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Abstract—M etastatic clones growing in 0.6% ‘hard’ agar were selected from the
non-metastatic Rous sarcoma virus (RSV)-transformed tumorigenic B77-3T3
mouse fibroblast line. The incidence of spontaneous lung metastases varied among
clones around 100%, while it was lower than 5% in the parental tumor line. The
organization of microfilaments, microtubules and intermediate filaments as well as
the pattern of extracellular fibronectin matrix were analyzed by immuno-
fluorescence in two representative clones (B77-AA6 and B77-AA12) and was
compared with the structural features displayed by a highly metastasizing RSV-
induced mouse sarcoma line (SR-BALB). In the metastatic clones studied
microtubules and intermediate filaments were similarly organized in a pattern not
significantly different from that of the non-metastatic parental cell line. The major
finding was a marked concentration of actin-containing structuresin the periphery
of cells and notably at the level of surface protrusions, suggesting a high surface
motility. In the same lines the production of fibronectin and its distribution in the
cell layer and culture medium were analyzed. Metabolic labelling and
immunofluorescence experiments indicated that the nonmetastasizing cells (B77-
3T3) retain higher amounts of fibronectin in the cell layer and organize this
molecule in extracellular fibers, while the metastatic clones (B77-AA6 and B77-
AA12) as well as the metastatic line (SR-BALB) are unable to retain and organize
fibronectin at their surface. This paper shows that the progression of tumorigenic
cell lines toward a metastatic phenotype involves a redistribution of cytoskeletal
actin and a loss of organized fibronectin matrix.

INTRODUCTION

TUMOR metastasis is a sequential multistep
process whereby the cells are actively released
from the primary tumor and disseminate to
distant organs where they proliferate to form new
tumor foci (for reviews see [1-3]).

Critical stages of the metastasis process—such
as the invasion of tissues surrounding primary
tumor including the intravascular compartment,
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dissemination to and arrest in the capillary bed of
distant organs, reaching once again the
extravascular  compartment—must  involve
marked alterations in cell shape, morphology,
motility and adhesiveness. These latter properties
are controlled by the cytoskeleton and by the
interactions of cells with their extracellular
matrix and are known to be altered in transformed
cells [4-6].

In this paper the organization of some proteins
forming cytoskeletal networks and the extra-
cellular matrix is described by immuno-
fluorescence microscopy in RSV-transformed
fibroblasts with different metastatic potential.
The model studied offers some unique advantages
since it is based on cells sharing the same origin
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and transformed by a known v-oncogene (v-src).
Four lines are employed: (a) the non-transformed
3T3 fibroblast-like line; (b) the B77-3T3 line,
obtained by transforming in vivo the 3T3 line [7];
this line expresses the v-src gene, produces
enzymatically active pp60src, is tumorigenic, but
does not metastasize [8]; (c¢) the highly
metastasizing B77-AA6 and B77-AAl2 clones
isolated in ‘hard’ agar from the above B77-3T3
line [8]; these clones stably retain their metastatic
potential as well as their growth and morpho-
logical characteristics during in vitro propagation
[9]; and (d) the SR-BALB line, obtained by
transforming in vitro BALB/c fibroblasts with
the SR-D strain of the RSV [10]; this line
spontaneously displays a high metastatic
capability [8].

MATERIALS AND METHODS

Cell culture and cloning in agar

The BALB/3T3 line—a mouse non-transformed
fibroblast-like line—was obtained from the
Americal Type Culture Collection. The non-
metastasizing B77-3T3 cell line, kindly provided
by Dr J. M. Bishop, University of California, San
Francisco, CA, is a clone of BALB/c 3T3
fibroblasts transformed in vitro by the Bratislava
77 Swrain of Rous sarcoma virus [7]. The
metastasizing SR-BALB cell line, kindly provided
by Dr J. T. Parsons, University of Virginia,
Charlottesville, VA, was obtained by injecting
chicken fibroblasts transformed by Schmidt-
Ruppin D strain of the RSV in BALB/c mice[10].
The metastasizing B77-AAI2 and B77-AA6 lines
are subclones of the B77-3T3 line, isolated in our
laboratory [8, 9] by cloning in 0.6% agar. The
metastatic potential of the four transformed and
tumorigenic lines was previously assessed [8, 9].
The BALB/c 318, B77-3T3, B77-AA6, B77-AAI2
and SR-BALB lines were routinely cultured in
Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal calf serum and
antibiotics. The M4 and M9 mouse sarcoma lines
were kindly provided by Dr Mantovani, Istituto
Mario Negri, Milan, Italy, and grown asdescribed
[11].

