The Human Laminin Receptor Is a Member of the
Integrin Family of Cell Adhesion Receptors
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A receptor for the adhesive basement membrane protein, laminin, was isolated from
human glioblastoma cells by affinity chromatography on laminin. This receptor has a
heterodimeric structure similar to that of receptors for other extracellular matrix
proteins such as fibronectin and vitronectin. Incorporation of the laminin receptor into
liposomal membranes makes it possible for liposomes to attach to surfaces coated with
laminin. The receptor liposomes also attached to some extent to surfaces coated with
fibronectin, but not with other matrix proteins. These properties identify the laminin
receptor as a member of the integrin family of cell adhesion receptors.

AMININ IS A BASEMENT MEMBRANE

protein (1) that promotes the attach-

ment and migration of cells and plays
arole in differentiation and tumor metastasis
(2). It has a particularly striking effect on
neuronal cells promoting and guiding
growth of neurites, a property that may
function in the repair of nervous tissue
injury (2). These interactions are thought to
be mediated by cell surface receptors for
laminin. The putative laminin receptors that
have been described are a 67-kD protein (3),
a120-kD protein, and a 180-kD protein (4).
There may also be a cell adhesion receptor
for laminin in the integrin family of adhe-
sion receptors (5, 6).

A family of transmembrane glycoprotein
receptors for extracellular matrix proteins
that share common structural and functional
characteristics has been identified (7).
Among the members of this family are the
fibronectin and vitronectin receptors (8, 9),
the very late antigen (VLA) proteins (5),
chicken integrin complex (6, 10), the platelet
receptor IIb/IIIa (11), and the leukocyte
adhesion proteins, LFA-1, Mac-1, and
p150,95 (12). These receptors are thought
to link the cell cytoskeleton to the extracellu-
lar environment; thus they have been called
integrins.

That the laminin receptor could be an
integrin is suggested by the interaction of an
isolated chicken integrin complex with
laminin (6) and the finding that a monoclo-
nal antibody that defines this complex inhib-
its the formation of neurites by neurons
plated on laminin (13). Also, a monoclonal
antibody to a human integrin, called VLA-
3, inhibits the attachment of cells to laminin
(5). However, whereas the binding of the
chicken integrin complex to laminin is re-
ported to be sensitive to the same RGD-
containing peptides (14) that inhibit the
fibronectin and vitronectin receptors (7),
the attachment of cells to laminin or the
extension of neurites by chicken neurons on
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laminin are not inhibited by such peptides
(15). In view of these conflicting results, we
have applied our affinity chromatography
method, previously used to identify and
isolate receptors for fibronectin and vitro-
nectin (8, 9), to the analysis of the laminin
receptors. We fractionated extracts of cell
surface—iodinated RuGli cells, a human
glioblastoma cell line that attaches well to
laminin (16), on a laminin fragment—Sepha-
rose affinity matrix. Elution with EDTA

g BERC-WR . Tl e R S AR L | b e R L

kD

200 -

116 - “g -

a7 ~
66 -

43 -

Fig. 1. Affinity chromatography of a RuGli cell
extract on human laminin-Sepharose. Confluent
RuGli cells were labeled with '>I at the cell
surface by the lactoperoxidase method, and ex-
tracted with tris-buffered saline, pH 7.2, 25 mM
octyl-B-p-thioglucoside, 1 mM MnCl,, and 1 mM
phenylmethylsulfonylfluoride (extraction buffer).
Mn?* was included in the buffer because it facili-
tates the isolation of the fibronectin receptor by
fibronectin affinity chromatography (20). Human
laminin was isolated from a pepsin extract of
placental tissue (15), and coupled to Sepharose at
9 mg/ml. The soluble extract from 5 ml of packed
cells was applied to a 10-ml laminin-Sepharose
column. The cell extract was passed through the
column two times, and the column was washed
with 30 ml of the extraction buffer. Fractions
were cluted with 20 ml of buffer containing the
synthetic peptide GRGDSP (2 mg/ml), followed
by 20 ml of cation-free buffer containing 20 mM
EDTA. Samples of each 2-ml fraction were ana-
lyzed by electrophoresis on an SDS 7.5% poly-
acrylamide gel. Protein bands were visualized
after overnight autoradiography. Lanes 1 to 13
are fractions from the EDTA elution; no protein
was seen in the GRGDSP-eluted fractions. The
radioactivity in the fractions eluted with EDTA
represented 2 to 3% of the total radioactivity
applied to the column.

