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The Integrin o634 Is a Laminin Receptor

Edward C. Lee, Margaret M. Lotz, Glenn D. Steele, Jr., and Arthur M. Mercurio
Laboratory of Cancer Biology, Deaconess Hospital, Harvard Medical School, Boston, Massachusetts 02115

Abstract. In this study, the putative laminin receptor
function of the w684 integrin was assessed. For this
purpose, we used a human cell line, referred to as
clone A, that was derived from a highly invasive, co-
lon adenocarcinoma. This cell line, which expresses
the 664 integrin, adheres to the E8 and not to the
Pl fragment of laminin. The adhesion of clone A cells
to laminin is extremely rapid with half-maximal adhe-
sion observed at 5 min after plating. Adhesion to
laminin is blocked by GoH3, an a6 specific antibody
(60% inhibition), as well as by A9, a 84 specific
antibody (30% inhibition). Most importantly, we
demonstrate that 634 binds specifically to laminin-

Sepharose columns in the presence of either Mg?* or
Mn?* and it is eluted from these columns with EDTA
but not with NaCl. The o684 integrin does not bind
to collagen-Sepharose, but the o251 integrin does
bind. Clone A cells do not express «681 as evidenced
by the following observations: (a) no Sl integrin is de-
tected in 81 immunoblots of GoH3 immunoprecipi-
tates; and (b) no 681 integrin is seen in GoH3 im-
munoprecipitates of clone A extracts that had been
immunodepleted of all 34 containing integrin using
the A9 antibody. These data establish that laminin is a
ligand for the 634 integrin and that this integrin can
function as a laminin receptor independently of «681.

matrix proteins, is mediated by multiple integrins

(Hynes, 1987; Albeda and Buck, 1990). To date, at
least five different integrins olB1, o281, a381, 641, and
avf33 are widely accepted as having laminin receptor func-
tion on the basis of two criteria: (a) they bind to laminin
affinity columns in a divalent cation dependent manner; and
(b) mAbs specific for their « and 8 subunits block adhesion
to laminin (reviewed in Mercurio and Shaw, 1991). Many
cells that have been examined express more than one of these
laminin-binding integrins, though the functional significance
of this apparent redundancy is unclear.

Of all the known laminin binding integrins, o631 appears
to play a preeminent role in mediating laminin adhesion in
a variety of cell types (Sonnenberg et al., 1988, 1990; Shaw
etal., 1990; de Curtis et al., 1991; Kramer et al., 1990; Hall
et al., 1990; Elices et al., 1991; Shimizu et al., 1990,
Cooper et al., 1991). The only ligand that has been identified
for this integrin is laminin (Kramer et al., 1990; Elices et
al., 1991). In contrast, all of the other known laminin-bind-
ing integrins are capable of binding more than one matrix
protein (Mercurio and Shaw, 1991). Additional evidence for
the key role of this integrin comes from studies on cells such
as macrophages (Shaw et al., 1990) and some types of neu-
rons (de Curtis et al., 1991) whose ability to adhere to laminin
is regulated by physiological and developmental conditions.
In such cells, it appears that a posttranslational mechanism
regulates the laminin binding function of the a631 integrin
(Shaw et al., 1990; de Curtis et al., 1991; Shimizu et al.,
1990; Neugebauer and Reichardt, 1991). The nature of this
mechanism is an issue of considerable interest at present.

CELL adhesion to laminin, as well as other extracellular

© The Rockefeller University Press, 0021-9525/92/05/671/8 $2.00
The Journal of Cell Biology, Volume 117, Number 3, May 1992 671-678

The function of the a:6 integrin subunit has been compli-
cated by the finding that this subunit can also associate with

et al., 1989). The 84 subunit is expressed primarily on epi-
thelial cells and their oncogenically transformed derivatives,
although it also found in endothelial and some neuronal cells
(reviewed in Quaranta and Jones, 1991). An obvious ques-
tion, based on the behavior of 641, is whether 634 can
function as a laminin receptor, and, if so, whether this func-
tion differs from the regulated behavior of «681. This ques-
tion has caused considerable controversy in the recent litera-
ture. Although we reported that «684 can function as a
laminin receptor on colon carcinoma cells based on the abil-
ity of an a6 specific antibody to block adhesion (Lotz et al.,
1990), this function for €634 has not been widely accepted.
Several papers have concluded, for example, that the ligand
for 684 must be distinct from that of «681 (Sonnenberg et
al., 1990) and have emphasized that «634 has not been
shown to bind laminin affinity columns (Deluca et al., 1990;
Quaranta and Jones, 1991). One tacit assumption in many of
these studies has been that the o6-dependent adhesion of
cells that express «634 is mediated by low levels of 2631 and
not «634. Moreover, recent studies on 634 have not ad-
dressed this laminin receptor function directly, but have fo-
cused on its function in stratified epithelial cells such as ker-
atinocytes (Carter et al., 1990; Quaranta and Jones, 1991;
Sonnenberg et al., 1991; Stepp et al., 1990). These groups
have postulated that 684 may play a critical role in the as-
sembly and maintenance of hemidesmosomes. This integrin
is localized along the basal surface of keratinocytes suggest-
ing its probable function in cell to basement membrane inter-
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action. However, the speculation in these studies is that ker-
atinocyte o654 binds to a basement membrane component
other than laminin, although a laminin receptor function has
not been excluded. The current opinion of a laminin receptor
function for w684 is exemplified by a statement contained
in a recent commentary on this subject (Quaranta and Jones,
1991): “the scanty published information neither conclu-
sively supports nor formally disproves laminin as a ligand for
«b6B4”

The ambiguities associated with a laminin receptor func-
tion for the 634 integrin prompted us to examine this issue
in more detail. For this purpose, we used a human cell line,
referred to as clone A, that was derived from a highly inva-
sive colon adenocarcinoma. This cell line, which expresses
a6 in association with 34 and not 31, adheres extremely rap-
idly to the E8 fragment of laminin. The data obtained estab-
lish that laminin is a ligand for the 634 integrin and that
this integrin can function as a laminin receptor.