Cloning efficiency in 0.6% (‘hard’) agar was
measured as previously described [8] by seeding
cells in agar at the concentrations of 2 X 10 cells
per 60-mm diameter plastic dish. Briefly, on an
underlayer (4 ml) of 0.6% Difco Noble agar in
DMEM plus 10% fetal calf serum, 10% tryptose
phosphate broth and antibiotics, single cells were
plated suspended in a top layer (1.5 ml) of 0.6%
agar in the same medium. All cultures were
carried out in quadruplicate. Twenty-one days
later, colonies visible to the naked eye were

counted with the aid of a millimeter grid and
microscopically checked.

Spontaneous lung metastasis

The production of spontaneous lung metastases
was assayed by subcutaneous (s.c.) injection in the
abdominal flank of syngeneic mice [12] of tumor
cells grown in vitro. Subconfluent cultures were
incubated with 0.25% trypsin-0.02% EDTA for 10
min at 37°C; reaction was blocked by adding
complete medium; cells were collected at 800 rpm,
extensively washed and resuspended in medium
without serum. Cell viability was not affected by
this treatment, asassessed by evaluation of plating
efficiency.

Immediately after spontaneous death, treated
mice were subjected to autopsy and metastases
were counted under a dissecting microscope.

Antisera to fibronectin and cytoskeletal proteins
The antiserum to affinity chromatography-
purified human plasma fibronectin was prepared
as previously described [13]). Its specificity for
mouse fibronectin was earlier demonstrated by
immunoprecipitation experiments [14].

The antisera to tubulin and actin were raised by
immunizing rabbits against homogeneous calf
brain tubulin free of microtubule-associated
proteins and chicken gizzard actin respectively.
The immunization protocol followed published
procedures [15, 16]. The rabbit antibody to rat
vimentin was prepared using sodium dodecyl
sulfate-denatured antigen [17, 18]. Vinculin
antiserum was a kind gift of Dr D. Drenckhahn,
Marburg, F.R.G.; this antiserum was found to
recognize vinculin from several mammalian
species [19, 20]. Fluorescein isothiocyanate-
labeled goat anti-rabbit IgGs were purchased
from Kirkegaard and Perry, Gaithersburg, MD,
US.A.

Quantitation of fibronectin

Metabolic labeling of proteins was achieved by
incubating cell monolayers for 5hr with
20 uC/ml of [**S]-methionine (800 Ci/mmol,
Amersham) in methionine-free medium contain-
ing 5% fetal calf serum.

Quantitative immunoprecipitation of labeled
soluble fibronectin was performed as previously
described [14]. Cell-associated fibronectin was
solubilized by extracting cells with the Triton~
DOC-SDS buffer (20 mM Tris-HCI, pH 7.4, 150
mM NaCl, 0.5% Triton X-100, 0.5% sodium
desoxycholate, 0.1% sodium dodecyl sulfate,
5 mM ethylendiamine tetra-acetic acid and 2 mM
phenylmethylsulfonyl fluoride as protease
inhibitor). The extracts were sonicated to reduce
viscosity and centrifuged in an Eppendorf
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microfuge for 15 min. The solubilized material
was incubated with an excess of antiserum for 1 hr
at 0°C, and immunocomplexes were recovered by
adsorption on Protein A-Sepharose beads
(Pharmacia). All the fibronectin present in the
solution was immunoprecipitated under these
conditions, as tested by a second immuno-
precipitation cycle on the supernatant of the
Protein A-Sepharose incubation. Immuno-
precipitated fibronectin was separated in sodium
dodecylsulfate polyacrylamide gel electrophoresis
(SDS-PAGE) according to Laemmli {21]; the
protein band was excised from the gel and the
associated radioactivity was measured by liquid
scintillation counting.

