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Laminin, a noncollagenous extracellular matrix glyco-
protein, can serve as an attachment factor for epithelial
and endothelial cells to basement membrane collagen.
The authors have observed that inflammatory macro-
phages have the capacity to bind exogenous laminin in
a time-, temperature- and dose-dependent manner. The
laminin binds to these cells via a specific plasma mem-
brane receptor which is detectable on several macrophage
subpopulations as well as isolated macrophage mem-

branes. The isolated receptor is a trypsin-sensitive pro-
tein with an apparent molecular weight of 70,000 which
binds laminin with relatively high affinity, Kd =4 x 10~°
M. The inflammatory macrophages attach preferentially
to a substrate of laminin compared to Type I or Type IV
collagen. Thus, the authors postulate that during tissue
inflammation macrophages utilize the laminin receptor
to bind to vascular basement membranes. (Am J Pathol
1986, 123:365-370)

MONONUCLEAR phagocytes play an important role
in host defense against infectious agents and tumors.!
Although it has been speculated that cell surface prop-
erties of these phagocytes direct their accumulation at
sites of inflammation or tumor, little is known about
the molecular mechanisms involved. We have recently
found that mouse peritoneal macrophages express the
glycoprotein laminin on their surface.? This glycopro-
tein with a molecular weight of approximately 800,000
is a component of all basement membranes,* and is be-
lieved to mediate the attachment of a variety of nor-
mal endothelial and epithelial cells to basement mem-
brane collagen.** In addition, there is increasing
evidence that some metastatic tumor cells utilize lami-
nin as an attachment factor during the metastatic pro-
cess.®” We now report that in addition to displaying cell
surface laminin, macrophages have the ability to bind
exogenous laminin via a specific plasma membrane
receptor. We have isolated a molecule from these cells
(~~70,000 mol wt) which retains the ability to bind ex-
ogenous laminin with high affinity (Kd £ 4 x 10-° M).
The expression of this receptor may promote the inter-
action of these cells with vascular basement membranes,
with microbes at sites of inflammation,® and with malig-
nant tumor cells.®

Materials and Methods
Cell Isolations

The macrophages used in these studies were collected
by peritoneal lavage from 3-5 week-old C57BL/6J mice
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inoculated 4 days previously with 1 ml sterile thioglycol-
late (Difco, Detroit, Mich) intraperitoneally as previ-
ously described.? The cells were sedimented at 300g for
5 minutes at 4 C, and contaminating erythrocytes were
lysed by hypotonic shock with distilled water. The cells
were reconstituted in Hanks’ balanced salt solution,
washed twice in Dulbecco’s phosphate-buffered saline
(M.A. Bioproducts, Gaithersburg, Md) supplemented
with 1% bovine serum albumin (Sigma, Fraction V, St.
Louis, Mo) and adjusted to 1 x 10° cells/ml in this
buffer (PBS-1% BSA). In selected experiments we also
utilized macrophages isolated from mammary adeno-
carcinomas. These cells were generously provided by
Dr. Gloria Heppner, of the Michigan Cancer Founda-
tion in Detroit. The J774.1 a macrophage-like cell line,
were cultured in suspension in RPMI-1640 supple-
mented with 10% fetal bovine serum and antibiotics.?

Cell Binding of Laminin

Laminin was isolated from the EHS tumor by the
method of Timpl et al,*® and the purity was verified by
SDS polyacrylamide gel electrophoresis on 5% gels.!!
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The purified laminin was radiolabeled with *2°I by the
lactoperoxidase method to a specific activity of 4
nCi/ug as previously described.'? Total laminin bind-
ing to cells was assessed by incubating 5 x 10° cells
in 200 pl of PBS-1%BSA containing '**I-laminin (5
X 10° cpm/100 ul). The tubes were incubated for the
indicated time and temperatures, centrifuged for 8
minutes at 300g, washed three times with cold (4 C)
PBS-1% BSA, and counted in a gamma counter. For
determination of specific laminin binding, cells were
incubated as above but with the addition of a 100-fold
excess of nonradioactive laminin (10 pg/ml). The
amount of laminin specifically bound was calculated
as the difference between total counts per minute bound
in the absence and the presence of the unlabeled lami-
nin and represented 50-70% of the total laminin bound.

