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tion of FAK (13). FAK signaling, in turn, seems to be associated with

cell motility; for example, cells from mice bearing a mutation of FAK
exhibited reduced cell motility (14). In addition, inhibition of FAK
phosphorylation and signaling inhibited cell movement (15, 16), and
an overexpression of FAK enhanced cell movement (17). Therefore,
the integrin-signaling properties leading to phosphorylation of FAK
represent key events in signaling for cell movement.

Hematogenous metastasis involves cell-cell and cell-matrix inter
actions including initial cell arrest, extravasation, and postextravasa
tion migration (18). It has been proposed that VLA-6 (a6f31), the

major laminin receptor, may also mediate cell-cell interaction by

binding as yet unidentified cellular ligand(s) on the endothelium and
has an effect on the pulmonary metastasis of mouse melanoma B 16/
129 cells (19). In this study, we have explored the role of VLA-6 in
extravasation using B16F1 melanoma cells. In a previous study, the

expression of VLA integrins on B16FI mouse melanoma cells has
been determined by immunoprecipitation and flow cytometry (20).
Thus, B16F1 cells expressed VLA-4, -5, and -6 with little VLA-l and
no VLA-2, -3, or a6@34 integrin. In a recent study, the binding
properties of two a6-specific mAbs, MA6 and GoH3, have been

compared, and MA6 bound an epitope located in close proximity to
that of GoH3 (21, 22). In contrast to GoH3, which functions as an
inhibitory mAb, MA6 had no effect on VLA-6-mediated adhesion to
laminin. We report here that MA6 blocked BI6F1 cell movement on
laminin, although it had no effect on adhesion. Using IVVM, we also
directly showed that inhibition of cell movement by MA6 reduced the
ability of B16F1 cells to extravasate from the microvasculature during
their hematogenous metastasis in the liver.

MATERIALS AND METHODS

Materials. RPM! 1640, fetal bovine serum, antibiotic, the Engelbreth
Hom-Swarm tumor-derived mouse laminin, human collagen type I, and re
combinant protein G-agarose were obtained from Life Technologies, Inc.
(Gaithersburg, MD). FITC-conjugated antirat IgG for flow cytometry was
from Cedarlane Laboratories (Hornby, Canada). Protein A-agarose and antirat

IgG agarose were purchased from Sigma Chemical Co. (St. Louis, MO).
Antibodies. mAb MA6 specific for mouse a6 integrins has been described

previously (2 1, 22). The cr6 blocking mAb GoH3 was kindly provided by Dr.
A. Sonnenberg (The Netherlands Cancer Institute, Amsterdam, the Nether
lands; Ref. 23). Rat mAb against human creatine kinase CKMM 14.15
(IgG2a), used as an isotype-matched control mAb, was obtained from Amer
ican Type Culture Collection (Rockville, MD).

CellCulture.Themousemelanomacell lineB16F1waskindlyprovided
by Dr. B. Zetter (Harvard Medical School, Boston, MA) and maintained in
RPMI 1640 supplemented with 10% FCS, 2 mML-glutamine,and antibiotics.

Flow Cytometry, Immunoprecipitation, and Immunoblotting. Binding
of MA6 and GoH3 to a6 integrins was characterized by indirect immuno
staining with the F(ab')2 fragment of fluorescein-conjugated antirat immuno
globulin (Cedarlane Laboratories). Flow cytometry was carried out using a

Becton Dickinson FACScan as described previously (24). Immunoprecipita
tion of FAK and tyrosine-phosphorylated proteins was performed according to

established procedures (25, 26). Briefly, B16F1 cells were harvested and

washed three times with RPM! 1640 and 0.3% BSA. Cells were then incubated
for 2 h at 37Â°Cand added to laminin-coated (10 @g/ml)Petri dishes in the
presence of either the a6 integrin-specific MA6 mAb or isotype-matched

control mAb (10 @g/ml). At varying time periods, cells were washed with
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VLA-6(a6@31)Integrinrepresentsthe majorreceptorfor interaction
with laminin substrate. It has been proposed that VLA-6 mediates tumor
cell adhesion to the endothelium during extravasation. We have further
explored this possibility using mouse melanoma B16F1 cells, which ex
press VLA-6 as the principal laminin receptor, and two VLA-6 mono
clonal antibodies (mAbs), MA6 and GoH3. Adhesion is a prerequisite of

