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ABSTRACT

We have recently reported that concomitant with an increase in inva
si vt-ness. there is an increase in the expression and secretion of the matrix-

degrading 72 kDa gelatinase A/type IV collagenase (MMP-2) in a moder

ately invasive human melanoma cell line (A375M) upon perturbation of
the <r,/i, classic vitronectin receptor. In the present study, we have ex
tended these observations to include a highly invasive and metastatic
melanoma cell line (C8161) which expresses a comparable amount of the
asÃŸ, integrin (classic fibronectin receptor), but very little avÃŸjintegrin on
its surface. When perturbed with an anti-a5ÃŸ, antibody, C8161 cells are

89% more invasive in vitro, and express and secrete increased levels of the
gelatinase A. These changes were not elicited using antibodies to the avÃŸ3
integrin. In addition, a 73% increase in invasion of C8161 cells through a
fibronectin-enhanced matrix occurred, which could be abrogated by neu

tralizing antibodies to gelatinase A. Furthermore, we attempted to tran
siently mimic the invasive phenotype of the C8161 cells by diminishing the
Â«,/!( integrin from the A375M cell surface through fluorescence-activated

cell sorting selection or deoxynojirimycin treatment, and found these cells
to be 30-50% more invasive than the parental population. These data

suggest that alternative modulation and signaling events could be involved
in melanoma tumor cell invasion as a result of the differential expression
of integrins, and strictly cataloging the presence of these integrins is but an
initial step in the analysis of their functional activity.

INTRODUCTION

Integrins are a family of cell-surface heterodimeric proteins that
mediate cell-substratum and cell-cell adhesion and are important in
some of the interactions of the metastatic process (1-4). Recent stud

ies have extended this classical view to include signal tranduction
based on the observations that integrins can convey environmental
information to cells, which alters their expression and secretion of
proteolytic enzymes (4, 5). While the pattern of integrin expression
appears to change upon malignant transformation, there is little cor
relation between the altered pattern of expression and tumorigenesis
(6). Interestingly, considerable attention is now focused on the medi
ation of signals via specific integrins, in addition to cataloging addi
tional integrin profiles among various tumor cell lines (7).

We have recently reported that an increase in the invasive ability of
a moderately invasive human melanoma cell line, A375M, is modu
lated through the ovÃŸ.iintegrin coincident with an increase in the
expression and secreted levels of the 72 kDa gelatinase A/type IV
collagenase (EC 3.4.24.24; MMP-2).3 This enhanced invasiveness

was shown to result from the ligation or perturbation of the avÃŸ3
integrin by an antibody or soluble adhesion protein (vitronectin) re
gardless of whether the ability of the integrin to mediate cell adhesion
was affected. Similar treatment of this cell line with antibodies or
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adhesion ligands directed against the a5ÃŸ,integrin (classical fibronec
tin receptor; also present on this cell line) or other integrin subunits
did not modulate either the invasiveness or expression of gelatinase A.

Subsequently, analysis of the integrin profile of a highly invasive
and metastatic human melanoma cell line, C8161, demonstrated that
while it expresses the asÃŸ, integrin on its cell surface to the same
degree as the A375M cells, there is a marked reduction in the level of
the avÃŸ3integrin. This observation prompted our exploration of the
specific relationship between the differential expression of the a5ÃŸ,
and avÃŸ,integrins on the highly invasive C8161 cells compared to the
moderately invasive A375M cells concomitantly with their ability to
invade a reconstituted basement membrane matrix in vitro and express
and secrete gelatinase/type IV collagenase. The data presented here
demonstrate that alternative regulatory events occur via the differen
tial expression of these integrins, which contributes to the ability of
these cells to invade in vitro and express and secrete a matrix-degrad

ing metalloproteinase (gelatinase A) and are, in part, the result of
differential interactions of these cells with their environment.

MATERIALS AND METHODS

Maintenance of Human Melanoma Cell Cultures. The C8161 human
amelanotic melanoma cell line (8) was a gift from Dr. F. L. Meyskens, Jr.
(University of California. Irvine Cancer Center, Irvine, CA). and typically
produces an in vitro invasion profile of 12-15% in the MICS assay and 31

spontaneous lung metastases/nude mouse 3 weeks postinoculation (9). The
A375M melanotic human melanoma cell line was a kind gift from Dr. I. J.
Fidler (The University of Texas M. D. Anderson Hospital and Tumor Institute.
Houston. TX) and typically produces an in vitro invasion profile of 3-4% in the

MICS assay as well as a median number of 3 spontaneous lung mÃ©tastases/
mouse in the nude mouse model 6 weeks postinoculation (9). Both cell lines
were maintained in Dulbecco's modified Eagle's medium (GIBCO, Gaithers-

burg, MD), as previously described (4), supplemented with 10% fetal bovine
serum (Gemini Bio-Products: Calabasas, Ã‡A).The cell cultures were deter
mined to be free of Mycoplasma contamination using the Gen-Probe Rapid