Materials and Methods

Cells

The clone A cell line obtained from Dr. D. Dexter (Du Pont, Wilmington,
DE) was derived from a poorly differentiated human colon adenocarcinoma
(Dexter et al., 1979). The in vitro morphology and growth characteristics
of this cell line have been described previously (Dexter et al., 1979; Daneker
et al., 1989). The RKO cell line derived from a human rectal carcinoma
was provided by M. Brattain (Boyd et al., 1988). NIH:OVCAR-3 cells
which were derived from a human ovarian carcinoma were obtained from the
American Type Tissue Collection (Rockvilie, MD). Cells were grown in
RPMI-1640 supplemented with 10 mM Hepes, 10% FCS, 2 mM L-glutamine,
and 50 mg/L streptomycin and then maintained at 37°C in a 5% CO; at-
mosphere. All media components were purchased from Gibco Laboratories
(Grand Island, NY).

Laminin

Laminin was purified from the Englebreth-Holm-Swarm (EHS)' murine
sarcoma following a published protocol (Kieinman et al., 1982). Proteolytic
fragments of EHS laminin (Nurcombe et al., 1989) were a generous gift
of Rupert Timpl (Max-Planck Institute, Martinsried, Germany).

Antibodies

The rat mAb GoH3 (anti-a6; Sonnenberg et al., 1987) was purchased from
Amac (Westbrook, ME) or the Central Lab of the Netherlands Red Cross
(Amsterdam). The mouse mAb UM-A9 (anti-34; Van Waes et al., 1991)
was provided by T. Carey (University of Michigan, Ann Arbor, MI). The
mouse mAb 3El1 (anti-34) was purchased from Telios (San Diego, CA). The
rat mAb AIIB2 (anti-g1; Werb et al., 1989) was provided by C. Damsky
(University of California, San Francisco, CA). The mouse mAb PIHS (anti-
«2; Wayner and Carter; 1987) was a gift of E. Wayner. The ICAM-1 specific
mouse mAb CBRICI, provided by T. Springer (Harvard Medical School,
Cambridge, MA), was used as an IgG2a control for the experiments involv-
ing antibody inhibition of laminin adhesion. Rabbit antiserum specific for
the COOH terminus of the 81 integrin subunit was provided by R. Hynes
(Massachusetts Institute of Technology, Cambridge, MA) (Marcantonio
and Hynes, 1988).

Adhesion Assays

The adhesion assays (shown in Fig. 1) were performed as described previ-
ously (Lotz et al., 1990). The antibody inhibition assays (shown in Fig. 2)
were done as follows. Microtiter plates (48 well; Costar, Cambridge, MA)
were coated overnight with either laminin (10 ug/ml) or collagen I (40
ug/ml). Cells were detached from tissue culture flasks with EDTA (0.5 mM)

\. Abbreviation used in this paper: EHS, Englebreth-Holm-Swarm.
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in PBS and resuspended in RPMI-H containing 1% BSA. Detached cells
were pre-incubated with specific mAbs for 30 min at room temperature with
gentle agitation. Subsequently, cells (10°) were plated in the protein-coated
microtiter wells, and the plates were incubated for 20 min at 37°C. The
wells were then washed three times with RPMI-BSA and the adherent cells
were detached using a solution of trypsin (0.5%) and EDTA (0.5 mM) in
PBS. A Coulter Counter (Coulter; Hialeah, FL) was used to count the num-
ber of adherent cells.

Cell Surface Labeling

Tissue culture dishes (150 mm) containing confluent cells were detached
using 0.5 mM EDTA in PBS. The cells (I-2 X 10% were washed three
times with PBS containing 40 mM 8 D-glucose. The pellet was resuspended
in 2 ml of the PBS/glucose buffer and the cells were then surface radiola-
beled using the lactoperoxidase/'2°I method at 4°C as described previously
(Lotz et al., 1990). Radiolabeled cells were solubilized in SO mM Tris-HCl
buffer, pH 7.4, containing 200 mM octyl-3-p-glucopyranoside (Boehringer
Mannheim Biochemicals, Mannheim, Germany), 2 mM phenylmethylsul-
fonyl fluoride (PMSF), 1 mM each of aprotinin, leupeptin, pepstatin, and
5 mM of the appropriate divalent cation. After 10 min, the extract was cen-
trifuged at 14,000 g for 15 min and the supernatant was either used for im-
munoprecipitation directly or loaded onto ligand Sepharose columns.

Affinity Chromatography

Columns were prepared by conjugating Sepharose 4B to purified laminin
(Kleinman et al., 1982) or collagen type I (Upstate Biotechnologies, Lake
Placid, NY) at a ratio of 4 mg protein/ml Sepharose as previously described
(Woo et al., 1990). The columns were equilibrated at 4°C with running
buffer (50 mM Tris-HC!, 50 mM octyl-3-p-glucopyranoside, 2 mM PMSF,
and the appropriate concentration of divalent cations). Cell extracts were
loaded on the columns and allowed to interact with the matrix for a mini-
mum of 6 h at 4°C. The columns were then washed extensively with the
running buffer. Subsequently, the columns were washed sequentially with
running buffer containing 0.2 M lactose, 0.2 M NaCl, 10 mM EDTA, and
1 M NaCl. One column volume fractions (1 ml) were collected, acetone
precipitated, and analyzed by 8% SDS-PAGE under reduced conditions fol-
lowed by autoradiography.