cell movement on matrix proteins. Thus, GoH3, which inhibited VLA-6-
mediated adhesion, blocked cell movement on laminin. The recently pre
pared a6 integrin-specific mAb MA6 bound to an epitope in close prox
imity to GoH3, but it had no effect on VLA-6-mediated cell adhesion. We
report here that although MA6 did not affect adhesion, it blocked mouse
melanoma B16F1 cell movement on laminin to the same extent as GoH3.
Results therefore demonstrate an active role of VLA-6 in providing cell
movement as well as the initial adhesive event on laminin. In addition,
mAb MA6 had no effect on the induction of tyrosine phosphorylation of
focal adhesion kinase upon adhesion of B16F1 cells to laminin. Therefore,

inhibition of cell movement by MA6 involved mechanism(s) other than an
interference of VLA-6 signaling events leading to phoaphorylation of focal
adhesion kinase. The epitopes of GoH3 and MA6 may represent spatially
and temporally related sites on VLA-6 that are involved during cell
movement, or, alternatively, MA6 may inhibit the interaction of VLA-6
with associated cell surface molecules required for cell movement. In vivo
videomicroscopy experiments also revealed that an inhibition of VLA-6
migratory function by MA6 resulted in a reduction in the ability of B16F1

to extravasate during hematogenous metastasis in the liver.

INTRODUCTION

Cell movement represents an essential feature of diverse biological
systems including embryogenesis, immune activation, wound healing,
and, under pathological conditions, metastasis and organ-specific au
toimmune diseases (see review, Ref. 1). It is well established that
integrins have a function in providing the linkage of cells with the

extracellular milieu (2), and adhesion of cells to ECM3 proteins is a
prerequisite of cell movement on ECM substrates (3). mAbs that
inhibit the adhesive function of integrins also block cell migration (4,
5). The adhesive strength of integrins for ECM ligands may determine
the stationary or motile phenotype such that cell movement occurs at
an optimal level of binding affinity (6â€”9).Thus, divalent cations and
mAbs that stimulate integnn-adhesive function may modulate cell
movement on ECM proteins (7, 9, 10).

It is now well established that diverse signaling and cytoskeletal
proteins are activated on ligation of integrins (see reviews, Refs. I 1
and 12). A redistribution of integrins induced tyrosine phosphoryla
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VLA-6 IN CELL MIGRATION AND EXTRAVASATION IN LIVER

ice-chilled RPM! 1640 containing 200 ,.LM sodium orthovanadate and 1 mMmigratory functions of B16F1 melanoma cells. To this end, weusedH202
and lysed by incubation in Tris-buffered saline containing 0.1% sodium

azide, 150 mMNaCI, 1%Triton X-lOO, 1%deoxycholate, 1 nmi EGTA, 1 mst
EDTA, 50 fLg/mlleupeptin, 50 @.tg/mlaprotinin, 200 @sMsodium orthovana
date, and 1 mM H202 for 30 mm at 4Â°C.Cell lysate was immunoprecipitated
(3 X 106 cell equivalence) with mAb to FAK or 4G10 (Transduction Labo

ratory, Lexington, KY) in combination with antimouse IgG agarose. Bound
materials were eluted by SDS-PAGE sample buffer under reducing conditions

for SDS-PAGE (6% gel). Proteins were transferred onto polyvinylidene diflu
oride membrane (Millipore, Bedford, MA) using a Trans-Blot Cell (Bio-Rad,a

recently prepared a6-specific mAb, MA6 (21, 22). For comparison,
mAb GoH3, known to block VLA-6--mediated adhesion, was also

used. As shown in Fig. 1, MA6 had no effect on B16F1 adhesion to
laminin. In the presence of MA6 or control mAb (5 @tg/ml),the extent
of adhesion was similar to that of cells alone for the concentrations of
laminin used (0.03â€”20p@g/ml;Fig. 1A). Also, adhesion to laminin was
not affected by varying the concentration of mAb MA6 from 0.01 to
20 p@g/ml(Fig. 1B). In comparison, adhesion of B16F1 waseffectivelyRichmond,