yielded, under nonreducing conditions, pro-
tein bands of 150 and 120 kD (Fig. 1).
These proteins could not be eluted with the
RGD-containing peptide having the se-
quence GRGDSP.

The 150-kD polypeptide of the EDTA-
eluted material dissociated into a 120-kD
component and one or two 30- to 35-kD
components upon reduction with $-mercap-
toethanol, whereas the other polypeptide
migrated with an apparent molecular size of
140 kD after reduction (Fig. 2). A fibronec-
tin receptor similar to the previously charac-
terized fibronectin receptor from fibroblasts
(8, 17) was isolated for comparison from the
same RuGli cell extract on a fibronectin
affinity matrix. No other labeled proteins
were observed after prolonged autoradiog-
raphy of the gels. A laminin-binding protein
with subunits similar to those of the RuGli
cell protein was also isolated from human
placenta, indicating that this laminin-bind-
ing protein is not confined to RuGli cells.
The heterodimeric structure of this laminin-
binding protein, the disulfide-bonded two-
chain composition of its larger subunit, and
the increase in apparent molecular size of the
smaller subunit upon reduction are all char-
acteristic of the integrins (7).

Affinity-purified polyclonal antibodies
were used to examine the relation of the
laminin-binding integrin to the known inte-
grins, the fibronectin and vitronectin recep-
tors. The antibody to the fibronectin recep-
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Fig. 2. Electrophoretic analysis of the laminin
receptor (lane 1) and the fibronectin receptor
(lane 2) under nonreducing (NR) and reducing
(R) conditions. An affinity matrix consisting of
the fibronectin cell attachment fragment-Sepha-
rose was used to obtain the fibronectin receptor
from the same cell extract as the laminin receptor
(8). The conditions of the electrophoresis were
the same as in Fig. 1. Arrows indicate the light
chains of the alpha subunits.
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tor, which reacts with both the alpha and
beta subunits of this receptor, cross-reacted
with the smaller (beta) subunit of the lam-
inin-binding protein on an immunoblot
(Fig. 3), whereas no reactivity was seen with
the antibody to the vitronectin receptor.
Thus, the laminin-binding integrin is a dis-
tinct protein, one subunit of which may be
related to the fibronectin receptor beta sub-
unit.

Incorporation of laminin-binding inte-

Fig. 3. Immunoblot analy- A B
sis of laminin receptor.