Isolation of the Laminin Receptor

To isolate the specific laminin binding molecule, 1.5
X 107 cells were treated with 2 ml of extraction buffer
containing 0.5 M NaCl, 50 pg/ml N-ethylmaleamide
(NEM), 50 pg/ml phenylmethysulfonylfiuoride (PMSF),
and 1% Nonidet P-40. The cells were sonicated and in-
cubated with stirring overnight at 4 C. The cell extract
was then sedimented at 1300g for 15 minutes at 4 C for
removal of debris, and the supernatant was dialyzed
against buffer containing 0.5 M NacCl, 0.1 M NaHCO,,
50 ug/ml PMSE, 50 ug/ml NEM, pH 8.3. Five milliliters
of the extract was fractionated at 4 C by affinity chro-
matography on a column of laminin (10 mg) coupled
to Sepharose 4B (6 ml) as previously described.!* The
column was washed with 20 ml of buffer containing
0.5 M NacCl, 0.1 M NaHCO;, pH 8.3. The bound ma-
terial was eluted with 8 ml of buffer containing 0.1 M
glycine-HCI, pH 2.4, and the eluate was neutralized to
pH 7.0 with 1 M Tris. Samples containing 50 ug of pro-
tein were reduced by boiling with B-mercaptoethanol
and analyzed by electrophoresis on 7.5% SDS-poly-
acrylamide gels.!! Trypsin sensitivity of the eluted ma-
terial was determined by pretreatment with 10 pg tryp-
sin for 30 minutes at 37 C prior to gel electrophoresis.

Laminin Binding to the Isolated Receptor

To determine the parameters of laminin binding to
the isolated receptor, 1.0 ug of eluted protein was spot-
ted on each of replicate 6 mm disks of nitrocellulose
(8 n Millipore) and incubated for 60 minutes at 37 C
as already described.!* The disks were then placed in
PBS-3% BSA for 60 minutes at 37 C to allow protein
to bind to unoccupied sites on the nitrocellulose. The
disks were rinsed three times in PBS-3% BSA to re-
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move unbound protein. Indicated amounts of !25I-
laminin were then added to the disks with or without
a 100-fold excess of unlabeled laminin in a final vol-
ume of 50 pl. The disks were incubated for 90 minutes
at 37 C, washed with 1 ml PBS-3% BSA, and counted
in a gamma counter. Specifically bound laminin was
determined as the amount of total radioactivity bound
in the absence of cold laminin minus the radioactivity
bound in the presence of cold laminin. Specific bind-
ing represented approximately 80% of the total radio-
activity bound. The affinity of laminin for the isolated
receptor was determined by the method of Scatchard.**

Isolation of Macrophage Membranes

To verify that laminin binding to macrophages was
a cell surface phenomenon, we measured the specific
binding of laminin to isolated macrophage membrane
vesicles. The cells were collected as usual and lysed by
sonication at 4 C in PBS-1% BSA containing PMSF
(50 pg/ml) and NEM (50 pg/ml). The cell lysate was
sedimented in 0.3 M sucrose at 15,000g for 20 minutes
at 4 C. The supernatant was collected and sedimented
at 1C0,000g for 60 minutes at 4 C and the pellet recon-
stituted in PBS-1% BSA with PMSF and NEM to a
membrane concentration equivalent to 1 X 107 cells/ml.
Specific binding of laminin to the isolated membranes
was measured as described above for intact cells.