CA). The membranes were then blocked overnight at 4Â°Cwith 2%inhibited by mAb GoH3 (1.0 p@g/ml;Fig. IB). In addition,neitherBSA
in 10 mM Tris buffer (pH 8.0) containing 150 msi NaCI and 1% NP4O.MA6 nor the control mAb affected adhesion of Bl6Fl cellstoFAK
was detected by incubation of membrane with mAb to FAK. Phospho collagen as a control substrate (Fig. 1C). In a recent study, VLA-6hasrylated

FAK and phosphotyrosine proteins were detected by antiphosphoty
rosine 4010 (Upstate Biotechnology, Lake Placid, NY) followed by the
appropriate isotype-specific horse radish peroxidase-conjugated mAbs at di
lutions recommended by the manufacturer. The proteins were visualized by thebeen

shown to mediate migration of P388D1 transfectant cells (28).
Because MA6 has no effect on adhesion, it is possible to assess its
effect on migration when the cells remained attached to laminin.Toenhanced

chemiluminescence detection system (Amersham Corp.,Oakville,Canada)

used as per the manufacturer's instructions.

Cell Adhesionand MigrationAssay. Cell adhesionto lamininwas as
sayed according to the methodology described previously (24). Briefly, cells
were labeled with 2',7'-bis(2-carboxyethyl)-5(6)-carboxyfluorescein (Sigma).
Five X 10â€•labeled cells were added to each well coated with varying
concentrations of matrix proteins in the presence of o6 integrin-specific mAbs

cells were removed by gentle washing, and bound fluorescence was measured
or isotype-matched control mAb IgG2a. After 20 mm at 37Â°C,nonadherent

using a fluorescence concentrator analyzer (IDEXX, Westbrook, ME). Cell

adhesion was enumerated as cells bound/unit area based on the bound fluo
rescence compared with the fluorescence measured from 5 X l0@labeled cells.
Adhesion to BSA-coated wells was used as a control to provide the back

ground fluorescence that was subtracted from both the bound and total fluo

rescence. Random cell migration across a matrix protein-coated filter ( l0-p@mâ€œ

/@ells alone
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size) was assayed by using the 48-well chemotaxis chamber (Neuro

Probe, Cabin John, MD) as described previously (27). Briefly, the filters were
coated with laminin at 10 @.sWmlin 0.1 MNaHCO3overnight. They were then
rinsed with PBS, air dried, and reassembled with the bottom wells filled with
RPM! 1640 containing 1% BSA. A volume of 50 pA, containing 2 X l0@cells,
was added to the top well in the presence of a6-specific mAb MA6 or GoH3

or isotype-matched control mAb. Cells remaining at the top of the filter werei
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by mechanical scraping after a 6-h migration at 37Â°C.Cells that
migrated into the filter were fixed, stained with Harris' hematoxylin, and then.1@ 400counted

with a light microscope at high power (X400) using a gridded
objective. Cell migration was estimated as the average of cells counted in five

random high-power fields from each of the triplicate wells. All migration
experiments were repeated a minimum of three times.

IVVM. IVVMwas carriedout as describedin the previousstudy(24).200,...@

0.@Briefly,

Bl6Fl cells were labeled with Fluoresbrite carboxylate microsphere

(0.059â€”0.067 @m;YG; Polysciences, Inc., Warrington, PA) and preincubated

with mAb MA6 or isotype-matched control mAb (20 @g/ml)for 1 h at4Â°C.Cells
were then washed in RPM! 1640and injected into anesthetizedC57BU6mice
(The Jackson Laboratory, Bar Harbor, ME) at 3 X 10@cells/mouse viaamesenteric

vein. Cells in the liver were visualized by using aninvertedmicroscope
(ZEISS Axiovert 135, Empix Imaging, Inc.; Mississauga,Canada)equipped

with epifluorescence and a fiber optic light guide for transillumina
tion. The microcirculation and location of labeled cells were viewed usingaPanasonic

WV 1550 video camera and recorded using Super VHSvideotapes.The
percentage of cells that have undergone extravasation was determinedbyanalysis

of a minimum of 50 cells from each mouse using 6mice/experimentalgroup.RESULTSUncoupling

of Adhesion and Migration Functions ofVLA-6Using
mAb MA6. We use mAbs to better understand the roleofintegrins

during the individual steps of metastasis of cancer cellsinvivo.

