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AssTRACT The migration of tumor cells through basement membranes and extracellular
matrices is an integral component of tumor invasion and metastasis. Laminin and fibronectin
are two basement membrane- and extracellular matrix-associated noncollagenous glycopro-
teins that have been shown to promote both cell adhesion and motility. Purified preparations
of laminin and fibronectin stimulated the directed migration of B16 murine metastatic mela-
noma cells in vitro as assessed in modified Boyden chambers. The stimulation of migration
occurred over a concentration range of 1-100 ug/ml of laminin or fibronectin, with a peak
response occurring between 12.5 and 25 pg/ml. The maximal response of these cells was 80-
120-fold higher than control migration. Affinity-purified antibody preparations specifically
abrogated the migration of these cells in response to the respective proteins. Tumor cells in
suspension were preincubated in physiologic levels of plasma fibronectin prior to assay to
partially mimic what occurs when a metastasizing cell is in the blood stream. This preincubation
with plasma fibronectin had no effect on the subsequent migration of cells in response to
either laminin or fibronectin. Furthermore, experiments using filters precoated with fibronectin
or laminin indicated that these cells could migrate by haptotaxis to these two proteins. We
conclude that tumor cell migration in response to such noncollagenous adhesive glycoproteins

could be an important aspect in the invasion and metastasis of certain malignant cell types.

Metastasis is a process that is composed of a number of
interrelated events that culminate in the successful transloca-
tion and growth of tumor cells within the host (1, 2). These
events include penetration and entry into the vascular or
lymphatic circulation from the primary site of tumor growth,
followed by attachment to endothelium or subendothelial
components, extravasation, and proliferation of cells at ap-
parently selective sites that are distant from the original tumor
site. The similarity between tumor metastasis and inflamma-
tion has been alluded to previously (3). Among a number of
processes the two have in common is that both involve the
recruitment and subsequent migration of cells through base-
ment membrane and interstitial matrices. Numerous factors
have been described that stimulate chemotaxis, the directed
migration in response to concentration gradients of attractant,
of inflammatory cells in vitro (4, 5). Several studies have also
reported the existence of specific chemoattractants for tumor
cells. These attractants include a proteolytic fragment of the
complement fragment C5a (6), collagen and related peptides
(7), and factors derived from resorbing bone (8) or tumor
tissues (9). Injection of the complement-derived tumor cell
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attractant (10) as well as a tumor-derived attractant (11) have
been reported to influence the formation of experimental
metastases at the site of injection. These findings imply a role
for tumor chemoattractants in the “recruitment” of metasta-
sizing cells to sites distant from the primary tumor mass.
Cell adhesion proteins play an important role in the phe-
notypic behavior of diverse cell types ranging from normal to
highly metastatic cells (12, 13). Fibronectin and laminin are
two of the best characterized cell adhesion proteins. Both
proteins apparently have discrete regions or domains that
serve unique functions, such as binding to specific collagens
and proteoglycans, as well as to cell surfaces (12, 13). Initially,
it was believed that epithelial cells attach specifically to lami-
nin and that mesenchymal cells utilize fibronectin for adhe-
sion (14). However, recent evidence indicates that both cell
types can synthesize and utilize either fibronectin or laminin
for attachment (15, 16). One important function of fibronec-
tin involves the ability to direct cell movement. Studies have
shown that fibronectin will promote the directed movement
in vitro of various cells, including fibroblasts (17) and neural
crest cells (18). This activity may be important in embryolog-
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ical development or during inflammation and wound healing.
For example, fibronectin is observed underneath the closing
edge of epidermal wounds (19, 20) and fibronectin-coated
coverslips have been recently reported to promote epithelial
cell migration in healing wounds on newt limbs (21). Addi-
tionally, the incorporation of fibronectin into collagen gels
has been shown to promote the invasion of metastatic mela-
noma cells into those gels (22). Less is known about the
potential for laminin to stimulate cell movement, though
recently laminin was shown to stimulate migration of
Schwann cell-derived tumor cells and to promote outgrowth
of embryonic chick and human fetal neurites (23-25).