Immunofluorescence microscopy

Cells were grown to subconfluent monolayers
on glass coverslips, rinsed with PBS and fixed
with 3.7% paraformaldehyde in PBS for 10 min at
room temperature. After washing with PBS
containing 0.2% bovine serum albumin, fixed
cells were incubated for 60 min with rabbit
antiserum to fibronectin diluted 1/50 followed by
a FITC-labeled goat anti-rabbit IgG. For the
detection of intracellular antigens, formaldehyde
fixation was followed by a 2-min extraction at
room temperature with PBS contining 0.2%
Triton X-100. After rinsing, coverslips were
incubated sequentially in the primary and
secondary antibodies for 45 min at 37°C.
Coverslips were then mounted in 50% glycerol in
PBS and examined in a Leitz Dialux microscope
equipped with an epi-illumination system or in a
Leitz Diavert inverted microscope equipped both
with epifluorescence and interference reflection
optics. Fluorescence pictures were recorded on
Kodak Tri-X films while IRM pictures were taken
on Agfa Ortho 25 films.

Scanning electron microscopy

Scanning electron microscopy (SEM) was
performed by Dr C. De Giuli Institute of
Pharmacology, University of Milan, Italy, as

follows. Coverslip-attached cells were fixed in
2.5% glutaraldehyde in PBS for 1 hr at room
temperature, rinsed and dehydrated in graded
ethanol, followed by infiltration with amyl
acetate and critical-point drying. After gold
coating, cells were observed in a Cambridge
Stereoscan electron microscope and pictures
recorded on Polaroid plates.

RESULTS

In this paper we have tried to correlate cell
structural features with the ability of RSV-
transformed lines to produce metastases, by
simultaneously analyzing their spontaneous
metastatic capability and their patterns of
cytoskeletal organization and fibronectin matrix.

Spontaneous metastasis and cloning efficiency
in agar

Spontaneous metastatic potential was assayed
in syngeneic mice injected subcutaneously with
tumorigenic doses of B77-3T3, B77-AA6 or SR-
BALB cells. As the animals spontaneously died,
metastases were scored at autopsy.

As shown in Table 1, B77-3T3 tumors did not
produce metastases in a significant number of
animals; among 50 mice, only two developed
pulmonary metastases. SR-BALB tumors gave
spontaneous lung metastases in 13/14 injected
animals. Metastases became detectable in animals
surviving more than 6 weeks; at this time they
were scored with the aid of a dissecting
microscope. Metastatic nodules were observed
only in the lung.

Since a direct correlation was found between
metastatic ability and cloning efficiency in ‘hard’
agar of RSV-transformed fibroblasts {8], clones of
B77-3T3 cells growing in ‘hard’ agar were selected
and their behavior was tested in vitro and in vivo
[9]. They showed metastastic abilitiesand cloning
efficiency in agar comparable to that of the
metastasizing SR-BALB line. In Table 1 the
behavior of the B77-AA6 clone employed in the
present study is shown.

Table 1. Cloning efficiency in ‘hard’ agar and spontaneous lung
metastases (MTS) of an RSV-transformed cell line

Cell Cloning Average No. of Mean survival

line efficiency (%) Incidencet MTS = S.D. times * S.D.
B77-3T3 0.05 2/50 2+1 43 +8
B77-AA6 9.85 13/14 51 49 + 12
SR-BALB 10.90 11/13 6+2 60 + 17

*Mice were injected subcutaneously in the abdominal flank with 1 X 10° cells in
vitro grown B77-3T3 or B77-AA6 cells and with 1 X 10° or 5 X 10° cells in vitro
grown SR-BALB cells.

tNo. of mice bearing metastases/No. of mice bearing tumor; the difference
between the incidence were significant at P <0.001 (x? test).
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Cell morphology and cytoskeleton organization

Indirect immunofluorescence microscopy and
specific antibodies were emploved to study the
organization of cytoskeletal networks in control
non-transfomed 3T3 fibroblasts and in four
transformed cell lines equipped with different
metastatic capabilities (SR-BALB, B77-3T3, B77-
AA6 and B77-AAl2). In Fig. | the organization of
cytoplasmic microtubules is described. No
significant difference in the overall distribution of
microtubule arrays was found among transformed
cell lines. When the latter were compared to their
non-transformed counterpart (3T3 cells) it was
found that transformed cells displayed a higher
density of microtubules (Fig. 1b-d), which was
probably due to the more rounded morphology of
the cells as compared to flattened control cells
(Fig. 1a). A major difference which appeared in
transformed cells was the constant absence of the
primary cilium which conversely was consistently
found in 3T3 cells (Fig. 1a, arrowhead). Whether
this observation is meaningful or not remains to
be established. The distribution of intermediate
filaments of the vimentin type (not shown) was
fairly similar to the general pattern of micro-
tubules in accordance to data reported elsewhere
for other cell types [22].

