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Heterotrimeric Configuration Is Essential to the
Adhesive Function of Laminin

J.C. Lissitzky, P. Cantau, and P.M. Martin
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Abstract Mouse PFHR9 laminin, B1B2-heterodimers, and free B1-chains were separated from one another by gel
filtration on Superose 6. The cell attachment promoting activity of these species was measured after immunoprecipita-
tion with monoclonal anti-laminin antibodies coupled to Sepharose 6MB beads. These antibodies, which did not react
with the laminin E8 fragment, were directed against epitopes in the NH2-terminus of the laminin B1-chain and in the
central region of laminin. After incubation with purified EHS laminin, the immunosorbents revealed efficient adhesion
substrates for a rat rhabdomyosarcoma cell line which attached preferentially to the laminin E8 fragment. Although both
were immunoprecipitated efficiently, B1B2-heterodimers and B1-chains, unlike PFHR9 laminin, did not support the
attachment of RMS cells. On a molar basis B1B2-heterodimers were 24 times less efficient than PFHR9 laminin or EHS
faminin in supporting cell attachment. These data suggest that heterotrimeric configuration is essential to the adhesive

function of the laminin E8 fragment.
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Laminin plays a major role in the control of
cell movement [1-3]. In addition to promoting
adhesion and migration, this structural base-
ment membrane glycoprotein [4] facilitates cell
differentiation and exhibits potent neurotropic
properties [5]. The molecule produced by matrix-
synthesizing cells consists of a cross-shaped het-
erotrimer [6] formed by the association of three
subunits—i.e., A (400 kDa), B1 (220 kDa), and
B2 (210 kDa) [7]. Each of these subunits is the
product of its own gene [8-12].

Several adhesion sites have been identified in
the laminin molecule. In particular, two distinct
fragments, P1 and E8, support cell attachment
[13-16]. P1, obtained after extensive digestion
of laminin by various proteolytic enzymes, corre-
sponds to the center region of the molecule [17].
P1 adhesion sites, which are cryptic in the na-
tive molecule, can be disclosed by proteolysis

Abbreviations used: IgGs, immunoglobulins; mAb, mono-
clonal antibody; PBS, phosphate buffer saline; RMS, rhab-
domyosarcoma cells; SDS-PAGE, sodium dodecy! sulfate
polyacrylamide gel electrophoresis; SED, standard error de-
viation; SEM, standard error from the mean.
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[18]. E8, which is obtained by mild elastase
digestion, corresponds to the distal part of the
long arm of the molecule [19]. It is composed of
the C-terminals of the three chains, which are
wound in a coiled a-helix [9,19]. The laminin
domain responsible for neurotropic activity has
been assigned to the E8 fragment [20].

In most of the cell lines studied so far, A-chain
expression levels limit production of heterotri-
meric laminin. Excess B-chains are found as
heterodimers or as monomers [21-23].

In this report, the relationship between the
structure and function of the adhesive domain
in the laminin E8 fragment is analyzed by assess-
ing the attachment to laminin and purified B1B2
dimers or B1 chains of a cell line exhibiting E8
dependent adhesion.

METHODS
Antibodies

The rat IgG1l monoclonal anti-laminin anti-
bodies (MAb) 4C12 and 2D8 were obtained as
previously described [16]. Affinities and specific-
ities were determined by ELISA, dotimmunoas-
say, and immunoblotting, as well as by SDS-
PAGE analysis of *S-labelled PFHRO cell extract
immunoprecipitates. High titer polyclonal anti-
bodies against EHS laminin were produced in
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the rabbit by serial subcutaneous injections of
highly purified antigens emulsified in complete
Freund adjuvant. Immunoglobulins (IgGs) were
prepared by affinity chromatography on protein
A-Sepharose for sera and anion exchange chro-
matography on MonoQ (Pharmacia) for ascites.
Polyclonal antilaminin IgGs were further puri-
fied on an Affigel-10 matrix (Biorad) coupled
with purified laminin P1 fragments (1 mg/ml of
gel). Affinity-bound IgGs were eluted with guani-
dine hydrochloride 6M in Tris 50 mM, pH 7.4,
and extensively dialysed against phosphate
buffer saline (PBS). For radioimmunoassays,
laminin and antibodies were iodinated with
TNz by the chloramine T method and purified
from free iodine by filtration on PD 10 columns
{Pharmacia). Immunosorbents were prepared
by coupling purified antibodies on cyanogen-
activated Sepharose 6MB beads (Pharmacia) ac-
cording to the manufacturer’s instructions.