Immunoprecipitations

Selected fractions from affinity chromatography separations were immuno-
precipitated with integrin antibodies. Briefly, aliquots (0.5 ml) were
“precleared” for 2 h at 4°C with either goat anti-rat IgG agarose (Sigma
Chemical Co., St. Louis, MO), protein G-agarose (Pharmacia Fine Chemi-
cals, Piscataway, NJ), or protein A-agarose (Bochringer Mannheim Bio-
chemicals). After removal of the nonspecifically bound immune complexes
by centrifugation, the integrin antibodies were added to the supernatant and
incubated overnight at 4°C. For these experiments, 4 ug of purified GoH3
were added to 0.5 ml of pre-cleared extract, and AIIB2 hybridoma superna-
tant was used at a dilution of 1:10. Subsequently, anti-rat IgG was added for
2 h at 4°C. The agarose beads were then washed four times with 10 mM
Tris-HC], pH 80, containing 0.1% Triton X-100, and 0.15 M NaCl, once
with 0.05 M Tris-HCI, pH 6.8, and finally resuspended in Laemmli sample
buffer and incubated at 100°C for 5 min, with §% 2-mercaptoethanol. After
separation of the polypeptides by 8% SDS-PAGE, the dried gels were ex-
posed to X-OMAT RP film (Eastman Kodak Co., Rochester, NY). For im-
munoprecipitation using the A9 antibody, protein A-agarose (Boehringer
Mannheim Biochemicals) was used to capture the immune complexes
and for 3El precipitations, protein G-agarose (Pharmacia Fine Chemicals)
was used.

Immunoblotting

EDTA eluted samples (2.0 ml) of clone A cell extracts that had been frac-
tionated on laminin Sepharose were immunoprecipitated with GoH3 (16 ug)
or AIIB2 (1:10 dilution) as described above. The polypeptides were resolved
by 8% SDS-PAGE and transferred to nitrocellulose. The immunoreaction
was carried out by incubating with a 1:100 dilution of the polyclonal anti-
body for 81 integrin and the bound antibodies were visualized using a 1:300
dilution of peroxidase-conjugated goat anti-rabbit IgG (Boehringer Mann-
heim Biochemicals).
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Figure 1. (A) Time course of clone A adhesion to laminin and tissue culture plastic. Clone A cells were plated in triplicate in microtiter
wells that had either been coated with laminin (10 ug/ml) or left untreated, and incubated for the times indicated in the figure. For each
time point, adherent cells were fixed and quantitated as described in Materials and Methods. (B) Adhesion to E8 and P] proteolytic frag-
ments of laminin. Clone A and OVCAR cells were plated in microtiter wells that had been coated with 10 ug/ml of either the E8 or Pl
laminin fragment. After 90 min, the wells were washed and the assay processed as described above. The values shown are + SEM.

Results

Behavior of Clone A Cells on Laminin

Clone A cells, which were derived from a poorly differen-
tiated human colon adenocarcinoma (Dexter et al., 1979),
adhere avidly to laminin substrata (Danecker et al., 1988).
When plated on laminin-coated dishes, ~45% of the cells
adhere within 5 min and by 30-60 min maximal adhesion
(~90% of total cells) is seen (Fig. 1 @). In contrast, these
cells adhere poorly, if at all, to tissue culture plastic (Fig.
1 a) or fibronectin, although they do adhere well to collagen
I (Lotz et al., 1990). This rapid adhesion of clone A cells
to laminin is quite distinct from that which we observed for
less invasive carcinoma cell lines (Daneker et al., 1989), as
well as for other cell types including 3T3 fibroblasts, bovine
endothelial cells, PCI12 cells, and mouse macrophages (not
shown).

The ability of clone A cells to adhere to the major cell-
binding fragments of laminin (Nurcombe et al., 1989) was
also examined. As shown in Fig. 1 b, clone A cells adhere
only to the E8 fragment of laminin and not to the P1 fragment.
The P1 fragment, however, did promote the adhesion of
OVCAR cells, a human ovarian carcinoma cell line (Fig. 1 b).

Antibodies to the o6 and 34 Integrin Subunits Inhibit
Laminin Adhesion

Previously, we reported that antibodies specific for the a6,
«2, and S1 integrin subunits blocked clone A adhesion to
laminin (Lotz et al., 1990). In this study, we examined the
ability of the 84 specific mAb A9 (Kimmel and Carey, 1986;
van Waes et al., 1991) to inhibit laminin adhesion. This 84
antibody was obtained using an invasive squamous carci-
noma cell line (UM-SSC-1) that is similar to clone A cells
in its behavior on laminin and pattern of integrin expression

Lee et al. w684 Integrin Is a Laminin Receptor

(van Waes et al., 1991). A9 inhibited laminin adhesion by
~30% compared to the mouse IgG2a control (Fig. 2 a). In
contrast, the A9 antibody had no inhibitory effect on clone
A adhesion to collagen I. The ability of GoH3 to block adhe-
sion to laminin is shown in Fig. 2 b for comparison. This
a6 antibody yielded a 60% inhibition of laminin adhesion
in agreement with our previous study (Lotz et al., 1990).

«6834 Integrin Binds to Laminin Affinity Columns

Affinity chromatography was performed to assess the lami-
nin binding function of &634. Fig. 3 shows a representative
elution profile of surface radiolabeled clone A extracts frac-
tionated on a laminin-Sepharose column. Little, if any, pro-
tein was eluted from the column with 0.2M NaCl. However,
elution of the column with 10 mM EDTA yielded a distinct
protein band at 200 kD and a broad band that migrated at
130 to 160 kD.