Detection System (Fisher; San Francisco, CA).
Source of Antibodies and Proteins. The polyclonal anti-a5ÃŸ,(blocking;

Ref. 4) and monoclonal anti-aj (blocking; Ref. 10), -a5 (blocking; Ref. 10),
-/B, (blocking; Ref. 11), and -av (nonblocking; Ref. 4) antibodies and human

fibronectin were purchased from Telios Pharmaceuticals (San Diego, CA); the
monoclonal anti-avÃŸ3antibody (LM 609; nonblocking; Ref. 11) was a gift

from Dr. David Cheresh (Scripps Research Institute, La Jolla, CA); and the
monoclonal anti-avÃŸ5antibody (P3G2; blocking: Ref. 11) was a gift from Dr.
Elizabeth Wayner (Bristol-Meyers Squibb-Oncogen; Seattle, WA). The rabbit
polyclonal anti-human type IV collagenase/gelatinase A (CP-1) has been pre
viously described and characterized for antiinvasive activity (12). This antise-
rum has subsequently been affinity purified using gelatinase A affinity chro-

matography and standard methodologies (13).
In Vitro Invasion Assay. The in vitro invasion assay was performed in the

MICS as previously described (4) using a polyc?rbonate filter containing
10-firn pores (Poretics Corp., Livermore, CA) coated with a reconstituted

basement membrane matrix (1 ml of stock containing 11 mg protein/ml of
Matrigel, Collaborative Research; Bedford, MA; Matrigel is composed of
laminin, type IV collagen, heparan sulfate proteoglycan, entactin, and other
components including growth factors and vitronectin; Refs. 4 and 14) as the
intervening invasive barrier which results in a 35 Â¡imthick membrane when
hydrated. Tumor cell invasion profiles were determined after 72 h as the
percentage of total cells which successfully invaded the reconstituted basement
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membrane barrier in the MICS compared to the number of cells initially seeded
into the upper wells. This number was corrected for the ability of each indi
vidual cell line to replicate on the basement membrane matrix during the
course of the assay by measuring the change in DNA content using a diami-

noben/oic acid reaction with DNA as previously described (15). Experiments
designed to measure changes in the ability of the cells to invade after treatment
with the anti-integrin antibodies involved treating the cells with I fig/ml of

antibody for 0.5 h prior to the assay and adding fresh antibody to the assay each
day. Invasion is expressed as the percentage of invasiveness of the treated cells
compared to the invasiveness of the untreated cells normalized to 100%. These
experiments were performed in triplicate with an n = 6 for each parameter in

each experiment and an SEM calculated as the percentage of invasion com
pared to control cells. In some experiments, 25 fig of human fibronectin/ml of
Matrigel were added, and some cells were treated with I fÂ¿g/mlof affinity-
purified anti-human gelatinase A (72 kDa enzyme) neutralizing antibody for

0.5 h prior to the assay. Fresh antibody was then added daily to these pretreated
cells.

Integrili Analysis. An analysis of the integrin expression on the surface of
C8161 cells was accomplished by labeling the cell surface proteins with I25I

using Enzymobeads (Bio-Rad. Richmond. CA) according to the protocol of the

manufacturer, and. subsequently, immunoprecipitating these integrins from the
clarified cell lysate using excess antibody. Briefly, after iodination, the cells
were lysed in 1 ml of cold lysis buffer (0.5% Nonidet P40-25 ITIMTris-Cl. pH
7.4-1 ITIMEDTA-150 ITIMNaCI-l ITIMphenylmethylsulfonyl fluoride) for 5 min
at 4Â°Cwith gentle agitation (16). The lysate was then centrifuged at 700 X g

for 10 min. and the supernatant was centrifuged at 10.000 x g for IO min. This
supernatant was then pretreated with 100 fil of packed protein A-Sepharose
(Pharmacia. Alameda. CA) in cold phosphate-buffered saline minus cations for

15 min. and after centrifugation. the resulting supernatant was divided into 5
equal aliquots containing the same number of counts and treated with an excess
of antibody for 2 h at 4Â°Cwith gentle shaking. The antibody complex was then

precipitated with 50 fil of packed protein-A Sepharose. and the pellet was
washed 5 times with phosphate-buffered saline minus cations plus 0.5%
Tween-20. The pellet was then treated with nonreducing Laemmli sample

buffer (17) and placed in a boiling water bath for 5 min. Forty ftl of each
sample were then loaded per lane of a 7.5% sodium dodecyl sulfate-polyacry-
lamide minigel (Bio-Rad). After electrophoresis. the gel was stained with
Coomassie Brilliant Blue R-250. destained. treated with Resolution (EM Corp..
West Lafayette. IN), dried, and placed against film at -80Â°C for autoradiog-

raphy. The autoradiograph was then analyzed by densitometry (model 620
Video-Densitometer; Bio-Rad).