Recent reports have indicated that laminin may be involved
in the formation of tumor metastases. It has been demon-
strated that cells that have been selected for attachment to
laminin have enhanced metastatic potential (26). Also, lami-
nin and laminin fragments can be located to the surface of
certain metastatic tumor cells (27). It has been shown that
laminin will bind to a specific receptor on tumor cell surfaces
(28, 29).

The present study was performed to examine the role of
laminin and fibronectin in promoting the migration of met-
astatic melanoma cells in vitro. The data demonstrate that
laminin and fibronectin promote highly significant migration
of B16 melanoma cells, and that this migration has both
accelerated random and directional components. In addition,
filters precoated with either attractant supported significant
levels of tumor cell migration. Thus, these tumor cells can
apparently migrate by haptotaxis in response to bound attrac-
tant proteins (23). These results indicate a likely role for
interstitial and basement membrane noncollagenous adhesive
glycoproteins in directly promoting the invasion of certain
metastatic cell types in vivo.

MATERIALS AND METHODS

Cells: Murine melanomas B16F 10 and B16F, were provided by Drs. . J.
Fidler and I. R. Hart, Fredrick Cancer Research Center. Cells were maintained
in vitro in Dulbecco’s modified Eagle’s medium (DME)' containing 5% fetal
calf serum (heat inactivated; Gibo Laboratories, Inc., NY).

Migration Assay: The conditions used for the microchamber migra-
tion assay were similar to those described previously (23). Briefly, log-phase
cultures were trypsinized, washed, and resuspended to a final concentration of
4 % 10°/ml in DME with 0.015 M HEPES buffer, pH 7.2. Attractants were
also diluted in this medium. The filter type used was a polyvinylpyrrolidone-
free polycarbonate filter with 8.0-um pore size. Incubation was for 4 h at 37°C,
in a humid 5% CO, atmosphere.

Proteins and Antibodies: Fibronectin was purified from human
plasma by gelatin affinity chromatography as previously described (30). Lami-
nin was purified from the mouse EHS tumor by neutral salt extraction as
described (31). The purity of both proteins was assessed by SDS-PAGE and
enzyme-linked immunoadsorbant assay using affinity-purified antibodies. The
concentration of both proteins was estimated by using previously determined
weight extinction coefficients (23, 32).

Antibodies were generated against both proteins in New Zealand white
rabbits as described previously (31). Antibodies were purified by affinity chro-
matography of appropriate antisera on the respective ligand immobilized to
Affi-gel 15 (Bio-Rad Laboratories, Richmond, CA). Reactivity of antisera was
verified using an enzyme-linked immunoadsorbant assay.

Migration of Melanoma Cells on Attractant-precoated Fil-
ters: Filters were precoated with the indicated concentrations of either
fibronectin or laminin as previously described (22). Low ionic strength (0.05
M) carbonate buffer, pH 9.6, was used to precoate protein onto polyvinylpyr-
rolidone-free polycarbonate filters. Filters were coated for 14 h at 37°C in a

' Abbreviation used in this paper: DME, Dulbecco’s modified Ea-

gle’s medium.

humid, 5% CO, atmosphere. Filters were then washed extensively (four to five
times) in PBS, once in water, and air dried before use in the migration assay.
Control filters were treated similarly in carbonate buffer without attractant.
Filters to be coated on both surfaces for the experiments were submerged in
the solution for coating. Filters were also coated on only the lower side by
floating the filter on the surface of the coating solution.

Diffusion of Attractant across Filter:  Studies were performed to
evaluate the diffusion of laminin across the filter in these assays. Laminin was
tritium labeled by reductive methylation as described (33). Radioactive laminin
was added at a concentration of 30 or 120 ug/ml to the lower wells of the
migration chamber. Chambers were assembled and medium was dispensed into
the upper wells. Samples were removed from the upper wells periodically during
incubation at 37°C in a humidified atmosphere. Radioactivity diffusing to the
upper well was solubilized in Aquasol II (New England Nuclear, Boston, MA)
and counted in a Beckman LS 230 liquid scintillation counter (Beckman
Instruments, Inc., Palo Alto, CA).