Macrophage Attachment to Laminin-Coated Plastic

Substrata of laminin-coated plastic were prepared by
allowing 0.5 ml of buffer (PBS-1% BSA) containing
laminin (20 pg/ml) to dry onto the surface of wells of
a 24-well microtiter tissue culture plate (Costar) at am-
bient temperature. Dried wells were then stored at 4 C
until used. Just prior to use, the wells were rinsed gently
with 1 ml of sterile H,O for removal of unbound mate-
rial. (With laminin labeled with 35S-Met at least 90%
of the protein was retained under these conditions.)
Control plates were treated in a similar manner with
buffer alone. For these experiments, the macrophages
were radiolabeled with Na,5'CrQO, as previously de-
scribed for malignant tumor cells.?® To assay for attach-
ment to the laminin-coated substrata, 5 x 10° cells (1
X 10°/ml in PBS-1% BSA) were incubated in each of
triplicate wells for varying time periods at ambient tem-
perature (25 C). At the indicated times, the nonadher-
ent cells were removed and the wells washed with cold
(4 C) PBS-1% BSA three times with gentle agitation.
The remaining adherent cells were lysed in 2% SDS,
1 M NaOH, neutralized with an equal volume of 1 M
HCI, and brought to 10 ml with Unogel scintillation
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Figure 1—Specific binding of laminin to macrophages. *?*I-laminin spe-
cifically bound is the total '25-laminin bound minus '2%l-laminin bound in
presence of a 100-fold excess of cold laminin. O, Laminin binding at 4 C;
N, at 37 C. Values represent the mean of triplicate samples from three
similar experiments (SEM < 10%).

fluid (Becton-Dickinson, Orangeburg, NY) for count-
ing. The percent of cells remaining attached were cal-
culated from the formula:

_cpm attached
total cpm added

% cells attached = x 100

In each experiment Type IV collagen and Type I colla-
gen were used for comparison of macrophage attach-
ment to other extracellular matrix components. Type
IV collagen was purified from the EHS tumor,® and
Type I collagen from rat tail tendons'® and 25 pug was

Table 1—Binding of '25]-Laminin to Macrophage Subpopulations
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Figure 2—Laminin binding to macrophges. '?l-Laminin binding in the ab-
sence (- -) or presence (@) of varying amounts of cold laminin. The shaded
area represents the amount of '2%l-laminin specifically bound at each con-
centration of cold laminin. Values represent the mean (x SEM) of tripli-
cate samples from one representative experiment.

dried onto tissue culture plates as described for the
laminin.

Results

To determine whether laminin could interact with the
plasma membrane of macrophages, we measured the
capacity of '?*I-laminin to bind to these cells. Specific
binding was calculated as the proportion of the total
laminin bound that could be displaced from the cell
surface by a 100-fold excess of unlabeled laminin. As

Cold laminin* Total cpmt Cpm specificallyt
Cell population added bound bound %
Inflammatory macrophage§ - 3420 + 310
+ 1390 + 89 2030 59%
J774.1l - 4532 + 14
+ 2802 + 265 1730 38%
Tumor macrophages1 - 3311 + 344
#168 + 1391 + 179 1920 58%
4552 + 405
#66 + 1982 + 216 2570 56%
- 4313 + 344
#4526 + 1771 + 126 2542 59%
Macrophage membranes** - 6800 + 340
+ 4045 + 203 2755 41%

* Binding of '?%|-laminin to macrophage subpopulations for 60 minutes at 4 C assayed with (+) and without (- ) excess purified cold laminin (100-fold

excess; 10 pg/ml).

t Mean counts per minute '%l-laminin bound/0.5 x 10° cells or cell equivalents.
% Total counts per minute bound (—) minus counts per minute bound in presence (+) of excess cold laminin.

Peritoneal macrophages isolated 4 days after thioglycollate injection.

J774.1 is a macrophagelike cell line obtained from ATCC and cultured in suspension in RPMI-1640 with 10% FCS and antibiotics.
1 Macrophages isolated by weak adherence to Teflon from murine mammary carcinomas: #66 and #4526 were isolated from highly metastatic tumors

and #168 from a low-metastatic tumor.