Analysis of Secreted Levels of Proteases. Analysis of secreted levels of
gelatinase A was performed using 10% sodium dodecyl sulfate-polyacrylamide

gels containing 0.1% gelatin as previously described (4). except that the
samples were not concentrated prior to electrophoresis. Sample standardization
was accomplished using equivalent numbers of cells per volume of supernatant
per unit time for each experimental parameter (18). Two parts of serum-free

supernatant from untreated cells and cells treated overnight with antibodies
were mixed with I part of Laemmli sample buffer (minus reductant) prior to
electrophoresis. The gels were then washed in 50 ITIMTris-Cl. pH 7.5. plus
2.5% Triton X-100 for 0.5 h followed by an overnight incubation at 37Â°Cin 50

mm Tris-Cl, pH 7.5-10 HIMCaCl2-150 IHMNaCl-0.05% NaN,. After the gels
were stained with Coomassie Brilliant Blue R-250. they were destained until

the wash remained clear and then photographed. The photographic negatives
were then analyzed densitometrically.

Northern Blot Analysis. Northern blot analysis for the mRNA steady-state

levels of gelatinase A (72 kDa type IV collagenase) was performed on un
treated control cells or cells treated overnight with either anti-avÃŸ,or anti-a5ÃŸ,
antibodies. Polyadenylated-selected mRNA (1 fig/lane) was fractionated on a

2.2 Mformaldehyde gel, capillary blotted to GeneScreen Plus nylon membrane
(NEN DuPont. Boston. MA), and probed with "P-labeled complementary

DNA for gelatinase A (pH3a; Ref. 19). The blots were exposed to Kodak
XAR-5 film for 24 h and the relative amounts of probed mRNA were deter

mined by densitometric scanning of the autoradiograph. The blot was reprobed
with '2P-labeled ÃŸ-actincomplementary DNA to standardize mRNA loading.

All densitometric values were thereafter adjusted based upon the densitometric
values determined for the ÃŸ-actinmRNA loaded for each sample (4).

Selection of avÃŸ.<-negativeA375M Cells. Two different methods were

used to obtain populations of A375M cells diminished in the expression of the
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vitronectin receptor on their cell surface. The first method involved labeling
A375M cells with an anti-avÃŸt antibody followed by a fluorescein isothiocy-
anate-conjugated anti-mouse IgG secondary antibody, then sorting the cells
using a Becton-Dickinson FACStar+ cell sorter into Â«vÃŸ^-negative(2% of the

cells) and avÃŸ,-positive (98% of the cells) populations under sterile conditions
into fresh Dulbecco's modified Eagle's medium plus 10% fetal bovine serum.

The second method involved treating the cells with 2 m.MDNJ for 24 h prior
to experimentation. This treatment has been shown to decrease the level of
expression of the o\ÃŸ, vitronectin receptor specifically on human melanoma
cells (18) and does not affect the growth kinetics or cell viability of A375M
cells as determined by trypan blue exclusion and [15S]methionine incorpora

tion into protein. As previously reported (18), sample standardization was
achieved through the use of equivalent numbers of cells per volume of super
natant per unit time throughout all experiments.

RESULTS

A cell lysate prepared from cell surface iodinated C8161 cells was
divided into aliquots containing the same number of counts and sub
jected to immunoprecipitation analysis for integrins. Immunoprecip-
itation using an anti-a5 antibody resulted in an intense signal, while

antibodies against the avÃŸ,integrin showed a barely detectable signal
(Fig. 1). There were also appreciable levels of the a,, ÃŸ,,and avÃŸ5
integrins in these cells (N.B., immunoprecipitation of the a subunit
will also coprecipitate the ÃŸunder the nonreducing conditions of these
analyses and immunoprecipitation of the ÃŸsubunit will coprecipitate
the a subunit; Fig. 1). C8161 cells were 89% (1.9-fold increase) more

invasive in vitro through a Matrigel matrix when treated with an
anti-a,ÃŸ, antibody, and 51% (1.5-fold increase) and 13% more inva
sive when treated with anti-a, and anti-ÃŸ,monoclonal antibodies,

respectively (Fig. 2). Similar treatment with antibodies to avÃŸ,,avÃŸ,,
av, or a3 did not increase the ability of these cells to invade (Fig. 2).
Coincident with the increase in invasiveness was a 1.9-fold increase in

the secreted levels of gelatinase A (as measured by zymography ) after
treatment with the anti-ÃŸ,antibody, a 1.7-fold increase after treatment
with the anti-a5 antibody, but no increase after treatment with either
the anti-av or anti-a, antibodies (Fig. 3). To a much lesser degree, a

30 and 20% increase in gelatinase B (92 kDa type IV collagenase)
occurred, in response to anti-ÃŸ,and anti-a5 antibodies, respectively.
By Northern blot analysis, a 3.5-fold increase was also measured in
the mRNA levels for gelatinase A after treatment with the anti-a,ÃŸ,
antibody, while no change was measured in response to the anti-avÃŸ3
antibody (Fig. 4). We also found that 25 fig/ml of exogenous fibronec-

tin ligand added to the Matrigel in the invasion assay resulted in a 73%
increase in the invasiveness of C8161 cells. This increased invasive-
ness could be diminished 54% by the addition of an anti-human
gelatinase A-neutralizing antibody (Fig. 5).