Preparation of PFRH9 Cell Lysates

The laminin-producing mouse endodermal cell
line PFHR9 [25] was grown to confluency on
150 ¢m?® culture dishes in DMEM, 10% fetal calf
serum (v/v). In some cases the cells were meta-
bolically labelled with *S methionine, 200 w.Ci/
dish in methionine deficient RPMI for 4 hours.
After a wash in 50 mM phosphate buffer, 150
mM sodium chloride, pH 7.4, (PBS), cells were
scraped with a rubber policeman into ice cold
PBS and pelleted by centrifugation. The cell
pellet was resuspended in 1.5 ml of freshly pre-
pared ice cold lysis buffer [PBS, ethylenedi-
amininetetraaceticacid (EDTA) 5 mM, Triton
X-100 1% (v/v) and proteinase inhibitors (apro-
tinin 2,500 ui/ml, benzamidine 5 mM, N-ethyl-
maleimide 8 mM, and phenylmethanesulfonyl
fluoride 2 mM)] and was gently stroked with a
tight glass-glass homogenizer. After 15 minutes
the ice insoluble material was pelleted by centrif-
ugation (15,000g, 15 min.).

Gel Filtration of PFRH9 Cell Lysates

Lysates were filtered through 0.22 pm mem-
branes before molecular sieving on columns
packed with Superose 6 FPLC grade (1 x 50
cm) or Prep grade (1.6 X 100 cm) (Pharmacia)
eluted at 4°C with PO, HNa, 50 mM, NaCl 75
mM, EDTA 5 mM, pH 7.4, at a flow rate of 0.1
ml a minute; 0.5 or 1 ml fractions were collected.
Columns were calibrated by elution with lysates
of PFHR9 cells labelled with S-35 methionine
and by eluate analysis by immunoprecipitation

and SDS-PAGE analysis. Then several runs were
performed with unlabelled lysates. Related frac-
tions were pooled and analyzed by radioimmu-
noassay and adhesion assay.

Analysis of PFHR9 Lysate Chromatograms

The eluate of gel filtered lysates labelled meta-
bolically with *S methionine (0.1 ml of each
fraction) was incubated with polyclonal anti-
laminin IgGs, 5 pgin 0.4 ml of lysis buffer. After
18 hours (4°C), 50 ul of protein A Sepharose
4CL (Pharmacia) were added and incubation
was continued for 2 more hours on a roll-over
shaker. Beads were washed by centrifugation on
a cushion of Pereoll [stock Percoll (see below for
formulation) diluted 14% (v/v) in lysis buffer].
After aspiration of the Percoll, and washing
with Tris 50 mM, pH 7.5, immunoprecipitates
were boiled in SDS-PAGE sample buffer and
analyzed by electrophoresis on 3-12% acryla-
mide gradient slab gels, followed by fixation in
methanol/acetic acid/water, 40/10/50 (v/v), im-
pregnation with Enhance and fluorography at
—70°C with Hyperfilm MP (Amersham). When
necessary, properly exposed autoradiograms
were quantified by scanning with a Shimadzu
transmission densitometer.