** Macrophage membranes isolated by ultracentrifugation of lysates of sonicated peritoneal macrophages.
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Figure 3—Characterization of laminin binding protein from macrophages.
Electrophoresis of reduced laminin binding protein on 7.5% polyacrylamide
gels (A), trypsin digested laminin binding protein (B), and molecular weight
standards (C), including myosin 200K, B-galactosidase 116K, phosphory-
lase B 96K, bovine serum albumin 66K, ovalbumin 45K, and carbonic an-
hydrase 29K.

shown in Figure 1, laminin specifically bound to the
macrophages in a time- and temperature-dependent
manner. At 4 C binding increased with time and reached
a plateau by 18 hours. In contrast, at 37 C, specific bind-
ing was high within 30 minutes, with a rapid decline
in binding after that period. As shown in Figure 2,
specific binding to the macrophages increased with the
addition of increasing amounts of exogenous laminin.
We observed a similar pattern of specific laminin bind-
ing to a macrophage-like cell line, J774.1, as well as to
macrophages isolated from several different metastatic
tumors (Table 1). In addition, we detected specific lami-
nin binding to isolated macrophage plasma membrane
vesicles (Table 1), which suggests that the laminin bind-
ing component is a cell surface receptor.

In order to isolate a moiety from the macrophages
responsible for laminin binding, the cells were extracted
in buffer containing 1% NP-40 detergent. The extract
was subjected to affinity chromatography on a column
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Figure 4—Laminin binding to isolated macrophage receptor. Scatchard
analysis of '2%|-laminin specifically bound to macrophage-derived laminin
receptor protein immobilized on nitrocellulose; Kd = 4 x 10 M.
Inset— Dose-response curve of the specific binding of '25l-laminin to the
isolated receptor protein.

of laminin coupled to Sepharose 4B. Bound material
was eluted with glycine-HCI, pH 2.4, and the eluate was
analyzed by SDS-gel electrophoresis (Figure 3). When
reduced, the sample produced a single band, ~70,000
mol wt when compared with known standards. This
laminin binding protein was completely degraded by
trypsin treatment into low-molecular-weight fragments.

The binding of exogenous laminin to the isolated
laminin receptor protein was studied by immobilizing
the receptor on nitrocellulose filter disks. After un-
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Figure 5—Macrophage attachment to extracellular matrix components. At-
tachment of 5 x 10° 5'Cr-labeled macrophages to plastic tissue culture
wells pretreated with buffer (A), 20 pg/ml laminin (1), 50 pg/ml Type IV
collagen (@) or 50 ug/mi Type | collagen (O). % Cells attached = cpm
attached =+ total cpm added x 100 for each time interval of incubation.
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bound sites on the nitrocellulose disks were blocked with
albumin, the disks were incubated with '?*I-laminin.
Again, specific laminin binding was determined in the
presence of a 100-fold excess of unlabeled laminin. As
shown in Figure 4 (inset), ***I-laminin bound specifically
to the isolated receptor in a concentration-dependent
manner. There was no inhibition by albumin or whole
serum (which contains fibronectin) for binding to the
laminin receptor (data not shown). Scatchard analysis of
laminin binding to the isolated receptor (Figure 4) was
consistent with a single class of high-affinity receptors
for laminin with a Kd £ 4 x 10™° M.

To determine whether the presence of the cell sur-
face laminin receptor could be utilized by the cells to
attach to basement membranes, we evaluated whether
the macrophages could attach to substrata of plastic
tissue culture wells coated with several extracellular ma-
trix components. As shown in Figure 5, at all time in-
tervals the macrophages exhibited preferential attach-
ment to laminin substrata, compared with the other
extracellular matrix components, including Type IV col-
lagen and Type I collagen.