Â«
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Fig. I. Immunoprecipilation analysis of integrin subunits from C8I61 cells. After the
cells were surface iodinated and lysed, the supernatant was aliquoted into 5 equal portions
containing the same number of counts, and the integrins or integrin subunits were im-
munoprecipitated using excess antibody as described in "Materials and Methods." Lane I,

monoclonal anti-ÃŸiantibody; lane 2, monoclonal anti-or.s antibody; lane 3, monoclonal
anti-a^ antibody; lane 4, monoclonal anti-avÃŸ.i(LM609) antibody; and lane 5, mono
clonal anti-avÃŸs(P3G2) antibody. Left ordinate, molecular mass in kDa.

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/14/3411/2451089/cr0530143411.pdf by guest on 19 M

ay 2023



INTEGRINE MODULATE TYPE IV COLLAGENASE

200

150

Eooâ€¢¿�5

100

so

rii

some of the molecules responsible for the regulation of preferential
attachment to organs during metastasis, of which cell adhesion mol
ecules play an important role (21). In the present study, we set forth
to determine the differences in integrin modulation of the metastasis-
associated metalloproteinase gelatinase A (type IV 72-kDa collagen

ase), since previous studies from our laboratory indicated a correlative
interaction during melanoma tumor cell invasion (4). The highly mel

anti- anti-

-3.2kB

1.0 0.9 3.5

Fig. 2. Effect of anti-integrin antibodies on the in vitro invasive potential of C8161
human melanoma cells. The invasive potential of untreated cells was normalized to 100%,
and the invasive potential of the ant Â¡body-treatedcells was determined as a percentage of
the control (C). Experiments were performed in triplicate with n â€”¿�6 for each parameter.

Column, mean; bar, Â±SEM calculated as Â±percentage of invasion compared to the
control cells.

No Ab a, a.

Fig. 3. Zymographic analysis of the gelatinolytic activity of serum-free conditioned
media from untreated control cells (No Ab) compared to antibody-treated cells. The
zymogram was photographed and the photographic negative densitometrically scanned.
The amount of clearing associated with the gelatinase A and B/type IV collagenase activity
is expressed as arbitrary densitometric units relative to the control cells assigned a value
of 1.0.

Based on our previous observation that gelatinase A is modulated
by the avÃŸ3integrin specifically on the moderately invasive A375M
human melanoma cells (4), we attempted to transiently convert
A375M cells to a C8161 "invasive phenotype" with respect to little or

no expression of the avÃŸ3integrin. We utilized FACS to select for an
avÃŸ3-deficient population which represented 2% of the parent popu

lation. These cells were 30% more invasive than the parent population
(Table 1). This observation was further supported by treating A375M
cells with 2 mMDNJ (a drug shown to decrease the level of expression
of the avÃŸ3vitronectin receptor on human melanoma cells; Ref. 18)
to produce a transient population of avÃŸ3-deficientcells. These cells
displayed a 5-fold decrease in the vitronectin receptor on their cell

surface and were 54% more invasive after treatment with DNJ using
a noncytotoxic and noncytostatic concentration (Table 1).

DISCUSSION

Information related to positional cues is transduced from the extra
cellular matrix to a tumor cell, which, in turn, affects functions such
as attachment, degradation, and motility, three key steps in the met-

astatic cascade (20). Special attention has been devoted to elucidating

-2.2kB

Fig. 4. A. analysis of gelatinase A mRNA expression (72-kDa type IV collagenase) by
Northern blot analysis. Polyadenylation-selected RNA from control C8I61 cells (lane C)
or C8161 cells treated overnight with either anti-avÃŸ.i(/anf anli-a,.ÃŸ<)or anti-a5(3i (lane
anii-asÃŸi) antibodies (I fig/ml). The blots were exposed to Kodak XAR-5 film for 72 h

and the relative amounts of gelatinase A mRNA determined densitometrically. The values
reported are expressed as arbitrary units relative to the level in the untreated C8161 cells
set to a value of 1.0. These values were corrected for the amount of mRNA loaded per
sample as determined by reprobing the blot with 32P-labeled ÃŸ-actincDNA and densit