Attachment Assays

Purified EHS laminin or laminin material in
gel filtration eluates were immunoselected over-
night at 4°C with MAb 4C12 or 2D8 coupled to
Sepharose 6MB beads. After washing on a Percoll
cushion (see below) and with DMEM, Hepes 20
mM, pH 7.2, beads (50 to 100 pl) were incubated
with rhabdomyosarcoma (RMS) S4T cells
(4 x 10*or 1 x 10°cells) labelled with *S methio-
nine, detached in PBS, 0.4 mM EDTA and resus-
pended as a single cell suspension (10° cells/ml
in DMEM-Hepes). After the incubation (1 hour,
37°C), cells attached to the beads were separated
from free cells on a Percoll cushion [Hepes 20
mM, CaCl, 1 mM, MgCl, 1 mM, Sucrose 0.25 M,
stock Percoll 28% (v/v), ph 7.2. Stock Percoll
was 9 parts Percoll (Pharmacia) and 1 part
sucrose 2.5 M]. To optimize the separation
Percoll solution (2.2 ml) was dispensed in 4.5 ml
tubes (Nunc, Minisorb) in which 1 ml pipette
tips (Treff) cut at the narrow end were inserted.
The inner chamber thus formed at the tube
openings was used to decant incubates after
attachment assays. After centrifugation (800g,
5 minutes), tips containing free cells stacked at
the Percoll/medium interface were withdrawn
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with a pipette. The remaining Percoll was aspi-
rated and cells attached to the beads in the pellet
were lysed with SDS 1% in water (v/v). Radioac-
tivity in lysates was measured by liquid scintilla-
tion.

Radioimmunoassays

Laminin-like immunoactivity in gel filtration
eluates was evaluated by solution competition
immunoassays using '*I-laminin as tracer, EHS
laminin as standard competitor, and a poly-
clonal serum to native laminin at final dilution
of 1 x 107°, The assay buffer was PBS, EDTA 3
mM, Triton X-100 1% (v/v), bovine serum albu-
min (BSA) 0.25% (w/v), pH 7.4. After incuba-
tion, antibody-bound and free ligands were sepa-
rated with an anti-rabbit IgG precipitating
reagent. Laminin detection sensitivity was 30
ng/ml.

A sandwich immunoassay was also used for
quantification of laminin material. To this MAb
4C12-Affigel 10 or Sepharose 6MB beads were
incubated overnight with chromatogram elu-
ates or known amounts of EHS laminin. After
washing, beads were incubated for 2 hours more
at 4°C with **I-antilaminin MAb 2D8 or affinity
purified anti-P1 antibody. After washing on
Percoll 14%, the amount of **I-antibody bound
to the beads was measured on a vy-scintillation
counter.

Another assay system was used for selection
and quantification of laminin Bl-chains. MAb
2D8 was on solid phase and the amount of
captured ligand was quantified by binding of *°1
affinity purified anti-P1 IgGs.

RESULTS

Gel Filtration of the Laminin Species in PFHR9
Cell Lysates

We have previously shown that the PFHR9
cell line produces laminin, B1B2-heterodimers,
and Bl-chains [23]. In order to assess their
individual attachment activity, it was necessary
to separate these three species from one an-
other. This was achieved by gel filtration on
Superose 6. As shown in Figure 1 (A to D),
laminin trailing on 400 kDa-B1B2-dimers did
not exceed 10% as judged by scanning of fluoro-
grams obtained by SDS-PAGE analysis of col-
umn fraction immunoprecipitates. Contamina-
tion of Bl-chains by heterodimers or by laminin
was minimal.

A major peak of immunoreactivity in the lami-
nin position was observed when laminin mate-

rial in gel filtration eluate was quantified by
immunoassay with a polyclonal antibody. It was
followed by minor peaks eluting at the position
of B1B2-dimers and Bl-chains (Fig. 1F). A two-
step sandwich immunoassay using solid phase
MADb 4C12 and I affinity-purified iodinated
anti-P1 IgGs provided more efficient quantifica-
tion of B1B2-dimers. Two peaks of similar mag-
nitude (Fig. 1E) were noted with this method.
The first eluted in the laminin position and the
second in the heterodimer position. Thus, signif-
icant amounts of B1B2-dimers were produced
by the cell line.

Immunoeattachment Assays

The laminin material in gel filtration eluates
was immunoprecipitated with monoclonal anti-
bodies against laminin. These antibodies were
coupled to cyanogen bromide-activated
Sepharose 6MB so that immunoprecipitates
could serve as substrates for cell attachment
assays.

