 (lane 1) and a, 8n (lane 2) were
used to prepare liposomes described in Table I.
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Table 1. Specificity of Binding of Liposomes Containing the 135/90-kD (a./33) and the 135/115-kD (ct,/@-like) Polypeptides

Liposome binding

i , . ! Type 1
Polypeptides BSA Vitronectin Fibronectin collagen
[PH]Phosphatidylcholine-cpm
135/90 kD (ot./B3) 1,643 + 103 5,889 + 43 1,513 + 113 1,828 + 212
135/115 kD (a/Bi-like) 1,561 + 152 1,411 + 203 7121 + 82 7,561 + 314

Liposomes were prepared from the anti-8; immunoprecipitate and anti-vitronectin immunoprecipitate of the supernatant from the eluted fractions from the RGD
column containing the three polypeptides. As shown in Fig. 7 the anti-@, immunoprecipitate contained the 135- (o) and the 90-kD (8s) polypeptides, and the
anti-vitronectin receptor immunoprecipitate of the supernatant contained the 135- («,) and the 115-kD (8,-like) polypeptides. Liposomes were prepared and the

binding assay carried out as described for Fig. 4. The data represent mean and standard errors of four data points.

Gly-Asp. The neuroblastoma cell lines used, SK-N-SH and
IMR-32, both attach to Arg-Gly-Asp-containing extracellu-
lar matrix proteins fibronectin, type I collagen, and vitronec-
tin although the IMR-32 cells attached very poorly to
vitronectin. We have demonstrated that these three cell sur-
face polypeptides with relative molecular masses of 135,
115, and 90 kD bind to a GRGDSPK-sepharose matrix and
can be specifically eluted with GRGDSP peptide in solution
when analyzed under nonreducing conditions. The 90- and
135-kD polypeptides have been identified as 35 and o inte-
grin subunits, respectively, and appear to be identical to the

200-

116—
97—

Figure 8. Identification of 8 inte-
grin subunit in the flow-through of a
GRGDSPK-Sepharose column. The
flow-through from a GRGDSPK-
Sepharose column, to which an
ocytyglucoside extract of 51 sur-
face-labeled IMR-32 cells had been
applied, was immunoprecipitated
with an anti-8; monoclonal anti-
body. The immunoprecipitated ma-
terial was analyzed by SDS-PAGE
under nonreducing conditions, fol-
lowed by autoradiography.
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human vitronectin receptor (24). The 115-kD polypeptide is
recognized by polyclonal as well as monoclonal anti-3, an-
tibodies and is coprecipitated with «,. Western blot analy-
sis has demonstrated that the polyclonal fibronectin receptor
antibody used here recognizes 8, and o integrin subunits
(1) (data not shown). However in immunoprecipitation ex-
periments this antibody preparation does appear to have

Figure 9. Peptide maps of Staphylococcus aureus V8 protease
digests. (4) The B, band immunoprecipitated from the flow-
through material of a GRGDSPK-Sepharose column to which an
octylglucoside extract of '**I surface-labeled IMR-32 cells had
been applied (see Fig. 7) and the 115-kD n band that bound to the
same GRGDSPK-Sepharose column, were located on the gels by
autoradiography excised from the gel, digested with Staphylococ-
cus aureus V8 protease, and the resulting peptides analyzed on a
15% SDS-polyacrylamide gel as described in Materials and
Methods. Lane /, V8 digest of 8; immunoprecipitated from the
flow-through of the GRGDSPK-Sepharose column; lane 2, V8 pro-
tease digest of 8n which bound to the GRGDSPK-sepharose
column. (B) Staphylococcus aureus V8 protease digests of lane 1,
«, immunoprecipitated from 2] surface-labeled cell extract of
IMR-32 cells; lane 2, 135-kD polypeptide (o) isolated by RGD
affinity chromatography; and lane 3, 30-kD polypeptide (3s).
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vitronectin receptor cross-reacting antibodies in it (data not
shown).