ometrically scanning the autoradiograph (B),

200

C8161 C8161 C8161
Matrigel Matrigel + FN Matrigel +FN

-t-anti-gel'ase A

Fig. 5. Invasive profiles of C8I61 cells measured in vitro using either Matrigel or
Matrigel plus 25 fig fibronectin (FN)/ml of Matrigel as the extracellular matrix barrier in
the MICS assay. The invasiveness of the cells on Matrigel was normalized to 100% and
represents the control. The invasiveness of the cells on the fibronectin-enhanced Matrigel
was then determined compared to the invasive potential of the control cells. Cross-hatched
column, invasive potential of cells pretreated with anti-gelatinase A-neutralizing antibody
0.5 h prior to being placed on the fibroncctin-augmented matrix compared to the invasive
potential of untreated cells on the fibronectin-enhanced matrix. Fresh antibody was added
daily to the pretreated cells during the assay period. Column (bar), mean (Â±SEM).
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Table I Invasive potentials and relative level of vitronectin receptor on A375M
vitronectin receptor-diminished populations

Vitronectin receptor (VN-R) deficient populations of A375M human melanoma cells
were selected either by FACS or by using DNJ. The level of expression of the VN-R on

the cell surface was determined by immunoprecipitation, followed by sodium dodecyl
sulfate-poiyacrylamide gel electrophoresis. The autoradiograph was then analyzed by
densitometry with the values obtained for the control cells arbitrarily assigned a value of
1.0. The invasive potential of the selected populations was determined relative to the
control cells normalized to 100% invasiveness.

Control

FACS-selected
VN-R minus cells

2 HIM
deoxynojirimycin

Imrnunoprecipitation of VN-R

% invasion vs. control
1.0

100%

ND"

130%
0.2

154%
" ND, Not determined; VN-R. vitronectin receptor.

astatic human melanoma cell line. C8161. expresses levels of the
a5ÃŸ,-integrin on its cell surface comparable to the moderately inva

sive human melanoma cell line A375M, but, unlike A375M cells,
expresses barely detectable levels of the avÃŸ3integrin. Furthermore,
treating A375M cells with antibodies to the avÃŸ,integrin resulted in
an increase in invasiveness and an increase in the expression and
secretion of gelatinase A, while a similar treatment of C8161 cells had
little effect. Interestingly, while antibodies against the o^ÃŸrintegrin
had an insignificant effect on the invasive potential of A375M cells,
C8161 cells treated with these antibodies were more invasive and
expressed and secreted higher levels of gelatinase A. The importance
of matrix-degrading metalloproteinases in tumor cell invasion of the
ECM, particularly gelatinase A (72 kDa type IV collagenase; MMP-
2), has been previously demonstrated (12, 22-27). Furthermore, spe

cific inhibitors to MMPs have been shown to block tumor cell inva
sion (12. 28-31), which was observed in our present study using

neutralizing antibodies to gelatinase A. What has not been defined is
the mechanism(s) regulating the expression of these MMPs necessary
for tumor cell metastasis. Hence, the data presented in this study
suggest that modulation of metalloproteinase expression and its sub
sequent secretion by these melanoma cell lines can occur via different
integrins.

Our studies of these differentially expressed integrins with respect
to melanoma show an increase in invasion in the highly invasive and
metastatic C8161 cells in response to treatment with antibodies to the
a,ÃŸ, integrin or its subunits (coincident with increases in the expres
sion and secretion of gelatinase A). There is also an increase in the
invasive potential of the cells through a basement membrane matrix
augmented with the ligand fibronectin. This study relied primarily on
the use of monospecific antibodies to selected integrins in the context
of ligand binding as opposed to inhibitors of adhesive function. Al
though this approach seems paradoxical especially when considering
earlier observations related to integrin antibody inhibition of tumor
cell migration (32), the latter demonstrates inhibition of migration by
anti-a-i-antibody on fibronectin substrate but not on Matrigel matrix.

In our studies, although the antibodies used are characterized as either
blocking or nonblocking to a ligand-specific substrate (measured in a
1-h assay), they do not inhibit attachment to the Matrigel reconstituted

basement membrane matrix in our invasion assay over 72 h (4).
Furthermore, Matrigel does not contain detectable levels of fibronec
tin, thus suggesting that the augmentation of invasion and increased
gelatinase A activity by antibody perturbation of the a5ÃŸ,-complex, or
ligand-enhanced Matrigel matrix, are independent events involving

modulation of invasion via the fibronectin receptor.
In comparison, the A375M cells show an increase in invasion and

expression of gelatinase A in response to treatment with antibodies to
the avÃŸ,integrin or its av subunit (but not with antibodies to the ÃŸ,
subunit) or pretreatment of the cells with the ligand vitronectin. In
addition, depletion of the avÃŸ, integrin from the cell surface by
treatment with DNJ or selection of an avÃŸ,integrin-deficient popu