The surface proteins that bound to laminin-Sepharose
were identified by immunoprecipitation of the column frac-
tions with integrin specific antibodies (Fig. 4). For these ex-
periments, laminin-Sepharose columns were eluted sequen-
tially with 0.2 M lactose, 0.2 M NaCl, 10 mM EDTA, and
finally 1 M NaCl. Lactose was included in the panel of elu-
tion buffers because of the report that «681 can interact
with laminin through a carbohydrate-dependent mechanism
(Chammas et al., 1991). Using the a6 specific antibody
GoH3, no proteins were detected in the lactose or NaCl frac-
tions, but in the EDTA fraction a major protein band was evi-
dent at 200 kD and other bands were seen at 180, 150, and
125 kD. This immunoprecipitation pattern is identical to the
pattern obtained after GoH3 precipitation of total cell ex-
tracts (see below). The intense band at 200 kD corresponds
to intact 84 subunit, and the minor bands at 180 and 150 are
proteolytic products of this subunit, an observation made ini-
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The faint band at 125 kD corresponds to the a6 subunit that
is recognized by GoH3. The presence of 34 in this fraction
was confirmed using 3El a B4 specific antibody that precipi-
tated the major 200-kD $34 subunit as well as the minor 180-
and 150-kD proteolytic products. The 81 specific antibody
AIIB2 precipitated two distinct proteins (155 and 130 kD)
from the EDTA fraction indicative of the o231 heterodimer
and in agreement with our previous study (Lotz et al., 1990).

We examined the specificity of «684 for Jaminin by using

123456789
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100 —

Figure 3. Laminin-Sepharose chromatography of radiolabeled clone
A extracts. Clone A cells were surface radiolabeled and detergent
extracts were fractionated on a laminin-Sepharose column as de-
scribed in Materials and Methods. Aliquots of the three 0.2 M NaCl
washes (lanes I-3), the three 10 mM EDTA washes (lanes 4-6),
and the final three 1 M NaCl washes (lanes 7-9) were precipitated
with acetone and analyzed by SDS-PAGE (8 %) under reducing con-
ditions and detected by autoradiography. Molecular weight markers
are shown in left hand margin.

The Journal of Cell Biology, Volume 117, 1992

Percent Cells Bound

LAMININ

100 7

80 1

60 Figure 2. Antibody inhibition
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Clone A cells were incubated
in the presence of A9 (20 ug/
ml), a $4 specific mAb, or a
control IgG2a (20 pg/ml) and
assayed for their ability to ad-
here to laminin or collagen I.
(B) The same experiment was
done using GoH3 (5 pg/ml),
an a6 specific antibody. Values
shown (+SEM) are percent
cells bound relative to cells
assayed without antibody.
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collagen-Sepharose. As shown in Fig. 5, most of the protein
that bound collagen eluted with EDTA and not with 0.2 M
NaCl. Immunoprecipitation with GoH3 revealed that no «6-
containing integrins bound to collagen. However, using
AIIB2 and PIH5 we observed that the o231 integrin binds
very well to collagen-Sepharose (Fig. 5) confirming the
results of our previous study (Lotz et al., 1990).

Because these data provide the first demonstration that
«684 can bind to laminin, we thought it important to com-
pare this binding to that of «681. Previous studies had
reported that o681 binding to laminin requires Mn** and
that little, if any, binding is observed in the presence of
Mg2* (Kramer et al., 1990). To determine the divalent cat-
ion specificity of a684, clone A extracts were fractionated
on laminin-Sepharose in buffers containing either Mg?* or
Mn?*, and the EDTA eluants were immunoprecipitated
with GoH3. As shown in Fig. 6, 634 binds laminin in either
Mg?*- or Mn?*-containing buffers.

Clone A Cells Express a634 and No Detectable 6831

The immunoprecipitation profiles shown in Fig. 4 indicate
that the o634 integrin binds to laminin in the absence of any
detectable a681 in agreement with our previous data on the
lack of 631 expression in clone A cells (Lotz et al., 1990).
In the present study, this finding was substantiated by two
different methods. GoH3 and AIIB2 immunoprecipitates of
EDTA-eluted samples from the laminin-Sepharose column
were immunoblotted with a 31 polyclonal antiserum (Fig. 7).
For this experiment, ~5 X 108 cells were used for each im-
munoprecipitation to maximize detection of any S1 in the
GoH3 immunoprecipitates. In this immunoblot, however, a
81 band is seen only in the AIIB2 precipitate and not in the
GoH3 precipitate (Fig. 7).

The second approach to detecting 681 in clone A cells
involved immunodepleting or “pre-clearing” a sample of
125]-labeled cells with the 34 antibody A9. This aliquot was
immunoprecipitated seven times with A9. This process re-
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moved all of the 34 integrins as evidenced by the fact that
no bands were evident after the fifth A9 precipitation (Fig.
8). Subsequently, this sample was immunoprecipitated with
either AIIB2 or GoH3. If a6(1 were present under these
conditions, it should have been detected in the GoH3 precipi-
tation of the 34 pre-cleared sample. However, as seen in Fig.

GoH3 AlIB2 PI1HS
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Figure 5. Collagen-Sepharose chromatography of radiolabeled
clone A extracts. Surface radiolabeled clone A extracts were frac-
tionated on a collagen I-Sepharose column. The column was eluted
with NaCl and EDTA as described for laminin-Sepharose in Fig.
4. Aliquots of the peak NaCl and EDTA eluted fractions were im-
munoprecipitated with either GoH3, AIIB2, or PIHS5. Immuno-
precipitates were resolved by SDS-PAGE (8 %) under reducing con-
ditions and detected by autoradiography. No protein bands were
immunoprecipitated with GoH3. Both the AIIB2 and PIHS (a2
specific) antibodies immunoprecipitated the 231 heterodimer.