RESULTS
Migration of Melanomas

The data in Fig. 1 depict migration of the tumor cells to
increasing concentrations of fibronectin and laminin. Fig, 14
shows that the metastatic murine melanomas B16F, and
B16F, cells migrate in response to increasing concentrations
of purified fibronectin. The increase in cellular migration
occurs within a range of from 1.5 to 12.5 ug/ml of fibronectin,
and plateaus at protein concentrations higher than this. The
maximum level of migration to fibronectin was 80~95-fold
greater than control migration for both cell types. A highly
significant concentration-dependent increase in cell migration
of B16F, and B16F;, to laminin was also observed (Fig. 1 B).
Maximum migration of these cells occurred in response to
12.5 pg/ml of laminin. The highest level of laminin tested
(200 ug/ml) led to lower B16 migration compared with the
peak response, a phenomenon that occurs for other cells and
chemoattractants. Neither cell type responded to BSA at any
concentration tested (1.5-100 ug/ml) (data not shown).

Effect of Antibody on Melanoma Migration

The addition of affinity-purified antibody to fibronectin or
laminin (Fig. 2) specifically inhibited melanoma migration in
response to the respective attractants. Thus, the migration of
B16 melanomas in response to low levels of laminin (3.1 ug/
ml) was completely inhibited by the addition of 8 ug/ml
affinity-purified antilaminin antibody (Fig. 2.4). In contrast,
the addition of 25 ug/ml affinity-purified antifibronectin had
no effect on laminin-stimulated movement. A similar specific
inhibition was observed for antifibronectin when fibronectin
was used as the attractant with no effect of antilaminin in
these circumstances (Fig. 2 B).

Checkerboard Analyses

Checkerboard analyses (34) were performed to study the
nature of cell migration in response to laminin and fibronectin
(Fig. 3). The assay is constructed by examining the migration
of cells in the presence of increasing levels of attractant both
above and/or below the filter. A comparison of cell migration
levels toward a positive gradient of fibronectin or laminin
(Fig. 3, A and B, below the diagonal) with movement observed
in a reversed gradient, when more attractant is on the near
side of the filter (Fig. 3, A4 and B, above the diagonal) dem-
onstrated that migration in response to both attractants was
directional in nature. Additionally, random migration, or the
migration in the absence of an established gradient, was
increased in response to both proteins (Fig. 3, 4 and B, along
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Ficure 1 Stimulation of B16 melanoma migration by fibronectin

and laminin. Indicated dilutions of either fibronectin (A) or laminin
(B) were dispensed in 25-ul volumes into the blind well portion of
microchambers. B16F; (O- ~ —O) or B16F, (@——@) cells were
added to the upper well and chambers were incubated for 4 h at
37°C. Migrated cells were quantitated in 20 randomly selected high
power fields (HPF, X 400 magnification). Data represent the mean
of triplicate determinations plus or minus the standard error of the
mean (x & SEM).

the diagonal). Similar results for the checkerboard were ob-
served using B16F, cells (not shown).

Preincubation of Melanoma Cells with
Plasma Fibronectin

Since metastasizing cells in the blood stream come into
contact with plasma fibronectin, experiments were performed
to more closely parallel this circumstance. Suspensions of
B16-F,, melanoma cells were adjusted to a final concentration
of 5 x 10°/ml in DME/HEPES containing 2 mg/ml BSA.
Cells were preincubated for 1 h at 37°C in the presence or
absence or plasma levels (250 ug/ml) of fibronectin and
washed twice to remove excess fibronectin. Studies with other
chemoattractants have shown that preincubation may desen-
sitize cells to further stimulation immediately after this incu-
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Ficure 2 Effect of specific antibody on fibronectin- and laminin-
stimulated B16F, migration. Dilutions of (A} laminin (3.1 ug/ml) or
(B) fibronectin (3.1 ug/ml) were added to the lower well in the
presence or absence of purified antilaminin (aLMN, 8.5 ug/ml) or
antifibronectin (aFN, 25 ug/ml) antibodies. After incubation, mi-
grated cells were fixed, stained, and quantitated on the lower filter
surface. The data shown represent the mean number of migrated
cells per high power field (HPF, X 400) plus or minus the standard
error of the mean (x  SEM).

bation (35, 36). This preincubation step had no effect on the
subsequent migration of cells towards laminin or fibronectin
(Table I). This suggested that the fibronectin present in this
soluble form did not interact with cells.