lation via FACS using anti-avÃŸ,antibodies resulted in a population of

A375M cells with enhanced invasive capacity. Collectively, these data
suggest that perturbation or experimental diminution of the avÃŸ,
integrin on the surface of A375M cells results in an increased ability
to invade in vitro, which mimics the more migratory phenotype of the
C8161 cells. Although these observations may appear difficult to
interpret, our previous work related to perturbation of the aâ€žÃŸ3re
ceptor on A375M cells with monoclonal antibodies resulting in up-

regulation of gelatinase A is quite different from the observation in the
present study showing that a diminution in avÃŸ3leads to increased
invasive ability, which in all probability is due to reduced ligand
interaction with vitronectin in the Matrigel matrix. Moreover, it is
difficult to fully comprehend the significance of these observations
with respect to biological function, particularly metastasis; however, it
is clear that melanoma cells express both the a5ÃŸ,and avÃŸ3,as well
as avÃŸ5integrins. In the present study, augmentation of invasion
appears to be through the a^ÃŸ,integrin in the case of the highly
invasive and metastatic melanoma cells, in part, due to concurrent
modulation of a metalloproteinase. Interestingly, our observations co
incide with recent evidence suggesting different intracellular signaling
mechanisms are responsible for stimulating human melanoma cell
motility between two extracellular matrix molecules (33). From our
data, we postulate that this differential signaling may be dependent, in
part, on the expresssion of specific integrins on tumor cell surfaces.
Furthermore, this differential expression of integrins may also be
related to the expression of both vimentin and keratin intermediate
filaments by C8161 cells versus vimentin only in A375M cells (9),
which has been shown to affect spreading ability on ECM (34), in
addition to participating in the dynamic intracellular signaling path-

way(s) of the cytoskeleton. Hence, the highly metastatic C8161 cells
contain both mesenchymal and epithelial characteristics, which may
offer a selective advantage with regard to cell/ECM interactions in
volving changes in gene expression.

A previous study has shown the cooperative interactions of the
classic fibronectin receptor (a5ÃŸ,) with the classic vitronectin receptor
(avÃŸ,)with regard to cell motility in Chinese hamster ovary cells (35)
using fibronectin receptor-deficient cells on fibronectin and vitronec

tin matrices. Interestingly, in this noncancerous cell line it was shown
that the a? subunit was required for normal haptotactic motility on
vitronectin substrata, which was the case in our study with C8161
cells invading a Matrigel matrix containing vitronectin. In the case of
tumor cells, it might serve as an advantage to have less avÃŸ,so that
the cells are not restricted in their motility through vitronectin-con-

taining matrix barriers and more o5ÃŸ,integrin to facilitate rapid
binding to blood clots and other matrix components. Thus, a shift from
the avÃŸ3to asÃŸiprofile may signal not only enhanced invasiveness
but increased motility (haptotaxis) to take advantage of matrix defects
created by enhanced proteolytic activity. Although other studies have
pointed to the increased expression of avÃŸ3associated with metastatic
progression (6, 36, 37), the magnitude of metastatic ability has not
been as great as with the C8161 cell line derived from a highly
aggressive amelanotic melanoma tumor (9). In addition, the amelan-

otic C8161 cells may offer an unique model expressing a slightly
different integrin profile than the commonly reported melanotic mel
anomas. Interestingly, murine B16 amelanotic melanoma (B16a) cells
express integrin receptors which correlate with the induction of plate
let aggregation in the establishment of mÃ©tastases(38). Furthermore,
it has also been demonstrated that considerable heterogeneity exists
regarding the vitronectin receptor composition and function upon
immunoprecipitation analyses of 10 human melanoma cell lines,
which may provide some helpful guidance in the interpretation of
variable integrin results (39). Our major focus is function, in which the
C8161 in vitro model has allowed us the opportunity to expand our
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previous observations and further test the hypothesis regarding the
modulation of metalloproteinases via specific integrins. Further va
lidity of the biological relevance of these observations will require
examination of the actual intracellular signaling pathways underlying
these events.

ACKNOWLEDGMENTS

We gratefully acknowledge helpful scientific discussions with Drs. Erkki
Ruoslahti, David Cheresh, and Kurt Gehlsen, and the technical expertise of
Barbara Carolus, Arizona Research Laboratories, University of Arizona, for the
fluorescence-activated cell sorting.

REFERENCES

1. Albelda, S. M. and Buck, C. A. Integrins and other cell adhesion molecules. FASEB
J.. 4: 2868-2880. 1990.

2. Ruoslahti, E. Integrins. J. Clin. Invest., 87: 1-5, 1991.

3. Hynes, R. O., and Lander, A. D. Contact and adhesive specificities in the associations,
migrations and targeting of cells and axons. Cell, 68: 303-322, 1992.