Lee et al. w684 Integrin Is a Laminin Receptor

0.2M NaCl

AlIB2

Figure 4. Immunoprecipitation of
laminin-Sepharose column fractions.
Extracts of surface radiolabeled clone
A cells were fractionated on laminin-
Sepharose in the presence of 5 mM
Mn* and 5 mM Mg*. Subsequently,
the column was ¢luted sequentially
with 0.2 M lactose, 0.2 M NaCl, 10
mM EDTA, and 1 M NaCl. Aliquots
of each fraction were immunoprecip-
itated with either the GoH3 (a6 spe-
cific), AIIB2 (@ specific), or 3E1 (34
specific) mAbs. Immunoprecipitates
were resolved by SDS-PAGE (8%)
under reducing conditions and de-
tected by autoradiography. The speci-
fic integrin subunits that were im-
munoprecipitated are noted in the
margins.

10mM EDTA
1M NaCl

< «,

8, there is no evidence of any bands in the GoH3 precipitate
even after prolonged exposure. It is important to note that
the o281 and o381 integrins were immunoprecipitated with
AIIB2 from the same pre-cleared sample. Thus, the lack of
6031 expression cannot be attributed to a non-specific
depletion of Gl integrins by the exhaustive 34 pre-clearing.

RKO Cells Express Only a631

In our survey of the adhesive properties of various colon car-
cinoma cell lines, we found that RKO cells (Boyd et al.,
1988), adhere poorly to laminin (Fig. 9 a). This is particu-
larly evident when their adhesion to laminin is compared to
that of clone A cells (Fig. 9 a). This finding prompted us to
examine their expression of a6 integrins. Surface radiola-
beled RKO cells were immunoprecipitated with either an a6
specific (GoH3) or a 34 specific antibody (A9). As shown
in Fig. 9 b, GoH3 immunoprecipitated the 681 heterodimer
with no evidence of any «634. The absence of 34 expression
in RKO cells was confirmed by the A9 immunoprecipitation
because no detectable bands were precipitated with this anti-
body (Fig. 9 b). RKO cells do express o231 (not shown).

Discussion

The data presented in this report establish that laminin is a
ligand for the «6(34 integrin and that this integrin functions
as a laminin receptor on clone A cells. Because the laminin
binding ability of this integrin had not been demonstrated
previously, its ability to function as a laminin receptor had
been seriously questioned (reviewed in Quaranta and Jones,
1991). Our use of a cell line that has a strong avidity for lami-
nin and that expresses relatively high levels of the o684 inte-
grin probably facilitated the demonstration of its laminin
binding function. We also found that binding is very depen-
dent on the use of freshly prepared laminin-Sepharose sug-
gesting that the physical state or conformation of laminin is
critical for @634 binding. Although we cannot extend the
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Figure 6. Divalent-cation de-
pendency of «684 laminin
binding. Laminin-Sepharose
chromatography of radiola-
beled clone A extracts was per-
formed in the presence of either
5 mM Mg* or 5 mM Mn*.
Aliquots of the peak EDTA
eluted fractions were immu-
noprecipitated with GoH3,

100 — resolved by SDS-PAGE (8%)
under reducing conditions,
and detected by autoradiogra-
phy. The typical a634 elec-

695 trophoretic pattern is seen in

both Mg*- and Mn*-contain-
ing buffers.

conclusions of this paper to other cell types, it is likely that
634 functions as a laminin receptor on other 84-expressing
cells. For example, the marked expression of 634 in villus
cytotrophoblasts, which are attached to a basement mem-
brane, suggests a possible laminin receptor function (Dam-
sky etal., 1992). Of course, our data do not exclude the pos-
sibility that other ligands exist for «634.

One argument against a laminin receptor function for
a634 had been the observation that some cell lines which ex-
press a684 do not adhere to the E8 fragment of laminin
(Sonnenberg et al., 1990). This study concluded that the
ligand for «684 had to be distinct from that of «651 because
this integrin binds E8. In contrast to these results, we found
that clone A cells, which express o684, adhere only to the
E8 fragment and not to the P1 fragment of laminin. This ob-
servation suggests that both «681 and o634 bind to E8, and
that for clone A cells, at least, there is no need to postulate
a novel binding domain distinct from E8 to explain the lami-
nin receptor function of a634.

GoH3
AlIB2

200 —

' Figure 7. Immunoblot of laminin-
Sepharose fractions. The GoH3
and AIIB2 immunoprecipitated
EDTA fractions shown in Fig. 4
were resolved by SDS-PAGE
(8%) under reducing conditions,
transferred to nitrocellulose, and
blotted with a polyclonal 81 an-
tiserum. A prominent 81 band is
seen in the AIIB2 but not in the
GoH3 immunoprecipitate.

100 —

69 —
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100 —

Figure 8. Autoradiogram of immunodepleted clone A extracts. An
aliquot of surface radiolabeled clone A cells was immunoprecipi-
tated with the 34 specific antibody A9. This process was repeated
on the same sample an additional six times. The immune complexes
recovered after each of these immunoprecipitations (lanes /-7). Af-
ter the seventh immunoprecipitation, the sample was divided into
two aliquots and immunoprecipitated with either AIIB2 (lane 8) or
GoH3 (lane 9). Molecular weight markers are shown in the left
hand margin.

The possibility that the a6-dependent adhesion of clone A
cells to laminin is mediated entirely by «631 and not 634
is remote. The laminin affinity chromatography data in con-
junction with the inhibition of laminin adhesion by o6 and
B4 specific antibodies establish the laminin receptor func-
tion of a634. We found no evidence for «681 expression in
clone A cells either in this study or in a previous publication
(Lotz et al., 1990), and conclude that o6 associates exclu-
sively with 34 in these cells, although it is possible that trace
amounts of «681 are present in clone A cells that were not
detected by our experiments. In addition to this biochemical
evidence, a role for 681 in clone A adhesion to laminin is