Responsiveness of Melanoma Cells on
Precoated Filters

Previous work has shown that a rat Schwann cell tumor
line migrated over substratum-bound laminin in the absence
of additional soluble attractant (23). The migration of cells
due to substratum-bound attractant, termed haptotaxis, was
more pronounced in the presence of a density gradient of
substratum-bound laminin than in the absence of such a
gradient (23). It was therefore of interest to determine if
metastatic melanoma cells could respond similarly on pre-
coated filters in the absence of additional soluble attractant.
The data in Table II illustrate the results of this type of
experiment. Low level random migration of these cells is
observed on filters precoated on both sides in the absence of
additional soluble attractant. Importantly, more cells accu-
mulate on the lower surface when it is the only surface coated
with the same concentrations of either fibronectin (a threefold
difference) or laminin (a 15-fold difference), compared with
“random” migration levels when both sides are uniformly
coated with attractant proteins.

Effect of Soluble Attractant on Tumor Cell
Migration over Attractant-precoated Filters

Preincubation studies suggested that fluid-phase fibronectin
was not interacting with cells to promote migration in this
system but instead was stimulating cells by first depositing on
the filter surface. The precoating experiments further indi-
cated that substratum-bound fibronectin (and laminin) could
promote haptotaxis of these metastatic melanoma cells. To
further elucidate the relationship between bound and soluble
attractant, we next investigated melanoma migration using
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Ficure 3 Checkerboard analysis of B16F, response to fibronectin
and laminin, Dilutions of either fibronectin (A) or laminin (B) were
made as indicated in italics, and 25 gl of each concentration was
dispensed into the blindwell portion of each chamber. Filters were
overlayed and 50 ul of a cell suspension (4 % 10° cells/ml) containing
the indicated attractant concentrations were dispensed into the
upper wells. After incubation, filters were removed, fixed, and
processed. Cells in 20 randomly selected high power fields were
quantitated and the number shown indicates the mean of triplicate
determinations of cells per high power field. Vertical boldfaced
data indicate the migration observed to a maximal positive gradient.
Horizontal boldfaced data represent migration observed to the
maximum reversed gradient. Data along the diagonal represent
accelerated random migration that occurs in the absence of an
established gradient.

precoated filters in the presence or absence of additional
soluble attractant. High levels of attractant (50 pg/ml of
fibronectin and 100 ug/ml of laminin) were used to precoat
filters on both the upper and lower surfaces. These concentra-
tions of protein were chosen to saturate filter surfaces with
bound attractant prior to use in the assay. The migration of
tumor cells in response to additional soluble attractant on
such uniformly coated filters was compared with migration
levels observed on noncoated filters. The data in Fig. 4
illustrate the result of such experiments.

Melanoma cells were observed to migrate in a concentra-
tion-dependent manner, in response to increasing levels of
soluble fibronectin using uncoated filters (Fig. 4.4). In con-

TABLE |

Lack of Effect of Preincubation of B164o Cells with Plasma
Fibronectin on Subsequent Cellular Migration

Preincubation

Challenge Medium Fibronectin
ug/ml
Laminin
60 29.2 31.0
15 72.0 79.8
3.8 46.4 51.4
0.9 17.6 8.4
Fibronectin
30 20.2 19.0
7.5 58.2 46.2
1.9 331 19.0
Medium 0 0

Cells were adjusted to a final concentration of 5 X 10°/m! in DME with 2 mg/
ml BSA. The suspensions were incubated for 1 h at 37°C in the presence or
absence of plasma fibronectin (250 ug/ml). The cells were washed three
times to remove excess plasma fibronectin and were then tested for respon-
siveness to laminin or fibronectin in the Boyden chambers. Data represent
the mean number of migrated cells per high power (X 400) field. SEM <10%
of the mean. Determinations were in triplicate.