It is known that mouse B16F1 melanoma cells expressVLA-6(a6@1)
and not a6@34 integrin. In this study, we examinedhowchanges
in VLA-6 binding to laminin affected the adhesive and
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Fig. I . VLA-6-mediated adhesion of mw-inc melanoma BI6FI cells to laminin. B l6Fl
cells were characterized by their adhesion to wells coated with various concentrations of
laminin in the presence of5 @g/mlmAb MA6, control mAb IgG2a, or with cells alone (A).
The adhesion of B16F1 cells to wells coated with laminin (10 @g/ml)was also charac
terized at varying antibody concentrations (B). For comparison, adhesion of B l6Fl cells
to the various concentrations of collagen was characterized in the presence of 5 g.sg/ml
mAb MA6 or control mAb IgG2a (C). Adhesion of B16F1 cells to varying concentrations
of laminin (0â€”20 sg/ml) was not affected by MA6 at concentrations of 0â€”20 @g/ml
(P > 0.05); in comparison, adhesion was inhibited by GoH3 (I @g/ml). Error bars. SD.
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6-h migration experiment (Fig. 2). The presence of MA6 may mod
ulate signaling events during the 6-h period of B16F1 interaction with
laminin. To determine whether inhibition of cell movement by MA6

involves a modulation of phosphorylation of FAK, Bl6Fl cells were
placed on laminin substrate (10 @tg/ml)in the presence of MA6,
GoH3, or the control mAb (10 @g/ml).At designated time periods of
1 and 6 h, cells were lysed and immunoprecipitated with mAb FAK.
The levels of total FAK were detected by mAb to FAK, and phos
phorylation of FAK was detected by antiphosphotyrosine 4GlO. As

shown in Fig. 4A, phosphorylation of FAK induced after I or 6 h of
cell attachment to laminin was similar for MA6 and IgG2a control
mAb treated cells. In comparison, in the presence of GoH3, lower
levels of FAK phosphorylation were induced. The intensities of bands
detected by anti-FAK were similar at each time point for the different
mAbs. Therefore, unlike mAb GoH3, inhibition of cell movement by
MA6 was not likely to be related to interference of VLA-6-mediated
signaling events leading to tyrosine phosphorylation of FAK. To
further determine whether binding of MA6 resulted in tyrosine phos
phorylation of proteins that may have roles in cell movement, B16F1

cells were incubated with MA6 or control mAb. Phosphoproteins
were immunoprecipitated, and immunoblots were analyzed by mAb
4GlO (Fig. 4B). Similar phosphoproteins were detected in cells stim
ulated with MA6 or control mAb. Therefore, it is apparent that MA6
did not have major effects on the tyrosine kinase cascade mediated by
VLA-6.

MA6 Inhibited Extravasation of B16F1 Cells in the Liver. In a
previous study, mAb EA-l specific for a6 integrins has been shown

MA6 G0H3 IgG2a
Control

Fig. 2. Migration of Bl6Fl cells on laminin in the presence of mAb MA6. Migration
of Bl6Fl cells into laminin (10 @zg/ml)-coatedfilters (l0-p@mpore size) was measured in
the presence of varying concentrations of MA6 or the control mAb (0.06â€”5 @g/ml).MA6,
but not control mAb IgG2a. inhibited Bl6Fl migration on laminin in a concentration
dependent manner. Migration on laminin was also inhibited by GoH3.

determine the migratory function of VLA-6, while its adhesive func
tion was not affected, migration of BI6FI cells on laminin was
assessed in the presence of varying concentrations of MA6 (0.06â€”5
@tg/ml;Fig. 2). Although MA6 had no effect on adhesion, it inhibited

cell movement on laminin. Inhibition by MA6 was concentration
dependent between 0.06 and 1.25 @g/ml.Isotype-matched control
mAb, at the corresponding concentrations, had no effect on cell
movement. Consistent with the observed inhibition of cell movement,
the percentage of Bl6Fl cell spreading on laminin at 4 h decreased
from 38.3 Â±8.4% using control mAb to 17.9 Â±3.5% using MA6, and
this was accompanied by a slight reduction in the redistribution of
VLA-6 at the cell surface of B16F1 cells (data not shown). mAb
GoH3, which inhibited adhesion, also blocked BI6F1 cell movement
on laminin.

