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thought to occur during invasion (24). Therefore, an enhanced
migratory response to both soluble and insoluble laminin, as
observed in the invasive subline, may facilitate tumor cell
penetration of the various boundaries encountered in vivo.

Chemotactic and haptotactic migration of the invasive cells to
laminin declined at concentrations of attractant higher than those
that elicited maximal responses, as observed previously (13,25).
A similar phenomenon in neutrophil chemotaxis to peptide
attractants was termed cellular deactivation (26) and involved a
downmodulation of cellular receptors. An alternative explanation
of this phenomenon in haptotaxis to laminin, suggested by
McCarthy et al. (25), is that the higher concentrations of attrac-
tant in the lower chamber diffuse to a greater extent across the
pores of the filters during the precoating step and settle on-the
upper filter surface. As a result, the filters are coated more
uniformly, resulting in a decline in directed motility.

The enhanced laminin-mediated adhesion, spreading, and
migration of the invasive cells suggested a higher number and/or
affinity of specific cell surface laminin receptors. Scatchard plots
of preliminary '*’I-laminin binding data (not shown) were non-
linear for each cell line, suggesting the presence of more than one
class of laminin receptor. High-affinity cell surface receptors of
molecular weight 67,000-70,000 (20,27-31) as well as members
of the integrin family (32,33) have been identified as laminin
receptors. Laminin also binds to certain sulfated sugars on cell
surfaces (34,35). It is possible that the elevated specific laminin-
binding activity of invasive cells reflected an increased capacity
to bind soluble laminin in chemotaxis assays and resulted in their
enhanced migration.

When haptotaxis to laminin was assessed in the presence of
antilaminin, migration of the invasive and noninvasive cells was
inhibited by a maximum of 80%. The antibody to laminin
appeared to effectively bind and “cover” the relevant motility-
promoting sites on the molecule. However, the same concentra-
tions of antilaminin inhibited laminin-mediated haptotaxis of the
unselected parental population by a maximum of only 40%. It is
possible that invasive and noninvasive cells, which were selected
for specific laminin binding by using amnion basement mem-
branes, had a requirement for specific interactions with the
laminin molecule (presumably receptor mediated) before migra-
tion could occur. When these specific sites on laminin were
blocked with antibody, the selected cells could not migrate. In
contrast, a significant proportion of the parental population
(distinct from both invasive and noninvasive cells) was appar-
ently able to migrate over antibody-coated laminin without the
involvement of specific laminin receptors. During selection of
invasive and noninvasive cells from the parental population, it is
possible that a significant proportion of the parental cells was
unable to remain attached to the laminin-rich basement mem-
brane owing to a relative lack of specific laminin receptors and
was therefore lost in suspension. The presence of this hypotheti-
cal subset might now be revealed by the behavior of the parental
cells as a whole, as shown in figure 4. Perhaps the moderate
degree of inhibition observed in the parental-cell population was
due to the presence of the constituent invasive and noninvasive
cells.

The unselected parental cells and the selected invasive cells
had relatively high capacities for chemotactic migration and
adhesion towards both type IV collagen and fibronectin. How-
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ever, few of the parental cells migrated or adhered to laminin,
which may be due to the presence of the hypothetical third subset
lacking specific laminin receptors. Recent studies provided evi-
dence that hematopoietic precursor cells (36) and tumor cells (37)
interacted with fibronectin during invasion of the stromal layer of
amniotic membrane. Thus, adhesion and migration to fibronectin
and type 1V collagen are apparently necessary but not sufficient
for complete invasion of the amnion.

The noninvasive LoVo cells were characterized by fewer
specific laminin receptors than the invasive LoVo cells (fig. 7),
which perhaps contributed to their relatively low adhesion and
migration in response to laminin. In addition, the poor adhesion
and migration to fibronectin may have prevented them from
penetrating the interstitial stroma of the amnion. Reduced adher-
ence of the noninvasive cells to basement membrane (type IV)
collagen, together with an apparent loss in chemotactic migration

to high concentrations of this protein, may have also prevented-

significant invasion.

The LoVo invasive and noninvasive cell lines thus represent a
unique model for the study of invasiveness in human colon
carcinoma cells. Unlike studies that compare and contrast differ-
ent cell lines, this model allows multiple comparisons to be made
between stable, closely related cell populations selected for
differences in extent of invasiveness. Further studies designed to
elucidate the nature of the laminin receptors on the invasive cells,
as well as the domains of the laminin molecule that are recognized
by these moieties, would provide great insight into some of the
fundamental mechanisms of laminin-mediated migration and
could lead to the development of therapeutic strategies designed

to prevent this type of migration.
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