The specificity of the two antilaminin mono-
clonal antibodies is summarized in Table I. Nei-
ther reacted with the laminin E8 fragment. MAb
4C12 immunoprecipitated laminin and B1B2-
dimers by interacting with an epitope located on
the laminin P1 fragment. MAb 2D8 interacted
with an epitope on the laminin Bl-chain. This
epitope was probably located near the NH2 ter-
minus of the chain, since the antibody did not
react with laminin P1 or E8 fragments. Because
they recognize different epitopes, these antibod-
ies did not compete for laminin binding (data
not shown). The antibodies did not interfere
with attachment on laminin of the rat RMS cell
line, which interacts preferentially with the lami-
nin E8 fragment (data not shown).

After incubation with purified EHS laminin,
MADb-Sepharose 6MB beads revealed efficient
attachment substrates for RMS cells. As shown
in Figure 2, cell attachment was dependent on
the amount of laminin reacted with the immu-
nosorbents. The sensitivity of the assay is dem-
onstrated by the fact that after incubation with
200 ng/ml of laminin the amount of ligand cap-
tured was sufficient to support significant attach-
ment. Its specificity is shown by the facts that
cell attachment on laminin-immunobeads com-
plexes was blocked by polyclonal antibodies to
the laminin E8 fragment (Fig. 2) and that attach-
ment was minimal on untreated MAb-beads
(data not shown).
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Fig. 1. Gel filtration purification of the laminin species from
the PFHR9 cell line. Lysates of PFHR9 cells metabolically la-
belled with **S methionine were gel filtered on a Superose 6
column FPLC grade (0.9 x 28 cm), (left panel; A, C, E) or on
Superose 6 Prep grade (1.5 x 50 cm), (right panel; B, D, F).
Columns were eluted in PBS-EDTA (0.1 ml/min.) and 0.5 or 1
ml fractions were collected. A and B: An aliquot of each fraction
was immunoprecipitated with polyclonal antilaminin IgGs. The
unreduced precipitates were electrophoresed on 3-12% poly-
acrylamide SDS gels. Fluorograms of the gels are shown. Frac-
tion numbers are indicated under the lanes. The migration
position of laminin species (laminin: LAM, B1B2-heterodimers:
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B1B2, and B1 chain: B1) are indicated in margins. C and D:
Autoradiograms in A and B were scanned by transmission
densitometry. Absorbance related to laminin (open squares),
B1B2-heterodimers (closed squares), and B1 chains (open cir-
cles) is plotted as a function of fraction number. E and F:
Laminin-like-immunoreactive content in columns fractions de-
termined by two step sandwich immunoassay using solid phase
mab4C12, EHS laminin as standard and iodinated immunopuri-
fied antiP1 immunoglobulins (E) or by solution competition
immunoassay using polyclonal antilaminin IgGs and EHS lami-
nin as tracer and standard (F).
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TABLE I. Laminin MAb Epitope Mapping

2D8 4C12
Lam + + 1,2 3,4
Lam (Red and Alk)® 0 0 3
P1 0 + 1,2,3
E8 0 0 1,2,3
B1B2 + + 3,4
B1 + 0 4

*Reaction (+, positive; 0, negative) in 1, dotimmunoassay; 2,
enzyme linked immunoassay; 3, immunoblotting; 4, immu-
noprecipitation.

*Laminin reduced and alkylated.
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Fig. 2. Immunoattachment assay. Sepharose 6MB beads cou-
pled with antilaminin MAbs-4C12 (squares) or-2D8 (circles)
were reacted (18 h, 4°C} with various amounts of purified EHS
laminin (ng/incubation). After washing, 50 w! of beads were
incubated with 3 X 10° RMS S4T cells previously labelled with
**S methionine (1 x 10° dpm) {open symbols) or cells plus
anti-E8 antibody (5 pg) (closed symbols). After 1 h at 37°C,
incubates were centrifuged on a 28% Percoll cushion to sepa-
rate free cells from cells attached to the beads. Radioactivity
bound to the beads was measured (Dpm Bound). Assays were
run in triplicate and mean = SED is shown.