The organization of microfilaments displayed
by control non-transformed 3T3 cells was
essentially based on stress fibers running close to
the substratum-attached side (Fig. 2a). This
pattern was greatly altered in all transformed cells
as reported for most transformed cell types [4, 5]
and stress fibers mostly disappeared in RSV-
transformed cells (Fig. 2b-d).

In B77-3T3 non-metastasizing tumorigenic
cells a moderate preservation of microfilament
bundles, running close to the ventral membrane
and mostly in the flattened outer rim, was
observed by careful focusing (Fig. 2c, arrow).
However, the density of this fibrous pattern was
very irregular. It should also be noted that non-
metastasizing B77-3T3 cells show a marked
tendency to form clusters and to keep close cell-to-
cell contacts long before reaching confluency
(Figs lc and 2¢). This pattern was never observed
in cells which showed high tendency to
metastasize (SR-BALB, B77-AA6 and B77-AAl2),
which conversely tended to grow isolated and to
form cell-to-cell contacts only when reaching
confluency. The detection of organized micro-
filament bundles occurs only occasionally in
these latter cells and actin seldom appears in
organized bundles. On the contrary, in these cells
actin is mostly associated with the peripheral rim
of cytoplasm and notably within a rich
complement of peripheral protrusions appearing
in the form of long microvilli and ruffles. Such a

difference is also documented by pictures
obtained by SEM (Fig. 3). The peripheral
distribution of actin-containing structures
suggests that metastasizing cell lines are provided
with higher membrane motility and probably
also with higher migratory activity on the
substratum.

The adhesive properties of non-transformed
3T3 cells and those of the RSV-transformed lines
were compared by a study of vinculin distribution
at adhesion plaques and of the relative distance
between the ventral membrane and the
substratum, carried out by interference reflection
microscopy (IRM). The location and the number
of focal and close contacts are different in non-
transformed and transformed cells only from a
quantitative point of view (not shown). No
significant alterations in the shape of adhesion
systems upon transformation, asreported in other
transformed cell types [6, 23], can be appreciated
in these mouse lines. No difference was found
between lines with different metastatic potential
(not shown). The observations made on B77-AA6
cells were almost identically reproduced in B77-
AAI12 cells, a sister high-metastasizing clone of the
same B77-3T3 cell line.

Synthesis and organization of fibronectin

The organization of fibronectin in the extra-
cellular matrix was studied by indirect
immunofluorescence using specific rabbit
antibodies. As shown in Fig. 4 (a and b), control
non-transformed cells (3T3) organize an extensive
fibronectin matrix. Transformed, non-metastatic,
B77-3T3 cells partially retained the ability to
organize fibronectin and displayed short fibrillary
structures localized at the ventral cell surface or
connecting adjacent cells (Fig. 4c). In the
metastatic lines (B77-AA6, B77-AAl12 and SR-
BALB) fibrillary structures were missing (Fig.
4d~f) and fibronectin appeared in the form of a
weak dotted surface staining. The difference in
fibronectin staining pattern was common to two
other sarcoma lines with low (M9) and high (M4)
metastatic properties [11] (Fig. 4g and h),
suggesting that the lack of fibronectin organiza-
tion is a rather general feature of metastatic cells
growing in vitro.

This difference might be due to alteration of
either fibronectin synthesis or deposition in the
extracellular matrix. To discriminate between
these two possibilities, synthesis and accumula-
tion of fibronectin were measured by metabolic
labeling and immunoprecipitation of the radio-
active molecule (see Materials and Methods for
details). All transformed cell lines produced two-
to five-fold less fibronectin than non-transformed
3T3 cells (Table 2). No further reduction was
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Fig. 1. Immunofluorescence staining of microtubules with tubulin antibodies in control 3T3 fibroblasts (a)

and in RSV-transformed fibroblasts (b-d). Panel ¢ shows transformed tumorigenic B77-3T3 cells equipped

with low-metastasizing capability while cells with high-metastasizing capability are shown in panels b (SR-

BALB) and d (B77-AA6). The display of cytoplasmic microtubules is not significantly different in normal vs

transformed cell types except for the presence of primary cilia in3T8 cells (e.g. blackarrowhead ina). Note that