TasLE (I
Migration of B-16 Melanoma Cells on Precoated Filters

Migrated cells per

Protein coated Surface coated HPF
ugfml
Fibronectin
100 Both 11.4%£29
100 Distal 314+ 44
Laminin
10 Both 24+1.0
10 Distal 30024
No coating 0.4+£0.2

Filters were precoated on both or only the lower (distal) side with either 100
ug/ml fibronectin or 10 ug/ml laminin. After washing and air drying, filters
were used in the migration assay in the absence of further soluble attractant.
Data represent the mean number of migrated cells per high power (X 400)
field (HPF) £SEM. Determinations were in triplicate.

trast, precoating the filter with fibronectin on both sides before
the assay abrogated the response of these cells to soluble
fibronectin in the lower well. We considered the possibility
that this inhibition of the migration response to soluble fibro-
nectin was due to the presence of potentially “deactivating”
levels of fibronectin on the filter surface, which were created
by the necessity of using high levels of fibronectin during
coating to saturate the filter. However, this concentration of
fibronectin when applied only to the lower surface of the
filter, enhanced migration levels significantly compared with
control (both sides coated, no soluble fibronectin), indicating
that cells could effectively migrate over this density level of
bound fibronectin.

The response of metastatic cells to challenge with soluble
laminin on laminin-coated filters (Fig. 4 B) differed from that
of fibronectin in one respect: the addition of soluble laminin
to the lower wells in chambers containing coated laminin
filters did cause enhanced melanoma migration compared
with the migration on coated filters in the absence of such
soluble attractant. However, the increased response to soluble
laminin on laminin-coated filters was less than that observed
when noncoated filters were used. Again, results using filters
on which only the lower surface was laminin coated indicated
that cells could migrate effectively on this density level of
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FIGURE 4 Migration of melanoma cells on attractant-precoated
filters in the presence of gradients of additional soluble attractant.
Filters were precoated on both sides as described with high con-
centrations of fibronectin (A) or laminin (B). Migration in response
to positive gradients of fibronectin (A) or laminin (B) was then
examined on attractant-precoated filters (hatched bars} or non-
coated filters (open bars). Additionally, migration was assayed on
filters precoated on the distal side only in the absence of additional
soluble attractant (solid bar). Data represent the mean number of
triplicate determinations of migrated cells per high power field plus
or minus SEM.

laminin. Thus, we concluded that the partial inhibition of
tumor cell movement toward soluble attractant on precoated
filters compared with noncoated counterparts was probably
not due to deactivating levels of laminin on the surface.

Diffusion of Laminin through Filter

Experiments were performed using [*H]laminin labeled by
reductive methylation (33) to determine if the filters used for
migration maintain a concentration gradient of this attractant.
These results, shown in Fig. 5, demonstrate that attractant
added to the lower well begins to diffuse to the upper well
within 30 min of incubation. Diffusion of the upper com-
partment increased until 2 h following the start of incubation,
after which time a plateau appears. Even after 3 h of incuba-
tion, only 10% of the available [*H]laminin was detected in
the upper well.

DISCUSSION

These results indicate the potential for a direct role for fibro-
nectin and laminin in tumor cell motility and invasion.
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Ficure 5 Diffusion of [*H]laminin through 8.0-um pore size filters.
Aliquots of 25 l of [*H]laminin at 120 ug/ml (solid line) or 30 g/
mi (dashed line) were added to the lower well of a microchamber,
The chamber was assembled with an 8.0-um polycarbonate filter
and medium was added to the upper well. Samples were removed
from the upper well at the times indicated and analyzed for the
presence of radioactivity. Data represent the mean of duplicate
determinations plus or minus the standard error of the mean (x +
SEM).