Attachment Properties of the PFHR9
Laminin Species

The attachment rates of RMS cells to MAb
4C12-Sepharose 6MB beads reacted with known
amounts of EHS laminin or with gel filtration
eluate of PFHR cell lysates were compared.

As shown in Figure 3 the immunoprecipitates
from fractions eluting at the laminin position
supported significant attachment. No attach-
ment was observed with fractions at the B1B2-
dimer position, despite the large quantity of
immunoreactive material precipitated as shown
by binding of **I-antiP1 IgGs.

A similar experiment was performed with ly-
sates of PFHRY cells metabolically labelled with
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Fig. 3. Attachment of RMS cells to MAb4C12 immunoprecipi-
tates from a gel filtration eluate of PFHR9 cell lysate. A PFHR9
cell extract was gel filtered on Superose 6 (0.9 X 28 cm).
Fractions or EHS laminin standards were immunoprecipitated
with MAb4C12-Sepharose 6MB beads (0.5 ml). After washing,
beads (0.1 ml) were incubated with RMS cells labelled with *S
methionine (1 h, 37°C) or with % affinity purified anti-P1
antibodies (2 h, 4°C). After washing on Percoll beads bound
radioactivity was measured. Attachment on column eluate
(striped bars) or laminin (closed bars) immunoprecipitates is
expressed as a percentage of input cells. Binding values of
anti-P1 antibody to EHS laminin immunoprecipitates were used
as references to calculate the amount of laminin-like material in
column fraction immunoprecipitates (curve with closed cir-
cles). Experiments were performed in duplicate and standard
error to the mean (SEM) (not shown) was less than 10%.

%S methionine. This label enabled the identifica-
tion of adhesion substrates by SDS-PAGE. MAb
4C12-Sepharose 6MB and MAb 2D8-Sepharose
6MB beads were used to select B1B2-dimers and
B1-chains respectively, (fraction 21 and 25, Fig.
1A,C,E). Significant amounts of S35-material
was precipitated, which showed a typical migra-
tion pattern for B1B2 dimers (Fig. 4C) and Bl
chain (Fig. 4F) by SDS-PAGE under reducing
and non-reducing conditions. In contrast to EHS
laminin, neither B1B2 or Bl immunoprecipi-
tates supported cell attachment (Fig. 4B,E). This
was not due to the amount of immunoreactive
ligands present, since binding of '*I-MAb 2D8
and ®l-affinity purified anti-P1 IgGs showed
respectively that large quantities of B1B2 dimers
and B1 chains were captured (Fig. 4A,D). These
data, which were confirmed in an independent
experiment, showed that the adhesive to immu-
noreactive activity was far superior for EHS
laminin than for B1B2 dimers or B1 chains.

To ascertain these findings, the specific activ-
ity for cell attachment of PFHR9 laminin and
B1B2-heterodimers was evaluated under dose-
response conditions.
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Fig. 4. Antigenic and cell adhesion properties of B182 dimers
or B1 chains compared with those of purified EHS laminin.
Sepharose 6MB beads coupled with Mab 4C12 (A, B, C) or with
Mab 2D8 (D, E, F) were incubated (18h, 4°C), respectively, with
B1B2 dimers or B1 chains (fraction 21 and fraction 25 in Fig. 1,
panels A, C, E). For comparative purposes each of the sorbents
was also incubated with EHS laminin at various concentration
(15, 7.5, and 3.5 pg). After the incubation beads were shared in
three parts to analyse the antigenic, the cell attachment proper-
ties, and the SDS-PAGE migration pattern of captured ligands. A
and D show the antigenic properties of the immunoprecipitates
analysed by binding of complementary I antibodies. Along
with this "I Mab 2D8 (A) and "I anti P1 1gGs (D) were
incubated (2h, 4°C) with Mab 4C12 and Mab 2D8 immunopre-
Cipitates, respectively. After the incubation and washing, the
amount of antibody bound to the beads was evaluated by v
scintillation counting and is expressed as a percentage of input