B77-3T3 cells tend to grow in clusters and often microtubule-containing intercellular bridges are preserved (e.g.
white arrow in ¢). Magnification, X2300.
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Fig. 2. Immunofluorescence staining of actin-containing stuctures with actin antibodies in control 3T3
fibroblasts (a) and in RSV-transformed fibroblasts (b~d). Panels represent the same cell typesas inFig. 1. Actin
is mostly organized as stress fibets in control T3 cells (a). Low-metastasizing B17-3T3 cells show a moderate
preservation of thin microfilament bundles (c, at white arrow) while high-metastasizing SR-BALB (b)and B71-
AA6 (d) show actin predominantly associated with peripheral cell protrusions. Magnificantion, X2300.
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Fig. 3. Scanning electron microscopy pictures of tumorigenic low-metastasizing B77-3T3 cells (a) and their

derived high-metastasizing B77-AA6 clone (b). The main difference between the two cell types is the great

number of surface protrusions observed in B71-AA6 cells in the form of microvilli and membrane ruffles. Bar
denotes 10 pm.
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Fig. 4. Immunofluoresence staining of fibronectin in control 3T3 (a and b) and malignant fibroblasts (c~h).

Fibronectin is organized in thick extracellular fibrils in control 3T3 cells (a, b). Low-metastasizing B77-3T3

cells(c) display reduced amounts of fibronectin organized in fibrillar structures. A similar pattern is also present

in a different cell line (M9) with low-metastatic properties (g). High-metastasizing SR-BALB (f) and (k) cell

lines and B77-AA 6(d) and B77-AA12 (e) clones do not organize fibronectin in extracellular structures and
display only a dotted surface pattern. Magnification, X2300.
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observed in metastasizing cells that synthesized
and accumulated amounts of fibronectin
identical (B77-AA6 and B77-AA12) or higher(SR-
BALB) than non-metastasizing cells (B77-3T3)
(Table 2). When the relative distribution of
fibronectin between the culture medium and the
cell layer was analyzed, it was found that
metastatic lines (SR-BALB, B77-AA6 and B77-
AAI12) retained a lower proportion of fibronectin
in the cell layer than the non-metastatic B77-3T3
cells (Table 2), confirming the immuno-
fluorescence results.

In conclusion, these data clearly indicate that
these metastatic cells fail to organize secreted
fibronectin even in a simple adhesive pericellular
matrix.

DISCUSSION

Cells able to metastasize must be equipped with
the ability to actively detach from the primary
tumor mass, to migrate through vessel walls and
to establish cell-to-substratum and cell-to-cell
contacts. These processes depend on cell
deformability, motility and adhesiveness. The
cytoskeleton regulates these functions by
determining cell shape and locomotion and by the
transmembrane control over the cell surface
organization and interaction with the extra-
cellular matrix. Dramatic reduction and/or
disorganization of microfilament networks,
matrix components and membrane proteins were
found to accompany neoplastic transformation
[4-6, 24].

The extent to which tumor cells establish
metastases has been correlated with cell shape
modulation and adhesiveness alterations [25-30].
Interesting but fragmentary data have been
reported about specific alterations of cytoskeleton,
extracellular matrix and membrane components
associated with the metastatic phenotype [29-35].

The opportunity to reconsider this problem
stemmed from the isolation of cellular clones
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provided with high-metastasizing potential,
derived from a cell line, RSV-transformed, which
was nearly devoid of such potential. The
biological and molecular features of RSV-
transformed cells are well known insofar as the v-
src oncogene—responsible for transformation—
and its pp60src transforming product have been
thoroughly investigated [36-39]. The lines
studied here offer some unique possibilities. First,
the opportunity of comparison of metastatic and
non-metastatic lines with their non-transformed
counterparts. This enables us to show that the
non-metastatic but tumorigenic and anchorage-
independent B77-3T3 line possesses a fully
transformed phenotype and that differences
between metastatic and non-metastatic lines are
not attributable to a partial reversion to the
normal phenotype. In this view, it is also
noteworthy that the non-metastatic line is stably
clonal and that all lines exhibit stable metastatic
or non-metastatic behavior after long-term
propagation in vitro [8, 9]. This excludes that the
observed differences between metastatic and non-
metastatic cells are due to tumor heterogeneity. In
addition, the non-metastatic transformed B77-
3T3 line may also be compared with a fibroblast
line (SR-BALB) of the same inbred species,
transformed by a different strain of the same virus,
that spontaneously, i.e. without being selected,
exhibits a high metastatic potential [8]. The
similarity of the phenotypes observed in B77-AA6
and SR-BALB lines excludes that differences
between the parental B77-3T3 line and its clones
selected in agar are only due to the random
selection by the same sort of pressure of two non-
related phenotypes (morphologic and metastatic).