Highly significant migration of melanoma cells in response to
laminin and fibronectin was observed. The response was
clearly due to specific protein effects, since the addition of
BSA to the lower wells did not stimulate tumor cell migration,
Both proteins stimulated maximal migration at concentra-
tions between 12.5 and 25 ug/ml. Migration of tumor cells to
laminin or fibronectin could be inhibited by the addition of
the appropriate affinity-purified antibody.

Checkerboard analyses were performed to determine
whether or not the migration was directional. These results
indicate that maximal migration of these cells in response to
laminin and fibronectin occurred in response to positive
gradients of attractant (directed migration). Significant migra-
tion also occurred in response to challenge with increasing
levels of attractant added simultaneously on both sides of the
filter (increased random migration). Thus, migration of these
metastatic melanoma cells to both attractants was due to
accelerated random as well as increased directional compo-
nents, as judged by this method.

The results of previous work in our laboratory on laminin-
stimulated movement of a Schwann cell tumor line indicated
that migration of these cells occurred primarily in response to
substratum-bound attractant. This conclusion was supported
by the observation that the filters bound laminin under the
assay conditions used, and that filters precoated with laminin
could support cell migration in the absence of additional
soluble laminin. This type of migration due to substratum-
bound laminin was operationally termed haptotaxis (based
on Carter, reference 39) to distinguish it from chemotaxis,
which involves the directed migration of cells in response to
soluble concentration gradients of attractant. The distinction
is important, since chemotactic mediators would be predicted
to be operative over longer distances and as such may be
important in the margination and active recruitment of me-
tastasizing tumor cells at distant sites (10, 11). In contrast,
haptotactic migration would be more involved with insolu-
bilized constituents of the matrix or basement membrane
directly promoting the invasion of metastatic tumor cells.
Haptotaxis would be important for extravasation once the



tumor cell had come into contact with matrices following
endothelial cell retraction or in regions of exposed basement
membranes.

The results in this study indicate that metastatic melanoma
cells can migrate in a haptotactic manner to both insolubilized
fibronectin and laminin. This conclusion is supported by
results obtained from measuring migration levels on attrac-
tant-precoated filters in the absence of a soluble stimulus.
Precoating of only the lower side of the filter with either
attractant promoted more cellular migration to the lower
surface than that observed using filters coated on both surfaces
with the same concentration of attractant. This finding was
similar to that observed for the haptotactic migration of
Schwannoma cells on laminin-precoated filters (23).

Metastasizing tumor cells in the blood stream would come
into contact with high levels of soluble plasma fibronectin. It
was therefore important to analyze the effect of preincubation
with plasma levels of fibronectin on melanoma cell migration
in response to fibronectin and laminin. It was necessary to
wash away excess soluble fibronectin prior to the assay, in
this case to eliminate the potential influence on cell migration
created by binding of this level of excess soluble fibronectin
onto the upper filter surface (see below). The results indicated
that preincubation of melanoma cells with physiologic levels
of plasma fibronectin had no appreciable effect on subsequent
laminin- or fibronectin-promoted movement of these cells.
This indicates that soluble plasma fibronectin, encountered
by hematogenously metastasizing tumor cells, would likely
not inhibit laminin-mediated extravasation. However, if fi-
bronectin were deposited on a surface, or occurred naturally
in a “solid phase,” such as in basement membranes or within
connective tissues, then it could effectively mediate tumor
cell migration. The observation is consistent with previous
reports that have demonstrated that plasma fibronectin in
solution does not interact well with vertebrate cells in suspen-
sion (37, 38). Furthermore, it is suggestive that fibronectin-
mediated melanoma migration in this system may be totally
in response to substratum-bound attractant.