The binding curves obtained in radiocimmu-
noassays between **I-MAb 2D8 and MAb 4C12
beads incubated with varying amounts of EHS
laminin, PFHRY laminin, or B1B2-dimers were
dose dependent and parallel (Fig. 5A). This re-
sult was in agreement with the data in Table I
showing that the antibodies were directed to-
wards different epitopes present in all three

material. B and E: The cell attachment properties of the immu-
noprecipitates was evaluated by incubating the immunoprecip-
itates with RMS cells (5 x 10° cells, 1 h at 37°C) as indicated in
Figure 2. After washing on a Percoll cushion, the amount of cells
attached to the beads was evaluated by 8 scintillation counting
and is expressed as a percentage of the radioactivity contained
in input cells. Open bars and closed bars in panels A, B, D, and E
correspond to the antibody or cell attachment levels to EHS
laminin and B1B2 dimers or B1 chain immunoprecipitates,
respectively (mean value of duplicate experiments with a stan-
dard error less than 5%). C and F: Electrophoretograms of the
B1B2 and B1 chain immunoprecipitates analysed by SDS PAGE
under nonreducing (—) or reducing (+) conditions and fluorog-
raphy [numbers in margins correspond to the molecular weight
(kDa) and they point at the migration position of the laminin A
chain (400} and myosin (205)1.

molecules. Precise quantification of the material
assayed was therefore possible. As shown in
Figure 5B, a same specific activity was found for
PFHR9 laminin and £HS laminin when immu-
noreactivity of the substrates was related to
attachment activity. Attachment between RMS
and B1B2 heterodimers was significant only at
the highest compound dose. In terms of weight,
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Fig. 5. Specific activity for RMS cell attachment to PFHR9 laminin and B1B2-heterodimers. Serial dilutions of EHS

laminin 7 pg (white squares), PFHR9 laminin (white circles) and B1B2-heterodimers (black squares) were reacted
with MADb 4C12 Sepharose 6MB beads. After washing, beads were incubated (1h, 37°C) with RMS cells labeled with
S methionine (15 x 10* cells) or with I-MAb 2D8 (2h, 4°C). After incubation and washing on Percoll, bead-bound
radioactivity was counted. A: Binding levels of **I-MAb 2D8 to MAb4C12 immunoprecipitates. B: Cell attachment
specific activity. Experiment was run in triplicate and standard error deviation were less than 10%.

adhesion between RMS and B1B2-heterodimers
was 12 times less than between RMS and PFHR9
or EHS laminin.

DISCUSSION

We compared the cell attachment properties
of PFHRSY laminin, B1B2-heterodimers, and B1-
chains after purification by gel filtration and
immunoprecipitation with antilaminin mono-
clonal antibodies coupled to Sepharose 6MB
beads. Immunoprecipitated ligands, quantified
by binding with complementary anti-laminin
antibodies, were used as substrates for cell at-
tachment.

A high cell attachment was consistently ob-
served with PFHR9 laminin immunoprecipi-
tates. The specific activity for attachment to
EHS and PFHR9 laminins did not differ signifi-
cantly. In contrast, hardly any attachment to
B1B2-dimers or Bl-chains occurred. The spe-
cific activity for attachment between RMS and
B1B2-heterodimers was at least 24 times lower
on a molar basis than between RMS and lami-
nin. However, attachment to B1B2-dimers was
probably overestimated, since gel filtration was
only 90% efficient in separating dimers from
laminin. Thus, contamination by laminin was
sufficient to explain the low attachment levels,
despite large quantities of heterodimers. Alto-
gether these data suggest that B1B2-dimers lack
the adhesive function of laminin.

Pulse-chase analysis of laminin biosynthesis
in the PFHR9 cell line and in other laminin
producing cell lines as well indicated that B-chain
incorporation in laminin proceeds via the forma-
tion of heterodimers which rapidly associate with
available A-chains [21-23]. The process is
thought to be stochiometrie and excess dimers
remain free. Therefore, heterodimers may be
considered as unassembled intermediates of
laminin biosynthesis. Their lack of adhesive ac-
tivity implies that the heterotrimeric configuration
is essential to the adhesive function of laminin.