The fibronectin (A) and

laminin (B) receptors iso-

lated from RuGli cells kD

were subjected to electro-
phoresis under nonreduc-
ing conditions and trans-
ferred to nitrocellulose fil-
ters. The filters were in-
cubated with rabbit anti-
bodies to the fibronectin
receptor (17), and the
bound antibodies were de-
tected with goat antibod-
ies to rabbit immunoglob-
ulin G that were conjugat-
ed to horseradish peroxi-
dase.
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Fig. 4. Binding of laminin receptor-containing
liposomes to substrates. Microtiter wells were
coated with various proteins (20 pg/ml, in phos-
phate buffered saline) overnight at 4°C (15).
Unoccupied binding sites on the plastic were
blocked by incubating the wells with bovine
serum albumin (BSA) at 5 mg/ml, and the bind-
ing or inhibition of binding of receptor liposomes
to the wells was tested (8, 9). The results of six
experiments are expressed as a percentage of
maximal binding. The mean plus standard error
after subtraction of background from BSA attach-
ment is shown: LM, human laminin; FN, fibro-
nectin; IV, type IV collagen; LM + LM frag.,
LM + 20 pg of chymotryptic laminin fragments
(15); LM + RGD, LM + 1 mg/ml GRGDSP;
LM + YIGSR, LM + 1 mg/ml YIGSR; fibronec-
tin receptor liposomes (open bars); LMR,
laminin receptor liposomes (shaded bars).
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grin into phosphatidylcholine liposome
membranes (8) yielded liposomes that ad-
hered strongly to substrates coated with
laminin (Fig. 4). These liposomes also
bound, although to a lesser extent, to fibro-
nectin, but not to type IV collagen (Fig. 4),
and not to substrates coated with vitronec-
tin, fibrinogen, type I collagen, or albumin.
In contrast, liposomes made with fibronec-
tin receptor from the same cells bound
strongly to fibronectin, but not to laminin.
The attachment of the liposomes prepared
with the laminin-binding integrin was in-
hibited by purified chymotrypsin fragments
of laminin (15), but not by GRGDSP (7),
nor the laminin peptide YIGSR (18). These
results show that the laminin-binding inte-
grin can incorporate into the liposome
membranes and that it conveys to liposomes
the expected binding to laminin.

The laminin-binding integrin described
above is probably the receptor that mediates
the adhesion of the RuGli cells to laminin.
The specificity of this receptor agrees with
the specificity of the attachment of the intact
RuGli cells to laminin. Both the cell attach-
ment and the binding of the receptor to
laminin require divalent cations, and neither
is inhibited by RGD-containing peptides
(15). The inability of RGD peptides to
inhibit binding suggests that the cell-bind-
ing site in laminin may be different from the
main cell attachment site in fibronectin and
in the other RGD-containing adhesive pro-
teins. The laminin receptor is thus similar to
the leukocyte adhesion receptors, which are
a subfamily of integrins that also bind to
their ligands in the presence of RGD-con-
taining peptides (7, 12).

That the integrin described above is the
laminin receptor is supported by the fact
that the laminin fragments used in the recep-
tor isolation appear to contain only one cell
attachment and neurite-promoting site (15).
This site is located in a different region of
the laminin molecule from that of the
YIGSR site, which is thought to bind the
67-kD receptor (18). Accordingly, we found
no indication of a surface-labeled 67-kD
protein in our affinity chromatography frac-
tions, and the YIGSR peptide did not inhib-
it the binding of this receptor to laminin.

Furthermore, that the laminin receptor is
an integrin related to the fibronectin recep-
tor agrees with the previous results that
antibodies to integrins inhibit cell attach-
ment and neurite outgrowth on laminin (5,
13). It also agrees with the demonstrated
direct binding of a chicken integrin complex
to laminin (6), although that binding could
be inhibited by concentrations of RGD-
containing peptides that do not affect the
binding of the human integrin to laminin.
The reason for this difference may be that

our receptor is not the human homologue of
the laminin-binding integrin in the chicken
integrin complex. The human counterpart is
thought to be VLA-3 (5), but VLA-3 ap-
pears to be different from the laminin recep-
tor we describe here by the criteria of alpha
subunit NH,-terminal amino acid sequence
(19) and receptor binding specificity. Anti-
body inhibition of cell attachment suggests
that VLA-3 binds to fibronectin, type IV
collagen and laminin (5), whereas our la-
minin receptor fails to bind to type IV
collagen and binds only marginally to fibro-
nectin. Taken together, these results show
that the laminin adhesion receptor is an
integrin and that possibly two laminin re-
ceptors, one specific for laminin and another
capable of recognizing laminin along with
other proteins may exist. The effects of
laminin on the adhesion and differentiation
of a variety of cells, especially neuronal cells,
make laminin and its receptor a particularly
interesting adhesion system.
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