A B RKO

GoH

600

_l 2N —
S0 o

400
W o> -

By
1) —

30

o

No. of Cells Bound

200

104

CLONE A RKO

Figure 9. (A) Comparison of Clone A and RKO laminin adhesion.
Clone A and RKO cells were plated in laminin-coated (10 pg/ml)
microtiter wells and the number of adherent cells bound after 60
min was determined as described in the legend to Fig. 1. Data
shown are + SEM. (B) Autoradiogram of RKO o6 integrin expres-
sion. RKO cells were surface radiolabeled and detergent extracts
were immunoprecipitated with either GoH3 or A9. Immunoprecip-
itates were analyzed by 8% SDS-PAGE under non-reducing condi-
tions. Molecular weight markers and the migration position of the
61 integrin are shown in the left hand margin.
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diminished by comparative data from other cell lines. We
have characterized colon carcinoma cell lines that express
both a634 and «651 or exclusively a681 (e.g., RKO cells
in Fig. 9) and that adhere to laminin with much slower ki-
netics than clone A cells (Daneker et al., 1989). In fact, RKO
cells adhere poorly to laminin even though they express both
«6P1 and o281. These findings suggest that the avidity of co-
lon carcinoma adhesion to laminin is determined by the ex-
pression of the «634 integrin. Indirect support of this possi-
bility comes from several studies that have correlated 34
expression with the invasive and metastatic behavior of tu-
mor cells (Falcioni et al., 1986; Kimmel and Carey, 1986;
Wolf et al., 1990). In particular, it is worth noting the com-
pelling report that 34 expression (A9 antigen) is a predictive
marker of the lethality of squamous cell carcinomas (Wolf
et al., 1990). In vitro studies by the same group have impli-
cated 634 as a squamous carcinoma laminin receptor based
on GoH3 inhibition of laminin adhesion and the lack of de-
tectable o681 expression (Van Waes et al., 1991).

The above observations raise several interesting questions
about the molecular basis of «6 and (4 integrin expression.
Most importantly, why does the a6 subunit associate exclu-
sively with 34 in some colon carcinoma cell lines and with
both 34 and Bl in other cell lines? One possibility is that
quantitative differences in 34 expression regulate a6 subunit
association. If 84 expression is in excess, then o634 is seen
exclusively. However, if 84 expression is limiting, then both
634 and o601 are observed. This possibility is supported
by the finding that o6 associates preferentially with 84 com-
pared to 31 (Hemler et al., 1989) and by the observation that
clone A and related cell lines express high levels of 34 (Hem-
leretal., 1989; Lee et al., unpublished). Another possibility
is that structural differences in either the 84 (Tamura et al.,
1990; Suzuki and Naitoh, 1990; Hogervorst et al., 1990) or
a6 (Tamura et al., 1990; de Curtis et al., 1991) subunits ac-
count for the different patterns of association observed. Al-
ternative splicing has been demonstrated for both the a6
(Cooper et al., 1991) and 34 subunits (Tamura et al., 1990).
It will be informative to compare these sequences in cell
lines that express solely «664 to those that express both
a634 and a681.

Clone A adhesion to laminin requires not only the o634
integrin but also a (1 integrin, o2831. The reason for at least
two distinct integrin laminin receptors is not apparent at
present. Because antibodies to either one of these integrins
will inhibit adhesion significantly, it may be that these two
integrins do not function in tandem but rather act sequen-
tially. All of the colon carcinoma cell lines that we have ex-
amined express a21, but differ in their relative expression
of @684 and a681. This suggests that the a6 subunit in as-
sociation with the appropriate 3 subunit plays a dominant
role in determining the ability of these cells to adhere to
laminin. In this scenario, the o231 integrin could stabilize
adhesion initiated by the a6 heterodimer. It is also possible
that ligation of the o6 heterodimer “activates” the laminin
binding function of «281. Though speculative, these possi-
bilities suggest strategies for studying adhesion that is medi-
ated by multiple integrins, a situation that appears to be the
rule rather than the exception (reviewed in Mercurio and
Shaw, 1991).

Finally, an important issue that needs to be addressed is
why a64 has not been shown to bind to laminin in other

Lee et al. a634 Integrin Is a Laminin Receptor

cell types. Although it remains a likely possibility that other
ligands exist for this integrin, it is unlikely that «684 func-
tions as a laminin receptor only on invasive carcinoma cells.
To explain this apparent discrepancy, it is worth considering
the possibility that the laminin binding function of «684 is
regulated. Several studies have concluded that the laminin
binding function of «631 is regulated by physiological stim-
uli (Shaw et al., 1990; L. M. Shaw and A. M. Mercurio.
J. Cell Biol. 115:131a; Shimizu et al., 1990) or during em-
bryonic development (de Curtis et al., 1991). This mode of
regulation that occurs in the absence of quantitative changes
in surface expression has been termed “post-translational”
regulation (de Curtis et al., 1991). In the case of macro-
phages, post-translational regulation of a681 function re-
quires protein phosphorylation and may, in fact, involve
phosphorylation of the a6 cytoplasmic domain (Shaw et al.,
1990; L. M. Shaw and A. M. Mercurio. J. Cell Biol.
115:131a). If similar mechanisms were involved in the regu-
lation of «6B34 function, it could be argued that the highly
tumorigenic clone A cells, which are known to have up-
regulated kinase activities, constitutively activate the lami-
nin binding function of this integrin. The observation that the
34 integrin is constitutively phosphorylated in clone A cells
(Lotz, M. M., and A. M. Mercurio, unpublished results)
supports this possibility. In marked contrast to the aggressive
interaction of clone A cells and other invasive carcinoma
cells with laminin, keratinocytes, for example, require rela-
tively long periods of time to form adhesive contacts with
the basement membrane. This adhesion, which involves the
formation of complex cytoskeletal structures, appears to be
tightly regulated (Carter et al., 1990; Quaranta and Jones,
1991; Sonnenberg et al., 1991; Stepp et al., 1990). Perhaps,
this regulation involves the latent activation of the laminin
binding function of «684. Along these lines, it is worth men-
tioning that, in macrophages, 681 will not bind to laminin
affinity columns unless the cells are physiologically stimu-
lated (L. M. Shaw and A. M. Mercurio. J. Cell Biol.
115:131a). These possibilities suggest that the regulation of
634 ligand binding should be examined carefully in specific
cell types before a laminin receptor function is excluded.