Comparison of the Binding Properties of mAbs MA6 and
GoH3. Our observation that MA6 had no effect on adhesion but
inhibited migration of B16F1 cells on laminin, whereas GoH3 blocked
both adhesion and migration, may be attributed to differences in the
intrinsic binding properties of these mAbs. Previous studies have
determined that both mAbs are of the same isotype IgG2a, and their
epitopes are in close proximity to each other such that preincubation
of cells with GoH3 inhibited binding of MA6 (21). In the present
study, the binding properties of MA6 and GoH3 to VLA-6 were
further compared by flow cytometry (Fig. 3). Both mAbs bound
B l6Fl cells equally well at 0.01 , 0.3, 1.0, and 10 pg/ml (Fig. 3A). The
levels of binding, as indicated by the mean fluorescence intensities at
concentrations ranging from 0.01 to 10 p@g/ml,were essentially iden
tical between the two mAbs (Fig. 3B). Therefore, it is unlikely that
MA6 inhibited cell migration but not adhesion to laminin because it
differed in its binding affinity for VLA-6 when compared with that of
GoH3.

Inhibition of B16F1 Cell Migration by MA6 Does Not Involve a
Modulation of Tyrosine Phosphorylation of FAK. It is well estab

lished that tyrosine phosphorylation of FAK represents a key event in
cell adhesion and movement on ECM proteins (14â€”17).Results from
the present study show that MA6 did not affect Bl6Fl adhesion to
laminin (Fig. 1) but inhibited B16F1 cell movement on laminin in a
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Fig. 3. Binding of MA6 and GoH3 to VLA-6 integrin on B l6Fl cells. Binding of MA6
and GoH3 (0.01, 0.3, 1, and 10 jsg/ml) to B16F1 cells was characterized by flow
cytometry (A). The mean fluorescence intensities, indicating the extent of binding at the
different mAb concentrations, were compared between MA6 and GoH3 (B). Both MA6
and GoH3 bound B l6Fl cells to a similar extent at varying concentrations of mAbs.
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evidence that integrin(s) can play a role in cell movement other than
affecting adhesion. In comparison, MA6 had no effect on the initial
adhesive events, but it clearly inhibited cell movement on laminin to

the same extent as GoH3. Therefore, using mAb MA6, we have
separated the adhesive and migratory function of Bl6Fl cells showing
that VLA-6 played an active role during cell movement on laminin
after adhesion. To our knowledge, this is the first identification of an
extracellular epitope on VLA integrins involved in cell movement but

not adhesion. Two isoforms of ct6 integrin subunit, a6A and a6B,
have been identified; splicing of a 130-bp deletion exon in the cyto
plasmic domain of a6A gives rise to a6B (29, 30). It is apparent that
the a6A and ct6B isoforms differed in their adhesive strength for
laminin (28, 31). A previous study (29) using nested primers for
amplification by reverse transcription-PCR revealed a predominant
expression of the a6A isoform by Bl6Fl . Therefore, the observed
inhibition of B16F1 cell movement was due to the binding of MA6 to

a6A/3lintegrin.

The mechanism(s) whereby MA6 regulates cell movement is still
unknown. Binding of MA6 to VLA-6 may affect: (a) integrin signal
ing properties; (b) the adhesive strength of integrins; (c) the associa
tion of integrins with other regulatory cell surface molecules; and (d)
portions of integrins required for interaction with ECM substrates
during cell movement.

The precise signaling function of VLA-6 in cell movement is not
clear. P388D1 transfectant macrophage cells expressing an a6 cyto
plasmic domain deletion variant have been shown to exhibit reduced
cell motility on laminin (28). This is consistent with studies demon
strating the roles of a cytoplasmic domains in cell movement (27, 32).
The cytoplasmic domains of a subunits may regulate interactions
between @3lsubunits and cytoskeletal proteins involved in cell move
ment (27, 33, 34). Although the effect of MA6 on the activation of the
diverse signaling proteins will require additional studies, our results
suggest that MA6 does not interfere with VLA-6 stimulation of
tyrosine phosphorylation of FAK. However, it is possible that MA6
and GoH3 may provide differential activation of signaling proteins
and/or alter the production of metalloproteinases important for mod

ulation of cell movement and extravasation that we have not detected
in our present study. Fibroblasts from FAK-null mice have been
shown to exhibit reduced cell motility (14). Inhibition of FAK phos

UI
C)
C.)