In this paper we have considered and compared
the cytoskeletal and matrix organization of these
RSV-transformed lines, which differ only in their
malignancy, viz. their ability to produce
metastases in syngeneic animals. The main
finding is that microfilaments and the extra-
cellular fibronectin matrix are the cellular

Table 2. Synthesis and distribution of fibronectin in non-metastatic and
metastatic cell lines

Cell line* Totalt Medium+ Cell layert % in cell layer}
3T3 6200 2480 3720 60
B77-3T13 1320 920 400 30
B77-AA6 1450 1131 319 22
SR-BALB 3520 2830 770 21

*Cells were grown to confluency and pulsed for 5 hr with [*S])-methionine.
Fibronectin was immunoprecipitated with specific antibodies from either the
culture medium or the cell extracts as described in Materials and Methods. After
separation by electrophoresis, the fibronectin band was located by fluorography
and cut from the gel to evaluate associated radioactivity.

tcpm per 2 X 10 cells. All experiments were made in wriplicate and numbers

represent the mean value.
}Percentage of total cpm.

EJC 21:1-F
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structures which are more deeply affected in
metastasizing cells.

The conclusion we offer is that the general
distribution of microtubules and intermediate
filaments in metastasizing lines appears slightly
changed only because these cells undergo an
overall change in shape, becoming more rounded
and generally more detached from the substratum.
This conclusion is in agreement with the more
general problem of the cytoskeleton of trans-
formed cells [40]. The major differences between
low- and high-metastasizing lines is the re-
distribution of intracellular actin and its
noticeable association with the peripheral rim in
metastasizing cells. This concentration of actin at
the cell periphery is also accounted for by a
concomitant increase of surface activity in the
form of protrusions of various types. Thisfinding
supports also the idea that high-metastasizing
cells are provided with higher motile activity and
tend to support more active locomotion move-
ments. Another finding which should be pointed
outisthatlow-metastasizing B77-3T3 cells show a
much more marked tendency to grow in
epithelial-like sheets and to keep tight cell-to-cell
contacts. The opposite is apparent for the high-
metastasizing cell lines (including the clone B77-
AAG6 derived from the low-metastasizing B77-3T3
line), which tend to grow as isolated elements
reciprocally contacting only with their own
peripheral protrusions.

We also studied the synthesis and deposition of
fibronectin, a glycoprotein of the extracellular
matrix known to be involved in cell adhesion and
motility (for reviews see [41-43]). Although
neoplastic transformation is accompanied by a

considerable decrease in fibronectin matrix, our
results show that non-metastatic cells still retain
the ability to assemble fibronectin in thin
extracellular fibrils. All metastatic lines tested fail
to organize this molecule at their surface.
Different mechanisms have been implied in the
reduction of fibronectin levels upon neoplastic
transformation [42]. The further reduction of
fibronectin in metastatic cells can tentatively be
ascribed to secretion of proteolytic enzymes that
specifically digest matrix components. In fact it
has been shown that the SR-BALB and B77-AA6
lines release high levels of collagenase [44] as well
as hyaluronic acid and heparan sulfate-degrading
enzymes {Cappelletti and Ricoveri, personal
communication]. Collagens and proteoglycans
interact with fibronectin and control the assembly
of fibronectin in the extracellular matrix (for
review see [43]).

A transmembrane interaction between fibro-
nectin and actin is known to occur and to be
important in the control of cell adhesion and
motility [45]. It is interesting to note that in the
metastatic cells we examined the lack of
fibronectin organization corresponds to a re-
arrangement of actin but not of other cytoskeletal
elements. Thus it is reasonable to suppose thatan
alteration of one or more components of the
transmembrane complex linking extracellular
matrix and intracellular cytoskeleton may be
relevant for the acquisition of the metastatic
phenotype.
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