We thank Thomas Carey for his generous gift of the A9 antibody and
Rupert Timpl for providing us with proteolytic fragments of laminin. Many
helpful discussions were had with Leslie Shaw. Cynthia Korzelius provided
expert technical assistance.

This work was supported by National Institutes of Health Grants
CA44704 and CA42276. M. Lotz was funded by an NIH National Re-
search Service Award and A. Mercurio is the recipient of an American
Cancer Society Faculty Research Award.

Received for publication 6 August 1991 and in revised form 5 February
1992.

References

Albeda, S. M., and C. A. Buck. 1990. Integrins and other cell adhesion mole-
cules. FASEB (Fed. Am. Soc. Exp. Biol.) J. 4:2868-2880.

Boyd, D., G. Florent, P. Kim, and M. Brattain. 1988. Determination of the
levels of urokinase and its receptor in human colon carcinoma cell lines. Can-
cer Res. 48:3112-3116.

Carter, W. G., P. Kaur, S. G. Gil, P. J. Gahr, and E. A. Wayner. 1990. Distinct
functions for integrins o381 in focal adhesions and 684 bullous pemphigoid
antigen in a new stable anchoring contact (SAC) of keratinocytes: relation
to hemidesmosomes. J. Cell Biol. 111:3141-3154.

Chammas, R., S. S. Veiga, S. Line, P. Potocnjak, and R. R. Brentani. 1991.
Asn-linked oligosaccharide-dependent interaction between laminin and
gp120/140. An o681 integrin. J. Biol. Chem. 266:3349-3355.

677

0TO0Z ‘0T J2qwanoN uo Biossaidni gal woliy papeojumoq


http://jcb.rupress.org/

Published May 1, 1992

Cooper, H. M., R. N. Tamura, and V. Quaranta. 1991. The major laminin
receptor of mouse embryonic stem cells is a novel isoform of the 631 inte-
grin. J. Cell Biol. 115:843-850.

Damsky, C. H., M. L. Fitzgerald, and S. J. Fisher. 1992. Distribution patterns
of extracellular matrix components and adhesion receptors are intricately
modulated during first trimester cytotrophoblast differentiation along the in-
vasive pathway, in vivo. J. Clin. Invest. 89:210-222.

Daneker, G. W., Jr., A. J. Piazza, G. D. Steele, Jr., and A. M. Mercurio.
1989. Relationship between extracellular matrix interactions and degree of
differentiation in human colon carcinoma cell lines. Cancer Res. 49:681-
686.

de Curtis, 1., V. Quaranta, R. N. Tamura, and L. F. Reichardt. 1991. Laminin
receptors in the retina: sequence analysis of the chick integrin «6 subunit.
Evidence for transcriptional and posttranslational regulation. J. Cell Biol.
113:405-416.

De Luca, M., R. N. Tamura, S. Kajiji, S. Bondanza, P. Rossino, R. Cancedda,
P. C. Marchisio, and V. Quaranta. 1990. Polarized integrin mediates human
keratinocyte adhesion to basal lamina. Proc. Natl. Acad. Sci. USA. 87:
6888-6892.

Dexter, D. L., J. A. Barbosa, and P. Calabresi. 1979. N,N-Dimethylforma-
mide-induced alteration of cell culture characteristics and loss of tumori-
genicity in cultured human colon carcinoma cell lines. Cancer Res. 39:
1020-1025.

Elices, M. M., L. A. Urry, and M. E. Hemler. 1991. Receptor function for
the integrin VLA-3: fibronectin, collagen, and laminin binding are differen-
tially infiuenced by ARG-GLY-ASP peptide and by divalent cations. J. Cell
Biol. 112:169-181.

Falcioni, R., S. J. Kennel, P. Giacomini, G. Zupi, and A. Sacchi. 1986. Ex-
pression of tumor antigen correlated with metastatic potential of Lewis lung
carcinoma and B16 melanoma clones in mice. Cancer Res. 46:5772-5778.

Hall, D. E., L. F. Reichardt, E. Crowley, B. Holley, M. Moezzi, A. Sonnen-
berg, and C. H. Damsky. 1990. The «6/31 integrin heterodimers mediate
cell attachment to distinct sites on laminin. J. Cell Biol. 110:2175-2184.

Hemler, M. E., C. Crouse, and A. Sonnenberg. 1989. Association of the VLA
a6 subunit with a novel protein. J. Biol. Chem. 264:6529-6535.

Hessle, H., L. Y. Sakai, D. W. Hollister, R. E. Burgeson, and E. Engvall.
1984. Basement membrane diversity detected by monoclonal antibodies.
Differentiation. 26:49-54.

Hogervorst, F., I. Kuikman, A. E. G. Kr. von dem Borne, and A. Sonnenberg.
1990. Cloning and sequence analysis of 34 cDNA: an integrin subunit that
contains a unique 118kD cytoplasmic domain. EMBO (Eur. Mol. Biol. Or-
gan.) J. 9:765-770.

Hynes, R. O. 1987. Integrins: a family of cell surface receptors. Cell.
48:549-554.
from human epithelial cells suggests a fourth family of integrin adhesion
receptors. EMBO (Eur. Mol. Biol. Organ.) J. 8:673-680.

Kimmel, K. A., and T. E. Carrey. 1986. Altered expression in squamous carci-
noma cells of an orientation restricted epithelial antigen detected by a mono-
clonal antibody A9. Cancer Res. 46:3614-3623.

Kleinman, H. K., M. L. McGarvey, L. A. Liotta, P. G. Robey, K. Tryggvason,
and G. R. Martin. 1982. Isolation and characterization of type IV procolla-
gen, laminin, and heparan sulfate proteoglycan from the EHS sarcoma. Bio-
chemistry. 21:6188-6193.