I;
4h 7h 9h

Fig. 5. The in vivo role of VLA-6 in the extravasation of Bl6Fl cells in liver.
Fluorescently labeled B16F1 cells were preincubated with either MA6 mAb or isotype
matched control (IgG2a) for 1 h at 4Â°C.Washed cells (3 x l0') were then injected into
a mesenteric vein of C57BL/6 mice. The percentage of cells extravasated in the liver was
estimated for each mouse after 4, 7, and 9 h p.1. The averages (Â±SD) from six mice for
each time point are shown. A reduced percentage of MA6-treated B l6Fl cells extrava
sated in comparison with cells treated with the control mAb (P < 0.0025). Error bars, SD.
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Fig. 4. Effect of MA6 on tyrosine phosphorylation of FAK. Bl6Fl cells were placed
on laminin-coated dishes in the presence of MA6, GoH3. or isotype-matched control mAb
IgG2a (A). After I and 6 h, cell lysate was prepared and immunoprecipitated with a mAb
to FAK. Phosphorylated FAX was detected on immunoblots using antiphosphotyrosine
mAb 4010 (Anti-P-Tyr). Total FAK in samples was detected by mAb to FAK (Anti-FAK).
Tyrosine-phosphorylated proteins after binding of MA6 or control mAb IgG2a to B16FI
were also compared (B). Cells were washed and lysed after a 1-h binding by mAb.
Tyrosine-phosphorylated proteins were immunoprecipitated by 4GlO. Total tyrosine
phosphorylated proteins on blots were detected by 4010 with a 90-s exposure. Binding of
MA6 to Bl6Fl had no major effect on VLA-6-mediated signaling events leading to
tyrosine phosphorylation of FAK; in comparison, FAK phosphorylation was inhibited by
GoH3.

to inhibit adhesion of B 16/129 melanoma to endothelial cells (19). We
now have examined the effect of MA6 on the extravasation of Bl6Fl
cells during hematogenous metastasis by IVVM. B16F1 cells were
preincubated with either control mAb or MA6. Cells were injected
into syngeneic C57BL/6 mice via a mesenteric vein. The extent of
extravasation in each mouse was then enumerated as percentage of
B16FI cells that had extravasated by 4, 7, and 9 h p.i. (Fig. 5). As
shown in Fig. 5, the average percentage of extravasated B16F1 cells
at 4 h p.i. was 59.8 Â±6.8% for control mAb-treated cells versus
37.3 Â±12.2% for MA6-treated cells. The corresponding numbers at
7 h p.i. were 71.9 Â±7.7% for control mAb-treatedcells and
43.1 Â±8.1% for MA6-treated cells. Thus, binding of MA6 mAb
resulted in a 1.5â€”2-foldreduction in the extent of extravasation of
B16F1 cells into the liver parenchyma (P < 0.0025). By 9 h, extrav
asation was almost complete for the control mAb-treated cells
(95.6 Â±4.4%); in comparison,81.4 Â±3.5% of MA6-treatedB16F1
cells have extravasated.

DISCUSSION

In the present study, the role of VLA-6 in cell movement and
extravasation was studied. Mouse melanoma B16F1 cells were used

because of their expression of this laminin receptor. Results from the
present study showed that both VLA-6-specific mAbs used in this
study, MA6 and the blocking mAb GoH3, bound VLA-6 equally well.
Although MA6 neither stimulated nor inhibited adhesion to a wide
range of laminin concentrations, it inhibited B16F1 cell movement on
laminin in vitro and extravasation in the liver in vivo.

It is clear that cell adhesion precedes migration on ECM proteins.
Thus, mAbs that block cell adhesion would be expected to also inhibit
the subsequent migratory events. As seen in the present study, mAb
GoH3, which inhibited adhesion of B16F1 cells, also blocked cell
movement on laminin. However, this result does not provide direct
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phorylation and signaling suppressed cell movement (15, 16), whereas
an overexpression of FAK is associated with enhanced cell motility
(17). The inhibition of cell movement by GoH3 may be related to its
inhibition of phosphorylation of FAK, as seen in the present study.