Discussion

The mononuclear phagocytes, the monocytes and
macrophages, play an integral role in host defense
processes.! Their capacity to infiltrate sites of inflam-
mation and/or tumor are well documented. Our ob-
servation of the expression of cell-surface laminin on
stimulated macrophages suggests a putative role for this
basement membrane glycoprotein in macrophage func-
tion.? This has already been documented for another
extracellular matrix component, fibronectin.'’-'®* We
have more recently determined that exogenous laminin
can influence macrophage uptake and ingestion of
microorganisms® and can significantly promote the at-
tachment of malignant tumor cells to macrophages.®
Bohnsack et al have observed an influence of laminin
on the phagocytosis of erythrocytes as well.'® Our cur-
rent observations indicate that macrophages can inter-
act with laminin by a specific cell-membrane receptor.
Macrophages were shown to bind exogenous laminin
in a dose-, time-, and temperature-dependent manner.
Macrophage binding of laminin was optimal at 4 C.
At 37 C we observed diminished laminin binding with
time, and analysis of supernatants revealed that most
(>80%) of the laminin was shed from the cell surface
(not shown). This is similar to other macrophage recep-
tor-ligand interactions such as the Fc-receptor for IgG*°
or specific carbohydrate receptors?! which undergo rapid
ligand-induced catabolism at 37 C. We are currently
investigating whether this represents degraded laminin

MACROPHAGE LAMININ RECEPTOR 369

of laminin shed during ligand-induced endocytosis. We
also observed laminin binding to a macrophage-like cell
line (J774.1) and macrophages isolated from malignant
tumors. In addition, we have observed similar binding
of exogenous laminin to human peripheral blood mono-
cytes and polymorphonuclear leukocytes (not shown).

In our preliminary characterization of the receptor
molecule, we have verified that the receptor was a plasma
membrane protein, because it was detectable in mem-
brane vesicles prepared from intact macrophages. The
isolated protein was sensitive to trypsin digestion and
had an approximate molecular weight of 70,000. Tryp-
sinization of the macrophages destroyed their capacity
to bind exogenous laminin as well (not shown). By
Scatchard analysis of laminin binding to the isolated
receptor, we estimated an affinity for laminin of 4 X
10° M. These properties are similar to the laminin
receptors we and others have isolated from several types
of malignant tumor cells.'*-222* Although we were able
to isolate approximately 100 ug of receptor protein from
1.5 x 107 macrophages, we had no indication of the
efficiency of our isolation technique in order to ac-
curately determine a precise concentration of receptor
protein per cell. From the specific activity of the '*I-
laminin bound (4 uCi/pg), however, we estimate at satu-
ration a range of 3-4 x 10° receptor molecules/cell.
This estimate is based on each molecule of laminin
binding to single receptor site. Because laminin may be
polyvalent for cell binding,?¢ this estimate may vary sub-
stantially. In addition, this estimate does not take into
account the fact that these cells already express endog-
enous cell-surface laminin, and, thus, many of the
plasma membrane laminin receptors may already be
occupied.

The role of this receptor in the biologic function of
macrophages is unknown. We have observed that the
macrophages can attach to laminin substrata and thus
may utilize this receptor during extravasation to sites
of inflammation and/or tumor. Our observations that
these cells acquire the capacity to bind to a substratum
of laminin in vitro are in accordance with the results
of Hart and Giavazzi, who observed that both mono-
cytes and macrophages acquire the capacity to bind to
laminin following in vitro culture.?* The increase in mac-
rophage adherence to laminin substrata with time may
indicate a time-dependent up-regulation of cell-surface
laminin receptors.

We and others have now shown that exogenous base-
ment membrane laminin can influence several activi-
ties of macrophages, including interactions with
microbial pathogens, uptake of opsonized erythrocytes,
cell attachment, and conjugation to malignant tumor
cells.®*-1° Our current observations suggest that the ex-
pression of a cell-surface receptor specific for laminin
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may be a key element in the capacity of laminin to
modulate these activities.
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