Kramer, R. H., Y.-F. Cheng, and R. Clyman. 1990. Human microvascular en-
dothelial cells use 31 and 33 integrin receptors to attach to laminin. J. Cell
Biol. 111:1233-1244.

Lotz, M. M., C. A. Korzelius, and A. M. Mercurio. 1990. Human colon carci-
noma cells use multiple receptors to adhere to laminin: involvement of 634
and o2f1 integrins. Cell Regulation. 1:249-257.

The Journal of Cell Biology, Volume 117, 1992

Marcantonio, E. E., and R. O. Hynes. 1988. Antibodies to the conserved cyto-
plasmic domain of the integrin 31 subunit react with proteins in vertebrates,
invertebrates and fungi. J. Cell Biol. 106:1765~1772.

Mercurio, A. M., and L. M. Shaw. 1991. Laminin binding proteins. Bioessays.
13:469-473.

Neugebauer, K. M., and L. F. Reichardt. 1991. Cell-surface regulation of 81-
integrin activity on developing retinal neurons. Nature (Lond.). 350:68-71.

Nurcombe, V., M. Aumailley, R. Timpl, and D. Edgar. 1989. The high-affinity
binding of laminin to cells. Assignation of a major cell binding site to the
long arm of laminin and a latent cell-binding site to its short arms. Eur. J.
Biochem. 180:9-14.

Quaranta, V., and J. C. R. Jones. 1991, The internal affairs of an integrin.
Trends Cell Biol. 1:2-4.

Shaw, L. M., J. M. Messier, and A. M. Mercurio. 1990. The activation depen-
dent adhesion of macrophages to laminin involves cytoskeletal anchoring and
phosphorylation of the «631 integrin. J. Cell Biol. 110:2167-2174.

Shimizu, Y., G. A. van Seventer, K. J. Horgan, and S. Shaw. 1990. Regulated
expression and binding of three VLA (81) integrin receptors on T cells. Na-
ture (Lond.). 345:250-253.

Sonnenberg, A., H. Janssen, F. Hogervorst, J. Calafat, and J. Hilgers. 1987.
A complex of platelet glycoproteins Ic and Ila identified by a rat monoclonal
antibody. J. Biol. Chem. 262:10376-10383.

Sonnenberg, A., P. W. Modderman, and F. Hogervorst. 1988. Laminin recep-
tor on platelets is the integrin VLA-6. Nature (Lond.). 336:487-489.

Sonnenberg, A., C.J. T. Linders, P. W. Modderman, C. H. Damsky, M. Au-
mailley, and R. Timpl. 1990. Integrin recognition of different cell-binding
fragments of laminin (P1, E3, E8) and evidence that 631 but not a684 func-
tions as a major receptor for fragment E8. J. Cell Biol. 110:2145-2156.

Sonnenberg, A., J. Calafat, H. Janssen, H. Daams, L. M. H. van der Raaij-
Helmer, R. Falcioni, S. J. Kennel, J. D. Aplin, J. Baker, M. Loizidou, and
D. Garrod. 1991. Integrin «6/84 complex is located in hemidesmosomes,
suggesting a major role in epidermal cell-basement membrane adhesion. J.
Cell Biol. 113:907-917.

Stepp, M. A., S. Spurr-Michaud, A. Tisdale, J. Elwell, and L. K. Gipson. 1990.
684 integrin is a component of hemidesmosomes. Proc. Natl. Acad. Sci.
USA. 87:8970-8974.

Suzuki, S., and Y. Naitoh. 1990. Amino acid sequence of a novel integrin 34
subunit and primary expression of the mRNA in epithelial cells. EMBO (Eur.
Mol. Biol. Organ.) J. 9:757-763.

Tamura, R. N., C. Rozzo, L. Starr, J. Chambers, L. F. Reichardt, H. M.
Cooper, and V. Quaranta. 1990. Epithelial integrin a684: complete primary
structure of a6 and variant forms of 84. J. Cell Biol. 111:1593-1604.

Van Waes, C., K. F. Kozarsky, A. B. Warren, L. Kidd, D. Paugh, M. Liebert,
and T. E. Carey. 1991. The A9 antigen associated with aggressive human
squamous carcinoma is structurally and functionally similar to the newly
defined integrin a684. Cancer Res. 51:2395-2402.

Wayner, E. A., and W. G. Carter. 1987. Identification of multiple cell adhesion
receptors for collagen and fibronectin in human fibrosarcoma cells possess-
ing unique o and common 3 subunits. J. Cell Biol. 105:1873-1884.

Werb, Z., P. M. Tremble, O. Behrendsten, E. Crowley, and C. H, Damsky.
1989. Signal transduction through the fibronectin receptor induces col-
lagenase and stromelysin gene expression. J. Cell Biol. 109:877-889.

Wolf, G. T., T. E. Carey, S. P. Schmaitz, K. D. McClatchey, J. Poore, L.
Glaser, D. J. S. Hayashida, and S. Hsu. 1990. Altered antigen expression
predicts outcome in squamous cell carcinoma of the head and neck. J. Natl.
Cancer Inst. 82:1566-1572.

Woo, H-J., L. M. Shaw, J. M. Messier, and A. M. Mercurio. 1990. The major
nonintegrin laminin binding protein of macrophages is identical to carbohy-
drate binding protein 35 (Mac-2). J. Biol. Chem. 265:7097-7099.

678

0TO0Z ‘0T J2qwanoN uo Biossaidni gal woliy papeojumoq


http://jcb.rupress.org/

	The integrin alpha 6 beta 4 is a laminin receptor
	Let us know how access to this document benefits you.
	Repository Citation

	tmp.1289417365.pdf.jeXMk