However, MA6 most likely inhibited cell movement via mecha
nism(s) other than the interference of the tyrosine kinase cascade

leading to FAK phosphorylation. Certain VLA-specific mAbs are
known to stimulate cell adhesion (35â€”37) and modulate cell move

ment (I 0). Cell movement seems to occur at optimal adhesive
strength; too high or low would reduce cell movement (6â€”8). How

ever, MA6 neither stimulated nor inhibited adhesion of mouse bone
marrow-derived mast cells (21, 22), and, in the present study, MA6

did not affect the adhesion of Bl6Fl cells to laminin over a wide
range of laminin concentrations. Therefore, it is unlikely that MA6
regulated cell movement by a modulation of the ligand binding
affinity of VLA-6.

Cell surface molecules may associate with integrins and regulate

their functions; these include the alternatively spliced forms of CD47

(lAP-SO) and members of the tetraspan family (TM4; Refs. 38 and
39). CD47 isoforms physically associated with av@33and regulated
av/33-mediated migration of polymorphonuclear leukocytes (38, 40,
41). CD9 and CD8 1 of the TM4 family associated with VLA-6 and
modulated cell motility (42, 43). Both the CD47 isoforms and TM4

members associate with integrins via the extracellular domains (38,
39). It is therefore a possibility that MA6 may interfere with the
interaction between VLA-6 and TM4 proteins, whereby cell move
ment was inhibited. It has also been shown that urokinase receptor can
interact with integrins and modulate their ability to mediate adhesion
to and migration toward specific matrix substrates (44). Thus, MA6
might affect a similar interaction between a nonintegrin receptor and
VLA-6. In addition, binding of integrins with ligands most likely
involves multiple binding sites. In this respect, multiple regions on av,
aIIb, and 133subunits have been shown to contain the ligand contact
sites (45â€”47). During cell movement, VLA-6 may use multiple spa

tially and temporally coordinated contact sites for interaction with
matrix proteins. Therefore, it is possible that the epitope of GoH3 may
represent the initial contact site. For cell movement to occur, an
additional contact site involving the epitope of MA6, which is in close
proximity to GoH3, may be required. This is consistent with the

observation that mAb GoH3 inhibited VLA-6-mediated adhesive
events, whereas MA6 had no effect on adhesion, but both mAbs
blocked the subsequent cell movement on laminin. A delineation of
the mechanism(s) involved is currently underway.

In a previous study using IVVM, we have directly visualized and
quantified the significance of VLA-2 on cell movement in the liver
(24). Using a variety of cancer cell types, we have shown that cancer
cells are initially arrested in the microcirculation by size constraints,
become attached to the luminal surface of the vessel, and then ex
travasate into liver parenchyma (18). Using IVVM in this study, we
found that MA6 reduced the extravasation of B 16F1 cells in the liver.
In a previous study, mAb EA-l, which binds a6 integrins, was shown
to inhibit binding of B16/l29 cells to endothelial cells and inhibited
pulmonary metastasis (19). Similar to MA6, EA-l had no effect on

VLA-6-mediated adhesion to laminin; thus, it was suggested that
VLA-6 may mediate cell-cell interaction by binding an unidentified
cellular ligand (19). The results, taken together, strongly suggest a role
of VLA-6 in the extravasation step of hematogenous metastasis.
Blocking of VLA-6 function may affect interaction of tumor cells
with the endothelial surface and the subsequent migration through the

underlying basement membrane. This is consistent with our observa
tion that inhibition of VLA-6 function by MA6 yielded an approxi
mately 50% reduction in the ability of B16F1 cells to extravasate in
the liver. In addition, mAb to VLA-4 or VCAM-l has been shown to

abolish adhesion of human melanoma to interleukin 1-stimulated
endothelial cells and inhibit the TNF-a-enhanced pulmonary metas
tasis of mouse melanoma Bl6-BL6 (48, 49). B l6Fl cells used in the

present study also expressed VLA-4 and -5 (20). VLA-2, and -5 have
also been shown to mediate the interaction of tumor cells with

endothelial cells in vitro (50, 5 1). For future work on the extravasation
step of hematogenous metastasis, it will be important to determine the

relative contribution of these other integrins in comparison with the
now demonstrated role of VLA-4 and -6 integrins.
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