4. Seftor, R. E. B., Seftor. E. A., Gehlsen, K. R., Stetler-Stevenson. W. G., Brown, P. D.,

Ruoslahti, E., and Hendrix, M. J. C. Role of the avÃŸiintegrin in human melanoma
cell invasion. Proc. Nati. Acad. Sci. USA, 89: 1557-1561. 1992.

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

6. Albelda, S. M., Mette, S. A., Eider, D. E., Steward, R., Damjanovich, L., Herlyn, M.,
and Buck, C. A. Integrin distribution in malignant melanoma: association of the ÃŸi
subunit with tumor progression. Cancer Res., 50: 6757-6764, 1990.

7. Kornberg, L. J.. Earp, H. S., Turner. C. E.. Prockop. C.. and Juliano, R. D. Signal
tranduction by Â¡ntegrins:increased protein tyrosine phosphorylation caused by clus
tering of (3, integrins. Proc. Nati. Acad. Sci. USA, SS.-8392-8396, 1991.

8. Bregman, M. D.. and Meyskens, F. L., Jr. In vitro modulation of human and murine
melanoma growth by prostanoid analogs. Prostaglandins. 27: 17-26, 1983.

9. Hendrix, M. J. C., Seftor, E. A., Chu, Y-w., Seftor, R. E. B., Nagle, R. B., McDaniel,

K. M., Leong, S. P. L., Yohem, K. H., Leibovitz, A. M.. Meyskens, F. L., Jr., Conaway.
D. H., Welch, D. R.. Liotta. L. A., and Stetler-Stevenson, W. G. Coexpression of
vimentin and keratins by human melanoma tumor cells: correlation with invasive and
metastatic potential. J. Nati. Cancer Inst., 84: 165-174, 1992.

10. Wayner, E. A., Carter. W. G., Piotrowicz. R. S., and Kunicki, T. J. The function of
multiple extracellular matrix receptors in mediating cell adhesion to extracellular
matrix: preparation of monoclonal antibodies to the fibronectin receptor that specif
ically inhibit cell adhesion to fibronectin and react with platelet glycoproteins Ic-IIa.
J. Cell Biol., 107: 1881-1891. 1988.

11. Wayner, E. A., Orlando, R. A., and Cheresh. D. A. Integrins o\ÃŸ3and avÃŸscontribute
to cell attachment to vitronectin but differentially distribute on the cell surface. J. Cell
Biol.. 113: 919-929, 1991.

12. Albini, A., Melchiori, A., Santi, L., Liotta, L. A., Brown, P. D., and Stetler-Stevenson,
W. G. Tumor cell invasion inhibited by TIMP-2. J. Nati. Cancer Inst., 83: 775-779,

1991.
13. Wacher, M. P., Krutzsch, H. C., Liotta, L. A., and Stetler-Stevenson, W. G. Devel

opment of a novel substrate capture immunoassay for the detection of a neutral
metalloproteinase capable of degrading basement membrane (type IV) collagen. J.
Immunol. Methods, 126: 239-245, 1990.

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

15. Hendrix, M. J. C., Seftor, E. A., Seftor, R. E. B., Misiorowski, R. L., Saba, P. Z.,
Sundareshan, P., and Welch, D. R. Comparison of tumor cell invasion assays: human
amnion versus reconstituted basement membrane barriers. Invasion Metastasis, 9:
278-297, 1989.

16. Kramer, R. H.. McDonald. K. A., Crowley, E., Ramos, D. M., and Damsky, C. H.

Melanoma cell adhesion to basement membrane mediated by integrin-related com
plexes. Cancer Res., 49: 393-Ã•02, 1989.

17. Laemmli, U. K. Cleavage of structural proteins during the assembly of the head of
bacteriophage T4. Nature (Lond.), 277: 680-685, 1970.

18. Spiro, R. C., Laufer, D. M., Perry, S. K., and Harper, J. R. Effect of inhibitors of
AMinked oligosaccharide processing on the cell surface expression of a melanoma
integrin. J. Cell. Biochem., 41: 37^15, 1989.

19. Levy, A. T., Cioce, V, Sobel, M. E., Garbisa, S. Grigioni, W. F., Liotta, L. A., and
Stetler-Stevenson, W. G. Increased expression of the M, 72,000 type IV collagenase
in human colonie adenocarcioma. Cancer Res.. 51: 439-444, 1991.

20. Liotta, L. A., Rao, C. N., and Wewer, U.M. Biochemical interactions of tumour cells
with the basement membrane. Annu. Rev. Biochem., 55: 1037-1057, 1986.

21. Nicolson, G. L. Tumor and host molecules important in the organ preference of
metastasis. Semin. Cancer Biol., 2: 143-154, 1991.