These results are consistent with the interpretation that the
o, integrin subunit in IMR-32 and SK-N-SH cells can as-
sociate with 3, and also with a 8,-like subunit (8n). The
ability of the B3,-like (115 kD) polypeptide to bind to RGD
and associate with . suggests that it may be different from
B:1. Indeed a comparison of the peptide maps of this and
authentic 8, demonstrated these two polypeptides to be dis-
tinct. This 115-kD RGD-binding subunit (8n) might be re-
stricted in its expression to the neuroblastoma cell lines since
this polypeptide could not be isolated from a colon carci-
noma cell line, COLO-205, and has not been previously
reported to be present on other nonneuroblastoma cell lines,
e.g., MG-63 (24). It is interesting to note that the IMR-32
cells, which attach very poorly to vitronectin, also express
very low levels of the 90-kD (8;) polypeptide.

Liposomes prepared from fractions containing all three
polypeptides bound to vitronectin as expected, but surpris-
ingly, also bound to fibronectin and type I collagen. Lipo-
somes prepared from GRGDSP-eluted fractions after affinity
chromatography of COLO-205 cells extracts showed signifi-
cant binding to vitronectin only. These fractions consisted
only of the 135- and 90-kD polypeptides corresponding to
o, and B; integrin subunits, but lacked 8n present in the
SK-N-SH and IMR-32 neuroblastoma fractions. These re-
sults suggest that the binding of the neuroblastoma liposomes
to fibronectin and type I collagen may be mediated by the
115-kD polypeptide. This interpretation is also supported by
the finding that liposomes prepared from «. 8n, after de-
pletion of (85, mediated binding to fibronectin and type I
coliagen only.

Although distinct receptor complexes showing exclusive
binding specificities for fibronectin, type I collagen, and
vitronectin have been isolated from human placenta as well
as other cell lines (7, 24, 25, 27), receptor complexes binding
to several different proteins in an RGD-dependent manner
are also expressed by some cell types. The glycoprotein
IIb/IIla present on platelets as well as an endothelial cells
binds to at least four different proteins in an RGD-dependent
manner (26), as does the chicken integrin CSAT antigen,
which binds to fibronectin, vitronectin, laminin, and colla-
gen (16). Human cells also express a 3, integrin complex
(VLA-3), which also has a broad ligand specificity since it
can bind to fibronectin, collagen, and laminin (14).

The data presented here show that «, can associate with
more than one 8 subunit in the same cell. In the neuroblas-
toma cells examined here, «, is found to associate with 3,
and this complex binds exclusively to vitronectin, as has
been described previously by others. However in these cells,
it is also found to be associated with a novel subunit 8n,
which is immunologically related to the 8, integrin subunit
but appears to be structurally distinct based on peptide maps.
This a./fn integrin mediates binding to fibronectin and
type I collagen.

Recently, two other examples of association of alternate 8

subunits with «, have been described (4, 10). Thus «, as-

sociates with 3, in carcinoma cells (4), and an alternate,
phosphorylated 8 subunit (3,) has been shown to associate
with o, in MG-63 osteosarcoma cells (10). Although 3, and
B; may be closely related or be identical since their relative
molecular masses are similar, it is unlikely that 8n is related
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to (.. The relative molecular masses of 8n and §, are quite
different when analyzed by SDS-PAGE under nonreducing
conditions, 116 kD for 3n versus 97 kD for 83,. Further-
more, whereas 3n cross-reacts with anti-fibronectin recep-
tor antibodies as well as anti~8, monoclonal antibody
(AIIB2), B, is not recognized by anti-83, antibodies (4).
Thus, immunologically at least, 8n is more closely related
to G, than it is to 8,. However, a direct comparison of 8n,
B, and B, will be required to determine the relationship be-
tween these integrin subunits.

In conclusion, we have isolated from two human neuro-
blastoma cell lines a novel RGD-dependent integrin complex
consisting of two heterodimers, «./8; and «./8n, the former
mediating binding to vitronectin, and the latter to fibronectin
and type I collagen. This complex contains a novel §,-like
integrin subunit, which we have called Sn. Future studies
will concentrate on elucidating the functional role of this
complex on neuroblastoma cells.
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