Our study was conducted with a rat rhabdo-
myosarcoma cell line highly sensitive to laminin
for cell attachment. This attachment did not
involve homotypic interaction with cell surface
laminin [16] or heterotypic association with cell
surface heparansulfate proteoglycans (it was not
modified when laminin substrates or substrates
and cells were incubated with heparin up to 50
mg/ml [J.C. Lissitzky, unpublished data]). Fur-
thermore, the cells attached 20 times more effi-
ciently to E8 substrates than to P1 coatings and
attachment on EHS laminin was blocked by
anti-E8 IgGs, but not by anti-P1 antibodies [16].
Thus, laminin mediated adhesion of these cells
was mainly dependent on interaction with a
domain in the E8 fragment. Therefore, it is
likely that the heterotrimeric requirement for
laminin adhesive function applies to the attach-
ment domain in the E8 fragment.
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Expression of laminin genes is non-coordi-
nated. It has been shown that B-chain genes are
expressed earlier during development than
A-chain genes [25]. This observation has been
particularly well documented in the developing
kidney, where B-chain expression predominates
until differentiation occurs [26-28]. A-chain ex-
pression is triggered when kidney is induced to
differentiate and it is contemporaneous with
epithelium polarization and basement mem-
brane production. Klein et al. [27] showed that
polarization can be blocked by antibodies to the
Jaminin E8 fragment. These findings suggest
that the morphological events associated with
differentiation implicate the long arm of lami-
nin, which becomes functional the moment
A-chains are expressed. Our finding that the
heterotrimeric configuration is essential to the
adhesive function of E8 is consonant with these
observations, since the morphological function
of laminin could conceivably involve adhesion
receptors and cytoskeleton remodeling to some
extent.

Two non-exclusive hypothesis may be put for-
ward to explain the lack of adhesion with B1B2-
dimers.

A first, straightforward one would be that one
or more A-chain sequences are critical for cell
attachment. This hypothesis is corroborated by
the recent discovery that a C-terminal A-chain
peptide sequence IKVAV supports attachment
and spreading of a number of cell lines [29]. Also
relevant in this regard are the facts that the
P22-3 form of the peptide was found highly
adhesive with RMS cells and that the cell lines
most reactive with E8, such as RMS, were the
most responsive to IKVAV as shown by attach-
ment assays under dose-response conditions
(J.C. Lissitzky, unpublished data). Further-
more, the laminin E8 fragment may contain
A-chain related attachment sites other than the
IKVAV sequence. Indeed, two A-chain depen-
dent adhesion sites have been located in the rod
and the terminal globular domain of E8 respec-
tively [30]. Also, the findings that IKVAV binds
to a 68,000 Dalton protein in hepatocytes [31]
and that E8 mediated attachment of epithelial
cells is blocked by monoclonal antibodies to the
integrin a6 chain [32] may be an indirect indica-
tion that they are multiple attachment sites in
the laminin long arm.

Alternatively, however, it is possible that
B-dimers or A-chain exhibit latent adhesion sites
which become functional due to conformational

changes occurring when heterodimers associate
with the A-chain. This explanation would fit
with the fact that denaturating treatment abol-
ishes the adhesive function of both laminin and
E8 [13,30,33], an observation suggesting that
attachment domains are conformationally posi-
tioned in native molecules. In support with this
hypothesis Deutzmann et al. have been able to
obtain a highly adhesive complex by recombin-
ing two biologically inactive polypeptides puri-
fied from trypsin digests of the laminin E8 frag-
ment which corresponded, respectively, to the
C-terminus of the A chain and to disulfid linked
C-terminals of the B1 and B2 chain [30]. These
data converge with our finding to indicate that
the heterotrimeric configuration (i.e., dimer to
A-chain association) is essential to the adhesive
function of laminin.

REFERENCES

—

. Vlodavsky I, Gospodarowicz D: Nature 289:304, 1981.