22. Matristan, L. M. Metalloproteinases and their inhibitors in matrix remodeling. Trends
Genetics, 6: 121-125, 1990.

23. Stetler-Stevenson, W. G. Type IV collagenases in tumor invasion and metastasis.
Cancer Metastasis Rev., 9: 289-303, 1990.

24. Brown P. D., Levy, A. T., Marguiles, I. M. K., Liotta, L. A., and Stetler-Stevenson, W.
G. Independent expression and cellular processing of M, 72,000 type IV collagenase
and interstitial collagenase in human tumorigenic cell lines. Cancer Res., 50: 6184-

6191, 1990.
25. Liotta, L. A., Thorgeirsson, U. P., and Garbisa, S. Role of collagenase in tumor cell

invasion. Cancer Metastasis Rev., /.â€¢277-288, 1982.

26. Liotta, L. A., Wewer, U. M., Rao, C. N., Schiffmann, E., Stracke, M., Guiguis, R.,
Thorgeirsson, U., Muschel, R., and Sobel, M. Biochemical mechanisms of tumor
invasion and metastasis. Prog. Clin. Biol. Res.. 256: 3-16, 1988.

27. Mignatti, P., Robbins, E., and Rifkin, D. B. Tumor invasion through the human
amnion membrane: requirement for a proteinase cascade. Cell, 47: 487^)98. 1986.

28. Hoyhtya, M., Hujanen, E., Turpeenniemi-Hujanen, T., Thorgeirsson, U. P., Liotta, L.

A., and Tryggvason, K. Modulation of type IV collagenase activity and invasive
behavior of metastatic human melanoma (A2058) cells in vitro by monoclonal anti
bodies to type IV collagenase. Int. J. Cancer, 46: 282-286, 1990.

29. Alvarez, O. A., Carmichael, D. F., and DeClerck, Y. A. Inhibition of collagenolytic
activity and metastasis of tumor cells by a recombinant human tissue inhibitor of
metalloproteinases. J. Nati. Cancer Inst., 82: 589-595, 1990.

30. DeClerck, Y. A., Yean, T-S., Chan, D., Shimada, H., and Langley, K. E. Inhibition of
tumor invasion of smooth muscle cell layers by recombinant human metalloproteinase
inhibitor. Cancer Res., 51: 2151-2157, 1991.

31. Schultz, R. M., Silberman, S., Persky, B., Bajkowski, A. S., and Carmichael, D. F.
Inhibition by human recombinant tissue inhibitor of metalloproteinases of human
amnion invasion and lung colonization by murine B16-FH) melanoma cells. Cancer
Res., 48: 5539-5545, 1988.

32. Yamada, K. M., Kennedy, D. W., Yamada, S. S., Gralnick, H., Chen, W-T, and
Akiyama, S. K. Monoclonal antibody and synthetic peptide inhibitors of human tumor
cell migration. Cancer Res., 50: 4485^1496, 1990.

33. Savarese, D. M. F., Russell, J. T., Fatatis, A., and Liotta, L. A. Type IV collagen
stimulates an increase in intracellular calcium. J. Biol. Chem., 267: 21928-21935.

1992.
34. Chu, Y-W., Runyan, R. B., Oshima, R. G.. and Hendrix, M. J. C. Expression of

complete keratin filaments in mouse L cells augments cell migration and invasion.
Proc. Nati. Acad. Sci. USA, 90: 4261^1265, 1993.

35. Bauer, J. S., Schreiner, C. L.. Giancotti, F. G., Ruoslahti, E., and Juliano. R. Motility
of fibronectin receptor-deficient cells on fibronectin and vitronectin: collaborative
interactions among integrins. J. Cell Biol., 116: 477-487, 1992.

36. Hart, I. R., Birch, M., and Marshall, J. F. Cell adhesion receptor expression during
melanoma progression and metastasis. Cancer Metastasis Rev., 10: 115-128, 1991.

37. Gehlsen, K. R., Davis, G. E.. and Sriramarao, P. Integrin expression in human
melanoma cells with differing invasive and metastatic properties. Clin. Exp. Metas
tasis, 10: 111-120, 1992.

38. Honn, K. V, Chen Y. Q., Timar, J., Onoda, J. M., Hatfield, J. S., Fligiel, S. E., Steinen,
B. W., Diglio, C. A., Grossi, I. M., Nelson, K. K. et al. a lib ÃŸ3 integrin expression
and function in subpopulations of murine tumors. Exp. Cell Res., 201: 23-32, 1992.

39. Marshall, J. R, Nesbitt, S. A., Helfrich, M. H., Horton, M. A., Polakova, K., and Hart.
I. R. Integrin expression in human melanoma cell lines: heterogeneity of vitronectin
receptor composition and function. Int. J. Cancer, 49: 924â€”931,1991.

3415

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/14/3411/2451089/cr0530143411.pdf by guest on 19 M

ay 2023