The preincubation experiments with plasma fibronectin
suggested that cells in suspension did not bind soluble plasma
fibronectin. It was not clear if this represented a property of
the suspended cell or instead was due to differences (e.g.,
conformational) between bound and soluble fibronectin (40,
41). Thus, it was of interest to examine migration of mela-
noma cells on fibronectin-precoated filters in the presence of
soluble fibronectin. These results indicated that cells pro-
moted to adhere to a fibronectin-precoated surface did not
respond to challenge with increasing levels of soluble fibro-
nectin in the lower well. Furthermore, the high levels of
melanoma cell migration, observed on filters coated on the
lower surface only, indicated that precoated filter-mediated
inhibition of the response to soluble fibronectin was not due
to “deactivation” of the tumor cells. We therefore concluded
that the interaction and subsequent migration of the tumor
cells to fibronectin in this system is a result of deposition of
density gradients of attractant on the filter surface, and as
such represents a haptotactic response (22). It is quite possible
that the haptotactic requirement for this migration is deter-
mined by conformational alterations of fibronectin that occur
upon binding of the protein to the filter, thus allowing it to
interact with the cell surface. This conformational alteration
has previously been determined to regulate the cell attachment
properties of fibronectin in promoting the cell attachment to

collagen-coated (40) as well as to synthetic surfaces (41). These
conclusions contrast with those of Seppi et al. (42) in which
they indicated that a chymotryptic cell-binding fragment of
fibronectin stimulated the chemotactic response of fibroblasts.
These differences may indicate a difference in the nature of
the migratory response to various cell types to fibronectin, or
may reflect an altered configuration of the cell-binding frag-
ment relative to intact fibronectin. Further work using pro-
teolytic fragments in our system is necessary to distinguish
between these two possibilities for fibronectin-induced tumor
cell movement.

The same type of experiment using laminin-coated filters
and soluble attractant (laminin) is more difficult to interpret.
Results using filters coated on both sides with attractant
indicate that B16 melanoma cells are partially responsive to
challenge with soluble laminin in the presence of a high level
of bound laminin. This partial responsiveness could be due
to additional binding of laminin to the lower filter surface in
the presence of excess soluble laminin, contributing to the
formation of increased density gradients on the substratum.
Alternatively, the effect of soluble laminin on melanoma
migration may reflect both binding of soluble laminin to
membrane receptors as well as substratum-mediated interac-
tions of bound laminin with the cell surface. Experiments
using [*H]laminin indicated that a soluble concentration gra-
dient was established and maintained by these filters for long
periods of time. Only 10% of the available radioactive laminin
diffused to the upper well after 3 h of incubation even with
the highest concentration of laminin tested. Thus, it was
concluded that cells are in the presence of a relatively steep
(10-fold) concentration gradient of soluble laminin during the
assay. At least one receptor for soluble laminin has been
described for a number of tumor cell types (28, 29) and
recently isolated (29, 43). Interestingly, the work of Brown et
al. (44) would indicate that this receptor moiety, which they
have termed connectin, can interact with actin filaments and
cause bundling of these filaments. This observation allows the
speculation that this cell surface receptor for soluble laminin
is directly involved with stimulating the motility of the met-
astatic melanoma cells in the current study. Clearly, further
work using different assay systems to assess tumor cell migra-
tion in the presence of bound and soluble attractants is
necessary to accurately relate the nature of the cellular inter-
actions of the matrix proteins with the subsequent attachment
and motility responses of metastatic tumor cells.

It is clear that invasion of tissues by aggressive tumor cells
must also be accompanied by the localized dissolution of
matrices. Differences in the production and release of prote-
olytic enzymes that have been reported for cell types of
varying metastatic potential are likely important in this regard
(45-47). Of particular interest is a recent report indicating
that migrating endothelial cells digest substratum-bound types
IV and V collagen (48). An interruption of matrix-mediated
tumor cell migration and associated enzymatic functions
would greatly reduce, if not eliminate, the metastatic potential
of a tumor population. A complete understanding of the
involvement of extracellular matrix adhesive glycoproteins
such as laminin and fibronectin in this regard may provide
useful tools to ultimately control cancer metastasis, the major
cause of death in cancer patients.
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Note Added in Proof: A recent study by Lacovara et al. (J. Lacovara,

E.

B. Cramer, and J. P. Quigley, Cancer Res., 1984, in press) has

reported similar conclusions concerning the haptotactic nature of
fibronectin-mediated B16 melanoma migration through nitrocellu-
lose filters in Boyden-type chambers (J. P. Quigley, personal com-

munication).
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