2. Ocalan M, Goodman SL, Kiithl U, Hauschka SD, Von der
Mark K: Dev Biol 125:158, 1988.

3. Goodman SL, Newgreen D: EMBO J 4:2769, 1985,

4. Timpl R, Rohde H, Robey PG, Rennard SI, Foidart JM,
Martin GR: J Biol Chem 254:9933, 1979.

5. Baron van Evercooren A, Kleinman HK, Ohno S, Maran-
gos P, Schwartz JP, Dubois-Daleq M: J Neurosci Res
8:179, 1982.

6. Odermatt E, Furthermayr H, Timpl R, Rohde H, Ott U,
Engel J: In Kihn K. Schéne H, Timpl R (eds): “New
Trends in Basement Membrane Research.” New York:
Raven Press: 1982, p 79.

7. Cooper AR, Kurkinen M, Taylor A, Hogan BLM: Eur J
Biochem 119:189, 1981.

8. Wang SY, Gudas LJ: Proc Natl Acad Sci USA 50:5880,
1983.

9. Barlow DP, Green NG, Kurkinen M, Hogan LM: Embo
J 3:2355, 1984,

10. Durkin ME, Philips SL, Chung AE: Differentiation 32:
260, 1986.

11. Sasaki M, Kato S, Kohno K, Martin GR, Yamada Y: Proc
Natl Acad Sci USA 84:935, 1987.

12. Sasaki M, Kleinman HK, Hubert H, Deutzmann R,
Yamada Y: J Biol Chem 263:16536, 1988.

13. Goodman SL, Deutzmann R, Von Der Mark K: J Cell
Biol 105:589, 1987.

14. Aumailley M, Nurcombe V, Edgar D, Paulsson M, Timpl
R: J Biol Chem 262:11532, 1987.

15. Dillner L, Dickerson K, Manthorpe M, Ruoslahti E,
Engvall E: Exp Cell Res 177:186, 1988.

16. Lissitzky JC, Bouzon M, Loret E, Poupon MF, Martin
PM: Clin Exp Metastasis 7:469, 1989.

17. Rao CN, Margulies IM, Tralka TS, Terranova VP, Madri
A, Liotta, LA: J Biol Chem 257:9740, 1982.

18. Nurcombe V, Aumailley M, Timpl R, Edgar D: Eur J
Biochem 180:9, 1989.

18. Paulsson M, Deutzman R, Timpl R, Dalpozzo D, Oder-
matt E, Engel J: EMBO J 4:309, 1985.

20. Edgar D, Timpl R, Thoenen H: EMBO J 3:1463, 1984.



21.

22.

23.
24.
25.

26.
217.

Structure—Function in Laminin Mediated Adhesion

Morita A, Sugimoto F, Kitaagawa Y: Biochem J 229:
259, 1985.

Peters BP, Hartle RJ, Krezsicki RF, Kroll TG, Perini F,
Balun JE, Goldstein IJ, Rudden R: J Biol Chem 260:
14732, 1985.

Lissitzky JC, Charpin C, Bignon C, Bouzon M, Kopp F,
Delori P, Martin PM: Biochem J 250:843, 1988.

Chung AE, Foreman TLG, Brazinski J: Biochem Bio-
phys Res Commun 79:859, 1977.

Cooper A, MacQueen HA: Dev Biol 96:467, 1983.

Holm K, Risteli L, Sariola H: Cell Diff 24:223, 1988.
Klein G, Langegger M, Timpl R, Ekblom P: Cell 55:331,
1988.

28.

29.

30.

31.

32.

33.

149

Ekblom M, Klein G, Mugrauer G, Fecker L, Deutzmann
R, Timpl R, Ekblom P: Cell 60:337, 1990.

Tashiro K, Sephel GC, Weeks B, Sasaki M, Martin GR,
Kleinman HK, Yamada Y: J Biol Chem 264:16174,
1989.

Deutzmann R, Aumailley M, Wiedmannn H, Pysny W,
Timpl R, Edgar D: Eur J Biochem 191:513, 1990.
Clement B, Segui-Real B, Savagner P, Kleinmann HK,
Yamada Y: J Cell Biol 110:185, 1990.

Aumailley M, Timpl R, Sonnenberg A: Exp Cell Res
188:55, 1990.

Bouzon M, Dussert Ch, Lissitzky JC, Martin PM: Exp
Cell Res 47:56, 1990.





